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AUTHOR'S INTRODUCTION. 

AFTER the return of the Expedition to England in 1913 the magnetic curves and the 
observation books from Cape Evans, together with notebooks by the two magnetic 
observers, Dr. G. C. Simpson, F.R.S., and Capt. C. S. Wright, were handed to me at 
Kew Observatory. An arrangement was come to between the Director of the 
Meteorological Office and the Comnlittee charged with the preparation of the material 
for press, which set free a sixth of my official time up to the end of 1917 for dealing with 
the magnetic results. The observations taken by the naval officers, except a few taken 
at Cape Adare, were reduced under the supervision of the late Commander Harry 
Pennell, R.N. They were finally transferred to me along with the observations at 
Cape Adare, which had been partly reduced by the observers, I.Jieut. (now Commander) 
V. Campbell, R.N., and Surgeon G. M. Levick, R.N. 

The preparation of the material obtained at Cape Evans has taken much longer 
than was originally contenlplated. It soon became obvious that publication would 
not be possible during the progress of the war. Thus no' object was to be gained by 
hurrying on the completion of the work. The data were accordingly used for a variety 
of researches which could not have been undertaken if early publication had been essential. 

Before the Expedition set sail, 36 term hours had been selected, and a request 
had been issued to a number of observatories to take quick-run magnetograms during 
these hours, and to send copies of the records for comparison with the corresponding 
records to be obtained in the Antarctic. Twenty-three observatories co-operated in 
this scheme, which thus resulted in the accumulation of a large mass of material. 
Having participated in several of these international quick-run programmes I can 
appreciate the large amount of trouble taken by the staffs of the co-operating stations. 
It inevitably happened tha.t some of the term hours occurred during the night at many 
of these stations, and so made a specially onerous claim on the staff. The principal 
object of the ternl hours was to secure corresponding open time scale records of 
Inagnetic disturbances from different parts of the world. The chief reason for having so 
large a number of term hours was to increase the chance of including one or more 
considerable disturbances. The chance that a pre-arranged hour will be highly disturbed 
is very small, especially in comparatively quiet years like 1911 and 1912. 

Quick-run curves have disadvantages as well as advantages. The time of occur­
rence of a bold movement can of course be determined much more exactly on a quick-run 
trace than on an ordinary trace, provided quick running does not prejudice the uniformity 
of rotation of the drum carrying the photographic paper. But what would be a bold 
Inovement on an ordinary curve possesses in a quick run so slight a~ inclination to the 
tilne axis that the accuracy with which turning points can be determined is less than 
might be expected, and the correspondence or lack of correspondence between the 
movements at renlote stations becomes a, very difficult thing to decide. When 
disturbance is snlall the ordinary diurnal variation is not relatively insignificant. It 

[ x ] 



depends on the local time, and so differs at different stations. Also, as we now know, 
there is really no such thing as a regular diurnal variation depending only on the 
season of the year and independent of the magnetic character of the day. The 
disentangling of what is local from what is general in nlinor disturbances must be 
difficult, and it is in fact a task. for which we do not as yet have sufficient knowledge. 
Thus while there are certain enquiries for which quick-run curves seem likely to be 
essential, the subject requires more consideration than it has yet received. 

Owing to the growth of artificial disturbances there are a good many observatories, the 
records frorn which are not above suspicion. Their value for ordinary purposes may be 
but little affected, but the significance of small short-period oscillations is open to doubt. 
Some of the records actually received from the co-operating observatories obviously 
suffered in this way, and were not suitable for the study of any but the larger disturbances. 

To show an adequate appreciation of the labour entailed by the taking of the 
quick runs, I decided to utilise the records for a purpose not originally conternplated, 
viz., an investigation into one aspect of the scheme of measurements of " magnetic 
activity" due to the late Professor Bidlingmaier. This entailed a considerably greater 
amount of arithmetic than had been anticipated. Another somewhat onerous research 
was into the diurnal variation of magnetic disturbance as given by hourly" character" 
figures, following again a lead given by Professor Bidlingmaier. 

The most onerous research of all was a com parison of a selection of magnetic 
disturbances as recorded in the Antarctic and elsewhere. It was realised soon after 
the Antarctic work was undertaken that such a comparison was likely to advance 
knowledge more than a study of minor disturbances in the quick-run curves. After 
careful inspection of the Antarctic and Kew curves, a list of disturbed times was 
prepared and issued to selected observatories, with a request for copies of the curves 
for the times on the list. A very generous response was made by the following 
observatories: Sitka and Honolulu (through the Superintendent U.S. Coast and 
Geodetic Survey), Agincourt (Toronto), Buitenzorg, Mauritius, Alibag (Bombay), and 
Helwan. Also the Eskdalemuir curves were put at my disposal by the Director of the 
Meteorological Office. 

Mter the whole work had been completed, a paper appeared by Dr. S. Chapman* 
giving the general results of comparisons of a number of magnetic storms having 
"sudden commencements" recorded by a series of observatories, including several 
of those mentioned above. Somewhat curiously a corresponding incident occurred 
in the case of the National Antarctic Expedition of 1902-04. After all I had intended 
to do in discussing the magnetic results of that expedition had been done, there 
appeared the first of the two large volumes in which Professor Kr. Birkelandt described 
the results of magnetic observations made in the Arctic regions in 1902-03. In that 
case I decided to leave what had been written unaltered, but to write an additional 

* • Roy. Soc. Proc.,' A, vol. 95, p. 61. 
t 'The Norwegian Aurora Polaris Expedition, 1902-03,' vol. I. 
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chapter comparing the Arctic and Antarctic records. In the present case I have so far 
followed the precedent set on the previous occasion as to leave what had been already 
written unaltered. Thus any statement in the present volume which agrees with 
conclusions drawn by Dr. Chapman is quite independent, and any statement that 
may seem to controvert his opinions is absolutely unprejudiced. The further precedent 
of writing afresh chapter has not been followed. Professor Birkeland supplied data 
for individual magnetic storms which were represented in the Antarctic, whereas 
Dr. Chapman deals only with mean results fronl a number of storms, few if any of which 
were represented in the Antarctic curves. 

In the execution of the work I have received valuable help from Mr. James Foster, 
a retired member of the old Kew Observatory staff. With the aid of a boy assistant 
he took all the curve measurements, and did all the calculations required for the hourly 
values, the daily maxima and lninima, and the diurnal inequalities. He likewise 
measured all the quick-run curves at 5-minute intervals, and carried through the very 
laborious arithmetic required for the calculation of the magnetic" activity." Besides 
checking all the arithmetic, ~ took all the curve measurements required for the 
discussion of the disturbances. This was not work which could have been satisfactorily 
delegated to an assistant. Disturbances are very irregular phenomena, and it seemed 
impossible to lay down in advance any prescribed method of treatment likely to prove 
universally satisfactory. Without a minute study of individual disturbances it would 
be difficult to obtain the general grasp of the subject desirable for a critical discussion. 
But for the permission to use part of my official time the work could hardly have been 
done. In addition a considerable proportion of my leisure time has had to be given, 
especially during the last two years. Arduous as the work has been, it has entailed 
none of the physical strain to which the observers who obtained the data were exposed. 
The conditions under which they observed bore considerable resemblance to those of 
our soldiers on active service, while, unlike the soldiers, they had to look for little 
appreciation of their labours except from a very small minority of their fellow­
countrymen. It has been my endeavour to show my personal appreciation of the 
task executed in the Antarctic by doing what I .can to utilise the results to the best 
advantage. 

January, 1919. C. CHREE. 

Since the above was written Chapter XIV has been added, dealing with the relation 
between aurora and magnetic disturbance. It was rendered possible by the kind co­
operation of Capt. C. S. Wright. I have also to thank Col. H. G. Lyons, F.R.S., for 
advice and assistance while the work was passing through the press, and I wish' to 
express my indebtedness to Messrs. Harrison and Sons for the great care and skill 
exercised in the reproduction of the magnetic curves. 

January,1921. 
C. CHREE. 
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CHAPTER I. 

DESCRIPTION OF BASE STATION AT CAPE EVANS. RESULTS OF 
ABSOLUTE OBSERVATIONS. 

Section I.-The magnetic work in the Antarctic at the base station at Cape Evans 
was carried out by Dr. G. C. Simpson, F.R.S., and Capt. C. S. Wright. His official duties 
recalled Dr. Simpson to India at the beginning of the second year, and subsequently 
Capt. Wright was in charge of the magnetograph. The installation of the instruments 
and a number of details relating to their subsequent working were described by 
Dr. Simpson in a notebook which he put in my hands, and from which I shall make a 
number of quotations in the following brief summary of events. 

It was decided that a cave dug in the ice would have many advantages over an 
ordinary hut as a magnetograph chamber. For one thing, it would be much less liable 

c 
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i 
0 

V E' 

10 0 
c' 

T Tunnel entrance to cave. 
C Curtain. 
C' " 

s· 

01 

V Magnetograph recording V (vertical component). 
E' " "E' (approximately East component). 
S' " "S' (approximately South component). 
D Drum for photographic paper, driven by clock. 
L Lamp. Source of light for magnetic curves. 
l Lamp for hour mark. 

FIG. l.-·-Ice Cave. 

to rapid changes of temperature. The digging of the cave was begun on January 14, 

1911, and completed within a week. The cave is shown roughly in plan in Fig. 1. 

Its length ran approximately East-West, and the entrance tunnel North-South. "The 
height of the cave was a little over 6 feet, so one could stand upright and work in comfort. 
The cave was made dark by covering the inside walls and roof with felt. Two curtains 
(C and C' in the 'figure) closed the entrance." 

Before the erection of the magnetograph the intensity of H (the horizontal force) 
in the cave was compared with that in the absolute magnetic hut, a question to which 
we shall return presently. 
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Dr. Simpson's description of the way the magnetograph was supported is as 
follows :-" For reasons which need not be gone into here I was not able to take stone 
pillars or slabs of slate for the magnetic instruments, but took a wooden table instead. 
The three instruments (marked V, E' and S' in Fig. 1) were on a table consisting of a 
slab of hard wood, 137 X 30 X 3' 2 cms., which was screwed on to two very solid hard 
wood pillars about 25 cm. in cross section, firmly set into the solid frozen ground of 
the cave. The whole table was s(\ solid that I expected no difficulty with it; but as . 
the diary shows, it did warp and caused a great deal of trouble when the temperature 
of the cave was changing during the autumn and spring. The lamp and druITl (L and D 
in the figure) were on another table extending across the far end of the cave and supported 
by being let into the solid ice walls of the cave." 

The instruments marked V, E' and S' in Fig. 1 were intended to record changes in 
the vertical component of magnetic force and in two horizontal components, one directed 
to Astronomical East, the other to Astronomical South. To secure this, the magnet 
for the E' instrument should have been oriented true North and South, and that for 
the S' instrument true East and West. The orientation was done on January 21 with 
the aid of a compass. The result, unfortunately, did not prove satisfactory. Subse­
quent orientation by astronoITlical methods, carried out in August and September, 1911, 

showed an error of 7° 36' in the orientation. Consequently the instrument marked E' 
measured changes of force in the direction 7° 36' South of East, and that marked S' 
measured changes of force in the direction 7° 36' West of South. 

The adjustment of the magnetograph was commenced on January 25, and an 
experimental record was taken during the subsequent night. It was found that one 
of the quartz fibre suspensions was too fine, and fibres having a diameter of about 
0·06 mm. were adopted for both the E' and S' instruments. 

Originally the lamp marked I.J in Fig. 1 was an oillamp~ but it smoked so badly 
during the trial runs that it was decided to replace it by an electric lamp. A battery 
of 12 storage cells was accordingly set up for the purpose, and leads taken from it to 
the cave. 

The usual arrangement for securing time marks on the photographic sheet is to 
have the light from the lamp L, which goes to form the base line, interrupted hourly 
by a shutter actuated by the clock which drives the drum. This method remained in 
operation throughout, but an additional time mark which extended right across the 
width of the sheet was secured by Dr. Simpson in the following way :--" At each hour 
a clock (called the standard or S clock) automatically switched the current fronl the 
lamp (L in Fig. 1) in the lantern to a lamp (l) placed in such a position that it illuminated 
the cylindrical lens (i.e. the condensing lens just in front of the photographic sheet on 
the drum), and produced a black line across the record. I had a bell in the lanlp circuit 
which rang loudly whenever the current failed; when the current was being switched 
from one circuit to the other the current was hroken sufficiently to give a single knock 
of the clapper on to t.he bell. The hour lamp circuit was closed for approxiInately 20 

seconds, when the current was switched back to the lamp in the lantern, the bell giving 
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a single sound when this happened. When 1 wished to compare the time recorded 
on the trace with the chronometer it was only necessary to be at the chronometer at 
the hour and note the time of the two bell rings. . . Each morning at 8 o'clock, 
as soon as the first (or make) bell rang, 1 went over to the chronometer and was 
ready there when the second bell rang to note the time. . . I attenlpted to keep 
the error of the S clock less than I minute." 

The regular nse of the magnetograph began on February I. Considerable trouble 
was experienced at the start. As it so happened, magnetic conditions at the time were 
highly disturbed, and during the first week there was so much crossing and intercrossing 
of the V, E' and S' traces that their identification was too uncertain for satisfactory 
measurements to be made. Steps were at once taken to surmount this difficulty, and 
after the first week there was little further trouble on that account. 

Section 2.-The absolute determinations of declination (D) and horizontal force (H) 
were all taken with unifilar magnetometer No. 25, employing for declination the colli­
mator magnet 25R, and for horizontal force the collimator magnet 25A, and the mirror 
magnet 250. The instrument though old was in good repair, having been overhauled 
by Mr. A. W. Dover shortly before the expedition set sail, the constants of the magnet 
being freshly determined at Kew Observatory. The magnet 25A being well seasoned, 
retained its· magnetic moment wonderfully well under the trying conditions to which 
it w~s exposed. 

All the observations of inclination (I) were taken with the dip circle No. 26. At 
the start use was made of two needles, Nos. 2 and 8, belonging to No. 26. Needle No. 2 
was discarded for a time' after March 3, 1911, being replaced by needle No.5, also 
belonging to dip circle No. 26. Needles Nos. 8 and 5 remained in use until March 3, 
1912, when needle No.5 had to be replaced by needle No.2. Another change had to 
be made in July, 1912, when needles Nos. 1 and 2 of circle 186 replaced needles 
Nos. 8 and 2 of circle 26. It is hardly likely that the change of needles was wholly 
without effect on the observed values of the dip, but the conditions in the Antarctic 
differ so enormously from those at Kew Observatory, where comparative readings 
had been taken with the several needles, that it i~ impossible to say what the effect 
may have been. 

The following is Dr. Simpson's account of the procedure followed in the absolute 
observations* :--" The Kew nlethods were followed with one or two slight variations. 
The dip was first determined in the usual way, two needles being used. A vibration 
observation was then made. Before June 9 (1911) sufficient care was not taken to see 
that the thermometer recorded the correct temperature of the magnet. On this date. 
the practice was commenced' of leaving the magnet at least 15 minutes in the vibration 
box before the swings were commenced. In the note entered to January 24 (see later) 
reasons are given for cutting down the number of swings from 165 to 95. Even then 
there was nearly always a large shift of the zero during the observation causing the time 

* The order of the observations was not always the same. 
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of the swing to the right to be different from that to the left. Deflection observations 
were then taken in the usual way, the distances being 42 and 56 ems. with end pieces 
on the bar (these were pieces which could be attached to the ordinary deflection bar, 
lengthening it sufficiently to get suitable deflection distances for the low value of H 
found in the Antarctic). Another vibration observation was then made, the object 
being to eliminate as far as possible the effect of a change of field between the 
determinations of mH and mjH (m being the magnetic moment of the magnet). A 
declination observation was then made. The instrument was clamped in a suitable 
position, and scale readings between which the magnet was swinging noted for three 
minutes. The magnet was then inverted and the scale readings during another three 
minutes noted. The magnet was again placed upright (i.e. as before the inversion) and 
the first observation repeated. The whole process occupied 10 minutes. The vernier 
was read before and after "the observation to see that the instrument did not move during 
the observation. Great care was taken with the torsion. Any torsion found at the 
beginning was removed and the torsion at the end measured and noted." 

The note dated January· 24 referred to above is as follows :-" There are such 
large changes in the declination that before the needle has made 100 swings the centre 
of the scale is in most cases not crossing the vertical wire. For this reason the number 
of swings has been reduced to 95 instead of the usual 165. This procedure will be 
followed in all our absolute determinations." 

The usual procedure is to note the time of each fifth transit from 0 to 65, and then 
after a pause from 100 to 165. Combining transit 0 with transit 100, transit 5 with 
transit 105 . . . and finally transit 65 with transit 165 one gets 14 observations of the 
time of 100 vibrations. The procedure followed by Dr. Silnpson was to observe each 
fifth transit from 0 to 95 without a pause. By combining transits 0 and 50, 5 and 55 

. . he got ten observations of the time of 50 vibrations. 
As already mentioned, the time when the observations commenced was much the 

most disturbed period of the whole two years, 1911 being a considerably more disturbed 
year than 1912, and midsummer (December-January) being the most disturbed period 
of the year in the Antarctic. The ~urtailment of the ordinary scheme would seem to 
have been unavoidable under the conditions then prevailing, but during most of the 
subsequent time, and especially during the winter months it could probably have been 
followed, possibly with advantage. 

One of the drawbacks to the usual procedure is that, owing to the low value of H 
in the Antarctic, the time required for 165 swings is much longer than in England, 

. and an increase in the time increases the trouble arising from changes of declination. 
This difficulty might have been turned by observing every third instead of every fifth 
sWlng. 

During 1911 there was on the average about 1 absolute observation of each element 
per week. The number declined during 1912, especially during the later months. 
In the case of a declination magnetograph of a stable type at a station where large 
disturbance is rare, one absolute observation a week should suffice to maintain a very 
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high degree of accuracy in base values. But under the conditions prevailing at Cape 
Evans, a considerably larger number of absolute observations would have been necessary 
for base values of the accuracy called for when mean values are calculated for individual 
days. At Cape Evans the elements recorded by the magnetograph and the elements 
observed with the absolute instruments were in no case the same. Thus even under the 
most favourable conditions an increased number of absolute observations would have 
been desirable. In the case in fact of the vertical force, an absolute instrument giving 
the force directly will, I suspect, have to be invented before base line values of high 
precision can be obtained in high magnetic latitudes. It is obviously impossible to 
hope for accuracy to 11' or even to 101' in values of vertical force, when one has to arrive 
at them indirectly with the aid of a dip circle, and an error of l' in the dip implies an 
error of 3001' in vertical force. 

Section 3.-Table I, p. 8, gives a sumnlary of the results of the absolute declination 
observations at Cape Evans. They were all taken with the collimator magnet 25B. 

The times refer to 1800 E., that having been adopted after full consideration by 
Dr. Simpson. Also, in accordance with the method he adopted of showing the results, 
the declination is measured from South to East. The more usual procedure is to measure 
declination from North in the clockwise direction, so that what appears as 250 20' for 
example in the table would usually be described as 1540 40', or 1540 40' E. I am quite 
alive to the fact that a good deal can be said, and is not unlikely to be said, against the 
procedure adopted here. But it seemed to me in view of the problems arising in 
connection with the Dlagnetograph to have a balance of advantages when dealing 
with the absolute observations. In the case of the diurnal inequality the ordinary 
definition is adopted. The table includes some observations made in December, 1911, 

and January, 1912, at a temporary station on sea ice, over deep water at some distance 
from shore. These are distinguished by an asterisk, and are specially considered 
later. 

In some months, e.g., October and Novenlber, 1911, the hour of observation is 
fairly unifornl, but in other months, e.g., April, 1911, the time varies considerably. 
Also there is considerable difference between the mean hour of observati<?n in different 
months, e.g., May, 1911, and l\Iay, 1912. Such variability is of little if any importance 
under normal conditions at a station furnished with a magnetograph, because ordinarily' 
one relies entirely on the curve measurements for mean monthly and annual values. 
But in view of the uncertainties which we shall presently encounter, when dealing with 
the base values of the Antarctic curves, a close approach to uniformity in the hour of the 
absolute observations would have had much to commend it. 

Table II, p. 9, summarises in like fashion the results of the absolute observations of H. 
The complete observation, as already explained, consisted of two vibration experiments 
with an intervening deflection experiment. The deflections being made at the 
unusually great distances of 42 and 56 cms., the correction factor I+Pr- 2 involving the 
distance r and the" distribution constant" P was a priori certain to be of trifling 
importance. A value was, however, determi~ed for P in the usual way, combining 

5 A 3 



all the deflection observations, 64 in number, which appeared satisfactory. The 
resulting value of P was so nearly zero that no correction was necessary. 

Besides H, Table II gives the values obtained for m, the magnetic moment of the 
collimator magnet 25A reduced to 0° C. With a magnet as seasoned as 25A the magnetic 
monlent, though not an absolute constant, shows only a small gradual loss. The 
fluctuations in m apparent in Table II in the case of observations during the same month 
represent in the nlain observational uncertainties. They represent no doubt to some 
small extent inaccuracies of setting the nlagnet or reading the verniers, but arise in the 
main from the natural fluctuations in H continually in progress. The approach to 
uniformity in the value of m is the best criterion usually available in judging of the 
quality of H observations. Any large abnormality, such as occurs for instance in the 
values for March 3 or July 11, 1912, justifies the rejection of the observation for base 
line purposes, or for the determination of P. In the case of the observations taken 
during December, 1911, and January, 1912, on sea ice, no deflections were made. These 
observations are distinguished by an asterisk and are separately discussed. As no 
deflections were taken, no value was obtained for m. 

Table III, p. 11, includes the results of the absolute dip observations. There was 
internal evidence that the observation on February 23, 1911, with needle No.2 was not 
satisfactory and it was rejected, the result fronl No.8 being alone employed for the base 
value calculation. In general, the agreement between the results obtained with the two 
needles is eminently satisfactory. The behaviour, however, of needle No.8, which 
was subsequently discarded, appeared somewhat doubtful during the two later 
observations of June, 1912, and use was made only of the results from the other needle. 
As in the case of D and H, observations were taken on sea ice during December, 1911, 
and January, 1912. These are marked with an asterisk, the values are obviously in 
excess of those at the base station. 

Section 4.-In view of the special uncertainties encountered in the curve base line 
values it seemed worth while getting out the monthly mean values as derived directly 
from the absolute observations. These are given in Table IV, p. 15. The first three 
columns give the mean values of D, H and I as obtained directly from the entries in 
Tables I, II and III, without making any allowance for the fluctuations in the hour of 
observation already alluded to. The few observations deemed faulty were of course 
omitted. The last three columns give the same results as modified by a correction 
intended to reduce them to the mean value for the day. This correction was not 
derived from measurement of the curves at the actual times of observation, but 
from the mean diurnal inequality for all days of the month. It would be absolutely 
accurate only if the days of absolute observation were exactly average days. This is 
the less likely to be the case the fewer the days of observation during the month. 

The reason for confining the first set of mean values at the foot of Table IV to the 
20 nl0nths, March, 1911, to October, 1912, was that the results for November, 1912, 
were incomplete, so that its omission was desirable. This entailed the omission of 
February, 1911, if the mean epoch were to coincide with January 1, 1912, as was 
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obviously expedient. The absolute observations in February, 1911, were few and to 
some extent preliminary, so that the omission of that nlonth was hardly a loss. 

The main object of Table IV is to aid in the elucidation of two questions, the 
existence of a decided annual inequality, and the nature of the secular change. These 
objects were both promoted by the grouping of the Inonths adopted in the last five lines 
of the table. By nlidwinter is meant the four months May to August, and by midsummer 
the four months November and December, 1911, with January and February, 1912. 

Equinox includes the four months March, April, September and October. Further 
discussion of the results of Table IV nlay conveniently be deferred until we are in a 
position to deal with the corresponding results derived from the curve measurenlents. 
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TABLE I.-Absolute Observations of Declination (D). 

Declina- I Declina-

Date. From. To. Mean tion Date. From. To. 

I 

Mean tion 
Time. (East of Time. (East of 

South). South). 

1911. h. m.1 h. J1?. h. m. 0 , 1911. h. m. h. m. h. m. 0 , 

February 17 ... 16 9 16 24 16 16 25 17·0 December 2 17 45 17 55 17 50 24 56·8 

" 
23 ... 16 0 16 14 16 7 24 22·6 " 

9 18 25 18 35 18 30 25 26·8 

" 
18 17 58 18 8 18 3 25 55'6 

March 3 ... 16 42 16 55 16 48 ~25 20·4 " 
23 18 33 18 43 18 38 25 1·1 

" 
9 ... 16 19 16 35 16 27 25 24·2 " 

27 17 16 ]7 22 17 19 26 12'5* 

" 
20 ... 15 57 16 11 16 4 25 14·9 " 

29 17 53 18 3 17 58 25 32·1 

" 
24 ... 15 49 16 3 15 56 25 5·9 

" 
31 ... 14 25 14 4:2 14 33 24 47·0 1912. 

January 2 ... 16 44 16 54: 16 49 25 59'1* 
April 11 ... 13 15 13 32 13 23 24 36·0 " 

5 ... 18 5 18 15 18 10 25 49·3 

" 
15 ... 14 53 15 10 15 1 25 8·2 " 

11 ... 15 24 15 34 15 29 24 20'2* 

" 
26 ... 18 38 18 55 18 46 25 34·5 " 

12 ... 17 53 18 3 17 58 25 8·8 

" 
16 ... 15 48 15 58 15 53 25 32'2* 

May 4 ... 19 41 19 58 19 49 25 37·8 " 
22 ... 17 32 17 42 17 37 25 11·0 

" 
11 ... 19 30 19 47 19 38 25 38·4 " 

23 ... 16 20 16 30 16 25 25 34'3* 

" 
20 ... 19 31 19 48 19 39 25 41·4 " 

23 .. , 17 36 17 46 17 41 24 45·1* 
., 26 ... 18 46 19 3 18 54 25 28·9 " 30 ... 18 10 18 20 18 15 25 28·9 

• Tune 3 ... 18 20 18 32 18 26 25 21·2 February 5 ... 18 0 18 10 18 5 25 20·3 

" 
9 ... 19 38 19 52 19 45 25 11·1 " 

12 ... 16 29 16 41 16 35 24 52·7 

" 
16 ... 18 42 18 58 18 50 25 11·1 " 

24 ... 17 58 18 8 18 3 26 31·5 

" 
21 ... 19 17 19 31 19 24 25 10·3 

" 
29 ... 19 1 19 13 19 7 25 33·5 March 3 . .. 17 22 17 32 17 27 25 16·0 

., 7 ... 15 47 15 57 15 52 25 29·4 
July 6 ... 18 43 18 53 18 48 25 9·4 " 

18 ... 16 19 16 29 16 24 25 21·0 

" 
17 ... 18 57 19 7 19 2 25 9·9 " 

24 ... 16 0 16 12 16 6 25 22·8 

" 
24 ... 18 48 18 58 18 53 25 33·8 

" 
27 ... 19 7 19 17 19 12 25 6·0 April 2 .... 16 23 16 33 16 28 25 8·9 

August 5 ... 18 35 18 45 18 40 25 17·0 May 7 '" 17 8 17 20 17 14 25 5·7 

" 
12 ... 19 5 19 15 19 10 25 32·3 " 

16 ... 16 37 16 47 16 42 25 11·6 

" 
18 ... 18 44 18 54 18 49 25 31·3 " 

21 ... 16 57 17 7 17 2 25 9·3 

" 
28 ... 15 17 15 27 15 22 25 13·0 " 

29 ... 16 40 16 50 16 45 25 29·6 

September 1 16 36 16 46 16 ·11 25 50·8 June 6 ... 16 45 16 55 16 50 25 2·1 

" 9 17 8 17 18 17 13 25 30·7 
" 

19 ... 17 38 17 48 ]7 43 25 24·6 

" 
16 16 30 16 44 16 37 25 45·1 " 

28 ... 16 56 17 6 17 1 25 42·3 

" 
23 16 6 16 18 16 12 25 9·1 

July 11 ... 13 45 1:l 55 13 50 24 45·1 
October 4 ... 18 24 18 3<1 18 29 25 21·4 " 

21 ... 16 48 16 58 16 53 25 0·8 

" 
12 ... 17 51 18 1 17 56 25 16·7 

" 
20 ... 18 48 18 58 18 53 25 45·8 August 9 . .. 17 10 17 20 17 15 24 59·9 

" 
28 ... 18 32 18 42 18 37 25 3·7 " 

24 ... 17 2 17 12 17 7 25 28·8 

November 3 ... 18 22 18 32 18 27 25 24·9 September 7 16 31 16 44 16 37 25 4·9 
H 11. .. 18 9 18 19 18 14 25 47·0 " 

24 16 3 16 15 ]6 9 24 28·7 

" 
18 ... 18 9 18 19 18 14 25 55·6 

" 
24 ... 18 6 18 16 18 11 25 33·0 October 7 ... 16 14- 16 26 16 20 25 42·4 

18 11 18 23 18 17 25 49·9 

I 
November 9 ... 18 15 18 25 18 20 25 38·1 

* Observation taken on sea ice. 
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TABLE II.-Absolute Observations of Horizontal Force (H). 

Da.te. 
I 

First Vibra.tion. 
I 

Deflection. I 
Second Vibra.tion. 

I 
H. I m. 

1911. h. m. to h. m. h. m. toh. m. h. m. to h. m. y 
February 17 ... ... 17 3 17 16 18 15 18 4.9 - 4289 967·1 

" 
23 ... ... 16 40 16 53 17 25 18 ]0 - 4275 96] ·5 

March 3 ... . .. 17 25 17 37 18 30' 19 2 -- 4247 957·1 

" 
9 ... ... 17 16 17 30 18 15 18 48 -- 4247 962·6 

" 
20 ... ... 16 44 16 58 17 17 17 49 18 0 18 14 4317 959·1 

" 
24 ... . .. 16 35 16 48 17 10 17 44 17 53 18 7 4231 960·5 

" 
31 ... ... ]5 22 15 35 15 57 16 35 16 47 17 0 4270 959·6 

April 11 ... ... . .. 14 5 14 17 15 21 16 0 16 13 16 26 4207 958·7 

" 
15 ... ... . .. 12 57 13 9 13 35 14 5 14 16 14 29 4213 959·1 

" 
26 ... ... . .. ]6 29 16 42 ]7 15 17 45 18 6 18 20 4246 957·6 

May 4 ... ... ... 17 41 17 55 18 12 18 53 19 7 19 21 4214 958·5 

" 
11 ... ... ... 17 27 17 39 18 2 18 43 ]8 57 19 10 4197 958·8 

" 
20 ... ... ... 17 10 17 23 17 45 18 28 18 52 19 6 4195 963·4 

" 
26 ... ... ... 16 45 16 57 17 23 18 5 18 14 18 27 4207 958·7 

June 3 ... ... . .. 16 27 16 39 16 56 17 33 17 45 17 58 4239 959·8 

" 
9 ... ... ... 17 42 17 55 18 11 18 48 19 0 19 12 4225 959·7 

" 
16 ... ... ... 16 44 16 57 17 13 17 48 18 2 18 15 4227 957·0 

" 
21 ••• ... ... 17 13 17 25 17 48 18 25 18 40 18 52 4238 959·8 

" 
29 ... ... ... 16 56 17 9 17 23 18 0 18 15 ]8 28 4238 959·5 

July 6 ... ... ... 16 45 16 58 17 17 17 50 18 1 18 14 4226 958·4 

" 
17 ... ... . .. 16 56 17 8 17 25 18 0 18 12 18 25 4239 955·9 

" 
24 ... ... ... 16 49 17 2 17 19 17 53 18 8 18 21 4223 957·9 

" 
27 ... ... . .. 16 56 17 10 17 32 18 7 18 20 18 33 4224 957·7 

August 5 ... . .. 16 43 16 55 17 11 17 46 17 5~ 18 11 4227 957·0 

" 
12 ... ... 17 4 17 16 17 34 18 11 18 22 18 35 4229 958·1 

" 
18 ... ... 16 53 17 6 17 27 18 1 18 11 18 24 4233 957·3 

H 28 ... ... 16 9 16 21 16 57 17 30 17 43 17 56 4284 959·9 

September 1 ... ... 14 51 15 4 15 16 15 50 16 0 16 12 4265 954·9 

" 
9 ... . .. 14 59 15 12 15 36 ]6 9 16 21 16 33 4246 957·9 

" 
16 ... . .. 14 29 14 43 15 1 15 43 15 57 16 12 4302 950·8 

" 
23 ... ... 14 15 14 27 14 47 15 15 15 30 15 43 4295 955·3 

October 4 ... . .. 16 29 16 41 17 0 17 34 17 46 17 58 4261 954·6 

" 
12 ... . .. 16 16 16 29 16 44 17 10 17 19 17 32 4226 957·9 

" 
20 ... . .. 17 11 17 24 17 40 18 12 18 20 18 34 ·1:262 957·5 

" 
28 ... . .. 16 38 16 51 17 6 17 36 17 47 IS 0 4261 957·3 

November 3 ... . .. 16 49 17 2 17 46 16 54 18 7 4302 958·0 

" 
11 ... ... 16 34 16 46 17 4 17 28 17 41 17 54 4269 955·7 

" 
18 ... . .. 16 24 16 37 16 51 17 19 17 28 17 40 4266 956·2 

" 
24 ... . .. 16 30 16 43 17 0 17 27 17 38 17 51 4283 957·0 

December 2 ... ... 16 13 16 26 16 34 17 5 17 14 17 27 4272 958'6 

" 
9 ... . .. 16 45 16 58 17 12 17 46 17 55 18 8 4269 957·9 

" 18 ... . .. 16 17 16 30 16 45 17 10 17 2] 17 33 4280 958'6 

" 23 ... .., 16 43 16 56 17 10 17 35 18· 2 18 ]5 4311 957·9 

" 27 ... . .. 16 27 16 41 - 16 46 17 0 4115* -

" 29 ... . .. 16 15 16 28 17 9 17 18 • 17 31 4288 956·5 

* Observation on sea ice. 
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TABLE II.-Oontinued. 

Date. I First Vibration. 
I 

Deflection. 
I 

Second Vibration. 
I 

H. 
I 

m. 

1912. h. m. to h. m. h. m. toh. m. h. m.to h. m. y 
January 2 ... ... 17 33 17 45 - 17 50 18 3 4081* -

" 
5 ... ... 16 30 16 43 17 27 17 37 17 50 4287 952·6 

" 
11 ... ... 16 4 16 18 - 16 27 16 40 4124* -

" 
12 ... ... 16 17 16 30 16 42 17 12 17 20 17 33 4355 958·3 

., 16 ... ... 16 33 16 46 -.- 16 48 17 1 4104* --

" 
22 ... ... 15 52 16 4 16 15 16 45 16 58 17 11 4325 956·6 

" 
23 ... ... 16 59 17 12 - 17 16 17 28 4135* -

" 
30 ... ... 16 30 16 42 16 57 17 27 17 38 17 50 4305 954·9 

February 5 ... ... 16 18 16 30 16 45 17 15 17 24 17 36 4281 958·4 

" 
12 ... ... 14 0 14 13 14 40 15 15 15 50 16 7 4261 958·3 

" 
24 ... ... 16 20 16 32 16 44. 17 23 17 35 4309 954·5 

March 3 ... ... ... 15 7 15 22 15 50 16 21 16 45 17 0 41591 983·4 ? 

'.' 7 ... ... ... 13 10 13 23 14 25 14 54 15 16 15 30 4308 951·5 

" 
18 ... ... ... 14- 6 14 19 14 52 15 22 15 41 15 55 4242 958·5 

" 
24 ... ... ... 14 5 14 19 14 39 15 8 15 30 15 4.4 4260 957·7 

April 2 ... ... .. . 14 17 14 29 14 51 15 21 15 42 15 55 4247 957·2 

May 7 ... ... ... 14 49 15 2 15 34 16 7 16 29 16 42 4239 955·5 

" 
16 ... ... .. . 14 31 14 44 15 11 15 41 16 2 16 15 4260 959·2 

" 
21 ... ... ... 14 27 14 39 15 4 15 35 16 19 16 32 4269 957·8 

" 
29 ... ... .. . 14 20 14 34 14 58 15 56 16 9 4257 956·3 

June 6 ... ... ... 14 25 14 38 15 0 15 29 16 6 16 19 4257 958·3 

" 
19 ... ... ... 15 4 15 19 15 55 16 25 17 3 17 17 4243 956·1 

" 
28 ... ... .. . 14 33 14 49 15 17 15 47 16 24 16 38 4260 955·5 

• Tuly 11 ... ... ... 12 4. 12 17 12 38 13 14 14 49 15 2 43611 933·91 

" 
21 ... ... ... 14 33 14 47 15 17 15 43 16 13 16 26 4258 956·0 

August 9 ... ... 14 27 14,39 15 23 15 57 16 35 16 48 4274 956·1 

" 
24 ... ... 14 41 14 54 15 28 15 53 16 33 16 47 4277 956·8 

September 7 ... '" 13 57 14 10 14 28 14 59 15 44 15 57 4268 956·7 

" 
24 ... ... 14 7 14 20 15 6 15 36 15 48 43951 963·3 .~ 

October 7 ... ... 14 8 14 21 14 45 15 9 15 45 15 58 4286 957·3 

November 2 ... ... 15 0 15 14 16 0 16 45 16 54 17 9 4329 953·3 

* Observation on sea ice. 
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TABLE II I.-Absolute Observations of Inclination (I). 

Needle Mean Inclination Mean 
Date. Time. from Single from Two 

No. Time. Needles. Needles. 

_.-

1911. h. m. to h. h. 0 , 0 , 
" m. m. 

February 17 ... .. , ., . 8 14 45 15 14 15 0 86 30·15 
~86 29 43 

" 
17 ... ... .. . 2 15 19 15 46 15 32 86 29·28 

" 
23 ... ... .. . 8 14 19 15 27 14 53 86 21·68 
23 2 14 39 15 10 14 55 86 12 ·81 ? -

" 
... .. , ... 

March 3 '" ... ., . 8 14 58 15 58 15 28 86 29·44 

r6 28 3 
" 

3 ... ... ., . 2 15 12 15 44 15 28 86 26·65 

" 
9 ... ... ... 8 15 4 15 39 15 22 86 26·56 86 26 59 

" 
9 ... ... . .. 5 14 45 15 54 15 20 86 27·40 

" 
20 ... ... ... 8 14 30 15 39 15 5 86 23·75 

J86 23 42 
" 

20 ... .. , ... 5 14 49 15 26 15 7 86 23·66 

" 
24 ... ... ... 8 14 43 15 11 14 57 86 21·65 l 21 40 

" 
24 ... ... . .. 5 14 26 15 25 14 55 86 21·68 f86 

" 
31 ... ... ... 8 13 13 13 51 13 32 86 26·66 

}86 27 2 
" 

31 ... .. , ... 5 13 2 14 5 13 34 86 27·40 

April 11 ... ... . .. 8 12 15 12 44 12 30 86 25·22 

r
6 26 23 

" 11 ... ... ... 5 12 0 12 55 12 28 86 27·55 

" 
15 ... ... ." 8 11 57 12 23 12 10 86 28·56 86 28 26 

" 
15 ... ... . .. 5 11 46 12 34 12 10 86 28·32 

" 
26 ... ... . .. 8 15 26 15 48 15 37 86 26·25 86 27 10 

" 
26 ... ... '" 5 15 8 15 59 15 33 86 28·09 

May 4 ... ... . .. 8 16 26 16 59 16 43 86 27·25 

!1
86 26 47 

" 
4 ... ... . .. 5 16 7 17 15 16 41 86 26·31 

" 
11 ... ... .. . 8 16 6 16 38 16 22 86 28·06 86 27 39 

" 
11 ... ... .. . 5 15 50 16 54 16 22 86 27·25 
20 8 15 58 16 25 16 12 86 26·94 'C< 

" 
... ... ." >86 27 0 

" 
20 ... ... ... 5 15 38 16 38 16 8 86 27·06 

-< 
" 

26 ... ... ... 8 - - - 86 28·34 >86 28 5 ., 26 ... ... ... 5 15 25 16 18 15 52 86 27·81 
J 

June 3 ... ... ... 8 15 14 15 46 15 30 86 27·32 
1}86 26 11 

" 
3 ... ... . .. 5 15 2 15 58 15 30 86 25·06 

" 
9 ... ... ... 8 16 28 16 53 16 40 86 26·34 >86 26 43 

" 
9 ... ... ... 5 16 20 17 1 16 40 86 27·10 

I~ 
" 

16 ... ... ... 8 15 31 15 58 15 45 86 27·25 >86 27 4 
'J 16 ... ... ... 5 15 20 16 9 15 45 86 26·87 

1'< 
" 

21 ... ... . .. 8 15 55 16 25 16 ]0 86 26·40 >86 27 1 
" 

21 ... ... ... 5 15 41 16 37 16 9 86 27'6~ 
I~ 

" 29 ... ... ... 8 .15 46 16 10 15 58' 86 24·72 >86 25 11 
" 

29 ... ... . .. 5 15 37 16 22 16 0 86 25·66 1.1 
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TABLE III.-Oontinued. 

Needle Mean 
Inclination Mean 

Date. No. Time. Time. 
from Single from Two 

Needles. Needles. 

1911. h. m. to h. m. h. m. 0 , 0 , /I 

July 6 ... ... ... 8 15 32 16 0 15 46 86 27·27 1}86 27 13 
" 

6 ... ... .. . 5 15 21 16 12 15 46 86 27·15 

" 
17 ... ... .. . 8 15 46 16 15 16 0 86 26·78 >86 26 49 

" 
17 ... ... .. . 5 15 36 16 25 16 0 86 26·84 

1-< 
" 

24 ... ... .. . 8 15 35 16 2 15 49 86 29·00 >86 29 12 
" 

24 ... ... ... 5 15 26 16 12 15 49 86 29·40 
1-< 

" 
27 ... ... . .. 8 15 41 86 27·66 >86 27 3 

" 
27 ... ... ... 5 15 28 16 18 15 53 86 26·44 IJ 

August 5 ... ... .. . 8 15 39 16 4 15 52 86 26·37 

r
6 26 34 

" 
5 ... ... ... 5 15 27 16 12 15 50 86 26·75 

" 
12 ... ... . .. 8 ? 15 58 16 20 16 9 86 26·78 86 26 41 

" 
12 ... ... . .. 5 ? 15 48 16 31 . 16 9 86 26·59 

" 
18 ... ... ... 8 ? 15 49 16 12 16 0 86 26·22 86 26 26 

" 
18 . ... ... .. . 5 ? 15 39 16 21 16 0 86 26·66 

September 1 ... ... . .. 8 13 39 14 3 13 51 86 26·50 1}86 27 7 
" 

1 ... ... ... 5 13 27 14 18 13 53 86 27·72 
n 9 ... ... ... 8 13 40 14 9 13 55 86 25·78 >86 26 9 
" 

9 ... ... . .. 5 13 30 14 19 13 55 86 26·53 
1-< 

" 
16 ... ... ... 8 13 0 13 48 13 24 86 25·78 >86 25 33 

" 
16 ... ... ... 5 13 12 13 35 13 24 86 25·32 

10( 
" 

23 ... ... ... 8 12 53 13 16 13 4 86 24·87 >86 25 37 
" 

23 ... ... ... 5 12 38 13 26 13 2 86 26·37 I.J 

October 4 ... ... .. . 8 15 9 15 37 15 23 86 25·16 
1{86 25 33 

" 
4 ... ... ... 5 14 57 15 49 15 23 86 25·94 

" 
12 ... ... ... 8 14 54 15 22 15 8 86 25·54 86 26 7 

" 
12 ... ... ... 5 14 43 15 35 15 9 86 26·69 

:-< 

" 
20 ... '" ... 8 15 59 16 25 16 12 86 24·72 >86 25 19 

" 
20 ... ... ... 5 15 46 16 36 16 11 86 25·90 

-< 
" 

28 ... ... ... 8 15 25 15 55 15 40 86 24·44 >86 24 28 
" 

28 ... ... ... 5 15 14 H~ 7 15 40 86 24·50 
oJ 

November 3 8 15 38 16 4 15 51 86 19·28 :"'\ ... ... ,,86 19 47 
" 

3 ... ... 5 15 26 16 15 15 51 86 20·28 
10( 

" 
11 ... ... 8 15 19 15 48 15 34 86 25·04 >86 24 59 

" 
11 ... ... 5 15 8 15 59 15 34 86 24·94 
18 8 14 53 ]5 47 15 20 86 26·18 i-< 

~ , ... ... >86 25 57 
" 

18 ... ... 5 15 6 15 35 15 20 86 25·72 
-< 

" 
24 ... ... 8 ? 15 21 15 47 15 34 86 21·94 >86 22 29 

" 
24 ... ... 5 ? 15 10 15 57 15 34 86 23·03 

oJ 

December 2 ... ... ... 8 14 54 15 20 15 7 86 24·12 
~86 24 9 

" 
2 ... ... ... 5 14 40 15 33 ·15 7 86 24·19 

" 
9 ... ... ... 8 15 29 15 56 15 43 86 24·81 86 24 53 

" 
9 ... ... ... 5 15 17 16 9 15 43 86 24·97 
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TABLE IIL-Oontinued. 

Needle Mean Inclination Mean 
Date. No. Time. Time. from Single from Two 

Needles. Needles. 

I 

1911. h. 111. to h. m. h. m. 0 , 0 , 
" 

December 18 ... 8 15 3 15 33 15 18 86 21·72 h ... ... >86 22 37 
" 

18 ... ... ... 5 14 53 15 45 15 19 86 23·53 H 
" 

23 ... ... ... 8 15 12 15 39 15 26 86 24·06 >86 24 13 
" 

23 ... ... ... 5 15 1 15 51 15 26 86 24·38 
I~ 

" 
27 ... ... .. , 8 14 55 15 25 15 10 86 30·18 >86 30 1* 

" 
27 ... ... .., 5 14 38 15 37 15 8 86 29·84 

I~ 

" 
29 ... ... ... 8 1 15 12 15 34 15 23 86 25·18 >86 25 43 

" 
29 ... ... ... 51 15 0 15 44 15 22 86 26·25 I.) 

19]2. 
January 2 ... ... ... 81 15 44 16 9 15 57 86 35·81 i}86 35 43* 

" 
2 ... . .. ... 51 15 32 16 19 15 55 86 35·62 

" 
5 ... ... ... 8 15 19 15 44 15 32 86 22·54 >86 22 20 

" 5 ... ... . .. 5 14 55 15 56 15 26 86 22·15 
I~ 

" 
11 ... . .. ... 8 14 23 14 47 14 35 86 34·10 >86 34 13* 

" 
11 ... ... ... 5 14 12 14 58 14 35 86 34·35 

1-< 

" 
]2 ... ... ... 8 15 5 15 30 15 18 86 21·06 >86 21 24 

" 
12 ... ... .., 5 14 55 15 40 15 18 86 21·75 
16 8 1 14 51 15 15 15 3 86 33·60 1< 

" 
... ... ... ~86 33 10* 

., 16 ... ... ... 5 1 14 38 15 27 15 3 86 32·75 
22 8 14 44 15 8 14 56 86 23·03 

10( 

" 
. ... ... ... 

li86 23 18 
" 

22 ... . .. ... 5 14 32 15 18 14 55 86 23·56 

" 
23 ... . .. .. , 8 15 24 15 48 15 36 86 32·32 

1/86 32 55* 
" 

23 ... . .. .., 5 15 12 16 1 15 36 86 33·50 

" 
30 ... ... ... 8 15 25 15 48 15 36 86 23·62 >86 23 30 

n 30 ... '" ... 5 15 15 15 56 15 36 86 23·38 I.) 

February 5 ... ... .. , 8 15 15 - 86 24·28 

r
6 24 19 

" 5 ... ... .., 5 15 5 15 49 15 27 86 24·34 

" 
12 ... ... .., 8 12 57 - 86 26'60 86 26 33 

H 12 ... ... .., 5 12 15 13 9 12 42 86 26·50 

" 24 ... ... .., 8 15 9 15 35 15 22 86 23·75 86 23 57 
" 24 ... ... .., 5 15 0 15 45 15 22 86 24·16 

March 3 ... . .. ... 8 13 28 14 0 13 44 86 21·88 

" 3 ... . .. ... 5 13 15 14 15 13 45 86 26·75 
7 8 11 54· 12 35 12 15 86 26·19 h 

" ... ... ... >86 26 17 

" 7 ... ... . .. 2 12 0 12 26 12 13 86 26·37 
I~ 

" 
15 ... ... .., 8 12 33 13 21 12 57 86 24·81 >86 25 35 

" 15 ... . .. .. , 2 12 46 13 8 12 57 86 26·34 

" 
18 ... . .. .., 8 12 22 13 7 12 44 86 26·56 

1{86 26 31 
" 

18 ... '" ... 2 12 38 12 58 12 48 86 26·46 

" 
24 ... .., ... 8 12 17 13 4 12 41 86 24·97 

J86 25 22 
" 24 ... ... . .. 2 12 28 12 54 12 41 86 2.5,75 

. 

April 2 ... ... .., 8 12 46 13 10 12 58' 86 24·68 
}86 24 41 

" 2 ... . .. ... 2 12 31 13 18 12 54 86 2·1·69 

* Observation on sea ice, 

13 



rr ABLE III.-Oontinued. 

Needle Mean 
Inclination Mean 

Date. No. Time. Time. 
from Single from Two 

Needles. Needles. 

1912. h. m. to h. m. h. m. 0 0 , 
" 

May 7 ... ... ... 8 13 28 13 49 13 39 86 25·24 1~86 25 32 

" 
7 .-. ..- .-. 2 13 12 13 59 13 35 86 25·84 

16 ... . .. --. 8 12 51 13 19 13 5 86 24·81 1-< 

" >86 25 51 

" 
16 ... ..- ... 2 12 35 13 29 13 2 86 26·90 

" 
21 ... ... ... 8 12 35 1.3 21 12 58 86 24·44 1-< 

>86 25 8 

" 
21 ... .., ... 2 12 47 13 13 13 0 86 25·82 

" 
29 ... ... ... 8 12 46 13 7 12 56 86 24·38 I~ 

29 2 12 35 13 16 ]2 56 86 26·18 >86 25 17 
" 

... ... . .. loJ 

June 6 ... ... .. , 8 12 50 13 30 13 10 86 25·90 
}86 26 5 

" 
6 ... ... . .. 2 13 0 13 20 13 10 86 26·25 

" 
19 ." ... .., 8 13 25 14 7 13 46 86 24·09 1 

" 
19 ... .., ... 2 13 35 13 57 13 46 86 25·69 

" 
28 ... ... . .. 8 12 58 13 21 13 9 86 24·411 

" 
28 ... . .. .., 2 12 34 13 29 13 1 86 26·21 

July 11 ... ... .., 1 16 30 16 55 16 42 86 25·62 }86 25 25 

" 
11 ... . .. . .. 2 ]6 19 17 5 16 42 86 25·22 

" 
21 ... ... . .. 1 12 54 13 35 13 15 86 25·88 86 26 8 

" 
21 ... . .. . .. 2 13 4 13 27 13 15 86 26·38 

August 9 ... ... . .. 1 12 36 13 21 12 58 86 25·47 
}86 25 40 

" 
9 ... ... .., 2 13 13 86 25·88 

" 
24 ... ... . .. 1 12 46 13 10 12 58 86 24·03 

" 
24 ... ... . .. 2 12 30 13 19 12 54 86 21·531 

September 7 ... .. . .. 1 12 20 12 39 12 30 86 25·25 }86 24 46 

" 
7 ... ... . .. 2 12 8 12 48 12 28 86 24·28 

" 
24 ... .. . .. 1 12 4 12 40 12 22 86 22·78 86 22 35 

" 
24 ... ... . .. 2 12 13 12 31 12 22 86 22·40 

October 7 ... ... . .. 1 12 12 12 32 12 22 86 23·69 
}oo 23 21 

,~ 7 ... . .. ... 2 12 1 12 40 12 20 86 23·00 

" 
31 ... . .. . .. 1 14 35 15 15 14 55 86 22·59 86 23 13 

" 
31 ... . .. . .. 2 15 20 ]5 50 15 35 86 23·82 

November 2 ... . .. 1 12 15 12 45 12 30 86 26·00 
~86 24 31 

" 
2 .,. .,. 2 12 49 13 11 13 0 86 23·03 

" 
9 .. , ... 1 11 6 11 33 11 20 86 26·68 86 25 55 

,. 9 . .. . .. 2 11 36 11 58 11 47 86 25·16 

1 ! 
-
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TABLE IV.--Mean Monthly Values from Absolute Observations. 

Absolute Observations Uncorrected. Absolute Observations Corrected. 

Month or Season. 

I I 
I 

I 
D. H. I. D. I H. 1. 

I 

1911. 0 , 
'Y 

0 , 0 , 
'Y 

0 , 

February ... ... . .. 24 49·8 4282 86 25·7 24 52·3 4221 86 29·2 
March ... ... . .. 25 10·5 4262 86 25·5 25 16·3 4210 86 27·6 
April ... ... ... 25 6·2 4222 86 27·3 25 16·2 4190 86 27·9 
May ... ... ... . .. 25 36·6 4203 86 27·4 25 13·4 4177 86 28·5 
June ... ... ... 25 17·4 4233 86 26·4- 24 55·5 4:213 86 27·4 
July ... ... ... ... 25 14·8 4228 86 27'6 24 53·1 4202 86 28·9 
August ... ... ... 25 23·4 4243 86 26·6 25 7·9 4221 86 27·5 
September ... ... ... 25 33·9 4277 86 26·1 25 24·7 4253 86 26·7 
October ... ... .. . 25 2],9 4253 86 25·4 24: 55·3 4216 86 27·0 
November ... ... ... 25 40·1 4280 86 23·3 25 8·8 4234- 86 25·7 
December ... ... ... 25 22·5 4284 86 24·3 25 6·8 4241 86 26·0 

1912. 
January ... ... ... 25 24·5 4318 86 . 22·6 25 6·1 4270 86 24·7 
February ... ... ... 25 34·8 4284 86 24·9 25 25·4 4242 86 26·5 
March ... ... ... 25 22·3 4270 86 25·4 25 17·3 4251 86 25·8 
April ... ... .. . 25 8·9 4247 86 24·7 25 5·6 4229 86 25·1 
May ... ... ... ... 25 14·0 4256 86 25·5 25 6·6 4244 86 25·7 
June ... ... ... 25 23·0 4253 86 26·0 25 18'6 4244 86 26·2 
July ... ... ... . .. 24 53·0 4258 86 25·8 24 56·8 4246 86 26·2 
August ... . .. ... 25 14·4 4275 86 24·8 25 5·8 4255 86 25·0 
September ... ... .. . 24 46·8 4268 86 23·7 24- 43·1 4249 86 24·0 
October ... . .. ... 25 42·4 4286 86 23·3 25 32·5 4259 86 24·7 
November ... . .. ... '25 38·1 - 86 25·2 25 15·9 - 86 26·5 

- .' -_.-
Mean, March, 1911-0ctober, 

1912 ... ... ... 25 19·6 4260 86 25·3 25 8·8 4232 86 26·4-
Midwinter, 1911 ... ... 25 23·0 4227 86 27·0 25 2·5 4203 86 28·1 

" 
1912 ... ... 25 11·1 4260 86 25·5 25 6·9 4247 86 25·8 

Equinox, 1911 ... ... 25 18·1 4253 86 26·1 25 13·1 4217 86 27·3 

" 
1912 ... ... 25 15·1 4268 86 24·3 25 9·6 4247 86 24·9 

Midsummer, 1911-12 ... 25 30·5 4291 
I 

86 23·8 25 11·8 4247 86 25·7 
I 
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CHAPTER II. 

MEASUREMENT OF CURVES. TIME USED. STANDARDISATION OF 
CURVES. SCALE VALUES AND BASE VALUES. 

Section 5.-The number of methods proposed for measuring curves is large, and 
more than one is in frequent use. The most obvious and probably on the whole the most 
usual plan is simply to measure the ordinate of- the unsmoothed curve at exact hours­
which may be G.M.T., or time differing by exact hours from G.M.T., or mean local time, 
or the time of some meridian unrelated to Greenwich-and to ascribe the measured value 
to the hour in question. If we are dealing with an element but little liable to sudden 
changes or rapid oscillations, or if we are measuring the curves of a long period of years 
and have in view only the nature of the'regular diurnal variation, this method is probably 
at once the simplest and the best. But if we are dealing with a highly variable element 
and want to treat of individual days or of the diurnal inequalities of individual months, 
this method leaves a great deal to chance. To meet this, the most obvious course is to 
estimate in some way the mean value of the ordinate for the 60 minutes centering at 
an hour. The measurement of the area bounded by the curve, the base line and the 
ordinates at the beginning and end of the 60 minutes is theore.tically the most exact way 
of getting the mean ordinate. But in practice it presents difficulties when the curve shows 
rapid oscillations, and other methods have been generally adopted. Special scales have 
been made, or the curve has been smoothed by drawing a free-hand pencil trace giving 
its general trend. The last-mentioned method is normally the quickest, and in a skilful 
hand may give excellent results. But it requires much judgment, and when the curve 
not merely oscillates, but departs widely from the shape normally characteristic of the 
hour, the results tend to become arbitrary. The method actually adopted in the present 
case was that used in dealing with the curves of the 1901-04 Antarctic Expedition. A 
glass scale was constructed having parallel lines at a distance apart equivalent to 20 
minutes on the time scale of the magnetograms, and the ordinates of the unsmoothed 
curve were read at each 20-minute interval to the nearest 0·5 mm. The value ascribed 
to the hour was the arithmetic mean of the three measurements taken at the exact hour 
and at 20 minutes before and after the hour. 

Dr. Simpson had decided to use not local time but the time of the 180th meridian, 
54' 4 minutes in advance of local time. This was certainly convenient in connection 
with the ternl hours, which had been arranged for the taking of quick runs in connection 
with co-operating observatories; 8 p.m. G.M.T., for example, becoming 8 a.m. of the 
nominal day at the Antarctic station. But a departure of 54! minutes from local time 
has obvious disadvantages, and I felt some doubt whether it might not be better to 
employ the time of 1650 E, subtracting an hour from ~r. Simpso~'s times and thus 
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getting within some 5! minutes of local time. Eventually, however, I decided to follow 
Dr. Simpson. Thus the hours appearing in the tables of hourly values, pp. 450 to 515, 
refer to the meridian 1800 E. Hours 0 and 24 really answer to a time 54· 4 minutes in 
advance of local midnight, and hour 12 to a time 54·4 minutes in advance of local noon, 
&c. As already mentioned, Dr. Sim.pson had introduced a method of producing a dark 
line right across the trace at each hour, a.nd this was as a rule accepted as representing 
the exact hour. There were usually small corrections wanted to the tinle as shown, 
but making allowance for small and irregular time corrections, especially when the 
variation throughout the 24 hours is a sensible fraction of the whole correction, involves 
an amount of trouble disproportionate to the advantage reaped in the case of diurnal 
inequalities. When it comes to minutely comparing disturbances at different stations 
it is a different matter, and even small corrections when accurately known may beconle 
important. 

Section 6.-Another question difficult to decide was how to present the results of 
the curve measurements. As already explained, the two magnetographs intended to 
give the variations in the N-S and E-W components were really oriented so as to give 
the variations of components along the two azimuths 7° 36' East of North (or West of 
South), and 7° 36' South of East (or North of West). If we call the components to 
nominal South and East as derived directly from the curve measurements S' and E', 
while Sand E are the components to true South and East, we have 

S = 0·991 S' +- 0·132 E'} 
E = 0·991 E' - 0·132 S' 

(1 ). 

Thus it would have been possible to deduce hourly values of Sand E from the 
measured values of S' and E', and to have given these in the tables of results in the present 
volume. In not adopting this coUrse I may not have the approval of all physicists. 
The principal reasons for showing the hourly values of S' and E', rather than those of 
Sand E, were: 1. Anyone anxious to get the values of Sand E at any particular hour 
can readily derive them by means of equations (1); 2. Force magnetographs-especially 
those like the Eschenhagen of light construction-are subject to change of scale values, 
and the scale value is sometimes not aR uniform across the full width of the sheet as is 
desirable. The Antarctic instrument recording E', according to the scale value deter­
minations, retained from start to finish a scale value which was practically constant. 
But the other, recording S', in the earlier part of its career showed a considerable change, 
and the scale value determinations did not show the development of the change as 
clearly as might be desired. Error in the accepted scale value of the S' instrument 
does not affect the type but only the amplitude of the diurnal variat.ion in S', as it 
leaves the relative values of the hourly measurements unalter~d; but it obviously will 
affect relatively as well as absolutely the hourly values calculated forS and E; 
3. Even supposing absolutely accurate knowledge of the scale values of both instruments, 
it would have been an extremely arduous, hardly, in fact, a possible operation to 
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determine the daily maximum and minimunl values of Sand E and the times of their 
occurrence. 

The absolute range of an element, as derived from the two extreme values of the 
day, may not be an exact measure of any definite physical quantity, but it undoubtedly 
serves in the great majority of cases to give a good general idea of the character of the 
day as quiet or disturbed. Theoretically a small range might go with a great amount 
of disturbance, the disturbing forces tending to reduce the natural maximunl and exalt 
the natural minimurn, or else merely producing numerous oscillations of small ampli­
tude. This is, however, rarely if ever the actual case. We practically never get an 
exceptionally small range on a day that is disturbed, or an exceptionally large range on 
a wholly quiet day. Occasionally, it is true, we get a large range on a day the greater 
part of which is quiet, the disturbance being confined to a few hours. If the days of a 
month were classified solely" by regard to the ranges of the elements, the days might not 
come exactly in the order they would occupy if an exact numerical measure of dis­
turbance were possible; but at all events the days near the top of the list would one 
and all be much more disturbed than the average day, and the converse would be true 
of the days near the foot of the list. Again the relative size of the mean. absolute daily 
range for a month and the range of the corresponding diurnal inequality aff?rds a very 
good idea of the greater or less prevalence of irregular disturbing forces. Influenced 
by these considerations, it was decided that the fundamental tables should give 
the hourly values and daily maximum and minimum values of S' and E', that the 
di urnal inequalities of S' and E' should be got out in the first place, and that the 
diurnal inequalities of Sand E should be derived from these equally with the diurnal 
nequalities of D (declination) and H (horizontal force). 

Section 7 ~--A common source of trouble in force magnetographs is the necessity 
for a temperature correction. This was a grave difficulty in the case of the vertical 
force magnetograph in 1901-04. Temperature in the Antarctic has large and rapid 
fluctuations, and when a magnetograph with a large temperature coefficient is exposed 
to such changes not merely are the temperature corrections large, but they are apt to 
be uncertain, because we are obliged to assume that the temperature recorded by the· 
thermograph is that of the magnet and of whatever else contributes to the temperature 
coefficient. In 1911-12, though the instruments were the same, the difficulty practically 
did not exist. The position of the magnetograph was such that in spite of the rapid 
external changes of temperature the thermograph trace seldom departed sensibly fronl 
a straight line. The only occasions when the trace was sensibly curved were when ice 
had to be removed from some part of the instrument by applying heat, or when other 
special work called for the continued proximity of the observers. On these occasions 
there was always some unavoidable loss of trace, and it thus seemed the best course to 
disregard the record for a short additional time until the disturbing effect on the tempera­
ture had ceased to be of importance. The temperature in the cavern had a considerable 
seasonal variation. Such slow changes, however, hardly call for any direct application 
of temperature corrections, as they are provided for by the changes in the base line values 
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derived from the absolute observations. Accordingly no temperature corrections have 
been applied. This may introduce some slight additional uncertainty into questions 
such as the relation between the mean values of the elements on different days of the 
same nlonth. But under the disturbed conditions natural to the Antarctic it would, I 
suspect, require a much larger number of absolute observations than were actually taken 
--considerable though the number was--and a much more elaborate system of curve 
measurements than that adopted, to enable mean daily values of the elements to 
be determined with the accuracy now aimed at in the best European and. American 
observatories. 

Though the external changes of temperature in the Antarctic are exceptionally large 
and sudden, the range of the regular diurnal variation of temperature is exceptionally 
small throughout the year. In the cavern a priori reasons alone, quite apart from the 
positive evidence of the thermograph, would have justified the conclusion that any 
regular diurnal variation of temperature must -have been very small indeed. Thus 
we have every reason to believe that none of the diurnal inequalities obtained for the 
magnetic elements have suffered sensibly from the non-application of temperature 
corrections. 

Section 8.-The method of determining the scale values will best be understood by 
reference to Fig. 2, which shows diagrammatically the relative positions of the drum and 
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FIG. 2.-Scale Value Determinations. 

lamp and the several magnets. The recording part, including the drum and lamp, was 
on the same level as the three magnetographs. Nearest the drum came Ns' S/I" the magnet 
inten~ed to register the variations of the North-South component of force; this magnet 
should have been oriented true East and West. Next came the magnet Ne, Se' intended 
to register the variations of the West-East COI1\ponent; it should have been oriented 
true North and South. Furthest away came the vertical force magnet NlI SlI' The 
centres of these magnets may be regarded as approximately in a straight line, intended 

19 B 2 



to be oriented East and West and perpendicular to the axis of the drum. Owing to 
the mistake already mentioned, all the horizontal directions were really 70 36' in error. 
The deflections were all made with the collimator magnet 25A. The box containing 
the magnet was placed on each occasion in a definitely fixed position, the inversion 
of the magnet being effected by turning the. box end for end. When deflecting Ns,88, 

the collimator magnet occupied the position N S (broadside position) shown in the 
diagram, its axis being l~vel with that of the deflected magnet. In this position turning 
the magnet box end for end altered the field surrounding Ns' SS' by 2m/r\ where m 
is the moment at the time of N S, and r the distance (100'5 ems.) between the centres 
of the magnets. When deflecting Ne, Se' the collimator magnet box was supported 
on a shelf attached to the table supporting the magnetographs, so situated that the 
centres of the deflecting and deflected magnets were in the same vertical line, the 
former being underneath the table. The deflecting magnet in this case was oriented 
East-West (nominal), i.e., perpendicular to the deflected magnet. Turning the box 
end for end altered the field again by 2m/ra, r being, however, in this case only 65·7 ems. 
When deflecting Nv Sv the collimator magnet was supported on a second shelf at a 
lower level than the first. In this case the deflecting magnet was vertical, its centre 
being again in the same vertical as the centre of the deflected magnet and below it. 
The position being the end-on position, turning the box round alter~d the field by 4mjr3; 
the distance r between the centres of the magnets .being in this case 86·2 ems. The 
three distances were .carefully measured after the shelves had been fixed. Owing to 
the greater proximity of the deflecting magnet the deflection on the trace was greatest 
for the instrument recording E'. The change of force due to rotation of the deflecting 
magnet through 1800 was in this case about 6801', the corresponding change of ordinate 
being some lOt ems. In the case of the instrument recording V the greater distance 
of the deflecting magnet was partly compensated by its being in the end-on instead 
of the broadside posit.ion; the change of force was about 6001' and the change of ordinate 
about 8 ems. In the case of the instrument recording S' not merely was the distance 
considerably the greatest, but the position was the broadside one. Thus. the change 
of force produced was only about 190y, and the change of ordinate varied according 
to the sensitiveness from 2·1 to 2· 8 cm~. Consequently, supposing the deflection 
measured with equal accuracy in the three ca.ses, the probable error in the scale value 
deduced was even under the quietest conditions much greater for the S' than the E' 
instrument. Supposing natural disturbance in progress at the time, as was usually 
the case, a disturbance of given size would naturally cause about four times as large 
an error in the estimated scale value of the S' instrument as in that of the E' instrument. 
The results of the several scale value determinations are given in Table V. 

Before discussing Table V some of the assumptions made call for comment. Taking 
for example the V :rp.agnetograph, it was assumed that the change of field at the position 
of the magnetograph magnet produced by turning the collimator magnet end for end 
was 4rn/r, r being the distance between the centres of the magnets, and m the moment 
of the collimator magnet as deduced from the absolute observations, after making 
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TABLE V.-Scale Values (equivalents in force of 1 mm. ordinate). 

19B. 
I 

E'. 
I 

8'. 
I 

v. 
II 1912. 

I 
E'. I 8'. I v. 

y y y y y y 
March 2 ... '" 6·53 8·83 7·54 January 1 ... .., 6·48 6·57 7·66 
April! ... '" 6·49 8·75 7·50 February 4 ... .., 6·43 6·95 7·75 
July 7 ... ... 6·44 8·10 7·51 

" 
22 ... ... 6·45 6·87 7·89 

August 7 ... ... 6·44 6·75 7·76 March 9 . .. ... 6·49 6·87 8·06 

" 
21 ... ... 6·45 6·65 7·59 

" 
26 ... ... 6·47 6·96 7·73 

September 12 .. , 6·43 6·66 7·70 
" 

29 ... . .. - 6·76 -
October 5 ... . .. 6·43 6·86 7'~2 May 1 .,. .., 6·47 6·93 8·06 

" 
30 ... ... 6·47 6·85 7·59 

" 
31 ... ... 6·46 6·91 8·23 

June 7 .,. ... - 6·86 ---

" 
26 ... ... 6·46 6·85 7·R7 

July 3 ... .. , - 6·86 -
August 2 ... .,. 6·42 6·85 7·81 

I 

September 10 ." 6·46 6·89 7·78 
October 11 ... . .. 6·47 6·76 8·03 

" 
13 ... ... - 6·82 -

allowance for any difference of tenlperature. During the time spent at Cape Evans 
the nlagnetic nloment of the collimator magnet fell off only about 1 per cent. Thus 
any error arising in connection with the value of m must have been extremely small. 
A second possible source of error arises in connection with the sufficiency of the formula 
assumed for the interaction of the two magnets. The complete expression for the 
magnetic force at the" poles" of the deflected magnet is 2mr-3 (1 + 1:''1'-2 + Qr-1

) 

where P and Q are the so-called distribution constants. The deflections of anyone 
magnetograph magnet were all nlade at only one distance, so there was no direct evidence 
of the negligibility of the P and Q terms. Considering, however, that the distance 
r was in no case less than 65 ems., the error due to the neglect of the higher terms seems 
unlikely to have been as large as 1 per cent., and probably was a good deal less. 

The apparent variations shown by Table V in the scale value of E' are quite remark­
ably small, considering Antarctic conditions, and afford no evidence whatever of any 
real change. Accordingly, the mean value 1 mm. = 6, 46y was accepted as applicable 
to the whole period. Between April 1 and August 7, 1911, it seems clear that the scale 
value" of the S' curve diminished, but there is no distinct evidence of any change after 
the latter date. Accordingly a mean value 1 mm. = 6, 82y was accepted as applicable 
£rOnl August, 1911, to the end. The question as to exactly how and when the change 
of scale value in S' came in presents difficulties. The fact that an apparent c4ange 
had occurred was noticed by Dr. Simpson after the observation on August 7, and the 
repetition on August 21 of the deflection experiment was partly intended to make sure 
that no mistake had been made. He was then certain that a change had occurred, 
but was unable to reach any satisfactory explanation of its occurrence. After the 
event it is of course easy to see that more frequent scale value determinations would 
have been advisable in the early months. The only thing that could be done was to 
examine minutely the curves and the base value determinations. The apparent difference 
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between the results on March 2 and April 1 may well be fortuitous. Thus there is no 
certain evidence of a change prior to Aprill, but some time between April 1 and July 7 

it seems pretty clear that a measurable change must hav~ come in. Examination of 
the curve and base values suggested that the change most probably took place on June 5 

between 14 h. and 15 h., as there then occurred a large change of ordinate almost 
certainly of instrumental origin. Accordingly the scale value of 1 mm. =- 8, 8y was 
applied from February to 14 h. on June 5, and a scale value of 1 nlm. = 8'11' was accepted 
a8 applicable from 15 h. on June 5 to some date subsequent to July 7. During July 
there were several small discontinuities, and apparently at times the magnet was 
not moving freely. The magnet .. a small flat piece of steel, moved in a very confined 
space between copper dampers. The damping is very good, but a slight want of level 
or slipping of the supporting fibre may lead to contact between the ms.gnet and damper. 
The appearance of the trace on one or two occasions suggested that some obstruction 
of this kind existed, but between whiles the movement of the magnet was obviously 
free. No single curve showed a large change such as would naturally accompany an 
alteration of scale value from 1 mm. = 8'11' to 1 mm. = 6'81'. Four base value 
determinations had been made in July, following five in June. But no decisive evidence 
was forthcoming from these, there being irregularities in the base values deduced whether 
8 . 1 I' or 6· 81' was accepted as the value of 1 mm. After considering the parallel changes 
in the absolute daily ranges in E' and S', it was decided to apply the value 1 mm. = 8,1 I' 

up to the end of July and introduce the value 1 mm. = 6'821' on August I. 
In the case of V the scale value found on August 7, 1911, suggests a change, but this 

is not confirmed by the observatiort on August 21. Some readjustment of the magnet 
took place on October 26, but judging by the determinations on October 30, 1911, and 
{January 1, 1912, this did not alter the scale value. It is clear, however, that a rise of 
scale value did occur, though no intentional change was made, early in 1912. The V 
instrument was relevelled on January 19, 1912, and the change may have occurred 
then, but in the absence of any definite evidence it was assumed to have occurred at 
the end of January, and the mean result given by the observations from February 4 
to October 11, 1912, viz. 1 mm. = 7,921', was accepted as holding from February 1 
up to the end. Prior to this 1 mm. = 7'611' was accepted. 

As the uncertainties just described in the S' and V scale values may arouse mis­
giving, a word or two on the subject may not be amiss. As regards V, the change 
from 7'611' to 7,921' represents only 4 per cent. If it occurred on January 19,1912, 
instead of on January 31, the only effect would be an underestimate of less than 2 per 
cent. in the range of the diurnal inequality for January, and an underestimate of some 
4 per cent. in the absolute range on eleven individual days. Error in a scale value, be 
it noticed, has no effect on the type of the inequality in the element directly concerned. 
The times of maximum and minimum and the phase angles of the Fourier waves are 
not influenced. It is true, however, that the diurnal inequality of an element such as 
I (Inclination) which is based on more than one of the elements directly recorded is 
affected, as has been already pointed out in the case of E and S. 
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It must not be supposed that the uncertainties we have observed in the Antarctic 
are by any means outstanding. There are few even of the best observatories which 
exhibit a constancy of scale value as good as that exhibited by E', and many show 
changes in the V scale value at least as troublesome as that met with in the Antarctic 
instrument. In fact,· except in the case of D instruments, Gordian· knots as to scale 
values have to be cut at most observatories to an extent not generally realised. 

Section 9.-The determination of the base line values was a somewhat complicated 
process. In Fig. 3 suppose OE and OS directed towards true East and South, while 

o E 

E' 

H 

s' S FIG. 3. 

OE' and OS' make with them the angle 7° 36'. Then so far as the horizontal plane is 
concerned, the curves showed the variations in the cave in the forces E' and S' directed 
respectively along OE' and OS', while the absolute observations gave the absolute 
values in the hut of the horizontal force H and the declination D. Let us first suppose 
for simplicity that no magnetic difference existed between the cave and the hut. In 
the Antarctic H is low, and consequent.ly the .fluctuations in D during large disturbances 
are great. If one attempts to allow with mathematical precision for such large changes, 
complications come in. For one thing, any change in H implies a corresponding change 
in the force equivalent of a l' change in D. Two practical considerations, however, 
come in. From our general knowledge of the type of magnetograph, it is improbable 
that the scale value was absolutely uniform across the full width of the sheet, while the 
results of any absolute observation taken during a specially disturbed time would be 
affected by such considerable uncertainties that any attempt at great nicety in the 
deduction of the corresponding base line value would be labour wasted. A further 
consideration was that the observations did not suggest any large secular change. 

Suppose at any time H, E' and S' corresponding values of the horizontal force and 
its components along OE' and OS', 0 and cp being the inclinations of the resultant H 
to OS' and OS respectively. Then we have 

E' = H sinO, S' = H cosO (2). 
Corresponding small changes .dH, J 0, .dE' and LIS' are connected by the equations 

LJE' = LlH sinO + HLl 0 cosO, ') 

LlS' = LlH cosO - HLl 0 sinO, I ~ 
LlH = LlE' sinO + JS' cosO, J . 

H,10 = .dE' cosO - LlS' sinO. 

(3). 
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If Hand 0 represent certain standard values, E' and S' will represent corresponding 
standard values, and LlH, L1 0, JE' and AS' will represent any not too large corresponding 
departures from these standard values. 

The standard values accepted were 

if = 42601'; ~ = 25° 20', and hence -0 = 32° 56' ;. 

these being very nearly the mean values given by all the absolute observations when 
combined. Corresponding to these we have 

E' = 23161', 8' = 35751'. 

As 0 - cp is constant, and so L1 0 = LJcp, we have supposing cp-~ in circular measure, 

E' = 23161' + sinO (H - H) + H cosO (cp - ~),} _ _ _ (4). 
S' = 35751' + cosO (H - H) - H sinO (cp -- </». 

If at the time to which the- above equations refer e and 8 are the ordinates of the 
E' and S' curves, Eo and So the base line values, and c,' c, the respective scale values, 
then 

E' = Eo + eCn S' = So + 8CB • 

Consider now the ordinary H observation as taken in the Antarctic, consisting 
of a vibration experiment during which the mean values of the E' and S' ordinates are 
e1 and 81, a deflection experiment during which the mean values of the ordinates are 
e2 and 82 , and finally a vibration experiment with mean ordinates ea and 8s• Then the 
appropriate mean values of the ordinates are 

e = i (e1 -f- 2e2 + ea); 8 = 1 (81 + 282 + 8a). 

Suppose similarly e' and 8' to be the mean ordinates during the declination 
observation on the same day. Then we have 

Eo + ec, = 23161' + sinO (H - H) + ii cosO (cp - 4», 
Eo -+- e'ce = 23161' + sinO (H' - H) + H cosO (cp' - ~). 

Adding, and dividing by 2, we find 

Eo+!ce (e+e') = 2316y+sinO {H-H-! (H-H')}+H cosO {cp'-~+l(cp-cp')}. 

What the absolute observations give directly is Hand cp', while H - H' and cp - cp' 
are derived from the curve measurements and the relations 

H - H' = sinO c, (e - e') + cosO C, (8 - s'), 
H (cp - cp') = cosO c, (e - e') - sinO c, (s - s'). 

Eventually we get 

Eo = 23161' + sinO (H - ii) + cosO H (cp' - ~) - lc, (e + e') 

.+- ! cos 20 . c, (e -' e') - ! sin 20 . c, (s - s') (5), 
and similarly we find 

So = 35751' + cosO (H - H) - sinO H (cp' - ~) - l c, (s + s') 

-I sin 20 . c, (e - e') - ! cos 20 . c, (s - s') (6). 
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Taking 320 56' for (j, and 4260y for H, we have 

sinO = '544, cosO = 'S39, sin 20 = '913, cos 20 = '409, 
H sinO = '674 (ISOX60/1T), H cosO = 1'040 (ISOX60/1T). 

Subsequent to July, 1911, when c. and c, had the respective constant values 6'46y 

and 6'S2y, the working equations were with (<jJ'-cp) expressed in minutes of arc 

Eo = 2316y + 0'544 (H - H) + 1·040 (<p' - ~) - 3·23 (e + e') 
+ 1·32 (e - ef) - 3·11 (s - Sf) 

So = 3575y + 0·S39 (H - H) - 0·674 (cpf - ~) - 2'95 (e - e') 
- 3·41 (s + Sf) - 1·39 (s - Sf) 

(5'), 

(6'). 

In actual practice e represented the arithmetic mean of S curve measurements, 
taken respectively at ! and! of the time interval answering to each of the vibration 
experiments, and at i, i, i and i of the time interval answering to the deflection 
experiment; while e' represented the arithmetic mean of 2 curve nleasurements, 
taken respectively at ! and i of the time interval answering to the declination 
observation. s like e was the mean of S curve measurements, and s' like e' the 
mean of 2. 

To determine the V base value, let e", S", v" be corresponding mean ordinates of 
the E', S' and V curves answering to the mean time of the dip observation. Then 
the values of E' and S' at the time of the observed dip are respectively Eo + e"ce and 
So + s"c" and the corresponding value of H, viz. H", is given by 

H" = ii + (Eo + e"c" - Nt) sinO + (So + s"c, - S') cosO, 

where, as before, 0 = 320 56'. 

If I be the observed inclination 

V = H" tan I = Vo + c,;;", 

where c" is the scale value of the V curve, and Vo the base line value. Thus finally 

Vo = H" tan I - cvv" (7). 

The mean ordinates e", 8", v" each represented the arithmetic mean of 
4 measurements answering to 1, i, i and ! of the interval occupied by the dip 
observation. 

Tabie VIA gives the base values as computed from the absolute observations 
separately considered, and the temperature shown by a thermometer in the cave at 
the tilne of the -dIp· observation. The values enclosed in parentheses were considered 
unsatisfactory for one reason or another and were discarded. 
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TABLE VIA.-Base Values from Indiviaual Observations. 

Tempera-
I 

Tempera,. 

Date. E'. 8'. V. ture Date. E'. 8'. V. ture 
(Centi. 

I 
(Centi. 

grade). grade). 

1911. ?' ?' Y 
0 1911. Y Y Y 

0 

February 17 ... 1752 2724 69521 - 7·0 Deeember 2 ... 1741 2876 67864 -17·0 

" 
23 .. ' 1713 2697 67596 - 7·8 

" 
9 ... 1740 2872 67964 -15·9 

" 
18 ... 1771 2850 68050 -14·1 

March 3 ... 1767 2765 (69042) - 9·5 
" 

23 ... 1748 2869 68004 -14·2 

" 
9 ... 1749 2741 68260 -10,8 }) 29 . .. 1774 2857 68080 -13·2 

,. 20 . .. 1746 2759 68289 -13·0 

" 
24 ... 1713 ~747 67972 -12·2 1912. 

" 
31 ... 1716 2769 68327 -12·6 January 5 . .. 1760 2880 67846 -13·0 

" 
12 ... 1711 2908 68010 -12·6 

April 11 ... 1709 2708 68021 -14·0 
" 

22 ... 1782 2866 68003 --11·5 

" 
15 " . 1714 2715 67712 -15·0 

" 
30 ... 1781 2876 68093 -10·0 

" 
26 ... 1711 2675 68090 -17·0 

February 5 ... 1753 2953 68045 - 9·4 
May 4 ... ... 1732 2660 67753 -18·0 

" 
12 ... 1760 2969 68013, - 9·3 

" 
11 ... ... 1726 2671 67950 --20·0 

" 
24 ... 1769 2992 67970 --10·5 

" 
20 ... ... 1720 2667 67744 -21·0 

" 
26 ... ," 1733 2688 68038 -21·0 March 3* ... (1698) (2898) (65735) -11,5 

" 
7 '" 1767 2993 68023 -·11·9 

June' 3 ... 1712 2713 68037 -20·1 .o' 18 ... 1764 2985 67925 -13·3 

" 
9 ... 1718 2748 68174 -20·0 

" 
24 . " 1765 2996 67853 ---13·9 

" 
16 ... 1712 2740 67920 --20·1 

I' 21 ... 1713 2741 68206 -22·5 April 2 ... ... 1724 2996 67611 -,14,2 

" 
29 ... 1710 2747 68101 -24·0 

May 7 ... ... 1717 2990 67785 -17·0 
July 6 ... ... 1711 2807 68100 -,26,0 

" 
16 ... ... 1733 2999 68123 -17·0 

" 
17 ... ... 1717 2758 67952 -24·1 

" 
21. .. ... 1728 2995 67917 -18·2 

" 
24 ... ... 1745 2727 (68604) -24·8 

" 
29 ... ... 1751 2983 67893 -18·8 

" 
27 ... . .. 1720 2755 68051 -24·7 

June 6 ... ... 1723 3000 68195 -
August 5 ... 1715 2879 68108 -25·5 

" 
19 ... ... 1754 2957 67677 -19·4 

" 
12 ... 1748 2873 68026 -26·0 

" 
28 ... ... 1769 2972 68384 -19·8 

" 
18 ... 1743 2866 68027 -26·4 

" 
28 ... 1765 2899 - - July 11 * ... (1789) (3071) (69601) --·19·5 

" 
21. .. ... 1715 2980 68135 -19·6 

September 1 ... 1754 2869 (68415) -25·5 

" 
9 ... 1751 2871 68006 -25·8 August 9 ... 1721 2993 68121 -19·9 

" 
16 ... 1747 2860 68248 -26·2 

" 
24 ... 1747 2982 67750 -19·3 

" 
23 ... 1744 2865 67967 -25·8 

September 7 ... 1722 2995 67847 -19·6 
October 4 .. , 1722 2887 68015 -24·0 

" 
24 ... 1726 2990 67749 -20·0 

" 
12 ... 1726 2882 68070 -23·6 

" 
20 ... 1747 2864 68062 -23·0 October 7 ... 1741 2974 67750 --20,0 

" 
28 ... 1726 2887 68086 -22·5 

November 2 ... (1762) 2964 - --
November 3 ... 1756 2861 67954 -21·7 

" 
11 ... 1732 2885 68008 -20·0 

" 
18 ... 1764 2870 68094 -19·3 

p 24 ... 1736 2896 67839 --18·0 
I 

* Value obtained for m on this day erratic. 
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Section IO.-Some general considerations may help to explain the choice actually 
made of base line values. Consider the simplest possible case-nluch simpler than that 
presented in the Antarctic-viz., a declination magnetograph of a stable type in a dry 
chamber in ordinary latitudes, not exposed to local disturbances, artificial or otherwise. 
In the absence of alteration in the magnet, its supports and the optical arrangements, 
there is no reason why the base value should alter at all. Accidents of course may 
happen, and the assumption of an invariable base line value would be a rash one; but, 
as a matter of fact, any alteration is unlikely to be large, and if careful absolute 
observations are taken at not too long intervals, any change that may occur is easily 
determined to a high degree of accuracy. Barring some serious accident, the scale 
value cannot alter sensibly, thus no uncertainties can arise on that ground. The element 
recorded by the magnetograph and the element observed with the absolute instrument 
are the same. The time required for an absolute observation is much less than that 
required in the case of any other magnetic element, and the accuracy in European 
latitudes is ordinarily greater. Thus the inter-comparison of the observational and the 
curve value is at once direct, simple and accurate. Next in facility and in accuracy, 
under normal conditions, comes the H magnetograph. This shares with declination 
the advantage that the element recorded is the same as that directly observed. The 
disadvantages as compared with declination are that the absolute observation takes 
ten times as long, and has seldom half the accuracy, while the scale value can alter, and 
complications arise from the existence of a temperature coefficient. When the mag­
netographs dealing with the magnetic force in the horizontal plane record, as those in 
the Antarctic did, two rectangular components, each is dependent both on the D and 
the H observation, and any weakness or defect in either absolute observation affects the 
base value for both magnetographs. Thus the chances of error coming in are at least 
doubled, while the difficulty of localising any error and tracing its consequences are 
much enhanced. This does not necessarily mean that the balance of advantages must 
be with the D and H magnetographs, as compared with E and S nlagnetographs. 

One weak point with the D magnetograph is that its scale value, when expressed 
in terms of force, depends on the local value of H. For instance, a D magnetograph 
having a scale value of 1 mm. = 1 minute of arc, has in terms of force 

1 mm. = 10'51' where H = 0·36 C.G.S. 
5'251' " ,,= 0'18 

= 1'31' " " = 0·045 

Under ordinary European conditions 1 mm. = 5' 251' is a convenient enough scale 
value. But 1 nilll. = 10' 51' is too low a sensitiveness for the comparatively quiet 
equatorial regions, where H approaches O· 36; while 1 mm. , l' 31' is much too high 
a sensitiveness for polar regions, where a low value of H is accompanied by an excep­
tional amount of :rn.agnetic disturbance. Thus there may be excellent reasons for 
preferring E and S to D and H magnetographs; but absolute instruments being as at 
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present, the former choice inevitably.introduces more difficulty and less certainty in 
base line value determinations. 

The V magnetograph is usually the most troublesome. To obtain absolute 
values for comparison with curve measurements, one has to combine absolute 
observations of H and I taken at different times and with different instruments, 
each observation occupying a considerable tinle. An observation with a dip circle 
takes much longer than a declination observation, and possesses much less accuracy, 
while the V magnetograph has usually a larger temperature coefficient than an H, 
E or 8 magnetograph, and is more liable to change both as regards its scale value and its 
base line value. In high magnetic latitudes the equivalent in vertical force of I' of 
dip is large--at the Antarctic station it exceeded 300y -, thus even with the best and 
least variable of dip instruments it is futile to expect any very high accuracy in the 
base line value derived from a single observation. The dip circle in use at the Antarctic 
base station seenlS to have behaved well, but of the needles originally in use first one 
and then the other had to be discarded. A reserve needle belonging to the circle also 
gave out, and the two needles finally in use really belonged to another circle. It is 
hardly likely that the five needles in use at one time or another would, when at their 
best, have given absolutely the same dip, and probably some of them continued in use 
after appreciable deterioration had set in. 

At stations where importance is attached to the mean values of the elements for 
individual days, a separate base value nlust be assigned to each day, if not to shorter 
intervals of time. If the differences between the base values derived fronl successive 
absolute observations are all snlall-which implies a good nlagnetograph and first-rate 
observing under favourable conditions-daily base values can be obtained either by 
arithmetical or graphical processes, which if not reliable to Iy have at least 
considerable claim to respect. A glance, however, at the individual results in Table VIA 
shows that assigning base values to individual curves, even in the case of E' and 8', 
would merely simulate an appearance of accuracy. Failing that, the most usual 
course is to assign base values to individual months, accepting for each month the mean 
result of all the determinations made during that month. There is, however, a serious 
objection to this course in the present case, owing to the fewness of the observations 
in some of the months, especially the later months of 1912. Also, if one calculates 
monthly mean base values in the usual way from the data in Table VIA, one finds that 
there is no regular progression, such as one would expect if the only effective cause 
were a progressive drift in the instrument or a seasonal temperature effect. 

Section 11.-In the case of E' a decided difference presented itself between the 
midsunlmer and midwinter months, but the differences between successive months 
seemed to be largely accidental. It was thus decided to accept generally as the base 
value for month n, (bn - 1 + bn + bn :j- 1) /3, where bn represents the mean value obtained 
from the observations of the month n alone. For the month of February; 1911, the 
mean of the two determinations made in that month was accepted, and the value 
accepted for October and Novenlber, 1912, represented the one reliable observation 
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made during these two months. Fortunately, in these two cases the values accepted 
fit in fairly well with the run of the values obtained for the adjacent months. March 
and April, 1912, had also to be treated somewha.t differently from the other months 
owing to a sudden change of base line which occurred on March 26 in connection with 
a quick run. The distances apart of the E', S' and V base lines altered during the 
changing of papers, affording clear evidence that something had happened. It was 
obviously a quiet time, and yet in the short interval there was a change of 5 nlm., 
repr~senting 32y in the E' ordinate. It was decided to accept this as a nleasure of th.e 
discontinuity, and to assign to the few subsequent March days the same base value 
as for April. The base values finally accepted for E' are given in Table VIne 

TABLE VIB.-:Base Line Values Accepted. 

E'. 
I 

8'. 
I 

V. 

1911. Y 1911. Y 1911. Y 
February 10-28 ... 1732 February 10-28 ... 2710 Fe bruary 10- 28 . .. 68558 
March 1-31 ... ... 1727 March ]-31 ... , .. 2756 March 1-31 .., .,. 68212 
April 1-30 '" ... 1726 April 1-30 ... ., . 2690 April 1--16 .., .,. 67803 

" 
17-30 ... ... 68218 

May 1-31 '" ... ]718 May 1-24 ' .. " . 2690 May 1-3 ... ... 67829 

" 
25-31 ... . .. 2677 

" 
4-31 ... . .. 67871 

June 1-30 '" '" 1721 June 1-5 (13 h.) ... 2682 June 1-2 ... ... 68057 

" 
5 (15 h.)-30 ... 2747 

" 
3-20 '" ... 68110 

July 1-31 ... ... 1726 .Tuly 1-3 ... '" 2747 .Tuly 1-3 ... ... 68070 

" 
4-10 ... , .. 2759 

" 
4-31 ... ... 68055 

" 
11-18 ... , .. 2767 

" 
19-3] ... ... 2755 

August", '" ... 1738 August ... ... '" 2873 August ... . .. 68055 
September ... '" 1741 September '" ... 2873 September ... ... 68055 
October ... ... 1742 October '" ... 2873 October ... ... 68055 
November ... '" 1744 November ... ., . 2873 November .. , ... 67974 
December ... . , . 1753 December ." '" 2873 December ... ., . 67990 

1912. 1912. 1912" 
January ... ... 1758 January 1(0 h.)-1 (14 h.) 2873 January ... .. , 67990 

" 
1 (17 h.)-31 ... 2882 

February ... ... 1762 February 1-26 ... 2971 February .. , .. . 68009 

" 
27-29 .,. 2992 

March ]-26 (10 h.) ... 1761 March ... .. . . " 2992 March ." ... ... 67891 

" 26 (12 h.)-31 ... 1730 
April ... ... '" 1730 April .. . ... ... 2992 April .. , . .. , .. 67891 
May ... .. ' ... 1735 May ... .. , '" 2992 May ... .. ' ... 67891 
June ... ... ... 1732 June 1-6 (8 h.) ... 2992 June . , . . .. ... 67956 

" 
7 (12 h.)-30 , .. 2980 

July ... ... '" 1733 July ... ... , .. 2980 July . ,. ... ' .. 67956 
August ... ... 1724 August ... , .. 2980 August . " ... 67956 
Septemher ... ... 1733 September , .. , .. 2980 September '" ... 67956 
October ... ... 1741 October 1-13 (11 h.) ... 2980 October '" .. , 67956 

" 13 (12 h.)-31 ." 2964 
November ... ... 1741 November ... . ... 2964 November ... ... 67956 

Assigning separate base line values to individual months introduces, of course, 
a fictitious discontinuity between the entry under 24 h. on the last day of a month 
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and the entry under 0 h. on the first day of the next month. The force, of course, was 
really the same, though shown as different. But the same thing happens, though 
less obviously, when one assigns separate base values to separate days. It may, of 
course, take a number of days for the accumulated error to amount to ly and so 
become visible. These discontinuities may be hidden by confining the tabulated values 
to the hours of 1 to 24, because it is then impossible to say by mere inspection that 
the difference between the entries under 24 h. on day n and under 1 h. on day n + 1 

is not wholly due to a real change of force. But discontinuities are not removed by 
merely concealing them. 

In the case of S' there were in several months a succession of small dislocations 
which introduced an element of uncertainty. Such discontinuities may arise in several 
ways. The introduction of iron into the iminedia~e neighbourhood of a magnetograph 
introduces a discontinuity which disappears with the removal of the iron. In such a 
case the effect is not usually confined to one of the magnetographs, and is comparatively 
easy to detect and allow for. Again a discontinuity may arise from a knock to the 
magnetograph, or slight movement of the bench supporting it .. This is usually' 
adequately de,alt with by assigning an alteration to the base line value equal to the 
discontinuity shown by the curve ordinate. But a discontinuity may also arise 
from the yielding of some impediment, such as is provided by an obstructive hair 
or by grazing friction, to the free movement of the magnet. In such a case, instead 
of a smooth continuous curve: we may have a sticcession of small dislocations 
connected by straight portions of curve, the tendency in the magnet to 'move being 
resisted until the motive power prevails sufficiently to secure a jerky movement. 
The sum of the discontinuous movements may in such a case represent the full 
movement the magnet would have made if quite free, but even if it does the ordinate 
of a straight portion of curve will not in general give the current value of the force 
quite correctly. If the phenomenon is at all prominent, the only satisfactory 
course is to wholly omit the curve for purposes such as the calculation of the 
diurnal inequality. In such a case it is practically impossible, without some 
extraneous source of information, to decide whether there was or was not a real change 
of base value. In the Antarctic small vibratory movements of the magnet were so much 
the rule that a dislocation preceded by an absolutely straight portion of curve 
presumably represented sticking, or friction of some kind. There were several examples 
of this in the S' curves, but on other occasions the magnet, judging by the oscillatory 
nature of the curve both before and after the discontinuity, appeared to b~ quite free. 
Dislocations of the latter kind appeared in the curves of May 25, June 5, July 3, 10 

and 18, 1911, and October 13, 1912. As an example of the methods employed, take 
the case of June and July, 1911. On June 5 there was an undoubted large change 
of condition which could not be bridged. During the rest of June and July the base 
values found showed irregular fluctuations. There were a succession of small dis­
continuities equivalent in force to + 12y on July 4, + 8y on July 11 and - 12y on 
July 19; but no clear suggestion of a drift of base line in either direction. It was 
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accordingly assumed that no real change of base line had occurred except what was 
produced by the above dislocations. On this hypothesis the base line value was, 
say, b up to the time of the first dislocation, b -f- 121' between the first and second 
dislocations, b + 201' between the second and third, and b + 81' after the last disloca­
tion. Referring to Table VIA, we thus get the following eight values for b :--

From the last four observations of June, 27481', 27401', 27411' and 27471' ; 

from the four observations of July, 27951', 27381', 27191' and 27471'. 

The mean of the eight values 27471' was thus accepted for the value of b. This 
gives 27591' as applicable between the first and second dislocation, and so on. 

On January 1, 1912, there were soine hours' loss of trace. Some work had to 
be done to the S' magnetograph, entailing a large temporary change of temperature. 
On June 6 and 7, 1912, there were numerous dislocations suggesting sticking of the 
magnet, and a considerable portion of curve had to be rejected, and base values had to 
be settled independently for the earlier and later parts of the month. The base line 
values finally accepted for S' aTe given in Table VIB. Though representing a great deal 
of consideration they are undoubtedly more open to criticism than the base line values 
assigned to E'. When a discontinuity occurred "near the middle of a day a suitable 
allowance was made for the hourly values during the shorter portion of the day, without 
formally altering the base line value. The two processes of course are really identical. 
This was also the course adopted when, as sometimes happened, there were two or 
more discontinuities in the course of a day which practically neutralise~ one another. 
In all such cases special care was taken to ensure that the effect of the discontinuities 
on the maximum and minimum values for the day was duly allowed for. 

The V base line values enclosed in brackets in Table VIA were onlitted for various 
reasons. That found on March 3, 1911, differed very largely from all the subsequent 
results of the month, and as there was an abnormally large difference between the two 
dip needles there was presumably some observational error. On July 24,1911, the mean 
observed dip was 2' higher than on July 27, a result impossible to reconcile with what 
was shown by the curves. On September 1, 1911, the dip observed with needle No.5 
seemed abnormally high. On March 3 and July 11, 1912, the H observation was 
almost certainly at fault. 

Table VIB shows the base line values finally accepted for V. In obtaining them 
the chief guiding principle was that apart from the change of scale value in January, 
1912, the only known systematic cause for change of base line value was change of 
temperature. In view of the fact that a difference of l' in dip meant a change of 
3001' in V, differences of the order of 301' in base line values could not possibly be 
substantiated without a much larger number of dip observations than were actually 
taken. The reason for assigning special base line values to a few days at the commence­
ment of each of the three months May, June and July, 1911, was simply the existence 
of small discontinuities in the curves. The changes accepted were equivalent to 
bringing the ends of the curve before and after the dislocation into line. The apparent 
difference between the earlier and later parts of April, 1911, is really fictitious. There 
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were often two lines visible on the sheet, both coming from the fixed nlirror of the V 
magnetograph. They remained at a fixed or approximately fixed distance apart. One, 
which ·was usually much the brightest, was normally accepted as the true base line. 
But during the earlier part of April, 1911, this line was so faint that it was more 
convenient to use the other. The apparent change in the base line value, viz. 4151', 

is really the equivalent in force of the distance between the two lines. 
Obviously no very high degree of precision can be claimed for the V base line 

values. Under conditions such as prevailed in the Antarctic, where 1" in the dip meant 
51' in V, it is obvious that no V ba.se line values which depend ultimately on a dip 
instrument can reasonably be expected to have any high accuracy. An instrument is 
obviously wanted giving absolute values of V directly. 
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CHAPTER III. 

LOCAL DISTURBANCE AT BASE STATION. 

Section 12.--Magnetic disturbance may arise in various ways, and is a very 
difficult thing to define. If we take declination by way of illustration, ordinary 
charts show isogonals, i.e., lines of equal declination, as nearly straight, or possessed 
of but slight curvature, for lengths of 50 or 100 rniles. These lines represent a sort 
of average state of matters for places within a zone a considerable number of miles 
in width. If declination were actually' observed at a number of stations all situated 
on an isogonal line, some of the values encountered would differ considerably from 
the value shown on the chart. The places at which these departures were large would 
naturally be regarded as highly disturbed; those places at which they were small 
would be regarded as only slightly disturbed or undisturbed. If the values obtained 

• for declination or any other magnetic elenlent at places only a mile or two apart differ 
considerably, there is unquestionably local disturbance. At some places sensible 
differences are found between points only a few yards apart; or, in extreme cases, 
between points in the same vertical, a few feet or even inches apart. A large mass 
of magnetic rock at a depth of a mile or two may cause a considerable local disturbance, 
but the disturbance will be sensibly the same at points only a few yards apart. This 
need not, however, be the case if the disturbance arises from rocks in or near the surface 
of the ground, and still less so if the cause is artificial, e.g., if it is due to magnetic 
material in the building where the observations are taken, or in the actual support of 
the magnetic instrument itself. If considerable disturbance is found at any spot, 
it is not safe to assume that it is the same at all places within the same room, even if 
we are certain that no magnetic materials have been used in its construction. 

In the case of the 1902-04 Antarctic Expedition observations taken on the ice 
in McMurdo Sound, only about Ii miles away from the magnetic hut, gave for H the 
value '0433, while the mean value observed in the hut itself was ·0657. In the case 
of ice over deep water, if a source of disturbance exists, it must be at a considerable 
distance from the magnetometer. Thus the presumption is that it was the magnetic 
hut which suffered mainly from disturbance, and that the source was pretty superficial. 
lTnder such circumstances the disturbance might well be sensibly different in the 
magnetograph and absolute observation huts, even if we assume there was no magnetic 
material in either. In 1902-04 no absolute observations were made in the magneto­
graph hut, .so that nothing positive was known. In 1911-12,_ however, comparisons 
were made of the absolute hut and the magnetograph cave, and also of the hut and 
a station on the sea ice about 2,835 yards away from the hut. 

In the case of the hut and cave the comparison was confined to H, and complete 
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observations were not taken in the cave, vibrations only being observed there. Com­
parisons were made on three occasions in January, 1911, before the magnetographs 
were installed. Each comparison consisted of two sets of vibrations in the cave, and 
an intermediate set in the hut. As the magnetographs were not in operation, it is 
impossible to say how uniform the value of H was at one and the same station during 
the three sets of vibrations constituting a comparison. As the comparisons were in 
nlidsummer, the season when the Antarctic disturb,ances were most in evidence and 
diurnal inequalities largest, invariability in the value of H throughout the time 
required for the three sets of vibrations is a pn:ori most unlikely, and as a matter· of 
fact the particulars recorded of the vibrations imply considerable disturbance during 
some of the vibration sets. It is probable, however, especially in view of the similarity 
of the results reached on the three occasions, that the mean result suffered but slightly 
from magnetic changes during the observations. 

If Te and Th denote the observed times of vibration in the cave and hut, and we 
neglect the effect of the torsion of the suspension and of any difference in temperature 
between the hut and cave, we have-

Hc/Hh = (Th/Tc)2 '. (8), 
where He and Hh represent the values of H in the cave and hut. As a matter of fact, 
the temperature during the first set of vibrations in the cave was always slightly lower 
than that in the hut, but the mean temperatures of the magnet during the hut and cave 
experiments differed by only about 10 C. Again, the same suspension was used through­
out. Thus any uncertainties arising fronl temperature or torsion should be trifling. 

The result assumes of course that there was no sensible permanent change of 
nloment in the magnet during the vibrations on any single occasion; but this may 
safely be assumed in the case of an old magnet in careful hands. The values thus 
obtained on the three occasions for Hc/Hh were 

0'9478, 0'9522, and 0'9499, mean 0·951. 
The error is unlikely to have been more than one or two parts in 1000. The difference 
thus found between He and Hh is not large. Still it is not small enough, considering 
the proxinlity of the hut and cave, to warrant the conclusion that variations in the 
value of H throughout either the cave or the hut were negligible. In view of a 5 per 
cent. differel1ce it would no doubt have been well if observations had been taken at 
more sites than one in both hut and cave, and at different heights above the ground. 
A point arises inlmediately in connection with the latter question. The observations 
in the hut were made presumably with the magnetometer in the position it occupied 
during the ordinary lllagnetic observations. But the complete H observation consists 
of both a vibration and a deflection. The fornler gives mH', where H'is the value of 
H at the position occupied by the collimator magnet during the vibration, while the 
latter gives rnfH", where H" is the value of II at the position occupied by the deflected 
magnet. These two positions are in the same vertical, but in the ordinary Kew pattern 
magnetometer they are at a distance of about 5l cms. apart. The heights of .the two 
points above the top of the tripod or pillar supporting the magnetometer are roughly 
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in the ratio of 4 : 3, while the heights above the floor are roughly in the ratio of 18 : 17. 

As we shall see presently, there is some reason to believe that the local disturbance 
was mainly confined to the hut. Thus the point raised is conceivably of importance. 
If the source of the disturbance was the natural rock underfoot, or magnetic material 
in the framework of the hut itself, the difference bet.ween H' and H" could hardly exceed 
1 or 2 per cent. of H. Assuming no magnetic lllaterial in the magnetometer itself, 
the most unfavourable case would be that of an unseen nail or other iron object near the 
extreme top of the supporting pier. In such a case the departure of H" from the 
undisturbed value might be double that of H', the difference between the undisturbed 
value and that given by the ordinary complete observation would then be 50 per cent. 
larger than the difference between H' and H. Such an extreme case is most unlikely, 
but we are obviously hardly justified in assullling that exactly the same value would have 
been obtained for Hc/Hh if the comparison had involved the ordinary cOlllplete observa­
tions, including both vibrations and deflect.ions. Also we cannot be sure that H was 
absolutely uniform throughout the whole cave. 

The comparisons between the hut and a station on the sea ice' were made nearly a 
year later, during December, 1911, and January, 1912. The H observations on sea. ice 
comprised vibrations only, bllt there were cOlllplete observations of both declination 
and dip. They were taken on five separate days, viz., December 27, and January 2, 
11, 16 and 23, at about the usual time of the absolute observations. Observations 
were not taken in the hut on the same days, but there were complete observat.ions in 
the hut on nine December and January days, including December 23 and 29, and January 
5, 12, 22 and 30. Thus the base values deduced for the curves from the December and 
January observations in the hut should supply an excellent basis for the comparison, 
at least in the case of Hand D. In the case, however, of H the ice observations supply 
the value not of H but of mHo To utilise then1 we must assign a value or values to m. 
The six ordinary observations between December 23 and January 30 supplied the 
following values 957,9, 956'5, 952'6, 958·3, 956·6 and 954'9. Under the Antarctic 
conditions we may reasonably regard the differences between these values as accidental, 
and accept their mean 956·1 as a closely approximate value for m during all the obser­
vations on the sea ice. In this case all the ordinary corrections were applied in reducing 
the absolute observations. Also the curves were measured, and due allowance made for 
variations in H throughout the comparisons. The final results obtained were as follows :-

H from observations H calculated curve value 
Date. on sea ice. from the curves. value on ice. 

y r 
1·043 December 27, 1911 '" ... ... 4115 4293 

January 2, 1912 ... '" ... . .. 4081 4274 1·047 

" 11, 1912 ... ... ... . .. 4124 4305 1·044 

" 16, 1912 ... ... . .. . .. 4104 4282 .. 1·043 

" 
23, 19]2 ... ... ... . .. 4135 4304 1·041 

.-----------
Means ... ... ... . .. 4112 4292 1·044 
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The curves were not highly disturbed on any single occasion and, as the curve values 
show, the 'departures of H from its mean value were small. Thus the observational 
conditions were distinctly favourable for high accuracy. 

In the case of observations taken with the magnetometer on a tested tripod sup­
ported on ice over deep water, there is no reason to fear any sensible difference between 
what we have called above H' and H". Thus in this case we have a quite satisfactory 
comparison, provided we may assume that variations in the value of H derived from the 
curves, i.e., from the ice cave-apply to the magnetic hut. As a matter of fact, the values 
of H derived from the curves for the mean times of the hut observations and the ice 
observations differed so little that a small percentage error in the allowance made for 
this difference would be quite immaterial. 

The ice'observations incidentally supply an answer to the question whether in the 
ordinary hut observations there was any decided difference between what we have called 
above H' and H". We have only to compare the values obtained for mH in the 
hut observations between December 23 and January 30, with those obtained in 
the observations on ice. The corresponding mean values of 10glO mH were l' 61518 
for the hut, and 1'59451 for the ice. From this we find 

H' /H, = 1'049) • 

where H' has its previous meaning and refers to the hut, while a is the value of R at 
the ice station. 

Our previous result was equivalent to 

(H' H")l/H, = 1·044. 

Thus the difference between the values of H' and H" in the hut was certainly very small, 
if not absolutely zero. 

Again, if the disturbance in the hut had been due to magnetic material in a sup­
porting pier, the effect should have diminished as the height above the pier was increased, 
which implies that H" should exceed H'. The above calculation in the contrary makes 
H' the larger, though the difference is really too small to rely on. 

The comparison between cave and hut embodied in (8) really refers to H'. Thus 
in utilising the two comparisons to obtain the relation between a and a it is fairest 
to accept for 'HA/R, the value 1'049. Doing so, we find 

Hc/Hi = (Hc/HA) (HA/Hi ) = O· 951 XI· 049 = O· 998. 

The difference of the ratio from, unity is certainly not in excess of the probable error 
in the determination. 

We seem thus entitled to conclude that at the spot in the cave where the vibrations 
were taken H had a practically undisturbed value, supposing of course this was true 
of the sea ice. Appreciable disturbance may conceivably have existed in other parts of 
the cave, including the positions subsequently occupied by the magnetographs, but if 
so, it is most improbable that any such disturbance was serious. 
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In the case of D observations in the field, the chief difficulty usually relates to the 
azinluth of the distant mark employed. This difficulty was turned by Dr. Simpson 
in a simple manner. A careful determination of the true bearing of Cape Barne had 
been made from the magnetic hut in connection with the time work. Using a theodolite, 
Dr. Simpson measured the angle sub tended at the hut by the line joining Cape Barne 
to the site of the ice observation. This gave him the true bearing of the ice station 
from the hut, and so conversely of the hut from the ice station. When observing D 
on the ice, he used the hut as distant mark. D was observed at the ice station on five 
days, two observations being made on the last day. The following are the results of 
these observations and of the corresponding values of D derived fronl the curves--the 
latter really referring of course to the absolute hut, the observations at which served 
to determine the base values :-

Date. I D from ob"'.rvations I D calculated 

I 
D on ice 

on sea loe. from the curves. - D in hut. 

I 0 , 0 , , 
December 27, ]911 ... '" ... 26 12 24 50 +82 
January 2, 1912 ... ... ... ... 25 59 25 55 +4 

" 11, 1912 ... ... ... ... 24 20 24 25 -5 

" 16, 1912 ... ... ... . .. 25 32 25 35 -3 

" 23, 1912 ... ... ... .., 25 34 24 58 +36 

" 23, 1912 ... ... '" ... 24 45 25 40 -55 

Means ... ... ... . .. 25 24 25 14 +10 
-

The calculated values were deduced from the measured values of N' and S' by means 
of the formula 

D = tan-1 (N' IS') - 7° 36'. 

The close agreement between the results obtained on the three intermediate days 
and the large differences between the results' obtained on the first and last days make a 
somewhat curious contrast. The mean of the six observations is affected by so large a 
probable error that little weight can be attached to it. But in any case it seems 
reasonably clear that the difference was small, which is at least consistent with the 
absence of any sensible local disturbance of D in the magnetic hut. 

Corroborative evidence is forthcoming from the absolute D observations in the hut. 
The six nearest in time to the ice obg-ervations were taken on December 23 and 29, and 
January 5, 12, 22 and 30. The mean tinle of observation in these six days was 18 h. 6 m., 
and the final mean value of D was 25° 22'. The mean hour of the six ice observations 
was 16 h. 36 m. If we take the mean of the diurnal inequalities from al1 days for 
December and January, we find the declination counted from Sputh to East 18' larger 
at 18 h. than at 16! h. Thus for comparison with the results at the ice station we should 
reduce the mean of the values observed in the hut from 25° 22' to 25° 4', making the 
excess of D on the ice 20'. This last comparison assumes D to be on the average equally 
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affected by disturbance on the days of the hut and ice observations, and cannot, at 
least theoretically, claim the same accuracy as the comparison made through the curves. 

In the case of the dip the uncertainties in the base line values of V are so large that 
a comparison of the hut and ice station based on curve readings taken at the times of the 
ice observations would possess little if any advantage over a comparison based inlnledi­
ately on the absolute observations. From the hut observations nearest in point of 
time and the observations on ice we obtain the following results :-
-- -------------- ----~--- - --_._------ -- - _. .. __ ._----- --

Magnetic Hut. Cape Evans. 'I Station on Sea Ice. 

Date. I Mean Time. I Dip. Date. I Mean Time. I Dip. 

---
'" 

h. m. 0 , 
" h. m. 0 , 

" 
December 23, 1911 ... 15 26 86 24 13 December 27, 1911 .... 15 9 86 30 1 

') 29, 1911 '" 15 22 86 25 43 January 2, 1912 ... 15 56 86 35 43 
January 5, 1912 '" 15 29 86 22 20 

" 
11, 1912 ... 14 35 86 34 13 

" 
12, 1912 '" 15 18 86 21 24 

" 
16, 1912 .. , 15 3 86 33 10 

" 
22, 1912 ... 14 56 86 23 18 

" 
23, 1912 .. , 15 36 86 32 55 

" 
30, 1912 '" 15 36 86 23 30 

-----------
Mean ... '" 15 21 86 23 25 Mean ... .. . 15 18 86 33 12 

Considering the close agreement between the mean hours of observation at the two 
places, no allowance need be made for regular diurnal variation. Also, considering the 
cOlllparatively small range in the values observed at either place, it is pretty clear that 
the mean of either set of values cannot be much affected by disturbance. We may 
thus accept the difference between the two mean values as at least a close approximation 
to the true difference between the values of the dip in the hut and at the ice station. 
This would give a departure from verticality in the needle of 206'·8 on the ice, as com­
pared with 216'·6 in the hut. Fronl this point of view the difference is not negligible. 
In fact, if it arose from a difference between the values of V at the two stations that 
difference would be very considerable. 

It is easily seen, however, that the difference is sufficiently accounted for otherwise. 
In fact, we find at once-

tan (860 33' 12") / tan (860 23' 25") = 1·048. 

Thus the difference is almost exactly accounted for by the difference between the 
values obtained for H at the two places. 

The conclusions we thus arrive at are that, at the place of the absolute observations 
in the hut D and V were nearly if not quite nornlal, but H was some 5 per cent. higher 
and I some 10' lower than if there had been-as presumably was the case at the ice 
station-no local disturbance. 

A.~ to the cave we have clear evidence that at one point at least H was practically 
undisturbed. There is also SOllle evidence pointing to the absence of any serious 
disturbance in D. Dr. Silllpson's notes describing the installation of the magnetographs 
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in the cave proceed as follows :--" The orientation of the instruments was made 
magnetically. A determination of the declination was made with a theodolite and its 
magnet needle on the beach a little to N.E. of the hut, the declination was found to 
be N. 149 E: (i.e., 31° East of South). A landing compass was used in this case to get 
the E.W. line with t.his value of the declination." 'Ve know that the astronomical 
meridian thus laid down was subsequet;ttly found to be 7°'6 in error. This error would 
be explained if at the time the orientation was fixed the declination, instead of being 
31 0 East of South as supposed, had been only 23l 0. As the mean observed value in the 
hut was 25!0,we have thus considerable reason for believing that the values of D in 
the hut and cave did not differ very much. As the D disturbance in the hut was 
certainly small, this would imply that there was not much disturbance of D in 
the cave. 

Section 13.-'rhe nature of the influence of local disturbance on regular and 
irregular magnetic changes is a subject on which observation seems hitherto to have 
thrown little light. Local disturbance might influence observational results in two ways. 
It might in the first place make the changes at a fixed spot different from what they 
would have been if the sou~ce of disturbance did not exist. It might in the second 
place, if the local disturbance had a rapid space variation, lead to irregularities in the 
results of absolute observations, unless these were taken at an absolutely fixed spot. 
This second source of trouble need not, I think, be considered in the present case. 

It is quite conceivable that the magnetic field at a locally disturbed site might 
possess diurnal and annual changes peculiar to itself. For instance, if the disturbance 
arose from a thin surface layer of highly magnetic rock, the annual and diurnal 
variations of temperature in this might lead to sensible annual and diurnal changes 
in the magnetic field in the immediate neighbourhood. This, however, seems a remote 
contingency in the present case. ~rhe disturbance effect in the magnetic field was 
only of the order 200y. The regular diurnal variation of temperature in the Antarctic 
is very small, so that with any reason~ble temperature coefficient a sensible effect on 
the magnetic diurnal variation through heating of the surface is hardly conceivable. 
The difference between the temperatures at midsummer and nlidwinter is considerable, 
so that a sensible effect on the annual magnetic inequality is less improbable, but it 
could not possibly be large. 

There is, however, another way in which local disturbance may affect the diurnal 
inequality. If we suppose that, as is most probable, the diurnal inequality represents 
in the main the action- of electrical currents at a considerable height in the atmosphere, 
the size of these currents and so the magnetic field due to them is unlikely to be 
influenced by local disturbance at or below ground level, at least when the source of 
disturbance is as limited in extent as it would seem to have been in the present case. 
If this be so, then the departures L1 E, L1 S, J V at any given jnstant from the mean 
value for the day would be the same in the cave and the hut. The inequalities found 
for these elements would not be affected by any uncertainty. 

But this is no longer true when we come to H, and still more when we come to D. 
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To clear our ideas, let Oh alid Oc denote the inclinations to astronomical south of the 
magnetic meridians in the hut and the cave respectively. We have* 

in the hut LlHh -- LlS COSOh -1- LIE sinOh, 
ADh (- LIS sinOh -+- LIE COSOh) /Rh ; 

in the cave LlRc - LIS cosOc + LIE sinOc, 
L1Dc - (-- LIS sinOc + LIE cosOc) /Rc. 

In the present case we have no conclusive evidence that Oh and Oe were unequal, 
and we are certain that the difference between them, if existent, was small. Thus 
we have every reason to believe that the diurnal variation of H was practically the 
same for the hut and the cave. It is otherwise, however, with D. For, supposing 
0h and Oe identical, we have at any the sanle instant 

LlDh! LlDc = He/Rh = 0-95. 

In the calculations made here of the D diurnal inequality we have assigned to H 
the values given by the absolute observations, i.e., the hut values. Thus the 
inequality figures given here (Tables XXVI and XXVII) really apply to declination 
in the hut. For declination in the cave, if we assume H to have had the same value 
in the positions occupied by the magnets of the magnetograph as at the spot where 
vibrations were taken in January, 1911, we should have to add approximately 5 per 
cent. to every hourly entry. This would entail a 5 per cent. increase of every D range, 
and a 5 per cent. increase in every a, b or c Fourier coefficient for D. Hours of 
maximum and minimum and phase angles in Fourier "waves" would, however, be 
unaffected. Considering the extremely local nature of the disturbance, and the fact 
that the ice observations point to the cave rather than the hut as representative of 
undisturbed conditions, there is considerable reason to think· that the diurnal variation 
in the cave would have been more truly representative than that in the hut. In view, 
however, of the incomplete information as to the general magnetic state of the cave, 
it seemed best on the whole to accept for Hand ·D the results of the careful observations 
made in the hut. It is easy for anyone who thinks a 5 per cent. correction necessary 
to apply it. 

The inclination diurnal inequality is also affected, but hardly to an appreciable 
extent. This'is easily seen by reference to the relation 

LlI =-.: (1/2) sin 2 I (LiV JV - LlH/II) 

connecting the inequality in I with those in V and H. If we assign to I for the hut 
and sea ice 860 23' and 860 33', the values to the nearest minute obtained in the com­
parison of the two sites, and employ the suffixes hand i as before, we find 

Lllh _ ·0630 (LlVh!Vh - LlHh/Rla ), 

LlIi = ·0601 (LlViJVi - /.1 a/a). 
But, as we have already seen, V h and Vi were at least approximately equal, and 

* The sign taken here for AD regards D as increasing when the angle in Table IV increases. 
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there is strong reason to believe the same of L1 V" and L1 Vi, as well as of L1 H" and· A Hi. 
Also we found 

H,,/~ = 1-05 approximately, 

while also 630/601 = 1· 05. 
Thus the terms depending upon H in L1 I" and L1 Ii are closely identical. Any 

difference between L1I" and L1I, must come in almost entirely through V, and 
represent only about 5 per cent. of the contribution from V. Now VIR was about 
16, while the average hourly value of AH was largely in excess of that of ~V. Thus, 
for the average hour, the contribution from V is very small compared with that from 
H, and a 5 per cent. correction to the contribution from V would be of exceedingly 
little importance. There is thus strong reason to believe that D is the only element 
the diurnal inequality in which could be sensibly influenced by the local disturbance 
in the hut, and even in the case of D the uncertainty is probably only of the order 
of 5 per cent. 
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CHAPTER IV. 

RESULTS OF CUR,VE MEASUREMENTS. MEAN MONTHLY VALUES. 
NON-CYCLIC CHANGES. DIURNAL INEQUALITIES. 

Section 14.-The previous discussion, it is hoped, will have served to explain exactly 
the amount of uncertainty that inevitably prevails in the results deduced from the 
curve measurements. The first of these results which we shall consider are the mean 
monthly values. The mean value of a magnetic element for a day is (1/24) {! (0 -\- 24) 
-t- 1 --J- •. -t- 23} where 0 means the value for 0 h. (the first midnight), 1 the value 
for 1 h. and so on. If instead of one single day we take the average of all the days 
of a month, the formula gives us the mean value of the element for the month in question. 

TABLE VIIA.-Mean Values Derived from Curve Measurements. 

Month or Season. 
1 

E' 'I 8' 
1 

E 
1 

S 
I 

D 
1 

H 
1 

V 

1911. Y Y Y Y 
0 , 

y y 
February ... " ... ... 2271 3490 1789 3760 25 27·0 4164 68591 
March ... ... ... . .. 2263 3530 1776 3798 25 4·1 4193 68322 
April ... ... ..' . .. 2276 3519 1791 3789 25 17·7 4191 68371 
May ... ... ... .. . 2277 3523 1791 3793 25 16·6 4195 68019 
June ... ... ... . .. 2276 3539 1788 3809 25 8·9 4208 68211 
.Tuly ... ... ... .. . 2281 3540 1793 3811 25 11·9 4211 68177 
August ... ... ... . .. 2291 3540 1803 3812 25 18·7 4217 68156 
September ... ... ... , 2295 3545 1806 3817 25 19·2 4223 68162 
October ... ... ... 2294 3549 1805 3821 25 16·7 4226 68167 
November ... ... . .. 2288 3550 1799 3821 25 12·2 4223 68099 
December ... ... .. . 2296 3562 1805 3834 25 12·4 4238 68082 

1912. 
January ... ... ... 2297 3562 1806 3835 25 13·0 4238 68059 
February ... ... ... 2301 3573 1808 3846 25 10·9 4250 68066 
March ... . .. ... ... 2306 3551 1816 3825 25 23·9 4234 67984 
April ... ... ... .. . 2294 3565 1802 3837 25 9·7 4239 68014 
May ... ... ... .. . 2297 3572 1804 3844 25 8·6 4247 68038 
June ... ... ... ... 2299 3572 1806 3845 25 10·0 4248 68122 
July ... ... '" ... 2301 3571 1808 3844 25 11·8 4248 68123 
August ... ... . .. . .. 2293 3577 1800 3849 25 3·7 4249 68125 
September ... '" ... 2304 3581 1810 3854 25 9·5 4258 68121 
October ... ... . .. 2307 3570 1815 3844 25 16·3 4250 6810·1 
November ... ... . .. 2305 3566 1813 3840 25 16·8 4246 68099 

Mean ... ... . .. 2291 3552 1801 3824 25 13·6 4227 68146 
Midwinter, 1911 ... ... 2281 3536 1794 3806 25 14·0 4208 68141 

" 
1912 '" ... 2297 3573 1804 3845 25 8·5 4248 68102 

Equinox, 1911 ... . .. 2282 3536 1794 3806 25 14·4 4208 68255 

" 
1912 ... . .. 2303 3567 1811 3840 25 14·8 4245 68056 

Midsummer, 1911-12 '" ... 2296 3562 1804 3834 25 12·1 4237 68077 
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From the curve measurements we obtain directly the mean values od: E', S' and V. 
These appear in Table VIlA along with the corresponding calculated values of E, S, D 
and H. 

The means in the sixth line from the foot of Table VIlA are derived from the 
22 months. The means in the five lowest lines refer to the same seasons as the corre­
sponding data in Table IV. 

As results for D and H appear in both tables it is expedient to consider them first. 
In the case of D there cannot be said to be any close parallelism between either of the 
two sets of results in Table IV and the corresponding results in Table VIlA. The mid­
winter results in Table VIlA and the uncorrected lnidwinter results in Table IV both 
show a considerable decline of D in 1912. But the corrected n1idwinter results in Table 
IV show a difference between the two years in the opposite direction, and the differences 
between 1911 and 1912 shown by all three sets of equinoctial values are small. Thus 
no safe conclusion can be drawn as to the secular change. In the case of H it seen1S 
to be otherwise, the following being the values obtained for the year's increase from 
1911 to 1912. 

From Table IV. 
From -

I .. Corrected values. 
Table VIlA. 

Uncorrected values. 

-

Midwinter data 
y y y 

... ... ... . .. +33 +44 +40 

Equinoctial data ... ... ... . .. + 15 +30 +37 

------_ .. _-- .. 

The individual monthly values of H in both tables show irregularities. But in 
the cases of Table VIlA and the corrected data of Table IV these are little if at 
all larger than the irregularities ordinarily encountered at European stations, and there 
is an obvious· tendency in the value to rise. 

One of the most exceptional features in the results obtained in 1902-03 was the 
• appearance of a large annual inequality.* In the present notation the following 

results were obtained :--

midwinter value 
midsummer value 

Excess of midwinter value 

D. 
27 0 23"5 

270 9'· 7 

13' '8 

H. 
6682" 
64361' 

2461' 

These values wer~ obtained when the curves had their base line values assigned 
month by month from the observations of the particular month. The base line values 
thus obtained for D varied largely, whereas there was no a priori reason to expect any 

* National Antarctic Expedition, HOI-04. Magnetic Observations, p. 82. 
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but the smallest change. In view of this and other suspicious features the only con­
clusion drawn was as follows: "It is, perhaps, unwise to say more than that it is desirable 
that the attention of the observers of the next Antarctic Expedition should be called 
to the importance of ulaking a careful study of the annual inequality. If an inequality 
with a range of the order suggested by Table VIII (i.e., the results just quoted) should 
be established, it would be a most irrlportant result, strongly suggestive of an annual 
oscillation in the position of the S. magnetic pole." 

If we compare the midsumnlel' values in Tables IV and VIlA with the corresponding 
means from the Inidwinter values of 1911 and 1912 we get midsummer and midwinter 
values answering to the common epoch January 1, 1912. The values thus obtained 
are as ~ollows :-

From Table IV. From Table VIlA. 

Sea8011. Uncorrected values. Correoted values. 

D H 

D 
I 

H D I H 

0 , 
'Y 

0 , 
'Y 

0 , 
'Y 

Midwinter '" ... ... 25 17·1 4244 25 4·7 4225 ' 15 11·3 4228 

Midsummer ... ... ... 25 30·5 4291 25 11·8 4247 15 12·1 4237 

Excess in Midwinter ... -13,4 -47 -7·1 -22 -0·8 -9 

The sign is in each case the opposite of that observed in 1902-03. Also the differences 
between midwinter and midsummer derived from Table VIlA-to which most weight 
would naturally be attached-are too sUlall to rely on, and they might well be accidental. 
We thus seem driven to the conclusion that the large difference between midwinter 
and nlidsummer D and H values, especially the latter, observed in 1902-03 was not a 
real natural phenomenon. It is far too large a difference to be ascribed to any change 
"in the unifilar magnetometer. The most probable explanation would seem to be 
movement of iron or other magnetic mat,erial in the immediate neighbourhood of the .. 
absolute hut. 

Returning to our discussion of Tables IV and VIlA it will be seen that both the 
midwinter and the equinoctial values of I in Table IV suggest that a fall was in progress 
at a rate of about 2,' per annum. A rise in H and fan in I would be consistent with a 
movenlent of the S. magnetic pole away from Cape Evans, i.e., in a N.W. direction. 

The monthly and seasonal values in Table VIlA agree in indicating a rise in progress 
in both E' and S', and in both E and S. The annual increase would seem to be larger 
in S than in E. It is obvious that no conclusion can safely be drawn as to change in V. 

Section 15.-As will be explained more fully in connection with the diurnal 
inequalities, data were derived not merely from all days of complete registration within 
the nlonth, but also from certain groups of selected days. There were three such groups 
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of days. In each month 10 days-reduced to 6 in November, 1912, owing to scarcity 
of days-were selected as specially quiet, and diurnal inequalities were calculated for 
them month by month. In their case, as with the ordinary inequalities, " day" meant 
a period of 24 hours commencing at 0 h. in the time of 1800 E. There were two other 
groups of days commencing at Greenwich midnight. The first group consisted of the 
international quiet days, five a month, selected at De Bilt. The second consisted of 
the five days a month which according to the international" character" figures issued 
from De Bilt were the most disturbed days of the month. As we shall see later, these 
two groups of days proved good representatives of quiet conditions and of highly dis­
turbed .conditions in the Antarctic. Diurnal inequalities based on them were not got 
out for individual months, but for the three seasons, nlidwinter, equinox and midsumnler. 
The process of getting out the diurnal inequalities involved the calculation of the corre­
sponding mean values. Thus mean values were obtained for each month from the 
10 quieter days) and for each of the three seasons for the five international quiet days 
and the five highly disturbed days. The algebraic excess of these three sets of nleans 
over the all-day mean appears in Table VIIB for E', S' and V. In the case of the 10 

TABLE VIIB.-Algebraic Excess of Mean Value from Quiet and Disturbed Days over 
All Day Mean. 

--

I I 

I 

E' S' V 

Season. 

5q I IOq I 5d I 5q 
I 109 

I 
5d 5q I 109 r 

5d 

I -

y y I y y y y y y y 
Midwinter, 1911 ... . .. +3 +1 -3 +1 --2 0 -10 -8 +10 

" 
1912 ... ., . +2 +2 -4 -2 -2 +3 - 1 -4 +16 

Equinox, 1911 ... ... +2 +3 -7 -3 -6 +7 -- 9 -8 +22 

" 
1912 ... '" +1 +2 -6 0 -1 +2 -2 1-2 +6 

Midsummer, 1911-12 .,. +7 0 -7 -6 -4 -4 -5 -1 +8 
------------

Mean ... ... ., . +3·0 +1·7 -5·4 -2·0 -2·0 +1.61- 5·4 -4'5 +12·4 

quieter days the figure appearing in the table for any particular season is the arithmetic 
mean of the figures from the four included months. The means in the last line represent 
in the case of the 10 quieter days the arithmetic mean of the figures for the whole 22 

months. In the case of the five q Jiet and five disturbed days they are means from the 
seasonal values. Except in the last line the results are given only to the nearest ly. 

There is obviously a decided difference between the quiet day and disturbed day 
means. They differ from the all-day means in opposite directions. The difference is 
especially large in the case of V. The differences, however, are not in the same direction 
in the different elements. The disturbed day mean is the larger in V and S'; but the 
smaller in E'. 

Taking the results in the last line of Table VIIB we get for the algebraic excess 
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of the mean value of the element from the species of day indicated over the mean value 
derived from all days of the month the following values :-

- I E I s I D I H 

5 international quiet days ... I y y y y I ... .., +3·2 -1·6 +2·9 0·0 
10 Antarctic quiet days ." ... . .. + 1·9 -1·8 +2·0 -0·8 
5 international disturbed days '" ... -5·6 +0·9 - 4·4 -1·6 

In the case of D, 1 Y represents 0'· 8 in angular nleasure. Here the + sign in D 
means a larger angle between the needle and a~tronomical South. 

These results differ notably from those shown at stations in temperate latitudes. 
A difference is usually found between all-day means and either quiet day or disturbed 
day means, but II is the element in which the difference is usuaUy most decided, and 
it is usually very small in D. It is usual for the quiet day H mean to be in excess of 
the all day mean. In the case of the international quiet days the average excess at 
Kew and Greenwich is about +3y. On the other hand) the mean declination for the 
average international quiet day between 1890 and 1900 at Kew differed from the all day 
mean by only 0' . 02. 

Section 16. The magnetographs, as has been already explained, came into operation 
at the beginning of February, 1911, but the records obtained in the earlier days of that 
month were only partly successful. It was an exceptionally disturbed period, and the 
curves from the different elements crossed and recrossed to such an extent that it was 
impossible to say with certainty to which element particular portions of trace belonged. 
After a little, this difficulty was surmounted by Dr. Simpson. The positions of the 
dots of light from the three instruments were adjusted to reduce the intercrossing of 
traces to a nlinimum without bringing anyone dot unduly near either margin of the 
sheet. Also by slight manipulation of the light and focussing arrangements, sufficient 
difference was introduced between the appearance of the different traces to enablf;' the 
element to be identified with certainty, even when considerable intercrossing occurred. 
After February 10 there were not many days during 1911 for which a practically com­
plete record was not available. The magnetographs remained ill action until the end 
of NoveInber, 1912, but failure of the -trace was more frequent towards the end of the 
period, especially during the last month. 

At an early stage of the reduction work it was decided to have at least two sets 
of diurnal inequalities, as in 1902-04, the first based on all days, quiet or disturbed, during 
which the record was complete, the second on selected quiet days only. A day was 
considered conlplete if only a small break intervened which could satisfactorily be 
bridged over by interpolation or otherwise. The same quiet days' were used for all the 
elements. These nunlbered 10 in' each month except November, 1912, when only six 
cOlnparativ~ly quiet days were available. Few of these selected days, except those 
occurring near nlidwinter, would have been considered quiet at a European station. 
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They represented simply the 10 days in each month which appeared most free from 
irregular oscillations. In most months sonle difficulty was experienced in filling the 
last two or three places in the quiet day list, several days appearing much on a pa.r. 
In such a case preference was given to days inlmediately preceding or succeeding the 
most conspicuously quiet days, rather than to an isolated quiet day. The object was 
to reduce to a minimum the uncertainties connected with the n.c. (non-cyclic) daily 
changes. 

Table VIllA contains a complete list of what we may call for brevity the monthly 
" 10 quieter days." These, it should be remembered, are days of 1800 E. longitude, 
i.e., periods of 24 hours commencing 12 ho~rs earlier than the Greenwich day, bearing 
the same number. In their selection no attention was paid to anything but the anlOunt 
of disturbance prevailing in the Antar~tic. 

TABLE VIIIA.--The 10 Quieter Days a Month (of 1800 E.) . 
. _-"-

I 1911. 
February ... . .. . .. 10 11 12 13 17 18 19 20 21 25 
March ... ... . .. . .. 3 7 10 11 13 15 17 18 19 31 

( 
April ". ... . .. ... 1 4 5 6 7 15 16 26 27 30 
May ... ... , . . .. 3 4 5 6 9 13 14 25 29 30 
June '" ... ... .,. 4 9 16 ]7 18 19 25 26 27 30 
July ... .., ... . .. 4 6 14 15 16 21 23 24 26 27 
August ... ... .. , . .. 8 9 10 11 12 19 21 22 29 30 
September .. , ... .,. 3 4 6 8 9 15 25 26 28 29 
October ... ... ... .., 1 4 5 6 ]0 16 28 29 30 31 
November '" , .. , .. 2 7 8 11 18 19 22 25 27 29 
December ... ... ... 5 8 9 10 ]6 22 24 25 29 30 

1912. 
January ... . .. . .. 4 7 9 11 16 2] 24 26 27 30 
February '" ... . .. 5 6 7 9 14 16 20 21 22 23 
March ... ... . .. . .. 3 5 12 14 17 18 19 20 28 31 
April ... ... . .. . .. 1 2 9 14 21 23 24 25 26 28 
May ... . .. .,. 11 16 18 19 21 22 23 24 25 27 
June .. , ... '" . .. 4 5 13 14 18 19 20 21 22 23 
July ... ... . .. . .. 10 11 12 13 14 15 19 22 24 25 
August .,. '" ... 0" 2 4 5 8 9 12 13 16 20 26 
September ... . .. . .. 2 3 7 10 11 21 26 28 29 30 
October ... 

. 
3 6 7 19 20 22 24 26 30 31 

'" ... ... 
November .. , ... . .. 1 3 4 5 8 13 -- - - --

The other two sets of selected days are given in Table VIIIB. Both sets are 
Greenwich days, and in their selection no attention whatever was paid to the Antarctic 
curves. With the exception of seven days, to which asterisks are attached, the quiet 
days in. "Table VIIIB are the international quiet days selected at De Bilt. Amongst the 
100 international quiet days of the 20 months there were seven for which the Antarctic 
records were wholly or partly lacking. The seven days thus rUled out were replaced 
by the seven distinguished by asterisks. These were chosen solely by regard to the 
international H character" figures. The days substituted in April, July, and September, 
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TABLE VIIIB.-The Selected Quiet and Disturbed Days (G.M.T.). 

Date. 
I 

International quiet days. 
I 

Days of largest "character" figure. 

1911. 
March ... ... .. . ... 10 11 12 17 18 20 21 23 25 26 
April ... ... .. . . .. / 5 6* 14 15 26 8 9 16 17 30 
May ... ... .. . . .. 1 4: ]3 22 24 7 14 15 ]6 31 
June ... '" ... ... 3 17 18 19 25 1 9 ]3 ]4 21 
July ... ... ... .. . 13 14 ]5 25* 26 1 17 19 28 29 
August ... ... ... ... 7 8 10 11 29 19 23 24 25 26 
September ... ... ... 3 4* 14 25 26 16 20 21 22 23 
October ... ... ... ..- 1 5 15 23 28 10 11 17 18 19 
November ... ... ... 1 7 18* 22 24 8 9 13 14 15 
December ... ." ... 2 9 21 2Q 23 6 11 17 26 31 

1912. 
January' '" ... '" 2 15 16 26 27 11 12 13 17 22 
February ... ... ... 5 6 15 20 21 10 12 13 16 23 
March ... . .. ... ... 4 17 18 19 24 7 8 9 21 29 
April ... . .. ... .. . 1 8 11 21 28 5 6 10 15- 16 
May ... ... .. . ... 1 16 22 23 26 5 6 12 13 14 
June ... '" ... ... 4* 13* 18* 19 20 1 8 9 10 28 
July ... ... ... .. . 10 11 12 15 24 3 4 5 27 31 
August ... '" .. , ... 4: 8 12 13 26 17 18 19 22 23 
September ... ... .. . 2 15 16 27 28 4 17 18 23 24 
October ... ... ... ... 2 5 18 19 31 13 14 15 16 17 

1911, and one of the days substituted in June, 1912, had identically the same" character" 
figure as the international. quiet days which they replaced. The" character" figures 
on the remaining three days exceeded those on the international quiet days for which 
they were substituted only by 0'1, 0·1 and 0·2 respectively. Thus while the term 
" international quiet day" is not an absolutely perfect description of the selected quiet 
.days in Table VIIIB, it is correct for all practical purposes. 

The disturbed days in Table VIIIB are the five days a month with the largest inter­
national" character" figureS'. Just as with the quiet days, there were a few of the 
days thus selected for which the Antarctic records were imperfect. In such a case the 
day of th.e month having the next highest" character" figure was substituted. These 
substituted days have not been distinguished individually, because there was no selection 
at De Bilt of five disturbed days a month for 1911 a.nd 1912, so that none of the selected 
disturbed days in Table VIIIB can claim to be officially selected. 

In the meantinle it must be taken for granted that the international " character" 
figures-based on returns from observatories the great majority of which are in the 
northern hemisphere-really serve to discriminate between quiet, ordinary and 
disturbed conditions in the Antarctic. The evidence bearing on the point will be found 
in Chapter VII. 

The non-cyclic change, i.e., the excess of the value of an element derived from the 
mean value of the· ordinate for 24 h. over the corresponding mean for Oh., may arise 
in a variety of ways. If we are dealing with all days of a month of 30 days, the n.c. 
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change represents one-thirtieth of the excess of the ordinate for the last midnight of 
the month over that for the first midnight. This excess may be due to a short dis­
turbance' affecting either the first or the last midnight, whose incidence we nlust regard 
as largely accidental. It may represent a real secular change. If, for instance, iI is 
increasing at the rate of 120y in a year, the rise in the average month will be lOy, and 
the corresponding n.c. change in the average day + O·3y. It rnay arise, however, 
from an instrumental drift affect.ing the base line value. This can be distinguished fronl 
a true secular change, or annual inequality, only with the aid of the absolute observat.ions. 

When we are dealing not with all the days of a month but only with selected 
days~ n.c. change may arise in all the ways indicated above, but it may also arise from 
some special peculiarity in the type of day selected. Thus it has been found at a 
number of stations that on quiet days there is a special tendency for H to increase. 
At Kew, for instance, there is in the average quiet day a rise of about 3y. 

The n.c. element is usua.lly elinlinatecl in the way that has been adopted here, which 
assumes t.he change to have come in at a uniform rate throughout the 2-4, hours. This 

TABLE IXA.-Non-cyclic Changes. 

E' S' V 

Month. 

I All day~. Quiet days. All days. I Quiet day,;. All daYd. 
\ 

Quiet da.ys. 

-

1911. 
... 1 

y y y y y y 
February ... ... -2·8 - 1·7 --3,6 -11·0 -0·8 - 5·5 
March ... ... .., -0,6 + 5·0 +1·8 - 7 ·1 --0,1 -+- 4·3 
April ... '" .., +0·2 - 4·1 +0·4 + 4·5 +3·5 + 1·6 
May ... . .. ... +0'8 + ~'6 -4·3 - 9·7 +0·9 + 0·9 
June ... ... .. . -0·1 - 1·1 - +1·5 + 0·4 +0'5 - 1· ] 
July ... ... .., --0·5 -- 1·3 +0·5 + 1·6 -0,3 -- 7·1 
August ... ... ... 0·0 + 1·9 -0·8 + 0·3 --0,6 -- 0·4 
September ... ... +0'3 + 1·2 -1·3 + 5·2 +0·4 -- 5·2 
October ... ... ..- -0,1 + 2·9 -0·1 - 6·5 +0·4 + 0·7 
November ... ... -1·0 + 7·7 +1·0 + 4·4 +0'5 -12·9 
December ... . .. -0,6 + 3·6 +0·1 - 4·9 +0'8 -+- 7·7 

1912. 
January ... ... . .. --0,1 +13·4 +0·5 - 0·1 -0·7 -2·4 
February ... ... ... +0'6 - 0·1 -5·5 + 3·1 -0,3 --5·7 
March . " ... ... +0·2 + 1·0 +1·4 - 0·8 -t--0'8 -0,5 
April ... ... . .. +0'3 - 7·9 -1·3 + 1·9 +1·3 -7·4 
May ... . .. . .. -0·5 + 2·9 +0·7 + 1·9 +1·0 --3,5 
June ... '" .. , +0'1 - 0·4 +0·8 + 2·4 +0·8 -0·9 
July ... '" . .. -0,3 + 1·7 +0·6 + 2·0 +0·2 -1·4 
August ... ... .., +0'3 + 4·1 +0·6 + 0·8 -1·3 --3,3 
September ... ..- -0·1 + 0·3 -0·2 + 4·3 +0'0 -1·7 
October ... ... .., -0·2 + 0·3 +1.·4 - 1·0 -2·7 -3,3 
November ... .. -7'6 + 0·1 +6·3 + 4·2 -9,9 -1·7 

------ --------
Means from 21 monthR ... -0·2 + 1·5 -0·4 - 0·4 +0·2 -2·2 

------------------ ._-------
Number of months + ... 8 15 14 14 13 !) 

" " - ... 13 7 8 8 9 17 
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obviously should eliminate a unifornl secular change or instrunlental drift. But the 
consequences of the n.c. correction in individual months are necessarily uncertain. This 
makes it all the more desirable that the n.c. corrections should be indicated. This has 
accordingly been done in Table IXA, both for the all-day inequalities and for the 
inequalities derived from the 10 quieter days. In obtaining the mean values given at 
the foot of the table November, 1912, was omitted, because the number of days available 
was small, so that accident might be expected to playa larger part than usual. 

The fluctuation in the magnitude and even in the sign of the results for consecutive 
nlonths in Table IXA suggests that accidental causes playa large part. In the case 
of all days the final mean results are all small. This is undoubtedly a satisfactory 
feature, implying as it probably does that there was no large drift in any of the instru­
ments. In the case of S' the mean results from all and from quiet days are identical, 
and we should naturally infer that quiet days have no special tendency to an n.c. change 
of one definite sign. In the case of E' and V there is a decided though not very large 
difference between the all day and quiet day means. The . natural inference from the 
figures 'is that on quiet days there is a special tendency for E' to rise and V to fall. 

As already explained in connection with daily nlean values, inequalities were got 
out for the five international quiet days of each month and the five days having the 
largest "character" figures in the De Bilt monthly lists. These inequalities were 
confined, however, to the three seasons, midwinter, equinox and midsumnler. 

Table TXB gives the n.c. change for these two groups of days under the respective 
headings 5 q (i.e. quiet) and 5 d (i.e. disturbed). For comparison, corresponding n.c. 
changes are given for all days and the 10 days selected as quiet from inspection of the 

TABLE IXB.-Mean Values of Non-cyclic Change. 

E' S' V 

Season. 

I I I I I I I io q I I 
5q 10 q a lid 5q 10 q a 5d 5q a 5d 

Midwinter-
1911 ... +10·0 +0·5 0·0 -12,0 -8·9 -1,8 -0·8 +13·0 -0·5 -1-9 +0-1 +8·4 
1912 .. - + 0-2 +2·1 -0·1 + 6-1 +0-7 +1-8 +0-7 - 3·4 --1-0 -2-3 +0-2 +3-7 

Equinox-
1911 .. - + 7-7 +1-2 0·0 +10-6 -3-5 -1-0 +0-2 + 7-3 -1-2 +0-3 +1-0 +8-8 
1912 _ .. + 1-4. -1-6 0-0 + 0-2 --1·5 +1-1 +0-3 + 2-4 -0-5 -3-2 0-0 +2-7 

Midsummer--
1911-12 .. _ + 3-0 +6-2 -0-3 - 2·1 -0-2 +0-6 -1-0 + 3-6 +1-0 -3-3 +0-1 ~4-2 

Antarctic curves. These appear respectively under the headings a (for all) and 19 q. 
The figures appearing for any element under the several headings 5 q, 10 q, a and 5 d 
naturally answer to a gradually increasing amount of disturbance. Thus in any case 

. where the n_c. change is not of an accidental or instrumental character, but is essentially 
dependent on the nlagnetic character of the day, we should expect to see a systematic 
change in the figure as we pass from the column headed 5 q to that headed 5 d. 
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In the case of E' the figures fronl the two years 1911 and 1912 and from the three 
seasons differ somuch that accident must be allowed to playa large part in the results 
for the five quiet and five disturbed days. It seems fairly clear, however, that on the 
international quiet days there is a decided tendency in the n.c. change to be positive, 
The mean from the five seasons + 4· 5y is substantially larger than the corresponding 
mean from the 10 q days, while the mean from the a days is slightly negative as in 
Table IXA. 

In the case of S' four seasons out of the five make the n.c. change negative for the 
5q days and positive for the 5d days, and the nleans from the five seasons, viz. -2·7y 
in the one case and + 4· 6y in the other, seem fairly decisive. 

Similarly in the case of V four seasons give a negative value for the 5 q days and 
a positive value for the 5 d days, and the respective nleans from the five seasons are 
- 0·4y and -+- 3·9y. 

Comparing Tables IXB and VIIB we should infer that there is a tendency for the 
n.c. change to be positive or negative according as the mean value from the type of 
day concerned is greater or less than the all-day mean. 

Section 17.-Tables X, XI, XII and XIII, pp. 68 to 71, give diurnal inequalities for E', 
i.e., the component of horizontal force inclined 7° 36' South of Astronomical East. The 
time is that of 180° E., and so 54! minutes in advance of true local mean time. Tables X 
and XI give the " all" day, and Tables XII and XIII the (( quiet" day inequalities. 
Table X gives inequalities for each individual month fronl February, 1911, to November, 
1912. This period included only one December and one January, with two representa­
tives of each of the other 10 months. Table XI gives the arithmetic means of the 
results for the 10 pairs of months, and ascribes to January and December the values 
already given in the previous table for January, 1912, and December, 1911. As these 
two months came near the middle of the period, the absence of a second January and 
December is less serious than would otherwise have been the case. The last four lines 
of Table XI give under the headings year, winter, equinox and summer the mean 
inequalities derived respectively from the whole 12 months-the four months May to 
August, the four months March, April, September and October, and finally the four 
months November, December, January and February. The sun was continuously 
below the horizon during nearly the whole of "winter," and continuously above the 
horizon during nearly the whole of "summer." Thus the division of the year into 
three seasons-on the whole a very convenient arrangement even in temperate 
latitudes-has special points in its favour. The algebraically highest and lowest 
hourly values in each inequality are in heavy type, and-the corresponding range appears 
in the table. A final column in each case gives the A.D. (average departure from the 
mean), i.e., the arithmetic mean of the 24 hourly differences forming the inequality 
taken irrespective of sign. Tables XII and XIII for the quiet days correspond 
respectively with Tables X and XI for all days. . 

The next four Tables XIV, XV, XVI and XVII, pp. 72 to 75, relate to S', i.e.; 
the component of horizontal force inclined 7° 36' West of Astronomical South. It 
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might have been more orthodox to have regarded the positive direction of this 
element as 7° 36' East of North. But the perhaps greater orthodoxy of this view 
seemed more than counterbalanced by the convenience of attaching the + sign to a 
nllnlerical increase of the element. 

Tables XIV and XV for the" all" days S' inequalities correspond exactly with 
Tables X and XI for E', and similarly Tables XVI and XVII for the " quiet" day 
S' inequalities correspond with Tables XII and XIII for E'. 

The next four Tables XVIII, XIX, XX and XXI, pp. 76 to 79, relate to the 
vertical force V. Here, too, the + sign denotes a numerical (as well as algebraic) excess 
above the mean value for the day, the downward direction being taken as positive for 
the dipping pole (in this case, however, a south pole). Tables XVIII and XIX refer 
to the" all " day, Tables XX and XXI to the" quiet" day inequalities. 

As Tables X, XII, XIV, XVI, XVIII and XX are the only ones giving inequalities 
for the individual 22 months during which registration took place, it is desirable before 
considering the further inequality tables to draw attention to one feature they all disclose. 

If we compare the results from corresponding months in 1911 and 1912 we notice 
a marked tendency for the values of the range and A.D. to be greater in 1911 than in 
1912. In the case of E' and S' this greater amplitude in 1911 is especially prominent 
in February. The decline in amplitude would seem to have been especially character­
istic of the earlier months of 1911. If we had had data for January, 1911, for 
combination with those of January, 1912, in Tables XI and XV there is every reason 
to suppose that the relative amplitudes of the inequalities for the months of January 
and February would have been considerably different from those actually found. 'Ve 
must thus regard the prominence of February in these tables as compared with January 
and December as probably in part at least an accidental feature, which would likely 
disappear if data were available from a large number of years. 

The reduction in the amplitude of magnetic changes, irregular as well as regular, 
from 1911 to 1912 was by no means peculiar to the Antarctic. It represented 
presumably the nonnal consequences of an approach to the period of sunspot minimum. 

Section 18.-The diurnal variations for E', S' and V formed the material fronl 
which the other diurnal inequalities were calculated. Employing L1 E to denote the 
departure of ~ (the component to Astronomical East) at any hour fronl the mean value 
for the day, and similarly for the other elements, we have 

L1 E =:= L1 E' cos (7° 36') _.- L1 S' sin (7° 36') = 0,991 L1 E' - 0 ·132 L1 S'. (9), 
,1 S = L1 S' cos (7° 36') + tJ E' sin (7° 36') = 0,991 L1 S' + 0 ·132 L1 E'. (10). 

For the nlean position of the magnetic meridian we may take 25° 20' East of true 
South, or 32° 56' East of the direction to which S' refers. Thus we have for the 
calculation of the D* and H inequalities 

L1D = (I/H){ LJS' sin (32° 56') - JI~' cos (32° 561
)} 

LI H = A S' cos (32° 56') + L1 E' sin (32° 56') 
(11 ), 
(12). 

* In (11) and (11') and in the inequalities D is supposed measured from Astronomical North through 
East and so diminishes when the angle in Tables IV and VIllA increases. 
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Accepting ·0426 C.G.S. as a sufficiently approxinlate value for H (in the hut). 
we thence find - L1 D being in minutes of arc, LJ II, Ll E' and LI S' having 1 y for unit.--

LID = 0·439 L1S' - 0·677 JE' . 
LlH = 0·839 LlS' -1-- 0'544 lIE' 

If I denote the inclination, and T total force, we have 

(11'), 
(12'). 

A I = ! sin 2 I (LI V IV - LI H IH) . (13), 
~1T = cos I Al-1 +- sin I JV (14). 

The corresponding nl.lmerical relations, with .dI in minutes of arc, are 

LtI =; 0·00315 JV -- 0·0503 1.1H . (13'), 
AT = 0·063 AH +- 0·998 11V (J4'). 

The inequalities calculated for E, S, D, H, I and T refer only to t.he mean results 
fronl the two years. They are included in the 12 Tables XXII to XXXIII, pp. 80 to 91, 
results being given for the 10 quiet days a nlOnth (20 days in the normal combined 
month of the two years) as well as for all cornplete days. 

The time employed in these tables is the same as for the previous tables, i.e., refers 
to 1800 E. Thus 12 h., for instance, anticipates true noon by SOfne 54 luinutes. 

Section 19.-The enormous difference disclosed by the tables already enumerated 
between the all day and quieter day inequalities suggested an inter-conlparison of 
days of still greater and less disturbance. To ensure that the choice made would be 
recognised as representative and unprejudiced, recourse was had to the international 
lists issued fronl De Bilt. "Character" figures froIrl o· 0 to 2·0 are there assigned 
to individual days, O· 0 representing the quietest and 2· 0 the most disturbed of 
conditions. Five of t.he quietest days of each month are selected at De Bilt as 
representative quiet days, and these have heen eInployed for the diurnal inequalities 
given in Table XXXIV, p. 92. As opposed to these the five days of largest" character" 
figure in the De Bilt lists were accepted as representative of disturbed conditions. 
The diurnal inequalities derived from these are given in Table XXXV, p. 92. A few of 
the international quiet days and of the days of largest international " character ,~ figures 
did not possess complete"traces. In the forIner case the days of next lowest" character" 
figure in the De Bilt list, and in the latter case the clays of next highest" character" 
figure were substituted, as it seemed desirable to have in each nlonth not less than 
five days of each kind. Only seasonal diurnal inequalities were calculated. The 
diurnal inequalities for winter and equinox are each based on 5 X 4 or 20 days from 
both 1911 and 1912, or 40 days in all; but the summer inequalities are based on only 
20 days, derived from November and December, 1911, and January and February, 
1912. The international lists refer to days beginning and ending at Greenwich 
midnight. Thus the days enlployed in Tables XXXIV and XXXV were Greenwich 
days, and G.M.T. has accordingly been employed in these tables. In any conlparison 
with the other inequalities 1 h. G.M.T. nlust be taken as equivalent to 13h. of the 
time of 1800 E. 
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Section 20.---Plates I to VI show side by side on the same scale the diurnal 
inequalities derived from all complete days and from the 10 quieter days, for the 12 
months in E, S, D, I, Hand V. Corresponding diurnal inequalities for the three 
seasons and the year are given in Plates VII, VIII and IX. The diurnal inequalities 
for total force from all and the 10 quieter days in Plate X are limited to the three 
seasons and the year. The inequalities of the horizontal components for th.e seasons 
and the year from. all and the 10 quieter days are shown as vector diagrams in Plate XI, 
the corresponding all day and quieter day diagrallls being drawn from a common 
origin. Plate XI also shows vector diagrams for the whole year from all and the 
10 quieter days in two vertical planes, respectively in and perpendicular to the 
geographical meridian. The time employed in Plates I to XI is the same as in the 
corresponding inequality tables, i.e., is the time of 1800 E. 

The diurnal inequalities from the five international quiet days and the five days 
of largest interna,tiona1 " character" figure for the three seasons and the year appear 
side by side in Plates XII and XIII. Plate XIV gives vector diagrams for these two 
sets of days, corresponding quiet and disturbed day diagranls having a common origin. 
The four upper pairs of diagranls refer to the horizontal plane and include the three 
seasons as well as the year. The two lower pairs of diagrams, dealing with the forces 
in the two fundamental vertical planes, are confined to the year. The time used in 
I)lates XII, XIII and XIV is G.l\1.T., just as in the corresponding tables. 

In all cases the scale of force or of angular measurement is shown. At the same 
time the curves and diagrams are primarily intended to give merely a general idea of 
the phenomena. For any exact numerical purpose recourse should be had to the 
tables. 

The 12 Tables X to XXI dealing with E', S' and V are in one respect exposed 
to less uncertainty than the others. A 20 per cent. error, for example, in the scale 
value assigned to 'the S' instrunlent would be without effect on the E' and V inequalities, 
and would simply introduce a 20 per cent. error into each h.ourly value in Tables XIV 
to XVII, leaving the times of maxinlum and minimum and the general character of the 
diurnal inequality unaltered. It would, however, affect differently each hourly values 
of the E, S, D, I and T inequalities, according to the extent to which the value in 
question depended on L1 S'. 

As already stated, the S' magnetograph showed some ch~nges of scale value prior to 
August, 1911, and the V magnetograph showed minor changes at a somewhat uncertain 
date, the exact time and cause of the changes not being fully ascertain~d in either 
case. E' is thus undoubtedly the element which gives the most reliable information as 
to the changes during 1911 and 1912 in the amplitude of the forces to which the diurnal 
inequality is due. It must, at the same time, be remembered that the amplitude of the 
diurnal inequality in the Antarctic is largely dependent on the amount of disturbance 
present. Thus a specially large diurnal range in the inequality from all days for a 
particular month may only mean an exceptional proportion of highly disturbed days. 
If, however, the range from the 10 quieter days is also exceptionally large, it is reasonable 
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to suppose that the phenomenon is at least pardy due to an all round enhancenlent of 
the diurnal inequality forces. 

If we compare corresponding nl0nths of 1911 and 1912 in Tables X and XII we 
find that the ranges and A.D.'s in 1911 were invariably larger than those in 1912. This 
was especially so in the case of the 10 quieter days, the ranges for February, April, 
May and JUly, 1911, being more than double those for the corresponding months of 
1912. Wolfer's sun~pot frequencies were 5·6 for 1911 and 3·6 for 1912, so that a slight 
excess in amplitude in the former year would be natural, but the excess actually shown is 
quite out of proportion with that shown in temperate regions. The great difference 
between the two years introduces some uncertainty into any inferences we may draw 
as to seasonal variation in the amplitude of the diurnal inequality. It is undoubtedly 
largest near midsummer and least near midwinter, but the months in which the 
maximum and minimum naturally occur cannot safely be deduced. The outstanding 
amplitude in February, 1911, is undoubtedly largely due to the exceptionally 
disturbed character of that month. This applies to the quieter days as well as the 
all days inequalities, because owing to the restricted number of days on which the trace 
was complete and decipherable, the choice of quieter days was very restricted. 

The ranges in the S' inequalities in Tables XIV and XVI also show a conspicuously 
larger amplitude in 1911 than in 1912. The only case in which the 1912 range exceeds 
the 1911 range is the quieter day inequality for October, and even in that month the 
A.D. is decidedly greater in 1911 than in 1912. 

The excess of the 1911 over the 1912 ranges is also in general clearly apparent in V, 
but the excess is by no means so marked as in the case of the horizontal components. 
There are, however, only two exceptions to the general rule, viz., November in the case 
of the all day inequalities, and October in the case of the quieter day inequalities. In 
the latter case the excess in 1912 extends to the A.D. 

The general parallelism between the variations of range and of A.D. shown by E' 
and S' encourages the hope that the settlement of scale values for the latter element 
was satisfactory. 

Intercomparison of the inequalities for the three seasons in Tables XI, XIII, XV, 
XVII, XIX and XXI shows at once that the type of the diurnal inequality varies but 
little throughout the year, the differences being mainly a matter of amplitude. We 
thus infer that the differences between successive months in Tables X to XXI as regards 
the times of maximum and nlinimum represent in the main accidental effects of 
disturbance. In this respect the much less average disturbance of the 10 selected quiet 
days seems neutralised by the reduced elimination of what is accidental owing to the 
diminished number of days. As between the range and the A.D., the former is the more 
likely to be influenced by accidental features. At stations where the diurnal inequality 
has a large 12-hour component the A.D. is in general the better index of the activity 
of the forces to which the inequality is due, but this hardly applies to the Antarctic 
where, as we shall presently see, the 24-hour term is largely dominant. 

Section 21.-The nature _of the diurnal inequality in different elements is best 
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studied in connectIon with the tab1es whIch give the conlbinecl resu1ts of the two years, 
as accident enters less into these. A point to bear in mind in any comparison with 
data for other stations is the difference, 54 minutes, between the local time and that 
of 1800 E. employed in all the tables except the two which use G.M.T. 

Taking first the east component, a glance at Plate I suffices to show that the 
inequalities reached for the 12 months are not wholly free, especially in the summer. 
months, from" accidental" irregularities. Obvious irregularities are much less apparent 
in the seasonal inequalities in Plate VII. Apart frOln irregularities there is clearly, 
the whole year round, only a single maximunl and minimunl, and the hours of their 
occurrence show little jf any seasonal variation. Another unusual feature is the 
smallness of the difference between day and night as regards the rapidity of the diurnal 
changes. This peculiarity is not confined to the summer months when the sun never 
sets and the winter months when it never rises, but seems just as true of the equinoctial 
months. February has the largest range and A.D. in. both Table XXII and Table 
XXIII, but this pre-eminence is not unlikely due to the fact that disturbance greatly 
diminished between February and November, 1911. June and July show decidedly 
smaller ranges and A.D.'s than the other winter months in Table XXII, but May has a 
smaller range, though a larger A.D. than either, in Table XXIII. As at most stations, 
the equinoctial months occupy a half-way house between the summer and winter months. 
In the case of the seasonal inequalities the range and A.D. for equinox are slightly in 
excess of those for the year in Table XXII, but slightly in defect in Table XXIII. 
'fhe equinoctial months, in fact, by themselves give a very good idea of the average 
state of things during the year. 

The difference in amplitude between the inequalities from all days and from the 
10 quieter days is much more striking in winter than in summer. This, no doubt, 
arises from the much greater prevalence of large disturbances at the latter season. A 
considerable number of the selected quiet days in winter would have passed as quiet. 
days at most places, but the selected quiet days in sumnler would at the ordinary station 
have been considered somewhat highly disturbed. 

The inequality in S shows the same general feature'3 as that in E. There is only one 
Inaximum and minimuIIl. The type is nearly constant throughout the year, and the 
rates of change during night and day are similar. In fact the fall from the afternoon 
maxilnum to the early morning minimum is usually more rapid than the rise to the 
maximuJn, though it is the latter that is in progress near noon. The pre-eminence of 
February as regards range is even greater than in the case of E, and simil~r remarks 
apply. In Tables XXIV and XXV June gives a less range and a less A.D. than any 
other month. As with E, the difference as regaJ;ds amplitude between all days and 
quieter days is specially conspicuous in winter: The ranges and A.D.'s in the inequality 
for equinox are again very similar to those in the inequality for the year. 

The amplitudes in the E and S inequalities are closely alike. If we take the all 
day seasonal inequalities we find the E ranges the larger, but the excess is only about 
Ii per cent. in summer. E has also the larger A.D., except in winter, but the excess in 
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its case is microscopic. In the case of the seasonal diurnal inequalities for the 10 quieter 
days E has the larger range, but S the larger A.D. 

As already explained, the D inequalities given in Tables XXVI and XXVII, and 
shown graphically in Plates III and VIII, have been calculated for the hut value of H. 
In these tables and figures D has been counted positive from North to East, but the 
mean value being in excess of 90° the -t- sign means movement of the N-end of the 
magnet towards West, and the maxinlum occurring about 11 h.-i.e., near 10 a..m. 
L.M.T.-represents the extreme westerly position. rrhe turning points in D occur 
usually from one to two hours later than those in E. The change in a,nlplitude with the 
season of the year is naturally similar to that already described in E and S. H being 
about four times as large at Kew as at the Antarctic station, disturbing forces of given 
amplitude would cause four times as large a D range at the latter station as at the former. 
The excess in the Antarctic D ranges for the all day inequ'ality is considerably greater 
than the difference of force would account for, and relatively considered this excess is 
greatest in winter. On the quieter days, however, the ratio of the summer to the winter 
range seems larger in the Antarctic than at Kew. 

Considered simply as angular changes, the Antarctic declination ranges appear 
enornlOUS. A range as large as 60' occurs in this country only during a large magnetic 
storm, but in Table XXVI the range exceeds· 60' in seven Inonths out of the twelve. 
The reduced utility of the compass in high magnetic latitudes can be readily imagined. 

V in the Antarctic being some 15 times larger than H, we infer from (13) that the 
diurnal variation in I is mainly deternlined by that in H. The times of occurrence of 
the maximum and nlinimum in individual months in Tables XXVIII and XXIX vary 
irregularly. 

There is no clear difference of type between the inequalities at different seasons. 
The seasonal inequalities in I in Plate VIII show only small irregularities, the maximuIll 
occurring about 5 h. (4 a.nl. L.M.T.) and the minimum about 16 h. The rates of change 
in passing from the maximum to the minimum and from the minimunl to the maximum 
are very similar. As with the elements already discussed, the February ranges are 
considerably the largest. On the whole June shows the snlallest movements. The 
all day January and November ranges in Table XXVIII do not show the marked excess 
over those for March and April which presented itself in the case of E, Sand D. 

The range in the mean diurnal inequality for the year in Table XXVIII is some 
two and a half times as large as the corresponding I range at Kew. Its large size adds 
weight to the criticism already passed on the large uncertainty in base line values 
of V curves determined from combined absolute observations of I and H. As we see 
by reference to (13'), while a change of l' in I can be produced by a change of 20y in 
H, it requires a change of fully 315y in V to p_'oduce it. Thus if a V base line value 
were assigned on a single observation in H and one in I, it woulq be in error to the 
extent of 100y if there were an observational error of 5y in H, or of 0' . 3 in I. 

Tables XXX and XXXI and Plates V and IX give the diurnal variation in H. 
The IJ inequality shows a considerable resemblance to that in S both in type and 
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amplitude, and the values of the A.D. in the two elenlents are closely alike in most months 
and seasons. The times of occurrence of the maximum and minimum are, however, 
an hour or two later in H than in S, and the ranges for the former element are in most 
months somewhat the larger. From what has been already said as to the dependence 
of the I inequality in changes in H, it follows that the H inequality curves inverted 
should closely resemble the corresponding curves for I. On comparing Plates IV and V 
it is readily seen that such is the case. 

The V diurnal inequalities for the months, year and seasons are given in Tables 
XIX and XXI and are illustrated in Plates VI and IX. Irregularities are more in 
evidence in the V inequalities than in those of the other elements, especially during the 
morning hours. There is in particular a remarkable kink in the all and quieter day 
curves for January, the all ~ay curves for November and December; and the quieter day 
curves for March. A kink even appears in the inequality curve for summer, and its 
influence is recognisable in the inequality for the whole year. The phenomenon is 
presumably a consequence of the specially disturbed conditions which, as will appear 
later, were characteristic of the morning hours. 

The hours of maximum and minimunl in V approach closely to local midnight and 
noon respectively. The seasonal variation in the amplitude of the diurnal inequality 
is much the same as in the horizontal components, and as in their case the range for the 
year from the 10 quieter days does not differ much from that for winter given by all 
days. 

As the range of the diurnal inequality in V was on the average about two-thirds of 
that in H, it is obvious from (14') that the influence of changes in H on the diurnal 
inequality in T must be insignificant. Thus we know a priOf'i that the diurnal inequality 
in T must very closely resemble in type that in V. Only the seasonal inequalities in T 
are shown graphically, see Plate X. The close resemblance of the curves in Plate X 
to those for V in Plate IX appeals to the eye. A comparison of Tables XIX and XXI 
with Tables XXXII and XXXIII shows that with the exception of the ·range in June 
from all days, the range and A.D. in every month and season, alike for all and for the 
quieter days, are a trifle larger for V than for T. 

Section 22.-Allowing for the 12-hours difference in the times used, the inequalities 
from the international quiet days in Table XXXIV and Plates XII and XIII are easily 
seen to very closely resemble those derived from the 10 quieter days. In the case of 
E and S the range and A.D. from the international quiet days are the smalle:r:, except 
in the winter inequality in E. The excess in the values for E from the 10 quieter days 
is small, except in summer when it is considerable. It is also considerable in summer in 
S, and very appreciable in the other seasons. In the case of V the international days 
give decidedly the larger range and A.D. in summer, and slightly the larger A.D. in the 
year; with these exceptions the international quiet day values are the smaller. It 
follows that the international quiet days selected at De Bilt from the returns of some 40 
stations, nine-tenths of which are situated in the northern hemisphere, represented 
on the whole more quiet conditions in the Antarctic than did the quiet days selected 
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from special consideration of the Antarctic curves. The phenomenon is due of course 
primarily to the smaller number of the international days. If these had been 10 a 
month instead of 5, the difference would probably have been in the other direction. 
But making every allowance for the smaller number of the international days, the result 
is a remarkable one. Disturbances special to the Antarctic must have been very few 
or very insignificant on the international quiet days. 

The highly disturbed day inequalities for winter and equinox in Table XXXV 
and the corresponding curves in Plates XII and XIII depend on the curves of 40 days, 
but the summer inequalities depend on 20 days only. The traces, especially in summer, 
were many of them disturbed to an· extent rarely seen in· temperate latitudes, and no 
one I think after inspecting the curves would have anticipated the smoothness shown 
by the inequalities. There are admittedly some irreg~larities, especially in the E 
curves about 18 h.-22 h. G.M.T.-i.e., about the time of the irregularities visible in the 
V curves in Plate VI-but the curves are very similar in smoothness to the all day seasonal 
curves. If we compare the corresponding inequalities in Tables XXXIV and XXXV, 
or the curves illustrating them, no difference in type catches the eye. In amplitude, 
however, the difference is immense, as will perhaps be best appreciated by consulting 
Table XXXVI, p. 94, giving the ratio borne by the range (R) and A.D. of the 5-disturbed 
day inequality to the corresponding quantity for the international quiet days. 

In E the ratio is larger for the A.D. than the range, which suggests a somewhat 
more rounded type of curve on the disturbed day. In S the ratio is on the whole slightly 
larger for the range. In'V the ratio is in all cases identical for the range and A.D., 
suggesting great sinlilarity of type in the inequalities. The ratio is greatest in winter 
and least in sumnler. This agrees with what we already found as between the all day 
inequality and that from the 10 quieter days, but the phenomenon is even more pronlinent 
in the present case, especially in V. In that element the ratios in summer, equinox 
and winter are ·to one another as 1 : 2 : 3. The conlptuatively small size of the ratio 
in summer for V is partly due to the small effect of disturbance in increasing the 
amplitude of the inequality, and partly to the comparatively large size of the amplitude 
on the international quiet days. When the quiet day systelll was first introduced, it 
seems to have been expected that the resulting inequalities would show a close agreement 
with those from all days, except in so far as accidental features due to disturbance 
affected the latter. This anticipation is exceptionally wide of the mark in the case of 
the Antarctic. In any comparison of Antarctic inequalities with others, or in any 
theoretical work in which Antarctic data are employed, the choice of days is obviously 
all important. 

The diminished amplitude on ordinary days of the inequalities in equinox and 
especially in winter as compared with summer suggests that direct sunlight has a potent 
influence on the phenomena. If, as is generally supposed, the.. inequality is due to 
electrical currents in the upper atmosphere, the influence might equally well consist in 
an increase in the electromotive forces to which the currents are due, or in a decrease 
in the electrical resistance of the atmosphere such as is produced by ionising, agents; or 
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it might mean a lowering of the level at which the currents are found. The fact that 
the inequality is increased by disturbance, and especially in winter, when direct solar 
influence is much reduced or totally absent, suggests that the presence of disturbance 
has a sinlilar effect to that of direct sunlight. In the Antarctic on highly disturbed 
days, the influence of disturbance is of the same order as that of direct sunlight, for the 
Band S ranges in winter in Table XXXV are fully as large as the corresponding ranges 
derived from all days in summer. 

Section 23.-As already explained, Plate XI gives vector diagrams based on the 
diurnal inequalities for all days and for the 10 quieter days a month. In the case of the 
forces in the horizontal plane there are diagrams . for the three seasons as well as the 
year. The common origin for the two sets of days is at the centre of the cross on which 
the cardinal directions are shown, and each arm of the cross represents 5y. 

The points representing the 24 hours are marked in the curves, and each third 
hour is numbered, aecording to the time of 1800 E. 

The line from the origin to any hour mark indicates the direction and magnitude 
at that hour of the con1ponent in the plane of the diagram of the force system to which 
the diurnal inequality is due. Each diagram is described in the course of 24 hours, 
and the enclosed area maybe regarded as a rough measure of the energy expended 
in the regular diurnal changes. 

The diagrams relating to the horizontal field are described counter-clockwise. 
It is natural to suppose that the irregularities apparent in the diagrams would disappear 
if data were available from a nunlber of years. Even then, however, we have no reason 
to suppose that we should get a perfect circle, with the origin at the centre. If we sup~ 
pose a radius vector drawn from the origin to travel with its free end on the diagram, 
the area described between 13 h. (i.e., roughly local noon) and 1 h. (local midnight) is 
in all cases visibly larger than tha,t described between 1 h. and 13 h.; in other words, 
the afternoon contributes more than the forenoon to the area within the diagram. 
The line joining the points answering to 4 h. and 16 h. seems very nearly to bisect the area 
in all cases. Corresponding points on the all day and quieter day diagrams lie 
approximately on the same radius vector; the departures fronl co-linearity seem to 
the eye mainly accidental. Both the all day and the quieter day summer diagrams 
have a perceptible bulge near 10 h., while the all day diagrams for winter seems a 
little compressed between 6 h. and 11 h. Both features may, however, be accidental. 
Even if they are real, the resemblance between the winter and summer diagrams for 
the Antarctic is immensely closer than it is at ordinary European stations, in spite 
of the outstanding nature of the difference in the conditions of solar radiation at 
the two seasons in the Antarctic. 

The vector diagranls in the two vert.ical planes respectively in and perpendicular 
to the local meridian are confined to the whole year. In both, up the sheet answers 
to an increase in the verti~al force acting on the dipping pole of the needle. There are 
very sensible irregularities presumably of an accidental character, but the all day and 
quieter day diagrams are clearly of very sinlilar form. The shape, especially of the 
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VS diagram, is decidedly less circular than that of the diagram for the horizontal plane. 
In fact between 17 h. and 0 h. (or from 4 p.m. to 11 p.m. local time) the VS diagram 
does not differ much from a straight line. 

Plate XIV gives vect,or diagrams for the five disturbed and five quiet days. These 
include ES or horizontal plane diagrams for the three seasons and the year, but VS and 
VE diagrams for the year only. The times shown are G.l\LT. as in the corresponding 
inequality tables. The scale has only half the openness of that employed in Plate XI. 
The centre of the cross serves for the COlllmon origin of the disturbed and quiet day 
diagrams. Parts of the quiet day diagrams could not be sho\vn clearly owing to the hour 
points lying too close together. The hour points are, however, shown so far as possible. 
Allowing for the 12-hour difference in time, the diagrams are similar to the all day 
diagrams, but are naturally rather less regular in outline. 

Section 24.-The base stations of the Antarct.ic Expeditions of 1902-04 and 1911---12 
were only some 16 miles apart, their accepted positions being :-

1.902-04 
1911-12 

77° 51' S. 
77 0 38' S. 

166° 45' E. 
1660 24' E. 

Two stations as adjacent ag this in tenlperate latitudes would naturally possess nearly 
identical diurnal variations, but we should expect a small difference in geographical 
position to have an increased influence as we approach a magnetic pole. Thus, even 
if both stations had been free from local disturbance, we shollid hardly have known 
what to expect. In reality, local disturbance was observed at both· stations. As we 
have seen, sensible local disturbance existed in the observation hut in 1911-12 and 
possibly in the magnetograph cave, an uncertainty of the order of 5 per cent. resulting 
therefrom in the diurnal range of declination. In 1902-04 the local disturbance was 
larger. The value obtained for H in the absolute hut stood roughly in the ratio of 
3 : 2 to the value obtained about linliles away on the ice in McMurdo Sound. The 
dip observed on the ice exceeded that in the hut by 1 ° 49'. Combined with the 
corresponding value of H, this indicated a comparatively small disturbance of V in the 
hut, amounting to only about . 035 C.G.S. As to declination, there was only one 
comparison on the ice, taken at a time when the magneto graphs were not in action. The 
declination observed on that occasion was about 5° less (measured from North through 
East) than the mean value in the observation hut. The observation was taken at a 
season, January, when disturbances were specially large. Thus the local disturbance 
of D in the hut nlay have been very sensibly greater or very sensibly less than 5°, but 
in any case it would seem to have been comparatively trifling compared with 
the disturbance in H. 

In 1902-04 no inter-comparison was made of the absolute and magnetograph 
huts. They were only about 25 yards apart. 'rhus, unless th~ disturbance in the 
absolute hut was due to building nlaterial or sonle purely superficial rock, we must 
suppose that the magnetograph hut was also seriously disturbed. While the same 
Inagnetograph was used in the two expeditions, the elements recorded were different. 
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In 1902-04, D and H were directly recorded. Thus the uncertainties connected with 
the presence of local disturbance entered differently into the results. If the field in 
the magnetograph hut in 1902-04 was the same as that in the a~solute hut, the range 
shown by the D magnetograph was probably only about two-thirds of that natural 
to an undisturbed site on the ice of McMurdo Sound. If, on the other hand, the field 
in the magnetograph hut in 1902-04 was differ.ent from that in the absolute hut, the 
equivalent in force of l' change in D was not the same for it as for the absolute hut, 
and the inequalities calculated for the South and West components on that hypothesis 
were in error. One phenomenon observed in 1902-03 is at least consistent with the 
hypothesis that the absolute hut was exposed to some very local source of disturbance. 
This phenomenon was an apparent large annual variation in H, the mean values for the 
midwinter and midsummer months being respectively 66501' and 6469y. No similar 
phenomenon, as we shall see, presented itself in 1911-12, and no such large difference 
between winter and summer has, so far as I know, been observed elsewhere. 

The comparison of the results frolll the two expeditions is affected by another 
serious source of uncertainty. In 1902-04 the D and H instruments, especially the 
latter, were unduly sensitive. The consequence was a considerable loss of trace, 
especially H trace, more particularly in SUlnmer. The sensitiveness of the V instrument 
was not excessive, but it possessed a very large teJnperature co-efficient, and the 
variations of temperature in the magnetograph hut were large. Thus, the application 
of a temperature correction was absolutely necessary. 

The thermograph had an unduly open scale for the conditions prevailing, and the 
consequence was that a good deal of trace was lost, frolll the record going off the sheet. 
'Vhen this happened, the V trace eould not be corrected for temperature, and so was useless. 
In some months, to get anything like a satisfactory number of complete "days" of V 
record, use had to be made of periods of 24 consecutive hours not startj.ng at 
midnight. 

The outcome of these instrumental weaknesses was that the days used for deducing 
D, H and V inequalities was not the sanle, the nUlllber of day~ available for D inequali­
ties being the greater, especially in summer. As restriction in the number of days 
used for the V inequalities arose mainly through default of temperature trace, the days 
employed were presumably fairly representative of average magnetic conditions. But 
in the case of H, especially in sunlmer, it was only on the quieter days that the trace 
kept within the limits of registration. Thus the H diurnal inequalities obtained in 
1902-03 referred undoubtedly to a less disturbed average state of matters than did the 
D inequalities. This almost certainly meant that the range of the H inequality was 
less than it would have been if derived fronl the same days as the D inequality. 

There was, as a matter of fact, a second set of D diurnal inequalities got out for 
selected quiet days in 1902-03. But the days so selected varied much in number nom 
month to month and, the special features of the Antarctic being then unknown, the 
extent to which the days selected were identical with the days used for the H inequalities 
was purely a matter of accident. 
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The type of the diurnal inequality in 1911-12 certainly depended but little on the 
amount of disturbance prevailing, and so far as our evidence goes the same was equally 
true of 1902-03. Thus the D, H and V inequalities obtained for that epoch probably 
represent the type satisfactorily enough, even if not properly representative as regards 
the amplitude of the diurnal inequalities. But the sanle cannot be expected of the 
derived inequalities including those for I, Sand E, espec~ally the two latter. This will 
be recognised on reflecting that if the contributions of D and E were all altered in the 
ratio m : n, the contributions fronl H remaining unaltered, the ent.ire character of the 
inequality might be altered. 

The seasonal diurnal inequalities will suffice for the conlparison of the new results 
with the old. For ~revity, N.A.E. (National Antarctic Expedition) will be used for the 
publication dealing with the 1902-03 results. 

Conlparing the D curves in Plate VIII with those in Fig. 9, p. 112 of N.A.E., the 
similarity of type at once appeals to the eye. A like similarity prevails between the 
H curves in Plate IX and th03e in Fig. 10, p. 113 of N.A.E., and between the V curves 
in Plate IX and those in Fig. 11, p. 115. In the case of the V curves we have even 
similar slight irregularities in the two cases in the forenoon hours in the summer 
season. 

A point to be noticed is that while equinox meant the same months in the two 
cases, a three-month midsummer (November, December and January), and a three­
month midwinter (May, June and July) were employed for 1902-03, instead of the four­
month summer and winter seasons employed for 1911-12. The choice made in 1902-03 
was decided by the wish to include in midsummer only days in which the sun did not 
set, and in midwinter only days in which the sun did not rise. This ruled out February 
and August. There was not the same reason for this curtailment of the two seasons 
in dealing with 1911-12, because it was then known in advance that the type of the 
diurnal inequality was unlikely to. differ much throughout the year. 

The exclusion of August and February would naturally reduce the range of the 
midwinter inequality in 1902-03, and increase that of the midsummer inequality, but 
the effect should be trifling. 

Perhaps the only difference between the older and newer curves immediately 
obvious is in -the times of occurrence of the daily maximum and minimum. There 
ought, of course, to be an apparent difference of nearly an hour, as the 1902-03 curves 
refer to local time. This accounts satisfactorily for the difference shown in the V 
curves between the times of appearance of the minimum near noon, the most regular 
and conspicuous turning point in that element. In the case, however, of H, the times 
of maximum and minimum in the curve for the whole year are respectively 14 h. and 
5 h. in 1902-03, as compared with 16 h. and 5 h. in 1911-12. This gives on the average 
of the two events the difference ·of one hour, which was to be expected, but it makes 
the rise from minimum to maximum take two hours longer in the one case than in the 
other. In the case of D, where both maximum and minimum are well marked, their 
hours of occurrence in the curves for the whole year were maximum 9 h., minimum 
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18 h., or 19 h. in 1902-03, as compared with maximum at 11 h., minimum 20 h., or 21 h. 
in 1911--12. Allowing for the difference of time, this leaves an unexplained retardation 
of one hour in the later as compared with the earlier data. 

The curves are, however, so rounded near the turning points that the difference 
is not of a striking character. 

A notable difference does, however, present itself when we pass to the vector 
diagrams for the forces in the horizontal plane. The regular curve suggested by the 
diagrams in Plate XI is the circle, whereas the diagrams in Fig. 13, p. 116 of N.A..E., 
suggest ellipses, wi~h the major axis at least double the minor, the latter lying roughly . 
in the magnetic meridian. 

The difference is partly explained by the omission of the more disturbed days 
from the H inequalities for 1902-03 referred to above. If we take midsunlmer, the 
season when this cause was most in evidence, the number of days employed in the 
inequalities for H, D all days and D quieter days were respectively 42, 73 and 31. Thus 
the standard of disturbance in the diurnal inequality for II probably approached nluch 
nearer that of the quieter day than that of the all-day D inequality. The ranges of 
the~e two latter inequalities were respectively 34'· 0 and 45'· 5, and so were roughly 
in the ratio 3 : 4. Supposing the true natural shape of the diagram to have been 
circular, we could in this way explain its becoming an ellipse in which the minor axis 
was only about three-fourths of the major. But in the midsummer diagram for 
1902-03 the minor axis is barely half the major. If the outstanding difference is to be 
fully explained by the other acting cause mentioned above, we must suppose that the 
magnetograph hut in 1902-03 was practically undisturbed. If this were the case, 
H in the magnetograph hut, like H at the ice station, was only about two-thirds of H 
in the absolute hut, and the transformation actually made of D changes into changes 
of force gave values too large in the ratio 3: 2. If we replaced the all day by the 
quieter day D inequality and the value of H in the -magnetic hut by that for the ice 
station, we should reduce the major axis ,of the midsummer vector diagram roughly 

. in the ratio (1) X (f) : 1, or 1 : 2. This would bring the form of the vector diagram for 
1902-03 into fair agreement with that for 1911-12. 

The fact that the midwinter diagram in p. 116, N.A.B. is less elliptical than that 
for midsunlmer, could be explained in accordance with the explanations given above 
by the fact that the H days employed numbered 82! per cent. of the D days employed, 
instead of only 57! per cent. as at midsummer. There was thus a considerably closer 
approach to a common standard of disturbance in the case of midwinter. 

Section 25.-A more detailed comparison of the data from the older and newer 
epochs is attempted in Table XXXVII, p. 94. It should be remembered that" summer" 
and" winter," " all " and" quieter" do not bear ex~ctly the same significance in the 
two cases. 

There were several causes of loss of trace in 1902-03, but the days when there 
was loss from causes other than the limits of registration being exceeded may fairly 
be regarded as days of average disturbance. Thus particulars of the percentage which 
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the number of days when the limit of registration was exceeded formed of the total 
number of days when there was no loss of trace frOIrl other causes should give a good 
idea as to the reduced extent to which disturbance entered into the inequalities of 
1902-03 as compared with 1911-12. Taking the year and the three seasons as defined 
in 1902-03, we find the percentages of days omitted for excessive disturbance to be 
as follows :-

Year. Midwinter. Equinox. Midsummer. 

I 
I 

D (all days) .. ~ ... ... ... 14 4 17 27 

H ... ... ... . .. . .. 49 20 61 71 

Thus.in a midsummer month of 30 days we may regard the ordinary day 1902-03 

inequalities as representative of the nine quietest days in H, and the 22 quietest days 
in D. The corresponding figures for a representative month of 30 days, for the other 
seasons and the year: are for midwinter D 29, H 24; for equinox D 25, H 12; for the 
year D 25, H 15. 

On a comparative basis the quieter day D inequalities of 1902-03 may be regarded 
as representative of the n quietest days of the month, where n has the following 
values:- . 

13 for the year; 17 for midwinter, 13 for equinox and 9 for midsurnmer. 

On this basis if 1902-03 and 1911-12 had been equally quiet epochs, and both 
magnetograph chambers had been undisturbed, the following phenonlena might have 
been expected to present thenlselves :-

in Year and Equinox, 

in D, range from all days 1902-03 slightly less than range frOIrl all days 1911-12 ; 

in D, range from quieter days 1902-03 slightly greater than range from quieter days 
1911-12 ; 

in H, range for 1902-03 somewhat in excess of range from quieter days 1911-12 ; 

in Winter, 

in D, range from aU days 1902-03 approximately equal range from all days 1911--12; 

in D~ range from quieter days 1902-03 distinctly greater than range fronl quieter days 
1911-12 ; 

In H, range for 1902-03 nearer to range from all days than that from quieter days 
1911-12; 
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in Summer, 

In D, range from all days 1902-03 about midway between ranges fronl all and 
quieter days 1911-12 ; 

In D, range from quieter days 1902-03 closely similar to range from quieter days 
1911-12 ; 

in H, range for 1902-03 closely similar to range froni quieter days 1911-12. 

The previous reinarks will have sufficiently explained why in Table XXXVII 
the older H data are regarded as belonging to quieter rather than to all days, and why 
the opposite view is taken of the older V data. As E depends nlOre on D than on H, 
while S depends nlore on H than on D, the older E ranges are entered in the' 
" all" day line, and the older S ranges in the "quieter", day line, though the 
calculations leading up to them employed in each case the all day D inequalities. 
It would perhaps have been more correct to have regarded both the E and the S ranges 
as intermediate. 

Consider first the H data in Table XXXVII, because these should not be seriously 
affected whatever view we take as to disturbance in the magnetograph hut. The 
anticipations we reached on the hypothesis that the older and newer epochs had a 
similar amount of natural disturbance, were that the ranges for the older epoch for 
the year, equinox and summer would approach closely to the quieter day ranges of the 
newer epoch, while in winter the ranges for the older epoch would be intermediate 
between the all day and quieter day ranges of the newer epoch .. We find, however, 
in each case that the range for the older epoch is less than the quieter day range for 
the newer epoch, and the deficiency is substantial except in winter. This suggests 
that the epochs were not alike as regards disturbance in the Antarctic, 1902-03 being 
decidedly' the quieter epoch of the two. This conclusion is supported by the results 
obtained for the V ranges; the older ranges are conspicuously less than the all day 
newer ranges. The deficiency in the older V ranges is very similar to the deficiency 
we have just described in the older H ranges as compared with the newer quieter day 
ranges. In Europe 1911 was a mnch more disturbed year than 1902 or 1903, so the 
difference between the H and V ranges for the two epochs is in the direction we should 
naturally have expected. . 

Coming now to the D ranges, on the hypotheses that the natural disturbance in 
the two epochs was the same and that there was no local disturbance, our anticipations 
were that the all day ranges in 1902-03 for the year and equinox would be slightly 
less than the all day ranges in 1911-12, while the quieter day ranges in 1902-03 for the 
year and equinox would exceed the corresponding quieter day ranges for the later epoch. 
In each case, however, according to Table XXXVII, the 1902-03 range falls short 
of our anticipations. The same result follows for winter. For summer, on the other 
hand, our anticipations are fairly fulfilled. The all day range for 1902-03 is inter­
mediate between the all day and quieter day ranges for 1911-12, and the quieter day 
range for the earlier epoch does not differ very much from. that for the later epoch. 
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Thus on the whole the deficiency in the older as compared with the newer D ranges 
is not more but rather less ma,rked than in the case of the II and V ranges. 

If we put 50 per cent. on to the D ranges for 1902-03, as we naturally should 
do for comparison with 1911-12 if we supposed the magnetograph hut in the earlier 
epoch' to be equally disturbed with the absolute hut, we should, except in one 
case-that of the an day winter range-find the older ranges to be in excess of the 
newer. In short, the D phenomena fall better into line with the H and V phenomena 
if we suppose that the magnetograph hut of 1902-03, unlike the absolute hut, was 
no more disturbed than the cave of 1911-12. The E and S data in Table XXXVII 
point in the same direction. If we took one-third off the older E ranges-representing, 
roughly, the correction required if H in the magnetograph hut in 1902-03 was really 
·043 instead of ·066-we should get results much more in harmony with those we 
reached in the case of Hand V. 
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TABLE X;-Diurnal Inequality in E' in 

- I 1 h. I 2 h. I 3 h. I 
4 h. 

I 
5 h. I 6 h. I 7 h. I ,8 h. I 9 h. 

I 
10 h. I 11 h. 

I 
12 h. 

I 
1911- 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y i' 'Y 'Y 

Feb. ... +20·2 - 4·4 - 7·8 -21·2 -40·4 -58·0 -63·9 -85·1 -71·1 -65·6 -72·2 -42·7 
Mar. ... + 4·2 - 1·6 - 9·4 -21·3 -30·4 -36·4 -40·7 -53·7 -56·6 -55·0 -49·8 -49·2 
April ... + 1·2 - 3·8 -14·2 -10·9 -20·2 -33·9 -35·1 -35·1 -49·0 -46·3 -48·4 -36·4 
May ... + 5·7 - 1·1 - 6·3 -13·4 -22·8 -23·3 -23·6 -26·7 -26·3 -26·8 -32·2 -23·0· 
June ... - 2·1 - 4·1 - 3·2 -10·9 -13·1 -16·2 -19·2 -23·4 -19·3 -19·3 -23·5 -17·6 
July ... + 5·4 -- 1·7 - 4·7 - 9·4 -18·6 -21·6 -21·8 -22·4 -20·7 -23·3 -23·8 -22·2· 
Aug. ... + 1·8 -- 2·1 -12·7 -13·0 -16·7 -22·3 -22·4 -18·7 -21·1 -22·1 -30·5 -16·8 
Sept. ... + 0·8 - 2·6 -12·3 -15·8 -17·8 -24·8 -24·2 -30·0 -28·2 -35·9 -37·1 -24·9 
Oct. ... - 0·5 - 5·2 -12·2 -18·5 -23·2 -32·3 -42·2 -38·9 -42·5 -39·4 -32·4· -,-20·3 
Nov. ... + 7·3 - 0·5 - 5·7 - 9·3 -21·9 -29·1 -34·0 -52·5 -64·7 -65·8 -46·7 -36·1 
Dec. ... + 8·4 + 2·3 - 5·5 -1l'0 -21·6 -29·9 -45·1 -28·2 -43·7 -33·0 -34·9 -29·6 

1912-
Jan. ... +- 8·2 - 2·3 -10·2 -13·0 -23·1 -20·8 -13·1 -16·1 -30·1 -60·1 -46·4 -40·5 
Feb. ... + 0·3 - 6·8 -10·5 -16·9 -21·1 -22·5 -24·0 -28·7 -30·0 -37·6 -39·3 -25·5 
Mar. ... + 3·7 - 4·9 - 8·7 -14·9 -18·3 -22·2 -21·1 -23·3 -27·2 -27·1 -30·0 -21·8 
April ... - 2·4 - 3·3 - 5·6 -12·3 -20·7 -19·6 -25·3 -26·8 -25·9 -21·1 -18·4 -16·7 
May ... - 0·2 - 1·0 - 3·5 - 8·3 - 7·5 -13·8 -1l·7 -19·4 -16·6 -18·2 -14·0 -1l·9 
June ... - 0·6 - 2·1 - 6·1 - 5·4 - 5·4 -1l·6 -12·7 -13·5 -17·0 -13·7 -13·6 -14·4 
July ... - 0·3 - 4·5 - 2·R - 6·3 - 9·0 -13·0 -11·9 -14·5 -14·9 -12·6 -]3·6 -11·0 
Aug. ... + 3·6 + 0·8 - 4·5 - 6·7 -1l·3 -17·8 -18·5 -24·1 -19·1 -25·2 -23·3 -21·8 
Sept. ... - 0'] - 1·2 - 2·3 - 7·4 -14·5 -21·5 -23·6 -26·8 -36·9 -22·3 -18·0 --16·3 
Oct. ... + 3·4 - 2·9 -l1·1 -16·5 -21·8 -23·6 -21·1 -27·8 -31·3 -34·9 -32·8 -32·1 
Nov. ... - 6·1 -10·5 -10·2 -14·2 -15·2 -16·9 -45·3 -40·0 -32·1 -35·9 -20·9 -20·0 

TABLE XL-Diurnal Inequality in E' for the 12 Months, 

- I 1 h. I 2 h. 
I 

3 h. I 4 h. 
I 

5 h. I 6 h. I 
7 h. 

I 
8 h. 

I 
9 h. I lO h. 

I 11 h .• I 12 h. 

Jan. 
'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 

... + 8·2 - 2·3 -10·2 -13·0 -23·1 -20·8 -13·1 -16·1 -30·1 -60·1 -46·4 -40·5 
Feb. ... +10·2 - 5·6 - 9·2 -19·1 -30·8 -40·2 -43·9 -56·9 -50·6 -51·6 -55·7 -34·1 
Mar. ... + 3·9 - 3·2 - 9·0 -18·1 -24·3 -29·3 -30·9 -38·5 -41·9 -41·1 -39·9 -35·5 
April ... - 0·6 ~ 3·6 - 9·9 -11·6 -20·4 -26·8 -30·2 -30·9 -37·4 -33·7 -33·4 -26·5 
May ... + 2·7 - 1·0 - 4·9 -10·9 -15·1 -18·6 -17·7 -23·1 -21·4 -22·5 -23·1 -17'4 
June ... - 1·4 - 3·1 - 4·7 - 8·1. - 9·2 -13·9 -16·0 -18·5 -18·2 -16·5 -18·5 -16·0 
• July ... + 2·5 - 3·1 - 3·7 - 7·8 -13·8 -17·3 --16·9 -18·5 -17·8 -17·9 -18·7 -16·6 
Aug. ... + 2·7 - 0·7 - 8·5 - 9·9 -14·0 -20·1 -20·5 -21·4 -20·1 -23·6 -26·9 -19·3 
Sept. ... + 0·3 - 1·9 - 7·3 -11·6 -16·2 -23·2 -23·9 -28·4 -32·5 -29·1 -27·6 -20'6 

! Oct. + 1·4 - 4·1 -l1·7 -17·5 -22·5 -27·9 -31·7 -33·4 -36·9 -37·1 -32·6 -26·2 ... 
Nov. ... + 0·6 - 5·5 - 7·9 -11·8 -18·6 -23·0 -39·7 -46·3 -48·4 -50·8 -33·8 -28·1 
Dec. ... + 8·4 + 2·3 - 5·5 -]1·0 -21·6 -29·9 -45·1 -28·2 -43·7 -33·0 -34·9 -29·6 

Year ... + 3·2 - 2·6 - 7·7 -12·5 -19·1 -24·2 -27·5 -30·0 -33·2 -34·7 -32·6 -25·9 
Winter ... + 1·6 - 2·0 - 5·5 - 9·2 -13·0 -17·5 -17·8 -20·4 -19·4 -20·1 -21·8 -17·3 
Equinox ... + 1·3 - 3·2 - 9·5 -14·7 -20·8 -26·8 -29·2 --32·8 -3702 -35021-3304 -27·2 
Summer ... + 6·9 - 2·8 - 8·2 -13·7 -23·5 -28·5 -35·4 -36·9 -43·2 -48·9 -42·7 -33·1 

I I 
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Individual Months from all Complete Days. 

13 h. I 14 h. I 15 h. 
I 

16 h. I 17 h. I 18 h. I .19 h. I 20 h. I 21 h. I 22 h. I 23 h. 
I 

24 h. I Range. I A.D. 

r r r r r r r r r r r r 'Y 'Y 
-34·5 ~18'7 +10·5 +50·3 +56·2 +60·5 +73·1 +81·3 +76·4 +74·0 +52·1 +30·6 166·4 48·78 
-26·6 - 7·4 +12·2 +28·7 +49·7 +57·6 +65·8 +63·4 +55·4 +43·3 +32·2 +25·8 122·4 36·52 
-24·9 - 9·3 + 7·7 +29·5 +44·6 +50·8 +55,4 +55·5 +43·9, +34·6 +26·6 +17·1 104·5 30·60 
-12·6 - 8·4 + 3·7 +14·7 +26·6 +38·8 +35·3 +39-8 +34-4 +20·5 +15·2 +11·2 72·0 20·52 
-11·2 - 5·2 + 2·4 +14·0 +24·1 +24·4 +36·2 +30·9 +22,5 +18·3 +10·7 + 5·6 59·7 15·73 
-19·2 - 6·1 - 1·0 +11·7 +19·5 +24·3 +37·7 +35·9 +34-0 +28·9 +10·2 + 9·2 61·5 18·05 
-12·9 - 7·8 + 3·2 +17·5 +20·9 +33·5 +37·9 +34·4 +33-5 +20-9 +12·5 + 2·5 68·4 18·23 
-18·0 - 3·0 +12·7 +24·6 +42·2 +38·3 +39·9 +35·5 +30·6 +30·0 +16·1 + 3·0 79·3 22·85 
-12·0 + 3·6 +14·8 +25·9 +43·4 +49·9 +48·8 +45·2 +36,5 +27·6 +16·4 + 7·9 92·4 26·65 
-27·3 + 2·1 +20·4 +37·4 +48·1 +58·9 +55·9 +48·1 +39·7 +37·0 +25·0 +13·5 124·7 32·79 
-29·5 -17·3 + 1·2 +14·5 +36·2 +42·8 +47·3 +49·6 +48·1 +41·8 +21·9 +14·3 94·7 27·40 

-28·1 -14·7 +11·6 +26·6 +40·8 +43·0 +47·5 +37·8 +30·3 +28·2 +25·1 +19·7 107·6 26·55 
-10·3 - 1·4 +13·1 +28·5 +34·9 +35·3 +41·5 +40,3 +36·3 +21·7 +12·5 +10·3 80·8 22·89 
-16·5 + 1·2 +13·8 +19·5 +27·1 +31·8 +36·4 +30·0 +29·1 +23·3 +13·1 + 6·8 66·4 19·66 
- 6·7 + 4·1 +11·0 +19·3 +21·4 +28·8 +31·7 +27·3 +26·1 +22·0 +10'3 + 2·5 58·5 17·05 
- 9·0 - 6·0 + 5·4 +12·4 +19·6 +21'3 +21·8 +21·4 +16·5 +12·7 + 7·8 + 1·9 41·2 11·75 
- 5·7 -1·9 + 0·1 + 7·4 +13·7 +21·0 +24·4 +21,5 +20·0 + 7·9 + 7·1 + 1·2 41·4 10·33 
-10·3 - 1·1 + 3·2 +11·6 +15·0 +17·4 +21·2 +22·0 +13·8 +10·8 + 7·2 + 3·2 36·9 10·47 
-1.1·8 - 1·0 +10,5 +23·1 +23·3 +23·6 +27·9 +23·4 +18·1 +15·4 +11·9 + 5·8 53·1 15·57 
-11·2 - 1·9 + 9·8 +18·9 +27·0 +28'5 +30·7 +29·1 +27·2 +20·0 +10·4 + 2·6 67·6 17·01 
-16·7 - 2·7 +15·7 +29·4 +38·8 +40·7 +36·8 +38·3 +31·4 +21·7 +12·1 + 7·2 75·6 22·95 
-25·3 -17·9 + 1·9 +28·6 +37·5 +41'9 +46,1 +51·4 +43·2 +32·1 +20·9 + 6·3 96·7 25·85 

3 Seasons and the Year from all Complete Days. 

13 h. I 14 h. I 15 h. I 16 h., I 17 h. 
I 

18 h. I 19 h. I 20 h. I 21 h. I 22 h. 
I 

23 h. I 24 h. I Range. I A.D. 

r 'Y 'Y r r r 'Y 'Y 'Y r r r 'Y 'Y 
-28·1 -14'7 +11,6 +26·6 +40·8 +43·0 +47·6 +37·8 +30·3 +28·2 +25·1 +19·7 107·7 25,56 
-22·4 -10'0 +11'8 +39·4 +45·6 +47·9 +57·3 +60·8 +56·3 +47·8 +32·3 +20·5 117·7 35·83 
-21'6 - 3·1 +13·0 +24·1 +38·4 +44·7 +51·1 +46,7 +42·3 +33·3 +22·6 +16·3 93·0 28·03 
-15·8 - 2·6 + 9·3 +24·4 +33·0 +39·8 +43·5 +41·4 +35·0 +28·3 +18·4 + 9·8 80·9 23·60 
-10·8 - 7·2 + 4·5 +13·6 +23·1 +30·0 +28·5 +30·6 +25·4 +16·6 +11·5 + 6·6 53·7 16·12 
- 8·4 - 3·6 + 1·3 +10·7 +18·9 +22·7 +30·3 +26·2 +21·2 +13·1 + 8·9 + 3·4 48·8 13·03 
-14·7 - 3·6 + )·1 +11·7 +17·3 +20·8 +29·5 +29·0 +23·9 +19·8 + 8·7 + 6·2 48·2 14·20 
-13,4 - 4·4 + 6·9 +20·3 +22·1 +28'5 +32·9 +28'9 +25·8 +18·2 +12·2 + 4·1 59·8 16·89 
-14'6 - 2·5 +11·2 +21·7 +34·6 +33·4 +35·3 +32·3 +28'9 +25·0 +13'3 + 2·8 67·8 19·92 
-14·3 + 0·5 +15·2 +27·6 +41·1 +45·3 +42·8 +41·8 +34·0 +24·7 +14·2 + 7·6 82·4 24·67 
-26,3 - 7·9 +11'1 +33,0 +42·8 +50·4 +51·0 +49·7 +41·5 +34·6 +22·9 + 9·9 101·8 28·98 
-29·;:; -17·3 + 1·2 +14,5 +36·2 +42·8 +47·3 +49·6 +48,1 +41·8 +21·9 +14·3 93·3 27·40 

-18'3 -6·4 + 8·2 +22·3 +32·8 +37·4 +41·4 +39·6 +34·4 +27·6 +17·7 +10·1 76·1 22·89 
-11·8 - 4·7 + 3·5 +14·1 +20·4 +25,5 +30·3 +28·7 +24'1 +16-9 +10·3 + 5·1 52-1 15-04 
-16,6 - 1·9 +12·2 +24'5 +36·8 +40·8 +43·2 +40·6 +35·1 +27-8 +17'1 + 9·1 80·4 24·04 
-26,6 -12·5 + 8·9 +28·4 +41·4 +46'0 +50·8 +49'5 +44·1 +38·1 +25,6 +16·1 99·7 29'66 
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TABLE XII.-Diurnal Inequality in E' in Individual 

I 1 h. I 2 h. I 3 h. I 4 h. I 5 h. I 6 h. I 7 h. 1 8 h. I 9 h. I 10 h. I 11 h. I 12 h. 

1911- 'Y 'Y 'Y Y 'Y 'Y Y 'Y 'Y Y 'Y 'Y 
Feb. ... +14·8 + 5·0 - 2·5 -15·5 -45·8 -39·8 -45·5 -52·6 -65·2 -60·2 -51·0 -35·3 
Mar. ... +13·8 + 9·4 + 1·9 - 5·0 -16·0 -14,9 -25·7 -20·9 -31·9 -33·7 -39·9 -30·7 
April ... - 1·1 - 6·2 - 5·7 -:- 6·8 -15·2 -21·5 -27·9 -23·6 -30·2 -22·9 -22·4 ~12·9 
May ... + 3·3 + 0·7 - 3·9 - 2·4 - 5·9 - 6·6 -15·6 -16·1 -14·9 -13·7 -13·2 -11·0 
June ... - 2·3 0·0 - 0·5 - 6·1 - 4·5 - 9·8 -11·2 -19·5 -14·0 - 9-7 - 9·5 - 6·9 
July ... + 0·3 + 0·2 - 2·8 - 2·7 -15·0 -16·3 -19·4 -14·0 -10-0 - 9·6 - 7'6 - 4·8 
Aug. ... - 2·2 - 0·1 - 5·9 -14·0 - 6·7 - 8·7 - 9·5 -14·1 -15·1 - 8·2 - 9,·7 - 2·5 
Sept. '" - 4·8 - 3·1 - 4·1 - 4·6 - 8·8 -10·5 -11·9 -16·8 -17·9 -21·9 -16'5 - 9·6 
Oct. ... - 3·8 - 5·0 -11·8 -12·5 -10·6 -18·7 -20·7 -26·5 -24·4 -27·5 -]7·6 - 8·2 
Nov. ... + 6·9 - 1·9 - 1·1 - 4·8 -16'5 -30·2 -39·0 -43·0 -39·8 -44·1 -27·2 -15·7 
Dec. ... - 0·3 + 5·0 + 3·0 -- 3·5 -12·3 -17·2 -15·9 -20·1 -31·0 -4.0·1 -42·5 -28·4 

1912-
Jan. ... + 7·9 + 8·0 + 2·5 - 3·9 -15·4 -18·0 -28·4 -25·1 -36·7 -41·1 -37·8 -29·7 
Feb. ... - 0·6 - 5·6 -1]·7 -10·5 -18·8 -17·0 -19·9 -24·5 --21·3 -25·0 -27·3 -17·6 
Mar. ... - 2·8 - 7'5 - 8·7 - 8·1 -10·7 -11·8 -12·2 -13·1 -16·7 -19·8 -16·5 -10·8 
April ... - 4·5 - 3·1 - 7·4 - 8·6 - 9·8 - 9·5 -12·9 -13·5 -11·5 - 9·4 - 3·4 - 6·8 
May ... - 0·2 + 1·8 - 1·7 - 4·1 - 3·9 - 7·9 - 4·2 - 5·1 - 5·7 - 4·2 - 4'5 - 3·2 
June ... - 1·0 - 1·9 - 4·3 - 5·0 - 4·9 - 9·7 - 8·8 - 3·9 - 4·3 - 5·4 - 7·9 - 5·1 
July ... - 2·4 - 2·1 + 0·5 - 1·2 - 1·4 - 2·4 - 5·3 -7·3 - 5·1 - 6·1 - 4·8 - 3·9 
Aug. ... + 3·2 + 2·2 + 0·2 - 1·8 - 7·9 - 8·9 - 9·0 -11·4 - 8·9 - 9·8 -12·8 - 7·7 
Sept. ... -- 3·6 - 2·9 - 4·0 - 6·9 -10·3 -11,5 --10·4 - 9·6 -12·1 -14·5 -13·9 -10·9 
Oct. ... - 0·8 - 8·6 -11·2 -10·5 -14·3 -18·1 -13·1 -13·4 -14·6 -20·9 -24·7 -16·4 
Nov. ... - 4·8 -11·8 - 5·2 - 5·7 - 2·0 - 5·2 -34·8 -29·7 -33,5 -40·7 -28·0 -14·0 

TABLE XIII.-Diurnal Inequality in E' for the 12 Months, 

- I 
1 h. 

I 
2 h. 

I 
3 h. 

I 
4 h. I 

5 h. 
I 

6 h. 
1 

7 h. I 8 h. I 9 h. I 10 h. I 11 h. I 12 h. 

'Y 'Y 'Y Y 'Y 'Y Y Y 'Y 'Y Y 'Y 
Jan. ... + 7·9 + 8·0 + 2·5 - 3·9 -15,4 -18'0 -28·4 -25·1 -36,7 -41·1 -37,8 -29·7 
Feb. ... + 7·1 - 0·3 - 7·1 -13·0 -32·3 -28·4 -32·7 -38·6 -43·3 -42·6 -39·2 -26·5 
Mar. ... + 5·5 + 1·0 - 3·4 - 6·5 -13·4 -13·3 -19·0 -17·0 -24·3 -26·7 -28·2 -20·7 
April ... - 2·8 - 4·7 - 6·6 - 7·7 -12·5 -15,5 -20·4 -18·6 -20·9 -16·2 -12·9 - 9·9 
May ... + 1·6 + 1·3 - 2·8 - 3·3 - 4·9 - 7·3 - 9·9 -10·6 -10·3 - 9·0 - 8·9 - 7·1 
June ... - 1·7 - 1·0 - 2·4 - 5·6 - 4·7 - 9·8 -10·0 -11·7 - 9·2 - 7·6 - 8·7 - 6·0 
July ... - 1·0 - 1·0 - 1·1 - 1·9 - 8·2 - 9·4 -12·3 -10·6 - 7·6 - 7·8 - 6·2 - 4·3 

I Aug. ... + 0·5 + 1·1 - 2·8 - 7·9 -·7·3 - 8·8 - 9·3 -12·7 -12·0 - 9·0 -11·2 - 5·1 
! Sept. ... - 4·2 - 3·0 - 4·1 - 5·8 - 9·6 -11·0 -1]·2 -13·2 -15·0 -18·2 -15·2 -10·3 

Oct. ... - 2·3 - 6·8 -11·5 -11·5 -12·5 -18·4 -16·9 -20·0 -19·5 -24·2 -21·2 -12·3 
Nov. ... + 1·1 - 6·9 - 3·2 - 5·3 - 9·3 -17,7 -:{6·9 -36·4 -36·7 -42·4 -27·6 -14·9 
Dec. '" - 0·3 + 5·0 + 3·0 - 3·5 -12,3 -17,2 -15·9 -20,1 -31,0 -40·1 -42·5 -28·4 

Year ... + 1·0 - 0·6 - 3·3 - 6·3 -11·9 -14,6 -18·6 -19·6 -22·2 -23·7 -21,6 -14·6 
Winter ... - 0·1 + 0·1 - 2·3 - 4·7 - 6·3 - 8·8 -10·4 -11·4 - 9·8 - 8·3 - 8·7 - 5·6 
Equinox ... - 1·0 - 3·4 - 6·4 - 7·9 -12·0 -14·6 -16·9 -17·2 -19·9 -21·3 -19·4 -13·3 

I 
Summer ... + 4·0 + 1·5 - 1·2 - 6·4 -17·3 -20,3 -28·5 -30·1 -36·9 -41·6 -36·8 -24·9 

I 
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Months from 10 Quieter Days a Month. 
---

--
I I I \. 17 h. I 

I 
I- 21 h. I 1 

13 h. 14 h. 15 h. 16 h. 18 h. 
1 

19 h. I 20 h. 22 h. 
1 

23 h. 24 h. I Range. I A.D. 

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y Y Y Y Y 
-24·7 -15·6 + 8·6 +30·7 +40·8 +45·5 +55·5 +61·7 +65·8 +67·4 +39·1 +20·3 132·6 37·85 

-16·9 -14·3 - 3·9 +10·8 +20·2 +25·2 +34·6 +39·8 +37·4 +21·7 +18·3 +19·5 79·7 21·10 

-10·2 - 3·9 + 3·9 +13·9 +21·8 +24·4 +35·0 +47·2 +27·0 +17·0 +11·8 + 9·5 77·4 17·58 

- 8·6 - 6·1 + 1·8 + 5·3 +10·0 +13·7 +20·9 +19·2 +15·4 +13·7 + 6·9 + 6·8 37·0 9·82 

- 3·5 - 0·8 + 2·4 + 4·8 + 9·7 +14·8 +16·3 +13·4 +]4·4 +10·7 + 7·8 + 6·6 35·8 8·18 

- 3·1 + 0·5 - 0·6 + 5·4 + 8·8 +15·4 +16·3 +20·8 +14·1 +12·1 + 6·6 + 4·5 40·2 8·79 

- 3·3 - 1·5 + 2·2 + 9·3 +11·1 +12·3 +17·3 +18·3 +14·4 + 9·6 + 6·0 - 0-1 33·4 8·42 

- 6·1 + 0·2 + 8·7 +19·2 +26·0 +24·7 +23·9 +14·3 +10·1 + 5·3 + 5·3 - 0·5 47·9 11·45 

+ 4·2 +15·7 +15·4 +20·8 +31·4 +25·3 +22·8 +20·6 +14·1 +10·0 + 3·9 + 4·0 58·9 15·65 

-- 9·0 + 7·9 +20·4 +27·8 -f-34·0 +42·7 +41·5 +36·1 +26·5 +15·0 + fj·7 + 7·7 86·8 22·69 

-12·7 - 4·6 + 8·6 +13·4 +30·1 +36·3 +30·6 +29·6 +27·7 +25·2 +14·3 + 5·6 78·8 19·08 

-.J5·8 - 9·9 + 5·7 +22'5 +30·4 +33·6 +32·4 +31·3 +23·5 +23·5 +23·0 +17·1 74·7 21·80 

- 5·9 + 4·5 +11·4 +17·5 +18·5 +25·4 +35·5 +30·2 +26·5 +17·0 +]0·9 + 8·9 62·8 17 ·17 

- 5·5 + 7·0 + 9·1 +11·7 +15·0 +18·6 +21·1 +18·2 +18·4 +14·7 + 6·7 + 3·1 40·9 11·99 

- 1·5 + 5·3 + 3·3 + 7·8 +11·1 +14·4 +15·7 +13·9 +12·1 +10·0 + 6·5 + 2·1 29·2 8·50 

- 2·6 - 1·4 + 3·2 + 7·3 + 7·7 + 7·7 + 5·8 + 5·5 + 7·6 + 1·8 + 0·3 + 0·8 ]5·6 4·09 

- 2·0 - 0·3 - 0·8 + 3·3 + 7·1 + 9·5 +12·6 +11·7 + 8·2 + 6·3 + 5·5 + 1·8 22·3 5·47 

- 2·8 - 1·2 + 2·0 + 7·2 + 6·2 + 6·9 + 8·9 + 6·1 + 4·1 + 2·6 + 1·5 - 0·9 16·2 3·87 

- 4·7 - 1·7 + 6·4 + 9·9 +12·5 +11·6 +11·1 + 6·5 + 9·2 + 5·8 +- 3·5 + 1·7 25·3 7·02 

- 6·1 + 2·6 +- 7·8 +11·5 +17·7 +17·4 +17·2 +17·3 +12·6 + 8·5 + 3·9 + 0·7 32·2 9·75 

- 4·1 + 3·7 +15·9 +28·1 +30·2 +26·0 +23·0 +18'3 +14·7 + 6·9 + 2·8 + 0·3 54·9 14·19 

-12·8 0·0 +11·2 +25·3 +33·5 +34·2 +33·7 +38·2 +20·8 +16·3 +12·0 + 2·0 78·9 18·98 

3 Seasons and the Year from 10 Quieter Days a Month. 

13 h. 114 h. I 15 h. 
\ 

16 h. 
\ 

17 h. 
I 

18 h. I 
19 h. 

\ 
20 h. 1 

21 h. I 
22 h. I 

23 h. I 
24 h. I Range. 1 A.D. 

r y 'Y Y Y 'Y Y r y y r y y y 

-15·8 . - 9·9 + 5·7 +22·5 +30·4 +33·6 +32·4 +31·3 +23'5 +23·5 +23·0 +17·1 74·7 21·80 

-15·3 - 5·6 +]0·0 +24·1 +29·7 +35·5 +45'[) +46·0 +46·0 +42·2 +25·0 +14'6 89·3 27·11 

-11·2 - 3·7 + 2·6 +11·3 +17·6 +21·9 +27·9 +29·0 +27·9 +18·2 +12·5 +11·3 57·2 15·59 

- 5·9 + 0·7 + 3·6 +10·9 +16·5 +19·4 +25·4 +30·6 +19·6 +13·5 + 9·2 + 5·8 51·5 12·91 

- 5·6 - 3·8 + 2·5 + 6·3 + 8·9 +10·7 +13·4 +12·3 +11·5 + 7·8 + 3·6 + 3·8 24·0 6·97 

- 2·8 - 0·6 + 0·8 + 4·1 + 8·4 +12·2 +14·5 +]2·6 +11·3 + 8·5 + 6·7 + 2·7 26,,2 6·82 

- 3·0 '- 0·3 + 0·7 + 6-3 + 7·5 +11·2 +12·6 +13·5 + 9·1 + 7·4 + 4·1 + 1·8 25·8 6·20 

- 4·0 - 1·6 + 4·3 + 9·6 +11·8 +12·0 +14·2 +12·4 +11·8 + 7·7 + 4·8 + 0·8 26·9 7·61 

- 6·1 + 1·4 + 8·3 +15·4 +21·9 +21·0 +20·6 +15·8 +11·4 + 6·9 + 4·6 + 0·1 40·1 10·60 

0·0 + 9·7 +15·7 +24·4 +30·8 +25·7 +22·9 +19·5 .+14·4 + 8·4 + 3·4 + 2·2 55·0 14·76 

-10·9 + 4·0 +15·8 +26·6 +33·8 +38·5 +37·6 +37·2 +23·7 +15·7 + 8·9 + 4·9 80·9 20·67 

-12·7 - 4·6 + 8·6 +13·4 +30·1 +36·3 +30·6 +29·6 +27·7 +25·2 +14·3 + 5·6 78·8 19·08 

- 7·8 - 1·2 + 6·6 +14·6 +20'6 +23·2 +24·8 +24·2 +19·8 +15·4 +10·0 + 5·9 48·!) 13·84 

--- 3·8 - 1·6 + 2·1 + 6·6 + 9·2 +11·5 +13·7 +12·7 +10·9 + 7·9 + 4·8 + 2·3 25·1 6·82 

- 5·8 + 2·0 + 7·6 +15·5 +21·7 +22·0 +24·2 +23·7 +18·3 +11·8 +,7·4 + 4·9 45·5 13·26 

-13·7 - 4·0 +10·0 +21·6 +31·0 +36·0 +36·5 +36·0 +30·2 +26·6 +17·8 +10·6 78·1 21·81 

-
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TABLE XIV.-Diurnal Inequality in 8' in 

-
I 

1 h. 
1 

2 h. 
1 

3 h. 
1 

4 h. I 5 h. 
I 

6 h. I 7 h. 
I 8 h .. 1 9 h. I 10 h. I 11 h. 

I 
12 h. 

1911- Y Y Y Y Y I y y y y y y y 
Feb. ... -63·1 -71·2 -70·4 -60·1 -56·2 -48·7 -30·9 -21·4 + 2·4 +21·9 +45·2 +44·1 
Mar. ... -53·1 -47·7 -43·3 -44·4 -31·2 -30·8 -15·8 - 3·4 + 7·5 +19·6 +31·0 +46·6 
April ... -52·7 -66·3 -41·3 -33'6 -35·4 -23·1 -15·8 - 4·3 +10·9 +19·1 +40'5 +43·4 
May ... -31·2 -36·8 -31·4 -26·8 -21·5 -17·2 - 9·1 - 3·1 + 7·6 + 9·5 +21·2 +19·7 
June ... -19·6 -16·0 -17·5 -16·3 -16·2 -11·0 - 8·0 - 1·1 + 3·4 + 9·0 +15·3 +22'6 
July ... -23·5 -28·5 -26·0 -29·2 -27·5 -21·2 -12·4 - 5·8 + 3·4 +10·7 +18·2 +29·6 
Aug. ... -21·6 -20·6 -24·6 -21'5 -18·4 -11·9 - 7·2 - 1·8 + 5·1 + 9·6 +20·5 +19·7 
Sept. ... -27·6 -25·5 -28·0 -27·1 -16·4 -12·6 - 6·1 - 1·5 + 4·4 +11·7 +18·2 +22·5 
Oct. ... -33·2 -35·2 -33·8 -28·2 -21·4 -14·0 - 9·0 - 0·3 + 8·5 +13·5 +21·6 +28·8 
Nov. ... -34·0 -39·1 -39·6 -35,9 -27·5 -21·6 -12·2 - 5·8 + 2·6 + 9·8 +18·3 +31·4 
Dec. ... -33,6 -37·4 -39,4 -42·4 -42·6 -36·1 -21·0 - 7·2 -10·2 - 0·8 +16·3 +30·8 

1912-
Jan. ... -37·4 -39·4 -35·8 -35·3 -26·7 -25·0 -19·4 -14·7 - 8·5 + 7·0 +17·3 +32·5 
Feb. ... -25·6 -27·5 -·29·4 -31·8 -29·0 -26·1 -16·0 -15·8 - 7·5 - 0·5 +11·4 +15·5 
Mar. ... -22·8 -26·2 -25·9 -21·4 -19·4 -13·1 - 7·7 - 0'6 + 5·1 + 9·5 +24·5 +21·9 
April ... -20·1 -18·7 -18·9 -·16·3 -17·9 -11·2 - 8·5 + 0·4 + 5·4 +10·3 +15'5 +22·2 
May ... -11·0 - 9·3 - 9·1 -11·7 - 9·7 -10·0 - 4·4 - 0·1 + 4·2 +_8'0 +13·0 +17·9 
June ... -16·7 -17·4 -14·4 -10,5 - 9·2 - 7·2 - 5·6 + 0·3 + 2·3 + 3·5 + 8·1 +15·0 
July ... -14·6 -13·8 -14·3 -13·4 -10·4 - 8·4 - 5·5 - 0'3 + 4·0 + 5·4 +10·0 +16·1 
Aug. ... -13·8 -14·5 -16·4 -14·9 -17·1 -13·0 - 7·5 - 1·2 + 3·5 + 8·7 +11·3 +22·3 
Sept. ... -17·8 -15·2 -14·9 -17·8 -15·8 -15·3 -10·8 - 3·2 + 4·8 + 7·2 +16·6 +17·9 
Oct. ... -24·3 -24·4 -24·6 -·25·0 -24·2 -14·7 - 7·6 - 2·1 + 4·7 +13·2 +18·3 +30·3 
Nov. . .. -31·1 -26·7 -29·1 -26·9 -24·6 -18·6 -21·1 - 9·3 + 8·5 + 9·4 +12·0 +23·9 

TABLEXV.-Diurnal Inequality in 8' for the 12 Months, 

- I 
1 h. 

I 
2 h. 

I 
3 h. 

I 
4 h. 

I 
5 h. 

I 
6 h. 

I 
7 h. 

I 
8 h. 

I 
9 h. 

I 
10 h. 

I 
11 h. 

I 
12 h. 

Y Y Y Y Y Y Y Y Y Y Y Y 
Jan. . .. -37·4 -39·4 -35·8 -35,3 -26·7 -25·0 -19·4 -14·7 - 8·5 + 7·0 +17'3 +32'5 
Feb. . .. -44·4 -49·3 -49·9 -46·0 -42·6 -37·4 -23·4 -18·6 - 2·6 +10·7 +28·3 +29·8 
Mar .... . .. -38·0 -36·9 -34'6 -32·9 -25·3 -21·9 -11'7 - 2·0 + 6·3 +14·6 +27·7 +34·2 
April ... -36·4 -42·5 -30·1 -25·0 -26·6 -17·1 -12·1 - 2·0 + 8·2 +14·7 +28·0 +32·8 
May ... -21·1 -23·1 -20·3 -19·2 -15·6 -13·6 - 6·7 - 1·6 + 5·9 + 8·7 +17·1 +18·8 
June ... -18·2 -16·7 -15·9 -·13·4 -12·7 - 9·1 - 6·8 - 0·4 + 2·9 + 6·3 +11·7 +18'9 
July ... . .. -19·0 -21·1 -20·2 -21·3 -18·9 -14·8 - 8·9 - 3·1 + 3·7 + 8·0 +14·1 +22'9 
Aug .... . .. -17·7 -17·5 -20·5 -18·2 -17·7 -12·5 - 7·3 - 1·5 + 4·3 + 9·2 +15·9 +21·0 
Sept. ... -22·7 -20·4 -2] ·5 -22·5 -16·] -14·0 - 8·4 - 2·4 + 4·6 + 9·4 +17·4 +20·2 
Oct .... . .. -28·8 -29·8 -29·2 -26'6 -22·8 -14·3 - 8·3 - 1·2 + 6·6 +13'3 +20·0 +29'6 
Nov. . .. -32·6 -32·9 -34·3 -31·4 -26·0 -20·1 -16·7 - 7·6 + 5·5 + 9·6 +15'2 +27'7 
Deu. . .. -33·6 -37·4 -39·4 -42·.1- -42·6 -36·1 -21·0 - 7·2 -10·2 - 0·8 +16·3 +30·8 

Year ... -29·2 -30·6 -29·3 -27·8 --24·5 -19·7 -12·6 - 5·2 + 2·2 + 9·2 +19·1 +26·6 
Winter ... -]9·0 -19·6 -19·2 -18·0 -16·2 -12·5 - 7·4 - 1·7 + 4·2 + 8·0 +14·7 +20·4 
Equinox ... --31·5 -32·4 -28·9 -20·8 -22·7 -16·8 -10·1 - 1·9 + G·4 +13·0 +23'3 +29·2 
Summer '" -37·0 -39·7 -39·8 -38·8 -34·5 -29·6 -20·1 -12·0 - 4·0 + 6·6 +19'3 +30·2 
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Individual Months from all Complete Days. 

13 h. I 14 h. I l5 h. I 16 h. I 17 h. I 18 h. I 19 h. I 20 h. I 21 h. 
\ 

22 h. I 23 h. I 24 h. \ Range. I A.D. 

r r y y y y r. y y y y r r y 

+67·8 +89·9 +88·4 +91·3 +58·7 +30·6 +13·4 + 3·4 -19·5 -30·1 -38·1 -47·2 162·5 46·42 

+49·8 +64·1 +58·6 +56·1 +58·9 +37,] +1l·6 - 7·1 -27·2 -37·3 -44·9 -54·4 118·5 36·73 

+49·0 +59·8 +66·6 +64·0 +42·7 +38·9 + 8·7 - 8·4 -23·8 -31·7 -50·6 -57·3 132·9 37·00 

+26·8 +34·0 +40·7 +30·8 +23·3 +21·2 +12'6 - 1·7 - 4·8 -16·5 -21·7 -25·8 77·5 20·63 

+29·4 +28·7 +23·1 +27·3 +28·8 +14·3 - 0·2 - 3·9 -10·4 -24·0 -30·4 -26·5 59·8 16·80 

+33·0 +31·6 +38·9 +29·0 +26·9 +21·8 + 5·8 + 0·6 -13·4 ~19'2 -18·2 -24·1 68·1 20·77 

+25·7 +34·9 +30·1 +25·3 +22·8 +14·5 + 3·8 - 6·9 -16·4 -18·9 -21·8 -20·0 59·5 17·65 

+28·4 +35·3 +35·7 +39·6 +30·8 +20·0 - 0·7 - 7·3 -16·8 -28·9 -23·9 -24·8 68·5 20·58 

+40·2 +38·8 +37·0 +35·3 +29·5 +21·8 + 8·4 -- 5·5 -17·3 -32·3 -24·1 -28·9 75·4 23·61 

+39·9 +42·5 +54·5 +50·3 +38·8 +22·6 + 7·8 - 2·2 -14,9 -28·4 -25·6 -32·2 94·1 26·56 

+41.·5 +49·2 +56·4 +50·3 +46·0 +35·2 +18·1 -1- 7·3 - 6·9 -20·3 -23·9 -29·8 99·0 29·28 

+40·3 +44·4 +44·4 +41·1 +31.·3 +25'5 +11·8 + 6·2 - 1·4 -12·3 -:,W·8 -25·1 83·8 25·15 

+27·2 +38·2 +46·2 +51·4 +37·3 +26·7 +18·0 + 6·0 - 8·0 -17·5 -20·8 -22·4 83·2 23·16 

+26·2 +34·4 +30'5 +26·3 +20'5 +14·5 + 6·3 -- 3·8 -12·5 -22·3 -24·2 -19·3 60·6 18·29 

+22·8 +27·9 +26·9 +26·9 +20·3 +11·8 + 4·0 - 3·3 -14·2 -22·3 -22·4 -21·5 50·3 16·24 

+23·6 +25·0 +18·1 +14·7 +11·9 + 6·8 - 0·8 - 9·5 -12·5 --13·3 -19·1 -·22·5 47·5 11·93 

+13'6 +17·2 +19·0 +17·9 +14·3 +10·2 + 4·7 - 0·4 - 6·4 - 8·7 --14·3 -16·1 36·4 10·54 

+16·4 +19·0 +17·1 +1·1·8 +17·3 +12·0 + 3·1 - 2·6 - 7·9 -12·4 -15·5 -15·7 34·7 11·25 

+22·0 +26·7 +25·4 +24·8 +18·1 + 9·3 - 0·5 - 7·0 -11·7 -17·2 --19·0 -1.8·4 45·7 14·35 

+27·0 +3] ·4 +33·0 +28·7 +20·3 + 9·3 + 2·1 - 7·3 -14:·3 -18·3 -23·6 -23·5 56·6 16·50 

+32'5 +32·3 +33·6 +30·1 +22·2 +10·8 + 4·2 - 7·5 -13·2 -24·1 -19·9 -20·8 . 58·6 19·36 

+34·4 +45·7 +47·3 +46·1 +33·5 +20·1 + 8·9 -10·2 -12·5 -26·3 -·26·6 -27·2 78·4 24·17 

3 Seasons and the Year from all Complete Days. 

13 h. I 14 h. I 15 h. I 16 h. I 17 h. I 18 h. I 19 h. I 20 h. I 21 h. I 22 h. I 23 h. I 24 h. I Range. I A.D. 

r y y r r y r y y y 'Y 'Y 'Y r 
+40·3 +44·4 +44·4 +41·1 +31·3 +25·5 +11·8 + 6·2 - 1·4 -12·3 -20·8 --25·1 83·8 25·15 

+47'5 +64·1 +67·3 +71·4 +48·0 +28·7 +15·7 + 4·7 -13·8 -23·8 -29·5 -3·1.·8 121·3 34·68 

+38·0 +49·3 +44·6 +41·2 +39·7 +25·8 + 8·9 - 5·4 -19·9 -29·8 -34·5 ·-36·8 87·3 27·50 

+35'9 +43·8 +46·8 +45·5 +31·5 +25·4 + 6·4 - 5·9 -19·0 -27·0 -36,5 -39·4 89·3 26·61 

+25·2 +29·5 +£9·4 +22·8 +17·6 +14·0 + 5·9 - 5·6 - 8·7 -14·9 -20·4 -24·1 53·6 16·24 

+21'5 +22·9 +21·1 +22·6 +21·6 +12·3 + 2·2 - 2·2 - 8·4 -16·4 -22·3 -21·3 45·2 13·66 

+24·7 +25'3 +28·0 +21·9 +22·1 +16·9 + 4·4 - 1·0 -10·7 -15·8 -16·9 -19·9 49·3 15·98 

+23'9 +30·8 +27·8 +25·1 +20·5 +1l·9 + 1·6 - 7·0 -14·1 -18·0 -20·4 -19·2 51·3 15·98 

+27·7 +33·4 +34·3 +34·1 +25·5 +14·7 + 0·7 - 7·3 -15·5 -23·6 -23·7 -24·1 58·4 18·51 

+36·3 +35·5 +35·3 +32·7 +25·9 +16·3 + 6·3 - 6·5 -15·2 -28·2 -22·0 -24·9 66·1 21·48 

+37·1 +44·1 +50·9 +48·2 +36·2 +21·3 + 8·4: - 6·2 -13·7 -27·4 -26·1 -29·7 85·2 25·37 

+41'5 +49·2 +56·4 +50·3 +46·0 +35·2 +18·1 + 7·3 - 6·9 -20·3 -23·9 -29·8 99·0 29·28 

+33·3 +39·4 +40·5 +38·1 +30'5 +20·7 + 7·5 - 2·4 -12·3 --21·5 -24·7 -27·4 71·1 22·26 

+23·8 +27·1 +26·6 +23·1 +2()'4 +13·8 + 3·5 - 4·0 -10·5 -16,3 --20·0 -21·1 48·2 15·46 

+3·1·5 +40·5 +40,3 +38·4 +30·7 +20·6 + 5·6 - 6·3 --17·4 -27·2 -;::29·2 --31·3 72·9 23·54 

+41·6 +50'5 +54·8 +52·8 +40'4 +27·7 +13·5 + 3·0 - 9·0 -21·0 -25·1 -29·8 94·6 28·37 
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TABLE XVI.-Diurnal Inequality in S' in 

-. 

I 
, 

I I I 
I 

I I I I I I --- I h. 2 h. 3 h. 4 h. 5 h. 
I 

6 h. 7 h. 8 h. 9 h. 10 h. 11 h. 12 h. 

1911- Y I y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
Feb. ... -46·0 -53·5 -49·2 -65·8 -54·0 -41·6 -16·6 --10·8 + 2·9 +20·9 +30·8 +38·3 
Mar. -31·1 -29·8 -32·9 -33·7 -26·7 -19·9 -11·9 - 1·6 + 3·2 + 8·2 +11·4 +17·1 
April ... -27·6 -20·6 -20·5 -14·5 -20·3 -17·2 -14·1 - 0·5 + 9·8 +10·1 +17·5 +14·8 
May ... --15·1 -13·6 -15·0 -10·9 - 8·1 - 7·8 - 7·2 - 2·1 + 4·7 + 4·1 + 8·6 +10·1 
June ... - 6·8 - 7·3 - 8·9 - 8·5 - 7·5 -10·5 - 6·6 + 0·8 + 5·9 + 7·() + 7·4 + 8·9. 
July ... -10·8 -)3·5 -10·8 -18·0 -17·4 -17·3 -10·5 - 4·8 + 3·5 + 6·6 + 9·7 + 8·4 
Aug. ... -11·2 -11·4 -12·9 -11·6 - 9·1 - 4·3 - 3·1 + 0·1 + 6·9 + 6·3 +10·6 +10·7 
Sept. ... -16·6 -13·1 -10·3 -10·2 - 5·5 - 6·7 + 1·6 + 0·6 + 6·1 + 7·7 +12·2 +12·1 
Oct. ... -20·7 -22·8 -19·7 -19·2 -16·9 -14·6 - 9·6 - 3·2 + 5·3 +13·6 +16·3 +22·7 
Nov. ... -21·6 -23·5 -22·6 -26·2 -23·7 -18·2 - 3·8 - 0·4 +10·1 +13·1 +17·0 +19·7 
Dec. ... -19·8 -22·5 -26·5 -30·4 -30·0 -27·2 --21·9 -10·8 - 1·0 + 5·8 +18·7 +24·6 

1912-
Jan. ... -27·1 -27·8 -28·4 -29·7 -26·9 -22·8 -20·2 -19·0 - 3·0 + 5·6 +17·8 +28·1 
Feb. ... -18·4 -21·3 -23·4 -21·2 -20·8 -19·8 -11·3 -19·1 - 1·2 + 1·4 +13·7 +14·4 
Mar. ... -13·9 -15·9 -12·1 -11·3 - 8·9 - 6·4 - 1·3 + 1·9 + 5·1 + 9·4 +10·6 +12·4 
April ... -18·7 -15·4 -10·6 - 9·4 - 8·1 - 6·1 - 3·8 + 0·6 + 4·9 + 8·7 +11·7 +16·4 
May ... - 5·9 - 4·9 - 8·3 - 8·2 - 5·2 - 5·3 - 2·2 + 1·9 + 3·8 + 2·7 + 7·0 + 7·2 
June ... - 6·3 - 5·0 - 5·9 - 7·0 - 5·1 - 4·0 - 2'3 + 1·3 + 1·7 + 3·3 + 5·4 + 5·3 
July ... - 5·9 - 3·5 - 5·9 - 6·4 - 4·5 - 3·8 - 2·9 - 1·3 + 2·8 + 3·5 + 5·1 + 7·1 
Aug. ... - 6·5 - 5·9 - 6·7 - 6·2 - 9·1 - 9·8 - 5·5 - 0·6 + 3·3 + 3·0 + 7·5 +10·7 
Sept. -12·6 - 8·1 - 9·0 - 9·9 - 8·9 - 6·2 - 2·8 - 1·7 + 5·1 + 6·3 +10·9 +15·1 
Oct. ... --17·6 -14·5 -16·4 -20·1 -15·5 -11·0 - 3·8 + 3·8 + 3·8 +11·5 +15'9 +20·3 
Nov. ... -18·5 -14·5 -16·0 -13·4 -18·4 -14·5 -20·2 - 7·7 + 7·4 +12'5 +13·9 +23·4 

f 

TABLE XVII.--Diurnal Inequality in S' for the 12 Months, 

- I 1 h. I 2 h. I 3 h. 
I 

4 h. I 5 h. I 6 h. I 7 h. I 8 h. I 9 h. I 10 h. I 11 h. I 12 h. 

-

I 
'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 

Jan. . .. -27·1 -27·8 -28·4 -29·7 -26·9 -22·8 -!O·2 -19·0 - 3·0 + 5·6 +17·8 +28·1 
Feb. ... -32·2 -37·4 -36·3 -43·5 -37·4 -30·7 -13·9 -14·9 + 0·8 +11·1 +22·2 +26·3 
Mar. ... -22·5 -22·8 -22·5 -22·5 -17·8 -13·1 - 6·6 + 0·1 + 4·1 + 8·8 +11·0 +14·7 
April ... -23·1 -18·0 -15·5 -11·9 -14·2 -11·6 - 8·9 0·0 + 7·3 + 9·4 +14·6 +15·6 
May ... -10·5 - 9·2 -11·6 - 9·5 - 6·6 - 6·5 - 4·7 - 0·1 + 4·2 + 3·4 + 7·8 + 8·6 
June ... - 6·5 - 6·1 -- 7·4 ~ 7·7 - 6·3 - 7·2 - 4·4 + 1·0 + 3·8 + 5·1 + 6·4 + 7·1 
July ... -- 8·3 - 8·5 -- 8·3 -12·2 -10·9 -10·5 - 6·7 - 3·0 + 3·1 + 5·0 + 7·4 + 7·7 
Aug. ... '- 8·8 - 8·6 - 9·8 - 8·9 - 9·1 - 7·0 - 4·3 - 0·2 + 5·1 + 4·6 + 9·0 +10·7 

i Sept. ... -14·6 -10·6 - 9·6 -10·0 - 7·2 - 6·4 - 0·6 - 0·5 + 5·6 + 7·0 +11·5 +13·6 
Oct. ... -19·1 -18·6 -18·0 -19·6 -16·2 -12·8 - 6·7 + 0·3 + 4·5 +12·5 +16·1 +21'5 
Nov. ... -20·0 -19·0 -19·3 -19·8 -21·0 -16·3 -12·0 - 4·0 + 8·7 +12·8 +15·4 +21'5 
Dec. ... -19·8 -22·5 -26·5 -30·4 -30·0 -27·2 -21·9 -10·8 - 1·0 + 5·8 +18·7 +24·6 

Year ... -17·7 -17·4 -17·8 -18·8 -17·0 -14·3 - 9·2 - 4·3 + 3·6 + 7·6 +13·2 +16·7 
Winter ... - 8·5 - 8·1 - 9·3 - 9·6 - 8·2 - 7·8 - 5·0 - 0·6 + 4·1 + 4·5 + 7·7 + 8·5 
Equinox ... -19·8 -17·5 -16·4 -16·0 -13·8 -11·0 - 5·7 0·0 + 5·4 + 9·4 +13·0 +16·4 
Summer ... -24·8 -26·7 -27·6 -30·8 -28·8 -24·2 -17·0 -12·2- + 1·4 + 8·8 +18·5 +25·1 
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Individual Months fronl 10 Quieter Days a Month. 

-

I I I I I I I 
I 

I I I I Range., 13 h. 14 h. 15 h. 16 h. 17 h. 18 h. 19 h. 20 h. I 21 h. ~2 h. 23 h. 24 h. A.D. 
I 

'Y 'Y 'Y 'Y Y 'Y 
I y y 'Y 'Y Y 'Y 'Y 'Y 

+53·6 +65·8 +68·9 +79·0 +43·3 +20·6 +16·8 +11·1 -22·1 -28·5 -28·1 --36·2 144·8 37·68 
+27·0 +34·7 +43·6 +46·7 +39·5 +21·1 + 5·4 + 3·7 - 7·8 -15·0 -22·8 -29·0 80·4 21·83 
+23'5 +29·3 +35·7 +28·8 +25·8 +22·6 + 6·3 - 4·8 -11·6 -21·4 -24·2 -26-5 63·3 18·67 
+12'1 +14·0 +13·3 +14·1 +12·6 + 7·8 + 9·3 + 0·9 - 3·5 - 6·3 - 9·2 -13·5 29·2 9·33 
+12·0 +13·7 +13·6 +13·2 +12·8 + 6·7 + 1·6 - 2·0 - 9·1 -12·5 -11·2 -12·1 26·2 8·61 
+14·0 +15:9 +28·7 +24·2 +19'( +14·4 + 4·7 - 2·1 - 9·1 -11·0 -13·2 ;-10·0 46·7 12·42 
+16·2 +17·1 +12·3 +11'5 +11·5 + 5·7 + 1·5 - 5·1 - 7·3 -11·2 -11·5 -12·2 30·0 9·22 
+18·2 +20·0 +16·6- +]5·5 +12·4 + 5·9 - 2·6 - 7·2 -11,1 -14·5 -15·1 -17·0 37·0 10·78 
+24·0 +23·1 +25·1 +24·2 +18·4 + 8·6 + 3·6 - 2·5 - 9·8 -11·6 -13·4 -20·1 47·9 15·38 
+25·2 +28·1 +33·0 +35·1 +25·3 +13·3 + 1·3 - 6·2 -14·0 -19·6 -21·3 -19·7 61·3 18·42 
+21·3 +28·0 +32·2 +32·2 +31·1 +21·9 +11·1 + 8·5 + 0·6 - 8·9 -15,6 -22·3 62·6 19·70 

+27·7 +31·7 +36·3 +34·9 +33·6 +23·3 +13·1 + 2·9 - 5·0 - 6·0 -17·9 -21·7 66·0 21·27 
+23·0 +30·7 +31·6 +42·0 +31'9 +20·4 +12·0 + 0·2 -10·3 -14·3 -19·5 -19·8 65·4 18·40 
+12,9 +14,5 +15·5 +20·6 +17·1 + 9·4 + 4·4 - 1·8 -12·2 -14·3 -19·6 -17·0 40·2 11·19 
+14·3 +14·4 +13·7 +11·5 +10·4 + 7·9 + 2·1 - 3·1 - 5·0 -11·0 -13·2 -12·8 35·1 9·74 
+ 9·4 +11·6 +10·4 + 8·6 + 5·0 + 2·4 + 0·4 - 5·4- - 8·7 - 5·5 - 5·6 - 6·1 20·3 5·90 
+ 5·6 + 7·7 + 7·9 + 8·4 + 9·0 + 6·2 + 4·4 - 2·7 - 4·8 - 7·1 - 8·4 - 8·5 17·5 5·55 
+10·1 +12·5 + 7·1 +10·8 + 5·7 + 2·5 - 0·2 - 4·2 - 5·6 - 6·9 - 8·3 - 8·3 20·8 5·62 
+11·3 +10,6 -1-14·2 +13·] +10·3 + 5·6 + 0·8 - 3·9 - 8·0 - 9·2 -- 8·9 - 9·3 24·0 7·50 
+18·3 +18,9 +19·8 -t-13'3 -/--11'5 + 3·4 - 0·3 - 7·3 -12·7 -13·8 -14·2 -15·8 35·6 10·25 
+27·2 +28·8 +23·0 +15·0 +11·1 + 6·1 - 0·3 -12·4 -12·8 -13·1 -14·7 -15·0 4809113090 
+28·2 +35·7 +29·2 +21·0 +20·0 + 8·1 + 4·7 - 7·5 -14·7 -19·4 -22·2 -17·2 57·9 17·01 

3 Seasons and the Year from 10 Quieter Days a Month. 

13 h. 
I 

14 h. , 15 h. 
I 

16 h. , 17 h. , 18 h. , 19 h. f 20 h. 
, 21 h. , 22 h. 

I 
23 h. , 24 h. I Range., A.D. 

! 

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y Y 'Y 'Y 'Y 'Y 
+27·7 +31·7 +36·3 +34·9 +33'6 +23·3 +13·1 + 2·9 - 5·0 - 6·0 -17·9 -21·7 66·0 21·27 
+38·3 +48·2 +50·2 +60·5 +37·6 +20·5 +14·4 + 5·6 -16·2 -21·4 -23·8 -28·0 104·0 27·98 
+19,9 +24'6 +29·5 +33·6 +28·3 +15·2 + 4·9 + 0·9 -10·0 -14·6 -21·2 -23·0 56·6 16·34 
+18,9 +21·8 +24·7 +20·1 +18·1 +15·2 + 4·2 - 3·9 - 8·3 -16·2 -18·7 -19·6 47·8 14·16 
+10·7 +12·8 +11·8 +11'3 + 8·8 + 5·1 + 4·8 - 2·2 - 6·1 - 5·9 - 7·4 - 9·8 24·4 7·48 
+ 8·8 +10·7 +10·7 +10·8 +10·9 + 6·4 + 3·0 - 2·3 - 6·9 - 9·8 - 9·8 -10·3 21·2 7·06 
+12·0 +14·2 +17·9 +17·5 +12·5 + 8·4 + 2·2 - 3·1 - 7·3 - 8·9 -10·7 - 9·1 30·1 8·98 
+13·7 +13·8 +13·2 +12·3 +10·9 + 5·6 + 1·1 - 4·5 - 7·6 -10·2 -10·2 -10·7 24·5 8·33 
+18·2 +19·4 +18·2 +14·4 +11·9 + 4·6 - 1·4 - 7·2 -11·9 -14·1 -14·6 -16·4 35·8 10·40 
+25'6 +25·9 +24·0 +19·6 +14·7 + 7·3 + 1·6 - 7·4 -11·3 -12·3 -14·0 -17·5 45·5 14·46 
+26·7 +31·9 +31·1 +28·0 +22·6 +10·7 + 3·0 - 6·8 -14·3 -19·5 -21·7 --18·4 53·6 17·69 
+21,3 +28·0 +32·2 +32·2 +31·1 +21·9 +11·1 + 8,5 + 0·6 - 8·9 -15·6 -22·3 62·6 19·70 

20·2 +23'6 +25·0 +24·6 +20·1 +12·0 + 5·2 - 1·6 - 8·7 -12·3 -15·5 -17·2 43·8 14·32 
+11,3 +12·9 +13·4 +13·0 +10·8 + 6·4 + 2·8 - 3·0 - 7·0 -...:. 8·7 - 9·5 -10·0 23·4 7·95 
+20·7 +22·9 +24·1 +21·9 +18·3 +10·6 + 2·3 - 4·4 -10·4 -14·3 -1,7 ·1 -19·1 43·9 13·77 
+28'5 +35·0 +37·5 +38·9 +31·2 +19·1 +10·4 + 2·6 - 8·7 -13·9 -19·7 -22·6 69·7 21·42 

+ 

-
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TABLE XVIII.-Diurnal Inequality in Vertical Foree in 

-
I 

1 h. 
I 

2 h. 
I 

3 h. I 4 h. I 5 h. 
I 

6 h. 
I 

7 h. I 8 h. I 9 h. 
I 10 h. 

I 
11 h. 

I 
12 h. 

1911-- Y Y Y Y Y Y Y Y Y Y Y y" 
Feb. ... +35·3 +37·1 +30·3 +26·6 +13·6 + 2·3 - 2·4 - 4·0 -14·3 -13·5 -28·3 -37·9 
Mar. ... +24·9 +22·5 +13·7 +12·7 + 4·0 - 7·7 -14·6 -14·5 - 8·0 - 7·7 -19·3 -27·0 
April ... +30·4 +21·4 +11·(j + 3·1 + 0·4 - 2·4 - 6·5 -10·4 -15·1 -18·0 -24·4 -27·9 
May ... +13·9 +17·7 +16·4 + 8·4 + 0·4 - 5·3 - 5·9 -11·3 -12·1 -13·2 -18·8 -19·8 
June ... +14'5 +11'6 + 6·0 + 2·7 - 0·8 - 5·6 -10·2 -11·1 -14·4 -14·8 -17·4 ..!-17·4 
July ... +15·1 +11'9 +10·4 +- 7·0 + 1·8 - 3·5 -10·6 -16·4 -15·0 -19·1 -18·5 -17·7 
Aug. ... +11'5 +13'5 +10·3 + 7·5 + 0·3 - 3·7 - 6·1 - 8·4 -11·3 -12·8 -13·3 -17·0 
Sept. ... +14·0 +14·2 +10·6 + 6·4 + 1·1 -:- 3·3 - 5·3 - 7·8 - 9·1 - 8·8 -12·8 -14·7 
Oct. ... +18·9 +20·2 +18·0 +16·7 + 7·7 + 5·9 + S'7 + 0·2 - 7·2 -10·5 -18·4 -25·5 
Nov. ... +29·9 +28·2 +23·5 +17·7 + 9·1 + 0·5 + 1·4 + 9·5 + 2·4 '-13·3 -23·5 -29·0 
Dec. ... +34·5 +33·7 +30·5 +21-2 +20·9 +12·0 - 0·3 - 8·4 - 7·3 -16·5 -34·1 -43·8 

1912-
Jan. ... +30·2 +34·2 +30·1 +23·3 +13·0 + 5·3 - 2·1 - 6·5 + 2·5 - 7·8 -23·7 -27·6 
Feb. ... +25·1 +26'5 +27·0 +23·1 +20·5 +12·5 + 2·3 - 2·4 - 7·8 -19·7 -28·6 -35·7 
Mar. ... +16·2 +14·0 +15·4 +14·3 + 8·1 + 4·7 + 1·7 - 1·8 - 5·1 -10·1 -14·4 -22·7 
April ... +14·3 +12·8 +10·9 + 6·0 + 1·5 - 1·0 - 4·6 - 7·3 -10·1 -12·3 -15·3 -18·8 
May ... +10·0 + 7·8 + 4·5 + 0·7 - 1·7 - 4·5 - 6·8 - 8·0 - 9·7 - 9·9 -11·5 -14·6 
June ... + 6·6 + 9·0 + 8·9 + 3·4 - 1·8 - 3·6 - 5·2 - 8·0 - 9·3 -11·2 -13·5 -13·0 
July ... + 8·6 + 8·4 + 7·3 +- 5·5 + 1·7 -- 2·8 - 4·8 - 6·3 - 8·5 - 9·4 -10·8 - 9·4 
Aug. ... + 9·4 + 7·7 + 7·4 + 6·5 + 3·4 + 0·8 - 3·8 - 4·8 - 7·9 -10·0 -11·6 -12·1 
Sept. ... +12·5 +10·2 + 8·5 + 5·1 + 3·5 + 2·2 - 0·7 - 0·6 - 2·8 -11·8 -14·4 -15·8 
Oct. ... +18·5 +21·4 +16·3 +11·2 + 6·3 - 2·8 - 2·2 - 3·6 - 3·9 - 9·4 -11·1 -19·8 
Nov. ... +31·2 +37·9 +24·8 +12·2 + 0·6 - 9·1 - 2·8 - 8·5 + 0·6 - 4·1 -31·2 -26'3 

TABLE XIX.-Diurnal Inequality in Vertical Force for the 

- I 
1 h. 

I 
2 h. 

I 
3 h. I 4 h. I 5 h. 

I 
6 h. 

I 
7 h. I 8 h. I 9 h. I IOh I 11 h. I 12 h. 

Y Y Y Y Y Y Y Y Y Y Y Y 
Jan. ... +30·2 +34·2 +30·1 +23·3 +13·0 + 5·3 - 2·1 - 6·5 + 2·5 - 7·8 -23·7 -27·6 
Feb. ... +30·2 +31·8 +28·7 +24·8 +17·1 + 7·4 0·0 - 3·2 -11·0 -16·6 -28·5 -36·8 
Mar. . .. +20'5 +18'3 +14·6 +13'5 + 6·1 - 1·5 - 6·5 - 8·1 - 6·5 - 8·9 -16·9 -24·8 
April ... +22·3 +17·1 +11·2 + 4·6 + 0·9 - 1·7 - 5·6 - 8·9 -12·6 -15·1 -19·9 -23·4 
May ... +11·9 +12'7 +10·4 + 4·5 - 0·6 - 4·9 - 6·3 - 9·6 -10·9 -11·5 -15·1 -17·2 
June ... +10'5 +10·3 + 7·5 + 3·1 - 1·3 - 4·6 - 7·7 - 9·6 -11·9 -13·0 -15·4 -15·2 
July ... +11·8 +10'1 + 8·9 + 6·2 + 1·8 - 3·1 - 7·7 -11·4 -11·7 -14·3 -14·6 -13·6 
Aug. . .. +10·5 +10·6 + 8·9 + 7·0 + 1·9 - 1·4 - 4·9 - 6·6 - 9·6 -11·4 -12·4 -14·5 
Sept. ... +13·3 +12·2 + 9·5 + 5·8 + 2·3 - 0·6 - 3·0 - 4·2 - 5·9 -10·3 -13·6 -15·3 
Oct. ... +18·7 +20·8 +17'1 +13·9 + 7·0 + 1·5 + 0·8 - 1·7 - 5',6 -10·0 -14·8 -22·6 
Nov. . .. +30·6 +33·0 +24·2 +15·0 + 4·8 - 4·3 - 0·7 + 0·5 + 1·5 - 8·7 -27·4 -27·6 
Dec. ... +34·5 +33·7 +30·5 +21·2 +20·9 +12·0 - 0·3 - 8·4 - 7·3 -16·5 -34·1 -43·8 

Year ... +20·4 +20·4 +16·8 +11·9 + 6·2 + 0·3 - 3·7 - 6·5 - 7·4 -12·0 -19·7 -23·5 
Winter ... +11·2 +10·9 + 8·9 + 5·2 + 0·5 - 3·5 - 6·6 - 9·3 -11·0 -12,5 -14·4 -15·1 
Equinox ... +18·7 +17·1 +13·1 + 9·5 +4·1 - 0·6 - 3·6 - 5·7 - 7·7 -H·1 -16·3 -21·5 
Summer ... +31·4 +33·2 +28·4 +21'1 +14·0 + 5·1 - 0·8 - 4·4 - 3·6 -12·4 -28·4 -34·0 

I I 
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Individual Months from all Complete Days. 

13 h. I 
14 h. I 15 h. I 16 h. 

I 
17 h. 

I 
18 h. , 19 h. 

I 
20 h. , 21 h. I 22 h. 

I 
23 h. 

I 
24 h. I Range., A.D. 

r r r r r y y y r y y y r r 
-35·9 -42·5 -38·1 -31·1 -15·0 - 8·9 - 0·6 + 7·2 +18·8 +29·8 +37·0 +35·2 79·6 22·74 
-30·1 -24·9 -24·4 -21·8 - 7·8 - 0·2 + 7·6 +16·1 +19·9 +26·9 +28·9 +29·8 59'9 17·31 
-29·0 -25'5' -19·6 -14·0 - 4·0 + 5·6 +10·2 +17·5 +23·4 +21·8 +23·1 +27·9 59·4 16·38 
-21·7 -20·0 - 9·4 - 7·0 - 4·3 - 7·9 +11·0 + 7·8 +17·2 +14·0 +17·4 +16·2 39·4 12·38 
-15·0 -11·6 - 9·2 - 6·5 + 2·1 + 7·1 + 6·9 +13·4 +15·8 +17·0 +16·1 +20·9 38·3 11·17 
-16·7 -14·6 -10·0 - 9·1 - 5·3 ~ 0·1 + 5·2 +16·5 +19·9 +27·7 +21·8 +18·9 46·8 13·03 
-15·1 -14·7 -10·5 - 7·5 - 4·0 - 1·5 + 4·9 +11·0 +15·5 +1~·6 +17·1 +14·9 35·6 10·46 
-17·7 -17·4 -19·3 -11·6 - 6·1 - 0·5 + 6·6 + 8·7 +12·0 +16'5 +25·0 +18·6 44·3 1l·17 
-27·2 -24·5 -21·2 -17·0 -12·6 - 5·6 + 0·5 + 8·1 +12·7 +17·2 +19·6 +19·5 47·4 14·11 
-27·8 -35·4 -32·3 -25·8 -19·3 .- 9·2 - 0·2 + 5·5 +13·5 +20·5 +25·2 +29·1 65·3 17·99 
-46·0 -45·9 -37·1 -25·4 -14·2 - 4·6 + 3·3 + 8·0 +19·8 +27·4 +36·4 +35·8 82·4 23·63 

-38·0 -32·5 -30·1 -22·6 -14·5 -10·7 - 2·2 + 3·6 +10·7 +16·4 +21·5 +27·4 72·2 18·19 
-42·5 -39·4 -33·2 -24'5 -12·9 - 3·6 + 3·7 +12·1 +20·0 +25·2 +26·3 +26·0 69·5 20·56 
-22·3 -23·4 -20·9 -13·9 - 5·7 - 1·7 + 3·3 + 7·8 +11·0 +13·4 +16·3 +16·3 39·7 1l·85 
-17·6 -16·7 -13·8 - 7·6 - 1·7 + 0·1 + 5·9 + 8·2 +14·1 +15·8 +18·7 +18·2 37·5 10·55 
-10·9 - 8·1 - 7·6 -'4·9 - 3·2 + 4·0 + 5·9 +10·5 +12·8 +16·2 +12·5 +17·5 32·1 8·49 
-13·1 -10·5 - 6·2 - 4·0 + 0·4 + 3·8 + 9·2 +11·2 +15·4 +14·2 + 9·4 + 7·1 28·9 8·25 
- 8·2 - 9·7 - 7·8 - 4·8 + 2·2 + 3·6 + 3·7 + 7·0 + 9·7 + 9·2 + 7·3 + 8·6 20·5 6·89 
-13·6 -13·6 -10·5 - 5 .. 9 + 4·8 + 3·1 + 4·6 + 7·8 + 7·8 + 8·7 + 9·8 +12·0 25·6 7·82 
-17·9 -16·1 -13·7 - 8'5 - 6·4 - 1·2 + 4·0 + 7·9 +1l·8 +14·1 +14·8 +14·6 32·7 9·13 
-23·1 -20·9 -20·3 -14·8 -1l·2 -4·1 + 1·7 + 6·4 +12·7 +15·8 +19·2 +18·5 44·5 12·30 
-27·7 -29·9 ~25·5 -20·8 -11·2 - 4·9 - 1·3 + 9·0 +16·3 +19·6 +24·0 +27·2 69·1 16·95 

I 

12 Months, 3 Seasons and the Year from all COlnplete Days. 

13 h. 
I 

14 h. 
I 

15 h. 
I 

16 h. I J7 h. 
, 18 h. I 19 h. I 20 h. , 21 h. 

I 
22 h. I 2:1 h. 

I 
24 h. , Range., A.D. 

y r y r y y y y y y ?' Y Y Y 
-38·0 -32·5 -30·1 -22·6 -14·5 -10·7 - 2·2 + 3·6 +10·7 +16·4 +21·5 +27·4 72·2 18·19 
-39·2 -41·0 -35·7 -27·8 -14·0 - 6·2 + 1·6 + 9·6 +19·4 +27·5 +31·6 +30·6 72·8 21·68 
-26·2 -24·1 -22·6 -17·9 - 6·8 - 0·9 + 5·5 +12·2 +15·4 +20·1 +22·6 +23·0 49·2 14·32 
-23·3 -21·1 -16·7 -10·8 - 2·9 + 2·8 + 8·0 +12·9 +18·8 +18·8 +20·9 +23·0 46·4 13·47 
-16'3 ..... 14·0 - 8·5 - 6·0 - 3·8 + 5·9 + 8·4 + 9·1 +15·0 +15·1 +15·0 +16·9 34·1 10·40 
-14·1 -11·0 - 7·7 - 5·3 + 1·2 + 5·4 + 8·1 +12·3 +15·6 +15·6 +12·7 +14·0 31·0 9·71 
-12·4 -12·2 - 8·9 - 7·0 - 1·6 + 1·3 + 4·4 +11·7 +14·8 +18·4 +14·5 +13·8 33·0 9·84 
-14'4 -14·2 -10·5 - 6·7 + 0·4 + 0·8 + 4·7 + 9·4 +11·6 +13·6 +13·5 +13·4 28·1 8·87 
-17·8 -16·7 -16·5 -10·0 - 6·3 - 0·8 + 5·3 + 8·3 +11·9 +15·3 +19·9 +16·6 37·7 10·06 
-25·2 -22·7 -20·8 -15·9 -11·9 - 4·8 + 1·1 + 7·2 +12·7 +16'5 +19·4 +19·0 46·0 12·99 
-27·8 -32·7 -28·9 -23·3 ~15·3 - 7·1 - 0·8 + 7·3 +14·9 +20·1 +24·6 +28·2 65·7 17·05 
-46·0 -45·9 -37·1 -25·4 -14·2 - 4·6 + 3·3 + 8·0 +19·8 +27·4 +36·4 +35·8 82·4 23·63 

-25·1 -24·0 -20·3 -14·9 - 7·5 - 1·6 + 4·0 + 9·3 +15·1 +18·7 +21·1 +21·8 46·9 13·84 
-14·3 -12·8 - 8·9 - 6·2 - 0·9 + 3·4 + 6·4 +10'6 +14·3 +15·7 +13·9 +14'5 30·8 9·62 
-23·1 -21'1 -19·1 -13·6 - 7·0 - 0·9 + 5·0 +10·2 +14·7 +17·7 +20~7 +20·4 43·8 12·61 
-37·7 -38·0 -33·0 -24·8 -14·5 - 7·2 + 0·5 + 7·1 +16·2 +22·8 +28·5 +30·5 71·2 19·90 



TABLE XX.-Diurnal Inequality in Vertical Forcein 

- I 
1 h. I 

2 h. 
I 

3 h. 
I 

4 h. 
I 

5 h. I 
6 h. 

I 
7 h. I ~ h. I 

9 h. I 
10 h. 

I 
11 h. I 

12 h. 

1911- Y Y Y Y Y Y Y Y Y Y Y Y 
Feb. ... +28·1 +28·7 +26·6 +31·2 +22·1 +11·5 - 1·9 - 8·9 -10·6 - 6·4 -25·7 -32·9 

Mar. ... + 9·6 +11·1 + 6·8 +10·2 + 6·6 + 0·3 - 7·8 + 2·7 + 4·6 +10·1 + 1·2 -11·6 

April ... +14·3 + 8·0 + 3·9 + 5·3 + 2·7 + 3·3 - 1·8 - 0·7 - 2·6 - 5·2 '::"'13·9 -21·9 

May ... + 7·3 + 8·5 + 9:2 + 3·1 + 0·2 - 1·5 - 0·1 - 1·8 - 2·1 - 4·3 - 7·4 -- 7·8 

June ... + 6·0 + 3·2 + 1·6 + 2·0 + 1,3 - 1·0 - 4·7 - 5·5 - 9·2 - 7·4 - 9·2 - 8·2 

July ... + 5·8 + 5·4 + 6·2 + 3·8 + 3·2 - 1·3 - 4·2 - 5·3 - 7·7 - 9·8 -10·3 - 9 .. 8 

Aug. ... + 7·5 + 7·7 + 8·7 + 6·4 + 1·5 - 0·8 - 4·9 - 5·0 - 6·7 - 7·6 - 5·8 - 8·5 

Sept. ... +10·4 +19·3 + 7·4 + 3·4 + 0·9 - 2·1 - 6·1 - 5·9 - 7·6 -- 6·1 -10-1 - 9·1 

Oct. ... +14'5 +14·4 +14·7 + 9·8 + 5·3 + 2·6 - 0·4 - 1·4 - 9·7 - 7·5 -11·6 -23·2 

Nov. ... +24·5 +22·5 +15·6 +18'1 +15·4 +10·4 + 6·0 + 0·9 - 9·4 -23·9 -27·5 -30·9 

Dec. ... +26·8 +26·9 +27·6 +20'6 +16·3 + 7·5 + 5·6 + 4·6 + 2·0 -22·5 -24·8 -28·9 

1912--
Jan. ... +23·3 +25'5 +25·6 +20·5 +16·4 + 9·0 + 0·1 - 7·7 + 1·9 - 9·8 -15·7 -24·9 

Feb. ... +21·9 +22·4 +23·0 +18·5 +17·2 + 9·1 + 2·5 + 0·1 - 8·3 -19·9 -30·6 -30·4 

Mar. ... +11·8 + 9·4 + 9·3 + 9·6 + 5·1 + 1·2 + 1·1 + 3·8 + 4·9 + 1·0 - 8·1 -16·9 

April ... + 9·2 + 9·0 +10·6 + 5·5 + 0·8 - 1·8 - 5·9 - 0·5 - 5·6 - 7·8 -13·6 -13·9 

May ... + 3·6 + 3·0 + 3·5 + 2·4 - 0·4 - 1·9 - 4·1 - 3·1 - 4·3 - 3·9 - 4·7 - 5·5 

June ... + 5·8 + 4·5 + 5·4 + 3·2 + 0·1 - 1·0 - 3·5 - 3·6 - 4·9 - 6·6 - 7·1 - 6·5 

July ... + 4·5 + 4·5 + 5·5 + 3·5 + 0·7 - 1·5 - 1·9 - 3·8 - 3·5 - 4·4 - 5·1 - 4·7 

Aug. ... + 6·2 + 6·4 + 4·9 + 4·4 + 4·3 + 1·0 - 2·0 - 3·3 - 4·2 - 6·4 - 7·2 - 9·4 

Sept. ... + 8·4 + 6·5 + 7·5 + 5·0 + 2·7 + 0·3 - 1·9 + 0·1 + 0·7 - 5·8 - 9·6 -10·9 

Oct. ... +15·6 +17·6 +14·8 +12·3 + 6·2 + 0·5 - 1·5 - 0·9 - 4·7 - 5·7 -12·9 -20·4 

Nov. ... +27·4 +26·4 +17·3 +11·3 + 4·8 - 2·6 - 0·7 - 6·6 - 1·9 - 9·6 -24·1 -20·2 

TABIAE XXI.-Diurnal Inequality in Vertical Force for the 12 Months, 

---
I 

1 h. I 2 h. 
I 

3 h. I 4 h. 
I 

5 h. 
I 

6 h. 
I 

7 h. 
I 

8 h. 
I 

9 h. 
I 

10 h. 
I 

11 h. 
I 

12 h. 

~--

Y Y Y Y Y Y Y Y Y Y Y Y 
Jan. '" +23·3 +25·5 +25·6 +20·5 +16·4 + 9·0 + 0·1 - 7·7 + 1-9 - 9·8 -15·7 -24·9 

Feb. ... +25·0 +25·6 +24·8 +24·9 +19·7 +10·3 + 0·3 - 4·4 - 9·4 -13-1 -28·1 -31·6 

Mar. ... +10·7 +10·3 + 8·1 + 9·9 + 5·8 + 0·7 - 3·4 + 3·2 + 4·7 + 5·5 - 3·5 -14·3 

April ... +11·8 + 8·5 + 7·3 + 5·4 + 1·8 + 0·8 - 3·8 - 3·1 - 4·1 - 6·5 -13·7 -17·9 

May ... + 5·5 + 5·8 + 6·4 + 2·8 - 0·1 - 1·7 - 2·1 - 2·5 - 3·2 - 4·1 - 6·1. - 6·7 

June ... + 5·9 +-3'8 + 3·5 + 2·6 + 0·7 - 1·0 - 4·1 - 4·6 - 7·1 - 7·0 - 8·2 - 7·4 

Julv ... + 5·2 + 5-0 + 5·8 + 3·6 + 1·9 - 1·4 - 3·1 - 4·6 - 5·6 - 7·1 -7·7 - 7·3 

Aug. ... + 6·8 + 7·1 + 6·8 + 5·4 + 2·9 + 0·1 - 3·5 - 4·2 - 5·5 - 7·0 - 6·5 - 9·0 

Sept. ... + 9·4 +12·9 + 7·5 + 4·2 + 1·8 - 0·9 - 4·0 - 2·9 - 3·5 - 5·9 - 9·8 -10·0 

Oct. ... +15·0 +16·0 +14·8 +11·1 + 5·8 + 1·6 - 1·0 - 1·2 - 7·2 - 6·6 -12·2 -21·8 

Nov. ... +25·9 +24'5 +16·5 +14·7 +10·1 + 3·9 + 2·7 - 2·9 - 5·7 -16·8 -25·8 -25·6 

Dec. ... +26·8 +26·9 +27·6 +20·6 +16·3 + 7·5 + 5·6 + 4·6 + 2·0 -22·5 -24·8 -28·9 

Year ... +14·3 +14·3 +12·9 +10·5 + 6·9 + 2·4 - 1·4 - 2·5 - 3·6 - 8·4 -13·5 -17·1 

Winter ... + 5·8 + 5·4 + 5·6 + 3·6 + 1·3 - 1·0 - 3·2 - 4·0 - 5·4 - 6,;) - 7·1 - 7·6 

Equinox ... +11'7 +11'9 + 9·4 + 7·7 + 3·8 + 0·6· - 3·1 - }-o - 2·5 - 3·4 - 9·8 -16·0 

Summer ... +25·3 +25·6 +23'6 +20·2 +15·6 + 7·} + 2·2 - 2·6 - 2·8 -15'5 -23·6 1-27.7 

-
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Individual Months from 10 Quieter Days a Month. 

13 h. 
I 

14 h. I 15 h. I 16 h. I 17 h. I 18 h. I 19 h. I 20 h. I 21 h. 

I' I' I' I' I' I' I' I' I' 
-32·4: -29·9 -32·0 -25·7 -18·6 -11·0 - 1·9 - 2·7 +11·5 
-16·9 -20·2 -20·8 -18·2 --11·3 - 6·9 - 1·3 + 4·7 + 9·7 
-21·5 -19·5 -17·9 -14·9 - 6·9 - 0·6 + 2·7 +16·1 +25·8 
- 9·0 - 8·1 - 7·8 - 6·8 - 5·4 - 3·0 + 4·6 + 4:·8 + 3·8 
- 6·5 - 3·7 - 2·4: - 1·0 - 0·2 + 2·1 + 5·7 + 6·9 + 5·5 
- 9·6 - 9·1 - 4·6 - 3·1 - 0·6 + 3·2 + 4:·9 + 6·0 + 7·5 
- 6·1 - 6·7 - 4·8 - 4·2 - 1·5 - 1·5 - 0·5 + 3·0 + 6·6 
-13·0 -10·9 -10·2 - 7·2 - 2·1 + 3·1 + 6·3 + 4·4 + 4·8 
-20·5 -14·5 -12·7 - 8·4 - 6·8 - 1·7 + 2·3 + 5·6 + 9·5 
-27·6 -32·3 -25·3 -17·2 -10.·6 - 2·4 + 3·3 + 7·0 +14·8 
-33·9 -37·4 -35·4 -25·8 -14·1 - 6·4 + 1·7 + 3·4 +12·1 

-32·1 -29·5 -31·2 -19·8 -12·8 - 7·1 - 0·9 + 7·2 + 8·2 
-35·9 -35·9 -29·0 -21·4 - 8·1 + 0·9 + 5·8 +11·9 +17,6 
-17,5 -19·4 -19·1 -12·0 - 4·1 - 1·5 + 0·5 + 4·1 + 7·5. 
-12·1 -10·8 - 6·8 - 3·1 - 1·4 + 2·5 + 4·5 + 7·3 + 8·6 
- 5·0 - 4:·3 - 2·9 - 1·2 + 0·4: + 1·3 + 3·6 + 4·0 + 5·6 
- 6·9 - 5·8 - 5·4 - 3·4 0·0 + 1·6 + 5·4 + 4·5 + 5·9 
- 5·0 - 5·1 - 3·1 - 2·0 - 0·5 + 1·6 + 2·7 + 3·1 + 3·7 
- 8·9 - 7·6 - 6·5 - 3·2 + 0·7 + 1·8 + 3·3 + 2·6 + 3·6 
-14·3 -12·1 - 9·3 - 5·3 - 5·0 - 0·2 + 2·7 + 4·7 + 8·0 
-24·3 -18·9 -16·5 -12·6 - 7·5 + 0·2 + 5·9 + 8·5 + 9·8 
-23·9 -29·9 -24·4 -19·1 -10·4 - 2·] + 0·6 + 9·9 +17·1 

3 Seasons and the Year from 10 Quieter Days a Month. 

13 h. I 14 h. I 15 h. I 16 h. I 17 h. I 18 h. I 19 h. I 20 h. I 21 h. 

I' I' I' I' I' I' I' I' I' 
-32·1 -29·5 -31·2 -19·8 -12·8 - 7·1 - 0·9 + 7·2 + 8·2 
-34·1 -32·9 -30'5 -23'5 -13·3 - 5·0 + 2·0 + 4·6 +14·6 
-17·2 -19·8 -20·0 -15·1 - 7·7 - 4·2 - 0·4 + 4:·4 + 8·6 
-16·8 -15·1 -12·3 - 9·0 - 4·1 + 1·0 + 3·6 +11·7 +17·2 
- 7·0· - 6·2 - 5·4: - 4·0 - 2·5 - 0·9 + 4·1 + 4:4 + 4:·7 
- 6·7 - 4:·8 - 3·9 - 2·2 - 0·1 + 1·8 + 5·5 + 5·7 + 5·7 
- 7·3 - 7·1 - 3·9 - 2·6 - 0·6 + 2·4 + 3·8 + 4·5 + 5·6 
- 7·5 - 7·2 - 5·7 - 3·7 - 0·4 + 0·1 + 1·4 + 2·8 + 5·1 
-13·6 -11·5 - 9·7 - 6·2 - 3·5 + 1·5 + 4·5 + 4·6 + 6·4 
-22·4 -16·7 -14'6 -10·5 - 7·2 - 0·7 + 4·1 + 7·1 + 9·6 
-25·8 -31·1 -24·9 -18·2 -10·5 - 2·3 + 1·9 + 8·5 +16·0 
-33·9 -37·4 -35·4 -25·8 -14·1 - 6·4 + 1·7 + 3·4 +12·1 

-18·7 -18·3 -16'5 -11·7 - 6·4 - }·7 + 2·6 + 5·7 + 9·5 
- 7·1 - 6·3 - 4·7 - 3·1 - 0·9 + 0·9 + 3·7 + 4·4 + 5·3 
-17·5 -15·8 -14·1 -:-10·2 - 5·6 - 0·6 + 3·0 + 7·0 +10·4 
-31·5 j-32.7 1-30'5 ,-21'8 -12·7 - 5·2 + 1·2 + 5·9 +12·7 
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I 22 h. I 23 h. 

I' I' 
+23·1 +26·5 
+14·0 +10·1 
+17·0 +14'5 
+ 6·2 + 8·1 
+ 8·8 + 7·8 
+ 9·9 + 9·5 
+ 5·9 +10·3 
+ 6·2 +10·7 
+10'9 +12'4 
+19·9 +22'3 
+18·1 +27·7 

+12·2 +17'3 
+21'9 +22·4 
+10·0 + 9·5 
+ 8·7 +11·2 
+ 5·4 + 3·5 
+ 6·4 + 6·7 
+ 2·9 + 3·7 
+ 5·7 + 5·9 
+ 8·2 + 9·4 
+12'1 +]0·9 
+18·1 +18·8 

I 22 h. I 23 h. 

I' I' 
+12·2 +17·3 
+22·5 +24·5 
+12·0 + 9·8 
+12·9 +12'9 
+ 5·8 + 5·8 
+ 7·6 + 7·2 
+ 6·4 + 6·6 
+ 5·8 + 8·1 
+ 7·2 +10·1 
+11·5 +11·7 
+19·0 +20·6 
+18·1 +27·7 

+11·8 +13·5 
+ 6·4 + 6·9 
+10·9 +11·1 
+18·0 +22·5 

I 

I 
24 h. 

I' 
+30·1 
+12·9 
+13·2 
+10·0 
+ 8·2 
+10·7 
+ 8·1 
+12'4 
+15·7 
+25·7 
+27·2 

+23·4 
+23·4 
+10·9 
+ 9·3 
+ 4·3 
+ 6·1 
+ 4·3 
+ 7·6 
+10·3 
+11·8 
+24·9 

I 24 h. 

I' 
+23·4 
+26·8 
+11·9 
+11·3 
+ 7·2 
+ 7·1 
+ 7·5 
+ 7·8 
+11·4 
+13·8 
+25·3 
+27·2 

+15·1 
+ 7·4 
+12·1 
+25·7 

I Ra.nge. 

I' 
64·1 
34·8 
47·7 
19·0 
18·0 
21·0 
18·8 
32·3 
38·9 

A.D. 

I' 
20·00 

9·57 
10·59 
5·45 
4·92 
6·31 
5·43 
7·49 
9·84 

58· o 17 ·23 
19·05 65·1 

57·7 
59·3 
31·2 
25·1 
11·1 
13·8 
10·6 
17·0 
24·6 
41·9 
57·3 

I Ra.nge·1 

I' 
57·7 
60·9 
32·0 
35·1 
14·2 
]5·8 
15·2 
17 ·1 
26·5 
38·4 
57·0 
65·1 

33·8 
15·0 
29·6 I 

15·92 
18·25 
8·26 
7·31 
3·41 
4·60 
3·39 
4·88 
6·20 

14·67 
1

10,50 

A.D. 

I' 
15·92 
18·81 
8·80 
8·86 
4·38 
4·76 
4·86 
5·02 
6·79 

10·18 
15·80 
19·05 

9·97 
4:·73 
8·30 

58·4 117 ·20 
I I I 



rrABLE XXII.-Diurnal Inequality in East Component for the 

- I 1 h. I 2 h. 
I 

3 h. I 4 h. I 5 h. I 6 h. I 7 h. I 8 h. I 9 h. I 10 h. I 11 h. 
J 

12 h. 

Y Y 'Y Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
Jan. ... +13·0 + 2·9 - 5·4 - 8·2 -19·4 -17·3 -10·4 -14·1 -28·7 -60·5 -48·3 -44·4 
Feb. ... +16·0 + 0·9 - 2·4 -12·8 -24·9 -35·0 -40·5 -53·9 -49·7 -52'6 -59·0 -37·7 
Mar. ... + 9·0 + 1·7 - 4·4 -13·6 -20·8 -26·2 -29·0 -37·9 -42·4 -42·6 -43·2 -39·7 
April ... + 4·3 + 2·1 - 5·8 - 8·2 -16·7 -24·3 -28·3 -30·4 -38·2 -35'4 -36·7 -30·6 
May ... + 5·5 + 2·0 - 2·2 - 8·2 -12·9 -16·6 -16·6 -22·6 -22·1 -23·5 -25·1 -19·8 
June ... + 1·0 - 0·9 - 2·5 - 6·3 - 7·6 -12·6 -14·9 -18·3 -18'3 -17·2 -20·0 -18·4 
July ... + 5·1 - 0·3 - 1·1 - 4·9 -11·2 -15·2 -15·5 -17·9 -18·1 -18·8 -20·4 -19·4 
Aug. ... + 5·1 + 1'6 - 5·8 - 7·4 -11·5 -18·2 -19·2 -21·0 -20'5 -24,7 -28·8 -21·8 
Sept. ... + 3·3 + 0·8 - 4·4 - 8·5 -13·8 -21,1 -22·6 -27·8 -32·8 -30,1 -29·6 -23·1 
Oct. ... + 5·2 - 0·2 - 7·7 -13·9 -19·3 -25·8 -30·3 -32·9 -37·4 -38·6 -35·0 -29·9 
Nov. ... + 4·9 - 1·1 - 3·3 - 7·5 -15·0 -20·1 -37·1 -44·8 -48·6 -51·7 -35,5 -31·5 
Dec. ... +12·7 + 7·2 - 0·3 - 5·3 -15·8 -24·8 -41·9 -26·9 -42·0 -32,6 -36·8 -33·4 

Year ... + 7·1 + 1·4 - 3·8 - 8·7 -15·7 -21·4 -25·5 -29·0 -33·2 -35·7 -34'9 -29·1 
Winter ... + 4·2 + 0·6 - 2·9 - 6·7 -10·8 -15·7 -16·6 -19·9 -19·8 -21,1 -23·6 -19·8 
Equinox ... + 5·5 + 1·1 - 5·6 -11·1 -17·7 -24·3 -27·6 -32·2 -37·7 -36·7 -36·1 -30·8 
Summer ... +11·7 + 2·5 - 2·9 - 8·5 -18·8 -24·3 -32·5 -34·9 -4-2·3 -49·4 -44·9 -36·8 

TABLE XXIII.-Diurnal Inequality in East Component for the 

- I 1 h. 
I 

2 h. I 3 h. 
I 

4 h. I 5 h. I 6 h. 
I 

7 h. 
I 

8 h. I 9 h. I 10 h. I 11 h. I 12 h. 

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
Jan. ... +11·4 +11·6 + 6·2 0·0 -11·7 -14·8 -25·4 -22·4 -36·0 -41·4 -39·8 -33·1 
Feb. ... +11'3 + 4·7 - 2·3 - 7·2 -27·1 -24·1 -30·6 -36,3 -43·0 -43·8 -41·8 -29·7 
Ma.r. ... + 8~4 + 4·0 - 0·4 - 3·5 -10·9 -11·5 -17·9 -16·9 -24·6 -27·6 -29·4 -22·5 
April ... + 0·2 - 2·3 - 4·4 - 6·1 -10·5 -13·8 -19·0 -18·4 -21·6 -17·2 -14·7 -11·9 
May ... + 2·9. + 2·5 - 1·3 - 2·0 - 4·0 - 6·3 - 9·2 -10'6 -10·8 - 9·4 - 9·8 - 8·2 
June ... - 0·8 - 0·1 - 1·4 - 4·5 - 3·9 - 8·7 - 9·3 -11·8 - 9·6 - 8·2 - 9·5 - 6·9 
July ... + 0·1 + 0·2 0·0 - 0·3 - 6·7 - 7·9 -11·3 -10·1 - 7·9 - 8·4 - 7·1 - 5·3 
Aug. ... + 1·7 + 2·2 - 1·5 - 6·7 - 6·0 - 7·7 - 8·6 -12·6 -12·5 ::- 9·5 -12·3 - 6·4 
Sept. ... - 2·3 - 1·6 - 2·8 - 4·4 - 8·5 -10·1 -11·0 -13·0 -15·6 -19·0 -16·6 -12·0 
Oct. ... + 0·2 - 4·3 - 9·0 - 8·8 -10·2 -16·5 -15·9 -19·9 -20·0 -25·7 -23·1 -15·0 
Nov. ... + 3·7 - 4·3 - 0·6 - 2·5 - 6·4 -15·4 r-34·9 -35·4 -37,4 -43·7 -29·3 -17·6 
Dec. ... + 2·3 + 8·0 + 6·5 + 0·5 - 8·2 -13·4 -12·9 -18·5 -30·6 -40·5 -44·6 -31·3 

Year ... + 3·3 + 1·7 - 0·9 - 3·8 - 9·5 -12·5 -17·2 -18,8 -22·5 -24·5 -23·2 -16·7 
Winter ... + 1·0 + 1·2 - 1·0 - 3·4 - 5·1 - 7·6 - 9·6 -11·3 -10·2 - 8·9 - 9·7 - 6·7 
Equinox ... + 1·6 - 1·1 - 4·2 - 5·7 -10·0 -13·0 -15·9 -17·0 -20·5 -22·4 -20·9 -15·4 
Summer ... + 7·2 + 5·0 + 2·5 - 2·3 -13·4 -16·9 -26·0 -28·2 -36·8 -42·4 -38·9 ~27·9 
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12 Months, 3 Seasons and the Year from all Complete Days. 

------- .. - .. --~- _.- .. ----~.-.-

13 h. I 14 h. I 15 h. I 
16 h. I 17 h. I 18 h. 

I 
19 h. I 20 h. I 

21 h. I 22 h. I 23 h. I 24 h. I Range. I A.D. 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
-33·1 -20·5 + 5·6 +21·0 +36·3 +39·2 +45·5 +36·7 +30·2 +29·5 +27·6 +22·8 106·0 25·86 
-28·5 -18·4 + 2·8 +29'6 +38·9 +43·8 +54·7 +59·7 +57·7 +50·6 +35'9 +24·8 118·7 34·62 
-26·5 - 9·6 + 7·1 +18·4 +32·9 +40·9 +49·5 +47·0 +44'5 +36·9 +27·0 +21·0 92·7 27·99 
-20·4 - 8·4 + 3·1 +18·2 +28'5 +36·1 +42·4 +41·8 +37·2 +31·6 +23·2 +14·9 80'6 23·62 
-14·0 -11·0 + 0·7 +10·5 +20'6 +28·0 +27'5 +31·1 +26·4 +18'5 +14·1 + 9·7 56-2 16·22 
-11·2 - 6·6 - 1·5 + 7·6 +15·9 +20·9 +29·7 +26·2 +22·1 +15·1 +11·7 + 6·1 49·7 13·03 
-17·9 - 6·9 - 2·6 + 8·7 +14·2 +18·4 +28·6 +28·8 +25·1 +21·7 +10·8 + 8·8 49·2 14·18 
-16·4 - 8·4 + 3·1 +16·8 +19·2 +26·7 +32·4 +29·6 +27·4 +20·4 +14·8 + 6·6 61·2 16·98 
-18·1 - 6·8 + 6·6 +17·1 +30'9 +31·2 +34·9 +33·0 +30·7 +27·9 +16·3 + 6·0 67·7 19·89 
--19·0 - 4·3 +10·5 +23·0 +37·3 +42·7 +41·6 +42·3 +35·7 +28·2 +17·1 +10·7 81·3 24·53 
-31·0 -13·6 + 4·4 +26·4 +37·7 +47·1 +49·5 +50·1 +42·9 +37·8 +26·2 +13·8 101·8 28·40 
-34·7 -23·6 - 6·2 + 7·8 +29·8 +37·8 +44'5 +48·2 +48·6 +44·1 +24·9 +18·1 90·6 27·00 

-22·6 -11·5 + 2·8 +17·1 -/-28'5 +34·4 +40·1 +39'5 +35·7 +30·2 +20·8 +1::5·6 75·8 22·60 
-14·9 - 8·2 - 0·1 +10'9. +17·5 +23·5 +29·6 +28·9 +25·3 +18'9 +12·9 + 7·8 53·2 15·01 
-21-0 - 7·3 + 6·8 +19·2 +32·4 +37·7 +42·1 +41·0 +37·0 +31·2 +20·9 +13·2 79·8 24·01 
-31·8 -19-0 + 1·7 +21·2 +35·7 +42·0 +48·6 +48·7 +44·9' +40·5 +28·7 +19·9 98·1 28·84 

--.----~ 

12 Months, 3 Seasons and the Year from 10 Quieter Days a Month. 

---------,-----

13 h. I 14 h. I 1;~-~h·T ~~.~-. I-;~-~: T~~ ~·-120~·1 ~1-~. I 22 h·T -;3-h·T~~· I ~·I A.D. 

y 
1-19-4 
:-20·2 

1

-13.7 
- 8·3 
'- 7·0 
- 3·9 
- 4'5 
- 5-8 
:- 8·4 
!- 3·4 
1-14-3 
1-15 -4 

')' Y 
-14·0 + 0·8 
-11·9 + 3·2 
- 6·9 - 1·3 
- 2·2 + 0·3 
- 5·4 + 0·9 
- 2·0 - 0·6 
-2·2 -1·6 
- 3·4 + 2·5 
- 1·2 + 5·7 
+ 6·3' +12·4 
- 0·3 +11·5 
- 8·3 + 4·2 

y 
+17·7 
+15-9 
+ 6·7 
+ 8·1 
+ 4·8 
+ 2-7 
+ 4·0 
+ 7·9 
+13·3 
+21'6 
+22,6 
+ 9-0 

y y y 
+25·7 +30·2 +30'4 
+24·4 +32·4 +43·2 
+13·7 +19·7 +27-0 
+13·9 +17·2 +24-6 
+ 7-6 ,+ 9·9 +12'5 
+ 6·8 1+11 -2 +13·9 
+ 5·7 +10·0 +12-2 
+10·3 +11·1 +13·9 
+20·1 +20·2 +20·5 
+28·6 +24·5 +22·5 
+30·5 +36·7 +36-9 
+25·7 +33-1 +28·8 

y y y y 
+30·6 +24·0 +24-1 +25-2 
+44-7 +47·9 +44·6 +27·9 
+28·6 +29·0 +20·0 +15·2 
+30 .. 8 +20-5 +15·5 +11-5 
+12-6 +12·2 + 8-5 + 4·5 
+12·8 +12·1 + 9·7 + 7·9 
+13·8 +10·0 + 8·5 + 5·4 
+12·9 +12·8 + 9·0 + 6·1 
+16·6 +12·8 + 8·7 + 6·5 
+20·2 +15·8 +10·0 + 5-2 
+37·8 +25·3 +18·2 +11·6 
+28·2 +27-4 +26·2 +16·3 

y 
+19·8 
+18·1 
+14·2 
+ 8·3 
+ 5·1 
+ 4·1 
+ 3·0 
+ 2-2 
+ 2-2 
+ 4·5 
+ 7·3 
+ 8·4 

y 
72·0 
91·7 
58·4 
52·4 
2{3'4 
25·7 
25·1 
26·5 
39-5 
54·3 
81·5 
77·7 

y 
21·49 
26·51 
15'57 
12·55 
7·00 
6-77 
6·09 , 
7·73 r 

10·55 
14·32 
20·18 
18·68 

:--10'4 _ 4.3 + 3·2 +11-2 +17·8 +21·4 +23·9 +24·1 +20·8 +16·9 +11·9 + 8·1 48·6 13·73 
'- 5·3 - 3·2 + 0·3 + 4·9 + 7·6 +10·6 +13·1 +13·0 +11·8 + 8·9 + 6·0 + 3.61 24,·1 6·83 
:- 8'5 - 1·0 + 4·3 +12·4 +19·1 +20·4 +23·7 +24·1 +19·5 +13·6 + 9·6 + 7·3 46·5 12·97 
\-17'3 - 8·6 + 4·9 +16·3 +26·6 +33·1 +34·8 +35·3 +31·1 +28·3 +20·2 +13.41 77·7 21·56 
i 
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.Tan. 
Feb. 
Mar. 
April 
May 
Junc 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Year 
Winter 
Equinox 
Summer 

Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Year 
Winter 
Equinox 
Summer 

TABLE XXIV.-Diurnal Inequality in South Component for the 

I 1 h. I 2 h. I a h. I 4 h. I 5 h. I 6 h. I 7 h. I 8 h. I 9 h. I 10 h. I 11 h. I 12 h. 

y 
'" -36·0 
'" -42·6 
'" -37·1 
'" -36·1 
'" -20·5 
... -18·2 
'" -18·6 
'" -17·2 
'" -22·4 
'" -28·4 
'" -32·1 
'" -32·2 

'" -28·[) 
... -18·6 
'" -31·0 
... -35·7 

y y y y y y y y y y y 
-39·3 -36·8 -36·7 -29·5 -27·5 --20·9 -16'7 -12·4 + 1·0 +11'0 +26·9 
-49·7 -50·7 -48·1 -46·3 -42·4 -29·1 -25·9 - 9·2 + 3·8 +20·7 +25·1 
-37·1 -35·5 -35·0 -28·3 -25·6 -15·8 - 7·1 + 0·7 + 8·9 +22'2 +29·2 
-42·5 -31·1 -26·2 -29·1 -20,5 -16·0 - 6·0 + 3·2 +10·1 +23'4 +29·0 
-23·0 -20·7 -20·6 -17·4 -15·9 - 9·0 - 4·6 + 3·0 + 5·7 +13·9 +16·3 
-17·0 -16·4 -14·4 -13·8 -10,8 - 8·8 - 2·9 + 0·5 + 4·0 + 9·1 +16·6 
-21·4 -20·5 -22·1 -20·7 -17'0 -11·2 - 5·5 + 1·4 + 5·6 +11'5 +20·5 
-17·5 -21·5 -19·4 -19·4 -15·0 -10·0 - 4·4 + 1·7 + 6·0 +12'2 +18·3 
-20·5 -22·2 -23·8 -18·1 -16·9 -11·5 - 6·1 + 0·3 + 5·6 +13·6 +17·3 
-30·1 -30·5 -28·7 -25·6 -18·0 -12·4 - 5·6 + 1·7 + 8·4 +15'5 +25·8 
-33·3 -35,1 -32·7 -28·3 -22·9 -21·7 -13·5 - 0·8 + 2·8 +10'5 +23·7 
-38·8 -39·7 -43·5 -45·1 -39·7 -26·8 -10·8 -15·9 - 5·2 +11·6 +26·6 

-30·7 -30·1 -29·3 -26·8 -22·7 -16·1 - 9·1 - 2·2 + 4·6 +14'6 +22·9 
-19·7 -19·8 -19·1 -17·8 -14·7 - 9·8 - 4·4 + 1·7 + 5·3 +11·7 +17·9 
-32·6 -29·8 -28·4 -25·3 -20·3 -13·9 - 6·2 + 1·5 + 8·3 +18'7 +25·3 
-39·8 -40·6 -40·2 -37·3 -33·1 -24·6 -16·7 - 9·6 + 0·1 +13'5 +25·6 

- --_._-------- - ._--- ---- -.----------------

TABLE XXV.--Diurnal Inequality in South Component for the 

.. ---.--~---... ---~-----~-.~--.. -------------

I 1 h. I 2 h. I 3 h. I 4 h. I 5 h. I 6 h. I 7 h. I 8 h. I 9 h. I 10 h. I 11 h. I 12 h. 

y y y y y y y y 
'" -25·9 -26·4 -27·8 -29·9 -28·7 -25,0 -23·7 -22·1 

y 'Y Y Y 
- 7·8 + 0·1 +12'6 +23'9 

... -31·0 -37·1 -36·9 -44·8 -41·3 -34,2 -18·2 -19·5 - 4·9 + 5·4 +16'9 +22'6 

... -21·6 -22·5 -22·7 -23·2 -19·4 -14,8 - 9·0 - 2·1 + 1·0 + 5·2 + 7·2 +11·9 

... -23·3 -18·4 -16·3 -12,8 -15·7 -13,6 -11·6 - 2·4 + 4·6 + 7·2 +12'8 +14·2 

... -10·2 - 9·0 -11·9 - 9·8 - 7·2 - 7·4 - 6·0 - 1·5 + 2·9 + 2·2 + 6'6 + 7·5 

... - 6·6 - 6·2 - 7·7 - 8·4 - 6·8 - 8·5 - 5·7 - 0·5 + 2·6 + 4·1 + 5·2 + 6·3 
'" - 8·4 - 8·6 - 8·4 -12·4 -12·0 -11·7 -- 8·3 - 4·5 + 2·2 + 4·0 + 6·5 + 7·1 
'" - 8·7 - 8·4 -10·1 - 9·8 -10·0 - 8·2 - 5·6 - 2·0 + 3·4 + 3·4 + 7·4 + 9·9 
'" -15·0 -10·9 -10·0 -10·7 - 8·4 - 7·8 - 2·1 - 2·3 + 3·6 + 4·5 + 9·5 +12·2 
'" -19·2 --19 ·4 -19·4 -21·0 -17·7 -15,2 - 8·8 - 2·4 + 2·0 + 9·2 +13·2 +19'6 ... -19·7 -19·8 -19·6 -20·3 -22·1 -18,5 -16·8 - 8·8 + 3·8 + 7·1 +11'6 +19·4 
... -19·6 -21·6 -25·9 -30·6 -31·3 -29·3 -23,8 -13·4 - 5·1 + 0·4 +12·9 +20'7 

... -17·4 -17·4 -18·1 -19·5 -18·4 -16·2 -11·6 - 6·8 + 0·7 + 4·4 +10·2 +14·6 

... - 8·5 - 8·1 - 9·5 -10·1 - 9·0 - 8·9 - 6·4 - 2·1 + 2·8 + 3·4 + 6·4 + 7·7 
'" -19·8 -17·8 -17·1 -16·9 -15·3 -12·8 - 7·9 - 2·3 + 2·8 + 6·5 +10'7 +14·5 
... -24·0 -26·2 -27·5 -31·4 -30·8 -26·8 -20·6 -16·0 - 3·5 + 3·3 +13·5 +21·7 
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12 Months, 3 Seasons and the Year from all Complete Days. 

13 h. I 14 h. I 15 h. I 

----------- -- ------

I 
- -- --- -

Ilt~nge·1 16 h. 
I 

17 h. I 18 h. I 19 h. 20h. 
I 

21 h. I 22 h. I 23 h. 
I 

24 h. A.D. 

y y y 
:+36·2 +42·1 +45·5 + 
:+44·1 +62·2 +68·1 + 
!+34·9 +48·4 +45·8 + 
:+33·5 +43·1 +47·6 + 
1+23·6 +28·3 +29·7 + 
i+20·1 +22·2 +21·0 + 
1+22 .6 +24·6 +27·9 + 
1+21 .9 +30·0 +28·4 + 
:+25·5 +32·7 +35·6 + 
:+34·1 +35·3 -+37·1 + 
1+33·4 +42·7 +52·0 + 
i+37 ·2 +46·5 +56·1 + 

Y Y Y Y Y Y Y Y Y I y y 
44·2 +36·4 +31·0 +18·0 +11·1 + 2·6 - 8·5 -17·3 -22·3 84·8 2[)·41 
75·9 +53·6 +34·8 +23·1 +12·7 - 6·2 -17·2 -24·9 -31·8 126·6 35·34 
44·1 +44·5 +31·5 +15·6 + 0·8 -14·2 -25·2 -31·3 -34·4 85·5 27·22 
48·3 +35·6 +30·4 +12·1 - 0·3 -14·2 -23·0 -33·7 -37·7 90·8 26·36 
24·3 +20·5 +17·8 + 9·7 - 1·5 - 5·2 -12·6 -18·7 -23·1 52·8 16·07 
23·8 +23·9 +15·2 + 6·3 + 1·3 - 5·5 -14·5 -21·0 -20·7 44·9 13·67 
23·2 +24·2 +19·5 + 8·3 + 2·8 - 7·4 -13·1 -15·6 -19·0 50·0 16·01 
27·5 +23·2 +15·5 + 6·0 - 3·1 -10·6 -15·5 -18·6 -18·5 51·5 15·89 
36·7 +29·9 +19·0 + 5·4 - 3·0 -11·6 -20·1 -21·8 -23·6 60·5 18·47 
36·1 +31·0 +22·2 +11·9 - 0·9 -10·7 -24·7 -19·9 -23·6 67·6 21·59 
52·1 +41·5 +27·8 +15·0 + 0·4 - 8·1 -22·5 -22·8 -28·1 87·2 25·16 
51·7 +50·4 +40·5 +24·1 +13·7 - 0·5 -14·6 -20·8 -27·6 101·2 29·90 

]+30·6 +38·2 +41·2 + 
1+22 .1 +26·3 +26·7 + 
'+32·0 +39·9 +41·5 + 
'+37·7 +48·4 +55·4 + 

40·7 +34·6 +25·4 +13·0 + 2·8 - 7·6 -17·6 -22·2 -25·9 71·9 22·39 
24·7 +22·9 +17·0 + 7·6 - 0·1 - 7·2 -13·9 -18·5 -20·3 47·0 15·33 
41·3 +35·3 +25·8 +11·3 - 0·9 -12·7 -23·3 -26·7 -29·8 74·1 23·41 
56·0 +45·5 +33·5 +20·1 + 9·5 - 3·0 -15·7 -21·5 -27·5 96·6 28·78 

I 
--.-~.-~~------- ----.- - ---"------------_ .. _--

12 Months, 3 Seasons and the Year from 10 Quietel' Days a Month. 

- - _._------- ~------- - .----

I 
13 h. I 14 h. 

I 
15 h. I 16 h. 

I 
17 h. I 18 h. I 19 h. I 20 h. 

I 
21 h. I 22 h. 

I 
23 h. 

I 
24 h. I Range. I A.D. 

I y y y y y y y y y " y y y y 

1+25 .4 
I 

+30·1 +36·8 +37·6 +37·3 +27·5 +17·3 + 7·0 - 1·9 - 2·8 -14·7 -19·2 67·5 21·31 
,+35·9 +47·0 +51·1 +63·1 +41·4 +25·0 +20·2 +11·6 -10·0 -15·7 -20·3 -25·8 107·9 28·32 
+18·4 +23·9 +29·7 +34·8 +30·4 +18·0 + 8·6 + 4·8 - 6·2 -12·1 -19·3 -21·2 58·0 16·17 
\+18·0 +21·8 +25·0 +21·3 +20·1 +17·6 + 7·5 0·0 - 5·7 -14·3 -17·3 -18·7 48·3 14·18 
I !+10·0 +12·2 +12·1 +12·1· + 9·9 + 6·5 + 6·6 - 0·6 - 4·5 - 4·8 - 6·8 - 9·2 24·1 7·40 
1+ 8·3 +10·6 +10·7 +11·2 +11·9 + 8·0 + 4·9 - 0·7 - 5·4 - 8·6 - 8·8 - 9·9 21·8 6·98 
!+11·6 +14·0 +17·8 +18·2 +13·4 + 9·9 + 3·9 - 1·4 - 6·1 - 7·9 -10·1 - 8·8 30·6 9·05 
;+13·1 +13·5 +13·7 +13·5 +12·4 + 7·3 + 3·1 - 2·9 - 6·0 - 9·0 - 9·5 -10·5 24·2 8·39 
:+17·3 +19·4 +19·1 +16·3 +14·7 + 7·4 + 1·3 - 5·0 -10·3 -13·1 -13·9 -16·2 35·6 10·46 
:+25·4 +27·0 +25·9 +22·7 +18·7 +10·6 + 4·7 - 4·8 - 9·3 -11·1 -13·5 -17·2 48·0 14·92 
:+25·0 +32·1 +32·9 +31·3 +26·9 +15·6 + 8·0 - 1·8 -11·2 -17·2 -20·3 -17·6 55·0 17 ·81 
+19·4 +27·1 +33·0 +33·7 +34·8 +26·5 +15·0 +12·3 + 4·3 - 5·5 -13·6 -21·4 66·1 20·05 

;+19·0 +23·2 +25·7 +26·3 +22·6 +15·0 + 8·4 + 1·5 - 6·0 -10·2 -14·0 -16·3 45·8 14·31 
+10·8 +12·6 +13·6 +13·8 +11·9 + 7·9 + 4·6 - 1·4 - 5·5 - 7·6 - 8·8 - 9·6 23·9 7·96 
,+19·8 +23·0 +24·9 +23·8 +21·0 +13·4 + 5'51- 1·2 - 7·9 -12·6 -16·0 -18·3 44·7 13·83 
;+26·4 +34·1 +38·5 +41·4 +35·0 +23·7 +15·1 + 7·3 - 4·7 -10·3 -17·2 -21·0 72·8 21·67 

I 
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TABLE XXVI.-Diurnal Inequality in Declination for the 

~-
-~-

- -~-

[ 

---------_.-

I I - I I h. 2 h. 
I 

3 h. I 4 h. 
I 

5 h. 6 h. I 
7 h. I 8 h. I 9 h. I 

10 h. 11 h. I 
12 h. 

I 

, , , , , , , , , , , , 

Jan. ... -22·0 -15·7 - 8·8 - 6·7 + 3·9 + 3·1 + 0·4 + 4·5 +16·7 +43·8 +39·0 +41·7 

Feb. ... -26·4 -17·9 -15·7 - 7·3 + 2·2 +10·9 +19·5 +30·3 +33·1 +39·6 +50·2 +36·2 

Mar. ... -19·4 -14·1 - 9·1 - 2·2 + 5·4 +10·2 +15·8 +25·2 +31·2 +34·2 +39·2 +39·1 

April ... -15·6 -16·3 - 6·5 - 3·1 + 2·1 +10·6 +15·1 +20·1 +28·9 +29·2 +35·0 +32·4 

May ... -11·2 - 9·4 - 5·6 - 1·1 + 3·4 + 6·6 + 9·0 +14·9 +17·2 +19·1 +23·2 +20·1 

June ... - 7·1 - 5·2 - 3·8 - 0·4 + 0·7 + 5·4 + 7·8 +12·4 +13'6 +13·9 +17·7 +19·1 

July ... -10·2 - 7·2 - 6·3 - 4·1 + 1·0 + 5·2 + 7·5 +11·2 +13·7 +15·7 +18·8 +21·3 

Aug. ... - 9·6 - 7·2 - 3·2 - 1·3 + 1·2 + 8·1 +10·6 +13·8 +15·5 +20·1 +25·2 +22·3 

Sept. ... -10·2 - 7·7 - 4·5 - 2·0 + 3·9 + 9·6 +12·5 +18·2 +24·1 +23·8 +26·3 +22·8 

Oct. ... -13·6 -10·3 - 5·0 + 0·2 + 5·2 +12'6 +17·8 +22·1 +27·9 +31·0 +30·8 +30·7 I 
Nov. ... -14·7 -10·7 - 9·7 - 5·9 + 1·2 + 6·8 +19·6 +28·0 +35·2 +38·6 +29·6 +31·1 , 

Dec. ... -20·4 -18·0 -13·6 -11·2 - 4·1 + 4·4 +21·3 +15·9 +25·1 +22·0 +30·8 +33.6 I 

Year ... -15·0 -11·6 - 7·7 - 3·8 + 2·2 + 7·8 +13·1 +18·1 +23'5 +27·6 +30·5 +29·2 
Winter ... - 9·5 - 7·3 - 4·7 - 1·7 + 1·6 + 6·3 + 8·7 +13·1 +15·0 +17·2 +21·2 +20·7 
Equinox ... -14·7 -12·1 - 6·3 - 1·8 + 4·2 +10·8 +15·3 +21·4 +28·0 +29·6 +32·8 +31·2 
Summer ... -20·9 -15·6 -12·0 - 7·8 + 0·8 + 6·3 +15·2 +19·7 +27·5 +36·0 +37·4 +35·7 

I 

~--------.---------
~~-

- ---.---~-- ~- - _ .. --. --- ---- - . - .------ --- ---.~-- ---- ._- .-~ 

TABLE XXVII.--Diurnal Inequality in Declination for the 

I 
-------- ---- ------ .. ------~ -----_._ .. - .- ~-----.------- --------- ---- ._-------- --_ .. _.-_ .. - ----------- ---.-~--- ---

I I 
I 

I I I I I I I I I - 1 h. 2 h. 
I 

3 h. 4 h. 5 h. 6 h. 7 h. 8 h. 9h. 10 h. 11 h. 12 h. 

I 
, , , , , , , , , , , , 

Jan. ... -17·2 -17·6 -14·2 -10·4 - 1·4 + 2·2 +10·3 + 8·7 +23'5 +30·3 +33·4 +32·4 
Feb. ... -18·9 -16·2 -11·1 -10·3 + 5·5 + 5·7 +16·0 +19·6 +29·7 +33·8 +36·3 +29·5 
Mar. ... -13·6 -10·7 - 7·6 - 5·5 + 1·2 + 3·2 +10·0 +11·6 +18·3 +22·0 +23·9 +20'5 
April ... - 8·3 - 4·7 - 2·4 0·0 + 2·2 + 5·4 + 9·9 +12·6 +17·4 +15·1 +15·2 +13·5 
May ... - 5·6 - 4·9 - 3·2 - 2·0 + 0·3 + 2·1 + 4·6 + 7·2 + 8·9 + 7·6 + 9·4 + 8·6 
June ... - 1·8 - 2·1 - 1·7 + 0·4 + 0·4 + 3·4 + 4·9 + 8·4 + 7·9 + 7·4 + 8·7 + 7·2 
July ... - 3·0 - 3·1 - 2·9 - 4·1 + 0·8 + 1·6 + 5·4 + 5·8 + 6·5 + 7·5 + 7·4 + 6·3 
Aug. ... - 4·3 - 4·5 - 2·4 + 1·4 + 0·9 + 2·8 + 4·3 + 8·4 +10·3 + 8·1 +11·6 + 8·1 
Sept. ... - 3·6 - 2·7 - 1·5 - 0·5 + 3·3 + 4·6 + 7·3 + 8·7 +12·6 +15·4 +15·4 +12'9 
Oct. ... - 6·9 - 3·6 - 0·1 - 0·8 + 1·4 + 6·9 + 8·5 +13·7 +15·2 +21·9 +21·4 +17'8 
Nov. ... - 9·6 - 3·7 - 6·4 - 5·2 - 3·0 + 4·8 +19·7 +22·8 +28·6 +34·4 +25·5 +19'5 
Dec. ... - 8·5 -13·3 -13·6 -10·9 - 4·9 - 0·3 + 1·2 + 8·9 +20·6 +29·6 +37·0 +30'0 

Year ... - 8·4 - 7·3 - 5·6 - 4·0 + 0·6 + 3·5 + 8·5 +11·4 +16·6 +19·4 +20·4 +17·2 
Winter ... - 3·7 - 3·7 - 2·6 - 1·1 + 0·6 + 2·5 + 4·8 + 7·5 + 8·4 + 7·7 + 9·3 + 7·6 
Equinox 'r 8·1 

- 5·4 - 2·9 - 1·7 + 2·0 + 5·1 + 8·9 +11·7 +15·9 +18'6 +19·0 +16·2 
Summer ... -13·6 -12·7 -11·3 - 9·2 - 0·9 + 3·1 +11·8 +15·0 +25·6 +32·0 +33·1 +27·9 

------.---.-.~-~ -, 
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12 Months, 3 Seasons and. the Year from all Conlplete Days. 

113h.!14h.
1

15h.!16h. 1 17h. 1 18h. 1 19h. ! 2Oh. 1 21h·1 22h. 1 23h. ! 24h·1 Range.! A.D. 

, , , , , , , , , , , , 
1 

1+36·7 
+36·0 
+31·3 
+26·5 

1

+18,4 
+15·2 
+20·9 

1+19·5 
1+22·0 
:+25·7 
:+34·1 
1+38·2 
! 

1+27·0 

1

+18,5 
+26·4 

1+36
.
3 

+29·4 +11·6 
+34·9 +21·5 
+23·8 +10·8 
+21·1 +14·2 
+17·8 + 9·8 
+12·5 + 8·4 
+13·5 +11·6 
+16·5 + 7·5 
+16'3 + 7·5 
+15·3 + 5·2 
+24·7 +14·8 
+33·3 +24·0 

+21·6 +12·2 
+15·1 + 9·3 
+19·1 + 9·4 
+30·6 +18·0 

0·0 -13·9 -17·9 
+ 4·7 - 9·8 -19·9 
+ 1·8 - 8·6 -19·0 
+ 3·4 - 8·5 -15·8 
+ 0·8 - 8·0 -14·2 
+ 2·7 - 3·3 - 9·9 
+ 1·7 - 2·0 - 6·7 
- 2·7 - 5·9 -14·1 
+ 0·2 -12·3 -16·2 
- 4·3 -16·4 -23·5 
- 1·2 -13·1 -24·8 
+12·3 - 4·3 -13·5 

+ 1·6 - 8·8 -16·3 
+ 0·6 - 4·8 -11·2 
+ 0·3 -11·5 -18·6 
+ 3·9 -10·3 -19·0 

-27·0 -22·9 -21·1 -24·5 
-31·9 -39·2 -44·2 -42·9 
-30·7 -34·0 -37·4 -35·7 
-26·7 -30·6 -32·1 -31·0 
-16·8 -23·2 -21·1 -17·8 
-19·6 -18·6 -18·1 -16·0 
-18·0 -20·0 -20·9 -20·4 
-21·5 -22·6 -23·7 -20·2 
-23·6 -25·1 -26·4 -27·3 
-26·2 ·-31·1 -29·7 -29·1 
-30·9 -36·4 -34·1 -35·4 
-24·1 -30·4 -35·6 -37·2 

-24·8 -27·8 -28·7 -28·1 
-19·0 -21·1 -20·9 -18·6 
-26·8 -30·2 -31·4 -30·8 
-28·5 -32·2 -33·8 -35·0 

12 Months, 3 Seasons and the Year from 10 Quieter Days a Month. 

I 
13 h. 

I 
14 h. 

I 
15 h. 

\ 

16 h. 
\ 

17 h. 
\ 

18 h. 
\ 

19 h. I 20 h. I 
21 h. 

I 
22 h. 

I , , , , , , , , , , 

+22'9 +20·6 +12·0 -+- 0·1 - 5·8 -12·5 -16·1 -19·9 -18·1 -18·5 

+27·1 +25·0 +15·3 +10·2 - 3·5 -15·0 -24·4 -28·6 -38·3 -37·9' 

+16·3 +13·3 +11·1 + 7·2 + 0·5 - 8·2 -16·7 -19·2 -23·3 -18·8 

+12'3 + 9·1 + 8·5 + 1·5 - 3·2 - 6·4 -15·3 -22·4 -16·9 -16·2 

+ 8'5 + 8·1 + 3·5 + 0·8 - 2·1 - 5·0 - 6·8 - 9·3 -10·4 - 7·8 

+ 5·8 + 5·1 + 4·2 + 2·1 - 0·9 - 5·4 - 8·5 - 9·6 -10·7 -10·1 

+ 7·2 + 6·5 + 7·3 + 3·3 + 0·4 - 3·9 - 7·5 -10·5 - 9·4 - 8·9 

1+ 8·7 + 7·2 + 2·9 - 1·1 - 3·3 - 5·6 - 9·1 -10·4 -11·3 - 9·7 

1+12 '1 + 7·6 + 2·4 - 4·1 - 9·6 -11·2 -14·5 -13·9 -12·9 -11·0 

1+11 .2 + 4·8 - 0·1 - 8·0 --14·4 -14·1 -14·8 -16·4 -14·7 -11·2 

+19·1 +11·3 + 3·0 - 5·7 -12·9 -21·4 -24·1 -28·2 -22·3 -19·2 

1+18 '0 +15·4 + 8·3 + 5·0 - 6·7 -15·0 -15·8 -16·3 -18·5 -21·0 

1+14 '1 +11·2 + 6·5 + 0·9 - 5·1 -10·3 -14·5 -17·1 -17·2 -15·9 

+ 7·6 + 6·7 + 4·5 + 1·3 - 1·5 - 5·0 - 8·0 -10·0 -10·5 - 9·1 

+13·0 + 8·7 + 5·5 - 0·9 - 6·7 -10·0 -15·3 -18·0 -17·0 -14·3 

+21·8 +18·1 + 9·7 + 2·4 - 7·2 -16·0 -20·1 -23·2 -24·3 ~24·2 
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-26·1 -24·4 
-34·8 -29·1 
-30·5 -27·3 
-28·5 -23·9 
-16·8 -15·1 
-15·8 -11·6 
-13·3 -13·0 
-17·2 -11·2 
-19·4 -12·5 
-19·3 -16·0 
-27·0 -19·8 
-25·3 -22·8 

-22·8 -18·9 
-15·8 -12·7 
-24·4 -19·9 
-28·3 -24·0 

I 
23 h. 

I 
24 h. 

, , 

-23·5 -21·1 
-27·4 -22·1 
-17·8 -17·8 
-14·4 -12·5 
- 5·7 - 6·8 
- 8·8 - 6·3 
- 7·5 - 5·2 
- 7·7 - 5·3 
- 9·5 - 7·3 
- 8·5 - 9·2 
-15·6 -11·4 
-16·5 -13·6 

-13·6 -11·6 
- 7·4 - 5·9 
-12·6 -11·7 
-20·7 -17·1 

70·8 
94·4 
76·6 
67·1 
46·4 
38·7 
42·2 
48·9 
53·6 
62·1 
75·0 
75·4 

59·2 
42·3 
64·2 
72·4 

-

I Range. I 
, 

50·9 
74'0 
47·2 
39·8 
19·8 
19·4 
18·0 
22·9 
29·9 
38·3 
62·6 
58·0 

37'0 
19·8 
37·0 

19·24 
26·59 
22·33 
19·88 
13·36 
10·78 
11·84 
13·36 
15·60 
18·71 
21·98 
21·73 

17·86 
12·28 
19·04 
22·28 

A.D. 

, 
16·36 
21·14 
13·27 
10·23 
5·80 
5·49 
5·50 
6·23 
8·53 

10·23 
15·73 
14·54 

10·87 
5·71 

10·38 
57'41 16 '71 
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- I 
1 h. 

I 
2 h. 

I 
3 h. 

I 
I I I 

Jan. ... +1·45 +1·83 +1·89 
Feb. ." +1·69 +2·34 +2·45 
Mar. ... +1'56 +1·71 +1·76 
April ... +1·62 +1·94 +1·57 
May ... +0·85 +1·04 +1·02 
June ... +0·84 +0·82 +0·82 
July ... +0·77 +1·01 +0·98 
Aug. ... +0·71 +0·79 +1·12 
Sept. ... +0·99 +0·95 +1·14 
Oct. ... +1·23 +1·43 +1·60 
Nov. ... +1·45 +1·64 +1·74 
Dec. '" +1·30 +1·62 +1·91 

Year ... +1·20 +1·43 +1·50 
Winter ... +0·79 +0·92 +0'99 
Equinox ... +1·35 +1·51 +1·52 
Summer ... +1·47 +1·86 +2·00 

- I 
1 h. 

I 
2 h. 

I 
3 h. 

I 
I I I 

Jan. ... +1·00 +1·03 +1·21 
Feb. ... +1·24 +1·67 +1·81 
Mar. ... +0·83 +0·97 +1·07 
April ... +1·09 +0·92 +0·86 
May ... +0·42 +0·37 +0·59 
June ... +0·34 +0·30 +0·39 
July ... +0·40 +0·40 +0·40 
Aug. ... +0·38 +0·36 +0·51 
Sept. ... +0'76 +0·57 +0·54 
Oct. ... +0·92 +1·02 +1·12 
Nov. ... +0·90 +1·07 +0·95 
Dec. ... +0·93 +0·90 +1·12 

I 

I Year ... +0·77 +0·80 +0·88 
Winter ... +0·39 +0·36 +0·47 
Equinox ... +0·90 +0·87 +0·90 
Summer ... +1·02 +1·17 +1·27 . 

~ABLE XXVII I.-Diurnal Inequality in Inclination for the 

4 h. 
I 

5 h. 
I 

6 h. 
I 

7 h. 
I 

8 h. 
I 

9 h. 
I 

10 h. 
I 

11 h. 
I 

12 h. 

I I I I I I I I I 

+1·92 +1·80 +1·64 +1·17 +1·04 +1·19 +1·32 +0·46 -0·35 
+2'54 +2·69 +2·70 +2'19 +2·33 +1·46 +0·91 +0·24 -0·44 
+1·93 +1·75 +1·73 +1·32 +1·12 +0·86 +0·48 -0·13 -0,55 

+1·38 +1·69 +1·45 +1·32 +0·90 +0'64 +0·25 -0·34 -0·73 
+1·13 +1·07 +1·07 +0·75 +0·66 +0·30 +0·21 -0·14 -0·37 
+0·80 +0·79 +0·75 +0·70 +0·49 +0·34 +0·15 -0·03 -0·41 
+1·14 +1·18 +1·09 +0·82 +0·60 +0·29 +0·11 -0·13 -0·55 
+1·06 +1·14 +1·07 +0·86 +0·63 +0·34 +0·23 +0·03 -0·41 
+1·28 +1·13 +1·22 +1·00 +0·86 +0·68 +0·37 -0·02 -0·34 
+1·65 +1·60 +1·38 +1·22 +0·96 +0·72 +0·42 0·00 --0·60 
+1·69 +1·62 +1·46 +1·78 +1·59 +1·09 +0·96 +0·20 -0·49 
+2·16 +2·45 +2·38 +2·12 +1·05 +1·60 +0·88 +0·16 -0·63 

+1'56 +1·58 +1·50 +1·27 +1·02 +0·79 +0·52 +0·03 -0·49 
+1·03 +1·04 +0·99 +0·78 +0·60 +0·32 +0·17 -0·07 -0·44 
+1·56 +1·54 +1·44 +1·22 +0·96 +0·72 +0·38 -0·12 -0,56 
+2·08 +2·14 +2·05 +1·82 +1·50 +1·33 +1·02 +0·27 -0·48 

I --_._---_. 

TABLE XXIX.-Diurnal Inequality in Inclination for the 

4 h. 
I 

5 h. 
I 

6 h. 
I 

7 h. 

I I I I 

+1·42 +1·61 +1·48 +1·62 
+2·27 +2·53 +2'10 +1·49 
+1·16 +1·14 +0'92 +0·78 
+0·74 +0·95 +0'92 +0'92 
+0·50 +0·41 +0·47 +0·46 
+0·49 +0·40 +0·57 +0·45 
+0·58 +0·69 +0·70 +0·61 
+0·61 +0·59 +0'53 +0·43 
+0·60 +0·57 +0'57 +0·32 
+1·18 +1·04 +1·05 +0·74 
+1·03 +1·17 +1·19 +1·52 
+1·44 +1·66 +1·64 +1'38 

+1·00 +1·06 +1·01 +0·89 
+0·54 +0·52 +0·57 +0·49 
+0·92 +0·92 +0·86 +0·69 
+1·54 +1·74 +1·60 +1·50 
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I 
8 h. 

I 
9 h. 

I 
I I 

+1·46 +1'14 
+1·67 +1·12 
+0·47 +0'50 
+0·49 +0·25 
+0·29 +0'09 
+0·26 +0·07 
+0·40 +0·06 
+0·35 +0'09 
+0·37 +0·16 
+0'53 +0'32 
+1·16 +0'62 
+1·02 +0·90 

+0·71 +0·44 
+0·33 +0·08 
+0·47 +0·31 
+1·33 +0·94 

10 h. 
I 

I 

+0·86 
+0·65 
+0·37 
+0·02 
+0·09 
-0·04 
-0·02 
+0·03 
+0·18 
+0·12 
+0'54 
+0·78 

+0·30 
+0·01 
+0·17 
+0·71 

11 h. 

I 

+0·24 
+0·05 
+0·30 
-0·31 
-0·11 
-0·06 
-0·17 
-0·09 
-0·10 
-0·14 
+0·02 
+0·29 

-0·01 
-0·11 
-0·06 
+0·15 

I 
12 h. 

-0·45 
-0·49 
-0·10 
-0·44 
-0-19 
-0·15 
-0·23 
-0·34 
-0·33 
- 0·64 
-0·58 
-0,35 

-0·36 
-0·23 
- 0·38 
-0·47 



12 Months, 3 Seasons and the Year fronl all Complete Days. 

I 
13 h. 

I 
14 h. , 15 h. , 16 h. , 17 h. 

I 
18 h. 

I 
19 h. 

I 
20 h. , 21 h. , 22 h. 

I 
23 h. 

I 
24 h. I Range., A.D. 

, , , , , , , , , , , , , , 

-1·05 -1·58 -2·29 -2·54 -2·49 -2'29 -1·80 -1·29 -0·74 -0.20 +0·26 +0·60 4·46 1·383 
-1·52 -2·56 -3·28 -4·18 -3·32 -2·54 -2·23 -1·84 -0·90 -0·22 +0·46 +1·01 6·88 1·918 

I-loW -2·07 -2·31 -2·46 -2·75 -2·32 -1·76 -1·01 -0·27 +0·41 +0·91 +1·18 4·68 1·394 
-1·16 -1·85 -2·29 -2·62 -2·24 -2·15 -1·43 -0·84 -0·10 +0·42 +1·10 +1·47 4·56 1·313 
,-0·82 -1·09 -1·40 -1·35 -1·38 -1·39 -1·01 -0·57 -0·28 +0·22 +0'60 +0'90 2·53 0·818 

1-°'72 -0·90 -0·94 -1·26 -1·43 -1·12 -0-89 -0·59 -0-18 +0-38 +0-74 +0·85 2·28 0-706 

1-0 0

68 -1-00 -1·24 -1·26 -1·41 -1·28 -0·98 -0·71 -0-16 +0·18 +0'52 +0-71 2·59 0·783 
-0-69 -1·22 -1-39 -1·64 -1-47 -1-28 -0-96 -0·47 -0-07 +0'31 +0-57 +0-74 2·78 0-800 

:--,-0·83 -1-40 -1·81 -2·07 -2-05 -1·54 -0-98 -0-55 -0·10 +0'36 +0-70 +0·99 3·35 0-973 
-1·22 -I-59 -1-97 -2-19 -2-25 -1-94 -1·44 -0-85 -0-25 +0-57 +0·60 +0-91 3·90 1-191 
-0-94 -1·75 -2·55 -3·01 -2·74 -2-31 -1·75 -1-08 -0·51 +0-27 +0·55 +1·07 4·79 1-427 
-1-09 -1·75 -2-53 -2·60 -2·98 -2·67 -2-05 -1·64 -0·96 -0·20 +0·52 +0·98 5·43 1·593 

-0-98 -1·56 -2·00 -2-26 -2-21 -1·90 -1·44 -0·95 -0-38 +0-21 +0·63 +0-95 3·84 1·182 
-0-73 -1·06 -1-24 -1-38 -1·42 -1·27 -0·96 -0-58 -0-17 +0-27 +0'61 +0-80 2·46 0·776 
-1-08 -1-72 -2·10 -2·33 -2-32 -1·99 -1·40 -0·81 -0·18 +0-44 +0·83 +1-14 3·89 1·218 
-1·15 -1·91 -2-66 -3·08 -2·88 -2·45 -1·96 -1·46 -0-78 -0-09 +0-45 +0·91 5-22 1-575 

I 
----- -- ---~- -- ------ - ---.~ -- - -------- . - . --- - ._- . --

12 Months, 3 Seasons and the Year from 10 Quieter Days a Month. 

13 h. 
I 14 h. , 15 h. 

I 
16 h. , 17 h. 

I 
18 h. 

I 
19 h_ 

I 
20 h_ , 21 h. 

I 
22 h. 

I 
23 h. 

I 
24 h. I Range. I A_D. 

I , , I , I , , , , , , , , , , 

-0·83 -1·16 -1-79 -2·15 -2·29 -1·92 -1·44 -1-00 -0-41 -0-35 +0·18 +0·52 3-91 1·148 
-1·30 -1,98 -2-49 -3·28 -2-44 -1·85 -1·84 -1-48 -0·53 -0·18 +0-40 +0·87 5·81 1·489 
-0-59 -1-00 -1-39 -1·78 -1·70 -1·25 -0-97 -0-82 -0-31 +0-16 +0-58 +0·70 2·94 0·828 
-0-69 -0·99 -1·18 -1-17 -1·22 -1-17 -0·86 -0·63 -0·13 +0·36 +0-58 +0-70 2-31 0-733 
-0·32 -0·45 -0·59 -0-67 -0·62 -0·51 -0-56 -0·23 -0-04 +0·05 +0·23 -r-O ·33 1-26 0·358 ' 
-0-32 -0-4:5 -0·49 -0-58 -0·69 -0-60 -0·51 -0-23 0·00 +0-21 +0·25 +0·38 1-26 0·343 [ 
-0·45 -0·61 -0-79 -0·92 -0·74 -0-66 -0-43 -0·22 +0-08 +0-20 +0-37 +0-37 1-62 0·438 
-0'50 -0·57 -0·70 -0·80 -0-78 -0·57 -0·43 -0-14 +0·02 +0-24 +0·33 +0·46 1·41 0-410 
-0'65 -0-90 -1·02 -1·05 --1·11 -0-77 -0-49 -0·12 +0-21 +0·43 +0·53 +0-73 1-87 0·545 
-1'15 -1·42 -1-49 -I-53 -1·49 -1-01 -0·68 -0-20 +0·11 +0-33 +0-54 +0·73 2·71 0-813 
-0'91 -1·55 -1·82 -1-96 -1·91 -1·51 -1·15 -0-70 +0·01 +0·45 +0·74 +0-72 3-48 1-008 
-0'66 -1·17 -1·71 -1·81 -2·18 -1-94 -1·30 -1-16 -0-75 -0·26 +0·35 +0·88 3·84 1·108 

-0-70 -1·02 -1·29 -1-48 -1·43 -1·15 -0·89 -0,58 -0·15 +0·14 +0-42 +0-62 2·54 0-754 
-0·40 -0-52 -0-64 -0-74 -0·71 -0-58 -0-48 -0·21 +0·01 +0·17 +0·29 +0·39 1·31 0-385 
-0·77 -1·08 -1-27 -1·38 -1-38 -1·05 -0·75 -0·44 -0-03 +0-32 +0-56 +0-71 2·30 0-716 
-0'93 -1' 47 1-1 '95 -2-30 -2·20 -1·80 -1-43 -1-08 -0·42 -0-08 +0·42 +0·75 4·04 1-178 

I 
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TABLE XXX.-Diurnallnequality in IIorizontal Force for the 

- I 
1 h. 

I 
2 h. 

I 
3 h. 

I 
4h. 

I 
5 h. 

I 
6 h. 

I 
7 h. 

I 
8 h. 

I 
9 h. 

I 
10 h. 

I 
11 h. 

I 
12 h. 

Y Y Y Y Y I' Y Y Y Y Y Y 
Jan. ... -26·9 -34·3 -35·6 -36·7 -35·0 -32·3 -23·4 -21·1 -23·5 -26·8 -10·7 + 5·2 
Feb. .. , -31·7 -44·5 -46·9 -49·0 -52·5 -53·3 -43·6 -46·6 -29·7 -19·1 - 6·6 + 6·5 
Mar. .. , -29·7 -32·8 -34·0 -37·5 -34·5 -34·4 -26·7 -22·7 -17·5 -10·2 + 1·6 + 9·4 
April .. , -30·9 -37·6 -30,6 -27·2 -33·5 -28·9 -26·6 -18·4 -13·5 - 6·0 + 5·4 +13·1 
May ... -16·2 -19·9 ·-19·6 -22·1 -21·3 -21·5 -15·3 -13·8 - 6·7 - 4·9 + 1·8 + 6·3 
June .. , -16·0 -15·7 -15·9 -15·7 -15·7 -15·2 -14'4 -10·4 - 7·5 - 3·8 - 0·3 + 7·2 
July .. , -14·6 -19·4 -19·0 -22·2 -23·4 -21·8 -16·7 -12·6 - 6·6 - 3·0 + 1·6 +10·1 
Aug. ... -13·4 -15·1 ·-21·8 -20·6 -22·5 -21·4 -17·3 -12·9 -'7·4 - 5·2 - 1·3 + 7·2 
Sept. .. , -18·9 -18·1 -22·0 -25·1 -22·3 -24·3 -20·1 -17·4 -13·8 - 7·9 - 0·4 + 5·8 
Oct. ... -23·3 -27·2 -30·8 -31·9 -31·4 -27·3 -24·2 -19·2 -14·6 '- 9·0 - 1·0 +10"6 
Nov. ... -27·0 -30·6 -33·1 -32·7 -31·9 -29·4 -35·5 -31·5 -21·6 -19·6 - 5·7 + 8·0 
Dec. ... -23·6 -30·1 -36·1 -41·6 -47·5 -46·6 -42·2 -21·4 -32·3 -18·6 - 5·3 + 9·7 

Year ... -22·7 -27·1 -28·8 --30·2 -31·0 -29·7 -25·5 -20·7 -16·2 -11·2 - 1·7 + 8·3 
Winter ... -15·1 -17·5 -19·1 -20·2 -20·7 --20·0 -15·9 -12·4 - 7·1 - 4·2 + 0·5 + 7·7 
Equinox .. , -25·7 -28·9 -29·4 -30·4 -30·4 -28·7 -24·4 -19·4 -14·9 - 8·3 + 1·4 + 9·7 
Summer .. , -27·3 -34·9 -37·9 -40·0 -41·7 -40·4 -36·2 -30·1 -26·8 -21·0 1-- 7·1 + 7·3 

~- ---. .- ---_.- - --+-_.- _._------------- --.----*---~-- .. ------._---_._-_._------------_._._----_._._-- _._-----_.-" -----.. _- --------~ --+ ---_._---_.--------

TABLE XXXI.-·Diurnal Inequality in Horizontal Foree for the 

- I 
1 h. 

I 
2 h. 

I 
3 h. 

I 
4 h. 

I 
5 h. 

I 
6 h. 

\ 

7 h. 
I 

8h. I 9 h. 
I 10 h. 

I 
11 h. 

\ 

12 h. 

Y Y Y r r y r r y y y y 
Jan. .. , -18·4 -18·9 -22·4 -27·0 -31·0 -28·9 -32·3 -29·6 -22·5 -17·7 - 5·7 + 7·4 
Feb. .. , -23·1 -31·6 -34·4 -43·6 -49·0 -41·2 -29·5 -33·5 -22·9 -13·8 - 2·7 + 7·7 
Mar.' ... -15·9 -18·6 -20·7 -22·4 -22·2 -18·3 -15·8 - 9·1 - 9·7 - 7·1 - 6·1 + 1·1 
April ... -21·0 -17·7 -16·6 -14·3 -18·7 -18·2 -18·6 -10·0 - 5·2 - 0·9 + 5·3 + 7·7 
May ... - 8·0 - 7·0 -11·3 - 9·7 - 8·2 - 9·4 - 9·3 - 5·9 - 2·0 - 2·0 + 1·8 + 3·4 
June ... - 6·4 - 5·7 - 7·6 - 9·5 - 7·9 -11·4 - 9·2 - 5·5 - 1·8 + 0·3 + 0·6 + 2·6 
July ... - 7·6 - 7·6 -- 7·6 -11·3 -13·7 -13·9 -12·3 - 8·3 - 1·5 0·0 + 2·9 + 4·2 
Aug. ... - 7·2 - 6·7 - 9·7 -11·7 -11·5 -10·6 - 8·7 - 7·2 - 2·2 - 1·0 + 1·5 + 6·2 
Sept. ... -14·6 -10·5 -10·3 -11·6 -li·2 -11·4 - 6·6 - 7·6 - 3·4 - 4·0 + 1·4 + 5·9 
Oct. ... -17·4 -19·3 -21·4 -22·7 -20·4 -20·7 -14·8 -10,6 - 6·8 - 2·7 + 2·0 +11·3 
Nov. .. , -16·2 -19·7 -17·9 -19·5 -22·7 -23·4 -30·1 -23,2 -12·6 -11·8 - 2·0 +10·0 

! 
Dec. ... -16·8 -16·2 -20'6 -27·4 -31·9 -32·2 -27·0 -20·0 -17·7 -16·9 - 7·4 + 5·2 

Year ... -14·4 -15·0 -16·7 -19·2 -20·7 -19·9 -17·9 -14·2 - 9·0 - 6·5 - 0·7 + 6·1 
'Vinter .. , - 7·3 - 6·8 ~ 9·1 -10·6 -10·3 -11·3 - 9·9 -- 6·7 - 1·9 - 0·7 + 1·7 + 4·1 
Equinox ... -17·2 -16·5 -17'3 -17·8 -18·1 -17·2 -14·0 - 9·3 - 6·3 - 3·7 + 0·7 + 6·5 
Summer ... -18·6 -21·6 -23·8 -29·4 -33·7 -31·4 -29·7 -26·6 -18·9 -15·1 - 4·5 + 7·6 

-
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12 Months: 3 Seasons and the Year from all Complete Days. 

13 h. I 14 h. I 15 h. I 16 h. 
I 

17 h. 
I 

18 h. I 19 h. 
I 

20 h. 
I 

21 h. 
I 

22 h. I 
23 h. 

I 
24 h. I Range. I A.D. 

y Y Y Y Y Y Y Y Y Y Y Y Y Y 
+18·5 +29·3 +43·6 +49·0 +48·5 +44·8 +35·7 +25·8 +15·3 + 5·0 - 3·8 -10·3 85·7 26·71 
+27·7 +48·3 +62'9 +81·3 +65·1 +50·1 +44·4 +37·1 +19·1 + 6·1 - 7·1 -18·1 134·6 37·39 
+20·2 +39·7 +44·5 +47·7 +54·2 +46·0 +35·3 +20·8 + 6·3 - 6·9 -16·7 -22·1 91·7 27·14 
+21·6 +35·4 +44·4 +51·5 +44·4 +43·0 +29·0 +17·6 + 3·1 - 7·2 -20·6 -27·8 89·1 25·72 
+15·3 +20·9 +27·2 +26·5 +27·3 +28·1 +20'5 +12·0 + 6·6 - 3·5 -10·8 -16·8 50·2 16·04 
+13·4 +17·3 +18·3 +24·8 +28·4 +22·6 +18·3 +12·4 + 4·5 - 6·6 -13·9 -16·1 44·5 13·93 
1+12·7 +19·2 +24·1 +24·7 +27·9 +25·5 +19·7 +14·9 + 4·1 - 2·5 - 9·4 -13·3 51·3 15·38 
+12·8 +23·4 +27·0 +32·1 +29·2 +25·5 +19·3 + 9·9 + 2·2 - 5·3 -10·5 -13·9 54·6 15·72 
+15·3 +26·7 +35·0 +40·5 +40·3 +30·5 +19·8 +11·5 + 2·7 - 6·2 -12·7 -18·7 65·6 19·00 
+22·7 +30·1 +37·9 +42·5 +44·1 +38·3 +28·6 +17·3 + 5·7 -10·3 -10·7 -16·8 76·0 23·15 
+16·9 +32·7 +48·8 +58·4 +53'6 +45·4 +34·8 +21·9 +11·1 - 4·] - 9·4 -19·5 93·9 27·63 
+18·8 +31·9 +48·0 +50·1 +58·3 +52·8 +40·9 +33·1 +20·4 + 5·7 - 8·1 -17·2 105·8 30·85 

+18·0 +29·6 +38'5 +44·1 +43·4 +37·7 +28·9 +19·5 + 8·4 - 3·0 -11·1 -17·6 75·1 23·04 

1+13 '5 +20·2 +24·2 +27·0 +28·2 +25·4 +19·5 +12·3 + 4·4 - 4·5 -11·2 -15·0 48·9 15·24 
+19·9 +33·0 +40·4 +45·6 +45·8 +39·5 +28·2 +16·8 + 4·5 - 7·7 -15·2 -21·4 76·2 230731 
1+20 '5 +35·6 +50·8 +59·7 +56·4 +48·3 +39·0 +29·5 +16·5 + 3·2 -- 7·1 -16·3 101·4 30·57 

---

12 Months, 3 Seasons and the Year frolll 10 Quieter Days a :Month. 

13 h. I 14 h. I 15 h. I 16 h. 
I 

17 h. I 18 h. 
I 

19 h. I 20 h. I 21 h. 
I 

22 h. I 23 h. , 24 h. I Range., A.D. 

y Y Y Y Y Y Y Y Y Y Y Y Y Y 
+14'6 +21·2 +33·6 +41·5 +44·7 +37·8 +28·6 +20·4 + 8·6 + 7·8 - 2·5 - 8·9 77·0 22·17 

1+23 '8 +37·4 +47·6 +63·8 +47·7 +36·5 +36·8 +29·7 +11·5 + 5·0 --- 6·4 -15·6 112·8 28·95 
+10·7 +18·7 +26,3- +34·4 +33·3 +24·7 +19·3 +16·6 + 6·8 - 2·4 -10·9 -13·1 56·8 16·01 

Itl~:~ +18·7 +22·7 +22·8 +24·1 +23·3 +17·3 +13·3 + 3·7 - 6·3 -10·8 -13·3 45·1 14·30 
+ 8·6 +11·3 +13·0 +12·2 +10·1 +11·4 + 4·9 + 1·2 - 0·7 - 4·2 - 6·2 24·3 6·99 

+ 5·9 + 8·7 + 9·5 +11·3 +13·8 +12·1 +10·4 + 4·9 + 0·4 - 3·7 - 4·6 - 7·2 25·2 6·71 
1+ 8'5 +11·7 +15·5 +18·1 +14·7 +13·2 + 8·7 + 4·7 - 1·2 - 3·5 - 6·9 - 6·8 32·0 8·52 
1+ 9·4 +10·8 +13·5 +15·6 +15'5 +11·3 + 8·7 + 3·0 0·0 - 4·4 - 6·0 - 8·6 27·3 7·96 
+12·1 +17·1 +19·7 +20·5 +21·9 +15·4 +10·0 + 2·6 - 3·8 - 8·1 - 9·8 -13·7 36·5 10·55 
+21'5 +27·1 +28·7 +29·8 +29·1 +20·1 +13·8 + 4·4 - 1·6 - 5·8 ~10·0 -13·6 52·5 15·65 
+16'4 +28'9 +34·7 +37·9 +37·3 +29·9 +22·9 +14·4 + 0·8 - 7·8 -13·5 -12·8 68·0 19·43 
+11·0 +21·0 +31·7 +34·3 +42·5 +38·1 +25·9 +23·2 +15·6 + 6·2 - 5·3 -15·7 74·7 21·24 

+12·7 +19·2 +24'6 +28·6 +28·1 +22·7 +17·8 +11·8 + 3·5 - 2·0 - 7·6 -11·3 49·3 14·18 
+ 7'5 +10·0 +12·4 +14·5 +14·1 +11·7 + 9·8 + 4·4 + 0·1 - 3·1 - 5·4 - 7·2 25·8 7·53 
+14,3 +20·4 +24·4 +26·9 +27·1 +20·9 +15·1 + 9·2 + 1·3 - 5·7 -10·3 --13·4 45·2 13·48 
+16·5 +27·1 +36·9 +44·4 +43·0 +35·6 +28·6 +21·9 + 9·1 + 2·8 - 6·9 -13·3 78·1 22·79 

-
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TABL}~ XXXIJ.-Diurnal Inequality in Total Force for the 

-~------

I I I I I I - I 1 h. 2 h. 3 h. 
I 

4 h. 
I 

5 h. 
I 

6 h. 
I 

7 h. 8 h. 9 h. 10 h. II h. I 
12 h. 

Y Y Y Y Y Y Y Y Y Y Y Y 
Jan. ... +28·4 +31·9 +27·8 +21·0 +10·8 + 3·3 - 3·6 - 7·8 + 1·0 - 9·5 -24·4 -27·2 

Feb. ... +28·1 +28·9 +25·3 +21·7 +13·8 + 4·0 - 2·7 - 6·1 -12·9 -17·8 -28·8 -36·3 
Mar. .,. +18·6 +16·2 +12'5 +11·1 + 3·9 - 3·7 - 8·2 - 9·5 - 7·6 - 9·5 -16·8 -24·2 
April .,. +20·4 +14·7 + 9·3 + 2·9 - 1·2 - 3·5 - 7·3 -10·1 -13·5 -15·5 -19·6 -22·6 
May .,. +10·9 +1 1 ·4 + 9·2 + 3·] - 1·9 - 6·3 - 7·3 -10·5 -11·3 -11·8 -15·0 -16·8-
June '" + 9·5 + 9·3 + 6·5 + 2·1 - 2·3 - 5·6 - 8·6 -10·3 -12·4 -13·2 -15·4 -14·7 
July ... +10·9 + 8·9 + 7·7 + 4·8 + 0·3 - 4·5 - 8·8 -12·2 -12·1 -14·5 -14·5 -13·0 
Aug. ... + 9·7 + 9·6 + 7·[) + 5·7 + 0·5 - 2·7 - 6·0 - 7·4 -10·1 -11·7 -12·5 -14·0 
Sept. ... +12·1 +11·1 + 8·1 + 4·2 + 0·9 - 2·1 - 4·3 - 5·3 - 6·8 -10·8 -]3·6 -14·9 
Oct. ... +17·2 +19·1 +15·2 +11·9 + 5·0 - 0·2 - 0·7 - 2·9 - 6·5 -10·6 -14·9 -21·9 
Nov. ... +28·8 +31·0 +22·1 +12·9 + 2·8 - 6·2 - 2·9 - 1·5 + 0·1 - 9·9 -27·7 -27·0 
Dec. .,. +32·9 +31·7 +28·1 +18·6 +17·9 + 9·1 - 3·0 - 9·7 - 9·3 -17·7 -34·3 -43·1 

Year ... +19·0 +18·7 +14·9 +10·0 + 4·2 - 1·5 - 5·3 - 7·8 - 8·5 -12·7 -19·8 -23·0 
Winter ... +10·3 + 9·8 + 7·7 + 3·9 - 0·8 - 4·8 - 7·7 -10·1 -11·5 -12·8 -14·3 -14·6 
Equinox ... +17·1 +15·3 +11·3 + 7·5 + 2·2 - 2·4 - 5·1 - 6·9 - 8·6 -11·6 -16·2 -20·9 
Summer ... +29·5 +30·9 +25·8 +18·5 +11·3 + 2·5 - 3·1 - 6·3 - 5·3 -13·7 -28·8 -33·4 

---~---~-------.-- ------- -------------- ~.-- -- - ---- -~-- -----~-~---.--... _- ._----_._------------- -

TABLE XXXIII.--Diurnal Inequality in Total Force for the 

~-.-----.-- -~-- .------- ---~~-------

-
I 

1 h. 
I 

2 h. 
I 

3 h. 
I 

4 h. I 5 h. I 
6 h. I 7 h. I 

8 h. I 9 h. 
I 

lO h. 
I 

II h. 
I 

12 h. 

--

Y Y Y Y Y Y Y Y Y Y Y Y 
Jan. ... +22·1 +24·2 +24·1 +18·8 +14·4 + 7·2 - 1·9 - 9·6 + 0·5 -10·9 -16·1 -24·4 

I Feb. ... +23·5 +23·5 +22·6 +22·2 +16·6 + 7·7 - 1·6 - 6·5 -10·8 -14·0 -28·2 -31'0 

I Mar. .,. + 9·7 + 9·1 + 6·8 + 8·5 + 4·4 - 0·5 - 4·4 + 2·6 + 4·1 + 5·1 - 3·9 -14·2 

I April .,. +10·[) + 7·4 + 6·3 + 4·5 + 0·6 - 0·3 - 5·0 - 3-7 - 4·4 - 6·6 -13·4 -17·4 
May .,. + 5·0 + 5·4 + 5·7 + 2·2 - 0·6 - 2·3 - 2·7 - 2·9 - 3·3 - 4·2 - 6·0 - 6·5 
June .,. + [)·5 + 3·4 + 3·0 + 2·0 + 0·2 - 1·7 - 4·7 - 4·9 - 7·2 - 7·0 - 8·2 - 7·2 
July ... + 4·7 + 4·5 + [)·3 + 2·9 + 1·0 - 2·3 - 3·9 - 5·1 - 5·7 - 7·1 -7·5 - 7·0 
Aug. .,. + 6·3 + 6·7 + 6·2 + 4·7 + 2·2 - 0·6 - 4·0 - 4·7 - 5·6 - 7·1 - 6·4 -·8·6 
Sept. ... + 8·5 +12·2 + 6·9 + 3·5 + 1·1 - 1·6 - 4·4 - 3·4 - 3·7 - 6·2 - 9·7 - 9·6 
Oct. .,. +13·9 +14·8 -t-13·5 + 9·7 + 4·5 + 0·3 - 1·9 - 1·9 - 7·6 - 6·8 -12·1 -21·1 
Nov. .,. +24·8 +23·3 +15·4 +13'5 + 8·7 + 2·4 + 0·8 - 4·4 - 6·5 -17·5 -25·8 -24·9 

I Dec. ... +25·6 +25·8 +26·2 +18·9 +14·3 + 5·5 + 3·9 + 3·3 + 0·9 -23·6 -25·3 -28·5 

I Year ... +13·3 +13·4 +11·8 + 9·3 + 5·6 + 1·2 - 2·5 - 3·4 - 4·1 - 8·8 -13·6 -16·7 

I 
Winter ... + 5·4 + 5·0 + 5·0 + 2·9 + 0·7 - 1·7 - 3·8 - 4·4 - 5·5 - 6·4 - 7·0 -7·3 
Equino}., '" +10·6 +10·9 + 8·4 + 6·5 + 2·6 - 0·5 - 3·9 - 1·6 - 2·9 - 3·6 - 9·8 -15·6 

I 
Summer ... -]·24·0 +24·2 +22·1 +18·4 +13·5 + 5·7 + 0·3 - 4·3 - 4·0 -16·5 -<-23 ·8 -27·2 

I 
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12 Months, 3 Seasons and the Year from all Complete Days. 

I 

I I I I 1 
13 h. 

I 
14 h. 15 h. 16 h. 17 h. 18 h. 19 h. 

I 
20 h. I 

21 h. 
1 

22 h. I 23 h. I 24 h. I Range. I A.D. 

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
-36·7 -30·6 -27·3 -19·5 -11·4 - 7·9 0·0 + 5·2 +11·7 +16·7 +21·3 +26·7 68·6 17 ·15 

-37·4 -37·9 -31·6 -22·6 - 9·9 - 3·0 + 4·4 +11·9 +20·6 +27·8 +31·1 +29·4 69·0 20·58 

-24·8 -21·6 -19·8 -14·9 - 3·4 + 2·0 + 7·7 +13'5 +15·8 +19·7 +21'5 +21·6 46·4 13·67 
I -21·9 -18·9 -13·9 - 7·6 - 0·1 + 5·5 + 9·8 +14·0 +19·0 +18·3 +19·6 +21·2 43·8 12·93 

-15·3 -12·7 - 6·8 - 4·3 - 2·1 + 7·7 + 9·7 + 9·9 +15·4 +14·9 +14·3 +15·8 32·6 10·18 

-13·3 - 9·9 - 6·5 - 3·7 + 3·0 + 6·8 + 9·3 +13·1 +15·9 +15·2 +11·8 +13·0 31·3 9·64 

-11·6 -11·0 - 7·4 - 5·4 + 0·2 + 2·9 + 5·6 +12·6 +15·1 +18·2 +13'9 +13·0 32·7 9·55 

-13·6 -12·7 - 8·8 - 4·7 + 2·2 + 2·4 + 5·9 +10·0 +11·7 +13·3 +12·8 +12·5 27·3 8·67 

-16·8 -15·0 -14·3 - 7·4 - 3·8 + 1·1 + 6·5 + 9·0 +12·1 +14·9 +19·1 +15·4 35·9 9·57 

1-23 .7 -20·8 -18·4 -13·2 - 9·1 - 2·4 + 2·9 + 8:3 +13·1 +15·9 +18·7 +17·9 42·8 12·10 

~-26·6 -30·5 -25·7 -19·6 -11·9 - 4·2 + 1·4 + 8·7 +15·6 +19·8 +24·0 +26·9 61·5 16·16 

1--44 .7 -43·8 -34·0 -22·1 -10·5 - 1·3 + 5·9 +10·1 +21·1 +27·7 +35·8 +34·6 80·5 22·79 

1-23 .9 -22·1 -17·9 -12·1 - 4·7 + 0·8 + 5·8 +10·5 +15·6 +18-'5 +20·3 +20·7 44·6 13·26 

-13·4 -11·6 - 7·4 - 4·5 + 0·8 + 5·0 + 7·6 +11·4 +14·5 +15·4 +13·2 +13·6 30·0 9·45 

-21·8 -19·1 -16·6 -10·8 - 4·1 + 1·6 + 6·7 +11·2 +15·0 +17·2 +19·7 +19·0 41·5 12·00 

-36·4 -35·7 -29·6 -20·9 -10·9 - 4·1 + 2·9 + 9·0 +17·3 +23·0 +28·1 +29·4 67·3 19·02 
1 
1 -------.-~.------------. - ------~-.----

~--------------

12 Months, 3 Seasons and the Year from 10 Quieter Days a Month. 

i ~:'l ~4-h-. -1-1~ ~~r ~ h. 1·17h·-r~s-;':T~120 h. I 21 h. I 22 h. 1 23 h. 1 24 h. I Range. 1 A.D. 

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
-31·1 -28·1 -29·0 -17·2 -10·0 - 4·7 + 0·9 + 8·5 + 8·7 +12·7 +17·1 +22·8 55·3 15·21 
-32·5 -30·4 -27·4 -19·5 -10·3 - 2·7 + 4·3 + 6·5 +15·3 +22·8 +24·1 +25·7 58·2 17·90 
-16'5 -18·6 -18·3 -12·9 - 5·6 - 2·6 + 0·8 + 5·4 + 9·0 +11·8 + 9·1 +11·1 30·4 8·13 
-16·0 -13·9 -10·9 - 7·6 - 2·6 + 2·5 + 4·7 +12·5 +17·4 +12'5 +12·2 +10·5 34·8 8·48 
- 6·6 - 5·7 - 4·7 - 3·2 - 1·7 - 0·3 + 4·8 + 4·7 + 4·8 + 5·8 + 5·5 + 6·8 13·4 4·23 
- 6·3 - 4·3 - 3·3 - 1·5 + 0·8 + 2·6 + 6·2 + 6·0 + 5·7 + 7·4 + 6·9 + 6·6 15·6 4·69 
- 6·8 - 6·4 - 2·9 - 1·5 + 0·3 + 3·2 + 4·3 + 4·8 + 5·5 + 6·2 + 6·2 + 7·1 14·6 4·68 
- 6'9 - 6·5 - 4·8 - 2·7 + 0·6 + 0·8 + 1·9 + 3·0 + 5·1 + 5·5 + 7·7 + 7·3 16·3 4·83 
-12·8 -10·4 - 8·5 - 4·9 - 2·1 + 2·5 + 5·1 + 4·8 + 6·2 + 6·7 + 9·5 +10·5 25·0 6·45 
-21·0 -15·0 -12·8 - 8·6 - 5·4 + 0·6 + 5·0 + 7·4 + 9·5 +11·1 +11·1 +12·9 35·9 9·52 
-24·7 -29·2 -22·7 -15·8 - 8·2 - 0·4 + 3·3 + 9·4 +16·1 +18·5 +19·7 +24·4 54·0 15·02 
-33'1 -36·0 -33·3 -23·5 -11·4 - 4·0 + 3·3 + 4·9 +13·1 +18·5 +27·3 +26·1 63·3 18·18 

-17·9 -17·0 -14·9 - 9·9 - 4·6 - 0·2 + 3·7 + 6·5 + 9·7 +11·6 +13·0 +14·3 32·2 9·46 
- 6·7 - 5·7 - 3·9 - 2·2 0·0 + 1·6 + 4·3 + 4·6 + 5·3 + 6·2 + 6·6 + 7·0 14·3 4·55 
-16·6 -14·5 -12·6 - 8·5 - 3·9 + 0·8 + 3·9 + 7·5 +10·5 +10·5 +10'5 +11·3 27·9 7·83 
-30'3 -30·9 -28·1 -19·0 -10·0 - 2·9 + 3·0 + 7·3 +13'3 +18·1 +22·1 +24·8 -55·7 16·41 

----- --- _._- --
- - -- ------ --------~~ 
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TABLE XXXIV.-Diurnal Inequalities from 

- I 
1 h. 

I 
2 h. 

I 
3 h. 

I 
4 h. 

I 
5 h. 

I 
6 h. 

I 
7 h. 

I 
8 h. 

I 
9 h. 

I 
lO h. 

I 
11 h. 

I 
12 h. 

Y Y ?' ?' Y Y ?' ?' ?' ?' ?' ?' fYcar ... -11·0 - 5·4 + 3·4 +12·9 +16·4 +22·3 +22·4 +21·7 +18·1 +11·6 + 7·1 + 4·6 
E Wint.er - 3·0 - 0·8 + 2·4 -+- 7·5 + 9·4 +13'3 +13·9 +13·8 +12·0 + 7·7 + 4·3 + 1'7 1. Equinox -11·2 - 1·8 + 4·2 +13·0 +17·9 +22·0 +22·1 +21·7 +18·4 +12·7 + 9·5 + 5·4 

Summer -18·8 -13·5 + 3·5 +18·3 +21·9 +31·7 +31·2 +29·7 +24·0 +14·5 + 7·5 + 6·7 

fYcar ... +17·8 +21·2 +23'5 +24·4 +20·6 +15·5 + 7·0 + 0·] - 7·2 -11·4 -11·8 -13·1 
S Winter + 8·8 +11'9 +12·2 +13·7 +11·3 + 6·4 + 2·1 - 3·0 - 7·4 - 8·1 - 8·5 - 9·1 1. Equinox +18·5 +19·4 +22-4 +22·2 +16·3 +11·3 + 3·7 - 0·6 - 9·0 -14·3 -15·4 -14·2 

Summer +26·1 +32·4 +35·9 +37·3 +34·3 +28·7 +15·3 + 3·9 - 5·2 -11·7 -11·6 -16·0 

fYear ... -18·2 -18·7 -16·2 -11·6 - 0·8 + 0·3 + 4·7 + 7·2 +10·2 +11·6 +13·1 +12·9 
V Winter - 6·7 - 6·3 - 3·9 - 1·7 + 0·3 + 2·7 + 4·9 + 5·2 + 6·2 + 6·7 + 6·8 + 5·4 1. Equinox -16·8 -14·5 -13·2 . -10·1 - 6·2 - 0·7 + 3·0 + 6·2 + 8·8 + 9·5 +10·0 + 9·6 

Summer -31·2 -35·3 -31·4 -22·9 -11'0 - 1·1 + 6·2 +10·2 +15'6 +18'6 +22·6 +23·7 

TABLE XXXV.-Diurnal Inequalities frolu Days of largest 

-
I 

1 h. 
I 

2 h. 
I 

3 h. 
I 

4 h. 
I 

5h. 
I 

6 h. 
I 

7 h. 
I 

8 h. 
I 

9 h. 
I 10 h. I 11 h. 

I 
12 h. 

Y ?' ?' Y ?' Y Y ?' ?' Y ?' t' fYear ... -34·7 -17·5 - 0·2 +23'3 +43·9 +55·6 +72·3 +67·3 +64·0 +55·6 +39·7 +28·4 
E Winter -31·2 -14·3 - 1·4 +24·1 +34·8 +45·8 +54·0 +53·2 +50'5 +39·3 +29·3 +18·0 

:.I L Equinox -32·7 -14·4 +13·6 +32'5 +55·7 +66'0 +83·0 +80·4 +71·9 +66'5 +40·3 +24·8 
Summer -4.0·1 -·23·8 -12·9 +13·4 +41·1 +54·6 +80·0 +68·2 +69·7 +61·1 +49'5 +42·3 

fYear ... +44·6 +61·1 +73·6 +69'9 +58·4 +48·0 +26·6 + 9·4 -10·3 -30·6 -37·7 -45·6 
S Winter +38·0 +51'5 +54·2 +46·6 +44·5 +35'5 +13·7 - 1·5 -14·4 -26·7 -36·4 -43·0 1. Equinox +47·6 +69·1 +76·6 +76·6 +60·6 +50·3 +23·3 + 3·7 -18·8 -44·2 -47·0 -49·1 

Summer +48·3 +62·7 +90·0 +86'6 +70·2 +58·1 +42·9 +26·1 + 2·2 -21·0 -29·6 -44·8 

IYear ... -34·0 -32·8 -26·1 -20·4 -11·4 - 2·8 + 5·8 +15·1 +25·3 +32'5 +37·4 +38·4 
V Winter -25·8 -24·5 -15·2 -13·6 - 1·7 + 8·5 + 9·2 +15·8 +24·8 +33·1 +28·6 +33·3 L Equinox -31·1 -30·3 -28·9 -19·1 -12·6 - 4·3 + 7·6 +20·9 +30·2 +33·0 +43·5 +36·8 

Summer -45·0 -43·6 -34·1 -28·4 -20·0 -12·6 + 0·7 + 8·5 +21·0 +31'5 +40·0 +45·2 
_. 
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International Quiet Days, 5 a Month (using G.M.T.). 

13 h. , 14 h. 
I 

15 h. 
I 

16 h. 
I 

17 h. 
I 

18 h. 
I 

19 h. 
I 

20 h. 
I 

21 h. 
I 

22 h. 
I 

23 h. 

---

I 
24 h. I Range., A.D. 

I 

y Y Y Y Y Y Y Y Y Y Y Y Y Y 
+ 0·3 - 1·4 - 4·0 - 4·0 - 6·1 - 7·1 -10·5 -14·0 -17·7 -23·1 -22·4 -14·3 45·5 11·74 
- 1·5 - 0·7 - 2·4 - 4·1 - 5·7 - 7·5 - 8·7 -10·7 -10·1 -10·9 -11·5 - 8·4 25·4 7 ·17 
+ 1·7 - 0·1 - 2·7 - 4·5 - 5·8 -10·7 -12·5 -16·0 -21·3 -24·1 -22·8 -15·1 46·2 12·38 
+ 0·6 - 3·3 - 6·8 - 3·3 - 6·9 - 3·0 -10·2 -15·3 -21·6 -34·4 -33,0 -19·5 66·1 15·80 

-13·5 -14·5 -14·6 -15·1 -14·7 -13·2 - 9·6 - 7·6 - 2·8 + 0·6 + 7·4 +10·9 39·5 12·42 
- 7·7 - 7·0 - 6·7 - 7·2 - 6·9 - 7·3 - 3·8 - 2·0 + 2·6 + 3·1 + 6·0 + 6·6 22·8 7·06 
-14·4 -14·4 -14·8 -13·8 -13·5 -10·2 - 6·5 - 2·2 + 2·0 + 5·5 + 9·8 +12·2 37·8 11·94 
-18·3 -22·2 -22·4 -24·3 -23·7 -22·1 -18·4 -18·6 -13·1 - 6·7 + 6·4 +13·9 61·6 19·52 

+13·9 +13·1 +11·9 + 9·9 + 7·4 + 3·4 + 0·9 - 1·1 - 4·1 -10·9 -15·5 -18·3 32·6 10·04 
+ 4·8 + 3·8 + 3·6 + 1·7 + 0·4 - 1·5 - 3·1 - 3·9 - 4·9 - 5·6 - 7·6 - 7·3 14·4 4·38 
+ 8·9 + 8·9 + 8·8 + 7·8 + 5·0 + 3·4 + 1·2 - 0·5 - 2·2 - 5·0 - 7·8 -14·1 26·8 7·59 
+28·1 +26·7 +23·2 +20·1 +16·9 + 8·2 + 4·5 + 1·1 - 5·3 -22·2 -31·2 -33,6 63·4 18·81 

International" dharacter" Figure, 5 a Month (using G.M.T.). 

~--- --

13 h. 
I 

14 h. I 15 h. I 16 h. I 17 h. 
I 

18 h. 
I 

19 h. , 20 h. 
I 

21 h. I 22 h. I 23h. 
I 

24 h. I Range., A.D. 
I I 

Y Y Y Y Y Y Y Y Y I y y y y y 
+16'3 -\- 6·7 - 6·3 -19·2 -32·6 -44·8 -42·1 -47·5 -60·1 -59·2 -61·3 -47·7 133·6 39·43 
+13'5 + 2·0 - 6·6 -10·6 -17·9 -28·0 -34·2 -38·2 -40071-4609 -51·0 -43·5 105·0 30·38 
+ 9·4 + 2·0 -13·8 -23·8 -41·7 -58·0 -53·2 -60·4 -74·9 -62·1 -65·0 -46·6 157·9 45·55 
+26·0 +16·1 + 1·5 -23·1 -38·1 -48·5 -38·9 -44·0 -64·6 -68·6 -67·9 -53·0 148·6 43·63 

-52'5 -53,2 -54·7 -51,5 -43·9 -36·1 -25·3 -15·3 - 4·8 + 6·7 +25·0 +38·2 128·3 38·46 
-36·4 -39,9 -42·9 -39,6 -32·2 -25·4 ---16 ·2 - 6·9 + 3·1 +11·2 +23'6 +39·6 97·2 30·12 
-56·5 -51'7 -52,8 -53·0 -46·0 -33·3 -24·6 -13·0 + 2·4 +12·6 +32·3 +34·9 133·1 40·83 
-64,5 -68'1 -68·3 -61·9 -53,6 -49'5 -35·0 -26·0 -20·0 - 3·7 +19·2 +40·0 158·3 45·51 

+32·0 +30,9 +22'3 +14·0 + 5·3 - 0·4 - 8·4 -16·7 -21·3 -22·4 -28·7 -33·7 72·4 21·59 
+21'9 +21·1 +16·0 +10·0 - 0·2 - 7·2 -14·0 -19·3 -22·5 -24·7 -26·6 --27·0 60·3 18·52 
+32,1 +26'5 +14·7 + 8·9 + 1·0 - 3·6 - 6·3 -15·9 -20·8 -23·6 -28·1 -30,6 74·6 21·27 

1+42 '1 +45·2 +36·1 +23·1 +15·0 + 9·5 - 5·0 -14·9 -20·5 -18·9 -31·3 -43·6 90·2 26·49 
l 
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TABLE XXXVI.-Ratio of disturbed day R or A.D. to quiet day R or A.D. 

- ----------- ---------- -------- ------------------------------------- - --------------- - - --------

Element. 

s ... 
V 

Year. Winter. 

R. 
/ 

A.D. R. 
1 

A.D. 

2·9 3·4 4·1 4·2 

3·2 3·1 4·3 4·3 

2·2 2·2 4·2 4·2 
--------- --------- ---~------ ------

Equinox., Summer. 

R. 
1 

A.D. R. 
/ 

A.D. 

3·4 3·7 2·2 2·8 

3·5 3·4 2·6 2·3 

2·8 2·8 1·4 ]·4 
----- .-~---.~----

'fABLE XXXVI I.-Diurnal Inequality Ranges, 1902-03 and 1911-12. 

-----------.--------------~.---- .. -. ----------------

I 
Year. Winter. Equinox. Summer. 

---

1 
1902-03./1911-12. 1902-03./1911-12., 1902-03.11911-12 1902-03.11911-12. 

, , , , , , , , 
D All '" ... ... 45·5 59·2 26·8 42·3 44·6 64·2 64·1 72·4 

" 
Quieter ... ... 34·0 37·6 ]4·0 19·8 30·0 37·0 62·2 57·4 

I All ... ... ... - 3·84 -- 2·46 - 3·89 - 5·22 

" 
Quieter ... ... 1·74 2·54 1·23 1·31 1·50 2·30 2·87 4·04 

---_. 
.{' {' {' {' y y {' y 

II All ... ... . .- - 75· ] - 48·9 - . 76·2 -- 101·4 

" 
Quieter ... ... 34·5 49·3 25·2 25·8 28·6 45·2 57·3 78·1 

V All '" ... ... 33'0 46·9 18'0 30·8 36'0 43·8 58'0 71'~ 

" 
Quieter ... ... - 33·8 -" 15·0 - 29·6 - 58·4 

E All ... . .. ... 83·9 7f)'8 49·4 53·2 79·5 79·8 120·0 98·1 

" 
Quieter ... ... - 48·6 - 24·4 -- 46·5 -- 77·7 

S All ... ... ... - 71·9 - 47·0 - 74·1 --. 96·6 

" 
Quieter ... ... 38·6 45·8 

I 
30·3 23·9 4] ·8 44·7 43·5 72·8 
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CHAPTER V. 

DIURNAL INEQUALITIES. FOURIER COEF:FICIENTS.* 

Section 26.-Calculations were made of the Fourier coefficients answering to the 
24, 12, 8 and 6-hour terms. The analysis of the diurnal inequality may be presented 
in either of the equivalent series :--

at cos t + bl sin t + a2 cos 2 t +- b2 sin 2 t +- .1, ( 15). 
CI sin (t + at) -+ C2 sin (2 t -t- a2 ) +. f . 

Here t represents the angular equivalent of the time elapsed since nlidnight, 15° 
being the equivalent of 1 hour. The constants with the suffixes 1, 2, 3, 4 refer respec­
tively to the 24, 12, 8 and 6-hour terms. The a and b constants were calculated directly 
from the data in the inequality tables and so refer to the time of 180° E. The c and a 

(amplitude and phase angle) constants were in the first instance calculated from the 
corresponding a and b constants, through the formulre 

a = tan -1 (a/b), c = a/sin a = bJcos a (16). 

The a constants thus deduced, if left uncorrected, would refer to the same time as 
the a and b constants. The c constants do not involve time. As it appeared desirable 
to give values of the phase angles relating to the t.rue local time, the necessary corrections 
were applied, viz., + 13° 36' to aJ., + 27° 12' to a2, -1- 40° 48' to a3 and + 54° 24' to a,t. 

The a and b constants for a season or the year may be derived either by taking the 
arithmetic mean of the corresponding constants for the included months,' or by direct 
calculation from the seasonal or yearly inequality. They were in reality calculated in 
both these ways as a check on the calculations. The c and a constants for a particular 
season or the year are -not arithmetic means of the corresponding constants for the 
included months, but have to be derived from the a and b constants. 

Tables XXXVIII to XLIII, pp. 102 to 104~ give the a and b coefficients for the 
E, S and V inequalities derived from all complete days and fronl 10 quieter days. 

Tables XLIV to XJ~IX, pp. 105 to 107, give the c and a coefficients calculated from 
Tables XXXVIII to XLIII, the corrections specified above having been applied to 
reduce the a constants to local time. The angles were all calculated to the nearest 
minute, but a3 and at are given only to the ne;rest degree, and a:! only to the nearest 
0°.1. The minutes are retained in aI, that being the usual practice, though they 
suggest a higher order of accuracy than is really reached. 

* The oldinary formulm for the calculation of Fourier Coefficients, which were employed for all the 
results given here, assume the hourly values to be derived from single ordinates answering exactly to the 
hour. 'Vhen, as in the present case, the value ascribed to an hour represents the mean of 3 ordinates 
answering respectively to the exact hour and to 20 minutes before and after, the values of the a, b, c coeffici­
entRderived from the ordinary formulre require small correction factors as follows :, 24-bour wave, 1'002 ; 
12-hour wave, 1'010; 8-hour wave, 1'023; 6-bour wave, 1'042. The a coefficients, or pbase angles, are 
unaffected. The necessity for these corrections was not realised until all the tables had been printed. As 
the corrections are trifling, the expense of reprinting the tables did not seem justified. The sam e corrections 
are necessary to the a, b, c coefficients given in Chapter IV of the" National Antarctic Expedition, 1901-1904, 
Magnetic Observat.ions." 
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The arithmet.ic means of the 12 monthly values of the c constants are included in 
the tables, because they are from some points of view a better measure than the corre­
sponding values from the mean diurnal inequality for the year of the average amplitude 
of the forces to which the respective terms are due. The a,rithmetic mean necessarily 
exceeds the value from the corresponding mean diurnal inequality, unless the phase 
angle is invariable throughout the year, and the excess increases with the variability 
of the phase angle. 

Tables LII and LIII, p. 109, refer to the inequalities found for the international 
quiet days and the five days a month of largest character figure. They are confined to the 
mean diurnal inequality for the year. The letters q and d attached to the force 
cornponents indicate quiet and disturbed. days respectively. 

Table LIV, p. 110, compares the c and a constants obtained from the mean diurnal 
inequality for the year from all the different types of days. 

Tables J.JV, LVI and LVII, pp. 110 and Ill, give Fourier coefficients for the D and 
H diurnal inequalities. They are linlited to the seasons and the year. These were not 
really calculated direct from the D and H inequalities but from the a and b Fourier 
coefficients already calculated for E and S. 

The a and b coefficients are the fundamental ones from a conlputational point of 
view. Thus it appeared desirable to P'ut them on record. But the physical aspects 
are most easily recognised through a study of the amplitude and phase angle. 

Section 27.-Before proceeding to this study it is well to consider the degree of 
accuracy with which the diurnal inequalities are represented by the Fourier series, 
Unless the insertion of the caleulated values of the constants in the series gives a close 
approach to the observed inequalities, the value of our analysis and of any conclusion 
based thereon is doubtful. By taking a very large number of Fourier terms we can in 
almost any case secure practical identity between observed and calculated inequalities, 
but if a very large number of terms are required to give a close approach to an observed 
inequality, it is at least open to doubt whether the proceeding is not rather a 
mathematical exercise than a step towards results of real physical significance. The 
comparison was confined to the mean all day inequality for the year in E and S. 
The algebraical excesses of the observed (0) over the calculated (0) values were as 
follows, the unit being Iy :-

Hour. I 1 I 2 I 3 I 4 5 6 7 8 9 10 11 12 

o:op ---_. ----------------------
E 0-0 ... +0·1 +0·6 -0·5 -0,5 +0·3 +0·9 -0·2 --0·8 -0·4 +1·5 

S J) ... +0·1 -0·7 +0,3 +0·2 0·0 -0·4 +0·2 +0·3 0·0 ~0'9 -0,2 +0·3 

Hour. 13 14 15 16 17 18 19 20 21 22 23 24-
---------------------------' 

E 0-0 ... -0·2 -0·8 --0·3 +0·6 +0·8 -1·2 +0·5 --0,2 -0·2 +0·8 --0,6 0·0 

S 
" 

... -0,6 +0021-002 +0·4: 0·0 +0·1 -0·8 +0,6 +0·6 -1·1 +0·2 +0'3 
I 
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The standard deviations are o· 46y for E and o· 63y for S, representing respectively 
0·6 and 0·8 per cent. of the range of the inequality. The natural inference is that the 
first four Fourier waves suffice to account pretty satisfactorily for the diurnal inequality . 

. There are, as the graphical representation of the inequalities readily discloses to the 
eye, minor irregularities, and these we cannot expect to reproduce exactly with a Fourier 
series limited to the 24, 12, 8 and 6-hour waves. 

While a small number of Fourier waves cannot be expected to reproduce accidental 
irregularities exactly, these accidental deviations inevitably influence the values calcu­
lated for the coefficients. This influence is especially likely to prejudice the higher 
terms, on account of the smallness oics and C4 as compared with 01 and 02. The phase 
angle not infrequently shows a large annual variation, even in cases where so many 
years'data have been combined that accidental features must be almost entirely absent, 
but in all such cases with which I am familiar the variation shows a regular progression. 
When we have only one or two years' data, and the variations in the phase angle from 
month to month are irregular, there is a strong presumption that accident is playing 
a considerable part, especially when the amplitude is small. Again, while there is no 
reason to expect identically the same form of annual variation in the coefficients derived 
from all and from quieter days, a conspicuous difference between the annual variation 
in all day and quieter day amplitudes or phase angles is a legitimate ground for 
suspicion. 

Section 28.-The 24-hour term coefficients in Tables XLIV to XLIX show less trace 
of accidental features than the others. In all cases the amplitude is largest in summer 
and least in winter, and the values obtained for the equinoctial season do not differ much 
from those for the year. The largest value of 01 is found in December for V, but in 
February for E and S, the latter phenomenon arising probably from the specially 
disturbed condition of February, 1911. The smallest value of C1 appears more often 
in June than in any other month. Speaking roughly, the winter, equinoctial, and 
summer values of C1 in E and S stand to one another in the ratio 2: 3 : 4 on all days, 
but in the ra.tio 1 : 2': 3 on quieter days. Thus, relatively considered, the difference 
between winter and summer values of Ct is greater for the quieter days than for all days. 
The relation between the winter and equinoctial values of C1 is much the same for V 
as for E and S, but the excess of the summer value is especially prominent in V . 

• The variation shown by the 12 monthly values of the phase angle is somewhat 
irregular, even in the ease of a1 • We should infer that in the case of E and S the true 
annual variation of a1 must be slnall. In the case of E, Tables XLIV and XLV agree 
in making the winter angle larger than the summer, and the equinoctial angle larger 
than the winter angle. The latter phenomenon is largely due to the October inequality, 
and may be accidental. 

In the case of S the equinoctial value slightly exceeds the winter value, and both 
decidedly exceed the summer value. ' 

The annual variation of at is more decided in V than in the other two elements, 
there being a pretty regular fall in the monthly values as we pass from midwinter to 
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midsummer. The difference between winter and summer represents some two hours 
of time. 

When the annual variation in a phase angle is large, the contribut.ions from different 
months tend considerably to neutralise one another, the natural consequence being that 
the value found for the amplitude from the mean diurnal inequality for the year is 
markedly less than the arithmetic mean of the amplitudes for the 12 months. It is 
seldom that the excess of the arithmetic mean value is as small as it is in the case of 01 

in Tables XLIV to XL VII. 
The amplitude 02 of the 12-hour term has an annual variation similar to that of C]., 

but less regular and so presumably more affected by accidents. The largest value occurs 
in November, December, or January, except in Table XLIX, where it occurs in March. 

The smallness of the winter value of 02 in Tables XLV, XLVII, XLVIII and XLIX 
is remarkable. As each of the four winter months gives a very low value, the 
phenomenon can hardly be accidental. 

In studying the variations of a2 it should be remenlbered that angles differing by 
3600 are really the same angle. For instance, the change in Table XL VI from 21 0

• 3 

to 3590
• 2 really represents not a rise of 3370

• 9, but a fall of 22°.1 fronl 381 0
• 3 to 

359°· 2 (or from + 21 0
• 3 t.o - 0°· 8). The irregularities, though considerable, are not 

so large as might be thought at first sight. 
Tables XLIV and XLV agree in making U2 decidedly less in winter than in the 

other seasons, but they differ rather conspicuously as between equinox and summer. 
Tables XLVI and XLVII agree in making ~ least in equinox and greatest in sumrrler. 
In their case the "inter value comes nearest to that for the year. Tables XLVIII 
and XLIX agree in nlaldng ~ least in equinox and greatest in winter, but t.he amplitude 
~ in winter is so small that no great accuracy can be expected in the phase angle. 

In the case of the 8-hour wave the phenomena suggest that accident played a 
considerable part, especially in E. The grea,t variability in phase in that element is 
responsible for the small size of the amplitude for the year as compared with the arith­
nletic mean of the monthly amplitudes. Cs is largest in one or other of the summer months, 
but the phase angle va.ries so much in these nlOnths that the winter season shows the 
largest amplitude. The equinoctial value of Ca suffers even more than the sumnler one 
through variability in the phase angle, and is in consequence exceedingly small. The 
phase angles in equinox and summer are almost opposite in phase in Tables XI.,jIV 
and XL V and there is little if any parallelism between the values of Ca in corresponding 
months. 

J\fore regularity is apparent in the data for the 8-hour wave in S. Tables XLVI 
and XLVII agree in making the amplitude largest in summer. The variations in the 
phase angles are much less than in the case of E, and the excess of the arith;metic mean 
value of Os over that for the year is much less striking. 

V shows a still greater regularity of variation in the 8-hour term. Tables 
XLVIII and XLIX agree in making the amplitude greatest in summer and least in 
winter, as was the case with the 24 and 12-hour terms. They also show the same seasonal 
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variation in the phase angle, the equinoctial value resembling that for the year and 
being intermediate between the winter and summer angles, the latter of which is the 
largest. July in Table XLVIII and June in Table XLIX are the only months in which 
the phase angles appear notably abnormal. The excess of the arithmetic mean value 
of Ca over the value for the year is comparatively small. 

The data for the 6-hour wave present considerable irregularities in all the elements. 
The amplitudes are so small that it would naturally require the combination of a large 
number of years to eliminate accidental features. The excess of the arithmetic mean 
value of C4 over the value for the year is considerable in all cases, especially in Table XL VI. 
The all day and quiet day results do not in general point the same way. Table XLVI, 
for instance, makes c, greatest in winter and least in equinox, while Table X.L VII makes 
it greatest in summer and least in winter. 

Section 29.-The relative importance of the different Fourier waves is illustrated in 
Table IJ, p. 108, giving the ratios which the amplitudes of the 12, 8 and 6-hour waves bear 
to the amplitude of the 24-honr wave. The data are confined to the year and the three 
seasons. The mean of the E, S and V ratios is added and for comparison the corre­
sponding means from the all ordinary day inequalities at ICew Observatory, as derived 
from the 11 years 1890 to 1900. This last line is intended to emphasise what is perhaps 
the most remarkable feature of the Antarctic diurnal variation, viz., the overwhelming 
importance of the 24-hour term. At Kew the relative importance of the 24-hour term 
rises nlarkedly with increasing disturbance. The figures in Table L show no clear 
evidence of this phenomenon in the Antarctic. Again there is no very dec:ded seasonal 
variation in the relative importance of the several terms in the Antarctic, while at Kew 
the 8 and 6-hour terms diminish markedly in relative importance in sunlmer. 

As between the different elements in the Antarctic, the relative importance of the 
12-hour term seems greatest in E and least in V; but the 8 and 6-hour terms seem 
relatively more important in V than in either horizontal component. 

The phase angle difference between the all and quieter day inequalities can be studied 
in Table I.JI, p. 108, which gives the excess of the quieter day angle for the year and 
three seasons. Data for individual months are too erratic to merit close examination. 
The angle equivalent to one hour it should be reInembered is 150 for at, 300 for ~, 450 

for a3 and 600 for a4. In the case of at the differences are all smaH, especially for S, where 
they practically vanish except at the equinoctial season. The differences for E, though 
smail, indicate with considerable probability an increase of phase angle in the quieter 
days, i.e., an acceleration of the hours of maximum and minimuIn. 'l'he reverse is 
true of V. In both these elements the difference of angle is distinctly less in summer 
than in the other seasons. This seems reasonable, because summer was the season 
when it was least possible to obtain days free from large disturbances. 

In the case of ~ the differences shown by Table LI vary somewhat erratically 
with the season; but as the signs are all plus we may infer with considerable assurance 
an increase of phase angle in all the elements as disturbance diminishes. The differences 
for CIa and a4 vary so much from season to season that little confidence can be felt in them. 
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In the case of the earlier Scott Expedition of 1902-03 the only 'element for which 
all-and quieter day Fourier coefficients were calculated was D. The phenomena were 
similar to those now described in the case of E; the quieter day values of al and still 
more those of a2 exceeded the all day values, while the results for <Ia and a 4 were 
contradictory. 

Section 30.-The inequalities for the five international quiet days and the five 
days of largest" character" figure were referred to G.M.T., so the corresponding Fourier 
coefficients are also referred to G.M.T. in Tables LII and LIII. These contain results 
only for the mean diurnal inequality of the year. The c and a constants are also given 
in L.1\f.T. in Table LIV, with, for comparison, the corresponding resuIt.s from the 10 
quieter days and all days. In the case of the 24-hour term, Table LIV shows in each case 
a rise in amplitude as we pass from the five quiet to the 10 quiet days, from the 10 quiet 
to the all days, and from the all days to the five disturbed days. The difference in this 
respect between the five quiet and 10 quiet days is small, but the difference between all 
days and five disturbed days is very large. The influence of disturbance is almost identical 
in the case of E and S; being decidedly less in the case of V. As rega.rds the phase 
angle al we have in the case of E a regular fall as disturbance increases. In S the apparent 
differences are very small, and the five quiet and five disturbed days differ in the same 
direction from the all days, which hardly seems a natural phenomenon. In V there 
seelns little doubt that disturbance increases al. The five quiet day angle seems an 
exception to this rule, but its difference {rom the 10 quiet day angle is not large. 

In the case of the 12-hour term the amplitude in Table LIV rises in all cases as we 
pass from the 10 quiet days to all days, and from all days to the five disturbed days. 
The rise is so considerable as to suggest a marked influence of disturbance in raising 
the amplitude. But curiously enough the amplitude from the five quiet days is in 
all cases decidedly larger than that from the 10 quiet days. 

The 12-hour phase angl~ in Table LIV shows a distinct fall-most decided in the 
case of V-as we pass from the 10 quiet days to all days~ and fronl all days to the five 
disturbed days. The five quiet days support this law in the case of V, but not in the 
case of E or S. 

The results in Table LIV for the 8 and 6-hour terms are irregular. In the case of 
E 'and S the five disturbed day value of c.d is decidedly the largest, and the five quiet 
day value is the least; but in the case of V the value from the five disturbed days is 
the least of all. The same phenomenon is exhibited in the case of C4 in S, the value 
fronl the five disturbed days nearly vanishing. Indeed beyond the fact that Ca and C4 

are very small in all cases, whether the day is quiet or disturbed, there seems nothing 
altogether certain. 

D and H are the elements in the horizontal plane usually recorded, and harmonic 
data for them are much the most numerous. Thus D and H Fourier coefficients were 
calculated for the seasonal Antarctic inequalities. Tables LV and LVI gives the results 
obtained from all days and 10 quieter days for the year and the three seasons. In the 
case of C1 and ~ the annu~l variation is as clearly exhibited in Table LVI as it was in 
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E and S in Tables XLIV to XLVII, the summer value being always. the greatest and 
the winter value the least. The all day value is also invariably in excess of the 10 quieter 
day value. In the case of C3 and C4 the phenomena, as with E and S, a.re somewhat 
irregular. 

As regards the phase angles in Table LVI the summer value of al is decidedly the 
smallest in the case of both D and H; but the seasonal variation is not large. As with 
E, the winter value of ~ in D is decidedly the smallest. 

Section 31.-For comparison with the harmonic coefficients calculated from the 
1902-03 data, it will suffice to consider the results for the year. These are given in Table 
LVII, results derived from all complete days and the 10 quieter days from 1911-12 
being contrasted with the results from 1902-03. The quieter days, however, it should 
be remembered, in 1902-03 were more numerous in winter than the quieter days of 
1911-12, while D trace was lost in an appreciable number of days in 1902-03 through 
the limits of registration being exceeded. Thus the 1902-03 all day results answer to 
conditions somewhat less disturbed than the 1911-12 all day results, while the 1902-03 
quieter day results would naturally represent somewhat more of disturbance than the 
1911-12 quieter day results. The I-I results for 1902-03 answered much more nearly 
to the quieter day than the all day results for 1911-12. 

The uncertainties affecting the 8 and 6-hour terms render it difficult to say 
what weight attaches to apparent agreements or differences between the two epochs. 
'fhe resemblance is on the whole closer than might have been anticipated. 

In the case of the 24-hour term the excess in amplitude in 1911-12 shown in Table 
LVII is considerable. .It is, however, no greater, rather less in fact, in D than it is 
in H and V, a phenomenon difficult to explain if we suppose the amplitude in 1902-03 
to have been reduced by local disturbance. 

The 12-hour term in Table LVII has also on the whole a larger amplitude in 1911-12 
than in 1902-03, but the quieter day values for D from the two epochs are practically 
equal, while the 1902-03 value is the larger for V. 

In the case of D and H, especially D., the values of at and a2 for the two epochs 
differ rather Inarkedly, the values for the earlier epoch being the larger. In the case 
of D the difference in at represents about two hours of time and is mainly responsible 
for the difference between the diurnal inequalities for the two epochs which has been 
al~eady cOlllmented on. 
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TABLE XXXVIII.-E. Fourier Coefficients, all Complete Days (Time of 1800 E. Long.) 

-
1 

a l 
1 

bl I 
aa 

1 
ha 

1 
as 

1 
ba 

1 
a4 I b4 

Y 'Y Y Y 'Y 'Y 'Y 'Y 
Januarv ... . .. +27·33 -27·00 -13·82 -0,58 +8·15 -0·14- +0·90 +3·03 
Februa~y ... +34·94 -41·84 - 8·17 -0·52 -0·38 -0·66 -1,48 --1,13 
March ... ... +27·30 -34·06 - 8·71 -0,82 +0·97 -0·14 -0,79 +0·66 
April ... ... +22·57 -29·56 - 7·61 -0,63 -0·46 +0·11 -0,64 -0·10 
May .. , ... +15'53 -19·85 .- 5·57 --1·25 -0·31 +1·68 -0·03 +0'57 
June ... ... +12·37 -16·46 - 5·50 --1·87 -1·49 +1·00 -0,11 +0·42 
July ... ... +14'53 -16·79 - 4·72 -2·69 -0·95 +1·13 -1·59 +0·28 
August ... ... +15'43 -21·05 - 6·52 -1·04 +0·47 +1·02 -1·38 +0·35 
September ... +17·41 -25·84 -- 7 ·33 +0·47 -0·39 +0·35 -0·77 ---0·97 
October ... ... +19·80 -32·74 - 8·80 +1·23 +0·55 +1·03 -0,53 +0·26 
November ... +27·20 -35·72 -11'01 +1·22 -2·4:9 +0·03 +1·33 -3·00 
Deeember ... +29·98 --29·42 - 7·20 -4·41 -2·54 +3·34 -1·71 -2·21 

--- - -
Year ... . .. +22·03 -27'53 - 7·92 -0,91 +0·10 -/-0·73 -0·57 -0·15 
Winter ... ... +14·46 -18,54 - 5·58 -1·71 -0,57 +1·21 -0·78 +0·41 
Equinox ... +21·77 -30·55 - 8·11 +0·06 -+-0·17 +0·34 -0·68 -0·04 
Summer ... ... +29·86 -33·50 -10·05 -1·07 +0'69 +0·64- -0·24 -0·83 

TABLE XXXIX.-E. Fourier Coefficients, 10 Quieter Days (Tinle of 1800 E. Long.). 

-
1 

a l 
1 

bl 
1 

aa 
1 

ba 
1 

as 
1 

bs 
1 

a4 

1 
b4 

January ... 
y I y y y 'Y Y 'Y Y ... +24·4.2 -21·97 -- 7 ·29 +3·99 +2·17 +0·68 +0·18 +0·22 

February ... -/-27·63 -31,80 --- 5·00 -1,32 -1,23 -1·82 -1·74 +0·87 
March ... . .. +17·77 -17·33 - 4·70 -0·67 -0,36 -0·79 -0·73 +2·05 
April ... '" +10·91 --17,14 ---- 2·91 -1,50 -2·52 +0·06 -0·02 +0·35 
May ... . .. + 7·05 - 8·19 - . 2·09 -0·17 -0·65 +0·73 -0·19 -0·14 
June ... ... + 6·22 -.- 8·98 -- 1·43 -1·04 -1·29 +0·15 +0·04 -0,16 
July ... . .. + 5·67 - 8·15 - 1·19 -0·65 -1,74 +0·97 --0·55 -0,21 
August ... . .. + 6·38 -10·08 - 2·20 +0·12 -0·29 +0·41 -0·20 +0·11 
September ... + 7·23 --14·49 - 5·75 +1·46 +0·57 +0·55 +0·05 -0·04 
October ... ... + 7·26 -20·55 - 5·99 +3·92 +1·87 -0·72 +0·05 +0·58 
November ... +16·73 -27·83 -- 8·75 +5·92 -3,50 -0·50 +1·24 -0·85 
December ... +20·94 -20·26 -10'36 +2·85 -/-0·74 -1,70 -1·42 +2·01 

--- ---- ----
Year ... ... +13·18 --17 ·23 - 4·80 +1·08 -0·52 -0·16 -0·27 +0·40 
Winter ... ... + 6·33 - 8·85 - 1·73 -0·44 -0·99 +0·57 -0·22 -0·10 
Equinox '" +10·79 -17·38 - 4·84 +0·80 -0·11 -0·23 -0·16 +0·74 
Summer ... '" +22·43 -25·47 - 7·85 +2·86 

1-
0 .45 -0·83 -0·43 +0·56 
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TABLE XL.-S. Fourier Coefficients, all Complete Days (Time of 1800 E. Long.). 

! 
I I b1 I , b2 I I bs I I 

64 - ~ a2 as a4 

y y y y y y y y 
January ... ... -25·37 -30·92 -1·00 +4·05 -0·04 -3·43 +0·88 -0·30 
February ... -36·39 -42·26 -0·86 +8·35 +4·21 -1,78 -2·00 -1·64 
March ... ... -33·56 -25·88 -3·22 +6·06 +1·35 +1·61 +0·61 +0·19 
April ... ... -33·64 -23,57 -3·84 +6·07 +0·53 +0·99 -0·93 -1·27 
May '" ... -20·09 -14·94 -1·09 +2·95 +0·26 +0·23 -0·72 +0'57 
June ... . .. -17·24 -12,37 -2·52 +3·83 -0,42 +1·22 -0,15 +0·43 
July ... ... -18·92 -15·87 -0,25 +2·77 +0·63 +1·40 +0·48 +0·62 
August ... ... -19,81 -14,22 -0·07 +4·82 +1·85 +1·12 -0·04 +0·70 
September ... -22,98 -16,93 -1·73 +6·79 +2·41 +1·08 -0·56 -0·14 
October ... ... -27·02 -20,06 -0·93 +4·52 +1·74 +0·58 +1·42 +0·85 
November ... -28·81 -27·43 -2·73 +7·99 +3·28 -0,32 -0·65 -0·70 
December ... -28·05 -37·54 -1·52 +6·17 +2·74 +0·42 -0·13 +2·19 

--
Year ... ... -25·99 -23·50 -1·65 +5·36 +1'55 +0·26 -0·15 +0·13 
Winter ... . .. -19,01 -14,35 -0·98 +3'59 +0'58 +0·99 -0·10 +0·58 
Equinox ... -29·30 -21·61 -2·43 +5·86 +1'51 +1·06 +0·13 -0·09 

I 
Summer ... ... -29,65 -34·54 -1·53 +6·64 +2·55 -1·28 -0,47 -0·11 

TABLE XLI.-S. Fourier Coefficients, 10 Quieter Days (Time of 1800 E. Long.). 

- I a1 I b1 I a2 I ba I as I bs I 
a4 I b4 

Y Y Y Y Y Y Y Y 
January ... ... -19,80 -26.£6 +0·19 +4·36 -0·09 +0·65 +0·91 -2·15 
February ... -29,64 -32·84 +0·03 +6·03 +4,31 +0·17 -1·25 +0·32 
March ... ... -19,04 -17·01 -3·74 +3·10 +2·99 +0·82 -1·22 -0·22 
April ... ... -17·66 -12·50 -1·85 +2,68 -0·28 +1·79 -1·17 -0·70 
May ... ... - 8·95 - 6·91 -0,32 +0·97 +0·49 +0·35 -0·01 -0·05 
June ... ... - 8·36 - 5·94 -0,78 +1·88 +0'63 +2·09 -0·32 +0'31 
JUly ... ... -10·22 - 8·83 +0·26 +3·15 +1'62 +1·87 -0·95 -0·10 
August ... ... -10·55 - 6·76 +0·23 +2·38 +0·80 +1·20 -0·05 +0·27 
September ... -14·50 - 6·77 -0·78 +4·06 +0'52 +0·35 -0·35 +0·27 
October ... ... -19·37 -12·62 +1'70 +2·96 +1·26 -0·14 -0·01 +0·14 
November ... -21·11 -16·65 +0·51 +6·05 +1·52 +1·93 -1·00 +0·09 
December ... -17·83 -25·67 +0·43 +2·26 +0·37 +2·50 -1·18 -0·39 

-- --~ 

Year ... ... -16·42 -14·95 -0·34 +3'32 +1·18 +1·13 -0·55 -0·18 
Winter ... . .. - 9·52 - 7·11 -0·15 +2'10 +0·89 +1·38 -0,33 +0·11 
Equinox ... -17·64 -12·23 -1·17 +3·20 +1·12 1 +0·70 1-°'69 1-0

'13 Summer ... /'- .. ~22·10 -25·50 +0·29 +4·67 +1·53 +1·31 -0·63 -0·53 
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TABLE XLIL-V. Fourier Coefficients, all Complete Days (Time of 1800 E. Long.). 

-- j al 

1 

bl I-
a 2 I 

b2 I 
a 3 

1 

b3 
1 

a 4 
1 

b4 

Y Y Y Y Y Y Y Y 
January _ .. . .. +27·23 +11-47 +0-65 -1·45 +0·95 +5-00 -2-56 -1·36 
February ... +33·49 + 9-78 -1-45 -3·85 +0·28 +2-07 -0·80 -1·75 
March _ .. ... +22·25 + 2·44 +0-41 -3-71 -0·20 +2-44 -0,71 -1·4:6 
April ... ... +21-44 - 1·55 -0·08 -2,53 -1-1·34 +1-39 +0·12 -4-0·35 
May ... ... +15·62 - 2·87 -0·09 -1-06 +0·15 +1·06 -0·74 ~0'12 
June ... ... +14·34 - 4·39 -0·59 -0·98 -0·29 +0·37 -0,67 +0·09 
July ... ... +15·00 - 2·83 +0·44 -0·66 -1·12 -0·79 -0·61 --0·66 
August ... . .. +13·88 - 1·14 -0-58 -1·00 -0·20 +0·48 --0·28 -0·78 
September ... +15·92 + 0·85 +0'50 -3·08 +0·53 +0-58 +0·06 -0·41 
October ... ... +20-14 + 5·60 +0·10 -2·79 +0·40 +1·52 -1,40 -0·37 
Novembel' ... +26·59 + 8·15 +2·37 -3·86 +2·30 +4·37 -2·84 +1·41 
December ... +36-74 +10·19 -2·51 --3·95 +2-42 +2·71 -0,27 -2·66 

Year ... ... +21·89 + 2·97 -0,07 -2-41 +0·55 +1·77 -0·89 -0,64 
Winter ... ... +14·71 - 2·81 -0·20 -0·92 -0·37 +0·28 -0·57 -0·37 
Equinox ... +19·94 + 1·83 +0·23 -3·03 +0·52 +1·48 -0-48 -0·47 
Summer ... ... +31·01 + 9·90 -0,23 -3,28 +1·49 +3·54 -1·62 -1·09 

TABLE XLIII.-V. :Fourier Coefficients, 10 Quieter Days (Time of 1800 E. Long.). 

-
1 

al 

1 

bl 
1 

a 2 
1 

b2 
1 

a 3 
1 

b3 
1 

a4 

1 

b4 

Y Y Y Y Y Y Y 'Y 
Januarv ... ... +23'32 +10··1:4 -1·08 -1·93 -0·75 +3·92 -0·47 -1·62 
February ... +28·46 + 9·58 -2,36 -2·09 -0-05 +1·02 -0·24 -1·99 
March ... ... +11'47 + 5·70 +0·72 --5·43 -0-43 +3·23 -1·29 -2·09 
April ... ... +13·89 - 0-05 -1·16 -3·59 +0·06 +0·47 -1,62 -0'21 
May ... . .. + 6·62 - 0·05 +0'20 -0,66 -0·21 +0·73 -0·57 +0·32 
June ... ... + 7·18 - 1·97 -0,45 --0·11 -0·20 -0,23 +0·15 +0·01 
July ... ... + 7·31 - 1·05 -0,60 +0·12 -0·25 +0·26 -0·03 -0·30 
August ... ... + 7·89 + 0·19 -0·15 +0·52 -0·08 +0·31 -0·05 -0·64 
September ... +10·58 + 0·72 0·00 -0·96 +0·41 +1·94 -0·20 +0.11 
October ... ... +15·93 + 3·43 -1,53 -1·44 +0·30 +2·10 -1·51 -o·~o 
November ... +24·73 + 5·89 -1,10 -2·84 +1·45 +1·35 +0·01 +0.76 
December ... +28·12 +11·64 -1·96 -3·85 +1·71 +2·40 +0'15 +0.16 

------- -----
Year ... ... +15·46 + 3·71 -0·79 -1·85 +0'16 +1'46 -0·47 -0·47 
Winter ... ... + 7·25 - 0·72 -0·25 -0·03 -0·19 +0'27 -0·12 -0·15 
Equinox ... +12·97 + 2·45 -0·49 -2·86 +0'08 +1'94 -1,16 -0·60 
Summer ... ... +26·16 + 9·39 -1·63 --2·68 +0'59 +2·17 -0·14 -0·67 
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TABLE XLIV.-E. Fourier Coefficients, all Complete Days (L.M.T.). 

I I I I I I I I 
I 

-- ct "1 C2 "a C3 "3 C4 a4 

y 0 , 
y 0 y 0 y 0 

January ·n ... 38·42 148 15 13·84 294·8 8·16 132 3·16 71 
February ... ... 54·50 153 44 8·18 293·5 0·76 251 1·86 287 
March ... . .. 43·65 154 53 8·75 291·8 0·98 139 1·03 5 
April ... ... ... 37·19 156 14 7·63 292·5 0·47 325 0·65 316 
May ... '" ... 25·20 155 34 5·71 284·6 1·71 30 0·57 52 
June ... . .. '" 20·59 156 40 5·81 278·5 1·79 345 0·43 40 
July ... ... ... 22·21 152 44 5·43 267·6 1·48 1 1·61 335 
August ... ... 26·10 157 21 6·60 288·1 1·12 66 1·42 339 
September ... . .. 31·15 159 37 7·35 300·9 0·52 353 1·21 273 
October ... ... 38·26 162 26 8·89 305·1 1·17 69 0·59 351 
November ... ... 44·89 156 18 11·08 303·5 2·49 312 3·28 211 
December ... "', 42·00 158 3 8·44 265·7 4·19 4 2·79 272 

Arithmetic mean ... 35·35 - 8·14 - 2·07 - 1·55 -
----

Year ... ... ... 35·26 154 56 7·97 290·6 0·73 48 0·59 309 
Winter ... . .. 23·51 155 38 5·84 280·2 1·33 16 0·88 352 

I Equinox ... ... 37·51 158 7 8·11 297·6 0·38 68 0·68 321 
Summer ... . .. 44·88 151 53 10·11 291·1 0·94 88 0·86 251 

I 

TABLE XLV.-E. Fourier Coefficients, 10 Quieter Days (L.M.T.). 

- I C1 I "I I Ca I "2 I Ca I a3 I C.f I a4 

y 0 , 
'Y 

0 

Y 
0 

Y 
0 

January ... ... 32·85 145 35 8·32 325·9 2·28 114 0·28 95 
February ... ... 42·13 152 37 5·17 282·4 2·20 255 1·95 351 
March ... . .. 24·82 147 53 4·75 289·0 0·87 245 2·18 35 
April ... ... .. . 20·32 161 8 3·27 269·9 2·52 312 0·35 51 
May ... ... .. . 10·80 152 54 2·10 292·4 0·98 359 0·23 288 
June ... ... .. . 10·92 158 53 1·77 261·2 1·30 318 0·16 220 
July ... . .. ... 9·93 158 48 1·35 268·4 1·99 340 0·58 304 
August ... . .. 11·94 161 16 2·21 300·3 0·50 6 0·22 353 
September ... ... 16·20 167 4 5·93 311·5 0·79 87. 0·06 178 
October ... ... 21·79 174 9 7·15 330·4 2·00 290 0·59 59 
November ... . .. 32·48 162 35 10·57 331·3 3·54 303 1·51 179 
December ... . .. 29·13 147 39 10·74 312'6 1·85 17 2·46 19 

Arithmetic mean ... 21·94 - 5·28 - 1·73 - 0·88 -
Year ... . .. .... 21·70 156 11 4·92 309·8 0·54 293 0·48 20 
Winter ... ... 10·88 158 2 1·78 283·0 1·14 341 I 0·24 301 
Equinox ... ... 20·46 161 46 4·90 306·6 0·25 247 I 0·76 42 

Summer 33·94 152 14 8·35 317·2 0·95 249 I 0·71 17 ... ... I 
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TABLE XLVI.-S. Fourier Coefficients, all Complete Days (L.M.T.). 

I I 
I 

I I I I I - ~ a1 I Ct a2 Cs a3 C" a4 

r 0 , y 0 y 0 r 0 

January ... . .. 39·99 232 58 4·18 13·4 3·43 222 0·93 163 
February ... . .. 55·77 234 20 8·40 21·3 4·57 154 2·58 285 
March ... ... 42·38 245 58 6·86 359·2 2·10 81 0·64 127 
April ... ... . .. 41·08 248 35 7·18 354·9 1·12 69 1·58 271 
May ... ... . .. 25·03 246 58 3·14 6·9 0·35 90 0·92 3 
June ... . .. 21·22 247 57 4·58 353·8 1·29 22 0·45 36 
July ... . .. . .. 24·63 243 37 2·78 22·1 1·53 65 0·79 92 
August ... . .. 24·39 247 56 4·82 26·4 2·16 100 0·70 51 
September ... ... 28·54 247 13 7·01 12·9 2·64 107 0·58 311 
October ... . .. 33·65 247 1 4·61 15·6 1·83 113 1·65 114 
November ... ... 39·79 240 0 8·44 8·3 3·30 137 0·95 277 
December ... . .. 46·86 230 22 6·36 13·3 2·77 122 2·20 51 

--
Arithmetic mean ... 35·28 - 5·70 - 2·26 - 1·16 -

Year ... ... ... 35·04 241 29 5·61 10·1 1·57 121 0·19 5 
Winter ... . .. 23·82 246 34 3·72 11·9 1·15 71 0·59 44 
Equinox ... ... 36·40 247 12 6·35 4·7 1·84 96 0·16 179 
Summer ... ... 45·52 234 15 6·82 14·2 2·85 158 0·48 311 

TABLE XLVII.-S. Fourier Coefficients, 10 Quieter Days (L.M.T.). 

-- I C1 I a1 I Cll I ": I Ca I "3 I 
C4 I "4 

Y 
0 , 

r 0 r I 0 r 0 

January ... . .. 33·37 230 0 4·36 29·6 0·65 33 2·34 212 
February ... . .. 44·24 235 40 6·03 27·5 4·31 129 1·30 339 
March ... . .. 25·53 241 50 4·86 336·9 3·10 116 1·24 314 
April ... ... ... 21·64 248 19 3·26 352·7 1·81 32 1·36 294 
May ... ... ... 11·31 245 56 1·02 9·2 0·60 96 0·05 249 
June ... . .. ... 10·26 248 13 2·03 4·8 2·19 58 0·45 9 
July ... . .. ... 13·51 242 4:7 3·16 32·0 2·47 82 0·96 318 
August ... ... 12·53 250 57 2·39 32·6 1·44 75 0·27 45 
September ... ... 16·00 258 35 4·13 16·3 0·63 97 0·44 3 
October ... ... 23·12 250 30 3·41 57·1 ]·27 137 0·14 51 
November ... ... 26·88 245 20 6·07 32·0 2·46 79 1·00 330 
December ... ... 31·25 228 24 2·30 37·9 2·53 49 1·24 306 

--
Arithmetic mean ... 22·47 - 3·58 - 1·96 - 0·90 -

Year ... ... ... 22·21 241 17 3·34 21·3 1·63 87 0·58 306 
Winter ... ... 11·88 246 51 2·10 23·1 1·64 74 0·35 342 
Equinox ... ... 21·47 

I 
248 53 3·41 7·2 1·32 99 0·70 314 

Summer ... ... 33·75 234 30 4·68 30·7 2·01 90 0·82 284 
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TABLE XLVIII.-V. Fourier Coefficients, all Complete Days (L.M.T.). 

- I Ct I al I Cil I aa I Ca I a. I c" I a4 • 

y 0 , 
y 0 y 0 y 0 

January ... ... 29·55 80 45 1·59 183·1 5·09 52 2·90 297 
February ... ... 34·89 87 19 4·12 227·8 2·09 4~ 1·93 259 
March ... ... 22·38 97 21 3·73 200·9 2·45 36 1·62 260 
April ... ... . .. 21·50 107 44 2·53 208·9 1·93 85 0·37 73 
May ... . .. ... 15·88 114 0 1·06 212·0 1·07 49 0·75 315 
June ... ... ... 15·00 120 36 1·14 I 238·2 0·47 3 0·68 332 
July ... . .. ... 15·27 114 18 0·80 173·3 1·37 276 0·90 278 
August ... ... 13·92 108 17 1.·16 237·4 0·52 18 0·83 254 
September ... ... 15·94 100 33 3·12 197·9 0·79 83 0·42 226 
October ... ... 20·91 88 3 2·80 205·1 1·57 56 1·45 310 
November ... . .. 27·81 86 34 4·53 175·6 4·94 69 3·17 351 
December ... ... 38·13 88 6 4.·68 239·6 3·63 83 2·67 240 

I Arit~metic mean 
I -

... 22·60 - 2·60 - 2·16 - 1·47 -
-

Year ... ... . .. 22·09 95 52 2·41 208·8 1·85 58 1·10 289 
Winter ... ... 14·98 114 24 0·95 219·6 0·46 348 0·68 292 
Equinox ... ... 20·02 98 20 3·04 202·8 1·57 60 0·67 280 
Summer ... ... 32·55 85 54 3·29 211·3 3·84 64 1·95 291 

TABLE XLIX.-V. Fourier Coefficients, 10 Quieter Days (J.J.M.T.). 

- I 
C1 I I c. I I a) a2 I Ca I a. I Col I 

a4 

! 
y 0 , 

y 0 y 0 y 0 

i 
January ... ... 25·55 79 29 2·21 236·4 3·99 30 1·68 251 
February ... ... 30·03 85 0 3·15 255·8 1·02 38 2·00 241 
:March ... ... 12·81 77 12 5·47 199·6 3·25 33 2·45 266 
April ... ... ,,, 13·89 103 48 3·77 225·0 0·48 48 '1·63 317 
May ... ... .. . 6·62 104 2 0·69 190·6 0·76 25 0·65 354 
June ... . .. ... 7·44 118 55 0·46 283·6 0·31 262 0·15 14·2 
July ... ... .. . 7·38 111 46 0·61 308·6 0·36 358 0·30 240 
August ... ... 7·89 102 13 0·54 11·5 0·32 26 0·64 239 
September ... ... 10·61 99 42 0·96 207·4 1·99 53 0·23 352 
October ... ... 16·29 91 27 2·10 253·8 2·12 49 1·52 317 
November ... ... 25·42 90 12 3·04 228·4 1·97 88 0·77 55 
December ... ... 30·43 81 7 4·32 234·2 2·94 76 0·22 98 

I Arithmetic mean ... 16·20 - 2·28 - 1·63 - 1·02 -

! 
Year 15·90 90 7 2·01 230·2 1,4·7 47 0·67 279 ... .. ." 
Winter ... '" 7·29 109 16 0·25 290·1 0·33 6 0·20 273 
Equinox ... ... 13·20 92 54 2·90 217·0 1·94 43 1·30 297 
Summer ... ... 27·79 83 52 3·13 238·5 2·25 . 56 0·68 246 

-
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TABLE I.J.-Ratios of Amplitudes of Fourier Waves. 

C21Cl c31cl c41cl 

Element ~ ~ 
~ 

~ ~ 
~ 

M ~ 
~ 0 Q) 0 Q) 0 Q) 

~ s:= El ~ 
Q) s:= S ~ 

Q) s:= S ~ ·S ~ 'S ~ '8 ell e ell s:= e ell c: S 
~ ~ 0" =' Q) 

~ 0" =' Q) 

~ 0" =' ~ 00 ~ ~ 00 ~ ~ 00 

E All days ... ·226 ·249 ·216 ·225 ·021 ·057 ·010 ·021 -017 ·037 ·018 ·019 
E Quieter days ·227 ·164 ·239 -246 ·025 ·105 ·012 ·028 ·022 ·022 ·037 -021 
S All days .... ·160 ·156 ·174 -150 ·045 ·048 ·051 ·063 ·005 ·025 -004 -011 
S Quieter days -150 -177 ·159 -139 ·073 ·138 ·061 ·060 -026 ·030 ·033 ·024 
V All days ... ']09 ·063 -152 ·101 -084 -031 -078 ·118 ·050 ·045 ·033 ·060 
V Quieter days -126 ·034 ·220 ·113 ·092 ·045 -147 ·081 -042 ·027 -098 -024 

---------_.-----------------
Mean-

All days ... '165 -156 '181 '159 '050 '045 '046 '067 -024 '036 '018 '030 
Quieter da y8 ·168 -125 ·206 -166 ·063 -096 -073 ·056 -030 ·026 -056 -023 

-- ._--------------------
Mean-Kew ... -607 ·540 ·640 ·587 ·247 ·277 ·320 -170 ·093 ·133 ·130 ·040 

TABLE LJ.-Phase Angle Differences. 10 Quieter Days-All Days. 

°1 a2 as 0" 
~ 
s:= 
Q) 

I a H ~ 1 ~ ,..: M ~ ~ ,..: 
Q) ,...; 0 Q) ~ 0 Q) ~ 0 Q) ~ 0 Q) 

~ .. Q) .8 a ~ 
Q) 

I 
s:= s Q) .8 S .£ .6 a +> +> ·s ~ ~ ~ ell 

~ = s ~ s:= S ell 

~ = S ell .8 = a CI) 0" = Q) 

~ 0" = ~ 0" = Q) C" =' ~ ~ Ul ~ f;I;1 00 ~ 00 ~ ~ ~ 00 

o , 1 0 , 0 I 
I 

0 , 0 0 0 0 0 0 0 
I 

0 0 0 0 . 
E .... +1 15 +2 24 +339 +0 21 +19·2 + 2'S + 9·0 +26·1 -115 -35 -IS] -199 +71 -51 + SI +126 

S .... -0 12 +0 17 +1 41 +0 15 +11·2 +11·2 + 2·5 +16·5 - 34 + 3 + 3 - 68 -59 -62 +135 - 27 

I V .... -545 -5 8 -·5 261-2 2 +21·4 +70·5 +14·2 +27·2 -11 +IS - 17 - 8 -10 -19 + 17 
I 

- 45 
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TABLE LII.-Fourier Coefficients for Five Quiet (q) and Five Disturbed (d) Days (G.M.T.). 

- I a1 
/, 

b1 I a 2 I b2 I aa. I ba I a4 I b4 

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
E (q) -10·33 +14·92 -7·01 -0·47 -0·13 +0·46 +0·39 +0·70 
E (d) -39·39 +47,61 -9·99 -3·17 -0·09 -1·45 -0·82 +2·21 

S (q) +13·74 +13,21 -0·87 +4·77 -1·28 -0·78 +0·33 +0·07 
S (d) +43·79 +41·15 -5·42 +7·63 -2·51 -0·42 0·00 -0·06 

V (q) -15·51 - 3·24 -2·15 -2·13 -0·19 -0·98 -0·25 +0·26 
V (d) -34·22 -- 1·06 +2·44 -2·45 --0·86 -0·49 +0·02 -1,0,1 

----.~~---- ---~-.---.-.-.,..- -~-.~-.-- "-.-.-.-------.-----~--~ ---""- ._ .. _-

TABLE LIII.-Fourier Coefficients for Five Quiet (q) and Five Disturbed (d) Days 
• (G.M.T.). 

- I ~ I al I 
C2 I a, I C3 I a. I C4 I a. 

'Y 
0 , 

'Y 
Co 

'Y 
0 

I' 
0 

E (q) ... ... . .. 18·15 325 18 7·03 266·2 0·48 344 0·80 29 
E (d) ... ... . .. 61·80 320 24 10·48 252·4 1·45 184 2·36 340 

S (q) ... ... .. . 19·05 46 8 4·85 349·7 1·50 239 0·34 79 
S (d) ... ... ... 60·09 46 47 9·36' 324·6 2·54 261 0·07 180 

V (q) ... ... ... 15·84 258 12 3'03 225·3 1·00 191 0'36 316 
V (d) ... ... ... 34·24 268 11 3·46 135·1 0·99 240 1·06 169 
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TABLE LIV.-Fourier Coefficients for Different Types of Days (L.M.T.). 

-- I C1 I Ql I Cll I all I Ca I a3 I C4 I Q4 

r 0 , 
r 0 r 0 r 0 

J5 quiet ... ... 18·15 158 54 7·03 293·4 0·48 205 0·80 84 
E 10 quiet ... ... 21·70 156 11 4·92 309·8 0·54· 293 0·48 20 1 All ... . .. ... 35·26 154 56 7·97 290·6 0·73 48 0·59 309 

5 disturbed ... ... 61·80 154 ° 10·48 279·6 1·45 4:/1 2·36 31 

J5 quiet ... ... 19·05 239 44 4·85 16·9 1·50 99 0·34 133 
S 10 quiet ... ... 22·21 241 17 3·34 21·3 1·63 87 0·58 306 1 All ... . .. ... 35·04 241 29 5·61 10·1 1·57 121 0·19 5 

5 disturbed ... ... 60·09 240 23 9·36 351·8 2·54 121 0·07 234 

f5 quiet ... ... 15·84 91 48 3·03 252·5 1·00 52 0·36 11 
V 10 quiet ... ... 15·90 90 7 2·01 230·2 1·4·7 47 0·67 279 1 All ... . .. ... 22·09 95 52 2·41 208·8 1·85 58 1·10 289 

5 disturbed ... ... :i4·24 101 50 3·46 162·3 0·99 101 1·06 224 

TABLE LV.-D and H. Fourier Coefficients (Time of 1800 E. Long.). 

1 

I I I I I I I I-- a1 61 all 62 all b3 a4 b4 

, , , , , I , , , 
Declination. fY ~ar ... -25·03 +11·96 +5·20 +2·51 +0·46 -0·44 +0·36 +0·16 

All Wmter ... -17·10 + 8·56 +3·73 +2·49 +0·62 -0·54 +0·53 -0·10 
complete 1. Equinox -25·98 +14·81 +5·08 +1-98 +0·40 +0·12 +0·54 0·00 

days. Summer -32·00 +12·50 +6·80 +3·07 +0·38 -0·91 +0·01 +0·56 

Declination'fYear ... -15·28 + 7·40 +3·38 +0·36 +0·78 +0·51 +0·01 -0·35 
10 Winter ... - 7·90 + 4·00 +1·21 +1·04 +1·03 +0·06 +0·05 +0·11 

quieter 1 Equinox -13·96 + 8·45 +3·12 +0·52 +0·47 +0·41 -0·12 -0·58 
days. Summer -23·97 + 9·77 +5·82 -·0·47 +0·86 +1·06 +0·10 -0·59 

-

Horizontal fYear ... 
r y y y y y y y 

--14·07 -33·02 -4·88 +4·46 +1·44 +0·55 -0·38 +0·05 
Force. Winter ... -11,00 -20·90 -3·28 +2·51 +0·28 +1·41 -0·43 +0·70 

All complete 1 Equinox -17·17 -32·61 -5·67 +5·32 +1·43 +1·11 -0·17 -0·10 
days. Summer -14·03 -45·56 -5·68 +5·54 +2·60 -0·88 -0·53 -0·45 

Horizontal fYear ... -- 9·20 -20·89 -2·37 +3·47 +0·84 +0·95 -0·61 +0·01 
Force. Winter ... - 5·90 -10·22 -0·88 +1·71 +0·38 +1·49 -0·40 +0·05 

10 quieter 1 Equinox -11·33 -18·49 -3·12 +3·24 +0·97 +0·54 -0·69 +0·20 
days. Summer -10·38 -33.961-3.10 +5·45 +1·19 +0·83 -0·76 -0·24 
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TABLE LVI.-D and H. Fourier Coefficients (L.M.T.). 

- I l1. I at I C2 I 0.2 I Ca I 0.3 I 
C4 

/ 
0.4 

, 0 , , 0 , 0 , 0 

Declination. fYear ... 27·74 309 9 5·78 91·4 0·64 174 0·39 121 
All Winter ... 19·13 310 12 4·48 83·5 0·82 172 0·54 155 

complete 1 Equinox 29·91 313 17 5·45 95·9 0·41 114 0·55 145 
days. Summer 34·36 304 56 7·46 92·9 0·98 198 0·56 56 

Declination. fYear ... 16·98 309 28 3·40 111·1 0·94 98 0·35 233 
10 Winter ... 8·85 310 28 1·59 76·5 1·03 127 0·11 57 

quieter l Equinox 16·31 314 48 3·17 107·8 0·62 90 0·59 246 
days. LSummer 25·89 305 46 5·84 121·8 1·36 80 0·60 225 

---' ---_. 
y 0 , 

y 0 y 0 y 0 

Horizontal f Year ... 35·90 213 40 6·61 339·6 1·54 110 0·38 332 
Force. Winter ... 23·61 221 18 4·13 334·7 1·44 52 0·82 23 

All complete 1 Equinox 36·86 221 22 7·78 340·4 1·81 93 0·20 295 
days. Summer 47·66 210 43 1·94 341·5 2·74 150 0·70 284 

Horizontal fYear ... 22·82 217 23 4·20 352·9 1·27 82 0·61 325 
Force. Winter ... 11·80 223 36 1·92 360·0 1·53 55 0·4:0 332 

10 quieter 1 Equinox ·21·69 225 6 4·50 343·2 1·11 102 0·72 341 
days. Summer 35·51 210 35 6·27 357·6 1·45 96 0·79 307 

--

TABLE LVII.-Fourier Coefficients from Mean Diurnal Inequality for the year. 
1911-12 and 1902-03. 

Element. I Epoch. I C1 I 0.1 I Cz I 0.2 I C3 

/ 
a.a 

/ 

C4 I a.. 

, 0 , I , 0 , 0 , 0 

D All complete days ... ... 1911-12 27·74- 309 9 5·78 !n·4 0·64- 174 0·39 121 
D 

" " " 
... . .. 190~3 20·36 338 29 4·43 133·4 0·34- 66 0·65 217 

D Quieter days ... ... ... 1911-12 16·98 309 28 3·40 111·1 0·94 98 0·35 233 
D 

" " 
... . .. ... 1902-03 15·22 34-1 36 3·45 150·9 0·96 70 0·57 230 

--- -------- ----
y 0 , 

y 0 y 0 y 0 

H All complete days ... ... 1911-12 35·90 213 40 6·61 339·6 1·54 110 0·38 332 
H Quieter days ... ... ... 1911-12 22·82 217 23 4·20 352·9 1·27 82 0·61 325 
H ... ... ... ... 1902-03 16·72 226 54 3·14 375·5 0·49 93 0·39 400 
V All complete days ... ... 1911-12 22·09 95 52 2·41 208·8 1 85 58 1·10 289 
V 

" " " 
... ... 1902-03 15·34 86 52 3·49 240.6/1.89 45 1·00 287 
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CHAPTER VI. 

DAILY MAXIMA AND MINIMA. ABSOLUTE RANGES. 

Section 32.-By the absolute diurnal or daily range is meant the. excess of the largest 
over the least value recorded during the 24 hours. The absolute ranges· for E', S' and V 
are given for every day available in Tables LVIII, LIX and LX,.pp. 118 to 123. Owing 
to the necessity of changing the photographic paper, there is unavoidably a short daily 
loss of trace, and there is a possibility that one if not both of the extreme values for the 
day may occur during the changing interval, and so fail to be recorded. Such a 
possibility is naturally greatest where disturbance is most prevalent, supposing the 
changing time to a void the ordinary hour of maximum or minimum, and so is a less 
unlikely contingency in the Antarctic than at the average station. But even in the 
Antarctic, supposing the change of papers to occupy as usual only a few minutes, the 
chance of an extreme value occurring during the changing interval is trifling, and if 
it should occur, unless an unusually rapid change were in progress at the time, the 
underestimate in the daily range due to the loss of trace could not be large. There 
were, however, a certain number of days, especially in November, 1912, when the 
interruptions or imperfections of trace were such that there is a considerable chance 
or even a practical certainty that there was loss of one or both of the extreme values 
of the day. In these cases the range given is enclosed in parentheses; it represents the 
difference between the greatest and least ordinates actually recorded. Such ranges 
are probably underestimates, in some cases probably only a little short in other cases. 
however, a great deal short of the true range. 

Table LXI, p. 124, gives for each month the mean of the absolute ranges, and the 
largest and least of them. Only complete days were employed for the calculation of the 
mean or for the minimum range, because the inclusion of days of curtailed range would 
obviously have been misleading. But in two or three instances these presumably 
curtailed ranges included the largest of the month, which has been accepted as the 
maximum, being inclosed in parentheses to indicate that it is probably an underestimate. 

Table LXI also gives in the last line the mean of the monthly means for the 11 
months of 1911 and 1912. On t,he average the S' and V ranges are respectively about 
88 and 60 per cent. of the E' ranges, the ratios between the ranges being closely the 
sa.me for 1911 and 1912. 

There is a large reduction in the absolute ranges, just as there was in the inequality 
ranges, in 1912 as compared with 1911. The difference between the two years in the 
Antarctic is greater than it was in temperate European latitudes-at Kew Observatory, 
for instance. Also, as with the inequa.lity ranges, there is a large annual variation in 
the absolute ranges, the maximum occurrIng near midsummer, the minimum near 
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midwinter, and the equinoctial months occupying an intermediate posit.ion. The 
nlinimum range in Table LXI shows an annual variation of the same type as in the nlean 
range but relatively even larger. In February, 1911, no day had a range less than 1631' 

in E', 1701' in S', or 1291' in V; whereas the slllallest ranges for the three elements in 
June, 1911, were respectively only 311', 341' and 221'. The maxirnum nlonthly ranges 
in Table LXI show much less regularity in £heir annual variation. The absolutely 
largest ranges recorded were 7271' in E' during Decernber, 1911, 6521' in S' during April, 
1911, and 4531' in V during July, 1911. In 1912 the largest S' range, 4381', and the 
argest V range, 3721', occurred in May. Thus while notably large disturbances were 

most numerous in the SUlnmer and equinoctial months, they were not confined to these 
months. The presence of the sun above the horizon during part of the 24 hours is 
clearly not an essential condition for large disturbances. 

Table LXII, p. 124, gives the ratio borne by the mean absolute range for each month 
to the corresponding inequality range. The fourth and eighth colulllns give the mean 
of the ratios derived from E', S' and V for the individual months, and the last column 
gives the mean of the corresponding results for the two years. The figures in this last 
column show a very decided annual variation, the mean ratio tending to be largest 
towards midwinter and least in SUlllmer. The size of the inequality range is largely 
dependent, as we have seen, on the presence of disturbance, and this dependence is 
especially marked at midwinter. The values of the ratio for anyone element in Table 
LXII show irregular fluctuations of a presumably accidental character. In 1911 the 
final mean value of the ratio is appreciably less for S' than for the other two elements. 
But this is not improbably accidental, as the final mean values of the ratio for the 
three elements in 1912 are almost identical, and the final means from the three elements 
are very nearly the same for the two years. 

Section 33.---Tables LXIII, LXIV and LXV, pp. 125 and 126, show the frequency of 
occurrence of ranges of different sizes in the three elements. The total number of days 
available for each month or season from the two years combined is given in parentheses. 
The absence of January data for 1911 and of December data for 1912, and the incom­
pleteness of so many days of November, 1912, lead to a large reduction in the number of 
summer days, which should be borne in mind when comparing the different seasons. 

Considering first the E' data in Table 14XIII we see that ranges less than 501' were 
almost entirely confined to winter months. In summer ranges less than 1001' were very 
rare. In winter half the total number of ranges lay between 501' and 1501', while in 
summer 83 per cent. of the ranges exceeded 1501', and 41 per cent. exceeded 2501'. Of 
the 11 ranges exceeding 5001' only one occurred in 1912, and ranges exceeding 2501' 

were nearly thrice as numerous in 1911 as in 1912. 

Table LXIV gives for S' in summer no range less than 501', and in equinox only 
1 day in 32 had. a range as small as this, as compared with 1 day in 7 in winter. 
The percentage of days having ranges as low as 1001' was much greater for equinox 
than for summer, but ranges exceeding 2501' were relatively as numerous in the former 
season as the latter. 
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Coming to V ranges in Table IJXV we see that four-fifths of the days had "ranges 
exceeding 50y, and no range as small as this was encountered in summer. The 
percentage number of days having ranges less than 100y was 71 for ",i.nter and 61 for 
equinox, but only 14 for summer; while the percentage number of days having ranges 
in excess of 200y was 19 in summer, but only 9 in equinox and 8 in winter. 
Ranges less than 100y were one and a naIf times as numerous in 1912 as in 1911, while 
ranges exceeding 200y were three and a half times as numerous in 1911 as in 1912~ 

To give a general idea of how very large ranges in t.he Antarctic really are, it may 
be mentioned that on the average of the 11 years 1890-1900 the mean absolute daily 
ranges at Kew Observatory were 72y in D, 61y in Hand 33y in V. For the mean 
absolute ranges in the Antarctic from February, .1911, to November, 1912, we have 
187y in E', 163y in S' and 113y in V. Thus we find 

(Range in E' in Antarctic)/(Range in D at Kew) = 2·6. 
(Range in S' in Antarctic)/(Range in H at Kew) = 2· 7. 
(Range in V in Antarctic)/{Range in V at Kew) = 3·4. 

Relatively considered, the Antarctic V ranges are thus nlore outstanding than 
the ranges in the horizontal components. The percentages of the total number 
supplied by ranges exceeding 100y were at Kew 14·6 in D, 9·5 in Hand 2·3 in V, 
whereas they were in the Antarctic 75·2 in E', 68·1 in S' and 46·4 in V. 

Section 34.-The fact that E' and S' refer to rectangular axes arbitrarily oriented 
reduces the interest attaching to the incidence of the daily maximum and minimum, 
because any results we may obtain will not be directly comparable with data from 
any other station. At the same time the smallness of the angle, 7° 36', between these 
axes and Geographical East and South, and the great similarity of the diurnal inequalities 
of E' and E on the one hand, and of S' and S on the other, render it unlikely that the 
results obtained for E' and S' differ much from those that would have been obtained 
for E and S. Also the way in which maxima and minima occur is calculated to throw 
light on the nature of the diurnal changes. It has accordingly appeared worth while 
to find the frequency of occurrence throughout the 24 hours of the maxim~m and 
minimum in E' and S' as well as in V. The results appear in the six Tables LXVI 
to LXXI, pp. 127 to 132. The time employed is that of the 180th meridian. The last 
column in each table shows the number of days used. No day was employed in which 
inconlpleteness of trace seemed likely to have led to the loss of the true maximum 
or minimum. The results from all the 22 months,and from the combination of the 
months which belonged to the same season of the year, are given in the four lowest 
lines. The absenoe of record for January, 1911, and December, 1912, reduces of course 
the number of summer days. 

Referring to Table XI it will be seen that the maximum value in the diurnal 
inequality of E' occurred at 19 h. in the case of all the seasons and the year; while 
according to Table LXVI the absolute daily maximum occurred most frequently either 
between 19 h. and 20 h. (year, equinox and summer), or between 18 h. and 19 h. 
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(winter). At the same time a large majority of individual maxima occurred outside 
these hours. In fact, if we take the whole year, no single hour of the day failed to 
show at least one maximunl; but there is only one occurrence between 10 h. and 11 h., 
10h. being the hour when the minimum appeared in the mean diurnal inequality for 
the year. Taking the whole 22 months, the 12 hours 2 h. to 14 h. contribute only 
45 occurrences or 7t per cent. of the whole, and of these, 27 are due to the summer 
months. 

In the case of minima in E' we see from Table LXVII that 9-10 h. showed the 
greatest frequency, and 10 h. gave the minimum in the diurnal inequality for the year 
in Table XI. Even in the case of the 22 months, four hours show no single occurrence, 
and the 12 hours 14 h. (2 p.m.) to 2 h. contribute between them only 25 occurrences, 
or about 4 per cent. of the total. In this instance, somewhat curiously, summer shows 
the greatest concentration of minima, no single occurrence presenting itself in the 
11 hours 16~. (4 p.m.) to 3 h. 

The maximum in the diurnal inequality of S' in Table XV presented itself at 15 h. 
in the case of the whole year and summer, but at 14 h. in the case of winter and equinox. 
In Table LXVIII the greatest frequency of occurrence of the maximum presented itself 
between 13 h. and 14 h. in winter, but between i4 h. and 15 h. in the other groups of 
months. In the whole 22 months six hours show no maximum, and in the equinoctial 
and summer groups there are respectively 12 and 11 hours without an occurrence. The 
12 hours 19 h. (7 p.m.) to 7 h. show between them only 12 occurrences, or but 2 per cent. 
of the whole. 

The hour of minimum in the diurnal inequality of S' in Table XV was less constant, 
varying from midnight in winter to 3 h. in summer. The succession of figures in Table 
LXIX is decidedly less regular than in the case of the maxima, especially in summer, 
where the greatest frequency of occurrence of the minima is found between 6 h. and 7 h. 
But in the other groups of months the greatest frequency is found between 23 h. and 
24 h. (all months and equinoctial months), or between 0 h. and 1 h. (winter). In the 
twelve hours 8 h. to 20 h. there are only 23 occurrences, or less than 4 per cent. of the 
total, and in the summer months there is no single occurrence between 10 h. and 21 h. 

The maximum in the diurnal inequality of V in Table XIX occurs at 24 h. for the 
year as a whole, but the hour for the separate seasons varies from 10 p.m. in winter to 
2 a.m. in summer. 

In Table LXX the greatest frequency of occurrence of the maximum is found 
between midnight and 1 a.m. in all the groups of months. A small but decided secondary 
maximum of frequency will be noticed between 8 h. and 10 h. The 12 successive hours 
giving the smallest total are 6 h. to 18 h., and this total III is fully 18 per cent. of 
the whole number. 

The hour of minimum in the seasonal diurnal inequalities of, V in Table XIX 
varies from 12 h. in winter to 14 h. in summer, being 13 h. for the year as a whole. 
In Table LXXI the greatest fr~quency of occurrence of the minima is found at a decidedly 
earlier hour, viz., 10 h.-II h., in the case of the year and the winter months. The 
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minima are decidedly more concentrated than the maxima in their daily incidence. 
The twelve hours 17 h. (5 p.m.) to 5 h. show only nine occurrences of the minimum, 
i.e., only Ii per cent. of the total. In the summer months there is no occurrence between 
16 h. and 24 h., and only three occurrences between midnight and 6ft. 

When dealing with t.he incidence of maxima and minima in the Antarctic in 1902-3, 
I defined the concentration of the frequency as " the percentage which the occurrences 
during the three consecutive hours which, combined, give the greatest number of 
occurrences bear to the total number." It may be of interest to compare the following 
figures for the concentration thus defined in the different elenlents at the two epochs. 
The elenlents put in the same line are those most nearly equivalent to one another. 
There is identity between them only in the case of V. 

- - -- ._-------- ------" ----

1911-12. 1902-03. 

E' Maxima 44 D Minima 44 
E' Minima 48 D Maxima 54 

S' . Maxima 51 H Maxima 45 
S' Minima 30 H Minima 31 

V Maxima 38 V Maxima 40 
V Minima 52 V Minima 35 

The figures in the same line for the "concentration" show a considerable 
resemblance, except in the case of V minima. In 1902-03 the hours showing the 
greatest frequency of V minima differed for the different seasons in a somewhat irregular 
way. 

Section 35.-Table LXXII, p. 133, presents the results as to the incidence of maxima 
and minima in a different way, enabling a more direct comparison to be made 'with the 
hourly values in the diurnal in~qualities. The figures relate to the year as a whole. 
A numerical illustration will best serve to explain how the figures were got and what 
they mean. According to Tables LXX and LXXI, if we take the two hours 3 h.-4 h. 
and 4 h.-5 h. we have in the first, 39 occurrences of nlaximum and 3 of mininlum, and 
in the second, 31 occurrences of maximum and 1 of minimum. If we count one maximum 
as --1- 1, and one minimum as - 1, the entries under these two successive hours become 
+ 39 - 3 or + 36, and +. 31 - 1 or + 30. Doing this for all hours of the 24 we 
get a series of quantities whose numerical sum is 988, giving an arithmetic mean of 41 . 2. 
Of this) 36 and 30 represent respectively 87 and 73 per cent. Thus we get a new set of 
24 hourly values having + 87 for 3 h.- 4 h. and + 73 for 4 h.-5 h. The arithmetic mean 
of these two values, i.e., -1- 80, appears in Table LXXII at 4 h. in the column headed 
" max.-min." in V. The corresponding entry in the column headed" Inequality" 
in V is got as follows: The entry under 4 h. in Table XIX in the diurnal inequality for 
the year in V is + 11·9y. The A.D. (arithmetic mean of the 24 hourly entries) is 13'84y, 

and + (11'9/13'84) X 100 = + 86. In this way we get a diurnal inequality which 
is independent of the unit of force employed, and which is not without advantages 

U6 



when we wish to consider the type as distinct from the amplitude <;>f the diurnal 
variation. 

If the absolute daily maxinlum and minimum always presented themselves within 
an hour or two of the times of occurrence of the maximum and minimum in the ordinary 
diurnal inequality and if, as is the case in the Antarctic, there were little seasonal 
variation in the type of the diurnal inequality, then the max.--min. figures would show a 
very pea,ked type of diurnal variation. The diurnal variation in the max.-min. figures 
in Table LXXII is in fact distinctly more peaked than that of the inequality figures, 
especially in the case of V. Still the resemblances between the two are striking, especially 
in the case of E' and S'. 

As we shall see later, the incidence of disturbance in the Antarctic showed a con­
spicuous diurnal variation, the maximum of disturbance occurring between 8 h. and 
10h. and the minimum towards miqnight. This has no doubt something to do with 
the incidence of the daily maximum and minimum. For instance, it probably explains 
the secondary maximuIll between 8 h. and 10 h. shown by Table LXX in the incidence 
of the daily maximum in V. That is not a time of the day at which the diurnal inequa.lity 
would lead us to expect any appreciable number of maxima, but large oscillations were 
particularly frequent during these hours, and large oscillations naturally supply high 
values even though the mean value for the hour is low. 
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TABLE'LVIII-

1911. 

Day. 

I I I I I I I I I I 
Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec. 

r r r r r r r r r r r 1 --- 519 199 302 191 229 106 132 68 204 243 
2 - 254 243 173 139 247 88 (113) 139 139 273 
3 - 206 174 125 109 622 161 63 107 356 265 
4 - 253 173 75 48 140 168 29 119 360 212 
5 -- 389 192 127 326 142 142 106 122 228 155 
6 327 323 81 154 181 100 240 106 140 207 313 
7 379 257 122 261 136 184 133 89 153 193 468 
8 400 291 207 266 150 281 53 93 177 113 215 
9 268 207 518 102 63 180 67 96 208. 308 132 

10 378 147 238 147 375 94 75 109 155 397 103 
11 163 87 248 226 (156) 304 68 139 467 232 727 
12 205 156 254 347 (179) 234 82 197 265 207 390 
13 277 102 (165) 105 258 129 151 186 171 452 232 
14 481 264 (88) 99 204 93 88 127 161 363 144 
15 (322) 262 58 484 186 57 82 172 238 413 261 
16 (212) 279 222 502 195 78 198 294 89 261 195 
17 345 230 456 256 173 128 122 (170) 332 298 318 
18 267 117 325 200 42 318 76 (38) 313 161 326 
19 267 - 89 323 216 68 332 62 (55) 334 134 318 
20 226 232 339 250 123 253 236 345 307 429 229 
21 293 488 510 372 177 109 77 297 180 272 203 
22 604 409 379 218 250 211 53 442 201 188 165 
23 586 491 277 126 178 127 181 364 196 129 179 
24 525 341 184 118 (119) 47 523 198 234 159 179 
25 299 427 219 59 57 123 291 103 179 156 168 
26 438 407 225 148 31 60 223 104 204 305 335 
27 275 492 165 231 40 71 240 164 106 186 381 
28 448 447 (254) 204 63 223 294 137 201 216 323 
29 - 308 (231) 146 144 311 148 113 121 154 186 
30 - 214 316 61 36 197 126 (41) 134 204 146 
31 - 218 - 268 - 213 266 - 108 - 246 
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Abso1ute N' Ranges. 

1912. 

Jan. I Feb. I Mar. I April. 
I 

May. I June. I July. I Aug. I Sept. I Oct. I Nov. 

/' /' /' /' Y Y Y Y /' Y /' 
(413) 182 165 64 84 232 124 323 106 (288) 206 
213 233 164 77 127 215 (63) 94 56 (102) 203 
242 241 93 130 187 252 (35) 123 66 134 133 
123 149 165 117 (76) 66 209 52 100 (139) 90 
297 130 98 168 299 99 321 30 116 (124) 158 
278 127 139 311 156 67 175 (53) 184 63 (215) 
118 114 150 185 136 26 112 (136) 102 84 (140) 
202 202 187 122 189 252 87 74 128 181 215 
141 139 293 84 80 232 121 66 105 222 (173) 
179 198 173 178 116 256 37 66 83 (74) (241) 
255 294 187 123 28 216 44 103 123 (197) 306 
323 287 110 86 226 92 31 36 160 227 194 
622 259 166 99 379 80 25 39 144 246 223 
321- 223 79 92 306 89 28 59 192 270 (104) 
260 213 173 275 144 81 50 80 90 365 (53) 
153 126 154 231 59 (23) 127 43 60 259 361 
260 338 90 270 74 (48) 71 294 76 199 . (279) 
292 (281) 86 208 44 58 93 97 386 146 (199) 
14.9 191 87 110 68 60 45 352 179 79 (274) 
244 112 61 203 96 26 137 97 208 88 -
150 89 144 40 70 57 110 139 105 110 -
174 139 186 153 58 46 64 252 151 98 -
327 166 (107) 76 24 45 83 228 158 114 -
219 184 (94) 131 27 110 38 243 290 113 -
184 (183) 78 98 47 57 45 150 210 13fj -
173 - (95) 84 69 37 123 126 82 122 -
168 -- 126 73 38 160 128 133 132 (161) --
143 - 107 53 84 179 57 136 76 155 --
373 (164.) 121 39 35 164 74 117 66 171 --
179 - 232 57 48 145 81 128 95 107 --
163 - 57 - 121 -- 103 93 - 131 -_. 
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TABLE LIX.--

~~---- ------- ----------

1911. 

Day. 

I I I I I I I I I I Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec. 

I' 'Y 'Y 'Y I' I' I' I' I' 'Y 'Y 
1 - 323 112 297 298 200 81 158 43 88 196 
2 -- 215 245 115 247 314 73 (51) 152 103 175 
3 - 210 258 122 112 .245 176 83 152 176 177 
4 - 231 198 63 61 124 166 23 81 236 164 
5 374 255 154 71 (229) 82 181 101 92 179 83 
6 332 285 99 116 192 72 180 71 99 217 149 
7 357 198 114 290 199 267 95 128 147 99 341 
8 210 339 236 344 141 466 50 90 186 84 129 
9 247 260 652 64 61 215 49 71 194 324 90 

10 316 134 445 167 258 118 57 169 162 280 68 
11 174 54 408 198 (119) 229 59 121 330 104 434 
12 202 94 178 213 (259) 183 37 210 131 189 295 
13 233 83 (203) 64 260 174 126 263 125 255 130 
14 579 198 (59) 68 211 143 117 166 134 471 179 
15 (361) 198 48 237 190 132 107 89 182 332 212 
16 (208) 204 238 326 115 89 158 179 90 200 138 
17 261 185 418 187 128 96 117 (262) 301 191 146 
18 259 105 410 238 45 158 142 (32) 341- 124 340 
19 304 93 467 165 80 294 56 (53) 217 89 179 
20 170 405 328 201 141 152 181 440 212 236 187 
21 279 339 303 254 185 146 85 230 180 155 199 
22 507 516 411 169 263 186 47 372 161 138 132 
23 417 358 342 57 169 186 130 181 126 97 185 
24 594 350 284 79 217 47 454 147 170 108 141 
25 325 567 295 65 42 96 294 101 225 75 110 
26 418 308 208 183 34 44 212 67 157 150 249 
27 449 479 123 199 34 46 303 165 84 123 321 
28 441 299 (151) 137 135 213 184 126 94 145 265 
29 - 305 (220) 59 203 342 127 82 96 113 108 
30 - 311 

I 

186 

I 

78 

I 

56 

I 

188 

I 

150 (47) 130 182 100 
31 - 210 - 242 - 191 195 - 103 - 241 
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Absolute S' Ranges. 

1912. 

Jan. I Feb. I Mar. 
I 

April. 
I 

May. I June. 
I 

July. I Aug. I 
Sept. I Oct. 

I 
Nov. 

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
114 

'Y 'Y 
(198) 119 127 72 101 145 126 221 (210) 174 
191 135 102 55 62 131 (50) 63 45 (139) 202 
136 141 85 111 110 130 (43) 116 32 127 76 
131 116 112 112 (51) 65 r49 73 198 (83) 108 
161 156 72 171 438 44 312 31 127 (55) 71 
233 139 III 270 186 (22) 200 (67) 110 58 (163) 
109 58 170 225 162 (15) 116 (94) 70 74 (128) 
164 199 371 96 143 195 112 59 101 147 145 
130 136 199 65 68 412 115 65 15,1 109 (125) 
172 235 175 269 105 229 57 76 127 (44) (208) 
142 220 235 60 35 157 70 53 90 (109) 338 
266 160 131 97 300 126 29 24 157 77 217 
337 188 107 102 382 51 24 45 85 (216) 155 
253 202 68 55 184 69 32 102 102 187 (62) 
207 175 109 317 150 78 48 92 75 336 (82) 
145 109 93 258 61 (17) 68 44 109 210 219 
151 234 75 208 85 (54) 40 257 56 177 (137) 
249 (237) 52 232 72 38 ]51 107 264 106 (120) 
178 123 43 90 49 58 70 243 209 51 (172) 
140 90 68 281 88 19 64 97 159 82 -
122 99 107 60 41 30 103 143 88 180 -
176 87 325 81 81 34 62 192 125 92 -
211 174 (51) 94 16 68 53 273 125 142 -
129 229 (65) 114 23 116 48 111 351 118 -
174 (212) 68 96 28 111 46 135 265 125 -

91 - (147) 118 63 69 70 91 74 99 -
82 - III 69 61 153 141 146 85 (131) --

102 - 82 61 55 96 76 109 59 142 -
135 (82) (70) 42 54 125 41 148 55 119 -
95 - 147 89 

I 
73 

I 
88 

I 
52 

I 
98 93 69 -

119 - 61 - 72 - 126 92 - 128 -
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TABLE LX.-

---- --"."---- "- _.~------------"------~---------"-

1911. 

Day. 

I I I I I Feb. Mar. April. May. June. July. 
I 

Aug. 
I 

Sept. 
I 

Oct. I Nov. I Dec. 

/' /' /' /' /' /' /' /' /' /' 7' 
1 - 214 125 112 145 134 91 86 36 79 173 
2 - 148 114 130 106 127 41 (61) 75 82 176 
3 -" 136 108 49 52 453 90 54 108 130 188 
4 - 167 84 63 43 86 94 17 48 (153) 227 
5 - 247 110 48 261 58 80 50 63 133 100 
6 252 146 55 68 208. 44 95 49 69 138 156 " 
7 251 124 69 208 152 159 66 47 85 87 317 
8 167 293 83 189 84 252 20 52 97 101 147 
9 213 330 271 44 38 103 23 34 - 210 127 

10 148 84 277 74 184 87 54 58 94 231 108 
11 165 57 96 46 (85) 313 37 65 143 130 331 
12 150 48 III 131 (299) 133 33 (90) 122 130 264 
13 129 49 (145) 39 152 74 90 126 99 207 155 
14 244 149 (47) 66 135 48 48 115 98 188 188 
15 171 120 48 236 76 53 61 48 75 217 210 
16 (141) 154 87 427 52 45 92 165 52 120 99 
17 148 91 179 147 55 (61) 53 (139) 109 131 230 
18 172 72 251 119 36 92 46 (34) 130 111 361 
19 183 50 394 225 53 169 32 (45) 130 112 160 
20 118 363 160 117 79 191 86 257 148 194 154 
21 156 197 125 419 58 54 52 219 124 175 133 
22 255 209 188 103 129 139 45 215 119 132 126 
23 188 190 118 45 152 70 119 110 92 79 196 
24 259 165 183 43 (145) 32 338 88 12"5 116 159 
25 194 259 200 53 32 35 148 61 148 105 89 
26 240 157 79 124 22 32 133 57 (163) 116 190 
27 188 339 81 108 23 33 86 54 (66) 109 213 
28 178 254 (175) 68 51 286 155 65 96 107 169 
29 - 171 (135) 42 75 140 55 75 67 122 135 
30 - 145 310 36 40 128 67 (60) 105 153 97 
31 -- 108 - 124 - 264 146 - 64 - 275 
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Absolute V Ranges. 

1912. 

Ja.n. I Feb. I Ma.r. I April. I Ma.y. I June. I July. I Aug. I Sept. I Oct. I Nov. 

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
- 153 97 38 39 137 79 324 43 (172) 111 

144 117 61 49 62 168 (28) 33 44 (148) 91 
128 182 73 62 72 145 (28) 79 38 61 112 
133 135 151 81 (38) 24 134 39 81 (85) 71 
178 126 54 73 372 30 305 26 77 (58) 91 
167 71 90 117 328 " 35 106 (55) 79 57 (118) 
85 101 96 108 109 20 111 (59) 47 62 (107) 

150 170 183 81 109 126 39 37 51 63 135 
115 115 173 72 56 170 53 40 61 79 (87) 
110 87 123 166 51 110 40 46 46 (46) (223) 
132 206 144 89 23 82 31 38 69 - 275 
165 107 103 44 119 80 16 13 83 113 190 
226 191 90 65 311 40 17 23 65 109 108 
217 153 79 60 198 47 10 42 91 149 (47) 
194 122 71 163 65 44 30 44 55 162 (32) 
159 129 82 356 39 (15) 104 25 43 99 308 
167 119 73 192 51 (35) 28 95 56· 103 (140) 
165 (173) 44 130 33 40 61 80 119 85 (174) 
130 105 26 119 39 35 24 106 92 52 (176) 
101 93 56 79 43 12 67 65 80 83 -
110 111 76 36 22 27 62 90 63 122 --
136 64 103 93 35 35 39 95 81 87 -
228 87 - 63 15 41 43 105 109 140 -

97 168 - 54 17 53 26 92 210 57 -
184 - - 76 25 58 30 69 138 86 -
84 - (95) 55 49 24 55 65 67 83 -
72 - 73 50 29 162 63 89 56 (76) -
85 - 56 53 29 95 52 99 45 100 -

229 - 63 67 25 83 30 53 52 91 -
117 - 73 25 42 73 38 56 59 83 -
135 - 46 - 47 - 56 41 

I 
- 94 ~ 

-_._-- --- --
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TABLE LX I.-Absolute Daily Ranges. 

1911. 1912. 

E' 
I 

s' 
I 

V E' 
I s' I 

v 
Month. 

~ ~ ~ ~ ~ ~ 
Q) 

~ 
III 

~ 
III ..,; d 

III ..,; cl 
III 

~ cl 
Q) 

~ d CI) d CI) g CI) CI) CI) CI) 

~ ep III CIS ~ III ~ r:n 
CIS ~ III 

CIS ~ III ca e.o tll ca ci: CIS CIS CIS ca CI) ~ ::l 
CI) CIS CI) CI) ca CI) CI) CIS CI) CI) CIS ~ 

CI) cd CI) 

~ ...:l ~ ...:l ...:l ~ ...:l ...:l ~ ...:l ...:l ~ ...:l ~ ...:l ...:l 

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
January .... - - - - -- _. - - - 231 622 118 164 337 82 145 229 72 
February .... 355 604 163 335 594 170 190 259 129 189 338 89 153 (237) 58 127 206 64 
March .... 287 519 87 262 567 54 169 363 a8 138 293 57 126 371 43 86 183 26 
April.... .... 256 518 58 275 652 48 150 394 48 131 311 39 132 317 42 91 356 25 
May .... .... 205 502 59 163 344 57 119 427 36 114 379 24 112 438 16 82 372 15 
June .... 146 375 31 149 298 34 92 (299) 22 121 256 26 109 412 19 71 170 12 
July .... .... 188 622 47 175 466 44 128 453 32 95 321 25 90 312 24 60 305 10 
August .... 156 523 53 142 454 37 83 338 20 130 352 30 114 273 24 69 324 13 
September .. " 168 442 29 153 440 23 90 257 17 134 386 56 123 351 32 73 210 38 
October .... 191 467 68 158 341 43 97 (163) 36 159 365 63 128 336 51 93 (172) 52 
November .. " 247 452 113 175 471 75 136 231 79 209 361 90 170 338 71 149 308 71 
December .... 260 727 103 189 434 68 182 361 89 - - - - - - - -1--------------- ----------
Mean .... 224 198 131 150 129 95 

TABLE LXII.-Ratio (Absolute Range)/{Inequality Range). 

1911. 1912. 
Mean of 

Mont.h. 

I I I I I I 
Means. 

/ 

E' S' V Mean. E' S' V Mean. 

:::1 
I 

January ... - -- - - 2·15 1·96 2·01 2·04 2'04 
February 2·13 2·06 2·38 2·19 2·33 1·84 1·82 2·00 2·10 
March ... ... 2·35 2·21 2·82 2·46 2·08 2·08 2·16 2·11 2·28 
April ... ... 2·45 2·07 2·53 2·35 2·24 2·63 2·41 2·43 2·39 
May' ... ... 2·85 2·11 3·03 2·66 2·73 2·35 2·55 2·54 2·60 
June ... ... 2·45 2·48 2·41 2·45 2·93 3·00 2·47 2·80 2·63 
July ... ... 3·06 2·58 2·73 2·79 2·57 2·59 2·94 2·70 2·74 
August ... ... 2·27 2·38 2·33 2·33 2·45 2·49 2·71 2·55 2·44 
September ... 2·12 2·24 2·04 2·13 1·99 2·18 2·24 2·14 2·14 
October ... '" 2·07 2·10 2·05 2·07 2·10 2·19 2·09 2·13 2·10 
November ... 1·98 1·86 2·08 1·97 2·16 2·17 2·16 2·16 2·07 
December ... 2·78 1·91 2·21 2·30 - - - - 2'30 

Mean ... ... 2·41 2·19 2·42 2·34 2·34 2·32 2·32 
I 

2·33 -

124 



TABLE LXIII.-E' Ranges. Number of Days whenJ Range between Limits stated. 

I o to 50y. 501' to 1001" 1001' to 1501'. 1501' to 2001" 200y to 2501" I 2501' to 5001" Above 5001'. 

Month or 
I 

Season. I ~ 1 ~ I~ i gl I~~ I§ I~J I ~ I~ ~ C'l ,....; ,....; 
0; 0; ~ ..... ..... ..... 

0) 0) 0) 0) ~ ..... ..... ..... ..... ..... ..... 1 I· I 1 • 
. . '"' . . '"' 

...... Q\I Q\I ~ ..... Q\I Q\I ~ 

§ § ~ 0; 0; ~ ..... ..... 
~ 1 ~ I~ ~ 0; 0; ~ ..... ..... 

I 

: 1 

January (30) .... - 0 0 - 0 0 - 6 6 8 8 
February (44) .... 0 0 0 0 1 1 0 8 8 5 6 
March (59) .... 0 0 0 2 9 11 3 7 10 10 11 
April (56) .... .... 0 2 2 2 12 14 1 6 7 6 4 10 
May (61) .... .... 0 8 8 4 10 14 9 5 14 3 3 6 
June (55) .... .... 5 5 10 4 11 15 6 2 8 7 3 10 

- 5 5 - '11 10 
2 5 7 15 19 
6 1 7 18 

~I 
19 

7 3 10 8 11 
6 1 7 8 11 
2 4 6 3 3 6 

1 1 
3 0 3 
1 0 1 
2 0 2 
1 0 1 
0 0 0 

July (60) .... .... 1 9 10 7 8 15 7 9 16 3 1 4 
August (60) .... 0 4 4 12 10 22 6 9 15 5 0 5 
September (55) .... 1 0 1 4 11 15 10 9 19 5 6 11 
October (55) .... 0 0 0 2 5 7 9 9 18 8 4 12 

6 1 7 6 1 7 
4 2 6 3 4 7 
0 2 2 5 2 7 
6 3 9 6 3 9 

1 0 1 
1 0 1 
0 0 0 
0 0 0 

November (40) .... 0 0 0 0 1 1 4 1 5 7 2 9 7 4 11 12 2 14 0 0 0 
December (31) .... 0 - .0 0 - 0 4 - 4 7 - 7 7 - 7 12 - 12 I 1 

-------- - - ---------- - --. -- _.---- -- - ------ - - -
Year (606) .... 7 28 35 37 78 115 59 71 130 53 46 99 53 31 84 96 36 132 10 1 11 
Winter (236) .... 6 26 32 27 39 66 28 25 53 18 7 25 18 8 26 20 11 31 3 0 3 
Equinox (225) .... I 2 3 10 37 47 23 31 54 20 24 44 19 9 28 37 9 46 3 0 3 
Summer (145) 

····1 0 0 0 0 2 2 8 15 23 15 15 30 
! I 

16 14 30 39 16 55 4 1 5 

-_._--.- ,- ~ - ._-- - --'--

TABLE LXIV.-S' Ranges. Number of Days when Range between Limits stated. 

o to 501" 501' to 1001'. l00y to 1501'. 150y to 200),. 

Month or 
Season. 

1 1 • 
I~l I 1 ' 'I 'I ~ . . '"' ,....; ~ I§ ~~ ..... Q\I Q\I ~ ,....; ..... C'l Q\I ~ 

§ § ~ 
..... ..... 0; 0; ~ 0) 0) 0) ..... ..... ..... ..... ..... 

January (30) .... - 0 0 - 3 3 - 12 12 - 8 8 
February (44) .... 0 0 0 0 4 4 0 8 8 2 6 8 
March (58) .... 0 1 1 4 10 14 2 10 12 4 3 7 
April (56) .... .... 1 1 2 1 15 16 3 5 8 4 1 5 
May (61) .... .... 0 6 6 10 13 23 4 5 9 7 3 10 
June (52) .... .... 4 5 9 4 9 13 f) 7 13 5 3 8 
July (60) .... .... 3 8 11 5 10 15 5 8 13 9 2 11 
August (60) .... 4 4 8 

!I 
11 18 8 9 17 8 1 9 

September (55) .... 1 2 3 11 18 6 9 15 6 4 10 
October (54) .... 1 0 1 8 15 7 10 17 10 3 13 
November (40) .... 0 0 0 2 8 9 2 11 7 2 9 
December (31) .... 0 - 0 4 - 4 9 - 9 9 - 9 

- - -- - ------- - --- - ----
Year (601) .... 14 27 41 55 96 151 59 85 144 71 36 107 
Winter (233) .... 11 23 34 26 43 69 23 29 52 29 9 38 
Equinox (223) .... 3 4 7 19 44 63 18 34 52 24 11 35 
Summer (145) .... 0 0 0 10 9 19 18 22 40 ]8 i 16 34 

I I 

125 

200), to 2501" 

'I 'I ~ ..... Q\I Q\I ~ 
0; 0; ~ ......... 

- 4 4 
4 5 9 
5 1 6 
4 3 7 
5 0 5 
3 1 4 
4 0 4 
1 2 3 
2 1 3 
3 1 4 
3 3 6 
3 - 3 

- ---
37 21 58 
13 3 16 
14 6 20 
10 12 22 

2501' to 5001'. 

'I ,I ~ 0; 0; ~ 
..... C'I I Q\I ~ 
..... ..... 

- 3 3 
12 0 12 
14 2 16 
12 5 17 
5 3 8 
4 1 5 
5 1 6 
3 2 5 
3 3 6 
3 1 4 
5 1 6 
6 - 6 

-- - --
72 22 94 
17 7 24 
32 11 43 
23 4 27 

Above lS 

I§ ,....; .... 
0) .... 

- 0 
3 0 
2 0 
1 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 -

001" 

o 
3 
2 
1 
o 
o 
o 
o 
o 
gl 
o 

-- -
6 
0 
3 
3 

0 
0 
0 
0 

6 
o 
3 
3 

-~-- --- ----. -~ - --~----------



TABLE LXV.~V Ranges. Number of Days when Range between Limits stated. 

i 
o to 5O'Y' 50'Y to 1 OO'Y' l00'Y to 15O'Y' 150'Y to 200'Y. 200'Y to 25O'Y' 250'Y to lSOO'Y' Above lSOO'Y' 

Month or 
Season. 

1 § 1 

~ 

I § 1 § I! 1 § i 
I'd 

1 § i 
~ i I ~ §i§i 

~ -I~I~ ..... til ..... CIS ~ as • • as CIS 
Q) Q) 

~ 
..... C'f Q) 

~ ;; ~ ..... ~ ..... ; ; I ~. ; ; ~ 
~ 0) ..... ~ ~ .-. ~ ..... ..... ~ ~ ..... - t-:I 

January (30) .... - 0 0 - 5 5 - 13 13 
10/ 

8 8 - 4 4 - 0 0 - 0 0 
February (45) .... 0 0 0 0 5 5 5 11 16 6 16 3 1 4 4 0 4 0 0 0 
March (59) .. ,. 3 4 7 4- 17 21 8 4 12 7 3 10 3 0 3 6 0 6 0 0 0 
April (56) .... .... 1 6 7 8 16 24 7 4 11 5 3 8 0 0 0 5 1 6 0 0 0 
May (61) .... .... 9 17 26 6 6 12 10 3' 13 1 1 2 3 0 3 2 3 5 0 0 0 
June (55) .... .... 7 14 21 10 7 17 4 4- 8 4- 3 7 1 0 1 1 0 1 0 0 0 
July (59) .... .... 7 15 22 8 9 17 7 4 11 3 0 3 0 0 0 5 1 6 0 0 0 
August (60) .... 9 13 22 16 13 29 4 2 6 1 0 1 0 0 0 1 1 2 0 0 0 
September (54) .... 6 7 13 11 19 30 3 3 6 1 0 1 2 1 3 1 0 1 0 0 0 
October (52) .... 2 0 2 14 17 31 12 6 18 0 1 1 0 0 0 0 0 0 0 0 0 
November (39) .... 0 0 0 4 3 7 17 4 21 4 1 5 4 0 4- 0 2 2 0 0 0 
December (31) .... 0 - 0 4 - 4 6 - 6 12 - 12 4 - 4 5 - 5 0 - 0 

-------- - ---------- - - -,--- ------- -- ---- -- --------- -
Year (601) .... 44 76 120 85 117 202 83 58 141 48 26 74 20 6 26 30 8 38 0 0 0 
Winter (235) .... 32 59 91 40 35 75 25 13 38 9 4 13 4 0 4 9 5 14 0 0 0 
Equinox (221) .... 12 17 29 37 69 106 30 17 47 13 7 20 5 1 6 12 1 13 0 0 0 
Summer (145) .... 0 0 0 8 13 21 28 28 56 26 15 41 11 5 16 9 2 11 0 0 0 

126 
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TABLE LXXI I.-Frequency of Max.-Min. and Inequality Data as Percentages. 

Hour 
E' S' V 

(Time of 

I 
I 

I 
1800 E). Max.-Min. Inequality. Max.-Min. Inequality. Max.-Min. Inequality. 

I 

1- + 18 + 14 -110 -131 +178 +147 
2 + 4 -11 -118 -138 +105 +147 
3 - 14 - 34 --126 -132 + 92 +121 
4 - 24 - 55 -106 -125 + 80 + 86 
5 - 40 - 83 - 98 --110 + 48 + 45 
6 -- 80 -106 - 88 - 89 + 9 + 2 
7 -119 -120 - 61 - 57 - 31 - 27 
8 ---172 -131 --- 25 -- 23 -- 47 - 47 
9 -232 -145 -- I + 10 - 81 - 53 

10 -212 --152 + 24 + 41 -187 - 87 
11 -148 -142 + 66 + 86 -246 -142 
12 - 90 --113 +125 +115 -238 -170 
13 - 47 - 80 +168 +150 -180 -181 
14 I - 16 - 28 +207 +177 --103 -173 
15 + 30 I + 36 +230 +182 - 62 -147 
16 +100 + 97 +182 +171 -- 16 -108 
17 +165 +143 +120 +137 + 22 -- 54 
18 +188 +163 + 62 + 93 + 33 - 12 
19 - +210 I +181 + 10 + 34 + 49 + 29 
20 +196 +.173 - 21 -11 + 73 + 67 
21 +137 +150 - 75 - 55 + 74 +109 
22 + 77 +121 -104 - 97 + 76 +135 
23 + 39 + 77 -123 -111 +136 +153 
24 + 29 + 44 -138 --123 +215 +158 
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CHAPTER VII. 

MAGNETIC "CHARAOTER." ITS ANNUAL AND DIURNAL V ARIArrION. 
THE" 27-DAY PERIOD." 

Sect1,'on 36.-Reference has already been made to the magnetic" character" of 
days and to the international scheme which supplies an annual table of " character" 
figures for individual days. In this international scheme "day" means a 24-hour 
period commencing at Greenwich midnight. It is of course equally easy to attach 
" character" figures at a station whatever hour one chooses to commence the day with, 
and as the day of 1800 E had been used in the original curve measurements, "character" 
figures 0, 1,2 were in the first instance assigned to the Antarctic curves for these days. 
The results appear in Table LXXIII, p. 145. The letter i indicates that the record for 
the day was sensi~ly defective and the (t character" figure in consequence somewhat 
uncertain. A few hours' trace may suffice to put beyond a doubt the fact that the day 
must be given a 2. Generally it is only on comparatively quiet days that loss of trace 
introduces sensible doubt. It is not unlikely that several of the days marked 1 i would 
have got 2's if the record had been complete. In some days of course the deficiency of 
trace was such that no "character" figure could satisfactorily be assigned. The 
provisional figures assigned to incomplete days were accepted equally with those assigned 
to complete days when calculating the monthly mean" character" figures in the last line 
of Table LXXIII. These monthly means are greatest for the midsumnler and least for 
the midwinter months. The difference between these two seasons is certainly not 
exaggerated in the table. One of the principal objects in assigning H character" 
figures is to discriminate between the days of the same month. The disturbance 
w~ich leads to 1 being given to a day in a highly disturbed month like February, 1911, 
might very likely lead to the award of a 2 in a quiet month like July, 1912. 

The tendency for days of like" character" to occur in groups is a common phe­
nomenon everywhere. The times of most continuous large disturbance in the Antarctic 
during 1911 were the beginning of February, March 20-29, April 17-22, August 24-28, 
September 16-23, October 17-21, November 13-17 and December 17-21. On the whole, 
1912 was a much quieter year; but there was a marked recrudescence of disturbance in 
October and November, the full extent of which it was somewhat difficult to judge 
owing to interruptions of trace. 

The longest sequences of days of (t character" 0 occurred in 1912, and included 
March 17-20, April 23-26, May 21-25, June 18-22, and July 10-15. 

For the reason already indicated, days which in a more highly disturbed year like 
1911 get a 0 or a 1 are not unlikely in a less disturbed year like 1912 to get a 1 or a 2. 
Thus the tendency in " character" figures is to make the differences between years appear 
less than they actually are. 
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SectlDn 37.-The " character;' figures in Table LXXIII were assigned durIng ali 
early stage of the work. Later the idea suggested itself, partly in connection with the 
diurnal inequalities, of also assigning" character" figures to days starting at Greenwich 
midnight. The two sets of "character " figures were assigned quite independently, a 
considerable interval of time intervening. Table LXXIV, p. 146, contains the later set of 
figures, and includes within parentheses, for comparison, the corresponding international 
figures given in the De Bilt lists. As in Table LXXIII, i indicates that the records for 
the day were sufficiently incomplete to render the result a little doubtful. 

It is hardly necessary to explain that the international lists were not consulted until 
all the Antarctic figures had been assigned. The international figures represent the 
arithnletic means of the figures assigned at the numerous observatories which support 
the international scheme. A point to be duly remembered is that the majority of these 
stations lie to the north of the tropics, and that only two or three are situated south of 
the equator. Thus we should not expect much parallelism between the two sets of figures 
unless a somewhat close connection exists between disturbance in Northern and in 
extreme Southern latitudes. A general inspection suffices to show that the parallelism 
is in reality pretty close, but there are a few days of considerable Antarctic disturbance 
when the international figure is low. A few hours of large disturbance suffice for the 
award of a 2, and as will be seen later, when de.aling with individual disturbances, some 
short period disturbances appeared in the Antarctic of which there was little or no trace 
elsewhere. There is, however, hardly an instance of considerable disturbance occurring 
elsewhere on what was a quiet day in the Antarctic. August 6, 1912, appears an 
exception to this rule, because the" character" figure assigned to the Antarctic curves 
is only 1, while the international figure 1, 7 represents a very disturbed day indeed. As 
a matter of fact, a large number of hours' trace was lacking in the Antarctic, and any 
award was perhaps hardly warranted. 

It will be observed that the periods in March, April, August, September, Octoher 
and November, 1911, which were selected for mention as particularly disturbed on the 
strength of the Antarctic" character" figures· in Table LXXIII, are periods which show 
in Table LXXIV a sequence of high international "character" figures. The 
international figures for the beginning of February, 1911, are less prominent while still 
substantial, but those for December 17-22, 1911-the last nlentioned disturbed period 
in the Antarctic-are rather below than above the mean for that month. There is, aR we 
shall see presently, less parallelism between the disturbance in the Antarctic and in 
Europe during the Antarctic midsummer-i.e., the European midwinter--than at 
other seasons. This is not very surprising when we remember that midwinter is 
magnetically the quietest season in both hemispheres. 

The sequence of days of character 0 in 1912 mentioned when discussing Table 
LXXIII are, it will be seen, all tinles of low international" character" figures. 

The award of international" character" figures to the 114 Greenwich days to 
which, as Table LXXIV shows, " character" 0 was assigned in the Antarctic had been 
as follows :-0' 0, 28 times; 0,1, 50 times; 0-. 2, 17 times; o· 3, 14 times; O· 5 once 
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and O· 6, 4 times. Thus on 83 per cent. of the days, when the Antarctic curves were 
adjudged" character" 0, the int.ernational figure did not exceed 0 '1, and in 96 per cent. 
of the days it did not exceed O· 3 ; and O· 3, it will be renlembered, is equivalent to 0 
being the figure assigned at fully two-thirds of the stations which co-operate with 
De Bilt. 

Section 38.-Table LXXV, p. 147, contains further evidence on this point. It gives 
the dates of the five days of largest international "character" figure and of the five 
international quiet days of each month, with the corresponding Antarctic" character" 
figures. A" - " indicates that owing to deficiency of trace no Antarctic figure was 
assigned; this happened on three of the highly disturbed and four of the quiet days. 
Of the 107 international disturbed days to which Antarctic" character" figures were 
allotted, no single one got a 0 and only 22 got a 1. In eight of the eleven months of 1911 
included everyone of the international disturbed days got a 2, and 17 of the 22 
international disturbed days which got a 1 came from the quieter year 1912. On 12 of 
these 17 days the international figure fell short of 1. Of the remaining days one had 
a 1·0 and three 1·1. One had 1'7, but this was a day on which several hours' Ant.arctic 
trace was missing, which may have prejudiced the award of the Antarctic figure. 

Of the 106 international quiet days to which Antarctic" character" figures were 
assigned, 57, or fully the half, got a 0, and only four got a 2. In all four cases the Antarctic 
curve was near the border line between characters 1 and 2, and three of them occurred 
in December, 1911, a month in which" character " 0 was assigned only once and 
" character" 2, 16 times. 

Section 39.--Table LXXVI, p. 148, compares" the mean of the" character" figures 
assigned to the Antarctic curves with the corresponding mean international figures for 
the five disturbed and five quiet days of each month, and for all days of the lllonth. The 
standard, it should be remembered, is very different at different observatories, and at 
none probably was it as high as for the Antarctic figures, otherwise the excess of these 
figures would have been greater than it actually is. As it so happens, in both years, 
the Antarctic mean figures for all and for quiet days are respectively pretty close to the 
international mean figures for disturbed and for all days. 

The reduction of disturbance in 1912 as compared with 1911 experienced in the 
Antarctic is also shown clearly in all three sets of international figures. 

One rather curious phenomenon in the international data is the close approach to 
constancy in the mean monthly figures from November, 1911, to November, 1912, 
inclusive; they show no trace of a regular seasonal variation. The Antarctic mean 
monthly figures on the other hand, in 1912 as in 1911,show clearly the marked rise in 
disturbance which undoubtedly presented itself there in the midsummer months. 

It is rather interesting to cOlllpare the Antarctic mean lllonthly figures in Table 
LXXVI with the corresponding figures obtained independently from days of the time of 
1800 E. in Table LXXIII. There is absolute agreement in only one month, April, 
1912, but the average numerical difference between the character figures for the same 
month in the two tables is only 0·06, and the mean from the whole 22 months is"I'126 
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from Table LXXVI and 1'129 from Table LXXIII. This is certainly a closer 
agreement than the indefiniteness of the criteria applied would have led us to expect. 

Section 40.-Inte~national H character" figures and the "character" figures 
assigned at Kew Observatory alone have alike proved excellent material for the 
elucidation of the" 27-day period" in magnetic disturbance. It thus seemed desirable 
to ascertain whether the Antarctic " character" figures would serve the same purpose. 
The results of this investigation appear in Tables LXXVII, LXXVIII and LXXIX, 
pp. 148 and 149. By n is meant a representative day, whether one of the five monthly 
days representing the presence of disturbance, or one of the five international quiet 
days representing the absence of disturbance. For the investigation embodied in 
Table LXXVII, 1911 supplied 55 days of either type, and 1912 supplied 49. Of these 
104 days, 40 belonged to the winter, 39 to the equinoctial and 25 to the summer months. 

Taking for illustration the 55 representative disturbed days of 1911, the sum of the 
" character" figures allotted to the Antarctic curves on these days amounted to 106. 
The sum for the 55 days which immediately preceded them, amounting to 76, appears 
in the column headed n - 1 ; while the sum for the 55 days which immediately followed 
the selected days, viz., 98, appears in the column headed n -+ 1. The 55 days which 
followed the 55 selected days after an interval of 28 days had 90 for the sum of their 
"character" figures, and this appears in the column headed n + 28. Columns n - 2 to 
n + 2 suffice to give a good idea of the " prinlary pulse" of disturbance, and columns 
n + 25 to n + 30 give a correspondingly good idea of the" secondary pulse." 

. Disturbed days often occur in groups. If this were not the case, there would be 
no reason to expect specially high values in the columns n - 2, n - 1, n + 1 and n + 2. 
If the position in the group of the more highly disturbed of the days composing it were 
wholly accidental, we should expect closely similar entries in the columns n -1 and 
n + 1, and again in the columns n - 2 and n + 2. Unless the groups of disturbed 
days are very long, we may expect the entries in columns n - 2 and n + 2 to show a 
marked decline as compared with those in columns n - 1 and n + 1. To get very 
smooth results we require'the combination of a good nlany years' data, and it is possible 
that the unusually asynlmetrical character of the primary disturbance pulse in 
Table LXXVII may be wholly accidental. However that may be, the entries in the 
column n + 1 are exceptionally high as compared with those in column n - 1. This 
may perhaps be the reason why the secondary disturbance pulse in its turn is a little 
asymmetrical. In the results for the two years combined the maximum values fall in 
columns n + 27 and n -1- 28, but the entry in column n + 29 is very little behind. 
The secondary pulse is undoubtedly very clearly shown. 

The primary pulse given by the quiet day data is more symmetrical, and the same 
is true of the corresponding secondary pulse. The last six lines of Table LXXVII 
refer to the difference pulses obtained by subtracting quiet day data from corresponding 
disturbed day data. For instance, the sums of the" character" figures in the 55 selected 
disturbed days of 1911 and in the 55 selected quiet days of that year were respectively 
106 and 35. The difference of these figures, 71, is accordingly the entry under day n 
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for the difference pulse. These difference pulses are given for the three seasons as well 
as for the year. The seconda.ry pulse is clearly shown for the separate seasons, though • 
the number of days available especially for summer was undesirably small. 

The existence of a secondary pulse with its maximum in the column n + 27 means 
that the 27th day after a highly disturbed or a specially quiet day has a tendency to 
be of the same type. This peculiarity is shared, but to a minor extent, by days which 
are adjacent to the 27th and 28th days. The phenomenon is what we should get if 
magnetic storms and specially quiet times both tended to return after an interval of 
about 27 days. The more often the return came off the more prominent would be the 
secondary pulse. 

If storins and quiet times tend to recur, a certain proportion of the selected days 
whether disturbed or quiet would naturally represent the second or third appearance 
of the phenomenon, and we may thus expect the 27-day period to manifest itself when 
we consider days before instead of days after the selected disturbed a;nd quiet days. 
Table LXXVIII shows the realization of this anticipation. 

Selected days from February, 1911, could obviously not be used for Table LXXVIII 
because January data would have been required for the previous pulse, and equally 
selected days from November and part of October, 1912, could not be used in Table 
LXXVII because the data for columns n + 27, &c., would not have been available. 
Still the primary pulses in the two cases were sufficiently alike to make it unnecessary 
to include a primary pulse in Table LXXVIII. The secondary pulse appears as clearly 
in Table LXXVIII as it did in Table LXXVII. Its crest appears on day n - 26. 

To enable cornparison to be readily made between the results for the 27-day period 
derived from the Antarctic" character" figures and those obtained for 1911 and 1912 
from the international" character" figures, the entries in all the colunlns were expressed 
as percentages of the corresponding entry in column n. The results appear in 
Table LXXIX. 

The quantity dealt with is the excess of the sum of the" character" figures for the 
disturbed and associated days over the corresponding sum for the quiet and associated 
days. For instance, in the case of the two years combined, the excesses of the disturbed 
day results in columns n - 1, nand n + 1 of Table LXXVII over the corresponding 
quiet day results are respectively 45, 136 and 93. Now (45/136) X 100 is 33, while 
(93/136) X 100 is 68. Thus 33, 100 and 68 are the entries in columns n-l, nand n + 1 
in Table LXXIX. 

The international" character" figures are on the average so much smaller than the 
Antarctic figures that it is only by expressing the results as percentages in the above 
way that we can readily recognise whether the development. of the 27-day period in 
the Antarctic is similar to its development elsewhere. So far as two years can justify 
a conclusion, we should infer from Table LXXIX that the development in the Antarctic 
is normal. 

Section 41.-The extension of the " character" figure scheme to individual hours 
is a useful idea due to the late Prof. Bidlingmaier, who applied it to one or two years 
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curves at Wilhelmshaven. It is naturally very laborious and this must stand in the 
way of its frequent adoption. It seemed, however, a very appropriate method for 
dealing with the question whether the incidence of disturbance throughout the day 
presented any outstanding features in the Antarctic. For this purpose it was desirable 
to apply a corresponding treatment to the contemporaneous records of some European 
observatory. Use might have been made of Prof. Bidlingmaier's own results for 
Wilhelmshaven, but it might then have been open to doubt whether personal equation 
had not contributed to any differences that might have presented themselves. It thus 
appeared the best course to assign hourly" character" figures myself to the Antarctic 
curves and the corresponding Eskdalemuir curves. Kew curves would more naturally 
have appealed to me, but owing to local artificial disturbances they were unsuitable 
for the purpose. 

Hourly "characters" suffer fronl the same sources of uncertainty as daily 
"characters." They give no exact numerical measure of disturbance, and as a principal 
object is to discriminate between the different hours in the same day or month, the 
standard is almost certain to be different in seasons when disturbances are large and 
numerous and in seasons when they are few and small. But hourly" character" 
figures are exposed to an additional source of uncertainty, viz., the influence exerted 
on one's choice by the ordinary diurnal variation. At certain hours of the day the 
diurnal changes are normally rapid, and the curves show considerable movements. 
At other hours the diurnal variation is almost imperceptible, the curves normally being 
nearly straight lines parallel to the base line. It is much easier in the latter case to 
appreciate the full extent of disturbance. 

In assigning the" character" figure I was guided mainly by the presence or absence 
of irregular oscillations. Changes of a regular character reasonably assignable to the 
regular diurnal variation were disregarded. The Antarctic sheets show the simultaneous 
variation of the three elements, and one's judgment is determined by the joint impression 
produced at one and the same time by the three traces. The time lines extending right 
across the sheet, which Dr. Simpson introduced, facilitated the concentration of one's 
attention on the individual hour under consideration. The Eskdalemuir curves were 
not so easily dealt with. There, as at the ordinary European station, V is much less 
disturbed than the components in the horizontal plane. At times, it is true, V at 
Eskdalemuir shows very large disturbance, but when this happens the other elements 
are also highly disturbed-though the converse is not equally true. Thus for our 
present purpose the V traces need hardly be considered. The plan adopted was to go 
through the Eskdalemuir Nand W sheets quite independently, allotting" character" 
figures 0, 1, 2 to each. If the figures allotted to Nand W for any particular hour were 
the same, that figure was at once accepted. If the figures differed, the Nand W traces 
-and occasionally in case of doubt the V trace also-'Yere juxtaposed, and a decision 
was come to. Of course large disturbance in a single element was- accepted as decisive 
for a 2, but there was a large number of cases in which the choice was very doubtful, 
as between a 2 and a 1, or as between a 1 and a o. The curves of 22 months at two 
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observatories supply records for over 30,000 hours, and it was obvious that if the work 
were to be done at all within a reasonable time, judicial niceties nlust be foresworn and 
decisions taken promptly. No doubt a certain number of the decisions reached would 
have been upset on careful re-consideration, but the only hour likely to be sensibly 
prejudiced was that in which the photographic sheets were changed. If part of a 
particular hour's trace is on one sheet, and part on another-a few minutes' trace being 
necessarily absent-the impression produced by disturbance may differ from what 
it would have been if the trace had existed as an uninterrupted whole. The time of 
changing sheets was much more variable in the Antarctic than at Eskdalemuir, thus 
this special source of uncertainty would be most likely to be felt at the latter station. 

Table LXXX, p. 150, shows for each of the 22 months from February, 1911, to Novenl­
ber, 1912, the mean of the hourly" character" figures awarded to the Anta.rctic curves. 
The entry under 1 h., for instance, is the mean" character" figure allotted in each 
day of the month to the sixty minutes ending 1 h. Om., the time being that of 1800 E. 
Long. It seemed desirable to employ the same time as for the tabulated hourly values. 
The mean hourly values from the 11 mont,hs of 1911 and the 11 months of 1912 are given 
separately. In the last column we ha.ve for each month the mean of the 24-hourly 
mean values. There is no a priori reason to expect any very close similarity between 
these monthly mean character figures and those given in Tables LXXIII and LXXVI 
which are based on whole day H character" figures. One or two highly disturbed 
hours secure a 2 for the day in which they appear, and no higher figure can be awarded 
though the whole 24 hours are equally highly disturbed. Thus two months having 
the same nunlber of days of " character" 2 might differ widely as to the number of 
hours of " character" 2. Still there is considerable parallelism between the nlonthly 
means in Tables LXXIII and LXXX. In both the largest character figures appear 
in the summer, and the smallest in the winter months. Also February, 1911, supplies 
the largest, and July, 1912, the smallest figure. 

Each of the two II-month nleans in Table LXXX shows a well-marked diurnal 
variation in the " character" figure. Both give a maximum in the forenoon at 9 h. 
or 10 h., and a minimum near 24 h. There is no very nlarked variation in the 
" character" from 6 p.m. to 3 a.111., and it would require a longer period of years to 
show clearly the exact hour of the nliniInum. But the rise to the forenoon maximum 
and the decline after it are pretty rapid. There are very sensible irregularities in the 
data for individual months, but in most a diurnal variation of the same general 
character as that shown by the II-month data is clearly recognisable. 

Table LXXXI, p.151, gives the corresponding data for Eskdalemuir. The standard 
of disturbance applied to the Eskdalenluir curves was not nearly so high as that applied 
to the Antarctic curves, yet the monthly mean values for Eskdalemuir average only 
about 60 per cent. of those fO.r the Antarctic. The lowest monthly means in the last 
colulnn of Table LXXXI appear at midwinter, 1911-12. The relatively large value 
in February, 1911, arises from the fact that February preceded the rapid decline in 
disturbance which set in during 1911. The Il-~onth means in Table LXXXI show 
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also a decided diurnal variation, but in this case it is the minimum which appears in 
the morning, while the maximum occurs in the afternoon. To fix the exact hours of 
maximum and minimum with high precision would require data from a considerable 
number of years. The existence of a marked diurnal variation in disturbance is of 
practical importance in connection with the hours of the absolute observations, because 
when the curves are highly disturbed at the time absolute observations are somewhat 
uncertain guides to the base line values. 

Section 42.-A high mean" character" figure may result from a prevalence of 
2's or a scarcity of O's} or from a combination of both causes. It thus appeared desirable 
to consider separately the incidence of 2's and O's. Tables LXXXII and LXXXIII, 
pp. 152 and 153, give for each month the number of occasions when 2's were awarded at 
each of the 24 hours in the Antarctic and at Eskdalemuir. Consider, for instance, t;he 
results for February, 1911, in Table LXXXII. The number of days' trace available was 26, 
so the largest possible n~mber of 2's in any single hour of the day was 26. The number 
actually assigned varied from 25 for the hour ending at 10 h. to 5 for the hour ending at 
20 h. The average number was 17· 0, or fully 65 per cent. of t,he possible. Due regard 
must be held to the number of days available. The comparatively sInall number of 2's 
for November, 1912, in Table LXXXII arises from the fact that only nine days' traces 
were complete. If there had been 30, the mean number of 2's would have been greater 
than for any month except February, 1911. The frequency of 2's is obviously greatest in 
summer and least in winter, just as with the mean" character" figures. Taking the 
year as a whole, 20 per cent. of the hours got a 2, but the percentage varied from 65 in 
February, 1911, to 7 in July, 1912. The II-month sums in Table LXXXII show a 
diurnal variation of the same genel'al type as the" character" figures in Table LXXX, 
but considerably intensified. In both years the maximum frequency of 2's appears 
in the hour ending 10 h., and the minimum in the hour ending 20 h., but it would 
require a large number of years to determine the exact position of the rninimum with 
certainty. The figures from 16 h. to 5 h. are too irregular for the drawing of conclusions. 
It is obvious that the forenoon hours from 8 a.m. to noon in the Antarctic, especially 
at midsummer, are much more unfavourable for the taking of absolute observations 
than the afternoon hours. The Antarctic observers had thus excellent reasons for 
preferring the latter. 

Table LXXXIII, p. 153, shows in like manner the frequency distribution of 2's at 
Eskdalemuir. The number of 2's awarded in the 22 months was 1,302, or 8·2 per cent. 
of the possible, a much smaller percentage than in the Antarctic. In January and 
February, 1912, little over 2 per cent. of the hours got 2's. In spite of the comparatively 
small number of 2's in Table LXXXIII a diurnal variation in their distribution is clearly 
shown in both II-month sums. As in the case of the Antarctic, it is generally similar 
to the diurnal variation shown by the mean" character" figu~es. It is, however, 
more intensified, and the maximum seems somewhat later in the day. The frequency 
of 2's during any afternoon hour subsequent to 15 h. is ]ar~e compared with that of 
any forenoon hour after 5 h. The risk of encountering a highly-disturbed hour during 
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the absolute observations is obviously small if the observations are confined to the 
forenoon. The forenoon, however, has certain compensating disadvantages, viz., the 
rapidity of the regular magnetic changes encountered between 8 h. and 12 h., and in 
the case of H observations the rise of temperature. 

Table LXXXIV, p. 154, shows the incidence of " character" 0 throughout the day in 
the Antarctic. The total number of hours awarded a "0" during the 22 ~nlonths 
was 3,644, or 25 per cent. of the possible. There were more O's than 2's in both years, 
the excess being considerable in 1912. As we should naturally expect, the O's show 
opposite phenomena to the 2's. They are most numerous in the midwinter months, 
and least numerous at midsummer. In the II-month means they show a well-marked 
maximum of frequency towards midnight, and a well-marked minimum about 9 h. 
or 10h" 

Table LXXXV, p. 155, gives the incidence of O's at Eskdalemuir. The number 
awarded was 7,859, or fully 49 per cent. of the total nunlber of hours. This is fully six 
times the number of 2's awarded, the preponderance being greater in 1912 than in 1911. 
In January, 1912, 67 per cent. and in December, 1911, fully 73 per cent. of the hours 
got O's. The two II-month sums show a well-marked diurnal variation. It is not, 
however, the exact opposite of that shown by the 2's, the minimum frequency in the O's 
presenting itself earlier in the afternoon than the lllaximum in the 2's. The nlaximum 
frequency in O's appears in the forenoon, but the variation shown, especially by the 
figures for 1912) is not very regular. On the mean of the 22 months the maximum 
falls in the hour ending 10 h., but the number in the hour ending at 5 h. is but little 
inferior, and the true nature of the incidence of o's between 4 h. and 10 h. would require 
a longer series of years for its elucidation. 

Section 43.-A general consideration of Tables LXXX to LXXXV led to the 
conclusion that while the diurnal variations in the" character" figures for the Antarctic 
and Eskdalemuir are absolutely dissimilar when regarded as functions of the local 
time, they present a pretty close parallelism when regarded as synchronous phenolllena 
determined by G.M.T. To bring out this fact, corresponding data referred to G.M.T. are 
juxtaposed in Table LXXXVI, p. 156. For this purpose the local time of the Antarctic 
station has been treated as exactly that of 1650 E., while it really differs 51 minutes 
fronl this time. The table contains three different sets of data. 10 mean "character" 
figures; 20 the number of 2's as percentages of their mean, i.e., expressed in terms 
of a unit such that the sum of the 24-hourly values alllounts to 2,400; 3° the number 
of O's, sinlilarly expressed as percentages of their mean. Taking first the mean 
" character" figures we h.a ve data for three groups of months and for the year as a 
whole. Considering the data for the whole year, we observe in the Antarctic a prominent 
maximum in the hours ending 21 h. and 22 h., and a not very well marked minimum 
from 8 h. to 12 h. At Eskdalemuir neither maximunl nor minimum is sharply defined, 
there being a high plateau of values from 15 h. to 1 h., and a valley of low values from 
4 h. to 10 h. But in both cases we have the division between high and low values 
showing the same general relation to G.M.T. Taking a mean between the Antarctic 
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and Eskdalemuir figures we obtain a remarkably regular diurnal variation with the 
maximum in the hours ending at 21 h. and 22 h., and the minimunl in the hours ending 
at 9 h. and 10 h. 'The remarkable smoothness of this mean variation must owe some­
thing to accident, but it is so suggestive of a general law that the possibility seems 
worth considering. 

Of the three groups of months the first represents nlidsummer in the Antarctic 
and midwinter at EskdaleInuir] the last midwinter in the Antarctic and midsumnler 
at Eskdalemuir, while the intermediate group includes the equinoctial months at 
both stations. We should naturally expect most similarity in the equinoctial data. 
They do show, as a matter of fact, a close parallelism, being in each case pretty similar 
to the data obtained from the year as a whole. In the four months November to 
February we have also a prominent diurnal variation at both places, but the maxinlurn 
seems to occur some two hours later and the mininlum some two hours earlier at 
Eskdalemuir than in the Antarctic. Still the variations are so small.in the Eskdalemuir 
figures near the hours of maximum and minimum that the difference may be accidental. 
The mean diurnal variation derived from the two stations is again remarkably smooth, 
with a maximum in the hour ending 21 h., and a minimum in the hour ending 9 h. 
The final group of months, May to August, show a much less pronounced and regular 
diurnal variation, especially in the Antarctic. There is at least a suggestion of a double 
period at both stations. The principal maximum is obviously in the Greenwich 
afternoon, but it occurs apparently some hours earlier at Eskdalemuir than in the 
Antarctic. Whether the secondary maximum between 6 h. and 8 h. is a true one is 
open to doubt, but the fact that it appears at both stations carried some weight. In 
the Antarctic the principal minimum would seem to occur at this season between 10 h. 
and 13 h. At Eskdalemuir it is not clear whether it occurs near 10 h. or near 5 h. 

In the second set of figures in Table LXXXVI, showing the incidence of the 2's, 
the diurnal variation in the data for the whole year is somewhat more conspicuous at 
Eskdalenluir than in the Antarctic. The remarkable depression in the Eskdalemuir 
figures at 10 h., there is some reason to suspect, may partly arise from the interruption 
of trace already referred to. On the whole, the parallelism between the two sets of 
figures is close, and the arithnletic means derived from the two exhibit a very smooth 
diurnal variation, which is more pronounced than that already described in the 
" character" figures but of the same general character. Diurnal variations of a closely 
similar kind, but not so regular, are exhibited by the figures at the two stations for the 
season November to February and the equinoctial months. In the months May to 
August the Antarctic figures exhibit a double period, the principal nlaximum being 
near midnight as at the other seasons, but a secondary maximum appearing near the 
time of the usual minimum. The phenornenon seems due to short disturbances of a 
certain type described in Chapter XI, which show a marked preference for the hours 
6 h.-II h. G.M.T. 

The last set of figures in Table LXXXVI show the incidence of O's. The data for 
the whole year from the two stations exhibit diurnal variations which, though 
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somewhat irregular, are obviously of the same general character, with a maximum in 
the (Greenwich) forenoon, and a minimum in the afternoon. In this case the diurnal 
variation is most prominent in the Antarctic figures. The diurnal variation shown 
by the arithmetic means of the two sets of figures is only a little less regular than that 
obtained for the 2' s, and is nearly its converse. In the months November to February 
the Antarctic figures show a diurnal variation similar in its general character to that 
exhibited by the data for the whole year, but quite extraordinarily pronounced. At 
that season in the Antarctic a really quiet hour between 17 h. and 23 h. G.M. T. is an 
extremely rare event. The curves show an almost unbroken succession of irregular 
short-period oscillations. Even in the Antarctic midwinter there is a decided though 
much reduced tendency to short-period oscillations at this time of day, and in the 
equinoctial months it is quite a prominent feature. Thus in the Antarctic 0' s are least 
frequent in the late (Greenwich) evening at all seasons. At Eskdalemuir in May to 
August o's are least frequent at an earlier hour in the afternoon. 

On the whole, there seems a remarkable similarity between the diurnal variations 
of disturbance in the Antarctic and at Eskdalemuir when referred to Greenwich mean 
time, especially in the months which constitute nlidsumnler in the Antarctic. At 
first sight it may seem absurd to suppose that the· diurnal variation of disturbance 
at a particular station can depend on anything but the local time. It must, however, 
be remembered that the magnetic poles do not coincide with the earth's axis of rotation, 
and that disturbance on the earth might be largely dependent on the position of the 
magnetic poles relative to the sun, especially on the position of that pole which at the 
time has the sun above its horizon. The solar hour at a magnetic pole might be a 
determining factor of high importance in regard to disturbance, and thus the maximum 
of disturbance might be the same, or approximately the same, at remote stations. 
There is here obviously a field for further enquiry when hourly "character" data 
become available from a considerable number of stations. 
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TABLE LXXV.-Antarctic "Character" Figures on International Disturbed and Quiet 
Days. 

I 
Dates of the Anta.rctio "Character" Figures. 

Month. 

5 Disturbed Days. 5 Quiet Days. On the 6 On the 5 Quiet Days. 
Disturbed Days. 

1911. 
I I 

February ... 2 13 21 22 23 11 12 15 19 20 2 2 2 2 2 ] 1 1 1 0 
March ... 20 21 23 25 26 10 11 12 17 18 2 2 2 2 2 0 0 0 1 0 
April ... 8 9 16 17 30 5 13 14 15 26 2 2 2 2 2 0 .-- 0 1 1 
Mav ... ... 7 14 15 16 31 1 4 13 22 24 2 2 2 2 2 0 0 0 1 0 
• JUlie ... 4 5 9 10 11 3 17 18 19 25 1 2 1 2 1 1 0 0 0 0 
July ... ... 1 17 19 28 29 13 14 15 16 26 2 1 2 2 2 1 1 0 1 0 
August ... 19 23 24 25 26 7 8 10 11 29 2 2 2 2 2 1 0 1 0 1 
September ... 16 19 20 21 22 2 3 14 25 26 2 1 2 2 2 1 0 1 0 1 
October ... 9 10 11 17 18 1 5 15 23 28 2 2 2 2 2 0 0 2 1 1 
NovElmber ... 3 9 13 14 15 1 7 22 23 24 2 2 2 2 2 1 1 1 1 1 
December ... 6 11 17 26 31 2 9 21 22 23 2 2 2 2 2 2 0 2 1 2 

1912. 
January ... 11 12 13 17 22 2 15 16 26 27 1 2 2 2 2 1 1 1 1 0 
February ... 12 13 16 17 26 5 6 15 20 21 2 1 1 2 -- 0 1 1. 1 0 
March ... 7 8 9 21 29 4 17 18 19 24 1 2 1 1 1 0 0 0 0 1 
April ... 5 6 10 15 16 1 8 11 21 28 2 2 2 2 2 0 0 0 0 0 
May ... ... 5 6 12 13 14 1 16 22· 23 26 2 1 2 2 2 1 0 0 0 1 
June ... 1 8 9 10 28 5 6 15 19 20 2 2 2 2 1 0 1 0 0 0 
July ... ... 3 4 5 27 31 10 11 12 15 24 1 2 2 1 1 0 0 0 0 0 
August ... 5 6 18 19 22 4 8 12 13 26 1 1 2 2 2 0 0 0 0 1 
September ... 4 17 18 23 24 2 15 16 27 28 1 2 2 1 2 0 0 1 0 0 
October ... 1 11 13 14 15 2 5 18 19 31 2 2 1 2 2 1 1 1 0 1 
November ... 10 11 14 16 22 3 12 21 29 30 2 2 - 2 -- I 1 -- - -

I 
--_.-----------_. -
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TABLE LXXV I.-International and Antarctic" Character" Figures. Mean Monthly 
Values. 

1911. 1912. 

International Antarctic International Antarctic 
Month. "Character '. Figures. " Character" Figures. " Character" Figures. " Character" Figures. 

Dist.J All I Qui.t 
Days. Days. Days. 

Dist. I All J Quiet 
Days. I Days. Days. 

Dist. I All I Quiet 
Days. I Days. Days. 

Dist·1 All I Quiet 
Days. Days. Days. 

January I 0·98 0·42 0·02 1·8 1·26 0·8 ... - - - - - -
February ... 1·46 0·89 0·36 2·0 1·54 0·8 1·02 0·49 0·12 1·5 1·00 0·6 
March ... ... 1·48 0·78 0·08 2·0 1·26 0·2 1·08 0·45 0·02 1·2 0·83 0·2 
April ... .., 1·48 0·76 0·14- 2·0 1·28 0·5 1·12 0·45 0·08 2·0 0·73 0·0 
May ... .., 1·28 0·70 0·16 2·0 1·23 0·2 1·18 0·47 0·10 1·8 0·77 0·4 
June ... .., 1·12 0·53 0·04 1·4 1·00 0·2 0·98 0·47 0·08 1·8 0·86 0·2 
July ... ... 1·26 0·61 0·12 1·8 1·32 0·6 1·06 0·41 0·02 1·4 0·70 0·0 
August ... 1·30 0·53 0·10 2·0 1·06 0·6 1·12 0·49 0·02 1·6 1·03 0·2 
September .. , 1·30 0·50 0·06 1·8 0·97 0·6 1·22 0·47 0·02 1·6 0·97 0·2 
October ... 1·30 0·59 0·06 2·0 1·26 0·8 1·20 0·46 0·02 1.·8 1·23 0·8 
November ... 1·42 0·49 0·04 2·0 1·47 1·0 1·06 0·4-5 0·00 2·0 1·53 1·-0 
December ... 1·30 0·45 0·08 2·0 1·48 1·4 - - - - - -

-----_. 
1.9111.26 

----------. ----
Means ... ... 1·34 0·62 0·11 0·63 1·09 0·46 0·04 1·68 0·99 0·40 

TABLE LXXVII.-Antarctic" Character" Figures. Sums on Selected and 
Associated Days. 

Day. I n-2 I n-l 1 n I n+l 1 n+2 1 n+25/ n+26 1 n +27 1 n+28 I n+29 I n+:10 

Disturbed and asso-
ciated da ys-

1.911 (55 days) ... 55 76 106 98 88 63 72 83 90 85 76 
1912 (49 " ) ... 44 58 81 72 53 48 55 64 57 56 45 

-----. -------_. ------_.-----
Total (104 days) ... 99 131 ]87 170 141 111 127 147 147 141 121 

-----------. ---------. ----
Quiet and associated 

days-
1911 (55 days) ... 67 54 35 46 66 65 50 47 54 67 74 
1912 (49 

" 
) ... 42 35 16 31 44 37 41 41 44 49 50 

--------_. ----------------
Total (104 days) ... 109 89 51 77 110 102 91 88 98 116 124 

----_. --------------
Digturbed and asso-

ciated, le'ls quiet 
and associated-

1911 (55 daYR) ... -12 +22 +71 +52 +22 -2 +22 +36 +36 +18 +2 
1912 (49 

" 
) ... +2 +23 +65 +41 +9 +11 +14 +23 +13 +7 -5 

-------.-----------------
Total (104 days) ... -10 +45 +136 +93 +31 +9 +36 +59 +49 +25 -3 

-----------------------
Winter (40 days) ... +3 +25 +57 +41 +20 +6 +23 +32 +23 +14 +2 
Equinox (39 days) ... 1- 6 +16 +55 +39 +15 +5 + 9 +20 +]7 +10 0 
Summer (25 days) ... - 7 +4 +24 +13 -4 -2 +4 +7 +9 + 1 -5 

148 



-

I 

TABLE LXXVIII.--Antarctic "Character" Figures. Sums on 
Associated Days. 

-

Day. I n - 30 I n - 29 I 'ft- 281 n-27 I n-26 I n-25 I n-24 

Days associated with disturbed days-
1911 (50 days) ... ... ... ... 49 51- 67 79 84 80 69 
1912 (55 

" 
) ... ... ... . .. 61 56 55 67 70 67 55 

-----. - - --
Total (105 days) ... ... ... ... 110 107 122 146 154 147 124 

Days associated with quiet days-
1911 (50 days) ... ... . .. ... 64 60 54 48 47 51 61 
1912 (55 

" 
) ... ... ... . .. 57 51 47 49 49 47 52 

---
Total (105 days) '" ... ... ... 121 111 101 97 96 98 113 

Days associated with disturbed, less days 
associated with quiet days-

Total (105 days) ... ... .. . . .. -11 -4 +21 +49 +58 +49 +11 
I 

TABLE LXXIX.-" Character" Figures. Differences between Sums on Disturbed 
and Associated Days on the one hand and Sums on Quiet and Associated Days 
on the other, expressed as Percentages of Difference on day n. 

- I nay. I n-2 I n-l I n I n+l I n+2 I n+25 I n+26 I n+27 I n+28 I n+29 I n+3J 

{ 1911 -17 [ +31 +100 +731 +31 -3 +31 +51 +51 +25 +3 
Antarctic 1912 + 3 +35 +100 +63 +14 +17 +21 +35 +20 +11 -8 

Figures ---- ----
Mean - 7 +33 +100 +68 +22 + 7 +26 +43 +35 +18 -3 

-------------------
( 1911 +5 +46 +100 +49 +9 +14 +35 +47 +36 +11 +1 

International J 1912 0 +42 +100 +47 -8 +7 +21 +30 +8 -6 -7 
Figures l -------------------------

Mean +3 +4-1: +100 +48 + 1 +11 +28 +39 +22 +3 -3 
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CHAPTER VIII. 

TERM HOURS. MAGNETIC" ACTIVITY." 

Section 44.-Before the expedition set sail a series of term hours had been arranged, 
and an appeal issued to observatories at home and abroad to take quick runs of the 
magnetographs during these hours, and supply copies of the traces obtained for com­
parison with the corresponding traces to be obtained in the Antarctic. In response to 
this appeal, copies--in one or two cases apparently originals·--of the records obtained 
during some at least of the selected hours were received from th.e following 
observatories :-

In Europe: De Bilt, Eskdalemuir, Greenwich, Kew, San Fernando, Seddin, 
Stonyhurst, Uccle and Val Joyeux; in Asia: . Alibag and Lukiapang; in Africa and 
the Indian Ocean: Helwan and Mauritius; in North America: Agincourt (Toronto), 
Cheltenham (Maryland), Sitka, Tucson and Vieques (Porto Rico); and in South 
America: Pilar. Barrackpore, Dehra Dun, Kodaikanal and Toungoo-observatories 
of the Survey of India-sent instead of curves eye readings, taken at I-minute intervals, 
representing the expenditure of a large amount of time and effort. 

The pre-arranged term hours, all specified in Greenwich time, were :--8 h. to 10 h. 
on May 29, June 2, 26, 30 and July 24, 28, 1911; 17 h. to 19 h. on May 22, 26, June 19, 
23 and July 17, 21, 1911; 18 h. to 20 h. on November 20, 24 and December 18, 22, 
1911, as well as January 22, 26, 1912. 

The primary object in view was the study of simultaneous magnetic disturbances 
at different parts of the earth. It was anticipated that the great majority of the term 
hours would prove blanks so far as disturbance was concerned, the chance of any con­
siderable disturbance happening at ordinary stations at a pre-arranged hour being small. 
Thus a considerable number of term hours was required to give a reasonable chance 
of success. If the sole object had been to secure a disturbance of any kind, the chance 
of success at the stations in ordinary latitudes would have been greater if equinoctial 
months had been selected. But the Expedition of 1902-04 had shown that in May, 
June and July there is a tendency for disturbances to occur in the Antarctic having a 
comparatively short duration and an unusual definiteness of character. In 1902-03 
these were especially numerous between 8 h. and 10 h. G.M.T., and the special aim of 
the first set of 12 term hours was to secure a quick run record of one of these. Again 
the 1902-03 records had shown that in the Antarctic morning between 17 h. and 19 h. 
G.M.T. there is more than the usual tendency to rapid oscillatory movements, and the 
second set of 12 term hours had these principally in view. It was also hoped that the 
taking of morning and evening records from the same season of the year would afford a 
basis for the comparison of disturbance at different hours of the day. It was known 

157 



that the Antarctic midwinter was much the quietest season in that region, but the 
experience of 1902-03 had shown that disturbance in the Antarctic might reasonably be 
expected at any season, the real difficulty being to hit on it elsewhere. The original list 
included only these 24 term hours, but Dr. Simpson having expressed a desire for some 
near the Antarctic midsummer, the final 12 in November, December and January were 
added. 

The selection of term hours for international magnetic co-operation is not a new 
departure. The practice goes back to the time of Gauss. It was then a necessary 
preliminary to co-operative effort, since eye-readings only Were possible. In its present 
shape of quick runs, or photographic records taken with the drum rotating more 
rapidly than usual-generally at 12 times the nornlal rate-it originated, I think, 
with Prof. Eschenhagen at Potsdam. He arranged for two or three quick runs in 
1896, in which a good many observatories participated, and on one of these occasions 
a sensible disturbance occurred. It was this probably which induced those responsible 
for the German Antarctic Expedition of 1902-03 to suggest a number of term hours 
in which the British Expedition of that date agreed to participate. Owing to a , 
misunderstanding as to the hours, and a remarkable absence of disturbance, the result 
in 1902--03 was rather a fiasco so far, at least, as the British Expedition was concerned. 
Though the experiment was hardly a success, it constituted a precedent which those 
responsible for the programme of the Expedition of 1911-12 thought it well to follow. 
Considering the general quietness of 1911 and 1912-a quietness natural in years so 
near sun-spot nlinimum-there was more success in securing disturbances than might 
have been expected, and it is to be hoped that those who undertook the somewhat 
onerous labour which co-operation entailed will feel that their time w~s not, wasted. 
But before any elaborate system of term hours is again selected for international 
co-operation, the whole question should be considered somewhat carefully. Two 
aspects of the case appeal to anyone who has discussed term hour data. The first is _ 
tl;1at in quick-run magnetograms with a time scale 12 times as open as usual, but with 
only normal sensitiveness, the gradi~nt shown by the trace during any small disturbance 
is too slight to catch the eye. Movements that would at once arrest attention in the 
ordinary trace are hardly recognisable on mere general inspection in a quick-run trace. 

It is thus difficult to gauge rapidly the general nature of the disturbance. This 
would be feasible only if the opening out of the time scale were accompanied by an 
increase of sensitiveness. Changes of sensitiveness, however, are troublesome. 
l\1:ol'eover~ if a really large disturbance ~appened to intervene, any large increase of 
sensitiveness would probably lead. to loss of trace. The ideal thing would be to have 
at each sta.tion records fronl two magnetographs, one having the normal sensitiveness 
and time scale, the other increased sensitiveness and a more open time scale. The 
one trace would serve for macroscopic, the other for nucroscopic investigation. 

As matters stand, to base a conlparison of disturbance on quick run curves implies 
numerous accurate measurelnents answering to short intervals of time. If there are a 
number of term hours, and many stations co-operate, the measurement of the curves 
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entails an immense amo1;Ult of labour, and the resulting mass of detail may well prove 
overwhelming. In many cases there seems. to be a mixture of what is comparatively 
local and of what is of more general incidence in disturbance, and the former part may 
eclipse the latter. Als<;> at some hours of the day-hours depending on local time, and 
so varying with the station-the normal diurnal changes are comparable in rapidity 
with minor disturbances. Thus the interpretation of the nleasurements, however 
carefully made, presents difficulties. Again full advantage cannot be taken of the 
open time scale unless there is very accurate information as to the time marks on the 
trace. It is only at some stations that the true time answering to the time marks is 
known, to within a few seconds, and there is reason to fear that in sonle magnetographs 
when quick run the uniformity in the angular velocity of the drum leaves something 
to be desired. Taking everything into account, I am inclined to doubt whether 
an extensive programme of term hours can be recommended unless the participating 
stations are specially selected, and a very large amount of time can be devoted to 
the intercomparison of the records. 

In the present case it was very difficult to d~cide what to do with the records. The 
only practical way of rendering them serviceable to all for minute investigations would 
have been to reproduce the curves photographically. This would, however, have 
entailed a great amount of space and a large expenditure. In many cases, moreover, 
the object would have been very imperfectly accomplished, owing to uncertainties about 
the time marks. Again, several of the co-operating stations were known to suffer 
sensibly from artificial disturbances, and the appearance of the curves at some of the 
other stations was at least suspicious. It was thus clear that even with a lavish 
expenditure of time, the complete separation of the chaff from the wheat would be very 
problematical. 

The material it was finally decided to publish consists mainly of (i) readings 
of the curves at 5-minute intervals; (ii) the application of these readings to a study 
of "magnetic activity"; (iii) a comparison of the curves for a few occasions when the 
disturbance was especially large. 

It was decided after minute inspection that sonle of the curves were so affected by 
artificial disturbances that effort had better be concentrated on the others. This applied 
mainly to vertical force curves, but in a few cases to curves of all the elements. As the 
mention of names in this connection might give offence, I shall only say that Kew was 
one of the observatories concerned. The absence of vertical force data, it should be 
added, was due in some cases not to artificial disturbance, but to the fact that no V 
curves were received. 

Some stations sent full details as to both base line values and scale values, so that 
absolute values might have been given for them. Other stations, however, sent little 
if any information as to base line values. As a conilllon mode of presenting the results 
was desirable, and the advantage of absolute over relative values was' open to some doubt, 
it was decided to give the results as differences. To a void the use of algebraic signs, 
the lowest value of the element during the two hours was taken as zero. D was regarded 

159 



as increasing when the north end of the magnet moved to the east, and V as increasing 
when the pull on the north pole towards the earth's centre was inoreased. Thus, at 
western European stations the higher the value under D the smaller was the (westerly) 
declination. For greater parallelism with the other stations E (not W) was taken at 
one of the elements at Eskdalemuir and Potsdam. In their case, the higher the value 
in the table the lower was the numerical value of the component perpendicular to the 
astronomical meridian. 

The entry in every case under D is not the angular measure but its force equivalent, 
thus enabling all the data to be expressed in terms of a single unit, 1 y. All the data for 
a single station are collected together, as the arrangement most economical of space. 
The data appear in pp. 516 to 548, the stations being arranged according to latitude, 
the nlOst northerly coming first. 

The geographical co-ordinates of the stations are given in Table LXXXVII, along 
with the difference between the local time and that of Greenwich. In this table the 
stations are arranged according to longitude so as to juxtapose those the local tinle at 
which differs least. 

TABLE LXXXVII.-Stations Co-operating in Term Hour Observations. 

Stations with Westerly Longitude. Stat-ions with Easterly Longitude. 

Station. ILongitude·1 
Time, 

I 
Latitude. Station. ILongitude·1 

Time, 

I 
La.titude. late. early. 

-.. 
0 , 

h. m. 0 , 0 , 
h. nt. 

0 , 

Greenwich ... ... 0 0 0 0 51 28N. Lukiapang ... 121 2 8 4 31 19N. 
Kew ... ... 0 19 0 1 51 28N. Toungoo . .. ... 96 27 6 26 18 56N. 
Stonyhurst ... ... 2 28 0 10 53 51N. Barrackpore ... 88 22 5 53 22 46N. 
Eskdalemuir ... 3 12 0 13 55 19N. Dehra Dun ... 78 3 5 12 30 19N. 
San Fernando ... 6 12 0 25 36 28N. Kodaikanal ... 77 28 5 10 10 14N. 
Pilar ... . .. 63 53 4 16 31 40S. Alibag ... ... 72 52 4 51 18 39N. 
Vieques .. . ... 65 26 4 22 18 9N. Mauritius ... . .. 57 33 3 50 20 6 S. 
Cheltenham ... 76 50 5 7 38 44N. Helwan ... ... 31 21 2 5 29 52N. 
Agillcourt ... ... 79 16 5 17 43 47N. Seddin . .. ... 13 1 0 52 52 17N. 
Tucson ... ... 110 50 7 23 32 15N. De Bilt . .. . .. 5 11 0 21 52 5N. 
Sitka ... ... 135 20 9 1 57 3N. Uccle . .. . .. 4 21 0 17 50 48N. 
Honolulu ... . .. 158 4 10 32 21 19N. Val Joyeux . .. 2 1 0 8 48 49N. 

Section 45.-The application of the results to a study of magnetic" activity" was 
not in contemplation when the programnle of term hours was arranged. It came about 
in the following way: The international scheme of " character" figures for individual 
days, of which De Bilt is the headquarters, has been in operation with marked success 
since 1906. But it has been ~ecognised in various circles, including De Bilt itself, that 
there is a somewhat large accidental element in the choice, and that considerable fluctua_ 
tions arise in the standard applied. at most stations. It has been felt that a scheme 
having less arbitrariness in its execution might have advantages. A scheme of this kind 
was proposed some years ago by the late Professor Bidlingmaier, based on what he called 
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" magnetic activity," and the International Magnetic Bureau issued an invitation. to 
several stations, including Kew Observatory, to give the scheme a short preliminary 
trial. The existence of simultaneous records, mostly quick-run, from so large a number 
of stations provided ideal material for putting to the test a method suggested by 
Bidlingmaier for arriving in a conlparatively simple way at a measure of one element 
of the "activity," the evaluation of which according to the exact formula is a very 
laborious process. When deciding to apply the material to this object, I realised that a 
considerable amount of labour was entailed, but the reality exceeded my anticipations. 
To render the results intelligible, a short explanation is necessary of what Bidlingmaier 
Dleant by " nlagnetic activity." 

SiIppose a, /3, y to be the rectangular components of magnetic force at any point 
x, y,. z, then 

is the usual expression for the magnetic energy of the field. If we suppose a, /3, i' to 
represent not absolute values of the force components but their departures from some 
standard value, the above integral is one of which Professor Bidlingmaier desired to get 
the mean value throughout the 24 hours. This value he described as the" magnetic 
activity" for the day. What to take as standard value is a very difficult point, which 
we need not consider at the moment. Let us suppose for simplicity it is the mean 
value for the day. Also let us suppose at any instant between hours n - 1 and n the. 
departure of any magnetic element from its mean value for the day to be 

Y = Yn + 1], 

where Yn is the mean value of the departure for the whole hour. Then uSIng T to 
represent one hour, we have 

nT J (Yn + 1]) 2dt = T Yn2 + In, 
(n - 1) T 

nr 
where In = f 1]

l dt. 
(n - 1) T 

The mean value of the integral for the whole day is 

24T 
(1/811') (1/24T) J y2

(U = Al + Az ; 

where 
o 

Al = (1/811') (y12 + .. + Y2/)/24, 
A2 -' (1/811') (II -t .. 124)/24. 

The contribution of the individual hour to this expression thus consists of two 
parts. One of these (1/811') Yn2/24 depends not so much on changes occurring during 
the particular hour as on what takes place during adjacent hours. For instance, on a 
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day ordinarily regarded as perfectly quiet, during the hour containing the daily maximum 
or minimum we have a large departure from the mean value of the day, and so a large 
value Yn2

• In such 3, case Al represents" activity" associated with the force system 
to which the regular diurnal inequality is due. The second term is by no means 
independent of the regular diurnal variation, receiving contributions from it as well 
as from the irregular oscillatory movements usually regarded as disturbance. The 
contribution from the regular diurnal inequality is largest for those hours of the day at 
which the diurnal inequality changes are most rapid, and during these hours it may be 
by no means negligible compared with the contribution from irregular movements unless 
the hour is one of very decided disturbance. Again, it must be remembered that the 
amplitude of the regular diurnal inequality is affected, especially in the Antarctic, by 
the presence of disturbance. The value of Al in short may be very largely influenced 
by the presence of disturbance. Thus it would not be correct to regard the value of In 
for a particular hour as an exact measure of the disturbance existing during that hour. 
At the same time it is a quantity which increases very largely with disturbance, and 
in the absence of any exact definition of disturbance it is probably as good a measure 
as we can get, especially when we are comparing the same hour of different days at the 
same station. 

If a suitable mechanical integrator existed by whi~h In could be rapidly measured, 
the time required might not be prohibitive; but failing this Bidlingmaier attempted to 
see whether a sufficiently satisfactory approxinlation could not be derived from a con­
sideration of the hourly range, i.e., the difference between the largest and least values 
of the hour. He measured the 'Vilhelmshaven D and H curves at 6-minute intervals, 
and plotted the results against the corresponding hourly ranges. . From a large number 
of curve measurements he obtained data for the" activities" (of the type ~) in a 
number of hours having the same range, and he concluded that it would be accurate 
enough to simply nleasure the hourly range and assume for the corresponding" activity" 

, the mean of the values he had found. It was suggested to several observatories, 
including K.ew, that a prelinlinary trial should be nlade of Bidlingnlaier's schelne, 
accepting his relations between the " activity" of type A2 and the hourly range. As, 
however, Bidlingmaier's numerical relationships between hourly "activities" and 
ranges had been based on the results of only one station, it seemed to me that a desirable 
preliminary was to test them by applying them to the term hour curves. It was only 
after the necessary measurenlents had been made that I noticed that if the relationships 
found by Bidlingmaier were correct, "activity" must vary with the sensitiveness 
of the magnetograph. The true (0 activity," if a natural physical quantity, must be 
independent of the sensitiveness of the instrument, and if the results of nleasurement 
really accorded with Bidlingmaier's relationships, it would mean that an undesirable 
instrumental element was not eliminated. 

The only relation between the "activity" and the range which leaves the 
" activity" independent of the sensitiveness is the parabolic, the" activity" being 
proportional to the square of the range. 
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The term-hour curves, as already stated, were measured at 5-minute intervals. 
This gives for the hour thirteen ordina,tes 'YJo, 'YJl • • • 'YJ12' The quantity 

{!('YJo2 + 1]122) + 1h2 -t- .. + 'YJn 2} /12, written for brevity (1/12) l:17 2
, 

was taken as the equivalent of (liT) f T'1·dt, where T repre~ents one hour. The relation 
o 

suggested above by theoretical considerations 

(1/12)"2.'YJ2 = CR2 (17), 

where R is the hourly range and C a constant, was on the whole in good accordance with 
the observational results at stations outside the Antarctic, when a mean was taken 
from a large number of "activities." The values obtained for the constant C were 
practically the same for declination, horizontal force and vertical fo,rce, the nlean 
obtained in the several investigations varying from O' 092 to O· 098. Thus if we had 
accepted R2/100 as the equivalent of (1/12)"2.1]2 we should have obtained, when a large 
number of hours were included, nearly the same result as if we had actually measured 
the curves and done the arithmetical operations indicated by the summation. Supposing 
only two measurements necessary for the determination of R, the economy of effort 
would be enormous. 

When, however, we look closely into the matter the results are less satisfactory. 
The values assigned to R were really derived from the 5-minute measurements, but 
the range thus found will only sometimes accord with the true range for the hour, and 
in the case of some disturbed curves it nlay be a good deal less. If the element is rising 
or falling continuously throughout the hour, 'YJo and 'YJ12 must be the extreme ordinates, 
and 'YJo"" 1]12 the exact range. But even in quiet days, there are at least two turning 
points, and more often four in the course of the 24 hours, and the coincidence of a 
turning point with one of the points of measurement would be pure accident. 
During disturbed times the exact coincidence of the extreme ordinates with any 
of the 5-minute ordinates must be rare in any hour. It is true that as a rule 
the inferiority of what we may call the 5-minute range to the true hourly range will 
be snlall, but occasionally it will be very considerable. As the true" activity" is 
calculated fronl the 5-minute measurements, it is obvious a priori that a uniform relation 
is much more probable between the" activity" and the 5-minute range, than between 
the" activity" and the ab,solute hourly range. Why, it may be asked, was the latter 
range not measured, as it must have been it which Bidlingmaier contemplated using, 
otherwise there would have been no real economy in the use of his" activity" range 
relationships. If we had to take 5 or 6-minute measurements to obtain R, the use of 
his relationships would be no economy at all, so far as measurements are concerned. 

The answer to the query is that as a matter of fact the ranges which Bidlingmaier 
used in establishing his relationships were derived from 6-minute measurements, and the 
only way to put his conclusions to a fair test was to employ ranges similarly obtained. 
Very probably he luay have believed that in the great majority of cases the difference 
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between the 6-minute range (and still more the 5-minute range) and the absolute hourly 
range would be so small that any relationship established for the former could be 
applied with sufficient accuracy to the latter. When I commenced the investigation 
I did not realise the extent to which the 5-minute range and the absolute range were 
likely to differ during really disturbed hours. It was only after comparing the two sets 
of ranges for the Antarctic curves that the importance of the difference came home· to 
me. On the other hand, it was immediately patent that during really quiet times at 
some stations it was practically impossible to recognise in the quick run curves exactly 
where the maxinla and minima ordinates fell. In such cases the repeated trials necessary 
to an assurance that we had got the true absolute range took more time than the 
5-nlinute measurements. To have obtained hourly ranges in both ways would thus have 
added immensely to the labour. 

A more i~portant objection to the use of the relation (17) is that while at the 
ordinary station it applies with very considerable accuracy to the mean of a large 
number of hours having the same R, the values actually found for (1/12)I1J2 in 
individual cases differed enormously. For the same value of R, in the same element, 
at the same station, one got in a good many cases measured. values of (1/12)!1J2 standing 
to one another in the ratio of 2 : 1; and ratios of 3 : 1, or even 4 : 1, were occasionally 
met with. The scheme, it is true, contemplated dealing with the 24 hours of the d.ay 
together, and if the" activity" calculated from the range was too high for some of 
these, it would naturally be too low for other hours. But different hours contribute 
very differently, and on disturbed days the contributions fronl three or four hours may 
easily exceed all the rest. Thus it would inevitably happen that the mean value of the 
" activity" of the type we are considering, if calculated from the hourly ranges: would 
be largely in error in a considerable number of days. The full discussion of this question 
would, however, take us too far afield. Further information will be found by those 
who desire it in Terrestrial Magnetism, June, 1917, p. 57, and in Roy. Soc. Proc. A, 

. vol. 94, 1918, pp. 536-547. 
Section 46.-What it is proposed to do here is to give particulars of the hourly 

ranges-as given solely by measurements at the 5-minute intervals, except in the case 
of the Antarctic-and of the corresponding values of (1/12)~1]2 as derived from the 
5-minute measurements. The hourly ranges at the eo-operating stations appear in 
Tables LXXXVIII to XCIII, pp. 175 to 180, and the values of (1/12)!1J2 in Tables 
XCIV to XCIX, pp. 181 to 186. 

The original curve measurements were all made in millimetres. The values of 1J 
and of the hourly ranges were first expressed in mm., and the values of (1/12)'~1J2 in 
mm2

• Conversion to ly in the case of the ranges and to (ly)2 in case of (1/12}!1]2 
was then made by means of the scale values of the curves. The scale values supplied 
for D gave the angular equivalent of 1 mm., but the force equivalent is immediately 
derivable from the fact that an angular change JD is equivalent to a change HJD in 
value of the horizontal force. When only 2 or 3-figure accuracy is wanted in HL1D, 
3-figure accuracy in H suffices. 
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The stations, with the exception of the three last in Tables I.JXXXVIII to XCIII, 
are arranged in order of longitude, proceeding from East to West. This was done with 
a view to juxtaposing stations whose local time differed least, it being the local time 
which determines the phase of the regular diurnal variation. 

The blanks in individual hours in the range and" activity" tables mean in general 
that no curve was received for the date in question; in other cases the record was 
incomplete. The reason for putting Greenwich, Kew and San Fernando at the foot of 
Tables LXXXVIII to XCIII, and omitting them from Tables XCIV to XCIX, was 
that while the ranges of the components in the horizontal plane seemed in general 
ascertainable with fair accuracy in spite of artificial disturbance, the same could not 
be said of the" Activities." Greenwich suffered decidedly the least of the three. 

In the absence of special disturbance, the range will na.turally be largest for those 
hours of the day when the changes shown by the diurnal inequality are most rapid. 
Ranges for the day hours, i.e., between 6 h. and 18 h. L.M.T. will naturally exceed 
those for night hours, . unless the day maximum or minimum falls within the selected 
hour. Bearing this in Inind, a general idea of the relation to be expected between the 
ranges at different stations during quiet times nlay be derived from Table LXXXVII. 

When the term hours were 8 to 10 G.M.T. they fell in the early morning or late 
evening at stations intermediate in longitude to Pilar and Honolulu. Thus small 
ranges would be anticipated at these stations, especially Pilar where June represents 
nlidwinter. Also the D ranges at the European stations, where the time fell in the 
forenoon, might be expected to exceed those at the Indian stations where the time fell 
in phe afternoon, for the rise to the westerly maximum is a good deal more rapid than 
the subsequent swing to the east. These anticipations are only partly fulfilled. Pilar, 
Vieques, Tucson and Honolulu, it is true, especially the first and last mentioned, give 
usually decidedly smaller ranges than the European stations; but on several days 
Agincourt and still more Sitka come well to the front, and the Indian stations do not 
on the whole fall short of the European. Some stations usually stand out from their 
neighbours, Sitka, Kodaikanal and Stonyhurst in particular. This is not surprising 
in the case of Sitka, for, as we shall see when dealing with magnetic storms, it is a very 
highly disturbed station. immensely more so than Honolulu its next neighbour in the 
tables. On a really quiet day like June 30, ranges at Sitka are as small as elsewhere, 
but on a disturbed day like July 28 it is otherwise. Why Kodaikanal ranges should 
tend to exceed those at Dehra Dun and Alibag is not obvious; it can hardly arise from 
difference in local time. Stonyhurst is another puzzling case. The H ranges are 
generally similar to those at Greenwich and Kew and other European stations, but the 
D ranges are very outstanding. There are unfortunately no Eskdalemuir D ranges for 
comparison, but the Eskdalemuir W ranges are very similar to the D ranges at Kew, 
and from its geographical position one would· have expected Stony hurst D ranges to 
be intermediate between those at Kew and Eskdalemuir. 

It must be remembered that while the curves were read to 0'1 mm., accuracy to 
0'1 mnl. is hard to secure, even when the traces are sharply defined, and in some cases 
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the definition was anything but sharp. Also the sensitiveness varied much at different 
stations. Thus at Seddin the sensitiveness for each of the three elements lay between 
2·01' and 2·41' per I mm., whereas at Alibag I nlm. in the D trace was equivalent to 
II Y. If we take 0·1 mm. as a limit to the error of measurement in an ordinate-an 
optimistic view for the best of curves--the range being the difference of two ordinates 
must be allowed a limit of error of 0·2 mm. Even at Seddin this would represent 0·41' 
or 0·51', and in D at Alibag it would be equivalent to 2·21'. Thus much importance 
should not be attached to apparent small differences between the ranges at neighbouring 
stations. 

Kew and Greenwich are so near together that we should naturally expect corres­
ponding hourly ranges to be identical to the nearest 11' . If there had been no artificial 
disturbance, a comparison of the ranges at the two places would have given an excellent 
idea of the accuracy reasonably attainable. But, under the existing conditions, the 
larger apparent differences may rea~onably be ascribed to artificial disturbance. Some 
allowance also should be nlade for the fact that the instruments in use at the two places 
differed in type and in sensitiveness. 

But for the fact that while D and H are recorded at De Hilt, Nand Ware recorded 
at Seddin, we should have expected .very similar ranges from the two stations. A close 
agreement ,vould also be expected between Dccle and Val tToyeux. 

In the case of the term hours 17 h.-I9 h. we should expect on quiet days the 
American stations to have the largest ranges and the Asiatic the least. This, generally 
speaking, was true of both hours on May 22, June 19 and July 21, and of the ·second hour 
on May 26. The first hour on May 26, and both hours on July 17 were a good deal 
disturbed, and during these hours there were large ranges at the European as well as 
the American stations. 

We should also expect 18 h.-20 h. G.M.T. to show the largest ranges at American 
stations, and as the season was fronl November to January, i.e., midsummer in the 
southern hemisphere-we should expect Pilar to be pre-eminent. The Pilar ranges 
are in fact sonletimes the largest, and they are decidedly more prominent relatively 
than during the term hours of l\iay, June and tTuly. At the same time, absolutely 
considered, they are never very large, and sometinles they are quite small. The 
Stonyhur~t D ranges for hours from 17 h. to 20 h. are less outstanding than those for 
hours 8 h. to 10 h.· Still the majority of them seem unduly large compared with the 
corresponding ranges at other European stations. 

Section 47.-Tables XCIV to XCIX give the values of (I/I2)!1J2 during all the 
term hours at the co-operating stations. As already explained, the experimental 
relationship obtained between the activity of type A2 and the range was approximately 

(I7'). 

On comparing corresponding data in Tables XCIV to XCIX, and Tables LXXXVIII 
to XCIII, it will be found that in a considerable proportion of cases the above numerical 
relation is not far from true, but in other cases it is far otherwise. As (1/12)~1J2 is 
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at best only an approximation to the value of the theoretical integral, it may appear 
illogical to go to decimals of (ly)2 in the tables. A pI'incipal reason for doing so was to 
show how very small A~ often is, especially in V. 

The entries under" D or W ,; for Stonyhurst look even more remarkable than those 
in the range tables. There is no single instance in which the Stonyhurst-D entry under 
hours 8-9 and 9-10 is not in excess of that at every other European station, and the 
excess is very large except for the unusually disturbed time 8 h.·-9 h. on July 28. Sitka 
alone shown a larger value than Stonyhurst, and that on only two hours out of the 
twelve. 

In the second group of term hours 17 h.-19 h. this great pre-eminence of Stonyhurst 
D values is only sometinles apparent, and usually only in the second hour 18 h.-19 h. 
In the third group of term hours the Stonyhurst-D value for 18 h.-19 h. is usually but 
little outstanding, whereas it is always outstanding for 19 h.-20 h. There is certainly no 
obvious reason why disturbance at Stonyhurst should be so outstanding as compared 
with that from other European stations, or why the contribution from D to the " activity" 
should bear to the contribution from H a ratio altogether different fronl what obtains 
elsewhere. At the sanle time, if there were any error in the scale value it should show 
itself invariably and in all hours alike, and it should lead to diurnal inequalities differing 
conspicuously from those at other British stations. 

Superficial inspection of the tables discloses that the contribution from V to the 
" activity" is usually the least, but it does not show whether D or R usually contributes 
most. 

Tables 0 to 011, pp. 187 to 189 , give the combined activities H from the two horizontal 
component~ and the total activity T (of the type A2 ) obtained by adding to this the 
contribution from V. 

It will be seen that the " activity" at Kodaikanal for 8 h.-9 h. and 9 h.-10 h. is 
in general decidedly larger than that at the other Indian stations. But this superiority 
of Kodaikanal does not extend to the hours 17-18, 18-19 or 19-20. 

Section 48.-Tables 0111, OIV and OV, pp. 190 to 192, give mean values of the" activi­
ties " for the several term hours from all the available stations combined. The means Ml 
and Mt' are confined to the" activities" from the horizontal components. Ml includes 
every station which had both horizontal components complete, Mt' differs only in 
omitting Stonyhurst. l\{2 includes only stations which had vertical force as well as 
horizontal force data, and M2 ' again differs only in omitting Stonyhurst. Even if 
we were certain of the absolute correctness of the Stonyhurst D data, their character 
was so exceptional that a mean from which Stonyhurst data were excluded appeared 
desirable. The number of stations from which the mean is derived is stated in all 
cases. 

Much the largest" activities" in Table CIII come from July 28. The contribution 
from the vertical component is in every case the least. It forms1ts much as 26 per cent. 
of the total activity for M2 ' on July 24, 8 h.-9 h., but only 7 per cent. for 9 h.-l0 h. 
of the same day. 
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In Table ClV, 18 h.-19 h. o.f July 17 supplies the largest value, a value co.nsiderably 
in excess of the largest in Table CIII. Taking M2 ' we see that the co.ntributio.n fro.m 
V to. the to.tal varied fro.m 19 per cent. fo.r 17 h.-18 h. o.f .June 19 to. less than 4! per cent. 
fo.r 18 h.-19 h. o.n July 17. On June 23 there was no. Sto.nyhurst reco.rd, so. Ml is the 
same as M/ and M2 as M2'. 

In Table CV there is co.mparatively little difference between the different ho.urs. 
The largest activities appear in 18 h.-19 h. o.f December 18 and January 22. On 
January 26 there was no. StDnyhurst reco.rd fo.r 18 h.-19 h. The" activities" in 
Table CV are generally less than tho.se in Tables CIII and CIV. This was to. be expected 
because, if we except Pilar and Mauritius, Table CV deals with midwinter, the other 
two. tables with midsunlmer. 

Section 49.-Table CVI, p.193, gives the term ho.ur ranges in the Antarctic fo.r E', S' 
and V. Two. values are given, the first being derived fro.nl the 5-minute measurements 
as in the case o.f the co.-o.perating statio.ns, the seco.nd being the abso.lute ho.urly range. 

The 5-minute range equals the abso.lute range 13 times in V, 7 times in S', but 
Dnly 3 times in E'. The difference between the two. ranges is no.t always small. Thus 
o.n January 22, ho.ur 19-20, in E' the 5-minute range is o.nly 66 per cent. o.f the absolute 
range, while o.n No.vember 24, ho.ur 19-20, and o.n June 19, ho.ur 18-19, the 5-minute 
range in V is o.nly fro.nl 58 to. 59 per cent. o.f the abso.lute range. On January '22, ho.ur 
19-20, the true minimum in E' o.ccurred two. minutes after the previo.us 5-minute reading. 
During these two. minutes the element fell 59y, rising 68y in the co.urse o.f the next 
three minutes. The fall when quickest was at the exceptio.nal rate o.f 43y per minute. 

Under such circumstances it wo.uld o.bvio.usly require measurements at intervals 
llluch sho.rter than 5 minutes to. satisfacto.rily represent the time integral A2: 

Whether we take 5-minute ranges o.r abso.lute ranges, the V ranges in Table CVI 
are relatively much mo.re impo.rtant than tho.se in Tables LXXXVIII to. XCIII. Taking 
abso.lute ranges in Table CVI, there is o.ne ho.ur, 18 h.-19 h., o.n January 26 when the V 
range is the largest o.f the three, and eight ho.urs in which it co.mes seco.nd in size, being 
equal to. the E' range o.n o.ne o.f these o.ccasio.ns. The E' range is the largest in 22 hours, 
and the S' range the largest in 9 ho.urs, the two. being equal in o.ne ho.ur o.n May 22. 
The S' range is abso.lutely the smallest o.f the three in seven ho.urs, and the E' range 
in one ho.ur. The E' and V ranges fo.r 8 h.-9 h., June 2, share the lowest place. On 
December 18 the E' ranges in bo.th ho.urs and the S' range in the first ho.ur attain a 
size rarely reached by the daily range in tro.pical latitudes. At Kew a daily range 
o.f 200y in H o.r D o.ccurs o.n the average only abo.ut fo.ur times a year, and is very rarely 
enco.untered in years with as little sunspo.t develo.pment as 1911 and 1912. 

Section 50.-Table CVII, p. 193, gives the values o.f {1/12)!1J2 in the Antarctic fo.r the 
several term ho.urs. The co.ntributio.ns from E', S' and V are given separately. The 
entry under "H" represents ,the sum of theco.ntributio.ns fro.m the ho.rizo.ntal 
co.mpo.nents E' and S', and the entry under" T" adds to. this the co.ntributio.n fro.m V. 

The " activities" fo.r the first· gro.up o.f term ho.urs, o.ccurring in the Antarctic 
midwinter, are similar in size to. the co.rrespo.nding " activities" elsewhere. In fact 
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the" activity" in the Antarctic for 8 h.-9 h. on June 30 is considerably below the average. 
The time 8 h.-l0 h. G.M.T. is usually quiet in the Antarctic unless a disturbance of 
the special type discussed in Chapter XI comes along. July 28th was an occasion of 
more than usual disturbance, but unfortunately the Antarctic record for 8 h.-9 h. was 
incomplete. The" activity" for 9 h.-l0 h. on July 28 was nluch in excess of that 
at any of the co-operating stations except Sitka, but the Sitka" activity" was the 
larger of the two, especially in V. As we shall see later, large V disturbances are 
rather characteristic of Sitka. The Antarctic" activity" was also much above the 
average found for the co-operating stations on both hours of June 2, but the value 
for 8 h.-9 h. was exceeded by that at Sitka .. 

The second set of term hours 17 h. -19 h. G. M. T. fell at a more disturbed part of 
the Antarctic day. July 17 was the day of greatest" activity" elsewhere, but un­
fortunately there was no Antarctic record on that occasion. On. June 19, 17 h.-18 h., 
the Antarctic .. activity" was only a little above the average for other stations, but 
in all the other nine hours for which records were obtained its excess was conspicuous. 

Taking in chronological order the 10 hours for which data exist, the ratio borne 
by the total magnetic" activity" in the" Antarctic" to the mean " activity" for the 
cQ-operating stations including Stonyhurst had the following values 4·9, 5·3, 2·8, 15·6, 
1·2, 3·6, 19·2, 14·9, 35·6 and 13· 7. The least value of the ratio was that for 17 h.-18 h. 
on June 19. During this hour conditions were generally very quiet, but the" activity" 
in the Antarctic was exceeded by that at Cheltenham, Agincourt, Tucson and Honolulu. 
The largest value, 35·6, of the ratio occurred on 17 h.-18 h., July 21. Outside the 
Antarctic that hour was on the whole quiet; though considerably less so than 17 h.-18 h. 
June 19; but the two hours agreed in showing the greatest " activity" at Tucson, 
and on both occasions the" activity" was particularly low between the longitudes 
of Barrackpore and Mauritius. In the Antarctic an unusual feature of the hour 17-18, 
July 21, waS that the contribution from V largely exceeded that from E'. Elsewhere, 
including Sitka, the contribution from V was generally very small. Except on June 19 
the total" activity" in the Antarctic was exceeded only once and at one place, viz. on 
May 26, hour 17-18, at Eskdalemuir. 

The third group of term hours represented midsummer in the Antarctic, but mid­
Winter elsewhere except at Mauritius and Pilar. Thus, during these hours we should 
naturally expect large values for the ratio (Antarctic total" activity") / (mean total 
H activity" elsewhere, including Stonyhurst). The values obtained for the ratio are, 
however, simply enornlOUS, being in chronological order 108, 99, 74, 154, 1998, 477, 
188,216,178,252,110 and 37. The largest value of the ratio, answering to 18 h.-19 h. 
December 18, no doubt represents a distinctly exceptional state of matters; but the 
choice of the twelve term hours was fortuitous, except that times were. chosen near 
new moon with a view to facilitating auroral observations. It is true that in the 
Antarctic disturbance is more prevalent between: 17'h. and 19h. than in most hours 
of the day; but the sallIe is true of Eskdalemuir, and so presulllably of at least the 
EuropeaI). stations. It is thus a natural inference that any estimate of the" activity" 
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of changes in t.he earth's magnetic field which leaves the polar regions out of account 
is likely to be hopelessly incomplete. 

Section 51.-Table eVIII, p. 194, aims at comparing the values of the" activity" for 
the same hour on different days at different parts of the globe. Only the contributions 
from the components in the horizontal plane are considered, except in the case of the 
Antarctic, where the contributions from all three components are given as well. Take 
for illustration 9 h.-l0 h. G.l\f.T. Returns for the six days were complete for four 
European stations (Stonyhurst, De Bilt, Dccle and Val Joyeux), five North American 
stations (Sitka, Aginconrt, Oheltenham, Tucson and Vieques), five Indian stations 
(Dehra Dun, Alibag, Barrackpore, Toungoo and Kodaikanal). The mean values of 
(1/12)~1J2 from the six hours were 32'51'2 for the four European, 19,31'2 for the five 
American, 25,31'2 for the five Indian, and 21'91'2 for the whole 14 stations. On May 29 
the nlean values of (1/12)~1J2 were 29, 771 2 for the European, 4· 731'2 for the American, 
12· 71'2 for the Indian and 15' 61'2 for all the stations combined. And we have 

(29'7/32'5)100 = 91, (4·7;~/19·3) 100 = 25, and so on. 

In the case of 8 h.-9h. and 9 h.-l0 h. the large size of the European nlean value 
is due to the inclusion of Stonyhurst. It was unfortunate that owing to failure of 
trace on one day neither Seddin nor Eskdalemuir data could be utilised. In the case 
of hour 8-9, July 28 was much the most disturbed day at the European and Indian 
stations, but in the American group it was slightly exceeded by June 2. Even in the 
American group the disturbance on tT nne 2 was practically confined to Sitka, while that 
on July 28 visibly affected the great nlajority of stations. The parallelism between 
the European and Indian stations is fairly close, but June 26 was quieter and July 24 
less quiet in Europe than in India. .As there was unfortunately no Antarctic record 
during 8 h.-9 h. on July 28, the Antarctic results are based on only five term hours; 
so corresponding results restricted to the same five hours were also obtained for the 
other stations. The parallelism between the Antarctic results and those from the 
other stations is fairly close. In each case June 2 figures as the most disturbed day 
and June 30 as the least disturbed. 

In the case of hour 9-10, July 28 is everywhere the most disturbed day; but while 
its pre-eminence in the American stations is considerably greater than in the case of 
8 h.-9 h., the reverse is true elsewhere. It is the exceptionally large size of the" activity" 
on July 28 at the American stations-especially Sitka-which makes the American 
percentage figures for the other days appear so low compared with those elsewhere. 
In the Antarct.ic, as elsewhere, July 28 was easily first; the chief peculiarity was that 
June 2 was much more disturbed than June 26 . 

. In the case of hour 17-18 Europe is represented by only two stations (Seddin and 
De Bilt) , but they show a very good general agreement. There were four North 
American and five Indian stations, as well as three miscellaneous (Honolulu, Mauritius 
and Pilar). The Antarctic tecord for July 17 was lacking, so only five hours were 
available for it. A second set of va.lues for the same five hours was thus calculated 
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for the several groups of co-operating stations. The hour fell in the early morning at 
the Indian stations, and conditions there were generally very quiet. Except in the 
Antarctic, May 26 was the most disturbed day, July 17 coming next; while May 22 

and June 19 were conspicuously quiet. These last two days were also very quiet in 
the Antarctic; but there June 23 and July 21, especially the latter, were much more 
disturbed than May 26. If we consult Table CI we find that, with the solitary 
exception of Lukiapang, the "activity" whether horizontal or total was invariably 
greater on May 26 than on ,Tuly 21. The difference between the Antarctic and other 
regions on this occasion is thus unusually conspicuous. It is somewhat suggestive 
that the difference between the Antarctic" activities" on the two days is Inost marked 
in the vertical compone!lt. There are various reasons for regarding great " activity" 
in the vertical component as an indication that the primary source of disturbance is 
not far from overhead. 

The same stations were available for hour 18-19 as for hour 17~18 in the second 
group of term days. Records being again lacking for July 17 in the Antarctic, two 
sets of data had to be prepared for the other stations. The European and American 
figures for the several days are remarkably similar. July 17 is out of all comparison 
the most disturbed day, being followed after a long interval by May 26. Omitting 
July 17, the figures fronl the Antarctic and the mean of the other stations agree in 
the order in which the days come. 

In the case of hour 18-19, in the third group of term hours, Europe is represented 
by four stations (Eskdalemuir, Seddin, De Bilt and Dccle) , America by only two 
(Cheltenham and Vieques), India by five (Dehra Dun, Barrackpore, Toungoo, Alibag 
and Kodaikanal), and there is one additional station Pilar, making 12 in all. The 
time being midwinter at all the stations except Pilar, " activities" naturally rule low. 
The order in which the days come is rather markedly different. The European and 
Indian groups make December 18 the day of largest" activity," and it is slightly 
above the mean in the American group; but the European and Indian groups make 
November 20 a day of low" activity," while the American group makes it high. In 
the case of January 26 the Indian and Anlerican groups agree in Dlaking the" a,ctivity " 
low, while the European group makes it high. In the Antarctic the (( activity" on 
December 18 was enormously greater than on any other day. Taking the horizontal 
components, the" activity" in the Antarctic was 60 times as great on December 18 

as on January 26, whereas in Europe the "activities" on the two occasions were 
practically equal. 

For hour 19-20 Stonyhurst was available, bringing the nunlber of European 
stations up to five. The contribution from Stony hurst unfortunately rather dwarfed 
those from the other four stations. There were still only two American stations, this 
time Sitka and Cheltenham. There were the same five Indian stations, and in addition 
Honolulu and Pilar, making 14 station~ in all. The European; Indian and American 
data make January 22 much the most disturbed day, and even in the Antarctic it 
shows conspicuously more "activity" than any day except December 18. rfhe 
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comparatively high position taken by December 18 in the case of the mean from the 14 
co-operating stations is mainly due to the large contribution from Pilar. The disturbance 
on December 18, though largely local to the Antarctic, would naturally be felt more 
throughout the southern than the northern hemisphere. 

Section 52.--Table CIX, p. 195, compares the" activities" from the declination and 
horizontal force (West and North conlponents in two cases) derived from all the 
co-operating stations. tJuly 17 was so outstanding that it seemed best to form two 
sets of results, one including the other excluding it. Similarly, the exceptionally large 
D contributions from Stonyhurst made it desirable to give alternative results, one 
excluding Stonyhurst. If we onlit the highly-disturbed day July 17, the D contri­
bution is the larger if we include Stonyhurst; otherwise the H contribution is larger 
by a slnall margin. In either case the D and H contributions are of like importance. 
Neither can be omitted without a very serious underestimate of the" activity." Also 
on comparing the previous tables-where data for individual hours are given--it is 
obvious that even when we take the same hour of the day the ratio of the D to the H 
contribution at the same station varies too much to admit of any safe inference being 
drawn from the magnitude of the one as to the magnitude of the other. 

Table CX, p. 195, is similar to Table CIX, but includes the vertical as well as the 
horizontal components. It is restricted t~ stations whIch supplied all three components, 
which accounts for some apparent inconsistencies with the previous table. The lowest of 
the four estimates makes the contribution from the vertical force one-ninth of that fronl 
the two horizontal conlponents. Thus the vertical force contribution for the average 
hour at the average station is by no means negligible" and there are individual occasions, 
e.g., both hours of July 28 at Sitka, when the contribution frorn V is both relatively 
and absolutely considerable. Still it would appear that the omission of the vertical 
component would be unlikely to seriously prejudice the conclusion that would be 
reached as to the" character" of the hOllror day, if data from a large number of 

,stations were considered. 
Section 53.--Table CXI, p. 195, contrasts the results obtained for the Antarctic 

" activities" from the three groups of term hours. In the first group July 28 contributed 
only to the second hour, 9 h.-l0 h. In the third group December 18 was omitted because 
on that occasion the disturbance was so outstanding it would have swamped the other 
days. Thus a better idea of the average relative importance of V was obtained by 
omitting it. Two sets of general means are given, the first based on all the 33 term 
hours for which records were complete, including the two on December 18, the second 
omitting December 18. In the first g~oup of term hours the contribution fronl E' is 
the largest, being on -the mean of the two hours a bout 47 per cent. of the total, as 
compared with 38 per cent. from 8' and 15 per cent. from V. In the second group 
there is a marked difference between' the' two hours, the S' contribution being the larger 
in the one, the E' contribution in the other. The contribution from V averages about 
18! per cent. In the third group the contribution from E' is much the largest in both 
hours, and the contribution from V is about 17 per cent. of the total. The H activity" 
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was so much larger during the third group of ternl hours than during the first two 
. that the third group is largely dominant in the two final means. If we omit December 18 

we find the contribution from E' nearly 2! times that fronl S', and the contribution 
from V about 17 per cent. of the total. If we retain December 18 the relative importance 
of the contribution from E' rises and that from V sinks. 

It must be remembered that in Tables XCIII to eXI we are dealing with only a 
few hours of the day, and that if we had (( activity" data from all hours of the day, 
and from all days of the year, our conclusions nlight be considerably different. 

There are reasons, however, for believing that the results in Table eXI are more 
representative than might be thought. I have pointed out elsewhere that there is reason 
to expect the square of the daily range to give at least a rough idea of the total "aetivity," 
including the part derivable from the diurnal inequality as well as the part we have 
just been considering. If we take the values to the nearest ly of the absolute ranges 
and inequality ranges from all days, we have for the three midwinter months of 1911 
and the three midsummer months of 1911-12 the results appearing in Table eXII, p. 196. 
Squaring the ranges we get the results in Table eXIII, p. 196. 

Thus at midwinter-the season including the two first groups of term hours-the 
contributions from E' and S' are not far from equal; while at midsummer-the season 
of the third group of term hours-the contribution from E' is markedly the larger. 
Also the preponderance of the E' contribution in midsummer is larger when we consider 
the absolute than when we consider the inequality ranges. This is at least suggestive 
of a tendency for the E' contribution to be relatively increased by disturbance, and 
so is in harmony with the fact that the percentage contribution from E' in Table eXI 
is larger when we include than when we exclude December 18. 

Taking the mean square of the ranges from the three elements we get, for the 
relative values of " act.ivity " at midsummer and midwinter: 

from absolute ranges, 1, 6; from inequality ranges, 2·4. 

In the case of the term hours 18 h.-19 h. is the only hour common to the two 
seasons. If we omit December 18 as outstanding we have five hours in each case. 
From these we find 

(midsummer H activity ")/(midwinter " activity") = 4· 6. 

Comparing this with the corresponding results from the two sets of daily ranges 
we should, I think, infer that even when we exclude December 18, either the midsumrner 
term hours encountered more disturbance, or the midwinter term hours encountered 
less disturbance, than was quite characteristic of the season of the year. 

At the same time, the day lacking in the Antarctic at midwinter was July 17 
and, as Table CVIII shows, the H activity" on this occasion at stations outside the 
Antarctic was much above the average. Also, while no Antarctic record was got 
between 17 h. and 19 h. on July 17, there was record up to about 16 h. 55 m., and 
again subsequent to 19 h. 10 m. During the interval there was a fall of 70" in E', 
so that element must have possessed considerable" activity" during one at least of 
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the term hours. Thus it is highly probable that but for the loss of trace on July 17 
the result obtained for the Antarctic "activity" at midwinter would have been 
considerably larger. 

If we combine the Antarctic results for the two hours 18 h.-20 h. of December 18, 
we find that the contribution of the horizontal components to (1 /12)~TJ2 amounted 
to 14593y 2. If, on the other hand, we conlbine the results from the horizontal components 
at all the co-operating stations on all the 36 term hours-representing in all an aggregate 
of 700 hours-we obtain 12871 y2. "Activity" such as that exhibited in the Antarctic 
during the term hours of December 18 is very rare in temperate latitudes; but it does 
present itself during disturbances of the largest size, such as occur once or twice in ten 
years. In such cases the disturbance is world wide, and the time of greatest" activity" 
may extend over several hours, minor though still large movements existing for a day 
or more. This will give some idea of how enormously the magnetic "activity" 
encountered during a storm of the first class exceeds that encountered on the average 
day. Another conclusion suggested by the Antarctic figures is that any ca1culation 
of the annual" activity" over the globe which is based on records confined to low and 
mean latitudes must inevitably lead to a very inadequate estimate. 

Section 54.-The traces received from Agincourt were not quick runs, but copies 
of the ordinary slow run curves, in which the times shown were those of 75° W. By 
an oversight, in the original measurements the times shown were treated as if times 
G.M.T. The first set of values of (1/12)~1)2 obtained thus referred to times 5 hours in 
advance of the true term hours. On the mistake being discovered, the curves were 
remeasured at the proper times, and the data employed in Tables XCIII to ell refer 
to the same hours as the data for the other stations. 

Having" activity" data for the two sets of hours at Agincourt, it is well to utilise 
theine The ternl hours of anyone group of days are, of course, too few for the results 
to be accepted as wholly representative of the hours of the day at the particular season, 

. still they should suffice to give a general idea. 
Table CXIV, p. 196, gives the mean results obtained, enlploying only those days when 

there were data for all four hours. The quantity tabulated is (1/12) !.1)2, the unit 
being (ly)2, and the time is L.M.T. 

There was no day in which the value of (1/12),i./ofJ2 was nearly so large for hour 3-4 
as it was for either hour 8-9 or hour 9-10; and the same was true for hour 4-5, except 
on one occasion when the value for hour 8-9 was exceeded. Thus the lesser" activity" 
of the early morning hours 3 h.-5 h. as compared with 8 h.-l0 h. may be accepted 
as a general feature, at least near midsulumer. 

The pronlinent position of hour 17-18 in the second group of terrn days is due to 
the exceptionally large contribution from July 17. If we omitted that day, the hour 
12-13 would take the first place. The second and third groups of days agree in making 
the" activity" for hour 18-19 less than that for hour 13-14. The differences between 
the results for the second group (midsummer) and the third group (midwinter) for the 
common hours 13-14 and 18-19 are very striking. 
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TABLE 0111.-" Magnetic Activity" during Term Hours. 
Mean Value of {1/12)~1]2in terms of {ly)2. 

8 h.-9 h. 

I 
9 h.-IO h. 

Nature 
Date. of 

Number NumbE"r I 
Mean. 

of DorW. HorN. ii. V. T. of DorW. HorN. H. v. T. 
Stations. Stations. 

May 29 Ml 20 10·2 8·5 18·7 - - 20 10·4 3·7 14·1 - -
Mt' 19 8·6 8·7 17·3 - - 19 7·4 3·9 11·3 - -
M2 16 10·6 8·5 19·2 2·6 21·8 16 9·6 4·6 14·2 1·6 15·8 
M2' 15 8·7 8·9 17·5 2·6 20·2 15 5·7 4·8 10'5 1·5 12·1 

------ --
June 2 Ml 20 8·3 8·8 17·2 - - 20 7·3 4·8 12·1 - -

Mt' 19 7·9 9·7 17·6 - - 19 4·9 5·0 9·8 - -
M2 15 9·2 10·9 20·1 2·3 22·4 16 8·3 5·7 14·0 1·7 15·7 
M2' 14 8·2 11·6 19·9 2·4 22·3 15 5·4 5·9 11·3 1·8 13·0 

-- -----
June 26 Ml 20 8·9 7·1 16·1 - - 20 13·2 9·5 22·8 - -

Mt' 19 7·1 7·2 14·3 - - 19 9·1 10·0 19·1 -- -
M2 17 10·4 8·2 18·6 4·2 22·7 16 11·2 9·7 21·0 3·5 24·4 
M2 ' 16 8·3 8·4 16·6 3·7 20·3 '15 5·9 10·3 16·2 3·6 19·8 

-- ----
June 30 Ml 21 4·6 2·5 7·1 - - 20 5·6 5·2 10·8 - -

Mt' 20 3·9 2·6 6·5 - - 19 3·6 5·3 8·9 - -
M2 17 5·0 2·9 7·9 2·2 10·1 16 6·4 6·2 12·6 2·0 14·5 
M2 ' 16 4·1 3·1 7·2 2·2 9·3 15 3·9 6·4 10·3 1·9 12·3 

----- ----
July 24 Ml 20 7·0 4·3 11·2 - - 19 7·7 9·1 16·7 - -

Mt' 19 5·3 4·3 9·6 - - 18 4·4 9·4 13·8 - -
M2 16 6·5 4·5 11·0 3·2 14·2 15 8·3 10·8 19·1 1·2 20·3 
M2 ' 15 4·3 4·6 8·9 3·2 12·1 14 4·2 11;3 15·5 1·2 16·7 

----
July 28 Ml 18 33·5 28·8 62·3 - - 18 30·4 25·5 55·9 - -

Mt' 17 29·5 29·3 58·8 - - 17 25·6 25·9 51·5 - -
M2 13 31·1 32·9 64·0 6·9 70·9 13 33·3 30·0 63·3 12·1 75·4 
MI' 12 25·3 33·9 59·2 6·9 66·0 12 26·7 31·0 57·7 13·1 70·8 
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TABLE CIV.-" Magnetic Activity" during Term Hours. 
Mean Value of {1/12)~1}2 in terms of {1,,)2. 

17 h.-IS h. 
I 

IS h.-I9 h. 

Nature -
Date. of 

Number Number Mean. 
of DorW. HorN. ii. v. T. of DorW. HorN. li. v. T. 

Stations. Stations. 
I 

I 

May 22 M1 20 2·6 3·3 5·9 - -- 19 3·9 3·4 7·3 - -
M/ 19 2·5 2·9 5·4 - - 18 2·0 3·2 5·2 - -
M2 14 3·1 3·6 6·8 1·2 7·9 15 4·8 2·7 7·5 1·0 8·5 
M2' 13 3·0 3·1 6·1 1·3 7·4 14 2·4 2·4 4·9 1·0 5·9 

-------- --
May 26 M1 19 20·8 34·6 55·4 - - 19 7·4 8·6 16·0 - -

M/ 18 19·9 31·6 51·5 - - 18 3·6 8·2 11·8 - -
M2 16 17·3 26·7 44·0 1·9 46·0 16 8·0 7·4 15·5 1·6 17·1 
M2' 15 15·9 22·7 38·6 1·9 40·5 15 3·6 6·8 10·4 1·6 12·0 

------ ----
June 19 M1 19 5·3 1·6 7·0 - - 20 4·8 4·2 9·0 - -

M/ 18 5·2 1·7 6·9 - - 19 3·0 4·0 7·0 - -
M2 15 5'6 1·5 7·1 1·6 8·6 15 6·0 3·8 9·8 1·0 10·9 
M2 ' 14 5·4 1·5 6·9 1·6 8·5 14 3·6 3·6 7·2 1·1 8·3 

----------------
June 23 . M1' 20 4·0 6·4 10·5 -- - 20 4·7 5·4 10·1 - -

M2 ' 15 4·5 5·6 10·1 2·1 12·2 16 5·3 4·1 9·4 1·0 10·4 
-- ----------

July 17 Ml 19 9'3 39·4 48·8 - - 18 65,0 102·7 167·6 - -
M1' 18 8·6 35·1 43·8 - - 17 68·2 94·4 162·6 - -
M2 15 9·5 ~4·9 44·4 2·3 46·7 16 57·6 88·3 145·9 6·5 152·4 
M2' 14 8·6 29·1 37·6 2·4 40·1 15 60·7 78·0 138·7 6·8 145'5 

---- ----------
July 21 M1 19 7·1 4·9 12·0 - - 19 5·6 4·8 10·4 - -

M1' 18 7·0 4·4 11·5 - - 18 4·8 4·6 9·4 - -
M2 15 7·2 4·3 11·5 1·2 12·7 15 6·7 4·7 11·5 1·7 13·2 
M2' 14 7·2 3·6 10·8 1·1 11·9 14 5·7 4·5 10·2 1·9 12·0 

I 
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TABLE CV.--" Magnetic Activity" during Term Hours. 
Mean Value of (1/12)!1]2 in terms of (11')2. 

I 
--- ----- - --- - ----

IS h.-19 h. 19 h.-20 h. 

Nature 
Date. of Number Number 

Mean. of Dor'W. HorN ii. V. T. of DorW. HorN. II. V. T. 
Stations. Stations. 

November 20 I I 2·6 I 
I 

Ml 20 1·5 4·0 - - 19 3·2 1·1 4·4 - -
M/ 19 2·6 1·5 4·1 - - 18 2·0 1·2 3·1 - -
M2 15 3·1 1·4 4·5 0·4 4·9 15 3·7 1·1 4·8 1·0 5·8 
M/ 14 3·2 1·5 4·6 0·4 5·1 14 2·0 1·2 3·2 1·1 4·3 

--------- ---------
November 24 Ml 19 1·2 2·8 3·9 - - 20 2·4 1·4 3·8 - -

M/ 18 1·0 2·9 3·9 - - 19 1·3 1·4 2·7 - -
M2 14 1·3 2·6 3·9 0·6 4·5 15 2·7 1·1 3·8 0·4 4·1 
M 2' 13 1·1 2·8 3·9 0·6 4·5 14 1·1 1·1 2·2 0·4 2·6 

------ ----
December 18 1\11 17 3·0 1·6 4·6 - - 18 5·9 0·9 6·8 -- -

M1' 16 2·9 1·6 4·5 - - 17 4·4 0·9 5·4 - -
M2 14 2·8 1·7 4·5 0·8 5·3 15 6·7 1·0 7·8 1·2 8·9 
M2' 13 2·6 1·7 4·3 0·7 

~o I 14 5·0 1·1 6·1 0·9 7·0 
---- -----

December 22 Ml 19 2·0 2·5 4·4 21 3·0 2·0 5·1 - -
M1' 18 1·8 2·5 4·3 - - 20 1·7 2·0 3·7 - -
M2 15 2·2 2·3 4·5 0·6 5·1 17 3·3 1·5 4·8 1·0 5·8 
M2' 14 2·0 2·3 4·3 0·5 4·8 16 1'6 1·5 3·1 0·9 4·1 

>--------
January 22 Ml 20 1·8 2·6 4·4 - - 20. 3·2 5·3 8·5 - -

M/ 19 1·8 2·6 4·4 - - 19 1·5 5·2 6·8 - -
M2 16 1·9 2·8 4·7 1·0 5·7 16 3~7 4·5 8·2 0·8 9·0 
M2' 15 1·9 2·8 4·6 0·8 5·4 15 1·7 4·4 6·1 0·7 6·8 

------ ------------
January 26 Ml - - - - - - 20 4·1 0·8 4·9 - --

M/ 18 1·8 1·1 2·8 - - 19 2·0 0·9 2·8 - -
M2 - -- - - - -- 16 4·7 0·9 5·6 0·7 6·3 
M 2 ' 

I 
14 1·5 0·8 2·4 0·4 2·8 15 2·1 1·0 3·1 0·6 3·7 

I 
- ---------
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TABLE CVI.-Antarctic Ranges during Term Hours (Unit 1 y). 

Ma.y 29 
June 2 

" 26 
" 30 

July 24 
.. 28 

8-9 
8-9 
8-9 
8-9 
8-9 

Ma.y 22 17-18 
" 26 17-18 

June 19 17-18 
" 23 17-18 

July 21 17-18 

Nov. 20 
" 24 

Dec. 18 
22 

J;~. 22 
" 26 

18-19 
18-19 
18-19 
18-19 
18-19 
18-19 

12·3 
10·3 
11·0 
4·5 

15·5 

16·2 
12·9 
11·6 
4·7 

15·5 

14·2 18·7 
36·2 36·2 
7·8 8·4 

29·7 42·0 
26·5 31·7 

42·0 
52·3 

262·9 
82·7 
81·4 
36·2 

47·8 
69·8 

269·4 
95·0 
97·5 
41·3 

-- 8"---' "~'-~II~i~f1-;--1-8" I~v. --~-
--~---~-------I 

12·3 
15·6 
18·0 
4'1 
6·5 

13·2 5·3 5·3 
15·6 12·9 12·9 
18·0 7·6 7·6 
4·1 3·8 3·8 
7·4 7·6 7·6 

11·4 12·3 13·7 13·7 
13·2 14·1 7·6 9·1 
9·8 13·9 3·0 4·6 

52·5 63·3 13·7 15·2 
53·5 53·5 29·7 29·7 

48·4 
27·3 

163·0 
56·6 
35·5 
27·3 

53·9 
34·1 

163·7 
63·4 
44·3 
29·3 

26·6 
19·8 
32·7 
40·3 
45·7 
47·2 

32·0 
25·9 
37·3 
41·9 
51·0 
51·7 

9-10 
9-10 
9-10 
9-10 
9-10 
9-10 

18-19 
18-19 
18-19 
18-19 
18-19 

19-20 
19-20 
19-20 
19-20 
19-20 
19-20 

u·o 
17·4 
9·0 
9·0 

12·9 
45·2 

11·6 6·2 6·2 
20·0 14·8 18·0 
11·6 8·2 9·8 
11·0 7·4 9·0 
12·9 10·5 10·5 
53·0 59· 1 63· 2 

7·6 7·6 
6·8 8·4 
3·0 3·0 
5·3 5·3 
3·0 3·0 

10·7 18·3 

18·7 19·4 15·0 19·4 14·5 14·5 
53·6 64·6 25·5 28·2 16·7 26·6 
18·7 24·5 17·2 17·2 7·6 12·9 
14·2 18·1 34·4 35·3 21·3 21·3 
30·4 38·1 31·639·7 13·716·7 

65'·9 
68·5 

202·2 
94·3 

126·0 
43·3 

75·6 
83·3 

210·6 
102·7 
190·6 
43·9 

27·3 30·0 
42·3 47·1 
60·0 68·2 
29·3 38'9 
83·2 86·6 
38·2 43·6 

43·4 47·9 
]2·9 22·1 
50·2 60·9 
72·3 73·1 
67·7 78·4 
18·3 22·8 

~---~----~---------------------------------------------------------~-------

TABLE CVII.--Antarctic "Magnetic Activity" during Term Hours. Value of 
(1/12)~1J2 in terms of (ly)2 . 

..------0------,----------:------;-------,---------,-----.------------------------------- ---------I :'~T·I E'. I 8'. V. I iL I T. II G~~. E'. I 8'. I v. Date. 

May 29 8-9 
June 2 8-9 
" 26 8-9 
" 30 8-9 

July 24 8-9 
" 28 8-9 

May 22 17-18 
" 26 17-18 

June 19 17-18 
" 23 17-18 

July 21 17-18 

Nov. 20 
.. 24 

Dec. 18 
22 

I 
J~n. 22 
.. 26 

18-19 
18-19 
18-19 
18-19 
18-19 
18-19 

11·6 7·4 2·4 
11·1 21·5 14·6 
10·8 12·1 2·0 
1·5 1·0 0·9 

16·4 3·9 4·4 

14·0 9·6 15·1 
115·9 8·8 5·3 

3·9 6·1 0·5 
36·9 171·6 25'6 
49·6 268·8 133·5 

188·0 
229·1 

7946·4 
589·2 
745·4 
112·6 

302·2 
73·3 

2537·6 
266·3 
107·0 
52·1 

40·3 
30·8 

105·2 
102·8 
161'1 
143·9 

19·0 
32·6 
22·9 
2·5 

20·3 

23·6 
124·7 
10·0 

208·5 
318·3 

490·2 
302·4 

10484·0 
855·5 
852·4 
164·7 

21·4 
47·2 
24·9 
3·4 

24·7 

38·7 
130·0 
10·5 

234·2 
451·8 

530·4 
333·2 

10589·2 
958·3 

1013·5 
308·6 
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9-10 
9-10 
9-10 
9-10 
9-10 
9-10 

18-19 
18-19 
18-19 
18-19 
18-19 

19-20 
19-20 
19-20 
19-20 
19-20 
19-20 

9·5 3·0 
25·9 24·1 
8·2 7·1 
7·6 3·2 

10·1 6·8 
36·5 127·9 

15·4 18·5 
178·7 46·8 
23·3 10·7 
20·7 100·5 
73·0 87·9 

327·4 
455·5 

3886·8 
791·0 

1625·5 
125·2 

61·3 
155·6 
221·9 
50·5 

368·9 
75·7 

ii. 

4·8 12·5 
2·7 50·0 
0·6 15·3 
4·0 10·9 
0·8 16·9 
7·1 164·4 

U·3 
42·1 
5·2 

33·9 
20·2 

184·9 
20·5 

134·3 
413·3 
276·4 
32·7 

33·9 
225·5 
34·1 

121,1 
160·9 

388·7 
6U·l 

4108·7 
841·5 

1994·4 
200·9 

T. 

17·3 
52·7 
15·9 
14·9 
17·7 

171·5 

45·2 
267·6 
39·3 

155·0 
181·2 

573·6 
631·6 

4243·0 
1254·8 
2270·8 
233·7 

N 
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TABLE .oIX.-Mean Term Hour" Magnetic Activities." Comparison of Components . 

. - - -----------~-----~--.---------.-- ------ --_. -- ----- ~ ---------

All Days. Omitting July 17. 

-- (1/12) l7l2 in (1'}')2. , Percentages. (1/12) l7l2 in (1'}')2. , Percentages. 

Dor W.IH or N·I H. ID or w·IH or N. D or W.IH or N·I ii. ID or W·IH or N. 

All Co-operating Stations ... 8·7 9·7 18·4 47·3 52·7 7·2 6·3 13·5 53·1 46·9 

Omitting Stonyhurst ... '" 7·4 9·3 16·7 44'3 55·7 5·7 6·3 12·0 47·7 52·3 

------------------

TABLE CX.-Mean Term Hour" Magnetic Activities." Comparison of Components. 

(1/12) l7l2 in (1'}')2. Percentages. 
Co-operating Days. Stations. 

o or W.IH or N·I I I To""!. Dor W.IH or N·I I 
H. v. H. v. 

All '" '" All ... '" 8·9 9·5 18·4 2·1 20·4 43·5 46·5 90·0 10·0 

" '" '" Omitting July 17 7·4 6·3 13·7 1·9 15·6 47·2 40·6 87·8 12·2 

Omitting Stony- All ... . .. 7·2 9-0 16·2 2·0 18·2 39·5 49·2 88·7 11·3 
hurst. 

" " Omitting July 171 5·5 6·3 11·8 1·9 13·7 40·3 45·9 86·2 13·8 

TABLE CXI.-Antarctic "Magnetic Aotivities" at Different Hours and Seasons. 

---

(1/12) l7l2 in (1'}')2. Percentages. 
Hour 

--- G.M.T. 

I I I I I 
, I E'. 8'. ii. V. Total. E'. S'. H. v. 

May 29; June 2, 26, 8-9 10·3 9'-2 19·5 4·9 24·3 42·2 37·8 80·0 20·0 
30; July 24, 28. 9-10 12·3 8·8 21·1 2·6 23·7 51·8 37·3 89·1 10·9 

------
May 22, 26; June 19, 17-18 44·0 93·0 137·0 36·0 173·0 25·5 53·7 79·2 20·8 

23; July 21. 18-19 62·2 52·9 115·1 22·6 137·7 45·2 38·4 83·6 16·4 
------

Nov. 20, 24; Dec. 22; 18-19 372·9 160·2 533·0 95·8 628·8 59·3 25·5 84·8 15·2 
Jan. 22,26. 19-20 664·9 142·4 807·3 185·6 992·9 67·0 14·3 81·3 18·7 

--------
All (33) hours (including 536·5 158·2 694·6 60·1 754·7 ~1'1 20·9 92·0 8·0 

Dec. 18). 

I 
31 hours (omitting Dec. 18) ... 189·3 79·4 268·7 56·3 325·0 58·3 24·4 82·7 17·3 
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TABT~E aXIL-Mean Absolute Ranges and Inequality Ranges in Antarctic~ 
• 

- .---- ----------------_._--------------_.- ~--------

Range in I 
May. I June. 

I 
July. I November. I December. 

I 
January. 

Abs. Iny. Abs. Iny. Abs. Iny. Abs. Iny. Abs. Iny. Abs. Iny. 
I' I' I' I' I' I' I' I' 1'. I' I' I' 

E' ... ... ... 205 72 146 60 188 62 247 125 260 93 231 108 

S' .. ... ... 163 78 149 60 175 68 175 94 189 99 164 84 

V ... ... ... 119 39 92 38 128 47 136 65 182 82 145 172 

TABLE aXIII.-Mean Squares of Antarctic Ranges. 

Midwinter. Midsummer. 

-- Absolute Ranges. Inequality Ranges. Absolute Ranges. Inequality Ranges. 

E' I s' I 
V E' I s' I V E' I s' I 

V E' 
I s' I V 

I 
Mean R2/y~ ... 32895 26465 13003 4209 4769 1725 60657 31081 24215 11979 8564 5378 

Percentages of 45·4 36·6 18·0 39·3 44·6 16·1 52·3 26·8 20·9 46·2 33·0 20·8 
Total 

. TABLE aXIV.-Agincourt "Magnetic ActiVities." Mean Values of (1/12)~112 In 
terms of (11')2. 

I 

First Group (4 days). Second Group (6 days). Third Group (5 days). 

I..M.T. 
I 

D. 
I 

H. 
I 

ii. L.M.T. 
I 

D. 
I 

H. I H. IJ.M.T. I D. 
I 

H. 
I 

ii. 

3 h.-4 h. ... 9·4 6·6 ]6·0 12 h.-13 h. 12·4 41·1 53·5 13 h.-14 h. 1·7 4·8 6·5 

4 h.-5 h. ... 15·7 4·4 20·1 13 h.-14 h. 39·6 35·3 74·9 14 h.-15 h. 3·8 2·9 6·8 

8 h.-9 h. ... 60·2 34·0 94·2 17 h.-18 h. 6·1 108·2 114·3 18 h.-19 h. 2·5 3·0 5·5 

9 h.-10 h .... 60·7 29·1 89·8 18 h.-19 h. 6·0 34·3 40·3 19 h.-20 h. 0·7 1·8 2·5 
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CHAPTER IX. 

DISCUSSION OF SELECTED DISTURBED TERM HOURS. 

May 26, 1911, 17 h.-19 h. G.M.T. 

Section 55.-0n this term day very sensible movements occurred at most of the 
stations. Except in the Antarctic there was more disturbance between 17 h. and 18 h. 
than between 18 h. and 19 h.; but the movements during the latter hour near 
18 h. 30 m. seem the most interesting, and are specially considered. The following curves 
were selected for reproduction in Plate XV: the three components in the Antarctic, 
H at Tucson, Hand D at Cheltenham, N at Seddin, and Hand D at Sitka. 

The movements between 18 h. 20 m. and 18 h. 35 m. in N at Eskdalemuir and in H 
at De Bilt and Val Joyellx are very similar to the Olovements in N at Seddin. At all 
these places between about 18 h. 27, 5 m. and, 18 h. 31 m., there is rather a smart rise 
in H or N, interrupted for about half a minute by a smart but smaller movement in 
the opposite direction. The other magnetic elements during this time showed little 
trace of disturbance. The movement in H or N just referred to may be regarded as 
consisting of :-

Resultant change 
Including reverse change 

Val Joyeux. I De Bilt. 

+7y 
-1y 

+10" 
- 2y 

+l1y 
- 3y 

+12y 
_.- 3y 

+15y 
- 3y 

----------------------_. 

There are apparent small differences in the times at wIlich these movements are 
shown on the different curves, but the general resemblance of the movements is so close 
there can be but little doubt that they were really synchronous at all the stations. The 
D or E trace showed very little movement at this time. 

During the time occupied by the above movements there were also decided 
movelnents in the Antarctic and at Tucson, Cheltenham and Sitka, but the features 
characteristic of the European stations are not recognisable. In the Antarctic there 
was a considerable rise and fall of E', with but very little change in N'. Also the 
movement lasted about 10 minutes, from about 18 h. 27 m. to 18 h. 37 m., consisting of 
a rise of 37y in E' and fall of 35y. At Tucson between 18h. 26m. and 18h. 31·5m. 
there were two oscillations in H, the successive movements being + 2y, -- 3y, + 2y, - 2y. 

At Cheltenham between 18 h. 20 m. and 18 h. 31,501. the H trace shows a succession 
of pulsations, with an average period of about 45 seconds. The following changes in H 
appeared between 18 h. 29 m. and 18 h. 31,5 m., + 7y, - 51', + 4y, - 31' and -1- 4y. 

A tendency to pulsations was visible throughout the greater 'part of the two hours 
17 h.-19 h., but the movements were generally considerably smaller than the above. 
The D trace was much quieter, but small pulsations can be recognised in it. 
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At Sitka between 18 h. 28 m. and 18 h. 32 m., H fell about 18y. Between 
18 h. 28 m. and 18 h. 34 m. D moved 2' ( = 9y) to the West, and 4' ( = 19y) to the 
East, the turning point coming at about 18 h. 29·5 m. Thus while at most stations near 
18 h. 30 m. the movements in D or E were much smaller than those in H or N, this was 
not the case at the geographically extreme stations, the Antarctic and Sitka. 

The remarkable feature on May 26, 1911, is that while nl0st of the stations showed 
special magnetic disturbance near 18 h. 30 In., it took a very varied form at different 
places. Over considerable areas, e.g., throughout Western Europe, there was similarity 
of type, but areas remote from one another showed different characteristics. 

July 17, 1911. 
Section 56.-Whilst the disturbance between 17h. and 19h. on July 17, 1911, 

was not what would usually be called a magnetic storm, it was of considerable intensity, 
at least at the European and American stations. At the former it was unquestionably 
the most disturbed time experienced in any of the term hours. The Antarctic trace 
was unfortunately lost, but not improbably the disturbance there may have been trivial 
as compared with the disturbance of December 18, for conditions were comparatively 
quiet at the more southerly of the co-operating stations. 

A variety of interesting details appeared in the records from the co-operating 
stations. The following were selected for reproduction in Plate XVI: Pilar H, Porto 
Rico H, Alibag H, Cheltenham H, De Bilt 'R, Seddin N, E and V, Eskdalenluir Nand 
E, Sitka R, D and V. 

In general, Sitka being the chief exception, the disturbance in H or N was larger 
than that in D or E. The disturbance in the latter element was in general by no Ineans 
negligible, but besides being smaller than the disturbance in. H it presented fewer 
noteworthy features. In the H or N curves three features appeal in general to the eye. 
The first of these is a series of comparatively slow oscillations of no very regular character, 
but with the maxima and minima more or less synchronous at the several stations. The 
,times of the turning points as shown by the curves are given in the following table. 

TABLE CXV.-Times of Turning Points during Term Hours 17 h.-19 h., July 17,1911. 

I Station. Maxim. in H or N. Minim. in H or N. I 

h. m. h. m. h. m. h. m. h. m. h. m. h. m.1 h. m.1 h. m. 
Pilar '" ... - 17 33 17 46 18 15 17 18 - 17 40 18 0 18 48 
Porto Rico ... - 17 34 17 49 18 15 - - .. 17 40 18 0 -
Alibag ... - 17 33 17 49 18 13 - -- 17 40 18 0 18 48 
Honolulu ... 17 22 17 32 - - - - 17 39 17 59 -

. Tucson 
'" 17 20 - - 18 15 - - -- - -

Cheltenham . " - 17 34 17 51 18 15 17 15 _ . 17 40 18 0 18 49 
Agincourt '" - 17 32 17 50 18 15 17 18 - 17 40 18 0 18 50 
Val Joyeux ... 17 24 17 34 17 49 - 17 20 17 27·5 - 18 0 18 48 
De Bilt . " 17 25 17 34 17 49 18 15 17 20 17 27·5 17 40 17 58 18 49 
Seddin ... 17 25 17 34 17 49 18 15 17 19 1728 17 39 17 59 18 52 
Stonyhurst '" 17 26 17 36 17 50 18 17 17 21 1729 17 40 17 59 18 52 
Eskdalemuir '" 17 25 17 35 17 49 18 16 17 20 1728 17 40 17 59 18 48 

--------_. --~------
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At Val J oyeux trace was lllissing near 18 h. 15 m., and near 17 h. 40 m. it was so 
nearly level that no exact time could be assigned for the inaxinlunl which then occurred. 
The times shown on the Stonyhurst trace were fully 1 minute slow, if we nmy judge by 
some prominent oscillations which were presumably synchronous at all the European 
stations. Some of the oscillations included in Table CXV were small, especially at 
the more Southern stations, and the curvature near the turning points on the traces was 
so small that the precise times of their occurrence were difficult to fix. We should infer 
that the general character of the slower changes in H was the saIne at all the stations 
in the table, H rising at all or falling at all. Sitka, however, differedfronl the other 
stations, the II trace showing maxima at about 17 h. 20 m., 17 h. 37 m. and 18 h. 47 m., 
and minima at about 17 h. 23 m., 17 h. 34 m., 18 h. 14 m. and 18 h. 25 m. Thus on the 
whole the changes in H at Sitka were opposite in direction to those occurring elsewhere. 

Of the slower changes in H (or N), the rise to a maxiulunl about 17 h. 34 lll., and the 
fall to a minirnum about 17 h. 40 m. were generally the most conspicuous. rfhe ampli­
tudes measured for these two movements were as follows :-

Pilar. I Porto I Arb I Hono- I T n I Chelten-I ~g":- I J V.I I Dc Bill. I Seddin. I Stony- I E!'!kd.ale-
Rico. 1 ago lulu. ucso. ham. hurst. mUlr. our. oyeux. 

+21' +41' +11' +11' +11' +121' +81' +121' +181' +151' +191' +211' 

-51' -31' -51' -21' -31' - 81' -51' - 71' -·12?-, -121' -131' -141' 

It will be noticed that the first movement was in general the smaller at the 
Southern stations, but the larger at the Northern. The difference between Tucson and 
Cheltenhanl is renlarkable. In '\Vestern Europe both movements showed a tendency to 
increase with the latitude. 

The second of the principal features alluded to' above was a series of shorter period 
oscillations commencing about 17 h. 40 m. These were particularly clearly shown at 
Seddin, thanks to the high sensitiveness of the Seddin magnetographs. The oscillations 
arc superposed on a gradual rise in the element, so that the steps down are less than the 
steps up. The change between 17 h. 45 m. and 17 h. 47' 5 m. may be . regarded either 
as one oscillation, with the first movement arrested for a short time, or as two oscillations. 
On the former view five oscillations are shown, on the latter six. At most of the 
stations only the earlier of these oscillations are clearly recognisable. The results of the 
measurements possible appear in the earlier columns of Table CXVI, p. 200. ~'or the 
three oscillations included the average period was about Ii nlinute. . 

The third feature mentioned above was a second series of oscillations commencing 
about 18 h. 19 m. These are again particularly well shown at Seddin, where five or six 
oscillations are recognisable. At nlost of the stations not more than three oscillations 
were clearly shown, and the measurements appearing in the -later columns of Table 
CXVI are confined to them. 
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TABLE CXVI.-Amplitudes of Oscillations in H (or N) during Term Hours, July 17, 1911. 
- ~---------.--

St.ation. 
I 

Oscillations commencing about 17 h. 40m. I Oscillations commencing about 18 h. 19 m. 

I' I' I' I' I' I' I' I' I' I' I' Y 
Pilar ... +0·7 -0,5 - - -- - -0,3 + 0·1 - 1·5 +0·3 -0·3 +0·9 
Porto Rico ... +1·4 -0·8 - - - - -1·1 + 0·8 -- 1·1 +0·3 -1·4 +1·4 
Alibag ... +2 -1·5 +2 --0·5 +1 -0·5 -1 +4 --...:4 +2 -1·5 +1 
Honolulu ... +1 -1 - - - - -0·5 + 0·3 - 0·8 +1·3 -1·0 +0·8 
Tucson ... +1 -1 - - -- - -3,3 + 0·3 -- 2·1 +1·2 -0,3 +1·2 
Cheltenham +2 -1 - - - - -·6 + 0·7 --- 3 +0·5 -0,8 +2 
Val Joyeux ... +4 -2 +5 -1 - - - - - - - -
De Bilt ... +5 -4 +7 -1 +5 -1 -7 +12 -8 +4 -6 +5 
Seddin ... +7 --6 +8 -3 +6 -1 -5 +]5 --12 +5 -6 +5 
Stonyhurst ... +6 -4 +8 -1 +5 -1 -7 +12 -- 7 +5 -6 +6 
Eskdalemuir +7 -4 +10 ---2 +7 -1 -9 +14 -- 9 +4 -5 +8 

----~---

At the more Southern stations the movements were so small that results had to be 
given to O· 1 I' or O· 51' to show the order of magnitude. No high accuracy is claimed 
for these figures. The trace from Val J oyeux was incomplete, and that from Agincourt 
being slow run was unsuitable for the measurement of rapid changes. There were 
movements in H, and still more in D, at Sitka during the time, but they could not be 
satisfactorily identified with the movements elsewhere. The first three oscillations 
after 18 h. 19 m. were on the whole larger than those after 17 h. 40 m., but they showed 
the same tendency to be largest at the more Northern European stations. The periods, 
however, of the two series of oscillations were decidedly different. The nlean period 
for the first three in each case ,\yas for the first series Ii minute, as already stated, 
as compared with I! minute for the second series. The periods were thus in the 
ratio of 4 : 3. 

Small short-period oscillations or pulsations were recognisable throughout most 
of the Cheltenham and Stonyhurst H traces, but their appearance was rather suggestive 
of an instrumental origin. The general correspondence of the phenomena at all the 
stations except Sitka suggests a source of disturbance either very deep seated, or 
remarkably simi~ar in widely different latitudes. Under such circumstances the difference 
between Sitka and the other stations is certainly strange. The parallelism of the Sitka 
Hand D traces is unusually marked. This suggests little variation in the azimuth of 
the horizontal disturbing force at that station for two hours. 

July 28, 1911, 8 h.-l0 h. 

Section 57.-The disturbance of July 28, 1911, showed a less variable distribution 
of intensity than that of July 17, being very sensiblein all continents. On the whole, 
moreover, the disturbance in D (or E) was as large as that in H (or N), though the 
individual D movements made less appeal to the eye. The following curves were 
selected for reproduction in Plate XVII: Antarctic N', E' and V, Pilar H, Honolulu H, 
Tucson H, Cheltenham H, Eskda.Iemuir N, Sitka H, D and V. 
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A series of comparatively slow oscillations was visible at all the stations between 
8 h. 30 m. and 9 h. The approximate times of the turning points are given in Table CXVII. 

TABLE CXVII.-Times of Turning Points during Term Hour 8 h.-9 h., July 28, 1911. 

Sta.tion. I Element. I Maxima • I Minima. 

h. m. h. m. h. m. h. m. h. m. h. m. 
Antarctic '" N' 8 32 8 39 8 53 8 36 8 45 -

" '" E' 8 32 8 42'5 -- 8 36 -- 8 55 
Pilar '" R 8 30 8 36 8 47 8 33 8 42 -

Porto Rico ... R 8 30 8 39 8 46 8 33 8 42 8 51 
Ronolulu ... R - 8 37 - 8 32·5 8 42·5 -
Alibag '" R -- 8 36 - 8 32 8 42 -
Tucson '" R - 8 37-39 8 48 8 33 8 42'5 -
Cheltenham R 8 31 8 37-39 8 47 8 34 8 43 8 50-52 
Agincourt ... R -- 8 39 8 46 8 34 8 43 -
Val Joyeux ... R 8 31 8 37-39 8 45 8 32-34 8 42·5 8 51-52 

" 
... D(West) 8 31 8 37 8 45 8 34 -- 8 47·5 

De Bilt ... R 8 33 8 42·5 - 8 31·5 8 37-39 8 46 
Seddin ... W 8 31 8 42·5 - 8 35 -- 8 47 
Eskdalemuir N 8 34 8 42·5 8 52·5 8 31·5 8 37-39 8 46 

" 
W 8 31 8 37 - 8 33-35 8 38 8 47 

Sitka ... R - . 8 40 8 48 8 34 8 43 8 52·5 

----------- ---- ------------- - ---- --- - --------

The oscillations were nowhere very prominent, and the curves near the turning 
points were in general rounded and sometimes fiat, so that in many cases it was difficult 
to assign very definite tinles. It appeared clear, however, that we had to do with a closely 
parallel set of movements at the different stations, having presumably a common origin. 

A small but unusually distinct oscillation with a period of about 45 seconds was 
visible at about 9 h. 7 nl. as follows ;-

At Honolulu> with arrlplitude of 2)' in H, 
At Tucson, with amplitudes of 2y in Hand 21' in D, 
At Cheltenhaln, with amplitudes of II' in Hand 2y in 1), 
At Sitka, with amplitudes of 21' in Hand 51' in D. 

rrhe quick run was started too late in the Antarctic, so that the comnlencement 
of the first hour is unrepresented in Plate XVII. A prominent feature there in the 
traces of all three elements, especially E', is a series of oscillations during a few minutes 
immediately before and after 10 h. These were accompanied by a marked rise in both 
N' and E'. Oscillations very silnilar to these occurred apparently simultaneously at 
the following stations :--

Honolulu in H (accompanied by a rise of force) ; 
Tucson in H (accompanied by a rise), and also less prominently 

in D (accompanied by westerly moveUlent) ; 
Cheltenham in H (accompanied by a fall), and also to a minor extent 

in D (accompanied by westerly movement) ; 
Sitka in II (accompanied by a rise), and a10;;0 verf pronlinently 

in D (accompanied by slight easterly movement), and even visibly 
in V (accompanied by a rise). 
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These oscillations are not distinctly recognisable at Pilar or Alibag, or at any of the 
European stations. 

During the greater part of the two hours, especially the later part, pulsations with 
a period of about 15 seconds are clearly visible in the Nand E traces at Eskdalemuir, 
and in the H traces at Cheltenham and Stonyhurst. They are not visible in the 
Antarctic or Pilar traces, and whilst snlall irregular oscillations occur at intervals 
in the Sitka Hand D traces, they seem to be of a different type. 

December 18, 1911, 18 h.-20 h. 

Section 58.--'1'he Antarctic curves are reproduced in Plate XVIII. They show a 
very deep and symmetrical bay in N' and E', the changes in the two elements being 
nearly in phase throughout. The movenlents in the Antarctic were of quite a different 
order from those recorded elsewhere, even at Pilar, where D had a range equivalent 
to 23y. 

The curves other than those for the Antarctic make little appeal to the eye, and 
so have not been reproduced. They wonld add lit.tle to the information given by 
the numerical data derived from the measurenlents at 5-minute intervals. In this 
case presumably the disturbance was of a comparatively local character. There were; 
however, between 19 h. 35 nl. and 20 h. small pulsations with a period of from 
30 to 60 seconds in the D and H curves at Sitka, which are doubtfully represented in 
the II trace at Pilar and possibly even in the E' Antarctic trace. 
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CHAPTER X. 

DISTURBANCES IN GENERAL. "SUDDEN COMMENCEMENTS." 

Section 59.-Let us suppose that an electric current in a fixed c:rcuit gradually 
starts from zero, increases to a maximum and then gradually falls to zero, and that 
within its range of sensible magnetic action no part of space contains matter of sensible 
electrical conductivity or magnetic quality, then the magnetic field at any given point 
will gradually rise from zero, attain a maximum and again fall to zero. The magnetic 
force vector would have a fixed direction and vary only in intensity, in other words 
the components of the magnetic field due to the current at the point would throughout 
the whole time stand to one another in a constant ratio. 

The earth, at least near the surface, is a poor conductor of electricity, but not 
an absolute non-conductor, and its material is not wholly devoid of nlagnetic quality. 
Thus even if an external electric current pursued a fixed path, complications in the 
magnetic phenomena might arise from induced electric currents. 

The larger magnetic storms in this country are usually accompanied by visible 
aurora, and presumably the electrical discharges of which aurora is supposed to consist 
are associated with if not identical with the currents to which the magnetic storms are 
due. Uniformity in brightness or fixity of position are at least unusual in auroras, 
thus a priori we should hardly expect fixity of direction to be a general characteristic 
of the magnetic vector during disturbance at any place. 

At times, however, oscillations present themselves in one or both of the horizontal 
components of force, occasionally even in the vertical component, which show at least 
an approach to the ideal state of things first mentioned, i.e., they answer at least 
approximately to a vector fixed in position. A few instances of this kind were described 
in my discussion of the Antarctic Expedition of 1902-04. Mr. IJ. F. Richardson has 
described a considerable number of oscillatory movements of this kind at Eskdalemuir 
to which he has given the name of K movements. In general, in my experience, if 
one examines the curves minutely, one finds that the two traces relating to forces in 
the horizontal plane-at most stations declination and horizontal force traces-do not 
remain strictly in phase for any length of time. Investigation of this point is difficult, 
owing to the fact that ordinarily one minute of time is represented by only from 0·25 
to 0·3 mm. of abscissa, while the traces from the two horizontal components usually 
differ somewhat in definition or in width. Also the amplitudss of what appear to be 
corresponding movements in the two horizontal components are often so different that 
the eye does not readily notice small differences in phase. When one deals with 
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corresponding records from a number of stations, the question of identity in phase is even 
more difficult. At a single station the D and H curves usually have their time marks 
dependent on the same clock, so that clock error affects the two alike; also the abscissoo 
corresponding to one hour of time are usually nearly if not quite identical. But the D 
traces, for example, from two different stations are affected by different clock errors, 
and there may well be an uncertainty of the order of 1 minute in any identification of 
times. .Then the equivalents of one hour of time are seldom identical. There is a big 
difference between the ordinary Kew pattern magnetograph, with about 15 mm. to the 
hour, and the ordinary Eschenhagen pattern with about 20 mm. to the hour, and there 
are usually small differences between instruments of the same pattern. Thus 
superposing one curve-or a tracing of it made on transparent paper-on a second 
curve is not so helpful as it would be if time scales were everywhere identical. In 
many cases-I believe in most cases-where the D and H traces at a station seem to 
remain in pha,se throughout the whole of an oscillation, there is only an approach to 
identity in phase, and the direction of the vector really varies somewhat. 

By treating the vectorial direction as constant during an oscillation, one may of 
course only be leaving out of account some small secondary disturbance, a non-essential 
and merely disturbing factor. It may be a case, so to speak, of sifting the chaff from 
the wheat. I have preferred, however, to follow the same course as I adopted with 
the Antarctic curves of 1902-03, treating to and fro movements separately. In the 
great majority of cases the to and fro movements in the Antarct.ic oscillations were 
conspicuously different in amplitude and in duration. 

After examining the Antarctic curves I selected a number of representative 
disturbances, and sent a list of them to various observatories, asking for copies of 
some or all of the corresponding traces. In reply most generous contributions of curves 
were received from the following observatories: Agincourt (Toronto), Alibag (Bombay), 
Buitenzorg (Java), Helwan, Honolulu, Mauritius and Sitka. Particulars were also 
supplied in all cases as to the scale values of the curves. The original Eskdalemuir 
curves were put at my disposal by the Director of the Meteorologica.l Office. Eight 
stations, of course, cannot well represent the whole world, but the material received 
required a great deal of time for adequate consideration. 

Section 60.-The first disturbances which I propose to consider are of the type 
known as " sudden commencements," or s.c's as I shall call thenl for brevity. They 
derive their name from the circumstance of their occurrence on those occasions when 
they appeal most to the eye. On the occasions referred to the curves have been quiet 
for some hours, nothing in their appearance suggesting a termination of quiet conditions. 
Then suddenly a sharp movement begins, which in low and middle latitudes is normally 
much largest in H. In the course of five minutes H may have risen 50y or more. A 
considerable proportion of the very largest magnetic storms are preceded by these 
movements, and they are not unnaturally regarded as precursors or commencements 
of the storm. 

When one looks closely into the subject a number of points present themselves. 
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In some cases the s.c. is immediately followed by highly-disturbed conditions. In other 
cases some hours elapse before any further large movement occurs. The conditions 
for some time after an s.c. are practically always less quiet than before, but in a third 
class of cases nothing follows during the next 24 hours even distantly approaching 
a magnetic storm. In this third class of cases the s.c. may be itself the largest 
movement that occurs, and it is sometimes almost an isolated movement in the middle 
of a decidedly quiet piece of curve. In all three cases alike the s.c. is essentially a 
universal phenomenon, appearing at all stations it would seem simultaneously--so far 
at least as ordinary magnetographs pernlit us to judge-and large enough to be 
recognisable in ordinary magnetograms. If, however, we examine carefully all the 
nlagnetograms at a single station we find in an average year a considerable number of 
nlovements so similar in appearance to s.c's that without recourse to the curves of other 
stations we could not distinguish them with certainty from ordinary s.c's. They are 
excluded fronl that category simply because they are not represented at distant stations. 
For instance, a careful search through the Eskdaielnuir curves from March 13, 1911, to 
November 25, 1912, disclosed 102 movements which seemed possible s.c's; but only 
about one-fifth proved undoubted s.c's. One or two of the Eskdalemuir movements 
that proved to be universally represented were less like the typical s.c. than others 
which were not represented at a distance. 1911 and 1912 were quiet years, few 
disturbances occurring at Eskdalemuir worthy to be called magnetic storms, and the 
s.c's preceding one or two of the largest Eskdalemuir disturbances presented features 
that were abnormal, or at least which would have been deemed abnormal in Kew 
curves in past years. Unfortunately artificial disturbances are now so large at Kew 
that the smaller features of natural movements cannot be nlade out satisfactorily. 

In temperate and still more in tropical latitudes the outstanding feature in an s.c. 
is the rise in H. At Bombay, for instance, this is the one thing that appeals to the 
eye, and the movement seems generally if not always unidirectional. At Kew the 
rise in H is still in general the principal feature, but a smaller previous movement of 
shorter· duration in the opposite direction is sometimes clearly seen, and is frequently 
suggested. The tendency to oscillation seems decidedly greater at Eskdalemuir than 
at Kew. In the Antarctic curves of 1902-03 I found only 4 or 5 s.c's, mostly 
incomplete through loss of trace, but in all the oscillatory character was pronounced. 
The oscillatory nature of the movement in the Antarctic is abundantly confirmed by 
the curves of 1911-12, ev:ery s.c. observed being oscillatory. There were 13 in all 
for which two at least of the co-operating stations sent copies of traces. These 13 s.c's 
as shown by the Antarctic curves are reproduced in the upper part of Plate XIX. 
Only a short portion of curve is given in each case. The first movement, though 
usually considerably the smaller, is by no means negligible, either in amplitude or 
duration, compared with the second. 

The curves are tracings of the originals and are shown natural size. The time 
scale was very approximately 20 mm. to the hour throughout. If we suppose our 
base line at the bottom of the sheet, the top curve represents what we have called 
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E' ) the element increasing up the sheet. If we suppose the other two elements 
also to increase up the sheet, the middle curve represents what we lllay call 
N' (N' = -. S' of our previous notation), and the lowest curve is the vertical 
force acting on the north pole of a magnet in the direct.ion towards the earth's 
centre. The scale value for E' was 1 mm. = 6· 46y throughout. In N' the equiv~lent 
of 1 mm. was 8·8y on April 8, April 9 and May 29, 1911; 8·1y on June 9 and 
June 30, 1"911; and 6· 82y in all the later curves. In V the equivalent of 1 mIn. was 
7·61y in the first 10 cases, and 7·92y on January 17, September 30 and October 20, 

1912. In every case except October 2, 1911, the turning point between the first and 
second movements of the s.c. was as near as could be judged simultaneous for the three 
elements, but in the most favourable case differences in phase less than o· 5 minute 
could not have been detected with certainty. 

As already remarked, if we take a tropical station like Bombay the principal 
movement in H is always in one direction, but amongst the Antarctic s.c's recorded 
in 1902-03 there were two in which the fall in H preceded the rise, and two in which 
the rise preceded the fall. This variability of direction is also in evidence in 1911--12. 

The two types are best represented by the two earliest s.c's in Plate XIX, occurring 
respectively on April 8 and April 9, 1911. On April 8 the second and larger movement 
is up the sheet, but on April 9 it is down the sheet. The type exhibited on April 9 is 
the less usual. The s.c. of Septenlber 30, 1912, is a second clear example of this type. 
It is also clearly represented by the s.c. of June 30 so far as E' and V are concerned, 
but short-period oscillations were in progress in N' at the time, and the identification 
of the movements representing the s.c. 11light be questioned. The other movements 
were unnlistakably of the same type as the s.c. of April 8, with two partial exceptions, 
the s.c's of October 2, 1911, and January 17, 1912. On October 2 the E' lllovement 
was clearly of the dominant type. The V movement seem~ also of that type, though 
again, in presence of other short-period movements, identification may be a little 
doubtful, but the N' movement was peculiar. The first movenlent was undoubtedly 
up the sheet (as on April 9), but it continued after the E' and V movements had reversed, 
and the return movement down the sheet was synchronous with part of the rise and 
all of the subsequent short fall seen in the E' and V traces. On January 17, 1912, the 
turning points in the three elements apparently synchronised, but the N' movements 
were directly opposed to the others. 

The order in which the traces come in Plate XIX with E' at the top and V at 
the foot. is that usual in the original curves. It has the subsidiary advantage of 
putting at the top the element in which the s.c. movement is usually largest. 

Section 61.-Before discussing the Antarctic s.c. movements further, it is desirable 
to consider the general character of the simultaneous movements recorded elsewhere. 
The lower part of Plate XIX and Plates XX to XXVII show side by side the Antarctic 
movements and the corresponding movements, so far as the curves were available, from 
Buitenzorg (near Batavia, Java), Alibag (near Bombay), Honolulu, Helwan, Eskdalemuir 
and Sitka. The curves are all tracings of the originals or of photographic copies 
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of these. The stations are arranged in order of latitude from South to North. Copies 
were also received of many of the s.c's from Agincourt (near Toronto) and Mauritius. 
But at Agincourt vertical force was not represented, and rapid movements in the D 
and H traces were usually faint and difficult to copy. The Mauritius curves were 
not received until after the work for the other stations had been completed, and 
they are of an unusual type and so do not readily lend themselves to optical com­
parisons with other stations. 

The curves are all shown natural size, and up the sheet represents in each case the 
same direct.ion as in the original curve. The scale values are indicated by lines whose 
length represents 50y. At Buitenzorg and Eskdalemuir the top curve represents Nand 
the middle curve E. At the other co-operating stations they represent respectively 
Hand D. At Buitenzorg declination was less than 10 East, so the difference between 
Hand N or between D and E was microscopic. The lowest curve in all cases 
represents V. 

The direction of the arrow shows the direction of increase of N (or H), of E (or 
easterly declination), and in V of downward directed force on a north pole. At all 
the stations movenlent up the sheet represents increasing horizontal force or increasing 
north component. Movem.ent up the sheet represents diminishing easterly declination 
at Honolulu and Sitka, and increasing westerly force at Eskdalemuir. At the other 
stations it represents increase of easterly force or easterly declination. At Buitenzorg 
the south pole dips, but movement up the sheet represents a numerically diminishing 
vertical force, i.e., a force tending to reduce the southerly dip, and so attracting the 
north pole downwards. At Honolulu and Sitka the north pole dipR~ but 11lovement 
up the sheet represents numerically diminishing vertical force. 

It is important to notice the difference in sca.le values between corresponding 
curves at the different stations, and between the different curves at the same station. 
The scale value of a declination magnetograph is usually given in angular measure. 
If, however, JD denotes the angular change in declination corresponding to 1 mm. 
of ordinate at a station where H is the horizontal force, the corresponding 
scale value in terms of force is 1 mm. = H;jD. For instance, at Agincourt, 
1 mm. = 1'·281, and, taking H = '1597 as a sufficiently approximate value during 
1911, we get in terms of force 1 mm. = 1·281 X ·000291 X ·1597·= 5·95y. 

The angular scale value being determined by the distance between the 11lagnet lllirror 
and the drum on which the photographic paper is wound, is practically constant. Thus 
the D scale value in terms of force varies as H changes, and so is slightly affected by 
ordinary secular change. For ordinary purposes D scale values may be regarded as 
constant for se-veral consecutive years, and they are as a rule much less variable than 
those of H or V. With the exception, however, of Sitka, the scale values of the Hand 
N magnetographs varied but little. _ 

The relatively large size of the H or N s.c. movement appeals to the eye in most 
of the plates, especially at Buitenzorg, Alibag, Honolulu and Helwan. But at the 
last three of these stations the comparative insignificance of the D movement is partly 

207 



due to the contracted nature of the D scale. Magnetographs were originally designed 
with an eye to European conditions. A D magnetograph having 1 mm. = l' of arc­
a very common sensitiveness in Eschenhagen instruments-would have at Kew a 
force sensitiveness of 1 mm. = 5, 3y, a fairly convenient value for ordinary purposes. 
But if removed to Bombay it would give 1 mIn. = 10· 6y approximately, which is far 
from sensitive enough considering tropical conditions. 

S.c's seenl to have been regarded by Prof. Kr. Birkeland as a form of what he called 
"~quatoria.I perturbations," a species which he believed to be specially developed 
near the equator. At first sight this supposed pre-eminence at the equator may seem 
to be confirmed by the plates, but this is not really the case. The prominence at the 
stations nearest the equator, especially Buitenzorg and Honolulu, is due to the very 
open scale possessed by the Nand H curves at these stations. When we allow for the 
scale value, the amplitude, as we shall see presently, is much larger in the Antarctic 
than elsewhere. 

Section 62.-There is another feature of s.c's-nlost in evidence in low latitudes­
which is well illustrated in some of the plates. On April 8) 1911, for instance, it is very 
clearly seen at Buitenzorg. After the sharp initial rise, N very shortly begins to fall, 
but it remains conspicuously above its original value for nearly an hour, and then falls 
almost as suddenly as it originally rose. This gives the curve a sort of crested 
appearance. While details of the smaller movements on April 8 differ at the different 
stations, a crest in the H curve generally similar to that in N at Buitenzorg is prominent 
at Alibag, Honolulu and Helwan, and there is at least a suggestion of a crest in the 
Antarctic in E', at Eskdalemuir in N, and at Sitka in H. The occasions when the 
crested appearance is nlost in evidence are June 9 (at Buitenzorg, Alibag, Honolulu, 
Helwan and Eskdalemuir), August 19 (at Buitenzorg, Alibag, Helwan, Sitka, and less 
clearly Eskdalemuir); December 10, 1911 (Buitenzorg, Alibag, Honolulu, Helwan and 
Eskdalemuir), and especially September 30, 1912 (Buitenzorg, Alibag, Honolulu, 
Helwan and Agincourt). In other cases there are indications of a crest, but it is obscured 
by other movenlents. Thus on January 17, 1912, it is recognisable in the Nand H 
curves, but is partly masked by a progressive movement down the sheet at Buitenzorg 
and up the sheet at Alibag, Honolulu, Helwan and Eskdalemuir. The crest will seldom 
be recognised in the plates, except in the Hand N curves, but it can usually be 
detected on minute inspection of the Alibag D and V curves. The definition of the 
copies of these curves was exceptionally good, and they stood microscopic examination. 

The end of the crest, though fairly definite, is not as clearly marked as the 
comnlencing movement. Thus perhaps all we can' say with certainty is that the 
duration of the crest is at least very approximately the same at all the stations. In 
the plates it looks shorter at Alibag and Helwan than at Buitenzorg and Honolulu, 
but that arises simply fronl the difference in the time scales. 

So far as I am aware, Dr. Moos, Director of the Government Observatory, Bombay, 
was the first to notice the phenomenon of the crest, and he dealt with it at considerable 
length in his most elaborate work, 'Bombay Magnetic Observations, 1846-1905,' 
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the most conlplete discussion with which I am acquainted of the results from anyone 
magnetic observatory. The phenomenon seems especially clearly shown at Bombay, 
and Dr. Moos reproduces a good nlany examples of it, some distinctly more striking 
than those occurring in 1911 or 1912. Dr. Moos apparently divides s.c's into two classes, 
according as they are or are not followed by large disturbances. In the former case, 
at Bombay as elsewhere, the normal course is for H to become considerably depressed 
towards the end of the storm. In the latter case at Bombay there is little if any 
depression, and practically the sole evidence of disturbance may be a crest such as that 
of September 20, 1912, the curve becoming normal again or nearly so after the crest 
disappears. Dr. Moos seems disposed, for reasons I cannot altogether follow, to 
associate the crests and their preceding s.c's with special seismic conditions in the 
earth's interior. While the crested condition is undoubtedly most easily recognised 
in cases where the s.c. is not followed by a large storm, it seems fairly conspicuous in 
other cases. On April 8, 1911, for instance, a crest, though comparatively short 
lived, is clearly apparent, and though the largest movements of the ensuing magnetic 
storm did not occur for several hours afterwards, there was very considerable intervening 
disturbance even at Buitenzorg and Alibag. The Antarctic curves show that during 
the existence of crests magnetic disturbance is specially active in those regions where 
it is usually most prominent. 

The circumstances of the crest do undoubtedly recall the suggestion that has been 
made by Profs. Birkeland and Stormer that a gigantic ring of electrons at a great height 
in equatorial regions might come more or less suddenly into operation. Its supposed 
presence has been invoked by Prof. Stormer to account for some of the phenomena of 
aurora and magnetic storms. If the path of ions emanating from the sun be caJculated 
it is found that none should get to any great distance fronl the earth's magnetic poles 
unless either their velocities are higher than those observed in our laboratories, or their 
approach to equatorial regions is assisted by some extraneous magnetic field. Electrons 
describing circular orbits at a great height in equatorial regions would supply the sort 
of extraneous field desired. The field they would produce at the earth's surface would 
be sinlilar to that caused by a circular current encircling the equator. It would thus, 
if exactly in the astronomical equator, show itself by a rise or fall in the N component. 
Near the equator the declination is everywhere small, so that of Hand D the former 
would be the element chiefly concerned. The existence of a crest seems at first sight 
to fit in admirably with this theory. But it must be remembered that even when 
the crest is associated with a large magnetic storm, it is as. a precursor rather than as 
a concomitant; also, as Dr. Moos has shown, crests are in many cases not even 
precursors of large storms. 

Section 63.-As I have explained in considerable detail elsewhere, appreciable 
uncertainty prevails in general as to the exact time of commencement of s.c's, and the 
exact equivalence of movements in the curves of the different elements. At some 
stations the time marks appear on the base lines, at others on the curves thenlselves. 
In the former case there may be parallax to allow for between the curve and its base 

o 



• 

line, i.e., the line connecting synchronous points on the curve and base line may not 
be strictly perpendicular to the latter. When the relative positions of the curve and 
base line are clearly visible at the beginning and end of the day's trace, parallax can 
be measured and allowed for. But the copies of the disturbed curves supplied only 
sometimes included a stopping or starting point, and some of the curves which included 
such a point were too faint or too poorly defined near their extremities to admit of any 
exact measure of parallax. When the time break comes in the curve itself the trace is 
of course lost while the light is interrupted. This is annoying when the break happens 
to come on, as it did in one or two cases of s.c's, while an interesting movement is in 
progress. The loss when the interruption extends to 3 or 4 minutes-a customary 
duration-may be serious. To reduce this source of loss, the interval has been much 
reduced at some stations, e.g., De Bilt and Eskdalemuir; but this sometimes results 
in the break not being clearly visible, especially in copies of the original curve. Thus, 
speaking generally, copies of curves, even photographic copies, are seldom suitable 
for fixing times of movements with very high precision. Usually s.c. movements, 
especially those in the H trace, can have their times assigned with at least as high 
precision as any other type of movement. But in the case of the Mauritius curves they 
suffered exceptionally from a peculiarity in the method of registration adopted there. 
In addition to the hour marks, which are broad and go right across the trace, there 
appear in the photograph a series of lines running parallel to the base line, and 
representing a scale which may represent millimetres, or minutes of arc, or any other 
unit of ordinate thought desirable. In every case the face of the steep slope on the H 
trace representing an s.c. movement was cut by at least one, more usually two, of these 
lines. Wherever such an intersection took place, the definition suffered. The 
consequence was that in most cases no very exact time could be assigned to the duration 
of the movement, and in many cases the same remark applies to the commencement. 
A further trouble was that the distance between consecutive 2-hour breaks was 

. markedly different for the D and H curves. In some cases, while an s.c. movement 
was of quite considerable magnitude, no movement whatever could be detected in the 
Mauritius D --trace. In other cases a small movement could be seen, but, according 
to the time marks-i.e., assuming the rate of rotation of the drum uniform between 
any two consecutive marks-it followed several minutes after the H movement. Any 
results as to the azimuth of the force vector in the horizontal plane would have been 
too uncertain at Mauritius, and no such data appear in the following tables. There 
were no V traces from Mauritius. 

In the Antarctic at the times of the s.c's the curves were generally sensibly on 
the slope, and more often than not oscillatory as well; still the two movements which 
there constituted the s.c. were usually so large that the change in the slope of the curve 
was conspicuous. At other stations it was often hardly possible to say whether the 
principal movement in H, or N, was or was not preceded by a smaller and much shorter 
nlovement in the opposite direction. 

Whether the D (or W) and V movements were unidirectional was a still more 
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troublesome question .. At some stations, e.g .. , Alibag, the D and V movements owing 
to the insensitiveness of the magnetographs were usually microscopic. At Eskdalemuir 
the usual change in V was a fall, but owing to the low sensitiveness some appreciable 
time elapsed before it became big enough to catch the eye. 

As a preliminary to the plates the photographic curves had to be traced on trans­
parent paper, using for guidance a pencil line perpendicular to the time line and intended 
to correspond exactly to the commencement of the s.c. Any error in setting the original 
curve to this line was equivalent of course to shifting the trace of one of the elements 
bodily relative to the others. F'or instance, an error of 0·3 mm. of this kind in, say, a 
Sitka curve would result in associating all incidents in the curve concerned with incidents 
in the other curves which really happened one minute earlier or later, according to the 
direction of the misadjustment .. Thus while every reasonable care was taken, the plates 
are intended to give correct general ideas, but not to afford means of measuring times 
with absolute precision. In arriving at the times of commencement given in the 
discussion of the individual s.c's, special weight was given to the Eskdalemuir 
curves, as these were originals. 

April 8, 1911, Plate XIX. 

Section 64.-The time of commencement was about 11 h. 21 m. G.M.T. During 
the previous twelve hours conditions had been everywhere ordinarily quiet. Sometime 
previous to the s.c. a gradual but considerable rise commenced in H or N at most of 
the stations, which is particularly conspicuous in the open scale curves at Buitenzorg and 
Honolulu. This had, however, slackened a little, u~d the s.c. represented so much 
more rapid a change that the commencement is very clearly shown at all the stations 
where the photographic paper was sensitive enough. 

In the Antarctic, where there were two large movements in opposite directions, 
the commencement and the two subsequent turning points being clearly shown, the 
three elements seemed to be in phase. After these two movements, which are regarded 
as constituting the s.c., a less rapid movement tended to restore the elements to their 
undisturbed values, but oscillations ensued. In E' the crest seems to be distinctly 
represented, being terminated by a large movement down the sheet, which seems to be 
synchronous or very nearly so with movements down the sheet in the N or H curves 
at the other stations. These terminating movements commenced a little within an 
hour after the s.c. began. 

At Mauritius, as generally elsewhere, H was rising at the time, but the rate suddenly 
accelerated, just as at Alibag, a rise of about 21y occurring in 2 or 3 minutes. But 
instead of attaining a peaked summit immediately as in the Buitenzorg N curve, or a 
nearly flat plateau as in the Alibag H curve, the Mauritius H trace shows a rise 
continuing for about 15 minutes. The slope, though much reduced after the first 2 
or 3 minutes, was quite considerable, the total rise during the- 15 minutes amounting 
to 32y. After 15 minutes there was a gradual fall, but a crest remained which terminated 
in much the same way as at Alibag. During the very rapid part of the initial rise in H 
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the D trace showed a very slight westerly movement, but the slope of the curve seemed 
the same as for some time before the s.c. movement· began. Then after the s.c. move­
ment in H had changed into the much slower rise, the D trace showed a pretty rapid 
movement to the east equivalent in force to about 6y. After remaining almost level 
for 10 minutes, a reverse movement followed to the west, so that the curve showed a 
small bay. 

In the original N curve at Buitenzorg there was in reality no trace visible between 
the commencement and the attainment of the summit shown in Plate XIX. The 
restoration of the missing part by a straight line is supp'orted by the phenomena at other 
stations in low latitudes, but is conjectural. The principal nlovement must obviously 
have been a rise, but it may possibly have been preceded by a small movement down 
the sheet. The movement in E at Buitenzorg is clearly oscillatory, a small almost 
instantaneous rise of E being followed by a larger fall. Whether the earlier movement 
preceded or synchronised with the early part of the apparently unidirectional movement 
in N is uncertain. The V trace at Buitenzorg was going up the sheet at the time. 
The terminal part of this movement is steeper than the rest, and might be part of the s.c. 
It is followed by a sharp small movement down the sheet, and this by a much larger, 
gradually slackening, movement up the sheet. This final V movement certainly answers 
in part to the recoveries shown by Nand E, which have not been regarded as part of 
the s.c., but it seems natural to regard the s.c. movement in V as oscillatory. 

The Alibag, Honolulu and Helwan H curves are clear. No trace of a preliminary 
inverse movement can be seen in them. The same is true of Agincourt, so far as can 
be seen. At Alibag the s.c. see~s represented in D and V by a small sharp movement 
down the sheet. The subsequent movements up the sheet represent a recovery which 
set in almost at once, but did not for a considerable time bring the elements back to their 
undisturbed position. Nearly an hour after the s.c. there are synchronous movements 
in the H, D and V curves, which. seem to mark as it were the close of the incident. The 

, result is to leave a sort of shallow ravine or valley in the D and V curves corresponding 
in time with the crest in the H curve. 

At Honolulu the D trace shows a very small oscillation first to east then to west; 
it is the latter which seems to synchronise with the rise in H. The s.c. movement 
in the V trace was down the sheet, but this represents an inwardly directed force on 
a north pole, and not an outwardly directed force as at Alibag, and there is a rapid 
recovery. 

The movements at Helwan were very similar to those at Alibag. At Agincourt 
the principal (westerly) movement in D was preceded by a rapid smaller movement 
to the east. 

At Eskdalemuir the N movement was undoubtedly oscillatory and unusually 
complex. There was first a very rapid small rise, followed by a still more rapid and 
larger fall, the two movements being over in about a minute, and only then occurred 
the main movement, a rise in N. The appearance of the curve suggests a continuous 
succession of small rapid oscillations, superposed on a principal movement. If th~ 
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curve stood alone, it would not suggest a crest, but the equivalent of what is a crest 
at Helwan and Alibag is easily recognised. The E curve shows oscillations like the 
N curve. A very rapid movement up the sheet preceded a larger but similarly rapid 
movement down the sheet. This was followed by a larger movement up the sheet 
which took place jerkily. This movement partly corresponded in time with the principal 
rise in N, but it continued, though at a slower rate, for some time after the N movement 
had ceased. The V movement was oscillatory, but the first movement up the sheet 
was so small it is hardly visible, and during the subsequent movement down the sheet 
there was at least a suggestion of further minor oscillations. 

At Sitka the commencing movement in H was distinctly oscillatory, a small and 
rapid fall preceding a large rise. At the same time there had been a number of small 
oscillations during the previous hour, and it is possible that the first movement arose 
from the same source as these. After the s.c. proper, the H trace exhibited numerous 
small oscillations, like the N trace at Eskdalemuir. The commencing D movement 
was also oscillatory, the second and larger movement up the sheet corresponding with 
the large rise in H. The principal V movement at Sitka was down the sheet, representing 
as at Honolulu an inwardly directed force on a north pole. But it seemed to be preceded 
by a very small rapid movenlent in the opposite direction. 

The general description will have made it clear that at most stations it was difficult 
to say whether the different elements were in phase or not. This rendered it very 
difficult to draw conclusions. The following table shows the results considered most 
probable after a careful measurement of the curves. H stands for the horizontal 
component of the vector to which the movement could be assigned, T for the total 
force (i.e., the resultant of H and the vertical component). 

ljJ is the inclination of if to astronomical north, counted from 0° to 360° through 
East (90°). X is the inclination of T to the horizontal plane. The letter a denotes 
that the force on the north pole lay above, b that it lay below the horizon. The estimated 
durations depended mainly on measurements of the Hand N curves. 

TABLE CXVIII.-S.c. Movements on April 8, 1911. 

Station. 
I 

Movement .. I ii. ! T. 
I If· I X· I 

Duration. 

I 
y Y ° ° Minutes. 

Antarctic ... ... First ... .. . 111 114 269 12 a 2 

" 
... ... Second ... . .. 227 237 72 16 b 3 

Mauritius ... '" Principal ... ... 21 - - - 2 
Buitenzorg ... '" " 

... . .. 52·9 53·1 347 4a 3 
AIibag .. , ... ... 

" 
, .. ... 40·5 42·0 342 15 a 2 

Honolulu ... ... 
" 

... . .. 31·6 34·2 6 22 b 2'5 
Helwan ... ... " ... .. . 42·2 43·9 343 16 a 4 
Agincourt ... ... " 

. .. ... 31·4 - 328 - 61 
Eskdalemuir ... ... First ... .. . 11·0 11·2 315 10 b 0·5 

" 
... '" Second ... ... 48·5 48·7 1~0 5a 1·5 

" 
... . .. Principal ... ... 66·2 66·3 319 4a 4 

Sitka ... ... .. , First ... '" 15·,2 15·3 134 6a 0·5 

" 
... ... ... Principal ... '" 83·3 83·9 357 7b 2·5 

I --------- -~.----------------
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The s.c. itself was of considerable magnitude, and disturbed conditions continued 
after it; but the principal movements, constituting what might fairly be termed a 
magnetic storm, did not appear until 8 or 10 hours had elapsed. They continued until 
about 24 hours after the s.c. They were especially large at Agincourt and Sitka, the 
latter station being even more disturbed than the Antarctic. The storm is discussed 
later in Section 92 and Table OXLII. 

April 9, 1911, Plate XX. 

Section 65.-The s.c. began about 22 h. 21 m. on April 9, 1911. The magnetic 
storm of the previous day had fairly subsided about 8 hours before. At some 
stations, especially Buitenzorg, Honolulu and Helwan, conditions were distinctly quiet 
when the s.c. occurred. 

In the Antarctic there were small oscillations going on at the time, but they were 
too small to obscure the phenomena. The s.c. movement was c~early oscillatory, the 
first movement up the sheet being followed by a larger, equally rapid, movement down 
the sheet. The times of commencement and the end of the first movement seem the 
same for the three elements. The end of the second movement is more difficult to 
assign, owing to the minor oscillations. The downward movement in V ceases when a 
slackening appears in the rate of fall of N'. If we take the lowest point in the V curve 
as the end of the second movement, it lasted about 3i minutes; whereas if we take the 
lowest point in the N' curve, it lasted about 7 minutes. There are turning points in 
the E' curve at both these times, the later giving somewhat the larger range. 

At Mauritius the movement showed no sign of oscillation. In addition to the 
ordinary sharp rise in H of about 161', in about 6 minutes, there was in D an easterly 
movement, equivalent in force to about 61', which appeared synchronous with the 
movement in H. The H trace showed a distinctly crested appearance for about an 
hour after the s.c. 

At Buitenzorg in the original curves there was some interference of the N and V 
traces, and it is just possible that the large N movement up the sheet was preceded 
by a small movement in the opposite direction, as the V trace would have hidden any 
such movement. So far as one can see, there was a unidirectional movement in N up 
the sheet, lasting about 4 nlinutes, during which the E trace made a short excursion 
down the sheet, and a longer and larger excursion up the sheet, reaching its sunlmit 
simultaneously with the N trace. The V trace is also distinctly oscillatory, but each of 
the two movements took longer than the apparently corresponding E movements. 
The summits of the three curves are all a little rounded, especially that of V, so that 
the values of the different elements answering to the sunlmits may fairly be regarded 
as corresponding. Comparing these with the values prior to the s.c. we get a measure 
of the change of field, but it must be recognised that the vector deduced does not 
represent a disturbing force fixed in azimuth. 

The Honolulu curves were exceptionally clear, and they show no sign of oscillation 
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in the s.c. in Hand D. The H curve started rising very steeply, the first half of the rise 
taking much less time than the second. The small rise in t.he D curve, and the fall in 
the V curve seemed to be completed during the first half of the H rise, but during the 
remainder of the time when H was rising, the changes in D and V were so slnall as to be 
co~paratively unimportant. Still the elements can hardly be said to have been in 
phase. 

At Helwan a decided recovery from the s.c. movement set in almost immediately, 
but the s.c. itself was apparently unidirectional in all three elements, and they may 
fairly be said to have been in phase throughout. 

At Agincourt the Hand D curves were decidedly oscillatory, the second lnovement 
being considerably the larger. A peculiarity was that the second movement in the D 
curve co;ntinued for a minute or two after the second movement in H had ceased, and 
a rapid movement in the opposite direction had set in. 

At Eskdalemuir the phenomena were peculiar. The N curve which for some time 
had been level showed a pretty steep rise, in which some very small oscillations can 
be seen. This went on for about 2t minutes during which the E trace went 
slightly down the sheet, while no movement is recognisable in V. Then suddenly 
the N movement up the sheet greatly accelerated, the E movement reversed and the V 
trace went down the sheet. It is presumably the second movements in Nand E, and 
the movement in V that represent the s.c. The fall in V really continued without 
sensibly slackening for a minute or two after the sunlmits in the Nand E curves were 
reached, and after being level for a short time the curve continued down the sheet for a 
considerable time before any recovery set in. 

At Sitka the s.c. movement was distinctly oscillatory in Hand D, and apparently 
so also in V, but the first movement in V is not very decided and may proceed from some 
separate source, as the curves were not free from minor oscillations when the s.c. began. 
The first movements in Hand D seem to synchronise, but the second movement in D 
was reversed before the H curve reached its summit. The end of the second movement 
in D synchronises with a marked slackening in the rise of H and with the summit of 
the V curve, and seems on the whole the most natural point to accept as the end of 
the s.c. The full summit of the H curve synchronises apparently with the end of the 
rapid part of the third movement (westerly) in D. If it were taken as the end of 
the s.c. the difference in the estimate of the azimuth of the disturbing force would be 
considerable. 

Table OXIX represents the results derived from the Ineasurements made on the 
curves, the notation being the same as in Table OXVIII. 
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TABLE CXIX.-S.c. Movements on April 9, 1911. 

Station. , Movement. , H-
,. 

T. , 1/1. I x· I Duration. 

'Y I y 0 0 Minutes. 
Antarctie . ,. . .. First . .. ... 60·9 62·6 59 13 b 2. 

Second { 148 150 216 10 a 3 
" 

... ... . .. or 181 182 225 7a 7 
Mauritius ..... ... Principal . .. . .. 17 - - - 6 
Buitenzorg ... ... 

" 
... . .. 19·1 19·3 11 9b 4 

Honolulu ... . .. 
" 

... ... 14·7 15·3 359 16 b 3 
Helwan ... . .. 

" 
... . .. 34·2 35·9 346 18 a 4 

Agincourt ... . .. First ... . .. n·4 - 137 - 1·5 

" 
... ... Principal ... ... 67·9 - 344 - 3·5 

Eskdalemuir ... ... First ... . .. n·o n·o 19 0 2 

" 
... ... Principal ... . .. 76·0 76·6 343 7a 4 

Sitka ... ... . .. First ... . .. 9·2 9·3 248 10 b 1 

" 
... . .. ... Principal ... . .. 37·7 38·0 73 8a 2 

.. -----~-----~----------.- --

After the s.c. there was considerable disturbance with quieter interludes until 
16 h. of April 1 O. Conditions were then quiet for some 4 hours, when further considerable 
disturbance commenced and continued until about 3 h. on the 11th. Particulars of these 
disturbances will be found in Sections 93 and 94, and in Tables CXLIII and CXLIV. 

May 29, 1911, Plate XX. 
Section 66.-The s.c. of May 29, 1911, commenced about 14 h. 34 nl. G.M.T. The 

curves had been extremely quiet for some hours previously. 
In the Antarctic a very small bay presented itself in the curves between 11 h. and 

12 h. and a larger one earlier, between 6 h. and 7 h. These were, however, short 
isolated events, and otherwise there had been little disturbance since 0 h. As usual, 
the Antarctic curves show an oscillatory movement, and the three elements are fairly 
in phase. The amplitude was considerable, but the movements lasted about 10 
minutes, so the slope of the curves is less steep than usual in. s.c's. 

At Mauritius there was a rise as usual in H, lasting about 5 minutes, followed by 
a more gradual fall, which did not restore the element to its original value. The 
phenomena closely resembled those shown by the H curve at Alibag. There was no 
visible movement in D. 

At Buitenzorg the Nand E movements were unidirectional, a recovery setting in, 
however, almost at once. The V movement on the other hand may most fairly be 
regarded as oscillatory. The first and smaller movement, down the sheet, seemed to 
commence simultaneously with the Nand E· movements, but it terminated sooner, 
and the movement in V up the sheet was well under weigh before the cOmIDencing 
movements in Nand E finished. The summit in the V' curve occurred several minutes 
after that in N. At Alibag the movements in all the elements seemed unidirectional. 

At Honolulu the N and V movements appear unidirectional, and the elements in 
step. The D movement, however, was oscillatory, the two movements occupying 
about the same time as the single movement in the other elements. The second D 
lllovement was the larger, but only by about 0"1. 
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At Helwan the H and V traces were very faint. Apparently the movements were 
all unidirectional, as at Alibag. Recovery set in more immediately in D than in the 
other elements. 

At Agincourt the movements were of an unusual type. In H there was a rapid but 
comparatively small rise, followed immediately by a similarly rapid fall of double the size. 
Shortly after came a rise bringing the trace nearly back to its original level. The three 
movements occupied about 10 minutes. Thus while the commencing movement, as is 
usual·in lower latitudes, was a rise in H, it was less prominent than the subsequent fall. 

In D apparently there was a movement to the west, too rapid to be clearly shown, 
followed immediately by a much larger but less rapid movement to the east, which 
lasted about five minutes. A slower westerly movement immediately followed, bringing 
the magnet back about 20 minutes after the start to its original position. 

At Eskdalemuir the Nand E movements were conspicuously oscillatory, the second 
movements, representing a north-westerly force, being much the larger. The com­
mencing V movement was apparently also oscillatory; but the first movement up the 
sheet is very small and might represent merely a small flaw in the paper. The principal 
movements in the three elements ended at approximately the same time, and a recovery 
immediately set in, the elements resuming very approximately their undisturbed values 
within about 18 minutes of the start. 

At Sitka the Hand D traces fouled one another. So far as can be seen, the D 
movement was oscillatory, the H not. The first movement in D was small and very 
rapid. The second movement in D was much larger than the mo~ement in H, an unusual 
feature. The H curve reached its summit first; but both summits being rounded, it is 
natural to regard the end of the movement as fixed by the D curve, as the D movement 
was the dominant one. The V trace has a faint suggestion of a very small and rapid 
preliminary movement up the sheet, which mayor may not have been real. The only 
unmistakable movements are the principal movement down the sheet and the subsequent 
recovery which immediately set in. The results derived from the curve measurements 
are given in Table OXX. 

TABLE CXX.-S.c. Movements on May 29,1911. 

Station. I Movement. I ii. I T. I--~:-I x· I Duration. 

-
I 

Y Y 
0 0 Minutes. 

Antarctic ... '" First . .. ... 27·1 27·9 216 14 a 2 

" 
... . .. Second ... .. . 62·0 67·2 54 23 b 8 

Mauritius ... '" Principal . .. . .. 11 - r -- - 5 
Buitenzorg ... ... 

" 
. .. .. . \9'5 19·7 350 8b 6 

. Alibag ... ... ... " . .. . .. 16·2 16·5 353 lOa 5! 
Honolulu ... ... 

" . .. ... 8·1 8·5 3 18 b 51 
Helwan ... . .. 

" 
. .. ... 12·8 13·3 319 16 a 4 

Agincourt ... '" First ... ... 8·4 - 297 - 2 

" 
... . .. Second ... '" 27·9 - 112 - 6 

Eskdalemuir ... ... First .. . '" 15·2 15·2 149 3b 1 

" ... ... Second ... '" 68·9 69·2 330 5a 5 
Sitka ... ... . .. Principal .. . ... 14·2 15· ] 329 20b 4! 
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After the s.c. the Antarctic curves show some minor oscillations-a normal feature 
at that hour of the day-and the curves at most of the other stations were a little less 
quiet than before the s.c. Subsequently, however, conditions were decidedly quiet, 
and continued so for some 20 hours. The afternoon of May 30 and forenoon of May 31 
showed moderate disturbance at Eskdalemuir, but this would not naturally be associated 
with the s.c. Undoubtedly, the natural conclusion to be drawn is that the s.c. was an 

. isolated incident during a quiet time. 

J~tne 9, 1911, Plate XXI. 
Section 67.-The s.c. began about 16 h. 31 m. G.M.T. on June 9. In the Antarctic, 

conditions had been exceptio;nally quiet during the previous eight hours. The movement 
was oscillatory, an exceptional feature being that the excess of the second movement 
over the first was small. The second movement did not end sharply. A less steep 
slope followed a steeper slope in E' and N', while the summit of the V curve was rounded. 
There is a choice between the end of the steep slope and the extreme summit as fixing the 
end. Other oscillatory movements at once ensued, so the s.c. is unusually inconspicuous. 

At l\fauritius there was a rise of about 81' in H in the course of about six minutes, 
the trace retaining a distinctly crested appearance until about 18 h. 45 m., when a smart 
fall of about 71' occurred. No certain movement could be recognised in the D trace. 

At Buitenzorg there was no sign of oscillation in the commencing N movement, 
which was fairly prominent. The element remained decidedly above its undisturbed 
value for over two hours. The crested appearance is conspicuous, and is almost equally 
so in the N or H traces at all the other stations, except Sitka and the Antarctic. The 
duration of the crest seems the same at aU the stations, where it was recognisable. The 
commencing movement in E at Buitenzorg was also unidirectional, and it was in phase 
with that in N. In V the commencing movement down the sheet ended before the 
commencing movements in Nand E, and a larger movement up the sheet had made 
considerable progress before the summit of the N curve was attained. The V trace was 
moving up the sheet when the s.c. began, so the second or recovery movenlent may 
partly represent the continued action of the pre-existing forces. The second movement 
in V continued after the commencing movements in Nand E had ended, and 
considerably exceeded the first movement. 

At Alibag the movement seemed unidirectional in all the elements, but the 
amplitude was very small except in H. The H trace shows a conspicuous crest, and 
small as the disturbance was in D and V, movements corresponding to the cessation 
of the crest in H are clearly recognisable in both these elements. 

At Honolulu the movement in H was cl~arly unidirectional. The trace was moving 
up the sheet at the time, and following on the rapid rise is a crest having about the 
same slope as the trace prior to the s.c. The existence of this slope renders the ending 
of the crest less distinct than at Alibag. The D trace at Honolulu ~as distinctly 
oscillatory, a very small movement down the sheet either anticipating the H movement 
altogether or synchronising with a small part of it. The upward movement in D seems 
to finish before the first movement in H, but the D trace was moving down the sheet 

218 



when the s.c. began, and this general movement down the sheet continued for nearly 
two hours, and probably neutralised part of the second s.c. movement. The V trace 
was also moving down the sheet when the s.c. began. The commencing movement 
was apparently unidirectional. The tendency to recovery would seem to have been 
neutralised by the continuance of the pre-existing movement down the sheet. 

At Helwan the H trace as usual closely resembled that at Alibag and showed the 
crest well. The D trace showed very little movement, but a depression persisted for 
some time. No V trace was receive.d. 

At Agincourt the s.c. movement was not recorded, as its time synchronised with 
that of the change of photographic paper. 

At Eskdalemuir the movement appears to be in the main unidirectional in all the 
elements. It is small and the original curves were rather faint, but the N trace was 
rather jerky, minute pulsations being evidently in progress during the rise. The rise 
in the E curve was interrupted, a short practically level portion of curve separating 
two rises. Thus a vector derived from the commencing and final positions shown by 
the Nand E traces does not in this case imply a disturbing force acting persistently in 
one direction. The irregularities may represent the intervention of some disturbing 
force quite distinct from the s.c., but that is a matter of speculation. The V trace 
showed a faR as usual, but it was very small. 

At Sitka all three traces show oscillatory movements. The first movement, which 
was very small except in D, was down the sheet in Hand D, but up in V. The second 
movement, up the sheet in Hand D and down in V, is more clearly shown. This 
movement was apparently interrupted by another, the consequence being that the H 
and D curves have each two summits, the former being the higher in H but the lower 
in D. The first summit has been regarded in the calculations as concluding the movement. 
The hollow in the V curve is so rounded that it affords no help to fixing the end of the s.c. 
All the Sitka curves show a recovery within a comparatively short time. Further dis­
turbance followed and was in progress at the time when the crest subsided at the other 
co-operating stations. Regarded by themselves, the Sitka curves do not suggest a crest. 

The results .derived from the curve measurements are ·given in Table CXXI. 

TABLE CXXI.-S.c. Movements on June 9,1911. 
----

, 
I Station. 

I 
Movement. 

I 
H. T. 

I 
",. X· I Duration. 

y y 0 

Antarctic ... ... First ... ... 17·8 18·4 234 

0 Minutes. 
14 a " .. 

I 
Second { 23·9 24·8 59 

" 
... ... .. . or 25·4 26·5 57 

16 b 3! 
17 b 5! 

Mauritius ... ... Principal ... . .. 8 - - 6 
Buitenzorg ... ... 

" 
... .. . 12·8 13·1 349 13 b 9 

Alibag ... ... .., 
" 

... ... 11·7 12·0 350 
Honolulu ... .. , 

" 
... '" 7·7 8·1 15 

13a 7 
17 b 5! 

Helwan ... ... 
" 

... ... 12·4 - 350 7 
Eskdalemuir ... ... 

" 
... ... 20·2 20·4 335 8a 6 

Sitka ... ... ... First .. . ... 5·3 5'6 137 17 a 11 

" 
... ... ... Second ... ... 15·7 16·4 300 17 b 41 

-------~---- - ---- --~-~----- ------

219 



In the Antarctic, during the 3t hours immediately following the s.c. the 
conditions, though much less quiet than before, were unquiet rather than disturbed. 
But from 4 to 17 hours subsequent to the s.c. there was considerable disturbance 
in all the elements. The s.c. occurred about 4i h. on the lOth, in the time of 1800 E., 
and the ranges for that day 258y in S', 375y in E' and 184y in V were amongst the 
largest of the month. During the time when the crest was in evidence, large irregular 
movements did not present themselves, but subsequently all the stations showed very 
considerable disturbance. In ·this case then a decided crest was associated with an 
unmistakable though only second-rate magnetic storm. Further particulars of this 
storm will be found in Section 97 and Table CXLVII. 

June 30, 1911, Plate XXI. 

Section 68.-0n June 30, 1911, the s.c. began at about 21 h. 50 m. G.M.T. 
Conditions had been unusually quiet during the previous 24 hours. 

In the Antarctic, while the previous conditions were quiet, minute oscillations 
were in progress at the time, and these tend to obscure the movements in N', which 
were unusually small. As usual the movement was oscillatory in all the elements. 
The second movement was only a little bigger than the first. Thus the appearance is 
more suggestive of a " tooth" disturbance-i.e., a sharp spur-like isolated movement­
than an ordinary s.c. The movement was first noticed in the Antarctic curves, but it 
was considered a doubtful s.c. until confirmed by the traces from other stations. The 
oscillations which follow in the Antarctic curves make nearly as much appeal to the 
eye, but there is practically no trace of them in the curves from the other stations, while 
the s.c. itself, though not large, is clearly shown. 

At Mauritius H rose about 6y in 5 minutes. A recovery set in almost at once, 
bringing the trace down approximately to its original level by 22 h. 30 m. The 
appearance rather suggests a "crest" depressed by some independent cause. No 
certain movement was visible in D. 

At Buitenzorg the movement in N was apparently oscillatory, but the first movement 
down the sheet is very small. The E trace is not very clear. There s~ems a very small 
movement up the sheet synchronising with the downward movement in N. At the time 
when the summit of the N curve was reached, the E curve was practically at its 
undisturbed level. A slight fall then ensued, followed by a rise. The V curve shows no 
visible departure from levelness during the first movement in N. It then moved down 
the sheet as N went up, but started going up before the summit of the N curve was 
reached, and continued to rise, though very slowly, for a sensible time after N had begun 
to fall. 

At Alibag the H curve shows only the ordinary rise distinctly, but there is a faint 
suggestion of a previous downward movement, which mayor may not be. real. The 
D trace is also ambiguous. There may be a tiny hump on it prior to the small visible 
depression. A similar remark applies to the V trace. This is an instance in which 
considerably higher sensitiveness would probably have been advantageous. 
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At Honolulu the decisive H movement up the sheet is preceded by a downward 
movement, but this was so slow we should not naturally regard it as part of an s.c. 
The D trace, which was moving up the sheet when the sudden movement in N began, 
shows a small rapid up and down movement, which left the value of the element at the 
time when the summit of the N curve was reached practically the same as before. The 
V movement seems unidirectional, the fall synchroni~ing with the rise in N. A recovery, 
however, set in at once in V, while the N curve if anything still continued to rise. 

At Agincourt the s.c. was conspicuously oscillatory. The H trace shows a rapid 
fall and rise, even the former by no means microscopic. After the sumnlit was reached 
a second small oscillation ensued, before a decided recovery set in. The D curve showed 
four rapid movements West, East, West, East, the first pair of movements synchronising 
with the first two in H. The movements, though small, were by no means microscopic ; 
the first of the two easterly movements being about twice the size of the other three 
movements. 

At Eskdalemuir the Nand E movements were distinctly oscillatory. In V only 
a single movement, down the sheet, is recognisable; it seems to correspond in time with 
the second movements in Nand E. 

No copies of this disturbance were received from Helwan or Sitka. 
The results derived from the curve measurements are given in Table CXXII. 

TABLE CXXII.-S.c. Movements on June 30, 1911. 
- - --- - - - -----_._---_._----_ .... -

Station. I Movement. I H. I T. 
I 

1J!. I x· I 
Duration. 

')I ')I 
0 0 Minutes. 

Aritarctic '" '" First ... ... 25·9 28·3 92 24 b 2 

" 
... ... Second ... ... 30·8 34·1 262 2.5 a 2 

Mauritius '" '" Principal '" ... 6 - - - 5 
Buitenzorg '" '" " 

... ... 8·1 8·2 0 10 b 6! 
Alibag ... '" ... 

" 
... ... 7·7 8·4 344 23a 6 

Honolulu ... ... 
" '" ... 6·2 6·7 10 23 b 4 

Agincourt ... ... First '" ... 7·6 - 203 - I! 

" 
... .. , Second '" ... 32·5 - 12 - 2! 

Eskdalemuir ... .. , First '" ... 5·1 5·1 149 0 2! 

" 
... ... Second '" ... 22·2 22·4 335 7a 3 

---------_._--

In the Antarctic conditions became and continued distinctly unquiet after the s.c. 
appeared, but no considerable disturbance ensued until some 7 hours had elapsed. 
From 7 to 20 hours subsequent to the s.c. conditions though not violently 
disturbed were considerably more disturbed than usual. The s.c. occurred a little 
before 10 h. in the time of 1800 E. on July 1, and the ranges for the next two days were 
as follows: July 1, 200')1 in S', 229')1 in E', and 134')1 in V; July 2, 314')1 in S', 247')1 

in E', and 127')1 in V. July 3 was also a highly disturbed day, but this presumably was 
a distinct phenomenon. At the co-operating stations the s.c. was immediately followed 
by a moderate disturbance, which was characterised, especially- at Agincourt and Esk­
dale muir , by the presence of incessant small oscillations. The largest movements, 
which represented only a minor storm, occurred between 16 and 20 hours after the s.c. 
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August 19, 1911, Plate XXII. 
Section 69.-0n August 19, 1911, the s.c. began about 12 h. 15 m. G.M.T. For 16 

hours previously the curves everywhere had been very quiet; thus the conditions 
were exceptionally favourable for showing details. 

In the Antarctic as usual the movement was oscillatory, the second movement being 
conspicuously the larger. But while the slope of the second E' movement was practically 
uniform until the summit was nearly attained, the rate of change in N' and V showed 
a decided slackening after the original undisturbed level was reached. Thus the move­
ment does not really represent a force having a fixed direction. 

At Mauritius there was a rise of about 12y in H in the course of about 6 minutes. 
The value of H continued to rise very slightly for about 30 minutes after the end of 
the s.c. A fall then set in, which was pretty rapid for a few minutes. The appearance 
of the curve was thus crested like that of the H curves at Alibag and Helwan, except 
that the crest, instead of being level as at these two stations, had a slight slope upwards. 
At the time of the s.c. the D trace was showing a gradual westerly movement. A small 
but fairly sharp movement, with a force equivalent of 4y, took place to the east about 
the time the rise in H was ending, after which the westerly movement reasserted itself. 

At Buitenzorg the N curve shows no sign of oscillation, there being a rise at a 
practically unifornl slope until the summit is almost reached. The E trace, on the 
other hand, is distinctly oscillatory. There was first a small rapid movement up the 
sheet, followed immediately by a movement down the sheet which slackened suddenly, 
a steep slope being followed by a less steep one. The time when the lowest point was 
reached agrees apparently with the time when the sumnlit was attained in the N curve. 
In the V trace there was a small rapid fall, then a practically. level piece, and then a 
rise. This had brought the curve to above its undisturbed level before the rise in the 
N curve had ceased, and it continued for a considerable time ,after the recovery in N 
had set in. Thus the three elements were conspicuously out of phase throughout. 
The N and V curves exhibit a sort of " crest," lasting little over half an hour, and there 
is a corresponding depression in the E curve. 

At Alibag the movement appeared unidirectional in all the elements. The slope, 
however, of the H curve, which commenced very steeply, fell off, the first third of the 
rise being accomp~ished in much less than a third of the tinle. After the rise the curve 
remained quite level for some 20 minutes, when a sharp slope down ensued, lasting 
about 8 minutes. The" crest" thus formed renresents about the same interval 
of time as that described at Buitenzorg, but the two crests differ considerably in 
appearance. In the case of the D and V curves at Alibag a recovery set in immediately 
after the end of the commencing movement, but it was not completed until the crest 
in H began to subside. 

At Helwan the phenomena closely resembled those at Alibag. A change of slope 
in the commencing rise in H is not recognisable, but the trace is rather indistinct. The 
crest is almost an exact counterpart of that at Alibag, having the same duration and 
a similarly fiat top. The D and V movements-thanks partly to greater sensitiveness 
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in the instruments-are larger than at Alibag, and details of the recovery are thus 
more easily made out. The depression in the D and V curves terminated synchronously 
with the crest in the H curve. Their appearance bears a resemblance to the inlpress 
of a seal in wax. 

At Agincourt the commencing movement was unidirectional in both Hand D, 
and, though. small, so rapid as to suggest discontinuity in the trace. The H trace 
showed a crest, but was not flat-topped, minor oscillations ensuing almost as soon as 
the sudden rise ended. 

At Eskdalemuir the movement was exceedingly complex. Both the Nand E 
traces show a very rapid movenlent up the sheet-of considerable size in N-followed 
by a larger and equally rapid fall. The fall is immediately followed by a rise, which 
was suddenly arrested during a minute or so, a small portion of practically level trace 
~ppearing in each curve. The movement up th.e sheet was then continued, though 
somewhat less rapidly. The E curve shows a practically uninterrupted rise to a summit, 
though in approaching it the rate of rise dinlinished. In the N curve a summit was also 
reached synchronously with that in E, but the rise to it was not uninterrupted. The time 
when the summit appeared in the E trace has been accepted as the end of the third 
movement, but possibly the first peak in the N curve might have been preferable. The 
V trace shows a movement down the sheet, with one or two small oscillations superposed. 

At Sitka the Hand D movements were clearly oscillatory. Of the first movements 
that in D was considerably the larger, and the second movement in D was not 
much less than the second in H. The V curve was crossed by the D curve during the s.c., 
and it is difficult to say whether the V movement was oscillatory or not. A movement 
down alone is clearly seen, but there is rather a suggestion of a previous very small 
movement up the sheet. The Hand D traces at Sitka are not flat-topped, but bear 
a considerable resemblanc,e to the N trace at Buitenzorg, having like it a somewhat 
crested appearance. 

The results derived from the curve measurements are given in Table CXXIII. 

TABLE CXXIII.-S.c. Movements on August 19, 1911. 

I I 
--"----"--

I 
Station. I Movement. I ii. I T. ~. I' Duration. x· , 

I 

Y 
0 0 Minutes. y 

Antarctic ... ... First . .. '" 26·1 27·4 248 18 a 1·5 

" 
... ... Second ... . .. 81·4 84·4 71 15 b 7 

Mauritius ... . .. Principal . .. . .. 12 - -- -- 6 
Buitenzorg ... ... 

" 
. .. . .. 40·9 4:1·0 355 4b 7·5 

Alibag ... ... . .. 
" 

. .. . .. 18·9 19·5 347 14: a 5 
Helwan ... ... 

" 
. .. . .. 16·7 17·8 326 20a 6 

Agincourt '" ... 
" '" ... 14·9 - 302 - 2·5 

Eskdalemuir ... ... First ... . .. 20·6 20·6 340 3a 0·5 

" 
... ... Second '" . .. 39·2 39·3 154 3b 1 

" 
... . .. Start to summit ... 34·1 34·3 321 7a 9 

Sitka '" '" ... First '" ... 5·7 5·8 133 9a 1'5 

" '" ... ... Second ... . .. 4:1 ·4 42·0 352 10 b 6 
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In the Antarctic the s.c. movement itself was large, but after it subsided conditions 
were rather quiet for 3 -hours. Moderate movements then ensued during the next 
18 hours. The largest movements occurred from 81 to 13 hours after the s.c. The 
s.c. occurred shortly after 0 h. (time of 1800 E.) on the 20th, and the ranges for that 
" day" were 1811' in S', 2361' in E' and 861' in V. The traces of the horizontal 
components at Eskdalemuir and Sitka exhibited an unquiet oscillatory condition for 
15 or 16 hours after the s.c. There was nothing, however, at these or the other 
co-operati~g stations that would naturally be called a magnetic storm. 

Further particulars of the disturbance on August 19-20 will be found in Section 101 
and Table eLI. 

October 2, 1911, Plate XXII. 

Section 70.-The s.c. on October 2, 1911, began about 4 h. 8 m. G.M.T. The 
curves had been quieter than usual during the two previous days. In the Antarctic 
the motion was oscillatory in all the elements, but there are exc~ptional features in 
the N' curve. The E' and V traces seem fairly in step. Each shows two oscillations. 
The first oscillation in E' appears a -normal s.c., the first movement down the sheet 
being followed by a larger and similarly rapid movement up the sheet. The synchronous 
oscillation in V also appears quite normal, except that it is unusually small. The 
second oscillation in the two elements is less rapid, and in E' is considerably smaller 
than the first; it may have arisen from a distinct source. The N' trace is exceptional 
in that the first movement is not down the sheet like the first movements in E' and V, 
but is up the sheet. Further, it lasts almost as long as the first two movements 
combined in the other elements. It is foliowed by a larger movement down 
the sheet which terminates before the fourth but later than the third movement in 
E' and V. 

At Mauritius H rose 81' in about- five minutes, the major part of the rise appearing 
to be nearly instantaneous. The trace had a slight slope up the sheet at the time, 
and this slope was continued in a crest which followed the s.c. The downward 
movement ending the crest represented about 41' and was very rapid. The time from 
the start of the s.c. until the end of the step down from the crest was only about 
20 minutes. D had an oscillation of 1"3 (== 81') to the west and 0"5 to the east, all 
in the course of about 8 minutes, the westerly movement synchronising or nearly so­
with the rise of 81' in H. A slow westerly movement was in progress when the s,C. 
began, and it continued after the oscillation at about the same rate as before. 

At Buitenzorg the N movement seems unidirectional; but the E movement is 
unmistakably oscillatory, the second movement being followed by a gradual recovery. 
The V trace was moving up the sheet when the s.c. began. It shows a comparatively 
rapid small movement down the sheet, followed -by a gradually slackening upward 
movement, which brought the trace considerably above its undisturbed level.- The 
N trace after rising at a nearly uniform rate suddenly reduced the rate very much, 
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the rise at this reduced rate being small. It is the point where the rate is reduced 
that accords in time with the lowest points in the E and V curves, and it has accordingly 
been regarded as the true end of the s. c. 

No curves were received from Alibag. 
At Honolulu the H and V traces are unidirectional, while the D trace is oscillatory. 

While the H trace is unidirectional, the slope is conspicuously fastest at first, and the 
end of the steeper part of the slope is at least approximately synchronous with the 
end of the sudden rise in the D curve. The fall, however, in the V curve continued 
until the end of the further slow rise in H, and this latter point is fairly synchronous 
with the end of the second movement in D. It thus appeared best to regard the 
principal movement as ending when the highest point appeared on the H curve, and 
to calculate the vector by comparison of the curves at this time and immediately before 
the s.c. began. 

At Helwan the H movement though small is distinct, and shows no trace of 
oscillation. The recovery was very gradual, but set in almost at once. No measurable 
movement appeared in D. As usual the V curve shows a small fall followed by a 
recovery. The curve was very faint and the measurements made probably not very 
accurate. 

At Agincourt the commencing H movement was similar to that at Helwan, but 
within 10 minutes from the start the trace had fallen half-way back to its undisturbed 
level. The D trace was moving up the sheet ~t the time and is not very clear. 
Apparently the s.c. movement was oscillatory, a small movement up the sheet being 
followed by a larger movement down the sheet. This latter movement and the recovery 
from it are clearly shown. 

At Eskdalemuir the movements are very small, but that in E is distinctly oscillatory. 
The N movement, as compared with that of the average s.c., is smaller relatively than 
the E movement. So far as can be made out, the N movement up the sheet and the 
first E movement down the sheet correspond in time, but the duration of the movements 
is so short that this is uncertain. The second and larger movement in E up the sheet 
seems to correspond in time with an inconspieuous fall in N. If this analysis is correct, 
the first movement was somewhat the larger in N, but the second movement decidedly 
the larger in E. In the V curve there seems to be a small rapid movement 
up the sheet, preceding a slightly larger but distinctly visible movenlent down the 
sheet. 

At Sitka there was a considerable H movement, and the movements in all the 
elements were conspicuously oscillatory. In this case the second is obviously the 
principal movement, and represents as usual a rise in H. The second movement was 
followed by a pretty rapid recovery, especially in D. Small oscillatory move­
ments were in evidence for some time before the s.c., but did not obscure its main 
features. --

The results derived from the curve measurements are given in Table CXXIV. 
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TABLE CXX1V.-S.c. Movements on October 2, 1911. 
- - _____ ~ __ • _____ ~ ________ o. 

Station. 
I 

Movement. 
I 

ii. 
I 

T. 
I 

Ijt. 
I 

X. 
I 

Duration. 

y y 0 0 Minutes. 
Antarctic ... ... First ... ... 15·1 15·8 303 17 a 1·25 

" 
... .. , Second ... ... 25·3 26'6 75 18 b 2 

Mauritius ... ... Principal ... . .. 11 - - - 5 
Buitenzorg ... .. , 

" 
... ... 16·9 16·9 350 5a 1·5 

Honolulu ... ... 
" 

... . .. 6·9 7·7 32 26 b 4·5 
Helwan ... '" " 

... ... 8·0 9·4 - 32 a 5 
Agincourt ... ... First ... . .. 9·5 - 344 -- 2 

" 
... ... Second ... .. . 7·7 - 124 - 6 

Eskdalemui:r; ... ... First ... . .. 9·7 9·7 26 3b 0·5 

" 
... ... Second ... ... 13·5 13'6 255 8a 3 

Sitka ... ... ... First . .. . .. 10·9 11·1 197 8a 1·25 

" 
... ... ... Second .. . .. . 27·7 27·9 12 6b 1·75 

-----------

In the Antarctic it was decidedly less quiet after the s.c. than before, and it 
remained so for sonle 16 hours, but the disturbance was nothing out of the way. The 
largest range on the day of occurrence of the s.c. or on the following day was only 
152y in E'. At Eskdalemuir and Sitka the horizontal components were distinctly 
unquiet for 12 hours after the s.c., numerous small oscillations taking place. At 
Eskdalemuir the V trace remained very quiet, and there was nothing approaching a 
magnetic storm. The only considemble disturbance appearing in the traces received 
from the co-operating stations occurred in the Sitka V trace, between 4 and 12 hours. 
after the s.c. There was a rise of about I80y in V in the course of Ii hours; 
simultaneously there were oscillations in the Hand D curves, but only of about 
half the amplitude. 

Novem,ber 8, 1911, Plate XXIII. 

Section 7I.-The s.c. of November 8, 1911, commenced about 13 h. 43 m. G.M.T. 
During the previous 24 hours it had been decidedly quiet in the Antarctic and very 
quiet at Eskdalemuir. 

In the Antarctic the movement was of the usual oscillatory type. In N' and E' 
it was large, and was immediately followed by other considerable oscillations. During 
the second and larger movement of the s.c. the slope of the N' and E' curves diminished 
only slightly before the summit was reached, but in V the rate of rise towards the end 
was much reduced. 

At Mauritius H rose about 11 y in about 5 nlinutes. There continued to be if 
anything a slight upward slope in the curve for about 5p minutes after the s.c., followed 
by a slow fall, but hardly to the original level. No certain movement appeared in D 
at the time of the s.c. 

At Buitenzorg numerous small oscillations preceded the large rise in N, and the 
last of these may possibly represent a small preliminary movement down the sheet, 
but if so it was no larger than the similar previous movements. Most probably the 
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N movement was unidirectional. The E movement on the other hand was undoubtedly 
oscillatory. We have first a small sudden movement up the sheet, followed at once by 
a somewhat larger but slower movement down the sheet; this was followed by a short 
nearly level piece of curve and then a slight further fall. It is the conclusion of this 
second fall that seems to answer in time to the summit of the N curve. The end of 
the first fall in the E trace seems to correspond in time to a slight slackening in the rate 
of rise of N. The V trace shows a moderately gradual fall, followed at once by a recovery, 
which brought the trace to above its undisturbed position. The recovery had made 
considera ble progress before the summit of the N curve was reached. 

At Alibag the movements appeared much simpler than at Buitenzorg. There 
was the usual rise in H with no indication of a previous fall, while the D and V traces 
went slightly down the sheet. A recovery set in at once in D and V. H retained 
an enhanced value for some 8 hours. The fall which then ensued, however, was 
considerably in excess of the initial sudden rise, so the appearance is hardly that of 
the ordinary crest. 

At Honolulu the s.c. was preceded, as at Buitenzorg, by minute pulsations, visible 
in both the N and V traces, but the commencing movement in H seems unidirectional. 
In the rise to the summit three sensibly different slopes are recognisable in the H curve, 
the first being the steepest. A slight recovery set in at once but did not proceed far; 
and H remained, as at Alibag, decidedly above its undisturbed value during 8 hours 
before a decided fall commenced. 

The V curve also shows a unidirectional s.c. movement, but a recovery set in 
shortly, and the original level was practically recovered in about 10 minutes from 
the commencement. The D movement was apparently oscillatory, a very small short 
movement down the sheet preceding a slower movement up the sheet. During the 
upward movement the curve shows two distinct slopes, the first the steeper. The 
summit was reached somewhat later than that of the H curve. 

Phenomena at Helwan closely resembled those at Alibag. The commencing 
movement appeared unidirectional in the three elements, but the movement in D down 
the sheet is exceedingly small. After the rise the H trace remained nearly level during 
8 hours. During the next Ii hours there were successive descents, representing 
altogether a fall about 3t times as large as the initial rise. The movements in the V 
curve, a fall followed at once by a partial recovery, are more in evidence than at 
Alibag. Further, 8 hours after the s.c., there are decided movements in the V trace 
synchronising with those just described in H. 

At Agincourt the movement in H was not of the usual s.c. type. An insignificant 
rise was immediately followed by a larger fall, which was succeeded by oscillatory 
movements. The D trace showed three movements in rapid succession, a small fall, a 
larger rise and a still larger fall; the third movement occupied about twice the time 
of the first two combined, but its slope was pretty steep. The"end of the third movement 
in D seemed to correspond with that of the second movement in H, and the time marks 
rather suggest that the first movement in D preceded the first movement in H. 
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The abnormality in the Eskdalemuir curves can be seen in Plate XXIII. The 
Nand E curves show similar movements. A small movement up the sheet is followed 
by one in the opposite direction. After a quite perceptible pause this is followed by a 
considerably larger movement up the sheet, which proceeds in a jerky fashion, especially 
in N. In V there is a small movement down the sheet, which seems to correspond 
in time with the third movement in Nand E. 

At Sitka pulsations preceded the s.c. in both the Hand D curves. The D curve 
also was moving down the sheet at the time; but apparently the commencing movement 
was unidirectional in all the elements. The Hand D traces fouled one another just after 
the summit of the H curve was passed. Thus the summit of the D curve is somewhat 
indistinctly shown in the original, but it clearly occurred somewhat later than the 
turning points on the H and V curves, which fairly synchronised. It is thus natural to 
take the summit of the H curve as representing the end of the proper s.c. movement. 
The V trace was moving slightly up the sheet when the s.c. began, and after the com­
mencing movement ended it continued its upward course and did not stop until 
the level was considerably higher than that prior to the s.c. movement. 

rrhe results derived from the curve measurements are given in Table CXXV. 

TABLE CXXV.-S.c. Movements on November 8, 1911. 

Station. 
I 

Movement. I ii. I T. 
I 1/1. I X· I Duration. 

I 
y Y 

0 0 Minutes. 
Antarctic ... '" First ... ... 35·7 37·3 265 17 a 1·5 

" 
... '" Second ... ... 89·6 91·6 67 12 b 5·5 

Mauritius ... ... Principal ... .. . 11 - - - 5 

Buitenzorg { 12·0 12·1 349 8a 3 ... ... 
" 

... or 22·6 22·7 352 4b 7 
Alibag ... ... ... 

" 
... ... 15·2 15·4 354 9a 7 

Honolulu ... '" " 
... ... 12·4 12·8 357 14 b 6 

Helwan ... ... 
" 

... .. . 13·5 14·9 354 25a 6 
Agincourt ... ... First ... ... 12·7 - 275 - 2 

" '" '" Second ... ... 23·4 - 79 - 6 
Eskdalemuir ... ... First ... .. . 8·0 8·0 320 0 0·5 

" 
... ... Second ... .. . 11·3 11·3 113 0 1 

" 
... ... Third ... ... 30·1 30·2 303 4a 6·5 

Sitka ... ... .. . Principal . .. ... 22·0 22·6 328 13 b 6 

In the Antarctic the s.c. was immediately followed by a markedly oscillatory 
state of matters, the oscillations being numerous and of considerable size. About 
6i hours after the s.c. larger movements appeared, continuing for 9 or 10 
hours. The s.c. occurred between 1 h. and 2h. on November 9 by the time of 1800 E, 
and the ranges on that day were 324y in S', 308y in E' and 210y in V. ·At Eskdalemuir 
no disturbance worth mentioning followed the s.c. until 7 hours had elapsed. 
Moderate disturbances, hardly reaching the standard of a magnetic storm, then presented 
themselves, continuing throughout the whole 'of next day. There then occurred what 
might fairly be called a magnetic storm-also represented in the Antarctic-but it 
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would not naturally be associated with the s.c. Further particulars of what occurred 
on November 8-9 will be found in Section 106 and Table CLVI. 

November 12, 1911, Plate XXIII. 

Section 72.-The s.c. of November 12, 1911, began about 15 h. 5 m. G.M. T. 
Conditions had been fairly quiet at all the stations including the Antarctic during the 
previous 12 hours. 

In the Antarctic the movement was as usual oscillatory. The second movement 
was the larger, but its excess was smaller than usual. The three elements were fairly 
in phase, but the rate of change in V during the second movement showed a slackening 
towards the end, which is much less apparent in the other elements, especially N' which 
exhibited a practically uniform slope. 

At Mauritius H rose about 8y in about 5 minutes. The H trace exhibited a 
well-marked crest, lasting for about Ii hours after the s.c. began. The crest showed a 
slight slope up, in accordance with the normal direction of change at that hour. The 
descent from the crest was rapid at first, then slower. During the s.c. no decided 
movement could be seen in the D trace, which remained nearly level. 

At Buitenzorg the Nand E s.c. movements are distinctly oscillatory, the first move­
ments-down the sheet in N and up in E-being very small. In eaoch instance, however, 
the trace suggests that what has been called above the first movement was itself preceded 
by a still smaller movement in the opposite direction. If this were the case, they were 
probably associated not with the s.c., but with some small pulsations which shortly 
preceded it. The V movement, unidirectional and down the sheet, seems to synchronise 
with the principal movement in N. It was immediately followed by a recovery, which 
brought the trace decidedly above its undisturbed level. The N curve was distinctly 
crested. About Ii hours after the s.c. there were distinct movements downward. 
According as we regard these, or some later but larger movements, as terminating 
the crest, we should estimate its duration as slightly exceeding an hour or as 3i hours. 

At Alibag the hour break occurred after the s.c. had begun, but before it was 
completed; and as it crosses all the curves there is some slight uncertainty as to the 
exact amplitude, which may have slightly exceeded that given by the measurements 
made immediately the hour break ended. The movement was unidirectional in all 
the elements, and the changes were in the usual directions. The movements in D and 
V were very small. There is a decided crest on the H curve, with alternatives for its 
duration exactly as at Buitenzorg. At Alibag the 3!-hour alternative seems the 
preferable one. 

At Honolulu, where the curves were very clear, the commencing movement appeared 
unmistakably unidirectional in Hand V. In D it was insignificant, but seemed to 
consist of a very small movement down the sheet, followed by a slightly larger movement 
up the sheet, taking in all 6 or 7 minutes. A recovery "set in shortly in V but 
lasted only for some 10 minutes, a small depression remaining. The H curve shows 
a distinct crest. The trace was going up the sheet prior to the s.c., and the crest shows 
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a similar slight slope. The more natural estimate of the duration of the crest is 
3t hours, but its level was interrupted, as at Buitenzorg and Alibag, shortly after the 
end of the first hour. 

At Helwan the comnlencing movement seemed decidedly unidirectional in the 
three elements, but the D movement was microscopic. The H curve closely resembles 
that at Alihag, showing a decided crest. After the commencing movement down the 
sheet, the V trace shows a partial recovery; but the curve remained decidedly depressed 
for over an hour, when a small but conspicuous and rapid movement brought it up to 
about the undisturbed level, synchronously with a break in the crest line in H. During 
the depression the appearance of the V curve is distinctly suggestive of the impress 
of a seal. 

At Agincourt the s.c. began while the traces were interrupted by the hour break. 
The obscuration lasted four minutes. But unless the movement took the unusual 
form for Agincourt of a rapid oscillation it must have been unusually small. The D 
curve shows an easterly movement of 1'· 5 in 8 minutes, between the end of the hour 
break and the next ensuing turning point. 

At Eskdalemuir the movements were exceedingly small, even in N. The V 
movement is hardly recognisable. The movenlent in N was seemingly oscillatory, a 
tiny fall preceding a larger rise. The rise, small as it is, was interrupted, a nearly 
level short portion of curve intervening between the first and steeper slope and the 
final approach to the summit. I~ the E curve there is no recognisable pre1inlinary 
movement down the sheet; the movement up the sheet has the terraced appearance 
even more developed than in N. 

No Sitka curves were available. 
The results derived fronl the curve measurements are gIven In Table CXXVI. 

TABLE CXXVI.-S.c. Movernents on November 12, 1911. 
---.~-.---.---.-----.---- -

Station. I Movement. 
I H. I T. I ",. I X· I Duration. 

'Y 'Y 
0 0 Minutes. 

Antarctic ... . .. First ... '" 42·1 44·3 248 18 a 2 

" 
... ... Second ... . .. 64·7 69·7 61 22 b 5 

Mauritius '" ... Principal '" ... 8 - - - 5 
Buitenzorg ... ... First ... .. . 1·1 1·1 146 0 1·25 

" ... ." Principal ... '" 13·4 13·4 348 4a 3 
Alibag ... '" ... 

" '" '" 9·3 9·4 354 12 a 6 
Honolulu ... ... 

" 
... .. . 5·8 6·1 6 17 b 7 

Helwan '" ... 
" 

... . .. 8·1 8·9 355 25 a 5·5 

I 

Eskdalemuir ... ... First ... .. . 1·7 1·7 180 0 0·5 

" ... ... Principal ... . .. 10·9 10·9 332 0 5·5 

In the Antarctic conditions were highly disturbed from 1 to 9 hours after the s.c. 
The s.c. occurred just after 3 h. on November 13 for the time of 1800 E, and the ranges 
for that day were 2551' in S', 4521' in E' and 2071' in V. The 14th and 15th were similarly 
disturbed. At Eskdalemuir the conditions during the 8 hours following the s.c., though 
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less quiet than before it, would hardly be termed disturbed. There then appeared a 
considerable hump on the N curve, and fair movements in the other elements. No 
really large disturbance, however, ensued until the afternoon of the 13th, when a 
moderate magnetic storm commenced, which continued until the 14th. Whether the 
magnetic storm and the s.c. were inter-connected must remain a matter for conjecture. 

December 10, 1911, Plate XXIV. 
Section 73.--The s.c. on December 10, 1911, began about 15 h. 39 nl. G.l\tT. 

Considering the season of the year, conditions in the Antarctic during the previous 
24 hours might be fairly regarded as decidedly quiet. At Eskdalemuir during the same 
time conditions had been exceptionally quiet. 

In the Antarctic the s.c. movement was oscillatory in all the elements, which seemed 
in phase throughout. As usual, the second movement was the· larger. The first 
oscillation was immediately followed by a second and much smaller one. This second 
oscillation may be quite independent, or it may represent an interruption in the second 
movement of the s.c. If the second view were accepted the estimated amplitudes of 
the second movement given in Ta~le CXXVII would be considerably increased. 

At Mauritius H rose about lOy in 6 minutes. The trace had then a slight general 
slope up the sheet-interrupted only by a small oscillation-which lasted until 1 h. 50 m. 
after the s.c. began. The crest thus formed was ended by a slight but sharp fall. During 
the s.c. no movement could be detected in the D trace, which was level at the time. 

At Buitenzorg the movement appeared to be clearly unidirectional in Nand E. 
There was, however, a point in each trace where the slope diminished. This point 
seems to correspond to the end of a small downward movement in the V trace. A 
recovery conunenced in V before the turning points in Nand E were reached, and it 
continued until the curve was very appreciably above its undisturbed level. The 
N trace had a crested appearance, terminated by a sharp downward movement about 
1 h. 50 m. after the s.c. The element remained, however, above its undisturbed value 
for quite 7 hours in all. 

At Alibag the s.c. movement in H seemed clearly unidirectional, and, though not 
very large, was conspicuous, owing to the quietness of the preceding trace. The element 
remained decidedly above its undisturbed value for 8 hours, but the trace lost its crested 
appearance simultaneously with the N trace at Buitenzorg. In D and V the s.c. was 
represented by a small movement down the sheet. The recovery took place shortly. 
The curves thus show a small dimple or cup-shaped depression. 

At Honolulu the movement appeared to be unidirectional in all the elements, but 
the H trace shows a succession of rises like the steps in a stair. As these go on for a" 
considerable time, and corresponding pulsations are recognisable in the V trace, it is 
difficult to decide when the s.c. ended. Guided partly by the D curve, it was decided 
for the calculations embodied in Table CXXVII to assume the s.c. to terminate at the 
end of the second not the first slope in the H trace. 

At Helwan, the Hand D curves were very like those at Alibag. The V trace was 
very faint, but a cup-shaped depression was easily recognised. 
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At Agincourt the s.c. movement in H was small, and was somewhat interrupted 
as at Honolulu. The D lllovement, though also small, was simpler and more clearly 
shown, the trace exhibiting a cup-shaped depression. The s.c. was represented by 
a small movement of about l' to the East. 

At Eskdalemuir the movements, though small, were clearly shown, owing to the 
previous quiet character of the curves. The movement in N was decidedly oscillatory, 
a small rapid movement down the sheet preceding the principal movement up the 
sheet. The summit is very rounded. The E trace showed a small movement up the 
sheet, immediately followed by a less rapid and somewhat' smaller movement down the 
sheet. The movements are so small it is difficult to decide what exactly corresponds 
in the Nand E traces. The end of the second E movement seems to answer approxi­
mately in time to the summit of the N curve, and the results given in Table CXXVII 
assume the first movements in Nand E to synchronise. At the same time, the actual 
time measurements suggested a slightly longer duration for the first movement in E 
than for that in N. 

At Sitka the s.c. movements were also insignificant. The D movement was the 
largest and clearest. It was oscillatory, a rapid small movement down the sheet 
preceding a larger movement up the sheet, the rate of which markedly declined before 
the summit was reached. The H trace shows a small rise, corresponding apparently 
to the first movement in D, followed by a practically equal fall. The curve then rose 
in a series of small steps, representing presumably pulsations. The s.c. in V was 
probably oscillatory, a small movement up the sheet preceding a larger but slower 
fall. The latter, however, is alone unmistakably shown. The depression did not take 
long to disappear. 

The results derived fronl the curve measurements are given in Table CXXVII. 

TABLE CXXVII.-S.c. Movements on December 10, 1911. 

Station. I Movement. I H. I T. I ",. I X· I Duration. 

'Y 'Y 
0 0 Minutes. 

Antarctic ... ... First ... ... 46·7 49·1 263 18 a 1·25 

" 
... ... Second ... .. . 71·1 79·2 79 26 b 3 

" 
... ... Third ... .. . 4·5 6·4 . 278 46a 1·5 

" 
... ... Fourth .. . ... 22·8 24·0 69 18 b 1·75 

Mauritius ... ... Principal .. . ... 10 - - - 6 

Buitenzorg { 11·7 11·8 353 6a 3 ... ... 
" 

. .. or 16·5 16·5 351 4b 6 
Alibag ... ... ... 

" ... ... 10·7 10·9 352 lOa 6 
Honolulu ... ... 

" ... ... 6·0 6·2 353 13 b ·5 
Helwan ... ... 

" ... .. . 9·7 10·4 342 21 a 8 
Agincourt ... ... 

" 
... ... 5·0 - 70 - -

Eskdalemuir ... ... First ... . .. 6·3 6·3 236 0 1·5 

" ... ... Second . .. .. . 16·1 16·2 13 8a 3'5 
Sitka ... ... ... First ... .. . 5·3 0·3 62 5a 1·5 

" 
... . .. . .. Second ... .. . 6·9 7·2 296 17 b 4'0 
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In the Antarctic conditions became conspicuously more disturbed immediately 
the s.c. occurred. "\Vithin an hour conditions were highly disturbed, and very large 
movements followed. . In the time of 1800 E the s.c. occurred between 3 h. and 4 h. 
of December 11, and the r,anges for that day were 434y in N', 727y in E', and 331" 
in V. At Eskdalemuir and the other co-operating stations conditions remained fairly 
quiet for 8 hours after the s.c. A magnetic storm then ensued, especially active at Sitka, 
which lasted most of the subsequent day. Further particulars will be found in 
Section 110 and Table CLX. 

In this case we have a somewhat insignificant s.c. associated apparently with a very 
active magneti~ storm. Also the s.c. was particularly small at the North American 
stations, where the subsequent disturbance was particularly large. 

January 17, 1912, Plate XXV. 
Section 74.-The s.c. of January 17, 1912, began about 4h. 42m. G.M.T. In the 

Antarctic conditions had been quiet during the previous 2 hours, but prior to that the 
customary amount of disturbance had prevailed. At Eskdalemllir, and at least the 
majority of the co-operating stations, conditions had been very quiet for 5 or 
6 hours, and no disturbance of any size had been recorded during the whole of the 
previous day. 

In the Antarctic a somewhat similar movement, which was not, however, repre­
sented elsewhere, had occurred about 4 hours earlier. The s.c. movement itself in the 
Antarctic was less sharply defined than usual, the turning points being rounded, especially 
in the V trace. Also while the first movement in E' and V was as usual down the sheet, 
the first movement in N' was up the sheet. In the oscillation which occurred 4 hours 
earlier, the first movement had the direction usual in s.c.'s, being down the sheet in all 
three elements. 

At Mauritius H rose about l1y in 7 minutes. It is difficult to assign an end to the 
s.c. because the diminution in the slope of the trace was gradual, and the value of H 
continued to rise uninterruptedly for fully an hour. The trace had a distinctly crested 
appearance, but more than one point might be selected for the end of the crest. The 
choice giving the shortest duration would make the end about 1 h. 50 m. subsequent 
to the s.c. Corresponding at least approximately with the s.c. movement in H, there 
was in D a westerly movement with a force equivalent of about 7". If anything, the 
D movement seemed to commence a little after the H movement, but the hour intervals 
in the two curves differed. 

At Buitenzorg the movements were of the usual type and unidirectional in Nand 
E, the N movement being of considerable size. The E and V traces were going up 
the sheet at the time, and presumably the forces causing these movements continued 
to act during the s.c., reducing the amplitudes of the small s.c. movenlents down the 
sheet. The lowest point in the V curve answers apparently to a point in the N curve 
where a slight slackening appears in the rate of rise. The recovery in V had proceeded 
some way before the summit of the N curve was reached, and before it ceased the V 
trace had been raised considerably above its undisturbed level. 
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At Alibag the movements were in the main of the usual type. The D and V 
traces show small cup-like depressions. The H trace, after the usual rapid rise, exhibits 
a further rise at an equally uniform but much slower rate, and a series of irregular move­
ments carry it still further up the sheet. Only the first movement has been regarded as 
included in the s.c. On the whole, the H curve has a somewhat crested appearance. 

At Honolulu the movements were also unidirectional, but the rise in the Hand 
the fall in the V trace show a sudden reduction in the rate of change when about half 
the movement had been accomplished. The movement in D is as usual very small, 
and recovery set in at once, leaving a small cup-like depression. 

• 
The Helwan curves resemble those for Alibag, but the depressions in the D and V 

curves are more conspicuous, and the H curve is fully as crested in appearance. 
At Agincourt the movement in H is rounded, and after the summit is reached 

there is an immediate faU equal to about half the rise. Thus the curve is dissimilar 
in appearance from the H curves at Alibag, Honolulu and Helwan. The movement 
in D is small, but appears to be oscillatory, the first movement-an increase of 
westerly declination-being reversed a very appreciable time before the summit of the 
H curve is reached. 

At Eskdalemuir the cOlnmencing movement is small, and apparently unidirectional 
in all the elements, but the rate of movement diminishes in both the Nand E curves before 
the summit is reached, and a partial recovery sets in at once, as in the Agincourt H curve. 

At Sitka there were previous pulsations visible in the H curve, and the move­
ment may not have been unidirectional, though on the whole it seems so. After the 
first rise the H curve has a short almost level portion, and then a slight further rise. 
The D curve shows two oscillations. The first movement of the first oscillation seems 
to end synchronously with the first upward movement in H, and in the calculations 
embodied in Table CXXVIII the end of these movements has been accepted as the end 
of the s.c. The V curve shows a succession of small oscillations or pulsations. The 
movement in progress at the time of the s.c. was down the sheet. 

The results derived from the curve measurements are given in Table CXXVIII. 

TABLE CXXVIII.-S.c. Movements on January 17, 1912. 

Station. 
I 

Movement. 
\ 

ii. I T. I "'. I x· I 
Duration. 

" " 
0 0 Minutes. 

Antarctic ... ... First ... ... 40·3 41·4 313 14a 2·5 

" 
... ... Second ... ... 69·0 70·5 131 12 b 8 

Mauritius ... '" Principal '" ... 13 - - - 7 

Buitenzorg { 7·5 7·5 353 2a 3 ... ... 
" 

... or 17·9 18·0 0 6b 7·5 
Alibag ... ... ... 

" 
... ... 17·5 17·9 354 12a 8 

Honolulu ... . .. 
" 

... ... 9·3 9·9 20 21 b 6 
Helwan '" ... 

" 
... . .. 10·9 11·5 329 19a 6 

Agincourt { 9·2 - 340 - 4 ... '" " 
... or 13·3 - 353 - 8 

I 

Eskdalemuir ... ... 
" 

.. . ... 14·9 15·0 306 7a 5 
Sitka ... ... . .. , " 

. .. ... 11·9 11·9 10 5b 2·5 
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In the Antarctic for the first 5 hours after the s.c., while there was a little more 
disturbance than before the s.c., there was nothing worth mentioning. But between 
11 and 21 hours after the s.c. there were considerable movements, representing at. least 
an approach to a magnetic storm. The s.c. occurred between 16 h. and 17 h. of the 
17th in the time of 1800 E, and the ranges on the 18th were 249y in N', 292y in E', 
and 165y in V. At Eskdalemuir the N curve was unquiet after the s.c., ~xhibiting 
numerous small oscillations during the rest of the day, but there was nothing approaching 
a nlagnetic storm. There was greater disturbance at Sitka, especially from 5 to 7 hours 
after the s.c.; during this time a change of about 100y took place in V in less than an 
hour, and synchronously there was a change of about 12' in D at Agincourt. 

September 30, 1912, Plate .XXVI. 

Section 75.-The s.c. of September 30,1912, began about 21 h. 36 m. G.M.T. During 
the previous 24 hours conditions had been decidedly quiet in the Antarctic, and at least 
as quiet as usual at Eskdalelnuir. The crest phenomenon was particularly prominent 
on this occasion, and in addition to the usual traces covering frolll 1 to 2 hours 
after the s.c., Plate XXVI includes longer portions of curve from the Antarctic, Alibag, 
Honolulu, Helwan, Agincourt and Eskdalemuir for the whole time during which the 
crest persisted. 

In the Antarctic the commencing movement was oscillatory as usual, the se~ond 
movement being much the larger; but the movements in all the traces were, as on 
April 9, 1911, in the opposite direction to that usual in s.c's. The end of the first move­
ment is clear, and the times for the different elements seem to accord, but owing to the 
movements in progress at the time, it is difficult to say exactly when the first movement 
commenced. The start seems pretty clear in N', but in E' either the commencing 
movement suddenly accelerated, or the first part of the upward movement comes from 
a separate source. In V the upward movement was in steps. 

The calculation lllade of the amplitude of the movement assullled that in V the s.c. 
was represented by the step nearest the summit, and in E' by the part having the steepest 
slope, as this seemed to fit in best with the N' movement. If the E' trace had alone 
existed, it would have been doubtful whether to take for the end of the s.c. the end of the 
swift downward motion, or the lowest point which was reached 4 minutes later. 
But the former alternative seems clearly the best, as it fits in with the times indicated 
by the N' and V traces. 

At Mauritius H rose about 11 y in about 8 minutes. There was also apparently 
a very small easterly movement in D, with a force equivalent of about 2y. 

At Buitenzorg a number of pulsations had appeared previously in the N curve, 
but so far as can be seen the commencing movement in that elenlent was unidirectional. 
The slope of the upward movement began shortly to fall off, and the final rise near the 
summit is conspicuously slower than the rest. The movement in the E trace seems 
clearly oscillatory. A rapid movement down the sheet came first, then a somewhat 
larger but slower movement up the sheet, and finally a still larger movement down the 
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sheet. The V trace shows a very small fall, followed by a considerably larger rise. 
Opinions may well differ as to how to analyse the commencing movements. If we take 
the extreme summit of the N curve as representing the end of the s.c., its duration 
would be 10' 5 minutes, which is unusually long. The summit of the N curve answers 
practically to the end of the third movement in E and the second in V. The first 
movement in E had apparently only about half the duration of the first movement in 
V, and no special feature appeared on the N curve at the end of either of these move­
ments. But the summit of the E curve, representing the end of the second movement 
in that elenlent, seems represented by a marked change of slope in the N curve. If we 
accept this as the end of the s.c., we give it a duration of about 6 minutes. 

At Alibag there seems nothing unusual in the conlmencing movement. It is 
repr~sented in the D and V curves as usual by a very small temporary depression, and 
in the H curve by a rise, at a slope which is nearly uniform until close to the summit. 

At Honolulu the large movement up the sheet in H seems preceded by a very small 
downward movement, but pulsations occurred during the two previous hours, and the 
downward movement may be no part of the s.c. After a short time the slope of the rise 
in H fell off. Shortly thereafter it became steep again, but at the end of 6 minutes 
it diminished markedly. The extrenle sunlmit was reached about 10 minutes from the 
start. The D trace was moving up the sheet prior to the s.c., and the commencing 
movement down the sheet was so small that it practically amounted to merely 
neutralising the rise. The V trace went perceptibly down the sheet in two steps, and 
then went up again. The end of the second step in V seems to answer in time to the 
marked slackening near the summit of the N trace, which suggests 6 minutes for the 
duration of the s.c. 

At Helwan the H trace closely resembles that at Alibag. The D curve shows an 
almost imperceptible temporary depression. The V curve shows a decided fall, followed 
by a slower recovery. 

At Agincourt the commencing H movement was apparently oscillatory, a small 
movement down the sheet preceding a moderate movement upwards. The rate of rise 
was very rapid at first, but fell off considerably, though remaining fairly rapid until the 
summit was reached. The D movement was insignificant, but apparent oscillatory. 

At Eskdalemuir the principal movement in N, up the sheet, seems preceded by a 
very small fall. This may come from a distinct source, as it seems prior to any visible 
movement in E or V. The summit in the N curve is rounded, but the change of slope 
is gradual throughout. The rise in the E curve exhibits two fairly distinct slopes. 
The sunlnrits in the Nand E curves are reached simultaneously, and presumably represent 
the end of the s.c. The fall in the V trace is larger than in some previous cases, and 
during the fall the slope seems fairly uniform. 

No Sitka curves were available. 
The crest is very clearly shown in the H or N curves at all the stations except the 

Antarctic. It lasted for fully 5 hours, the movements terminating it being to all 
appearance synchronous at the different stations. The time scale is sufficiently alike 
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at Alibag, Helwan and Eskdalemuir to enable the general sinlilarity of the features 
in the H or N traces at these stations to be taken in at a glance. The phenomenon is 
almost as clear in the E trace as. the N trace at Eskdalemuir, so both are reproduced 
in Plate .XXVI. The tillle scale at Agincourt is intermediate between that of the 

. ordinary Kew pattern and Eschenhagen lllagnetographs, so exact correspondence in 
time between the AginGourt and Eskdalemuir phenomena can hardly be decided by 
the eye alone, but the close general resemblance of the Agincourt H trace to the 
Eskdalemuir N trace is easily recognised. The Honolulu H trace is put under the 
Antarctic traces in Plate XXVI, as the time scale was practically the same. The breaks 
in the Honolulu curve arose from the fact that scale value determinations were 
being made. If the Antarctic E' trace were inverted it would have a somewhat crested 
aspect, but neither the N' nor the V trace suggests a crest. 

The results as to the commencing movements derived from the curve measurements 
are given in Table CXXIX. 

TABLE CXXIX.-S.c. Movements on September 30, 1912. 

Sta.tion. I Movement. I ii. 
I 

T. I ",. I x· I 
Dura.tion. 

71 71 
0 0 Minutes. 

Antarctic ... . .. First ... .. . 45·5 46·2 53 10 b 2 

" ... ... Second ... ... 111·2 125·7 248 28a 4·5 
Mauritius ... ... ~rincipal ... ... 11 - - - 8 

Buitenzorg { 11·7 11·7 1 0 6 ... ... 
" 

... . .. or14·2 14·6 352 12 b 10·5 
Alibag ... ... ... 

" 
... .. . 13·8 13·8 354 4a 7 

Honolulu ... ... 
" 

... .. . 9·6 10·1 15 18 b 6 
Helwan ... ... 

" 
... ... 16·7 17·8 348 20a 8 

Agincourt ... ... 
" 

... .. . 15·5 - 355' - 10 
Eskdalemuir ... ... 

" 
... .. . 24·4 25·0 339 12 a 7 

I 1 

In the Antarctic after the s.c., conditions became distinctly less quiet than before. 
There was some loss of trace from 7 to 81 hours, and from II! to 13! hours after the 
s.c. During the first of these intervals there was a considerable change in E', which may 
have been oscillatory. With this possible exception the movements, though very much 
in excess of what was customary on quiet days, were of an unusually regular character. 
The s.c. occurred between 9 h. and 10 h. of October 1 in the time of 1800 E., and the 
ranges shown by the incomplete traces of that day were 21071 in N', 28871 in E', and 17271 

in V. They were amongst the largest ranges on October days. The crest persisting 
after the s.c. at Eskdalemuir represented only a small force. There were larger move­
ments in both Nand E, from 6 to 18 hours after the s.c., but nothing approaching a 
magnetic storm. A more disturbed state of matters was shown frolll 5 to 15 houl's 
after the s.c. by the Agincourt curves. During this interval there was a range of 8471 

in Hand 23' in D. At Alibag and Helwan, after the crest subsided, the curves showed 
the ordinary features of a quiet day. At Alibag this quiet state of matters lasted nl0re 
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than 24 hours. A minor disturbance which began some 30 hours after the s.c. can hardly 
be related to it. 

Further particulars as to the disturbances on September 30 and October 1, 1912~ 
will be found in Section 133 and Table CLXXXV. 

October 20, 1912, Plate XXVII. 

Section 76.--·The s.c. of October 20, 1912, began about 17 h. 20 m. G.1\1.T. From 
10 to 3 hours prior to the s.c., conditions had been unusually quiet in the Antarctic, 
but during the 3 hours immediately preceding the s.c., decided unquietness prevailed, 
incessant small oscillations appearing in all the traces. ~he preceding unquietness was 
much less conspicuous at the co-operating stations, but pulsations were recognisable 
at most. 

In the Antarctic the s.c. is hardly of the usual type, but rather resembles an enlarged 
pulsation. The two movements down and up the sheet were nearly equal, the first 
being slightly the greater, and the duration was unusually short. The beginning and 
end of the first movement seem identical in the three elements and are very sharply 
defined. Opinions might differ, however, as to the second movement. The V curve 
after returning to its original height remains level for two minutes before going further up 
the sheet in a series of steps. In its case the t.ime when the original level was resumed 
seenlS the only natural end one can assign to the s.c. The N' trace) after reaching its 
origiIiallevel synchronously with the V trace, immediately executes a second oscillation. 
In this oscillation the second movement is much the larger, raising the trace 
considerably above its original level. If the N' trace stood alone, the first movement of 
the second oscillation nlight be regarded as nlerely a short interference with the second 
movement of the s.c.. The phenomena in E' resemble those in N', except that the 
second movement of the first oscillation falls short of the original level, and the second 
oscillation only brings the trace to its original level. If the E' trace had stood alone, 
it would have been natural to regard the s.c. as ending with the .second oscillation. 
In view, however, of the V phenomena, the end of the first oscillation has been accepted 
for the end of the s.c. in calculating the results in Table CXXX. 

At Mauritius there was a well marked s.c. movement in H, the element rising 171' 

in about 4 minutes. The D trace showed a small easterly movement with a force 
equivalent of about 21'. After the summit of the H trace was reached, there was inlme­
diately a slight fall, but a well marked crest persisted until about 65 minutes after the 
commencement of the s.c. The fall from the crest took place in a series of steps. 

At Buitenzorg the s.c. presents the usual features, and unlike the Antarctic s.c. 
is larger than usual. The rise in the N curve and the falls in the E and V curves seem 
to end approximately at the same time, but the copy of the V trace received was too 
faint to pernlit of certainty on this point. Recovery sets in at once, but is only partial 
in Nand E. In V, however, as seems usual at Buitenzorg, the trace is raised considerably 
above its original level. . 

At Alibag the movement is unidirectional as usual, and somewhat above the average 
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size in D and V. As at Buitenzorg, H remained well above its undisturbed value for 
over an hour, but the crested appearance is less pronounced than usual. 

At Honolulu the movements in Hand D are somewhat above the average size. 
The D trace shows two small knobs. If it stood alone, we should naturally accept the 
summit of the first and higher knob as representing the end of the s.c. In support of 
this view there is the furt.her fact that the first summit in D tallies fairly in time with 
a point on the H trace where the slope distinctly falls off. On the other hand, the slope 
in the H trace after this point remains steep, and as the H movement is much the largest 
its summit seems the natural limit to take. The V trace shows a fairly steep fall, 
occupying somewhat longer than the rise to the first sumrrlit in D, succeeded by a nearly 
level part. It thus affords little guidance for fixing the end of the s.c. 

At Honolulu an exceptional feature is the very considerable movement up the 
sheet in V, which set in shortly after the s.c. and continued for several hours. 

At Helwan the movements are of the type usually encountered there, except that 
the recovery which set in at once in D brought the trace to somewhat above its original 
level, and was imnlediately followed by a movement in the same direction as the 
commencing movement and fully larger. A considerable resemblance will be noticed 
between the H traces after the s.c. at Alibag, Honolulu and Helwan, and the N trace at 
Buitenzorg. The chief difference is that the H trace at Honolulu has a general tendency 
up the sheet as compared with the others. 

At Agincourt the curves, especially the H curve, were not very clear. Apparently 
the commencing movement' in H was oscillatory, a small movement down the sheet 
preceding a much larger movement up the sheet; but the slope of the upward movement 
is interrupted by a pulsation, and the first movement down the sheet may represent 
part of a preceding pulsation. The D movement was clearly oscillatory, a sharp 
movement up the sheet (i.e., to the West) preceding a larger movement down the 
sheet. The slope of the downward movement suddenly fell off about half-way down. 

At Eskdalemuir the commencing movement was oscillatory in Nand E, the 
downward movement in N being relatively considerable. The E trace presents two 
summits, the connecting ridge showing a very slight dip. It is the second summit 
which correspo~ds in time with the summit in N; the earlier summit in E corresponds 
with a :reduetion in the slope of the N trace. So far as can be seen, V had a uni­
directional movement down the sheet, which began and ended synchronously with the 
second movement in N, but it may have been preceded by a movement up the sheet 
too small for recognition. 

At Sitka the V trace at the time of the s.c. was invisible. The movement appeared 
oscillatory in Hand D. The first movement, down the sheet in both elements, was 
noticeably more rapid than the movements in somewhat numerous pulsations which 
preceded it, and so was presumably really part of the s.c. The D trace shows two 
summits, the second a trifle the higher ; but the first corresponds in time with the summit 
of the H trace, and so has been regarded as marking the end of the s.c. The second 
SUffilnit in the D trace has a corresponding but relatively insignificant peak on the H 
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trace. Both curves then show a rapid fall carryIng them below their undisturbed 
levels, and irregular oscillations ensue. 

The results derived from the curve measurements are given in Table CXXX. 

TABLE CXXX.-S.c. Movements on October 20, 1912. 
------

Station. 
I 

Movement. 
I 

iT. 
I 

T. 
I 

",. ·1 
x. 

I 
Duration. 

I' I' 
0 0 Minutes. 

Antarctic ... ... First ... ... 38·0 39·9 232 17 a 1 

" 
... ... Second ... ... 32·2 34·0 42 19 b 2·5 

Mauritius ... ... Principal ... .. . 17 -- - - 4. 
Buitenzorg ... ... 

" 
... .. . 28·0 28·1 350 5a 6 

Alibag ... ... ... 
" 

... ... 22·2 22·4 349 7a 6 

Honolulu { 7·4 8·1 333 23b 1·75 ... ... 
" 

... .. . or12·5 12·9 26 14 b 6 
Helwan ... ... 

" 
... ... 22·1 23·3 351 19 a 5·5 

Agincourt ... ... First ... . .. 8·4 - 226 - 2 

" 
... ... Second ... . .. 29·9 - 35 - 8 

Eskdalemuir ... ... First ... ... 7·3 7·3 167 0 1·5 

" 
... ... Second ... ... 36·3 36·5 346 5a 6 

Sitka ... ... ... First .. . ... 3·6 - 170 - 0·5 

" ... ... ... Second ... . .. 21·2 - 342 - 1·5 

" 
... ... ... Third ... .. . 32·9 - 153 - 7 

The unquiet conditions which had prevailed in the Antarctic for 3 hours before 
the s.c. developed further after it, and the curves were' decidedly oscillatory until 8 

hours after the s.c., when quiet conditions once more prevailed. The s.c. occurred 
between 5 h. and 6 h. on October 21 in the time of 1800 E., and the ranges on that 
day, viz., 1801' in N', 1101' in E' and 1221' in V were in no way remarkable. A return 
to quietness about 8 hours after the s.c. seems fairly characteristic of most stations. 
The disturbances which followed the s.c. were in general only sufficient to prevent 
the day being regarded as a quiet one. 

Section 77.-Table CXXXI, p. 246, is intended to summarise the results as to the 
directions of the s.c. movements. Those movements which seem preliminary or subsidiary 
to the principal ones are in ordinary type, the principal movement or movements being in 
heavy type. A plus sign means in Llll an increase of horizontal force, i~ .1D a~increase 
of easterly or decrease of westerly declination, in LI N a force to geographical North, 
in LIE a force to geographical East, in LlV a force directed downwards on a north 
pole. The minus sign means the opposite. A sign of interrogation means that for some 
reason, usually the smallness of the apparent movement, the existence of the movement· 
in question or its connection with the true s.c. movement is doubtful. 

There is inevitably some arbitrariness in the distinctions drawn. Soon"er or later 
any sensible departure from the normal is removed, and whether one regards a movement 
as oscillatory or not is partly a question of the personal equation. In the Antarctic 
the oscillatory character of the s.c. movement would probably be admitted by all ; 
because while the first movement was usually the smaller and took the least time, the 
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rates of change in the two movements were fairly similar, and the amplitudes not so 
widely dissimilar. Again at Alibag few would probably regard the H movements as 
oscillatory, because while a sensible fall from the summit attained during the s.c. 
movement sometimes took place in a short time, the return movement took a long time, 
sometimes several hours, to neutralise the commencing movement. But the description 
of the V movement as normally oscillatory at Buitenzorg, but unidirectional at Alibag 
and Honolulu, is more arbitrary. 

At Alibag and Honolulu the V trace was in general visibly cup-shaped, which implies 
that after a comparatively short time a recovery had set in comparable in amplitude 
wit~ the commencing movement. But as a rule the depression produced by the 
commencing movement was not wholly removed for a considerable time, and the 
recovery generally slowed off markedly before the undisturbed position was reached. 
At Buitenzorg, on the other hand, the second V movement usually set in promptly and 
apparently before the commencing N movement was finished, and it was usually con­
siderably larger than the first movement. It did not stop when the undisturbed level 
was reached, and so could not be regarded as a nlere recovery. 

At Buitenzorg declination was only about 0° 50' East of North, so practically 
change in N represented change in H, and change in E change in easterly declination. 
Thus results at Buitenzorg, Alibag, Honolulu and Helwan' are practically directly 
comparable. At these stations the disturbing force in the horizontal plane is very 
largely changed in H, and one's attitude to the phenomena is naturally determined almost 
entirely by the H curve. This is more especially the case owing to the fact that the D 
changes at Alibag, Honolulu and Helwan appear on optical comparison to be even 
smaller than they actually are, owing to the in&ensitiveness of the D magnetographs 
as measurers of force. At Alibag in particular 1 mm. represented 11· Oy in the D trace, 
as compared with 4· 6y in the H trace. Even with the exceptionally good definition 
in the copies of the Aliba~ curves received, movements in D of the order of 1 y might 
easily escape detection, and no very exact measurement can be expected of their duration 
or amplitude. 

At Agincourt the s.c. movements were usually by no nleans large even in H, and 
they exhibited much more diversity of character than at the stations in lower latitudes. 
Whether this variability of type is a natural characteristic of Agincourt, or merely a . 
peculiarity of these particular disturbances, I am unable to say. The s.c. phenomena 
in 1911 and 1912 at Eskdalemuir unquestionably showed less uniformity of type than 
used generally to prevail at Kew Observatory in days prior to artificial disturbances. 
Eskdalemuir is, however, very decidedly more Arctic than Kew in the character of its 
magnetic disturbances, and the fact that the Eskdalemuir magnetographs record N 
and W instead of Hand D may tend to make s.c. records more complicated. Oscillations 
were undoubtedly the rule at Eskdalemuir and Sitka, but the firs't movement was usually 
very short in duration, and of small amplitude compared with the second. 
. A point to bear in mind, especially as regards LI E, is that the relation of geographical 
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co-ordinate axes to space depends not merely on the hour of the day, but also on the 
latitude and longitude. The times of occurrence of s.c. movements are at least prac­
tically identical for all stations, but at places like the Antarctic station and Eskdalemuir 
(differing 1700 in longitude), Buitenzorg and Agincourt (differing 1860 in longitude), 
and Sitka and Helwan (differing 1670 in longitude) a direction in space which is East 
at one station is not far from West at the other. 

A remarkable feature in Table CXXXI is that the disturbing vertical force during 
the principal movement is nor~ally downwards at Honolulu and Sitka, whereas 
at Alibag, Helwan and Eskdalemuir it is upwards. It is also noteworthy that there 
seems nothing at the other stations corresponding to the fundamental difference in 
type exhibited in the Antarctic by certain s.c's, those for instance of April 8' and 
April 9, 1911. 

Section 78.-Tables CXXXII to CXXXV, pp. 247 to 250 present for the several 
stations an analysis of the disturbing forces to which the s.c. movement or movements 
may be assigned. LtN, LtE and LtV represent components on the north pole of a magnet 
directed respectively to geographical North, to geographical East, and downwards. 
Lt X, Lt Y and Lt Z denote components relative to three axes fixed in the earth; z 
denotes the earth's polar axis, the positive direction being from South to North; x 
and yare direetions perpendicular to z, y being in the meridian of Greenwich, and 
x 900 East of Greenwich; ~ is tan -1 Lt X / Lt Y, and () is cos -1 (Lt Z I Lt R), where 
LtR2 == LtX2 + LtY2 + LtZ2. The s.c's are numbered chronologically 1 to 13 to 
facilitate reference. 

Table CXXXII gives details for both the movements constituting the s.c. in the 
Antarctic. It should be noticed th~t (~, ()) and (1800 + ~, 1800

-()) represent the 
two directions of one and the same straight line. Obviously s.c's Nos. 1, 3, 4, 6, 'S, 9

l 
10 and 13 forIn a natural group, and s.c's Nos. 2, 5 and 12 another group, with opposed 
characteristics. In the first group, N, E and V all fall in the first movement and 
rise in the second; in the second group the exact opposite~ holds, except that in the 
first movement of Nr. 5 LtN instead of a positive has a very small negative value. On 
comparing the mean results obtained for the two groups, it will be recognised that 
we have an approach to movements in a single straight line. It is as if the difference 

. between the two groups consisted only in the order of succession of the two phases. 
S.c's Nos. 7 and 11 are in some ways intermediate between the two groups,~but they 
show more resemblance to the more numerous group. 

The first phase of s.c's Nos. 1, 3, &c., and the second phase of s.c's, Nos. 2, 5 and 
12 represent what was called a Type A disturbance in the discussion of the Antarctic 
curves of 1902-03; the other phase in either case represents what was called a Type 
B disturbance. In 1902-03 the only two s.c's of which the" records were undoubtedly 
complete were those of May 8 and August 20, 1902. On a third occasion, 
August 25, 1903, the H trace may have extended sensibly above the level where it 
became invisible on the sheet, but calculations were made which assumed the visibl~ 
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trace complete. The results originally found were given in Table LXVI of the 1902-03 
volume, but the figures given there for LlV on May 8 and August 20, 1902, were in 
error. The V instrument went through various vicissitudes in 1902, and on the two 
occasions in question there was an unusually large parallax between the V curve 
and the base line. This was overlooked, the consequence being that what was really 
the first phase in the V movement was supposed to be the second. On re-examining 
the curves I noticed this oversight, and have accordingly re-calculated the values of 
LlX, LlY, LIZ, 4> and 0. The s.c. of May 8, 1902, was clearly of the same type as that 
of April 8, 1911 ; . while the s.c. of August 20, 1902, was of the opposite type. The 
s.c. of August 25, 1903, bore most resemblance to the group in which the type A 
movement came first, but in one respect it was abnormal. The s.c. occurred at a 
moment when the curves were otherwise considerably disturbed. The first s.c. 
movement in D was down the sheet, and the swing had apparently just stopped when 
the pre-existing disturbance re-asserted itself, the result being a nearly quiescent 
state, followed shortly by a further rapid movement down the sheet. The mean 
values given in Table LXVI of the old discussion included the s.c. of August 25, 1903, 
while its exclusion 'may be desirable for the reasons just stated. I have accordingly 
repeated the calculations-a course necessary in any case owing to the changes in 
the data for May 8 and August 20, 1902-both when August 25, 1903, is included 
alid when it is excluded. The results are given below, with the corresponding results 
from the s.c's of 1911-12, omitting the two of nondescript type Nos. 7 and 11. 

i -
i 

Type A (Phase with LIZ negative). Type B (Phase with AZ positive) . 
• 

LlX LlY L1Z LlR ¢ 0 L1X LlY !.1Z LlR ¢ 0 
y y y y 0 0 y y y y 0 0 

1902-03 (3 s.c's) +26·1 +57·4 -35·3 72·3 24 119 -18,2 -33·0 +21·0 43·1 209 61 

1902-03 (2 s.c's) +31·7 +28·5 -14·7 45·1 48 109 -33·2 -28·5 +12·0 45·4 229 75 

1911-12(11 s.c's) +43·1 +29·9 -22·8 57·2 55 113 -57,3 -37·1 +27'8 73·7 237 68 

For comparative purposes significance attaches mainly to the values of 4> and 
0, because the amplitude varies immensely from one s.c. to another, and the relative 
magnitude of the A and B disturbances depends on the proportion of cases in which 
A is the first or the second movement. . 

The positions of the stations were slightly different, 77 0 51' S. and 1660 45' E. in 
1902-03, but 770 38' S. and 1660 24' E. in 1911-12.. We should certainly not expect 
so small a difference in site to exert much influence, but considering the comparative 
proximity of the south magnetic pole we should not expect iaentical values of 4> and 
0, even in the case of the same disturbanc~s. 

When consulting the 1902-03 volume it should be noticed that in Table LXVI, 
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AV was counted positive when the vertical force increased numerically, thus the 
signs require reversal for comparison with the results in the present volume. 

Three other s.c's occurring respectively on November 6, 1902, April 5 and 
December 13, 1903, were imperfectly recorded. On November 6, 1902, the D 
movement was too rapid to leave a visible record. On April 5, 1903, the first phase 
seems completely shown, though the D and H traces are very faint, but the second 
H movement went beyond the limits of registration. On these two occasions the 
s.c., so far as can be seen, was clearly of the same type as that of April 9, 1911. On 
December 13, 1903, the H magnetograph was out of action. JUdging by the traces 
of the other elements, the s.c. was of the same type as that of April 8, 1911. 

In the case of Buitenzorg and Alibag, Table OX.XXIII, LlX and L1Y are so small 
compared with L1 Z, that little weight attaches to values of q, for individual s.c's. 
This is especially true of Buitenzorg. At Alibag by treating 30 on June 30 as 3630 

an arithmetic nlean can fairly be calculated for 4>, and the little difference between 
it and the corresponding mean 'derived from the algebraic mean values of L1X and 
L1 Y encourages the hope that the results possess some significance. They indicate 
that the commencing movement has in general a westerly component. It must, 
however, be acknowledged that the corresponding mean value obtained for q, in 1902-03, 
from a smaller number of s.c's, was very different, being 1840

• The mean value 
obtained for () from the s.c's of 1902-03 was 11 0

, and. so accorded much better with the 
results in Table OXXXIII. It is interesting to notice that so far as () is concerned 
there is no decided difference at either Buitenzorg or Alibag between the two groups 
of s.c's for which such opposite results were obtained in the Antarctic. 

At Honolulu and Helwan, Table OXXXIV, there is again no special peculiarity 
in s.c's Nos. 2, 5 and 12. At Honolulu the component 'perpendicular to the meridian 
is usually small, but on the whole easterly; at Helwan it is unmistakably westerly. 
The value of q, is less variable, but the value of () nlore variable at these than at the 
nl0re southern stations. The amplitudes rule distinctly smaller at Honolulu than at 
the other stations. 

At Eskdalemuir and Sitka, Table OXXXV, the s.c. movements were generally 
oscillatory, but the movement with L1 N or L1 H positive was usually very dominant and 
it alone is dealt with in the table. The amplitude is generally greater at Eskdalemuir 
and Sitka than at Buitenzorg or Alibag, but there are exceptions to this rule, 
e.g., Nos. 7 and 12 at Eskdalemuir! and No. 11 at Sitka. The mean values of q, and f)­

at Eskdalemuir are fairly similar to the values obtained for Kew from 4 s.c's in 1902-03, 
viz. 1> = 2200

, () = 620
• . 

Section 79.-A study of the hours of occurrence of the s.c's discloses a curious 
feature in the Antarctic s.c's. They can be arranged in three groups as has been done 
in Table OXXXVI, p. 251. 

If it is purely accidental, it is truly remarkable that all the s.c's in which the B 
movement came first occurred between 21 h. and 23l h., while all the s.c's in which the 
A movement came first occurred between II! h. and 17! h. Also, considering the 

24:4 



number of the s.c's, the non-occurrence* of a single one between 4 h. 42 m. 
and 11 h. 21 m., between 17 h. 20 In. and 21 h. 3 m., or between 23 h. 25 m. and 
4 h. 8 m., seems a little curious. It certainly looks as if the hour of the day had a 
decided influence on the type of the Antarctic s.c. 

At the other stations with the possible exception of Sitka, there is at least no 
conspicuous difference between the s.c's which occur at different hours of the day. 
At Sitka s.c. No. 2 has an exceptionally large value of LI E, and as no traces of 
Nos. 5 and 12 were received, they may have exhibited the same peculiarity. 

Our discussion of s.c's will have shown that they are not such simple phenomena 
as the records from stations in low latitudes are apt to suggest; but they undoubtedly 
afford a promising field for investigation. Their study would be facilitated by the 
existence of magnetographs having a more open time scale, and greater sensitiveness 
than is common at present. This is especially true of D magnetographs in tropical 
latitudes. There is also at present a lack of information as to the characteristics of 
s.c's in high northern latitudes, or as to the influence of a big difference of longitude 
in high latitudes both North and South. We now know beyond a shadow of a doubt 
that s.c's are much larger in the Antarctic than in temperate or tropical latitudes, 
but we do not know whether the Arctic shares the pre-eminence of the Antarctic. 
The want of the moment seems to be fresh facts, rather than sp.eculations as to the 
cause of the phenomena. We do not at present have the information necessary to 
put theory to an adequate test. 

* Subsequent investigation showed, however, two cases that may have been s.c.'s, which occurred 
between 7 h. and 8 h. G.M. T. The first on December 14, 1911, at 7 h. 58 m., was the more doubtful of 
the two. 111 appeared to pe of the dominant s.c. type, but the first movement down the sheet was small 
in E' and V and hardly represented in N'. The second case occurred on December 26, 1911, at 7 h. 35 m. 
There were synchronous movements at Eskdalemuir resembling an s.c. In W the disturbance was clearly 
of the dominant s.c. type, but the movement down the sheet was only about a tenth of the subsequent 
movement up the sheet. The movements in N' and V seemed also of the dominant s .. c. type~ but oscilla­
tions were taking place at the time in N', and the first movement in V was very small. 
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TABLE CXXXVI.-Times of Occurrence of s.c. Movements of Different Types. 

~ - - -- -~--- .-- ------------.~.- .-~ -"- --~ 

S.c's with Type A movement first. I S.c's with Type B movement first. I Intermediate s.c's. 

Date. I BourG.M.T·1 Date. I BOUrG.M.T·1 Date .. I BourG.M.T. 

-----:-

h. m. h. m. h. m. 
May 8, 1902 ... ... 11 59 August 20, 1902 ... 21 3 October 2, 1911 ... 4 8 
November 6, 1902 ... 15 52 April 5, 1903 ... 23 25 January 17, 1912 ... 4 42 
December 13, 1903 ... 12 29 August 25, 1903 ... 22 57 
April 8, 1911 ... 11 21 April 9, 1911 ... 22 21 
May 29,1911 ... 14 34 June 30, 1911 ... 21 50 
June 9, 1911 ... ... 16 31 September 30, 1912 21 36 
August 19, 1911 ... 12 16 
November 8, 1911 ... 13 .43 
November 12, 1911 ... 15 5 
December 10, 1911 ... 15 39 
Octooer 20, 1912 ... 17 20 

-~-------" ------- -~----- ~-- ------ ------,-". "-------.--- ----- - -- -
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CHAPTER XI. 

SHORT PERIOD DISTURBANCES, INCLUDING THOSE OF THE 
"SPECIAL TYPE." 

Section 80.-In the discussion of the 1902-03 data a separate chapter (Chap. X., 
p. 186) was devoted to the" special type of disturbance," examples of which were shown 
in Plates XXVII (June 19,1903), XXVIII (June 28,1903), XXIX (June 29,1903), XXX 
(July 26, 1903) and XXXI (August 17, 1903). The difference in the magnetograph 
arrangements makes comparison of the old and new records difficult, but with the aid 
of the accompanying Fig. 4, a general idea of their inter-relationships can be· easily 
obtained. 

Nil N H' 

E" 

------r"'"""=~---E 

£' 

FIG. 4. 

Hand D magnetographs may be regarded as measuring changes of force respectively 
in and perpendicular to the magnetic meridian. The mean position of the magnetic 
meridian at the observing hut in 1902-03 was 152° 40' East of North. Thus a rise of 
H and a rise of D may be regarded as increases of force, the one along a line 27° 20' 
East of South, the other along a line 27° 20' South of West. In 1902-03, however, 
D and H both diminished with movement up the sheet. Thus in the 1902-03 
magnetograms, if we suppose the magnetic meridian the same as in the absolute hut, 
movement up the sheet in D means force in the direction OE" in the figure, 27° 20' 
North of East; while movement up the sheet in H means force in the direction 
ON", 27° 20' West of North. In the magnetograms of 1911-12 movement up the 
sheet in E' means force in the direction OE' in the figure, 7° 36' South of East, 
while movement up the sheet in S' means force in the direction ON', 7° 36' East of 
North. The inclination 34° 56' of OE" to OE' (or ON" to ON') is not negligible; 
still in a rough way movement up the sheet in the D and H curves of 1902-3 answers 
to movement up the sheet in the E' and N' curves of 1911-12. But movement up 

252 



the sheet in the V trace of 1902-03 meant numerical increase of V, and so answered 
to movement down the sheet in the V trace of 1911-12. 

Plates XXVII and XXIX of 1902-03 represent the usual form of the " special 
type." They show in D and H movements up the sheet, followed by movements of 
similar size down the sheet. During the first movement of D or H, or as it was called 
the first phase, there is a small movement of V down the sheet (which in the 1911-12 
curves would have been movement up the sheet), and during the second D and H 
movements (or second phase) there is a considerably larger movement of V up the 
sheet (down the sheet in the 1911-12 traces). The result is to leave V numerically 
enhanced above its original value, and in the two cases mentioned the recovery in 
that element was slow, and seemed hardly an essential part of the phenomenon. The 
intermediate Plate XXVIII of 1902-03 shows, however, a case in which, while the D 
and H movements are much as in' Plates XXVII and XXIX, the recovery in V after 
the second phase is fairly rapid, and is in fact much more prominent than the change 
occurring during the first phase. If in this case we attached special importance to 
the phenomena in V, we should regard the disturbance as one having three phases, 
the first and last representing (numerical) fall in V, the intermediate numerical rise. 
In Plate XX~ of 1902-03 the phenomena in D and V are much as in Plate XXVII, 
except that the first phase movement in V is very small; but the H movements are 
exactly the opposite, the first phase movement being down, the second phase movement 
up the sheet. This was by no means the only example of reversal of direction of 
movement. It appears in 17 of the 82 disturbances of the" special type" enumerated on 
pp. 187 and 188 of the 1902-03 volume. The direction of the D movement was 
reversed in only one of the 82 cases. The first phase V movement, though several 
times zero, was actually reversed in only two cases, but usually it was so small that 
the sign possesses little significance. In the second phase there was invariably a 
(numerical) rise in V. 

The attitude, adopted to the " special type " disturbance in 1902-03 was determined 
mainly by the D trace. Owing to the much lower sensitiveness of the V magnetograph, 
the V movements usually made little appeal to the eye, and the existence of a large 
temperature coefficient in the magnet, and large fluctuations of temperature in the 
magnetograph chamber, rendered its indications less trustworthy as a guide. The 
sensitiveness of the H instrument was high, but the trace was apt to go beyond the 
limits of registration during disturbed, times, thus chief regard was paid to the D trace 
when deciding the ·times of beginning and ending of the phases. This no doubt influenced 
the results obtained. In the Antarctic minor oscillations are usually superposed on the 
larger ones. Let us suppose two traces, say D and H, both executing a general movement 
up the sheet, due to a principal force system, which, if it acted alone, would bring the 
two traces simultaneously to their highest points. Suppose that at the same time a 
secondary field tends to produce short-period oscillations of varying size and duration, 
which are not exactly in phase in the two elements. The consequence is that several 
summits of different heights will appear in the traces, and the chances are that the 
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absolutely highest peaks in the two will not synchronise in time. If we regard the phase 
as terminating when the highest peak in the D trace is reached, we shall get a larger 
value for (D movementfH movement) than if we regard the end of the phase as 
determined by the highest summit on the H trace. 

Plate XXXIV for July 12, 1911, shows a disturbance fairly representative of what 
was considered normal in the" special type" disturbance of 1902-03. In the horizontal 
components the up and down movements are of similar size; in V, however, the first 
movement is relatively small. After the second movements there is some recovery 
in N' and V, giving the traces something of the bay form, but the V trace remains 
down the sheet (i.e., V is numerically enhanced) for several hours. In this case the 
minor oscillations are relatively small, still they exist, and the times one would assign 
for the end of the first phase from separate consideration of the three traces would not 
be identical. The highest summit in the V trace precedes the highest summits in the 
other traces. In 1911-12 this was in fact the rule rather than the exception. There 
are three nearly equal peaks in N', and three nearly equal peaks in E'. The third and 
slightly highest peak in E' occurred 3 or 4 minutes after the third peak in N', 
and 9 or 10 miriutes after the summit in V; and the values of N' and V which 
correspond to it in time are widely different from those answering to the )1ighest peaks 
in'the N' and V traces. On the other hand, the values of E' and N' which correspond 
in time with the summit in V are much below the values answering to the highest peaks 
in these elements. In this case the middle peak in N' seems the fairest to take as 
representing the end of the first phase. It corresponds with peaks in E' and V which 
are lower, but not so very much lower, than the highest peaks in these elements. 

There is obviously in this instance a similar difficulty in fixing the exact end of the 
second phase. The lowest point in the E' trace did not present itself until nearly 21 h. 
There are corresponding dips in the N' and V traces. So far as N' is concerned, it 
would not much matter whether we took this dip or one occurring 35 minutes earlier, 
but the V trace shows a marked recovery during these 35 minutes. Thus the earlier 
dip in the N' trace, with the corresponding lowest point in the V trace, seems the more 
natural end to the second phase. Accepting it, however, we get a considerably smaller 
E' change during the second phase, than if our choice had been determined by con­
sideration of the E' trace alone. There are many, especially of the smaller disturbances, 
which present less possibilities of choice, but there are comparatively few in which 
only one choice is possible. Some of the larger disturbances of the type are much less 
simple than that of July 12, 1911, and it is principally these that are reproduced in 
the plates. In preparing the list of disturbances which was circulated amongst 
observatories, with a request for copies of the curves, the larger Antarctic disturbances 
were naturally selected. 

Section 81. -Plates XXVIII to XL include copies of short-period disturbances* of the 
f.' special type" or analogous types recorded in the Antarctic and at co-operating stations. 
The disturbances of April 30, July 12 and 20, 1911, and Jlme 2,1912, in Plates XXVIII, 

* The hours of occurrence will be found in Table CXXXVII, p. 273. 
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XXXIV and XXXVIII, illustrate the more common form of the "special type." 
In each case there are first up then down movements 'in all the traces. 
The up and down movements in E' and N' are of the same order of magnitude, 
but the up movement in V is relatively small. In E' there are only the two prominent 
movements or phases. In N', however, a third movement in the same direction as 
the first is clearly apparent in three out of the four cases, and the second movement is 
decidedly larger than the first. In Y a third ,movement exceeding the first in size is 
seen in all four cases, and in Plates XXVIII and XXXVIII (June 2) the most prominent 
phenomenon in the V trace is undoubtedly the bay formed by the second and third 
movements. The average disturbance of the "special type " differs from those shown in 
Plates XXVIII, XXXIV and XXXVIII (June 2) chiefly in that it is smaller in 
magnitude and shorter in duration. The disturbance on July 20, 1911, however, is of 
a less simple character than the others classed with it. The commencement of the 
second phase in E' and N' seems delayed. The N' trace; in fact, suggests that a 
second wave, as it were, rolled in before the first had subsided. 

Plates XXXVI (April 5), XXXVIII (May 13), XXXIX and XL show another 
variant of the" special type." The distinctive feature is that the N'movenlents are 
the opposite of those in the more usual form, the first being down, the second up the 
sheet. The E' movements are of the usual kind, the rise coming first. There are so 
many minor irregularities that it is difficult to say whether the characteristic first 
phase movement in V up the sheet is represented or not. It seems to be indicated in 
the April 5 curve, where the bay is inconspicuous. In the other three cases the bay is 
the most prominent phenomenon in V. 

Plates XXIX, XXX, XXXI, XXXII, XXXIII, XXXV, XXXVI (August 24), and 
XXXVII show the remainder of the most prominent short-period disturbances recorded 
in the Antarctic. All present some of the features of the disturbance of the" special 
type," but whether they should be regarded as examples of it or not is doubtful.' In 
each cas~ there is a bay in V, which if not an essential is, at least, a common feature 
in the" special type." On these eight occasions the outstanding feature in the E' traces 
is the e~stence of one or more deep narrow bays. On May 16, 1911, 4 h.-8 h., and 
May 5, 1912, the most natural interpretation of the phenomena is that two independent 
disturbances succeeded one another after a short interval, the second being the larger. 
If we take the later of the two disturbances on May 16, 1911, as an example, its 
commencement distinctly suggests the" special type." We have a sharp rise and fall in 
E', with a slight rise and larger fall in N', a small rise in V and then a large fall. But 
the fall in E' carries the trace far below its original level, and this fall and the subsequent 
recovery constitute by far the most notable feature of the disturbance. The 
bay they form has analogous bays in the N' and V traces, but still the departure 
of these traces from the form characteristic of the ordinary "special type" disturbance 
is hardly fundamental. Very similar remarks apply to the disturbances of May 21, 
July 3, and August 24, 1911. On June 5, July 11 and 31, 1911, and the first disturbance 
of May 5, 1912, there is much irregular disturbance, but in all cases the narrow bays 
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in the E' traces and the bay in V are essentially phenomena of the same kind as on 
May 16, 1911. The second disturbance on May 5, 1912, between 10 h. and 13 h., has 
some special features. The E' trace has a deep narrow bay, but this is hardly 
represented in N' or V. Again, while the E' trace is not suggestive of the ordinary 
"special type," the N' trace unquestionably is, and the V trace is remarkable only in that 
the recovery is more rapid and complete than usual. 

Before proceeding further it will be well to consider the 16 short-period 
disturbances illustrated in the plates individually in the light afforded by the 
corresponding records from the co-operating stations. In all cases in the plates the 
arrow shows the direction of the forces acting on the north pole of a magnet. It 
indicates the direction of increase in II or N, in easterly declination or E, and in V force 
directed towards the earth's centre. 

Section 82.-Apri130,.July 12, 20,1911, and June 2,1912, Plates XXVIII, XXXIV 
and XXXVIII. These disturbances, it will be noticed, fall between 6 h. and 9 h., or 
7 h. and 10 h., G.M.T. Let u and u represent respectively large and small movements 
up the sheet, d and d large and small movements down the sheet, and let I represent a 
portion of lev~l or nearly level curve. Then, neglecting short-period oscillations and 
small changes of level, we might in general terms describe the several Antarctic 
disturbances as follows :-

--_._----- ------------

Date. E'. N'. v. 

April, 30, 1911 u d u d u 1 u d u 

July 12, 1911 u d u d u I u d u 

July 20, 1911 'U cl u 1 d u d u 

June 2, 1912 u d u d u 1 u d u 

It should be noticed that u (or u) represents a force on a north pole directed, easterly, 
northerly or towards the earth's centre. The residual effect at the end of the time 
included in the pla.tes consists in the main in a depression of the V trace down the sheet, 
representing a numerical increase in V above its original value. 

For Mauritius only Hand D traces were available. On each occasion the H trace 
showed a decided bay, representing a diminished value of H. On July 12, 1911, and 
June 2, 1912, the bay was rather a shallow one. The D trace showed very little sign 
of disturbance except on July 12, 1911, when the easterly movement normal at the 
hour was interrupted by a westerly movement, leading to a decided bay on the curve. 

At Buitenzorg, as the plates will show, the prominent feature on each occasion 
is the bay, depression, in the N curve. The lack of symmetry in the bays may reasonably 
be ascribed to the fact that the ordinary diurnal variation during the hours included 
would naturally bring the trace down the sheet. The E traces would naturally, in virtue 
of the regular diurnal variation, be convex upwards, but the disturbance tended 
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apparently to produce a very small bay, or what may be called a dimple. There is 
also in general a suggestion of a bay in the V trace, which was naturally nearly level at 
that time of day. 

At Alibag a shallow bay, depression, is distinctly. visible in all the H traces. The 
phenomena are closely similar to those at Mauritius. D and V traces were available 
only for July 20, 1911, when they showed little sign of disturbance. 

Honolulu and Helwan curves were available only for April 30, 1911. At Honolulu 
the H trace showed sensible irregular disturbance, tending on the whole to form a bay 
(depression). The D trace was practically quiet, and the V trace only a little less so. 
All the Helwan curves show irregular wavelike movements. There is a decided bay in 
H, similar to that at Alibag. 

For Agincourt Hand D traces were available except for July 12, 1911. The 
H trace shows a distinct bay, or depression, in H on April 30 and JUly 20, 1911, 
but the exact opposite or what we may for brevity ca,n a hump on June 2, 1912. 
The D trace shows humps-representing at Agincourt a westerly followed by an 
easterly movernent--but the hump on April 30, 1911, is small and accompanied 
by oscillations, while that on June 2, 1912, has a large indentation. 

At Eskdalemuir all the N curves show distinct bays, i.e., depressions of N. The 
movements in the other elements especially V are mostly trifling, but the E trace of 
April 30 shows a moderate hump, the chief movement in which represents a force directed 
to the west. 

For Sitka there were no traces for June 2, 1912. The principal movements on the 
other occasions, in the notation already employed for the Antarctic, were as follows :-

I I I 
-

Date. H. D. V. 

April 30, 1911 ... ... u d u d u d u d u d 

July 12, 1911 ... ... u d u d u d u u d 

July 20, 1911 ... ... u d d u u d 

Here u (or u) means a rise in H, but a fall in V, and a westerly movement 
in declination. 

Short period oscillations of considerable size accompanied the larger movements. 
The H movements at Sitka are of a less simple type than those at the other 
co-operating stations. In general there is a hump and a bay, the former usually the 
more prominent. The general cons~quence of the D movements is the production of 
bays, a single bay (i.e., an easterly followed by a westerly movement) on July 20, but 
a double bay on April 30 and July 12. The prominent feature in V is a hump (first 
fall then rise of force urging a north pole towards earth's centre 1. 

The Sitka movements, though notably less than those in the Antarctic, are much 
larger than the movements at any intermediate station. 
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A.pril 5, May 13, June 3 and Aug'ust 1, 1912. Plates XXXVI, XXXVIII, XXXIX 
and XL. ' 

Section 83.--Using the same notation as before, the movements in the Antarctic 
curves may be described as follows :-

Date E' N' V 

April 5, 1912 u d d u I (or u) d u 

May 13,1912 u d u d u d u 

June 3, 1912 u d d u d u 

August 1, 1912 u d d u d u d u 

--------------- --- ----- - -- -- _ .. ----- -- - ---------

In all cases nunlerous short-period oscillations were superposed on the principal 
movements. The general impression left is that of a hump in E', and bays in N' and V. 
The first, and principal, movement in V down the sheet seems to lag behind the first 
movements in the other elements. At the end of the time represented in the plates 
the V trace remains depressed, i.e., the element is numerically enhanced. 

There were no Mauritius curves for April 5. For the other three days there were 
Hand D curves, but the D trace on May 13 was almost invisible, and that on June 3 
too faint for measurement. In all cases the H trace showed a decided bay (depression). 
On June 3 and August 1 the westerly movement normal to the hour was neutralised 
or slightly reversed for a time. On May 13 the effect of the disturbance was to very 
sensibly reduce the D movement natura] to the three hours below its normal value. 

At Buitenzorg, where there was no trace for any element on April 5, the prominent 
feature in every caseis the bay in the N curve. The E curve on June 3 exhibits a 
regular convexity representing presumably the regular diurnal inequality. On May 13 
and August 1 the E trace is visibly disturbed during part of the time. The V trace 
shows a decided bay on May 13 and on June 3, and a hump followed by a bay on 
!\.ugust 1. 

No Alibag curves were available except for May 13 and June 3, and on the former 
occasion only H was represented. The only movements worth mentioning are the 
bays in the H curves. 

There were no Honolulu traces, and none from Helwan except for August 1. 
At Helwan on August 1 there was a decided bay, depression, in the H curve, and 

the D curve was slightly undulatory. 
Agincourt Hand D traces were available except for April 5. The movements 

were of a considerable size, but of irregular character. On May 13 the H trace shows 
a succession of large oscillations, while the D trace shows one large and numerous 
minor oscillations, which do not seenl in phase with those in H. The principal 
movements synchronize with the large bay in the Antarctic N' curve. On June 3 
there is a narrow but fairly deep bay in H, and a corresponding hump in D, which answer 
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roughly in time to the up movement and the faster part of the down movement in 
the Antarctic E' curve. During the subsequent time, when the principal Antarctic 
N' and V movements occurred, the Agincourt curves show only minor oscillations. 
On August 1 the main feature at Agincourt is a hump in the D curve. The H trace 
suggests a succession of irregular waves. 

At Eskdalemuir the N traces all show bays, those on May 13 and August 1 of 
considerable depth. The E traces also show decided movements of an undulatory 
character; on April 5 and August 1 the hump is the prevailing feature; on May 13 
the appearance of the curve is rather that of a double bay, with an intermediate 
higher portion of trace. The V trace shows on May 13 a fairly deep bay, and on 
August 1 a snlall dimple towards the end of the time; on April 5 it is practically 
undisturbed. 

Sitka is represented only on August 1, when the traces were somewhat highly 
disturbed. The principal features are a hunlp in H, and bays in D and V. The bay 
in V is narrow and deep, and bears no resemblance to that in D. The Hand D traces 
have a considerable general resemblance to the Antarctic E' and N' traces respectively. 
But if, as is more natural, we compare H with N' and D with E', we find the 
corresponding curves at the two places more nearly the inverse of one another. The 
principal V movement had finished at Sitka before that in the Antarctic commenced. 

It will have been observed that except in the Antarctic the phenomena presented 
by the disturbances of April 5, May 13, June 3 and August 1, 1912, are closely similar 
to those exhibited by the disturbances of April 30, July 12 and 20, 1911, and June 2, 1912. 

May 16 and 21, June 5, July 3,11,31, August 24,1911, and May 5, 1912.--Plates XXIX, 
XXX, XXXI, XXXII, XXXIII, XXXV, XXXVI and XXXVII. 

Section 84.-The Antarctic traces next to be discussed have as a general 
characteristic a series of very sharp deep depressions in the E' curves, and generally 
also in the N' and V curves. On two of the occasions, May 16, 1911, and May 5, 1912, 
there were what seem two independent disturbances, the second of the two being in 
each case much the larger. Using a suffix r to indicate a specially rapid motion, and 
employing 0 to represent short period oscillations, the principal movements in the 
Antarctic may be described as follows :-

I 
Date. I E' I N' I 

V 

I May 16 (2 h.-4 h.), 1911 ... u dr Ur d d U 0 d Ur I 

" 16 (4 h.-B h.), 1911 ... U dr Ur U d 0 U U dr U,. 

" 
21, 1911 ... ... u 0 dr U r U d u I d U 

June 5,1911 ... ... U d 0 d U 0 0 0 d U 

July 3, 1911 ... ... U dr u. 0 u d U 0 u (or 1) di - U.- 0 

" 11, 1911 ... ... U dr U r 0 U dr U r d U d 0 U 

" 31, 1911 ... '" U 0 U 0 u (or 1) dr 0 U 

August 24, 1911 ... ... U dr Ur 0 U d U r 0 , u dr Ur 0 
May 5 (8 h.-l0 h.), 1912 ... 0 dr U r 0 U dr U r 0 dt Ur d U 

" 5 (10 h.-13 h.), 1912 d 0 dr Ur 0 U d u 1 d U 

I 
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The disturbances of May 16 and July 3, 1911, were the most striking recorded 
in the Antarctic during 1911 and 1912. On May 16 the V trace seems to have just 
got off the sheet at the lowest point, so that the measured change in V may have been 
slightly exceeded. A quick run was in progress during the latter part of the second 
disturbance on May 16, and the corresponding part of the curve in Plate XXIX has 
been drawn from measurements made on the quick run curve. It does not fully show 
the shorter period oscillations. It will be noticed that in this third group of short­
period disturbances, as in the two previous groups, there is always a bay in V, and the 
recovery fronl the depression in the V trace is not completed within the time included 
in the plates, except for the later disturbance of May 5,1912. Thus the general tendency 
is to leave V numerically enhanced, after the disturbance in the horizontal field seems 
to be completed. 

At Mauritius the main feature is a bay or succession of bays (depressions) in H. 
The H curves are generally similar to the N curves at Buitenzorg and the' H curves 
at Alibag. On May 16 the H record did not begin until 4 h. Between 4 h. and 8 h. 
there seemed to be really twp bays, the second and deeper appearing before the 
recovery from the first was complete. Generally speaking, the bays are of a rounded 
character, and not similar to the very deep bays in the Antarctic traces. The bay 
between 10 h. and 13 h. on May 5, 1912, was the deepest. The fall and recovery 
were both rapid, as at Alibag. The D traces showed some signs of disturbance, but 
usually the principal feature was the regular diurnal variation. 

At Buitenzorg the out-standing feature in each case is a bay or succession of bays 
in the N curves. On May 16, 1911, there are a succession of bays, the largest partly 
synchronising with the very deep bay in the Antarctic E' curve. The bays in the 
Buitenzorg N curves generally last during the greater part of the disturbance 
shown by the Antarctic curves, and do not show any very exceptional development 
during the specially rapid Antarctic movements. On July 3, 1911, however, the bay 
at Buitenzorg is of shorter duration than usual, and the recovery is unusually rapid. 
T~e Buitenzorg E and V curves are much quieter, but all show minor disturbance, 
usually of an oscillatory character. On May 21, 1911, there are decided bays in both 
curves, especially the V curve. 'fhere are also minor bays or dimples in the V trace 
on July 3, 11 and August 24, 1911, and during the second disturbance of May 5, 1912. 

On the latter occasion there is also a distinct bay in the E curve. 
All the Alibag H traces show.bays, corresponding in time to those in the Buitenzorg 

N traces. The Alibag D and V traces, so far as available, show very little visible sign 
of disturbance, as compared even with t,he Buitenzorg E and V traces. The difference 
is probably largely due to the difference in sensibility of the magnetographs. 

Honolulu traces were available only for May 21, July 3 and August 24, 1911, and 
for May 5, 1912. On all these occasions, the most prominent feature is a hump on 
the H curve-i.e., an elevation of H-corresponding generally in time with the bays 
on the Buitenzorg Nand Alibag H curves. The D traces at Honolulu show v:ery little 
sign of disturbance. The V traces are a little more disturbed. That for July 3, 1911, 
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shows a. small bay, synchronous with the principal Antarctic movements, while the 
traces for August 24, 1911, and May 5, 1912, show very sensible undulations. 

Helwan traces were available for May 16, June 5 and August 24, 1911, and May 5, 

1912. The H traces show shallow bays, corresponding in time with those in the 
Buitenzorg Nand Alibag H curves. On May 16 and June 5 there are only minor 
irregularities in the D and V traces. On August 24 the V trace was very faint; 
theD trace is practically undisturbed. 

Agincourt D andH traces were available for all the disturbances, except that 
of May 21, 1911. On May 16, 1911, the traces were highly disturbed; but the move­
ments are very irregular and it is difficult to see their relation to those elsewhere. The 
Agincourt time scale is intermediate between the ordinary Adie and Eschenhagen 
scales, so superposition of the Agincourt traces and those from anywhere else is less 
helpful than usual in the detection of resemblances. The most uniform prolninent 
feature in the other disturbances at Agincourt is a hump (swings first to West then 
to East) in the D trace, corresponding in time in a general way with the largest 
Antarctic movements. 

There is a certain resemblance between the Agincourt D and Antarctic E' traces, 
implying that easterly force in the Antarctic was accompanied on the whole by westerly 
force at Agincourt. (The second disturbance on May 5, 1912, is, however, an exception 
to this.) But there seems nothing at Agincourt corresponding to the large rapid 
oscillations in the Antarctic. For instance, on July 3, 11 ~nd August 24, 1911, we have 
on the Agincourt D curve a large hump, with an almost smooth contour, at the time 
of large rapid E' oscillations in the Antarctic. The phenomena exhibited by the 
Agincourt H curves are more irregular. On July 11, 1911, the prominent feature 
is a hump, the greater part of which anticipates the hump in the D curve and the larger 
movements in the Antarctic. On July 31 and August 24, 1911, and during the second 
disturbance of May 5, 1912, there were decided bays, that of August 24 being of 
considerable depth; while the disturbance of June 5, 1911, may be regarded as a 
double bay. 

Disturbance was less at Eskdalemuir than at Agincourt. On May 16 and June 5, 
1911, the movements, which are chiefly exhibited by the Nand E curves, are of an 
irregular undulatory type, and the same is true generally of the other E curves. 

The N curves, whilst also exhibiting numerous minor oscillations, show a decided 
tendency to form bays, but all these are shallow. The Eskdalemuir V traces show 
little signs of disturbance, some being practically straight lines; but on May 16, 1911, 

there are sensible undulations. 
Sitka curves were available for all the disturbances of the group, except that of 

June 5, 1911. On May 16, 1911, trace was lacking during two short intervals, and 
as at Agincourt and Eskdalemuir the movements shown were of an unusually irregular 
character. On this occasion the movements which synchronised with the deep narrow 
bay in the Antarctic curves, though considerable, were not more prominent than the 
others. In fact the largest V movements and some of the largest movements in the 
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other elements occurred a considerable time later than the principal move~ents in 
the Antarctic. On all the other occasions a characteristic and prominent feature at 
Sitka is the hump on the V trace. On May 21, 1911, and May 5, 1912, the range in V 
at Sitka exceeded that in either of the horizontal components; in fact on the latter 
occasion it slightly exceeded the range of the Antarctic V movement. A hump on the 
Sitka V trace and a bay in the Antarctic V trace both represent a force on the north 
pole of a nlagnet outwardly directed from the earth's centre; so in a way the principal V 
movements at the two places had the same sense. But there seems no equivalent 
in the Sitka traces to the very rapid V oscillations which form the deep bays in the 
Antarctic. on July 3 and August 24, 1911, and May 5,1912. 

On July 3, 11 and August 24, 1911, there is a certain general resemblance between 
the Sitka H and Antarctic N' curves, but the hump on the Sitka H curve on July 3 
persists during part of the rapid fall in N' in the Antarctic. On May 21, 1911, and 
May 5, 1912, we have on the contrary bays in the Sitka H curves synchronising with 
humps in the Antarctic N' curves. 

The Sitka D trace has a certain resemblance to the Antarctic E' trace on May 21 
and August 24, 1911, and during both disturbances of May 5, 1912; but on July 3 
and 11, 1911, the traces are more like the inverse of one another. In no case does there 
seem any large rapid oscillation at Sitka to correspond to the large rapid oscillations 
in the Antarctic. 

Section 85.-The examination of the short-period disturbances included in Plates 
XXVIII to XL shows that except in the Antarctic the disturbances were all 
essentially of the same kind. The most prominent feature at Mauritius, Buitenzorg, 
Alibag, Helwan and Eskdalemuir is a depression in H or N, which lasts during the 
principal Antarctic movements, but seems independent of their particular character. 
Honolulu differs from the stations previously mentioned only in that H is elevated 
instead of being depressed. This somewhat remarkable reversal of H movements 
at Honolulu was also seen in some of the longer storms presently to be 
described. Agincourt is intermediate in latitude between Helwan and Eskdalemuir, 
but the phenomena at Agincourt are quite unlike those at Eskdalemuir or at 
the more southern stations. In the first place, at Agincourt the D movements 
generally exceed those in H; and as declination at Agincourt is only about 5° W., 
the difference between D and E traces therr would be insignificant. Then, while 
there are bays in some of the Agincourt H traces, this is by no means always the case, 
and a more characteristic feature is a hump in the D trace, implying a deflection of 
the magnet to the West of its normal position during the height of the disturbance. 

The disturbances at Sitka, the most northerly of the stations, are in every case 
nearest in amplitude to those in the Antarctic. Also, as in the Antarctic, it is the 
Sitka V trace which exhibits the greatest uniformity of type. There are in fact only 
two cases, May 16, 1911, and August 1, 1912, in which a hump is not conspicuous in 
the Sitka V trace. 

There is nothing at any of the co-operating stations which suggests any special 
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magnetic activity during the very iarge, rapid oscillations seen in the Antarctic on 
some occasions, notably May 16 and 21 and July 3, 1911. Thus these would seem to 
have been much more local in their incidence than the other movements. 

The fact that the disturbance.s appear first to diminish as we recede from the 
Antarctic, and then increase-notably in the American stations-may raise a doubt 
whether the disturbances at Agincourt and Sitka were really connected with those 
seen in the Antarctic. But while disturbance at these stations is not so rare an 
event as to preclude the possibility of occasional accidental coincidences, it seems 
quite beyond the range of possibility that there should be on every single occasion 
an accidental coincidence of disturbance in the Antarctic and at Sitka. It will be 
remembered that a parallel phenomenon appeared in the case of sudden commence­
ments, the amplitude tending to be decidedly greater at Eskdalemuir and Sitka than 
it was at Alibag or Helwan. 

Section 86.-It was originally intended to take nleasurenlents from which the 
amplitudes and directions of the disturbance vectors lllight be found representing 
the changes in the elenlents in corresponding given intervals of time at the several 
stations. But after consideration this was not done. The frequency and considerable 
amplitude of the shorter period oscillations at some of the stations would have 
interfered with the accuracy of the results, because small errors in the tilne would in 
many instances have caused serious errors in the measurements. Another consideration 
was that at some of the stations most of the disturbances occurred at hours when the 
normal diurnal changes were rapid, and no satisfactory allowance could have been 
made for these changes, without an onerous investigation for which adequate material 
was not available. When a disturbance lasts only a few minutes, as was the case with 
the s.c's, the neglect of the regular diurnal variation is unlikely to have serious con­
sequences, but it is otherwise when a disturbance lasts several hours, unless its range is 
very large conlpared with that of the diurnal inequality throughout the included time. 

As, however, some idea of the relative magnitude of the disturbance experienced 
at different stations was highly desirable, exact measurements were made of the 
difference between the greatest and least ordinates which were met with during each 
disturbance. The resulting ranges are given in Table CXXXVII, p. 273, along with 
ranges during the included hours derived from the regular diurnal inequality. The 
latter are given in smaller type and are enclosed in parentheses. 

Some of the inequality data were derived from information for individual months 
of 1911 and 1912, as published or as specially communicated by some of the 
observatories. Other ine"quality data represent means from a period of years. They 
should in no case be regarded as more than an approximation to the range to be 
expected in the average day's curve between the hours stated. At certain hours, a 
range derived from hourly readings-even when these represent readings at the exact 
hour from unsmoothed curves-is practically certain to be an underestimate of the 
true range, because the extreme values even in the regular diurnal variation do not 
naturally present themselves at exact hours G.M. T. 

263 R 4: 



On the other hand, it must not be taken for granted that equality or 
approximate equality between the range actually measured and that derived from 
the regular diurnal inequality necessarily implies that disturbance was non-existent 
or very small. Take, for instance, the case of N at Buitenzorg on July 11, 1911. 

According to Table CXXXVII the observed and calculated ranges were respectively 
30y and 27y, the difference 3y being insignificant. But a glance at Plate XXXIII 
shows that the disturbance at Buitenzorg was really considerable. The disturbance 
caused a very decided bay or depression in N. But at that hour of the day there is 
naturally rather a rapid fall in N, and the lowest point reached during the bay 
represented a value of N but little lower than would naturally have been attained 
somewhat later in the day, but still within the time covered by the disturbance. 
Again the. disturbance movement may be in the opposite direction to that normal at 
the hour, and the measured range in that case may be even less than that encountered 
during the same period of an undisturbed day. Further, it must be remembered that 
the interval, whether 2, 3 or 4 hours, to which the disturbance is assigned was 
naturally longer, on the average fully twice as long as the interval between the extreme 
readings. 

The mean ranges given at the foot of Table CXXXVII were derived only from 
those disturbances in which traces were available of all the elements, except V at 
Mauritius and Agincourt. The Antarctic station and Eskdalemuir are the only stations 
for which there are data for all of the disturbances. The results from the other 
stations are not strictly comparable, as different disturbances are lacking at different 
stations, and the amplitudes vary considerably. Still the data at the foot of the 
table give a very fair general idea of the extent to which the different stations were 
affected by disturbances of the kind, and of the relative importance of the contribution 
from the" regular diurnal variation. It is clear that at Honolulu, Agincourt and Sitka, 
as well as in the Antarctic, the neglect of the diurnal inequality would make little 
difference, and. at Eskdalemuir it would not be serious, but it would be otherwise at 
Mauritius, Buitenzorg, .Alibag, and Helwan, especially in the case of the declination 
or the easterly component. 

The table helps to confirm what has been incidentally said as to the large 
amplitudes experienced at Agincourt, and still more at Sitka. At Mauritius and 
Honolulu, on the other hand, the amplitudes seem decidedly less than for stations 
whose latitude is either lower or higher. 

It seems pretty clear that at the tropical stations disturbances of the kind 
illustrated tend to have the disturbing forces acting nearly in the magnetic or 
astronomical nleridian, just as we found with the s.c's, but in the higher latitudes this 
is not the case. The vertical component increases notably in relative importance in 
the higher latitudes. 

Section 87. To get a clearer idea of the relative importance of the different 
disturbances, the value was calculated of ~ LtH2 + LtD!! + l1V2 v'LtH2 + LtD2 

at Mauritius and Agincourt) or v' AN2 + LtE2 + LtV2, where LtH, .1D, &c., 
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represent the ranges in the several elements given in Table CXXXVII. This was done 
both for the disturbance figures and for the inequality figures. The results are given 
in Table CXXXVIII, p. 275, the inequality data being in smaller type and enclosed in 
parentheses. The quantity tabulated-or perhaps better its square-gives a more 
accurate idea of the general intensity of the disturbance than is derivable from the 
range of anyone element. 

The order in which the disturbances present themselves when arranged according 
to magnitude varies a good deal at different stations. In particular, while the 
dit3turbance of July 3, 1911, comes first in the Antarctic, elsewhere it is rather below 
than above the average. The second disturbances on May 16, 1911, and May 5, 1912, 

are rather outstanding at all the stations, especially the more northern ones. 
In comparing different stations, allowance must be made for the omission of V 

at Mauritius and Agincourt. Notwithstanding the absence of V, the Mauritius value 
is in every case larger than that for Honolulu, and the Agincourt value exceeds that 
for Eskdalemuir in 12 out of 15 cases. The smallness of the Honolulu figures is not 
improbably associated with the fact that the disturbances occurred at hours when 
the regular diurnal changes there were very slow. At Helwan, on the other hand, 
the disturbances occurred at times when the regular diurnal changes are rapid; but 
in spite of that the Helwan disturbance figure is usually a good deal lower than the 
corresponding Eskdalemuir figure. What is perhaps more surprising is that the 
Helwan figure is in every case but one less than that for Buitenzorg. The Antarctic 
figure is pre-eminent in every case, and the Sitka figure is invariably second. 

Section SS.-Measurements were made of the Antarctic curves at some of the more 
prominent points which seemed to correspond in time on the traces of the three 
elements, with a view to seeing the direction and amplitude of the vectors to which 
the changes of force in the intervals considered might be assigned. The results appear in 
Table CXXXIX, p. 276, where ii, T, l/J, x' a, b, have the same meaning as in Table CXXX. 
It gives the times (in the time of 1800 E.), as shown on the N' traces, answering to the 
beginning and end of each interval for which the change in force was measured. 
There were small (nearly constant) differential parallax errors for the three elements, 
the N' trace seeming to lag behind the E' and V traces by about o· 6 mm. and 0·9 mm. 
respectively, on the average. These differences were determined from the relative 
positions of the three traces at the end or beginning of each day's record, and were 
allowed for in the identification of corresponding points on the curves. 

It must be remembered that the direction of the resultant disturbing force was 
in general by no means constant during the interval dealt with. There were practically 
always minor oscillations superposed on the general movement in the trace of each· 
element, and the intermediate oscillations were sometimes far from negligible. Thus 
the angles appearing in Table CXXXIX represent only a species of average direction 
of the disturbance vector for the times stated. In a good m.any cases the change of 
ordinate measured in one or even two of the traces was less than would have been 
obtained by selecting a shorter period of time, wholly included within the period 

265 



selected. The highest and lowest points attained were seldom reached simultaneously 
in the three traces, and the choice made of the interval in any particular case was 
necessarily more favourable to a large range in one element than in the others. The 
case of April 30, 1911, will serve as an example of this. Two sets of results are given 
as alternatives for the first phase. The first alternative took as the end of the first 
phase a prominent peak (almost the highest) in E'. This had a corresponding peak in 
N', which though also prominent fell short of the highest by about 1·5 mm. (131'). 
A corresponding point is recognisable in the V trace, though somewhat insignificant, 
which is about 7 mm. (531') below the highest point of that trace. The second 
alternative took a point in V only 0·6 mnl. (51') below the highest peak in that curve, 
which had corresponding peaks in the E' and N' curves. This N' peak is a trifle 
higher than that given by the first choice, but the new E' peak is lower than that 
first selected by 5'5 nlm. (351')' If our choice had been determined by Valone, we 
should have taken the highest peak which was reached about four minutes after the 
disturbance began, but this would have given on the E' trace a point short of the summit 
employed in the first choice by 14· 5 mm. (951')' 

In this particular case the end of the second phase was determined mainly from 
consideration of the V trace, which moved up the sheet smartly after the lowest point 
was passed. A later time-i.e., a longer interval-would have been obtained if we 
had taken the lowest point on the N' trace, and a still later time if we had taken 
the lowest point on the E' trace. In either case we would have increased the horizontal 
and reduced the vertical component, and so got a smaller value for X. 

The first pair of entries under May 16, 1911, refer to the earlier disturbance on 
that date. The intervals were selected from consideration of the E' trace; but in 
this instance the lowest points appeared simultaneously on the three traces. The 
downward movement was arrested, and even reversed for a few minutes, and a 
possible alternative would have been to take the tinle-12 minutes from tp.e start­
when the downward movement was resumed as the commencement of the deep bay. 
This would have given a very appreciably reduced amplitude to the fall, but by 
reducing its duration to 17 minutes would have given a greater mean rapidity of change. 

In the second disturbance on May 16 the initial changes were of the type usually 
presented by the first phase of the special" disturbance. There then set in what 
resembled at first the ordinary second phase movement, only it resulted in a deep bay. 
Here again, exactly as with the earlier disturbance of the day, there was a sensible 
arrest of the downward movement-especially in the E' trace-and an alternative 
choice would have given for the deep bay a smaller fall, but an increased mean rate 
of fall. The final part of the fall in E' was quite exceptionally rapid, amounting to 
3251' in three minutes, or an average rate of 108y per nlinute. In the measurement 
of so short a time interval there is of course a possibility of error, but the turning 
points used were very clearly shown, and the error could hardly have exceeded the 
equivalent of 0'1 mm., i.e., 0·3 nlinute. The rise was interrupted by oscillations. 
During part of it there was a rise of 4201' in the course of 13 minutes. 
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On May 21, 1911, there was apparently an ordinary first phase-movement, well 
shown in both E' and N', followed by what seemed at first the ordinary second-phase 
movement. But after this had been in progress for some 15 nlinutes, there was a 
sharp reversal in E' and N'. In E' the reversal brought the curve nearly up to the 
level attained at the end of the first phase. In this instance it seemed more natural 
to regard the steep bay as conlmencing with this second summit in E'. In 
6 minutes E' had fallen 357y, giving a mean rate of 60y per minute. In the course 
of the next 3 minutes there was a large oscillation in E', not clearly shown in the 
original owing to faintness of trace. This brought E' back to nearly the level of the 
lowest point, and the lowest level in the N' trace answers to this second point in E'. 
In this instance it seemed fairest to omit the 3 minutes occupied by the E' 
oscillation, regarding the downward movement in the bay as terminating with the 
commencement of the oscillation, and the upward nlovement as beginning with its 
termination. 

The movements on June 5, 1911, described as first and second phases, are hardly 
normal examples of the " special type" ; and they were followed by a series of oscillatory 
movements, one of which, so far as E' and V are concerned, might fairly have been 
described as a deep bay. In fact, the disturbance in N' hardly suggested the ordinary 
,. special type,". but rather a succession of independent oscillations. 

The disturbance of July 3, 1911, presented features somewhat similar to those 
of the larger disturbance of May 16; but if any time intervened between the end of the 
first phase-which appeared a normal example of the special type-and the descent 
proper into the deep bay it was only a few minutes at most. In this case E' fell 617y 

in 13 minutes. During the first 6 minutes there was an arrest and reversal of the 
E' movement, and during the remaining 7 nlinutes there was a fall of 588y, giving 
an average rate of 84y per minute. During the first 5 minutes of the rise there was 
a large oscillation; the rise during the last 8 minutes amounted to 495y, giving a 
mean rate of 62y per minute. 

On July 11, 1911, the major part of the .fall recorded took place in the last 
6 minutes. The conlmencing movements in E' and V were suggestive of the "special 
type," but the first movement in N' was down the sheet, and the general impression 
produced by the traces was rather that of a succession of waves. 

July 12, 1911, was a fairly normal example of the "special type." The time 
assigned for the end of the second phase was based on the N' and V curves; the E' 
curve would have suggested a longer interval. 

On July 20 and July 31, 1911, the disturbances at the commencement seemed 
fairly normal examples of the" special type," and limits could fairly be assigned to the 
first phase, though on July 20 the E' trace suggested a longer interval than that taken. 
But in both inst~nces the subsequent course of the curves suggested the intervention 
of disturbance of a different type. 

On August 24, 1911, the earlier part of the disturbance seems of the usual" special 
type," the only difficulty being to ascribe a definite time for the end of the first phase. 
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The time selected is that suggested by the N' curve. The extreme summit in V appeared 
12 minutes earlier and that in E' 15 minutes later. The points in the N' and V traces 
corresponding to the highest point in E' are easily recognisable, and may fairly be 
regarded like it as marking the commencement of the fall, which initiates the deep 
narrow bay, particulars of which appear in the table. During the recovery, forming the 
other half of the bay, there were numerous oscillations. The time assigned as the 
end of the bay is that suggested by the E' curves. By extending the duration of the 
bay by 14 minutes we should get larger rises in N' and V, but a much smaller mean 
rate of rise in all the elements. Any choice must be arbitrary as the curves remained 
somewhat highly disturbed for many hours. 

The figures for May 5, 1912, in Table CXXXIX refer to the first and smaller of the 
two disturbances. The E' and V traces suggest the commencement of a disturbance 
of the "special type" shortly after 20 h., and after rising a little the V trace proceeded, 
though slowly, to go down the sheet in the usual way; but after reaching its sumnlit, 
the E' trace showed no marked tendency to come down the sheet, until nearly an hour 
had elapsed, and the N' trace gave no indication of special disturbance until nearly 21 h. 
Thus the deep bay in the three traces was the only thing suggesting itself for measurement. 

On June 2, 1912, the time selected as the end of the first phase gives the full extent 
of the initial rise in V. The highest summits in the E' and N' curves appeared a few 
minutes later, but not simultaneously, and the selection of either as the limit to the 
phase would have failed to indicate the true nature of the cOlnmencing V movement. 
Similarly the time selected as the end of the second phase shows the full fall only in 
V. By extending the second phase 24 minutes, we should have considerably increased 
the falls in E' and N', but have included a large part of the recovery in V. If the 
alternatives indicated had been selected, there would naturally have resulted 
considerably smaller values for X in both phases. 

The E' and V traces on June 3 and August 1, 1912, present several of the features 
of the" special type," but the N' traces were peculiar, and the vector in Table CXXXIX, 
during what has been called the first phase, lies in a different quadrant from that usual 
in "special type" disturbances. 

The seven deep bays included in Table CXXXIX appear fairly similar in type. 
The results obtained by takIng the mean values of ..1E', IN' and L1V and calculating 
a resultant force therefrom-which we may regard as an algebraic mean-and the 
results obtained by taking the a,rithmetic Dleans of the values of H, T, 1/1 and X given 
in Table CXXXIX are as follow~:-

Deep Bays. 
r 

ii. 
I T. 

I ~. I x· 

'Y 'Y 
0 0 

Fall {Al~ebrai~ mean ... ... ... 359 454 251 38 a 
ArlthmetICal mean ... ... ... 363 464 247 39 a 

R' { Algebraic mean ... ... ... 293 343 74 31 b 
lse Arithmetical mean ... ... ... 299 350 70 31 b 
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From either point of view, the rise is decidedly less than the fall. The components 
of the rise and fall movements in the horizontal plane are nearly directed oppositely to 
one another. The recovery, however, in the horizontal components exceeds on the 
average that in the vertical component. Thus the inclination of the resultant vector • 
below the horizon in the rise is less than the corresponding inclination above the horizon 
in the fall. 

Section 89.-Particulars of the more normal examples of the special type 
of disturbance, omitting any already discussed in Table CXXXIX, are given in Table 
CXL, p. 277. The end of the first phase and the durations of the two phases supply 
complete information as to the times. Only such disturbances were included as gave 
a plus sign, or zero value, to the commencing movements in both E' and N'. In fixing 
the times, chief regard was had to the E' and N' traces. If the V trace had served 
as the criterion, the duration of the first phase would in many cases have been shortened. 
The dates to which an asterisk is attached are occasions in which the maximum appeared 
in the V trace before the time accepted as the end of the first phase. In all such cases 
the value of LlV assigned to the first phase would have been algebraically larger, and 
that assigned to the second phase numerically larger, if the end of the first phase had 
been fixed by consideration of the V trace alone. 

The means from the 30 occasions of 1911, the 28 of 1912 and the combined 58 
are given at the foot of the table. 

In the 1902-04 volume analogous particulars are given in Table LXIX, pp. 187 
and 188, for 82 examples of the" special type." The mean durations given there were 
17"0 minutes for the first and 20'5 minutes for the second phase. Thus, in either case, 
the second phase appears to be the longer, but its excess appears to be greater for the 
later period. 

In 1902-03 a considerable proportion of the records were not quite complete, owing 
to loss of trace, and this naturally was especially true of the larger disturbances. In 
1911-12 all the records were complete. There was thus a possibility that any 
comparison between complete records of the two epochs might be misleading through 
the absence of an undue proportion of the larger disturbances of 1902-03. Again no 
disturbance was included in Table CXL in which if N' had a negative sign in the first 
phase. On the other hand in Table LXXII (1902-04 vol.), which dealt with those 
disturbances of 1902-03 of which records were complete, some disturbances were 
included in which the sign of LI H in the first phase was abnormal, while all 
disturbances happening between October and March were excluded. Accordingly 
a variety of results obtained for the representative disturbance are included in Table 
OXLI, p. 278. They are calculated from the arithmetic mean of the values of LJ E', 
LIN' and LlV for certain specified groups of disturbances of the special type. For 
1911 and 1912 data are given from all the disturbances of the separate yearElo, and for 
the two combined, and also for half the disturbances-15 lor 1911, 14 for 1912, and 
-29 f01; the two years combined-including those in which the amplitude of disturbance 
. was least. Two sets of results are also given for 1902-03, the first being the mean results 
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given in Table LXXII of the old volume, and the second mean results from 50 
disturbances including all for which the record was complete, and in which the first-

• phase movement in H had the ordinary sign. 
The values obtained for'" in both phases are greater for the 29 smaller disturbances 

of 1911-12 than for the whole 58, but as there is a difference in this respect between 
1911 and 1912, the result may be accidental. In any case, the absence of the larger 
disturbances in 1902-03 affords no explanation of the smaller values obtained then 
for 0/. The divergence between the earlier and later results would be increased if we 
supposed the value of H in the magnetograph room in 1902-03 to be over-estimated, 
because any such error would have entailed a corresponding overestimate of the 
component of disturbing force perpendicular to the magnetic meridian, and· so 
increased the estimated value of 0/. 

In 1911-12 the smaller disturbances show a larger value for X in the first phase, 
and a smaller value in the second phase, in both respects showing a closer approach 
than the larger disturbances to the 1902-03 results. 

It will be noticed that the disturbances included in Table CXL are confined to 
a limited part of the day. All the times assigned for the end of the first phase are 
included between 17 h. and 24 h. Of the 58 disturbances, 20 occur between 19 h. 
and 20 h., 17 between 20 h. and 21 h., 10 between 21 h. and 22 h., 8 between 18 h. 
and 19 h., 2 between 23 h. and 24 h., and 1 between 17 h. and 18 h. Also all but 6 
of the occurrences are found between March and September; and lVIay and June 
between them supply 25 out of the 58. In 1902-03 the large majority of the disturbances 
of the" special type" took place in May~ June, July, or August, and the end of the first 
phase presented itself in fully half between 8 p.m. and 10 p.m. L.M.T. Thus ·the 
phenomenon seems to be mainly developed in winter, and in the late evening, i.e., 
at a season and at a time of the day when .Antarctic conditions are normally quieter 
than usual. Some allowance, however, should be made for the fact that during a 
naturally disturbed time a disturbance of the kind would not so readily catch the eye, 
and also there would be more chance of its being obscured by the superposition of 
irregular disturbances from an independent source. 

The first phase in the special type and the rise in the deep bays included 
in Table CXXXIX present some features in common, and the same is true of the 
second phase in the special type and the fall in the deep bays. On the average, 
however, the vectors calculated for the first and second phases, especially the first 
phase, make a smaller angle with the horizontal plane, and the horizontal components 
of the first and second phase vectors have a smaller inclination to the magnetic meridian. 

" REPETITIONS" OF DISTURBANCES. 

Section 90.-The fact that disturbances closely resembling one another sometimes 
happen about the same hour of successive days, or after an interval of two or more 
days, seems to have been first noticed by Senor Capello in the Lisbon curves. The 
phenomenon has since been observed at other places. Describing it in his celebrated 
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article dealing with" Terrestrial Magnetism" in the 9th edition of the' Encycloprodia 
Britannica,' Balfour Stewart employed language almost prophetic of that now used 
in connection with radio-activity. Elsewhere I have described a nUlnber of exalnples 
of the phenomenon at Kew Observatory. In discussing these, I pointed out the 
difficulty of deciding whether any real connection existed between the successive 
disturbances. If disturbances of a certain type tend to occur near fixed hours of the 
day, and if they are fairly numerous, we should naturally expect occasional examples 
of apparent repetitions. In meteorology we have at some stations an almost regular 
development of thunderstorms in certain afternoon hours, at certain seasons of the 
year. An apparent repetition of a thunderstorm in such a case presumably means 
only that the same consequence has followed from similar causes; it does not imply 
any specially close connection between the storms on consecutive days. But it is 
difficult to be certain that the absence of a storm on a particular day would be without 
prejudice to the occurrence of a storm on the next. 

Plate XLI contains examples of "repetitions" in the Antarctic. Curves for 
the same element, whether E', N' or V, from the different occasions are juxtaposed, 
to assist the eye in gauging their similarity. The resemblance between curves 1 
and 2 of Fig. A, belonging respectively to July 16 and July 17, 1911, is particularly 
close. 

The commencements in the E" traces are sharp, and the times shown are 
17h. 30m. (time of 1800 E.) on JUly 16, and 17h. 33m. on July 17. As the times 
of stopping registration are recorded only to the nearest nlinute, the differential 
error between the two days' curves may amount to one or two luinutes. But, in 

" any case, we have in this instance two disturbances quite extraordinarily alike in 
both duration and amplitude in all three elements, following one another at an' 
interval of almost exactly 24 hours. So far as the E' and V traces are concerned, 
these two disturbances are quite of the ordinary special type, but the N' movements 
are exactly the opposite of those usual, consequently the disturbances are not included 
in· Table CXL. 

The remaining disturbances in Fig. A are numbered 3, 4 and 5. The resemblance 
between Nos. 1 and 3, especially in the N' and V curves, is particularly close. The 
E' disturbance No. 3 is, however, distinctly larger than the others. Nos. 4 and 5 

were originally selected as an independent example of a "repetition" exhibiting 
an interval of approximately 48 hours (more exactly 49 h. 4 m.). It was then 
noticed that the E' and V traces No. 4 bore a remarkable resemblance to the 
corresponding traces Nos. 1 and 2. The N' traces Nos. 4 and 5, especially 5, show 
a transition towards the ordinary " special type" form, and the two disturbances are 
in fact included in Table aXLe The juxtaposing of the five sets of traces was done 
partly with the object of bringing this transition clearly out. No.5, it will be noticed 
is decidedly smaller, especially in V, than No.4, and its duration appears to be less. 
Still the resemblance appeals at once to the eye. The curves of both days, it may 
be added, contained no disturbance at all comparable in size with those shown, for 
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a number of hours on either side of them. The intervening day, June 14, 1912, was 
more disturbed. It contained a disturbance cOlnmencing about two hours earlier 
than that on June 13, which bore some resemblance to the" special type." The N' 
trace, however, showed only a bay, somewhat similar to, but shallower than the 
bays in Nos. 1 and 2, and the general appearance of the curves would not naturally 
suggest a connection with Nos. 4 and 5. 

Fig. B, Plate XLI, similarly juxtaposes traces of the curves for the same 
elements from four days, two of these, May 2 and 3, 1911, being successive days. 
These four disturbances are included in Table eXL. 

May 2 was a considerably more disturbed day than May 3, and the disturbance 
on May 2, i.e., No.1, is considerably the larger, especially in V. Still the general 
resemblance of the disturbances is sufficiently striking in view of their occurrence 
on successive days, at an interval approaching 24 hours (more exactly 22 h. 40 m.). 
It will be seen, however, that the resemblance between Nos. 1 and 2 is less close 
than between either Nos. 2 and 3, or Nos. 2 and 4. The interval between 
Nos. 2 and 3 was about two days (more exactly 47 h. 20 m.). But No.4, whose 
resemblance to No.2 is at least as close as that of No.3, followed seven weeks later 
(very nearly at the same hour as No.2), and can hardly be supposed to be directly 
associated with any of the other disturbances in Fig. B, unless it be a "repetition" 
of No. 1 according to the 27 -day period, with the intermediate "repetition" nlissing. 

The afternoon of May 4, the day intermediate between disturbances Nos. 2 and 3, 
was quieter than that of either of the adjacent days, and it exhibits no disturbance 
the least resembling Nos. 2 and 3, in fact no disturbance of any kind at all approaching 
them in magnitude. The absence of disturbance on the intermediate day is an 

. obvious difficulty in the way of accepting any direct connection between disturbances 
Nos. 2 and 3. 

All the disturbances shown in Plate XLI, except in No.3, Fig. A, occurred 
,when the sun was below the horizon, but apparent " repetitions" are not infrequently 
observed during day hours at Kew, and their non-recognition during the Antarctic 
nridsurnmer might well arise from the fact that disturbances were then so numerous, 
and oscillations so rapid, that recognition of resemblances was much less easy. 
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TABLE CXXXIX.-Short-Period Disturbances. Analysis of Antarctic Movements. 

Approximate "';00 

Date. Times. 1>.25 Na.ture of movement. ii. T. '" :::s ~. x· (Time of 1800 E) <U .... ..,.::; 
From. To. .s~ 

1911. h. m. h. m. i' i' 
0 0 

April 30 ... 19 34 20 8 34 First phase, first alternative ... 211 215 73 11a 

" 30 ... 19 34 19 57 23 First phase, second alternative ... 157 157 60 4b 

" 30 ... 20 8 20 25 17 Second phase, first alternative ... 168 285 250 54a 

" 30 ... 19 57 20 25 28 Second phase, second alternative 138 314 240 64 a 
May 16 .. , 14 32 15 1 29 Fall in deep bay ... . .. . .. 211 369 258 55a 

" 
16 ... 15 1 15 11 10 Rise in deep bay ... ... . .. 204 267 79 40b 

" 
16 ... 16 20 16 36 16 First phase ... . .. . .. 177 180 86 10 b 

" 
16 ... 16 36 17 17 41 Fall in deep bay ... . .. . .. 583 701 261 34a 

" 
16 ... 17 17 17 47 30 Rise in deep bay ... . .. . .. 505 568 84 27 b 

" 21 ... 21 9 21 50 41 First phase ... . .. . .. 192 196 39 lla 

" 
21 ... 22 13 22 19 6 Fall in deep bay ... . .. . .. 381 433 257 28a 

" 
21 ... 22 22 22 52 30 Rise in deep bay ... . .. '" 331 347 83 18 b 

June 5 ... 19 39 20 3 24 First phase ... . .. . .. 114 114 78 0 

" 
5 ... 20 3 20 32 29 Second phase ... ... . .. 205 293 259 46 a 

July 3 ... 19 49 20 9 20 First phase ... ... . .. 167 167 68 1a 

" 
3 ... 20 9 20 22 13 Fall in deep bay ... . .. . .. 663 780 256 32a 

" 
3 ... 20 22 20 35 13 Rise in deep bay ... . .. . .. 510 623 75 35 b 

" 
11 ... 18 39 19 5 26 Fall in deep bay ... ... . .. 219 312 243 45a 

" 
11 ... 19 5 19 16 11 Rise in deep bay ... . .. . .. 180 226 65 37 b 

" 
12 ... 19 38 19 51 13 First phase ... . .. ... 151 151 61 4b 

" 
12 ... 19 51 20 16 25 Second phase ... ... . .. 148 183 224 36a 

" 
20 ... 18 36 18 46 10 First phase ... ... . .. 101 102 64 9b 

" 
31 ... 20 0 20 15 15 First phase ... ... . .. 111 111 55 6b 

August 24 20 8 20 36 28 First phase ... ... ... 170 171 48 4b 

" 
24 20 36 21 2 26 Fall in deep bay, first alternative 311 . 410 230 41 a 

" 
24 20 52 21 2 10 Fall in deep bay, second alterna- 299 377 239 38a 

tive. 

" 
24 21 2 21 13 11 Rise in deep bay ... . .. . .. 221 251 63 28 b 

1912. 
May 5 ... 21 17 21 34 17 Fall in deep hay ... . .. . .. 190 242 228 38a 

" 
5 ... 21 34 21 39 5 Rise in deep bay ... . .. . .. 142 171 38 34 b 

June 2 ... 18 53 19 3 10 First phase ... ... . .. 115 117 73 8b 

" 
2 ... 19 3 19 27 24 Second phase . .. . ... . .. 103 182 242 55a 

" 
3 ... 17 11 17 51 40 First phase . .. ... . .. 187 187 95 1a 

" 
3 ... 17 51 18 32 41 Second phase . .. ... . .. 136 163 257 34a 

August 1 15 14 16 17 63 First phase ... ... . .. 195 196 106 5a 

" 
1 16 17 16 52 35 Second phase ... ... . .. 261 349 257 41 a 

• 
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TABLE CXL.-Analysis of Antarctic Disturbances of the" Special Type." 

End of First Phase. Second Phase. 

Date 
first pha.se. 

Time of 
Duration. I I Duration. I I I 180° E. LlN'. ,dE'. LtV. LtN'. LtE'. LtV. 

1911. h. m.' Mins. I' I' I' Mins. I' I' I' 
February 20* 20 37 13 + 19 + 34 +2 34 - 30 - 48 - 23 
April 10* ... 21 48 13 + 85 + 70 +8 14 - 38 - 52 -- 24 

" 
26 ... 19 5 15 +107 + 99 +12 9.2 - 97 - 78 -,45 

May 2* .. , 20 32 13 + 37 + 52 -8 38 - 48 -105 - 78 

" 
3* ... 19 9 10 + 25 + 47 +2 29 - 28 - 43 - 24 

" 
5 ... 18 30 10 + 11 + 61 +8 25 - 24 - 59 - 38 

n 8* ... 20 10 18 + 46 +109 +8 36 - 30 - 96 - 49 

" 
12 .. , 17 7 12 + 35 + 98 +16 15 - 46 - 66 - 33 

" 
13 .. 19 40 7 + 8 + 32 +6 17 - 4 - 20 - 16 

" 
13 .. 20 9 12 + 21 + 45 +8 16 - 15 - 40 - 26 

" 
19 .. 20 10 9 + 64 + 47 +15 35 - 42 -120 -154 

" 
20 .. 20 34 9 + 37 + 70 +9 24 - 28 - 40 - 38 

" 
23* ... 18 49 15 0 + 71 - 2 21 - 13 - 78 - 18 

" 
29* ... 18 24 15 + 22 + 72 +6 16- - 40 - 66 - 30 

June 10* .. 19 16 7 + 91 +104 +19 30 - 41 -107 - 45 

" 
13 .. 19 10 6 +148 +102 +32 12 - 78 - 28 - 53 

" 
13 ... 19 26 4 + 75 + 71 +24 17 --146 - 97 - 96 

" 
16* .. 18 22 13 + 41 + 71 +8 22 - 52 - 66 - 25 

,. 23* .., 19 29 4 + 41 + 48 +10 23 - 39 - 56 - 49 

" 
25 ... 19 20 12 + 14 + 38 +3 24 - 24 - 42 - 19 

" 
27 ... 20 32 5 + 16 + 15 +3 11 - 15 - 14 - 9 

July 2 ... 20 11 59 +131 +106 +4 19 - 55 - 47 - 40 

" 
18* .. 19 16 40 + 81 +128 --15 27 - 49 - 84 - 47 

" 
22* ... 21 29 22 + 87 + 61 - 5 33 - 76 - 69 - 79 

August 3* A.·· 21 7 28 + 95 + 57 -:-. 8 40 - 87 - 66 - 47 

" 
14 ... 23 52 14 + 58 + 27 +2 28 - 55 - 29 - 30 

" 
28* ... .18 59 18 + 67 + 88 0 22 - 76 - 84 - 49 

" 
31* ... 20 20 28 +138 +123 -- 4 37 -114 - 67 - 80 

September 13* 21 55 27 +14R + 59 - 9 42 --136 - 70 -- 49 

October 20* .... 19 57 18 + 95 +130 - 5 30 -106 --106 - 40 

1912. 
January 13* ... 18 51 26 +184 +301 +14 48 -162 -337 -113 

February 12 ... 21 10 15 + 75 + 41 +8 37 - 57 - 85 - 32 

" 
15 ... 21 41 10 + 31 +30 +6 18 - 30 .- 26 - 16 

March 2 ... 19 52 9 +30 + 32 +6 28 - 48 - 42 - 24 

" 
15 ... 21 34 11 + 49 + 48 +6 18 - 32 - 39 - 23 

" 
21* ... 21 57 35 + 75 + 58 -9 27 - 61 - 77 - 29 

" 
24 ... 19 9 ' 10 + 10 + 40 +8 36 - 20 - 39 - 16 

" 
24 ... 20 11 26 +40 + 26 +6 25 - 32 - 29 - 10 

" 
30 ... 18 37 15 + 8 + 78 +8 14 - 27 - 32 - 25 

May 2* ... 19 3 27 + 27 + 74 0 23 - 17 - 57 - 29 

" 
8 ... ... 21 48 24 +'22 + 47 -4 24 - 37 - 65 - 48 

" 
26 ... ... 20 59 20 + 48 + 45 _. 2 31 - 42 - 37 - 30 

June 8* ... 19 8 19 + 34 +131 -2 26 - 70 -123 -- 76 

" 
13 ... ... 18 24 10 + 1 + 39 +2 12 - 16 - 29 - 24 

" 
15 ... ... 19 24 7 + 10 + 24 +5 12 -- 9 - 14 - 10 

" 
27* ... 20 48 23 + 32 + 51 0 27 - 87 - 68 ·-103 

July 17 ... ... 20 58 18 + 20 +38 +3 23 - 20 - 30 - 17 

" 
20* ... 19 40 16 + 27 + 74 +8 24 - 31 - 27 - 36 

• 
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TABLE CXL.-,-continued. 

End of First Phase. Second Phase. 
first phase. 

Date. Time of 
Duration.! 

! I Durllotion., 
! 

, 1800 E. L1N'. dE'. LtV. LtN'. LtE'. LtV. 

1912. h. m. Mins. y y y Mins. y y y . 
August 7 ... 20 12 12 + 36 + 45 +2 34 _ . 38 - 59 - 24 

" 
19 ... 21 9 7 + 88 + 79 +17 24 - 40 - 65 - 63 

" 
20* ... 20 38 16 + 29 + 28 +2 17 _. 25 - 23 - 13 

" 
22* ... 19 37 16 + 25 + 54 - 1 29 - 55 - 52 - 43 

~ , 24 ... 20 20 22 + 75 + 59 +8 30 -- 68 - 46 - 36 
September 2 ... 19 54 7 + 20 + 23 +7 20 - 20 - 32 - 14 

" 
2 ... 20 38 24 + 33 + 27 +8 34 .- . 25 - 32 - 13 

" 
8* ... 19 45 12 + 42 + 66 +10 49 - 36 - 56 - 40 

" 
14 ... 23 9 15 + 19 + 48 +11 20 -' 28 - 51 - 23 

October 14* ... 19 53 19 + 46 + 95 -- 2 37 -., 60 -103 - 78 
-----

Means, 1911 (30 cases) ... 15·9 +61·5 +71·2 +4·9 25·3 -54·4 -64·7 -45·1 

" 1912 (28 cases) ... 16·8 +40·6 +60·7 +4·4 26·7 -42·6 --59·8 -35·8 

" 
2 years (58 cases) ... 16·3 +51·4 +66·2 +4·7 26·0 -48·7 -62·3 -·-40·6 

.. _._-_._--- --

TABLE CXLI.-Disturbances of the H Special Type." Mean Results. 

First Phase. I Second Phase. 

- - Num. 

I I I I I I I I I ber. Dura· :it Dura· if. 
I 

tion. T. ,. x· tion. T. "". x· 

'I I 
I Mins. y y 0 , 0 , Mins. y y 0 , 0 , 
I 

All the 1911 .... 30 15·9 94·1 94·2 56 47 3 Ob 25·3 84·5 95·8 237 33 28 5a 
disturbances. 1912 .... 28 16·8 73·1 73·2 63 49 328b 26·7 73·5 81·7 242 7 26 Oa 

Two years 58 16·3 83·8 84·0 5944 3 12b 26·0 79·1 88·9 239 35 27 11 a 
.-. --

The 1911 .... 15 11·6 60·2 60·4 65 8 4 18 b 22·5 57·8 65·1 243 56 27 19 a 
smaller 1912 .... 14 13·9 44·3 44·6 60 16 626b 23·4 42·9 46·7 240 54 23 9a 

I dist.urbances. Two years 29 12·7 52·5 52·7 63 9 5 11 b 22·9 51·1 56·6 241 52 2525a 
--

! 

April-Sept. 1902-3 .... 51 - 62·8 63·1 48 33 535b - 55·2 59·1 223 28 2047 a 
normal. 19::>2-3 .... 50 - 72·1 72·6 41 47 6 23 b - 65·7 70·8 217 42 21 48a 
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CHAPTER XII. 

DISTURBANCES OF LONGER PERIOD, OCCURRING DURING 1911. 

Section 91.-As has been already explained, the Antarctic curves were at an 
early stage submitted to a. general scrutiny, as a result of which a number 
of disturbances were selected for discussion. Applications made for copies of the 
records obtained elsewhere of these disturbances were liberally responded to by the 
authorities in charge of the observatories at Mauritius, Buitenzorg, Alibag, Honolulu, 
Helwan, Agincourt and Sitka. Before making the appeal, the sudden commencements 
and short period oscillations had been sufficiently studied to enable a fairly definite 
programme for their treatment to be drawn up, in advance of the response to the 
appeal. But the question of what should be done in the matter of disturbances 
lasting many hours, was left over for final consideration until after the reception 
of curves from the co-operating stations. In the Antarctic itself, except at midwinter, 
disturbance is so generally present that it is hardly possible from a study of the 
Antarctic curves alone to specify a time for the end of a disturbance, or a time for 
the beginning of those disturbances which do not have sudden commencements. 
The difference between disturbed and quiet times is much more patent at stations in 
low latitudes. But even in low latitudes there is the difficulty that comparatively 
quiet interludes frequently present themselves during magnetic storms, and what 
one man might regard as a single storm, may be regarded by another man 
as representing two or more storms. There is thus inevitably a good deal that is 
arbitmry in the choice that has been made in the present case. It was partly 
determined by the material available. In some cases, it was a choice between a 
shorter period for which records were available from all or most of the co-operating 
stations, and a longer period for which complete records were available from only 
a few of the stations. Again, when disturbance continued for a very long time, 
there were advantages in treating parts of it separately. There might be different 
phenonlena of special interest occurring during the same storm, but at a considerable 
interval of time apart, and some of these might be more in evidence at some of the 
stations than others. It was found convenient in all cases to have exact hours 
G.M.T. for the commencement and ending of the times dealt with, as this enabled 
an estimate to be made of the range of the regular diurnal inequality during 
the interval. This entailed occasionally--e.g., in cases of sudden conlmencements­
the inclusion of small portions. of quiet curves, but so far at least as the ranges 
during the disturbances were concerned this was immaterial: 

After selecting the interval of time to be discussed, the next step was to measuro 
the extreme ordinates of the several elements during the interval, and determine their 
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times of occurrence. For each such interval a table of results is given, including the 
times of maximum and minimum, the range of the disturbance-i.e., the difference 
between the extreme ordinates-and the range of the regular diurnal inequality within 
the interval. The remarks made as to the diurnal inequality ranges during the 
discussion of the short period disturbances apply also to the disturbances of longer 
period. By the maximum is meant the numerically largest value of H, the 
algebraically largest value of N, of the easterly declination or easterly component of 
force, and of the vertical component directed downwards on a north pole. 

Following the table there is a discussion of the more prominent features of the 
curves at the several stations proceeding from south to north, and there are usually 
some final remarks on the disturbance as a whole. The Antarctic curves for the* 
interval concerned are reproduced in a plate. 

Section 92.-The disturbance really began with an s.c. about 11 h. 21 m. on 
April 8th, which has been already described. 

In the Antarctic large oscillations continued for some three hours after the s.c. 
During this time there was a range of 2441' in V, exceeding the corresponding ranges 
for the other elements. A quieter though by no means quiet time followed from 14 h. 
to 20 h. There was a large- bay-like movement in E' between 20 h. and 24 h. of the 8th, 
followed immediately by another similar movement lasting to 3! h. on the 9th. 
Large comparatively regular movements ensued until 14 h., when there was an 
approach to normal conditions. 

At Mauritius on the 8th after 14 h. there was little disturbance in H until after 
19 h, when long period oscillations became prominent and remained so until 6 h. on 
the 9th. From 6 h. to 8 h. on the 9th the H trace was nearly level. A fall began 
about 8 h. 20 m. which continued practically without interruption until 12 h., the 
total fall in this interval amounting to 801'. Between 12 h. and 141- h. on the 9th there 
was a steady rise amounting to 481', followed by a quiet time. The changes described 
represent a bay (depression in H) lasting about 6 hours and centring at 12 h. The 
D range assigned to Mauritius in Table CXLII may be an underestimate, as trace 
was lacking from about 21 h. to 7 h. on the 9th. On the trace available the largest D 
movements occurred between 20 h. on the 8th and 2 h. on the 9th. The largest 
continuous movement in one direction, lasting from 0 h. 55 m. to 1 h. 35 m. on the 9th, 
represented an easterly swing whose force equivalent was 461'. 

At Buitenzorg considerable disturbance prevailed for 2 or 3 hours after the s.c., 
but from 14 h. to 18 h. on the 8th the N curve was unquiet rather than disturbed, 
and the D and V traces showed little sign of disturbance. After 19 h. on the 8th the 
disturbance in N gradually increased. While there were short period oscillations, 
what appealed more to the eye, especially after 2 h. on the 9th, was the large size of 
the gradual movements across the sheet. The disturbance in E and V was 
comparatively trifling. 

* The reproductions differ from those of the Se's and short storms in that the parallax errors (see 

p. 265) have not been corrected. 
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V-ery similar remarks apply to Alibag, Honolulu and Helwan. At all these 
stations the disturbance in H was much more prominent than that in D or V. The 
V traces in particular showed little irregular movement. The particulars in 
Table eXLII as to the hours of maximurrl and minimum and the ranges in the several 
elements at Honolulu and Helwan are derived from the official publications of these 
observatories. 

TABIJE CXLII.-=-11 h. April 8 to 15 h. April 9, 1911. Plate XLII. 
---------------

Time (G.M.T.) of 
Disturbance Inequality 

Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. y y 
Antarctic ... '" N' 11 10 (9th) 1 57 (9th) 652 133 

E' 9 29 (9th) 22 53 (8th) 518 81 
V 21 43 (8th) 12 30 (9th) 274 46 

Mauritius ... '" H 11 35 (8th) 12 o (9th) 159 23 
D 7 40 (9th) 21 20 (8th) 57 32 

Buitenzorg ... ... N 11 27 (8th) 11 59 (9th) 276 41 
E 22 50 (8th) 11 27 (8th) 50 25 
V 11 50 (8th) 1 45 (9th) 47 22 

Alibag ... ... H 11 35 (8th) 12 o (9th) 191 49 
D 22 25 (8th) 7 o (9th) 44 46 
V 1 35 (9th) 11 25 (8th) 28 31 

Honolulu ... ... H 11 24 (8th) 5 51 (9th) 206 18 
D 19 43 (8th) 0 18 (9th) 66 47 
V 8 28 (9th) 22 32 (8th) 43 21 

Helwan ... ... H 11 23 (8th) 12 7 (9th) 188 34 
D 23 12 (8th) 11 23 (8th) 88 43 
V 5 26 (9th) 11 20 (8th) 44 20 

Agincourt ... '" H 23 5 (8th) 8 40 (9th) 500+ 33 
D 1 40 (9th) 9 o (9th) 368 62 

Eskdalem uir ... ... N 2 44 (9th) 5 29 (9th) 261 49 
E 2 36 (9th) 5 27 (9th) 227 41 
V 21 48 (8th) 1 57 (9th) 216 26 

Sitka '" ... H 6 11 (9th) 8 12 (9th) 1014+ 28 
D 1 (9th) 5 18 (9th) 452+ 41 
V 3 23 (9th) 9 5 (9th) 759 17 

1'he disturbance at Agincourt ,vas nluch la.rger than at the stations in lower 
latitudes, and of a different type. D, though not as highly disturbed as H, was highly 
disturbed, and both traces were highly oscillatory. The H trace really went off the 
sheet for a short time, so the time of the lnininlum is only 3pproximate, and the range 
shown was exceeded, though probably only slightly. 

So far as the components in the horizontal plane are concerned, Eskdalemuir 
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seemed to occupy an intermediate position between Helwan and Agincourt. The 
large comparatively slow movements were the most prominent feature, but shorter 
period oscillations were also in evidence. Also the disturbance in E and V at 
Eskdalemuir was not much smaller than in N. 

At Sitka the disturbance was extrenlely large during the later part of the time. 
Near the beginning the disturbance in Sitka was not very striking. The amplitude 
of the s.c. was only about a quarter of that in the Antarctic, Between 14 h. and 19 h. 
on the 8th there were numerous oscillations at Sitka, such as one does not see on a 
really quiet day, but their amplitude was small. Later in the 8th and during the 
nlorning of the 9th the traces were highly oscillatory. The high sensitiveness of the 
magnetographs led to crossing and recrossing of the traces from the several elements, 
and no doubt tends to give an exaggerated impression of the oscillatory character of 
the disturbance. But from 4 h. to 13 h. on the 9th disturbance was conspicuously 
larger at Sitka than in the Antarctic. In the course of just over two hours, as the 
figures in Table CXLII tell us, there was a range of at least 10141' in H, and as the 
trace was off the sheet for sonle time the complete range may have been appreciably 
greater. This is much in excess of the largest range, 6521' in N', recorded during the 
whole storm in the Antarctic. The data as to times and ranges at Sitka are derived 
from the official publication of the observatory, so there can be no doubt of their 
substantial accuracy. 

As at Agincourt, D was also highly disturbed at Sitka. The trace was off the 
sheet for nearly an hour in all between 9 h. 48 m. and '12 h. 12 m. on the 9th, and the 
range shown may have been largely exceeded. As at Eskdalemuir, the range in V 
was of the same order as those of the horizontal components, and it was considerably 
more than double the range of V in the Antarctic. 

The large size of the Sitka and Agincourt movements, as compared with those 
at Eskdalemuir, may suggest that local time, i.e., the position of the sun, had a good 
deal to do with the matter, the Sitka movements being mainly developed during the 
late evening and early 1110rning, and so at the time when aurora is most in evidence. 
But local time at Sitka differs from that at Honolulu by only I! hours, and the 
Honolulu movements are very similar in size to those at Alibag and Helwan. Thus 
it would seem to have been as much a question of latitude as of local time. 

In view of the pre-eminent size of the movements at Sitka towards the end of 
the storm, the insignificance of the s.c. movement there as compared with that in the 
Antarctic seems worthy of notice. In this case, at least, any inference that might 
have been drawn from the size of the s.c. as to the size of the ensuing disturbance 
would have been very wide of the mark. 

It will be seen that there is little obvious relation between the turning points in 
the several elements at the different stations, except when these presented themselves 
during the s.c. 

Section 93.-This disturbance really began with an s.c. at about 22 h. 21 m. on 
April 9, which has been already described. 
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The Antarctic curves by themselves are more suggestive of a succession of short 
independent disturbances, with quiet interludes, than of a single long continued 
disturbance. The more disturbed times there were roughly from 22 h. 21 m. to 
24 h. on the 9th, from I! h. to 7! h., from 9! h. to 11 h. and from 13 h. to 15 h. on the 
lOth. If one had only the Antarctic curves to refer to, one would not naturally 
associate the s.c. with. the two last of these intervals, which include a disturbance of 
the special type near 10 h. In fact the Antarctic curves taken alone suggest that what 
promised at 2 h. on April 10 to be a large storm had been nipped in the bud by 6 h. 
The nlovements ascribed to the Antarctic in Table CXLIII are about thrice as large 
as those of the normal day at the same season. This implies of course considerable 
disturbance, but nothing very exceptional. 

TABLE CXLIII.~-22 h. April 9 to 16 h. April 10, 1911. Plate XLII. 
-

-···~-------I 
Time (G.M.T.) of 

Disturbance In"'luality I Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 
I 

I h. m. h. m. y y 
Antarctic ... ... N' 14 20 (10th) 3 30 (10th) 368 L33 

E' 5 40 (10th) 23 15 (9th) 238 77 
V .23 . 30 (9th) 10 30 (10th) 134 46 

Mauritius '" ... H 9 45 (10th) 22 21 (9th) 42 21 
D 23 10 (9th) 5 25 (10th) 29 32 

Buitenzorg '" ... N 3 o (10th) 10 20 (10th) 75 41 
E 3 35 (10th) 3 o (10th) 21 25 
V 3 20 (10th) 22 25 (9th) 33 22 

Alibag '" ... H 6 50 (10th) 13 30 (10th) 59 4.8 

Honolulu '" ... H 9 44 (10th) 3 35 (10th) 46 18 
D 15 50 (10th) 23 25 (9th) 25 26 
V 4 o (10th) 23 10 (9th) 19 15 

Helwan ... ... H 9 40 (10th) 13 55 (10th) 51 34 
D 6 40 (10th) 12 55 (10th) 49 43 
V 3 35 (10th) 9 50 (10th) 21 20 

Agincourt '" ... H 22 26 (9th) 14 15 (10th) 117 30 
D 4 o (10th) 3 25 (10th) 121 31 

Eskdalemuir ... '" N 22 30 (9th) 3 42 (10th) I 14ri 43 
E 22 02 (9th) 3 18 (10th) 73 11 
V 14 47 (10th) 23 30 (9th) 37 22 

Sitka ... ~ .. . .. H 3 10 (10th) 14 21 (10th) 202 28 
D 3 55 (10th) 3 25 (10th) 120 34 
V 3 38 (10th) 14 21 (10th) 207 17 

I 

At Mauritius the ranges recorded in Table CXLIII may have been exceeded as . 
the traces received stopped at 13 h. on the lOth. After the s.c. the H trace remained 
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elevated in a crest, the highest point in which appeared at 23 h. 20 m. A decline 
followed until 24 h. During this time there was a moderate bay, easterly deflection, 
in D. From 0 h. to 3 h. on the loth quietness prevailed. Between 3 h. and 5 h. the 
Hand D traces both showed oscillations, and there was a fall of 21 y in H between 
9 h. 45 m. and 10 h. 20 m. 

The traces received from Buitenzorg stopped at 11 h. 30 m. on the lOth, and so 
did not include the movements near 14 h., which at some stations were the 1110st 
prominent. The l1l0Vements associated with the s.c. were not large and had practically 
subsided by 23! h. on the 9th. During the next two hours the curves showed little 
sign of disturbance. Subsequently there were considerable movements, especially in N. 

For Alibag only the H trace was available, and it did not commence until 3l h. 
on the lOth. Thus the range in Table CXLIII may have been exceeded. There was 
a good deal of Ininor disturbance fronl 6 h. until 15 h., when conditions became of 
normal quietness.' 

At Honolulu the movements associated with the s.c., which was not very large, 
subsided in about an hour, and for several hours subsequently conditions were quiet. 
There was a pretty prominent bay in H from about 2! h. to 4! h. on the lOth, and a 
hunlp from about 91 h. to 10! h., the latter synchronising with the special disturbance 
in the Antarctic. The amplitudes of the movements, as Table CXLIII shows, were 
not large, but the disturbance is entered on the Honolulu list as a storm of class 1 
(the lowest), and is assigned a duration of 26 hours. This is a good deal longer than 
the estimate accepted here. It includes a long quiet interval commencing about 15 h. 
on the lOth. 

At Helwan after the s.c. subsided. there were only minor 1110Vements, and from 
16 h. to 20 h. on the lOth the traces were exceedingly quiet. 

At Agincourt the s.c. movement itself was large in H. The subsequent movements 
in H though not very large were numerous, and both the Hand D curves were distinctly 
disturbed until about 16 h. on the lOth, when a quiet time lasting 4 or 5 hours set in. 

At Eskdalemuir the s.c. Illovenlent in N was very large. The disturbances which 
followed in Nand E were not large, but they continued with little internlission until 
16 h. on the 10th. Near 10 h., during the special disturbance in the Antarctic, 
there was no noticeable bay, but there were nunlerous oscillations in the Nand E 
curves. The largest bay-like Inovements appeared in N from 3 h. to 5 h. and in E from 
2 h. to 4 h. on the lOth, times at which there were large movements in the Antarctic. 

The traces received from Sitka stopped at 18 h. on the lOth. As, however, the 
duration assigned to the storm in the Sitka list puts its termination at about 16! h., 
a quiet interval presumably ensued then as at Agincourt and Eskdalemuir. There 
was a good deal of disturbance at Sitka from 2 h. to 5 h. of the lOth, the time of chief 
activity in the Antarctic, and minor movements fronl 9! h. to 10! h. during the 
disturbance of the" special type" in the Antarctic, but the most prominent movements 
in H and V occurred from 13 h. to 16 h. There was then a deep regular bay in H, and 
a pyramid-shaped movement in V, the range of the elements during the three hours 
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being 144" in Hand 127" in V. During this time there was a snlaller but still fairly 
conspicuous bay in the H curves at Agincourt, Helwan and Alibag. The ranges during 
the three hours were as foliows :-44" in H at Agincourt, 28)' in H at Helwan, 23" in 
H at Alibag, 56" in N at Eskdalemuir, and in the Antarctic 106y in N' and 124y in E'. 

The magnetic storm of April 9 to 10 was everywhere considerably less than 
that of April 8 to 9. The two disturbances had, however, several common features. 
They were larger in the Antarctic and at Sitka than at any of the intermediate stations. 
The s.c. and the commencing movements were much larger in the Antarctic than at 
Sitka, but towards the end of the storm the disturbance was larger at Sitka than in 
the Antarctic. At most of the stations the disturbance in V was very small compared 
with that in the horizontal components, but this was not the case in the Antarctic and 
at Sitka. Moreover the range of the V disturbance at Sitka exceeded that in the Antarctic. 

Section 94.--The curves generally were very quiet from 16 h. to 18 h. on April 10. 
But there then ensued a somewhat striking set of nlovements, possessing somewhat 
unusual features at Alibag and Helwan. Records were not available from Mauritius, 
Buitenzorg, Honolulu or Sitka, and only H traces from Alibag. 

TABLE CXLIV.-20 h. April 10 to 3 h. April 11, 1911. Plate XLII. 
---~-~--

Times of I 
Station. Element. 

I Maximum. Minimum. 

Disturbance Inequality 
Range. Range. 

,..-

h. m. h. m. " " Antarctic ... ... N' 20 48 (10th) 0 17 (11th) 322 71 
E' 20 55 (10th) 0 20 (11th) 208 57 
V 21 25 (10th) 2 55 (11th) 82 19 

Alibag ... ... H 0 25 (11th) 1 30 (11th) 47 12 

Helwan ... ... H 0 25 (11th) 1 30 (11th) 68 7 
D 22 25 (10th) 0 55 (11th) 14 3 
V 1 5 (11th) 0 15 (11th) 23 2 

Agincourt ... . .. H 20 30 (10th) 0 5 (11th) 84 17 
D 22 15 (10th) 0 5 (11th) 109 34 

Eskdalemuir ... N 23· 40 (10th) 1 10 (11th) I ... 
I 

E 0 30 (11th) 20 20 (10th) 
V 20 50 (10th) 0 30 (11th) 

I 

63 15 
95 10 
86 23 

i ___________ ._._0 

In the Antarctic the disturbance seemed to have died down by 2h. on the 11th. 
The N' and E' curves showed two bays, one of short duration between 20 h. and 21 h. 
on the lOth, the second lasting from about 21 h. on the loth to 1 h. 40 m. on the 11th. 
The recovery from the second depression was very rapid in both elements. The 
disturbance in V was comparatively small. 

The H traces at Alibag and Helwan were remarkably alike, and somewhat 
resembled the movements including the crest usually seen on the occasions of s.c's 
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at these stations, only taken in the reverse order; i.e., the rise to the nlaximum was 
slow, and the fall from it very rapid. The preceding and ~ucceeding portions of trace 
being very quiet, the disturbance has a very isolated appearance. At Relwan, and 
presumably also at Alibag, the D movenlent was relatively small. The V movement 
at Helwan, though only a third of that in If, was well lnarked, and also suggestive 
of the ordinary s.c. movenlent reversed. 

At Agincourt, as at Alibag and Helwan, the largest movement occurred towards 
the end of the disturbance. But the main II movement at Agincourt was a depression, 
and the D range exceeded that of H. The disturbance, however, lasted shorter in 
D than in H, the D trace being very quiet except between 22 h. on the lOth, and It h. 
on the 11th. 

At Eskdalenluir the disturbance in N was somewhat irregular, the elenlent being 
sonletimes above and sometinles below the value normal to the hour. The E and V 
movements were much more regular, both traces showing decided bays, representing 
easterly force in the one case, and depression of vertical force in the other. The 
maximum of easterly force appeared sirnultaneously with the maximum depression 
in V. The depression in V was of a size one usually finds only with larger disturbance 
in the horizontal components. It had not completely disappeared by 3 h. on the 11th. 

Section 95.-Conditions were generally quiet throughout the earlier hours of 
May 14, 1911, and the disturbance developed so gradually at all the stations that it 
is difficult to assign a time for its conlmencenlent. The times assigned in the official 
Honolulu and Sitka lists were respectively 16! h. and 17 h. on the 14th. Here 16 h. 
has been accepted because Antarctic conditions were particularly quiet from 14 h. to 
16 h., while decided disturbance was seen there and at EskdaleInuir between 16 h. and 
17 h. Normal quietness was not restored for several days. The duration assigned to the 
disturbance was, in fact, 70 hours at Honolulu, and 72 hours at Sitka. . There was, 
however, a very decided lull throughout the afternoon of the 15th, and in the Antarctic 
after 11 h. on the 15th it was fairly quiet for several hOUI'S. Accordingly 11 h. on the 
15th has been accepted here for the end of the disturbed period. 

In the Antarctic no great activity was displayed before 19 h. on the 14th, or after 
7 h. on the 15th, and E' was much more disturbed than the other elements. The E' 
trace showed a large fall interrupted by oscillations between 21 h. and 23! h. on the 
14th, and a large rise also interrupted by oscillations between the latter hour and 5, h. 
on the 15th. 

At Mauritius conditions were quiet until 17 h. on the 14th, when disturbance 
appeared in the H trace. The D trace was practically undisturbed until 22 h. The 
H trace showed nlany oscillations of short period, especially near midnight, when the 
activity of disturbance in that element appeared greatest. There was also considerable 
disturbance between 5 h. and 9 h. of the 15th. The maximum and minimum 
of H at Mauritius appeared simultaneously with the maximum and minimum of N 
at Buitenzorg, but the range at Mauritius was only 40 per cent. of that at 
Buitenzorg. Short-period oscillations were much less conspicuous in the Mauritius 
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D trace, but it showed two considerable slow oscillations. Between 22 h. on the 14th 
and 11 h. on the 15th there were swings of 5' to the East and 61' to the West; while 
between 11 h. and 5 h. 25 nl. there were swings of 9' to the East and 41' to the West. 
In terms of force the D range at Mauritius exceeded the E range at Buitenzorg and the 
D range at Honolulu, but the H range at Mauriti us was much less than the H or N 
ranges recorded at the other stations. 

TABLE CXLV.-16 h. May 14 to 11 h. May 15, 1911. Plate XLIII. 

Station. Element. 
Maximum. 

I 
h. m. 

Antarctic ... . .. N' 9 11 (15th) 
E' 5 34 (15th) 
V 0 33 (15th) 

Mauritius '" '" H 21 4-0 (14th) 
D 4 10 (15th) 

Buitenzorg '" '" N 21 40 (14th) 
E 23 25 (14th) 
V 21 50 (14th) . 

Honolulu ... '" R 21 39 (14th) 
D 19 32 (14th) 
V 7 36 (15th) 

Helwan ... '" H 21 41 (14th) 
D 5 30 (15th) . V 23 35 (14th) 

Agincourt ... ... R 21 35 (14th) 
D 3 50 (15th) 

Eskdalemuir ... ... N 22 45 (14th) 
E 1 10 (15th) 
V 17 32 (14th) 

Sitka ... '" R 4 26 (15th) 
D 8 28 (15th) 
V 3 41 (15th) 

Times of 

I 
Minimum. 

h. m. 
23 28 (14th) 
23 31 (14th) 
6 37 (l5th) 

6 5 (l5th) 
1 15 (15th) 

6 5 (15th) 
4- 50 (15th) 
2 45 (15th) 

4- 8 (15th) 
0 12 (15th) 

23 31 (14th) 

7 19 (15th) 
10 57 (15th) 
10 53 (15th) 

4 20 (15th) 
0 4,:) (15th) 

23 23 (14th) 
3 10 (15th) 
4 9 (15th) 

0 2 (15th) 
4 o (15th) 
8 6 (15th) 

Disturba nee Inequality 
Range. 

y 
237 
484 
236 

55 
6] 

140 
43 
38 

147 
57 
33 

112 
79 
36 

250 
231 

192 
115 
165 

586 
261 
36] 

--------_.-

Range. 

y 
67 
54 
32 

20 
28 

41 
22 
18 

19 
46 
20 

30 
51 
23 

29 
47 

50 
36 
22 

24 
56 
12 

At Buitenzorg conditions had been very quiet from 13 h. to 16 h. on the 14th. 
After 18 h. the N trace showed a good many oscillations, but the movements did not 
become large until 22 h. From then until 8 h. on the 15th there was a succession of 
rounded movements, superposed. on which were numerous minor oscillations. The 
E and V curves, while distinctly unquiet after 20 h. on the 14th, were much less disturbed 
than N. 

At Honolulu the H trace showed an almost unbroken fall from 22! h. on the 14th 
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to 4 h. on the 15th, followed by a succession of rounded movements, constituting on 
the whole a gradual recovery. The H disturbance was similar in type to that in N at 
Buitenzorg, and of very similar amplitude. The Honolulu D trace was not much 
disturbed~ and the V trace, though showing numerous small oscillations, was unquiet 
rather than disturbed. 

Helwan was decidedly less disturbed than Buitenzorg or Honolulu. In H there 
was a good deal of oscillation, and a pretty rapid fall near 24 h. The ranges in D and 
V were only about 50 per cent. in excess of those of the average day. 

At Agincourt the disturbance was much larger than at Helwan, or even at 
Buitenzorg and Honolulu, and it was nearly as large in D as in H. Both the H and the 
D traces showed a considerable number of large oscillations, but the H trace exhibited 
a greater tendency than the D to small short-period oscillations. The H trace 
had become distinctly unquiet by 19 h. on the 14th. The larger movements occurred 
between 23 h. on the 14th and 10 h. on the 15th, both in Hand D. The latter element, 
in fact, showed little disturbance outside these limits of time. The large movements 
in H had as their general effect a large fall, as in H at Honolulu and in N at Buitenzorg, 
but this was more interrupted by temporary recoveries at Agincourt than at the other 
stations. The H trace continued to show numerous small oscillations after 11 h. on 
the 15th. 

At Eskdalemuir the disturbance in the horizontal components was intermediate 
in size between those experienced at Buitenzorg and. Agincourt; but the disturbance 
in V was of a quite different order from that at Buitenzorg, Honolulu or Helwan. 
Small oscillations became visible in the N trace about 15 h. on the 14th, and gradually 
increased in amplitude. There was no large movement, but on the whole a gradual 
rise in N until 22 h. 45 m. There then ensued a rapid fall of 192y in less than 40 minutes. 
Some recovery followed, but the element remained markedly depressed for a number 
of hours. The rapid fall in N after 23 h. was accompanied by a considerable rise in 
E, but the E movements were smaller than those in N. There were no large movements 
in either element after 7 h., but minor oscillations persisted in both traces throughout 
the afternoon of the 15th, and were eventually followed by larger movements. The 
V 'trace at Eskdalemuir was practically quiet until after 22 h. on the 14th, when a 
considerable fall occurred. Some recovery followed, but the element remained 
considerably depressed until 9 h. on the 15th. Throughout the whole time there was 
hardly any trace of rapid V oscillations, the movements shown being slow and regular. 

At Sitka conditions had been quiet for some hours prior to 16 h. on the 14th. 
Numerous rapid oscillations then appeared, but they were of small size until 23 h. on 
the 14th. From that hour until 10 h. on the 15th there were numerou~ oscillatory 
movements of considerable size especially in H, the traces from the different elements 
crossing and recrossing, so that details are difficult to make out. The disturbance 
subsided very rapidly after 10 h. on the 15th, and several nearly quiet hours followed. 
As Table CXLV shows, the disturbance had a decidedly larger range at Sitka than in 
the Antarctic, in the vertical as well as in the horizontal plane. 
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The disturbance did not present any very striking features. Except in high 
latitudes the principal feature was a fall in H or N, which commenced late on the 14th. 
The maximum values in H or N were reached simultaneously, or very nearly so, at 
Mauritius, Buitenzorg, Honolulu, Helwan and Agincourt; but the fall continued 
longer at sonle of these stations than others. In lower latitudes the disturbance was 
mainly in H or N, but in higher latitudes the changes in V were of the same order as 
those in the other elements. The North American stations. were more disturbed than 
the other co-operating stations, and the changes in declination experienced there were 
very considerable. 

Section 96.-In the Antarctic conditions had been quiet for ~ome hours prior to 
16 h. on Jlme 4, 1911. Shortly after 16 h. decided disturbance appeared. Between 
16 h. 25 m. and 17 h. 0 m. N' rose 40y. During the next two hours there were only 
small vibrations in N'. These became larger after 19 h., but the disturbance was never 
very striking. The disturbance in E' was much larger. Between 16 h. 35 m. and 

TABLE CXLVI.-16 h. to 24 h. June 4, 1911. Plate XLIII. 
------ ---- -"_ .. - -- ----- --------~--.------ .. --

Times of 
Disturbance Inequality 

Station. Element. 

I 
Range Range. 

Maximum. Minimum. 

£ I 

h. m. h. m. y y 
Antarctic ... ... N' 17 0 23 25 136 39 

E' 16 35 . 20 17 187 13 
V 23 35 20 15 56 20 

I 
Mauritius ... ... H 16 35 19 25 74 8 

D 23 0 19 40 24 6 

Buitenzorg N 16 30 . 19 50 60 14 ... ... i 
E 19 45 16 5 20 13 
V 23 20 20 5 20 5 

Alibag ... '" H 16 35 20 0 65 4 . 
Honolulu ... ... H 16 40 23 25 46 10 

D 18 18 22 58 71 50 
V 17 40 19 57 36 23 

Helwan ... ... H 16 30 19 35 70 7 
D 

. 
20 50 16 30 49 13 

V 19 40 22 55 25 3 

Agincourt ... ... H 20 25 20 0 99 34 
D 23 25 19 45 100 28 

Eskdalemuir ... ... N 19 4 19 59 98 17 
E 23 22 18 18 120 25 
V 19 38 23 0 110 12 

Sitka H 16 1 1 18 46 
, 

{.134 20 ... ... 
D 17 31 20 48 126 55 

I 
V - - >45 ]4 
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18 h. 35 m. E' fell 1491'. Between 19 h. and 21 h. there were some considerable 
oscillations, including a fall of 1391' and rise of 1201' between 20 h. 5 m. and 20 h. 35 m. 
In the V trace there was a considerable development of short-period oscillations between 
19 h. and 23 h., but their amplitude was small. The disturbance in N' and E' showed 
no very marked subsidence until after 4 h. on June 5. 

At Mauritius conditions had been fairly quiet until 16 h. on the 4th. A small 
oscillation then occurred in H, and after its subsidence a prolonged fall set in. This 
continued at a nearly uniform rate between 17 h. and 18t h. From then until 
22 h. 20 m. the trace remained markedly depressed, though there were several sharp 
oscillations, especially near 20 h. Between 22 h. 25 m. and 23 h. there was a smart 
rise of 401'. There is thus'a very Inarked bay (depression of H) extending from about 
16! h. to 23 h. The curve from 17 h. to 23 h. stands out conspicuously from what 
precedes or follows, suggesting a well-marked isolated disturbance lasting from six 
to seven hours. Between 23 h. and 24 h. there was a slight fall in H. The D trace 
was much less disturbed. There was, however, rather a smart oscillation between 
19 h. 40 m. and 20 h. 20 m., consisting of swings of 2' to the East and 1 t' to the West. 
Between 22 h. 15 m. and 22 h. 55 m. there was an easterly movement of 2t'. 

At Buitenzorg the N trace shows a small oscillation shortly after 16 h., 
corresponding to the oscillation described in the Mauritiu..s H curve. There was a 
conspicuous bay (depression of N) between 16t h. and 23t h. During its incidence 
there were numerous short-period oscillations, especially between 18 h. and 21 h. The 
E trace was comparatively quiet, but between 19 h. 5 m. and 20 h. 30 m. there was a 
rise of 181' and an equal fall. The V trace contained a few small oscillations. All 
three curves show a summit at about 23 h. 20 m. 

At Alibag the H trace closely resembled that at Mauritius. There was a close 
correspondence at the two stations between the records of a small oscillation shortly 
after 16 h., and other oscillations occurring between 18 h. and 21 h. The depression 
of H ended, as at Mauritius, with a sharp rise, amounting to 331', between 22 h. 30 m. 
and 23 h. 

At Honolulu, as at Mauritius and Alibag, there was a somewhat prominent short­
period oscillation shortly after 16 h. Also after 16 h. 40 m. a decided fall set in in H. 
Short-period oscillations were again most prominent between 19 h. and 20t h. But 
the minimum in·H was reached much later than at Mauritius and Alibag, and the 
subsequent recovery was comparatively inconspicuous. Thus the disturbance between 
16 h. and 24 h. has a much less distinctive appearance than at Mauritius, Buitenzorg 
or Alibag. 

The resemblance between the H traces at Helwan and Alibag was very close. 
This is true equally of the small short-period oscillations and the larger slow movements. 
At Helwan the rise in H between 22 h. 25 m. and 23 h. amounted to 401', and it was 
followed between 23 h. and 24 h. by a fall of 231'. The Helwan D trace contained 
some decided oscillations, including the following between 19 h. 20 m. and 21 h. 30 Ill. : 

2' W, 2t' E, It' w, 21' E and finally 2t' W. The Helwan V trace also showed 
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oscillations, especially after 19 h., including the following between 19 h. 40 m. and 
20 h. 40 m.: - 9y, + 7y, - 14y and + 9y. Between 22i h. and 24 h. there was a 
fall of 15y and rise of 12y. Parts of the D and V curves showed considerable 
resemblance, easterly movements going with increase of V, but between 22l h. and 
24 h. easterly movement went with' fall in V. All three Helwan curves showed the 
small oscillation shortly after 16 h., synchronous apparently with the oscillation 
described in the H curves at Mauritius and Alibag and the N curve" at Buitenzorg. 
The amplitudes of the two movements at Helwan were: in H, - 7y and + lOy; in 
D, 0"5 E and 0"5 W; in V, + 4y and - 3y. 

The curves received from Agincourt did not commence until 16 h. 40 m., and so 
did not cover the time of the special small oscillation near 16 h. There were three 
considerable oscillations in H, in imnlediate succession, between 19 h. 15 m. and 
20 h. 40 m. The third and largest, which commenced at 20 h. 0 m., consisted of a rise 
of 99y and fan of 80y. Between 22 h. 50 m. and 23 h. 15 m. H fell 47 y. The Agincourt 
D trace, though having an equal or slightly larger range, was really considerably less 
disturbed than the H trace, being much less oscillatory. The principal movements 
were the following: 10' to West between 19 h. 15 m. and 19 h. 25 m., 13' to East 
between 19 h. 45 m. and 20 h. 15 m., and 9' to East between 22 h. 55 m. and 23 h. 25 m. 

At first sight the N curve at Eskdalemuir seems quite unlike the H curves at 
Mauritius, Alibag and Helwan. The small oscillation just after 16 h. cannot with 
certainty be identified at Eskdalemuir, and N shows a decided tendency to rise prior 
to 19 h., whereas the H traces at Mauritius, Alibag and Helwan all show a marked 
fall. There is, however, a pretty close parallelism between the conspicuous oscillations 
that appear at all the stations after 19 h., rise in N at Eskdalemuir going with rise 
in H at the other stations. A conspicuous difference comes jn after 22! h. Between 
that hour and 24 h. there is a prominent double oscillation in N at Eskdalemuir, the 
changes being + 39y, - 63y, + 74y and - 58y, whereas at the other stations there 
is only a single oscillation. Also at Eskdalemuir the last fall in N continues until 
o h. 20 m. on the 5th, and is immediately followed by a decided rise. The E trace 
at Eskdalemuir does not resemble the D trace at Helwan. After 17 h. it shows a 
succession of oscillations. Between 22 h. 40 m. and 24 h. Erose 80y and fell 59y. 

The fall continued until about 0 h. 8 m. on the 5th, and was followed by a decided 
rise. The changes in V at Eskdalemuir followed the course usual there in magnetic 
storms. There was a continuous rise amounting in all to 63y between 17 h. and 
19 h. 38 m., when the maximum was reached. A slow decline then set in, interrupted 
only by a slight temporary increase about 20l h. The decline greatly accelerated 
about 22! h., the fall in the half-hour preceding the minimum at 23 h. amounting to 56y. 

Between 23 h. 0 m. and 23 h. 30 m. there was a smart recovery, amounting to 34y, 

which restored the element to near its normal value. 
No curves were received from Sitka. But the data in the . official publication­

which have been utilised in Table OXLVI-show that a considerable disturbance 
was experienced, the range in D being 27'· 6 (= 126y), and that in H being at least 
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134y. The disturbance in the horizontal plane would thus appear to have been a 
iittle larger at Sitka than at either Eskdalemuir or Agincourt, but not quite so large 
a.s in the Antarctic. During this storm there is less difference than usual between the 
amplitude in different latitudes. 

Section 97.-The disturbance on June 9-10, 1911, had a sudden commencement, 
already described, which was everywhere of unusually small amplitude. The 
disturbance appears in both the Honolulu and Sitka lists, the durations assigned being 
respectively 134 and 137 hours, or over five days. There was, however, a distinct 
lull in the afternoon hours of the lOth, and the disturbance is regarded here as ending 
at 12 h. on that day. The sudden commencement was at 16 h. 31 m. of the 9th. 

In the Antarctic conditions had been very quiet for seven or eight hours prior to 
the s.c. They became less quiet after that event, but there was no considerable 
disturbance until 20 h. on the 9th. The largest movements occurred between 3 h. 

TABLE CXLVII.--16 h. June 9 to 12 h. June 10, 1911. Plate XLIV. 
---

Times of 

Station. Element. 
Disturbance Inequality 

I 
Range. Range. 

Maximum. Minimum. 

h. nl. h. m. y y 
Antarctic ... . .. N' 7 24 (10th) 2 20 (10th) 258 60 

E' 4 10 (10th) 23 1 (9th) 3715 60 
V 20 35 (9th) 5 58 (10th) 184 31 

Mauritius .. , ... R 20 25 (9th) 7 30 (10th) 42 21 
D 3 45 (10th) 8 25 (10th) 42 20 

Buitenzorg ... . .. N 20 25 (9th) 7 25 (10th) 114 32 
E 7 20 (10th) 3 20 (10th) 25 19 
V 20 30 (9th) 1 35 (10th) 24 14 

Alibag ... . .. II 20 25 (9th) 1 15 (10th) 51 33 
D 2 20 (10th) 17 10 (9th) 41 43 
V 1 40 (10th) 4 35 (10th) 52 30 

Honolulu ... . .. H 20 26 (9th) 6 14 (10th) 100 13 
D 18 15 (9th) 23 10 (9th) 83 50 
V 17 39 (9th) 21 39 (9th) 41 23 

Relwan ... . .. H 20 25 (9th) 7 25 (10th) 87 26 
D 4 5 (10th) 10 15 (10th) 56 47 

Agincourt ... . .. H 21 25 (9th) 5 5 (10th) 200 34 
D 5 45 (10th) 7 25 (10th) 205 66 

Eskdalemuir ... ... N 20 24 (9th) 7 27 (10th) 115 44 
E 22 20 (9th) 20 23 (9th) 124 41 
V 22 25 (9th) 1 23 (10th) 92 21 

Sitka ... . .. H 4 5 (10th) 7 49 (10th) 160 20 
n 

I 

4 54 (10th) 1 5 (10th) 

I 
173 56 

V 3 56 (10th) 7 49 (10th) 302 17 
--
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and 9 h. on the lOth, including between 7 h. and 8 h., a disturbance which appears 
amongst those of the special type in Table CXL. After this there was at least an 
abatement of the disturbance for several hours. There was a nlarked recrudescence 
betw'een 17 h. and 20 h. on the lOth, subsequent to which there was loss of trace for 
several hours. As Table CXL VII shows, disturbance in the Antarctic was larger in 
E' than in the other elements, but was considerable in all. 

At Mauritius ·the s.c. in H led to a nearly level crest, which persisted until fully 
18 h. 45 m. on the 9th, when there was a fall of 71' and SOlne slow oscillations. Besides 
several small but sharp oscill~tions of short period, the H curve exhibited the following 
rather prominent oscillations of longer period:-

Between 20 h. 5 m. and 20 h. 45 nl. of the 9th a rise of 131' and fall of 131'. 

" 21 h. 20 m. and 22 h. 20 m. "" " a fall of 141' and rise of 161'. 

" 7 h. 10 m. and 8 h. 20 m. "" lOth a fall of 171' and rise of Ill'. 
The D trace at Mauritius was comparatively smooth. There was on the whole a 

decided easterly movement, in all 4!', from 0 h. 45 m. to 3 h. 45 In. on the 10th, and 
a. decided westerly movement, in all 5!', between 4 h. 30 m. and 8 h. 25 m. These 
movements are somewhat suggestive of the ordinary diurnal variation~ but amplified 
about four times. 

Buitenzorg shows similar phenomena to Mauritius. While the crest -after the s.c. 
lasted, the changes in N were small. On the subsidence of the crest the movements 
became much more lively. There .were several rounded wave-like movenlents, having 
superposed on them numerous short-period oscillations. From 0 h. to 7 h. 25 Ill. on 
the lOth the general trend in N was downwards. There was more disturbance in the 
D and V curves than is suggested by the comparatively snlall excess in the rangetl 
observed over those derived from the regular diurnal inequality. 

At Alibag the disturbance in H was really larger than the range suggests. The 
changes due to the disturbance were mainly in the direction opposite to those caused 
by the regular diurnal variation. To the eye, the D and V traces appear almost quite 
smooth, except for trifling bays between 1 h. and 2 h. on the lOth. The disturba.nce 
seems to have slightly reduced the ordinary D range, while increasing that of V. 

Disturbance was more in evidence at Honolulu, especially in H. For two hours 
after the s.c. there was a crest on the H curve, and during this time there was little 
oscillation. From 20 h. on the 9th to 2! h. o'n the loth there was a large fall in H, 
and from 6! h. to 8 h. on the loth there was a rapid rise. After 10 h. on the 10t.h 
the trace was unrestful rather than disturbed. The D trace gave little sign of 
oscillation at any time, but the range was considerably above the normal. 

At Helwan the II trace was as usual considerably more disturbed than the D. 
The excess in its range over the corresponding range at Alibag is, however, partly 
explained by the smaller opposition that existed at Helwan between the directions 
of the disturbing forces and those producing the regular diurn~l variation. The Helwan 
D trace shows more signs of disturbance than the corresponding trace at Alibag, and 
more than the range suggests. 
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Agincourt was much more disturbed than stations in corresponding latitudes in 
Europe. H was actively disturbed from 20 h. on the 9th to 8 h. on the lOth, 
D from 1 h. to 8 h. on the lOth. Prior to 1 h. on the lOth D was much less disturbed 
than H, but subsequently the D movements were the larger. After 8 h. on the lOth, 
only small oscillations were recorded for a number of hours. From 1 h. to 7 h. on the 
lOth, H was depressed a good deal below its normal value, but a rapid recovery then 
took place. In the course of 70 minutes, between 6 h. 50 m. and 8 h. on the lOth, the 
declination needle swung first 38' to the West and then 29' to the East. The subsidence 
of disturbance on the termination of this movement was a striking feature of the curve. 

At Eskdalemuir the Nand E traces suggest a single disturbance, lasting 
uninterruptedly from the s.c. on June 9, until the forenoon of June 12 or even later, 
but there was a comparative lull before noon on the loth. Up to 20 h. on the 9th, 
conditions were comparatively quiet, disturbance being greatest between 20 h. on the 
9th, and 4 h. on the lOth. The N movements throughout were numerous, and irregular 
rather than large. The disturbance in V was largest between 22 h. on the 9th, and 3 h. 
on the lOth, there being a well-marked depression between 1 h. and 3 h. on the lOth. 
Up to 22 h. on the 9th and subsequent to 8 h. on the loth the V trace was practically 
smooth. 

At Sitka the outstanding feature was a large rise and fall in V between 6 h. 50 nl. 
and 8 h. 30 m. on the lOth. This accounted for th~ greater part of the range which, 
as Table CXL VII shows, considerably exceeded the range of V in the Antarctic. 
This large V oscillation partly synchronised with the large D oscillation at Agincourt. 
The Sitka Hand D traces showed considerable ranges, but not so large as those 
at Agincourt. The principal feature in the Hand D traces at Sitka was the persistence 
of rapid small oscillations. There were no large movements until after 20 h. on the 9th. 

Section 98.-The disturbance began with an s.c. about 21 h. 50 m. on June 30, 
which has been already described. 

While the commencement is definite enough, opinions might well differ as to the 
termination. The estimates of duration nlade at Honolulu and Sitka were respectively 
40 and 43 hours. There was, however, at least a lull at all the stations, including 
the Antarctic, for several hours during the forenoon of July 1, so it was decided to 
limit the cOlnparison to the 12 hours ending at 9 h. on July 1. 

In the Antarctic the s.c. movenlent was very small in N', and in E' and V it 
took the shape of a simple oscillation, the to and fro movements being practically 
equal. During the next two or three hours, the traces were but little more disturbed 
than before the s.c. The largest movements occurred between 5 h. and 8 h. 
on July 1, ]~' heing considerably the most disturbed element. A comparatively 
quiet time followed after 8 h. 

The H trace received from Mauritius ended at 8 h. 20 m. on the 1st, so the range 
shown in Table CXLVIII may have been slightly exceeded. The disturbance was 
a very trifling one in H and even more so in D. 

At Buitenzorg the disturbance was trifling for three hours after the s.c. 
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Subsequently the traces, especially the N trace, showed numerous smail oscillations. 
There was a considerable fall in N after 5 h. on July 1. The E and V traces throughout 
were only slightly disturbed. 

At Alibag the range in H was not very greatly in excess of the normal, but small 
oscillations were conspicuous after 1 h. on July 1. The D and V traces showed almost 
no signs of disturbance. 

At Honolulu the H trace was very sensibly disturbed after 1 h. on July 1. The 
largest movement, a fall of 301', occurred later between 4 h. 55 m. and 5 h. 55 m. The 
D trace showed little disturbance, and the V trace was unquiet rather than disturbed. 

At Agincourt within the time interval considered H had a considerably snlaller 
range than D. The s.c. movement itself in H was considerable, and it was immediately 
followed by numerous snlall oscillations of short period. These oscillations persisted 
with little intermission until 12 h. on July 2, but there was a decided lull from 9 h. to 
10 h. on July 1. The s.c. rnovement in D was very slnall, but there was a conspicuous 
double oscillation between 5 h. and 7! h. on July 1. 

At Eskdalenluir the Nand E traces were more disturbed than the ranges in 
Table CXL VIII suggest. Both traces showed numerous small oscillations. The V 
trace resembled that of a quiet day, but the range was augmented. 

TABLE CXLVIII.--21 h. June 30 to 9 h. July 1~ 1911. Plate XLIV. 
---------------------------

Times of 
Disturbance Inequality 

Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. I' I' 
Antarctic ... ... N' 8 59 (1st) 5 43 (1st) 343 52 

E' 6 32 (1st) 0 10 (1st) 229 48 
V 22 47 (30th) 6 38 (1st) 134 33 

Mauritius ... ... H 4 50 (1st) 22 25 (30th) 22 17 
D 23 5 (30th) 7 30 (1st) 18 19 

Buitenzorg ... ... N 3 10 (1st) 8 40 (1st) 99 34 
E 0 20 (lst) 3 30 (1st) 37 26 
V 5 15 (1st) 9 o (1st) 22 12 

Alibag ... ... H 5 10 (1st) 22 40 (30th) 43 29 
D 3 o (1st) 7 20 (1st) 37 38 
V 2 50 (1st) 7 15 (1st) 35 23 

Honolulu ... ... H 0 56 (1st) 6 5 (1st) 57 13 
D 5 40 (1st) 23 27 (30th) 30 20 
V 6 25 (1st) 21 50 (30th) 21 13 

Agincourt ... ... H 21 55 (30th) 8 40 (1st) 58 17 
D 6 o (1st) 0 15 (1st) 91 30 

Eskdalemuir ... ... N 22 o (30th) 8 20 (1st., 41 32 
E 23 40 (30th) 6 20 (1st) 60 21 
V I 23 40 (30th) 8 o (1st) 25 14 
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Section 99.-Subsequent to 9 h. on July 1, as has been already mentioned, several 
considerable movements occurred. One of the largest of these took place between 
14 h. and 17 h. on July 1. The ranges during these hours on the traces available, 
and the corresponding diurnal inequality ranges, were as follows :-

TABLE CXLIX.-14h.-17h. July 1,1911. Plate XLIV. 

I 
Antarctic. Alibag. Honolulu. Agincourt. Eskdalemuir. 

Range. 

N'I I I I I I I I I 
E' V H D V H D V H D N E V 

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y Y 'Y I 'Y 
Disturbance ... 179 173 68 47 11 9 31 20 13 89 148 193 104 47 
Inequality ... 3 17 10 3 2 4 1 18 5 10 41 20 10 14 

-- ------ --------- --------.-~----- -_._--_._--

In the Antarctic a rise and fall in N' were succeeded by a second rise and· fall. 
E' also showed a double oscillation, the fall preceding the rise. These movements 
were sOlnewhat larger than those in adjacent hours, but of similar type. The V 
movements during the three hours were irregular and not specially large. At the 
other stations the movements had a distinctive appearance and were much larger 
than those in adjacent hours. 

A~ Alibag there was a deep bay in the H curve, the fall and subsequent rise being 
approximately equaL The D and V movements were small. At Honolulu a decided 
fall in H was followed by a considerably larger rise and a gradual return to the normal 
value. - The D trace showed a decide~ bay, an easterly movement being followed by 
a nearly equal westerly movement. V showed a slight rise. At Agincourt there 
was a deep bay in the H curve, the commencing movement being a fall, and the 
subsequent recovery being at first very rapid. The declination movement at Agincourt 
was rather striking. A movement of 12' to the East was followed by a rapid nl0vement 
of 31' to the West. At Eskdalemuir the N movements were considerably the largest. 
In about an hour from 14! h. to 15i h. there was a rise of 148'Y and a fall of 1931'. 

This was followed by a considerable recovery. The chief movements in E occurred 
between 14 h. and 16 h., a fall in E-equivalent to westerly movenlent in the declination 
needle-being followed by a sonlewhat larger rise. V was practically undisturbed 
except from 15 h. to 16 h., when a rise of 441' occurred. This was the most considerable 
change in V during the 48 hours following the s.c. on June 30. 

Section 100.--The disturbance of July 28-29, 1911, is one as to whose 
commencement and duration very different views might be entertained. The 
Honolulu and Sitka lists both include a storm whose commencement is put at about 
23 h. on July 27, but its duration was estimated at 36 hours at Honolulu as compared 
with 82 hours at Sitka. At Eskdalemuir, the afternoon ~f the 27th would hardly 
be described as quiet after 16 h., but there was no large disturbance until the afternoon 
of the 28th. In. the Antarctic there was no special disturbance until near the end 
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of the quick run taken from 8 h. to 10 h. on July 28. As the quick runs have been 
dealt with separately, it is convenient to take for comparison at the different stations 
the 24 hours commencing at 10 h. on July 28. The disturbance had not wholly 
disappeared at most stations by 10 h. on the 29th, but it was at least much reduced. 

TABLE CL.--I0 h. July 28 to 10 h. July 29, 1911. Plate XLV. 

Times of 

Station. Element. Disturbance Inequality 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. y y 
Antarctic ... '" N' 13 50 (28th) 0 2 (29th) 342 68 

E' 7 36 (29th) 19 58 (28th) :311 48 
V 22 39 (28th) 11 21 (28th) 271 33 

Mauritius ... ... H 18 50 (28th) 13 30 (28th) 48 20 
D 11 25 (28th) 16 25 (28th) 46 23 

Buitenzorg ... ... N 2 50 (29th) 11 10 (28th) 121 37 
E 10 30 (28th) 4 20 (29th) 32 26 
V 6 35 (29th) 11 20 (28th) 39 15 

Alibag ... ... H 18 50 (28th) 13 35 (28th) 65 34 

Honolulu ... ... H 13 28 (28th) 3 51 (29th) 65 11 
D 17 52 (28th) 21 46 (28th) 50 42 
V 4 8 (29th) 21 3 (28th) 18 18 

Helwan ... ... H 10 o (28th) 16 10 (28th) 74 25 
D 5 30 (29~h) 10 50 (~8th) 88 46 
V 13 40 (28th) 9 o (29th) 32 20 

Agincourt ... . .. H 22 20 (28th) 3 45 (29th) 100 46 
D 23 40 (28th) 16 5 (28th) 127 65 

Eskdalemuir ... ... N 18 11 (28th) 11 2 (28th) 237 44 
E 20 56 (28th) 13 45 (28th) 134 45 
V 16 30 (28th) 0 30 (29th) 100 22 

Sitka ... ... H 10 1 (28th) 13 23 (28th) 213 29 
D 11 23 (28th) 13 8 (28th) 174 50 
V 3 47 (29th) 13 25 (28th) 375 25 

In the Antarctic the disturbance was of an irregular character, comparatively 
quiet -and more disturbed intervals succeeding one another. Between 11 h. and 12 h. 
on the 28th, there were large movements in all the elements, and between 14 h. and 
15 h. there was a large bay in N'. From 15 h. to 18 h. on the 28th and from 4 h. to 
7 h. on the 29th it was comparatively quiet. 

At Mauritius the H trace was more disturbed than the range might suggest, 
for though there was no large continued movement in one direction, there were a 
nunlber of rather prominent oscillations. The principal of these occurred between 
11 h. and 15 h., and between 18 h. and 20 h. on the 28th. After 1 h. on the 29th, 
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there was little disturbance in H, except for a moderate oscillation between 7 h. 
and 9 h. While the ranges in Hand D were practically equal, the D trace looks 
comparatively undisturbed. In the normal course, a westerly movement of about 
21-' (16y) was to be expected between 11 h. and 16 h. on the 28th, and what 
the corresponding part of the trace suggests is rather an enhancement of the normal 
diurnal change than an active disturbance. The D trace exhibited more signs of 
disturbance between 18 h. and 21 h., when several oscillations appeal to the eye. 

At Buitenzorg N was much more disturbed than E or V. The chief changes in 
N occurred between 10 h. and 17 h. on the 28th, and between 0 h. and 2 h. and again 
between 6 h. and 8 h. on the 29th. The E and V traces showed no large departures 
from the normal, but contained a nUlnber of undulatory movements of sensible size, 
representing in the aggregate more disturbance than the range in Table CL lnight 
suggest. 

At Alibag there had been a very considerable fall in H between 8 h. and 10 h. 
on the 28th, and this continued until after 11 h. From then up to 23 h. there was a 
great deal of irregular nlovement, more than the range would suggest, but no large 
departure from the mean. The largest movements occurred between 12 h. and 14 h. 
and between 18 h. and 20 h. on the 28th. After 24 h. on the 28th, there was little 
disturbance for a number of hours. 

At Honolulu the D and V traces were only slightly disturbed, and even in H 
there was but little disturbance after 14 h. on the 28th. 

At Helwan the H trace closely resembled that at Alibag. The D and V traces 
were on the whole smooth, but minor oscillations were visible, more especially between 
18 h. and 20 h., and again near 24 h. on the 28th. 

At Agincourt disturbance appeared in H a little before 18 h. on the 27th, and 
gradually increased, the largest movements occurring between 22 h. and 24 h. on . 
the 28th. The D trace showed comparatively little disturbance until 10 h. on the 
28th. After that it was pretty disturbed until 8 h. on the 29th. 

At Eskdalemuir considerable disturbance prevailed during the whole afternoon 
of the 28th. The disturbance then gradually abated, and had nearly disappeared 
by 8 h. on the 29th. The most disturbed times in the N trace were from 12 h. to 15 h. 
and 18 h. to 20 h. on the 28th, and from 22 h. on the 28th to 1 h. on the 29th. 
There were also considerable E movements at the later times. The only considerable 
change in V occurred near 24 h. on the 28th. 

At Sitka, the quick run trace showed considerable disturbance, especially near 
10 h. on the 28th, and the disturbance continued very active without intermission 
until 41 h. on the 29th, when conditions became much quieter for a few hours. Active 
disturbance was, however, resumed after 7 h. and continued until 14 h., when the 
amplitude of the movelnents was much reduced. The Hand D traces showed 
numerous small oscillations throughout the whole time. The largest movements 
occurred between 10 h. and 15 h. on the 28th, the V changes being particularly striking. 
A rapid fall in V between 10 h. and 101 h. was followed by a nearly equal but much 
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slower rise between lOt h. and 121 h. There then ensued during the next two hours 
a very large rapid fall, followed by a somewhat larger but less rapid rise. During 
the later part of this double movement in V the Hand D curves also exhibited 
large oscillations. The three traces also showed large movements between 7 h. and 
14 h. on the 29th, but during most of this time minor oscillations were a good deal 
less in evidence than during the afternoon of the 28th. 

On this occasion, if we judged by the horizontal components, we should regard 
Eskdalemuir and Sitka as sinlilarly disturbed; but the vertical force disturbance 
at Sitka was out of all conlparison greater than at Eskdalemuir, and was considerably 
in excess even of that recorded in the Antarctic. Again, while the horizontal components 
showed a considerably larger total range in the Antarctic than at Eskdal,emuir and 
Sitka, the superposed minor oscillations were least prominent in the Antarctic as 
compared with average conditions at the respective stations. 

Section 101.--The s.c. which preceded the disturbance of August 19-20 was a 
large and well-marked one, and if disturbances and their s.c's corresponded in magnitude 
we should have had a notable storm. But, as a matter of fact, the subsequent 

TABLE CLI.-12 h. August 19 to 9 h. August 20, 1911. Plate XLV. 
----- "- --.-

Times of 

Station. Element. Disturbance Inequality 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. y y 
Antarctic '" ... N' 17 5 (19th) 23 20 (19th) 181 59 

E' 7 12 (20th) 21 55 (19th) 236 60 
V 23 10 (19th) 14 50 (19th) 84 26 

Mauritius '" '" H 7 50 (20th) 21 10 (19th) 4-1 22 
D 12 35 (19th) 9 o (20th) 34 33 

Buitenzorg '" ... N 3 10 (20th) 15 55 (19th) 67 4-2 
E 23 35 (19th) 3 10 (20th) 37 31 
V 5 15 (20th) 21 10 (19th) 23 16 

Ali bag ... '" H 6 10 (20th) 21 10 (19th) 42 36 

• Helwan ... '" H 12 15 (19th) 23 5 (19th) 61 31 
D 5 5 (20th) 12 20 (19th) 62 46 
V 20 50 (19th) 7 55 (20th) 19 18 

Agincourt ... '" H 20 20 (19th) 16 5 (19th) 69 51 
D 3 55 (20th) 17 25 (19th) 115 69 

Eskdalemuir ... '" N 21 33 (19th) 12 17 (19th) 68 40 
E 23 40 (19th) 12 44 (19th) 88 49 

V {17 
21 

23 (19th)} 
51 (19th) 12 45 (19th) 28 22 

Sitka ... ... ... H 8 5 (20th) 2i 38 (19th) 88 35 
D 7 31 (20th) 23 26 (19th) 117 49 
V 23 26 (19th) 17 18 (l9th) 7] 22 

-----~-----.- ------
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disturbance was everywhere of a commonplace character. It does not appear at all 
in the Honolulu and Sitka lists. The Buitenzorg, Agincourt and Eskdalemuir curves 
were those mainly relied on when fixing 9 h. on the 20th as the end of the disturbance. 

In the Antarctic the s.c. and the subsequent disturbance were both largest in E'. 
Between 13 h. and 16 h. on the 19th the movements were trifling. The largest move­
ments especially in E' were between 16 h. and 18 h. and after 21 h. on the 19th, and 
between 1 h. and 4 h. on the 20th. 

At Mauritius the H trace was generally quiet. Apart from the s.c. itself, the 
only time when the H trace showed appreciable disturbance was ironl 21 h. to 23 h. 
on the 19th, when a somewhat conspicuous hump or elevation presented itself. 
Between 21 h. 10 m. and 21 h. 35 m. H rose 221'. The subsequent fall was much slower 
and was interrupted by small oscillations. The D trace showed little disturbance, 
the visible changes being apparently almost entirely due to the normal diurnal 
variation. 

At Buitenzorg there was a large s.c. nlovement in N which subsided largely within 
half an hour. A quiet time followed until nearly 16 h. on the 19th. The largest N 
movements occurred bet.ween 21 h. and 23 h. Except between these hours there were 
few irregular movements in E or V. The N trace continued to show irregular minor 
movements until nearly 9 h. on the 20th. 

At Alibag the chief disturbance in H was between 21 h. and 23 h. on the 19th 
and for half an hour subsequent to the s.c. D and V traces were available for only 
part of the time and showed little sign of disturbance. 

The phenonlena at Helwan were similar to those at Alibag. Even the H trace was 
mostly pretty smooth, and the D and V traces were almost entirely so. At the sanle 
time, the D range seems to have been sensibly above the normal. 

At Agincourt the H trace showed minor oscillations throughout most of the time; 
the disturbance was most active from 20 h. to 24 h. on the 19th. The D trace showed 
less persistent oscillation than the H trace, but contained a considerable bay between 
3 h. and 5 h. on the 20th. 

At Eskdalemuir there were numerous minor irregularities in the N trace, especially 
between 16 h. and 18 h. and between 21 h. and 24 h. of the 19th. The V trace 
throughout was almost undisturbed. 

The Sitka traces available stopped at 3 h. on the 20th, but information as to the 
nlaxima in Hand D was derivable, as in many other cases, from the official publication. 
There were no really large movements, but the Hand D curves showed numerous 
oscillations during most of the time they covered. The oscillations were least in 
evidence from one to three hours after the s.c. At Sitka, as at Agincourt, the D range 
considerably exceeded that of H. 

Section 102.-During August .23-25 there was considerable disturbance at all the 
stations. Conditions had been generally quiet during the previous 12 hours, and the 
selection of 8 h. for the commencement of the disturbance is open to little doubt. 
There is more room for difference of opinion as to the end. The duration is given in 
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the official Honolulu publication as 52 hours, while the Sitka estilnate is 120 hours. 
In the Antarctic, noon on the 25th was followed by one or two hours free from large 
disturbance, so 12 h. has been accepted here for the end of the disturbed interval. 

TABLE CLII.--8 h. August 23 to 12 h. August 25, 1911. Plate XLVI. 

'l'imes of 

Station. Element. Disturbance Inequality 

I 
Range. Range. 

Maximum. Minimum. 

I 
h. h. m. m. I' I' 

Antarctic ... '" N' 15 5 (23rd) 23 15 (23rd) 454 59 
E' 3 42 (24th) 14 58 (23rd) 523 60 
V 2 5 (24th) 9 5 (24th) 338 28 

Mauritius '" ... R 8 20 (23rd) 14 35 (23rd) 125 22 
D 10 20 (24th) 15 o (23rd) 68 33 

Buitenzorg ... ... N 8 25 (23rd) 14 o (23rd) 140 42 
E 8 50 (23rd) 4 20 (25th) 52 31 
V 8 5 (23rd) 14 35 (23rd) 46 16 

Alibag ... .., H 8 25 (23rd) 15 30 (23rd) 117 37 

Honolulu ... ... H 19 20 (23rd) 23 28 (23rd) 86 11 
D 22 8 (23rd) 17 26 (23rd) 86 49 
V 15 4 (23rd) 21 32 (24th) 29 22 

Helwan ... ... H 8 24 (23rd) 6 20 (25th) 108 32 
D 5 15 (25th) 11 19 (23rd) 71 48 
V 14 38 (23rd) 7 24 (24th) 39 18 

Agincourt ... ... H 23 25 (23rd) 14 57 (23rd) 235 51 
D 23 30 (23rd) 15 15 (23rd) 299 69 

Eskdalemuir ... ... N 14 59 (23rd) 23 28 (23rd) 270 42 
E 15 19 (23rd) 14 23 (23rd) 150 49 
V 15 19 (23rd) 23 36 (23rd) 240 22 

Sitka ... ... H 5 38 (24th) 14 56 (23rd) 573 35 
D 15 o (23rd) 11 29 (24th) 287 49 
V 0 8 (24th) 15 2 (23rd) 559 22 

In the Antarctic all three elements showed considerable disturbance. The largest 
movements occurred on the 23rd between 14 h. and 16 h., and between 20 h. and 24 h. ; 
on the 24th between 3 h. and 6 h., and between 8 h. and 10 h. The movements between 
8 h. and 10 h. on the 24th have been already discussed amongst the short-period 
disturbances. Throughout the whole 52 hours there was no sensible interlude to the 
disturbance, and numerous small oscillations were superposed on the larger movements 
in the curves of all the elements. The first movement of any size was a rise and fall 
in N' between 8 h. 22 m. and 8 h. 32 m. on the 23rd. This was accompanied by a 
general rise in E', but the movements did not suggest an ordinary s.c. Between 14 h. 
and 16!- h. on the 23rd,N' rose 2521' and fell 2391', E' fell 362 'Y and rose 3361', while 
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V had fallen (algebraically) 1901' by 15 h. 25 m., when a long but comparatively slow 
recovery set in. At about 8 h. 25 m. on the 25th there was an oscillation in all the 
elements, lasting about six minutes, which was distinctly suggestive of an s.c. 

At Mauritius the H trace shows numerous oscillations of moderate period, 
superposed on slower movements which resemble the regular diurnal variation, enhanced, 
however, especially on the 23rd. A noticeably sharp oscillation in H occurred shortly 
after 8 h. on the 23rd, a rise of 11 I' occurring in about 10 minutes. Between 14 h. 
and 16 h. on the 23rd H fell 271', rose 161', fell 151', and rose 161'. Considerable 
oscillatory disturbance followed until 24 h. on the 23rd, when a quieter time ensued 
until 8 h. on the 24th. From 8 h. to 20 h. on the 24th there was a succession of fairly 
slow oscillations. After 20 h. on'the 24th the trace was considerably quieter, though 
still a little oscillatory. The nlovements in the Mauritius D trace represent in the main 
the regular diurnal variation. There was, however, one considerable oscillation, a 
westerly movement of 5i' in 33 minutes, leading to the minimum (of easterly declination) 
at 15 h. on the 23rd, being followed by an easterly movement of 51' in 22 minutes. 
These nlovements Inay appear trifling, but either exceeds the normal diurnal range. 
A second somewhat rapid change was an easterly nlovement of 31' between 23 h. 0 m. 
and 23 h. 25 m. on the 23rd. 

At Buitenzorg N had been falling for some time prior to 8 h. on the 23rd. But 
about 8 h. 20 m. there was a sharp rise, leading to a horn-like peak at about 8 h. 25 m. 
After this the fall was resumed, and continued almost uninterruptedly for fully three 
hours. Between 14 h. 0 m. and 15 h. 20 m. on the 23rd there was a rise of 991' and fall of 
841' in H; corresponding fairly in time with the large oscillation in Antarctic E'. There 
was a comparatively quiet tinle from 18 h. to 23 h. on the 23rd, though even then 
there were numerous small oscillations in N. There was a rise of 771' in N between 
23 h. 30 nl. on the 23rd and 2 h. on the 24th, and a fall of 961' between 4 h. and 8 h. 
on the 25th. The E and V curves were much quieter, but both showed very appreciable 
oscillations during the large N oscillation between 14 h. and 16 h. on the 23rd. 

Only the H Alibag trace was available. Shortly after 8 h. on the 23rd it showed 
a prominent horn, answering to that in the Buitenzorg N trace. Between 8 h. 25 m., 
when the top of the horn was reached, and 14 h. 10 m. there was a fall of 1131" 

Between 14 hand 16 h. of the same day there was a prominent oscillation similar to that 
in N at Buitenzorg. The trace was comparatively quiet from 0 h. to 8 h. on the 24th. 
Subsequent to 20 h. on the 24th there was no movement worth mentioning, except a 
decided bay between 6 h. and 8! h. on the 25th. 

At Honolulu shortly after 8 h. on the 23rd there was a prominent horn in the H 
curve, sinlilar to those described at Buitenzorg and Alibag. Corresponding to this 
there were oscillations in D and V, the former, however, being very small. This was 
followed by a large fall in H. The largest subsequent H movements were on the 23rd, 
between 23 h. and 24 h., and on the 24th between 5 h. and 6 h., and again between 
8 h. and 9 h. While the range in D considerably exceeded that in V, short-period 
oscillations were more prominent in the latter element. 

302 



The Helwan H trace shows the tooth-like movement between 8 h. and 9 h. on 
the 23rd, and there was a corresponding visible oscillation in V. The H trace was most 
disturbed between .13 h. and 22 h. on the 23rd, and between 18 h. and 21 h. on the 24th. 
During the afternoon of the 23rd there were some slow oscillations in D. 

The Agincourt traces, both Hand D, were considerably disturbed. The D move­
ments were the larger, but short-period oscillations were more prominent in H. On the 
23rd the oscillation having its turning point about 8 h. 25 m. was prolninent; it was 
slightly larger in D than in H. No large movement occurred until 9 h. 5 nl., when there 
began a swing of 24' to the East, which ended at 10 h. 15 m. Between 14 h. 0 m. and 
15 h. 17 m. H fell 1331' and rose 1421'. The other chief H changes occurred between 
20 h. and 24 h. on the 23rd~ and between 3 h. and 9 h. on the 24th. There was a very 
deep bay in the D curve between 23 h. and 24 h. on the 23rd. This was composed of 
uninterrupted movements of 45' to the East and 39' to the West. Other smaller but 
noteworthy D movements occurred on the 24th, between 2 h. and 3 h., between 4 h. 
and 6 h., and between 8 h. and 10 h. Neither H nor D showed any large change during 
the afternoon of the 24th. 

At Eskdalemuir the tooth-like oscillation before 8! h. on the 23rd was apparently 
represented, but it was preceded and followed by other oscillations of decided though 
smaller amplitude, and so makes less appeal to the eye than at Buitenzorg, Alibag, 
Honolulu or Helwan. At Eskdalemuir this movement in N was accompanied by a fully 
larger movement in E, and there was also a distinct dimple in the V curve. Throughout 
the greater part of the time at Eskdalemuir N was considerably more disturbed than 
E. The largest movements in all three elements occurred between 14 h. and 16 h. on 
the 23rd, and between 23 h. on the 23rd and 1 h. on the 24th. At the former time the 
V trace showed the pinnacle, and at the latter time the pit, which are respectively 
characteristic of afternoon and early morning disturbance in that element. The 
movement at Eskdalemuir between 23 h. on the 23rd and 1 h. on the 24th was of a 
rotating type, the vector in the horizontal plane rotating anti-clockwise. 

At Sitka the tooth-like movement before 8! h. on the 23rd is represented in Hand 
to a minor extent in D and V, but it is preceded as at Eskdalemuir by minor oscillations, 
and so is comparatively insignificant. The largest movements occurred between 13 h. 
and 16 h. on the 23rd, when there were large bays in the traces of all three elements. 
The deepest points in the bays (minimum in H, maximurn easterly declination, and 
mininlllnl in V) all occurred within a few minutes of 15 h., when the D trace was for 
a short time beyond the limits of registration. During the three hours specified the range 
was 4061' in H, and 3981' in V, and exceeded 1801' in D. The V trace contained a bay 
of some size between 23 h. on the 23rd and 1 h. on the 24th, and there were simultaneously 
fair movements in Hand D; but .the disturbance near midnight on the 23rd was not 
outstanding as at some of the other stations, being only a little larger than in adjacent 
hours. There was a specially large rapid oscillation in the three elements about 
5 h. 40 m. on the 24th, and several large but slower oscillations occurred later on the same 
day between 8 h, and 13 h. During most of the time, especially between 9 h. on the 
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23rd and 6 h. on the 24th, there were incessant short-period oscillations in H 
andD. 

One of the most interesting features of this disturbance is a recognisable tooth­
like disturbance at all the stations, preceding the larger movements. It was not of the 
ordinary s.c. type. It commenced indeed like the ordinary s.c. with a rise in H or N, 
but this was immediately followed by a similarly large and equally rapid fall. At 
some stations, including Buitenzorg,. Alibag and Honolulu, the fall appealed more to 
the eye than the rise. The amplitudes of this oscillation, taking the mean of the rise 
and fall, were as follows :-... L\ntarctic N', 231'; Mauritius H, 101'; Buitenzorg N, 131' ; 

Alibag H, 127'; Honolulu H, 91'; Helwan H, 161'; Agincourt H) 151'; Eskdale­
muir N, 171'; and Sitka H, 191'. The law of variation of the amplitude with latitude 
is thus fairly silnilar to that seen in s.c's. 

The movements between 14 h. and 16 h. on the 23rd were especially prominent at Sitka 
and the Antarctic, and were amongst the largest at Buitenzorg, Alibag, Agincourt and 
Eskdalemuir; but they were comparatively insignificant at Honolulu. The movement 
near midnight of the same . day was, on the other hand, the most prominent recorded 
at Honolulu, but was comparatively insignificant at Sitka. At Eskdalemuir it was 
fully as prominent as the disturbance between 14 h. and 16 h. It was also exceedingly 
prominent at Agincourt, and was well represented at Buitenzorg and the Antarctic. 

Section 103.-Between 7 h. and 10 h. on August 31, 1911, there was a large and 
distinctive movement in the Antarctic curves. Before 7 h. conditions were quiet, 
but after 10 h. conditions remained unquiet for some time. The movements in the 
Antarctic N' and V traces were such as are not infrequently met with in the "special 
type." There was a fall in E', which showed no signs of slackening when the N' and V 
movements slackened, but continued, interrupted only by short-period oscillations, 
for about It hours. During that time the general slope was nearly uniform. 

At Mauritius the H trace showed a distinct bay, the fall to the minimum at 9 h. 5 m. 
somewhat exceeding the subsequent rise. The D trace showed little but the normal 
variation. 

At Buitenzorg there was a bay in the N curve, followed after 10 h. by irregular 
movements. The E and· V traces were comparatively undisturbed. At Alibag there 
was a distinct bay in H. 

At Agincourt there was a decided bay in H; but the disturbance in D, a westerly 
followed by an easterly movement, was at once much larger and more regular, being 
quite a conspicuous object on the curve. 

At Eskdalemuir there were bays in the Nand E curves, and to a minor extent 
in the V curve. 

At Sitka the minor oscillations usually visible there increased in activity after 
5 h., and remained active after 10 h.; but between 7 h. and 10 h. the amplitude of 
the movements was greater than either before or after. These movements took the 
form of irregular oscillations in the H curve. The D movements were at once larger 
and more regular. A movement to the East was followed by a larger movement to 
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TABLE OLIII.-7 h. to 10 h. August 31, 1911. Plate XLVI. 

Times of 

Station. Element. 
Disturbance Inequality 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m ?' ?' 
Antarctic ... ... N' 8 26 7 18 172 23 

E' 8 26 9 57 174 15 
V 8 6 8 55 94 9 

Mauritius ... ... H 7 0 9 5 19 7 
D 10 0 7 45 30 25 

Buitenzorg ... . .. N 7 0 8 52 43 22 
E 8 50 7 0 15 11 
V 7 0 9 20 16 11 

Alibag ... ... R 7 10 8 55 16 19 

Agincourt ... . .. R 8 45 8 10 33 a 
D 10 0 8 30 109 12 

Eskdalem uir ... ... N 7 20 8 35 43 25 
E 8 34 9 34 38 17 
V 7 0 10 0 11 6 

Sitka ... ... R 8 5 9 15 83 3 
D 8 40 9 15 127 5 
V 8 4 9 1 117 1 

---_._._----------- _., -------------.-- - -~-.--.. ---- -

the West, this being followed by an easterly and then by a westerly swing. The V 
movement was still more regular. There was a marked hump (depression), of the 
type usually exhibited during the occurrence in the Antarctic of disturbances of the 
special type. 

Section 104.-The earlier part of September 19, 1911, was generally quiet. 
Gradually unrestfulness began to be visible, both in the Antarctic and at Eskdalemuir, 
and by the time, 18 h., taken here as the beginning of the disturbance, minor oscillations 
were a good deal in evidence. The time accepted here as the end of the disturbance, 
24 h. on the 21st, is somewhat arbitrary. There was appreciable abatement of 
disturbance for an hour or two at that time at Eskdalemuir, but disturbance prevailed 
again later in the 22nd. At both Honolulu and Sitka the duration of the storm was 
estimated at 67 hours, which would put the end at 13 h. on the 22nd, and if records 
covering the whole of that time had been available it might have had advantages 
over the choice made above. 

In the Antarctic there were some comparatively quiet short interludes, including 
22 h. to 23 h. on the 19th, and 3 h. to 5 h. on the 21st, but rapid oscillations were in 
progress practically the whole time. The larger movements recorded took place 
between 2 h. and 12 h. on the 20th, and between 6 h. and 12 h. and again between 
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21 h. and 23 h. on the 21st; but the minor short-period oscillations were equally if 
not more prominent at other times. On the forenoon of the 20th much the most 
prominent feature was a depression of N', lasting from 2 h. to 7 h. 

TABLE CLIV.-lS h. September 19 to 24 h. September 21, 1911. Plate XLVII. 

I 
Times of 

Disturbance Inequality I Station. Element. 

I 
Range. Range. 

I Maximum. Minimum. 

h. lIla h. m. y y 
Antarctic ... ... N' 15 40 (21st) 3 18 (20th) 486 68 

E' 7 39 (20th) 22 25 (21st) 403 68 
V 2 33 (20th) 10 53 (20th) 257 38 

Mauritius ... ... H 19 25 (l9th) 15 25 (21st) 75 20 
D 11 o (20th) 7 45 (20th) 53 34 

Buitenzorg ... ... N 1 35 (20th) 10 30 (20th) 204 41 
E 7 40 (20th) 2 40 (20th) 58 31 
V 4 35 (21st) 9 35 (21st) 38 17 

Alibag ... ... H 19 30 (19th) 10 40 (20th) 112 29 

Honolulu ... ... H 19 26 (19th) 4 45 (20th) 115 7 
D .18 5 (19th) 22 21 (20th) 54 45 
V 17 53 (21st) 20 32 (19th) 36 24 . 

Helwan ... ... H 19 25 (19th) 15 25 (21st) 99 35 
D 14 55 (20th) 10 50 (21st) 63 54 
V 14 30 (21st) 17 45 (21st) 29 23 

Agincourt ... . .. H 20 25 (19th) 7 20 (20th) 283 37 
D 3 5 (20th) 7 40 (20th) 326 49 

Eskdalemuir ... . .. N 17 42 (21st) 10 50 (20th) 215 39 
E 17 32 (21st) 3 4 (20th) 155 37 
V 16 30 (21st) 4 5 (20th) 161 15 

Sitka ... ... H 3 58 (20th) 9 12 (20th) 489 29 
D 9 40 (20th) 7 24 (20th) 330 37 
V 4 3 (20th) 10 46 (20th) 626 11 

On the 21st from 6 h. to 12 h. there was a continual depression in the V curve 
(numerical increase). Between 21·h. and 23 h. on the 21st the principal movements 
took place in E'. Amongst them were a fall of 16Sy and a rise of 174y, both within 
15 minutes. Synchronous with this there was a considerable oscillation in V, 
numerical rise, then fall. 

The traces, more especially the H trace, received from Mauritius were in parts 
too faint for exact measurement, but the ranges in Table CLIV are at least 
approximately correct. D when approaching its extreme values was changing so 
slowly that the times of maximum and minimum could not be fixed with great 
preCIsIon. The H trace showed one or two small but sharp oscillations between 19 h. 

306 



and 20 h. on the 19th. It was practically quiet between 22 h. on the 19th and 2 h. 
on the· 20th, when some moderate slow oscillations began. Later in the 20th there 
was a fall of 21y between 6 h. 50 m. and 7 h. 40 m., and a rise of 21y between 19 h. 0 m. 
and 19 h. 35 m. But the largest movements in H occurred on the 21st between 
13 h. and 18 h. A deep bay, depression, lasted from 13 h. 0 m. to 17 h. 40 m. The 
fall, 37y, was slightly interrupted and nowhere very rapid. The rise was at first slow, 
but between 17 h. 15 TIl. and 17 h. 40 m. it amounted to 41y. There were bays in the 
D curve on the 20th between 2 h. and 6 h. and between 8 h. and 13 h., but they mainly 
represent the regular diurnal variation, though somewhat enhanced. 

At Buitenzorg, as usual, N was much the most disturbed element. Throughout 
most of the time there were successive large bay-like movements, with a considerable 
number of short-period oscillations superposed. There were, however, two com­
paratively quiet interludes, the first between 21 h. on the 19th and 1 h. on the 20th, 
the second between 20 h. on the 20th and 5 h. on the 21st. The most disturbed time 
was from 2 h. to 16 h. on the 20th. Between 9! h. and 12 h. N fell 72y and rose III y. 

There was also considerable disturbance on the 21st between 6 h. and 18 h. The 
E trace showed a fair number of short-period oscillations, and the V trace some wave-like 
movements of longer period, but neither element was much disturbed. 

The disturbance in H at Alibag was a good deal less than that in N at Buitenzorg. 
It was pretty quiet at Alibag until 19 h. on the 19th. Some considerable oscillations 
and a decided bay occurred in the H curve between 19 h. and 21 h., after which it 
remained nearly quiet until 2 h. on the 20th. From 7,h. to 17 h. on the 20th there 
was a good deal of, disturbance, the element being on the whole considerably 
depressed. Between 9 h. 35 m. and 12 h. 5 m. there were a fall and rise, each of 
about 45y. It was practically quiet from 20 h. on the 20th to 6 h. on the 21st and 
again after 18 h. on the 21st. From 6 h. to 17 h. on the 21st the element was 
markedly depressed. Between 17 h. 20 m. and 17 h. 40 m. on the 21st there was a 
recovery of 44y, which was the most rapid of the larger movements. 

At Honolulu the D and V curves were not much disturbed, but showed a few 
minor wave-like movements. There was a brisk fall in H between 19 h. and 20! h. 
on the 19th. Thereafter it was but little disturbed until 2! h. on the 20th. Between 
2 h. and 7 h. 20 m. on the 20th H fell 83y and rose 73y. The trace remained a good 
deal disturbed up to 13 h. on the 20th. Subsequently there were only minor 
·oscillations, the principal between 6 h. and 10! h. and between 14 h. and 18 h. on the 21st. 

The Helwan H trace in many respects closely resembled that at Alibag, 
outstanding movements in the two corresponding. But while at Alibag there was 
a rather prominent summit about 6 h. 40 m. on the 20th, H had been falling at 
Helwan since 4 h. Corresponding to a principal summit at one place there was only 
a stationary point at the other. At Helwan H rose 50y between 17 h. 20 m. and 
17 h. 40 m. on the 21st. The D and V traces at Helwan Were but little disturbed on 
the whole, but contained rather conspicuous bay or wave-like. movements between 
14! h. and 15! h. on the 20th, and between 17 h. and 18 h. on the 21st. 
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At Agincourt the Hand D traces were both highly disturbed. The principal 
movements in both occurred between 2 h. and 11 h. on the 20th. The only 
considerable D movements except at that time occurred between 211 h. on the 20th 
and 1 h. on the 21st, and between 61- h. and 10 h. on the 21st, and they were much 
smaller than those first mentioned. Minor oscillations were more in evidence in the 
H trace, where they prevailed most of the time except from 3 h. to 6 h. on the 21st. 

At Eskdalemuir numerous small oscillations appeared in the Nand E traces 
after 16 h. on the 19th. The larger movements in N occurred on the 20th between 
2 h. and 8 h. and between 14 h. and 20 h., and on the 21st between 17 h. and 18 h. 
Between 17 h. 28 Ill. and 17 h. 45 m. on the 21st there was a rise of 1431'. The chief 
movements in the E trace were 641' East between 20 h. 10m. and 20 h. 40 m. on 
the 19th, 791' West between 2 h. 40 m. and 3 h. 5 m. on the 20th, and an oscillation 
971' East and 931' West between 17 h. 20 m. and 17 h. 50 In. on the 21st. The only 
prominent feature in the V trace was a bay from about 2 h. to 8 h. on the 20th. 
Between 2 h. 0 m. and 4 h. 10m. the element fell 891' . Between 2 h. and 6 h. on the 21st 
and from 11 h. to 14 h. on the 21st there was little disturbance in any of the elements. 

At Sitka conditions were pretty quiet until after 17 h. on the 19th, and there 
were no very large movements until 3 h. on the 20th. The most highly disturbed 
times were between 6 h. and 16 h. on the 20th, and between 6 h. and 16 h. on the 21st. 
The movements in all three elements were large, especially in V where the trace was 
twice off the sheet on the 20th, though for less than 10 minutes on either occasion. 
Between 4 h. and 7 h. 20 m. on the 20th, when the trace went off the sheet, there was 
a nearly uninterrupted fall of V amounting in all to 6251'. Between 6 h. 40 m. and 
7 h. 40 m. on the 20th H fell 3791' and rose an equal amount.. Between 7 h. 15 m. 
and 7 h. 33 m. D moved 39' (1791') West and 61' (2801') East. There were numerous other 
large oscillations on the 20th between 6 h. and 16h., and considerable intercrossing of the 
traces. On the 21st between 7 h. 5 Ill. and 9 h. 5 nl. H fell 2901'. Between 6 h. 40 m. 
and 9 h. 10m. V fell 3021'. Between 10 h. 5 m. and 12 h. 0 m. H rose 2481'. Between 
10 h. 30 m. and 12 h. 20 m. V rose 3211'. There were also considerable D movements 
between 6 h. and 11 h. At Sitka it was comparatively quiet from 16 h. on the 20th 
to 6i h. on the 21st. 

During the disturbance of September 19-21, 1911, the movements were 
numerous and none had any particularly outstanding feature, while the almost 
continuous succession of minor oscillations tended to distract the eye from such bold 
movements as there were. Thus it is difficult to gauge the greater or less parallelism 
of the disturbance at the different stations, or the degree of correspondence in 
individual movements. A general parallelism, however, obviously existed in the 
sequence of events at the different stations. In particular there was everywhere a 
markedly increased activity of disturbance after 2 h. on the 20th, and this activity 
continued until the early afternoon. It fell off decidedly later on the 20th, but 
showed a marked ~ecrudescence after 6 h. on the 21st. As usual V showed little 
disturbance at the stations in lower latitudes. At Eskdalemuir the range in V was 
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considerable, but the disturbance was inconsiderable except during a few hours. 
At Sitka disturbance in V was quite of a different order. Short-period oscillations, it 
is true, were not nearly so conspicuous as in H or D, but there were a number of bold 
movements and much more oscillation than is usually seen in a V trace. While there 
was no close resemblance between the V movements in the Antarctic and at Sitka, 
the larger movements occurred about the same time at the two stations. The 
storm in fact was active in the Antarctic and at Sitka at the same time, and was 
much more feebly developed in the intervening region. 

Section 105.-The disturbance of October 10-11, 1911, had no very definite 
beginning or ending. At Honolulu it was regarded as comlnencing at 8i h.t 

. on October 10, and ending at 141 h. on October 11. At Sitka the accepted times 
were :-·Beginning II. h. on loth, end 11 h. on 11th. Here it is regarded as comprised 
within the 24 hours commencing at 12 h. on the lOth. This includes all that would 
naturally be included in a magnetic storm in the Antarctic or at Eskdalemuir. 

TABLE CLV.-12 h. October 10 to 12 h. October 11,1911. Plate XLVIII. 
--_._---_ .. ------- -------_. 

T imes of 

Station. Element. Disturbance Inequality 
Range. Range. 

Maximum. Minimum. 

" 
h. m. 

Antarctic '" '" N' 16 45 (10th) 
h. m. y y 
5 38 (11th) 330 75 

E' 5 20 (11th) 19 35 (10th) 467 82 
V 23 28 (10th) 8 38 (11th) 143 46 

Mauritius ... ... R 12 o (10th) 18 40 (10th) 70 21 
D 8 45 (11th) 19 o (10th) 58 37 

Buitenzorg ... '" N 21 10 (10th) 5 55 (11th) 127 39 
E 5 35 (11th) 2 15 (11th) 41 48 
V 5 35 (11th) 1 40 (11th) 27 32 

Alibag ... . .. R 23 15 (10th) 4 50 (11th) 55 44 

Ronolulu '" ... R 12 52 (10th) 4 20 (11th) 148 18 
D 18 10 (10th) 23 12 (10th) 68 28 
V 5 28 (11th) 21 35 (10th) 35 17 

Relwan ... ... R 12 o (10th) 18 55 (10th) 89 30 
D 23 10 (10th) 
V 19 o ? (10th) 

3 55 (11th) 95 32 
23 5 (10th) 25 18 

Agincourt '" ... R 21 25 (10th) 
D 4 10 (11th) 

5 25 (11th) 291 27 
21 25 (10th) 245 35 

Eskdalemuir ... ... N 2 24 (11th) 5 4 (11th) 183 28 
E 23 8 (10th) 5 50 (11th) 317 31 
V 19 16 (10th) 1 45 (11th) 233 16 

Sitka ... '" ... R 1 11 (11th) 
D 5 26 (11th) 
V 2 34 (11th) 

4 58 (11th) 697 25 
2 25 (11th) 299 24 
5 o (11th) 405 7 

----- ~----------.-
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In the Antarctic short-period oscillations were hardly more prominent than 
on the average day; the outstanding feature was the long persistence of changes 
in one general direction. N' began to show a decided fall after 17 h. on the loth, 
and continued to fall with only slight interruptions until 4 h. on the 11th. A 
considerable oscillation ensued between 4 h. 0 In. and 5 h. 40 m., and then a nearly 
uninterrupted rise took place until 10 h. The E' trace after 15 h. on the lOth, showed 
a general fall until 21 h. There was a general rise from 23 h. on the loth to 5 h. 20 m. 
on the 11th, followed by a general fall until 11 h. Near 12h. on the 11th, the elements 
were all very quiet. As Table CL V shows, the total ranges in N' and E' were very 
considerable. 

There was also a considerable range in V, there being a slow but long continued 
(numerical) rise from 0 h. to 8 h. on the 11 th, but there was no single striking movement. 

At Mauritius there was a rather rapid, if small, fall in H about 8 h. 40 m. on the 
lOth, and after it an almost uninterrupted fall until after 17 h. This is much after 
the style of the ordinary diurnal change, but the amplitude was three or four times 
the normal. Several considerable slow oscillations ensued, followed by a general 
rise of H until 24 h. on the loth. Subsequently, until 6 h. on the 11th, there were 
successive slow oscillations, accompanied on the whole by a slight fall in H. The 
D trace shows a few irregular lnovements, especially between 2 h. and 6 h. on the 11th. 
From 12 h. to 19 h. on the lOth, there was an almost uninterrupted swing of 7t' 
to the West, the normal change in the tinle being only about 2'. Also the value of 
D at 19 h. was about 5f more westerly than the value next day at 6 h., whereas in 
the normal course it would have been fully 2' lnore easterly. Still the general 
appearance of the D curve does not suggest active disturbance. 

At Buitenzorg, as usual, the N rnovements were much the largest. On the whole 
there was a rise in N from 17 h. to 21 h. on the lOth, followed by a very considerable 
fall from 23 h. on the lOth to 6 h. on the 11 tho Though the ranges in Table CL V would 
not suggest it, the E and V traces were both obviously disturbed, but the individual 
movements were of an irregular character and not large. The E trace at times 
exhibited a good many small short-period oscillations, while the V trace presented 
a succession of slow wave-like movements. 

At Alibag, as at Mauritius, H had been falling on the whole for some hours before 
12 h. on the lOth, and the fall continued until 17 h. Then followed a general rise, 
interrupted slightly by slow oscillations, until 23 h., and then a fall sinlilarly interrupted 
until 4 h. on ~he 11th. After 6 h. a rise set in, which lasted with only trifling oscillations 
throughout most of the 11th. The principal phenonlenon was perhaps the depression 
of H thl'oughout the greater part of the time. No individual movement was at all 
striking. 

At Honolulu H began to fall shortly after 12 h. on the lOth. From 15 h. to 17 h. 
the fall was interrupted by a slight rise, but after 17 h. it continued with only 
slight interruptions until after 4 h. on the 11th. A rise then began, which continued 
with minor interruptions until after 18 h. on the 11th, but the total rise after 14 h. on 
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the 11th was not large. Here, as at Mauritius, the general appearance of the II tra~e 
is that of a large indented bay. The D and V ranges, as Table eLV shows, were 
decidedly enhanced, but the traces, especially that of D, were on the whole smooth. 
The largest short-period movements occurred between 4t h. and 6! h. on the 11th. 

At Helwan, H had a general fall from 11 h. to 19 h. on the loth, a rise from 19 h. 
on the lOth to 1 h. on the 11th, then a fall from 3 h. to 7 h. followed by a rise. The 
main feature is the depression throughout the greater part of the afternoon of the loth. 
The D trace showed a slow easterly movement from 15 h. to 23 h. on the loth, followed 
by a slow westerly movement until 4h. on the 11th. The D range is considerable 
for Helwan, but irregular movements were small. 

At Agincourt both Hand D traces showed quite a brisk disturbance between 
21 h. on the lOth and 9 h. on the 11th. There were numerous short-period oscillations, 
some of considerable size, but the general trend of the H trace was unmistakably 
downwards from 21 h. on the lOth to 5ih. on the .Jlth. A very rapid recovery then 
set in; but the element was markedly below its normal value from 0 h. to 9 h. on 
the 11th. The D trace exhibited a general tendency to easterly movement from 
21 h. on the loth to nearly 5 h. on the 11th, followed by a return towards the normal. 
But the osciHations in D were larger relative to the general drift than was the case 
in H. Thus while both curves suggest prolonged bays lasting from 21 h. on the loth 
until 10 h. on the 11th, the D bay seems shallower and more indented than that in H. 
The largest of the comparatively short-period movements in both elements took 
place between 4 h. and 6 h. on the 11th. 

At Eskdalemuir, the curves remained normally quiet until 12 h. on the lOth, 
and had reverted to a quiet condition by 10h. on the 11th. There were minor 
oscillations in N from 12 h. to 18 h. on the lOth. Larger movements followed from 
18 h. on the loth to 6 h. on the 11th. On the whole, N was falling from 18 h. to 21 h. 
on the lOth, and from 2i h. to 6 h. on the 11th, but there was a considerable rise 
from 21 h. on the loth to 2i h. on the 11th. The largest movements occurred 
between 0 h. and 6 h. on the 11th. At 6 h. on the 11th, when active disturbance 
seemed practically over, N was depressed some 80y below its normal value. Thus 
the depression in N, like that in H at Alibag and Helwan, was in two stages, interrupted 
by a marked recovery. 

There was a large E range at Eskdalemuir. There were some large comparatively 
slow, oscillations, but the disturbing forces had a generally easterly trend from 
15 h. to 23 h. on the lOth, followed by a more rapid westerly reaction until 4 h. 
In fact from 3 h. to 7 h. on the 11th, the W element was numerically above its 
normal value. The E trace has the general appearance of a bay from about 17 h. 
on the 10th to 4 h. or 6 h. on the 11th. The larger oscillations in the element occurred 
between 22 h. on the lOth, and 3 h. on the 11th. The V t~ace at Eskdalemuir showed 
a practically uninterrupted though not very large rise from 12 h. to 19 h. 20 m. on 
the loth .. Then followed a practically unbroken fall until nearly 2 h. on the 11th. 
From 2 h. to 4 h. the trace 'was nearly level, and then followed an almost continuous 
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rise, restoring V to its normal value about 10 h. on the 11th. Thus the trace 
resembles a large bay with no striking indentations, extending fronl about 19 h. 20 m. 
on the lOth to 10 h. on the 11th. 

At Sitka there seem three phases in the storm. From 12 h. to 24 h. on the lOth 
there were large bold movements in all the elements. From 0 h. to nearly 5 h. on 
the 11th there were no large movements but a rapid succession of very appreciable 
though minor oscillations, the Hand D traces, which then happened to be close 
together, crossing and recrossing. From 5 h. to 11 h. on the 11th larger and longer 
period movements were again in evidence. By 12 h. on the 11th disturbance had 
practically ceased, though small oscillations--which seem a dominant feature at 
Sitka--continued for hours. One of the largest of the comparatively slow movements 
at'Sitka occurred between 12 h. and 14 h. 5 nl. on the lOth. In this time H fell 165y 

and rose as much; declination changed 21' to the West then 21' to the East; V 
fell 129y and rose 114y. From 14.n. 5 m. to 19 h. 20 m. on the lOth H had a nearly 
uninterrupted fall of 198y. A rapid rise interrupted only by small short-period 
oscillations followed until 23 h. 5 m., the total rise since 19 h. 20 m. amounting to 
281y. H remained oscillatory but high until nearly 5 h. on the 11th, when some 
large rapid oscillations occurred, not very clearly shown on the sheet. - They left H 
reduced by some 232y. The minor oscillations which followed on the whole t~nded to 
raise H, and by 11 h. on the 11th, it had returned to about its normal value. The 
D range at Sitka, so far as shown, * was considerably smaller than that in H. The 
needle was considerably to the West of its normal position from 18! h. to 22 h. on the 
10th. There were some very rapid oscillations, not very clearly shown in the trace, 
between 5 h. and 6 h. on the 11th. In the course of 45 minutes there were movements 
of 59' + to East, 52' + to West, and finally 38' to East. As usual, the V movements at 
Sitka were less oscillatory throughout most of the time than those in the horizontal 
components, but some were large. The element was below its normal value from 
12! h. to 20! h. on the loth. A rise which began about 19! h. continued almost 
uninterruptedly until 23 h. 50 m. on the lOth, during which time V had risen 287y. 

The element remained high, showing only Ininor though somewhat rapid oscillations, 
until nearly 5 h. on the 11 th, when some very rapid oscillations occurred, not clearly 
shown on the trace. In the course of 5 minutes V fell 315y and rose 429y. In the 
course of the next 10 minutes some similarly large oscillations occurred, the resultant 
effect being a fall of 383y. After that V, while oscillating considerably, remained 
decidedly depressed until 10 h. 20 m. on the 11th. A recovery then set in, restoring 
the element to near its normal value before 12 h. 

The prominent feature in the disturbance of October 10-11, 1911, was the 
tendency, especially in H or N, to a persistent change in one direction for hours at a 
time, interrupted only by minor oscillations not sufficient to affect the general trend. 
Details, however, vary at the different stations. At Honolulu, where the fall in H 

* The trace was off the sheet for 5 minutes centring at 5 h. 26 m. on the 11th, which has been 
accepted as the time of the maximum. 
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was particularly regular, and in the Antarctic in the case of N', the fall continued until 
about 4 h. on the 11th. At Mauritius, Alibag and Helwan it continued only until 17 h. or 
18 h. on the lOth, but it had commenced at these stations before 12 h. on the lOth. 
At Agincourt it continued until 4 h. or 5 h. on the 11th, but did not become prominent 
until about 21 h. on the 10th. At Buitenzorg the fall in N was interrupted from 17 h. 
to 21 h. on the lOth, during which time there was a considerable rise. Similarly at 
Eskdalemuir there was a considerable recovery in N between 21 h. on the lOth and 
2! h. on the 11th; while at Sitka a marked recovery in H continued from 191 h. until 
24 h. As usual the V disturbance was trifling at the stations in low latitudes, but 
it was considerably larger at Eskdalemuir than in the Antarctic, a very unusual feature, 
and at Sitka it was immensely larger than elsewhere. Further, while the V range at 
Eskdalemuir was considerable, the movements there were all slow; but at Sitka there 
were movements of all kinds, including several oscillations of a suddenness most 
unusual in the element. 

Section 106.-The disturbance of November 8-9, 1911, had an s.c., generally of 
considerable amplitude, at about 13 h. 43 m. This had, however, been preceded at 
Sitka by some short-period oscillations, which commenced shortly after 12 h. on 'the 
8th. Thus 12 h. has been taken as the beginning of the interval to which Table CL VI 
refers. . 

In the Antarctic conditions were very quiet for 10 or 11 hours preceding the s.c. 
The s.c. movement was followed by others of similar amplitude, and though conditions 
were qui~ter between 16 h. and 20 h. on the 8th than they had been during the 
previous two hours, there was no conspicuous reduction of disturbance until after 
6 h. on the 9th. The largest movements which, as Table CL VI shows, were very 
considerable, occurred between 21 h. on the 8th and 4 h. on the 9th. 

At Mauritius the H trace shows no disturbance worth mentioning except between 
21 h. and 24 h. on the 8th. Between 21 h. 30 m. and 23 h. 25 m. there was a fall of 
341'. The D trace was extremely regular until 22 h. on the 8th. After that, small 
irregularities appeared, but the main changes arose apparently from the regular 
diurnal variation somewhat enhanced. 

At Buitenzorg, considering the size of the s.c. movement, the total range in N was 
comparatively trifling. The largest movements appeared between 21 h. on the 8th 
and 5 h. on the 9th. The E and V curves showed only trifling irregularities, but both. 
elements, especially V, had a range markedly in excess of the normal. 

At Alibag, except at the time of the s.c. and again between 21 h. and 24 h. on the 
8th, the H trace showed only trifling irregularities. The D and V traces were nearly 
smooth throughout. 

The trace received from Honolulu stopped a little after 3! h. on the 9th; thus 
the ranges given in Table eLVI may have been slightly exce~ded. The s.c. movement 
itself was of fair size in H. But subsequently with the exception of some not very 
large oscillations, especially between 21 h. and 24 h. on the 8th, the curves showed 
little trace of disturbance. 
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At Helwan there was a very appreciable bay in H from 21 h. to 24 h.' The 
phenomena resembled those at Alibag. 

At Agincourt the s.c., which was rather insignificant, was followed by numerous 
but small oscillations in H. Some larger movements occurred later between 21 h. 
on the 8th and 3 h. on the 9th. The D trace showed some oscillations following the 
s.c., up to 15 h. on the 8th. Between 15 h. and 22 h. it was of normal quietness. 
Between 22 h. on the 8th and 5 h. on the 9th there was appreciable disturbance, the 
most notable movement occurring near 3 h. on the 9th. After 6 h. on the 9th, the 
D and H traces were both practically quiet. 

TABLE CLVI.-12 h. November 8 to 8 h. November 9, 1911. Plate XLVIII. 
_ .. _- -

Times of I 

Station. Element. 
Disturbanc~ Inequality i 

I 

Range. Range. I 
Maximum. Minimum. 

h. m. h. m. y y I 
Antarctic ... . .. N' 15 32 (8th) 3 19 (9th) 324 94 

E' 4 54 (9th) 22 47 (8th) 308 102 
V 1 37 (9th) 15 48 (8th) 210 66 

Mauritius ... ... H 21 30 (8th) 23 30 (8th) 34 21 
D 12 o (8th) 4 45 (9th) 58 31 

Buitenzorg ... ... N 2 15 (9th) 7 55 (9th) 56 30 
E 6 10 (9th) 2 5 (9th) 73 45 
V 4 55 (9th) 23 50 (8th) 60 23 

Alibag ... ... H 4 25 (9th) 23 25 (8th) 53 35 
D 23 o (8th) 1 15 (9th) 22 13 
V 17 35 (8th) 1 o (9th) 12 13 

Honolulu ... ... H 21 1 (8th) 3 35 (9th) 46 14 
D 16 47 (8th) 22 37 (8th) 36 20 
V 13 45 (8th) 21 19 (8th) 20 14 

Helwan ... ... H 13 45 (8th) 22 55 (8th) 61 18 
D 22 35 (8th) 15 5 (8th) 40 12 
V 22 50 (8th) 8 o (9th) 20 12 

Agincourt ... ... H 21 20 (8th) 5 10 (9th) 49 28 
D 2 55 (9th) 22 50 (8th) 109 28 

Eskdalemuir ... ... N 13 50 (8th) 23 o (8th) 62 19 
E 22 14 (8th) 13 50 (8th) 92 24-
V 23 ,10 (8th) 13 o (8th) 26 9 

Sitka ... ... ... H 15 3 (8th) 22 42 (8th) 57 15 
D 3 39 (9th) 23 15 (8th) 69 14 
V 3 43 (9th) 14 15 (8th) 76 8 

At Eskdalemuir some slight disturbance occurred from the time of the s.c. until 
15 h. on the 8th. From then until 21 h. ordinarily quiet conditions prevailed. 
After 21 h. the Nand E traces were evidently disturbed, especially from 21 h. to 24 h., 
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and V was visibly enhanced for a few hours. The disturbance dilninished after the 
early hours of the 9th, but it is difficult to assign a definite hour for its conclusion, 
as distinct unrestfulness persisted throughout the forenoon, and was followed by 
considerable disturbance later in the day. 

The traces received from Sitka stopped at 2 h. on the 9th, but the information 
derived from the traces was supplemented by that given in the official publication, 
so that the disturbance ranges in Table CL VI do not suffer by the curtailment. 
Conditions at Sitka were exceptionally quiet for some hours prior to 12 h. on the 8th. 
But shortly after 12 h., as already explained, short-period oscillations appeared in 
both the Hand D curves, and the s.c. movements when they appeared were somewhat 
inconspicuous. The short-period oscillations were less in evidence from 15 h. to 21 h. 
than from 21 h. to 24 h. on the 8th. As compared with ordinary disturbances at 
Sitka, the movements recorded on November 8 and 9 were quite trifling. 

It is clear that outside the Antarctic the disturbance was comparatively trifling, 
not merely at the tropical but also at the northern stations. In this case presumably 
the Arctic was much less disturbed than the Antarctic. 

Section 107.-The disturbance of November 12-14, 1911, had an s.c. at about 
15 h. 5 m. on the 12th, of which an account has already been given. The s.c. 
was somewhat insignificant, and it might be questioned whether it was the real 
commencement of the disturbance. 

The time assigned for the end of the disturbance is somewhat arbitrary. There 
was considerable disturbance on the afternoon of the 14th, but it was preceded at 
most stations by six or seven hours of decided quietness, and may thus be regarded 
as a separate disturbance. 

In the Antarctic conditions had been pretty quiet since 6 h. on the 12th; but 
they were less quiet from 13-1 h. to 15 h. than they had been for the three previous 
hours. There was in particular a rather sharp rise of 27y in E'~ commencing at about 
13 h. 35 m., which seems fairly synchronous with movements at other stations presently 
to be discussed. 

There were no very striking movements, and the largest movements in the 
different elements were at different times, thus it is difficult to say exactly when the 
activity was greatest. Also the disturbance cannot be said to have altogether subsided 
by 6 h. on the 14th, but from 6 h. to 11 h. on that day was at least a considerably 
quieter time than either earlier or later. The largest N' movements occurred 
from 18 h. to 24 h. on the 12th, 10 h. to 14 h. on the 13th, and 2 h. to 5 h.on the 
14th. In E' there were some specially large oscillations between 21 h. and 23 h. on 
the 12th, and between 11 h. and 13 h. on the 13th. In V there was a fairly deep bay 
from 18 h. to 23 h. on the 12th, and during its occurrence there were succeSSIve 
considerable oscillations. , 

At Mauritius conditions were quiet for some hours before the s.c. After the 
subsidence of the crest described in Section 72, the H trace was quiet until nearly 18 h. 
From then until 20 h. there were some small but smart oscillations. There was also 
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some disturbance between 23 h. on the 12th and 1 h. on the 13th, but the most 
disturbed time in H was from 9 h. to 22 h. on the 13th, when there was a succession 
of slow oscillations. Between 10 h. 0 nl. and 12 h. 20 m. H rose 1671 and fell 4071 ; while 
between 15 h. 50 m. and 16 h. 20 m. it rose 3171. The only part of the D trace in 
which disturbance appealed to the eye was included between 14 h. and 17 h. on the 
13th. Between 14 h. 0 m. and 14 h. 40 m. there was a swing of 3!' to the West; while 
between 15 h. 30 m. and 16 h. 30 rn. there were swings of 3!' to the West and 3' to the 
East. 

TABIJE CLVII.--15 h. November 12 to 6 h. November 14, 1911. Plate XLIX .. 
.. -~-.-.-~ .. -.~- .. _-- - ---------

Times of 
Disturbance Inequality Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 

j 

h. m. h. m. 71 71 
An tarctic '" ... N' 12 50 (13th) 2 58 (14th) 424 94 

E' 11 26 (13th) 22 3 (13th) 456 102 
V 23 o (12th) 13 24 (13th) 229 66 

uritius ... ... H 23 35 (12th) 13 5 (13th) 69 21 
D 12 o (13th) 3 45 (13th) 53 38 

Ma 

Bu itenzorg ... ... N 1 25 (14th) 13 5 (13th) 109 30 
E 7 o (13th) 1 25 (14th) 39 45 
V 6 o (14th) 12 25 (13th) 39 26 

Ali bag ... ... R 16 15 (12th) 12 20 (13th) 70 35 

Ho nolulu ... ... H 18 18 (12th) 3 22 (14th) 55 14 
D 18 10 (12th) 21 40 (13th) 24 20 
V 19 1 (13th) 23 49 (12th) 20 16 

Hel wan ... . .. H 23 35 (12th) 15 35 (13th) 74 21 
D 19 20 (l3th) 11 30 (l3th) 49 19 
V 14 40 (13th) 7 55 (13th) 20 15 

Agi ncourt ... ... H 11 35 (13th) 16 35 (13th) 71 28 
D 2 22 (14th) 19 20 (13th) 109 28 

dalemuir ... ... N 23 33 (12th) 12 24 (13th) 130 19 
E 16 22 (13th) 14 33 (13th) 131 24 

Esk 

V 16 22 (13th) 3 13 (14th) 109 9 

a ... . .. ... H 12 10 (13th) 11 49 (13th) 181 15 
D 6 33 (13th) 12 10 (13th) 194 14 
V 3 48 (14th) 12 59 (13th) 240 8 

Sitk 

------_._------ ~--.--------.---.. - ---

At Buitenzorg conditions were pretty quiet from 10 h. 0 m. to 13 h. 35 m. on the 12th. 
At 13 h. 35 m. there began an oscillation in N of total range about 571, and between 
the end of this and the occurrence of the s. c. there was a rise of some 971 in N, and some 
small oscillations in both Nand E. As usual at Buitenzorg, during the disturbance 
the movements in N were much the most conspicuous, but wave-like movements 
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occurred in both the E and the V curves. There were a number of short-period 
oscillations in N, but all were small. The larger of the slower oscillations in N 
occurred between 10 h. and 20 h. on the 13th. On the 14th there were no large 
movements after 4 h., but the N trace remained unrestful until after 6 h. 

At Alibag the H trace was very quiet until about 13 h. 35 m. on the 12th. An 
oscillation occurred then, which though a good deal smaller than the subsequent s.c. 
is easily recognisable. From 17! h. to 20 h. on the 12th the trace was of a decidedly 
oscillatory type but the oscillations were small. The largest H movements occurred 
between 11 h. and 16 h. on the 13th. Between 22 h. on the 13th and 9 h. on the 14th 
there was little further movement. The D and V traces received from Alibag stopped 
about 5 h. on the 13th, so it seemed inexpedient to include· ranges from them in 
Table CL VII. They showed none but the most trifling movements. 

At Honolulu H fell 22y between 23 h. and 24 h. on the 12th, and between 
16 h. 50 m. and 19 h. 20 m. on the 13th it rose 16y and fell 20y. There were various 
other slow oscillations of lesser amplitude, and at times small shorter-period oscillations. 
The D and V. curves, though not wholly regular, showed only small movements. The 
times assigned in the Honolulu publication for the beginning and end of the 
disturbance were respectively 14! h. on the 12th and 14! h. on the 15th. 

At Helwan all the curves showed some oscillations between 14 h. and 22 h. on the 
13th. Some oscillations commencing about 13 h. 35 m. on the 12th appeared in the 
H trace, but they are a good deal smaller than the subsequent s.c. There were some 
rather striking short-period oscillations between 17! h. and 20 h. on the 12th, which 
closely resembled synchronous movements at Alibag. There was also rather a rapid 
fall in H between 11 h. and 12 h. on the 13th. 

At Agincourt the s.c. was of a very insignificant character, and there was a previous 
oscillation (-, + in H; E. W. in D) of about the same amplitude, commencing about 
13 h. 35 m. There was little sign of disturbance, practically none in D, until 21 h. 
on the 12th, and it was also nearly quiet from 22! h. on the 13th to Ii h. on the 14th, 
and from 4 h. to 9 h. on the 14th. H was considerably disturbed from 23 h. on the 
12th to 7 h. on the 13th, from 11 h. to 15 h. on the 13th, and from 1 h. to 3 h. on the 
14th. The largest D movements occurred on the 13th between 2 h. and 14 h. and 
between 21 h. and 23 h., and on the 14th between 1 h. and 4 h. Between 5 h. and 
8 h.' on the 13th D moved 20' to the West, and then 18!' to the East. The D 
movements were more intermittent than those in H but were larger. 

At Eskdalemuir the s.c. movement was small, even in N, and was preceded by a 
somewhat larger movement between 13 h. 35 m. and 14 h. 10 m. This earlier 
movement was largest in N, where it took the form of a comparatively slow double 
oscillation; in V only a small rise is clearly visible. The largest movements in N 
occurred between 23 h. on the 12th and 1 h. on the 13th, and between 16 h. and 22 h. 
on the 13th. Between 1 h. and 10 h. on the 13th, and after 22 h. on the 13th, there 
was no large movement but numerous minor short-period oscillations. The principal 
E movements occurred between 14 h. and 22 h. on the 13th. The V curve contained 
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a perceptible bay between 23 h. on the 12th, and 1 h. on the 13th, rather a sharp rise 
and fall between 16 h. and 17 h. on the 13th, and shallow bays between 21 h. and 23 h. 
on the 13th, and between 2 h. and 5 h. on the 14th. 

The Sitka trace available commenced about 2! h. on the 13th,and there was no 
record from 18 h. on the 13th to 2! h. on the 14th. The chief movements shown 
occurred between 6 h. and 17 h. on the 13th, when all the elements, especially V, were 
considerably disturbed. From 4 h. to 9 h. on the 14th disturbance was represented only by 
numerous small short-period oscillations. In the Sitka publication the commencement 
of the storm is put as late as 6 h. on the 13th, and its conclusion is given as 17 h. on 
the 15th, so the comparatively quiet time during the forenoon of the 14th was regarded 
as only an interlude. 

Perhaps the most unusual feature in connection with this disturbance is the 
existence prior to the s.c. of movements of a different type clearly represented at most 
if not all the stations. The s.c. movement was but poorly represented in the northern 
hemisphere, and the subsequent disturbance in the horizontal plane at Agincourt 
and Sitka was not so large compared with that elsewhere as was usu)l,lly the case. 
On the other hand, while short-period oscillations in V were much more in evidence 
in the Antarctic than at Sitka, the latter station showed the larger range of disturbance. 

Section 108.-Later in the 14th, between 11 h. and 16 h., there were rather 
conspicuous movements at all the stations from which curves had been received. 
The usual particulars appear in Table CL VIII. 

In the Antarctic the E' trace during the five hours showed several slow 
oscillations which differed from those preceding them only in being larger. The 
N' and V movements were relatively more conspicuous. The p~incipal N' movements 
were a rapid rise and slower fall between 11 h. 10 m., and 13 h. 20 m. The V curve 
contained a large bay (numerical increase) extending from 11 h. to 15 h. 

At Alibag the H trace showed a large bay from 11 h. 20 m. to 14 h. 40 m., followed 
by a smaller but considerable oscillation between 14 h. 40 m. and 16 h. 0 m. 

At Honolulu the principal feature was a rise and fall of H, the rise being the 
larger and more rapid movement, between 11 h. 10 m. and 13 h. 10 m. 

At Helwan the H trace was too faint to show details. In the D and V curves 
the most noteworthy incident was an oscilla~ion lasting about an hour which began 
about 14 h. 20 m. The first· movement-easterly swing in D, fall in V-was 
considerably the more rapid. This oscillation was followed by a second but considerably 
smaller one. 

At Agincourt two bays appeared in succession in the H curve. The D curve 
showed a large westerly swing from 11 h. 10 m. to 12 h. 10 m., followed by a slower 
and somewhat smaller easterly swing. 

At Eskdalemuir, a fall in N between 11 h. and 12 h. was followed by a _slower 
rise. This was interrupted by two considerable oscillations between 14 h. 10 m. 
and 16 h. 0 m. The E trace showed several oscillations, the most conspicuous occurring 
between 14 h. 15 m. and 15 h. 5 m. There was a decided rise in V above the normal 
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value, commencing about 11 h. 15 m. and culminating about 14 h. 45m. The rise 
was most rapid between 14 h. 20 m. and 14 h. 40 m. 

TABLE CLVIII.-11 h. to 16 h. November 14, 1911. Plate XLIX. 
----~-- - .------- --

Times of 

Station. Element. 
Disturbance Inequality 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. I' I' 
Antarctic ... ... N' 11 45 15 50 211 14 

E' 12 15 14 40 267 35 
V 15 30 12 30 180 18 

Alibag ... ... H 14 40 12 30 75 6 

Honolulu ... ... H 12 5 11 5 36 3 
D 12 50 11 20 14 5 
V 13 10 13 45 5 1 

Helwan ... . .. D 14 35 11 0 44 9 
V 11 50 14 35 20 4 

Agincourt ... ... H 11 0 14 40 53 26 
D 14 50 12 5 127 17 

Eskdalemuir ... ... N 14 52 11 58 95 9 
E 14 36 12 50 86 9 
V 14 45 11 5 47 8 

Sitka ... ... H 11 25 . 13 53 200 1 
D 12 52 11 53 236 6 
V 16 0 12 54 295 4 

-

At Sitka there was a prominent double bay in H (-, + , -, +) between 
11 h. 20 m. and 15 h. 20 m., and a large oscillation (East, West) in D. There was 
a fall of 2641' in V between 11 h. 20 m., and 12 h. 53 m. The recovery from this 
depression was at first very rapid, but was interrupted about 13 h. 35 m. by a reverse 
movement lasting about 20 minutes. Subsequently a rise continued almost without 
interruption until after 16 h. The hump thus formed on the V trace from 11 h. 20 m. 
to 16 h. is of the same general character, though of longer duration, than that usually 
observed at Sitka on occasions of Antarctic disturbances of the "special type." The 
disturbance between 11 h. and 16 h. at Sitka, was followed as well as preceded by a 
much quieter time. It had much more the appearance of an isolated event than the 
simultaneous disturbance in the Antarctic. The disturbance occurred during a part 
of the day when the regular diurnal changes at Sitka are very trifling. 

It will be observed that at Alibag, Agincourt, Eskdalemuir and Sitka, the first 
of the large movements in H or N was a fall, whereas at Honolulu it was a rise. 

Section I09.-In the Antarctic, considering the time of year, conditions were 
exceedingly quiet on December 6, 1911, until 11 h. Shortly after 11 h., there 

319 



commenc~d one of a series of large oscillations in E'. The disturbance was at first 
a good deal smaller in N' and V; but from 15 h. on the 6th, until 2 h. on the 7th, 
all three elements showed a succession of large oscillations. The most disturbed 
time was from 16 h. to 24 h. on the 6th. The disturbance subsided almost as rapidly 
as it commenced, and after 3 h. on the 7th, the curves were quieter than was usual 
in December. 

TABLE CLIX.-II h. December 6 to 2 h. December 7, 1911. Plate L. 
---

Times of 

Element. 
Disturbance Inequality 

Station. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. I y y 
Antarctic ... ... N' 18 40 (6th) 23 14 (6th) 341 92 

E' 11 59 (6th) 18 30 (6th) 474 67 
V 21 10 (6th) 21 52 (6th) 317 82 

Mauritius ... ... H 11 50 (6th) 18 55 (6th) 89 12 

Buitenzorg ... ... N 11 40 (6th) 19 o (6th) 61 25 
E 12 5 (6th) 18 10 (6th) 36 31 
V 11 45 (6th) 17 20 (6th) 22 6 

Alibag ... ... H 11 40 (6th) 18 55 (6th) 89 11 
D 18 40 (6th) 16 40 (6th) 20 13 
V 11 15 (6th) 19 20 (6th) 11 7 

Honolulu ... ... H 11 31 (6th) 18 52 (6th) 124 14 
D 18 17 (6th) 11 55 (6th) 79 14 
V 17 50 (6th) 11 o (6th) 28 9 

Agincourt ... ... H 11 30 (6th) 18 30 (6th) 84 20 
D 22 50 (6th) 18 30 (6th) 103 24 

Eskdalemuir ... ... N 14 23 (6th) 18 11 (6th) 110 9 
E 18 32 (6th) 17 13 (6th) 142 20 
V 18 31 (6th) 12 o (6th) 116 9 

Sitka ... ... H 16 30 (6th) 18 20 (6th) 191 13 
D ]6 29 (6th) 18 36 (6th) 183 16 
V 0 58 (7th) 18 58 (6th) 113 5 

------'~ -.----~-- "-- . "--

At Mauritius there was decided disturbance in H between 10 h. and 11 h. on 
December 6, a rise of 20y occurring in the course of the hour. Mter II h. there 
was a nearly continuous but slow fall in H until 16 h., when the rate of fall accelerated. 
The decrease between 16 h. and 17 h. 55 m. alnounted to 47 y. The fall was interrupted 
by a slight rise between 17 h. 55 m. and 18 h. 10 m. Between 18 h. 10 m. and 
20 h. 0 m., there was a fall of 25y and rise of 29y. There was a continuous rise, 
in all about 25y, from 20 h. to ~3 h. 20 m., and a -continuous fall thereafter, until 2 h. 
on the 7th, which amounted to about 20y. After this the trace appeared undisturbed. 
The D trace available covered only the last seven hours of the period; it showed 
only slight disturbance. 
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The traces received from Buitenzorg did not commence until about 11 h. 40 m. 
on the 6th, and it is probable that the ranges appearing in Table CLIX were slightly 
exceeded, at least in the case of Nand V. As usual disturbance was most active in 
N, but even in that element it was but trifling after 19 h. on the 6th. Much the 
largest movements occurred between 16h. and 19h. During that tinle N fell 431" 

rose 561' and fell 61 y. During the same interval E fell 251' and rose 191', while V 
algebraically considered fell 131', rose 141' and fell 121'. 

At Alibag the movements in D and V were very trifling, but some small 
oscillations were visible, especially on the 6th between IS h. and 22 h. The H trace 
resembled that at Mauritius in showing a considerable but very regular rise between 
10 h. and 11 h. on the 6th. This was followed up to 16 h. by a gradual fall, superposed 
on which were numerous small oscillations of short period. Between 16 h. and 20 h. 
there was a fall of 461', a rise of 231', a rapid fall of 461' and finally a less rapid rise 
of 231'. During the next three hours a gradual rise took place. All trace of disturbance 
has ceased before 2 h. on the 7th. 

At Honolulu the H and V curves showed a good many short-period oscillations, 
and there were a few in D, but the only movements that were not of trifling size 
occurred between 16 h. and 20 h. on the 6th. During that time H fell 241', rose 221' 

and fell 241'. 
At Helwan there was a very regular rise in H between 10 h. and 11 h. on the 

6th. From 11 h. to 16 h. there was a gradual fall in H, having superposed on it a 
good many very small oscillations of short period. From 16 h. to 19 h. there was 
a considerable fall, interrupted for a short time near IS h. by a very slight rise. The 
total fall in the three hours amounted to 1011'. A recovery, which set in a few 
minutes before 19 h., raised H by 471' in the course of the next hour, and continued 
at a much slower rate until 23 h. The Helwan D trace showed a considerable 
oscillation between 17 h. and 19 h., an easterly swing of 9' being followed by 
a westerly swing of 6'. During the rest of the time, the D movements were very 
small. V was slightly enhanced above its normal value from 16 h. to 20 h. on the 
6th, otherwise it showed little trace of disturbance. 

At Agincourt the disturbance was mainly confined to the hours 16 h. to 21 h. 
on the 6th. After 2 h. on the 7th, conditions were very quiet. H fell 5Sy between 
17 h. and lsi h. on the 6th, and rose 451' between lSi h. and 19 h. Between 171 h. 
and 19 h. 40 m. on the 6th D moved 16!' to the West, and then 15!' to the East. 
Some minor oscillations followed between 21 h. on the 6th and 2 h. on the 7th, after 
which normal quietness prevailed. 

At Eskdalemuir N was unquiet throughout the afternoon of the 6th. Between 
17 h. and IS h. N fell 661'; between IS h. and 19 h. it showed a considerable 
oscillation; between 19 h. and 20 h. it rose 59,. There were some moderate 
oscillations between 22 h. on the 6th and 1 h. on the 7th. ' Between 20 h. and 22 h. 
on the 6th, and after 2 h. on the 7th, conditions were almost norm.a!. Erose 13Sy 
between 17 h.15 m. and IS h.15 m. on the 6th and fell 1121' between IS h. 30 m. 
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and 18 h. 58 m. Between 22 h. 25 m. on the 6th and 0 h. 15 m. on the 7th there 
was a fall of 33y, a rise of 56y, and a fall of 39y. Between 20 h. and 22 h. on the 
6th, and after 2 h. on the 7th, conditions were quiet, as with N. V was not sensibly 
disturbed until 17 h. on the 6th. Between 17 h. and 21 h., the curve had the 
pyramidal shape customary during afternoon disturbances. The rise fronl 17 h. 
to the maximum at 18 h. 31 nl. was 109y, and the fall between 18 h. 31 m. 
and 21 h. 0 m. was 89y. After 21 h., except for a shallow bay between 22 h. and 24 h., 
there was hardly any sign of disturbance. 

At Sitka, minor short-period oscillations were considerably in evidence from 
11 h. on the 6th to 2 h. on the 7th, but the only large movements occurred between 
17 h. and 20 h. on the 6th. H fell 177y between 17 h. and 18 h. 20 m., and rose 
158y between 18 h. 20 m. and 19 h. D moved 35!' to the West between 17 h. and 
18 h. 36 m., and 36' to the East, between 18 h. 36 m. and 20 h. V fell 90y between 
17 h. 30 m. and 18 h. 58 m., and rose 82y between 18 h. 58 m. and 20 h. 30 m. The 
fall between 17t h. and 18 h. 58 m. was interrupted by a short rise commencing about 
18! h. The disturbance at Sitka in the horizontal plane was for a time of a rotating 
character, the vector rotating from South to North through West. 

The more northern stations agreed with Mauritius, Buitenzorg and Alibag in 
having the chief disturbance in H or N limited to the interval 16 h. to 20 h. on the 6th. 
There was, however, a good deal of difference in the nature of the movements. At 
Eskdalemuir there were in N, as in H at Alibag, four distinct considerable movements. , 
These consisted of a fall, a short rapid rise, a second fall and a second rise. The 
second and third of the movements seemed of a more secondary character than the 
other two. At Honolulu, as in N at Buitenzorg, there were three movements in H, 
not widely different in size, viz., a fall, a rise and a second fall. At Helwan, Agincourt 
and Sitka the movements were practically confined to a fall and a rise. 

The disturbance in the Antarctic was much larger than anywhere else, being of 
quite a different order except between 16 h. and 20 h. on the 6th. While, however, 
there were no large disturbances at Eskdalemuir and Sitka except for a few hours, 
there were alnlost incessant short.period oscillations during the whole time, almost 
as much so in fact as in the Antarctic. Thus the conditions, whatever they are, 
which lead to short-period oscillations were shared by the northern and southern 
hemispheres. 

Section 110.-The disturbance of December .10-12, 1911, began with an s.c., 
which has been already described. The s.c. was by no means large at the more northern 
stations, but was well developed in the Antarctic and at Buitenzorg. 

In the Antarctic, conditions had been quiet, for the season, for a number of hours 
prior to the s.c. Apart from the s.c. there was no very well-marked development 
of disturbance until nearly an hour had elapsed. A continual succession of oscillations 
of considerable size then appeared in all the traces. There were some specially large 
movements between 23 h. on the loth and 3 h. on the 11th. E' fell 472y between 
22 h. 55 m. and 23 h. 35 nl., while N' fell 355y between 2 h. 18 m. and 2 h. 42 m. 
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Between 3 h. and 9 h. on the 11th oscillatory movements were much less in evidence, 
but there was a comparatively uninterrupted rise in N' and E' and a numerical rise 
in V. After this, oscillations again became more prolninent, especially between 
18 h. and 22 h. Conditions had become fairly quiet before 24 h. on the 11th. 

TABLE CLX.-15 h. December 10 to 2 h. Decembe~ 12, 1911. Plate L. 
- -------

Times of 
Disturbance Inequality 

Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. y y 
Antarctic ... ... N' 15 22 (11th) 3 42 (11th) 444 99 

E' 8 27 (11th) 1 30 (11th) 727 95 

~ 22 48 (10th) 13 48 (11th) 382 82 

Mauritius ... . .. H 1 50 (11th) 15 30 (11th) 162 12 
D 9 30 (11th) 16 40 (11t~) 81 35 

Buitenzorg ... ... N 1 55 (11th) 9 40 (11th) 290 33 
E 8 35 (11th) 2 45 (11th) 101 39 

V 4. 50 (11th) 9 50 (11th) 58 21: 

Alibag ... ... H 1 30 (11th) 9 45 (11th) 178 11 
D 9 20 (11th) 1 o (11th) 58 7 

V 12 50 (11th) 4 50 (11th) 29 4: 

Honolulu ... ... H 23 12 (10th) 10 12 (11th) 167 12 
D 19 9 (lOth) 22 53 (10th) 42 25 
V 15 48 (10th) 21 46 (lOth) 29 15 

• Helwan H {~ 21 (11th)} 15 52 (11th) 156 14 ... ... 55 (11th) 

D 17 24 (11th) 3 36 (11th) 75 33 

V 15 50 (11th) {1~ 21 (11th)} 27 16 
37 (11th) 

Agincourt ... . .. H 21 25 (10th) 8 15 (11th) 235 24 

D 3 40 (11th) 12 55 (11th) 326 23 

EskdaJemui r ... ... N 21 3 (11th) 8 13 (11th) 191 9 

E 17 36. (lIth) 5 25 (11th) 178 20 

V 16 53 (11th). 5 33 (11th) 174 11 

Sitka ... ... H 5 49 (11th) 12 59 (11th) 729 13 

D 8 15 (11th) 9 19 (11th) 379 16 

V 5 49 (11th) 8 31 (11th) 689 5 

At Mauritius, conditions were very quiet for some hours prior to the s.c. After 
it there was a slow gradual rise in H, very slightly interrupted, and hardly suggestive 
of disturbance until after 23 h. on the loth. During the ne~t five hours there were 
two 'or three slow oscillations of moderate size. At 4 h. on the 11th a fall set in, 
which continued until 9 h.·45 m. During the last two hours of this period there were 
5 o~ 6 rather sharp minor oscillations, but the general trend of the trace is a downward 
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slope at a roughly constant angle, the total fall being about 143". Slow oscillations 
followed until after 20 h. on the 11th. Superposed on these were a few shorter period 
oscillations, the most noteworthy occurring near 13 h. The D trace showed very little 
sign of disturbance until after 2 h. on the 11 tho Between 2 h. and 4 h. there were 
some sensible movements. Between 6 h. 40 m. and 9 h. 30 m. there was an easterly 
movement of 10l', and between 10 h. and 16 h. a westerly movement of 11'. These 
movements, which were interrupted by minor oscillations, suggest the regular diurnal 
variation enhanced some 3 or 4 times. Minor oscillations occurred at intervals until 
24 h. on the 11th. 

At Buitenzorg N was raised very considerably by the s.c., and remained above the 
normal value for several hours. But beyond small oscillations there was little further 
sign of disturbance in any of the elements unt,il the early hours of the 11th. Between 
o h. and 3 h. on the 11th there were considerable oscillations in N and minor oscillations 
in E and V. Shortly before 3 h. a fall began in N which continued, with interruptions 
due to short-period oscillations, until about 9 h. 40 m. The total fall during this time 
was 2851'. A rapid· recovery ensued for some time, the rise between 9 h; 40 m. and 
11 h. 20 m. amounting to 1331'. Oscillations followed, succeeded by a second decided 
rise after 16 h. E had a nearly uninterrupted rise of 104" between 2,h. 45 m. and 
8 h. 35 m. During this time the minor oscillations were all small. Between 8 h. 35 m. 
and 17 h. 15 m. E fell 91", but this fall was more interrupted by minor oscillations 
than the previous one. There were some oscillations in V, but none of any great 
size. After 19 h. on the 11 th the V trace was nearly level, and the other traces 
contained only minor movements. 

At Alibag the elevation of H following the s.c. continued for a number of hours. 
Apart from the s.c. there were only some trifling movements in any of the traces up 
to 24 h. on the lOth. About 2 h. on the 11th a fall began in H, which continued 
with only minor interruptions until about 9 h. 45 nl.; the total fall being 177". 
From 9 h. 45 m. to 18 h. on the 11th the Alibag H curve closely resembled that 
at Mauritius, H at Alibag rising on the whole from 9 h. 45 m. until nearly 12 h., then 
falling-with a sharp interruption near 13 h.-until after 15 h., and then rising rather 
smartly until 17i h. The Alibag D and V curves showed only some mmor 
oscillations, the largest between 12 h. and 14 h. on the 11th. 

At Honolulu there was no large movement througho"ut the lOth. Near 2 h. on 
the 11th a marked fall began in H. At 10h.12 m., when the minimum was reached, 
the fall since 1 h. 50 m. had amounted to 164", the major part of this occurring prior 
to 7 h. Between 8 h. and 10 h. short-period oscillations were considerably in 
evidence in H. Between 10 h. 12 m. and 13 h. H rose 103". Neither the D nor the 
V trace showed any conspicuous movement, but the V trace showed a good many 
short-period oscillations, especially between 8 h. and 10 h. 15 m. and between 11 h. 
and 14 h. on the 11 tho Conditions had apparently become pretty quiet before '20 h. 
on the 11th, when the record received ended. 

At Helwan there was little disturbance on the lOth after the s.c. The H tr~ge 
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showed moderate slow oscillations on the 11th from 0 h. to 4 h. About 4 h. a 
pronounced fall began in H, which continued almost without interruption until about 
9 h. 45 m., the total fall being about 115y. There were a good many minor oscillations 

~ from 8 h. until after 10 h. From 10 h. on the 11th to 1 h. on the 12th there was a 
series of slow oscillations, H falling on the whole until near 16 h. on the 11th, and 
then showing tt general rise. The Helwan H trace resembles the Alibag H trace fairly 
closely, but the later oscillations with apices about 21 h. and 24 h. on the 11th are 
more accentuated at Helwan. The D and V traces at Helwan showed almost no 
disturbance on the 10th. Throughout the 11th the D trace showed a good many 
minor oscillations, the largest between 3 h. and 4 h. and between 16 h. and 18 h. The 
V trace was decidedly undulatory throughout the 11th. The largest movements­
which were however quite trifling-occurred between 16 h. and 18 h. on the 11th. 

At Agincourt the s.c. itself was almost insignificant, and except for small short_ 
period oscillations, mostly in H, there was no sign of serious disturbance during the 
lOth. After 0 h. on the 11th a fall began in H, which continued with interruptions 
until the minimum was reached at 8 h. 15 m. The total fall during the 81 hours, the 
greater part occurring after 2t h., amounted to 210y. Between 8 h. 15 m. and 
9 h.40 m. there were some rapid oscillations, with a resultant rise in H of 188y. 

Oscillations of less magnitude followed until 1 h. on the 12th, after which the H 
trace was practically quiet. The D trace showed only minor disturbance until 3 h. 
on the 11th. Between 3 h.17 m. and 4 h. 25 m. there was a very large oscillation, 
an easterly swing of 46' being followed by a westerly swing of 45'. Other considerable 
though smaller oscillations followed, especially between 6 h. and 14 h. on the 11th. 
The chief movements after 14 h. occurred near 21h. and 24 h. After 1 h. on the 12th 
the trace was practically quiet. 

At Eskdalemuir after the s.c., which was comparatively small, none of the traces 
showed anything beyond trifling oscillations until subsequent to 23 h. on the lOth. 
N rose 63y and fell 64y between Oh. 30 m. and 1 h. 45 m. on the 11th. Between 
3 h. 30 m. and 4 h. 0 m. it rose 7 4y. From 4 h. to 8 h. on the 11th the general trend 
of N was downwards, the total fall amounting to 122y, but the fall was interrupted 
between 5 h. 5 m. and 5 h. 30 m. by a sharp rise of 61 y. The largest N movements 
occurred between 20 h. and 22 h. on the 11th, when there were several sharp 
oscillations with a total range of 166y. After 22 h. the disturbance fell off, and by 
1 h. on the 12th it had nearly disappeared. After 2 h. conditions were very quiet for 
several hours. Disturbance in E was trifling until 0 h. on the 11th. Between 3 h. 
and 5 h. 55 m. two prominent wave-like disturbances succeeded one another. Minor 
disturbances followed until 16 h. on the 11th. Between 16 h. and 18 h. conditions 
were much more disturbed, several considerable oscillations following one another, 
with a total range of 162y in the two hours. There were also some smart oS0illa tions 
between 20 h. and 21 h. 40 m. After that, except for a sharp fall in E between 
23 h. 20 m. and 23 h. 40 m., there was little further disturbance, and by 2 h. on the 
12th conditions had become very quiet. The V trace was almost a straight line 
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throughout the lOth. The first movement of any size was a fall of 441' between 
3 h. 30 m. and 4 h. 15 m. on the 11 tho During the afternoon of the 11 th V rose in the 
way customary during magnetic storms. After the maximum was reached at 
16 h. 53 m. the general trend was downward until 21! h., the fall in that time 
amounting to 1391'. Subsequently, with the exception of a shallow cup-shaped 
depression about midnight, the V trace was but little disturbed. After 2 h. on the 
12th it was very quiet. 

At Sitka the s.c. was very small. Subsequently throughout the lOth the 
disturbance was represented solely by incessant small oscillations, which were visible 
even in the V trace. After 0 h. on the 11th disturbance gradually increased, but 
there was no movement of any size until after 3 h. on the 11th. After 3 h. 15·m. H 
became decidedly more disturbed, but exhibited no really striking movement prior 
to a sharp rise, which led up to the maximum at 5 h. 49 m. Between the time of the 
maximum and 9 h. on the 11th the general trend of H was downwards, but during 
this interval several large oscillations occurred, having superposed on them numerous 
short-period oscillations, also of considerable size. The total range· between 5 h. 49 m. 
and 9 h. was 6151', the largest individual movement being a fall of 3391' between 
8 h. 2 m. and 8 h. 12 m. From 9 h. to 10 h. there was a succession of short-period 
oscillations, the element remaining low. Between 10 h. 2 m. and 10 h. 12 m. H rose 
2941'. From 10 h. 40 m. until 12 h. 18 m. there was one considerable and numerous 
small oscillations, tending on the whole to reduce H. Then followed from 12 h. 18 m. 
to 13 h. 14 m. a very rapid fall, interrupted by some short-period oscillations, 
and a practically uninterrupted rise. The fall amounted to about 6871', the rise 
to about 6241'. For some hours after this considerable though much smaller 
oscillations presented themselves in H, the general trend of the element being 
upwards. After 18 h. the oscillations fell off much in amplitude, but small short­
period oscillations were still in progress at 1 h. on the 12th. The disturbance in D 
at Sitka began to increase after 3 h. on the 11th. The most notable movements 
were a fall of 82!' between 8 h. 15 m. and 9 h. 19 m., and a rise of 68' between 9 h. 19 m. 
and 9 h. 50 m. Large oscillations, with short-period oscillations superposed, followed 
until 16 h., when the larger waves of longer period became decidedly less prominent. 
Short-period oscillations continued until at least 2 h. on the 12th, but they had 
decidedly diminished during the previous three hours. 

The disturbance in Vat Sitka was of a bold character. There were many short-period 
oscillations, but they interfered much less with the general trend of the curve than was 
the case with H or D. The trace was but little disturbed until nearly 3 h. 30 m. on the 
11 th , when a conspicuous rise began in V. This continued with minor interruptions until 
the maximum was reached at 5 h. 49 m., the total rise amounting to 1681'. After 
5 h. 49 m. a rapid fall set in, continuing with only minor interruptions until 8 h. 31 m., 
the total fall amounting to no less than 689y. From 8 h. 31 m. until 11 h. 20 m. the 
general trend was upwards, the total rise being 481 y. Between 11 h. 20 m. and 
] 2 h. 50 m. there was a fall of 372y, and between 12 h. 50 m. and 17 h. 30 m. there 
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was a rise of 393y, hut both these movements were considerably interrupted by 
oscillations. After 17! h. conditions were much quieter, and after 1 h. on the 12th 
the trace was almost quiet. 

The disturbance of December 10-12 was large at all the stations. In the 
Antarctic the s.c. was shortly followed by persistent oscillations of considerable 
size, but elsewhere there was little trace of disturbance during the first 8 or 9 hours 
after the s.c., beyond persistent short-period oscillations of small size. A feature 
common to all the stations except the Antarctic was a large fall in H or N during part 
of the forenoon of the 11th. But the ho~r when the fall commenced varied a good 
deal. It was clearly recognisable at several of the stations by 3 h. or earlier. But 
at Mauritius, Helwan and Eskdalemuir it was one hour later, and at Sitka nearly 
three hours later in commencing. The fall was interrupted by oscillations, but the 
general trend was clearly downwards at almost all the stations until nearly 10 h. on 
the 11 tho In the Antarctic the largest oscillations occurred earlier than elsewhere. 
At Sitka the disturbance showed a concentration between 6 h. and 16 h. on the 11th, 
to which there was no parallel in the Antarctic. At Agincourt the principal part of 
the storm also occupied only about 10 hours, but it began shortly after 3 h. The 
oscillation in H recorded near 13 h. on the 11th at Sitka was enormously larger than 
the synchronous movements recorded elsewhere. From Buitenzorg to Helwan the 
movements in V were quite trifling. At Eskdalemuir, while the general aspect of the 
V trace was much quieter than that of the horizontal components, the range was not 
much less than that of N or E. The V movements at Sitka were quite of a higher 
order than those at the other co-operating stations, and they were decidedly more 
prominent than the V movements in the Antarctic throughout the greater part of 
the storm. 
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CHAPTER XIII. 

DISTURBANCES OF LONGER PERIOD DURING 1912. 

Section 11l.-The disturbance of January 13, 1912, has been included in 
Table CXL, as being at least closely similar to the" special type." But it occurred at 
an hour of the day and a season of the year when that type of disturbance is unusual. 
Also it was of unusually large size, and copies of the corresponding disturbance had 
been received from most of the stations. It has accordingly been dealt with in the 
same way as the longer disturbances. 

TABLE CLXI.-5 h. to 9 h. January 13, 1912. Plate LI. 
----- --------

Times of 

Station. 
Disturbance Inequality 

Element. 

I 
Range. Range. 

Maximum. Minimum . 

.. .I 
h. m. h. m. y y 

Ant.arctic ... N' 6 50 6 0 201 33 
E' 7 0 8 20 426 17 
V 5 50 7 20 132 25 

Buitenzorg ... ... N 5 25 7 10 56 24 
E 7 10 5 25 22 ]4 
V 5 55 9 0 21 16 

Alibag '" ... H 5 50 7 5 31 10 
D 8 15 6 0 10 15 
V 9 0 5 30 17 21 

Honolulu ... ... H 5 15 6 35 25 3 
D 7 0 6 20 20 2 
V 6 55 6 25 10 3 

Agincourt ... . .. H 5 0 6 40 42 2 
D 8 0 6 50 117 7 

Eskdalemuir ... ... N 6 25 7 5 5-3 5 
E 6 55 7 35 33 6 
V 5 10 6 40 8 3 

Sitka ... ... . .. H 6 35 7 40 120 4 
D 7 5 7 55 168 2 
V 6 50 7 20 99 2 

-_.-

In the Antarctic the disturbance was neither preceded nor followed by a quiet 
time, and its limitation to four hours is admittedly arbitrary. The really outstanding 
feature was the rise in E' culminating about 7 h. 0 m. Within 11 hours the element 
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rose 301y and fell 337y. The movements in N' and V were not conspicuously larger 
or more rapid than some others recorded during the previous 24 hours. 

At Buitenzorg the main feature was a bay in the N curve, superposed on the normal 
fall. 

Alibag also showed a well marked bay in H between 6 h. and 8 h., and the normal 
course of the variation in D was interrupted. 

The Honolulu H trace showed a bay, depression, fronl 5 h. 20 m. to 7 h. V was 
enhanced from 6 h. 20 m. to 7 h. 30 m. The D trace contained a bay (easterly 
deflection) synchronous with the enhancement of V. 

At Agincourt there was a pretty deep bay in H between 5 h. and 71 h., but a more 
prominent feature was a hump on the D curve. Between 6 h. 20 m. and 8 h. 0 m. there 
was a movement of 221' to the West, and then of 241' to the East. 

At Eskdalemuir there was a prominent bay in N between 6 h. and 8 h., and a less 
prominent one (enhancement of easterly force) synchronously in E. The V trace was 
undulatory, but the amplitude of disturbance was small. 

At Sitka there were considerable but rather irregular movements in all the traces 
between 6 h. and 81 h. The range was largest in D, rather an unusual feature. The 
chief feature in the H trace was a hump (enhancement of H), while D was deflected 
to the east of its mean position. The simultaneous Hand D movements at Sitka 
and Agincourt were thus diametrically opposite. Sitka was in fact the only one of 
the co-operating stations at which the first large movement in H was a rise. The 
Sitka V movements between 6 h. and 8 h. consisted of a sharp rise, an equally sharp 
and larger fall, and a more gradual return towards the normal. 

For some hours prior to 6 h. and again for some hours after 8 h. the Sitka curves 
were much quieter than the Antarctic curves. But later in the day between 12 h. and 
15 h. there was a prominent and pretty regular movement at Sitka (H and V 
reduced, D deflected to West) which was considerably larger than the synchronous 
Antarotic disturbance. This later movement seems clearly represented at Alibag, 
Honolulu, Agincourt and Eskdalemuir. The following comparison of these later 
movements and those occurring between 6 h. and 8 h. seems of interest. The 
movement in either case was oscillatory, but during the whole or greater part of it 
the element diverged from its normal value in the direction indicated. 

Antarctic. Alibag. Honolulu. Agincourt. Eskdale- Sitka. muir. 
-

N' I E' H H H I D N H I D 

Deflection, 6 h.-8 h. ... ... + + - -- - W - + E 

" 
12 h.-15 h. ... + - - + - W - - W 

Declination changes between 12 h. and 15 h. at Alibag and Honolulu and changes 
in E at Eskdalemuir were small and rather irregular. In the Antarctic the E' defleotion 
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on the second occasion was relatively trifling. At Alibag, Honolulu and Agincourt 
the movements between 12 h.and 15 h. were comparatively small, but their direction 
was not doubtful. At Eskdalemuir the amplitude of the later movement was about 
three-fourths that of the first. We have thus the interesting result that two 
elementary disturbances separated only by a few hours resembled one another at some 
stations, while at others they were more or less directly opposed. 

Section 112.-The disturbance of January 17, 1912, had an s.c. about 4 h. 42 m., 
which has been already described. The subsequent disturbance was generally of a 
comparatively trifling character. At most stations it seemed to have practically 
died out by 18 h. on the 17th, and several of the traces received stopped shortly after 
that hour. This partly led to the limitation here of the disturbance to the interval 
4h. to 18h. 

TABLE CLXII.-4 h. to 18 h. January 17, 1912. Plate LI. 

Times of 
Disturbance Inequality 

Station. ;Element. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. y Y 
Antarctic '" ... N' 10 25 9 20 147 80 

E' 11 33 16 30 315 71 
V 17 5 10 50 153 57 

Mauritius ... '" H 8 20 15 50 50 21 
D 10 35 4 50 51 33 

Buitenzorg '" ... N 4 55 14 50 74 34 
E 10 5 4 50 29 27 
V 6 10 11 55 30 22 

Alibag ... ... H 6 55 15 55 74 25 
D 10 20 7 20 26 23 
V 10 5 6 5 18 22 

Honolulu ... ... H 10 12 15 13 30 12 
D 15 40 17 50 14 3 
V 4 50 17 45 12 3 

Helwan ... ... H 7 25 15 55 48 16 
D 7 50 11 15 29 25 
V 12 35 9 25 30 14 

Agincourt ... ... H 10 50 10 10 36 10 
D 12 35 10 10 63 20 

Eskdalem,uir ... ... N 7 20 10 35 36 9 
E 5 35 11 25 29 16 
V 15 40 9 10 11 21 

Sitka ... ... ... H 9 47 10 31 49 4 
D 10 39 9 43 70 6 
V 16 20 10 33 109 4 
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In the Antarctic, taking into account the season of the year, the disturbance was 
by no means large. Except for a considerable movement in N' between 9 h. and 11 h., 
the disturbance was mainly confined to the hours 15! h. to 18 h. The disturbance 
did not subside in the Antarctic at 18 h., but what happened later in the day ean best 
be treated separately. 

At Mauritius in the H trace a crest followed the s.c., the shortest estimate of its 
duration being 1 h. 50 m. There was a distinct hump (elevation in H) until 
about 11 h. 40 m. The trace, in short, resembled the arch of a wide but 
rather low bridge. There were a few minor oscillations between 6 h. and 10 h. 
The maximum in H was reached somewhat later than the usual hour, but the 
changes were generally similar to those occurring in the ordinary day, except that the 
range was fully double the normal. The changes in D were also of a fairly normal type. 
The extreme westerly position came somewhat late, and the subsequent swing to the 
East was a little larger than usual, but there was little in the appearance of the curve 
suggestive of disturbance. 

At Buitenzorg N had a large rise during the s.c. After tha~ the general trend 
was downwards-the normal direction for that time of day-until the minimum was 
reached about 14 h. 50 m. The fall was broken only by minor oscillations. There 
was a rise in N from 15 h. to 18 h., as was normal for the time of day, again interrupted 
by minor oscillations. For at least 5 hours after 18 h. there were only trifling 
oscillations. The E trace showed only a few trifling oscillations .. The V trace showed 
a sensible rise at the time of the s.c. and a few subsequent small oscillations. 

At Alibag the curves showed on the whole the changes natural to the time 
of day, with some minor oscillations superposed in the case of H. The rise in H 
continued for 2 hours after the s.c., and the subsequent fall went on to nearly 16 h., 
the ordinary time of the minimum. The range, however, was considerably enhanced. 
Neither the D nor the V trace showed any disturbance worth mentioning. 

At Honolulu after the s.c. there were some minor oscillations in Hand V. But 
the chief movements in these elements, and they were not large, occurred between 
9! h. and II! h. They included a pretty smart rise in H and a slower fall, 
with a sensible oscillation in V. After the minimum at 15 h. 13 m. there was a 
moderate rise in H, as was normal at that time of day. Conditions were very quiet 
for some hours at least after 17 h. 

At Helwan all the traces showed minor irregularities for a few hours after the s.c. 
But after 12 h. they might be regarded as quiet, and they continued so throughout 
the rest of the 17th, and the early hours of the 18th. 

At Agincourt the s.c. was small, and during the next 4 hours there were only trifling 
oscillations. The only subsequent disturbance worth mentioning occurred between 
9 h. 40 m., and 11 h. 30 m. After a slight fall H rose 36y between 10 h.l0 m. and 
10 h. 50 m., the rise being followed by a more gradual fall. D moved II!' to West 

• between 9 h. 40 m. and 10 h. 10 m., and then 13' to East. After 12 h. there was no 
disturbance worth mentioning during the 17th. 
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At Eskdalemuir the s.c. itself was . not large, and it was followed only by 
small oscillations. The chief signs of unrest were short-period oscillations in N, 
and to a less extent in E. They were most in evidence between 9 h. and 16 h. After 
18 h. conditions were at least as quiet as usual. The V trace was quiet throughout. 

At Sitka the s.c. was followed only by minor oscillations, chiefly of short period, 
until 9 h. 30 m. Between that hour and 12 h. there were considerably larger 
oscillations in Hand D, the range in the latter element being considerably the larger. 

In H a sharp rise was followed by a larger but interrupted fall. In D between 
9 h. 30 m. and 10 h. 40 m. there was the following double oscillation: 7' W, 9' E, 5' W 
and 12' E. The largest movement occurred in V. Between 9 h. 45 m. and 10 h. 20 m. 
the element fell 97y, the greater part of the fall occurring in the first 15 minutes. 
After the minimum at 10 h. 33 m. V rose rapidly at first, and continued to rise at a 
diminishing rate during the next 2! hours. The V disturbance at Sitka appeared 
to be of the type customary at that station during the short-period disturbances already 
discussed. From 12 h. to 18 h., when the record ceased, there were only minor 
oscillations. 

January 17, 1912, was an example of an s.c., everywhere recognisable though 
not large, which was not followed during the next 12 hours by anything worth calling 
a magnetic storm. There was only a short-period disturbance, commencing about 
5 hours after the s.c., and lasting only about 2 hours. The short-period disturbance, 
moreover, while fairly prominent in the Antarctic and at Honolulu, Agincourt and 
especially at Sit.ka, was but slightly represented at Buitenzorg and Eskdalemuir. At 
some stations, including Buitenzorg, Alibag and Helwan, the principal phenomenon 
was an increased amplitude in the normal diurnal changes. 

The Antarctic differed from all the other stations which· contributed records in 
having a large disturbance which commenced after 15 h. on the 17th and continued 
until 2 h .. or 3 h. on the 18th. Between 18 h. on the 17th and 3 h. on the 18th, the 
ranges were 194y in N', 282y in E' and 165y in V. All the Antarctic traces showed 
a large oscillation between 22 h. on the 17th and 1 h. on the 18th and numerous 
considerable but snlaller oscillations, extending from 16 h. to 21 h. on the 17th. 

At Mauritius and Honolulu information subsequent to 18 h. on the 17th was 
limited to the two hours, 18 h. to 20 h., the traces for which were normally quiet. At 
Buitenzorg, Alibag (H), Helwan, Agincourt and Eskdalemuir between 18 h. on the 
17th and 2 h. on the 18th conditions were at least as quiet as usual. Some of the 
curves, in fact, were unusually quiet. Thus we have on this occasion a large Antarctic 
disturbance accompanied by ordinarily quiet conditions over at least a large portion 
of the earth. 

Section 113.-The disturbance of March 21-22, 1912, was not a very large one, 
and the records obtained of it were somewhat scanty. Curves were not received from 
Honolulu or Sitka, but the official publications supplied a certain amount of information 
which has been included In Table CLXIII, as it suffices to show that appreciable 
disturbance prevailed. 
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In the Antarctic between 23 h. 15 nl. on the 21st and 3 h. 15 m. on the 22nd 
there was a large fall and rise in N'. During these movements there were smaller 
oscillations. in E'. The largest movements in V occurred earlier, between 211 h. 
and 23t h. on the 21st. 

TABLE CLXIII.-20 h. March 21 to 5 h. March 22, 1912. Plate L1. 

Times of 

Station. Element. 
Disturbance Inequality 

1-

Range. Range. 
Maximum. Minimum. 

h. m. h. m. I' I' 
Antarct.ic ... ... N' 20 o (21st) 1 40 (22nd) 307 35 

E' 4 30 (22nd) 23 4 (21st) 176 57 
V 23 15 (21st) 22 5 (21st) 8] 22 

Mauritius ... ... H 2 10 (22nd) 21 25 (21st) 21 10 
D 1 45 (22nd) 4 25 (22nd) 25 21 

Buitenzorg ... ... N 21 5 (21st) 1 35 (22nd) 26 28 
E 20 40 (21st) 1 5 (22nd) 22 30 

Alibag ... ... H 20 55 (21st) 1 30 (22nd) 22 40 

Honolulu ... . .. H 22 28 (21st) 1 58 (22nd) 58 12 
D 19 59 (21st) 0 32 (22nd) 66 38 

Agincourt ... ... H 20 20 (21st) 1 55 (22nd) 55 7 
D 1 30 (22nd) 20 o (21st) 115 22 

Eskdalemuir ... ... N 0 7 (22nd) 1 30 (22nd) 54 4 
E 0 52 (22nd) 20 20 (21st) 93 5 
V 21 30 (21st) 2 o (22nd) 59 20 

Sitka ... ... ... II 1 ? <59 >41 22 
D 1 1 20 (22nd) > 83 23 
V 1 50 (22nd) 1 <87 >74 9 

At Mauritius between 20 h. 20 m. and 21 h. 25 m. there was a symmetrical rise 
and fall of H, each about 101'. Between 0 h. and 3 h. on the 22nd there were slow 
oscillations in H, and between 1 h. 25 m. and 2 h. 30 m. the element rose 151' and fell 
81', The D trace exhibited little disturbance. The swing to the West after 2 h. was 
practically that normal to the time of day. 

At Buitenzorg there was considerably more disturbance in N than the range 
suggests. It was, however, of an irregular character. The E trace also was 
decidedly not regular, and showed a good many small oscillations. 

At Alibag, H showed a small rise and fall between 20 h. and 21th. on the 21st, 
and a small fall and rise between 0 h. 30 m., and 2 h. on the 22nd. 

The maximum and minimum and the hourly values in the Honolulu official 
publication showed that the disturbing forces there in the horizontal plane were 
considerably in excess of those at Buitenzorg and Alibag. 
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The Agincourt H trace showed a persistent disturbance, commencing with a 
rise about 19 h. 25 m., and continuing until 5 h. on the 22nd. Between 0 h. and 3 h. 
on the 22nd, H was sensibly depressed. The Agincourt D trace was practically qui'et 
until the end of the 21st, but there were sharp movements between 1 h. and 2 h. 20 m. 
on the 22nd, consisting of a westerly movement of 6', an easterly movement of 18', 
and a slower westerly movement of 14!'. There were subsequent smaller movements 
until nearly 6 h. on the 22nd. 

At Eskdalemuir N was decidedly disturbed between 21 h. on the 21st, and 3 h. 
on the 22nd. There was a bay (depression) between 21 h. and 22 h. on the 21st, 
and considerable oscillations between 1 h. and 2 h. 30 m. on the 22nd. The disturbance 
,in E was larger than in N. There was a pretty deep bay (algebraic rise in E) between 
20 h. 20 m. and 21 h. 30 m. The largest movements occurred between 23 h. 50 m. 
on the 21st, and 2 h. 20 m. on the 22nd. During this time the numerical value of the 
element fell 861', rose 861', and fell 441'. V at Eskdalemuir was slightly elevated 
at 21 h. on the 21st. But a decided fall set in after 23 h. and continued until 2 h. 
on the 22nd, when recovery commenced. The early morning depression was very 
considerable, having regard to the comparatively small amplitude of the horizontal 
disturbing forces. 

The data in the Sitka official publication show that the disturbance there was 
considerable in D and V. 

The phenomena observed on March 21-22, show a marked contrast to those 
described on January 17. On the earlier occasion there was considerable disturbance 
in the Antarctic near 24 h. G.M.T., which was practically not represented elsewhere. 
On the later occasion there was again considerable disturbance in the Antarctic near 
24 h., but there was also very appreciable disturbance all over the world, especially 
at the more northern stations. Moreover V, which is usually a quiet element, was 
decidedly disturbed at Eskdalemuir and Sitka. 

Section 114.-In the Antarctic the earlier part of April 5 showed an average 
amount of disturbance. The N' trace showed a nearly uninterrupted fall (numerical 
increase) for the 31 hours ending at 0 h. 45 m. on the 6th, and a corresponding nearly 
steady rise during the next 21 hours. 

About 18 h. on the 5th, a fall commenced in E' which continued almost without 
interruption until 20! h. From 0 h. to 2 h. 45 m. on the 6th, there was a corresponding 
almost uninterrupted rise. A .considerable oscillation intervened between the two 
movements. The disturbance in V was considerably less than in the other elements. 
The general tendency was up the sheet (numerical fall) until 21! h. on the 5th, the 
subsequent movement down the sheet being slow. The subsidence of the disturbance 
in the Antarctic was rapid, and its conclusion unusually well marked, the traces 
being exceptionally quiet from 5 h. to 11 h. on the 6th. 

At Mauritius the H trace shows an uninterrupted but slow rise to a crest at about 
20 h. 20 m. on April 5, followed by a sharp fall to the minimum at about 21 h. 35 m. 
There then ensued another uninterrupted rise to the maximum at 24 h. 0 m., followed 
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by a fall. of 161' in 40 minutes, and subsequent slight fall until about 3 h. on the 6th. 
The general appearance of the curve is that of two long waves, with crests at about 
20 h. 20 m. and 24 h. 0 m. on the 5th. The D trace is also undulatory, the turning 
points corresponding'to extrenle westerly positions falling at about 20 h. 25 m. and 
23 h. 0 m. on the 5th, and 2 h. 0 m. on the 6th, while those corresponding to extreme 
easterly positions fell about 22 h. 20 m. on the 5th, and 0 h. 50 m. and 3 h. 30 m. on 
the 6th. On the normal April day, declination is practically constant from 22 h. to 
3 h'J so the above undulations, though not large, clearly represent disturbance. 

TABLE CLXIV.-,-18 h. April 5 to 5 h. April 6, 1912. Plate LI. 

Times of 
Disturbance Inequality 

Station. _ Element. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. I y I' 
Antarctic ... ... N' 18 45 (5th) 0 45 (6th) 208 39 

E' 2 40 (6th) 20 38 (5th) 311 48 
V 21 29 (5th) 5 o (6th) 101 18 

Mauritius ... . .. H 0 o (6t.h) 21 35 (5th) 34 17 
D 3 30 (6th) 20 25 (5th) 28 18 

Buitenzorg ... ... N 20 30 (5th) 22 25 (5th) 43 31 
E 23 50 (5th) 2 35 (6th) ·10 13 
V 5 o (6th) 1 o (6th) 28 17 

. Alibag H 20 30 (5th) 
I 

3 o (6th) 42 41 . '. ... 

Honolulu ". '" H ? 0 47 (6th) > 4:2 < 57 18 
D 18 56 (5th) 0 36 (6th) 57 42 
V 18 55 (5th) 21 26 (5th) 24 23 

Agincourt ... '" H 22 50 (5th) 1 20 (6th) 67 14 
D 0 20 (6th) 20 35 (5th) 106 33 

Eskdalemuir ... ... N 19 45 (5th) 0 29 (6th) 74 8 
E 0 2 (6th) 18 o (5th) 125 12 
V 20 15 (5th) 0 41 (6th) 63 26 

Sitka ... ... H 0 57 (6th) 20 31 (5th) 119 22 
D ? 1 45 (6th) .>111<119 45 
V 1 42 (6th) ? > 134<184 12 

---

At Buitenzorg the largest movements in N were a rise of 371' between 19 h. 5 m. 
and 20 h. 30 m., and fall of 431' during the next two hours. A considerable fall in E 
occurred between 0 h. and 2 h. on the 6th, and synchronous with it was a well marked 
bay in the V trace. 

At Alibag the H trace showed two con8iderable wave-like oscillations, the rise 
coming first in both. The crests appeared at about 20 h. 30 m. and 24 h. 0 m. on the 
5th, hours at which the element is normally below its mean. In this case, any 
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comparison limited to the amplitudes of the disturbance and normal ranges would be 
quite misl~ading. . 

No trace was received from Honolulu, the data in Table CLXIV being derived 
exclusively from the official publication. Clearly the disturbance there was similar 
in size to that at Buitenzorg and Alibag. 

The Agincourt Hand D traces both show very considerable but irregular 
disturbance. In H it persisted without cessation from about 18! h. on the 5th until 
nearly 4 h. on the 6th. H was decidedly depressed for three hours after 23 h. on 
the 5th. In D disturbance was hardly apparent until 22 h. on the 5th, and it ceased 
almost abruptly at 4 h. on the 6th. As in the Antarctic, the disturbance was followed 
by a conspicuously quiet time, which lasted for ft, good many hours. 

At Eskdalemuir N was very sensibly disturbed on the 5th during the earlier part 
of the afternoon; and whilst it was nearly quiet for a short time near 18 h., the 
Eskdalemuir curves alone would' not have suggested making a separation between 
the disturbance before and after that hour. The largest N movements were a nearly 
uninterrupted fall of 57 y between 19 h. 46 m. and 20 h. 46 m. on the 5th, and an 
oscillation between 23 h. 10m. on the 5th, and 0 h. 30 m. on the 6th. The E trace 
showed only small movements until 18 h. 55 m., when a numerical fall began which 
continued almost without interruption until 20 h. 40 m., the total fall amounting 
to 108y. A numerical rise of 79y ensued in the course of the next 45 minutes. 
Between 22 h. 55 m. on the 5th and 0 h. 5 m. on the 6th, there was a second large, 
numerical fall of 95y. The value of V was slightly enhanced prior to 18 h. on the 
5th. The principal move,ment was a sharp fall between 23 h. 40 m. on the 5th, an~ 
o h. 41 m. on the 6th, followed by a gradual recovery. The traces were all very quiet 
for several hours after 4 h. on the 6th. 

No traces were received from Sitka. The data in Table CLXIV were derived 
entirely from the official publication. Obviously the disturbance was larger in V 
than in H or D, and the range in V considerably exceeded that in the Antarctic. The 
disturbance in the horizontal plane would seem to have been much less than in the 
Antarctic, but fairly similar to the disturbance in D at Agincourt and in E 
at Eskdalemuir. 

The disturbance of April 5-6 was unusually sharply defined as regards its 
termination, a markedly quiet time setting in somewhat suddenly at all the stations, 
the Antarctic included. The disturbance was characterised rather by the persistence 
in direction of moderately rapid movements than by the presence of any conspicuous 
short-period osoillations. It was clearly of general incidence, and the times 
of the largest movements were roughly the same at the different stations. The 
East-West component was on the whole considerably more disturbed than the North­
South. The disturbance in V increased relative to the disturbance in the horizontal 
plane in passing from South to, North. 

Section 115.-The disturbance of April 10, 1912, was of short duration. 
In the. Antarctic the earlier part of the day contained many comparatively short-
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period oscillations in all three elements. The largest movement shown was in N'. 
It consisted of a rise (numerical fall) from 8 h. 10 In. to the maximum at 9 h. 24 m., 
and a subsequent nearly equal fall until 11 h. After this the element became as 
quiet as usual. In E' there was a considerable rise and fall, corresponding roughly 
in time with the rise and fall in N', but not so large either absolutely or by comparison 
with the previous movements. The chief movements in V were a fall between 
8 h. and 10 h., and a subsequent rise. 

I 

Station. 

----

Antarctic ... 

Mauritius ... 

Buitenzorg ... 

Alibag ... 

Honolulu ... 

Agincourt ... 

Eskdalemuir ... 

Sitka ... 

TABLE CLXV.-6 h. to 12 h. April 10, 1912. Plate LII. 
------ -

Times of 
Disturbance 

Element. 

I 
Range. 

Maximum. Minimum. 

h. m. h. m. y 
... N' 9 24 6 0 228 

E' 9 50 11 10 162 
V 6 15 10 3 131 

... H 8 10 9 55 65 
D 9 40 6 0 55 

. .. N 6 0 9 55 88 
E 6 0 11 30 28 
V 6 0 10 0 36 

. .. R 8 5 9 55 64 
D 6 0 8 10 22 
V 11 50 6 30 35 

.., H 9 25 6 53 30 
D 9 10 6 15 17 
V !l 0 4: 50 9 

. .. H 10 40 9 0 49 
D 6 0 9 25 122 

... N 8 15 9 36 80 
E 7 57 10 0 38 
V 11 20 8 15 8 

... H 8 59 9 51 161 
D 9 58 6 10 108 
V 7 0 9 46 245 

Ine (!uality 
Range. 

Y 
34 
29 
19 

19 
32 

29 
10 
18 

3U 
25 
29 

2 
3 
1 

3 
16 
.~ 

33 
29 
5 

8 
5 
6 

The Mauritius H trace shows a deep bay (depression) between 8 h. 10 m. and 
12 h. The decline after 8 h. 10 ID. was at first extremely rapid, a fall of 18y appearing 
to be nearly instantaneous. The rise after the minimum at 9 h. 55 m. until 12 h. 
amounted to 26y, the recovery being by no means complete. In D there was a 
gradual easterly movement, 8' in all, between 6 h. 0 m. and 9 h. 40 m., followed 
between 9 h. 40 m. and 12 h. 0 m. by a gradual westerly -movement of 2l'. These 
changes are both in the direction to be expected at the hour, but the former 
is considerably larger than the normal diurnal change. 
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At Buitenzorg there was a conspicuous bay in the N curve, there being an almost 
uninterrupted fall from 7 h. 30 m. until the minimum at 9 h. 55 m~, but the fall ceased 
to be rapid after 9 h. The recovery was at first very rapid, but soon became slower 
Disturbance was visible in E, but it was not large. The V trace showed a bay, 
corresponding fairly in time with that in N, but much shallower. 

At Alibag there was a considerable fall in H between 8 h. and 9 h. 55 m., when 
the minimum occurred; it was most rapid between 8 h. 20 m. and 9 h. 10 m. The 
recovery was fairly rapid for the first 15 minutes, but then became very slow. There 
was little apparent disturbance in D or V. 

At Honolulu the only conspicuously disturbed feature was a hump in H between 
71 h. and 91 h. During its occurrence H was enhanced, not depressed like H at 
Alibag or N at Buitenzorg. The D trace was generally smooth, but showed decided 
dimples between 8! h. and 10! h. During their occurrence the needle was to the East 
of its normal position. The V trace showed a decided bay (element numerically 
enhanced) between 8l h. and 91 h . 

At Agincourt there were a good many minor oscillations in the H trace between 
6 h. and 12 h., just as there had been earlier in the day. The most noteworthy feature 
was a considerable bay (depression) between 8 h. and 10 h. In D the disturbance 
was much larger. The trace, which had been very quiet during the early morning 
of the lOth, became slightly oscillatory shortly after 4 h., and remained so until 
8 h. 15 m., when a decided westerly movement began which continued until 9 h. 25 m. 
The time of most rapid movement was from 8 h. 35 m. to 9 h. 10 m. The total 
amplitude of the westerly movement was 24'. After 9 h. 25 m. an easterly movement 
began which continued until 12 h.; it amounted to 21'. 

At Eskdalemuir the N trace was unquiet throughout the earlier part of April 10. 
From 6 h. to 8 h. there were numerous very short-period oscillations. Between 
8 h. 15 m. and 9 h. 5 m. there was a nearly uniform downward slope on the trace, the 
fall amounting to 521'. Subsequently until nearly 12 h. there were numerous short-

• 
period oscillations. The disturbance in E was a good deal smaller. The . largest 
movement was an algebraic fall of 291' between 9 h. 30 m. and 10 h. The V trace, 
except for a slight dip just after 8 h., was practically quiet .. 

At Sitka the traces showed some minor oscillations, but no movement of any size 
until after 8 h .. The first considerable movement in H was a rise of 591' commencing 
about 8 h. 30 m. After some minor oscillations there occurred a fall of 871' in 15 
minutes, commencing about 8 h. 55 m. In the course of 36 minutes there was a fall 
of 981' and rise of 1021', the turning point occurring at 9 h. 51 m. After 12 h. there 
were only small oscillations. The D movements, though smaller, were also 
considerable, but somewhat irregular. The needle was on the whole displaced to 
the East of its normal position. The largest movements occurred between 8 h. 20 m. 
and 11 h.15 m. The most prominent was an oscillation between 9 h. 50 m. and 
10 h. 30 m., which included an easterly swing of 20' followed by a westerly swing of 
15'. The V movements were larger, and much more symmetrical than those in the 
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horizontal components. There was a large hump on the trace (depression of V) 
extending from about 7i h. to 13 h.; but the rate of change was slow until after 8 h. 
and again after 12 h., and comparatively slow after 11 h. The hump was not perfectly 
symmetrical, there being two summits, the second the higher. The rise to the first 
summit was on the whole faster than the final fall. The rise in the trace (fall in V) 
was most rapid between 8 h. 50 m. and 9 h'. 20 m. The hump was very similar in 
appearance to that described at Sitka on several previous occasions. After 12 h. for 
several hours the curves showed only small oscillations, mostly of short period, being' 
almost normally quiet for Sitka. 

The disturbance on April 10, 1912, was of comparatively short duration, and 
at most stations it was preceded and followed by much quieter times. It was only 
of moderate amplitude, but some rather noteworthy differences presented themselves 
between the different stations. At most, including the Antarctic, the disturbance was 
greater in H (or N) than in D (or E), but to this Agincourt was a remarkable exception. 
At most stations (including Mauritius, Buitenzorg, Alibag, Agincourt, Eskdalemuir 
and on the whole Sitka) H (or N) was depressed, but at Honolulu it was elevated. At 
most stations, including the Antarctic, the range in V was less-usually much less-than 
the range in H (or N), but at Sitka it was considerably larger. 

Section 116.-In the Antarctic conditions had been normally quiet for some hours 
prior to 1 h. on April 15, 1912. The first indication of disturbance was a fall in N' 
commencing about 1 h. 40 m. It was interrupted by short-period oscillations but 
continued until nearly 5 h., the natural time of the daily minimum (maximum in S'). 
A reverse movement then set in and continued with minor interruptions until after 
11 h., or about the natural time of the daily maximum. Between 11 h. 16 m. and 14 h. 
there was a considerable fall in N', which brought the trace back to about its normal 
level. The general trend in the E' trace was a rise to about 7 h., the time of the ordinary 
maximum, followed' by a fall to about 12 h. There were numerous short-period 
oscillations, and after 10 h. there were two or three larger oscillations of longer period. 
The V trace exhibited numerous short-period oscillations. The largest single 
movement was comparatively trifling, being a fall of about 35y between 12 h. 45 min. 
and 13 h. The general trend of the V trace was downwards (i.e., numerical rise) from 
2 h. 40 m. to 8 h. What the Antarctic curves as a whole suggested was not so much 
a disturbance as an amplification of the ordinary regular diurnal variation throughout 
the time considered. 

At Mauritius the H trace showed some slow oscillations after 2 h. The fall from 
the maximum to the minimum was considerable, but at no time rapid; it was 
interrupted by some minor oscillations. Between 11 h. 20 m. and 14 h. there was a 
rise of 27y, leaving the element still considerably depressed. The D trace was slightly 
undulatory. Between 2 h. and 3 h. there was an easterly movement of about 21', and 
again between 10-1 h. and 11 h. an easterly movement of aoout Ii', while the natural 
direction of movement at both hours is westerly. On the other hand, between 7 h. 
and 8! h. there was an easterly movement of about 21', agreeing this time with the 
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normal direction of change. Thus at Mauritius the natural diurnal variation sometimes 
assisted and sometimes opposed the influence of disturbance on the declination. 

At Buitenzorg the N trace showed a fall between 3 h. 40 m. and 8 h. 40 m., 
interrupted -only by numerous small short-period oscillations. Leaving these out of 
account, the slope downwards of the trace during these five hours was not far from 
uniform. After 9 h. 20 m. the general trend of the trace was upwards, but the rise 
was interrupted by a fall of 27 y between 10 h. 40 m. and 11 h. 10m. The E trace 
showed a nearly continuous rise, interrupted only by some small oscillations, from 
a little after 2 h. (the ordinary time of minimum) until after 8 h. (near the ordinary time 
of maximum). The rise was followed by a nearly uninterrupted fall. It was hardly 
a case of disturbance, but rather of amplification of the natural diurnal changes. The 
V trace showed a gradual rise (numerical fall) from 1 h. to 4 h., with subsequent reverse 
movement from 4 h. to 10 h. The change in V, like that in E, represented enhancement 
of the natural diurnal changes. 

TABLE CLXVI.-l h. to 14 h. April 15, 1912. Plate LII. 

Times of 

Station. Element. 
Disturbance Inequality 

I 
Range. Range. 

Maximum. Minimum. 

-

h. m. h. m. y y 
Antarctic ... ... N' 11 16 4 25 207 48 

E' 7 24 11 40 248 31 
V 2 40 8 0 139 33 

Mauritius ... . .. H 5 30 11 20 - 70 21 
D 8 30 1 0 24 32 

Buitenzorg ... "'j N 2 50 9 20 156 41 
E 8 20 2 5 46 25 

I V 3 50 9 35 42 22 

Alibag ... ... H 5 35 11 20 94 47 

Honolu1u ... ... H ? 8 21 >102 15 
D 9 20 ? > 25 19 
V 9 5 ? > 26 9 

Helwan ... ... H 3 35 11 10 56 30 
D 6 10 10 0 53 45 

Agincourt ... ... H 1 55 8 35 147 19 
D 3 0 9 10 134 21 

Eskdalemuir ... ... N 5 19 11 23 123 34 
E 4 0 12 50 69 41 
V 14 0 5 19 45 9 

Sitka ... . .. H 6 52 11 22 599 13 
D 9 10 7 13 291 28 
V 6 46 11 24 510 9 

I 
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At Alibag the natural change in H is a fall from a little before 6 h. until 16 h. On 
the present occasion the fall set in about the usual time but proceeded at a considerably 
greater rate than usual, reaching a minimum considerably lower than usual about 
11 h. 20 m. It was roughly a case of doing double the normal fall in half the ordinary 
time. After 11 h. 20m. a recovery set in which, though fairly rapid for the first 20 
minutes, was on the whole a good deal more gradual than the fall, the element remaining 
sensibly depressed until at least 20 h. 

The trace received from Honolulu commenced about 3 h. 40 m., but apparently 
did not show the full range in any of the elements, the maximum in H and the minima 
in D and V occurring earlier. Thus Table CLXVI contains only an approximation to 
the ranges, derived from the data in the official publication. During the time covered 
by the trace received, the principal movements were a slightly interrupted fall and rise 
in H, the minimum appearing at 8 h. 21 m., and the rise ending about 11 h. 20 m. 
After this hour the H trace showed only some small oscillations. The daily minimum 
in H is but poorly marked at Honolulu, so that all that can be said is that on April 15 
the minimum occurred at an hour when values near the minimum are normally recorded. 
The D and V traces at Honolulu contained some undulatory movements of no great 
SIze. 

At Helwan H rose about 20y between 2 h. 35 m. and 3 h. 35 m. After that the 
general trend was a fall to the minimum at 11 h. 10 m., but the slope of the curve was 
never steep, and there were temporary recoveries. The minimum occurred about the 
ordinary hour of the maximum. Thus the disturbance was opposed by the natural 
diurnal change, which presumably explains the comparatively small amplitude of the 
range. The D trace appeared almost normal. The V trace w~s too faint for satisfactory 
measurement, but apparently was but little disturbed. 

At Agincourt conditions were quiet from 23 h. on the 14th until 2 h. on the 15th. 
At 2 h. H began to fall pretty rapidly, and the fall continued until nearly 4 h. There 
then ensued a series of undulations with shorter period oscillations superposed, the 
general trend continuing downwards until the minimum was reached at 8 h. 35 m. A 
rapid recovery then set in. Between 8 h. 5 m. and 9 h. 0 ffi. there was a fall of 70y 
and rise of 89y. After the minimum at 8 h. 35 m. the general trend of the curve was 
upwards until 13 h., but there were no large movements after 11 h. The D trace was 
quiet until 2 h. Between 2 h. 40 m. and 9 h. 15 m. there was a succession of slow 
undulatory movements 16l' E., 211' W., 21' E., 20' W., 20l' E., 28!' W. and 16l' E., 
with shorter period oscillations superposed on them. Subsequently there were no large 
movements, but shorter period oscillations continued until 15 h. 

At Eskdalemuir conditions were normally quiet from 23 h. on the 14th until 
nearly 3 h. on the 15th. Between 3 h. 10 m. and 4 h.'25 m. N. rose 26y and fell 35y. 

Between 4 h. 25 m. and 5 h. 19 m. it rose 49y. From 5 h. 19 m. to 6 h. 30 m. there 
was a fall, interrupted by minor oscillations, which amounted in all to 106y. 
Subsequently there were very numerous and not inconsiderable short-period oscillations, 
which continued until the early hours of the 16th. They showcd, in fact, no marked 
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tendency to diminish until 18 h. on the 15th. The E trace was practically quiet until 
2 h. 45 m. From then to 4 h. 50 m. it executed three considerable movements, a fall 
of 26y (numerical rise), a rise of 67y and a fall of 67y. No subsequent movement 
a pproached the last oscillation in size, but oscillations of short period continued until 
18 h. A distinct fall began in V after 2 h. 30 m., but it was interrupted by a slight 
rise between 3 h. 50 m. and 4 h. 30 m. Thereafter the fall was resumed until 5 h. 19 m. 
From 6 h. to 14 h. there was a very gradual rise. 

At Sitka the disturbance was a very lively one. The trace received did not begi~ 
until 2 h. 20 m., but conditions then and for the next half-hour were quiet, except for 
small short-period oscillations. Conditions had become decidedly more disturbed by 
3 h. Larger movements set in about 6 h. 40 m., and conditions from then until 12 h . 

. were very highly disturbed, there being numerous large oscillatory changes in all the 
elements. After 12 h. there was a rapid decline in disturbance, but minor short-period 
oscillations continued for some hours after 14 h. The general trend of the H trace 
was dO'Yllwards from the maximum at 6 h. 52 m. to the minimum at 11 h. 22 m., but 
the fall was interrupted by many large oscillations. The recovery after the minimum 
was at first very rapid. In the first 20 minutes ~here was a rise of 231 y. The depression 
remaining after 14 h. was comparatively small. The disturbance in D was smaller 
than in the other elements, and its general trend less decided. Between 7 h. 0 m. and 
7 h. 30 m. there was an oscillatory movement 33' West followed by 39' East. Between 
10 h. 35 m. and II h. 25 m. there was another large pair of movements 37' to West 
and 45' to East, a quiet interval of some eight minutes separating them. In V the 
general trend was a rise, in all about 227y, between 3 h. and the maximum at 6 h. 46 m., 
and then a fall. At 9.h. 35 m. the fall since the maximum amounted to 446y. 

Both the rise and the fall were interrupted by oscillations, but these were neither so 
large nor so numerous as in the case of H. From 9 h. 35 m. until 10 h. 45 m., V on 
the whole rose decidedly; but between 10 h. 45 m. and 11 h. 24 m. there was a further 
fall of 154y. After the minimum at II h. 24 m. V rose almost uninterruptedly until 
14 h., the rise amounting to 254y. There was a further rise between 14 h. and 17 h. 
but only about 25y in all. The disturbance at Sitka centred about local midnight, 
an hour when the normal diurnal changes are very s~all. 

In the storm of April 15 there was a marked contrast between the phenomena 
at the southern stations, including the Antarctic, and at the northern. In the southern 
stations the range was considerable, but the movements were on the whole comparatively 
slow and regular, more like an enhancement of the normal diurnal changes than 
anything else. At Agincourt and Eskdalemuir, however, and still more at Sitka, the 
changes were abrupt and irregular, and in every way indicative of disturbance. 
Except at Sitka the range of the vertical force was trifling, but there it was very 
large, being nearly four times as large as in the Antarctic. The contrast between the 
V changes at Eskdalemuir and Sitka, stations differing only 11° in latitude, is truly 
reluarkable. 

Bection II7.-0n May 12-13, 1912, th~re was a disturbed time during which there 
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were considerably quieter interludes of some duration. It has seemed best to discuss 
three separate parts of the disturbance separately, the first including 0 h.-14 h. on 
the 12th. 

TABLE CLXVII.-O h. to 14 h. May 12, 1912. Plate LII. 

Times of 

Station. Element. 
Disturbance Inequality 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. I' I' 
Antarctic ... ... N' 11 25 3 33 300 47 

E' 7 37 11 12 226 34 
V 2 10 8 5 116 32 

Mauritius ... ... H 2 45 11 40 60 20 
D 3 15 8 15 26 28 

Buitenzorg ... . .. N 2 5 11 5 106 42 
E 7 50 4 20 28 22 
V 3 50 11 25 22 19 

Alibag ... ... H 3 40 13 10 69 39 

Honolulu ... ... H 1 32 ? 5 58 <~83 <92 11 
D ? ? >25 20 
V 7 34 0 321 cl::22 <34 8 

Agincourt ... . .. H 1 35 3 40 67 16 
D 5 50 7 35 202 23 

Eskdalemuir ... ... N 3 40 11 22 109 35 
E 4 15 13 50 98 40 
V 14 0 3 57 34 9 

Sitka ... ... . .. H 5 40 7 42 144 20· 
D 7 32 3 59 197 :l7 
V 5 54 11 40 266 12 

I 

In the Antarctic the disturbance bore a considerable resemblance to that on 
April 15, 1912, during the same part of the day. On comparing Tables CLXVI and 
CLXVII it will be seen that corresponding maxima and minima appear at hours which 
do not differ much. On May 12, as on April 15, the disturbance was largely represented 
by an enhancement of the normal diurnal variation. The N' trace was more disturbed 
than the others. Its trend was on the whole downwards from 0 h. to the minimum 
at 3 h. 33 m., but the fall was interrupted by considerable oscillations. After the 
minimum the general tendency was a rise until 7! h., a fall until 8! h., a nearly level" 
portion, a rise to the maximum at 11 h. 25 m., and a considerable subsequent fall. 
After 14 h. the trace was much quieter for some hours. The E' trace showed a gradual 
rise, interrupted by numerous minor oscillations, until the maximum at 7 h. 37 m. 
This was followed during the next 45 minutes by a fall of 1391'. Between 10 h. 5 m. 
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and 12 h. there was a fall of 113y and a rise of 84y, the latter occurring after the 
minimum was reached. V was hardly disturbed until 'after 2 h. From the maximum 
at 2 h. 10 m. to the minimum at 8 h. 5 m. there was a gradual fall, interrupted only 
by small oscillations. A sensible rise ensued during the first hour after the minimum. 
The subsequent changes were not striking. 

At Mauritius after 0 h. H increased, with one slight interruption, to the maximum 
at 2 h. 45 m., and then fell with one or two slight interruptions until after 8 h. After 
a slight rise between 8 h. 15 m. and 9 h. 20 m., the fall was resumed until the 
minimum was reached at II h. 40 m. The time of maximum ~omewhat precedes that 
of the normal diurnal variation, but the changes agree generally in direction with those 
customary at the hour, only the range is about thrice the normal. The D trace gave 
but slight indication of disturbance, and the range did not exceed that of the 
average day. 

At Buitenzorg the disturbance was mainly confined to N. The N trace showed 
a large number of short-period oscillations, and some longer period oscillations of no 
great size. On the whole the movements represented merely an enhancement of the 
regular diurnal variation. 

At Alibag the H trace showed a few small oscillations after 2 h. Its main feature 
was a nearly unbroken fall from 61 h. to the minimum at 13 h. 10 m. There was a 
pretty smart recovery during the first half-hour after the minimum. The curve was 
practically quiet from 12 h. to 16 h. 

No trace was received from Honolulu, but the data in the official publication 
supplied information which has been included in Table CLXVII. There was obviously 
a fair disturbance there in H, the range exceeding that at Mauritius or Alibag. The 
V trace must have been sensibly disturbed as well. 

At Agincourt the H trace had shown minor oscillations since 19 h. on the 11th, 
but became more disturbed after 1 h. on the 12th. The largest movements occurred 
between 3 h. and 8 h. They included a fall of 60y and rise of 40)' between 3 h. 5 m. 
and 4 h. 10m., a rise of 40)' and fall of 45)' between 5 h. 40 m. and 6 h. 20 m., and a 
rise of 45)' between 6 h. 55 m. and 7 h. 40 m. Shorter period oscillations continued 
after 8 h., but there were no large movements. H was normally quiet for several 
hours after 12 h., The D trace was very quiet during the afternoon of the 11th, and 
showed no considerable movement until after 2 h. on the 12th. Between 3 h. and 9 h. 
there were some considerable movements, larger decidedly than the movements then 
proceeding in H. Between 4 h. 10 m. and 4 h. 50 m. there were movements of 13' to 
the West and 9' to the East; between 5 h. 20 m. and 6 h. 15 m., 20' to the East and 17' 
to the West; and between 6 h. 25 m. and 8 h.15 m., 29-1-' to the West and 16'·to the 

'East. After 11 h. D was normally quiet for a number of hours. 
At Eskdalemuir the N trace on the afternoon of May 11 showed a considerable 

amount of minor disturbance: which would not naturally be separated from the larger 
disturbance on the 12th, though the first two hours of that day were comparatively 
quiet. The disturbance in N on the 12th increased decidedly after 3 h., and remained 
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more active until 12 h., when a decidedly quieter though still slightly disturbed time 
ensued. There were no individual movements in any way striking. E was most 
disturbed between 2 h. and 6 h., when some considerahle movements occurred. 
Short-period oscillations were a good deal in evidence then and until 10 h. Between 
12 h. and 16 h. the E trace was as quiet as usual. The V trace showed two or three 
small dimples, the largest about 4 h., but the disturbance in that element was trifling. 

At Sitka the Hand D traces during the afternoon of the 11th contained many 
short-period oscillations, and after 0 h. on the 12th these increased in size. Longer 
period oscillations gradually developed, and after 4 h. they also appeared in the V trace. 
The largest movements occurred between 7 h. and 8f h., and again between 11 h. and 13 h. 
A somewhat unusual feature was that the range was larger in D than in H. There 
were several rapid oscillations in D between 7 h. and 81 h. The most noteworthy 
was a westerly movement of 26' and easterly movement of 22' between 7 h. 35 m. and 
7 h. 50 m. The V trace was a good deal less oscillatory than the D and H traces, but 
showed a good deal larger range. There was a general fall in V, interrupted by 
..oscillations, from the maximum at 5 h. 54 m. to a conspicuous turning point about 
8 h. .The fall during this time amounted to 195y, of which 157y occurred between 
7 h. 10 m. and 8 h. After 8 h. V showed no large oscillation, but a gradual rise until 
9 h. 40 m. There then ensued a gradual fall, interrupted. for about 10 minutes shortly 
~fter 11 h., to the minimum at 11 h. 40 m. During the first 40 minutes after the 
minimum the rise amounted to 66y. Subsequently it took place at a diminished rate 
until about 15 h. All the traces were practically quiet for some hours after 14 h. 

On this. occasion the disturbance in the horizontal plane was decidedly larger in 
the Antarctic than at Sitka, but the disturbance in vertical force at Sitka had a range 
more than double that in the Antarctic. The disturbance in declination was larger than 
that in H both at Sitka and Agincourt, and it was fully larger at Agincourt than at Sitka. 

Section 118.-The Antarctic traces after 14 h. on May 12 were by no means 
specially quiet, but showed no outstanding movement until after 21 h. Between 
21 h. and 24 h. there was a conspicuous' bay in the E' trace, and also considerable 
though smaller movements in N'. Ten minutes' trace was lost immediately before 
23 h., so the range in Table CLXVIII may have been exceeded. The V trace showed 
many short-period oscillations, but no large movement. After 23 h. 20 m. the traces 
were all normally quiet. 

At Mauritius the H trace, which had been very quiet for 2 hours previously, 
contained a well-marked hump (elevation of H) between 21 h. and 23 h., a rise of 
24y being followed by a fall of 16y. The D trace showed a bay (easterly deflection). 
A swing to the East of 2' occurred in about 20 minutes. The subsequent swing to 
the west was slower, but details could not be made out in the trace, and the range in 
Table CLXVIII may have been slightly exceeded. 

At Buitenzorg the movement in N was pretty similar'to that in H at Mauritius. 
The D trace was sensibly undulatory. The V trace seemed also slightly disturbed, 
but was too faint to nteasure. 
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At Alibag the H trace showed a decided hump (elevation) betw~en 21 h. and 23 h. 
The fall in H was less than the previous rise, but not so decidedly so as in the case of 
H at Mauritius or N at Buitenzorg. 

At Agincourt the H trace showed a succession of waves between 20 h. and 24 h., 
of which the disturbance between 21 h. and 23 h. seemed to form part. The D trace, 
however, was practically quiet, except between 21 h. and 23 h., when there was a bay, 
during which D was East of its normal position. 

TABLE CLXVIII.-21 h. to 24 h. May 12, 1912. Plate LIT. 

Times of 
Disturbance I Inequality 

Station. Element. 
Maximum. 

I 
Minimum. 

Range. I Range. 

I 

h. m. h. m. I' I' 
Antarctic ... ... N' 22 45 23 20 106 14 

E' 23 15 21 55 ISO 6 
V 21 20 21 05 36 5 

Mauritius ... ... H 22 10 21 15 24 5 
D 21 40 21 0 14 1 

Buitenzorg ... ... N 22 40 21 35 28 9 
E 21 40 22 35 10 6 

Alibag ... ... H 22 15 21 20 25 2 

Agincourt ... '" H 21 20 22 50 43 11 
D 21 50 21 0 33 17 

Eskdalemuir ... ... N 21 55 22 55 . 50 4 
E 22 55 21 33 70 3 
V 21 20 22 35 17 14 

Sitka ... ... ... H 23 25 21 45 66 8 
D 21 0 23 50 34 16 
V 23 46 21 0 27 11 

At Eskdalemuir the N trace showed an irregular hump (elevation) from about 
21 h. to 23 h. The E trace contained a rather rapid oscillation between 21 h. 25 m. 
and 21 h. 50 m.,a numerical rise of 281' being followed by a numerical fall of 601'. The 
V trace was more disturbed than the range might suggest. The value was naturally 
falling at the time, but the fall from 21! h. to 22 h. was so much faster than usual that 
a decided bay (depression) was formed, the element reversing its normal direction of 
change and rising between 221 h. and 23 h. 

At Sitka the disturbance was somewhat irregular. If anything, H was depressed 
between 21 h. and 221 h. Between 22 h. 25 m. and 22 h. 35 m. there was a rise of 
58y. The D trace resembled the H in showing numerous short-period oscillations 
between 21 h. and 24 h., but was not more disturbed then than earlier. The V trace 
showed a shallow bay between 211 h. and 231 h., the element being slightly enhanced 
in value. 
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The appearance of the curves suggests a common source for the disturbances in 
the Antarctic and at Mauritius, Buitenzorg and Alibag, especially at the three latter 
stations, where the prominent movements were a rise and subsequent fall in H or N. 
The principal movements in the Antarctic corresponded fairly in time with those at 
Mauritius, Buitenzorg and Alibag, but the most conspicuo~s change was a fall and 
rise in E'. The N movement at Eskdalemuir and the D movement at Agincourt 
suggested a common source of disturbance for these and the more southern stations, 
but this is not what would have been suggested by the E trace at Eskdalemuir, the 
H trace at Agincourt, or any of the traces at Sitka. 

Section 119.-The disturbance between 0 h. and 3 h. on May 13, 1912, has 
already been dealt with amongst the short period disturbances, see Section 83 and 
Plate XXXVIII, but it has been included in the disturbance between 0 h. and 14 h. 
to facilitate comparison with the previous day. 

TABLE CLXIX.-o h.to 14 h. May 13, 1912. Plate LIII. 

Times of 
Disturbance Inequality 

Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. y I y 
Antarctic ... ... N' 7 50 1 23 382 47 

E' 8 15 0 5 247 34 
V 0 20 9 10 306 32 

Mauritius ... ... H 0 50 10 30 58 20 
D 12 0 8 15 27 28 

Buitenzorg ... ... N 3 55 10 15 123 42 
E 9 10 3 10 24 22 
V 4 50 10 25 38 19 

Alibag ... ... H 6 40 10 30 73 39 

Agincourt ... ... H 1 35 1 45 93 16 
D • 1 15 1 40 251 23 

Eskdalemuir ... .,. N 0 0 8 58 98 35 
E 0 33 11 42 85 40 
V 10 20 1 48 80 9 

Sitka ... ... ... H 1 27 9 44 305 20 
D 10 12 1 8 216 37 
V 1 20 10 13 431 12 

In the Antarctic the regular diurnal changes showed evident expansion on the 
13th as on the 12th, but on the 13th irregular variations were considerably more in 
evidence. In addition to the large bay-like movements-in N' and E' between 0 h. 
and 3 h., there was a disturbance between 5 h. and 7 h. which presented some 
resemblance to the" special type." Between 3 h. and 5 h. conditions were quieter in 
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all the elements than they were again until after 14 h. In N' the most prominent 
movements were the fall and rise (numerical rise and fall in S') constituting the bay 
between 0 h. and 3 h., a series of rapid oscillations between 5t h. and 6t h., and a rise 
of 191 y between 6 h. 55 m. and 7 h. 50 m. In E' the most prominent movements 
were the rise and fall between 0 h. and 3 h., some sharp oscillations near 6 h. (between 
5 h. 56 m. and 6 h. 11 m. there was a fall of 129y and a rise of 103y), a rise of 149y 

between 7 h. 10m. and 7 h. 55 m., and a fall of 132/,· between 10 h. 25 m. and 
10 h. 55 m. In V the movement between 0 h. and 3 h. was not large compared with 
the later movements. Between 5 h. 48 m. and 6 h. 40 m. there was a fall (numerical 
rise) of 210y and rise of 170y. Between 7 h. 50 m. and 9 h. 10 m. there was a fall 
(numerical rise) of 238y, and between 10 h. 35 m. and II h. 35 m. a rise of 150y. V was 
very decidedly depressed (numerically enlarged) between 6 h. and 13 h. 

At Mauritius H had a smart fall of 16y between 0 h. 50 m. and 1 h. 25 m., 
followed by a gradual rise until 4 h. The curve between 7 h. and 14 h. was of a bay 
shape, the fall to the minimum at 10 h. 30 m. being about 48y, and the subsequent 
rise about 40y. The minimum occurred somewhat earlier in the day than usual, and 
the range was about thrice the normal, but the changes were of similar type to those 
of the average day. The D trace was too faint to measure until after 2 h. But it 
was very quiet for an hour after it was clearly visible, so it is unlikely that the range 
given in Table CLXIX was exceeded. The trace was on the whole smooth, a westerly 
movement prevailing frolIl 3t h. to 6t h. and from 12 h. to 14 h., and an easterly 
movement from 81 h. to 11 h. These movements fairly represented the normal 
diurnal changes. Thus D was practically unaffected by the disturbance. 

At Buitenzorg, after recovering from the depression between 0 h. and 3 h., N 
began to fall about 4 h., and the fall continued with minor interruptions to the 
minimum at 10 h. 15 m. The ordinary diurnal fall appeared to be more than 
doubled in size, and shortened in time by from 3 to 4 hours. During the first hour 
after the Jninimum was reached there was a rise of 48y. The subsequent recovery was 
slower. The E trace showed some minor oscillations, but the range was about normal. 
'fhe V trace had a pretty regular course, but the amplitude of the regular diurnal change 
was doubled, and the turning point ~as advanced. After the minimum (numerical 
maximunl) there ~as a pretty smart rise for 40 minutes, the rate then markedly declining. 

At Alibag the bay in the H trace shortly after 0 h. was fairly prominent, and 
there were small irregular movements between 4t h. and 6 h., but the largest 
movement consisted of a nearly uninterrupted fall from the maximum at 6 h. 40 m. 
to the minimum at 10 h. 30 m. The maximum occurred about the normal hour, but 
the minimum anticipated the usual time by about 4t hours, and the amplitude was 
quite double the normal. Between 10 h. 30 m. and 11 h. 30 m. there was a pretty 
smart rise of 25y. After 12 h. conditions were practically quiet. 

At Agincourt H was continuously disturbed from 20 h. on the 12th to 12 h. or 13 h. 
on the 13th, with the exception of a pretty quiet time between 2 h. 40 m. Rnd 
4 h. 20 m. on the 13th. The largest movements on the 13th occurred between 
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1 h. and 3 h. Between 4 h. 20 Ill. and 6 h. there was a rise of 40y and fall of 35y. 

Between 61 h. and 101 h. there was a bay (depression of H) of no very great depth, 
but accompanied by numerous minor oscillations. These oscillations continued 
until 13 h. The D trace at Agincourt showed large oscillations betwe~n 0 h. and 
3 h. on the 13th. From 3 h. to 4 h. there was normal quietness. Between 41 h. and 
6 h. there were some moderate oscillations. Between 7 h. 20 m. and 8 h. 10 nl. there 
was a westerly movement of 18', and between 8 h. 50 m. and 9 h. 35 m. an easterly 
movement of 15'. Subsequently there were only minor oscillations. 

At Eskdalemuir the bay movement in N, which ended about 2h., was prominent. 
Fronl 2 h. to 5 h. there were only small oscillations. Between 5 h. and 7 h. there was 
a bay (depression of N), the element being about 30y lower at 6 h. than at- 5 h. or 7 h. 
FrOln 7 h. to the minimum at 8 h. 58 m. there was a fall of 77y, and between 10 h. 18 m. 
and 11 h. 38 m. a rise of 70y. For some hours after 12 h. there were only small 
short-period oscillations. The E trace showed a double bay (numerical depression) 
between 0 h. and 3 h. The subsequent movements were smaller. Between 7 h. and 
9 h. there was a bay, the element being numerically lower at 8 h. 2 m. by 43y than at 
7 h. From 12 h. to 16 h. there were only trifling short-period oscillations. In V the 
depression between 0 h. and 3 h. was the only conspicuous feature. 

At Sitka * the disturbance between 0 h. and 3 h. was well marked. During the 
next 2 hours conditions were much quieter, though short-period oscillations still 
prevailed, especially in H. After 6 h. the curves, especially at first the D curve, 
became considerably more disturbed and the disturbance gradually increased. 
Between 7 h. 40 m. and 9 h. 44 m. H fell in all 147 y, and between 9 h. 44 m. and 
11 h. 30 m. it rose 118y, the fall and the earlier part of the rise being interrupted by 
numerous oscillations. Between 5 h. 5 m. and 5 h. 25 m. D moved 19' to the East. 
Between 6 h. 5 m. and 7 h. 55 m. there was in the aggregate a westerly movement 
of 38', and between 7 h. 55 m. and 10 h. 12 m. on the aggregate an easterly 
movement of 47'. These two movements were much interrupted by shorter period 
oscillations. Between 10 h. 12 m. and 11 h. 20 m. there was an almost uninterrupted 
westerly movement of 33'. The V trace was much quieter than the Hand D traces 
until after 7 h., but about 7 h. 20 m. there began a drop in V, which continued with 
only minor interruptions until the minimum at 10 h. 13 m. The total fall in this 
time was 289y. A rapid rise then set in, the increase measured up to 11 h. 30 m. 
amounting to 234y. V continued to rise from 12 h. to 13 h., but at a much gentler 
rate. In fact after 12 h. the conditions might be described as very quiet compared 
with those prevailing during the previous 5 hours. H continued to fall, and D to 
move to the East after 14 h., but at a comparatively slow rate, and short-period 
oscillations though present were of a small size. 

Disturbance was everywhere prevalent on May 13, but the time when it was most 
active differed at the different stations. This aspect of the case will be best brought 
out by a short survey of the two days May 12 and 13. 

* Sitka trace was overlooked when preparing Plate XXXVIII. There was a short gap after 2 h. 
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The Antarctic curves suggest practically continuous disturbance, with periods 
of special activity centring about 3 h., 7! h., II! h. and 22 h. on the 12th, and about 
I! h., 6l h., !1nd 10 h. on the 13th, with a distinctly quieter interval from 14 h. to 18 h. 
on the 12th. Which of the disturbed periods was the most disturbed it is difficult to 
say, but the 13th was decidedly the more disturbed day of the two. 

At Mauritius the most disturbed time was from 21 h. to 23 h. on the 12th. 
At Buitenzorg the most disturbed times seemed to be from 0 h. to 3 h. and 7 h. 

to 12 h. on the 13th. But the movements as a whole seemed not so much disturbances 
as enhancements of the ordinary diurnal change in N. 

At Alibag the phenomena were similar to those at Buitenzorg, but the disturbance 
from 0 h. to 3 h. on the 13th was little if at all greater than that centring at 22 h. on 
the 12th. 

At Agincourt the D trace is the most instructive, as it consisted of several more 
or less isolated patches of disturbance, separated by much quieter intervals. The first 
highly disturbed time included 3 h. to 8l h. on the 12th, more especially 5 h. to 8 h. 
~rhe second highly disturbed time, O! h. to 2! h. on the 13th, exhibited a smaller range of 
oscillation than the first, but the oscillations were more rapid. The third period, 
7 h. to 10 h. on the 13th, was decidedly the least disturbed of the three. The H curve 
at Agincourt showed much more persistent disturbance than the D. Its most disturbed 
times were 3 h. to 8 h. on the 12th, and 01 h. to 2! h. on the 13th, but they did not 
throw the disturbance at other times into the shade. 

At Eskdalemuir the only considerable disturbance in V occurred between 0 h. 
and 3 h. on the 13th. The most prominent movement in the N trace occurred at the 
same time, and the. corresponding disturbance in E was amongst the largest in that 
element. 

At Sitka the V trace, like the D trace at Agincourt, showed a succession of 
comparatively isolated periods of high disturbance, including 4 h. to 9 h. and 10 h. 
to 14 h. on the 12th, and 1 h. to 3 h. and 7! h. to II! h. on the 13th. The Hand D 
disturbances were more persistent, but they undoubtedly culminated about the same 
time as those in V. The most disturbed time unquestionably was from 7! h. to II! h. 
on the 13th. 

Section 120.--:-0n June 8-9, 1912, there was a somewhat disconnected series of 
disturbances, quiet intervals intervening. Of the traces received, some covered only 
the earlier and others only the later of the more disturbed periods. This led to 
separate consideration of the following times: on June 8, 2 h. to 5 h., 6 h. to 8 h., 
10 h. to 16 h. and 19 h. to 22 h.; and on June 9, 0 h. to 5 h. Particulars for these 
intervals are given separately in Table CLXX. 

In the Antarctic the chief movements between 2 h. and 5 h. on the 8th were bays 
in the N' and E' curves. During this time there was a fall (numerical rise) in V, 
interrupted by short-period oscillations. 

Between 6 h. and 8 h. there was a disturbance of the special type, the phases of 
which are given in Table CXL. The movement in E' between 6 h. and 8 h. was 
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considerably greater than the movement between 2 h. and 5 h., but in N' the reverse 
was the case. Disturbance was not wholly suspended between 5 h. and 6 h., or 
between 8 h. and 10 h., there being numerous short-period oscillations, but slower 
oscillations were less in evidence. In N' the shorter period movements tended to give 
place to bolder more gradual movements before 11 h. The chief was a rise (numerical 
fall of S') of 184y between 12 h. and 13 h. 57 m., followed by a fall of 191y in the course 
of the next 25 minutes. The movements in E' were less prominent. In V there was 
a considerable fall (numerical rise) between 13 h. and the minimum at 14 h. 12 m., 
followed by a rapid rise until nearly 15 h. The rapid short-period oscillations seemed 
practically suspended in all the traces between 11 h. and 12 h. Between 16 h. and 19 h. 
conditions were about normal. Between 19 h. and 22 h. there was a deep bay in E' 
(depression), and a considerably shallower bay in N' (numerical rise), the V trace being 
less disturbed. Finally between 0 h. and 5 h. on the 9th there were some considerable 
oscillations in N', especially between 2 h. and 3 h., when there was a deep bay. 
Between 1 h. 57 m. and 2 h.17 m. N" fell 153y, and between 2 h. 17 m. and 4 h. it 
rose 198y. Synchronously with the bay in N' there was a shallower bay in E', and 
also a bay in V (numerical rise). The turning points appeared later in E' and in V 

TABLE CLXX.-June 8-9, 1912. Plate LIII. 
------

2 h. to 5 h. June 8. 6 h. to 8 h. June 8. 

a) a) 

Station. Time of () 
I>- Time of () 

~ 
~ jg, s::I • .... cIS a) ~~ CI :;~ . ,..QtIO 

S 
MaXimum.! Minimum. 

~ ~ ::s s::I 

Maximum. I Minimum. 
~ ~ ~ ~ 

~ ~~ g~ .. ~ t~ .!I ~ is A c 
1-4 1-4 

h. m. h. m. y y h. m. h. m. y y 
Antarctic ... ... N' 2 5 4 13 116 5 7 3 7 40 78 11 

E' 4 20 2 45 101 16 7 14 6 35 163 3 
V 2 30 4 30 55 11 7 5 7 30 86 7 

Mauritius ... ... H 4 20 3 5 12 8 6 0 7 15 16 4 
D 4 30 2 40 15 9 7 30 6 0 5 3 

Alibag ... ... H 2 15 3 25 25 19 6 0 7 20 20 4 

Helwan ... ... H 2 5 3 0 22 4 8 0 7 5 21 8 
D 4 5 2 15 16 22 6 0 8 0 19 20 
V 3 5 4 20 11 3 6 0 8 0 22 13 

Agincourt ... ... H 2 10 4: 35 49 1 7 35 6 55 48 1 
D 4 10 2 . 2 67 2 8 0 7 5 97 2 

Eskdalemuir ... N 4 32 3 24 35 1 6 20 7 55 45 11 
E 5 0 4 12 44 10 6 4:3 7 48 31 3 
V 3 10 4: 35 17 5 7 15 6 30 4 1 

Sitka ... ... H 3 20 3 30 77 6 7-- 10 I 7 43 86 3 
D 4 30 3 14 62 

I 
18 ! 7 15 I 6 15 159 2 

V 4 20 3 35 49 4 I 7 8 
! 

7 35 109 0 
I 
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TABLE CLXX -continued. 
-------

! 
10 h. to 16 h. June 8. 19 h. to 22 h. June 8. o h. to 5 h. June 9. 

CD Q) CD 
fo:)tation. ...:; Time of <:J 

~ Time of <:J 
~ Time of <:J 

~ 
~ as .~ a5 I=: • .-;; ~ ; as ~ . I=: cS CD ~~ CD ..cbO CibO ..0 btl ~b() -e~ s 

M&xiTllini- -
'" I=: = I=: 

~ I=: = I=: = ; = ee =' =I = ee 
~ .~~ 

~cS Ma.Xi-' Mini- .~~ 
c-<cS Ma.xi- , Mini- ~~ g'~ ~~ Q)~ 

mum. mum. A mum. mum. A I=: mum. mum. A I=: 
I-f I-f I-f 

h. m. h. m. y y h. m. h. m. y y h.m. h.m. y y 
Antarctic .. , N' 13 57 14 30 197 9 19 30 20 31 59 9 o 40 2 17 215 5 

E' 11 15 13 40 151 14 19 0 20 30 152 4 4 35 2 35 164 28 
V 12 35 14 12 124 11 21 40 19 15 38 6 o 25 2 28 150 14 

Mauritius .. , R 10 10 13 40 I 34 9 20 30 19 45 24 4 3 40 0 0 18 12 
D 11 20 15 15 19 15 22 0 20 0 10 3 2 30? 5 0 23 9 

Buitenzorg N 15 10 13 15 21 2 20 35 19 45 21 3 3 20 2 15 28 16 
E 11 20 13 35 18 12 20 20 19 25 13 3 0 0 4 50 29 17 
V 15 15 13 25 10 2 20 30 21 55 9 1 3 45 2 30 9 9 

Alibag ... R 10 40 13 45 32 14 20 30 19 45 24 2 3 40 2 20 23 25 

Honolulu ... R 13 40 11 35 23 4 19 30 20 30 15 3 0 0 2 25 38 14 
D 16 0 11 15 19 11 19 0 22 0 30 26 3 30 1 35 9 14 
V 16 0 13 40 6 3 19 25 20 50 7 12 2 55 2 15 7 8 

Helwan ... R 10 35 13 40 49 24 20 10 19 55 25 1 2 0 4 55 8 5 
D 15 55 11 15 29 16 20 5 19 0 18 4 4 40 1 15 22 23 
V 13 40 10 0 19 18 19 55 20 20 9 0 4 0 1 10 5 3 

Agincourt ... R 10 5 13 55 30 20 20 55 21 50 35 6 0 5 2 10 42 4: 
D 10 45 14 10 60 35 21 ~iO 19 15 31 15 2 20 o 35 110 2 

Eskdale- N 15 45 13 45 74 27 20 20 20 0 63 6 1 40 4 56 21 4 
mUlr E 10 8 13 55 44 31 20 15 19 35 52 7 4 45 2 15 43 l~ I V 16 0 10 43 32 13 20 10 22 0 8 6 o 30 2 40 17 

Sitka ... R 12 15 13 55 75 4 - -- >42 4 - - >44 14 I 
D 15 35 13 0 81 31 -

I 
- >48 32 - - >35 2! I V 10 25 14 2 109 9 - - >23 3 - - >34 

than in N'. The principal fall in V (numerical rise), amounting to 135y, occurred 
between 2 h. 10, m. and 2 h. 28 m. The recovery from this fall soon diminished in 
rapidity, but continued until 4 h. So far as the Antarctic is concerned, the disturbance 
ceased to have special features after 4 h. on the 9th. 

At Mauritius the H trace showed a shallow bay (depression) between 2 h. and 
4! h. on the 8th. Between 6 h. 45 m. and 7 h. 10m. H fell 14y. There was a gradual 
fall of 34y between 10 h.l0 m. and 13 h. 40 m., followed by a rise of 20y 

between ] 3 h. 40 m. and 14 h. 50 m., and a subsequent fall of 12y before 16 h. 
Between 19 h. and 22 h. there were two oscillations. In the second, which was 
considerably the larger, there was a rise of 24y followed by a slightly interrupted fall 
of 19y. Between 0 h. and 5 h. on the 9th the general trend of the H curve was upwards, 
the normal direction for the hour, but the rise was interrupted from 2 h. 0 m. to 
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2 h. 25 m., and again from 3 h. 40 m. to 4 h. 0 m., by oscillations. The D trace contained 
a bay (easterly deflection) between 2 h. and 6 h. on the 8th, the normal phenomenon 
for the hour. Between 6 h. and 8 h. on the 8th the D trace showed only two trifling 
oscillations. There was another slight bay (easterly deflection) between 10 h. and 
14 h., but this showed no essential difference from the normal, except that a westerly 
movement of l' took place in about five minutes near 13 h. 20 m. Between 19 h. and 
22 h., the only special feature was a rather sharp oscillation, l' to West then l' to East, 
the turning point coming at 20 h. Between 0 h. and 5 h. on the 9th there was a slow 

# easterly movement, followed by a slow westerly movement, just as on the ayerage 
day, only considerably larger. 

The trace received from Buitenzorg commenced after 9 h. on the 8th. Between 
10 h. and 16 h. there were several moderate oscillations in N, with smaller oscillations 
in E and V. Between 19 h. and 22 h. there were two oscillations in N, the second the 
larger. There were corresponding but smaller oscillations in V. The E trace showed 
one decided oscillation, corresponding roughly in time with the second oscillations in 
N and V, but somewhat in advance of them. There was a fairly deep bay (depression) 
in the N curve between 1 h. 20 m. and 3 h. 20 m. on the 9th, and disturbance was also 
visible at the time in the E and V traces. 

At Alibag on the 8th the H curve contained a decided bay (depression) between 
2 h. and 4 h. 20 m. There was another but shallower bay between 6 h. and 8 h. A 
third bay followed between 10 h. 40 m. and 15 h. From 16 h. to 19 h. the trace was 
almost quiet. Between 19 h. and 21! h. there were two oscillations, as in N at 
Buitenzorg, the second the larger. On the 9th between 1 h. 45 m. and 3 h. 30 m. 
there was a decided bay, interrupting the rise of H natural at that hour. 

The trace received from Honolulu commenced about 10! h. on the 8th and 
ended about.3 h. 45 m. on the 9th. There was a bay (elevation) on the H trace between 
12! h. and 14! h. The D and V traces showed some minor oscillations during the 
same time. Between 19l h. and 20l h. there was a fall of 15y in H. The declination 
during this time accelerated a movement to the West which commenced about 17 h. 
The H movements in the early morning of the 9th were larger than those occurring 
on the 8th. Between 1 h. 0 m. and 2 h. 25 m. there was a fall of 36y. Simultaneously 
there were movements in E and V, but they were small. 

At Helwan there was a shallow bay (depression) in the H trace between 2 h. and 
4i h. on the 8th, while the D trace exhibited some small oscillations. Shallow bays 
were also visible in the H trace between 6 h. and 8 h., and between 13 h. a.nd 15 h. 
Between 15 h. and 19 h. the curves were practically quiet. Between 19 h. and 22 h. 
there was a smaller followed by a larger oscillation in H, similar to what occurred at· 
Mauritius and Alibag. Small movements were also visible in the D and V traces about 
20 h. The JI movements in the early hours of the 9th were inconspicuous; the 
element was, however, slightly elevated. The change in D during this time was 
larger, but appeared of almost normal character. 

At Agincourt between 2 h. and 5 h. on the 8th there was a bay or rather double 
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bay in the Hand D curves, H being depressed and D to the East of its normal 
position. Between 6 h. and 8 h. H was again depressed, but D was to the West of 
its normal position. In the course of an hour D swung 17!' to the West and 19' to the 
East. During this oscillation the trace had a tooth-like appearance. There was 
some minor disturbance between 13 h. and 15 h. in both the Hand D traces. After 
19 h. the H trace became more disturbed, exhibiting a succession of undulatory 
movements until about 4 h. on the 9th. The D trace showed only trifling movements 
during the whole evening of the 8th. It exhibited, however, a considerable oscillatioI?-, 
21" 5 E then 20"5 W, between I! h. and 21 h. on the 9th. 

At Eskdalemuir the Nand E traces showed a good deal of irregular disturbance 
after 23 h. on the 7th. On the 8th there were bays (depressions) in the N curve 
between 2 h. and 5 h., and between 6! h. and 8l h.. There were simultaneous 
disturbances of similar size but more irregular character in the E curve. Between 
10 h. and 16 h. there were considerable oscillations in N, the element being on the 
whole depressed. During this time E was less disturbed. It was comparatively quiet 
from 16 h. to 19 h. Between 19 h. and 22 h. there were two considerable oscillations 
in N and a bay (numerical depression) in E. Between 0 h. 50 m. and 2 h. 30 m. on 
the 9th there were two smallish oscillations in E, but on the whole the Nand E curves 
were quiet after 22 h. on the 8th. During the whole time there were only a few gentle 
undulations in V. The largest led to shallow bays (depressions) centring about 
4 h. 35 m. on the 8th and 2 h. 40 m. on the 9th. 

The trace received from Sitka began a little after 2 h. and stopped a little before 
18 h. on the 8th. From 3 h. to 4 h. 40 m. all the traces were a good deal more disturbed 
than during the next two hours, but the movements were" of a somewhat irregular 
character. On the whole H was depressed and V elevated. Between 6 h. and 8 h., 
during the disturbance of the "special type" in the Antarctic, ther.e were large 
comparatively regular movements. Between 6 h. 55 fil. and 7 h. 43 m., H rose 47" 
and fell 86". Between 6 h. 55 m. and 8 h. 0 m., D moved 31' to the East and then 
as nluch to the West. Between 6 h. 0 m. and 7 h. 35 m. V rose 69" and fell 109", 
the turning point being at 7 h. 15 m. Half the rise occurred during the last 10 minutes 
it was in progress. Conditions were much quieter from 8 h. to 13 h., especially from 
9 h. to 11 h. Between 12 h. 15 m. and "14 h. 40 m. there was a well developed bay 
(depression) in the H trace, and from 12 h. 40 m. to 14 h. 20 m. there was a hump 
(westerly deflection) in the D trace. From 12 h. 45 m. to 15 h.l0 m. there was a well 
developed hump on the V trace. The movements between 12 h. and 15 h. were on 
the whole the opposites of .those recorded" between 6 h. and 8 h. From 15 h. until 
the record ceased near 18 h. conditions were much quieter, being similar to what they 
were between 5 h. and 6 h. and between 9 h. and 11 h. Though the record received 
stopped before 19 h. on the 8th, the figures as to hourly and extreme values in the 
Sitka publication showed that conditions were decidedly disturbed from 19 h. to 22 h. 
on the 8th, and from 0 h. to 5 h. on the 9th, but apparently not to nearly the same 
extent as in the Antarctic. 
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Perhaps the chief feature of the disturbance of June S-9 is the marked approach 
to synchronism in the moree disturbed periods all the way from the Antarctic to Sitka. 
In general the disturbances were considerably larger in the Antarctic than elsewhere. 
Between 6 h. and 8 h. on the 8th, however, the disturbance was on the whole less in 
the Antarctic than at Sitka. The excess of the Antarctic movements was especially 
prominent between 0 h. and 5 h. on the 9th. Outside the Antarctic the only traces 
for those hours which would by themselves have attracted attention were the H trace 
at Honolulu and the D trace at Agincourt. 

Section 121.-In the Antarctic the disturbance on June 27, 1912, occurred in the 
middle of a quiet time. The N' disturbance consisted in the main of two slow 
oscillations. The first consisted of a small rise (numerical fall) and larger fall between 
8 h. 25 m. and 9 h. 15 m., the second of a larger but comparatively slow rise of 153y 

between 9 h. 15 m. and 10 h. 55 m., followed by a fall of about half the size. E' 
exhibited a marked rise, commencing about 7 h. 15 m. The rise to the maximum at 
8 h. 45 m. was interrupted from 7 h. 30 m. to 7 h. 40 m., and again from 8 h. to 81 h. 
It amounted in all to 123y. Between 8 h. 55 m. and 9 h. 25 m. there was a fall of 
116y, bringing E' back to near its original value. Minor oscillatory movements 
continued until after 12 h. A decided fall (numerical rise) began in V about 7 h. 30 In. 
There were several nearly level portions of curve, especially from Sh.l0m. to Sh.40m., 
but the general trend was downwards until 9 h. 15 m. A rise ensued which continued 
but at a reduced rate, until 10 h. 45 m. A much smaller fall and rise followed, which 
were accompanied by minor oscillations. The traces were not as quiet as they were 

TABLE CLXXI.-·6 h. to 12 h. June 27, 1912. Plate LIV. 
--------- ----_. -----------_ .. -

Times of 
Disturbance Inequality 

Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. y y 
Antarctic '" ... N' 10 55 9 15 153 26 

E' 8 45 11 55 140 23 
V 6 0 9 15 95 12 

Mauritius '" ... H 10 25 10 45 43 15 
D 9 50 7 15 21 20 

Buitenzorg ... . .. N 6 5 9 15 70 21 
E 9 15 6 5 18 13 
V 7 20 10 40 20 14 

Alibag '" ... R 6 25 10 40 56 32 

Agincourt '" ... H 8 0 9 35 28 5 
D 10 0 7 30 79 24 

-
Eskdalemuir ... ... N 6 0 8 45 59 24 

E 7 6 12 0 43 35 
V 8 40 11 15 12 15 

355 z 2 



at 6 h. until after 13 h. The principal movement in V, and the first oscillation in N', 
appeared to be decidedly of the" special type," and the disturbance appears as such 
in Table aXLe But whilst the corresponding E' movement was also suggestive of the 
special type, there was very decided disturbance for the previous 70 minutes, and the 
fall in E' representing the second phase of the special type continued after the 
corresponding Inovements in N' and V had been reversed. 

At Mauritius the H trace showed some small oscillations, but its main feature 
was the fall between 6i h. and 101 h. This differed little in type from the normal diurJ?-al 
change, but was fully twice as large. The D trace exhibited a continuous easterly 
movement between 7 h.15 m. and 9 h. 50 m., in no way abnormal. The curve in fact 
presented little if any trace of disturbance. -

At Buitenzorg the N curve showed a rapid nearly smooth fall resembling the 
normal diurnal fall, but three times as large, the minimum being reached an hour or 
so in advance of the usual time. Short-period oscillations were superposed, but they 
were of small amplitude. The changes in E differed little from the normal. The V 
trace showed between 6 h. and 7l h. a decided arrest and slight reversal of the normal 
fall, and the fall on setting in again continued for several hours after the usual time. 

At Alibag the H movement, except for its enhanced size, showed little abnormality. 
The fall was especially rapid between 7 h. and 81 h. 

At Agincourt the H trace showed several slow oscillations between 6 h. and IIi h., 
but none of any great size. D was much more disturbed. The trace was practically 
quiet until 7 h. 20 m. Between 7 h. 20 m. and 7 h. 35 nl. there was a westerly 
movement of 7!', and between 7 h. 35 m. and 8 h. 35 m. an easterly movement of 10'. 
Between 8 h. 35 m. and 9 h. 40 m. there was a westerly movement of 3t', and an 
easterly movement. of 10'. The trace remained distinctly disturbed until 12h. or 13 h. 

At Eskdalemuir there was a well marked bay (depression) in the N trace between 
7 h. and 9 h. 40 m. During this time there were many small short-period oscillations 
in E, but the general trend of the curve followed its normal course. The V trace was 
practically quiet. 

In the Antarctic the disturbance seemed a thing quite apart and renlote from 
the regular diurnal changes, and the same is true of the D trace at Agincourt and the 
N trace at Eskdalemuir. But at Mauritius, Buitenzorg and Alibag the changes in 
H or N seemed to represent in the main a simple enhancement of the normal daily 
changes. 

Section 122.-After the disturbance last considered normal quietness prevailed in 
the Antarctic until 22 h. on June 27. A short disturbance then ensued, which 
continued until after 2 h. on the 28th, when conditions again became as quiet as 
usual. The N' and E' curves contained well marked bays between 23 h. on the 27th 
and 1 h. on the 28th. The V trace for three hours after 22 h. 30 m. contained a small 
plateau (numerical depression). The short-period oscillations on the several traces 
were similar to those in neighbouring hours. 

At Mauritius there was a decided hump (elevation) in the H trace. The rise 
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TABLE CLXXII.---22 h. June 27 to 2 h. June 28, 1912. Plate LIV. 

Times of 

Station. Element. 
Disturbance Inequality 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. y y 
Antarctic ... ... N' 1 35 (28th) 23 52 (27th) 93 15 

E' 1 50 (28th) 23 52 (27th) 101 13 
V 1 5 (28th) 22 10 (27th) 23 3 

Mauritius ... ... R "23 40 (27th) 23 5 (27th) 21 8 
D 23 40 (27th) 22 30 (27th) 11 1 

Buitenzorg ... '" N 2 o (28th) 22 o (27th) 31 20 
E 23 50 (27th) 22 20 (27th) 13 11 
V 0 35 (28th) 22 20 (27th) 10 4 

Alibag ... '" R 23 50 (27th) 23 10 (27th) ID 8 

Agincourt ... .., R 22 20 (27th) 18 40 (27th) 36 11 
D 23 50 (27th) 1 45 (28th) 36 5 

Eskdalemuir ... ... N 23 30 (27th) 0 20 (28th) 61 6 
E 23 25 (27th) 22 20 (27th) 35 8 
V 22 o (27th) 0 5 (28th) 19 11 

--~ - -- - -- - - -------- ----- ---- --- - ----_ .. "--- --------

between 23 h. 5 m. and 23 h. 40 m. on the 27th was much more prominent than the 
subsequent fall. The D trace showed a small but sharp easterly movement about 
231 h. and a smaller westerly movement near 24 h. 

At Buitenzorg between 23 h. on the 27th and 0 h. 20 m. on the 28th both Nand 
E showed more than the normal rate of change. There was very perceptible 
movement also in V. In the case of N some short-period oscillations appeared, but 
their amplitude was small. 

At Alibag there wag rather a. smart rise in H between 23 h. and 23 h. 30 m. ; 
otherwise conditions were quiet. 

At Agincourt H was distinctly disturbed between 22 h. and 24 h., a bay appearing 
on the" trace between 23 h. 10m. on' the 27th and 0 h. 10m. on the 28th. The D trace 
also contained a bay (easterly deflection) between 23 h. 25 m. on the 27th and 0 h. 35 m. 
on the 28th. 

At Eskdalemuir N rose 49y and fell 60y between 23 h. 10m. on the 27th and 
o h. 10 m. on the 28th; otherwise there was little disturbance. During the disturbance 
in N there were "minor oscillations in E. There was a decided bay (depression) in the 
V curve commencing about 23 h. 10 m. on the 27th. The recovery after the minimum 
at 0 h. 5 m. on the 28th was very slow. 

Though the disturbance was nowhere large, the traces everywhere departed 
decidedly from the normal. The nature and duration of. the disturbance, however, 
varied. In the Antarctic the principal feature was a depression in N' and E'. At 
Buitenzorg and Eskdalemuir Nand E were both enhanced. At Alibag H was 
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enhanced. At Agincourt H was on the whole depressed, while the main D deHection 
was easterly. In the Antarctic disturbance was only slightly greater before than after 
midnight. Elsewhere except for the D trace at Agincourt disturbance after midnight 
was relatively very small. 

Section 123.-In the Antarctic conditions were normally quiet until 15 h. on July 
31, and but for a recovery in progress in V the end of the disturbance would naturally 
be put at 7 h. on August 1. The interval 3 h. to 6 h. on August 1, already dealt 
with in Table CXXXIX, was considerably the most disturbed time, but there were 
numerous considerable oscillations in all the curves after 20 h. on July 31. 

TABLE CLXXIII.-14 h. July 31 to 8 h. August 1, 1912. Plate LIV. 

Times of 

Station. Element. 
Disturbance Inequality 

I 
Range. Range. 

Maximum. Minimum. 
I 

I I h. m. h. m. I' I' 
tarctic ... . .. N' 17 15 (31st) 4 51 (1st) 196 43 An 

E' 4 19 (1st) 20 33 (31st) 323 53 
V 20 47 (31st) 4 56 (1st) 324 21 

Ma uritius ... ... H 22 20 (31st) 18 25 (31st) 41 20 
D 2 40 (1st) 7 o (1st) 32 19 

Bu itenzorg ... . .. N 3 45 (1st) 7 55 (1st) 59 42 
E 22 20 (31st) 3 5 (1st) 49 28 
V 3 50 (1st) 15 25 (31st) 30 15 

Al ibag ... . .. H 3 40 (1st) 21 50 (31st) 38 34 

He lwan ... . .. H 22 15 (31st) 4 30 (1st) 49 23 
D 3 45 (1st) 14 o (31st) 55 30 
V 4 30 (1st) 8 o (1st) 22 20 

Ag incourt ... ... H 21 20 (31st) 22 15 (31st) 91 32 
D 2 5 (1st) 4 20 (1st) 71 46 

Es kdalemuir ... ... N 19 3 (31st) 4 31 (1st) 98 24 
E 22 18 (31st) 18 13 (31st) 125 44 
V 19 55 (31st) 5 30 (1st) 53 15 

Sit ka .,. ... '" H 4 8 (1st) 21 13 (31st) 135 33 
D 4 18 (1st) 1 36 (1st) 176 45 
V 4 13 (1st) 18 47 (31st) 217 16 

At Mauritius there was a moderate hump (elevation) in the H trace between 
18 h. 50 m. and 21 h. 30 m. on July 31, but there was a much more prominent hump 
between 21 h. 50 m. and 22 h. 55 m., consisting of a rise of 361' and fall of 23/,. The 
D trace between 18 h. 40 m. and 19 h. 30 m. of July 31 showed a small but rather 
sharp oscillation, 2' to East followed by I!, to West. Between 5 h. 20 m. and 6 h. 0 m. 
on August 1, there was 'a movement of about 2!' to the West but there was little 
sign of disturbance. 
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At Buitenzorg the N curve began to show distinct signs of disturbance shortly 
after 14 h. on July 31, and quiet conditions were not restored until between 7 h. and 8 h. 
on August 1. The bay on the N curve between 3 h. and 6 h. on August 1 represented 
decidedly the largest movement. But some of the earlier movements, especially a 
rise commencing about 22 h. on July 31, were by no means relatively negligible. 
The E and V curves had their largest movements between 2 h.and 5 h. on August 1 

but also showed smart movements near 22 h. on July 31. In the course of 45 minutes 
E had a rise and fall, each about 14y. 

At Alibag there was a certain amount of oscillation in the H trace after 14 h. on 
July 3l. Between 21 h. 55 m. and 23 h. H rose 34y and fell 22y. The trace stopped 
about 4 h. 30 m. on August 1, when a considerable movement seemed to be in 
progress. 

The Helwan H trace resembled that at Alibag. Between 21 h. 55 m. and 23 h. 
on July 31 H rose 34y and fell 28y. ~fter 6 h. on August 1 the curve appeared quite 
quiet, except that H was rising rather faster than usual. The Helwan D trace showed 
a slight bay (easterly deflection), centring about 4 h. on August 1, and a few slight 
undulations hardly amounting to disturbance. The V trace had also a slight hump 
(elevation) about 4 h. on August 1, but more appeal is made to the eye by a bay 
between 22 h. and 23 h. on July 31, representing an extreme depression of about 12y. 

After 6 h. on August 1 the D and V traces both appear quiet. 
At Agincourt there was practically no disturbance prior to 16! h. on July 3l. 

Oscillations then began in the H trace, which continued uninterruptedly until 6 h. 
on August 1. Disturbance in H was on the whole largest between 21 h. and 22! h. of 
July 3l. Between 21 h. 30 m. and 22 h. 15 m. H fell 89y. The disturbance was 
considerably greater during this time than between 3 h. and 6 h. on August l. In 
D, on the other hand, while the disturbance on July 31 after 17 h. was decidedly greater 
than it was earlier in the day, it was small compared with that occurring between 3 h. 
and 6 h. on August 1. 

At Eskdalemuir conditions were distinctly unquiet before 14 h. on July 31, but 
the intensity of disturbance then began to show a marked increase. Prior to the well 
developed bay between 3 h. and 6 h. on August 1, the N curve contained some 
oscillations only slightly smaller but of a less regular character.- These included a rise 
of 54y and fall of 44y between 22 h. 5 m. and 22 h. 55 m. Considerably the largest 
movement in the E curve centred about 22 h. 20 m. Between 21 h. 30 m. and 
23 h. 35 m. there was a rise (numerical fall) of 87y, and fall of about the same size. 
The V trace contained some small undulations, the largest constituting a shallow bay 
(depression) centring about 5!~. on August 1. The influence of the depression on V 
is visible until about 8 h. After that all the traces appear fairly normal. 

At Sitka there had been some disturbance on July 31 between 9 h. and 11 h., a 
time when the Antarctic N' trace showed an appresiable bay. A quieter time 
followed, but oscillations gradually developed in the Hand D curves, and to a minor 
extent in the V curve. The movements between 3 h. and 6 h. on August 1 were 
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decidedly the largest in the case of D and V. But the movements then occurring in H 
were rivalled by movements occurring between 21 h. on July 31 and 2 h. on August 1. 

After 6 h. on August 1 the curves might fairly be described as quiet, except that a 
decided recovery continued for an hour or two in V. 

During this disturbance there was a close parallelism between the fluctuations of 
the intensity in the Antarctic and at Sitka. The gradual waxing and rapid waning of 
the disturbance are characteristic features at both stations. 

The relative development of the disturbance between 21 h. and 23 h. on July 31 
varied a good deal at the different stations. In the Antarctic there was no special 
intensity of disturbance near 22 h., and the same was true of D at Agincourt. But 
there was a marked development of activity at that hour in the H curves at Mauritius, 
Alibag, Helwan and Agincourt, and in the E curve at Eskdalemuir. The Buitenzorg 
traces and the Eskdalemuir N trace showed also some increase of activity at that hour. 
As proved to be so frequently the case, the vertical force disturbance was especially 
prominent at Sitka, as . compared with all the other stations except the Antarctic. 

Section 124.-Conditions generally had been quiet throughout the earlier part of 
August 18. The incidence of disturbance was gradual, and the taking the hour of 
commencement as 14 h. rather than 15 h. or 16 h. was somewhat arbitrary. 

In the Antarctic the traces were exceptionally quiet from 10 h. to 11 h. on the 
18th. Between 14 h. and 15 h. the curves showed perhaps only an average amount 
of disturbance for the season, but by that time the disturbance was clearly on the 
increase. The most disturbed time was from 20 h. on the 18th to 3 h. on the 19th. 
There was, unfortunately, a loss of trace bet~een 20 h. 25 m. and 22 h. 10 m. The 
ranges shown in Table CLXXIV may thus be underestimates. In the case of V this 
is almost certainly the case, as the trace was moving up the sheet when registration was 
resumed, and one of the extreme values was recorded then. In N' two rather deep bays 
representing depressions (numerical enhancement) succeeded one another between 
23 h. 20 m. on the 18th, and 3 h. 10 m. on the 19th. The rises and falls were practically 
equal in each case, amou.nting to about 109y in the first bay and 99y in the second. 
The most striking movement in E' was a fall of 152y between 20 h. 0 m. and 20 h. 20 m. 
on the 18th. There was also a deep bay in E' approximately synchronous with the 
first of the two bays in N' mentioned above. In the course of this E' fell 132y and 
rose 155y. The V ~race showed only minor movements, except between 20 h. and 221 h. 
Between 22 h. 10 m. and 22 h. 25 m. there was a sharp rise of 70y, presumably only 
part of a larger nlovement unrecorded through absence of trace. The curve was 
quieter between 5 h. and 7 h. on the 19th than during the previous or succeeding 
hours. 

At Mauritius there was little sign of disturbance in the H trace until after 18 h. 
on the 18th. Some minor oscillations appeared after 18 h. 40 m. The most conspicuous 
phenomenon was a sharp rise of 32y between 20 h. 5 m. and 20 h. 20 m. and fall of 24y 

during the next hour. Another prominent oscillation consisted of a rise of 33y and fall 
of 16y between 23 h. 20 m. on the 18th and 1 h. 40 m. on the 19th. The D trace received 
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stopped at 3 h. on the 19th, so the range given in Table CLXXIV may have been slightly 
exceeded. The curve seemed practically quiet. 

TABLE CLXXIV.-14 h. August 18 to 6 h. August 19, 1912. Plate LV. 
----------- ---

I Times of 

Station. Element. 

I 
Maximum. Minimum. 

Disturbance Inequality 
Range. Range. 

-- ------
h. m. h. m. 

Antarctic ... ... N' 16 o (18th) 0 21 (19th) 
I' I' 

188 44 
E' 3 45 (19th) 20 20 (18th) 302 48 
V 22 48 (18th) 22 10 (18th) 82 21 

Mauritius ... '" H 20 20 (18th) 23 25 (18th) 34 21 
D 3 o (19th) 16 o (18th) 14 13 

Buitenzorg ... ... N 20 40 (18th) 23 30 (18th) 

I 
E 0 5 (19th) 3 45 (19th) 
V 6 o (19th) 1 50 (19th) 

42 42 
50 29 
41 15 

Alibag ... ... H 20 30 (18th) 2 30 (19th) 50 35 

Honolulu ... ... H 18 57 (18th) 0 19 (19th) 55 10 
... ... D 17 32 (18th) 0 32 (19th) 56 52 

V 17 16 (18th) 23 41 (18th) 28 19 

Helwan ... ... H 20 15 (18th) 6 o (19th) 61 22 
D 23 50 (18th) 17 30 (18th) 39 30 
V 4 50 (19th) 20 20 (18th) 17 6 

Agincourt ... ... H 20 25 (18th) 0 25 (19th) 99 46 
D 0 25 (19th) 2 40 (19th) 97 51 

Eskdalemuir ... ... N 20 11 (18th) 23 47 (18th) 93 19 
E 23 58 (18th) 14 50 (18th) 93 39 
V 15 58 (18th) 0 40 (19th) 58 15 

At Buitenzorg about 14 h. 25 m. on the 18th the N curve, which had been nearly 
level during the previous hour, showed a small but rapid rise, rather suggestive of an 
s.c. After this oscillations gradually developed. Between 20 h. 5 m. and 21 h. 25 m. 
N rose 271' and fell 211'. Between 23 h. 0 m. and 23 h. 45 m. there was a fall of 141' 

and rise of 291'. From 2! h. to 4! h. on the 19th there was a moderate hump (elevation 
of N); subsequently the curve was practically -undisturbed. Between 20 h. 0 m. and 
20 h. 45 m. Erose 91' and fell 151'. From 20 h. 45 m. until the maximum of E at 
o h. 5 m. on the 19th, there was a nearly unbroken gradual rise, amounting in all to 
33". This is in the same direction as the normal change at that time of day, but about 
four times as large. In the course of the next 3 hours E fell about 491', or about 
twice the normal. The V curve contained minor oscillations about 20 h. and between 
23 h. and 24 h. on the 18th, and the normal movenients seemed considerably 
enhanced. 

The Alibag H trace, which had previously been very quiet, showed a rather rapid 
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but small rise about 14 h. 25 m. on the 18th, which corresponded apparently with the 
movement in N described at Buitenzorg. But it was followed only by minor movements 
until 20 h. Between 20 h. 5 m. and 21 h. 30 m. H rose 32y and fell 27 y. Between 
23 h. 5 m. on the 18th and 0 h. 15 m. on the ] 9th H fell 12y and rose 32y. There was 
also a slight bay (depression) centring about 3 h. on the 19th. Altogether the changes 
in Hat Alibag and in N at Buitenzorg followed a similar course. 

At Honolulu prior to 19 h. on the 18th there was little to merit mention in the 
H trace, beyond the fact that the rise shown was much above the normal. The fall 
set in before the usual hour, but was interrupted between ~O h. 15 m. and 21 h. 40 m~, 
and when resunled it was much more rapid than usual. The D and V traces showed 
occasional small oscillations, especially near 19 h., but nothing of note. The rise to 
the maximum in V and the subsequent fall were somewhat above the normal. 

At Helwan the H trace showed movements very similar to those described at Alibag. 
Between 20 h. 5 m. and 21 h. 25 m. on the 18th, there was a rise of 40y and fall of 39y. 

Between 23 h. 20 m. on the 18th and 0 h. 5 m. on the 19th H rose 29y. After 1 h. on 
the 19th the only noteworthy feature was a fall of 14y between 4 h. and 5 h. The 
D trace showed some small oscillations between 20 h. and 24 h. on the 18th. The V 
trace contained a decided bay (depression) between 20 h. and 21 h. on the 18th. It 
began with a fall of 14y in the course of 10 minutes. There was a second but shallower 
bay between 23 h. on the 18th and 1 h. on the 19th. 

At Agincourt the H trace, which had been very quiet for some hours previously, 
showed minor oscillations after 14 h. on the 18th, but no movement of any size until 
about 18! h. From then, with the. exception of a quiet interlude between 201 h. and 
211 h. on the 18th, there was practically continuous disturbance until 5 h. on the 19th. 
The disturbance after 3 h. was, however, comparatively trifling. The largest of the 
rapid movements in H on the 18th were an oscillation between 18 h. 55 m. and 19 h. 30 m. 
(a fall of 36y and rise of 40y), another oscillation between 20 h. 10 m. and 20 h. 35 m. 
(a rise of 31 y and fall of 42y), and a rise of 58y between 22 h. 5 m. and 22 h. 25 m. 
Between 22 h. 25 m. on the 18th and 0 h. 25 m. on the 19th there was a total fall of 87y, 

interrupted by minor oscillations. The D trace at Agincourt was practically quiet until 
19 h. on the 18th. During the next 5 hours and again from 3 h. to 7 h. on the 19th, there 
were only mino,r oscillations. The only time of considerable disturbance was between 
o h. and 3 h. on the 19th. Between 0 h. 12 m. and 1 h. 12 m. D moved 14' to the 
East and 16i' to the West. Between 1 h. 40 m. and 2 h. 20 m. it moved 10' to the 
East, and between 2 h. 20 m. and 3 h. 0 m. executed an oscillation of 14' to the West 
and 9i' to the East. 

At Eskdalemuir the N trace was very quiet in tne early hours of the 18th, but 
began gradually to show a development of very small short-period oscillations. After 
12 h. and still more after 14 h. the size of these increased. The largest of the recorded 
movements, which were only of moderate size, took place on the 18th between 19 h. 
and 22 h. and between 23 h. 20 m. and 24 h. After I h. on the 19th the disturbance 
was of small intensity and gradually diminishing. By 5 h. or 6 h. conditions were 
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fairly normal. The E trace showed only trifling though numerous short-period 
oscillations until after 19 h. on the 18th. There then ensued a fair amount of 
disturbance, representing on the whole an enhancement of E (numerical depression), 
until 2h. on the 19th. No individual movement was at all impressive. Minor 
movements appeared after 2 h., but by 5 h. conditions were fairly normal. The V 
curve contained two decided bays (depressions), the first between 20 h. and 22 h. on the 
18th, the second and deeper between 231 h. on the 18th and 2 h. on the 19th. The 
recovery after the second of these bays was not completed until nearly 6 h., but the 
trace was practically quiet after 5 h. 

The disturbance of August 18-19, 1912, though not very large, was well marked 
at all the stations, and the hours at which the largest movements occurred were roughly 
identical. At the stations in lower latitudes the movements of any size were confined 
to the interval 19 h. on -the 18th to 1 h. on the 19th. There was a close similarity 
between the rapid movements near 20 h. of the 18th in the H or N curves at Mauritius, 
Buitenzorg, Agincourt and Helwan, and there was also considerable resemblance between 
the H or N movements between 23 h. on the 18th and 1 h. on the 19th at Buitenzorg, 
Alibag, and Helwan. This resemblance is hardly, however, recognisable at Honolulu. 
Both Nand E at Eskdalemuir and H at Agincourt showed a more continuous and 
diffuse disturbance than that prevailing in lower latitudes, no particular movements 
making a special appeal to the eye. The D trace at Agincourt and the V trace at 
Eskdalemuir showed more concentration of disturbance at particular hours. A rather 
unusual feature, occurring in Table CLXXIV, is the close approach to equality between 
the ranges in Hand D at Agincourt, and the ranges in Nand E at Eskdalemuir. Also, 
as it so happens, the ranges at the two stations are nearly equal. 

On August 19,1912, between 9 h. and 10 h. there was rather a good example of the 
"special type" of Antarctic disturbance, particulars of the phases of whioh are given 
in Table CXL. The hour at which this appeared was included in the Alibag H trace 
and the Agincotirt Hand D traces. The Eskdalemuir clock stopped at the time, so 
the Kew traces were consulted. The following were the ranges of the movements 
between 9 h. and 10 h. :-

Antarctic. Alibag. Agincourt. Kew. 
N' E' V H H D H 

102y 87y 63y 11y 17y 59y 16y 

At Alibag there was a bay (depression) in H from about 9 h. 5 m. to 9 h. 45 m. 
The Agincourt curves also contained bays (H depressed, D to west of normal) from 
a little after 9 h. to 10 h. The westerly swing was considerably the more rapid. At 
Kew there was a bay (depression) in the H curve from about 9 h. 10 m. to 9 h. 50 m. 
The Kew D curve contained a small dimple (easterly deflection of about 0' . 5) between 
9 h. 10 m. and 9 h. 20 m., but no further movement until 9 h. 35 m. The movement 
which occurred then, about 3' to the East, if natural---which is not certain-was 
doubtfully connected with the disturbance elsewhere. The large size of the D 
movement at Agincourt seems thus very remarkable. 
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Section 125.-In the Antarctic on September 17, 1912, conditions had been very 
quiet from 5 h. to 11 h., and the commencement of the disturbance was gradual. 
Oscillatory movements did not become conspicuous until nearly 14 h. Between about 
13 h. 50 m. and 15 h. 50 m. there were three rather conspicuous oscillations, in which 
the N', E' and V traces showed a close similarity of phase. These oscillations were 
considerably smaller in V than in N' or E', and they were more conspicuous in N' than 

TABLE CLXXV.-ll h. to 23 h. September 17, 1912. Plate LV. 
- -~--

Times of I 

Station. Element. 
Disturbance Inequality 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. y y 
Antarctic N' 15 43 20 30 256 40 

E' 13 55 20 35 302 47 
V 21 43 14 18 119 29 

Mauritius H 20 20 18 0 85 11 
D 11 25 20 5 46 16 

N 20 20 15 0 65 10 
E 12 5 17 25 28 5 

Buitenzorg 

V 20 35 15 0 26 4 

H 20 30 16 35 79 9 
D 11 40 20 30 25 15 

Alibag 

V 11 20 20 10 21 12 

Honolulu H 17 55 20 40 55 14 
D 17 18 21 7 29 50 
V 14 35 20 18 18 32 

Helwan H 20 15 17 50 110 21 
D 20 15 - 11 20 82 30 
V 21 10 20 20 42 10 

H 19 55 15 45 95 36 
D 15 45 20 10 94 48 

Agincourt ... 

Eskdalemuir ... N 20 23 14 25 245 37 
E 20 16 14 53 172 26 
V 18 10 11 25 77 15 

Sitka ... H 12 10 20 32 120 27 
D 20 0 19 30 90 41 
V 21 40 18 9 63 10 

I 

in E'. The successive crests appeared in the N' curve at about 13 h. 55 m., 14 h. 50 m., 
and 15 h. 45 m., the amplitudes of the successive (algebraic) rises and falls being 
+ 68y, - 1 06y, + 119y, - 140y, + 150y and - 89y. The vertical force trace 
contained a good many minor oscillations, but no really large or striking movements. 
The disturbance in the Antarctic moderated but by no means ceased by 23 h. It is 
convenient, however, to treat the subsequent movements independently. A separate 
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and more detailed discussion is also given of the movements occurring between 19i h. 
and 22h. 

At Mauritius there was little sign of disturbance in H until after 12 h. Up to 181). 

there was a general tendency to fall, the subsequent tendency being to rise. But 
superposed on the slow changes was a series of well-marked oscillations, the crests 
(maxima of H) occurring at about 13 h. 50 m., 14 h. 45 m., 15 h. 40 m., 17 h. 5 m., 
18 h. 50 m. and 20 h. 20 m. Of these oscillations the last was much the biggest, II 
rising 80y between 19 h. 20 m. and 20 h. 20 m., and falling 58y between 20 h. 20 m. 
and 22 h. The D trace showed no appearance of disturbance until after 14 h. But 
between 7 h. and 11 h. 20 m., the ordinary tinles of the westerly and easterly maxima, 
there was a range of fully 12'. ",\\Thile the movements seemed quite of the normal type, 
the range was double the normal. Between 11 h. 20 m. and 15 h. 40 m. there was a 
nearly uniform westerly movement of 4!', again about double the normal change. 
From 16 h. 40 m. to 18 h. 20 m. there was a decided westerly deflection, the Inovement 
to the west 2!' being about twice the return movement to the east. Between 
20 h. 5 m. and 22 h. there was a much more prominent deflection to the East, the 
easterly movement being about 4!', and the return movement a shade less. 

At Buitenzorg there were only small oscillations prior to 12 h. Shortly after 12 h. 
N began to fall somewhat rapidly, the fall between 12 h. and 13 h. amounting to 29y. 

A succession of large oscillatioM followed, with crests (maxima in N) at about 13 h. 55 m., 
14 h. 40 m., 15 h. 45 m., 17 h. 15 m., 18 h. 55 m. (poorly develope') ~nd 20 h. 25 n1. 
Superposed on these were small short-period oscillations. Themplitudes of the 
successive larger movements were + 12y, - 22y, + 32y, - 3 y, + 36y, - 34y, 

+ 45y, - 33y, + 14y, - 9y, + 43y and - 38y. These osciIla tiOllS gave the N trace 
a somewhat jagged appearance. The V trace showed also a succession of oscillations, 
much smaller than those in N, but still corresponding roughly to them. The crests 
(nulnerical minima) were, how~ver, somewhat later in time than those i.n N. The 
E trace also showed oscillations, but these did not remain even approximately in phase 
with those in N. 

At Alibag conditions were practically quiet up to 12 h. Between 12 h. 10 m. and 
13 h. 10 m. H fell 30y. There were successive oscillations with crests (maxima of H) 
at about 13 h. 55 m., 14 h. 40 m., 15 h. 50 m., 17 h. 15 m., 18 h. 50 m. (poorly 
developed) and 20 h. 25 m. The amplitudes of the successive movements-which were 
only slightly interfered with by short-period movements-were + 3y, - 9y, + 11 y, 

- 12y, + lOy, - 17y, + 13y, - 12y, + 7y, - 4y, + 38y and - 33y. The D trace 
at Alibag gave little indication of disturbance. It was very quiet until 13 h., and 
again after 22 h. A few small bays (westerly deflections) were visible. The largest, 
between 19 h. 30 m. and 21 h., showed a range of 2', the defleotion being to the West 
of the normal position. The V trace showed some trifling undulatory movements, 
the largest between 20 h. and 21! h. " 

At Honolulu the H trace showed some disturbance after 12 h. Between 13l h. 
and 15! h. there were some irregular movements, the largest of which had a double 
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crest (maxima in H) between 14 h. 40 m. and 14 h. 50 m. After 15 h. there were only 
small irregularities until about 19 h. 55 m. Between 19 h. 55 m. and 21 h. 25 m. 
there was a marked bay (depression of H), the fall being 36y and the recovery 19y. 

For some hours subsequently there were only small oscillations. There were no large 
movements in the D and V curves, but there were numerous small irregularities, especially 
in V, and there was considerable interference with the ordinary regular diurnal variation. 

At Helwan the H trace showed a close parallelism to that at Alibag. Successive 
undulations had their crests (maxima in H) at about 13 h. 55 m., 14 h. 35 m., 
15 h. 35 m., 17 h. 5 m., 18 h. 55 m. and 20 h. 20 m. The anlplitudes of the successive' 
movements were + 4y, - 17y, + 14y, - 21y, + lOy, - 33y, + 9y, - 16y, + 17y, 

- 8y, + 103y and - 95y. The D curve showed a few small movements, the largest 
fornling a bay (deflection to East of normal) between 19 h. 45 m. and 21 h. The 
movement to the East was 3'· 8, the return movement 3'· o. The V trace showed 
undulations from shortly before 14 h. until nearly 22 h. The largest led to a 
considerable bay from about 19! h. to after 21 h. Between 20 h. 0 m. and 21 h. 20 m. 
V fell 25y and rose 42y. 

At Agincourt conditions were quiet until after 13 h., except that the fall normally 
proceeding between 12 h. and 13 h. was faster than usual. From 13 h. 40 m. until 
18 h. minor oscillations were so prominent that the longer period oscillations during 
these hours do not stand out so clearly as at the more southern stations. Also in the 
earlier part of the disturbance it is the turning points representing minima in H that 
are much the more conspicuous. These occur at about 13 h. 55 m., 14 h. 50 m. and 
15 h. 45 m. Later, there were two prominent maxima at about 18 h. 55 m. and 
19 h. 55 m., followed by less prominent maxima at about 20 h. 50 m. and 21 h. 20 m. 
to 21 h. 35 m. Of the intermediate minima, occurring at about 19 h. 35 m., 20 h. 30 m. 
and 21 h. 10 m., the second was the most prominent. The largest of the oscillatory 
movements was that occurring between 19 h. 35 m. and 20 h. 30 m. It consisted of 
a rise of 64y and fall of 93y. H was practically quiet for two hours after 22 h. 40 m. 
The D trace at Agincourt contained some considerable oscillations between 13 h. 45 m. 
and 22 h. In the earlier oscillations the extreme easterly positions were the best 
marked, conling at about 13 h. 55 nl., 14 h. 50 m. and 15 h. 45 m. They were nearly 
if not quite si~ultaneous with the minima already noted in H. The westerly 
movements following immediately after these turning points were rapid and represented 
respectively 6', 7i' and IIi'. The subsequent oscillations had a more rounded outline. 
There were easterly extremes at about 18 h. 55 m. and 19 h. 55 m. These correspond 
to maxima in H, and not to minima as was the case with the easterly extremes earlier 
in the day. But while H fell continuously fronl 19 h. 55 m. to 20 h. 30 m., D during 
this time moved 8' to the West and swung back as much to the East. The return 
movement to the East, amounting in all to 12', was not concluded until nearly 
20 h. 45 m. After 22 h. the D trace was quiet. An important feature is that while 
the Agincourt Hand D traces both showed a succession of wave-like movements, these 
did not keep in phase. 
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At Eskdalemuir the 17th was very quiet until about 9 h. After 11 h. the short­
period oscillations in N, which had gradually set in, became more prominent, but 
there were no considerable movements until after 13 h. Longer period oscillations 
then appeared. They were very ir~egular in form, but there were prominent maxima' 
at about 13h.5.5m., 14h.55m., 15h. 50 m. and 20 h. 25In, and less prominent maxima 
about 17 h. 25 m., 18 h. 55 nl. and 19 h. 55 m. There were fairly well marked minima 
at about 14 h. 25 m., 15 h. 25 m., 16 h. 45 m., 18 h. 25 m., 19 h. 10 m., 20 h. 5 m. and 
21 h. 20 m. Taking the movements in pairs the amplitudes were as follows :-

From 13 h. 55 m. to 14 h. 55 m. - 721', + 1141' ; 

" 14 h. 55 m. " 15 h. 50 m. - 1091', + 1271' ; 

'J 15 h. 50 m. " 17 h. 25 m. - 1221', + 571'; 

" 17 h. 25 m. " 18 h. 55 m. 
~, 20 h. 5 m. " 21 h. 20 m. 

- 481', + 561'; 

+ 1831', - 2111" 

There were no large movements after 21 h. 20 m., but minor oscillations persisted for 
a number of hours. The E trace at Eskdalemuir was exceedingly quiet until 9 h. or 
10 h. After 11 h. it became decidedly disturbed, an algebraic fall of 301' occurring 
between 11 h. 5 m. and 11 h. 25 m. Subsequently there were only small short-period 
oscillations until after 13 h. 40 m. There were three prominent peaks (minima in E) 
at about 13 h. 55 m., 14 h. 55 m. and 15 h. 50 m. The only prominent later movement 
occurred between 19 h. 40 m. and 20 h. 40 m.; during this time there was a 
rise (algebraic) of 1771' and fall of 1281'. The V trace showed little sign of disturbance 
until 14 h. As usual when disturbance occurs during the afternoon, V was decidedly 
above the normal from 16 h. to 20 h. After 20 h. 15 m. there was a fall of 461' to a 
minimum at about 21 h. 5 m. During the next 2 hours there was a slow recovery. 

At Sitka, though minor oscillations were present, conditions were fairly quiet 
until after 12 h. About 12 h. 20 m. the Hand D traces started on what promised to 
be large ~xcursions, but these had been in progress for less than 10.minutes when there 
came a gap in the record which continued until 16 h. 50 m. After registration was 
resumed, considerable disturbance prevailed until 23 h., when a quieter time appeared. 
There were pretty well marked minima in H at about 17 h. 40 m. and 20 h. 35 m. 
Between 19 h. 25 m. and 21 h. 50 m. H fell 1001' and rose 871'. There were also 
numerous short-period oscillations. The D trace was also oscillatory. Between 
19 h. 25 m. and 21 h. 10 m. there were nlovements of 19' to the East and 17' to the 
West. The V trace between 16 h. and 23 h. contained two or three shallow bays 
(enhancements of V), there being a general tendency in the element to rise, but there 
were no conspicuous movements. 

The outstanding feature of the disturbance between 11 h. and 23 h. on September 17, 
1912,was the tendency for the H or N traces to show a succession of waves. Crests 
representing maxima in these elements were recognisable at about 13 h. 55 nl., 
14 h. 45 m., 15 h. 45 m., 17 h. 15 m., 18 h. 55 m. and 20 h. 25 m. in the traces at 
Mauritius, Buitenzorg, Alibag, Helwan and Eskdalemuir. The Antarctic N' trace showed 
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algebraic maxima (numerical minima) at the first three of these hours. The Agincourt 
H trace had turning points at or near most of the above times, but the first three were 
minima not maxima. 

Section 126.-The largest movements on September 17, 1912, appeared in general 
between 191 h. and 22 h. While there were notable differences between the different 
stations, all the H or N traces contained a deep bay. In the stations in lower latitudes 
the disturbance in the other elements was, as usual, less prominent. At some of the 
stations, especially the British ones, the disturbance was obviously of the rotating 
vector type discovered by R. B. Sangster. The phenomena seemed to merit minute 
study. Accordingly the curves were measured at 5-minute intervals from 19 h. 30 m. 
to 22 h. 0 m. Falmouth and Kew curves were included, as well as those from the 
Antarctic, Mauritius, Buitenzorg, Alibag, Honolulu, Helw:an, Agincourt, Eskdalemuir 
and Sitka. Vertical force curves were not available for Ma~Iritius or Agincourt. The 
arithmetic mean was taken of the 31 readings of each element, and the individual 
readings were expressed as differences from it. The N' and E' differences for the 
Antarctic and the Hand D differences for Mauritius, Alibag, Honolulu, Helwan, 
Agincourt, Falmouth, Kew and Sitka were converted into the corresponding Nand E 
differences, thus getting corresponding results for all the stations. The N, E, V 
differences are given in Table CLXXVI, and are shown graphically in Plate LVI. 
To economise space, in the headings of Table CLXXVI the stations are described by 
the first letter or two letters of the name. As usual in such cases, while the table 
should be studied for exact details, a general idea of the phenomena is most readily 
derived from the diagrams. We see at a glance that the fluctuations in N followed 
a similar course at Mauritius, Buitenzorg, Alibag, Helwan, Falmouth, Kew and 
Eskdalemuir, N rising to a maximum at 20 h. 25 m. or 20 h. 30 m., and then falling 
somewhat more gradually to about its original value. In the Antarctic and at 
Honolulu and Sitka the change is in the opposite direction to that elsewhere, N falling 
to a minimum at- 20 h. 30 m. or 20 h. 35 m. and then rising. Agincourt presents 
transitional features. At first N rose, and at a rate greater than that exhibited at the 
same stage of the movement elsewhere. But after 19 h. 55 m. a reverse movement 
set in, and from then until 20 h. 30 m. the movement was oppositely directed 
to the movements at Helwan and Falmouth, the stations nearest in point of 
latitude. After 201 h. the changes in N at Agincourt were oscillatory and less 
prominent. 

The remarkable similarity of the fluctuations in N at Mauritius and Alibag shown 
by Table CLXXVI should be noted. The results accord much more closely than those 
of either station with the Buitenzorg results. 

There is a steady increase in the range of the N movement as we pass from Alibag 
to Helwan, from Helwan to Falmouth, from Falmouth to Kew, and from Kew to 
Eskdalemuir. The difference between Eskdalemuir and Kew exceeds that between 
Alibag and Helwan, or between Helwan and Falmouth. The N ranges at Sitka and 
the Antarctic are similar to those at Helwan, and are considerably less than at the 
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British stations. While the variations at Falmouth, Kew and Eskdalemuir differ 
considerably in amplitude, they follow a remarkably similar course. 

The Helwan, Falmouth, Kew and Eskdalemuir fluctuations in E resemble one 
another, though the range is much less at Helwan than at the British stations. The 
element rises to a maximum at 20 h. 15 m. or 20 h. 20 m., and then falls at a reduced 
rate to near its original value. The maximum in E appears decidedly earlier at these 
stations than the maximum in N, implying, as we shall see presently, a rotation of the 
horizontal force vector in an anti-clockwise direction. After 21 h., the changes in E 
at these four stations were small and somewhat oscillatory. ' 

At Honolulu and Sitka E also showed a rise, followed 'by a fall; but the maxinlum 
was reached at 19 h. 55 m., and the element was falling during the principal part of 
the rise at Helwan and the British stations. 

At Mauritius and Agincourt between 19l h. and 201 h. the E movement was 
distinctly opposite to that at the British stations, a minimum appearing at 20 h. 10 m. 

The E movement at Buitenzorg was very small. After 20l h. it closely resembled 
that at ·Mauritius. 

In the Antarctic E showed a marked fall, followed by an equal rise; but the 
minimum appeared considerably later than at Mauritius and Agincourt, or than the 
maximum at the British stations. Also the changes in the Antarctic after 201 h. were 
both absolutely and relatively much larger than at the other stations. 

The changes in vertical force were comparatively small at all the stations. The 
sign, it should be noticed, has been counted positive when the force acting on a north 
pole is directed to· the earth's centre. Thus motion up the sheet in Plate LVI 
implies a numerical fall of V in the Antarctic and at Buitenzorg. 

The Antarctic diagram shows a sharp fall and rise between 19 h. 30 m. and 
19 h. 45 ID., which seems unrepresented elsewhere, except perhaps at Sitka. After 
that there is a gradual rise with minor oscillations superposed on it. There)s also 
an initial fall at Sitka, but it is not rapid and continues until nearly 20 h· 
Subsequently there is a gradual rise, as in the Antarctic. The Helwan Nand E 
diagrams resemble those from the British stations, but the Helwan V diagram shows 
a marked depression, the minimum coming at 20 h. 25 m., while the Falmouth and 
Kew diagrams, show an oscillation in the opposite direction, the maximum coming at 
20 h. 25 m. The Eskdalemuir diagram shows a less decided maximum, coming a little 
earlier. At the British stations, as is usual on the afternoons of disturbed days, V was 
distinctly above its normal value prior to 19l h.; and the fall shown in the Falmouth, 
Kew and Eskdalemuir diagrams after 20l h. may represent the decline usually 
encountered on disturbed days near midnight. 

The Alibag V diagram shows a very slight depression, with minimum somewhat 
earlier than at Helwan. At Buitenzorg the movement seems in the opposite direction; 
hut the ranges at Buitenzorg, Alibag and Honolulu are small. 

Plate L VII contains vector diagrams showing the simultaneous progreSSIon 
of the N a..nd E changes between 19! h. and 22 h. on September 17, 1912. The origin 
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of the diagram is in all cases at the centre of the cross, the arms of which each represent 
101'. The line drawn from the origin to any point represents in direction and 
magnitude the force equivalent to the departure at the time from the mean value for 
the interval 19! h. to 22 h. When, as sometimes happens, one part of a diagram 
crosses another, the part that is later in time is dotted in the neighbourhood of the 
cro·ssing point. For instance, at Falmouth the line connecting the points corresponding 
to the times 21 h. 5 m. and 21 h. 10 m. is dotted near where it crosses the line 
corresponding to the times 19 h. 50 m. and 19 h. 55 m. All the Antarctic 5-minute 
measurements were used, but they were smoothed after the formula (a + 2b + c) /4, 
to prevent the general features being obscured. At Falmouth, Kew and Eskdalemuir 
the 5-minute measurements were used unsmoothed; but near 22 h. the use of all 
would have unduly crowded the figure, so the data answering to the following times 
were omitted :-

At Falmouth 
AtKew 
At Eskdalemuir 

15 m, 25 m., 35 m., 45 m., and 55 m. after 21 h. ; 
30 m., 35 m., 45 m., and 55 m. after 21·h. ; 
35 m., 45 m., and 55 m. after 21 h. 

At the other seven stations account was taken only of the readings at 10-minute 
intervals commencing with 19 h. 30 m. Also to a void confusing the figure, it was 
necessary to omit points answering to times later than 21 h. 40 m. at Honolulu and 
Agincourt, or than 21 h. 50 m. at Mauritius and Helwan. 

When considering vector diagrams it has to be remembered that while the relative 
positions of consecutive points on the diagram are independent of the choice made 
of base or standard values in the elements, that is not true of the vector itself, which 
depends on the position of the origin. In the present case, the origin represents 
the mean value of the elements between 19! h. and 22 h., which certainly differed 
from the average undisturbed value for the same period of the day. If we 
had taken as our standards the mean values of Nand E between 19 h. 55 m. and 
21 h.l0 m., the origins for Falmouth, Kew and Eskdalemuir would have fallen near 
the centre of the complete loop, and the changes in the length and azimuth of the radius 
vector would have differed considerably from those exhibited in Plate LVII. Thus 
probably little, if any, significance really attaches to the fact that in the diagrams as 
drawn for the three British stations the direction of rotation of the vector shows a small 
reversal between 20 h. 40 m. and 20 h. 50 m. 

Another point to be remembered is that we have made no attempt to eliminate 
the changes of force normal to the period of the day. If disturbance were simply 
something extraneous, superposed on the normal changes, an elimination of the latter 
would obviously be not merely easy but desirable. But disturbance modifies the regular 
diurnal variation, and to a degree which is ·different for the different elements and 
different for the different stations. Thus if one attempts to eliminate the regular diurnal 
changes one may be simply adding to the uncertainties. The time when the disturbance 
occurred is one during which the normal diurnal changes happen to be slow at most 
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of the stations concerned. This is true especially of the stations in Great Britain. It 
is less true of Honolulu, Agincourt, Sitka and the Antarctic. 

The rotation of the vector in Plate LVII is especially prominent at Falmouth, 
Kew and Eskdalemuir. At all three stations the tendency to rotate sets in at about 
19 h. 55 m., and ceases to be prominent about 70 minutes later. In the course of that 
time the vector has travelled completely round the circle, in the anti-clockwise direction. 
The phenomena show a considerable resemblance to those observed at Kew and 
Eskdalemuir on August 22, 1916, about the same time of day. On that occasion also 
the vector diagram was almost a complete loop, the revolution occupying from 19 h. 48' m. 
to 20 h. 48 m. On both occasions the principal difference between Kew and 
Eskdalemuir was the greater range in N at the more northern station, but the excess 
was much greater on August 22, 1916, than on September 17, 1912. This suggests, 
of course, that the distur,?ance in 1916 may have been more local in its incidence than 
that of 1912. 

Most of the vector diagrams in Plate LVII show a clear rotation of the vector, 
but the times when the rotation is most prominent and even the direction of rotation 
vary. On the whole, the direction is distinctly anti-clockwise in the Antarctic and 
at Helwan and Agincourt; but it is equally distinctly clockwise at Mauritius, Alibag, 
Honolulu and Sitka. At Buitenzorg there is a complete loop from about 20 h. 20 m. 
to 21 h. 20 m. which is described clockwise, but later the motion seems anti-clockwise. 
In the Antarctic and at Mauritius, Buitenzorg, Alibag, Honolulu and Helwan the 
elongation of the diagram in one direction is a more prominent feature than the existence 
of a closed or nearly closed loop. At Mauritius, Buitenzorg, - Honolulu and Helwan 
the elongated direction is inclined slightly to East of North; at Alibag, however, the 
direction is slightly to .West of North. In the Antarctic the elongated direction runs 
roughly from E.N.E. to W.S.W. 

The positions on the diagram of the points corresponding to 19 h. 30 m. and 
20 h. 30 m. are in all cases except Agincourt strongly opposed. But whereas the 191 h. 
point comes near the foot of the diagram at Mauritius, Buitenzorg, Alibag, Helwan, 
Falmouth, Kew and Eskdalemuir, it comes at the top in the Antarctic and at Honolulu 
and Sitka. 

Section 127.-As measurements had been made at 5-minute intervals, the 
opportunity was taken of calculating H activities" by means of Bidlingmaier's formula, 
taken as (1/81T),l:''YJ2/31 , where 'Y) is the departure from the accepted standard value. 
What to take as standard value was something of a difficulty. In the case of an 
ordinary bay disturbance, occurring during an otherwise undisturbed time, the value 
of the element at the beginning of the disturbance, or the arithmetic mean of the values 
at the beginning and end, will usually make a close approach to the normal quiet day 
value at the same time; whereas the mean value for the time during which the 
disturbance lasts will usually depart considerably from the corresponding quiet day 
value. On September 17,1912, the bay disturbance was preceded by other disturbances, 
which at some of the stations were of considerable amplitude. At the less disturbed 
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stations the value of the eiement before the bay hegan was undoubtedly nearer the 
normal undisturbed value than was the mean derived from the 31 5-minute 
measurements. Considering the several uncertainties, it was decided to calculate two 
sets of "activities." The first set, given in Table CLXXVII, takes as standard the 
mean value of the element derived from the 31 measurements. The second set, given 
in Table CLXXVIII, takes as standard the value of the element at 19 h. 30 m., that 
being accepted as the time of commencement of the Lay. The unit in both tables is 
10-10 erg. 

TABLE CLXXVII.-" Magnetic Activity" from 19 h. 30 m. to 22 h. 0 m., September 17, 
1912 (unit 1 X 10-10 Erg per c. cm.). (The standard values are the mean values 
during the interval.) 

Station. I H. I D. I N. I E. I v. I 
Hod. I Three 
Plane. Components. 

Antarctic ... 64·7 153·5 42·7 175'3 19·0 218·2 237·3 
Mauritius ... 21·4 3·6 23·1 2·2 - 25·0 -
Buitenzorg ... - - 5·6 1·0 1·2 6·6 7·8 
Alibag ... ... 18·3 1·9 18·3 1·8 0·7 20·2 20·9 
Honolulu ... ... 5·6 2·2 4·8 3·0 0·3 7·8 8·0 
Helwan ... .., 42·6 3·5 43·3 2·6 6·4 46·1 52·5 
Agincourt ... 19·5 6·6 18·9 7·1 - 26·1 -
Falmouth ... 48·3 94·7 70·7 72·0 8·2 143·0 151·2 
Kew ... ... 67·9 95·5 97·1 66·1 6·9 163·4 170·4 
Eskdalemuir ... - _. 154·5 80·2 12·7 234·7 247·4 
Sitka ... ... 30·9 18·8 35·4 14·3 10·2 49·7 59·9 

-~~-- ------------ ---- ---- •.. - - --------------------------------------------------

TABLE CLXXVIII.-" Magnetic Activity" from 191 h. to 22 h. September 17, 1912 
(unit 1 X 10-10 Erg per c. em.). (The standard values are the values at 19 h. 30 m.) 

---------- -- ------- - - -- - -- . " -- -- -- . - -------- - ----

Station. I H. I D. I N. I E. I v. I 
Horl. I Three 

Plane. Components. 

Antarctic ... 294·8 584·3 195·8 684·0 62·4 879·2 941·6 
Mauritius ... 82·0 6·8 86·8 2·6 - 88·8 -
Buitenzorg ... - - 28·5 2·0 3·8 30·5 34·3 
Alibag ... ... 56·6 2·5 56·6 2·4 0·7 59·1 69·9 
Honolulu ... . .. 24·9 4·2 22·4 7·8 0·3 29·0 29·3 
Helwan ... ... 103·2 4·9 103·9 3·2 7·0 108·1 115~2 

I 
Agincourt ... 19·5 11·4 18·9 11·9 - 30·9 -
Falmouth ... 73·2 190·4 131·3 132·6 10·7 263·6 274·4 
Kew 108·7 179·8 170·8 117·7 15·9 288·5 304·5 I ... . .. 

I Eskdalemuir ... - - 200·6 160·9 39·6 361·4 401·1 
Sitka ... ... 118·9 62·2 164·8 15·3 15·0 181·1 196,) 

I 
I 

--.---~-

At the -Antarctic and at the stations which recorded Hand D, "activities" 
were calculated both from the original curve measurements and also from the 
corresponding values in Nand E. The first two columns in Tables CLXXVII and 
CLXXVIII are headed Hand D, the entries in them' being derived from the 
measurements of Hand D curves at all the stations except the Antarctic. But for 
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the Antarctic the entry in the H column really refers to N', and that in the D column 
to E'. Except at Buitenzorg and Eskdalemuir, the changes in Nand E were calculated 
from the measured changes in Hand D. In each case of course 

LJN2 + LJE2 = LlH2 + LlD2, 

but agreement to 0·11'2 could not be expected unless more significant figures were 
retained in the values of LI Nand LI E than was actually done. The LI H, LJ D figures 
being in nine cases out of the eleven the fundamental ones, the values of the "activity" 
in the horizontal plane were in these cases derived from the first two columns, retaining 
however in the calculation one figure beyond that actually shown. It will be found, 
however, that the sum derived from the third and fourth columns always comes close 
to the value assigned to the horizontal plane. 

The last column is in general based on the figures in the first, second and fifth 
columns. It contains no entry for Mauritius or Agincourt, as vertical force curves 
were not available for these stations. 

From the mathematical properties of the mean ordinate, when corresponding 
figures in TablesCLXXVII and CLXXVIII differ, the figure in Table CLXXVIII is 
necessarily the larger. There is a substantial difference in every case except at 
Agincourt, where the mean value of H between 19! h. and 22 h. was practically identical 
with the value at 19 h. 30 nl. 

Both tables agree in making the" activity" from the vertical component everywhere 
small compared to that from the horizontal components. They also both make the 
contribution frorn D or E small compared with that from H or N at Mauritius, 
Buitenzorg, Alibag, Honolulu and Helwan; and they make the "activity" at 
Buitenzorg and Honolulu very decidedly less than at Mauritius, Alibag or Helwan. 
The two tables further agree on the following points: "activity" at Sitka exceeds that 
at Helwan, the contribution from D being much larger at the more northern station, 
but the" activity" in the horizontal plane is considerably less at Sitka than at the stations 
in Great Britain. "Activity" is slightly greater at Kew than at Falmouth, and 
considerably greater at Eskdalemuir than at Kew. The contribution from N exceeds 
that from E at Kew and Eskdalemuir, but at Falmouth the contribution from E is 
slightly the larger. The contribution from D considerably exceeds that from H at both 
Falmouth and Kew. 

In the Antarctic the contribution from E' much exceeds that from N'. and 
the contribution from E is still more in excess of that from N. 

The view one takes as to the relative values of the " activity" in the Antarctic 
and in Britain depends on the view taken as to the standard value. According to 
Table CLXXVIII " activity" was much greater in the Antarctic than in Britain, 
whereas according to Table CLXXVII the Antarctic value, while exceeding the values 
at Falmouth and Kew, fell short of that at Eskdalemuir. 

In the case of the measurements at 5-minute intervals during term hours it was 
found that (lj12)!r7 2 jR2, where R is the range of the element for the hour and r; the 
representative departure from the mean value for the hour, showed an approach to 
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constancy, the mean value obtained for this constant being approximately O' 09. 
It was thus of interest to compare the values obtained in the present case for (1/31) }:1}2 
with the corresponding squares of the ranges for the total interval of 21 hours. This 
was done for the two horizontal components combined, and for all three components 
combined. In the first case the ratio was found which the sum of the values 
of (1/31)~1}2 from the two horizontal components bore to Rl2 + R22, and in the 
second case the ratio which the sum of the values of (1/31)~1}2 from the three 
components bore to Rl2 + R22 + R32. Here R1 , R2 and Ra represent the ranges in the 
three components, as derived from the measurements at 5-minute intervals. 

TABLE CLXXIX.-Ratios of "Magnetic Activity" to Squares of Ranges. 
September 17, 1912. 

j 
(1/31)~1/2 in Horl. Plane. (1/31)~1/2 from 3 components. Sta.tion. I R12 + R22. R12 + R22 + Rail. 

Antarctic ... ... ·082 ·080 
Mauritius ... ... ·089 -
Buitenzorg ... ... ·084 ·087 
Alibag '" ... ·098 ·097 
Honolulu ... . .. ·088 ·086 
Helwan ... . .. ·109 ·108 
Agincourt ... .., ·061 -
Falmouth ... . .. ·088 ·088 
Kew ... ... ·088 ·090 
Eskdalemuir ... ·079 ·081 
Sitka ... ... ·079 ·083 

I-M~n ... ... ·086 ·089 

The results appear in Table CLXXIX. The value of the ratio is very sensibly 
lower at Agincourt and very sensibly higher at Helwan than at the other stations. 
The departures at the other-nine stations from the value '09 are comparatively small. 

Section 128.-The Antarctic curves were interrupted for some time between 
23 h. and 24 h. on September 17, and it was convenient for other reasons to consider 
the disturbances on the 17th and 18th separately, but there is no really clear line of 
separation, and they may well have been parts of a single disturbance. On the 18th 
the most disturbed times in the Antarctic were from 0 h. to 2 h., from 6 h. to 8 h., and 
from II h. to 13 h. Between 0 h. and 2 h. there were ranges of 102y in N', 100y in 
E', and 33y in V. The chief E' .movement took the shape of a bay. Between 6 h. 
and 8 h. N' had a range of 102y, E' of II0y and V of 48y. These movements were of 
a somewhat irregular character. Between II h. and 13 h. the N' and E' movements 
were more regular, the two elements executing a large oscillation, during a considerable' 
part of which the movements were roughly in phase. The ~ommencing movements were 
a rise (algebraic) in N' and fall in E', the movement in E' being concluded before 
that in N'. The subsequent fall in N' exceeded the rise, and during it E' first rose 
smartly to a maximum and then fell to a minimum, which was practically coincident 
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in time with a minimum in N'. The total ranges during the two hours were 126y 

in N', 155y in E', and 40y in V. 
At Mauritius the H trace received stopped at 13 h., but it is hardly likely that the 

range given in Table CLXXX was exceeded. In the case, however, of D, where the 
record stopped at 10 h., the range given in the table was probably exceeded. About 
5 h. 20 m. there was a sharp rise of about lOy in H, a"nd the curve retained a crested 
appearance until 6 h. 50 m., when a rapid fall brought the trace to about its original 
level. From 8 h. to 11 h. 40 m. there was a steady fall, in all about 50y. This is" 
in the same direction as the normal change for the interval, but about four times as 
large. The D trace showed practically nothing but the normal diurnal variation. 

TABLE CLXXX.-O h. to 14 h. September 18, 1912, Plate LVIII. 
.-

Times of 

Station. Element. 
Disturbance lnequality 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. y y 
Antarctic ... .., N' 11 55 2 21 260 57 

E' 7 27 11 45 227 49 
V 0 35 12 40 87 33 

Mauritius ... . .. H 6 25 11 40 64 19 
D 3 0 6 50 29 29 

Buitenzorg ... ... N 1 55 7 30 64 38 
E 7 25 2 50 32 31 
V 6 20 0 0 22 16 

Alibag ... ... H 6 20 3 5 34 29 

Honolulu ... ... H 11 55 3 37 35 10 
D 7 15 3 40 12 18 
V 11 35 3 35 10 16 

Helwan H 13 20 7 10 32 I 32 ... . .. I 
D 5 35 10 45 72 I 52 
V 4 40 7 45 22 

I 
22 

Agincourt ... . .. H 5 25 2 55 42 21 

... 1 

D 1 0 3 50 80 24 

Eskdalemuir ... N 6 20 11 43 82 36 
~: .f: E 7 20 12 33 65 36 

V 14 0 1 59 24 8 . -

Sitka ... ." H 7 13 11 51 93 5 
D 7 8 11 44 107 21 
V 3 56 11 59 137 6 

I 

The Buitenzorg trace ceased at 10 h., and the range data in Table CLXXX are 
correspondingly restricted. The N trace showed numerous short-period oscillations. 
Between 6 h. and 7i h. N fell 41y. The natural change during this time is a fall, but 
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only of about 15y. After 7l h., instead of continuing to fall, as it would naturally 
have done for some hours, N showed at first a small rise, and then small oscillatio.ns 
ahout a nearly level value. The E and V traces showed small signs of disturbance. 

From Alibag only H trace was received. There was a small elevation, centring 
about 6! h., and a small depression centring about III h., but there was no movement 
of any considerable size. 

At Honolulu the H trace contained a succession of irregular movements between 
4 h. and 13 h. Between 6 h. 0 m. and 7 h. 25 m. there was a fall of lOy and rise of 
15y. Between Ilh. 25 m. and 11 h. 55 m. there was a rise of 19y. These were the 
largest individual movements. 

At Helwan there were a small elevation and depression in H corresponding to those 
at Alibag, but apart from these the trace was nearly quiet. The D trace was smooth, 
but the normal range was exceeded. The V t.race contained small dimples, synchronous 
with the elevation and depression in H, but was otherwise quiet. 

At Agincourt there was a decidedly quiet time between 23 h. on the 17th and 
o h. 30 m. on the 18th. The H trace was appreciably disturbed between 0 h. 30 m. 
and 8 h., and again between 11 h. and 13 h., the largest movements occurring between 
I h. and 4 h. Between 0 h. 40 m. and 3 h. 40 m., the following successive movelnents 
occurred: - 22y, + 31y, - 40y and + 33y. Superposed on these were at times small 
short-period oscillations. Between 8 h. and 11 h. there were only small oscillations. 
There was a bay (depression) between II! h. and 13 h., the fall between II! h. and 
II! h. amounting to 22y. The D trace showed almost continuous disturbance from 
o h. 40 m. to 13 h., except for a quiet interlude from 101 h. to III h. Between 
o h. 45 m. and 1 h. 5 m., there was an easterly swing of 7 i' . Between 31 h. and 41 h. 
there were lnovements of 14' to West and 10' to East. Between 61 h. and 8t h. there 
were t.he following movements, the first being slightly interrupted: lOt' to West, and 
lOt' to East. There was westerly deflection between 11 (h. and 13 h., but not large. 

At EskdaleIlluir the N curve exhibited nunlerous small irregular nlovements until 
after 15 h. The largest movements occurred between 6 h. and 7 h., and between 
II! h. and 12! h. Between 6 h. 5 m. and 6 h. 20 m. N rose 29y, and between 6 h. 20 m. 
and 7 h. 20 m. it fell 44y. Between 11 h. 30 m. and 12 h. 30 m. there was a fall of 
30yand rise of 67y, the latter somewhat interrupted by minor oscillations. The E 
curve was generally disturbed until 15! h., when it became very quiet. The largest 
movements occurred between 0 h. 45 m. and 2 h., and between III h. and 13 h. 
Between 0 h. 45 m. and 2 h. 15 m. there was an algebraic fall of 26yand rise of 39y. 

Between 11 h. 25 m. and 12 h. 25 m. there was an algebraic rise of 17y and fall of 33y. 

During the 18th there were some undulatory movements in V, but of very trifling 
magnitude. 

At Sitka the larger movements had subsided before t)le end of the 17th, but the 
Hand D curves continued to show numerous small short-period oscillations. These 
remained prominent until 5 h. on the 18th, and recurred at intervals later in the day. 
Larger movements of longer period became more prominent in II and Dafter 2 h. 
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These were largest between 6! h. and 8! h., and between II! h. and 13 h., when they 
were accompanied by considerable movements in V. Between 7 h. 0 m. and 7 h. 45 m. 
H rose 621' and fell 491'. Between 8 h. 0 m. and 9 h. 30 m. H fell 31 1', rose 491' and 
fell 381'. Between II! h. and 13 h. there was a decided bay (depression) in H, but 
minor oscillations interfered with the regularity of its outline. D was throughout 
at least as nluch disturbed as H. Between 6 h. 15111. and 8 h. 5 m. there was an 
irregular shaped bay, D at 7 h. 10 m. being 15!' more easterly than at 6 h. 15 m., and 
24' more easterly than at 8 h. 5 m. Between 11 h. 30 m. and 12 h. 30 m. there were 
swings of 13r to the West, and 12' to the East. V fell 461' between 7 h. 5 m. and 
7 h. 40 m. Between 9 h. 55 m. and 12 h. 0 m., there was a total fall of 1001', interrupted 
about II! h. by a sharp rise of 161'. After 12 h. V rose at a gradually diminishing 
rate until about 141 h. ; the rise between 12 h. and 14 h. amounted to 811'. 

The disturbance on Septenlber 18, 1912, though generally felt was nowhere very 
prorninent. In the f\.ntarctie the range was considerable, especially in N', but the traces 
showed much less signs of agitation than during the 17th, and disturbance was much less 
persistent. The N range at Buitenzorg was also considerable, especially as the last 
4 hours were unrepresented, but, apart from the numerous short..;period oscillations 
the general aspect of the trace was much quieter than on the 17th. At Alibag and. 
Helwan irregularities were inconspicuous. Eskdalemuir, though much more disturbed 
than these two stations, showed nothing like the disturbance of the previous day. 
Honolulu, relatively considered, showed a decidedly more disturbed state of matters 
so far as H is concerned. The range was considerably less than on the 17th, but the 
general aspect of the curve was decidedly disturbed. At all these stations the H or N 
curve was much more disturbed than the D or E curve. At Agincourt, however, the 
D trace was decidedly the more disturbed, and the range in that element was only a 
little less than on the 17th. At Sitka a fair comparison is impossible between the 17th· 
and 18th, owing to loss of trace on the 17th. The disturbance on the 18th was, as 
usual, decidedly larger at Sitka than at any of the other co-operating stations. In 
Hand D there were numerous oscillations of considerable size, and the excess in the 
activity of the disturbance over that at Eskdalemuir, for instance, was much greater 
than the mere ranges suggest. The V trace at Sitka was comparatively free ,from 
minor oscillations, but the range in that element exceeded the Hand D ranges at 
Sitka and the V range in the Antarctic. The largest movements at all the stations 
occurred at one of the three times when the largest movements occurred in the 
Antarctic. In the Antarctic itself the disturbance between 11 h. and 13 h. made most 
appeal to the eye, and the same was true of Honolulu and Eskdalemuir and, on the 
whole, of Sitka. At Agincourt, however, the movements between 11 h. and 13 h. 
were less than those between 6 h. and 8 h., and very decidedly less than those between 
1 h. and 3 h. 

Sect1:on 129.-Disturbance existed throughout the greater part of September 24, 
1912, and to a minor extent during the earlier hours of the 25th, but there was a 
comparatively quiet time from 12 h. to 14 h. on the 24th. It thus appeared the most 
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convenient plan to consider separately what preceded and what followed 14 h. on the 
24th. 

In the Antarctic the disturbance on September 24 did not exceed that customary 
until about Ii h., when increased liveliness became apparent, especially in N'. The 
largest movement in N' was a fall. of 157y-interrupted only by small oscillations-­
between 2 h. 50 m. and 3 h. 23 m., when the minimum (numerical maximum of S') 
was reached. A general movement in the reverse direction followed until the 
attainment of the maximum at 9 h. 52 m. This rise had numerous short-period 
oscillations superposed on it, and was arrested once or twice for some time. On the 
whole, however, it was of the same general character as the normal change for the same 
time of day, only five times as large. After 10 h. N' fell decidedly, returning to about 
its normal value by 13 h. Thus the phenomena in N' may be described generally as 
an enhancement of the ordinary regular diurnal variation. The same was true of E', 
only the enhancement in its case, was less, and the rise to the maximum at 8 h. 38 m. 
was much less regular and more interrupted than in the case of N'. There were some 
rather rapid oscillations in E' near 10 h., the following changes occurring between 
9 h. 50 m. and 10 h. 20 m.: + 39y - 71y, + 60y and - 116y. E' continued to fall 
somewhat rapidly after 10! h., and from 12 h. to 14 h. was somewhat below its normal 
value. V showed no really conspicuous rapid movements. The largest there were 
occurred near 10 h. The V trace had a general trend downwards (numerical increase) 
from 3 h. to the minimum at 10 h. 17 m. A decided reverse movement set in about 
10 h. 40 m., and continued until a little after 14 h., when the element had returned to 
about its normal value. Thus in the Antarctic, in all the elements alike, the 
phenomena between 3 h. and 10 h. amounted in the main simply to an increase of the 
normal diurnal variation. 

At Mauritius there was a general fall in H from 1 h. to 10 h., and then a rise until 
14 h. There were a few interruptions, but the reverse movements were small. The 
maximum occurred about 3 hours before the usual time, and the minimum­
which, however, is normally of a very rounded character-was also some hours early. 
The range, moreover, was about four times the normal. Between 9 h. 50 m. and 
10 h. 15 m. three rapid changes in H, respectively - l1y, + 9y and - 5y, appeal to the 
eye. The major movements in the D curve represented fairly the ordinary diurnal 
changes. There were, however, some short-period oscillations, the most prominent 
between 9 h. 40 nl. and 10 h. 20 m., when the following movements occurred: Ii' to 
East, Ii' to West, l' to East and l' to West. Both Hand D were very quiet between 
13 h. and 14 h. 

At Buitenzorg disturbance began to be manifest about 0 h. 20 m. From 0 h. 40 m. 
until the minimum was reached at 10 h., the general trend in N was downwards, the 
motion accelerating after 1 h. 40 m. There were numerous short-period oscillations 
and some minor reverse movements of longer period, but nothing very conspicuous. 
There were three sharp movements following one another in immediate succession 
between 9 h. 55 m. and 10 h .. 15 m., being respectively a fall of 23y, a rise of 29y and 
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a fall of 161'. From 10 h. 15 m. to 121 h. there was a smart recovery, amounting in 
all to 761" The minimum occurred about the usual hour, but the preceding fall set 
in several hours earlier than usual and was about four times the usual size. Usually 
the N trace is almost level for some hours about the time of minimum, so the rise 
between 10 h. and 12 h. has no parallel in the regular diurnal variation. The E trace 
contained a few short-period oscillations. The minimurn and maximum occurred 
about the usual time, but the range was enhanced. The most conspicuous departure 
from quiet conditions consisted of three movements near 10 h. The two largest and 
latest of these were respectively a fall and a rise, each of about 101' in 10 minutes. From 
10 h. 20 m. to 11 h. 45 m. there was ~ gradual fall of 261', from three to four times the 
normal change~ The maximum (numerical minimum) of V occurred about the usual 
hour, but the minimum was reached some hours earlier than usual, and the range was 
nearly double the normal. There were sharp movements in V near 10 h., apparently 
synchronous with those in E, but less than two-thirds of their size. 

At Alibag the minimum in H appeared several hours earlier than usual, and the 
previous fall was much above the normal. Instead of the usual fall of about 121' between 
10 h. and 13 h., there was a rise of 451'. Between 13 h. and 14 h. the curve was nearly 
level. Thus the phenomena were closely similar to those observed in H at Mauritius 
and N at Buitenzorg. 

The traces received from Honolulu did not commence until 31 h. At that time 
H was falling rapidly. According to the official publication, from which some of the 
information in Table CLXXXI is derived, the fall set in actively about It h. It was 
particularly rapid between 2t h. and 3t h., amounting to 321' in the course of an hour. 
The fall to the m.inimum was very largely in excess of the normal, and the minimum 
was reached several hours before the usual time. Subsequent to the minimum, the 
general trend in H was upwards, but until 101 h. the rise was not rapid, and it was 
interrupted by oscillations. There was a somewhat conspicuous double oscillation 
between 9 h. 55 m. and 10 h. 20 m., consisting of the following movements: -121', 

-+ 101', - 71', + 31'. The first three of these movements seem to correspond with those 
described at Buitenzorg and Mauritius. After lOt h. the rise became more rapid and 
less interrupted, gradually falling off, however, in rapidity after 12 h. At 14 h. H wa~ 
still decidedly below the normal. The D trace at Honolulu showed small signs of 
disturbance, but the needle pointed more easterly than usual between 8 h. and 11 h. 
The V trace also showed in general very little sign of disturbance, but there was a 
decided double oscillation near 10 h., - 61', + 91', - 41', + 31', synchronous apparently 
with the double oscillation in H already described. 

At Helwan the morning fall in H was augmented. The hour of minimum appears 
delayed, but that arises from the fact that it was reached during the rapid oscillations 
which presented themselves there as elsewhere near 10 h. These movements closely 
resembled those at Alibag, the changes occurring during 20 minutes being - 151', 

+ 21 I' and - 71'. The D trace was less disturbed, but it showed movements near 10 h. 
synchronous apparently with those in H. Owing to the interruption of the curve by 

380 



the time mark, the nature of their commencement is somewhat indistinct. But the 
movements which corresponded to the two last in H were 1'· 4 to the West and 0' . 7 to 
the East respectively. The V trace was a little undulatory. Near 10 h. there was a 
somewhat rapid fall of 71' in about 10 minutes, corresponding apparently with one 
of the movements in the other elements. 

TABLE CLXXXI.-o h. to 14 h. September 24, 1912. Plate LVIII. 
------- - --- .. ~------.----~ --------- -.-----~- - -_. -- --- "--"-"-

-~ --------: 
Times of 

Station. Element. 
Disturbance Inequa.lity 

I 
Range. Range. 

I 
Maximum. Minimum. 

h. m. h. m. I' I' 
Antarctic ... ... N' 9 52 3 23 351 57 

E' 8 38 12 55 244 47 
V 1 20 10 17 210 33 

Mauritius ... ... H 0 20 10 o· 74 19 
D 9 55 6 40 41 34 

Buitenzorg ... . .. N 0 35 10 0 152 40 
E 7 35 2 5 50 31 
V 5 40 10 5 29 17 

Alibag ... ... H 0 30 10 0 96 20 

Honolulu ... ... H 0 32 6 11 96 10 
D 10 15 5 20 22 17 
V 10 7 4 35 17 16 

Helwan ... ... H 0 20 . 10 0 62 32 
D 2 55 10 5 44 52 
V 5 0 8 40 15 22 

Agincourt ... . .. H 0 25 5 30 109 24 
D 6 10 9 55 253 24 

Eskdalemuir ... ... N 2 45 9 59 126 34 
E 3 5 5 38 127 36 
V 14 0 5 0 60 8 

Sitka ... ... H 12 33 9 55 457 5 
D 10 17 2 45 291 21 
V 4: 39 9 58 696 6 

--------.--~--- ~----- ---------- -------- ----"----------

At Agincourt H began to fall decidedly after q h. 30 m., and became decidedly 
disturbed after 2! h. Disturbance remained active until II! h. Between 4 h. and 
10 h. H was markedly depressed. The largest movements occurred between 3! h. 
and 9 h. Between 3 h. 50 m. and 4 h. 40 m. H fell 841' and rose 491'. Between 4 h. 40 m. 
and 6 h. 20 m. it fell 581' and rose 601'. A very rapid oscillation, a fall of 271' and rise 
of 311', occupying less than 10 minutes, occurred just before 10 h. The D curve was 
but little disturbed until after 21 h. From 3 h. until 11 h. there was a succession of 
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considerable oscillations. Between 2 h. 50 m. and 4 h. there were movements of 18!' 
to the East, and 241' to the West. Between 4 h. and 5 h. there was another oscillation, 
24!' to the East, and 7' to the West. Between 7 h. 25 m. and 9 h. 5 m. there were 
movements of 18' to the West and 14' to the East. Finally between 9 h. 5 nl. and 11 h. 
there were movements of 30' to the West and 30!, to the East. 

At Eskdalemuir there was a good deal of minor disturbance on the 23rd, but this 
had pretty well disappeared by 22 h. Near midnight disturbance began to increase 
again in N, and the curve remained considerably disturbed until 12 h. on the 24th. 
The large'st single movement was a fall of 71y between 5 h. 55 m. and 6 h. 50 m. There 
were some rapid movements commencing about 9 h. 55 m., the first a sharp rise of 
lOy, but the interruption of the trace by the hour mark somewhat obscures their 
real character. Apparently there were three movements; the second, slightly 
nterrupted, was a fall of apparently about 28y. The E trace began to show slight 

disturbance shortly after 0 h., and there were considerable movements between 2! h. 
and lOt h. Between 2 h. 25. nl. and 3 h. 5 m;, Erose 46y. Between the maximum 
at 3 h. 5 m. and the minimum at 5 h. 38 m. there was an almost cpntinuous fall of 127y. 

Between 9 h. 55 m. and 10 h. 25 m. there were some rapid movements, resulting 
on the whole in a fall of 64y. The V curve showed no sign of disturbance until 2 h., 
when a fall became visible. After a slight recovery, a further fall set in about 3 h. 10 m., 
and continued until the minimum was reached at 5 h. The total fall between 2 h. 
and 5 h. amounted to 45y. From 6 h. to 10 h. V rose gradually. Between 12 h. and 
14 h. the trace was very quiet. 

The curves received from Sitka did not commence until after 1 h.; at that time 
they already showed slight traces of disturbance, which gradually increased. After 
3 h. the energy of disturbance markedly d~veloped, and there was a still further 
increase after 7 h., the movements between 7 h. and 11 h. being very large indeed. 
The intensity of disturbance declined rapidly after 11 h. By 14 h. only small short­
period oscillations remained, and the elements had nearly assumed their normal values. 
H was markedly depressed between 5 h. and 11 h., especially between 9 h. and lOt h. 
The trace was highly oscillatory throughout, some of the oscillations being large as well 
as rapid. Near 8 h. in the course of 5 minutes H increased 147y. Between 9 h. 55 nl. 
and 10 h. 20 m. there were two oscillations, the movements being + 216y, - 211y, 

+ 158y and - 162y; i.e., the rises and falls were very nearly equal. Between 
10 h. 20 m. and 10 h. 40 m. there was a rise of about 383y. In the D trace larger 
movements began about 3 h. 20 m. From then until after 10 h. the trace was highly 
oscillatory. From 5i h. to 10 h. the general trend was to the East.. Between 51 h. and 
9! h. there was a succession of 10 oscillations of roughly equal periods superposed on 
the easterly drift, and these oscillations had in their turn smaller oscillations of much 
shorter period superposed upon them. The extreme easterly position was presumably 
shown too faintly in the original curve to be visible in the copy received, which shows 
a blank from 10 h. 5 m, to 10 h. 25 m. The details respecting it in Table CLXXXI 
are derived from the official publication. Between 10 h. 25 m. and 10 h. 55 m. there 
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was a westerly movement of 32'. The V curve showed only minor movements until 
after 3 h., when a marked rise cOlllmenced. In the course of the next 40 minutes the 
element rose 871'. Minor oscillations continued until about 6 h., when a decided fall 
began. This was interrupted by numerous small short-period oscillations, and by a 
rise of about 921' between 7 h. 45 m. and 8 h. 5 m., and again by oscillations of 
moderate period between 9 h. 5 m. and 9 h. 35 m. The total fall between 6 h. and 
the minimum at 9 h. 58 m. amounted to 6761'. The recovery :tter 10 h. was also 
interrupted, but the total rise between 10 h. and 11 h. amounted to 4981'. Between 
11 h. and 12 h. 45 m. there was a further rise of 1081'. Between 7 h. and 12 h. the 
depression in V was most conspicuous, the curve being pyramidal in appearance. 

There are several interesting phenomena in this disturbance. The most prominent 
feature, except at the North American stations, was perhaps the enhancement of the 
regular diurnal variation in H or N. The time of the minimum in H or N was also 
in most cases advanced, and the rise after the minimum was abnormally rapid. At 
the American stations the disturbance occurred during the night, when the regular 
diurnal changes are naturally trifling. The prominent feature there in H or N was 
the large depression of the element near 10 h., and the subsequent rapid recovery. 
At Mauritius, Buitenzorg, Honolulu and Helwan the D or E and the V movements 
were as usual much smaller than those in H or N, but at Eskdalemuir the disturbance 
was quite as prominent in E as in N, while at Agincourt the D curve had a considerably 
larger range than the H. At all the stations there were oscillations near 10 h. which 
made a special appeal to the eye. Unfortunately some details were lost at all the 
stations where the 10 h. tillle mark interrupted the trace. Also short-period oscillations 
were generally superposed, thus it is difficult to say exactly what corresponded at 
different stations. At one and the same station the different elements showed in most 
cases a different number' of movements near 10 h. Thus in the Antarctic one would 
naturally say that there were six movements (three oscillations) in N', but only four 
movements (two oscillations) in E' or V. At Buitenzorg, Alibag and Helwan there 
were only three prominent movements in N or H, but the first of these was preceded 
and the last followed by a less conspicuous movement in the opposite direction. At 
Honolulu the movement which preceded. and the movement which followed the three 
prominent lllovements in the H trace were more conspicuous than at Helwan. At 
Agincourt there seemed to be only one oscillation in H or D, but the oscillation in D 
took double the time of that in H. At Sitka the H trace showed two very conspicuous 
oscillations about 10 h., but they were preceded by oscillations which were also of 
considerable though slllaller size, and they were followed by an even larger movement 
which nearly wiped out the depression in H existing at the time. 

In the Antarctic there was a considerable range in V, but the appearance of the 
curve was little more disturbed than usual. At Buitenzorg, Honolulu and Helwan there 
was no disturbance in V worth mentioning. At Eskdalemuir the only practical trace 
of disturbance in V was the depression characteristic of disturbance in the early morning. 
This devression, it should be noticed, had largely disappeared before the climax in V 
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was reached at Sitka. Thus the enormous' disturbance in V at Sitka seems quite 
apart from the phenomena at the other stations. 

Section 130.-Results for Honolulu and Sitka are not included in Table CLXXXII 
because the curves received from these stations did not extend to the later part of the 
disturbance, when the larger movements were recorded elsewhere. 

, 
TABLE CLXXXII.-14 h. September 24 to 2 h. September 25, 1912. Plate LVIII. 

Times of 
Disturbance Inequality 

Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. I' I' 
Antarct.ic ... ... N' 19 1 (24th) 23 7 (24th) 265 49 

E' 1 5 (25th) 23 12 (24th) 200 36 
V 0 10 (25th) 19 35 (24th) 103 28 

Mauritius ... ... H 23 15 (24th) 14 35 (24th) 32 15 
D 23 15 (24th) 22 30 (24th) 34 5 

Buitenzorg ... ... N 2 o (25th) 14 20 (24th) 57 31 
E 23 15 (24th) 2 o (25th) 39 21 
V 2 o (25th) 14 40 (24th) 7 4 

Aliba,g ... ... H 23 40 (24th) 14 20 (24th) 24 5 

Helwan ... ... H 23 5 (24th) 22 5 (24th) 50 11 
D 21 '25 (24th) 15 o (24th) 47 9 
V 21 35 (24th) 22 55 (24th) 18 2 

Agincourt ... ... H 19 o (24th) 23 10 (24t.h) 36 29 
D 23 10 (24th) 21 35 (24th) 118 43 

Eskdalemuir ... ... N 22 57 (24th) 22 45 (24th) 169 20 
E 20 46 (24th) 14 15 (24th) 116 25 
V 20 14 (24th) 23 25 (24th) 64 10 

In the Antarctic the minor oscillations, which had been less in evidence between 
12 h. and 14 h. on September 24, 1912, became more conspicuous after 14 h. These 
oscillations were largest in E' and least in V. Between 14 h. and 15 h. the oscillations 
in the three elements seemed roughly in phase, but this soon ceased to be the case. 
In N' there was a most conspicuous bay (algebraic depression) between 20 h., and 24 h. 
Between 22 h. and 23 h. 45 m. N' fell 1571' and rose 1671'. E' showed a succession 
of considerable oscillations of varying periods between 19 h. and 24 h. Between 
19 h. 5 m. and 19 h. 50 m. E' rose 551' and fell 1001'; between 19 h. 50 m. and 
20 h. 30 m. it rose 611' and fell 971'; and between 22 h. 25 m. and 23 h. 15 m. it rose 
741' and fell 1031'. Superposed on these longer period oscillations were numerous 
short-period oscillations. Between 23 h. 15 m. on the 24th and 1 h. 10 m. on the 25th 
there was a rise of 1941' in E', interrupted only by short-period oscillations. The 
chief movement in V was a fall (numerical rise) of 401' and rise of 551' between 20 h. 10 m. 
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and 20 h. 50 m. Between 22 h. and 24 h. on the 24th, the time when N' and E' were 
most disturbed, the V trace exhibi.ted only small movements. The disturbance in the 
Antarctic gradually diminished after 0 h. on the 25th, and between 6 h. and IS h. the 
curves were very quiet. 

At l\iauritius the H trace, which had been very quiet from 12 h. to 14 h. of the 
24th, became obviously disturbed after 14 h. Between 14 h. and 17 h. 20 m. there 
was a succession of small but sharp oscillations, giving the trace a jagged appearance. 
These movements, though not absolutely large, appeal to the eye, partly because the 
trace was very quiet for more than an hour subsequently. As will be ,seen presently, 
corresponding movements were recorded at other stations. There was a conspicuous 
hump (enhancement of H) between 22 h. 35 m. of the 24th, and 0 h. 20 m. of the 25th, 
a rise of 2Sy being followed by a fall of 19y. The only conspicuous feature in the D 
trace was a bay (easterly deflection) between 22 h. 30 m. and 24 h. of the 24th. There 
was an easterly movement of 5' and westerly movement of 3'. 

At Buitenzorg on the 24th N was comparatively quiet between 13 h. and 14 b., 
and again between 17 h. 20 m. and IS h. 20 m., but between 14 h. and 17 h. 20 m. there 
were movements which seem to correspond exactly with those just described at Mauritius. 
When H increased at Mauritius, N increased at Buitenzorg. During this time the 
Buitenzorg E and V traces appeared quiet to the eye. Small oscillations are, however, 
recognisable, and on superposing a tracing of the N curve on the E curve it can be seen 
that the two elements remained very closely in phas~ during at least the greater part 
of the time, E falling when N increased, and conversely. The V trace also showed tiny 
oscillations, but was too faint to admit of their exact nature being made out. Between 
22 h. on the 24th and 1 h. on the 25th, there was a marked bay in N (depression). The 
recovery was more rapid than the fall. The lowest point may have been reached 
between 23 h. 10 m. and 23 h. 15 m., while the papers were being changed. Erose 
25y between 21 h. 0 nl., and 23 h. 10 m., and fen 39y between 23 h. 15 m. on the 24th 
and 2 h. on the 25th. These changes are in the same direction as the normal diurnal 
changes, but much larger. The V trace throughout was slightly undulatory, but differed 
very little from a straight line. 

At Alibag conditions had been quiet between 13 h. and 14 h. on the 24th. But 
from 14 h. to 17 h. 20 m. there was a succession of oscillatory movements in H, 
corresponding very closely with those described at Mauritius. Also, as at Mauritius, 
there was a conspicuously quiet time after 11 h. 20 m. for nearly two hours. From 
19 h. on the 24th to 0 h. 30 m. on the 25th there was some further disturbance, the 
trace including a small bay centring about 22 h. 40 m. The largest continuous 
movement was a rise of 17y between 22 h. 40 m. and 23 h. 40'"m. 

The curves received from Honolulu stopped at 20 h. on the 24th. The oscillatory 
movements in H between 14 h. and 17 h. 20 m., though less conspicuous than at Alibag 
and Buitenzorg, are easily recognised. On superposing a tracing of the N oscillations 
at Buitenzorg-where the time scale is the same as at Honolulu-the movements at the 
two places are seen to correspond with considerable closeness. Oscillations at this 
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time are also recognisable in the Honolulu V trace, and less distinctly in the D trace. 
The movements in D are very small. So far as recognisable, they appeared to be at 
least approximately in phase with the H movements, increase of H going with easterly 
movement in D. The V movements seemed also approximately in phase with those in 
H, the values of the two elements rising and falling together. 

At Helwan conditions were very quiet on the 24th from 12 h. to 14 h. There then 
ensued in the H trace a series of oscillations, corresponding very exactly with those at 
Alibag. No corresponding oscillations can be made out in the D trace. Oscillations 
are visible in .the V trace, but the trace and base line are very faint, and times 
consequently a little uncertain. So far. as can be made out, a fall in V corresponded 
with a rise in H. After a quiet interlude, disturbance began to re-appear about 19 h., 
but the only movements of any size occurred some hours later. On the H trace there 
was a considerable hump (elevation of H) between 22 h. 35 m. on the 24th, and 0 h. 5 m. 
on the 25th, there being a rise of 481' in 30 minutes, followed by a fall of 341' during the 
next hour. The D trace showed some disturbance between 19 h. and 24 h. There was 
a bay (westerly deflection) between 22 h. 40 m. and 24 h., a westerly movement of 2' 
during the first half-hour being followed by a slower easterly movement of It'. The 
V trace became a little disturbed after 20 h., but the only movement of any size was a 
bay (depression) between 22 h. 40 m. and 24 h. The fall and rise were each about 
151', but the fall took only about 20 minutes, so had much the steeper gradient. After 
o h. on the 25th conditions at Halwan were very quiet for some hours. 

At Agincourt no clear oscillations in H were visible near 14 h., but the trace was 
rather faint. The D trace clearly showed oscillations both before and after 14 h. 
Those between 14 h. and 15 h. were much larger than those preceding 14 h. The 
difference between the time scale at Agincourt and at the other stations makes 
comparison of short-period movements difficult. So far as one can judge, the first two 
or three movements in the Agincourt D trace after 14 h. do correspond approximately 
in time with those elsewhere, movement to the East at Agincourt going with increase 
of H at Alibag and Helwan, but no correspondence can be traced after 15 h. The H 
trace at Agincourt became gradually somewhat more disturbed, there being a good deal 
of oscillation, though of no great amplitude, between 19 h. and 24 h. Between 22 h. 
and 23! h. was the most disturbed time. The following changes occurred between 
22 h. 40 m. and 23 h. 30 m.: + 171', - 181', + 201', - 241' and + 181', the last being 
slower than the others. The D trace was practically quiet from 16 h. until nearly 
20 h., but exhibited a deep bay (easterly deflection) between 22 h. and 24 h. The swing 
to the East was 22' and ~he return swing 18'. Superposed on the former swing were 
some short-period oscillations. 

At Eskdalemuir there was a comparatively quiet interval before 14 h. and a 
second after 17! h. Between whiles the N curve contained a succession of movements 
corresponding very closely with the synchronous movements at the other stations. 
Corresponding movements, though smaller, were also fairly conspicuous in the E curve. 
The two elements remained approximately in phase throughout, rise in N going with 
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{all in E. Corresponding though much smaller oscillations were also recognisable 
in the V trace, fall in V going with rise in N. Disturbance increased again after 19 h., 
and was of considerable size from 20 h. to 24 h. Between 22 h. 45 m. and 22 h. 57 m. 
N rose 169)" falling 126)' in the course of the next 50 minutes. Between 19 h. and 
the maximum at 20 h. 46 m. Erose 95)'. Between 20 h. 46 m. and 23 h. 25 m. there 
was a total fall of 105)' interrupted, however, by several minor oscillations, and between 
23 h. 25 m. on the 24th and 0 h. 5 m. on the 25th there was a rise of 67)'. The V trace 
after 19 h. began to show a small rise above the normal. After the maximum at 
20 h. 14 m. a fall set in, which was very slow at first, but continued almost 
uninterruptedly until the minimum at 23 h. 25 m. The rate of fall was especially 
rapid between 22 h. 55 m. and 23 h. 5 m. After 23 h. 25 m. a rise set in, which 
continued until about 2 h. on the 25th, but after 0 h. 20 m. the rate of rise was slow. 

The curves received from Sitka stopped at 17! h. on the 24th. There was a 
relatively quieter time from 13 h. to 14 h. After 14 h. oscillations were more in evidence, 
especially in D. So far as can be made out, there was in general a pretty close 
correspondence in phase between Hand D movements, increase of H going with 
westerly movement. The earlier D movements had a close resemblance to the earlier N 
movenlents at Buitenzorg, westerly nlovement at Sitka going with increase of N at 
Buitenzorg. But later short-period movements prevailed at Sitka and obscured any 
parallelism that may have existed with the movements elsewhere. The Sitka V trace 
also contained oscillations, though of smaller size, after 14 h. The earlier of these 
appeared fairly in phase with the D movements, rise in V going with westerly 
movement. 

The disturbance between 19 h. and 24 h. on September 24, 1912, was very 
considerable at most of the stations from which complete records were obtained. So 
far as can be judged from the published data, the disturbance was fairly represented 
at Sitka, but did not approach the disturbance recorded there during the forenoon. 
It is even doubtful whether it was as large as the simultaneous disturbance at 
Eskdalemuir. 

The nlost prominent feature of this later disturbance in the Antarctic was a 
depression in N' (numerical rise), greatest about 23 h. A corresponding depression 
appeared in the N trace at Buitenzorg. At Alibag there was a slight depression of 
H until after 22! h., but the rapid recovery from this is a more prominent feature. The 
same is true, and to an increasing extent, of H at Helwan and N at Eskdalemuir. At 
Agincourt H was conspicuously oscillatory at the time. The Honolulu and Sitka 
publications show that at both stations H was decidedly depressed. Disturbances 
in D or E were as u~ual of secondary importance at Buitenzorg and Helwan; but 
they were fairly prominent at Eskdalemuir and very prominent at Agincourt. At 
Sitka, according to the official publication, the needle was on the whole considerably 
deflected to the West between 20 h. and 24 h. There would seem to have been but 
little disturbance in V at any of the stations. 

Section 131.-The series of movements between 14 h. and 17! h. on September 24, 
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1912, was so remarkable that measurements were made of the oscillations which were 
recognisable at the majority of stations. Nine oscillations were recognisable at 
Mauritius, Buitenzorg, Alibag, Helwan and Eskdalemuir. Five of these were 
recognisable at Honolulu, and three at Agincourt and Sitka. Some of the curves had 
a slight slope on them at the time, so that the most suitable quantity to compare was 
the sum of the two movements which were accepted as going together to form an 
oscillation. This might be regarded as double the amplitude. At the same time 
it is proper to explain that the movements were not ordinary regular oscillations. 
The to and fro movements as a rule differed in duration, as well as in amplitude, and 
in one or two cases what may have been shorter period oscillations seemed to be 
superposed. Some of the movements were very small, and as a good many of the 
curves had, like most copies, no very sharp outline, no great accuracy can be claimed 
for the measurements. The results are shown in Table CLXXXIII. The results in 

TABLE CLXXXII.I.-0scillations near 14 h. September 24, 1912. Amplitudes as 
Percentages of Means from Mauritius, Buitenzorg, Alibag, Helwan and Eskdalemuir. 

Station. I Element. I No. 1.1 No. 2·1 No. 3·1 No. '·1 No. 5·1 No. 6·1 No. 7·1 No. s·1 No. 9·1 comt~.d. 
Mauritius ... H 43 39 45 53 35 58 43 35 41 44 
Buitenzorg ... N 96 67 83 91 78 76 89 71 78 81 
Alibag ... ... H 67 55 62 74 65 64 66 71 57 65 
Helwan ... -H 80 108 85 92 75 84 82 85 . 85 85 
Eskdalemuir ... N 206 194 210 180 233 218 212 230 244 215 

" ... W 109 136 117 111 113 100 108 108 95 110 
Honolulu ... H 39 20 35 29 - - - - 28 -
Agincourt ... D 110 213 102 - - - - - - -

j Sitka ... . .. D 121 115 103 - - - - - - -

each column are presented as percentages ·of the mean double amplitude in the first 
six rows. . For instance, in the case of the ninth oscillation the range in- H at 
Mauritius was 0'41 of the mean of the following six ranges: H at Mauritius, N at 
Buitenzorg, H at Alibag, H at Helwan, N at Eskdalemuir and W at Eskdalemuir. 
The figures for Honolulu, Agincourt and· Sitka were expressed as percentages of the 
same lneans as served for the other stations. It is obvious at a glance that the sequence 
of the phenomena Was generally similar at the various stations. The amplitude, 
however, was very different at the . different stations, being on the average about five 
times as large for N at Eskdalemuir as for H at Mauritius. At Buitenzorg the 
magnetic- and astronomical meridians are so nearly the same that the difference 
between Hand N is insignificant. Thus the data from the first' four stations in 
Table CLXXXIII should be fairly comparable. In one case, oscillation No.8, the 
amplitude for Alibag equals that for Buitenzorg, but in every other case amongst the 
first three stations Buitenzorg takes the first place and Mauritius the last. Honolulu, 
however, falls distinctly short of Mauritius. Helwan, on the average, slightly exceeds 
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Buitenzorg, but the two run close together. Agincourt and Sitka are in excess of 
Helw.an, but fall decidedly short of N at Eskdalemuir. On the average, the ampli­
tude in N at Eskdalemuir is about double that in W. The vector representing 
(mean iJW jmean LIN) at Eskdalemuir is inclined to North at an angle of 27°, or 8°'8 to 
the West of the magnetic meridian. Thus the oscillations were much nlore conspicuous 
in the E trace than they would have been on a D trace, if one had existed. At 
Agincourt and Sitka the movements could not be clearly made out in the H curves, 
being obscured by short-period oscillations, presumably from a more local source. 
But it is probable that at these two stations the amplitude was less in the magnetic 
meridian than in the perpendicular direction. 

Section 132.-Table OLXXXIV is intended to bring out more clearly the relative 
size of the different oscillations of September 24, 1912, at one and the same station. 
The entry is the percentage which the amplitude of the particular oscillation bears 
to the mean amplitude of all the oscillations observed at that station. For instance, 
at Mauritius the amplitude of the first oscillation was 8'51', while the mean of the 
nine amplitudes was 7'831', and (8'5(7'83) X 100 is 109. At the stations for which 
all nine oscillations were measured, the mean from the whole nine, the mean from the 
first three, and the mean from Nos. 1, 2, 3, 4 and 9 differed but little. Thus the 
figures obtained for Honolulu, Agincourt and Sitka are probably fairly comparable 
with the others. On the whole, oscillation No. 2 was decidedly below and oscillation 
No. 3 decidedly above the average. The others make at least a fair approach to 
equality. 

TABLE OLXXXIV.~Oscillations near 14 h. September 24, 1912. Amplitudes as 
Percentages. 

Sta.tion. 1 ELement. 1 IIo. 1·.1 No. 2·1 No. 3·1 No. 4·1 No.5. I No.6. I No.7. 1 No.8. 1 No.9. 

Ma.uritius ... H 109 54 135 121 82 121 88 82 
I 

109 
Buitenzorg ... N 130 49 133 111 97 84 97 89 111 
Alibag ... ... H 114 51 126 114 101 90 90 114 102 
Honolulu ... ... H 133 38 141 88 - - - - 100 
Helwan ... ... R 103 76 130 107 90 90 85 103 116 
Agincourt ... D 95 100 105 - - - - - -
Eskda.lemuir ... N 105 54 128 83 110 92 87 110 132 

" 
... W 109 74 139 101 105 83 87 101 101 

Sitka. ... ... D 118 62 120 - - - - - -
----

All ... ... - 109 60 131 100 101 91 89 103 116 

The phenomenon was obviously due to some wide-seated cause, which maintained 
itself with little alteration in situation or in energy throughout fully three hours. 
The large size of the Eskdalemuir oscillations suggests a northern site, but varying 
distance from the source could hardly be the sole cause' of difference in amplitude. 
Helwan and Buitenzorg seem nearly equally affected, and any place equidistant 
from these two places would be remote from Eskdalemuir. Except at the American 
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stations, the direction of the oscillating force undoubtedly was not far removed from 
the magnetic meridian. This suggests a fluctuation somehow produced in the 
earth's own magnetic moment; but how such a fluctuation could produce five or six 
times as large an oscillation at Eskdalemuir as at Honolulu or Mauritius it is difficult 
to imagine. 

Section 133.-The disturbance of September 30 to October 1, 1912, began with 
an s.c. at about 21 h. 36 m. on September 30, and continued until about 18 h. on 
October 1. 

In the Antarctic there were interruptions in the record during October 1 with 
consequent loss of trace between 4 h. 40 m. and 5 h. 55 m., between 8 h. 45 m. and 
10 h. 10 m., and finally for some hours after 15 h. 10 m. From the general appearance 
of the curves it is probable that the true maximum and minimum in N' and V and 
the true minimum in E' were recorded. But the true maximum in E' almost certainly 
occurred between 4 h. 30 m. and 5 h. 55 m., and so failed to be recorded. Thus the 
range assigned to E' in Table OLXXXV is probably an underestimate. The s.c. itself 
in the Antarctic was a large oscillation in all the elements, of the kind usual there; 
but the subsequent movements, so far as recorded, appealed to the eye only from the 
large ranges they supplied. The change in E' between 4 h. 35 m. and 5 h. 55 m., even 
if continuous in one direction, must have been pretty rapid, because there was a rise 
in the aggregate of 129y. During the first 25 minutes after registration was resumed 
there was a fall of 72y, and if, as is probable, the fall had been in progress for some 
little time prior to 5 h. 55 m., both the rise and the fall may have considerably 
exceeded those actually shown. 

The minimum in N' presented itself several hours later. than usual. There was 
a considerable bay between 4 h. and 7 h. on October 1. The rise which followed the 
minimum at 6 h. 2 m. experienced several slight reversals, and showed numerous 
superposed short-period oscillations. The maximum occurred about the usual time. 
The phenomena on the whole represented simply an enlargement of the normal diurnal 
variation. The same remark applies with even greater exactness to the changes in 
E' and V. The main features in E' were a gradual rise from 22 h. o~ September 30 to 
6 h. on October 1, and a gradual fall after 6 h. until registration stopped about 15 h. 10 m. 
The rise and fall were a good deal interrupted, but the superposed oscillations, 
whether of longer or shorter period, were comparatively small. The V trace, apart 
from the s.c., was not more oscillatory than usual. So far as the trace enables one 
to judge, there was a nearly steady fall from 4 h. to the minimum (numerical maximuln), 
which occurred about the usual time. This was followed by a gradual rise. The 
Antarctic curves on the present occasion bore a considerable resemblance to those 
containing the disturbances of April 15 and September 24, 1912. 

At Mauritius the H trace showed a "crest" lasting until about 2 h. 50 m. on 
October 1. During its persistence H on the whole rose slightly, the maximum 
presenting itself immediately before the small rapid fall terminating the crest. 
Following this there was an almost unbroken fall to the minimum at 13 h. 5 m. 
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This fall was generally siow, but was accelerated between 6 h. and 8 h. The 
phenomena in H represented on the whole an enhancement of the normal diurnal 
variation, the range being four or five times the normal, with some acceleration of 
the times of maximum and minimum. The D trace received stopped at 8 h. on 
October 1. The movements shown were all slow. There was westerly movement 
from 21 h. on September 30 to 2 h. on October 1, and again from 3i h. to· 5! h. on 
the 1st. The total range shown on the trace 3t' somewhat exceeds the normal, but the 
curve appears quiet to the eye. 

TABLE CLXXXV.-21 h. September 30 to 18 h. October 1, 1912. Plate LIX. 
~'-.~---.---. ---------

Times of 

-.-- Disturbance Inequality 
Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 

------- -----------

h. m. h. m. ?' ?' 
Antarctic ... ... N' 12 49 (Oct. 1) 6 2 (Oct. 1) 226 59 

E' 5 55 (Oct. 1) 21 40 (Sept. 30) 288 76 
V 22 10 (Sept. 30) 13 10 (Oct. 1) 180 44 

Mauritius ... . .. H 2 50 (Oct. 1) 13 5 (Oct. 1) 96 21 

Buitenzorg ... . .. N 2 55 (Oct. 1) 8 15 (Oct. 1) 137 30 
E 7 35 (Oct. 1) 2 35 (Oct. 1) 68 48 
V 5 20 (Oct. 1) 1 10 (Oct. 1) 33 32 

Alibag ... . .. H 2 50 (Oct. 1) 12 25 (Oct. 1) 103 44 
D 11 o (Oct. 1) 1 20 (Oct. 1) 31 29 
V 10 o (Oct. 1) 6 5 (Oct. 1) 34 28 

Honolulu ... ... H 2 34 (Oct. 1) 9 10 (Oct. 1) 114 14 
D 17 10 (Oct. 1) 23 32 (Sept. 30) 34 49 
V 12 32 (Oct. 1) 22 2 (Sept. 30) 22 32 

Helwan ... ... H 2 45 (Oct. 1) 15 30 (Oct. 1) 80 23 
D 5 45 (Oct. 1) 12 25 (Oct. 1) 46 42 
V 5 35 (Oct. 1) 21 40 (Sept. 30) 15 20 

Agincourt ... ... H 21 40 (Sept. 30) 7 55 (Oct. 1) 89 22 
D 9 15 (Oct. 1) 5 30 (Oct. 1) 107 36 

Eskdalemuir ... ... N 21 42 (Sept. 30) 11 11 (Oct. 1) 108 28 
E 3 23 (Oct. 1) 15 50 (Oct. 1) . 69 28 
V 16 10 (Oct. 1) 7 o (Oct. 1) 55 6 

Sitka ... ... ... H 5 29 (Oct. 1) 11 2 (Oct. 1) 196 24 
D 11 2 (Oct. 1) 5 39 (Oct. 1) 173 41 
V 6 3 (Oct. 1) 11 o (Oct. 1) 251 9 

The curves received from Buitenzorg stopped at 8.1 h. on October 1, while N 
apparently was still falling. Thus the ranges in Table CLXXXV, at least in N, are 
probably underestimates. After the s.c. N continued to rise with short interruptions 
until the maximum at 2 h. 55 m. on October 1. After 3 h. N showed a decided 
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tendency 'to fall. The earlier part of the fall was. somewhat interrupted, but after 4! h 
the only interruptions consisted of small short-period oscillations. The movements 
differed from the normal only in being larger, and in presenting the maximum a little 
earlier than usual. The E and V traces showed little sign of disturbance. The 
maximum and minimum in either case appeared near the usual hours, but the 
movements in E exceeded the normal. 

At Alibag the maximum in H, like the maxima in H at Mauritius and in N at 
Buitenzorg, occurred just before the" crest" terminated. But after the fall from the 
crest there was a slight recovery, and a decided fall did not set in until about 5i h. on 
October I, which is near the time of the ordinary maximum. A nearly continuous 
fall then ensued, until about I2t h. The subsequent rise was at first slow, and was 
interrupted between I4i h. and 15i h. After 16 h. there was a steady rise for four 
hours. Thus the movements closely resembled those of the normal day, except that 
they were much larger. The D and V curves appeared about as quiet as usual. 

At Honolulu the maximum in H was reached shortly before the "crest" terminated. 
There was an almost uninterrupted fall from 3 h. to 9 h. 10 m. on October 1, and after 
this there was a nearly uninterrupted rise until 19 h. Except for the s.c. and the " crest," 
the delay in the hour of maximum and the large size of the movements are the only 
phenomena which differ essentially from those of the ordinary day. 

At Helwan the maximum in H was attained shortly before the" crest" disappeared. 
It occurred about the hour of a secondary inconspicuous maximum usually recognisable 
ip the morning at Helwan. The principal maximum usually met with from 10 h. to 
11 h. was only faintly indicated, the general direction of movement being a fall fr~m 
2 h. 45 m. to 15 h. 30 m. The fall was nowhere rapid, and was interrupted by several 
undulatory movements of small amplitude. After the minimum, at about the usual 
hour, H continued to rise for some. hours. The D and V traces, apart from a small 
depression in the latter at the time of the s.c., showed practically no sign of disturbance. 

At Agincourt the maximum in H occurred about the usual time of the afternoon 
maximum, but until the "crest" disappeared near 3 h. on October 1 the trace was nearly 
levet', and apart from the existence of the "crest," would pass as quiet. After 3 h. there 
was a fall, once or twice· interrupted, especially between 5 h. 20 m. and 5 h. 40 m., to the 
minimum at 7 h. 55 m. There was then a marked rise, occasionally interrupted, until 
11 h. The trace received stopped about 13i h., when a gradual fall had been in progress 
for I i hours. The normal diurnal variation at Agincourt in September and October 
shows an inconspicuous secondary minimum about 8 h. with two not very widely 
different maxima about II h. and 22 h., the principal and much the more conspicuous 
minimum occurring between 15 h. and 16 h. Thus the trace on the present occasion 
exhibited not very well defined maxima about the usual times. But instead of the 
usual intermediate poorly defined minimum, there was a conspicuous minimum, with 
a lower value of H than that usually encountered at the principal minimum. In the 
D trace neither the s.c. nor the " crest" was more than faintly indicated, there being 
almost no sign of disturbance until after 4 h. on October 1. Between 4 h. 10 m. and 
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5 h. 30 m. there was a considerable bay (easterly deflection), an easterly movement of 
71' being followed by a westerly movement of 9'. Between 5 h. 30 m. and 9 h. 15 m. 
the needle swung 22!'- to the East. This movement was slightly interrupted at 
intervals near 6 h., 7 h., 8 h. and 9 h., as if an oscillation of small amplitude with a 
period of nearly an hour were superposed on an easterly drift. Between 9 h. 15 m. 
and 10 h. 30 m. there was a smart recovery of 15!'. On a normal day the extreme 
easterly position is not reached until 13 h;, and there is but little movement before 
8 h. ~ In short the principal disturbance occurred in what were at Agincourt the ea~ly 
morning hours, when the normal changes are very small. 

At Eskdalemuir after the s.c. there was little further sign of disturbance until2t h. 
on October 1, when some activity appeared. There were some slow undulatory 
movements in N, and short-period oscillations were numerous between 11 h. and 17 h., 
but there was no striking movement. The principal feature was the depression of 
the element for some hours before and after the normal hour of minimum, representing 
practically an enhancement of the usual diurnal variation. After 18 h. N was 
practically quiet. The maximum in E presented itself several hours earlier than usual. 
From 6 h. to 16 h. E was considerably below its normal value (i.e., W was numerically 
enhanced), the minimum occurring about the usual hour. After 17 h. E was practically 
quiet. The V trace showed a sensible depression from 5 h. to 12 h., but the gradient 
was everywhere very slight. 

The trace received from Sitka extended only from It h. to 17 h. on October 1, 
and so did not show the s.c. movement. The observatory publication shows, however, 
that the trace received included all the principal maxima and minima. Until 4 h. 
there were only minor oscillations. Considerable disturbance then presented itself 
in all the elements, and the traces remained highly oscillatory most of the time, the 
V trace being unusually oscillatory for it. 

The H trace contained numerous short-period oscillations, and a succession of 
considerable oscillations of longer period, but its general trend was clearly downwards 
from 6 h. to 11 h., and thereafter clearly upwards until 15 h. or 16 h. The most 
rapid of the large movements was a rise of 100y between 11 h. 2 m. and 11 h. 8 m., 
introducing the recovery after the minimum. The minimum in H occurred two hours 
after local midnight, an hour when the normal diurnal changes are exceedingly slow. 
Short-period oscillations though numerous were less prominent in the Sitka D trace, 
but longer period oscillations were somewhat conspicuous. There was a continual 
succession of them from 5 h. to 12 h., superposed on a general drift of the needle to 
the East. Owing to the drift, the swings to the East appear larger than those to the 
West. Thus between 5 h. 40 m. and 6 h. 50 m. we have swings of 15' E and 13' W, 
between 6 h. 50 m. and 7 h. 50 m. swings of 16' E and 9' West, and between 7 h. 50 m. 
and 8 h. 30 m. swings of 13l' East and 10' West. These ,were amongst the largest of 
the oscillations. In the cases selected, the turning point which represented westerly 
maxima were particularly clearly indicated, and the intervals between successive 
turning points were markedly different. The Sitka V trace was nearly level until 4 h. 
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when a rise set in, which continued with only siight interruption until the maximum 
at 6 h. 3 m. Subsequently until 13 h. there were numerous short-period oscillations, 
some of considerable size. The fall from the maximum to the'minimum at 11 h. 0 m. 
and the subsequent recovery were considerably interrupted, and the curve had less 
than usual of the pyramidal appearance customary during large V disturbances at 
Sitka. A somewhat rapid recovery had been in progress for an hour when the trace 
st9Pped. 

Small short-period oscillations were fairly in evidence at most of the stations, 
but if we except Sitka the larger movements were of a comparatively non-oscillatory 
character. At the stations at which the disturbance was active during hours when 
the diurnal changes are normally considerable, the phenomena represented in the main 
an intensification of the normal diurnal variation. Disturbance was not, however, 
especia.lly developed at these stations, as the ranges recorded at Honolulu, Agincourt 
and Sitka compare well with the others. ~ As usual, the disturbance in H or N was 
markedly larger than in the· other elements at Buitenzorg, Alibag, Honolulu and 
Helwan; but at Agincourt and Sitka the disturbance in D was of sitnilar order. As 
on various previous occasions V at Sitka had a larger range than H or D at that station, 
or than V in the Antarctic. 

Section 134.-In the Antarctic on October 12, 1912, conditions became gradually 
more disturbed after 16 h. The N' trace remained quiet until 23 h., but for some hours 
previously the behaviour of the instrument is open to suspicion. A deflection 
experiment made about 23 h. was accompanied by a discontinuity, and subsequently 
activity' suddenly appeared. This suggests that the magnet had been sticking. 
Between 23 h. on the 12th and 1 h. on the 13th there were some rapid oscillations. 
From 3 h. on the 13th until the maximum at 11 h. 6 m. the general trend of N' was 
upwards, and there were only small interruptions. Thus in the main there was simply 
an enhancement of the normal diurnal change. The E' trace was decidedly oscillatory 
from 20 h. to 24 h. on the 12th. Between 23 h. 30 m. on the 12th and 0 h. 5 m. on 
the 13th there was a fall of 681' and rise of 711' synchronous with considerable 
movements in N' and V. Up to 5 h. 40 m. on the 13th there was a general 
rise, interrupted by short-period oscillations. This rise may be regarded as an 
enhancement of- that natural to the time of day. There were rather conspicuous 
movements, a rise of 521' and fall of 901', between 5 h. 25 m. and 6 h. 0 m. The 
movements in V were of no great size, but short-period oscillations were rather 
prominent between 19 h. on the 12th and 1 h. on the 13th. 

At Mauritius the largestH movements were a rise of 141' between 23 h. 30 m. on 
the 12th, and 0 h. 5 m. on the 13th, a fall of 131' between 5 h. 30 m. and 5 h. 50 m., 
and a fall of 161' between 9 h. 20 m. and 11 h. 15 m. The last represented part of a bay 
extending from 9 h. 20 m. to about 12 h. 40 m. The ordinary diurnal inequality at 
Mauritius contains a fall of H between 9 h. and 11 h., but not so large as the above; 
also in the normal day H continues to fall for some hours after 12 h. The D trace 
showed little beyond the normal changes. 
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TABLE CLXXXVI.-20 h. October 12 to 12 h. October 13, 1912. Plate LIX. 

Times of 
Disturbance Inequality 

Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. 

I 
h. m. I' I' 

Antarctic ... ... N' 11 6 (13th) 23 50 (12th) 216 54 
E' 5 40 (13th) 23 50 (12th) 246 76 
V 0 2 (13th) 11 50 (13th) 109 42 

Mauritius ... ... R 0 5 (1.3th) 11 15 (13th) 36 15 
D 10 20 (13th) 5 30 (13th) 46 37 

Buitenzorg ... . .. N 0 55 (13th) 9 45 (13th) 53 33 
E 5 40 (13th) 2 25 (13th) 34 48 
V 5 35 (13th) 0 45 (13th) 32 32 

Alibag ... .. , R 5 35 (13th) 11 10 (13th) 46 44 

Helwan ... .. , R 0 5 (13th) 6 10 (13th) 44 21 
D 6 10 (13th) 23 50 (12th) 42 42 
V 5 50 (13th) 9 5 (13th) 21 20 

Agincourt ... . .. R 22 45 (12th) 1 55 (13th) 36 6 
D 2 5 (13th) 6 20 (l3th) 97 25 

-
Eskdalemuir ... ... N 23 36 (12th) 10 36 (13th) 77 31 

E 1 32 (13th) 23 47 (12th) 76 24 
V 9 25 (13th) 0 8 (13th) 48 14 

-----.. ------------_. 

The traces received from Buitenzorg stopped before 10 h. on the 13th. Thus 
the ranges in Table CLXXXVI may have been slightly exceeded. Short-period 
oscillations occurred in the Nand E curves, especially between 0 h. and 1 h. on the 
13th, but the only movenlents of any prominence occurred between 5 h. and 6 h. In N 
there was a fall of 241' between 5 h. 30 m. and 5 h. 50 m. This was followed by a small 
recovery, interrupting the fall natural to the hour. The E and V curves also had 
movements at the same time, which were distinctive though not large. In E the 
movement took the shape of an acceleration between 5 h. 30 m. and 5 h. 40 m. of the 
rise naturally in progress, and a smaller reverse movement between 5 h. 40 m. and 
5 h. 50 m., the curve then resuming its natural trend upwards. The V trace, after 
reaching a rounded maximum (algebraic) about 5 h. 35 m. on the 13th, showed a rather 
marked fall of Ill' during the next 25 minutes. 

At Alibag the only movement which appeals to the eye in the H trace was a fall 
of 171' between 5 h. 35 m. and 5 h. 55 m. on the 13th. 

At Helwan, except for a rise of 201' between 23 h. 25 m. and 23 h. 45 m. on the 12th, 
and a fall of 161' between 5 h. 35 m. and 5 h. 55 m. on the 13th, the H trace was almost 
of normal quietness. The D· trace, though mostly very quiet, contained a well-marked 
bay (westerly deflection) between 23 h. 30 m. on the 12th and 0 h. 20 m. on the 13th~ 
The westerly and easterly movements were each about 2!'. The V trace showed a 
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slight dimple (depression) at the same time as the bay in D, but was generally very 
quiet. It contained, however, a slight undulation commencing about 5! h. on the 13th. 

At Agincourt H remained as quiet as usual until 23 h. 20 m. on the 12th. After 
that there was a succession of bays (depressions) indenting the curve, but none of any 
great depth. In the first and largest, extending from 23 h. 20 m. on the 12th to 
o h. 30 m. on the 13th, there was a fall of 271' and rise of 161'. In the last, extending 
fronl 5 h. 30 m. to 6 h. 20 m. on the 13th, there was a fall of 121' and rise of 181'. 

After this there was little sign of disturbance in H. The D trace was very quiet until 
23 h. 25 m. on the 12th, when a large bay (easterly deflection) commenced, which 
continued until 0 h. 40 m. on the 13th. The movements to East and to West were 
each 151', but the easterly movement was the more rapid. Between 1 h. 40 m. and 
2 h. 30 m. there were movements of 151' to the East and 12' to the West. There 
were some minor bays, including one with easterly deflection from 3 h. to 4 h., a 
second with westerly deflection from 6 h. 10m. to 6 h. 40 m., and a third protracted 
one with westerly deflection from 10! h. to 12 h. Between 5 h. and 6 h. the trace was 
almost quiet. 

At Eskdalemuir between 23 h. 30 m. on the 12th and 0 h. 15 m. on the 13th 
N rose 281' and fell 381'. There was a protracted bay (depression of N) of no great 
depth between I h.15 m. and 3 h. 45 m. on the 13th, and another of trifling depth 
between 10 h. 20 m. and 12 h. Between 5 h. 30 m. and 6 h. there were some minor 
oscillations. The E trace showed one considerable oscillation between 23 h. 15 m. 
on the 12th and Oh. 25 m. on the 13th, the fall and rise, about 751', be~g approximately 
equal. There was a trifling oscillation between 5 h. 40 m. and 6 h. 

The disturbance of October 12-13, 1912, was not a large one, but it included 
movements between 23 h. on the 12th and 1 h. on the 13th, and between 5! h. and 6 h. 
on the 13th, which were fairly in evidence at most stations. In the Antarctic the 
earlier disturbance was the better developed, and the same was true of Helwan, 
Agincourt and especially of Eskdalemuir. The disturbance between 51 h. and 6 h. 
on the 13th was, however, more in evidence at Buitenzorg and Alibag. At Mauritius 
the . earlier disturbance was somewhat the larger, but the later was the more rapid. 

Section 135.-In the Antarctic conditions had been fairly quiet for some hours 
before the disturbance of October 14-15, 1912. The N' and V curves remained, quiet 
until after 71 h. on the 14th, and in E' prior to that hour the only abnormal feature 
was the exceptional rapidity of the rise after 6 h. Between 7 h. 34 m. and 8 h. 30 m. 
there was a disturbance of the special type, already dealt with in Table OXL. This 
was followed by a series of less regular oscillations of moderate variable periods, having 
superposed on them shorter period oscillations. In N' between 12 h. 40 m. and 
13 h. 30 m. there was a rise and fall each of 1161'. Between 13 h. 45 m. and 14 h. 35 m. 
N'rose 1021' and fell 1301'. Between 14 h. 35 m. and 16 h. 15 m. it rose 1331' and fell 
1121'. This rise and fall were both considerably interrupted. Between 23 h. 25 m. 
'on the 14th and 1 h. 25 m. on the 15th there was a somewhat conspicuous bay 
(depression in N'), the fall and rise being each approximately 1571'. After this the 
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longer period oscillations tended to disappear. E' was similarly disturbed to N'. At 
times, e.g., between 12 h. 40 m. and 14 h. 35 m. on the 14th, the two traces seemed 
to be rather closely in phase, E' and N' rising and falling together; but at this time 
the E' oscillations were decidedly the smaller. After the minimum at 21 h. 3 m. E' 
was less oscillatory, but the rise at times was rapid. Thus between 21 h. 3 m. and 
21 h. 33 m. there was a rise of 1311'. Between 23 h. 35 m. on the 14th and 1 h. 10 m. 
on the 15th there was a total rise of 1971'. rrhe V trace also contained a good many 
oscillations, but these were much smaller than those in N' and E'. Perhaps the 
largest was a rise of 41 I' and fall of 71 I' between 21 h. 3 m. and 21 h. 43 m. on the 14th. 

At Mauritius, after the maximum at 6 h. 30 m. on the 14th, there was a very 
gradual fall of H, interrupted at times, until 13 h. 10 m. During the next 2 hours 
there was a slight recovery. Between 15 h. 5 m. and 16 h. 0111. there was rather a 
sharp fall of 241'. Between 17 h. 0 m. and 19 h. 10 m. there was a prominent 
oscillation, H rising 421' and falling 41 y. There was another siluilar oscillation between 
20 h. 20 m. and 22 h. 20 m., H rising 421' and falling 291'. The D trace showed little 
beyond the normal diurnal change. There was, however, a sensible oscillation, I!' 
to West then I!' to East, between 16 h. 45 m. and 17 h. 50 m., and the trace was 
slightly undulatory between 18 h. and 22 h. 

At Buitenzorg there were quick-run curves from 9 h. 53 m. to 13 h. 54 m. on the 
14th, and from 22 h. 57 m. on the 14th to 6 h. 49 In. on the 15th. N was falling at 
6 h. on the 14th, as was natural at the hour, but shortly thereafter the motion 
accelerated. The fall between 6 h. and 8 h. 15 m. amounted to 481'. During the next 
11 hours there was a slight recovery, so that the curve had a considerably indented 
outline. Oscillations then followed.. Between 10 h. 45 m. and 12 h. 0 m. N rose 201' 

and fell 131', and between 13 h. 20 m. and 14 h. 20 m. it rose 261' and fell 121'. The 
most prominent oscillation, however, was a rise of 411' and fall of 311' between 20 h. 20 m. 
and 21 h. 45 m., the rise occupying only about 25 minutes. There was an earlier 
considerable oscillation between 16 h. 45 m. and 19 h. 10 m., with a rise of 301' and 
fall of 251'. The Eand V traces showed only some minor oscillations. In V two of 
these coincided fairly in time with the oscillations last nlentioned in H. In the earlier, 
between 16 h. 45 m. and 19 h. 10 m., the rise and fall in V were each about 101'. In 
the later, between 20 h. 20 m. and 22 h. 0 m., there was a rise of 161' and fall of 131'. 

At Alibag between 6 h. 30 m. and 10 h. 40 m. on the 14th H fell 571'. Until this 
time, except for the large size of the fall, there was little suggestion of disturbance. 
But subsequently the curve became wavelike, the amplitudes and periods of the 
oscillations varying. Two of the oscillations were much more prominent than the others. 
During the first of these, between 16 h. 50 m. and 19 h. 15 m., H rose 471' and fell 431'. 

During the second, between 20 h. 25 m. and 22 h. 30 m., H rose 481' and fell 431'. In 
both cases the rise was considerably the faster movement. Conditions were normally 
quiet .by 24 h. ' 

At Helwan the H trace was practically level from 6 h. until 8 h. on the 14th, when 
small oscillations of long period presented themselves. There was no considerable 
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movement until an oscillation which lasted from about 17 h. to 19 h. 10 m. During 
it H rose 58y and fell 58y. A similar oscillation occurred between 20 h. 20 m. and 
22 h. 20 m., during which H rose 56y and fell 49y. A third oscillation-also 
recognisable at Alibag, but relatively smaller there-occurred between 22 h. 20 m. 
on the 14th and 0 h. 20 m. on the 15th, H rising 31y and falling 27y. The D trace 
showed some smaller oscillations. During the most prominent, between 20 h. 15 m. 
and 21 h. 5 111., a swing of 3!' to the East was followed by a swing of 4' to the West. 
The next most prominent oscillation occurred between 23 h. and 24 h.; it consisted 
of an easterly swing of 2l' followed by an equal westerly swing. The V trace also 
showed a succession of undulations} two much larger than the others. During the 
first of these, between 17 h. 0 m. and 18 h. 25 m. V fell 20y and rose 20y. During the 
second, between 20 h. 25 m. and 21 h. 45 m. V fell 25y and rose 25y. 

At Agincourt the H curve was very quiet from 5 h. to 6 h. on the 14th. But 
shortly after 6 h. it became a little disturbed, and disturbance continued without 
intermission until 2 h. ~n the 15th. The next three hours were only slightly disturbed, 
but from 5 h. until after 6 h. on the 15th there were moderate oscillations. The 
disturbance in H, though persistent most of the time, was not very striking. The 
most conspicuous movements were a rise of 53y between 18 h. and 18 h. 50 m., an 
oscillation consisting of an interrupted fall of 53y and a rise of 40y between 20 h. 20 m. 
and 21 h. 50 m., an oscillation consisting of a rise of 75y and a fall of 53y between 
23 h. 50 m. on the 14th and 0 h. 40 m. on the 15th, and a rise of 38y between 0 h. 40 m. 
and 1 h. 30 m. D became considerably disturbed after 7l h. on the 14th. Between 
7 h. 45 m. and 10 h. 15 m. there was a considerable bay, composed of an easterly 
movement of II!, and westerly movement of 9'. Between 10 h. 15 m. and 11 h. 5 m. 
there was an easterly swing of 7l'. Less regular movements of shorter period and 
smaller amplitude followed. Much the most prominent D movements occurred 
between 23 h. 30 m. on the 14th and 1 h. 35 m. on the 15th. They consisted of the 
following swings, making a sort of double bay: 33!' to East, 28' to West, 141' to East 
and 16' to West. After 1 h. 50 m. the trace was nearly level until 5 h. During the 
next 2 hours two oscillations occurred, but their amplitudes were only 2' or 3'. 

At Eskdalemuir the N trace shows a decided bay (depression) between 7 h. and 
9 h. on the 14th, the fall betweeri 7 h. and 8 h. 5 m. amounting to 35y. A quiet time 
intervened from 10 h. to 12 h. While there were no very large movements between 
12 h. and 17 h., N was decidedly disturbed. Between 17 h. 10 m. and 18 h. 20 m., N 
rose 134y and fell 131y. Between 19 h. 40 m. and 20 h. 30 m., it fell 71". Between 
20 h. 30 m. and 21 h. 30 m. there was a rise of 147y and fall of 143". Between 
23 h. 5 m. and 24 h. there was a fall of 113", and between 0 h. 0 m. and 1 h. 0 m. of 
the 15th there was a rise of 7 4y. The E trace was normally quiet until 7 h. on the 
14th. Between 7 h. 30 m. and 9 h. 20 m. there was a slight but decided hump 
(algebraic fall of E). Between 10 h. and 16 h. the disturbance in E was trifling, and 
decidedly less than that in N. Between 1'1 h. 5 m. and 18 h. 5 m. there was a deep bay, 
with a rise (numerical fall) of 128", and fall of 104y. At 20 h. 12 ID. there was a small 
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but very rapid fall resembling an s.c. Between 20 h. 20 m. and 21 h. 20 m. there was 
a rise (numerical fall) of 160y and fall of 125y, and between 22 h. 25 m. on the 14th, 
and 0 h. 40 m. on the 15th there was a rise of 91y and fall of 142y. After 2 h. there 
were only small short-period oscillations. The V trace showed a very slight bay 

. (depression) between 8 h. and 10 h. Between 10 h. and 15 h. the trace appeared 
normal. Between 17 h. and 18 h. there was a rise of 24y and fall of 28y. Between 
20 h. 25 m. and 20 h. 40 m. there was a rather sharp rise of 18y, followed between 
20 h. 40 m. and 21 h. 20 m. by a fall of 57y. Between 23 h. 40 m. on the 14th and 
o h. 25 m. on the 15th there was a further fall of 33y, forming the introduction to a 
bay (depression of V), the recovery from which gradually slackened but remained 
perceptible until after 3 h. The trace was very quiet aft,er 4 h. 

TABLE CLXXXVII.-6 h. October 14 to 6 h. October 15, 1912. Plate LX . 
. ------~- ------

Times of 
Disturbance . Inequality 

Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. y y 
Antarctic ... .. , N' 13 8 (14th) 0 15 (15th) 336 59 

E' 8 8 (14th) 21 3 (14th) 477 76 
V 2 33 (15th) 13 47 (14th) 162 45 

Mauritius ... . .. H 6 30 (14th) 16 o (14th) 62 21 
D 10 10 (14th) 3 30 (15th) 46 37 

Buitenzorg .. , ... N 2 55 (15th) 13 20 (14th) 75 39 
E 8 o (14th) 2 30 (15th) 52 48 
V 5 50 (15th) 0 50 (15th) 48 32 

Alibag ... ... H 6 30 (14th) 16 30 (14th) 77 44 

Helwan ... ... H 20 50 (14th) 19 5 (14th) 59 23 
D 20 50 (14th) 11 55 (l4th) 81 42 
V 15 55 (14th) 20 50 (14th) 26 20 

Agincourt ... ... H 11 50 (14th) 23 50 (14th) 85 29 
D 24 o (14th) 17 50 (14th) 179 36 

Eskdalemuir ... ... N 17 43 (14th) 23 58 (14th) 185 31 
E 20 39 (14th) 14 8 (14th) 219 29 
V 17 27 (14th) 0 21 (15th) 102 24 

Sitka ... ... H 7 48 (14th) 21 19 (14th) 117 20 
D 10 41 (14th) 21 23 (14th) 158 23 
V 0 19 (15th) 13 18 (14th) 201 5 

I 

At Sitka conditions had been quiet for some hours before 6 h. on the 14th, and 
V continued quiet until 7! h. Shortly after 6 h., some signs of disturbance appeared 
in H, and still more in D. From then until nearly 2 h. on the 15th there was continuous 
disturbance, The ranges in. Table CLXXXVII are in this case rather a misleading 
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guide to the extent of the disturbance. There were no very large departures fro In the 
normal in either direction, but there were a number of considerable oscillations, 
especially in D, and for part of the time in V. Between 7 h. 30 m. and 8 h. 20 m. H 
rose 581' and fell 751'. Between 15 h. 20 Ill. and 16 h. 0 nl. it fell 561', and between 
16 h. 50 m. and 17 h. 30 m. it again fell 401'. Between 17 h. 30 m. and 18 h. 30 m. there 
was a rise, somewhat interrupted, of 561'. Between 19 h. 10 m. and 22 h. 55 m. there 
was an irregular indented bay (depression of H), a fall of 691' taking place between 
19 h. 10m. and 21 h. 20 lll., and a rise of 801' between 21 h. 20 m. and 22 h. 55 In. 
Short-period oscillations were particularly prominent in the H curve between 17 h. 
on the 14th and 2 h. on the 15th. In D between 6 h. 40 In. and 8 h. 5 ITl. on the 14th 
there was an easterly swing of 19i', followed by a westerly swing of 16i'. Smaller 
lllovements followed from 8 h. 5 m. to 9 h. 5 Ill. -qp to this time the movenlents in the 
three elements showed no sort o~ parallelism. But after 9 h. 5 m., for about 6 hours, 
there was a truly remarkable connection between the D and V movements, the 
elements.remaining approximately in phase throughout a succession of large oscillations, 
swings to the West going with increase in V. The one trace is a rough image of 
the other. Between 9 h. 40 m. and 11 h. 30 m. we have in D an easterly movement 
of 20!, and westerly movement of 18i', associated with a fall of 831' and rise of 601' 

in V. Between 11 h. 30 m. and 12 h. 55 m. we have an easterly movement of 11' and 
westerly movement of 15', associated with a fall of 601' and rise of 491' in V. Between 
12 h. 55 m. and 14 h. 5 m. we have an easterly movelllent of 16' and westerly movement 
of 10', while V fell 621' and rose 651'. Between 14 h. 5 m. and 15 h. 10 m. there was 
an easterly lllovement of 6' and westerly movenlent of 8i', V falling 141' and rising 
321'. During the next two hours D had a westerly tendency, while V tended to fall. 
But superposed on these general movements there were several minor oscillations in 
both traces, whi~h showed an approac4 to agreement in phase as before. Mter 17 h. 
D became more disturbed again, a succession of five bays appearing between 17 h. 10 m. 
and 21 h. 25 m. The durations of the bays and the amplitudes of the successive 
movements were a,s follows :-80 minutes, Ill' E, lOt' 'V; 45 minutes, 5' E, 4' W; 
45 minutes, 4i' E, 5' W; 40 minutes, 4' E, 6l' W; 45 minutes, 5' E, 9' W. 

After 17 h. 40 In. V had been rising almost continuously, and this went on, with 
minor interruptions, until 0 h. 20 m. on the 15th. The rate was considerably 
accelerated after 23 h. 40 m., the rise in the course of the next 40 minutes amounting 
to 651'. From 0 h. 20 m. to 1 h. 20 m. on the 15th V fell 681'. Between 0 h. 0 m. and 
o h. 30 m. D moved 14' to the east. After 2· h., while there were short peri<?d oscillations 
of small amplitude, there was no serious disturbance until after 8 h. 

The activity of disturbance on October 14 to 15, 1912, at Mauritius, Buitenzorg, 
Alibag, Helwan, Agincourt and Eskdalemuir was mainly confined to two or three 
conlparatively short intervals. At Mauritius, Buitenzorg, Alibag and Helwan 
disturbance was conspicuously larger during the two periods 17 h. to 19 h. and 201 h. 
to 22-1 h. on the 14th than at any other time. Agincourt and Eskdalemuir, while 
showing special disturbance at these two periods, showed disturbance of the same 
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order during a third period near 24 h. In fact, at Agincourt the disturbance near 24 h. 
was decidedly the largest. This disturbance near 24 h. is recognisable, in the curves 
at the more southern stations, especially at Helwan, but is comparatively small. In 
the Antarctic and at Sitka the activity of disturbance was much more uniformly 
distributed, and on the whole the maximum of activity preceded 17 h. on the 14th, 
and so came at a time when the stations at intermediate latitudes 'were comparatively 
undisturbed. The disturbance component perpendicular to the magnetic meridian 
was relatively more important than usual. According to the ranges in Table 
CLXXXVII, the horizontal components of disturbance were larger at Eskdalemuir 
than at Sitka, an unusual phenomenon, but active disturbance was much nlore 
persistent at the l~tter station than at the former. V disturbance was more active at 
Sitka than in the Antarctic. It was quite of a different order at Sitka from what it 
was at any of the other stations outside the Antarctic., 

Section 136.-The disturbance of October 20 to 21, 1912, had an s.c. at about 
17 h. 20 m. on the 20th, which has been already dealt with. 

The s.c. movement in the Antarctic was of unusually short duration, and the two 
movements composing it were unusually alike in size. Though there were no really 
large movements in the Antarctic, quite a lively disturbance continued until 1 h. on 
the 21st. Short-period oscillations had existed for some hours before the s.c., and they 
were still more active for some time after it. Between 18 h. 30 m. and 18 h. 40 m. N' 
rose 85y, and between 18 h. 40 m. and 19 h. 40 m. it had a total fall of 123y. Between 
23 h. 10 m. on the 20th and 0 h. 15 m. on the 21st there was a bay (algebraic depression 
of N'), with a fall of 82y and rise of 82y. The E' trace was very oscillatory until 22! h. 
on the 20th. Between 22 h. 25 m. on the 20th and 0 h. 35 m. on the 21st there were 
the following larger movements, with short-period oscillations superposed: -87y, 

+ 63y, - 63y, + 89y and - 63y. The V trace contained a good many short-period 
oscillations until after 22 h. on the 20th. Between 23 h. 5 m. on the 20th and 0 h. 55 m. 
on the 21st V rose 122y and fell 83y. 

At Mauritius, apart from the s.c. itself, and the "crest" which persisted for fully 
an hour, there was very little distur1;>ance. The H trace contained a slight hump 
(elevation of H) from 22i h. on the 20th to 0 h. 45 m. on the 21st, and there was a trifling 
bay (easterly deflection) in the D trace between 23 h. 10 m. on the 20th and 0 h. 10 m. 
on the 21st. 

At Buitenzorg there were short-period oscillations in N until after 24 h. on the 
20th, but after 20 h. none of the traces contained any considerable movement. 

At Alibag after 20 h. on the 20th there were, only small oscillations. 
At Honolulu the ranges were relatively larger than usual, especially in V, but, 

apart from small short-period oscillations, there were few signs of disturbance. 
Conditions at Helwan were very similar to those at Alibag. 
At Agiricourt the H curve contained numerous short-period oscillations up to 

23 h. on the 20th, but there was little sign of disturbance after 1 h. on the 21st. The 
D trace, except during the actual s.c. and for a short time before 24 h. on the 20th, 
was practically quiet. 
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TABLE CLXXXVIII.-17 h. October 20 to 1 h. October 21, 1912. Plate LX. 

Times of 
Disturbance Inequality 

Station. Element. 

I 
Range. Range. 

Maximum. Minimum. 

h. m. h. m. r r 
Antarctic ... ... N' 18 43 (20th) 23 40 (20th) 180 57 

E' 20 37 (20th) 17 20 (20th) 110 19 
V 0 2 (21st) 23 3 (20th) 122 29 

Mauritius ... ... H 17 25 (20th) 19 50 (20th) 21 12 
D 17 25 (20th) 0 30 (21st) 14 3 

Buitenzorg ... ... N 0 10 (21st) 17 o (20th) 32 10 
E 23 10 (20th) 1 o (21st) 20 2 
V 17 30 (20th) 0 45 (21st) 16 4 

Alibag ... ... H 17 25 (20th) 19 20 (20th) 25 6 
D 19 20 (20th) 1 o (21st) 14 8 
V 19 10 (20th) 17 25 (20th) 8 5 

Honolulu ... ... H 22 3 (20th) 17 10 (20th) 28 12 
D 18 o (20th) 23 39 (20th) 44 29· 
V 17 28 (20th) 21 53 (20th) 40 19 

Helwan ... ... H 17 25 (20th) 19 20 (20th) . 29 4 
D 23 55 (20th) 17 50 (20th) 14 3 
V 19 20 (20th) 17 25 (20th) 15 2 

Agincourt ... ... H 21 35 (20th) 17 o (20th) 42 26 
D 17 25 (20th) 19 15 (20th) 20 28 

Eskdale-muir ... ... N 17 25 (20th) 17 20 (20th) 34 7 
E 23 54 (20th) 18 1 (20th) 38 8 
V 22 33 (20th) 17 25 (20th) 11 8 

Sitka ... ... H 23 37 (20th) 19 1 (20th) 26 14 
D 17 27 (20th) 23 39 (20th) 51 23 
V 23 39 (20th) 19 29 (20th) 14 5 

At Eskdalemuir, after the s.c., the Nand E curves were unrestful rather than 
disturbed, small oscillations being visible until after 1 h. on the 21st. 

At Sitka small oscillations were present in the Hand D curves before the s.c., 
and after it they were more in evidence, especially in D. There were somewhat larger 
movements between 23 h. 20 m. on the 20th and 0 h. 20 m. on the 21st, an hour during 
which there were also larger movements in the Antarctic. 

October 20--21, 1912, is a case when a disturbance followed immediately after 
an s.c., but came to very little except in the Antarctic, and even there was of very 
moderate amplitude. In this instance Sitka and Agincourt showed no marked excess 
of disturbance over the other co-operating stations. The range in V at Sitka was below 
the average, a most unusual feature. 
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CHAPTER XIV. 

COMPARISON OF MAGNETIC DISTURBANCE AND AURORA. 

Section 137.-Large magnetic disturbance and aurora are both rare events in the 
South of England. Thus the fact that aurora is seldom if ever seen there unaccompanied 
by considerable magnetic disturbance seems sufficient evidence of some connection 
between the two phenomena. In higher latitudes, where aurora and large magnetic 
disturbance are comparatively common, evidence of inter-relationship is Illore 
conflicting. On the one hand, Arctic observers have described definite movements 
of the compass needle as associated with the passage overhead of auroral curtains. 
On the other hand, comparisons of magnetic curves with aurora have shown that the 
times of gre~test intensity of development in the two phenomena by no means always 
accord. This is the conclusion to which I came when discussing the magnetic and 
auroral phenomena observed in the Antarctic in 1902-03,* and similar conclusions 
have been reached at various times by Arctic observers. 

In 1911-12, during the months when aurora could be seen, hourly observations 
were made at Cape Evans, omitting a few hours near mid-day. Books "in which the 
results of observation had been entered or copied were put at my disposal by Captain 
C. S. Wright, to whose co-operation in this investigation I am much indebted. On 
some days a good many observations failed to be taken. There were times of course 
of persistent blizzard, when the absence of visible aurora could be taken for granted, 
and there was a good deal of overcast weather, especially in 1912. Besides observations 
at or within a few minutes of exact hours, there were not infrequent entries of aurora 
at intermediate times. On nights of specially brilliant aurora, it was natural for some 
one to view: the heavens at other than the statutory times of observation, but no 
inference could safely be drawn as to the presence or absence of aurora unless an explicit 
statement occurred in the books. This is one of the reasons why it is difficult to estimate 
the parallelism between the two phenomena. Naturally only a small fraction of the most 
conspicuous magnetic movements occur within a few minutes of an exact hour. Thus 
when auroral observations occur only at hourly intervals, the chance of seeing what 
auroral phenomenon corresponds to the most rapid magnetic change during a magnetic 
storm is not great. It is in fact difficult to see how a really satisfactory comparison of 
the two phenomena can be made without something equivalent to continuous 
registration of aurora. 

Section 13S.-Taking the auroral observations at Cape Evans in 1911, I attacked 

* National Antarctic Expedition, 1901-04. Magnetic Observations, pp.193-200. 
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the probiem in various ways. First I took out the hours of the most notable aurora 
and examined the corresponding magnetic curves. Then I took out the shorter-period 
magnetic storms and considered the corresponding auroral observations. In the case 
of disturbances of the" special type," the result was disappointing. It was only in a 
small minority of instances that definite information was forthcoming. In the following 
cases aurora certainly occurred :-

Date. Disturbed interval (Time of Aurora. seen at 1800 E.). 

1911. . 
May 2 ... ... 20h. 19 m. to 21 h.10 m. ... 21 h. Om. 
May 20 ... ... 20 h. 25 m. to 20 h. 58 m. ... 20h.40m . 
July 18 ... ... 18 h. 36 m. to 19 h. 43 m. ... 19h. 30 m . 

On the other hand, on May 3, 13 and 19, 1911, there were disturbances of the 
" special type," during each of which one observation was made and no aurora was 
visible. In the great majority of instances there was no information as to aurora. 
Many of the disturbances occurred at hours of the day when there were no auroral 
observations. Others missed the hours of observation. In other cases again the sky 
was overcast or there was bright moonlight. 

Of the short-period disturbances described in Chapter XI, ten occurred during the 
winter montps of 1911. The results for these were as follows, the times being all 
G.M.T. 

April 30, 7h.-l0h.-The entry under each of the hours, 7h., Sh., 9h. and 10h. 
is " clear, no aurora." This, it may be said at once, is the one case in which one of these 
marked bay-like disturbances of general incidence would seem to have been 
unaccompanied by visible aurora. Curiously, .however, it was preceded by a "fairly 
brilliant aurora" visible for about 10 minutes shortly after 6 h. 

May 16, 2 h.-8 h.-Conspicuous aurora was noted several times during this 
disturbance. At 3 h. 30 nl. there was a very 'bright yellow curtain, changing rapidly 
in form. Again at 5 h. 18 m. there is a note of a bright corona, slightly to N.E. of 
the zenith, in rapid rotation. This answers in time to the centre of a very deep bay 
in the Antarctic curves. 

May 21, 9h.-12h.-Observations made a few minutes after 9h. and at 12h.­
i.e., just before the disturbance proper began and shortly after it was practically over 
-showed no aurora, but aurora is recorded as seen on five occasions between 9 h. 55 m. 
and 11 h. At 10 h. 10 m. and 10 h. 25 m. it was bright or very bright. 

June 5, 7 h.-l0 h.--No aurora was seen, but the sky was overcast at all the times 
of observation. 

JUly 3, 7 h.-l0 h.-There was no aurora at 6h. The next observation, at 8 h., 
showed aurora varying from faint to moderately bright. At 9 h. no aurora was seen, 
but the sky was then hazy. 
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July 11, 6 h.-9 h.-Blizzard is reported, but no definite observation is recorded 
prior to 9 h. No aurora was then seen, but only the zenith was free from cloud. 

July 12, 7 h.-l0h.-No observation is entered until 11 h., but a general note remarks 
that it was overcast all day. . 

July 20, 6 h.-9 h.-Blizzard prevailed at first. The earliest observation was at 
9 h., when a moderate auroral curtain was reported. 

July 31, 8 h.-l0 h.-At 8 h. and at 10 h. no aurora was seen, the sky being wholly 
or nearly clear, but aurora was reported from 9 h. 0 m. to 9 h. 30 m. From 9 h. 0 m. 
to 9 h. 10 m. it was fairly bright to bright, and there was both colour and motion. 
At 9 h. 30 m. it was faint. 

A.ugust 24, 8 h.-l0 h.-Ther~ was no observation until 10 h., when it was overcast 
with a blizzard. 

It will be seen that during these ten short-period disturbances, with the exception 
of that on April 30, aurora was seen, when the disturbance was active, on all the 
occasions when the meteorological conditions were reasonably favourable. During the 
disturbances of May 16 and May 21, the auroral manifestations would seem to have 
been particularly striking at the time when magnetic disturbance was most active. 

Section 139.-Next I went systematically to work and took out all the auroral 
observations, examining the curves at all the corresponding times. There seemed 
a good deal of correspondence on some days, but little if any on others. Not infrequently 
conditions which for the Antarctic were unusually quiet synchronised with faint aurora. 
Sometimes, on the other hand, there was active magnetic disturbance when the con­
ditions were favourable for seeing aurora, and no aurora or only faint aurora was seen. 

To reach some sort of definite numerical conclusion, the following method eventually 
suggested itself. The observers aimed at conveying the impression they derived as to 
the vividness of the aurora. Four degrees of intensity: very bright, bright, faint and 
very faint could fairly well be made out. When aurora was brighter in one direction 
than another it was classified according to its brightest part. So again, if there were 
several observations in the course of an hour, the brightest manifestation fixed the class. 
The magnetic " character" of each hour had been assigned long before, and was thus 
·free from prejudice. If an auroral observation had been taken at an exact hour, or 
within 10 minutes of an hour, tJ:.te arithmetic mean was taken of the magnetic 
"'character" figures assigned to the 60 minutes which ended and the 60 minutes which 
began at the hour in question. If the interval between the observation and the nearest 
hour exceeded 10 minutes, the one hour' 8 magnetic " character" was taken. In this 
way, answering to each auroral observation, there was a magnetic" character" figure, 
either 0, O' 5, 1, 1, 5, or 2. On a few occasions, of course, no " character ,., figure could 
be assigned owing to lack of magnetic record. The observations were confined to the 
six months April to September, the observations in the first and last of these months 
being comparatively few. In the following Table the res~ts for June and July form 
one group, and those for the other four months another, so as to bring out better the 
consistency that prevailed. 
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TABLE CLXXXIX.-Aurora In 1911 at Cape Evans and Magnetic" Character." 

I Number of occasions when Magnetic 

Number of 
" character" was 

Months. I Auroral Mean .. Character •• , Intensity. o bservlL tions. 

I I I I I 
0 0·5 1 1·5 2 

J I 24 4 1 7 I 2 10 1·27 
June II ,112 18 7 55 18 14 1·01 
July 1 III 102 20 11 43 21 7 0·92 

IV 13 4 4 4 1 0 0·58 
April J I 22 2 3 6 2 9 1·29 
May II 57 6 5 25 9 12 1·14 
Augu~t 1 III 118 21 15 54 13 15 0·94 
September IV 15 4 2 7 2 0 0·73 

-
The mean magnet.ic " character" for all hours was 0·83 for June and July, and 

0·90 for the other 1:our months. The hours when auroral observations were nearly 
always taken clustered round midnight, while those when observations were hardly 
ever taken clustered round noon. The consequence, as is obvious on considering 
Table LXXX, was that the average hour at which observations were taken was 
sensibly less disturbed than the average hour of the day. This makes the high magnetic 
"' characters" found for the two brightest classes of aurora all the more decisive. 

Combining all the months of 1911 we obtain the following percentage figures for 
the incidence of the several magnetic characters. 

-----,--

Magnetic" Character.' • 
Auroral 

--
Intensity. 

I I I I 0 0·5 1 1·5 2 

I 13 9 28 9 41 
II 14 7 47 16 16 
III 19 12· 44 15 10 
IV 29 21 39 11 0 

.. 
Thus while 41 per cent. of the auroras of the first class were associated with 

magnetic" character" 2, no single aurora of the fourth class was so associated. 
Treating the observations of 1912 in the same way as those of 1911, the following 

results were obtained: . 

TABLE CXC.-Aurora in 1912 at Cape Evans and Magnetic" Character." 

Absolute occurrencas of Magnetic Percentage occurrences of Magnetic 

Auroral Total 
.. Character." " Character." 

Mean 
Intensity. Occurrences. 

I I I I I I I I 
·'Character." 

0 0'5' 1 1·5 2 0 0-5 1 1·5 2 

I 

I 14 4 2 4 0 4 29 14 29 0 29 0·93 
II 67 23 9 31 3 1 34 13 46 5 2 0·63 
III 74- 20 15 31 4 4 27 20 42 5 5 0·71 
IV 4 3 0 1 0 

I 
0 75 0 25 0 0 0·25 

1 
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The mean " character" figure for all hours of the six months April to September, 
1912, was 0·77. If the results for 1912 stood alone they would hardly justify any 
positive conclusion. The reason, however, for the indefinite nature of the results 
became at once apparent on considering the incidence of magnetic" character" 2. 
Hours to which it had been allotted were nearly all overcast, if there was no actual 
blizzard in progress. There were a few exceptions, but on most of them, as it so 
happened, there was bright moonlight. These climatic conditions were no doubt 
partly responsible for the great drop in the number of auroral observations in 1912 as 
compared with 1911. The decline can, however, be only partly accounted for in this 
way, and it is at least natural to associate it also ,vith the marked decline in magnetic 
disturbance described in previous chapters. 

Section 140.-Besides the Cape Evans observation books I had an opportunity of 
studying the record made of auroral observations during 1911 at Cape Adare. Either 
aurora tended to be brighter at Cape Adare than at Cape Evans, or the observers at 
the former station had a lower standard of brightness than those at the latter. Whatever 
the explanation may be, it proved necessary to combine auroras described as faint at 
Cape Adare with those described as very faint, to get a sufficiently numerous Class IV 
of intensity. Auroras of Class I were pretty clearly marked. The division of those 
of intermediate intensity between Classes II and III was more difficult, and very 
probably in some cases my decision would not have recommended itself to the observers. 
In passing judgment I was largely guided by the numerous sketches entered in the 
observation book. The results obtained are given in. Table CXCl. 

TABLE CXCI.-Aurora iii 1911 at Cape Adare and Magnetic" Character." . 
--------- .... -- ---------------- --~------- - .--.----------------------- -. - - - --------

Absolute occurrences of Magnetic Percentage occurrences of Ma.gneti:: 
I 

Total 
" Character." " Character." 

Mean Auroral -_ .. _---------- -------------
Intensity. Occurrences. 

I I I I I I I I 
" Chara.cter." 

0 0·5 1 1'5 2 0 0·5 1 1·5 2 

I 69 4 4 26 14 21 6 6 38 20 30 1·32 
II 92 9 8 33 19 23 10 9 36 20 25 1·21 
III 170 24 20 74 36 16 14 12 44 21 9 1·00 
IV 66 19 4 25 11 7 29 6 38 17 11 0·87 

The apparent association here of magnetic disturbance and aurora is quite as close 
as in Table axe. This may at first sight appear a little surprising. But it should 
be remembered that whatever may be true of aurora, magnetic disturbance is in general 
not a local phenomenon. We may be reasonably certain that though Cape Adare and 
Cape Evans were several hundred miles apart, hours that were highly disturbed 
magnetically at Cape Evans were with rare exceptions also highly disturbed at 
Cape Adare. 

At Cape Adare, unlike Cape Evans, regular observations were usually confined 
to the even hours. Even allowing for this, the number of cases in which the auroral 
observations utilised at the two stations answered to the same hour was less than might 
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have been expected. The way in which auroral intensity was classified for these common 
occasions was as follows : 

I 

I 
Cape Adare Intensity. 

Cape Evans ----,------.---..---1 

Intensity. I I I I I. II. III. IV. 
1------

I 
II 
III 
IV 

3 
5 
5 
o 

4 
13 
11 

2 

5 
15 
17 
2 

3 
7 
9 
1 

Total. 

15 
40 
42 
5 

It does not of course at all follow that it was the same aurora that was estimated 
a t the two stations. 

The mean Inagnetic " character" for the 12 occasions when the auroral intensity 
estimate was either (I, I), (I, II) or (II, I) was 1'7, while the corresponding mean for 
the 12 occasions on which the estimate was either (IV, IV), (III, IV) or (IV, III) was 
only 0·8. 

Section 141.-Captain Wright had the kindness to supply me with a list of tIle 
days which he regarded as possessing the most intense auroral character during 1911. 
His knowledge of the idiosyncrasies of the individual observers makes his choice more 
authoritative than any I could myself have made. Uncertainties due to variability 
of the visual conditions of course remain. Magnetic" character" data were lacking in 
Table LXXIII for only two of the days. The others and their magnetic H characters" 
were as follows : 

Date. I .. Character." I Dale. I" Chara.c'.':' i D.t.. I" Ch.l"8Ole, ... 

1--

A
-
P
-
ri

-
1 
-2-s--I'-----h-, -I· -~:ne 7 -'----1---- I -JU-l-y---2-S---'----2---1 

May 1 I 1 I "S 1 ,,29 2 
2 1 I ,,22 I 2 ,,30 1 
3 0 I ,,23 I 2 ,,31 2 
6 1 " 24 2 August 5 2 
7 2 ,,25 I 0 " 71 1 

" 
" 
" 
" S 2 ,,2S I 1 ,,26! 2 

1~ ~ ::;~ I ~ I Se~tember 2~7 II ~ 
16 2 July 1 Ii 2 ') -1 
19 2 " 2 2 ,,13 2 
21 2 ,,3 I 2 ,,14 I 1 

2~ ~ :: ~g II ~ II :: ~~ III ~ 
6 1 " 21 1 ,,22 2 

I 

" 
" 
" 

" 
" 
" June 

The mea.n "character" figure for these 45 days is 1'47. The corresponding 
mean for all days of the six months April to September, 1911, according to Table LXXIII, 
is 1'15. 
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Section 142.-What has been written above must not be regarded as in any sense 
a discussion of the auroral data as aurora. For that the reader must consult the 
full discussion which I hope Captain Wright will find time for. My original intention 
was to wait, for that discussion before considering the bearing of auroral phenomena 
on magnetic disturbance, but the delay occasioned by the war has rendered the present 
course necessary. 

It seems perfectly clear from the present investigation that the quietest magnetic 
conditions experienced in the Antarctic, at the quietest season of the year, may be 
accompanied by aurora. l'hroughout the most disturbed part of the year no aurora, 
however bright, could possibly be seen, unless of course it were visible in full daylight. 
What is seen as very faint aurora under favourable visual conditions has almost no 
chance of being seen in faint moonlight or with slight haze. Under favourable 
conditions at midwinter aurora seems to be generally visible at some hour of the 24 
in high latitudes. The most natural inference is that the electrical conditions which 
when visible are known as aurora are generally, if not always, existent. If they are 
due to electrical discharges from the sun, then these discharges are not rare events, 
occurring only during so-called magnetic storms, but are every day if not hourly 
occurrences. They are undoubtedly much more intense on some occasions than 
others, but what I think is really open to doubt is whether they are ever totally 
absent. 

None of the observation books I had seen stated explicitly what time was observed at Cape Adare. 
Local. time there differs from that of longitude 1800 E by 39' 5 minutes,· but this being less than for Cape 
Evans I supposed the same time to be observed at the two stations when calculating the results given in 
Section 140. After slip proofs had appeared, Capt. Wright expressed a doubt on the subject, and members 
of the Cape Adare party were consulted with conflicting results. The first of the meteorological volumes of 
the Expedition then appeared, with an explicit statement by Dr. Simpson, on p. 9, that local time was 
observed at Cape Adare. It was practically certain a priori that this could make little difference, but the 
calculations were repeated de novo, assuming local time employed at Cape Adare. The mean values obtained 
for the magnetic" character" answering to auroral intensities I, II, III and IV at Cape Adare were respec­
tively l' 44, l' 23, 1 . 02 and O· 84. These are even more favourable than the figures in Table CXCI to a close 
association between magnetic disturb-ance at Cape Evans and auroral intensity at Cape Adare. 

The auroral observations at the two stations being mostly close to the hour-time of 1800 in the one 
case, time of 1700 9' in the other-there were few identical times. A calculation was, however, made on the 
same lines as in the latter part of Sect. 140, in which observations were treated as corresponding if their real 
times did not differ by more than 30 minutes. As in the text, there were 12 occasions when the auroral 
intensity estimate was (I, I), (I, II) or (II, I), and the corresponding mean magnetic" character" was l' 75. 
The occasions when the estimate was (IV, IV), (III, IV) or (IV, III) were only five, and for one of them there 
was no magnetic trace. Thus the fact that the corresponding mean magnetic" character" was only O· 50 
merits less weight. Still here, as in the previous case, the conclusions in the text are substantially 
bome out. 
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CHAPTER XV. 

CO~IPARISONS OF INSTRUMENTS, AND INSTRUMENTAL" CONSTANTS." 
FIELD OBSERVATIONS, PRINCIPALLY AT CAPE ADARE. 

Section 143.-The tables of D, H and I at Cape Evans in Chapter I represent 
the results of the absolute observations without any instrumental corrections. It 
appeared convenient to defer to a later stage a statement of the reasons why no 
corrections were applied. In an ordinary case the giving of corrections implies the 
general acceptance of some standard. In the case, for instance, of a measure of 
length, there is an international standard metre, which is believed to remain invariable 
to the degree of accuracy to which readings are ordinarily taken. A correction given 
to another metre bar is intended to make its readings when corrected accord with 
those of the international standard. It is believed that accordance to the degree of 
accuracy which the corrections profess to give can be. secured in this way when a 
certain procedure is followed. In the case, however, of the elements of terrestrial 
magnetism, there is no recognised ultimate standard. The strength of a magnetic 
field, it is true, is defined in terms of the C.G.S. system of units, and so theoreti9ally 
is dependent only on the ultimate standards of length, mass and time, which suggests 
a degree of accuracy answering to a small fraction of 1 y. But this has no immediate 
practical bearing on the subject, until we have instruments which can be relied on to 
measure a magnetic field accurately to a fraction of 1 y, and to do this not occasionally 
or accidentally, but every time. Such instruments, so far as I know, do not yet. exist. 
The comparisons made under the auspices of the International Magnetic Committee 
and those made by the Carnegie Institution of Washington alike show differences 
between the instrunlents in use at the leading observatories, and what is worse these 
differences do not seem to remain constant. It is difficult to say how far the apparent 
differences and their fluctuations are real, and how far they represent. observational 
uncertainties. The comparison of the standard instruments at two distant observatories 
is effected through observations made with a third instrument at both places. This 
third instrument is necessarily exposed to the vicissitudes of travel. To judge 
exactly what these are, and what degree of reliance is justified in results so obtained, 
we really require a series of comparisons in immediate succession, the observer 
travelling backwards and forwards between the two stations, and the observations 
extending from a cold to a warm season or conversely. Also desirably more thah one 
travelling instrument of each type should be used as an intermediary. We do not 
know whether two instruments which agree at one station will agree at a remote 
station. We have little more reason for believing this than we should have for 
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believing that two thermometers which agree at one temperature will necessarily agree 
at another. 

It has never been customary at Kew Observatory to issue corrections to unifilar 
magnetometers. This has been due to a recognition of two facts: (1) that the Kew 
magnetometer has no unique claim to be a perfect instrument; (2) that it would require 
a much larger number of observations than is usually taken to make the probable 
error in the mean difference resulting from the observations negligible. Even 
supposing the Kew instrument were invariable and recognised as the ultimate 
standard, and that the number of ~bservations sufficed for deducing a reliable correction 
to a second instrument when used at Kew, this would not settle the correction to 
be applied when it was used at a remote station. The difference between two 
magnetometers as measurers of H may be due to a variety of causes. It may, of 
course, arise merely from error in the value accepted for the moment of inertia of one 
or both of the collimator magnets. In that event the difference between the values 
obtained for H at any station will be proportional to the local value of H. If we were 
sure that this was the sole cause of difference between the Kew magnetometer and 
a second being tested at Kew, we could of course obtain a correction factor to the 
latter which would be generally applicable. But there may be other contributory 
causes, e.g., the presence of magnetic material, or error in the measurements of the 
deflection bar. 

In the case of dip circles it has been customary to give corrections to the dip 
needles when requested to do so, but a warning is then issued against regarding the 
" c~rrections" as necessarily more than a historical presentation of the mean results 
of the comparison with the Kew dip circle, taken out to the nearest 0'·5. The 
differences may be partly or wholly observational accidents. If real, they may be 
entirely due to the needles, or partly to the needles and partly to the circle. In 
neither case is there any reason to suppose that the same differences would be obtained 
if the comparison could be repeated at a station differing widely in dip from Kew. 
The behaviour of a dip needle is largely determined by the state of its axle, and the 
parts of the axle which are vital are quite different at two stations differing widely 
in dip. 

Section 144.-The Expedition was provided with two unifilar magnetometers, 
but only one of these, No. 25, was used.- This magnetometer had three collimator 
magnets 25A, 25B and 25D. Of these, 25B, was fitted up for declination and all the 
declination observations were taken with it. The other two were intended for 
horizontal force. The magnet 25D had, however, an undesirably l~rge temperature 
coefficient, and all the H observations were taken with 25A. The constants of all 
the magnets were determined at Kew Observatory in May, 1910, before the Expedition 
set sail. 

It is usual on such occasions for observations of H' and D to be taken by the 
magnetic assistant or the superintendent, to make sure that the in.strument is complete 
and works satisfactorily, and that no serious error exists in the table. of constants. 
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There was, however, a press of work at the tinIe, owing to the large number of 
magnetic instruments being tested for the Expedition, and so no observations could 
be taken by the observatory staff. Two observations of H and one of D were taken by 
Dr. Simpson, who was undergoing a course of magnetic instruction. These sufficed 
to show that unifilar No. 25 was in good working order, and gave results in reasonable 
accordance with those of the Kew unifilar, but they were not sufficient for determining 
differences between the two instruments. The two H observations gave somewhat 
widely discrepant values for the distribution constant P. The torsion in the suspensio~ 
of both the Hand D magnets was excessive, and in the D observation the torsion 
correction-always an uncertain element when large-was nearly 2'. A comparison 
of unifilar No. 25 with the unifilar of Christchurch Observatory (Cambridge Scientific 
Instrument Co. No.1) was made when the Expedition was on its way home on 
May 8 and 10, 1913. Three simultaneous observations gave the following results 
for the easterly declination :-

- I D by No. 25. I D by (Jamb. lost. Co. No. J. 

0 , 0 , 
May 8, '1913 ... ... ... 16 41·1 16 40·5 

" 
9, 1913 ... ... ... 43·7 43·5 

10, 1913 ... 36·5 
, 

39·2 
" 

... ... 

Mean ... ... ... 16 40·4 16 41·1 
I 

The difference, if there is one, is hardly outside the limits of observational 
error. 

Two simultaneous observations of H were made on the same two days. These 
gave unfortunately very discrepant values for P, the one positive, the other negative. 
As I ha ve shown elsewhere, when the second distribution constant Q is neglected, 
P depends in reality on the two deflection distances actually used. At Christchurch 
the distances were those usually adopted, viz., 30 and 40 ems., so that the value given 
by the Antarctic observations was not immediately applicable. A value might have 
been deduced from the Antarctic value by means of a formula, but it seemed more 
satisfactory to accept the value, - 1'71, which was given by six fairly consistent 
observations made at Kew Observatory later in the year. Doing so we find:-

- I H by No. 25. I H. by Camb. !nst. Co. No.1. 

May 8, 1913 ... ... ... ·22489 ·22457 

" 
10, 1913 ... ... .. . ·22473 ·22422 

Mean ... ... ... ·22481 ·22440 

The excess of No. 25 is much above the probable error .of observation. 
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After the return of the Expedition to England, a number of observations were 
taken by Capt. Wright at Kew Observatory, on -September 24-26, 1913, simultaneously 
with observations taken by Mr. T. W. Baker and myself with the Kew unifilar. 
Other simultaneous observations were made later, on Septenlber 29 and October 3, 

in which the observations with No. 25 were taken by myself. The results of these 
observations were as follows:-

- I D by No. 25. 
1 

D by Kew Unifilar. I Excess of No. 25. 
-_."--

1913. 0 , 0 , , 
September 24 ... ... ... ... 15 37·2 15 38·2 -1·0 

,~ 25 ... ... ... . .. 34·3 36·5 -2·2 
,~ 26 ... ... ... '" 37·6 38·4 -0·8 

" 
26 ... ... ... ... 35·7 37·5 -1·8 

October 3 ... ... ... . .. 35·3 35·3 0·0 

Mean -1·2 
-~------------------.. ---~-- ---

- H by No. 25. 
1 

H by Kew Unifilar .. 1 Excess of No. 25. 

-----

1913. ')' 
September 24 ... ... ... . .. ·18494 ·18480 +14 

" 
25 ... ... ... ... 505 487 18 

" 
26 ... ... ... . .. 517 501 16 

" 
26 ... ... ... . .. 525 499 26 

" 
29 ... ... ... . .. 526 493 33 

" 
29 ... • 0. ... . .. 524 493 31 

Mean +23 
--------------

There would seem to be a small difference in the case of the declination. At the 
same time the agreement on October 3, when both observers were thorougllly 
accu.'Jtomed to the conditions at Kew, was perfect. As regards H, there seems an 
unmistakable difference, the Kew observer getting in that case a larger difference than 
Capt. Wright. 

If we accepted the Kew instrument as standard, and supposed that the difference 
between it and No. 25 was due to error in the accepted value of the moment of inertia 
of magnet 25A, an error of 23')' at Kew would imply an error of about 28')' at 
Christchurch. The fact that the actual difference observed at Christchurch is larger 
than this is not really unfavourable to this view, because when the Christchurch 
unifilar was verified at Kew in 1901, judging by the result of three H observations, 
it read decidedly low. 

There are, however, various sources of uncertainty. In the first place the deflection 
bar of No. 25 was missing in September, 1913, and its pla"Ce had to be taken by another 
bar which happened to fit in No. 25. This bar had been recently measured at the 
National Physical Laboratory, and there is no reason to doubt the accuracy of the 
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measurements any more than there was in the case of the original bar. Still the fact 
that the two were distinct bars is a possible source of a small difference in the value 
of H. Again, the Q distribution constant was probably neglected in the Christchurch 
instrument, and it certainly was neglected in all the observations taken with No. 25, 
and in the original comparison in 1901 of the Kew and Christchurch instruments. 
The only case in which this neglect was likely to have no sensible effect was the 
Antarctic observations made with No. 25, when big deflection distances were used. 

The relation between the Kew and Christchurch instruments might finally have 
altered in the course of 12 years. In the case of the Kew instrument we are in fact 
obliged to assume either that some reduction has taken place in the moment of inertia 
of the magnet, or that the moment in use in 1901 was too large. Thus perhaps all 
we are entitled to say is that the H observations at Christchurch and Kew show a 
decided tendency in No. 25 to give too high values in 1913, and are on the whole not 
unfavourable to the conclusion that the cause was too high a value in the accepted 
moment of inertia. The most likely alternative explanation, viz., the presence of 
magnetic material in No. 25, is rendered improbable by the smallness of the declination 
differences observed between it and the other unifilars. A small reduction in the 
Inoment of inertia would be a not unlikely consequence of the vicissitudes natural to 
the Antarctic climate. Thus it is on the whole probable that during 1911 and 1912 
No. 25 gave more accurate values of H than it did during 1913 . 

. If we accept 231' as the error at Kew, and assume an overestimate of the moment 
of inertia to be the cause, we should have an error of about 61' in the Antarctic. An 
error of this order in H and of the order of l' in D would be insignificant in view of the 
local disturbance observed at Cape Evans. 

Section 145.-The Expedition had three ordinary land dip circles, a modern circle 
No. 186, by A. W. Dover, and two old circles, Nos. 26 and 27, by J. Dover. The two 
latter were fitted for total force observations, as well as for ordinary dips. No. 26 
was the circle in regular use at Cape Evans. It had five needles. The" corrections" 
given to these in the certificate issued at Kew in May, 1910, were as follows :--

--
I 

No.2. I No.3. I No.4. 
I 

No.5. I No.8. 

" Correction " ... ... 
···1 

+1'·5 
I 

+1"5 
1 

+2',0 
1 

+1',5 
1 

0',0 

Nos. 3 and 4 were so-called" statical" needles, which were never reversed after 
leaving Kew, but were tested there as reversible needles. Nos. 2, 5 and 8 were used at 
Cape Evans for the ordinary dip observations. The later observations were made, 
still in No. 26, with needles Nos. 1 and 2 of circle 186. At Kew in 1910 these two needles 
were tried only in their own eircle, so no significance could attach to the results obtained 
with them then. 

Observations were made by Capt. Wright at Christchurch on March 8 and 10, 1913, 
using needles Nos. 1 and 2 of circle 186 in circle 26. 
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Simultaneous observations were made by Mr. H. F. Skey, Director of Ohristchurch 
Observatory, with the Ohristchurch circle, Dover 147, with three needles, Nos. 1, 2 
and 3. The results were as follows :-

.-." ----- .~----.--------- ---- ---.. --

Circle No. 26. I Circle No. 147. 

1913. 

No. 1 of 186.1 No. 2 01 186.1 1 1 1 
Melm. No.1. No.2. No.3. Mean. 

0 , 0 , 0 I 0 , 0 , 0 , 0 , 
March 8 ... 67 57·57 67 57·62 67 57·60 67 57·52 67 59·75 67 56·92 67 58·06 

" 
10 ... 67 57·67 67 58·31 67 57·99 67 59·12 57 59·90 67 57·87 67 59·00 

Oircle No. 147 was tested at Kew in 1901. The certificate issued gave no 
" corrections," merely stating that the results obtained were in close agreement with 
those given by the Kew circle. 

Needles 1 and 2 of circle 186 were also tried in circle 26 at Kew by Capt. Wright 
on September 24, 25 and 26, 1913, simultaneous observations being taken with the 
Kew circle by Mr. Baker or myself. The needles were also tried on October 3 by 
myself, observations with the Kew needles in the Kew circle being interpolated, so 
as to get the same mean time for the observations with the two circles. The results 
were as follows :-

--

Circle No. 26. Kew Barrow Circle. 

1913. 
Needle 1 :1186.1 Needle 2 01186.1 I I Mean. No.1. No.2. Mean. 

0 , 0 , 0 , 0 , 0 , 0 , 
September 24 ... 66 55·41 66 55·74 66 55·58 66 55·97 66 55·44 66 55·70 

" 
25 ... 55'66 55·72 55·69 56·12 56·37 56·25 

" 
26 ... 54·28 54·86 54·57 55·81 54·56 55·18 

October 3 ... ... 55·85 55·85 55·85 55·59 55·50 55·55 

Means ... 66 55·30 66 55·54 66 55·42 66 55·87 66 55·47 66 55·67 

It is hardly necessary to say that the accordance between all four needles displayed 
here is quite exceptionally good. 

Capt. Wright also observed on September 25 and 26 with needles Nos. 2 and 8 of 
circle 26 in their own circle. I repeated these observations on October 7 and 8, and 
on the latter date also observed with needle No.5 of circle 26. The observations with 
Nos. 2 and 8 on September 25 immediately preceded those with needles 1 and 2 of 
circle 186, while the observations with the first pair of needles on September 26 followed 
immediately after those with the second pair. Thus we may regard the dips obtained 
with the Kew circle on September 25 and 26 as fairly corresponding. 

On October 7 and 8 I observed with both the Kew and Antarctic circles, in such a 
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way as ·to obtain the sallie mean tinie for the observations. The results were as 
follows :-

Circle No. 26. Kew Barrow Circle. 

1913. 

I I I 
No.2. No.5. No.8. No.1. No.2. 

0 , 0 , 0 , 0 , 0 , 
September 25 ... 66 55·56 - 67 2·34 66 56·12 66 56·37 

" 
26 ... 66 54·88 - 66 59·19 66 55·81 66 54·56 

October 7 ... 66 55·89 - 66 59'50 66 58·94 -
" 

8 ... - 66 56·44 66 58·03 - 66 55·78 

There is here a decided difference between needles 2 and 8 of circle 26; the former 
gave slightly lower, and the latter decidedly higher values than the Kew needles. All 
three needles Nos. 2, 5 and 8, it will be remembered, had been discarded for faulty 
behaviour before the end of the Antarctic observations. Thus any later comparison 
could throw no certain light on their behaviour when at their best, but only on the 
extent to which they were unreliable when at their worst. When tried in 1913 they 
were undoubtedly inferior to needles Nos. 1 and 2 of circle 186, but they were still in a 
pretty fair state of preservation, so' far, at least, as concerns the parts of the axles in 
use at Kew. 

Circle, J. Dover, No. 27 was tested at Kew Observatory in May, 1910. The 
certificate then issued gave the following" corrections" to the five needles :-

- I No.1. 
I No.2. 

I 
No.3. 

I 
No.4. 

I 
No.5. 

" Correction " ... ... 
.. ·1 

+0'·5 
1 

-0'·5 
1 

+0'·5 
I 

0',0 
1 

+0'·5 
I 

The differences from the Kew needles were hardly outside the limits of 
experimental error. Needles Nos. 3 and 4 were the so-called "statical" needles. 
They were tested as reversible needles, but were not reversed again after leaving Kew. 

Circle No. 27 was mainly used for observations taken at Cape Adare by Lieut. (now 
Commander) V. Campbell, R.N., and . Surgeon G. Murray Levick, R.N. The conditions 
were not favourable for very accurate work. Also the needles seemed to have some­
what deteriorated before the Expedition returned to England. Thus it is unnecessary to 
enter on details of the comparisons made after the return to England with the reversible 
needles. The note which I made after trying needles Nos. 1 and 2 in their own circle 
in December, 1913, was as follows :-" No. 1 behaves fairly; No.2 distinctly bad in 
one position, suspicious in others." Still the results obtained were fairly good, the 
means being only from l' to 2' lower than those given by the Kew needles in the Kew 
circle. 

Section 146.-Some total force observations were made with both the circles 
Nos. 26 and 27, especially the latter. The method of determining total force with a dip 
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circle is not given in ordinary textbooks, and I do not know any textbook where there 
is a full explanation. Thus a few remarks seem desirable. 

Three operations with the same dip circle are usually involved. 
(i) An ordinary dip observation is taken with at least one of the reversible 

needles, say No. 1. If only one such observation is taken, it is best to 
take the observations with pole A dipping before and those with pole B 
dipping after the two next operations, so as to get the same mean time 
for the dip as for the other observations. If time permits, complete dip 
observations, preferably with two reversible needles, say Nos. 1 and 2, 
the one before, the other after operations (ii) and (iii) should be taken. 

(ii) An observation is taken of the dip shown by the statical needle No. 4 
carrying a weight, which is screwed into a hole in the blade. The same 
process is gone through as in an ordinary dip observation, except that 
the magnetism of No. 4 is not reversed. 

(iii) A deflection experiment is made in which statical needle No.4 deflects.statica1 
needle No.3. During this operation No. 3 occupies' only one position, 
e.g .. , it has its face to the face of the instrument, and the instrument faces 
East. No.4 is secured in a holder attached to the frame which carries 
the two reading mic.roscopes of the circle, in such a way that the length 
(magnetic axis) of No.4 is perpendicular to the line joining the axes of the 
microscopes. Thus when the two ends of No.3 are at the centres of the 
fields of view of the two mioroscopes, the magnetic axes of Nos. 3 and 4 
are at right angles to one another. These two axes are in parallel vertical 
planes. Assuming symmetry in No.3, its plane is midway between the 
two agate edges on which the needle rolls. No.4 is necessarily outside 
the box which contains No.3. The centres of the need1es should be in. 
the same horizontal plane, and the line joining them should be perpendicular 
to the agate edges. In the ordinary circle the needles have lengths of 
about 3t inches, and the distance between their centres is about 7 ems. 

v 

\ , , 
\ \\ .. ··· .. u 

\ ./ 
\ ./1 \ 

\\ .........••... 

h, 

FIG. 5. 

The operations are shown graphically in the accompanying diagrams. In both 
OR represents the horizontal, OV the vertical direction, and A is the dipping end of 
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the needle. In the first diagram AB represents the actual position of needle No. 4 
when weighted, the dotted line represents the true dip. In the second diagram albl and 
~b2 represent the two deflected positions of, needle No.3; while Al BI and ~~ are 
the two corresponding positions of needle No.4. The dotted line nlidway between 
albl and a'J,b2 represents the true dip. The inclinat.ions of albl and a2b2 to the horizon will 
be termed I' and I" respectively. 'Vhat is actually observed is the angle al Oa2 , and 
! al Oa2 is accepted as the value of u' the deflection angle. The diagranl represents the 
simplest case, when the two positions Oal , Oa2 are in the same .quadrant. In a station 
in high latitudes Oal usually falls on the opposite side of the vertical from OAI , whiie 
in low latitudes Oa2 will usually lie above OR. 

In general neither needle will have its centre of gravity absolutely coincident with 
the axis of rotation. In a well-made needle, however, the centre of gravity will be 
very close to if not actually in the line joining the ends of the needle. For simplicity 
we may suppose the C.G. in both needles actually in this line. Let Wa and W! be the 
weights of needles 3 ~nd 4 and let Ca and C4 denote the distances of their centres of gravity 
from their axles. Also let W be the auxiliary. weight used in the second operation, 
and C its distance from the axle. We shall assume that the reversible nee~e used gave 
the true dip I, and that the dip and the total force R remained constant throughout 
the whole observation. 

The couple arising from the action of needle 4 on needle 3 will be proportional to 
the magnetic moments m4 and m,i of the two needles, and so may be represented by 
mam4J(r), where J(r) is a function of r, the distance between corresponding poles of the 
two needles when their magnetic axes are perpendicular. From operation (ii) we have, 
see the diagram on the left on p. 417, 

m4R sin (I -1]) = (we + w!c!) cos 1], 
~nd from operation (iii) 

maR sin (I' -- I) = mam!J(r) - WaCs cos I' 
maR sin (I - I") == rnam4!(r) + WaCa cos 11/. 

It is usually tacitly assumed that W4C4 and WaCs are zero or negligible. In that 
event it is obvious that 

so that we have 
I' - I = I - I" = !(I' - I") == u' say; 

m4R sin u = wc cos 1], 
maR sin u' = mam4 J(r). 

Multiplying up and eliminating mam4, we finally get 
R2 = wc J(r) cos 1] Isin u sin '1.1/. 

Suppose the suffix 0 to distinguish data for a base station where the value of the total 
force is known, then we have 

Ro2 = wc J(r) cos 1]o/sin Uo sIn uo' ; 
whence wc J(r) = Ro 2 sin uo' sin uo'/cos 1]0' 

= A, say, a known quantity, 

and finally R2 = A cos 1]/sin u sin u'. 
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Here A is the so-called" constant," corresponding to the particular weight which 
has been used. Usually there are several weights of different mass, a lighter or a heavier 
weight being selected according to the local conditions. . 

Various simplifying assumptions have been made, such for instance as that the 
magnetic mOlnent is the same in all positions of the needle. It is usual to regard A as 
an absolute constant for each weight, but it is obvious that it must be slightly variable 
unless observations are taken at a fixed temperature. As we have seen, A stands for 
we /(1). 1 will vary if the poles of either needle alter their distance from the axle, or 
if the distance between the planes of the two needles changes. Temperature change 
will naturally alter both these distances directly, and may besides influence the 
distribution of magnetism, and so the" pole distance" in the needles. The instruction 
not to reverse the magnetism of the needles is intended to reduce the chance of change 
in the pole-distance. The magnetic moments, however, will naturally tend to dinlinish, 
and this may not improbably affect the distribution of magnetism as well. Supposing 
no wear in the weight, or in the hole in No.4 into which it screws, the length e should 
be constant, except for changes of temperature, and so should be the mass of the 
weight. But, and this I think has been generally overlooked, the weight itself must 
necessarily vary according to the value of gravity at the place of observation. This 
latter variation should be negligible if observations are confined to places not 
far removed from the base station, a procedure which is desirable for other reasons. 
But in the present instance that was not the case, so far at least as circle No. 27 was 
concerned. 

Let ga, gc, gk represent the values of gravity in C.G.S. units at the Antarctic 
station, Christchurch and Kew respectively. Then we have approximately* 

ga = 983'0, gc = 980'5 and Uk = 981·2 ; 

whence ga/gc = 1'0025, ga/gk = 1'0018 and gk/gc = 1,0007. 

If Aa, Ac and Ai: represent the values which the constant for a given weight should 
have at the three stations, then as A = {we f( 1) } 1, we have 

Aa/ Ac = 1 . 0012, Au/Ai: = 1, 0009, and Ak / Ac = 1· 0004. 

Thus for accuracy to 1 part in 1,000, or even 1 part in 500, it would not be 
legitimate to apply in the Antarctic without correction a value determined for A at 
Christchurch or Kew. I do not think that even the lower accuracy can be claimed in 
the present case, but others may think differently. 

The neglect of WaCa is one of the steps most likely to arouse criticism. An 
approximate value of ~(}aCa is easily found, at least theoretically. We have, in fact, 

WaCa (cos I" + cos 1') = rft.a R {sin (I - I") - sin (I' - I)}, 
and so 2waCa cos I (I' + I") cos -l (I" - 1') = 2 rft.a R sin {I - ! (I + I")} cos !(I' - I") ; 

whence approximately ~ . 
. WaCa = ma R sin {I - ! (I' + I")} sec I, 

since 1 (I' + I") must equal I to a first approximation. 

* National Antarctic Expedition, 1901-1904. Physical Observations, p. 34. 
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The larger R sec I, the smaller must be I --.-; ! (I' + I"). Near a magnetic pole 
R and sec I are both relatively large. 

We should thus expect in high magnetic latitudes like Cape Evans or Cape Adare 
! (I' + I") to give a closer approach to the true dip than in ordinary latitudes. 

It seems to be ilnmaterial whether C4 vanishes or not. If it does not vanish the 
value of A becomes (wc + W 4C4 ) !(r), and there is no reason why W 4C4 should be more 
varia ble than wc. 

Section 147.-In the case of circle No. 26 only one total force observation was 
taken to determine the constant A for one weight. It was made in the magnetic hut 
at Cape Evans, on June 9,1911, between 15 h. 22 m. and 1.6 h. 5 m. Accepting for the 
true dip 860 27' '4, the mean of the absolute observations of the month, and for the 
total force '68168, being the value derived from the above value of the dip and '04213 
the mean of the absolute observations of II, the value obtained for 10glO A was 
1 . 66310. The observed value of i (I' + I") was 860 28'· 6, and so was very close to 
the true dip as given by the reversible needles. 

The value of A for one weight was found for circle 27 at Christchurch Observatory 
on Novenlber 16 and 17,1916. On November 16 there were two complete determinations. 
For the first the observation with needles 3 and 4 was taken between 11 h. 0 m. and 
11 h. 54 m. The value accepted for the true dip was derived from observations taken 
with needle 1 between 10 h. 30 m. and 10 h. 55 m. (pole A dipping), and between 
12 h. 0 m. and 12 h. 23 m. (pole B dipping). For the second determination, on the same 
day, the observation with needles 3 and 4 was taken between 16h. Om. and 16h. 43 m. 
For the dip, observations were taken with needle 2 between 15 h. 37 m. and 15 h. 58 m. 
(pole A dipping), and between 16 h. 50 m. and 17 h. 9 m. (pole B dipping). On 
November 17 the observation with needles 3 and 4 occupied from 11 h. 30 m. to 
12 h. 10 m. The dip observations, taken with needle 1, occupied from 11 h. 0 m. to 
11 h. 24 m., and from 12 h. 17 m. to 12 h. 35 m. The three values of R--supplied 
presumably by the Christchurch authorities-are given by Dr. Simpson as . 59854, 
'59872 and '59855 respectively. The three values found for loglo A were 1'54088, 
i '54016 and 1 '54053. Their mean 1 '54052 has been accepted. The following is 
a summary of the angles observed :--

Observation. I I. I ! (1'+1"). I u'. I u. I .". 

0 , 0 , 0 , 0 , 0 , 
1 ... ... 67 5i~19 67 54·41 26 23·58 43 45·06 24 9·13 
2 ... ... 56·00 50·67 19·17 37·79 18·21 
3 ... ... 55·91 50·58 18·58 50·74 5·17 

-
Mean ... 67 55·37 67 51·89 26 20·44 43 44·53 24 10·84 

The difference here between' the mean values of I and t (I' + I"), though not 
large, is sensible. The weight was obviously a very suitable one for total force 
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observations near the magnetic latitude of Christchurch, and the three values obtained 
for A showed a satisfactory accordance. 

A second set of dip and total force observations was made by Capt. Wright and 
Dr. Levick at Christchurch with circle 27, employing the same weight as before, on 
March 7 and 9, 1913. The following is a summary of results :--

Time. 

Date. Needle. I. t (I' + I"). u'. u. .". 

From I To 
I 

1913. h. m. h. m. No. 0 , 
° 

, 
° 

, 0 , 0 , 
March 7 ... 12 0 12 35 2 67 59·58 - - - ~ 

" 
7 ... 14 30 14 45 3 and 4 - 67 58·58 25 47·22 42 17·04 25 41·15 

" 
7 ... 15 0 15 30 2 67 56·80 - - - -

" 
7 ... 15 30 16 15? 2 68 6·33 - - - -

" 
7 ... 16 25 16 40 3 and 4 _. 68 7·58 25 57·25 42 18·67 25 44·23 

" 
7 ... 16 45 17 20 2 67 59·48 -- - - -

March 9 ... n 5 9 35 1 68 1·65 - - - -
" 

9 ... 9 40 10 0 3 and 4 - 67 59·67 25 20·67 43 0·82 24 59·33 

" 
9 ... 10 0 10 24 1 67 58·65 - - - -

" 
9 ... 10 25 10 45 1 68 1·52 - - - -

" 
9 ... 10 57 11 12 3 and 4 - 67 59·33 26 9·33 40 43·00 27 18·25 

" 
9 ... 11 15 11 32 1 68 0·98 - - - -

--
2555-:TI1 Means ... - - -. 68 0·62 68 1·29 25 ,18·62 ·12 4·88 

The tilnes assigned in the observation book for the third observation with needle 2 
on March 7 obviously contain one or more clerical errors; the assumed times given 
here may be slightly in error. It has also been assumed that an angle given as 38° 
in the first deflection experiment on March 9 was really 42°, as in the other similar 
observations; because the resulting value of ! (I' + Iff), viz., 65° 59'· 67, was altogether 
impossible. In calculating u, the true dip has been taken as the arithmetic mean of 
the dips given by the immediately preceding and following observations taken with 
a reversible needle. 

No final value was deduced for A, no value of R seemingly having been supplied 
by the Christchurch authorities. If we assume the same mean value for R as was used 
in 1910, and accept the above mean values of u, u' and 7], we should find the 1913 
value of A to be 0·982 of that found in 1910. The observations in 1910 were much more 
harmonious amongst themselves than those of 1913, and were considerably nearer in 
time to the observations at Cape Evans and Cape Adare, for which the value of the 
constant was desi~ed. Thus it seemed best to accept the 1910 value, regarding the 1913 

observations as affording merely a general confirmation of its accuracy. 
A final set of observations with No. 27 was made at_K.ew in December, 1913, by 

Dr. Levick and myself. On December 11 Dr. Levick took two complete observations 
of dip with needles 1 and 2, and three total force observations with needles 3 and 4; 
while I took a dip observation with the Kew circle and needles, simultaneously with 
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his first dip observation. On December 15, observing with circie 27, 1 took dip 
observations with needles 1 and 2, and two total force observations with needles 3 

and 4. Finally, on December 16 I took a third total force observation. In the 
calculations, 660 55' was accepted for the true dip, and ·47177 for the total force, 
these being the mean values-to the. nearest 0'·5 and 1 y-for the month. Also 
660 55' ·09 was the dip obtained with the Kew circle on December 11. A principal 
reason for taking I from the Kew circle was the considerable size of the difference-
4' . 9 for needle 1, and 7'·7 for needle 2-between the values of the dip obtained by 
Dr. Levick with circle 27. The mean results were as follows :-

Dip by 
Observer. 1 (I' + I"). u'. U. loglO A. 

I 
1/. 

No. 1. No.2. 

0 I 0 , 0 , 0 , 0 , 0 , 
Ijevick ... ... 66 53·52 66 51·73 66 49·75 34 9·75 11 26·11 78 21·11 1·54447 

Chree ... ... 66 53·72 66 55·84 66 47·07 31 21·18 11 45·83 78 40·83 1·54010 

All observations ... 66 53·59 66 53·10 66 48·41 32 45·46 11 35 ·97 78 30·97 1·54228 

The dips deduced from the values of I (I' + I") in needle 3 rule decidedly low. 
The difference between the mean values obtained for u' by the two observers is difficult 
to explain, as Dr. Levick's three values varied only 20' amongst themselves, and my 
three only 18'. 

If we take the mean value of 10glO A from the six determinations, we find 
(A in 1913 at Kew)/(A in 1910 at Christchurch) = 1·004. 

The theoretical difference arising from the difference of gravity is, it will be 
remembered, in the same direction as that observed above, but only one-tenth as 
large. 

While the agreement is not perfect, it is very much closer than I had at all 
expected. I t is especially noteworthy in view of the fact that, owing to the dip being 

. northerly at Kew and southerly at Christchurch, the weight which was in the end 
appropriate to the southern station was in the dipping end at Kew, and so increased 
the dip there, instead of diminishing it as at Christchurch. 

FroIn the observed values of u' at the two sta.tions, and the values of total force, 
a comparison Inay be instituted between the values of the magnetic mOlnent of 
needle 4 in Novelnber, 1910, and December, 1913. The moment would seem to have 
diminished by only about 2 per cent. in the course of the three years, a very satisfactory 
result. 

More space has been given to the total force observations with circle 27 than 
their intrinsic importance may seenl to justify, but the results possess a considerable 
interest fronl the instrumental and observational points of view. 

Section 148.-The special observations Inade on sea ice over deep water about 
2,835 yards from the absolute hut at Cape Evans during December, 1911, and 
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January, 1912, were included in Tables I, II and III, and discussed in Chapter III. 
But some earlier observations were taken on sea ice with circles 26 and 27. They 
commenced shortly before midnight on January 5, 1911, and continued until after 
4 h. of the subsequent day. The observations with the two circles went on 
simultaneously, so the positions of the circles could not have been absolutely 
identical. In the case of circle 26 the position is described as " Ice off Cape Evans 
120 fathoms," while the position of circle 27 is variously described as "Off Cape 
Evans," or " Off Skuary, Ross Island." 

The dips taken with the reversible needles were as follows :-

Time. 

Circle. Needle. Dip. Mean dip 

I 
for circle. 

From To 

h. m. h. m. 0 , 0 , 

26 2 ? 23 30 0 38 ~6 48·68 -
26 8 3 0 3 38 86 49·00 86 48·84 
27 1. 23 15 0 31 86 49·03 -
27 2 23 39 0 15 86 47·50 -
27 1 3 22 4 2 86 48·90 86 48·48 

-
:Final mean ... ... ... ... .. . 86 48·66 

-- ---

The individual results are very harmonious, and suggest a quiet time, but as the 
magnetographs were not then in action no confirmation is possible from the curves. 
The final mean is larger by 19' than the earliest observation recorded in the magnetic 
hut at Cape Evans, which was the biggest dip observed there, while the observations 
made on sea ice in December, 1911, and January, 1912, had a mean excess of only 
9' . 8 over those then made on land. This cannot be said to be favourable to the view 
that the effects of local disturbance were inappreciable even on the sea ice. 

Total force observations were also made on the sanle occasion (January 6, 19l1) 

with both circles with the following results :---
- -

~role'l 
Time. 

Mean Total ! (1'+1"). u'. u. 1/. Force. Total 

From I To 
Force. 

h. m. h. m. 0 , 0 , 0 , 0 , 
y y 

26 1 20 2 17 86 48·10 28 13·9 62 50·6 23 58·2 67831 -
26 2 20 3 0 86 49'67 28 13·5 63 19·2 23 29·6 67820 67825 
27 1 20 1 52 86 50·50 23 8·3 6 17·9 80 30·6 67892 -
27 1 53 2 28 86 45·58 23 6·7 6 30·2 80 18·3 67565 67729 

Means - - 86 48·46 - - - -- /67777 

-
In the total force reductions the value accepted for I was 860 48'·8 for circle 26, 

and 860 48'·5 for circle 27. The values accepted for loglO A were i' ·66310 for circle 26 
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(Cape Evans Observation, June 9, 1911), and i ·54052 for circle 27 (Christchurch 
Observation, November 16 and 17, 1910). If we applied to the Christchurch value of 
A the correction appropriate to the excess of gravity in the Antarctic, we should 
increase the mean value for the total force by circle 27 to 678101', and the 
corresponding mean from the two circles to 678171'. 

The accordance between the results from the two circles, if we apply the gravity 
correction to No. 27, cannot be assigned very great significance, in view of the large 
difference between the two values given by that circle. The fact is that the weight 
used in circle 27 was undesirably light for Antarctic use. The value of u was so 
small that any small error in its determination was serious. The weight used in- circle 
26 erred perhaps a little in the opposite direction, but was much more suitable. 

The accordance between! (I' + If!) and the true dip was again eminently satisfactory 
for both circles. . 

Section 149.-Magnetic observations were taken at Cape Adare (710 18' S. lat., 
1700 9' E. long.) by Commander V. Campbell, R.N., and Dr. G. Murray Levick from 
March to December, 1911. They included observations of declination, dip and total 
force, the two last elements with circle by J. Dover, No. 27. 

Two of the declination observations were taken on the sea ice on Robertson Bay, 
some distance from .shore. The other observations were apparently all taken on the 
"site of Magnetic Tent in Borchgrevink Expedition." This is explicitly stated to 
be true of the earliest dip observations taken on March 14. In all the other dip 
observations the site is described as "Ridley Beach" or "basaltic pebble beach." 
The same description is assigned in the case of the total force observations, with the 
additional information that the geographical position was 710 18' 0" S. and 1700 9' 0" E. 
The site of the two land declination observations is similarly described to that of the 
total force observations. 'The accepted position of the observation station of the 
Borchgrevink (or "Southern Cross") Antarctic Expedition of 1899 to 1900 being 
71 0 18' S., 1700 9' E., the identification seems complete. 

The first of the two declination observations made on the sea ice was taken on 
May 3. The site is described as 440 yards from shore, over water 17 fathoms deep, 
lat. 71 0 18' 19" S., long. 1700 9' 0" E. The same depth of water and the same 
geographical co-ordinates are entered in the case of the second observation on sea ice, 
taken on Novenlber 6, but the distance from shore is given as 336 yards. 

In each instance the declination was obtained by comparing the true bearings 
of a series of objects, taken with a 4-inch theodolite, with the magnetic bearings 
observed with" No.1 Arctic Shore Azimuth Compass." From two to four different 
pivots were used on each occasion, and in every case a correction of + 4' was applied to 
the compass card reading. As the" basaltic pebble beach" was presumably a source 
of local magnetic disturbance, the declination observations made on sea ice are the 
most important. 

On May 3 compass readings were taken for seven different true bearings, and in 
each case separate readings were taken with each of three pivots, the resulting value 
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of the declination being 700 59'·8 E. On this day magnetic conditions at Cape Evans 
were decidedly quiet. On November 6 compass readings were taken for eight 
different true bearings, two pivots being used in each case. The resulting value of 
the declination was 70° 57'·3 E. On this day the magnetic curves showed about the 
usual amount of disturbance for the season. The close accordance of the two results 
would naturally inspire confidence in the final mean value 70° 58'·5 E., but a 
consideration of the observational details is less re-assuring. On May 3, on the 
average, the declinations obtained using pivots ii and iii exceeded those obtained 
when using pivot i by 21'·7 and 1° 14'·1 respectively. On November 6 the two pivots 
used agreed much better, still the mean declination using pivot ii was 10'·2 in excess 
of that found with pivot i. It must also be remembered that during November the 
diurnal range of declination is large. Even if the exact times of observation had been 
given, which was not the case, it would not have been possible to derive from the 
records obtained at Cape Evans corrections for diurnal variation applicable to Cape 
Adare. It is probably not underestimating the various uncertainties if we regard 
the probable value of declination on sea ice as 71° ± 1° E. 

The two land observations of declination were taken in the same way as those 
on the sea ice. On the first occasion, March 21, compass readings were taken for 
seven different true bearings, four pivots being used in each case. The resulting mean 
declination obtained was 65° 7'·4 E. The values derived from six of the objects 
varied only between 64° 9'·0 and 64° 42'·7, whilst the seventh gave 69° 1 7' ~ 5. This 
strongly suggests an error of 5° in the value assigned to the true bearing. If we omit 
this one object, the mean becomes 64° 24'·6 E. On this occasion the differences 
between the pivots were very large, the mean declinations obtained from pivots ii, 
iii and iv exceeding those obtained from pivot i by 1° 14'·3, 2° 28'·6 and 2° 20'·7 
respectively. Magnetic conditions at Cape Evans on March 21 were rather highly 
disturbed, and some of the irregularities at Cape Adare were no doubt due to magnetic 
disturbance. On the occasion of the second land observation, taken on December 13, 
compass readings were taken for eight different true bearings, pivots i, ii and iii being 
used in each case. The differences between the several pivots were less than on 
March 21, the mean declinations obtained with pivots ii and iii exceeding that 
obtained with pivot i by 40'·1 and 17'·6 respectively. The mean declinations 
deduced from the different objects varied from 68° 20'·3 to 69° 18'·7, the final mean 
from the eight combined being 68° 46'·8 E. Magnetic conditions on this da y at 
Cape Evans were fairly quiet. 

If we accept the revised value for the declination on March 21, the mean from 
the two days' observations on the beach at Cape Adare becomes 66° 35'·7 E., or 
40 22'·8 less than the mean from the observations on sea ice. In view of the large 
differences between the land observations on March 2~_ and December 13, no very 
exact value can be assigned for the difference between the two stations; but we may 
reasonably infer that the declination on the beach is reduced by at least several 
degrees through purely local disturbance. 
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The mean declination observed on the beach in 1899-1900 by the" Southern 
Cross" observers, Mr. L. C. Bernacchi and Captain W. Colbeck, was 55° 49',4 E. 
These observers had a very much superior instrument in Unifilar Dover No. 138. 
Their individual results, 54 in number, taken at very various hours of the day, and 
so very variously affected by the diurnal variation, varied between 54 ° 39'·4 and 
57° 37'·9; but on several occasions when magnetic conditions were specially disturbed 
observations were left unfinished. If we accept the land values at the two epochs 
as applying to the same spot, we have an increase of 10° 46'·3 in twelve years, giving 
the secular change the very high value of 54' per annum. 

Section 150.-The dip and total force observations with circle 27 at Cape Adare 
were all made on shore, at the station on the" basaltic pebble beach" on the" site 
of Magnetic Tent in Borchgrevink Expedition." Attempts were made on November 7 
and 9 to observe the dip on the sea ice off Ridley Beach, but these were unsuccessful 
" owing to movement of the ice." 

TABLE A.-Dip at Cape Adare. 
I 

Time. 
Magnetic 

Date. Needle. Observer. 

I 
Mean Dip. Condition 

From To at Time. 

1911. h. m. h. m. ° 
, 

March 14 ... .-.. 2 V.C. 15 0 17 0 86 36·10 dt 

" 
22 ... ... 1 V.C. 10 0 11 15 86 41·51 a2 

" 
22 ... . .. 2 V.C. 12 30 13 30 86 42·55 d2 

May 25 ... .. . 2 V.C. 10 30 12 0 86 41·70 q 
• June 6 ... . .. 1 V.C. 10 45 12 45 86 41·81 al 

" 
6 ... .. . 1 V.C. 14 30 15 45 86 36·25 q 

.July 21 ... ... 1 V.C. 11 45 13 0 86 40·19 q 
August 23 ... ... 1 G.M.L. 10 30 12 15 86 37·85 q 

" 
23 ... ... 1 G.M.L. 14 25 15 5 86 39·69 q 

October 19 ... .. , 1 G.M.L. 14 30 15 0 86 39·72 q 

" 
19 ... ... 1 G.M.L. 15 30 16 15 86 43·10 q 

November 9 ... 1 G.M.L. 10 30 11 15 .86 36·97 dt. 

" 
9 ... 1 G.M.L. 11 45 12 30 86 55·40 dt. 

December 11 ... 2 V.C. 12 0 13 0 86 58·38 dt. 

" 
11 .. , 2 V.C. 14 45 15 50 86 44·81 d2 

Mean from all the 15 observations ... ... ... ... . .. 86 42·4 
Mean from 9 observations with needle No.1 ... ... ... .. . 86 41·4 
Mean from 5 observations with needle No.2 ... ... ... ... 86 44·7 

Table A gives particulars of the dips obtained at Cape Adare with the 
reversible needles Nos. 1 and 2. The observers are distinguished by their initials. 
The magnetic conditions specified were derived from the curves at Cape Evans, q 
denoting quiet, d disturbed conditions, the suffix 2 implying very considerable, the 
suffix 1 only moderate disturbance. In these high latitudes disturbance is probably 
comparatively local at times, and 'inferences drawn as to magnetic conditions at 
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Cape Adare from those experienced at Cape Evans are naturally less reliable than in 
the case of two stations a similar distance apart in Great Britain. 

Observations were only once taken with the two needles on the same day, 
March 22, and on that occasion the mean times of the two observations differed by 
2 h. 22 m. I t is thus impossible to say whether the difference 3'·3 between the nlean 
dips obtained with the two needles was of instrumental origin or accidental. The 
observations were mostly taken at very low temperatures, and so under trying 
conditions. Some of thern, moreover, took an unusually long time, and so were 
very likely to suffer from magnetic variat.ions. What.ever the cause, there were 
several very large differences between successive readings of t.he same end of the 
needle. When such differences occur, more than usnal uncertainty cannot but attach 
to the final dip. The largest of these differences were as follows: 10 20' on May 25 ; 
0° 52' on June 6; 0° 35' and 0° 34' on November 9; .and 00 54' and 0° 44' on 
Decernber 11. Differences such as these look very large, but it should be remembered 
t.hat an error of lOin a single reading would only affect the final result by about 2'. 

The mean dip 861:) 42'·4 in Table A is 8'·0 higher than the corresponding mean 
found by Messrs. Bernacchi and Colbeck in 1899-1900. If we accept the results as 
applying to the same spot, we deduce a mean annual increase of dip of 0'·67. 

TABLE B.-Total Force Observations at Cape Adare. 

Time of Total 
.!::l ~ Dip by Force Observation. 

Temp. +>0 Total Date. 

From I c. ~~ u'. u. 7/. Force. 
To ~] No.1 or 21 No. 3 

0 86° + 86° + 

1911. h. m. h. m. 0 , , 0 , 0 , 0 , 
y 

March 22 11 30 12 30 -20 d2 42·03 69·37 22 16·13 7 9·09 79 32·94 68077 
June 6 ... 11 30 12 0 -21 d} 41·81 43·50 22 26·00 6 7·00 80 34·81 69635 
July 21 ... 14 0 14 45 -16 q 40·19 74·12 21 55·38 6 19·00 80 21·19 70137 
August 23 14 0 14 20 -29 q 39·69 41·38 22 16·13 6 55·75 79 43·94 68527 

I October 19 15 0 15 30 -18 q 41·41 40·38 22 34·38 6 51·66 79 49·75 68091 
Nov. 9 ... 11 15 11 45 - 6 d2 46·18 21·62 22 24·88 7 3·12 79 43·06 67798 

I Dec.11 ... 14 15 14 35 + 1 d2 44·81 40·25 22 23·00 6 32·93 80 11·88 68718 
--

I 
Means ... - - - - 42·30 47·23 22 19·41 6 42'65 79 59·65 68712 

Total force observations with the" statical" needles 3 and 4 were made at Cape 
Adare on seven of the days on which dip observations were taken with one or other 
of the reversible needles. Particulars of the observations are given in Table B. 
In the calculations the value taken for the dip was t.hat. given by the reversible 
needle used on the same day. The reversible needle result is given in the t.able for 
comparison with that resulting from the value of ! (I' + I") in needle No.3. The 
values assigned to the total force are based on the value obtained for A at 
Christchurch uncorrected for gravity. Particulars are gfven as to u, u' and 17 t.o show 
the degree of consistency of the observations. The magnetic conditions shown by 
the Cape Evans curves are given as before. 
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The time assigned to the total force observation on June 6, viz. from 11 h. 30 m. 
to 12 h. 0 ill., is half-au-hour earlier than that given in the total force observation book, 
because according to the dip observation book the observations with needle No. 1 

occupied from 10 h. 45 m. to II h. 30 rn. and from 12 h. 0 m. to 12 h. 45 m., and the 
total force observations must have come in the interval. 

The variability in the values of 'U in Table B appears larger than usual, and the 
dips derived from needle 3 do not appear at all as satisfactory as those obtained on 
January 5 and 6 near Cape Evans. It is thus hardly surprising that the value,s 
obtained on the different occasions for the total force are not very accordant. A very 
considerable probable error must be allowed even to the final mean. If we applied a 
correction for gravity-assuming the value of 9 at Cape Adare to be that normal for 
the latitude 71° 18', viz. 982,7, an hypothesis accurate enough for the present purpose­
we should raise the final mean value of the total force to about 68788y. If we accept 
this for the total force, and 86° 42'·4 for the dip, we find 686741' and 3952y respectively 
for the vertical and horizontal components. The corresponding mean values obtained 
by Messrs. Bernacchi and Colbeck were . 6926, and . 04143, giving . 6938 for the total 
force. Accepting these figures as applicable to the same spot, we find a reduction 
to have occurred in all three elements during the twelve years. The resulting mean 
annual changes, are - 161' in H, - 491' in V and - 49y in total force. 

There is nothing at all out of the way in the secular changes we have deduced for 
Cape Adare, except in the case of D. But no great weight can be claimed for the 
results in view of the observational uncertainties, and the very considerable local 
disturbance indicated by Messrs. Campbell and Levick's declination observations. 
It may however be added that a substantial increase in easterly declination at Cape 
Adare would harmonise with the observed secular increase in H at Cape Evans. Both 
phenomena would be explained by a movement of the South magnetic pole in a north­
westerly direction. The value of the declination observed on sea ice near Cape Adare . 
seems to fit fairly well with the observations on board ship dealt with in the next 
chapter. 

428 



CHAPTER XVI. 

OBSERVATIONS AT SEA, &0., AS REDUCED UNDER THE SUPERVISION 
OF COMMANDER IIARRY PENNELL, R.N. 

This chapter includes observations of declination and dip reduced by or under 
the supervision of Commander Harry Pennell, R.N., who lost his life during the war. 
He had handed over the tables of results, the reductions, and the observation books 
to my charge before going on active service. We had discussed a variety of points, 
without, however, reaching any final decision. Some of the assumptions ma.de, and 
Bome of the corrections applied, seenled to me somewhat arbitrary, and I felt doubtful 
whether it might not be well to have some of the decisions reconsidered. Further, 
a certain number of total force observations had been made on board ship and partly 

. reduced, but no final results had been reached, owing mainly, as I understood, to 
uncertainties about the corrections called for by the presence of iron in the ship. 
Obviously, if numerical results were to be reached, a series of somewhat arbitrary 
decisions would have to be taken; but I entertained a hope that co-operation between 
a magnetician and a naval observer, familiar with the actual conditions on board ship, 
might lead to results worth printing. As matters have turned out, it has seemed best 
to publish the declination and dip tables as Commander Pennell left thenl, with merely 
a few verbal alterations, and to leave the total force results alone. 

The material consists mainly of observations taken on board the " Terra Nova," 
but includes a few observations on sea ice, and also the interesting series of declination 
results obtained by Lieut. (now Captain) Evans and Lieut. Bowers during Captain Scott's 
sledge journey to the South Pole. 

Commander Pennell consistently used the term "magnetic variation" for 
declination, and as it is a term naval men seem loth to part with I have let it remain. 
The same remark applies to the use of " Barrow circle" to denote the ordinary land 
dip circle. In his day Barrow was the leading English maker of dip circles, and a few 
of his circles still survive, including the standard circle in use at Kew Observatory 
at the present time. But the land circles. actually used by the Expedition were all 
Dover circles, the older ones by J. Dover, the new ones by A. W. Dover. The sea 
dip circles of the Lloyd-Creak pattern-usually designated L.-C. circles by Commander 
Pennell-were all made by A. W. Dover. 

A large number of dip and total force observations had been taken by the 
observers of the Expedition at Simons Town (Cape Colony), Christchurch Observatory 
and Kew Observatory, treated as base stations, and corrections to the dip based on 
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these observations were systematically applied. These corrections I ha ve left 
unaltered. There is undeniably a much stronger argument for applying a correction 
to a Lloyd· Creak circle than to a land circle. In skilled hands the L.-C. circle gives 
much better results than one would expect, considering the friction that naturally 
prevails and the operation with the "scratcher" that is designed to overcome the 
friction. - But on land the instrument is not the equal of the ordinary good Dover 
circle, so that there is much to be said for applying to the inferior instrunlent a 
correction based on its comparison with the superior one. There is a further practical 
reason in the general tendency exhibited by L.-C. circles to give a higher dip than the 
land circle. The fault might of course lie with the latter, but on this point the land 
circle has the support of the dip inductor, which is usually considered an instrument 
of superior type. 

COlnmander Pennell divided the observations as a whole into two classes, the 
first, including observations nlade in temperate latitudes, the second observations made 
in high southern latitudes, and the- results have been shown in two charts * which 
he had prepared. The results as soon as worked out were, I believe, communicated 
to the Adrnira1ty for charting pnrposes, and so have already served one of the 
principal purposes for which they were intended. They should be compared with 
the already published observations taken on board the H Galilee" and" Carnegie," 
the survey ships of the Carnegie Institution of Washington. The" Terra Nova " did 
not have that freedom froyn ship's magnetism enjoyed by the" Carnegie," and the 
reduction of the observations made on board her ,vas a Inuch more difficult and 
delicate task. 

OBSERVATIONS FOR VARIATION TAKEN ON BOARD S.Y. "TERRA 
NOVA," BRIT. ANT. EXPEDN., 1910-13. 

I. (" VARIATION.") 

North of 600 S. Latitude . 

. A.-Absolute Variation obtained by " Swinging Skip." 

Date. Latitude. LongitudE'. I Variation. I Swing. Remarks. 

1910. 0 0 0 

June 16 50 26N. 5 19 W. 17 52W. II ... Swing both ways. 

" 
26 32 36 N. 16 56 18 25W. III ... 

" 
" July 25 20 10 S. 29 21 W. 19 lOW. IV ... 

Sept. 2 34 10 18 29 E. 27 50W. V ... 
" 

29 41 24 100 27 23 34W. VI ... 
Nov. 29 45 46 S. 170 50 E. 17 18 E. VII " 

* Preserved at Kew Observatory. 
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I. -Oontinued. 

North of 60° S. Lat'itude. 

A.-Absolute Variation obtained by "Swing'ing Ship "--continued. 
- --- ---- - -------_ .. -

Da.te. I La.titude~ I Longitude. I Variation. I Swing. I Remarks. 

1911. 0 , 0 , 0 , 
March 31 ... ... 43 37 S. 173 12 E. 16 51 E. XIII . .. To port 
July 27 ... ... 34 32 172 02 13 19 E. XIV ... To starboard. 
Aug. 3 '" ... 34 28 173 08 14 13 E. XV . .. Swing both ways. 
Oct. 1 ... . .. 37 36 178 24 14 37 E. XVI . .. To port . 

" 
2 ... . .. 39 55 178 12 15 49 E. XVII ... 

" 
" 

3 ... .., 41 18 176 28 16 09 E. XVIII ... To starboard. 
Dec. 9 ... . .. 43 34 172 53 15 09 E. XIXA } Bottom apparently 

" 
11 '" ... 43 34 172 53 17 13 E. XIXB " disturbed." 

" 
17 '" ... 47 17 173 14 17 16 E. XX . .. To port. 

" 
20 ... ... 54 08 173 18 21 17 K XXI . .. To starboard. 
22 ... . .. 57 55 175 13 24 38 E. XXII .,. 

" 
1912. 

April 1 ... ... 43 57 173 03 16 51 E. XXVIII ... 
" Nov. 26 ... ... 43 34 172 56 15 36 E. XXIX ... 
" 

1913. 
Feb. 9 ... . .. 47 04 170 32 17 44 E. XXXIII ... 

" 
" 

11 ... ... 43 58 172 57 E. 17 OOE. XXXIV ... 
" March 23 ... ... 56 02 155 51 W. 24 14 E. XXXV ... 
" April 13 ... ... 52 09 63 47 13 14 E. XXXVI ... " 

" 
19 ... ." 40 18 54 48 3 31 E. XXXVII ... 

" May 3 ... ... 22 02 39 34 12 59 W. XXXVIII 

" 
6 ... ... 18 48 S. 33 28 17 54 W. XXXIX ... 

" 
18 ... ... 5 08N. 23 50W. 20 43W. XL. .. . 

--

B.---Absolute Variation obtained with Land1;ng Oompass on Shore. 
--------, 

Date. Latitude. I Longitude. I Variation. I No. of Obs. Remarks. 

1910. o , " o , " o 

June 26 32 37 47 N. 16 55 04 W. 18 47·5 W. I At Madeira. 

0.-Variation from Single Observations. t 
Date. I Latitude. I Longitude. I Variation. I Remarks. 

1910. 0 , 0 , 0 I 

June 15 ... ... 51 17 N. 4 03W. 17 43W. * Too much motion for great 

" 
17 ... ... 47 56 11 03 19 03W. accuracy . 

" 
18 ... ... 46 44 11 31 19 07W. 

" 
18 ... ... 45 43 N. 12 01 W. 18 41 W. 

t The deviations used in correcting the Total Errors have" been deduced from the foregoing 
"swings" ; the horizontal force and dip for the various position,:; being taken from Admiralty charts 3603 
and 3598. 

Formulre were used as in " Admiral~y Manual of Deviations." 
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I.--Oontinued. 

North of 60° S. Latitude. 

0.-Variation from Single Observations-continued. 

Date. 
I 

Latitude. 
I 

Longitude. 
I 

Variation. l ____ ~m:~ ____ ---_ .. _-

1910. 0 , 0 , 0 , 
June 19 ... ... 44 33 N. 12 30 W. 18 41 W. * Too much motion for great 

" 
20 ... ... 42 08 13 30 18 lOW. accuracy. 

" 
20 ... ... 40 51 13 58 18 20W. 

" 
21 ... ... 39 09 14 30 18 OOW. 

" 
21 ... ... 37 57 14 56 17 27W. 

" 
22 ... ... 35 10 15 46 17 37W. 

" 
28 ... ... 28 33 19 25 17 35W. 

" 
28 ... ... 27 48 19 49 17 23W. 

" 
29 ... ... 27 22 20 15 18 03W. 

" 
30 ... ... 26 09 20 58 18 38W. 

July 1 ... ... 25 29 21 27 18 34 W. 

" 
1 ... ... 25 04 21 40 18 34 W. 

" 
2 ... ... 23 49 22 22 18 34W. 

" 
3 ... ... 22 52 22 47 18 51 W. 

" 
3 ... ... 22 10 23 13 18 45W. 

" 
5 ... ... 19 24 24 42 18 57W. 

" 
7 ... ... 15 56 25 31 18 51 W. 

" 
7 ... . .. 15 17 25 19 18 50W. 

" 
8 ... ... 13 19 24 59 19 09W. 

" 
9 ... ... 11 46 24 36 19 31 W. 

,', 10 ... ... 9 30 24 21 19 39W. 

" 
11 .. , ... 7 19 24 03 . 19 33W. 

" 
14 ... ... 3 05 21 11 20 24 W. 

" 
14 ... ... 2 06 21 24 20 22W. 

" 
15 ... ... 0 55N. 22 06 21 09W. 

" 
16 ... ... 1 48 S. 21 27 20 57W. 

Aug. 1 ... . .. 26 34 22 45 22 19W. 

" 
1 ... . .. 27 05 22 09 22 32W. 

" 
2 ... ... 28 52 20 39W. 21 51 W. 

Sept. 4 ... . .. 38 15 19 18 E. 27 25W. 

" 
4 ... . .. 38 18 19 21 27 12W. 

" 
8 ... ... 39 54 31 45 28 11 W. 

" 
15 ... ... 39 44 52 20 24 07 W. 

" 
16 ... .., 40 01 58 18 *26 16W. 

" 
20 ... ... 38 44 75 07 . *28 02W . 

" 
22 ... . .. 39 06 81 18 *28 02W. 

" 
24 ... . .. 39 22 85 10 *26 OOW. 

" 
26 ... . .. 40 33 92 01 *27 lOW. 

" 
27 ... . .. 40 43 93 44 24 49W. 

" 
27 ... . .. 40 52 94 47 *24 27W. 

" 
28 ... ... 41 00 98 02 *24 21 W. 

" 
29 ... ... 41 10 99 20 *25 02W. 

" 
30 ... ... 41 46 101 58 23 37W., 

" 
30 ... . .. 41 59 102 50 24 05W/ 

Oct. 1 ... ... 42 11 105 25 21 29W./ 

" 
3 ... . .. 42 14 111 57 15 56W/ I 

" 
6 ... . .. 41 45 122 18 6 01 W. 1/ 

Nov. 30 ... . .. 46 54 170 45 16 52E. 

" 
30 ... . .. 48 13 170 25 17 50 E. III 

Dec. 5 ... ... 57 31 S. 176 48 E. 26 12 E. 
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Date. 

1911. 
March 14 ... 
" 

14 ... 
" 

15 ... 
" 

15 ... 
" 

16 ... 
" 

17 ... 
" 

17 ... 
" 

17 ... 
" 

18 ... 
" 

23 ... 
July 14 ... 
" 

15 ... 
" 

16 ... 
Dec. 15 ... 
" 

16 ... 
" 

16 ... 
" 

17 ... 
" 

18 ... 
" 

19 ... 
" 

20 ... 
" 

21 ... 
" 

21 ... 
" 

21 ... 
" 

22 ... 
" 

23 ... 

1912. 
March 27 ... 
" 

27 ... 
" 

28 ... 
Dec. 14 ... 
" 

15 ... 
" 

15 ... 
" 

18 ... 
" 

21 ... 
" 

22 ... 

1913. 
Feb. 3 ... 

" 
4 ... 

March 14 ... 

" 
15 ... 

" 
16 ... 

" 
17 ... 

" 
17 ... 

" 
17 ... 

" 
18 ... 

" 
19 ... 

" 
20 ... 

" 
20 ... 

I.-Oontin'ued. 

North of 60° S. Latitude. 

0.-Variation from Single Observations-continued. 

I 
Latitude. 

I 
Longitude. 

I 
0 , 0 , 

... 58 37 S. 161 22 E. 

... 58 22 162 00 

... 58 18 161 26 

... 58 07 161 35 

... 56 34 162 45 

... 56 14 163 56 

. .. 56 16 163 55 

. .. 56 17 163 33 

... 56 30 162 48 

... 54: 50 160 32 

... 36 49 177 25 

... 35 07 174 23 

... 34 13 172 15 

... 44 30 172 37 -

... 45 01 172 18 

... 45 50 172 41 

... 48 14 172 49 

... 50 15 171 35 

... 51 19 172 08 

... 53 15 173 06 

... 55 02 173 05 

... 55 48 172 59 

... 56 08 172 59 

... 57 06 174 00 
'" 58 44 177 06 

. .. 52 16 167 32 

... 52 11 167 25 

. .. 51 57 167 38 

... 44 01 173 34 

... 45 21 174 31 

... 45 36 174 38 E. 

... 51 42 179 02 W. 

... 54 38 176 45 

... 55 26 174 44W. 

... 58 40 157 47 E. 

... 56 32 160 08 

... 45 34: 175 04 

... 47 12 176 18 

... 48 41 178 43 E. 

... 49 41 179 36W. 

... 52 12 175 39 

... 52 17 174 50 

... 53 41 171 50 

... 55 05 166 18 

... 55 35 163 49 

... 55 55 S. 163 11 W. 

433 

Variation. 
I 

0 , 
*24 43 E. 
*21 25 E. 
*23 20E. 
*23 49 E. 
*24: 04: E. 

21 50E.; 
20 10 E. 
21 16E/ 
20 . 09 E;~> 
19 37 E. 
14: 33 E./,/ 
13 01 E. ~,/ 
13 25 E./ 
16 51 E." 
16 50 E./ 
17 37 E . ..I/ 

18 19 E.; 
19 33E. 
19 08 E.~ V 
19 18 E/v 
21 24 E.;v 
22 11 E./ 
22 50E./" 
22 21 E:; 
24: 21 E. 

19 57 E/ 
20 OOE/ 
20 10 E./ 
17 26 E. 
17 33E. 
19 38 E. 

*20 51 E. 
*21 31 E. 

22 18 E. 

*22 23E. 
*20 25 E. 
*16 23E. 
*16 07 E. 

18 10 E. 
18 40E. 
20 03E. 
20 55 E. 

*20 12 E. , 

*21 26 E. 
21 40E. 
21 54E. 

~ ~ 

* Too m 
aeeur 

Remarks. 

ueh motion for great 
aey. 

----.-~-----, 
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I. -Continued. 

North of 60° S. Latitude. 

0.-Variation from Single Observations-continued. 

______ D_at._e_, ___ ...c..I_La_t_itu._d_e._!...i __ L_OD_g_itu_d_e'--j1 Variation. 1 _______ Re_m_a_rks_· ______ 
1 

5~ ;1 S. 1~;2 W .1- .2~ 5~ E. -. Too much motion for great 
1913. 

March 22 
" 24 
" 24 

April 1 

" 
" 
" 

" 
" 
" 
" 
" 

3 
4 
5 
5 
6 
7 
7 
8 
9 

" 12 
" 16 
" 17 
" 18 
" 19 
" 20 
" 21 
" 25 

May 1 

" 

" 
" 

2 
2 
3 
4 
4 
5 
5 
6 
7 
7 
8 
9 

" 10 
" 10 
" 11 
" 13 
" 13 
" 14 
" 14 
" 16 
" 17 
" 19 
" 25 
" 26 
" 26 
" 29 
" 30 
" 31 

55 58 153 27 24 22 E. accuracy. 
55 55 152 00 *23 29 E. 
55 11 120 03 27 18 E. 
55 11 109 27 *28 56 E. 
55 01 104 40 27 59 E. 
55 02 100 56 28 09 E. 
55 05 99 50 29 19 E. 
55 13 95 21 28 22 E. 
55 23 89 39 27 07 E. 
55 24 89 12 26 20 E. 
55 30 83 23 24 19 E. 
55 30 78 06 22 25 E. 
53 49 64 13 14 54 E. 
46 58 60 24 9 49 E. 
44 17 57 23 6 54 E. 
42 46 55 28 5 23 E. 
39 56 54 32 3 45 E. 
38 49 52 52 1 31 E. 
36 57 51 21 0 11 E. 
28 00 46 00 6 54 W. 
23 03 42 50 10 45 W. 
22 56 41 34 12 52 W. 
22 39 40 53 12 54 W. 
21 41 38 52 14 17W. 
20 54 37 34 14 51 W. 
20 29 36 45 14 56 W. 
19 30 34 45 17 26 W. 
19 23 34 32 17 01 W 
18 22 32 36 18 33 W. 
17 43 31 17 19 08W. 
16 51 30 45 18 56 W. 
14 42 29 30 19 42 W. 
12 11 29 02 20 21 W. 
10 30 28 31 20 39 W. 
9 21 28 19 20 14 W. 
7 38 27 50 20 13 W. 
4 40 27 21 20 52 W. 
4 23 27 18 20 42 W. 
3 53 27 07 20 25 W. 
2 52 S. 26 37 21 00 W. 
o 22 N. 25 05 20 46 W. 
2 48 24 45 20 44 W. 
6 54 24 06 20 33 W. 

... 22 50 35 09 19 33 W. 
24 11 34 41 19 32 W. 
25 08 34 19 19 47 W. 

... 29 36 33 44 21 13 W. 
33 07 34 18 22 13 W. 
34 05 33 39 *22 53 W. 

... 37 01 N. 30 09 W. 22 52 W. 
-----------~~~~~~~~---- --~~~~------------' 

June 1 
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OBSERVATIONS FOR VARIATION TAKEN ON BOARD S.Y. "TERRA 
NOVA," BRIT. ANT. EXPEDN., 1910-13. 

II. (" VARIATION "). 

Antarctic Regions (for this purpose taken as South of 600 S.). 

II. ANTARCTIC REGIONS. 

A.-Absolute Variation obtained by " Swinging Ship." 

Date. 
1 

Latitude. 
1 

I.ongitude. 
1 

Variation. 
1 

Swing. 
1 

Remarks. 

1911. 0 , 0 , 0 , 
Jan. 1 ... ... 73 53 S. 174 09 E. 92 46 E.? VIII 
Feb. 8 ... ... 77 46 166 15 153 14 E. IX 

" 
20 ... ... 71 20 170 00 66 52 E. / X 

" 
23 ... ... 69 43 163 24 51 54 E./ XI Cardinal points only. 

Mar. 4 ... ... 67 06 160 54 E. 36 03 E. / XII 
" " " Dec. 27 ... ... 65 31 176 28 W. 39 07 E. XXIII Cardinal points and 

S.W. only. 
1912. 

96 24 E.~ Jan. 6 ... ... 73 49 171 51 E XXIV 

" 
7 ... ... 74 39 168 10 119 18 E. XXV Cardinal points only. 

" 
12 ... ... 76 24 167 43 139 10 E.~ XXVI 

" " " 
" 

12 ... ... 76 54 166 39 E. 144 50 E. XXVII 
Dec. 29 ... ... 69 48 166 17 W. 52 37 E. XXX Cardinal points only. 

1913. (Arctic Shore Compass No.2, sh ipped in L.C. position.) 
Jan. 16 ... ... 75 24 173 05 E. 112 57 E. XXXI 

" 
19 ... ... 77 41 166 06 151 41 E. XXXII L.C. Position. 

" 
19 ... ... 77 41 S. 166 06 E. 151 05 E. XXXII Standard. 

B.-Absolute Variation obtained with Landing Oompass on Ice. 

Date. 
I 

Latitude. 
I 

Longitude. 
1 

Variation. I .. NOo. I 
Remarks. 

1910. 0 , 0 , 0 , 
Dec. 14 ... .. . 67 28·2 S. 177 58·8 W. 43 47 E. II:/ 

" 
15 ... ... 67 23 177 59 43 59 E. II/ 

" 
20 ... ... 68 40 179 28 47 09 E. III 

1911. 
'IV/ Dec. 29 ... ... 66 45·7 177 48 W. 41 02 E. 
I 

1912. I 
V/ Jan. 11 ... ... 76 03 165 55 E. 142 25 E. 

" 
12 ... ... 76 55·2 166 39 144 43 E. VI/ 

" 
15 ... ... 77 21·5 166 01 151 04 E. VII/V 
20 ... ... 77 10·8 164 13 156 03 E. VIII' 

" v 
" 

23 ... ... 77 09·7 164 10 E. 153 49 E. IX ,/ 

1913. 
Jan. 1 ... ... 71 35 166 01 W. 61 24 E. X 

" 
4 ... ... 71 26·7 165 44 62 05 E. XI 

" 
6 ... ... 71 38·7 166 47 62 47 E; XII 

" 
8 ... ... 71 49·1 167 31 W. 62 50 E. XIII 

" 
20 ... ... 77 4.6,7 166 08 E . 152 04 E. XIV 

" 
22 ... ... 77 01 163 11 E . 154 43 E. XV 

" 
26 ... ... 74 56 S. 163 46 E . 135 56 E. XVI 
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II. ANTARCTIC REGIONs-Oontinued. 

G.-Variation from Single Observations. 

Date. 
I 

Latitude. 
I 

Longitude. 
I 

Variation. 
I 

Remarks. 

1910. 0 , 0 , 0 , 

Dec. 7 ... . .. 62 02 S. 179 03 W. *33 09 E. * Too much motion for great 

" 
8 ... ... 63 11 177 29 *31 38 E. accuracy. 

" 
8 ... .. , 63 46 177 15 33 06 E.~ 

" 
9 ... ... 64 50 177 05 35 18 E.; 

" 
9 ... ... 64 51 177 07 34 53 E./ 

" 
9 ... ... 65 32 178 05 39 54 E;..; 

" 
10 ... ... 66 38 178 47 42 58 E. 

" 
10 ... .. , 66 50 178 51 42 38E.~ 

" 
13 ... .. , 67 30 177 58 41 45 E. 

" 
14 ... .. , 67 28 177 59 42 51 E( 

" 
14 ... .. , 67 28 177 59 42 18 E.~ 

" 
15 ... ... 67 23 177 58 41 29 E.! 

" 
17 ... ... 67 24 177 34 42 02 E.; 

" 
19 ... .. , 67 37 178 18 44 52 E.! 

" 
19 ... .. , 68 05 178 38 49 22 E./ 

" 
20 ... ... 68 40 179 28 47 40 E'j 

" 
20 ... ... 68 40 179 28 45 46 E.) 

" 
21. .. ... 68 33 179 14 48 54 E.) 

" 
21. .. ... 68 34 179 11 48 50 E. 

" 
22 ... ... 68 26 179 08 47 22 E/ 

" 
22 ... ... 68 26 179 08 48 35 E.; 

" 
22 ... ... 68 26 179 08 49 35 E.) 

" 
24 ... ... 69 03 178 26 53 41 E .. 

" 
28 ... ... 69 17 179 43 52 07 E./ 

" 
28 ... .. , 69 17 179 43 W. 55 01 E/ 

" 
30 ... ... 72 12 177 15 E. 74 04 E. 

" 
30 ... ... 72 44 176 52 78 38 Ej 

" 
31. .. ... 72 57 174 55 82 11 Ej 

" 
31. .. ... 72 51 174 55 74 18 E. 

1911. 
78 20 E./ Jan. 1 ... ... 72 45 174 14 

" 
1 ... ... 72 51 S. 174 15 E. 86 39 E. 

NOTES ON METHOD USED }'OR DETERMINING DEVIATION. 

In Ross Sea, i.e., taken as South of 660 S. 
The total force has been taken as constant for the whole of this area. Hence in this area :-
The deviations caused by parameters P and Q (varying inversely as the horizontal force) will vary 

inversely as cos dip. 
The deviation caused by parameter " little c" varies as tan dip. At these extreme values of dip 

the secant and tangent are for practical purposes the same. 
Coefficient B varies therefore as tangent dip. 
Coefficient 0" " "secant dip. 

The dip has been taken from the chart of lines of equal dip given on Plate 19 (Magnetic Observations) 
in " Physical Observations" of the Discovery Expedition. 

Between 600 S. and 660 S. Latitude. 
The horizontal force and dip used have been taken from Admiralty Charts 3603 and 3598, the dip 

checked when possible by our own observations. 
When the coefficients used have been deduced from a swina in the Ross Sea, the total force for the 

Ross Sea has been taken as ·69. ~ 
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II. ANTARCTIC REGIONS-Oontinued. 

0.-Variation from Single Observations-continued. 

1 1 1 1 

- -----------

Da.te. Latitude. Longitude. Va.riation. Remarks. 
-------_._- - -------

1911. ° 
, 

° 
, 

° 
, 

Jan. 1 ... . .. 73 29 S. 174 03 E. 90 36 E./ 

" 
1 ... ... 73 43 174 10 91 49 E.~ 

" 
1 ... ... 73 43 174 10 91 52 E./ 

" 
2 ... ... 74 27 173 55 10150E. 

" 
2,.. ... 74 51 173 57 106 19 E~ 

u 2 ... ... 75 16 173 28 115 04 E. / 

" 2 ... ... 75 35 172 59 119 24 E./ 

" 
3 ... ... 76 38 170 57 135 58 E./ 

" 
3 ... ... 77 00 170 36 140 08 E./ 

" 
28 ... ... 77 17 166 10 152 02 E. 

" 
28 ... ... 77 06 166 13 147 22 E.; 

" 
28 ... ... 77 05 166 23 147 27 E. 

" 
28 ... ... 77 25 169 30 140 46 E./ 

" 
29 ... ... 78 08 175 16 134 00 E.~ 

" 
29 ... ... 78 10 176 03 133 41 E. 

" 
29 ... ... 78 20 176 18 131 35 E. ~ 

" 
29 ... ... 78 20 176 59 128 33 E. 

" 
29 ... ... 78 26 178 00 133 15 E. '/ 

" 
29 ... ... 78 23 179 24 E. 130 21 E. 

" 
30 ... ... 78 24 178 20 W. 125 03 E.J 

" 
30 ... ... 78 24 177 50 126 47 E./ 

" 
30 ... 

···1 

78 25 176 10 125 40 E. / 

" 30 ... ... 78 25 S. 175 35 W. 120 01 E. 

NOTES ON METHOD USED FOR DETERMINING DEVIATION.-Oontinued. 

In Ross Sea. 
Owing to stores being embarked and disembarked the coefficients for different periods have been 

taken as follows :-
Voyage Sotdh, 1910-11 Season. 

From Swing VIII B - 18°·7, 0 + 12°·5, D + 0°·8, in Dip 86° 04'. 

1910-11 Season-Period Jan. 28,1911, to Feb. 17, 1911. 
From Swing IX B - 20°·0, 0 + 5°·9, D + 0°·2, in Dip 86° 27'. 

Voyage North, 1910-11 Season. 

From Swings {il ~ B - 26°·71, 0 + 5°·52, D + 0°·8, in Dip 86° 51'. 
XII J 

fXXIV 
} Voyage South, 1911-12 Season. 

From Swingslii~I B - 27°'30,0 + 7°'65, D + 0°·7, in Dip 86° 32'. 

XXVII 
VO'yage North, 1911-12 l)eason and all 1912-13 Season. 

From Swings {PxiI } B - 28°,61, 0 + 4°·52, D + 0°·8, in Dip 86° 28'. 
XXXII ' 

1912-13 Seasonr-L.O. P08itiO'f~. 

From Swings {m~I} B -1°'6, 0 Nil, in Dip 86° 20'. 

From Various D + 1°·0. 
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II. ANTARCTIC REGIONS-Oontinued. 

0.-Variation from Single Observations-continued. 
---

Date. 
I 

Latitude. 
I 

Longitude . 
I 

Variation. 
I 

Remarks. 

1911. 

• 

0 , 0 , 0 , 
Jan. 31. .. 78 33 S. 174 04 W. 117 01 E; * Too much motion for great 

" 
31. .. :::\ 78 33 173 54 111 55 E accuracy. 

H 31. .. ... 78 32 172 14 115 09 E~ 
" 

31. .. ... 78 29 170 35 112 38 E:; 
" 

31 ... ... 78 28 169 53 110 32 E:J 

" 
31 ... ... 78 28 169 58 112 46 Ey 

" 
31. .. ... 78 26 170 40 113 14 E./, 

" 
31. .. ... 78 22 171 32 113 41 E. 

" 
31. .. ... 78 14 170 41 109 52 E~ 

. " 31. .. ... 78 21 171 31 111 55 E. 

Feb. 1 ... 77 50 I 168 00 J ... 
I 

103 28 E;I 
'> 1 ... ... 77 30 164 42 94 51 E:; 

" 
2 ... ... 76 52 159 04 88 17 E./ 

" 
2 ... ... 76 56 158 43 88 10 E./ 

" 
2 ... ... 77 00 158 48 91 10 E./ 

" 
2 ... ... 77 06 157 54 90 25 E./ 

" 
2 ... ... 77 06 157 54 89 09 E'j 

" 
2 ... ... 77 06 157 54 87 02 E. 

., 2 ... ... 77 05 158 14 91 31 E.; 

" 
2 ... ... 77 19 158 25 94 34 E'j 

" 
3 ... ... 77 30 158 20 94 25 E./ 

" 
3 ... ... 77 32 158 18 94 51 E'j 

" 
3 ... ... 77 37 158 25 95 17 E.) 

" 
3 ... ... 77 43 158 35 97 02 E'j 

" 
3 ... ... 77 50 158 59 97 13 E./ 

" 
3 ... ... 77 54 159 17 97 59 E. 

" 
3 ... ... 78 17 162 21 102 36 E.~ 

" 
3 ... ... 78 23 163 21 10244E. 

" 
5 ... ... 78 15 170 42 112 54 EJ 

" 
5 ... ... 78 07 172 18 W. 113 38 E~ 

" 
8 ... ... 76 53 170 00 E. 134 16 E. 

" 
8 ... ... 77 08 166 19 147 20 E.; 

" 
8 ... ... 77 17 166 09 154 03 E. 

" 
8 ... ... 77 25 166 07 152 50 E.; 

" 
10 ... ... 76 09 166 15 

I 

143 07 E./ 

" 
10 ... ... 76 05 166 40 138 53 E. 

" 
10 ... ... 76 01 166 47 139 40 E/, 

" 
11 ... ... 75 09 168 04 124 46 E/ 

" 
11 ... ... 74 38 168 55 120 18 E. 

" 
11 ... ... 73 56 169 53 111 53 Ej 

" 
15 ... ... 69 47 173 00 53 59 E/ 

" 
16 ... ... 70 08 169 45 52 54 E. 

" 
17 ... ... 70 57 168 24 57 15 E~ 

" 
17 ... ... 7100 168 30 59 32 E~ 

" 
17 ... ... 71 14 168 57 64 23 E. 

" 
17 ... ... 71'24 169 32 68 54 E~ 

" 
17 ... ... 71 27 169 43 68 58 E. 

" 
21 ... ... 68 41 167 36 *43 32 E. 

" 
21 ... ... 68 40 166 45 *44 01 E .. 

" 
22 ... ... 68 45 165 48 44 50 E/ 

" 
22 ... ... 69 07 164 58 51 15 E<'/ . 

" 22 ... ... 69 23 S. 163 59 E. 55 27 E. ,. 
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II. ANTARCTIC REGIONS-Oontinued. 

O. -Variation from Single Observations-continued. 

I I 
I 

I 
Date. Latitude. Longitude. 

I 
Variation. Remarks. 

1911. 0 , I 0 , 
0' I 

Feb. 22 ... ... 69 27 S. 163 47 E . 54 24 E. / * Too much motion for great 

" 
22 ... ... 69 38 163 36 57 22 E.~ I accuracy. 

" 
22 ... ... 69 43 163 24 54 19 E./ 

" 
23 ... ... 69 34 

I 

163 00 48 14 E. 

" 
23 ... ... 6933 162 58 48 34 E/ 

" 
23 ... ... 69 40 163 10 49 14 E.~ 

" 
23 ... ... 69 30 162 49 51 20 E./ 

" 
23 ... ... 69 19 162 14 52 56 E./ 

a 26 ... ... 68 53 158 09 45 01 E. / 

" 
26 ... ... 68 52 158 34 46 07 E. / 

" 
26 ... ... 68 47 158 36 43 58 E./ 

" 
26 ... ... 68 43 158 37 45 45 E./ 

" 
26 ... ... 68 41 158 35 44 00 E. 

" 
26 ... ... 68 38 158 27 41 50 E/ 

" 
28 ... ... 68 18 160 34 42 46 E.:; 

" 
28 ... ... 68 14 160 38 40 38 E./ 

" 
28 ... ... 68 12 160 35 39 23 E. / 

" 
28 ... ... 67 54 160 22 38 02 E./ 

Mar. 1 ... ... 67 32 159 32 34 10 E. 

" 
2 ... ... 67 36 160 14 36 11 E. ~ 

" 
2 ... ... 67 36 160 22 34 28 E// 

" 
5 ... ... 66 44 161 18 32 25 E. 

" 
5 ... . .. 66 43 161 '26 34 14 E.;/, 

" 
5 ... ... 66 35 161 40 36 34 E./ 

" 
5 ... ... 66 20 161 38 32 20 E. 

" 
6 ... ... 65 23 161 28 31 14 E. ~ 

" 
7 ... ... 65 01 161 24 27 39 E./ 

" 
7 ... ... 65 00 161 22 3054 E./ 

", 7 ... ... 64 54 161 08 29 39 E. 

" 
11 ... ... 61 16 163 11 *28 24 E. 

" 
11 ... ... 61 10 163 01 E. *24 49 E/, 

Dec. 24 ... ... 60 57 178 00 W. 29 44 E./ 

" 
26 ... ... 63 46 175 45 33 59 E. / 

" 
28 ... ... 66 11 177 06 38 09 E. 

" 
29 ... ... 66 46 177 48 39 25 E.-;'-

" 
29 ... ... 66 46 177 48 41 46 E. 

1912. 
46 27 E.~ Jan. 1 ... . .. 68 22 178 04 W. 

" 
1 ... ... 69 02 179 48 E. 52 12 E./ 

" 
2 ... ... 70 28 174 03 57 48 E./ 

" 
2 ... ... 70 37 173 38 58 18 E./ 

" 
3 ... ... 71 08 171 11 63 11 E. 

" 
4 ... . .. 71 10 170 10 71 34 E.~ 

" 
4 ... . .. 71 10 170 10 6730E./ 

" 
4 ... . .. 71 10 170 10 67 07 E./ 

" 
5 ... ... 71 58 172 12 71 09 E. 

" 
5 ... ... 72 39 172 18 

00 52E.~ 
" 

6 ... . .. 73 55 171 19 99 25 E./.. 

" 
6 ... . .. 7400 171 18 99 02 E. -

" 
6 ... . .. 74 03 171 19 100 30 E. 

" 
6 ... ... 74 14 170 30 105 16 E . ./' 

" 
6 ... . .. 74 19 S. 169 38 E. 107 03 E . ./ 
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II. ANTARCTIC REGIONs-Oontinued. 

0.-Variation from Single Observations-continued. 

Date. I Latitude. I Longitude. I Variation. I Remarks. 
I I 

1912. 0 , 0 , 0 , 
Jan. 6 ... ... 74 25 S. 16950E. 105 07 E.~ * Too much motion for great 

" 
7 ... ... 74 35 169 00 117 35 E./ accuracy. 

" 
7 ... ... 74 5Q 168 07 119 18 E./ 

" 
7 ... ... 75 32 169 09 124 34 E,/ 

" 
7 ... ... 75 34 169 33 124 42 E.! 

" 
7 ... ... 75 38 169 22 128 01 E.J 

" 
7 ... ... 75 48 169 05 128 42 Ej 

" 
7 ... ... 75 47 168 19 130 30 E; 

" 
7 ... ... 75 45" 167 35 133 05 E/ 

" 
8 ... ... 75 35 166 58 137 46 E. 

" 
8 ... ... 75 32 166 23 

I 
136 32 F1; 

" 
8 ... ... 75 09 163 59 I 133 27 E5I 

" 
9 ... ... 75 00 163 56 134 57 E./ 

" 
12 ... ... 76 01 167 03 136 33 Ej 

" 
12 ... ... 76 02 167 16 137 16 E'I 

" 
12 ... ... 76 34 167 23 143 51 E./ 

" 
12 ... ... 76 47 167 04 147 00 E./ 

" 
12 ... ... 76 49 166 47 149 36 E./ 

Mar. 7 ... ... 74 48 170 39 109 05 E. 

" 
8 ... ... 73 50 174 11 92 39 E; 

" 
8 ... ... 73 17 174 00 86 43 E. 

" 
10 ... ... 70 43 174 06 *61 00 E. 

" 
14 ... ... 68 46 172 38 *44 35 E. 

" 
15 ... ... 68 03 169 33 *44 20 E. 

" 
16 ... ... 66 51 164 47 *34 35 E. 

" 
17 ... ... 65 36 161 41 *27 46 E. 

" 
17 ... ... 65 14 161 28 E. *30' 03 E. 

Dec. 25 ... ... 62 09 167 57 W . *33 12 E. 

" 
27 ... ... 65 26 166 01 *37 12 E. 

" 
27 ... ... 66 18 166 04 *39 05 E. 

" 
28 ... ... 67 42 166 05 45 09 E. 

" 
28 ... ... 68 20 166 10 48 00 E. 

" 
29 ... ... 68 48 166 10 49 00 E. 

" 
29 ... ... 69 13 166 15 50 03 E. 

» 29 ... ... 69 41 166 15 53 50 E. 

" 
30 ... ... 70 01 166 17 54 27 E. 

" 
30 ... ... 70 09 166 17 *56 07 E. 

" 
30 ... ... 70 57 166 11 58 44 E. 

" 
30 ... ... 70 57 166 11 58 05 E. 

" 
31 ... ... 71 07 166 15 58 23 E. 

" 
31 ... ... 71 24 166 00 61 26 E. 

1913. 
Jan. 1 ... ... 71 35 166 01 62 22 E. 

" 
3 ... ... 71 29 166 00 61 19E. 

" 
3 ... ... 71 29 166 00 61 45 E. 

" 
4 ... ... 71 25 165 48 59 52 E. 

)' 5 ... ... 71 36 166 30 61 43 E. 

" 
6 ... ... 71 41 166 47 63 00 E. 

~ , 6 ... ... 71 41 166 47 63 08 E. 

" 
6 ... ... 71 41 166 47 62 25 E. 

" 
8 ... ... 71 49 167 31 62 05 E. 

" 
9 ... ... 71 44 S. 167 57 W. 61 34 E. 

I 
I 
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II. ANTARCTIC REGIONS--Oontinued. 

0.-Variation from Single Observations-continued. 

Date. I Latitude. r Longitude. 

------------
-I--~-- I 

Jan. 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" ,. 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

1913. 
9 ... 
9 ... 

12 ... 
16 .. . 
16 .. . 
16 ... 
16 .. . 
17 .. . 
17 .. . 
17 .. . 
17 .. . 
17 ... 
17 ... 
17 ... 
17 .. . 
17 .. . 
17 ... 
18 .. . 
18 .. . 
18 ... 
18 .. . 
23 .. . 
23 .. . 
24 .. . 
24 .. . 
24 .. . 
24 .. . 
24 .. . 
25 ... 
25 .. . 
25 .. . 
25 .. . 
25 .. . 
25 .. . 
25 .. . 
25 ... 
25 .. . 
25 .. . 
26 .. . 
26 .. . 
26 ... 
26 ... 
26 ... 
26 .. . 
26 .. . 
26 .. . 
26 .. -
27 .. . 
27 .. . 
27 .. . 
28 .. . 
30 •.• 

...1 71 44 S. 

... 1 71 44 

... 72 00 

... 74 51 

... 74 58 

... 75 11 

... 75 38 

... 75 44 

... 75 50 

... 76 03 

... 76 05 

... 76 14 

... 76 18 

... 76 19 

... 76 27 

... 76 33 

... 76 34 

... 77 02 

... 77 02 

... 77 05 

... 77 05 

... 76 39 

... 76 39 

... 76 20 

... 76 14 

... 76 14 

... 75 58 

... 75 58 

... 75 22 

... 75 22 
75 18 

:::1' 75]8 
... 75 15 
• •• ! 75 15 
... 1 75 08 
•.. ! 75 08 
... 75 02 
... 75 02 
... 74 56 
... 74 50 
... 74 50 
... 74 44 
... 74 44 
... 74 38 
... 74 38 
... 74 28 
... 74 28 
... 74 20 
... 74 11 
... 74 11 
... 72 23 
... 67 18 S. 

o I 

167 57 W . 
167 57 
168 17 W. 
177 04 E. 
176 34 
175 32 
171 47 
170 57 
170 28 
169 31 
169 24 
168 59 
168 51 
168 49 
168 47 
169 05 
169 05 
168 14 
168 10 
167 33 
167 33 
165 35 
165 35 
167 07 
167 11 
167 11 
167 45 
167 45 
166 27 
H,627 
166 06 
166 06 
165 52 
165 52 
165 20 
165 20 
164 53 
164 53 
16346 
168 03 
168 03 
168 24 
168 24 
168 35 
168 35 
169 21 
169 2] 
171 48 
172 11 
172 11 
174 58 
167 51 E. 
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o I 

61 22 E. * ~roo much motion for great 
62 48 E. accuracy. 
63 57 E. 
98 41 E. 

*9844E. 
*103 42 E. 

116 44 E. 
123 07 E. 
122 31 E. 
129 58 E. 
130 52 E. 
134 21 E. 
136 26 E. 
137 22 E. 
13643E. 
]39 43 E. 
14:1 50 E. 
138 16 E. 
144 03 E. 
146 18 E. 
146 00 E. L.C. Position 
141 30 E. 
146 56 E. L.C. Position. 
138 17 E. 
13602E. 
143 33 E. L.C. Position. 
134 48 E. 
136 28 E. L.C. Position. 
133 04 E. 
131 40 E. L.C. Position. 
130 13 E. 
131 52 E. L.C. Position. 
12855E. 
131 39 E. L.C. Position. 
126 47 E. 
131 52 E. L.C. Position. 
129 43 E. 
131 26 E. L.C. Position. 
139 17 E. 
121 54 E. 
119 34 E. L.C. Position. 
117 38 E. 
116 43 E. L.C. Position. 
116 48 E. 
116 01 E. L.C. Position. 
108 03 E. 
105 35 E. L.C. Position. 
107 43 E . 
105 01 E. 
105 11 E. -L.C. Position. 
81 44 E. 
41 36 E. 



B. A. E. 

V ARIArrION OBSERVED ON BARR.IER AND PLATEAU, 1911 AND 1912, 

B"Y LIEUTENANTS E. R. EVANS AND H. BOWERS. 

VARIATION BY OBSERVATIONS TAKEN ON SOUTHERN JOURNEY. 

Date. Latitude. Longi- True Bearing. Compo Bearing. Variation. Remarks. tude. 

I S. I E. I I I I 

Observations by Lieutenant Evans. 
1911. 0 , 

" 0 , 0 , 0 , 0 , 
Nov. 10 ... ... 79 40 00 169 22 N.28 36 W. N.177 05 E. 154 19 E. 

" 
16 ... ... 80 31 40 169 23 N. 78 30W. N. 124 26 E. 157 04 E. 

" 
24 ... ... 81 14 53 170 01 N. 62 53 E. N. 95 19 W. 158 12 E. 

" 
29 ... ... 82 20 57 170 31 N. 54 OOW. N. 145 15 E. 160 45 E. 

Dec. 16 ... ... 84 13 52 170 49 S. 54 17 W. N. 70 20 E. 163 57 E. 

" 
19 ... ... 84 44 15 166 47 S. 59 23 W. N. 69 45 E. 169 38 E. 

" 
22 ... ... 85 13 29 161 55 S. 55 04 W. N. 59 20 E. 175 44 E. 

" 
24 ... ., . 85 35 11 159 08 S. 72 43 W. N. 73 01 E. 179 42 E. 

" 
26 ... ... 86 02 00 160 20 S. 72 42 W. N. 73 56 E. 178 46 E. 

" 
28 ... ... 86 27 02 161 01 S. 80 02 W. N. 82 12 E. 17750E. 

" 
31 ... ... 86 55 47 161 38 N.84 19 W. N. 98 05 E. 177 36 E. 

1912. 
Jan. 2 ... 87 19 06 160 45 N. 8605 W. N. 95 16 E. 178 39 E: 

Observations by Lieutenant Bowers. 
1912. 

Jan. 5 ... ... 87 57 00 159 13 S. 86 34 W. N. 85 28 E. 178 54 W. Nothing in obser-
vation to explain 
this difference. 

" 
7 ... ... 88 10 45 159 43 N.53 10 E. N. 124 56 W. 178 06 E. 

" 
9 ... ... 88 25 00 159 18 S. 78 46 W. N. 79 27 E. 179 19 E. 

" 
10 ... ... 88 34 44 159 48 S. 85 50 W. N. 87 41 E. 178 09 E. Only accurate to 

nearest degree. 

" 
12 ... ... 88 57 25 160 21 S. 83 05 W. N. 83 24 E. 179 41 E. 

" 
13 ... ... 89 08 54 160 58 S. 83 35 W. N. 8508 E 178 27 E. 

" 
15 ... . .. 89 33 15 160 57 S. 82 23 W. N. 83 50 E. 178 33 E. 

Variation taken on Depot Journey by Lieutenant Evans. 
1911. 

., .177 54 181167 171 N. 8 30 w.1 S. 22 00 W·I149 30 E. I Jan. 30 ... 

The above observations are all time azimuths; the error of the watch on. S.A.T. (solar apparent 
time) being ascertained at the same time in the sights taken for position; and therefore the S.A.T. used 
is independent of any error in position arising from a possibly erroneous G.M.T. 

Compass bearings taken with compass needle attached to theodolite. 
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OBSERVATIONS FOR DIP TAKEN ON BOARD S.Y. "TERRA NOVA," R.Y.S. 
B. A. E., 1910-13. 

SUMMAIW OF RESULTS AND DISCUSSION. 

I. 
Outside Antarctic Regions (i.e., for this purpose counted as North of 61 0 s.). 

II. 
Inside Antarctic Regions (South of 660 30' S.). 

The corrections were applied as follows :-
1st. Correction for instrumental differences. 
2nd. The value of N calculated from formula (ii) or (iii) below. 
3rd. L1 calculated from (iv) and applied to N gives tangent of corrected dip. 

Notation used and Formulm. 

The notation adopted is that used in " The Admiralty Manual of Deviations of the 
Compass" ; also-

V = Vertical force on board due to permanent magnetism. 
Z = Vertical force absolute. 
d = Coefficient of vertical force due to induction in soft iron. 
L1 . Correction due to vertical force of the ship. 
N= Natural tangent of dip on board before correction for vertical force of ship 

and after correction for ship's head. 
H = Horizontal force absolute. 
z = Magnetic course. z' Compass course at L.C. position. 
S = Maximum effect on the dip caused by " rod g" (Ad. Man.). 
()' = Dip as observed, corrected for instrumental error only. 
() = Dip absolute. 
()n = Dip as represented by tan-l N. 

Formulw. 

(i) 1 + d + ~ = p.. 

(ii) S cos z + N = 

(iii) 

(cos z + sin .B ) sec z' tan ()' (For Nand S quadrants) I . 
1 + sm D CorrectIon for 

S~z+N= J D~~oo ~ 
{

(I _ sin D) sin z _ sin C 1 cosec z' tan ()' (For E ShIp sHead. 
1 + sin D ) and W quadrants) 

V L1 = -- + d tan (). Correction for vertical force. 
AIH 

(iv) 

(v) Al == A (1 + sin D). 

(vi) Tan () = tan ()n· ~ (for Antarctic only. See after). 
'f' 
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OUTWARD VOYAGE-ENGLAND TO AUSTRALIA, JUNE-OCTOBER, 1910. 

Between England and Australia the same values have been used for V and d as 
were found between New Zealand and England (Homeward Voyage). 

Owing to the stores on board these values can only be considered approximate, 
the reliability of the results in the more unknown parts of the ocean can be judged 
from comparing how closely those in the Atlantic agree with the true. 

V + . 00793 }F d" d H d V d + . 0095 or ISCUSSlon, see un er omewar oyage. 

S '00757. Mean of values found at Spithead, False Bay, Port Phillip. 
A . 9644. Mean of values found at Spithead and False Bay. 
D + 10 35'. Mean of five swings between Spithead and False Bay. 

II to VIII. Observed with Lloyd-Creak Circle 149, Needle 1. 
IX to XV. Observed with Lloyd-Creak Circle 143, Needle 1. 

No. 
I 

Date. I Latitude. 
I 

Longitude. Observed 

I 
eo ...... ted I Remarks. 

Dip. Dip. 

1910. 0 , 0 , 0 , 0 , ~ 
II June 26 32 36N. 16 57W. 54 50·6N. 54 42N. ,.Q ... . .. as 
III ... 29 ... 27 02 20 25 47 46·4 47 45 l'Il 

" ~ IV ... July 7 . .. 15 30 25 22 34 01 34 57 cIS 

V ... 
" 

9 ... 10 59 24 34 26 55 26 49 S 
(1) 

VI 15 0 47 N. 22 00 6 19 N. 7 27N. ~ ... 
" 

... (1) 

VII ... Aug. 3 30 09 S. 19 35W. 36 33·7S. 35 36S. (1) ... l'Il 

VIII ... 
" 

13 . .. 35 27 9 50E. 58 03·6 57 23 (1)" 
.p 

IX ... Sept. 2 ... 34 15 18 31 60 44·7 60 16 cIS 
S X ... 

" 
12 ... 39 55 39 45 67 18·7 66 50 'M 

XI ... 
" 

16 ... 40 02 57 04 67 24 66 58 0 
~ 

XII 24 39 20 84 52 69 03·7 68 55 Po. ... 
" 

... ~ 

XIII 28 40 54 97 12 71 31·7 71 20 cIS ... 
" 

. .. 
XIV Oct. 1 42 13 104 27 73 46 73 25 .B ... ... -a XV ... 

" 
5 ... 41 50 S. 117 45 E. 74 27 S. 74 05S. l'Il 

(1) 

~ 

I nst'l'umental OO'1'rections. 
L.C. Circle 149, Needle 1,- 7'. Observed at Kew, May, 1910. 

- 4'. Observed at Simonstown, August, 1910. 
L.C. Circle 143, Needle 1,- 6"5. Observed at Simonstown) August, 1910. 

- 3"3. Observed at Christchurch (various times), 1910-12. 
End of observations whose corrections must be considered approximate. 
The following" approximate co-efficients" of the L.C. compass were ascertained by comparison with 

the standard compass when" swinging ship." 

Swing. I Date. I Latitude. I Longitude. I A. 

I 
II 
III 
IV 
V 

1910. 0 , 
... June 3rd' ... ... Spithead. Spithead. +045 
... 

" 
16 ... . .. 50 26 N. 5 19W. +054 

... 
" 

29 ... ... 32 36N. 16 56 W. +042 
... JUly 29 ... ... 20 10 S. 29 21 W. +042 
... Sept. 2 ... ... 34 10 S. 18 29 E. +051 

A is taken as apparent only-due to faulty Lubber's Point. 
E is neglected as occurring from faulty observation probably. 
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I B. I C. I D. I E. 

0 , 0 , 0 , 0 , 
-0 12· -1 12 +138 -003 
-0 17 -030 +1 38 -00:) 
-0 16 -040 +1 30 .+026 
-037 -029 +1 31 -014 
+0 12 -039 +135 +011 



NEW ZEALAND TO 61 0 S. SEASONS 1910-11, 1911-12, 1912-13. 

Observations for dip were not taken when ship had stores on board stowed so that 
they might affect the L.C. Position. 

V = + ·00793, d = + ·0095, 

as found from the formula 1 + d + V = JL from:-
Z 

June 13, 1913, in Bristol Channel, where H = ·185 and dip 660 59' N., p- was found 
1·0277. 

March 31, 1911, outside Lyttelton, where total force = ·5986 and dip 67 0 58' S., 
JL was found ·9952. 

{ 

9, XII, 1911. 
S = - '01708. Mean of three values found off Banks Peninsula 31, III, 1911. 

. 26, XI, 1912. 

A = I ·000. " " " " " D = + 10 24'. Mean of two swings off Banks Peninsula. 

Observed with L.C. Circle 143, Needle No.1. 

I I No. 
I 

Date. 
I Latitude. 

I 
Longitude. Observed Corrected 

Dip. S. Dip. S. 

0 , 0 , 0 , 0 , 
XX ... Mar. 11, 1911 . .. 61 11 S. 163 05 E. 80 57 80 45 
XXI ... - - - - -
XXII ... Dec. 17, 1911 ... 47 36 173 07 E. 70 01·2 69 51 
XXIII ... 

" 
18, 1911 ... 49 50 171 39 E. 71 47·3 71 37 

XXIV ... 
" 

21, 1911 . .. 55 25 173 02 E. 76 03·8 75 45 
XXV ... 

" 
22, 1911 ... 57 20 174 17 E. 77 27·8 77 06 

XXVI ... 
" 

23, 1911 ... 58 58 177 38 E. 78 22·6 77 56 
XXVII ... 

" 
24, 1911 ... 60 37 178 43W. 78 49 78 23 

XXXV A, - - - - -
B, C, D. 

. 
XXXVI ... Dec. 15, 1912 ... 45 21 S. 174 27 E. 69 04·8 68 47 

I 

" " 

-- - -- ----

Rama rkl'l. 

Conditions unsatis-
factory. 

Not entirel y satis­
See Mag. 
d Work 

factory. 
Log. an 
Book A. 

In reducing the above observations a mean was taken from the two following sets of approximate 
coefficients of the L.C. compass, which were ascertained by comparison with the standard compass when 
" swinging ship." 

I I Latitude. I I I 
~ 

I I I Swing. Date. Longitude. A. B. C. D. E. 
, 

0 , 0 , 0 , 0 , 0 , 0 , 0 , 
-

XIII ... Mar. 31, 1911 ... 43 37 S. 173 12 E. +0 18 +040 +033 +1 20 +0 10 
XXIX ... Nov. 26, 1912 ... 43 34 S. 172 56 E. +043 +007 +005 +1 21' -009 
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NEW ZEALAND TO ENGLAND, 1913. 

As before, v + ·00793, d + ·0095, 

S - ·01524. From mean of values, March 31, 1911, and November 26, 1912, off 
Banks Peninsula, and June 13, 1913, in Bristol Channel. 

A = . 980. From mean of values, March 31, 1911, off Banks Peninsula, and 
June 13, 1913, in Bristol Channel. 

D = + 10 24'. 

Observed with L.C. Circle 143, Needle No.1. 

No. 
I 

Date. I Latitude. S. I Longitude. w·1 Observed I Corrected 

I 
Remarks. Dip. S. Dip. s. 

1913. 0 , 0 , 0 , 0 , 
XLI z ... Mar. 23 ... ... 56 02 156 29 73 40·6 73 12 
XLII ... April 13 . .. . .. 51 54 63 44 46 33 45 44 
XLIII ... 

" 
16 ... . .. 47 35 60 58 41 37 40 18 

XLIV ... 
" 

18 ... . .. 42 42 55 28 36 36 35 14 
XLV ... 

" 
19 ... . .. 40 00 54 35 33 52 32 04 

XLVI ... 
" 

20 ... . .. 38 50 52 53 33 34 31 43 
XLVII ... 

" 
23 ... ... 33 09 49 16 27 26 25 13 

XLVIII 
" 

25 ... ... 28 02 46 01 21 57 19 48 
XLIX ... May 2 ... . .. 22 51 41 23 18 18 15 59 
L ... 

" 
3 ... . .. 21 58 39 27 17 18 14 58 

LI ... 
" 

4 ... . .. 20 51 37 29 17 12 14 54 
LII ... 

" 
5 . .. . .. 19 41 35 08 17 24 15 06 

LIII ... 
" 

6 ... . .. 18 49 33 30 17 03 14 46 
LIV ... 

" 
7 . .. . .. 17 44 31 18 17 10 14 55 

LV ... 
" 

8 ... . .. 14 44 29 31 14 23 12 06 

1 nstrumerdal Oorrection. 

L.C. Circle 143, Needle No. 1,- 3' ·3. Observed at Christchurch (various times), 1910-12. 
- 4' ,5. Obseiv.ed at Kew, October, 1913. 
- 6' ·5. Observed at SimQnstown, August, 1910. 

In the reduction of the above observations use was made of the following approximate coefficients 
of the L.C. compass, which were obtained by comparison with the standard compass when" swinging ship." 

Swing. 
I 

Date. I Latitude. I Longitude. 
I 

A. I B. 
I 

c. I D. I 
E. 

I 

0 , 0 , 0 , 0 , 0 , 0 ,. 0 , 
XIII ... Mar. 31, 1911 ... 43 37 S. 173 12 E. +0 18 +040 +033 +1 20 +0 10 
XXIX ... Nov. 26,1912 ... 43 34 S. 172 56 E. +043 +007 +005 +1 27 -009 
XXXVI April 13,1913 ... 52 09 S 63 47W. +0.40 +021 +056 +1 45 -020 

A mean from swings XIII and XXIX was combined with swing XXXVI. 
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II.-ANTARCTIC REGIONS. 

The method of correction adopted is that used by Captain Chetwynd for the 
" Discovery" observations, as explained in Section IX (p. 144) of Physical Observations 
(Nat. Ant. Expedition, 1901-04). 

On p. 146 Captain Chetwynd shows that-
AV tan 0 = tan On X-, 
VI 

where 

but 

V = absolute vertical force, VI = mean vertical component on board, 
VI . 
V- IS P. 

A . .. tan 0 = tan On X -
P. 

{

770 10' S. 
A and p. were found in 164° 10' E. 

23, I, 1912. 
A 1·0072 

p. ·9966 
•• A -

p.= 

{

770 41° S. 
166° 06' E. 

19·, I, 1913. 
1·0094 

·9985 
1·0083, taken as 1·000, 

·998 •.. ~ = 1·002. 
p. 

Mean value of S is + ·0364 (from 9 = - ·054 and + ·128). As all the reliable 
values of S outside the Antarctic are _ve, this is probably erroneous and S is taken 
as zero. 

This is a small matter for with S of value ·0364-
The maximum correction (i.e., on N. or S,) in a dip of 85° is under 2'. 
The maximum correction (i.e., on N. or S.) in a dip of 87° is under 1'. 

D = + 1° 00'. 

The total force for the whole of the Ross Sea has been assumed to be constant and 
is taken as 0·69, the value found by the" Discovery." 

Hence in determining the values of Band C, B may be taken as varying directly· 
as tan dip; C directly as sec dip. 

The following" approximate co-efficients " of the L.C. compass were ascertained by comparison with 
the standard compass when" swinging ship" (except XXXII, which is from direct observations taken 
with the" Arctic compass" shipped in the L.C. position). 

Swing. 
I 

Date. ILatitude. s.1 Longitude. E. A. 
I 

B. I 
c. I D. 

I E. 

0 , 
° 

, 0 , 0 , 0 , 
° 

, 0 , 
X ... Feb. 19, 1911 ... 71 20 170 00 +1 59 +1 15 -006 +1 20 +007 
XXIV ... Jan. 6, 1912 ... 73 49 171 51 +1 01 -+1 29 +5 10 +1 22 -020 
XXVII 

" 
12, 1912 ... 76 54 166 39 +1 06 +1 07 +3 19 +036 -100 

XXXI ... 
" 

16, 1913 ... 75 24 173 05 -005 -1 35 +1 11 +054 +0 10 
XXXII 

" 
19, 1913 ... 77 41 166 06 - -1 35 -1 081 +049 +040 
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Instrumental Errors. 
L.C. Circle 143, Needle No. 1. 

Jan. 5 and 6, 1911. On ice, over 120 fathoms, off Cape Evans (cf. p. 423). 
o 

L.C. 143, Needle 1 ... 87 01·6 
11 01·3 

Mean 87 01·5 

Barrow Circle 27, Needle 1 

" 
27 

" 
2 

" 
27 " spare 

" 
26 

" 
2Y 

o 

86 49·0 
47·5 

Excess of L.C. 143, Needle 1, 13' 
" 

26 
" 

8 

48·9 
48·7 
49·0 

Mean ... 86 48·6 
Checked by synchronous observations, January 21, 1913, which, however, proved to be ragged, and 

above is taken as more accurate. 

ANTARCTIC REGIONS. 

Observed with L.C. Circle 143, Needle 1. 

No. 
I 

Date. I Latitude. 
I 

Longitude. 
I 

Observed 

I 
Corrected 

I 
Remarks. Dip. S. Dip. S. 

0 , 0 1~'1E.1 0 , 

I 
0 , 

XVI ... Feb. 22, 1911 69 17·5 S. 164 86 06 86 15 
XVII ... 

" 
26, 1911 68 53 158 39 E. 87 43 87 16 

XVIII ... 
" 

28, 1911 68 07 160 31 E. 86 26 86 02 
XIX ... Mar. 4, 1911 67 03 160 57 E. 85 47 85 29 
XXVIII ... Dec. 29, 1911 66 46 177 48W. 82 52 82 33 
XXIX ... Jan. 1, 1912 69 07 179 27 E. 84 00 84 09 
XXX ... 

" 
5, 1912 72 10 172 10E. 86 43 86 30 

XXXI ... 
" 

7, 1912 75 43 169 03E. 87 11 86 46 
XXXII ... 

" 
13, 1912 76 54 166 39E. - 86 18 Mean of corrected 

observations on 
N., E., S. and W., 
see p. 449. 

XXXVII 
" 

3, 1913 71 29 166 OOW. 83 14 82 54 
I XXXVIII 

" 
6, 1913 71 41 166 47W. 83 26 83 02 

I 
XXXIX ... 

" 
9,1913 71 44-S. 167 57W. 83 50 83 22 

I 

The following abs<?lute values were found by Barrow dip circles taken on ice over 
deep water, the observations on January 5 and 6 being taken about 1 mile ofI Cape Evans. 

No. I Date. I Latitude S. I Longitude. 
I 

Dip S. 
I 

Circle used. I Remarks. 

I 
0 , 0 , 0 , 

Barrow Nos.i Mean of 5 XV (0 to G) Jan. 5 and 6, 77 38 166 26 E. 86 48·6 
1911 26 and 27 needles. 

XXXIII ... Jan. 15, 1912 77 21·5 166 01 E. 86 14 Barrow No. 27 Mean of 2 
needles. 

XXXIV ... 
" 

23,1912 77 09·7 164 10E. 86 18 Barrow No. 27 Mean of 2 
needles. 

XXXVII I A 
" 

6,1913 71 40·7 166 47W. 83 21 Barrow No. 27 I 
Needle No. 11 

XL (A to G) 
" 

21,1913 77 46·7 166 OSE. 85 55 Barrow Nos. Mean of 4. 
27 and 186 needles. 

XLI (A to n) 
" 

22,1913 77 01 163 11 E. 86 22 Barrow Nos. Mean of 4 
27 and 26 needles. 
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On January 13,1912, in 760 54' S., 1660 39' E., observations for dip were made with ship's head N., E., S. 
and W. The observed values were-

Head. Observed Dip. 

N. 
E. 
S. 
W. 

86 33·6 
86 42 
86 09·1 
86 47·2 

After correcting for instrumental error, and for direction of ship's head by formulm (ii) and (iii), these 
values were :-

Head. I Dip (Tan-1 N).[ Deviation 

II Head. I Dip (Tan-1 N)·I Deviation 
from Mean. from Mean. 

0 , , 0 , , 
N. 86 21 +3 S. 85 56 -22 
E. 86 19 +1 w. 86 36 +18 

The values of the dip so reduced (1'.e., Tan-1 N) should be the same for all directions of the ship's head. 
It will be seen that the differences are considerable. 

The differences as found were plotted and a curve drawn from which the correction for any direction 
of ship's head could be measured, and these corrections were applied as a constant for the particular direction 
of the ship's head during each observation. 

The procedure was as follows :-
1st. Correction for instrumental differences. 
2nd. Correction applied as taken from curve. 
3rd. The value of N obtained by formulm (ii) or (iii). 

4th. Final dip obtained from formula tan 0 = tan O~ ~ (see before). 
Jl. 
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HOURLY VALUES. 

E'-February, 1911. 

Day. 
2000Y (·02 C.G.S. Unit.) + 

o h. 1 h. 2 h. 3 h. 4 h. 5 h. 6 h. 7 h. 8 h. 9 h. 10 h. 11 h. 12 h. 13 h. 14 h. 
-- ---- ---- ---- ---- --

Y Y Y Y Y Y Y Y Y Y Y 'Y Y Y Y 
1 - - - - - --- - - - - - - - - -
2 - - - - - - - - - - - - - - -
3 - - •. _- - - -- - - - - - -- - - -
4 - - -- - - - - - - - - - - - -
5 - - - - - -- - - - - - 152 193 278 337 
6 350 350 281 306 251 249 213 195 158 150 150 186 212 234 236 
7 313 288 252 299 250 231 160 210 176 126 264 227 305 208 251-
8 326 313 268 288 318 276 237 251 229 324 165 197 195 206 281 
9 296 268 313 307 229 238 260 270 202 231 320 191 277 260 281 

10 341 300 286 289 292 248 225 233 260 218 158 193 209 21.5 224 
11 305 289 260 242 266 235 260 238 260 249 273 275 255 275 257 
12 295 311 299 263 247 221 199 208 16"8 204 191 227 231 273 273 
13 294 280 284 288 267 257 273 268 255 236 215 209 244 202 208 
14 281 315 281 249 244 279 297 107 133 115 154 63 160 234 236 
15 268 309 24-7 244 228 - - - - - - - - '- -

. 16 - - - -. - - - - - - - - 197 252 215 
17 278 323 260 279 281 215 199 229 227 194 211 197 238 207 215 
18 302 255 276 275 244 179 215 225 240 255 300 257 235 283 295 
19 284 268 283 295 225 240 222 204 218 189 251 210 183 247 286 
20 277 273 273 273 260 264 225 206 227 217 150 215 275 286 253 
21 289 288 279 273 257 251 234 208 183 218 176 167 223 281 296 
22 311 311 215 195 196 160 76 76 122 150 150 235 225 226 244 
23 319 286 215 236 253 186 144 145 -24- 182 191 81 212 229 292 
24 320 264 268 228 260 193 208 195 167 225 109 105 173 240 170 
25 278 295 289 236 244 169 286 262 171 102 206 273 286 215 268 
26 288 286 240 251 226 286 292 204 210 180 180 247 152 212 202 
27 310 299 266. 255 247 268 211 244 251 240 265 178 264 273 [ 291 
28 311 281 240 231 215 225 160 193 89 208 251 255 251 167 241 

E'--March, 1911. 
1 302 262 248-- 245 210 221 20~ 139 181 110 108 192 116 180 303 
2 289 259 204- 260 260 208 245 234 171 244 253 268 241 248 279 
3 274 270 266 279 237 215 261 286 300 279 281 243 265 283 281 
4 302 283 257 252 239 223 213 168 163 239 218 224 204 253 295 
5 283 273 270 252 252 252 275 218 153 165 213 218 268 301 217 
6 305 239 281 174 220 178 153 234- 235 223 184 205 216 239 237 
7 294 264 247 265 252 237 210 253 215 264 180 186 190 239 226 
8 397 273 264 249 231 228 204 213 197 191 181 176 181 206 234 
9 339 262 245 276 241 233 252 242 244 304 229 218 231 230 287 

10 277 271 268 244 248 249 231 212 207 237 281 207 191 212 224 
11 272 272 265 263 260 258 255 245 24-2 220 237 222 257 249 248 
12 275 266 270 266 265 260 255 249 228 219 235 252 268 281 291 
13 276' 284 281 259 255 247 241 232 229 232 234 233 250 253 255 
14 286 275 268 272 268 262 255 248 202 191 181 195 222 203 232 
15 268 276 271 271 268 252 253 262 217 163 170 191 175 206 203 
16 281 261 271 255 255 252 233 274 231 202 202 162 253 258 245 
17 273 268 289 241 231 210 231 223 212 174 237 203 222 223 233 
18 284 277 260 263 264 255 266 258 268 261 268 243 ' 268 270 257 
19 278 277 270 264 268 263 268 246 239 24-5 233 239 246 246 259 
20 281 275 270 271 266 268 264- 264 268 262 259 270 262 259 272 
21 294 235 265 220 171 168 192 93 129 166 168 176 205 234 301 
22 343 223 259 223 144 158 95 180 224 224 246 184 166 224 210 
23 316 261 243 266 264 222 255 239 157 229 220 188 45 84 262 
24 265 297 252 218 181 171 155 165 221 171 128 241 129 226 275 
25 250 294 249 265 241 253 242 246 236 182 149 178 219 252 189 
26 284- 270 258 258 242 241 192 224 188 235 178 78 188 255 297 
27 301 236 265 226 253 221 164 181 170 100 94 190 265 297 306 
28 307 284 226 278 259 252 263 243 65 117 217 223 139 146 246 
29 274 278 274 272 287 253 217 223 158 157 249 279 201 213 175 
30 294- 250 283 248 197 247 241 265 266 272 261 274 297 287 286 
31 294 276 276 271 270 259 242 235 274 220 258 252 249 272 295 
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HOURLY VALUES. 

E'-February, 1911. 
2000Y ('02 C.G.8. Unit) + 

15 h. 16 h. 17 h'118 h. 
y y Y Y 
- - -1-

- - - -
- - - -
- -- - --

307 342 333 354 
262 296 309 308 
283 331 334 342 
273 270 311 346 
295 273 280 312 
251 352 320 319 
264 271 294 288 
302 309 286 291 
244 236 286 306 
241 397 373 324 
- --.. - --

252 305 324 338 
257 286 315 335 
292 305 307 322 
281 325 352 346 
273 267 294 311 
352 378 347 337 
430 432 365 363 
300 313 357 324 
227 322 344 397 
300 307 335 328 
268 404 36] 432 
202 289 308 323 
313 383 389 300 

~ -_ .. ---

276 276 3 
(279) (279) 2 

26 
78 

t 272 277 2 84 
89 310 292 2 

223 284 3 
261 257 3 
260 252 2 
233 250 2 
275 265 2 
228 249 2 
249 264 2 
294 283 2 
264 265 2 
233 210 2 
221 281 2 
276 265 2 
255 263 2 
294 308 29 
260 259 27 
307 332 40 
323 281 38 
286 344 35 
284 325 35 
352 319 31 
261 328 35 
325 401 32 
294 337 43 
330 333 35 
235 339 33 
284 302 34 
284 318 33 

21 
06 
94 
62 
99 
71 
71 
68 
65 
78 
68 
70 
76 
9 
5 
5 
5 
0 
2 
9 
0 
9 
9 
4 
6 
2 
0 

314 
286 
287 
297 
316 
372 
284 
287 
294 
378 
274 
310 
281 
314 
276 
291 
287 
302 
286 
399 
433 
316 
370 
313 
361 
326 
407 
385 
315 
343 
330 

19 h. 

Y 

-
-
-

389 
341 
366 
397 
331 
347 
299 
291 
362 
328 
-

350 
331 
323 
326 
311 
359 
384 
320 
430 
333 
373 
328 
335 

----
349 
326 
313 
301 
288 
328 
292 
292 
304 
283 
276 
323 
289 
361 
284 
334 
291 
287 
288 
390 
331 
357 
398 
330 
407 
368 
413 
375 
297 
336 
378 

20 h. 21 h. 22 h. 23 h. 24 h. 

Y Y Y Y Y 

-- - - - -
- - - - -
- - - - -

355 360 331 397 350 
370 339 373 378 313 
403 403 339 299 326 
395 372 359 361 296 
326 344 341 341 341 
331 390 441 362 305 
309 315 315 309 295 
315 302 304 297 294 
379 323 328 289 281 
336 370 397 349 268 
- -- - -- -

331 294 318 296 278 
344 376 341 331 302 
347 335 311 297 284 
310 310 305 293 277 
308 324 310 293 289 
364 397 397 322 311 
438 296 315 313 319 
364 326 333 328 320 
421 417 357 289 278 
336 308 347 322 288 
372 3391341 330 310 
328 333 326 337 311 
291 362 348 326 302 

E'-March, 1911. 
----

414 365 331 304 289 
323 320 275 284 274 
347 378 297 307 302 
297 291 279 275 283 
294 363 384 292 305 
289 319 297 332 294 
291 317 283 281 297 
302 300 305 350 339 
321 303 274 278 277 
286 284 288 278 272 
287 286 281 272 275 
307 297 281 274 276 
3]0 302 301 294 286 
373 303 275 268 268 
284 276 268 272 281 
323 300 301 284 273 
316 301 295 273 284 
284 284 278 281 278 
288 283 281 277 281 
362 383 402 371 294 
297 358 352 299 a43 
331 330 333 292 318 
374 330 352 295 265 
350 361 337 306 250 
391 339 321 287 284 
372 316 288 281 301 
392 323 355 326 307 
321 291 281 303 274 
306 310 299 318 294 
337 350 3071295 294 
342 302 286 291 I 284 
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Maximum Reading 
and Time. 

Y 
-
-
-
-
-

408 
439 
494 
384 
481 
341 
354 
406 
449 
383 
357 
397 
377 
367 
355 
438 
598 
494 
483 
364 
525 
404 
486 

----
5 
3 
4 
3 
4 

02 
69 
05 
64 
36 
18 
78 
91 
86 
07 
92 

4 
3 
3 
3 
3 
2 
34 
31 
39 
35 
36 
33 
31 
29 
46 
52 
42 

8 
7 
4 
7 
3 
2 
8 
7 
3 
5 
9 

4 f57 
4 39 

5 
45. 
00 

5 
3 
2 
o 
3 
7 

52 
45 
41 
38 
40 

h. m. 
--
-
-
-
-

22 17 
20 20 
19 28 
9 39 

22 0 
0 7 
1 20 

]9 57 
16 20 
18 30 
19 10 
20 30 
0 10 

17 32 
20 45 
21 15 
14 58 
17 29 
20 10 
21 58 
17 59 
23 16 
16 52 

20 0 
18 31 
21 0 
o 23 

22 0 
18 7 
17 46 
22 37 
o 0 

2] 37 
12 15 
19 23 
19 45 
19 37 
16 10 
19 0 
20 24 
16 2 
19 5 
22 32 
17 38 
16 32 
19 13 
15 10 
19 12 
15 39 
16 44 
17 34 
16 23 
17 50 
19 20 

Minimum Reading 

Y 
-
-
--
--
_. 

81 
60 
94 

116 
103 
178 
149 
129 

-32 
61 

145 
52 

110 
100 
129 
145 
-6 
-92 
-42 

65 
87 

129 
38 

-17 
115 
199 
111 

47 
95 

12] 
100 
179 
160 
205 
192 
215 
130 
95 
84 

102 
201 
208 
231 

37 
20 

-34 
53 
73 
48 
31 

5 
102 
169 
189 

and Time. 

h. m. 
-
-
-
-
-

10 52 
9 10 
7 55 
7 58 
9 35 

10 15 
10 28 
13 2] 
6 52 

10 40 
8 40 
9 8 

12 22 
8 42 
9 8 
8 53 
6 25 
7 58 

14 13 
8 48 
9 38 
8 2 

13 22 

9 35 
8 12 
4 45 
7 32 
8 47 
2 40 
6 50 
9 31 
9 20 
9 45 
9 2 
9 0 
8 10 

11 10 
9 17 
8 35 
9 0 
7 28 

10 43 
13 17 
7 13 
6 23 

12 15 
9 26 

10 19 
11 22 

9 32 
8 15 
8 38 
3 58 
8 42 

.--.:.---
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HOURLY V ALUEs-continued. 

E'-April, 1911. 
2000Y ('02 C.G.S. Unit) + 

Day. 
o h. 1 h. 2 h. 3 h. 4 h. 5 h. 6 h. 7 h. 8 h. 9 h. 10 h. 11 h. 12 h. 13 h. 14 h. 

--- ------ ------ -- ---- -- -- -- -- --
y y y y y y y Y Y Y Y Y Y Y Y 

1 283 277 278 276 270 243 205 192 230 245 273 265 276 275 286 

2 282 287 258 267 288 251 227 203 261 215 211 199 247 273 299 

3 290 283 272 267 243 254 258 256 251 251 231 218 238 209 228 

4 301 277 271 274 257 247 242 216 227 225 235 234 241 219 257 

5 305 299 251 276 285 248 235 228 230 199 251 252 262 274 275 

6 276 276 273 273 269 271 271 271 272 269 252 256 263 271 275 
7' 275 285 280 273 272 273 264 263 242 221 267 276 288 290 273 

8 276 280 280 280 261 256 225 254 228 230 177 227 247 230 251 

9 289 247 261 240 275 265 267 265 202 161 125 50 172 160 112 

10 359 278 241 238 256 252 259 270 261 273 269 199 293 280 234 

11 283 293 240 267 251 264 259 259 234 235 192 120 102 185 261 

12 283 285 265 275 277 270 259 274 269 249 216 185 234 249 229 

13 283 293 286 273 234 252 209 185 267 - - - - - -
14 _. - - -- - - - - - 249 252 244 248 251 261 

15 282 280 273 271 274 275 275 275 277 277 275 275 280 285 288 

16 283 280 276 277 280 277 276 271 275 264 244 243 264 249 248 
17 294 265 231 138 209 190 94 179 207 147 204 231 241 271 285 
18 309 244 267 280 270 211 229 267 234 167 207 248 256 240 258 
19 280 280 296 240 238 249 248 232 254 231 234 212 165 240 294 
20 287 264 296 282 273 247 220 209 233 202 251 278 223 251 280 
21 299 267 280 282 273 271 270 267 258 151 172 267 246 220 305 
22 301 273 293 257 303 260 212 104 112 146 172 187 204 230 282 
23 286 254 280 212 242 236 191 179 170 209 256 244 221 262 305 
24 271 300 288 282 261 271 261 256 244 269 269 246 240 280 290 
25 319 299 276 247 241 246 225 262 280 269 218 232 232 258 267 
26 313 ~67 288 288 293 276 271 273 276 275 261 271 264 262 291 
27 302 293 289 274 276 272 286 278 273 258 247 243 288 306 305 
28 290 291 299 287 288 282 273 278 283 280 287 291 260 262 316 
29 - - - - - -- - 238 287 277 260 215 228 258 283 
30 300 278 280 280 274 282 274 267 273 274 273 267 249 269 264 

1 . 288 317 256 230 225 152 175 254 188 56 185 203 234 278 288 ! 

2 278 274 280 277 275 274 275 274 264 280 272 275 264 262 265 
3 288 283 275 270 275 275 272 269 270 256 274 274 278 283 278 
4 277 286 285 281 272 272 262 248 267 269 268 265 269 275 278 

5 282 274 275 277 277 275 275 272 272 275 269 264 275 275 268 
6 288 283 285 252 274 265 262 240 209 206 222 213 234 262 281 
7 285 282 278 275 243 243 233 234 212 193 217 217 251 296 293 
8 330 295 253 283 224 243 253 243 248 225 207 235 226 215 194 
9 299 282 274 275 272 269 275 261 256 281 280 278 266 254 263 

10 295 275 285 301 270 272 272 272 265 285 272 257 259 243 251 
11 285 277 282 286 269 248 259 253 272 277 275 267 235 183 192 
12 285 280 256 283 254 151 190 230 257 239 264 239 257 285 283 
13 285 286 278 279 277 270 267 270 275 274 272 272 267 272 269 
14 285 282 283 288 286 281 280 277 278 275 262 282 279 275 282 
15 288 285 288 285 283 252 251 259 261 263 250 123 123 194 308 
16 275 275 267 246 254 272 253 180 168 237 195 177 254 265 299 
17 299 248 263 267 267 244 188 196 263 259 230 220 268 264 272 
18 290 285 248 243 249 250 259 261 228 256 282 281 259 286 269 
19 288 277 293 265 261 259 255 239 213 282 259 230 233 251 261 
20 278 305 285 297 280 249 239 213 223 266 240 199 228 280 297 
21 312 288 263 246 267 246 234 270 280 278 243 259 262 277 282 
22 275 277 303 259 197 275 240 263 235 190 227 252 259 295 288 
23 279 272 296 279 278 275 272 262 252 279 278 272 282 275 278 
24 282 279 278 269 278 283 275 275 281 278 248 217 250 274 265 
25 285 285 283 267 285 274 278 272 268 274 274 274 278 278 275 
26 307 293 278 262 257 240 272 256 269 259 265 264 269 269 254 
27 277 285 280 268 275 219 240 275 259 269 256 280 270 277 262 
28 292 275 263 268 277 269 274 274 270 269 261 252 272 268 235 
29 280 277 277 279 270 270 272 253 261 259 272 272 272 272 275 
30 282 279 277 279 275 278 280 '272 275 275 264 269 268 265 268 
31 288 294 256 244 217 226 227 233 211 188 171 207 233 246 253 

E'-May, 1911. 

452 



HOURLY V ALUES-contin'tled. 

E'-April, 1911.· 
2000Y ( . 02 C.G.S. Unit) + Maximum Reading Minimum Reading 

15 h. 16 h. 17h.118h. 19 h. 20 h. 21 h. 22 h. 23 h. 24 h. 
and Time. and Time. 

-- -- -- -- -- -- -- --
Y Y Y Y Y Y Y Y Y Y Y h. m. Y h. m. 

289 293 299 296 296 301 306 286 285 282 320 20 30 121 8 44 
318 324 325 309 316 296 309 289 276 290 353 16 43 110 7 18 
228 262 302 303 293 303 304 307 325 301 344 23 0 170 11 30 
257 285 280 291 290 302 309 318 290 305 346 21 46 173 8 59 
267 277 283 290 288 293 286 283 286 276 347 0 12 155 8 58 
275 283 288 296 291 307 316 305 286 275 327 21 20 246 10 1 
291 296 298 291 306 300 294 288 285 276 323 16 48 201 8 35 
243 273 289 300 298 300 285 290 271 289 361 23 28 154 9 55 
251 335 356 399 430 422 448 454 409 359 537 21 29 19 10 53 
305 316 318 354 328 304 300 309 277 283 377 17 40 139 11 15 
249 258 265 273 273 287 290 290 290 283 320 1 5 72 12 20 
251 254 261 342 340 321= 328 288 304 283 384 18 21 130 11 0 

-- - - - - - - - - - 324 0 57 159 6 50 
264 267 276 283 283 293 286 280 280 282 307 20 4 219 10 33 
290 283 286 286 288 289 286 287 286 283 309 15 0 251 14 48 
302 335 356 370 383 372 304 293 287 294 413 18 47 191 9 22 
240 296 322 386 472 424 373 338 283 309 519 18 36 63 6 7 
278 325 335 296 296 336 372 358 331 280 429 20 45 104 9 12 
364 359 362 393 348 333 318 331 311 287 453 15 5 130 11 38 
332 332 409 357 402 367 343 303 303 299 473 16 40 134 8 42 
296 366 388 335 348 348 322 325 300 301 565 16 29 55 9 5 
309 358 375 343 342 331 344 309 313 286 415 16 5 36 7 14 
293 313 356 370 351 364 345 299 330 271 404 20 25 127 7 28 
293 330 330 344 333 328 285 ",340 360 319 389 23 15 205 5 52 
296 317 338 366 316 299 303 300 293 313 402 17 31 183 10 5 
280 300 325 309 360 322 296 290 289 302 437 19 9 212 11 38 
304 301 304 309 312 351 327 296 293 290 382 19 50 217 11 5 
305 300 294 307 299 312 397 - - - 415 21 14 161 12 55 
296 299 299 320 356 369 313 309 313 300 408 19 37 177 10 40 
283 283 294 300 328 425 335 311 316 296 527 20 7 211 11 37 

E'-May, 1911. --
1 1 28 0 274 288 288 285 290 288 285 286 282 278 330 9 

275 291 288 310 323 336 336 285 285 288 398 20 28 225 7 48 

286 293 288 301 316 314 298 283 293 277 353 19 14 228 3 29 

282 282 285 286 291 288 288 288 278 282 308 8 18 233 8 5 
283 288 298 308 334 327 321 296 288 288 381 18 37 254 11 0 

281 286 311 293 301 286 282 299 293 285 324 16 40 170 11 5 

291 307 335 372 383 372 383 304 319 330 425 20 37 164 11 17 

233 265 301 343 321 352 324 297 285 299 423 20 12 157 13 48 

277 282 275 303 301 303 301 288 285 295 324 18 25 222 7 25 

267 280 285 298 303 314 314 311 297 285 335 3 2 188 8 14 

275 301 304 295 292 288 283 281 285 285 343 15 44 117 13 35 

297 295 334 361 292 290 282 283 283 285 466 17 32 119 5 10 

285 283 288 292 301 324 305 299 282 285 358 20 12 253 7 5 

290 297 299 299 301 305 319 336 312 288 351 21 21 252 10 18 

327 392 409 403 334 341 347 321 292 275 493 17 34 9 11 31 

274 306 338 370 334 359 369 338 292 299 491 16 39 -11 17 25 

285 299 330 372 372 330 347 334 301 290 422 18 37 166 5 58 

319 291 314 325 332 348 327 306 280 288 377 20 28 177 1 35 

272 314 340 327 327 383 327 281 307 278 412 19 43 196 9 50 

321 288 301 295 304 308 366 312 312 312 390 20 40 140 11 24 

285 288 286 291 293 317 327 297 330 275 413 21 50 41 22 22 

281 317 317 341 310 299 295 288 283 279 361 18 15 143 3 52 

286 286 288 295 312 285 282 280 282 282 -364 18 51 238 8 20 

269 279 282 294 295 295 291 288 291 285 310 18 48 192 11 22 

277 275 279 275 293 282 285 292 288 307 312 18 35 253 3 5 

285 286 278 285 278 279 280 283 288 277 328 1 38 180 7 29 

217 251 282 286 301 347 332 319 299 292 387 20 4 156 15 19 

267 263 290 369 312 307 299 288 286 280 408 17 45 204 14 12 

279 282 288 303 293 285 275 280 275 280 374 18 28 228 7 24 

277 285 290 280 282 283 286 283 283 288 314 23 27 253 9 56 

291 305 321 337 369 328 .306 304 314 312 407 18 37 139 9 28 
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Day. 
o h. 1 h. 2 h. -- --
I' I' I' 

1 315 283 264 
2 275 299 259 
3 275 278 267 
4 278 271 272 
5 278 278 275 
6 270 259 266 
7 264 262 259 
8 278 270 275 
9 278 275 271 

10 275 275 272 
11 291 254 288 
12 - - -
13 269 285 280 
14 298 275 255 
15 285 268 264 
16 280 278 272 
17 271 268 278 
18 283 273 284 
19 281 269 272 
20 275 270 278 
21 278 288 275 
22 289 283 262 
23 297 265 278 
24 294 298 280 
25 291 278 282 
26 278 280 277 
27 278 277 278 
28 278 278 277 
29 297 236 269 
30 278 267 272 

---~-----

! 
1 2.93 293 278 
2 316 309 291 

I 3 285 298 289 

I 
4 300 283 293 
5 289 283 280 
6 293 288 293 
7 293 288 309 
8 302 298 211 
9 283 290 238 

10 312 271 278 
11 296 293 294 
12 285 287 291 
13 277 274 280 
14 286 '287 285 
15 289 285 285 
16 287 285 276 
17 285 287 283 
18 293 277 280 
19 293 290 293 
20 287 302 269 
21 288 283 282 
22 277 280 265 
23 283 283 272 
24 280 276 275 
25 293 283 278 
26 282 282 285 
27 285 278 282 
28 282 282 282 
29 280 309 267 
30 328 286 277 
31 280 269 296 

HOURLY VALUEs-continued. 

3 h. 4 h. 

I' I' 
246 238 
266 246 
273 273 
277 269 
278 281 
270 247 
278 257 
288 267 
271 273 
278 278 
256 264 
- -

271 244 
227 229 
285 266 
275 277 
273 229 
275 275 
275 275 
275 277 
275 277 
262 249 
278 272 
281 267 
277 278 
272 270 
283 275 
277 275 
278 281 
275 275 

- ---- -~--.--- -

2 
2 
2 
2 
2 
2 
2 

89 
75 
89 
75 
83 
83 
83 

243 
269 
278 
2 86 
286 
296 
288 
282 
2 
2 

76 
88 

288 
238 
270 

75 
82 
78 
77 
64 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

82 
82 
83 
56 
65 
58 

290 
236 
283 
286 
286 
283 
246 
243 
234 
283 
290 
262 
261 
283 
289 
278 
290 
283 
287 
285 
270 
276 
276 
273 
256 
280 
280 
283 
263 
247 
234 

E'-June, 1911. 
20001' ('02 C.G.S. Unit) + 

5 h. 6 h. 7 h. 8 h. 9 h. ----------
I' I' I' Y I' 

227 218 202 195 220 
228 258 242 262 251 
275 273 272 275 266 
264 260 266 265 267 
272 214 160 175 251 
206 255 255 225 240 
244 249 267 239 237 
274 217 278 268 251 
275 272 257 253 267 
281 275 260 280 246 
253 230 214 214 -
- - - - 240 

252 265 218 246 233 
223 270 272 272 272 
271 273 249 256 226 
275 273 249 199 211 
237 218 226 191 233 
275 268 270 272 270 
277 271 278 277 269 
271 266 273 262 275 
275 270 272 257 268 
236 233 259 252 244 
271 259 244 258 275 
282 256 - - -. 
277 270 268 I- 277 277 
27·7 275 275 270 270 
275 277 277 280 278 
278 275 273 267 271 
277 277 281 262 281 
280 275 278 277 273 

E'-July, 1911. 
289 289 288 291 283 
247 288 283 251 258 
275 262 267 264 264 
251 243 235 241 277 
272 225 256 270 258 
258 262 251 262 286 
283 260 286 273 288 
244 247 267 274 277 
227 249 . 248 251 282 
272 276 I 265 271 258 
293 280 283 272 271 
248 273 269 264 254 
262 262 269 254 219 
283 282 280 286 280 
267 272 277 283 277 
278 280 280 271 282 
254 260 283 286 283 

(269) (254) (240) 225 217 
251 259 260 225 262 
225 238 249 251 232 
264 245 251 247 254 
272 269 262 256 217 
257 252 254 275 247 
277 283 275 277 270 
207 267 270 282 278 
275 267 267 276 274 
265 275 260 265 276 
271 241 231 247 264 
245 185

1

162 123 193 
273 249 241 264 221 
278 245 221 234 264 
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10 h. 11 h. 12 h. 13 h. 14 h. -- ------
I' I' I' I' I' 

218 220 236 249 291 
242 238 267 244 253 
262 268 256 278 281 
266 268 275 275 277 
238 188 229 268 283 
255 247 249 259 264 
244 262 246 240 244 
272 262 269 269 257 
270 267 275 272 280 
227 199 220 242 304 . 
- - - - -

246 251 236 226 269 
231 264 259 240 249 
271 272 260 273 277 
202 201 213 252 252 
257 242 257 262 272 
227 246 244 266 273 
271 271 270 275 270 
270 266 267 268 275 
278 270 271 283 278 
268 253 266 253 258 
233 199 246 262 249 
271 275 270 269 269 
- - 258 273 278 

277 277 272 275 270 
268 268 275 271 275 
275 277 277 278 278 
277 270 277 275 269 
273 262 246 266 280 
277 277 273 277 275 

275 256 257 2tH 1260 
262 277 264 260 212 
251 247 245 263 299 
287 289 283 283 288 
246 264 283 269 269 
267 285 283 286 282 
260 275 272 282 296 
259 247 241 198 271 
256 198 225 286 289 
267 278 274 286 286 
256 180 212 258 258 
256 276 244 242 251 
221 254 230 223 278 
277 274 282 282 286 
278 276 278 283 288 
273 276 285 283 283 
283 286 283 288 286 
198 172 248 258 276 
218 202 219 238 254 
236 234 258 263 275 
251 254 259 267 277 
238 271 267 273 296 
269 260 263 264 262 
267 273 280 276 286 
269 282 280 282 288 
275 276 277 285 291 
282 283 283 280 282 

I 275 275 258 274 274 
202 252 183 170 249 
262 220 227 194 262 I 
271 274 274 254 262 I 



HOURLY VALUEs-continued. 
E'-June, 1911. 

2000Y (·02 C.G.S. Unit) + Maximum Reading Minimum Reading "' 
15 h. 10 h. l7 h. 18 h. 19 h. 20 h. 21 h. 22 h. 23 h. 24 h. 

and Time. and Time. 
---- -- ----

h. Y Y Y Y Y Y Y Y Y Y Y m. Y h. m. 
296 311 333 341 357 352 333 317 286 275 373 20 13 182 6 52 
291 294 296 293 296 308 309 289 288 275 322 20 43 183 6 36 
281 311 302 302 295 288 278 277 277 278 350 16 0 241 11 50 
277 278 288 294 289 288 283 283 277 278 299 18 0 251 8 40 
282 285 291 296 344 386 309 298 281 270 435 20 5 109 8 17 
270 278 278 280 284 288 335 328 302 264 357 21 13 176 5 30 
264 288 284 293 296 297 295 284 273 278 335 2 52 199 6 52 
278 283 324 298 288 288 277 277 277 278 349 16 53 199 6 1 
277 283 281 282 289 283 283 275 277 275 294 19 20 231 10 52 
304 361 404 320 390 359 310 302 284 291 529 16 10 154 11 1 
- - - - - - -- - - - 312 2 2 156 7 10 

286 296 342 339 324 304 262 300 304 269 380 17 15 201 10 41 
267 281 337 317 343 335 277 288 307 298 451 1.9 28 193 7 25 
281 289 317 346 356 341 343 295 268 285 386 17 55 182 5 2 
272 302 317 289 306 314 289 283 280 280 348 17 17 162 10 31 
277 278 298 333 306 294 294 296 311 271 377 18 24 182 8 6 
285 280 291 291 310 304 295 295 281 283 333 19 28 160 8 2 
270 284 281 278 285 278 288 294 283 281 304 21 45 262 5 42 
288 286 284 285 291 302 315 288 283 275 325 21 0 257 11 52 
275 288 307 328 293 285 306 309 285 278 372 1.7 39 249 8 20 
266 285 288 300 346 285 285 304 283 289 408 18 57 231 11 32 
288 309 278 293 361 337 309 302 291 297 390 19 0 14:0 11 10 
278 273 294 304 325 319 311 343 310 294 377 19 35 199 7 5 
277 288 286 284 297 289 291 296 275 291 328 0 10 209 1 37 
278 281 281 286 291 280 283 278 278 278 317 19 25 260 0 41 
271 277 283 283 288 283 288 282 278 278 291 17 3 260 10 37 
277 275 281 282 284 288 288 285 277 278 299 20 35 259 9 6 
267 288 291 299 309 304 285 291 302 297 322 1.9 40 259 15 2 
273 294 300 298 315 307 306 293 309 278 330 19 10 186 1 2 
277 278 281 285 281 285 277 281 282 288 296 23 50 260 2 7 

"------ . ----.--- --------- - ._------

283 
------ -. ----_.-- -_._--. - "----- --_ .. -----~---.... -- - ._- - -_ .. _-_ .. _--------._----

12 10 I 307 320 393 375 320 327 340 314 316 471 18 321 242 
251 294 305 311 315 373 341 317 291 285 404 20 15 157 3 33 
275 283 322 330 313 325 351 314 294 300 464 20 12 -158 20 25 

I 287 289 290 299 312 314 314 299 301 289 338 19 23 198 7 48 

E'-July, 1911. 

276 299 300 307 305 299 291 301 293 293 335 17 58 193 5 46 
283 286 293 289 293 306 305 316 296 293 333 21 38 233 6 48 
290 342 289 287 303 309 377 366 318 302 411 21 33 227 10 4 
293 309 318 296 367 380 361 360 298 283 416 22 0 135 2 13 
290 296 300 288 293 294 304 325 293 312 335 21 ·49 155 11 1 
283 282 305 311 304 318 306 293 293 296 327 20 30 233 9 10 
263 293 303 342 389 307 283 296 280 285 431 18 50 127 11 7 
264 293 296 293 322 375 325 31.3 289 277 451 19 58 217 12 18 
276 291 293 291 300 293 293 291 293 286 312 19 27 183 8 35 
285 286 305 322 314 330 327 309 293 289 362 20 22 269 8 46 
286 296 296 307 296 303 294 296 287 287 317 17 45 260 5 22 
285 293 291 296 285 288 291 285 288 285 329 17 45 251 8 7 
289 289 296 304- 300 329 327 303 296 293 358 19 34 230 5 27 
288 283 316 317 398 340 316 288 307 293 456 19 17 138 10 40 
251 333 409 290 283 305 356 341 312 287 490 17 7 158 7 57 
283 263 288 312 385 328 280 278 273 288 428 18 57 175 9 7 
269 286 275 288 305 309 287 288 283 277 345 19 15 236 8 33 
280 299 288 309 325 320 322 333 276 283 385 21 22 174 9 30 
263 273 293 309 311 322 283 289 288 280 33"3 19 40 206 8 57 
283 287 285 287 291 289 288 288 285 293 307 18 40 260 8 40 
288 290 286 282 282 282 282 280 280 282 301 0 27 178 4 57 
289 294 290 288 288 282 285 287 282 285 303 16 50 243 8 50 
283 283 288 287 285 282 283 280 278 282 301 16 7 230 5 55 
275 283 303 307 325 305 313 349 280 280 382 22 23 159 23 19 
280 275 290 298 347 353 335 309 299 328 389 19 36 78 7 58 
293 303 301 309 340 311 338 325 267 280 369 18 36 172 12 48 
289 286 I 275 305 322 324 370 336 290 280 401 20 38 188 7 58 
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HOURLY VALUES-continued. 

E' -August, 1911. 
2000Y ('02 C.G.s. Unit) + 

Day. 
o h. 1 h. 2 h. 3 h. 4 h. 5 h. 6 h. 7 h. 8 h. 9 h. 10 h. 11 h. 12 h. 13 h. 14 h. 

-------- ------------ ---------
y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 

1 292 279 289 281 285 272 273 274 279 287 260 274 274 286 295 
2 289 290 301 285 270 292 286 275 273 275 2'79 281 283 292 289 
3 290 292 290 294 292 277 273 285 289 263 294 288 292 283 302 
4 279 310 288 270 286 277 282 272 247 260 263 268 275 254 261 
5 285 295 292 294 281 263 271 288 268 275 257 237 300 279 258 
6 299 302 284 275 279 270 252 255 279 282 253 192 245 270 288 
7 289 301 284 288 283 284 281 289 283 283 274 261 283 297 298 
8 288 287 294 295 286 283 285 290 289 289 287 288 295 294 295 
9 292 295 300 295 288 289 286 283 282 277 286 285 289 289 286 

10 299 294 290 290 294 288 289 281 285 283 288 289 285 292 301 
11 292 287 290 289 288 288 287 285 286 285 287 287 287 286 295 
12 292 290 292 295 292 292 289 286 279 260 274 281 289 297 294 
13 292 289 287 287 295 292 292 292 294 284 292 292 295 295 298 
14 290 289 288 287 288 281 279 289 289 292 289 281 282 (280) 277 
15 314 286 287 284 288 292 279 277 289 276 279 274 272 286 297 
16 299 287 289 288 272 253 273 283 287 281 286 288 294 287 315 
17 276 271 270 279 289 279 284 241 274 288 286 268 266 259 270 
18 292 279 279 279 289 285 294 287 283 282 273 273 271 261 264 
19 298 279 289 284 287 294 283 281 277 281 287 287 297 294 295 
20 308 308 292 303 269 242 269 289 257 250 177 192 246 292 306 
21 290 292 289 271 266 276 279 286 286 288 287 284 299 287 289 
22 295 288 292 290 290 292 289 288 287 285 290 286 289 292 295 
23 292 290 294 295 292 292 287 288 289 290 292 292 297 287 294 
24 305 311 315 111 246 240 244 177 212 210 233 113 176 230 250 
25 305 298 289 283 244 248 199 204 186 197 233 270 272 263 257 
26 316 302 266 302 276 235 244 261 268 255 233 233 218 254 253 
27 294 300 281 252 283 268 192 231 279 246 227 211 250 246 235 
28 301 313 295 269 257 258 217 216 283 252 244 205 234 250 271 
29 286 295 287 272 229 270 263 255 224 241 277 269 294 295 279 
30 283 288 294 279 260 281 284 292 287 284 279 272 277 268 284 
31 289 302 292 281 284 268 241 239 270 279 281 266 288 294 300 

E'-September, 1911. 
1 293 317 250 256 274 279 272 278 260 287 279 272 282 284 290 
2 298 289 292 297 292 290 280 269 279 282 271 - - - 297 
3 293 282 290 297 289 287 285 285 286 278 282 288 289 288 295 
4 297 297 295 295 295 293 290 290 290 288 290 291 297 298 303 
5 298 295 295 297 284 288 282 282 287 284 288 290 288 291 297 
6 292 303 282 288 285 288 285 262 256 256 262 273 277 297 309 
7 290 298 298 295 284 269 280 284 284 286 287 287 291 301 306 
8 292 301 302 290 292 286 284 282 287 295 277 288 282 285 288 
9 289 292 295 289 277 262 279 282 271 277 273 273 282 282 286 

10 293 293 291 287 282 272 266 277 271 282 253 263 276 273 274 
11 300 286 290 288 271 272 276 269 287 266 253 255 282 284 298 
12 311 269 297 245 232 237 220 251 229 205 224 236 262 266 290 
13 305 285 290 282 234 266 253 242 253 253 251 267 271 302 309 
14 324 306 287 279 285 292 285 276 273 273 282 278 264 269 285 
15 298 292 293 272 284 286 279 290 264 267 269 273 282 295 291 
16 311 303 295 286 288 301 269 288 288 288 256 259 273 300 314 
17 305 248 286 280 259 224 218 263 290 275 275 269 271 273 264 
18 - - - - - - - - - - - - - - -
19 - - - - - - - - - - - - - 280 304 
20 305 301 303 300 290 275 266 269 227 185 196 222 224 249 266 
21 297 .290 292 246 253 251 217 240 234 230 243 203 245 259 308 
22 280 319 304 193 224 224 206 233 195 271 229 146 215 230 263 
23 290 295 300 297 279 240 243 226 269 249 262 174 198 204 231 
24 295 313 282 291 277 287 277 238 215 232 195 253 261 266 289 
25 297 298 297 313 309 298 300 290 277 249 269 275 297 282 292 
26 308 287 288 298 298 301 280 279 273 263 266 266 282 291 291 
27 292 298 293 293 297 290 273 261 249 263 226 232 245 232 298 
28 297 269 301 287 297 285 286 287 298 308 288 284 278 291 304 
29 293 292 288 292 291 289 291 298 295 305 271 290 305 298 311 
30 297 295 295 295 285 288 291 289 284 - - - - - -
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I 

HOURLY VALUEs-continued. 
E'-August, 1911. 

2000Y (·02 C.G.S. Unit) + Maximum Reading 

15 h. 16 h. 17 h. 18 h. 19 h. 20 h. 21 h. 22 h. 23 h. 24 h. 

y y Y 
298 295 305 
292 306 299 
315 317 334 
287 321 367 
274 289 313 
327 305 279 
305 297 306 
294 298 306 
295 300 298 
298 306 312 
298 300 297 
298 300 303 
311 303 305 
289 301 299 
294 299 308 
319 350 373 
266 297 305 
289 300 308 
298 299 300 
332 313 323 
294 308 306 
298 306 300 
311 301 318 
300 382 332 
250 308 303 
260 298 300 
272 308 321 
295 ~~7 306 
295 299 303 
282 306' 316 

Y Y Y 
302 315 311 

y y Y Y 
302 301 289 289 
303 300 300 29J 
359 317 305 279 
334 341 295 285 
303 301 292 299 
310 289 299 289 
305 300 294 288 
305 297 297 292 
298 295 299 299 
325 317 301 292 
297 300 302 292 
311 299 294 292 
384 300 301 290 
314 305 305 314 
305 295 294 299 
360 317 290 276 
316 305 292 392 
301 300 300 298 
314 308 302 308 
317 308 292 290 
302 297 298 295 
318 300 298 292 
382 399 398 305 
384 360 345 305 
332 317 319 316 
357 343 312 294 
319 321 302 301 
299 300 298 286 
299 299 298 283 
308 318 306 289 
408 332 306 290 

and Time. 

y h. 
332 18 
339 18 
384 21 
389 16 
332 17 
367 18 
365 17 
326 18 
315 15 
345 20 
326 15 
334 19 
424 20 
356 19 
350 19 
442 18 
332 2] 
313 17 
321 20 
373 19 
332 18 
327 20 
452 21 
481 15 
438 19 
400 22 
374 18 
445 19 
341 19 
363 18 
474 20 

m. 
50 
2 
9 

35 
20 
34 
-19 
55 
32 
20 
22 
50 
18 
55 
8 

33 
30 
18 
8 

12 
32 
48 
54 
42 
7 

32 
42 
2 

41 
56 
28 

Minimum Reading 
and Time. 

Y h. m. 
226 7 33 
251 8 11 
223 8 45 
221 13 20 
190 11. 18 
127 10 50 
232 11 5 
273 5 47 
248 9 54 
270 6 45 
258 9 56 
252 9 0 
273 8 12 
268 5 58 
268 11 30 
244 5 17 
210 6 56 
237 13 19 
259 7 50 
137 9 55 
255 3 23 
274 9 56 
271 13 35 

-42 2 58 
147 6 10 
177 10 25 
134 10 59 
151 5 37 
193 4 23 
237 3 32 
208 6 37 ~! ____ ~?_'-_~34 

321 311 302 
342 337 334 
354 345 337 
305 311 315 
317 328 323 
337 321 325 
300 310 310 
302 305 300 
311 305 327 
300 300 297 
302 305 318 
334 330 360 
316 324 342 
311 324 311 
4:10 421 403 
302 298 305 
308 302 305 
308 310 311 
339 352 344 
316 321 311 
299 302 314 
313 317 329 
395 345 337 
341 390 358 
330 341 328 
356 343 312 
329 392 328 
300 313 319 
316 334 308 
357 358 379 

--------~-~--------

E'-September, 1911. 
318 326 339 324 315 308 3091297 298 298 356 16 45 224 8 1 
301 309 311 306 335 324 311 298 304 293 366 19 12 253 10 10 
318 320 320 314 308 300 303 298 301 297 332 17 7 269 9 45 
303 308 308 303 303 300 297 300 298 298 309 15 45 280 9 2 
302 314 322 320 320 347 332 303 298 292 375 20 14 269 9 47 
305 308 304 314 318 303 298 305 304 290 335 18 50 229 7 17 
320 324 331 320 324 315 302 303 311 292 351 19 14 262 4 50 
305 311 324 303 306 309 309 305 301 289 342 17 22 249 9 39 
297 298 303 3]6 324 320 311 304 297 293 339 18 18 243 7 30 
284 287 329 305 329 321 328 317 328 300 356 19 12 247 11 55 
309 313 322 331 331 337 331 308 297 311 369 17 27 230 7 13 
324 340 340 339 301 301 324 301 305 365 371 16 22 174 9 11 
308 335 359 345 319 318 333 368 316 324 392 17 5 206 10 5 
300 305 321 321 311 321 329 309 298 298 368 17 32 241 R 52 
295 343 369 350 339 319 311 302 313 311 404· IG 59 232 8 Hi 

346 331 381 439 426 368 339 327 322 305 50R 18 25 2]4 9 58 
311 332 - - - -- - - - - 372 15 52 202 5 7 

- - 330 332 311 - - - - - 342 17 45 304 20 25 
318 - 321 318 321 - 308 311 304 305 332 19 22 277 12 58 
308 332 340 350 417 456 381 408 370 297 503 19 39 158 9 20 
316 327 347 350 428 416 427 411 314 280 4.71 19 13 174 11 3 
318 342 400 346 377 340 366 363 347 290 542 16 55 100 10 25 
279 308 415 350 327 348 313 308 311 295 486 17 22 122 10 50 
300 311 314 313 309 315 316 309 305 297 331 1 24 133 9 39 
297 314 321 319 317 314 309 314 311 308 329 17 36 226 9 1 
298 316 316 321 334 332 308 298 298 292 352 19 55 248 8 13 
298 327 333 355 324 331 333 304 329 297 370 17 52 206 13 0 
324 324 330 329 331 308 313 302 306 293 370 16 54 233 11 38 

314 319 335 348 330 309 314 297 297 297 360 18 7 247 10 8 
- - -. - - - - 298 298 I 309 318 23 37 277 4 45 
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Day. 
o h. 1 h. 2 h. 3 h. -- -- --
y Y Y Y 

1 310 296 287 296 
2 299 298 293 298 
3 289 291 262 256 

I 
4 299 305 292 293 
5 304 299 302 299 

I 6 294 289 296 291 
7 304 298 287 280 
8 292 309 299 296 
9 317 283 279 262 

10 303 286 278 247 
11 319 280 285 270 
12 277 276 261 267 
13 294 292 293 292 
14 304 283 291 299 
15 293 292 288 287 
16 285 288 289 289 
17 309 283 280 277 
18 314 309 283 245 
19 304 259 270 245 
20 303 307 303 276 
21 302 303 265 280 
22 290 296 283 270 
23 304 309 283 277 
24 298 291 298 293 
25 310 293 307 294 
26 293 294 293 296 
27 309 294 302 296 
28 312 299 296 289 
29 315 299 302 301 
30 306 299 305 274 
31 305 296 298 299 

---- ------------- - ----

298 30r 1 309 289 
2 295 301 287 298 
3 321 285 274 285 
4 289 294 265 272 
5 301 292 3I{, 292 
6 301 327 285 269 
7 288 294 281 274 
8 312 287 285 270 
9 300 295 298 282 

10 278 283 288 285 
11 283 312 303 300 
12 311 270 282 293 
13 287 288 290 287 
14 340 306 278 261 
15 379 295 276 232 
16 290 321 272 254 
17 303 275 263 272 
18 308 305 280 272 
19 298 291 277 282 
20 290 301 323 281 
21 285 279 279 311 
22 285 274 289 308 
23 307 321 327 295 
24 319 294 289 266 
25 300 322 293 300 
26 308 304 289 314 
27 289 285 283 280 
28 291 285 298 287 
29 306 288 296 301 
30 303 323 289 274 

HOURLY V ALUEs-cont~nued. 
E'-October, 1911. 

2000Y (·02 C.G.S. Unit) + 
4 h. 5 h. 6 h. 7 h. 8 h. 9 h. -- ---- -- -- --
Y 

298 
292 
263 
289 
288 
286 
265 
233 
293 
258 
214 
289 
287 
276 
304 
288 
254 
256 
251 
272 
250 
268 
267 
280 
245 
296 
312 
283 
29] 
292 
299 

- ----

290 
291 
290 
243 
278 
272 
279 
272 
267 
311 
303 
314 
288 
194 
247 
247 
282 
264 
272 
260 
309 
330 
307 
280 
293 
337 
267 
287 
280 
230 

Y Y Y Y Y 
291 294 290 298 296 
293 290 291 293 286 
275 296 281 274 252 
279 254 259 250 241 
276 258 268 259 236 
312 280 270 270 270 
263 280 285 283 280 
252 262 245 276 235 
292 286 278 283 250 
261 267 278 289 267 
164 137 99 67 64 
261 215 191 183 186 
312 310 281 280 283 
265 274 283 274 270 
257 233 272 288 265 
285 283 288 283 268 
227 223 220 183 228 
235 218 230 270 237 
235 190 141 204 177 
261 223 205 220 209 
257 275 241 257 257 
273 254 209 225 254 
263 249 238 237 247 
254 219 246 259 235 
264 283 279 310 294 
287 278 190 210 239 
309 304 302 294 285 
292 294 283 234 289 
296 299 303 287 292 
310 299 267 264[322 
291 285 288 303 278 

E'-November, 1911. 
~ --------

~289 289 289 
276 256 258 
274 269 267 
222 227 209 
249 233 207 
252 239 212 
248 249 234 
270 265 248 
269 308 343 
241 247 253 
295 212 195 
28"0 274 295 
321 250 209 
182 209 209 
236 256 220 
243 212 198 
277 274 289 
256 223 210 
265 282 269 
266 236 233 
274 324 282 
303 278 274 
309 269 261 
308 317 307 
272 290 303 
327 330 335 
275 269 256 
252 206 254 
278 280 272 
194 214 248 
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282 
247 
252 
149 
216 
203 
236 
238 
336 
151 
216 
209 
157 
140 
190 
149 
282 
252 
280 
195 
317 
251 
287 
308 
259 
314 
218 
267 
285 
199 

6 
0 
9 
4 
9 
8 
9 
2 
5 
2 
9 
3 
5 
8 
3 
5 
9 
3 
7 
2 

4 
3 
1 
6 
9 
2 
7 
5 
2 

27 
25 
23 
16 
22 
19 
21 
25 
28 
13 
23 
20 
16 
12 
14 
14 
19 
23 
26 
16 
300 
31 
28 
29 
26 
21 
19 
26 
28 
17 

10 h. 11 h. 12 h. 13 h. 14 h. 
------ --

Y Y Y Y Y 
299 289 280 280 299 
289 309 299 317 319 
252 251 265 276 287 
262 289 309 310 305 
254 246 286 294 318 
272 270 265 312 325 
276 267 251 280 285 
270 235 228 228 241 
223 233 225 225 258 
261 280 274 299 302 
102 104 155 190 217 
149 298 328 275 334 
283 263 249 296 301 
281 250 310 299 301 
292 265 270 244 273 
279 285 296 298 304 
160 248 227 270 279 
273 260 239 248 257 
241 220 299 293 315 
251 279 285 288 290 
259 236 251 220 241 
244 219 252 24.8 286 
199 265 270 301 319 
250 294 312 341 315 
270 235 273 276 322 
312 267 275 277 289 
280 280 293 299 328 
252 296 323 338 336 
279 267 298 310 320 
299 336 322 315 347 
273 272 272 294 310 

---- --._---
188~ 209 237 263 301 
249 256 272 277 277 
278 293 265 281 307 
254 206 239 219 316 
243 259 247 232 292 
224 248 267 241 289 
211 240 266 237 259 
260 276 304 303 304 
181 235 285 319 373 
196 157 199 227 285 
253 269 285 290 298 
218 227 237 280 274 
162 201 138 203 225 
73 141 232 227 239 

127 174 176 194 269 
198 199 201 217 246 
146 182 190 205 225 
214 221 254 274 300 
281 301 298 308 329 
248 278 373 287 309 
282 340 216 201 330 
266 319 304 318 322 
274 289 311 304 311 
298 253 296 311 312 
259 256 279 308 318 
145 235 212 207 246 
192 224 221 235 298 
282 291 269 288 291 
293 298 285 288 305 
188 188 217 241 265 



HOURLY V ALUEs---continued. 
E'-·October, 1911. 

.-----~----"' - ---~--. ------

2000Y (·02 C.G.S. Unit.) + Maximum Reading 

15 h. ' 16 h. 17 h. 18 h. 19 h. 20h'l~ 22 h. 23 h. 2-1 h. and Time. 
----

Y Y Y Y Y Y Y Y Y Y Y h. m. 
320 325 330 325 312 304 304 303 304 299 340 17 1 
319 329 328 367 346 343 
312 322 319 312 317 325 
310 302 316 317 317 321 
322 325 325 317 314 314 
329 328 338 354 334 319 
296 296 349 370 378 361 
298 341 359 369 349 356 
256 302 378 388 338 320 
306 310 341 332 345 334 
287 316 420 428 425 405 

1 

299 307 310 320 314 306 
299 316 345 34:0 325 317 
325 334 335 321 322 341 
288 331 348 389 360 345 
309 296 335 317 321 325 
294 309 351 370 360 358 
289 315 328 34-5 413 373 
315 321 330 356 371 380 
314 316 314 331 341 390 
285 310 315 331 332 358 
307 310 323 347 352 340 
304 298 319 347 343 325 
315 322 330 341 388 362 
354 351 362 351 345 341 
312 319 330 327 317 310 
329 330 338 341 344 333 
322 354 354 336 318 328 
309 328 333 330 331 331 
317 330 317 312 321 320 
321 322 338 327 330 327 

- .. - - --- ------_.-

----~324 336 334 337 331 
291 301 333 336 351 356 
335 429 333 314 324 321 
306 387 342 356 367 375 
285 298 353 378 374 382 
295 294 338 353 362 338 
269 282 312 333 330 351 
301 307 319 332 335 325 
362 354 384 345 348 340 
332 358 365 378 364 375 
325 338 338 356 351 337 
269 301 298 325 330 327 
309 334 348 389 414 350 
251 288 345 349 340 353 
330 306 324 432 391 332 
256 281 311 347 343 323 
275 304 314 321 324 314 
312 312 323 330 322 319 
343 348 336 340 336 325 
356 363 382 405 393 361 
353 366 380 385 346 334 
343 366 340 350 347 327 
308 311 324 327 336 332 
314 333 358 347 340 337 
317 320 347 336 330 330 
254 291 319 332 336 335 
300 295 290 318 324 322 
320 330 358 330 314 311 
338 347 343 340 336 320 
301 303 296 295 278 305 

341 343 328 289 401 18 24 
310 306 299 299 334 20 17 

310 1304 302 304 333 20 0 
315 315 318 294 336 14 30 
315 312 302 304 383 18 15 
328 304 302 292 396 19 27 
325 351 319 317 387 21 48 
348 351 351 303 411 17 27 
332 333 310 319 369 16 57 
372 354 286 277 504 17 20 
309 306 301 294 369 12 2 
304 301 309 304 365 17 12 
321 306 296 293 362 20 28 
333 310 293 285 4:54 18 8 
309 317 302 309 347 17 5 
367 386 343 314 449 22 11 
393 383 322 304 462 19 10 
358 318 332 303 407 20 24 
34:0 325 329 302 466 19 59 
365 322 317 290 379 20 23 
318 296 296 304 378 18 17 
341 317 320 298 364 18 25 
360 362 292 310 409 19 2 
312 291 296 293 380 14 45 
310 309 310 309 359 5 33 
329 309 320 312 357 18 48 
317 302 312 315 369 16 58 
317 317 302 306 346 15 57 
317 307 302 305 354 5 19 
323 309 305 307 349 16 33 

------ ~'----

E'-Novenlber, 1911. 
338 332 306 I 295 355 120 25 
354 347 324 321 369 21 41 
322 321 343 289 491 16 9 
330 330 308 301 414 15 40 
350 345 323 301 395 19 54 
330 295 301 288 377 17 52 
332 314 309 312 373 19 29 
316 309 303 300 340 18 30 
334 312 331 278 416 16 54 
359 364 301 283 406 19 54 
319 314 293 311 377 18 49 
321 306 309 287 358 4 46 
338 360 362 340 506 23 26 
343 347 360 379 413 22 56 
327 337 321 290 480 17 48 
340 342 318 303 364 19 0 
345 372 327 308 407 21 51 
312 300 293 298 340 17 40 
311 289 285 290 361 18 37 
306 330 321 285 460 18 12 
361 415 347 285 438 22 7 
330 290 298 307 379 16 7 
330 319 321 319 358 5 22 
317 300 291 300 371 16 42 
314 319 308 308 359 16 55 
322 321 293 289 369 3 0 
317 311 293 291 334 19 57 
305 306 306 306 380 16 48 
314 314 311 303 360 15 47 
298 295 285 279 349 0 50 

459 

Minimum Reading 

Y 
272 
262 
227 
214 
214 
243 
243 
210 
203 
214 
37 

104 
194 
201 
216 
258 
117 
149 
73 

159 
199 
1.77 
168 
175 
201 
155 
251 
168 
225 
220 
241 

151 
230 
135 
54 

167 
170 
180 
227 
108 

9 
145 
151 
54 
50 
67 

103 
109 
179 
227 
31 

166 
191 
229 
212 
203 

64 
148 
164, 
206 
145 

and Time. 

h. m. 
12 18 
10 51 
3 37 
8 58 
8 43 

12 10 
11 38 
13 12 
11 22 
3 21 
7 35 

10 15 
11 18 
8 17 

12 54 
9 25 
9 59 
6 42 
6 25 
6 59 

13 32 
10 52 
10 2 
6 36 

10 21 
6 42 

11 12 
7 54 

10 48 
7 40 
9 57 

10 0 
6 45 
8 53 
8 10 
8 22 
8 55 
9 28 
7 38 

10 47 
10 30 
7 38 
7 38 
9 44 

10 3 
9 10 
7 33 
9 3 
9 35 
8 59 
9 17 

12 12 
7 54 
6 40 

11 7 
8 31 

10 1 
10 43 
6 23 

10 48 
8 52 



I 
Day. 

~I~ 2 h. 3 h. 

Y Y 'Y 'Y 
1 288 281 309 284 
2 307 363 278 250 
3 303 292 283 281 
4 303 310 289 250 
5 289 286 281 285 
6 297 287 286 299 
7 378 345 349 296 
8 330 320 304 296 
9 304 317 310 313 

10 320 301 307 313 
11 307 302 313 327 
12 309 298 315 229 
13 307 289 296 283 
14 283 279 278 287 
15 313 257 214 236 
16 312 294 318 320 
17 321 316 289 289 
18 369 320 292 346 
19 336 300 315 304 
20 307 349 270 290 
21 312 313 310 312 
22 320 301 304 305 
23 326 323 307 296 
24 296 289 290 299 
25 301 305 321 320 
26 294 291 323 270 
27 267 252 304 307 
28 314 345 278 272 
29 292 291 330 305 
30 285 287 281 271 
31 330 325 299 267 

1 275 263 288 281 
2 320 305 309 239 
3 314 303 304 301 
4 303 297 292 301 
5 318 "315 305 309 
6 303 297 279 333 
7 294 309 325 320 
8 320 307 318 303 
9 319 288 279 265 

10 312 280 260 266 
11 310 293 279 253 
12 299 292 262 252 
13 365 336 323 283 
14 350 303 262 288 
15 325 339 299 275 
16 320 328 315 309 
17 365 328 328 315 
18 394 338 321 294 
19 326 305 280 277 
20 283 296 288 304 
21 281 284 291 294 
22 290 296 268 295 
23 328 341 308 277 
24 301 270 270 283 
25 338 320 286 238 
26 295 284 301 279 
27 297 289 280 288 
28 297 292 283 283 
29 326 320 314 290 
30 291 283 299 290 
31 339 309 307 294 

HOURLY VALUES-conUnued 

E'-December, 1911. 
2000Y (·02 C.G.S. Unit) + 

4 h. [) h. 6 h. 7 h. 8 h. 9 h. 
-- -- -- -- --

'Y Y Y Y Y Y 
291 244 220 192 210 166 
320 220 207 162 197 217 
278 268 298 258 184 188 
212 194 179 186 270 248 
283 273 262 239 220 236 
268 255 239 256 208 236 
29j 236 128 168 391 330 
298 285 332 341 323 272 
309 278 286 289 250 272 
305 310 296 318 309 281 
321 332 373 352 375 334 
231 212 165 139 166 93 
285 278 267 239 236 239 
310 288 304 285 294 291 
173 113 119 139 136 162 
300 287 256 236 265 232 
320 315 336 274 321 296 
307 367 272 210 287 298 
298 341 339 120 265 201 
285 336 380 389 371 310 
334 340 347 372 384 394 
329 328 323 346 352 288 
317 302 328 307 298 284 
302 326 370 362 367 380 
289 289 226 271 252 258 
268 242 244 259 245 161 
223 197 188 158 97 141 
239 243 192 184 239 220 
291 239 216 185 208 259 
258 262 263 257 258 218 
292 303 286 281 313 309 

E'-January, 1912. 
215 204 154 176 334 357 
332 232 290 283 339 333 
318 349 345 348 368 288 
299 308 307 297 296 325 
312 303 307 294 236 238 
279 303 302 296 372 385 
312 308 319 320 341 286 
288 286 272 246 243 207 
266 270 267 249 299 262 
290 267 209 236 215 220 
234 195 205 202 297 176 
248 247 247 212 180 160 
290 236 239 299 292 346 
254 228 264 367 389 268 
266 273 321 331 374 387 
317 314 333 315 334 363 
325 328 330 341 320 339 
244- 263 272 328 253 238 
305 281 278 296 302 267" 
312 295 288 309 289 176 
284 288 283 294 262 224 
281 275 283 276 274 265 
277 251 221 257 151 124 
374 266 264 199 178 186 
243 262 283 323 318 302 
272 244 215 234 250 225 
299 244 221 207 207 199 
281 275 274 270 261 304 
259 268 289 337 341 357 
266 277 280 278 270 277 
288 278 273 264 270 273 

460 

10 h. 11 h. 12 h. 13 h. 14 h. " 
-- -- ----

Y Y Y 'Y 'Y 
241 236 267 239 286 
197 226 246 252 252 
155 207 345 305 327 
214 186 243 259 271 
210 229 273 303 317 
227 265 261 276 278 
320 257 321 332 317 
315 312 327 299 302 
288 259 283 294 314 
289 294 310 316 287 
405 382 97 35 184 
177 205 173 218 "265 
281 239 239 229 239 
300 289 263 294 243 
199 210 223 236 265 
228 229 217 250 246 
288 291 287 271 298 
349 339 260 258 333 
221 272 283 273 244 
367 398 398 356 320 
349 321 320 279 231 
261· 259 273 307 334 
349 330 332 334 227 
334 279 294 302 345 
201 228 245 270 267 
165 218 265 252 290 
227 171 179 227 309 
184 188 239 179 249 
226 247 248 275 278 
255 248 257 270 278 
323 271 271 258 232 

312 312 328 274 310 
299 286 306 265 289 
296 248 213 241 266 
312 309 309 328 320 
141 165 170 270 279 
283 272 251 248 210 
283 297 305 319 330 
194 202 249 257 247 
246 241 260 276 270 
189 206 233 267 347 
178 202 207 232 247 
171 178 171 219 221 
186 195 253 337 367 
260 241 201 211 290 
286 296 338 328 310 
354 323 312 301 314 
224 293 293 257 279 
168 315 237 178 290 
262 249 288 299 314 
194 228 270 297 309 
236 257 247 255 268 
253 247 238 217 244 
133 202 260 281 262 
204 199 217 213 219 
280 279 246 220 241 
212 222 223 237 268 
193 230 266 299 297 
293 261 281 286 257 
262 386 346 357 318 
267 243 264 295 286 
241 239 234 267 303 



HOURLY VALUEs-continued. 
E'-December, 1911. 

20001' (·02 C.G.S. Unit) + Maximum Reading Minimum Rea.ding 

15 h. 16 h. 17 h. 18 h. 19 h. 20 h. 21 h. 22 h. 23 h. 24- h. 
and Time. and Time. 

-- -- ---- -- -- -- --
h. m. h. m. y y I' Y Y I' I' Y I' Y Y Y 

302 300 305 309 298 289 320 302 300 307 345 20 52 102 9 32 

269 281 303 309 304 320 294 268 267 303 409 0 35 136 6 30 

334 320 333 320 318 343 323 342 307 303 380 12 20 115 9 23 

291 307 304 305 316 307 326 -334 307 289 349 22 0 137 5 48 

302 290 316 330 336 338 330 330 310 297 347 18 49 192 9 59 

317 346 365 351 372 367 360 316 328 378 489 23 59 176 8 27 

325 328 360 355 357 358 351 345 336 330 483 9 7 15 6 30 
294 304 359 371 346 343 333 330 315 304 381 18 20 166 9 45 

320 317 328 343 331 325 320 320 310 320 355 3 35 223 7 54 
330 346 365 365 352 341 351 336 321 307 376 17 45 273 9 23 
175 257 440 455 546 569 567 425 291 309 664 20 27 -63 13 30 

259 286 317 333 345 336 338 323 299 307 412 0 13 22 9 2 

243 256 296 343 341 354 357 334 309 283 369 20 8 137 8 55 
261 283 299 305 314 345 342 351 338 313 373 23 10 229 13 58 
298 314 309 317 325 342 323 329 326 312 347 19 54 86 6 5 

316 317 326 320 327 325 339 346 334 321 360 21 55 165 9 20 
297 310 317 307 309 307 325 484 442 369 544 22 40 226 6 52 

339 332 326 342 352 328 330 310 305 336 486 2 40 160 8 18 

256 283 320 333 332 367 397 375 331 307 431 21 3 113 8 52 
357 358 358 380 378 369 355 339 330 312 460 7 41 231 9 1 

245 334 371 373 362 328 34.H 346 330 320 428 6 45 225 15 0 

341 332 325 355 352 333 320 333 345 326 396 6 51 231 10 5 

300 346 332 320 332 347 320 310 279 296 380 16 13 201 14 4 

355 352 357 349 339 343 330 339 310 301 431 6 47 252 11 32 

278 313 340 338 331 334 344 336 320 294 356 21 17 188 9 49 

261 270 292 307 354 391 401 362 330 267 470 21 25 115 8 35 
358 328 317 345 34.5 323 309 307 296 31·1 386 14- 58 5 7 37 

304 340 373 369 360 332 327 305 304 292 402 17 4.5 79 10 48 
294 296 323 323 305 309 307 301 281 285 340 17 50 154 7 17 

272/284 281 289 309 328 328 307 325 330 351 21 9 205 9 17 
179 281 328 326 336 363 336 330 307 270 391 19 45 145 14 44. 

E'-January, 1912. -------

350 404 393 408 346 317 370 320 496 39 83 - - 8 6 10 
334 345 359 348 360 359 337 315 315 314 410 4 7 197 6 53 
272 293 323 312 344 331 346 336 320 303 410 8 17 168 11 33 

332 348 350 367 344 334 328 334 337 318 380 17 57 257 7 58 
315 332 359 348 360 347 315 320 307 303 391 4 25 94 10 25 

330 320 328 360 325 328 303 297 286 294 441 8 20 163 9 58 

336 332 325 317 314 319 321 336 319 320 367 7 52 249 9 10 
281 304 331 312 306 315 318 325 315 319 348 2 13 146 11 29 

294 321 341 328 315 317 310 304 309 312 354 17 12 213 9 32 

335 325 315 317 312 318 314 318 315 310 363 14 3 184 10 33 

266 266 299 303 299 307 299 299 303 299 336 1 32 81 9 49 

272 351 379 404 420 398 399 393 398 365 443 18 43 120 6 33 

403 452 430 427 564 362 396 337 341 350 737 19 0 115 10 15 

357 317 308 350 312 244 317 350 326 325 467 8 23 146 12 28 

336 317 322 328 331 345 359 350 330 320 457 9 3 197 10 15 

335 344 334 339 346 335 336 323 328 335 425 8 25 272 4 22 

289 302 323 333 344 325 335 363 380 394 441 23 33 181 9 50 

328 343 419 390 367 332 293 315 337 326 438 16 52 146 10 15 

314 354 354 352 357 338 326 314 294 283 385 18 47 236 11 12 

314 315 325 326 341 315 310 293 286 281 383 7 0 139 9 16 

254 281 322 330 312 312 308 312 306 290 343 17 30 193 8 45 

284 284 305 326 349 334 322 306 325 328 36'3 18 38 189 9 7 

310 297 354 335 328 351 320 299 299 301 387 1 37 60 9 37 

255 288 280 302 305 305 310 315 330 338 361 24 0 142 7 27 

274 318 346 345 344 328 315 315 303 295 381 0 21 197 12 16 

320 347 343 362 362 349 334 325 338 297 370 18 37 197 10 13 

283 291 301 306 312 325 320 309 294 297 335 19 41 167 10 39 
312 356 344 318 309 337 317 307 322 326 368 16 16 225 13 39 

315 304, 322 337 346 354 333 318 325 291 473 8 43 100 9 37 

306 336 344 322 361 362 326 341 334 339 376 19 1 197 10 37 

293 319 337 349 341 359 341 314 332 I 317 382 23 17 219 12 35 

461 



------ -

Day. 
o h. 1 h. 2 h. -_. -- --
Y 'Y 'Y 

1 321 308 296 
2 299 316 277 
3 309 310 297 
4 323 290 310 
5 322 311 300 
6 303 287 293 
7 281 284 290 
8 327 288 282 
9 314 297 282 

10 300 296 284 
11 332 321 321 
12 316 311 280 
13 306 306 294 
14 319 305 270 
15 319 297 308 
16 324 300 294 
17 305 300 308 
18 323 295 264 
19 298 295 287 
20 299 297 295 
21 301 292 295 
22 305 299 303 
23 303 303 303 
24 326 312 295 
25 311 294 307 
26 324 318 301 
27 -- - --
28 - - --
29 - -- -

----- - -- -- - -- - -_. 

299 1-294 
-

1 304 
2 302 322 300 
3 311 309 298 
4 306 306 308 
5 304 300 299 
6 322 317 299 
7 306 315 302 
8 318 296 297 
9 309 312 265 

10 317 310 278 
11 318 297 287 
12 304 308 305 
13 318 318 302 
14 318 305 295 
15 311 322 289 
16 306 297 298 
17 321 296 282 
18 307 305 305 
19 310 302 300 
20 308 307 302 
21 310 306 302 
22 304 307 298 
23 308 308 297 
24 - - -
25 308 305 307 
26 317 312 312 
27 295 291 287 
28 293 292 290 
29 294 287 291 
30 294 308 313 
31 289 282 284 

HOURLY VALUEs-continued. 

3 h. 4 h. -- --
'Y 'Y 

300 321 
276 296 
307 287 
293 285 
287 290 
287 277 
283 287 
326 292 
274 290 
299 287 
300 232 
257 287 
322 252 
279 284 
292 277 
281 299 
294 293 
264 274 
276 272 
287 274 
292 287 
298 288 
296 300 
272 248 
300 287 
- -
- -
-- ---
- -

29f 294 
299 291 
292 294 
302 304 
297 297 
275 267 
281 284 
267 287 
302 265 
284 277 
284 266 
302 298 
273 273 
296 304 
297 297 
305 302 
297 300 
304 302 
298 299 
295 296 
298 294 
311 296 
305 289 
- -

306 304 
305 300 
287 282 
277 274 
286 277 
274 184 
290 I 291 

E'-February, 1912. 
2000Y (·02 C.G.S. Unit) + 

5 h. 6 h. 7 h. 8 h. 9 h. lO h. 
-- ------ ----

-

Y Y 'Y Y 'Y 
305 235 235 253 228 
312 299 292 277 261 
283 259 287 277 268 
278 335 306 282 263 
279 290 290 322 345 
281 298 303 281 256 
287 293 281 293 276 
292 257 309 305 261 
266 288 272 242 265 
292 300 298 295 31.3 
269 285 339 361 374 
281 252 210 225 259 
238 252 216 215 316 
240 217 282 245 223 
299 298 297 293 277 
307 316 274 288 283 
265 257 254 234 158 
267 237 174 227 277 
274 269 261 237 271 
271 259 248 258 292 
278 288 296 303 324 
287 285 266 254 253 
297 277 270 250 251 
257 293 284 271 280 
292 277 259 245 -

- -- - - -
- - -- - -
-- -- -- - -
-- - -- - 272 

E'-March, 1912. 
-- ------

296 279 
282 286 
284 286 
299 286 
297 297 
280 266 
271 270 
276 273 
218 205 
292 263 
236 234 
296 289 
267 286 
300 309 
307 289 
296 292 
294 294 
302 291 
300 297 
295 298 
289 291 
293 297 
273 300 
- -

306 297 
305 305 
280 268 
277 276 
242 247 
247 249 
284 282 

29 i ------~ ---
289 295 

308 
279 
236 
305 
271 
291 
263 
224 
256 
231 
307 
302 
312 
264 
293 
287 
284 
296 
298 
293 
305 
247 

. 

287 
304 
250 
269 
267 
278 
278 

462 

286 
279 
220 
306 
284 
286 
282 
239 
222 
198 
321 
297 
304 
293 
308 
293 
286 
278 
295 
293 
278 
233 
--. 

293 
289 
236 
266 
276 
282 
278 

280 
275 
218 
310 
260 
258 
286 
209 
265 
234 
312 
295 
299 
267 
291 
287 
286 
276 
283 
284 
262 
281 
302 
315 
294 
235 
268 
277 
256 
275 

'Y 
290 
239 
190 
290 
352 
240 
277 
203 
274 
292 
279 
221 
299 
247 
290 
280 
188 
253 
238 
277 
299 
221 
264 
310 
-
-
--
-

293 

--

286 
273 
262 
312 
281 
253 
225 
295 
244 
265 
218 
310 
296 
304 
260 
273 
297 
281 
268 
276 
287 
275 
-

289 
298 
284 
244 
284 
263 
253 
277 

11 h. 12 h. 13 h. 14 h. ----
'Y Y 'Y 'Y 

237 266 301 240 
282 290 306 303 
298 311 343 349 
295 312 324 327 

I 311 305 309 329 
236 248 270 316 
294 283 305 301. 
254 290 297 322 
269 272 256 290 
270 234 309 303 
186 179 252 329 
190 247 256 239 
251 330 351 312 
221 293 301 325 
296 288 266 296 
274 274 303 282 
167 226 219 248 
190 195 20J 205 
259 242 268 284 
287 279 277 268 
308 307 309 316 
239 248 276 290 
269 296 316 309 
327 318 271 316 
- - 214 261 
- - - -
- - - --
- - - -

303 324 313 326 
----------.------

-- ,- -" -- .. -----

287 284 273 280 
271 286 287 297 
291 302 306 328 
329 291 260 273 
264 282 292 302 
249 247 260 334 
238 233 296 333 
276 268 256 291 
237 297 253 317 
246 262 296 310 
227 277 291 296 
335 344 331 344 
324 339 300 311 
305 305 312 324 
266 266 265 271 
208 223 252 276 
283 273 283 318 
273 280 291 299 
278 278 283 294 
282 289 305 304 
286 283 289 315 
244 248 268 258 

- -
302 299 294 297 
293 297 305 313 
- 277 277 315 

215 233 263 300 
287 291 294 313 
262 271 274 291 
248 276 284 278 
276 287 287 284 



HOURLY VALUEs-continued. 
E'-February, 1912. 

2000y (·02 C.G.S. Unit) + Maximum Reading Minimum Reading 

15 h. 16 h. 17 h. 18 h. 19 h. 20 h. 21 h. 22 h. 23 h. 24 h. and '.rime. and Time. 
-- -------- ------

y y y y y y y y y y y h. m.' 
292 329 364 312 324 330 345 34:5 316 299 374 17 0 

y h. m. 
192 6 36 

350 348 329 324 335 350 354 329 337 309 392 15 22 159 9 35 
361 352 353 372 360 358 330 329 319 323 402 18 35 161 10 4 
313 330 358 337 336 332 329 319 312 322 379 16 59 230 9 32 
334 325 327 330 322 319 307 298 294 303 383 8 27 253 7 35 
321 270 271 303 325 314 308 298 294 281 330 19 20 203 9 17 
305 316 329 332 351 338 327 324 323 327 364 19 32 250 9 33 
334 316 334 327 353 351 361 366 335 314 377 21 57 175 9 45 
299 285 308 326 345 330 324 305 301 300 353 19 25 214 8 1 
294 337 337 355 383 371 378 325 332 332 402 18 55 204 12 1 
341 332 371 364 374 396 402 352 332 316 427 7 57 133 11 15 
278 288 306 306 323 351 369 311 297 306 400 21 12 113 6 54 
282 298 316 367 394 400 358 339 308 319 434 20 26 175 7 30 
319 353 345 366 340 329 325 313 316 319 383 17 33 160 5 47 
312 392 352 405 345 329 327 341 336 324 437 16 3 224 9 30 
293 316 295 282 319 316 324 311 307 305 340 19 22 214 11 50 
314 409 377 345 325 324 312 300 290 323 436 16 5 98 10 43 
222 245 283 303 316 313 305 294 288 298

1 

361 9 22 
325 332 378 311 310 310 311 308 306 299 402 17 15 
290 313 300 306 318 332 335 322 306 301 342 20 49 
314 334 332 332 332 329 322 321 316 305 345 16 13 

80 7 32 
211 8 25 
230 8 1 
256 7 58 

281 299 316 323 332 325 324 311 309 303 340 19 12 201 10 27 
339 345 343 335 352 351 350 348 324 326 371 21 25 205 9 9 
332 361 392 379 387 368 342 316 308 311 405 19 8 221 3 38 
330 341 343 352 339 337 347 337 327 324 368 18 14 185 8 31 
- -- - - -- - -- - - _. - -
- - - - - - -- - - _. _.' -

I 
- - -- - - - - - - -" - -

335 335 332 340 327 334 319 316 319 305 365 17 45 8 37 201 
.--- ---.---- ----_._-

E'--~arch, 1912. 
----------

315 324 329 362 386 389 331 307 300 302 420 19 25 255 13 35 
320 329 331 336 344 359 340 328 320 311 380 19 59 216 11 38 
328 315 309 323 329 324 321 315 308 306 344 14 25 251 10 5 
297 318 325 325 321 321 312 308 307 304 352 11 17 187 8 24 
306 305 313 318 322 321 335 325 328 322 345 21 18 247 10 22 
310 322 318 315 321 322 328 325 324 306 365 14 10 226 7 59 I 
331 328 329 346 344 326 329 335 318 318 357 17 32 207 8 48 
323 307 370 386 388 357 367 373 368 309 425 22 55 238 12 40 
357 370 389 381 378 360 352 328 310 317 407 18 2 114 9 35 
340 331 349 347 348 341 359 331 312 318 368 18 5 195 8 3 
289 304 351 363 363 354 351 321 308 304 370 18 30 183 7 48 
351 364 373 357 355 321 337 352 326 318 384 16 29 274 6 20 
325 328 337 349 389 337 335 338 320 318 412 19 0 246 5 18 ! 

324 331 338 346 338 328 324 329 318 311 360 17 35 281 9 27 
275 312 323 318 320 320 322 333 325 306 368 21 37 195 7 35 
305 320 310 315 315 320 331 336 328 321 346 22 3 192 11 23 
304 317 312 313 311 315 313 310 310 307 329 14 0 239 11 15 
307 310 313 321 323 331 336 320 313 310 342 20 44 256 10 43 
311 307 305 313 326 328 315 312 315 308 336 19 40 249 10 15 
294 299 310 315 321 318 315 320 315 310 324 20 3 263 8 43 
336 329 324 329 324 328 355 376 331 304 413 22 2 269 11 10 
347 365 364 349 336 322 340 321 305 308 394 17 7 208 11 4 
- - - - - - - - - - 318 9 17 211 8 19 

308 315 324 331 335 329 313 311 315 308 365 19 20 271 9 43 
318 328 325 328 326 (325) (324) 323 317 317 336 16 20 258 8 30 

, 333 317 317 311 302 304 297 293 298 295 347 15 21 252 10 38 
317 305 311 307 313 306 298 294 291 293 321 15 35 195 10 53 
309 310 318 319 326 340 333 310 286 294 359 20 20 252 9 32 
286 287 300 317 313 305 308 303 297 294 337 18 39 216 5 27 
282 300 300 313 361 342 326 302 294 289 395 18 39 163 4 1 

I 297 300 300 302 302 298 298 297 292 289 315 16 30 258 11 35 

463 



HOURLY VALUES-continuedo 

--------------_._------._- -----.-- --.- j 

Day. 
2000y (·02 C.G.S. Unit) + I 

o h. 1 h. 2 h. 3 h. 4 h. 5 h. 6 h. 7 h. 8 h. 9 h. 10 h. II h. 12 h. 13 h. 14 h. 
-- -- -- -- -- -- -- -- -- -- -- --

E' -April" _1_91_2_0 _____________ _ 

y y y y y y y y y y y y y y y 
1 289 287 289 287 287 282 278 280 282 277 279 276 281 290 295 
2 292 292 287 286 277 281 282 271 277 277 284 287 274 289 292 
3 293 290 290 289 284 255 238 253 255 258 258 252 242 264 294 
4 297 287 284 279 282 258 249 248 246 266 276 284 298 306 303 
5 292 287 291 290 291 282 277 255 258 263 271 279 268 286 282 
6 318 305 269 276 251 226 266 222 145 151 236 194 174 277 340 
7 289 271 298 281 255 229 242 224 215 204 274 279 267 267 324 
8 295 290 302 295 266 238 229 250 242 233 280 280 292 294 306 
9 295 284 291 292 286 286 289 286 286 289 286 297 278 291 297 

10 294 289 287 289 291 284 271 266 267 263 256 275 279 256 274 
11 276 281 286 289 273 242 264 277 281 275 278 267 266 266 271 
12 297 287 289 287 286 284 282 287 287 287 281 276 267 282 284 
13 304 284 280 287 287 281 271 279 291 (291) (290) (290) 290 292 275 
14 289 287 284 278 284 281 280 286 282 281 274 258 267 269 282 
15 289 297 297 293 293 294 287 260 262 237 271 284 300 308 313 
16 271 303 267 292 276 277 281 279 287 287 277 274 264 279 300 
17 333 297 297 284 267 268 252 235 264 286 256 271 279 268 298 
18 287 300 295 300 269 219 251 255 245 271 275 200 246 281 298 
19 310 300 286 295 275 280 289 251 266 263 258 292 297 303 311 
20 293 295 302 287 287 277 281 262 277 271 206 260 294 302 297 
21 294 280 292 262 287 291 287 281 281 292 293 287 284 287 287 
22 293 294 298 292 292 292 289 280 280 266 255 253 271 300 303 
23 304· 297 295 280 282 282 286 277 275 277 293 298 294 298 303 
24 294 297 297 298 279 261 263 250 242 240 242 297 293 287 298 
25 293 300 284 287 284 281 284 286 277 286 284 284 275 286 300 
26 309 273 289 292 287 290 292 287 293 295 292 291 291 294 298 
27 303 294 300 297 293 294 293 292 276 292 287 290 ~95 302 311 
28 304 297 297 297 290 293 287 286 286 284 289 297 298 294 297 
29 297 291 289 289 287 287 284: 292 289 28f:i 287 287 284 287 293 
30 290 297 297 291 291 293 293 293 291 287 291 298 303 303 305 

-"- --- ----- --- _.---------

~-.-

1 302· -
302 294: . 

_._-- ---- -----_._--------_.- - ----- ._._._----

294 305 309 292 295 292 298 299 302 302 302 291 
E'-May, 19120 

2 300 p05 297 292 292 296 294 294 292 285 282 283 289 300 300 
3 298 296 289 287 272 267 234 251 261 (278) 294 285 272 263 280 
4 296 302 285 278 289 285 285 276 265 - - - - - -

5 312 316 313 299 297 276 256 278 230 258 267 252 269 243 267 
6 234 297 279 280 281 278 270 251 271 276 261 266 273 270 265 
7 318 289 297 291 232 282 286 295 292 284 270 267 254 263 278 
8 305 292 302 305 302 294 282 286 247 273 252 243 279 269 276 
r· 3]0 291 292 278 294 297 270 284 289 291 285 292 285 292 291 

10 295 294 292 292 294 289 281 284 282 289 292 291 294 289 292 
11 302 292 299 296 294 292 292 294 289 292 291 294 292 292 294 
12 300 300 300 292 283 279 268 285 283 266 276 267 285 265 266 
13 305 274 283 287 280 276 278 280 258 244 130 243 243 302 276 
14 297 289 289 287 280 286 267 244 192 205 196 252 236 245 270 
15 287 307 294 285 260 273 279 257 239 260 269 260 278 296 289 
]6 284 299 300 294 292 285 286 285 292 294 294 291 296 291 296 
17 305 296 279 302 292 292 286 286 271 287 294 291 285 291 285 
18 305 289 292 295 297 286 292 295 302 294 289 292 295 302 287 
]9 295 302 300 295 283 292 285 296 284 282 294 297 300 302 305 
20 310 302 291 289 297 297 289 284 253 258 295 294 276 276 292 
21 297 296 299 297 298 296 274 269 276 289 295 296 295 294 300 
22 296 295 298 289 282 297 286 302 298 299 298 297 297 297 289 
23 299 303 303 298 292 295 291 302 297 298 298 297 297 297 302 
24 302 297 302 299 300 302 302 302 302 292 300 298 302 302 303 
25 303 302 302 305 305 303 302 302 300 299 291 287 286 295 302 
26 305 303 302 292 295 302 292 296 295 298 300 300 302 303 302 
27 303 302 303 296 298 297 296 297 296 292 298 297 300 295 302 
28 300 298 299 300 300 299 303 298 302 296 295 297 292 302 302 
29 305 305 303 300 298 302 2991302 299 300 299 300 298 302 302 
30 

1

305 296 292 305 298 302 294 294 292 291 292 294 299 302 303 
31 303 302 300 300 289 273 274 280 249 249 276 286 297 302 312 
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HOURLY VALUEs-continued. 

-- - "--- - - - --- -. - ~ - -- --.--- -" - -- ... ---- .. _- -- -----
E'-April, 1912. 

---
2000)1 (·02 C.G.S. Unit) + Maximum Reading Minimum Reading 

15 h. 16 h. 17 h. 18 h. 19 h. 20 h. 21 h. 22 h. 23 h. 24 h. and Time. and Time. 

---------- h. h. 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y m. 'Y m. 
298 304 304 . 300 300 300 303 311 293 292 324 21 55 260 6 37 
300 303 303 309 310 311 305 302 297 293 324 19 28 247 6 32 
317 335 344 339 334 308 300 303 297 297 361 18 11 231 12 48 
310 328 323 315 309 315 320 300 294 292 344 20 42 227 7 32 
313 362 323 337 318 329 336 339 305 318 410 15 41 242 7 46 
370 328 313 313 313 309 322 323 316 289 390 14 40 79 8 38 
298 309 309 308 307 313 342 342 304 295 374 21 55 189 8 25 
310 309 310 313 313 305 307 297 294 295 329 2 10 207 9 5 
297 304 317 317 313 297 298 293 297 294 344 12 10 260 12 3 
284 294 313 342 344 335 382 366 275 276 418 21 50 240 9 3 
275 292 298 298 300 319 304 300 298 297 350 19 41 227 4 41 
293 290 298 305 304 308 317 318 302 304 336 21 35 250 12 18 
287 294 303 326 331 336 342 326 307 289 354 20 39 255 13 59 
293 300 298 298 307 319 309 300 293 289 329 20 12 237 10 53 
324 376 391 417 449 441 370 339 320 271 490 19 24 215 8 43 
307 337 324 339 363 390 391 315 320 333 476 20 38 245 5 31 
293 308 318 371 390 302 300 368 337 287 478 18 33 208 5 38 
310 321 344 358 355 339 326 333 324 310 389 22 25 181 10 43 
318 308 306 302 302 298 303 308 305 293 328 15 32 218 6 50 
307 326 331 352 335 322 311 307 302 294 368 18 23 165 10 24 
298 303 300 302 304 298 300 300 295 293 309 11 45 269 12 54 
310 317 316 326 359 359 333 308 297 304 393 19 48 240 9 38 
307 315 328 329 306 300 300 300 300 294 340 16 37 264 7 53 
306 309 313 322 337 332 320 326 313 293 357 19 8 226 10 22 
297 295 300 307 320 318 319 308 311 309 332 20 45 234 11 40 
300 303 300 300 302 302 308 309 306 303 320 23 53 236 1 1 
313 305 308 309 318 302 309 328 313 304 337 21 45 264 8 2 
300 305 305 313 310 311 310 300 303 297 326 17 50 273 9 15 
300 305 306 303 (303) (303) 303 300 300 290 315 15 59 276 4 25 
305 308 308 305 307 308 305 , 304 304 297 313 17 12 256 23 48 ------- ---------.. --

E'-May, 1912. 
309 321 327 350 340 324 305 303 300 300 366 18 0 282 5 3 
292 302 316 327 355 315 314 298 305 298 400 19 7 273 9 42 
314 307 329 327 344 349 308 314 298 296 387 18 52 200 6 48 
- - - 303 303 302 302 297 302 312 320 1 3 244 6 28 

291 310 318 320 309 334 379 344 347 234 404 20 23 105 23 47 
291 302 297 299 302 300 302 323 327 318 345 23 23 189 7 18 
296 297 305 305 314 313 305 313 323 305 336 1 27 200 3 53 
280 289 308 299 298 305 325 341 310 310 383 21 58 194 9 43 
296 299 300 302 302 311 311 296 296 295 319 20 26 239 6 27 
302 309 338 313 299 303 308 305 303 302 384 17 7 268 6 57 
297 297 302 303 302 305 303 302 300 300 312 0 4 284 7 40 
313 362 363 380 399 375 302 321 296 305 455 19 37 229 23 12 
297 323 376 349 349 422 420 379 302 297 473 20 15 94 9 57 

307 310 342 391 386 367 284 289 289 287 442 17 21 136 9 38 

309 325 310 305 328 318 314 308 312 284 360 15 47 216 7 37 

300 308 311 316 313 309 321 310 302 305 327 18 30 268 5 30 
299 308 318 318 318 315 305 302 299 305 332 18 27 258 7 25 

303 305 305 303 300 298 297 297 296 295 315 15 10 271 0 42 

302 302 309 310 307 318 322 305 299 310 339 20 30 271 9 3 

314 308 316 321 307 305 297 299 297 297 328 18 24 232 8 12 

310 323 318 310 305 298 302 298 299 296 331 16 35 261 7 12 

300 315 305 310 309 305 303 302 303 299 323 ' 15 46 265 6 20 

303 303 307 308 305 303 305 300 303 302 310 21 12 286 4 8 

303 303 305 303 303 308 308 303 303 303 316 20 45 289 9 45 

305 305 308 308 303 302 303 303 303 305 316 16 53 269 11 30 

308 305 310 313 316 311 334 305 302 303 353 21 10 284 6 35 

305 309 305 305 311 311 315 302 300 300 324 20 55 286 9 34 

303 318 327 326 323 305 .299 303 302 305 368 16 45 284 12 2 

307 307 309 314 311 314 308 310 310 305 327 23 33 292 9 37 

309 305 305 305 303 303 300 303 308 303 326 2 14 278 6 57 

312 312 312 310 , 305 305 305 311 308 302 328 17 41 207 8 10 
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Day. 

1 
2 
3 
4: 
5 
6 
7 
8 
n 

10 
11 
12 
13 
14: 
15 
16 
17 
18 
]9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
0 
1 

HOURLY VALUES---1XJntinued. 

E'-June, 1912. 
-_._- --------------------"-- ...... -

2000)' (·02 C.G.S. Unit) + 
o h. 1 h. 2 h. 3 h. 4 h. 5 h. 6 h. 7 h. 8 h. 9 h. 

y y y y y y y y y y 
299 299 299 291 295 299 288 297 305 -247 
307 286 300 291 294 292 294 294 286 289 
300 294 299 302 286 286 291 278 275 262 
300 302 296 294 292 299 294 296 299 297 
312 305 302 295 299 295 284 265 284 295 
300 297 307 289 291 299 299 288 296 293 
299 302 300 297 300 299 299 299 297 295 
302 300 299 300 300 300 302 305 304 291 
288 286 260 276 268 276 286 264 202 208 
269 305 296 258 275 277 275 286 265 215 
297 293 305 284 275 279 195 218 271 292 
306 296 294 302 305 294 284 297 299 286 
304 299 299 291 292 296 283 291 302 289 
295 297 291 296 292 286 275 292 292 288 
295 296 304 279 289 294 297 294 284 291 
296 299 300 297 297 295 291 292 294 -
- -- -- - ..• - - - - - 281 

297 297 299 299 300 289 286 286 302 286 
299 295 300 '289 289 299 300 297 292 297 
299 299 297 297 296 299 296 297 294 302 
299 299 300 300 295 295 297 295 295 296 
302 293 299 297 304 297 289 286 291 293 
304 297 291 292 284 289 291 299 302 305 
302 293 304 302 302 297 288 277 264 262 
315 304 304 289 291 297 292 296 295 299 
292 299 299 299 297 297 294 289 291 297 
302 299 293 299 295 295 294 293 286 284 
304 . 282

1

291 1 296 300 294 292 289 289 289 
295 315 275 292 296 295 281 277 280 273 
308 311 299 289 304 295 291 260 240 264 

- -- ------- -- ---

E'-July, 1912. 
303 303 297 293 293 298 297 294 292 293 
300 297 279 298 303 294 301 296 295 -

- -- - - - - - - - 296 
309 306 301 295 303 253 249 269 271 279 
308 285 267 263 292 293 287 256 254 261 
319 319 271 296 290 259 237 266 232 188 
316 294 297 300 295 269 267 295 278 290 
301 301 303 300 303 294 280 271 293 282 
303 298 280 300 276 271 290 295 284 263 
294 298 295 300 297 293 294 290 289 301 
300 298 303 301 301 300 294 287 284 301 
300 296 ~98 300 301 297 300 298 297 296 
300 292 295 306 300 300 303 300 295 296 
298 296 298 296 300 300 297 295 295 297 
300 300 297 308 303 301 300 300 297 294 
301 300 297 301 300 297 292 289 297 294 
290 290 290 295 296 297 303 298 287 292 
298 300 307 290 255 279 266 265 258 267 
300 300 301 301 301 300 300 295 295 296 
301 300 296 298 303 301 300 295 293 295 
306 306 297 303 298 I 301 289 301 298 284 
303 303 300 308 303 300 300 300 308 296 
307 308 301 300 297 294 298 300 295 297 
303 303 301 295 294 306 303 301 300 300 
303 301 303 303 301 303 300 296 283 289 
308 300 300 310 306 301 259 278 289 295 
327 300 306 305 266 290 295 285 278 272 
297 303 300 287 285 287 278 290 290 290 
308 308 305 300 300 300 290 300 295 300 
303 300 300 297 303 300 300 303 297 300 

(317) I 308 294 295 284 284 284 271 284 285 

·166 

---

10 h. 11 h. 12 h. 13 h. 14 h. 
-- '------

y y y y y 
270 283 294 297 300 
291 288 289 292 296 
260 286 275 273 289 
275 275 286 292 299 
300 297 300 302 300 
299 299 299 306 304 
286 291 299 302 302 
289 277 263 291 312 
276 282 289 299 260 
210 234 221 289 278 
277 276 286 291 297 
294 284 289 282 300 
293 292 291 299 299 
292 293 294 300 302 
296 289 276 299 304 
- - - - -

292 293 302 300 299 
299 295 292 292 299 
295 282 292 288 289 
299 299 299 299 299 
299 295 297 299 300 
283 288 293 304 299 
302 296 296 296 302 
273 264 289 291 299 
289 296 295 276 297 
300 297 291 294 299 
294 296 302 302 299 
277 270 229 288 302 
277 275 250 271 291 
283 283 281 289 289 

281 284 282 295 I 295 
- - -

296 290 297 295 300 
293 261 258 27'7 310 
278 248 219 170 301 
267 277 301 287 297 
267 255 287 300 303 
271 287 281 265 301 
284 296 300 303 303 
300 301 301 303 300 
294 298 301 294 289 
298 300 300 301 301 
293 290 296 297 303 
295 295 298 300 301 
296 303 301 300 301 
289 293 295 287 292 
295 290 294 297 300 
261 274 279 287 296 
298 293 290 295 300 
292 298 282 281 297 
280 267 283 290 276 
296 290 293 303 303 
292 289 295 303 312 
300 303 300 301 303 
287 297 300 298 307 
303 281 301 303 300 
265 270 282 295 295 
300 300 303 310 305 
297 300 298 303 305 
300 1301 296 298 300 
290 289 1(286) 283 295 



HOURLY VALUES-continued. 
E'-June, 1912. 

-_._-- -- .. --------~----.------ .-~-.---. ---.---.~---

2000y (·02 e.G.S. Unit) + Maximum Reading Minimum Reading 

15 h. 16 h. 17 h. 18 h. 19 h. 20 h. 21 h. 22 h. 23 h. 24 h. and Time. and Time. 
-- --

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
302 309 363 355 353 357 384 304 300 307 

'Y h. m. 'Y h. m. 
419 20 50 187 8 39 

302 312 341 333 386 328 306 306 295 300 475 19 9 260 0 27 
313 323 328 419 346 306 307 311 304 300 494 17 52 242 10 10 
296 295 300 312 306 311 302 310 310 312 326 18 7 260 9 58 
295 299 299 311 322 306 306 299 302 300 348 18 35 249 6 47 
295 302 307 321 307 302 299 302 299 299 346 17 37 279 6 46 
302 300 300 302 302 302 299 300 300 302 308 13 53 282 10 32 
310 355 341 348 417 368 355 313 336 288 507 19 14 255 11 26 
267 318 325 341 341 315 311 306 320 269 365 18 48 133 8 31 
294 294 315 361 324 322 309 300 313 297 397 17 40 141 9 17 
309 309 319 311 322 331 328 313 297 306 374 17 48 158 5 58 

I 307 318 320 328 315 308 311 306 296 304 
! 300 300 305 312 304 307 308 307 306 295 

346 16 43 254 10 9 
346 18 27 266 9 15 

300 313 339 325 335 328 320 315 306 295 367 16 45 278 8 38 
299 305 302 304 306 309 309 299 297 296 333 19 30 252 2 58 
-- - - - - -- -- -- - -.- 309 1 33 286 7 40 
300 300 299 297 299 300 302 302 307 297 316 23 21 268 8 50 
300 302 302 305 307 312 305 302 307 299 320 19 37 262 6 56 
293 299 299 302 306 318 305 302 302 299 328 19 55 268 3 23 
299 302 302 300 305 302 300 300 299 299 310 18 45 284 8 18 
300 302 308 312 320 309 302 302 302 302 338 18 38 281 9 3 
300 302 302 304 306 308 305 307 306 304 321 20 10 275 9 53 
300 309 305 302 304 305 318 308 304 302 320 23 15 275 I 3 45 
295 302 311 300 317 324 333 300 299 315 346 20 40 236 I 10 55 
296 299 302 302 304 309 307 299 302 292 321 1 43 264 13 8 
296 291 299 300 299 300 300 296 299 302 307 17 23 270 15 47 
302 304 302 310 319 372 384 320 333 304 435 20 45 275 1 57 
299 302 302 317 337 368 353 295 291 295 381 20 18 202 11 52 
291 302 305 304 325 331 344 349 328 308 381 20 39 217 12 15 
297 300 302 307 312 304 307 S09 307 302 352 22 32 207 8 5 

--- .-~---- --"----"----

E'-July, 1912. 
301 316 361 349 314 311 316 319 298 300 387 17 18 263 9 28 

- - - - - - - - - - 316 2 55 253 1 40 
300 303 303 308 305 307 310 312 310 309 322 22 50 287 11 22 
301 353 355 366 362 392 322 301 303 308 427 20 12 218 10 27 
327 349 248 319 342 345 340 336 318 319 387 21 44 66 12 38 
278 300 319 310 307 303 309 310 324 316 343 0 58 168 9 17 
305 312 306 311 321 316 306 303 298 301 347 19 12 235 10 45 
289 305 307 308 303 306 300 301 306 303 324 17 10 237 9 57 
303 303 311 314 314 321 334 303 310 294 347 20 40 226 1 58 

: 
300 308 306 306 305 301 301 303 301 300 316 2 48 279 8 25 

300 308 308 308 306 300 303 301 298 300 320 18 45 276 7 45 

303 308 308 308 312 310 309 303 303 300 320 19 35 289 8 57 

305 305 303 303 303 301 301 301 301 298 314 3 20 289 10 50 

303 310 309 308 309 305 301 303 301 300 323 17 50 295 9 30 

301 309 311 314 320 312 316 301 301 301 339 18 10 289 8 40 

300 301 319 338 364 393 329 320 301 290 403 20 14 276 13 21 

(301) (302) 303 303 303 301 316 308 300 298 340 21 3 269 9 50 

312 318 316 313 311 308 303 301 300 300 323 15 23 230 4 7 

311 321 314 312 321 306 305 311 306 301 327 16 18 282 11 45 

307 301 307 314 348 377 332 332 327 306 411 19 45 274 13 0 

294 307 318 327 318 307 303 308 306 303 360 ' 18 30 250 11 2 

301 307 312 316 322 332 310 309 310 307 342 19 43 278 9 12 

303 307 306 316 347 318 300 305 309 303 363 19 24 280 

I 

8 12 

309 309 306 309 307 311 312 306 305 303 320 18 49 282 3 23 

I 308 309 308 308 308 308 308 314 316 308 321 22 36 276 9 37 

306 309 316 337 329 324 326 347 332 327 366 21 48 243 10 45 

316 334 356 319 325 319 310 303 301 297 376 16 41 248 8 26 

308 308 308 310 309 311 316 308 311 308 321 20 40 264 4 16 

305 306 308 (315) 3231334 314 309 303 303 350 19 48 276 6 10 

307 309 310 313 335 350 343 (334) (326) (317) 366 20 10 282 8 13 

(311) 326 336 351 351 339 334 332 314 303 366 19 10 263 6 55 
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HOURLY VALUEs-continued. 
E' -August, 1912. 

Day. 
2000Y (·02 C.G.s. Unit) + -o h. 1 h. ~_~~I~ 4h. 5 h. 6 h. 7 h. 8 h. 9 h. 10h. 11 h. 12 h. 13 h. 14 h. ---

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
1 294 :lO3 305 285 289 260 232 241 257 239 263 265 246 267 273 
2 294 294 292 297 294 292 292 280 258 274 291 294 284 289 292 
3 302 296 275 268 299 294 288 291 296 291 285 289 301 287 286 
4 291 284 291 291 294 294 294 289 291 292 284 281 291 292 298 
5 298 296 292 292 294 297 298 299 294 291 292 291 294 298 301 
6 301 298 296 299 304 294 286 284: 294 - - - - - -
7 - - -- - - -- - - - 289 287 278 281 281 275 
8 294 299 294 292 289 267 262 272 276 294 294 287 286 299 29.7 
9 296 297 297 289 289 288 289 291 291 285 274 278 297 292 292 

10 296 289 289 294 294 287 281 286 286 283 285 291 281 276 303 
11 307 299 296 294 291 291 289 274 249 256 257 256 271 269 292 
12 297 302 294 291 294 291 289 289 287 283 291 292 294 297 297 
13 296 291 294 294 294 284 281 284 291 286 287 288 287 291 291 
14 297 296 296 296 294 292 294 292 292 292 289 294 299 303 307 
15 305 296 296 287 286 286 283 281 278 272 283 284 289 286 288 
16 298 298 299 296 296 292 292 294 289 289 285 278 288 291 301 
17 298 291 294 294 292 292 286 285 273 291 254 226 194 196 289 
18 316 292 284 283 280 278 272 280 281 287 260 291 281 289 294 
19 291 294 294 285 289 286 268 245 158 (180) (202) 223 174 243 307 
20 294 307 294 300 285 275 272 278 284 285 285 255 271 271 270 
21 300 292 291 296 287 270 281 285 267 256 249 262 272 280 287 
22 313 299 271 288 284 278 267 272 272 269 244 219 232 226 242 
23 305 296 314 254 236 243 236 217 223 239 216 189 226 232 265 
24 294 298 273 261 291 275 245 210 236 236 187 231 267 299 297 
25 291 298 301 281 276 263 273 278 256 283 273 265 281 272 281 
26 287 294 307 294 288 278 281 274 267 276 265 275 280 284 296 
27 302 294 286 291 291 289 280 281 272 281 267 267 268 284 289 
28 316 323 310 305 275 299 252 256 267 285 270 271 281 303 312 
29 298 297 299 284 252 284 281 276 274 292 292 294 274 281 307 
30 302 294 299 294 285 263 234 274 252 281 286 280 284 299 300 
31 296 296 294 292 294 292 288 288 284 278 255 271 286 304 315 

-- E'-September, 1912 • 
. ---~- - -----------------------------

1 305 305 311 295 301 300 2851269 278 282 285 . 289 276 255 283 
2 308 303 303 300 305 303 300 300 300 298 303 303 305 309 313 
3 301 297 300 303 306 303 303 300 300 295 294 305 310 312 318 
4 308 308 303 305 303 303 303 301 301 301 (298) 295 258 265 278 
5 318 295 300 303 300 268 261 276 287 278 283 284 306 311 308 
6 303 308 303 300 303 303 287 287 285 265 251 274 255 259 276 
7 307 295 305 306 309 301 290 295 297 296 281 269 267 298 300 
8 310 308 300 306 305 294 284 285 300 290 289 293 297 298 318 
9 301 310 303 298 300 298 290 283 284 295 296 289 282 306 293 

10 310 295 306 285 292 296 293 290 289 272 277 271 276 274 281 
11 309 298 300 306 281 287 290 295 293 289 287 294 290 308 283 
12 300 301 303 306 306 298 294 283 300 279 268 269 276 279 283 
13 323 303 292 293 290 290 279 271 253 232 277 278 284 283 293 
14 306 297 300 300 305 298 274 227 224 194 276 298 274 279 316 
15 300 303 301 301 296 297 298 280 274 272 281 282 287 312 321 
16 308 307 309 306 303 297 300 303 300 303 301 307 311 313 311 
17 307 300 298 296 296 297 301 (300) (300) 298 303 314 313 306 312 
18 331 323 314 281 274 209 196 190 181 123 256 309 278 258 270 
19 290 318 290 287 300 297 289 272 241 214 258 287 280 284 303 
20 312 307 311 303 278 250 258 256 287 209 293 250 258 268 269 
21 308 310 300 303 292 287 294 278 300 287 297 298 308 303 320 
22 318 314 300 289 277 274 274 282 249 242 242 272 255 267 278 
23 297 295 313 296 283 280 266 269 272 248 287 252 300 290 298 
24 295 296 310 301 290 278 224 280 285 306 311 312 310 303 310 
25 287 276 271 280 287 290 268 258 203 180 179 185 263 321 329 
26 309 309 303. 305 303 298 303 314 308 306 305 307 281 290 332 
27 303 305 311 308 298 295 287 271 239 250 289 305 307 311 316 
28 297 309 305 303 303 290 293 309 306 307 300 297 307 323 329 
29 313 301 305 306 301 303 300 300 294 (301) 308 303 301 300 322 
30 309 311 308 307 303 293 283 279 282 293 268 279 311 287 293 
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HOURLY VALUES--continued. 

E'-August, 1912. 
2000y (0·02 e.G.S. Unit) + Maximum Reading Minimum Reading 

15 h. 16 h. 17 h. 18 h. 19 h. 20 h. 21 h. 22 h. 23 h. 24 h. and Time. and Time. 

--- -- -------------
y y y y y y y y y y y h. ffi. Y h. ffi. 

281 430 338 315 312 305 303 294 297 294 508 16 19 185 8 33 
302 307 323 310 303 301 307 300 300 302 341 17 10 247 8 2 
298 305 323 351 345 328 323 307 296 291 372 18 20 249 2 48 
307 309 299 301 298 300 302 298 298 298 321 14 37 269 11 32 
303 302 305 299 299 301 307 303 296 301 314 21 32 284 10 52 

- - - - - - - - - - 314 3 20 261 7 21 
289 298 304 310 310 318 297 296 288 294 357 20 15 221 11 27 
301 301 302 310 315 299 299 298 298 296 328 18 47 254 5 41 
292 303 309 320 322 305 304 307 303 296 331 19 2 265 10 38 
311 307 305 304 299 307 301 299 297 307 325 16 10 259 12 48 
299 299 304 303 303 305 318 300 296 297 329 16 35 226 7 58 
298 299 299 298 300 302 299 303 301 296 311 21 30 275 7 10 
296 300 303 307 307 307 304 296 298 297 312 18 58 273 8 38 
311 314 323 309 313 318 312 315 307 305 339 20 30 280 9 58 
309 317 326 309 312 302 297 294 294 298 334 17 12 254, 9 12 
304 307 305 307 305 302 307 302 294 298 315 15 3 272 11 35 
294 318 375 359 365 357 330 336 328 316 470 17 15 176 12 48 
291 302 305 304 313 307 307 299 299 291 333 0 7 236 9 46 
320 322 323 317 325 333 357 333 328 294 411 21 19 59 8 20 
299 307 302 311 307 304 320 314 315 300 331 20 40 234 5 35 
301 298 297 328 339 322 297 338 347 313 373 23 8 234 8 25 
314 394 323 318 336' 358 323 333 311 305 433 16 18 181 10 52 
278 327 338 365 353 359 338 320 318 294 389 18 48 161 11 12 
310 307 312 316 367 353 336 307 301 291 422 19 12 179 9 50 
294 307 323 327 346 340 305 -323 297 287 365 18 50 215 8 15 
316 320 336 312 316 307 307 303 300 302 351 16 30 225 9 28 

309 310 320 336 351 316 318 325 331 316 380 18 53 247 10 30 
323 320 311 310 314 314 303 301 303 298 354 15 18 218 6 10 

307 318 320 320 315 314 305 301 301 302 338 16 55 221 3 55 

311 317 323 314 325 314 298 301 299 296 351 19 32 223 8 23 

330 307 307 307 307 302 303 302 298 296 338 14 29 245 10 22, 

E'-September, 1912. 
305 326 337 334 321 312 312 309 309 308 347 18 20 241 

I 
13 0 

319 316 318 319 318 322 322 303 314 301 340 19 57 284 2 35 

319 320 319 314 321 310 309 308 307 308 325 16 40 259 8 55 

284 320 331 321 322 319 316 320 316 318 339 19 5 239 13 13 

309 313 325 324 318 325 334 334 342 303 357 23 20 241 5 27 

309 327 342 349 340 337 360 340 309 307 395 17 32 211 9 48 

314 311 319 329 348 334 319 320 308 310 358 18 57 256 10 28 

320 319 331 324 329 374 332 326 316 301 400 19 45 272 7 7 

307 320 334 334 335 340 345 337 326 310 364 21 0 259 11 35 

287 308 305 308 312 309 312 313 311 309 337 17 55 254 12 2 

290 311 342 340 343 347 324 325 308 300 366 20 14 243 11 32 

298 329 349 382 385 342 369 329 294 323 416 18 18 256 8 59 

314 332 331 326 331 316 316 308 309 306 342 18 42 198 8 37 

308 310 314 329 323 329 340 329 312 300 358 21 2 166 9 2 

319 318 324 323 316 316 314 313 309 308 327 17 0 237 10 54 

320 325 336 339 337 339 337 327 307 307 350 18 50 290 7 55 

323 332 334 335 326 318 316 312 324 331 348 16 33 272 8 36 

339 354 371 336 389 355 342 322 342 290 442 19 27 56 8 35 

297 311 321 321 320 325 322 313 303 312 373 0 27 194 9 0 

300 332 331 329 351 353 332 316 311 308 376 19 25 168 8 39 

316 311 311 318 314 329 332 334 322 318 345' 22 8 240 7 21 

278 271 322 354 339 339 334 329 314 297 362 17 48 211 9 37 

316 332 329 337 338 329 313 342 312 295 368 22 7 210 6 52 

367 374 367 374 439 442 471 424 332 287 508 20 38 218 5 40 

327 322 332 329 319 318 314 314 310 309 345 17 40 135 11 12 

329 320 334 320 318 332 331 311 307 303 345 20 10 263 14 33 

322 331 329 329 316 316 314 314 321 297 337 16 17 205 8 8 

339 340 332 326 323 314 314 308 308 313 350 15 38 274 5 45 

336 327 337 342 324 319 310 311 310 309 348 17 0 282 7 55 

294 316 326 324 327 323 319 318 310 303 334 17 55 239 10 5 
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HOURLY VALUEs-continued. 

E'-Octobsr, 1912. 

Day 
o h. 1 h. 2 h. 3 h. 

2000Y (0·02 C.G.S. Unit) + 
4 h. 5 h. 6 h. 7 h. 8 h. 9 h. 10 h. 11 h. 12 h. 13 h. 14 h. 

-- -- -- -- -- -- - -- --
y y y y 

1 3ll 309 309 3ll 
y 't' Y Y Y Y Y Y Y Y Y 

309 302 295 290 282 308 256 303 316 327 327 
2 363 324 287 282 - - - - - - 279 277 273 301 309 
3 314 317 317 306 308 314 308 311 317 305 297 266 255 263 277 
4 321 324 306 316 313 305 305 302 275 288 271 295 322 311 
5 - -- . -- - - 275 282 279 284 295 311 
6 324 317 322 324 313 313 309 311 314 320 311 315 334 346 340 
7 316 314 311 308 300 295 288 303 328 324 316 309 329 346 339 
8 318 322 334 289 303 309 304 292 279 273 267 272 280 269 274 
9 315 311 304 297 302 311 328 277 262 249 260 271 262 274 286 

10 316 317 308 311 305 313 308 301 289 - - - - - --
11 - 258 262 251 253 222 219 -- -- 298 319 
]2 295 321 318 273 227 243 263 253 213 227 256 240 224 309 333 
]3 317 320 301 297 292 280 288 274 240 238 224 248 231 262 282 
14 308 316 292 301 292 290 (288) (286) (284) 282 271 282 263 260 277 
15 368 308 300 280 253 215 221 201 202 82 156 178 185 290 320 
16 319 277 269 285 231 233 206 251 207 236 180 219 240 263 282-
17 306 308 334 271 278 240 262 311 195 260 276 244 220 226 235 
18 301 308 295 308 315 292 245 234 295 293 288 290 293 291 308 
19 308 304 304 309 304 301 298 293 298 298 295 295 298 305 317 
20 316 309 297 298 302 308 302 305 306 286 279 298 303 322 333 
21 311 309 308 308 306 288 291 322' 322 353 335 309 311 285 295 
22 311 335 295 279 295 292 295 320 300 318 290 298 300 322 320 
23 302 301 289 291 302 309 303 337 342 344 337 337 342 334 337 
24 318 302 311 306 306 300 297 278 282 286 286 291 295 314 318 
25 317 313 300 298 293 308 315 289 280 274 251 264 255 251 279 
26 303 301 295 298 291 286 295 314 290 295 303 292 295 289 301 
27 302 304 - - -- - - 273 251 262 266 295 284 
28 328 313 302 282 273 269 269 257 277 267 285 293 272 292 340 
29 308 297 306 302 278 269 269 276 301 250 220 245 250 267 284 
30 306 304 308 302 306 285 277 313 324 295 303 282 306 315 332 
31 315 317 282 286 298 291 278 249 236 256 240 236 250 266 289 

~~- -------- -- ~ ~ --

E'-November, 1912. 
-----

1 316 3ll 295 292 305 295 278 282 269 229 229 248 253 240 269 
2 313 295 308 284 269 263 253 256 233 243 230 238 263 274 276 
3 301 293 316 300 303 316 287 237 272 291 297 309 322 333 342 
4 308 313 305 328 320 304 334 302 329 315 300 308 297 308 337 
5 308 303 306 314 311 316 322 282 269 306 289 300 340 343 337 . 
6 308 308 305 288 288 224 227 195 213 202 - -- - - -
7 - - - -- - 263 257 269 311 311 
8 346 317 274 278 275 292 287 249 261 258 235 276 285 288 298 
9 321 315 306 288 262 278 236 204 219 -- - - - - -

10 - - - - 309 330 258 300 303 319 
II 361 277 284 279 256 246 232 195 195 288 213 289 284 267 234 
12 298 305 287 266 243 226 217 213 208 255 (255) (256) 257 273 279 
13 292 293 292 316 311 324 320 298 282 260 266 251 279 271 277 
14 316 311 313 311 315 303 282 272 240 - - - - - -
15 - - - - - - - - - -
16 311 319 314 324 343 342 374 303 348 298 389 373 274 200 221 
17 314 300 297 290 285 297 302 274 272 193 193 277 - - -
18 - - - - - 260 348 366 319 332 
19 318 293 275 326 366 305 255 320 275 - 258 285 267 280 -

-_._----- -------- -_._._-_._- - ------------

470 



HOURLY V ALUES-contin'tled. 

E'-October, 1912. 
-----.---~------

2000y (·02 C.G.S. Unit) + 
15 h. 16 h. 17 h. 18 h. 19 h. 20 h. 21 h. 22 h. 23 h. 24 h. 

-~-----

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
351 405 - 484 447 456 - - 398 363 
320 324 337 339 331 328 321 319 316 314 
318 342 356 355 350 340 339 332 328 321 
- - - - - - - - - -

Maximum Reading Minimum Reading 
and Time. and Time. 

------- ---

'Y h. m. 'Y h. m. 
514 17 55 226 9 40 
366 0 12 264 10 19 
368 17 59 234 11 45 
376 11 36 237 9 11 

321 334 326 340 360 357 340 337 331 324 
333 343 345 343 350 337 331 329 330 316 
342 356 348 348 340 335 340 331 319 318 
324 333 333 363 366 366 346 343 330 315 
318 350 376 368 366 358 353 327 314 316 
- -' - - - - - - - -

382 19 8 258 9 7 
361 13 46 298 11 25 
361 16 0 277 5 55 
387 19 45 206 10 20 
412 16 45 190 9 5 
335 6 33 261 8 31 

324 309 324 324 328 322 343 357 337 295 
353 356 382 385 359 364 357 337 339 317 
303 340 363 366 330 334 342 340 333 308 
298 311 316 339 381 453 373 395 347 368 
351 329 337 357 357 344 360 322 329 319 
311 332 350 350 347 374 362 332 330 306 
308 327 350 362 356 355 346 335 305 301 
314 337 337 340 334 335 337 329 308 308 
326 337 344 340 331 318 318 318 318 316 
346 350 335 342 331 330 327 320 315 3ll 
329 318 327 340 335 330 334 331 311 311 
331 340 342 335 332 339 337 320 311 302 
366 377 337 339 339 343 319 318 318 318 
337 353 348 340 337 333 328 316 311 317 
289 316 339 337 329 (334) 340 326 308 303 
327 340 351 340 350 34,6 329 316 306 302 
311 343 372 359 344 347 335 324 328 328 
302 295 363 356 339 330 343 339 311 308 
287 337 351 348 350 347 327 311 311 306 
327 330 343 329 320 315 314 311 303 315 
301 319 320 318 I 319 320 314 306 317 316 

364 21 20 167 12 10 
411 17 45 184 7 7 
415 17 40 169 11 50 
500 20 8 230 12 41 
388 19 3 23 9 3 
390 19 58 131 8 57 
373 19 10 174 7 37 
355 18 23 209 7 2 
361 17 20 282 10 28 
359 16 22 27] 8 40 
368 8 37 258 5 18 
364 20 50 266 3 8 
387 15 23 273 . 5 47 
368 5 45 255 8 5 
361 20 30 226 9 52 
370 19 46 248 12 47 
393 17 10 232 10 31 
382 17 7 227 9 47 
361 16 43 190 9 55 
369 15 35 262 6 5 
344 0 40 213 10 25 

------ - -------

E'-November, 1912. 

• 

280 308 317 357 388 363 362 366 358 313 
295 340 337 368 377 385 386 392 334 301 
328 334 342 332 324 322 308 324 332 308 
353 353 358 353 344 343 332 331 317 308 
342 353 366 353 330 326 322 309 313 308 
- - - - - - - _. - -

300 291 304 316 333 356 353 363 348 346 
327 342 342 340 353 392 351 321 305 321 
- -- - - -. - - - -- -

333 370 322 316 406 435 424 350 292 361 
250 279 311 337 363 424 366 333 357 298 
298 328 353 351 332 329 329 324 302 292 
297 322 337 337 324 324 311 308 308 316 
-- - - - - - - - - -
- - 335 328 337 322 326 317 313 311 

293 368 350 330 357 335 390 334 303 314 
- - - - - - - - - -

300 329 339 337 358 339 345 340 327 818 
- - - - - - - - - -

------~--
------~-~ ---"--- -----

406 19 28 200 9 0 
406 22 0 203 8 23 
355 16 45 222 7 2 
369 16 45 279 5 7 
387 17 2 229 7 25 
355 1 50 140 8 32 
377 21 47 237 11 35 
408 20 22 193 7 56 
329 0 0 156 7 22 
473 19 22 232 11 0 
448 19 38 142 8 25 
359 17 33 165 8 5 
358 5 20 135 8 52 
330 5 51 226 8 20 
351 18 33 298 23 26 
503 10 53 142 7 10 
387 2 12 108 9 35 
402 11 29 203 9 35 
406 3 35 132 7 35 

-----~----.. -----~- ---.----

471 2 G 4 



Day. 

1 
2 
3 
.{ 
f) 

6 
7 
8 
9 

10 
11 
12 

13 

14 
]5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
]5 
16 
17 
]8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

~I~ 
Y Y 
-- -
- --
_. --
- -

381 365 
355 354 
368 386 
423 411 
433 386 
440 438 
440 451 
467 451 

476 462 

469 469 
414 421 
473 456 
483 465 
454 452 
500 458 
499 493 
502 498 
469 392 
425 364 
430 392 
469 460 
344 -
394 427 
471 438 

469 438 
466 447 
493 498 
401 431 
501 501 
489 501 
478 467 
498 489 
356 484 
515 507 
517 517 
522 523 
513 508 
491 497 
493 497 
480 460 
478 467 
489 495 
500 493 
491 501 
375 396 
403 414 
484 491 
457 497 
451 471 
486 418 
480 398 
429 522 
517 520 
497 403 
504 508 

HOURLY V ALUEs-continued. 
Sf-February, 1911. 

3000y (0·03 C.G.S. Unit) + 
~I~ -.-!ll.J~I~I21>--I_8~'-I~IIO h. 

1'11'1'1' I'!Y Y Y Y 
- - - - - - --1--

- - - -I -! - -- --
-
-

362 
364 
359 
414 
433 
443 
456 
432 

467 

473 
430 
478 
423 
454 
442 
491 
498 
288 
366 
420 
442 
433 
403 
407 

416 
482 
502 
413 
501 
454 
493 
480 
520 
501 
519 
524 
500 
501 
545 
491 
460 
498 
497 
501 
390 
419 
486 
449 
511 
499 
451 
523 
523 
429 
502 

--- -
-- -

354 337 
350 368 
374 367 
414 412 
390 432 
452 423 
454 455 
416 421 

456 438 

458 465 
420 -
477 452 
396 398 
471 436 
399 440 
502 496 
484 491 
333 399 
425 473 
486 432 
456 418 
432 449 
447 491 
394 469 

-----

4 
5 
4 

5 
5 

51 48 
00 51 
91 48 .4 

44- 3 .9 45 
06 50 
57 4] 
95 49 
67 47 
93 50 
89 49 
20 52 
24 52 
02 50 
04 500 
93 48 
02 49 
38 43 
97 4-9 
02 50 
00 50 
32 43 
71 44 
60 47 
73 41 
07 50 
04 49 
56 47 
01 54 

5 
4 
4, 
4 
4 
4 
5 
5 
5 
5 
4 
5 
4 
4 
5 
5 
4 
4 
4 
4 
5 
5 
4 
5 
52 
45 
50 

4 
6 
5 
5 
7 
3 
2 
4 
7 

2 
8 
4 
3 
4 
4 
2 
0 
5 
0 
4 
7 
1 
2 
8 3 50 

6 46 
6 50 

0 
8 

-- - - - i - -
_. - - -- i - -

345 344 392 384 408 440 
379 339 364 328 390 395 
427 354 403 385 443 458 
392 377 436 454 489 469 
421 436 447 491 476 496 
417 429 458 500 506 504 
447 429 440 487 496 498 
420 451 447 467 515 526 

439 462 458 471 477 498 

418 515 399 487 458 546 
- - - - - -

490 - - - -
462 478 537 566 513 542 
421 482 535 495 521 533 
478 509 498 483 527 531 
478 471 537 509 526 543 
496 491 526 496 508 543 
423 432 439 461 549 586 
447 464 471 484 559 572 
471 423 469 484 535 533 
471 447 458 473 491 537 
449 455 511 478 520 540 
469 520 504 511 482 515 
418 443 449 447 I 489 511 

Sf-March, 1911. 
486 495 508 523 551 573 
480 493 520 524 544 537 
504 522 517 5]5 539 520 
500 467 504 469 550 545 
524 482 462 526 520 528 
484 435 522 545 539 545 
478 479 478 517 530 550 
493 484 498 480 515 559 
517 535 537 539 537 533 
517 508 523 522 537 557 
529 528 532 550. 545 535 
528 533 537 533 542 542 
511 515 515 532 545 542 
508 498 508 500 513 537 
497 485 532 520 507 515 
495 507 515 537 532 508 
456 501 507 508 504 513 
485 504 506 507 513 510 
506 504 501 515 519 522 
504 501 510 515 513 519 
444 453 4-71 497 537 574 
471 464 523 573 563 576 
541 479 506 546 533 546 
449 511 502 557 568 603 
523 542 557 504 548 603 
488 500 511 533 564 590 
484 515 537 535 557 589 
544 508 510 552 561 605 
493 506 515 529 573 561 
506 500 548 567 542 539 
506 508 520 545 537 559 

472 

11 h. 12 h. 13 h. 14 h. 

Y Y Y Y -
--

- - - -
- - - -

486 477 447 440 
482 489 502 502 
462 461 544 553 
474 493 498 496-
531 499 500 505 
522 521 524 557 
513 520 513 513 
502 530 515 561 

520 504 577 579 

618 594 694 669 
- 588 612 630 
- 542 531 574 

548 522 571 583 
549 553 533 539 
552 565 583 608 
552 540 549 586 
544 601 593 590 
559 540 610 684 
630 583 527 564 
606 601 610 816 
548 564 610 570 
546 653 546 610 
521 511 546 618 
526 557 675 606 

632 664 655 ' 598 
555 607 585 592 
515 517 528 544 
554 561 544 574 
539 551 524 610 
544 567 572 581 
537 551 545 554 
551 576 559 567 
535 545 566 526 
559 588 579 573 
537 533 555 564 
541 529 537 542 
542 533 539 532 
537 541 551 537 
537 550 581 590 
545 500 508 542 
523 529 537 551 • 
517 517 544 548 
526 537 535 548 
526 523 559 537 
608 583 599 616 
634 658 683 801 
557 678 683 537 
564 711 625 598 
611 585 612 796 
629 574 621 660 
629 599 605 655 
625 691 620 581 
576 680 702 742 
547 546 568 655 
559 551 559 572 



HOURLY VALUEs-continued. 
S' -February, 1911. 

3000y (·03 C.G.S. Unit) + I Maximum Reading Minimum Reading 

15 h. 16 h. 117 h. IJ!!...I>:...II9 h. I 20 h. 21 h. 22 h. 23 h. 124 h. and Time. 
and Time. 

y ~ ~ ~ ~! ~ ~ ~ ~ ~_I ~ h~m. y 
I 

h. m. 

- - -
I . I 

- - - - - - - - - =1 - - -- I -
- - - =1 - - - - -- - - - I -

i 

-- - - - ~ - - - - - - - -
531 597 571 452 1434 403 405 429 324 355 i 638 16 42 264 

I 

23 15 
527 478 452 486 502 434 425 461 366 368

1 

588 7 22 256 6 13 
561 508 464 461 484 476 436 452 432 423 608 14 40 251 7 9 
511 522 487 518 474 483 471 418 423 433 552 15 50 342 6 33 
515 544 527 515 484 520 476 464 478 440 564 17 30 317 6 48 
555 605 513 471 522 487 461 383 416 440 636 15 50 320 21 58 
526 522 517 506 499 502 487 482 478 467 577 15 35 403 5 32 
565 513 515 527 504 509 491 483 469 476 590 14 23 388 i 3 20 

557 557 537 518 502 509 489 455 451 469 625{ 
13 20 } 392 5 25 
15 3 

579 599 566 571 533 518 471 449 461 414 850 13 20 271 7 6 
548 559 577 608 616 543 515 487 462 473 731 9 19 370 3 33 
557 584 592 559 531 511 489 487 486 483 619 16 38 411 3 57 
574 586 594 566 527 524 464 495 461 454 622 17 12 361 2 44 
565 634 568 513 531 518 439 484 491 500 655 16 12 396 3 37 
621 590 555 548 552 531 509 495 505 499 678 14 23 374 2 42 
597 586 555 539 526 520 513 505 504 502 615 15 5 445 5 39 
593 630 571 527 517 544 439 477 500 469 673 15 42 394 21 12 
667 662 610 544 506 476 522 513 487 425 741 14 23 234 2 21 
684 680 566 559 505 499 506 443 447 430 743 15 23 326 1 30 
618 610 557 522 473 447 449 427 471 469 946 14 10 352 1 24 
559 586 522 500 493 467 483 447 430 344 649 12 55 324 23 44 
608 587 574 495 543 491 417 458 449 394 766 12 14 348 0 0 
694 579 590 511 500 477 455 432 414 471 815 14 45 366 2 33 
546 619 669 571 508 504 471 442 458 423 755 12 59 314 2 34 

--
S'-March, 1911. 

661 617 605 552 564 511 529 535 473 466 708 14 15 385 2 53 
574 592 625 572 519 517 515 501 498 493 642 16 45 427 1 18 
554 572 557 522 530 537 506 522 476 401 598 15 52 388 23 57 
570 545 545 542 520 508 502 507 511 501 594 13 47 363 0 8 
603 592 581 612 563 517 510 469 486 489 671 15 43 416 21 38 
598 589 579 618 594 542 497 485 491 478 639 17 55 354 3 10 
554 570 586 589 548 530 515 493 517 498 627 17 45 429 5 10 
563 581 592 585 570 546 493 497 454 356 610 16 25 271 23 45 
566 590 594 577 537 537 508 523 515 515 610 16 47 350 0 0 
579 573 579 564 548 544 533 515 520 517 605 12 20 471 3 28 
563 566 559 548 533 520 522 523 522 522 570 14 10 516 0 15 
542 590 576 573 563 546 522 515 510 513 601 16 7 507 23 3 
537 541 557 550 542 532 524 501 480 491 559 17 3 476 23 22 
537 566 614 633 605 548 491 489 482 493 667 17 24 469 6 50 
589 610 607 537 500 493 491 493 491 480 658 16 23 460 6 25 
535 525 542 548 541 488 491 495 475 478 576 14 40 372 6 10 
573 559 533 539 520 513 504 493 473 489 586 14 57 401 3 33 
564 548 532 513 506 507 504 501 493 500 574 14 50 469 7 30 
532 544 541 529 524 515 511 504 497 491 573 13 40 480 1 22 
585 605 572 573 535 523 448 337 352 375 689 15 45 284 22 28 
621 579 589 537 530 506 482 412 405 403 680 14 50 341 23 37 
627 633 728 573 502 493 508 435 485 484 870 13 37 354 1 45 
572 572 572 570 511 530 495 526 485 457 777 12 20 419 3 5 
649 605 572 552 548 513 520 478 463 451 762 11 42 412 2 25 
720 630 617 533 504 517 473 485 523 486 900 14 5 333 21 23 
651 639 607 559 537 502 493 524 515 480 689 15 54 381 0 35 
598 614 673 686 574 533 441 493 464 429 845 16 47 366 23 45 
581 590 649 669 636 552 532 519 510 517 715 11 55 416 0 0 
629 661 660 573 542 529 517 498 488 497 765 14 0 460 6 23 
611 568 561 532 544 522 508 515 507 504 692 14 2 381 1 12 
617 607 564 537 517 557 520 510 515 520 661 15 11 451 2 44 

473 



HOURLY VALUEs-continued. 
S'-April, 1911. 

I 
Day. 

30001' (·03 C.G.S. Unit) + 
o h. '_IJI. ,~. 3 h. 4 h. _~~I~I~'~ 9 h. 10 h. 11 h. 112 h. 13 h. 14 h. 

----~-- -

y I' I' Y I' I' I' I' I' I' I' I' i I' I' I' 
1 454 451 457 453 451 441 427 425 464 485 478 498 486 479 476 

2 458 445 451 457 440 434 464 458 485 493 500 515 515 573 502 
3 467 457 436 427 438 425 45] 480 489 485 500 532 515 567 612 
4: 420 436 449 445 486 469 440 464 501 493 504 502 511 522 513 
5 418 471 482 471 466 440 475 471 488 526 511 515 506 508 508 

6 4:71 471. 482 479 486 491 491 493 500 501 501 502 501 506 513 
7 488 484 480 480 488 480 473 482 493 508 523 523 506 523 523 
8 489 486 ·188 479 475 466 467 491 498 500 532 513 528 557 537 
9 453 469 438 482 478 471 502 497 471 566 595 695 570 612 880 ' 

10 370 473 533 528 523 520 524 535 506 522 523 570 542 515 603 
11 508 493 432 457 495 522 520 530 529 504 552 618 709 541 526 
12 513 513 497 515 510 517 510 523 526 528 515 541 529 550 554 

I 

13 434 427 498 469 401 458 462 485 498 - - - - - -
]4 - - - - - - -

506

1

507 
519 524 515 523 515 528 

15 497 493 500 501 501 507 507 510 510 508 508 515 522 
]6 500 501 504 506 501 500 501 502 510 517 502 524 529 559 577 
17 449 348 390 383 365 442 466 482 520 555 537 520 554 552 625 
18 491 445 482 500 484 462 497 524 526 554 541 550 i 513 537 551 
19 297 4·73 458 4:51 485 471 511 500 523 546 552 643 695 654 599 
20 431 493 508 493 507 482 507 485 537 539 568 585 627 548 617 
21 441 493 508 507 508 502 530 501 5]3 563 579 570 599 667 630 
22 463 401 368 493 489 506 495 529 542 550 577 620 620 642 625 
23 440 423 427 454 507 464 515 533 548 579 573 630 633 665 661 
24 476 432 502 488 515 517 497 529 533 542 564 595 601 574 570 
25 438 471 427 423 456 486 517 535 544 559 581 572 623 645 557 
26 506 479 482 504 507 501 529 535 537 542 548 574 577 603 589 
27 520 523 519 491 488 495 520 520 533 550 559 572 548 561 564 
28 526 523 513 523 529 523 520 532 528 535 535 535 554 581 515 
29 --,- - - -- - - - 548 548 548 544 546 573 572 I 612 
30 530 485 511 539 557 551 545 542 545 551 552 546 567 552 603 

S'-May, 1911. 
1 530 480 449 462 463 491 513 539 555 601 590 683 592 579 586 
2 546 551 546 550 550 554 554 552 551 561 555 557 557 564 577 
3 539 529 530 529 523 544 537 544 544 551 548 545 550 548 551 

4 523 519 532 524 524 ,532 535 539 551 551 545 548 554 550 554 

5 1537 537 537 541 539 541 539 539 539 544 544 546 542 548 559 

6 528 529 515 508 529 511 517 530 541 546 552 589 590 577 561 

7 510 526 526 517 515 501 507 526 541 568 574 601 541 577 574 

8 '346 379 361 480 442 513 519 515 530 542 537 524 57-1, 598 651 

9 5]9 520 522 524 519 530 530 520 535 544 544 537 544 557 559 

10 513 497 515 486 522 510 510 519 522 528 532 545 554 576 542 

11 520 520 517 517 506 511 513 508 524 529 544 528 555 647 636 

12 523 4,98 458 442 479 466 471 508 520 545 542 554 542 550 563 

13 515 517 519 519 522 524 519 522 526 529 532 533 535 537 535 

14 517 519 519 517 520 519 519 517 519 528 528 528 526 532 533 

15 501 511 507 510 506 498 497 517 515 524 542 603 625 616 623 

16 507 506 479 471 493 489 489 504 510 510 561 572 539 535 550 

17 480 456 434 469 467 486 491 501 515 530 544 554 541 551 542 

18 493 473 440 501 491 508 523 535 523 530 526 526 537 537 541 

19 488 482 479 486 488 497 523 515 532 526 555 564 592 581 594 

20 476 460 510 489 513 495 497 513 526 537 542 590 564 548 541 

21 495 454 441 495 493 479 513 528 526 535 537 539 550 548 541 

22 501 511 488 480 453 504 482 508 520 554 526 529 533 523 526 

23 488 497 486 484 486 493 485 495 495 502 497 502 500 508 511 

24 486 484 485 482 491 491 478 486 489 491 507 510 493 506 507 

25 495 478 478 495 491 494 502 498 500 510 504 506 506 510 511 

26 489 471 460 427 488 463 498 502 507 526 502 507 519 537 561 

27 476 494 502 493 488 484 491 509 502 515 497 502 510 516 546 
28 485 480 504 509 506 507 504 504 506 509 504 510 513 520 579 

29 502 500 502 491 ' 502 498 498 494 495 502 504 504: 502 506 513 

30 489 495 500 488 504 504 500 495 495 504 498 504: 502 502 506 

31 460 438 387 400 419 451 462 480 491 498 510 542 551 564 I 590 
----

474 



HOURLY V ALUES-continued. 

S'-April, 1911. 
3000Y (0·03 C.G.S. Unit) + Maximum Reading Minimum Reading 

15 h. I~I~ ~119 h. ,20 h. J 21 h. 22 h. I 23 h. r 24 h. 
and Time. and Time. 

y y y Y i Y Y Y Y 1 Y ! y y h. m. y h. m. 
473 471 473 479 I 4.82 480 460 458 449 I 458 524 10 42 412 6 12 
554 554 500 485 I 475 ,167 449 458 I 475 I 467 614 15 25 369 4 23 
559 532 488 500 I 493 484 480 4671456; 420 643 13 49 385 4 35 
533 493 508 486 47R 488 469 .. 147 413· 418 585 12 32 387 23 40 
541 535 520 515 495 498 485 475 I 473 471 566 15 0 412 4 42 
522 513 515 519 497 491 476 4541482 488 537 17 43 438 22 5 
517 526 524 523 520 501 ·193 488 486 489 563 I 14 12 449 6 7 
596 557 . 554 539 535 517 493 485 ! 476 i 453 623 15 3 387 23 25 
721 816 748 746 656 581 467 471 I 372 ~ 370 955 13 57 303 23 10 
616 640 555 541 506 506 488 445 I 476 508 762 15 30 317 0 7 
552 550 559 563 559 563 557 519 I 508 513 799 12 18 391 2 19 
559 561 572 592 586 515 495 526 I 502 434 619 18 26 441 6 10 
- - - _. - - --

4981501 
- 535 ] 30 332 0 31 

535 537 532 523 508 515 506 497 552 15 3 493 21 53 
517 529 523 520 517 515 507 501 ! 500 500 537 14 45 489 0 22 
630 634 596 576 546 497 482 479 480 449 702 15 12 464 23 53 
696 614 554 545 498 475 453 464 427 491 717 15 22 - 1 0 53 
598 614 574 541 520 523 454 484 453 297 640 15 47 230 23 53 
655 642 586 581 581 526 489 485 401 431 720 11 48 253 0 0 
686 662 592 589 485 519 493 493 471 441 713 15 23 385 23 47 
627 610 603 601 497 523 506 449 438 463 722 13 13 419 21 43 
585 625 629 605 546 526 513 495 458 440 715 13 29 304 1 58 
656 647 585 588 548 458 497 519 : 498 476 718 12 35 376 20 10 
564 579 564 566 510 510 523 502 I 381 438 636 11 28 352 23 0 
537 559 574 586 551 519 519 515 515 506 702 12 45 407 3 46 
579 566 566 577 511 544 520 523 528 520 634 13 5 426 1 40 
552 548 561 554 545 502 526 526 529 526 596 11 3 473 4 2 

I 
537 533 542 559 542 542 488 - - - 618 12 42 467 20 30 
654 610 567 574 561 537 552 520 482 530 671 14 38 451 22 27 
590 572 573 579 579 542 574 545 530 530 696 13 50 460 1 19 

S' -May, 1~!~ ___ . . .. _ . __ . 
~--;;;58~9:--;-;5:;-;:8~3-:-::5:-;:;-85=--:--::-5-=-7 4:--:-""'-55-=-9-5-5-4~5~5:-2--5-=51= -548 546 717 11 8--420---2 --w---

603 605 559 568 576 566 552 551 541 539 632 15 40 517 20 38 
557 564 559 559 546 537 541 544 542 523 627 16 14 505 4 12 
554 561 555 551 551 544 537 539 542 537 566 16 15 503 3 15 

541 533 542 552 555 537 533 515 510 528 566{ ~~ ~} 495 22 46 

559 555 555 539 533 530 528 528 517 510 610 11 4 494 3 0 
577 559 546 566 530 501 480 458 361 346 621 11 13 331 22 53 
634 608 605 617 586 550 542 535 533 519 661 13 46 317 2 0 
554 544 555 546 546 539 529 524 524 513 570 13 58 506 3 40 
533 541 530 542 542 537 520 515 519 520 614 13 3 447 3 15 
572 554 532 528 523 523 523 526 524 523 693 13 25 495 4 45 
592 567 548 570 545 526 522 511 515 515 618 15 23 405 2 54 
532 544 546 530 532 522 515 506 517 517 555 16 23 491 21 50 
542 537 526 526 524 517 502 493 491 501 550 15 25 482 21 15 
643 625 611 588 559 507 467 493 502 507 664 11 28 427 21 11 
647 595 614 608 551 471 429 466 493 480 734 17 23 408 20 48 
550 552 552 570 581 548 520 515 491 493 590 19 21 403 1 48 
595 620 601 564 554 539 493 508 486 488 638 16 0 400 2 15 
583 564 561 576 545 497 523 526 515 476 610, 17 47 445 20 20 
576 566 537 526 524 529 480 511 510 495 621 11 18 420 0 33 
581 528 537 532 519 520 508 435 508 501 ,600 14 40 346 21 50 
524 517 511 506 515 493 493 493 489 488 572 8 50' 403 4 4 
504 501 506 504 507 495 488 486 486 486 535 10 33 478 4 48 
501 513 498 517 510 508 498 493 491 495 526 9 37 447 5 43 
515 513 507 506 519 506 504 510 502 489 528 18 41 463 1 38 
522 513 511 504 506 504 502 497 487 476 586 13 55 403 3 18 
630 546 517 524 520 520 506 497 484 485 657 15 8 458 4 28 
555 551 537 524 519 516 487 488 493 502 594 14 13 457 21'8 
507 511 509 498 511 502 497 495 484 489 526 13 57 467 23 18 
510 513 502 497 498 493 493 493 485 460 531 15 53 453 23 35 
585 573 563 533 489 496 498 459 401 413 605 14 33 363 22 34 

475 



HOURLY V ALUEs-continued. 
Sf-June, 1911. 

3000y (0·03 C.G.S. Unit) + 
Day. 
~I~ 2 h. 3 h. 4 h. 5 h. 6h. 7 h. 8 h. 9 h. 10 h. II h. 12 h. 13 h. I 14 h. 

----------------

'Y 'Y 'Y 'Y 'Y 'Y Y 'Y Y Y 'Y 'Y 'Y Y Y 
1 412 441 441 441 448 468 4.78 489 507 527 544 561 573 584 595 
2 441 4;37 448 459 489 485 524 511 531 538 547 551 556 631 577 
3 496 4.93 487 496 505 499 499 502 509 512 514 515 522 511 531 
4: 499 500 500 493 499 500' 500 507 515 522 527 525 524 524 524 
5 505 498 500 511 507 467 474 471 480 500 522 577 537 534 -
6 576 573 576 580 575 577 565 571 585 542 551 567 553 559 542 
7 533 529 541 533 541 527 512 527 559 551 563 549 581 644 604 
8 527 537 530 514 517 506 5]5 530 541 553 546 555 557 563 568 
9 535 534 527 538 534 539 535 530 539 541 541 551 545 549 545 

10 539 539 537 538 541 537 520 525 546 530 571 606 640 656 644 
11 495 504 484 527 525 514 530 531 551 - - - - - -
12 - - -- - - - - - - - 555 569 606 632 565 
13 478 488 517 525 514 514 534 527 541 546 561 555 589 588 603 
14 488 504 462 448 465 498 551 545 547 547 543 547 567 572 580 
15 503 522 537 521 518 539 533 531 54.7 559 588 6()4. 652 596 588 
16 537 534 539 534 537 535 533 523 553 568 553 547 555 563 563 

17 531 538 537 515 503 512 499 53] 557 567 584 579 573 576 587 

18 523 538 527 537 533 537 537 541 541 541 545 546 549 551 555 
19 52!') 529 541 53!) 545 543 535 542 541 543 545 54.9 559 563 555 
20 535 533 537 537 534 533 534 543 535 549 543 553 549 551 563 
21 521 519 512 535 535 541 535 535 534 543 545 573 559 569 565 
22 454 527 539 511 491 478 523 541 545 551 565 593 580 596 626 
23 499 54·9 54.6 538 534 522 526 541 525 547 546 539 555 553 557 
24 535 530 442 506 525 - - - - - - - 557 599 608 
25 522 535 527 529 538 538 534 537 539 539 541 541 545 551 555 
26 538 539 537 538 535 529 534 535 537 539 537 539 541 547 551 
27 534 533 537 533 541 541 538 538 537 545 541 541 542 542 545 
28 533 535 537 535 534 521 529 531 534 533 535 541 538 551 567 
29 507 442 522 538 538 533 538 535 530 534 537 551 569 561 541 
30 518 535 538 538 534 535 534 534 533 538 541 541 541 539 542 

Sf-July, 1911. 
1 503 514 506 526 523 I 527 527 530 525 533 541 557 565 555 551 
2 478 496 500 457 449 456 537 522 530 538 541 549 563 571 619 
3 511 482 484 510 514 504 512 507 521 534 527 539 559 565 563 
4 516 502 507 504 458 476 490 476 488 520 530 520 524 537 524 
5 507 515 512 512 504 499 494 502 496 510 518 514 520 530 539 
6 490 496 490 488 480 470 484 490 494 506 510 496 504 504 507 
7 494 488 474 465 474 460 470 494 496 494 500 496 494 498 512 
8 480 519 409 431 480 503 529 543 538 539 571 575 644 712 668 
9 507 504 458 494 482 494 445 519 533 542 558 601 573 558 539 

10 486 499 510 514 504 526 523 510 520 527 524 538 539 545 559 
11 486 473 498 543 506 498 510 504 508 515 532 585 593 558 539 
12 482 494 492 500 498 484 514 5.07 519 526 532 531 579 591 583 
13 498 510 515 482 484 486 510 515 524 528 547 550 607 587 559 
14 527 524 534 528 528 531 526 538 538 541 543 542 545 545 547 
]5 512 531 520 542 530 520 523 535 539 540 543 545 550 558 565 
16 532 534 5~5 531 522 522 527 537 537 M5 545 549 543 558 553 
17 542 542 542 538 523 527 526 545 553 554 553 559 555 562 557 
18 532 518 531 530 512 (522) (531) 541 550 563 608 609 562 601 573 
19 496 510 525 508 512 5.08 537 553 549 571 565 597 607 612 66.0 
20 474 512 515 520 500 500 506 535 549 58.0 587 589 601 563 597 
21 537 529 937 541 531 554 533 537 549 563 561 581 575 569 597 
22 554 546 535 522 554 531 550 545 554 58.0 571 577 584 577 612 
23 550 541 508 53.0 ·537 529 525 547 559 559 567 57] 575 592 587 
24 541 545 550 547 553 54.6 549 551 555 557 563 565 561 569 563 
25 545 542 531 529 545 514 523 554 546 557 567 563 559 567 565 
26 553 553 554 553 550 547 546 55.0 551 559 559 563 559 559 569 
27 549 545 538 537 541 541 535 546 554 M9 559 579 563 565 563 
28 547 549 547 547 543 534 533 527 550 553 559 563 604 571 579 
29 545 472 465 496 523 535 525 545 549 563 591 579 711 658 6.06 
30 480 515 515 510 520 531 539 537 545 559 557 577 601 634 573 
31 546 525 530 510 468 527 519 533 554 55.0 563 563 559 611 610 

476 



HOURL Y V ALUES-continued. 

S'-June, 1911. 
3000)' (0'03 C.G.S. Unit) + I Maximum Reading Minimum Reading 

15 h. 16 h. 17 h. ~ 19 h. 20 h. _ 21 h. I 22 h. 23 h._~~_ h. and Time. 
and Time. 

1" I' I' I' I' I' I' I' I' I' I' h. m. I' h. m. 
653 603 587 565 551 533 527 500 512 441 666 15 5 368 22 35 
559 562 533 518 514 499 498 483 487 496 646 13 5 399 0 20 
531 565 534 512 503 500 496 496 496 499 595 16 2 483 1 20 
531 529 542 540 525 520 511 511 507 505 551 16 52 490 3 0 
,(;64 632 600 598 604 603 608 1589 579 576 683 14 55 454 5 0 
557 580 565 553 541 542 585 472 470 533 626 11 5 434 22 16 
557 555 555 557 551 542 533 • 535 538 527 679 12 45 480 5 37 
559 563 600 573 545 541 539 I 539 534 535 638 17 13 497 5 8 
542 551 561 557 546 539 538 535 533 539 580 16 45 519 3 57 
644 627 670 636 523 523 534 508 507 495 688 14 20 430 19 24 
- - - - - - -- - - - 577 7 55 458 2 28 
577 577 627 640 607 565 559 518 504 478 723 17 40 464 23 25 
584 584 616 583 519 555 551 476 454 488 653 16 50 393 19 12 
563 555 577 603 579 541 500 535 535 503 630 17 45 419 3 10 
567 583 602 559 543 530 531 523 537 537 677 12 0 487 o 33 
569 551 559 543 563 543 529 492 525 531 589 15 18 474 21 42 

592 589 559 551 531 539 534 525 525 523 608 14 47 480 { : 3 
1 

549 547 546 545 542 539 534 530 522 525 559 13 53 514 22 52 
559 569 569 549 546 539 521 538 537 535 588 16 49 508 21 35 
563 561 581 614 555 545 525 519 526 521 644 17 45 503 21 30 
569 572 575 559 557 541 526 529 480 454 595 11 20 410 23 28 
600 599 573 565 521 549 538 538 438 499 666 13 33 403 22 52 
553 549 559 547 546 555 I 533 482 510 535 583 17 7 414 21 37 
555 546 ij45 538 541 534

1

534 I 535 515 522 644 13 30 427 1 42 
545 547 549 543 535 541 534 535 537 538 563 13 42 521 2 20 
549 551 549 543 542 541 533 534 537 534 557 15 42 523 4 58 
545 543 547 545 541 535 I 533 531 530 533 555 8 52 521 20 30 
561 551 542 534 535 535[531 521 470 507 579 14 17 444 23 8 
572 592 595 551 539 531 522 495 482 518 620 16 8 417 1 18 
541 541 533 537 531 530 529 531 522 503 547 15 5 491 23 33 

Sf -July, 1911. 
545 559 573 612 579 533 507 488 506 478 644 117 43 444 23 45 
565 549 580 559 542 482 515 522 510 511 656 13 55 342 3 44 
563 545 559 575 565 561 546 529 488 517 705 20 23 460 1 30 
533 523 520 523 507 522 504 503 465 507 558 9 42 434 4 0 
515 504 508 519 502 502 496 494 494 490 550 13 55 468 23 30 
518 524 514 506 506 498 490 488 490 494 531 15 3 459 4 33 
595 627 616 533 542 534 477 474 542 480 674 17 27 407 23 30 
628 563 571 547 503 520 465 462 533 507 747 12 34 281 2 26 
546 546 553 553 542 535 523 502 474 486 628 11 30 413 2 16 
571 575 554 531 537 522 499 512 499 486 595 15 27 477 0 5 
553 530 538 545 515 561 510 514 500 482 652 10 57 423 0 29 
538 547 539 526 531 512 518 498 490 498 612 13 55 429 19 52 
571 539 547 538 542 532 532 534 532 527 634 12 22 460 5 3 
553 569 597 575 567 526 535 519 516 512 631 17 2 488 20 5 
597 583 569 559 542 538 514 511 528 532 622 14 38 490 1 41 
551 554 553 571 546 545 542 551 542 542 593 17 53 504 3 46 
555 565 557 583 561 561 546 546 542 532 600 17 52 504 4 56 
579 569 601 605 535 559 551 532 518 496 656 12 35 498 4 5 
689 612 627 654 567 555 482 500 545 474 717 14 27 423 21 29 
575 600 577 584 523 567 565 557 555 537 624 15 42 472 0 0 
624 606 577 571 559 563 549 549 557 554 , 650 14 31 504 4 8 
640 592 571 575 569 563 546 531 555 550 654 15 15 468 21 35 
635 624 592 588 575 557 547 546 546 541 670 15 20 484 2 17 
563 557 565 561 565 550 550 547. 550 545 576 12 50 529 5 55 
563 563 553 550 550 550 549 549 549 553 577 13 23 481 5 34 
567 565 571 559 550 551 550 549 549 549 585 8 45 541 4 6 
563 555 554 550 550 549 549 549 547 547 573 12 38 527 6 15 
597 580 591 575 559 541 534 484 484 545 622 16 45 409 23 2 
660 644 601 567 567 569 579 541 500 480 737 12 2 395 1 50 
597 575 577 580 559 569 533 538 546 546 648 13 2 460 0 6 
616 614 587 567 583 557 542 553 545 537 638 21 15 447 4 0 

4.77 



HOURLY VALUEs-continued. 
S'-August, 1911. 

I 3000Y (0'03 C.G.S. Unit) + 
_D_aY_' __ '~I_JJ~:J 2h._~~/~~~ 8h. ~I~ llh. 12h. 13h./14h. 

Y Y Y Y Y Y Y Y Y rlr r r r r 

----

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2~ 
24 
2!) 
26 
27 
28 
29 
30 
31 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

531 537 530 543 531 526 529 533 531 548 556 537 564 567 563 
515 536 535 532 526 532 533 536 541 548 547 555 557 562 557 
538 541 I 541 535 533 526 535 537 541 548 546 550 548 557 552 
530 514: 5] 2 541 538 520 538 540 546, 560 560 555 580 606 605 
531 535 I 536 526 528 519 530 546 54:0 550 558 569 564 575 639 
536 526 I 507 499 509 532 528 538 547 541 584 622 604 610 587 

'521 529' 526 530 535 532 526 539 533 5,16 552 565 560 552 564 
531 533 530 526 526 528 530 533 530 538 538 538 543 541 543 
526 528 529 526 522 526 532 530 540 541 537 547 538 541 550 
528 528 526 529 529 520 532 531 535 539 539 541.543 546 546 
515 521 'I 530 535 539 536 539 538 535 541 541 548 547 564 555 
528 531 535 524 535 532 531 529 532 545 546 550 543 543 543 
532 531 ! 529 531 531 531 531 532 535 540 547 546 543 540 543 
514 524 'I 536 530 540 526 535 539 539 536 539 543 547 (553) 558 
502 528 529 536 530 I 523 523 531 540 541 548 550 550 546 543 
526 513: 516 513 5]4 514 532 540 546 547 547 554 567 601 615 
512 512 537 539 529 537 543 523 541 539 538 538 553 570 601 
529 505 512 532 529 540 537 538 536 543 546 558 567 597 584 
529 515 526 526 529 529 530 539 536 546 541 543 548 552 543 
528 512 51'2 512 502 488 5]5 543 532 550 589 6H: 564 547 567 
528 528 520 505 519 533 535 538 536 541 545 548 555 56~) 553 
531 526 i 528 531 535 538 541 539 539 541 543 547 553 550 548 
536 536 535 530 530 531 538 537 538 540 541 550 5-16 553 546 
505 483 481 337 406 505 5~6 516 535 567 55R 666 625 595 648 
460 468 513 4·92 500 I 500 516 535 541 537 560 550 577 598 652 
494 468 507 509 509 I 507 511 532 545 550 556 587 591 569 594 
535 522 487 480 507 I 507 495 513 547 560 560 571 563 588 647 
515 502 473 499 505 505 529 529 550 54:3 548 586 575 586 590 
520 522, 509 509 497 497 512 520 541 555 547 552 545 543 565 
502 516 1513 520 I 513 530 535 532 537 543 547 553 553 574 586 
515 521 526 523 516 516 513 526 533 546 545 557 548 552 540 

S'-September, 1911. 
506- 48:3' -4-9-7 -.. -507 519 537 543 537 526 54!) 555 571 560 580 567 
529 533 533 528 526 532 528 536 541 546 - - - - -
5]9 502 512 515 502 536 535 538 539 540 539 541 548 547 547 
528 531 530 528 528 53] 535 535 535 536 540 541 541 540 539 
532 523 526 526 528 524 530 531 538 541 538 545 547 550 557 
532 526 509 526 533 524 513 529 537 550 558 545 547 537 540 
514 528 523 519 520 514 531 535 538 541 546 543 548 548 540 
516 524 521 528 536 533 538 535 537 537 535 553 553 567 557 
520 533 531 528 507 515 528 533 535 541 545 556 54.8 560 565 
528 524 523 520 515 514 521 532 539 540 545 555 560 564 598 
4:85 500 515 513 499 526 531 530 539 547 552 556 567 560 553 
517 438 468 488 460 496 507 530 548 562 564 575 580 550 601 
480 500 505 485 498 529 531 526 555 563 569 560 560 560 569 
506 532 505 526 541 539 550 545 543 546 548 543 560 562 558 
531 532 532 528 541 541 53~ 548 543 550 550 565 560 567 577 
514 514 533 529 531 536 529 560 560 550 570 575 574 571 616 
465 402 509 515 522 541 523 550 555 553 560 577 581 620 -
- -- - - - - - - - -. - - - - -
- - - - - -- - ~ - - - - - - 567 

535 532 532 528 523 526 523 530 537 545 562 558 586 586 611 
511 485 509 483 488 517 526 548 554 560 587 604 620 618 608 
538 539 475 432 421 499 538 540 537 553 589 601 591 612 644 
543 533 554 520 521 523 509 524 555 553 554 597 620 631 635 
530 524 506 502 535 541 555 521 546 541 565 557 563 591 605 
515 528 54-0 528 535 540 539 547 550 563 554 560 557 575 573 
535 528 532 543 550 543 535 555 555 557 565 563 563 573 577 
545 545 547 548 543 536 539 552 546 562 570 584 594 630 604 
500 498 535 543 538 550 543 560 560 557 560 567 577 577 569 
541 541 538 543 543 550 548 558 539 556 560 562 560 574 593 
532 535 530 526 531 533 528 540 538 - - - - - -

478 

I 



HOURLY VALuEs-continued. 
S'-August, 1911. 

aoooy (0'03 C.G.S. Unit) + Maximum Reading 

15 h. I 16 h. 17 h. 1_ 18 h. 19 h.- 20 h. 21 h. ! 22 h. I 23 ~~4 h~ 
and Time. 

-~-------------- ---

y y y y y y y I y y y y h. m. 
567 569 564 562 554 536 539 543 521 515 584 15 40 
567 569 567 550 555 550 532 529 536 538 584 16 32 
552 567 582 57! 554 531 461 509 521 530 591 17 14 
591 603 616 595 548 541 515 497 531 531 641 13 18 
618 574 543 543 538 539 530 520 537 536 687 13 55 
618 573 565 548 545 536 533 538 533 521 657 15 5 
582 560 548 556 533 524 526 528 531 531 598 14 43 
540 541 553 545 540 533 535 530 532 526 571 17 28 
538 543 533 530 533 532 529 531 531 528 565 10 57 
545 546 548 543 532 523 524 506 517 515 555 15 57 
556 540 537 532 533 535 531 532 526 528 571 12 58 
541 541 539 539 539 531 526 529 530 532 560 10 50 
556 575 582 579 557 528 505 .532 523 514 591 15 38 
547 564 567 562 555 550 543 533 531 502 579 16 30 
550 558 565 564 541 546 536 528 530 526 577 17 42 
611 605 618 608 575 541 496 514 520 512 628 16 57 
584 555 543 543 536 539 526 521 531 529 611 14 10 
574 557 546 550 543 540 536 529 526 529 605 12 42 
548 553 550 550 548 540 536 529 529 528 562 13 12 
560 574 543 541 516 498 521 522 528 528 627 11 20 
550 550 557 550 541 523 533 532 533 531 582 13 8 
550 548 543 537 539 531 528 530 528 536 560 12 5 
550 548 545 536 535 521 511 495 463 505 564 15 23 
606 642 663 575 587 547 516 528 497 460 710 11 15 
642 579 553 554 538 545 550 530 440 494 696 14 17 
584 582 571 553 546 526 526 466 540 535 642 12 2 
591 567 567 573 554 529 520 497 444 515 708 13 59 
601 575 567 545 521 528 526 532 526 520 626 14 24 
546 548 555 536 537 523 524 529 519 502 596 14 2 
'570 567 562 557 535 540 523 502 502 515 623 14 25 
543 555 560 565 550 521 492 513 504 506 582 10 50 

S'-September, 1911. 
567 573 565 547 537 5391526 532 530 529 607 11 30 
548 543 543 546 510 533 524 522 521 519 562 9 8 
547 558 545 538 526 526 528 529 529 528 575 15 48 
533 530 529 530 531 531 532 535 532 532 547 12 46 
550 548 541 532 536 511 482 520 530 532 567 11 52 
536 535 537 537 539 529 530 529 526 514 566 10 0 
547 553 574 571 543 541 531 528 485 516 590 17 7 
550 550 554 548 533 535 531 502 506 520 575 13 22 
562 562 552 543 546 530 520 526 526 528 571 14 17 
611 604 571 550 546 532 529 504 485 485 644 15 17 
563 557 560 563 540 545 509 516 523 517 589 11 40 
594 603 598 550 529 528 536 528 531 480 629 16 38 
567 613 606 572 548 547 541 442 521 506 650 16 17 
554 573 590 587 558 553 531 532 533 531 620 17 35 
575 575 590 567 550 538 536 541 537 514 610 17 6 
605 606 591 575 550 529 485 495 515 465 644 14 15 
578 - - - -.- - - - - - 633 13 11 
- - 553 543 543 539 - - - - 562 16 13 

569 - - 541 538 - 540 540 537 535 584 14 42 
768 778 695 622 509 502 533 439 454 511 845 15 18 
580 571 562 590 564 540 492 500 524 538 -688 11 35 
586 644 659 642 545 552 530 441 492 543 731 17 12 
648 625 579 597 573 547 553 540 531 530 664 12 0 
581 578 567 557 554 548 539 540 530 515 618 13 35 
570 567 557 556 547 543 541 539 532 535 593 12 55 
557 569 569 562 550 554 546 537 541 545 587 14 42 
584 584 560 553 541 537 531 517 519 500 668 13 25 . 
567 570 565 560 553 547 538 531 540 541 605 12 22 
589 581 570 564 547 546 540 541 537 532 603 14 36 
- - - - - - - 532 533 531 554 8 22 

479 

-

Mi nimum Reading 
and Time. 

y h. m. 
3 23 8 
100 

50 
51 
41 5 21 20 
47 5 21 30 
50 6 21 57 
47 7 2 55 
50 3 20 6 
52 1 2 48 
51 6 3 54 
49 8 22 20 
51 201 
52 3 20 40 
46 5 21 5 
46 2 23 54 
47 
47 
000 
o 21 7 

494 
463 
506 
446 
497 
513 
434 
256 
402 
430 
405 
442 
469 
473 
387 

449 
511 
492 
524 
466 
495 
462 
485 
500 
475 
468 
419 
387 
454 
521 
465 
371 
530 
531 
405 
458 
359 
483 
471 
492' 
520 
503 
479 
521 
507 

6 55 
1 30 
1 10 
5 5 
2 47 

20 45 
22 57 
3 5 

22 52 
21 23 
23 4 
2 5 
4 45 

22 34 
20 26 

2 42 
6 12 
3 42 
4 7 

21 7 
2 22 

22 50 
22 40 
5 22 

23 14 
0 38 
0 55 

21 55 
1 15 
2 54 

21 0 
0 36 

20 38 
19 18 
22 0 
3 19 
3 40 
5 35 
3 25 
0 26 
5 32 

21 43 
0 45 
7 50 
5 30 



HOURLY VALUES-continued. 

S'-October, 1911. 

Day. 
3000y (0'03 e.G.S. Unit) + 

~r~/~ 3 h. 4 h. ~I~ ~1~1~II0h·l~ 12 h. 13 h. /14 h. 

'Y 'Y 'Y 'Y 'Y 'Y 'Y Y I Y Y I Y Y 'Y 'Y Y 
1 531 526 628 529 528 537 537 546 I 537 539 550 555 557 553 553 
2 535 535 533 535 536 538 541 536 I 538 545 545 548 555 548 553 
3 523 496 460 462 605 526 533 547 I 540 554 560 565 572 581 572 
4 533 531 531 528 526 520 526 526 I 540 553 557 552 550 563 580 
5 528 531 528 523 523 536 532 539 I 543 550 555 574 578 571 572 
6 

1

513 530 526 531 530 536 537 536 i 541 545 555 558 578 558 548 
7 507 502 496 497 519 524 539 554 553 556 550 558 582 553 570 
8 523 514 505 498 473 522 531 535 : 555 552 558 575 591 608 621 
9 517 477 485 535 543 546 550 550 i 560 546 569 580 593 610 628-

]0 509 488 492 520 502 521 540 554 555 555 572 565 579 584 575 
11 520 482 500 498 489 480 506 519 538 594 618 686 707 729 751 
12 541 539 540 540 529 543 543 579 590 584 582 548 545 603 567 
13 543 538 537 537 539 524 521 572 575 560 536 550 571 563 590 
14 535 536 533 524 531 546 555 562- 554 558 560 582 570 606 587 
15 538 537 533 533 506 530 560 572 558 533 565 579 596 657 628 
16 545 545 543 543 539 541 543 533 552 560 554 558 562 569 564 
17 I 492 463 514 526 509 526 533 550 553 560 567 567 599 573 590 
18 464 455 442 457 526 498 528 536 581 573 567 575 593 596 620 
19 492 529 492 513 506 502 564 497 531 564 573 593 556 582 574 
20 439 483 490 489 495 541 543 540 539 558 564 572 563 577 608 
21 522 488 488 478 485 543 550 548 567 567 560 573 593 622 622 
22 528 512 509 502 540 540 519 533 540 567 570 575 591 611 584 
23 540 532 514 507 526 512 509 533 550 558 567 563 567 I 570 571 
24 523 530 530 522 526 521 517 529 564 567 572 563 567 I 577 ' 589 
25 504 521 524 504 539 553 543 538 540 537 569 601 6181676 579 
26 536 536 535 528 526 514 543 506 515 587 545 553 553 573 584 
27 533 521 528 522 524 532 546 546 546 557 558 571 567 578 565 
28 530 532 529 528 530 524 526 545 567 557 574 541 570 570 554 
29 533 532 532 529 532 535 545 547 530 539 558 573 569 570 580 
30 520 522 500 511 539 530 500 509 532 550 550 565 547 558 567 
31 537 533 537 532 528 517 531 530 529 560 563 572 584 588 580 

S'-November, 1911. 
1 529 526 535 540 546 541 543 538 546 560 587 595 595 586 569 
2 530 535 539 533 532 533 552 562 577 580 572 580 584 587 598 
3 526 528 531 528 517 539 563 582 596 556 553 550 581 633 618 
4 517 514 475 460 463 546 479 492 516 555 543 582 575 625 623 
5 519 532 519 530 533 522 540 536 556 567 578 578 608 599 613 
6 522 494 447 494 507 519 531 535 546 550 571 574 581 , 605 589 
7 522 526 533 540 536 543 546 564 543 571 578 591 577 597 589 
8 522 521 523 537 535 532 536 550 562 570 562 567 560 567 577 
9 535 526 498 478 499 526 537 520 485 502 543 584 639 601 649 

10 517 516 515 517 485 519 557 565 502 548 524 557 644 633 597 
11 520 516 520 515 516 507 497 521 557 569 571 560 560 560 570 
12 533 533 535 533 528 529 533 511 540 547 557 572 584 618 587 
13 535 537 536 530 516 509 537 505 580 567 575 564 606 594 608 
14 460 431 475 441 497 500 485 531 526 557 598 630 570 632 696 
15 349 448 453 464 479 550 567 595 606 584 567 581 623 644 613 
16 513 487 463 454 528 532 507 499 499 522 557 597 593 595 595 
17 524 513 516 531 535 496 538 553 555 562 572 588 611 597 604 
18 535 512 520 526 495 490 528 541 565 577 563 573 562 579 563 
19 531 532 505 522 526 538 532 532 532 541 545 555 569 571 557 
20 540 531 514 515 509 509 468 530 530 531 563 541 550 533 528 
21 517 512 517 509 492 523 523 570 562 526 529 517 591 584 573 
22 512 520 517 506 498 500 511 545 500 530 550 530 541 545 563 
23 531 524 519 521 519 506 523 533 543 543 548 546 555 564 572 
24 528 521 521 531 533 528 533

1

529 532 528 529 545 532 555 580 
25 526 526 520 515 513 529 512 526 550 529 539 560 556 560 564 
26 521 515 517 505 506 512 517 531 556 564 581 573 584 591 605 
27 528 530 532 530 526 530 543 553 550 570 584 564 593 589 591 
28 535 530 523 524 522 5151538 567 550 560 528

1

550 560 580 580 
29 537 528 520 516 529 531 532 541 5351541 545 570 577 581 595 
30 538 520 482 463 497 519 543 480 529 574 587 580 590 601 618 

480 



HOURLY V ALUES-continued. 

S'-October, 1911.. ---------------- ----... ------.----- . __ .. __ ._ ..... _ ..•. -_._._--

15 h. 16 h. 

I 

y y 
552 548 
563 556 

i 569 558 
I 572 578 

565 560 
539 539 
564 584 
625 632 
633 618 
588 608 
768 751 
567 543 
590 578 
560 564 
610 638 
570 563 
594 611 
612 577 
579 596 
587 580 
595 589 
596 621 
580 587 
575 569 
584 564 
573 562 
557 560 
574 569 
572 571 
579 558 
579 584 

571 567 
596 599 
642 640 
635 642 
639 621 
595 613 
596 612 
588 580 
717 676 . 
588 605 
571 570 
594 577 
648 664 
741 620 
631 612 
610 595 
604 594 
562 557 
567 567 
546 577 
567 558 
579 594 
578 570 
588 587 
553 550 
625 622 
591 612 
601 625 
614 599 
613 618 

- ---

3000/' (0·03 C.G.S. Unit) + I Maximum Reading Minimum Reading 

17 h. 18 h. 19 h. 

y y y 
546 550 541 
538 548 540 
553 546 538 
582 547 532 
553 535 532 
545 556 560 
596 621 578 
625 584 558 
625 615 588 
599 575 557 
687 734 637 
536 543 543 
586 575 547 
555 550 536 
615 562 575 
562 541 531 
621 618 595 
611 620 588 
598 582 590 
575 572 567 
586 570 569 
601 573 556 
584 577 572 
575 571 543 
552 535 531 
550 543 539 
556 545 529 
550 548 563 
570 560 548 
547 548 543 
563 557 557 

570 569 574 
570 567 560 
645 603 584 
616 598 572 
610 597 574 
614 577 547 
599 584 558 
575 579 565 
627 578 538 
565 543 515 
567 545 545 
567 558 540 
625 594 586 
614 562 543 
589 567 584 
589 569 564 
560 553 580 
567 554 543 
565 547 546 
618 593 567 
557 577 571 
579 567 543 
562 567 555 
562 553 I 543 
550 543 1 535 
610 597 572 
584 567 555 
614 625 574 
588 

1

573 558 
618 588 557 

20 h. 21 h. I 22 h. 23 h. 24h. and Time. and Time. 

y 
536 
546 
521 
535 
537 
539 
571 
539 
553 
550 
601 
545 
543 
543 
550 
541 
552 
557 
540 
531 
555 
546 
556 
517 
526 
535 
531 
548 
537 
537 
540 

557 
550 
555 
579 
533 
543 
548 
545 
535 
529 
540 
541 
580 
541 
588 
555 
560 
540 
541 
526 
562 
536 
543 
529 
530 
541 
552 
557 
552 
548 

y y y y 
536 535 535 535 
507 471 528 523 

y I h. m. y h. m. 
565 I 11 47 522 1 29 
573 I 15 13 421 21 28 

531 529 531 533 
528 528 532 528 

593 i 12 55 441 2 3 
594 16 42 513 5 3 

528 526 511 513 589 13 23 497 22 55 
533 533 507 507 595 12 8 496 23 8 
531 523 524 523 634 17 55 487 1 49 
526 511 478 517 644 16 34 458 3 45 
529 528 509 509 654 14 27 460 1 7 
546 523 531 520 630 16 13 468 1 9 
560 530 532 541 786 17 38 456 4 45 
539 538 540 543 634 13 10 503 11 59 
535 530 533 535 625 14 30 500 6 2 
530 528 537 538 625 13 11 491 6 23 
540 530 540 545 676 13 8 494 4 7 
523 535 543 492 582 14 34 492 24 0 
546 423 496 464 639 12 17 338 21 49 
511 410 495 492 657 14 25 316 21 50 
531 516 507 439 642 11 8 425 24 0 
540 526 528 522 620 13 41 408 0 7 
533 497 537 528 642 13 45 462 2 40 
537 528 536 540 637 15 47 476 3 2 
543 499 489 523 603 15 28 477 22 43 
492 512 546 504 599 13 57 429 23 20 
532 535 535 536 720 13 7 495 3 12 
535 539 541 533 620 9 28 463 7 14 
538 521 532 530 587 13 1 503 0 30 
541 535 535 533 596 9 45 502 6 35 

529/528 521 520 
535 537 533 537 
526 524 535 529 

593 15 40 497 7 41 
590 10 37 460 5 36 
605 14 33 502 5 20 

----~- ------._-"--------------.---

S'-November, 1911. 
538 546 I 535 
530 515 526 
522 526 523 
541 540 495 
546 492 513 
511 535 538 
541 543 533 
543 536 538 
532 524 523 
526 502 521 
538 536 531 
543 528 533 
530 472 498 
532 497 485 
547 533 520 
524 498 532 
557 505 535 
531 526 526 
532 532 528 
514 532 514 
554 492 531 
529 531 536 
522 523 529 
511 514: 522 
526 522 509 
524 517 521 
540 530 526 
548 540 537 
548 533 536 
552 I 528 539 

481 

530 604 
526 614-
517 664 
519 668 
522 647 
522 634 
522 619 
535 596 
517 764 
520 722 
533 582 
535 650 
460! 676 
349 790 
513 659 
524 644 
535 646 
531 592 
535 586 
507 681 
512 6~ 
531 608 
528 582 
526 614 
521 575 
528 640 
535 625 
537 639 
538 625 
533 I 635 

12-fo-----516----743--
15 52 511 22 34 
16 38 488 3 43 
15 32 432 2 53 
15 11 468 21 50 
16 15 i 417 2 0 
16 5 i 520 5 57 
14 45 512 1 42 
15 19 440 3 32 
12 48 442 3 50 
14 32 478 6 7 
13 4 461 7 25 
15 54 421 23 33 
14 58 319 23 47 
12 39 327 0 1 
11 26 444 2 58 
15 23 455 21 48 
11 25 468 5 2 
12 57 497 1 57 
9 51 445 6 4 

12 10 466 21 50 
15 54 470 4 17 
15 23 485 5 21 
15 20, 506 21 12 
13 55 I 500 22 52 
15 14 i 490 2 58 
13 32 i 502 4 10 
17 50 i 494 4 48 

l
15 12 I 512 7 38 
14 2! 453 2 55 

-------~-.--

2H 



HOURLY V ALUEs-continued. 
S'-December, 1911. 

Day. 
aoooy (0·03 C.G.S. Unit) + 

o h. 1 h~ 2 h. 3 h. 4 h. 5 h. 6 h. 7 h. 8 h. 9 h. 10 h. 11 h. 12 h. , 13 h. 14 h. ---- ---- --
'Y 'Y 'Y Y 'Y 'Y 'Y 'Y 'Y " 'Y 'Y 'Y 'Y 'Y 

1 533 531 514 500 491 522 550 555 579 571 564 586 627 596 601 
2 541 512 497 543 519 509 540 558 573 594 594 596 582 612 618 
3 556 547 546 554 560 553 560 564 555 507 545 597 567 597 599 
4 535 539 515 520 507 488 509 541 570 553 537 620 595 607 601 
5 543 545 543 543 540 539 548 546 573 584 593 584 581 570 573 
6 533 541 548 537 550 522 554 572 558 565 584 571 591 608 627 
7 516 500 485 498 489 439 437 478 560 573 612 639 580 630 581 
8 538 541 536 531 526 523 520 535 537 553 540 556 562 578 594 
9 538 538 541 537 530 528 539 539 557 532 564 569 570 579 570 

10 543 546 545 541 541 541 550 563 560 560 552 565 570 571 580 
11 528 533 531 528 515 530 526 562 560 552 521 557 664 618 517 
12 509 422 412 420 461 498 477 516 557 554 572 590 614 640 647 
13 543 545 541 550 546 538 535 543 564 545 550 584 589 604 605 
14 526 540 547 548 543 554 535 558 543 1538 546 564 589 596 620 
15 504 502 545 526 516 532 553 608 623 601 611 616 621 631 631 
16 540 545 543 531 528 526 530 557 564 589 601 604 618 608 628 
17 531 530 541 546 531 526 511 509 509 554 552 573 584 584 580 
18 520 487 502 489 519 494 494 512 587 537 552 560 623 647 708 
19 560 546 535 536 519 500 505 593 588 570 564 550 567 603 608 
20 531 539 541 526 522 512 475 496 487 477 502 522 538 560 582 
21 547 543 535 520 512 528 517 505 483 477 517 526 564 595 630 
22 532 537 543 536 519 502 506 505 547 556 560 573 579 563 570 
23 548 546 538 537 529 537 537 519 483 504 540 547 563 572 637 
24 545 543 545 541 533 535 507 513 505 489 509 554 557 562 588 
25 531 540 528 519 528 532 560 543 567 565 595 . 595 603 596 591 
26 517 535 515 471 461 516 535 478 593 593 604 605 608 628 630 
27 498 514 485 487 494 492 541 591 535 545 562 653 680 676 664 
28 529 529 528 526 509 494 552 630 632 603 596 584 589 664 702 
29 538 530 520 523 514 529 529 533 509 570 565 587 601 587 588 
30 538 543 535 535 537 543 535 541 565 582 587 586 589 581 578 
31 530 504 495 516 523 530 553 521 589 526 543 529 623 659 712 

S'-January, 1912. 
1 523 515 500 509 516 478 526 516 573 567 560 543 550 597 557 
2 523 506 501 521 498 562 541 559 562 521 540 535 574 607 576 
3 549 542 535 526 524 529 544 535 535 521 544 562 598 612 603 
4 537 525 530 537 539 541 546 562 552 541 552 559 572 564 573 
5 549 546 539 525 533 532 535 535 550 555 572 593 619 587 627 
6 554 552 526 472 505 522 499 537 569 529 518 574 594 625 617 
7 545 549 542 542 545 550 544 518 532 557 569 572 586 576 576 
8 549 540 541 546 552 545 540 547 562 556 586 627 617 623 653 
9 550 541 545 547 554 555 554 555 518 559 567 598 604 . 600 624 

10 557 545 535 544 513 505 498 602 617 617 613 614 610 589 571 
11 552 544 538 537 529 526 550 557 544 574 596 617 634 630 627 
12 548 541 537 540 550 555 518 501 491 531 562 595 634 657 688 
13 480 443 460 445 471 480 470 530 503 518 524 604 659 681 665 
14 505 465 455 503 515 548 557 509 518 508 559 589 607 598 600 
15 532 530 520 509 470 501 509 505 496 511 567 533 544 612 627 
16 520 508 514 509 506 525 522 507 496 522 516 552 586 584 569 
17 539 535 521 524 528 514 515 . 515 509 522 554 540 559 572 588 
18 504 486 463 484 511 523 532 566 651 619 623 539 602 657 606 
19 515 469 479 509 514 530 537 525 539 539 566 580 581 582 578 
20 538 542 535 539 533 542 541 504 541 546 582 598 597 591 589 
21 545 544 540 542 532 531 544 539 562 576 579 591 604 604 603 
22 545 550 552 555 549 559 567 565 588 576 586 587 603 621 653 
23 522 436 490 521 514 531 546 567 535 574 578 573 588 593 623 
24 547 538 537 538 540 535 530 544 557 573 584 593 603 614 620 
25 514 496 496 535 545 544 556 556 547 566 552 564 578 596 605 
26 544 540 542 539 538 540 552 562 572 588 591 605 608 610 608 
27 556 552 549 549 535 538 533 540 555 574 590 583 582 573 581 
28 552 550 552 550 550 I 552 559 571 l>50 569 571 580 576 582 593 
29 

1

548 541 fi28 530 539 I 544 554 528 516 514 567 569 564 556 567 
30 545 545 542 533 542 I 547 554 571 579 563 569 565 559 579 593 
31 531 522 523 523 . 518 I 544 555 559 566 580 583 581 587 587 587 

482 



HOURLY VALUES-continued. 
S'-December, 1911. _. 

30001' (0·03 C.O.S. Unit) + Maximum Reading Minimum Reading 

15 h. 16 h. 17 h. 18 h. 19 h. 20h. 21 h. 22 h. 23 h. 24 h. and Time. and Time. 

-------------- --
I' I' I' I' I' I' I' I' I' I' I' h. m. I' h. m. 

580 562 569 554 553 553 567 531 540 541 658 12 25 462 3 25 
621 623 605 597 590 591 571 558 560 556 632 13 25 457 4 30 
579 581 571 629 588 570 556 562 539 535 640 18 0 463 8 37 
598 597 581 584 581 580 573 548 550 543 644 10 38 480 5 30 
594 594 589 581 579 572 560 556 540 533 603 9 37 520 6 52 
646 631 597 580 573 560 543 539 514 516 647 14 42 498 23 20 
588 579 578 572 556 548 545 543 537 538 708 11 14 367 6 40 
594 601 601 567 560 552 548 550 547 538 627 15 44 498 5 22 
586 587 582 580 567 555 552 547 543 543 599 15 27 509 4 10 
593 588 584 563 546 539 540 550 536 528 596 15 20 528 24 0 
786 792 771 721 647 560 494 520 523 509 839 15 42 405 21 26 
673 663 648 608 588 569 575 558 531 543 690 15 22 395 3 22 
611 632 635 620 601 591 558 548 539 526 641 17 5 511 4 46 
629 635 638 623 605 597 570 558 541 504 648 16 23 469 6 17 
625 628 605 603 586 567 553 538 541 540 674 8 15 462 0 27 
615 608 582 575 577 573 582 552 540 531 641 14 16 503 7 46 
588 616 618 612 596 593 578 505 523 520 633 16 42 487 22 0 
646 622 601 589 575 545 541 540 547 560 762 14 13 422 2 45 
625 605 601 564 558 571 536 511 516 531 649 14 55 470 5 42 
558 557 590 593 572 584 532 530 546 547 611 17 30 424 6 10 
644 630 620 603 578 543 550 530 560 532 654 15 10 455 8 10 
558 582 581 578 547 539 547 550 554 548 607 13 30 475 6 50 
604 596 630 639 610 574 553 530 539 545 653 13 43 468 7 46 
593 578 577 577 584 582 558 543 535 531 603 14 20 462 8 50 
595 593 579 557 548 582 577 553 548 517 610 11 55 500 7 18 
653 621 608 603 597 570 591 538 522 498 673 13 52 424 7 10 
666 594 605 591 580 570 552 557 538 529 753 12 25 432 2 15 
683 616 598 560 550 552 571 552 546 538 728 14 27 463 4 52 
578 581 606 601 577 565 550 541 530 538 611 17 55 503 6 18 
594 586 604 612 596 594 558 533 533 530 619 18 2 519 6 41 
686 717 710 693 635 621 541 536 538 523 732 15 38 491 2 0 

- - 576 574 548 546 544 552 546 523 653 12 45 455 6 30 
583 541 565 563 573 562 542 533 546 549 632 13 3 441 4 6 
610 610 606 582 563 555 547 559 554 537 632 12 32 496 6 50 
598 603 606 584 576 569 557 559 552 549 627 7 45 496 7 35 
617 624 604 552 549 542 562 569 525 554 653 14 50 492 23 11 
623 623 605 614 571 581 559 535 544 545 673 14 0 440 2 52 
578 578 562 573 572 569 564 565 529 549 591 11 43 482 7 55 
638 640 621 582 572 582 593 550 545 550 671 14 13 507 7 8 
604 598 612 606 593 583 571 556 550 557 629 14 0 499 7 40 
566 567 571 576 564 564 579 569 549 552 646 7 53 474 4 1 
617 639 641 634 617 576 569 556 547 548 651 16 26 509 8 7 

690 678 647 631 627 587 555 526 494 480 707 14 32 441 6 15 
666 597 521 634 557 584 571 535 505 505 765 14 0 428 3 13 

588 587 557 569 554 576 540 537 526 532 643 11 37 390 1 45 

584 552 556 563 557 563 566 556 556 520 655 14 3 448 3 50 

596 584 584 573 562 556 544 546 546 539 617 15 14 472 8 0 

584 579 578 572 569 567 582 521 490 504 598 14 38 447 22 25 

634 644 610 576 514 505 555 557 546 515 698 8 10 449 2 3 

561 581 589 612 605 571 555 547 547 538 632 18 43 454 1 53 

590 591 546 576 578 584 569 541 546 545 615 19 49 475 6 58 

613 607 588 574 564 565 559 559 550 545 623 15 8 501 4 3 

637 666 666 641 612 596 554 531 555 522 692 14 44 516 9 7 

598 599 586 584 579 561 544 532 544 547 632 14 18 421 1 19 

615 614 623 591 572 563 556 557 541 514 632 13 30 503 23 57 

610 625 586 566 569 582 571 550 550 544 639 16 0 465 1 48 

604 588 582 581 562 555 559 559 555 556 619 12 45 528 5 3 

588 588 590 586 586 581 569 566 556 552 605 10 35 523 6 4 

627 606 595 589 579 580 563 557 554 548 639 14 56 537 7 30 

576 584 604 583 569 561 550 535 538 545 612 16 50 477 9 3 

607 607 605 588 584 569 559 574 552 531 615 16 35 520 2 48 

587 586 572 569 565 559 554 550 548 539 622 12 32 503 4 2 

S'-January, 1912. 

483 2H2 



Day. 
o h. 

Y 
1 549 
2 556 
3 546 
4 600 
5 561 
6 566 
7 563 
8 555 
9 545 

10 555 
11 527 
12 535 
13 558 
14 525 
15 555 
16 535 
17 549 
18 544 
19 549 
20 515 
21 528 
22 517 
23 512 
24 498 
25 505 
26 503 
27 -
28 -
29 -

--_.-----
1 526 
2 538 
3 526 
4 531 
5 539 
6 519 
7 536 
8 524 
9 536 

10 524 
11 522 
12 538 
13 504 
14 514 
15 525 
16 533 
17 517 
18 544 
19 541 
20 540 
21 542 
22 536 
23 533 
24 
25 540 
26 538 
27 567 
28 575 
29 570 
30 525 
31 546 

HOURLY V ALUEs-continued. 

__ ~_~ __ ~~~__ Sf.-=:-~~ bruary, 1912. 
3000Y (O·03 e.G.S. Unit) + 

~-~~~_~~I~~~ 
Y Y Y Y Y Y Y Y Y 

545 546 546 545 549 551 537 529 546 
553 562 562 560 558 566 569 563 593 
555 569 563 575 552 575 576 568 581 
605 596 604 583 605 569 621 603 617 
558 538 535 549 556 578 585 515 530 
566 564 564 564 566 558 566 569 590 
563 564 569 564 569 570 586 585 602 
554 555 539 547 532 537 575 522 537 
542 543 540 537 568 554 562 578 568 
555 554 556 558 561 569 578 578 552 
457 485 498 513 537 537 535 553 534 
536 508 536 549 535 545 571 607 559 
549 554 539 488 489 519 530 525 553 
542 530 527 530 505 498 506 508 559 
535 538 525 540 525 519 538 578 555 
543 537 540 542 547 549 558 544 558 
547 530 532 537 564 551 544 578 571 
545 547 547 544 537 598 562 512 583 
551 543 551 543 546 549 544 573 571 
512 525 519 532 522 525 542 540 549 
527 517 512 511 510 512 527 512 529 
517 517 513 517 515 517 513 523 554 
512 519 515 5i2 505 513 515 • 510 525 
498 478 460 405 445 464 472 ·487 501 
505 508 508 519 498 500 493 .496 -
491 485 - - - 506 491 . 498 -. 

- -I - - _. - - - -. 

- - .. ! - -- - - - -.- _. 
- -/ - 1 - - - - 523 -I 

- ----- ---

Sf-March, 1912. 

lO h. 

Y 
555 
546 
607 
617 
538 
604 
583 
556 
564 
555 
560 
598 
585 
560 
558 
577 
593 
569 
566 
559 
525 
544 
537 
503 
578 
-
-
-

534 

536 536 539 536 527 517 531 546 544 I 558 
524 523 i 519 549 567 524 523 548 539 564 
533 526 . 536 534 540 541 541 550 551 567 
532 532 . 538 536 536 524 525 534 553 541 
538 540 542 ,540 541 546 551 553 546 563 
493 497 509 515 538 553 563 559 561 566 
529 519 519 523 492 542 519 542 549 553 
519 505 504 500 522 544 564 563 526 546 
495 495 502 495 506 492 523 551 599 564 
509 516 485 519 517 532 519 529 .548 553 
488 456 474 495 468 469 529 526 565 572 
538 539 541 540 541 549 546 551 546 549 
512 500 484 510 525 517 514. 527 550 557 
519 516 539 536 540 540 541 525 544 544 
524 521 524 538 542 549 527 560 560 561 
531 527 534 534 546 553 557 559 546 553 
529 533 540 542 541 543 i 558 565 565 560 
546 544 544 546 542 5421556 555 567 564 
543 544 I 546 544 544 551 553 550 560 564 
539 534 531 541 543 5461553 563 564 570 
538 541 538 543 538 553 555 563 565 563 
541 539 529 536 551 551 546 531 553 570 
536 540 531 529 523 522 I 531 540 551 -
- - - - - -, - - 558 566 

544 544 542 541 541 542 i 555 557 553 561 
538 538 529 538 544 542 ! 546 542 542 558 
572 570 573 575 567 5661568 577 580 598 
575 568 566 567 574 570 573 587 587 594 
570 566 544 548 544 544 I 555 559 564 570 
517 512[492 499 515 5461565 570 579 576 
551 546 543 546 553 556 563 567 568 566 -

484 

~112h. 13 h. 14 h. 

Y Y Y Y 
573 592 504 600 
559 575 590 609 
602 611 619 634 
579 (593) 607 624 
568 575 600 604 
618 609 600 588 
580 588 588 595 
571 604 631 6~7 
586 587 617 620 
578 589 576 621 
585 619 646 581 
607 607 586 624 
604 573 580 576 
585 560 585 594 
573 583 600 613 
573 576 576 580 
617 630 634 670 
578 590 612 639 
570 573 560 579 
555 569 559 576 
553 559 566 571 
551 558 547 562 
547 543 573 600 
5251539 577 590 
558 554 626 609 
- - - -

I I -

5461551 I 570 
--

558 

/560 589 594 587 
560 553 565 570 
560 565 559 555 
563 602 576 567 
567 561 567 566 

,559 555 566 546 
589 591 574 631 
563 597 604 676 
590 570 608 615 
599 585 584 573 
574 577 591 623 
541 560 560 575 
539 553 563 570 
566 567 564 568 
559 565 566 572 
570 568 580 570 
558 567 565 561 
566 560 567 565 
566 568 570 564 
566 556 559 572 
557 561 564 560 
584 633 692 747 
- - - -

566 568 570 576 
566 561 565 570 
- 623 649 638 

649 635 626 638 
594 594 594 589 
568 570 579 570 
587 572 563 577 
568 572 570 575 



HOURLY V ALUES-continued. 

S'-February, 1912. 
---"----_._--

3000Y (0·03 C.G.S. Unit) + Maximum Reading -. 
_ 15h. I~~ 18 h. 19 h. 20 h. 21 h. 22 h. ' 23 h. 24 h. and Time. 

-------------

~Y Y 
'Y 'Y 'Y 5~9 5~4 i 5~3 'Y 'Y I h. m. 

622 605 583 577 568 577 556 I 639 I 14 54 
605 624 583 588 60) 604 583 580 571 546

1 

618 I 15 49 
621 645 663 636 696 621 607 594 600 600 678 16 39 

Minimulll Reading 
and Time. 

'Y h. m. 
520 7 35 
513 23 55 
537 4 37 

646 641 626 612 590 586 570 558 563 561 660 15 22 544 5 48 
609 619 1 614 598 590 583 573 563 564 566 639 16 17 483 7 37 
581 641 613 622 600 585 576 569 571 563 667 16 7 
602 603 607 596 595 583 570 569 I 563 555 611 15 29 

528 7 27 
553 23 52 

653 669 646 634 615 602 573 532 I 539 545 692 15 23 
631 646 624 626 613 579 563 566 5&3 555 653 15 42 

493 8 8 
517 4 53 

699 719 627 578 624 578 562 544 546 527 763 15 55 528 8 23 
603 600 600 596 587 559 560 534 521 535 662 13 4 442 1 21 
596 607 609 621 607 605 549 551 559 558 643 7 30 483 2 16 
612 603 621 618 594 605 571 555 528 525 643 18 7 455 4 22 
619 607 592 571 576 578 571 566 556 555 633 14 34 431 6 2 
634 636 604 590 566 553 549 535 523 535 669 16 7 494 5 52 
594 607 610 583 583 566 553 551 555 549 626 17 ·19 517 2 26 
692 648 585 588 569 566 562 555 I 551 544 714 14 3 
656 628 603 586 578 551 546 538 . 542 549 691 15 21 
597 604 604 600 570 542 532 525 I 525 515 628 15 20 
560 564 583 573 561 543 532 527 529 528 592 17 8 

480 6 41 
454 7 52 
505 23 47 
502 0 38 

580 566 558 539 536 528 525 523 518 517 588 15 0 489 8 13 
558 562 544 537 527 522 528 515 510 512 590 14 15 503 6 53 
566 590 561 547 528 525 498 501 470 498 619 13 57 445 22 53 
558 549 566 549 529 508 498 508

1

506 505 605 13 37 
561 555 556 544 537 523 517 523 503 503 660 12_451 
- - - - - - - -, =1 -
- - - - - - - I - - I 

- - - - - - -
5391532 5261 

-
I 17-231 555 566 575 574 557 551 546 589 I 

376 3 57 
448 6 17 

507 8 55 

S'-March, 1912. 
----- ---------- -- --- -- --- -.--- -

587 604 604 592 560 532 550 534 538 538 613 16 51 486 5 58 
565 559 557 563 553 538 521 521 536 526 587 15 37 485 4: 35 
553 589 592 566 555 549 534 533 532 531 606 16 38 521 1 43 
559 564 553 548 551 556 534 538 536 539 619 12 0 507 6 43 
563 568 570 567 553 546 538 531 516 519 579 10 10 507 23 5 
566 560 556 553 542 538 539 538 529 536 589 6 49 478 1 19 
623 .579 556 564 550 542 534 524 516 524 656 14 43 486 2 32 
662 660 651 632 594 561 555 471 468 536 752 14 27 381 22 36 
606 582 570 587 566 539 539 501 502 524 633 14 8 434 3 22 
587 587 590 583 566 553 542 531 523 522 638 11 12 463 2 58 
631 608 601 581 553 536 522 541 533 538 660 14 33 425 2 27 
575 589 575 553 546 543 531 512 495 504 609 16 13 478 23 22 
566 560 555 553 570 548 533 512 523 514 585 18 45 478 2 36 
563 556 563 551 542 544 536 538 531 525 575 12 6 507 2 0 
577 557 555 544 540 556 551 521 529 533 599 14 15 490 21 36 
585 577 582 572 565 557 534 532 515 517 599 13 14 506 22 31 
577 565 558 551 555 551 544 ' 541 544 544 590 6 44 515 0 0 
565 570 564 565 565 556 540 534 531 541 576 16 30 524 5 38 
566 568 563 560 557 553 543 540 541 540 579 11 39 536 22 15 
570 570 565 570 558 549 542 544 544 542 592 14 25 524 2 26 
558 558 550 555 555 544 540 498 522 536 572 12 50 465 21 57 
623 590 591 559 546 539 538 536 527 533 832 13 40 507 7 30 
- - - - - - - -- - - 565- 9 50 514 5 45 

576 573 570 560 551 546 548 543 546 540 584 13 10 519 20 13 
575 573 570 558 551 (548) (544) 541 541 538 585 16 45 517 8 38 
613 600 624 580 579 576 573 575 572 567 662 12 43 515 8 50 
631 615 591 584 583 574 568 573 573 575 666 11 18 555 5 47 
600 606 599 590 594 583 560 576 556 570 614 10 2 532 22 56 
574 581 579 581 570 558 555 546 536 525 592 13 10 522 5 45 
574 579 561 583 592 572 558 549 553 546 616 10 58 469 2 38 
568 570 566 565 563 551 553 551 556 556 582 12 0 521 2 39 

485 2H3 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1 
2 
3 
4-
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

'Y 'Y 
556 558 
536 546 
555 553 
538 536 
556 553 
538 529 
533 510 
544 532 
551 549 
555 553 
561 563 
553 555 
539 546 
555 557 
556 557 
473 521 
509 558 
557 561 
534 546 
525 536 
548 543 
555 558 
548 541 
557 559 
539 529 
534 509 
550 556 
544 538 
550 557 
558 555 

517 555 
560 560 
553 546 
548 548 
568 589 
437 574 
500 531 
501 553 
558 534 
561 566 
553 563 
565 564 
478 529 
573 574 
553 560 
561 570 
559 558 
557 546 
567 567 
558 560 
565 566 
567 560 
570 570 
568 568 
567 566 
566 570 
565 566 
572 572 
567 570 
532 557 
568 568 

'Y 
558 
533 
557 
522 
555 
504 
519 
536 
551 
553 
561 
555 
550 
548 
553 
565 
529 
555 
548 
549 
555 
556 
524 
558 
553 
539 
559 
544 
558 
560 

558 
563 
534 
538 
594 
579 
546 
566 
534 
555 
558 
563 
563 
563 
566 
568 
557 
566 
564 
558 
565 
564 
566 
570 
568 
564 
564 
572 
570 
566 
563 

'Y 
558 
539 
553 
544 
553 
504 
508 
533 
551 
558 
551 
555 
556 
563 
546 
536 
531 
548 
531 
534 
564 
558 
534 
553 
556 
553 
559 
541 
566 
561 

565 
564 
538 
538 
604 
570 
543 
565 
560 
559 
565 
560 
558 
563 
557 
564 
565 
553 
557 
570 
565 
546 
567 
570 
567 
564 
566 
574 
568 
568 
558 

HOURLY VALUES-continuea. 

'Y 
551 
549 
546 
542 
540 
532 
512 
546 
556 
546 
550 
557 
560 
560 
546 
561 
548 
533 
539 
549 
563 
564 
543 
546 
553 
558 
561 
546 
553 
560 

561 
565 
542 
538 
608 
553 
531 
546 
564 
555 
566 
541 
558 
570 
544 
563 
572 
558 
559 
570 
564 
544 
565 
572 
565 
561 
566 
575 
564 
561 
553 

S'-April, 1912. 
3000Y (·03 C.G.S. Unit) + 

'Y 
558 
546 
540 
544 
5-53 
546 
517 
533 
553 
548 
542 
553 
551 
561 
534 
550 
550 
495 
553 
546 
556 
560 
553 
542 
556 
558 
561 
555 
549 
560 

y 'Y 
557 551 
543 558 
540 550 
539 550 
555 555 
573 558 
549 540 
538 553 
558 558 
556 553 
553 572 
560 561 
556 563 
561 565 
551 551 
573 568 
544 546 
508 553 
564 548 
565 560 
555 560 
560 553 
558 558 
546 555 
563 565 
561 557 
561 563 
557 556 
556 561 
564- 561 

'Y 'Y 'Y 'Y 'Y 
560 567 560 567 567 
561 565 568 573 579 
563 568 570 590 613 
558 570 570 577 583 
564 572 577 585 600 
583 580 638 659 717 
576 582 573 592 611 
576 579 576 585 589 
560 568 570 580 587 
565 572 570 570 563 
574 574 570 573 579 
564 565 565 567 576 
566 (568) (570) (572) 574 
572 567 573 577 583 
567 582 587 566 572 
568 570 574 567 587 
572 570 585 570 573 
558 560 567 633 618 
570 575 579 573 585 
570 585 615 597 575 
561 565 573 573 57 ( 
563 570 580 585 584-
558 570 568 572 575 
566 575 589 572 599 
567 563 568 579 580 
564 566 567 572 575 
564: 566 567 572 570 
559 566 574 576 570 
559 570 573 572 577 
559 563 566 572 572 

S'-May, 1912. 
553 565 565 565 570 567 572 575 
563 558 564 565 567 577 579 583 
544 549 560 555 (567) 579 587 604 
558 558 558 568 - - - -
604 608 570 585 580 590 606 594 
570 558 572 576 573 579 580 582 
544 570 572 570 572 582 596 607 
560 553 566 577 574 599 596 590 
555 542 570 573 575 570 574 580 
558 563 567 572 573 572 579 590 
565 568 572 572 572 572 575 576 
549 548 560 572 580 581 601 601 
559 557 563 565 587 628 606 657 
553 551 590 574 609 615 628 676 
551 546 564 568 587 589 609 600 
557 561 567 573 570 573 576 576 
570 560 568 572 574 575 579 575 
559 572 566 572 572 575 576 577 
560 561 565 575 577 575 576 577 
570 563 560 580 579 576 589 606 
566 559 565 568 573 576 580 587 
570 565 570 577 582 573 590 581 
564 565 570 572 573 572 572 572 
570 568 567 573 577 576 576 574 
567 567 570 570 574 570 582 577 
561 566 572 574 574 574 577 579 
574 566 572 574 576 573 576 585 
572 570 573 570 576 577 579 583 
568 566 567 573 574 573 576 579 
572 567 566 572 580 575 579 574 
550 557 567 583 584 599 594 594 

486 

'Y 
572 
575 
621 
581 
606 
731 
638 
584 
575 
567 
579 
568 
580 
574 
573 
591 
572 
590 
577 
587 
577 
596 
575 
596 
572 
574 
574-
579 
579 
574-

573 
577 
623 
-

626 
581 
589 
604-
579 
579 
575 
617 
746 
651 
611 
581 
600 
572 
575 
621 
590 
594 
573 
572 
579 
580 
594 
579 
576 
580 
587 

'Y 
570 
573 
613 
596 
606 
658 
628 
581 
587 
564 
587 
576 

, 596 
567 
609 
615 
600 
584 
585 
681 
580 
607 
574 
585 
570 
584-
572 
581 
582 
573 

574 
589 
619 
-

613 
599 
591 
599 
587 
577 
572 
662 
692 
651 
613 
587 
615 
575 
577 
609 
587 
604 
575 
572 
577 
579 
602 
585 
573 
579 
590 



HOURLY V ALUES·-Continued. 

S'-April, 1912. 
3000}' (·03 e.G.S. Unit) + Maximum Reading Minimum Reading 

15 h. 16 h. 17 h. 18 h. 19 h. 20h. 21 h. 22 h. 23 h. 24 h. and Time. and Time. 
---- --

h. m. h. m. l' l' l' 'Y l' l' l' 'Y 'Y l' Y 'Y 
573 563 558 558 557 555 555 541 536 556 579 14 35 507 22 42 
570 572 573 570 567 563 556 553 550 555 582 6 53 527 2 3 
611 590 580 573 555 553 544 548 529 538 633 12 47 522 23 8 
592 589 574 559 559 555 549 539 549 556 609 15 31 497 2 8 
606 652 583 570 559 548 540 525 551 538 681 15 55 510 21 58 
583 579 557 561 559 563 551. 536 536 533 751 12 45 481 2 32 
597 573 573 566 564 560 548 490 529 544 662 12 10 437 21 45 
585 584 574 570 564 558 546 553 556 551 613 11 11 517 2 18 
580 572 576 579 566 558 560 556 555 555 606 12 19 541 1 37 
584 598 594 600 579 568 461 478 546 561 633 17 47 364 21 24 
583 572 568 570 574 565 559 556 553 553 594 12 18 534 5 15 
581 575 566 570 563 558 548 541 536 539 594 12 14 497 21 29 
601 617 617 594 599 575 563 548 544 555 633 16 33 531 4 57 
566 567 568 570 570 556 560 555 555 556 596 12 5 541 23 8 
669 694 689 638 594 587 539 534 454 473 722 16 25 405 23 16 
607 611 611 590 566 529 525 560 522 509 654 14 20 396 20 26 
594 654 626 617 592 576 557 532 538 557 684 16 18 476 22 17 
608 611 607 581 575 559 559 471 541 534 640 11 10 408 22 15 
568 563 561 561 565 560 561 561 546 525 604 13 50 514 24 0 
715 631 613 570 564 559 546 544 551 548 791 14 32 510 0 3 
575 570 568 565 563 559 560 559 558 555 600 11 47 540 1 28 
594 604 596 581 573 574 559 553 546 548 615 13 50 534 23 30 
570 572 600 580 570 557 558 560 558 557 609 17 3 515 2 3 
589 589 579 576 567 570 555 534 548 539 626 12 0 512 22 24 
576 576 572 570 566 558 553 557 548 534 693 11 37 517 o 42 
583 589 574 568 565 564 564 551 541 550 594 14 23 476 1 13 
567 568 568 570 570 564 553 546 519 544 579 12 45 510 23 10 
582 573 565 573 561 560 561 557 553 550 592 14 43 531 o 20 
568 573 581 572 (568) (564) 559 561 553 558 585 14 22 543 4 20 
573 570 576 570 567 561 558 561 560 517 579 15 13 490 23 55 

572 583 587 582 577 570 559 560 560 560 596 16 50 I 495 I 0 0 
584 585 591 584 572 565 553 555 546 553 601 16 43 539 22 57 
584 576 580 572 583 570 553 548 541 548 634 12 45 524 3 48 
- - - 541 557 563 566 561 560 568 575 6 25 524 3 33 
594 566 570 577 563 561 538 539 495 437 669 14 25 231 23 41 
580 581 580 570 567 567 565 548 521 500 628 0 27 442 0 0 
576 572 572 567 572 570 563 567 512 501 640 12 2 478 23 5 
619 618 597 574 570 572 56S 557 551 558 640 14 57 497 0 0 
573 574 570 570 568 572 575 565 567 561 594 14 21 526 1 32 
576 581 615 606 573 564 566 565 566 553 649 17 10 544 23 48 
572 572 568 570 567 566 565 565 565 565 581 . 13 6 546 0 4 
698 651 615 616 544 524 561 550 495 478 723 15 33 423 23 25 
597 606 616 615 606 478 499 506 568 573 817 13 23 435 19 50 
624 606 615 597 574 573 579 559 559 553 707 11 58 523 5 45 
604 618 599 579 581 572 556 538 523 561 654 15 54 504 5 9 

·574 580 587 584 577 566 549 565 559 559 597 12 8 536 20 28 
606 604 587 582 574 568 567 566 564 557 626 14 7 541 2 27 
580 577 573 570 570 565 565 566 566 567 599 15 48 527 0 45 
582 579 579 576 572 553 559 563 565 558 587 15 15 538 20 20 
607 599 577 579 568 565 563 566 561 565 632 13 20 544 6 14 
567 589 585 574 572 566 566 566 566 567 598 15 10 557 6 15 
598 596 580 579 575 568 566 566 567 570 619 13 45 538 3 59 
574 572 572 572 572 568 567 566 565 568 577 16 42 561 4 40 

572 573 574 572 573 570 567 566 568 567 587 18 32 564 20 43 
580 577 572 572 570 570 567 570 570 566 589 15 1 561 5 45 
579 579 577 579 572 577 546 566 566 565 587 11 33 524 20 59 
597 584 574 570 572 570 559 570 572 572 614 13 40 553 21 2 
585 587 606 581 572 567 565 565 566 567 615 16 54 560 19 22 
576 577 572 575 572 565 570 561 557 532 585 16 2 531 23 30 
576 575 575 570 566 565 565 570 570 568 587 12 50 514 0 23 
592 583 574 572 564 566 567 567 560 558 616 10 3 544 4 45 

S'-May, 1912. 

487 2H4 



HOURLY VALUEs-continued. 
S'-June, 1912. 

Day. 
30001' (·03 C.G.S. Unit) + 

---
~_~ _8_~. f- 9 h. _ !2~' 11~ 12 h. , 13 h. I 14 h. o h. 1 h. 2 h. 3 h. 4 h. 5 h. 6 h. ---- ------- ---- .. --._--

I' I' I' I' I' I' Y Y I' I Y Y Y Y I' Y 
1 558 565 560 570 577 566 587 575 568 556 576 577 574 581 584 
2 536 574 570 577 576 572 568 572 573 577 575 580 583 583 583 
3 567 568 556 540 542 553 574 564 582 584 587 584 606 614 625 
4 556 565 570 567 572 570 574 575 575 576 587 592 581 581 594 
5 567 570 574 576 573 570 572 570 577 575 576 579 582 577 582 
6 574 576 576 568 570 575 776 568 576 - - - -I - -
7 - - - - -- - - - - - - - 569 570 568 
8 562 564 567 567 570 571 571 567 567 560 564 575 599 579 588 
9 564 503 472 530 529 562 571 575 592 599 578 584 595 605 682 

10 509 526 519 530 522 553 548 575 575 609 605 616 648 623 665 
11 554 553 532 512 562 551 551 546 577 571 588 587 587 599 599 
12 538 554 554 558 560 558 555 568 568 570 568 572 582 584 582 
13 551 553 553 549 562 567 548 562 569 571 571 575 578 575 577 
14 561 564 564 555 548 556 558 567 569 570 571 572 578 573 582 
15 560 562 555 547 552 558 567 564 570 569 572 586 594 588 599 
16 567 564 563 563 567 562 561 568 569 - - - - - -
17 - - - - -. - - - - 577 578 573 572 572 570 
18 554 560 570 569 564 558 567 558 570 571 571 572 571 573 579 
19 563 558 565 571 562 568 569 568 671 568 568 572 567 571 569 
20 565 568 569 570 570 567 569 569 570 570 570 571 570 573 571 
21 567 570 567 567 567 568 570 572 570 571 569 567 567 568 572 
22 561 563 562 567 561 563 567 563 569 571 575 575 580 582 571 
23 558 555 546 511 543 555 560 568 569 571 573 578 579 584 582 
24 551 534 569 562 565 553 558' 567 570 579 589 601 586 575 586 
25 558 526 541 553 573 573 571 567 575 573 577 573 586 603 585 
26 569 568 511 569 570 572 570 570 573 573 572 573 584 575 584 
27 563 563 553 568 570 568 569 570 572 575 572 569 573 571 569 
28 572 575 573 572 571 571 571 569 569 572 577 592

1

633 594 569 
29 560 553 552 565 575 562 546 568 575 589 571 594 612 623 580 
30 536 530 543 554 571 558 565 553 578 573 573 584 585 585 579 

-~--

'. -_._ .. S'-July, 1912. 
1 554. 555 546 570 564 563 570 569 573 572 579 585 590 584 584 
2 561 556 545 565 565 563 567 565 567 - - - - - -
3 - - - - - - - - - 554 553 569 567 569 570 
4 539 549 546 549 545 541 538 546 563 575 582 596 613 596 622 
5 551 514 505 466 554 580 558 558 578 580 585 614 698 619 590 
6 524 524 519 551 547 546 552 568 592 609 573 603 587 606 578 
7 497 562 564 567 548 555 558 558 578 573 585 602 587 575 590 
R 567 562 561 567 561 553 562 565 .569 575 584 586 601 645 597 
9 567 548 537 549 545 548 565 570 568 580 582 575 580 569 575 

10 536 553 565 553 547 563 564 570 570 567 569 570 569 575 582 
11 558 560 563 562 565 564 560 564 I 567 573 573 573 577 585 601 
12 562 567 567 565 564 562 567 567 567 570 573 573 570 573 573 
13 562 561 564 563 558 563 564 562 563 560 565 572 573 575 572 
14 561 565 567 567 567 562 563 567 568 572 567 569 569 572 569 
15 564 558 558 565 564 564 561 563 567 579 575 572 575 577 582 
16 562 567 569 562 562 563 563 567 571 567 571 572 573 590 577 . 
11 565 567 571 567 568 575 572 573 568 567 565 567 567 568 568 
18 561 560 558 544 522 532 547 562 570 577 584 594 603 607 631 
19 567 567 567 568 567 567 563 564 570 570 572 579 592 588 60l 
20 558 556 565 570 569 569 568 561 571 572 575 577 592 586 586 
21 548 543 562 565 570 573 565 571 571 575 582 589 587 594 616 
22 548 555 562 548 551 560 562 560 561 575 575 580 579 579 582 
23 558 558 554 560 568 571 567 569 565 572 573 572 573 571 577 
24 568 564 562 560 564 567 572 570 570 573 573 573 575 580 575 
25 569 570 570 571 571 565 569 568 569 575 579 577 580 586 575 
26 561 560 561 567 568 549 552 560 567 575 570 577 575 578 592 
27 548 565 567 555 551 560 571 562 579 577 592 588 611 605 648 
28 569 565 565 547 526 549 554 572 579 584 573 577 579 580 582 
29 563 568 564 570 568 565 567 571 572 575 578 577 578 580 580 
30 564 555 561 556 569 570 573 573 573 577 575 575 578 582 582 
31 (543) 529 530 534 541 554- 565 567 571 580 582 587 (598) 609 620 

488 



HOURLY V ALUES-continued. 

S'--June, 1912. 
3000Y (. 03 C.G.s. Unit) + , Maximum Reading 

15 h. 16 h. I 17 h. I 18 h. ~r 20h.121 h. 22 h. 23 h. 24 h. I and Time. 
----_ .. -- .. -----~--

y Y Y Y Y Y Y Y Y 
Y I 

Y h. m. 

604 597 613 615 599 580 572 550 531 536 640 18 5 
587 611 641 611 580 608 576 567 564 567 I 662 16 31 
630 601 594 611 624 ,581 573 568 567 556 651 18 52 
599 602 587 ' 576 581 576 575 576 568 567 609 15 58 
594 583 587 587 587 574 570 570 570 574 599 14 45 
- - - - - - - -- - - 585 8 28 I 

Minimum Reading 
and Time. 

... -------~.---

Y h. m. 
495 23 13 
531 0 0 
521 3 39 
544 0 29 
555 0 2:) 
563 6 45 

567 567 567 568 565 565 562 563 564 562 575 13 22 
624 685 622 594 563 575 521 546 541 564 700 16 13 
672 616 613 594 577 562 546 558 546 509 794 14 17 
650 589 594 594 582 567 562 562 561 554 693 14 47 
592 616 599 578 580 572 561 563 560 538 655 15 

4g i 587 633 602 579 577 563 561 562 558 551 652 16 
571 569 568 570 570 563 564 558 556 561 587 13 32 
577 578 594 585 573 560 558 551 556 560 605 16 57 
586 573 575 572 567 565 561. 567 564 567 607 13 56 
-. - - - - - - - - - 572 5 5 

560 19 30 
505 20 53 
382 1 57 
46·1 0 20 
498 2 30 
526 0 7 
536 3 26 
536 21 35 
529 3 20 
555 5 17 

570 573 570 572 569 567 565 563 554 554 592 10 27 
579 577 580 573 571 567 560 564 564 563 585 16 53 
567 575 586 589 577 575 575 567 558 565 607 17 32 
572 575 571 570 567 568 567 567 567 567 579 3 17 I 

572 572 575 577 585 565 564 564 563 561 590 18 39 
573 575 569 569 572 565 568 560 563 558 587 12 53 
578 582 578 572 568 568 560 562 562 551 590 13 13 
592 601 589 612 573 573 565 565 565 558 635 17 33 
582 571 571 567 575 570 567 568 570 569 616 13 9 
602 603 569 571 568 ' 567 565 567 567 563 629 15 37 
572 569 I 569 570 575 586 614 090 531 572 648 21 15 
572 564 564 578 572 592 580 569 564/560 I 652 11 52 
567 565 575 573 582 575 575 563 567 536 655 13 15 I 
575 573 578 572 572 568 567 553 541 554 597 7 56 

538 23 15 
547 0 3 
549 3 32 
560 21 52 
560 9 5 
553 22 0 
522 3 36 
519 0 50 
50G 1 12 
560 6 16 
495 22 55 
556 16 35 
530 23 48 
509 0 31 

S'-July, 1912. 
573 582 597 637 587 573 I 560 554 554 561 655 17 40 I 529 21 49 
- - - - i - - 579 4 35 529 1 45 - - - -

571 567 567 564 565 565 558 553 545 539 575 14 25 532 23 27 
638 626 627 619 577 553 534 536 537 551 663 13 53 514 21 21 
584 650 701 603 562 579 546 548 507 524 751 17 0 439 2 55 
577 579 584 579 573 568 561 562 521 497 644 10 '40 444 23 43 
599 573 578 569 568 571 564 567 563 567 614 10 42 498 0 0 
607 582 567 568 565 567 565 567 565 567 651 12 57 539 5 18 
584 582 594 595 575 556 551 553 556 536 607 17 43 492 2 15 
585 577 572 568 563 563 562 562 567 558 589 14 37 532 0 0 
575 578 573 573 567 560 565 564 564 562 621 13 58 551 2 30 
569 582 575 575 570 564 560 560 561 562 584 15 43 555 22 5 
567 567 567 567 562 561 561 560 560 561 577 13 0 553 3 55 
569 580 571 569 567 561 564 561 563 564 590 15 43 558 5 6 
573 572 575 572 575 569 558 563 561 562 594 14 12 546 1 50 
585 551 592 592 589 592 599 562 563 565 623 20 32 555 8 43 

(569) (571) 572 568 567 563 556 561 561 561 579 9 46 539 21 1 
631 582 575 568 564 563 567 564 563 567 643 13 45 492 4 14 
589 596 580 572 567 567 567 562 555 558 616 13 39 546 23 12 
588 585 573 580 589 577 578 552 552 548 607 12 18 543 21 54 
604 584 590 585 577 558 562 563 545 548 622 13 50 519 23 30 
582 592 588 585 586 575 568 567 561 558 601 16 19 539 2 50 
575 575 578 582 585 577 562 564 568 568 594 17 28 541 2 27 
577 573 575 570 568 565 567 570 569 569 587 12 55 539 2 55 
575 582 573 567 567 567 567 558 553 561 592 12 36 546 22 38 
680 586 599 597 592 570 569 551 549 548 609 18 45 539 22 18 
648 653 643 609 573 572 551 560 564 569 667 14 23 526 4 27 
582 575 579 579 573 573 569 570 563 563 590 17 48 514 4 13 I 

580 577 580 (580) 580 580 567 568 568 564 594 10 17 553 5 28 

I 580 582 578 579 588 584 587 (573) (558) (543) 598 19 8 546 1 10 
(611) 602, 606 604 578 562 551 507 546 551 624 14 20 498 21 47 

489 



HOURLY VALUES-continued. 
S'-August, 1912. 

Day. 
aoooy (·oa C.G.s. Unit) + 

Oh. ~~r~ ~15h.~~I~ 9 h. 10 h. 11 h. 12 h. la h. 14 h. 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
1 551 553 547 575 547 552 551 570 573 589 592 585 633 633 657 
2 562 568 573 568 570 571 569 560 575 575 571 580 586 586 585 
3 558 549 534 529 567 565 568 573 575 571 584 577 582 594 585 
4 543 558 575 575 572 567 556 569 569 578 577 579 585 582 580 
5 569 573 573 573 571 569 563 564 571 573 573 575 579 575 575 
6 569 568 558 549 541 575 561 560 572 - - ~ ~ - -
7 - - - - - - - - - 575 575 592 578 592 592 
8 569 568 570 567 565 556 558 567 573 577 579 572 582 589 575 
9 570 568 568 560 567 564 565 567 572 579 577 579 578 585 589-

10 561 575 572 572 567 558 571 568 572 578 585 582 605 618 605 
11 565 567 565 565 565 567 569 567 577 580 580 590 589 586 589 
12 572 575 564 571 571 568 568 568 570 578 575 575 573 577 575 
13 570 572 573 570 567 568 569 571 572 578 573 579 578 585 587 
14 570 570 570 568 567 571 567 572 573 582 575 579 579 582 594 
15 552 563 560 556 571 568 570 568 570 582 578 589 595 604 609 
16 569 568 569 568 569 568 568 568 568 572 575 579 589 580 580 
17 564 555 570 570 565 567 568 573 573 575 595 605 653 667 601 
18 519 558 565 569 568 552 575 570 577 577 585 579 596 585 597 
19 549 563 567 558 558 568 543 568 587 (599) (612) 624 691 646 654 
20 561 547 551 549 551 551 562 580 584 582 579 599 603 605 609 
21 553 562 571 563 564 562 562 568 575 580 592 585 592 582 586 
22 522 527 558 558 553 555 567 572 578 578 594 609 614 613 691 
23 563 569 .541 531 512 513 558 558 578 582 588 597 618 613 698 
24 554 538 536 519 553 545 555 565 575 592 597 587 5~2 582 592 
25 572 569 554 544 551 539 572 572 577 580 589 601 .594 604 599 
26 556 572 560 567 570 563 560 567 577 578 588 596 592 587 590 
27 565 553 560 562 568 564 555 572 575 575 592 592 597 601 594 
28 517 567 552 553 537 553 553 568 573 580 578 569 582 592 585 
29 562 563 568 564 549 561 573 565 587 582 595 594 648 629 603 
30' 569 570 558 546 578 547 553 577 579 582 592 596 594 588 594 
31 569 572 568 567 567 570 571 571 577 580 599 592 577 586 616 

-- ---------_._--- ------

1 568 568 567 569 569 562 558 578 582 584 601 609 618 648 638 
2 571 567 558 558 571 572 572 573 575 575 575 586 582 586 585 
3 567 571 573 571 571 570 573 572 571 575 577 580 587 587 582 
4 570 568 567 565 567 568 573 573 573 575 (586) 596 588 618 618 
n 537 562 568 558 555 561 560 571 575 585 585 582 584 582 592 
6 558 569 575 577 569 578 570 572 582 585 601 588 620 621 621 
7 562 565 579 577 568 573 558 572 578 582 590 589 603 587 585 
8 569 567 577 573 560 570 575 575 578 585 586 587 589 596 601 
9 567 568 570 568 562 562 565 567 573 571 580 597 607 592 628 

10 519 558 558 575 562 556 571 573 573 588 586 588 597 618 614 
11 565 563 570 565 562 563 567 573 580 585 580 588 592 602 609 
12. 562 571 571 570 567 571 572 575 582 580 588 602 607 614 629 
13 547 565 575 568 564 572 567 567 580 588 580 587 599 613 620 
14 569 567 567 571 572 554 562 556 553 582 592 572 592 592 592 
15 572 573 571 570 577 575 568 569 579 580 584 596 601 604 599 
16 573 573 573 572 572 570 568 577 575 584 580 586 590 601 612 
17 553 556 560 565 570 571 573 (574) (575) 575 594 586 595 589 589 
18 551 500 521 539 507 537 528 532 621 652 561 597 605 660 685 
19 483 556 558 551 569 573 575 571 569 592 592 592 596 602 601 
20 573 569 565 564 552 531 543 560 589 575 580 607 616 640 654 
21 543 526 554 541 558 558 573 571 578 587 585 587 589 586 577 
22 529 544 541 543 532 552 556 575 572 592 587 597 597 613 627 
23 539 564 551 558 546 547 556 573 589 580 604 635 590 609 602 
24 567 570 555 561 567 561 562 578 582 582 586 588 609 640 670 
25 558 570 578 587 575 578 564 549 560 597 639 725 612 616 601 
26 573 573 575 578 575 578 580 573 545 582 580 582 592 586 605 
27 573 573 572 570 570 573 560 560 575 592 588 599 605 614 607 
28 554 570 573 670 1663 565 567 575 579 579 586 592 592 594 595 
29 573 570 573 570 573 575 578 585 588 (587) 585 592 599 607 604 
30 573 570 567 568 563 567 567 575 588 585 594 602 597 611 616 

S' -September, 1912. 

490 



HOURLY V ALuEs-oontinuecl. 
S'-August, 1912. 

3(00)' (·03 C.G.S. Unit) + Maximum Reading Minimum Reading 

15 h. ~117h. 18 h. 19 h. 20h. 21 h. 22 h. 23 h. 24h. and Time. and Time. 

---
" " " y y y y y y y r h. m. y h. m. 

653 684 721 616 569 561 561 563 568 562 749 16 51 528 1 32 
585 585 599 585 575 567 569 565 560 558 611 17 18 548 23 21 
589 582 588 612 586 586 565 569 561 543 628 17 47 512 2 28 
580 587 573 570 571 573 570 565 572 569 601 16 4 528 0 10 
572 57l 569 567 569 568 565 564 572 569 585 11 13 554 22 0 
- - - - - - - - - - 584 6 19 517 3 58 

595 584 579 575 577 560 568 569 567 569 626 11 20 532 20 12 
580 573 573 575 573 567 568 572 571 570 605 13 16 546 5 28 
594 586 596 601 589 575 565 562 556 561 611 17 45 546 23 33 
603 592 575 570 563 567 567 565 567 565 628 12 45 552 4 35 
585 577 579 572 571 571 564 563 568 572 601 13 45 548 4 47 
5/9 579 577 572 571 570 569 565 569 570 580 ]2 15 556 6 8 
588 586 578 575 569 563 563 567 568 570 594 15 32 549 20 10 
584 607 596 575 569 568 563 545 548 552 630 16 18 528 23 38 
621 607 582 570 565 565 567 565 567 569 638 15 35 546 2 18 
582 587 578 580 569 570 569 567 562 564 604 16 19 560 22 30 
647 650 621 633 602 569 568 505 492 519 701 12 57 4,14 22 12 
605 601 595 582 575 571 568 571 565 549 621 14 40 514 0 0 
633 623 597 582 577 565 555 543 567 561 722 12 21 479 21 14 
609 613 596 589 585 572 555 558 660 553 629 15 25 532 3 30 
601 601 605 609 604 585 567 554 504 522 621 15 30 478 22 59 
646 643 606 578 556 568 565 558 567 563 704 14 0 512 0 27 
662 619 611 601 564 556 568 552 563 554 728 14 3 455 3 50 
577 578 579 584 589 558 568 567 569 572 609 11 2 498 2 36 
590 605 619 605 592 585 555 547 563 556 635 17 4 500 21 33 
612 603 604 582 577 577 568 564 563 565 642 15 18 551 1 28 
580 588 588 592 592 575 549 541 485 517 614 12 48 468 23 16 
589 596 584 577 572 564 567 564 564 562 614 9 5 505 0 3 
592 587 592 579 572 565 572 567 571 569 669 11 54 521 3 48 
609 602 587 584 565 569 570 570 564 569 635 15 13 537 2 45 
607 628 578 575 575 572 569 570 572 568 655 1.5 53 563 3 55 

S'-September, 1912. 
609 592 587 582 575 568 567 571 572 571 657 13 10 543 5 43 
585 580 579 577 580 573 561 573 575 567 591 11 18 546 20 40 
582 582 579 573 573 571 570 570 569 570 594 12 2 562 0 ·8 
639 620 601 577 -673 565 568 556 504 537 678 14 52 480 23 25 
599 592 584 586 579 575 577 564 502 558 605 15 10 478 23 3 
606 602 595 618 588 586 555 565 560 562 642 13 35 532 21 3 
580 578 582 589 590 577 573 554 571 569 614 12 10 544 21 57 
599 606 616 587 584 545 562 555 555 567 633 16 55 532 19 43 
623 621 606 597 582 582 568 551 537 519 655 14 11 501 23 44 
631 614 602 577 573 570 570 567 547 565 648 14 53 521 5 5 
618 606 614 604 594 569 567 571 571 562 642 14 18 552 2 47 
639 644 621 597 599 589 553 565 519 547 659 15 43 502 22 58 
620 599 597 595 592 571 571 569 571 569 631 15 5 546 3 25 
603 590 589 587 585 570 564 551 568 572 628 15 20 526 21 50 
595 586 579 577 573 570 572 567 573 573 624 10 45 549 6 22 
623 637 605 586 577 570 563 558 545 553 648 15 55 539 23 2 
587 585 584 570 568 568 571 571 567 551 604 11 53 548 0 35 
665 620 596 599 564 567 551 561 547 483 708 14 21 444 3 43 
614 621 622 599 584 570 562 567 573 573 660 16 25 451 0 0 
670 655 639 587 594 577 582 567 561 543 676 15 2 517 5 22 
577 584 582 578 578 577 572 552 552 529 603 8 48 515 23 47 
627 628 613 592 594 575 572 567 565 539 '844 13 28 519 3 30 

601 596 595 586 573 575 558 558 554 567 647 12 57 522 0 7 
708 771 723 700 655 613 567 510 546 558 819 15 23 468 21 52 
603 599 582 571 572 568 568 565 570 573 777 11 7 512 7 1 
597 592 596 584 578 573 560 564 573 573 620 14 5 546 20 45 
595 595 587 582 577 573 572 568 561 554 628 10 43 543 23 55 
596 592 588 582 575 569 568 567 570 573 602 14 42 543 0 3 
592 587 586 580 573 570 569 570 571 573 619 13 14 564 3 27 
624 f 604 595 580 575 571 558 571 558 562 638 14 57 545 23 20 
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Day. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

---.. -

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

I 
I 

o h. 

Y 
562 
494 
578 
563 
-

570 
558 
568 
562 
558 
-

548 
532 
552 
498 
523 
540 
546 
559 
555 
554 
549 
551 
552 
549 
536 
556 
540 

1

559 
I 554 
i 557 
---~--

---" 

547 
545 
544 
556 
544 
548 
-

530 
551 
-

516 
478 
557 
559 
-

542 
542 
-

535 

---

~I~ 3 h. 

Y Y Y 
577 575 568 
483 507 513 
578 575 571 
561 570 565 
- - -

569 568 565 
556 564 554 
564 544 563 
558 556 569 
567 569 569 
- - -

543 531 534 
539 539 543 
542 556 5a9 
482 514 516 
478 489 501 
557 521 540 
559 564 554 
561 562 559 
542 545 547 
554 553 547 
536 542 542 
554 557 553 
547 546 548 
551 551 552 
549 559 556 
559 - -
535 527 515 
561 537 532 
557 557 559 
546 554 552 

531 529 537 
552 537 536 
549 540 551 
566 55] 539 
549 551 542 
548 551 549 
- -- --

513 563 568 
516 498 488 
- - --

441 480 488 
520 518 511 
563 562 551 
557 554 552 
- - -

539 539 529 
537 546 544 
- - -

528 I 527 533 

HOURLY V ALUES-continued. 

S'-October, 1912. 

3000Y (·03 C.G.S. Unit) + 
4 h. 5 h. 6 h. 7 h. 8 h. 9 h. IlO h. 11 h. 12 h. 13 h. 14 h. 

-y-I-y- ----
Y Y Y Y Y Y Y Y Y 

569 569 570 575 580 588 596 602 618 584 599 
- - - - - - 588 582 590 589 599 

564 575 580 592 597 590 587 599 618 631 645 
563 573 569 571 575 604 599 597 604 599 -
- - - - - 589 589 601 611 612 609 

564 568 571 567 577 582 595 597 595 603 602 
558 558 563 578 580 588 594 592 596 597 590 
567 560 571 582 569 599 592 596 620 644 645 
572 570 582 572 582 601 588 609 624 611 616 
570 568 572 572 577 - - - - - -
-- 553 564 565 584- 596 613 - - 587 599 

524 529 547 548 556 561 556 571 587 572 567 
544 544 548 546 548 558 560 582 651 607 647 
548 551 (558) (565) (572) 579 580 579 596 615 600 
521 501 535 535 538 573 608 607 685 626 574 
527 522 535 576 562 576 596 600 600 586 638 
523 532 576 589 549 583 576 607 628 639 644 
548 531 535 553 556 576 587 589 586 604 598 
559 564 566 572 574 576 578 578 579 593 583 
540 548 559 566 578 583 579 576 573 581 583 
548 555 548 531 596 583 586 586 614 583 588 
540 559 551 -566 566 576 585 587 588 586 598 
549 559 576 561 568 516 593 588 585 591 589 
540 556 547 555 573 569 583 576 591 596 593 
551 551 546 576 571 573 574 587 593 613 607 
549 564 569 579 585 566 559 580 587 606 606 
- - - - - 573 586 593 600 598 639 

528 511 537 548 564 572 573 573 593 585 573 
535 540 542 540 542 593 587 583 593 613 621 
546 1548 555 553 559 554 569 583 586 587 586 
555 521 544 549 564 568 600 604 603 605 614 

S'-November, 1912. 

547 538 573 568 564 1564 593 596 605 614 628 
542 554 545 551 562 573 589 604 591 598 597 
553 531 523 530 555 576 564 559 566 576 563 
542 545 516 536 557 569 578 580 597 585 598 
545 548 555 539 539 561 562 568 564 561 563 
508 477 484 539 578 578 - --- - - -
- - - - - - 580 598 596 581 605 

566 569 576 562 554 585 591 578 606 613 624-
518 521 532 548 562 - - - - - -
- - - - - 516 540 590 617 643 643 

505 530 501 531 535 569 610 583 600 629 661 
497 505 576 555 573 561 (568) (576) 585 591 617 
552 545 557 532 574 580 579 595 596 615 634 
547 551 562 553 566 - - - - - -
- - - - - - - - - - -

525 533 537 536 545 603 516 542 591 628 641 
549 576 562 544 510 553 576 588 - - -
- - - - - 574 562/546 569 571 583 

480 505 539 552 520 537 563 561: 566 591 -
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HOURLY VALUEs-continued. 

S'-October, 1912. 

30001' (·03 C.G.S. Unit) + Maximum Reading Minimum Reading I 
15 h. 16 h. .!~J:t"--118y h. 

19 h. 20 h. 21 h. 2211. 23 h. 24 h. and Time . And Time. 
--- -~--- - --- ~ ~ - - --.--------------

I' I' I' Y Y Y Y Y Y I h. m. y h. Dl. 

607 613 - 688 611 582 498 494 697 18 2 487 23 10 
599 594 577 568 575 573 570 571 573 578 610 14 5 471 0 49 
609 602 611 599 573 562 565 562 565 563 680 13 45 553 21 52 
- -- - - - - - -- - - 622 13 40 539 7 28 

599 596 602 599 599 592 573 570 568 570 618 13 7 563 22 47 
587 585 580 575 577 564 568 567 561 558 611 13 27 553 4 28 
592 589 587 586 575 572 569 568 565 568 620 12 33 546 0 22 
630 621 631 602 582 584 558 547 563 562 669 13 32 522 1 48 
612 609 613 604 585 577 570 565 558 558 648 12 18 539 23 35 
- - - - - - - - - - 587 6 34 543 5 24 

606 587 573 561 554 553 555 548 536 548 633 9 45 524 23 7 
561 561 567 569 558 544 537 544 538 532 594 11 55 517 3 59 
660 651 627 603 573 568 554 548 495 552 694 11 50 478 23 6 
648 622 604 614 596 566 580 501 503 498 663 14 55 476 22 17 
559 628 617 605 576 562 523 529 549 523 750 12 15 414 1 8 
608 605 598 586 583 559 564 503 542 540 658 14 15 448 0 56 
665 656 615 593 583 573 557 553 544 546 680 14 57 503 2 15 
614 590 595 576 578 579 556 '552 559 559 628 15 3 522 5 53 
590 585 585 576 571 559 564 561 557 555 605 12 37 554 3 0 
583 576 572 566 566 559 555 556 555 554 610 12 48 528 3 28 
579 587 576 547 544 555 566 548 545 549 662 11 40 482 6 43 
593 570 571 566 566 549 547 545 542 551 612 14 40 520 2 13 
600 606 591 566 574 570 555 551 548 552 624 16 10 482 9 0 
589 583 583 563 564 559 561 551 551 549 617 14 ,5 499 6 37 
634 619 586 563 552 (551) 548 523 548 536 641 14 42 516 22 0 
600 602 583 573 576 554 548 554 555 556 626 15 38 527 0 0 
646 647 628 619 590 574 559 546 551 540 668 15 17 537 23 47 
617 639 619 589 593 570 553 521 542 559 645 15 40 503 5 23 
620 606 591 576 598 562 555 542 546 554 629 14 13 510 7 42 
587 572 557 568 566 549 555 563 559 557 605 13 3D 536 4 16 
612 597 593 600 573 559 549 551 552 547 636 14 10 508 5 0 

-- - - ------ - --.. _----, 

S'-November, 1912. 
622 608 623 605 ,597 579 I 14 

-----
559 521 516 545

1 

660 4 
617 665 629 621 617 591 553 527 520 544 706 15 50 
563 569 568 559 566 555 546 552 549 556 586 12 22 

- -~.----- ----

22 45 486 
504 23 0 
510 5 52 

591 588 585 578 566 559 552 559 548 544 611 12 15 503 6 1 
561 554 576 553 551 557 559 555 554 548 587 16 55 516 8 30 
- - - - - - - - - - 608 9 28 445 5 13 

628 646 643 631 619 602 579 566 549 530 663 16 25 535 23 35 
597 588 578 581 581 538 547 552 552 551 641 14 2 496 0 35 
- - - - - - - -- - - 601 8 9 476 2 17 

623 626 612 585 589 563 566 536 532 516 672 14 13 464 9 11 
670 695 684 664 610 538 588 549 537 478 709 16 18 371 1 33 
621 593 587 574 564 559 556 552 554 557 650 14 50 433 0 21 
638 617 589 573 568 569 552 549 553 559 651 14 55 496 6 45 
- - - - - - - - - - 581 7 43 519 6 37 
- - 602 578 548 549 536 548 551 542 604 17 3 522 20 35 

664 658 593 571 552 536 551 511 544 542 -679 12 20 460 6 38 
- - - - - - - - - - 613 6 30 476 7 18 

597 580 591 576 578 555 540 547 525 535 634 15 14 514 23 19 
- -- - - - - - - - - 615 6 22 443 4 4 

----- ----------
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HOURLY VALUEs-continued. 
V-February, 1911. 

Day. 
68000y (·68 C.G.8. Unit) + 

~I~~ 3 h. 4h. I 5 h. 6 h. 7 h. ~,~ 10 h. 11 h.112 h. 13 h. 14 h. 

Y Y Y Y -,,-'-y- Y Y Y Y Y Y I Y Y Y 
1 - -- - - - - - -
2 - - - - - - - -
3 - - - - - - - - - - -- =1 - - -
4 - - - - - - -- - - - - - - -
5 - - - -. - - - - - - - 573 53'9 413 491 
6 633 598 617 605 636 530 560 604 573 514 512 (516) 520 540 549 
7 629 624 591 602 610 598 605 583 607 621 587 522 522 524 502 
8 558 560 556 533 528 566 518 505 505 525 507 524 506 492 487 
9 595 594 591 566 545 549 512 518 537 526 550 525 505 505 502 

10 609 620 591 582 581 585 560 554 520 541 518 530 540 543 514 
11 638 609 596 583 556 568 543 506 502 516 516 512 533 522 510 
12 560 562 594 583 609 602 619 594 598 606 563 534 537 510 530 
13 564 562 556 548 585 579 548 535 528 528 525 526 489 489 496 
14 540 553 569 564 563 524 576 568 528 560 552 495 464 499 499 
15 601 619 646 614 646 613 571 598 636 601 568 579 564 545 530 
16 554 579 560 556 575 568 543 512 544 558 - - 592 588 583 
17 632 636 640 655 662 634 615 598 629 636 686 639 598 617 588 
18 668 671 628 629 648 607 602 657 617 568 636 579 600 579 587 
19 653 661 703 703 684 674 639 619 617 614 609 592 588 577 568 
20 636 630 632 642 652 636 652 626 611 619 623 600 601 601 598 
21 640 644 646 642 666 658 671 646 659 647 649 606 552 540 556 
22 634 639 677 737 691 705 672 636 647 606 643 604 626 604 560 
23 649 667 681 662 621 617 619 595 586 568 553 530 548 636 590 
24 663 668 662 644 634 609 617 596 572 528 601 609 558 566 611 
25 655 638 651 647 614 621 607 585 566 553 543 554 560 581 590 
26 667 682 667 634 630 587 568 620 619 614 588 560 549 550 552 
27 685 706 689 658 625 619 582 598 621 614 563 636 619 602 554 
28 685 652 653 651 617 636 611 621 649 594 623 617 596 598 598 

V-March, 1911. 
1 345 339 335 1330 325 317 298 282 240 287 220 203 179 199 217 
2 338 328 321 298 288 296 250 259 235 241 229 221 218 237 244 
3 296 293 300 288 316 275 255 244 252 288 324 328 302 283 300 
4 345 357 387 383 366 336 307 332 315 302 282 265 288 261 249 
5 301 296 301 306 305 284 252 278 303 316 328 366 305 283 279 
6 378 364 344 340 370 368 335 312 302 307 338 306 303 305 292 
7 3'70 366 358 330 332 341 332 286 322 303 344 316 309 296 288 
8 331 331 321 331 359 335 359 344 283 316 338 349 334 311 300 
9 491 453 405 379 366 330 317 328 328 341 331 338 311 296 284 

10 328 326 339 338 349 349 355 341 338 311 312 307 309 298 300 
11 326 325 328 328 328 326 324 316 319 325 334 321 306 303 296 
12 320 317 317 319 316 319 319 316 307 315 313 306 293 294 298 
13 324- 322 326 325 331 331 332 328 326 334 328 332 311 303 300 
14 334- 330 331 320 325 319 320 328 341 370 374 328 315 302 286 
15 317 316 317 317 315 306 288 306 345 351 349 328 320 316 300 
16 358 347 360 357 335 334 335 284 353 358 344 317 343 309 320 
17 334 331 341 339 341 344 347 344 . 340 354 362 353 316 319 321 
18 338 344 332 332 330 331 : 326 321 i 320 319 313 315 302 293 293 
19 321 320 324 321 322 321 315 321 328 328 313 313 307 315 311 
20 328 330 328 324 326 317 315 317 316 311 315 301 269 277 271 
21 453 427 411 389 370 372 340 331 321 364 364 290 294 303 305 
22 386 379 364 334 343 306 311 306 286 290 307 293 297 265 351 
23 373 368 343 341 322 313 282 254 284 321 370 312 296 303 298 
24 351 339 341 331 328 351 319 301 280 274 277 275 309 305 316 
25 360 357 347 331 339 322 328 317 311 321 290 277 279 297 368 
26 373 364 370 358 349 311 317 297 305 302 287 290 284 301 294 
27 345 370 391 351 359 341 328 302 277 306 301 288 306 302 319 
28 425 410 373 347 336 325 309 296 290 268 252 249 286 297 298 
29 324 322 326 316 313 316 302 313 328 2641279 309 256 277 324 
30 338 347 372 370 347 343 306 316 305 319 309 290 293 288 297 
31 345 324 . 319 325 315 320 309 297 321 319 309 288 293 298 284 
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HOURLY VALUEs--continued. 
V-February, 1911. 

68000)1 (·68 C.O.S. Unit) + Maximum Reading I Minimum Reading 

15 h. 16 h. 17 h. ~119 h. 20 h. 21 h. 22 h. 23 h. 24 h. 
and Time. and Time. 

'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y h. m. 'Y h. m. 

- - - - - - - ~ - - - - - -
- - - - - - - - - - - - - -
- - - - - - - - - - - - - -
- - - - - - - - - - - - - -

518 522 516 524 528 520 524 537 571 633 - - - -
530 510 537 549 563 566 581 572 558 629 668 3 52 416 11 25 
509 518 526 533 535 531 586 596 590 558 699 8 35 448 11 20 
480 495 510 507 520 588 572 576 590 595 611 23 35 444 8 25 
491 518 524 534 545 549 564 588 596 609 623 2 7 410 11 30 
506 514 521 530 530 533 530 576 611 638 638 23 38 490 9 38 
524 518 525 '540 548 544 564 558 558 560 647 0 23 482 8 52 
524 537 547 548 560 568 562 568 560 564 649 5 48 499 12 55 
512 520 518 530 539 533 554 566 545 540 596 4 23 467 12 30 
505 496 525 534 525 552 552 617 623 601 684 6 47 440 11 37 
518 518 530 543 582 573 573 585 590 554 680 1 42 509 15 22 
573 581 594 600 600 615 614 617 638 632 648 23 11 507 6 42 
601 617 632 625 620 617 647 648 667 668 706 10 25 558 11 50 
604 594 604 614 617 623 643 652 647 653 684 0 37 512 9 5 
576 582 588 605 617 623 629 630 630 636 741 2 50 558 10 30 
586 601 615 614 619 625 640 639 644 640 668 5 33 550 11 22 
575 582 573 586 600 590 623 655 653 634 687 9 30 531 12 55 
590 614 677 623 628 689 674 652 648 649 771 16 38 516 14 55 
581 605 619 643 639 636 643 667 680 663 697 1 55 509 11 58 
598 602 614 632 634 657 720 687 670 655 756 14 14 497 8 50 
592 596 606 611 642 626 629 643 652 667 680 0 50 486 10 5 
576 581 611 634 657 643 655 665 684 685 699 23 12 459 10 21 
604 595 598 621 632 639 638 655 674 685 725 0 57 537 8 50 
591 611 678 655 639 649 666 703 718 693 725 17 0 547 11 10 

V-March, 1911. 
233 240 259 274 282 311 366 347 339 338 377 20 42 163 12 0 
268 275 274 273 298 305 311 315 305 296 341 0 0 193 10 20 
298 284 290 274 283 290 328 345 328 345 359 21 48 223 7 55 
258 273 280 282 288 290 292 296 300 301 402 0 50 235 10 28 
279 288 290 311 324 316 317 427 405 378 484 22 15 237 12 15 
302 311 309 341 359 349 351 354 368 370 410 4 19 264 10 40 
284 301 317 336 345 334 336 345 335 331 382 0 55 258 9 15 
294 305 301 306 321 330 338 354 368 491 551 24 0 258 7 50 
312 300 311 311 320 324 340 338 326 328 605 0 9 275 13 58 
292 288 300 309 309 307 316 328 325 326 364 5 48 280 16 17 
307 313 316 321 325 326 326 326 325 320 345 9 55 288 13 50 
296 284 297 306 315 331 328 330 326 324 334 20 0 286 15 58 
305 306 212 317 320 324 331 331 332 334 341 9 4 292 13 37 
280 300 307 319 343 354 351 339 334 317 395 9 22 246 14 38 
297 313 335 328 322 334 330 334 338 358 393 9 10 273 6 25 
298 290 328 325 335 340 355 344 347 334 387 9 13 233 11 10 
316 311 309 312 326 332 353 349 339 338 382 10 5 291 12 20 
292 307 311 320 319 319 321 322 326 321 355 1 18 283 12 27 
317 303 303 311 320 322 324 326 326 328 334 5 52 284 12 25 
280 290 275 290 331 325 331 370 551 453 615 22 50 252 13 52 
322 322 330 412 360 339 340 347 377 386 465 0 40 268 11 5 
315 309 368 340 341 351 340 360 351 373 417 0 10 208 10 10 

306 306 316 321 343 389 386 392 364 351 417 19 28 227 6 57 
315 311 309 322 328 351 355 363 373 360 402 22 53 237 10 30 
339 317 328 317 344 427 387 408 372 373 497 14 5 238 11 6 
307 347 357 328 335 353 364 343 344 345 402 16 26 245 7 23 
317 301 440 431 400 406 392 404 392 425 581 16 50 242 7 50 
303 306 307 366 397 385 351 336 334 324 468 0 22 214 10 35 
306 309 355 340 326 328 325 322 331 338 387 17 17 216 11 50 
298 293 300 319 322 330 360 362 347 345 395 2 15 250 10 50 
280 290 294 305 322 364 339 343 338 341 376 19 40 268 11 45 
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HOURLY V ALUEs--continued. 
V-April, 1911. 

Day. 
680(0)' ( . 68 C.G.S. Unit) + 

Oh·l~ 2 h. 3 h. 4 h. 5 h. 6 h. ~1~ __ 9h'I~I~ 12 h. 1 13 h. 14 h. 

Y Y .Y Y Y Y Y Y I y y y y 
-y-,-y-

Y 
1 343 318 319 314 326 323 332 330 I 356 342 328 298 282 294 292 
2 319 323 326 322 319 330 332 330 328 349 343 328 292 267 284 
3 319 322 328 334 324 351 338 326 323 322 240 230 275 292 284 
4 336 333 324 326 326 326 336 318 332 337 349 318 307 305 314 
5 375 404 371 357 360 355 357 347 333 I 330 333 338 346 349 349 
6 357 359 353 351 356 349 349 351 357 364 364 353 343 336 338 
7 353 351 353 349 343 345 346 341 332 311 322 313 317 322 324 
8 340 345 342 342 343 341 342 352 352 355 365 346 332 319 322 
9 378 450 389 371 343 359 361 347 318 303 299 314 322 301 333 

10 541 512 436 391 379 384 385 383 359 341 336 323 317 337 349 
11 380 371 380 383 378 360 343 349 359 311 311 330 336 340 365 
12 365 365 365 366 366 352 360 362 371 384 372 356· 356 330 345 
13 384 444 429 410 399 389 372 355 387 -- - - - - -
14 - - -- - - - - - - 351 357 355 352 349 338 
15 365 366 365 365 365 362 362 361 362 360 356 351 349 343 336 
16 366 366 365 361 359 365 365 364 361 368 357 365 323 323 336 
17 382 407 406 407 407 407 395 406 388 363 376 388 383 380 351 
18 417 411 408 389 382 397 393 395 382 353 376 389 418 411 392 
19 536 581 521 452 408 384 399 385 376 376 336 353 364 ·361 378 
20 430 429 420 404 401 393 383 388 374 369 382 334 353 359 350 
21 425 426 397 401 407 379 370 359 360 372 357 363 372 376 368 
22 418 422 477 455 395 408 385 387 374 383 370 370 372 374 378 
23 431 430 440 431) 401 397 388 374 374 370 366 351 361 376 370 
24 429 418 421 401 380 376 378 366 361 361 353 334 350 347 350 
25 503 460 448 440 430 4Q2 389 380 382 370 355 350 349 351 379 
26 395 406 398 397 392 391 383 378 382 372 364 357 368 366 369 
27 389 388 392 388 402 399 382 376 374 374 364 357 357 351 357 
28 391 388 388 388 387 392 391 388 384 384 389 391 I 376 368 359 
29 - - - - - - - 389 393 398 395 391 I ~70 369 

1

365 
30 426 425 414 406 399 388 398 393 382 395 391 391 370 378 372 

V-May, 1911. 
, 67000" ( . 67 C.G.S. Unit) -+-

1 1056 1060 1061 1050 1041 1028 100911013 1002 1002 981 976 980 989 983 
2 996 996 999 1000 1006 1000 996 1004 998 1000 1003 998 987 987 989 
3 1008 1009 1008 1019 1003 1012 1004 1006 1003 999 991 987 990 990 999 
4 1002 1014 1019 1010 1013 1002 994 984 983 991 991 993 984 987 987 
5 993 994 990 993 993 991 993 993 994 991 993 993 989 990 985 
6 1017 1000 1004 1002 993 984 979 984 981 980 981 968 962 962 971 
7 1000 995 994 1000 997 995 989 991 985 974 957 966 964 960 966 
8 1150 1111 1127 1141 1097 1074 '1054 1046 1029 1029 1027 1013 1008 993 998 
9 1025 1019 1017 11018 1010 1010 11010 11010 1013 1008 1004 995 11006 1002 1004 

10 1018 1023 1029 il022 1037 1048 11027 1025 1008 1010 1004 1012 99511003 1006 
11 1016 1003 1010 11006 1019 1014 '1003 :1014 1013 1008 1003 997 11010 1006 1004 
12 1006 1019 1046 !1079 1057 1035 11052 il031 1038 1016 1000 1002 1012 1013 1008 
13 1017 1016 1019 11029 1017 1017 1021 11013 1008 1008 1004 1000 1004 1000 1002 
14 1016 1008 1008 11008 1006 1003 1006 1008 1006 1006 1003 999 1004 1003 1000 
15 1048 1025 101911013 1012 1013 1036 1036 984 1013 993 998 989 975 993 
16 1067 1056 1038 1038 1032 1019 1008 1008 1008 1014 1010 1023 1019 1006 1012 
17 1098 1089 1099 1092 1078 1041 1031 1035 1019 1010 1014 1012 1016 1018 1019 
18 1065 1070 1067 '1080 1061 1035 1025 1013 1008 1012 1023 1018 101811013 1014 
19 1046 1046 1059 1052 1042 1018 1010 11008 1004 1010 999 994 1002 1006 1014 

~~, 1048 1076 1092 1048 1045 1019 1014

1

1017 1004 1012 998 1000 1012 1010 1003 
1076 1070 1097 1071 1040 1041 1029 1029 1027 1027 1010 1014 1010 1006 1010 

22 1111 1079 1060 1052 1061 1059 1025 1023 1021 1013 1029 1023 1029 1023 1029 
23 1040 11040 1035 1033 1025 1025 1023 1021 1025 1021 1027 1016 1027 1022 1017 
24 1036 1037 1038 1027 1022 1017 1014 1022 1027 1018 1017 1025 1017 1014 1013 
25 1025 1029 1040 1038 1013 1006 1003 1016 1022 1022 1019 1021 1016 1013 11014 
26 1027 1061 1083 1082 1084 1051 1048 1048 1038 1040 1060 1013 1010 11000 997 
27 1018 1019 ]000 1006 990 1002 1002 993 989 990 987 985 I 981 979 980 
28 1033 1013 1016 1013 989 995 994 990 997 989 987 989 i 981 987 995 
29 1013 1000 995 995 999 998 11006 1006 999 994 995 995 ·1 994 991 991 
30 998 998 999 994 999 994 985 I 995 989 997 993 993 1991 990 985 
31 1004 1023 1054 .1069 1054 11044 ,1025 11017 1010 11004 995 983 975 975 I 980 
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HOURLY V ALUEs-continued. 
V-April, 1911. 

-------~-------------------------I 
680001' (. 68 C.G.8. Unit) + I Max.imum Reading Minimum Reading 

and Time. 
15 h. 16 h. ~ ~ 19 h. 20 h. yl~=- 22 h. 2:l h. 24 h. I ____ ~~d Time. 

y y y y 'Y 'Y 'Y 'Y 'Y Y y-h-:-ni~- 'Y I h. m. 
288 292 296 301 311 313 322 322 320 319 392 7 57 267 11 22 
294 311 311 215 318 320 230 336 324 319 362 7 15 248 13 7 
292 295 292 309 319 320 327 330 342 336 362 5 12 254 11 35 
318 324 340 341 349 347 352 368 376 375 378 23 10 294 12 43 
343 338 343 351 352 355 353 353 352 357 419 1 9 309 9 5 
326 326 338 343 343 346 349 359 364 353 368 22 38 313 15 5 
326 327 336 341 343 347 351 343 343 340 359 1 53 290 9 35 
326 332 337345 349 355 357 349 346 378 381 23 59 298 23 25 
334 356 372 425 448 437 431 497 527 541 553 23 20 282 9 43 
333 364 393 391 372 368 364 378 390 380 556 0 30 279 11 30 
365 357 352 356 359 361 366 365 368 365 391 0 10 295 9 26 
352 349 349 359 387 383 406 402 374 384 433 21 3 322 13 0 

_ _ - - - - - - 490 1 10 345 7 1 
328 330 
336 352 
342 352 
411 406 
368 370 
391 410 
360 411 
385 376 
374 399 
410 378 
350 353 
395 388 
384 378 
372 372 
372 383 
395 398 
369 374 

334 352 360 361 366 361 365 365 370 20 39 323 15 19 
349 356 365 365 366 366 366 366 374 2 15 326 14 32 
368 378 381 397 395 387 381 385 404 20 20 317 12 7 
391 385 445 490 509 .433 430 417 519 20 40 340 13 45 
389 392 388 378 414 479 471 536 568 24 0 317 8 35 
417 418 441 421 418 410 429 430 713 0 32 319 9 38 
425 431 440 459 459 433 433 425 469 20 15 309 10 40 
449 433 407 433 421 411 411 418 465 20 13 340 7 48 
433 455 431 426 414 423 420 431 532 2 23 344 10 45 
379 412 412 420 448 440 437 429 454 2 9 336 10 52 
363 382 383 401 376 403 450 503 510 23 55 327 10 30 
383 416 416 406 397 397 393 395 525 0 10 325 10 10 
380 398 402 420 403 393 391 389 426 19 38 347 10 51 
379 385 385 399 414 403 395 391 421 4 7 340 11 13 
384 376 387 395 431 - - I 515 21 27 340 12 30 
387 382 389 452 423 416 422 426 490 19 57 355 13 23 
387 385 382 459 540 464 446 446 667, 20 28 357 12 2 

I------~~------~----------~--~--~--~----------~------

V-May, 1911. 
,.-------------;-(i:=7=OOO~y-:(-·-::-:fi7:::-C:;:,-.G=-.-=s-.-c:UO=--n~it-j----+ --------------T-----

I;: ~&: 11: 1~! :~ng~rf~~ :~TI:~M:i~ :~~; 
994 989 i 989 994 996 ]014 1015 10091003 111002 1027 
987 991 I 991 993 998 997 993 991 993 993 1027 
987 990 1989 989 1008 1002 994 997 1004 11017 1027 
975 981 989 993 997 995 993 991 998 11000 1023 
978 983 990 1003 1031 1045 1084 1069 1090 '1150 1160 

1006 1010 1]018 1052 ]046 1041 1067 1040 1029 11025 1177 
1008 1006 !1006 1013 1023 1025 1023 1021 1017 1'1018 1032 
1008 1006 (1008 1010 1017 1022 1022 ]023 1025 1016 1061 
1010 1006 [1004 1004 1004 1006 1006 1006 1080 1006 1029 
1013 1029 :1025 1082 1060 1035 ]029 1017 1016 1017 1120 
1003 1002 '1'1006 1006 1010 1018 1027 1031 1025 1016 1037 
1000 1002 999 997 999 1002 1006 1035 1052 1048 1059 
1010 1029 11076 1131 1120 1071 1078 1097 1071 1067 1187 
1150 1093 11149 1204 1121 1079 1132 1141 1121 1098 1421 
1016 1029 11033 1067 1118 nOI 1094 1086 1086 1065 1137 
1014 1086 1055 1045 1079 1051 1063 1046 1037 1046 1112 
1022 1004 11022 1099 1031 1059 1146 1054 1038 1048 1197 
1016 1037 11023 1027 1027 1029 1045 1083 1059 1076 1102 
1031 1025 .1025 1027 1029 1031 ]037 1162 1236 1111 1414 
1029 1029 11037 1042 1063 1042 1040 1038 1038 1040 1109 
1023 1025 !1027 1031 1038 1036 1031 1031 1035 1036 1055 
1021 1019 i1023 1029 1032 1035 1035 1031 11032 1025 1041 
1014 1018 !1019 1021 1029 1023 1025 1023

1

1022 1027 1048 
] 000 990 I 987 987 990 990 991 991 997 1018 1099 
1022 1010 I 991 989 990 ]032 11057 1041 1040 1033 1078 
997 998! 994 1016 1029 101611021 1029 1019 1013 1046 
994 993: 9951997 1017 ,1006 999 9951999 998 1023 
979 980 i 983 987 990! 987 985 991 990 1004 1008 
987 1000 !1004 1006 1023 1031 11014 1017 1046 1086 1086 

497 

1--5----9-61 

20 53 977 
3 12 978 
2 3 964 

23 55 979 
o 0 955 

24 0 952 
o 7 988 
o 37 988 
3 47 987 
9 43 983 
3 7 989 

20 43 998 
23 27 993 
18 37 951 
17 22 994 
18 42 990 
16 0 993 
20 48 972 

1 57 I 985 
22 22: 995 
o 1 1006 

19 2 1010 
20 0 998 

2 0 995 
3 26 975 

15 18 970 
18 53 I 978 
18 35 " 981 
24 0 \ 972 
23 57 962 

--Tf--2S-
13 23 
10 2 
8 9 
8 50 

11 15 
10 1 
13 3 
10 35 
11 38 
10 5 
9 50 

11 20 
10 43 
12 33 
8 30 

n 28 
8 50 
9 58 
9 13 

10 3 
7 28 
7 55 

12 52 
5 53 

16 43 
12 8 
12 20 
13 7 
15 32 
12 14 

21 



HOURLY VALUEs-continued. 
V-June, 1911. 

Day. 
680001' (·68 C.G.S. Unit) + 

o h. 1 h. 2 h. 3 h. 4;~ I 5;. : 6 h. I 7 h. ~I~ 10 h. ~112h·U3h-"- 14 h. 
-- -------- -- - ---~-- ~---

'Y 'Y 'Y 'Y 'Y I 'Y 'Y I 'Y 'Y 'Y Y I y 'Y 
1 272 265 245 228 217 i 203 192 j 189 173 165 164 158 156 162 165 
2 213 242 250 243 204 196 185 ' 177 170 161 173 162 156 . 185 175 
3 196 192 196 195 198 195 194 I 190 192 191 178 178 180 186 186 
4 191 192 194 196 201 203 194 ; 181 181 177 178 166 166 172 177 
5 192 198 196 198 194 199 191 194 200 201 200 188 176 180 181 
6 200 198 186 188 205 190 173 176 185 196 188 194 186 181 178 
7 327 252 264 242 218 203 185 181 181 186 188 188 188 205 213 
8 200 199 199 199 196 195 198 182 188 188 180 184 184 186 191 -
9 196 196 195 198 194 190 195 I 188 186 185 182 176 181 180 185 

10 186 188 191 190 186 I 180 185 I 178 169 162 167 j 163 161 154 182 
11 214 207 210 213 178 177 182 ' 180 177 -- - -- - -- --
12 - --- - - - - - - - 181 ' 181 192 195 199 203 
13 252 252 238 209 203 199 188 194 185 178 I 171 175 172 184 192 
14 308 284 270 261 275 249 226 207 210 ! 207 I 204 192 200 194 198 
15 233 226 223 207 211 200 194 I 188 196- 199: 186 196 205 205 198 
16 209 209 209 200 204 201 196 i 194 192 ~ 182 I 188 200 200 200 200 
17 207 205 198 200 207 207 198 ' 194 188 ! 181 186' 184 188 195 194 
18 218 210 207 204 201 198 194 : 194 196 I 198 199 I 195 195 192 194 
19 219 215 207 200 199 196 198 : 194 194 188 188 ! 191 190 191 200 
20 218 210 207 211 207 204 201 ! 201 199 184 185 1186 191 186 188 
21 219 223 229 226 214 218 211 ' 213 211 ~01 , 213 : 204 205 210 204 
22 260 242 243 237 232 247 249 224 223 226 I 220 : 218 213 205 234 
23 310 284 245 242 233 232' 233 230 232 224 i 220 I 217 215 218 218 
24 306 284 299 318 257 243 237 • 224 --- -

• 

- - 218 226 232 
25 229 228 226 226 224 224 226 I 224 224 219 220 I 222 224 ' 224 224 
26 226 226 230 228 228 232 228 226 226 222 224 I 219 218 220 224 
27 224 224 226 229 230 226 226 224 223 I 224 226 224 224 224 224 
28 233 230 229 I 232 232 236 234 229 228 I 224 224 218 220 222 217 
29 264 255 271 ' 245 236 228 232 226 222 '219 224 217 219 209 222 
30 260 253 237 I 232 228 232 230 229 229 I 226 I 228 i 224 224 228 232 

V-July, 1911. 
1 207 218 220 211 198 192 189 190 I 186 182 1175 171 171 171 179 
2 253 258 228 236 245 266 245 217 211 197 203 199 202 194 224 
3 224 221 245 221 203 205 215 198 199 186 193 202 198 193 192 
4 274 249 245 235 226 238 230 224 225 213 197 203 205 198 202 
5 240 224 213 207 216 216 211 215 205 202 200 203 202 202 207 
6 213 207 215 219 217 216 215 207 207 209 201 194 201 202 203 
7 217 213 215 216 213 209 197 190 194 205 192 198 211 202 200 
8 270 243 225 238 230 203 183 174 162 171 154 156 152 201 194 
9 236 213 200 207 201 186 174 187 190 184 162 171 179 165 173 

10 228 228 203 203 190 174 171 164 165 167 160 165 162 165 171 
11 190 222 226 213 194 165 179 190 173 165 150 164 150 150 173 
12 197 194 188 177 177 173 171 156 158 165 152 162 159 174 178 
13 206 194 182 183 183 181 163 152 152 149 145 152 160 167- 160 
14 169 169 165 162 162 159 159 158 155 162 162 163 155 159 159 
15 187 179 177 167 160 158 154 146 155 159 155 150 154 154 154 
16 179 183 178 175 171 171 167 162 152 155 160 155 158 165 168 
17 - - - - -. - 160 159 159 152 154 155 158 160 158 
18 175 179 178 179 175 (171) (166) 162 156 158 162 155 158 159 159 
19 165 177 179 160 168 146 141 130 122 141 118 114 117 117 116 
20 168 188 192 174 183 183 194 141 139 141 126 130 133 135 129 
21 164 154 152 150 154 141 133 127 145 133 133 133 139 139 137 
22 152 150 152 165 168 159 136 130 127 126 130 121 122 129 129 
23 169 163 160 182 163 162 156 155 141 125 130 133 129 131 133 
24 148 146 150 152 155 154 143 145 141 144 139 135 133 133 129 
25 137 145 144 146 155 156 152 144 141 143 141 135 143 148 140 
26 145 145 144 143 152 152 146 152 146 135 139 146 143 139 137 
27 146 148 150 156 154 154 154 149 144 149 144 140 137 133 133 
28 144 144 143 143 143 144 144 143 137 133 136 133 131 123 123 
29 278 220 232 213

1 

186 160 160 154 163 162 165 152 164 148 162 
30 216 211 187 205 182 165 162 156 144 140 149 158 148 152 152 
31 171 169 167 174 186 \ 194- 182 162 149 149 150 146 149 145 141 



HOURLY VALUEs-continued. 
V-June, 1911. 

----- --------~ - ---------------------- -------------------------

68000y (·68 e.G.s. Unit) + _____ MaximumReading 
1-----,------,-1 - and Time. 
_ l~h.-, 16

y
h. 17

y
h'i 18

y
h'l ~9yh. 2~h.ll~lyh.122yh~-12~h.12~h. 

Minimum Reading 
and Time. 

202 189 198 196, 208 215 I. 228 I' 230 ! 2]5 I 213 
161 170 171 176 i 173 181: 190 194: 189 196 
186 204 207 201: 200 198 194 194 191 191 
186 188 192 198 I 198 199 194 194 192 192 
165 188 186 191 i 192 226 312 243 209 200 
186 188 192 191 190 194 201 242 I 281 327 
207 209 210 217 219 220 229 I 209 204 200 
190 186 222 228 2]0 205 201 200 I 198 196 
186 185 182 192 192 194 192 191, 188 i 186 
207 195 277 291 243 280 255 236 I 218 214 

y m. 
296 0 23 
256 1 22 
228 16 8 
206 5 0 
424 20 35 
361 23 38 
323 0 0 
255 17 20 
204 4 30 
317 17 58 

y m. 
151 11 53 
150 8 50 
176 10 45 
163 11 22 
163 13 19 
153 7 48 
171. 7 50 
171. 7 0 
166 11 15 
133 8 35 

199 201 
194 201 
205 203 
203 218 
] 98 199 
204 211 
192 199 
199 203 
190 192 
210 203 
226 242 
220 223 
224 223 
224 220 
223 217 
224 226 
219 222 
223 220 
230 232 

186 
228 
205 
207 

• 209 
205 
187 
201 
177 
177 
171 
179 
167 
160 
164 
169 
162 
159 
141 
133 
143 
146 
139 
135 
141 
139 
136 

. 129 
154 
]54 
154 

182 
203 
209 
207 
203 
206 
171 
188 
178 
192 
177 
178 
163 
162 
167 
171 
162 
160 
137 
158 
137 
139 
145 
136 
145 
139 
139 
137 
162 
159 
171 

242 2 46 157 7 35 
241 371 304 
230 219 226 
210 275 285 
228 226 217 
198 201 219 
205 207 215 
198 198 201 
213 209 209 
199 239 218 
209 207 224 
245 239 233 
226 228 245 
224 224 228 
224 228 228 
217 219 224 
226 228 226 
220 224 226 
245 I 242 242 
232 ) 230 233 

287 256 222 233 252 
274 255 249 264 308 
256 270 281 262 233 
223 1 229 226 214 209 
217 209 220 218 207 
220 214 218 220 218 
200 199 207 214 219 
213 220 232 218 218 
214 211 228 224 219 
226 219 230 234 260 
258 264 261 270 310 
266 251 285 300 306 
229 233 232 233 I 229 
234 232 228 226 226 
228 224 224 224 224 
226 232 233 232 233 
232 232 233 242 264 
249 i 252 256 264 260 
226 ~ 226 228 232 245 

460 17 43 
310 19 43 
323 0 20 
249 17 30 
232 18 41 
226 19 47 
226 0 32 
239 22 2 
256 17 55 
252 24 0 
323 24 0 
361 0 5 
354 2 32 
245 : 19 45 
236 5 7 
238 8 55 
266 24 0 
284 1 45 
261 0 0 

161 9 36 
158 7 47 
188 10 42 
173 7 17 
180 9 10 
171 9 33 
190 12 55 
186 9 15 
177 9 45 
194 10 47 
194 10 30 
209 12 10 
209 11 43 
213 8 55 
214 16 55 
215 9 10 
215 13 55 
209 12 50 
221 7 59 

189 207 
211 224 
217 240 
209 209 
203 216 
207 207 
209 184 
203 190 
182 187 
182 188 
181 178 
184 179 
169 1

1168 
175 182 
167 171 
169 178 
162 173 
158 165 
167 229 
148 154 
146 140 
141 143 
146 154 
137 140 
146 148 
136 146 
139 139 
141 141 
150 167 
158 158 
162 160 

V-July, 1911. 

~~~ ~~~ ~~~ r~;f--~~~i-~~!- ---~~~ 
234 292 326 I 282 268 i 274 626 

- --------------:-:c----I 

I 18 38 164 10 47 
5 2 170 8 59 

20 25 173 8 57 
213 217 221 II' 228 228 240 272 
224 221 216 211 215 21.3 245 

o 3 186 9 56 
o 13 187 9 8 

207 207 215 228 222 21.7 230 

~ ~~ ~~~ ~c:i: ~~~ ~~~ ~~~ ~~~ 
I 22 15 186 10 40 

22 3 171 20 30 
22 10 139 11 30 

186 190 187' 206 215 228 249 o 0 146 10 0 
186 183 187: 177 183 190 241 o 43 154 7 28 
276 282 229: 213 200 197 442 19 5 129 11 50 
179 224 249 240 228 206 279 20 19 146 9 53 
164 168 168 167 168 169 207 o 35 133 10 27 
186 182 192 192 186 187 1.98 21 45 150 8 0 
167 1.62 168 171 178 179 197 1 53 144 7 20 
173 171 171 171 173 173 192 17 55 147 8 20 
169 181 186 184 177 175 199 21 9 138 8 57 
179 213 169' 159 158 165 238 19 45 146 10 5 
173 160 167 216 187 168 270 17 44 101 9 43 
186 -257 220 177 162 164 302 19 41 111 9 13 
145 154 149 152 152 152 171 19 30 117 10 10 
159 165 162 221 184 169 251 22 0 112 10 35 
162 173. 158 152 154 148 188 3 22 118 9 20 
144 137 137 135 133 137 158 3 40 126 13 40 
149 146 146 146 146 145 165 -4 25 130 10 17 
144 146 146 146 145 146 158 8 48 126 9 10 
139 139 143' 146 143 144 162 3 43 129 13 12 
143 150 152' 154 247 278 402 23 21 116 13 50 
1681. 211 238 213 192 216 271 
175 173 196 I 229 192 171 251 
141 178 263: 251 220 201 390 

o 23 131 10 39 
21 39 123 8 1 
21 ] 9 126 8 5 

------------ -----
499 212 



HOURLY VALUEs-continued. 
V----August, 1911. 

-- -----_. ----- --~-.-----.---~- .. -

Day. 
6800ny ( . 68 C.G.S. Unit) + 

-0 h. f 1 h. ! 2 h.----:ih-:--4~-h. 6 h. 7 h. 8 h. 9 h. riO~f-ll h. --1.2h. -)3-h:-~i~11. ____ -_ 
y 1"---)1- -y- --y-- -y- --y- -y- -y- -y---y-I-y- Y Y y 

1 201 187 181 167 160 158 164 156 141 149 146, 133 123 121 116 
2 130 1 139 144 1 135 144 133 136 130 133 131 133 I 139 133 131 136 
3 152 I 152 152, 150 150 149 152 154 152 149 152 I 144 143 145 136 
4 169 171 174 159 149 146 '146 145 143 135 130 131 123 133 150 
5 182 .168 163 158 163 171 171 165 135 129 141 140 120 133 144 
6 156 150 164 182 171 152 140 136 141 140 127 137 136 139 144 
7 158 155 154 158 159 154 152 145 140 139 139 141 133 . 135 136 
8 

1

150 149 148 152 148 143 140 143 145 144 148 146 140 143 143 
9 I 148 152 154 152 149 141 140 141 144 145 140 144 139 141 144 

10 146 146 146 152 152 143 144 136 141 143 141 143 141 143 141 
11 165 162 i 152 150 146 145 146 144 140 145 143 139 139 141 139 
12 154 154 154 150 148 145 143 137 139 139 137 133 143 143 145 
13 152 150 150 146 149 146 137 141 140 145 140 136 139 145 145 
14 169 164 158 158 152 150 149 144 140 143 148 149 139 (138) 137 
15 I 175 174 169 165 156 ]60 155 152 155 148 148 145 144 136 137 
16 1158 162 174 171 164 156 150 143 143 139 140 I 141 133 143 144 
17 

1

175 175 173 159 158 152 150 156 159 163 163 ! 169 154 144 143 
18 168 171 173 168 162 156 152 154 154 152 144 I 136 146 136 148 

1 
19 163 

1

164 164 165 164 162 159 155 150 146 152 150 143 152 143 
20 163 179 183 183 179 178 152 148 ]43 136 131 121 129 130 137 
21 171 165 167 175 178 165 160 158 150 146 149 154 145 140 14.5 
22 143 145 155 149 140 135 135 133 131 129 123 127 131 131 127 
23 146 144 140 139 140 137 137 133 139 136 135 129 120 133 126 
24 209 177 187 255 306 221 187 186 202 173 163 148 155 159 133 
25 239 

1

232 215 186 160 158 171 173 159 160 146 152 ]46 148 152 
26 255 248 221 I 200 175 162 152 164 152 136 169 1 163 162 159 152 
27 198 1174 194 ! 179 177 159 174 186 178 175 152 i 159 167 164 165 
28 207 I 192 253 i 213 179 183 167 162 154 152 ]48 148 145 145 143 
29 164 I 163 156 160 164 155 ]49 141 152 136 140 1152 140 150 152 
30 164 1162 j 168 1 169 162 168 162 149 144 146 136 139 139 140 139 

1 31 183 183 182 168 179 175 162 150 146 149 145 140 130 133 144 

V -Sentember, 1911. 
.L - -------~ 

1 183 182 182 171 156 150 1 144 146 137 130 144 I 139/123 /131 136 
2 154 156 152 150 148 1451146 141 154 154 141 I - - - -
3 160 158 250 156 156 149 146 146 148 135 ] 27 I 120 I 11 7 11 7 114 
4 131 131 131 129 127 126 I 127 131 131 127 123 1123 I, 121 118 125 
5 131 131 137 137 133 131 1127 127 123 123 121 , 121 I 122 114 118 
6 141 136 140 140 130 127 123 121 116 107 102 120 1136 127 123 
7 139 143 143 141 139 131 131 135 133 135 126 126 129 127 125 
8 148 143 149 146 139 1361135 133 135 126 133 120 1118 121 120 
9 150 148 146 141 145 143 144 133 129 139 133 131 I 127 122 121 

10 141 141 140 139 141 1361131 127 133 121 131 126 i 126 125 118 
11 167 163 158 158 155 152 149 144 140 139 133 129 I 120 117 120 
12 146 159 175 163 160 154 144 152 154 121 103 92 I 95 107 106 
13 165 182 173 190 177 173 I 164 168 150 141 145 131 i 127 131 136 
14 203 221 216 197 167 150 1148 148 145 149 149 140 149 139 131 
15 158 162 164 165 155 152 I 154 154 143 162 169 171 164 155 155 
16 178 184 187 177 164 159 1156 169 169 136 159 158 144 145 156 
17 213 228 238 201 194 175 I 167 169 182 165 192 143 136 141 143 
18 - - - - - -I - - - - - - - - -
19 - - - - - -i -- - - - - - - 143 154 
20 171 171 169 173 169 158 I 173 152 169 211 183 190 155 155 152 
21 ,304 253 243 222 213 211 i 196 194 181 169 173 186 177 165 175 
22 247 217 253 244 277 251 222 222 217 I 207 224 194 188 213 197 
23 I 270 224 215 209 205- 205 198 187 179 201 181 190 169 167 160 
24 i 194 198 2131202 209 203 190 202 202 200 187 181 200 187 188 
25 198 198 188 184 179 177 165 162 167 183 175 171 163 155 156 
26 194 192 ' 186 , 179 178 171 174 173 169 160 155 154 156 148 159 
27 181 177 178 I 178 175 175 : 177 181 168 173 171 168 192 171 164 
28 192 184 183/179 171 169 159 141 167 169 165 149 154 1521159 
29 177 175 177 I 174 171 173 ' 164' 155 144 122 160 141 152 f 152 154 
30 ! 175 175 171 1168 163 I 162 j 160 163 169 - - -

500 



HOURLY VALUEs-continued. 

------------------
V-August, 1911. 

(}8000y (. 68 C.G.S. Unit) + Maximum Reading Minimum Reading 

15 h. } ~_hJ _ !.?_~._ 18 h. 19 h. 20 h. 2~h'12~h. 23 h. 24 h. and Time. and Time. 
------ -- .- ----- - .. -

r r y y y y y y h. m. I h. m. y y I 

122 120 117 131 127 116 125 123 122 130 202 0 22 111 12 54 
141 143 149 149 154 155 150 155 154 152 159 22 40 118 8 15 
136 139 141 155 160 162 171 205 188 169 215 21 45 125 9 2 
145 146 177 187 188 183 171 200 200 182 211 22 27 117 12 0 
158 152 145 144 154 155 154 160 158 156 183 0 20 103 11 32 
178 173 162 156 164 169 160 156 164 158 211 15 30 116 10 8 
152 146 139 164 160 167 162 149 152 150 189 18 5 123 11 37 
144 144 146 150 152 154 154 150 152 148 157 19 7 137 5 55 
143 141 144 144 143 143 145 143 145 146 156 9 53 133 10 1 
141 143 144 144 146 148 162 175 178 165 187 22 53 133 6 55 
141 143 146 146 146 146 146 146 152 154 168 0 10 131 11 10 
146 145 146 146 146 154 158 156 154 152 162 21 15 129 11 5 
139 140 145 150 155 154 200 192 174 169 221 21 23 131 11 10 
145 149 154 155 156 169 171 1165 163 175 181 20 3r; 133 12 42 .) 

139 145 148 152 156 169 162 160 158 158 192 0 20 131 13 25 
146 150 160 181 205 211 205 200 184 175 215 20 3 123 11 47 
140 144 152 154 158 160 162 167 164 168 I 179 1 45 12(; 12 55 
141 141 148 152 155 159 159 158 162 163 I 177 1 40 131 13 0 
150 150 152 154 160 163 163 162 169 163 ' 171 22 50 139 14 14 
137 155 155 . 156 162 174 186 177 174 171 194 20 51 108 11 10 
152 150 154 141 137 145 149 144- 143 143 179 3 34 127 18 32 
130 135 137 136 133 137 152 144 148 146 167 2 22 122 9 40 
127 129 129 133 133 130 143 196 213 209 235 23 27 11.6 11 35 
148 173 229 196 197 187 276 299 249 239 458 21 5 120 14 5 
171 177 168 159 202 248 234 240 217 255 I 268 19 25 120 10 35 
149 152 156 155 169 175 171 211 232 198 I 266 0 12 133 6 2 
171 160 158 177 194 175 174 175 194 207

1 

219 23 37 133 10 5 
144 165 168 160 190 201 188 173 169 164 i 

276 2 17 121 8 43 
144 146 150 154 156 159 155 155 158 164 171 1 12 116 10 47 
145 145 150 154 160 164 165 1671187 183 I 192 23 0 125 11 25 
150 143 145 155 169 168 244 209 202 183 254 20 54 108 10 55 

V -September, 1911. 
-- ------------- ---------_._---- ----

139 155 158 163 159 163 158 158 Ti54- 154 200 0 27 114 11 48 
139 144 144 146 146 164 160 1591159 160 169 20 3 108 10 12 
118 125 126 130 131 131 131 131 131 131 164 0 25 110- 14 30 
125 126 127 126 127 127 127 129 130 131 133 9 2 116 13 0 
118 123 123 123 127 131 154 1521140 141 164 21 12 114 13 0 
125 131 136 135 136 136 136 139 140 139 144 23 30 95 10 4 
129 129 133 139 144 152 143 139 I 152 148 163 23 25 116 12 20 
120 126 133 141 139 136 137 143 154 150 159 23 16 107 12 15 
123 122 130 131 140 141 144 145 141 141 152 0 23 118 7 39 
116 118 123 131 131 127 145 149 160 167 169 24 0 III 14 13 
126 121 131 146 144 150 152 149 ' 148 146 173 1 2 108 11 50 
103 122 165 179 1 52 89 11 30 
127 140 152 164 163 160 165 194 219 203 234 22 30 108 12 15 
141 149 145 159 159 160 160 164 159 158 238 1 37 123 11 20 
152 154 165 174 174 174 171 171 171 178 183 23 50 135 8 20 
143 183 167 154 268 235 229 225 209 213 291 18 50 126 9 17 
150 177 260 1 39 121 11 45 

154 169 181 183 186 19 45 152 16 38 
159 168 168 169 169 175 174 171 181 22 30 136 13 10 
156 217 215 211 213 245 274 266 356 304 375 22 53 118 14 33 
171 177 177 177 207 247 281 329 293 247- 362 22 12 143 8 50 
177 167 222 222 220 232 216 249 344 270 365 22 39 150 16 25 
164 177 179 213 202 I 209 209 200 197 194 260 0 0 150 14 23 
175 177 182 187 184 i 184 186 190 192 198 234 9 17 146 10 20 
162 164 171 179 178 I 179 181 182 187 194 207 0 15 146 12 30 
156 156 165 169 175 1150 150 146 179 181 198 0 15 141 10 20 
150 156 162 165 171 I 171 175 181 181 192 200 11 40 146 15 0 
155 160 165 165 168 i 174 177 178 174 177 196 0 35 131 7 5 
154 154 149 167 1791177 173 175 175 175 187 10 7 112 9 0 

175 171 174 180 0 55 120 6 23 

501 213 



I 

HOVRLY V ALVEs-continued. 
V-October, 1911. 

---
68000Y (. 68 C.G.S. Unit) + 

Day. ---__ _ , 
___ ~~~I~~ 5h. ~I~~i~ lOh.l~ 12h.ll:3h.

j 
14h. 

1'1'1'1'1'1'1'11'1'1'1'11'1' I'll' 
1 174 177 175 175 169 167 163 165 162 154 150 I 155 165 165 158 
2 169 169 171 171 171 165 169 I 165 163 164 162 ~ 178 150 156 158 
3 194 194 198 213 235 209 174 178 158 167 158 158 152 150 158 
4 171 171 173 177 175 173 168 163 158 154 149 149 149 154 16,1 
5 167 168 169 171 173 171 184 177 179 175 173 154 137 139 141 
6 190 190 186 184 178 171 169 168 163 152 152 148 140 136: 139 
7 183 187 187 190 179 164 159 169 I 175 181 164 144 139 149 1 158 
8 190 177 186 183 202 205 196 181 177 171 188 175 159 162, 140 
9 222 209 213 196 190 181 165 165 171 154 133 

10 192 178 179 184 177 190 167 152 149 140 141 
11 196 196 194 165 152 146 145 149

1

149 145 143 
12 215 198 188 181 162 174 202 171 187 192 181 
13 167 165 162 158 152 141 126 149 168 171 135 
14 164 164 155 152' 150 148 148 154 141 159 149 
15 164 159 158 158 156 152 146 160 167 129 156 
16 167 162 162 162 160 156 155 155 148 148 137 
17 171 192 209 207 201 188 211 205 200 178 194 
18 238 249 235 234 228 209 205 183 186 186 173 
19 209 201 194 202 205 192 213 230 197 202 167 
20 209 251 267 245 251 209 196 203! 184 158 182 
21 209 205 219 206 215 182 175 183, 177 179 150 
22 196 190 207 206 197 188 188 186 162 152 178 
23 164 181 174 169 190 194 175 167 159 129 123 
24 177 164 156 155 168 183 194 164 171 156 152 
25 201 171 190 181 181 139 144 140 121 102 85 
26 163 164 160 159 144 140 141 190 152 92 
27 

129 127 
150 143 
139 137 
108 150 
111 117 
136 116 
131 136 
194 I 184 
152 155 
171 177 
167 163 
148 114 
139 130 
139 137 
139 125 
80 97 

127 
148 
111 
139 
III 
110 
140 
162 
155 
158 
156 
114 
152 
123 
110 
106 

123 
154 
116 
129 
122 
114 
133 
162 
156 
150 
140 
129 
156 
143 
114 
89 

28 
29 
30 
31 

187 190 184 181 177 
190 188 188 190 188 
181 183 I 190 184 I 164 
181 181, 181 182 181 

183 171 171 194 182 196 182 144 133 150 
178 178 181 187 150 152 I 165 152 155 165 
135 155 1140 133 129 165 I 173 116 152 177 
173 160 168 158 _1~!_~~L~i ___ ~~~() __ 1_52 __ 1 

V-NoveInber, 1911. 
1 

1 98 103 I 97 106 101 97 96 97 87 i 68 ' 71 ' 74 84 86 64 
2 111 128 109 100 103 103 90 78 100 I 84 79 73 68 68 78 
3 135 136 113 107 120 86 67 83 125 101 97 78 79 33 23 
4 125 113 122 109 113 149 125 109 122 113 65 - - -- -
5 135 147 143 130 130 140 132 122 122 115 122 103 82 56 56 
6 168 177 178 186 181 151 151 154 149 149 134 120 86 106 115 
7 132 141 147 154 147 154 128. 126 109 119 105 94 94 105 96 
8 132 136 140 132 138 128 117 103 111 113 100 84 60 83 77 
9 126 124 141 134 159 128 79 77 78 41 6 1 25 221-8 

10 113 103 101 98 69 46 73 75 132 130 134 56 39 56 I 84 
11 134 113 119 94 86 81 136 151 139 92 44 64 62 60 73 
12 113 " 121 117 111 103 117 90 97 94 83 81 75 69 37 52 
13 113 107 115 97 87 83 75 141 182 167 119 60 88 86 94 
14 214 208 225 177 151 119 117 107 116 134 122 124 116 122 98 
15 210 216 201 210 143 138 105 151 176 147 134 134 126 117 97 
16 149 162 143 147 125 117 132 121 124 139 125 125 96 84 73 
17 157 153 151 151 128 128 92 93 109 90 111 109 90 100 86 
18' 154 135 138 109 141 135 151 132 117 100 87 90 82 77 71 
19 106 128 132 132 135 136 109 97 88 69 55 60 82 1 78 73 
20 111 109 119 128 121 132 113 84 68 88 30 107 30 i 86 74 
21 122 121 113 106 79 67 81 79 107 132 III 31 87 100 45 
22 157 132 117 113 105 84 71 75 58 67 73 55 52 56 48 
23 98 105 97 97 100 78 93 71 96 102 83 77 65 73 67 
24 96 96 109 122 71 74 71 94 116 109 84 67 41 56 45 
25 101 

1 97 98 93 88 92 90 86 93 64 45 37 50 60 58 
26 101 1102 101 78 67 46 46 62 92 128 109 79 67 68 71 I 

1 27 
109 1

106 102 97 96 96 74 77 73 83 711 71 58 39 18 
28 102 109 105 98 107 111 92 81 100 56 30 I 33 62 48 33 

I 
29 113 J 116 105 109 113 111 98 90 71 59 41 I 30 11 21 2 
30 96 94 103 125 182 145 103 96 109 96 75 73 74 78 77 
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HOURLY VALUEs-continued. 
V-October, 1911. 

____ ----:-_----:-, ___ --:-_~-~---.,----.,---I and Time. 
Minimum Reading 

and Time. 
I 

68000Y ( . 68 C.G.S. Unit,) + Maxim um Reading I 
15 h. i 16 h. 17 h. 18 h. 19 h. 20 h. 21 h. 22 h. 23 h. 24 h. ------------------ --_._--'-----,.----

Y h. m. Y h. m. Y 
154 
158 
150 
162 
164 
154 
150 
140 

123 
163 
154 
126 
131 
129 
133 
154 
140 
152 
144 
133 
160 
150 
125 
102 

Y 
158 
156 
159 
164 
164 
158 
152 
140 

135 
178 
167 
133 
137 
137 
141 
152 
150 
152 
152 
135 
149 
148 
129 
110 

Y 
159 
169 
162 
171 
165 
155 
154 
152 

146 
186 
182 
143 
129 
136 
139 
145 
155 
154 
162 
152 
152 
155 
133 
122 

y Y 
163 ' 165 
156 ' 162 
167 171 
169 169 
164 165 
155 168 
171 181 
159 177 
159 169 
154 159 
229 232 
163 160 
152 165 
145 149 
149 168 
150 145 
167 175 
162 168 
165 171 
160 160 
165 173 
155 I 162 
150 I 163 
136 : 149 
139 137 

y y Y 
169 171 171 
168 179 196 
179 1181 175 
168 169 169 
165 171 171 
174 178 175 
201 194 190 
188 187 196 
169 173 194 
169 171 178 
267 268 2[l4 
164 163 162 
162 163 160 
145 154 162 
168 173 171 
146 146 149 
177 181 220 
183 186 221 
188 203 201 
194 207 209 
174 181 192 
164 165 169 
175 174 186 
155 162 169 
150 171 165 

Y 
171 
207 
175 
169 
181 
173 
183 
205 
196 
188 
241 
163 
160 
164 
171 
158 
235 
241 
201 
207 
205 
168 
182 
186 
162 

y 
]69 
194 
171 
167 
190 
]83 
190 
222 
192 
196 
215 
167 
164 
164 
167 
171 
238 
209 
209 
209 
196 
164 
177 
201 
163 

182 2 55 
216 23 2 
251 3 57 
181 3 18 
196 24 0 
196 0 0 
203 20 20 
228 23 45 
226 0 10 

146 9 20 
141 9 21 
143 7 45 
133 9 50 
133 11 35 
127 12 50 
118 12 13 
131 15 27 

202 23 52 108 9 25 
276 20 38 133 11 28 
215 9 25 93 13 30 
194 9 23 95 11 3 
187 9 5 89 11 12 
179 10 32 104 13 25 
173 24 0 121 14 20 
251 22 24 142 16 33 
253 0 54 123 9 10 
253 9 5 123 10 21 
279 1 22 131 14 0 
227 2 3 103 12 15 
222 3 42 103 12 5 
200 4 43 108 9 42 
220 6 0 I 95 13 15 
207 0 3 59 9 8 
207 6 19 44 9 42 

_ 152 156 167 177 177 187 192 192 187 209 23 15 143 15 30 
148 149 163 171 175 181 194 194 190 190 221 7 32 125 12 48 
171 169 164 169 179 186 192 184 184 181 200 7 35 133 9 35 
159 169 160 173 1177 171 171 184 178 181 207 1 54 102 8 33 
152 ____ !!>6 _~~_ 163 ~_ !?_9_J_~}l? ___ ~~~_ 181_!!2 _____ 1_9_4_'-4_4_7---'--_13_0----!._1-1-25--

V-Novernber, 1911. 
49 50 58 73 77 83 106 111 1111 111 117 24 0 38 15 25 
82 90 79 77 74 81 83 96 122 135 136 1 17 54 6 51 
37 44 83 83 90 107 113 115 109 125 141 0 47 11 13 18 
77 101 117 117 119 134 136 132 144 135 195 5 33 42 13 38 
63 84 88 106 117 126 14-3 148 155 168 178 24 0 45 13 28 

103 90 90 105 105 119 139 143 139 132 202 2 16 64 11 38 
93 94 101 116 124 122 124 132 136 132 166 2 53 79 11 33 
97 106 109 109 111 115 120 121 124 126 151 2 10 50 12 19 
31 73 68 96 100 96 107 113 106 113 186 3 48 -24 13 37 
88 88 94 93 90 90 120 139 147 134 235 8 27 4 10 44 
81 88 90 96 90 96 103 113 121 113 179 5 57 4-9 12 35 
62 75 90 103 103 106 111 116 107 113 157 7 38 27 12 40 
79 78 90 96 134 143 135 162 173 214 234 23 47 27 11 0 
98 96 97 98 103 102 116 128 151 210 256 1 21 68 7 27 

101 107 101 113 145 151 148 153 166 149 288 0 28 71 6 23 
78 90 88 96 119 125 128 139 163 157 184 1 17 64 13 25 
73 68 78 90 106 120 128 157 155 154 179 22 15 48 9 15 

81 75 88 97 r03 101 105 107 109 106 170 6 12 59 11 52 
71 83 84 90 97 92 117 117 111 111 149 5 0 37 10 27 
84 71 62 78 101 106 106 111 116 122 .. 172 9 52 -22 10 18 
46 56 64 78' 105 115 119 (146) 174 157 187 22 22 12 11 3 
35

1 

36 50 67 88 103 111 113 94 98 157 0 0 25 9 5 
73 74 79 77 87 93 97 92 101 96 119 8 13 40 7 13 
50 50 64 75 81 92 98 96 98 101 134 8 55 18 11 35 
77 71 67 75 75 77 8-1 86 100 101 119 8 8 14 8 47 
56 71 79 84 90 103 109 109 117 109 151 8 47 35 5 35 

26 58 81 90 92 94 96 100 102 102 119 fO 10\ 10 13 55 
'\.1 6} 

31 45 
59 I 

90 90 94 106 109 106 113 124 5 4 17 10 11 
16 33 46 55 69 74 84 88 73 96 121 o 59 - 1 14 2 
71 75 81 97 96 103 107 109 117 116 205 4 9 52 10 7 
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HOURLY VALUEs-continued. 
V-December, 1911. 

I 
67000y ( . 67 C.O.S. Unit) + 

Day. _.__ 0;. \,h. 2;. 3;~ 4;. 5;. I 6
y
h. 7

y
h .• 1 8

y
h., 9yh·lll~h·lllyh. 'I' 12

y
h. i l~h.ll~h. 

1 1132 1146 1160 1159 1144 1141 1127 1099 1085 1089 1049 11079 1036 11047 1053 
2 1125 1129 1142 1161 1123 1154 1137 1123 11100 1093 :1068 i 1061 '1,1047 1,1079 1079 
3 1140 1140 1137 1117 1121 1119 1084 1097 1091 1049 11055 ; 1041 I 980 979 1019 
4 1125 1116 1163 1180 1205 1169 1127 1097 1099 1084 11049 1083 '1095 11114 1090 
5 1136 1129 1113 1110 1114 1109 1103 1087 1080 1074 11068 1081 :1089 1068 1079 
6 1125 1118 1116 1129 1113 1129 1127' 1090 1085 1081 11071 11062 1015 1 998 1022 
7 1089 1076 1053 1046 992 1102 1135 1081 1003 916 '1003 '1000 960 1976 979 
8 1093 1095 1106 1118 1087 1087 1071 1061 1071 1068 11068 11057 1026 1041 1071 
9 1095 1087 1095 1097 1094

1

1099 1085 1076 1072 1071 11046 11024 1039 11039 1049 

~~ . ~~~! ~~~~ ~~~~ ~g~~ ~g~~ ~g~~ ~g~i ~~!~ ~~~i ~~~~ I~g~: i 1~~~ I~gi~ I ~g~g ~g;~ 
12 11212 1228 1249 1188 1186 1170 1163 1178 1078 1071 1118 1081 ,1049 11039 1030 
13 1118 1125 1117 1127 1099 1108 1091 1{)81 1083 1032 1030 1047 110471' 1060 1080 
14 1138 1119 1112 1113 1102 1109 1089 1106 1066 1061 1037 1032 ,1032 1018 1068 
15 1188 1207 1192 1205 1214 1195 1114 1087 1090 1119 1111711114 1103 1085 1071 

16 1094 1104 1103 1095j 1087 1104 1094 1087 1079 1093 i1071 : 1076 11065 1051 1051 

17 1129 1121 1112 1095 1087 1098 1079 1095 1064 1074 11066 1061 11049 1030 1034 
18 1216 1163 1109 1079 1041 998 1011 979 1011 1041 1008 102311056 1024 1009 
19 1095 1102 1089 1087 1076 1084 1068 1056 1057 1068 i1065 1090 1066 1039 1065 
20 1064 11066 1087 1072 1053 1049 1055 1000 1030 1033 11007 996 998 1003 1013 
21 1089 1089 1085 1085 1072 1064 1065 1041 1043 1042 1093 1033 1042 1057 1043 
22 1087 1087 1104 1091 1091 1068 1037 1043 1053 1093 1080 1060 1036 1027 995 
23 1085 1089 1091 1087 1071 1083 1068 1087 1030 995 981 986 988 1009 999 
24 1090 1093 1087 1083 1061 1068 1084 1081 11075 1053 957 962 998 1020 986 

:: ~~~ ~~: ~~:: ~~~ ~~:: ~~:: ~~~: ~~~~ ~~~: ~~: II~~:: ~~:~ ~~~: ~~~: ~~:~ 
27 1148 1106 1119 1119 1137 1159 1179 1133 1135 1108 1121 1125 11053 1033 1017 

28 1097 1111R 1112 1117 1131 1109 !1148 1114 1103 1148 '1122 1068 11068 1049 1023 
29 1104 1097 11087 l103 1109 1103111087 1078 1079 1058 1032 1057 11049 1030 1034 
30 109511098 11099 11114 1112 1095 1083 1087 1075 1064 .1051 1061 11053 1042 1036 
31 \ 1116 11251127 In06 1087 1074 1070 1041 ! 1079 1071 :1140 950 I 946 . 963 975 

V-January, 1912. 
1 1156 1140 1173 1180 1178 1170 1165 1175 1080 1081 107811098 10191049 11071 
2 1093 1093 1078 1081 1051 1056 1041 1053 1076 1068 1036 999 998 1004 '1011 
3 1071 1083 1087 1093 1084 1087 1076 1079 1058 1049 1023 ,1028 1081 1083 1074 
4 1091 1097 1090 106~ 1072 1068 1072 1066 1064 1072 1083 1038 1011 1008 1018 
5 1079 1076 1078 1055 1046 1049 1056 1068 1068 1071 1051 11019 1011 979 954 
6 1094- 1116 1104 1075 1081 1028 1018 995 1018 1083 1020 '1058 969 985 983 
7 1078 1079 1084 1070 1062 1047 1055 1064 1052 1085 1068 1049- 1041 11036 1030 
8 1095 1093 1094 1091 1100 1087 1081 1064 1064 1052 1045 1043 1046 1068 1079 
9 1083 1093 1095 1102 1091 1079 1058 1056 1038 1043 1038 1045 1043 ,1017 1039 

10 1090 1097 1099 1113 1027 1110 1121 1093 1072 1108 1099 : 1078 1066 1049 1045 
11 1103 1103 1121 1140 1133 1144- 1098 1068 1068 1079 1070 ! 1085 1094 1089 1076 
12 1104- 1121 1112 1125 1094 1079 1094 1097 1075 1102 1057 1058 1075 1027 1022 
13 1097 1112 1116 1108 1090 1066 1053 1011 1023 954 980 973 971 941 947 
14 1071 1079 1106 1106 1117 1068 1039 1024 969 979 996 982 1003 1028 1003 
15 1076 1075 1072 1072 1099 1047 1061 1061 1011 1000 1099 1071 967 960 /985 
16 1083 1099 1091 1079 1074 1064 1065 1075 1037 1068 988 985 969 979 1001 
17 1072 1084 1080 1068 1074 1087 1072 1060 1057 1043 1039 998 1022 1039 )1033 
18 1118 1085 1071 1058 1046 1028 1014 998 1068 1131 1117 1036 1104 1062 11030 
19 1079 1084 1093 1094 1076 1094 1087 1091 1076 1083 1041 1033 1027 1015 :1032 
20 1084 1072 1072 1066 1064 1061 1075 1049 1032 1068 1042 1023 1023 1026 :1026 
21 1102 1087 1087 1085 1081 1074 1064 1055 1064 1049 1030 1051 1056 1049 :1056 
22 1090 1085 1100 1083 1097 1085 1061 1060 1066 1065 1045 1046 1046 1039 /1037 
23 1104 1117 1170 1114 1093 1095 1087 1068 1109 1123 1108 1008 1045 992 11099 
24 1087 1087 1085 1091 1090- 1098 1097 1091 1076 1079 1076 1065 1045 1056 11034 
25 1099 1125 1174 1161 1106 1060 1043 1068 1075 1091 1087 1064 1033 104211049 
26 1087 1079 1083 1094 1094 1094 1094 1068 1062 1066 1060 1062 1058 1042 1034 
27 1084 1076 1080 1084 1081 1085 1076 1047 1041 1045 105611071 1055 1039 1045 
28 1078 1068 1068 1071 1068 1062 1053 1047 1049 1049 1051 1068 1027 1003 1015 
29 1058 1064 1053 1049 1043 (049 1020 1026 988 988 9861916 975 984 1024 
30 1083 1079 1084 1090 1070 1053 1052 1051 1060 1071 1070 1028 1014 998 1005 
31 1066 1075 1074 1089 1068 1055 1042 1053 1056 1081 1075 1074 1061 990 998 

504 



HOURLY V AI.AUES--continued. 
V-December, 1911. 

~"~-.-------

Minimum Reading 

Hi h. I 16 h. 17 h.! 1 S h. 1 19 h. I 20 h. I 21 h. 1 22 h. 23 h. I 2l h. 
and Time. and Time. 

67000Y (. 67 C.G.S. Unit) + 1 Maximum Reading 

---- --.---- ----.--
Y I Y 1 Y y 

1045 
1091 
1037 
1081 
1078 
1027 
1041 
1065 
1051 
1020 
1053 
1051 
1075 
1083 
1068 

]042 

1030 
1 
1 

1 
1 
1 
1 

020 
094 
982 
034-
023 
036 
007 

046 

057 

y y y 
1085 1121 1122 
1097 1109 1106 
1071

1

1074 )085 
1094 1090 11099 
1083[1094 1093 
1033 1045 : 1053 
1060 11061 '1060 
1052 11068 '1068 
1062 11056 : 1066 
1030 1046 /1062 
1049 1066 1080 
1068 1085 ' 1097 
1076 1083 1089 
1080 1090 1098 
1087 1094 1094 

1055 '1064 1072 

1033 104:5 ]068 
1037 1062 1068 
1085 1076 11080 
1001 1024 1030 
1036 104-6 1055 
1049 1064 1062 
1045 1061 1095 
1037 1046 1057 

1042 1060 1076 

1079 1079 1085 

1 

1 

1 

1 
1 
1 
1 

00811047 

02211030 

1072 

1038 

1078 

1057 
027 1034 1049 1062 
039 1053 1070 1079 
053 11060 1074 1103 

-' -- - --
1009 1028 1034- 1052 
1071 1079 1074 1075 
992 1022 1026 1039 
979 980 1011 1045 
996 1013 1028 1028 

1030 1047 1062 1055 
1078 1071 1055 1064 
1043 1058 1064 1061 
1046 1058 1057 1066 
1087 1081 1074 1081 
1019 1011 1023 1038 
994 1007 1068 1008 
982 1018 1033 1033 

1005 1023 1042 1045 
998 1017 1034 1037 

1036 1049 1053 1066 
1028 1015 1043 1039 
1033 1022 1032 1033 
1027 1034 1026 1034 
1066 1072 1075 1076 
1030 1036 1045 1053 
1093 1083 1060 1047 
1027 1036 1053 1068 
1055 1045 1043 1046 
1024 1023 1032 1038 
1042 1053 1056 1062 
1005 1011 1028 1039 
1020 1034 1022 1030 
1011 1024 1026 1041 
1037 1034 1047 1039 

y 1 y ! Y Y 
11211127 : 1125 1136 112711125 ! 1188 
1121 il119 11131 1131 1136 1140 1192 
1090 !1093 1097 1104 1123 1112511148 
11041108 1117 ,1125 1140 1136 , 1228 
1089 1087 1098 1116 1125 1125 i 1142 
1060,1071 1083 1093 1099 1089 /1148 
1062 ,107-1: 1074 1090 1104- 1093 1170 
1076 1080 Imn 1099 1109 1095 1156 
10Sa 11087 11094 1095 1093 11091 1119 
1064 11057 1064 1080 1097 1104 1123 
1102 '1131 11151 1195 1203 i1212 1230 
1097 109811099 1114 111411118 1281 
1100 111211116 1125 1136 ,1138 1153 
1108 1113 1136 1159 1173 :1188 1193 
1099 1098 11103 1098 1095 !1094 1249 

I 

1087 '1099 : 1106 1103 11 17 11129 1133 
I I 

1085 1104 i 1119 1146 1217 11216 1249 
1087 1091 : 1085 1097 1089 11095 1237 
10681066.1 1071 1084 1074 11064 1142 
1053 11061 1072 1075 1087 :,1089 1107 
1061 1I06i 1068 1078 1080 1087 1112 
1079 11068 1066 1065 1102 1085 1116 
1104 !1098 1108 1108 1087 1090 1119 
1061 :1071 1085 1091 1089 1090 1103 

1075 il072 1097 1109 1122 1122 f 
I 

1127
t 

1083 [1085 1131 1148 1161 :1148 1195 

1080 !1087 1095 1106 1113 1097 1203 

1066 /1070 1087 1097 n08 1104 1173 
1080 1087 1095 1097 1097 1095 1131 
108711094 1100 1100 n03 1116 1127 
1109 1109 1119_ i1129 1154 1156 1180 

V-January, 1912. 
1039 '1051 1081 :0109Y:l100 ° 1093 ' 1237 
1049 11056 1060 '1064 11060 11071 1104 
1064 11057 1058 !1068 11083 1091 1103 
1046 1057 1060 11065 11072 11079 1112 
1030 [1034 1033 11058 !1080 )1094 1117 
1056 1075 1090 !1084 !1076 '1078 1127 
1061 1070 1071 :]076 1087 '1095 1107 
1065 1070 1078 :1087 1076 11083 1112 
1065 1074- 1083 11085 1081 )1090 1113 
1075 1072 1076 :1084 1095 11103 1148 
1095 1099 1097 11095 1090 11104 1160 
1055 1058 1064 /1079 1085 11097 1170 
1058 1026 1084 1081 1080 11071 1125 
]043 1071 1072 11064 1066 11076 1132 
1049 1046 1051 11066 J081 1083 1131 
1043 1049 1051 11049 1062 1072 1106 
1070 1081 1099 j11081131 1118 1138 
1042 1038 1043 ,10601070 1079 1142 
1055 1061 1076 10761085 1084 1124 
1053 1070 1081 11097 :1102 1102 1106 
1074 1075 1074 ,1080 ,1083 1090 1127 
1065 1074 1076 jl085 :1083 1104 1118 
1066 1071 1083 !1081 11076 1087 1188 
1079 1083 1079 108711095 1099 1119 
1049 1058 1078 1083 1080 1087 1202 
1042 1057 1049 1061 11076 1084 1103 
1065 1064 1068 10781081 1078 1089 
1053 1053 1062 1064 1060 1058 1083 
1037 1045 1051 1052 1061 1083 1097 
1049 1071 1076 1071 1070 1066 1099 
1046 1051 1058 1061 1061 1072 1110 

505 

I 

h. 
2 

1 2 I 
I 0 
I 4 

0 . 
5 

I 9 
I 

3 
4 
8 

23 
1 
1 

23 
1 

23 

23 
0 

11 
23 
10 
2 

21 
0 

23 
23 
7 

6 

5 
oi 
3 

10 

1 5 
8 

ill 
9 
9 
1 
8 
3 
3 
4 
4 
6 

19 
3 
9 
1 

22 
9 
2 

23 
4 
4 
2 

23 
2 
5 
0 
0 
9 
3 
2 

m. y 
48 1015 
40 1016 
4 960 

19 1001 
0 1042 

45 992 
52 853 
15 1009 
25 992 
0 1015 

39 899 
48 1017 
45 998 
49 1005 
15 1039 

35 1034 

10 1019 
24 876 
7 982 

25 1 953 
15 979 
20 990 
26 923 
37 944 

. 15 } 1038 31 
20 1005 

25 990 

47 1004 
5 996 

35 1030 
10 905 

39 
39 960 
41 975 
50 979 
28 939 
o 960 

47 1022 
53 962 
42 998 
7 1038 

52 1028 
34 1005 
22 899 
40 915 
58 937 
30 947 
50 971 
25 977 . 37 994 
20 1005 
12 1017 
39 982 
5 960 

32 1022 
21 1018 
33 1019 
10 1017 
20 998 
39 868 
9 982 

48 975 

h. m. . 

12 1 
11 43 

: 12 13 
I 

I 
9 57 
0 12 

I 12 56 
9 10 

12 2 
11 30 
13 26 
10 48 
3 33 
8 59 

12 55 
7 25 

35 {14 
I 14 
1 15 

50 

I 

28 
7 29 

10 44 
11 10 
10 47 
14 5 
9 14 

11 47 

15 55 

7 11 
f14 35 
t14 50 

14 50 
10 27 
14 32 
11 0 

10 44 
9 32 

14 42 
13 48 
10 13 
14 30 
11 32 
12 53 
13 28 
10 25 
14 5 
13 9 
8 55 

11 58 
10 5 
11 30 
6 43 

10 50 
7 51 
9 33 
9 11 

10 48 
15 10 
11 57 
15 23 
10 45 
12 20 
10 33 
11 53 
13 15 

I 



HOURLY V ALUEs-continued. 

V-February, 1912. 

Day. 
o h. I h. 

67000y (0'67 C.G.S. Unit) + 
2;. --3;:- - 4

y
h. 5;. -6;. ;; ;'ls ;.9

y
h: : 1~ h. l~h. -l~ h: E/ l~h. --

082 1078 1071 1095 1087 1092 1064 1059 !lOO7 1043 1037 995 1003 
'Y 'Y 

1 1095 1082 1 
2 1087 1088 1 088 1087 1080 1088 1075 1074 1066 1080 '1031 1026 1055 1047 1011 

086 1102 1086 1104 11087 1058 1043 1025 1017 965 1011 980 1035 
095 1096 1075 1055 i1064 1076 1083 1067 11047 1049 1027 991 1007 
094 1078 1066 1055 ,1050 1066 1064 1027 993 1023 1003 987 1007 
079 1086 1087 108411064 1058 1063 1055 ;1070 1068 1067 1058 1043 
087 1088 1083 1078 1078 1075 1088 1098 ,1064 1031 1021 1015 1034 
084 1086 1075 1071 11086 1051 1063 1045 1049 988 961 976 .980 
087 1076 1086 108611078 1075 1082 1058 1031 1027 1023 1019 1017 
082 1079 1072 1063 1058 1059 1079 1063 1030 1045 1049 1033 1023 
132 1116 1124 1088

1

1078 1041 1026 1009 I 999 1007 964 948 976 
088 1080 1083 1096 1070 1075 1075 1076 :1057 1067 1050 1059 1042 
076 1075 1082 1086 11062 1047 1033 1001 .1098 1071 961 1011 1060 

3 1088 1084 1 
4 1079 1090 1 
5 1084 1086 1 
6 1071 1082 1 
7 1102 1090 1 
8 1096 1090 1 
9 1112 1086 1 

10 1084 1086 1 
11 1088 1100 1 
12 1094 1088 1 
13 1098 1091 1 

102 1104 1084 1106 11082 1055 1033 1013 I 991 1003 1037 1019 1021 
084 1086 1070 106211058 1029 1046 106211042 1015 1038 1045 1021 
106 1098 1098 1094 1084 1075 1074 1045 1078 1043 1033 1045 1046 
090 1104 1110 1095 '1098 1092 1071 1095 1084 1095 1082 1072 1057 
086 1082 1080 1116 1084 1108 1064 109411149 1118 - - -
100 1087 1102 1086 1086 1083 1080 11.10 1095 1066 1070 1049 1043 
108 1114 1110 1104 1098 1091 1078 1092 11102 1074 1046 1055 1070 
098 1108 1096 1086 1082 1064 1062 1072 11035 1015 1041 1038 1026 
095 1102 1100 1098 1098 1090 1079 1086 \1072 1066 1080 1068 1055 
088 1094 1090 1094 1087 1084 1084 1074 11066 1042 1041 1031 1031 
098 1114 1120 1114 1094 1059 1025 1025 999 1027 996 1003 1015 

14 1100 1110 1 
15 1083 1079 1 
16 1106 1114 1 
17 1083 1087 1 
18 1080 1091 1 
19 1086 1090 1 
20 1095 1094 1 
21 1100 1102 1 
22 1096 1090 11 
23 1092 1087 11 
24 1094 1102 1 
25 1095 1092 1 092 1098 1090 1088 1092 1087 1067 - - - - - -

- - - - - - - - - - - - -26 
- - - - - - - - -

105911063 

- -
- - - - - - - - - - -
- - - - - - - 1058 1054 1072 1051 

27 
28 
29 

.~-.-----

V-~arch, 1912. 
1 980 980 9771982 982 988 988 976 965 950 936 916 908 913 920 
2 977 982 984 982 984 982 966 958 976 962 962 976 972 958 954 
3 992 1000 1000 992 994 998 988 984 978 977 970 966 949 942 946 
4 980 980 980 980 978 974 980 990 994 1014 953 919 901 929 953 
5 978 978 978 978 978 976 970 972 984 976 984 964 949 ·949 948 
6 996 998 1007 1004 1008 1000 988 984 980 1004 100811010 998 992 945 
7 982 984 984 996 988 986 974 970 958 965 949 932 921 929 924 
8 990 992 994 992 990 982 988 992 984 952 936 932 925 931 949 
9 1055 1032 1003 988 1010 992 988 969 931 901 924 957 928 935 944 

10 1006 1019 1000 1000 992 978 972 957 956 945 931 949 941 936 949 
11 1007 1016 1023 1051 1026 1006 992 982 973 944 956 968 948 953 950 
12 992 992 990 992 988 984 976 977 988 988 984 941 952 956 950 
13 1018 1015 1010 1011 1008 992 970 .973 960 962 988 954 961 984 969 
14 1007 1011 1010 1003 994 988 984 978 980 964 956 965 950 954 956 
15 990 996 1000 986 986 976 994 1010 1007 1000 994 1012 1000 984 973 
16 1003 994 998 992 1000 996 992 992 990 982 950 964 977 978 974 
17 1022 1027 1004 1002 1002 998 994 996 1000 1018 1011 994 970 978 988 
18 998 996 996 998 1002 998 1000 996 996 1003 1003 996 986 977 972 
19 1004 1002 1002 998 998 994 994 994 996 996 994 988 988 988 992 
20 996 1000 1002 1007 1016 1004 1003 1000 1004 1004 996 1004 994 990 977 
21 1002 1002 1002 1004 1010 1012 1008 1002 1000 1006 1007 996 992 980 974 
22 1027 1018 1008 1006 1006 1000 992 992 970 953 973 960 954 950 960 
23 1002 1003 1003 1003 1006 1007 1015 1016 1018 1006 - - - - -
24 - - - - - - - - - 994 994 992 994 992 980 
25 1007 1008 1010 1012 1014 1006 1000 1000 996 986 978 988 978 984 984 
26 1010 1010 1014 1010 1008 1007 1004 1002 992 - 1000 - 931 944 946 
27 990 990 992 994 990 994 996 996 980 969 958 950 940 941 949 
28 994 994 996 1000 1003 996 992 994 990 996 988 986 986 986 977 
29 1007 1002 1000 1016 1004 1000 994 992 992 992 996 998 974 969 973 
30 1002 998 1003 1018 1007 992 1014 984 980 1007 990 984 1003 994 986 
31 1003 996 994 1000 998 992 988 996 998 1003 1000 990 982 980 974 

506 



HOURLY V ALUES---continued. 

V-F~~ruary, 1912. 
--

I 

, Maxim um Reading 67000), (·67 C.G.S. Unit) + 
2:1- h~-1-24-h. ! and Time. 

0~5 11;0~1 1.1 1r14--
h4 -~8--

091 1088 ! 1114 9 8 
-:~~ 1i:~·ll~:· 1~::· 1~:·~~::i1:;:· lJ:: 11 

1015 1029 1037 1046 1058 1067 1074 1094 11 
1027 1025 1021 1039 
1019 1026 1050 1064 
1003 1022 1030 1045 
1051 1059 1070 1078 
104:7 1055 1054 1055 

997 1009 1039 1046 
1027 1035 1057 1064 
1022 1030 1037 1042 
1011 1026 1037 1041 
1043 1045 1050 1064 
1094 1086 1076 1062 
1030 1025 1055 1060 
1022 10351058 1076 
1053 1045 1054 1071 
1033 1038 1051 1057 
1060 1067 1078 1086 
1035 1046 1058 1078 
1063 1067 1050 1086 
1035 1046 1060 1070 
1055 1072 1083 1088 
1035 1046 11060 1074 
1027 1045 11047 1058 

- 1053 - 1074 
- - - -
- - - -
- - - -

1064 1074 1079 108l 

920 932 942 952 
953 957 968 968 
952 968 972 976 
949 952 956 960 
954 950 973 974 
980 974 980 984 
933 949 953 964 
944 949 970 976 
950 954 957 974 
961 966 977 984 
966 966 982 980 
956 960 970 973 
960 966 972 978 
957 968 972 977 
974 982 988 992 
980 984 994 992 
973 980 994 998 
976 988 980 994 
992 992 996 996 
969 980 994 992 
986 992 992 994 
950 970 990 996 

- - - -
986 994 996 1000 
980 994 994 998 
956 968 980 982 
961 973 986 992 
978 984 984 990 
974 980 984 992 
974 982 1052 992 
976 984 988 988 

1067 
1064 
1055 
1091 
1057 
1054 
1064 
1046 
105:3 
1075 
1076 
1070 
1076 
1078 
1075 
1088 
1083 
1084 
1078 
1088 
1072 
1066 
1091 

-
-
-

1098 

1067 1075 1066 1 
1068 1078 1082 1 
1066 1086· 1086 1. 
1096 1098 1098 1 
1072 107! 11078 1 
1068 107911094 1 
106811079 1090 1 
1071 1090 1090 1 
1068 108711092 1 
1098 1104 1118 1 
110211114 1110 1 
1072 1076 1090 1 
1076 11080 1083 1 
1084 1083 1080 1 
1082 1086 1087 1 
1087 1091 1083 1 
1088 1092 1098 1 
1098 1102 1086 1 
1080 1084 1096 1 
1088 1088 1095 1 
1072 1080 1092 1 
1070 1086 1092 1 

- - -
- - -
- - -
- - -

1093 1093 1096 J 

064 11079 11116 5 10 
086 1084 1116 3 2 
075 ,1071 I 1102 1 43 
100 1102 1104 24 0 
092 1096 1106 0 8 
112 1112 I 1120 24 0 
079 1084 . 1120 0 0 
090 1Q88 'I 1098 23 10 
092 1094 i 1148 4 28 
10611098 '1124. 21 55 
102 1100 ,1137 10 10 
090 i1083 . 1122 3 22 
102 1106 1110 23 45 
080 1083 1122 1 35 
087 1080 1136 3 23 
084 1086 1182 9 51 
098 1095 1130 9 25 
102 1100 1122 10 0 
096 1096 1112 3 0 
088 1092 1107 5 25 
092 1094 1102 4 35 
096 1095 1137 4 10 

098 1098 

V-March, 1912. 
~ -------- --------

9921986 966 988 
970 984 992 998 
978 980 984 986 
973 977 984 980 
980 982 982 986 
984 980 978 978 
974 982 980 984 
996 1007 1004 1004 
984 994 1000 996 
988 988 1000 1004 
986 986 1000 1000 
978 982 988 1000 
988 1004 994 996 
978 986 988 988 
990 984 996 1002 
994 996 1000 1007 
998 1002 1002 1002 
994 996 1004 1004 
996 998 1002 1002 
994 996 1000 996 
994 994 996 1019 

1000 1002 1000 1000 
- - - -

1002 1010 1010 1002 
1002 1004 1007 1010 
988 996 996 994 
994 988 992 996 
994 996 1006 11016 
998 996 1000 996 

1003 1016 1019 :1018 
988 996 992 I 992 

992 977 
994 992 
980 980 
978 978 
986 996 
980 982 
988 990 

1065 1055 
1006 1006 
1010 1007 
994 992 

1007 1018 
1002 1007 
992 990 
996 1003 

1012 1022 
1000 998 
1002 1004 
998 996 

1000 1002 
1031 1027 
1002 1002 

- -
1004 1007 
1010 1010 
992 990 
994 994 

1012 1007 
996 1002 

1011 1003 
990 990 

--~-~ 

507 

998 
1002 
1008 
1034. 
998 

1022 
1007 
1092 
1060 
1034 
1075 
1018 
1026 
1018 
1038 
1026 
1035 
1012 
1010 
1020 
1044 
1 026 

1020 
1006 
1026 
1023 
1027 
1011 

I 6 01 
I 21 

~g I I 

I ~ 57 
24 

5g I 10 
8 

23 10 I 

0 15 I 0 37 
2 50 

23 45 
0 22 
0 32 
8 35 

23 57 
10 12 
9 45 
0 0 
4 10 

22 22 
0 5 

10 25 
6 55 

22 0 
3 3 
3 5 
3 0 

Minimum Heading 
and Time. 

r h. m. 
961 9 54: 
997 9 53 
93-1 10 56 
981 12 43 
976 13 38 

1033 6 40 
1005 12 55 
950 11 58 

1005 13 35 
1011 9 58 
942 12 50 

1017 9 50 
946 11 58 
96~ 10 23 
988 10 33 
993 11 2 

1017 15 10 
1009 8 3 
1025 14 53 
1029 12 23 
1001 10 57 
1043 10 43 
1015 11 8 
969 10 If) 

§6r-----T 1 35--
941 9 55 
935 12 28 
883 11 45 
944 13 35 
932 14 2 
911 11 4 
909 12 5 
887 9 10 
911 10 3 
931 9 23 
915 11 13 
936 11 20 
939 9 4~ 
967 5 15 
944 10 14 
962 12 28 
968 14 10 
984 11 15 
964 15 22 
968 13 58 
923 11 15 

925 12 13 
933 12 2 
970 13 37 
960 13 25 
954 11 12 
965 14 13 
--------------



Day. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

---1-

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

I 

o h. 1 h. -- --- ... --~ 

'Y 'Y 
990 990 

1000 1003 
996 996 

1007 1006 
994 992 

1022 1014 
1022 1012 
1044 1038 
1012 1016 
1002 1002 
1049 1022 
1014 1014 
1020 1027 
1030 1023 
1008 1003 
1083 1101 
1143 1093 
1073 1043 
1083 1081 
1041 1044 
1032 1030 
1019 1018 
1044 1044 
1020 1023 
1040 1043 
1030 1036 
1032 1032 
1049 1035 
1026 1028 
1018 1016 

- . __ . _._-

28 35 
26 24 
43 44 
34 36 
18 14 

261 109 
91 69 
79 71 
69 59 
38 41 
35 38 
30 30 
81 85 

127 77 
57 57 
68 57 
45 51 
43 48 
35 34 
48 44 
39 36 
40 4] 
39 ., 36 
38 38 
38 40 
36 38 
47 47 
38 38 
40 41 
49 59 
41 41 

HOURLY V ALuEs-cont-inued. 
V-April, 1912. 

67000Y (·67 C.G.S. Unit) + 
2 h. 3 h. 4 h. -5i·t6r~ 

7 h. 8 h. I 9 h. 
----- 1-------- ~ -- -

'Y 'Y 'Y 'Y 'Y 'Y 
990 994 994 992 994 990 994 1002 

1006 1012 1002 994 984 986 980 978 
994 996 1000 1002 (010 1004 1003 996 

1018 1014 1010 1002 992 990 982 957 
988 996 996 99·1 990 988 986 977 

1015 1007 1002 998 1002 990 984 953 
1019 1024 1030 1018 1010 1002 1000 992 
1034 1023 1015 1003 1003 998 984 990 
1011 1018 1008 1002 1000 1002 996 992 
1002 1002 1002 1000 998 1000 996 996 
1023 1027 1022 1018 1018 1018 1020 1015 
1010 1007 1006 1002 1002 1002 1006 1008 
1019 1012 1010 1008 1010 1008 1007 (1003) 
1014 1015 1007 1008 1008 1006 1008 1012 
1002 1003 1002 1008 1000 1000 984 982 
1081 1048 1032 1024 ]020 1026 1041 1041 
1072 1075 1055 1035 1026 1022 1003 1016 
1044 1039 1044 1051 1063 1043. 1036 1019 
1079 1075 1053 1039 1028 1026 1024 1019 
1052 1048 1044 1031 1024 1012 1007 1007 
1026 1026 1026 1020 1026 1008 1014 1020 
1018 1018 1014 1016 1018 1018 1014 1014 
1048 1053 1040 1028 1019 1018 1012 1014 
1020 1026 1027 1027 1024 1012 1015 1007 
1041 1038 1032 1028 1030 1024 1023 1019 
1044 1043 1035 1030 1022 1016 1022 1023 
1026 1024 1022 1020 1019 1020 1022 1023 
1038 1026 1026 1018 1011 1012 1010 1003 
1028 1023 1022 1019 1018 1018 1012 1011 
1020 1015 1010 1012 1010 1012 1012 1015 

V-May, 1912. 
68000Y (. 68 C.G's. Unit) + 

27 31 18 20 \ 18 i 18 18 18 ' 
20 26 24 24 24 23 22 18 I 
40 49 47 32 19 12 10 (16) I 
35 30 34 23 19 12 11 
11 6 -6 -8 -14 -4 2 10 
93 47 63 56 40 49 44 51 

103 73 51 79 60 44 41 40 
63 47 34 27 43 34 16 38 
56 47 34 34 44 38 41 36 
39 47 41 38 38 39 36 32 
35 39 35 31 30 31 28 26 
30 31 36 38 32 30 . 23 18 
67 47 43 38 36 32 16 14 
65 56 44 41 43 44 38 35 
60 64 56 53 38 30 39 30 
55 56 45 43 38 34 39 35 
45 53 48 38 35 31 30 18 
44 49 48 38 35 36 41 41 
38 38 39 31 31 27 28 23 
45 40 35 34 34 30 28 18 
40 38 35 34 35 32 30 26 
43 43 47 55 45 36 38 38 
38 38 36 34 36 30 30 34 
35 36 38 35 34 35 35 34 
35 34 34 32 34 34 32 32 
39 44 44 39 36 38 35 31 
44 40 41 36 34 34 36 35 
36 38 38 35 34 36 35 39 
39 40 38 35 35 34 35 34 

I 51 I 4Q 44 36 32 28 32 30 
41 45 41 41 38 34 34 14 

508 

10 h. 11 h. 12 h. 13 h. 14 h. 
--~- ~-- - --

'Y 'Y 'Y 'Y 'Y 
992 990 986 977 984 
978 978 992 982 984 
986 972 964 962 956 
968 972 956 968 974 
974 982 990 974 969 
945 965 965 972 978 
990 986 977 969 974 
978 980 973 982 982 
988 986 988 977 988 
998 1004 1011 1020 1000 

1018 1004 994 984 1000 
1007 1000 996 990 996 
(999) (994) 990 992 990 
1000 976 984 994 996 
980 994 984 1003 1002 

1034 1032 1016 1000 1011 
1038 1047 1028 1034 1007 
1023 1000 1000 1012 1018 
1007 994 1003 1016 1010 
1000 994 996 996 1002 
1018 1014 1008 1015 1012 
1014 1012 992 988 996 
1016 1014 1020 1015 1019 
1003 1004 1000 1006 1006 
1020 1006 992 1006 1010 
1026 1014 1002 1014 1000 
1023 1019 1020 1014 1022 
1004 1002 1006 1007 1004 
1008 1010 1015 1012 1015 
1007 1010 1006 1010 1012 

11 10 I 2 ' 3 10 
16 8: 8 12 18 
22 7 3 2 3 
- - - - -

2 0 0 14 16 
51 40 32 38 35 
27 26 26 36 24 
49 38 20 23 30 
32 30 32 28 34 
35 I 31 22 22 30 
27 26 26 26 30 
12 14 11 18 14 
22 19 6 24 77 
35 32 35 65 48 
28 34 30 28 43 
43 38 34- 32 35 
30 28 28 30 30 
35 36 32 34 35 
27 32 32 36 31 
22 32 11 22 26 
26 27 26 26 27 
36 31 28 31 32 
34 ! 32 36 35 34 
35 36 36 35 34 
36 I 28 30 30 31 
34 ~ 30 28 i 28 34 
27 I 30 27 : 26 27 
34 · 34 34 I 34 31 
30 ! 34 34 I 34 34 
30

1 

34 35
1 

34 35 
10 16 18 30 32 



HOURLY V ALuEs-continued. 
V-April, 1912. 

---
670001' (·67 C.G.S. Unit) + I Maximum Reading I Minimum Reading 

I 
I 

I 
and Time. and Time. 

__ l~h. l~h. _!!y h. I l~!. 19"h. 20"h. 2~h. 2~ h . .!-i~ ~~h~_ " h. m. I' h. m. 

988 992 994 994 992 I 992 994 998 1007 1000 1011 23 0 973 12 52 
980 982 984 986 992 994 996 996 I 996 996 1018 2 45 969 10 40 
962 973 980 988 996 I 994 994 996 1'1000 1007 1012 6 43 950 13 48 
973 984 980 986 990 994 1006 1002 1000 994 1030 2 25 949 12 0 
970 1000 1000 996 996 I 998 1007 1019 1019 1022 1035 22 45 962 15 35 
990 1004 1000 11002 1003 11003 1003 1000 1018 1022 1034 0 12 917 9 29 
988 988 1000 1000 1000 998 1006 1038 1041 1044 1057 22 30 949 12 23 
988 992 996 1000 1002 II 1002 1006 1010 11008 1012 1043 0 0 962 11 55 
992 998 996 11004 1006 1007 1002 1002 1002 1002 1026 2 50 954 12 8 
988 994 1 998 996 1015 11012 1038 1115 1064 1049 1130 22 3 964 15 10 
996 992 1 992 998 1002 1014 1015 1016 1014 1014 1061 0 17 972 12 30 
990 .996 11002 1003 1004 i 1002 1006 1019 1022 1020 1030 23 12 986 12 32 
990 996 111000 1004 1019 [I, 1022 1038 1041 1041 1030 1045 23 10 980 11 50 
996 1002 1000 1004 1007 1012 1023 1016 1014 1008 1030 0 0 970 10 42 

1000 1026 11069 1064 1093 11117 1093 1077 1069 1083 1125 20 0 962 9 49 
1011 1014 1056 1061 1055 1051 1184 1102 1089 1143 1332 20 47 976 13 13 
992 ,1011 1043 :1032 1083 1057 1040 1040 1119 1073 1178 0 8 986 14 22 

1015 1020 :1035 1!1039 1051 1056 1059 1063 1106 1083 1122 22 40 992 11 55 
1015 1027 1035 1026 1027 1028 1030 1023 1030 1041 1093 0 55 974 10 35 
1047 1036 1032 1034 1036 1039 1035 1036 1035 1032 1065 1 35 986 10 40 
1016 1022 11026 1024 1026 1026 1022 1019 1020 1019 1034 0 0 998 12 12 
1004 1016 1019 1022 1032 1064 1060 1049 1041 1044 1073 19 57 980 12 25 
1020 1020 1020 1032 1031 1030 1026 1026 1026 1020 1065 3 2 1002 10 28 
1011 1016 1018 1020 1024 1034 1030 1035 1045 1040 1048 23 3 994 11 13 
1015 1010 1011 1018 1016 1022 1036 1031 1031 1030 1049 1 30 973 11 53 
1011 1016 1020 1022 1023 1026 1022 1024 1028 1032 1049 2 22 I 994 12 5 
1018 1019 1018 1018 1022 1026 1022 1031 1036 1049 1060 23 45 'I 1010 12 50 
1011 1016 101811019 1023 1022 1024 1026 1026 1026 1049 0 0, 996 11 14 

_ ~g~l_ ~~JJ __ ~g~~_I~t~ ___ (.~_~~~) (~~~_~) tg~t_~~~J~~;- ~g~~ _~g~i _2; __ :~ ___ 1~_6_~ ~~:~ 
V-May, 1912 . 

.--------=--=68=--=-oooy=-=--( ·-68~C=--=--G---=CS~U=n-it·c-) -+--- --- ----------- -1--------------- --
2 25---... 

4.1 0 42 2 1 ~------- -----

12 14 

I 

15 24 35 I 36 30 26 
18 23 22 24 45 55 44 40 
7 19 22 24 41 55 43 41 

- - I - 32 28 26 24 26 
12 I 12 I 10 16 22 28 64 138 I 

28 28 1 34 32 31 32 34 40 
34 35 I 34 34 32 43 41 I 39 

I 

35 38 I 38 35 35 38 44 83 
31 34 I 34 34 35 39 43 41 
32 28 I, 40 64 I 53 38 34 35 
30 30 I 30 30 1 30 30 30 30 
26 28 ' 35 51 67 107 73 61 
49 48 I 48 146 i 113 115 228 258 
52 55 i 51 97 I 95 168 119 91 
38 63. I 53 51 I 57 53 52 53 
36 39 I 39 41 44 I 49 47 49 I 

31 35 I 38 40 41 45 52 44 
34 32 1 31 38 38 36 35 34 
35 36 36 36 40 40 53 51 
31 36 38 39 43 43 40 39 I 
28 34 39 38

1 

39 38 38 38 i 

35 40 41 41 ! 43 44 41 40 
34 36 34 36 , 36 38 38 35 
35 35 38 36 1 41 38 40 41 
34 34 35 36 I 38 38 38 38 
34 34 36 39/ 40 41 52 63 
27 28 35 34

1 

38 39 44 45 
34 32 49 49 51 49 41 38 
34 38 38 38 40 35 40 39

1 
34 34 38 41 I 40 41 39 39 
35 40 41 40 I 40 38 38 43 

509 

241 26 I 

40 43 67 i 19 

40 I 34 68 '20 
18 I 18 45 1 
99 I 261 352 24 
60 91 352 0 
56 79 119 2 
76 69 107 22 
38 38 76 0 
36 i 35 69 17 
28 30 44 2 
65 81 121 20 

200 127 313 21 
69 I 57 212 19 
71 68 83 23 
47 45 67 0 
43 43 61 3 
34 35 59 3 
47 48 57 21 
40 39 53 0 
36 40 4.4: 16 
38 39 65 4 
36 38 41 2 
38 38 43 18 
36 36 43 10 
51 47 75 21 
40 38 52 21 
40 40 57 17 
43 49 53 23 
38 41 65 0 
41 44 i 49 3 

20 
2 

15 
0 
0 

18 
13 
5 

39 
30 
5 

10 
57 
~3 
0 

20 
25 
0 

20 
41 
38 
20 
50 
30 
32 
45 
0 

57

1 

50 
12 

5 
-4 

7 
-20 

24 
10 

-2 
20 
18 
21 
2 
2 

14 
18 
28 
10 
26 
18 
10 
22 
30 
26 
26 
18 
26 
23 
28 
28 
23 
2 

1 1 22 
8 13 
6 47 
5 35 

1 5 12 
1 

1 

1 10 
7 50 
2 43 

12 
11 
11 
9 

11 
9 

13 
8 

12 
9 

12 
9 

10 
7 
9 
9 

11 
9 
9 

10 
9 
9 

43 
55 
35 
12 
27 
45 
20 
46 
10 
5 

20 
10 
45 
14 
50 
20 
45 
30 
35 
22 
30 
23 



HOURLY VALUEs-cont1·nued. 

V-June, 1912. 

Day. 
68000Y (·68 C.G.S. Unit) + 

o h. 1 h. 2 h. 3 h. I 4 h. 5 h. 6 h. 7 h. 8 h. 9 h. 10 h. 11 h. 12 h. 13 h. 14 h. 
---- ---- -------- -- ---- --

y y y y y y y y y y y y y y y 
1 109 108 116 113 109 104 108 104 108 108 112 101 97 103 99 
2 148 141 124 124 114 109 112 114 114 109 108 109 101 103 103 
3 126 122 117 132 124 109 108 100 101 95 88 83 96 92 101 
4 120 117 114 118 113 106 112 116 112 106 109 112 110 113 108 
5 121 118 112 108 110 118 114 117 113 113 113 108 109 109 110 
6 110 112 118 120 118 113 117 108 108 112 116 116 117 117 118 
7 118 121 121 118 120 121 122 122 118 114 114 114 110 109 114 
8 118 120 118 120 118 116 116 117 117 106 100 104 103 99 103 
9 ]48 146 203 182 156 134 126 117 114 110 95 109 106 110 134 

10 150 167 182 182 186 144 121 134 112 112 113 110 122 124 136 
11 138 130 141 154 148 132 124 116 110 125 133 116 122 114 117 
12 141 144 136 138 122 124 121 122 122 118 113 118 117 121 117 
13 136 142 137 133 128 124 120 117 120 120 110 116 118 117 I 118 
14 136 

1

132 132 128 133 130 122 113 116 110 110 114 114 116. 116 
15 141 134 I 142 136 136 134 122 136 118 113 118 110 110 108 110 
16 122 126 125 122 118 120 120 114 117 - - - - - -
17 - -- - - - -- - - - ]04 99 105 109 114 118 
18 130 130 124 122 116 114 112 108 110 110 106 106 108 109 112 
19 122 125 129 125 121 118 122 116 118 114 114 106 114 106 108 
20 116 114 116 116 117 114 118 116 114 116 114 114 114 114 114 
21 114 114 114 118 116 118 117 114 113 114 114 109 114 114 114 
22 1.16 117 117 121 117 114 113 110 105 103 101 106 96 96 104 
23 122 121 122 137 132 116 110 108 113 114 112 106 106 105 105 
24 126 129 126 ]24 120 117 117 114 104 110 108 96 96 101 101 
25 124 134 152 148 136 122 117 116 117 116 114 112 109 108 108 
26 117 117 118 117 118 118 118 117 117 116 114 116 114 110 109 
27 

1

120 122 117 130 126 121 122 120 118 112 113 105 113 112 114 
28 160 137 1120 120 116 1171126 126 124 122 117 100 1104 99 112 
29 

1

130 133 140 133 125 121 130 126 118 122 114 117 105 11091112 
30 158 152 I 164 154 122 140 130 130 122 120 116 112 114 121 118 

---------- ----~- ------.~--------~-----

V-July, 1912. 
-

1 
-~-

142 I 154 144 140 
-~--.--

1181108 : 1:~ 109 110 I 140 138 125 I 122 122 112 
2 134 130 133 133 117 117 114 I 117 122 - - -
3 

I 

117 1 110 
112 114 114 - - - - - - - 121 i 116 ' 114 

4 136 142 138 140 126 122 125 91 112 I 103 103 110 104 
5 140 138 160 167 160 138 133 \124 112 114 I 114 , 108 136 174 128 
6 175 174 164 148 138 138 130 I 118 122 118 I 114 i 121 130 130 122 
7 191 174 162 142 136 125 124 : 118 118 117 I 116 : 112 109 117 120 

I 

8 122 122 122 120 118 116 118 124 116 120 105 106 108 125 118 
9 130 130 133 : 137 134 133 121 117 108 109 112 113 118 116 118 

10 137 140 141 136 126 121 117 117 117 114 114 116 114 114 114 
11 122 122 121 132 122 118 114 113 106 114 109 I 112 113 110 113 
12 U8 118 117 116 116 114 114 114 114 112 110 114 112 112 114 
13 114 116 114 112 114 113 114 109 106 109 110 106 106 110 106 
14 114 114 114 114 114 114 110 112 108 109 114 114 114 113 110 
15 114 114 120 114 I 114 110 106 108 108 105 108 106 108 106 106 
16 114 114 112 116 114 114 114 114 112 112 113 106 109 106 110 
17 129 122 122 120 121 117 114 114 117 116 113 114 114 114 114 
18 122 121 121 124 134 140 128 116 112 106 103 100 100 103 106 
19 114 114 114 114 114 114 114 114 110 109 109 108 108 108 108 
20 122 124 122 118 116 116 114 I 114 113 1131113 114 113 108 105 
21 142 148 148 129 120 1114 108 113 118 118 113 109 116 : 110 113 
22 134 129 126 133 130 117 120 120 116 122 120· 117 114 113 113 

125 130 130 134 129 120 117 118 114 116 113 110 
I 

106 109 23 112 
24 122 122 126 128 132 I 129 121 118 122 120 117 : 114 117 ' 116 114 
25 124 125 121 124 121 124 121 122 120 I 116 109 106 110 110 113 
26 132 134 133 126 128 128 126 137 130 I 122 120 113 113 117 113 
27 144 146 130 136 140 137 120 126 125 \118 . 114 I 116 110 104 117 

I 
28 130 136 132 137 148 141 132 125 128 I 125 1122 122 118 121 120 
29 130 130 132 126 128 130 128 124 122 1117 . 122 118 122 120 116 

1 
30 129 130 ! 130 136 140 130 1132 . 1221121 122 1122 . 121 120 i 117- 118 
31 (147) 146 i 152 156 152 148 136 I 126 124 1 124 I 122 I 122 (118) I 113 110 

510 



HOURLY VALUEs-con,tinued. 

---,---~- .. ---- ------------~ -~-- - -~--- - --- --_. __ .'- -. - --_ .. ... -._-_ ... __ .-._--_._"---- ---.~-~ 
V-June, 1912. 

68000Y (·68·C.G.S. Unit) + Maximum Reading Minimum Reading 

15 h. 16 h. 17 h. 18 h. 19 h.[20 h. 21 h. I 22 h.[23 h. 2i h. and Time. and Time. 
--------- ---- -Y-I-Y- --Y-Y Y Y Y Y Y Y 'Y h. m. Y I h. m. 

I 

99 104 109 136 144 134 175 194 168 148 228 21 55 91 
I 

12 25 
105 106 136 136 156 188 148 ,137 126 126 267 19 28 99 11 50 
109 110 109 152 199 156 142 1134 122 120 217 18 52 72 10 38 
109 112 114 113 114 114 116 1120 121 121 124 23 0 100 9 7 
109 110 114 114 122 114 116 I 116 109 110 129 18 45 99 11 52 
118 120 121 132 132 124 122 1121 122 118 138 18 0 103 8 45 
116 116 118 118 117 117 118 ! 117 118 118 126 1 15 106 12 5 
106 126 154 154 152 192 190 1176 160 148 217 19 30 91 13 20 
180 138 148 141 160 152 142 i 144 148 150 261 2 12 91 9 40 
167 148 141 150 152 154 144 136 133 138 211 3 52 101 7 42 
122 138 148 142 148 154 167 164 148 141 183 20 45 101 10 35 
118 150 152 136 138 134 136 138 140 136 186 16 3 106 9 20 
120 122 122 122 133 126 132 130 133 136 146 1 25 106 9 48 
117 118 132 138 141 142 142 146 146 141 150 22 20 103 9 43 
116 121 117 120 122 128 130 129 126 122 150 1 42 106 12 0 

- - - - I - - - - - - 129 0 15 114 8 0 
117 118 114 114 I 114 118 118 118 122 130 132 23 50 97 9 53 
113 114 114 114 ! 117 118 118 122 121 122 133 0 32 93 7 30 
108 110 114 122 122 126 129 121 121 116 138 20 37 103 13 50 
113 114 114 114 118 117 i16 116 117 114 121 18 55 109 3 25 
110 114 114 116 125 122 122 118 118 116 130 19 2 103 7 30 
108 109 114 113 110 114 116 117 121 122 126 23 18 ' 91 12 40 
106 109 114 116 117 117 116 122 124 126 144 2 47 103 13 30 
106 113 114 129 124 125 132 129 121 124 140 21 20 87 11 5 
112 114 114 118 118 120 125 122 116 117 160 1 50 102 i 11 50 
112 121 121 122 121 118 118 118 116 120 130 15 45 106 8 57 
106 1]0 114 114 116 141 213 191 170 160 261 21 

1~ I 
99 11 20 

112 116 114 113 125 148 175 158 134 130 190 21 95 13 5 
120 118 122 121 124 130 142 175 164 158 186 22 103 11 55 
117 116 120 122 122 122 122 122 138 140 178 I 3 20 I 105 4 20 

V-July, 1912. 
109 I 114 120 162 158 I 137 I 130 I 140 134 I 134 : 178 ' 17 57 99 I 10 35 
- _. - - .. j - -- - : I 138 0 0 110 I 6 18 

I -
118 136 I 

1 

120 116 118 118 116 116 I 118 122 140 24 0 112 12 2 
113 114 148 178 144 156 175 160 144 140 , 209 17 22 75 9 15 
118 144 249 178 160 160 202 243 174 175 392 17 3 87 I 10 50 
130 134 133 140 130 130 130 128 140 191 207 24 0 101 I 9 45 

I 

122 126 ' 129 124 128 137 138 130 136 122 216 0 15 105 I 12 12 I 

132 126 ' 124 124 122 117 I 122 122 122 130 138 
[1~ 

55 99 I 10 3 
113 121 122 130 128 129 134 ]34 137 146 48 93 I 8 23 1141 I 114 114 117 121 118 122 121 118 120 i 122 146 28 106 I 9 0 
114 114 116 118 121 118 116 118 121 118 134 2 40 103 9 55 
114 114 114 118 121 117 118 118 118 114 122 19 15 106 9 50 
110 110 110 114 114 114 114 114 113 114 120 1 25 103 3 21 
113 110 112 113 113 113 114 114 114 114 116 19 0 106 8 50 
110 113 114 120 122 122 126 122 114 114 129 21 20 99 8 50 
114 114 114 118 130 168 184 154 141 129 205 20 30 101 11 5 

(115) (117) 118 118 117 118 121 124 122 122 134 21 23 106 9 58 
109 114 117 120 118 118 118 114 114 114 ! 154 4 32 93 10 32 
109 114 114 114 I 114 117 117 116 119 1221 125 23 48 101 13 3 • 
105 113 113 114 126 150 .148 146 146 142 166 20 20 99 14 22 
114 117 121 124 134 124 120 118 126 134 , 162 1 20 100 6 8 
113 117 ]22 122 125 130 126 122 124 125 I. 149 3 10 103 7 25 
116 118 122 no 132 142 124 113 121 122 148 19 40 105 13 17 
116 117 118 118 I 120 118 122 122 122 124 138 4 5 112 10 38 
117 118 : 118 118 [118 118 121 1221129 132 134 23 7 104 10 30 
112 114 122 122 129 126 128 144 152 144 156 22 37 101 10 55 
122 130 144 144 137 138 132 1132 134 130 158 0 50 95 12 45 
120 ]21 ' 122 125 122 126 i 126 I 128 1 129 , 130 I 162 4 8 110 9 15 
120 . 118 122 " (122) 122 138 I 130 I 1251124 . 129 • 142 20 10 112 10 35 
1171118 118 118 124 133 ,150 1(149) (148) . (147) I 152 20 45 114 13 8 

(110) I 110 I 117 125 132 138 140 i 144 150 I 144 I 162 3 0 106 15 25 
-~-----;---~ 

. 
511 



HOURLY VALUEs-continued. 
V-August, 1912. 

68000Y ('68 C.G.S. Unit) + 
Da.y. 

1 
2 
3 
4 
5 
6 
7 

1-------
: _O_yh_. I_I_yh_. _2_

y
h_. II _3_

y
h_. : 

I 144 I' 148 142 132 i 
i 136 ,137 137 130 I 

, 134 i 136 141 142 

4 h. I 5 h'l 6 h. ! 7 h. I 8 h. I 9 h. ! 10 h. i 11 h. : 12 h. : 13 h. Y. -1'- -Y-i-Y- -1'-,-1'-'-1'-1-1'- ;-1'- I' 
1241117 '116 112 99 83 95 I 122 i 113 113 
133 126 126 116 122 133 124 I 118 ; 114 117 

138 i 137 132 132 
121 : 124 122 121, 
128 I 125 122 122 

8 134 133 134 132 
9 133 130 133 130 

10 144 138 132 129 
11 124 122 124 128 
12 124 125 122 122 
13 124 122 122 121 

. 14 122 120 122 122 
15 144 134 132 136 
16 I 118 117 120 120 
17 I 122 122 122 120 
18 182 164 148 144 
19 130 133 140 141 
20 164 156 156 146 
21 140 144 140 138 
22 168 166 160 162 
23 146 137 124 142 
24 162 152 162 156 
25 144 I 144 148 148 
26 134 130 134 142 
27 125 1130 129 129 
28 I 179 171 146 138 

140 : 126 
128 I 125 
121 122 
130 122 
- --

132 136 
130 132 
130 128 
125 126 
121 - 122 
120 122 
118 118 
132 128 
118 118 
122 118 
130 130 
146 136 
154 160 
134 130 
156 144 
160 164 
156 144 
150 154 
132 124 
128 126 
134 122 
126 117 
122 117 
116 

29 i 121 1- 120 121 122 
30 I 122 122 120 128 

__ ~~ __ I 118 __ l}~_ll~ ___ 1J6_.:._ ---
114 

125 126 122 
118 117 116 
120 118 117 
106 113 104 
- --- I -

140 141 : 138 
126 126 122 
126 124 126 
130 124 124 
125 121 122 
125 124 122 
114 114 114 
121 122 114 
114 114 114 
117 118 120 
130 126 133 
129 116 118 
144 130 124 
134 128 130 
134 125 120 
148 137 133 
144 133 141 
134 132 133 
114 114 110 
121 118 122 
146 138 118 
117 100 121 
122 110 105 
110 110 106 

116 120 109 I 120 120 
106 114 I 112 110 105 
114 116/113 110 114 
- - - -

146 138 138 125 112 
125 121 125 124 118 
122 120 117 118 122 
121 117 110 110 103 
117 120 114 ' 106 114 
122 122 120 122 122 
122 120 116 114 114 
114 112 112 112 114 
121 114 109 108 106 
110 108 117 106 108 
120 : 124 109 , 106· 99 
124 I 124 117 112 112 

(111) i (104) 96 109 103 
-130 I 122 121 112 110 
113 ' 116 114 114 126 
116 116 121 129 116 
141 130 137 128 116 
144 128 114 106 106 
117 103 108 106 116 
112 105 104 110 114 
120 1121109 112 199 

(131) 144 138 122 i 113 
109 107 1109 110 ! 110 

97 I 99 100 110 1103 
104! 96 I 95 108 106 

V -Septem her, 1912. 
___ ~ ____ .____ _ ___ 0. _____ -- ______ -._-----

103 I 89 93 1 120 116 120 118 117 114 113 109 106 97 97 
2 ' 116 118 121 121 121 114 114 114 117 125 113 1103 104 105 
3 120 117 114 114 114 114 114 114 112 101 96 I 100 103 99 
4 ; 114 114 114- 117 114 113 114 114 - 114 114 (110) i 106 101 104 
5 ; 150 137 130 134 130 121 114 112 112 106 104- 110 97 105 
6 ' 162 152 133 128 125 122 129 121 124 136 122 112 103 99 
7 i 144 132 122 121 117 116 121 114 120 121 108 106 116 109 
8 ! 126 126 136 118 128 121 116 117 120 116 1121104 101 106 
9 136 136 124 128 121 116 113 106 106 110 100 95 101 106 

10 138 136 124- 125 114 117 118 114 117 112 114 I 114 117 106 
11 13~ 130 133 138 130 132 130 128 125 126 120 i 101 91 91 
12 128 120 121 118 121 116 117 117 118 109 113 ; 114 109 96 
13 148 154 138 125 126 128 122 125 121 1120 130 125 99 100 
14 , 124 125 120 120 117 118 126 132 118 133 81 104 126 104 
15 i 136 126 125 130 125 122 121 125 120 112 116 96 105 97 
16 122 121 122 120 121 118 114 114 112 104 101 97 103 104 
17 133 132 136 126 122 117 114 (108) (101) 95 95 96 99 105 
18 i 132 144 171 160 146 144 152 152 118 99 95 136 132 116 
19 I 160 179 152 144 122 124 125 128 129 138 118 120 120 109 
20 124 122 126 129 134 148 162 141 148 146 124 118 106 108 
21 i 138 140 144 148 144 138 120 120 110 121 117 117 106 110 
22 148 156 160 156 148 144 140 128 132 136 113 96 113 121 
23 134 133 138 150 144 148 122 93 133 112 65 79 83 95 
24, ' 125 118 121 120 i 113 113 109 114 113 124 129 I llO 99 88 
25 : 207 175 152 144 ; 133 ]37 152 158 162 117 89 83 79 85 
26 ' 1291126 126 125 ' 124 122 113 118 126 125 125 136 148 126 
27 I 128 129 128 125 i 126 121 ~ 117 117 109 120 121 109 108 101 
28 130 . 129 126 124 I 124 118 ! 120 108 112 110 97 96 93 95 

122 118 , 116 117 (116) (115) 114 96 101 93 

14 h. 

I' 
130 
118 
122 
110 
116 
-

120 
120 
125 
105 
104 
122 
114 
108 
106 
112 
104 
112 
113 
110 
105 
103 
117 
113 
113 
109 
101 
118 

·108 
105 
96 

99 
113 
104 
95 

112 
110 
106 
106 
114 
109 
104 
93 

101 
105 
105 
103 
103 
112 
105 
97 

110 
117 
101 
95 
96 

112 
112 
104 
92 29 ; 124 i 124 126 1124 

30 : 122 I 121 121 120 125 124 I 122 118 130 134 120 117 93 103 I 105 

512 



HOURI.. Y V ALUEs-continued. 

V-August, 1912. 
----

6S000y (·68 C.G.S. Unit) + Maximum Reading I Minimum Reading 

15 h. 16 h. I 17 h. IS h. ~ 20 h. I 21 h. 22 h./23 h. f 24 h. 
and Time. and Time. 

---- I 

'Y 'Y 'Y 'Y 'Y 'YI'Y 'Y 'Y 'Y 'Y h. m.: 'Y h. m. 

172 146 339 205 164 150 i 144 138 I 137 136 392 16 

:; I 
68 8 47 

120 121 126 132 132 126 128 128 128 134 146 i 1 113 12 30 
122 122 121 146 162 1 162 I 158 146 140 138 174 19 95 10 45 
117 120 122 121 125 124 I 125 122 118 121 142 0 7 i 103 12 40 
120 118 120 121 1 ] 22 I 122 ! 120 128 129 128 132 ! 22 20 I 106 12 13 
~ -- - __ I -- -- i -- - - - 146 i 4 12 I 91 7 25 

124 130 1~3 133 137 144 148 146 134 i 134 160 20 25 101 13 20 
114 126 130 128 133 130 130 132 133 133 146 9 45 109 10 43 
124 124 126 132 136 136 133 134 137 I 144 146 24 0 106 9 53 
108 117 121 122 122 121 122 124 125 124 146 0 0 100 13 20 
108 114 120 120 120 121 128 129 122 

" 

124 134 21 15 96 14 12 
122 122 122 122 122 122 124 126 126 i 124 130 1 0 117 5 55 
114 114- 116 118 118 120 125 124 122 I 122 133 8 40 110 12 50 
109 113 120 122 118 117 128 126 134 ! 144 146 24 0 104 14 12 
113 117 116 120 117 122 118 120 118 i 118 148 0 4 104- 12 30 
114 121 122 122 120 121 120 122 122 I 122 124 18 0 99 12 18 
103 113 122 146 148 156 156 156 171 I 182 183 24 0 88 14 17 
114 117 120 122 124 125 126 I 130 129 I 130 186 0 20 : 106 12 32 
126 137 137 137 136 141 146 176 179 1164 191 21 3g I 

85 10 48 
106 109 120 122 124 122 126 133 138 I 140 164 0 99 12 25 
101 100 112 117 130 134 132 130 148 i 168 175 23 22 I 85 15 45 
97 130 152 133 136 164 154 148 144 j 146 182 20 2 I 87 14 33 

124 125 133 134 152 160 168 170 174 i 162 208 4 23 103 12 47 
105 121 118 122 130 154 182 164 150 i 144 188 20 43 96 12 50 
122 117 124 128 138 148 132 144 134 j 134 164 4 45 95 9 50 
114 121 130 126 125 126 126 128 1251125 148 2 43 83 10 50 
103 112 110 117 130 129 124 129 146 179 182 24 0 93 13 0 
126 124 125 125 122 ~ 121 114 114 116 121 190 O. 30 91 9 12 
106 110 116 121 122 I 124 124 120 122 I 122 138 3 56 85 6 54 
103 113 117 124 116 f 136 122 120 121 1118 140 19 55 84 10 42 
103 120 116 114 117 I 122 116 114 118 120 126 16 5 85 10 52 

~ 

100 109 110 1116 I 122 120 I 116 I 117 118 1116 128 18 3g I 85 10 55 
114 113 114 1141117 1181128 122 120 120 132 21 88 10 22 

112 114 113 114 114 114 114 118 116 114 129 8 56 1 91 10 5 

100 99 101 113 114 117 I 122 124 138 150 156 23 50 I 75 11 15 

110 116 114 117 117 124 1130 134 148 162 170 23 40 93 12 17 

105 108 110 137 134 158 144 144 170 0 0 1 91 12 35 137 i 137 
0

1 

109 110 109 110 126 133 134 133 134 126 146 0 99 12 5 

109 114 120 118 114 130 142 138 137 136 150 20 251 99 11 33 

103 110 109 117 118 121 129 136 136 138 140 24 0 79 11 0 

114 106 i 101 112 114 114 114 , 120 125 132 142 0 5 96 12- 50 

106 110 i 114 1291126 136 140 i 133 133 128 146 20 47 77 11 50 

92 99 ! 106 118 152 146 150 I 158 148 148 166 21 27 83 14 30 

100 106 110 114 I 122 122 122 ·122 118 124- 156 0 40 91 11 43 

124 118 109 121 I 122 122 133 141 140 136 162 8 32 71 9 38 

112 114 ' 114 114

1

118 120 120 121 122 122 138 0 

~: 
83 11 30 

100 . 108 110 114 121 124 130 136 136 133 138 23 95 11 15 

116 112 ' 113 120 1122 118 120 122 121 132 141 2 85 10 35 

114 120 I 128 132 137 164 148 148 158 160 182 2 18
1 

63 9 43 

113 116 129 128

1

126 126 128 1;~0 124 124 191 0 40 I 99 10 5 

95 100 113 121 125 138 141 137 136 138 171 8 35 ! 91 15 35 

122 125 125 128 122 118 124 : 130 134 148 164 3 25 I 101 12 15 

108 106 109 1061118 122 130 136 136 134 164 0 25 i 83 11 15 

101 95 110 112 122 126 130 122 126 125 162 2 35 ! 53 10 0 

101 152 150 160 183 ! 207 243 259 263 207 293 22 17 I 83 13 20 

108 124 121 1171129 I 132 1 130 132 130 129 209 0 5~ I 
71 12 10 

104 122 116 118 124 1251129 130 130 128 152 11 85 10 12 

112 113 114 117 118 122 122 122 I 128 130 144 9 55 I 88 8 32 

103 110 114 116 118 120 , 124 122 ! 124 124 130 0 oi 85 10 3 

96 106 109 11141120 I 122 i 122 122 1122 122 129 0 35 " 77 11 13 

106 109 113 120 122 i 122 j 126 ' 126 129 134 I 150 8 57 \ 91 11 58 

V-September, 1912. 

513 2K 



• 

HOURLY VALUEs-continued. 

V-October, 1912. 

Day. 
68000y (. 68 C.G.s. Unit) + 

o h. 1 h. 2 h. 3 h. 4 h. 5 h. 6 h. 7 h. 8 h. 9 h. IOh. 11 h. 112 h. 13 h.1 14 h. 
--_._-- -y- Y Y Y -y- -y Y 'Y Y Y Y -yl-y- --y-, 'Y 

1 134 133 130 137 132 125 118 116 110 109 103 93 I 85 92 I 109 
2 237 239 216 205 - - - - - - 136 126, 117 109 108 
3 126 121 129 126 122 120 117 121 130 142 136 113 101 101 100 
4 124 124 129 122 117 114 120 110 116 117 118 104 88 105 -
5 - - - - - - - - - 125 122 120 105 104 99 
6 132 129 128 125 122 118 114 117 112 (112) (111) 110 93 80 87 
7 122 129 ] 30 130 137 125 118 112 106 109 120 106 91 83 99 
8 122 121 137 128 116 114 114 116 116 129 128 129 133 100 !l9 
9 136 132 137 144 134 124 116 125 122 126 121 117 109 95 110 

10 125 129 124 120 122 118 121 114 105 - - - - - -
11 - - - - - 154 148 128 117 137 130 - - 57 59 
12 136 112 146 125 114 120 84 93 93 89 101 104 67 49 53 
13 148 150 140 137 125 117 110 120 128 124 114 104 81 84 76 
14 158 144 142 128 129 114 (114) (114) (114) 114 95 83 91 I 84 91 
15 200 198 211 172 144 138 134 144 132 12j 136 118 110 I 106 97 
16 126 136 140 144 125 114 101 164 128 144 117 121 108 100 103 
17 140 134 130 129 134 132 104 87 126 134 132 117 101 99 83 
18 126 122 122 113 109 110 117 130 84 83 85 103 97 96 97 
19 117 114 112 110 113 108 110 109 103 96 91 83 72 75 85 
20 112 121 120 133 122 I 106 100 95 95 101 104 84 67 63 85 
21 103 104 104 103 99 I 95 72 47 65 69 53 110 33 77 80 
22 103 109 121 116 103 89 84 I 71 75 69 79 80 77 79 92 
23 101 100 106 97 95 81 80 79 93 39 10 17 53 43 49 
24 103 106 108· 101 93 87 95 100 84 79 77 69 68 73 76 
25 105 101 100 97 96 97 68 75 87 99 80 71 87 99 93 
26 I 113 118 112 105 100 92 79 89 105 96 67 59 67 75 77 
27 I 103 106 1 - - - - - - - 69 65 69 65 55 61 
28 ! 125 130 1126 128 132 134 122 106 85 85 80 80 75 68 I 68 

;g ~~i ~~~ 'I ~~i ~~ ~6~ ~~~ 1~~ ~~ ~: 1~~ ~~ ~~ ~~ ;i I ~~ 
31 i 96 112 120 106 104 117 100 96 95 65 79 83 88 77 51 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

I 104 
I 158 

132 
106 
'97 

105 

99 " 109 I 118 
134 \133 I 136 I 

113 109 96 
93 99 95 

110 104 108 
101 113 117 

110 
133 
88 
92 
91 

132 

V-November, 1912. 

121 
121 
92 
81 
88 

113 

108 
116 
92 
72 
87 

125 

88 I 75 I 76 I 69 I 73 79 . 81 63 
101 I 951 91 93: 95 87 85 84 
96: 89 91 85 I 34 49 45 55 
69 53 i 76 95 I 77, 84 72 57 
96 76 I 83 49! 45 I 51 45 49 

148 f 110 I 92 - I - I - - -

- I - - 142 I 130 96

1

1 71 I 81 
154 183 171 121 116 97 80 95 I 101 122 105; 89 80 84: 71 
120 125 136 48 171 154 126 117 ,I 106 - - - --
-- - - - - - - - 39 31! 19 6! 4 I 21 

164 172 263 232 
180 236 219 176 
106 1106 106 105 
103 106 105 100 

191 148 109 150 I 129 76 116 i 59 65 I 75 i 77 
150 138 152 116 I 120 100 (93) \ (86) 79 97: 88 
110 89 85 91 I 106 80 79 77 75 69 I 65 
97 108 104 89 I 80 - - - - - -

109 100 96 88 63 49 22 80 77 112 172: 47 77 53 73 
61 75 33 I 27 - - -105 100 114 96 55 51 65 91 

-'---_19_-'-- __ ~~1 ___ ~5 __ 92 __ 1.!2 ___ 1Q~_ J~ __ --'!1. _. ~1 
- 79 113 I 57 2 47: 57 
42 35 63 - 77 79 97 I -

--------------------~"------~-~----~-
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15 h. 16 h. 
---- ----

y y 
101 85 
114 121 
100 106 
- -
95 99 
95 103 
99 100 
99 101 

114 105 
-, -
65 88 
67 79 
85 80 
81 84 
87 I 109 

101 99 
69 79 
95 92 
87 91 
87 85 
79 109 
88 91 
59 75 
79 76 
92 92 
77 81 
57 68 
65 81 
89 87 
61 67 

HOURLY VALUEs-continued. 

V-October, 1912. 

68000y (·68 C.G.S. Unit) + 
I 

Maximum Reading 

Ii h. 

y 

116 
109 
-

100 
104 
104 
106 
103 
-
85 
80 
83 
92 

106 
89 
92 
96 
93 
92 

112 
93 
89 
85 
92 
85 
75 
84 
79 
67 

----uh~ and Time. 
18 ho 11 !J},0 I 20 h __ I_2!J>°IJ2 ho 23 hoi 
y Y Y i Y Y Y 

162 ' 164 I 1831 -I - 120 
121 117 I 122 124, 124 126 
113 125· 124 124 126 124 
- - -

i 134 
- -

110 114 140 130 130 
106 110 117 114 122 120 
110 114 114 116 122 122 
106 113 120 129 134 140 
114 116 118 126 130 130 
- - - - --

121 I 89 85 1108 103 106 
103 110 I 116 132 138 1421 
87 104 ! 110 117 126 137 
85 100 144 1174 164 203 

118 122 117 122 129 126 
104 114 120 132 133 152 
103 113 121 1291137 138 
99 108 110 118 129 126 

100 105 108 110 120 110 
97 101 105 104 105 106 

112 99 96 100 100 103 
93 97 99 97 101 100 
88 96 99 113 100 99 
85 J 88 95 99 104 101 
99) 99 (99) 99 110 116 
91 91 100 109 99 1,00 
87 93 101 106 110 114 
92 95 108 110 118 126 
87 91 88 '100 104 103 
91 113 103 99 100 103 

99 

-y i ----y--·h~ m~' 

237 i 241 23 35 
126 I 249 1 10 
124 i 148 9 2 

140 8 40 
132 146 19 53 
122 134 0 15 
122 140 3 57 
136 156 8 55 
125 162 9 4 

137 1 28 
136 164 7 55 
148 156 1 58 
158 170 23 50 
200 214 23 0 
126 233 1 47 
140 186 7 5 
126 166 8 17 
117 146 7 2 
112 120 0 28 
103 138 2 42 
103 126 11 3 
101 129 1 30 
103 120 20 57 
105 112 22 0 
113 121 23 23 
103 128 1 8 
125 127 24 0 
122 142 4 52 
101 134 4 47 
96 122 19 20 

104 129 4 48 

Minimum Reading 
and Time. 

Y h. m. 
69 10 10 

101 14 15 
87 11 35 
55 11 37 
88 15 10 
77 12 33 
78 12 42 
93 14 15 
83 12 45 
91 8 18 

43 12 40 
61 12 2 
65 10 45 
71 14 33 
87 17 0 
63 15 2 
61 10 15 
68 12 20 
55 12 40 
4 12 2 

42 10 42 
-20 9 32 

55 12 8 
35 10 50 
45 10 52 
51 12 55 
42 13 40 
43 7 40 
39 14 0 
35 14 38 49 59 77 99 96 100 104 99 I ---!...------_._-

72 
79 
65 
63 
49 

79 
81 
72 
67 
51 

. V-November, 1912. 

87 92 91 121 1109 1129 I, 146 158 I 
91 87 95 104 110 129 I 130 132 
72 85 89 97 \' 104 i 91 I 96 106 I' 

72 81 84 93 I 101! 92. 91 97 
68 I 81 83 84 97, 103 100 105 I 

89 100 100 I· 1061109 '110 120 125 150 154 
71 76 89 93 93 100 122 124 120 120 
- - - - - - - - - -
35 
73 
89 
73 

87 

65 

49 
95 
95 
80 

61 77 91 137 152 162 179 164 i 
105 106 118 148 164 166 175 180 I 

96 93 96 96 1104 105 113 106 
89 95 103 104, 109 109 99 103 I 

= 1 83 95: 109 104: 99 106 106 109 
68 87 I 103 97 99 i 95 99 114 105 i 

~I~l Ml ~I ~I~ ~ ~ • 
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162 
162 
134 
113 
118 
187 
162 
198 
182 
191 
298 
259 
133 
114 
117 
251 
146 
154 
142 

23 42 
o 5 
o 0 
o 5 
3 27 
6 28 

23 57 
1 17 
4 2 

23 18 
1 50 
1 25 
8 52 
5 25 

23 55 
9 7 
2 18 
9 26 
7 35 

51 
71 
22 
42 
27 
69 
55 
63 
95 

-32 
23 
69 
25 
67 
85 

-57 
6 

-20 
-34 

10 15---
15 39 
10 43 
7 42 

11 15 
8 37 

13 20 
14 12 
8 5 
9 37 
9 5 

11 55 
10 35 
8 25 

17 8 
10 47 
10 10 
12 10 
6 35 



TERM HOUR DATA. SITKA. 
~----.-

Ma.y 29, 1911. I June 2, 1911. I June 26, 1911·1 June 30, 1911. July 24, 1911. , July 28, 1911. 

-
HI I I I I I I I I I I I H , I IH I I D V H D V H D V H D V D V D V 

h. m. 'Y 'Y 'Y 'Y 'Y 'Y I 'Y 'Y 'Y 'Y I 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
8 0 6 1 3 37 0 8 4 6 0 4 3 1 2 4 2 7 5 46 

5 5 1 4 24 1 4 2 5 0 4 3 0 4 4 2 11 3 45 
10 6 0 4 1.9 5 3 4 4 ] 4 2 0 4 4 1 10 0 45 
15 2 1 3 18 4 1 3 4 0 5 1 1 6 2 1 8 1 44 
20 1 5 3 10 9 0 f 3 0 5 1 1 7 2 1 6 3 43 
25 1 5 3 7 12 1 3 3 0 5 2 0 8 2 1 4 5 42 
30 0 6 3 8 13 3 1 1 0 5 1 1 8 0 1 4 15 40 
35 0 6 3 5 12 6 2 5 0 4 1 1 8 0 1 2 14 37 
40 2 5 3 0 14 8 1 6 0 4 1 0 8 0 1 13 17 35 
45 6 0 4 0 22 9 1 6 0 4 0 0 7 1 1 15 20 34 
50 6 1 4 11 22 10 1 6 0 4 0 0 5 3 1 21 14 34 
55 6 2 3 7 14 12 1 4 0 4 0 0 2 3 0 20 14 33 

9 0 5 4 3 4 7 13 1 5 0 2 0 0 3 4 0 28 16 32 
5 6 2 2 1. 10 12 1 5 0 1 1 0 5 3 1 27 15 32 

10 4 4 1 0 8 12 0 5 0 1 1 0 5 0 1 29 18 30 
15 5 3 1 5 9 12 1 4 0 0 0 0 5 2 1 29 18 30 
20 5 3 1 6 11 11 1 3 1 1 0 0 4 4 1 22 19 28 
25 9 1 0 7 10 10 1 2 0 2 0 0 0 7 0 25 19 27 
30 7 0 0 7 14 8 2 1 1 2 1 0 1 7 0 23 16 24 
35 7 0 0 10 9 10 2 0 1 2 1 0 4 6 0 23 17 18 
40 9 1 0 7 8 8 2 1 1 3 3 0 3 6 0 16 19 10 
45 9 1 0 11 8 7 '2 3 0 2 3 0 4 5 0 2 31 3 
50 10 0 0 10 6 7 2 4 0 2 5 1 2 6 0 4 46 0 
55 10 1 0 4 13 4 1 5 0 3 4- 1 3 8 0 0 51 3 

10 0 9 1 1 6 20 4 3 6 1 4 4- 1 0, 6 0 37 62 21 

May 22, 1911., May 26, 19l1. , June 19, 19l1.1 June 23, 1911. , July 17,1911. , July 21, 1911. 

-
H' DI V 'HI DI V I HID I V \H Inl vi HID\ V I HID' V 

h. m. 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
17 0 10 3 9 1 18 5 10 2 0 20 16 2 42 54 3 20 22 4 

5 10 6 10 0 18 4 11 1 2 22 17 1 39 46 5 25 25 0 
10 9 6 9 0 23 3 10 1 2 22 15 1 42 42 5 27 23 3 
15 6 7 9 4 25 1 9 0 2 21 ]3 2 45 39 6 28 22 I 4 
20 6 9 8 3 23 0 9 3 1 21 10 3 51 35 3 25 23 4 
25 4 6 7 4 21 0 9 0 0 19 10 3 41 4.2 2 24 23 2 
30 5 0 8 4 25 0 6 0 1 20 9 3 39 40 2 22 28 3 
35 4 2 9 7 22 1 6 2 1 15 10 3 34 45 0 21 23 4 
40 3 6 7 12 18 3 6 3 1 19 8 3 34 37 4 20 28 4 
45 5 8 5 11 14- 4 5 0 ] 16 3 3 28 47 1 21 22 4 
50 5 7 7 11 14 4 6 1 1 15 1 3 25 55 1 18 21 5 
55 9 1 8 11 ]0 4 5 0 1 11 4 2 27 50 2 18 16 5 

18 0 3 5 6 8 10 4 4 3 2 8 10 0 27 4-2 4 17 13 7 
5 1 8 5 9 11 3 3 1 1 6 9 1 17 47 4 ]6 15 6 

10 1 8 4 14 10 2 2 1 2 5 10 2 6 52 3 10 18 5 
15 0 8 2 21 6 4 1 4 1 2 11 1 0 70 0 8 23 2 
20 1 6 4 22 3 5 3 5 1 1 11 1 12 62 1 8 18 3 
25 1 0 4 15 3 4 2 4 2 1 11 1 5 55 6 10 13 4 
30 1 0 4 6 0 4 4 4 3 2 8 2 ]6 42 9 5 11 4 
35 0 5 1. 15 8 1 2 4 3 2 16 0 25 37 11 6 7 4 
40 1 6 1 1.5 10 4 4 4 2 4 7 3 45 23 14 4 5 3 
45 3 6 0 17 7 4 2 5 2 5 13 0 58 8 17 4 7 2 
50 4 5 1 16 6 4 1 5 2 2 9 1 55 1 17 2 8 0 
55 i I 3 0 20 6 4 0 5 3 1 0 5 51 0 14 2 5 1 

19 0 1 0 22 7 3 0 6 3 0 4 4 38 8 11 0 0 1 
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TERM HOUR DATA. SITKA-continued. 

Nov. 20, 1911.1 Nov. 24,1911. 1 Doc. 18,1911. , Doc. 22,1911., Jan. 22, 1912. I Ja.n. 26, 1912. 

-

I 1 1 1 I 1 1 1 1 H 1 I I I I I H I I H D V H D V H D V D V H ]) V D V 

h. m. I' I' I' 1'1 I' I' I' I' I' 1'1 I' I' I' I' I' I' I' I' 
18 0 11 11 0 7 9 0 -- -- - 2 5 0 11 ]6 0 - 5 1 

5 11 11 1 5 6 2 --- -- -- I 5 0 12 11 2 -. 4 0 
10 10 7 1 5 7 2 0 15 0 2 6 0 8 12 2 - 5 1 
15 ]0 7 1 4 6 2 I 14 0 3 6 0 8 12 2 --- 4 1 
20 8 9 1 6 9 1 0 15 0 3 6 0 7 16 2 3 4 1 
25 8 8 0 8 8 1 0 ]2 0 4 3 1 8 12 2 2 5 1 
30 7 8 1 5 6 1 2 11 0 1 2 2 6 15 2 3 4 1 
35 7 7 2 6 8 0 2 10 0 1 4 2 8 11 3 3 3 0 
40 7 10 1 5 9 1 2 8 0 2 1 2 6 9 4 3 3 1 
45 6 4 2 5 6 2 1 8 1 2 1 2 6 8 4 4 3 1 
50 5 3 2 5 6 2 0 9 0 2 3 2 4 8 4 4 2 1 
55 4 4 2 4 5 1 2 7 1 2 3 3 8 8 4 3 3 0 

19 0 4 2 3 4 1 2 1 6 2 2 4 3 4 3 6 2 4 0 
5 1 5 3 1 4 2 0 5 1 0 4 3 0 11 4 2 2 1 

10 1 5 3 0 2 2 0 5 1 2 1 3 2 9 4 ] 2 1 
16 1 4 3 0 4 2 1 5 1 2 2 3 7 4· 5 0 4 0 
20 1 3 4 0 1 2 2 4 1 2 3 3 6 6 5 1 4 0 
25 2 3 4 0 1 2 2 4 2 2 1 3 6 8 4 1 2 0 
30 1 3 4 1 1 3 2 4 2 1 1 3 5 2 6 1 1 1 
35 2 2 5 3 1 3 3 3 1 3 1 3 8 1 6 0 1 1 
40 0 0 6 2 2 3 3 1 1 2 0 3 6 6 4 0 2 1 
45 1 3 6 4 1 3 3 1 1 0 1 2 7 2 8 0 2 1 
50. 2 0 7 3 1 3 1 0 1 2 0 2 6 3 5 3 2 1 
55 2 0 7 5 2 3 3 0 1 0 0 2 5 4 4 2 0 1 

20 0 1 1 6 4 0 3 1 0 1 1 0 2 5 0 4 0 2 1 

TERM HOUR DATA. ESKDALEMUIR. 
------- ----.. -.------

Ma.y 29, 1911. I June 2, 1911. 1 June 26, 1911. June 30, 1911. 1 July 24, 1911. I July 28, 1911. 

-
NI I I 1 V I 1 I I I I I I I I IEL E V N E N E V N E V N E V N 

h. m. i' I' I' i' i' i' I' I' I' I' I' I' I' Y I' i' I' I' 
8 0 - - -- - - - 11 5 15 10 6 12 6 14 8 41 24 17 

5 18 12 14 - - - 11 6 15 10 3 11 6 12 8 39 29 17 

10 17 11 13 - - - 10 7 15 11 3 10 9 12 8 38 28 17 

15 16 10 13 -- - - 10 4 15 11 4 10 10 15 8 35 26 15 
20 15 10 12 - - - 10 8 13 11 4 10 10 13 7 34 26 14 

25 16 10 12 -- - - 10 6 12 10 4 9 11 13 7 37 26 13 

30 14 10 12 - --- - 10 5 11 10 2 9 11 12 7 38 19 11 

35 13 10 12 - - -- 10 6 9 9 3 9 12 11 6 27 22 12 

40 10 10 12 - -- -. - 9 6 8 9 3 9 10 11 6 19 17 13 

45 9 10 1] - - - 10 3 7 8 3 8 8 9 6 22 9 12 

50 9 9 9 - - - 10 4 6 7 3 8 10 9 5 27 16 10 

55 9 8 8 - - - 8 7 6· 6 3 8 8 6 5 30 9 9 

9 0 4 9 8 - - - 6 8 6 5 2 7 6 8 5 24 16 7 

5 6 10 8 - - -- 4 7 6 5 3 8 9 10 4 29 9 5 

10 6 10 7 - - -. 4 6 5 5 1 8 8 8 3 27 6 4 

15 6 10 7 - - -. 4 8 5 4 2 7 5 10 2 26 11 3 

20 5 9 6 - -- - 3 8 5 3 2 6 6 5 2 24 0 4 

25 5 6 5 - - - 1 7 5 3 1 5 3 3 2 17 5 3 

30 4 7 4 - - - 1 7 3 3 0 4 0 6 1 17 7 2 

35 3 5 3 - - - 2 5 2 2 0 4 2 3 2 17 9 1 

40 3 5 2 - - - 2 5 1 0 0 3 2 4 2 15 9 0 

45 2 3 1 --- -- - 2 3 0 1 0 2 3 3 2 17 10 0 

50 1 3 0 --- -- - 2 3 0 0 0 1 3 3 1 16 3 0 

55 1 1 0 - - - 0 2 0 0 0 0 3 2 0 4 0 1 

10 0 0 0 0 - - - 2 0 0 1 0 0 6 0 0 0 2 0 
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TERM HOUR DATA. ESKDALEMUIR-continued. 
---- --- ----

I May 22. 1911·1 May 26. 1911·1 June 19. 1911·1 JUDe 23. 1911. July 17, 1911. I July 21, 1911. 

-

I N I E I V J N EIVINI EIVINJ EIVINI EI VINI EIV 
h. 'Y I 'Y I I m. 'Y 'Y 'Y 'Y 'Y Y Y 'Y 'Y Y 'Y 'Y y 'Yly 'Y 

17 0 3 2 0 3 8 3 - - -, 9 10 3 14 10 0 11 3 0 
5 1 4 2 3 11 4 - - -Ill 6 2 15 13 2 13 0 1 

10 0 4 0 1 17 5 
I 7 10 3 9 15 3 9 1 1 - - -I 

15 3 3 2 o· 23 6 - - - i 10 7 2 5 16 3 4 5 1 
20 8 2 2 8 25 7 - - - 7 10 1 0 21 4 7 4 1 
25 7 3 2 22 21 7 - - --- 10 6 1 20 11 2 6 6 1 
30 3 6 3 26 17 7 -- - - 10 7 1 23 10 2 6 5 1 
35 6 3 3 27 11 7 - - - 10 7 1 36 4 2 2 5 1 
40 8 2 3 22 9 6 - - - 0 11 1 26 11 3 0 6 1 
45 11 1 3 16 7 7 - - - 1 10 1 38 3 3 5 6 0 
50 10 0 3 17 8 7 - - - 4 11 1 42 0 2 1 7 0 
55 9 3 4 22 7 6 - - - 10 10 1 35 5 2 2 9 0 

18 0 10 2 5 22 7 5 - - --- 17 7 1 27 9 4 6 9 0 
5 10 2 6 22 3 5 - -- - 18 7 1 36 7 5 2 11 0 

10 8 2 6 18 7 4 - - - 20 5 1 45 1 4 13 6 0 
15 12 2 5 13 7 4 - -- - 23 5 2 52 0 5 16 5 0 
20 10 2 5 14 8 3 - - - 23 6 0 38 5 5 14 5 0 
25 12 2 6 18 5 3 - - - 24 5 1 47 9 5 10 4 0 
30 13 3 7 22 2 1 - - - 25 5 I 49 7 5 11 5 I 
35 10 3 7 27 0 1 - - - 34 0 0 42 13 7 9 8 0 
40 10 4 7 24 2 1 - - - 31 5 1 19 -24 10 10 8 0 
45 9 3 7 24 3 1 - -- - 32 4 1 7 35 13 12 6 1 
50 6 3 7 23 2 1 -- - -- 23 4 1 10 33 13 17 6 2 
55 9 5 6 23 1 0 -- - - 18 11 2 16/ 22 12 10 8 2 

19 0 10 2 6 22 1 0 - - - 24 7 1 17 20 11 6 8 2 
--- -

-
Nov. 20. 1911.1 Nov. 24. 1911.1 Dec. 18. 1911. 1 Dec. 22. 1911. I Jon. 22. 1912.1 Jon. 26. 1912. 

N I ElvlNI ElvlNI ElvIN\E I vlN\ ElvlNI Elv 
h. m. 'Y 'Y Y Y Y 'Y Y Y 'Y 'Y 'Y Y 'Y y ~I 'Y y 'Y 
]8 0 2 1 5 2 0 2 6 1 0 5 1 2 2 0 1 3 3 

5 3 0 3 2 0 2 4 1 1 6 1 3 0 0 4 1 0 4 3 
10 3 1 3 3 1 3 4 0 1 6 1 2 3 1 4 1 5 3 
15 1 1 3 3 0 2 3 1 0 5 0 2 3 0 4 2 5 3 
20 3 2 3 3 0 2 3 3 0 5 1 2 4 2 3 1 5 3 
25 3 2 3 4 0 2 2 4 0 4 2 2 6 1 3 1 3 2 
30 2 2 3 4 0 1 3 5 0 4 2 2 6 0 3 3 3 2 
35 1 3 3 4 0 1 3 5 0 5 2 2 6 1 3 6 2 2 
40 0 3 3 4 0 1 3 5 0 5 2 1 6 1 3 4 2 2 
45 0 3 2 3 0 1 4 5 0 5 3 1 7 1 3 4 2 2 
50 2 3 3 3· 0 0 3 7 0 7 3 0 8 3 3 5 0 1 
55 2 3 3 3 0 0 2 7 0 8 2 0 9 3 3 4 0 0 

19 0 2 3 3 3 0 0 0 7 0 8 2 0 9 3 3 5 0 0 
5 2 4 2 3 0 0 0 7 0 7 2 0 10 1 2 3 0 0 

10 2 4 2 3 0 0 1 7 0 3 2 0 10 2 2 4 0 0 
15 2 5 2 3 0 0 2 7 0 5 3 0 8 3 0 4 0 0 
20 2 5 1 1 1 0 2 7 0 5 2 0 4 3 0 4 2 0 
25 2 5 1 0 2 0 3 7 0 5 3 0 9 3 2 3 3 0 
30 0 5 1 0 2 1 4 7 0 5 2 0 4 5 2 4 -4 0 
35 2 6 0 1 2 1 4 7 0 3 3 0 3 4 2 6 4- 0 
40 2 5 1 2 2 1 3 7 0 3 3 0 6 3 2 4 3 0 
45 1 5 1 3 2 0 3 7 0 2 3 0 2 3 2 3 2 0 
50 0 6 1 1 2 0 2· 7 0 3 5 0 0 3 2 4 2 0 
55 3 5 1 0 2 0 ;1 7 0 0 5 0 3 ~I 3 3 2 0 

20 0 3 5 1 1 I 2 0 7 0 0 5 0 2 3 4 2 0 
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TERM HOUR DATA. STONYHURST. 

May 29, 1911·1 I June 26, 1911.1 June 30, 1911·1 July 24, 1911. I 
---I 

June 2, 1911. July 28, 1911. 

-
HID I V I HID I V I HID I V I HID I V I HID I V I H ID I V 

h. m. 

I 
'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 

8 0 8 46 8 5 38 3 1 53 9 6 38 8 4 45 9 24 62 12 

5 8 48 8 4 38 4 0 52 10 7 37 10 1 45 9 21 67 14 

10 10 46 10 3 40 5 1 52 10 7 36 11 5 42 9 22 65 14 

15 9 45 11 5 40 5 1 52 10 8 36 11 5 46 9 21 63 12 

20 8 44 11 5 40 5 2 51 8 7 35 11 6 45 9 23 64 12 

25 9 43 11 4 39 5 3 50 8 7 35 9 7 44 8 19 64 11 

30 8 40 11 4 39 5 3 48 6 6 33 9 6 42 8 16 57 11 

35 10 39 10 4 38 5 4 47 5 6 32 9 8 41 7 13 57 10 

40 6 38 10 5 34 5 4 44 4 6 31 8 7 38 7 9 50 10 

45 4 36 9 4 32 4 5 41 3 6 30 8 5 35 6 12 41 9 

50 5 32 8 2 29 3 6 39 2 6 27 7 7 32 5 14 47 7 

55 5 28 7 3 27 3 6 34 1 5 26 7 5 28 5 19 37 5 

9 0 3 27 6 3 25 3 6 30 0 4 21 6 5 25 4 13 4:1 3 

5 2 26 6 3 23 2 7 27 0 3 18 5 6 24 4 16 3·! 3 

10 3 22 5 1 19 1 6 24 0 5 15 5 6 22 4 16 29 2 

15 3 21 5 4 17 1 7 22 0 4 12 4 4 18 3 17 23 2 

20 2 16 4 2 15 1 5 17 0 3 9 4 5 14 2 20 16 2 

25 2 14 4 2 11 1 6 14 0 3 7 3 3 9 2 13 17 2 

30 2 11 3 5 10 1 6 11 0 2 4 3 1 9 2 13 14 2 

35 2 10 3 3 8 1 6 7 1 2 3 3 3 7 1 12 20 1 

40 1 8 2 2 6 1 6 6 0 1 2 2 2 5 1 11 18 1 

45 1 5 2 1. 6 1 6 4 1 1 1 2 1 5 1 11 13 0 

50 0 3 1 0 5 0 5 2 3 0 1 1 0 2 0 12 6 1 

55 1 2 1 2 0 1 6 0 4 0 0 1 1 1 0 7 0 2 

10 0 0 0 0 1. 0 1 6 0 4 0 0 0 4 0 0 0 0 2 

--
,----~~-~-- --------- - - ---------------- ---~----------.-------

May 22, 1911. May 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-

H ID_I~~I_~_I V _H1~1~ H\D\V HID\ V ~L~_I V 
h. m. 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y Y Y 'Y 'Y 'Y Y Y Y Y Y 
17 0 1 17 3 6 34 3 6 29 1 - -- --- 11 18 1 12 25 4 

5 1 19 4 5 37 4 8 29 0 -- -- -- 11 22 2 13 25 5 

10 0 21 4 0 44 6 7 30 0 - -- - 12 23 2 10 22 5 

15 2 21 4 2 49 8 10 30 1 - - - 4 23 2 8 26 5 

20 7 21 4 13 49 8 9 30 1 -- --- - 0 24 2 9 26 5 

25 6 25 4 22 44 8 8 30 1 - -_ .. -- 12 23 2 8 25 5 

30 2 26 4 25 43 7 8 31 1 - - - 15 23 1 3 25 5 

35 4 22 4 25 39 7 10 30 2 - - - 29 17 1 4 24 5 

40 7 21 4 20 35 7 10 29 3 - - - 19 19 1 0 22 3 

45 10 21 4 20 35 6 8 26 3 -- -- - 28 14 1 6 20 3 

50 8 21 4 23 33 5 10 24 3 - - --- 38 13 0 5 20 2 

55 3 20 4 25 31 4 7 23 4 - - - 28 10 0 2 19 2 

18 0 9 22 3 25 28 4 7 23 3 - - - 24 11 0 4 14 2 

5 8 17 3 25 25 4 6 17 4 - - - 24 7 1 5 14 0 

10 10 14 3 22 23 4 4 17 5 - ---- - 35 6 0 11 11 1 

15 12 11 3 19 22 3 7 11 5 - - - 44 1 0 12 9 2 

20 11 9 3 19 17 3 6 10 5 - - - 41 0 1 15 7 1 

25 12 8 3 23 15 2 5 7 5 - - -- 36 0 0 11 6 1 

30 6 7 3 32 11 2 2 6 5 - -- - 40 2 1 12 3 2 

35 6 3 3 30 9 2 1 6 5 - -- - 36 0 2 11 3 2 

40 2 2 3 29 6 2 0 3 5 - - - 22 6 3 10 3 2 

45 8 0 3 28 5 1 2 2 4 - - - 6 7 4 8 3 2 

50 6 1 3 28 3 1 2 1 4 - - - 0 7 4 12 1 2 

55 7 1 2 28 2 1 2 0 4 - - - 3 6 4 11 0 2 

19 0 6 1 0 25 - 0 0 0 1 4 --1- - 3 6 4 5 1 2 
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TERM HOUR DATA. STONYHURST-continued. 

Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Ja.n. 22, 1912. Ja.n. 26, 1912. 

-
HIDlv HIDlv HID I V H I D I V HI D I V HI D I V 

h. m. y y y y y y y y y y y y y y y y y y 
18 0 1 21 0 3 25 2 6 26 13 5 26 0 0 20 0 2 24 2 

5 2 20 1 2 25 3 4 25 12 2 27 0 1 21 3 2 25 2 
10 1 19 2 3 25 3 5 25 12 3 27 1 2 22 4 0 26 2 
15 1 21 1 3 25 4 4 24 11 4 27 1 2 23 5 0 25 2 
20 1 20 2 4 25 4 4 25 11 2 27 2 4 23 5 1 24 -2 
25 2 21 2 5 25 4 3 26 10 1 27 2 4 23 6 2 22 2 
30 1 21 2 5 24 3 3 26 10 2 27 3 4 23 6 2 23 2 
35 1 22 1 5 24 3 4 26 9 2 27 3 5 23 6 - - --
40 0 23 1 5 22 3 4 25 9 2 26 4 5 22 7 - - -
45 0 23 1 4 22 2 4 23 9 3 25 4 5 22 8 - - -
50 0 21 1 3 21 2 4 22 9 4 23 4 5 21 8 - - -
55 1 20 1 3 21 2 3 19 8 4 21 5 5 20 8 - - -

19 0 1 17 1 3 19 1 1 17 8 6 19 5 6 18 9 4 23 0 
5 1 14 1 3 15 0 0 15 8 5 15 5 7 17 10 3 20 1 

10 1 11 1 2 13 1 0 13 7 3 12 5 7 16 10 3 19 3 
15 1 10 1 2 9 1 0 11 7 3 11 6 5 14 10 3 17 3 
20 1 9 1 3 7 1 0 10 6 4 10 6 5 10 11 3 15 3 
25 1 9 2 2 5 1 0 9 5 3 9 6 6 10 11 3 14 3 
30 0 7 2 1 4 1 0 5 5 3 6 7 2 9 11 3 13 3 
35 1 3 2 1 4 1 2 3 4 2 5 7 2 7 11 3 11 3 
40 0 1 2 1 4 1 2 0 4 2 3 7 4 5 12 3 9 3 
45 1 0 3 1 3 1 1 1 3 1 2 7 1 3 12 3 6 3 
50 

gl 
0 3 1 3 1 1 2 3 1 0 8 1 0 14 3 3 4 

55 1 3 0 2 1 1 1 2 1 0 8 2 1 14 3 1 5 
20 0 1 3 1 0 1 1 2 0 0 0 9 0 0 14 3 0 7 

TERM HOUR DATA. SEDDIN. 

I :",2: 1
1

91>, :~i: Ill: June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911-

-
NI Iv NI Iv I Iv NI Iv E E N E E 

h. m. y y y y y y y y y y y I y y y y y y Y 8 0 0 30 11 0 12 4 9 24 24 6 18 11 -- - - - 40 -
5 0 30 10 2 12 4 10 24 24 6 17 11 7 16 9 - 43 -

10 1 29 10 3 13 4 11 23 24 5 15 11 4 15 8 - 41 -
15 4 28 10 1 12 3 11 21 24 4 15 10 2 15 7 - 38 -
20 5 27 10 0 11 2 11 20 - 2·1 4 14 10 1 13 6 - 37 -
25 4 25 9 2 10 2 11 18 24 4 13 10 1 12 5 - 36 -
30 6 24 8 2 10 3 12 16 24 4 13 10 0 10_ 5 - 32 -
35 4 22 8 3 10 2 13 15 23 2 11 9 0 10 4 - 34 -
40 6 22 7 4 8 2 13 14 23 2 11 9 2 9 3 - 29 -
45 6 22 6 4 8 2 13 12 22 2 10 9 4 9 3 -- 26 -
50 8 20 7 6 8 2 12 10 20 1 9 8 2 7 3 - 26 -
55 8 18 6 5 7 2 13 10 19 1 8 8 6 7 3 _.- 20 --

9 0 10 19 6 5 6 2 13 10 17 0 7 8 4 9 2 - 18 -
5 9 18 6 6 6 2 13 8 15 0 6 7 1 8 1 - 15 -

10 9 16 5 6 6 1 11 7 12 1 5 5 2 7 1 -- 12 -
15 9 15 4 7 5 1 6 7 10 2 4 5 4 7 0 - 10 -
20 9 13 4 7 5 1 9 7 9 2 4 5 5 6 1 - 7 -
25 9 11 4 7 6 0 9 7 7 4 4 5 9 5 1 - 10 -
30 9 9 4 5 4 0 7 7 5 4 3 5 8 6 1 - 7 -
35 9 8 4 7 3 0 5 6 4 5 2 4 6 5 1 - 5 -
40 10 7 3 7 3 1 5 5 3 4 3 3 6 5 1 --- 3 -
45 10 5 2 8 3 0 4 4 2 7 2 2 4 4 0 - 1 -
50 9 3 1 7 1 0 2 2 1 6 2 1 5 2 1 - 0 -
55 9 1 1 8 0 0 2 2 0 7 I 1 4 2 1 - 1 -

10 0 10 0 0 10 1 0 0 0 0 6 0 0 1 0 1 - 3 -
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TERM HOUR DATA. SEDDIN--continued. 
--------------------_._-------- --- .. -- -- - --

May 22, 1911. 
I 

May 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

--

NIEIVINIEIV N I E I V N I E I v· NIEIV N I E I V 
h. m. y y y y y y y y y rl y y y y y y y y 

17 0 4 1 0 2 12 8 8 1 0 13 1 3 31 7 7 1 0 2 

5 2 2 1 0 18 6 8 0 1 13 1 2 30 7 6 3 0 2 
10 2 2 1 4 22 6 8 .1 2 16 1 2 34 9 5 8 1 4 

15 3 2 1 6 25 6 8 0 1 15 1 2 37 9 5 9 2 4 
20 6 1 0 16 26 4 8 1 2 16 2 2 38 10 5 8 1 4 
25 5 2 0 24 24 2 8 1 3 12 1 1 25 7 1 8 3 3 
30 3 3 1 23 17 3 13 2 2 14 1. 1 20 7 0 8 2 3 

35 4 2 1 18 12 5 10 1 3 14 1 2 15 5 0 12 3 3 
40 7 1 1 10 8 7 10 ] 3 22 3 3 24 7 2 10 3 ·2 
45 7 1 1 7 12 8 8 2 3 21 4 2 13 :3 1 7 4 1 

50 5 2 2 9 11 6 10 2 3 19 5 2 8 4 0 8 6 1 

55 5 2 2 9 10 5 7 2 3 15 5 1 17 5 3 8 8 1 
18 0 5 2 3 10 9 5 8 2 3 12 4 0 19 7 5 6 9 0 

5 5 1 3 10 7 4: 5 2 3 1.1 4 0 12 7 3 9 10 1 
10 6 0 2 8 8 5 4 2 3 9 4 1 5 5 2 3 ]0 0 

15 7 0 2 4 8 5 6 0 2 8 3 1 0 3 2 0 9 0 

20 6 0 2 4 6 4 5 1 2 8 3 2 1.1 2 5 2 9 1 

25 6 1 2 6 5 2 3 2 3 7 3 2 3 :3 5 4 10 2 

30 0 1 :3 10 3 2 1 2 3 6 :3 2 8 1 6 :3 9 2 

35 2 3 :3 14 2 0 0 3 2 0 2 0 16 1 9 6 1.1 3 

40 0 3 3 12 2 1 1 4 2 8 2 4 30 4 1.1 6 1.1 2 

45 5 2 1 12 3 0 2 3 1 6 0 2 39 4 12 5 10 2 

50 4 2 1 13 2 0 1 1 0 8 ] 2 44 2112 2 10 1 

55 6 2 ] 1.1 1 gl 1 2 0 1.1 4 2 43 o 12 8 10 3 
19 0 5 1 2 10 0 2 2 0 6 4: 0 35 o 10 . 9 9 3 

--- _._----._-

Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Jan. 22, 1912. Jan. 26, 1912. 

-

IN\EIV N I E I V N I E I V N I E I v· N I E I V NI I 
E V 

I 

h. m. y y y y y y y . ~ I y yl y y y y y y y y 
18 0 1 1 0 1 1 1 5 2 5 0 1 2 0 2 1 5 0 

5 1 0 0 0 1 1 1 1 3 6 0 1 0 1 2 0 6 0 

10 0 0 0 0 1 1 0 0 3 7 0 1 3 2 1 0 6 0 

15 1 0 0 ] 1 1 0 0 2 6 0 1 5 2 1 1 6 1 

20 1 0 0 3 1 0 1 1 2 5 0 1 6 2 1 0 6 1 

25 2 0 0 4 1 0 1 3 2 5 0 1 7 1 1 0 5 1 

30 1 0 1 4 1 0 2 3 1 5 1 1 7 1 1 2 4 1 

35 0 2 1 4 0 0 1 31 1 6 2 1 7 2 1 3 4 0 

40 0 3 1 4 0 1 1 4 2 7 2 1 7 2 1 2 2 0 

45 0 3 1. 3 0 1 3 5 1 7 2 1 7 1 1 2 2 1 

50 1. 3 1 2 0 2 3 5 1 7 2 1. 7 2 1 2 0 1 

55 2 4 1 2 1 2 1 6 1 9 2 0 8 3 1 2 0 1 

19 0 2 4 1 2 2 1 1 7 1 8 2 0 9 2 1 2 1 2 

5 2 4 1 2 2 1 1 6 2 7 1 0 10 2 0 1 1 2 

10 2 4 1 1 2 1 1 7 2 4 1 1 1.1 2 0 2 1 2 

15 2 4 2 2 2 1 1 6 1 5 2 1 7 4 1 2 2 1 

20 2 4 2 1 2 1 1 6 1 6 2 1 5 3 1 3 4 1 

25 2 5 2 0 2 2 2 5 1 4 2 0 7 4 1 4 4 1 

30 2 5 2 1 3 2 3 4 I 5 2 0 5 6 1 4 4 0 

35 2 5 2 1 4 1 2 3 1 3 2 1 3 6 1 4 4 0 

40 2 5 2 1 4 1 1 3 1 2 3 1 5 4 1 3 4 0 

45 2 6 1 2 4 0 ] 4 0 2 4 0 2 5 1 2 3 0 
50 2 6 1 1 3 0 1 5 0 3 4 0 0 5 2 2 2 0 

55 2 6 1 0 4 1 1 ~I 
0 2 5 gl fl 6 1 0 4 0 

20 0 :3 6 1 0 3 0 1 0 0 4 6 1 2 4 0 
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TERM HOUR DATA. DE BILT. 
--- -- .------- _. --- ._--._- ----------.~-----.----

Ma.y 29, 1911. 

-
HIDI V 

h. m. I~ 7' 7' I 8 0 - --

5 , 10 30 -
10 

11~ 
29 -

]5 28 -
20 27 -
25 7 25 -
30 6 23 -
35 5 22 -. 

40 4 21 -
45 3 22 -
50 2 19 -
55 1 18 -

9 0 0 17 -
5 0 17 -

10 1 16 -
15 0 15 -
20 0 14 -
25 1 13 -
30 1 11 -
35 1 10 -
40 1 9 -
45 1 7 -
50 1 6 -
55 2 3 --

10 0 3 0 -

------- ------. - ---------._-_ .. 

Ma.y 22, 1911. 

-
HIDIV 

h. m. y y 7'1 
17 0 - - -

5 2 1 -
10 1 1 -
15 2 ] -
20 5 0 -
25 5 1 -
30 2 2 -
35 3 1 -
40 5 1 -
45 7 1 -
50 6 1 -
55 5 2 -

18 0 4 1 -
5 4 1 -

10 5 1 -
15 6 1 -
20 5 2 --
25 6 2 -
30 1 2 -
35 1 3 -
40 0 3 -
45 5 4 -
50 4 4 -
55 5 5 -

19 0 7 3 -

June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

H1DI~ HIDIV HJDIV -HIDIV HIDI-V 
7' I y 
o 10 
2 12 
3 12 
4 11 
4 8 
4 7 
4 8 
4 5 
3 3 
3 3 
3 4 . 
6 2 
6 2 
5 3 
4 4 
3 4 
3 6 
3 2 
2 2 
1 2 
o 3 
1 2 
1 1 
o 0 

y 

Ma.y 26, 1911. 

HID I V 
y {' y 

- - -
0 20 -
0 24 -
1 30 -
6 32 -

17 30 -
21 22 --
17 13 -
13 10 -
9 10 -

11 7 -

15 6 -
14 6 -
14 6 -
11 6 -
8 7 --

9 5 -
12 3 -
19 0 -
20 0 -
19 2 -
19 3 -
20 2 -
18 1 -
17 1 -

y y I {' 
-1-

3 20 1-

4 20 
3 19 
4 19 
3 18 
3 19 
3 18 
2 18 

• 2 17 
2 18 
o 19 
o 19 
1 19 
2 18 
3 18 
3 15 
2 15 
3 14 
4 10 
8 9 
8 7 

11 4 
11 3 
13 0 

June 19, 1911. 

HID I V 

Y 'Y y 
- - -
8 1 -
8 1 -
9 0 -
8 1 -
9 1 -
9 2 -
8 2 -
9 1 -
7 2 -
8 3 -
5 3 -
7 3 -
4 3 -
2 3 -
6 2 -
4 3 -
3 2 -
1 2 -
0 4 -
0 3 -
2 3 r-

2 2 -
1 3 -
3 2 -
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7' 7' 7' 7' ~I~ 7' Y Y 

4 9 1 16 21 46 
5 8 3 15 24 42 
6 8 4 17 20 36 
5 9 4 17 19 35 
6 7 6 14 20 36 
6 7 6 14 13 29 
5 7 7 14 11 27 
5 7 6 13 6 23 
5 7 3 11 3 18 
6 6 4 10 14 22 
6 6 0 9 14 13 
6 6 2 10 15 17 
6 5 7 9 17 10 
5 3 6 9 17 7 
4 3 4 9 16 6 
3 2 4 7 14 0 
4 3 1 6 9 9 
3 1 0 7 14 7 
4 1 3 6 17 7 
3 1 3 6 18 7 
2 0 4 6 20 5 
0 11- 4 3 12 2 
1 1 - 5 1 3 3 
2 1- 7 0 0 3 

June 23, 1911. July 17, 1911. July 21, 1911. 

HID I V HIDIV HIDIV 
yl y y y 7' 7' Y Y Y 

- - - - - - - - -
9 1 - 16 6 - 8 0 -
7 1 - 12 7 - 6 2 -
7 3 - 8 6 - 3 3 -
4 2 -'- 5 7 - 4 5 -
9 1 - 20 6 - 3 3 -
8 1 -- 23 4 - 0 5 -
8 1 - 32 0 - 2 6 -
1 3 - 23 6 - 0 5 -
0 4 - 34: 1 - 5 6 -
3 5 - 40 0 - 4 7 -
7 5 - 31 0 - 3 9 -

12 2 - 26 6 - 5 12 -
13 1 - 32 7 - 3 12 -
13 1 -- 40 6 - 9 11 -
17 2 - 47 6 - 12 9 -
18 2 - 35 7 - 12 9 -
18 2 - 41 11 - 8 11 -
19 2 - 40 11 - 9 10 -
28 0 - 30 13 - 6 13 -
17 2 - 15 19 - 7 13 -
18 0 - 2 23 - 6 12 --
17 1 - 0 18 - 9 11 -
14 6 - 2 13 - 5 11 -
17 6 - 7 11 - 4 10 -



TERM HOUR DATA. DE BILT-continued. 
----------.- -_ .... _._--

Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Jan. 22, 1912. Jan. 26, 1912. 

-
HID1V HI DI HI DI HIDI HIDI HID I~ V V V V 

- --
h. m. y y ~I~ y y y y y y y y y y y y y y 

18 0 - - - - - - - - - - - - - - - -
5 4 0 - 3 2 - 4 1 -- 8 0 - 3 0 - 0 6 -

10 3 0 - 3 0 - 4 0 - 8 0 - 6 2 - 1 8 -

15 2 0 - 3 1 - 3 1 - 8 0 -- 7 2 - 1 6 -
20 3 1 - 4 0 - 3 2 -- 7 0 - 7 2 -- 0 5 -

25 3 1 - 6 0 - 2 3 - 6 1 - 7 2 - 0 3 -
30 2 1 - 6 0 - 3 5 -- 7 1 -- 9 2 - 1 3 -

35 1 1 - 6 0 

I 
2 6 -- 7 1 - 8 2 - 3 3 -

40 1 1 - 6 0 2 6 - 7 2 - 7 2 - 3 2 ---

45 3 2 - 4 0 3 6 - 7 2 -- 7 2 - 3 2 -
50 3 3 - 3 0 -I 3 7 - 9 3 - 7 2 - 3 2 -
55 3 4 - 3 1 -I 1 7 - 10 3 -- 9 2 - 3 1 --

19 0 2 3 - 3 1 - 0 7 - 10 3 -- 10 2 - 3 1 -

5 3 5 - 3 2 - 0 7 - 9 3 - 11 2 - 2 I 1 -

10 1 5 - 2 2 - 0 7 - 5 3 -- 12 3 -- 2/ 0 -
15 1 6 - 2 3 - 0 7 - 6 3 - 7 3 -- 31 2 ---

20 1 6 - 1 3 - 0 6 - 7 3 - 7 3 - 3 3 -
25 1 6 - 0 3 -- I 6 - 6 3 - 9 3 - 3 3 -

30 2 5 - 0 4 - 2 5 - 6 3 - 5 3 - 3 5 --

35 2 5 - 0 5 - 2 3 -- 4 3 - 3 4 - 3 3 -
40 2 6 - 1 5 - 2 3 - 3 3 - 7 3 - 3 3 -
45 1 6 - 0 5 - 1 5 - 3 4 - 2 3 - 3 2 -
50 0 7 - 1 3 - 1 6 - 3 6 - 0 3 - 3 2 -
55 2 7 - 0 4 - 0 6 - 1 6 - 3 4 - 1 3 -

20 0 3 6 - 0 2 -I 0 6 - 0 6 - 0 5 - 2 3 -

TERM HOUR DAT~<\. lJCCLE. 
-----

Ma.y 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

-

HIDlv HI DI V HI Div HID Iv HIDI V HI D 
I 

V 

h. m. y y y y y y y y y y y y y y Y I 'Y I 'Y Y 
8 0 10 23 - 6 6 - 2 15 -- 0 9 -- 0 13 -115 38 ---

5 10 22 -- 5 6 - 2 14 - 0 9 - 2 13 - 15 35 --
10 10 22 - 4 7 -- 2 15 - 0 9 - 2 14 - 16 34 ---

15 10 23 -- 4 8 -- 2 15 --- 0 8 - 2 13 -- 14 31 -

20 9 22 - 3 7 - 2 15 -- 0 7 - 3 12 - 13 30 -

25 8 20 - 3 6 - 2 14 -- 0 6 --- 4 12 -- 14 29 --

30 6 19 - 4 5 - 1 13 -- • 1 6 - 5 12 - 13 27 -

35 5 17 - 5 5 - 1 13 - 1 6 - 6 11 -- 7 28 -

40 4 15 -- 3 4 - 1 13 -- 2 7 --- 6 11 - 6 23 --

45 3 16 - 3 4 -- I 13 --- 2 5 --- 6 11 -- 4 21 -

50 3 17 - 3 3 ._-.. 1 13 -- 3 4 -- 6 9 -- 9 23 --

55 2 15 -- 3 .. - 1 14 - 3 4 - 5 8 - 10 19 -oJ 

9 0 1 13 - 3 2 --- 1 13 - 3 4 - 4 7 -- 11 18 --

5 1. 12 - 3 1 - 1 13 -.- 3 3 -- 4 6 - 13 18 ---

10 1 11 -'- 3 2 -- 0 13 --- 3 3 - 5 6 -- 13 13 -

15 0 11 -- 3 3 - 2 12 -- 3 3 - 6 6 - 13 11 -

20 0 11 - 2 3 - 2 11 -- 3 3 - 6 4 -- 13 7 -

25 1 9 - 2 3 - 2 11 - 2 2 -- 5 4 - 9 R -
30 1 8 -- 2 3 - 3 10 -- I 2 -.- 5 4 - 11 8 -
35 1 7 - 2 2 - 4 8 _. 1 2 -- 5 3 -- 13 7 --

40 1 7 - 1 2 - 5 6 - 1 2 - 5 3 - 13 6 ---

45 -0 6 -- I 2 - 6 5 -- I 1 -- 5 2 -- 13 4 --

50 0 4 -- 0 1 -. 8 3 _. 0 1 - 5 2 - 10 3 -

55 1 2 -- I 1 - 9 2 - 0 0 --- 6 1 - 3 1 --
10 0 1 0 - 0 0 - 11 0 --- 0 0 - 6 0 -- 0 0 -
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-

h. m. 
17 0 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

18 0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

19 0 

-

h. m. 
18 0 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

19 0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

20 0 

TERM HOUR DATA. UCCLE-continued. 
---- -----

May 22, 1911. I 
H 

I 
D I vi 

y y y 
0 0 -
1 2 ---
2 2 -'-

3 2 -
4 2 -
3 2 --
3 3 -
6 3 -
7 3 -_. 
6 4 --
6 4 _. 
7 4 --
8 4 -
9 6 --
9 6 -

11 6 -
6 6 -
5 6 --
5 4 --
5 4 --
8 6 --
6 6 -
8 6 -

11 5 -
8 6 --

Nov. 20, 1911. 

HIDlv 
y y y 
0 0 -
1 1 -
2 2 -
2 2 -
2 2 --
1 2 -
1 2 -
2 2 -
2 2 -
2 2 -
2 2 -
2 3 -
2 3 -
2 3 -
2 3 --
2 3 -
2 3 --
2 3 -
2 4 -
2 4 -
2 3 -
2 3 -
2 3 -
2 3 -
3 3 -

May 26. 1911., June 19.1911. 

HIDIViHIDIV 
Y 

1 
I 
] 

1 
1 
1 
1 
1 

2 
0 
0 
3 
1 
5 
8 
4 
3 
3 
3 
5 

] .5 
I 3 
] 2 
] .2 
1 I 
I 5 
2 1 
I 9 
I 9 
1 9 
1 9 
1 8 
I 8 

Y Y 
3 --.-

6 --
9 -

13 .--

]5 .--

15 --
13 -
10 --

7 -., 

6 -
4 -
4 -
4 --. 

4 -
4 --
4 ---

4- -_. 
3 -
3 --
3 -
3 -
3 -
3 -
2 --
0 --

Nov. 24, 1911. 

HID I V 
y y y 
2 0 -
2 1 --
3 1 --
3 1 --
2 0 ---
2 0 --
4 0 -
5 1 -
4 1 -
4 1 -
4 1 -
3 2 -
2 2 -
2 2 -
2 2 -
2 2 -
I 2 --
1 2 --
0 2 -
2 2 -
2 2 -
2 2 -
1 1 -
2 2 -
2 2 -

Y Y Y 
5 1 -
5 0 --
5 0 -.--

6 1 -
6 1 --
6 1 -
6 2 -
7 2 -
7 2 -
6 1 -
6 1 -
5 2 -
5 2 -
5 2 -
4 2 -
4 1 -
3 1 -
2 1 --
I 1 -
1 1 --
0 1 -.-
1 1 -
4 1 -
4 3 --
4 4 -

Dec. 18, 1911. 

HIDlv 
y y y 
1 1 -
I 0 -
2 0 -
I 1 --
I 1 -
I 1 -
] 2 -
1 3 -
2 4 -
2 4 -
2 4 -
1 4 -
1 4 -
1 4- _.-

1 4 -
1 4 -
0 3 -
0 3 -
0 2 -
1 1 -
1 1 -
1 2 -
1 2 -
1 2 -
1 2 --

524 

June 23,1911.1 July 17, 1911. 

HI D 
I 

V I HI D 
I 

V 

Y Y Y Y Y Y 
6 0 - 8 - -
7 1 - 6 - --
7 2 - 4 -- -

6 3 - 2 - ---
6 3 - 1 - --
6 3 - 5 - -
7 2 -- 13 - --
5 3 -- 15 -- -
2 3 -- 19 - -
0 4 - 25 - ---
3 4 - 27 - -
5 6 - 20 - -
9 6 -- 18 -- -

11 5 - 21 - -
13 4 - 28 - -
14 4 -- 31 - _-·4 

16 4 - 30 - --
18 4 - 28 - -
21 4 - 25 - _. 
23 4 ---- 15 - -
16 3 - 8 - -. 
17 3 -- I - -
16 4 - 0 - -
15 4 -' 2 - -
14 6 - 5 - -

Dec. 22, 1911. Ja.n. 22, 1912. 

HIDlv HID Iv 
y y y y y y 
2 0 - 3 0 -
3 0 - ;) 1 --
5 0 --- 3 2 -
5 0 - 3 2 -
5 0 - 3 2 -
5 0 -- 5 2 -
5 1 - 5 2 -. 

5 1 - 5 2 -
6 2 - 5 2 -
6 2 - 5 2 -
6 2 - 5 2 -
6 1 -' 6 3 -
6 1 - 7 3 --
6 2 - 8 3 -
6 2 - 6 3 -
6 2 - 6 3 -
6 1 - 6 4 -
6 1 - 5 4 -
6 2 - 5 4 -
5 2 -- 4 4 -
4 3 - 5 5 -
2 3 -- 3 5 -
2 3 - 1 5 -
1 4 - 1 5 -
0 4 - 0 6 -

July 21, 1911. 

HI DI V 

Y Y Y 
7 1 -
6 1 -
5 1 -
4 0 -
4 1 -
3 1 -
2 2 -
0 2 -
2 3 -
4 4 -
3 5 -
1 5 -
3 7 -
4 7 -
6 7 --
7 8 ----
8 8 -
8 8 -
7 8 -
6 8 -
5 8 -
6 8 -
8 8 -
6 7 -
6 7 -

Ja.n. 26, 1912. 

HIDlv 
y y y 
2 2 -
I 3 -
1 3 -
0 3 --
1 3 -
2 2 -
4 2 --
5 2 -
5 1 -
5 1 -
4 1 -
5 0 -
5 0 -
4 0 -
4 0 -
5 1 -
b 1 -
6 1 -
5 2 -
5 2 -
5 2 -
4 1 -
4 0 -
4 0 -
6 0 -



TERM HOUR DATA. VAL JOYEUX. 

May 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

-

HID Iv HIDI V HI nl V HID I 
V HI nl V HIDI V 

h. m. I' I' I' I' I' ~I~ y y I' 1'1 I' I' Y I I' Y Y Y 
8 0 14 18 - 10 7 - - 0 13 -- 5 17 - 20 36 --

5 14 19 - 8 8 - - - --- I 12 ~-.-- 5 15 -- 18 39 --
10 13 19 - 7 8 - -- - - 1 13 -- 7 15 - 19 38 --

15 11 19 - 8 9 - - - - 2 12 -- 7 16 _._- 18 33 --

20 10 18 - 8 7 - - - - 2 12 --- 8 15 --- 16 30 -
25 10 18 - 7 7 - - - - 2 10 -- 8 17 - 17 34 -
30 9 17 - 6 6 - - - - 2 9 - 8 15 --- 11 27 -
35 8 17 - 5 5 - - - - 1 9 -- 7 14 --- 12 30 --
40 6 17 - 5 3 - - - - 2 8 - 7 11 -- 9 23 -
45 5 17 - 5 2 - 2 12 - 1 8 - 5 10 - 6 20 -
50 5 15 - 4 1 - 2 12 - 2 8 - 5 10 -- 12 21 -
55 3 14 - 3 3 - 2 13 - 2 4 - 3 8 --- 12 18 -

9 0 2 13 -- 2 3 - 0 12 - 2 4 - 4 9 - 12 22 -
5 2 12 - 1 4 - 0 13 - 2 4 - 5 9 -- 14 16 -

10 2 12 - 1 3 - 2 12 - 2 3 -- 5 9 -- 13 14 --

15 0 11 - 2 4 -- 3 12 - 2 3 - 3 7 -- 12 13 -
20 1 11 - 1 5 - 2 9 - 1 3 - 2 7 _._- 11 9 -
25 1 10 - 1 6 - 2 9 - 0 3 - 1 5 --- 9 9 -

30 2 9 - 2 4 -- 3 9 - 1 2 -- 0 6 ---- 10 9 ---

35 2 9 - 2 5 - 4 8 - 1 3 --- 0 5 -.- - 11 9 --
40 2 8 - 1 5 - 6 6 - 0 3 --- 0 5 -- 10 7 --

45 1 6 - 1 4 - 6 4 - 2 0 -- 0 4 -- 11 7 -
50 2 4 - 1 4 - 6 3 - 2 2 -- 2 2 --- 6 1 -
55 1 1 - 1 2 - 7 1 - 2 1,- 2 1 -

~I 0 -
10 0 2 0 - 0 0 - 7 0 - 2 2 -- 4 0 - 0 -

May 22, 1911. May 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-
HIDlv HI D I V HIDlv I I HI Iv HI I H D V n D V 

h. m. I' I' Y Y I' I' Y Y Y Y Y I' Y Y Y I' Y I' 
17 0 4 0 - - - - 8 3 - 4 1 - 18 2 - 11 1 -

5 2 0 - 4 3 - 8 0 - 5 2 - 16 3 - 11 0 -
10 3 0 - 2 6 - 8 1 - 3 2 -- 12 3 - 8 0 -
15 3 1 - 0 9 - 10 0 - 5 1 -- 10 2 - 5 1 -
20 5 0 -- 4 13 - 9 2 - 3 1 -- 8 4: - .•. 6 0 ---

25 5 2 - 11 12 - -- 7 0 - 7 1 --- 16 4: - 4 3 --
30 3 2 -- 15 8 - 8 2 - 6 0 - 21 2 - 4 0 --
35 3 3 - 16 7 - 8 1 - 7 0 - 25 2 - 3 0 --
40 4 3 - 14 5 - 7 2 - 0 1 - 20 2 - 2 1 -
45 4 4 - 14 6 - 7 4 - 1 2 - 27 0 -- 4 3 -
50 3 5 - 15 5 - - - - 2 4 -- 31 . 2 -- 3 2 --

55 3 4 - 17 4: - - - - 7 3 - 27 3 -- 2 4 -
18 0 2 3 - - 4 - 7 - - 10 4 - 23 4 - 2 5 -

5 - - - - 2 - 4 0 - 10 5 - 27 4 - 0 6 -
10 - - - - - - 4 1 - 12 4 - 32 6 - 6 6 -
15 - - - 14 - - 6 0 - 14 6 - - - -- 7 6 --
20 - - - 12 - - 5 2 - 14 6 - - - - 8 5 -

25 - - - 14 - - 4 1 - 15 6 - - - - 4 6 -
30 - - - 18 - - 2 0 -- 16 6 - 28 9 - 6 6 -
35 3 0 - 20 3 - 1 0 - 21 6 - 23 10 - 4 8 --
40 2 1 - 20 2 - 0 1 - 15 6 - 13 13 - 5 9 -
45 0 0 - 19 2 - 0 1 - 16 5 - 3 14 - 6 6 -
50 0 1 - 21 2 - 0 0 - 15 5 - 0 12 - 8 7 --

55 1 1 - 21 1 - 1 I,- 11 7 - 2 11 - 5 5 -
19 0 0 0 - 20 0 - 3 1- 14 7 - 7 10 - 4 5 -

--"._------------ -.-----------
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TERM HOUR DATA. VAL JOYEux-continued. 
I 

Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Jan. 22, 1912. Ja.n. 26, 1912. 

._---

HI nl V HI nl V HI DI V HI DI V HI D I V alnlv 
h. m. I' I' I' I' " I' I' I' I' I' I' I' I' I' I' 1'1 I' I' 

18 0 5 0 - 1 1 - 5 3 - 8 1 - 5 0 - 1 4 -
5 5 0 - 0 0 - 4 1 - 7 1 - 4 1 - 0 4 -

10 4 0 - 2 2 - 4 1 - 6 1 - 4 2 - 0 5 -
15 4 0 - 2 2 - 2 0 - 7 0 - 4 1 - 0 5 -
20 3 0 - 3 3 - 2 3 - 6 1 - 6 3 - 0 4 -
25 4 1 - 4 3 - 2 3 - 4 1 - 7 3 - 1 4 -
30 3 1 - 5 3 - 2 3 - 6 1 - 7 3 - 2 4 -
35 2 0 - 6 1 - 1 2 - 6 2 - 8 4 - 2 4 -
40 2 3 - 5 1 - 1 3 - 6 2 - 8 4 - 2 4 -
45 1 2 - 5 3 - 0 3 - 6 1 - 8 4 - 2 1 -
50 2 4 - 3 3 - 1 4 - 7 3 - 7 5 - 3 0 -
55 1 3 - 1 3 - 1 5 - 7 4 - 8 6 - 3 2 -

19 0 0 - - 3 2 - 1 5 - 8 2 - 8 7 - 3 3 -
5 - - - 5· 3 - 0 5 - 7 0 - 11 4 - 2 2 -

10 - - - 5 2 - 0 7 - 4 2 - 11 6 -- 3 2 -
15 - - - 4 4 - 0 6 - 4 3 - 6 5 - 3 2 --
20 - - - 3 1 - 1 5 - 3 4 - 8 4 - 2 4 -
25 - - - 1 2 - 2 5 - 4: 3 -- 7 4 - 2 5 -
30 - -- - 2 3 - 2 6 - 4 3 - 4 8 - 2 4 --
35 -- -- - 2 5 -- I 3 - 2 4 - 3 5 - 2 4 --
40 - -- - 4 4 - 0 3 - 2 4 - 4 4 - 3 2 --
45 - - - 4 3 - 0 4 - 2 3 - 2 5 - 3 3 -
50 - - - 3 2 - 1 5 - 2 4 - 1 3 - 2 1 ---

55 - - - 2 3 -- 0 5 - 0 3 - 2 5 - 2 2 --
20 0 - - -- I 0 - 1 5 - 0/ 4 - 0 5 - 3 3 -

TERM HOUR DATA. AGINCOURT. 

May 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

--

HID I V ~~ HID I V HID \ V Hlnlv HIDI V 

h. 
I 

m. I' 'Y Y 'Y I' I' I' I' I' 'Y 'Y I' 'Y 'Y 'Y 'Y 'Y 'Y 
8 0 1 2 - 0 ·1 - 2 1 - 1 1 - 2 0 - 9 18 -

5 1 3 - 1 4 - 3 1 - 2 1 - 5 1 - 11 18 -
10 1 2 - 2 0 - 3 2 - 1 1 - 6 4 - 12 19 -
15 1 2 - 4 1 - 4 1 - 2 1 - 7 0 - 11 18 -
20 1 1 -- 7 3 - 2 2 - 1 0 - 6 4 - 9 18 -
25 1 0 - 7 4 - 1 1 - 1 1 . - 6 5 - 8 12 -
30 1 0 - 8 2 - 0 2 - 1 1 - 6 6 - 4 18 -
35 1 0 - 8 2 - 0 2 - 0 2 - 7 7 - 0 18 -
40 1 4 - 8 4 - 0 4 - 0 2 - 6 11 - 9 23 -
45 1 5 - 7 5 - 2 2 - 0 2 - 6 11 - 9 12 -
50 1 5 - 7 8 -. 2 1 - 1 2 - 2 8 - 12 7 -
55 1 5 - 7 10 - 2 1 - 1 2 - 1 11 - 18 13 -

9 0 0 5 - 6 10 - 4 3 - 1 2 - 4 11 - 18 13 -
5 0 4 - 5 10 - 4 4 - 1 2 - 6 6 - 18 12 -

10 0 4 - 4 10 - 4 4 - 2 1 - 5 7 - 18 14 -
15 0 5 _. 4 10 - 4 0 - 2 2 - 4: 11 - 17 18 -
20 0 8 - 5 15 - 5 1 - 2 4 - 2 11 - 14 23 -
25 1 8 - 7 15 - 5 5 - 2 5 - 1 12 - 18 27 -
30 1 8 - 5 16 - 7 7 - 1 5 - 3 11 - 22 18 -
35 1 8 - 4 16 - 9 8 - 2 5 - 2 11 - 21 12 -
40 1 10 - 4 19 - 9 9 - 2 5 - 2 11 -- 20 10 -
45 1 10 -- 4 15 - 8 10 -- 2 5 - 2 11 - 18 6 -
50 2 10 - 4 15 -1 9 11 - 2 I 7 - 0 11 - 18 16 -
55 2 10 - 5 15 - 9 13 

=1 ~ I 8 - 0 11 - 13 14 -
10 0 3 10 - 5 15 - 10 14 8 - 2 11 - 9 0 -

-
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TERM HOUR. DATA. AGINCOURT--continued. 
---

Ma.y 22, 1911. May 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-
HIDIV HID I V HID I V HIDI V HID I V HIDI V 

h. m. 'Y 'Y 'Y 'Y 'Y 'Y 'Y I 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y Y Y 
17 0 0 8 - 4 13 - 2 24 -- 12 10 - 10 32 - 0 11 -

5 0 7 - 0 8 - 0 19 -- 12 8 - 8 27 - 3 10 -
10 1 7 - 4 5 - 0 18 - 10 7 - 5 24 - 2 10 -
15 2 7 - 8 2 - 3 18 - 7 4 - 5 19 - 4 5 -
20 2 8 - 13 0 - 4 16 - 6 4 - 3 22 - 7 5 -
25 1 5 - 16 5 - 2 12 - 5 4 - 7 25 - 7 1 --
30 0 6 - 24 5 - 3 11 - 4 4 -- 12 31 - 12 5 -
35 1 7 - 26 3 - 3 11 - 6 4 - 14 31 - 12 4 -
40 2 7 - 29 4 - 4 11 - 4 0 - 12 29 -. 11 3 -
45 4 6 - 31 5 - 6 11 - 0 0 - 25 37 - 10 2 -
50 5 6 - 34 9 - 8 10 - 0 1 - 28 34 -- 9 1 --
55 0 3 - 34 11 - 7 10 - 1 1 - 23 30 - 8 2 -

18 0 3 2 - 34 11 - 8 10 - 2 1 - 19 28 - 7 2 -
5 6 2 - 38 10 - 8 6 - 2 1 - 23 31 - 10 5 -

10 5 2 -- 38 5 -- 10 5 - 2 1 - 32 36 - 16 5 -
15 7 2 - 40 5 - 15 6 - 4 1 - 43 37 - 18 5 -
20 7 2 - 41 5 - 16 6 - 5 2 - 32 37 - 16 5 -
25 0 2 - 43 10 - 14 5 -- 4 4 -- 28 32 - 16 5 -
30 2 2 - 47 11 - 13 4 - 6 6 - 16 27 - 16 6 -
35 5 2 - 47 10 - 1.6 3 - 8 8 - 13 13 - 14 5 -
40 9 0 - 44 7 - 16 2 - 6 4: - 10 5 - 12 7 -
45 10 1 - 44 7 - 17 2 -- 11 5 - 3 0 - 12 5 -
50 10 0 - 44 6 - 20 3 - 10 7 -- 0 0 - 13 4 -
55 11 1 -1 47

1 
6 - 20 2 - 6 2 - 1 2 - 12 0 -

19 0 13 1 - 48 6 -118 0 -- 10 4 - 10 7 -- 14 5 ------------

Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Jan. 22, 1912. Jan. 26, 1912. 

h. m. 'Y 'Y 'Y 'Y 'Y 'Y _,,_ 'Y I 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
18 0 0 0 - 0 0 - 0 1 - 1 1 - 0 0 -

5 3 1 - 1 1 - 2 1 - 2 0 -- 1 0 -
10 2 1 - 1 1 - - - - 3 1 -- 0 1 - 1 0 -
15 3 1 - 5 3 - - - - 3 0 - 2 2 - 2 1 -
2041-62----40-22-30-
2531-81----41-23-20-
30 31-92-----42-34-30-
3531-91----52-31-41-
40 5 1 - 5 2 - - -- - 6 2 - 2 3 - 4 1 
45 4 1 - fj 1 - - - - 6 2 - 2 3 - 3 3 -
5062-44----92-35-44-
5572- 85----11 2- 22- 4 4-

19 0 9 2 - 8 5 - - - - 11 5 - 2 7 -- 4 3 -
591-95----95-77-42-

10 10 5 - 6 5 - - - - 8 6 - 4 7 - 3 2 -
15 9 5 - 9 6 - - - - 9 7 - 4 4 - 4 4 -
20 11 6 - 8 7 - - - - 10 7 - 6 5 - 4 4 -
25 12 7 - 9 7 - - --- - 11 88 f- -_ 8 5 - 4 5 -
30 11 7 - 9 8 - - - --- 11 7 3 - 4 5 -
35 12 7 - 10 10 - - - - 12 9 - 5 7 - 4 6 -
40 12 7 - 11 9 - - - - 13 10 - 7 8 - 4 6 -
45 12 7 - 13 11 - - - - 11 10 - 3 5 --- 4 6 -
50 12 91- 14 10 - - - - 12 11 - 3 7 - 4 6 -
55 13 10 - 14 11 - - - - 13 11 - 7 7 - 4 7 -

20 0 14 10 - 14 11 - - - - 12 11 - 2 7 - 5 7 -__ ._~_-' _~ ____ ._. _____________________________ '---------L-_____ --'-. ___ .=------'-_~ ___ . ------- ---~----
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TERM HOUR DATA. CHELTENHAM. 

May 29, 1911.1 June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28,1911. 

-

HID I V IH I D I V HID I V HIDIV HID I V HID I V 
h. m. 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y ~I 'Y 'Y 'Y 'Y 
8 0 2 2 0 0 2 4 3 0 1 3 1 2 3 2 7 13 0 

5 2 3 0 1 2 4 2 0 1 3 ] 2 7 2 6 13 1 

10 2 2 0 1 0 4 2 1 1 2 1 2 7 2 2 9 13 1 

15 2 2 0 2 1 4 3 0 1 2 0 1 7 3 2 8 15 2 

20 2 1 0 4 1 3 2 1 1 2 1 2 7 1 2 6 15 2 

25 2 0 0 6 2 3 1. 2 1 2 1 1 7 2 1 3 10 3 

30 2 1 0 5 1 2 0 2 1 il 2 1 8 6 1 2 15 3 

35 2 2 0 5 2 1 0 3 0 2 0 8 6 1 0 15 2 

40 2 2 0 6 5 1 1 2 1 2 0 7 7 1 7 15 2 

45 2 3 0 5 6 0 0 2 1 1 2 1 6 8 0 8 12 3 

50 2 4 0 4 6 1 1 0 1 0 1 1 4 8 1 9 6 4 

55 1 5 0 4 6 1 1 0 2 0 2 1 2 8 1 13 10 4 

9 0 0 6 0 3 8 2 2 1 2 1 2 2 4 9 ] 17 9 4 

5 0 ~I 
0 3 9 .3 2 3 3 1 3 2 5 8 1 16 12 4 

10 0 0 2 8 3 3 3 3 0 2 1 6 10 1 17 12 4 

15 0 7 0 1 9 3 4 0 4 0 3 1 6 11 1 17 14 4 

20 1 8 1 1 11 4 4 2 3 1 4 1 3 11 1 15 19 4 

25 2 8 1 2 12 4 5 5 4 1 5 1 1 10 1 17 19 5 

30 3 8 1 ] 12 4 5 5 4 1 6 2 2 10 1 19 13 5 

35 3 9 1 1 12 6 6 U 5 2 6 2' 1 9 1 20 9 5 

40 3 10 1 0 13 5 7 5 5 3 6 3 1 1 9 1 21 8 4 

45 4 11 1 0 12 6 8 7 6 3 6 3 2 9 1 18 6 4 

50 5 11 1 1 12 5 8 8 6 4 6 4 0 9 1 15 12 4 

55 5 13 1 2 12 5 8 11 6 4 7 3 0 9 2 13 12 4 

10 0 5 15 1- 2 12 5 9 11 5 .5 8 4 0 10 2 12 0 4 

Ma.y 22, 1911. Ma.y 26. 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-
HID I V H I D.I V HID I V HIDIV HIDIV HIDI~ 

h. m. 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y Y 
17 0 0 8 4 2 4 1 0 17 3 10 9 8 16 29 0 0 9 0 

5 1 6 6 0 5 0 0 16 2 ]0 9 9 12 29 1 2 9 1 

10 2 5 6 4 2 1 0 15 2 9 8 9 9 23 0 2 8 1 

15 3 4 6 7 1 1 1 13 1 8 6 8 8 21 0 3 6 2 

20 5 4 4 10 0 il 1 12 1 6 6 6 8 19 0 5 5 2 

25 4 3 4 11 2 1 11 1 6 4 6 11 22 1 5 4 2 

30 2 3 3 17 2 2 10 0 5 2 4 14 23 0 10 5 1 

35 3 3 2 19 2 2 4 9 0 5 2 3 20 25 0 9 2 2 

40 4 3 0 21 2 2 5 9 0 3 1 2 15 23 1 9 1 2 

45 7 3 ] 26 2 3 6 9 1 0 0 2 21 25 3 8 1 2 

50 8 2 1 29 5 3 6 8 1 0 1 1 26 25 4 7 0 2 

55 4 2 1 29 4 4 6 6 2 3 1 1 23 25 5 6 0 3 

18 0 6 3 2 30 5 6 6 5 3 4 3 1 17 22 6 6 1 2 

5 8 3 4 32 4 6 6 5 4 4 3 1 20 23 6 8 1 4 

10 8 2 4 34. 3 7 6 4 5 5 3 1 28 24- 7 9 2 4 

15 9 3 6 35 3 6 9 5 4 6 4 0 40 25 9 14 5 5 

20 8 3 6 37 2 7 10 4 1 5 7 4 0 31 23 9 12 5 6 

25 6 2 7 39 3 8 9 4 6 8 4 1 29 21 11 10 3 6 

30 5 2 7 42 4 8 8 3 8 8 4 1 19 19 11 12 2 7 

35 6 2 7 42 3 8 8 2 7 11 4 1 13 13 11 8 2 3 

40 7 2 6 42 3 8 9 1 6 7 4 1 10 7 9 8 3 7 

45 10 1 6 42 4 9 13 1 8 13 4 2 2 1 9 8 2 9 

50 9 1 6 43 4 8 13 1 9 11 3 3 0 0 9 10 2 9 

55 8 1 5 43 4 7 13 0 9 4 3 3 0 1 8 6 1 10 

19 0 9 0 8 43 4 5 13 1 9 9 3 2 9 3 11 7 1 10 
---------~--.--
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TERM HOUR DATA. CHELTENHAM-continued. 
-_._---------_.-

Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. I Jan. 22, 1912. Jan. 26, 1912. 

--
HIDIV HID 1 V HID 1 V HIDIVIHIDIV H 1;;--1 V 

h. m. y y yl y y y y y y y y y y y y y y y 

18 0 0 1 0 0 0 0 1 0 3 0 0 1 3 0 0 ] 0 0 

5 6 1 0 0 0 0 0 1 3 1 0 1 1 0 0 0 1 1 

10 3 0 3 0 0 0 0 2 3 2 1 1 1 0 1 0 ] 2 

15 3 1 

~I 
2 0 0 0 4 3 1 2 1 2 1 1 0 1 2 

20 6 1 3 2 0 0 3 1 1 2 1 2 1 1 1 2 2 

25 4 1 6 1 0 0 4 1 1 4 1 3 2 2 2 2 3 

30 4 1 2 6 2 0 2 4 0 0 4 1 4 2 2 2 2 2 

35 4 2 2 7 2 1 1 5 0 3 5 0 3 3 2 2 3 3 

40 6 2 ] 7 3 1 2 6 0 2 5 0 3 4 2 4 3 3 

45 6 4 2 7 4 1 5 7 0 3 6 0 3 3 4 2 3 3 

50 7 2 3 6 4 2 4 7 1 6 6 0 2 3 4 5 4 3 

55 8 4 3 7 5 2 3 8 3 6 6 0 3 4 4 4 5 3 

19 0 9 7 4 7 5 2 4 8 4 6 8 0 2 4 4 4 5 3 

5 9 8 4 7 6 3 4 8 4 6 8 0 6 5 4 4 5 3 

10 9 8 4 7 6 3 5 9 4 5 9 1 5 5 5 2 5 3 

15 10 8 4 8 6 3 6 10 3 6 9 1 3 5 5 3 6 3 

20 12 9 4 7 7 3 7 11 3 6 10 1 4 {) 5 3 6 3 

25 ]2 10 5 7 8 3 7 11 3 6 11 1 7 {) 6 .2 6 3 

30 11 9 6 8 9 4 8 12 3 6 11 1 4 5 6 2 8 3 

35 .12 10 6 9 10 4 8 12 3 5 11 1 2 5 7 3 9 3 

40 14 11 6 10 11 4 8 12 3 6 11 2 3 6 7 2 9 3 

45 13 10 7 10 10 4 8 12 3 6 12 2 0 6 7 3 9 4 

50 13 12 6 10 11 4 7 12 1 7 12 2 3 8 6 3 8 3 

55 14 14 6 10 11 4 8 13 1 6 13 1 2 6 8 3 9 3 

20 0 15 13 6 11 11 4 7 13 1 6 13 1 , 0 6 8 3 9 3 

TERM HOUR DATA. TUCSON. 

Ma.y 29, 1911. June 2, 1911. June 26, 1911. Juno 30, 1911. July 24, 1911. July 28, 1911. 

-
HIDIV HlnlV HIDIV nlnlv HID 1 V HID 1 

V 

h. m. y y y y y y y y y y y y y y I' Y Y Y 
8 0 1 0 2 6 0 2 1 0 0 0 0 0 1 2 1 2 6 0 

5 0 1 1 4 0 1 1 1 1 0 0 0 3 2 1 4 6 0 

10 0 0 1 5 1 1 1 2 1 0 0 0 4 1 1 2 5 1 

15 1 0 1 4 2 1 1 2 1 0 0 0 5 0 1 2 6 1 

20 1 1 1 5 5 0 1 2 0 1 1 0 5 0 1 5 6 1 

25 2 1 1 5 7 0 1 1 0 1 1 0 6 1 1 4 6 1 

30 2 1 1 4 10 0 1 1 0 1 1 0 6 2 1 3 8 1 

35 2 1 1 4 10 0 0 2 0 1 1 0 7 2 1 0 6 1 

40 2 1 1 4 12 0 0 2 0 1 1 0 6 1 1 4 6 1 

45 3 0 1 4 13 0 1 2 0 1 1 0 6 2 1 4 5 1 

50 3 1 0 4 11 0 1 2 0 1 1 0 5 3 1 6 1 I 

55 2 1 0 3 12 0 1 2 0 1 1 0 2 5 1 7 3 1 

9 0 2 1 0 2 11 0 1 2 0 1 1 0 4 6 1 11 0 1 

5 2 1 0 2 11 0 2 2 0 2 1 0 7 6 1 11 1 1 

10 2 1 0 2 10 0 3 2 0 2 1 0 7 5 2 14 3 1 

15 2 1 0 1 9 0 4 1 0 1 1 0 7 6 2 14 5 2 

20 2 1 0 1 9 0 4 2 0 1 1 1 5 6 1 11 7 2 

25 3 1 0 2 9 0 4 2 0 1 1 - 0 2 6 1 11 10 1 

30 4 1 0 1 8 0 5 2 0 1 1 0 3 8 1 12 5 1 

35 4 0 0 0 9 0 5 2 0 1 1 0 3 6 1 13 6 2 

40 4 0 1 1 7 0 6 2 1 2 1 1 2 6 1 17 2 2 

45 4 0 1 2 4 0 7 2 1 1 1 1 2 7 1 15 4 2 

50 4 0 1 3 4 0 7 2 1 2 2 1 1 7 1 14 10 2 

55 4 0 1 4 5 0 7 2 1 2 2 1 1 8 0 14 14 2 

10 0 4 0 1 5 6 0 7 2 0 2 2 1 0 8 0 20 9 1 
---~- ~--- --------.. -----~--
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TERM HOUR DATA. TucsoN-continued. 
I 

May 22, 1911. May 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-
HID I V HID I V H/nlv ~~ HIDIV HIDIV 

h. m. y y y y y y 
y I y 

y y y y y y y y y y 
17 0 0 21 2 1 43 2 1 36 12 8 24 11 18 30 6 8 22 3 

5 1 21 2 0 41 2 1 33 11 7 22 9 15 26 6 8 21 2 
10 1 20 2 3 39 1 1 31 10 8 21 9 15 23 6 8 17 1 
15 2 18 2 5 36 1 1 30 9 7 20 8 15 21 6 8 14 0 
20 3 18 2 5 32 0 1 29 8 5 18 6 17 19 6 9 14 0 
25 3 16 2 5 33 0 1 26 8 5 17 6 15 22 6 8 14 0 
30 3 15 1 8 31 0 0 25 8 5 16 5 15 23 6 8 12 0 
35 4 15 1 11 27 0 1 22 5 5 16 5 11 24 6 9 8 0 
40 6 14 1 13 24 0 1 21 3 4 15 5 10 22 6 8 6 0 
45 7 14 1 15 22 0 1 20 2 2 14 5 9 23 5 8 6 0 
50 8 14 1 15 21 0 1 17 1 1 12 4 8 23 4 7 6 0 
55 8 14 0 14 18 0 1 1[) 1 1 11 3 7 20 3 6 6 0 

]8 0 8 13 0 16 18 0 2 15 0 1 10 2 5 17 3 6 6 0 
5 8 10 0 18 14 0 3 14 o· 0 10 3 2 16 3 6 6 0 

10 9 10 0 20 11 0 3 13 0 0 9 2 4 16 2 5 6 0 
15 9 8 0 21 9 0 6' 10 0 0 8 2 7 16 2 6 6 0 
20 9 8 0 21 7 0 8 8 0 0 8 2 5 16 1 5 5 0 
25 8 7 0 21 6 0 9 7 0 0 7 1 2 15 1 5 5 0 
30 7 6 0 20 8 0 9 6 0 1 7 1 0 15 0 4 4 0 
35 8 6 1 22 6 1 9 4 0 2 6 0 2 10 0 3 2 0 
40 10 5 1 23 4 1 12 2 0 2 6 0 5 6 0 3 2 0 
45 11 4 2 24 3 2 14 2 0 5 5 0 6 1 0 2 2 0 
50 11 3 3 26 3 3 15 1 0 4 2 1 6 0 1 2 2 0 
55 11 2 3 28 2 4 16 1 0 2 0 1 5 2 1 1 1 0 

19 0 10 0 3 28 0 4 ]6 0 1 3 0 2 6 2 2 0 0 0 
------------- .. _--- ~--------

._- ------ -" 

Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Jan. 22, 1912. Jan. 26, 1912. 

-
H In/ V HID I V 

I 
nlv HID I V HID / V HIDlv 

I 
HI 

.-
h. m. y y y ~l~ y y y y y ]I y y II Y Y Y Y 
18 0 - - -- - 3 6 1 3 18 0 6 7 1 2 3 6 

5 1 10 2 - - - - - - - - - 6 6 1 1 2 5 
10 0 6 1 - - - - - - 2 14 0 5 6 0 0 3 5 
15 1 3 1 - - - - - - 3 13 0 5 7 0 0 4 5 
20 2 2 0 - - - 1 6 0 1 14 0 5 6 0 0 4 4 
25 1 2 0 - - - 1 5 0 0 12 1 5 6 0 0 3 4 
30 1 2 0 - - - 1 3 0 1 12 1 5 6 0 0 3 4 
35 2 2 0 - - - 1 2 0 3 11 1 4 6 0 1 4 4 
40 2 0 0 - - - 1 2 1 3 10 1 4 5 0 1 4 4 
45 2 0 0 - - - 2 1 1 3 9 1 4 5 0 1 3 4 
50 4 0 0 - - - 1 1 2 4 7 1 4 6 0 1 4 4 
55 4 0 0 - - - 1 1 2 5 6 1 3 4 0 1 4 4 

19 0 4 0 0 - - - 0 0 3 6 6 2 3 5 0 1 2 4 
5 5 0 0 - - - 0 0 3 3 6 1 5 4 0 1 2 4 

10 5 0 0 - - - 0 0 4 3 6 2 4 4 0 0 2 4 
15 6 2 0 - - - 0 0 4 3 4 2 3 3 0 0 2 4 

I 20 6 2 1 - - - 1 0 5 3 3 3 3 3 0 0 1 3 
I 

25 7 2 1 -- - - 1 0 6 4 3 3 6 2 1 0 1 3 
30 7 3 l' - - - 1 0 7 3 2 3 4 2 1 0 0 3 
35 8 4 1 - - - 1 1 8 5 2 4 3 2 1 0 0 3 
40 8 4 2 - - - 2 1 8 5 1 4 3 2 1 0 0 2 
45 9 5 2 - - - 2 2 10 6 1 4 2 2 1 1 0 1 
50 9 6 3 - - - 1 2 10 6 1 5 1 2 2 1 0 1 
55 10 4 4 - - -- 1 2 11 6 0 5 2 0 2 0 1 0 

20 0 10 3 4 - - - 1 2 111 6 0 5 0 2 3 0 2 0 

Q30 



TERM HOUR DATA. LUKIAPANG. 
,------------- -------------------,------- ----------

h. m. 
8 0 

9 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
o 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 

May 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

1~ I b I ~ l~ 
13 1 ] 19 
12 1 2 19 
12 1 2 18 
11 2 2 17 
10 2' 2 15 
10 2 2 14 

8 I 2 2 14 
8 2 2 12 
7 2 2 10 
6 3 1 10 
5 3 1 11 
4 4 1 12 
4 4 1 16 

- 4 1 17 
- 4 1 16 
- 5 1 14 
- 5 0 11 
- 5 0 0 
2 -
1 --
o -
o -

o 11 
o 16 
1 13 
1 6 
1 2 
1 0 

'Y o 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
4 
4 
5 
5 
5 
6 
6 
6 
6 
6 
7 
7 

'Y o 
o 
o 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 

'Y 
3 
2 
2 
1 
1 
1 
o 
o 
o 
o 
o 
o 
1 
1 
1 
2 
1 
1 
1 

4 -
4 -
3 -
3 --
3 --
3 -

'Y 
o 
o 
o 
o 
1 
1 
o 
1 
1 
1 
2 
2 
2 
1 
2 
3 
4 
3 
3 
2 
2 

y 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
3 

y 
7 
7 
7 
7 
6 
5 
4 
3 
3 
3 
3 

'Y 
o 
1 
2 
3 
5 
5 
6 
6 
7 
8 
8 

3 9 
2 9 
2 10 
2 10 
1 10 
1 10 
o 10 

'Y o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
2 
2 

y 
5 
6 
6 
6 
5 
4 
5 
6 
5 
4 
1 
o 
o 

2 -
2 -
2 -
3 -
3 0-

3 
3------
3 - - - -

o 11 3 -

'Y ylYj'Y o 0 26 --
o 1 21 -
o 2 22 -
1 3 20 -
1 3 17 -
1 3 15 -
1 4 11 -
1 4 12 -
o 4 2 -
1 6 5 --
1 7 9 --
I 7 9 --
o 7 5 -

y 
o 
o 
o 
o 
1 
2 
3 
4 
6 
4 
4 
3 
3 

o - 6 - -
1 - 7 - -
o 8 8 - -
o 8 5 - -
o 8 5 - -
o 8 3 - -
o 8 3 - -
o 8 0 - -

1---------------
1 - - - - - - - - _-0 -
1----------
1----------

55 
o 10 

o -
-1-

'-----'------=----'-----------------~---------- -. ---------------------

.. 
0 ____ --

Ma.y 22, 1911. Ma.y 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-
HID I V HID I V HID I V HID I V HID I V HID I V 

h. m. 'Y 'Y 'Y Y 'Y 'Y 'Y 'Y Y 'Y Y 'Y Y Y Y 'Y Y 'Y 
17 0 3 - 1 8 1 0 6 0 2 5 0 0 8 1 2 5 0 6 

5 2 - 2 9 0 0 6 0 2 6 0 0 6 4 2 4 1 5 

10 1 - 2 8 0 1 5 1 2 5 1 0 6 7 1 4 1 5 

15 0 - 0 7 1 2 5 1 2 6 1 1 7 6 1 4 2 4 

20 0 - 2 10 2 1 5 1 2 6 2 1 8 7 2 [j 3 4 

25 0,- 2 11 4 1 4 1 2 5 / 1 1 11 5 3 3 4 4 

30 1 - 1 10 5 1 3 0 2 8 0 1 10 4 3 4 5 3 

35 3 - 2 9 6 1 3 0 2 7 0 1 12 5 4 4 6 3 

40 5 - 1 7 5 0 3 0 2 5 1 0 7 4 4 5 8 3 

45 4 - 0 9 5 0 2 0 2 2 1 0 8 2 3 4 8 3 

50 4 - 0 8 6 0 2 0 1 1 0 0 9 2 3 3 8 3 

55 5 - 0 6 6 0 2 0 1 0 0 0 7 4 4 2 7 3 

18 0 4 - 1 10 6 0 2 0 1 0 0 0 2 5 2 3 6 3 

5 4 -- 0 6 8 0 2 1 0 1 0 0 4 6 1 I 3 6 2 

10 3 -- 0 5 9 0 3 1 0 1 0 0 2 1 

il 
2 5 2 

15 3 - 1 2 10 0 2 1 0 1 0 0 6 0 2 6 2 

20 1 - 1 0 11 0 3 2 0 1 0 1 4 4 2 6 2 

25 1 - 1 0 11 0 2 2 0 1 0 _ 1 7 5 21 1 8 2 

30 0 __ 0 0 6 11 0 1 2 0 0 0 1 4 6 2 2 8 2 

35 2 - 0 2 11 0 0 2 0 0 3 1 5 8 3 1 8 1 

40 3 - 0 2 10 1 1 2 0 2 5 1 4 10 2 0 7 1 

45 4 - 0 3 9 1 1 2 0 0 6 1 0 11 2 0 7 1 

50 - - gl 2 8 1 2 3 0 0 6 3 0 10 0 1 8 1 

I 
55 --- - 1 8 1 2 3 gl 2 6 3 1 8 1 2 ~I 

0 

I 19 0 - - 1 9 1 1 2 3 6 3 0 8 1 1 0 I 



TERM HOUR DATA. LUKIAPANG-continued . 
---~-

.ran. 22, 1912.I.ran. 26, 1912. Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. 

-
HID I V HID I V HID I V HID I V HIDIVIHIDIV 

h. m. y y y y y y y y y y y y y y yl y y y 
18 0 0 1 0 0 1 0 5 5 - 0 0 0 1 1 1 0 1 0 

5 0 2 0 1 1 0 4 5 - 1 1 0 0 1 1 2 1 0 
10 0 1 0 1 1 0 0 5 - 2 1 0 0 0 1 3 0 0 
15 0 1 0 2 1 0 - 5 - 2 1 1 1 1 1 4 0 0 
20 0 1 0 4 1 0 - 4 - 2 1 1 3 2 1 3 0 0 
25 0 1 0 5 1 0 - 4 - 1 1 1 4 2 1 3 1 0 
30 1 1 0 5 1 0 - 4 - 0 0 1 4 2 1 2 1 0 
35 1 0 1 6 1 0 - 3 -- 2 0 1 4 2 1 3 2 0 
40 gl 0 1 5 1 0 - 2 - 3 0 1 3 2 1 2 2 1 
45 0 1 4 1 1 - 1 - 3 0 1 3 2 1 2 2 1 
50 1 0 1 4 1 1 -.- 0 - 4 0 1 3 2 1 2 2 1 
55 1 0 2 5 1 1 - 0 - 5 1 1 4 3 1 3 2 1 

19 0 1 0 2 5 1 1 - 0 - 6 1 1 3 2 0 3 2 2 
5 2 0 2 5 1 2 - 0 - 6 1 1 5 2 0 2 2 2 

10 2 0 2 5 0 2 - 0 -. 4 1 1 6 1 0 3 2 2 
15 2 0 2 4 0 2 - 0 - 3 1 2 4 2 0 4 2 2 
20 2 1 2 3 0 2 - 0 - 2 1 2 2 2 0 3 1 2 
25 3 1 3 2 0 3 - 1 - 2 1 2 5 2 0 3 1 1 
30 3 0 2 2 0 3 5 2 - 1 1 2 5 0 0 4 0 1 
35 3 0 2 3 0 3 3 3 - 1 1 2 5 1 0 4 0 1 
40 3 1 2 4 0 3 2 3 - 1 1 3 4 2 0 4 1 1 
45 3 1 2 5 0 3 1 3 - 2 1 3 1 2 0 4 1 1 
50 2 1 2 6 0 3 0 3 - 2 1 3 0 1 0 4 2 1 
55 3 1 2 6 0 4 0 4 - 2 0 3 1 0 0 4 2 1 

20 0 3 1 3 5 0 4 0 4 - 2 0 3 1 0 0 5 2 1 
.---~.- ---~ ~~----- .. ------ - --

TERM HOUR DATA. DEHRA DUN. 

May 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

-

~ I D I HI 
I 

HIDI HIDlv HIDI HIDI V DIV V V V 

11- m. I 
I' Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 8 0 9 0 0 2 2 - 2 2 0 13 2 0 12 0 5 18 0 0 

5 8 0 0 2 1 - 2 0 0 12 1 0 14 0 5 22 0 3 
10 7 1 0 1 2 - 2 1 0 13 2 0 14 1 5 24 ,2 4 
15 6 2 1 2 2 0 2 2 1 13 2 0 15 1 5 23 3 6 
20 5 4 1 2 1 1 2 2 1 12 2' 0 14 1 6 20 4 6 
25 4 5 2 1 1 2 2 2 2 12 1 0 14 1 6 20 7 6 
30 4 7 2 1 1 2 2 2 3 11 1 0 15 2 6 17 8 6 
35 3 7 3 0 1 2 3 2 4 10 0 0 15 2 4 13 10 6 
40 4 8 4 0 0 2 4 4 4 9 1 0 14 2 4- 8 11 5 
45 4 8 4 1 1 3 5 6 5 9 2 0 11 4 3 9 16 6 
50 4 9 5 0 0 4 6 7 6 8 3 1 9 4 2 13 17 7 
55 3 10 5 1 1 4 6 8 6 7 3 2 6 7 0 13 18 9 

D 0 3 10 5 2 1 5 6 9 6 5 4 3 10 7 1 12 18 8 
5 3 11 6 2 1 6 7 9 7 5 4 4 11 7 2 12 19 9 

10 3 11 7 2 2 8 7 10 8 4 5 5 11 6 2 15 20 9 
15 2 12 7 2 2 8 7 9 9 3 6 5 9 6 2 15 20 10 
20 2 13 7 2 3 9 6 10 8 2 7 5 6 8 1 14 20 11 
25 1 13 7 4 4 10 5 10 8 1 7 5 2 10 0 13 22 11 
30 1 13 8 4 5 11 4 11 9 1 10 6 4 10 0 13 25 12 
35 2 14 8 3 5 11 3 11 9 1 10 7 2 11 1 12 27 13 
40 1 15 8 2 7 11 2 11 9 1 11 7 2 12 1 10 28 13 
45 0 16 8 3 8 11 1 12 9 0 12 8 2 12 1 8 29 13 
50 0 17 8 4 9 11 1 12 9 0 13 9 0 15 0 8 29 15 
55 0 17 7 5 10 11 0 14 9 0 13 9 0 12 1 4 30 15 

10 0 0 18 7 I 6 11 12 0 16 10 0 14 9 2 13 1 0 32 14 
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'fERM lIOUR DATA. DEHRA DUN-continued. 

May 22, 1911. May 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

--

HID I V HID I V HID I V HID I V iIlDlv HID I V 

h. m. I' I' I' I' I' I' I' ?' ?' I' I' I' ?' I' I' I' I' I' 
17 0 1 0 - 5 4 - 4 2 - 7 0 0 13 0 0 4 1 1 

5 1 0 - 6 3 3 4 2 -- 6 0 0 11 1 - 4 0 1 
10 0 0 0 7 1 3 5 2 -- 6 0 0 11 3 - 2 0 0 
15 ] 0 1 8 0 3 6 1 - 6 0 0 11 3 1 1 1 0 
20 1 0 2 9 0 2 5 1 - 6 1 0 11 2 1 2 1 0 
25 0 1 2 9 0 4 4 1 - 8 0 0 11 2 2 1 1 0 
30 0 2 2 10 0 3 4 1 - 7 0 - 15 1 2 2 2 0 
35 2 1 3 8 2 2 5 1 - 6 0 - 13 1 4 2 2 1 
40 4 0 4 6 4 1 5 1 - 3 0 - 12 2 3 4 2 1 

'45 3 0 4 6 4 1 5 2 - 1 0 - 15 1 3 4 2 1 
50 3 1 4 5 3 2 4 2 - 0 1 - 16 0 4 4 3 1 
55 3 2 3 5 5 1 3 2 - 1 1 - 10 1 3 4 3 1 

18 0 4 2 3 5 5 1 3 2 - 2 1 - 8 3 3 4 3 1 
5 4 2 3 5 5 1 2 1 - 1 2 0 12 3 4 2 3 1 

10 4 2 3 4 4 1 2 1 - 2 2 0 15 4 4 3 4 0 
15 4 2 4 1 6 0 3 1 - 2 2 0 15 2 5 4 5 0 
20 2 2 3 0 6 0 2 0 - 1 2 0 15 3 4 3 5 0 
25 1 3 3 0 7 0 2 0 - 0 2 0 13 3 4 1 6 0 
30 0 3 3 4 6 1 0 0 - 2 3 0 9 5 4 2 6 0 
35 3 3 4 5 6 2 0 2 - 4 2 0 7 7 3 1 7 0 
40 4 3 4 4 6 2 0 2 - 0 3 0 3 9 2 0 8 0 
45 5 3 5 4 6 2 1 2 - 2 2 1 0 10 2 1 8 0 
50 6 3 5 6 5 2 2 2 - 4 4 1 0 11 1 2 8 0 
55 7 3 5 4 5 2 2 2 - 2 9 1 2 11 2 1 8 0 

19 0 4 3 5 4 5 2 3 2 - 3 9 1 6 10 3 1 9 0 

Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Ja.n. 22, 1912. Ja.n. 26, 1912. 

-
HIDlv IDlv HID I V HID I V HID I V I I H H D V 

h. m. I' I' I' I' I' I' 'Y I' J' I' 1'1 I' I' I' I' I' I' Y 
18 0 0 0 0 0 1 0 4 4 1 1 1 2 1 5 0 1 4 1 

5 0 1 0 0 1 0 1 5 0 4 0 2 0 5 0 1 3 1 

10 0 0 0 1 2 0 0 5 0 3 0 2 1 4 0 2 3 1 

15 0 0 0 3 1 1 0 5 0 2 0 2 2 4 0 2 3 1. 

20 ] 0 0 4 1 1 1 4 1 1 2 1 1: 3 1 2 2 1 

25 1 0 0 6 1 1 2 4 1 1 1 1 4 3 1 1 2 1 

30 2 0 0 6 1 2 4 4 1 1 1 1 4 3 1 1 2 1 

35 1 0 0 8 1 2 2 4 1 2 0 1 4 2 1 1 1 1 

40 2 0 0 7 1 2 3 5 1 2 0 1 4 2 1 0 1 0 

45 2 1 1 6 1 2 4 2 1 4 0 1 4 2 1 0 1 0 

50 3 1 1 6 1 2 4 1 1 4 0 1 4 2 1 0 1 0 

55 4 1 1 6 1 2 4 1 2 5 0 1 4 3 1 0 1 0 

19 0 4 0 1 6 1 2 4 1 2 4 0 ] 4 2 1 1 1 0 

5 4 1 1 6 1 2 4 1 2 1 2 I 7 2 1 0 I 0 

10 4 1 1 5 1 2 4 1 2 1 1 1 6 1 1 0 1 0 

15 4 0 0 5 1 2 4 0 2 1 1 0 4 1 1 1 1 1 

20 4 0 1 4 2 2 4 0 2 1 1 0 3 2 1 1 1 1 

25 4 0 0 4 2 2 4 0 2 1 1- 0 4 1 1 1 1 1 

30 4 0 0 4 1 1 4 1 1 1 1 0 4 1 1 1 0 1 

35 4 1 0 4 1 1 4 1 1 0 1 0 2 2 1 1 0 1 

40 3 1 0 4 0 2 3 0 1 1 1 0 1 2 1 1 0 1 

45 3 1 0 4 0 2 3 0 1 1 0 0 1 3 0 1 2 0 

50 4 0 0 6 0 2 3 0 I 1 0 0 0 2 0 0 1 0 

55 4 0 0 7 0 3 2 1 0 1 0 0 1 0 0 0 1 0 

20 0 5 0 0 6 0 3 2 1 1 0 3 0 0 0 0 1 1 I 0 
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TERM HOUR DATA. HELWAN. 
~--------

May 29, 1911. • Tunc 2, 1911. June 26, 1911 . June 30, 1911. July 24, 191J. July 28, 1911 
-

HIDI V .H I D I V HI DI V HIDI V HI DI V HjDI V 
.. 

h. m. y y y y y y y y y y y y y y y y y y 
8 0 0 24 2 1 18 ]2 0 30 1 0 23 3 -_. - - -- - --

5 1 23 1 1 19 11 1 29 1 1 21 3 -- - - - - --
10 0 23 1 0 20 10 ] 26 0 3 20 1 - - - - - -
15 ] 21 0 3 15 9 3 26 1 3 19 2 - - - - - -
20 2 19 0 3 ,14 8 5 24 1 4 18 1 - _. - - - -
25 4 16 0 4 13 7 5 22 2 5 16 1 -- - - - - , --
30 5 14 1 5 11 6 6 21 3 5 16 0 - - - - - -
35 7 11 1 5 11 6 7 19 3 5 14 0 - - - - - -
40 9 10 1 5 10 4 8 18 3 '7 13 0 - - - - - -
45 11 9 2 5 9 4 11 15 4 8 12 0 - - - - -- -
50 13 7 4 5 9 3 13 13 4 9 11 0 - ... - - - - -
55 ]3 5 5 6 7 3 14 11 4 10 11 0 - - - - - --

9 0 13 5 6 8 5 2 15 9 6 10 1] 0 - - - - -- -
5 16 5 6 10 5 1 18 7 6 10 10 1 - - - - - -

10 18 G 7 12 4 1 20 6 8 11 7 1 - - - - -- --
15 19 4 7 12 4 1 23 4 8 12 7 3 -- - - - - -
20 20 4 7 13 4 1 24 4 9 12 7 3 - - - -- -- -
25 22 3 7 14 4 1 25 4 11 12 6 4 - .. - - - - -
30 22 3 7 16 4 1 26 4 11 13 5 4 -- - - - - -
35 24 3 8 18 4 0 27 4 11 14 4 5 - - - - - -
40 24 2 9 18 3 0 27 3 11 14 4 5 - -- - - - -
45 24 1 9 18 2 0 27 3 12 15 3 5 - - - - - -
50 26 0 9 18 0 1 27 1 14 17 3 5 - - - - - -
55 25 0 9 20 0 1 27 2 14 17 2 6 - - -- - - -

10 0 - -- 10 - - 1 27 0 14 18 0 6 - - - - - -
----~-------

------------- --~---------.---------- --

May 22, 1911. May 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 
-

I HI D 
I 

V HI D 
I 

V HI D 
I 

V 
I HI D Iv HI D 

I 
V HI D 

I 
V 

I 

h. m. y y y y y y y y y y y y y y y yl y y 
17 0 3 1 1 - - -_.- 4 0 1 1 0 1 - --- - - - -

5 3 2 1 - - - 5 1 1 3 0 0 - - - - - ._, 
10 3 0 1 - - - 4 1 1 3 2 0 - - - - - -
15 3 0 1 0 0 - 5 2 0 3 1 0 - - - - - -
20 3 1 1 3 0 - 3 2 0 2 2 1 -- - - - - --
25 3 2 1 5 0 - 3 1 0 5 1 0 - - - - - --
30 3 2 ] 7 0 2 5 1 0 5 1 1 - -- - - - -
35 4 2 1 7 0 1 5 1 0 3 2 1 - --- - -- - -
40 5 1 0 4 0 2 5 2 1 0 2 3 - - - - - -
45 5 2 1 3 1 2 5 2 1 0 3 3 - - - -- - -
50 5 3 1 3 2 2 3 2 1 0 4 3 - -- - - -.- --
55 4 4 0 5 2 2 3 2 1 1 5 3 - -- - __ A. - -

18 0 3 3 0 5 1 2 3 2 2 2 6 3 - - - - - -
5 3 3 1 6 0 2 1 2 2 3 6 3 - - - - - -

10 3 3 1 6 0 2 1 2 2 1 6 3 - -- - - - -
15 3 2 0 6 0 2 3 2 2 3 6 3 - - - - - -
20 2 3 0 - 0 3 1 2 2 3 6 4 - - - - - -
25 1 4 2 - 0 2 1 2 2 3 6 3 -- - - - - -
30 0 4 2 - 0 1 1 3 2 3 6 3 - - - - - -
35 1 4 1 - 0 0 0 4 2 3 6 3 - --- - - - -
40 1 5 2 1 0 1 4 2 3 6 4 I - - - - - - -
45 3 5 .1 - 2 1 1 3 1 5 6 5 - - - - - -
50 3 5 0 - 1 1 2 2 1 3 6 5 - - - - - -
55 3 5 0 - 0 2 3 2 1 2 8 6 - -- - - - -

19 0 - 7 1 - 0 2 3 3 1 3 8 4 - -- - - -1-
---
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TERM HOUR DATA. HELWAN---continued. 
----,---------.------------------------- --------

Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Jan. 22, 1912. Jan. 26, 1912. 

H\n\v H\nlv H\nlv H\n\V H\n\V H\n\V 
I ____ ~ __ ~-.--~~--~--~~--+-~--~-~~~--~~--~~--~--L----

h. m. 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y I 'Y 'Y 'Y 'Y 'Y 'Y 
18 0 -- -- -- 1 3 -- 3 1 1 3 0 2 3 1 2 0 4 0 

5 ------ 13 -- 11140122 21 4: 0 
10 -- -- -- 2 3 -- 0 0 2 4 0 1 3 2 2 1 4: 1 
15 -- -- -- 4 3 -- 0 0 2 3 0 1 4 2 1 0 4 0 
20 -- -- -- 4 3 -- 1 3 1 3 0 1 5 2 0 1 4 1 
25 -- -- -- 5 3 -- ] 5 1 3 0 1 5 0 0 0 4 1 
30 -- -- -- 6 4 -- 1 3 1 3 0 2 5 0 0 1 2 1 
35 -- -- -- 6 3 -- 1 3 1 5 0 1 5 0 1 2 2 1 
40 -- -- -- 5 3 - 0 3 1 5 2 1 5 1 1 1 1 1 
4:5 -- -- -- 4 3 1 1 3 1 5 2 1 5 1 1 1 0 1 
50 -- -- -- 3 3 0 1 4 1 6 2 1 5 2 1 1 0 1 
55 -- -- -- 4 3 1 1 4 1 7 0 1 6 2 1 1 0 1 

19 0 -- -- -- 3 3 1 1 3 1 7 2 0 7 2 1 2 0 1 
5 -- -- -- 3 4 1 1 4 1 5 1 1 920 1 2 1 

10 -- -- -- 2 3 1 0 4 1 3 0 2 10 2 0 2 1 -I 
15 -- -- -- 1 3 1 0 4 2 3 0 2 7 2 2 3 1 1 
20 __ -- -- 1 2 1 1 4 1 3 0 2 5 2 2 2 2 1 
25 -- -- -- 0 3 1 1 3 2 3 0 2 6 2 2 2 2 1 
30 __ -- -- 0 3 1 2 3 1 2 2 2 3 2 2 3 3 1 
35 __ -- -- 1 3 1 2 3 1 1 3 2 3 2 2 4 2 1 
40 ------ 23123132 2 422321 
45 __ -- -- 4 3 1 2 3 1 2 1 2 1 2 2 3 3 1 
50 -_---- 331230132023221 

1_2_0_5_g_.!..---'----- , ___ ._~---"---g~-~~ __ ~_'___~___'___~__' __ g___'_ __ ! __ . ___ ~~_~ ____ ¥ __ __ ; ______ t_Lt- _t __ 
TRRM HOUR DATA. BARRACKPORE. 

-

\ May 29, 1911. 

~------.--

July 24, 1911. I July 28, 1911. June 2, 1911. June 26, 1911. June 30, 1911. 
I 

-
H\D\V H \ D \ V Hln\vIH\nlv jH\D\V H\D\V 

h. m. 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 

8 0 22 0 3 15 0 5 26 0 0 14 1 0 9 4 4 36 0 6 

5 21 1 4: 15 0 6 25 0 0 14 0 1 12 3 3 37 1 5 

10 19 1 4 14 0 5 23 1 1 14 0 1 12 2 3 38 2 5 

15 19 2 4 14 1 5 23 1 1 14 0 1 13 2 2 35 4 5 

20 16 2 4 13 1 5 22 2 1 14 0 1 12 1 3 32 8 5 

25 15 2 3 11 1 4 21 3 1 14 0 1 ]3 1 2 31 12 4 

30 14 2 4 10 3 5 19 4- 1 13 2 1 13 1 3 26 12 4 

35 14 4 3 9 4 5 19 7 2 12 2 2 13 1 3 27 13 3 

40 14 3 2 8 5 5 18 9 3 12 3 2 13 1 3 20 14 2 

45 13 3 3 7 5 4 18 10 3 12 4 2 10 0 3 21 23 0 

50 11 5 3 6 7 5 17 11 3 11 5 3 9 1 3 24 24 0 

55 10 5 1 5 7 5 16 12 5 11 7 3 8 0 3 22 24 0 

9 0 10 5 0 5 8 5 15 12 5 10 8 3 10 1 3 21 24 1 

5 9 5 0 5 8 4 14 12 6 10 8 4 12 1 3 20 26 2 

10 8 8 0 5 9 4 15 12 6 8 9 4 10 0 3 21 24 2 

15 7 10 0 5 10 3 13 14 6 7 9 4 10 0 4 21 24 3 

20 6 11 0 4 11 3 12 15 6 5 9 4 5 1 5 17 24 3 

25 5 12 0 4 11 2 10 16 5 5 10 4 4 1 4 16 24 3 

30 5 11 1 3 11 2 9 18 5 4 10 5 4 2 3 15 25 3 

35 4 13 1 2 12 1 9 19 6 3 10 5 2 3 2 12 27 3 

40 4 14 1 1 12 1 7 20 5 2 11 5 3 4 2 11 27 3 

45 3 14 2 0 12 1 4 20 5 0 11 7 1 5 2 7 27 4 

50 1 15 3 0 12 0 3 20 5 0 11 7 0 8 1 7 26 5 

55 0 15 2 0 14 0 2 20 6 0 11 9 0 9 0 3 25 5 

10 0 0 15 1 0 16 0 0 20 6 0 12 9 1 9 0 0 30 5 
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TERM HOUR DATA. BARRACKPORE--continued. 
~-~--- - --

May 22, 1911. Ma.y 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-

HID I V HID I V HID I V HIDIV HIDIV HID I V 

h. m. 'Y y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
17 0 1 3 0 0 4 0 5 0 1 4 0 3 11 0 0 2 0 2 

5 1 3 1 2 2 1. 4 0 1 4 0 2 10 0 1 1 0 2 
10 0 2 0 3 0 2 4 1 1 4 0 2 10 3 0 0 0 3 
15 0 3 1 4 0 2 5 1 1 4 0 1 10 3 0 0 1 2 
20 1 0 1 5 0 2 4 1 1 4 0 1 11 3 0 1 2 2 
25 0 0 2 8 1 1 4 2 2 6 1 1 14 3 0 1 2 2 
30 0 1 2 8 1 1 5 1 2 6 0 0 14 1 0 3 2 1 
35 1 2 2 6 2 2 4 2 2 4 0 1 12 0 2 3 2 2 
40 4 0 3 6 4 1 4 1 2 2 0 1 10 2 1 4 3 2 
45 3 1 3 6 7 1 3 0 1 1 2 0 12 1 0 4 3 3 
50 2 0 2 6 5 1 3 2 1 0 3 0 12 0 2 4 3 2 
55 3 1 3 5 5 1 2 2 0 2 3 0 9 0 3 4 5 2 

18 0 3 1 4 6 4 1 3 1 0 1 2 0 6 1 2 4 4 2 
5 2 1 4 6 5 1 1 2 0 2 2 0 9 1 1 3 5 2 

. 10 3 1 4 5 5 2 2 2 0 2 3 0 11 3 1 4 3 2 
15 3 1 4 3 7 2 3 1 0 2 2 0 10 0 2 4 3 2 
20 2 2 4 3 8 1 3 1 0 0 3 0 9 0 3 4 3 2 
25 1 1 3 3 8 1 1 2 1 0 3 1 9 0 3 2 5 2 
30 1 2 4 6 8 1 1 3 0 1 3 1 5 2 3 4 7 1 
35 4 0 4 8 8 1 0 3 0 2 3 1 5 5 2 3 8 1 
40 4 1 4: 7 8 1 0 3 0 0 4 1 3 8 1 2 8 0 
45 6 3 4 7 R 2 1 2 0 1 4 2 0 10 1 3 7 0 
50 7 3 5 

~I 
8 2 1 3 1 3 9 2 0 10 0 4 8 0 

55 7 2 5 8 2 2 3 1 2 10 1 3 9 0 4 9 1 
19 0 6 2 [) 8 3 2 3 1 4 10 0 5 7 1 4 10 1 -- -- -- --- ------ - ------ --

------~ -

.. NOV.~, 1911.1 Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Ja.n. 22, 1912. Ja.n. 26, 1912. 

---

I D I HI 1 I D I HI I HI I I I 
: H VI D V H V D V D V H D V 
I 

h. m. y yl y y y y y y y y y y y y y y y y 
18 0 1 1 0 1 1 1 4 4 1 0 1 0 2 4 2 0 4 0 

5 1 1 1 1 1 0 0 4 0 1 1 0 0 4 1 1 4 0 
10 1 0 1 0 1 O. 0 2 1 1 1 0 I 3 1 1 2 0 
15 1 0 1 0 ] 1 0 3 1 1 1 1 2 2 2 2 2 0 
20 1 0 0 3 1 2 1 2 0 1 1 1 3 2 2 2 2 0 
25 1 0 1 4 1 2 2 2 0 0 1 1 3 2 2 2 2 0 
30 0 1 1 5 1 2 3 2 1 1 1 1 3 3 3 1 2 0 
35 0 1 1 5 1 2 2 2 2 3 1 1 3 3 2 2 2 0 
40 0 0 1 5 1 2 3 2 1 2 1 1 3 3 1 0 2 0 
45 0 0 1 3 1 2 4 2 2 3 1 2 3 3 2 0 1 0 
50 0 0 1 3 1 1 4- 1 2 5 1 1 3 3 1 0 I 0 
55 1 1 1 3 1 1 5 1 2 6 0 1 3 3 1 1 1 1 

19 0 0 1 1 3 1 2 5 0 2 6 0 2 ~. 

.J 3 1 1 1 1 
5 1 1 1 3 1 2 4 0 2 4 0 1 7 3 2 0 1 2 

10 0 0 1 3 1 2 5 0 3 3 1 1 7 3 1 1 1 1 
15 0 0 1 2 1 2 5 0 3 3 1 1 5 2 1 1 1 2 
20 0 0 1 2 1 3 5 0 2 3 1 1 3 2 0 1 0 1 
25 1 0 1 1 1 3 5 0 2 3 0 1 5 2 0 2 0 1 
30 ] 0 1 2 1 3 4 0 2 3 1 1 3 1 0 2 0 1 
35 1 0 1 3 1 3 4 0 2 3 1 I 3 1 0 2 0 1 
40 1 0 1 3 1 3 4- 0 1 4 1 1 3 I 0 2 0 1 
45 1 0 2 5 1 3 4 1 1 4 0 1 2 1 0 2 0 1 
50 1 0 2 5 1 3 4 1 1 6 0 2 1 0 0 2 0 0 
55 ~ ! 1 I 4 0 4 4 1 1 5 0 2 2 1 1 1 0 1 

20 0 0 ] 5 0 4 4 ] 1 3 0 2 2 0 1 2 0 0 
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TERM HOUR DATA. HONOLULU. 
--- ---- .--~-----.------- - -_._- .-._-_._-_._-

Ma.y 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 2~, 1911. 

-
HI I HID I V HIDI HID I V HI I HI I V 

D V V D V D 

11. m. y y y y y y y y y y y y y y y /' Y Y 
8 0 2 4 0 7 2 2 2 1 1 0 1 6 1 3 2 5 0 -

5 2 3 0 7 0 1 2 0 1 0 1 5 1 3 2 6 0 -
10 2 2 0 7 0 1 2 0 0 0 1 4 2 3 2 8 0 -
15 1 2 0 6 0 0 2 1 0 1 1 4 2 3 2 8 0 -
20 1 2 0 4 1 0 2 1 0 1 1 4· 3 3 2 6 0 -
25 0 2 1 4 1 1 1 2 0 1 1 3 3 3 2 6 0 -
30 0 1 1 2 2 1 1 3 0 1 1 3 4 2 2 5 1 -
35 1 2 2 2 3 1 0 3 1 1 1 3 3 2 1 3 2 -
40 1 2 2 1 3 1 0 3 1 1 1 3 2 2 1 4 3 -
45 2 2 2 0 3 2 0 1 1 1 1 2 1 1 1 4 3 -
50 2 3 2 1 3 2 1 2 1 1. 1 2 J. 1 0 5 3 -
55 2 3 2 0 3 2 1 3 1 1 1 2 3 1 1 6 3 -

9 0 1 2 2 0 2 2 2 2 2 1 1 1 4 1 2 8 2 -
5 2 2 2 0 1 2 2 3 2 1 ] 1 4 1 2 7 3 -

10 2 2 2 1 1 2 2 3 2 2 1 1 4 ] 2 7 3 -
15 2 2 2 0 1 1 2 3 2 1 0 1 2 0 2 8 3 -
20 2 2 2 1 2 1 2 2 2 1 1 1 1 0 1 6 3 -
25 2 2 2 1 2 1 2 2 1 1 0 1 1 ] 1 6 4 -
30 3 2 2 1 2 1 3 2 1 1 0 1 1 0 2 7 6 -
35 3 0 2 1 3 1 3 :l 1 1 1 1 1 1 2 8 6 -
40 3 0 2 2 2 1 3 2 1 1 1. 0 1 1 2 8 7 -
45 4 0 2 2 3 1 3 0 1 2 1 0 0 1 3 5 7 --
50 4 0 2 4 3 1 4 0 1 2 1 0 0 2 2 2 8 -
55 4 0 2 3 3 1 4 1 1 2 1 1 1 2 3 0 8 --

10 0 4 0 2 2 3 1 4 1 2 2 1 1 3 3 3 1 8 -
---- -_.- - - -.---- -.~---

Ma.y 22, 1911. Ma.y 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-
HI I HI I HI I HI Iv HIDI HI I V D V D V D V D V D 

h. m. y y y y y y y y y y y y y y y y y y 
17 0 2 0 0 2 0 9 0 0 3 3 6 15 1 17 13 0 14 17 

5 1 0 0 1. 2 9 0 1 3 3 8 1.5 0 17 12 0 14 17 
10 0 1 0 1 4 9 0 1 3 3 8 14 1 17 11 0 14 17 
15 0 2 0 0 6 10 1 1 3 3 8 14 2 17 10 1 15 16 
20 0 2 1 0 8 10 1 2 3 3 7 12 4 15 10 1 16 16 
25 0 3 1 1 10 10 0 3 3 3 8 12 4 17 11 0 19 15 
30 0 4 0 1 14 10 0 5 3 3 11 11 5 17 12 2 17 15 
35 1 6 1 2 14 10 1 7 4 3 9 10 3 20 12 0 19 14 

I 40 1 8 1 2 13 10 1 8 5 3 8 9 3 17 11 1 17 13 
45 2 8 2 3 12 9 2 8 5 3 8 8 3 19 11 2 16 13 
50 3 8 2 4 11 8 3 10 5 3 6 7 3 23 12 2 16 12 
55 3 8 2 4 12 8 3 8 5 3 5 7 3 23 11 2 14 10 

18 0 3 10 2 4 11 8 3 10 5 2 6 7 2 19 10 2 12 10 
5 3 10 1 5 12 7 3 10 5' 2 6 7 2 17 10 2 10 8 

10 3 11 2 6 11 6 4 10 5 1 5 7 2 17 10 4 10 8 
15 2 12 2 6 10 5 5 12 4 1 6 7 2 20 10 4 12 7 
20 3 12 2 5 8 3 5 11 4 1 4 6 2 19 9 4 10 7 
25 3 12 2 5 8 3 5 12 3 1 3 5 3 17 8 5 10 5 
30 2 11 1 5 8 3 5 13 3 1 5 5 3 15 6 5 8 4 
35 2 13 1 5 9 3 6 12 2 1 3 4 4 11 5 5 5 3 
40 2 14 1 5 9 2 7 12 1 1 3 4 5 8 3 6 3 2 
45 3 14 1 5 10 2 8 10 1 1 2 3 7 4 1 7 2 1 
50 3 14 0 5 10 2 9 10 1 0 0 1 7 2 0 7 2 2 
55 2 14 0 5 8 1 10 12 1 0 0 0 7 0 1 7 1 1 

19 0 0 13 0 5 8 0 10 12 0 - - -- 7 2 3 7 0 0 
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TERM HOUR DATA. HONOLULu-continued. 
- ~. - .. ~-"---.-

Nov. 20, 1911. Nov. 24, 1911. nec. 18, 1911. nec. 22, 1911. Jan. 22, 1912. Ja.n. 26, 1912. 

-
HI n 

I 
V HIDI V HI D I V HI n I V HID I V HI 

I Dlv 
h. m. y y y y y y y I' Y I' Y I y 

y I' I' I' I' V 

18 0 0 () 8 0 2 3 3 0 4 - 0 0 0 4 3 '1 

5 1 7 8 0 2 2 3 0 4 -- -- - 0 0 0 4 3 0 
10 1 8 8 1 2 3 2 1 4 3 5 7 0 1 1 4 3 0 
15 1 7 8 1 0 3 3 3 4 3 4 7 1 1 2 4 3 0 
20 . 1 7 8 2 2 5 3 3 4 3 5 6 1 2 2 3 1 ] 

25 2 8 8 3 2 5 3 3 4 3 5 6 2 3 3 3 0 1 
30 1 8 8 3 2 5 3 3 4 3 5 6 2 3 3 3 0 1 
35 2 8 8 4 2 5 3 2 4 4 5 6 2 3 3 3 0 1 
40 2 7 8 4 2 5 3 3 3 4 5 6 2 3 3 3 0 1 
45 2 7 8 3 2 5 3 3 3 3 5 5 2 3 3 3 0 1 
50 3 7 7 3 2 4 3 3 3 5 5 5 2 3 3 3 0 1 
55 3 7 7 3 2 4 3 3 3 5 5 5 3 3 3 2 1 1 

19 0 4 7 7 4 2 3 3 3 3 4 5 5 3 3 4 2 1 1 
5 5 7 7 4 2 2 3 3 3 3 5 5 4 3 4 2 2 1 

10 6 7 7 3 2 2 3 3 3 3 4 4 5 3 4 2 2 1 

I 15 6 8 7 2 2 2 3 3 3 2 5 4 4 3 3 2 1 1 

I 20 7 8 7 2 2 2 3 3 3 2 5 3 4 3 3 2 1 1 
I 25 7 8 6 1 2 2 3 3 3 1 5 3 7 3 4 2 1 1 
I 

30 8 8 5 1 3 2 3 3 2 0 I 3 0 5 3 6 3 3 1 I 

I 35 R 7 5 1 3 2 3 3 3 0 5 2 6 3 4 2 1 1 
I 
i 40 9 7 5 1 4 2 3 3 2 0 4 2 7 3 3 1 1 1 
I 

I 
45 9 7 4 1 4 2 2 3 1 0 3 2 6 3 3 1 3 1 

! 
50 

10 I 5 3 1 4 1 1 3 1 0 2 1 6 3 3 0 3 1 

I 
55 11 3 2 1 5 0 1 3 0 0 2 1 6 3 4 0 3 1 

! 20 0 11 0 0 1 5 0 0 3 0 0 0 0 6 3 4 0 3 I I 

TER.M HOUR DATA. TOUNGOO. 
-"------~-

Ma.y 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

-

Hlnlv HIDlv Hln\v Hlnlv Hlnlv Hlnlv 

h. m. I' 'Y I' I' I' I' Y Y I' 1'1 

" 
I' I' I' I' I' Y I' 

8 0 14 0 0 21 0 0 28 0 0 17 0 0 6 0 0 40 0 0 

5 12 2 0 21 0 0 27 0 0 16 .1 0 10 0 0 40 0 0 

10 12 2 0 20 0 0 27 0 0 16 1 0 10 0 0 40 1 0 

15 12 4 0 19 0 0 26 1 0 16 1 0 10 0 0 40 1 0 

20 11 8 0 16 0 1 23 1 4 16 1 1 10 1 0 35 2 0 

25 10 8 1 16 0 1 21 2 4 15 1 1 11 1 0 34 6 0 

30 7 9 1 15 0 2 21 2 5 12 2 3 11 1 0 32 6 0 

35 7 9 1 15 1 2 21 2 5 11 2 3 11 0 3 29 6 0 

40 6 9 1 11 1 3 18 4 5 11 2 4 11 0 4 24 8 0 

45 6 9 1 11 0 3 17 6 5 11 2 4 11 0 4 23 12 0 

50 6 9 1 10 0 4 16 8 5 10 2 4 9 1 5 24 12 0 

55 5 10 2 10 0 4 16 9 5 9 3 5 6 2 5 24 12 0 

9 0 4 10 2 10 0 4 13 8 5 7 3 5 10 3 5 23 12 0 

5 2 10 2 10 1 5 12 8 5 6 4 7 11 5 5 20 12 0 

10 2 10 2 10 1 6 12 9 5 6 5 9 11 5 5 21 12 0 

15 1 10 2 9 1 7 11 10 5 5 7 9 10 6 5 21 12 0 

20 1 10 3 8 1 7 10 10 5 5 10 9 5 9 6 18 12 0 

25 1 10 3 6 1 7 8 10 5 5 13 9 5 10 7 18 12 0 

30 1 10 3 5 1 7 6 10 5 3 13 9 5 10 8 14 12 0 

35 1 10 4 5 2 8 6 10 5 1 13 10 3 10 9 13 14 0 

40 1 10 4 5 2 8 5 10 5 1 14 11 3 10 9 12 15 0 

45 1 10 5 4 2 8 5 11 5 0 14 11 2 11 9 8 17 0 

50 1 10 5 4 2 8 2 11 4 0 14 12 0 11 10 8 13 0 

55 0 10 5 3 7 7 1 11 4 0 14 13 0 13 10 2 12 0 

10 0 1 10 5 0 10 7 0 12 4 0 14 13 1 12 10 0 14 0 
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TERM HOUR DATA. TOUNGOO-cont-inued . 
. _._" --- ---------- _._-- ----_ .. - ~.----- - - --------------._--------- ---

May 22, 1911. i May 26, 1911. I June 19, 1911. June 23, 1911. July 17, Hnl. July 21, 1911. 

.--
H\D\vIH\D\vIH\Dlv HIDlv HID I V HID \ V 

h. m. y y y y y y y y y y y y y y y y y Y 
17 0 5 1 0 1 1 0 5 0 0 5 0 2 7 16 0 0 0 0 

5 5 0 0 1 1 0 5 1 0 5 0 2 5 11 0 0 0 0 

10 4 1 0 2 0 0 5 2 0 5 0 2 5 11 0 0 0 0 

I 

15 3 2 0 6 0 0 5 3 0 5 0 2 8 17 0 0 0 0 

20 3 2 0 6 0 0 5 2 0 5 0 3 9 20 0 0 1 0 

25 2 2 0 6 1 0 5 2 0 6 0 3 10 22 0 0 4 0 

30 1 2 0 6 1 0 5 2 0 6 1 3 10 22 0 0 4 0 

35 3 2 0 6 2 0 5 2 0 5 1 2 10 21 1 0 6 0 

40 5 2 0 4 6 0 5 2 0 2 1 2 7 16 1 1 9 0 

45 5 2 1 4 9 0 5 2 0 1 2 2 10 21 1 1 9 0 

50 4 2 1 2 8 0 5 3 0 0 2 2 10 21 1 1 10 0 

55 4 2 2 2 10 0 5 3 0 0 3 1 5 11 1 1 10 0 

18 0 5 2 2 ] 10 1 5 4 0 0 2 1 5 10 ] 1 10 0 

5 4 2 3 1 9 1 4 5 0 0 2 ] 7 16 1 1 10 1 
10 4 2 4 1 9 1 4 5 0 1 2 ] 10 21 1 1 9 1 

15 4 2 4 0 10 1 5 4 0 0 2 1 10 21 0 1 9 1 

20 3 2 5 0 10 1 4 4 0 0 2 0 8 18 0 1 9 ] 

25 2 2 5 0 11 2 2 8 0 0 5 0 9 20 0 0 10 1 

30 0 2 5 1 11 2 0 9 0 0 5 0 5 10 0 1 10 1 

35 4 2 5 1 11 2 0 9 0 0 3 0 5 10 0 1 10 ] 

40 4 2 5 1 11 2 0 9 1 0 8 0 4 9 0 0 10 1 

45 5 2 6 1 11 3 0 8 1 0 8 1 0 0 0 1 10 1 

50 5 3 6 1 11 3 1 9 

~ I 
1 10 1 0 1 0 1 10 1 

55 5 2 6 1 11 3 2 9 0 10 2 4 9 0 1 10 1 

19 0 5 2 6 1 11 3 2 10 0 10 2 5 11 0 1 10 1 

.-------- -- .-.---.--.---------------- .. ~ 

I Nov. 20, 1911.1 Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Jan. 22, 1912. Jan. 26, 1912. 

- -
IHIDlvjHIDlv HID I V HID 1 V HID \ V HID 1 V 

h. m. y y y y y y y y y y y y y yl Y gi 
y y 

18 0 0 2 7 1 0 2 5 2 1 0 0 5 -- - -- 2 1 

5 1 2 5 1 0 2 1 2 0 1 0 5 0 0 2 2 1 

10 2 2 5 1 0 2 0 2 0 1 1 5 0 0 2 1 1 1 

15 1 2 5 2 0 1 0 2 0 1 1 5 1 I 0 2 1 1 1 

20 2 3 5 4 0 1 1 2 0 1 1 5 il 
1 2 1 1 1 

25 3 2 5 5 1 1 1 1 0 1 1 5 1 2 1 1 1 

30 3 1 5 6 0 1 2 1 0 2 1 5 1 2 1 1 1 

35 3 2 5 6 0 1 2 0 0 4 1 5 1 2 1 1 1 

40 4 2 5 6 0 1 2 0 0 4 0 5 4 1 2 1 1 1 

45 5 1 5 4 1 1 4 0 0 5 0 5 5 1 2 1 1 1 

50 5 2 5 4 1 1 5 0 0 6 0 5 6 1 2 1 1 1 

55 5 3 5 4 2 0 5 0 1 8 0 5 6 1 2 2 1 1 

19 0 6 2 5 3 1 1 5 0 1 8 0 4 7 1 1 2 2 1 

5 6 3 5 2 1 1 5 0 1 6 0 4 9 1 1 2 2 1 

10 6 3 5 2 0 1 5 0 2 6 0 3 10 0 1 2 2 1 

15 7 3 5 2 0 1 5 0 2 6 0 3 9 0 1 4 1 0 

20 8 2 4 1 0 1 4 0 2 6 0 3 8 1 1 5 1 0 

25 9 0 5 1 0 1 5 0 2 6 0 3 10 0 1 5 1 0 

30 10 2 4 1 0 0 5 0 3 6 0 3 9 0 1 6 1 0 

35 10 1 2 1 0 2 4 0 3 6 0 1 8 0 1 6 1 0 

40 10 1 2 0 0 1 2 0 4 7 0 1 8 0 1 6 0 0 

45 9 2 1 1 0 2 2 0 5 7 0 1 7 0 1 6 1 0 

50 9 1 1 1 0 2 2 0 5 9 0 1 7 0 0 7 

~I 
0 

55 9 1 1 2 0 2 1 0 5 8 0 0 7 0 0 7 0 

20 0 I 10 1 0 2 0 2 1 0 4 7 0 0 8 0 0 8 0 
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TERM HOUR DATA. ALIBAG (BOMBAY). 
'--" --

May 29, 1911'1 June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 
-

HIDIV/HIDIV HID V HID/VIHjDlv H\DIV 
h. m. y y y y y y y y y y y 

y I y 
y y y y y 

8 0 14 0 0 7 0 1 25 0 0 17 0 o 18 0 1 43 1 0 
5 14 2 2 7 0 2 24 0 1 17 2 1 19 1 2 42 0 2 

10 14 3 3 6 0 1 25 1 5 17 1 1 19 1 1 42 0 2 
15 13 4 4 6 0 1 24 1 5 17 1 2 19 2 4 40 0 4 
20 12 7 5 6 0 1 24 1 6 17 3 3 19 2 4 38 0 5 
25 11 8 5 5 0 0 22 2 7 17 3 4 19 2 4 37 1 7 
30 10 8 5 5 1 0 20 2 8 17 5 5 20 2 4 33 2 7 
35 11 8 7 5 1 2 19 5 9 16 5 7 20 2 4 31 2 10 
40 11 9 7 4 1 2 20 7 10 16 7 7 20 3 4 24 4 13 
45 10 10 7 4 1 2 19 9 12 16 7 6 20 3 4 24 9 16 
50 10 12 8 2 0 3 18 10 13 16 8 6 17 4 4 25 11 16 
55 9 13 8 1 1 4 17 11 14 16 8 6 14 5 4 24 12 16 

9 0 9 15 8 1 1 6 16 11 14 15 8 6 17 8 4 21 12 20 
5 8 16 7 1 1 6 15 11 14 13 9 7 18 8 2 20 13 21 

10 8 18 7 1 1 6 15 12 14 12 10 7 18 8 1 20 14 21 
15 8 19 10 1 2 6 14 13 16 11 10 7 15 8 0 20 16 23 
20 6 19 11 1 2 7 12 14 17 10 1.0 6 12 9 1 17 16 23 
25 6 20 11 1 2 7 11 14 17 8 10 5 R 10 2 15 18 23 
30 6 20 11 1 2 7 9 15 18 6 11 6 7 10 2 13 20 25 
35 5 20 11 1 :3 8 8 15 19 6 11 5 6 11 1 10 21 25 
40 5 22 11 1 3 9 7 18 20 3 12 6 5 12 2 7 22 25 
45 3 22 11 1 5 10 6 18 20 2 12 5 5 12 2 6 23 26 
50 1 24 11 0 7 lO 4 19 20 2 12 3 1 13 4 5 23 26 
55 0 24 11 0 8 12 1 20 19 1 12 4 1 13 4 0 23 25 

10 0 1 24 11 0 11 13 0 20 20 0 12 4 0 12 1 - - 25 

Ma.y 22, 1911. May 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-
HID I V HID I V HIDIV H\DIV HIDIV HIDIV 

h. m. y y y y y y y y y y y y y y y y y y 
17 0 3 0 0 0 2 3 5 0 3 3 0 0 12 0 3 2 0 0 

5 2 2 0 1 2 2 5 2 1 3 1 0 11 0 2 1 2 1 
10 1 0 1 2 1 1 5 3 2 3 1 1 11 2 2 0 2 0 
15 1 2 1 4 1 0 5 4 0 3 2 2 10 1 2 1 0 0 
20 1 2 1 6 0 0 3 1 4 3 2 3 11 1 1 1 2 0 
25 1 2 1 8 0 3 3 2 3 5 2 3 13 1 1 0 2 2 
30 1 2 0 7 1 4 4 1 3 5 2 3 13 0 1 1 2 3 
35 1 2 0 6 1 5 4 2 2 4 2 3 12 1 2 2 2 3 
40 3 2 0 5 3 5 4 3 2 2 2 4 10 1 3 3 3 1 
45 4 2 0 4 4 5 3 3 2 1 2 4 11 1 1 3 3 3 
50 3 2 0 4 4 5 2 4 4 1 3 3 14 1 0 4- 3 7 
55 2 2 0 4 5 4 1 4 4 1 3 3 10 0 2 4 3 5 

18 0 3 2 0 4 5 4 1 4 2 2 3 3 7 1 4 4 2 5 
5 2 2 0 3 5 4 1 4 2 1 4 3 9 2 3 3 3 6 

10 2 2 1 2 5 3 1 4 2 2 4 3 10 5 3 3 3 6 
15 2 2 1 2 7 5 1 3 2 1 5 3 12 3 3 3 3 3 
20 2 2 1 2 7 5 1 4 3 0 5 3 9 3 2 3 4 5 
25 1 2 1 2 8 5 0 4 3 0 7 3 10 3 3 3 5 7 
30 0 2 1 2 8 4 0 5 2 1 4 1 7 3 2 3 5 6 
35 1 2 0 6 8 4 0 7 2 6 5 0 5 5 3 3 8 6 
40 2 2 0 4- 8 4 0 4 2 0 5 1 2 7 5 2 9 6 
45 3 2 0 4 8 5 0 3 0 1 5 2 1 9 5 2 5 5 
50 6 2 0 4 7 3 1 3 0 2 8 3 

~I 
7 5 3 7 5 

55 5 2 0 5 7 4 1 4 0 0 8 4 8 2 2 7 4 
19 0 4 2 0 2 7 5 1 4 1 1 8 5 7 0 2 7 6 
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TERM HOUR DATA. ALIBAG (BOMBAY)-Contin'lled. 
---~---------.----~ 

Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Jan. 22, 1912. Jan. 26, 1912. 

-
HID I V HID I V HID I V HIDIV HID I V HID I V 

h. m. y y y y '}' y y y y y y y y y y y y y 
18 0 0 2 3 0 0 5 4 3 6 0 2 2 1 2 5 0 3 0 

5 0 0 2 0 1 5 3 5 6 1 2 2 0 2 4 0 3 2 
10 1 1 3 0 1 3 1 5 6 1 2 2 1 1 4 1 3 1 
15 1 3 3 2 2 3 0 5 6 1 2 5 1 0 3 1 2 2 
20 1 2 3 3 2 3 2 5 4 1 1 5 3 1 3 2 2 2 
25 1 1 4 4 3 3 1 5 3 0 2 5 4 1 2 1 2 2 
30 0 2 5 4 3 3 2 5 3 0 0 5 3 1 3 1 2 2 
35 0 2 5 5 3 3 2 5 3 1 0 5 3 2 3 1 2 2 
40 0 3 5 5 2 4 2 5 5 1 0 3 4 2 3 1 1 0 
45 0 2 3 5 2 5 4 3 3 2 1 5 4 2 3 0 1 0 
50 0 2 3 4 1 5 3 2 2 3 1 3 5 2 3 0 1 0 
55 1 2 3 4 3 5 4 3 2 4 2 3 5 3 1 1 2 0 

19 0 2 2 2 4 3 3 5 2 1 5 2 5 5 3 ] 2 2 0 
5 1 3 2 "4 3 3 5 1 1 2 2 5 5 2 1 1 1 0 

10 2 3 2 4 2 3 5 1 1 1 3 5 7 2 1 1 1 0 
15 3 3 1 3 2 3 5 1 1 2 4 3 5 2 3 2 1 0 
20 2 3 2 3 3 3 5 0 1 1 4 2 5 2 3 2 1 2 
25 3 1 2 3 3 3 5 0 2 L 3 2 6 3 0 2 1 3 
30 3 1 2 2 3 3 5 0 0 0 4 2 5 3 0 3 0 1 
35 3 2 2 2 2 3 5 2 1 0 4 1 5 3 1 3 0 0 
40 3 2 3 3 1 3 5 2 1 0 3 1 5 2 ] 2 6 0 
45 3 2 3 4 1 2 5 3 1 1 3 1 3 2 1 2 0 0 
50 3 2 2 4 1 1 4 3 1 1 3 0 1 2 1 2 0 0 
55 4 1 1 4 0 0 3 2 0 1 3 1 3 1 1 2 0 0 

2() 0 4 3 0 3 1 0 3 2 1 0 3 1 1 1 1 3 0 0 
---

TERM HOUR DATA. VIEQUES (PORTO RICO). 

May 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

-
HID I V HID I V HID I V HIDIV HID I V HIDIV 

h. m. y y y y y y y y y y y y y y y y y y 
8 0 1 0 0 1 1 3 2 0 0 0 0 1 0 0 5 3 3 0 

5 1 1 1 1 0 3 2 0 0 0 0 0 2 0 5 4 3 1 
10 1 1 1 1 0 3 2 0 0 1 0 0 3 0 5 4 4 0 
15 1 1 2 1 0 3 2 0 0 1 0 0 3 0 6 4 4 1 
20 1 1 2 1 0 3 1 1 0 1 0 0 4 1 6 5 4 1 
25 1 1 2 2 1 3 1 2 0 1 1 0 5 2 6 4 3 3 
30 1 2 2 3 0 3 1 2 0 1 1 0 6 3 6 2 3 2 
35 1 3 2 3 0 3 0 2 0 0 1 0 6 4 6 0 5 1 
40 1 3 2 3 1 2 0 2 1 0 1 0 6 5 5 4 3 3 
45 1 4 2 3 2 2 0 2 1 1 1 ] 6 6 4 5 1 3 
50 1 5 2 3 3 2 0 2 1 1 1 1 5 8 3 4 1 6 

55 1 5 2 3 4 1 0 2 1 1 2 1 4 8 2 6 2 6 

9 0 0 6 2 2 4 1 0 2 2 1 2 1 6 7 2 8 0 8 

5 0 6 2 2 4 1 1 2 3 1 2 1 6 7 3 8 1 9 
10 0 6 2 1 4 1 1 2 3 0 2 1 6 8 3 9 3 8 

15 0 7 2 ] 5 1 1 2 4 0 3 1 6 9 3 10 4 7 

20 0 7 2 1 [) I 1 3 4 0 3 1 5 9 2 9 4 6 

25 0 7 3 1 6 0 2 4 4 0 3 1 3 9 0 9 3 8 
30 1 8 3 1 6 0 2 5 4 0 3 1 4 8 1 11 2 9 
35 1 8 3 0 6 0 2 6 5 0 3 1 4 8 2 11 1 10 
40 1 8 3 0 7 0 3 8 5 0 3 1 3 9 1 12 0 10 
45 1 9 3 0 8 1 4 9 5 0 3 1 3 9 1 9 1 11 
50 1 9 4 0 9 1 4 10 4 0 5 2 2 9 2 9 4 7 

55 2 11 4 1 9 1 5 14 4 1 6 2 2 9 1 9 5 7 

10 0 I 2 12 4 1 9 1 5 15 3 1 7 2 2 9 1 11 8 10 
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TERM HOUR DATA. VIEQUES (PORTO RICO)-Continued. 
------.-------- -------- ---. ----------------------------.-

May 22, 1911. May 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-

HID I V HI Div I HID I V HID I V HIDlv HIDI V 

I 

h. m. I 'Y 'Y I' 'Y 'Y 'Y 'Y 'Y 'Y 'Y Y ,,1 i' 'Y 'Y Y 'Y 'Y 
17 0 1 5 1 4 0 1 2 17 3 11 9 0 12 19 1 - -- --

5 1 6 2 1 1 0 1 17 3 11 9 1 10 19 1 - - -
10 1 5 2 1 2 0 1 17 2 10 9 1 9 18 0 - - -
15 0 3 2 0 2 0 2 17 1 11 9 2 7 17 0 - - -
20 0 3 2 0 2 1 1 16 1 9 9 3 7 1~ 0 - - -
25 0 3 1 1 2 2 1 ]5 1 10 9 3 8 13 1 - - -
30 0 3 0 3 2 3 2 15 0 10 9 3 9 13 1 - - -
35 0 5 1 3 2 3 1 15 0 9 9 3 10 12 3 --- - -
40 2 3 2 5 2 5 2 15 0 7 9 4 8 10 3 - - -
45 2 3 2 6 2 6 1 14 0 7 9 3 11 9 6 - - -
50 2 2 2 7 2 7 1 10 0 5 8 3 12 6 7 - - --
55 1 2 2 7 2 7 1 10 0 6 7 4 10 4 8 - - -

18 0 2 2 2 7 2 9 0 9 0 6 7 4 9 3 7 -- - -
I) 2 2 2 7 2 9 0 9 0 5 7 5 9 3 9 - - -

10 2 2 2 7 2 9 0 9 1 5 7 5 14 2 10 - - -
15 2 2 2 8 2 10 1 8 1 4 5 5 17 2 13 - - --
20 2 2 1 8 2 11 1 8 1 4 5 5 14 0 13 - - -
25 1 1 1 8 2 12 1 7 1 4 5 5 13 0 13 - - -
30 0 1 1 10 2 13 1 6 1 5 5 5 10 0 10 - - -
35, 0 1 1 10 2 13 1 3 2 5 3 7 9 0 7 - - -
40 1 1 1 10 2 14 0 3 2 3 3 7 6 0 6 - - -

45 1 1 2 10 2 14 1 3 3 5 2 8 3 0 2 - - -
50 1 0 2 10 3 14 2 2 3 3 1 7 1 0 1 - - -
55 1 0 2 11 3 15 2 1 3 0 0 6 0 2 0 - - -

19 0 0 0 2 11 3 16 1 0 3 1 0 7 - -- - - - -
-_._-----.------------ .. _-- - ---- --- ---

----.- -- --.---

Nov. 24, 1911. .1 Dec. 18, 1911. Dec. 22,1911. I Jan. 22, 1912·1 Nov. 20, 1911. Jan. 26, 1912. 

-

Hlnlv HIDlvlHIDlv HID Iv I H I D\ V I Hlnlv 
h. m. 'Y y Y Y 'Y 'Y 'Y Y 'Y Y. Y Y 'Y Y Y Y Y Y 
18 0 2 0 0 0 2 1 7 0 0 4 0 7 13 0 1 2 1 2 

5 3 0 1 1 3 1 5 0 0 5 0 8 12 0 0 1 1 2 

10 2 0 2 2 2 1 4 0 0 6. 1 8 10 0 0 1 0 1 

15 2 0 1 2 1 1 3 0 0 5 2 8 9 0 0 1 1 1 

I 
20 2 1 1 3 0 1 3 2 0 5 2 8 9 0 0 0 2 1 

25 2 2 1 4 0 1 2 3 0 3 3 7 8 1 0 0 3 1 

30 I 3 0 5 0 1 2 1 0 3 3 7 7 1 0 0 3 1 

35 1 3 0 5 0 0 1 2 0 4 3 7 6 3 1 1 3 1 

40 1 4 0 4 2 0 2 2 1 5 3 7 6 5 1 1 3 1 

45 1 6 0 4 2 1 2 3 1 5 4 7 6 6 1 1 3 1 

50 1 8 1 4 1 1 1 3 1 6 4 7 5 4 2 1 3 1 

55 1 9 1 5 0 1 1 3 1 6 4 7 5 3 3 1 4 1 

19 0 1 9 1 5 0 1 0 3 2 6 5 7 5 3 3 1 5 1 

5 0 9 1 5 0 1 - - - 5 5 7 6 3 4 1 7 1 

10 0 9 0 5 0 1 - - - 3 6 6 6 4 4 1 8 0 

15 0 9 0 5 1 1 - - - 3 7 4 5 6 4 1 8 0 

20 0 9 0 5 0 1 - - - 3 7 4 4 5 4 1 8 0 

25 0 10 0 5 0 0 - - - 3 8 3 5 4 4 1 8 0 

30 1 11 0 5 0 0 - - - 2 8 3 3 3 4 1 8 0 

35 2 11 0 5 1 0 - - - 2 9 3 3 4 4 1 8 0 

40 2 ]2 0 6 2 0 - - - 1 10 2 3 5 5 1 9 0 

45 2 12 1 7 2 1 - - - 1 11 2 2 6 5 1 9 0 

50 2 13 1 7 3 1 - - - 1 13 1 2 7 5 2 9 0 

55 2 14 2 7 3 1 0 9 - 0 14 0 1 7 5 2 9 0 

20 0 2 15 2! 8 3 1 1 9 -·1 0 14 0 0 7 5 2 9 0 
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TERM HOUR DATA. KODAIKANAL. 

I 

May 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

-
HID I V HIDlv HID I V HID I V H \ D I V HID I V 

h. m. y y l' Y Y Y Y I' Y I y y y y y y y y y 
8 0 37 0 0 18 0 1 45 0 o 27 0 0 21 0 17 54 0 0 

5 35 1 1 18 0 1 44 1 1 25 0 1 22 1 17 54 1 2 
10 31 2 3 18 1 0 43 2 1 25 2 2 25 3 17 54 4 5 
15 31 2 5 18 3 1 39 3 1 25 3 3 26 3 17 48 7 5 
20 27 2 6 17 4 0 38 4 1 25 4 3 25 3 17 43 9 5 
25 26 3 7 16 4 0 34 4 0 25 5 3 26 3 13 42 9 5 
30 25 4 9 15 5 0 32 4 0 24 5 1 26 3 12 36 10 5 
35 23 7 11 14 7 0 31 4 0 23 5 1 25 3 12 32 10 5 
40 21 9 11 13 7 0 27 4 1 20 5 0 23 3 12 29 10 1 
45 21 10 12 12 8 1 26 5 1 19 5 0 21 3 9 26 12 3 
50 19 13 12 12 8 1 26 7 3 19 5 0 16 3 7 29 15 () 

55 15 13 13 12 8 1 24 8 3 19 7 0 15 3 6 24 16 5 
9 0 13 13 15 11 8 1 20 11 5 18 7 0 17 3 6 29 18 5 

5 13 13 16 11 9 1 20 14 5 18 7 0 17 4 6 24 21 5 
10 13 15 16 10 9 1 19 .14 6 14 7 0 15 4 6 24 21 7 
15 9 15 16 10 11 2 15 15 6 13 7 0 15 4 6 19 21 9 
20 8 16 16 9 ]2 2 14 15 6 13 7 0 10 4 3 17 21 10 
25 7 19 17 8 14 2 11 15 8 11 7 0 8 4 2 18 22 8 
30 7 20 17 7 16 3 8 15 10 7 7 1 8 1 2 18 23 6 
35 6 20 17 6 18 3 8 15 11 7 7 1 6 4 2 18 26 5 
40 5 20 18 6 19 5 6 ]5 11 6 7 1 4 3 1 18 29 5 
45 2 20 17 5 19 5 2 18 11 5 7 1 3 3 1 13 31 1 
50 1 20 19 4 19 6 2 18 11 1 7 1 2 3 1 13 31 5 
55 1 20 20 2 19 6 1 20 11 1 7 1 0 3 0 11 32 I 5 

10 0 0 19 21 0 20 6 0 21 12 0 7 2 2 3 0 0 32 2 

I i 
! 

I May 22, 1911. Ma.y 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-
HID I V HID I V HIDlv HID I V HIDlv Hlnlv 

h. m. y y y y y y y y y y y y y y I' Y Y Y 
17 0 4 3 1 0 1 0 5 0 2 2 0 1 9 0 2 2 0 0 

5 4 2 1 3 1 0 5 0 2 2 2 2 7 0 2 2 0 0 
10 4 0 0 5 1 0 5 0 2 2 2 2 7 1 2 1 0 0 
15 4 2 1 5 0 1 5 0 2 2 3 3 7 1 2 1 0 0 
20 4 0 1 6 1 1 5 0 2 2 3 2 10 1 3 1 0 0 
25 ·1 2 1 9 0 2 5 0 2 4 4 3 12 1 5 0 1 0 
30 1 2 ] 8 1 2 5 0 2 5 4 3 12 1 5 1 1 0 
35 ] 1 1 7 1 1 5 0 2 2 3 2 11 1 5 1 1 0 
40 4 1 2 5 1 1 5 0 2 1 3 1 7 1 5 2 1 1 
45 5 2 2 5 1 1 5 0 2 1 3 1 10 1 5 2 2 2 
50 4 2 2 5 1 1 5 0 2 1 5 0 11 1 5 2 3 2 
55 5 2 1 5 1 0 5 0 2 1 5 0 6 1 5 2 4 2 

I 
18 0 4 2 1 5 1 1 5 0 1 1 5 0 6 2 2 2 5 3 

5 4 2 1 5 1 1 5 0 1 1 5 0 6 2 4 2 5 3 
10 4 3 1 5 1 1 4 0 1 1 5 0 7 3 5 2 5 3 
15 2 3 1 4 2 0 4 0 1 1 5 1 7 3 5 2 7 3 
20 1 2 1 3 2 0 4 0 1 i 1 5 1 6 3 5 2 7 4 
25 0 3 1 4 4 0 4 0 1 1 5 0 6 3 5 1 8 4 
30 0 4 0 5 4 1 2 0 0 1 5 -0 5 3 3 2 9 4 
35 1 3 1 5 4 2 1 0 0 1 7 1 4 3 4 1 10 3 
40 0 3 1 5 5 2 0 0 0 0 7 1 0 8 1 1 10 3 
45 4 4 2 5 4 1 1 0 0 1 7 1 0 8 0 1 10 0 
50 5 5 2 5 3 1 2 0 1 1 7 1 0 8 1 1 10 0 
55 6 4 2 5 4 1 3 0 2 1 7 1 0 8 1 1 9 0 

19 0 5 4 2 5 4 1 4 0 2 1 7 1 3 8 3 1 10 1 
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TERM HOUR DATA. KODAIKANAL-continued. 
-_._-----------

Nov. 20, 1911. N:w. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Ja.n. 22, 1912. Ja.n. 26, 1912. 

-

HID \ V HID \ V HID \ V HID \--;-1 H \ D \ V HID \ V 

h. m. 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y 'Y Y 'Y 't' 'Y 'Y 'Y Y 'Y 
18 0 2 3 0 3 3 0 5 5 2 1 0 0 2 0 5 0 3 3 

5 2 4 1 3 3 1 4 7 2 2 0 2 0 0 5 0 3 3 
10 2 3 1 3 3 1 1 7 1 2 0 2 4 0 5 0 4 3 

15 1 3 1 3 4 1 0 5 0 1 0 3 4 0 5 1 5 3 
20 2 3 I 1 5 2 2 1 4 1 1 1 3 5 0 5 1 5 3 
25 1 ] 1 5 2 2 2 7 1 1 1 3 5 0 5 0- 4. 3 
30 1 2 1 6 2 3 3 5 2 1 0 3 5 0 5 0 3 2 

35 1 1 1 6 2 3 3 3 2 2 0 3 5 0 5 1 3 2 

40 1 1 ] [) 2 3 3 2 2 2 0 3 5 0 5 1 3 2 

45 0 1 1 4 2 3 4 2 3 2 0 3 5 0 5 0 2 2 

50 0 1 1 4 2 3 4 2 3 5 0 3 5 0 5 1 2 2 

55 1 2 2 4 2 3 4 2 3 5 0 4 5 0 5 1 2 1 
19 0 1 2 3 4 2 3 3 2 3 6 0 3 5 0 5 1 2 1 

5 1 2 3 3 2 4 3 2 3 2 1 3 8 0 5 1 2 1 
10 0 2 3 2 2 3 4 3 3 1 1 3 9 0 5 1 1 3 

15 0 2 3 2 1 3 4 2 3- 1 1 3 7 0 5 1 1 3 
20 1 2 3 1 2 3 4 1 3 1 1 3 5 0 3 0 1 3 

25 1 2 3 0 2 3 4 1 3 1 1 3 5 0 4 0 0 2 

30 1 3 3 0 2 4 4 1 3 1 1 1 6 0 4 0 0 3 

35 ] 3 3 1 1 5 4- 0 3 1 1 1 6 0 2 0 0 3 
40 1 0 4- 2 1 5 4 0 3 0 1 2 5 0 2 0 0 3 
45 0 1 4- 3 1 6 3 0 3 1 1 2 5 0 1 0 0 2 

_ 50 1 1 4- 3 0 6 2 0 3 1 1 3 5 0 0 0 0 1 

55 1 1 4 3 1 6 1 0 3 1 1 3 5 0 0 0 0 1 

20 0 2 1 4 3 0 6 1 0 3 1 0, 3 5 0 0 0 0 0 

TERM HOUR DATA. MAURITIUS. 

May 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

-

HID\V HID I V HID I V HID I V H \ D I V HIDlv 

h. m. r 'Y 'Y 'Y I' 'Y 'Y 'Y 'Y 'Y I' 'Y 'Y 'Y 'Y 'Y 'Y 'Y 
8 0 - - - 19 0 1 14 2 0 18 0 0 1 0 0 7 0 0 

5 - - - 16 0 1 13 0 1 16 0 1 3 2 1 7 1 1 

10 - - - 17 0 1 13 2 1 18 1 2 5 4 3 8 1 1 
]5 - - - 16 0 0 12 4 1 16 1 4 7 6 5 8 1 2 

20 - - - 17 0 1 12 5 2 14 2 5 10 7 6 7_ 2 2 

25 - 0 -- 14 0 1 10 5 3 15 2 6 12 8 7 7 3 3 

30 8 0 0 13 1 1 8 6 4- 13 2 7 12 10 9 5 4 4 

35 10 2 1 12 1 1 7 6 5 13 4 9 12 11 9 6 5 4-

40 11 3 1 12 0 1 6 7 7 13 6 9 12 11 9 4. 7 4 
I 45 10 4- 0 8 0 1 5 8 7 15 8 10 12 12 8 4- 8 4-

I 
50 ]0 5 2 8 1 1 4 8 7 13 9 11 11 12 9 6 11 4-

55 8 4 2 7 ] 1 4 8 8 11 11 13 ]2 13 9 6 13 4 
! 

9 0 8 4- 3 6 1 1 3 9 9 11 11 15 13 16 _ 9 6 16 4 

5 8 2 5 4 2 1 2 9- 9 8 13 16 11 17 12 7 17 4 

10 7 2 6 5 2 1 1 11 9 6 14 16 10 17 12 7 15 4-

15 8 3 . 5 6 2 1 1 ]4- 9 7 14 16 10 19 13 7 14 4 

20 6 4: 7 6 2 1 1 14 7 7 15 17 10 20 13 6 14- 4-

25 7 5 7 4 4 1 ] 15 7 5 17 16 8 22 13 6 16 4-

30 6 4- 7 5 4 1 1 17 7 4 17 16 7 24 13 6 19 4 

35 4 5 6 2 6 1 ] 18 7 4- 18 16 7 22 13 6 20 4 

40 2 4- 7 2 6 1 1 20 8 4- 19 16 6 22 13 7 22 5 

45 0 4- 6 2 7 1 0 21 9 4- 20 17 4- 22 14 6 22 6 

50 3 5 6 2 8 1 1 21 9 4 21 17 3 23 13 5 20 4 

55 1 4 3 1 9 1 1 16 8 2 22 18 1 24 14 3 17 4 

10 0 0 4 3 0 9 1 2 18 9 0 23 18 0 26 13 0 19 4 

544 



TERM HOUR DATA. MAURITIUs-continued. 

May 22, 1911. May 26, 1911. June 19, 1911. June 23, 1911. ~ I ~ July 17, 1911. July 21, 1911. 

-
HIDIV HID I V HID I V HI I I H I HID I V D V D 

I 
V 

h. m. 'Y 'Y 'Y bl 'Y 'Y ?' 'Y Y 'Y Y 'Y 'Y 'Y 'Y Y 'Y Y 
17 0 5 1 - 6 2 7 0 0 10 5 0 16 2 3 5 2 0 

5 5 2 -- I 4 1 7 0 2 8 6 0 15 2 1. 4 2 1 
10 5 2 - 3 2 0 7 2 1 9 5 0 14 2 2 5 0 1 
15 4 2 - 5 2 0 6 2 2 8 7 0 14 1 1 2 0 1. 
20 4 0 - 7 1 1 7 3 1 7 6 0 15 0 1 3 0 1. 
25 3 0 - 8 0 2 4 2 1 8 5 0 15 0 1 3 0 1 
30 3 0 -- 10 2 3 5 2 1 8 8 0 14 1 1 3 0 1 
35 2 0 - 10 4 3 4 2 1 8 ,8 0 14 1 2 4 0 1 
40 4 0 - 8 7 4 6 3 1 7 8 0 13 1 2 4 0 1 
45 5 1 - 7 8 4 5 3 2 7 6 0 13 1 3 5 0 ] 

50 5 0 - 7 9 4 4 3 1 6 8 0 14 2 1 5 0 1 
55 4 0 - 7 9 4 4 3 1 6 8 1 11 2 2 5 2 1 

18 0 4 1 - 8 10 4 3 2 1 6 9 1 8 2 3 4 3 1 
5 4 2 -- 7 11 4 4 2 1 7 8 1 9 1 1 5 3 1 

10 4 2 -" 7 11 4 5 0 1 7 7 1 10 2 1 6 2 2 
15 4 2 --- 6 11 4 4 0 1 6 5 1 11 2 1 5 2 2 
20 3 2 - 6 11 5 5 0 1 5 2 1 8 2 1 -6 4 2 
25 2 2 - 6 10 5 4 0 0 4 3 1 7 1 1 3 5 3 
30 1 2 - 7 11 4 4 0 1 5 0 1 6 1 1 2 4: 3 
35 0 2 - 10 11 4 0 0 1 6 3 1 4 1 1 1 5 3 
40 1 1 - 11 12 4 1 0 1 2 3 1 2 1 1 0 5 3 
45 2 0 - 11 13 4 2 0 1 3 4 1 0 1 1 1 5 3 
50 3 2 -- 11 13 4 4 1 1 3 4 1 0 1 1 2 5 3 
55 4 2 - 11 12 4 2 2 3 2 4 1 0 1 0 3 5 3 

19 0 4 1 - 12 11 4 5 '2 4 0 5 1 3 1 1 3 5 3 
~. 

- --~-

Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. Jan. 22, 1912. Jan. 26, 1912. 

--

H I 
D 

I 
V H I D I V H I D I V H I D I V H 

I 
D 

I 
V HI D I V 

h. ID. ?' 'Y Y Y 'Y 'Y 'Y Y Y Y 'Y Y Y Y Y 'Y Y ? 
18 0 1 1 - 0 - -- 5 2 1 0 0 1 --- - -- - -- -

5 0 2 - 1 - - 3 2 0 0, 0 1 ---- - - --- - -
10 0 2 --- 3 2 - 3 2 1 1 0 1 --- - -- - - -
15 1 2 - 4 2 - 1 1 1 1 0 1 - - - - - -
20 1 2 - 5 2 - 1 1 1 1 0 0 - - - - - --

25 1 2 -- 8 2 - 1 1 1 0 0 1 - - - - - -

30 1 2 - 6 3 - 1 1 1 1 0 2 - - - - - -

35 2 2 - 7 3 - 0 1 1 1 0 2 - ._- -- - - - -

40 2 2 - 6 3 - 1 1 1 1 0 1 --- - - - - -
45 3 2 - 5 3 - 1 1 0 2 1 1 - - - - - -

50 3 2 - 5 2 - 2 1 1 3 1 1 -- - - - - -

55 3 3 - 5 2 - 2 0 1 4 1 1 - --- - - -- -

19 0 4 2 ~--- 4 2 - 2 0 1 4 1 1 - - - - - -

5 4 2 - 5 2 - 1 0 1 4 1 1 -- - - - - -

10 4 3 - 4 2 - 3 0 1 3 1 1 - - - -- - -

15 4 2 - 3 2 - 2 0 1 3 2 1 -- -- - - - -
I 20 4 2 - 2 2 - 2 0 1 3 2 1 - - -- - - - I I 
I 25 4 1 - 4 2 - 1 0 1 3 2 1 - - - - -- --

I 
30 5 1 - 2 1 - 4 0 1 3 2 1 - - - - - -

I 35 5 1 -- 4 1 - 3 0 1 2 2 1 --- - - - - -

I 40 6 2 - 4 0 - 3 0 1 3 2 1 -- - -- - - -
i 45 7 2 6 0 1 0 1 3 1 1 - - - - ---
I - - -

I 50 7 2 - 5 0 - 3 0 1 3 1 1 - - - -- -- -
! 55 7 2 - 6 0 - 2 0 1 3 0 0 - - - - - -
! 
I 20 0 7 0 - 5 0,- 2 0 1 2 0 0 - -- - - - - I 
I 
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TERM HOUR DATA. PILAR. 

May 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

-
HID I V HID I V HID I V HID I V HID I V H\DIV 

h. m. 7' Y Y Y Y yl Y Y Y Y Y Y Y Y Y Y Y Y 
8 0 1 0 0 2 2 0 2 1 0 0 2 0 0 1 0 1 4 0 

5 0 0 0 1 2 0 1 1 0 1 2 0 2 1 0 1 5 0 
10 0 0 1 1 1 0 1 2 0 1 1 0 3 1 0 3 4 0 
15 1 0 1 1 1 0 1 1 0 1 0 1 3 0 0 4 4 0 
20 1 0 1 2 1 0 1 1 1 2 1 1 4 0 0 3 3 0 
25 1 0 2 3 3 0 0 1 1 2 1 1 4 0 0 3 3 0 
30 1 0 2 3 2 0 0 2 1 2 1 2 5 0 0 3 3 0 
35 1 1 2 3 1 0 1 2 1 2 1 2 5 0 0 2 4 1 
40 2 1 2 3 0 1 1 2 1 2 2 2 6 0 0 0 1 1 
45 2 2 2 3 2 0 1 2 1 2 2 3 5 0 0 1 1 1 
50 2 2 2 4 3 1 2 1 1 3 2 3 4 0 0 1 1 1 
55 2 2 2 3 3 0 2 ·1 1 3 2 3 3 0 0 3 1 1 

9 0 2 2 2 3 2 0 2 2 1 3 2 3 6 0 0 3 1 1 
5 2 2 2 2 1 1 3 2 1 3 2 3 6 0 0 4 0 1 

10 2 3 2 2 2 1 4 1 1 3 2 3 6 1 0 5 1 1 
15 2 2 3 l 2 1 3 0 1 3 2 3 7 1 0 6 1 1 
20 3 4 3 2 1 1 4 1 1 4 2 3 5 2 0 5 1 1 
25 3 3 3 1 0 1 4 1 2 5 2 4 4 4 0 6 1 1 
30 3 3 3 1 2 1 4 1 3 5 2 4 4 3 0 7 1 1 
35 4 2 3 0 2 1 4 0 3 5 3 5 4 2 0 5 1 1 
4.0 4 4 3 0 3 2 5 0 2 5 3 5 3 4 0 5 1 1 
45 4 4 3 0 2 1 5 1 2 5 2 5 3 4 0 2 1 1 
50 5 4 3 0 2 1 5 2 3 5 2 5 2 5 0 3 1 1 
55 4 2 4 2 3 1 5 2 3 5 3 5 3 gl 0 3 1 1 

10 0 4 2 4 2 1 1 5 2 3 5 4 5 4 0 6 1 1 

May 22, 1911. I May 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 1911. 

-

HlnlVI I D I HI I H·ID I HI Iv I I H V D V V D H D V 
i 

h. m. Y Y 7' Y Y Y Y Y Y. Y Y Y Y Y ~I Y 
" I " 17' 0 6 9 12 6 0 ·7 6 3 6 4 5 2 18 7 6 3 2 

5 5 7 11 6 1 8 6 4 6 4 7 2 16 7 13 6 4 2 
10 5 5 11 3 1 8 6 4 6 3 6 2 15 5 12 5 4 2 
15 5 6 10 1 2 7 7 4 6 4 7 2 14 4 12 4 4 2 
20 4 7 10 0 4 7 6 4 6 3 7 1 14 4 11 4 3 3 
25 4 7 8 1 5 7 6 4 6 5 7 1 14 4 10 2 2 3 
30 3 7 8 3 5 7 6 6 7 5 7 1 15 6 10 4 1 3 
35 4 7 8 4 1 7 6 6 6 5 7 0 14 6 10 3 1 3 
40 6 7 7 5 2 6 6 6 7 3 9 0 11 6 8 1 1 3 
45 6 6 6 6 4 5 6 6 7 2 7 0 12 6 8 1 0 3 
50 5 6 6 8 4 5 5 6 7 3 7 0 11 7 6 1 0 3 
55 5 5 6 8 5 4 4 7 6 2 7 0 8 6 5 0 0 3 

18 0 5 4 5 9 3 4 3 7 5 2 9 0 5 4 4 1 1 3 
5 4 6 5 10 3 4 2 7 5 2 7 0 3 4 2 0 1 2 

10 4 7 4 10 4 3 2 7 4 2 7 1 6 4 3 0 2 2 
15 4 7 4 10 2 3 2 6 4 3 6 0 6 6 3 1 2 2 
20 4 7 4 9 1 3 2 6 3 3 7 1 5 5 3 1 2 2 
25 3 6 4 9 0 2 2 5 2 2 6 1 2 5 3 1 3 2 
30 1 4 4 11 0 2 1 4 2 3 4 1 1 3 3 2 3 2 
35 1 4 2 12 0 2 0 4 1 4 3 2 2 1 2 1 4 1 
40 0 2 2 12 0 2 0 4 0 3 2 2 1 1 2 2 3 1 
45 1 0 2 12 0 1 1 3 0 3 1 2 0 0 2 2 3 0 
50 1 0 1 13 0 1 2 2 0 2 1 2 0 1 1 2 3 0 
55 1 0 1 14 0 0 2 1 0 0 1 1 0 1 0 2 3 0 

19 0 1 0 0 15 0 0 1 0 o· 1 0 1 2 1 ! 0 2 1 0 
I 
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TERM HOUR DATA. PILAR----COntinued. 
--

\ 

I Jan. 26, 1912. Nov. 20, 1911. Nov. 24, 1911. Dec. 18, 1911. Dec. 22, 1911. I Jan. 22, 1912. 

-

HIDIV HID I V HID I V HID I V -I HID I V HID I V 

h. m. y y " y y y y y y y y y y y y y y y 

18 0 7 20 6 0 12 5 5 28 5 1. 14 6 7 0 7 11 15 10 

5 8 20 6 0 13 5 3 28 5 2 14 5 5 0 7 11 16 10 

10 8 19 5 0 13 5 2 28 5 2 13 4 5 1 5 11 16 9 

15 7 17 5 1 10 4 1 27 5 2 9 4 6 1 5 12 17 9 

20 7 16 5 2 13 3 2 26 5 1 10 3 6 2 4 11 16 8 

25 6 15 4 3 12 3 1 25 5 0 7 3 7 2 4 11 16 8 

30 6 13 4 4 10 3 2 26 6 1 7 2 7 3 3 12 16 8 

35 5 13 4 4 10 2 1 25 5 3 7 2 5 5 3 12 18 8 

40 5 13 3 3 10 2 2 25 4 2 4 2 5 5 2 11, 18 7 

45 4 13 3 3 9 1 3 25 3 3 4 2 5 6 2 11 16 7 

50 4 11 3 2 7 1 3 24 3 4 3 2 4 5 1 11 18 7 

55 4 10 3 2 7 1 2 24 2 6 4 3 3 6 1 10 16 7 

19 0 4 10 3 2 6 1 2 23 2 6 1 3 4 6 1 8 15 6 

5 4 8 3 2 6 1 2 21 0 4 1 3 5 5 0 7 13 6 

10 4 7 3 1 4 1 3 21 0 4 0 3 6 6 0 6 13 6 

15 3 6 3 1 3 1 3 19 0 4 1 3 3 5 0 6 13 5 

20 2 7 3 0 3 1 3 16 0 4 1 3 3 5 0 5 11 4 

25 2 5 3 0 2 1 3 13 0 ,4 1 3 6 4: 0 4 10 4 

30 2 4 3 0 1 1 4 10 0 4 1 3 3 3 1 3 8 3 

35 1 4 2 0 1 1 4 9 0 3 1 2 3 1 1 3 7 3 

40 1 3 2 0 1 1 3 7 0 4 1 2 4 1 1 2 6 2 

45 0 1 2 1 1 1 2 4 0 4 1 1 1 1 1 2 5 1 

50 0 1 1 1 0 1 1 1 0 4 1 1 

11 
0 1 1 4 1 

I 
55 0 1 1 1 0 0 0 0 0 3 1 0 0 1 0 1 0 

20 0 0 0 0 1 0 0 0 0 0 3 1 0 0 1 0 0 0 

TERM HOUR DATA. ANTARCTIC. ----. 
I 
I 

May 29, 1911. June 2, 1911. June 26, 1911. June 30, 1911. July 24, 1911. July 28, 1911. 

-

N' I E' I V N' I E' I V N' I E' I V N'I E'I V N' I E' I V N' I E' I V 

h. m. y y y y y y y y y y y y y y y y y y 

8 0 0 8 0 5 23 13 0 0 0 1 6 0 4 13 0 - - --

5 4 6 3 6 17 14 8 2 5 2 4: 1 1 13 2 - --"' -

10 6 6 4 16 23 16 8 1 5 2 3 2 1 12 4 - -- -
15 8 10 5 16 23 14 7 2 6 4 5 3 4 13 5 - - I -
20 10 13 5 13 23 11 8 8 8 5 6 3 4 19 8 -- - --

25 9 13 3 12 28 11 8 8 6 4 6 3 2 19 6 -- -- -

30 9 15 3 9 28 8 8 4 6 4 5 3 4 19 6 16 5 9 

35 7 9 0 5 26 8 8 5 7 4 5 3 3 19 5 13 0 9 

40 11 6 2 0 19 6 11 7 6 3 2 3 1 17 3 20 12 14 

45 12 10 4 11 23 8 14 8 6 4 5 3 0 15 2 0 12 2 

50 8 10 3 13 21 7 13 11 6 4 5 4 6 12 2 19 ]4 5 

55 8 5 1 12 19 4 13 8 6 5 5 ,2 6 10 3 24 3 8 

9 0 11 3 3 14 17 3 18 6 6 5 3 2 4 4 2 19 17 9 

5 12 3 4 11 16 2 11 2 5 4 0 2 6 5 4 16 15 5 

10 13 3 5 10 14 3 11 3 6 3 2 2 6 6 4 15 6 4 

15 15 0 5 8 9 2 10 10 7 3 3 3 8 13 5 15 7 5 

20 15 3 6 7 8 2 15 8 6 2 5 - 5 6 8 5 23 16 5 

25 17 1 7 9 6 2 11 8 6 0 6 6 0 6 4 20 18 5 

30 15 3 8 12 6 3 16 6 6 5 6 6 1 5 3 23 22 4 

35 15 5 9 16 5 2 16 4 6 4 6 5 6 1 2 26 21 0 

40 12 5 10 19 2 2 16 3 5 3 8 7 5 0 2 22 25 1 

45 15 6 11 17 1 1 16 1 5 5 9 6 7 5 5 23 25 1 

50 14 11 8 22 8 7 12 2 6 2 9 2 6 6 3 19 23 2 

55 11 10 7 21 0 0 1~ 3 5 7 5 2 6 8 4 26 19 5 

10 0 11 '5 7 20 3 1 11 3 4 7 6 2 11 6 4 75 52 11 I 

I ------I 
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TERM HOUR DATA. ANTARCTIc-continued. 

1 Ma.y 22, 1911. Ma.y 26, 1911. June 19, 1911. June 23, 1911. July 17, 1911. July 21, 19I1. I 
-

I I N'I w I V N'I E'I V N' I E' I V N'I E'I V N' I E' I V NL I E'I V 

h. m. I 

l' l' l' l' l' i' i' i' i' i' i' i' Y Y i' l' l' i' 
17 0 11 23 8 12 19 6 21 7 6 7 43 5 - - - 53 19 2 

5 11 19 9 21 10 6 21 3 6 17 33 0 - _. - 49 18 1 
10 8 18 11 20 13 8' 21 8 8 0 23 0 - - -- 38 23 0 
15 11 16 11 18 11 8 23 10 9 22 37 14 - - - 28 26 1 
20 11 19 14 19 0 2 21 8 8 21 31 13 - - - 16 19 2 
25 18 24 20 18 8 6 19 8 8 24 32 13 - - - 23 12 . 4 
30 9 15 17 23 9 4 20 5 8 27 30 14 - - -- 6 27 16 
35 12 19 15 22 19 4 19 6 8 35 34 14 -. - - 10 27 15 
40 6 19 13 16 28 3 16 6 8 19 23 4 -. - ---- 0 23 16 
45 13 15 9 16 32 3 17 5 8 22 26 5 - - - 9 34 29 
50 16 10 9 16 35 2 19 4 8 35 32 8 - - - 7 39 30 
55 10 13 7 18 23 0 13 5 8 48 25 11 - - - 0 30 27 I 

I 

18 0 13 19 6 26 36 5 17 6 8 52 13 8 - - - 6 30 28 
I 5 11 12 3 24 49 5 13 6 8 52 13 8 - - - 11 22 28 

10 12 8 7 ]6 50 4 11 8 8 49 5 14 - - - 31 13 2.7 I 
15 11 8 9 12 70 6 11 5 8 53 2 17 - - - 24 5 25 

I 20 15 7 9 6 66 2 11 4 7 47 1 17 - - -- 33 0 33 
25 15 2 5 0 66 5 9 3 6 45 5 19 - - -- 37 18 37 

I 30 11 7 4 5 81 18 6 3 6 45 7 23 - - - 30 10 34 
35 8 0 0 4 78 18 9 6 8 43 0 21 36 6 39 I - - -

I 
40 10 6 3 7 72 19 10 5 8 33 12 23 --. - - 29 17 39 
45 2 8 6 5 70 1~ 9 5 3 27 5 21 - - - 22 13 36 
50 4 11 9 7 78 17 5 17 5 32 5 24 - - _. 27 21 37 I 
55 6 6 9 11 87 14 11 0 0 29 14 29 - - - 18 25 33 I 

19 0 0 8 14 6 90 8 0 19 4 19 5 23 - - - 6 29 30 I 

I Nov. 20, 1911.1 Nov. 24. 1911. Dec. IS, 1911. Dec. 22; 1911. Ja.n. 22, 1912. Ja.n. 26, 1912. 

-

N' 1 E' I V 1 N' I E' \ V N' I E' \ V N'I E' \ V N' I E' \ V N' 1 E' \ V 

h. m. y i' i' i' Y Y Y .1' l' l' l' I l' Y Y l' l' l' l' 

I 
18 0 49 53 32 42 59 8 163 263 27 12 72 30 34 71 18 49 12 0 

5 58 63 45 41 37 2 121 220 10 20 90 40 25 48 24 38 22 18 
10 60 57 47 42 41 4 120 208 20 28 94 47 35 49 46 44 22 16 
15 53 53 50 44 90 21 106 204 25 18 87 40 35 83 49 43 30 27 ! 
20 39 37 50 53 87 12 83 ]73 18 26 102 44 33 98 49 38 39 27 
25 32 37 55 50 66 .2 42 125 5 3 49 24 28 102 48 33 31 20 
30 21 23 55 42 74 9 20 97 2 1 47 27 29 103 53 38 41 27 
35 12 28 59 40 72 11 9 52 0 9 78 38 0 63 34 35 10 14 
40 18 33 56 56 81 17 0 14 5 0 90 38 15 129 60 28 22 25 
45 20 36 46 68 67 7 6 19 18 8 102 34 20 119 61 26 30 45 
50 17 25 40 59 72 8 8 5 20 38 127 28 17 127 60 22 46 47 
55 12 21 46 57 70 9 24 0 33 47 129 17 20 109 57 28 39 40 

19 0 21 23 43 42 68 8 20 6 27 57 94 7 8 110 63 31 23 35 
5 12 21 38 40 62 3 28 16 40 68 83 27 30 126 68 35 43- 46 

]0 6 0 33 34 64 7 23 10 43 71 78 24 30 90 43 26 15 33 
15 10 8 40 30 45 2 7 6 37 59 13 0 48 110 00 35 0 49 
20 4 12 30 39 54 9 21 8 54 63 0 17 47 99 49 38 3 46 
25 0 8 26 33 54 9 26 40 55 71 8 30 51 5 15 29 18 49 
30 15 23 24 17 43 4 23 45 48 70 15 38 48 14 28 23 21 40 
35 16 38 19 5 13 0 20 90 62 72 15 42 61 67 50 20 11 43 
40 17 66 30 0 0 2 20 111 62 74 37 57 59 41 38 25 17 45 
45 27 48 6 24 20 11 12 109 52 86 37 63 70 23 23 27 18 43 
50 1 26 0 27 14 13 31 129 45 76 27 51 65 54 46 27 30 46 
55 17 26 7 29 25 13 59 ISO 40 69 45 59 91 44 49 12 26 35 

20 0 17 41 3 36 I 45 13 67 209 12 79 58 72 76 0 0 0 17 31 
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Diagrams and Magnetic Curves. 

Diurnal Inequalities. 

Quick Runs (011 Term Hours). 

Sudden Commencements. 

Short Storms and Longer Storms. 



EXPLANATION OF PLATI~S. 

The diagrams in Plates I to XIV were plotted from the diurnal inequality tables 
in Chapter IV. The remaining plates, with the exception of Nos. LVI and LVII, are 
reproduced from tracings of the magnetic curves, very carefully made. Even, original 
magnetic curves all sufier from two defects. There is a variability, usually slight, in 

'the length of hour intervals. This may arise from imperfection in the clock, or from 
stretching or bagging of the paper. The Antarctic curves did not suffer much from 
this defect; but, as it so happened, it was specially prominent on April 9, 1911, during 
one of the storms that has been reproduced. The second defect is that known as 
" parallax"; the line joining corresponding positions of the dots of light which answer 
to the curve and the base line is not strictly perpendicular to the latter. As explained on 
p. 265, there was a difference in the parallax errors of the three Antarctic curves. If we 
suppose the hour mark to show the correct time for the N' trace, the points answering 
to the true hour in the E' and V traces were on the average respectively 0,6 mm. and 
0'9 mm. to the right of the mark. In the ordinary curves 0'6 nun. represented 1'8 and 
o . 9 mm. represented 2' 7 minutes of time. 

In the reproductions of the term-hour curves, the Sc.s and the shorter storms in 
Plates XV to XLI, the difference in parallax error has been corrected, at least approxi­
nlately, and points on the three Antarctic curves, having a common abscissa, represent 
the same time. But the reproductions cf the longer storms show the same relative 
errors of parallax as the originals. In some cases, where a short storm is included, 
corresponding points in the three traces are indicated by short 'vertical lines with 
numerals 1, 2 ... attached. 

The parallax and clock errors in the curves from the co-operating stations were 
only sometimes known. Some of these curves were very faint and the definition was 
not always good. Thus the accuracy of reproduction in their case is probably less 
satisfactory. 

The 'great majority of the short breaks in the longer storms represent the loss of 
trace during the time taken to change the sheet, an operation usually performed between 
20 h. and 21 h. G.M.T. 

The hours shown in the Plates are G.M.T., except in the case of Plates I to XI . 
where the time shown is that of 1800 E. 



Plate I. 
Al..L DAYS. 10 QUIETER DAYS. 

EAST COMPONENT. 

o 2 .. 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 18 18 20 22 24 

JANUARY 

FEBRUARY ~i,cf-:-----:=-""';"'- O FEBRUARY 

MARCH 

APRil 

MAY JC---':"~-- 0 MAY 

JUNE 

IUU ~---:-.:.-~- 0 JULY 

"..--......;-..;.......:.- 0 AUGUST 

BEPTEIIBER 0- J--_~-"';""'-""-- 0 SEPTEMBER 

OOTOBER 

IDmlBEB 0-
~-, ..,. ~~'!!--- 0 NOVEMBER 

DElEIiBER 0-
I---:-';"':";-~-- 0 DEOEMBER 

o 2 4 6 8 10 12 14 16 1820 22 24 0 2 4 6 8 10 12 14 16- 18 20 22 24 



Plate II. 
AL.L DAYS. 10 QUIETER DAYS. 

SOUTH OOMPONENT. 

o 2 .. 6 8 10 12 1 4 18 1 8 20 22 24 0 2 4 6 8 10 1 ~ 14 16 18 20 22 24 
"1" 

+1~- - +llh 

JAfWARY 0 JANUARY 

-l()OY - --1O'r 

+l()OY · - + 11}y 

FEBRUARY 0 - 0 fEBRUARY 

- -10,. 

MARCH o MARCH 

APRil ~--o APRil 

MAY ~--o MAY 

JUNE __ --0 ~UNE 

JULY 0 

AU8U8T 0 '¥--- 0 AU8UST 

SEPTEMBER 0- ,-" __ .... 0 SfPfl BE 

OCTOBER 

NOVEMBER 0- omtSf 

DECEMBER 0-

o 2 4 6 8 10 12 14 1& 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 



Plate In. 
~LL DAYS. DECLINATION. 

10 QUIETER DA YS 

o 2 4 6 8 10 12 14 16 18 20 22 2.. 0 2 4 6 8 10 18 20 22 24 

JANUARY '-t--~~~-+- 0 JANUARY 

fEBRUARY 0-

MARCH 0 o MAROH 

APRIL 0 - ""r----:.--!'-~- 0 APRil 

MAY 0 '-o.---~- 0 MAY 

....... -....;....------ 0 JUNE 

~ULY 

AU8U8T 0-

SEPTEMBER 0 -
'r-~-:-~...;.:;....".- 0 SEPTEMBER 

OCTOBER 0- -.....----~- 0 OCTOBER 

IOYEIIBER 0-
"r------;,.....:--- 0 NOVEIIBER 

DECEMBER 0- DECEMBER 

-
o 2 4 6 8 10 12 14 1818 20 22 24 0 2 4 8 8 10 1!l 14 18 ' 18 20 21 24 



Plate IV. 
ALL DAYS. 

INCLINATION. 
10 QUIETER DAYS. 

o 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 

JANUARY o JAIUAY 

FEBRUARY 0- o FEBRUARY 

MARCH 0 

APRIL 0- --."10-- 0 APRil 

MAY o MAY 

JUNE o JUNE 

JULY o JULY 

AUGU8T 0 o AUQU8T 

8EPTEIIBER 0 o 8EPTDIBE 

OCTOBER 0- o OCTOBE 

NOVEMBER 0-

DEOEIIBER 0-

o ~ 4 8 8 10 12 14 16 18 20 22 24 Q I 4 6 8 10 12 14 18 18 20 22 24 



Plate V. 
ALL DAYS. 

HORIZONTAL FOROE. 
10 QUIE,TER DA YS 

o 2 4 6 8 10 12 14 1 6 18 20 22 24 0 2 4 6 8 10 12 '4 ' 16 18 20 22 24 

JANUARY o JANUARY 

fEBRUARY o FEBRUARY 

MARCH o MAROH 

MAY 

JUNE 

JULY 

AUQUST 0-

8£PTEMBER 0 .. . ~~~ "P---0 SEPTEMBER 

OCTOBER 'yo----+O OCTOBER 

Of EMlER NOVEMBER 

DECEMBER 0- o DECEMBER 

o 2 4 8 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 



Plate VI. 
AL.L. DAYS. 

VERTIOAL FORCE. 
10 QUIETER DAYS. 

o 2 4 8 8 10 12 14 18 18 20 22 24 0 2 4 8 8 10 12 14 16 18 20 22 24 

+t~ i m t-.M-4,...~~t~ 
~~~~ 

J----O JAHUAI\Y 

FEBRUARY 0 .. F----~O F£8RU , 

MARCH MARCh 

APRil APRil 

MAY MAY 

~UNE 
JUNE 

~ULY JULY 

AUGUaT ---=----- 0 lUQIJ" 

~--~ 0 Sf PTE 8 

OOTOBER ~-~O OCTOB 

NOVEMBER 0- MOYE Sf 

DECEMBER 0 - ..tb+;.;:-q.', 

o 2 4 8 8 10 12 14 24 0 2 4 6 8 10 12 14 16 18 20 22 ~4 



Plate VII. 
ALL DAYS. 

EAST COMPONENT .. 
10 QUIETER DAYS. 

o 2 .. 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 

WINTER 

+ 1O'r -

EQUINOX 0-

-1O'r -

+j(h -

SUIIMER 

+ 1O'Y -

YEAR 

-1O'Y -

+101-

WIIiTER 

-101 -

+ 1O'Y -

EQUINOX 

-1O'Y -

+ IO'Y 

SUIIMER 

+1O'Y 

YEAR 

+1O'Y 

EQUINOX 

SUMMER 

+1()Y 

~-.:-----i-~- 0 YEAR 

- -1O'Y 

WINTER 

EQUINOX 

SUMMER 

YEAR 

o 2 4 6 8 10 12 14 18 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 2'1 



Plate VIII. 
ALL DAYS. SEASONS. 10 QUIETER DAYS. 

DECLt NATION. 
o 2 4 6 8 10 12 14 16 18 20 22 24 0 2 ... 6 8 10 12 14 16 18 20 22 24 

WINTER ~----O WIfE 

- -10' 

+10' -

EQUINOX 0- fQUIO 

+10' -

SUMMER 0- 0 au fR 

-10' -

+ 10' ... 

YEAR 0 YEA 

-10' 

INCLINATION. 
ALL OAYS. 10 QUIETER DAYS. 

, 0'5-

11 WINTER 0 WI lE 

- -0'6 

+0'6 -

EQUINOX ' 0- 0 EQUI ox 
0'6 - -0'5 

+06- - +06 

SUMMER 0 su E 

-0'5 - -0'6 

+0'5- - +0'6 

YEAR 0- - 0 ... 0 EA 

·0'5 - --~ - -0'6 

o 2. 4 6 8 '0 1 2 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 2. 



Plate IX. 
ALL DAYS. SEASONS. 10 QUIETER DAYS. 

HORIZONTAL FOROE. 
o 2 4 6 8 10 1 2 1 <4 16 18 20 22 24 0 2 <4 6 8 10 12 1 4 16 18 20 22 24 

- +10, 

WINTER ",--- 0 WINTER 

EQUINOX --0 EQUINOX 

- -10")' 

SUMMER 

- + lfh' 

YEAR YEAR 

-1D'Y - -10'1 

WlITER 

+ 10,. -

EQUINOX EQUINOX 

-107 

+10,. - _1 + 1O'Y 

SUIIIIER 0 SUMMER 

-1.,,-

+1"'-

YEAR YEAR 

1- __ 

o 2 4 8 8 10 12 14 18 18 20' 22 24 0 2 4 8 8 10 12 14 18 18 20 22 24 



Plate X. 
ALL DAYS. 10 QUIETER DAYS. 

TOTAL FORCE. 

o 2 4 e 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 

WINTER 

-10,. -

+ 10,. .. 

EQ~INOX 

-1()-Y 

+10, _ 

SUMMER 0-

-l()OY -

+ 1()-Y -

YEAR 

-1()-Y -

ER 

- +10,. 

.JtIC-i---- 0 YWl 

- -10,. 



Plate XI. 

VECTOR DIAGRAMS FOR ALL DAYS AND FOR 10 QUIETER DAYS. 



Plate XII. 

6 DISTURBED DA V8. 5 QUIET DAYS. 

o 2 4 6 8 , 0 12 14 16 1 8 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 

WINTER """"==-=' ________ ------0 WlMT£ ----_ .... 
- -2()oy 

+2O't -

EQUINOX 

-2O'y -

BUMMER 

-2()y -

+2O'Y -

YEAR 

- 2OY -

+2O'r .... 

WINTER 

-2Q-y -

+2()y -

EQUINOX 

-2(bo -

+2OY -

SUMMER. 0 '" 

YEAR 

-2(hI -

+2O'r -

-2O'r -

o 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 

G.M .. T. 

au 

WI 

EQUf 

au 

TEA 

E 

£ 



Plate XIII. 
5 DISTURBED DAYS. 

VERTICAL FORCE. 
5 QUIET DAYS. 

o 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 G.M.T. 

+ 20,. - :- + 2(}Y 

WINTER 0 WINTER 

-20,. - - -2O'y 

Loo~ +2O'y -
I 

EQUINOX 0 EQUINOX 

-2D'Y - - -20,. 

+20')- - - +2O'Y 

SUMMER 0 SUMMER 

- -20,. 

+2O'Y - - +2O'Y 

YEAR 0 YEAR 

-2O'r- -2O'Y 



Plate XlV. 

VECTOR DIAGRAMS FOR 6 DISTURBED AND 6 QUIET DAYS (TIMES G.M.T.) 



QUICK RUNS. 

MAY 2.6,1911. 17 h.- 19 h. G. M.T. 

__ ----____________ -~-----------------------------+1 
~---------~ 

E' ---------------~----------~------------------------------------------

N1
----------------------------------------------------------------------------------------------------________________ ---------------------------------------+1 

v 

H 

H 

o 

I I 
17h.30m. IBh. 

Antarctic. 

--
I I 

I7h.30m. 18h. 
Tucson. 

---------------------------------------------------------Sf1 
I 

18h . 30m. 1 

_-------21°1 
~ 

I 
18h.30m. 

------------------------------------------------------------------------------------.------------------------------------------------------------------------------------------------------------------------ Sf1 
E 

I7h.30m. 18h. IBh.30m. 
.C heltenhsm. 

N -------~ -----_..--. --------------~--------~~--------- -------------~---------------~-- -----~~--------------------------------------------

~ ______ ~ ______ ~ ______ ~ ______ ~ ______ ~ ____ ~~I~----~~------L-------L-------L-------~------~~I~----~------~------~------~--------L---~~~----~------~------~------~------~L-----
17h 80m. 18h. 18h.30m. 

Seddin. 

H ------------------------------------~------~-----------------------~--------------

o ~-----------------------------------------------~~-~-------------------------
f7h.30m. 18h. 18h.30m. 

Sitka. 





QUICK RUNS. 
XVI. 

JULY 17,1911. 17h.-19h. G.M.T. 
H_ --------------------------------------

-----------------~----------------------~--------~---------------------------------------------
___ ~~I~~--~------~--------~---------L--------~-------~ 

18h.30m. 
____ ~ ________ ~ ________ _L ______ ~~I=~------~--------~------~. 

17h.30m. 18h. 
Pilar. 

H 

17h.30m. 18h. 18h.30m. 
Porto Rico. 

H 
-----------~-------------------------------------------

17h.30m. 18h. 18h.30m 

A li689' 

____ ~ ________ _L ______ ~~I~-------L---------LI---------L--------.~--------~------_.~Ic-------~--------~---------~-------~--------~--~~~I~-------u.---------L--------~--------~----
17h.3Qm. IBh. 18h.30m. 

e heltenham. 

H 

17h.aOm. 18h. IBh.30m. 

De Bilt. 

N 

---------------------------------------------~~-------~-----------------------.------------~------------~ 
v ----------------------------------------------~------------------------------~----------~--------------------------------------I 

17h.30m. IBh. 18h.30m. 

Seddin. 

N 

E ---------------------------------------------------------------------- ---------------------------------------~-----------------I I -------------------
17h.aOm. 18h. 18h.30m. 

Eskdalemuir. 
--------------------~--------- ----------------------------------------------- ~--------------- ---------------------------------------------------------H 

-----------------~ 

o -- -----------------------------------~ ----------------~-------------------------------~ 

---------------------------------------------------~---------------------------------------------
,_--'-____ --'----__ _"-----____ --"---- ___ I 

18h. 18h.30m. 

v 
---:-=;-~I ::.:;-_____ -'-_______ --'-

17h.30m. 
-------~------~--------~--------~ 

Sitka. 





QUICK RUNS. 
XVII. 

~ULY 2.8, 191f, 8h.-IOh.G.M.T. 

-----------------------------------------------~---------------

------------------------~--

H ----------------------------~----- ------
9h. 

Pilar. 





XVllI. 
QUICK RUNS. 

DECEMBER 18,1911, 18h.-20h. 

-----------------------------v .-____ -------------~----------------~---------~-------------------------------------------------------------------------------
----------------------------

---------- 5 jot 
1. 

/Bh.30m. ISh. ISh.30m. 
Antarctic. 





XIX. 
SUDDEN COMMENCEMENTS. 

ANTARCTIC TYPES. 

~ 

11 ~ ~ Jfv~ 
h} l' , 

April 8. /9/1. Alirila. .Moy~9. June 9. 

1 r\~i~ v/~ 
I-r\~~~~}r 
~~~~~~I·/¥ I I "'"' I I I ~ IV- , 

Oct. 2. Noy. 8. Nov. 12. .Dec. 10. Jan.17 1912. Se. 30. Oct. 20. 

SHORT LE NGTHS FROM EACH OF SEVEN STATrONS. I APRIL 8. 1911. 

~~I~ v -I I 

~ l~I~I~1 
I Hour ~ ~ ~ 

. Antarctic. 

I 

1 

~I 
I Hour 

He/wan. 

Buitenzo . 

L----s- I 
I HDur 

Eskdslemuir. 

Honolulu. 

/ Hour 

SitkB. 



xx. 
SUDDEN COMMENCEMENTS. 

SHORT LENGTHS FROM EACH OF SIX STATIONS. 
APRIL 9~ :,: 

I I r I 
~ H 

I 

I 
I 

N' 1 I T 
I ~ 0 .i 
I I 

1 

i 
V-v--- I 1 f 

I 

~r 
I 

~ 
I I I 1 v L ! 

/ Hour 
Antarctic. 

i 

H~ 
I 

o-L-
V~ 

I 
I 
! 

I I 1 
/ Hour I Hour 

Buitenzorg. Honolulu. 

I~I H 

I o~ 
I V I I - 1 
~lv~ 

/ Hour I Hour / Hour 
He/wan. Eskdalemuir. Sitha. 

I 
SHORT LENGTHS FROM EACH OF SEVEN STATIONS. i 

~I ~rL----I ~l 
~I t-l1J rJ I 
vi~ I ~ . fv 
I ~ L 1 TI------J 

/ Hour / Hour I Hour 
Antarctic. Buitenzorg. AI/hag. 

v 

I ~~I -----> 

I Hour 
Honolulu. 

H+-- I ~ IH--} I 
I I I 

I 

D ~ I 

v 

/ Hour 

He Iwan. 

I ID~I 

I Hour 

£skds/emuir. 

1 V ~I 
I Hour 

Sitka. 



f 

Antarctic. 

SUDDEN COMMENCEMENTS. 
XXI. 

JUNE 9,1911. SEVEN STAT) ONS. 

N' ~I 
J_------~!l I 

~---I----'I I , I 
Buitenzorg. Alibag. 

, I' N~I H ~I 
01 
---- r ---------- E~--------~~I 

v 

[.----'--, - IL. __ -lv ·----1 

HDnolulu. He/wan. 

J 

i 

V~~----I --~I 
Sitka. 

H 

i 1 
:-_,_-_____ Ij 

I 

Eskdalemuir. 

1 
Honolulu. cskdalemuir. 



SUDDEN COMMENCEMENTS. 
XXll. 

SHORT LENGTHS FROM EACH OFSIX STATIONS, 
AUGUST 19,1911. 

I . I 

E'~IN [ 

E~I N,~J 

I 
V~I L , 

/ Hour. 

Antarctic. 

H-~I 
oL---j 
v-L--I 

L----J 
I Hour. 

He/wan. 

V~I 
I , 

/ Hour. 

BUitenzorg. 

I 
N -f'~~I 

E~I 
v J 1 

L I 

I Hour. 

Eskdslemuir. 

D-----1 

v I 
I 

L 
I Hour. 

Alibsg. 

HI 
o~ 

. I 
V -...-------1 

I , 
I Hour, 

Sitka. 

SHORT LENGTHS FROM EACH OF SIX STATIONS, 

I ~CTOBER 2, 1911. [.. I I 
E'~~I N~ H~ 

I 
N,~~~I -----I D-------1 

E-4.------ 1 

I Hour. 

Antarctic. 

HJ ~-'1 
0-

1
---- 1 

v~-~-l 
~-~ 

I Hour, 

He/wan. 

~I v~-I 
V L I <-I _--,' 

I Hour. / Hour. 

Buitenzorg. Honolulu. 

I 
N ~ .. ---- I 
E 1---1 
vi I 

I -4 

I Hour. 

Eskda/emuir. 

H~~I 
. I 
D~I 

v ~ , I 
I Hour. 

Sitka. 



XXIII. 
SUDDEN COMMENCEMENTS. 

NOV. 8,19.11 - SEVEN STATIONS. 

~H~I 

v vi r J I 
I 1 L~ 

AntarctIc. 8uitenzorg Aliha!J. 

I 
N·~l 

I 
H~I1---I 
D J r oj --- 1 

'y + I v+-! I 
Honolulu. Helwan. 

H~I 
D~I 
v I 

Sitka,. 

E ~-------r 

y I 1 
I 
Eskdalemuir. 

NOV. 12,1911 - SIX STATIONS. 

I~H~I 
e' I I ~ I _ 0 I 1 
N' . 1 I 
V ~I V-.r-· I v -----1 

I I _I _---' 

Antarctic. 8uitenzor9' A/ihag. 

I . I I 
:~r:~t 
v-+ -) v~ -I 

Honolulu. He/wan. 

N~! 
E J 1 
v I ! 

I 
Eskda/emuir. 



SUDDEN COMMENCEMENTS. 
XXll!. 

DEC. 10,19)1 - SEVEN STATIONS. 

E'I"\ r~I~I 
~------~-l 0 

v 

I 
v 

~ 

!~ ~I' ,----------,I '-------' 

I 

A nta.rctic. BUitenzorg. Aliba.g. 

I N~ , H 

D----~'----------I _D __________ _ 1 E~ 1 

Honolulu. HeJwan. 

v 
I 
I 

L __ --1-___ -1 

Sitka. 

T 
1 

Eskdalemuir. 

I 



xxv 
SUDDEN COMMENCEMENTS. 

JAN. 17.1912- SEVEN STATIONS. 

NF~I~I 

----------1 0 

I E~ ~--------

N' 

v 

Antarct/c. Buicenzorg. Alibag. 

H~lHY-------l N~I 
D 

1 0 __ 

I 
- I E~l 

v .I Vi -I V I 1 

Honolulu. He/wan. Eskda/emuir. 

H~~ I 

D~\vI 

v----I 
Sitka. 



SUDDE.N COMMENCEMENTS. 

~ 
SEPT. 30, J912-SEVEN STATIONS. 

E' I' . 
I ,- H~I NY I 

vr :r ~ I :--:-i 

r' 
r) 

I 
IV 

Antarctic. B ultenzorg. 

H 1-----1 
o I I 
V 1- I L---l 

Helwan. 

Ali6ag. 

N~I 
El I 
V 1 I 

I 
Es/((:/alemuir. 

EXTRA LENGTHS OF CURVE REPRODUCED. I 

I ' 
I 

I
I . , 

~ Honolulu. 

I~ ~I 
I~-----------------~I 

, I 
_L-. lie/wan. 

IH!~ __ ~ __ ~ __ ~ ___ ~ __ ~ __ ~'~~C~rl' 
IJ----~--y '--I Eslrdalemuir. 

I L---__ ---_...r-----------.-~ I C' 
I I - '-, ~skdaJeJ'nui,., 



H 

SUDDEN COMMENCEMENTS. 
XXVII. 

SHORT LENGTHS FROM EACH OF SEVEN STATIONS, 
OCTOBER 20,1912. 

I1ntarctic 

Honolulu 

IN~~IH~I 
IE ID~---I 

-~Iv--l 
L---L_-------.J J.,..---I ~ 

Buitenzor!l /II/bag 

o -----------I E~I 

----I v~ 

I 
v-----i 

He/wan Es/ala'/emuir 

H I 
D~I 

I , , 
Sitka, 



E' 

N' 

I 
v~ 

i 
I 

SHORT STORMS. 

FROM EACH OF E!GHT STATIONS APRIL 30, 1911. 

i 
i 

i 

N I 

E 

L-L----.J 
Antarctic. Buitenzorg. 

E 

XXVIII, 

t 

! 
H I 

~~-t 
H~ Alib8g. i 

v--------~ _____ _ 
t 

0----___ -----1 
L ----l....-H-c-n-o ,-u--1u-L....----' ! H ~ 
H ___ I 1 

I 

v I 

D~l 
v I ~ ~ t 

He/wan. 

I H~r 

o 

I I 

Eskda/Bmuir 

t 

! 

~--j 
DT~~lVL 

_.....J..--__ ~ __ __I 

AgincDurt. Sitka. 



N 

E 

v 

SHORT STORMS. 

FROM EACH OF SEVEN STATIONS - MAY 16,1911. 

Antarctic. 

Buitenzor 

H ----- t 

---t 
--~--------- t 

o I 
v I 

~--~----~---~----~--~----~ 

Aliba . 

XXJXA. 

i 



XXIXB. 

SHORT STORMS. 

FROM EACH OF SEVEN STATIONS - MAY js, 1911, (CONTINUEO)_ 

H 

o 

I . 
H t 

------ t ---~~--------
o I 
v ------------____ __ L , -----i 

He/wan. 

Agincourt 

N ----

E 

v---:: = Eskdalemuir. 

o 

Sitka. 

! 
t 



x:x:x:. 
SHORT STORMS. 

FROM EACH OF SIX STATIONS, MAV21.19U. 

N 

t 
E 

v 

Buitenzorg. 

H 

t 

D -I 
V......,I~-I--__ 

Antarctic. Alibag. 

H 
N t 

0 -- ! 

I 
E 

V .... 1 v t 
I --------I I I 

Honolulu. Eskdalemuir. 

H i 

o 

v 

Sitka. 



S"·HORT STORMS • 
XXXI. 

. FROM EACH bF SIX STATIONS JUNE 5,1911. 

N'j, 
v I E ---'-- f 

Antarctic. 

H 
l 

H· 

I t 
0 

I 
v_I t 

I I 

IIIi689 He/wan. . 

HI I 
i N~~l 

E~! 
o 

v-------t 

t I 

Agi'ncourt. Eskdalemuir. 



N I 

E 

SHORT STORMS. 
XXXII. 

fROM EACH OF SEVEN STATIONS JULY 3, 1911. 

Antarctic. 

- t 

- ! 

N - I 

E I ~t 
v-

l_---L--___ ---1.. _~ t 
Buitenzorg. 

I 

H~l 
D . f 

I v 

Alibag. 

H 

D---_____ -

-------~----------~ 

Honolulu. 

H~~l 
f",,-

D~ ~t 
I , , 

Agincourt. 

v----'----__ - t 
v 

. , 

Eskdalemuir. Sitka. 



E' 

N' 

XxXIII. 
S·HORT STO.RMS. 

FRO M EA C H 0 F S I X S T A TI 0 N'S 1 JULY II, 19' I. 

N I 

i 
i 

i 
--j 

E 

v----- i 

------~_.~. ______ J..---------.J 

Antarctic. Bllitenzorg. 

i 
H 

H I 

r 
0-:-_____ ---- r 

0 

i l 
1 

v--___ ---

L~.~ 
A/iIJag. Agincourt. 

N 

i 
i 

o 1 

1 
v - ______ --- 'f-

I 
I v 
L ___ ------L 

EsKcla/emuir. SitKa. 



E' 

H' 
V 

XXXIV. 

SHORT STORM S. 
FROM EACH OF FOUR STATIONS - ~ULY 12,1911. 

.V -:-----..---:,.-- - t 
I , 

t 
f 

t 

N I 

--.--------- r E-

V I 
I =---,--r 

H I o 

V -:-,---

8uitenzorg. 

t 

--J 
Eslrdalemuir. Sit/a/'. 

EACH OF SIX STATI~ 

I I 

AntaratJc. 

H -----. t 
o .-:.-------- i 
V ~-------t 

~-t 

E r"""""-'---r----- 1 

v, 1L--------L..1 _~I _--I t 
cskdalemui,.. 

i 
t 

f 

. f 
i 

E 

v ~----__ ~ ---- r 

·H 

o 

H 

o 

v 

I t 

8uitenzor9' 

----~---t 

I I 

A !Jlncourt. 

Sitka.. 



SHORT STORMS. 
xxxv. 

FROM EACH OF SIX STATIONS JULY 31, 1911. 

N 

t 

i 
E 

-~--t 

., 

Antarctic. Buitenzorg Iflibag. 

H 

o 
o 

v-----j. 
v 

ligincourt. Eskdale muir. Sitka. 



SHORT STORMS. 
XXXVI. 

FROM EACH OF EIGHT STATIONS AUGUST 24,1911. 

H 

E~t 

Nt 

V 

v I 

~,t 
o------·J 

Antarctic. 

I ~t 
H --r--­
D-~- __ t v+- , t 

He/wan. 

I 
H~l 

o 

Agincourt. 

8uitenzorg. 

Alibag. Hon0 IlIlu. 

E~! 

v~-----t 

EsJ((Ja Ie muir. Sitka. 

FROM EACH OF TWO STATIONS APRIL 5,1912. 

HI ~ __ 
E' 

t 

v------

Antarctic. Eskdalemuir. 



SHORT STORMS. 

FROM EACH OF FOUR STATIONS MAY 5,1912. 

Antarctic. 

E-
V --'---

I::=: , ! 

Buitenzorg. 

I 

D~ ____ ----------------------t 

t 
t 

t 

t 

t 

XUvllA. 

v~I ______ ------~t _ . 
I~ ____ ~ __ .~ ____ ~. ____ ~ __ ~.Vl~ ____ ~ ____ ~ ____ ~, ____ ~ __ ~ 

Alib8g. He/wan. 



SHORT STORMS. 

H I FROM EACH OF FOUR STATIONS MAY 5,1912. 

t 
e ~"""""jl-------------- 1 

I ~------~---, 1 
H 

D 
I 

E~ 
V I , 

H 

D 

v 

, t 

Eskdalemuir. 

Sitks. 

t 

! 
----t 

1 

i 

1 

XXXVllB. 



H 

o 

H' 

v 

H 

XXxVIII. 
SHORT STORMS. 

OF FIVE STATIONS MAY 13,1912. 
N I t 

t E ----------
t 

Buitenzorg. 

H--~ 

Ifliba . 

N i 
t 

E 

v .1 

I I . I t 

t 

Agincourt. Eskdalemuir .. 
FROM EACH OF FI VE STATIONS - JUNE 2, 1912. 

I 
N 

E t 
1 I --t 

V -----------
t 

\ ! 

I Buitenzorg. 

H~t 

I I ,I 

Antarctic. Aliba . 

~----t N ~----~ ____ ----j 

E ....r-...,.....,-.~_.....,..."'--.-"--_____ • 

V ~---------------t 
I t 

Agincourt. Eskdslemuir. 



Antarctic. Buitenzorg. 

T 

I 
H---~i 

H 

D---~~_ i 

! 
v-;--------t 

Alibag. Agincollrt. 

I 
N~~i 

! 

V~------i 

£.slft/a/emuir. 



XL. 
SHORT STORMS. 

STATIONS-AUGUST I 1912. 

i 
E' 

i N' I i 
E 

V 

i 

" 
v 

BuitBnzorg" 

Antarctic. 

I 
H i 

H 
i 

I 
I 1 i DI 

0 

Agincou,.-t. 

vI ---- i 

He/wan. i 
1 

N i 

E 
v---- 1 

v -------. -1 
I ' I 

Eslrda/emlli r. 8itlrt!J~ 



v 

REPETITIONS. XLI. 

FisA . I . 
I ~ JULY 16,J91l. 

Z ~ .JULY 17,1911. 

3 ~ SEPTEMBER 1+,1911. 

I +~JUNEI3"9Il. 

I 5 ~JUNE 15,1912. 

I 
I Hour. 

~JULY 16,1911. 

2 ~JULYI7,'91t. 

3 .~ SEPTEMBER 14,1911. 

+ ~JUNE 13,1912. 

5 ~JUNE 15,1912. 

I 
I Hou,.. 

I 
~ JJ,lLY 16,1911. 

2 ~JULYI7tI911 

3, SEPTEMBER 1+,1911. 

4 ~ .JUNE 13.19Ie. 

I 
5 

" 
~'---'-____ - JUNE 15,1912. 

L 
I Hour. 

PisB. 

I{\ MAY 2,1911. 

Z~ MAY 3. 1911. 

E' < 

3~ MAY 5,1911. 

4~ JUNE 25,1911. 

I 
I Hour. 

I ~. MAY 2,1911. 

2 ~ MAY 3, 1911. 

+~ 
JUNE 25, 1911. 

I Hour. 

1 ~MAYl"911' 
2 ~MAY3,1911. 

V< 

3~MAY5,1911. 

\, 4 ~ JUNE lS,1911. 

I Hour. 



• I 



LONG ER STORMS, 1911. XLlI 

APRIL 8-9 (From II h. 8".11 to 15 h. 91;~) 

N' 

v 

, 1 

Hours II 14 15 16 17 22 23 24 '5 6 7 8 9 12 13 t+ 15 Houl's. 

APRIL. 8. A PR I L 9, I 9 II. 

APRIL 9-10. (From 22h. 9 t!, 1;0 16h. IO~.h) APRIL rO~1I (From 20h.'Ot~ to 3h.I/~) 

£' 

E' 

N' 

v 
v 

/-lours a~ 23 Hours 20 22 23 2 3 

APRIL. S. 1911. APRIL 10. APRIL 10. 1911. APRIL II, ISII. 





LONGER STORMS, 1911. XLIII 

MAY 14- 15. (From 16 h. 14t.h to "n. ISt.h) 

E' 

N' Sf; 

v ~r 

Hours 16 17 18 19 20 21 22 23 2 8 9 10 " MAY 14, 19". MAY 

JUNE 4, 1911. (From 16h.to 2~h.) 

Hours 16 17 18 19 20 21 22 23 24 
JUNE 4, 19/1. 





La N G E R S TOR M s, 1911. XLIV 

JUNE 9-10. (FromI6h.9~h to r2h.10~h) 

Hours 16 17 18 19 20 7 9 (0 II 12 

JUNE 9, 10,1911. 

JUNE 30 - JULY' (From 21 h. JUNE 30 to 9 h. JULY I.) 

JULY I, 1911 (From 14h. to 17h.) 

v 

Hours 21 22 23 Z4 2 3 4 5 s 7 8 9 Hours 14 15 16 17 

JUNE 30, 1911. JULY 1,1911. JULY 1,1911. 





N' 
J 

V J 

Hours 10 " 12 13 14 15 IS 17 18 19 

JULY 28,19/1. 

E' 

N' 

v 

LONGER STORMS, 1911. 

JULY 28-29 (From IOh.28t~t.oJOh.29~.h) 

20 21 23 24 

AUGUST 19-20 (From 12 h. J9t~ to 9 h. 20~h) 

2 3 456 

JULY 29, I 911 . 
7 8 

~ ____ ~ ______ ~ ____ ~ ______ ~ ____ ~ ______ ~ ____ ~ ______ ~ ____ ~L-____ -L ______ JI ______ -L ______ L-____ -L ______ ~ ____ ~ ______ ~ ____ ~L-____ ~ ______ ~ ____ ~ 

Hours 12 13 14 IS 16 17 18 19 20 21 22 23 24- 2 3 4 5 6 7 8 9 

AUGUST 19.1911. AUGUST 20. 1911. 

XIY 

9 '0 





LONG E R 5 TO R M 5, 1911 .. X1NI 

AUGUST 23-24,-25. (From Bh. 23 r •d to 12h. 251;.h) 

E' 

Hours 8 9 II 12 13 14 15 1617 18 19 20 21 22 23 24 t 2 4 5 s 
AUGUST 23, 1911. AUGUST 24, 1911. 

AUGUST 3/. (From 7h. to IOh.) 

2 

E' ,r E' 

fr 
Q. .2 
:l; 

« 
N' Tr ..I 

Tr 
~ 
III 

Z 

2 
v 

6fT V 5}r 

I I I I' 
13 18 19 20 21 II 12 Hours. 15 22 23 24 2 3 14 16 5 6 7 17 8 9 10 8 9 Hours 7 10 

AUGUST 24, 1911 (CoNTP) AUGUST 25,1911. AUGUST 31. 1911. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 

I 

I 

I 

I 

I 

I 



- (From 18h.19~~ to 24h. 21 ~~) SEPTEMBER 19 21 

N'· 

N' JV'iVI/-~~ 

: 
L~ __ _ 

Hours 18 IS 21 20 

SEPTEMBER 
22 

19,1911. 

. ! 

23 2+ 2 3 4- 5 

22. 

.L __ ~ _ L _______ ..1..-____ _ 

2+ I 2 
1----- -L-----L..---:

9
-----L---~+-------;5----e6 7 8 

3 Z3 

(CONT~ ) 

---1._. ___ ~ __ .~_.--I! ___ ~! _ ---..L---~----~---':"'-:S---~17~---:S--~ 19 20 21 L-----:-----~---~---to--I~-~~.2_ 13 14 15 16, 
- 9 10 \I 12 9 II 

78 S E PTE M B E R 20, I . 
6 

i\ N' 

I tr 

v tv 5fr 

j 

I 
1 ---l 

23 2+ Hours ZZ L----~----~--~21----~---~~----~--- 19 20 
17 18 10 

_---.l _____ ----L.. __ 
L-_~ - 14 15 

II 12 13 16 

SEPTEMB E R 21,1911. 
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Hours 12. 13 14 15 16 17 18 

OCTOBER 

E' 

Hours 12 13 I .... 15 16 

LONGER STORMS, 1911. 

OCTOBER 10-11 (From 12h.IO~~ to 12 h. II~~) 

v v 

19 

10,1911. 
20 21 

17 18 

NOVEMBER 

19 

8, 1911. 

22 23 24 3 

NOVEMBER 8-9 (From 12h. 8~~ to 8h.9t:':') 

20 21 22 23 24 

5 G 

OCTOBER 

3 .... 

NOVEMBER 

v 

7 

11,1911. 

5 

9,ISII. 

8 

6 

XLVIII 

9 10 II 12 Hours 

v sf?' 

.->---J 
7 8 Hours 





LONGER STORMS, 1911. XLIX 

NOVEMBER 12-14 (From 15h.12~~to6h.14~~) 

v 

. ' 
Hours 15 16 17 18 19 20 21 22 23 24 2 3 ... 5 6 7 8 9 II. 12 13 14 15 16 17 18 

NOVEMBER 12; 1911. NOVEMBER 13. 1911. 

14 (From IIh. toI6h.J4~~) 
.E' 

E' tr 
E' ;r 
N' +r 

N' fr 

~ '" v Sf)' 
~h v v 

2 3 6 Hours 19 20 2' 22. 23 2 ... 5 
Hours I' 12 13 , ... 15 16 Huurs 

NOVEMBER 13.(CoNTp) NOVEMBER 14, 1911. NOVEMBER 14,1911. 
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I 
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I 
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I 
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Hours II 

DECEMBER 6-7 (From flh.6t!'to2h.7t,h) 

12 13 14 15 16 17 18 19 20 

DECEMBER 6, 19/1, 

,LONG E R 

1'1' 

21 22 

STORMS, 1911. 

I 2 

Dec,7, 1911, 

V 

N' 

DECEMBER la-II -12 (From 15h.onJO~h to 2h,on'12,:h,) 

N1 

N1 

5fr V 

Tr 
N' 

Hours 15 16 17 18 19 20 21 22 23 

DECEMBER 10, 1911. 

____ L-______ L-____ ~IL-____ ~I~ ____ ~I ______ ~I ______ ~I ______ ~I ______ _Ll ______ -Ll ______ -L ______ Jl ______ ~I ______ _LI ______ _L ______ _L _____ --~------~------~------L-------L-------~----~~----~~----~,------~2 

2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19 20 21 22 23 24 

(CONT~) 
DEC EM B E R II I I 9 II . DEC, 12, 191" 

L 

24 
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Hours 5 

JANUARY 13 (From 5,h. to 9 h.) 

678 

JANUARY 13,1912. 

£' 

9 Hours -4 

MARCH 21- 22, (From 20h. 2/s.t to5 h. 22n.d) 

E' 

~;, 
N' 

I~~ 
I 

V 

'---~---
"lO(Jr'$ 20 21 22 23 

MARCH 21. 1912. 
23-4 

MARCH 22,1912. 

LONGER 

5 

NI Tl 

V ;, 

STORMS, 1912. 

8 

V 

JANUARY 17. ( From4h.to ISh.) 

9 10 II 12 

JANUARY 17,1912, 

I 
i 

APRIL 5-6 (Fromt'8h. 51:,h to Sh, 6 t,h) 

I ... I 

v ~r 
r~x. 

N'IT 

16 17 18 

5 
~---L----L----L.._----L--.J.I----l.....--.~~J 

Hours 18 19 20 21 22 23 21- 2 3 -4 5 

APRIL 5, 1912. APRIL 6, 1912.. 
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APRIL 10 (From Sh.to 12h.) 

Hours 6 7 8 9 10 " 
APRIL 10,19/2. 

V 

HtHll'ISO 2 3 4 

LONGER STORMS, 1912. 

E' 

N' 

v 

12 Hours I 2. 

MAY '2, (From Oh. to 14h.) 

5 6 7 8 s 
MAY 12, /9/2. 

3. 4 5 

10 II 12 

A PRI L 15 (From I h. to 14h.) 

678 

APRIL 15,1912. 

N' fr 

V +, 

13 14 

v 

10 II 12 13 14 

MAY 12 (From 2Ih.to24h.) 

£' 

N' 

~r 
1 

V ~ ;, 

Hours 21 22 23 24 

MAY 12. 1912. 





LONGER STORMS, 1912. 
Llll 

MAY 13 (From Oh. to 14h.) 

E' fr 
E' I 

Z 

Nt f1 
N' 

I 
2 

V 

V " 
Hours 0 4 5 6 7 12 13 14 

2 
MAY 13, 

I 
JUNE 8-9 (From 2h.8t;~to 5h.9~h) 

E' fr 

3 4 5 
I I 

16 17 18 19 20 21 22 
I I s 7 8 9 10 II 12 

JUN E 
13 14 

8, 1912. 
15 23 24 2 3 4 

JUNE 9,1912. 
5 
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LONGER STORMS, 1912. I .. IV 

JUNE 27 (From 6h.eo 12h.) JUNE 27-28 (From 22h.270 to 2h.28t.h) 

E' 
E' 

N' N' 

V -r--------------. v 

I I 
Hours 6 7 8 9 10 " 12 &u~ a ~ M I 2. 

JUNE 27, 1912. JUNE 27, 1912. JUNE 28,1912. 

JULv31- AUGUST I (From 14h.JUL.3/ to .ah. AUG. I.) 

E' 

v 

~ ____ ~ ______ ~ ____ ~ ______ ~ ____ ~ ______ -L ______ L-____ ~ ________ LI ______ ~I ______ ~ ____ ~ ______ ~ ____ ~~ __ ~~_~~--~----~-----~ 

Hours 14 15 16 17 18 19 20 21 22 23 24- 2. 3 7 8 

JULY 31,1912. AUGUST " 





Hours 14 15 16 17 

H' 

v r--------....... _____ 

12 13 14-

LONGER STORMS, 1912. 

AUGUST 18 -19 (From 14h. 18t~to 6 h. 191!,) 

E' 

N' 

SEPTEMBER 17 (From IIh. to 23h.) 

15 16 17 

SEPTEMBER 

18 

17, 1912. 
'9 2.0 

234-

AUGUST /9.1912. 

21 22 

6 

23 





nIT:. 

SEPTEMBER 17,1912. CHANGES BETWEEN 19h.30m.AND 22h. SHOWN AS DEPARTURES FROM MEAN. 

N 
19h, 20h, 2th 

30 40 80 eo 10 to .30 40 110 eo 10 eo ao 40 eo eo 
• , , r I I , , I I '. I , 

Alihag 

He/wlin 

Agincourt O~'--~---'\~----:p~-~_-"c---

- 40{-

+4&(-

FiJlmouth 

Kew 

+.0{­

+40(­

E$M4kmu"o----r--4---------~~--~----

-40(-

Sitka 

-40{-

N 

E 

19h 1 20h, 21h 
30 40 so eo 10 '0 30 40 10 80 10 20 30 40 80 80 

I I I t 

:::::4 

o~ 
Honofull) 

V 

19h I 20h I 21 h 
so 40 84 80 10 to 30 40 50 80 10 20 30 40 50 60 

T I -, r 

~;...:J:"'1'~.r+-#-tl-~ Antarctic ' 

Buit8nzorg 

Alibag 

gUitenrorg 

o AliblJg 

HQnc/ufll o _-s::=::.,... .............. ~w-:.=:\:i_'"'?C-_......,!"'!"'jo:rt Honolulu 

Falmouth · 

_____ -= ____ ~~~~-------~~ Kew 

v 





VECTOR DIAGRAMS. SEPTEMBER 17, 1912, ISh.30m. to 22 h. 

ANTARCTIC (b..c) , 

BUITENZORG 

~.o .~ 

L£II. 





E' --'-"- ... ,,~ 

N' 

V 

N' 

Hours 0 2 3 4 

LONGER STORMS~ 1912. 

SEPTEMBER 18 (From Oh.to 14h.) 

E' 

v 

HOUNO~----~------;-----~------~4~----~5~----~6~----~7~----~8------~9------~'O------~ILI------rL2------L'3----~'4 
SEPTEMBE.R 18. 1912. 

SEPTEMBER 24,1912.( From Oh. to 14h.) 

SEPTEMBER 24-25 (From 14h.24t~to2h.25t~) 

! E' ~, 

N' 5t)" 
l' 

". 

v '1 v 

LVIII 

__ .----L ____ .....l ___ -L------L....--------l--------L.-------L--------..J.--------'--------L....--.------'--------" 
23 24 I 2 

5 S 

SEPTEMBER 

7 

24. 
B 

1912. 
9 Hours 14 15 16 17 18 19 

SEPTEMBER 

20 

24,1912. 
21 22 

SEPT. 25.1912. 





LON G E R S TOR MS. 191 2. 1 .. 1 X 

SEPT. 3D-OCT. I. (From 21 h. SEPT. 30 to 18h.OcT.1.) 
E' 

E' 

E' 

N' ;; N' 

N' 
"'-r-

N' 

V 

V 
V 

v r, 
Hours 21 22 23 24 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 

SEPTEMBER 30, 1912. OCTOBER 1 I 1912. 

OCTOBER 12-13 (From20h.12th to 12h. 13t~) 

v 

Houl's 20 21 22 23 24 2 5 6 7 8 9 10 II 12 

OCTOBER 12. 1912. OCTOBER 13, 1912. 





LONGER STORMS, 1912. IX. 

o c ,. 0 8 E RI4 - 15 (Fro m 6 h. 14 t~ to 6 h. 15 t~ ) 

Houns 6 7 8 9 10 /I 12 13 14 15 16 17 '8 '9 20 21 22 23 24 2 :3 4 5 6 

OCTOBER 14,1912. OCTOBER 15. /912. 

OCTOBER 20-21 (From 17 h. 20t!' to J h.2/s.t) 

Hours 17 '8 19 20 al 22 

OCTOBER 20, 1912. 
23 24 I 

OCT. 21.1912. 






