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AUTHOR’'S INTRODUCTION.

AFTER the return of the Hxpedition to England in 1913 the magnetic curves and the
observation books from Cape KEvans, 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

[ x ]



depends on the local time, and so differs at different stations. Also, as we now know,
there is really no such thing as a regular diurnal variation depending only on the
season of the year and independent of the magnetic character of the day. The
disentangling of what is local from what is general in 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 dinrnal 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. C‘hapman*
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 writ"cen unaltered, but to write an additional

* ¢ Roy. Soc. Proc.,’” A, vol. 95, p. 61.
T ¢ The Norwegian Aurora Polaris Expedition, 1902—03," vol. 1.
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chapter comparing the Arctic and Antarcticrecords. 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
conclugions 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 X1V has been added, dealing with the relation
between aurora and magnetic disturbance. It was rendered possible by the kind co-
operation of Capt. C. S, Wright. I have also to thank Col. H. G. Lyons, F.R.S., for
advice and assistance while the work was passing through the press, and I wish to
express my indebtedness to Messrs. Harrison and Sons for the great care and skill.

exercised in the reproduction of the magnetic curves.
January, 1921. C. CHREE.
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CHAPTER I

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

Section 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

£

[«]
v e’ s' e
O O >
lo; c
T Tunnel entrance to cave.
C  Curtain.
\I’ Magnetograph recording V (vertical component).
T I » » 1 (approximately East component).
5 » » S’ (approximately South component).
D Drum for photographic paper, driven by clock.
L Lamp. Source of light for magnetic curves.
! Lamp for hour mark.
Fia, 1.—Jee Cave.

to rapid changes of temperature. The digging of the cave was begun on January 14,
1911, and completed within a week. The cave is shown roughly in plan in Fig. 1.
Its length ran approximately Bast-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 € 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 8’ 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 S’ in Fig. 1 were intended to record changes in
the vertical component of magnetic force and in two horizontal components, one directed
to Astronomical East, the other to Astronomical South. To secure this, the magnet
for the K’ 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 Kast, 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 B and 8’ 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 (7.e. the condensing lens just in front of the photographic sheet on
the drum), and produced a black line across the record. 1 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 hroken 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, ' and §' 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 3, 1911, being replaced by needle No. 5, also
belonging to dip circle No. 26. Needles Nos. 8 and 5 remained in use until March 3,
1912, when needle No. 5 had to be replaced by needle No. 2. Another change had to
be made in July, 1912, when needles Nos. 1 and 2 of circle 186 replaced needles
Nos. 8 and 2 of circle 26. It is hardly likely that the change of needles was wholly
without effect on the observed values of the dip, but the conditions in the Antarctic
differ so enormously from those at Kew Observatory, where comparative readings
had been taken with the several needles, that it 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)
reagons are given for cutting down the number of swings from 165 to 95. HEven 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 crosging the vertical wire. TFor this reason the number
of swings has been reduced to 95 instead of the usual 165. This procedure will be
followed in all our absolute determinations.”

The usual procedure is to note the time of each fifth transit from 0 to 65, and then
after a pause from 100 to 165. Combining transit 0 with transit 100, transit 5 with
transit 105 . . . and finally transit 65 with transit 165 one gets 14 observations of the
time of 100 vibrations. The procedure followed by Dr. 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 curtailment 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.

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 Hivans 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 800y in vertical force.

Section 3.—Table T, p. 8, gives a summary of the results of the absolute declination
observations at Cape livans. They were all taken with the collimator magnet 258.
The times refer to 180° L., 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’ K. 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 January, 1912, at a temporary station on sea ice, over deep water at some distance
from shore. These are distinguished by an asterisk, and are specially considered
later.

In some months, e.g., October and 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--I’»~2 involving the
distance r and the ‘ distribution constant™ P was a priori 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 254 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 J anuary, 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 DD, H and I as obtained directly from the entries in
Tables I, IT and IT1, 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 1.—Absolute Observations of Declination (D).

Deg]inm Deglinn.-
Date. From. | To. | mond | gheroq Date. From. | To. | Qume. | (Gast of
South). South).
1911. hhm {h mthm| ° 1911. h.m. {h.m | h m | ° '
February 17 ... 16 9 | 16 24 | 16 16 | 25 17-0 || December 2 17 45 | 17 5B | 17 5O | 24 56-8
. 23...016 01614 |16 7] 924 9226 . 9 18 25 | 18 35 | 18 20 | 25 26-8
., 18 {1758 (18 8|18 3|25 556
March 3 ...| 16 42 | 16 55 | 16 48 | 25 20-4 " 93 118331843 1838256 1-1
s 9 ..]1619]1635 |16 27 | 25 24-9 . 97 |17 1617 22 |17 19 | 26 12-5*
s 20 .| 1557161116 4|25 14-9 " 99 |17 53|18 31758 |25 32-1
» 24 .1 1549 116 311556 |25 59
s 31 .| 14 25|14 42 | 14 33 | 24 470 1912.
. January 2 16 44 [ 16 54 | 16 49 | 25 59-1*
April 11 .| 18151133213 23 | 24 36-0 " b 18 51815 |18 10 | 26 493
,s 1D 145311610115 11925 8.2 » 11 16 24 | 15 34 | 156 29 | 24 20-2*
» 26 ... 1838|1855 |18 46 | 95 34-5 » 12 1753 |18 3 | 17 68 | 25 8-8
» 16 15 48 | 15 58 | 15 53 | 26 32-2%*
May 4 .| 1941 ] 19 58 | 19 49 | 25 37-8 . 22 17 32 | 17 42 ) 17 37 } 25 11-0
. 11 1930 | 19 47 | 19 38 | 25 38-4 , 23 16 20 | 16 30 | 16 25 | 96 34-3*
» 20 19 31 [ 19 48 | 19 39 | 25 41-4 »s 23 17 36 | 17 46 | 17 41 | 24 45-1*
» 26 1846 | 19 3|18 54 | 25 28-9 . 30 18 10 | 18 20 | 18 15 | 25 28-9
June 3 1820 {18 32 | 18 26 | 25 21-2 || February 5 ...[ 18 0 |18 10 { 18 5 | 25 20-3
y 9 1938 11952 |19 45 | 25 11-1 . 12 ... 16 29 | 16 41 | 16 35 | 24 b2-7
» 16 18 42 1 18 58 | 18 50 | 25 11-1 o 94 ...017 B8 |18 8|18 326315
. 21 1917 | 19 31 | 19 24 | 25 103
» 29 19 11191319 725 335 | March 3 17 22 | 17 32 1 17 27 | 2b 16-0
v 7 15 47 | 15 57 | 15 52 | 25 29-4
July 6 1843 | 18 53 | 18 48 | 25 9-4 ,, 18 16 19 ) 16 29 | 16 24 | 25 21-0
» 17 1857 (19 7|19 2 (92 99 , 2 16 01161216 6|26 22-8
s 24 18 48 | 18 58 | 18 63 | 25 33-8
» 27 19 7019171912 |92 6-0 || April 2 16 23 | 16 33 | 16 28 | 25 89
August b 18351 18 45 | 18 40 | 25 17-0 || May 7 17 81172017 14 |26 B-T
., 12 19 5(1915|19 10| 25 323 || , 16 16 37 | 16 47 | 16 42 | 25 11-6
. 18 18 44 | 18 54 | 18 49 | 25 31-3 , 21 L1687 117 T 17T 2126 9-3
. 28 16 17 116 27 1 15 22 | 25 13-0 . 29 11640116 5O | 16 45 | 25 29:6
Septeraber 1 [ 16 36 | 16 46 | 16 41 | 25 50-8 || June 6 ..| 1645 116 55| 16 b0 | 25 2-1
” 9 |17 817 18|17 13 | 26 30-7 , 19 J 17 3817 48|17 43 | 25 24-6
’ 16 |16 30 | 16 44 | 16 37 | 25 45-1 » 28 J16566 17T 6117 1|26 42-3
' 23 (16 6116181161225 9-1
July 11 ..l 1345 113 66 | 13 50 | 24 45-1
October 4 18 24 | 18 34 | 18 29 | 25 214 » 21 .16 48 116 58 | 16 B3 | 20 0-8
" 12 1751 (18 11|17 56|25 16-7 !
” 20 18 48 [ 18 58 | 18 53 | 25 45-8 || August 9 ... 17 10 | 17 20 | 17 15 | 24 59-9
2 28 1832|1842 |18 37 1256 3-7 . 24 17 21171217 7 12b 288
November 3...{ 18 22 | 18 32 | 18 27 | 25 24.-9 |[ September 7 [ 16 31 | 16 44 | 16 37 | 25 4-9
11... 18 9|18 19 | 18 14 | 25 47-0 ” 24 |16 31615616 9 |24 28-7
» 18..018 9 [ 1819 {18 14 | 256 b6
» 24...018 611816 )18 11 | 25 33-0 || October7 ...; 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

* Ohservation taken on sea ice.
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TaBLE II.—Absolute Observations of Horizontal Force (H).

Dato. First Vibration. Defleetion. Socond Vibration, H. m.
1911. h. m, toh. m. h. m. to h. m. h. m. to h. m. Y

February 17 17 3 17 16 18 15 18 49 4289 9671
w23 16 40 16 53 1725 1810 42175 9615
March 3 17 26 17 37 1830 19 2 4247 957-1
» 9 1716 1730 1815 18 48 - 4247 9626

»w 20 16 44 16 58 1717 1749 18 0 18 14 4317 959-1

» 24 16 35 16 48 1710 17 44 1753 18 7 4231 960-5

» Sl 1522 15 36 156 57 16 36 16 47 17 O 4270 9596
April 11 . 4 5 1417 1521 16 0 16 13 16 26 4207 9587
» 10 .. 1257 13 9 1336 14 & 1416 14 29 4213 959-1

» 26 ... 16 29 16 42 1716 17 45 18 6 18 20 4246 9576
May 4 ... 1741 17 65 18 12 18 53 19 7 1921 4214 9585
»w 11 .. 1727 17 39 18 2 18 43 18 57 19 10 4197 9b8-8
» 20 .. 1710 17 23 17 46 18 28 1852 1% 6 4195 9634
w 26 .. 16 45 16 57 1723 18 & 1814 1827 4207 9587
June 3 ... 16 27 16 39 16 56 17 33 17 45 17 b8 4239 959 -8
s 9. 17 42 17 b6 18 11 18 48 19 0 19 12 4225 9597
n 16 . 16 44 16 57 1713 17 48 18 2 18156 4227 9570
o 21 . 1713 1725 17 48 18 25 18 40 18 52 4238 959-8
n 29 . 16 66 17 9 1723 18 0 18 15 18 28 4238 9595
July 6 ... 16 456 16 58 1717 17 50 18 1 18 14 4226 9584
» 17T . 16 66 17 8 1726 18 0 1812 1825 4239 9559
» 24 .. 16 49 17 2 1719 17 53 18 8 18 21 4223 957-9
Y 16 56 17 10 1732 18 7 18 20 18 33 4224 977
Angust b 16 43 16 bb 1711 17 46 17 58 18 11 4227 9570
»w 12 17 4 1716 1734 1811 1822 18 3b 4229 581

» 18 1653 17T 6 1721 18 1 1811 18 24 4233 9673

» 28 16 9 1621 16 67 17 30 17 43 17 56 4234 959-9
September 1 14 51 15 4 15 16 15 50 16 0 1612 4260 95449
’ 9 14 69 15 12 153 16 9 16 21 16 33 4246 967-9

» 16 14 29 14 438 16 1 15 43 16 57 16 12 4302 9508

" 23 1416 14 27 1447 1615 15 30 15 43 4295 9553
Qctober 4 16 29 16 41 17 0 17T 34 17 46 17 b8 4261 9546
” 12 16 16 16 29 16 44 17 10 17 19 17 32 4226 9579

» 20 1711 17 24 17 40 18 12 18 20 18 34 4262 9575

” 28 16 38 16 b1 1T 6 17 36 1747 18 0O 4261 9573
November 3 16 49 17 2 17 46 16 54 18 7 4302 95680
» 11 16 34 16 46 17 4 1728 1741 17 54 4269 9567

” 18 16 24 16 37 16 51 17 19 17 28 17 40 4266 89562

”» 24 16 30 16 43 17 0 1727 17 38 17 51 4283 9570
December 2 16 13 16 26 163 17 b 17 14 17 27 4272 9586
» 9 16 45 16 b8 1712 17 46 1766 18 8 4269 8579

» 18 16 17 16 30 16 46 17 10 1721 17 33 4280 958-6

» 23 16 43 16 56 17 10 17 3b 18 2 1815 4311 957-9

”» 27 16 27 16 41 — 16 46 17 O 41156* —

» 29 16 16 16 28 17 9 1718 17 81 4288 9565

* (hservation on sen ice.
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TasLe I1.—Continued.

Date. First Vibration. Deflection. Second Vibration. H. m.
1912. h. m. toh, 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

. 11 16 4 16 18 — 16 27 16 40 4124* —

w12 16 17 16 30 16 42 17 12 17 20 17 33 4365 958-3

s 16 16 33 16 46 — 1648 17 1 | 4104* —-

» 22 16 52 16 4 16 156 16 4b 16 58 17 11 4326 956-6

1 23 16 59 17 12 — 17 16 17 28 4136* —_—

» 30 16 30 16 42 16 b7 17 27 17 38 17 60 4306 954-9

Febmary b 16 18 16 30 16 45 17 16 17 24 17 36 4281 958 -4

”» 12 14 0 1413 14 40 15 1D 1550 16 7 4261 9583

» 24 16 20 16 32 16 44 17 23 17 3b 4309 9546
March 3... 15 7 1b 22 156 60 16 21 1646 17 O 41597 | 98347

” 7. 1310 13 23 14 26 14 b4 16 16 15 30 4308 9515

»  18... 14 6 1419 14 52 15 22 16 41 1b 55 4242 958-b

w24, 14 6 14 19 14 39 15 8 15 30 15 44 4260 957 -7

April 2 14 17 14 29 14 51 15 21 15 42 15 56 4247 9572

May 7 14 49 16 2 15634 16 7 16 29 16 42 4239 955+bH

» 16 14 31 14 44 1511 156 41 16 2 1616 4260 9592

» 21 14 27 14 39 15 4 16 3b 16 19 16 32 4269 9578

» 29 1420 14 34 14 58 556 16 9 4257 956-3

June 6 14 256 14 38 15 0 15 29 16 6 1619 4257 9583

» 19 15 4 1519 16 B5 16 26 17 8 1717 4243 9561

s 28 14 33 14 49 15 17 15 47 16 24 16 38 4260 955-H
July 11 12 4 12 17 12 38 13 14 14 49 16 2 4361 7| 933-91?
,, 21 14 33 14 47 1517 16 43 16 13 16 26 4258 9560

August 9 14 27 14 39 16 23 16 b7 16 36 16 48 4274 956-1

" 24 14 41 14 54 15 28 15 B3 16 33 16 47 4277 956 -8

September 7 13567 1410 14 28 14 59 16 44 15 BT 4268 9567
» 24 14 7 14 20 15 6 16 36 15 48 43957 963-31
Qctober 7 14 8 1421 1446 156 9 15 46 1b b8 4286 957-3

November 2 15 0 16 14 16 0 16 46 16 b4 17 9 4329 9563-3

* (bgervation on sea ice.




TasLe III.—Absolute Observations of Inclination ().

Noedle . Moan Inclinu.tl,iox; N xf?flwo
Date. No. Time. Time. fr%?ccsliésg.] Necdliea,
1911, h. m. to h. m. h. m °, 0’ o

February 17 ... 8 | 14 45 15 14 | 16 0 | 86 30-15
T 2 2 | 15 19 15 46 | 15 32 | 86 29-28 i“’ 20 43
ST 8 14 19 15 27 | 14 53 | 86 21-68 .

D 93 .. 2 4 39 15 10 | 14 55 | 86 12+81?

March 3 8 14 B8 15 B8 15 28 86 29-44 86 98 3
w 3 2 15 12 15 44 15 928 86 26-65 S
D9 8 15 4 15 39 | 16 22 | 86 2656 (\gs o5 o
Dy 5 | 14 45 15 b4 | 16 20 | 86 27-40 ‘
90 8 | 14 30 15 39 | 15 5 | 8 2375 |\gs o3 49
C 90 5 | 14 49 15 2 | 15 7 | 8 2366
oo § | 14 43 15 11 | 14 57 | 8 2165 [1ge o 40
Y 5 14 2 15 20 | 14 56 | 86 2168 |f° :
D8 8 | 13 13 13 BI | 13 32 | 86 26-66 }86 o1 3
Y31 5 | 138 2 14 5 | 13 34 | 86 2140 |f°0 °

April 11 8 | 12 15 12 44 | 12 30 | 86 25-22
L1l 5 2 0 12 o5 | 12 98 | s o1-55 |38 26 23
" 15 8 | 11 57 12 23 | 12 10 | 8 2856 |\gs 99 o5
T 5 11 46 12 3¢ | 12 10 | 86 2832 2
T 8 15 26 15 48 | 156 37 | 86 2625 |Ygs 97 10
" 9 5 | 15 8 15 59 | 15 33 | 86 28-09

May 4 8 | 16 26 16 59 | 16 43 | 86 2725
. 4 5 | 16 7 17 15 | 16 41 | sc 26-31 |56 20 47
Rt 8 16 6 16 38 | 16 22 | 8 28-06 ‘
, 11 5 | 1550 16 54 | 16 22 | 86 a7-zp |p°0 2T
» 20 8 15 58 16 2 16 12 | 86 2694 N\ o0 o7
90 5 | 15 38 16 38 | 16 8 | 8 27.06 |f° ©
96 8 _ . _ 86 2834 [\o og 5
T 5 | 16 25 16 18 | 15 52 | 86 927-81 28

June 3 8 15 14 15 46 5 30 86 27-32 86 26 11
. 3 5 | 16 2 15 b3 | 15 30 | 86 25-0§)

» 9 8 16 28 16 53 16 40 86 26-34

w9 5 | 16 20 17 1 | 16 40 | 86 2710 |06 26 43
.16 8 | 15 31 15 58 | 15 46 | 86 20-2 Voo or
. 16 5 5 2 16 9 | 15 45 | 86 2687 2
, 21 8 15,55 16 25 | 16 10 | 86 2640 |\ye g0
. o 5 5 41 16 87 | 16 9 | 86 27.62
w29 8 | 16 46 16 10 | 15 B8 | 86 2472 oo o 1
» 29 5 | 15 37 16 22 | 16 O | 86 2566
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TaBrLE ITI.—Continued.

Needle . Inclination Mean
Date. Mean O e
- No. e mime, | R | Nendien
911, | h. m. to h, m. h. m. ° ! e ! ”
July 6 8 15 32 16 O | 15 46 | 86 2727 g0 or 13
” 191 g 15 21 16 12 15 46 86 27-15 v
y ] 15 46 16 15 | 16 O | 86 26:78
w 17 5 15 3 16 2 | 16 o0 | 8 26-84 |56 26 49
24 8 15 38 16 2 15 49 | 86 29:00 Yoo o0 g
» 24 b 15 26 16 12 | 15 49 | 86 29-40 ‘
» 27 8 15 41 86 27-66 86 27 3
» 27 5 15 98 16 18 | 156 53 | 86 26-44
August 5 8 15 30 16 4 | 16 52 | 86 26:37 |\go o0 o
w D 5 15 27 16 12 | 16 50 [ 8 26-76 : ot
w12 87 | 16 B8 16 20 16 9 86 26-78 86 26 41
w12 57 | 15 48 16 31 | 16 9 | 8 26-59
, 18 87| 15 49 16 12 | 16 O | 86 2622 oo oo o
» 18 57| 15 39 16 21 16 0 | 8 26-66 >
September 1... 8 13 39 14 3 | 13 51 | 86 2680 N go or 4
1... 5 13 27 14 18 | 13 53 | 86 27-72
» 9... 8 13 40 14 9 | 13 56 | 86 25-18 |\go o o
” 9... 5 13 80 14 19 | 13 55 | 86 2653
» 16... 8 13 0 13 48 | 13 24 | 8 25-78 ox
y ;6.. 5 | 13 12 13 35 | 13 24 | 86 o5-32 |86 20 33
» 3... 8 12 53 13 16 | 13 4 | 86 24-87
. 23, 5 12 38 13 26 | 13 o | 86 26.37 (g8 B ¥
October 4 8 15 9 16 37 | 15 23 | 8 25-16 ,
. 4 5 M 57 15 49 | 15 23 | 86 25-04 |80 20 33
» 12 8 14 54 15 %2 | 16 8 | 86 2654 oo on
w12 5 14 43 15 35 15 9 86 26-69 ’
» 20 8 15 59 16 25 | 16 12 | 86 24-72 ,
L 20 5 | 15 46 16 36 | 16 11 | 86 2590 |86 26 19
. 28 8 15 25 15 55 | 16 40 | 86 24-44 .
Y 5 5 14 16 7 | 15 40 | 86 24.50 | g6 % 28
November 3 8 15 38 16 4 15 b1 8 19-28
» 13 5 5 96 16 15 | 15 51 | 86 20-28 |00 1947
” 1 8 15 19 15 48 | 15 34 | & 25-04 ,
. 11 5 15 8 15 59 | 15 34 | 86 24.94 | (B0 24 69
, 18 8 14 53 15 47 | 16 20 | 86 2618 Voo o g
» })8 5 i 6 15 35 15 20 | 8 25-72 Yo D
» 24 81 15 21 15 47 15 3 86 21-94 o
w2 50 | 15 10 15 B 15 34 | s¢ 923.03 |fB80 22 20
December 2 ... 8 14 b4 15 20 1 7 86 24-12 8 94 9
» g 5 14 40 15 33 15 7 | 8 24-19
» 8 15 929 15 56 | 15 43 | 86 24-81
w9 5 B 17 16 9 | 15 43 | s¢ 2497 |80 24 53




TasLe 1I1.—Continued.

Inclination Moean
Necedle e Mean :
Date. Nco. Time, T u?c. f r(;\;xexe(sixlggle f m;xdazo
1911, h. m. to h. m. h. m. e ' e u
December 18 ... 8 15 3 i5 33 i5 18 86 21-72 86 92 87
” 18 5 14 53 15 45 15 19 86 23-53
. 93, 8 16 12 15 39 | 15 2 | 86 2406 oo o4 13
.93, 5 15 1 15 51 | 15 26 | 86 24-38
T o, 8 | 14 56 15 2 | 15 10 | 86 3018 oo a0 1x
Y 5 14 38 15 37 | 16 8 | 8 29-84
" 9. 81| 15 12 15 34 | 15 23 | 86 218 Vo o0 4.
.99, 52 | 15 0 16 44 | 15 22 | 86 26-25
1912, |
January 2 ... 8¢ 15 44 16 9 15 57 86 3581 86 35 43%
L 2 57 | 15 32 16 19 | 15 55 | 86 35-62
.5 8 | 15 19 15 44 | 15 32 | 8 2254
w5 5 | 14 55 15 56 | 15 2 | 86 29215 |p%6 22 20
L n 8 | 14 23 14 47 | 14 35 | 86 34-10 . .
! 5 | 14 12 14 58 | 14 35 | 86 a4.3p |06 3¢ 13
.12 8 16 5 156 30 | I5 18 | 86 21-06 (Yoo o0 o
. 12 5 14 55 15 40 | 15 18 | 86 21-75 2
. 16 82 | 14 51 15 15 | 16 3 | 86 3360 .
ST 5¢ | 14 3 15 27 | 15 3 | 86 sp1p |56 3810
. 929 8 | 14 44 15 8 | 14 56 | 86 2303 \yo gs 1a
. 922 5 14 82 15 18 | 14 55 | 86 2356 :
. 23 8 | 15 2¢ 15 48 | 15 86 | 86 32-32 X
. 23 5 | 15 12 16 t | 15 36 | s8¢ sz.po (¢80 32 0O
w30 8 15 25 15 48 | I5 36 | 86 23-62 e
- by st . 86 23 30
30 5 | 15 15 15 56 | 15 36 | 86 23-38
February & ... 8 15 16 - 86 32‘1--28 86 24 19
N, 5. 5 15 5 15 49 | 15 27 | 86 2434
.12, 8 12 57 — 86 26-60 .
T 5 12 15 13 9 | 12 42 | 86 2650 |86 26 33
L 24 . 8 5 9 15 85 | 15 22 | 86 2375 o
Y 5 | 15 0 15 45 | 15 22 | 86 2416 |g80 28 07
March & 8 13 28 14 0 | 13 44 | 86 21-88
. 3 5 | 13 15 14 15 | 13 45 | 8 267
w1 8 11 054 12 85 | 12 16 | 86 2619 oo
wo T o | 12 0 12 2 | 12 13 | 86 26.37 |p80 26 AT
ST 8 1283 13 21 | 12 57 | 86 2081 [\, o
. 1p 9 12 46 13 8 | 12 57 | 86 26-34
. I8 8 12022 13 T | 12 44 | 86 2656 \go g g
.18 9 12 38 19 b8 | 12 48 | 86 26-46 [p50 26 ¢
) 8 12 17 13 4 | 12 41 | 86 21-97 o o
Y 2 12 28 12 54 | 12 41 | 8¢ 9575 |p86 2 22
April 2 8 12 46 13 10 | 12 58 | 86 24-68 } .
w2 o | 12 81 13 18 | 12 54 | 86 24y |f86 2 4

* (bservation on sea ice.
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TABLE IH.—Oontinued.

Needle —_— Moan Inclina:tion Met}n
o the Time | gt | oo
'1912. h. m. to h, m. h. m. ° °cor
May 7 § |13 28 13 49 | 13 39 | 86 25:2 [\ge ox a9
.1 2 | 13 12 13 59 | 13 35 | 86 25-84
, 16 8 12 51 13 19 | 13 5 | 86 24:81 [\go o 4
s 16 2 12 35 13 29 | 13 2 | 8 26-90 :
.21 8 | 12 35 13 21 | 12 58 | 86 2444 (g0 o g
N gel) 2 12 47 13 13 | 13 0 | 8 25-82
,, 8 12 46 13 7 | 12 56 | 86 24-38 )
n 29 o | 12 35 13 16 | 12 56 | 86 26-18 |0 26 17
June 6 8 12 50 13 30 | 13 10 | 86 2590 [y o6 ¢
w6 9 13 0 13 2 | 13 10 | 86 2625
. 19 8 13 25 14 7 | 13 46 | 86 24-09?
» 19 2 13 385 13 57 | 13 46 | 86 25-69
. 28 8 12 58 13 21 | 13 9 | 86 24-41°
. %8 9 12 3¢ 13 20 | 13 1 | 8 26-21
July 11 1 16 30 16 55 | 16 42 | 86 25-62
.11 2 6 19 17T 5 | 16 42 | 86 25.92 |0 25 2
D9 1 12 54 13 35 | 13 15 | 86 2588 \us g6 g
s 2 13 4 13 27 | 13 15 | 86 26-38
August 9 1 12 36 13 21 | 12 58 | 86 25-47 )
w9 9 13 13 86 25-88 }86 25 40
T o 1 12 46 13 10 | 12 58 | 86 24.03
Y 2 12 30 13 19 | 12 54 | 86 21532
September 7... 1 1220 12 39 | 12 30 | 86 2525 |\gs o4 46
i 7. 2 12 8 12 48 | 12 28 | 86 24-28 '
L o4 1 12 4 12 40 | 12 22 | 86 2278 Yoo g0 g
D o4 2 12 13 12 31 | 12 22 | 8 92-40 o
October 7 1 12 12 12 32 | 12 22 | 86 2369 \go gu o
o 2 12 1 12 40 | 12 20 | 86 93-00
T sl 1 1435 15 15 | 14 55 | 86 2269 (\go oy 1
Tl 9 15 20 156 50 | 15 35 | 86 23-82
November 2 1 12 16 12 45 12 30 86 26-00 86 24 31
- 2 2 12 40 13 11 | 13 0 | 86 23-03 .
" 9 1 1M 6 11 33 | 11 20 | 86 2668
. 9 9 11 36 11 58 | 11 47 | 86 25-16 |[°0 20 6D
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TaBre 1V.—Mean Monthly Values from Absolute Observations.

Month or Season.

Absolute Observations Uncorrected.

Absolute Observations Corrected.

D. H. L D. H. L
191". < ’ y o ’ © ’ y o ’
February 24 49-8 4282 86 26-7 24 b52-3 4221 86 29-2
March 25 10-5 4262 86 25-5 25 16-3 4210 86 27-6
April 26 62 4222 86 27-3 25 16-2 4190 86 27-9
May ... 26 36-6 4203 86 27-4 25 13-4 4177 86 28-b
June 26 17+4 4233 86 26-4 24 566, 4213 86 27-4
July ... 25 14-8 4228 86 27-6 24 53-1 4202 86 28-9
August 256 23-4 4243 86 26-6 26 79 4221 86 27-b
September ... 25 33-9 4211 86 26:1 25 24-7 4253 86 26-7
October 25 2149 4253 86 254 24 553 4216 86 27-0
November 26 40-1 4280 86 233 25 8-8 4234 86 257
December 256 22-6 4284 86 24-3 26 6-8 4241 86 26-0
1912, .
January 26 24-5 | 4318 | 86 226 | 25 6-1 | 4270 | 86 247
February 25 34-8 | 4284 86 24-9 26 256-4 | 4242 | 86 265
March 25 22-3 4270 86 256-4 25 17-3 4261 86 25-8
April 25 8-9 4247 86 24-7 25 5-6 4229 86 25-1
May ... 26 14:0 4256 86 255 26 66 4244 86 257
June 25 23-0 4253 86 26-0 25 18-6 4244 86 26-2
July ... 24 53-0 4258 86 25-8 24 568 4246 86 26-2
Aungust v 25 14-4 4275 86 24-8 25 b5-8 4255 86 25-0
September ... 24 46-8 4268 86 23-7 24 43-1 4249 86 240
October 256 42-4 4286 86 23-3 26 32-5 4269 86 24-7
November ... 25 38-1 — 86 26-2 256 15-9 — 86 26-5
Mean, March, 1911-October,
1912 | 20 19+6 4260 86 25-3 25 8-8 4232 86 26-4
Midwinter, 1911 26 230 42217 86 27-0 25 25 4203 86 28-1
”» 1912 25 11-1 4260 86 25-5 25  6-9 4247 86 25-8
Equinox, 1911 26 18-1 4253 86 26-1 25 13-1 4217 8 27-3
”» 1912 e 2h 16-1 4268 86 24-3 26 9-6 4247 86 24-9
Midsummer, 1911--12 25 30-5 4291 86 238 25 11-8 4247 86 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 the regular diurnal variation, this method is probably
at once the simplest and the best. But if we are dealing with a highly variable element
and want to treat of individual days or of the diurnal inequalities of individuad 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 hecome arbitrary. 'The method actually adopted in the present
case was that used in dealing with the curves of the 1901-04 Antarctic ¥xpedition. A
glass scale was constructed having parallel lines at a distance apart equivalent to 20
minutes on the time scale of the magnetograms, and the ordinates of the unsmoothed
curve were read at each 20-minute interval to the nearest 0-5 mm. The value ascribed
to the hour was the arithmetic mean of the three measurements taken at the exact hour
and at 20 minutes before and after the hour.

Dr. Simpson had decided to use not local time but the time of the 180th meridian,
54-4 minutes in advance of local time. This was certainly convenient in connection
with the 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 544 minutes from local time
has obvious disadvantages, and I felt some doubt whether it might not be better to
employ the time of 165° I, subtracting an hour from Dr. Simpson’s times and thus
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getting within some 54 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 544 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
1t 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" Bast 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 S and E are the components to true South and East, we have

S = 0-991 S’ + 0-132 El} . . . . (1)'
E=0991 E' — 0-132 & '

Thus it would have been possible to deduce hourly values of S and E from the
measured values of 8’ 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 Eschenhagén 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. Kven 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 I and the times of their
occurrence.

The absolute range of an element, as derived from the two extreme values of the
day, may not be an exact measure of any definite physical quantity, but it undoubtedly
serves in the great majority of cases to give a good general idea of the character of the
day as quiet or disturbed. Theoretically a small range might go with a great amount
of disturbance, the disturbing forces tending to reduce the natural 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 truc
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 S and Ii 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. In1911-12, 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 priori reasons alone, quite apart from the
positive evidence of the thermograph, would have justified the conclusion that any
regular diurnal variation of temperature must have been very small indeed. Thus
we have every reason to believe that none of the diurnal inequalities obtained for the
magnetic elements have suffered sensibly from the non-application of temperature
corrections.

Section 8.—The method of determining the scale values will best be understood by
reference to Fig. 2, which shows diagrammatically the relative positions of the drum and
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Fra. 2—Secale 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, 8,, 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-Kast 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

19 B 2



to be oriented East and West and perpendicular to the axis of the drum. Owing to
the mistake already mentioned, all the horizontal directions were really 7° 36 in error.
The deflections were all made with the collimator magnet 25a. The box containing
the magnet was placed on each occasion in a definitely fixed position, the inversion
of the magnet being effected by turning the box end for end. When deflecting 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 NS, and » 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), s.e., perpendicular to the deflected magnet. Turning the box
end for end altered the field again by 2m/»%, 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/1®,
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 R’
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 8’ instrument as in that of the 18’ 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. F. s V. 1912, E. S V.

4 4 I 14 14 Y
March2 ... ..| 653 8-83 7-54 January 1... 6-48 657 766
© April 1 L6049 8:75 7-50 February 4 ... 6-43 6-95 775
July 7 .. 6-44 8:10 751 s 22 6-45 6-87 7-89
August 7 ... . 644 6-75 7-76 March 9 G-49 6-87 8-06
w21 ... .| 645 | 665 | 7.59 . 26 6-47 | 6-96 | 7.73
September 12 .| 6-43 6-66 7-70 » 29 — 6-76 -
October 5 ... ol 6043 6-86 7:62 May 1 o 6-47 6-93 8-06
» 30 ... o 6447 686 7:59 » 31 .| 6:46 6-91 8.23
June 7 B 6-386 —
» 26 o 646 6-85 7-87

July 3 o= 6-86 —
August 2 ... o 6-42 685 7-81
September 10 c.| 6-46 6-89 7-78
October 11 ... .| 6-47 6-76 3-03

» 13 ... —_ 6-82 e

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* ++ Q)
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 Ii’ 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 8’ curve diminished, but there is no distinet 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 §' 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. == 81y 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 piece of steel, moved in a very confined
space between copper dampers. The damping is very good, but a slight want of level
or slipping of the supporting fibre may lead to contact between the 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 1mm.=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 E’ 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. = 7-6ly 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 S.
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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

ED

S s Tic. 3.

OE" and 08’ 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 8’ directed
respectively along O’ 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. 1f ong 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, ¥’ and 8’ corresponding values of the horizontal force and
its components along Ol and OS', 0 and ¢ being the inclinations of the resultant H
to OS’ and OS respectively. Then we have
I = H sin0, 8’ == H cos0 . . . . (2).
Corresponding small changes AH, 10, AE’ and 18’ are connected by the equations
AR’ = AH sin0 4 HA0 cosb, )
A8 = AH cost — H 0 sinb, | (3)
AH = AE’ sin0 4 18’ coso, ' ' ' '
H.10 = AR cost — 48’ sino.j
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If H and 6 represent certain standard values, E’ and S’ will represent corresponding
standard values, and 4H, 40, 4E’ and 48" will represent any not too large corresponding
departures from these standard values.

The standard values accepted were

H = 4260y ; a = 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, §' = 3575.

As 0 — ¢ is constant, and so 46 == 4¢, we have supposing ¢— @ in circular measure,
E" = 2316y + sinf (H — H) + H coso (¢ — $),} o (4).
S = 38575y + cost (H — H) — H sin0 (¢ — &).

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

E = Eo + €Ce, S = So + 8C,.

Consider now the ordinary H observation as taken in the Antarctic, consisting
of a vibration experiment during which the mean values of the E’ and S ordinates are
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

e=1% (e, 4+ 2e 4 e3); s =% (8, + 28 + 8).
Suppose similarly ¢ and s to be the mean ordinates durmg the declination

observation on the same day. Then we have

E, 4+ ec, = 2316y + sin0 (H — H) + H cost (¢ — ¢),
E, +- ¢'c, = 2816y + sind (H' — H) + H cost (¢’ — ¢).

Adding, and dividing by 2, we find
E,-+de, (e4¢') = 2316y -+-sind {H—H —3 (H—H)}+H cost {¢'—d-+3(d—9")}.
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 ¢, (¢ — €') -+ cosl ¢, (s — §'),
H (¢ — ¢') = cosb ¢, (e — &) — sinb ¢, (s — §'),
Eventually we get
E, = 2816y - sin0 (H — H) -+ cost H (¢’ — ¢) — ¥c. (e + ¢')
- }cos 20.c(e—¢€)—4sin20.¢,(s—8) . (),
and similarly we find
S, = 3575y + cosh (H — H) — sin6 H (¢" — a) —%c (s+8)
— 3} 8in 20.c, (¢ —¢€)—3%cos20.6(s—s) . (6).
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Taking 32° 56' for 6, and 4260y for H, we have

sinf = -544, cosl = -889, sin 20 = -913, cos 20 = +409,
H sin6 = +674 (180 60/7), H cosd = 1-040 (180 % 60/m).

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

K, = 2316y + 0-544 (H—H) 4+ 1040 (¢' — ¢) — 3:23 (e+ ¢)
+1:32(e —¢€)— 311 (s —¢') . : . (8",

S, = 3576y 4 0-839 (H —H) —0-674 (¢' — &) —2:95 (e —¢)
— 34l (s + ) —1-39 (s — 8') . . . (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 §, §, § 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’, §’ and V curves answering to the mean time of the dip observation. Then
the values of B and 8 at the time of the observed dip are respectively E, + e’c, and
S, - s"c., and the corresponding value of H, viz. H", is given by

H =0 + (B, + ¢"c, — E') sinb + (S, + 5", — §) cos0,
where, as before, § = 32° 56'.

If T be the observed inclination

V=H"tan I =V, 4 ¢2”,
where c, is the scale value of the V curve, and V, the base line value. Thus finally

V,=H"tan I —ep” . . . . . (7).

" ”

The mean ordinates e”, s", " each represented the arithmetic mean of
4 measurements answering to %, §. § 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. B s | V| e Date. B8 V| e
grade). grade).
1911, y ¥ ¥ ° 1911. y ¥ ¥ °
February 17 1752 | 2724 | 69521 | — 7.0 December 2 ...| 1741 | 2876 | 67864 | —17-0
v 23 1713 | 2697 | 67696 | — 7.8 » 9 ...1 1740 | 2872 | 67964 | —15-9
” 18 ...| 1771 | 2850 | 68050 | —14-1
March 3 1767 | 2765 |(69042)] — 95 . 23 ...| 1748 | 2869 | 68004 | —14-2
. 9 1749 | 2741 | 68260 | ~10-8 " 29 ... 1774 | 2857 | 68080 | —13-2
. 20 1746 | 2759 | 68289 | -13-0
, 24 1713 | 2747 | 67972 | -—12:2 1912.
» Sl 1716 | 2769 | 68327 | —12-6 January 5 1760 | 2880 | 67846 | —13-0
. . 12 1711 | 2908 | 68010 | —12-6
April 11 1709 | 2708 | 68021 | —14-0 ’ 22 1782 | 2866 | 68003 | —11-5
» 1D 1714 | 2715 | 67712 | —15-0 s 90 1781 | 2876 | 68093 | —-10-0
» 26 1711 | 2675 | 68090 | —17:0
February 5 1753 | 2953 | 68045 | — 9-4
May 4. 1732 | 2660 | 67753 | —18-0 ’ 12 1760 | 2969 | 68013 | — 9-3
,» 11 1726 | 2671 | 67950 | --20-0 ” 24 1769 | 2992 | 67970 | --10-b
»,  20.. 1720 | 2667 | 67744 | —21-0
» 26, 1733 | 2688 | 68038 | —21-0 March 3*  ...|(1698)((2898)|(656736)| —11-h
” 7 .| 1767 | 2993 | 68023 | ~-11-9
June 3 1712 | 2713 | 68037 | —20-1 , 18 1764 | 2985 | 67925 | —13-3
» 9 1718 | 2748 | 68174 | —20-0 , 24 1765 | 2996 | 67853 | --13-9
» 16 1712 | 2740 | 67920 | ~-20-1
oo 21 1718 | 2741 | 68206 | —22-5 April 2 1724 | 2996 | 67611 | —14-2
» 1710 | 2747 | 68101 | —-24-0
May 17... 1717 | 2990 | 67785 | —-17-0
July 6. 1711 | 2807 | 68100 | 260 s,y 10... 1733 | 2999 | 68123 -17-0
» 17.. 1717 | 2758 | 67952 | —24-1 ] 1728 | 2995 | 67917 | --18-2
» 24.. 1745 | 2727 |(68604)| —24-8 ., 29.. 1751 | 2983 | 67893 | —18:8
» 27, 1720 | 2755 | 68051 | —24-7
June 6... 1723 | 3000 | 68195 —
August 5 1715 | 2879 | 68108 | —25-5 5 19, 1754 | 2957 | 67677 | —19-4
’ 12 1748 | 2873 | 68026 | —26-0 s 28... 1769 | 2972 | 68384 | --19-8
' 18 1743 | 2866 | 68027 | —26-4 .
’ 28 1765 | 2899 — -— July 11* J(1789) [(3071) | (69601)| —19-5
s 21... 1715 | 2980 | 68135 | —19-6
September 1 ...| 1754 | 2869 |(68415)| —25-5
' 9...01 1751 | 2871 | 68006 | —25-8 August 9 1721 | 2993 | 68121 | —19-9
’ 16 ... 1747 | 2860 | 68248 | —26-2 5, 24 1747 | 2982 | 67760 | —19-3
» 23 ...| 1744 | 2865 | 67967 | —25-8
September 7 ...| 1722 | 2995 | 67847 | —19:6
October 4 1722 | 2887 | 68015 | —24-0 ’ 24 ...] 1726 | 2990 | 67749 | —20-0
,» 12 1726 | 2882 | 68070 | —23-6
s 20 1747 | 2864 | 68062 | — 23-0 October 7 1741 | 2974 | 67750 | —20-0
»w 28 1726 | 2887 | 68086 | —22-5
: November 2 ...|(1762)| 2964 - -
November 3 ...| 1756 | 2861 | 67954 | —21-7
” 11 ...| 1732 | 2885 | 68008 | --20-0
” 18 ...| 1764 | 2870 | 68094 | —19-3
. 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.
== 5'25}' s 3y — 0'18
= 1+3y ’ ,, == 0-045

Under ordinary European conditions 1 mm. = 5'25y is a convenient enough scale
value, But 1 mm. = 105y 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
& 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 B 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
bage line value derived from a single observation. The dip circle in use at the Antarctic
bage 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 B’ 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 eflective cause
were a progressive drift in the instrument or a seasonal temperature effect.

Section 11.—In the case of I’ a decided difference presented itself hetween 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, .,)/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

28



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 K’ 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 VIn.—Base Line Values Accepted.

E. 8. V.

1911, Y 1011, y 1911. y
February 10-28 .. 1732 February 10-28 w2710 February 10- 28 ... 068558
March 1-31 ... .o 1727 March 1-31 ... o 2756 Mareh 1-31 ... ... 68212
April 1-30 ... o 1726 April 1-30 .. o 2690 April 1-16 ... .. 67803

, 17-30 .. .. 68218
May 1-31 . 1718 May 1-24 o 2690 May 1-3 ... 67829
» 25-31 o 2677 s 431 LT L. 67871
June 1-30 ... .o 1721 June 1-5 (13 h.) w2682 June 1-2 ... 68057
. b(@6h)-30 ... 2147 w 3-20 L. ... 68110
July 1-31 ... ... 1726 July 1-3 o 2147 July 1-3 ... 68070
' 4-10 ... ... 2759 431 ... 68055

» 11-18 ... - ... 2767

,»  19-31 .. —. 2755
August... .. 1738 August ... ... 2873 August ... 68055
September ... . 1741 September ... .. 2873 September ... ... 68055
October o o 1742 October . .. 2873 October o ... 68055
November ... e 1744 November ... 2873 Novemtber ... .. 067974
December . ... 1753 December . ... 2873 December .. .. 67990

1912, 1912, 1912,

January ... 1758 January 1(0 h.)-1 (14 h. ) 2813 January ... 67990
» 1(17h)-31 ... 2882

February . .. 1762 February 1-26 . 2971 February ... .. 68009
' 27-29 w2992

March ] 2 (l hy ... 1761 March ... ... 2992 March ... ... 67891

, 26(12h )—31 1730

Aprit .., .. 1730 April ... .. 2992 April ... ... 67891

May .. .o 1735 May .. e 2992 May ... ... 67891

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

July ... ... 1133 July ... ... 2980 July ... .. 67956

August v e 1724 August . w2980 August . o 67956

September ... v 1733 September . w2080 September ... . 67956

October .o 14 October 1-13 (11 h. ) o 2080 October «. 67956
» 13 (12h.)-31 ... 2964

November ... o 1741 November ... .. 2964 November ... o 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 0h. 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 conﬁhing the tabulated values
to the hours of 1 to 24, because it is then impossible to say by mere inspection that
the difference between the entries under 24 h. on day n and under 1 h. on day n 4 1
is not wholly due to a real change of force. But discontinuities are not removed by
merely concealing them.

In the case of 8 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 tendenc}} in the magnet to move being
resisted until the motive power prevails sufficiently to secure a jerky movement.
The sum of the discontinuous movements may in such a case represent the full
movement the magnet would have made if quite free, but even if it does the ordinate
of a straight portion of curve will not in general give the current value of the force
quite’ correctly. If the phenomenon is at all prominent, the only satisfactory
course is to wholly omit the curve for purposes such as the calculation of the
diurnal inequality. In such a case it is practically impossible, without some
extraneous source of information, to decide whether there was or was not a real change
of base value. In the Antarctic small vibratory movements of the magnet were so much
the rule that a dislocation preceded by an absolutely straight portion of curve
presumably represented sticking, or friction of some kind. There were several examples
of this in the S’ curves, but on other occasions the magnet, judging by the oscillatory
nature of the curve both before and after the discontinuity, appeared to 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 - 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 4 20y between the second and third, and b 4 8y after the last disloca-
tion. Referring to Table VIa, we thus get the following eight values for b :-—

From the last four observations of June, 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 b, 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 8’ 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 VIs. 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 observationsal 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 8 and July 11, 1912, the H observation was
almost certainly at fault.

Table VIs 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, v.c., 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 magnetic 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. 1f 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 heen used in its construction.

In the case of the 1902-04 Antarctic Kxpedition observations taken on the ice
in McMurdo Sound, only about 1} miles away from the magnetic hut, gave for H the
value -0483, 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 ahsolute 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. Fach 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 @ priori 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 7' 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, = T/Ty>. . . . . . (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 I 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, 9583, 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 :—

Dato H from observations H ocaleulated surve V“‘_“O
) on soa ice. from thoe curves. value on ice.
T Y T Y

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
” 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 380, 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 ahsolutely 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,;/Hi == (Hc/Hh) (H},/Ht) = 0-951 X 1049 = 0-998. -

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

We seem thus entitled to conclude that at the spot in the cave where the vibrations
were taken H had a practically undisturbed value, supposing of course this was true
of the sea ice. Appreciable disturbance may conceivably have existed in other parts of
the cave, including the positions subsequently occupied by the magnetographs, but if
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. Simpson 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 :—

Dat D from obaservations D ealoulated D on ice
abo. on sea ioe. from the curves. — D in hut.
[+ ’ Q 1 ?

December 27, 1911 26 12 24 B0 482
January 2,1012 ... ... .. 25 59 25 Bb + 4
’ 11, 1912 ... 24 20 24 25 — b

s 16, 1912 ... e e 26 32 25 35 - 3

” 23, 1912 ... 26 34 24 B8 -+36

» 23, 19}2 24 45 25 40 —bb
Means ... 25 24 26 14 +10

The calculated values were deduced from the measured values of E’ and 8’ 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 aflected 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 {rom 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. o ’ n h m. o 1 "
December 23, 1911 ...| 16 26 86 24 13 December 27,1911 ...| 15 9 86 30 1
" 29, 1911 ...| 15 22 86 25 43 January 2,1912 ...| 16 b6 86 3b 43
January 5,1912 ...] 156 29 86 22 20 ’ 11,1912 ...} 14 36 86 34 13
. 12,1912 .1 15 18 86 21 24 ’ 16,1912 ..., 16 3 86 33 10
. 22,1912 .| 14 56 86 23 18 ’ 23,1912 ...| 16 36 86 32 65b
, 30,1912 ..} 15 36 86 23 30
Mean i 15 21 86 23 25 Mean .. 16 18 86 33 12

Considering the close agreement hetween the mean hours of observation at the two
places, no allowance need be made for regular diurnal variation. Also, ¢onsidering 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.K. of the hut, the declination was found to
be N. 149 E. (i.e., 31° East of South). A landing compass was used in this case to get
the B.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 ID 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 régular 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,
80 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.
It this be so, then the departures AR, A4S, 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 cosb, - 4K siné,,

AD, = (— 48 sin0, -+ AE cosb,) [H, ;
in the cave 4H, = 48 cosb, 4 AR siné,,

AD, = (— 48 sinf, + AR cosb,) /H..

In the present case we have no conclusive evidence that 0, and 0, 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 0, identical, we have at any the same instant

/_IDh/ADc = IIC/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 & 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. It 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

AT = (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 4 and 4 as before, we find

AT, = -0630 (4V,/V, — 4H,/H,),
41, = -0601 (4V/V, — AH/H,).

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, aswell asof 4H,and 4H,.
Also we found

H,/H; = 105 approximately,
while also 630/601 = 1-05.

Thus the terms depending upon H in 4I, and A4I; are closely identical. Any
difference between A4I, and AI; 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 A4H 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 1V.

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) {} (0 + 24)
+1+4. . - 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’ 8’ E 8 D H A%
1911. 14 Y 4 14 o 14 14
February e ver . 2271 3490 1789 3760 25 27-0 4164 685691
March ... e ...l 2263 35630 1776 3798 256 4-1 4193 68322
April ... .| 2276 35619 1791 3789 25 177 419 68371
May - 2277 3523 1791 3793 25 16-6 4195 68019
June ... ...| 2276 3539 1788 3809 25 8-9 4208 68211
July ..l 2281 3540 1793 3811 25 11-9 4211 68177
August ... e ...l 2291 3540 1803 3812 26 187 4217 681566
September e .| 2295 3545 1806 3817 256 19:2 4223 68162
QOctober el 2294 3549 | 1805 3821 25 16-7 4226 | 068167
November e .| 2288 3550 1799 3821 26 12-2 4223 68099
December e .. .| 2296 3562 1805 3834 25 1244 4238 68082
1912.

January .- . 2297 3662 1806 3836 25 13:0 4238 68059
February ...| 2301 3573 1808 3846 25 10-9 4250 68066
March ... e ... 2306 3661 1816 3825 25 23-9 4234 67984
April ... . . 2294 3565 1802 3837 256 97 4239 68014
May e ee - . 2297 3672 1804 3844 25 86 4247 68038
June ... . L 2299 3572 1806 3845 25 10-0 4248 68122
July e .. 2301 3571 1808 3844 256 118 4248 68123
August ... e ... .. 2293 3677 1800 3849 25 3.7 4249 68125
September w2304 3581 1810 38b4 25 96 4258 68121
October e e L. 2307 3570 18156 3844 25 16-3 4260 68104
November e ...| 2305 3566 1813 3840 25 16-8 4246 68099
Mean .o .. 2291 35652 1801 3824 25 13-6 4227 68146
Midwinter, 1911 ... 2281 3536 1794 3806 25 140 4208 68141
’s 1912 . .ol 2297 3673 1804 3845 26 85 4248 68102
Equinox, 1911 ... ... 2282 3536 1794 3806 25 14-4 4208 68255
s 1912 e ...| 2303 3667 1811 3840 25 14-8 4245 680b6
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 B', 8’ and V.
These appear in Table VIIa along with the corresponding calculated values of I, 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 I) 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,

TFrom Tabio IV.
R From
— Table VIia,
Uncorrected values. Corrocted values,
7 Y Y
Midwinter data ... -+ 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 VIIa and the corrected data of Table 1V these are little if at
all larger than the irregularities ordinarily encountered at Kuropean stations, and there
18 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 @ prior: reason to expect any

* National Antarctic Expedition, 1601-04. Magnetic Observations, p. 82.
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but the smallest change. In view of this and other suspicious features the only con-
clusion drawn was as follows : ““ It is, perhaps, unwise to say more than that it is desirable
that the attention of the observers of the next Antarctic Expedition should be called
to the importance of making a careful study of the annual inequality. If an inequality
with a range of the order suggested by Table VIII (v.e., the results just quoted) should
be established, it would be a most important result, strongly 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.
Season. Uncorrected values. Corrected values.
D H
D H ’ D H
. i o ’ y o I ) y Q ’ y
Midwinter . 256 17-1 4244 25  4-7 4225 15 11-3 4228
Midsummer ...l 25 306 4291 256 11-8 4247 15 12-1 4237
Excess in Midwinter —13-4 —47 —7-1 —22 —0-8 -9

The signisin 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 23’ 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, 7.c., in a N.W. direction.

The monthly and seasonal values in Table VIIA agree in indicating a rise in progress
in both E’ and ', and in both K 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

TasLe VIIs.—Algebraic Excess of Mean Value from Quiet and Disturbed Days over
All Day Mean.

i Dig s’ v
Scason.

5q g od b5q 10 ¢ 5d 5y 10¢ 5d

e Y Y 7 Y 14 Y ? Y

Midwinter, 1911 ... ol 43 +4-1 —3 -1 -2 0 —10 | —8 +10

' 1912 ... ... 42 +2 —4 —2 -2 -+-3 — 1 —d4 416

Equinox, 1911 ... ]2 +3 —1T —3 —06 -7 -9 -8 +-22

” 1912 ... N | 42 —6 0 -1 4-2 -2 | -2 + 6

Midsummer, 1911-12  ...| 7 0 T —6 —4 —4 — 5 | ~1 + 8
Mean ... e 430|117 —54| =20} —~20} 416} — 54 —45] $+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
I 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. Kxcept 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 larger in V and §’, but the
smaller in F', :

Taking the results in the last line of Table VIIz 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 :—

. —— | l E S D' H
. L
5 international quiet days ... 4-3-2 _71 .6 +’}/2‘9 76.0
10 Antarctic quiet days +1-9 —1-8 4-2-0 —0-8
5 international disturbed days — 56 +0-9 44 —1-6

In the case of D, 1y represents 0’-8 in angular measure. Here the + 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. Tt 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.
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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-cyclie) 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° E. longitude,
w.e., periods of 24 hours commencing 12 hours earlier than the Greenwich day, bearing
the same number. TIn their selection no attention was paid to anything but the amount
of disturbance prevailing in the Antarctic.

TasrLe VIITa.—The 10 Quieter Days a Month (of 180° I.).

1911,
February .. 10 11 12 13 17 18 19 20 21 25
March | 3 70110 | 1N 13 ] 15 ] 17| 1819 3
April 1 4 5 6 701 | 16 1 26 | 27 | 30
May 3 4 5 6 9 | 13 | 14 | 25 | 29 | 30
June 4 9 |16 (17 | 18 | 19 | 25 | 2 | 27 | 30
July 4 6 [ 14 | 15 | 16 | 21 | 23 | u | 2 | 27
August ... 8 9 10 | 1n} 12 {19 2 | 2| 2 |30
September 3 4 6 8 9 15 26 26 28 29
October... 1 4 b 6 10 16 28 29 30 31
November 9 7 8 | 11 18 | 19 | 22 | 25 | 27 | 29
December 5 8 9 | 10 | 16 | 22 | 24 | 25 | 29 | 30
1912.
January el 4 7 9 11 16 21 24 26 27 30
February e B 6 7 9 | 14 | 16 | 20 | 21 22 | 23
March ... .. .. ..l 3 5 |12 | 14 | 17 | 18| 19 | 2 | 28 | 31
April ... ... .. . 1 2 9 | 14 | 21 | 23 | 24 | 2 | 2 | 28
May ... 11 16 18 19 91 22 23 24 25 27
June PO B 5 | 13 | 14 | 18 | 19 | 20 | 21 | 22 | 23
July ... ... ... .10 ] 11 12 | 18 | 14 | 15| 19 [ 22 | 24 | 25
August ... 2 4 5 8 9 | 12 | 13 | 16 | 2 | 26
September 2 3 7010 0 11 {2t | o2 | 2 | 2 | 30
October... 3 6 7 19 20 29 24 26 30 31
November 1 3 4 b 8 18 — —_ — -

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 VIITs 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
})y 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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TapLe 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 40 13 | 22 | 24 71 14| 15| 16 | 31
Jue ... .. .. . 81| 18] 19 2 1 9 | 13 | 14 | 21
July .o o ool 13 | 14 | 15 | 25*%| 26 1 17 | 19 | 28 | 29
August .0 .. .. ] 7 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 | 98 5 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 1011 | 12 | 15 | 24 3 4 5 | 21 | 31
August ... 4 8 | 12 | 13 | 2 | 17 | 18 | 19 | 22 | 23
September 2 | 15 | 16 | 27 | 28 4 | 17 | 18 | 23 | 2«4
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 observatories the great majority of which are in the
northern hemisphere—really serve to discriminate between quiet, ordinary and
disturbed conditions in the Antarctic. The evidence bearing on the point will be found
in Chapter VII,

The non-cyclic change, 7.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 0h., 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 3.

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 IXAa.—Non-cyclic Changes.
E’ s’ \Y
Month.
All days. Quict days. All days. Quict days. All days. Quict days.

1911. Y 4 ? e 4 Y
February ... —2-8 - 17 —3-6 —11-0 —0-8 -— 55
March —0-6 4 5-0 -+-1-8 — 71 —0-1 -+ 4-3
April 10-2 — 41 +0-4 + 45 +3+5 4 1+6
May 10-8 + 26 —48 | — 97 40-9 4- 0+9
June —0:1 | — 11 +1:5 | 4 04 405 | — 1-1
July —0'5 - 1-3 405 + 16 —0-3 — 11
August, 0-0 4+ 19 —0-8 4+ 03 —0-6 — 0-4
September 403 1 1.2 —1-3 + 52 404 — 5.2
October . —0-1 429 —0-1 — 65 404 + 07
November —1-0 + 77 +41-0 4 44 +0-5 —12-9
December —0:6 + 3-6 +0-1 — 49 -+0-8 + 77

1912. '
Jmumry e --0-1 +13-4 -+0-5 — 0-1 —0-7 —2-4
Be])ru&ry +4-0-6 — 0-1 —5b'b + 31 —0-3 —5:7
March -+0-2 4+ 1:0 +1-4 — 08 -+0-8 —Q-b
April +0°3 — 7-9 ~13 4+ 1-9 +1-8 —T4
May —0-B + 29 +0-17 419 +1-0 =35
June 40-1 — 04 -+4-0-8 - 24 +0-8 —0-9
July —~0-3 147 140-6 + 240 40-2 —14
Angust +0-3 + 41 106 408 —~1-3 3-8
September —0-1 + 0-3 —0-2 -+ 4-3 +0-5 —17
October ., —0-2 4 0-3 414 — 10 —27 —3:3
November —17:6 4 01 463 + 4-2 —9.9 —1-7
Means from 21 months...| —0-2 415 —0-4 — 04 402 —2-9

Number of months + ... 8 15 14 14 13 5

» " — . 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, hoth 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 XA 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 T 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
beadings 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 inspection of the

TaBLe I1XB.—Mean Values of Non-cyclic Change.

E 8’ A
Season.
5q 10 ¢ @ &d 5g ' 10¢ 7 ! bd by 10¢ [ 5d
Midwinter—
1911 ...|+10-0 |4-0-5 | 0-0 {~12-0 {—8-9 |—1-8 |~0-8 |+13:0 |—0:5 |—1-9 |4-0-1 |84
1912 ../[+ 02 |+2-1 [-0O-1 |4 6-1 {-+0-7 |+1-8 (4-0-7 |~ 84 |--1:0 [—2-83 [4+0-2 |-}3-7
Equinox—
1911 v+ 77 14-1-2 | 0-0 |4+10-6 |—3:D5 |~1:0 \40-2 |4 7-3 |—1:2 |03 |4-1-0 |4-8-8
1912 w4144 1-6| 00|+ 0-2 |—1-5{4+1-11-+0-3 |+ 2:4 |—0-5 |—3-2 | 0:0 |+2:7
Midsummer—
1911-12 ...|4 3:0 |4+6:2 {—0:3 |-~ 2-1 |—0-2 {406 [—1:0 [+ 3-6 |4-1:0 |[—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¢, 10¢, @ and 54
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 5d.
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In the case of B’ 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 8’ 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, —2:7Ty
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 +4- 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, XII and XIIT, pp. 68 to 71, give diurnal inequalities for I,
" 4.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 XTI 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), 4.e., the arithmetic mean of the 24 hourly differences forming the inequality
taken irrespective of sign. Tables XIT 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 &', i.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 -4 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, XTIV, 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 B’ 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’, § and V formed the material from
which the other diurnal inequalities were calculated. Employing AR to denote the
departure of i (the component to Astronomical East) at any hour from the mean value
for the day, and similarly for the other elements, we have

AT = AT cos (7° 36) —- A sin (7°36') = 0-991 AL’ — 0-132 48" . (9),
AS == A8’ cos (7° 36') -+ AT sin (7° 36') = 0-991 A8’ - 0132 4K . (10).

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

AD = (1/H){ A8’ sin (32° 56') — A1 cos (32° 56')y . .  (11),
AH = A8 cos (32° 56') + AL 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.

52



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, AE’ and 48’ having 1y for unit—

4D =0-439 48 —0-677 AR . . . . (1),
AH = 0-839 48 + 0-544 AR . . . . (12).
If T denote the inclination, and T total force, we have

Al =}sin21(4V/V—4H/H) . . . (18),
AT =cos I AH -}-sin I 4V . . . . (14).

The corresponding numerical relations, with 4I in minutes of arc, are
Al = 0-00315 AV —0-0503 AH . . . . (13),
AT =0-063 AH --0-998 AV . . . . (1)

The inequalities calculated for 1, S, D, H, [ and T refer only to the mean results
from the two years. They are included in the 12 Tables XXII to XXXTII, 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° K. 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 rvepresenting 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 complete traces. 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° R,
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Section 20.—-Plates I to VI show side by side on the same scale the diurnal
inequalities derived from all complete days and from the 10 quieter days, for the 12
months in E, 8, 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 common
origin. Plate XI also shows vector diagrams for the whole year from all and the
10 quieter days in two vertical planes, respectively in and perpendicular to the
geographical meridian. The time employed in Plates I to XI is the same as in the
corresponding inequality tables, .e., is the time of 180° I.

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 S’ instrument would be without effect on the B’ 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 48'.

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. B’ 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 36 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 8 inequalities in Tables XIVand XVI also show a conspicuously
larger amplitude in 1911 than in 1912. The only case in which the 1912 range exceeds
the 1911 range is the quieter day inequality for October, and even in that month the
A.D. is decidedly greater in 1911 than in 1912.

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

The general parallelism between the variations of range and of A.D. shown by E’
and 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 nunber 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 yeais,
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 XXIT, but slightly in defect in Table XXIIL
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 I&. 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 18 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 I, 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 conspicuous in winter. The ranges and A.D.’s in the inequality
for equinox are again very similar to those in the inequality for the year.

The amplitudef in the E and 8 inequalities are closely alike. If we take the all
day seasonal inequalities we find the I ranges the larger, but the excess is only about
14 per cent. in summer. T 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 I 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 4- sign means movement of the N-end of the
magnet towards West, and the maximum occurring about 11 h.—.e., near 10 a.m,
IL.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 I 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.

Congidered 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 maximwm 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 T 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 XXVIII do not show the marked excess
over those for March and April which presented itself in the case of I, 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 (18'), 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 L.

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 i H, it follows that the H inequality curves inverted
should closely resemble the corresponding curves for I. On comparing Plates IV and V
it is readily seen that such is the case.

The V diurnal inequalities for the months, year and seasons are given in Tables
XIX and XXI and are illustrated in Plates VI and IX. Irregularities are more in
evidence in the V inequalities than in those of the other elements, especially during the
morning hours. There is in particular a remarkable kink in the all and quieter day
curves for January, the all 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 18
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 priori 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
1s 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 X1II 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 I 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 theratio 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 1s 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.
I_t 13 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
in all 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 hisect the area
in all cages. Corresponding points on the all day and guieter 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 Kuropean 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 XIV 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 bagse stations of the Antarctic Expeditions of 1902-04 and 1911-12
were only some 16 miles apart, their accepted positions being :—

1902-04 .. 77°51" S. 166° 45" IE.
1911-12 .. 77° 38" 8. 166° 24’ L.

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 13 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
FEast) 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 comparatively trifling compared with
the disturbance in H.

In 1902-04 no inter-comparison was made of the absolute and magnetograph
huts, They were only about 25 yards apart. Thus, unless the disturbance in the
absolute hut was due to building material or some purely superficial 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 1902-04, D and H were directly recorded. Thus the uncertainties connected with
the presehce 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 T 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 sumamer. '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 bhe 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 B, 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. AR o 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 1D, where both maximum and minimum are well marked, their
hours of occurrence in the curves for the whole year were maximum 9 h., minimum
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18 h., or 19 h. in 1902-03, as compared with maximum at 11 h., minimum 20 h., or 21 h.
in 1911-12. Allowing for the difference of time, this leaves an unexplained retardation
of one hour in the later as compared with the earlier data.

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

A notable difference does, however, present itself when we pass to the vector
diagrams for the forces in the horizontal plane. The regular curve suggested by the
diagrams in Plate XT is the circle, whereas the diagrams in Fig. 13, p. 116 of N.A I,
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, 78 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 magnetic hut by that for the ice
station, we should reduce the major axis of the midsummer vector diagram roughly
in the ratio (}) 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 than that
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 574 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 (ull days) ... . - v 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 quictest 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, I1 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 » 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 epochg, and both
magnetograph chambers had been undisturbed, the following phenomena might have
been expected to present themselves :—

wm Year and Iquinox,
in 1), range from all days 1902-03 slightly less than range frout all days 1911-12;
in D, range from quieter days 1902-03 slightly greater than range from quicter days
1911-12;
in H, range for 1902-03 somewhat in excess of range {rom quieter days 1911-12 ;

i Winter,
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
191112
i H, range for 1902-03 nearer to range from all days than that from quieter days
1911-12;
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m 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 I 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  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 Kurope 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 191112, 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
1s 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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TaBrLE X.—Diurnal Inequality in E”in

—_— 1 h. 2 h. 3 h. 4 h, 5h 6 h, 7 h. 8 h. 9 h. 10 h. 11 h. 12 h.
1911 Y 4 Y Y |
— y
Feb. ..+2}6-2 — 4.4 |—7-8|—21-2 |—40-4 |-58-0 —6§~9 —-8%-1 —7}1/-1 —65-6 —-7).‘3-2 —-4)5-7
Mar. .|+ 42 {—1:6|— 9-4|-21-3 |—30-4 |—36-4 |—40-7 |—53-7 |—56-6 |—55-0 {—49-8 |—49-2
Aprit ..+ 1-2 |— 3-8 |—14:2 |—10-9 |—20-2 |—33-9 | —35-1 |—35-] |—49-0 |—46+3 |—48-4 |—36-4
May ...+ 57 |—1-1|— 6-3 |—13-4 |—22-8 |—23-3 |-23-6 |—-26-7 |—26-3 |—26-8 |—32-2 |—23-0
June  ..|— 2-1|— 4-1|— 3-2[~10-9 {~13-1 |—16-2 |—19-2 |—23-4 |—19-3 |—19-3 |—~23-5 |—17-6
July ..+ 54 |—-1-7|— 47 |— 94 |—18:6 |—21-6 |—21-8 |—22-4 |—20-7 |—23-3 |—23-8 |—22-2
Aug. v+ 1:8 |-~ 2-1 |-12-7 |-13-0 [—16-7 |—22.3 |—922.4 |—18.7 |—21-1 |—22-1 [—30'5 |—16-8
Sept. w4 08 |— 2-6 |—12-3 |—~15-8 |—17-8 |—24:8 |—24-2 |—30-0 |—928-2 |—35-9 |—37-1 |—24-9
Oct. el — 051~ 5.2 1122 |-18-5 |—23-2 |—32-3 |—42.2 {—38-9 {—42-5 |—~39-4 |—32-4 |—20-3
Nov. .|+ 7-3|{—0-5|— 57|~ 9:3|-21-9|-29-1 |—34.0 |—52-5 |—064-7 |—65-8 }—46-T 1—36-1
Dec. o+ 84 14 2:3 |~ 55 |—-11-0 |—21-6 |—29-9 |—45-1 |—28-2 |—43-7 |—33-0 |—34-9 |—~296
1912— ,
Jan. .|+ 82 |- 2-3—10-2 |-13-0 |—23-1 |—20-8 |—13-1 |—16-1 |—30-1 |—60-1 |—46-4 |—40-5
Feb. .|+ 0-3 |— 6-8 |—10-5 |—16-9 |—21-1 |—22-5 [—24-0 |—28-7 |—30-0 |—37-6 |—39:3 |—25-5
~ Mar. ...+ 3-7T|— 49 |— 87 |—14-9 |—18-3 |—22.2 |—21-1 |—238-3 |—27-2 |-27-1 |—30-0 |—21-8
April ... [— 24 |— 33|~ 5.6 [—12-3 [—20-7 |—19-¢ |—25-3 |—26-8 {—25-9 [—21-1 |—18-4 |—16-7
May -02|—10 |- 35 |— 83 |— 75 |—13-8 |—11-7 |—19-4 |—16-6 |—18-2 |—14-0 |~11-9
June — 06 |—21|—61|— 54 |— 54 |—11-6 |—12-7 |—13-5 |-17-0 |—13-T7 |—13:6 |—14-4
July e/ —0-3 |~ 4.5 |— 28— 63 |— 9.0 |—13-0 [—11-9 |—14-5 [—14-9 [—12-6 —13-G [~11-0
Aug. .|+ 36+ 08 |— 45 |— 6.7 |—11-3 |—17-8 |—18-5 |—24-1 |~19-1 |—25-2 |—23-3 |~21-8
Sept.  ..)— 01 |—1-2 |— 2.3 |— 7.4 |—14.5 |—21-5 [—23-6 |—26-8 |—36-9 |—22-3 |—18-0 |16
Oct.  ...|+ 34 |— 29 |—11-1 |—-16-5 |—21-8 |—23-6 |—21-1 |—27-8 |—31-3 |—34-9 |-32-8 |-32:1
Nov. ...[— 6-1 |—10-5 |—10-2 |—14-2 |—15-2 |—16-9 |—45-3 |—40-0 |—32-1 |—385:9 |—20-9 |—20-0
TapLE XI.—Diurnal Inequality in E’ for the 12 Months,
— 1 h. 2 h, 3 h, 4 h, 5h 6 h. 7 h. 8 h, 9 h, 10 h, 11 h, 12 h,
Y 7 ? 7 4 7 Y 4 14 Y 14 Y
Jan. o+ 82— 2:3]-10-2 |—13-0 |—23-1 |—20-8 |—13-1 [--16-1 |—30-1 |—60-1 {—46-4 |—40-5
Feb. 4102 |~ 56 |— 9-2 |—191 {—30-8 |—40-2 |—43-9 |~56-9 |—50-6 [—51-6 |~55-7 |—34-1
Mar. 4+ 3.9 |— 3-2|— 9.0 [—18-1 |{—24:3 |—29-3 |—30-9 |—38-5 |—41-9 |—41-1 |—39-9 |—35-5
April vl — 046 |— 36 |— 9-91—11-6 |—20-4 |—26-8 |—30-2 |—30-9 |-37-4 |—33-7 |—83-4 |—26-5
May v+ 27— 10 |— 4-9 |—10-9 |—15-1 [—18-6G [—17-7 {—23.1 |—2]1-4 |-225 |—23-1 |[—17-4
June v~ 14 |—31|—4-7|— 81 |— 9.2 |—13-9 {—16-0 |—18-5 [—18:2 |—16-5 |—18-5 [—16-0
July v+ 25— 31— 37— 1781-13.8—17-8 [-16-9 |—18-5 |—17-8 |—17-9 |—18-7 |—16-6
Aug. v+ 27— 0.7 |— 85 |— 99 |—14-0 |—20-1 |—20-5 |—21-4 |—20-1 {—23:6 |—26-9 |—19-3
Sept. v+ 03 1—1.9|— 7.3 =116 |—16-2 |—23-2 |—23-9 |—28-4 |—-32-5 |—29-1 |—27-6 |—20-6
Oct. v 14— 441 |—11-7 {=—17-5 |—922.5 |—27-9 |-31-7 |—33-4 |—86-9 {—37-1 |—32-6 |—26-2
Nov. v 06 |— 55 |— 7.9 |—11-8 |—18-6 |—23-0 |—39-7 |—46-3 |—48-4 |—50-8 |—33-8 |—28-1
Dee. W+ 84+ 2.3 |— 5.5 —11-0|—21-6|—29-9 |—45-1 [—28-2 |—43-7 |—33:0 |—34+:9 |—~29-¢
Year vl 32~ 26 |— 77 |—12-5 |—19-1 |—24-2 |—27-5 |-30-0 |—83-2 |—34-7 |—32-6 |—25-9
Winter v+ 16|—20|—55]|— 992|130 =175 [—17-8 |—20-4 |—19-4 |—20-1 |—21-8 |—17-3
Equinox .|+ 1-3 [— 3.2 |— 9.5 [—14-7 |—20-8 |—26-8 [—29-2 |~32-8 |—37-2 |—35-2 |—33+4 |—27-2
Summer .04 69 |— 2.8 |— 8.9 |—13.7 |—28-5 |—28-5 |—35-4 |—36-9 |—43-2 |—48:9 |—42-7 |-33-1
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Individual Months from all Complete Days.

13 h. 14 k. 15 h, 16 h. 17 h. 18 h. 19 h 20 h, 21 h, 22 h 23 h, 24 h. | Range. | AD

4 4 4 Y s 4 4 4 4 Y 4 4 4 Y
—34-5 [—-18-7 {4-10-5 |-+503 |4-56-2 {4-60-5 |++73-1 |-+81-3 {4764 |4-74-0 |--52-1 |+430-6 | 166-4 | 48-78
—26-6 |— 7-4 |4-12-2 |4-28-7 |-+-49-7 |4-57-6 [4-65-8 |-+-63-4 |4-55-4 |+43-3 |+32-2 [+25-8 | 1224 | 3652
—24-9 |— 93 |4 7-7 |4-295 |+44-6 |+50-8 |+-55-4 (+55-5 |-43+9 |4-834:6 [4-26-6 |+-17-1 | 1045 | 30-60
—12:6 |— 84 |4 37 {4147 {4266 |--38-8 |4+35-3 {4-39-8 |-+34+4 14205 (4152 {--11-2 72-0 | 20-52
—11-2 [— 5-2 |4 2-4 [--14-0 [-+-24-1 |4-24-4 |4-36-2 [+30-9 |+22-5 (4183 |4-10-7 |+ 5-6 | 59-7 { 15-73
~19-2 |— 6-1 |— 1-0 4117 |4-19-6 |+24-3 |437-7 |4-835-9 |+-31-0 |-28-9 |-++10-2 |+ 9-2 | 61-5 | 18-05
—12-9 |— 7-8 |+ 3-2 |4+17:5 |420-9 14-33-5 |4-37-9 |4-34+4 |4-33:5 |4+20-9 14-12-5 |4 2.5 | 68-4 | 18-23
—18.0 {— 3-0 {+-12.7 {4+24-6 |4-42-2 |4-38-3 |4-89-9 |4-856-5 |4-30:6 |4-30-0 |4-16-1 |4 3-0 | 79-3 | 22:85
—12:0 |4 86 |+14-8 [4-25-9 [+43-4 [4-49-9 (4-48-8 |+45-2 |+-36-5 [4-27-6 [4-16-4 [+ 7-9 [ 924 | 2665
—27-3 |4- 21 |420-4 |-37-4 |4-48-1 |4+-58-9 | 4-55-9 |4-48-1 |4-39:7 |+-37-0 |4-25-0 |4-13-5 | 124-7 | 32-7Y
—~29.5 |—17-3 |+ 1:2 |4-14'5 |-4-36-2 |+4-42-8 |4-47:3 |449-6 |4-48:1 |4+41-8 |4-21-9 |[+14-3 | 947 | 27-40
-—-28-1 |—14-7 |+11:6 |-+-26-6 |-}-40-8 |4-43-0 |+47-5 |4-37-8 |4-30-3 [+28-2 {4251 |4-19-7 | 107-6 | 2655
~10:8 |— 1-4 |+13-1 |4-28-5 |-+-34+9 {4-35-3 |-+41-5 |4-40:3 |4-36-3 +4-21-7 14125 |4-10-3 ] 80-8 | 22-89
~16:5 (4 1+2 |+13-8 (419:5 |+4+27-1 [+31-8 |+36-4 |+30-0 |429-1 [4+23-3 [+13-1 |-+ 6G-8 | 6G-4 | 19:66
— 67 |4 4-1 4-11-0 (+19-3 |4-21-4 |+28-8 |4-31-7 |4-27-3 |4-26-1 |4-22-0 {+10-3 [+ 2-5 | B85 | 17-05
— 90 [~ 60 |4 5-4 |412-4 |4-19-6 |4-21-3 |4-21-8 |4+21-4 |4-16-5 |+12-T {4 7-8 |+ 1-9 | 41:2 | 11-75
— 57 |- 194 01 |4 74 14137 }-4+21-0 |4+24-4 |4-21-H |420:0 |4 79 |+ 71 |+ 1-2 41-4 ) 10-33
~10-83 [— 11 |+ 3-2 |[4+11-6 {4150 [+17-4 |+4+21-2 [4+22:0 |413-8 |4-10-8 |4 7-2 |+ 3-2 | 36-9 | 10-47
—13-8 |— 1:0 |-410-5 |4-231 |4-23-8 [4+23:6 |4-27-9 |4+-23-4 |--18-1 |-+15+4 |-+11+9 |4 5-8 | 53-1 | 15-57
~11:2 |— 1-9 |- 9-8 |4+-18-9 |4-27-0 |+-28-5 {4-30-7 |4-29-1 |4-27-2 |+20-0 |4-10-4 |+ 2-6 | 67-6 | 17-01
—16-7 |— 2.7 |4-15-7 14-29-4 |+38-8 |-+-40-7 |+36-8 |+38:3 {4314 |4-21-7 |4-12-1 |4 7-2 ) 75-6 | 22-95

—25-3 |—17-9 [4- 1-9 4286 |--37-5 |-+-41-9 {+46-1 [+-51-4 [4+43-2 |4-32+1 |4-20-9 |+ 6-3 | 96-7 | 26-85
3 Seasons and the Year from all Complete Days.

13 h, 14 h, 15 h 16 h, 17 h ‘ 18 h. ‘ 19 k. 20 h, 21 h, 22 h 23 h, 24 h. Range. AD.
Y ¢ 14 14 Y
—28.1 ~174,-7 +11-6 -+~223)-(i —}—4?))-8 +4§-o +-4’77l-6 ~{—3)’;-8 +32;-3 »&—22;-2 +925-1 |4-19-7 | 107-7 | 25-56
~22-4 |—10-0 |-+11-8 |[+389-4 |+45:6 |4-47-9 [4-57-3 |4-60-8 |4-56-3 |+-47-8 |-+32-3 |+20-5 | 117-7 | 35-83
=216 [— 3-1 [--18-0 |+4-24-1 |4+-38-4 |4-44-7 [4-B1-1 |[4-46-7 [-42-3 [+33-3 [+22-6 [+16:3 | 93.0 | 28-03
—15-8 |— 2.6 |4 9-3 |4+244 |4-33-0 [4-30-8 {1435 {4-41-4 |4-35-0 {4-28-3 [4-18-4 |4- 9-8 | 80-9 | 23:60
—10-8 |~ 7:2 |4- 4-5 |-++13-6 [+23-1 |4-30-0 |4+-28-5 |4-30-6 |+25-4 (4-16-6 |-+11-5 |4 6-6 | 53-7 | 16-12
— 84 |— 36 [+ 13 [4+10-7 |418-9 14-22-7 |4-30-3 |-26-2 [4-21-2 |4-13-1 |4- 8-9 |4- 3-4 | 48-8 | 13-03
~14-7 {— 3G |-} 1-1 {117 [-17-8 |4-20-8 [4-29-5 |--29-0 |[4-23-9 |4-19-8 |4 87 |+ 6-2 | 48-2 | 14-20
—13-4 |— 4-4 |+ 6-9 14203 |4-22-1 {4-28-5 |4-32-9 14-28-9 |+-25-8 |4-18-2 |4-12-2 - 4.1 59-8 | 16-89
—14-6 |~ 2+5 |+11-2 |++21-7 |-+34-6 |+4-33-4 |4-35-3 {323 |-+28-9 |4-256-0 |+13-3 [+ 2-8 | 67-8 [ 19-92
—14-3 |+ 05 |+15:2 |-4-27-6 |4-41-1 |-|-45-3 |--42-8 |+41-8 [+34-0 4247 |4-14-2 14 7-6 | 82-4 | 2467
=263 |— 7-9 |121-1 |-+33-0 [}-42-8 |4-50-4 |{--51-0 |+-49-7 |+41-5 |+34-6 |4+22-9 |4 9-9 ) 101-8 | 28-98
~29-5 {—17-8 |-+ 1-2 4145 |436-2 [1-42-8 [4-47-3 |-+49-6 |4-48-1 |-4+41-8 [4-21-9 {4+14-3 | 93-3 | 27-40
—~18:3 |— 64 |+ 8-2 [-+22+3 |4-32:8 {4-37-4 |4-41-4 |+39-6 |+34-4 |4-27-6 |+17-7 |4-10-1 76-1 | 22-89
—~11-8 |— 4.7 |4 8-5 |--14-1 |4-20-4 |-4-25-5 1-+-30-3 |4-28-7 |--24-1 |4-16-9 |4-10-3 4 B-1 ] 52-1 | 15-04
—16-6 |— 1-9 |-+-12-2 |4+24-5 |--36-8 |4-40-8 |1-43-2 {4406 351 [+27-8 {4+17-1 {4- 9-1 | 80-4 { 24-04
—26+6 [—12-5 |4 8+9 |4+-28:4 |4+-41-4 |-}-46-0 |[-+50-8 |[+49-5 |+-44-1 |+38-1 |+25-6 |4+16-1 99-7 | 29-66
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TasLe XIl.—Diurnal Inequality in E’ in Individual
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TasLe XIII.—Diurnal Inequality in E’ for the 12 Months,

= ERERAOR RN POnD
5| *gggerosegazg I9ay
rrr bbb L
& DAND P CANAN DN D= HD
S| PERRICPCZAFEY HY2S
Frrtbrtrry g P10
5 —-OERNOVTOMNNT—~ DM P
2 SRy gER %Smﬂ.
Pty P
i FRMNMANNDOO DD NOID
S | SRR TS RN
S ywﬁﬂmm97mwnwm [ —
Frrrr b e P
. HOOOOMNONNOH—  ©OP o
= i A i) oy
S| SRSRSSS9RS8] 2XSR
Crrrrr e el Fry
. PO HIOMNNTIOD D©HDW
S *8n35°29°0282 2921
rrrr e e PLgd
. OWMIDNOHOS HE= DD
S| sEgmaceseisss 303g
rrrrr et IR
. HOHIDS QML IDMN RO M
5| maganeieceasa oo
Firr i P
. SOV MOIPRWMID N D
= 730.06735175153 o = ©
~H — . —
R P
. 514684181520 39.04.12
M 7273622124136 Y D =
+ 1 b Ti+ L0
] OCNOENOOHOBRO D TD
= N O H A R DD OO M=
I R R .
. B HIDDOE=O VA D QHOQ
= AN N A A O HA S — O
S NETNEINE AL

70



AD. -

Range.

...........

Range.

24 I,

Ftttt+ ||t

. O T ot D O O O~
a8 7@.1.%99826%76%
] M N OO OO wWo &
< Nasa =22
ENNINCNDSD o S w

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

24 h,

23 h.

HOBOIXLOON I~

ADD O S DL M =
O i

Frr+ 44T

NODL oI — MMM N

tr++++t+ttt

23 h.

22 h,

47“77163002

SN =N TS MDD O DD
OO e = — i — O\

e e e e et

OO LML W

fanlio=dE I el s S je)

—_
i ! m
: ! _N :

22 h.

-

21 h,

XD I L= 10 H W S D -
6321]]110)10‘-2

Nl e e e e A R S

QT ~o = o

-
o U S T SRR

NDONI-OFHTHOD

e e e e e e el e e A

21 h.

20 h.

NI HWEN ND — D

FH+FFFF IS

—.0096.:03]84477

NNV — 1M

~ O WD — D D =00 W

FEEF+

20 h,

19 h,

DDORMMNDDBWID O

P F I DO D D &
BOBRRAN - INER

e e aa S A S a

QI w1 LD N O — D=0 O

B el e e ety H A 5

19 h.

18 h.

WA HE- D FH D=V

DD 1D H N 1D N WD O O
HOVON =t~ NN oD

FE+F T+

01D A < b T3 O e b= O

e e &

18 h.

17 h,

HIO O i~ NSO

17 h.

16 b,

3V047090.uUnP0“u
— O QN

16 h,

15 h.

323
e i e e el
oS

A e e e e e e e e
TOoOSTIHMOSNT oD
Do 1D b~ g - o
BISRRITIKNESR
+++++ -+ F
VDT ANO O -0 ®
S0 n — T N i 12 00 A
R8522903558%83
e e e e e e e R
4:.(6%94.&89881
y097688711030
DO — — — NN D
S e e e e e e s SR
DR R D DO
AN H S TCH DO ID O™
ol‘un%l] — O O

Sl e e e e s A

+F 4 T

15 h,

14 h.

—

+F+++ T+

SO MHEDINI-S-O

SBHD D i O = TN O

14 h.

Months from 10 Quieter Days a Month.

13 h,

AT NOOO ~O -
- —
P+ +4++1
EO MO~ N -

HOOWVMNMMNOHISLN
7T 1

PP+

DO~V ONOVORE=O D

DNODNONO D O HH

R o e

WSV O O A = r—~ — O

D 1D D = O O OF < O < &1

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

13 h,

WA LDOO O D~

NV =T WNNHO OO
r— ]y —t —

Frrrrrrrr o

i

71

0 4216 |4+31-0 |+

6 |+16°5 4217 |4

6 |414-6 [4-20-6
1 |4 66 |+ 92




Tasie XIV.—Diurnal Inequality in §' in

— 1 h. 2 h. 3 h. 4 h. 5 h. 6 h. 7 h. 8 h. 9 h. 10 h. 11 h. 12 h,
1911— 4 Y 4 4 4
Feb. ..._6):;-1 —71-2 |~70-4 |—60-1 |~56-2 —4g-7 45%-9 ._2?1}-4 4- 5-4 +2?1}-9‘ +435}-2 +44-1
Mar.  ..|-53-1 |—47-7 |—43-3 |—44-4 |—31-2 |—-30-8 |—15-8 |— 34 |+ 7:5 |4-19-6 |4-31-0 |+46-6
April  ...|-—52:7 |—66-3 |—41-3 |—33-6 |~35-4 |—23-1 |~15-8 |— 4-3 [+10-9 |+19-1 |4+-40-5 |--43-4
May  ...|—31-2|—36-8 |~31-4 |—26-8 |—21-5 (—17+2 {— 9-1 {— 3-1 |-+ 76 |+ 95 (+21-2 [+19-7
June  ..|—19-6 1—16-0 |—17-5 |—16-3 |~16-2 |—11-0 |— 8-0 |— 1-1 |+ 3-4 |+ 9-0 |+15-3 |+22-8
July  ..|--23-5 |—28-5 1260 |—29-2 275 |—21-2 |—12-4 |— 5-8 |+ 3-4 |+10-7 |+18:2 [+29-6
Aug.  ..|—21-61—20-6 |—24-6 |—21-5 |-18-4 |—11-9 |— 7-2 |— 1-8 |+ 5-1 |4+ 9-6 [-+20-5 [+19-7
Sept.  ...|—27-6 |—25-5 |-28-0 {—27-1 [—16-4 |—12-6 |~ 6-1 |— L5 |+ 4-4 [411-7 |+18-2 |4-225
Oct. evo|—33:2 1—35-2 |-33-8 |—28:2 | 214 |—14:0 |— 9-0 |~ 0-3 |+ 85 |+13-5 |4-21-6 |}-28-8
Nov.  ...|—34-0 |—39-1 |~396 |—35-9 |~27-5 |—21-6 |—12-2 |— 5-8 |4+ 2:6 |+ 9-8 |+18-3 | 4314
Dec.  ...|—33-6 |—37-4 |—39-4 | 424 |~42.6 |-36-1 |—21-0 |— 7-2 {—10-2 |— 0-8 |--16-3 |+30-8
1912—

Jan. ...|--37-4 | -394 |-35.8 |—35-3 |~26-7 |—25-0 |—19-4 |—14-7 |— 85 |+ 7-0 |4-17-3 |-+32-5
Feb.  ...|=25:6 [—27-5 |~29-4 |—31-8 |~29-0 |—26-1 |—16-0 |—158 |— 7-5 — 05 |411-4 |[4-15-5
Mar.  ...[—22-8 |—26-2 |~25-9 (—21-4 (—19-4 |—13+1 {— 7-T |— 06 |+ 5-1 |4+ 9-5 |-1-24-5 |+-21-9
April  ..)-20-1 |—18-7 |—18-9 |—16+3 |—17-9 |—11-2 |— 85 |4 O-4 |+ 5-4 |+10-3 |-+15-5 |422-2
May  ..}=11:0 |— 9-3 |— 91 |—11-7 |~ 9-7 |—10-0 |— 4-4 |— 0-1 |4+ 4-2 |+ 8:0 |+13-0 |-+-17-9
June  ..}—16-7 | —17-4 |~14-4 |—10-5 |— 9-2 |— 72 |— 56 |+ 0-3 [+ 2:3 |+ 3-5 [+ 81 [+15-0
July  ...|—14:6 |—13-8 |—14-3 |—13-4 |~10-4 |— 84 |— 55 |— 03 |+ 4-0 |+ 5-4 |410-0 |-+16-1
Aug. .. |-13-8 |-14:5 | ~16-4 |—14-9 |—17-1 | =130 |— 75 |— 1-2 |4 35 |4+ 87 |[+11-3 [-+22.3
Sept.  ...|-—17-8 |-15-2 |~14.9 |—17-8 |~15-8 |—15-3 |—10-8 |— 3-2 |4+ 4-8 |4+ 7-2 |[+16-6 |4-17-9
Oct. o —24-3 | —24-4 246 |-25-0 |—24-2 |—14-T |— T-6 [— 2-1 |+ 4-7 |+13-2 (+18-3 |+30-3
Nov.  ..|-31-1 |—26-7 |—29-1 |—26-9 |~24-6 |—18-6 |—21-1 |— 9-3 |+ 85 |4 9-4 |+12:0 |-+23-9

TasrLe XV.—Diurnal Inequality in 8" for the 12 Months,

—_ 1h. 2 h. 3 h. 4 L. 5 h. 6 h. 7 h. 8 h. 9 h, 10 h. 11 h. 12 b,
Y 4 4 Y Y Y 14 Y Y Y Y Y

Jan. | —87-4 -394 | 358 |—85:8 |~26-7 |—25-0 |—19-4 |—14-7 |— 85 |4 7-0 +17-3 |+32-5
Feb. vef—-44-4 | —49:3 |~499 |-46-0 |—42:6 |—37-4 |—253-4 [—18-6 |— 2-6 |+10-7 +28-3 |-4+29-8
Mar.... ...|—38-0 |—36-9 | —34-6 |-—32-9 \—25-3 |—21-9 |—11-7 |— 2.0 |4 6-8 4146 |4-27-7 +34-2
April v |—36-4 |—42-5 |—~30-1 |—26-0 [~26-6 {—1T7-1 (—12-1 |— 2:0 [+ 8-2 [-+14-7 |4-28-0 +32-8
May cof—211 1—-23-1 {—20:3 {—19-2 |—15-6 }—13-6 |— 67 |— 1:6 |+ 5-9 |4+ 87 |[4+17-1 {418-8
June v} =18-2 |—16-7 |~15-9 |—13-4 |—12:7 |~ 91 |— 68 |— 04 |4 29 |+ 6-3 |-11-7 |-+18.9
July... o] —19-0 1211 |—20-2 |—21-3 |—18-9 [—~14:8 |— 89 |— 3-1 |4 3-7 |+ 8-0 |4-14-1 |--22.9
Aug.... e =177 | 1745 |—~20-5 {—18-2 [—17-T [—12:5 |— T8 |— 15 |+ 4:3 |+ 92 {4159 |--21-0
Sept., e |—22-7 1204 |-21-5 [—-225 |—16-1 |—~14-0 |— 84 |— 2-4 |4 4-G |4 94 |417-4 |-~20-2
Oct. ... .er|—28:8 |--29-8 | ~29-2 | —26-G |—22-8 |—14-3 |— 8-3 |— 12 |-} 6-6 |--13-3 |4-20-0 |429.¢
Nov. oo =326 |—32-9 [—34-3 |—31-4 |—26-0 [—20-1 [—16-T |— 76 |+ 55 [4 9:6 |-+15-2 {4277
Dee. <o} =338-6 |[—37+4 |~89-4 |—42-4 | -42-6 |—36-1 {—21-0 |— 7-2 {—10-2 |— 08 |4-16-3 |--30-8
Year eer|—29-2 |—30:6 |—29-3 |—27-8 |—24-5 |—19-7 |—12:G |— 5-2 |4 2:2 |4 9+2 |[4-19-1 [4-926.¢
Winter e f—19:0 1—19.6 {~19.2 [—18.0 |—16-2 |—12:5 [— T-4 |— 1-7 |4 4-2 [+ B-0 [+14-7 |+20-4
BEquinox ...{-315 (~32-4 |—28.9 |-26-8 |—22.7 |—16-8 {—10-1 |— 1-9 + G4 |+13:0 [4-23-3 |--29-2
Summer ...|—37-0 [—-39-7 |~39.8 | -38.8 |—84.5 |-—29-6 |—20-1 |—12-0 |— 4-0 |+ 66 |419-3 |4+30-2
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Individual Months 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 L. 24 h. | Range. | A.D.
4 4 4 4 Y 4 4 Y Y 14 4 4 4 14
+67-8 (+489-9 |-4-88-4 {-+91-3 |-+58-7 |4+30:6 |-}-13-4 |+ 3:4 |—19-5 |—30-1 [—38-1 |—47-2 | 1625 | 46-42
--49-8 |+64-1 |--68-6 |+4-56-1 |+568-9 (4371 (411G |— 7-1 |—27-2 |—87-8 |—44-9 (—54-4 | 1185 | 36-73
+49:0 |+59-8 |+66-6 {+-64-0 |+42.7 |+-38:9 |4 87 |— 8.4 [—23-8 |—31-7 |—50-6 |—57-3 | 132+9 | 37-00
+26-8 {4+34:0 {4-40-7 |+4-30-8 |-+23-3 {4-21-2 {4126 |— 1-T |— 4:8 |—16-5 |—21-7 |—25-8 | 77-5 | 20:63
+29-4 |+28-7 |4-23-1 |4-27:3 |4-28-8 |4+-14:3 |— 0-2 |— 3-9 {—10-4 |-—-24:0 |—30-4 {—26-5 | 59-8 | 16-80
+33:0 (4-31-6 |+-38-9 |+29:0 {+26-9 [+-21-8 |+ 5-8 |4 06 |—13-4 |—19-2 [—18-2 [—24-1 | 68-1 | 20-77
+25-7 |-4+-34.9 |4-30-1 [+25-3 |4-22-8 |+14-5 |- 3-8 |— 69 |—16-4 |—18-9 [—21-8 |—20-0 | 59-b | 17-65
+28-4 |+35-3 {+35-7 |+39-6 {4308 |[4-20-0 |— 07 |— 7-3 |—16-8 |—28-9 |—23-9 |-24-8B | 68-5 | 20-58
4-40-2 |4-38-8 |4-37-0 |-+35-3 |-4-29-5 [+21-8 |4- 84 |- 55 |—17-3 |—32:3 |—24-1 |-28-9 | 75-4 | 23-61
+39-9 |+42-5 |54-5 {++50-3 |438-8 |[+22:6 |+ 7-8 [~ 2:2 {—~14-9 {—28-4 |—25-6 |—32-2 | 941 | 26-56
4415 |449-2 |456-4 |4-50-3 |+46:0 [4-35-2 4181 |-+ T+3 |— 69 |—20-3 |—23-9 |—29-8 | 99-0 | 29-28
+40-3 |-+44-4 |1-44-4 |+4-41-1 (313 |4-25-5 |-+11-8 |4 6:2 |— 1:4 [—12-3 | —20-8 |—25-1 83-8 | 25-15
+4-27-2 |4-38-2 |-+-46-2 |4-51-4 |4-37-3 |4-26-7 |4-18-0 |+ 6:0 |— 8:0 |—17-5 |—20-8 |—22-4 | 83-2 | 23-16
+26-2 |+34-4 |-+30-5 |--26-3 4205 |{-14+5 |+ 6:3 |~ 3-8 |—12-5 |—22-3 |—~24:2 |—19:3 | 6O-6 | 1R-29
+22-8 {4279 |426-9 |--26-9 4-20-3 |+11-8 {4- 4.0 |— 3-8 |—14-2 |~22-3 |—22-4 |—21-5 | 50-3 | 16-24
+23-6 {+25-0 |4-18-1 |-14-7 |+119 |+ 6-8 |— 0+8 |— 9:5 |—12:5 |~13-3 [—19-1 |-22-5| 47-5 | 11-93
+-13:6 |+17-2 |4+19:0 |4+17-9 |[4-14-3 |4-10:2 |4- 4T |— 04 |— 64 |— 8-7 |--14:3 |—16-1 36-4 | 10-b4
+16-4 [4+19-0 |4-17-1 |+14-8 |417-3 [+12-0 |+ 31 |~ 2.6 |— 7-9 |—12-4 |—15-5 |—15-7 | 34-7 | 11-25
+22-0 (4-26-7 |4-25-4 |4-24-8 [{18-1 |4 93 {— 05 [— 7-0 |—11-T |—17-2 |--19-0 |—18-4 | 45-7 | 14-35
+27-0 |4+31+4 |4+33.0 |4+-28-7 |4+20-3 |4+ 93 |-+ 2:1 |— 7.3 |—14-3 |—18:3 |—23.6 |-23-5 | 56-6 | 16-50
+32-5 |+32-3 14-33-6 |--30-1 |-+22-2 |{4-10-8 |4 4-2 |~ T-5 |—-13-2 |—24:1 |—19-9 |—20-8 586 | 19-36
+34-4 |445-7 |4+47-3 |+46-1 |4-33-5 [4+-20-1 |4 8.9 |[~10-2 |—12-5 |—26-3 |—26-6 |—27-2 | 78-4 | 24-17

3 Seasons and the Year from all Complete Days.

13 h. 14 h. 15 h. 16 h. 17 h. 18 h. 19 h. 20 h. 21 h 22 h 23 h, 24 he | Range. | AD.

e Y 4 Y Y 4 Y 4 4 Y Y 4
+40-3 |--44-4 |-}-44-4 |4-41-1 [--31-3 1—-;")-5 +11-8 |4 6:2 |— 1+4 |[—12:3 |-20-8 |-—-25-] 83-8 | 26-15
+-47-5 |-+64-1 |467-3 [4-71-4 |+48-0 |-28-7 [+I5-T [+ 47 [—13-8 [—23-8 [—29-56 |—34-8 | 121-3 | 34-68
+38:0 [+49-3 [{-44-6 |--41-2 |4-39-7 [+25-8 |- 8:9 [~ 54 |—19-9 |—-29-8 |—34-5 |—36-8 | 87-3 | 27-50
+35-9 |-+43-8 |4+-46-8 |4-45-5 |4+31-5 |4+25-4 |+ 64 |— 5:9 |—19:0 |—=27:0 |—36-5 |—39-4 | 89Y-3 | 26-61
+4-25-2 |429-5 [-}-20-4 [}-22-8 |+17-6 |4-14-0 |-+ 5-9 |— H6 |— 8-7 |—14:9 |—20-4 |—24-1 53:6 | 16-24
4215 (4229 |++2L-1 [+22:6 |+21:6 [4+12:3 |+ 2-2 |— 2:2 |— 84 |[—16-4 |—22-3 {~21-3 | 45-2 | 13-66
+-24-7 |4-25-3 |4+28-0 [-}-21-9 |4+22-1 |4-16-9 |4 44 [— 1:0 |--10-7 |—15-8 | —16G-9 |—19-9 49-3 | 15-98
+23.9 |-+30-8 {278 |+25-1 [+20.5 [411-9 |4+ 16 |— 7-0 |—14-1 |—18-0 |—20-4 |—19-2 513 15-98
4277 {+33-4 |4-34-3 {4-34-1 |+25.5 {4147 |4 0.7 |— 7-3 |—15-5 |—23-6 | —23-7 {241 H8-4 | 1851
+4-36-3 {4355 (4353 [4-32:7 (259 [4-16-3 {4~ ¢-3 [~ G- [ —15-2 |~28-2 |~22-0 (—=24-9 | 66-1 | 21-48
+37+1 |444-1 [450-9 |4+48-2 |--36-2 |+.21-3 [4- B4 |— 6+2 [—13-T | =274 |—26-1 [—29-7 | 85-2 | 25.37
+41-5 |+49-2 [4-56-4 |--50-3 (4-46-0 |--35-2 [-+18-1 |4 7-83 |— 6+9 |—20-3 |—23-9 |-20-8 | 99-0 | 29.28
+83-8 [4-39-4 (+40-5 (4381 [-+-30-5 (4207 [+ 7+5 [— 24 [-—12-3 =215 | =247 |--27-4 | 71-1 | 22-26
+23-8 |427-1 |+26-6 |-£23-1 |4-20-4 |-413-8 |4+ 35 |~ 40 [—=10-D |—16-3 |-20-0 [-21-1 | 482 | 15-46
+-34.5 |-440-5 |-4-40-3 4-38+4 |-+30-7 |4-20+6 |+ 5-6 |-~ 63 |{—~17-4 |—27-2 | =292 |-31-3 | 72:9 | 23:D4
441G |4+50:5 |4-54-8 |-52+8 [4-40-4 |-+27+7 |++13+5 |4 30 |— 9-0 [—2[-0 [—25-1 [—29-8 | 94-6 | 28-37
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Individual Months from 10 Quieter Days a Month.

13 h. 14 h. 16 h. 16 h. 17 h. 18 h. 19 h, 20 h. 5 21 h, 22h 23 h. 24 ho | Range. | AD.
4 4 e 4 Y Y l 4 Y Y ¢ e 4 Y Y
+53-6 |465-8 |4-68:9 [+79-0 |4-43-3 |[4-20-6 |-+16-8 |+11-1 |—22-1 |—28:5 |—28-1 |--36-2 | 144-8 | 37-68
+4-27-0 |+34-7 (+43-6 |4-46-7 |4-39-5 |-21-1 |+ 5-4 [+ 3-7 |— 7-8 |~15-0 |—-22-8 |—29-0 | 80-4 | 21-83
+23-5 [+29-3 |+35-7 4+-28-8 |+25-8 | 4226 |+ 6:3 |— 4-8 |—11:6 |—21-4 [—24-2 |—26-5 | 63-3 | 18-67
+12-1 |414.0 |4-13-3 |414-1 (4126 |+ 78 |+ 93 |+ 0:9 |— 3D |— 6:3 |— 9-2 |—-13-5 | 29-2| 9-33
+12-0 |+13-7 {+13:6 |+13-2 |+12-8 |+ 6-7 |4+ 1:6 |— 20 |— 9-1 |—12-5 [—11-2 |—12-1 | 26-2 | 8-61
-+14-0 |4+15-9 |4-28-7 (4-24-2 [4-19-4 |414-4 |4 47 |— 2-1 |— 9-1 }—11-0 [—13:2 {—10-0 | 46:7 | 12-42
+16-2 +17-1 (+12-3 |4-11-5 (115 |+ 67 |+ 15 |— 5:1 |— 7-3 |—11-2 [—11-5 |—12-2 | 30-0| 9-922
+418-2 |420-0 |4-16-6 |4+15:5 |4+12+4 |+ 59 |— 26 |— T7-2 {—11-1 |~14-5 [~15-1 |—17-0 | 37-0 | 10-78
+-24.0 [4-23-1 |+4+25-1 |-+-24-2 |++18-4 |4- 8G |+ 36 |— 25 |— 98 |—11:6 [—~13:4 |—20-1 47-9 | 15-38
+25-2 [+28-1 |+33-0 |435-1 [4-25-3 |[+13-3 |4 1-3 |— 6-2 |—14-0 |—19-6 [—21-3 |—19-T | 61-3 | 18:42
~+21-3 +28-0 |4-32-2 |4+32-2 (4-31-1 {4-21-9 |411-1 |+ 85 |4 06 |— 8:9 {—15-6 |—22-3 | 62:6 | 19-70
+27-7 |+31:7 [4+36-3 (4-34-9 (4336 |+23-3 [+13:1 |4 29 |— 5:0 [— 6-0 {—17-9 {—21-7 | 66-0 | 21.27
+4-23-0 4-30-7 {-+-31-6 |4-42-0 |+31-9 |4-20-4 |4-12:0 |+ 0-2 |—10-3 [—14-3 |—~19:D5 |—19-8 | 65-4 | 18-40
4-12-9 |4-14-5 |4-15-5 |4-20-6 |4-17-1 |+ 9-4 |+ 4:4 |— 1.8 |—12-2 |—~14-3 {—19:6 [—17-0 | 40-2 | 11-19
+14-3 [4-14+4 (+13-7 |+11:5 (4-10+4 [+ 79 [+ 2°1 |— 31 |— 5-0 |~11:0 |-13-2 |—12-B | 35-1 974
+ 9:4 |+11:6 (4104 |4 86 |4 50 |+ 24 |4+ 04 |— 54 |— 87 |— 55— b6 |— 61 20-3 | 5-90
4+ 56 4 77 - 7-9 |+ 84 (490 |+ 62 | 44 |— 2T ]— 48|~ 71|~ 84|85 17-5| 555
+10-1 |+4+12-5 |4- 7-1 |4-10-8 [+ 57 |+ 25 |— 02 |— 42 [— 56|~ 69 {— 83 |— 83| 20:8| 5-62
+4-11-3 |-+10-6 {4-14-2 {+4+13-1 {4-10:3 |4- 56 [+ 0-8 |— 3-9 |— 80 [— 92 |-- 89 |— 9:3 | 240 7-50
+4-18-3 [4-18-9 {+-19-8 |-{-13-3 |+11-56 |+ 34 (— 0-3 |— 7-3 |—12-7 |—13-8 {—14-2 |—15-8 | 35:6 | 10-25
+4-27-2 14-28-8 |4-23-0 +15-0 (4111 |4 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 |4-20-0 |+ 8-1 [+ 47 {— 7D |~14:7 |—19-4 |—22:2 |—17-2 | B7-9|17-01

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

13 k. 14 h. 15 b, 16 h, 17 h. 18 h, 19 h. 20 h. 21 h 22 h 23 he 24 h. | Range. | AD
4 4 v e 4 4 Y 4 Y 4 Y 4 14 Y
+4-27-7 |+31-7 {4-36-3 (+34-9 |4+33-6 [4-23-3 |+13:1 |+ 2:9 |— 50 |— 6-0 |-17-9 |—21-T | 66-0 | 21-27
+-38-3 [4-48-2 |4-50-2 [4-60-5 [437-6 4205 |[4-14-4 |4 5-6 |—16-2 |—~21+4 [—23-8 |—28-0 | 104-0 | 27-98
+19-9 [4-24:6 [429-5 |+33:6 [4-28:3 |-+15-2 |4 49 |4 0-9 |=10-0 |—14:6 |—21-2 {—23-0 | 5G-6 | 16-34
+18-9 14-21-8 {-+-24-7 |4+20-1 -18-1 [4-15-2 [+ 4-2 |— 39 [— 83 |—16-2 |—18-7 {—19-6 | 47-8 | 14-16
+10-7 |+-12-8 [+11-8 |+-11-3 |4 88 |- 6-1 [+ 48 |— 2:2 |— 61 |— 59 |— T-4 |— 98 24.4| 748
- 88 |1+10-7 |410-7 |4-10-8 |410-9 |-+ -4 |4 30 |— 2:3 |— 69 |— 9-8 |— 9-8|—10-3 | 212 7-06
+4-12-0 |+-14-2 |4-17-9 [417-D |4+12:5 |4- 84 |4 2:2 [— 3-1 |— 7-8 |— 8.9 |—10-7 |— 9-1 30-1 4 8-98
+13-7 {4-13-8 |+13-2 412-3 (4-10-9 |4 56 |+ 1-1 |— 45 |— 76 |—10-2 |-10-2 [-10-7 | 24.5 | 8.33
+18-2 {194 |+18:2 4144 |4-11+9 |4 46 |— 14 |— 72 |—11:9 |—14:1 |—~14-6 |—16-4 | 35-8 | 10-40
+25-6 |+25-9 |4-24.0 |4-19-6 |4-14-7 [4- 78 |4 16 |— T+4 |~11:3 |--12:3 |—14:0 |—17-D | 45-5 | 14-46
+26-7 (4-31-9 [431-1 [4-28-0 |4-22:6 {4-10:7 |4 30 |— 6-8 |—14+3 [—19-5 |—21-7 {—18-4 | 536 | 17-69
+21-3 |-+28-0 (4-32-2 |4+-32-2 |+31-1 |4-21-9 [411-1 |4 85 |4 06 |— 89 |—~15-G [—22-3 | 62:6 | 19-70
+20-2 |4+23:6 |4+25-0 |4+24-6 [4+20-1 |412:0 |4 52 |— 1:6 |— 8T |—12:3 |—16-5 |—1T7-2 | 43-8 ] 14:32
+11-3 |+12-9 |4-13-4 +4-13-0 [4-10-8 [+ G4 [+ 28 |— 30 {— 7-0 |— 87T |— 9:5 | —10-0 | 234 7-95
+20-7 14-22-9 14-24-1 {4219 [+18-3 [4-10-6 |4 2:3 |— 44 |—10-4 | —14-3 |—17-1 [—19-1 43-9 | 1377
+-28-5 |+35-0 |4-375 |4-38:9 |4-31-2 |4-19-1 |410-4 {4 2:6 |— 87 |—13+9 |—~19-T |—22:6 | 69-7 ; 21-42
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TasLe XIX.—Diurnal Inequality in Vertical Force for the
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Individual Months from all Complete Days.

13 h. 14 h, ’ 15 h. ’ 16 h. l 17 h. I 18 h, ? 19 h. ’ 20 h, 1 21 h, l 22 h, ‘ 23 h. 24 h. | Range. A.D.
Y 14 4 4 Y Y 14 Y 14 14 Y 14 Y
—35-9 |—42-5 |-38-1 |-381-1 }—~15-0 |— 89 |— 06 |4+ 7-2 |-4-18-8 |4-29-8 |4+37-0 |-4+35-2 | 79-6 | 22-74
~30-1 | —24-9 {—24-4 }~21-8 |— T8 }— 0:2 |4+ 7°6 |416-1 4199 |426-9 |4-28-9 14+29.8 1 59-9 ) 17-31
—29-0 |-25-5 |—19-6 140 |— 4-0 [4- 5-6 |4-10-2 [4-17-5 |4+-23-4 |21 -8 [+23-1 [4+27-9 | 069-4 | 16-38
—21-7 |—-20-0 |~ 94 |- 70 |— 43 |— 7.9 |411-0 |4 7-8 |+17-2 |+14-0 [4-17-4 [+16-2 | 39-4 | 12-38
—15-0 |—~11+G |— 9:2 |— 65 |+ 21 |+ 7-1 |-+ 69 |413-4 |+15-8 {4-17-0 |4-16-1 4209 | 38-3 | 11-17
—16-7 |—14-6 |~10-0 |— 91 |— 5:3 |— O-1 |4+ 5-2 |4+16-5 |-+19-9 |4-27-7 {4-21-8 |418-9 | 46-8 | 13-03
~15-1 |—14-7 {—~10-5 |- 75 |-~ 40 |— 1-5 |4 4-9 [+11-0 (415-5 {+-18-6 (4-17-1 |4-14:9 | 35-6.| 10-46
-17-7 |-17-4 [-19-3 [-11:6 |— G- {— O-5 |4 66 |+ 8-7 (+12:0 |4-16+5 [+25-0 |4-18-6 | 44-3 | 11-17
—~27-2 |—24-5 |-21-2 |—17-0 |—=12:6 |— 5-6 |+ 05 |-+ 8-1 |4+12-7 |+17-2 |4-19-6 |4-19-5 | 47-4 | 1411
-27-8 |-35.4 {-32-3 |—25-8 {—19:3 92 |—0:2 (4 5-5 |-+13-5 |-+20-5 {425-2 |29-1 | G56-3{ 17-99
~46-0 |—45-9 |—-37-1 [—25-4 [~14-2 |— 4-6 |4 3-8 |+ 8:0 |4-19-8 {4+27-4 |{-36-4 [+35- 82-4 | 23-63
-38-0 |—-32.5 {--30-1 |—22-6 {—14-5 |{—10-7 {— 2:2 [4 3.6 |4+10-7 |{-16-4 |4-21-5 (427 -4 72-2 (18-19
—42.5 |—39-4 |—33-2 |—24-5 [—12:9 |— 3-6 |+ 3-7 |+12-1 |-+20-0 |4-25-2 |4-26-3 |4-26-0 | 69-5 | 20-56
—22-3 |—23-4 |—20-9 [—-13'9 |— 57 |-~ 1T |+ 3-8 |-+ 7-8 |4+11:0 |413-4 [+16-3 [416-3 | 39-7 | 11-85
—17-6 |—16-7 |—13-8 |— 76 |— 17 {4 01 4 59 |4 8-2 i4-14-1 |4-15-8 |4-18-7 {-18-2 | 37-5 | 10:5b
—10:9 |— 81 |— 76 |— 49 |~ 32 |4 40 [+ 59 {--10:5 |++12-8 |+16:-2 [+12-5 (+17-5 [ 321 8-49
—~13-1 [~10:5 |— 6-2 |— 40 |4+ 04 [+ 3-8 |4 9:2 |11 -2 {+4-15-4 |4-14-2 |4- 9-4 |4 7-1 | 28-9} 8-25
—~82{—97-~78|—48[+ 22 +36 [+ 3T+ 70497+ 92|+ 73|+ 86| 205 6-89
—13:6 |—13-6 |—10-5 |— 5-9 |4 48 |4 3-1 |4 46 |4+ 7-8 |+ 7-8 |4+ 8.7 {4 9-8 |4+12.0 | 25-6 | 7-82
—~17-9 {—16-1 |—13:T |~ 85 {— 64 |— 1:2 [+ 4-0 4 79 |4-11-8 |+-14-1 |+14-8 (4-14-6 | 32-T{ 9-13
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12 Months, 3 Seasons and the Year from all Complete Days.
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—~38-0 |—32-5 |-30-1 |—22-6 |—14-5 |—~10-7 |~ 2:2 |4 3-6 |4-10-7 |4-10-4 |4-21-5 |+27-4 | 72-2 | 18-19
—39-2 |—41-0 |—36-7 |—27-8 |—14-0 |— 6:2 |4- 1:6 |+ 96 |+19-4 |+27-5 |431-6 |4-30-6 | 72-8 ) 21-68
~26-2 |—24-1 [—22:6 [—17-9 |— 6:8 |— 0:9 [4 6-5 [412:2 [4-15-4 {201 (226 (+23-0 { 49-2 | 14-32
—23:3 |—21-1 |—16-7 |-10-8 |— 2°9 |4 2.8 |4 8:0 |4-12-9 |{-18-8 |4-18-8 |4-20-9 |-+23-0 | 46-4 | 13-47
~16-3 |—14:0 {— 85 |— 60 |— 3-8 |4 n-9 |4 84 [} 91 [--15-0 [-45-1 [4-1H-0 {+-16-9 | 34-1 | 10-40
~14-1 |—11:0 {—- 77 |— 53 |4 -2 |4 5.4 |4 81 |4-12-3 |15:6 |+-15-6 |4-12:7 --14-0 | 31-0} 9-T)
—12:4 {—12:2 |— 89 |— 70 {— 1:6G {4 [-3 [+ 4-4 —{—11'7 4-14-8 (184 (4-14-5 (-{-13-8 | 33-0 9-84
—14:4 | <142 [ =105 |— G-T |4 04 |4 0-8 |4 4:7 |4 94 |--11-6 |413-6 [++13-5 |4+13-4 | 28-1 8-87
—17-8 |—16:7 |=16-H |—=10-0 |— G-3 |— 0-8 |4 5-3 |+ 8'3 A10+9 |+15-3 (4199 |--16-6 | 377 | 10:06
~252 1—22:7 |—20-8 |—15-9 |—11-9 j— 4.8 14 -1 |4 T2 |12-7 (4165 |H-19-4 4190 1 46-0 | 12-09
~27-8 {—32:7 [—28-9 |—23-3 [—15-3 |— 7-1 [— 0-8 [+ T3 [414:9 [4-20-1 (+4-24-G |--28-2 | 657 { 17-05
~460 |—45-9 |—37-1 [—25-4 |—14-2 |— 4-6 |4- 3-3 |4+ 8:0 |4-19-8 |4-27-4 |14-36-4 |4-35-8 | 82-4 | 23.63
251 |—24:0 {—20-3 [ —14+9 |~ 75 [— 1:6 [4- 40 |4 98 [415-1 [4-18:7 |4-21-1 |+21-8 | 46-9 | 13-84
~14:3 |—~12-8 |— 89 |— 62 {— 0-9 [+ 3.4 |4 6-4 [-+10-6 [4-14-3 [4-156-7 {4-13-9 |{-14-5 | 30-8 | 9-62
~23-1 |—21-1 {—19-1 [—=13:6 |— 7-0 |— 09 |4- 5:0 [4-10-2 |4-14-7 [4-17-7 [20-7 |4-20-4 | 43-8 | 12:61
~37-7 |-38-0 |-33-0 |—24-8 |—~14'5 |— 7-2 {4- 0D [+ T-1 [4-16:2 [4-22-8 [4-28-D (4-30:5 | 71-2 | 19-90

(i




12 h.

RO VDNV ~ONDD

AN AN DR R DN DD
o —~ N 2%2

HEREEEEEEE

94995574942
~H ©o
EERERREFF

trirrrrrirrl

11 h,

=IO HONNM W DD QO

DD OO D D i L= K
o~y i - i =~ O G

I+t

e O O~ vt vt O OOt
WO WM HINIU O Y
— D - L]

Lttt

10 h.

H e QYD HWO O —~ 2D

76054797670.0%_
- ]

ESREEEEEN

VNI OWVH O HHWO =0

SN AN O HDID IO D

PT+0 01010

9 h,

D OO0t O

DN HNAANDN - OO N
—

I+t +

SOOIV N--D

O HIDNHNDNHDO H—

+i+1 P i+11

8 h,

DDV OHHDIDO

...........

DRV N O 1D WD I LD wel O H

I+t ++

A O~V ON—AD O

O MNMOMNNO T

I+ i1

7 h.

NV =N~ O QO

DR O HHIH SO O

Ll rrrri++

) D =S O O

O A HND AN = O

+++0 i

6 h.

WMMLIDO M m D ~H WD

AN O M et = O IO b~

T+ F

O= N DBIOWO MO

...........

DD rt e rd el e = O O N

NN

TaBLE XX.—Diurnal Inequality in Vertical Force in

5 h.

4 h.

— O NNID S M HM

...........

72(201310556

Tttt +++57F

HOYIr— O Hmd b= DI~ CY QO

L OOO0OOHAN O N

I

NI N O W HHD — O

Vl1070323630180
o) r—

FFr++++t+ 4+ T T

VDO HR YA N M

QWY MM H LD O =
— —

e O I R

3 h.

2 h.

1h

D OSIN LN HD=- OO

766391687457
r~ = O

S o R e e MR

6036?04.59V083

53903554747

TR 4+ FF

OO RN H DD

781883Ka79426
-t —~ O QY

R I e R s

W HFHO OO HIDO <K

...........

V02993446676

o S E I SR

O MM O WL HID I D

789476570446
= O3 O

o B ARSI

T Q0 CI O 0 )G <H O <N

3119354685
N QQ w~ 7

e e R

...........

TaBrLE 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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TasLe XXII.—Diurnal Inequality in East Component for the
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TasLE XXIV.—Diurnal Inequality in South Component for the

TasLE XXV.—Diurnal Inequality in South Component for the
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12 Months, 3 Seasons and the Year from all Complete Days.

|

13 h, 14 h. 15 h. L 16 b, 17 h. 18 h, 19 h. 20 h. 21 h. 22 h, 23 h. 24 h. Range. A.D.
4867 (4294 {[+11:6 { 0-0 |—13-9 [—17-9 |—27-0 |—22-9 |—21-1 |—24-5 | —26-1 |—24-4 | 70-8 | 19-24
4-36-0 |4+34:9 | 4215 |- 4°7 |— 9.8 [—19-9 |—31-9 [—39-2 |—44-2 |—42-9 [—34-8 |—29-1 | 94-4 | 26-59
4313 [4-23-8 |[410-8 |4 1:8 |— 8:G [—19-0 |—80-7 |—34.0 |—37-4 |—85-7 |—30-5 |—27-3 | 76-6 | 22-33
4965|4211 |4+14°2 |+ 34 |— 8.5 |—15-8 |—26-7 |—30-6 |—32-1 |—31-0 {—28-5 [—23-9 | ¢7-1 |19-88
+184 [4+17-8 |4 9:8 |+ 0-8 |— 8.0 |—14:2 |—16-8 |—23-2 |—21-1 (—17-8 {—16-8 {—15-1 | 46-4 | 13-36
+15-2 [12-5 |4 84 [+ 27 |~ 8.3 |— 9.9 |—19:6 |—18-6 |—18-1 |—16-0 |—15-8 |—11-G | 38-7 | 10-78
42049 |4+13+5 |[+11+6 |+ 1+7 |— 2:0 |— 6.7 |—18-0 |—20-0 |—20-9 |—20-4 |—13-3 |—13-0 | 42.2 | 11784
F19:5 (4165 |-+ 76 |— 2.7 |— 5-9 |—14-1 |-21-5 [—22-6 |—23.7 |—20-2 |—17-2 |—11-2 | 48.9 | 13-36
4920 |4163 |- 75 |+ 0-2 |—12.3 | -16-2 |—23-6 {—25-1 |—26-4 [—27-3 |—19-4 |—12-5 | 53-G | 15-60
4257 |[+153 |+ 52 |— 4:3 |~16-4 |—23.5 [—26-2 {—31-1 [—29-7 [—29-1 |—19-3 |—16-0 | 62-1 | 18-71
4341 |4-94.7 |+14-8 |— 12 |—13-1 |—24.8 |—30-9 |—36-4 |—34-1 |—35-4 |—27-0 |—19-8 | 75-0 | 21-98
14382 |+33-3 {4-24-0 |+12:3 |— 43 |—18.5 |—24-1 |—80-4 |—35.6 |—37-2 |—25-3 [—22.8 | 75-4 | 21-73
4270 4216 [+12:2 |+ 1:6 |— 88 |—16-3 |—-2¢-8 |-27-8 |—28.7 |—28-1 |—22.8 |—18.9 | 59-2 | 17-86
4+18+5 |+15-1 |+ 93 |4+ 0-6 |— 4-8 [—11-2 |—19.0 [—21-1 |—20-9 {—18-6 |—15-8 |—12-7 | 42-3 | 12.28
4264 [419-1 |4+ 94 |+ 0-3 {—11-5 |—18-6 |—26-8 |—30-2 {—31-4 [—30-8 (—24-4 (—-19-9 | 64-2 | 19-04
+36-3 [4+30-6 |+18:0 [+ 3.9 <103 [—19-0 |{—28-5 |—32-2 |—33-8 |—35-0 |—28:3 |—24.0 | 72-4 | 22-28

I
i

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

13h. | I4h, 15 h, 16 h. 17 h. 18 h. 19 h. 20 h., 21 h. 22 h. 23 h. 24 h. | Range. | A.D.

+-22-9 |4+20+6 |4-12-0 |4- 0+1 |— 5-8 |—12:5 |—16-1 |—19-9 |~18-1 |—18-D |—23-5 | —21-1 | HG-9 | 16-36
+27-1 |4-25-0 |4-15-3 |4-10-2 |— 3.5 {--15-0 |—24-4 {—28.6 {-—38-3 |—37-9 {—27-4 |—22-1 | T4-6| 21-14
+16-3 |+413-3 |-+11-1 |+ 7-2 [+ 05 |— 8-2 |—16-7 [—19-2 {-—23-3 |—~18-8 |—17-8 |—17-8 | 47-2|13-27
+12:3 |4- 91 |+ 85 |4+ 156 [— 3:2 |~ 6-4 |—15-3 |—22-4 (—16-9 [—16-2 |—14-4 |—~12-5 | 39-8 | 10-23
+ 85 |+ 81 (- 354 08— 21 |—~50|—~68}—93]|-104]—T78|—5T7T—6:8] 19-8) 5-80
4 58 14 51 |+ 42 4 21 {— 09 |— 5.4 |~ 85 |— 9:6|-107 {~10-1 {— 88 |— (-3 | 19-4 | 5-49
4 T2+ 65 T3+ 33| 64— 39 |—75~105|— 94|~ 89— 75 }—52] 18:0] 5-50
4 BT |4 T2 {4 29 |— 11 |— 33 [—H:6 |~ 91 |~-10-4]—-10-3 |— 9T |~ 7T |— 53] 229} 6-23
412:1 [+ 76 |4+ 2-4 |— 41 |— 96 }-11:2 |-14'5 {-13-9 |—12:9 }—11-0 |— 95 j— 7-3 | 28-9 | 8-53
+11+2 [ 48 |— 01 [~ 8:0 {.-14-4 [-14.1 |-14-8 {~16-4 {--14-T |-11-2 |— 8-5 |-~ 0:2 | 38:3 | 10-23
191 |4-11-3 |-+ 30 |— 5-7 [=12-9 | -21+4 | —-24-1 | —28-2 | —22-3 |--19-2 |—-15-6 [--11-4 | 62:6 | 15-73
+4-18:0 [-}15-4 | 8:3 |{- 5-0 {— 6-7 |—15-0 |—15-8 |—16-3 |—18-5 |—21-0 |—16-5 |—13-6 | H8-0 ] 1454
+-14.1 {112 [4- 65 [4- 09 [— §-1 [—10-3 | —14+5 |~17-1 (—17-2 |—15-9 |—13-6 |—11 37-6 | 10-87
4 76467445+ 13| —15|—50]|— 80 {-100]-10-5 — 9.1 |— 74|~ 5 19-8 1 5-71
4-13.0 |4 8:7 |4 5:5 |— 09 |— 6-7 |—10-0 |—15-3 |—18-0 |—17:0 |—14-3 |~12:6 |11 37-0 | 10-38
+4-21-8 [++18-1 (++ 97 |-+ 2:4 |— 7-2 }—16-0 | =201 [~23-2 |-—24-3 | 242 {207 |—17-] 67-4 | 16-71

85 r3




TasLe XXVIIT.—Diurnal Inequality in Inclination for the

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

Jan. +1-45 {+1-83 |41-89 |-4+1-92 |41-80 |41:64 |{-+1-17 |4+-1-04 |+1:19 |41-32 |+0-46 {—0-35
Feb. +1-69 |+2-34 |-+2-45 |+2:54 |4+2-69 |4+2-70 |+2-19 |+2-33 |+1-46 |+0-91 |4+0-24 |—0-44
Mar. +1-56 [4-1-71 |4-1-76 |-+1-93 |4-1-75 |4-1-73 |+1-32 |+1-12 |[4-0-86 |4+0-48 |—0-13 | —0-55
April +1-62 |+41-94 |4-1-57 (+1-38 (4169 |+1-45 |+1-32 |+0-90 |40-64 {4-0-25 |—0-34 |—-0-73
May +0-85 |4+1:04 |4-1-02 \-+1-13 |+1-07 |41-07 {--0-75 |40-66 [4-0:30 {4-0-21 |—~0-14 |—0-37
June +0-84 |4+0-82 |40-82 [40-80 [40-79 |+0-75 (4+0-70 |[+0-49 [4-0-34 |4-0-15 |—0-03 |—0-41
July 40-77 |4-1-0L [4-0-98 |-4-1-14 [+1-18 {4-1:09 |4-0-82 |4+0-60 |40-29 |4-0-11 |—0-13 [—0-55
Aug. +0-71 |4+0-79 |41:12 |41-06 |4+1:14 |++1-07 {+4+0-86 |4-0-63 [4-0:34 4023 |4+0-03 | —0-4]
Sept. +0-99 |4-0-95 14-1-14 |41-28 |4+1-13 [4+1-22 |+41-00 |+0-86 |40-68 |--0-37 | -0-02 |—0-34
Oct. +1-23 (+1:43 [41-60 (4-1-65 |+1-60 |4-1-38 |+1-22 |4-0-96 [4-0:72 [4-0-42 | 0-00 |~0-60
Nov. +1-45 |4+1-64 |41-74 |41-69 |+1-62 |-+1-46 |-+1-78 |4-1-59 |41-09 |-}0-96 |+0-20 |—0-49
Dec. +1-30 (4-1-62 [41-91 |4-2-16 |4-2-45 |+2-38 |+2-12 [41-05 |4-1-60 |-}-0-88 |4-0-16 |—0-63
Year +1-20 {+1-43 [+1-50 |+1-56 |+1-58 [+1-50 |41-27 |+1-02 {40-79 |4-0-52 [+0-03 |—0-49
Winter +0:79 |+0:92 [4+0-99 |41:03 |+1-04 |-0-99 |40:78 |+0:60 |+0-32 |-+0-17 |~0-07 |—0-44
Equinox +1-35 |+1-51 (+1-52 |+1-56 |4-1-54 |+1-44 |+1-22 [40-96 |+0-72 |4-0-38 |—0-12 |—0-56
Summer +1-47 |41-86 |42-00 [+2-08 |+2-14 {4-2:05 [{-1-82 |41-50 |+4-1-33 |41-02 |+40-27 |—0-48
TaBrLe XXIX.—Diurnal Inequality in Inclination for the

— l 1h t 2 h, l 3h 4 h. 5 h, 6 h. 7 h. 8h 9h 10 h. 11 h. 12 h.
Jan. +1-00 |41-08 |+1-21 [4+1:42 |4+1-61 |+1-48 [4+1-62 |1-46 |+1-14 [4+0-86 |4+0-24 |—0-45
Feb. +1:24 {+1-67 |+1-81 |4-2-27 [42-53 [+2-10 (+1-49 |41-67 [+1:12 |4-0-65 |4+0-05 [—0-49
Mar. 40-83 |+4+0-97 |41-07 |+1-16 |+1-14 |4+0-92 |4-0-78 |-4-0-47 |-0-50 [4+0-37 [+0-30 [—0-10
April +1-09 4-0-92 |40-86 |4-0-74 14-0-95 |4+0-92 |4+-0-92 |4-0-49 [40-25 |4+0-02 |—0-31 |~0-44
May . |+0-42 |4-0-37 |40-59 |-+0-50 |+0-41 |4-0-47 |4-0-46 |4+0-29 |-+0-09 |4-0-09 |—0-11 |—0-19
June . |+0-34 [-0-30 |-}-0-39 |40-49 {4040 |+0-57 |+0-45 |-4-0-26 |4-0-07 |—0-04 |[—0:06 [—0-15
July ..|H0-40 |+0-40 |+0-40 [40-58 |40-69 |40-70 |4-0-61 |-+0-40 |4-0-06 [—0-02 |—~0-17 |—0-23
Aug. v |H0-38 |4+0-86 |--0-51 [4-0-61 |+0-59 |4-0-53 |4-0-43 |4-0-85 |4-0-09 |[+0-03 [—0-09 |—0-34
Sept. |4+0°76 |+0-57 |+0-54 |-+0-60 {40-57 |+0-57 [40-32 |4-0-37 |--0-16 |--0-18 |—0-10 [—0-33
Oct. v |40:92 [41-02 [4+1-12 (118 {41-04 -+1-056 {+0-74 |40-53 {4-0-32 {+0-12 [—0-14 {—0-64
Nov. v|40-90 |41-07 |4+0-95 (+-1-03 |+1-17 {41-19 -+1-52 |4+1-16 |4-0-62 |--0-H4 |+40-02 |—0-58
Dec. | +0:93 1440-90 |+1-12 |4+1-44 [+1-66 |+1-64 |4+1-38 |4-1:02 |-4+0-90 |[-+0-78 |4+0-29 |—0-35
Year ..|+0-77 |+0-80 [4-0-88 |--1-00 [4-1-06 |+1-01 {+40-89 [4+0-71 [4+0-44 {--0-30 |—0-01 |—0-36
Winter ..|-+0-39 |4-0-36 |+-0-:47 |--0-54 |--0-52 |+0-57 |4-0:49 |--0:33 {4-0-08 [4-0-01 |—0-11 |—0-23
Equinox ...|4+0-90 |40-87 [+0-90 |+0-92 |--0-92 |40-86 |4-0-69 [4-0-47 |4-0-31 |--0-17 {—0-06 |—0-38
Summer ...|4+1-02 [4-1-17 [-+1-27 |4-1-54 |[-+1-74 |41-60 |+-1-50 |+1-38 [40-94 |--0-71 4015 |—0-47
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12 Months, 3 Seasons and the Year from all Complete Days.

Bh [ 14w | wsho | 16h | 17h | 18k | 19h | 20h | 21h | 22h | 28h | 24h | Rengo. | AD,

—1:05 |—1-58 |{—2-29 |—2-:54 |-2.49 |—92-99 {—1-80 |—1-29 {—0-T74 [—0.20 +0-26 |4+0-60 4-46 | 1-383
—1-52 {—2-56 {—3-28 |—4-18 |—3-32 [—2.54 |—2-23 |—1-84 {—0:90 |—0-22 |4-0-46 |41-01 6-88 | 1-918
—1:10 |~2.07 |—2:31 |—2-46 |—2.75 |—2-32 |—1-76 |—1-01 |—0-27 |40-41 |-+0-91 }+1-18 468 1 1:39%4
~1-16 |--1:85 |—2-29 |—2-62 | —2.24 |—-2.15 {—1-43 |—0-84 |—0-10 +-0-42 [4-1-10 |4-1-47 4-5611-313
—0:82 |{—~1:09 |—1-40 [—1-35 [—1-38 {—1-39 |—1-01 {—~0-57 [—0-28 [4-0-22 {--0-60 |-4-0-90 2:53 [ 0-818
—0:72 |—0-90 [—0-94 |—1-26 |—1-43 |~1-12 |~0-89 |~0-59 |—0-18 |-4-0-38 |-+0-74 |-+0-85 | 2-28 | 0-706
—0+68 |—1-00 |—1:24 |—1-26 |—1-41 |—~1-28 |—0.98 |—0-71 1—0-16 +0-18 |+0:52 |4-0-71 2:59 1 0-783
~0:69|—1-22 |-—1.39 | —~1-64 | —1-47 |-—1-28 |—0-96 |—0-47 {—0-07 +40-31 |+0-57 |-+0-T4 2-78 { 0-800
~0-83 |—1-40 |—1-81 [—2-07 | —2-05 |—~1-54 [—0-98 |—0-55 [—0-10 +4+0-36 {+0-70 [-0-99 3:35 { 0-973
—122 |—1:59 {—1-97 |—2:19 [—-2.25 | -1.94 |—1-44 |—0-85 |—0-25 |4-0-57 +0-60 |4-0-91 3:90 | 119
—0:94 |—1:75 |—2-55 |—3-01 |—2.-74 1 —2.31 |—1.75 |—1-08 {—0O-51 +4-0-27 {4055 {4107 4-79 1 1-427
~—1:09 {—1-75 {—253 |—2-60 |—2-98 {267 |—2:05 |—1-64 |—~0:96 [—0:20 +0-52 {--0-98 543 [ 1-593
—0-98 |~1:56 |—2:00 |—2-26 |—2-21 |—~1-90 |—1-44. |—~0-95 |—0-38 |4-0-21 |4-0-63 4095 3-84 ) 1-182
—0:73 |—1-06 |—1-24 {—~1-38 |—1-42 {--1-27 {—0-96 }—~0-58 {—0-17 [4-0:27 {4-0-61 |--0-80 2:46 | 0-776
—108 {—1-72 {—2-10 {—2:33 |—2-32 {—~1-99 |~1-40 {~0-8] {—0-18 |4-0-44 |4-0-83 |+1-14 3-89 1:218
—1-15 |—1-91 |—2-66 {—3-08 |—2.88 (—2:45 (—1:96 |—~1-46 |—0-78 {—0-09 |4-0-45 |4-0-91 522 1 1-575
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. s 19 h. 20 h. 21 h. 22 h 23 h, 24 h, | Range. | A.D.
—0-83 {—1.16 {—1-79 |—2:15 |—2-29 {—1-92. |—1-44 |—1-00 [—0-41 |—0-35 |+0-18 |+0-H2 3-91 [ 1148
—1-30 |—1-98 |—2-49 |—-3-28 |—2.44 |—1:85 |—1-84 |{—1:48 {—0:H3 |[—0'18 {4-0-40 [0 87 5:81 { 1-489
—0-59 |—~1-00 | —1-39 {—1:78 |—1-70 |—1-256 |—0-97 |—0-82 |—0:31 |4-0:16 |-4+-0:58 |+0-70 2 94 | 0-828
—~0-69 |—0-99 |—1-18 |~1:17 |—1:22 }—1-17 |—0-86 |—0:63 [—0-13 |{4-0-36 |{4-0-58 {4-0-70 2:31 1 0-733
~—0-32 {—0-456 {—0-59 (—~0:67 [ —0:62 {—0-51 [—0-56 [—0-23 [—0-04 [4-0-05 |40-23 |-}-0-33 1-26 | 0-368
—0:32 [—0-4H [—0-49 |—~0:58 | —0:69 {—0-60 {—0-51 {—0-23 0:00 |40-21 {4+0-25 (4-0-38 1-26 | 0-343
—0-45 |—0-61 |—0-79 |—~0-92 |—0-74 |—0-66 |—0+43 |—0:22 |4-0-08 |4-0-20 |4-0:37 ]-4-0-37 1:62 1 0:438
—0-50 |—0-67 |—0-70 |—~0-80 |—0:78 |—0-57 |—0-43 | —0-14 |--0-02 |40-24 |-40-33 |+4-0-46 1:41 1 0-410
—0Q:65 |—0-90 {—1-02 {-~1-05 | —~1-11 [—0-77 |—0-49 |—0-12 |+0-21 [4-0-43 {{-0-53 [0-73 187 1 0:545
—1:15 |—1-42 {—1.49 |—~1-53 |—1:49 |~1-01 |—0:68 |—0-20 |4-0-11 [4-0-33 |4-0-54 |-4-0-73 2.71 ) 0-813
—0:91 |—~155 |—-1-82 |—~1:96 |—1-91 |—1.51 |—1:15 |~—0-70 ]4-0-01 }4-0:45 }|4-0:74 |4-0-72 3-48 | 1-008
—0:66 {—1-17 |—1.7% |—~1-81 {—2.18 [~1-94 {—1-30 |-—1-16 {—0:75 |—0-26 |4-0-35 [4-0-88 3-84 { 1-108
—0:70 {—1-02 |—1:29 |—~1-48 |—1-43 {—~1:15 [—0-89 |—0-58 |—0-15 |4-0-14 |}0-42 |4+0-62 2:54 ] 0-TH4
—0-40 |—0-52 |—0-64 |—0-74 |—0-71 |—0-58 |—0-48 |—0-21 |-+0-01 }4-0-17 |+0-29 |40-39 | 1-31 | 0-385
—077 1—1-08 | —1.27 {—~1-38 |—-1-38 | —1.05 {—0-75 |—0-44 {—0-03 [+0-32 [4-0-56 {4071 2:3010-716
—0-93 [—~1-47 |—1-956 |—2-30 {—~2-20 |—1-80 [—1-43 {—1-08 [—0:42 [—0:08 |4-0:42 |[4-0-7D 4-04 { 1-178
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TasLe XXXI—Diurnal Inequality in Horizontal Force for the
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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. | AD.
7 ¥ Y 14 14 Y Y v Y ¥ ¢ Y Y Y
+18+5 |429:3 |[443-6 |+49-0 |+-48-5 |-44:8 |-+35-7 |4-25-8 |++15:3 |4 5-0 {— 3-8 {—10-3 | 85-7 | 26-71
+27:7 |+448-8 |-+62-9 (+81-3 (+65-1 [4+50-1 |{-44-4 |4-37-1 |4+19+1 |+ 6.1 |— 71 |—18-1 | 134-6 | 37-39
+20+2 |+39-7 {4445 |--47-7 |+54:2 [4-46-0 |4-35-3 |4-20-8 |+ 6-3 |— 6-9 |—16-7 {—22-1 | 91.7 | 27-14
4216 |{--35-4 |-+44-4 |+515 |[+-44-4 {1430 (4-29-0 (-+17-6 |- 3+1 |— 7-2 {—20-6 (—27-8 | 89-1 | 25-72
+15-3 |-+20+9 |-}-27-2 {+26-5 |+27-3 |4-28-1 |+20-5 |+12:0 |+ 6+6 |~ 35 |—10-8 |—16-8 | 50-2 | 16-04
4134 |[+17-83 |[+18-3 |+24-8 [-+28-4 |+-22-6G |-18:3 |-12:4 |4 4:5 |~ 6-6G |—13-9 [—16-1 | 44-5 | 13-93
4127 [4+19-2 |4-24-1 |-+-24-7 |427-9 |+255 |-+19-7 |++-14-9 |+ 4-1 |}~ 25 |— 9+4 |—13-3 | 51-3 | 15-38
+12-8 {+28-4 [4-27.0 [--32-1 [4-29-2 {4255 (-+19-3 |+ 9:9 [+ 2-2 |~ 5:3 (—10-5 [—13-9 | 54-6 | 15-72
+15:3 |+26-7 |4-35-0 |-40-5 |-+40-3 |430-5 |4+19-8 |+11:D5 |+ 2:7 |— 6-2 |—12:7 |—18-T | 65-6 | 19-00
+-22-7 |4+30.1 |4-37-9 |4-42-5 |-+-44-1 ||-38-3 |4-28-G |+17-8 |4 5:7 |—10-8 {—10-7 {—16-8 | T76-0 | 23-15
+16+9 |4-32-7 |4-18-8 |-4-58:4 |4-53-6 |4-45-4 |4-34-8 |-+-21-9 |4-11:1 }— 4-1 }— 9-4 {—19-5 | 93-9 | 27-G3
+18-8 i-+31-9 {4480 {501 |+-58-3 |-+52-8 |+40-9 |--33-1 |+20-4 |+ 57 |— 81 |—17-2 | 105-8 { 30-85
+18-0 [4-29-6 |--38+5 |-+44-1 |+43-4 |4-37-7 |+-28-9 |4-19-5 |4- 8:4 |— 3+0 |—11-1 |—17:6 | 7b-1 | 23-04
4135 |4-20-2 |4+24-2 |4-27-0 |4-28+2 |4-25-4 |4+19-5 |-+12-3 |4~ 44 |— 45 |—11.2 |—15-0 | 48-9 | 15-24
+19:9 |4-33.0 |4-40-4 |+4-456+6 {-45-8 |-4-39+5H |+28-2 {--16-8 |- 45 |— 7-T7 |-15-2 |—-21:4{ 76-2 | 23-73
+20-5 |+35-6 [+50-8 {-59:7 |4-56-4 [4-48-3 |-+39-0 |-29.5 |--16-H |4- 3-2 |— T-1 |—16-3 | 101-4 | 30-57

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

13 h i4 h. 15 h. 16 h, 17 h. 18 h, 10 h. I 20 h. 21 h 22 h 23 I 24 h, | Range. | AD.
e v N Y Y e Y Y 4 e 4 Y ¥
4146 |-+21:2 {4336 |4-41+5 |4-44-7 |+-37-8 |+28:6 |-+-204 |+ 86 |- T8 |— 25 |— 89| 77-0§ 22-17
~+-23-8 |4-37-4 |+47-6 |-1-63-8 |--47-7 -+36-5 |--36-8 [-4-29-7 {+4-11-H |4 50 {— 64 |—15-6G | 112-8 | 28-9H
+10-7 |-+18+7 |+26-3 |-}-34:4 |33-3 [4-24-7 [419-3 |4-16-6 [+ 68 |— 2:4 [—10-9 |—13-1 | 56-8 | 16-01
+12-7 {4187 |-422-7 |-}-22-8 |+24-1 |+-23-3 |4-17-3 |+13-3 |+ 3-T}{— 6:3 |~10-8 |—13:3 | 45-1 | 14-30
4+ 6:0 |+ 8-6 |4-11-3 |-+-13-0 |4-12-2 |4+10-1 |4+11-4 |4 49 |4+ 12— 07T |— 4.2 |—6-2 | 24-31{ 6-99
+ 5-9 |+ 87 |+ 9.5 |+11-3 [+-13-8 |4+12-1 |4-10-4 |4 49 |+ 04 |— 37T |— 46 [— 7-2| 25-2| 6-71
+ 85 |4-11+7 |4-16+5 |--18-1 |+-14-7 |4-13+2 |-+ 87 |-}- 47 |— 12 |— 35 |— 69 |—~ 68 | 32:0 | 852
+ 94 [+10-8 |4-13-5 |-+15:6 |415-5 |}11-3 |4- 87 |4 3:0 | 0-0 |— 44 |— 60 |— 8:6 | 27-3| 7-96
4121 |4-17-1 {197 |4-20+5 {4219 |-15+4 {4100 |4 26 |— 3-8 [— 8.1 |— 9.8 {—13-T | 36-5 | 10-55
4215 (4271 |4-28-7 [-129-8 [-+29-1 |--20-] |+ 138 |- 4+4 |— 16 |— 5B |-—10-0 |—~13-6 | 52-5 | 15-65
+16-4 |4+28-9 |4-34-7 |-+37-9 [+-37-3 |-|-20-9 |}-22-9 |-}-14:4 |4 0-8 |— 7.8 |—13-5 |—12:8 | 68:0 | 19-43
+11-0 [++21-0 (317 [+84-3 |+42-5 |4-38-1 {--25-9 |-4-23-2 [+15-6 |+ 6.2 |— 53 |—1B-7 ] 74-7 | 21-24
+12:7 [-+19-2 [-24-6 {-{-28-6 [{-28-1 (+-22-7 |4-17-8 [-11-8 |4- 35 |— 2.0 |— 7.6 [—11:3 | 49-3 | 14:18
+ 7-5 |4+10-0 |412-4 [-}-14-5 |4-14-1 |4-11-7 |+ 9-8 |- 44 |4 01 |— 31 |— 54 |~ 7-2| 25-8| 7-B53
148 |--20-4 |-+-24-4 [4-26°9 |--27-1 |4-20-9 |-}-15-1 |+ 92 (4 1:3 {— 5T |~10-3 |—13-4 | 45-2 ) 13-48
4165 |+27+1 |4+36+9 |+-44-4 (4430 |4-35-6 |-28-6 |4-21-9 |4+ 9-1 [ 2-8 |- 6-9 |~13-3 | 78-1 | 22.79
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TapLre XXXII.—Diurnal Inequality in Total Force for the
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TaBLe XXXIV.—Diurnal Inequalities from

92

— lh ‘ 2 h, l 3h 4 h. l 5h ’ 6 h. 7 h. 8 h, 9 h. 10 h. 11 h. 12 h,

Y v 14 e Y 4 14 4 Y 4 v
Year ...|—11-0 |— 5.4 |+ 3-4 1412-9 (4-16-4 |4-22-3 [4+22-4 [4-21-7 |+18-1 {4116 |+ 7-1 |+ 4-6
g J Winter |— 3:0 |~ 0-8 |+ 2-4 |+ 7:5 |+ 9:4 |+13-3 |+13-9 |4-13-8 |4+12:0 |4 77 |4+ 43 |+ 17
Equinox |—11-2 |~ 1-8 |- 4.2 +1‘3 0 (4179 [4+22:0 [422-1 |[4-21-7 (4184 |-F12-7 [+ 9.5 |4+ 5-4
Summer |—18-8 |—13-5 \4- 3-5 |-+18:3 |-+-21-9 |+-31-7 |4-31-2 [4-29-7 |+24-0 {4+14:5 |+ 75 |+ 6-7
Year ...|+17-8 [+21:2 |23-5 |4-24:4 |4-20-6 |4+-15-5 |-+ 7-0 |+ 0-1 |— 7-2 | —11-4 |—11-8 |—~13-1
Winter |+ 8:8 |4+11-9 |412:2 |413-7 |4+113 |+ G4 |4 2-1 |— 30 [— T4 [— 8:1 |— 85 [— 9-1
Equinox |[+18-5 |-+19-4 |4+22-4 |-+22-2 |416-3 |+11:3 |4+ 3.7 |— 06 |— 90 |—14-3 |—15.4 |—14-2
Summer |+26-1 |+32-4 [4-35-9 (4+-37-3 (4+-34-3 |+28-7 |+15-3 |+ 3-9 |— 5-2 [—11-7 |—11-6 [—16-0
Year ..|—18:2 |—~18-7 |—16-2 |—11:6 |— 5:8 |4 0-3 | 47 |4+ 7-2 |+10-2 |+11:6 |+13-1 |+12-9
Wlnjoer — 67 ]~63[—39]—17{+03 |4 27+ 49+ 524 6-2 [+ 67 |4 6-8 |+ 54
Equinox (—16-8 {~14-5 (—13-2 |—10-1 |— 6-2 |— 0-7 |4- 3:0 {+ 62 |} 8:8 |-+ 95 [-+10-0 |4 9:G
Summer |--31-2 (—-35-3 |—31-4 |—22-9 |—~11:5 |— 1-1 |+ 6-2 [+10-2 |4-15-6 |+18:6 [-22-6 |+23-7
TaeLe XXXV.—Diurnal Inequalities from Days of largest

— Ib. | 2h | 3h | 4h | &h | 6h | 7h | 8h | 9h | loh | 1lh | 12h

e 4 7 Y Y 4 Y 4 Y Y Y 4
Year ...|—84-7 {—=17+b |— 0:2 |-+23-3 |+43-9 |455-6 |--72-3 |4+-67-3 |-+64-0 [+55:6 |+39-7 |4-28-4
Winter |—31-2 |—14-3 |— 1-4 |4+24-1 |4+-34-8 |-+45-8 |+54-0 |-4-53-2 |+50-5 |+39-3 |4-29.3 [418-0
Equinox |—32-7 [—14-4 |413-6 [432-5 |-}-55-7 |+66-5 (4-83-0 |4-80-4 4-71-9 |4-66-5 |-+-40-3 |+24-8
Summer [—40-1 |—23-8 |—12-9 |4-13-4 |-}-41-1 |4-54:6 |+80-0 [-+68:2 {4-69-7 |--61-1 |4-49:5 |-+42-3
. Year ..|444:6 |+61-1 |+736 |469-9 | 4584 |448-0 |4-26-6 |4 9-4 |—10-3 |—30-6 |—37-7 |—45-6
Winter |+-38-0 |+51-5 [454-2 |-+46-6 |44 |35-5 |413-7 |— 1.5 |—14-4 |—26-7 |—36-4 |—43-0
Equinox |+47-6 |-+69-1 [-76:6 |+76:6 |4-60-6 |4-50-3 |-+23-3 |- 3.7 |—18-8 |—44-2 |—47-0 |—49:1
Summer |4-48+3 |4-62-7 |--90-0 |+86-6 |4-70-2 |4+58-1 |442-9 |4-26-1 |4- 2-2 |—21-0 |—29-6 |—44.8
“Year ...|—34.0 |—32-8 | =261 |—20-4 [—11-4 |— 2-8 |4~ 58 |-}15-1 |4+-25-3 |+32-5 |37 4 |+38-4
VJWmm —95+8 |~24-5 [—15-2 | =136 |— 1-7 |+ 85 |4 9:2 |4+15-8 | 4248 |+33-1 |+28-G |-+33.3
Equinox |—31-1 |—30-3 |—28-9 |[—19-1 |—12-6 |— 43 |+ 7-6 {4209 (-+30-2 |4-33-0 |4-43-5 |4-36-8
Summer [—45-0 |—436 |—34-1 |—28-4 |—20-0 | =126 |+ 0-7 |4 8.5 |4-21.0 [4+-31-5 |4-40-0 |4-45-2




International Quiet Days, 5 a Month (using G.M.T.).
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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. AD. R. A.D. R. A.D.
E 2-9 34 4-1 4-2 3-4 3-7 2-2 2-8
8. 32 3-1 4-3 4-3 3:5 3-4 2:6 2-3
Vv 2:2 2-2 4-2 4-2 2-8 2-8 1-4 1-4
TasLe XXXVII.—Diurnal Inequality Ranges, 1902-03 and 1911-12.
Year. Winter. Equinox. Summer.
1902-03. 1911-12. | 1902-03.] 1911-12. | 1902-03.| 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 340 37-6 14-0 19-8 30-0 37-0 62-2 b7-4
I Al — 3-84 - 2:46 —_ 3-89 — 5-22
,, Quieter 1:74 2-54 1-23 1-31 1-50 2-30 2-87 4-04
4 4 4 Y 14 Y 4 Y
o Al — 75-1 — 48-9 — 762 —_ 101-4
,»  Quieter 34-5 49-3 25:2 25-8 28-6 45-2 67-3 78-1
vV Al 330 46-9 18:0 30-8 360 43-8 580 71-3
» Quieter — 33-8 — 15-0 e 29-6 — 584
E Al 83-9 75-8 49-4 53-2 796 79-8 | 120-0 98-1
., Quieter _— 486 — 24-4 — 46-5 - 77
S Al — 719 — 47-0 - 74-1 - 96-6
»  Quieter 38-6 45-8 303 23-9 41-8 447 43-5 728

i
i
i
{
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CHAPTER V.
DIURNAL INEQUALITIES. FOURLIER COEFFICIENTS.*

Section 26.—Calculations were made of the Fourier coefficients answering to the
24, 12, 8 and 6-hour terms. The analysis of the diurnal inequality may be presented
in either of the equivalent series :—
ay cos ¢ -f- b, sint -- A co8 2t - b, sin2¢ |- A _ _ _ . (15).
¢ 8in (¢ + a;) 4 ¢ 8in (2¢ - a,) |- . 1
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° K. The ¢ and a
(amplitude and phase angle) constants were in the first instance calculated from the
corresponding @ and b constants, through the formule
a = tan 7' (a/b), ¢ == a/sin « = b/cosa . . . . . (16).
The « 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., - 13° 36’ to q,, + 27° 12’ to a, |- 40° 48’ to a; 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 « 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 XXXVIII to XLIII, pp. 102 to 104, give the @ and b coeflicients for the
E, S and V inequalities derived from all complete days and from 10 quieter days.
Tables XLIV to XLIX, pp. 105 to 107, give the ¢ and « coeflicients calculated from
Tables XXXVIII to XLIII, the corrections specified above having been applied to
reduce the o constants to local time. The angles were all calculated to the nearest
minute, but a; and «, are given only to the nearest degree, and a, only to the nearest
0°-1. The minutes are retained in a,, that being the usual practice, though they
suggest a higher order of accuracy than is really reached.

* The ordinary formulie for the caleulation of Tourier Coefficients, which were employed for all the
results given here, assume the hourly values to be derived from single ordinates answering exactly to the
hour. 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 formulw require small correction factors as follows : 24-hour wave, 1002 ;
12-hour wave, 1:010; 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 1V 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 arec 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 LII and LIII, p. 109, refer to the inequalities found for the international
quiet days and the five days a month of largest character figure. They are confined to the
mean diurnal inequality for the year. The letters ¢ and d attached to the force
components indicate quiet and disturbed days respectively.

Table L1V, 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 mnot 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. b2l s a ]l sl e s ] o9 0] 1] e
E 0C  ..|4101| 00! 00 |40:6 |06 |—05 [+0-3 |+0-9 |—0-2 |—08 |—0-4 |4+1-5
8 o1 1—07 1403 |<0-2 | 00 |—04 [4+0-2 [40-3 | 0.0 |—0-9 |—0-2 |+-0-3

Hour. 13 | 14 {15 | 16 | 17 | 18|19 {2 | 21 | 22 | 23 | 2
E 0C  ..|—02 |—0-8 |03 |4+06 |+08 |~1-2 [4+0-5 |--0-2 |—0-2 |+0-8 [~0-6 | 0-0
s =06 |+0-2 |02 |+0-4 | 00 [+0°1 |—08 [40-6 |+0-6 |—1-1 |+0-2 |40-3
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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 lai'gest value of ¢, 18 found in December for V, but in
February for E and S, the latter phenomenon arising probably from the specially
disturbed condition of February, 1911. The smallest value of ¢, 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 K and 8, 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 case of ;. We should infer that in the case of E and S the true
annual variation of e, 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
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midsummer. The difference between winter and summer represents some two hours
of time.

When the annual variation in a phase angle is large, the 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 XLVIL.

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, XLVIIT 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 837°-9, but a fall of 22°-1 from 381°-3 to
359°-2 (or from - 21°:8 to — 0°-8). The irregularities, 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 summer.
In their case the winter value comes nearest to that for the year. Tables XLVIII
and XLIX agree in making a, 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 XLIV
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 wave in 8. 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
XLVIIT 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 I, 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 a;, 30° for a,, 45°
for ay and 60° for a;.  In the case of a, the differences are all small, especially for 8, 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, ¢.c., 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 a; and a, vary so much from season to season that little confidence can be felt in them.
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In the case of the earlier Scott Expedition of 1902-03 the only element for which
all and quieter day Fourier coefficients were calculated was D. The phenomena were
gimilar to those now described in the case of E ; the quieter day values of a, and still
more those of a, exceeded the all day values, while the results for o, and «, 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. In the case of the 24-hour term, Table LIV shows in each case
a rise in amplitude as we pass from the five quiet to the 10 quiet days, from the 10 quiet
to the all days, and from the all days to the five disturbed days. The difference in this
respect between the five quiet and 10 quiet days is small, but the difference between all
days and five disturbed days is very large. The influence of disturbance is almost identical
in the case of E and S, being decidedly less in the case of V. As regards the phase
angle a; we have in the case of E a regular fall as disturbance increases. In § 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—ag 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 E or S.

The results in Table LIV for the 8 and 6-hour terms are irregular. In the case of
E and S the five disturbed day value of ¢, 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 ¢,
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 8 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 «, is decidedly the
smallest in the case of both D and H ; but the seasonal variation is not large. As with
E, the winter value of ¢; in D is decidedly the smallest.

Section 31.—For comparison with the harmonic coefficients calculated from the
1902-03 data, it will suffice to consider the results for the year. These are given in Table
LVII, results derived from all complete days and the 10 quieter days from 1911-12
being contrasted with the results from 1902-03. The quieter days, however, it should
be remembered, in 1902-03 were more numerous in winter than the quieter days of
1911-12, while D trace was lost in.an appreciable number of days in 1902-03 through
the limits of registration being exceeded. Thus the 1902-03 all day results answer to
conditions somewhat less disturbed than the 1911-12 all day results, while the 1902-03
quieter day results would naturally represent somewhat more of disturbance than the
1911-12 quieter day results. The I 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 191112 shown in Table
LVII is considerable. It is, however, no greater, rather less in fact, in D than it is
in H and V, a phenomenon difficult to explain if we suppose the amplitude in 1902-03
to have been reduced by local disturbance.

The 12-hour term in Table LVII has also on the whole a larger amplitude in 1911-12
than in 1902-03, but the quieter day values for D from the two epochs are practically
equal, while the 1902-03 value is the larger for V.

In the case of D and H, especially D, the values of a, and a, for the two epochs
differ rather markedly, the values for the earlier epoch being the larger. In the case
of D the difference in a, represents about two hours of time and is mainly responsible
for the difference between the diurnal inequalities for the two epochs which has been
already commented on.
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TaBLe XXXVIIL—E. Fourier Coefficients, all Complete Days (Time of 180° E. Long.)

—_— 1 by ay by ay by % by
¥ 4
January ... o] +27-33 | —27-00 ——l?}l-82 —0)-}58 -{—8’}-’15 —0'}"14 —I—O’-/90 +3)-’03
February o] +34:94 | —41-84 | — 8.17 | —0-52 | —0-38 | —0:66 | —1-48 | —1-13
March ... ool +27-30 | —-34-06 | — 871 | —0-82 | -+0-97 | —0-14 | —0-79 | +0-66
April ... .| +22-57 | —29-56 | — 7-61 | —0-63 | —0-46 | +40-11 | —0-64 | —0-10
May ...| +16-63 | —19-85 | — 5-57 | —-1:26 | —0-31 | 41-68 | —0-03 | +0-57
June ... ool +12-37 | —16-46 | — 5-50 | —1-87 | —1+49 | +1-00 | —0-11 | 4-0-42
July ... o] +14-53 | —16-79 | — 4:72 | —2-69 | —0:95 | +1-13 | —1-59 | +0-28
August ... .| +15-43 { —21-056 | — 6:52 | —1-04 | -+-0-47 | 41-02 | —1-38 | 4-0:35
September o] +17-41 | —25-84 | — 7-33 | 4-0-47 | —0-39 | +0-35 | —0-77 | —0-97
October ... ... +19-80 | —32.74 | — 880 | +1-23 | 4+0-56 | +1-03 | —0-63 | 4.0-26
November ool +27-20 } —35-72 | —11-01 | 4-1-22 | —2-49 | 40-03 | 41-33 | —3:00
December | 42998 | —29-42 | — 7-20 | —4-41 | —2-54 | 4-3-34 | —1-T1 | —2-:21
Year ... .| -+22-03 | —-27-53 | — 7-92 | ~0-91 | +40-10 | 4-0-73 | —0-57 | —0-15
Winter ... ...| +14-46 | —18-564 | — 5-58 | —1-71 | —0-B7 | +1-21 | —0-78 | 4-0-41
Equinox oo +21-77 | —30-556 | — 8-11 | 4-0-06 +4-0-17 +0-3¢ | —0-68 | —0-04
Summer ... .. +29-86 | —33-50 | ~10-05 | —1-07 | 4-0-69 | 4-0-64 | —0-24 | —0-83

TaBLe XXXIX.—HK. Fourier Coefficients, 10 Quieter Days (Time of 180° E. Long.).

— ay b ay b, ag by a b,

i4 4 4 7 Y 4 14 Y
January ... | +24-42 | —21-97 | -~ T7-29 | 4-3-99 +2-17 +0-68 +0-18 -+-0:22
February . -27-63 | —31-80 ¢ — 5:00 | —1-32 —1-23 —1-82 —1:74 -+0-87
March ... | 1Tt | 17433 | - 4270 | —0-67 —0-36 —0-79 —0-73 ~4-2-0b
April ..l +10-91 | —17-14 | - 2:91 | —1-50 —2:52 +4-0-06 —0-02 --0-35
May |+ 705 | — 819 | — 2:09 | —0-17 —0-6b -+0-73 —0-19 —0-14
June ol - 6-22 | — 8-98 | - 1-43 | —1-04 -—1-29 +0-15 -+-0-:04 —0-16
July + 567 — 816 | — 1-19 | —0-65 —1-74 ~+-0-97 —Q-56 —0-21
August ..l + 6-38 | —10-08 | — 2- -20 | 4-0-12 —0-29 +4-0-41 —0-20 +0-11
September 4728 | —14-49 | — 57D +1-46 -4-0-67 --0-5b -+0-0B —0-04
October ... ol A4 7426 | —20-65 | — 5-99 | 43-92 +1-87 —0-72 +4-0-05 +0-58
November +16-73 | —27-83 | — 8:756 | +5-92 -3:50 —{0-:50 +1-24 —0-:85
December +20-94 | —20-26 | —10-36 | +-2-85 ~4-0:74 —1-70 —1:42 +2-01
Year .| +13-18 | --17-23 | — 4-80 | 4+1-08 —0-52 —0-16 —0-27 +-0-40
Winter ... | + 6383 — 88 | — 1:73 | —0-44 —0-99 057 —0-22 —0-10
Equinox ... +10-79 | —17-38 { — 4-84 | -4-0-80 —0-11 —0-23 ~—0-16 +0-74
Summer ... | +22-48 | —25-47 | — 7-85 | 286 —0-4b —0-83 —0-43 +0-56

102




TaBLe XL.—S. TFourier Coefficients, all Complete Days (Time of 180° E. Long.).

—_— a; b, ag by a, by ag b,
14

January ... vy —25+37 ——3’}(;-92 —1‘}-,00 +4:}-’05 ——0’}"04 ——3)-’43 —{-0)-;88 ——O}"BO
February .| —36-39 | —42-26 | —0-86 | --8:36 | --4-21 | —1-78 | —2-00 | —1-64
March .| —8356 | —25-88 | —3.22 | 4-6-06 | +1:35 | +1:61 | -+0-61 | 40-19
April | —33-64 | —23.57 | —3-84 | 4-6-07 | 4-0-53 | 4-0-99 | —0-93 | —1-.27
May .| —20-09 | —14.94 [ —1.09 | -4-2-95 | 4-0:26 | +0-23 | —0-72 | 4-0:57
June eeol —17°24 | —12:37 | —2:52 -+3:83 | —0-42 +1-22 | —0-156 -+0-43
TJuly .| —18:92 | —15-87 | —0-25 | 4-2:77 | 4+0-63 | +1-40 | +0-48 | +0-62
August ... vl —19-81 | —14-22 | —0-07 +-4-82 +1-85 +1-12 | —0-04 +4-0-70
September v| —22-98 1\ —16-93 | —1:73 | 4+-6:79 | +2:41 +1:-08 | —0-66 | —0-14
October ... el —27.02 | —20:06 | —0-93 | +4:62 | 4174 | 4-0-58 | +1-42 | 4-0-85
November .. —28-81 | —27-43 | —-2:73 | 4-7-99 | 4-3-28 | —0-32 | —0:66 | —0-T0
December .| —28:05 | —37-64¢ | —1-62 | 4-6:17 | 4+2-74 | +0-42 | —0-13 | +2-19
Year vl —26-99 | —23:50 | —1:6b +4-5-36 ~+1-55 —+0-26 —0-15 +0-13
Winter ... vo] —19-01 | —14-36 | —0-98 ~+3-59 -+4+0-58 <+0:99 { —0:10 | 4-0-58
Equinox .| —29-30 | —21:61 | —2-43 | 45-8 | +1-b1 +1:06 | +0-13 | —0-09
Summer ... . —29-66 | —34-54 | —1-53 | +6:64 | 4-2:56 | —1-28 | —0-47 | —0-11
TaBLE XLI.—S. Fourier Coefficients, 10 Quieter Days (Time of 180° E. Long.).

 — ay b, a, by ag by a, by

14 14 Y 4 Y Y l4 l4
January ... .| -19:80 | —26-86 | +0-19 | 4-4-36 | —0-09 | 4-0-656 | --0-91 | —2:1b
February vee| —29-64 | —32-84 | +-0-03 -4-6:03 -+4-31 --0-17 —1:25 -+0-32
March o —19:04 | —17-01 | —3-74 | 4-83-10 | +4-2:99 | +0:82 | —1:22 | —0-22
April . —17-66 | —12-50 | —1:85 -42-68 | —0-28 +1-79 | —1-17 —0-70
May | — 895 | — 691 | —032 | 40-97 | +0-49 | 4035 | —0-01 | —0-0b
June w. — 83| — 594 —-0-78 | +1-88 | 4-0-63 | 42-09 | —0-32 | 0-31
TJuly .| —10-22 | — 8.83 | 4+-0-26 | -+-8:16 | --1-62 | +1-87 | —0-95 | —0-10
August .., .| —10:66 | — 6-76 | 4-0-23 | +2-38 | 40-80 | +41:20 | —0:06 | 4-0-27
September | —1450 | — 6-77 | —0-78 | 4-4-06 | +0-52 | +0-35 | —0-35 | --0-27
October ... o —19:37 | —12-62 | +1:70 | 4+2:96 | +4-1:26 | —0-14 | —0-01 +-0-14
November  ...| —21:11 | —16+65 | 4-0-51 | +6-06 | 4+1-52 | +1:93 | —1.00 | --0-09
December . —17-83 | —25-67 | 4-0-43 | 42:26 | +0-37 | +2:50 | —~1-18 | —0-39
Year | —16:42 1 —14.95 | —0-3¢ | 4-3:32 | +41-18 | 4-1-18 | —0-85 | —0-18
Winter .. el — 9B2 | — 7411 | —0-1H +2-10 -+0-89 +1-38 | —0-33 +0-11
Equinox . —17-64 | —12-23 | —1-17 | 43-20 | 41:12 | 40-70 | —0-69 | —0:13
Summer ... J —22-10 | -25-50 | 4+-0-29 | --4-67 | -+1-63 | +1:31 | ~0-63 | --0-53
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Tasre XLIL.—V. TFourier Coefficients, all Complete Days (Time of 180° E. Long.).

—_— ay b]_ Qg bz 229 bs a, by
4 Y ls
January ... oo 427-23 1 4-11-47 ) 40465 —1?45 +0?-l95 +57.}00 ——2)-}56 —1?-}36
February ] +33-49 | 4- 978 | —~1-45 | —3-85 | +0-28 | 4207 | —0-80 | —1-75
March o +22-25 | 4 2-44 | 4041 | —83-71 | —0-20 | 4-2-44 | —0:T1 | —1-46
April ol +21-44 | — 1-55 | —0-08 | —2-53 | +1-3¢ | +1-39 | -0-12 | 4-0-35
May ...| +156-62 | — 2-87 | —0-09 | —1-06 | +0-16 | 4106 | —0-74 | —0-12
June e 41434 ) — 4-39 | —0-59 | —0-98 | —0-29 [ --0-37 | —0-67 | --0-09
July ...| +16-00 | — 2-83 | 4-0-44 | —0:66 | —1-12 | —0-79 | —0:61 | —0-66
August ... ..t +13-8 | — 1-14 | —0-58 | —1.00 | —0-20 | 4-0-48 | —0:28 | —0-78
September el +16-92 | + 0-85 | 4-0-50 | —3-08 | +0-563 | 4-0-58 | --0-06 | —0-41
October ... .| +20-14 | + 5-60 { 4-0-10 | —2:79 | +0-40 | +1-52 | —1-40 | —0-37
November .| +26-59 | 4 8-16 | 42:37 | —3-86 | +2:30 | }-4-37 | —2-84 | 141
December g 436:74 | +10-19 | —2-61 | —3:95 | --2-42 | +2.70 | —0-27 | —2:66
Year ... o] +21-89 | + 2-97 | —0-07 | ~2:41 | 40-656 | 41:77 | —0-89 | —0-64
Winter ... g 414711 — 2.81 7 —0-20 | —-0:92 | —0-37 | 4-0:28 | —0-B7 | —0-37
Equinox o $+19-94 | 4 1-83 | 4-0-23 | —3-03 | +0-52 | +1:48 | —0-48 | —0-47
Summer ... J4 +431-01 { + 990 | —0-23 | —3-28 | +1-49 | 43:64 | —1:62 | —1-09

TasLe XLIIL—V. Fourier Coefficients, 10 Quieter Days (Time of 180° E. Long.).

I ay ‘ by l ay b, g by ay by

4 14 Y 4 Y Y 4 Y
January ... +23-32 | +10-44 | —1-08 | —1:93 | —0-76 | 43-92 | —0-47 | —1.62
February +28-46 | + 958 | —2-36 | —2-09 | —0:05 | }1-02 | —0-24 | —1.99
March 4-11-47 | 4 5-70 | +0-72 | —5-43 | —0-43 | 43283 | —1-29 | —2.09
April +13-89 | — 0-06 | —1-16 | —3-569 | 40-06 | 4+0-47 | —1:62 | —0-21
May + 662 | — 0-05| +0-20 | —0-66 | —0-21 [ 40-73 | —0-57 | 4-0.32
June 4 7-18 | — 1-97 | —0-46 | —0-11 | —0-20 | —0-23 | 4-0:15 | +40.01
July 4 7381 |~ 1:06 | —-0-60 | 4-0-12 | —0-26 | 4+0-26 | —0:03 | —0.30
August ... |+ 1781|4019 | —0-15 | 4-0-52 | —0-08 | 40-31 | —0-06 | —0.64
September «.| +10-58 | -+ 0-72 0-00 | —0-96 | 4-0-41 | 41-94 | —0-20 | 4-0.11
October ... | +15-93 | + 343 | —1-583 | —1-44 | 40-30 | 42:10 } —1-51 | —0.20
November o] +24-73 | + 5-89 | —1:10 | —2-84 | +1-45 | 4-1-35 | -0-01 | +40.76
December | 4-28-12 ¢ +-11-64 { —1-96 [ —3-85 | 4-1-71 § 42.40 | 4-0-15 | 40.16
Year .| +16-46 | 4+ 3-11 | —0:79 | —1:86 | 40:16 | --1-46 | —0-47 | —0.47
Winter ... v T2 —0-72| —0-26 | —0-03 | ~0:19 |} 4-0-27 | —0-12 | —0.15
Equinox | +12:97 | 4 2445 | —0-49 | —2-86 | -0-08 | 41-94 |[—1-16 | —0-60
Summer ... ...| +-26-16 | - 9-39 | —1-63 | —2-68 | 4069 | 4-2.17 | —0-14 | —0-67
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Tapte XLIV.—E. Fourier Coefficients, all Complete Days (L.M.T.).

—— €y ay Cq ag Cy ag Cy ay

y ] 14 [+] [+] [+
January .| 38:42 148 15 13?’84 294-8 8?16 132 3?’16 71
February ...| b4:50 1563 44 §:18 2935 0-76 261 1-86 287
March ...| 43:65 164 b3 8:75 291-8 0-98 139 1-03 B
April ... | 37°19 156 14 7-63 292-5 0-47 325 0-65 316
May ... .. 25-20 166 34 671 2846 1:71 30 0567 b2
June ... ...l 20-59 166 40 5-81 2785 1-79 3456 0:43 40
July ... | 22-21 162 44 5-43 2676 148 1 1-61 336
August ..l 26-10 167 21 6-60 288:1 1-12 66 1-42 339
September ... ..| 31:15 169 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 1566 18 11-08 303-5 2-49 312 3:28 211
December ... .. 42:00 168 3 8:-44 2657 4:19 4 2-79 272
Arithmetic mean ... 35:35 — 8:14 — 2:07 — 1-56 —
Year ... ..| 3b:26 154 56 7-97 290-6 073 48 0-59 309
‘Winter .| 23:B1 166 38 5-84 2802 1:33 16 0-88 352
Equinox Wl 37-51 68 7 8-11 207-6 0-38 68 0-68 321
Summer .. 44-88 151 b3 10-11 2011 0-94 88 0-86 251

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

—_ ¢ a Gy ay [ ay o ay

'y o ’ ')’ [+] y [»] y o
January .| 32-8b 146 35 8-32 325+9 228 114 0:28 95
February ] 42413 152 37 517 282-4 2:20 2566 1:95 3561
March e | 2482 147 B3 475 2890 0-87 245 2-18 3b
April ... . 20-:32 161 8 3-27 269-9 2:52 312 0-35 bl
May ... ...| 10-80 162 b4 2:10 292-4 0-98 359 0-23 288
June ... .. 10-92 1568 B3 1-77 261-2 1-30 318 0-16 220
July ... 9-93 168 48 1-36 268-4 1-99 340 0-568 304
August ... 11.94 | 161 16 221 | 300-3 | 0-50 6 | 0.22 | 353
September ... ] 16-20 167 4 H-93 3116 0:79 87 0-06 178
October v | 2179 174 9 7-15 330-4 2-00 290 | 0-59 59
November ... ... 32-48 162 35 10-57 331-3 3:-54 303 1-51 179
December ... .| 29:13 147 39 10-74 312-6 1-85 17 2-46 19
Arithmetic mean ...| 21-94 —_ 5-28 — 1-73 — 0-88 —
Year ... .. 2170 166 11 4-92 3098 0-b4 293 0-48 20
Winter ...| 10-88 168 2 1-78 283:0 1-14 341 0-24 301
Equinox .| 20-46 161 46 4-90 3066 0:26 247 0-76 42
Summer ] 33:94 152 14 8:36 317-2 0-95 24 0-71 17
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TasLe XLVI.—S. Fourier Coefficients, all Complete Days (L.M.T.).

—_— ¢ oy cy ay [ ag (A ay

4 ° ! ¥ ° ¥ ° Y °
January 39-99 232 B8 4-18 13-4 3-43 222 0-93 163
February 5b6-T7 234 20 8:40 21-3 457 164 2:58 28b
March 42-38 2456 b8 6-86 359-2 2:10 81 0-64 127
April ... 41-08 248 3b 7-18 364-9 1-12 69 1-58 271
May 25-03 246 58 314 6-9 0-3b 90 0-92 3
June . 21-22 247 57 4-58 3538 1-29 22 0-46 36
July ... 24-63 243 37 278 221 1-63 65 079 92
August 24-39 247 b6 4-82 264 2:16 100 0-70 b1
September 28-54 247 13 7:-01 12-9 2:64 107 0-58 311
October 33-65 247 1 4:61 156:6 1-83 113 1:65 114
November 39-79 240 O 8-44 8:3 3:30 137 0-95 277
December 46-86 230 22 6-36 13-3 2-77 122 2:20 51
Arithmetic mean 35-28 — 5:70 — 2:26 —_ 1-16 —_
Year . 35-04 241 29 65-61 10-1 1-57 121 0-19 b
Winter 23-82 246 34 3-72 11-9 1-16 71 0-569 44
Equinox 36-40 247 12 6-3b 4-7 1-84 96 0-16 179
Summer 45-52 234 16 6-82 14-2 2+8b 168 0-48 311

TasLe XLVIL.—S. Fourier Coefficients, 10 Quieter Days (L.M.T.).

I L] Lo Cp ag Cy ag €4 ay

y o ’ y [+] y o y Q
January 33-37 230 O 4.36 29:6 0-65 33 2:34 212
February 44-24 235 40 6:03 27-5 4:31 129 1-30 339
March 25-53 241 50 4-86 3369 3:10 116 1-24 314
April ... 21-64 248 19 3-26 3527 1-81 32 1-36 294
May 11-31 245 b6 1-02 9-2 0:60 96 0-0b 249
June ... 10-26 248 13 2:03 4-8 2:19 b8 0-45 9
July 13-51 242 47 3:16 320 247 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
QOctober 23-12 250 30 3-41 bT7-1 1-27 137 0-14 b1
November 26-88 245 20 6-07 32:0 2-46 79 1-00 330
December 31-25 228 24 2-30 379 2-53 49 1-24 306
Arithmetic mean 2247 —_ 3-68 —_— 1-96 — 0-90 —_
Year ... 22-21 241 17 3-34 21.3 1-63 87 0-58 306
Winter 11-88 246 b1 210 23-1 1-64 74 0-36 342
Equinox 2147 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

106




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

¢

L

Cy

%y

&

ay

€y

L7

Y
January 2955 80 45 17-,59 183-1 5 ?,09 52 2 ?;)0 297
February 34-89 87 19 412 2278 2:09 49 1:93 259
March 22-38 97 21 3:73 2009 2:45 36 1-62 260
April ... 21-560 107 44 2:53 208-9 1:93 856 0-37 73
May 15-88 114 O 1-06 212-0 1:07 49 0-756 315
June ... 16-00 120 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 2374 0-52 18 0-83 254
September 15-94 100 33 3:12 1979 0-79 83 0-42 226
October 2091 8 3 2:80 205-1 1-67 56 1-45 310
November 27-81 86 34 4:53 175-6 4-94 69 3-17 361
December 38-13 88 6 4.68 239-6 3:63 83 2:67 240
Arithmetic mean 2260 —_ 2:60 — 2:16 —_ 1-47 —
Year ... 22-09 95 b2 241 208-8 1-85 b8 110 289
Winter 14-98 114 24 0:95 2196 0-46 348 068 292
Equinox 20-02 98 20 3-04 2028 1-57 60 0:67 280
Summer- 32-55 85 b4 3-29 211-3 3-84 64 1:95 291
TasLe XLIX.—V. TFourier Coefficients, 10 Quieter Days (L.M.T.).
e [ ag Cq Qg Cg ay [ ag
[+] ’ [+] (<] y (-]
January 257-’55 79 29 2}-)21 236-4 3 ?;)9 30 1-68 251
February 30-03 8 O 3:15 2558 102 38 2-00 241
March 12:81 77 12 b-47 199-6 320 33 245 266
April | 13-89 103 48 377 2256-0 0-48 48 1-63 317
May 662 104 2 0-69 190-6 0-76 26 065 364
June . T7-44 118 565 0-46 2836 0-31 262 0:16 142
July . 7-38 111 46 0-61 3086 0-36 368 0-30 240
August 7-89 102 13 0-:b4 115 0:32 26 0-64 239
September 10-61 99 42 0-96 207-4 1-99 b3 0-23 352
QOctober 16:29 91 27 2:10 253-8 2-12 49 1-52 317
November 25-42 90 12 3:04 2284 197 88 0-77 5b
December 30-43 81 7 4:32 234-2 2:94 76 0-22 98
Arithmetic mean 16-20 —_ 2-28 —_ 1-63 — 1-02 —
Year ... 15-90 9 7 2-01 230-2 1:47 47 0-67 279
Winter 7-29 109 16 0:26 2901 0-33 6 0:20 273
Tquinox 13-20 92 b4 2:90 2170 1:94 43 1:30 297
Summer 2779 83 b2 3:13 2385 2-2b 56 0-68 246
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TasLe L.—Ratios of Amplitudes of Fourier Waves.

2/t csfe, /e

El t ) Rt . 4 - 4 5
onen P B - s 08B s | £ ¢

s E LR E || 2|4 E s E|S | @

B E & % > E & @ | & E =] &
E Alidays ..., -226 | -249 { -216 | -225 | -021 | -O57 | -010 | -021 { -017 | -0387 | -018 | -019
E Quieter days | -227 | -164 | -239 | -946 | -025 | -105 | -012 | -028 | -022 | -022 | -037 | -021
S Alldays ...| -160 | -156 | -174 | -150 | -045 | -048 | -051 | -063 | -005 | -025 | -004 | -011

8 Quieter days | -150 | -177 | -159 | -139 | -073 | -138 | -061 | -060 | -026 | -030 | -033 | -024
-046 | -033 | -060

V Alldays ... -109 | -063 | -152 | -101 | -084 | -031 | -078 | -118 | -0B50
V Quieter days | *126 | <034 | 220 | -113 | -092 | -045 | -147 | -081 | -042 | -027 | -098 | -024
Mean—

All days | "165 156 | ©181 { 1569 | c050 | (045 | *046 | 067 { *024 | ©036 | 018 | *030

Quieter days | -168 | <125 | -206 | -166 | <063 | <096 | -073 | -066 | -030 | -026 | -056 | -023
Mean—Kew ...| -607 | -540 | -640 | -587 | -247 | -277 | -320 | -170 | 093 | -133 | -130 | -040

TaBrLe LI.—Phase Angle Differences. 10 Quieter Days—All Days.

a ag ag oy

e
=
g

: [ o M [

K3 3 g 3 5-; g 5 [ ; 3 ™ o «

B s | 2| 4| B s 2l E | E s |f 28|24 8

< 5 = = A B" =4 = o g =4 =] ] g o =

= B =) ] > & @ HolE| R A B R 7

L] ’ -] 4 o rs (-] ’ o o (4 o o -] -3 . o 4 - o

|41 16 -2 24 (43 39 [+0 21 |-4-19-2 |+ 2:8 [+ 9-0 |4-26-1 |~115 (—36 |—181 |—199 |+4+71 [—51 |4 81 |4-126

=012 |40 17 |+1 41 |+0 15 |+11.2
|—5 46 |~5 8 |-5 26 [—2 2 |+21-4 [+70:6 |+14-2 [+27-2 |— 11 |4+18 |— 17 [— 8

+11-2 |+ 2:6 |416:6 |— 34 |4+ 3 |4 3 |~ 08 [—569 |—02 (4136 |— 27
—-10 [—19 {4 17 |~ 45

108



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

—_ a, by ag b, @, b, a; b,

7Y 4 I 7 4 Y Y Y
E (9 —10-33 --14-92 —7:01 —0-47 —0-13 -+40-46 +0-39 +-0-70
E(d) —39-39 44761 —9.99 —3-17 —0:09 —1-45 —0-82 +2-21
S 4-13-74 +13-21 —0-87 4477 —1-28 —0-78 --0:33 +4-0-07
S (d) +-43-79 4-41-15 —b+42 4-7-63 —2:51 —0-:42 0-00 —0-06
Vg —15-51 — 324 —2:15 —2:13 —0-19 —0-98 —0-2b +0-26
V (d) —34-22 -~ 1:06 4244 —2+45 --0-86 ~0-49 4002 —-1-04

TasLe LIIL.—Fourier Coefficients for Five Quiet (¢) and Five Disturbed (d) Days

(G.M.T.).

— ¢ oy €y oy Cg ay [ oy

y ] ’ y c y o 7' o

E (g 1815 | 3256 18 7-03 | 266-2 | 048 | 344 | 0-80 29
E (d) 61-80 | 320 24 | 1048 | 2524 | 145 | 184 | 2:36 | 340
8 (9) 19-05 46 8 4.85 | 349-7 | 1-50 | 239 | 0-34 79
8 () 60-09 46 47 9-36 | 324:6 | 2-54 | 261 | 0-07 | 180
Vg . 15-84 | 258 12 3:03 | 225-3 | 1-00 | 191 | 0-36 | 316
Vi) . 34:24 | 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 Cy ay cy ay (A oy

, 14 o Y ° Y ° Y °

5 quiet 18-15 158 54 7-03 2934 0-48 205 0-80 84

gd 10 quiet 21-70 156 11 4:92 309-8 0-54 293 0-48 20
All . v 35-26 154 56 7-97 290-6 0-73 48 0-59 309

5 disturbed... 61-80 154 0 | 10-48 279-6 1-45 44 2-36 34

5 quiet 19-05 239 44 4-85 16-9 1-50 99 0-34 133

gJ 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 disturbed... 60-09 240 23 9-36 351-8 2-54 121 0:07 234

5 quiet 1584 91 48 | 5-03 | 2525 | 1-00 52 | 036 1

v 10 quiet 16-90 9 7 | 201 | 2302 | 1:47 47 | 0-67 | 279
All ... 2209 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

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

e a b a, by ay by a, b,
Declination. { Year ... —25-03 | -11-96 | +5-20 | 4-2-51 | -0-46 | —0-44 | +0-36 | +0-16
All Winter ...| —17-10 | 4 8-56 | -+3:73 | +2+49 | 4062 | —0-54 | 4-0-63 | —0-10
complete )| Equinox | —25-98 | -+14-81 | 4-5-08 | 4-1-98 40:40 | 40-12 | 4054 0-00
days. Summer | —32-00 | +12-50 | 4+6-80 | 4-3-07 | 4+0-38 | —0-:91 | 40-01 | 4-0-56
Declination. { Year ...| —15-28 | 4+ 7-40 | 4-3-38 | 4-0-36 | 4-0-78 | 4061 | 4+0:01 | —0-3b
10 Winter ... — 7-90 | 4 4:00 | +1-21 | 4-1-04 | --1:03 | +0:06 | 005 | 4-0-11
quieter Equinox | —13-96 | 4 8:456 | 4-3-12 | 4-0-52 | 4-0-47 | 40-41 | —0-12 | —0-58
days. Summer | —23:97 | + 9-77 | +5-82 | —0-47 | 4+0-86 | 4-1-06 | +0-10 | —0-59

4 4 4 4 4 4 Y Y
Horizontal [ Year .| -~14-07 | —33-02 | —4-88 | +4-46 | +1-44 | 4-0-55 | —0-38 | 4-0-05
Force. Winter ...] —11-00 | —20-90 | —3-28 | +2-51 | 4-0-28 | +41-41 | —0-43 | 40-70
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 | 45564 | 4-2:60 | —0-88 | —0-53 | —0-45
Horizontal [ Year . -~ 920 | —20-89 | —2:37 | 4347 | +0-84 | 4-0-95 | —0-61 | --0-01
Force. Winter ...| — 5-90 | —10-22 | —0-88 | 4171 | 4+-0-38 | }-1-49 | —0-40 | --0-05
10 quieter ) Equinox | —11-33 | —18-49 | —3:12 | 4-3+24 | +0-97 | +0-54 | —0-69 | ~-0-20
days. Summer | —10-38 33:96 | —3-10 | --5-45 | 4-1-19 | 4-0-83 | —0:76 | —0-24
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TaBLE LVI.—D and H. Fourier Coefficients (L.M.T.).

h—- l “ l ! o % & % & &

’ ° ’ ’ (] ’ (-] ’ o

Declination. { Year ...[ 27-74 309 9 578 91-4 0-64 174 0-39 | 121
All Winter ...| 19-13 310 12 4-48 83-5 0-82 172 0-54 | 165
complete ] Equinox | 29-:91 313 17 545 95-9 0-41 114 0-55 | 146
days. Summer | 34-36 304 56 746 92-9 0-98 198 0-56 56
Declination. [Year ... 16-98 309 28 3:40 111-1 0:94 98 035 | 233
10 Winter ...[ 8-8b 310 28 1-59 76-b 1-03 127 0-11 b7
quieter Equinox | 1631 314 48 317 1078 0-62 90 0-59 | 246
days. Summer 2589 305 46 5-84 121-8 1-36 80 060 | 225

. y Q ’ y -3 y -} y °
Horizontal {Year ..| 35:90 213 40 6-61 3396 1-64 110 0-38 {332
Force. Winter ...| 23-61 221 18 413 334-7 1-44 52 0-82 23
All complete | Equinox | 36-86 221 22 778 3404 1-81 93 0-20 1295
days. Summer 4766 210 43 7-94 341-5 2-74 150 0-70 | 28¢
Horizontal [Year ...| 22:82 217 23 4:20 352-9 1-27 82 0-61 | 325
Force. Winter ...| 11:80 223 36 1-92 3600 1-53 bb 0-40 | 332
10 quieter | Equinox 21-69 226 6 4-50 343-2 1-11 102 0:72 | 341
days. Summer | 35:51 210 36 627 357-6 1-45 96 0-79 [ 307

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

Element. Epoch. c, a; [ ay Cy ay ¢ oy

D All complete days ... .| 1911-12 | 2774 | 309 9| 5-78 | 91-4 ] 0-64 | 174 | 0-39 | 121
D " ” ...] 1902-03 | 20-36 | 338 29 | 4-43 | 133-4 | 0-34 { 66 | 0-65 | 217
D Quieter days ... .| 1911-12 | 16-98 | 309 28 | 3-40 | 111-1 | 0-94 | 98 { 0-35 | 233
D, ., .. ..]1902-03 | 15-22 | 341 36 | 3:45 | 1509 [ 0-96 | 70 | 0-57 | 230
y =] ’ y o ,y (] ,y -]

H All complete days ... .| 1911-12 | 35-90 | 213 40 | 6-61 ) 3396 | 1-564 | 110 ) 0-38 | 332
H Quieter days ... o 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 Al complete days ... .| 1911-12 | 22.09 | 95 52 ) 2-41 | 208-8 | 1 85| b8 | 1-10 | 289
Vou s e ve| 1902-03 | 15-34 | 86 52 | 3+49 | 240-6 | 189 [ 456 | 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’, 8’ 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 s
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 LXI also gives in the last line the mean of the monthly means for the 11
months of 1911 and 1912. On the average the 8§’ and V ranges are respectively about
88 and 60 per cent. of the I’ 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 B, 170y in &', 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 their annual variation. The absolutely
largest ranges recorded were 727y in E' during December, 1911, 652y in 8’ during April,
1911, and 453y in V during July, 1911. In 1912 the largest 8’ 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 LX1I, 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 1¥’ 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 ' 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 dayin 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 K’, 163y in 8’ and 113y in V. Thus we find

(Range in E’ in Antarctic)/(Range in D at Kew) = 2-6.
(Range in §' 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 8’ and 46:4 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 8. 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 LXXI, pp. 127 to 132. The time employed is that of the 180th meridian. The last
column in each table shows the number of days used. No day was employed in which
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 January, 1911, and December, 1912, reduces of course
the number of summer days. .

Referring to Table XI it will be seen that the maximum value in the diurnal
inequality of E’ occurred at 19 h. in the case of all the seasons and the year; while
according to Table LXVI the absolute daily maximum occurred most frequently either
between 19 h, and 20h. (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 14h. 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 B’ 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. Kven 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 3h.

The maximum in the diurnal inequality of S’ in Table XV presented itself at 15h.
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 8’ in Table XV was less constant,
varying from midnight in winter to 3b. in summer. The succession of figures in Table
LXIX is decidedly less regular than in the case of the maxima, especially in summer,
where the greatest frequency of occurrence of the minima is found between 6 h. and 7 h.
But in the other groups of months the greatest frequency is found between 23 h. and
24 h. (all months and equinoctial months), or between 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 13 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 17h. (5 p.m.) to 5h. show only nine occurrences of the minimum,
t.e., only 14 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.

191112, 1902-03.
E’ Maxima ... v 44 D Minima o 44
E’ Minima ... 48 D Maxima ... b4
8 Maxima ... .. bl H Maxima .. ... 4b
8  Minima ... e ... 30 H Minima .. .. -1
V Maxima ... e .. 38 V  Maxima e .o ... 40
V Minima ... ... b2 V Minima .. 3B

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 3 h.~4 h.
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 -1, and one minimum as — 1, the entries under these two successive hours become
+ 89 — 3 or + 36, and -+ 31 — 1 or + 30. Doing this for all hours of the 24 we
get a series of quantities whose numerical sum is 988, giving an arithmetic mean of 412,
Of this, 36 and 30 represent respectively 87 and 73 per cent. Thus we get a new set of
24 hourly values having -+ 87 for 3 h.— 4 h. and - 73 for 4 h.-5 h. The arithmetic mean
of these two values, 7.c., -|- 80, appears in Table LXXII at 4 h. in the column headed
“max.—min.” in V. The corresponding entry in the column headed “ Inequality »
in V is got as follows : The entry under 4 h. in Table XIX in the diurnal inequality for
the 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 = -}- 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 I 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. That is not 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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Tapie LVIII—

1911,
Day.
Feb. Mar. April. May. June. July. l Aug. ‘ Sept. Oct,. Nov. Dec
14 4 e

1 — 619 199 352 15] 2%9 lgﬁ 1%2 gS 254 éi3
2 — 254 243 173 139 247 88 (113) 139 139 273
3 — 206 174 125 109 622 161 63 107 3b6 266
4 — 253 173 5 48 140 168 29 119 360 212
b - 389 192 127 326 142 142 106 122 228 156
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 b3 93 177 113 215
9 268 207 518 102 63 180 67 96 208 308 132
10 378 147 238 147 375 94 75 109 166 397 103
11 163 87 248 226 (156) 304 68 139 467 232 21
12 206 156 254 347 | (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 b8 484 186 b7 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 (bb) | 334 134 318
20 226 232 339 250 123 253 236 345 307 429 229
21 293 488 510 372 171 109 77 297 180 272 203
22 604 409 379 218 250 211 53 442 201 188 165
23 586 491 271 126 178 127 181 364 196 129 179
24 525 341 184 118 (119) 47 523 198 234 169 179
25 299 427 219 59 b7 123 291 103 179 156 168
26 438 407 225 148 31 60 223 104 204 306 335
27 275 492 165 231 40 71 240 164 106 186 381
28 448 447 (254) 204 63 223 294 137 201 216 323
29 — 308 (231) 146 144 311 148 113 121 154 186
30 — 214 316 61 36 197 126 (41) 134 204 146
31 — 218 — 268 — 213 266 — 108 — 246
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Absolute E’ Ranges.

1912,
Jan. Tob. Mar, April. May. June, July. Aug. Sopt. Oct. Nov.
Y Y d Y Y Y Y e Y ? 4
“13) | 182 165 64 84 232 124 323 106 | (288) | 206
213 233 164 Y 127 215 (63) 94 . b6 (102) 203
242 241 93 130 187 252 (3b) 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 2566 37 66 83 (74) (241)
256 294 187 123 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)
1563 126 154 231 59 (23) 127 43 60 259 361
260 338 90 270 74 (48) 71 294 76 199 (279)
292 (281) 86 208 44 H8 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 b7 110 139 105 110 _—
174 139 186 1563 58 46 64 252 151 98 —
327 166 (107) 76 24 45 83 228 158 114 —_—
219 184 (94) 131 27 110 38 243 290 113 —_
184 (183) 78 98 47 b7 45 150 210 135 —
173 — (95) 84 69 37 123 126 82 122 —
168 — 126 B 38 160 128 133 132 (161) —
143 — 107 b3 84 179 H1 136 76 155 —
373 (164) 121 39 35 164 74 117 60 1171 —-
179 — 232 b7 48 145 84 128 95 107 —_—
163 — b7 —_ 121 — 103 93 — 131 —
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1911,

TaBLe LIX.—

Day.

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

1 — 323 112 297 298 200 81 158 43 88 196
2 - 215 245 115 247 314 73 (bl 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
b 374 255 154 71 (229) 82 181 101 92 179 83
6 332 285 99 116 192 72 180 71 99 217 149
7 357 198 114 290 199 267 9 128 147 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 n1 169 162 280 68
11 174 54 408 198 (119) 229 H9 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 2317 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 93 467 166 80 294 511) (H3) 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 no7 H16 411 169 263 186 47 372 161 138 132
23 417 368 342 57 169 186 13 181 126 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 |22 | — | 191 | 195 | — 103 | — | 241
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Absolute S’ Ranges.

1912,

Jan, Teb. Mar, April, l May. , June. l July. Aug. Sept. Oct. Nov.

7 Y Y Y 4 g Y Y Y 4 Y
(198) 119 127 72 101 146 126 221 114 (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 b8 (163)
109 58 170 © 225 162 (15) 116 (94) 70 74 (128)
164 199 371 96 143 195 112 b9 101 147 145
130 136 199 65 68 412 115 65 154 109 (125)
172 235 175 269 105 229 57 76 127 (44) (208)
142 220 235 60 30 1567 T0 n3 90 (109) 338
266 160 131 97 300 126 29 24 157 77 217
337 188 107 102 382 bl 24 45 85 (216) 1556
253 202 68 b)) 184 GY 32 102 102 187 (62)
207 175 109 317 150 78 48 92 () 336 (82)
145 109 93 258 61 (1n 68 44 109 210 219
151 234 () 208 85 (54) 40 2567 H6 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 b3 273 125 142 e
129 229 (65) 114 23 116 48 111 351 118 e
174 (212) 68 96 28 111 46 135 265 126 —_

91 — (1 47) 118 63 69 70 91 74 99 e

82 — 111 69 61 1563 141 146 85 (131) e
102 — 82 61 hly) 96 76 109 59 142 —
135 82 | (70 42 54 125 1 148 55 119

95 — 147 89 73 88 52 98 93 69 e
119 - 61 | 72 ——— 126 92 e 128 —
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TasLe LX.—

1911
Day.

Feb. Mar. April, May. June. July. Aug. Sept. Oct. Nov. Dec
4 7 7 7 Y Y 14 Y 14 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 4 h8 94 231 108
11 165 BT 96 46 (85) 313 37 65 | 143 130 331
12 150 48 111 131 (299) 133 33 (90) 122 130 2064
13 129 49 (145) 39 152 74 90 126 99 207 155
14 244 149 (47) 66 135 48 48 115 98 188 188
15 171 120 48 236 76 53 61 48 5 217 210
16 (141) 1564 87 427 H2 45 92 165 b2 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 b3 169 32 (45) 130 112 160
20 118 363 160 117 79 191 86 257 148 194 154
21 156 197 125 419 h8 H4 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 61 148 106 89
26 240 157 79 124 22 32 133 b7 (163) 116 190
27 188 339 81 108 23 33 86 b4 (66) 109 213
28 178 254 (175) 68 bl 286 155 65 96 107 169
29 —_ 171 (135) 42 - () 140 5b (3] 67 122 135
30 —— 145 310 36 40 128 67 (60) 105 163 97
31 —_ 108 — 124 — 264 146 — 64 —— 275
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Absolute V Ranges.

1912,

Jan, Feab, Mar. April. May. June, July. Aug. Sept. QOct. Nov.
4 Y Y
—_— 153 97 38 39 1387 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
133 136 151 81 (38) 24 134 39 81 (85) 71
178 126 b4 13 372 30 305 26 Vi4 (68) 91
167 71 90 117 328 35 106 (55) 79 57 | (118)
85 101 96 108 109 20 111 (59) 47 62 (107)
150 170 183 81 109 126 39 37 b1 63 135
115 115 173 72 b 170 b3 40 61 79 87)
110 87 123 166 1 110 40 46 46 (46) (223)
132 206 144 89 23 82 31 38 69 — 275
165 107 103 44 119 80 16 13 83 113 190
226 191 90 65 311 40 17 23 65 109 108
217 153 79 60 198 47 10 42 91 149 47)
194 122 71 163 65 44 30 44 55 162 (32)
159 129 82 356 39 (15) 104 25 43 99 308
167 119 73 192 51 (35) 28 95 50 103 (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 66 79 43 12 67 65 86 83 —
110 111 76 36 22 27 62 90 63 122 -
136 64 103 93 36 36 39 95 81 87 —
228 87 - 63 15 41 43 106 109 140 —
97 168 —_— b4 17 53 20 92 210 b7 ——
184 — — 76 26 h8 30 69 138 86 —
84 — (95) 55 49 24 55 65 67 83 -
72 — 73 50 29 162 63 89 56 (76) o
85 - 56 b3 29 95 b2 99 45 100 e
229 —_ 63 67 25 83 30 %} 52 91 -
117 — 73 25 42 73 38 b6 59 83 -
135 — 46 — 47 —_ 56 41 — 94 —_
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TaBLE LXI.—Absolute Daily Ranges.

1911. 1912,
E s’ v E’ i Vv
Month.
A 3|23 83181213132 |3]81213]58
v vy |y v | v v v v v v v v v v v Loy
January .| — | — | — | — | —| — | — | —| —|2311622| 118|164 ] 337 | 82| 145 | 229 | 72
February .| 35656 | 604 | 163 | 335 | 594 | 170 | 190 | 259 | 129 | 189 | 338 89 | 153 |(237)] 68 | 127 | 206 64
March ....| 287 | 519 87 | 262 | 567 54 | 169 | 363 48 | 138 | 293 b7 | 126 | 371 43 80 | 183 20
April.... ....| 266 | 518 58 1 275 | 652 48 | 150 | 394 48 | 131 ¢ 311 309 1 132 | 317 42 01 | 3568 28
May ... ...| 205 | 602 59 | 163 | 344 67 | 119 | 427 36 | 114 | 379 24 | 112 | 438 16 82 | 372 16
June ...| 146 | 375 31 | 149 | 298 34 92 |(299)] 22| 121 | 2566 26 | 109 | 412 19 71 | 170 12
July ... .| 188 | 622 47 | 175 | 466 44 | 128 | 453 32 95 | 321 25 90 | 312 24 60 | 306 10
August ....| 166 | 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| 731210 38
October ....| 191 | 467 68 | 158 | 341 43 97 [(163)] 36 | 159 | 366 63 | 128 | 336 51 93 [(172)] 52
November ...| 247 { 452 | 113 | 175 | 471 75 1 136 | 231 79 | 209 | 361 90 | 170 | 338 71 | 149 | 308 71
December .| 260 | 727 [ 103 | 180 | 434 | 06 | 182 | 361 | 89| — | — | — | —| —| —| —| —| —
Mean .| 224 198 131 150 129 05
TaBrLe LXII.—Ratio (Absolute Range)/(Inequality Range).
1911. 1912,
Mean of
Month. Means,
E’ 8’ Mean. E’ 8’ A Mean
January... — — — — 215 1-96 201 2:04 204
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 245 2-07 253 2-35 2-94 263 2-41 2-43 2-39
May 2-85 2-11 3-03 2-66 273 2-36 2-5b 2-54 2-60
June 2-4H 2:48 2-41 2+45 2-93 300 2-47 2-80 2-63
July 3-06 2-58 2-13 2-79 2-57 2-59 2-94 2:70 274
August ... 227 2-38 2-33 2-33 245 249 2-71 2:56b 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+0b 207 2-10 219 2-09 2-13 2:10
November 1-98 1-86 2:08 1-97 2+16 217 2:16 2:16 2-07
December 2:78 1-91 2-21 2:30 _— — _— C— 2°30
Mean ... 241 2-19 242 2-34 284 2-32 2-32 2-33 —
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TasLe LXIIT.—E’ Ranges.

Number of Days when Range between Limits stated.

0 to 50v. 50y to 100y, | 100y to 150y. | 150y to 2007. | 200y to 250v. | 250y to 500y. | Above 500y,
Month or - —_- — -
Season. . Z . . 4 . g . gl . . gl . . g . &
Slgmgig| g leag|z|dlagis|d|ag|c|d 32 |g|~2|2 |88
22| M|z | Rz Hla|a) Hlez | Hlae] Xl e ™
2
January (30) l—1 0 0| — 0 0| — | 6 6| — | 8 8| — | B 65| — {10 20—} 1 1
Tobruary (44) ..} ol o} o}l o] 1| 1| o} 8] 8! v| 5] 6] 2| 5} 7(15] 4| 19| 3| 0! 3
March (69) 0] 0 0 2 9 11 311 10 1110 11 6 1 7118 1 19 1| 0 1
April (56) ... 0 2 20 2 12 14 1| 6 71 6] 4| 10 7| 3,10} 8 3} 11y 2| 0] 2
May (61) ... 0| 8 8| 4 10 14| 91 & 14| 8] 3 6| 6 1 7 8| 3 11 1{ 0 1
-June (55) .... 5i b 10} 4 11 15 6| 2 8| 1 3 10| 21 4| 61 3 3] 61 0] 01 O
July (60) ... 1] 9| 10| 7 8 157 7] 9] 16| 3 1 4] 6| 1| 7] 6 1 71 1] 011
August (60) 0| 4 4|12 10 22 6| 9 51 61 0 5| 4 21 6| 3| 4 7 1{ 0] 1
September (55) 1 0 1 4 11 15110 9 19| 5| 6 11 0| 2 2| &5} 2 71 01 01 O
October (55) 0| 0 0| 2 b 1 9| 9 18| 8| 4 127 6§ 31 94} 6| 3 91 0] O} O
November (40) 0j 0 0 0 1 1} 41 1 5| 7] 2 o 7] 41112} 2{ 14] 0} 0] O
December (31) 0 — 0) 0| — 0] 4| — 41 7| — 70 7T -7 7112 — 12 1{—1 1
Year (606) 7|28} 35|37 | 78115 |59 |71 {130 |63 |46 | 99 | 53 |31 |84 |96 3613210 111
Winter (236) 6|26 32|27 30| 66 [ 28|26 63 (18| 7| 25 118} 8262011 31 3/ 0| 3
Equinox (225) 1 2 3|10 37| 47|28 |31 64 120 | 24 f 44 10| 9128 |37 9| 46| 3| O 3
Summer (145) o 0 0] 0 2 2| 8 (16| 2316|156 30 16 /1413039 16| 66| 4| 1| &
TaBLe LXIV.—S Ranges. Number of Days when Range between Limits stated.
0 to 50y. 50y to 100y. | 100y to 160y, | 1560y to 200y, | 200y to 250y. | 250y to 500y. | Above 5007.
Month or | -—— SIS R — — e s
Season. @ 4l % ¢ g 2]
I S PO T - T TP~ B T BN T (PR~ I N I ) I S N T POR - RS BN AR B I - I PO
518" 5 8 |78 B B ME|E B TR|E|ERE|E|NE BB
January (30) — | 0 04— 3 3| — |12 12— 8 §|—| 4} 4| —| 3 3|—| 0] 0
February (44) 0] 0 0] 0 4 41 03 8 81 2| 6 81 41 61 9112 0] 12y 3| 0} 3
March (58) 0 1 1 4 10 14 2110 12| 4] 3 7 b 1 6114 2 16| 2| 0 2
April (56) ... 1 1 2 1 16 16 31 b 8| 4 1 b 4| 3| 7|12 & 17 1 0f 1
May (61) .. 0| 6 610} 13| 23| 4| 5 9 7] 3| 10} 6| 0] 5 6 3 81 0y 0| o
June (52) ... 4| b 9 4 9 13 6] 7 131 6| 38 g1 3 1 4| 4 1 51 0 0} O
July (60) ... 3| 8] 11y 6| 10} 16| 6| 8| 13| 9| 2| 11| 4| 0| 4| 5| 1 61 07 0] 0
August (60) 4| 4| 8| 7! 1| 18| 8 9| 17| 8| 1| ofl 1| 2| 3| 3| 2| 5| 0] o0l o0
Septemboer (55) 1| 2] 3y 7| 11}y 18| 6|9 15| 6| 4| 10| 2! 1] 3| 3| 3| 6|ololo
October (54) 1 0 1 7 8 15 7110 17110 3 13 3 1 4| 3 1 41 0, 0 0
November (40) 0| 0 0| 6 2 81 9 2| 11} 7] 2 9] 31 31 6 51 1 6| o 0 O
December (31) 0| — 0 4| — 41 9| — 91 90— O 3| — | 8| 6] — 6} 0] —1| O
Yoar (601) J14 127 411566 0611561 [ 569 (85| 144 |71 {36 {107 {37 |21 |58 |72(22| 94| 6| O| 6
Winter (233) Jrn 23| 34|26 43 06923129 210201 O 88131 311617 7 241 0] 0 0
Equinox (223) 3| 4 71190 44 63 118 [ 34} h2 ] 2411 I 140 6120132111 4231 3] 01 3
Summer (145) 01 0 0|10 9 | 19 [ 18 122 40 | 18 116 | 34 | 10 | 12| 22 } 2 4| 27 31 0 3




TasLe LXV.—V Ranges. Number of Days when Range between Limits stated.

0 to 50v. 50y to 100y. | 100y to 150y. | 150y to 200y. | 200y to 260y, | 260y to 500y. | Above 500+.

Month or " i ; . " P 3
Season. ©. A 4 . & 1] z z
Sl Bl g e |2 g (2 (s|E (2 a|8l2(a|8 (g8
22|22 lq |22 | |El2 |~ |82 |~ |BIB]S|BIE]Q

January (30) =1 0 0| — 5 5/ — 13 13| —| 8 8| — | 4| 4f—] 0 of—1tf 0] O
February (45) ... 0! 0 O} o 5| 5| s5|11| 16|10 6] 16| 3{ 1| 4| 4 0 4| 0! ol 0
March (59) 3l 4| 7) 4] 17| 21| 8| 4| 12| 7{ 3| 10| 3| 0, 3/ 6] 0| 6| 0| o0jo0
April (56) ... {1 6| 78 16| 24( 7{ 4] 11| 5| 3| 8/ 0/ 0] o| 5| 1| 6| 0] 0] 0
May (B1) ... | 9]17( 26| 6| 6| 12/10{ 3| 13| 1| 1| 2| 3| o] 8| 2{ 3| 6| 0| 0] 0
June (55) ... {714 21]1w| 7| 17| 4| 4| 8| 4| 3] 7] 10l 1j1lo|l 1fo0!lo] o0
July (59) ... J 7116} 22 8] 9] 17| 7| 4| 11] 3 0| 8] 0] 0] 05| 1] 6| o] o|o
August (60) J 913 22]186| 13| 29| 4| 2| 6| 1| o] 1] ol ol o] 1| 1| 2| 0| 0| O
September (54) ..) 6| 7| 13|11 19 30| 3| 3| 6] 1) o} 1| 2] 1{ 3] 11 0| L[ o] O] O
October (52) 20| 2l 17| 31|12 6| 18] 0| 1| 1] 0o of o ol of of of of o
November(39) ... 0 0| o 4{ 3| 7{17| 4{ 21| 4{ 1| &| 4{ 0| 470 2/ 2. 0| 0 0
December (31) .| 0| — 0| 4| — 4! 6| — 6112 | — | 12| 4| — | 4| 5| — 5] 0| —1] 0O
Year (601) .44 {76 | 120 |85 | 117 | 202 | 83 |58 | 141 |48 26| 74 | 20| 6|26 |30 8] 38| 0| o] ©
Winter (235) 432 50| o140 35| 75|25 13| 38| 9| 4| 13| 4] o] 4| 9| 5| 14| O] 0} O
Equinox (221) .| 12 |17| 29|37 ] 69 |106 |30 |17 ] a7 |13] 7| 20| 5| 1| e}12] 1] 13| 0] 0] 0
Summer (145) 0/ o] o) 8 13 21|28 |28 | 56 |26[15] 41]11| 5(16| 9] 2| 11| 0f O] ©
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TasLE LXVI.—Incidence of Daily Maxima in E’ (Time of 180> E).
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TasLe LXVII.—Incidence of Daily Minima in B’ (Time of 180° E).
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TaBLe LXVIII.—Incidence of Daily Maxima in S’ (Time of 180° E).
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TaBLe LXIX.—Incidence of Daily Minima in §' (Time of 180° E).

Days
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TaBLe LXX.—Incidence of Daily Maxima in V (Time of 180° E).
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TasLeE LXXI.—Incidence of Daily Minima in V (Time of 180° E).
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TaBLe LXXII.—Frequency of Max.—Min. and Inequality Data as Percentages.

Hour B 8

(Thim of

180° E). Max.—Min. Inequality. Max,—Min. Inequality. Max.—Min. Inequality.
1 + 18 + 14 —110 —131 4-178 +147
2 + 4 — 11 118 --138 4106 -+ 147
3 - 14 — 34 --126 —132 -+ 92 +121
4 — 24 — bb -106 —125 -+ 80 -4~ 86
5 -— 40 — 83 -~ 98 --110 -+ 48 -+ 456
6 -- 80 —106 — 88 — 89 + 9 4+ 2
7 119 ~-120 -— 61 — BT — 31 — 27
8 ---172 -181 - 2B -~ 23 — 47 - 47
9 --232 -~146 — 1 -+ 10 — 81 — B3
10 213 ~-152 4 24 +- 41 —187 — 87
11 —148 —142 -+ 66 -+ 86 —246 —142
12 — 90 --113 -+-126 -4-115 —238 —170
13 - 47 - 80 4168 41560 —180 - 181
14 —- 16 — 28 ~+-207 —+177 ~-103 -173
15 }- 30 + 36 4230 --182 — 62 —147
16 +4-100 -+ 97 +-182 +171 -~ 16 —108
17 +165 1143 4120 4137 + 22 ~ B4
18 188 +-163 + 62 -+ 93 -+ 33 — 12
19 -+-210 -+-181 + 10 -+ 34 + 49 -+ 29
20 +196 -+4-173 — 21 — 11 -+ 13 + 67
21 --137 150 — 15 — Bb + 74 -+-109
22 -+ 77 +121 --104 - 97 -+ 76 -+136
23 -+ 39 4 77 —123 —111 +-136 -+1563
24 -4 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 LXXTII, p. 145. The letter 4 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 114 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 O 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.

111
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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 LXXIII, 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.

Tt 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 LXXIII, are periods which show
in Table LXXIV a sequence of high international * character” figures. The
international figures for the beginning of February, 1911, are less prominent while still
substantial, but those for December 17-22, 1911—the last 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—i.c., the Nuropean 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
LXXIIT 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 0-8, 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 0:3 ; 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.

Section 38.—Table LXXV, p. 147, containg 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 “ — 7 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 wag missing, which may have prejudiced the award of the Antarctic figure.

Of the 106 international quiet days to which Antarctic ““ character ” figures were
assigned, 57, or fully the half, got a 0, and only four got a 2. In all four cases the Antarctic
curve wag 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 Anfarctic 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 LXXIII. 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 n is meant a representative day, whether one of the five monthly
days representing the presence of disturbance, or one of the five international quiet
days representing the absence of disturbance. For the investigation embodied in
Table LXXVII, 1911 supplied 55 days of either type, and 1912 supplied 49. Of these
104 days, 40 belonged to the winter, 39 to the equinoctial and 25 to the summer months.
Taking for illustration the 55 representative disturbed days of 1911, the sum of the
‘“ character ” figures allotted to the Antarctic curves on these days amounted to 106.
The sum for the 55 days which immediately preceded them, amounting to 76, appears
in the column headed » — 1 ; while the sum for the 55 days which immediately followed
the selected days, viZ., 98, appears in the column headed # + 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 n — 2 to
n -I 2 suffice to give a good idea of the ¢ primary pulse ” of disturbance, and columns
n - 25 to n -4 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 » — 2, n — 1, n 4- 1 and » + 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
n -+ 1, and again in the columns » — 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 » -- 1 are exceptionally high as compared with those in column n — 1. This
may perhaps be the reason why the secondary disturbance pulse in its turn is a little
asymmetrical. In the results for the two years combined the maximum values fall in
columns # -}- 27 and n -}- 28, but the entry in column # -- 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 »

L3
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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 n - 27 means
that the 27th day after a highly disturbed or a specially quiet day has a tendency to
be of the same type. This peculiarity is shared, but to a minor extent, by days which
are adjacent to the 27th and 28th days. The phenomenon is what we should get if
magnetic storms and specially quiet times both tended to return after an interval of
about 27 days. The more often the return came off the more prominent would be the
secondary pulse.

If 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 LXXVIIT shows the realization of this anticipation.

Selected days from February, 1911, could obviously not be used for Table LXXVIII
because January data would have been required for the previous pulse, and equally
selected days from November and part of October, 1912, could not be used in Table
LXXVII because the data for columns n - 27, &c., would not have been available.
Still the primary pulses in the two cases were sufficiently alike to make it unnecessary
to include a primary pulse in Table LXXVIII. The secondary pulse appears as clearly
in Table LXXVIII as it did in Table LXXVII. Its crest appears on day n — 26.

To enable 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, n and n -+ 1 of Table LXXVII over the corresponding
quiet day results are respectively 45, 136 and 93. Now (45/136) X 100 is 33, while
(93/136) X 100 is 68. Thus 33, 100 and 68 are the entries in columns n—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 contemporancous 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 HKskdalemuir curves were
not so casily dealt with. There, as at the ordinary Kuropean station, V is much less
disturbed than the components in the horizontal plane. At times, it is true, V at
Kskdalemuir shows very large disturbance, but when this happens the other elements
are also highly disturbed-—though the converse is not equally true. Thus for our
present purpose the V traces need hardly be considered. The plan adopted was to go
through the Hskdalemuir 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 LXXXT 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. 1t 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 liskdalemuir. Consider, for instance, the
results for February,1911,in Table LXXXII. 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 10 h. 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 30, 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 20 h., 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 LXXXIII, p. 153, shows in like manner the frequency distribution of 2’s at
Eskdalemuir. The number of 2’s awarded in the 22 months was 1,302, or 8-2 per cent.
of the possible, a much smaller percentage than in the Antarctic. In January and
February, 1912, little over 2 per cent. of the hours got 2’s. In spite of the comparatively
small number of 2’s in Table LXXXIII a diurnal variation in their distribution is clearly
shown in both 11-month sums. As in the case of the Antarctic, it is generally similar
to the diurnal variation shown by the mean ‘ character ” figures. It is, however,
more intensified, and the maximum seems somewhat later in the day. The frequency
of 2’s during any afternoon hour subsequent to 15 h. is large compared with that of
any forenoon hour after 5h. The risk of encountering a highly-disturbed hour during
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the abgolute 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 LXXXIV, p. 154, shows the incidence of ‘ character ”” 0 throughout the day in
the Antarctic. The total number of hours awarded a “0” during the 22 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 9 h.
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 5 h. 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, i.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
ghowing 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 Hskdalemuir, 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 Hskdalemuir than in the
Antarctic. Whether the secondary maximum between 6 h. and 8 h. is a true one is
open to doubt, but the fact that it appears at both stations carried some weight. In
the Antarctic the principal minimum would seem to occur at this season between 10 h.
and 13h. At Eskdalemuir it is not clear whether it occurs near 10 h. or near §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 10 1., 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 Eskdalemuir 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.
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TasLe LXXIII.—Magnetic ““ Character ” Figures (Days of 180° E).
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TasLe LXXIV.—Magnetic  Character ” Figures (Greenwich Days).
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TaBLe LXXV.—Antarctic “ Character’’ Figures on International Disturbed and Quiet

Days.
Dates of the Antarctio ““ Character’ Figures.
Month.
8 Disturbed Days. 5 Quiet Days. Disgxr;b‘;}:ie ]ga.ys. On the § Quiot Days.

1911.
February ... 21321 |22 23|11 |12 (15{19|20{2 222|231 {1]1}]1]0O
March J2 (121232526 (10111217 (1812 (2(|2;2|2|0(0|0]|1{0
April 8 9116117130 5131411512622 |212|20}~]0j1 1
May... 7114115116 | 31 1 4113|122 |24|12(2|2(2]2|]0]0]0]1]0O
June 4 b 9110 11 3117118119125/ 172(1(2{1]1({0;0(0]O
July... 1171191281291 13 |14 (15 (1626 (2(1]|2({2|2|1({1|0]1|0O
August 19123124126 26 7 8l10|11129121212}2}211)0j1}]071
September...| 16 | 19 | 20 | 21 | 22 2 31425 (26(2(1|272]|2|1]0]|1]}0 1
October 9110711117118 1 61623 (28 (22 (22200 /2|11
November ... 3 9113|1416 1 7122123 /242121222 |1}j1|1|1]1}
December ... 6 | 11 | 17 | 26 | 31 2 gl21({22123(212(2{2}2;2(0(2(1}2

1912.
January 11 112 |13 | 17| 22 211616 26|27 |1|2(2|2j2 1j1i1]|1]0
February ... 012 |13 16 117126 6| 6|16({20}21{2{1{1{2|—{0j1}{1{1j0
March 7 8 9121129 411711811924 |1(2|1|1]1{0|0]O0]0O|1
April 5 6110|1516 1 8|11 |21|28|2|2|212|2,0|0{0]|0]0
May... b 611213 | 14 11672 (23 (26 (212212100 {0(1
June 1 8 9110281 & 615192 1{2(2{2(2]1y0{110(0}0
July... 3 4 5278 |10{11;12 (1524 (|1(2({2|1[1]|]0}j0]|0|0O|O
August 1 61819 |22 4 8112 |13|26{1{1|2(2(2,0]0(0}0]|1
September.... 4 [ 17|18 | 23 | 24 2116|1627 ]28]1/2(2(1]2|0({0(1]|0!0
October S 1111 (1314116 2 pl18 1931 (2211122 {1|1|1({0f1
November ...| 10 [ 11 | 14 | 16 | 22 3112121129 (30(2|2|— 2 |—|1 |1 |~|—]—
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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. | * Charactoer” Figurcs.
Digt. All | Quiet | Dist. All | Quiet | Dist. All | Quict | Dist. All )} Quiet
Days. | Days. | Days. | Days. | Days. | Days. | Days. | Days. | Days. | Days. | Days. | Days.
January N — — — — — (0-98(0-42)0-02|1-8 [ 1-2608
February . 146 10-89 | 0:36 | 2-0 1-64 | 0-8 1-:02 | 0-49 | 0-12 | 15 1:00 | 0-6
March ... 4 1-4810.78|0-08]2*0 |1-26|0-2 |1-08|0-45)|0-02|1-2 |0-83|0-2
April ... .| 1-48 1 0-76 | 0-14 | 2-0 1-28 | 0-5 1-12 | 0-45 | 0-08 | 2-0 | 0-73 | 00
May . 1-28{0-70{0-16 |20 (1-23{0-2 [1-180-4710-10|1-8 {0-771{0-4
June 4112 1 0-63 | 0-04 | 1-4 1-:00 |02 {0-980-47]|0-08]|1-8 |0-:86]|0-2
July . 1-26 | 0-61 | 0-12 | 1-8 1-32 ] 0-6 1:06 { 0-41 {0-02 | 1-4 {0-70 |00
August 41:30{0:53 01020 |1-06 )06 1-12 1 0-49 | 002 | 1-6 1.:03 )02
September ./ 1-30 | 0-50 | 0-06 { 1-8 | 0-97 | 0-6 | 1-22 | 0-47|0-02 | 1-6 | 0-97 | 0-2
October ./ 1-30 {0-59 | 006 | 2:0 1-26 { 0-8 1-20 | 0-46 | 0-02 | 1-8 1-2310-8
November 1421049004 |1 20 |1-47]1-0 1-06 | 0-45 | 0-00 | 2-0 | 1-63 | 1-0
December ./ 1-30 | 0-45 | 0-08 | 2-0 [1-48|1-4 — —_ — — — _—
Means ... 1-34 {062 | 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 24+l | 242 | #4286 | 428 |n4+27 | n4-28 | 2429} n430

Disturbed and asso-
ciated days— ’
1911 (55 days) ...] BB 76 | 106 98 88 63 72 83 90 8| 76

1912 (49 ,, ) 44 58 81 72 b3 48 55 64 57 66 45
Total (104 days) o 99 134 187 170 141 | 111 127 | 147 | 147 141 {121
Quiet and associated

days—

1911 (65 days) ... 67 b4 35 46 66 65 )] 47 54 67 | 74

1912 (49 ,, ) 42 35 | - 16 31 44 37 41 41 44 49 | B0
Total (104 days) ... 109 89 bl 771 1101 102 91 88 98 | 116 | 124

Disturbed and asso-
ciated, less quiet
and associated—

1911 (65 days)  ...| —12 | +22 | 471 | 452 | -}-22 | — 2 | 4-22 | -36 | 36 | 418 | -2
1912(49 ,, ) .|+ 2| 423|465 | 441 |+ 9| 411 | 414 | 423 | +13 | + 7 | —b
Total (104 days)  ...| —10 | +45 |+136 | +93 | 481 | + 9 | +36 | +59 | +49 [ +25 | —3
Winter (40 days) ...| + 3 | 425 | 457 | +41 | +20 | + 6 | 423 | 4-32 | +23 | 414 | 42
Equinox (39 days) ...| — 6 | +16 | 455 | +39 | +15 |+ 5| 4- 9 | -+20 | +17 | 4+10| o
Summer (25 days) — 7|+ 4|24 +13| —4] —-2[4+4 ] +T|4+9 4+ 1|5
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TaBLE LXXVIII.—Antarctic “ Character” Figures. Sums on
Associated Days.

Day. n-30 | #—20 { n—28 | n~27 | #—20 | n—256 | n-24

Days associated with disturbed dnys~

1911 (50 days) cee . 49 51 67 79 84 80 69

1912 (56 ,, ) .| 61 b6 bb 67 70 67 hHi]
Total (105 days) .. 110 107 122 146 154 147 124
Days associated with quiet days— .

1911 (50 days) 64 60 54 48 41 bl 61

1912 (85 ,, ) . b 5 41 49 49 47 52
Total (105 days) . 121 111 101 97 96 98 113

Days associated with disturbed, less days
associated with quiet days——
Total (105 days) e v =11 —4 | 421 | 49 | B8 | +49 | +11

TasLe 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.

N ' n»—l' N w1 n+-2 ’1;—!—'25 w26 w427 04281 a-1-29{ w430

(11911 | —17 | 481 |4-100 | 473 | 431 | — 3| 4-31 | 4-B1 | b1 | 425 | 43
Antarctic 1912 | 4 3| 435 [4-100 | 4+-63 | +14 | --17 | 421 | }-35 | 420 | +11 | —8
Figures

& Mean| — 7 | 433 |4100 | +68 | 4-22 ) 4 7| +26 | +-43 | 435 | 4-18 | —3

(11911 | + b | 446 [4+-100 | 449 | + 9 | +14 [ +-35 | 447 | 436 | +11 | 41

International 1912 0] +42 (4100 | +47| — 8| 4+ 7| +21 | 430 |+ 8| — 6| —T7
Figures —

& Mean | 4+ 3 | 444 {4100 | 448 | 4+ 1 [ 411 | +28 | +89 | +22 | + 3 | —3
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TasLe LXXX.—Antarctic Hourly ‘ Character ” Figures (Day of 180° E).
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TapLe LXXXI.—Eskdalemuir Hourly ¢ Character > Figures (Time G.M.T.).
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TaBLe LXXXII.—Number of Occurrences of ¢ Character ”
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TaBLE LXXXIIL.—Number of Occurrences of ‘ Character ’ 2 at Eskdalemuir
(Time G.M.T.).

Days
used.
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TasLe LXXXIV.—Number of Occurrences of ¢ Character ” 0 in the Antarctic
(Time of 180° E).

¥91

Hourendingat [l h. {2h. {3bh. {4h. |5h. {6h. |7h. |Sh {9h [10h] 11 h|12h.| 13 h.[ 14 h.[ 15 bh.[ 16 h.{ 17 h.]| 18 h.| 19 h.| 20 h.{ 21 h.| 22 h.| 23 h.| 24 h.{ Mean, UDSZ{IS

1911,
February ... 2 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 3 1 2 1 1 0 07|26
March w11 91 11 7 8 7 5 1 2 1 2 1 3 7 7 8 8 7 8 8 6 St 10| 10| 6-5| 31
April .... 5 9 8 6 3 3 4 5 2 2 2 2 3 3 2 2 3 4 9 7 4 7 10 8 4.7 | 26
May ... .1 7 6 5 9 10 10 5 3 7 8 9 8 10 7 10 10 7 6 10 13 13 10 7 8-4 | 31
June ... W 10 11} 13§ 16| 15| 14| 10} 10 5] 11 9 12 11} 12} 11| 12 7 8 9 8 10| 10 9 13 10-7 27
July ... .1 9 9 5 6 4 35 7 5 5 10 8 g9 10 g ] 9 9 5 6 6 8 8 9 7541 30
August ol 12 12 10 10 9 8 11 9 7 7 10 9 7 10 12 7 11 10 9 8 6 14 10 12 9-6 | 30
September ... 8 9 9 7 6 7 5 5 4 4 5 2 3 7 7 8 6 ki 6 8 10 7 10 11 6-7 | 25
October . 18 11 13 8 6 3 3 5 3 1 2 2 3 4 3 10 8 8 7 8 12 10 11 10 7-0 | 31
November ... 6 4 3 2 2 0 1 0 0 2 3 1 4 3 91. 7 5 7 11 12 10 14 11 11 5-3 | 30
December .| 13 5 6 1 2 0 0 0 0 0 0 3 3 6 61 10! 12 10 7 700124 121 124 11| 3-71(31
Total—

11 months....} 104 89 90 67 66 56 54 47 31 40 51 49 56 72 73 83 80 78 80 83 91 | 104 | 102 | 102 — —_—

1912.
January 5 3 2 2 1 0 (1] 0 ] 0 0 2 2 1 3 7 4 7 5 9 13 10 8 5 3:7131
February ..[ 7 6 3 3 3 2 0 0 1 0 0 1 2 2 0 1 2 5 8 5] 10 9] 11 9 3-8(25
March .11 13 13 10 9 8 5 1 2 2 3 3 3 6 5 7 9 16 12 14 14 11 13 13 8-5 | 28
April ... O A 8 { 10 12 10 12 10 6 3 9 6 4 4 4 8 8 11 16 15 12 14 12 10 14 9 9-6 | 28
May ... e 12 14 11 10 8 9 9 10 6 9 14 12 11 11 12 14 11 13 14 14 13 13 18 13 | 11-7 { 30
June .... . 14 10 10 11 14 12 10 8 4 7 9 11 14 10 12 13 14 11 8 8 9 12 10 121 10-5 4§ 28
July ... ] 14 12 10 8 9 10 8 9 9 9 16 13 13 9 11 12 11 12 11 10 13 16 | ‘14 14 | 11-4 | 25
August el 11 12 11 11 10 8 6 5 4 2 4 6 4 7 6 6 5 7 10 12 12 15 14 15 8-5 | 28
September ...\ 101 10 7 91 10 8 4 2 2 2 1 0 4 5 7 6 6 8 9 9 8| 13| 12 11| 6-8| 27
October 5 6 5 3 2 2 0 1 0 0 1 1 0 3 1 3 3 3 8 5 9 10 10 8 3-7 1 22
November ... 1 2 1 1 0 0 0 0 0 0 0 0 0 1 0 1 1] (1] 2 3 3 1 2 2 0-8 9
Total— | (; :

11 months....| 101 98 87 78 78 69 48 39 37 37 52 l 53 i 57 63 65 81 81 97 99 {1 103 | 116 | 120 | 126 | 111 — —

i |
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TaBLE LXXXV.—Number of Occurrences of ¢ Character” 0 at Eskdalemuir

(Time G.M.T.).

i

i

Hourendingat|{ 1bh. {2h. |3h. {4h. |5h |6h |7Th. {8h. {9h {10h /11 h]12h{13h|14h|{15h.|16h|17h] 18 h|19 k.l 20h.{ 21 h.| 22 h.| 23 h.| 24 h. Mean.uD;%s

1911.
February 2 9 9 9| 14 12| 11 9 6 6 5 1 4 5 5 81 10 8 7 8 5 6 5 5| 7-21]28
March 10 14 15} 15} 16 15| 14 14 14 14| 14 91 10 91 10 91 11 11 13 12| 14 13| 12} 10| 12-4| 31
April .... 9 11 14| 12} 15 16| 15 16| 14} 17 13§ 12 8 2] 10 9 71107 11 94 11 13 11 9| 11-8 | 30
May ... 13 16| 14 14§ 21 17 12 16| 16 16 10 9. 16 9 4 4 10 8 8 9 9! 12 11 13 { 12:0 | 31
June ... 16| 15} 15| 18 181 18| 15| 15} 19} 19 16| 15 13 121 11 15 10§ 12 9 12 161! 16| 11| 14| 14-6 | 30
July ... 14 15| 18 16 | 17 11 16 15 16| 16 131 13 12 7 9 2 6 3 5 9 8y 13| 13| 1211-6| 31
August 14} 14| 17 20} 18 17} 17 15| 17} 20 19| 16| 16 13 9 5 8 7 12 14| 17 15| 18| 18| 14-8 | 31
September 16| 16, 19| 21} 20} 19| 23 151 19 20 14| 12 9 11} 14| 11 127 10| 15| 16| 17 18| 16| 171 15-8 30
October 18 181 21 241 22 20 22 19| 16 19 121 13 9 121 14 13 14| 13 10, 19 16 8| 11 131157129
November 13 16| 19 191 20| 20 24| 23] 19} 20 20| 19| 18 14| 17 18 19| 17 191 20 17 16! 13| 16| 18-1 | 30
December 16 | 21| 23} 257 26| 27 27| 27| 27| 261 25} 26| 24| 22| 21 20 211 22 22 227 20| 21| 22 15 22-81 31
Total—

11 months...| 141 | 165 | 184 | 193 | 207 | 192 | 196 | 184 | 183 | 193 | 161 | 140 | 139 | 126 | 124 | 114 | 128 | 121 | 129 | 150 | 150 | 151 | 143 | 142 | — | —

1912,
January 15 16| 19| 22 20| 231 27} 25 2614 27| 21| 22| 22| 21| 221 21} 21| 22 24| 21 17 16| 15| 14 | 20-8 § 31
February 4 161 19 191 22| 23] 19 23] 23 23| 22| 21 18 171 19 16| 19 16| 15 14| 13 12 12| 15| 17-9 | 29
March 14; 18] 20 24 26| 23| 22| 24| 19| 25| 20| 16 18] 124 17 16! 15 151 17 16 161 13| 17 19| 184 | 31
April ... 18 16 19 171 20| 23 20| 21| 21 19 13] 12 11 10 10 71 10 8 9 9| 10 13| 11 13 ]14-2 | 30
May ... 15 16 19| 23 23| 20} 20 17} 23| 23 171 14 8 9 6 6 8 5 41 11 9| 14! 16| 13| 14-1 | 31
June ... 17 17 18| 18 19| 17 16 147 20| 21 18| 17 12 9 6 5 7 8 51 11 91 14 14} 11|13-5| 30
July ... i6 151 16 | 22| 26| 19| 20} 15| 22| 20| 19| 18 101 12 8 6 6] 11 10 11 157 12} 171 16| 15-1 ] 31
August 12 127 18 14| 151 17 12| 13| 16| 21 16 14 15| 10| 11 4 8 6 3 9 12 9 8, 13120} 31
September 9 4] 15 19 15 19| 14 151 16 | 21 15| 10| 14| 10| 14 91 12| 15| 15 15| 15| 10| 12 8113-8| 30
October 13 12, 16 16| 18 16| 21 13§ 17 22 15 11 13| 11 16 15 14] 14| 15 16 13} 12| 16| 17 | 15-1 | 29
November 14| 16| 16| 16 16 20 17 171 21 19 15 14 13| 15| 14 17 | 17 18 20| 13 11 13 12 141]15-8130
Total—

11 months....| 157 | 168 | 195 | 210 { 220 | 220 | 208 | 197 | 224 | 241 | 191 | 169 | 154 | 136 | 143 | 122 | 137 | 138 | 137 | 146 | 140 { 138 | 150 | 153 | — | —




991

TasLe LXXXVI.—Hourly ¢ Character ” Figures, Antarctic and Eskdalemuir.

Variation in Greenwich Day.

|
‘ Hour endingat{1h. |2h. |83h. [4h. [ 5h. }Gh. l'ih. 8h. |9h 10h.l11h. 12h.{13h.|14h.{15h. |16 h. |17 h. |18 h. | 19h. | 20h. |21 h. |22 h. |23 h. {24 h.
i Mean *“* character ” figure— f
| November,jAnt-&tchic 1-29 1125 11-14 11-06 11-02 |0-98 |0-91 10-83 10-82 }0-88 |0-85 10-92 |0-98 (1-11 {1-16 {1-23 /1-32 |1-47 {1-62 |1-60 {1-70 [1-66 |1-59 |1-41
! })ecember,r Eskdale_- 0-70 0-54 0-44 10-38 |0-35 |0-29 10-28 |0-31 {0-30 {0-31 |0-40 |0-38 [0-44 [0-46 [0-46 [0-48 [0-49 [0-49 |0-48 |0-54 |0-63 {0-63 {0-63 |0-67
: January, muir
i February Mean |1-00 {0-90 j0-79 0-72 {0-68 0-64 10-60 0-57 {0-56 (0-59 0-62 |0-65 |0-71 |0-78 |0-81 [0-86 [0-90 [0-98 [1-05 {1-07 |1-17 {1-14 {1-11 [1-04
; Antarctic [1-09 |1-02 [0-98 10-89 |0-89 {0-82 [0-78 |0-79 10-75 10-82 [0-74 |0-79 |0-83 |0-81 |{0-74 [0-83 {0-83 [0-89 (1-05 (1-15 {1-19 {1-28 {1-23 {1-21
Equino;:ltia) Eskdale- [0:69 0-61 10-50 0-45 |0-43 |0-42 {0-40 |0-45 |0-46 |0-36 |0-53 [0-65 [0-66 |0-68 {0-64 [0-72 10-72 [0-73 |0-66 |0-67 |0-70 |0-74 |0-67 |0-67
months muir :
Mean |0-89 10:81 10-74 10-67 {0-66 [0-62 [0-39 10-62 |0-61 {0-59 [0-64 |0-72 [0-74 [0-74 |0-69 |0-78 |0-78 |0-81 10-86 [0-91 10-95 |1-01 10-95 {0-94
Antarctic |0-77 0-78 10-78 |0-76 10-76 |0-80 [0-82 10-80 |0-78 10-70 0-73 [0-70 [0-69 |0-75 [0-76 {0-77 0-72 [0-74 |0-79 0-84 ]0-93 0-89 [0-81 [0-81
May, June, Eskdaie- 10-63 10-63 10-55 |0-49 |0-40 {0-49 [0-51 0-36 (0-44 10-38 !0-50 |0-59 |0-65 {0-78 |0-90 |0-96 10-88 10-90 |0-89 10-77 |0-75 0-68 {0-69 |0-70
July, August l muir
Mean [0-70 10-70 0-67 0-62 [0-58 |0-64 [0-67 [0-68 [0-61 |0-54 10-61 [0-65 [0-67 |0-76 [0-83 |0-86 |0-80 {0-82 |0-84 |0-81 {0-84 0-79 [0-75 [0-75
(Antarctic [L-05 1-02 10-97 10-90 0-89 |0-87 {0-84 [0-81 0-78 |0-80 0-77 {0-80 [0-83 |0-89 j0-89 0-94 10-96 |1-03 {1-15 1-20 |1-27 {1-28 {1-21 [1-14
Year JEskd&le.- 0-67 |0-59 [0-50 |0-44 10-39 [0-40 |0-40 |0-44 10-40 [0-35 0-48 [0-54 |0-58 {0-64 |0-67 10-72 [0-70 [0-71 [0-68 |0-66 {0-69 |0-68 [0-66 [0-68
muir
L Mean [0-86 /0-81 10-73 |0-67 [0-64 |0-63 |0-62 |0-62 [0-539 |0-58 [0-62 |0-67 [0-71 [0-76 [0-78 [0-83 |0-83 [0-87 10-91 10-93 0-98 [0-98 {0-94 [0-91
Number of 2’s as percentage
of mean—
November, ‘f Antarctic { 111 | 107 | 76 | 74| 52| 50| 37| 20; 42| 52| 42| 53| 59 79/ 91, 95| 113 | 150 | 185 | 179 | 206 | 205 | 183 | 139
December, )
i January, FEskdale- | 212 | 119 73| 40 46| 26| 33| 53| 33 33 53| 33| 60] 46| 73| 93 159 | 139 | 159 | 179 | 192 | 199 | 166 | 179
: February muir
f
i Equinoctial Antarctic | 109 | 119 | 9 73 88 731 60| 73| 54101 91 91 | 96| 88 - 52 60 | 49 62 | 109 | 145 | 171 { 207 | 181 | 158
qmonths Eskdale: 166 | 135 | 93 31 78 621 41| 26| 36 16 | 21 521 52| 52| 93 | 114 | 140 | 161 | 119, 171 | 212 | 197 { 135 | 145
muir
May, June, { Antarctic| 91 | 105 105 | 98 | S1 | 116 { 116 [ 109 | 116 | 116 | 112 | 95 | 84 [ 105 | 95| 84| 63 60 | 74| 98102 | 119 | 130 | 130
July, Au- < Eskdale- | 109 | 127 ; 105 | 83 39, 48 | 35| 48| 52 13 26| 61| 70 |122 | 170 § 162 | 153 | 162 | 131 | 127 | 144 | 114 | 140 | 162
gust muir
? ) ( Antarctic | 104 | 111 91 82} 74, 80| 71| 67 71 90 ¢ 82 80| 80| 91 7 80| 751 91 1123 ) 141 | 160 | 177 | 165 | 142
Year J Eskdale- 162 1127 | 90| 69| 54| 45| 36| 42| 40 21 331 49| 61| %3 | 112|123 {151 | 154 | 136 { 159 | 183 | 170 | 147 | 162
muir
Mean 133 | 119 | 91 75 64 62| 54 54| 56| 56| 58 64 71| 82| 95102113 | 122 | 130 | 150 | 171 | 174 | 156 | 152
! Number of 0’s as percentage
i of mean—
3 November, [Antarctic | 54 | 68 | 91 | 145 | 135 | 159 { 161 | 178 | 253 | 232 | 219 | 181 | 175 | 105 | 91 | 41 37 7 3 0 3 7 10| 41
December, ]
January, Eskdale- 72| 90 {101 {107 | 112 | 120 | 122 | 120 : 120 | 119 ; 105 | 106 | 99| 94 | 96 | 96 | 102 | 100 | 103 | 96 | 82| 83| 79| 74
February muir
Equinoctial Antarctic | 47 | 81 75 {103 | 111 | 127 | 133 | 137 | 141 | 142 | 169 | 150 | 142 | 144 | 146 | 112 | 105 | 90| 60 | 43 | 45| 34| 37| 28
qmont,h; Eskdale- 91 1101 ; 119 | 126 | 130 {129 1129 | 117 | 116 {134 | 99 | 81| 78| 74| 90| 76| 81 | 82| 90| 96| 96| 8| 90| 90
muir
May, June, Antarctic { 98 | 101 | 102 | 106 | 100 | 93 | 92 71105 | 129 | 119} 121 § 121 | 111} 102 ) 97 [ 102} 96| 88 | 81| 55| 73| 102 | 102
July, Au- Eskdale- | 109 | 111 | 126 | 135 | 146 | 126 | 119 | 111 | 138 | 145 { 119 { 108 | 95| 75| 59 | 44| 39| 56 52| 80| 88 | 98 | 100 | 102
gust muir
[Antarctic| 66 | 83 | 89 | 118 | 115 | 128 | 129 | 137 | 166 | 168 | 169 | 151 | 146 | 120 | 113 | 83 | 8l 64 50| 41 34 38| 50| 57
Year J Eskdale- | 91 | 101 { 115 { 123 | 129 | 125 | 123 | 116 | 125 | 133 | 108 | 98 | 91 | 81| 82| 72 81 79| 82| 91 | 89| 89| 90| 89
muir
1 Mean 79 921102120122 | 126 | 126 | 127 { 145 {150 | 138 | 125 | 118 | 101 | 97 | 78| 81| 72| 66| 66| 62| 64| 70| 73




CHAPTER VIII.
TERM HOURS. MAGNETIC “ ACTIVITY.”

Section 44 —Before the expedition set sail a series of term hours had been arranged,
and an appeal issued to observatories at home and abroad to take quick runs of the
magnetographs during these hours, and supply copies of the traces obtained for com-
parison with the corresponding traces to be obtained in the Antarctic. In response to
this appeal, copies—in one or two cases apparently originals—of the records obtained
during some at least of the selected hours were received from the following
observatories :—

In Europe: De Bilt, Eskdalemuir, Greenwich, Kew, San Fernando, Seddin,
Stonyhurst, Uccle and Val Joyeux ; in Asia: Alibag and Lukiapang; in Africa and
the Indian Ocean: Helwan and Mauritius ; in North America: Agincourt (Toronto),
Cheltenham (Maryland), Sitka, Tucson and Vieques (Porto Rico); and in South
America : Pilar. Barrackpore, Dehra Dun, Kodaikanal and Toungoo—observatories
of the Survey of India—sent instead of curves eye readings, taken at 1-minute intervals,
representing the expenditure of a large amount of time and effort.

The pre-arranged term hours, all specified in Greenwich time, were :—8h. to 10 h.
on May 29, June 2, 26, 30 and July 24, 28, 1911 ; 17 h. to 19 h. on May 22, 26, June 19,
23 and July 17, 21, 1911 ; 18 h. to 20 h. on November 20, 24 and December 18, 22,
1911, as well as January 22, 26, 1912.

The primary object in view was the study of simultaneous magnetic disturbances
at different parts of the earth. It was anticipated that the great majority of the term
hours would prove blanks so far as disturbance was concerned, the chance of any con-
siderable disturbance happening at ordinary stations at a pre-arranged hour being small.
Thus a considerable number of term hours was required to give a reasonable chance
of success. If the sole object had been to secure a disturbance of any kind, the chance
of success at the stations in ordinary latitudes would have been greater if equinoctial
months had been selected. But the Expedition of 1902-04 had shown that in May,
June and July there is a tendency for disturbances to occur in the Antarctic having a
comparatively short duration and an unusual definiteness of character. In 1902-03
these were especially numerous between 8 h. and 10h. G.M.T., and the special aim of
the first set of 12 term hours was to secure a quick run record of one of these. Again
the 1902-03 records had shown that in the Antarctic morning between 17 h. and 19 h.
G.M.T. there is more than the usual tendency to rapid oscillatory movements, and the
second set of 12 term hours had these principally in view. It was also hoped that the
taking of morning and evening records from the same season of the year would afford a
basis for the comparison of disturbance at different hours of the day. It was known
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that the Antarctic midwinter was much the quietest season in that region, but the
experience of 1902-03 had shown that disturbance in the Antarctic might reasonably be
expected at any season, the real difficulty being to hit on it elsewhere. The original list
included only these 24 term hours, but Dr. Simpson having expressed a desire for some
near the Antarctic midsummer, the final 12 in November, December and January were
added. :

The selection of term hours for international magnetic co-operation is not a new
departure. The practice goes back to the time of Gauss. It was then a necessary
preliminary to co-operative effort, since eye-readings only were possible. In its present
shape of quick runms, or photographic records taken with the drum rotating more
rapidly than usual—generally at 12 times the normal rate—it originated, I think,
with Prof. Eschenhagen at Potsdam. He arranged for two or three quick runs in
1896, in which a good many ohservatories participated, and on one of these occasions
a sensible disturbance occurred. It was this probably which induced those responsible
for the German Antarctic Kxpedition of 1902-03 to suggest a number of term hours
in which the British Expedition of that date agreed to participate. Owing to a
misunderstanding as to the hours, and a remarkable absence of disturbance, the result
in 1902-03 was rather a fiasco so far, at least, as the British Expedition was concerned,
Though the experiment was hardly a success, it constituted a precedent which those
responsible for the programme of the Expedition of 1911-12 thought it well to follow.
Considering the general quietness of 1911 and 1912—a quietness natural in years so
near sun-spot minimum—there was more success in securing disturbances than might
have been expected, and it is to be hoped that those who undertook the somewhat
onerous labour which co-operation entailed will feel that their time was not wasted.
But before any elaborate system of term hours is again selected for international
co-operation, the whole question should be considered somewhat carefully. Two
aspects of the case appeal to any one who has discussed term hour data. The first is
that in quick-run magnetograms with a time scale 12 times as open as usual, but with
only normal sensitiveness, the gradient shown by the trace during any small disturbance
is too slight to catch the eye. Movements that would at once arrest attention in the
ordinary trace are hardly recognisable on mere general inspection in a quick-run trace.

It is thus difficult to gauge rapidly the general nature of the disturbance. This
would be feasible only if the opening out of the time scale were accompanied by an
increase of sensitiveness. Changes of sensitiveness, however, are troublesome.
Moreover, if a really large disturbance happened to intervene, any large increase of
sensitiveness would probably lead to loss of trace. The ideal thing would be to have

-at each station records from two magnetographs, one having . the normal sensitiveness
and time scale, the other increased sensitiveness and a more open time scale. The
one trace would serve for macroscopic, the other for microscopic investigation.

As matters stand, to hase a comparison of disturbance on quick run curves implies
numerous accurate measurements answering to short intervals of time. If there are a
number of term hours, and many stations co-operate, the measurement of the curves
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entails an immense amount of labour, and the resulting mass of detail may well prove
overwhelming. In many cases there seems to be a mixture of what is comparatively
local and of what is of more general incidence in disturbance, and the former part may
eclipse the latter. Also at some hours of the day—hours depending on local time, and
so varying with the station—the normal diurnal changes are comparable in rapidity
with minor disturbances. Thus the interpretation of the measurements, however
carefully made, presents difficulties. Again full advantage cannot be taken of the
open time scale unless there is very accurate information as to the time marks on the
trace. It is only at some stations that the true time answering to the time marks is
known, to within a few seconds, and there is reason to fear that in some magnetographs
when quick run the uniformity in the angular velocity of the drum leaves something
to be desired. Taking everything into account, I am inclined to doubt whether
an extensive programme of term hours can be recommended unless the participating
stations are specially selected, and a very large amount of time can be devoted to
the intercomparison of the records.

In the present case it was very difficult to decide what to do with the records. The
only practical way of rendering them serviceable to all for minute investigations would
have been to reproduce the curves photographically. This would, however, have
entailed a great amount of space and a large expenditure. In many cases, moreover,
the object would have been very imperfectly accomplished, owing to uncertainties about
the time marks. Again, several of the co-operating stations were known to sufler
sensibly from artificial disturbances, and the appearance of the curves at some of the
other stations was at least suspicious. It was thus clear that even with a lavish
expenditure of time, the complete separation of the chafi from the wheat would be very
problematical. ;

The material it was finally decided to publish consists mainly of (i) readings
of the curves at 5-minute intervals; (ii) the application of these readings to a study
of “ magnetic activity ”; (iii) a comparison of the curves for a few occasions when the
disturbance was especially large.

It was decided after minute inspection that some of the curves were so affected by
artificial disturbances that effort had better be concentrated on the others. This applied
mainly to vertical force curves, but in a few cases to curves of all the elements. As the
mention of names in this connection might give offence, I shall only say that Kew was
one of the observatories concerned. The absence of vertical force data, it should be
added, was due in some cases not to artificial disturbance, but to the fact that no V
curves were received. .

Some stations sent full details as to both base line values and scale values, so that
absolute values might have been given for them. Other stations, however, sent little
if any information as to base line values. As a common mode of presenting the results
was desirable, and the advantage of absolute over relative values was open to some doubt,
it was decided to give the results as differences. To avoid the use of algebraic signs,
the lowest value of the element during the two hours was taken as zero. 1 was regarded
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as increasing when the north end of the magnet moved to the east,and V as increasing
when the pull on the north pole towards the earth’s centre was increased. Thus, at
western European stations the higher the value under D the smaller was the (westerly)
declination. For greater parallelism with the other stations E (not W) was taken at
one of the elements at Kskdalemuir and Potsdam. In their case, the higher the value
in the table the lower was the numerical value of the component perpendicular to the
astronomical meridian.

The entry in every case under D) is not the angular measure but its force equivalent,
thus enabling all the data to be expressed in terms of a single unit, 1y. All the data for
a single station are collected together, as the arrangement most economical of space.
The data appear in pp. 516 to 548, the stations being arranged according to latitude,
the most northerly coming first.

The geographical co-ordinates of the stations are given in Table LXXXYVII, along
with the difference between the local time and that of Greenwich. In this table the
stations are arranged according to longitude so as to juxtapose those the local time at
which differs least.

TaBLe LXXXVII.—Stations Co-operating in Term Hour Observations.

Stations with Westerly Longitude. Stations with Easterly Longitude.
Station, Longitude. 'ﬁg;e' Latitude. Station, Longitude. g;;?;’ Latitude.
° ' {th m(° ' ° /| hom | ° '
Greenwich... .. 0 0| 0 0|51 28N.| Lukiapang ..121 2| 8 4|31 19N.
Kew ... .0 0197 0 1|51 28N.| Toungoo ... ../ 96 27! 6 26|18 DB6N.
Stonyhurst... 2 28| 0 10453 b51N.{ Barrackpore .| 88 22 | b 53|22 46N,
Tiskdalemuir .1 3 12| 0 13|55 19N.| Dehra Dun ../ 78 3 b 12|30 19N.
San Fernando ..., 6 12 | 0 25| 36 28 N. || Kodaikanal .| 77 281 5 10|10 14N.
Pilax ... 63 53 | 4 16|31 408. ) Alibag ... .. 72 521 4 51 )18 39N.
Vieques ... ...[ 65 26 | 4 2218 9N.| Mauritius ... ...|B7 331 3 5O (20 68
Cheltenham ..|76 50 | 5 7|38 44N.| Helwan ... ../ 31 21 2 5|29 B2N.
Agincourt ... L] 79 16 | b 1743 4TN.| SBeddin ... ../13 1| 0 B52]5b62 1ITN.
Tueson ... ..j110 86 | 7 23|32 15N.| DeBilt ... .. B 117 0 21 {52 b6N.
Sitka L1853 201 9 1 (587 3N Uccle .. 4 21| 0 17 [ 50 48N.
Honolulu ... ...[158 4 |10 32 |21 19N.| Val Joyeux .., 2 1| 0 848 49N.

Section 45.—The application of the results to a study of magnetic ** activity ” was
not in contemplation when the programme of term hours was arranged. It came about
in the following way : The international scheme of *“ character ” figures for individual

~days, of which De Bilt is the headquarters, has been in operation with marked success
since 1906. But it has been recognised in various circles, including De Bilt itself, that
there is a somewhat large accidental element in the choice, and that considerable fluctua.
tions arige in the standard applied at most stations. It has been felt that a scheme
having less arbitrariness in its execution might have advantages. A scheme of this kind
was proposed some years ago by the late Professor Bidlingmaier, based on what he called
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““ magnetic activity,” and the International Magnetic Bureau issued an invitation to
several stations, including Kew Observatory, to give the scheme a short preliminary
trial. The existence of simultaneous records, mostly quick-run, from so large a number
of stations provided ideal material for putting to the test a method suggested by
Bidlingmaier for arriving in a comparatively simple way at a measure of one element
of the  activity,” the evaluation of which according to the exact formula is a very
laborious process. When deciding to apply the material to this object, I realised that a
considerable amount of labour was entailed, but the reality exceeded my anticipations.
To render the results intelligible, a short explanation is necessary of what Bidlingmaier
meant by  magnetic activity.”

Suppose a, B, y to be the rectangular components of magnetic force at any point
&, 9, %, then

(jsm [ [ [ (@t + B -+ 9 o dyde

is the usual expression for the magnetic energy of the field. If we suppose a, 8, ¥ to
represent not absolute values of the force components but their departures from some
standard value, the above integral is one of which Professor Bidlingmaier desired to get
the mean value throughout the 24 hours. This value he described as the ““ magnetic
activity ” for the day. What to take as standard value is a very difficult point, which
we need not consider at the moment. Let us suppose for simplicity it is the mean
value for the day. Also let us suppose at any instant between hours #» — 1 and n the
departure of any magnetic element from its mean value for the day to be

Y="1Ys+ 7,

where ¥, is the mean value of the departure for the whole hour. Then using = to
represent one hour, we have
nr

j (?/n + 7]) ‘At =71 ”R 'I" Im
m—1r7
nr
where 1, = j nidt.
(n—1)7

The mean value of the integral for the whole day is

24t
(1/8) (1/24r) [ | Y= A

where
A = (1/87’) ' 4 .+ yaf) /24,
Ay = (1/87) (1, + . . L)) /24.

The contribution of the individual hour to this expression thus consists of two
parts. One of these (1/8w)y,’/24 depends not so much on changes occurring during
the particular hour as on what takes place during adjacent hours. For instance, on a
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day ordinarily regarded as perfectly quiet, during the hour containing the daily maximum
or minimum we have a large departure from the mean value of the day, and so a large
value y,°. In such a case A; represents “ activity ” associated with the force system
to which the regular diurnal inequality is due. The second term is by no means
independent of the regular diurnal variation, receiving contributions from it as well
a8 from the irregular oscillatory movements usually regarded as disturbance. The
contribution from the regular diurnal inequality is largest for those hours of the day at
which the diurnal inequality changes are most rapid, and during these hours it may be
by no means negligible compared with the contribution from irregular movements unless
the hour is one of very decided disturbance. Again, it must be remembered that the
amplitude of the regular diurnal inequality is affected, especially in the Antarctic, by
the presence of disturbance. The value of A, in short may be very largely influenced
by the presence of disturbance. Thus it would not be correct to regard the value of I,
for a particular hour as an exact measure of the disturbance existing during that hour.
At the same time it is a quantity which increases very largely with disturbance, and
in the absence of any exact definition of disturbance it is probably as good a measure
as we can get, especially when we are comparing the same hour of different days at the
same station.

If a suitable mechanical integrator existed by which I, could be rapidly measured,
the time required might not be prohibitive ; but failing this Bidlingmaier attempted to
see whether a sufficiently satisfactory approximation could not be derived from a con-
sideration of the hourly range, .c., the difference between the largest and least values
- of the hour. He measured the Wilhelmshaven D and H curves at 6-minute intervals,
and plotted the results against the corresponding hourly ranges. From a large number
of curve measurements he obtained data for the “ activities ” (of the type A,) in a
number of hours having the same range, and he concluded that it would be accurate
enough to simply measure the hourly range and assume for the corresponding “ activity
the mean of the values he had found. It was suggested to several observatories,
including Kew, that a preliminary trial should be made of Bidlingmaier’s scheme,
accepting his relations between the “ activity  of type A, and the hourly range. As,
however, Bidlingmaier’s numerical relationships between hourly ‘“activities ” and
ranges had been based on the results of only one station, it seemed to me that a desirable
preliminary was to test them by applying them to the term hour curves. It was only
after the necessary measurements had been made that I noticed that if the relationships
found by Bidlingmaier were correct, ““activity ” must vary with the sensitiveness
of the magnetograph. The true “ activity,” if a natural physical quantity, must be
independent of the sensitiveness of the instrument, and if the results of measurement
really accorded with Bidlingmaier’s relationships, it would mean that an undesirable
instrumental element was not eliminated.

The only relation between the ‘ activity” and the range which leaves the
“ activity ” independent of the sensitiveness is the parabolic, the “ activity ” being
proportional to the square of the range.
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The term-hour curves, as already stated, were measured at 5-minute intervals.

This gives for the hour thirteen ordinates 7y, 7, . . . 7. The quantity
{3(no® - n1°) -F m® - .. - nu2} /12, written for brevity (1/12) 7?2,
T
was taken as the equivalent of (1/7) [ 72dt, where 7 represents one hour. The relation
0

suggested above by theoretical considerations ‘
(1/12)E9y2 =CR> . . . . . (17),

where R i3 the hourly range and C a constant, was on the whole in good accordance with
the observational results at stations outside the Antarctic, when a mean was taken
from a large number of “ activities.” The values obtained for the constant C were
practically the same for declination, horizontal force and vertical force, the mean
obtained in the several investigations varying from 0:092 to 0-098. Thus if we had
accepted R2/100 as the equivalent of (1/12)S52 we should have obtained, when a large
number of hours were included, nearly the same result as if we had actually measured
the curves and done the arithmetical operations indicated by the summation. Supposing
only two measurements necessary for the determination of R, the economy of effort
would be enormous.

When, however, we look closely into the matter the results are less satisfactory.
The values assigned to R were really derived from the 5-minute measurements, but
the range thus found will only sometimes accord with the true range for the hour, and
in the case of some disturbed curves it may be a good deal less. If the element is rising
or falling continuously throughout the hour, 7, and #,, must be the extreme ordinates,
and 5~ n, the exact range. But even in quiet days, there are at least two turning
points, and more often four in the course of the 24 hours, and the coincidence of a
turning point with one of the points of measurement would be pure accident.
During disturbed times the exact coincidence of the extreme ordinates with any
of the 5-minute ordinates must be rare in any hour. It is true that as a rule
the inferiority of what we may call the 5-minute range to the true hourly range will
be small, but occasionally it will be very considerable. As the true “ activity ” is
calculated from the 5-minute measurements, it is obvious a priors that a uniform relation
is much more probable between the “ activity ” and the 5-minute range, than between
the ** activity ” and the absolute hourly range. Why, it may be asked, was the latter
range not measured, as it must have been it which Bidlingmaier contemplated using,
otherwise there would have been no real economy in the use of his “ activity ”’ range
relationships. If we had to take 5 or 6-minute measurements to obtain R, the use of
his relationships would be no economy at all, so far as measurements are concerned.

The answer to the query is that as a matter of fact the ranges which Bidlingmaier
used in establishing his relationships were derived from 6-minute measurements, and the
only way to put his conclusions to a fair test was to employ ranges similarly obtained,
Very probably he may have believed that in the great majority of cases the difference
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between the 6-minute range (and still more the 5-minute range) and the absolute hourly
range would be so small that any relationship established for the former could be
applied with sufficient accuracy to the latter. When I commenced the investigation
I did not realise the extent to which the 5-minute range and the absolute range were
likely to differ during really disturbed hours. It was only after comparing the two sets
of ranges for the Antarctic curves that the importance of the difference came home to
me. On the other hand, it was immediately patent that during really quiet times at
some stations it was practically impossible to recognise in the quick run curves exactly
where the maxima and minima ordinates fell. In such cases the repeated trials necessary
to an assurance that we had got the true absolute range took more time than the
5-minute measurements. To have obtained hourly ranges in both ways would thus have
added immensely to the labour. '

A more important objection to the use of the velation (17) is that while at the
ordinary station it applies with very considerable accuracy to the mean of a large
number of hours having the same R, the values actually found for (1/12)%7? in
individual cases differed enormously. For the same value of R, in the same element,
at the same station, one got in a good many cases measured values of (1/12)%2 standing
to one another in the ratio of 2:1; and ratios of 3:1, or even 4 : 1, were occasionally
met with. The scheme, it is true, contemplated dealing with the 24 hours of the day
together, and if the “ activity ’ calculated from the range was too high for some of
these, it would naturally be too low for other hours. But different hours contribute
very differently, and on disturbed days the contributions from three or four hours may
easily exceed all the rest. Thus it would inevitably happen that the mean value of the
“activity ” of the type we are considering, if calculated from the hourly ranges, would
be largely in error in a considerable number of days. The full discussion of this question
would, however, take us too far afield. TFurther information will be found by those
who desire it in Terrestrial Magnetism, June, 1917, p. 57, and in Roy. Soc. Proc. A,
vol. 94, 1918, pp. 536-547.

Section 46.—What it is proposed to do here is to give particulars of the hourly
ranges—as given solely by measurements at the 5-minute intervals, except in the case
~ of the Antarctic—and of the corresponding values of (1/12)252 as derived from the
5-minute measurements. The hourly ranges at the co-operating stations appear in .
Tables LXXXVIII to XCILI, pp. 175 to 180, and the values of (1/12)2%2 in Tables
XCIV to XCIX, pp. 181 to 186.

The original curve measurements were all made in millimetres. The values of 3
and of the hourly ranges were first expressed in mm., and the values of (1/12)%y? in
mm?. Conversion to 1y in the case of the ranges and to (1y)? in case of (1/12)%y2
was then made by means of the scale values of the curves. The scale values supplied
for D gave the angular equivalent of 1 mm., but the force equivalent is immediately
derivable from the fact that an angular change 4D is equivalent to a change HAD in
value of the horizontal force. When only 2 or 3-figure accuracy is wanted in H4D,
3-figure accuracy in H suffices. '
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The stations, with the exception of the three last in Tables LXXXVIII to XCIII,
are arranged in order of longitude, proceeding from Kast to West. This was done with
a view to juxtaposing stations whose local time differed least, it being the local time
which determines the phase of the regular diurnal variation.

The blanks in individual hours in the range and “ activity ” tahles mean in general
that no curve was received for the date in question; in other cases the record was
incomplete. The reason for putting Greenwich, Kew and San Fernando at the foot of
Tables LXXXVIII to XCIII, and omitting them from Tables XCIV to XCIX, was
that while the ranges of the components in the horizontal plane seemed in general
ascertainable with fair accuracy in spite of artificial disturbance, the same could not
be said of the ““ Activities.” Greenwich suffered decidedly the least of the three.

In the absence of special disturbance, the range will naturally be largest for those
hours of the day when the changes shown by the diurnal inequality are most rapid.
Ranges for the day hours, 7.c., between 6h. and 18 h. L.M.T. will naturally exceed
those for night hours, unless the day maximum or minimum falls within the selected
hour. Bearing this in mind, a general idea of the relation to be expected between the
ranges at different stations during quiet times may be derived from Table LXXXVII.

When the term hours were 8 to 10 G.M.T. they fell in the early morning or late
evening at stations intermediate in longitude to Pilar and Honolulu. Thus small
ranges would be anticipated at these stations, especially Pilar where June represents
midwinter. Also the D ranges at the Kuropean stations, where the time fell in the
forenoon, might be expected to exceed those at the Indian stations where the time fell
in the afternoon, for the rise to the westerly maximum is a good deal more rapid than
the subsequent swing to the east. These anticipations are only partly fulfilled. Pilar,
Vieques, Tucson and Honolulu, it is true, especially the first and last mentioned, give
usually decidedly smaller ranges than the BEuropean stations; but on several days
Agincourt and still more Sitka come well to the front, and the Indian stations do not
on the whole fall short of the Turopean. Some stations usually stand out from their
neighbours, Sitka, Kodaikanal and Stonyhurst in particular. This is not surprising
in the case of Sitka, for, as we shall see when dealing with magnetic storms, it is a very
highly disturbed station. immensely more so than Honolulu its next neighbour in the
tables. On a really quiet day like June 30, ranges at Sitka are as small as elsewhere,
but on a disturbed day like July 28 it is otherwise. Why Kodaikanal ranges should
tend to exceed those at Dehra Dun and Alibag is not obvious ; it can hardly arise from
difference in local time. Stonyhurst is another puzzling case. The H ranges are
generally similar to those at Greenwich and Kew and other European stations, but the
D ranges are very outstanding. There are unfortunately no Kskdalemuir D ranges for
comparison, but the Kskdalemuir W ranges are very similar to the D ranges at Kew,
and from its geographical position one would have expected Stonyhurst D ranges to
be intermediate between those at Kew and Eskdalemuir.

It must be remembered that while the curves were read to 0-1 mm., accuracy to
0-1 mm. is hard to secure, even when the traces are sharply defined, and in some cases
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the definition was anything but sharp. Also the sensitiveness varied much at different
stations. Thus at Seddin the sensitiveness for each of the three elements lay between
20y and 2-4y per 1 mm., whereas at Alibag 1 mm. in the D trace was equivalent to
11y. If we take 0-1 mm. as a limit to the error of measurement in an ordinate—an
optimistic view for the best of curves—the range being the difference of two ordinates
must be allowed a limit of error of 0-2 mm. Even at Seddin this would represent 0-4y
or 0:5y, and in D at Alibag it would be equivalent to 2-2y. Thus much importance
should not be attached to apparent small differences between the ranges at neighbouring
stations.

Kew and Greenwich are so near together that we should naturally expect corres-
ponding hourly ranges to be identical to the nearest 1y. 1f there had been no artificial
disturbance, a comparison of the ranges at the two places would have given an excellent
- idea of the accuracy reasonably attainable. But, under the existing conditions, the
larger apparent differences may reasonably be ascribed to artificial disturbance. Some
allowance also should be made for the fact that the instruments in use at, the two places
differed in type and in sensitiveness.

But for the fact that while D and H are recorded at De Bilt, N and W are recorded
at Seddin, we should have expected very similar ranges from the two stations. A close
agreement would also be expected between Uccle and Val Joyeux.

In the case of the term hours 17 h.—19 h. we should expect on quiet days the
American stations to have the largest ranges and the Asiatic the least. This, generally
speaking, was true of both hours on May 22, June 19 and July 21, and of the second hour
on May 26. The first hour on May 26, and both hours on July 17 were a good deal
disturbed, and during these hours there were large ranges at the Kuropean as well as
the American stations.

We should also expect 18 h.—20 h. G.M.T. to show the largest; ranges at American
stations, and as the season was from November to January, ¢.e., midsummer in the
southern hemisphere—we should expect Pilar to be pre-eminent. The Pilar ranges
are in fact sometimes the largest, and they are decidedly more prominent relatively
than during the term hours of May, June and July. At the same time, absolutely
considered, they are never very large, and sometimes they are quite small. The
Stonyhurst D ranges for hours from 17 h. to 20 h. are less outstanding than those for
hours 8h. to 10h. Still the majority of them seem unduly large compared with the
corresponding ranges at other European stations.

Section 47.—Tables XCIV to XCIX giVe the values of (1/12)¥#* during all the
term hours at the co-operating stations. As already explained, the experimental
relationship obtained between the activity of type A, and the range was approximately

(1/12)$y* = Rejl0. . . . . . (7).

On comparing corresponding data in Tables XCIV to XCIX, and Tables LXXXVIII
to XCIII, it will be found that in a considerable proportion of cases the above numerical
relation i8 not far from true, but in other cases it is far otherwise. As (1/12)59? is
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at best only an approximation to the value of the theoretical integral, it may appear
illogical to go to decimals of (1y)? in the tables. A principal reason for doing so was to
show how very small A, often is, especially in V.

The entries under “ D or W ** for Stonyhurst look even more remarkable than those
in the range tables. There is no single instance in which the Stonyhurst-D entry under
hours 8-9 and 9-10 is not in excess of that at every other Kuropean station, and the
excess is very large except for the unusually disturbed time 8 h.-9 h. on July 28. Sitka
alone shown a larger value than Stonyhurst, and that on only two hours out of the
twelve. )

In the second group of term hours 17 h.-19 h. this great pre-eminence of Stonyhurst
D values is only sometimes apparent, and usually only in the second hour 18 h.-19 h.
In the third group of term hours the Stonyhurst-D value for 18 h.-19 h. is usually but
little outstanding, whereas it is always outstanding for 19h.-20h. There is certainly no
obvious reason why disturbance at Stonyhurst should be so outstanding as compared
with that from other European stations, or why the contribution from D to the «“ activity ”
should bear to the contribution from H a ratio altogether different from what obtains
elsewhere. At the same time, if there were any error in the scale value it should show
itself invariably and in all hours alike, and it should lead to diurnal inequalities differing
conspicuously from those at other British stations.

Superficial inspection of the tables discloses that the contribution from V to the
“ activity ”’ is usually the least, but it does not show whether D or H usually contributes
most.

Tables C to CII, pp. 187 to 189, give the combined activities H from the two horizontal
components and the total activity T' (of the type A.) obtained by adding to this the
contribution from V. .

It will be seen that the “ activity ” at Kodaikanal for 8 h.-9 h. and 9 h.-10 h. is
in general decidedly larger than that at the other Indian stations. But this superiority
of Kodaikanal does not extend to the hours 17-18, 18-19 or 19-20.

Section 48.—Tables CIII, CIV and CV, pp. 190 to 192, give mean values of the “‘ activi-
ties * for the several term hours from all the available stations combined. The means M,
and M," are confined to the “ activities ”” from the horizontal components. M, includes
every station which had both horizontal components complete, M,” differs only in
omitting Stonyhurst. M, includes only stations which had vertical force as well as
horizontal force data, and M," again differs only in omitting Stonyhurst. Kven if
we were certain of the absolute correctness of the Stonyhurst D data, their character
was so exceptional that a mean from which Stonyhurst data were excluded appeared
desirable. The number of stations from which the mean is derived is stated in all

. cases,

Much the largest ““ activities ”’ in Table CIII come from July 28. The contribution
from the vertical component is in every case the least. It forms as much as 26 per cent.
of the total activity for M,” on July 24, 8 h.-9 L., but only 7 per cent. for 9 h.-10h.
of the same day.
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In Table CIV, 18 h.~19 h. of July 17 supplies the largest value, a value considerably
in excess of the largest in Table CIII. Taking M," we see that the contribution from
V to the total varied from 19 per cent. for 17 h.-18 h. of June 19 to less than 4} per cent.
for 18 h.~19 h. on July 17. On June 23 there was no Stonyhurst record, so M, is the
same as M, and M, as M,'.

In Table CV there is comparatively little difference between the different hours.
The largest activities appear in 18 h.-19h. of December 18 and January 22. On
January 26 there was no Stonyhurst record for 18 h.-19h. The ‘ activities ” in
Table CV are generally less than those in Tables CTII and CIV. This was to be expected
because, if we except Pilar and Mauritius, Table CV deals with midwinter, the other
two tables with mideummer.

Section 49.—Table CVI,p.193, gives the term hour ranges in the Antarctic for ', &'
and V. Two values are given, the first being derived from the 5-minute measurements
as in the case of the co-operating stations, the second being the absolute hourly range.

The 5-minute range equals the absolute range 13 times in V, 7 times in §', but
only 3 times in E’. The difference between the two ranges is not always small. Thus
on January 22, hour 19-20, in E’ the 5-minute range is only 66 per cent. of the absolute
range, while on November 24, hour 19-20, and on June 19, hour 18-19, the 5-minute
range in V ig only from 58 to 59 per cent. of the absolute range. On January 22, hour
19-20, the true minimum in I’ occurred two minutes after the previous 5-minute reading.
During these two minutes the element fell 59y, rising 68y in the course of the next
three minutes. The fall when quickest was at the exceptional rate of 43y per minute.

Under such circumstances it would obviously require measurements at intervals
much shorter than 5 minutes to satisfactorily represent the time integral A,.

.Whether we take 5-minute ranges or absolute ranges, the V ranges in Table CVI
are relatively much more important than those in Tables LXXXVIII to XCIII. Taking
absolute ranges in Table CVI, there is one hour, 18 h.-19 h., on January 26 when the V
range is the largest of the three, and eight hours in which it comes second in size, being
equal to the Ii" range on one of these occasions. The K’ range is the largest in 22 hours,
and the S range the largest in 9 hours, the two being equal in one hour on May 22.
The 8 range is absolutely the smallest of the three in seven hours, and the ' range
in one hour. The E' and V ranges for 8 h.-9 h., June 2, share the lowest place. On
December 18 the I’ ranges in both hours and the S’ range in the first hour attain a
gize rarely reached by the daily range in tropical latitudes. At Kew a daily range
of 200y in H or D occurs on the average only about four times a year, and is very rarely
encountered in years with as little sunspot development as 1911 and 1912.

Section 50.—Table CVII, p. 193, gives the values of (1/12)Sx2 in the Antarctic for the
several term hours. The contributions from I, 8" and V are given separately. The
entry under " repfesents the sum of the contributions from the horizontal
.components B’ and &', and the entry under “ T” adds to this the contribution from V.,

The ““ activities "’ for the first group of term hours, occurring in the Antarctic
midwinter, are similar in size to the corresponding “ activities’’ elsewhere. In fact
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the “ activity " in the Antarctic for 8 h.-9 h. on June 30 is considerably below the average. -
The time 8 h.~10h. G.M.T. is usually quiet in the Antarctic unless a disturbance of
the special type discussed in Chapter XI comes along. July 28th was an occasion of
more than usual disturbance, but unfortunately the Antarctic record for 8 h.-9 h. was
incomplete. The “ activity ” for 9 h.-10h. on July 28 was much in excess of that
at any of the co-operating stations except Sitka, but the Sitka “ activity  was the
larger of the two, ecspecially in V. As we shall see later, large V disturbances are
rather characteristic of Sitka. The Antarctic “activity ” was also much above the
average found for the co-operating stations on both hours of June 2, but the value
for 8 h.—9 h. was exceeded by that at Sitka.

The second set of term hours 17 h.~19h. G.M.T. {fell at a more disturbed part of
the Antarctic day. July 17 was the day of greatest “ activity ” elsewhere, but un-
fortunately there was no Antarctic record on that occasion. On June 19, 17 h.-18 h.,
the Antarctic ** activity ” was only a little above the average for other stations, but
in all the other nine hours for which records were obtained its excess was conspicuous.

Taking in chronological order the 10 hours for which data exist, the ratio borne
by the total magnetic “ activity ” in the *“ Antarctic ” to the mean “ activity ” for the
co-operating stations including Stonyhurst had the following values 4-9, 5-3, 2-8, 15-6,
1:2,3:6,19-2,14-9,35-6and 13-7. The least value of the ratio was that for 17 h.~18 h.
on June 19. During this hour conditions were generally very quiet, but the “ activity
in the Antarctic was exceeded by that at Cheltenham, Agincourt, Tucson and Honolulu.
The largest value, 35-6, of the ratio occurred on 17 h.-18 h., July 21. Outside the
Antarctic that hour was on the whole quiet ; though considerably less so than 17 h.-18 h.
June 19; but the two hours agreed in showing the greatest “ activity ” at Tucson,
and on both occasions the ¢ activity ” was particularly low between the longitudes
of Barrackpore and Mauritius. TIn the Antarctic an unusual feature of the hour 17-18,
July 21, was that the contribution from V largely exceeded that from E'. Elsewhere,
including Sitka, the contribution from V was generally very small. Ixcept on June 19
the total “ activity ™ in the Antarctic was exceeded only once and at one place, viz. on
May 26, hour 17-18, at liskdalemuir.

The third group of term hours represented midsummer in the Antarctic, but mid-
winter elsewhere except at Mauritius and Pilar. Thus, during these hours we should
naturally expect large values for the ratio (Antarctic total ““activity )/ (mean total
“ activity ” clsewhere, including Stonyhurst). The values obtained for the ratio are,
however, simply enormous, being in chronological order 108, 99, 74, 154, 1998, 477,
188, 216, 178, 2562, 110 and 37. The largest value of the ratio, answering to 18 h.-19 h.
December 18, no doubt represents a distinctly exceptional state of matters; but the
choice of the twelve term hours was fortuitous, except that times were chosen near
new moon with a view to facilitating auroral observations. It is true that in the
Antarctic disturbance is more prevalent between 17 h. and 19 h. than in most hours
of the day; but the same is true of Kskdalemuir, and so presumably of at least the
European stations. It is thus a natural inference that any estimate of the *“ activity

<
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of changes in the carth’s magnetic field which leaves the polar regions out of account
is likely to be hopelessly incomplete.

Section 51.—Table CVIII, p. 194, aims at comparing the values of the * activity > for
the same hour on different days at different parts of the globe. Only the contributions
from the components in the horizontal plane are considered, except in the case of the
Antarctic, where the contributions from all three components are given as well. Take
for illustration 9 h.~10h. G.M.T. Returns for the six days were complete for four
Furopean stations (Stonyhurst, De Bilt, Uccle and Val Joyeux), five North American
stations (Sitka, Agincourt, Cheltenham, Tucson and Vieques), five Indian stations
(Dehra Dun, Alibag, Barrackpore, Toungoo and Kodaikanal). The mean values of
(1/12)24* from the six hours were 32-5y2 for the four Kuropean, 19-3y2 for the five
American, 25-3y* for the five Indian, and 21-9y? for the whole 14 stations. On May 29
the mean values of (1/12)27? were 29:7y? for the European, 4-7,y? for the American,
12-7y? for the Indian and 15- 6y2 for all the stations combined. Andwe have

(29-7/32-5)100 == 91, (4-7,/19-3) 100 == 25, and so on.

In the case of 8 h.-9h. and 9 h.-10 h. the large size of the liuropean mean value
is due to the inclusion of Stonyhurst. It was unfortunate that owing to failure of
trace on one day neither Seddin nor Eskdalemuir data could bhe utilised. In the case
of hour 8-9, July 28 was much the most disturbed day at the European and Indian
stations, but in the American group it was slightly exceeded by June 2. Even in the
American group the disturbance on June 2 was practically confined to Sitka, while that
on July 28 visibly affected the great majority of stations. The parallelism between
the European and Indian stations is fairly close, but June 26 was quieter and July 24
less quiet in Europe than in India. As there was unfortunately no Antarctic record
during 8 h.-9 h. on July 28, the Antarctic results are based on only five term hours ;
so corresponding results restricted to the same five hours were also obtained for the
other stations. The parallelism between the Antarctic results and those from the
other stations is fairly close. In each case June 2 figures as the most disturbed day
and June 30 as the least disturbed.

In the case of hour 9-10, July 28 is everywhere the most disturbed day ; but while
its pre-eminence in the American stations is considerably greater than in the case of
8 h.~9 h., the reverse is true elsewhere. It is the exceptionally large size of the ** activity ”
on July 28 at the American stations—especially Sitka—which makes the American
percentage figures for the other days appear so low compared with those elsewhere.
In the Antarctic, as elsewhere, July 28 was easily first ; the chief peculiarity was that
June 2 was much more disturbed than June 26.

In the case of hour 17-18 Europe is represented by only two stations (Seddin and
De Bilt), but they show a very good general agreement. There were four North
American and five Indian stations, as well as three miscellaneous (Honolulu, Mauritius
and Pilar). The Antarctic record for July 17 was lacking, so only five hours were
available for it. A second set of values for the same five hours was thus calculated
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for the several groups of co-operating stations. The hour fell in the early morning at
the Indian stations, and conditions there were generally very quiet. lixcept in the
Antarctic, May 26 was the most disturbed day, July 17 coming next; while May 22
and June 19 were conspicuously q.uiet. These last two days were also very quiet in
the Antarctic ; but there June 23 and July 21, especially the latter, were much more
disturbed than May 26. 1{ we consult Table CI we find that, with the solitary
exception of Lukiapang, the ““activity ” whether horizontal or total was invariably
greater on May 26 than on July 21. The difference between the Antarctic and other
regions on this occasion is thus unusually conspicuous. It is somewhat suggestive
that the difference between the Antarctic *“ activities ” on the two days is most marked
in the vertical component. There are various reasons for regarding great * activity ”
in the vertical component as an indication that the primary source of disturbance is
not far from overhead.

The same stations were available for hour 18-19 as for hour 17-18 in the second
group of term days. Records being again lacking for July 17 in the Antarctic, two
sets of data had to be prepared for the other stations. The Kuropean and American
figures for the several days are remarkably similar. July 17 1s out of all comparison
the most disturbed day, being followed after a long interval by May 26. Omitting
July 17, the figures from the Antarctic and the mean of the other stations agree in
the order in which the days come.

In the case of hour 18-19, in the third group of term hours, Kurope is represented
by four stations (Hskdalemuir, Seddin, De Bilt and Uccle), America by only two
(Cheltenham and Vieques), India by five (Dehra Dun, Barrackpore, Toungoo, Alibag
and Kodaikanal), and there is one additional station Pilar, making 12 in all. The
time being midwinter at all the stations except Pilar, “ activities ” naturally rule low.
The order in which the days come is rather markedly different. The liuropean and
Indian groups make December 18 the day of largest “ activity,” and it is slightly
above the mean in the American group ; but the Kuropean and Indian groups make
November 20 a day of low “ activity,” while the American group makes it high. In
the case of January 26 the Indian and American groups agree in making the “ activity ”
low, while the Iluropean group makes it high. In the Antarctic the “activity >’ on
December 18 was enormously greater than on any other day. Taking the horizontal
components, the “ activity ” in the Antarctic was 60 times as great on December 18
as on January 26, whereas in Kurope the “activities” on the two occasions were
practically equal.

For hour 19-20 Stonyhurst was available, bringing the number of Furopean
stations up to five. The contribution from Stonyhurst unfortunately rather dwarfed
those from the other four stations. There were still only two American stations, this
time Sitka and Cheltenham. There were the same five Indian stations, and in addition
Honolulu and Pilar, making 14 stations in all. The Kuropean, Indian and American
data make January 22 much the most disturbed day, and even in the Antarctic it

hJ

shows conspicuously more ““activity ” than any day except December 18. The
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comparatively high position taken by December 18 in the case of the mean from the 14
co-operating stations is mainly due to the large contribution from Pilar. The disturbance
on December 18, though largely local to the Antarctic, would naturally be felt more
throughout the southern than the northern hemisphere.

Section 52.—Table CIX, p. 195, compares the ‘ activities ” from the declination and
horizontal force (West and North components in two cases) derived from all the
co-operating stations. July 17 was so outstanding that it seemed best to form two
sets of results, one including the other excluding it. Similarly, the exceptionally large
D contributions from Stonyhurst made it desirable to give alternative results, one
excluding Stonyhurst. If we omit the highly-disturbed day July 17, the D contri-
bution is the larger if we include Stonyhurst; otherwise the H contribution is larger
by a small margin. In either case the D and H contributions are of like importance.
Neither can be omitted without a very serious underestimate of the “ activity.” Also
on comparing the previous tables—where data for individual hours are given—it is
obvious that even when we take the same hour of the day the ratio of the I) to the H
contribution at the same station varies too much to admit of any safe inference being
drawn from the magnitude of the one as to the magnitude of the other.

Table CX, p. 195, is similar to Table CIX, but includes the vertical as well as the
horizontal components. It is restricted to stations which supplied all three components,
which accounts for some apparent inconsistencies with the previous table. The lowest of
the four estimates makes the contribution from the vertical force one-ninth of that from
the two horizontal components. Thus the vertical force contribution for the average
hour at the average station is by no means negligible, and there are individual occasions,
e.g., both hours of July 28 at Sitka, when the contribution from V is both relatively
and absolutely considerable.  Still it would appear that the omission of the vertical
component would be unlikely to seriously prejudice the conclusion that would be
reached as to the “ character ” of the hour or day, if data from a large number of
stations were considered.

Section 53.—Table CXI, p. 195, contrasts the results obtained for the Antarctic
“ activities ” from the three groups of term hours. In the first group July 28 contributed
only to the second hour, 9 h.-10 h. In the third group December 18 was omitted because
on that occasion the disturbance was so outstanding it would have swamped the other
days. Thus a better idea of the average relative importance of V was obtained by
omitting it. Two sets of general means are given, the first based on all the 33 term
hours for which records were complete, including the two on December 18, the second
omitting December 18. In the first group of term hours the contribution from I’ is
the largest, being on the mean of the two hours about 47 per cent. of the total, as
compared with 38 per cent. from S’ ‘and 15 per cent. from V. In the second group
there is a marked difference between the two hours, the S’ contribution being the larger
in the one, the K’ contribution in the other. The contribution from V averages about
18% per cent. In the third group the contribution from E’ is much the largest in both
hours, and the contribution from V is about 17 per cent. of the total. The “ activity ”
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was so much larger during the third group of term hours than during the first two
that the third group is largely dominant in the two final means. If we omit December 18
we find the contribution from I’ nearly 2% times that from §’, and the contribution
from V about 17 per cent. of the total. Tf we retain December 18 the relative importance
of the contribution from K’ rises and that from V sinks.

It must be remembered that in Tables XCIIT to CXI we are dealing with only a
few hours of the day, and that if we had “ activity 7 data from all hours of the day,
and from all days of the year, our conclusions might be considerably different.

There are reasons, however, for believing that the results in Table CXI are‘more
representative than might be thought. T have pointed out elsewhere that there is reason
to expect the square of the daily range to give at least a rough idea of the total “activity,”
including the part derivable from the diurnal inequality as well as the part we have
just been considering. If we take the values to the nearest 1y of the absolute ranges
and inequality ranges from all days, we have for the three midwinter months of 1911
and the three midsummer months of 1911-12 the results appearing in Table CXII, p. 196.
Squaring the ranges we get the results in Table CXIII, p. 196.

Thus at midwinter—the season including the two first groups of term hours—the
contributions from K’ and 8’ are not far from equal ; while at midsummer—the season
of the third group of term hours—the contribution from K’ is markedly the larger.
Also the preponderance of the K contribution in midsummer is larger when we consider
the absolute than when we consider the inequality ranges. This is at least suggestive
of a tendency for the I’ contribution to be relatively increased by disturbance, and
0 is in harmony with the fact that the percentage contribution from E’ in Table CXI
is larger when we include than when we exclude December 18.

Taking the mean square of the ranges from the three elements we get, for the
relative values of ““ activity ” at midsummer and midwinter :

from absolute ranges, 1:6 ; from inequality ranges, 2-4.

In the case of the term hours 18 h.-19h. is the only hour common to the two
seasons. If we omit December 18 as outstanding we have five hours in each case.
From these we find

<

(midsummer ““ activity ”’)/(midwinter ““ activity ”’) == 4-6.

Comparing this with the corresponding results from the two sets of daily ranges
we should, I think, infer that even when we exclude December 18, either the midsummer
term hours -encountered more disturbance, or the midwinter term hours encountered
less disturbance, than was quite characteristic of the season of the year.

At the same time, the day lacking in the Antarctic at midwinter was July 17
and, as Table CVIII shows, the ““ activity ” on this occasion at stations outside the
Antarctic was much above the average. Also, while no Antarctic record was got
between 17 h. and 19h. on July 17, there was record up to about 16h. 55m., and
again subsequent to 19h. 10m. During the interval there was a fall of 70y in E',
so that element must have possessed considerable *“ activity ” during one at least of
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the term hours. Thus it is highly probable that but for the loss of trace on July 17
the result obtained for the Antarctic ‘“activity ” at midwinter would have been
“considerably larger.

If we combine the Antarctic results for the two hours 18 h.-20 h. of December 18,
we find that the contribution of the horizontal components to (1/12)29® amounted
t0 145932, 1If, on the other hand, we combine the results from the horizontal components
at all the co-operating stations on all the 36 term hours—representing in all an aggregate
of 700 hours—we obtain 12871y%. “ Activity ” such as that exhibited in the Antarctic
during the term hours of December 18 is very rare in temperate latitudes ; but it does
present itself during disturbances of the largest size, such as occur once or twice in ten
years. In such cases the disturbance is world wide, and the time of greatest  activity ”
may extend over several hours, minor though still large movements existing for a day
or more. This will give some idea of how enormously the magnetic  activity ”
encountered during a storm of the first class exceeds that encountered on the average
day. Another conclusion suggested by the Antarctic figures is that any calculation
of the annual “ activity ” over the globe which is based on records confined to low and
mean latitudes must inevitably lead to a very inadequate estimate.

Section 54.—The traces received from Agincourt were not quick runs, but copies
of the ordinary slow run curves, in which the times shown were those of 75° W. By
an oversight, in the original measurements the times shown were treated as if times
G.M.T. The first set of values of (1/12)2%? obtained thus referred to times 5 hours in
advance of the true term hours. On the mistake being discovered, the curves were
remeasured at the proper times, and the data employed in Tables XCIII to CII refer
to the same hours as the data for the other stations.

Having “ activity ”’ data for the two sets of hours at Agincourt, it is well to utilise
them. The term hours of any one group of days are, of course, too few for the results
to be accepted as wholly representative of the hours of the day at the particular season,
still they should suffice to give a general idea.

Table CXIV, p. 196, gives the mean results obtained, employing only those days when
there were data for all four hours. The quantity tabulated is (1/12) S92, the unit
being (1y)2, and the time is L.M.T. ;

There was no day in which the value of (1/12)S4? was nearly so large for hour 3-4
as it was for either hour 8-9 or hour 9-10 ; and the same was true for hour 4-5, except
on one occasion when the value for hour 8-9 was exceeded. Thus the lesser ©“ activity ”
of the early morning hours 3 h.-5h. as compared with 8 h.-10 h. may he accepted
as a general feature, at least near midsummer. '

The prominent position of hour 17-18 in the second group of term days is due to
the exceptionally large contribution from July 17. If we omitted that day, the hour
12-13 would take the first place. The second and third groups of days agree in making
the ““ activity ” for hour 18-19 less than that for hour 13-14. The differences between
the results for the second group (midsummer) and the third group (midwinter) for the
common hours 13-14 and 18-19 are very striking.
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TapLe LXXXVIII.—Ranges during Term Hours (Unit 1y).
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TaBLe X(C.—Ranges during Term Hours (Unit 1y).
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TasrLe XCI.--Ranges during Term Hours (Unit 1y).
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TasLe XCII.—Ranges during Term Hours (Unit 1y).
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Tapre XCII.—Ranges during Term Hours (Unit 1y).
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Value of (1/12)22 in terms of (1y)2.

TaBLE XCIV.—* Magnetic Activity ” during Term Hours.
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Value of (1/12)Exn? in terms of (1y)2.

TaBLe XCV.— Magnetic Activity ” during Term Hours.
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Value of (1/12)27? in terms of (1y).

TaBLE XCVI.—“ Magnetic Activity ’ during Term Hours.
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Value of (1/12)S9? in terms of (1y)2.

TaBLeE XCVIL.— Magnetic Activity ”’ during Term Hours.
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TasLe XCVIIL.— Magnetic Activity ” during Term Hours. Values of (1/12)37?2 in terms of (1y)2.
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Value of (1/12)Z4% in terms of (1y)%.

TasLe XCIX.—“ Magnetic Activity ” during Term Hours.
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TaBLE C.—* Magnetic Activity ~” during Term Hours.

Values of (1/12)272 in terms of (1y)2.

8h-9h. 9 h.-10 h.
Station. May 29. June 2. June 26. | June 30. | July 24. July 28. May 29. June 2. | June 26. | June 30. July 24. July 28.
|~ |®E|T |®R|T™|B|”|E|T”|&|T |B|T|E|T|&E|D|E|T|H|T|H |T
Stonyhurst ..[43-7 |46-1 | 23-5 | 24-1 149-3 |61-6 |19-7 |21-9 [42-0 |44-2 |121-3 |129-4 (68-1 |71-4 |55-0 |55-5 |92-3 |94-1 46-3 |48-6 {70-0 71-8 |130-8 |131-4
Eskdalemuir....|17-6 {20-7 | —~ — | 811149 |4-6|5-9|9-5]|10-7 | 93-7 |101-4 |13-5 [22-8 | — | — | 7-7 |12-8 | 4-6 |11-4 [13-5 (14-9 | 73-6 | 77-5
Pilar ... 4177121 1-3 1-4/{0-9,091-1{2-0/2-3/2-3; 29! 3-1}|1-3{1-5[1-2}1-83}1-4}2-0/0-8{1-7]|5-3]5-3 1-9 1-9
Vieques .135|38| 2.8; 35{1-0{1-3|0-4}0-5{11-2(13-4| 47| 9-9|3-2{3-6{29]3-21{19-0{19-4}2-0(2-32:6(3:6} 56, 7-6
Cheltenham ...{ 2-5 | 2-7 9-7111-8{1-9|2-2|1-3{1-8|12-1112-6}23-1|24-6|8-8|8-913-4]|4-7(14-015-7|5-3|6-5]5-0|5-1]|26-3]264
Agincourt 439 — 14-2 | — |20 — 07— (195 — 35| — |55 — |82} — 21-3|— |44|— |66 — |46-8| —
Tuscon ]l09|1-0(23-1}23-2({0-3,0-3,03[0-3|4-8|/4-8| 96| 9.6[0-9/1-0{6-8!6:813-6|3-60-5/06,6-9|70]|185]18-5
Sitka ..|10-6 [10-8 125-1 {141-1 | 2-3 |24 {1-5|1-7 | 6-6 | 6-7]95-3 117-4 | 5-3 | 5-8 {19-1 {26-9 | 3-3 | 3-5 3.2 |3-3|7-7]|7-9(311-4 {447-5
Honolulu 1-1}{1-8}| 7.6} 7.91-9|2-1)0-1}1-8;1-7|2-1} 34| — |1-61-6|1-8{1.9|2-2/2-3]0-4/0-6|2-6}2-9]11-7! —
Lukiapang ...} 8-6 | 8-8 { 12-5 ; 13-5 | 1-4 | 1-9110-6 |I1-1 | 4-5 | 8-3 | — —_ | — — 35611359} — |— |— | — |— | — — —
Toungoo ..119-3 {19-7 | 16-3 | 18-2 |19-6 |34-3 9'5/ 13-1 | 3-1|7-5{66-2|66-2|0-6}1-8{12-3 {13-5 [16-4 |16-5 |21-2 |24-8 |22-7 [26-2 | 48-2 | 48-2
Barrackpore ...|15-4 16-1 | 18-8 | 19-1 29-1 {31-0 | 8-5 | 9:0 | 4-2 | 4-3 |112-9 {116-9 [18-8 |19-4 | 8-1 {10-5 [31-0 {31-2 {12-1 {15-6 |25-0 26-3 | 42-8 | 44-0
Debra Dun ...{13-9 17-3 | 07! — |9-5(14:0|5-6 | 6-1 |11-0 {14-2 | 65-8 | 69-6 | 6-1 | 6-7 |10-6 (13-9 | 9-5 {10-2 |13-4 |16-6 [22-4 [22-6 | 36-6 | 40-9
Kodaikanal ...|62-8 181-0 | 13-1 | 13-4 |57-0 [58-8 {12-6 {14-1 14-9 [32-9 {136-9 {139-1 (23-5 25-7 [26-9 {30-5 |51-1 |{57-5 [32-3 [32.5 |33-0 |38-7 | 54-9 | 60-7
Alibag 177 123-3 3-8 5-51{24-7 |42-4 | 6-8 111-4 | 5-4 | 6-4 | 76-0 {110-2 |14-5 |16-5 | 6-9 {12-5 (32-1 |37-0 [21-8 |23-1 40-9 |42-2 | 62-2 | 65-5
Mauritius — {— | 14-7 | 14-9 {20-3 [28-6 {18-6 [35-0 29-1 {37-6 | 22-9 | 24-1 | 9-7 |11-5 {10-7 |10-7 {15-4 (15-9 [16-9 |17-4 [19-2 {20-0 | 10-1 10-6;
Helwan ...165-0 [68-1 | 22-9 { 31-7 |57-3 [59-8 {22-1 23-2 | — | — — — |17-8 |19-0 {17-3 {17-6 {16-7 |23-3 (13-4 {16-2 | — | — — —_
Seddin ..122:5 {25-1 6-6 7-1126-0 |29-8 [11-4 112-6 j13-7 {18-3 | — — 132-6 {35-1 | 5-4]5-7 |19-6 [45-5 | 7-0 [11-1 |10-2 {104 | — _—
De Bilt 26-9 | — | 13-4 — | 2-4| — 1.6 — {122/ — 137-0} — 241 |— {56} — [|51:0| — |50{— [10-8 | — |41-4] —
Uccle 19-3 | — 37| — 12! — {41 — |61|— {46-3] — 1227} — 19| — '264|— |29|— {35]— |39-8] —
Val Joyeux ...{116-5 | — 94| — | — | — (791 — 110-9 ] — | 651 — 139 — |20 — 217} — |1:7T|— |10:6|— |44:3| —




Tasre CI.—* Magnetic Activity ” during Term Hours. Value of (1/12)Sn? in terms of (1y)2.

881

17 h.-18 h. s 18 h~19 h.

Station. May 22. May 26. June 19. | June 23. July 17, | July 21. | May 22. l May 26. ‘ June 19. | June 23. July 17. July 21.
Bl |®& |(n |H|» |E||® | |E|({T|®|T l E|ir | B|n|E || H | |H|T

Stonyhurst ...[15-1 115-1 |125-8 (128-4 | 8-9 {10-4 | — | — [138-5 {139-2 21§ [23-8 45-0 45-4 [91-0 [92-5 [46-9 |47-2 | — | — 12541 |256-4 |29-2 (295
Eskdalemuir..../14-8 1160 |134-3 [136-0 [ — | — 199 {20-4 |206-7 |207-4 |20-0 |20-2 | 4-8 | 55 {23-7 [26-2 | — | — {34.0 {34-3 {372-8 {384-5 |19-9 [20-6
Pilar ... - 1-8157}) 99)11:3}1-7}1-9)2.1|27110-5)18-1] 55|56 |11:0{134|54|6-8]4-4|76|80]|83]| 80] 88|1-11{19
Vieques ] 2:5 1 3-1 7-015-9|7-1{8138{53|25|3¢7|— |— |[09/14|20|73|[8-9]10:2]76]94]266]45-2| — |—
Cheltenham ....| 6-6 [11-4 1104-5 [107-0 |16-6 [17-4 [19-9 |29-0 | 41-6 | 45-1 |18-7 (19-1 | 2-5 | 4-1 |18:7 |19-7 | 9-9 |13-4 | 8-6 | 9-5 [250-9 [253-2 | 7-6 [13-9
Agincourt .| 47 | — 1573 | — [22-83|— |22-.83| — [90-1| — (245 — |13:0|— 188 | — 184 | — (13.9] — (3764 — | 96| —
Tucson w154 115-9 | 90-9 | 91-2 {386 {53-6 (20-6 {25-5 | 21-4 | 22-6 {29-1 |29-6 {10-2 {11-6 (287 {30-5 {43-5 {43-6 {11-1 {11-9 | 47-7 | 48-5 ! 6.0 | 6-0
Sitka 1207 1152 | 44-5 ) 47-3 | 5:4 ) 5-9 |38-1 |38-5 | 91-2 | 94-3 123-8 |24-7 | 8-6 }12-2 {33-3 [34-2 | 3-2 | 3-6 {18-8 {20-3 [936-7 {969-0 56-4 {596
Honolulu ... |12-9 |13-3 | 19-7 | 20-2 |14-1 |15-3 | 2-5 {10-7| 69| 7-5!83-5{8-7|/26|80|15]|6-1|6-4]|9-5]|4-8]|10-0|53:3}67-6|[20-028-9
Lukiapsng ... — | — 6.4 6-7120 2‘-3 6-1/6-5| 7:56) 84/83)19-1) — ) — 16:9]7-1,1-4/[1-4|7-3}81j155]}16-1/2.8)3-2
Toungoo ..|1-6|2-0|18-9{18-9{0:7|0-7|6-36-5] 4-2| 4-216-9 {17°0{2-0{3-1|0-5|1-1(8-0][8-2(10:6[10-9|10-610-6|0-1) 01
Barrackpore...i 35 (45| 9-4| 9-8/1-111-4/49{53| 62| 6-8/49|5-1{46([50[4-3{4-6/1.7{1-8/7-9{84|268}|27-4{4-51/5-2
Dehra Dun ...} 2-8 | — 607 7-110-8} — 72— 55} — 1221244114640} 46]1-8}) — }6-3|6:5)40-8}41-7]|4-4}4-5
Kodaikanal ...| 2-3 | 2.6 | 41| 4-41000-181/49]| 54} 6:9/2.53-5|53{57/26|30{27/30|05{07]|130]|160]3-3]3-7
Alibag ey 1-501-7¢ 7-9110-92-8/4.0{26(3-9] 27] 35|{26}7-4|23!25][22/26]1-0]|2-0/|4-2{5-5[19-8[21-2|3-6/4-8
Mauritivs ..} 1-5}— | 19-1}21-5/2-7{3-1|27}2-8| 34| 37[/20|2-122{— [46|{4-8(3-0/3-8{9-7|9-7]14-3]14-9]5-135-3
Helwan | 1°3 (14 — — | 1:3{1-6{51({6-6| — — {— {— {34{40{— (— 1:3{1-6(1-0}21] — —_— -
Seddin 3-1{3.6}96-7}{9-3{2-9!3-813-4113-91}92-5]97-6 {11-5 {12-8} 5-9 ! 6-4 {17-9 121-9 | 5-2 | 6-3 | 9-7 {10-5 1243-2 1257-3 | 7-8 | 8-6
De Bilt 36} — 1136-9) — 1 26)— 145} — N13-9| — 149 | — 59| — 242 | — | 43| — 17-0| — 306:9| — | 84| —
Uecle 67— 5636 — (11| — |71]|— — — | 65| — | 43| — 133 — |29} — (116 ]| — — — 123 —
Val Joyeux ...} 3:6 | — — —_— = | — | 74— -2} — 95|~ |— |— |— |— |51} — [88]|— — — 59—
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TasLE CII.— Magnetic Activity ’ during Term Hours.

Value of (1/12)2%2 in terms of (1y)2.

18 h-19 h. 19 h.-20 b 3
Station. Nov. 20. Nov. 24. Dec. 18. Dec. 22. Jan. 22. Jan. 26. Nov. 20. Xov. 24, ; Dec. 18. Dec. 22. Jan. 22, Jan. 26.
t
E|jr/E|rniElT & |17 B|T|H|T{|{H|(T | AR|T |H|T|®H | |H|T A T
Stonyhurst .| 2-8 | 3-0|4-3]|4.9|64 /8662864997~ |— 265 27-1 (25-2 [25-3 31-2 |35-8 | 326 | 33-7 | 40-2 | 42-3 | 43-8 | 45-6
Eskdalemuir...| 2-3 {2809 {1.5{74{75{17{23{7-8!83|77{85[1-1{1-4{1-7]{1-9]1-8}1-8| 63| 6:3|12-3|13-0| 30| 30
Pilar j12:313-3[ 7089|381 |44(17-2/186|58|95]1-3|2:3|97(106|40]41160-5160-7| 05! 21| 84| 86/|250]203
Vieques  ..|10-1 |10-4 | 3-2 | 3-3| 4.6 | 4-8|3-3|33|99[109/19|1.9|41|44|20|21|— |— |100{150]| 46| 49| 08| 09
Cheltenham ...| 6-0 | 6-8 |10-0 |10-7 | 7-9 | 9-8|9-6 | 9-9 | 2-5 | 4-3|4-3|49|79]|91|63]|64]|43|49] 30| 35| 45| 58| 20| 29
Agincourt .| 43| — 05| — | — | — (108} — |33/ — 34| — |73|— 2|~ |— |— | 68| — | 56| — | 28] —
Tueson f100{103{ — {— |— |— |— |~ |17{18{05]|08|6-2|78|— |— (08[83 51| 65| 35| 40| 08| 23
Sitka s fizsi{asfar|— | — [31]4101500165|~ | — |29|46[39]|41|49]49]| 23| 204|150]162] 1:9| 20
Hopolulu ..116{1-6{1-8}25|17|19}|— | — {1-9|29|1.5|1-6|6-8/109|27|33]|1-1]24] 39| 55| 1-2| 1-3| 14| 1-4
Lukiapang ..| 05| 0-8|28|30|— | — |22]23|20(21|13/16|03|04|1:4]1-9|— |— | 20| 24| 35| 35| 09} 1-0
Toungoo ..|3-2|34|43|46)|43|43|74|7.4|55|56/05/05|29|63|08|1-2/2645] 07| 25| 1.4] 1.5| 32| 33
Barrackpore | 0-5 | 0-6|25/2-9]43/49/34/37/1-5|1-7{1.5(16[03]05(13/16[03|07]| 14| 15| 47| 50| 04/ 07
DebraDun .| 1-6 | 1-7(66(6-9|50{53(20({21{28[28|1-2{1.4}{04]05(1-3|1-5{10]1-2} 10} 1-1| 49| 50| 05| 06
Kodaikanal .| 1.9 | 2-2{1.7]2-8|50]6-2|27|32|27|27|15]19|1-1|13]|1-9|32|24(24]| 1-.4| 21| 1-9| 53| 07| 1-5
Alibag |10]19{36(43|28|51|24/38|31(|39|08|16|1-1|1.5|1-3|23[16]|1-8| 1-4] 37| 29| 36| 07! 1-5
Mauritius .| 17 )~ |~ | — | 1516|1821 — |— |~ |— |21|— |27/~ |10]11) 05} 07)] — | — | — | —
Helwan — | —|26|— |{31]32|20{23|19)23|28|30|— |— |1-9/20|1-1]1-3] 40| 43| 9.8/108] 10| 1-0
Seddin l24|27]|2124(5660[21({21|54(5663|64[06[08|09(I1|1-8{20] 53] 53[13-0{133| 29| 3-4
De Bilt |25 — {18|— |87]|— |290|— |34|— |59|— |13~ |28|— |290|— | 76| — |141| — | 22| —
Ueccle 07— |1o0{— |36}~ |15}|— 17— |52]— {02 — |06|— |18|— | ¢7] — | 56| — | 1.0 —|
ValJoyeux .| 3-9 | — |36 | — 35— |17 — |50 — |36~ | — | — |28]|— [15|— | 51| — |122] — | 15| — |
1




TasLe CIII.— Magnetic Activity ” during Term Hours.

Mean Value of (1/12)Zn%in terms of (1y)2.
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TasLe CIV.—“ Magnetic Activity ”’ during Term Hours.
Mean Value of (1/12)27? in terms of (1y)2.

17 h.-18 h. 18 h.-19 h.
Nat;lre
Date. [} .
Number Numb
Mean. of DorW.HorN.| T V. T, m;lf o DorW.HorN.,| T. V. T.
Stations, Stations.
May 22 M, 20 2:6 3-3 5-9 — — 19 39 34 7-3 — —_
M, 19 2.5 2:9 54 - — 18 2:0 32 5-2 — —
M, 14 31 3:6 6-8 1-2 79 15 4-8 2.7 7-b 1-0 8:5
M, 13 3:0 3-1 6-1 1:3 74 14 2:4 2-4 4:9 1-0 5-9
May 26 M, 19 20-8 | 34-6 | 65-4 —_ — 19 74 8.6 | 16-0 — -—
M, 18 19:9 1 31-6 | B1+b — —_ 18 3-6 8-211-8 —_ —_
M, 16 173 | 26-7 | 440 1:9 | 46-0 16 8:0 7411565 1.6 | 17-1
M, 15 15-9 1 22-7 | 38:6 1-9 ] 40-5 15 3:6 6-8110-4 1-6 | 12:0
June 19 | M, 19 5:3} 16| 70| — — €0 484 42| 90, — —
M, 18 5:2 1-7 69 — —— 19 3-0| 4-0 7-0 —_ —_—
M, 15 5-6 15 71 1:6 8:6 15 6:0 3-8 9-8 1:0] 109
M, 14 64| 16| 6-9 16| 8b 14 36 36| 72| 1-1} 83
June 23 M/ 20 40 6-4 | 105 —— — 20 4-7 5:4110-1 — —_
M,’ 15 4-5 5:6 | 10-1 2-1112-2 16 5-3 41 9-4 1:0]10:4
July 17 M, 19 9-3139-4 488 — — 18 65-0 {102-7 |167-6 — —
M, 18 8:6 1351438 — — 17 68-2 | 94-4 11626 — —
M, 15 9:5 (349 | 44-4 2:3 ] 46-7 16 b7-6 | 88-3 [145-9 6:5 |1562-4
M,/ 14 861291376 24| 40-1 15 60-7 | 78:0 |138-7 6:8 |145-5
July 21 M, 19 71 4-9112-0 — -— 19 5:6 4-8 | 10+4 — _—
M/ 18 70 4:4 1118 ——— — 18 4:8 4-6 9-4 — —
M, 156 7.2 4-3 1 11+5 1-2 1127 15 67 4-7 | 11-5 1:7113-2
M, 14 731 361108 1-1(11-9 14 571 4:5610-2 | 1-9}12-0
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TaBLe CV.— Magnetic Activity ”’ during Term Hours.

Mean Value of (1/12)%n* in terms of (1y)2.
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TasBLe CVI.—Antarctic Ranges during Term Hours (Unit 1y).

Hour o ar Hour ,, S
Date. | Gpor, 1. 8", V. . B 8% V.
May 20 | 8-9 | 12:8 162 123 13-2| 53 53| 9-10| 11-0 11:6| 62 62| 7.6 76
Juno 2| 89 | 10-3 12:0| 15:6 156 | 12.9 12-9 | 9-10 | 17-4 200 [ 14-8 18-0| 68 84
, 2| 89 | 110 11-6| 180 18:0| 7:6 7.6 9-10| 9.0 11-6| 82 9-8| 3.0 3-0
w 30| 89 | 45 47| 41 41| 38 38| 9-10| 9.0 11-0| 74 9-0| 53 53
July 24 | 89 | 16-5 166| 65 7-4| 7-6 7.6 9-10| 12-9 12.9|10:5 10-5| 3-0 3-0
. 28 9-10 | 45.2 53-0 | 59-1 63-2|10-7 183
May 22 | 17-18 | 14-2 187 | 11-4 12:3|13.7 13-7 || 18-10 | 187 10-4 | 15:0 10-4 | 14:5 145
., 26 |17-18 | 36-2 36-2| 13-2 141 7-6 9-1 | 18-19| 53-6 64:6 | 25-5 28-2 | 16-7 26-6
June 19 | 17-18 | 7-8 84| 9.8 13.9| 3.0 4:6| 18-19| 187 245|172 172 | 7-6 12-9
, 230 17-18 | 20-7 42:0| 525 63-3]13-7 162 | 18-10 | 14.2 18-1 | 34-4 35:3 | 21-3 21-3
July 21 | 17-18 | 26-5 317 | 53:5 053-5 297 207 || 18-19 | 30-4 38-1|31-6 39-7 | 13-7 167
Nov. 20 | 18-10 | 42:0 47-8 | 48-4 ©53-0 | 260 32:0 || 10-20 | 65:0 756 | 27-3 30-0 | 43-4 47.9 |
. 24|18-19| 52.3 60-8| 27-3 34.1|10-8 250 || 19-20 | 68-5 83.3 | 42.3 47-1 | 12.9 22.1
Deo. 18 | 18-19 | 262.0 209-4 | 163-0 163-7 | 32-7 37-3 || 19-20 | 202-2 210-6 | 60-0 68-2| 50-2 60-0
» 22|18-19 | 827 950 | 56:6 G3-4 | 40-3 41-0 || 10-20 | 904.3 102.7 | 20-3 38.9 | 72:3 73-1
Jan. 22 | 18-10 | 81-4 97:5| 35-5 44:3 | 45-7 51-0 || 10-20 | 126-0 190-6 | 83-2 86-G | 67-7 784
. 26|18-19| 36-2 41.3| 27-3 20-3 | 47-2 51.7 || 19-20 | 43.3 43.0 | 38-2 43.6 | 18-3 228
TaBLe CVII.—Antarctic ¢ Magnetic Activity ” during Term Hours. Value of
(1/12)2%* In terms of (1y)%.
) Hour ar o o " Hour qar ¥ 1 b
Date. |gapm| E. | 8| W . (U P I A A £ H. T.
Moy 20 | 89 | 11.6| 74| 24| 100| 214 v-l0| 95| 30| 48| 125| 17-3
June 2| 89 | 11-1| 21-5| 14.6| 326| 472 9-10| 25-9| 24-1| 27| 50:0| 527
s 26| 89 | 10-8| 12:1| 20| 229 249| 90| 82| 71| 06| 153 159
w30 | 89 1.5 10| 09 2.5 34 9-10| 76| 32| 40| 109]| 149
July 24| 89 | 164| 39| 44| 23| 27| 910| 101} 68| 08| 169| 177
w 28] 89 9-10 | 36:5|127-0 | 71| 164-4 | 1715
May 22 | 17-18 | 14.0| 96| 15-1| 23.¢| 387 18-10| 154 | 185 11-3| 33.9| 45-2
w26 |17-18 | 115-0 | 88| 63| 124.7| 130-0 || 18-19 | 178-7 | 46-8 | 42-1 | 225:5 | 267-6
June 19 | 17-18 | 39| 61| 05| 10.0| 105 18-19| 23-3| 107 52| 341| 393
w 23 |17-18| 36-9 [171-6 | 25.6 | 208-5| 2342 18-19| =20-7|100-56| 33-9 | 121-1 | 155-0
July 21 | 17-18 | 49-6 | 268-8 | 133-5 | 318-3 | 451-8 || 18-19 | 73-0| 87-9 | 20-2 | 160-9 | 181-2
Nov. 20 | 18-19 | 188-0 | 302:2 | 40-3 | 400-2 | 530-4 || 19-20 | 327-4 | 61-3 | 184-0 | 388.7 | 573-6
» 24|18-10| 229-1| 73-3| 30-8 | 502.4| 333.2 | 10-20 | d4556-5 | 165:6 | 20-5 | 611-1 | 631-6
Dec. 18 | 18-19 | 7946+4 [2637-6 | 105-2 | 10484-0 | 10689-2 || 19-20 | 3886-8 | 221.9 | 134-3 | 4108-7 | 4243-0
» 22| 18-10 | 580-2 | 206-3 | 102.8 | 855-5 | 9683 || 19-20 | 791.0 | 50-5 | 413:3 | 841-5 | 1254-8
Jan. 22 | 18-19 | 745-4 | 107-0 | 161-1 | 852-4 | 1013-5 || 10-20 | 16265 | 368-9 | 2764 | 1004-4 | 2270-8
» 26| 18-10| 112:6 | 52:1| 143-0 | 164.7 | 308:6 || 10-20 | 126-2 | 75-7 | 32:7| 200:0 | 233.7
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TapLe CVIIL.—Absolute and Relative Values of (1/12)Zy* (* Magnetic Activity ) during Term Hours.

i
: — Hour | Mean | May | June | June | june | July | July | Hour | Mean | May | June | June | June | July | July
GAM.T.] (+%) 29 2 26 30 24 28 ||GM.T.; () 29 2 26 30 24 28
Europe, horizontal 8-9 31-9 94 42 55 26 64 | 319 9-10 | 32-5 91 50 | 146 43 73 | 197
N. America, horizontal | 8-9 14-4 30 | 242 10 6 | 237 9-10 | 19-3 25 42 63 16 30 424
India, horizontal 4 89 29-0 89 36 | 103 30 27 | 315 9-10 | 25-3 50 51 | 111 80 | 114 | 194
All stations, horizontal | $-9 21-1 71 87 67 23 50 | 296 9-10 | 21-9 59 49 | 111 51 79 | 251
: 8-9 12-9 [ 126 | 144 | 111 38 81 — — — — — | = — — —
Antarctic, horizontal ...l 89 19-5 98 | 167 | 118 13 104 — 9-10 | 45-0 28 | 111 34 24 38 | 365
Antarctic, total 8-9 24-3 88 | 194 | 102 14 | 102 — 9-10 | 48-3 36 | 109 33 31 36 | 355
Hour | Mean | May | May | June | June | July | July | Hour | Mean | May | May | June | June | July | July
‘ GALT.. (9 22 26 19 23 17 21 | GMT.| ) 22 26 19 23 17 21
} Europe, horizontal 17-18 | 42-2 8 | 276 7 33 | 245 31 | 18-19 | b4.7 11 38 .9 24 | 503 15
{ N. America, horizontal | 17-18 | 40-0 25 | 248 52 63 | 152 60 | 18-19 | 81-3 11 30 23 16 | 495 25
. India, horizontal ...| 17-18 4-7 50 | 198 23 (103 | 102 | 124 | 18-19 6-8 54 40 45 87 | 327 47
| All stations, horizontal | 17-18 | 20-6 26 | 252 39 55 | 172 56 || 18-19 | 35-4 16 33 23 27 | 473 28
| 17-18 | 17-6 30 | 293 46 65 — 66 || 18-19 9-0 64 | 132 90 | 104 — | 110
i A_ntarctic, horizontal ...| 17-18 | 137-1 17 91 7 | 152 — 1233 || 18-19 | 115-1 29 | 196 30 | 105 — | 140
. Antarctic, total 17-18 | 173-0 23 75 6 | 135 — | 261 | 18-19 | 137-7 33 | 194 29 1113 — {131
! Hour | Mean | Nov. | Nov. | Dec. | Dec. | Jan. | Jan. || Hour | Mean | Nov. | Nov. | Dec. | Dec. | Jan. | Jan.
: GMT.| () 20 24 18 22 22 26 ||GM.T.| () 20 24 18 22 22 26
. Burope, horizontal 18-19 3-8 52 39 | 167 54 | 122 | 166 | 1920 9-8 60 63 80 | 115 | 174 | 108
N. America, horizontal | 18-19 6-1 | 132 | 109 |102 | 105 | 102 50 |1 19-20 5-0 1109 | 102 92 53 | 196 48
i India, horizontal . 18-19 2-9 56 | 128 | 148 | 123 | 107 38§ 19-20 1-6 73 84 99 74 | 200 70
- All stations, horizontal | 18-19 4-1 89 90 | 126 | 113 | 105 T 19-20 6-3 72 62 | 134 82 | 148 | 102
© Antaretic, horizontal ...| 18-19 2191-5 22 14 | 478 39 39 8 11 19-20 \1357-6 29 45 | 302 62 | 147 15
i Antarctic, total 18-19 |2288-9 23 15 | 463 42 44 13 || 19-20 |1534-6 37 41 | 277 82 | 148 15




TaBLE CIX.—Mean Term

-

All Days.

Omitting July 17.

Hour ““ Magnetic Activities.” Comparison of Components.

—— (1/12) =92 in (17)2. Porcentages. (1/12) 39% in (17y)2 Porcontages.
])orW.HorN.’ O [DorW|HorNDorW.[HorN.| H [DorW.|HorN.

All Co-operating Stations 87| 9-7|18-4|47-3 527} 7-2| 6-3|13:5|53-1]46-9

Omitting Stonyhurst ... T4 | 9:3|16+7 | 44-3 | 556-T | 5-7 | 6-3 | 12:0 | 47-7 | 52-3

TaBLe CX.—Mean Term Hour “ Magnetic Activities.”

Comparison of Components.

TaBLe CXI.—Antarctic “ Magnetic Activities

(1/12) Sn? in (19)2 Porcentagos.
Cyaportin
DorW.HorN.| T. V. Total. [Dor W./H or N.| H. V.
All | All 89| 95184 | 2-1]20-4 435 |46-5 | 90-0 | 10-0
” .| Omitting July 17 7-4 | 6-3|13-7| 1:9 ] 15-6 | 47-2 | 40-6 | 87-8 | 12:2
Omitting Stony- | All 721 90416-2 2-0|18-2|39-5|49.-2|88-7|11-3
}1,"11'517- » Omitting July 17} 55| 6-3|11:8| 1:9|13.7|40-3 | 459 | 86-2 | 13-8

at Different Hours and Seasons.

(1/12) 292 in (1y)= Percontages.
Hour
e G.MLT. -

[ 8 . V. Total, | E s, H. V.
May 29; June 2, 26, | 8-9 10-3 921 19D 49| 24-3|42-2 | 37-8 | 800 | 20-0
30; July 24, 28. 9-10 12-3 8-8 21-1 2-6 23-7 1 51-8 | 37-3 | 831 | 109
May 22, 26 ; June 19, | 17-18 | 44-0 | 93.0 | 187-0 | 86-0 | 173-0 | 256-5 | 63-7 | 79-2 | 20-8
23; July 21. 18-19 62-2 b2-9 | 1151 22:6 | 137-7 | 45-2 | 38-4 | 83+6 | 16-4
Nov. 20, 24; Dec. 22; | 18-19 | 3729 | 160-2 | 533-0 | 95-8 | 628-8 | £69-3 | 25-5 | 84:8 | 15-2
Jan, 22, 26. 19-20 | 6649 | 142.4 | 807-3 | 1856 | 992:9 | 67-0 | 14-3 | 81-3 | 18-7
AUD (33) hours (including | 536-5 | 158-2 | 694-6 | 60-1 | 754-7 | 71-1 | 20-9 | 92.0 | 8-0

ec. 18).

31 hours {omitting Dec. 18) ...| 189-3 79-4 | 268-7 56-3 | 325-0 | 58-3 | 24-4 | 82-7 | 17-3
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TaBLe CXII.—Mean Absolute Ranges and Inequality Ranges in Antarctic.

Range in l May. ‘ June. July. November. Docomber. January.
Abs. Iny. | Abs. Iny. | Abs. Iny. | Abs. Iny. | Abs. Iny. | Abs. Iny.

4 4 14 s 14 Y Y Y 14 Y t4 4

.. 205 72 146 60 188 62 247 125 260 93 231 108
S .. 163 78 149 60 175 68 175 94 189 99 164 84
v . 119 39 92 38 128 47 136 65 182 82 145 72

TasrLe CXIII.—Mean Squares of Antarctic Ranges.

Midwinter.

Midsummer.

Absolute Ranges.

Inequality Ranges.

Absolute Ranges.

Inoquality Ranges.

Total

B \ 8 ‘ v B \ 5 v g \ b \ A E"‘ 5 l v

| !
Mean R?/y*  ...132895 (26465 (13003 | 4209 | 4769 | 1725 160657 31081 124215 11979 | 8564 | 5378
Percentages of | 45-4 | 36-6 | 18-0 { 39-3 | 44-6 | 16-1 | 52-3 | 26-8 | 20-9 | 46-2 | 33-0 | 20-8

Tasue CXIV.—Agincourt “ Magnetic Activities.” Mean Values of (1/12)¥%2 in

terms of (1y)%.

First Group (4 days). Second Group (6 days). Third Group (8 days).
LM, D. H. H. L.M.T. b, H. iR ..M. D. H. .
3 h.~4 h. 9.4 | 6:6116-0 ||12h-13h.| 12:4 | 411 | 53-5 ||18h.~14h.] 17| 4:8| 6D
4h~-5h ../ 15-7| 44| 20-1 ||[13h~14h.| 396 (35-3|74-9 | 14h~15h| 3-8| 2968
8h~9h. ..|60-2]|384-0] 94-2|17h.-18h.| 6-1 {108-2 1114-3 | 18 h~19h.| 25| 3:0| H-b
9h.-10h. ...] 60-7 | 29-1 { 898 |18 h-19h.| 6-0 ] 34-3 | 40:3 ||19h~20h.| O-T| 18| 2:5
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CIHHAPTER IX.
Drscusston or SeLretep DisturBed TerM Hours.
May 26, 1911, 1710.-19h. G.M.T.

Section 55.—On this term day very sensible movements occurred at most of the
stations. lixcept in the Antarctic there was more disturbance between 17 h. and 18 h.
than between 18h. and 19h.; but the movements during the latter hour near
18 h. 30 m. seem the most interesting, and are specially considered. The following curves
were selected for reproduction in Plate XV : the three components in the Antarctic,
H at Tucson, H and D at Cheltenham, N at Seddin, and H and D at Sitka.

The movements between 18 h. 20 m. and 18 h. 35 m. in N at Eskdalemuir and in H
at De Bilt and Val Joyeux are very similar to the movements in N at Seddin. At all
these places between about 18 h. 27-5m. and 18 h. 31 m., there is rather a smart rise
m H or N, interrupted for about half a minute by a smart but smaller movement in
the opposite direction. The other magnetic elements during this time showed little
trace of disturbance. The movement in H or N just referred to may be regarded as
consisting of :—

— l Val Joyeux, De Bilt. l Seddin. Stonyhurst. ’ Eskdalemuir.
Resultant change +Ty 10y +11y +12y ~+15y

Tncluding reverse change —1y - 2y — 3y — 3y — 3y
There are apparent small differences in the times at which these movements are
shown on the different curves, but the general resemblance of the movements is so close
there can be but little doubt that they were really synchronous at all the stations. The
D or E trace showed very little movement at this time.

During the time occupied by the above movements there were also decided
movements in the Antarctic and at Tueson, Cheltenham and Sitka, but the features
characteristic of the Turopean stations are not recognisable. In the Antarctic there
was a considerable rise and fall of B', with but very little change in N’. Also the
movement lasted about 10 minutes, from about 18 h. 27 m. to 18 h. 37 m., consisting of
a rise of 37y in I and fall of 35y. At Tucson between 18 h. 26 m. and 18 h. 31-5m.
there were two oscillations in H, the successive movements being 4 2y, — 3y, -- 2y, — 2.
At Cheltenham between 18 h. 20m. and 18 h. 31-5m. the H trace shows a succession
of pulsations, with an average period of about 45 seconds. The following changes in 11
appeared between 18h. 29 m. and 18h. 31:5m., -+ 7y, — 5y, - 4y, — 3y and |- 4y.
A tendency to pulsations was visible throughout the greater part of the two hours
17h.~19 ], but the movements were generally considerably smaller than the above.
The D trace was much quieter, but small pulsations can be recognised in it.
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At Sitka between 18h. 28m. and 18h. 32m., H fell about 18y. Between
18h. 28 m. and 18h. 34 m. D moved 2’ ( = 9y) to the West, and 4" ( = 19y) to the
East, the turning point coming at about 18 h. 29-5m. Thus while at most stations near
18 h. 30 m. the movements in D or E were much smaller than those in H or N, this was
not the case at the geographically extreme stations, the Antarctic and Sitka.

The remarkable feature on May 26, 1911, is that while most of the stations showed
special magnetic disturbance near 18 h. 30 m., it took a very varied form at different
places. Over considerable areas, e.g., throughout Western Europe, there was similarity
of type, but areas remote from one another showed different characteristics.

July 17, 1911.

Section 56.—Whilst the disturbance between 17h. and 19h. on July 17, 1911,
was not what would usually be called a magnetic storm, it was of considerable intensity,
at least at the Huropean and American stations. At the former it was unquestionably
the most disturbed time experienced in any of the term hours. The Antarctic trace
was unfortunately lost, but not improbably the disturbance there may have heen trivial
as compared with the disturbance of December 18, for conditions were comparatively
quiet at the more southerly of the co-operating stations.

A variety of interesting details appeared in the records from the co-operating
stations. The following were selected for reproduction in Plate XVI: Pilar H, Porto
Rico H, Alibag H, Cheltenham H, De Bilt H, Seddin N, Ii and V, Eskdalemuir N and
E, Sitka H, D and V. |

In general, Sitka being the chief exception, the disturbance in H or N was larger
than that in D or E. The disturbance in the latter element was in general by no means
negligible, but besides being smaller than the disturbance in H it presented fewer
noteworthy features. In the H or N curves three features appeal in general to the eye.
The first of these is a series of comparatively slow oscillations of no very regular character,
but with the maxima and minima more or less synchronous at the several stations. The
times of the turning points as shown by the curves are given in the following table.
TapLe CXV.—Times of Turning Points during Term Hours 17 h.-19h., July 17, 1911.

Station. Maxima in H or N. Minima in Hor N.

h. m.|h. m |h m.{h m | h m|h m|h m|h m|h m
Pilar ... — 17 33117 46 |18 15|17 18 17 40118 0] 18 48
Porto Rico ...} — 17 34 |17 49|18 15 — - 17 40 |18 O —
Alibag SO [ 17 33|17 4918 13 — —— 17 40 |18 0|18 48
Honolulu L 1T 220 1T 32 — —_ - — 17 39117 59 —
Tucson L1720 — —_ 18 15 — — — —_ -
Cheltenham ... — 17 34117 51 {18 15117 15 — 17 40118 0|18 49
Agincourt ...| — 17 32 ({17 50118 15| 17 18 — 17 40§18 0|18 5O
Val Joyeux ...0 17 24 | 17 34 | 17 49 — 17 2017275 — 18 0118 48
De Bilt LA 1T 25 017 84117 49118 15|17 20 |1727-50 17 40 | 1T 58 | 18 49
Seddin LA 1T 25017 34 |17 49 (18 15|17 19 | 1728 17 39|17 B9 |18 52
Stonyhurst 1T 2617 36 (17 5018 17 1T 21 | 1729 17 40 117 59 |18 b2
Eskdalemuir ...| 17 25 | 17 35|17 49|18 16 |17 20|17 928 17 40 | 17 b9 | 18 48
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At Val Joyeux trace was missing near 18 h. 15 m., and near 17 h. 40 m. it was so
nearly level that no exact time could be assigned for the maximum which then occurred.
The times shown on the Stonyhurst trace were fully 1 minute slow, if we may judge by
some prominent oscillations which were presumably synchronous at all the European
stations. Some of the oscillations included in Table CXV were small, especially at
the more Southern stations, and the curvature near the turning points on the traces was
so small that the precise times of their occurrence were difficult to fix. We should infer
that the general character of the slower changes in H was the same at all the stations
in the table, H rising at all or falling at all. Sitka, however, differed from the other
stations, the H trace showing maxima at about 17 h. 20 m., 17 h. 37m. and 18h. 47m,,
and minima at about 17h.23m., 17h. 34 m., 18 h. 14 m. and 18 h. 25 m. Thus on the
whole the changes in H at Sitka were opposite in direction to those occurring elsewhere.

Of the slower changes in H (or N), the rise to a maximum about 17 h. 34 m., and the
fall to a minimum about 17 h. 40 m. were generally the most conspicuous. The ampli-
tudes measured for these two movements were as follows :—

Chelten- | Agiu- Val De Bilt. | Seddin, | Stony- | Eskdale-

Porto . Hono- |
8 cson. ' -
Alibag Tueso ham. court. |Joyeux. hurst. muir,

N
Pilar. | Rico. Tulu.

F2y | Ay | Ry | Ry | Ry 12 | BBy 12p | 18y | 16y | 419y 4-21y
=y | =3y | =By —2 | —=3y|-— 8| =By |—Typ| —12p| —12p| —13y | —1dy

It will be noticed that the first movement was in general the smaller at the
Southern stations, but the larger at the Northern. The difference between Tucson and
Cheltenhan is remarkable. In Western Kurope both movements showed a tendency to
increase with the latitude.

The second of the principal features alluded to above was a series of shorter period
oscillations commencing about 17 h. 40m. These were particularly clearly shown at
Seddin, thanks to the high sensitiveness of the Seddin magnetographs. The oscillations
arc superposed on a gradual rise in the element, so that the steps down are less than the
steps up. The change between 17 h. 45 m. and 17 h. 47-5m. may be regarded either
as one oscillation, with the first movement arrested for a short time, or as two oscillations.
On the former view five oscillations are shown, on the latter six. At most of the
stations only the earlier of these oscillations are clearly recognisable. The results of the
measurements possible appear in the earlier columns of Table CXVI, p. 200. For the
three oscillations included: the average period was about 13 minute.

The third feature mentioned above was o second series of oscillations commencing
about 18 h. 19 m. These are again particularly well shown at Seddin, where five or six
oscillations are recognisable. At most of the stations not more than three oscillations
were clearly shown, and the measurements appearing in the later colummns of Table
CXVT are confined to them.
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TasLe CXVI.—Amplitudes of Oscillations in H (or N) during Term Hours, July 17, 1911.

Station, Oscillations commencing about 17 h. 40 m. Oscillations commencing about 18 h. 19m.

. Y 14 4 4 Y 7 14 4 14 14 Y
Pilar e +0-T7T }—0-5 | — _— — — —=0-3 |4 0-1 {—~ 15 {+0:3 |—0-3 [+0-9
Porto Rico ...[+1-4 [—-0-8 | — — — — =114 08|~ 11 {+0:3|—1-4|-+1-4
Alibag el +2  |=15 14+ 2 |[—05 {1 —0-5 |—1 +4 |- A4 42 1—1:5 [+1
Honolulu- ...|41 —1 — — —_— — |-05 |4+ 0-3 |- 0-8 |--1:3 |—1-0 |4+0-8
Tueson RS —1 —— — —— - —33 {+ 0:3 |-~ 2-1 [41-:2 |03 |41-2
Cheltenham {42 —1 .- o — =6 40T - 3 405 |—0-8 |42
Val Joyeux...|-+4 |—2 + 5 |—1 e - — —_— —- — — —
De Bilt q+5 -4 “4- T i—1 +5 -1 -7 +12 |~ 8 +4 -6 |-+b
Seddin |7 |6 +8 -3 [4+6 |—1 —b +15 -12 -5 -6 +5
Stonyhurst...|4+6 |—4 |48 |—1 +5  |-1 —1T 12 - 7 +5  |—6 -}-6
Eskdalemuir |4+7 |—4 [4-10 |2 +7  |—1 —9 -+14 - 9 +4 (-5 +8

At the more Southern stations the movements were so small that results had to be
given to 0-1y or 0-5y to show the order of magnitude. No high accuracy is claimed
for these figures. The trace from Val Joyeux was incomplete, and that from Agincourt
being slow run was unsuitable for the measurement of rapid changes. There were
movements in H, and still more in D, at Sitka during the time, but they could not be
satisfactorily identified with the movements elsewhere. The first three oscillations
after 18 h. 19 m. were on the whole larger than those after 17 h. 40 m., but they showed
the same tendency to be largest at the more Northern Kuropean stations. The periods,
however, of the two series of oscillations were decidedly different. The mean period
for the first three in each case was for the first series 1% minute, as already stated,
as compared with 1} minute for the second series. The periods were thus in the
ratio of 4 : 3. ' .

Small short-period oscillations or pulsations were recognisable throughout most
of the Cheltenbam and Stonyhurst H traces, but their appearance was rather suggestive
of an instrumental origin. The general correspondence of the phenomena at all the
stations except Sitka suggests a source of disturbance cither very deep seated, or
remarkably similar in widely different latitudes. Under such circumstances the difference
between Sitka and the other stations is certainly strange. The parallelism of the Sitka
H and D traces is unusually marked. This suggests little variation in the azimuth of
the horizontal disturbing force at that station for two hours.

July 28, 1911, 8 h.-10 h.

Section 57.—The disturbance of July 28, 1911, showed a less variable distribution
of intensity than that of July 17, being very sensible in all continents. On the whole,
moreover, the disturbance in D (or E) was as large as that in H (or N), though the
individual D movements made less appeal to the eye. The following curves were
selected for reproduction in Plate XVII: Antarctic N’, &’ and V, Pilar H, Honolulu H,
Tucson H, Cheltenham H, Eskdalemuir N, Sitka H, D and V.
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A series of comparatively slow oscillations was visible at all the stations between
8h.30m.and9h. The approximate times of the turning points are given in Table CXVII.

TaBLe CXVIL--Times of Turning Points during Term Hour 8 h.-9 h., July 28, 1911.

Station. Element. Maxima. Minima.
h. m. h. m. h., m. h., m. h. m. . m
Antarctic ...|] N’ 8 32 8 39 8 53 8 36 8 45 —

» K 8 32 8 42-b —- 8 36 — 8 55
Pilar . H 8 30 8 36 8 47 8 33 8 42 —
Porto Rico...] H 8 30 8 39 8 46 8 33 8 42 8 5l
Honolulu ... H — 8 37 - 8 32-5 8 42-B -—
Alibag SR ¢ | — 8 36 — 8 32 8 42 -
Tucson H _— 8 37-39 8 48 8 33 8 42:b -—
Cheltenham I 8 31 8 37-39 8 47 8 3 8 4 8 b50-52
Agincourt ... H —_ 8 39 8 46 8 34 8 43 —

Val Joyeux..., H 8 31 8 37-39 8 45 8 32-34 8 425 8 51-b2

’ D (West)] 8 381 8 37 8 45 8 34 — 8 47-5
De Bilt .| H 8 33 8 42'5 —_— 8 315 8 37-39 8 46
Seddin LW 8 31 8 42:5 — 8 386 — 8 47
Eskdalemuir N 8 3 8 425 8 525 8 316 8 37-39 8 46

o, W 8 31 8 37 — 8 33-3b 8 38 8 47
Sitka e H — 8 40 8 48 8 34 8 43 8 52:b

The oscillations were nowhere very prominent, and the curves near the turning
points were in general rounded and sometimes flat, so that in many cases it was difficult
to assign very definite times. It appeared clear, however, that we had to do with a closely
parallel set of movements at the different stations, having presumably a common origin.

A small but unusually distinet oscillation with a period of about 45 seconds was
visible at about 9 h. 7m. as follows :—

At Honolulu,  with amplitude of 2y in H,

At Tucson, with amplitudes of 2y in H and 2y in D,
At Cheltenham, with amplitudes of 1y in H and 2y in D,
At Sitka, with amplitudes of 2y in H and 5y in D.

The quick run was started too late in the Antarctic, so that the commencement
of the first hour is unrepresented in Plate XVII. A prominent feature there in the
traces of all three elements, especially I, is a series of oscillations during a few minutes
immediately before and after 10h. These were accompanied by a marked rise in both
N and B'. Oscillations very similar to these occurred apparently simultaneously at

_the following stations :—-
Honolulu  in H (accompanied by a rise of force) ;
Tucson in H (accompanied by a rise), and also less prominently
in D (accompanied by westerly movement) ;
Cheltenham in H (accompanied by a fall), and also to a minor extent
in D (accompanied by westerly movement) ;
Sitka in IT (accompanied by a rise), aud also very prominently
in D (accompanied by slight easterly movement), and even visibly
in V (accompanied by a rise).
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These oscillations are not distinctly recognisable at Pilar or Alibag, or at any of the
European stations.

During the greater part of the two hours, especially the later part, pulsations with
a period of about 15 seconds are clearly visible in the N and K traces at Eskdalemuir,
and in the H traces at Cheltenham and Stonyhurst. They are not visible in the
Antarctic or Pilar traces, and whilst small irregular oscillations occur at intervals
in the Sitka H and D traces, they seem to be of a different type.

December 18, 1911, 18 £.-20 A.

Section 58.—The Antarctic curves are reproduced in Plate XVIIT. They show a
very deep and symmetrical bay in N” and K, the changes in the two clements being
nearly in phase throughout. The movements in the Antarctic were of quite a different
order from those recorded elsewhere, even at Pilar, where D had a range equivalent
to 23v.

The curves other than those for the Antarctic make little appeal to the eye, and
so have not been reproduced. They would add little to the information given by
the numerical data derived from the measurements at 5-minute intervals. In this
case presumably the disturbance was of a comparatively local character. There were,
however, between 19h. 85m. and 20h. small pulsations with a period of from
30 to 60 seconds in the D and H curves at Sitka, which are doubtfully represented in
the H trace at Pilar and possibly even in the I’ Antarctic trace.
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CHAPTER X.

DISTURBANCES IN GENERAL. “SUDDEN COMMENCEMENTS.”

Section 59.—Let us suppose that an electric current in a fixed circuit gradually
starts from zero, increases to a maximum and then gradually falls to zero, and that
within its range of sensible magnetic action no part of space contains matter of sensible
electrical conductivity or magnetic quality, then the magnetic field at any given point
will gradually rise from zero, attain a maximum and again fall to zero. The magnetic
force vector would have a fixed direction and vary only in intensity, in other words
the components of the magnetic field due to the current at the point would throughout
the whole time stand to one another in a constant ratio.

The earth, at least near the surface, is a poor conductor of electricity, but not
an absolute non-conductor, and its material is not wholly devoid of magnetic quality.
Thus even if an external electric current pursued a fixed path, complications in the
magnetic phenomena might arise from induced electric currents.

The larger magnetic storms in this country are usually accompanied by visible
aurora, and presumably the electrical discharges of which aurora is supposed to consist
are associated with if not identical with the currents to which the magnetic storms are
due. Uniformity in brightness or fixity of position are at least unusual in auroras,
thus a priori we should hardly expect fixity of direction to be a general characteristic
of the magnetic vector during disturbance at any place.

At times, however, oscillations present themselves in one or both of the horizontal
components of force, occasionally even in the vertical component, which show at least
an approach to the ideal state of things first mentioned, 7.e., they answer at least
approximately to a vector fixed in position. A few instances of this kind were described
in my discussion of the Antarctic Expedition of 1902-04. Mr. L. F. Richardson has
described a considerable number of oscillatory movements of this kind at Eskdalemuir
to which he has given the name of K movements. In general, in my experience, if
one examines the curves minutely, one finds that the two traces relating to forces in
the horizontal plane—at most stations declination and horizontal force traces—do not
remain strictly in phase for any length of time. Investigation of this point is difficult,
owing to the fact that ordinarily one minute of time is represented by only from 0-25
to 0-3 mm. of abscissa, while the traces from the two horizontal components usually
differ somewhat in definition or in width. Also the amplitudes of what appear to be
corresponding movements in the two horizontal components are often so different that
the eye does not readily notice small differences in phase. When one deals with
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corresponding records from a number of stations, the question of identity in phase is even
more difficult. At a single station the D and H curves usually have their time marks
dependent on the same clock, so that clock error affects the two alike ; also the abscisse
corresponding to one hour of time are usually nearly if not quite identical. But the D
traces, for example, from two different stations are affected by different clock errors,
and there may well be an uncertainty of the order of 1 minute in any identification of
times. Then the equivalents of one hour of time are seldom identical. There is a big
difference between the ordinary Kew pattern magnetograph, with about 15 mm. to the
hour, and the ordinary Eschenhagen pattern with about 20 mm. to the hour, and there
are usually small differences between instruments of the same pattern. Thus
superposing one curve—or a tracing of it made on transparent paper-—on a second
curve is not so helpful as it would bhe if time scales were everywhere identical. In
many cases—I believe in most cases—where the D and H traces at a station seem to
remain in phase throughout the whole of an oscillation, there is only an approach to
identity in phase, and the direction of the vector really varies somewhat.

By treating the vectorial direction as constant during an oscillation, one may of
course only be leaving out of account some small secondary disturbance, a non-essential
and merely disturbing factor. It may be a case, so to speak, of sifting the chaff from
the wheat. I have preferred, however, to follow the same course as I adopted with
the Antarctic curves of 1902-03, treating to and fro movements separately. In the
great majority of cases the to and fro movements in the Antarctic oscillations were
conspicuously different in amplitude and in duration.

After examining the Antarctic curves I selected a number of representative
disturbances, and sent a list of them to various observatories, asking for copies of
some or all of the corresponding traces. In reply most generous contributions of curves
were received from the following observatories : Agincourt (Toronto), Alibag (Bombay),
Buitenzorg (Java), Helwan, Honolulu, Mauritius and Sitka. Particulars were also
supplied in all cases as to the scale values of the curves. The original Eskdalemuir
curves were put at my disposal by the Director of the Meteorological Office. Kight
stations, of course, cannot well represent the whole world, but the material received
required a great deal of time for adequate consideration.

Section 60.—The first disturbances which I propose to consider are of the type
known as ““ sudden commencements,” or s.c’s as I shall call them for brevity. They
derive their name from the circumstance of their occurrence on those occasions when
they appeal most to the eye. On the occasions referred to the curves have been quiet
for some hours, nothing in their appearance suggesting a termination of quiet conditions.
Then suddenly a sharp movement begins, which in low and middle latitudes is normally
much largest in H. In the course of five minutes H may have risen 50y or more. A
considerable proportion of the very largest magnetic storms are preceded by these
movements, and they are not unnaturally regarded ag precursors or commencements
of the storm.

When one looks closely into the subject a number of points present themselves.
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In some cases the s.c. is immediately followed by highly-disturbed conditions. In other
cages some hours elapse before any further large movement occurs. The conditions
for some time after an s.c. are practically always less quiet than before, but in a third
class of cases nothing follows during the next 24 hours even distantly approaching
a magnetic storm. In this third class of cases the s.c. may be itself the largest
movement that occurs, and it is sometimes almost an isolated movement in the middle
of a decidedly quiet piece of curve. In all three cases alike the s.c. is essentially a
universal phenomenon, appearing at all stations it would seem simultaneously—so far
at least as ordinary magnetographs permit us to judge—and large enough to be
recognisable in ordinary magnetograms. If, however, we examine carefully all the
magnetograms at a single station we find in an average year a considerable number of
movements so similar in appearance to s.c’s that without recourse to the curves of other
stations we could not distinguish them with certainty from ordinary s.c’s. They are
excluded from that category simply because they are not represented at distant stations.
For instance, a careful search through the Eskdalemuir curves from March 13, 1911, to
November 25, 1912, disclosed 102 movements which seemed possible s.c’s; but only
about one-fifth proved undoubted s.c's. One or two of the Kskdalemuir movements
that proved to be universally represented were less like the typical s.c. than others
which were not represented at a distance. 1911 and 1912 were quiet years, few
disturbances occurring at Eskdalemuir worthy to be called magnetic storms, and the
8.c’s preceding one or two of the largest Eskdalemuir disturbances presented features
that were abnormal, or at least which would have been deemed abnormal in Kew
curves in past years. Unfortunately artificial disturbances are now so large at Kew
that the smaller features of natural movements cannot be made out satisfactorily.

In temperate and still more in tropical latitudes the outstanding feature in an s.c.
is the rise in H. At Bombay, for instance, this is the one thing that appeals to the
eye, and the movement seems generally if not always unidirectional. At Kew the
rise in H is still in general the principal feature, but a smaller previous movement of
shorter duration in the opposite direction is sometimes clearly seen, and is frequently
suggested. The tendency to oscillation seems decidedly greater at Iiskdalemuir than
at Kew. In the Antarctic curves of 1902-03 I found only 4 or 5 s.c’s, mostly
incomplete through loss of trace, but in all the oscillatory character was pronounced.
The oscillatory nature of the movement in the Antarctic is abundantly confirmed by
the curves of 1911-12, every s.c. observed being oscillatory. There were 13 in all
for which two at least of the co-operating stations sent copies of traces. These 13 s.c’s
as shown by the Antarctic curves are reproduced in the upper part of Plate XIX.
Only a short portion of curve is given in each case. The first movement, though
usually considerably the smaller, is by no means negligible, either in amplitude or
duration, compared with the second. ‘

The curves are tracings of the originals and are shown natural size. The time
scale was very approximately 20 mm. to the hour throughout. If we suppose our
base line at the bottom of the sheet, the top curve represents what we have called
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', the element increasing up the sheet. If we suppose the other two elements
also to increase up the sheet, the middle curve represents what we may call
N (N'= — &' of our previous notation), and the lowest curve is the vertical
force acting on the north pole of a magnet in the direction towards the earth’s
centre. The scale value for i’ was 1 mm. = 6-46y throughout. In N’ the equivalent
of 1 mm. was 8-8y on April 8, April 9 and May 29, 1911 ; 8-1y on June 9 and
June 30, 1911 ; and 6-82y in all the later curves. In V the equivalent of 1 mm. was
761y in the first 10 cases, and 7-92y on January 17, September 30 and October 20,
1912. In every case except October 2, 191], the turning point between the first and
second movements of the s.c. was as near as could be judged simultaneous for the three
elements, but in the most favourable case differences in phase less than 0:5 minute
could not have been detected with certainty.

As already remarked, if we take a tropical station like Bombay the principal
movement in H is always in one direction, but amongst the Antarctic s.c’s recorded
in 1902-03 there were two in which the fall in H preceded the rise, and two in which
the rise preceded the fall. This variability of direction is also in evidence in 1911-12.
The two types are best represented by the two earliest s.c’s in Plate XIX, occurring
respectively on April 8 and April 9, 1911. On April 8 the second and larger movement
is up the sheet, but on April 9 it is down the sheet. The type exhibited on April 9 is
the less usual. The s.c. of September 30, 1912, is a second clear example of this type.
It is also clearly represented by the s.c. of June 30 so far as B’ and V are concerned,
but short-period oscillations were in progress in N’ at the time, and the identification
of the movements representing the s.c. might be questioned. The other movements
were unmistakably of the same type as the s.c. of April 8, with two partial exceptions,
the s.c’s of October 2, 1911, and January 17, 1912. On October 2 the I’ movement
was clearly of the dominant type. The V movement seems also of that type, though
again, in presence of other short-period movements, identification may be a little
doubtful, but the N’ movement was peculiar. The first movement was undoubtedly
up the sheet (as on April 9), but it continued after the E* and V movements had reversed,
and the return movement down the sheet was synchronous with part of the rise and
all of the subsequent short fail seen in the K’ and V traces. On January 17, 1912, the
turning points in the three elements apparently synchronised, but the N’ movements
were directly opposed to the others.

The order in which the traces come in Plate XIX with 1’ at the top and V at
the foot is that usual in the original curves. It has the subsidiary advantage of
putting at the top the element in which the s.c. movement is usually largest.

~ Scction 61.—Before discussing the Antarctic s.c. movements further, it is desirable
to consider the general character of the simultaneous movements recorded elsewhere.
The lower part of Plate XIX and Plates XX to XXVII show side by side the Antarctic
movements and the corresponding movements, so far as the curves were available, from
Buitenzorg (near Batavia, Java), Alibag (near Bombay), Honolulu, Helwan, Eskdalemuir
and Sitka. The curves are all tracings of the originals or of photographic copies
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of these. The stations are arranged in order of latitude from South to North. Copies
were also received of many of the s.c’s from Agincourt (near Toronto) and Mauritius.
But at Agincourt vertical force was not represented, and rapid movements in the D
and H traces were usually faint and difficult to copy. The Mauritius curves were
not received until after the work for the other stations had been completed, and
they are of an unusual type and so do not readily lend themselves to optical com-
parisons with other stations.

The curves are all shown natural size, and up the sheet represents in each case the
same direction as in the original curve. 'The scale values are indicated by lines whose
length represents 50y. At Buitenzorg and Kskdalemuir the top curve represents N and
the middle curve K. At the other co-operating stations they represent respectively
H and D. At Buitenzorg declination was less than 1° RKast, so the difference between
H and N or between D and I& was microscopic. The lowest curve in all cases
represents V.

The direction of the arrow shows the direction of increase of N (or H), of E (or
easterly declination), and in V of downward directed force on a north pole. At all
the stations movement up the sheet represents increasing horizontal force or increasing
north component. Movement up the sheet represents diminishing easterly declination
at Honolulu and Sitka, and increasing westerly force at Eskdalemuir. At the other
stations it represents increase of easterly force or easterly declination. At Buitenzorg
the south pole dips, but movement up the sheet represents a numerically diminishing
vertical force, i.e., a force tending to reduce the southerly dip, and so attracting the
north pole downwards. At Honolulu and Sitka the north pole dips, but movement
up the sheet represents numerically diminishing vertical force.

It is important to notice the difference in scale values between corresponding
curves at the different stations, and between the different curves at the same station.
The scale value of a declination magnetograph is usually given i angular measure.
If, however, 4D denotes the angular change in declination corresponding to 1 mm.
of ordinate at a station where H is the horizontal force, the corresponding
scale value in terms of force is 1 mm. = HdD. For instance, at Agincourt,
1 mm. = 1'-281, and, taking H = -1597 as a sufficiently approximate value during
1911, we get in terms of force 1 mm. = 1:281 X -000291 X -1597 == 5-95y.
The angular scale value being determined by the distance between the magnet mirror
and the drum on which the photographic paper is wound, is practically constant. Thus
the D scale value in terms of force varies as H changes, and so 1s slightly affected by
ordinary secular change. For ordinary purposes D scale values may be regarded as
constant for several consecutive years, and they are as a rule much less variable than
those of H or V. With the exception, however, of Sitka, the scale values of the H and
N magnetographs varied but little.

The relatively large size of the H or N s.c. movement appeals to the eye in most
of the plates, especially at Buitenzorg, Alibag, Honolulu and Helwan. But at the
last three of these stations the comparative insignificance of the D movement is partly
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due to the contracted nature of the D scale. Magnetographs were originally designed
with an eye to European conditions. A D magnetograph having 1 mm. = 1’ of arc—
a very common sensitiveness in lischenhagen instruments—would have at Kew a
force sensitiveness of 1 mm. = 5-3y, a fairly convenient value for ordinary purposes.
But if removed to Bombay it would give 1 mm. = 10-6y approximately, which is far
from sensitive enough considering tropical conditions.

S.c’s seem to have been regarded by Prof. Kr. Birkeland as a form of what he called
“ equatorial perturbations,” a species which he believed to be specially developed
near the equator. At first sight this supposed pre-eminence at the equator may seem
to be confirmed by the plates, but this is not really the case. The prominence at the
stations nearest the equator, especially Buitenzorg and Honolulu, is due to the very
open scale possessed by the N and H curves at these stations. When we allow for the
scale value, the amplitude, as we shall see presently, is much larger in the Antarctic
than elsewhere.

Section 62.—There is another feature of s.¢’s-——most in evidence in low latitudes—
which is well illustrated in some of the plates. On April 8, 1911, for instance, it is very
clearly seen at Buitenzorg. After the sharp initial rise, N very shortly begins to fall,
but it remains conspicuously above its original value for nearly an hour, and then falls
almost as suddenly as it originally rose. This gives the curve a sort of crested
appearance. While details of the smaller movements on April 8 differ at the different
stations, a crest in the H curve generally similar to that in N at Buitenzorg is prominent
at Alibag, Honolulu and Helwan, and there is at least a suggestion of a crest in the
Antarctic in E’, at Hskdalemuir in N, and at Sitka in H. The occasions when the
crested appearance is most in evidence are June 9 (at Buitenzorg, Alibag, Honolulu,
Helwan and Eskdalemuir), August 19 (at Buitenzorg, Alibag, Helwan, Sitka, and less
clearly Eskdalemuir) ; December 10, 1911 (Buitenzorg, Alibag, Honolulu, Helwan and
Eskdalemuir), and especially September 30, 1912 (Buitenzorg, Alibag, Honolulu,
Helwan and Agincourt). In other cases there are indications of a crest, but it is obscured
by other movements. Thus on January 17, 1912, it is recognisable in the N and H
curves, but is partly masked by a progressive movement down the sheet at Buitenzorg
and up the sheet at Alibag, Honolulu, Helwan and Eskdalemuir. The crest will seldom
be recognised in the plates, except in the H and N curves, but it can usually be
detected on minute inspection of the Alibag D and V curves. The definition of the
copies of these curves was exceptionally good, and they stood microscopic examination.

The end of the crest, though fairly definite, is not as clearly marked as the
commencing movement. Thus perhaps all we can say with certainty is that the
duration of the crest is at least very approximately the same at all the stations. In
the plates it looks shorter at Alibag and Helwan than at Buitenzorg and Honolulu,
but that arises simply from the difference in the time scales.

So far as I am aware, Dr. Moos, Director of the Government Observatory, Bombay,
was the first to notice the phenomenon of the crest, and he dealt with it at considerable
length in his most elaborate work, ‘Bombay Maguetic Observations, 1846-1905,’
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the most complete discussion with which I am acquainted of the results from any one
magnetic observatory. The phenomenon seems especially clearly shown at Bombay,
and Dr. Moos reproduces a good many examples of it, some distinctly more striking
than those occurring in 1911 or 1912. Dr. Moos apparently divides s.c’s into two classes,
according as they are or are not followed by large disturbances. In the former case,
at Bombay as elsewhere, the normal course is for H to become considerably depressed
towards the end of the storm. In the latter case at Bombay there is little if any
depression, and practically the sole evidence of disturbance may be a crest such as that
of September 20, 1912, the curve becoming normal again or nearly so after the crest
disappears. Dr. Moos seems disposed, for reasons I cannot altogether follow, to
associate the crests and their preceding s.c’s with special seismic conditions in the
earth’s interior. While the crested condition is undoubtedly most easily recognised
in cases where the s.c. is not followed by a large storm, it seems fairly conspicuous in
other cases. On April 8, 1911, for instance, a crest, though comparatively short
lived, is clearly apparent, and though the largest movements of the ensuing magnetic
storm did not occur for several hours afterwards, there was very considerable intervening
disturbance even at Buitenzorg and Alibag. The Antarctic curves show that during
the existence of crests magnetic disturbance is specially active in those regions where
it is usually most prominent.

The circumstances of the crest do undoubtedly recall the suggestion that has been
made by Profs. Birkeland and Stérmer that a gigantic ring of electrons at a great height
in equatorial regions might come more or less suddenly into operation. Its supposed
presence has been invoked by Prof. Stérmer to account for some of the phenomena of
aurora and magnetic storms. If the path of ions emanating from the sun be calculated
it is found that none should get to any great distance from the earth’s magnetic poles
unless either their velocities are higher than those observed in our laboratories, or their
approach to equatorial regions is assisted by some extraneous magnetic field. Klectrons
describing circular orbits at a great height in equatorial regions would supply the sort
of extraneous field desired. The field they would produce at the earth’s surface would
be similar to that caused by a civcular current encircling the equator. It would thus,
if exactly in the astronomical equator, show itself by a rise or fall in the N component.
Near the equator the declination is everywhere small, so that of H and D the former
would be the element chiefly concerned. The existence of a crest seems at first sight
to fit in admirably with this theory. But it must be remembered that even when
the crest is associated with a large magnetic storm, it is as a precursor rather than as
a concomitant ; also, as Dr. Moos has shown, crests are in many cases not even
precursors of large storms.

Section 63.—As I have explained in considerable detail elsewhere, appreciable
uncertainty prevails in general as to the exact time of commencement of s.c’s, and the
exact equivalence of movements in the curves of the different elements. At some
stations the time marks appear on the base lines, at others on the curves themselves.
In the former case there may be parallax to allow for between the curve and its base -
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line, i.e., the line connecting synchronous points on the curve and base line may not
be strictly perpendicular to the latter. When the relative positions of the curve and
base line are clearly visible at the beginning and end of the day’s trace, parallax can
be measured and allowed for. But the copies of the disturbed curves supplied only
sometimes included a stopping or starting point, and some of the curves which included
such a point were too faint or too poorly defined near their extremities to admit of any
exact measure of parallax. When the time break comes in the curve itself the trace is
of course lost while the light is interrupted. This is annoying when the break happens
to come on, as it did in one or two cases of s.c’s, while an interesting movement is in
progress. The loss when the interruption extends to 3 or 4 minutes—a customary
duration—may be serious. To reduce this source of loss, the interval has been much
reduced at some stations, e.g., De Bilt and Eskdalemuir; but this sometimes results
in the break not heing clearly visible, especially in copies of the original curve. Thus,
speaking generally, copies of curves, even photographic copies, are seldom suitable
for fixing times of movements with very high precision. Usually s.c. movements,
especially those in the H trace, can have their times assigned with at least as high
precision as any other type of movement. But in the case of the Mauritius curves they
suffered exceptionally from a peculiarity in the method of registration adopted there.
In addition to the hour marks, which are broad and go right across the trace, there
appear in the photograph a series of lines running parallel to the base line, and
representing a scale which may represent millimetres, or minutes of arc, or any other
unit of ordinate thought desirable. In every case the face of the steep slope on the H
trace representing an s.c. movement was cut by at least one, more usually two, of these
lines. Wherever such an intersection took place, the definition suffered. The
consequence was that in most cases no very exact time could be assigned to the duration
of the movement, and in many cases the same remark applies to the commencement.
A further trouble was that the distance between consecutive 2-hour breaks was
markedly different for the D and H curves. In some cases, while an s.c. movement
was of quite considerable magnitude, no movement whatever could be detected in the
Mauritius D trace. In other cases a small movement could be seen, but, according
to the time marks—.c., assuming the rate of rotation of the drum uniform between
any two consecutive marks—it followed several minutes after the H movement. Any
results as to the azimuth of the force vector in the horizontal plane would have been
too uncertain at Mauritius, and no such data appear in the following tables. There
were no V traces from Mauritius.

In the Antarctic at the times of the s.c’s the curves were generally sensibly on
the slope, and more often than not oscillatory as well ; still the two movements which
there constituted the s.c. were usually so large that the change in the slope of the curve
was conspicuous. At other stations it was often hardly possible to say whether the
principal movement in H, or N, was or was not preceded by a smaller and much shorter
movement in the opposite direction.

Whether the D (or W) and V movements were unidirectional was a still more
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troublesome question. At some stations, c.g., Alibag, the D and V movements owing
to the insensitiveness of the magnetographs were usually microscopic. At Eskdalemuir
the usual change in V was a fall, but owing to the low sensitiveness some appreciable
time elapsed before it became big enough to catch the eye.

As a preliminary to the plates the photographic curves had to be traced on trans-
parent paper, using for guidance a pencil line perpendicular to the time line and intended
to correspond exactly to the commencement of the s.c. Any error in setting the original
curve to this line was equivalent of course to shifting the trace of one of the elements
bodily relative to the others. For instance, an error of 0-3 mm. of this kind in, say, a
Sitka curve would result in associating all incidents in the curve concerned with incidents
in the other curves which really happened one minute earlier or later, according to the
direction of the misadjustment. Thus while every reasonable care was taken, the plates
are intended to give correct general ideas, but not to afford means of measuring times
with absolute precision. In arriving at the times of commencement given in the
discussion of the individual s.c’s, special weight was given to the Eskdalemuir
curves, as these were originals.

April 8, 1911, Plate X1X.

Section 64.--The time of commencement was about 11 h. 21 m. G.M.T. During
the previous twelve hours conditions had been everywhere ordinarily quiet. Sometime
previous to the s.c. a gradual but considerable rise commenced in H or N at most of
the stations, which is particularly conspicuous in the open scale curves at Buitenzorg and
Honolulu. This had, however, slackened a little, und the s.c. represented so much
more rapid a change that the commencement is very clearly shown at all the stations
where the photographic paper was sensitive enough.

In the Antarctic, where there were two large movements in opposite directions,
the commencement and the two subsequent turning points being clearly shown, the
three elements seemed to be in phase. After these two movements, which are regarded
as constituting the s.c., a less rapid movement tended to restore the elements to their
undisturbed values, but oscillations ensued. In 1% the crest seems to be distinctly
represented, being terminated by a large movement down the sheet, which seems to be
synchronous or very nearly so with movements down the sheet in the N or H curves
at the other stations. These terminating movements commenced a little within an
hour after the s.c. began.

At Mauritius, as generally elsewhere, H was rising at the time, but the rate suddenly
accelerated, just as at Alibag, a rise of about 21y occurring in 2 or 3 minutes. But
instead of attaining a peaked summit immediately as in the Buitenzorg N curve, or a
nearly flat plateau as in the Alibag H curve, the Mauritius H trace shows a rise
continuing for about 15 minutes. The slope, though much reduced after the first 2
or 3 minutes, was quite considerable, the total rise during the 15 minutes amounting
to 32y. After 15 minutes there was a gradual {all, but a crest remained which terminated
in much the same way as at Alibag. During the very rapid part of the initial rise in H
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the D trace showed a very slight westerly movement, but the slope of the curve seemed
the same as for some time before the s.c. movement began. Then after the s.c. move-
ment in H had changed into the much slower rise, the D trace showed a pretty rapid
movement to the east equivalent in force to about 6y. After remaining almost level
for 10 minutes, a reverse movement followed to the west, so that the curve showed a
small bay.

In the original N curve at Buitenzorg there was in reality no trace visible between
the commencement and the attainment of the summit shown in Plate XIX. The
restoration of the missing part by a straight line is supported by the phenomena at other
stations in low latitudes, but is conjectural. The principal movement must obviously
have been a rise, but it may possibly have been preceded by a small movement down
the sheet. The movement in E at Buitenzorg is clearly oscillatory, a small almost
instantaneous rise of I being followed by a larger fall. Whether the earlier movement
preceded or synchronised with the early part of the apparently unidirectional movement
in N is uncertain. The V trace at Buitenzorg was going up the sheet at the time.
The terminal part of this movement is steeper than the rest, and might be part of the s.c.
It is followed by a sharp small movement down the sheet, and this by a much larger,
gradually slackening, movement up the sheet. This final V movement certainly answers
in part to the recoveries shown by N and E, which have not been regarded as part of
the s.c., but it seems natural to regard the s.c. movement in V as oscillatory.

The Alibag, Honolulu and Helwan H curves are clear. No trace of a preliminary
inverse movement can be seen in them. The same is true of Agincourt, so far as can
be seen. At Alibag the s.c. seems represented in D and V by a small sharp movement
down the sheet. The subsequent movements up the sheet represent a recovery which
set in almost at once, but did not for a considerable time bring the elements back to their
undisturbed position. Nearly an hour after the s.c. there are synchronous movements
in the H, D and V curves, which seem to mark as it were the close of the incident. The
result is to leave a sort of shallow ravine or valley in the D and V curves corresponding
in time with the crest in the H curve.

At Honolulu the D trace shows a very small oscillation first to east then to west ;
it is the latter which seems to synchronise with the rise in H. The s.c. movement
in the V trace was down the sheet, but this represents an inwardly directed force on
a north pole, and not an outwardly directed force as at Alibag, and there is a rapid
recovery.

The movements at Helwan were very similar to those at Alibag. At Agincourt
the principal (westerly) movement in D was preceded by a rapid smaller movement
to the east.

At Eskdalemuir the N movement was undoubtedly oscillatory and unusually
complex. There was first a very rapid small rise, followed by a still more rapid and
larger fall, the two movements being over in about a minute, and only then occurred
the main movement, a rise in N. The appearance of the curve suggests a continuous
succession of small rapid oscillations, superposed on a principal movement, If the
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curve stood alone, it would not suggest a crest, but the equivalent of what is a crest
at Helwan and Alibag is easily recognised. The E curve shows oscillations like the
N curve. A very rapid movement up the sheet preceded a larger but similarly rapid
movement down the sheet. This was followed by a larger movement up the sheet
which took place jerkily. This movement partly corresponded in time with the principal
rise in N, but it continued, though at a slower rate, for some time after the N movement
had ceased. The V movement was oscillatory, but the first movement up the sheet
was so small it is hardly visible, and’ during the subsequent movement down the sheet
there was at least a suggestion of further minor oscillations.

At Sitka the commencing movement in H was distinctly oscillatory, a small and
rapid fall preceding a large rise. At the same time there had been a number of small
oscillations during the previous hour, and it is possible that the first movement arose
from the same source as these. After the s.c. proper, the H trace exhibited numerous
small oscillations, like the N trace at Kskdalemuir. The commencing D movement
was also oscillatory, the second and larger movement up the sheet corresponding with
the large rise in H.  The principal V movement at Sitka was down the sheet, representing
as at Honolulu an inwardly directed force on a north pole. But it seemed to be preceded
by a very small rapid movement in the opposite direction.

The general description will have made it clear that at most stations it was difficult
to say whether the different elements were in phase or not. 'This rendered it very
difficult to draw conclusions. The following table shows the results considered most
probable after a careful measurement of the curves. H stands for the horizontal
component of the vector to which the movement could be assigned, T for the total
force (i.c., the resultant of H and the vertical component).

y is the inclination of H to astronomical north, counted from 0° to 360° through
Rast (90°). x is the inclination of T to the horizontal plane. The letter a denotes
that the force on the north pole lay above, b that it lay below the horizon. The estimated
durations depended mainly on measurements of the H and N curves.

Tapue CXVIIL—S.c. Movements on April 8, 1911.

Station, Movement. 7. T. Y. X Duration. {
y Y ° ° Minutes.

Antarctie ...| First o 11 114 269 12 e 2
” ...| Second ... o227 237 72 160 3
Mauritius ...| Principal ... 91 — — — 2
Buitenzorg ... - 52-9 531 347 da 3
Alibag ... " 40-5 42-0 342 15 a 2

Honolulu ” 316 34-2 6 220 2:5
Helwan ” 42:2 439 343 16 a 4

| Agincourt ... » 314 — 328 — 61

| KEskdalemuir ... ...} First 11-0 11:2 316 100 05

" ...] Second ... 485 487 130 ba 1-5
’ ...| Principal ... 66-2 66-3 319 da 4

Sitka ... ...| First 15-2 15-3 134 6 a 0-5

" .| Principal ... 83-3 83-9 357 70 2-5
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The s.c. itself was of considerable magnitude, and disturbed conditions continued
after it; but the principal movements, constituting what might fairly be termed a
magnetic storm, did not appear until 8 or 10 hours had elapsed. They continued until
about 24 hours after the s.c. They were especially large at Agincourt and Sitka, the
latter station being even more disturbed than the Antarctic. The storm is discussed
later in Section 92 and Table CXLIT.

April 9, 1911, Plate XX.

Section 65.—The s.c. began about 22 h. 21 m. on April 9, 1911. The magnetic
storm of the previous day had fairly subsided about 8 hours before. At some
stations, especially Buitenzorg, Honolulu and Helwan, conditions were distinctly quiet
when the s.c. occurred: '

In the Antarctic there were small oscillations going on at the time, but they were
too small to obscure the phenomena. The s.c. movement was clearly oscillatory, the
first movement up the sheet being followed by a larger, equally rapid, movement down
the sheet. The times of commencement and the end of the first movement seem the
same for the three elements. The end of the second movement is more difficult to
assign, owing to the minor oscillations. The downward movement in V ceases when a
slackening appears in the rate of fall of N'. If we take the lowest point in the V curve
as the end of the second movement, it lasted about 34 minutes ; whereas if we take the
lowest point in the N’ curve, it lasted about 7 minutes. There are turning points in
the K’ curve at both these times, the later giving somewhat the larger range.

At Mauritius the movement showed no sign of oscillation. In addition to the
ordinary sharp rise in H of about 16y, in about 6 minutes, there was in D an easterly
movement, equivalent in force to about 6y, which appeared synchronous with the
movement in H. The H trace showed a distinctly crested appearance for about an
hour after the s.c. .

At Buitenzorg in the original curves there was some interference of the N and V
traces, and it is just possible that the large N movement up the sheet was preceded
by a small movement in the opposite direction, as the V trace would have hidden any
such movement. So far as one can see, there was a unidirectional movement in N up
the sheet, lasting about 4 minutes, during which the E trace made a short excursion
down the sheet, and a longer and larger excursion up the sheet, reaching its summit
simultaneously with the N trace. The V trace is also distinctly oscillatory, but each of
the two movements took longer than the apparently corresponding E movements.
The summits of the three curves are all a little rounded, especially that of V, so that
the values of the different elements answering to the summits may fairly be regarded
as corresponding. Comparing these with the values prior to the s.c. we get a measure
of the change of field, but it must be recognised that the vector deduced does not
represent a disturbing force fixed in azimuth.

The Honolulu curves were exceptionally clear, and they show no sign of oscillation
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in the s.c. in H and D. The H curve started rising very steeply, the first half of the rise
taking much less time than the second. The small rise in the D curve, and the fall in
the V curve seemed to be completed during the first half of the H rise, but during the
remainder of the time when H was rising, the changes in D and V were so small as to be
comparatively unimportant. Still the elements can hardly be said to have been in
phase.

At Helwan a decided recovery from the s.c. movement set in almost immediately,
but the s.c. itself was apparently unidirectional in all three elements, and they may
fairly be said to have been in phase throughout.

At Agincourt the H and D curves were decidedly oscillatory, the second movement
being considerably the larger. A peculiarity was that the second movement in the D
curve continued for a minute or two after the second movement in H had ceased, and
a rapid movement in the opposite direction had set in.

At Eskdalemuir the phenomena were peculiar.  The N curve which for some time
had been level showed a pretty steep rise, in which some very small oscillations can
be seen. This went on for about 24 minutes during which the K trace went
slightly down the sheet, while no movement is recognisable in V. Then suddenly
the N movement up the sheet greatly accelerated, the E movement reversed and the V
trace went down the sheet. It is presumably the second movements in N and B, and
the movement in V that represent the s.c. The fall in V really continued without
sensibly slackening for a minute or two after the summits in the N and E curves were
reached, and after being level for a short time the curve continued down the sheet for a
considerable time before any recovery set in. _

At Sitka the s.c. movement was distinctly oscillatory in H and D, and apparently
s0 also in V, but the first movement in V is not very decided and may proceed from some
separate source, as the curves were not free from minor oscillations when the s.c. began.
The first movements in H and D seem to synchronise, but the second movement in D
was reversed before the H curve reached its summit. The end of the second movement
in D synchronises with a marked slackening in the rise of H and with the summit of
the V curve, and seems on the whole the most natural point to accept as the end of
the s.c. The full summit of the H curve synchronises apparently with the end of the
rapid part of the third movement (westerly) in D. If it were taken as the end of
the s.c. the diflerence in the estimate of the azimuth of the disturbing force would be
considerable.

Table CXIX represents the results derived from the measurements made on the
curves, the notation being the same as in Table CXVIII.
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TasLe CXIX.—S.c. Movements on April 9, 1911.

Station. Movement,. i T. ¥ X Duration.
Y y ° ° Minutes.
Antarctic ...| First 60-9 62-6 59 130 2
| 148 150 216 10 a 3
& :| Becond { or 181 182 295 7a 7
Mauritius ..... ...| Principal ... 17 —- - — 6
Buitenzorg ... ” 19-1 19-3 11 9b 4
Honolulu ” 14-7 15-3 359 16 b 3
Helwan ’ 34-2 35-9 346 18a 4
Agincourt ... ...| First 11-4 - 137 — 1-5
" ...| Principal ... 67-9 s 344 —_ 35
Eskdalemuir ... ...{ First 11-0 11-0 19 0 2
» ...{ Principal ... 76-0 76-6 343 Ta 4
Sitka ... ... First 9-2 9:3 248 100 1
b e ...} Principal ... 377 38-0 73 Bua 2

After the s.c. there was considerable disturbance with quieter interludes until
16 h. of April 10. Conditions were then quiet for some 4 hours, when further considerable
disturbance commenced and continued until about 3 h. on the 11th. Particulars of these
disturbances will be found in Sections 93 and 94, and in Tables CXLIIT and CXLIV.

May 29, 1911, Plate XX.

Section 66.—The s.c. of May 29, 1911, commenced about 14 h. 34 m. G.M.T. The
curves had been extremely quiet for some hours previously.

In the Antarctic a very small bay presented itself in the curves between 11 h. and
12h. and a larger one earlier, between 6h. and 7h. These were, however, short
isolated events, and otherwise there had heen little disturbance since O0h. As usual,
the Antarctic curves show an oscillatory movement, and the three elements are fairly
in phase. The amplitude was considerable, but the movements lasted about 10
minutes, so the slope of the curves is less steep than usual in s.¢’s.

At Mauritius there was a rise as usual in H, lasting about 5 minutes, followed by
a more gradual fall, which did not restore the element to its original value. The
phenomena closely resembled those shown by the H curve at Alibag. There was no
visible movement in D.

At Buitenzorg the N and I movements were unidirectional, a recovery setting in,
however, almost at once. The V movement on the other hand may most fairly be
regarded as oscillatory. The first and smaller movement, down the sheet, seemed to
commence simultaneously with the N and E movements, but it terminated sooner,
and the movement in V up the sheet was well under weigh before the commencing
movements in N and E finished. The summit in the V curve occurred several minutes
after that in N. At Alibag the movements in all the elements seemed unidirectional.

At Honolulu the N and V movements appear unidirectional, and the elements in
step. The D movement, however, was oscillatory, the two movements occupying
about the same time as the single movement in the other elements. The second D
movement was the larger, but only by about 0’* 1.
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At Helwan the H and V traces were very faint. Apparently the movements were
all unidirectional, as at Alibag. Recovery set in more immediately in D than in the
other elements.

At Agincourt the movements were of an unusual type. In H there was a rapid but
comparatively small rise, followed immediately by a similarly rapid fall of double the size.
Shortly after came a rise bringing the trace nearly back to its original level. The three
movements occupied about 10 minutes. Thus while the commencing movement, as is
usual in lower latitudes, was a rise in H, it was less prominent than the subsequent fall.

In I apparently there was a movement to the west, too rapid to be clearly shown,
followed immediately by a much larger but less rapid movement to the east, which
lasted about five minutes. A slower westerly movement immediately followed, bringing
the magnet back about 20 minutes after the start to its original position.

At Bskdalemuir the N and E movements were conspicuously oscillatory, the second

‘movements, representing a north-westerly force, being much the larger. The com-
mencing V movement was apparéntly also oscillatory ; but the first movement up the
sheet is very small and might represent merely a small flaw in the paper. The principal
movements in the three elements ended at approximately the same time, and a recovery
immediately set in, the elements resuming very approximately their undisturbed values
within about 18 minutes of the start.

At Sitka the H and D traces fouled one another. So far as can be seen, the D
movement was oscillatory, the H not. The first movement in D was small and very
rapid. Thesecond movement in D was much larger than the movement in H, an unusual
feature. The H curve reached its summit first; but both summits being rounded, it is
natural to regard the end of the movement as fixed by the D curve, as the D movement
was the dominant one. The V trace has a faint suggestion of a very small and rapid
preliminary movement up the sheet, which may or may not have been real. The only
unmistakable movements are the principal movement down the sheet and the subsequent
recovery which immediately set in. The results derived from the curve measurements
are given in Table CXX.

TasLe CXX.—S.c. Movements on May 29, 1911.

Station. Movement, 1. T. Y X+ Duration.
¥ ¥ © ° Minutes.
Antarctic ...| Tirst 271 27-9 216 14 a 2
’ ...| Second ... 62-0 67-2 b4 23 b 8
Mauritius ...| Principal ... 11 — — — 5
Buitenzorg ... ”» 19:5 197 360 8b 6
Alibag ... » 16-2 16-5 3563 10a b}
Honolulu » 81 85 3 18% bi
Helwan " 12-8 13-3 319 16 a 4
Agincourt ... ... First ... o 8.4 297 — 2
" ...| Second ... 27-9 — 112 —_— 6
Iiskdalemuir ... ...{ First e . 15-2 15-2 149 3b 1
” ...| Second .., 68-9 69-2 330 ba b
Sitka ... .| Principal ... 14-2 15+1 329 200 43




After the s.c. the Antarctic curves show some minor oscillations—a normal feature
at that hour of the day—and the curves at most of the other stations were a little less
quiet than before the s.c. Subsequently, however, conditions were decidedly quiet,
and continued so for some 20 hours. The afternoon of May 30 and forenoon of May 31
showed moderate disturbance at Eskdalemuir, but this would not naturally be associated
with the s.c. Undoubtedly, the natural conclusion to be drawn is that the s.c. was an
isolated incident during a quiet time, -

June 9, 1911, Plate XXI.

Section 67.—The s.c. began about 16 h. 31 m. G.M.T. on June 9. In the Antarctic,
conditions had been exceptionally quiet during the previous eight hours. The movement
was oscillatory, an exceptional feature being that the excess of the second movement
over the first was small. The second movement did not end sharply. A less steep
slope followed a steeper slope in E’ and N’, while the summit of the V curve wasrounded.
There is a choice between the end of the steep slope and the extreme summit as fixing the
end. Other oscillatory movements at once ensued, so the s.c. is unusually inconspicuous.

At Mauritius there was a rise of about 8y in H in the course of about six minutes,
the trace retaining a distinctly crested appearance until about 18 h. 45 m., when a smart
fall of about 7y occurred. No certain movement could be recognised in the D trace.

At Buitenzorg there was no sign of oscillation in the commencing N movement,
which was fairly prominent. The element remained decidedly above its undisturbed
value for over two hours. The crested appearance is conspicuous, and is almost equally
so in the N or H traces at all the other stations, except Sitka and the Antarctic. The
duration of the crest seems the same at all the stations, where it was recognisable. The
commencing movement in B at Buitenzorg was also unidirectional, and it was in phase
with that in N. In V the commencing movement down the sheet ended before the
commencing movements in N and E, and a larger movement up the sheet had made
considerable progress before the summit of the N curve was attained. The V trace was
moving up the sheet when the s.c. began, so the second or recovery movement may
partly represent the continued action of the pre-existing forces. The second movement
in V continued after the commencing movements in N and K had ended, and
considerably exceeded the first movement.

At Alibag the movement seemed unidirectional in all the elements, but the
amplitude was very small except in H. The H trace shows a conspicuous crest, and
small as the disturbance was in D and V, movements corresponding to the cessation
of the crest in H are clearly recognisable in both these elements.

At Honolulu the movement in H was clearly unidirectional. The trace was moving
up the sheet at the time, and following on the rapid rise is a crest having about the
same slope as the trace prior to the s.c. The existence of this slope renders the ending
of the crest less distinct than at Alibag. The D trace at Honolulu was distinctly
oscillatory, a very small movement down the sheet either anticipating the H movement
altogether or synchronising with a small part of it. The upward movement in D seems
to finish before the first movement in H, but the D trace was moving down the sheet
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when the s.c. began, and this general movement down the sheet continued for nearly
two hours, and probably neutralised part of the second s.c. movement. The V trace
was also moving down the sheet when the s.c. began. The commencing movement
was apparently unidirectional. The tendency to recovery would seem to have been
neutralised by the continuance of the pre-existing movement down the sheet.

At Helwan the H trace as usual closely resembled that at Alibag and showed the
crest well. The D trace showed very little movement, but a depression persisted for
some time. No V trace was received.

At Agincourt the s.c. movement was not recorded, as its time synchronised with
that of the change of photographic paper.

At Eskdalemuir the movement appears to be in the main unidirectional in all the
elements. 1t is small and the original curves were rather faint, but the N trace was
rather jerky, minute pulsations being evidently in progress during the rise. The rise
in the I& curve was interrupted, a short practically level portion of curve separating
two rises. Thus a vector derived from the commencing and final positions shown by
the N and I traces does not in this case imply a disturbing force acting persistently in
one direction. The irregularities may represent the intervention of some disturbing
force quite distinct from the s.c., but that is a matter of speculation. The V trace
showed a fall as usual, but it was very small.

At Sitka all three traces show oscillatory movements. The first movement, which
was very small except in D, was down the sheet in H and D, but up in V. The second
movement, up the sheet in H and D and down in V, is more clearly shown. This
movement was apparently interrupted by another, the consequence being that the H
and D curves have each two summits, the former being the higher in H but the lower
inD. The first summit has been regarded in the calculations as concluding the movement.
The hollow in the V curve is so rounded that it affords no help to fixing the end of the s.c.
All the Sitka curves show a recovery within a comparatively short time. Further dis-
turbance followed and was in progress at the time when the crest subsided at the other
co-operating stations. Regarded by themselves, the Sitka curves do not suggest a crest.

The results derived from the curve measurements are given in Table CXXI.

TasLe CXXI.—S.c. Movements on June 9, 1911.

Station. Movement, T T. ' X- Duration,
y y ° ° Minutes.
Antarctic ...| First 17-8 18-4 234 4a 2
Qs 23-9 248 59 165 3
»” /| Becond .. { or 25-4 26-5 57 175 5%
Mauritius ...t Principal ... 8 —_ — —_ 6 ‘
Buitenzorg ... " 12-8 13-1 349 13b 9 |
Alibag ... " 117 12:0 360 18a 1
Honolulu » 77 8-1 15 175 54
Helwan " 12:4 — 350 —_— 7
Kskdalemuir ... ” 20-2 20-4 336 8a 6
Sitka ... ...| Wirst 5-8 56 137 17a 13
o e ...| Second ... 157 16-4 300 17b 43 1
|
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In the Antarctic, during the 3} hours immediately following the s.c. the
conditions, though much less quiet than before, were unquiet rather than disturbed.
But from 4 to 17 hours subsequent to the s.c. there was considerable disturbance
in all the elements. The s.c. occurred about 4} h. on the 10th, in the time of 180° E.,
and the ranges for that day 258y in §', 875y in E’ and 184y in V were amongst the
largest of the month. During the time when the crest was in evidence, large irregular
movements did not present themselves, but subsequently all the stations showed very
considerable disturbance. In this case then a decided crest was associated with an
unmistakable though only second-rate magnetic storm. Further particulars of this
storm will be found in Section 97 and Table CXLVII.

June 30, 1911, Plate XXI.

Section 68.—On June 30, 1911, the s.c. began at about 21h. 50 m. G.M.T.
Conditions had been unusually quiet during the previous 24 hours.

In the Antarctic, while the previous conditions were quiet, minute oscillations
were in progress at the time, and these tend to obscure the movements in N’, which
were unusually small. As usual the movement was oscillatory in all the elements.
The second movement was only a little bigger than the first. Thus the appearance is
more suggestive of a “ tooth” disturbance—i.e., a sharp spur-like isolated movement—
than an ordinary s.c. The movement was first noticed in the Antarctic curves, but it
was considered a doubtful s.c. until confirmed by the traces from other stations. The
oscillations which follow in the Antarctic curves make nearly as much appeal to the
eye, but there is practically no trace of them in the curves from the other stations, while
the s.c. itself, though not large, is clearly shown.

At Mauritius H rose about 6y in 5 minutes. A recovery set in almost at once,
bringing the trace down approximately to its original level by 22h. 30m. The
appearance rather suggests a ““ crest ” depressed by some independent cause. No
certain movement was visible in D.

At Buitenzorg the movement in N was apparently oscillatory, but the first movement
down the sheet is very small. The E trace is not very clear. There seems a very small
movement up the sheet synchronising with the downward movement in N, At the time
when the summit of the N curve was reached, the I curve was practically at its
undisturbed level. A slight fall then ensued, followed by a rise. The V curve shows no
visible departure from levelness during the first movement in N. It then moved down
the sheet as N went up, but started going up before the summit of the N curve was
reached, and continued to rise, though very slowly, for a sensible time after N had begun
to fall.

At Alibag the H curve shows only the ordinary rise distinctly, but there is a faint
suggestion of a previous downward movement, which may or may not be real. The
D trace is also ambiguous. There may be a tiny hump on it prior to the small visible
depression. A similar remark applies to the V trace. This is an instance in which
considerably higher sensitiveness would probably have been advantageous.
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At Honolulu the decisive H movement up the sheet is preceded by a downward
movement, but this was so slow we should not naturally regard it as part of an s.c.
The D trace, which was moving up the sheet when the sudden movement in N began,
shows a small rapid up and down movement, which left the value of the element at the
time when the summit of the N curve was reached practically the same as before. The
V movement seems unidirectional, the fall synchronising with the risein N. A recovery,
however, set in at once in V, while the N curve if anything still continued to rise.

At Agincourt the s.c. was conspicuously oscillatory. The H trace shows a rapid
fall and rise, even the former by no means microscopic. After the summit was reached
a second small oscillation ensued, before a decided recovery set in. The I curve showed
four rapid movements West, East, West, East, the first pair of movements synchronising
with the first two in H. The movements, though small, were by no means microscopic ;
the first of the two easterly movements being about twice the size of the other three
movements.

At Eskdalemuir the N and E movements were distinctly oscillatory. In V only
a single movement, down the sheet, is recognisable ; it seems to correspond in time with
the second movements in N and E.

No copies of this disturbance were received from Helwan or Sitka.

The results derived from the curve measurements are given in Table CXXI1I.

TasLE CXXII.—S.c. Movements on June 30, 1911.

Station. Movoment, H. T. Y. X Duration,
Y © ° Minutes.
Antarctic ...| First 259 28+3 92 240 2
’ ...| Second 30-8 34-1 262 26 a 2
Mauritius ...| Principal ... L - — 5
Buitenzorg ... . 31 8-2 0 100 63
Alibag ... ’ 77 84 344 23 a 6
Honolulu > 62 67 10 230 4
Agincourt ...| First 7-6 —_ 203 —- 13
» ...| Second 32-5 — 12 — 24
skdalemuir ... ...| First 5.1 5-1 149 0 23
. ...| Second 22:2 22-4 335 Ta 3

In the Antarctic conditions became and continued distinctly unquiet after the s.c.
appeared, but no considerable disturbance ensued until some 7 hours had elapsed.
From 7 to 20 hours subsequent to the s.c. conditions though not violently
disturbed were considerably more disturbed than usual. The s.c. occurred a little
before 10 h. in the time of 180° K. on July 1, and the ranges for the next two days were
as follows : July 1, 200y in 8', 229y in X', and 184y in V; July 2, 314y m &', 247y
in I¥, and 127y in V. July 3 was also a highly disturbed day, but this presumably was
a distinct phenomenon. At the co-operating stations the s.c. was immediately followed
by a moderate disturbance, which was characterised, especially at Agincourt and Esk-
dalemuir, by the presence of incessant small oscillations. The largest movements,
which represented only a minor storm, occurred between 16 and 20 hours after the s.c.
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August 19, 1911, Plate XXI1I.

Section 69.—O0n August 19, 1911, the s.c. began about 12h. 15m. G.M.I. For 16
hours previously the curves everywhere had been very quiet; thus the conditions
were exceptionally favourable for showing details.

In the Antarctic as usual the movement was oscillatory, the second movement being
conspicuously the larger. But while the slope of the second E’ movement was practically
uniform until the summit was nearly attained, the rate of change in N’ and V showed
a decided slackening after the original undisturbed level was reached. Thus the move-
ment does not really represent a force having a fixed direction.

At Mauritius there was a rise of about 12y in H in the course of about ¢ minutes.
The value of H continued to rise very slightly for about 30 minutes after the end of
the s.c. A fall then set in, which was pretty rapid for a few minutes. The appearance
of the curve was thus crested like that of the H curves at Alibag and Helwan, except
that the crest, instead of being level as at these two stations, had a slight slope upwards.
At the time of the s.c. the D trace was showing a gradual westerly movement. A small
but fairly sharp movement, with a force equivalent of 4y, took place to the east about
the time the rise in H was ending, after which the westerly movement reasserted itself.

At Buitenzorg the N curve shows no sign of oscillation, there being a rise at a
practically uniform slope until the summit is almost reached. The E trace, on the
other hand, is distinctly oscillatory. There was first a small rapid movement up the
sheet, followed immediately by a movement down the sheet which slackened suddenly,
a steep slope being followed by a less steep one. The time when the lowest point was
reached agrees apparently with the time when the summit was attained in the N curve.
In the V trace there was a small rapid fall, then a practically level piece, and then a
rise. This had brought the curve to above its undisturbed level before the rise in the
N curve had ceased, and it continued for a considerable time after the recovery in N
had set in. Thus the three elements were conspicuously out of phase throughout.
The N and V curves exhibit a sort of “ crest,” lasting little over half an hour, and there
is a corresponding depression in the Ii curve.

At Alibag the movement appeared unidirectional in all the elements. The slope,
however, of the H curve, which commenced very steeply, fell off, the first third of the
rise being accomplished in much less than a third of the time. After the rise the curve
remained quite level for some 20 minutes, when a sharp slope down ensued, lasting
about 8 minutes. The “ crest” thus formed represents about the same interval
of time as that described at Buitenzorg, but the two crests differ considerably in
appearance. In the case of the D and V curves at Alibag a recovery set in immediately
after the end of the commencing movement, but it was not completed until the crest
in H began to subside.

At Helwan the phenomena closely resembled those at Alibag. A change of slope
in the commencing rise in H is not recognisable, but the trace is rather indistinct. The
crest 18 almost an exact counterpart of that at Alibag, having the same duration and
a similarly flat top. The D and V movements—thanks partly to greater sensitiveness
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in the instruments-——are larger than at Alibag, and details of the recovery are thus
more easily made out. The depression in the D and V curves terminated synchronously
with the crest in the H curve. Their appearance bears a resemblance to the impress
of a seal in wax.

At Agincourt the commencing movement was unidirectional in both H and D,
and, though small, so rapid as to suggest discontinuity in the trace. The H trace
showed a crest, but was not flat-topped, minor oscillations ensuing almost as soon as
the sudden rise ended.

At Eskdalemuir the movement was exceedingly complex. Both the N and E
traces show a very rapid movement up the sheet—of considerable size in N—followed
by a larger and equally rapid fall. The fall is immediately followed by a rise, which
was suddenly arrested during a minute or so, a small portion of practically level trace
appearing in each curve. The movement 