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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 Committee 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, Lieut. (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 contemplated. 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 that 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 term hours was to secure corresponding open time scale records of
magnetic 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
movement on an ordinary curve possesses in a quick run so slight an inclination to the
time 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 remote stations becomes a very difficult thing to decide. When
disturbance is small the ordinary diurnal variation is not relatively insignificant. It
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depends on the local time, and so differs at different stations. Also, as we now k now,
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 minor 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 from 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 contemplated,
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 comparison 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.

After 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 a fresh 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 from 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 minima, 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, I 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 1.

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

Section 1.—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

£

£’ s' O
O >
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T Tunnel entrance to cave.

C  Curtain.
¢ »
V  Magnetograph recording V (vertical component).
T K » »  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.
! Lamp for hour mark.

Fic. 1.—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. I.
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.



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 sc 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 drum (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 8’ in Fig. 1 were intended to record changes in
the vertical component of magnetic force and in two horizontal components, one directed
to Astronomical Hast, the other to Astronomical South. To secure this, the magnet
for the B’ instrument should have been oriented true North and South, and that for
the 8’ 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 astronomical 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 L in Fig. 1 was an oil lamp, 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 from the
lamp (L in Fig. 1) in the lantern to a lamp (/) placed in such a position that it illuminated
the cylindrical lens (z.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 lamp circuit
which rang loudly whenever the current failed ; when the current was being switched
from one circuit to the other the current was broken sufficiently to give a single knock
of the clapper on to the bell. The hour lamp circuit was closed for approximately 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 I 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, I went over to the chronometer and was
ready there when the second bell rang to note the time. . . I attempted to keep
the error of the S clock less than 1 minute.”

The regular use of the magnetograph began on February 1. 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 8 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 258, and for horizontal force the collimator magnet 254, and the mirror
magnet 25¢. 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 254 being well seasoned,
retained its magnetic moment wonderfully well under the trying conditions to which
it was 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 8, 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 is 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 methods 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. Hven 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 cms. 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 m/H (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.” 4

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
transit105 . . . and finally transit 65 with transit 165 one gets 14 observations of the
time of 100 vibrations. The procedure followed by Dr. Simpson 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 eurtailment 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
swing. v

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 1y or even to 10y in values of vertical force, when one has to arrive
at them indirectly with the aid of a dip circle, and an error of 1’ in the dip implies an
error of 300y in vertical force.

Section 3.—Table I, p. 8, gives a summary of the results of the absolute declination
observations at Cape Evans. They were all taken with the collimator magnet 25B.
The times refer to 180° 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 25° 20" for
example in the table would usually be described as 154° 40’, or 154° 40" E. T 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 magnetograph 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 Janvary, 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, eg., October and November, 1911, the hour of observation is
fairly uniform, but in other months, e.g., April, 1911, the time varies considerably.
Also there is considerable difference between the mean hour of observation in different
months, e.g., May, 1911, and May, 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 IT, p. 9, summarises in like fashion the results of the absolute observationsof 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 1-Pr~2 involving the
distance r and the “ distribution constant” P was a prior: certain to be of trifling
importance. A value was, however, determined for P in the usual way, combining
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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 254 reduced to 0°C. With a magnet as seasoned as 25A the magnetic
moment, though not an absolute constant, shows only a small gradual loss. The
fluctuations in m apparent in Table IT in the case of observations during the same month
represent in the main observational uncertainties. They represent no doubt to some
small extent inaccuracies of setting the magnet 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 from 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 months, 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 month 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 months adopted in the last five lines
of the table. By midwinter 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 may conveniently be deferred until we are in a
position to deal with the corresponding results derived from the curve measurements.



TaBLE I.—Absolute Observations of Declination (D).

M Declina- M Declina-
ea: i ea tio:
Date. From. To. Tim:. ( Etalgil;l of Date. From. To. Tim:. (East? of
South). South).
1911. bom |hm|bhm| ° 7 1911. hhm |h m {h m| ° *
February 17 .../ 16 9 | 16 24 | 16 16 | 25 17-0 || December 2 | 17 45 | 17 56 | 17 50 | 24 56-8
» 23..016 0|16 14|16 7 | 24 22-6 s 9 18 25 | 18 35 | 18 30 | 25 26-8
” 18 1758 |18 8|18 3| 25 556
March 3 ...] 16 42 | 16 55 | 16 48 | 25 20-4 » 23 1833|1843 1838 (25 1-1
» 9 ... 16 19 | 16 35 | 16 27 | 25 24-2 ” 27 1716 | 17 22 | 17 19 | 26 12-5*
». 20 .../ 1565711611 |16 4|25 149 ” 29 1753 |18 3|17 58 | 25 32-1
» 24 ...|1549 116 3|[15566 |25 59
s 31 |14 25 | 14 42| 14 33 | 24 47-0 1912.
. January 2 ...| 16 44 | 16 54 16 49 | 25 59-1*
April 11 .. 1315|113 32 |13 23| 24 36-0 »» 5 ... 18 5| 1815 |18 10 | 25 49-3
,» 1D .14 53 15610 (15 125 82 , 11 ...| 1524 | 15 34 | 15 29 | 24 20-2*
» 26 .| 18 38 | 18 55 | 18 46 | 25 34-5 ” 12 ... 1753 |18 31758 |25 88
»» 16 ...| 15 48 | 15 58 | 15 53 | 256 32-2*
May 4 .| 19 41 | 19 58 | 19 49 | 25 37-8 5 922 .| 1732|1742 |17 37 | 25 110
, 11 ... 19 30 | 19 47 | 19 38 | 25 38-4 » 23 ...|16 20 | 16 30 | 16 25 | 25 34-3*
] ../ 1931 {19 48 [ 19 39| 25 414 » 93 .| 1736 | 17 46 | 17 41 | 24 45-1%*
» 26 . 1846 |19 3 | 18 54 | 25 289 » 30 ..|1810| 1820 |18 15 | 25 289
June 3 ...] 1820 | 18 32 | 18 26 | 25 21-2 || February 5 ...| 18 0 | 18 10 18 525 20-3
» 9 .. 1938 11952 | 1945 |25 11-1 » 12 ...| 16 29 | 16 41 | 16 35 | 24 527
s 16 ... 18 42 | 18 58 | 18 50 | 25 11-1 o 24 ..|1758 |18 8|18 3|26 31-5
,» 21 19 17 119 31 | 19 24 | 25 10-3
s 29 419 11913 |19 7|25 33-5 || March 3 L1722 |17 32 | 17 27 | 25 16-0
" 7 ...| 15 47 | 15 57 | 15 52 | 25 29-4
July 6 .. 1843 | 18 53 | 18 48 | 25 9-4 5, 18 .. 1619|1629 | 16 24 | 25 21-0
» 17 18567119 7119 2|25 99 R 16 01612 |16 6|25 228
,» 24 ...] 18 48 | 18 58 | 18 53 | 25 33-8
» 27 19 7119171191225 6-0 || April 2 .| 1623|116 33|16 28 |25 8-9
August b .0 18 35|18 45|18 40| 25 17-0 || May 7 .17 811720117 14 |25 57
s 12 ..} 19 51915 |19 10| 25 32-3 5 16 ...| 16 37| 16 47 | 16 42 | 25 11-6
» 18 ... 1844 |18 54 | 18 49 | 25 31-3 » 21 ..|1657 |17 7|17 2|25 9-3
» 28 ...11517 11527 |15 22| 25 13-0 . 29 .1 16 40 | 16 5O | 16 45 | 25 29-6
Septeraber 1 | 16 36 | 16 46 | 16 41 | 25 50-8 || June 6 ...116 45|16 55 | 16 50 | 256 2-1
» 9 |17 811718 |17 13| 25 30-7 5 19 L] 1738|1748 |17 43 125 24-6
” 16 | 16 30 | 16 44 | 16 37 | 25 451 » 28 1656 |17 6|17 1|25 42-3
’ 23 |16 6 |16 18 |16 12|25 9-1
July 11 113451355 |13 50 | 24 45-1
October 4 ...| 18 24 | 18 34 | 18 29 | 25 21-4 » 21 116 48| 16 58 | 16 53 | 256 0-8
» 12 ...|1751 |18 1|17 56 | 25 16-7
s 20 ...|18 48 | 18 58 | 18 53 | 25 45-8 || August 9 ...| 17 10 17 20 [ 17 15 | 24 59-9
» 28 ...| 18 32 | 1842|1837 |25 3-7 » 24 117 211712117 7|25 28-8
November 3...[ 18 22 | 18 32 | 18 27 | 25 249 || September 7 | 16 31 | 16 44 | 16 37 [ 25 4-9
M 11...0 18 9|18 19|18 14 | 25 47-0 s 24 |16 3161516 9 | 24 28-7
s 18..018 911819 | 18 14 | 25 B5-6
» 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
November 9 ...[ 18 15 | 18 25 | 18 20 | 25 38-1

* Qbservation taken on sea ice.

8




TaBLE II.—Absolute Observations of Horizontal Force (H).

* (Observation on sea ice.

9

Date. First Vibration. Deflection. Second Vibration. H. m.
1911. h. m. toh. m. h. m. toh. m. h. m. toh. m. Y

February 17 17 3 1716 18 15 18 49 — 4289 967-1
' 23 16 40 16 53 1725 18 10 — 4275 9615
March 3 17 25 17 37 1830 19 2 -— 4247 957-1
» 9 17 16 17 30 18 15 18 48 — 4247 9626
s 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 1753 18 7 4231 960-5
,, 91 15 22 15 35 15 57 16 35 16 47 17 0 4270 959-6
April 11 . 14 5 1417 1521 16 O 16 13 16 26 4207 958-7
, 16 ... 12 57 13 9 1335 14 5 1416 14 29 4213 959-1

., 26 ... 16 29 16 42 1715 17 45 18 6 18 20 4246 9576
May 4 . 17 41 17 55 18 12 18 53 19 7 1921 4214 958-5
» 11 . 17 27 17 39 18 2 18 43 18 57 19 10 4197 9588
,» 20 ... 1710 17 23 17 45 18 28 1852 19 6 4195 9634
» 26 . 16 45 16 57 1723 18 5 18 14 18 27 4207 9587
June 3 ... 16 27 16 39 16 56 17 33 17 456 17 58 4239 959 -8
» 9 .. 17 42 17 55 18 11 18 48 19 0 1912 4225 959-7
s 16 . 16 44 16 b7 17 13 17 48 18 2 1815 4227 9570
» 21 ... 1713 17 25 17 48 18 25 18 40 18 52 4238 959-8
» 29 . 16 56 17 9 1723 18 O 1815 18 28 4238 959-5
July 6 ... 16 45 16 58 17 17 17 50 18 1 18 14 4226 9584
» 17 ... 16 56 17 8 1726 18 O 1812 18 25 4239 955-9
» 24 ... 16 49 17 2 17 19 17 53 18 8 18121 4223 9579
» 27 ... 16 56 17 10 1732 18 7 18 20 18 33 4224 9577
Aungust 5 16 43 16 b5 1711 17 46 17 58 18 11 4227 9570
» 12 17 4 1716 17 34 18 11 18 22 18 35 4229 958-1

» 18 16 53 17 6 1727 18 1 1811 18 24 4233 957-3

» 28 16 9 16 21 16 57 17 30 17 43 17 56 4284 959-9
September 1 1451 15 4 1516 15 50 16 0 16 12 4265 954-9
”» 9 1459 1512 153 16 9 16 21 16 33 4246 9579

T s 16 14 29 14 43 15 1 15 43 15 57 16 12 4302 950-8

’ 23 14 15 14 27 14 47 1515 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 1719 17 32 4226 957-9

»» 20 17 11 17 24 17 40 18 12 18 20 18 34 4262 9575

s 28 16 38 16 51 17 6 17 36 1747 18 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 3¢ 16 43 17 0 17 27 17 38 17 51 4283 957-0
December 2 16 13 16 26 16 3¢ 17 b5 17 14 17 27 4272 958-6
» 9 16 45 16 58 17 12 17 46 1755 18 8 4269 957-9

”» 18 16 17 16 30 16 45 17 10 17 21 17 33 4280 9586

» 23 16 43 16 56 17 10 17 35 18 2 1815 4311 9579

» 27 16 27 16 41 —_ 16 46 17 O 4115* —

» 29 16 15 16 28 17 9 17 18 - 17 31 4288 956-5




TaBLE I1.—Continued.

Date, First Vibration. Deflection. Second Vibration. H. m.
1912. h. m.to h. m. h. m.toh. m. h. m.to h. m. Y
January 2 17 33 17 45 — 1760 18 3 4081* —
» b 16 30 16 43 17 27 17 37 17 50 4287 9526
o 11 16 4 1618 — 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 —- 1648 17 1 4104* —
" 22 15652 16 4 16 16 16 45 16 58 17 11 4326 956 -6
’ 23 16 69 17 12 —_ 17 16 17 28 4136* —
’ 30 16 30 16 42 16 67 17 27 17 38 17 50 4306 954 -9
February 5 16 18 16 30 1646 1715 17 24 17 36 4281 958-4
s 12 14 0 1413 1440 1515 1550 16 17 4261 958-3
s 24 16 20 16 32 16 44 17 23 17 35 4309 954 -5
March 3... 16 7 15 22 15 50 16 21 1646 17 O 4159 ? | 983-47?
»s 7... 1310 1323 14 26 14 54 15 16 15 30 4308 951-5
»  18... 14 6 1419 14 52 15 22 1541 15 56 4242 9585
,  24.. 14 5 1419 1439 15 8 1530 15 44 4260 957-7
April 2 1417 14 29 1451 15 21 16 42 15 56 4247 957-2
May 17 1449 15 2 1534 16 7 16 29 16 42 4239 .955~5
,, 16 1431 14 4 1511 15 41 16 2 16 15 4260 959-2
5 21 14 27 14 39 15 4 1536 16 19 16 32 4269 957-8
yy 29 1420 14 34 14 58 1556 16 9 4257 956-3
June 6 14 26 14 38 15 0 1529 16 6 1619 4257 958-3
s 19 15 4 1519 156 55 16 25 17 3 1717 4243 956-1
» 28 14 33 14 49 1517 15 47 16 24 16 38 4260 955-
July 11 .. 12 4 1217 12 38 13 14 1449 15 2 43617 | 933-91?
s 21 .. 14 33 14 47 15 17 15 43 16 13 16 26 4258 956-0
August 9 14 27 14,39 1523 15 57 16 35 16 48 4274 956-1
” 24 14 41 14 54 15 28 15 53 16 33 16 47 4277 9568
September 7 1357 1410 14 28 14 59 15 44 15 57 4268 956-7
» 24 14 7 14 20 15 6 15 36 15 48 4395?% | 963-31?
October 7 14 8 14 21 1445 15 9 15 456 15 58 4286 957-3
November 2 15 0 15 14 16 0 16 45 1654 17 9 4329 953-3

* QObservation on sea ice,
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TasLe III.—Absolute Observations of Inclination (I).

Needle i Mean Inclinazf;liolr; frol\rf?a’;lwo
Date. No. Time. Time. | a5 Neodles,
1911. h. m. to h. m. h. m. ° ’ e
February 17 ... .. 8 14 45 15 14 5 0 86 30-15 36 929 43
LT 2 15 19 15 46 | 15 32 | 86 29-28 |[°
D 93 . 8 | 14 19 15 27 | 14 53 | 86 21-68 .
T 93 2 | 14 39 15 10 | 14 55 | 86 12-81?
March 3 8 | 14 58 15 58 | 15 28 | 86 2044 \oo oo g
w3 2 | 15 12 15 44 | 15 28 | 86 26-65
Y 8 | 15 4 15 39 | 15 22 | 8 2656 .
D9 5 | 14 46 15 54 | 15 20 | 86 27.40 |36 26 59
Y9 8 | 14 30 15 30 | 15 5 | 8 2375 |\gs 03 49
20 5 | 14 49 15 26 | 15 7 | 8 23-66
Y 8 | 14 43 15 11 | 14 57 | 86 2165 |Lgs o1 40
. 24 5 14 26 15 25 14 55 86 21-68 |f°
o3l 8 | 13 13 13 51 | 13 32 | 8 2666 }86 91 9
31 5 | 13 2 14 5 | 13 34 | 8 27-40
April 11 8 | 12 15 12 44 | 12 30 | 8 25-22
L 11 5 | 12 0o 12 55 | 12 28 | 86 27.55 |g36 26 23
. 15 8 | 11 57 12 23 | 12 10 | 8 2856 [\gs 95 o6
T 5 | 11 46 12 34 | 12 10 | 86 28-32 2
. % 8 | 156 26 15 48 | 15 37 | 8 262 |\gs o7 10
2% 5 | 15 8 15 59 | 15 33 | 86 28-09
May 4 8 16 2 16 59 | 16 43 | 86 27-2
. 4 5 | 16 7 17 15 | 16 41 | 86 26.3:1 |86 26 47
» 11 8 | 16 6 16 38 | 16 22 | 86 28:06 |\gs o7 39
T 5 | 15 50 16 54 | 16 22 | 8 27-2
» 20 8 15 58 16 25 16 12 86 26-94 86 27 0
” 30 5 15 38 16 38 16 8 86 27-02
26 8 _ _ _ 86 28-3
. 26 5 | 15 9% 16 18 | 15 52 | 8 27.81 |f%6 B 5
June 3 8 | 15 14 15 46 | 15 30 | 8 2732 \go e 1
w3 5 | 16 2 15 58 | 15 30 | 86 25-06
» 9 8 16 28 16 53 16 40 86 26-34
. 9 5 | 16 20 17 1 | 16 40 | 86 27.10 |86 26 43
16 8 | 15 31 15 58 | 15 45 | 8 2725 (\gs o7 4
.16 5 | 15 20 16 9 | 15 45 | 86 26-87
.21 8 | 15 55 16 25 | 16 10 | 86 2640 [\ge o7
T 5 | 15 41 16 37 | 16 9 | 8 27-63
N 29 8 |.15 46 16 10 | 15 58 | 8 2472 \go o
w29 5 | 15 37 16 22 | 16 0 | 86 25-66
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Tasie ITT.—Continued.

Date Needle Time. Mean };ﬁlgiﬁgﬁ irol\ga';lwo
No. Time. Needles. Needles,
1911 h. m. to h. m. h. m. ° ! e
July 6 . 8 15 32 16 O 15 46 86 27-27 86 927 13
N ] . 5 15 21 16 12 15 46 86 27-15
,, 17 8 15 46 16 15 16 O 86 26-78 86 26 49
» 17 5 15 36 16 25 16 O | 86 26-84
. 24 8 15 35 16 2 156 49 86 29-00 86 929 19
,y 24 b 15 26 16 12 156 49 86 29-40
y 27 8 15 41 86 27-66 . 86 27 3
»y 27 5 15 28 16 18 15 53 86 26-44
August 5 8 15 39 16 4 15 52 86 26-37 86 926 34
» b 5 15 27 16 12 15 50 86 26-75
’ 12 87 15 58 16 20 16 9 86 26-78 86 926 41
’ 12 b? 15 48 16 31 |[-16 9 86 26-59
- 18 817 156 49 16 12 16 O 86 26-22 86 26 26
» 18 - 51? 15 39 16 21 16 O 86 26-66
September 1... 8 13 39 14 3 13 51 86 26-50 86 971 1
- 1... 5 13 27 14 18 13 53 86 27-72
) 9... 8 13 40 14 9 13 55 8 25-78 86 26 9
” 9... 5 13 30 14 19 13 55 86 26-53
' 16... 8 13 0 13 48 13 24 86 25-78 86 95 33
’ 16. 5 13 12 13 36 13 24 86 25-32
» 23.. 8 12 53 13 16 13 4 86 24-87 86 95 37
” 23.. 5 12 38 13 26 13 2 86 26-37
October 4 8 15 9 15 37 15 23 86 25-16 86 925 33
' 4 5 14 57 15 49 15 23 86 25-94
. 12 8 14 54 15 22 15 8 86 25-54 86 9% 17
. 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
. 20 151 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 16 7 15 40 86 24-50
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
’ 11 8 15 19 15 48 15 M 86 25-04
L1 5 | 15 8 15 59 | 15 34 | 86 24.04 |36 24 59
y 18 8 14 53 15 47 15 20 86 26-18 86 95 57
» 18 5 15 6 15 35 15 20 86 25-72
’ 24 817 15 21 15 47 15 34 86 21-94 86 92 99
' 24 b1 15 10 15 57 15 34 86 23-03
December 2 ... 8 14 b4 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 2481 Voo o 4o
» 9.. 5 15 17 16 9 15 43 86 24-97




TaBLE III.—Continued.

Inclination Mean
Needle . Mean . A
Date. Time. " from Singl from Two
No. e Time. Needllzg. ° N eedlevs':
1911. h. m. to h. m. h. m. e ! e "
December 18 ... 8 | 15 3 15 83 | 15 18 | 8 2172 |\go o9 3
L 18... 5 | 14 53 15 45 | 15 19 | 86 2353
D 93 8 | 15 12 15 39 | 15 26 | 86 24-06 (g o4 13
. 23... 5 | 15 1 15 51 | 15 26 | 8 24-38
LT, 8 14 55 15 2 | 15 10 | 86 30-18 |\oo a9 g
w27, 5 | 14 38 15 37 | 15 8 | 8 29-8
w29, 8¢ | 15 12 15 3¢ | 15 23 | 86 2518 [\or o5 43
T 9. 52 | 15 0 15 44 | 15 22 | 86 262 2
1912
January 2 ... 82 | 15 44 16 9 | 15 57 | 86 35-81 .
w2 57 | 15 32 16 19 | 15 55 | 86 35-62 |yo6 30 43°
w5 8 | 15 19 15 44 | 15 32 | 86 225
s 5 5 4 55 15 56 | 15 26 | 86 22.15 |g%6 22 20
.11 8 | 14 23 14 47 | 14 356 | 8 3410
, 11 5 | 14 12 14 58 | 14 35 | 86 34.35 |g06 3¢ 13
. 12 8 | 15 5 15 30 | 15 18 | 86 2106 |\gs o 94
ST 5 | 14 55 15 40 | 15 18 | 86 21-75
. 16 82 | 14 51 15 15 | 15 3 | 8 33-60
.16 57 | 14 38 15 27 | 15 3 | 8 3275 |f86 33 10%
.22 8 | 14 44 15 8 | 14 56 | 86 2303 |\g 9 1g
N 32 5 14 32 15 18 | 14 55 | 86 23-56
. 23 8 | 15 24 15 48 | 15 36 | 86 3232
.23 5 5 12 16 1| 15 36 | 86 33.50 |56 82 05¥
. 30 8 | 15 25 15 48 | 15 36 | 86 2362 (\gc oa a0
. 30 5 | 15 15 15 56 | 15 36 | 86 2338
February 5 ... 8 15 15 — 86 24-28 8 24 19
R 5 ... 5 | 15 5 15 49 | 15 27 | 86 2434
.12 8 12 57 — 86 26-60
.12 . 5 12 15 13 9 | 12 42 | 86 26-50 |f56 26 33
.2 8 | 15 9 15 35 | 156 22 | 86 2375 \g¢ o3 s
.24 . 5 | 15 0o 15 45 | 15 22 | 8 2416
March 3 8 | 1328 14 0 | 13 44 | 8 21-88
. 3 5 | 13 15 14 15 | 13 45 | 8 2675
o T 8 | 11 54 12 35 | 12 16 | 86 26-19 |\uo o |7
I 2 |12 0 12 2 | 12 13 | 8 26-37
» 15 8 | 12 33 13 21 | 12 57 | 86 2481 |\go o= a5
T 2 | 12 46 13 8 | 12 57 | 8 2634
. 18 8 | 1292 13 7 | 12 44 | 86 2656 |\g o6 4
. 18 o | 12 38 12 58 | 12 48 | 86 26-46 '
. 2 8 | 12 17 13 4 | 12 41 | 86 2097 oo o o
. 24 2 | 12 28 12 54 | 12 41 | 8 2575 |J
April 2 8 12 46 13 10 | 12 58 | 86 24-68
,, o | 12 31 13 18 | 12 54 | 86 as.69 |f86 24 4

* (Observation on sea ice.
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TaBre IIL.—Continued.

Inclination Mean
Needl . Mean "
Date. 1(31 o. © Time. Time. irn&p;egi:sg.le fll;?:;d'i[;v;o
1912. h. m. to h. m. h., m. ° e
May 17 8 13 28 13 49 13 39 86 25-24 86 95 32
" 7 2 13 12 13 59 13 35 86 25-84
,, 16 8 12 51 13 19 13 b 8 24-81 86 25 51
,, 16 2 12 35 13 29 13 2 86 26-90
,, 21 8 12 35 13 21 12 58 86 24-44 86 9% 8§
, 21 2 12 47 13 13 13 0 86 25-82
5y 29 8 12 46 13 7 12 56 86 24-38 86 25 17
, 29 2 12 35 13 16 12 56 86 26-18
June 6 8 12 50 13 30 13 10 86 25-90 86 2% &
’ 6 2 13 0 13 20 13 10 86 2625 }
, 19 8 13 25 14 7 13 46 86 24-09°?
,» 19 2 13 35 13 57 13 46 86 25-69
, 28 8 12 58 13 21 13 9 86 24-41 17
, 28 2 12 34 13 29 13 1 86 26-21
July 11 1 16 30 16 55 16 42 86 25-62
11 o | 1619 17 5 | 16 42 | 86 25-92 |26 P B
. 21 1 12 54 13 35 13 15 86 25-88 86 2 8
,, 21 2 13 4 13 27 13 15 86 26-38
August 9 1 12 36 13 21 12 58 86 25-47
. 9 9 13 13 86 25-88 }86 % 10
' 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 92 35
' 24... 2 12 13 12 31 12 22 86 22-40 <
October 7 1 12 12 12 32 12 22 86 23-69 86 93 21
,e 7 2 12 1 12 40 12 20 86 23-00
’e 31 1 14 35 15 15 14 55 86 22-59 8 23 13
' 31 2 15 20 15 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 O 86 23-03 i
v 9 1 11 6 11 33 11 20 86 26-68
.9 g | 11 36 11 58 | 11 47 | 86 25-16 |f6 % %
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TaBLE 1V.—Mean Monthly Values from Absolute Observations.

Month or Season.

Absolute Observations Uncorrected.

Absolute Observations Corrected.

D. H. D. _H. L
1911, ° ! y ° ! ° ! Y ° !
February 24 49-8 4282 86 25-7 24 b52-3 4221 86 29-2
March 25 10-5 4262 86 255 25 16-3 4210 86 27-6
April 25 6-2 4222 8 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 4213 86 27-4
July ... 25 14-8 4228 86 27-6 24 53-1 4202 86 28-9
August - 25 23-4 4243 86 266 25 179 4221 86 27-5
September ... 25 33-9 4277 86 26-1 25 247 4253 86 26-7
QOctober 25 21-9 4253 86 25-4 24 55-3 4216 86 27-0
November . 25 40-1 4280 86 23-3 25 88 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 56 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 8 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 23-3 256 325 4259 86 24-7
November ... 25 38-1 — 86 25-2 25 15-9 — 8 26-5
Mean, March, 1911-October,
1912 ...l 25 196 4260 8 25-3 25 8-8 4232 86 26-4
Midwinter, 1911 25 23-0 4227 8 27-0 25 25 4203 86 28-1
» 1912 25 11-1 4260 8 25-5 25 6-9 4247 8 25-8
Equinox, 1911 25 18-1 4253 86 26-1 25 13-1 4217 8 27-3
" 1912 25 15-1 4268 86 24-3 25 96 4247 8 24-9
Midsummer, 1911-12 25 30:5 4291 8 23-8 25 11-8 4247 8 25-7
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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 theregular 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 theoretically 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 merldlan,
54-4 minutes in advance of local time. This was certainly convenient in connection
with the term 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 165° E, subtracting an hour from Dr. Simpson’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 180° 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. Simpson had introduced a method of producing a dark
line right across the trace at each hour, and this was as a rule accepted as representing
the exact hour. There were usually small corrections wanted to the time 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 become
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 8 and E are the components to true South and East, we have

S=0-9918'+0'132E'} N € )
E =0-991 B — 0-132 &'

Thus it would have been possible to deduce hourly values of S and 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 8’ and E’, rather than those of
S and E, were: 1. Anyone anxious to get the values of S and 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 as 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 §’, 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 8’ instrument
does not affect the type but only the amplitude of the diurnal variation in §', as it
leaves the relative values of the hourly measurements unaltered ; but it obviously will
affect relatively as well as absolutely the hourly values calculated for S 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 minimum values of S and E and the times of their
occurrence. v :

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 maximum and exalt
the natural minimum, 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 affords 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 8’ and E’, that the
diurnal inequalities of S’ and E’ should be got out in the first place, and that the
diurnal inequalities of 8 and 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 from
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 month. 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 prior: 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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Fia. 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 N, S,, the magnet
intended 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 N, S, intended
to register the variations of the West-East component; it should have been oriented
true North and South. Furthest away came the vertical force magnet N, S,. The
centres of these magnets may be regarded as approximately in a straight line, intended
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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 7° 36’ in error.
The deflections were all made with the collimator magnet 254. 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 N, S,
the collimator magnet occupied the position NS (broadside position) shown in the
diagram, its axis being level with that of the deflected magnet. In this position turning
the magnet box end for end altered the field surrounding N, S, by 2m/r*, where m
is the moment at the time of N'S, and r the distance (100-5 cms.) between the centres
of the magnets. When deflecting N, S, 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), 7.e., perpendicular to the deflected magnet. Turning the box
end for end altered the field again by 2m/r*, r being, however, in this case only 65-7 cms.
When deflecting N, S, 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 altered the field by 4m/r,
the distance r between the centres of the magnets being in this case 86-2 cms. 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 180° was in this case about 680y, the corresponding change of ordinate
being some 10} cms. 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 position ; the change of force was about 600y and the change of ordinate
about 8 cms. 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 cms. Consequently, supposing the deflection
measured with equal accuracy in the three cases, 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 B’ 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 magnetograph, 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 4m/[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).

1911. . S V. 1912. E’. s V.

14 4 4 14 4 g
March 2 6-53 8-83 7-54 January 1 ... 6-48 6-57 7-66
April 1 6-49 8-75 7-50 February 4 ... 6-43 6-95 7-75
July 7 6-44 8:10 7-51 w22 6-45 6-87 7-89
August 7 .. 6-44 6-75 7-76 March 9 6-49 6-87 8-06
s 21 .. 6-45 665 7-59 » 26 6:47 6-96 7-73
September 12 6-43 666 7-70 » 29 — 6-76 —
October 5 ... 6-43 6-86 7-62 May 1 6-47 6-93 8-06
- 1 6-47 6-85 7-59 » 31 6-46 6-91 8-23
June 7 — 6-86 —
26 6-46 6-85 7-87

July 3 — 6-86 —
August 2 .. 6-42 6-85 7-81
September 10 6-46 6-89 7-78
October 11 ... 6-47 6-76 8-03

» 13 . — 6-82 —

allowance for any difference of temperature. During the time spent at Cape Evans
the magnetic moment 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™ (1 + Pr?® + Qr‘)
where P and Q are the so-called distribution constants. The deflections of any one
magnetograph magnet were all made at only one distance, so there was no direct evidence
of the negligibility of the P and Q terms. Considering, however, that the distance
7 was in no case less than 65 cms., 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
from 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 change
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 April 1, but some time between April 1 and July 7
it seems pretty clear that a measurable change must have come in. Examination of
the curve and base values suggested that the change most probably took place on June 5
between 14h. and 15h., 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 mm. = 8-1y was accepted
as 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 plece 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 magnet 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.=8:1y to 1 mm.= 6-8y. 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
8-1y or 6-8y was accepted as the value of 1 mm. After considering the parallel changes
in the absolute daily ranges in B’ and §’, it was decided to apply the value 1 mm. = 8-1y
up to the end of July and introduce the value 1 mm. = 6-82y on August 1.

In the case of V the scale value found on August 7, 1911, suggests a change, but this
is not confirmed by the observation 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. = 7-92y, was accepted as holding from February 1
up to the end. Prior to this 1 mm. = 7-61y 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 7-61y to 7-92y 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 8.
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It must not be supposed that the uncertainties we have observedin 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

EO

S' S Fie. 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 §’ 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 consequently 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 1’ 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’, 6 and ¢ being the inclinations of the resultant H
to OS” and OS respectively. Then we have

E’ = H sin6, 8’ = H cosb . .o . (2).
Corresponding small changes AH, 46, AE’ and 48’ are connected by the equations
AR’ = AH sin6 + H46 cosb, )

48" = AH cosf — H A6 sinb, - (3)
AH = AE’ sinb + A8 cosh, { - ) ' ' '
HA6 = AE' cost — AS sin@.j
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If H and 6 represent certain standard values, E’ and 8’ will represent corresponding
standard values, and 4H, 46, AE’ and 48’ will represent any not too large corresponding
departures from these standard values, :

The standard values accepted were

H = 4260y ; ¢ = 25° 20’, and hence 6 = 32° 56' ;.

these being very nearly the mean values given by all the absolute observations when
combined. Corresponding to these we have
E’' = 2316y, §' = 3575y.

As 0 — ¢ is constant, and so 46 = A¢, we have supposing ¢— — @ in circular measure,

E’ = 2316y + sinf (H — H) + H cosf (¢ — 4)),} . - ().
S’ = 3575y + cosf (H — H) — H sinf (¢ — &)

If at the time to which the above equations refer ¢ and s are the ordinates of the
E" and 8’ curves, E, and S, the base line values, and ¢,, ¢, the respective scale values,
then

E' =E,+ e, S =8,+ sc,.

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 8’ ordinates are
e, and s, a deflection experiment during which the mean values of the ordinates are
e; and s;, and finally a vibration experiment with mean ordinates e; and s;. Then the
appropriate mean values of the ordinates are '

=4 (a+ 2 +6); s =1 (s + 28+ s)
Suppose similarly ¢ and s’ to be the mean ordinates during the declination
observation on the same day. Then we have
E, + ec, = 2316y + sin6 (H — H) + H cosb (¢ — ),
E, 4- ¢'c. = 2816y + sinf (H' — H) + H cosb (¢’ — §).
Adding, and dividing by 2, we find
E,+c. (e+e’) = 2316y 4-sind {H—H—} (H-H)}+H cost {¢'—d-+1(¢p—¢')}.

What the absolute observations give directly is H and ¢’, while H — H’ and ¢— ¢
are derived from the curve measurements and the relations
H — H' =sinb ¢, (e — €') + cosb ¢, (s — §'),
H (¢ — ¢') = cosbc, (e — €') — sinb ¢, (s — 8').
Eventually we get
E, = 2316y + sin6 (H — H) + cost T (¢’ — §) — ¢, (e + ¢) .
-+ 2cos 20.c,(e—¢€)—3%sn20.c,(s—s) . (5),
and similarly we find
S, = 3575y + cosf (H — ﬁ) —sin6 H (¢" — $) —3ec (s+9)
— 3 sin20.c,(e —¢€)—3%cos20.c,(s—s') . (6).
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Taking 32° 56 for 0, and 4260y for H, we have

sinf@ = -544, cosf = 839, sin 20 = -913, cos 20 = -409,
H sin6 = -674 (180x60/7), H cosd = 1-040 (180 x 60 /x).

Subsequent to July, 1911, when ¢, and ¢, had the respective constant values 6-46y
and 6-82y, the working equations were with (¢'—¢) expressed in minutes of arc

E,= 2316y +0-544 (H—H)+1-040 (¢' — &) — 3-23 (e + ¢)
+1:32(e—e€)— 311 (s — &) . . . (6",

S, = 3575y 4 0-839 (H — H) — 0-674 (¢’ — @) — 295 (¢ — ¢
— 341 (s+s')—1-39(s — &) . . . (6').

In actual practice e represented the arithmetic mean of 8 curve measurements,
taken respectively at } and £ of the time interval answering to each of the vibration
experiments, and at §, 3, § and § of the time interval answering to the deflection
experiment ; while ¢’ represented the arithmetic mean of 2 curve measurements,
taken respectively at 1 and § of the time interval answering to the declination
observation, s like e was the mean of 8 curve measurements, and s’ like ¢’ the
mean of 2.

To determine the V base value, let e, s, v’ be corresponding mean ordinates of
the E’, 8’ and V curves answering to the mean time of the dip observation. Then
the values of B’ and S’ at the time of the observed dip are respectively E, + "¢, and
S, + s"¢,, and the corresponding value of H, viz. H”, is given by

=H + (B, + "¢, — E-’) sinf + (S, 4 s"¢, — -S") cosb,
where, as before, § = 32° 56’.
If T be the observed inclination
V=H"tanI =V, + ¢cp”,
where c, is the scale valué of the V curve, and V, the base line value. Thus finally
V,=H" tan I —¢0" . . . . . (7).

The mean ordinates e¢”, s”, v” each represented the arithmetic mean of
4 measurements answering to 4, 3, § and § of the interval occupied by the dip
observation.

Table 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 time 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 Individual Observations.

Tempera- Tempera-
Date. B8 V| Cuxe. Date. E | 8| W (é:fl:i.
grade). grade).
1911. y ¥ Y ° 1911. Y y y °
February 17 ...| 17562 | 2724 | 69521 | — 7-0 December 2 ...| 1741 | 2876 | 67864 | —17-0
» 23 ...{ 1713 | 2697 | 67696 | — 7-8 ” 9 ... 1740 | 2872 | 67964 | —156-9
”» 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
w20 ...| 1746 | 2759 | 68289 | —13-0
24 .| 1713 | 2747 | 67972 | —12-2 1912.
» 8l .| 1716 | 2769 | 68327 | —12-6 January b 1760 | 2880 | 67846 | —13-0
» 12 1711 | 2908 | 68010 | —12-6
April 11 ...| 1709 | 2708 | 68021 | —14-0 » 22 1782 | 2866 | 68003 | —11-b
» 1B ... 1714 | 2715 | 67712 | —15-0 » 30 1781 | 2876 | 68093 | —10-0
» 26 .| 1711 | 2675 | 68090 | —17-0
February b5 1753 | 2953 | 68045 | — 9-4
May 4.. .| 1732 | 2660 | 67753 | —18:-0 » 12 1760 | 2969 | 68013.| — 9-3
» 1l ...] 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*  ...1(1698)(2898)|(657356)| —115
» 7 .| 1767 | 2993 | 68023 | —11-9
June: 3 .| 1712 | 2713 | 68037 | —20-1 , 18 1764 | 2985 | 67925 | —13-3
w9 ...t 1718 | 2748 | 68174 | —20-0 » 24 1765 | 2996 | 67863 | —-13-9
, 16 ...} 1712 | 2740 | 67920 | —20-1 .
Lo 21 ... 1713 | 2741 | 68206 | —22-5 April 2 1724 | 2996 | 67611 | —14-2
» 29 . 1710 | 2747 | 68101 | —24-0
May 1. ...l 1717 | 2990 | 67785 | —17-0
July 6. ...| 1711 | 2807 | 68100 | —26-0 »  16.. ...| 1733 | 2999 | 68123 | —17-0
» 17, .| 1717 | 2768 | 67952 | —24-1 » 21 .| 1728 | 2995 | 67917 | —18-2
»  24.. .| 1745 | 2727 |(68604)| —24-8 » 29.. .| 1751 | 2983 | 67893 | —18-8
» 27, 11720 | 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
» 2L .| 1715 | 2980 | 68135 | —19-6
September 1 ...| 1754 | 2869 |(684156)| —256-5
” 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 | 680156 | —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 .1 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
”» 24 ...| 1736 | 2896 | 67839 | —18-0

* Value obtained for m on this day erratic.
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Section 10.—Some general considerations may help to explain the choice actually
made of base line values. Consider the simplest possible case—much 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 magnetographs.

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. = 10-5y where H = 0-36 C.G.S.
= 525y ,, ,, =0-18
= 13y ,, , =0-045

Under ordinary European conditions 1 mm. = 525y is a convenient enough scale
value. But 1 mm. = 10°5y is too low a sensitiveness for the comparatively quiet
equatorial regions, where H approaches 0°36 ; while 1 mm. = 1°3y is much too high
a sensitiveness for polar regions, where a low value of H is accompanied by an excep-
tional amount of magnetic 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 time. 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 S 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 1’ 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 seems 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 must be assigned to each day, if not to shorter
intervals of time. If the differences between the base values derived from successive
absolute observations are all small—which implies a good magnetograph and first-rate
observing under favourable conditions—daily base values can be obtained either by
arithmetical or graphical processes, which if not reliable to 1y 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 §',
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
midsummer 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, (b,_, -+ b, -+ b, 1 1)/3, where b, represents the mean value obtained
from the observations of the month # 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 November, 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 somewhat 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’, 8" 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 mm.,
representing 32y in the E’ ordinate. It was decided to accept this as a measure of the
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 VIs.

TaBLE VIB.—Base Line Values Accepted.

E. 8. V.

1911. y 1911. y 1911. y
February 10-28 1732 February 10-28 2710 February 10- 28 68558
March 1-31 ... .o 1727 March 1-31 ... ... 2756 March 1-31 68212
April 1-30 ... ... 1726 April 1-30 ... 2690 April 1-16 ... ... 67803

» 17-30 ... ... 68218
May 1-31 ... 1718 May 1-24 .. .. 2690 May 1-3 .. ... 67829
5 25-31 ... 2677 ,» 431 ... ... 67871
June 1-30 ... ..o 1721 June 1-5 (13 h.) .. 2682 June 1-2 ... 68057
» 5 (15h.)-30 e 2147 » 320 .. ... 68110
July 1-31 1726 July 1-3 .. 2747 July 1-3 ... 68070
L 410 ... .. 2159 . 481 .. .. 68055

11418 ... ... 2767

» 19-31 .. ... 2755
August... .. 1738 August ... ... 2873 August ... 68055
September ... .. 1141 September ... ... 2873 September ... ... 68055
October .. oo 1742 October - ... 2873 October . ... 68055
November ... oo 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(17h)-31.. 2882

February .. 1762 February 1-26 .. 2971 February ... ... 68009
” 27-29 oo 2992

March 1-26 (10h.) ... 1761 March ... ... 2992 March ... ... 67891

» 26 (12h.)-31 ... 1730 '

April ... ... 1730 April ... .. 2992 April ... ... 67891

May ... ... 1735 May .. .. 2992 May ... ... 67891

June ... .. 1732 June 1-6 (8 h.) .. 2992 June ... ... 67956
, T(12h)-30 ... 2980

Juy ... . .. ... 1733 July ... ... 2980 July ... ... 67956

August - .. 1724 August e ... 2980 August - ... 67956

September ... ... 1733 September ... ... 2980 September ... ... 67956

October ... 1741 October 1-13 (11 h.) ... 2980 October ... 67956
» 13 (12h.)-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 Oh. 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 1y 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 » 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 immediate 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 dealt 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 succession 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 8’ curves, but on other occasions the magnet, judging by the oscillatory
nature of the curve both before and after the discontinuity, appeared to be 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 4+ 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 -+ 12y between the first and second
dislocations, b + 20y between the second and third, and b + 8y after the last disloca-
tion. Referring to Table VIa, we thus get the following eight values for 4 :——

From the last four observations of June, 2748y, 2740y, 2741y and 2747y ;

from the four observations of July, 2795y, 2738y, 2719y and 2747y.

The mean of the eight values 2747y was thus accepted for the value of . This
gives 2759y as applicable between the first and second dislocation, and so on.

On January 1, 1912, there were some 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’ are 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 neutralised 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 omitted 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 1’ in dip meant a change of
300y in V, differences of the order of 30y 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 mirror 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. 415y,
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
5y in V, it is obvious that no V base 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 miles. 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 maghetic element 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 1} 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.
Under 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
midsummer, the season when the Antarctic disturbances 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 @ priors 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 T, and T, 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—

, H./H, = (T4/T)? . . . S . (8),
where H, and H,, 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 1° C. Again, the same suspension was used through-
out. Thus any uncertainties arising from temperature or torsion should be trifling.

The result assumes of course that there was no sensible permanent change of
moment 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 H,/H, 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 H, and H, is not large. Still it is not small enough, considering
the proximity 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. difference 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 immediately 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 magnetic observations. But the complete H observation consists
of both a vibration and a deflection. The former gives mH’, where H' is the value of
H at the position occupied by the collimator magnet during the vibration, while the
latter gives m/H"’, where H"' is the value of H 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 5} 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 between H’ and H"”” could hardly exceed
1 or 2 per cent. of H. Assuming no magnetic material 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 assuming that exactly the same value would have
been obtained for H,/H, if the comparison had involved the ordinary complete observa-
tions, including both vibrations and deflections. 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, but there were complete 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 observations 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 H and D. In the case, however, of H the ice observations supply
~ the value not of H but of mH. To utilise them 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 :—

Date H from observations H calculated curve value
are. on sea ice. from the curves. value on ice.
Y )4

December 27, 1911 4115 4293 1-043
January 2, 1912 ... . 4081 : 4274 1-047
» 11,1912 ... 4124 4305 1-044
»» 16, 1912 ... 4104 4282.. 1-043
s 23,1912 ... 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 log,, mH were 1-61518
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 H; is the value of H at

the ice station.
Our previous result was equivalent to

(H' H")}/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 H, and H; it is fairest
to accept for H,/H; the value 1-049. Doing so, we find '

H,/H, = (H,/H,) (H,/H,) = 0-951 X 1-049 = 0-998.

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

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
8o, 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
azimuth 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. S8impson measured the angle subtended 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 from the curves—-the
latter really referring of course to the absolute hut, the observations at which served
to determine the base values :—

Date. D from observations D calculated D on ice
: on sea ice. from the curves. — D in hut.

December 27, 1911 26 12 24 50 +82
January 2, 1912 ... 26 59 25 55 + 4
s 11, 1912 24 20 24 25 — b

s 16, 1912 ... 25 32 25 35 — 3

»s 23,1912 ... 26 34 24 58 -+36

»s 23,1912 ... 24 15 25 40 —5b
Means ... 25 24 25 14 +10

The calculated values were deduced from the measured values of E’ and S’ by means
of‘the formula

D = tan* (E'/S’) — 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 observations were taken on December 23 and 29, and
January 5,12, 22 and 30. The mean time 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 all days for
December and January, we find the declination counted from South 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 immedi-
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. Station on Sea Ice.
Date. Mean Time. Dip. Date. Mean Time. Dip.
h. m. e h. m. e
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 8 34 13
. 12,1912 ...| 15 18 86 21 24 ’ 16,1912 ...} 15 3 8 33 10
” 22,1912 ...| 14 56 86 23 18 s 23,1912 ...| 16 36 8 32 5b
» 30, 1912 15 36 8 23 30
Mean . 15 21 86 23 26 Mean ..] 16 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
comparatively 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. From 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 (86° 33’ 12”) | tan (86° 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 normal, 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.

As to the cave we have clear evidence that at one point at least H was practically
undisturbed. There is also some evidence pointing to the absence of any serious
disturbance in D. Dr. Simpson’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. (v.e., 31° East of South). A landing compass was used in this case to get
the E.W. line with this value of the declination.” We know that the astronomical
meridian thus laid down was subsequently 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° East of South as supposed, had been only 234°. As the mean observed value in the
hut was 251°, we have thus considerable reason for believing that the values of D in
the hut and cave did not differ very much. As the DD disturbance in the hut was
certainly small, this would imply that there was not much disturbance of D in
the cave.

Section 13.—The 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 source 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. The 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 reasonable 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 midwinter 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 AE, 4S8, 4V at any given instant 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 6, and 6, denote the inclinations to astronomical south of the
magnetic meridians in the hut and the cave respectively. We have*

in the hut 4H, = 48 cosf, 4 4K sin6,,

4D, = (— 48 sinb, -+ AE cosb;) [Hy;
in the cave AH, = A48 cosb, + AE siné,,

4D, = (— 4S8 sinb, + 4E cosb,) [H..

In the present case we have no conclusive evidence that 6, and 6, 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
6, and 6, identical, we have at any the same instant .

4D,/ AD, = H,[H, = 0-95.

In the calculations made here of the D diurnal inequality we have assigned to H
the values given by the absolute observations, ¢.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 ¢ 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 thatin 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 H and D the results of the careful observations
made in the hut. Tt is easy for any one 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

41 = (1/2) sin 21 (4V/V — 4H/H)
connecting the inequality in I with those in V and H. If we assign to I for the hut

and sea ice 86° 23" and 86° 33’, the values to the nearest minute obtained in the com-
parison of the two sites, and employ the suffixes & and ¢ as before, we find

AL, = -0630 (4V,/V, — 4H,/H,),
AI; = +0601 (AV,‘/V‘ - /AE/E).

But, as we have already seen, V, and V, 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 4V,and 4V, as well asof 4H, and 4H,.
Also we found

H,/H; = 1+05 approximately,
while also 630/601 = 1-05.

Thus the terms depending upon H in 4I, and 4I; are closely identical. Any
difference between A4I, and A4I; must come in almost entirely through V, and
represent only about 5 per cent. of the contribution from V. Now V/H was about
16, while the average hourly value of AH was largely in excess of that of 4V. 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 T1V.

RESULTS OF CURVE 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) {3 (0 + 24)
-+ 1. . -+ 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. E’ s’ E S D H v
1911. 14 Y 14 4 o 4 14
February e .| 2271 3490 1789 3760 25 27-0 4164 68591
March ... . .| 2263 3530 1776 3798 25 4-1 4193 68322
April ... ...| 2276 3519 1791 3789 25 177 4191 68371
May ... 2277 3523 1791 3793 25 16-6 4195 68019
June ... .- . ...| 2276 3539 1788 3809 25 8-9 4208 68211
July .. .| 2281 3540 1793 3811 25 11-9 4211 68177
August ... . 2291 3540 1803 3812 25 18-7 4217 68156
September e e .| . 2295 3545 1806 3817 25 19-2 4223 68162
QOctober e .. .| 2294 3549 1805 3821 25 16-7 4226 68167
November . .. ...| 2288 3550 1799 3821 25 12-2 4223 68099
December .. e ...l 2296 3562 1805 3834 256 12-4 4238 68082
1912.

January .. .- w2297 3562 1806 3835 25 13-0 4238 68059
February v e ...| 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 37 4249 68125
September .. . o 2304 3581 1810 3854 25 95 4258 68121
Octoher .. e ...| 2307 3570 1815 3844 25 16-3 4250 68104
November e . ...| 2305 3566 1813 3840 25 16-8 4246 68099
Mean e . .. 2291 3552 1801 3824 25 136 4227 68146
Midwinter, 1911 e .. 2281 3536 1794 3806 25 14-0 4208 68141
. 1912 . 2297 3573 1804 3845 25 8-5 4248 | 68102
Equinox, 1911 cee .. 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 of E', 8’ and V.
These appear in Table VIIa along with the corresponding calculated values of E, S, D
and H.

The means in the sixth line from the foot of Table VIIA 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 VIIa. The mid-
winter results in Table VIIa and the uncorrected midwinter results in Table IV both
show a considerable decline of D in 1912. But the corrected midwinter 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 seems
to be otherwise, the following being the values obtained for the year’s increase from
1911 to 1912. |

From Tabje IV.
From
- Table VIIa.
; Uncorrected values. Corrected values.
I Y Y
Midwinter data ... -4+ 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 VIIo 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 :-—

D. H.
midwinter value .. 27°23'-5 6682y
midsummer value .. 27° 9'-7 6436y

Excess of midwinter value .. 13'-8 246y

These values were 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 @ priors reason to expect any

* National Antarctic Expedition, 1501-04. 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 ig, 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 making 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 important result, stronoly suggestive of an annual
oscillation in the position of the S. magnetic pole.”

If we compare the midsummer values in Tables IV and VIIa with the corresponding
means from the midwinter 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 follows :—

From Table IV. From Table VIIa.
Sea,son.. Uncorrected values. Correoted values,
D H
D H D H
- ) [e] ’ y o !’ y o ’ y
Midwinter . 26 17-1 4244 25  4-7 4225 -15 11-3 4228
Midsummer ...| 26 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 isin each case the opposite of that observed in 1902-03. Also the differences
between midwinter and midsummer derived from Table VIIa—to which most weight
would naturally be attached—are too small to rely on, and they might well be accidental.
We thus seem driven to the conclusion that the large difference between midwinter
and midsummer 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 material in the immediate neighbourhood of the
absolute hut.

Returning to our discussion of Tables IV and VIIA 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 fall in I would be consistent with a
movement of the S. magnetic pole away from Cape Evans, i.c., in a N.W. direction.

The monthly and seasonal values in Table VIIa agree in indicating a rise in progress
in both B’ and &', 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 month, 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 180° 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, midwinter, equinox and midsummer.
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 means
over the all-day mean appears in Table VIIB for E’, 8" and V. In the case of the 10

TaBLe VIIB.—Algebraic Excess of Mean Value from Quiet and Disturbed Days over
All Day Mean.

E’ S’ ‘ \'l
Season.

5¢q 10 ¢ 5d 5q 10 ¢ 5d l 5q l 10¢q 5d

. Y 7 14 Y ' 14 7 e Y

Midwinter, 1911 ... .| +3 41 —3 +1 -2 0 —10 | -8 +10

» 1912 ... 442 +2 —4 —2 —2 -+3 -1 | —4 +16

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

s 1912 ... US| +2 —6 0 —1 -+2 — 2 ) =2 + 6

Midsummer, 1911-12 ... +7 0 -1 —6 —4 —4 — b5 | —1 + 8
Mean... .. .. 430 +1:7|—54|—2-0|—2-0| +1:6 | — b-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 quiet and five disturbed days they are means from the
seasonal values. Except in the last line the results are given only to the nearest 1y.

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 largeér in V and §’, but the
smaller in F'. '

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 :—

— ‘ E S D H

. . . ' Y Y 14 L4
5 international quiet days ... 4 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, 1y represents 0'-8 in angular measure. Here the 4 sign in D
means a larger angle between the needle and astronomical 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 H is the element in which the difference is usually 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 minimum without bringing any one 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 enable 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 in action until the end
of November, 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 complete 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 numbered 10 in" each month except November, 1912, when only six
comparatively quiet days were available. Few of these selected days, except those
occurring near midwinter, would have been considered quiet at a European station.

46



They represented simply the 10 days in each month which appeared most free from
irregular oscillations. In most months some difficulty was experienced in filling the
last two or three places in the quiet day list, several days appearing much on a par.
In such a case preference was given to days immediately 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 VIIIA contains a complete list of what we may call for brevity the monthly
“ 10 quieter days.” These, it should be remembered, are days of 180° K. longitude,
i.e., periods of 24 hours commencing 12 hours earlier than the Greenwich day, bearing
the same number. In their selection no attention was paid to anything but the amount
- of disturbance prevailing in the Antarctic.

TasLe VIIIA.—The 10 Quieter Days a Month (of 180° E.).

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 17 | 18 19 | 25 | 26 | 27 | 30
July ... 4 6 14 15 | 16 | 21 23 | 24 | 2 | 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 10 | 16 | 28 | 29 | 30 | 31
November 2 7 8 11 18 19 | 22 | 25 | 21 | 29
December 5 8 9 10 | 16 | 22 | 24 | 25 | 29 | 30

1912.
January 4 7 9 11 16 21 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 1 12 13 | 14 15 19 | 22 | 24 | %
August ... 2 4 5 8 9 12 13 16 | 20 | 2
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 51 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 ““ 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. International quiet days. 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 13 22 24 7 14 15 16 31
June ... 3 17 18 19 25 1 9 13 14 21
July ... .. 13 14 15 25% | 26 1 17 19 28 29
August ... T 8 10 11 29 19 23 24 25 26
September 3 4* | 14 25 26 16 20 21 22 23
October... 1 b 15 23 28 10 11 17 18 19
November 1 7 18* | 22 24 8 9 13 14 15
December 2 9 21 22 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 6 10 15 16
May 1 16 22 23 26 b 6 12 13 14
June 4% | 13*% | 18% | 19 20 1 8 9 10 28
July 10 1 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 VIIIs, 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 the 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 and 1912, so that none of the selected
disturbed days in Table VIIIB can claim to be officially selected.

In the meantime it must be taken for granted that the international “ character ’
figures—based on returns from cbservatories 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. A

The non-cyclic change, t.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 must regard
as largely accidental. It may represent a real secular change. If, for instance, H is
increasing at the rate of 120y in a year, the rise in the average month will be 10y, and
the corresponding n.c. change in the average day -+ 0-3y. It may arise, however,
from an instrumental drift affecting the base line value. This can be distinguished from
a true secular change, or annual inequality, only with the aid of the absolute observations.

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 usually eliminated in the way that has been adopted here, which

assumes the change to have come in at a uniform rate throughout the 24 hours. This
TaBLE IXa.—Non-cyclic Changes.
E S’
Month.
All days. Quiet days. All days. Quiet days. All days. Quiet days.
1911. Y Y Y e Y Y
February ... —2-8 — 1-7 —3-6 —11-0 —0-8 — 55
March —0-6 + 5-0 +1-8 — 71 —0-1 4+ 4-3
April +4-0-2 — 4-1 +0-4 + 45 +3-5 - 1-6
May +0-8 + 26 —43 — 9.7 +0-9 4 0-9
June —0-1 — 1-1 " 415 + 0-4 +0-5 — 11
July —0-5 -~ 1-3 +0-5 116 —0-3 71 |
August 00 | 4 1-9 —0-8 | +0-3 ~06 | — 04
September +0-3 + 12 —1-3 + 5-2 -+0-4 — 5-2
October ... —~0-1 + 2.9 —0-1 — 65 404 + 07
November —1-0 + 77 +1-0 + 4-4 -+0-5 —12-9
December —0-6 + 36 +40-1 — 49 -40-8 -+ 7.7
1912.
January ... —-0-1 +13-4 +0-5 — 01 —0-7 —2:4
February ... 406 | — 01 —55 | + 31 —0-3 57
March +0-2 + 10 +1-4 — 0-8 -+0-8 —0-5
April -+0°3 - 179 —1-3 + 19 +1-3 —7-4
May —0-5 + 29 +0-7 +1-9 +10 35
June +0-1 — 04 408 | + 24 +0-8 —0-9
July —0-3 + 17 1406 | + 20 402 —1-4
August ... +0-3 + 41 +0-6 1+ 0-8 —1-8 _33
September —0-1 + 0-3 —0-2 + 43 | 405 —1-7
October .. —0-2 + 03 414 | —1-0 —2.7 —3-3
November —7-6 + 01 +6-3 + 4-2 —9-9 —1-7
Means from 21 months ...| —0-2 + 15 —0-4 — 04 +0-2 —2-2
Number of months + ... 8 15 14 14 13 ]
» 2 — 13 7 8 8 9 17
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obviously should eliminate a uniform secular change or instrumental 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 play a larger part than usual.

The fluctuation in the magnitude and even in the sign of the results for consecutive
months in Table IXa suggests that accidental causes play a 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 B’ 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 mean 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 midsummer.

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

TasLe IXB.—Mean Values of Non-cyclic- Change.

E’ s’ A\’
Season. ) -
5q ‘qu a 6d 5¢q ‘IOq{ a I 5d 5q ‘IOq a 5d

Midwinter—

1911 ...{+10-0 (405 0-0 |—12-0 {—8-9 (—1-8 |—0-8 |413:0 |—O0-5 |—1-9 |4+0-1 [}8-4

1912 e+ 0-2 {4+2-1 {—0O-1 |4 6-1 {40-7 (4-1-8 {(+0-T (— 3-4 |--1-0 |—2-3 |4-0-2 |+3 7
Equinox—

1911 |+ 77412} 0.0 |{4+10-6 |—3-5 {—1-0 |4+0-2 [+ 7-3 [—1-2 {40°3 |+1-0 {488

1912 |4 1-4|—1-6| 00|+ 0-2 |{—1-5 [+1-1 (+0-3 |+ 2-4 |—0-5 [—3-2 | 0-0 [+2-7
Midsummer—

1911-12 ...|4+ 30 {4+-6-2 {—0-3 |— 2:1 |—~0-2 |4+0-6 [—-1-0 |4+ 3-6 |+1-0 |—3-3 |+0-1 |—4-2

Antarctic curves. These appear respectively under the headings a (for all) and 104.
The figures appearing for any element under the several headings 5¢, 109, @ and 5d
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 magnetic character of the day, we should expect to see a systematic
change in the figure as we pass from the column headed 5 ¢ to that headed 5 d.
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In the case of E’ the figures from the two years 1911 and 1912 and from the three
seasons differ so much that accident must be allowed to play a 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¢ 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
5 ¢ days and positive for the 5d days, and the means 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 ¢ days and
a positive value for the 5 d days, and the respective means 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, XT, XTI and XIII, pp. 68 to 71, give diurnal inequalities for E’,
t.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 from 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), s.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, z.c.,
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
numerical 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. We
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 normal consequences of an approach to the period of sunspot minimum.

Section 18.—The diurnal variations for E’, 8’ and V formed the material from
which the other diurnal inequalities were calculated. Emploving 4AE to denote the
departure of E (the component to Astronomical East) at any hour from the mean value
for the day, and similarly for the other elements, we have

AR == AE cos (7°36") —- 48" sin (7° 36') = 0-991 AE" — 0-132 48’ . (9),
A8 == A8 cos (7° 36") + AE sin (7° 36") = 0-991 45" 4 0-132 4AE’ .  (10).

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

4D = (1/H){ 48’ sin (32° 56') — AR cos (32° 56')y . .  (11),
AH = A8 cos (32° 56) + AR sin (32°56") . . (12).
*1In (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 VIIIA increases.
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Accepting -0426 C.G.S. as a sufficiently approximate value for H (in the hut).
we thence find— 4D being in minutes of arc, 4H, 4E" and 48’ having 1y for unit—

AD =0-439 A8 —0-677 AR’ . . . . (1),
AH = 0-839 48" 4 0-544 AE’ . . . . (12).
If I denote the inclination, and T total force, we have
Al =% sin21(4V/V—4H/H) . . . . (13),
AT =cos I AH -Fsin 1 4V . . . . (14).
The corresponding numerical relations, with 4] in minutes of arc, are
Al =0-00815 AV —0-0503 AH . . . . (13),
AT = 0-063 4H -}- 0-998 AV .. . . (14).

The inequalities calculated for K, S, D, H, I and T refer only to the mean results
from 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 month (20 days in the normal combined
month of the two years) as well as for all complete days.

The time employed in these tables is the same as for the previous tables, i.e., refers
to 180° E. Thus 12 h., for instance, anticipates true noon by some 54 minutes.

Section 19.—The enormous difference disclosed by the tables already enumerated
between the all day and quieter day inequalities suggested an inter-comparison 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 from De Bilt. ¢ Character” figures from 0-0 to 2-0 are there assigned
to individual days, 0-0 representing the quietest and 2-0 the most disturbed of
conditions. Five of the quietest days of each month are selected at De Bilt as
representative quiet days, and these have been employed 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 completetraces. In the former case the days of next lowest *“ character ”
figure in the De Bilt list, and in the latter case the days of next highest *“ character ”
figure were substituted, as it seemed desirable to have in each month 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 employed in Tables XXXIV and XXXV were Greenwich
days, and G.M.T. has accordingly been employed in these tables. In any comparison
with the other inequalities 1h. G.M.T. must be taken as equivalent to 13h. of the
time of 180° 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 B, S, D, I, H and 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 the 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 diagrams being drawn from a commeon
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, ¢.e., is the time of 180° E.

The diurnal inequalities from the five international quiet days and the five days
of largest international ¢ 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 diagrams having a common origin.
The four upper pairs of diagrams 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
Plates XII, XIIT and XIV is G.M.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’, 8’ 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 S8’ instrument would be without effect on the E’ and V inequalities,
and would simply introduce a 20 per cent. error into each hourly value in Tables XIV
to XVII, leaving the times of maximum 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 4S'. '

As already stated, the S’ magnetograph showed some changes 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 ascertained in either
case. K’ 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 partly due to an all round enhancement of
the diurnal inequality forces.

If we compare corresponding months 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 sunspot 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
~ AD. 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 8’ 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 XXT 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 minimum 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 tables which give the combined results 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 180° 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 from irregularities there is clearly,
the whole year round, only a single maximum and minimum, and the hours of their -
occurrence show little if 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.
The 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 summer would at the ordinary station
have been considered somewhat highly disturbed.

The inequality in S shows the same general features as that in E. There is only one
maximum and minimum. 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
maximum to the early morning minimum is usually more rapid than the rise to the
maximum, 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 similar 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 regards amplitude between all days and
quieter days is specially conspicuousin 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
1% 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 +- sign means movement of the N-end of the
magnet towards West, and the maximum occurring about 11 h.—.e., near 10 a.m.
L.M.T.—represents the extreme westerly position. The turning points in D occur
usually from one to two hours later than those in E. The change in amplitude 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 inequality 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
enormous. 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 months 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 determined by that in H. The times of occurrence of
the maximum and minimum 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 maximum
occurring about 5 h. (4 a.m. L.M.T.) and the minimum about 16 h. The rates of change
in passing from the maximum to the minimum and from the minimum 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 smallest movements. The
all day January and November ranges in Table XX VIII do not show the marked excess
over those for March and April which presented itself in the case of E, S and 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 1’ 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 would 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 H 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 elements 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 18 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 day 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 minimum 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 prior: 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 smaller, 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 irregularities, especially in the E
curves about 18 h.-22 h. G.M.T.—.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 similarity of type in the inequalities. The ratio is greatest in winter
and least in summer. 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 prominent
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 comparatively 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 system 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 similar 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
E and 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, according to the time of 180° E.

The line from the origin to any hour mark indicates the direction and magnitude
at that hour of the component 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 may be 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 number 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
inall cases visibly larger than that 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 from 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 diagrams in the two vertical 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 vertical 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 similar 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 X1V gives vector 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.M.T. 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 common origin of the disturbed and quiet day
diagrams. Parts of the quiet day diagrams could not be shown 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 basé stations of the Antarctic Expeditions of 190204 and 1911-12
were only some 16 miles apart, their accepted positions being :—

190204 .. 77°51" S. 166° 45" E.
1911-12 .. 77° 38" S. 166° 24" E.

Two stations as adjacent as this in temperate 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 should 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 1§ miles 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 magnetographs 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 may have been very sensibly greater or very sensibly less than 5°, but
in any case it would seem to have been comparatlvely trifing 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. Thus, unless the disturbance in the
absolute hut was due to building material or some purely superﬁclal rock, we must
suppose that the magnetograph hut was also seriously disturbed. While the same
magnetograph was used in the two expeditions, the elements recorded were different,
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In 190204, 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 absolute 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 different from that in the absolute hut, the
equivalent in force of 1’ 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 6650y 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 from 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 summer. The sensitiveness of the V instrument
was not excessive, but it possessed a very large temperature 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, from the record going off the sheet.
When this happened, the V trace could 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 starting at
midnight. '

The outcome of these instrumental weaknesses was that the days used for deducing
D, H and V inequalities was not the same, the number of days 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 summer, 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 from 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 from
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 same cannot be expected of the
derived inequalities including those for I, S and E, especially 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 from H remaining unaltered, the entire character of the
inequality might be altered.

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

Comparing 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 those 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 14h. 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 ID, 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 retardatlon
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, with 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 midsummer, 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 H probably approached much
nearer that of the quieter day than that of the all-day D inequality. The ranges of
these 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 imagnetic hut by that for the ice
station, we should reduce the major axis of the midsummer vector diagram roughly
'in the ratio (3) X (§) :1,or1:2. 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.K. is less elliptical thanthat
for midsummer, 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 exactly 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 from 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.
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 midsummer.

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

wm Year and Equinox,

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

n Wainter,

in D, range from all days 1902-03 approximately equal range from all days 1911-12;
in D, range from quieter days 1902-03 distinctly greater than range from 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 from 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 from quieter days 1911-12.

The previous remarks 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 more on D than on H,
while S depends more 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 much 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 marked than in the case of the H 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 all 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 H and V.
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TaBLE X.—Diurnal Inequality in E’ in

7
2
4
0
6
2 .
8
9
3
1
6

N

F+ |+t

g | ETRQIQQPQARPLET WO PHODDHQ
5 | *YIRISF2IRBE IR/FITIAFIDR
EEEEEEEEE RN
& QO HFNIDRWm HE- D HOOHODONDO DD
= ~UITFS[[IBIES SHIRIIZ[/ESK
P rrrertl i rreirril
= VQPROBRERHDO TOH QA QRN P
)= ABBEEI[NBI8A Mmmmmwm%%M%
L rrrrril frrrrrrrrl
) O O M= — M b= - O NDOD O — O D
4 1 e iy En TRaseteeneon
> 7ﬂ%®%N%ﬂ%mmw %m%%mwmwmm&
Frlrrrrrrr Frrtriterrin
. e HHO DN =00 IO DO
g | WmooPTnoee QO YRR H0RC
@ PRSIV IRDTE SER|TENISSES
rrrrrrerri Tt
. L O e OGN HANNO HOm MM O©~M
& | emmegexacT Q@i @ e
2] 23832584938 2IFRII02RER
vl TPl r e
. OHDMCI DO MW M= D WD WWD DDV OD
S| IPPRALPRDTT RWADRDLPQVWLT
© *EBRBJEINIBIK SNNZIZDBEFFS
Frrrrirrvn HEENEREEEEE
. HHEWr—~ O=-WEN DO =10 HO M IO W
& | IPAROTRAPRT T RmeToRwRd
o IRKIRBECIFS JIFIKTOODEIFS
Pt rrrrr Frrrrrrrrtn

: NDPHDPHQ DD QCPPPPHEDPEFOAQ
- A HO MO DM IO WD~ €2 O wH G 00 1O O © b= © <H
[ [~ IR e e R s — — = -] — —
LT rrri il
; QO HNDEILS =IO CIIO B 010 r= 00 10 ) w1 O
- A~ O <H © o) <H OY 6T 1D 4D CONVIDNOAHFN —~ S
— —— — - r— —
plrrrrlrrt L
A H © 00 i i b= O (IO D €00 DO IO 0N DI
“ _AH A D~ FH =N NDOON 2643124012w
v+ RN
: QUGG LT = H 00 2010 B F QUL FEI O O H
< A H IO NI O O b~ D DONNOOONOM D

TasLe XI.—Diurnal Inequality in E’ for the 12 Months,
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Individual Months from all Complete Days.

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

A 4 14 4 Y 4 4 4 4 4 4 4 4 4
—34-5 |=18-7 |+10-5 [+50-3 |4+56-2 [4+60-5 (4-73-1 |4-81-3 +76-4 |4-74-0 |+52-1 [4-30-6 | 166-4 | 4878
—266 |— 7-4 |[+12-2 |+28-7 |+49-7 |4+57-6 |+65-8 |463-4 |455-4 |+43-3 |4-32-2 |4+25-8 | 122-4 | 36:52
—24-9 [— 9:3 [+ 7-7 |4+29-5 4446 (450-8 |4-55-4 |+55-5 [4-43:9 |4+-34-6 |+26-6 (+17-1 | 104-5 | 30-60
—12:6 |— 84 |+ 3-7 |4+14:7 [4-26-6 |1+-38-8 |4-35-3 +39-8 |1+-34-4 |420-5 |+15-2 (+11-2 | 72-0 | 20-52
—11-2 |— 5-2 |+ 24 (+14-0 |+24-1 {4+24-4 [4-36-2 [4+30-9 |4+22-5 {4183 |4-10-7 |+ 5-6 | 59-7 | 15-73
—19-2 [— 6:1 |— 1:0 [411-7 [4+19-5 |+24-3 |+37-7 [+35-9 |4+34-0 |4-28-9 |+10-2 |+ 9-2 | 615 | 18-05
—12:9 |— 7-8 |+ 3:2 {+17-5 |4-20-9 |4-33-5 |+37-9 |4-34-4 |4+33-5 |+20-9 |+125 |+ 2:5 | 68-4 | 18:23
—18:0 |— 3-0 |+12-7 |424:6 |{42-2 |}-38-3 |4-39-9 |+35-5 [+30-6 |+30-0 |+-16-1 [+ 3-0 | 79-3 | 22-85
—12:0 |+ 3-6 |4+14-8 |+25-9 |+-43-4 {1499 |}-48-8 |445-2 |+36-5 |+27-6 |4+-16-4 |+ 7-9 | 92-4 | 26-65
—27-3 |+ 2-1 [+20-4 [+37-4 [4+48-1 |458-9 |455-9 (4481 [+39-7 |+37-0 [+25-0 |4-13-5 | 124-7 | 3279
—29-5 |—17-3 |+ 1-2 |+14-5 |+36-2 |{-42-8 |4-47-3 [4+49-6 |+48-1 |4+41-8 |+21-9 |+14-3 | 94-7 | 27-40
—28-1 |—14-7 |+11-6 |+26-6 |440-8 |+43-0 |+-47-5 [4+37-8 (4-30-3 |+28:2 |+25-1 |4-19-7 | 107-6 | 26-55
—10-3 |— 1-4 [+13-1 |4+28'5 |4+34-9 |4+-35-3 |+41-5 |4-40-3 [4-36-3 |4-21-7 |4+-12-5 |+10-3 | 80-8 | 22-89
—16-5 (4 1-2 |+13-8 |+19-5 |+27-1 |+-31-8 |+36:4 (+30-0 |4+-29-1 |+23-3 |+13-1 [+ 6-8 | 66-4 | 19-66
— 67 |+ 4-1 }-11-0 |4-19-3 |+21-4 |+28-8 |+31-7 [427-3 |4+26-1 |+22:0 |+10-3 [+ 2-5 | 58-5 | 17-05
— 90 |— 60 |4 5-4 {4+12-4 |+19-6 |+21-3 |{4-21-8 |+21-4 |[416-5 [-+12-7 |+ 7-8 |+ 1-9 | 41-2 | 11-75
—57(—1:9 |4+ 0-1 |4 7-4 |+13-7 |+21-0 4244 {4215 [+-20-0 |+ 79 [+ 7-1 [+ 1-2 | 41-4]10-33
—10-3 |— 1-1 |4 3-2 |+11-6 |+15-0 |+17-4 |+21-2 {+22-0 |4+13-8 |+10-8 |+ 7-2 |+ 3-2 | 36-9 | 10-47
—13-8 |— 1-0 |+10-5 {+-23-1 |+-23-3 |+23-6 |+27-9 |+23-4 |[+18-1 |+15-4 +11-9 |4 5-8 | 53-1 | 15-57
—11-2 {— 19 |4 9-8 |+18-9 |4+27-0 |}+28-5 |+30-7 |+29-1 |4+-27-2 |4+20-0 |+10-4 |+ 2:6 | 67-6 | 17-01
—16-7 |— 2-7 |+15-7 |4+-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 |4 1-9 |4-28-6 |+-37-5 |4+-41-9 |+46-1 |+51-4 |443-2 |+32-1 [+20-9 |+ 6-3 | 96-7 | 25-85
3 Seasons and the Year from all Complete Days.

13 h. 14 h. 16 h. 17 h. l 18 h. l 19 h. 20 h. 21 h. 22 h. 23 h. 24 h. Range A.D.
4 14 14 4
—98.1 __1?4/.7 -l—l)l"ﬁ —{—223,-6 +42)’-8 +4§.0 _|..4?7).(, —|—3¥-8 +3K.3 +2§-2 —}-2)5J'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 |4+13-0 |424-1 |+38-4 |-444-7 |+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 |4 9-8 | 80-9 | 23-60
—10-8 (— 7-2 |4+ 45 [+13-6 [+23-1 |4+30-0 |+28-5 {+30-6 |+25-4 |+16-6 |+11-5 |4 6-6 | 53-7 | 16-12
— 84— 36 |4+ 1-3 [+10-7 |+18-9 |[+22-7 [+30-3 |+26-2 |+21-2 |+13-1 |+ 8-9 |4 3-4 | 48-8 | 13-03
—14:7 |— 3-6 |4+ 1-1 |4+11-7 |+17-3 |+20-8 |+29-5 |+29-0 [+23-9 |+19-8 |+ 8:7 |4 6-2 | 48-2| 14-20
—13-4 |— 4.4 [+ 69 [+20-3 [+22-1 |4+28-5 |4+-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 |4+-32-3 |4-28-9 |4+25-0 |+13-3 [+ 2-8 | 67-8 | 19-92
—14-3 |+ 05 [+15-2 [+27-6 [+41-1 |+45-3 |+42-8 [+41-8 |+34-0 |4-24-7 |+14-2 [+ 7-6 | 82-4 | 2467
—26-3 |— 7-9 |+11-1 |4+33-0 [+42-8 |4+50-4 |+51-0 (4+49-7 |-+41-5 |+34-6 |+22-9 [+ 9-9 | 101-8 | 28-98
~29-5 |—17-3 {4 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 |4 8-2 [+22-3 |+-32-8 |4-37-4 |[+41-4 |+39-6 |+34-4 [+27-6 |+17-7 |410-1  76-1 | 22-89
—11-8 |— 4-7 [+ 3-5 |4+14-1 |4+20-4 |+25-5 |+30-3 [+28-7 |+24-1 [+16-9 |4+10-3 |+ 5-1 | 52-1 | 15-04
—16-6 (— 1-9 (+12-2 [4+24-5 |+36-8 |4+40-8 |+43-2 |+40-6 |+35-1 [+27-8 |417-1 |4 9-1 | 80-4 | 24-04
—26-6 |—12-5 (4 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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TaBre XII.—Diurnal Inequality in E’ in Individual
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Tasre XIII.—Diurnal Inequality in E’ for the 12 Months,
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Months from 10 Quieter Days a Month.
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3 Seasons and the Year from 10 Quieter Days a Month.
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TaBLe XIV.—Diurnal Inequality in 8’ in
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TaBLE XV.—Diurnal Inequality in §” for the 12 Months,
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Individual Months from all Complete Days.

13h, | 14h. | 15h | 186h | 17h. | 18h | 19h 22h, | 23h | 24h | Range. | A.D.
14 14 7 4 4 Y V. 4 4 Y 4 14 14
+67-8 {489-9 [+88-4 (491-3 |4-58-7 (4306 +13-4 |+ 3-4 —30-1 |—38-1 |—47-2 | 162-5 | 46-42
+49-8 |+64-1 |458-6 |+56-1 |458-9 4-37-1 |+11-6 |— 7-1 —37-3 |—44-9 |—54-4 | 118-5 | 36-73
4490 |+59-8 (+66-6 |464-0 (+42-7 |438-9 |+ 8-7 |— 8-4 —31-7 |—50-6 |—57-3 | 132-9 | 37-00
+26-8 |434-0 (+40-7 |+30-8 |+23-3 |421-2 +12:6 |— 1-7 —16-5 |—21-7 |—25-8 | 77-5| 2063
+29-4 {428-7 {+23-1 {4273 {428-8 {+14:3 |— 0-2 |— 3-9 —24-0 {—30-4 |—26-5 | 59-8 | 16-80
+33-0 |+31-6 |+38-9 |+29-0 |+26-9 [4+-21-8 |+ 5-8 4 0-6 —19-2 |—18-2 |—24-1 | 68-1 | 20-77
+925-7 |+34-9 |+30-1 |+25-3 |+22-8 |+14-5 |+ 3-8 |— 6-9 —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 —289 |—23-9 |—24-8 | 68-5 | 20-58
+40-2 |4-38-8 |4+37-0 |+35-3 |+29-5 |421-8 |+ 8-4 |— 55 —32-3 |—24-1 |—28-9 | 75-4 ) 23-61
+39-9 |4+42-5 [54-5 [+50-3 [+38-8 (-22:6 |4 7-8 2-2 —98-4 |—25-6 |—32-2 | 94-1 | 26-56
+41-5 |+49-2 |+56-4 |+50-3 |+46-0 |4-35-2 |+18-1 7-3 —20-3 |—23-9 |—29-8 | 99-0 | 29-28
+40-3 (+44-4 |{44-4 |+41-1 (431-3 |+25-5 |+11-8 62 |—1.4(—12-3 [—20-8 |—25-1| 83-8|25-15
+27-2 [4+38-2 |-+46-2 |+51-4 (+37-3 [+26-7 [4-18-0 60 |— 80 |—17-5 |—20-8 |—22-4 | 83-2 23-16
426-2 |+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 [+ 40 331 —14-2 |—22-3 |—22-4 |—21-5| 50-3 | 16-24
+23-6 |4+25-0 |+18-1 {4+14-7 |+11-9 |4 6-8 |— 0-8 9.5 |—12-5 |—13-3 |—19-1 |-22-5 | 47-5 | 11-93
+13-6 |+17-2 |+19-0 |417-9 |+14:3 [+10-2 |4 47 04 |— 64 |— 87 |-14-3|-16-1 | 36-4| 10-54
+16-4 |+19-0 |+17-1 |+14-8 |+17-3 |+12-0 |+ 3-1 2.6 |— 7-9 {—12-4 |—15-5 |—15-7 | 34-7 | 11-25
+922-0 |+26-7 |4+25-4 |+24-8 [+18:1 |+ 9:3 |— 05 7.0 |—-11:7 |—~17-2 |-19-0 |—18-4 | 45-7 | 14:35
+27-0 |+31-4 {+33-0 |1--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 |446-1 |+33-5 |+20-1 |- 89 |—10-2 |—12'5 |~26-3 |—26-6 |—27-2 | 78-4 2417

3 Seasons and the Year from all Complete Days.

13h. | 14h | 15h | 16h | 17h | 18h | 19h 22h. { 23h | 24h. | Range. | AD.

14 Y 'Y 14 04
+40-3 +431’.4 +47j1-4 +4’I- +3}1’-3 +2§-5 +1}1’-8 +7é-2 — i’ —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 [—34-8 | 121-3 | 34-68
+38-0 |4+49-3 |+44-6 |+41-2 |439-7 {4+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 |— 59 —19-0 |—27-0 |—36-5 |—39-4 | 89:3 | 26-61
+25-2 {4295 |+29-4 |+22-8 |+17-6 |4+14-0 |+ 5:9 |— 56 |— 87 |—14-9 (—20-4 |{—241 | 53-6 | 16-24
+21-5 [422-9 |+-21-1 |+22-6 |+21-6 [4+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 |4+16-9 |+ 4-4 |— 1-0 0-7 |—15-8 |—16-9 |—19-9 | 49-3 | 15-98
+23-9 [-+30-8 (+27-8 |4+25-1 |4+20-5 (+11-9 [ 1-6 (— 7-0 -1 |—18-0 [—20-4 |—19-2 | 51-3 | 15-98
+-97-7 |+33-4 |+-34-3 [4-3¢-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 |— 65 —928-2 [—22-0 (—24-9 | 66-1 | 21-48
+37-1 |+44-1 |+50-9 |+48-2 |+36-2 |+21-3 |4 8-4 |— 6-2 —27-4 [—26-1 |—29-7 | 85-2 | 25-37
+41-5 |14-49-2 |+56-4 |+50-3 |+46-0 |+35-2 (+18-1 [+ 73 —20-3 {—23-9 [—29-8 | 99-0 | 29-28
+33-3 |4-39-4 |+40-5 |+38-1 |4+30-5 |+20-7 |+ 75 |— 2-4 -21-5 |—24-7 [—27-4 | T1-1|22-26
+23-8 {427-1 |4+26-6 |[+23-1 [+20-4 |+13-8 |+ 35 |— 40 —16-3 [—20-0 [—21-1 | 48-2 | 15-46
+34-5 |-+40-5 |+40-3 |{+38-4 [4+30-7 {4206 |+ 5-6 |— 6-3 |- —27-2 [—<29-2 {—31-3 | 72-9 [ 23-54
+41-6 |4+50-5 |+54-8 |+52-8 |-440-4 |+27-7 |+13-5 |4 3-0 —91-0 |—25-1 |—29-8 | 94-6 | 28-37
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TaBLE XVII.—Diurnal Inequality in 8’ for the 12 Months,
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Individual Months from 10 Quieter Days a Month.

|
20 h. |

13 h. 14 h. 15 h. 16 h. 17 h. 18 h. 19 h. | 22 h. 23 h. 24 h. | Range. | A.D.
4 Y 14 Y 14 14 | Y Y 14 14 Y 4 Y 4
+53-6 |+65-8 |+68-9 [+79-0 |+43-3 |+20-6 |+16-8 |411-1 |—22-1 |—28-5 |—28-1 (--36-2 | 144-8 | 8768
+27-0 [+34-7 [+43-6 [+46-7 |+39-5 [+21-1 [+ 54 |+ 37 |— 7-8 |—15-0 |—22-8 |—29-0 | 80-4 | 21-83
+23-5 |4+29-3 [+35.7 |+-28-8 |+25-8 |+22-6 |4 6-3 |— 48 |—11-6 |—21-4 |—24-2 |—26-5 | 63-3 | 18-67
+12-1 |+14-0 |+13-3 |+14-1 |+12-6 |4 7-8 |+ 9:3 |+ 09 |— 35 |— 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 |+19-4 |+14-4 |4+ 4.7 {— 2-1 [— 9:1 |—11-0 [—13-2 {—10-0 | 46-7 | 12-42
+16-2 |+17-1 |4+12-8 |+11-5 |+11-5 |+ 57 |+ 15 |— 5:1 |— 7-3 |—11-2 |—11-5 |—12-2 | 30-0 | 9-22
+18-2 |420-0 |+16-6 |+155 |+12-4 |+ 5-9 |— 26 |— 7-2 |—11-1 |—14-5 |—15-1 |—17-0 | 37-0 | 10-78
+24-0 |4+23-1 |+25-1 |+24-2 |+18-4 [+ 8.6 |+ 36 |— 25 |— 9-8 |[—11-6 |—13-4 |—20-1 | 47-9 | 15-38
+25-2 |4+-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 [4+28-0 [+32-2 |+32-2 |+31-1 |4+21-9 |+11-1 |4- 85 [+ 0-6 |— 89 |—15-6 |—22-3 | 62:6 | 19-70
+27-7 |4+381-7 |+36-3 [+34-9 |+33:6 |+23-3 |+13-1 |+ 2:9 |— 50 [— 6-0 |—17-9 |—21-7 | 66-0 | 21-27
+23-0 |4+-80-7 |+31-6 |+42-0 |+31-9 [+20-4 |4+12:0 [+ 0-2 [—10-3 |—14-3 [—19-5 [—19-8 | 65-4 | 18-40
+12-9 |4+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
414-3 |+14-4 |+13-7 |[+11+5 (+10-4 |+ 7-9 |+ 21 [— 2-1 |~ 5:0 |—11-0 |—13-2 |—~12-8 | 35-1 | 9-74
+ 9.4 [+11-6 |+10-4 [+ 86 |+ 50 |+ 24 |+ 0-4 |— 54 |— 87 |— 55 |— 56 |— 6-1| 20-3| 5-90
+56 |+ 77|+ 79|+ 84|+90 |+ 62|+ 44 |—2-7|—48|—71|—84|—-85) 17-5| 555
+10-1 |4+12-5 (+ 7-1 [+10-8 |+ 57 |+ 25 |— 0-2 |— 4-2 |— 56 |— 6-9 |— 8-3 |— 83 | 20-8| 5:62
+11-3 |+10-6 |4-14-2 |+13-1 |[+10-3 |+ 5-6 |+ 0-8 |— 3-9 |— 80 |— 9-2 |- 8-9 |— 9-3 | 240 | 7-50
+18-3 |+18-9 {+19-8 |-+13-3 |++11+5 |+ 34 [— 0-3 |— 7-3 |—12-7 |—13-8 |—14-2 |—-15-8 | 356 | 1025
+27-2 [+28-8 |[+23-0 |+15-0 |[+11-1 |+ 6-1 [— 0-3 |—12-4 |—12-8 |—13-1 |—14-7 |—15-0 | 48-9 ) 13-90
+28-2 |+35-7 (+29-2 |+21-0 [+20-0 |+ 81 |+ 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. 14 h, 15 h. 16 h. 17 h. 18 h. 19h. { 20h 22 h. 23 h. 24 h. | Range. A.D.
4 4 Y 4 4 Y
+27-7 |4-31-7 +3’é~3 +3Z-9 —{—323,‘6 +2§-3 +1§-1 + 5-9 - g-o — 60 |—17-9 [—21-7 623)~0 21-27
+38-3 |4+48-2 |+50-2 |460-5 |+37-6 |+20-5 |+14-4 |+ 5-6 |—16-2 |—21-4 |—23-8 |—28-0 | 104-0 | 27-98
+19-9 |+24-6 |4+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 |4+-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 |412-8 |+11-8 |+11-3 |+ 88 |+ 5-1 |+ 4-8 |— 2-2 |— 61 |— 5-9 |— T-4 |—9-8 ) 24-4) 7-48
+ 8-8 [+10-7 |4-10-7 |4+-10-8 |+-10-9 |+ 6-4 |+ 3-0 |— 2-3 |— 69 |— 9-8 |— 9-8 |—10:3 | 21-2 | 7-06
+12-0 |+14-2 |4+17-9 |4+17-5 |+12-5 |+ 84 [+ 2-2 |— 31 |— 7-3 |— 8-9 [—10-7 |— 9-1 | 30-1 | 8-98
+13-7 (+13-8 |+13-2 |+12-3 {4-10-9 |+ 5-6 |+ 1-1 |— 45 |— 7-6 |—10-2 |—10-2 |—-10-7 | 24-5 ) 8-33
+18-2 (+19-4 |+18-2 |+14-4 |+11-9 [+ 46 |— 1-4 |— 7-2 [—11-9 |—14-1 |—14-6 |—16-4 | 35-8 | 10-40
+25-6 |4+25-9 |+24-0 (+19-6 |+14-7 |+ 7-3 |+ 1-6 |— 7-4 |—11-3 |—12-3 |—14-0 |—17-5 | 455 | 14-46
+26-7 |+-31-9 |+31-1 |+28-0 |4+226 |+10-7 {4+ 3-0 |— 6-8 |—14-3 |—19-5 |—21-7 |—18-4 | 53-6 ) 17-69
+21-3 (+28-0 |4+-32-2 [4-32-2 |4+31-1 [4+21-9 |+11-1 |+ 85 [+ O-6 |— 8:9 |—15-6 |—22-3 | 62-6 | 19-70
+20-2 |4-23-6 |+25-0 |+24-6 |+20-1 |+12-0 |+ 5-2 |— 1-6 |— 87 |—12-3 |—15-5 |—~17-2 | 43-8 | 14:32
+11-3 |4+12-9 |+13-4 [4-13-0 |+10-8 |4 6-4 |+ 2-8 — 3-0 |— 7-0 |— 87 |— 9-5 |—10-0 | 23-4 ) 7-95
+20-7 |4-22-9 |+24-1 |+21-9 |+18-3 [+10-6 |+ 2-3 |— 4-4 |—10-4 |[—14-3 |—17-1 |—19-1 | 43-9 | 13-77
+285 (+35-0 |4+-37-5 |+38-9 |4-31-2 [+19-1 {+10-4 |+ 2-6 |— 8-7 |—13-9 |—19-7 |—22-6 | 69-7 | 21-42

—_—
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Individual Months from all Complete Days.
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12 Months, 3 Seasons and the Year from all Complete Days.
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TaBLe XX.—Diurnal Inequality in Vertical Force in
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TasLe XXI.—Diurnal Inequality in Vertical Force for the 12 Months,
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Individual Months from 10 Quieter Days a Month.
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3 Seasons and the Year from 10 Quieter Days a Month.
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TasLe XXII.—Diurnal Inequality in East Component for the

12 h.
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TasLe XXIII.—Diurnal Inequality in East Component for the

12 h.

DA NRINFOOOM

D B — 0 1D O D b=
) NG — - O

Frrr e

11 h.

00 00 H = 00 XD ref O © i D O

AR HD DI WD D O
34”1 11224

LT r

10 h.

AFERSOPOISREQ
LT

o O
YT 0

9h

PQLCvVOIBOO D
DO ) H et =2 S =
3422m lw )

NS ERNNENE

8 h.

Al © © v 1 A0

L rrr T

7h.

HODNOEMMOMMHDOITDHD
DU O =D O O v A =t 1D <H Y
G O r=t =i - oy O) i

Lrrrrrrr el

6 h.

QO 1D G0 I~ O L= mei 1D ~H H

............

A H A N OO~V 1M
— Ot = —

Lt

5h.

DI GO0 H N
DRI OO HMNOODO OO
= O r= L]

Lrirrrrrrrrt

— 95 [-12-5 |—17-2 |—18-8 |—22-5 [—24-5 |—23-2 |—16-7
—51|—76|—96|—11-3 |—10-2 |— 89 |— 9-T [— 6-T

4 h,

C NI = OO M L= <H 01D

............

Lt rrtrr+

-7 |—10-0 {—13-0 {—15-9 |—17-0 (—20-5 |—22-4 |—20-9 |—15-4
-3 |—13-4 (—16-9 |—26-0 {—28-2 |--36-8 {—42-4 [—38-9 |—27-9

8
4

3
3
5
2

1

3 h

NN HHNHO WO IO

DO NOHA~OHNDIO D

A1t e+

2 h.

OO NNNONMNO

D HHANANO O N i <H <K ®©

Tt b+l ]+

1h.

~H OO H I OO b= DY~ D
N =D ONOONO M

T4t 4 I +++

............

80



12 Months, 3 Seasons and the Year from all Complete Days.

13 h. 15h. | 16h | 17h | 18h | 19h | 20h | 21h | 22h | 23h | 24h. | Range.
Y 14 Y 4 Y Y Y 14 Y Y V4 Y 14 4
—-33-1 |—20-5 |+ 5-6 |+21-0 |+36-3 |4+-39-2 |-+-45-5 |+-36-7 |-+30-2 |4-29:5 |+27-6 +22-8 | 106-0 | 25-86
—98-5 |—18-4 |+ 2-8 |4+29-6 |+38-9 |--43-8 |+54-7 |+59-7 |+57-7 |4-50-6 |-1-35-9 +24-8 | 118-7 | 34-62
—26-5 |— 96 |+ 7-1 |+18-4 |+32-9 |+40-9 |-+49-5 |+47-0 |-+44-5 |4-36-9 |4-27-0 +21-0| 92-7 | 27-99
204 |— 84 |+ 3-1 |4+18-2 |+28-5 |-+-36-1 |+-42-4 |-+41-8 |[+37-2 |431-6 |4-23-2 +14-9 | 80-6 | 23-62
~14-0 |—=11-0 |+ 0-7 |+10+5 |4+20-6 |4-28-0 |4+27-5 |+31-1 |4-26-4 |+18-5 |4-14-1 |+ 9-7| 56-2 | 16-22
~11-2 |— 66 |— 15 |+ 7-6 |+15-9 |4+20-9 |429-7 |+26-2 |+-22-1 4151 [4-11-7 '+ 6-1 49-7 | 13-03
~179 {— 6-9 |— 26 |4 8-7 |4+14-2 |+18-4 |4+28:6 |+-28-8 |+25-1 |+21-7 |410-8 |+ 8:-8| 49-2 | 14-18
—16-4 |— 8-4 |+ 3-1 |+16-8 |-+19-2 |4+-26-7 |1-32:4 |+29-6 [+27-4 |420-4 |{14-8 |+ 6-6 61-2 | 16-98
18-1 |— 68 |+ 66 |4-17-1 |4-30-9 |+31-2 |+34-9 |4+33-0 |4+-30-7 |+27-9 |+16-3 |4 6:0 | 67-7 | 19-89
-19-0 |— 4-8 |+10-5 {+23:0 |+37-3 |-42-7 |+41-6 |-+42:3 |+35-7 |428:2 |417-1 +10-7 | 81-3 | 24-53
—31-0 {—13+6 |+ 4-4 |+26-4 |+37-7 |4-47-1 {+49-5 |+50-1 |-+-42-9 |4-37-8 +26-2 |413-8 | 101-8 | 28-40
—34-7 {236 |— 6-2 |+ 7-8 {4-29-8 |+37-8 |+44-5 |+48-2 +48-6 |+44-1 |+24-9 |+18-1 90-6 | 27-00
—92-6 |—11-5 |+ 2-8 |4+17-1 |-4+-28-5 |4-34-4 |{4-40-1 |4+39-5 |+35-7 (4302 +-20-8 |+13:6 75-8 | 22-60
—14-9 |— 8-2 |— 0-1 (4+10-9 |+17-5 |+23-5 |+29-6 |-+28-9 |+25-3 +18-9 |-+12-9 |4+ 7-8 | 53-2 | 15-01
-21-0 |— 7-3 |+ 6-8 |4+19-2 |+32-4 [4-37-7 |-}-42-1 |-+41-0 |437-0 |4-31-2 +20-9 |413-2 79-8 | 24-01
—31-8 |—19-0 |+ 1-7 |+21-2 {4+35-7 |4+42-0 |}+-48-6 |+48-7 |{-44-9 |4+40-5 4287 |+19-9 98-1 | 28-84

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

13 h. 15h. | 16h | 17h. | 18h | 19h | 20h | 21h | 22h | 23h | 24h | Range. [ AD.
Y 4 : Y 4 4 14 4 Y Y
—19-4 —1?1-0 + (}))-8 -|—l?7;~7 +275}-7 +3‘(})l-2 +32)/'4 4-30-6 |+24-0 |+24-1 [+25-2 |+19-8 72-0 | 21-49
—20-2 1119 [+ 3:2 |-L15-9 |+24-4 |+32-4 |+43-2 |+-44.7 +47.9 4446 |+27-9 [418-1 91-7 | 26-51
—137{— 69 |— 1-3 |+ 6-7 |+13-7 |+19-7 |+27-0 |+28-6 4-29.0 |4+20-0 |4-15-2 |+14-2 | 58-4 15-57
— 83 |— 22|+ 0-3 |-+ 81 |4+13-9 |+17-2 |4-24-6 +30-8 {+20-5 |4-15-5 |+11-5 |4 83 52-4 | 12-55
-~ 70— 54|+ 09 |-+ 48 |+ 7-6 '+ 9:9 (4125 +12-6 |+12-2 |+ 85 |+ 45 |+ 5.1 23-4 | 7-00
—39|—-20|—06 |+ 2-7 |+ 6-8 |+11-2 |+13-9 |4-12-8 +12-1 {+ 97 |+ 7-9 |+ 4-1 25-7 | 6-77
—45(—22!—1:61|+ 40 |+ 5-7 |+10:0 |+12-2 |4-13-8 |4+10-0 |+ 85|+ 54 |+ 30| 251 6-09
—58|—-34|+ 25|+ 79 [+10-3 |+11-1 |+13-9 |4-12-9 +12-8 |+ 9:0 |4 6:1 |+ 2-2 | 26-5 7-73
— 84 (—1-21(+ 5-7|+13-3 |420-1 |+20-2 |+20-5 | 416-6 +12-8 |+ 87 {4 6:5 |+ 2-2 | 39-5 | 10-55
— 34 |+ 6-3 [412-4 |+21-6 |-+-28-6 |+24-5 |+22-5 )420-2 |+15-8 +10-0 |4 5-2 |+ 45| 54-3 | 14:32
—14-3 {— 0-3 |+11-5 |+22-6 [+30-5 [+36-7 |+36-9 |4-37-8 |+25-3 |+18-2 |+11-6 |+ 7-3 | 81-5 20-18
—~15-4 (— 83 {+ 4-2 {+ 9-0 |+25-7 |+33-1 |428-8 |{-28-2 +27-4 |+26-2 |+16-3 |4 84 77-7 | 18-68
'—10-4 |— 4-3 |+ 3-2 |[4-11-2 [+17-8 |421-4 [+23-9 |4+24-1 |4-20-8 |4+16-9 |+11-9 |+ 8-1 | 48-6|13-73
' 53|-32|+ 03+ 49 |+ 7-6 [+10-6 |+13-1 (+13-0 |4+11-8 |+ 89 |+ 6:0 |4 3-6 | 24-4 ) 6-83
— 85 | 1-0 [+ 4-3 [+12-4 [+19-1 |+20-4 |[4+23-7 |[+24-1 4195 |+13-6 |+ 9-6 |4 7-3 | 46-5 ) 12-97
~17-3 |— 8-6 [+ 4-9 |416-3 |+26-6 |-+33-1 |4-34-8 +35-3 |4+31-1 |+28-3 |+20-2 +13-4 77-7 | 21-56
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12 Months, 3 Seasons and the Year from all Complete Days.

! 13 h. 14 h. 15 h. 16 h. 17 h. 18 h. 19 h. 20 h. 21 h. 22 h, 23 h. 24 h., Range. A.D.
Y Y Y VA A A Y ¥ Y Y v A ¥ Y

+36-2 |+-42-1 | 455 | 1442 |+-36-4 |+-31-0 |-+18-0 |+11-1 [+ 2:6 |— 85 |—17-3 |—22-3 | 84-8 | 2541
4441 |4+62-2 |1-68-1 |475-9 |4-53-6 |+-34-8 |+23-1 |+12-7 |— 6-2 [—17-2 |—24-9 |—31-8 | 126-6 | 35-34
+-34-9 |1-48-4 | 145-8 |144-1 |144-5 |+-31-5 |+15-6 |+ 0-8 |—14-2 |—25-2 |—31-3 |—34-4 | 85-5 | 27-22
4335 [1-43-1 |+47-6 | +48-3 |+-35-6 |+30-4 |+12-1 |— 0-3 |—14-2 |—23-0 |—33-7 |—37-7 | 90-8 | 26-36
1-23.6 |+-28-3 |4+29-7 |+24-3 |4+-20-5 |+17-8 |4+ 9-7 |— 1.5 |— 5-2 |—12-6 [—18-7 |—23-1 | 52-8 | 16-07
120-1 [+22-2 [+21-0 |4+-23-8 |423:9 |-+15-2 [+ 6-3 |+ 1-3 |— 55 |—14-5 |—21-0 |—20-7 | 44-9 | 13-67
1226 |+-24-6 |4+-27-9 |+23-2 [124-2 [4-19-5 |+ 8-3 |+ 2-8 |— 7-4 |—13-1 [—15:6 |—19-0 | 50-0 | 16-01
1421-9 |+30-0 |-28-4 |427-5 |1-23-2 |+15-5 |+ 6:0 |— 3-1 |~10-6 —15'5 (186 —18-5 | 51-5 | 15-89
49255 |4-32-7 |435-6 |+-36-7 |+29-9 |4-19-0 |4+ 5-4 |- 3-0 |-11-6 |-20-1 [—21-8 (236 | 605 | 18-47
4341 |4+85-3 |+37-1 [4+36-1 |+31-0 |4+22-2 |[4-11-9 |— 0-9 |—10-7 [—24-7 |—19-9 |—23-6 | 676 | 21-59
14-33-4 |4+42-7 |452-0 {4-52-1 |4-41-5 [+27-8 |+15-0 |+ 0-4 |— 8-1 |—22-5 |—22-8 |—28-1 | 87-2 | 25:16
+37-2 (4465 |+56-1 |4-51-7 (4504 [+40-5 |+24-1 |-+13-7 |~ 0-5 |—14-6 |—20-8 |—27-6 | 101-2 | 29-90
306 |4-38:2 4412 |440°7 | 4346 | 1254 [ 1130 |4 2:8 | = 7-6 | 176 |—22-2 |-25-0 | L9 22:39
49221 |426-3 [4+26-7 |+-24-7 |+-22-9 [+17:0 |+ 7:6 |— 01 |~ 7-2 |—13-9 |~18-5 |—20-3 | 47-0 | 15-33
132-0 |-39-9 | 1415 |1-41-3 | 135-3 |+25-8 |+11-3 |[— 0-9 |—12-7 [—23-3 |—26-7 |—29-8 [ 74-1 | 23-41
i+37-7 1-48-4 | +55-4 |4+-56-0 | +45-5 |+-33-5 |[+20-1 [+ 9:5 |— 3-0 |—15-7 |—21+5 |—27-5 | 96-6 | 28-78

I
|
|

I
|
i

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

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

Y ¥ Y Y y /4 4 Y
254 14301 +3()i/-8 +3%/~6 +3%/.3 +2?~5 +1%’-3 +70|—1-9|—2.8|-14-7|—19-2| 67-5 2131
4359 [4+-47-0 [4-51-1 |[+63-1 |+41-4 (+25-0 [4+20-2 (+11-6 |—10-0 |—15-7 |—20-3 |—25-8 | 107-9 | 28-32
+18-4 |4+23-9 |129-7 +34-8 |+30-4 [+18:0 |+ 86 [+ 48 [— 6-2 [—12-1 [—19-3 |—21-2 | 58-0 | 16-17
1+18-0 |421-8 |4+-25-0 |+21-3 |+20-1 |[+17-6 |+ 75| 0-0 |— 5.7 |—14-3 |—17-3 (—18-7 | 48-3 | 14-18
+10-0 |4+12-2 |+12-1 |+12-1. |+ 9-9 |+ 65 |+ 66 |— 0-6 |— 4.5 |— 4-8 |— 6-8 |— 9-2 | 24:1 | 7-40
+ 83 |4+10-6 |+10-7 |4+11-2 |+11-9 |- 8:0 |+ 4-9 |~ 0-7 |— 54 |— 8:6 |— 8-8|—9-9| 21.8 | 6-98
+11-6 [+14-0 |+17-8 |+18-2 |+13-4 |+ 99 |+ 3.9 |— 1-4 |— 6-1 |— 7-9 [—10-1 |— 8-8 | 30-6 | 9:05
+13-1 |+13-5 (4137 |4+13-5 |+12-4 |+ 7-3 [+ 3.1 |- 2.9 |— 6:0 |— 9-0 |— 95 |—10-5 | 24-2 | 839
+17-3 [+19-4 [+19-1 |+16-3 |+14-7 [+ 74 |4 1-3 |— 50 |—10-3 |—13-1 |—13-9 |—16-2 | 35:6 | 10-46
4254 |427.0 [4-25-9 |4-22-7 [+18-7 |4-10-6 |+ 4.7 |— 4-8 [~ 9-3 [—11-1 [~13:5 | —17-2 | 48-0 | 1492
+25-0 |4-32-1 |+32-9 |4-31-3 |4+-26-9 |+15-6 |+ 8:0 — 1-8 |—11-2 |—17-2 [—20-3 |—17-6 | 55-0 | 17-81
+19-4 |427-1 |4+33:0 |4+-33-7 |+34-8 |4-26-5 [+-15-0 [+12-3 |+ 4:3 |— 55 |—13:6 |—21-4 | 66:1 | 20-05
+19-0 |+23-2 |4+25-7 {4+26-3 [4-22-6 {+15-0 |+ 84 |+ 1-5 |— 6-0 |—10-2 |—14-0 |—16-3 | 45-8 | 14-31
+10-8 |4+-12-6 {+13+6 |+13-8 |+11-9 {4+ 7-9 |+ 46 |— 1-4 |— 55 |— 7-6 |— 8:8 |— 96 | 23-9 | 7-96
+19-8 |423-0 |+24-9 |4+-23-8 |4+-21-0 |+13-4 |+ 55 |— 1-2 |— 7-9 | —12:6 |—16-0 |—18-3 | 44-7 | 13-83
i+26-4~ +34-1 |+38-5 |+41-4 |4+35-0 [4-23-7 |+15-1 |4+ 7-3 |— 47 [—10-3 |—17-2 |—21-0 | 728 | 21-67
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TasLE XXVI.—Diurnal Inequality in Declination for the

— 1n. | 2h | 3h | 4n | sh | 6h | 7h | 8h | 9h \ 10 h. | 11h | 12h
Jan. 1-9292.0|-15-7 |— 88 |— 67 [+ 39 [+ 3-1 |4 0-4 |+ 4:5 |+16-7 1+43-8 |+39-0 |4-41-7
Feb. |—26-4 |—17-9 <157 |— 7-3 [+ 2-2 [+10-9 |+19-5 |4+30-3 |+33-1 |+39-6 +-50-2 |4-36-2
Mar. |—19-4 |—14-1 |— 91 |— 22 |+ 5-4 |-+10-2 |415-8 |4+25-2 [+31-2 |+34-2 +39-2 14-39-1
April .l—15-6 |—16-3 |— 65 |— 3-1 |4+ 2-1 {+10-6 |4+15-1 |4-20-1 +28-9 |4-29-2 +35-0 |432-4
May l-112]-94|—56|—1-1 |+ 34|+ 66|+ 9-0 |+14-9 4172 |+19-1 +23-2 |4+20-1
June l—71|—52|—38|—04 |+ 07|+ 54|+ 7-8|+12:4 |4+13-6 |+13-9 +17-7 |+19-1
July |l-102/-72|—63|— 41|+ 10|+ 52|+ 7-5[+11-2 [+13-7 {415-7 |418-8 +21-3
Aug. 1-96|—-172!|-32|—1-3|+ 1-2 |+ 81 |410-6 |+13-8 |+15-5 |4-20-1 |+25-2 +22-3
Sept. 1-10-2|— 77 |— 45 |— 2:0 |4+ 3-9 |+ 9:6 |+12-5 |+18-2 |+24-1 |{-23-8 |+26-3 |4-22-8
Oct. =136 |—-10-83 |— 5.0 |+ 0-2 |+ 5-2 |[+12:6 |+17-8 |+22-1 |+27-9 |4-31-0 |4-30-8 |430-7
Nov. 114.71-107{—97|— 59|+ 1-2 |+ 6-8 |[+19:6 |+28-0 |+35-2 [+38-6 |4+29-6 |31-1
Dec. .1—20.4 |—18-0 |—13-6 |—11-2 |— 4-1 |4 44 |+21-3 |+15-9 |+25-1 |4-22-0 |+30-8 +33 6
Year .l-15-0 {—11-6 |—7-7|— 3-8 |+ 2-2 |+ 7-8 |+13-1 |418-1 |4+-23-5 |+27-6 +30-5 |429-2
Winter l—_95|-78|—47|—17|+ 16|+ 63 |+ 87 [+13-1 |[+15-0 |+17-2 |4+21-2 +20-7
Equinox _14.7 |-12-1 |— 63 |— 1-8 {+ 4:2 |4+10-8 |-+15-3 |4-21-4 |+28-0 |129-6 +32-8 |+31-2
Summer ...|-20-9 |—15-6 |—12-0 |— 7-8 |+ 0-8 |+ 6-3 |+15-2 |+19-7 |4+27-5 |4-36-0 |+37-4 |+35-7

TasLe XXVII.—Diurnal Inequality in Declination for the

— 1h | 2h ; 3h, , 4h l 5h. l 6 h. ; 7h. ’ $h. | 9h | 10h | 11h | 12h
Jan. =179 |—17-6 |—14-2 |—10-4 |— 1-4 |+ 2:2 |4+10-3 |4 8-7 [+23'5 |4-30-3 |4-33-4 |+32-4
Feb. |—18.9 |—16-2 |—11-1 {—10-3 |+ 55 |+ 5:7 |[4+16-0 |+19-6 |+29-7 |4-33-8 |+36-3 |+29:5
Mar. ol—13-6 |—10-7 |— 76 |—5-5 |+ 1-2 |+ 3-2 [4+10-0 |+11-6 |+18-3 |+22-0 [4-23-9 |4-20-5
April v — 83— 47T |— 24 0-0 |+ 22 |+ 54 |4+ 9-9 [+12-6 |+17-4 |415-1 |4-15-2 |413+5
May l—56|—49|—-382|—20|+03 |+ 21+ 46|+ 72|+ 89|+ 764 94|+ 86
June l—18|—21|—17|+ 04|+ 04|+ 34|+ 49|+ 84+ 79|+ 744 87 |+ 72
July l—80|~31|]—29]—41|+08|+ 16|+ 54|+ 58|+ 65754 74+ 63
Aug. t—43|—4p5!1—24{+ 1-4|4+ 09+ 28 |4 4-3 |+ 84 |410-3 |+ 8-1 |4-11-6 |+ 8:1
Sept. l—86|—27|—15|—05 |+ 33|+ 46 |+ 7-3 |+ 87 [+12-6 |+15-4 |+15-4 |-+12-9
Oct. .|l—69|—36|-01|—0-8 |+ 1-4 [+ 6-9 |-+ 85 |4+13-7 [+15-2 (+21-9 |+21-4 |+17-8
Nov. l—96|—371—64|—52]|— 30|+ 4-8 [+19:7 |+22-8 |+28-6 |+34-4 |+25-5 |+19-5
Dec. l— 85 |—13-3 |—13-6 |—10-9 |~ 4:9 |— 0-3 [+ 1-2 |4 8-9 |+20-6 |+29-6 (+37-0 |+30-0
Year |l—84|—73|—56|— 40|+ 06|+ 35 |+ 85 [+11-4 |+16-6 [+19-4 [+20-4 |4-17-2
Winter wl—387|—387|—26|—1-1|+ 06|+ 25|+ 48|+ 75 |+ 84 [+ 7-7T(+ 93 |+ 76
Equinox ..|— 81 |— 54 |— 29 |— 17 |+ 2:0 |4 51 |+ 8:9 |411-7 |415-9 +18:6 |+19-0 |416-2
Summer ...[—13-6 |—12-7 |—11-8 |— 9-2 |— 0-9 |4+ 31 |4+11-8 [4+15-0 [4+25-6 (4320 |4+33-1 |+27-9
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12 Months, 3 Seasons and the Year from all Complete Days.
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12 Months, 3 Seasons and the Year from 10 Quieter Days a Month.
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TasLE XXVIIL.—Diurnal Inequality in Inclination for the

- 1 1h ‘ 2h 3h, | 4h | 5h | 6h | 7h | 8h | 9h | 10h | 11h | 12h

Jan, o|+1-45 |+1-83 |[+1-89 |+1-92 |+1-80 |41-64 |+1-17 +1-04 |+1-19 (+1-32 |40-46 |—0-35
Feb. | +1-69 |4+2-34 |+2-45 |+2-54 |{+2-69 |+2-70 |42-19 +2-33 [+1-46 |+0-91 |+0-24 |—-0-44
Mar. .|+1-56 |+1-71 |+-1-76 {+1-93 |4+1-75 |+1-73 +1-32 |41-12 {+0-86 |4-0-48 | —0-13 |—0-55
April |+1-62 |+1-94 |+1-57 |[+1-38 |+1:69 |4-1-45 |+1-32 |4-0-90 +0-64 |4-0:25 [—0-34 |—0-73
May ...[+0-85 {+1-04 |+1-02 |+1:13 |+1-07 |+1-07 [+0-75 |4-0-66 40-30 |+0-21 |—0-14 |—0-37
June ..|+0-84 |[40-82 |40-82 [+0-80 |4+0-79 |[+0-75 |40-70 |4-0-49 +0-34 |-+0:15 [—0-03 |—0-41
July .|+0-77 |41-01 |40-98 [+1-14 |+1-18 |+1-09 [40-82 |40-60 +0-29 |4+0-11 [—0-13 {—0-55
Aug. ...|4+0-71 |4+0-79 |4+1-12 |+1-06 |+1-14 |+1-07 |4-0-86 |+0-63 |+0-34 -+0-23 |+0-03 |—-0-41
Sept. .| +0-99 |4-0-95 |+1-14 |+1-28 |+1-13 |+1-22 |41-00 |4-0-86 +0-68 |[4+0-37 | -0-02 |—0-34
Oct. o |+1-23 |+1-43 |+1-60 |4-1-65 |+1-60 |+1-38 |+1-22 |40-96 +0-72 |-+0-42 | 0-00 [-0-60
Nov. o145 [+1-64 |+1-74 |41:69 |41-62 |+1-46 |+1-78 4159 +1-09 |+0:96 [4+0-20 |—0-49
Dec. .J+1-30 |+1-62 |+1-91 |+2-16 |+2-45 |+2-38 [+2-12 |4-1-05 +1-60 |+0-88 40-16 |—0-63
Year | +1:20 [41-43 |[+1-50 [+1-56 [+1-58 |41-50 |+1-27 |+1-02 |+40-79 |40-52 -+0-03 |—0-49
Winter .|+0-79 |40-92 |4+0-99 |+4-1:03 |+1-04 |+0-99 |-+0-78 |4-0-60 +0-32 |4+0:17 | —0-07 |—0-41
Equinox ...|+1-35 (41-51 |+41-52 +1:56 |+1-54 |+1-44 [+1:22 [4+0-96 |4-0-72 |+0-38 |—0-12 |—0-56
Summer .|+1-47 |[+1-86 |+2-00 [4-2-08 |+2-14 |+2-05 |+1-82 [41-50 |+1-33 +1:02 |4+0:27 |—0-48
TaBLE XXIX.—Diurnal Inequality in Inclination for the

— 1h. l 2h. ' 3 h. 4h. | 5h | 6h | 7h. | 8h | 9h | 10h | 11h | 12h

Jan. o|4+1-00 |4+1-03 |+1-21 |4+1-42 (+1-61 |4-1-48 |41-62 +1-46 |4-1-14 [+0-86 -+0-24 | —0-45
Feb. co+1-24 |4-1-67 |+1-81 |-+2-27 |4+2-53 |+2-10 |+1-49 |+1-67 |+1-12 |40-65 |[4-0-05 |—0-49
Mar. ...|40-83 |40-97 |[+1-07 |+1-16 |+1-14 |4+0-92 |-+0-78 |4+0-47 [+0-50 |4+0-37 |4-0-30 |—0-10
April ...|4+1-09 |4+-0-92 [+0-86 [4+0-74 [+0-95 |+0-92 |[4+0-92 |40-49 |4+0-25 |4-0-02 |—0-31 |—0-44
May v.|+0-42 |4-0-37 |4+0-59 |+0-50 |4+0-41 |40-47 |+0-46 |+0-29 |40-09 |4+0-09 |—0-11 |—0-19
June ...|+0-34 |[40-30 [+0-39 |+0-49 {4+0-40 |40-57 |4+0-45 |+0-26 [+0-07 {—0-04 |—0-06 |—0-15
July ...[4+0-40 |4+0-40 |+0-40 [4+0-58 {+0-69 |-+0-70 |+0-61 |+0-40 |+0-06 |—0-02 |—0-17 |—0-23
Aug. ...|4+0-38 {4+0-36 |40-51 |+0-61 {4-0-59 |40-53 [+0-43 |+0-35 |{+0-09 |40-03 |—0-09 |—0-34
Sept. ...|+0°76 |4-0-57 |+0-54 |+0-60 {+0-57 |+40-57 |+0-32 |+0-37 {+0-16 |+0-18 |—0-10 |—0-33
Oct. vu|+0-92 |4-1-02 |4+1-12 |+1-18 [+1-04 |-+1-05 |[+0-74 |+0-53 [+0-32 |-+0-12 |—0-14 |—0-64
Nov. .| +0-90 {+1-07 [+0-95 |1:03 (4+1-17 {+1-19 \+1-52 |-+1-16 |+0-62 |4+0-54 |40-02 |—0-58
Dee. ..|+0-93 |[+0-90 |[+1-12 |+1-44 |+1-66 {1-64 (4-1-38 |41-02 |+0-90 [4+0-78 [-+0-29 |—0-35
Year .|4+0-77 |4+0-80 |4+0-88 {+1-00 {-+1:66 {+1-01 |-+-0-89 |40-71 |40-44 |4+0-30 |—0-01 |—0-36
‘Winter .|+0-39 |40-36 |4+0-47 |4-0-54 {+0-52 |+0-57 |-+0-49 {4033 |-+0-08 |-+0-01 |—0-11 |—0-23
Equinox ...|40-90 {+0-87 |4-0-90 (-0-92 +0-92 |40-86 |+0-69 |+0-47 [+0-31 |+0-17 |—0-06 |—0-38
Summer L1402 |4-1-17 |+1-27 |41-54 |+1-74 |4-1-60 |4+1-50 [41-33 {40-94 |+40-71 (40-15 |—0-47
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A.D.

1-182

1-218

1-575
A.D.

Range.

2-46 | 0-776

3-84
3-89
5-22
Range.

24 h.

24 h.

23 h.

23 h.

22 h.

22 h.

21 h.

~0-16 (+0-18 |40-52 {+0-71

—0-18 |4+0-44 |4-0-83 |+1-14
21 h.

—0-57 |—0-28 |40-22 |4-0-60 |4-0-90

20 h.

—1:75 |—1-08 |—0-51 |40-27 4-0-55 |+1-07

19 h.

—1-90 (—1-44 |—0-95 |—0-38 |4+0-21 (+0-63 [40-95

18 h.

75 |—2-32 |—-1-76 |—1-01 |—0-27 |40-41 |+0-91 |41-18
24 |—2-15 |—1-43 |—0-84 |—0-10 |4-0-42 |41-10 |+1-47

43 |—1-12 {—0-89 |—0-59 |—0-18 |40-38 |4-0-74 |+0-85

17 h.

—2-07 |—2-05 |—1-54 [—0-98 |—0-55 |—0-10 |4-0-36 |+0-70 |+0-99

16 h.

—2.66 |—3-08 | —2-88 | —2-45 |—1-96 |—1-46 |—0-78 |—0-09 |}-0-45 |4-0-91
15 h.

14 h,

12 Months, 3 Seasons and the Year from all Complete Days.
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12 Months, 3 Seasons and the Year from 10 Quieter Days a Month.
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TapLe XXX.—Diurnal Inequality in Horizontal Force for the
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TaBLE XXXI.—Diurnal Inequality in Horizontal Force for the
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12 Months, 3 Seasons and the Year from all Complete Days.

13h, | 14h. | 15h | 16h | 17h l 18 h. , 19h. | 20h 22h. | 23h | 2¢h AD.

Y Y Y Y 4 Y 4 Y 4 Y 7 Y Y
+18:5 4-29-3 |+43-6 |+49-0 |+48-5 |+44-8 |+35-7 |4-25-8 [+15-3 |+ 50 |— 3-8 —10-3 -7 126-71
+27-7 |+48-3 |+62-9 |+81:3 |4+65-1 |+50-1 |+44-4 (4-37-1 |4+19-1 (4 6-1 [— 71 —18-1 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 T 27-14
+21-6 |+35-4 |+44-4 |-+51-5 |+44.4 |-+43-0 |429-0 |4+17-6 |+ 3-1 |— 7-2 |—-20-6 |—27-8 -1 25-72
+15-3 {4209 {4-27-2 |+26-5 {+27-3 |+28-1 |+20-5 |+12-0 |+ 6-6 |— 3:5 |—10-8 |—16-8 -2 | 16-04
+13-4 (417-3 |+18-3 |+-24-8 |-+28-4 |+22-6 |+18-3 |+12:4 |4 4:5 |— 6:6 —13-9 |—-16-1 5 | 13-93
+12-7 |+19-2 |+24-1 |4+-24-7 |4-27-9 (+25-5 |+19-7 |-+14-9 (4 4-1 [— 2:5 |— 9-4 {—13-3 ‘3 115-38
+12-8 [4+23-4 |427-0 |+32-1 |+29-2 |+25-5 [+19-3 |+ 9-9 |+ 2-2 |— 5-3 —10-5 |—13-9 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 -6 | 19-00
+22-7 [4-30-1 |437-9 |+42-5 |-+44-1 |4-38-3 |+-28-6 |+17:3 |+ 5.7 |—10-3 |—10-7 —16-8 -0 | 2315
+16-9 |+32-7 |+48-8 |+-58-4 |--53:6 |-+45-4 |+-34-8 |4+21-9 |+11-1 |[— 4-1 |— 9-4 |—19'5 ‘9 | 27-63
+18-8 {+31-9 |}+48-0 |+50-1 ||58-3 |+52-8 |+40-9 |+33-1 |+20-4 4+ 5-7 |— 8-1 |—17-2 8| 30-85
+18:0 (+29-6 |--38-5 |+44-1 |+43-4 |+-37-7 |+28-9 |+19-5 |4 8-4 [— 3-0 |—11-1 |—17-6 ‘11 23-04
+13+5 |420-2 |+24-2 |+27-0 |--28-2 |4-25-4 [+19-5 |+12-3 |+ 4-4 |— 4-5 |—11:2 [—15-0 ‘9| 15-24
+19:9 {433-0 |+40-4 |4-45-6 |+45-8 [4-39-5 282 |+16-8 |+ 4-5 |— 7-T |—15-2 |—21-4 2 123:73
+20-5 |+35-6 |+50-8 |+59-7 |--56-4 |+48:3 [+39-0 |+29-5 |+16-5 |4 3:2 |- T-1 |—16-3 4 | 30-57
12 Months, 3 Seasons and the Year from 10 Quieter Days a Month.

13h. | 14h. | 15h. | 16h. | 17h. | 18h. | 19h | 20h. 22h. | 23h | 24h A.D.

4 Y 14 Y Y V4 Y 14 7 4 Y 14 4
+14:6 {4-21-2 |+33-6 |+41-5 {+44-7 (+37-8 |+28:6 |+20-4 |+ 86 |+ 7-8 |— 25 |— 8-9 01 22-17
+23-8 |4-37-4 |+47-6 |+63-8 |--47-7 |-+-36-5 |+36-8 1-+29-7 (+11-5 |+ 5-0 |- 6:4 |—15-6 -8 | 28:9H
+10-7 |4-18-7 |+26-3-|+-34:4 |+-33-3 |+24-7 |+19-3 |416:6 |+ 6-8 |— 2-4 |—10-9 |—13-1 -8 | 16-01
+12-7 |4-18-7 |4-22-7 |+22-8 (+24-1 | +23-3 |+17-3 {+13-3 |+ 3-7 {— 6-3 |—10-8 [—13-3 -1 14-30
+ 6:0 |4 8-6 {+11-3 [+13-0 (+12-2 [4+10-1 |411:4 |+ 4:9 |4+ 1-2 |— 0T |— 4-2 |— 6-2 3| 6-99
I+ 59 |+ 87 |+ 9-5 |+11-3 |13-8 |+12:1 |+10-4 |+ 49 |+ 0-4 |— 3-T |— 46 |— T-2 ‘2] 6-T1
+ 8-5 |4-11-7 |+15-5 |+18-1 |414-7 |+13-2 |+ 87 |+ 4-7 {— 1-2 [— 35 |— 6-9 |— 6-8 0| 8-52
+ 9-4 |4+10-8 {413:5 |-+15-6 |+15-5 |+11-3 {+ 8-7 |4+ 3-0 00| — 44— 60— 86 -3 7-96
+12-1 |4-17-1 {+19-7 |+20-5 |+21-9 |4-15-4 (+10-0 |+ 2:6 |— 3-8 |— 8:1 |— 9-8 |—13-7 -5 | 10-55
+21-5 |4-27-1 |+28-7 |+29-8 (+29-1 |+20-1 (+13-8 |+ 4:4 |— 1-6 |— 5-8 |[—10-0 (—13-6 -5 | 15-65
+16-4 |1-28-9 |+34-7 |+37-9 (+37-3 |+29-9 (+22-9 |+14-4 |+ 0-8 |— 7-8 |—13-5 |—12-8 0|19:43
+11-0 |4-21-0 |+31-7 |+34-3 |+42-5 |-4-38-1 (+25-9 |+23-2 |+15-6 [+ 6-2 |— 5-3 |—15-7 <71 21-24
+12-7 |4-19-2 |+24-6 |+-28:6 |+28-1 |+22-7 (+17-8 |+11-8 |+ 35 {— 2-0 |— 7-6 |—11-3 -3 | 14-18
+ 7'5 {410-0 {+12-4 |+14-5 {+14-1 |411:7 |4 9-8 |+ 4:4 |+ 01 |— 3-1 |— 5-4 |— T-2 ‘8| 7-53
+14-3 [4-20-4 |4+24-4 |+26-9 [+27-1 |+20-9 (+15-1 |+ 9-2 |+ 1-3 {— 5-T7 {—10-3 |—13-4 -2 | 13-48
+16-5 |-4-27-1 [+36-9 |{-44-4 |+43-0 {-}-35-6 |-}-28:6 |+21-9 |+ 9-1 |+ 2-8 |— 6-9 (—13-3 -11(22:79
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TaBLe XXXII.—Diurnal Inequality in Total Force for the
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TaLE XXXIV.—Diurnal Inequalities from

— 1h. | 2h | 3h ( 4h~' 5h I 6h. | 7h. | 8h | 9h | 10h | 11h | 12h
14 Y e e 14 4 e 4 4 Y e

Year ...|—11-0 |— 5:4 [+ 3-4 |+12-9 (416-4 [+22-3 |4+22-4 [+21-7 |4-18-1 |+11-6 |4+ 7-1 |4 4-6

E Winter |— 3:0 |— 0-8 [+ 2-4 |+ 75 |+ 9-4 (+13-3 [+13-9 [4-13-8 |+12-0 |4 7-7 |4 4-3 |+ 1-7
Equinox {—11-2 |— 1-8 |4+ 4-2 |4+13-0 {+17-9 |+22-0 (4-22-1 |4+21-7 |4+18-4 [12-7 |4 95 |+ 5-4
Summer |—18:8 |—13:5 |4+ 35 |+18-3 |+21-9 |+31-7 —|—31'2 4297 [+24-0 |[+14:5 |+ 7-5 |+ 6'.7
Year ...[+17-8 [+21-2 |-+23-5 |4-24-4 |4-20-6 |415-5 |+ 7-0 (4 O-1 |— 7-2 |—11-4 {—11-8 |—13:1
Winter |+ 8-8 |+11-9 |412-2 (4-13-7 |+11-3 (+ 6-4 |+ 2:1 |-~ 30 |— 7-4 |— 81 |— 85 |—9-1
Equinox 4185 |+19-4 |422-4 (422-2 |+16-3 (+11:3 |+ 3-7 |— 0+6 |— 9-0 |—14-3 |—15-4 |—14:2
Summer {+26-1 |+32-4 |4-35-9 (+37-3 |+34-3 (+28-7 |415-3 (+ 3-9 |— 5-2 |-11-7 |—11-6 {—16-0
Year ...—18-2 |—18-7 |—16-2 |—11-6 |— 5-8 (4 0-3 |+ 4-7 [+ 7-2 {+10-2 |411:6 |4+13-1 |412-9

v Winter |— 6:7 |— 63 [— 39 |— 17|+ 03 |4+ 27T |+ 49 |+ 52 |4 6-2 |+ 67 |+ 68 |+ 54
Equinox |[—16-8 |—14-5 (—13-2 |—10-1 |— 6-2 [— 0-7 |4 3-0 |4+ 6-2 |4 8-8 [+ 9-5 [+10-0 |+ 9-6
Summer |-31-2 |—35-3 |—31-4 [—22-9 |—11-5 |— 11 |+ 6-2 |4+10-2 [+15-6 |4+18-6 (+22-6 |423-7
TaBLE XXXV.—Diurnal Inequalities from Days of largest

— lho | 2h | 3h | 4h | &h | 6h | 7h | 8h. | 9h | loh | 1lh | IZh

e Y ? Y Y Y Y 4 t4 Y 14 4

Year ...|-34:7 |-17-5 |— 0-2 {+23-3 |4+-43-9 |+55-6 {+72-3 (+-67-3 |+64-0 |+55-6 |+39-7 |{28-4

0 Winter |—31-2 |—14-3 |— 1-4 |+24-1 |4-34-8 |4-45-8 |-54-0 (4-53-2 [+50-5 |+39-3 |4+29-3 [+18-0
* ) Equinox (—32-7 |—14-4 |+13-6 |+32-5 |+55-7 |+66-5 |4-83-0 (-804 [+71-9 [4-66-5 [440-3 |+24-8
Summer |—40-1 {—23-8 |—12-9 |413-4 |4-41-1 |+54:6 (+80-0 |-+-68-2 |-+69-7 |461-1 [+49-5 |+42-3
Year ...|+44:6 (4-61-1 |4-73-6 [+69-9 (4-58-4 |+48-0 |+26-6 [+ 9-4 |—10-3 |—30-6 |—37-7 |—45:6
Winter |4-38-0 (4515 |4-54-2 |+46-6 [+44-5 |+35-5 |+13-7 |— 1-5 |—14-4 |—26-T7 |—36-4 |—43-0
Equinox |447-6 |4+69-1 (+76-6 |4-76-6 (4606 (+50-3 (+23-3 |4 3-7 |—18-8 {—44-2 |—47-0 |—49-1
Summer |+48-3 |4+62-7 |4-90-0 |4-86-6 |4-70-2 |458-1 |4+42-9 (4+26-1 |4+ 2-2 |—21-0 |—29-6 |—44-8
“Year ...(—34-0 (—32-8 |—26-1 |—20-4 |—11-4 |— 2-8 (4 5:8 [+-15-1 [+25-3 [+32:5 |4-37-4 |--38-4
VJWinter —25-8 —24-5 |—15-2 {—13-6 |— 1-7 |+ 85 [+ 9-2 |+15-8 |+24-8 |+33-1 |+28:6 |433-3
Equinox |—31-1 [—-30-3 |—28-9 (—19-1 |—12-6 |— 4-3 |4+ 7-6 |+20-9 |430-2 |4-33-0 |+43-5 |136-8
Summer |—45-0 |—43-6 |—34-1 {—28-4 |—20-0 126 |+ 0-7 |4+ 8.5 |+21-0 |+31-5 |+-40-0 |-+45-2




International Quiet Days, 5 a Month (using G.M.T.).
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Range.

24 h.
4

—30-6

Y

23 h.
—65-0 (—46-6

6-7 |4+25-0 |+38-2
1-2 |-+23-6 {+39-6

2-6 1432-3 [+34-9
3-7 |+19-2 |440-0

22 h.
7

7
—47-5 |—60-1 |—59-2 |—61-3 |—47-7 | 133-6 | 39-43

21 h.

20 h.
14

6-3 [—15-9 |—20-8 |—23-6 |—28-1
93

— 5-0 |—14-9 |—20-5 |—18-9 [—31-3 |—43-6

4
14-0 |—19-3 |—22-5 |—24-7 [ —26-6 |--27-0

19 h.
— 8-4|—-16-7 {—21-3 |—22-4 {—28-7 [ —33-7

Y

18 h.
-3 (—19-2 |—32-6 |—44-8 |—42-1

Y

17 h.

16 h.
Y

‘6 {—10-6 |—17-9 |—28-0 |—34-2 |—38-2 |—40-7 |—46-9 |—51-0 |—43-5
-5 |—23-1 |—38-1 |—48-5 |—38-9 |—44-0 |—64-6 | —68-6 |—67-9 {—53-0 | 148-6 | 43-63

-8 |—23-8 |—41-7 |—58-0 |—53+2 |—60-4 |—74-9 |—62-1

—68-3 |—61-9 |—53-6 |—49'5

14 h.

International *“ Character > Figure, 5 a Month (using G.M.T.).

~—36-4 |—39-9 |—42.9 |—39-6 |—32-2 |—25-4 |—16-

—56-5 |—51-7 |—52-8 |—53-0 [—46-0 |—33-3 |—

—52-5 |—53-2 |—-54-7 |—51-5 |—43-9 |—36:1 |—25-
—64-5 |—68-1

13 h.




TasLE XXXVI.—Ratio of disturbed day R or A.D. to quiet day R or A.D.

Year. Winter. Equinox. Summer.
Element. "
R. A.D. R. A.D. R. A.D. R. A.D.
I 2-9 34 4-1 4-2 3-4 37 2-2 28
S.. 3-2 3-1 4-3 4-3 3-5 3-4 2-6 2-3
A 2:2 2-2 4-2 4-2 2-8 2-8 1-4 1-4
TapLe XXXVIIL.—Diurnal Inequality Ranges, 1902-03 and 1911-12.
Year. Winter. Equinox. Summer.
1902-03.} 1911-12. | 1902-03.( 1911-12. | 1802-03.| 1911-12. | 1902-03.] 1911-12.
D Al 45-5 59-2 26-8 42-3 44-6 64-2 64-1 72-4
., Quieter 34-0 37-6 14-0 19-8 30-0 37-0 62-2 57-4
I Al —_ 3-84 — 2-46 — 3-89 — 5-22
s, Quieter 1-74 2-54 1-23 1.31 1-50 2-30 2-87 4-04
e 4 4 Y 4 Y Y 4
T Al — 75-1 — 48-9 — 76-2 — 101-4
,» Quieter 34-5 49-3 25-2 25-8 28-6 45-2 57-3 78-1
vV Al 33°0 46-9 180 30-8 36°0 43-8 580 71-2
,, Quieter —_ 33-8 — 15-0 — 29-6 — 58-4
E Al 83-9 75-8 49-4 532 79-5 79-8 1 120-0 98-1
.» Quieter — 48-6 — 24-4 —- 46-5 -— 77-7
S Al — 71-9 — 47-0 74-1 — 96-6
5  Quieter 38:6 45-8 30-3 23-9 41-8 44-7 43-5 72-8
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7 CHAPTER V.
DIURNAL INEQUALITIES. FOURIER COEFFICIENTS.*

Section 26.—Calculations were made of the Fourier coeflicients 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 :—
o cost + bysint + @ co82t4-bysin2¢-f .| ) ] _ . (15).
¢ 8in (¢ + ap) - ¢y sin (2£ - @) - . |
Here ¢ represents the angular equivalent of the time elapsed since midnight, 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 ¢ and «
(amplitude and phase angle) constants were in the first instance calculated from the
corresponding @ and b constants, through the formule
a = tan ~' (@/b), ¢ = a/sin a = bjcosa . . . . . (16).
The a constants thus deduced, if left uncorrected, would refer to the same time as
the @ and b constants. The ¢ constants do not involve time. As it appeared desirable
to give values of the phase angles relating to the true local time, the necessary corrections
were applied, viz., 4 13° 36" to a;, + 27° 12 to a,, -- 40° 48 to o3 and + 54° 24 to a,.
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 ¢ 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 ¢ and b constants.
Tables XXXVIIT to XLIII, pp. 102 to 104, give the @ and b coefficients for the
E, 8 and V inequalities derived from all complete days and from 10 quieter days.
Tables XLIV to XLIX, pp. 105 to 107, give the ¢ and « 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 a; and a, are given only to the nearest degree, and o, only to the nearest
0°:1. The minutes are retained in q,, that being the usual practice, though they
suggest a higher order of accuracy than is really reached.

* The o1dinary formule 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 tc the
hour. When, 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, ¢ coeffici-
ents derived from the ordinary formule require small correction factors as follows :_ 24-bhour wave, 1002 ;
12-hour wave, 1010 ; 8-hour wave, 1:023 ; 6-hour wave, 1:042. The a coefficients, or phase 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 same corrections
are necessary to the a, b, ¢ coefficients given in Chapter IV of the ““ National Antarctic Expedition, 1901—1904,
Magnetic Observations.”
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The arithmetic means of the 12 monthly values of the ¢ 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 arithmetic 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 LIT and LITI, 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 ¢ and d attached to the force
components indicate quiet and disturbed days respectively.

Table LIV, p. 110, compares the ¢ and a constants obtained from the mean diurnal
inequality for the year from all the different types of days.

Tables LV, LVI and LVII, pp. 110 and 111, give Fourier coefficients for the D and
H diurnal inequalities. They are limited to the seasons and the year. These were not
really calculated direct from the D and H inequalities but from the ¢ and b Fourier
coefficients already calculated for E and S.

The @ and b coefficients are the fundamental ones from a computational point of
view. Thus it appeared desirable to put 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 calculated 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 (O) over the calculated (C) values were as
follows, the unit being 1y :—

Hour. 1 2 3 4 5 6 7 8 9 10 11 12
E 0-C ....4+0-1}y 00| 0:0 {406 |—0-5 |—0-5 |4+-0-3 |4+0-9 |—0-2 |—0-8 |~0-4 |15
S ...,4+0-1 |~0-7 |4-0-3 (40-2 | 0-0 |—0-4 |+0-2 [4+0-3 | 0-0 |—0-9 |—0-2 [4-0-3

Hour. 13 14 15 16 17 18 19 20 21 22 23 24
E 0-C ....—0-2 |—0-8 |-0-3 |4-0:6 |40-8 |—1-2 [4-0‘5 |~--0-2 [—0-2 [40-8 |--0-6 | 0-0
s «..;.—0:6 |4+0-2 (--0-2 |4+0-4¢ | 0-0 {40-1 {—0-8 [+0-6 {406 |—1-1 |40-2 |}-0-3
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The standard deviations are 0-46y for E and 0-63y 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 of ¢; and ¢, as compared with ¢, and ¢,. 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 ¢; is found in December for V, but in
February for E and 8, the latter phenomenon arising probably from the specially
disturbed condition of February, 1911. The smallest value of ¢, appears more often
in June than in any other month. Speaking roughly, the winter, equinoctial, and
summer values of ¢; in E and S stand to one another in the ratio 2: 3 : 4 on all days,
but in the ratio 1:2:3 on quieter days. Thus, relatively considered, the difference
between winter and summer values of ¢, is greater for the quieter days than for all days.
The relation between the winter and equinoctial values of ¢, 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 a,. We should infer that in the case of E and S the true
annual variation of a; must be small. 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 a, 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

97 G



midsummer. The difference between winter and summer represents some two hours
of time.

When the annual variation in a phase angle is large, the contributions 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 ¢,
in Tables XLIV to XLVII.

The amplitude ¢, of the 12-hour term has an annual variation similar to that of ¢;,
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 ¢, 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 a, it should be remembered that angles differing by
360° are really the same angle. For instance, the change in Table XLVI from 21°-3
to 359°-2 really represents not a rise of 337°-9, but a fall of 22°-1 from 381°-3 to
359°-2 (or from - 21°-3 to — 0°-8). The 1rregular1t1es, though considerable, are not
so large as might be thought at first sight.

Tables XLIV and XLV agree in making «, 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 a, least in equinox and greatest in summier.
In their case the winter value comes nearest to that for the year. Tables XLVIII
and XLIX agree in making e, least in equinox and greatest in winter, but the 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 great variability in phase in that element is
responsible for the small size of the amplitude for the year as compared with the arith-
metic mean of the monthly amplitudes. ¢, is largest in one or other of the summer months,
but the phase angle varies so much in these months that the winter season shows the
largest amplitude. The equinoctial value of ¢; suffers even more than the summer 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 X[.IV
and XLV and there is little if any parallelism between the values of ¢; in corresponding
months.

More regularity is apparent in the data for the 8-hour wavein 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 arithmetic mean
value of ¢; 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 ¢; 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 ¢, over the value for the year is considerable in all cases, especially in Table XLVI.
The all day and quiet day results do not in general point the same way. Table XLVI,
for instance, makes ¢, greatest in winter and least in equinox, while Table XLVII makes
it greatest in summer and least in winter.

Section 29.—The relative importance of the different Fourier waves is illustrated in
Table L, p. 108, giving the ratios which the amplitudes of the 12, 8 and 6-hour waves bear
to the amplitude of the 24-hour 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 Kew 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 markedly with increasing disturbance. The figures in Table L show no clear
evidence of this phenomenon in the Antarctic. Again there is no very decided 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 summer.

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 LI, 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 remembered is 15° for e,, 30° for oy, 45°
for a; and 60° for a,. In the case of a, the differences are all small, especially for S, where
they practically vanish except at the equinoctial season. The differences for E, though
small, indicate with considerable probability an increase of phase angle in the quieter
days, t.e., an acceleration of the hours of maximum and minimum. The 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 a, 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 a3 and a, vary so much from season to season that little confidence can be felt in them.

99 62



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 @, and still
more those of a, exceeded the all day values, while the results for ¢, and a, 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 ¢ and a constants are also given
in L.M.T. in Table LIV, with, for comparison, the corresponding results from the 10
quieter days and all days. Inthe 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 K and S, being decidedly less in the case of V. As regards the phase
angle a; 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
seems little doubt that disturbance increases a,. The five quiet day angle seems an
exception to this rule, but its difference from 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 angle 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 from 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 K 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 ¢, 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 ¢, in S, the value
from the five disturbed days nearly vanishing. Indeed beyond the fact that ¢, and c,
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 ¢, and ¢, the annual 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 ¢; and ¢, the phenomena, as with E and S, are somewhat
irregular. :

As regards the phase angles in Table LVI the summer value of o, 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 a, 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 H 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.
The 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 LVIT 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 ¢, and «, for the two epochs
differ rather markedly, the values for the earlier epoch being the larger. In the case
of D the difference in @, represents about two hours of time and is mainly responsible
for the difference between the diurnal inequalities for the two epochs which has been
ah:eady commented on.
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TasLeE XXXVIIL.—E. Fourier Coefficients, all Complete Days (Time of 180° E. Long.)

— & b, @y b, a3 bs ay b,

14 Y 4 4 Y I i
January ... .| +27-33 | —27-00 | —13-82 | —0-58 +8-15 | —0-14 | 4+0-90 | +3-03
February v 4-34-94 | —41-84 | — 8-17 | —0-52 —0-38 | —0-66 | —1-48 | —1-13
March vl +27-30 | —34-06 | — 8-71 | —0-82 +0-97 | —0-14 | —-0-79 | 40-66
April .| +22:57 | —29-56 { — 7-61 | —0-63 | —0-46 | 4+0-11 | —0-64 | —0-10
May ...| +16-53 | —19-85 | — 5-57 | —1:25 —0-31 +1-68 | —0-03 | 40-57
June | +12-37 | —16-46 | — 5-50 | —1-87 —1-49 | 41-00 | —0-11 +0-42
July vl +14-53 | —16-79 | — 4-72 | —2-69 —0-95 | +1-13 | —1-59 | +0-28
August ... vl +15-43 ( —21:05 | — 652 | —1-04 +0-47 4102 | —1-38 | +0-35
September | H17-41 | —25-84 | — T-33 | +0-47 —0-39 +0-35 | —0-77 | --0-97
October ... ...| +19-80 | —32-74 | — 8-80 | 4+1-23 +0-55 +1-03 | —0-53 | 40-26
November ool +27-20 | —35-72 | —11-01 | 4122 —2-49 | 4+0-03 | +1-33 | —3-00
December . +29-98 | —29-42 | — T7-20 | —4-41 —2-54 | +3-34 | —1-71 | —2-21
Year oo +22-08 | —27-53 | — 7-92 | —0-91 +0-10 | 4-0-73 | —0-57 | —0-15
Winter ... voo| +14-46 | —18-54 | — 5-58 | —1T1 —0-57 | 4+1-21 —0-78 | 4-0-41
Equinox v +21-77 | —80-55 | — 8-11 | +0-06 +4-0-17 +4+0-34 | —0-68 | —0-04
Summer ... J +29-86 | —33-50 [ —10-05 | —1-07 +0-69 | 4-0-64 | —0-24 | —0-83

TaBLe XXXIX.—E. Fourier Coefficients, 10 Quieter Days (Time of 180° E. Long.).
—_— a b a, by ag b, a, b,
4 Y

January ... g +24-42 | —21-97 | — 77’-29 +37',99 —}-2)317 +0)~’68 +07-118 +0}~l22
February .| +-27-63 | —31-80 | — 5-00 | —1-32 | —1-23 | —1:82 | —1-74 | 40-87
March o 41777 | —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 +4-0-06 —0-02 +0-35
May | + 706 | — 819 | — 209 | —0-17 | —0-65 | +0:73 | —0-19 | —0-14
June | 4622 | — 898 | — 1-43 | —1-04 | —1-29 | +0:15 | 4-0-04 | —0-16
July | + 5-67| — 815 |— 1-19 | —0-65 | —1-74 | +0-97 | —0-65 | —0-21
August ... .| + 6-38 | —10-08 | — 2-20 | 4-0-12 | —0-29 +0-41 | —0-20 | +0-11
September .| 4 7-23 | —14-49 | — 575 | +1-46 | 4-0-57 | 4+0-55 | 4+0-05 | —0-02
October ... o + 726 | —20-556 | — 5-99 | +3-92 | +1-87 | —0-72 | +0-05 | -4-0-58
November .| +16-73 | —-27-83 | — 8-75 | +5-92 | —3-50 | —0-50 | +1-24 | —0-85
December .| +20-94 | —20-26 | —10-36 | +2-8 | 4-0-7T4 | —1-70 | —1-42 | 42-01
Ygar +13-18 | --17-23 | — 4-80 | +1-08 | —0-52 | —0-16 | —0-27 | 40-40
Winter ... + 6-33| — 88| — 173 | —0-44 | —0-99 | 40-57 | —0-22 | —0-10
Equinox +10-79 | —17-38 | — 4-84 | +0-80 | —0-11 | —0-23 | —0-16 | 4-0-74
Summer ... +22-43 | —25-47 | — 7-85 | 4+2-86 | —0-45 | —0-83 | —0-43 | 4-0-56
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TaBLE XL.—8. Fourier Coefficients, all Complete Days (Time of 180° E. Long.).

—_ ay b a, by ay by a, by

4 14 g Y (4 l4 Y Y
January ... ...| —25-37 | —30-92 | —1-00 | 4+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 ...| —33-66 | —25-88 | —3-22 | 4+6-06 | +1-35 | +1-61 +0-61 | +0-19
April ...| —33-64 | —23-57 | —3-84 | 4+6-07 | 40-53 | 40-99 | —0-93 | —1-27
May ...| —20-09 | —14:94 | —1-09 | 4+2-95 | +40-26 | 4+0-23 | —0-72 | 40-57
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 | 4+0-63 | 4+1-40 | 40-48 | 40-62
August ... ..| —19-81 | —14:22 | —0-07 | +4-82 | +1-8 | +1:12 | —0:04 | 4070
September oo —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 | +0-68 | +4-1-42 | 40-85
November ..| —28-81 | —27-43 { —2-73 | +7-99 | +3-28 | —0-32 | —0:65 | —0-70
December .| —28-05 | —37-54 | —1-62 | +6-17 | +2-74 | 4+0-42 | —0-13 | +2-19
Year .. —26-99 | —23-50 | —1-65 | 45-36 | +1-656 | +0-26 | —0-15 | 4-0-13
Winter ... .| —19-01 | —14-35 | —0-98 | +3-59 | 40-568 | 4-0-99 | —0-10 | 4058
Equinox ...| —29-30 | —21-61 | —2-43 | +5-86 | +4+1-61 | 4+1-06 | 4-0-13 | —0-09
Summer ... .| —29-65 | —34-5¢ | —1-63 | +6-64 | 4-2-56 | —1:28 | —0-47 | —0-11
TaBLE XLI.—8. Fourier Coefficients, 10 Quieter Days (Time of 180° E. Long.).

e a; b, a, by ag by a, by

4 14 L4 Y ¥ ¥ Y g
January ... ...| —19-80 | —26-86 | 4-0-19 | 44-36 | —0-09 | +0-656 | 40-91 | —2-15
February ...| —29-64 | —32-84 | 40-03 | 46-03 | -+-4-31 | +0-17 | —1-25 | +40-32

March | —19-04 | —17-01 | —3-74 | +3-10 | +2-99 | +0-82 | —1-22 | —0-22 -

April ...| —17-66 | —12-50 | —1-85 | 4+2-68 | —0-28 | +41-79 | —1-17 | —0-70
May il — 89 | — 691 —0-32 | 40-97 | 4+0-49 | 4+0-35 | —0-01 | —0-05
June wf — 8-36 | — 5-94| —0-78 | 41-88 | +0-63 | +2-09 | —0-32 | +40-31 "
July ..| —10-22 | — 8-83 | 4+0-26 | 4+3-15 | +1-62 | +1-87 [ —0-95 | —0-10
August ... ...| —10-556 | — 6-76 | 40-23 | 4+2-38 | 4+0-80 | +1-20 | —0-05 | 40-27
September ..., —14-50 | — 6-77 | —0-78 | +4-06 | +0-52 | -40-35 | —0-35 | +40-27
October ... ...| —19-37 | —12-62 | 4+1-70 | 42-96 | 41-26 [ —0-14 | —0-01 | 40-14
November  ...| —21-11 | —16-65 | +0-51 | +6:05 | +1-52 | +1-93 | —1-00 | +0-09
December ..| —17-83 | —25-67 | 4+0-43 | +2-26 | +0-37 | +2-60 | —1-18 | —0-39
Year ..l —16-42 | —14-95 | —0-34 | 4-3-32 | 4+1-18 | +41-13 | —0-55 [ —0-18
Winter . eeef — 952 | — T7-11| —0-15 | 42-10 | +0-89 | +1-38 | —0-33 | 40-11
Equinox .| —17-64 | —12-23 | —1-17 | +3-20 | +1-12 | 40-70 | —0-69 |—0-13
Summer...  ...| —22-10 | —25-50 | +0-29 | +4-67 | +1-53 | +1-31 | —0-63 | —0-53
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TasLe XLII.—V. Fourier Coefficients, all Complete Days (Time of 180° E. Long.).

- 4G by 2 by a3 by ay b,

4 e Y Y Y Y t4 Y
January ... .| +27-23 | 411:47 | +0+65 | —1-45 | +0-95 | +5-00 | —2-56 | —1-36
February .| +33:49 | + 9:78 | —1-46 | —3-8 | +0-28 | +2-07 | —0-80 | —1-75
March ... | +22:25 | + 2-44 | +0-41 | —3-71 | —0-20 | 4+2-44 | —0-7T1 | —1-46
April ... ...| +21-44 | — 155 | —0-08 | —2-53 | -}1-34 | +1-39 | +-0-12 | 4-0-35
May .| +15-62 | — 2-87| —0-09 | —1-06 | +0-15 | 4+1-06 | —0-74 | —0-12
June ... .| 41434 | — 4:39 | —0-59 | —0-98 | —0-29 | 40-37 | —0-67 | 4-0-09
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 | 4+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 | 4+ 5-60 | 4-0-10 | —2-79 | 40-40 | 41-52 | —1-40 | —0-37
November ...| +26-69 | 4 815 | +2-37 | —3-86 | +2-30 | +4-37 | —2-84 | +1-41
December ...| +36-74 | +10-19 ; —2:51 | —3-95 | +2-42 | +42-71 | —0-27 | —2-66
Year ... . 4+21-8 | 4+ 2:97 | —0-07 | —241 | 40-55 | +1-77 | —0-89 | —0-64
Winter ... | 41471 | — 2-81 | —-0-20 [ —0-92 | —0-37 | +0-28 | —0-57 | —0-37
Equinox vl +19:94 | - 1:83 | 4-0-23 | —3-03 | +0-52 | +1-48 | —0-48 | —0-47
Summer ... ...| +381-01 | + 9-90 | —0-23 | —3-28 | 41-49 | +3-54 | —1-62 | —1-09

TaBrLe XLIII.—V. Kourier Coefficients, 10 Quieter Days (Time of 180° E. Long.).

_— a, b a, by ag by a, b,
14 Y ¥
January ... .| +23-32 +13-44 —1-08 | —1-93 —~O)-,75 +3?°’92 —0)-,47 ~1)c’62
February ool +28-46 { 4+ 9-58 | —2-36 | —2-09 | —0-05 | +1:02 | —0-24 | —1.99
March ... oo +11-47 | 4+ 5-70 | 40-72 | —5-43 | —0-43 | -}+3-23 | —1:29 | —2.09
April ... o +13-89 { — 0-05 | —1-16 | —3-59 | +0-06 | 40-47 | —1-62 | —0-21
May .. + 662} — 005 | +0-20 | —0-66 | —0-21 | +0-73 | —0-B7 | +0-32
June ... oo+ 718 —1-97| —0-456 | —0-11 | —0-20 | —0-23 | +0-15 | +4+0-01
July ol +731| —1-06| —0-60 | 4-0-12 | —0-25 | +0-26 | —0-03 | —0-30
August ... ol + 789 | 4+ 0-19 | —0-15 | 4+0-52 | —0-08 | 4+0-31 | —0:05 | —0-64
September ...| +10-58 | + 0-72 0-00 | —0-96 | -}-0-41 | +1-94 | —0:20 | 40-.11
October ... | +15-93 | + 3-43 | —~1-53 | —1-44 | 4-0-30 | 4+2-10 | —1-61 | —0.20
November .| +24-73 | 4 5-89 | —1-10 | —2-84 | +1:45 | +1-85 | +0-01 | 40-.76
December ..| +28-12 | 4-11-64 | —1-96 | —3-85 | ++1-71 | 42-40 | 4+0-15 | 40-16
Year ... ...| +15-46 | + 3-71 | —0-79 | —1-85 | 4-0-16 | +1-46 | —0-47 | —0.47
Winter ... o+ 72| —0-721 —0-25 | —0-03 | —0-19 | 4+0-27 | —0-12 | —0.15
Equinox o +12:97 | 4 2:45 | —0-49 | —2-86 | 40-08 | 4+1-94 | —1:16 | —0-60
Summer ... ..| +26-16 | + 9-39 | —1-63 | —2-68 | 40-59 | 4-2-17 | —0-14 | —0-67
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TaBLe XLIV.—E. Fourier Coefficients, all Complete Days (L.M.T.).

I 1 @ Cy ag Cg 3 C4 ay

. y [] ’ y o y o y o
January . ...| 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
Mal‘ph .| 43-65 154 53 87 | 291-8 0-98 139 1-03 5
April ... ..l 37-19 156 14 7-63 292-5 0-47 325 0-65 316
May ... .| 25-20 155 34 5-T1 284-6 1-71 30 0-57 52
June ... ...| 20-59 156 40 5-81 2785 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 1-24 273
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 ... ..t 42-00 158 3 8-44 2657 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 .| 23-561 155 38 5-84 280-2 1-33 16 0-88 352
Equinox ...| 37-51 158 7 |. 811 297-6 0-38 68 0-68 321
Summer .| 44-88 151 53 10-11 2911 0-94 88 0-86 251

TaBLe XLV.—E. Fourier Coefficients, 10 Quieter Days (L.M.T.).

- 1 b | Ca ag Cy ag Cy ay

y o ’ y o y o y (]
January ...| 32-8 1456 35 8-32 325-9 2-28 114 0-28 95
February ... .| 42-13 152 37 5-17 282-4 2-20 265 1-95 351
March e .. 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 b3 1-77 261-2 1-30 318 0-16 220
July ... . 9-93 158 48 1-356 268-4 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 ... ..l 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 0-24 301
Equinex ...| 20-46 161 46 4-90 306-6 0-25 247 0-76 42
Summer ...|] 33-94 152 14 8-35 317-2 0-95 249 0-71 17

106




TaBLe XLVI.—S. Fourier Coefficients, all Complete Days (L.M.T.).

—_— [ ay Cy C3 Qg [ ay

4 o Y Y ° Y °
January 39-99 232 58 4-18 3-43 222 0-93 163
February 55-77 234 20 8-40 4-57 154 2-58 285
March 42-38 245 58 6-86 2-10 81 0-64 127
April ... 41-08 248 35 7-18 1-12 69 1-58 271
May 25-03 246 b8 3-14 0:35 90 0-92 3
June ... 21-22 247 57 4-58 1-29 22 0-45 36
July 24-63 243 37 2-78 1-53 65 0-79 92
August 24-39 247 56 4-82 2-16 100 0-70 51
September 28-54 247 13 7-01 2-64 107 0-58 311
October 3365 247 1 4-61 1-83 113 1-65 114
November 39-79 240 O 8-44 3-30 137 0-95 277
December 46-86 230 22 6-36 2:77 122 2-20 51
Arithmetic mean 35-28 — 5-70 2-26 — 1-16 —
Year ... 3504 241 29 561 1-57 121 0-19 5
Winter 23-82 246 34 3-72 1-15 71 0-59 44
Equinox 36-40 247 12 6-35 1-84 96 0-16 179
Summer 45-52 234 15 6-82 2-85 158 0-48 311

TaBrLE XLVII.—S. Fourier Coefficients, 10 Quieter Days (L.M.T.).

—_— [} ay Cg l ‘ag } Cy ay

y [+ ’ y y o y o
January 33-37 230 O 4-36 . 0-65 33 2-34 212
February 44-24 235 40 6-03 . 4-31 129 1-30 339
March 25-53 241 50 4-86 . 3:10 116 1-24 314
April ... 21-64 248 19 3-26 . 1-81 32 1-36 294
May 11-31 245 56 1-02 9-2 0-60 96 0-0b 249
June ... 10-26 248 13 2-03 4-8 2-19 58 0-45 9
July 13-51 242 47 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 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 0-356 342
Equinox 21-47 248 53 3-41 7-2 1-32 99 0-70 314
Summer 3375 234 30 4-68 30-7 2-01 90 0-82 284




Tasie XLVIII.—V. Fourier Coefficients, all Complete Days (L.M.T.).

— 1 L Cq ag Cy ay LA a .
v ° ! y ° 4 ° 4 °

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 49 1-93 2569
March ... 22-38 97 21 3-73 2009 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 3156
June ... ... 15-00 120 36 1-14 238-2 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 8 34 4-53 1756 4-94 69 317 351
December ... ...| 38:13 88 6 4-68 2396 3:63 83 2:67 240
Arithmetic mean ...| 22:60 — 2:60 — 2:16 — 1-47 —
Year ... ... 22-09 95 b2 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 b4 3-29 211-3 3-84 64 1-95 291

TaBLe XLIX.—V. Fourier Coefficients, 10 Quieter Days (L.M.T.).

_ A a Cqy ay C3 ay C4 ay

y o ’ y o y o y o

January .. ...\ 2555 79 29 2:21 236-4 3:99 30 1-68 251
February .. ...| 30-03 8 0 3:15 2558 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 48 371 225-0 0-48 48 '1-63 317
May ... 6-62 104 2 0-69 190-6 0-76 25 0-65 354
June ... 744 118 55 0-46 283-6 0-31 262 0:15 142
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 ... ...l 10-61 99 42 0-96 207-4 1-99 53 0-23 352
October .| 1629 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 17 4-32 234-2 2-94 76 0-22 98
Arithmetic mean ... 16-20 — 2-28 — 1-63 — 1-02 —
Year ... .- ... 15:90 0 17 2:01 230-2 1-47 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 ... el 2779 83 52 3:13 2385 2:26 |. 56 0:68 246
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TaBLE L.—Ratios of Amplitudes of Fourier Waves.

/ey cafe, (A
Element . § 5 . 4 5 . W 5
o | § BB S| gl B R, 8|58
g = 5, g 3 5 5, g 3 5 g, g
> S = @ > B & @ > E = @
E All days 226 | -249 | -216 | -225 | -021 | -O57 | -010 { -021 | -017 | -037 | -018 | -019
{ B Quieter days | -227 | -164 | -239 | -246 | -0256 | -105 | -012 | -028 | -022 | -022 | -037 | -021
S All days - +160 | 156 | -174 | -150 | <045 | -048 | -O51 | -063 | -005 | -025 | -004 | -011
S Quieter days | -150 { -177 | -159 | -139 | -073 | -138 | -061 | -060 | -026 | -030 | -033 | -024
V Alldays ...| -109 { -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 | "0456 | -046 | "067 | <024 | 036 | 018 | 030
Quieter days | -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 LI.—Phase Angle Differences. 10 Quieter Days—All Days.
. a3 ag ag ay
- W 5 “ W e . W 5 ‘ w P
ElE| & & | & |E|&| 8|8 |E| 5|8 |8|E|l&]a
E ..|+115 +2 24 |+3 39 (+0 21 [+19-2 |+ 2-8 |+ 9-0 |+26-1 |—115 |—35 |—181 |—199 |+71 |—51 |+ 81 [+126
w|=012 (40 17 |41 41 |40 15 |+11-2 |+11-2 |+ 25 |+16:5 |— 34 |+ 3 [+ 3 |— 68 |—59 [—62 [+136 [— 27
V ..|~545|-5 8(-526|—2 2(+21-4 +70-5 +14-2 427-2 |— 11 |18 |— 17 |— 8 [—10 |—19 |4 17 |~ 45

108




TasLE LII.—Fourier Coefficients for Five Quiet (¢) and Five Disturbed (d) Days (G.M.T.).

— ay b, a, b, a by ay by
1

Y 4 4 Y Y 14 14 Y
E(q) | —10-33 | +14-92 | —7.01 | —0-47 | —0-13 | +40-46 | 40-39 | +0-70
E(d) | —39-39 | 44761 | —9-99 | —3-17 | —0-09 | —1-45 | —0-82 | -++2-21
S() | +13-714 | +13-21 | —0-87 | +4-77 | —1-28 | —0-78 | +0-33 | -+0-07
S(d) | +43-79 | 441-15 | —5-42 | 4763 | —2-51 | —0-42 0-00 | —0-06
V() | —15-51 | — 324 | —2.15 | —2-13 | —0-19 | —0-98 | —0-25 | -0-26
V() | —34-22 | — 106 | +2-44 | —245 | —0-8 | —0-49 | 40-02 | —1-04

TaBre LIIT.—Fourier Coefficients for Five Quiet (¢) and Five Disturbed (d) Days

(G.M.T.).
— ¢ oy Cy ay C3 og ¢y ay
y o ’ y [ y [+] ’, o
E() .. e ... 18-15 326 18 7-03 266-2 0-48 344 0-80 29
E@) .. ...|] 61-80 320 24 10-48 252-4 1-45 184 2-36 340
S .. .. 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
Vg ... ...l 15-84 258 12 3-03 225-3 1-00 191 0-36 316
V) .. ] 3424 268 14 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.).

—_ [ ay Cq ag [ ay €4 ay

) y o 1’ y ' [ y ] y o

5 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
All .. . 35-26 154 56 7-97 290-6 0-73 48 0-59 309

5 disturbed... 6180 154 0 | 10-48 279-6 1-45 44 2-36 31

5 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
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

5 quiet 15-84 91 48 3-03 2525 1-00 52 0-36 11
v 10 quiet 15-90 90 7 2-01 2302 1-47 47 0-67 279
Al ... 22-09 95 52 2-41 208-8 1-85 58 1-10 289

5 disturbed... 34-24 101 50 3-46 162-3 0-99 101 1-06 224

TaBLe LV.—D and H. Fourier Coefficients (Time of 180° E. Long.).

—_ a by l @y , by as by ay t by
Declination. [ Year ...| —25-03 { +11-96 | +-5-20 | +2-51 | 40-46 | —0:44 | +0-36 | +0-16
All Winter ...| —17-10 | 4+ 8-56 | -}-3-73 | +2-49 | 4-0-62 | —0-54 | 4-0-563 | —0-10
complete | Equinox | —25-98 | -+14-81 | +5-08 | +1-98 | 4+0-40 | 4+0-12 | +0-54 0-00
days. Summer | —32-00 | 4+12-50 | 4-6-80 | 4-3-07 | 40-38 | —0-91 | +0-01 | +0-56
Declination. [ Year | —15-28 { + 7-40 | 4+-3-38 | 4+0-36 | +0-78 | +0-51 | 40-01 | —0-35
10 Winter ..., — 7-90 { 4 4-00 | +1-21 | 4+1-04 | +1-03 | +0:06 | 4-0-05 | 40-11
quieter Equinox | —13-96 | 4 8:45 | 4-312 | +-0-52 | +0-47 | +0-41 | —0-12 | —-0-58
days. Summer | --23-97 | 4+ 977 | 4582 | —0-47 | 4-0+86 | 4+-1-06 | 4-0-10 | —0-59

. 14 4 4 g Y Y Y
Horizontal [Year .| -—14-07 | —33-02 | —4-88 | -}-4-46 | 4-1-44 | +0-55 | —0-38 | 4-0-05
Force. Winter ...| —11-00 | —20-90 | —3:28 | +2-51 | +0-28 | 4+1-41 | —0-43 | 4-0-70
All complete) 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 | 4+-2:60 | —0-88 | —0-53 | —0-45
Horizontal ( Year - 920 | —20-89 | —2-:37 | +3-47 | -}-0-84 | +0-95 | —0-61 | 4+0-01
Force. Winter ...| — 5-90 | —10-22 | —0-88 | 4-1-71 | 4-0-38 | 4-1-49 | —0-40 | 4-0-05
10 quieter ] Equinox | —11-33 | —18-49 | —3-12 | 4-3-24 | 40-97 | 4054 | —0-69 | +0-20
days. Summer | —10-38 | —33-96 | —3:10 | +5-45 | +1-19 | +0-83 | —0-76 | —0-24
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TaBLE LVL.—D and H. Fourier Coefficients (L.M.T.).

—_— [ ay Ca ag Cy ag Cy ay

’ o ’ 14 o ’ ] ’ o

Declination. [ Year ...| 27-7T4 309 9 5-78 91-4 0-64 174 0-39 | 121
All Winter ...| 19-13 310 12 4-48 835 0-82 172 0-54 | 155
complete | 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. [ Year ..., 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 | Equinox 16-31 314 48 3-17 107-8 0-62 90 0-59 | 246
days. [ Summer 25-89 305 46 5-84 121-8 1-36 80 0-60 | 225

) y -] ’ y ] y o y o
Horizontal [ Year ... 35-90 213 40 6-61 3396 1-54 110 0-38 | 332
Force. Winter ...| 23-61 221 18 4-13 334-7 1-44 52 0-82 23
All complete | Equinox | 36-86 221 22 7-78 340-4 1-81 93 0-20 | 295
days. Summer 47-66 210 43 7-94 341-5 2:7¢4 150 0-70 | 284
Horizontal (Year ... 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 0-40 | 332
10 quieter | Equinox | 2169 2256 6 4-50 343-2 1-11 102 0-72 | 341
days. Summer | 35-51 210 35 6-27 3576 1-45 96 0-79 | 307

TasLe LVII.—Fourier Coefficients from Mean Diurnal Inequality for the year.
1911-12 and 1902-03.

Element. Epoch. c, a; c; a, c; ay c, o,

’ (=] ’ ’ o 4 o 4 o

D All complete days ... ...| 1911-12 | 27-74 | 309 9 | 5-78 | 91-4 | 0-64 | 174 | 0-39 | 121
D , » s ...| 1902-03 | 20-36 | 338 29 | 4-43 | 1334 | 0-34 | 66 | 0-65 | 217
D Quieter days ... ...| 1911-12 | 16-98 | 309 28 | 3-40 | 1111 | 0-94 | 98 | 0-35 | 233
D » vy e ...| 1902-03 | 15-22 | 341 36 | 3-45 | 150-9 | 0-96 | 70 | 0-57 | 230
y L] ’ y o y o y (]

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 | 3562-9 | 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 /18 | 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 avoid 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 LXT also gives in the last line the mean of the monthly means for the 11
months of 1911 and 1912. On the 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
same 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 inequality 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 position. The
minimum range in Table LXI shows an annual variation of the same type as in the mean
range but relatively even larger. In February,1911,no day had a range less than 163y
in E’, 170y in 8, or 129y in V; whereas the smallest ranges for the three elements in
June, 1911, were respectively only 31y, 34y and 22y. The maximum monthly ranges
in Table LXI show much less regularity in fheir annual variation. The absolutely
largest ranges recorded were 727y in i’ during December, 1911, 652y in S’ during April,
1911, and 453y in V during July, 1911. In 1912 the largest S’ range, 438y, and the
argest V range, 372y, occurred in May. Thus while notably large disturbances were
most numerous in the summer 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 columns give the mean
of the ratios derived from E’, 8’ 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 summer. 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 any one 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 8’ 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 LXIII we see that ranges less than 50y were
almost entirely confined to winter months. In summer ranges less than 100y were very
rare. In winter half the total number of ranges lay between 50y and 150y, while in
summer 83 per cent. of the ranges exceeded 150y, and 41 per cent. exceeded 250y. Of
the 11 ranges exceeding 500y only one occurred in 1912, and ranges exceeding 250y
were nearly thrice as numerous in 1911 as in 1912.

Table LXIV gives for S’ in summer no range less than 50y, 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 100y was much greater for equinox
than for summer, but ranges exceeding 250y were relatively as numerous in the former
season as the latter.
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Coming to V ranges in Table LXV 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 winter 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 half 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 the 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 H and 33y in V. For the mean
absolute ranges in the Antarctic from February,.1911, to November, 1912, we have
187y in E’, 163y in 8’ and 113y in V. Thus we find

(Range in E’ in Antarctic)/(Range in D at Kew) = 2-6.
(Range in 8’ 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 more 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 H and 2:3 in V,
whereas they were in the Antarctic 75-2 in E’, 68-1 in S’ and 464 in V.

Section 34.—The fact that E’ and 8’ 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 8’ 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 maximum and
minimum in E’ and 8’ as well as in V. The results appear in the six Tables LXVI
to LXXT, 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
incompleteness 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 absence of record for J anuary, 1911, and December, 1912, reduces of course
the number of summer days.

Referring to Table XTI 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 18h. 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 maximum ; 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 2h. to 14 h. contribute only
45 occurrences or 7% 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 2h. 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 h. (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 14 h. and 15h. 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 23h. and
24 h. (all months and equinoctial months), or between Oh. and 1h. (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 111 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 18 h. for the year as a whole.
In Table LXXI the greatest frequency of occurrence of the minima is found at a decidedly
earlier hour, viz., 10h.-11h., 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 5h. show only nine occurrences of the minimum,
i.e., only 1% 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 6 h.

When dealing with the 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 elements at the two epochs.
The elements 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 I ¥}
E’ Minima ... 48 D Maxima ... b4
S - Maxima ... ... Bl H Maxima ... 45
S’ Minima . . .. 30 H Minima . e .. 31
V Maxima ... .. 38 V Maxima .. 40
V  Minima ... b2 V Minima .. 3

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 inequalities. 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 3h.—4h.
and 4 h.—5 h. we have in the first, 39 occurrences of maximum and 3 of minimum, and
in the second, 31 occurrences of maximum and 1 of minimum. If we count one maximum
as 41, and one minimum as — 1, the entries under these two successive hours become
+ 39 —3 or + 36, and -+ 31 — 1 or 4+ 80. 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 8 h.~ 4 h. and -+ 73 for 4 h.—5 h. The arithmetic mean
of these two values, .c., |- 80, appears in Table LXXII at 4h. 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 yearin Vis 4 11-9y. The A.D. (arithmetic mean of the 24 hourly entries) is 13- 84y,
and + (11-9/13-84) X 100 = 4 86. In this way we get a diurnal inequality which
is independent of the unit of force employed, and which is not without advantages
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when we wish to consider the type as distinct from the amplitude of the diurnal
variation.

If the absolute daily maximum 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 peaked 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 §'.

As we shall see later, the incidence of disturbance in the Antarctic showed a con-
spicuous diurnal variation, the maximum of disturbance occurring between 8h. and
10h. and the minimum towards midnight. This has no doubt something to do with
the incidence of the daily maximum and minimum. For instance, it probably explains
the secondary maximum between 8 h. and 10 h. shown by Table LXX in the incidence
of the daily maximumin V. Thatisnot a time of the day at which the diurnal inequality
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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TasLe LVIIT—

1911.

Day.
Feb. Mar. April. May. June. July. Aug. Sept Oct. Nov. Dec
4 Y Y ? ? 4 Y ? Y 4 Y
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 1 240 164 106 186 381
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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Absolute E’ Ranges.

1912.

Jan. Feb. Mar. April., May. June. July. Aug. Sept. Oct. Nov.
Y Y Y Y Y Y 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 4 (48) 71 294 76 199 (279)
292 (281) 86 208 44 58 93 97 386 146 (199)
149 191 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) 98 47 57 45 150 210 135 —
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 84 128 95 107 —
163 — 57 — 121 — 103 93 — 131 —
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TasLe LIX.—-

Day.
v Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec.
Y Y Y 4

1 Z— 3%3 1¥2 2%7 258 2%0 81 158 43 gS 196
2 —_ 215 245 115 247 314 73 (1) 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
7 367 198 114 290 199 267 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 — 311 186 78 56 188 150 (47) 130 182 100
31 — 210 — 242 — 191 195 — 103 — 241
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Absolute S’ Ranges.

Jan. Feb. Mar. April. ‘ May. l June i July. Aug, Sept. |  Oct. Nov.
Y Y Y 14 Y Y 4
(198) 119 127 72 101 145 126 221 114 (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 (61) 65 149 73 198 (83) 108
161 156 72 171 438 44 312 31 127 (55) 71
233 139 111 270 186 (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 65 154 109 (125)
172 235 175 269 105 229 B7 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 a7 68 44 109 210 219
151 234 75 208 85 (54) 40 257 56 177 (137)
249 (237) 52 232 72 38 151 107 264 106 (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 — 111 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 73 88 52 98 93 69 —
119 —_ 61 — 72 — 126 92 — 128 —
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TapLe LX.—

1911.

Day.
Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec.
Y 4 Y Y 4 4 Y 4 Y ? Y
1 — 214 125 112 145 134 91 86 36 79 173
2 —_— 148 114 130 106 127 41 (61) 5 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 b4 58 94 231 108
11 165 Y4 96 46 (85) 313 37 65 143 130 331
12 150 48 111 131 (299) 133 33 (90) 122 130 264
13 129 49 (145) 39 152 T4 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 88 125 116 159
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 5b 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.
Jan. Feb. Mar. April, May. June. July. Aug Sept. Oct. Nov.
Ve 4 4 4 e I Y 14 Y 7 /4
— 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 1 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 (36) 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 4] 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 —_— 94 -
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TaBLe LXI.—Absolute Daily Ranges.

1911. 1912.
E’ s’ v E’ S’ v
Month.
S 313|233 1=2/31383|2(3|/812/313]=/3/|35
] v | v v v | v v v |y vy | v e v vy vy |7 ¥
January .| — —_ — — —_ —_— — —_ — | 231 | 622 | 118 | 164 | 337 82 | 145 | 229 72
February ...| 365 [ 604 | 163 | 335 | 594 | 170 | 190 | 259 { 129 | 189 | 338 89 | 153 {(237)] 58 | 127 } 206 64
March .| 287 | 619 87 | 262 | 567 54 | 169 | 363 18 | 138 | 293 57 | 126 | 371 43 86 | 183 26
April.... ....| 2566 | 518 58 | 275 | 652 48 | 150 | 394 48 | 131 | 311 39 | 132 | 317 42 91 | 356 25
May ... ...| 206 | 502 59 | 163 | 344 857 | 119 | 427 36 | 114 | 379 24 | 112 | 438 16 82 | 372 15
June .| 146 | 375 | 31 | 149 | 208 | 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 | 434 658 | 182 | 361 89 — — — —_ — —_ —_— — —_
Mean | 224 198 131 150 129 95
TapLe LXII.—Ratio (Absolute Range)/(Inequality Range).
1911. 1912. M ]
Month. B;:::m?
E’ 8 v Mean. E/ 8’ Y Mean

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 2-24 263 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 2.7 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 2-05 207 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 2:33 —
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TasLe LXIII.—E’ Ranges.

Number of Days when Range between Limits stated.

. 0 to 507. 50y to 100y. 100y to 1507. | 150+ to 200y. | 200y to 250y. ; 250y to 500y. | Above 500y.
Month or — -
Season. - . - & . 2 .| B | g .| @
glgleg| 2|8 (~gl2|2|~g|l2 ||~ 2 (282|222 ™8
2| M2 | ez Hlelz] Hle|eHe|e| 22| ™
January (30) l—10 0| — 0 0|— | 6 6| — 1| 8 8| — | 8! 5| — |10 10| — | 1 1
Februsry (44) .. 0| o o| o| 1| 1| ofl 8| 8| 1| 5| 6| 2| 5| 7|15 4| 19| 3| 0 3
March (59) ol of o|l 2| 9| 1| 3| 7| 10| 1|10 1161|718 1191 0|1
April (56) ... 0| 2| 22| 12| 14| 1| 6| 7{ 6| 4| 10 7| 310/ 8] 3| 11| 2|02
May (61) ... o| 8| 8| 4| 10| 14| 9| 5| 14| 3| 3| 6| 6| 1| 7| 8| 3| 1| 1| 0] 1
June (55) ... 5| 5| 10| 4| 11| 15| 6| 2| 8| 7! 3| 10| 2| 4| 6| 3| 3] 6| 0| 0] 0
July (60) ... 1| 9{ 10| 7| 8| 16| 7| 9| 16| 3| 1| 4/ 6| 1| 7|6/ 1| 7|1 0]1
August (60) o 4| 412 10 22| 6| 9| 15| 5| 0| 5| 4| 2| 6| 3| 4| 71} 0|1
September (55) 10| 1| 4| 11| 15]10| 9| 19| 5| 6| 11| 0| 2| 2| 5| 2| 7| 0| 0] O
October (55) ol ol o| 2| 6| 7| 9| 9| 18| 8| 4| 12| 6| 3| 9| 6| 3| 9/ 0] 0|0
November (40) ol ol o o 1| 1| 4| 1| 5|7/ 2/ 9| 7| 4(101|12]| 2| 14} 0| 0| O
December (31) 0|—| .0 0| — 0| 4| — 4| T} — 70 7| — | 7|12 —] 12 1| —] 1
Year (606) 7 28| 35 (37| 78| 11559 |71 |130 | 53 |46 | 99 |53 (31 |84 |96 |36 (132 10 1|11
Winter (236) 6|26| 32 /27| 39| 6628 25| 53|18 | 7| 2518 826 (20|11 | 31| 3| 0 3
Equinox (225) 1| 2| 3|10 37| 47|23 (31| 54|20 (24| 44|19 | 9|28 (37| 9| 46| 3| 0 3
Summer (145) 0| 0| o| o 2| 2| 8|15| 23|16|156| 30 16|14 |30 (39|16 | 55| 4| 1| &
TaBLe LXIV.—S’ Ranges. Number of Days when Range between Limits stated.
0 to 507. 50y to 100y. 100y to 150y, | 160y to 200y. | 200y to 250y. | 250y to 500y. | Above 500y.
Month or
Season. .| & g g gl . g .| B g
Sldleg|d|d a2 |dlag|2 g2 |d g2 |d|a8|Z|d =8
Sl Mla|e | Ha 2| Ml M|z Mela| Hla2|a|
January (30) —|l o] ofl—| 3| 3|—|12| 12| —| 8| 8|—| 4| 4| —|38| 3|—]o0|oO
February (44) ol 0| ol of 4| 4| 0| 8| 8| 2| 6| 8| 4| 5| 9|12 0f 12| 3| 0 3
March (58) 0| 1| 1| 4| 10| 14| 2|10} 12| 4| 3| 7| 5| 1| 6|14| 2| 16| 2| 0| 2
April (56) .... 1| 1| 2| 1| 15| 16| 3| 5| 8| 4| 1| 5| 4| 3| 7[12| 5| 17| 1} 0] 1
May (61) ... o| 6| 6|10 18| 23| 4| 5| 9| 7| 3| 10| 5| 0| 5| 5| 3| 80|00
June (52) .... 4| 5| 9| 4| 9| 13| 6| 7| 13| 5| 3| 8| 3| 1| 4| 4| 1 5| 0| 0|0
July (60) ... 3/ 8| 11| 5| 10| 16| 5| 8| 13| 9| 2| 11| 4| 0| 4 5| 1| 6| 0] 0| 0
August (60) 4] 4| 8| 7! 11| 18| 8] 9} 17| 8| 1| 9| 1| 2| 3| 3|2 5/0|o0|oO0
September (55) 12| 3| 7| 11| 18| 6| 9| 15| 6| 4| 10| 2| 1|3 3|3 6|/ 0|00
October (54) 1o 17| 8| 1| 7|10 17{10| 3| 18| 3| 1} 4| 3| 1| 4| 0 0|0
November (40) ol ol o| 6! 2| 8| 9| 2| 1|7 2| 9|3|3|6|5|1| 6[0f0f¢0
December (31) 0| — 0| 4| — 41 9| — 9| 9| — 9 3| —} 3| 6| — 6| 0| —1| O
Year (601) 14 | 27| 41 (55| 96| 151 |59 | 85 | 144 |71 |36 | 107 |37 |21 |58 |72 (22| 94| 8 0| 6
Winter (233) 11 (23| 34 2| 43| 69 (23 [20| 52|20| 9| 38|13| 3|16|17| 7| 24| 0| 0] O
Equinox (223) 30 4| 7]19| 44| 63|18 34| 52|24 |11 | 35|14 | 6120|3211 | 43| 3| 0| 3
Summer (145) ol ol o|10| 9! 19]18|22| 401816 34 10|12 |22 (23| 4| 27| 3| o] 3
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TasLe LXV.—V Ranges. Number of Days when Range between Limits stated.

COVQD | OOOOCOOOOOOOS

50y to 100y. | 100y to 150y. Above 5007.

Month or - ; - - - . ;

Season. |4 1] 4 2 ] ] &

= g S8 |2l B || 8|S |d|8|Zd]|E|z|d]8

g o SRS R RN IR RN R I RN RN DAl BN N Il - - e
January (30) g — 0 5| — 13| 13| — | 8 8| —| 4] 41— O 0|—] O
February (45) .| 0 0 56| 5|11 16|10/ 6! 16| 3 1| 4| 4/ 0| 4| 0] 0
March (59) 13 7 21| 8| 4| 12| 7| 3| 10| 3{ 0| 3| 6| 0| 6| 0] 0
April (56) .... 1 7 24| 7| 4| 11| 5| 3| 8/ o/ ol o5 1] 6|00
May (61) ... 9 12110 3| 13) 1| 1] 2| 3| 0| 3| 2| 3| 6/0]|o0
June (56) ... 7 17| 4| 4| 8| 4| 3| 7/ 1] 0] 1]1]0] 1[0l o0
July (59) ... 7 17 70 4/ 11| 3| 0| 3|00l o|s| 1| 6|o]o
August (60) 9 20 4| 2| 6/ 1| 0] 1[0l o]lo|1]1| 2|00
September (54) 6 30| 3/ 3] 6/ 1] 0| 1]2|1]3|1]o0| 1/0]o0
October (52) 2 31 6/ 18/ 0| 1| 1|/ 0|/ 0| o0l o] ol ofofo
November (39) 0 7 41 21 4} 1 5| 4| 0 4| 0] 2 21 0| O
December (31) 0 4 —| el1el—] 12| 4| —| 4| 5= 5] 0|—
Year (601) 44 202 141 (48 |26 | 74 20| 6|26 |30| 8| 38| 0| 0
Winter (235) 32 75 38 9| 4| 13| 4] 0ol 4| 9| 5| 14| 0| o
Equinox (221) 12 106 a7{13| 7 20| 5] 1| 6{12] 1| 13| 0] 0
Summer (145) 0 21 56 |26 | 15| 41|11 5|16| 9| 2| 11| o] o




"TaBLe LXVI.—Incidence of Daily Maxima in E’ (Time of 180° E).

Days
used.
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a in E' (Time of 180° E).

TaBLe LXVII.—Incidence of Daily

Days
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TaBLE LXXI.—Incidence of Daily M
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TaBLe LXXIIL—Frequency of Max.—Min. and Inequality Data as Percentages.

Hour E 8

(Th?a of

180° E). Max.—Min. Inequality. Max.—Min. Inequality. Max.—Min. Inequality.
1 -+ 18 + 14 —110 —131 +-178 +147
2 + 4 — 11 —118 —138 -+105 -+147
3 — 14 — 34 —126 —132 + 92 -++121
4 — 24 — bb —106 —125 -+ 80 + 86
b — 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 — 4T — 47
9 _232 —145 — 1 + 10 — 81 — 53
10 —212 —152 + 24 + 41 —187 — 87
11 —148 —142 + 66 -+ 86 —246 —142
12 — 90 —113 +1256 -+116 —238 —170
13 — 47 — 80 -+168 -+150 —180 —181
14 — 16 — 28 -+207 +177 -103 —173
15 -+ 30 + 36 +230 +182 — 62 —147
16 +-100 + 97 +182 +171 - 16 —108
17 +165 +143 -+120 +137 -+ 22 — b4
18 +188 +163 + 62 -+ 93 + 33 — 12
19 - -+210 +181 + 10 + 34 + 49 -+ 29
20 +196 +173 — 21 — 1 + 73 + 67
21 +137 +150 — 15 — bb + 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 “ CHARACTER.” ITS ANNUAL AND DIURNAL VARIATION.
THE “27-DAY PERIOD.”

Section 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 180° 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 LXXTIII, p. 145. The letter ¢ indicates that the record for
the day was sensibly defective and the “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 14 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 midsummer 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 ‘‘ character”
figures is to discriminate between the days of the same month. The disturbance
which 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 “ 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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Section 37.—The ““ character ” figures in Table LXXIII were assigned during an
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 LXXTII, 7 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
arithmetic 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 dealing 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, October
and November, 1911, which were selected for mention as particularly disturbed on the
strength of the Antarctic ‘‘ character ” figures-in Table LXXIIT, 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 mentioned disturbed period
in the Antarctic—are rather below than above the mean for that month. There is, as we
shall see presently, less parallelism between the disturbance in the Antarctic and in
Europe during the Antarctic midsummer—.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 times 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; 0-3, 14 times; 0-5 once
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and 0-6, 4 times. Thus on 83 per cent. of the days, when the Antarctic curves were
adjudged “ character ” 0, the international figure did not exceed 0-1, and in 96 per cent.
of the days it did not exceed 0-8; and 0-3, it will be remembered, is equivalent to 0
being the figure assigned at fully two-thirds of the stations which co-operate with
De Bilt. A

Section 38.—Table LXXYV, 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 every one 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 1-0and three 1'1. One had 1-7, but this was a day on which several hours’ Antarctic
trace was missing, which may have prejudiced the award of the Antaretic 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 month. 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 compare the Antarctic mean monthly figures in Table
LXXVI with the corresponding figures obtained independently from days of the time of
180° 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'1:126
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from Table LXXVI and 1-129 from Table LXXTII. This is certainly a closer
agreement than the indefiniteness of the criteria applied would have led us to expect.

Section 40.—International  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 » 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 » — 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 # 4+ 28. Columns » — 2 to
n -} 2 suffice to give a good idea of the ¢ primary 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 4 1and n 4 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 » —1 and
% + 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 » — 2 and n + 2 to show a
marked decline as compared with those in columns » — 1 and n 4 1. To get very
smooth results we require the combination of a good many years’ data, and it is possible
that the unusually asymmetrical 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 » — 1. This
may perhaps be the reason why the secondary disturbance pulse in its turn is a little
agymmetrical. In the results for the two years combined the maximum values fall in
columns n + 27 and n +- 28, but the entry in column n 4 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 =
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for the difference pulse. These difference pulses are given for the three seasons as well
as for the year. The secondary 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 » 4 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 storms 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 and 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 pulsé in Table LXXVIII. The secondary pulse appears as clearly
in Table LXXVIII as it did in Table LXXVII. Tts crest appears on day n — 26.

To enable comparison 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 columns 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 » — 1, » and » 4+ 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 83, 100 and 68 are the entries in columns n— 1, n and 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 from 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 show§ 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 N and W sheets quite independently, allotting “ character
figures 0, 1, 2 to each. If the figures allotted to N and W for any particular hour were
the same, that figure was at once accepted. If the figures differed, the N and W traces
—and occasionally in case of doubt the V trace also—were 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 0. 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 must 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 Novem-
ber, 1912, the mean of the hourly “ character ” figures awarded to the Antarctic 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. 0 m., the time being that of 180° E.
Long. It seemed desirable to employ the same time as for the tabulated hourly values.
The mean hourly values from the 11 months of 1911 and the 11 months of 1912 are given
separately. In the last column we have for each month the mean of the 24-hourly
mean values. There is no @ prior: 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 ‘“ 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 number of days of  character ” 2 might differ widely as to the number of
hours of “ character ” 2. Still there is considerable parallelism between the monthly
means in Tables LXXIIT 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 11-month means 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 marked variation in the
‘“ character ” from 6 p.m. to 3 a.m., and it would require a longer period of years to
show clearly the exact hour of the minimum. 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 11-month data is clearly recognisable.

Table LXXXI, p. 151, gives the corresponding data for Eskdalemuir. The standard
of disturbance applied to the Eskdalemuir 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 for the Antarctic. The lowest monthly means in the last
column 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 11-month 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 0’s, or from a combination of both causes. It thus appeared desirable
to consider separately the incidence of 2’s and 0’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, the
results for February,1911,in Table LXXXTI. The number of days’trace available was 26,
so the largest possible number of 2’s in any single hour of the day was 26. The number
actually assigned varied from 25 for the hour ending at 10h. to 5 for the hour ending at
20h. The average number was 17-0, or fully 65 per cent. of the possible. Due regard
must be held to the number of days available. The comparatively small 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 80, the mean number of 2’s would have been greater
than for any month except February, 1911. The frequency of 2’sis 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 11-month sums in Table LXXXII show a
diurnal variation of the same general 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 10h., and the minimum in the hour ending 20h., but it would
require a large number of years to determine the exact position of the minimum 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 LXXXITII, 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 82 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 LXXXIIT a diurnal variation in their distribution is clearly
shown in both 11-month sums. As in the case of the Antarctic, it is generally similar
to the diurnal variation shown by the mean ¢ character” ﬁgux_‘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 15h. is large compared with that of
any forenoon hour after 5h. 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 12h., and in
the case of H observations the rise of temperature.

Table LXXXTV, 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 months
was 3,644, or 25 per cent. of the possible. There were more 0’s than 2’s in both years,
the excess being considerable in 1912. As we should naturally expect, the 0’s show
opposite phenomena to the 2’s. They are most numerous in the midwinter months,
and least numerous at midsummer. In the 11-month means they show a well-marked
maximum of frequency towards midnight, and a well-marked minimum about 9h.
or 10h.

Table LXXXYV, p. 155, gives the incidence of 0’s at Eskdalemuir. The number
awarded was 7,859, or fully 49 per cent. of the total number 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 0’s. The two 11-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 0’s
presenting itself earlier in the afternoon than the maximum in the 2’s. The maximum
frequency in 0’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 10h., but the number in the hour ending at 5h. is but little
inferior, and the true nature of the incidence of 0’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 LXXXYV 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 phenomena
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 165° E., while it really differs 5% minutes
from this time. The table contains three different sets of data. 1° mean * character”
figures ; 2° the number of 2’s as percentages of their mean, ¢.e., expressed in terms
of a unit such that the sum of the 24-hourly values amounts to 2,400 ; 3° the number
of 0’s, similarly expressed as percentages of their mean. Taking first the mean
“ character ” figures we have 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 22h., and a not very well marked minimum
from 8h. to 12h. At Eskdalemuir neither maximum nor minimum is sharply defined,
there being a high plateau of values from 15h. to 1 h., and a valley of low values from
4h. to 10h. 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 minimum in the hours ending
at 9h. and 10h. 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 midsummer in the Antarctic
and midwinter at Eskdalemuir, the last midwinter in the Antarctic and midsummer
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 maximum
seems to occur some two hours later and the minimum 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 HEskdalemuir than in the
Antarctic. Whether the secondary maximum between 6 h. and 8h. 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 10h. 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
Eskdalemuir than in the Antarctic. The remarkable depression in the Eskdalemuir
figures at 10h., 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 arithmetic 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 maximum being
near midnight as at the other seasons, but a secondary maximum appearing near the
time of the usual minimum. The phenomenon seems due to short disturbances of a
certain type described in Chapter XI, which show a marked preference for the hours
6h-11h. GM.T.

The last set of figures in Table LXXXVI show the incidence of 0’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 0’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 Hskdalemuir when referred to Greenwich mean
time, especially in the months which constitute midsummer 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.

14



TaBLe LXXIII.—Magnetic “ Character ” Figures (Days of 180° E).
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TasrLE LXXV.—Antarctic ““ Character’’ Figures on International Disturbed and Quiet

Days.
Dates of the Antarctic ¢ Character”” Figures.
Month. -
8 Disturbed Days. 5 Quiet Days. Disgx r;b?:le :gay " On the 5 Quiet Days.

1911.
February ...| 213|121 |22 23|11 121519 21(2(2(2|2|2(1(1|1]|1]|0
March o021 |23|25 |2 |10|11|12]17|18|2|2|2}{2|2|0(0|0]|1|O0
April 8 9|16|17(3 | 5|13]14|15|2|2(2|2{2|2(0|~|0|1 |1
May... 7114 |15 |16 | 31 1 41322 |2¢|12(2]|2(2(|2|0]0;0|1]0
June 4 5 911011 sl17]/18|19|25(1{2|1]2(1|1]0|0 0|0
July... l 1]17|19|28|29|13|14(15|16/26 |21 |2({2(2|1]|1/0 10
August .1 19|23 |24 |25 | 26 7 8l10/11/29(2|2|2]|2|2|1]0(1|0]1
September...| 16 | 19 | 20 | 21 | 22 2 3| 14{25/2(21}2{2|2|1|0j1]0]|1
October W 9]110]11 |17 (18 1 5115|2328 |2(2|2|2/2]0]0[2|1]]1
November ...| 3 911314 |15 1 712223 (2¢412|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 111121317 | 22 2|1516|2|27|1]212|2|2|1|1|1|1]|O
February ...| 12 | 13 |16 | 17 | 26 5 6/15(20|21|2(1]1{2|—]O0|2[1|1]O
March 7 8 9121129 41171819241 |2|1|1|1]0fj0|0|O]1
April 5 61015 | 16 1 8gl11|21]/28|2(2|2(2]/2{0(0|0]0]|0
May... 5 61213 | 14 1/16(922-/23|26|2|1]2|2|2|1]|0]|0}|0]|1
June 1 8 9|10 |28 b 6|15/19|20/2|2(2(2|1{0{1]0|0]|O
July... 3 4| 5lor|s1|10{11}12|15|24|1|2|2|1|1]|0|0}|0|0 O
August .. b 6|18 (19| 22 4 8l1213|26{1(1|2|2|2]|0(0]0]O]|1
September...| 4 {17 |18 |23 | 24 2/16/16|27|28(1(|2(2|1|2|0|0(1|0]O
October J 1111113 |14 |15 2 5118|119 (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|—|L |} |—|—|—
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TaBLE LXXVI.—International and Antarctic  Character ” Figures. Mean Monthly

Values.
1911. 1912.
International Antarctic International Antarctic
Month. “Character”* Figures. | ¢ Character”’ Figures. | ““ Character” Figures. | ¢Character” Figures.
Dist. All Quiet | Dist. All | Quiet | Dist. All | Quiet | Dist. All | Quiet
Days. | Days. | Days. | Days. | Days. | Days. | Days. | Days. | Days. | Days. | Days. | Days.
January oo — — — — — — 10-98/0-42]0-02 |18 |1-26 | 0-8
February .0 146 0-8 )0-36 |20 |1:54|0-8 |1-02|0-49|0-12 |15 |1-00 06
March ... 11481078 (| 0-08 (20 |1-26|0-2 |1-08(0-45]0-02|1-2 |0-83]|0-2
April ... .0 1481 0-76 | 0-14 | 2-0 | 1-28 | 05 1-12 | 0-45 { 0-08 | 2-0 | 0-73 | 0-0
May 41281070 |0-16 | 20 |1-23|0-2 |1-1810-47|0-10|1-8 | 0-77 | 0-4
June 1121 0-53 | 0-04 [ 1-4 {1-00|0-2 |0-98| 0-47 [0-08 | 1-8 | 0-86 | 0-2
July .0 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 | 20 | 1-06 |0-6 |1-12|0-49|0-02|1-6 |1-03|O0-2
September .{1:30 | 0-50 | 0-06 | 1-8 | 0-97 |0-6 | 1-22|0-47|0-021-6 | 0-97 | 0-2
October ./ 130 | 0-59 | 0-06 | 20 | 1-26 | 0-8 |1-20 | 0-46 | 0-02 | 1-8 |1-23|0-8
November 142 {0-49{0-04 |20 {1:47{1-0 |1-06|0-45|0-00({2-0 [1-5631-0
December . 1-30 | 0-45|0-08 |20 |1-48 1-4 — — — — — —
Means ... 1-34 | 0-62 { 0-11 | 1-91 [ 1-26 | 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. n—2 | n—1 n n+l | 42 | n4+25 | n+26 | n+27 | n4-28 | n+429 | n430

Disturbed and asso-
ciated days—

1911 (55 days) ...| 55 76 | 106 98 88 63 72 83 90 8 | 76

191249 ,,) ...| 44 58 81 72 53 48 55 64 57 56 | 45
Total (104 days) ...| 99| 134 | 187 | 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 | T4

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

Disturbed and asso-
ciated, less quiet
and associated—

1911 (55 days) ... —12 | 422 | +71 | +52 | 422 | — 2 | +22 | +-36 | +36 | +18 | +2
1912(49 , ) .|+ 2| 423|465 | +41 |+ 9| +11 | +14 | +23 | +13 |+ 7| —5
Total (104 days)  ...| —10 | +45 [+136 | +93 | 431 | + 9 | +36 | +59 | +49 | +25 | —3
Winter (40 days) .| - 3 | +-25 | +57 | +41 | +20 | + 6 | +23 | 432 | +23 | +14 | 42
Equinox (39 days) ... — 6 | +16 | +55 | +39 | +15 | + 5| 4+ 9 | +20 | +17 | +10| o
Summer (25 days) — 7|+ 4|2 |413| —4|—2|+4|+T7|{+9|+1]|—5
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TaBLE LXXVIII.—Antarctic “ Character ” Figures.
Associated Days.

Sums on

Day. n—-30 | n—29 | »n—-28 | n—~27 | n—26 | n—25 | n-24

Days associated with disturbed days—

1911 (50 days) . . 49 5% 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 51 417 49 49 417 52
Total (105 days) 121 11 101 97 96 98 113
Days associated with disturbed, leéss days

associated with quiet days—

Total (105 days) —11 —4 | 421 | -+49 | 458 | 449 | 411

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.

R ’ Day. | n—2 l n—1 ‘ n n+l | n4+2 [n+256 | n+26 | n+27 | n428 | n4-29 | n4+30
(| 1911 | —17 | 431 |+100 | 473 | 431 | — 8 | 431 | +bB1 | 451 | 425 | 43
Antarctic J{1912 | 4 3| 435 |+100 | 463 | +14 | +17 | +21 | +-35 ( +20 | +11 | —8
Figures
1 Mean| — 7| 433 |4+100 | 468 | +22 | 4+ 7| +26 | +43 | +35 | +18 | —3
{11911 | + 5 | 446 |-+100 | +49 | + 9 | +14 | +35 | +47 | +36 | +11 | 41
International J | 1912 0O} +42|4+100 | +47 | — 8| + 7| +21 | +30 |+ 8| — 6| —T
Figures
1 Mean| + 3 | +44 {4100 | 4+48 | + 1| 411 | 428 | +39 | +22 | 4+ 3 | —3
K3
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