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AUTHOR'S INTRODUCTION. 

AFTER the return of the Expedition to England in 1913 the magnetic curves and the 
observation books from Cape Evans, together with notebooks by the two magnetic 
observers, Dr. G. C. Simpson, F.R.S., and Capt. C. S. Wright, were handed to me a t  
Kew Observatory. An arrangement was come to between the Ilirector 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 talren 
a t  Cape Adare, were reduced under the supervision of the late Commander I-Iarry 
Pennell, R.N. They were finally transferred to me along with the observations a t  
Cape Adare, which had been partly reduced by the observers, Ilieut. (now Commander) 
V. Campbell, R.N., and Surgeon G. M. Leviclr, R.N. 

The preparation of the material obtained a t  Cape Evans has taken much longer 
than was originally contemplatecl. 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 bee11 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 a t  many 
of these stations, and so made a specially onerous claim on the staff. The principal 
object 01 the tern1 hours was to secure corresponding open time scale records of 
magnetic disturbances from different parts of tho world. The chiel 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 lilre 19 11 and 191 2. 

Quiclr-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 s quick-run 
trace than on an ordinary trace, provided quiclr running does not pejudice the uniionnity 
of rotation of the druni carrying the photographic paper. But what woulcl be a bold 
movement on an ordinary curve possesses in a quick run so slight an inclination to tile 
time axis that the accuracy with which turning points can be deternuned is less than 
might be expected, and the correspondence or lack of correspondence between the 
movements a t  remote stations becomes a very difficult thing to decide. When 
disturbance is small the ordinary diurnal variation is not relatively insignificant. It 



depends on the local time, and so differa at  different stations. Also, as we now know, 
there is really no suzcli thing as a regular diurnal variation depending only on tlie 
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 n~ust  be 
difficult, and it is in fact a task for which we do not as yet have sufficient lmowledge. 
Thuzs 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 tlie growth of artificial dist~~rbances tliere 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 tlie co-operating observatories obviously 
suffered in this way, and were not suitable for tlie study of any but tlie larger disturbances. 

To show an adequate appreciation of tlie labour entailed by the talring 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 measurenients of " magnetic 
activity " due to the late Professor Bidlingmaier. This entailed a considerably greater 
amount of arithmetic than had been anticipated. Anotlier so~newliat onerous research 
was into tlie dinrnal variation of ~riagnetic disturbance as given by hourly " charactes " 
figures, following again a lead given by Professor Bidlingmaier. 

The most onerous research of all was a coniparison 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 tlie Antarctic and ICew curves, a list of disturbed times was 
prepared and issued to selected observatories, with a request for copies of the curves 
for tlie times on tlie list. A very generous response was made by the following 
obsel.vatories : Sitlra and Honolulu (tl~rough the Superintendent U.S. Coast arid 
Geodetic Survey), Agincourt (Toronto), Buitenzorg,'Mauritins, Alibag (Bombay), and 
Helwan. Also the' Eslidalemuir curves were put a t  my disposal by tlie Director of the 
Meteorologioal Office. 

After the whole work: had been completed, a paper appeared by Dr. S. Chapman* 
giving the general results of comparisons of a nuniber of magnetic storms liaving 
" sudden cominenceinents " recorded by a series of observatories, including several 
of those mentioned above. Somewhat curiously a corresponding incident occurred 
in the case of tlie National Antarctic Expedition of 1902-04. After all I had intended 
to do in discussing the niagnetic results of that expeditiol~ had been done, tliere 
appeared the first of tlie two large volu~iies in wllich Professor Kr. Birke1and.f. described 
the results of ~nagnetic observations made in the Arctic regions in 1902-03. I11 that 
case T decided to leave what l~ad  been written unaltered, but to write an additional 

* ' Roy. Soc. Proo.,' A, vol. 95, p. 61. 
1. ''L'lle Norwegian Aurora Polaris Expedition, 1902-03,' vol. I. 



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 
conclusions drawn by Dr. Chapman is quite independent, and any statement that 
may seem to controvert his opinions is absolutely unprejudiced. The further precedent 
of writing a fresh chapter has not been followed. Professor Birkeland supplied data 
for individual magnetic storms which were represented in the Antarctic, whereas 
Dr. Chapman deals only with mean results from a number of storms, few if any of which 
were represented in the Antarctic curves. 

In the execution of the work I have received valuable help from Mr. James I;"pster, 
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 hourlv 
values, the daily maxima and minima, and the diurnal inequalities. He likewise 
measured all the quick-run curves a t  6-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. 
Rut 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 ippreciation of the 
task executed in the Antarctic by doing what I can to utilise the results to the best 
advantage. 

January, 1919. 
C. CHREE. 

Since the above was written Chapter XIV has been added, dealing with the relation 
between aurora and magnetic disturbance. It was rendered possible by the kind co- 
operation of Capt. C. S. Wright. I have also to thank Col. H. G. Lyons, P .R( .S. , '~O~ 
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. 

Junuary, 1921. C. CHREE. 



DESCltLtPPTION OF BASE STATION AT CA131i: XVANS. ltESULTf3 OF 
ABSOLUTE OBSERVATIONS. 

Section 1.--The magnetic work in the Antarctic a t  tlie base station a t  Cape Zvans 
was carried out by Dr. G. C. Simpson, F.R.S., and Capt. 0. S. Wright. His official duties 
recalled Dr. Simpson to India a t  the beginning of tlie second year, and subsequently 
Capt. Wright was in charge of the magnetograph. The installation of the ilistrumellts 
and a number of details relating to their subsequent worlting were described by 
Dr. Simpson in a notebook which he put in my hands, and from which 1 shall inalce a 
number of quotations in the following brief summary of events. 

It was decided that a cave dug in the ice would have many ac'tvantages over an 
ordinary hut as a magnetograph cl~amber. Por one thing, it would be much less liable 

R 

to rapid changes of telnpereturc. 'Vhc digging of tllc cave was begun on January 14, 
r i  1911, und cornplcted witlzin a week. I he cave is shown roughly in plan in Fig. 1. 

Zts length ran approximntely East -Wcst, and the entrance tunnel North-Sonth. " 'Vhc 
height of the cave was a little over 6 feet, so one could strind upright t~nd worlt in comfort. 
r i  l he  cave was made darlc by covering the inside walls arid roof with felt. Two curtains 
(C and C' in the figure) closod the cntmnce." 

Before the erection of the magnetogmph the intellsity of 13 (the 1iorizont:ll force) 
in the cave was cornparod with that in tlie nbsolotc loi~giletic hut, il question to wllicll 
we shall return presently. 

u./ C 

0 

c ' 

T 

T Tunnel ontrance to cave. 
C Curtain. 
C ' 9 ,  

V Magnetograpll recording V (vertical co~nponeat). 
E' , , ,, E' (approximately Enst conlponeat). 
S ' 9 , ,, S' (approximately South cor~ponent~). 
3-> Ilrum for photographic paper, driven by clock. 
JJ Lamp. Source of light for niagnctio curves. 
1 Lamp for hour mark. 

FIG. 1.--1cc Cave. 



Dr. Simpson's description of the way the magnetograph was supported is as 
follows :-" For reasons which need not be gone into here I was not able to take stone 
pillars or slabs of slate for the magnetic instruments, but took a wooden table instead. 
The three instruments (marked V, E' and S' in Pig. 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 llard 
wood pillars about 25 cm. in cross section, firmly set into the solid frozen ground of 
the cave. The whole table was so solid that, I expected no difficulty with i t  ; 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 1) 
in the figure) were on another table extending across the far end of the cave and supported 
by being let into the solid ice walls of the cave." 

The instruments marked V, E' and S' in Fig. 1 were intended to record changes in 
the vertical component of magnetic force and in two horizontal components, one directed 
to Astronomical East, the other to Astronomical South. To secure this, the magnet 
for the E' instrument should have been oriented true North and South, and that for 
the S' instrument trne 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 Septlember, 191 1, 
showed an error of 7" 36' in the orientation. Consequently the instrument marked E' 
measured changes of force in the direction 7" 36' South of East, and that marked 8' 
measured changes of force in the direction 7" 36' West of South. 

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

Originally the lamp marked I; in Fig. 1 was an oil lamp. but it smo1cec;l so badly 
during the trial runs that i t  was decided to replace it by an electric lamp. A battery 
of 12 storage cells was accordingly set up for the purpose, and leads t,alten 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 tho 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 Ilr. Simpson in the following way :--" A t  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 ( I )  placed in such a position that it illuminated 
the cylindrical lens (i.e. the condensing lens just in front of the photographic sheet on 
the drum), and produced a black line across the record. I had a bell in the larnp circuit 
which rang loudly whenever the current failed ; when the current was being switched 
from one circuit to the other the current was broken sufficiently to give a single Imoclc 
of the clapper on to the bell. The hour lam]? circuit was closed for tlpproxirnatoly 20 
seconds, when the current was switched back to the lump in the lantern, the bell giving 



n single sound when this happened. When I wished to coiiipare the time recorded 
on the trace with the chronolneter it was only necessary to be a t  tlie cllronoineter a t  
tho hour and note the time of the two bell rings. . . Each morning a t  8 o'cloclr, 
as soon as the first (or malre) bell rang, I went over to the chronometer and was 
ready there when the second bell rang to note the time. . . T attempted to Ireep 
the error of the S clock less than 1 minute." 

The regular use of the magnetograph began on February 1. Considerable tro~ihle 
was experienced at  the start. As i t  so l~appened, nlagnetic conditions a t  the time were 
highly disturbed, and during the first week there wa,s so much crossing and interorossiiig 
of the V, E' and 5' traces that their identification was too uncertain for satisfactory 
lneasllrcments to be made. Steps wore a t  once talren to surmount, this difficulty, and 
after the first week there was little further troulole on that account. 

Section %--The absolute determinations of declination (D) and l~orizontal force (H) 
were all talten with unifilar magnetometer No. 26, einploying for declination the colli- 
mator magnet 25n, and for horizontal force the collimator magnet 258, and tlie iilirror 
magnet 25c. The instrunlent though old was in good repair, having been overhallled 
by Mr. A. W. Dover shortly before the expedition set sail, the constants of the magnet 
being freshly determined a t  l<ew Observatory. The magnet 2/58 being well seasoned, 
retained its magnetic moment wonderfully well under the trying conditions to wliicll 
it was exposed. 

All the observations of incliiiation (I) were taken with tlie dip oircle No. 26. At 
tlie start use was made of two needles, Nos. 2 and 8, belonging to No. 26. Needle No. 2 
wits 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 reinnined in use until Rlarch 3, 
1912, when needle No. 6 had to be replaced by needle No. 2. Atlother 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 tliut the change of needles was wholly 
without effect on tlie observed vdues of the dip, but the conditions in the Antarctic 
differ so enormously from those a t  ICew Observatory, where coillparative readings 
had been talren with the several needles, that it is impossible t,o say what the efleot 
may have been. 

!L1lie follo~ving is Dr. Simpson's account of the procedure followed in the absolrite 
observations* :---" 'l'he lcew nlethods were lollowed with one or two slight viiriations. 
llhe 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 talcen to 600 

that the thermometer recorded the correct temperature of the magnet. On this date 
tlie practice was commenced of leaving the ~liagnet a t  least 15 minutes in the vibration 
box before the swings were commenced. 111 the note entered to Jsnuury 24 (see later) 
reasons are given for cutting down tlie number of swings from 165 to 95. Even then 
there was nearly always a large shift of tlle zero during the observation causing the time 

* Tlio order of thuobsorvt~tio~ls wue not ulwuys the srtlw. 



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 i t  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 a t  the end measured and noted." 

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

The usual procedure is to note the time of each fifth transit from 0 to 65, and then 
after a pause from 100 to 165. Combining transit 0 with transit LOO, transit 6 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. Si~npson 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 curtailnlent 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 1922, especially during the later months. 
In  the case of a declination magnetograph of a atable type at  a station where large 
disturbance is rare, one absolute observation a week should suffice to maintain a very 



high degree of accuracy in base values. But under the conditions prevailing a t  Cape 
Evans, a considerably larger number of absolute observations wonld have bee11 necessary 
for base values of the accuracy called for when mean values are calculated for individual 
days. At Cape Evans the elements recorded by the magnetograph and the elements 
observed with the absolute instruments were in no case the same. Thus even under the 
most favourable conditions an increased number of absolute observations would have 
heen desirable. In the case in fact of tlie vertical force, ttn absolute i~istrument giving 
the force directly will, 1: suspect, have to be invented before base line values of high 
precision can be obtained in liigli magnetic latitudes. It is obviously impossible to 
hope for accuracy to l y  or even to 10y in values of vertical force, when one has to arrive 
a t  them indirectly with the aid of a dip circle, and an error of 1' in the dip implies an 
error of 300y in vertical force. 

~S'ection 3.-Table T, p. 8, gives a summary of the results of tlie absolute declination 
observations a t  Cape Evans. They were all taken with tlie collimator magnet 25B. 
'I'he times refer to 180" E., that having been adopted after full consideration by 
Dr. Simpson. Also, in accordance witli the method he adopted of showing the results, 
the declination is measured from South to East. 'I'he inore usual procedure is to ineasure 
declination from Nortli in the clockwise direction. so that what appears as 26" 20' for 
example in the table would usually be described as 15.4" 40', or 154" 40' 1% I am quite 
alive to the fact that a good deal can be said, and is not unlilzely to be said, against tlie 
procedure adopted liere. 13ut it seemed to rne in view of the problems arising in 
connection with the magnetograph to have a balcl~ice of advantages when dealing 
with the absolute observations. Tn the case of the diurnal inequality tlie ordiriary 
definition is adopted. Tho table includes some observations made in llecember, 1911, 
and January, 1912, at a temporary station on sea ice, over deep water a t  some distance 
from shore. 'I'hese are distinguished by an usteri~li, and are specially consic?lered 
later. 

In  some inontl~s, e.g., 0ct;ober and November, 191 1, the hour of observation is 
fairly ~zniform, but in other months, e.g., April, 1!)1 I , tlie time varies considerably. 
Also there is considerable difference between the lrrean hour of observation in different 
months, e.g., May, 19 11, and May, 1912. Sucli variability is of little if any i~nportance 
under normal co~iditions a t  N, station furnished with a magnetograph, because ordinarily 
one relics entirely on the curve meusure~nellts for nleun niontllly anci annual values 
But in view of the uncertainties wliiclr we shall presently encounter, when dealing witlll 
the base values of the Alitnrctic curves, u close approach to uni.foriuity in the hour of the 
:~lr)soluto observations would have had much to co~ntnend it. 

'I!ul.de l T ,  1). !), suiri~llarises in like fusliion the resnlts of tlic ~~bsolut~c obsorvutionsoi H. 
The co~npleto observation, as ulreaciy explained, consisted of two vibration experilnenh 
wit11 an intervening deflectioii experi~ncnt,. 'l'llc deflections being ~~irtde :tt tlic 
unusually great distances of 42 arid 56 cms., thc correction factor 1 - 1-1'v--"nvolving tlie 
distance r and tlie " distribution co~istant " 1' was a priori certain to be of trifling 
importance. A value was, however, deterniined for L' in thc usual way, colnbining 



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

Besides H, Table I1 gives the values obtained for m, the magnetic moment of the 
collimator magnet 258 reduced to 0" C. With a magnet as seasoned as 2 5 ~  the magnetic 
moment, though not an absolute constant, shows only a small gradual loss. The 
fluctuations in m apparent in Table I1 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. 'I'he 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, 191 1, and January, 1912, on sea ice, no deflections were made. These 
observations are distinguished by an asterisk and are separately discussed. As no 
deflections were taken, no value was obtained for m. 

Table 111, 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 clo~~btful 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 talcen on sea ice during December, 1911, 
and January, 1912. 'I'hese are marked with an asterisk, the values are obviously in 
excess of those a t  the base station. 

~S'ection, 4.-Pn view of the special uncertainties encountered in the curve base line 
values i t  seemed worth while getting out the monthly mean values as derived directly 
from the absolute observations. These are given in Table IV, p. 15. l'he first three 
columns give the mean values of D, II and I as obtained directly from the entries in 
Tables I ,  I1 and IJ I, without malting any allowance for the fluctuations in the hour of 
observation already alluded to. 'l'he 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 a t  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 a t  the foot of Table IV to the 
20 months, March, 1911, to October, 191.2, 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, 19 12, as was 



obviously expedient. The absolute observations in February, 1911, were few and to 
some extent preliminary, so that the omission of that month was hardly n 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 midsumlller 
the four months November and December, 1911, with January and February, 1912. 
Equinox includes the four nlonths March, April, September and October. Further 
discussion of the results of Table IV inay conveniently be deferred until we are in n 
position to deal with tlie corresponding results derived from the curve measurements. 



TABLE I.-Absolute Observations of Declination (D). 

February 17 , . . 
3 2  23 ... 1 

Date. 

March 3 ... 
,, 9 ... 
,, 20 ... 
,, 24 . . . 
,, 31 ... 

From. 

May 4 ... 
,, 11 ... 
,, 20 ... 
,, 26 ... 

19 41 
19 30 
19 31 
18 46 

June 3 ... 
,, 9 ... 
,, 16 ... 
,, 21 ... 
,, 29 ... 

18 20 
1 9 3 8  
18 42 
19 17 
19 1 

July 6 ... 
,, 17 ... 
,, 24 ... 
, 27 ... 

1 8 4 3  
18 57 
1 8 4 8  
19 7 

August; 6 ,.. 
,, 12 ... 
,, 18 ... 
,, 28 ... 

18 35 
19 5 
18 44 
15 17 

September 1 
) I  9 
,, 16 
,, 23 

16 36 
17 8 
16 30 
16 6 

October 4 ... 
,, 12 ... 
,, 20 ... 
,, 28 ... 

To. 

h. In. 

16 24 
16 14 

16 55 
16 35 
16 11 
16 3 
14 42 

13 32 
15 10 
18 55 

19 58 
19 47 
19 48 
19 3 

18 32 
19 52 
18 58 
19 31 
19 13 

18 53 
19 7 
18 58 
19 17 

18 45 
19 15 
18 54 
15 27 

16 46 
17 18 
16 44 
16 18 

18 34 
18 1 
18 58 
18 42 

18 32 
18 19 
18 19 
18 16 

18 24 
17 51 
18 48 
1 8 3 2  

November 3.. . 
9 9 11 ... 
3 9  18 ... 
P 3 24 ... 

1 Deolina- 11 1 

18 22 
18 9 
18 9 
18 6 

1911. 
December 2 

9 ,  9 
,, 18 
,, 23 
,, 27 
, 29 

1912. 
January 2 ... 

,, 5 ... 
7 , 11 ... 
9 3 12 ... 
,, 16 ... 
,, 22 ... 
,, 23 ... 
,, 23 ... 
,, 30 .. . 

Mea.n tion 
Time. (Tad of Lhte. 

South). 

February 5 ... 18 0 
,, 12 ... 16 29 
,, 24 ... 17 58 

From. 

I n  7 25 33.5 March 3 ... 17 22 
7 ... 15 47 

1 8 4 8 2 6  ! l * i i i  1: I 8  . 1 6 1 9  

1 8 4 0  2 5 1 7 . 0  May 7 ... 17 8 
19 10 25 32.3 ,, 16 ... 16 37 
18 49 25 51.3 ,, 21 ... 16 57 
15 22 25 13.0 ,, 29 ... 16 40 

' 25 50.8 June 6 ... I 6 45 
25 30.7 ,, 19 ... 17 38 
25615.1 ,, 28 ... 1 0 5 6  
25 9 .1  

Jllly 11 ... 13 45 
25 21.4 ,, 21 ... 16 48 
25 16.7 
25 45.8 August 9 ... 17 10 
25 3.7 ,, 24 ... 17 2 

* Ob~ervation taken on Hea ice. 

I Mean 1 Time. 

Doclina- 
tion 

(East of 
South). 
-- 

0 I 

24 56.8 
25 26.8 
25 55.6 
25 1.1 
26 12.6" 
25 32.1 

25 59.1" 
25 49.3 
24 20.2" 
25 8 . 8  
25 32.2" 
25 11.0 
25 34.3" 
24 45.1" 
25 28.9 

25 20.3 
24 62.7 
26 31 - 5  

25 16.0 
25 29-4 
25 21.0 
25 22.8 

25 8 - 9  

26 5.7 
25 11.6 
25 9.3 
25 29.6 

26 2.1 
25 24.6 
26. 42.3 

24 45.1 
25 0.8 

24 59.9 
2G 28.8 

25 4.9 
24 28-7 

25 42.4 
25 -19.9 

25 38.1 

----- 
h. m. 
17 55 
18  35 
18 8 
18 43 
1 7 2 2  
18 3 

I6 54 
18 15 
15 34 
18 3 
15 58 
1 7 4 2  
1 6 3 0  
17 46 
1 8 2 0  

h. rn. 
1.7 80 
18 ;I0 
18 3 
:I8 38 
1 7 1 9  
17 58 

16 49 
18 1.0 
15 29 
1 7 8 8  
1.5 53 
1 7 3 7  
1 6 2 5  
17 41 
1 8 1 5  



TABLE 11.-Absolute Observations of Horizontal Force 

Ilatu . 1'il.st Vibrntio~t . Deflection. 8ocond Vibration . 

... May 4 ... ... / 17 41 17 55 

... 11 ... 17 27 17 39 .. ... 

June 3 ... ... ... 16 27 16 39 
9 ... .. ... ... 17 42 17 56 

16 ... .. ... ... 16 44 16 67 
21 ... .. ... ... 17 13 17 25 .. 29 ... ... ... 16 56 17 9 

July  6 ... ... ... 16 46 1G 68 
... 17 ... .. ... 1 6 5 6  17 8 

24 ... .. ... ... 16 49 17 2 
27 ... ... .. ... 16 56 17 10 

... September 1 ... 1 4 5 1  15 4 

... > s 9 .. 14 59 16 12 ... ... 9) 1G 14 29 1 4  43 .. 23 . . ... 14 I5 14 27 

October 4 ... ... 16 29 16 41 
... ... $ 9  12 16 16 16 29 

20 ... ... 17 11 17 24 .. 
... ... ). 28 16 38 16 ljl 

... November 3 ... 16 49 17 2 1 7 4 6  1 6 5 4  18 7 
... ... 3 )  11 16 34 16 46 17 4 17 28 17 41 17 54 

18  ... .. ... 16 24 16 37 16 51 17 19 17 28 17 40 
... ... 1 9  24 16 30 I6  43 17 0 17 27 17 38 17 51 

... ... December 2 16 13 I 6  26 I6 34 17 5 17 14 17 27 

... 9 .. ... 16 45 16 58 17 12 17 46 17 66 18 8 

... 18 16 17 16 30 16 45 17 I0 17 21 17 33 .. ... 

... 23 .. ... 16 43 16 56 17 10 17 35 18 2 18 15 
27 ... 16 27 16 41 .. ... - 1 6 4 6  17 0 .. 29 ... ... 16 15 16 28 17 9 17 18 17 31 

* Ob~crvation on son i a  . 



Date . First Vibration . Defleotion . Second Vibration . 

Febn~ary 5 ... ... 16 18 16 30 
... .. 12 ... 14 0 14 13 
... .. 24 ... 1 6 2 0  1 6 3 2  

March 3 . . . . . . . . .  15 7 15 22 .. 7 ... . . . . . .  1 3 1 0  1 3 2 3  .. 18 ... ... ... 14 . 6 14 19 .. 24 ... ... ... 14 5 14 19 

April 2 . . . . . .  ... 14 17 14 29 

May 7 . . . . . .  ... 14 49 16 2 .. 16 ... ... ... 14 31 14 44 
It 21 ... ... ... 14 27 14 39 .. 29 ... ... ... 14 20 14 34 

June 6 ... ... ... 14 25 14 38 
1.9 15 4 1.6 19 .. . . . . . . . . .  .. 28 ... ... ... 14 33 14 49 

September 7 ... 1 3 5 7  1 4 1 0  1 4 2 8  1 4 5 9  
24 ... 14 7 1 4 2 0  .. ... 1 I 5 6  

... October 7 ... / 14 8 14 21 / 14 45 16 9 1 16 46 16 58 / 4286 1 957.3 1 
November 2 ... ... 1 1.5 0 16 14 / 16 0 16 46 / 16 54 17 9 ! 4329 1 953.3 1 

* Observation on sea ice . 



TABLE 111.-Absolute Observations of Inclination (I) . 

April 11 ... .. 11 ... 
... .. 15 .. 15 ... .. 26 ... .. 26 ... 

Inolinatiorl 
from S i ~ ~ g l o  

Nocclles . 
Mean 

from Two 
Noodlee . 

O I H  



nate . 

1911 . . 
Jilly 6 ... ... ... 

... 9, 6 ... ... 

... .. 17 ... ... 

... .. 17 ... ... 

... ,, 24 . . . . . .  

... ,, 24 . . . . . .  
9. 27 . . . . . . . . .  
9. 27 . . . . . . . . .  

Augllst 5 . . . . . .  ... 
19 5 . . . . . . . . .  
,, 12 . . . . . .  ... 
,, 12 ... ... ... 
,, 18 ... ... ... 
., 18 ... ... ... 

8epteniber 1 ... ... ... 
... . . . . . .  > J 1 

>. 9 ... ... ... 
9 9 9 ... ... ... 
,, 16 ... ... ... 
9. 16 . . . . . .  ... 
,, 23 ... ... ... 
,, 23 ... ... ... 

Octohrr 4 ... ... ... 
5 9 4 ... ... ... 

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

., 12 . 
,, 12 

... ,, 20 ... ... 

... ., 20 ... ... 

... .. 28 ... ... .. 28 ... ... ... 

November 3 ... ... 
... ... 
... ... 

... ... 
9 3 3 .. 11 
1. 11 
2. 18 ... ... 
2. 18 ... ... 
7. 24 ... ... .. 24 ... ... 

December 2 ... ... ... .. 2 ... ... ... 
,. 9 ... ... ... .. 9 ... ... ... 

Needle 
No . 

8 
5 
8 
5 
8 
B 
8 
5 

8 
5 
8 ?  
5 1  
8 2  
5 ?  

8 
5 
8 
5 
8 
5 
8 
5 

8 
5 
8 
5 
8 
5 
8 
5 

8 
5 
8 
5 
8 
!I 
8 ?  
5 ? 

8 
6 
8 
5 

Time . 

h . m . t o  11 . 111 . 
15 32 I6  0 
1 5 2 1  1 6 1 2  
15 46 16 15 
15 36 16 25 
16 35 16 2 
1 5 2 6  1 6 1 2  
15 41 
15 28 I6 18 

15 27 16 12 
15 39 16 4 

15 58 16 20 
15 48 16 31 
15 49 16 12 
15 39 16 21 

13 27 14 18 

13 30 14 19 

13 39 14 3 

13 40 14 9 

13 0 13 48 
13 12 13 35 
12 53 13 16 
12 38 13 26 

14 57 1b 49 

14 43 15 35 

15 46 16 36 

15 9 15 37 

14 64 15 22 

15 59 16 25 

15 25 15 55 
15 14 IP 7 

15 26 16 15 

15 8 I5  59 

15 6 1 5 3 5  

15 38 16 4 

15 19 1 5 4 8  

14 53 1B 47 

15 21 15 4 7  
16 10 1B 67 

14 40 16 33 

15 17 16 !) 

1 4 5 1  36 20 

16 29 15 56 

Moan 
fro111 Two 
Needla . 

0 1  C 

Mean 
Time . 

h . ni . 

lnclinatio~~ 
from Singb 

Needles . 

o I 

15 46 
I 5 4 6  
16 0 
16 0 
I 5  49 
1 5 4 9  

15 53 

16 50 
15 52 

16 9 
16 9 
16 0 
16 0 

1 3 5 3  

13 55 

13 51 

13 55 

13 24 
13 24 
13 4 
13 2 

16 23 

15 9 

16 11 

15 23 

15 8 

16 12 

15 40 
15 40 

15 51 

15 34 

I 5 2 0  

15 51 

1 5 3 4  

1 5 2 0  

15 34 
15 34 

I t  7 

15 13 

15 7 

15 43 

86 27.27 
8 6 2 7 . 1 6  
86 26.78 
86 26.84 
86 29.00 
8 6 2 9 . 4 0  

86 26.75 
86 26.37 

86 26.78 
86 26.59 
86 26.22 
86 26.66 

86 27.72 

86 26.53 

86 26.50 

86 25.78 

86 25.78 
86 25.32 
86 24.87 
86 26.37 

86 25-94 

86 26-69 

86 25-90 

86 28.16 

86 25.54 

86 24-72 

86 24.44 
86 24.50 

86 20.28 

86 24.94 

8 0 2 5 . 7 2  

86 10.28 

86 25.04 

86 26.18 

86 21-94 
86 23.03 

HG 24-19 

80 24.!17 

8 6 2 4 . 1 2  

8(j 21-81 

86 27 7 

86 26 

86 -25 33 

21i 37 i 
2B .3 

8G 26 

8G 25 

86 24 28 I 
86 19 47 

8(; 21 

8 0 2 5  r, 7 

86 22 2!, i 



Nocdlo 
No. 

Mean 
Timc. 

Inclinution 
fmnl Single 

Neodlcs. 
Time. 

Mom 
f ~ I I I  Two 
Nocdlea. 

11. in. 
q5 18 
15 19 
15 26 
15 26 
16 10 
Id 8 
15 23 
16 22 

April 2 ... 
,, 2 ... 

* Observutio~l on sen ice 

13 



Date. Needle 
No. 

May 7 ... ... ... 
... ... ,, 7 ... 

... ... ,, 16 ... 

... ... ,, 16 ... 

... ... ,, 21 ... 

... ... ,, 21 ... 
... ,, 29 .,. ... 

,, 29 . * .  ... ... 

September 7...  . . 
... 9 9 7. . .  

,, 24 ... . . . . 
,, 24 ... ... . . 

8 
2 
8 
2 
8 
2 
8 
2 

August 9 ... ... ... 
,, 9 ... ... ... 
,. 24 ... ... ... ... ... ... 9 ,  24 

October 7 ... ... ...I 

1 
2 
1 
2 

... November 2 . . .  1 

Moan 
Time. 

Inclination 
from fjinyle 

Needles. 

Mean 
from Two 
Needles. 



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

I Absoluto Obaervntions Unaonaated . 
Month or Soason . 

February 
March 
April 
May ... 
Junc 
July ... 
August 
September 
October 
Novenlber 
1)ecembcr 

1912 . 
... January ... ... 
... ... February ... 
... March ... ... 
... April . . . .  ... 
... May ... ... ... 
... J'unc ... ... 
... July ... ... ... 
... August ... ... 
... Scptembur ... ... 
... Octobcr ... ... 
... ... Novelnbcr ... 

Absoluto Obsorvat. ions Corrcotcd . 

25 24.5 
25 34.8 
25 22.3 
25 8-9 
26 14.0 
25 23.0 
24 53.0 
25 14.4 

. 24 46.8 
25 42.4 
25 38.1 

. ... ......... -. -. 

Mean, March, 191 1- October, 
... 1912 ... ... 
... Midwinter, 1911 ... 
... ,, 1912 ... 
... Equinox, 1911 ... 
... ,, 1912 ... 

Midsummer, 1911.. 12 ... 

25 19.6 
25 23.0 
25 11.1 
25 18.1 
26 1Ei-1 
26 30.5 



CHAPTER 11. 

MEASUREMENT O F  CU12VES. TIME USEI). STANDARDISATION OF 
CURVES. SCALE VALUES AND BASE VALUES. 

Section &-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 a t  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--anci to ascribe the measured value 
to the hour in question. Tf we are dealing with an 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 diirnnl variation, this method is probably 
a t  once the simplest and the best. But if we are dealing with a highly variable element 
and want to treat of individual days or of the diurnal inequalities of individual months, 
this method leaves a great deal to chance. To meet this, the most obvious course is to 
estimate in some way the mean value of the ordinate for the 60 minutes centering at 
an hour. The measurement of the area bounded by the curve, the base line and the 
ordinates a t  the beginning and end of the 60 minutes is theoretically the most exact way 
of getting the mean ordinate. But in practice i t  presents clifficulties when the curve sho~vs 
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 i t  requires much judgment, and when the curve 
not merely oscillates, but departs widely from the shape normally characteristic of the 
hour, the results tend to become arbitrary. The method actually adopted in the present 
casewas that used in dealing with the curves of the 1901-04 Antarctic JCxpedition. A 
glass scale was constructed having parallel lines a t  a distance apart equivalent to 20 
minutes on the time scale of the magnetograms, and the ordinates of the unsmoothed 
curve were read a t  each 20-minute interval to the nearest 0 . 5  mm. The value ascribed 
to the hour was the arithmetic mean of the three measurement6 taken a t  the exact hour 
ancl a t  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. 'L1his 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.'I'., for example, becoming 8 a.m. of the 
nominal day at  tlie Antarctic station. 13ut n departure of 54; minutes from local time 
has obvious disadvantages, and T felt some doubl whether it might not be better to 
employ the time of 165" E, subtracting en hour from Dr. Simpson's times and thus 



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 64.4 minutes in advance of local noon, 
&c. As already mentioned, Dr. Simpson had introduced a method of producing a dark 
line right across the trace a t  each hour, and this was as a rule accepted as representing 
the exact hour. There were usually small correctlions wanted to tlie tilne as shown, 
but making allowance for small and irregular time corrections, especially wlleli the 
variation throughout tlie 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 i t  comes to minutely comparing disturbances a t  different stations 
i t  is a different matter, and even small corrections when accurately lrnowii may become 
important. 

Section G.-Another question difficult to decide was how to present the results of 
the curve measnrements. As already explained, the two ~nagnetographs intended to 
give the variations in the N-S and E-W colnponents were really oriented so as to give 
the variatious of components along the two azimuths 7" 36' IZast of North (or West of 
South), and 7" 36' South of East (or North of West). Tf we call the components to 
nominal South and East as derived directly from the curve nleasurements S' and E', 
while S and E are the components to true Sonth and East, we have 

Thus i t  would have been possible to deduce hourly values of S and E from the 
measured values of S' and E', and to have given these in the tables of results ill the present 
volume. In  not adopting this course I may not have the approval of all physicists. 
r i -I he principal reasons for showing the hourly values of S' and E', rather than those of 
8 and E, were : 1.  Anyone anxious to get the values of S and E a t  any particular hour 
can readily derive them by means of equations (1) ; 2. Force magnetographs-especially 
those like the Eschenhagen of light construction-.are subject to change of scale values, 
and the scale value is sometimes not as uniform across the fnll width of the sheet as is 
desirable. The Antarctic instrument recording E', accordiilg to the scale value deter- 
minations, retained from start to finish a scale value which was practically constant. 
But the other, recording S', in the earlier part of its career showed a ~onsidera~ble change, 
and the scale value determinations did not show the dcveloplnent of the change as 
clearly as might be desired. Error in the accepted scale value of the 8' instrument, 
does not affect t11e type but only the amplitude of thc diurnal varintlion in S', as i t  
leaves the relative values of tlie hourly measurements unaltered ; but it obviously will 
affect relatively as well as absolutely the hourly values calculated for S and E ;  
3. Even s~~pposing absolutely accurate knowledge of the scale values of both inetru~~ients, 
it would have been on extremely arduous, hardly, in fact, n possible operation to 



determine the daily maximum and minimum values of S and E and the times of their 
occurrence. 

The absolute range of an element, as derived from the two extreme values of the 
day, may not be an exact measure of any definite physical quantity, but it undoubtedly 
serves in the great majority of cases to give a good general idea of the character of the 
day as quiet or disturbed. Theoretically a small range might go with a great amount 
of disturbance, the disturbing forces tending to reduce the natural 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 e~cept~ionally 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 a t  all events the days near the top of the liet would onc 
and all be much more disturbed than the average day, and the converse would be true 
of the days near the foot of the list. Again the relative size of the mean absolute daily 
range for a month and the range of the corresponding diurnal inequality affords a very 
good idea of the greater or less prevalence of irregular disturbing forces. Influenced 
by these considerations, it  was decided that the fundamental tables should give 
the hourly values and daily maximum and minimum values of S' and E', that the 
diurnal inequalities of S' and E' should be got out in the first place, and that the 
diurnal inequalities of 8 and E should be derived from these equally with the diurn~l  
nequalities of D (declination) and H (horizontal force). 

Section 7.--A common source of trouble in force magnetographs is the necessity 
for a temperature correction. This was a grave difficulty in the case of the vertical 
force magnetograph in 1901-04. Temperature in the Antarctic has large and rapid 
fluctuations, and when a magnetograph with a large temperature coefficient is exposed 
to such changes not merely are the temperature corrections large, but they are apt to 
be uncertain, because we are obliged to assume that the temperature recorded by the 
thermograph is that of the magnet and of whatever else contributes to the temperature 
coefficient. In  1911-12, though the instruments were the same, the difficulty practically 
did not exist. The position of the magnetograph was such that in spite of the rapid 
external changes of temperature the thermograph trace seldom departed senaibly from 
a straight line. The only occasions when the trace was sensibly curvet1 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 tempem- 
ture had ceased to be of importance. The temperature in the cavern had a considerable 
seasonal variatio~. Such slow changes, however, hardly call for any direct application 
of temperature corrections, as they are povided for by the changes in the base line values 



derived from the absolute observations. Accordingly no tenlperature 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 ct 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 airned a t  in the best European and Anierican 
observatories. 

Though the external changes of temperature in the Antarctic arc 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 evicience 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 druni and 

Su Net 

+--- .I ..I - 
East. N,e 8.1 

N, S6, 

cv C d ,  

Elevation. 

Bra. 2.-Soalo Valuo Dotonninl~tions. 

lamp and the several magnets. The recording part, including the drum and lamp, was 
on the same level as the three magnetographs. Nearest the drurn calno N,, S,., the nlagnet 
intended to register the variations of the North-South component of force ; this magnet 
sho~ild have been oriented true East and West. Next came the magnet N,, 8,. intended 
to register the variations of the West-ltast coniponent; i t  should have been oriented 
true North and South. Furthest away came the vertical force nlagnet Nu 8,. The 
centres of these magnets may be regarded as approxinlately in a straight line, intended 



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 2 5 ~ .  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,( 8,. 
the collimator magnet occupied the position N S  (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 29nlr" where m 
is the moment a t  the time of N S, and r the distance (100.5 crns.) 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 rnagnetographs, 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 
Bast-West (nominal), i.e., perpendicular to the deflected magnet. Turning the box 
end for end altered the field again by 2m/r3, r being, however, in this case only 65.7 crns. 
When deflecting NvS, the collimator magnet was supported on a second shelf a t  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/r3; 
the distance r between the centres of the magnets being in this case 86.2 crns. The 
three distances were caref~~lly 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& crns. 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 6OOy and the change of ordinate 
about 8 crns. 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 1 9 0 ~ )  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 qliietest conditions much greater for the S' than the E' 
instrument. Supposing natural disturbance in progress a t  the time, as was usually 
the case, a disturbance of given size wollld naturally cause about four times as I:rrgc 
an error in the estimated scale value of the 8' instrument as in that of the 13' 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. l'alting 
for example the V magnetograph, it was assumed that the change of field a t  the position 
of the magnetograph magnet produced by turning the collimator magnet end for end 
was 4m/r3, r being the distance between the centres of the magnets, and rn the moment, 
of the collimator magnet as deduced from the absolute observations, after making 



TABLE V.-Scale Values (equivalents in force of 1 mln. ordinate). 

... Marcli 2 

... April 1 
July 7  ... 
August 7  ... 

,, 21 ... 
Septc~nber 12 
October 5 ... 

,, 30 ... 

allowance for any (litTerence of temperature. During tlie tiiilc spent a t  Cape Evans 
tlhc niclgriet,ic nlon~ent of the collimator  nagn net fell ofY only about 1 per cent. Thus 
any error arising in coiinectioii with tlie value of m inust have been extremely small. 
A second possible source of error arises in connection wit11 the sufficiency of tlie fornluls 
assumed for tlze interaction of tlie two magnets. The coniplete expression for the 
magnetic force at the " poles " of the deflected magnet is 2111r" (1 + Y1;'K-i- &r-") 
where I' arid & are the so-called distribution constants. The deflections of any one 
magnetograph magnet were all niade a t  only one distance, so there was no direct evidence 
of the negligibility of tlie P and Q tenns. Considering, however, that the distance 
r was in no case less than 65 cms., tlie error due tto tlie neglect of the liiglier terms seenls 
llnliliely to have been as large as 1 per cent., and probably was a good deal less. 

The apparent variations sliown by Table V in the scale value of E' are quite renlnrli- 
ably small, considering Antarctic conditions, :&lid afforcl no evidence whatever of any 
real change. Accordingly, tlie ineail value 1 mm. = 6 . 4 6 ~  was acceptecl as applicable 
to the whole period. Retfween April 1 ulid August 7, 1911, i t  seems clear that the scale 
value of the S' curve diminislled, but there is no dist'inct evidence of any change after 
the latter date. Accordingly a rneaii value 1 inin. = G -82y  was accepted as applicable 
from August, 1911, to the end. Tlie cluestion as to exactly how and when the cllange 
of scale value in S' came in presents difficulties. 'rile fact that an &pparent change 
had occurred was noticed by llr. Sinipson after the observation on August 7, and the 
repetition on August 21 of the cleflection experillleiit was partly inteiided to i~lnlre sure 
that no mistalte liad been inade. He was then certain that u change had occurred, 
but was unable to reach any sat,isl'actory explanation of its occurrence. After the 
event it is of course easy to  see that more frequent scde value deter~iliiiations would 
have been advisable in t l ~ e  early montlis. Tlle only tlli~ig that could be done was to  
examine ~nin~itely the curves nnd tho base value determinations. The apparent difference 

/ It'. 1 8: V. / /  1912. 

... 

... 

... 

... 

... 

... 

... 

... 

Y 
7.54 
7.50 
7-51 
7.76 
7.59 
7.70 
7-62 
7.59 

January l . . .  
February 4 ... 

22 ... 
~ a r &  9 ... 

,, 26 ... 
,, 29 ... 

May 1  ... 
,, 31 ... 

June 7 ... 
26 ... 

3 i ly  3 ... 
August 2  ... 
September 10 
October 11 ... 

,, 13 ... 

Y 
6 - 8 3  
6.11-9 
6 .44  
6.44 
6 .45  
6 .43  
6 - 4 3  
G.47 

Y 
8 . 8 3  
8.75 
8 . 1 0  
6 .78  
6 - 6 8  
6 - 6 6  
6 .86  
6 .85  



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 I ,  but some time between April 1 and July 7 
it seeme pretty clear that R measurable change must havt. come in. Examination of 
the curve and base values suggested that the change most probably took place on June 5 
between 14h. and 15 h., as there then occurred a large change of ordinate almost 
certainly of instrumental origin. Accordingly the scale value of I mm. -- 8 . 8 ~  was 
qplied from February to 14 h. on Jnne 6, and a scale value of 1 nlm. = 8 1 y 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 
aheration of scale value from 1 mm. = 8. l y to 1 mm. = 6.87. 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. l y  or 6-87 was accepted as the value of 1 mm. After considering the parallel changes 
in the absolute daily ranges in E' and S', it  was decided to apply the value 1 mm. = 8. l y  

up to the end of Jnly and introduce the value 1 mm. = 6.827~ on August 1. 
In  the case of V the scale value found on August 7,191 1, 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 Pebrnary 1 
up to the end, Prior to this 1 mm. = 7 . 6 1 ~  was accepted. 

As the uncertainties just described in the 8' 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 7.617 to 7.927 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 
i t  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. 



It must not be supposed that tlle 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 El, and many show 
changes in the V scale value a t  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 a t  most observatories to an extent not generally realised. 

Sectiov.~ 9:--!l'lie detel.mination of the base line values was a somewhat conlplicated 
process. I11 Fig. 3 suppose OE and OS directed towards true East and South, while 

OE' and 08' inalto with them the mgle 7" 36'. Then so far ns the horizontal plane is 
concerned, the curves sllowed the varintions in the cave in the forces E' and S' directed 
respectively along OE' and OS', while the absolute observations gave the absolute 
values in the hut of the horizontal force H and the declination I). Let us first suppose 
for sinlplicity that no magnetic difference existed between the cave and the hut. In 
the Antarctic H is low, and co~isequent~l~ the flnctuatio~is in 1> during large disturbances 
are great. I f  one ;~ttenipts t,o allow with mathematical precision for such large changes, 
complications come in. For one t,'hing, any chtinge in H implies a corresponding change 
in the force ecluivalent of a 1' change in U. 'I'wo practical coi~sidernBions, howcvm., 
conle ill. Prom our general Itnowledge of the type of magnetograph, i t  is iniprobilblc 
that the scale value was absolutely uniform across the full width oE the sheet, while tllc 
results of any absolute observation trtlten during a specially disturbed ti~lle \vould be 
affected by sucll coiisitleriible uncertainties that any sttetnpt a t  great nicety in tllc 
deduction of the corresponding base line value wo~lld be labour wasted. A further 
consideration was that tlle observatio11s did not suggest nny Inqc).e secular change. 

Suppose a t  any tinle 1-1, 14:' and S' corresponcling vctlues of the horizontal force and 
its components along ON' artd OS', 0 and (G being the inclinations of the resultant H 
to 0s' and 08 respectively. l'lien we have 

11;' H sin0, S' =.= 13 POSO (2). 
Corresponding s~nall changes ./I H, . I  0, c.1 E' and - 1  St are ~ollllectped the equatiolls 

LlE' = /1H sin0 + I l d  0 cos0, I 
/IS' = n1-I COSU -. H,(10 sin0, 
, IH = ,4Et sin0 + .,IS' ~080 ,  

(3). 

1-1,10 = LIE' COSO - .4S' sin0. 



If H and 0 represent certain standard values, E' and St will represent corresponding 
standard values, and d H, A 0, BE' and 11 St will represent any not too large corresponding 
departures from these standard values. 

The standard values accepted were - I 

B- 42607 ; 4 = 25" 20', and hence 0 = 32" 66' ; 

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

E' = 23167, s t =  3575y. 
I 

As O - 4 is constant, and so A 0  = A+, we have supposing +- 4 in circular measure, 

E' = 2316y + sin0 ( H  - R) + cos0 (4) - q), 
S' = 35757 4- COSO (H - fi) - sin0 (+ -- J) .  (4). 

If a t  the time to which the above equations refer e and s are the ordinates of the 
E' and S' curves, Eo and So the base line values, and c,, c, the respective scale values, 
then 

E' = E ,  + ec,, St = So + sc,. 

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

c = 2 (el -k 2e2 f e,) ; s = (sl -t 2% 4- ss). 

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

E, + ee, = 2316y + sin0 (H - ff) 4- cos0 ($ -71, - 
E,, -1- a'c. =; 2316y + sin0 (H' - H) + if cosO (4' - 7). 

Adding, and dividing by 2, we find 

EO+$ce ((e+et) = 2 3 1 ~ ~ - t s i n O  {H-Ti-f (H-- ~ ) ) + i ? :  cosO { ~ ' - - ~ + ~ ( ~ - - ~ ' ) ) .  

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

H -' H' = sin0 c, (e - e') -1- cosO c, ( s  - s t ) ,  
(4 - (b') = cos0 c, (e - el )  - sin0 c, ( s  - s f ) .  

Eventually we get 

Eo = 2316y + sin0 (H - 8) + cos0 B (4' - 6) - l ee  (e + e') 
-b  g cos 20 . c, (e - e') - 4 sin 20 . c, (s  - st)  . (6) ,  

and similarly we find 

8, = 3575y + cosO (H - E) - ainD (+' - q) - 4 C. ( S  + s') 
- ~ s ~ n 2 0 . c , ( e - - e ' ) - ~ ~ 0 ~ 2 0 . C ~ ( ~ - ~ ' )  . (6). 



Taking 32" 66' for 0,  and 4200y for E, we have 

'644, C O S ~  = -839, sin 20 = 0913, cog 20 = .409, - 
sin0 = *a74 ( 1 8 0 ~ 6 0 / ~ ) ,  TT cos0 = 1.040 (180x(j0/71.), 

Subsequent to July, 1911, when c, and c, had the respective constant values 6-46? 

and 6.827, the working equations were with (6'-7) expressed in minutes of arc 

E, = 2310y + 0-644 (H-fij  + 1.040 ($ I - -  7) - 3a23 (e+  e') 
+ I - 3 2 ( e - - e t ) - 3 * 1 1 ( s - - s t )  , (0 

so=3576y+0-839 (H-E)-0 .674  (0 ' -7) -2 .95  (e-e') 
- 3.41 (S +s t )  - 1.39 (S - s t )  . . (6'). 

In actual practice e represented the arithmetic mean of 8 curve measurements, 
taken respectively a t  4 and 2 of the time interval answering to each of the vibration 
experiments, and a t  4, j, # and & of the time interval answering to the deflection 
experiment ; while e' represented the arithmetic mean of 2 curve measurements, 
talren respectively a t  $ and 2 of the time interval answering to the declination 
observation. s like e was the mean of 8 curve measurements, and st like e' t'he 
mean of 2. 

To determine the V base value, let e", s", v" be corresponding mean ordinates of 
tho E', S' and V curves answering to the mean time of the dip observation. Then 
the values of E t  and St a t  the time of the observed dip are respectively E, -+ e"c, and 
S, + sue,, and the corresponding value of H, viz. H", is given by 

H" = W + (E, f e"c, - E') sin0 + (So + sNc, - &) cos0, 

where, as before, 0 = 32" 66'. 

If I be the observed inclination 

V = H" tan I = V, + c,v", 

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

V, = H" tan I - c,,vW (7). 

The mean ordinates e", s", v" each represented tlle arithnletic nlean of 
4 measurements answering to &, :. -ft 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 thermolneter in the cave a t  
the time of the dip observation. The values enclosed in parentheses were considered 
unsatisfactory for one reason or another and were discarded. 



TABLE VIA.--Base Values from Individual Observations. 

1 
Date. 8'. E'. 

1911. 
... February 17 

,, 23 ... 

... March 3 
,, 9 ... 
, 20 ... 
,, 24 ... 
,, 31 ... 

Y 
1752 
1713 

April 11 ... 
... ,, 15 
... ,, 26 

V. 

0 

-- 7.0 
- 7 . 8  

Y 
2724 
2697 

1767 
1749 
1746 
1713 
1716 

June 3 ... 
... ,, 9 
... 1, 16 
... ,, 21 

,, 29 ... 

Tempera- 
ture 

(Centi- 
grade). 

Y 
69521 
67596 

I 

1709 
1714 
1711 

July (i... . . 
,, 17 ... ... 

... ,, 24 ... 

2765 
2741 
2759 
2747 
2769 

1712 
1718 
1712 
1713 
1710 

October 4 ... 
,, 12 ... 
,, 20 ... 

... '! 28 

Date. 

2708 
2715 
2675 

1711 
1717 
1745 

November 3 ... 
,, 11 ... 
,, 18 ... 
,, 24 ... 

February 5 ... 
... 9 ,  12 

,, 24 ... 

(69042) 
68260 
68289 
67972 
68327 

2713 
2748 
2740 
2741 
2747 

,, 27 ... 
I 

1722 
1726 
1747 
1726 

April 2 ... 

- 9 ./j 
--10.8 
--13.0 
--12.2 
-12.6 

68021 
67712 
68090 

... 

2807 
2758 
2727 

I 

1756 
1732 
1764 
173G 

May 7... ... 
,, 16 ... ... 
,, 21 ... ... 
,, 29 ... ... 

-14.0 
-.15.0 
-17.0 

G8037 
68174 
67920 
68206 
68101 

2887 
2882 
2864 
2887 

... October 7 

November 2 ... 

--20.1 
-20.0 
. -20.1 
-22.5 
-24.0 

1720 

68100 
67952 

(68604) 

2861 
2885 
2870 
2896 

E'. 

Y 
1741 
1740 
1771 
1748 
1774 

1760 
171 1 
1782 
1781 

1753 
1760 
1769 

(1698) 
1767 
1764 
1765 

1724 

1717 
1733 
1728 
1751 

1723 
1754 
1769 

(1 789) 
171 5 

1721 
1747 

1722 
1726 

1741 

(1 762) 

- 26.0 
---24.1 
-24.8 

(iS015 
68070 
68062 
68086 

2755 

-24 .0  
--23.6 
-23 .0  
--22.5 

67954 
68008 
68094 
67839 

* Value obtained for m 011 this day erratic. 

26 

-21.7 
--20.0 
-19.3 
--18.0 

Tempera- 
ture 

(Centi- 
grade). 

S'. 

68051 

V. 

-24.7 



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 a t  all. Accidents of course may 
happen, and the assumption of an invariable base line value would be a rash one ; but, 
as n matter of fact, any alteration is unliltely to be large, and if careful absolute 
observations are taken a t  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. Tlie 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 
latitides is ordinarily greater. Thus the inter-corriparison of the observational and the 
curve value is a t  once direct, simple and accurate. Next in facility and in accuracy, 
under normal conditions, conies the H magnetograph. This shares with declination 
tlie nitvnntuge that the element recorded is tlie same as that directly observed. The 
disadvantages as compared with declination are that the absolute observation takes 
ten times ns long, and has seldom half the accuracy, while tlie scale value can alter, and 
coinplications arise from tlie existence of a temperature coefficient. When the mag- 
netographs dealing witli tlie 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 wealrness or defect in either absolute observation affects the 
base value for both magnetographs. Thus the chances of error coming in are a t  least 
doublecl, while the difficulty of localising any error and tracing its consequences are 
much enlianceci. 'Phis does not necessarily mean that the balance of advantages must 
be witli the l.3 and H magnetographs, as conlpared with E and S magnetographs. 

One weak point with the 11 magnetograph is that its scale value, wherl expressed 
in terms of force, depends on the local value of H. For instance, a D magnetograpli 
having a scale value of 1 mm. = 1 minute of arc, has in terms of force 

1 mm. -. 10.Sy where H = 0.36 C.G.S. 
== 5 . 2 6 ~  ,, ,, = 0.18 
=.. 1-31) 9 )  9 ,  = 0.046 

Untler ordinary European condit,ions 1 mm. = 6 ' 2 6 ~  is a convenient enougli scale 
value. But I null. == 10.6y is too low a sensitiveness for the co~nparatively quiet 
equatorial regions, where H approaches 0 ' 36 ; while 1 mm. -- 1 ' 311 is inuch too high 
a sensitiveness for polar regions, where a low value of H is accompanied by an excep- 
tional a~nount, of magnetic disturbance. Thus there may be excellent reasons for 
preferring E and S to D and H magnetographs ; but absolute instruments being as a t  



present, the former choice inevitably introduces more difficulty arid 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 R and I taken a t  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, 
I3 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 i t  exceeded 3 0 0 ~  -- , thus even with the best and 
least variable of dip instruments i t  is futile to expect any very high accuracy in the 
base line value derived from a single observation. The dip circle in use a t  the Antarctic 
base $ation 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 a t  one time or another would, when a t  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 l y  have a t  least 
considerable claim to respect. A glance, however, a t  the individual results in Table VIA 
shows that assigning base values to individual curves, even in the case of Dl' and S', 
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 calculsltes 
monthly mean base values in the usual way from the datd in Table VIA, one finds that 
there is no regular progression, such as one would expect if the only effective cause 
were a progressive drift in the instrument or a seasonal temperature effect. 

Bection 11.-In the case of E' a decided difference presented itself between the 
midsun~mer and midwinter months, but the differences between successive montha 
seemed to be largely accidental. It was thus decided to accept as the base 
value for month n, (b,-, + b, -1- b, + ,)/3, where b, represents the mean value obtained 
from the observations of the month ~n alone. For the month of February, 1911, the 
mean of the two determinations made in that, month was accepted, and the value 
accepted for October and November, 1912, represented the one reliable observation 



made during these two months . Fortunately. in these two cases the values accepted 
fit in fairly well wit11 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'. Sf and V base lines altered during the 
changing of papers. affording clear evidence that soinetliing had l~appened . It was 
obviously a quiet time. and yet in the s21ort interval there was a change of fi mm., 
representing 3 8 y  in the E' ordinate . It was decided to accept this as a measure of the 
discontinuity. and to assign to the few subsequent March days the same base value 
as for April . The base values finally accepted for E' are given in Table VIB . 

TABLE V1n.-Base Line Values Accepted . 

Aesigning separate base l.inc values to iildividunl mont, hs intlroduces. of course. 
a fictitiolu discontinuity between the ontry under 24 11. on the last day of a nlontli 

1911 . Y 
February 10-28 ... 1732 

... March 1-31 ... 1727 
April 1-30 ... ... 1726 

May 1-31 ... ... 1718 

Juilc 1-30 ... ... 1721 

July 1-31 ... ... 1726 

August ... ... ... 1738 
... September ... 1741 
... October ... 1742 
... Noveinbcr ... 1744 

Dccember ... ... 1753 
1912 . 

Junuary ... ... 1758 

February ... ... 1762 

March 1-26 (10 11.) ... 1761 
... .. 26 (12 h.)-31 1730 

April ... ... ... 1730 
May ... ... ... 1738 
June  ... ... . .  1732 

July ... ... ... 1733 
A u g u ~ t  ... ... 1724 
Scpt. em1)cr ... ... 1733 

... October ... 1741 

Novo~~lbor ... ... 1741 

1911 . Y 
Pebruury 10-28 ... 2710 

... ... March 1-31 2786 
... April 1-30 ... 2G90 

May 1-24 ... ... 3690 .. 25-31 ... ... 2677 
June 1 -5 (13 11.) ... 2682 

... .. 5 (15 11.)-30 2747 
July 1-3 ... ... 2747 .. 4-10 ... ... 27B9 .. 11-18 ... ... 2767 .. 19-31 ... ... 2755 

... ... August ... 2873 

... ... Septcmbcr 2873 
... Octobcr ... 2873 

... ... Novci~~bcr  2873 

... Dcccmbcr ... 2873 
1912 . 

Janunry 1(0 11.)-1 (14 11.) 2873 .. 1 (17 11.)-31 ... 2882 
... Fcbrnnry 1-26 2971 .. 27-29 ... 2992 
... Marc11 ... ... 2992 

... ... April ... 2992 

... ... May ... 2992 
Jlunc 1-6 (8 11.) ... 2992 

... .. 7 (12 11.)-30 2980 
July ... ... ... 2980 

... August ... 2980 

... Soptcnibcr ... 2980 

... October 1-13 (11 11.)  2080 .. 13 (I 2 11.)-31 ... 2964 
... Novenlbcr ... 2964 

1911 . 
Pcl)runry 10- 28 

... Mttrcll 1-31 

... April 1-16 .. 17-30 ... 
Alt~y 1-3 ... .. 4-31 .... 
Juur 1-2 ... .. 3-30 ... 
July 1-3 ... .. 4-31 ... 

August ... 
... Scl)ternbcr 
... October 
... Novci~lbcr 

Dcccntbcr ... 
1913 . 

... Jnn~utry 

... February 

. .  Mnrc!~ ... 

... ... April 

... ... May 
June ... ... 

... July ... 
August ... 

... Scptcmhcr 

... Octobcr 

... Novcmbcr 



and the entry under Oh. on the first day of the next month. The force, of course, was 
really the same, though shown as different. Rut 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 l y  and so 
become visible. These discontinuities may be hidden by confining the tabulated values 
to the hours of 1 to 24, because i t  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. i- 1 

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

In the case of S' there were in several months a succession of small dislocations 
which introduced an element of uncertainty. Such discontinuities may arise in several 
ways. The introduction of iron into the immediate neighhourhood 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 lcnoclc to the 
magnetograph, or slight movement of the bench supporting it. This is usually 
adequately dealt with by assigning an alteration to the base line value equal to the 
discontinuity shown by the curve ordinate. But a discontinuity may also arise 
from the yielding of some impediment, such as is provided by an obstructive hair 
or by grazing'friction, to the free movement of the magnet. In  such a case, instead 
of a smooth continuous curve, we may have a succession of small dislocations 
connected by straight portions of curve, the tendency in the magnet to move being 
resisted until the motive power prevails sufficiently to secure a jerky movement. 
The sum of the discontinuous movements rnuy 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 a t  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 cllange 
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 -t 12y on July 4, + 8y on July 11 and - 1 2 ~  on 
July 19 ; but no clear suggestion of a drift of base line in either direction. It was 



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 tlie time of the first diulocation, b -t 12y between the first and second 
dislocations, b + 20y between the second and third, and b + 8y after the last disloca- 
tion. lteferring to Table VIA, we thus get the following eight values for b :-- 

From the last four observations of June, 2748y, 2740y, 2741 y and 27477 ; 
from tlie four observations of July, 2795y, '2738y, 2719y and 2747y. 

The ineud of the eight values 27477 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 s0111e hours' loss of trace. Sorne work had to 
be done to the 8' niagnetograpli, entailing a large teinporary 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 intiependently for the earlier anct later parts of tlre inonth. The base line 
values finally accepted for S' are given in 'Fable VIE. Thongli representing a great deal 
of consideration they are undoubtedly inore open to criticism than the base line values 
assigned to E'. When a discontinuity occurred near the nliddle of a day a suitable 
allowance was made for the hourly values durirlg 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 sonletimea happened, there were two or 
more discontinuities in the course of u day wliich practically neutralised one another. 
In  alh such cases special care was taken to ensure that the effect of the discoutiriuities 
on the maximum and minim~~ni values for the day was duly allowed for. 

The V base line values enclosed in brackets in Table VIA were oniitted for various 
reasons. That found on March 3, 1911, differed very largely from all the subsequent 
results of tlie month, and as there was an abnormally large difference between the two 
dip needles there was presumably some observational error. On July 24,191 1, the mean 
observed dip was 2' higher than on July 27, a result iinpossible to rccoiicile with what 
was shown by the curves. On September 1, 1911, the dip observed with iieedle No. 6 
seemed abnormally high. On March 3 und July 11, 1912, tlie H observation was 
all~lost certainly a t  fault. 

Table Vlu sllows tlie base line values finally accepted for V. In obtaining them 
the chief guiding principle was that apart fro111 the change of scale value in January, 
1912, the only known systema~ic cause for change of base line value was change of 
telnperature. 111 view ol tlie fact that a difference of 1' in dip nlea~it n change of 
3 0 0 ~  in V, dift'erences of the order of 30y in base line values could not possibly be 
substantiated without a ~nucll larger of dip observations tllali were actually 
talcen. The reason for assigniliC special base line values to il few days a t  the commence- 
lllent of each of the three inonths May, Julie and July, 1911, was simply the existence 
of small discontinuities in the curves. Tllc clianges accepted were ecluivalent to  
bringing the ends of the curve before and after the dislocation into line. The apparent 
difference between the earlicr and ltiter p&s of Api-il, 1911, is really fictitious. Tliere 



were often two lines visible on the sheet, both coming from the fixed mirror of the V 
rnagnetograph. Thev * .  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. 416y, 
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 
6 y  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 instrumenh is 
obviously wanted giving absolute values of V directly. 



CHAPTER' 111. 

LOCAL I)ISTURRANCE AT BASE STATION. 

Section 12.--Magnetic disturbance may arise in various ways, and is n very 
difficult thing to define. If we talce declination by way of illustration, ordinary 
charts show isogonals, z.c., lines of equal declination, as nearly straight, or possessed 
of but slight curvature, for lengths of 60 or 100 miles. These lines represent a sort 
of average state of matters for places within a zone a considerable number of nliles 
in width. If declination were actually observed a t  a number of stations a11 situated 
on an isogonal line, some of the values encountered would differ considerably from 
tho value shown on the chart. The places a t  which these departures were large would 
naturally be regarded as highly disturbed ; those places a t  which they were slnull 
would be regarded ns only slightly disturbed or undisturbed, If the values obtained 
for declination or. any otller rnagnetic elenlent a t  places only ;1, nlile or two apart differ 
considerably, there is unquestionably local disturbance. At solno places sensible 
differences aro found between points only a few yards apart ; or, in extreme cases, 
between points in the same vertical, a few feet or evc11 inches apart. A large mass 
of magnetic roclr a t  a depth of a mile or two inay cause a considerable local disturbance, 
but the disturbance will be sensibly tlle saine a t  points only a few yards apart. This 
need not, however, be the case if tho disturbance arises from roclts in or near the surface 
of tile ground, and still less so if the cause is artificial, e.g., if it is due to inagnetic 
material in the building where the observations are talcen, or in the actual support of 
the magnetic instrument itself. If considerable di,sturbance is found a t  any spotl, 
i t  is not safe to assume that it is tlie same art  all places within tlie same ~.oom, even if 
we are cert,uin t,hat 110 magnetic materials l~ave been used in its construction. 

In tho case of the 1902-04 Antarctic Expedition observntiohs talien on tlie ice 
in McMurdo Sorxnd, only about 12 miles away fro111 the nlagrietic hut, gave for 13 the 
value -0433, while the mean value observed in the hut itself was -0667, 111 tlie case 
of ice over deep water, if a source of disturbance exists, it lnust be a t  a ~~onsiderable 
distance from the magnetometer. Thus the presulnption is that i t  was the rnagnetic 
hut which suffered mainly from disturbance, and that the source was pretty superficial. 
Under such. circunlstances the disturbance  night well be sensibly different in the 
magnetograph and absolute observation huts, even if we assunle there was no ~nagnet~ic 
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 ~nsgnetograph cave, and also of t11c hut and 
a atation 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 



observations were not taken in the cave, vibrations only being observed there. Com- 
parisons were made on three occasions in January, 1911, before the magnetographs 
were installed. Each comparison consisted of two sets of vibrations in the cave, and 

' 

an intermedia,te set in the hut. As the magnetographs were not in operation, i t  is 
impossible to say how uniform the value of H was a t  one and the same station during 
the three sets of vibrations constituting a comparison. As the comparisons were in 
midsummer, the aeason 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 a priori most unlikely, and as n matter of 
fact the particulars recorded of the vibrations impIv 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 t,he mean result suffered but slightly 
from magnetic changes during the observations. 

If T, and 211, denote the observed times of vibrat,ion 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,/Hn = (TI,/T,)' . (81, 
where H, and HIA 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 anti cave 
experiments differed by only about lo C. Again, the same suspension was usetl through- 
out. Thus any uncertainties arising froni 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,/Hh were 

0.9478, 0.9522, and 0.9499, mean 0.951. 
The error is unlikely to have been more than one or two parts in 1000. The difference 
thus found between H, and Hh 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 1% 5 per 
cent. difference i t  would no doul~t have been well if observationu had been taken a t  
more sites than one in both hut and cave, and a t  different heights above the ground. 
A point arises inlmediatcly in connection with the latter question. The observations 
in the hut were made presumably with the magnetometer in the positiori i t  occupied 
during the ordinary magnetic 01)servations. But the complete II observation consists 
of both a vibration and a deflection. The former give8 VIH', where H' is the value of 
H a t  the position occupied by the collimator magnet during the vibration, while the 
latter gives m/H", where H" is the value of EZ: a t  the position occupied by the deflected 
magnet. These two pocjitions are in the same vertical, but in the ordinary Kew pattern 
magnetometer they are a t  a distance of about 54 cms. apart. The heights of the two 
points above the top of the tripod or pillar supporting the magnetometer are roughly 



in the ratio of 4 : 3, while the heights above the floor are rouglrly in tho 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 roclc underfoot, or magnetic material 
in the frameworlr of the hut itself, the difference between H' and H" could llardly exceed 
1 or 2 per cent. of H. Assuming no magnetic material in the ~nagnetometer itself, 
the most unfavourable case would be t l ~ a t  of an unseen nail or otller iron object near the 
extreme top of the supporting pier. In such a case the departure of H" from the 
undisturbed value lnigl~t be double that of H', the difference between the undisturbed 
value and that given hy the ordinary complete observation would then be 50 per cent. 
larger than the difference between H' and H. Such an extrenze case is nlost unlilrely, 
but we arc obviously hardly justified in assunling that exactly the sunre vtllue would have 
been obtained for H,/H,, if the comparison had involved the ordinary colnplete 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 hnt and a statiorl on the sea ice were nlade nearly a 
year later, during I>ecenlber, 191 1, and J'a~~uzlry, 2 9 1  2. 'Yhe H observ;ltions on sea ice 
comprised vibrations only, but there were col~lplcte observations of both decli~ration 
and dip. They were taken on five separate days, vix., Ueceinher 27, alrcl January 2, 
11, 16 and 23, a t  abont the usual time of the ubsolutc observntions. Observntions 
were not talteii in the lult on the sa111e days, but, tl~cre werc coluplete observations in 
the hut on nine l>cccmbel* and January days, including Dece~uber 23 and 29, and January 
5, 12, 22 and 30. 'I'lius the base values deduced for the curve# from tlre llecember and 
January observations in t l ~ c  hut should supply an excellent basis for the compariso~~, 
a t  least in tlre case of 14 and I_). Ti1  tlrc case, howevor, of H the ice observtttions supply 
the value not of H but of wzH. To utilisc t l~em we must assign s vnlae or values to wt. 

The six ordinary observations between Deceinber 23 and January 30 supp1ied the 
following values 057.9, 966.5, 962- 6, 968.3, 956 6 arid 964- 9. IJnder the Antarctic 
conditions we may reasonably regard the differences between these values as accidental, 
and accept their mean 966.1 as a closely approsinlate value for m during all the obser- 
vations on the sea ice. In this case all the ordinary correctjoils were applied in reducing 
the absolute observations. Also the curves werc n~easnred, and due allowance nrade for 
variations in H throughout the comparisons. 'l111e final results obt,nined were aa follows :-- 

H from obsofvntions I I1 onlc~~lntotl or~rvo vnlua 
on son ~oe .  fro111 tho curve-8. value on ice. 

Y Y 
Documber 27,1911 .,. ... ... 4118 4293 

' January 2, 1912 ... ... ... ... 408 1 4274 
,, 11, 1912 ... ,.. ... ... 4124 4305 
,, 16, 1912 ... . . .  ... ... 4104 4282 
,, 23, 1912 ... ... ... 4136 4304 

I ------ --.- 

Means ... ... ... ... 4112 4292 



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 vurtriutions 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 
tbis difference would be quite immaterial. 

The ice observations incidentally supply an answer to the question whether in the 
ordinary hut observations there was any decided difference between what we have called 
above H' and H". We have only to compare the values obtained for mH in the 
hut observations between December 23 and January 30, with those obtained in 
the observations on ice. The corresponding mean values of log,, mH were 1 m61518 
for the hut, and 1 a59451 for the ice. From this we find 

H'/Hi = 1 ~049, 

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

Our previous result was equivalent to 

(H' H")'/Hi = 1 044. 

Thus the difference between the values of R' and 13." in the hut was certainly very small, 
if not absolutely zero. 

Again, if the disturbance in the hut had been clue 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'. Thc above calc~ilation in thc 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 Hi it is fairest 
to accept for Hh/Hd the value 1 *049. Doing so, we find 

Hc/Hi = (H , /Hh)  (Hh/H,)  = 0.051 X 1 a049 = 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 a t  the spot in the cave where the vibrations 
were taken H had a, practically undisturbed value, supposing of course this was true 
of the sea ice. Appreciable disturbance may conceivably have existed in other parts of 
the cave, including the positions subsequently occupied by the magnetographs, but if 
so, i t  is moat improbable that any such disturbance was serious. 



rn the case of D observations in the field, the cliief dificulty usually relates to the 
azimuth of the distant marl< employed. This diffic~zlty was turned by Dr. Siinpson 
in a simple manner. A careful determination of tlie true bearing of Cape Barne had 
been made from the magnetic hut in connection with the time work. TJsing a theodolite, 
Dr. Simpson measured the angle subtended a t  the liut 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 hnt, and so conversely of the hut from the ice station. When observing D 
on tlrc ice, he used the hut ns distant mark, D was observed a t  the ice station on five 
days, two observations being made on tlie last day. The following are the results of 
these observations and of tlie corresponding valucs of 1) derived from tlie curves--the 
latter really referring of course to tlle absolute liut, the observations a t  which served 
to determine the base values :- 

Date. 

December 27, 1911 
January 2, 1912 ... 

... ,, 11, 1912 

... 3, 16, 1912 

... ,, 23, 1912 .. 23, 1912 ... 

I D f roll1 ob~erwtione I 1) culoulntcd 
on soa loo. from tho curvoe. 

D on ico - D in llut. 

The cnlculnted values were dednced Erom the measured values of E' and X' by means 
of the formula 

n - tan-' (E1 /S ' )  - 7" 36'. 

The close agreement between tlie results obtained on the tllree intermediate days 
and the large differences between the results obtained on the first and last days make a 
somewhat curious contrast. The Incan of tile six observations is affected by so large a 
probable error that little weight can be attacliecl to it. But in any case i t  seems 
reasonably clear that the difference was small, wliicll is a t  least co~isistent with the 
absence of any sensible local disturbance of D in the ~riagnetic hut. 

Corroborative evidence is i'orthco~~ling fro~ii the absolute D observations in the hut. 
r 1 llle six nearest in time to the ice observntions were tslren on Ilecemnber 23 and 29, and 
January 5 ,12 ,22  and 30. The incan tililc of observation in tliese six days was 18 11.6 m., 
and tlie finnl mean value of I.) was 26" 22'. Tlie 1noun liour of the six ice observ&ions 
was 16 h. 36 ni. If we take the lnean of tlle diurnnl inequalities from :I11 days for 
1)ecember and Jannnry, we find t,he declination cou~ltcd froni Soutl~ to Enst 18' larger 
a t  18 h. tlit~n a t  164 11. Thus for cornparison with tile results a t  tlie ice station we should 
reduce the mean of the values observed in the hut Srom 25" 22' to 26" 4', making the 
excess of D on the ice 20'. This lust colnparison assumes 1) to be on the average equally 



affected by disturbance on the days of the hut and ice observations, and cannot, a t  
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 a t  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 resiilts :- 

4 

Magnetic Hut. Cape Evans. I I  Station on Sea Ioc. 

Date. I Mean Time. Dip. 

h, m. O I N  

December 23, 1911 ... 15 26 86 24 13 
,, 29, 1911 ... 15 22 86 25 43 

January 5, 1912 ... 15 29 86 22 20 
,, 12,1912 ... 15 18 86 21 24 
,, 22,1912 ... 14 56 86 23 18 
,, 30,1912 ... 16 36 86 23 30 

---- ---- 
Mean .. . ... 15 21 86 23 25 

h. m. 
December 27, 1911 . . . I 5 9 
January 2, 1912 ... 15 56 

9 9 11,1912 ... 14 35 
,, 16, 1912 ... 15 3 
,, 23, 1912 ... 15 36 

--- -- - 
Mean ... ...I 15 18 1 86 33 12 

Considering the close agreement between the mean hours of observation a t  the two 
places, no allowance need be made for regular diurnal variation. Also, considering the 
comparatively small range in the values observed at  either place, it is pretty clear that 
the mean of either set of values cannot be much affected by disturbance. We may 
thus accept the difference between the two mean values as a t  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 216l.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 a t  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 a t  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 a t  the two places. 

The conclusions we thus arrive at  are that, a t  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. 

A8 to the cave we have clear evidence that a t  one point a t  least 33 was practically 
undisturbed. There is also some evidence pointing to the absence of any serious 
disturbance in D. Dr. S i m p ~ ~ ~ ' ~  notes describing the installation of the magnetographs 



in tlie cave as follows :--" The orientation of the instruments was made 
magnetically. A determination of the declination was made with a theodolite and its 
magnet needle on the beach a little to N.E. of tlle but, the de~lina~tion was found to 
be N. 149 E. (i.e., 31" East of South). A landing coinpass was used in this case to  get 
the E.W. line with this value of the declination." We lrnow that the astronomical 
meridian thus laid down was subsequently found to be 7O.6 in error. This error would 
be explained if a t  the time tlie orientation was fixed the declination, instead of being 
31" East of South as supposed, had been only 238". As the mean observed value in the 
hut was 2,5J0, we have thus consideral~le reason for believing that the values of n in 
the hut and cave did not differ vcry much. As the 11 disturbance in tlle hut was 
certainly small, this wollld imply that there was not much disturbance of D in 
the cave. 

Section 13.--The nature of the influence of local disturbance on regular and 
irregular magnetic changes is a subject on which observation secllls liitllerto to have 
thrown litt,le light. Local disturbance iniglit influence observational results in two wnys. 
It might in the first place malte the changes a t  a fixed spot different fro111 what they 
would have been if the source of disturbi~ilce did not exist,. It iniglit in tlie second 
place, if the local distnrbance had a rapid space variation, lead to irregularities in the 
results of absolute observations, unless these were taken a t  an absolutely fixed spot. 
This second source of trouble need not, I thinlr, be considered in the present case. 

It is quite conceivable that the magnetic field a t  a locally disturbed site migllt 
possess diurnal and annua,l changes peculiar to itself. For instance, if the disturbance 
arose from a thin surface layer of highly magnetic rock, tlie annual and diurnal 
variations of temperature in this might lead to sensible annual and diurnal changes 
in the magnetic field in tlie ininlediate neighbourlioo~. This, however, seelns a remote 
contingency in the present case. 'Pile disturbance effect in the magnetic field was 
only of the order 2 0 0 ~ .  The regular diurnal variation of temperatwe in the Antarctic 
is very small, so that with any reasonable temperature coefficient a s e n s i b  effect 011 
the nlagnetic diurnal variation throngll l~eating of the sllrface is hardly conceivable. 
The difference, between the teinpcrat,urcs a t  midsuin~ner and midwinter is considerable, 
so that a sensil~le effect on the annual magnetic in equal it)^ is less improbable, but i t  
could not possibly be large. 

r 1 Illere is, llowever, anotllcr way in wllicll local disturbance may affect tlle diurnal 
inequality. Tf we supposc. that, is most probaldc, the dimval inequcklity represents 
in the nlain t,lle action of electrical ourrellts ut n considerable l~eiglit in the atmosphere, 
the size of tllesc currents a,nd so tile lllagiletic field due to them is unlikely to be 
infloeneed by local disturbance at or below gro~mcl level, a t  least when the source of 
disturbance is as limited in extent as i t  would seen1 t,o 11:tve becn in tlie present case. 
If  this be so, theil 6110 departurea ,/1E, . IS, '4 V a t  tiny given instant fro111 the lnean 
value for tlze day would be tlie salno in the cave and the hut. The illequalities found 
for these elements would not be affected by any uncertainty. 

But this is no longer true when we come to I-[, and still more when we come to Dg 
39 a 4 



To clear our ideas, let Oh and 0, denote the inclinations to astronomical ~touth of the 
magnetic meridians in the hut and the cave respectively. We have* 

in the hut AHIl =: A 8  4- AE sinel,, 
ADIl =L (- AS sin0, -+- AE cosOI,) /Hh ; 

in the cave AH, =: AS cos0, -1- AE sin0,, 
AD, = (-- AS sine, + AE cos0,) /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 
0, and 0, identical, we have at  any the same instant 

In the calculations made here of the D diurnal inequality we have assigned to H 
the values given by the absolute observations, i.e., the hut values. Thus the 
inequality figures given here (Tables XXVI and XXVII) really apply to declination 
in the hut. For declination in the cave, if we assume H to have had the same value 
in the positions occupied by the magnets of the magnetograph as a t  the spot where 
vibrations were taken in January, 1911, we should have to add approximately 5 per 
cent. to every hourly entry. This would entail a 5 per cent. increase of every D range, 
and a 5 per cent. increase in every a, b or c Fourier coefficient for D. Hours of 

< c maximum and minimum and phase angles in Fourier waves " would, however, be 
unaffected. Considering the extremely local nature of the disturbance, and the fact 
that the ice observations point to the cave rather than the hut as representative of 
undisturbed conditions, there is considerable reason to think that the diurnal variation 
in the cave would have been more truly representative than that in the hut. In view, 
however, of the incomplete information as to the general magnetic state of the cave, 
i t  seemed best on the whole to accept for H and Il the results of the careful observations 
made in the hut. Jt is easy for any one who thinks a 6 per cent. correction necessary 
to apply it. 

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

A 1  =: (112) sin 2 I (AV/V - AH1I.I) 

connect,ing the inequality in I with those in V and H. If we assign to I for the hut 
and sen ice 86" 23' and 86" 33', the values to the nearest minute obtained in the com: 
parison of the two sites, and ernploy the suffixes h and i as before, we find 

But, as we have already seen, VIl and Vi were a t  least approximately equal, and 

* The sign taken here for AD regards D as increasing when the angle in Table IV increases, 



there is strong reason to believe the sa,me of AVn and AVi, ns well as of AHA and AH,. 
Also we found 

Hh/Hi = 1 *05 approximately, 
while also 630/601 -- 1 -06. 

Thus the terms depending upon H in ATh and ATi are closely identical. Any 
difference between AII, and AIi must come in almost entirely through V, and 
represent only about 6 per cent, of the contribution from V. Now V/H was about 
16, while the average hourly value of AH was largely in excess of that of '4V. Thus, 
for the average hour, the contribution from V is very small compared wit11 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 co~11d 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 6 per cent. 



CHAPTER IV . 
RESULTS OF CURVE MEASUREMENTS . MEAN MONTHLY VALUES . 

NON-CYCLIC CHANGES . DIURNAL INISQUALITIES . 
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 (1124) {g (0 -t 24) 
4- 1 +- . . -+ 23) where 0 means the value for o 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 n month. the formula gives us the mean value of the element for the month in question . 

TABLE vII~.-Mean Values Derived from Curve Measurements . 
Month or Season . I B ' I S ' I B I S I  D / H I  V 

1911 . 
February ... ... ... 
March ... ... ... ... 
April ... ... ... ... 
May ... ... ... ... 
June ... ... ... ... 
July ... ... ... ... 

... ... August ... ... 
September ... ... ... 
October ... ... ... 
November ... ... ... 

... December ... ... 
1912 . 

... January ... ... 
... February ... ... 

March ... ... ... ... 
... ... April ... ... 
... ... May ... ... 
... ... June ... ... 
... ... July ... ... 
... ... ... August ... 
... September ... ... 
... October ... ... 
... November ... ... 

... Mean ... ... 

... Midwinter. 1911 ... 

... .. 1912 ... 

... Equinox. I91 1 ... 

... ,, 1912 ... 

... Midsummer. 1911-12 ... 

Y 
3271 
2263 
2276 
2277 
2276 
2281 
2291 
2295 
2294 
2288 
2296 

2297 
2301 
2306 
2294 
2297 
2299 
2301 
2293 
2304 
2307 
2305 

2291 
2281 
2297 
2282 
2303 
2296 

Y 
3490 
3530 
3519 
3523 
3539 
3540 
3540 
3545 
3549 
3550 
3562 

3562 
3573 
3551 
3565 
3572 
3572 
3571 
3577 
3581 
3570 
3566 

3552 
3536 
3573 
3636 
3567 
3562 

Y 
1789 
1776 
1791 
1791 
1788 
1793 
1803 
1806 
1805 
1799 
1805 

1806 
1808 
1816 
1802 
1804 
1806 
1808 
1800 
1810 
1815 
1813 

1801 
1794 
1804 
1794 
1811 
1804 

Y 
3760 
3798 
3789 
3793 
3809 
3811 
3812 
3817 
3821 
3821 
3834 

3835 
3846 
3825 
3837 
3844 
3845 
3844 
3849 
3854 
3841 
3840 

3821 
3806 
3845 
3806 
3840 
3834 

Y 
4164 
4193 
4191 
4195 
4208 
4211 
4217 
4223 
4226 
4223 
4238 

4238 
4250 
4234 
4239 
4247 
4248 
4248 
4249 
4258 
4250 
4246 
----- 
4227 
1208 
4248 
4208 
4246 
4237 

0 I 

25 27.0 
25 4.1 
25 17.7 
25 16.6 
25 8.9 
25 11 * 9  
25 18.7 
25 19.2 
25 '16.7 
25 12.2 
25 12.4 

25 13.0 
25 10.9 
25 23.9 
25 9.7 
25 8.6  
25 10.0 
25 11.8 
25 3.7 
26 0.6 
26 16.3 
25 16.8 

25 13.6 
2 6 1 4 . 0  
25 8 .6  
26 1 4  - 4  
26 14.8 
25 12.1 

Y 
68591 
68322 
68371 
68019 
68211 
68177 
68186 
68162 
68167 
68099 
68082 

68059 
68066 
67984 
68014 
68038 
68122 
68123 
68125 
68121 
68101- 
68099 

-- 
68146 
G8141 
68'102 
68255 
68086 
68077 

-- 



From the curve measurenlents we obtain directly the mean values of E', St and V. 
These appear in Table VIIn along with tlie corresponding calculated values of E, 5, 
and H. 

The means in the sixth line from the foot of Table VIIA are derived from the 

The individual monthly values of H in both tables show irregularities. But in 
the cases of Table VIIa and the corrected data of 'I!able 1.V tl~esc are little if a t  
all larger than the irregularities ordinarily encountered a t  European stations, and there 

22 months. The means in the five lowest lines refer to the same seasons as tlie corre- 
sponding data in l'able IV. 

As results for D and H appear in both tahles 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 consideral~le decline of D in 1912. But the corrected midwinter results in Table 
1V 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 cliange. In the case of H it seeins 
to be otherwise, the follo~vin~ being the values obtained for the year's increase from 
1911 to 1912. 

is an obvious tendency in the value to rise. 
One of the most exceptional features in the results obtained in 1902-03 was the 

appearance of a large annual inequality.* In the present notation the followirig 
results were obtained :--- 

D. H. 
midwinter value . . 27" 23'sli GB82y 
nlidsmnmer value . . 27" 9' 7 G436y 

- 
12xcoss of midwinter value . . 13'.8 246y 

These values werc obtained when the curves had their base line values assigned 
nlontll by montlx frorn the observat,ions of tlie particular lxlonth. The base line values 
thus obtained for D varied largely, whereas there was no n priori reason to expect any 

Fro111 
Tablo VIIA. 

- 

40 
+ 37 

- --P 

-- 

- 

Midwinter data ... . ., ... ... 

... Rqilinoctial data ... ... ... 
- - 

* National Anturctic lixpedition, 1 $01-04. I\lugnctio Observc~tions, p. 82. 
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From Tabio IV. 
- 

Unoorrootod vnluos. 
-- 

Y .+ 33 

+ 15 
- .-.- 

Oorroctod valoos. 

z 4 4  

4 30 



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 eqninoctial values of I in Table IV suggest that a fall was in progress 
a t  a rate of about 2i' per annum. A rise in H and fall in I would be consistent with a 
movement of the S. magnetic pole away from Cape Evans, i.c., in a N.W. direction. 

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

Section 15.-As will be explained more fully in connection with the diurnal 
inequalities, data were derived not merely from all days of complete registration within 

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 s~zggested by Table VITl (i.e., the results just quoted) should 
be established, it wollld 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 VTIA with the corresponding 
means from the midwinter values of 1911 and 1912 we get midsummer and midwinter 
values answering to the common epoch Janua~y 1, 1912. The values thus obtained 
are as follows :- 

the month, but also from certain groups of selected days. There were three such groups 

Bec~so11. 

- 

Midwinter ... . . . ... 

Midsummer , . . . . . ... 
Excess in Midwinter . . . 

- 

The sign is in 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 nlidsurnmer D and H values, especially the latter, observed in 1902-03 was not a 

-. 

From Tablo VIIA. 

D 

0 I 

16 11.3 

15 12.1 

-0.8 

From Tablo IV. 

H 

Y 
4228 

4237 
-..- 

-9 

Uncbrroctod vnluos. 

-- l H  
0 I 

25 17.1 

25 30.6 
- 

-13.4 

- 
Correoted valncu. 

- 

l H  
Y 

4244 

4291 

-47 

0 I 

25 4 .7  

25 11.8 

-7.1 

Y 
4225 

4247 

-22 



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 calc~~lated 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 otlier 
groups of days commencing at  Greenwich midnight;. The first group consisted of the 
international quiet days, five a month, selected a t  I)e Bilt. The second con~isted of 
the five days a month which according to the international " character " figures issued 
from De Bilt were the most disturbed days of tlie month. As we shall see later, tliese 
two groups of days proved good representatives of quiet conditions mid of highly dis- 
turbed conditions in the Antarctic. Iliurnal inequalities based on tllenz were not got 
out for individual nioiiths, but for the three seasons, midwinter, equinox and midsumliler. 
The process of getting out the diurnal inequalities involved the calc~ilation of the corre- 
sponding mean values. Thus mean values were obtained for each m0nt.h from tlie 
10 quieter days, and for each of the three seasons for the five international quiet days 
and the five highly disturbed dasys. The algebraic excess of tliese three sets of means 
over the all-day mean appears in Table VIIB for E', St and V. In tlxe case of the 10 

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

quieter days tllc figure tippearing in tlie table for ally purtic~zlur season is the arithinetic 
mean of the figures from the four inclurtecl. months. The means in the lust line represent 
in the casa of the 10 quieter days the aritll~netic mean of tlie figures for the whole 22 
months. In tlie case of tho five q,liet and five disturbed days they are iileaiis from the 
seasonal values. Except in the last line the results are given only to tlle liearest ly. 

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

T~lring the results in the last line of 'Fable VIIu 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 val.ue 
derived from all days of the month the following values :- 

Tn the case of D, l y  represents 0'. 8 in angular measure. Here the + sign in D 
means a larger angle between the needle and astron~mica~l South. 

These results differ notably from those shown a t  stations in temperate latitudes. 
A difference is usually found between all-day means and either quiet day or disturbed 
day means, but I1 is the element in which the difference is usually most decided, and 
it is usually very small in D. It is usual for the quiet day H mean to be in excess of 
the all day mean. Tn the case of the international quiet days the average excess a t  
Kew and Greenwich is about +3y .  On the other hand, the mean declination for the 
average international quiet day between 1890 and 1900 a t  ICew differed from the all day 
mean by only 0'. 02. 

Bettion 16. The magnetographs, as has been already explained, came into operation 
a t  the beginning of February, 191 1, but the recorcis 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 6he 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 enahlc 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 oi the 
period, especially during the last month. 

A t  an early stage of the reduction work i t  was decided to have a t  least two @its 
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 brealc intervened which could satisfa~~torily 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 
coinparatively quiet days were available. Few of these selected days, except those 
occurrilig near midwinter, woi~ld have been considered quiet a t  a European station. 

- 
-- 1 8  I 

5 international quiet days . . . . . . -J- 3 . 2  
10 Antarctic quiet days . . . . . . + 1.9 
5 internationa1 disturbed days . . . . " 1  . . - 5.6 

Y 
- 1.6 
- 2.8 
-1- 0 9 

Y + 2 .9  
4- 2.0 
-- 4.4  

Y 

-- 1.6 



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 inl~nediately preceding or succeedi~ig the 
most conspicuously quiet days, rather than to an isolated quiet day. The object was 
to  reduce to a minimum the uncertaint,ies connected with the n.c. (non-cyclic) daily 
changes. 

Table VITIa contains a complete list of what we may call for brevity the monthly 
r r  

10 q~iieter days." These, i t  should be r?mernbered, are days of 180" I$. longitnde, 
i.e., periods of 24 hours commencing 12 hotlrs earlier t,han the Green~vich day, bearing 
the same number. Tn their selection no attention was paid to anything but the ~llloullt 
of disturbance prevailing in the Antarctic. 

TABLE VI11~.--The 1.0 Quieter Days t i  Month (of 180" E.), 

The other two sets of selected days are given in Table VIIIU. Both sets are 
Greenwich days, and in their selection no attention whatever was paid to the Antarctic 
c1lrves. With the exception of seven days, to which nsterislcs are attached, the quiet 
days in Table VlIIu 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 

the seven distinguished by ansterisks. These were clloscn solely by regard to the 
international " character " figures. T L  days substitnted in April, J'ulp, and September, 
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1911. 
... Pebruary ... ... 

March ... ... ... . .  
I April ... ... ... ... 

Mny ... ... . . ... 
June ... ... ... ... 
July ... ... ... ... 
August ... ... ... ... 
September ... ... ... 
October.. . ... ... ... 
Novcmhcr ... ... ... 
Decembor ... ... ... 

191 2. 
Jan~iary ... ... ... 
February ... ... ... 
March ... ... ... ... 
April ... . . , ... ... 
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3 
1 
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TABLE V11I~.-The Selected Quiet and Disturbed Days (G.M.T.) 

I Date. I International quiet days. Days of largest " character " figure. 

1911. 
March ... ... 
April ... ... 
May ... ... 
June ... ... 
July ... ... 
August ..: ... 
September ... 
October ... ... 
November ... 
December ... 

1912. 
January ... 
February ... 
March ... ... 
April ... ... 
May ... ... 
June ... ... 
July ... ... 
August ... ... 
September ... 
October. .. ... 

191 1, 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 VIIIU, 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 
clay of the rnontli having the next highest " character " figure was substituted. These 
substituted days have not been distinguished individually, because there was no selection 
a t  De Rilt of five disturbed days a month for 1011 and 1012, so that none of the selected 
disturbed days in Table VIIIB can claim to be officially selected. 

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

The non-cyclic change, i.e., the excess of the value of an elenlent derived from tlie 
mean value of the ordinate for 24 h. over the corresponding mean for Oh., may arise 
in a variety of ways. If we are dealing with all days of a month of 30 days, the n.c. 



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 inust regard 
as largely accidental. It may represent a real secular change. Tf, for instance, H is 
increasing a t  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 + 0.3 j,. It may arise, howcvcr, 
from m instrumental drift affecting the base line value. This can be distinguished from 
3 true secular change, or annual inequality, only with the aid of the absolote observations. 

When we are dealing not with all the days of a nlontll but only ~vit~h selected 
clays, n.c. change may arise in all the ways indicated above, but i t  may also arise from 
some special peculiarity in the type of day selected. Thus i t  has been found a t  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 n rise of about 3y. 

The n.c. element is 11sua~ll-y elirrlinatecl in the way that has been adopted here, wllich 
assumes t,he cllrtnge to have come in nt a uniform rate throughout the 24 hours. This 

TABLE IX~.--Non-cyclic 
-_I_______II_ 

Montll. 

-- - 

1911. 
February ... ... ... 
3iarch ... ... ., . 
April ... ... 
1\121ly ... . . ... 
June ... ... ... 
July ... . . ... 
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October ... . . #  ... 
Novcnlber ... ... 
1)ecember ... ... 

1912. 
Jmlunry ... ... ... 
h l ~ r u a r ~  . . ... ... 
March , , . ... ... 

... April ... ... 

... May ... ... 

... June ... .., 

... July ... , . .  
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obviously should eliminate a uniform secular change or instrumental drift. But the 
consequences of the n.c. correction in illdividual months are necessarily uncertain. This 
makes it all the more desirable that the n.c. corrections should be indicated. This has 
accordingly been done in Table IXA, both for the all-day inequalities and for the 
inequalities derived from the 10 quieter days. In obtaining the mean values given a t  
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 TXA suggests that accidental causes play a large part. In the case 
of dl 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 X' the mean reslllts 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. Tn the case of E' and V there is a decided though not very large 
difference between the all day and quiet day means. The natural inference from the 
figures is that on quiet days there is a special tendency for E' to rise and V to fall. 

As already explained in connection with daily mean va,lues, 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 midsurnnier. 

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

TABLE Ix~.--Mean Values of Non-cyclic Change. 

Antarctic curves. These appear respectjvely under the headings u (for all) and 10 q. 
The figures appearing for any element under the several headings 5 q, 10 q, a and 6 d 
naturally answer to a gradually increasing amount of tiisturbance. 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 systenlatic 
change in the figure as we pass from the column headed fi q to that headed 5 d. 
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($' 1 101 1 u 1 f i d  1 f i q  1 101 1 u 1 / d  / q  1 101 1 a 1 6 d  

Midwinter- 
1911 ... 
1912 ... 

Equinox- 
1911 ... 
1912 ... 
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+10.0 
+ 0 .2  
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$0.5 
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+1.2 
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+6.2 
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0 . 0  
0 . 0  

-0 .3  

-12.0 + 6.1 
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-8.9 
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-3.5 
--1.5 

-0.2 

-0.8 
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$0.2 
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--1.0 

-1.8 
f l . 8  

-1.0 
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+0.6 
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-0.5 
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+8.4 
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In the casc of E' the figures froni the two years 1911 and 1912 and from tlie three 
seaaons differ so much that accident must he nllowed to play a large part in the res~rlts 
for the five quiet and five disturbed days. It seems fairly clear, however, that on tllc 
interna,tional quiet days tliere is a decided tendency in the n.c. cl~ange to be positive, 
The mean from the five seasons + 4.57 is substantially larger than the corresponding 
mean from the 102 days, while the mean from the cc days is sligl~tly negative as in 
Table TXa. 

Jn the case of 8' four seasons out of the five nlake the n.c. change ncgr~tive for the 
5 1 days and posit,ive for the ri cl days, and the moans from the five seasons, viz. - 2 . 7 ~  
in the one case and -t- 4.67 in the other, seem fairly decisive. 

Similarly in the case of V four seasons give a negative value for the 6 days and 
a positive value for the 5 d days, and the respective nlenns from the five seasons are 
-- 0.47 and $- 3.97. 

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

Section 17,--Tables X, XI, XI1 and XIII ,  pp. 68 to 71, give di~irnal iner~nnlities for E', 
h., the co~nponent of horizontal force inclined 7" 36' South of Astronotrlicnl East. The 
time is ttlat of 180" E., and so 546 minutes in advance of true local nlealr time. 'I'nbles S 
and X I  give the " all " day, and Tables XI1 and XI11 the " quiet " day inequnlities. 
Table X given inequalities for each individual montl~ fronl February, 1011, to Novoli~ber, 
1912. This period included only one December and one January, with two representa- 
tives of each of the other 10 montlls. Table XI gives the aritllnletic nrealis of the 
results for the 10 pairs of months, and aacribes to January and December tlie values 
already given in t l ~ e  previous table for January, 1912, and Decenzber, 1911. As tliese 
two months came near tlle middle of tlle period, tlie absence of a second Jt~nuary and 
December is less serious than would otlierwisc have been the case. Tlle last four lines 
of Table XI give under the headings year, winter, equinox and sumnler the mean 
inequalities derived rospectively from the whole 12 montlls-the four monl.11~ May to 
August, the four montlw March, Apsil, September and October, and A~ially tlre folir 
months November, December, January and February. Tlle sun was contintiously 
below the llorizon during nearly tlie whole of " winter," and continuo~isly abovc the 
horizon during nearly the whole of " summer." Thus the division of tlie year into 
three seasons-on tlie whole a very convenient arrangetzlent even in telnperate 
latitudes-.has points in its favour. a l e  algebraically higllest and lowesb 
hourly values in each inequality are in Ileavy type, and tlle corresponding range appears 
in the table. A final colu~nn in each case gives tlie A.1). (average (departure from the 
mean), i.e., the arithmetic nzean of the 24 hourly differences forlni~lg the inequality 
taken irrespective of sign. Tables XI1 and X l l I  for the quiet days correspond 

with Tables X and X I  for all days. 
The next four Tables XIV, XV, XVI and XVII, pp. 72 to 75, relate to S', i.e., 

the component of horizontal force inclined 7" 36' West of A~t~ronoi~~ical  Soutll. It 



might have been more orthodox to have regarded the positive direction of this 
element as 7" 36' East of North. But the perhaps greater orthodoxy of this view 
seemed more than counterbalanced by the convenience of attaching the + sign to a 
numerical increase of the element. 

Tables XIV and XV for the " all " days 8' inequalities correspond exactly with 
Tables X and XI  for E', and similarly Tables XVI and XVII for the " quiet " day 
8' inequalities correspond with Tables XI1 and XI11 for E'. 

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

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

If we compare the results from corresponding months in 1911 and 1912 we notice 
a marked tendency for the values of the range and A.D. to be greater in 1911 than in 
1912. In the case of E' and S' this greater amplitude in 1911 is especially prominent 
in February. The decline in amplitude would seem to have been especially character- 
istic of the earlier months of 1911. If we had had data for January, 1911, for 
combination with those of January, 1912, in Tables XI  and XV there is every reason 
to suppose that the relative amplitudes of the inequalities for the months of January 
and February would have been considerably different from those actually found. We 
must thus regard the prominence of February in these tables as compared with January 
and December as probably in part a t  least an accidental feature, which would lilcely 
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. I t  represented 
presumably the normal consequences of an approach to the period of sunspot minimum. 

Xection 18.-The diurnal variations for E', S' and V formed the material from 
which the other diurnal inequalities were calculated. Employing d E  to denote the 
departure of E (the component to Astronomical East) a t  any hour from the mean va,luc 
for the day, and similarly for the other elements, we have 

A F , = = A E ' c o s ( 7 0 3 6 ' ) - - A 8 ' s i n ( 7 0 3 6 ' ) = 0 ~ 9 9 1 A I i ~ ' - 0 ~ 1 3 2 A ~ ' .  (9), 
, 4 X =  AStcos(7"36')+ /IE'sin(7"36')==0~991 AS'+-0.132AE' . (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 8' refers. Thus we have for the 
calculation of the D* and H inequalities 

AD = (1 /H) { AS' sin (32" 50') - .4 11:' cos (32" 56')) . (11), 
AH = AM' cos (32" 56') + A I<' sin (32" 56') . . (12). 

* In (11) and (11') and in the inequalities D is supposed nieasured from Astronomical Nortli through 
E a ~ t  and 80 diminishes when the angle in Tables I V  and VIITA incrertses. 



Accepting -0426 C.G.8. ns n sufficiently approxinlate value for H (in the hut). 
we thence find- AD being in minutes of arc, AH, AE' and AS' having l y  for unit.-- 

AD = 0.439 AS' - 0.677 AE' . (ll'), 
AH = 0.839 AS' + 0.544 AE' . . (12'). 

If 1 denote the inclination, and T total force, we have 

A 1  = *s in2  I (dV/V-A H/H) . (13), 
AT = cos I AIT -t sin I AV . (14). 

I 1  l11e corresponding numerical relations, with A 1  in minutes of arc, nre 

The inequalities calculated for E, S, 11, H, 1 and T refer only to the mean results 
from the two years. They are included in the 12 Tables XXTI to  XXXTII, pp. 80 to 91, 
results being given for the 10 quiet days a month (20 days in the norlnal coinbined 
month of the two years) as well as for all co~nplete days. 

The time en~ployed in these tables is the same as for the previous tables, LC., refers 
to 180" E. !FLUS 12 h., for instnnce, anticipates true noon by some 54 nlinutes. 

Section 19.--The enormous difference disclosed by tlie t'nbles already enumerated 
between the a11 day and quieter day inequalities suggestetl an inter-conlparison of 
days of still greater and less disturbance. To ensure t<llat the choice made would be 
recognised as representative and unprejudiced, recourse wns had to t1he international 
lists issued froni n e  Bilt. " Character " figures from 0.0 to 2.0 are there assigned 
to individual days, 0.0 representing the quietest and 2'0 the most disturbed of 
conditions. Five of the quietest days of each ~ilonth are selected at  De Bilt as 
representative quiet days, and these have been enlployed for the diurnal inequalities 
given in !l1able XXXlV, p. 92, As opposed to these tlie 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 comp1et)e traces. In the former case the days of next lowest " cliarltcter " 
figure in the De Bilt list, and in the latter case the days of next highest " chnrncter " 
figure were substituted, as it seemed desirable to have in each nlonth not less t,hnn 
five days of ea& ltind. Only seasoi~al diurnal inequalities were calculated. The 
diurnal inequalities fur winter and equiliox are each based 011 5 x 4 or 20 days froni 
both 1911 and 1919, or 40 days in all ; but the suinmer inequalities are based on only 
20 days, derived from November nnd December, 1011, and January and February, 
1912. The international lists refer to days beginning arid ending a t  Green~vicli 
midnight. Thus the days enil~loved in Tables XXXIV and XXXV were Greenwicli 
days, and G.M.T. has accordingly been employed in these taldes. 111 any conlparisoii 
"ith the other i~lequalitieu 111. G.M.'P. must bo taken as egoi~~alent to 1311. of the 
time of 1800 13. 



gectiorz go.-- -plates I to f7I show side by side on the same scale the diurnal 
inequalities derived from all complete days and from the 10 quieter days, for the 12 
months in E, S, D, I ,  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, LC., is the time of 180" E. 

The diurnal inequalities from the five international quiet days and the five days 
of largest international " character " figure for the three seasons and the year appear 
side by side in Plates XI1 and XITI. Plate XTV 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 inclutie the three 
seasons as well as the year. The two lower pairs of diagrams, dealing with the forces 
in the two fundamental vertical planes, are confined to the year. The time used in 
I'lates XIJ, XI11 and XJV 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', S' and V are in one respect exposed 
to less uncertainty than the others. A 20 per cent. error, for example, in the scale 
value assigned to the 8' instrunlent would be without effect on the E' and V inequalities, 
and would simply introduce a 20 per cent. error into each hourly value in Tables XIV 
to XVII, leaving tha 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 A Sf .  

As already stated, the S' magnetograph showed some changes of scale value prior to 
August, 1911, and the V magnetograph showed minor changes a t  a somewhat uncertain 
date, the exact time and cause of the changes not being fully ascertained in either 
case. E' is thus undoubtedly the element which gives the most reliable information as 
to the changes during 1911 and 1912 in the amplitude of the forces to which the diurnal 
inequality is due. It must, a t  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 



to suppose that the phenomenon is a t  least partly due to an all round enl~anceiileiit of 
the diurnal inequality forces. 

If we compare corresponding nionths of 1911 and 1912 in Tables X and XI1 we 
find that tlie ranges and A.D.'s in 1911 were invariably larger than those in 1912. Tliis 
was especially so in the case of the 10 qnieter days, the ranges for February, April, 
May and July, 1911, being more than double those for tlie corresponding niontlis of 
1912. Wolfer's sunspot frequencies were 6 G for 1911 and 3 6 for 1912, so that a slight 
excess in amplitude in the former year would be natural, but tlie 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 tlie amplitude of the diurnal inequality. It is undoubtedly 
largest near midsummer and least near midwinter, but the months in which tlie 
maximum and nlininium 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 XIV and XVI also show a conspicuously 
larger amplitude in 1911 than in 1912. The only case in which the 1912 range exceeds 
the 1911 range is the quieter day inequality for October, and even in that month the 
A.D. is decidedly greater in 1911 than in 1912. 

The excess of the 1911 over tlie 1912 ranges is also in general clearly apparent in V, 
but the cxcess is by no means so marlred as in the case of the horizontal co~iiponents. 
There are, however, only two exceptions to the general rule, viz., November in the case 
of the all day inequalities, and October in tho case of the qnieter clay inequalities. I n  
the latter case the excess in 1912 extends to tlie ,4.D. 

The general parallclisni between the variations of range and of A.D. shown by E' 
and 8' encourages tlie hope that the settlen~ent of scale values for the latter element 
was satisfactory. 

Tntercoxnparison of the inequalities for the three seasons in 'Fables XI, XIIT, XV, 
XVIT, XTX and XXT sllows a t  once that the type of tlie diuriial inequalitjl varies but 
little throughout the year, the differences being niainly a matter of amplitude. We 
thus infer that the differences between successive montlis in Tables X to XX I as regards 
the times of ~naxinlum and lliinilnum represent in tho main accidental effects of 
disturbance. In this respect t l ~ e  lnuoli less average disturbance of tlic 10 selected quiet 
days seelns neutralised by the reduced elimination of what is accidental oiving to the 
din~inished number of days. As between tile range and tlle A.D., the fornler is tile more 
likely to be influenced by accidental features. At stations where the diurnal ineq~lality 
has a large 12-hour component t]le A.D. is in general the better index of tlie aotivity 
of the forces to wllicli the inequality is due, but this hardly applies to the Antarctic 
where, as we eliall presently see, tlie 24-hour term is largely doininnlit. 

sedion 21.-The nature of tho diurlial inequality in different elel~ients is best 



in connection with the tables which give the combined results of the two years, 
as accident enters less into these. A point to bear in mind in any comparison with 
data for other stations is the difference, 54 minutes, between the local time and that 
of 180" E. employed in all the tables except the two which use G.M.T. 

Taking first the east component, a glance a t  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 froin irregularities there is clearly, 
the whole year round, only a single maximunl and rniniinum, 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 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, 191 1. June and July show decidedly 
smaller ranges and A.D.'s than the other winter months in Table XXII, but May has a 
~maller range, though a larger A.D, than either, in Table XXIII. As a t  most stations, 
the equinoctial months occllpy half-way house between the summer and winter months. 
In the case of the seasonal inequalities the range and A.D. for equinox are slightly in 
excess of those for the year in Table XXII, but slightly in defect in Table XXIII. 
The equinoctial months, in fact, by themselves give a very good idea of the average 
state of things during the year. 

The difference in amplitude between the inequalities from all days and from the 
10 quieter days is much more stril;ing in winter than in summer. This, no doubt, 
arises from the much greater prevalence of large disturbances a t  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 a t  the ordinary station 
have been considered somewhat highly disturbed. 

The inequality in 8 shows the same general featureq as that in E. There is only one 

maximum and minimum. The type is nearly constant throughout the year, and the 
rates of change during night and day are similar. In fact the fall from the afternoon 

maximum to the early morning is usually more rapid than the rise to the 
maximuln, though it is the latter that is in progress near noon. The pre-eminence of 

February as regards range is even greater than in the case of E, and similar remarks 
apply. In Tables XXIV and X X v  June a less range and a less A.D. than any 
other month. As with P, the difference as regards amplitude between all days and 
quieter days is specially conspicuous in wint,er. The ranges and A.11.'~ in the inequality 
for equinox are again very similar to those in the inequality for the year. 

The amplitud$in the E and s inequalities are closely alike. If Ire talcc all 

day seasonal inequalities we find the E ranges the larger, but the excess is only about 
If per cent. in summer. E has also the larger A.])., except in winter, but the excess in 



its case is nlicroscopic. In the case of the seasonal diurnal inequalities for the 10 quietel. 
days E has the larger range, but S the larger A.D. 

As already explained, the D inequalities given in Tables XXVI and XXVII, and 
shown graphically in Plates 111 and VIII, have been calculated for the hut value of H. 
In these tables and figures I) has been counted positive fro111 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 maxinlu~n occurring about 11 h.-i.e., near 10 a.m. 
r~.M,T.-represents the extreme westerly position. The turning points in occur 
usually from one to two hours later than those in E. The change in anlplit,nde with the 
season of the year is naturally similar to that already described in E arid 8. H being 
about four times as large at  ICew as a t  the Antarctic station, disturbing forces of given 
amplitude wolzld cause four times as large a 1> range at  the latter station as at  the former. 
The excess in the Antarctic I3 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, tlie ratio of the summer to the winter 
range seems larger in tlie Antarctic than at ICew. 

Considered siiilply as angular changes, the Antarctic declination ranges appear 
enormous. A range as large as 60' occurs in this country only during a large iilagnetic 
 tori in, but in !l?able 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 16 tinzes larger than H, we infer from (13) that the 
diurnal variation in I is mainly determined by that in H. The times of occurrence of 
the maximum and niinim~zm in individual months in Tables XXVTII and XXIX vary 
irregularly. 

Tllere is no clear difference of type between the inequalities at  different seasons. 
The seasonal inequalities in I in Plate VIIl show only small irregularities, the ~naximurli 
occurring about 6 11. (4 a.m. L.M.T.) and the minimum about 16 11. The rates of change 
in passing from the maximum to the minimum and from the miliilliuili to tlie maxinlu~i~ 
are very similar. As with the elements already discussed, the February ranges are 
considerably the largest. On the whole June shows the sniallest movements. The 
all day January and November ranges in Table XXVJII do not show the marked excess 
over those for March and April which presented itself in the case of 13, S and I). 

The range in tlie mean diurnal inequality for the year in Table XXVIII is some 
two and a half times as large as t.he 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 
1 ) ~  reference to (13'), while a change of 1' in I can be produced by a change of 20y in 
15, it requires a change of flilly 315.y in V to p2oduce it. T l m ~  if a V base line value 
Were assigned on a single observation in H and one in I, it would be in error to tlie 
extent of lOOy if there were an observational error of l iy in 13, or of 0'.3 in I. 

Tables XXX and XXXI and Plates V and TX give the diurnal variation in H. 
r 1 H inequality shows a considerable resemblance to tliat in S both in type and 



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 8, and the ranges for the former element are in most 
months somewhat the larger. From what has been already said as to the dependence 
of the I inequality in changes in H, it follows that the H inequality curves inverted 
should closely resemble the corresponding curves for I. On comparing Plates TV 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 kinlr in the all and quieter day 
curves for January, the all day curves for November and December, and the quieter day 
curves for March. A kink even appears in the inequality curve for summer, and its 
influence is recognisable in the inequality for the whole year. The phenomenon is 
presumably a consequence of the specially disturbed conditions which, as will appear 
later, were characteristic of the morning hours. 

The hours of maximum and minimum in V approach closely to local midnight and 
noon respectively. The seasonal variation in the amplitude of the diurnal inequality 
is much the same au 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 a11 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 XI1 and XI11 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 
8, 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 a t  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 



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 rt 

month instead of 5 ,  the difference would probably have been in the other direction. 
But making every allowance for tlie sinaller number of the international days, the result 
is a remarkable one. Disturbances special to the Antarctic must have been very few 
or very insignificant an the international quiet days. 

The highly disturbed day inequalities for winter and equinox in Table XXXV 
and the corresponding curves in Plates XI1 and XIXI depend on the curves of 40 daya, 
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 tlie E 
curves about 18 11.-22 11. G.M.T.-i.e., about the time of tlie irregulurities visible in the 
V curves in Plate VI--but the curves are very similar in smoothness to tlie all day seasonal 
curves. If we compare the corresponding inequalities in Tables XXXIV and XXXT7, 
or the cnrves illustrat,ing them, no difference in type catches tlie eye. In amplitude, 
however, the difference i~ immense, as will perhaps be best appreciated by consulting 
Table XXXVI, p. 94, giving the ratio borne by tlie range (It) and A.D. of the &disturbed 
day inequality to the corresponding quantity for tlie international quiet days. 

In E the ratio is larger for the A.D. than the range, which suggests a somewhat 
more rounded type of curve on the disturbed day. In S tlie ratio is on tlie whole slightly 
Iarger for the range. In V the rafio is in all cases itlelitical for the range and A.D., 
suggesting great siniilarity of type in the inequalities. The ratio is greatest in winter 
and least in summer. This agrees with what we already found as between tlle all day 
inequality and that froin tlle 10 quieter days, bat tlic phenourlenon is eveti more yroii~inent~ 
in the present case, especially in V. In that eleirlent, t l ~ e  ratios in suiiimer, equiilox 
and winter are to one another as 1 : 2 : 3. The conlpa,ratively small size of the ratio 
in summer for V is partly due to the small eflect of disturbance in increasing tlie 
amplitude of tlle inequality, and partly to the comparatively large size of the amplitude 
on the internationul quiet days. Wlien t l ~ e  quiet day systeni was first introduced, i t  
seems to liave been expected that the resulting inequalities would show a close agreement 
with those froni all days, except in so far as nccidental features due to disturbance 
affected the latter. This anticipation is oxceptionttlly wide of the ninrl: in the case of 
the Antarctic. In any comparison of Antarctic inequalities with others, or in any 
theoretical worlc in which Antarctic data are employed, the choice of days is obviously 
all important. 

The diininislicd ainplitudc, on ordinary days of tlie inequalities in equinox and 
especially in winter as compared wit11 sul~llrler suggests that direct sunlight has a potent 
influence on the phenomena. If, as is generally supposerl, the inequwlity is due to 
electrical currents in tlie upper atmospliere, the influence niiglit equally well consist in 
an increase in the electromotive forces to wllicli the cur~.ents are due, or iu a decrease 
in the elecLrica1 resistance of the stiilospllere such as is produced by ioiiising agents, or 



it  might mean a lowering of the level a t  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. 

Secfion 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 a t  the centre of the cross on which 
the cardinal directions are shown, and each arm of the cross represents 5 y .  

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

The line from the origin to any hour mark indicates the direction and magnitude 
at  that hour 01 the cunlponent 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-cloclrwise. 
It is natural to suppose that the irregularities apparent in the diagrams would disappear 
if data were available from a number of years. Even then, however, we have no reason 
to sul)l?ose that we should get a perfect circle, with the origin a t  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 11. and 16 h. seems very nearly to hisect the area 
in all cases. Corresponding on the all day ancl qnieter 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 tho 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 a t  ordinary European stations, in spite 
of the outstanding nature of the difference in the conditions of solar radiation a t  
the two seasons in the Antarctic. 

The vector diagram in the two planes respectively in and perpendicular 
to the local meridian are confined to the whole year. In  both, up the ~hee t  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 a11 day and 
quieter day diagrams are clearly of very form. The shape, especially ol the 



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 EIS 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.1I.T. as in the corresponding 
ineqt~a l i t~  tables. The scale has only half the openness of that employed in Plate XI. 
The centre of the cross serves for the conlmon origin of the disturbed and quiet day 
diagrams. Parts of the quiet day diagrams coulcl, not be shown clearly o~ving tlo the hour 
points lying too close together. The hour points are, however, shown so fnr as possible. 
Allowing for the 12-hour difference in time, the diagrams are siinilar to the all day 
diagrams, but are naturally rather less regular in outline. 

Sectiorb 24.-The base stations of the Antarctic Expeditions of 1902-04 and 1911--12 
were only some 16 miles apart, their accepted positions boing :- 

l!wo stations as adjacent as this in tenlperate latitudes would naturally possess nearly 
identical diurnal variations, but we should expect a srnall difference in geograpllical 
position to have an increased influence as we approach a magnetic pole. Thus, even 
if both stations had been free from local disturbance, we slionld lia,rdly have 1;nown 
what to expect. In reality, local disturbance was observed a t  both stations. As we 
have seen, sensible local disturbance existed in the observtttio~i hut in 1911-12 and 
possibly in the magnetograph cave, an uncertainty of the order of 5 per cent. resulting 
therefrom in the diurn:~l range of de~linat~ion. In 1902-04 the local dist~~rbn~nce was 
larger. The value obtained for H in the absolute hut stood roughly in the ratio of 
3 : 2 to the value obtttined about 13 nliles away on the ice in McMurdo Sound. ?'he 
dip observed on the ice exceeded that in the hut by 1" 49'. Combined with the 
corresponding value'of H, this indicated a corilparatively small disturbance of V in the 
hut, amounting to only about -035 C.G.S. As to declination, there was only one 
colnparison on the ice, taken a t  a time when the magnetographs were not in action. 'I1he 
declination observed on that occasion was about 6" less (measured from No.rt,h through 
East) than the mean value in the observation hut. The observation was talten a t  a, 
season, January, when disturbances were specially la>rge. 'l!ll~ls the local disturbance 
of 1) in the hut may have been very sensibly greater or very sensibly less than 6", 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 absoluts and ~~~agnetograp l~  
hnts. They were only about 26 yards apart. Y1hns, unless the disturbance in the 
absolute hut was due to bnilding material or soirie purely superficial rock, we must 
suppose that the magne tograph hut was also seriously disturbed. M7hile the same 
magnetograph was used in the two expeditions, the cler~lent~x recorded were tlifferent, 



In 1902-04, D and H were directly recorded. Thus the uncertainties connected with 
the presence of local disturbance entered differently into the results. If the field in 
the magnetograph hut in 1902-04 was the same as that in the absolute hut, the range 
shown by the D magnetograph was probably only about two-thirds of that natural 
$0 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 i t  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 a t  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 66507 and 64697. 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 I3 instruments, especially the 
latter, were unduly sensitive. The consequence was a corlsiderable loss of trace, 
especially H trace, more particularly in summer. The sensitiveness of the V instrument 
was not excessive, but it possessed a very large temperature co-efficient, and the 
variations of temperature in the magnetograph hut were large. Thus, the application 
of a temperature correction was absolutely necessary. 

The thermograph had an unduly open scale for the conditions prevailing, and the 
consequence was that a good deal of trace was lost, from the recorci 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 he made of periods of 24 consecutive hours not starting a t  
midnight. 

The o~ltcome 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 II) inequali- 
ties being the greater, especially in summer. As restriction in the number of clays 
used for the V ineq~ialities arose mainly through default of temperature trace, t$he 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 

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 inequalities 
was purely a matter of accident. 



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 sanie was equally 
true of 1902-03. Thus the D, H and V inequalities obtained for that epoch probably 
represent the type satisfactorily onougl~, even if not properly representative as regards 
the amplitude of the diurnal inequalities. But the sanie cannot be expected of the 
derived inequalities including those for I ,  S and E, especially the two latter. This will 
be recognised on reflecting that if the contributions of D and 13 were all altered in the 
ratio m : n, the contributions froin H renlaining unnlteretl, the entire character of the 
inequality might be altered. 

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

Comparing the D curves in Plate VIII with those in Fig. 9, p. 112 of N.A.E., the 
similarity of type a t  once appeals to the eye. A like siniilarity prevails between the 
H curves in Plate IX and those in Pig. 10, p. 113 of N . A . ~ . ,  and between the V curves 
in Plate I X  and those in Pig. 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 sunllner 
season. 

A point to be noticed is that while eqninox meant the same ~nontlls in the two 
cases, a three-month mitlsummer (November, Ilecember and January), and a three- 
month midwinter (May, June and July) were employeci for 1902-03, instead of the four- 
month summer and winter seasons employed for 1911-12. The choice made in 1902-03 
was derided by the wish to include in midsurnn~er 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 i t  was then lrnown in advance t l ~ s t  the type of the 
diurnal inequality was unlilrely to differ much througl~out, 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 il~idsuinmer inequality, but 
the effect should be trifling. 

Perhaps the only difference between the older and newer curves im~nediately 
obvious is in the ti~nes of occurrence of the daily maximum and minimunl. There 
ought, of course, to be an apparent difference of nearly an hour, as tho 1902-03 curves 
refer to local time. This accounts satisft~ctorily for the difference shown in the V 
curves bctwcen the times of appearance of the minimum nettr iioon, the illost 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 
6 h. in 1902-03, as compared with 16 h. and 5 11. in 1911-12. This gives on the average 
of the two events the difference of one l~aur,  which wits to be expected, but i t  makes 
the rise from minimum to maxirnuill ttike two hours longer in the one case than in the 
other. In  the case of D, where both maxi~rium and miiiilnu~ri are well marked, their 
hours of occurrence in the curves for the whole year were maximunl 9 h., miiliillum 



18 h., or 19 h. in 1902-03, as compared with maximum at  I1 h., minimum 20 h., or 21 h .  
in 1911-12. Allowing for the difference of time, this leaves an unexplained retardation 
of one hour in the later as compared with the earlier data. 

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

A notable difference does, however, present itself when we pass to the vector 
diagrams for the forces in the horizontal plane. The regular curve suggested by the 
diagrams in Plate XI is the circle, whereas the diagrams in Pig. 13, p. 116 of N.-4.1{. , 
suggest ellipses, with the major axis a t  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 tho 
inequalities for H, D all days .and D quieter days were respectively 42, 73 and 31. T h ~ s  
the standard of disturbance in the diurnal inequality for II 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 34l.0 and 45l.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. Rut in the miduummer 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 11 
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 (3) : 1, or 1 : 2. This would bring the form of the vector diagram for 
1902-03 into fair agreement with that for 1911-12. 

The fact that the midwinter diagram in p. 116, N.A.E. is less elliptical than that 
for midsunlmer, could he explained in accordance with the explanations given above 
by the fact that the H days employed numbered 82i per cent. of the D days employed, 
instead of only 574 per cent. as a t  midsummer. There was thus a considerably closer 
approach to a common standard of disturbance in the case of midwinter. 

Bection 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 



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 frorrl other causes shouild give a good 
idea as to the reduced extent to which disturbance entered into tlle inequalities of 
1902-03 as compared wit11 1911-12. Talting the year and the three seasons as defined 
in 1902-03, we find the percentages of days onlitted for excessive disturbance to be 
as follows :- 

Thus in a miclsumrner montl~ of 30 days we mny regnrtl the ordin:~ry clay 1902--03 
inequalities as representative of t l ~ c  nine quietest davs in 13, and the 22 quietest days 
in L). 'rhc corresponding figures for a represent,ative lnontll of 30 dttys, for the otller 
seasons and the year, are for midwinter I) 29, 11 24 : for equinox D 25, H 12 ; for the 
year 25,I-I 15. 

On a comparative bnsis the quieter d:iy 11 inequalities of 1902-03 nzag be regarded 
as representative of tlie 71, quietest days of the month, where qt,  11cw tlie following 
values :- 

13 for the year, 17 for mid~in t~cr ,  13 for eqninos i ~ n d  !) for niidsuu~n~e~.. 

On this basis if 1902-03 and 1!)11-12 llnd Leer1 c?qllally qnict epochs, and bot1h 
magnetograph charnl>ers had been ~mtlisturbed, the follo~\ring pl~cnonlcn:~ nligllt havc 
been expected to present; tllerrlselvcs :-- 

in 1)) range from all clays 1902-03 sliglit,ly less thun I . : L I ~ ~ C  ['I-0111 i i I I  days 191 1-1 2 ; 
in I), mnge Ero~l~ qnietcr dnys 1902-.03 s1ig11tl-j grc.:ii,e~- t,Iian I ~ ~ L I I ~ C  fro111 quitter rl:~ya 

1911-12 ; 
in H, range for 1902 -03 some\~hat, in esccss of r:111go frol~l rlnictcr days 19 11-1 2 ; 

in n, range from all cl~iya 1902 -03 ;~pprosim:~bely eq11;d I . I L I I ~ O  fro111 1111 dt~ys 191 1-12 ; 
in 1): range I'rom quieter days 1!)02-03 tlist,inri.lp prccr tc?r t.llrr 11 range frolll quieter days 

1911-12 ; 
in H, range for 1902-03 nearer to raage frolll fill rii~ys 1.li:u1 1.hat fro111 quieter dnys 

1911-12; 
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in D, range from all days 1902-0$ about midway between ranges from all and 
quieter days 191 1-12 ; 

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

in 33, range for 1902-03 closely similar to range from quieter days 1911-12. 

The previous remarks will have sufficiently explained why in 7!able XXXVlI 
the older H data are regarded as belonging to quieter rather than to all clays, and why 
the opposite view is talcen of the older V data. As E depends more on I> 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. 
I t  would perhaps have been more correct to have regarded both the E and the S ranges 
as intermediate. 

Consider first the H data in Table XXXVIT, because these should not be seriously 
affected whatever view we take as to disturbance in the magnetograph hut. ?'he 
anticipahions 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 d l  day and quieter day ranges of the newer epoch. We find, however, 
in each case that the range for the older epoch is less than the quieter day range for 
the newer epoch, and the deficiency is substantial except in winter. This suggests 
that the epochs were not alike as regards disturbance in the Antarctic, 1902-03 being 
decidedly the quieter epoch of the two. This conclusion is supported by the results 
obtained for the V ranges ; the older ranges are conspicuously less than the all day 
newer ranges. The deficiency in the older V ranges is very similar to the deficiency 
we have just described in the older H ranges as compared with the newer quieter day 
ranges. In Europe 1911 was a much more disturbed year than 1902 or I 903, 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 tlisturbance 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 sligl~t~ly 
less than the all day ranges in 191 1-12, while the quieter (lay ranges in 1902-03 for the 
year and equinox woul(l. exceed the corresponding quieter day ranges for the later epoch. 
In each case, however, according to Table XXXVPI, the 1902-03 range falls short 
of our anticipations. The same resillt follows for winter. For summer, on the other 
hand, our anticipations are fairly f-t~lfilled. 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 tho later epoch. 



Thus on the whole the deficiency in the older as compared with the newer D ranges 
is not more but rather less ma4rked than in the case of the 11 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 niagnetograpll lltit in the endier 
epoch to be equadly 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 anti V phenomena 
if we suppose that the magnetogrnph hut of 1902-03, unlike the absolute hut,, was 
no more disturbed than the cave of 1911-12. !I'l.ie E and S data in 'l'able XXXVII 
point in the same direction. If we tool; one-third off the older E ranges-representing, 
roughly, the correction required if EI in the rnagnetograph litrt in 1902-03 was really 
-043 instead of -066-we should get results mudl rnore in luasmony with those we 
reached in the case of 13 and V. 



TABLE X.-Diurnal Inequality in E' in 

191 1- 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1912- 
Jan. 
Feb. 
Mar. 
April 
May 
Junc 
July 
Aug. 
Sept. 
Oct. 
Nov. 

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

1 611. 1 711. 1 8 h .  I Oh. 1 LOh. 1 1111. I 1211. 1 
Jan. 
Feb. 
Mar. 
April 
May 
June 
;lul y 
Aug. 
Sept. 
Oct. 
Nov. 

I nee. ...I+ 8.4 

Year ... + 3 .2  
Winter ...+ 1.6 
Equinox ... + 1.3 
Summcr ...+ 6.9 



Individual Months from all Complete Days. 

3 Seasons and the Year fro111 all Conlplete Daye. 

I I:{ I,. 



TABLE XI1.-Diurnal Inequality in E' in Individual 

1911- Y Y 
Feb. ... C14.8 + 5.0 
Mar. ... f13.8 + 9-4  
April ... - 1 .1  - 6.2 
May ... + 3.3 + 0.7 
June ... - 2.3 0.0 
July ... + 0.3  + 0.2 
Aug. ... - 2.2 - 0.1 
Sept. ... - 4.8 - 3.1 
Oct. ... - 3.8 - 5.0 
Nov. ... + 6.9 - 1.9 
Dec. ... - 0.3 + 5.0 

191%- 
Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug . 
Sept. 
Oct. 
Nov. 

TABLE XII1.-Diurnal Inequality in E' for the 12 Months, 

1 l h .  1 I h .  1 311. 1 4 h .  1 5 h .  1 Oh. I 7 h .  1 Bh. 1 Oh. I IOh. 1 1 1 1 .  I IZh.  

Jan. 
Feb. 
Mar. 
April 
May 
June 

I July 
I Aug. 

Sept. 
Oct. 
Nov. 
Dec. 

Year 
Winter 
Equinox 
Summer 



Months from 10 Quieter Days ,z Month. 

3 Seasorls and the Year from 10 Quieter l)a,ys a Month. 





Individual Months from all Complete Days. 

A.D. 

Y 
46.42 
36.73 
37 so0 
20.63 
16-80 
20.77 
17.G5 
20.58 
23.61 
26.56 
29.28 

25-15 
23.16 
18.29 
16-24 
11 .!)3 
10 ~ 5 4  
11.25 
14.35 
l(i.50 
1!).36 
24.. 17 

3 Seasons and the Year from all Complete Days. 



- ---- 
.-. / I h .  1 211. 1 Jh. 1 lh. I I h .  

1911- 
%b. 
Mar. 
April 
May 
June 
July 
A ug. 
Sept. 
Oct. 
Nov. 
Dec. 

191 2- 
Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 

TABLE XV1I.--1Ii1zrnal 'Tnequality in S' for the 12 Months, 

Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Year ... -17.7 -17.4 -17.8 
Winter ... - 8 . 5  - 8 . 1  - 9 .3  
Equinox ... -19.8 -17.6 -16.4 
Summer ... -24.8 -26.7 -27.6 

I 
- 



Iildividual Moliths from 10 Quieter Days a Month. 

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



TABLE XVII1.-Diurnal Inequality in Vertical Force in 

TABLE X1X.-Diurnal Inequality in Vertical Force for the 

---- 

A I l h ,  I % h .  I :jh.  1 411. 1 5 b .  I I .  I 711. / 8 h  1 011. 11011. / I l h .  / 1211. 

- 

1911-- 
Feb. ... 
Mar. ... 
A ~ ~ r i l  . . . 
May . . . 
June . .. 
July ... 
Aug. . . . 
Sept. ... 
Oct. ... 
NOV. ... 
DCC. ... 

1912- 
Jan. ... 
Feb. ... 
Mar. ... 
April ...+ 
May ... 
June ... 
July ... 
Aug. ... 
Sept. ... 
Oct. ... 
NOV. ... 

Y 
+37.1 
f 2 2 . 5  
+21.4 
4-17.7 
f l l . 6  + 11.9  
f13 .5  
+14.2 
4-20.2 
$28.2 
4-33'?' 

4-34.2 
+26.5 
1-14.0 
f 1 2 . 8  
.+- 7.8  
f- 9 .0  + 8.4  
4- 7 .7  
C10.2  
+21.4 
f37.9 

Y 
+13.6 
$- 4.0  
f 0 . 4  
-1 0.4  
- 0 . 8  
+ 1 . 8  
f -  0 . 3  
$- 1.1 
+ 7.7  
+ 9.1 
+20.9 

f13 .0  
4-20.5 
-1- 8 . 1  
+ 1.6 
- 1 . 7  
- 1 . 8  
+ 1 . 7  
+ 3 .4  
+ 3 . 5  
+ 6 . 3  
4- 0 .6  

Y 
+35.3 
+24-9  
+30.4 
f 1 3 . 9  
+14.5 
+15.1 
f l l . 5  
+14.0 
+18.9 
+29.9 
4-34.5 

+30.2 
+25.1 
4-16.2 

14 .3  
$10.0 
-t- 6 - 6  
+ 8 . 6  + 9.4  
f 1 2 . 5  
f18 .5  
f31 .2  

.Jan. ... 
Feh. ... 
Mar. ... 
April ... 
May ...+ 
June ,.. 
July ... 
Bug. ... 
8ept. ...+ 
Oct. ... 
NOV. ... 
Dec. 

Year 
Winter ... 
Equinox ... 
Summer ... 

Y + 2 . 3  
- 7.7 
- 2.4 
- 5 . 3  
- 5.6 
- 3 . 5  
- 3 . 7  
- 3 . 3  
4- 5 . 9  
+ 0 .5  
f 1 2 . 0  

+ 5 . 3  
4-12.5 
+ 4 .7  
- 1 - 0  
- 4 .5  
- 3.6 
-- 2 . 8  
+ 0 . 8  
+ 2 .2  
- 2 . 8  
-- 9 .1  

Y 
- 2.4 
-14.6 
- 6 .5  
- 5 . 9  
-10.2 
-10.6 
- 6.1  
- 5 - 3  
+ 3.7  
4- 1 .4  
- 0 . 3  

- 2.1  
+ 2 . 3  
-t 1 . 7  
- 4 .6  
- 6 .8  
- 5 - 2  
- 4.8  
- 3 . 8  
- 0 . 7  
- 2.2 
- 2.8 

Y 
+23.3 
4-24.8 
f 13.5 + 4.6  
+ 4 .5  
f 3.1 
4- 6 .2  
-1- 7.0 
+ 5 . 8  
4-13.9 
+15.0 
+21.2 

+ l l . Y  
4- 5 .2  
+ 9 - 5  
+21 

I 

Y 
f 3 0 . 3  
f 1 3 . 7  
4-11.6 
+ l 6 . 4  + 6 . 0  
+]0.4 
+10.3 
4-10.6 
+18.0 
f23 .5  
f 3 0 . 5  

f 3 0 . 1  
-127.0 
f15 .4  
$-10.9 
+ 4.5  
+ 8.9  
4- 7 . 3  
+ 7.4 
+ 8 . 5  
+16.3 
+24.8 

Y 
+30.2 
1-30.2 
+20.5 
+22.3 

11.9 
+ l 0 . 5  
+11.8 
+ l0 .5  

13 .3  
- t18 .7  
+30.(i 

...+ 34.5 

...+ 20.4 
4-11.2 
+18.7 
+31.4 

Y 
- t26.6 
+12.7 
-/- 3 .1  
f- 8 .4  
f- 2.7 
t 7.0 + 7.5  
+ 6 .4  
-+l6.7 
+17.7 
f 2 1 . 2  

- t23 .3  
4-23.] 
$14.3 
+ 6 . 0  
+ 0.7  
+ 3 .4  
$ 5 . 5  
4- (5.5 
+ 5.1 
1 1 1 . 2  
+12.2 

Y 
+ I 3 4  
+17.1 
-t 6 .1  
4- 0 .9  
- 0 .6  
- 1 . 3  
-t- 1 . 8  
-1- 1.9  
4- 2 . 3  
$- 7 .0  
+ 4 .8  
f 2 0 - 9  

+ 6.2  
+ 0 . 5  
-1 4.1 
+ l 4 . 0  

Y 
-37.9 
-27.0 
-27.9 
-19-8 
-17.4 
-17.7 
-17.0 
-14.7 
-25.5 
-2!j.0 
-43.8 

-27.6 
-35.7 
-22.7 
-18.8 
-14.6 
-13.0 
- 9.4  
-12.1 
-15.8 
-19.8 
-26.3 

- --- 

Y 
+34.2 
$31.8 
+18.3 
+17.1 
4-12.7 
$10.3 
+10.1 
4-10.6 
f 1 2 . 2  
4-20.8 
+33.0 
+33.7 

+20,4 
f10 .9  
$17.1 
+33.2 

Y 
- 4.0 
-14.5 
-10.4 
-11.3 
-11.1 
-16.4 
- 8 . 4  
- 7 . 8  
+ 0.2  
+ 9 . 5  
- 8 . 4  

- 6 . 5  
- 2 .4  
- 1 .8  
- 7 . 3  
- 8 . 0  
- 8.0  
- 6 . 3  
- 4 - 8  
- 0 . 6  
- 3 . 6  
- 8 . 5  

Y 
t 3 0 . 1  
+28.7 
C 1 4 . 6  
4-11-2 
+10.4 
+ 7 . 6  
+ 8.9  
+ 8 . 9  
4- 9 .5  
+17.1 
4-24-2 
+30.5 

+ l 6 . 8  
+ 8 . 9  
+13.1 
4-28.4 

Y 
4- 5 .3  + 7.4  
- 1 . 5  
- 1 . 7  
- 4 - 9  
- 4.6  
- 3.1 
- 1 .4  
- 0.(5 + 1 . 5  
- 4.3  
4-12-0 

-1- 0 . 3  
- 3 . 5  
- 0 . 6  + 5.1 

Y 
-13.5 
- 7.7 
-18.0 
-13.2 
-14.8 
-19.1 
-12.8 
- 8.8 
-10.5 
-13.3 
-16.B 

- 7.8 
-1!1.7 
-10.1 
-12.3 
- !I . ! )  
-11.2 
- 9.4  
-10.0 
-11.8 
- 9.4  
- 4.1 

Y 
-14.3 
- 8 . 0  
-15.1 
-12.1 
-14.4 
-15.0 
-11.3 
- 9 . 1  
- 7.2  
-1 2.4  
- 7 . 3  

+ 2 .5  
- 7 .8  
- 5.1 
-10.1 
- 9.7 
- 9.3  
- 8 . 5  
- 7 .9  
-- 2 . 8  
- 3 . 9  + 0 . 6  

Y 
-28.3 
-19.3 
-24.4 
-18.8 
-17.4 
-18.5 
-13.3 
-12.8 
-18.4 
-23.5 
-34.1 

-23.7 
-28.(i 
-14.4 
-15.3 
-11.5 
-13.5 
--10.8 
-1l.(i 
-14.4 
-11.1 
-31.2 

Y 
- 2.1 

0 . 0  
- 6 .5  
- 5.6 
- 6 . 3  
--. 7.7 
- 7.7 
- 4.9  
- 3 . 0  
4- 0 . 0  
- 0 . 7  
- 0 . 3  

- 3 .7  
- 6 .6  
- 3 .6  
- 0 .8  

Y 
- 6 . 5  
- 3 .2  
- 8.1 
- 8 . 9  
- 9 .6  
- !).G 
-11.4 
- (j.6 
- 4.2  
- 1 . 7  + 0 . 5  
- 8 .4  

- 6 .5  
- 9 . 3  
- 5.7 
- 4 .4  

Y + 2 .5  
-11 .0  
- (i.5 
-12.6 
-10.9 
-11.:) 
-11.7 

9 .6  
- 5.:) 
- 5.(i 
+ 1 . 5  
- 7 .3  

- 7.4 
-11.0 
- 7.7  
- 3 . 6  

Y Y 
- 7.8  -23.7 
-16.6 -28.5 
- 8.9  -1(j.g 
-15.1 -19.9 
-11.5 -15.1 
-13.0 -15.4 
-14.3 -14.6 
-11 - 4  -12.4 
-10.3 -13.6 
-10.0 -14.8 
- 8 . 7  -27.4 
-16.5 -34.1 

-12.0 -1!).7 
-12.5 -14.4 
-11.1 --16.3 
-12.4 -28.4 

-- 



Individual Months from all Complete Days. 

12 Months, 3 Sensons nntl tjhc Ycar from all Co~liplct~c Days. 



TABLE XX.-Diurnal Inequality in Vertical Force in 

- / Lh. 1 2 h .  1 311. 4 h .  1 B b .  1 U h .  1 7 h .  

P. 

1911- 
Feb. 
Mar. 
April 
May 
June 
July 
dug. 
Sept. 
Oct. 
Nov. 
Dec. 

1912- 
Jan. 
Peb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 

TABLE XX1.--Diurnal Inequality in Vertical Force for the 12 Months, 

/ Q h. I U h. I 7 I*. 
- 

I I I 

Jan. 
Peb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Year ... + l 4 . 3  + l 4 . 3  f 1 2 . 9  +10.5 
Winter ... + 5 . 8  + 5 - 4  + 5 . 6  + 3.6 
Equinox ... +11.7 f l l . 9  + 9 . 4  + 7 . 7  
Summer ...+ 25.3 +25.6 $23.6 +20.2 



Individual Months from 10 Quieter Days a Month, 

1 21 11. I 22 b. 1 23 I,. 1 24 11. 

i I 1 I--- 

3 Seasons and the Sear from 10 Quieter Ilays n Month. 



TABLE li:XI~.--~iurnal Inequality in East Component fox the 

TABLE XXII1.-Diurnal Inequality in East Component for the 

- I 1 1 1 .  / 2 h .  1 3 h .  I I h .  1 6 h .  / 1 1 1 .  / I h .  / Rh. 1 011. / I O h  / I I b .  / 12h.  

- 
-- 

Jan. 
Fcb. 
Mar. 
April 
May 
June 
July 
Aug . 
Sept. 
Oct. 
Nov. 
Dec. 

Year 
' Winter 
Equinox 
Summer 

Y 
- 8.2 
-12.8 
-13.6 
- 8 .2  
- 8 .2  
- 6 .3  
- 4.9 
- 7.4 
- 8.5  
-13.9 
- 7.5 
- 5 . 3  

- 8.7 
- 6.7 
-11.1 
- 8 . 5  

Y - 5.4 
- 2.4 
- 4.4 
- 5 .8  
- 2 .2  
- 2 .5  
- 1.1 
- 5 . 8  
- 4.4 
- 7.7 
- 3 . 3  
- 0 . 3  

- 3 - 8  
- 2.9  
- $6 
- 2.9  

Jan. 
Peb. 
Mar. 
April ... 
May 
June 
July 
A u ~  . ... 
Sept. ... 
Oct. ... 
NOV. ... 
Dee. ... 
Year ...+ 
Winter ...+ 
Equinox ... 
Summer ...+ 

I I I,. I 2 I 1  I :I 11. 

Y ...+ 13.0 
...+ 16.0 
...+ 9.0 

+ 4.3  
...+ 5 . 5  
...+ 1 .0  
...+ 5.1  + 5 .1  + 3.3  + 6.2 + 4.9 

+12.7 

7.1 
4.2 + 5.5 

11.7 

Y 
-19.4 
-24.9 
-20.8 
-16.7 
-12.9 
- 7.6 
-11.2 
-11.5 
-13.8 
-19.3 
-15.0 
-15.8 

-18.7 
-10.8 
-17.7 
-18.8 

Y + 2.9 
+ 0 . 9  + 1 . 7  + 2.1 + 2.0  
- 0.9  
- 0 . 3  + 1.6  + 0.8 
- 0.2 
- 1 . 1  
+ 7.2 

+ 1.4 + 0 .6  + 1.1 
+ 2 - 5  

Y 
-17.3 
-35.0 
-26.2 
-24.3 
-16.6 
-12.6 
-15.2 
-18.2 
-21.1 
-25.8 
-20.1 
-24.8 

-21.4 
-15.7 
-24.3 
-24.3 

Y 
-10.4 
-40.5 
-29.0 
-28.3 
-16.6 
-14..9 
-15.5 
-19.2 
-22.6 
-30.3 
-37.1 
-41.9 

-25.6 
-16.6 
-27.6 
-32.5 

Y 
-14.1 
-53.9 
-37.9 
-30.4 
-22.6 
-18.3 
-17.9 
-21.0 
-27.8 
-32.9 
-44.8 
-26.9 

-29.0 
-19.9 
-32.2 
-34.9 

Y 
-48.3 
-59.0 
-43.2 
-36.7 
-25.1 
-20.0 
-20.4 
-28.8 
-29.6 
-35.0 
-35.5 
-36.8 

-34.9 
-23.6 
-36.1 
-44.9 

Y 
-44.4 
-37.7 
-39.7 
-30.6 
-19.8 
-18.4 
-19.4 
--21.8 
-23.1 
-29.9 
-31.5 
-33.4 

-29.1 
-19.8 
-30.8 
-36.8 

Y 
-28.7 
-49.7 
-42.4 
-38.2 
-22.1 
-18.:: 
-18.1 
-20.5 
-32.8 
-37.4 
-48.6 
-42.0 

-33.2 
-19.8 
-37.7 
-42.3 

Y 
-60.5 
-62.6 
-42.6 
-35.4 
-23.5 
-17.2 
-18.8 
-24.7 
-30.1 
-38.6 
-51.7 
-32.6 

-35.7 
-21.1 
-36.7 
-49.4 



12 Moirths, 3 Seasons arid the Year .from all Complete Days. 

12 Months, 3 Xeasoiis and tho Year froin 10 Quieter Days u Nor~t l~.  



TABLE XX1V.-Diurnal Inequality in South Component for the 

--- 
- I I h .  1 211. 

Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Year . .. -28.5 -30.7 
Winter ... -18.6 -19.7 
Equinox . . . -31.0 -32.6 
Summer . . . -35.7 -39.8 

TABLE XXV.--J>iurnaI Inecluality in South Componerlt for the 

--- - - 
- I Lh. 1 211. 1 3h .  / 411. / B h .  / O h .  / 7). / Bh. / Uh. / LOL. I 1 1 1 ) .  I l 2 h .  

Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
8opt. 
Oct. 
Nov. 
Dec. 

Year 
'Winter 
Equinox 
Summer 



12 Months, 3 Seaeons and the Year froin all Complete Days. 

12 Months, 3 8ettson.s and tho Year from 10 Quieter Days a Month. 

- - - - -. ---- 

I3 11. I 11 11. ( IS 11. I LO h. 1 17 I). 

I I 1 I 

-. - . - - 
19 b. 1 90 11. 1 I I  11. ( 22 Ii .  ( 3 1 .  1 24 11. ( l t aya .  1 A.1). 1 





1.2 M.ontlhs, 3 Seasons and. the Year fro111 all Complete Days. 

12 Months, 3 Seasons nncl tlic Ycnr from 10 Quicher Ihys n Month. 

1 A.D. 

1 

16.36 
21-34 
13-27 
10.23 
5 .80 
5.49 
0.50 
6.23 
8.53 

10.23 
15.73 
14.54 



TABLE XXVII1.-Diurnal Inequality in Inclination for the 

Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Year 
Winter 
Equinox 
Summer 

I h .  I 6 h .  I 7 h .  
- 

I I t 

+la80 41-64 +la17 
+am69 $2.70 $2.19 
+la75 $1.73 $1.32 
+I969 +1.45 +1.32 
$1.07 f l .07 $0.75 
$0.79 $0.75 $0.70 
$1.18 +1.09 $0.82 
$1.14 +1.07 +Om86 
$1 -13 $1.22 -11 .OO 
+la60 +1.38 +1.22 
$1.62 + I  a 4 6  $1.78 
$2.45 +2.38 $2.12 

TABLE XX1X.-Diurnal Incquslity in Inclination for the 

Jan. 
Fcb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dee. 

Year ...+ 0.77 $0.80 $0.88 $1.00 $1.06 
Winter ... S0.39 $0.36 f 0.47 +0.54 $-0.52 
Equinox ... S0.90 $0.87 $0.90 +0.92 -1-0.92 
Summer ... fl .02 $1.17 $1.27 $1 ,154 $1.74 

/ Oh. I 7 h .  1 811. I Oh. I 1011. I 1111. I 1 2 h .  



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

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

A.D. 



TABLE XXX.-Diurnal Inequality in I-Iorizontad Force for the 

1 

- / ~ h .  I Zh. 1 311. 1 4 h .  I 5h.  I Oh. 1 7 h .  I 8 b .  I 911. 

Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Year 
Winter 
Equinox 
Summer 

-- F 

TABLR XXX1.- Dinrnal Ineq~lality in  Il orixont nl Forcc for the 

Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Year 
.Winter 
Equinox 
Summer 



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

/ 24 11. / l l s ~ g e .  I A.D. 

12 Months, 3 Hcasons nntl thc Year fro111 10 Quict,cr Ilays a Aiontl~. 



!FABLE XXXI1.-Diurnal Inequality in Total Force for the 

I l h .  I 2 h .  I B L .  ( 4 h .  / S h .  ( Oh. / 7 h .  / 811. 

Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Year 
Winter 
Equinox 
Summer 

TABLE XXXII1.-Diurnal Inequality in Total Force for the 

I 4 h .  ( Lh. / Oh. 

Jan. 
f i b .  
Mar. 
April 
May 
June 
July 
q-ug. 
bopt. 
Oct. 
Nov. 
Dec. 

... 3-13-3 +13.4 $11.8 
' Winter ... 1. 5.4 + 5.0 -1- .5.0 

Equinox ... t.1O.G 3-10.9 -1- 8 . 4  
/ Summer ... 4.24.0 +24.2 +22.1 



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

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

A.D. 



TABLE XXX1V.-Diurnal Inequalities from 

- ( Lh. 2 h .  3 h .  1 h .  

Y Y Y Y ... -11.0 - 5.4  + 3 . 4  +l!2.9 JZCs - 3.0 - 0.8 -/- 2.4 +- 7.5 
Equinox -11.2 - 1.8 -1 4.2 +13.0 

1Summc.r -18.8 -13.5 + 3.5 -1-18-3 

... +17.8 +21 -2 
Winter + 8.8 + 11 a 9  
Equinox f18.5 +19.4 
Summc:r +26.1 f32.4 

Year ... -18.2 -18.7 
- 6.7 - 6.3 

Equinox -16 a8 -14 
Summer -31 - 2  -35.3 

I - I I h .  I 2 h .  

Y 
Year ... -34-7 

JWinter -31.2 
Equinox -32.7 
Summer -40.1 

Ycar ... +44-6 
Winter f38.0 
Equinox +47 .6 
S ~ ~ r r ~ m e r  -1-48.3 

I T e a r  ... -34.0 -32.8 
J Wintcr -25.8 -24.5 

uinox -31.1 -30.3 
Summer -45 .0  -43.6 

TAELE XXXV.-U~IIPII a1 Tncql~ali tics from Days of large~t 



l'nternationtll Quiet Days, ti a Month (using C.M.T.). 

International " Character " Figure, 5 a Month (using C:.M.!L1.). 

. - .  . .- - - - - -- - . - -- I I X h .  I 1911. I % O h .  / 2111. 1 2211. 1 Ph. / 2411. I - - - . - - - - I tnl~gr.  A.D. I 



TAI~LE XXXV1.-Ratio of disturbed day R or A.D. to quiet day K or A.D. 

-- -- .- - - - - -  - 

I Year. I winter. 

TABLE XXXVI1.-Diurnal Inequality Ranges, 1902-03 and 1911-12. 

Ebmcnt. -- 1 X. 1 1.1) I It. I *,I,. 

-- - - - - - - -- - -- -- - . - -- . .- 

I Year. 1 Winter. I - 
1Squinox. Sumnlcr. I - - 1  

... R ... 

... S ... ... 
V ... ... 
- 

3 .4  

3 .1  

2.2 
- -- - 

2.9 

3 .2  

2.2 
- --- -- 

--- 

4.1 

4 .3  

4 .2  

4.2 

4 .3  

4 .2  
- - 

, 
26.8 
14.0 
-- 
1.23 

- 
I 

72.4 
57.4 

5.22 
4.04 
-- 

... ... D All ... 

... Quieter ... 

... All ... . , . 

... ,, Quieter ... 
--- 

I 

64.2 
37.0 

3.80 
2-30 

, 
42.3 
19.8 
2.46 
1.31 

-- 

I 

64.1 
62.2 
-- 
2.87 

-- 

I 

44.6 
30.0 
- 
1.50 

Y - 
25.2 
18'0 
- 

49.4 
- 
- 

30.3 

... 11 All .., . . 
... Quieter ... 
... ? All ... ... 
... Quieter ... 
... ... E AII , . . 
... i;ieter , . . 
... ... 9 . .  ... ,, Quieter ... 

I 

45.5 
34.0 - 

1.74 

Y 
101 - 4  
78.1 
71 .3  
58.4 
08.1 
77.7 
96.G 
72.8 

I 

59.2 
37.6 

3.84 
2.54 

Y -- 
57.3 
58'0 
- - 

120.0 
- - 
- 

43.5 

Y 
48.9 
25.8 
30.8 
15.0 
53.2 
24.4 
47.0 
23.0 

- 

34.6 
33'0 
- 

83.9 
- 
- 

38.6 

Y 
'76.1 
49.3 
46.9 
33.8 
75.8 
48.6 
71 - 9  
45.8 

Y 
- 

28.6 
36'0 
- 

79.5 
-- 
- - 

41.8 

Y 
76.2 
46.2 
43.8 
29.6 
79.8 
46.5 
74.1 
44.7 



DIURNAL INEQUALI'I.'IE8. FOUR,I.I31% COEFFICll4NTR." 

Section 26.-Calculatdons were niatlc, of the Fourier coeflic,ients answering to the 
24, 12, 8 and 6-hour terms. The analysis of the diurnal inequgtlity may be presented 
in either of t11.e equivalent series :-- 

~ , c o s t - t b l s i n t  1 - a 2 c o s 2 t j . - b 2 s i n 2 t - I -  .I 
I ' . (15). c, sin (t + a,) 3- c2 sin (2 t -1- a,) -1- . I 

Here t represents the angular eqllivalent of tlie time elapsed since midnight, 15" 
being the equivalent of 1 hour. The constants wit11 the suffises 1, 2, 3, 4 refer respec- 
tively to the 24, 12, 8 and 6-hour terms. Tlle a and b  constant,^ were calculated directly 
from the data in the inequality tables and so refer to the tinie of 180" E. The c and a 

(amplitude and phase angle) constants were in the first instance calculated from the 
corresponding a and b constants, through the formulz 

a = tan -' (nlb), c == alsin a = blcos a . . (Hi). 

The a constants thus deduced, if left uncorrected, would refer to the sniile time as 
the a and 7, constants. The c constants do not involve time. As i t  appeared desirable 
to give values of the phase angles relating to the true loc~tl tinlc, the necessary corrections 
were applied, viz., 4- 13" 36' to a,, + 27" 12' to a,, -1- 40" 48' to a, ilnd + 54" 24' to a,. 

The n and b consta~lt~s for a season or the year inay be derived either by taking the 
arithmetic mean of the corresponding  constant,^ for the included months, or by direct 
calculation fro111 the seasonal or yearly inequality. 'I'l~cy were in rwlitly calculated in 
both tliesc ways as a clieolr on the calculibt,ions. The c and (1 constIants for it particular 
season or t l ~ e  year are not aritlllnetic nlealls of tile corresponding constants for the 
included nionths, but have to be derived from the a i ~nd  1) const,snts. 

Tables XXXVITT to XLZII, pp. 102 t,o 104, give t,hc a iuld b coefficients for the 
I?), S and V ineqtlnlities derived from all complete ( 3 ; ~ ~ s  and froni 20 qnieter days. 

Tables XLTV to XLIX, pp. 105 to 107, give c 11nd coefficients calcnliltedfrom 
Tables XXXVIII to XLTIJ, the corrections specified above having becn applied to - 
reduce tlie u constants to 1oc;tl time, !rile angles were all c:tlculiltetl to the nearest 

- 

niinute, but a, and a1 are given only to tho lieurest degree, ancl tx, only to the nearest 
0" 1. The ininutcs arc retained in a,, t l ~u t  bcing tlic usud practice, tl~ougll they 
suggest a higller ordcr of accuracy tlian is really reached. 

* Tjlc ol(lillnry forlnulcr for tlie ~nlcu]~~t,ion of fillricr Coc~Lfricllt~s, wl1ic.11 wcro cnzl)loycd for ill1 tlic 
re~ul ts  givcn Iirrc, nssunie the hourly vt~lrlcs to be (1erivc.d fro111 ~irlgl? ~rdinat~os I L I I S \ V C S ~ I I ~  exti~t,ly to the 
l ~ o ~ r .  Who,, ns in tlic ~)rcscnt case, tllo vthluc! ascribed to t~1 i  Ilour repreucnt,~ the ~ I ~ P I L I I  of 3 ordillatcs 
unswerirlg ~cspectivcly to the cxnct hour arid to 20 lliinutcs before tint1 after, the V:L~UCS of tlir a ,  B, c coefici- 
ents derived from the ordinnry forlllula require ~niall  corrcctiol~ ft~ctors 11s i o l l o ~ ~ s  : 24-lloilr \vuvc, 1.002 ; 
12-hour wave, 1.010 ; 8-hour wnvr, 1.023 ; &hour wave, 1.042. Tlic a oo~tfiricnt~s, or plirtse t~nglcs, arc 
unnffe(:tcd. The ~~ec(~ssi ty  for thesc corrections ~ y t ~ s  not rcnlixcd lllltiil 1111 tllc C I L ~ ~ ~ S  1113d bccn pri~lt~cd. As 
the corrections arc trifling, the exl)ensc of reprinting tlir tables (titi not scrln jrlstified. Tile salnc corrections 
are neoassary to the a, 11, c coefficic~its givcn in Chapter IV of tlic " Nntiolltd Aatcwctic Expc!dition, 1!)01--1904, 
Magnetic Obsarvatione." 
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The arithmetic means of the 12 monthly values of the c constants are included it1 

the tables, because they are frorn 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 respectlive terms are due. The a,ritllmet,ic 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 LI I  and LIIJ, 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 r/ and d attached to the force 
components indicate quiet and disturbed days respectively. 

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

Tables JAV, LVI and LVIJ, pp. 110 and 111, give Fourier coefficients for the 11 and 
H diurnal inequalities. They are linlitecl to the seasons and the year. These were not 
really calculated direct from the D and H inequalities but from the a and b Fourier 
coefficients already calculated for E and S. 

The a and b coefficients are the fundaniental ones from a co~ilputational point of 
view. Thus it appeared desirable to put them on record. But the physical aspects 
are most easily recognised through a study of thc 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, i t  is a t  least open to doubt whether the proceeding is not rather a 
mathematical exercise than a step towards results of real physical significance. The 
comparison was confined to the mean all day inequality for the year in I< and S. 
The algebraical excesses of the observed (0) over the calculated (C) values were as 
follows, the unit being l y  :- 

96 

6 

--0.6 

-0.4 

18 

-1.2 

+0*1 

-- 

5 
- - 
- 0 . 5  

0.0 

17 

+0.8 

0.0 

Hour. 1 1 1 2 1 3 I 1 10 -- 
-0 .8  

-0.9 

22 

+0+8 

- 1 . 1  

11 
----- 
-0.1 

-0.2 

23 

--0.6 

4-0.2 

-- 
E 0-C ... 

8 ,, ... 

Hour. 

E 0-(7 ... 
s ,, ... 

12 
---- 
+Is5 

4-0-3 

24 
- 7 -  

0.0 

$0.3 
I 

$1 

-0-2 

0.0 

21 

-0-2 

-1-0-6 

7 -- 
+0.3 

-+0.2 

19 

-( 0.5 

-0.8 

8 
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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 c3 and c4 as compared with c, and 4. 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 quietur day amplitudes or phase angles is a legitimate ground for 
suspicion. 

Sectiotz 28.-The 24-hour term coefficients in Tables XLIV to XLIX sho~v less trace 
of accidental features than the others. In all cases the amplitude is largest in summer 
and least in winter, and the values obtained for the equinoctial season do not differ much 
from those for the year. The largest value of c, is found in December for V, but; in 
February for E and S, the latter phenomenon arising probably from the specially 
disturbed conditioi~ of February, 1911. The smallest value of c, appears nlore often 
in June than in any other month. Spealting roughly, the winter, equinoctial, and 
summer values of c, 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 c, is greater for the quieter days than for all days. 
The relation between the winter and equinoctial values of c, is much the same for V 
as for E and S, but the excess of the summer value is especially prominent in V. 

The variation shown by the 12 monthly values of the phase angle is somewhat 
irregular, even in the case of a,. We should infer that in the case of E and S the true 
annual variation of a, must be small. In the case of E, Tables XLIV and XLV agree 
in making the winter angle larger than the summer, and the ecjuinoctial 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 equinoct,ial 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 



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

When the annual variation in a phase angle is large, the contrib~t~ions from different 
months tend considerably to neutralise one another, the natural consequence being that 
the value found for the amplitude from the mean diurnal inequality for the year is 
markedly less than the arithmetic mean of the amplitudes for the 12 months. Jt  is 
seldom that the excess of the arithmetic mean value is as small as it is in the case of cl 
in Tables XLIV to XLVII. 

The amplitude c2 of the 12-hour term has an annual variation similar to that of c,, 
but less regdar and so presumably more affected by accidents. The 1a.rgest value occurs 
in November, December, or January, except in Table XLIX, where it occurs in March. 

The smallness of the winter value of c, in Tables XLV, XLVII, XLVIII and XLIX 
is remarkable. As each of the four winter months gives a very low value, the 
phenomenon can hardly be accidental. 

In studying the variations of a, it should be remembered that angles differing by 
360" are really the same angle. For instance, the change in Table XLVI from 21°*3 
to 359" *2  really represents not a rise of 337O.9, but a fall of 22". 1 from 381" - 3  to 
359'02 (or from $- 21O.3 to - 0°*8). The irregularities, though considerable, are not 
so large as might be thought at  first sight. 

Tables XLIV and XLV agree in malting cr, decidedly less in winter than in the 
other seasons, but they differ ratber con~picuously as between equinox and sumnler. 
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 XLVIIT 
and XLIX agree in making a, least in equinox and greatest in winter, but the amplitude 
c, in winter is so small that no great accuracy can be expected in the phase angle. 

In the case of the &how: 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 ~ i z e  of the amplitude for the year as compared with the arith- 
metic mean of the monthly amplitudes. c, is largest in one or other of the summer months, 
but the phase angle vaxies so much in these months that the winter season shows the 
largest amplitude. The equinoctial value of c, suffers even more than the sumnler one 
through variability in the phase angle, and is in consequence exceedingly small. The 
phase angles in equinox and summer are almost opposite in phase in Tables XlJV 
and XLV and there is little if any parallelism between the values of c, in corresponding 
months. 

More regularity is apparent in the data for the 8-hour wave in 5. 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 c8 over that for the year is much less striking. 

V shows a still greater regularity of variation in the 8-hour term. Tables 
XLVIII and XLIX agree in making the amplitude greatest in summer and least in 
winter, as was the case with the 24 and 12-hour terms. They also show the same seasonal 



variation in the phase angle, the equinoctinl 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 c, over the value for the year is con~paratively 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 arithnletic mean 
value of c, 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, malres c4 greatest in winter and least in equinox, while Table XLVII malres 
it greatest in summer and least in winter. 

Section 29.-The relative importance of the different Bourier waves is illustrated in 
Table I,, p. 108, giving the ratios which the amplitudes of the 12,8 and 6-hour waves bear 
to the amplitude of the 24-honr wave. The data are confined to the year and the three 
seasons. The mean of the E, S and V ratios is added and for comparison the corre- 
sponding means from the all ordinary day inequalities a t  JCew Observatory, as derived 
from the 11 years 1890 to 1900. This last line is intended to emphasis0 what is perhaps 
the most remarlrable feature of the Antarctic diurnal variation, vix., the overwhelming 
importance of the 24-hour term. At ICew the relative importancu of the 24-hour term 
rises marlredly 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 relahive importance of the several terms in the Antarctic, while a t  Icew 
the 8 and 6-hour terms diminish marlredly 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 
relativcly 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 %, 46" 
for a, and 60" for a,. In the case of a, the differences are all small, especially for S, where 
they practically vanish except a t  the equinoctial season. Tho differences for E, though 
small, indicate with considerable probability an increase of phase angle in the quieter 
days, i.a., an accelerntion of the hours of nlaxiinum and minimum. 'l'he reverse is 
true of V. In both these elements the difference of angle is distinctly less in summer 
than in the other seasons. This seems reasonable, because summer was the season 
when i t  was least possible to obtain days free froin 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 cq, and a, vary so much from season to season that little confidence can be felt ihthern. 
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In the case of the earlier Scott Expedition of 190203 the only element for which 
all and quieter day Fourier coefficients were calculated was D. The phenomena were 
similar to those now described in the case of E ; the quieter day values of a ,  and still 
more those of a, exceeded the all day values, while the results for a, and a ,  were 
contradictory. 

Section 30.-The inequalities for the five international quiet days and the five 
days of largest " character " figure were referred to G.M.T., so the corresponding Fourier 
coefficients are also referred to G.M.T. in Tables LII and LIIJ. These contain results 
only for the mean diurnal inequality of the year. The c 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 LlV 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 oE 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 ti regular fall as disturbance increases. In 8 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 
seeins little doubt that disturbance increases al.  The five quiet day angle seems an 
exception to this rule, but its difference from the 10 quiet day angle is not largo. 

In the case of the 12-hour term the amplitude in Table LIV rises in all cases as we 
pass from the 10 quiet days to all days, and from all days to the five disturbed days. 
The rise is so considerable as to suggest a marked influence of disturbance in raising 
the amplitude. But curiously enough the amplitude from the five quiet days is in 
all cases decidedly larger than that from the 10 quiet days. 

The 12-hour phase angle in Table LIV shows a distinct fall-most decided in the 
case of V-as we pass from the 10 quiet days to all days, and from all days to the five 
disturbed days. The five quiet days support this law in the case of V, but not in the 
case of E or S. 

The results in Table LIV for the 8 and 6-hour terms are irregular. In the case of 
E and S the five disturbed day value of c, 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 c, in S, the value 
from the five disturbed days nearly vanishing. Indeed beyond the fact that c, and c, 
are very small in all cases, whether the day is quiet or disturbed, there seems nothing 
altogether certain. 

D and H are the elements in the horizontal plane usually recorded, and harmonic 
data for them are much the most numerous. Thus D and H E'ourier coefficients were 
calculated for the seasonal Antarctic inequalities. Tables LV and LVI gives the result8 
obtained from all days and 10 quieter days for the year and the three seasons. In the 
case 6f c,  and c, the annual variation is as clearly exhibited in Table LVI as it was in 



E and S in Tables XLIV to XLVII, the summer value being always the greatest and 
the winter value the least. The all day value is also invariably in excess of the 10 quieter 
day value. In the case of c, and c4 the phenomena, as with E and 5, are somewhat 
irregular. 

As regards the phase angles in Table LVI the summer value of a, is decidedly the 
smallest in the case of both D and H ; but the seasonal variation is not large. As wit11 
E, the winter value of a, in D is decidedly the smallest. 

Section 31.-For comparison with the harmonic coefficients calculated from the 
1902-03 data, it  will suffice to consider the results for the year. These are given in Table 
LVII, res~llts derived from all complete days and the 10 quieter days froin 1911-12 
being contrasted with the res~ilts 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 soniewhat more of disturbance than the 
1911-12 quieter day results. The 13: 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 resemblaiice is on the whole closer than might have been anticipated. 

In the case of the 24-hour term the excess in amplitude in 1911-12 shown in Table 
LVII is considerable. It is, however, no greater, rather less in fact, in D than it is 
in I1 and V, a pllenomenon difficult to explain if we suppose the amplitude in 1902-03 
to have been reduced by 10ca~l disturbance. 

The 12-hour term in Table LVII has also on the whole a larger amplitude in 1911-13 
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 inarltedly, the values for the earlier epoch being the larger. I11 the case 
of D the difference in a, represents about two hours of time and is mainly responsible 
for the difference betwcen the diurnal inequalities for the two epoclls which has been 
already conlmented on. 



TABLE XXXVII1.-E. Pourier Coefficients, all Complete Days (Time of 180" E. Long.) 

Y Y Y Y Y Y Y 
January . . . ... +27.33 -27.00 -13.82 -0.58 f8.15 -0.14 f0.90 
February ... f34.94 -41.84 -8.17 -0.52 -0.38 -0.66 -1.48 
March ... ... +27.30 --34.06 - 8-71 -0.82 -t-O.97 -0.14 -0.79 
April . . . ... +22.57 -29.56 - 7.61 -0.63 -0.46 +Om11 -0.64 
May ... ... +15.53 -19.85 - 5.57 --1.25 -0.31 3.1.68 -0.03 
June . .. ... +12.37 -16.46 - 5-50 --leg7 -1.49 .fl.00 -0.11 
July . . . ... -t14.53 -16.79 - 4.72 -2.69 -0.95 + l -13  -1.59 
August . . . ... +15*43 ' -21.05 - 6-52 -1.04 f0.47 4-1-02 -1.38 
September ... +17.41 -25.84 -- 7-33 +0.47 -0.39 f0.35 -0.77 
October ... ... +19.80 -32.74 - 8-80 +I -23  +0.55 3.1.03 -0.53 
November ... 3-27.20 -35.72 -11.01 4-1.22 -2.49 3-0.03 +1.33 
December ... $29.98 -29.42 - 7.20 -4.41 -2.54 +3.34 -1.71 

-- -- -- - -- --- 
Year .. . ... $22.03 -27.53 - 7.92 -0.91 f0 .10  1-0.73 -0.57 
Winter ... ... +14.46 -18.54 - 5 . 5 8  -1.71 -0.57 +l.21 --0.78 
Equinox ... +21.77 -30.55 - 8-11 f0.06 $-0.17 3.0.34 -0-68 
Summer . . . ... +29.86 -33.50 -10.05 -1.07 +0-69 3.0.64 -0.24 

TABLE XXX1X.-E. Fourier Coefficients, 10 Quieter Days (Time of 180" E. Long.). 

January . . . . . . 
February . . . 
March ... . . . 
April .. . ... 
May ... . . . 
Junc .. . ... 
July . . . . . . 
August . . . . . . 
September . . . 
October .. . ... 
November . . . 
December ... 
- -- -- - - - 

Year .. . ... 
Winter ... . . . 
Equinox . . . 
Summer . . . . . . 



TABLE XI..-S. Fourier Coefficients, all Complete Days (Time of 180" E. Long.). 

I 
January . . . ... -25.37 
February ... -36.39 
March ... ... -33.66 
April . .. ... -33.64 
May ... ... -20.09 
June ... ... -17.24 
July .. . ... -18.92 
August . . . ... -19.81 
September .. . -22 ~ 9 8  
October ... ... -27.02 
November ... -28.81 
December ... -28.06 ---- 
Year ... ... -26.99 
Winter ... ... -19.01 
Equinox ... -29.30 
Suminer ... ... -29.65 

TABLE XJJI.-S. Fourier Coefficients, 10 Quieter Days (Tirne of 180" E. Long.). 

January . . . 
February 
March ... 
April ... 
May ... 
June ... 
July ... 
August . . . 
September 
October ... 
November 
Decernber 

Year ... 
Winter ... 
Equinox 
Surnmcr . . . 



TABLE XL11.-V. Fourier Coefficients, all Complete Days (Time of 180" E. Long.). 

TABLE XLII1.-V. Fourier Coefficients, 10 Quieter Days (Time of 180" E. Long.). 

- 

Y 
January . . . ... +23.32 
February ... +28-46 
March ... ... +11+4'i 
April ... ... +13.89 
May ... ... + 6.62 
June ... ... + 7.18 
July .. . ... + 7.31 
August . . . ... + 7.89 
September ... +10.58 
October .. . ... f15.93 
November ... +24.73 
December ... +28.12 

.- ------ 
Year .. . ... +15.46 
Winter . .. ... + 7.25 
Equinox ... +12.97 
Bummer . . . ... +26.16 

January ... ... 
Pebruary ... 
March ... ... 
April . . . ... 
May .. . ... 
June ... ... 
July . .. ... 
August . . . ... 
September ... 
October ... ... 
November ... 
December ... 

-- 
Year ... ... 
Winter ... ... 
Equinox ... 
Summer . . . ... 

Y 
$0.65 
-1.45 
$0.41 
-0.08 
-0.09 
-0.69 
$0644 
-0.58 
40.50 
f0.10 
f2.37 
-2.51 
---- 
-0.07 
-0.20 
f0.23 
-0.23 

Y 
+27*23 
4-33-49 
f22.25 
f21.44 
f15.62 
+l4.34 
f15.00 
+I3088 
+15.92 
$20.14 
+26-59 
+36.74 

f21.89 
f14.71 
C19.94 
f31.01 

Y 
-1.45 
-3.85 
-3.71 
-2.63 
-1.06 
-0.98 
-0.66 
-1.00 
-3.08 
-2.79 
-3.86 
-3.95 

-2.41 
-0.92 
-3.03 
-3.28 

Y 
fll.47 + 9.78 + 2.44 
- 1.55 
-2.87 
-4.39 
- 2.83 
-1.14 
f 0.85 + 5.60 
f8.15 
+10.19 

+ 2.97 
- 2.81 
+1.83 
f9.90 

Y 
+O.9Fi 
3-0.28 
-0.20 
-tl.34 
+0.15 
-0.29 
-1.12 
-0.20 
$0953 
$0.40 
+2.30 
+2-42 

$0.55 
-0.37 
SO.52 
$1.49 

Y 
$5.00 
+2.07 
+2.44 
+la39 
+la06 
+0.37 
-0.79 
$0.48 
+0.58 
$1.52 
$4.37 
$2.71 

Jrl-77 
+0*28 
+Is48 
$3.54 

Y 
-2.56 
-0.80 
-0-71 
$0.12 
-0.74 
-0.67 
-0.61 
-0.28 
-+0.06 
-1.40 
-2.84 
-0.27 

-0.89 
-0.67 
-0.48 
-1.62 

Y 
-1.36 
-1.75 
-1.46 
4-0.35 
-0.12 
$0.09 
-0.66 
-0.78 
-0.41 
-0.37 
+1.41 
-2.66 

-0.64 
-0.37 
-0-47 
-1.09 



TABLE XL1V.-E. Fourier Coeffioients. all Complete Days (L.M.T.). 

TABLE XLV.--E. Fourier Coefficients. 10 Quietor Days (L.M.T.). 

.. I el ( 1 

January ... ... 32185 
Fcbruarp ... ... 42.13 
March .... ... 24.82 

... April ... ... 20.33 

... May ... ... 10.80 

... Jmie ... ... 10.92 

... July ... ... 9.93 
August ... ... 11.94 

... Septombcr ... 16.20 

... Octobcr ... 21.79 

... Novcmbcr ... 32.48 
December ... ... 29.13 

-. 
... Aritllmctic mean 21.94 --. 

Yonr ... . . . . . .  21.70 
... Winter ... 10.88 

Equillox . . . . . .  20.46 
Summor . . . . . .  33.94 

January ... ... 
February ... ... 
March ... ... 

... April ... ... 
May ... ... ... 

... June ... ... 
July ... ... ... 
August ... ... 

... September ... 
October ... ... 
November ... ... 
Dcccm1)er ... ... 

-. 
Arithmetic mean ... 

--. 
... Year ... ... 
... Winter ... 

Equinox ... ... 
... Summer ... 

. -. - 

Y 
38.42 
54-60 
43.65 
37.19 
25.20 
20.59 
22.21 
26.10 
31.15 
38.26 
44.89 
42.00 
-- 

35.35 

35.26 
23.51 
37-61 
44.88 
.- . 

3-16 
1.86 
1.03 
0.65 
0-57 
0.43 
1.61 
1.42 
1.24 
0.59 
3.28 
2-79 

1.55 

0.59 
0-88 
0.68 
0.86 

, 1 
287 

5 
316 
52 
40 

336 
339 
273 
351 
211 
272 

- 

309 

i!: 1 
251 I 

0 1 

148 15 
153 44 
154 53 
156 14 
165 34 
156 40 
152 44 
157 21 
159 37 
162 26 
156 18 
158 3 

- 
154 56 
155 38 
158 7 
1/51 53 
-- 

0 

132 
251 
139 
325 

30 
348 

1 
66 

353 
69 

312 
4 

- 

48 
16 
68 
88 

0 

294.8 
293.5 
291.8 
292.5 
284.6 
278.5 
267-6 
288.1 
300.9 
305.1 
303.6 
265.7 

- 

290.6 
280.2 
297.6 
291.1 
- -. -. 

Y 
13.84 
8.18 
8.75 
7.63 
5.71 
5.81 
5.43 
6-60 
7.35 
8.89 

11.08 
8.44 

--- 
8-14 

-- 
7.97 
5.84 
8-11  

10.11 
-- 

Y 
8.16 
0.76 
0.98 
0.47 
1.71 
1.79 
1.48 
1.12 
0-52 
1.17 
2.49 
4.19 

2.07 
-.- 

0.73 
1.33 
0.38 
0.94 



TABLE XLV1.-S. Fourier Coefficients. all Complete Days (L.M.T.). 

... ... January 
... February ... 

March ... ... 

TABLE XLVI1.-S. Fourier Coefficients, 10 Quieter Days (L.M.T.). 

April ... ... ... 
May ... ... ... 
June ... ... 
July ... ... ... 

, August ... ... 
1 September ... ... 

... October ... 
November ... ... 
December ... ... - 
Arithmetic mean ... 

.-- 
... Year ... ... 
... Winter ... 

Equinox ... ... 
... Summer ... 

Y 
39.99 
55.77 
42.38 
41.08 
25.03 
21-22 
24.63 
24.39 
28.54 
33.65 
39.79 
46.86 

35 . 28 
35.04 
23.82 
36.40 
46.62 

I c2 I as / + 1 aa / * 1 a4 

0 f 

232 58 
234 20 
245 58 
248 35 
246 58 
247 57 
243 37 
247 56 
247 13 
247 1 
240 0 
230 22 

- 

241 29 
246 34 
247 12 
234 15 

Y 
4.18 
8.40 
6.86 

, 3 
129 
116 
32 
96 
58 
82 
75 
97 
137 
79 
49 

- 

87 
74 
99 
90 

0.65 
4.31 
3.10 
1.81 
0.60 
2.19 
2.47 
1.44 
0.63 
1.27 
2.46 
2.53 

1.96 

1.63 
1.64 
1.32 
2.01 

7.18 
3.14 
4.58 
2.78 
4.82 
7.01 
4.61 
8.44 
6.36 

6-70 

5.61 
3.72 
6.35 
6.82 

January ... ... 
... February ... 
... March ... 
... April ... ... 
... May ... ... 
... June ... ... 
... July ... ... 
... August ... 

September ... ... 
... October ... 
... November ... 
... December ... 

-. 
Arithmetic mean ... - 

... Year ... ... 
Winter ... ... 
Equinox ... ... 
Summer ... ... 

0 

13.4 
21.3 
359.2 

Y 
2.34 
1.30 
. 1.24 
1.36 
0.05 
0.45 
0.96 
0.27 
0-44 
0.14 
1.00 
1.24 

0.90 

0.58 
0.35 
0.70 
0.82 

0 I 

230 0 
235 40 
241 50 
248 19 
245 56 
248 13 
242 47 
250 57 
258 35 
250 30 
245 20 
228 24 

- 

24117 
246 51 
248 53 
234 30 

Y 
33.37 
44.24 
25.53 
21.64 
11.31 
10.2G 
13.51 
12.53 
16.00 
23.12 
26.88 
31 -25 

22.47 

22.21 
11.88 
21-47 
33.75 

Y 
3.43 
4.57 
2.10 

354.9 
6.9 

353.8 
22.1 
26.4 
12.9 
15.6 
8.3 
13.3 

---- 
- 

10.1 
11.9 
4.7 
14.2 

2i2 
339 
314 
294 
249 
9 

318 
45 
3 
51 
330 
306 

- 

306 
342 
314 
284 
-- 

1-12 
0.35 
1.29 
1.53 
2.16 
2.64 
1.83 
3.30 
2.77 

2.26 

1.57 
1.15 
1-84 
2.86 

Y 
4.36 
6.03 
4.86 
3-26 
1 so2 
2.03 
3.16 
2.39 
4.13 
3.41 
6.07 
2.30 

3.58 

3.34 
2-10 
3-41 
4.68 

0 

29.6 
27.5 
336.9 
352.7 
9.2 
4.8 
32.0 
32.6 
16.3 
57.1 
32.0 
37.9 

- 

21.3 
23.1 
7.2 
30.7 

- 



TABLE XLVII1.-V. Pourier Coefficients. all Complete Days (L.M.T.). 

Y 
Janliary ... ... 29.55 
February ... ... 34.89 

... Marcli ... 22.38 

... April ... ... 21.50 

... May ... ... 15.88 

... June ... ... 15.00 

... July ... ... 15.27 
... Auguet ... 13.92 

September ... ... 15-94 
October ... ... 20.91 
November ... ... 27.81 
Decolnber ... ... 38-13 

-- 
Arithmetic mean ... 22.60 

. 
... Year ... ... 22.09 

Winter ... ... 14-98 
... Equinox ... 20.02 

Su~nrncr ... ... 32.55 

TABLE XL1X.-V. Fourier Coefficients, 10 Quieter Days (I;.M.T.). 

January ... ... 
February ... ... 
Mardl ... ... 
April ... ... ... 
May ... ... ... 

... June ... ... 
July ... ... ... 

... August ... 
Sopteinber ... ... 
October ... ... 

... November ... 
Deceinber ... ... 

-. 
Arithmetic meall ... 

--.---- 
Year ... . . ... 
Wintor ... ... 
Equinox ... ... 

... Sumnler ... 
-. .- - --- 

2i1 
241 
266 
317 
354 
142 
240 
239 
362 
317 
66 
98 

- 

279 
273 
297 
246 

.- -. 

Y 
26-55 
30.03 
12.81 
13-89 
6.62 
7-44 
7.38 
7.89 

10.61 
16.29 
26.42 
30.43 

16.20 

15.90 
7.29 

13.20 
27.79 

.. 

0 I 

79 29 
85 0 
77 12 

103 48 
104 2 
118 55 
111 46 
102 13 
99 42 
91 27 
90 12 
81 7 

- 
-- 

90 7 
109 16 
92 54 
83 82 

Y 
1.68 
2.00 
2-45 
1.63 
0.65 
0.16 
0.30 
0.64 
0.23 
1-52 
0.77 
0.22 ---- 
1 a02 

0.07 
0.20 
1.30 
0.68 

-- 

3-99 
1.02 
3.26 
0.48 
0.76 
0.31 
0.36 
0.32 
2.99 
2-12 
1.97 
2.94 

1.63 

1-47 
0.33 
1.94 
2.26 

- . - 

0 
38 
33 
48 
25 

262 
358 
26 
53 
49 
88 
76 

- 

47 
6 

43 
56 

... 

Y 
2.21 
3.15 
5.47 
3.77 
0.69 
0.46 
O.G1 
0.54 
0.96 
2.10 
3.04 
4.32 

2.28 

2.01 
0.25 
2.90 
3-13 

- 

0 

236-4 
255.8 
199.6 
225.0 
190.6 
283.6 
308.6 

11.5 
207.4 
263.8 
228.4 
234.2 
-- 
- 

230.2 
290.1 
217.0 
238.5 



TABLE L.-Ratios of Amplitudes of Fourier Waves. 

I 

TABLE L1.-Phase Angle Differences. 10 Quieter Days-All Days. 

- -- 

Element 

E All days ... 
E Quieter days 
S Alldays ... 
S Quieter days 
V All days ... 
V Quieterdays 

- 
Mean- 

Alldays ... 
Quieterdays 

-- 
Mean-Kew ... 

c*/c1 ca/c1 c4A 

2 + $ B 

2 r i a  b 

-1fi5 
-168 

-607 

& 

.019 
,021 
-011 
~024 
-060 
.024 

- 

d 

2 
-017 
-022 
.005 
-026 
-080 
a042 

,226 
-227 
.I60 
-150 
-109 
~126 

r; 

w ~3 

"d i 

l l i  m 

SO21 
,025 
.045 
-073 
-084 
.092 

-249 
-164 
~156 
-177 
.063 
-034 

-010 
a012 
-051 
e061 
~075 
~147 

-216 
-239 
-174 
-159 
,152 
~220 

-057 
.lo5 
.048 
-138 
.031 
-045 

'156 
-125 

.540 

L i 1 . g  w 

-021 
~028 
-063 
,060 
~118 
.081 

.225 
e246 
-150 
-139 
,101 
.I13 

~037 
,022 
-025 
-030 
-045 
~027 

-181 
-206 

.640 

-018 
-037 
.M4 
,033 
433 
,098 

'159 
-166 

-587 

'050 
6063 

-247 

-046 
496 

-277 

'046 
-073 

-------------- 
-320 

'067 
-056 

-170 

'024 
e030 

.093 

'036 
-026 

a133 

'018 
.086 

-130 

'030 
-023 

-040 



TABLE L1I.-Fourier Coefficients for Five Quiet (q) and Five Disturbed (d) Daye (G.M.T.). 

S s(q) (d) 1 +13.74 +43-79 

E ( q )  
E(d) 

Y 
-10.33 
-39.39 

TABLE LII1.-Fourier Coefficients for Fivo Quiet (9) and Five Disturbed (d) Days 
(G.M.T.). 

v ( ~ )  
V (d) 

I 

-15.51 
-34.22 



TABLE L1V.-Fourier Coefficients for Different Types of Days (L.M.T.). 

5quiet ... ... 18:15 
... 21.70 

... ... 35-26 
5 disturbed.. . ... 61.80 

. . . ... 15.84 
... 15.90 

. . . ... 22.09 
5 disturbed.. . ... 34.24 

TABLE LV.-D and H. Fourier Coefficients (Time of 180" E. Long.). 

Year .. . 
Winter ... 
Equinox 
Summer 

Declination. Year ... 
10 IWinter ... 

quieter IEquinox 
days. Sunlmer 

-7- -.- 

Horizontal JYear ... 
Force. Winter . . . 

Equinox 
Summer 

-25.03 
-17.10 
-25 -98 
-32.00 

Year ... 
Winter ... 
Equinox 
Summer 

$11.96 + 8.56 
+14.81 
+.12.50 

-15.28 
- '7.90 
-13.96 
--23.97 

--- 

Y 
--14-07 
-11 -00 
-17.17 
-14.03 

+ 7.40 + 4-00 + 8.45 + 9.77 
-- 

Y 
-33.02 
-20.90 
-32.61 
-45.56 

-- 9-20 
- 5.90 
- 11 -33 
-10.38 

-20.89 
-10.22 
-18.49 
4 3 - 9 6  



TABLE LV1.-D and H. Fourier Coefficients (L.M.T.). 

TABLE LVI1.-Fourier Coefficients from Mean Diurnal 1nequa.lity for the year. 
1911-12 and 1902-03. 

- - . --- 
- 

Year ... 
Winter ... 
Equinox 
Summor 

Year ... 
Winter ... 
Equinox 
Summer 

-.----- 

Yoar ... 
Force. Winter ... 

Equinox 
days. Summer 

Year ... 
Winter ... 
Equinox 

days. Summer 

I 0 I 

I 

27-74 
19.13 
29.91 
34.36 

16.98 
8.85 
16.31 
26-89 

Y 
35.90 
23.61 
36.86 
47.66 

22.82 
11.80 
21-69 
35.61 

D All complctc days . . . ... 
D ,, a  9 3 9  ... 
D Quieter days ... ... ... 
D 1, > a  a ' .  

. . . ... 
--.-- 

H All colnplcto days . . . ... 
H Quicter daya ... . . . ... 
I? . . . . . . ... ... 
V All conll>lctu day8 . . . ... 
v I ,  t t ) a  ." +.. 

1911-12 
1902-03 
1911-12 
1902-03 

--.-I- 

1911-12 
1911-12 
1902-03 
1911-12 
1902-03 

0 

174 
172 
114 
198 

98 
127 
90 
80 

-- 
0 

110 
62 
93 
160 

82 
65 
102 
96 

0 I 

309 9 
310 12 
313 17 
304 56 

309 28 
310 28 
314 48 
306 46 

0 I 

213 40 
221 18 
221 22 
21043 

217 23 
223 36 
225 6 
210 36 

I 

0.39 
0.54 
0.56 
0.56 

0.35 
0.11 
0.59 
0.60 

Y 
0-38 
0.82 
0.20 
0.70 

0.61 
0.40 
0.72 
0.79 

27.74 
20.36 
16.98 
15-22 _ 
Y 

36.90 
22.82 
16-72 
22.09 
16.34 

0 

121 
165 
146 
66 

233 
67 
246 
226 

0 

332 
23 
295 
284 

326 
332 
341 
307 

I 

5.78 
4.48 
5.46 
7.46 

3.40 
1.69 
3.17 
5-84 

Y 
6.61 
4.13 
7-78 
7.94 

4.20 
1.92 
4.60 
6.27 

309 9 
338 29 
309 28 
341 36 
I__--- 

0 I 

213 40 
21723 
226 54 
9552 
8662 

0 

91-4 
83.5 
95.9 
92.9 

111.1 
76.5 
107.8 
121.8 

0 

339.6 
334.7 
340.4 
341.5 

352.9 
360-0 
343.2 
357.6 

!)la4 
133.4 
111.1 
160.9 -- 

O 

339.6 
362.9 
378.5 
208.8 
240.6 

6.78 
4.43 
3-40 
3.46 

Y 
6.61 
4.20 
3.14 
2.41 
3.49 

I 

0.64 
0.82 
0.41 
0.98 

0.94 
1-03 
0.62 
1.36 

-- 

Y 
1-64 
1.44 
1-81 
2.74 

1.27 
1.63 
1-11 
1.45 

0.64 
0.34 
0.94 
0.96 

---- 
Y 
1.64 
1.27 
049 
185 
1.89 



CHAPTER VI. 

DAILY MAXIMA AND MINIMA. ABSOLUTE RANGES. 

Section 32.-By the absolute diurnal or daily range is meant the excess of the largest 
over the least value recorded during the 24 hours. The absolute ranges for E', S' and V 
are given for every day available in Tables LVIII, LTX and LX, pp. 118 to 123. Owing 
to the necessity of changing the photographic paper, there is unavoidably a short daily 
loss of trace, and there is a possibility that one if not both of the extreme values for the 
day may occur during the changing interval, and so fail to be recorded. Such a 
possibility is naturally greatest where disturbance is most prevalent, supposing the 
changing time to avoid the ordinary hour of maximum or minimum, and so is a less 
unlikely contingency in the Antarctic than a t  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 S' and V ranges are respectively about 
88 and 60 per cent. of the E' ranges, the ratios between the ranges being closely the 
same for 1911 and 1912. 

There is a large reduction in the absolute ranges, just as there was in the inequality 
ranges, in 1912 as compared with 1911. The difference between the two years in the 
Antarctic is greater than i t  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 





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 lOOy 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 lOOy were one and a half times as numerous in 1912 as in 1911, while 
ranges exceeding 2 0 0 ~  were three and a half times as numerous in 1911 as in 1912. 

To give a general idea of how very large ranges in tohe Antarctic really are, it  may 
be mentioned that on the average of the 11 years 1890-1900 the mean absolute daily 
ranges a t  Kew Observatory were 72y in D, 617 in H and 337 in V. For the mean 
absolute ranges in the Antarctic from February, 1911, to November, 1912, we have 
187y in E', 163y in S' and 113y in V. Thus we find 

(Range in E' in Antarctic)/(Range in D a t  Kew) = 2.6. 
(Range in 8' in Antarctic)l(Range in H a t  Kew) = 2.7. 
(Range in V in Antarctic)/(Range in V a t  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 lOOy were a t  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 St and 46.4 in V. 

Section 34.-The fact that E' and S' refer to rectangular axes arbitrarily oriented 
reduces the interest attaching to the incidence of the daily maximum and minimum, 
because any results we may obtain will not be directly comparable with data from 
any other station. At the same time the smallness of the angle, 7" 36', between these 
axes and Geographical East and South, and the great similarity of the diurnal inequalities 
of E' and E on the one hand, and of Sf and S on the other, render it unlikely that the 
results obtained for E' and S' differ much from those that would have been obtained 
for E and S. Also the way in which maxima and minima occur is calculated to throw 
light on the nature of the diurnal changes. It has accordingly appeared worth while 
to find the frequency of occurrence throughout the 24 hours of the maximum and 
minimum in E' and S' as well as in V. The results appear in the six Tables LXVI 
to LXXI, pp. 127 to 132. The time employed is that of the 180th meridian. The last 
column in each table shows the number of days used. No day was employed in which 
inconipleteness of trace seemed likely to have led to the loss of the true maximum 
or minimum. The results from all the 22 months, and from the combination of the 
months which belonged to the same season of the year, are given in the four lowest 
lines. The absenoe of record for January, 1911, and December, 1912, reduces of course 
the number of summer days. 

Referring to Table X I  it will be seen that the maximum value in the diurnal 
inequality of E' occurred a t  19 h. in the case of all the seasons and the year ; while 
according to Table LXVI the absolute daily maximum occurred most frequently either 
between 19 h, and 20 h. (year, equinox and summer), or between 18 h, and 19 h, 



(winter). At the same time a large majority of individual maxima occurred outside 
these hours. Tn fact, if we talte the whole year, no single lionr of the day failed to 
show a t  least one nlaximunl ; 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. 'L'alting the whole 22 months, the 12 hours 2 11. to 14 11. contribute only 
45 occurrences or 7fj per cent. of the whole, and of these, 27 are due to the summer 
months. 

In the case of ~ninima in E' we see from Table LXVII that 9-10 h. showed the 
greatest frecluency, and 10 11. gave the minimum in the diurnal inequality for the year 
in Table XI. Even in the case of the 22 months, four hours show no single occurrence, 
and the 12 hours 14 11. (2 p.m.) tlo 2 h. contribute between them only 25 occurrences, 
or about 4 per cent. of the total. In this instance, somewhat curiously, sunllller shows 
the greatest concentration of minima, no single occurrence presenting itself in the 
11 hours 16 11. (4 p.m.) to 3 h. 

The maxirrlun~ in the diurnal inequality of S' in Table XV presented itself a t  15 h. 
in the case of the whole year and summer, but a t  14 h. in the case of winter and equinox. 
In Table LXVIIT the greatest frequency of occurrence of the maximum presented itself 
between 13 h. and 14 h. in winter, but between 14 h. and 15 11. in the otlier 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 St in Table XV was less constant, 
varying from midnightl in winter to 3 h. in summer. The succession of figures in Table 
LXTX is decidedly less regular than in the case of the maxima, especially in summer, 
where the greatest frequency of occurrence of the minima is found between 6 h. and 7 h. 
But in the other groups of months the greatest frequency is found between 23 h. and 
24 h. (all months and equinoctial months), or between 0 h. and 1 h. (winter). In the 
twelve hours 8 h. to 20 11. 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 mttximum in the diurnal inequality of V in Table XIX occurs at  24 11. for the 
year as a whole, but tlm 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 
betwoen midnight and 1 a.m. in all tlle 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 O h. to 18 h., and this total 111 is fully 18 per cent. of 
the whole number. 

The hour of minirnurn in the seasonal diurnal inequalities of V in Table XIX 
varies from 12 h. in winter to 14 h. in summer, being 13 11. for the year as a whole. 
In  Table LXXI the greatest frequency of occurrence of the minima is found a t  a decidedly 
earlicr hour, viz., 10 h.-11 h., in the case of the year and the winter months. The 



minima are decidedly more concentrated than the maxima in their daily incidence. 
The twelve hours 17 h. (5 p.m.) to 5 h. show only nine occurrences of the minimum, 
i.e., only 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 t<he incidence of maxima and minima in the Antarctic in 1902-3, 
I defined the conccntration 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 a t  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. 

- - 

1011-12. 
-- 

E' Maxima ... 
E' Minima ... 

S' Maxima ... 
5' Minima ... 
V Maxima ... 
V Minima ... 

-- 

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. 

8ection %.-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 he 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 nlaximum and 3 of minimum, and 
in the second, 31 occurrences of maximum and 1 of minimum. If we count one maximum 
as 4- 1, and one minimum as - 1, the entries under these two successive hours become 
f 39 - 3 or + 36, and --I. 31 - 1 or + 30. Doing this for all hours of the 24 we 
get a series of quantities whose numerical sum is 988, giving an arithmetic mean of 41 -2. 
Of this, 36 and 30 represent respectively 87 and 73 per cent. Thus we get a new set of 
24 hourly values having + 87 for 3 h.- 4 h. and -1- 73 for 4 h.-.B h. The arithmetic mean 
of these two values, i.e., -1- 80, appears in Table LXXII a t  4 h. in the column headed 
< <  max.-min." in V. The corresponding entry in the column headed " Inequality " 
in V is got as follows : The entry under 4 h. in Table XIX in the diurnal inequality for 
the year in V is + 1 1 . 9 ~ .  The A.D. (arithmetic mean of the 24 hourly entries) is 13 84y, 
and f (11.9/13*84) X 100 = +- 86. In this way we get a diurnal inequality which 
i s  independent of the unit of force employed, and which is not without advantages 



when we wish to consider the type as distinct froel tile alnplitude of the diurnal 
variation. 

If the absolute daily maximum and minimum always presented themnselves within 
an hour or two of the, times of occurrence ol 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 tlie max.-min. figures 
in Table LXXIT is in fact distinctly more peaked than that of the inequality figures, 
especially in the case of V. Still tlie resemblances between the two are striking, especially 
in the case of E' and S'. 

As we shall see later, the incidence of disturbance ill the Antarctic showed a con- 
spicuous diurnal variation, the maxiinurn of disturbance occurri~~g between 8 11. and 
1021. and tlie minimum towards midnight. This has no doubt sonlething to do with 
the incidence of the daily xnasirn~lni and ~niniiiium. For instance, it probably explains 
the secondary ~naximum between 8 11. and 10 11. shown by Table LXS in the incidence 
of the daily nluximuni in V. Tliat is riot ;t time of the day a t  ~vhich the diurnal inequality 
would lead us to expect any appreciable rlunlber of niaxirna, but large oscillations were 
particularly frequent during these hours, and large oscillatjions naturally supply high 
values even though the mean value for the hour is low. 



TABLE LVIII- 

Day. 
Mar. 1 April. I May. June. July. Auy. 

- 

Y Y 
229 106 
247 88 
622 161 
140 168 
142 142 
100 240 
184 133 
281 53 
1 80 67 

94 75 
304 68 
234 82 
129 151 

93 88 
57 82 
78 198 

128 122 
31 8 76 
332 62 
253 236 
109 77 
21 1 63 
127 181 
47 523 

123 291 
GO 223 
71 240 

223 294 
311 148 
197 126 
213 266 
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Day. 1 Jane. 1 
Y 

145 
106 
52 
43 

261 
208 
162 
84 
38 

184 
(85) 

(299) 
152 
135 
76 
52 
55 
36 
53 
79 
58 

129 
152 

(146) 
32 
22 
23 
51 

' 78 
40 
- 

July. I Aug 1 Sopt. 

I I 

Oot. 1 Nnu. I Doe. 



Absolute V 12anges. 

Jan. Mer. April. 

I 

May. June. July. I Ally. oct. 



TABLE LX1.-Absolute Daily Ranges. 

TABLE LXI1.-Ratio (Absolute Range)/(Inequality Range). 

Mont,h. /TI t3' 1 J' I Mean. 

- 

1912. 
-- 

- Month. 

January.. . 
February 
March ... 
April . . . 
May ... 
June .. . 
July ... 
August . . . 
September 
October . . . 
November 
December 

Mean . .. 

1011. 

- -- 
E ' I-- 

1912. 

8' 1 D / Moan. 

January  
February 
March 
April 
May 
J u n e  
J u l y  
August 
September 
Clctober 
November 
December 

-.- 
Mean 

Mean of 
Menna. 

J J 

- 
355 
287 
256 
205 
146 
188 
156 
168 
191 
247 
260 

224 

- 
604 
519 
518 
602 
375 
622 
623 
442 
467 
482 
727 

- 
163 
87 
58 
59 
41 
47 
53 
29 
68 

113 
103 

_ 
335 
262 
276 
103 
149 
175 
142 
163 
158 
175 
189 

198 

_ _  
594 
567 
052 
344 
298 
466 
454 
440 
341 
471 
434 

.------------- 

_ 
170 
54 
48 
57 
:j4 
44 
37 
23 
4 3  
75 
OS 

_ 
190 
169 
150 
119 
92 

128 
83 
90 
97 

140 
182 

131 

_ 
259 
363 
394 
427 
(299) 
463 
338 
267 
(103) 
231 
301 

_ 
129 
48 
48 
36 
22 
32 
20 
17 
30 
79 
89 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
231 
189 
138 
131 
114 
121 
95 

130 
134 
15:) 
209 
- 

150 

622 
338 
293 
311 
379 
256 
321 
352 
386 
365 
301 - 

129 95 

118 
89 
57 
39 
24 
26 
25 
30 
56 
63 
90 - 

164 
153 
126 
132 
112 
109 
90 

114 
123 
128 
170 
- 

337 
(237) 
371 
317 
438 
412 
312 
273 
351 
336 
338 
- 

82 
58 
43 
42 
16 
19 
24 
24 
2 
51 
71 
- 

145 
127 
80 
91 
82 
71 
60 
69 
73 
93 

149 - 

229 
206 
183 
356 
372 
170 
305 
324 
210 

(172) 
308 

72 
64 
20 
25 
15 
12 
10 
13 
38 
52 
71 



TABLE LXII1.-E' Ranges. Number of Days when Range between Limits stated. 

Month or 
Season. 

3 

8 
January (30) 
Fobruary (44) 
Marcli (59) 
April (66) .... 
Mny (GI) .... 

-Juno (55) .... 
July (80) .... 
August (60) 
Sopto~iibor (56) 
Octobor (55) 
Novoinbor (40) 
December (31) 

Your (606) .... 7 
Winter (236) ...I G 
Equinox (225) .... 1 
Summor (145) ....I 0 

TABLE ILXIV.--8' Ranges. Number of Days when l t l t l l g e  between Limits stated. 

I I 0 to 601. / Goy to  1007. I 1007 to 160y. I IhDy Lo 2007. 1 200y to 2607. I 360y to 5OOy. I Above UOOy. I 
Month or 

Season. - 
.r( 

3 
----- . . 

January (30) .... - 
Fobrunry (44) .... 0 
March (68) .... 0 
April (66) .... .... 1 
May(G1) .... .... 0 
Jono (52) .... .... 4 
July(60) .... .... 3 
August (GO) .... 4 
Soptombor (65) .... 1 
Octobor (54) .... 1 
Novombor (40) .... 0 
Docombor (31) .... 0 -- -. 
Your (601) .... 14 
Wintor (233) .... 1 1  
Equinox (223) .... :1 1 Hammor (145) . 0 



TABLE LXV.-V Ranges . Number of Days when Range between Limits stated . 

I 

I / 0 to 507 . 1 501 I ~ Y  . 1 1Wy to 1601 . / 1607 to 2001 . / 2001 to 2507 . 1 2501 to 6007 . 1 Above 600y / 
Month or 
Beason . d 

W .. m .  N 

January (30) 
February (46) 
March (59) 
April (66) .... 
May (61) .... 
June (56) .... 
July (60) .... 
August (60) 
Reptember (54) 
October (62) 
November (30) 
December (31) 
..-- ..- ... . 

Year(601) .... 44 76 120 85 117 202 
Winter(236) .... 32 59 01 40 35 75 
Equinox (221) .... 12 17 29 37 60 106 
Summer (145) .... 0 0 0 8 13 21 



TABLE LXV1.-Incidence of Daily Maxima in E' (Time of 180" E). 





TABLE LXVII1.-Incidence of Daily >laxima in Sf (Time of 180" E). 

I I ' 
1911. i I 

0  0 2 5 1  
0 0  31 

November .... 0  0  0  0 0  0  0  0  0  0  0 30 

April .... .... 0  0  0  0 0  0  1  
y . 1 0  

I- 



TABLE LX1X.-Incidence of Daily Minima in 8' (Time of 180" E) . 

1911 . 
February 

April .... 
Nay .... 
June .... 
July .... 
Sugusb .... 
September 
October 
November 

I 
December 

I 1912 . 
January 1 February 

/ June .... 
I July .... 
/ August 
: September / October 
i November 

i Nonths . 
All . . I 6 2  

.... j Winter 30 

.... 

.... 
Equinoctial 27 
Summer 5 



TDLE LXX.-Incidence of Daily Xaxima in T' (Time of 180" E) . 

i I I Hour . I 0-1 / 1-2 1 2-3 / 3 4  / 4-5 1 6-8 1 6-7 / i-8 / 8-9 1 9 - 1 0 / 1 ~ l 1 / 1 l - 1 2 / 1 2 - 1 3 ~ 1 3 - 1 4 ~ 1 P 1 5 ~ 1 ~ 1 6 ~ 1 6 - l 7 ~ l 7 - l 8 ~ l 8 - l 9 ~ l 9 - 2 O ~ l 2 ~ - ~ ~ ~ ? 2 - 2 3 i ~ 3 - 2 4 ~ ~ ~ ~  

I ' 
i 

.... 
April ........ 
May ........ 

........ June 
4 1 3 0  
4 3 3 1  

.... 

.... 

.... 
C z 1912 . 

2 ' 4  28 
6 3 0  

........ 1 

. . . . . . . .  

........ 
Angaat .... 

... 
.... 0 0 0 0  

Xonths . 
AU ........ 
Winter .... 

.... 
Summer ... 



TABLE LXX1.-Incidence of Daily Minima in V (Time of 180" E). 

I 1911. 
; Februarp , March 

April 
1 Map 
I June 
1 July 

August 
September 
October 
November 
December 

j 1912. 
1 January 
I February 
/ March 
1 Bpril . .. . 
1 May .... 
; June . .. 
! July .... 
I August 
j September 
; October 

1 xovember 

i Months. 
All .... 
Winter 

, Equinoctial 
1 Summer 



TABLE LXXI1.-Freq~lency of Max.--Min. and Inequality Data as Percentages. 

Hour 
(Time of 
180' E). 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 

E ' S' 

x i .  1 Inoquulity. 
I 

hlux.--him. 

-t I 8  + 4 
- 14 
-- 24 
--- 40 
-- 80 
--I19 
- -172 
--232 
--212 
---I48 
- 90 
--- 47 
- -  16 

V 

a - I .  

- 110 
-- 118 
--I26 

106 
- 98 
- 88 

-- 61 
- 25 

--- 1 
4- 24 
4- 66 
-+la5 
+I68 
+207 
+230 
4-182 
-1-120 
4- 62 + 10 
- 21 
- 75 
- - 104 
-123 
- 138 

Inequulity. 

+ 14 
- 11 
- 34 
- 55 
-- 83  
- 106 
- 120 
- 131 

-- 145 
-- 152 
--I42 
--I13 
--- 80 
-- 28 
+ 36 

-1-178 
+lo5 
-t 92 
-1 80 + 48 + 9 
- 31 
-- 47 
- 81 
-- 187 
- 246 
- 238 
- 180 
-- 103 
- 62 
- l(i 
+ 22 -+ 33 
4- 49 
-t 73 + 74 
-1- 76 
+I36 
+215 

-131 
-138 
- 132 
- 125 
- 110 
- 89 
- 57 
-- 23 + 10 
4- 41 
- t  86 
+115 
+l50 
+I77 
- t  182 
$171 
-1- 137 
-b $13 
+ 34 
- 11 
- 55 
- 97 
-111 

123 

+I47 
3-147 
4-121 
4- 86 
-1 45 
4- 2 
- 27 

47 
- 53 
- 87 
- 142 
-170 
-- 181 

-173 
- 147 
- 108 
-- 54 
- 12 
+ 29 
-1- 67 
3-109 
-1135 
-t 153 
-t158 

j-Z i -+-+-;; -+-I 65 
+I88 -1-163 
-4-210 I +I81 
4-196 
-1- 137 + 77 + 39 
+ 29 

.{- 173 
-b 1 50 
+I21 
4- 77 
-t 44 



CHAPTER VII. 

MAGNETIC " CHARACTER.'' ITS ANNUAL AND DIURNAL VARIATION. 
THX " 27-DAY PERIOD." 

Section 36.-Reference has already been made to the magnetic " character " of 
days and to the international scheme vhich supplies an annual table of " character " 
figures for individual days. In this international scheme " day " means a 24-hour 
period commencing a t  Greenwich midnight. T t  is of course equally easy to attach 
" character " figures a t  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 LXXIII, p. 145. The letter i 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 i t  is only on comparatively quiet days that loss of trace 
introduces sensible doubt. It is not unlikely that several of the days marlied 1 i would 
have got 2's if the record had been complete. In some days of course the deficiency of 
trace was such that no " character" figure could satisfactorily be assigned. The 
provisional figures assigned to incomplete days were accepted equally with those assigned 
to complete clays when calculating the monthly mean " character " figures in the lust line 
of Table 1,XXIII. These monthly means are greatest for the midsun~mer 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 Rame month. 'I'he clisturhance 
which leads to 1 being given to a day in a highly disturbecl ~riontli like February, 1911, 
might very likely lead to the award of a 2 in a quiet month lilte July, 1912. 

The tendency for days of like " character " to occur in groups is a common plie- 
nomenon everywhere. 'I'he times of most continuous large disturbance in the Antarctic 
during 191 1 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 marlted recrudescence of disturbance in 
October and November, the full extent of which it was somewhat dificult to judge 
owing to interruptions of trace. 

The longest sequences of days of " character " 0 occurrecl, in 101 2, 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 lilte 
1911 get a 0 or a 1 are not unlilcely in a less disturbed year liltc 1912 to get a 1 or rz 2. 
Thus the tendency in " character " figures is to make the differences between years appear 
less than they actually are. 

134 



Section 37.-The " character " figures in Table LXXIII were assigned during afi 
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 a t  Greenwich 
midnight. The two sets of " character " figures were assigned quite independently, a 
considerable interval of time intervening. Table LXXIV, p. 146, contains the later set of 
figures, and includes within parentheses, for comparison, the corresponding international 
figures given in the De Bilt lists. As in Table LXXIII, i indicates that the records for 
the day were sufficiently incomplete to render the result a little doubtful. 

It is hardly necessary to explain that the international lists were not consulted until 
all the Antarctic figures had been assigned. The international figures represent the 
arithmetic means of the figures assigned a t  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 118 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 disturl~ance 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 I ,  while the internatiol~al 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 perl~aps hrtrdly warranted. 

It will be 01)serveti that the periods in March, April, August, September, Octol~er 
and November, 191 1, which were selected for mention us particularly disturbed on the 
strength of the Antarctic " character " figures in Table LXYlIJ, are periods which show 
in Table LXXIV a sequence of high international " character " figures. The 
international figures for the beginning of February, 1011, are less prominent while still 
substantial, but those for Decetnber 17-22, 191 1-the last nlentioned disturbed period 
in the Antarctic---are rather below than above the mean for that month. There is, us me 
shall see presently, less parallelism between the disturbance in the Antarctic and iu 
Europe during the Antarctic midsumn~er-i.e., the European n~idwinter--than a t  

r 1 other seasons. 1 his is not very surprising when we remember that inidwinter is 
magneticallv the clnietest season in both hemispheres. 

The sequence of days of character 0 in 1912 mentioned when discussing Table 
LXXITI are, i t  will be seen, all tiines of low international " character " figures. 

The award of international " character " figures to the 114 Greenwich days to 
which, as Table LXXlV shows, " character " 0 was assigned in the Antarctic had bee11 
as follows :-0.0, 28 times ; 0.1, 60 times ; 0.2, 17 times ; 0.3, 14 tiines ; 0- 6 once 



and 0.8, 4 times. Tllus 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 90 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 a t  fully two-thirds of the stations which co-operate with 
De Rilt. 

IYection 38.-Table LXXV, p. 147, contains further evidence on this point. It give8 
the dates of the five days of largest international " character " figure and of the five 
international quiet days of each month, with the corresponding Antarctic " character " 
figures. A " - " indicates that owing to deficiency of trace no Antarctic figure was 
assigned ; this happened on three of the highly disturbed and four of the quiet days. 
Of the 107 international disturbed days to which Antarctic " character " figures were 
allotted, no single one got a 0 and only 22 got a 1 .  In eight of the eleven months of 191 1 
incl~ided 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 .O  and three 1.1. One had 1.7, but this was a day on which several hours' Antarctic 
trace was missing, which may have prejudiced the award of the Lntarotic figure. 

Of the 106 international quiet days to which Antarctic " character " figures were 
assigned, 57, or fully the half, got a 0, and only four got a 2. In all four cases the Antarctic 
curve was near the border line between characters 1 and 2, and three of them occurred 
in December, 1911, a month in which " character" 0 was assigned only once and 
" character " 2, 16 times. 

Section 39.--Table LXXVI, p. 148, compares the mean of the " character " figures 
assigned to the Antarctic curves with the corresponding mean international figures for 
the five disturbed and five quiet days of each month, and for all days of the month. The 
standard, i t  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 theso 
figures would have been greater than it actually is. As it so happens, in both. years, 
the Antarctic mean figures for all and for quiet days are respectively pretty close to the 
international mean figures for disturbed and for all days. 

The reduction of disturbance in 1912 as compared with 1911 experienced in the 
Antarctic is also shown clearly in all three sets of international figures. 

One rather curious phenomenon in the international data is the close approach to 
constancy in the mean monthly figures from November, 1911, to November, 1912, 
inclusive; they show no trace of a regular seasonal variation. The Antarctic mean 
monthly figures on the other hand, in 1912 as in 1911, show clearly the marked rise in 
disturbance which undoubtedly presented itself there in the midsummer months. 

It is rather interesting to compare the Antarctic mean monthly figures in Table 
LXXVI with the corresponcling 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 



from Table LXXVI and 1.129 from Table LXXIIT. 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 a t  I<ew 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 ti6 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. 

Talting for illustration the 55 representative disturbed days of 1911, the sun1 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, amo~iiiting to 76, appears 
in the column headed n - 1 ; while the sum for the 55 days which immediately followed 
the selected days, vik, 98, appears in the column headed n -1- 1. The 55 days which 
followed tlie 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 lz + 28. Columns n - 2 to 
n, -1- 2 suffice to give a good idea of the " pri~nary pulse " of disturbance, and colulnns 
n + 26 to n + 30 give a correspondingly good idea of the " secondary pulse." 

Disturbed days often occur in groups. If this were not the case, there would be 
no reason to expect specially high values in tlie col~zmns 9% - 2, 9% - 1, n 4- 1 and n +- 2. 
If the position in the group of the more highly disturbed of the days conzposing it were 
wllolly accidental, we should expect closely similar entries in the col~imns r~ -1 and 
rh $ 2 ,  and again in the columns ~4 - 2 and 9 1  -1- 2. Unless the groups of disturbed 
(lays are very long, we may expect the entries in columns n - 2 and n -t- 2 to show a 
marked decline as co~npnred with those in columns 4% - 1 and n 4- 1. To get very 
snlootli results we require tlie combination of a good nlany years' data, and it is possible 
that the unusually asymmetrical character of tlie primary disturbance pulse in 
Table LXXVII may be wholly accidental. However that may be, the entries in tlie 
cnlunln n -1- 1 are exceptionally high as compared with those in column 4~ - 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 lnaximu~n values fall in 
colu~nns n -1- 27 and n -1- 28, but the entry in colun~n st, 4- 29 is very little behind. 
The secondary pulse is undoubtedly very clearly shown. 

The primary pulse given by the quiet day data is more symmetrical, and the sa111e 
is true of the corresponding secondary pulse. The last six lines of Tuble LXXVII 
refer to the difference pulses obtained by subtracting quiet day data from corresponding 
clisturloed day data. For instance, the sums of the " character " figures in the 66 selected 
disturbed days of 1911 and in the 55 selected quiet days of that year were respectively 
100 and 38. The difference of these figures, 71, is accordingly the entry under day 91 



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 LXXVIII shows the realization of this anticipation. 

Selected days from February, 1911, could obviously not be used for Table LXXVIII 
because January data would have been required for the previous pulse, and equally 
selected days from November and part of October, 1912, could not be used in Table 
LXXVII because the data for columns n + 27, &c., would not have been available. 
Still the primary pulses in the two cases were sufficiently alike to malte it unnecessary 
to include a primary pulse in Table LXXVIII. The secondary pulse appears as clearly 
in Table LXXVTII 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 colurnns 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 colurnns n - 1 ,  n and n 4- 1 of Table LXXVII over the corresponding 
quiet day results are respectively 45, 136 and 93. Now (451136) x 100 is 33, while 
(931136) X 100 is 68. Thus 33, 100 and 68 are the entries in columns n - 1,  n and n -1- 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 year8 can justify 
a conclusion, we should infer from Table LXXIX that the development in the Antarctic 
is normal. 

Xection 41.--The extension of the " character " figure scheme to individual hours 
is a useful idea clue to the late Prof. Bidlingmaier, who applied it to one or two years 



curves a t  Wilhelmshaven. It is naturally very laborious and this nlust stand in the 
way of its frequent adoption. It seemed, Bowever, a very appropriate method for 
dealing with the question whether the incidence of disturbance tlirougho~zt the day 
presented any outstanding features in the Antarctic. Por this purpose it was desirable 
to apply a corresponding treatment to the contemnporaneous records of some European 
obserGatory. Use might have been nzade of Prof. Bidlingmaier's own results for 
Wilhelmsl~aven, but i t  might then have been open to doubt whetlier personal equation 
had not contributed to any differences that might have presented theiliselves. It thus 
appeared the best course to assign liourly " character " figures myself to the Antarctic 
curves and the corresponding Eskdalemuir curves. lCew curves would more naturally 
have appealed to me, but owing to local artificial disturbances they were unsuitable 
for the purpose. 

I-Iourly " characters " suffer froin the sanle sources of uncertainty as daily 
" characters.'' Tliey give no exact numerical measure of disturbance, and as a principal 
object is to  discriminate between the different hours i11 tlie salnc day or month, tlie 
stnndarcl is allnost certain to be dif'fercnt in seasons when disturbances are large and 
numerous t~nd  in seasons when they are few and small. But llourly " cliamcter " 
figures are exposetl to an additional source of uncertainty, viz., the influence exerted 
on one's choice by tlic ordinary diurnal variation. At certain hours of tlle day the 
diurnal changes are nor~nally rapid, and the curves show considerable nlovernents. 
At other hours tlie diurnal variation is alrnost imperceptible, the curves ~iormally being 
nearly straight lines parallel to the base line. It is ljillcll easier in tlie latter case to 
t~ppreciate the full extent of disturbance. 

In  assigning tlie " character " figure I was guided ~nainly by tlie presence or absence 
of irregular oscillations. Changes oi' a regular char2lcter reasonably assigllablc to tlie 
regular diur~lill variation were disregarded. Tlle Antarctic sheets sl101\r the s i~~~al taneons  
variation of the three elcalentx, :~nd one's judgment is determined by idle joint iillpression 
produceci :it one ancl the same time by the three traces. The t4iilze lines cxt,ending right 
across the slieet, which Ilr. Si~npson introduced, ft~cilita~ted tlle conccntrtttio~l of one's 
attention on the individnal llour under considerntion. 'I'lle Rs1cd:ilemnir c~urvcs were 
not so easily dealt with. 'l'here, as a t  tho ordinary 1Turopean station, V is ~llncli less 
disturbed t l ~ a n  tho components in the llorizontsl plane. At times, i t  is t,ruc, V a t  
]1:slcdal~11~uir sllows very lt~rge disturbance, but when this lli~ppens the other ele~nents 
are also Iligllly distu~*bed--though the converse is not equally true. Thus for our 
prcse~lt p~lrposc the V traces need liartily be collsidere(1, "Phe plau idopted was to  go 
througll the I$sItdulemuir N and W slleets quite independently, allotting " clinracter 

1,  

figures 0, 1, 2 to each. If the fgmes allotted to N nncl W for any particular hour were 
the same, that figure was a t  once accepted. 1f the figures diflered, the N and Wr traces 
--and occasiorlally in case of doubt tlie V traco also-were juxtaposed, and a decision 
was corne to. Of course ln~~ge  dist~nrbaiice in a single elenleilt was accepted LLS decisive 
for a 2, but tlierc was a large nuinber of cases in which the clloice was very doubtful, 
as l~et\veen a 2 and a 1, or as between n 1 nncl a 0. The curves of 22 ~norltlls a t  two 



observatories supply records for over 30,000 hours, and i t  was obvious that if the work 
were to be done a t  all within a reasonable time, judicial niceties niust 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 
i t  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 a t  Eskdalemuir, thus 
this special source of uncertainty would be most likely to be felt a t  the latter station. 

Table LXXX, p. 150, shows for each of the 22 months from February, 191 1, to Noveni- 
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 u priori reason to expect any very close similarity between 
these monthly mean character figures and those given in Tables LXXIIT. 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 LXXIII and LXXX. In both the largest character figures appear 
in the summer, and the smallest in the winter months. Also February, 1911, supplies 
the largest, and July, 1912, the smallest figure: 

Each of the two 11-month nzeans in Table LXXX shows a well-marked diurnal 
variation in the " character " figure. Both give a maximum in the forenoon a t  9 h. 
or 10 h., and a minimum near 24 h. There is no very marked variation in the 
' I  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 maximurri 
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 standarc1 
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 a t  midwinter, 1911-12. 'l!he relatively large value 
in February, 1911, arises from the fact that February preceded the rapid decline in 
clisturbance which set in during 1911. The 11-month means in Table LXXXI show 



also a decided diurnal variation, but in this case it is the minimuni 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 so~newvllat 
uncertain guides to tlie base line values. 

Section 42.-A high mean " character " figure may result, froni a prevalence of 
2's or a scarcity of O's, or from a combination of both causes. I t  tllus appeared desirable 
to consider separately the incidence of 2's and 0's. Tables LXXXII and LXXXIlI, 
pp. 152 and 153, give for each month the number of occasions wlien 2's were awarded at  
each of the 24 hours in the Antarctic and at Esltdtrlemuir. Consider, for instance, the 
results for February, 1911, in Table LXXXII. The iiuliiber of days' trace available was 26, 
so the largest possible number of 2's in any single hour of the day was 26. The nuniber 
actually assigned varied from 25 for the hour ending a t  10 11. to 5 for the hour eliding a t  
20 11. The average number was 17.0, or fully 65 per cent. of tllic possible. Due regard 
i i iu~t  be held to the number of days available. 'I'lie coinpttratively snlall nunlber of 2's 
for November, 1912, in Table LXXXZI arises froin the Inct that only nine days' traces 
were complete. If there had been 30, the mean nuizber of 2's would have been greater 
than for any month except February, 1911. The frequency of 2's is obviously greatest in 
summer nnd least in winter, just as with tlle niean " character " figures. Talring the 
year as a whole, 20 per cent. of the hours got a 2, but the percentage varied fronl 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 ~nsxiinuill frequency of 2's appears 
in the hour ending 10 h., and the nliniin~ini in t,he l i o ~ ~ r  ending 20 ll., but it would 
require a large nulnber of years to deterlnine the exi~ct position of tlie r~iini~nuiil with 
certainty. !l.'he figures froni 16 h, to 6 h. are too irregular for the drawing of conclusions. 
It is obvious that the forenoon hours from 8 a.m. to rioon in the Antarctic, especially 
a t  nlidsummer, are much more unfavourable for the talring of absolute observations 
than the afternoon hours. The Antarctic observers had thus excellent reasons for 

the latter. 
Table LXXXIII, p. 153, shows in like inaniler tlic frcquenoy distribution of 2's a t  

Esltdalemuir. The number of 2's awarded in the 22 iiiontlis was 1,302, or 8.2 per cent. 
of the possible, :L much sinaller percentage thaii in tlie Antarctic. I11 January and 
February, 1912, little over 2 per cent. of the hours got 2's. In spite of the coinparatively 
snlall number of 2's in Table LXXXIlI a diurnal variation ill tlieir distribution is clearly 
shown in both 11-month sums. As in the case of the Antarctic, it  is generally siniilar 
to the diurnal variation shown by the mean " character" figures. It is, however, 
more intensified, and the maximum seems solnewhat later in the day. The frequency 
of 2's during any afternoon hour subsequent to 15 h. is large compa~.ed with that of 
any forenoon hour after 6 h. The risk of encountering n highly-disturbed hour during 



the absolute observations is obviously small if the observations are confined to the 
forenoon. The forenoon, however, has certain compensating disadvantages, viz., the 
rapidity of the regular magnetic changes encountered between 8 h. and 12 h., and in 
the case of H observations the rise of temperatiire. 

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 axe most numerous in the midwinter months, 
and least numerous a t  midsummer. In the 11-month means they show a well-marked 
maximum of frequency towards midnight, and a well-marked minimum about 9 21. 

or 10 h. 
Table LXXXV, p. 155, gives the incidence of 0's a t  Eskdalemuir. The number 

awarded was 7,859, or fully 49 per cent. of the total nunlber of hours. This is fully six 
times the number of 2's awarded, the preponderance being greater in 1912 than in 1911. 
In January, 1912, 67 per cent. and in December, 1911, fully 73 per cent. of the hours 
got 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 thc maximum 
falls in the hour ending 10 h., hut the number in the hour ending at  5 h. is but little 
inferior, and the true nature of the incidence of O'R between 4 h. and 10 h. would require 
a longer series of years for its elucidation. 

Section 43.--A general consideration of Tables LXXX to LXXXV led to the 
conclusion that while the diurnal variations in the " character " figures for the Antarctic 
and Eskdalemuir are absolutely dissimilar when regarded as functions of the local 
time, they present a pretty close parallelism when regarded as synchronous phenonlena 
determined by G.M.T. 'ro 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 54 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 O's, similarly expressed as percentages of their mean. Talting 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 22 h., and a not very well marked minimum 
from 8 h. to 12 h. At Esltdalemuir neither maximum nor minimum is sharply defined, 
there being a high plateau of values from 15 h. to 1 h., and a valley of low values from 
4 h. to 10 h. But in both cases we have the division between high and low values 
showing the same general relation to G.M.T. Taking a mean between the Antarctic 



and Eslcdalemuir figures we obtain a remarltably regular diurnal variation with the 
maximum in the hours ending a t  21 h. and 22 ]I., and the minimum in the hours ending 
a t  9 h. and 10 h. The remarkable smootl~ness of this mean variation must owe some- 
thing to accident, but i t  is so suggestive of a general law that the possibility seems 
worth considering. 

Of the three grolips of montlls the first represents nlidsunliner in the Antarctic 
and midwinter a t  Esltdalernuir, tlie last midwinter in the: Antarctic and nlidsumnler 
a t  Eslidalemuir, while the intermediate group includes the equinoctial months a t  
both stations. We should nakuraIly expect most similarity in tlie equinoctial data. 
They do show, as n 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 lnonths November to 
February we have also a prominent diurnal variation a t  both places, but the n~axinlum 
seems to occur aome two hours later and t l ~ e  minimum some two hours earlier a t  
Eskdalemuir than in the Antarctic. Still the variations are so small in the Eslidalernuir 
figures near the hours of maximum and minimum that the difference may be accidental. 
The niean diurnal variation derived from the two stations is again remarliably 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 nl~zch less pronounced and regular 
diurnal variation, especially in the Antarctic. Tllere is s t  least a suggestion of a double 
period a t  both stations. The principal maximum is obviously in the Greenwich 
afternoon, but it occurs apparently some hours earlier a t  k<skdalen~uir than in the 
Antarctic. Whether the secondary maximum between 6 11. and 8 h. is a true one is 
open to doubt, but the fact that i t  appears a t  both stations carried some weight. In 
the Antarctic the principal minimum would seem to occur at  this season betwaen 1011. 
and 13 h. At Esbdalcmuir i t  is not clear whether i t  occurs near 10 h. or near 6 h. 

In the second set of figures in Table LXXXVI, showing tho incidence of the 2's, 
the diurnal variation in the data for the whole year is soniet~rhat more conspicuons a t  
Eslrdalenluir than in the Antarctic. The reniarkable depression in the Eskdalenluir 
figures a t  10 11.) there is some reason to suspect, 111sy partly arise frozil the interruption 
of txace already referred to. On the whole, the parallelisln between the two sets of 
figures is close, and the arithtnetic means derived from the two exhibit a very smooth 
diurnal variation, which is more pronounced tllan that already described in the 
'' character " figures but of the same general character. Iliurnal vstriatioiis of a closely 
similar kind, but not so regular, are exhibited by the figures a t  the two statiorls for the 
season Novenlber to P e b r l ~ a r ~  and the equixloctiul nionths. 111 the months May to 
August the Antarctic figures eshibjt a double period, tlic principal nlaximuni being 
near midnight as a t  tlie other seasons, but a secondary mnxiiiium appearing near tlie 
time of the usual minimutn. The phellonlen~~l seenzs due to short disturbances of a 
certain type described in Chapter XI, which show n marked preference for tlie hours 
0 h.-11 h. G.M.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 



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 arith~netic 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 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 a t  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 a t  all seasons. At Eskdalemuir in May to 
August 0's are least frequent a t  an earlier hour in the afternoon. 

On the whole, there seems a remarkable similarity between the diurnal variations 
of disturbance in the Antarctic and a t  Eskdalemuir when referred to Greenwich mean 
time, especially in the months which constitute nzidsummer in the Antarctic. At 
first sight it may seem absurd to suppose that the diurnal variation of disturbance 
a t  a particular station ca,n 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 a t  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, a t  remote stations. 
There is here obviously a field for further enquiry when hourly " character" data 
become available from a considerable number of stations. 



TABLE LXXII1.-Magnetic " Character " Figures (Days of 180" E). 

/ Date. 

I 



 ABLE LXXIV.-Magnetic " Character " Figures (Greenwich Days). 

Date. 

- 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

I Feb. , Mar. I Apr. / Nay. 1 June. I July. Aug. I Sept Oct. / NOT. 1 Dec. 1 Jan. / Feb I l a r .  1 Bpr. 1 Pay. 1 June. 1 July. 1 A u ~ .  1 jepp 1 Oct. I Nov. 



TABLE LXXV.-Antarctic " Character ' ' Figures on Tnternationnl Disturbed axid Quiet 
Days. 

Month. 

1911. 
February 
March 
April 

. May.. 
June 
July.. . 
August 
September 
October 
November 
December 

1912. 
January 
February 
March 
Anril 
M ; ~ .  .. 
June 
July.. . 
August 
September 
October 
Novernbcr 

Dates of the 
--- 

6 Disturbed Days. ( 6 Quiet Daya. 

Antnrctio " Cllaractor " Figuros. 

On tho 6 
Disturbed Days, On tho 8 Quiot Days. 



TABLE LXXV1.-International and Antarctic " Character " Figures. Mean Monthly 
Values. 

- - - - - - - -- -- 

January 
February 
March . . . 
April ... 
May ... 
June .. . 
July . . . 
August 
September 
October 
November 
December 

Month. 
International 

Cheracter " Figures. 

1 Dirt. 1 MI ~ n i e t  1 i l i ~ t .  
1)ays. J)tly~. Days. 1)ayu. 

I I I I 

Ar~tarctic 
"Character" Wgurcs. 

All 1 Q i c t  1 Dish. 1 
Dayu. Days. 1)sys. 

All Quiet 
Days. Dnys. 

-- - 

1.26 0.5 
1-00 0.6 
0.83 0.2 
0.73 0.0 
0.77 0.4 
0.86 0.2 
0.70 0.0 
1.03 0.2 
0.97 0.2 
1.23 0.8 
1.53 1.0 
+ - 

--- 
0.99 0.40 

Ilitcrnatiorlal 
" Charaotcr" Figurcs. 

Antarctic 
"Charnctcr" Big~~res. 

TABLE LXXVI1.-Antarctic " Character " Figures. Sums on Selected and 
Associated Days. 

-- 

Day. / n-2 I n-L / n I n+L I n+2 1 n+21 / %+20 I n f 2 1  1 r + Z B  I n+20 n+:30 

Disturbed and asao- 
ciated d ays- 

1911(55days) ... 
1912(49 , , )  ... 

Total(104days) ... 
Quiet and associated 

days- 
1911(85days) ... 
1912 (49 ,, ) ... 

Total(104days) ... 
Disturbed and asso- 

ciated, less quiet 
and associ:~nted- 

1911(5Bdays) .,. 
1912(49 ,, ) ... 

Total (104 days) ... 

Winter (40 days) ... 
Equinox (39 days) ... 
Summer(2Fidays) ... 

76 
58 - 

134 

54 
35 

89 
---- 

+22 
+23 ----- 
+45 

+25 
$.I6 
+ 4 

55 
44 

--- 
99 

67 
42 

109 

-12 
+ 2 

-10 

+ 3 
- 6 
- 7 

83 
64 

-- - 
147 

47 
41 

88 
----------- 

+36 
4-23 

-1-59 

4-32 
-4-20 
+ 7 

90 
57 

- --- 
147 

54 
44 

98 

+36 
+I3 

4-49 
----- 

+23 
+I7 
4- 9 

63 
48 
- 

111 

65 
37 

102 

- 2 
+11 

-+ 9 
.---- 
+ 6 + 5 
- 2 

72 
55 

-- -- 
127 

,50 
41 

91 

+22 
1-14 

$36 

+23 
4- 9 + 4 

83 
83 
- 

141 

66 
44 

-- 
110 

4-22 + 9 
-- 

$31 

+20 
$-I5 
- 4 

85 
56 
- 

141 

67 
49 

------ 
116 

+I8 + 7 
----- 

+25 

+14 
+10 
f 1 

106 
81 
- 

187 

35 
16 

51 

+71 
+65 

+I36 
_ I _ _ -  

+57 
+55 
+24 

76 
45 

---. 
121 

74 
50 

124 

+2 
-5 

-3 

+2 
0 

-5 

98 
72 
- 

170 

46 
31 
- 

77 

+52 
3.41 

4-93 

4 4 1  
4-39 
+13 



TABLE LXXVII1.--Antarctic " Character " Figures. Sums on 
Associated Days. 

---- - .-- 
Tot~,l (106 daye) ... ... . . .  . . . I  110 1 107 I 122 - - - - - 
Days associated with quiet days- 

1911 (ti0 dnya) ... ... ... 
1912 (55 ,, ) ... ... ... 

67 
55 

Days associated with disturbed days-, 
1911(80days) ... ... ... ... 
1912 (55 ,, ) ... ... ... ... 

--.- - 
Total (105 d u y ~ )  ... . ,. ... . . . I  121 1 111 1 101 

49 
61 

TABLE LXXIX. --" Character" Figures. Differences between Sums on Ilisturbed 

5 1 
56 

- 
Days assoc.iateci with disturbed, less days ' associated with quiet dnye- 
Total (10.5 dnys) ... ... ... ... 

and Associated Days on the oiie ]land arid Suiris on Quiet and Associttted Days 
on the other, expressed as l'crcentages of Difference on day fz. 

------- 

-11 -4. 

1~+2 I&+ 26 i&-+S 

---- ---------- -- - -  7- I - -- 

I 1911 -1'7 1 4-31 ;-I00 4-73 -- 3 4-31 +51 +61 +25 +3 
Antarctic 1012 4 - 3  4-3fi-1-100 -+63 -117 3-21 4-35 4-20 4-11 --8 

Figures ----- - 
Mean - 7 4-33 +lo0  $68 4-22 4- 7 -126 4-43 -b35 1-18 -3 

4-21 

r 
Jntcmutional 

Figurcs C 
1911 
1912 

Menu 

+ 5 
0 

+ 3 

4-46 
4-42 

3-41 

+I00 
+lo0 

+lo0 
- -- --- - - - - -- 

4-49 
+47 

+48 

_ _ _ C _ - - _ _ _ _ _ _ _ _ _ _ _ . _ - - - -  
+ 9 
- 8 

+ 1 

+14 + 7 
----_______I_----- 

f l l  

3-35 
4-21 

$-28 

4-47 
+30 

+39 

+3G + 8 

+22 

+11 
- 6 

+ 3 

+l 
-7 

-3 



TABLE LXXX.-Antarctic Hourly " Character" Figures (Day of 180" E). 

Roarendingat I L L  
I -- 

1911. 
February .... 
March ... 
April .... 
Nay .... 
June .... 
July .... 
Aupst  .... 
September 
October .... 
November .... 
December 

I 1.03 1.23 1-19 1-32 1.29 1.26 1-06 0.94 1.00 10.90 0.97 0.74 0.65 0.74 0.81 1-00 1.17 
0.76 0-88 1.08 1.08 1.28 1.16 1.16 1-24 1.00 ,0.96 0.76 0.54 0-64 0.76 0.60 0.64 1.09 

March .... .... 0-68 0.57 0.68 0.75 0.75 1.04 1-00 0.93 0.79 0.71 0.43 0.64 0.54 0.61 0.71 0.64 0.57 0-81 
April .... .... 0-75 0.75 0.61 0.71 0.61 1.04 0.89 0.93 0.82 0.61 0.61 0.68 0-54 0.68 0.89 0.71 0.82 0-80 
May .... .... 0.77 0.63 0-73 0.77 0.77 0-77 0.83 0.77 0.60 0.67 0.70 0.67 0.70 0.73 0.70 0.50 0-67 0.73 
June .... .... 0-64 0-75 0.75 0.71 0.54 0.64 0.71 0-68 0.71 0.61 0.86 0.79 0-86 0.75 0.75 0-75 0.71 0.74 
July .... .... 0.56 0.68 0.76 0.73 0.68 0.56 0.76 0.60 0.56 0.64 0.64 0.64 0.68 0.56 0.40 0.48 0.48 0.62 
Angust ... .... 0.64 0.61 0.68 0.79 0.75 0.96 0.89 0.93 0.89 0.89 0.82 0.68 0.68 0.64 0-54 0.61 0.54 0.79 
Sepfsmk 0 . 7 0  0.74 0.85 0-74 0-67 0.93 1.M 0.89 0.89 0.89 0.78 0.78 0.78 0-78 0.67 0-70 0.78 0.92 
October .... .... 0-91 1.00 0.91 1-00 1-00 1-41 1.05 1-14 0-95 1.00 0 9 5  0-64 0-77 0.64 0.68 0-64 0.73 1-04 
November .... .... 1.22 1-11 1.00 1-00 1-33 1.22 1.22 1.22 1-11 1.33 1-22 1.00 0.89 1-00 1.11 1-00 0-89 1.28 

----- ---------- --- 
Meanll mont hs.... 0-78 0-78 0-83 10-86 0.86 1-01 0-98 0.94 0.86 0.85 0.81 0.75 0-73 0.70 10.72 i0-68 0.11 0.91 



TABLE LXXX1.-Eskdalemuir Hourly " Character " Figures (Time G.M.T.). 

1912. I 

/ January .... .... 0-58 0.55 0.42 0.16 0.23 0.16 '0.13 0.32 0-29 0.29 0.29 0-32 0.35 0.28 0.23 0.32 0.48 0-58 0.61 0.61 
1 February .... .... 0-55 0.52 0.38 0.34 0.21 0.24 10-21 0.24 0-28 0.38 0.34 0.45 0.34 0-48 0.48 0.62 0-62 0.66 0-66 0.52 
1 March .... .... 0.68 0.48 0.39 0-29 0.23 0.39 0.19 0.35 0-48 0.42 0.48 0.52 0.58 0.61 0.48 0-58 0.55 0.68 0.58 0.48 

April .... .... 0.47 0.53 0-43 0.40 0.33 0.37 0.40 0.57 0.60 0.67 0.73 0.83 0-80 0.80 0.73 0.80 0.73 0.63 0.70 0.63 / May .... .... 0-58 0.55 0.45 0.39 0.52 0.35 0.26 0.45 0.68 0.84 0.77 0.84 0.90 0.77 0.90 0.97 0.84 0.90 0.71 0-55 0.65 
June .... .... 0-53 0.53 0-50 0.47 0.40 0.43 0.53 0.63 0.43 0.33 0.43 0.53 0.67 0.83 0.97 0.97 0.87 0.80 0.93 0.70 0.87 0.60 0.60 0.80 

j Mean 11 months .... 



TABLE LXXXI1.-Number of Occurrences of " Character" 2 in Antarctic ( T h e  
of 180" E). 





TABLE LXXX1V.-Number of Occurrences of " Character " 0 in the Antarctic 
(Time of 180" E). 



TABLE LXXXV.-Number of Occurrences of " Character" 0 at Eskdalemuir 
(Time G.M.T.). 

i ! Honrendingat l h .  

-- 
I 

February .... 2 9 9 9 14 12 11 9 6 8 5 6 5 5 7 - 2  28 

12 8 12 10 9 
9 9 12 11 13 12-0 31 

12 16 16 11 14 14.6 30 

.... 18 

I 

1 1912. 

13 14.2 30 



TABLE LXXXV1.-Hourly " Character " Figures, Antarctic and Eskdalenluir. Variation in Greenwich Day. 
I - 

i HourendYlgatI 1h. /2b. /3h. /4h. 15h. /6h. Iih. /8h. 19h. l O h . I l l h . / l ~ ~ ~ ~ ~ ~ U b . / 1 6 ~ 1 1 ? ~ / 1 8 h . / ~ ~ O ~ . ~ * ~ ~ ~ h . ~ 2 3 b . 1 % b . I  

I 

I 
muir 

\ 0-71 0-78 0.81 0.86 0.90 0.98 1-05 1-07 1-17 1.11 1.11 1-I)L 

muir 

muir 

-- 

Xumber of 2's as percent,a,oe 
of mean- 
November, (Antarctic 
December, J 
January, Eskdale- 
February 1 muir 

Antarc tic Eqy?l I Esddale- 
>Il6nS 1 muir 

gust muir 

(Antarctic 
J Eskdale- Year .... , ,uir 

Number of 0's as percentage 
of mean- 
November, (Antarctic 
December, J 
January, Eskdale- 
February 1 muir 

months 

Nay, June, Antarctic 
July, Au- Eskdale- 
gust { muir 

(Antarctic 
J Eskdale- Year .... , muir 



CHAl'TER VIII. 

TEltM HOURS. MAGNIWI C " ACTIVIrl'P." 

Sectiola 44.-Before the expedition set sail n series of tern1 hours had been arranged, 
and an appeal issued to observatories a t  honle and abroad to take quick runs of the 
nmgnetographs 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 a t  least of the selected hours were received from t l ~ e  following 
observatories :- 

In Enrope : De Bilt, Eskdalemuir, Greenwich, l i e \ ~ ,  San lknando,  Seddin, 
Stonyhurst, Uccle and Val Joyeux ; in Asia : Alibag and Lulrinpnng ; in Africa and 
the Indian Ocean : Helwan and Mauritius ; in North America : Agincourt (Toronto), 
Clieltenham (Maryland), Sitlra, Tucson and Vieques (Porto ltico) ; and in South 
America : Pilar. Barrackpore, Dehra Dun, l<odailranal ancl Toungoo--observatories 
of the Survey of India-sent instead of curves eye readings, talten a t  1-minute intervals, 
representing the expenditure of a large ainolmt of time and effort. 

The pre-arranged term hours, all specified in Greenwich time, were :--8 11, to 10 11. 
on May 29, June 2, 26, 30 and Suly 24, 28, 1911 ; 17 h. to 19 11. 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 iiiagnetic disturbances 
a t  different parts of the earth. It was anticipated that the great majority of the term 
hours would prove blanlrs so far as disturbance was concerned, the chalice of any con- 
siderable disturbance happening a t  ordinary stations a t  a pre-arranged hour being small. 
Thus a considerable number of term hours was recluired to give a reasonable chance 
of success. Tf the sole object Elad been to secure s disturbance of any kind, tlle chance 
of success a t  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 chtimcter. 111 1002--03 
these were especially numerous between 8 h. and 10 11. G.M.T., and the special aini of 
tlie 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 11. and 19 11. 

G.M.1'. there is more than tlie usual tendency to rapid oscillatory nlovements, and the 
second set of 12 term hours had these principally in view. I t  was also hoped that the 
talting of morning and evening records from tlie same season of the year would afford a 
basis for the co~npnrison of disturbance at different hours of tlle day. Tt was linown 



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 ]laving expressed a desire for some 
near the Antarctic midsummer, the final 12 in November, December and January were 
added. 

The selection of term hours for international magnetic co-operation is not a new 
departure. The practice goes back to the time of Gauss. It was then a necessary 
preliminary to co-operative effort, since eye-readings only were possible. In  its present 
shape of quick runs, or photographic records taken with the drum rotating more 
rapidly than usual-generally a t  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 observatories participated, and on one of these occasions 
a sensible disturbance occurred. It was this probably which induced those responsible 
for the German Antarctic Expedition of 1902-03 to suggest a number of term hours 
in which the British Expedition of that date agreed to participate. Owing to n 
misunderstanding as to the hours, and a remarltable absence of disturbance, the result 
in 1902--03 was rather a fiasco so far, a t  least, as the British Expedition was concerned. 
Though the experiment was hardly a success, it  con~tituted 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 
w o ~ ~ l d  be Eeasible 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 wouId serve for rn;rcroscopic, the other for nlicroscopic investigation. 

As matters stand, to base 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 



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 foriner part inay 
eclipse the latter. Also a t  some hours of the day-hours depending on local tiine, and 
so varying with the station-the normal diurnal changes are coinparable in rapidity 
with minor disturbances. !l'hus 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 a t  some stations that the true tiine answering to the time illarks is 
lcnown, to within a few seconds, and there is reason to fc'ar tliat in soille magnetographs 
when quick run t,he uniformity in the angular velocity of the drum leaves something 
to be desired. Talring everything into account, I am inclined to doubt whether 
an extensive programme of term hours can be recoinnlended unless the participating 
stations are specially selected, and a very large amount of time call be devoted to 
the intercomparison of the records. 

In  the present case i t  was very difficult to decide what to do with the records. The 
only practical way of rendering them serviceal~le to all for ininute investigations would 
have been to reproduce the curves pliotograpliically. This would, however, have 
entailed a great amount of space and a large expenditure. In  inany cases, moreover, 
the object would have been very imperfectly accomplished, owing to uncertainties about 
the time marlis. Again, several of tlie co-operating stations were known to  suffer 
sensibly from artificial disturbances, and the appearance of the curves a t  soille of the 
other stations was at  least suspicious. It was thus clear tliat even with n lavisll 
expenditure of time, the complete separation of the cllafl from tlle wheat would be very 
problematical. 

The material i t  was finally decided to  publish consists inainly of (i) readings 
of the curves a t  6-minute intervals ; (ii) tllc application of tliese readings to a study 
of " magnetic activity " ; (iii) a comparison of tlie curves for a few occasioiis wlleil the 
disturbance was efipecially 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 tlie 
mention of names in this connection nliglit give offence, I shall only say that liew was 
one of the obscrvatories concerned. The absence of vertical force data, i t  should be 
added, was due in some cases not to  artificial disturbance, but to  the fact that no V 
curves were received. 

Sorne stations sent full'details as to both base line values and scale values, so that 
absolute vdnes might have been given for them. Otller stations, however, sent little 
if any information as to base line vnluea. As a coinmon inode of presenting the results 
was desirable, and the advantage of absolute over relative values was open to some doubt, 
i t  was decided to give the results as differences. To avoid the use of algebraic signs, 
the lowest value of tlie eleme~lt during the two hours was taken as zero. 1) ivus regarded 



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, a t  
western European stations the higher the value under D the smaller was the (westerly) 
declination. Tor greater parallelism with the other stations E (not W) was taken a t  
one of the elements a t  Eskdalemuir and Potsdam. In their case, the higher the value 
in the table the lower was the numerical value of the component perpendicular to the 
astronomical meridian. 

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

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

TABLE LXXXVI1,-Stations Co-operating in Term Hour Observations. 

Stations with Westerly Longitude. I I Stations with Easterly Longitude. i 

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 circlea, including De Rilt itself, that 
there is a somewhat large accidental element in the choice, and that considerable fluctua- 
tions arise in the standard applied. a t  most stations. It has been felt that a scheme 
having less arbitrariness in its execution might have advantages. A scheme of thia kind 
was proposed some year8 ago by the late Professor Bidlingmaier, based on what he called 

Station. Time, 
/~ongitude.J / Latitude. 

--- 

Greenwich ... ... 
Kew ... ... 

... Stonyhurst.. . 
Rskdalemuir ... 

... San Fernando 
Pilar ... ... 
Vieques ... ... 
Cheltenham ... 

... Agincourt ... 
Tucson ... ... 
Sitlta ... ... 
Honolulu ... ... 

Station. /IAongituda./ / Lalitudo. 
- 

... Lukiapang 

... Toungoo ... 

... Barrackpore 
Dehra Dun ... 

... Kodaikarial 

... Alibag ... 

... Mauritius ... 

... Helwan ... 

... Seddin ... 

... De 13ilt ... 

... ... Uccle 

... Val Joyeux 

0 I 

121 2 
96 27 
88 22 
78 3 
77 28 
72 52 
57 33 
31 21 
13 1 
5 11 
4 21 
2 1 

51 28N. 
51 28 N. 
53 51 N. 
55 19 N. 
36 28 N. 
31 40s .  
18 9 N. 
38 44 N. 
43 47N. 
32 15 N. 
57 3 N. 
21 19 N. 

h. nl. 

8 4 
6 26 
5 53 
6 12 
5 10 
4 ljl 
3 50 
2 5 
0 52 
0 21 
0 17 
0 8 

-.. 

0 I 

0 0 
0 19 
2 28 
3 12 
6 12 

63 53 
65 26 
76 50 
79 16 

110 50 
135 20 
158 4 

O 

31 19N. 
18 66 N. 
22 46 N. 
30 19N. 
10 14 N. 
18 39 N. 
20 6 8. 
29 62 N. 
52 17N. 
62 5 N .  
50 48N. 
48 49 N. 

h. rn. 
0 0 
0 1 
0 10 
0 13 
0 25 
4 16 
4 22 
5 7 
5 17 
7 23 
9 1 

10 32 



" magnetic activity," and the International Magnetic Bureau issued an invitation to  
several stations, including I<ew Observatory, to give tlie sche~rie a short preliminary 
trial. The existence of simultaneous records, n~ostly quick-run, from so large a nllniber 
of stations provided ideal material for putting to the test a method suggested by 
Bidlingmaier for arriving in a co~nparatively simple way a t  a measure of one elelrient 
of the " activity," the evaluatioi~ of wl~ich according to tlie exact for~llula is a very 
laboriolxs process. When deciding to apply the material to this object, I realised that a 
considerable amount of labour was entailed, but tlie reality exceeded niy anticipations. 
To render the results intelligible, a sliort explanation is necessary of what Bidlingmaier 
meant by " magnetic activity." 

Suppose a, P ,  y to be the rectangular components of magnetic force a t  any point 
R*, y, z, tlien 

is the usual expression for the magnetic energy of the field. If we suppose a ,  P, y to 
represent not absolute values of the force components but their departures from some 
standard value, the above integral is one of which Professor Bidlingniaier desired to  get 
the mean value tliroughout tlie 24 hours. This valuc he described as the " magnetic 
activity " for the day. What to take as standard value is a very difficult point, wliich 
we need not consider a t  tlie moment. .Let us suppose for simplicity i t  is the meal1 
value for the day. Also let us suppose a t  any instant between hours l z  - 1 and l z  the 
departure of any magnetic element from its mean value for the day to be 

where y,, is tlie mean value of the departure for the whole hour. Then using T to 
represent one hour, we have 

127 

where I, = ?lPdt. 
'(12- , )r  

The mean value of the integral for the whole day is 

m here 

7!hc contribution of the individual hour to this expression thus consists of two 
parts. One of these ( 1 1 8 ~ )  y2/24 depends not so much on changes occurring during 
the particular hour as on what takes place during adjacent hours. For inetnnce, on a 



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 Al represents " activitty " associated with the force system 
to which the regular diurnal inequality is due. The second tern1 is by no means 
independent of the regular diurnal variation, receiving contributions from it as well 
as from the irregular oscillatory movements usually regarded as disturbance. The 
contribution from the regular di~zrnal inequality is largest for those hours of the (lay a t  
which the diurnal inequality changes are most rapid, and during these hours i t  may be 
by no means negligible compared with the contribution from irregular movements unless 
the hour is one of very decided disturbance. Again, i t  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 la,rgely influenced 
by the presence of disturbance. Thus it would not be correct to rega,rd the value of I,, 
for a particular hour as an exact measure of the disturbance existing during that hour. 
At the same time i t  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 a t  the 
same station. 

If a auitable 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 approxiniation could not be derived from a con- 
sideration of the hourly range, i.e., the difference between the largest and least values 
of the hour. He measured the MTilhelmclhaven TI and 13 curves a t  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, arid he concluded that i t  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 Iiew, that a preliminary trial should be nlade 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 " ancl 
ranges had been based on the results of only one station, i t  seerned to lr~e that a cle~irable 
preliminary was to test them by applying them to the tern1 hour curves. It was only 
after the necessary measurements had been made that I noticed that if the relationships 
found by Bidlingmnier were correct, " activity " must vary wit11 the sensitiveness 
of the magnetogmph. 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. 



The term-hour curves, as already stated, were measured a t  &minute intervals. 
This gives for the hour thirteen ordinates q,, 7, . . . ?Il2. The quantity 

{'&(?102 -1- 7 / I z e )  -I- )llZ -1- . . -1-  q112) 112, written for brevity (1112) Zr12, 

was taken as the equivalent. of ( 11~ )  ( ~ z 1 ,  where 7 represents one hour. The relation 
' 0 

suggested above by theoretical consideratioils 

(1/12)S172 = Clt2 ( I n  

wl~ere Tt is t11e llourlp range and C a constant, was on the whole in good accordance with 
the observational results a t  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 lnean 
obtained in the several in~est~igntions varying from 0.092 to 0.098. Thus if we had 
accepted lt2/100 as the equivalent of (1/12)6712 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 aritllmetical operations indicated by the summation. Supposing 
only two measurements necessary for the determination of It ,  the economy of effort 
woultl be enornlous. 

When, however, we loolc closely into the matter the results are less satisfactory. 
7'he values assigned to It were really derived from the &minute nleasnrenients, 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 niay be a good deal less. If the elenlent is rising 
or falling continuously throughout the hour, 71, and 7 1 , ~  must be the extreme ordinates, 
ttnd rllq the exact range. Rut even in quiet days, there are a t  least two turning 
points, anti more often four in the course of the 24 hours, and the coincideilce of a 
t ~ ~ r n i n g  point with one of the p o i ~ ~ t s  of ~nertsllrelllent would be pure accident. 
During disturbed tirncs the exact coincidence of the extreme ordinates with any 
of t l ~ e  &minute ordinates must be rare in any hour. It is true that its a rule 
the inferiority of what we may call the &minute range to the true hourly range will 
I)e snlall, but, occasionally it will be very considerable. As the true " activity " is 
cal(*ulatctl from the 5-minut,e measurements, it is obvious a priori that n uniform relation 
is much more probable between the " activity " and the ~-1nin1zte range, than between 
t,lle " activity " and the absolute hourly range. JVhy, i t  may be asked, was the latter 
range not ~nensured, as i t  must have been it which Bidlingmaier conte~nplated 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 measurenients to obtain It, the use of 
his relationships would be no economy a t  all, so far as measurerrlents are concerned. 

The answer to the query is that aa a matter of fact the rarigee 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 prob;d,ly Im 111ily have believed that in great majority of cases the difference 



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 liave 
added immensely to the labour. 

A more important objection t o  the use of the relation (17) is that while a t  the 
ordinary station i t  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)Srl2 in 
individual cases differed enormously. For the same value of 12, in the same element, 
a t  the same station, one got in a good many cases measured values of (1/12)Xr%tanding 
t o  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. Rut different hours contribute 
very differently, and on disturbed days the contributions from three or four hours may 
easily exceed all the rest. Thus it woilld inevitably happen that the mean value of the 
" activity " of the type we are considering, if calc~zlatetl from the hourly ranges, would 
be largely in error in a considerable number of days. !l7he full discussion of' this cjuest,ion 
would, however, take us too far afield. Further information will be found by those 
who desire it in Terrestriul Maynetism, J i m ,  1917, p. 57, and in 12oy. Xoc. ]'roc. A, 
vol. 94, 1918, pp. 536-547. 

Section 46.-What it is proposecX to do here is to give particulars of the liourly 
ranges-as given solely by meas~zrements a t  the 5-minute intervals, except in the case 
of the Antarctic-and of the corresponding values of (1/12)2rl"s clerived from tlle 
5-minute measurements. The hourly ranges a t  the co-opcrating statioris appear in . 
Tables LXXXVIII to  XCIII, pp. 175 to 180, and the values of (1/12)6q2 in Tables 
XC'IV to XCIX, pp. 181 to 186. 

Thc original curve measurements were all made in rnillimetrcs. Thc vi~lues of )I 

and of the liourly ranges were first expressed in mm., and the values of (1/12),3?,Gn 
mm" Converuion to l y  in tlie case of the ranges ancl to (1 y)Grl case of (111 2)Z t l %  

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 AD is equivalent to a change HA11 ill 
value of the horizontal force. When only 2 or 3-figure accuracy is wanted in HAL), 
3-figure accuracy in H suffices. 



The stations, 1vit11 the exception of the three last in Tables LXXXVTTT to XCTII, 
are arranged in order of longitude, proceeding frorn I h s t  to West. This was done with 
a view to juxtaposing stations whose local tiine clifiered least,, i t  being the local time 
which determines the phase oC the regular diurnal variation. 

The blanks in individual hours in tlle range and " activity " tables mean in general 
that no curve was received for the (fate in question ; in other cases the record was 
incomplete. 'I'hc reibson for putting Gsccn~\ricli, lcew ant1 Sail 1~enl:~ndo a t  the foot of 
Tables LXXXVTII to XCTII, an(1 omitting the111 from Tables XCTV 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, tlie same could not 
be said of the " Activities." Grcenwidl suffered decidedly the least of the three. 

In  tlie absence of special disturbance, the range will natumlly be largest for those 
hours of the day wllen the changes shown by the diurnal inequality ase most rapid. 
Ranges for the clay hours, LC., between (i 11. and 18 11. L.M.T. will naturally exceed 
tliose for night hours, unless the day maximum or nlininlum falls within the selected 
hour. Bearing this in ruiind, a general iclea of the relation to be expected between the 
ranges a t  diilcrcnt stations during quiet tiines luny be derived fro111 'I'able i,XXXVII. 

When the term liolzrs were 8 to 10 G.M.T. they fell in the early nlorning or late 
evening a t  stations intermediate in longitude to Pilar and Honolulu. 'I1l~uis snlall 
ranges would be anticipated a,t tllese stations, especially Pilsr wllere June represents 
midwinter. Also the D ranges a,t  the European stations, wlicre the tiine Sell in the 
forenoon, rnigllt be expected to exceed those a t  the Indian stations where the time Sell 
in the afternoon, for the rise to the westerly maxim~un is n good deal Inore rapid than 
the s~ibseq~ient swing to the east. These anticipations arc only partly fullfilled. Pilar, 
Vieques, Tucson ant1 Honolulu, i t  is true, especially the first and Inst mentioned, give 
usually dccidc~lly s~~lnller  r;lnges than the European st,itt,ions ; but on several days 
Agincourt and still more Sitlca come well to the front, and the Indian stations do not 
on the whole fall short of the 13uropean. Sonic stations usually stancl out from their 
neighbolirs, Sitlta, ICodailranal and Stonyh~irst in particular. This is not sorprising 
in the case of Sitlitb, for, as we shall see when dealing with ~nagnetic stor~ns, i t  is a very 
highly disturbed sbation, i~nme~lscly rrlore so than Honolulu its nest neigllbour in the 
tables. On a really quiet day lilte June 30, ranges a t  Sitka are as s~nall as elsewhere, 
but on a disturbed day like July 28 i t  is otherwise. Why Rodailrnnal ranges should 
tend to exceed those a t  Delira Dun and Alibag is not obvious ; i t  can hardly arise from 
.difference in local time. Stonyliurst is another puzzling case. The H ranges are 
generally similar to those a t  Greenwich and liew and other Buropean stations, but the 
1) ranges are very outstanding. Tliere are unfortunately no Eslrdulem~iir D ranges for 
comparison, but the Eslidale~nuir W ranges are very similar to the 11) ranges a t  l b w ,  
and frorn its geographical position one would have expected Stonyllurst 1) ranges to 
be intermediate between those a t  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 arc sharply deiined, and in some cases 



the definition was anything but sharp. Also the sensitiveness varied much a t  different 
stations. Thus a t  Seddin the sensitiveness for each of the three elements lay between 
2.07' and 2 . 4 ~  per 1 mm., whereas a t  Alibag 1 mm. in the D trace was equivalent to  
l l y .  If we take 0.1 mm. as a limit to the error of measurement in an ordinate-an 
optimistic view for the best of curves--the range being the difference of two ordinates 
must be allowed a limit of error of 0 .2  mm. Even a t  Seddin this would represent 0 . 4 ~  
or 0 . 5 ~ ~  and in D a t  Alibag i t  would be equivalent to 2 . 2 ~ .  Thus much importa~ice 
should not be attached to apparent small differences between the ranges a t  neighbouring 
stations. 

Kew and Greenwich are so near together that we should naturally expect corres- 
ponding hourly ranges to be identical to the nearest 17' .  If there had been no artificial 
disturbance, a comparison of the ranges a t  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 anct in sensitiveness. 

Rut for the fact that while 11 and H are recorded a t  I)e Bilt, N and W are recorded 
a t  Seddin, we should have expected very similar ranges from the two stations. A close 
agreement would also be expected between Uccle and Val ,loyeux. 

In  the case of the term hours 17 h.-19 11. we should expect on quiet days the 
American stations to  have the largest ranges and the Asiatic the least. 'l'his, 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 a t  the Nuropean as well as 
the American stations. 

We should also expect 18 h . 4 0  11. G.M.T. to show the largest ranges a t  American 
stations, and as the season was from November to ,Jani~ary, i.e., midsummer in the 
southern hemisphere-we should expect Pilar to 1)e prc-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 sometin~es they are quite small. The 
Stonyhurst D ranges for hours from 17 h. to 20 h. are less outstanding than those for 
hours S h. to 10 h. Still the majority of them seem unduly large comparetl with the 
corresponding ranges a t  other European stations. 

Section 47.-Tables XCIV to XClX give the values of (1/12),3ji2 during all the 
term hours a t  the co-operating stations. As already explained, the experimental 
relationship obtained between the activity of type -4, ancl the range was approximately 

011 comparing corresponding data in Tables XCIV to XCTX, and Tables JJXXXVIII 
to XCIII, i t  will be found that in a considerable proportion of cases the above numerical 
relation is not far from true, but in other cases i t  is far otherwise. As (1,/12)61,2 is 



a t  best only an approximation to the value of the theoretical integral, it inay appear 
illogical to go to tleci~rials of (1 y)2 in the tables. A principal reason for doing so was to 
show how very small A, often is, especially in V. 

'I'he entries under " 1) or W " for Stonyhurst look even nlore renlarliable t4han those 
in the range tables. l'here is no single instance in which the Stonyllnrst-D entry under 
llours 8-9 and 9-10 is not in excess of that a t  every otlier 'I3uropean station, and tlie 
excess is very large except for tlie unusually disturbed tiliie 8 11.-9 Ir. on Jlily 28. Sitla 
alone shown a larger value than Stonyh~irst, and tJhat on only two lionrs out of the 
twelve. 

Tn the second group of term Iiours 17 11.--19 11. this great pre-eminence of Stonyhurst 
D values is only sometimes apparent, and usually only in the second hour 18 h.-19 11. 
In the third group of term hours the Stonyhurst-I1 value for 1811.-19 11. is usually but 
little outstanding, whereas it is always outstanding for 19 h.-20 h. 'I'llere is certainly no 
obvious reason wliy dist~irbance a t  Stonyllurst sho~ild be so outstanding as conlpared 
with that froni other European stations, or why the contribution fro111 I> to the " activity " 
should bear to the contribution froni H a ratio altogether different fro111 what obt)ains 
elsewhere. At the sa,nle time, if there were any error in the scale value it should show 
itself invariably and in all hours alilce, and i t  should letld to diurnal inequ:tlities tliflering 
conspicuously from those a t  other British stattioils. 

Superficial inspection of the tables discloses that the oontribution froin V to the 
" activity " is u~ilally the least, but i t  does not show whet,l~er 1) or H nsnrtlly cont8ributles 
most. 

l'ables C to CII, pp. 187 to 189, give the conlbined activities from the two horizont~al 
coniponents and the total activity '1' (of the type A,) obtained by adding to this the 
contribution fro111 V. 

It will be seen that the " activity " a t  l<oda,il~;~ll:ll for 8 I\.--!) 11. ;111(1 !) 11.-10 11. is 
in general decidedly larger than t l i ~ t  a t  tlie other Indian stations. 13nt this superiority 
of Koclaikanal does not extend to tlie hours 17-18, 18-19 or 19-20. 

Scdion 48.-Tables CIIT, CIV and CV, pp. 190 to 192, give lncan values of the ".nc:t,ivi- 
ties " for the several term liours from all the available stations combined. The means MI 
and MIt are confined to tho " activities " from the horizontal con~ponent~s. M, includes 
every station wllicll had both horizontal co~nponeiits complete, IVl,' tlift'ers only in 
omitting Stonyli~xrst. hI, includes only stations which llatl vert,icbnl forcac ns well as 
horizontal force data, and M,' again differs only in omitting Stonylinrst. Even if 
we were certain of the absolute correctness of tlie Stonyhnrst D data, their cliaructer 
was so exceptional that a mean from which Stonyhnrst data were excluded appeared 
tiesirable. 'I!he ntlmber of stations from which the mean is derived is stated in all 

, cases. 
Much the largest " activities " in Table CIII conic fro111 July 28. The contribution 

from the vertical coxnponent is in every case the least. It forms aa much as 26 per cent. 
of the total activity for M2' on July 24, 8 11.-9 11.) but only 7 per cent,. for 9 11.-10 h. 
of the same day. 



In Table CTV, 18 h.-19 h. of July 17 supplies the largest value, a value considerably 
in excess of the largest in Table CIIT. Talting M2' 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 44 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 I 1  and M2 as M,'. 

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

Xection 49.-Table CVI, p.193, gives the term hour ranges in the Antarctic for E, 8' 
and V. Two values are given, the first being derived from the &minute measixrelnents 
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 S', 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. oi the absolute 
range, while on November 24, hour 19-20, and on J'une 19, hour 18-19, the 6-minute 
range in V is only from 58 to 59 per cent. of the absolute range. On January 22, hour 
19-20, the true minimum in E' 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 quicltest was a t  the exceptional rate of 43y  per minute. 

Under such circumstances i t  would obviously require rrleasurements a t  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 LXXXVJII to XCII I. 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 seconcl in size, being 
equal to the E' range on one of these occasions. The E' range is the largest in 22 houre, 
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 E' range 
in one hour. The E' and V ranges for 8 h.-9 h., June 2, share the lowest place. On 
December 18 the E f  ranges in both hours and the 5' range in the first hour attain a 
size rarely reached by the daily range in tropical latit~zdes. 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 ancl 1912. 

Xection 60.--Table CVIJ, p. 193, gives the values of (1[12)21,2 in the Antarctic for the 
several term hours. The contributions from E', Sf and V are given separately. l'he 
entry under " E" represents the sum of the contributions from the horizontal 
.components E' and S', and the entry under " T " adds to  t h i ~  the contribution from V. 

The " activities " for the first group of term hours, occurring in the Antarctic 
C L  midwinter, are similar in size to the corresponding act;ivities " else\vllere. Jn fact 



the " activity " in the Antarctic for 8 11.-9 11, 011 June 30 is ~onsidera~bly below the average. 
The time 8 11.-10 h. G.M.T. is uslially quiet in the Antarctic unless a disturbance of 
the special typc discussed in Chapter XT comes along. July 28th was an occasion of 
more tlian nsual distnrhance, but, ~infort,nnnt,cly t,llc Antarctic record for 8 11.-9 11. was 
inconiplcte. Tlie " activity " for 9 11.- 10 11. 011 July 28 was much in excess of that 
a t  tiny of tlie co-opcrating ata,tions except Sit,l;a, but tllc Sitlta " izctivity " was tlie 
larger of tile two, cspecinlly in V. As we sllall see later, large V disturbances are 
rather oliamcteriatic of Sitka. Tlle Antarctic "activity " was also mucli above tlie 
average founcl for the co-operating stations on botll liours of June 2, but the value 
for 8 11.-9 11. was cxceeded by that a t  Sitka. 

l'hc second set, of term hours 17 11.--19 11. G.M.T. fell a t  a ~norc disturl~ed part of 
the Antarctic day. July 17 was the day of greatest " activity " elsewhere, but 1111- 

fortunately there was no Antarctic record on that occasion. On June 19, 17 11.-18 h., 
tlio Antarctic " activity " was only a little above t l ~ e  average for other stttt.ions, but 
in all tlie otlier nine hours for which records were obtained its excess was conspicuous. 

Talting in cllronologicad order the 10 hours for ~vliicli data exist, tlie ratio borne 
by t11e total magnctic " activity " in tlie " Antilrctic " to tlie mean " activity " for the 
co-operating stations inclnding Stonyliurst had tlie following values 4 -!), 5 3, 2 8, 15.6, 
I -2, 3.6, 19.2, 14.9, 35.6 and 13.7. The least value of tlie ratio was that for 17 h.-18 11. 
on ,June 1:). Iluring tliis Ilour coiiditions were generally very quiet, but t,l~e." activity " 
in the Antarctic was exceedcd by that ut Clieltenllt~~ii, Agincourt, 'J'ucsolz uiid Honolulu. 
Y'hc largest value, 38.6, of tlie ratio occurred on 17 h.-18 li., July 21. Outside tlie 
Antarctic that hour was on the wl~ole quiet ; thougll considerably less so tlian 17 11.-18 11. 
June 19 ; but the two liours agreed in sliowing the greatest " activity " a t  Tucson, 
and on botli occasioris tlie " activity " was particularly low bet~vecn the longitudes 
of Rarracltporc and Mauritius. Tn the Antt~~rctic an unusual feature of the hour 17-18, 
July 21, was that the contribution from V largely exceeded that from 1G'. Elsewhere, 
including Sitlta, tlie contribution froin V was generally very small. Except on June 19 
the total " activity " in the Antarctic was exceeded only once arid a t  one place, viz. on 
May 20, hour 17-18, a t  Esltdalemuir. 

'L'he third group of term hours represented midstuinn~er in tlle Antarctic, but miti- 
winter elsewllere except a t  Ma~irit~ius and I'ilar. Thus, during tliese lionrs we should 
natumlly expect large values for tlle ratio (Antarctic total " activit,y ") [(mean total 
" activity " elsewl~crc, including Stonyli~zrst). Tlie values obtainect for the ratio are, 
liowcvcr, siniply cnonnous, being in c1ironologic:~l order 108, 99, 74, 164, 1998, 477, 
188, 216, 178, 252, 110 tznd 37. !L'lie largest value of tlie ratio, answering to 18 11.-19 11. 
Deccinber 18, no donbt represents a distinctly exceptional state of matters ; but tlie 
choice of the twelve tern1 11ours was fortuitous, except that times were cliosen near 
new lr~oon wit11 a view to facilitating auroral observations. It is true that in the 
Antarctic tlisturbance is ]nore prevalent between 17 h. and 19 11. than in iliost Iiours 
of the day ; but the saine is true of Esltdnlemuir, and so presuiiiably of ut least tllo 
European stations. Tt is t111ls n natural inference tlmt any estirilate of the " activity " 



of changes in the earth's magnetic field which leaves the polar rzgion+ out of account 
is likely to be hopelessly incomplete. 

Xection 51 .-Table CVITI, p. 194, aims a t  comparing the values of the " activity " for 
the same hour on different days a t  different parts of the globe. Only the c~nt~ributions 
from the components in the horizontal plane arc considered, except in the case of the 
Antarctic, where the contributions from all three components are given as well. 'Fake 
for illustration 9 h.-10 h. G.M.T. Retllrns for the six days were cornplete for four 
European stations (Stonyhurst, Ile Bilt, Uccle and Val Joyeux), five North American 
stations (Sitka, Aginconrt, Cheltenham, Tucson and Vieyues), five Indian stations 
(Dehra Dun, Alibag, Barrackpore, Toungoo and Korlailtanal). The mean values of 
(1112)2,1j2 from the six hours were 32.5y2 for the four Enropean, 19.3y2 for the five 
American, 25.3y2 for the five Indian, and 21 .9y2 for the whole 14 stations. On May 29 
the mean values of (1/12)8q2 were 29.7y2 for the European, 4.7,y2 for the American, 
12.7y2 for the Inclian and 15.Ciy"or all the stations combined. Andwe have 

(29.7/32.5)100 =.= 9 1 ,  (4.7,,/19.3) 100 - 25, and ~o on. 

In  the case of 8 h.-9h. and 9 h.-10 11. the large size of the European nlean value 
is due to  the inclusion of Stonyhurst. I t  was unfortunate that owing to failure of 
trace on one day neither Seddin nor Eskdalemuir data eould be utilised. In the case 
of hour 8-9, July 28 was much the most disturbed day a t  the European and Indian 
stations, but in the American group i t  was slightly exceeded by June 2, ISven in the 
American group the clisturbance on Jurle 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 Xurope 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 ; 
RO corresponding results restricted to  the same five hours were also obtained for the 
other stations. The pnrnllelism between the Antarctic results and those from the 
other stations is fairly close. Tn each case June 2 figures as the most disturbed day 
and June 30 as the least disturbed. 

I n  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 a t  the American stations-especially Sitka-whicl~ makes the American 
percentage figures for the other days appear so low compared with those elsewhere. 
I n  the Antarctic, as elsewhere, July 28 was easily first ; the chief peculiarity was that 
June 2 was much more disturbed than June 26. 

I n  the case of hour 17-18 Europe is represented by only two  tati ions (Seddin and 
De Bilt), but they show a very good general agreement. There were four North 
American and five Tndian stations, as well as three miscellaneous (Honolulu, Mauritius 
and Pilar). The Antarctic record for Suly 17 was lacking, so only five hours were 
available for it. A second set of values for the same five hours was thus calculated 



for the several groups oi co-operating stations. Tlie hour fell in tlie early moriling a t  
the Indian stations, and conditions tl~ere were generally very quiet. Except in tlie 
Antarctic, May 26 was the irlost disturbed day, July 17 conling next ; while May 22 
and June 19 were conspicuously quiet. 'I1hese Iilst two days were also very quiet in 
tlie Antt~rctic: ; I~ut, there June 23 ; ~ n d  ,Illly 21, especially tlie latter, were iiiucli 1liol.e 
distur1)ed tli;~n May 2(j. l i  we co~isult Table C1 we fincl that, with the solittiry 
exceptio~l of Lnliii~pang, the (' activi t ,~ " whetller liorizo~~i~al or total w;~s invrii*iably 
greater on May 26 than on ,July 21. Tlle differetice between the Antarctic anti otller 
regions on this occasion is thus unusually conspicuons. I t  is somewlialJ snggestivc? 
that the difference between the Antarctic " activities " on tlie two clays is most nlurlced 
in tlie vertical component. llhere arc various reasons for regn*rding great " sctivit,y " 
in the vertical conlponent as an indication that the prinzary source of  tli~turba~iice is 
not far frorii overlieatl. 

The sarne stations \were c~vailnble for liour 18-19 as for liour 17-18 in tlle seconc-1 
group of term tln,ys. liecords being again lacking for J'uly 27 in the Ant,iirct,ic*, two 
sets of data 1l:tcl to bc prepared for the other stations. 'I'lic 1l:tlropean :111d Aincl*ican 
figures for tltc several days are ren~arltably sinzilar. July 17  is out of all coinparison 
the most tlisturl~ed day, being followed after u long interval by Mt~y 26. Oniitting 
July 17, the figures frorrl the Antarctic anci the irlesii of the other st,atioiis agree in 
the order in wl~iuh tlie days co~lle. 

In  the crux of Iiour 18-19, i11 tlie third group of tarn1 l io~~rs ,  IIurop(: is rcprcscntetl 
by four stations (Il:sltdalemuir, Seddin, Ile Bilt t~nd  Uccle), Anlericr~ bv only t,\\-o 
(Cheltenlian~ anti Vieques), lndia by five (Ilehm Dun, Burraclcporc, 'I'ormgao, Alibag 
and l<odailiwnal), and there is one additional sttation L'ilar, liialiing 12 in all. TIlc 
tinie being niiclwintcr a t  all the stations except Pilar, " activities " n:itnmlly rnle low. 
'I'he order in wlii(:Ii t l ~ e  days corlle is rather markedly diit'erent. 'I1he J1:1iropenn nilti 
Indian groups malce December 18 the day of ltugeat " activity," t~nct it is rjliglitly 
above the mean in tile American group ; but the Europcan and lndittn grorrps ninlce 
Novenlber 20 a cltiy of low " activity," while tlle Anleric~nn group nlnlies i t  Iligli. In 
the case of January 26 the Indian and American groups agree in nltlliing the " n.ctivity " 
low, wliile tlie l3uropean group lnaltes i t  high. In  tlle Antarctic the " act'ivity " on 
I~ecember 18 was e~iorrnously greater than on any otlicr (lay. rll:~lii~ig the horizontn.1 
components, tlie " activity " in tlie Antarctic was 60 tirrles ns great on Ijccember 18 
as on ,Januarv 26, wherea,s in l3urope the " activities " on t.lie tlno occtlsions were 
practically equal. 

Nor llour 19-20 8tonyhurst, was available, bringing tlic n~unibei. of N~u.opea~l 
stations up to five. 'I!hc contribution fronl Stonyl~urst uiifort~~nately rather dwarfed 
those from tlie other four stations. There were still only two Aii~ericnn stntions, this 
t,irrie Sitltn and Cheltcnllam. 'l'liere were tlie sanle five Indian stlations, and in addition 
EIonollxlu ant1 l'ilar, l~l t~l i i l~g 14 stations in all. !lllie Il:ulbopetul, Inclinii and Ailiericrin 
tlat,n   ria lie ,Jannnry 22 nlucll t,he n~os t  disturbed tltly, anti cvcn in tlic Antarctic it 

c < shows ~ o ~ ~ s p i c ~ i o ~ ~ s l  y lnore act ivi t ,~ " t l l ~ n  any ( 3 1 1 ~  C X C C ~ ~  I)ecenibci* I 8. 'L'lie 



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 l'ilar. The clisturl>ance 
on December 18, though largely local to the Antarctic, woilld naturally be felt more 
thro~~ghout the southern than the northern hemisphere. 

,Section 52.---Table CIX, p. 195, compares the " activities " from the cleclination 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 i t  desirable to give alternative results, one 
excluding Stonyhurst. If we oniit the highly-disturbed day July 17, the 1) contri- 
bution is the larger if we include Stonyhurst ; otherwise the H contrjbution is larger 
by a small margin. In  either case the D and H contributions are of like imp~rt~nnce. 
Neither can be omitted without a very serious underestimate of the " activity." Also 
on comparing thc previous tables--where cilata for inclivitlual honrs are given--it is 
obvious that even when we take the same hour of the day the ratio of the 11 to the H 
contribution a t  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 'I'able 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 previons table. l'he lowest of 
the four estimates nlakes the contribution from the vertical force one-ninth ol' that from 
the two horizontal components. 'I1hus the vertical force contribution for the average 
hour a t  the average station is by no means negligible, and there are individual occasions, 
e.g., both hours of July 28 a t  Sitka, when the contribution from V is both relatively 
and absolutely considerable. Still i t  would appear that the omission of the vertical 
component would he 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 groupa 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 woulcl have swamped the other 
days. Thus a better idea of the average relative importance ol V was obtained by 
omitting it. 'J'wo sets of general means are given, the first based on all the 33 tern1 
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 TC' 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 Sf and 15 per cent. from V. In the second group 
there is a marked difference between the two hours, the S' contribution being the larger 
in the one, the E' contribution in the other. The contribution from V averages about 
184 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 " 



was so much larger ciuring the tliird group of ten11 liours than during t l ~ e  first two 
that the third group is largely dominant in the two final means. If we onlit Deceniber 18 
we find tlie contribution from E' nearly 25,. tillies tliat from St, and the contribution 
from V about 17 pcr cent. of the total. If we retain Dccenlber 18 the relative importatlce 
of the contribution fro111 SG' rises and that fro111 V sinks. 

It must be rcnwrnbered that in 'Sizbles XCIII to CXI we are dealing with only a 

few hours of the day, and tliat if we had " activity " tla,ta from all hours of the day, 
and from all days of the year, our conclusions nlight be considerably different. 

There are reasons, however, for believing tliat the results in Table CX1 are ln~ore 
representative than nliglit bc thought. T have pointed out elscwhcre tliixt therc is reason 
to expect tlic syniLrc of the daily range to give a t  least a rough idea of the total "act,ivity," 
including tlie ptwt derival~lc fro111 tho cliurnal incq~~ality as well as the part wc liave 
just bcen considering. If we take the vt~lues to thc neclrest ly of tlie absolute ranges 
and inequality ranges from all clays, we liave for the tl~ree midwinter months of 1911 
and the thrce midsurn~ner rnontlris of 1911--12 the results appearing in Tablc CXII, p. 196. 
Squaring the ranges we get the results in Table CXIII, p. I9G. 

'J1hus a t  midwinter-thc season including the two first groups of t,er111 1lom.s --the 
contributions Iron1 I<' and S' are not Ear Eronl equal ; wliile ; k t  ~llitlsiuniner --the season 
of the third group of tern1 1iours.--the contribution fro111 E' is ii~arl~edly tlie larger. 
Also the preponderance of the 13' contribution in niidsu~i~nler is larger when we co~isider 
tlic absolute t11:~n wlien we consider the inequality ranges. This is a t  least suggestive 
of a tendency for the E' contribution to be relatively increased by disturbance, arid 
so is in har~noriy with the fact that the percentage contribution from E' in Table CXI 
is larger whcn we include than when wc cxclucle Decenlber 18.. 

r 1 S uliir~g tlic nie;~,n sq~~: t rc  of t,l~e riillgcs from t,hc three elcnients we get, for the 
relative values of " aot ivit,y " i~ t ,  lllidsuil~iner anti ~niti~\rinter : 

fro111 absolute rangcs, 1.6 ; froin inequality ranges, 2.4.  

In tlie case of tlie term hours 18 11.-19 h. is the only hour colnlnon to the two 
seasons. If we onlit December 18 as outstanding we have five hours in each case. 
From these we find 

(midsuininer " activity ")/(inidwintcr " act,ivit'y ") =: 4.G. 

Coinpari~lg this with tllc corresponding results from thc two set-s of daily ranges 
we sl~ould, I tliiilli, infer that even wlien we cxclndc 1)cccinber IS, eitller t,he midsunilner 
term lionrs cncou~itered ~liorc clisturbuncc, or the ~nidwinter tern1 hours ericourltercd 
less disturbance, tlian was quite characteristic of tlie season of the year. 

At tlie snlne ti~iie, tlie day lacking in tlie Antarctic a t  ~nidwinter \\?as July 17 
and, as l!sblc C V l l I  sllows, the " activity " on this occasion a t  stations outside the 
Antarctic was much above the avcrage. Also, wliile no Antarctic record was got 
between 17 ti. and 1911. on July 17, there was record up to about 1G h. 55 In., and 
again subsequent to 19 11. 10 111. ]hiring the intervc~l there was a fall of 70y in E', 
so that eleincnt ~iiust llavc posscsscti co~isidcri~blc " activity " during onc tit, least of 



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 " a t  midwinter would have been 
considerably larger. 

If we combine the Antarctic results for the two hours 18 h . 4 0  h. of .December 18, 
we find that the contribution of tlie horizontal components to (1/12)6qbmounted 
to  14593y2. If, on the other hand, we combine the results from the horizontal components 
a t  all the co-operating stations on all the 36 term hours--representing in all an aggregate 
of 700 hours-we obtain 12871y2. " Activity " such as that exhibited in the Antarctic 
during the term hours of December 18 is very rare in temperate latitudes ; but i t  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 (lay 
or more. This will give some ides 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 calclllatiori 
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 q~ziclc 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 tiriles 
G.M.T. The first set of values of (1/12)Cq2 obtained thus referred to tinies 5 hours in 
advance of the true term hours. On the mistake being discovered, the curves were 
remeasured a t  the proper times, and the data employed in 'lla,bles XCllI to CII refer 
to the same hours as the data for the other stations. 

Having " activity " data for the two sets of hours a t  Agincourt, it is well to utilise 
them. 'I'he 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 clay a t  the pnrticulwr b s c .; I S ~ I I ,  , 
still they should suffice to give a general idea. 

Table CXIV,.p. 19 6, gives the mean results obtained, employing only those days when 
there were data for all four  hour^^. The quantity tabulated is ( 1  112) X 7 2 ,  the unit 
being ( l ~ ) ~ ,  and the tirne is L.M.T. 

There was no day in which the value of ( 1  /12)2?79as  nearly so Isrge for hoiir. 3-4 
as i t  was for either hour 8 !I or hour 0- 10 ; and the same was true for hour 4 ti, cxcept, 
on one occasion when the value for hour 8-11 wa,H exceeded. 'I1hus the lesser. " ;~ctivit,y " 
of the early morning liours 3 h.-5 11. as compared with 8 h.-10 h. niay I)e acceptecl 
as a general feature, a t  least near midsummer. 

The prominent position of hour 17-18 in the second group of terrli ciavs 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 secorlti and third groups of days agree in malting 
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 23-14 and 18-I!) are very striking. 



TABLE LXXXVII1.-Ranges during Term Hours (Unit 17). 

I May 29, 191 1. June 2, 1911. i June 26, 1911. 
I 

Station. ' 8 h.-9 h. I 9 h.-10 h 
I 



TABLE LXXX1X.-Ranges during Term Hours (Unit l y ) .  
- -- - p- - - -- - pp 

July 25. 

S h.-9 h. i 9 h.-10 h. 

i 

Station. 

I .  

June 30. 

S h.-9 h. 9 h.-10 h. I 
DorIV. I HorN. 1 V. /DorW./HorN.I I .  V. 

July 24. 

S h.-9 h. 9 h.-10 h. 

i 
1 Stonyhunt . 
I Eslrdalen~uir ... 

Cheltenham ... 1 . 8  1 3.0 1 2.1 5.9 5.2 3.2 9.4 5 - 5  2 - 1  2.9 5.8 1.0 8 .8  17.4 4.2 1 9 - 3 l  9.2 1.0 
I Agincourt ... 2.4 1 .8  I - 7.2 1 .3  - 11.5 5 .3  - 6.0 5 .8  - 16.3 18.2 - 26.6 13.3 - 

r I Tucson ... 
-4 
0 

0.9 6.4 6.6 - - - - 23.5 5.5 - 

-- 

9.0 7.7 1.8 24-9 

19-3  ' 12-3  - 
9.0 5 .1  - 9.5 5 - 1  - 

12.4 4 .3  - 

I I 
17.1 3 - 7  5.2 
4 - 3  6.1 1 4 - 8  

4.7 
3.0 
0.2 
4-6 

Pilar . .. . %?) 2 - 9 1  3.0 
Vieques ... 0 . 8 i  1.1 

6 - 4  
8.7 
4.8 
4.1 

25-1 
9.5 
5.2 
2.6 

6.9 
6 - 1  

21.1 
2.6 

I 
4 2  30.2 14.8 1 10.4 41-1 1 20.1 3 - 1  

5 - 7  
6.1 

1 - 5  
5.1 

5 .0  
0 - 4  
3.5 

4.8 
5.2 
2.4 
0.8 

20.7 
3 7  
5 - 1  

5.7 20.5 
7.8 
2-6 
1.7 

6.9 
0-8 
4.6 

8.6 
1 .5  
7 -7  

15-6 28.8 
1 . 5  4 1  
7 - 7 1  4-4  

2 1 . 8 '  9.9 
4 1  
7.7 

1 - 4  
8.0 



TABLE XC.-Ranges during Term Hours (Unit ly) .  

Station. 

i 
Stonyhurst ... 
Eskdalemuir ... 
Pilar ... ... 
Vieques ... 
Cheltenhanl . . . / Agincourt ... 
Tucson.. . ... 
Sitka ..: / ~ o n o l g  ... 

June 19 

17 h.-18 h. I 18 h.-19 h. 

D o r W . H o r N .  I / V. / D o r X / H o r N . / V .  

May 26. 

17 h.-18 h. 18 h.-19 h. 

DorW. / HorN. / V. lDorW./AorN./ V. 

8.6 
- 
3.7 
8.5 

11.7 
13.9 
20.7 
2.8 

/ Lukispang ... 

May 22. 

17 h.-18 h. 18 h.-19 h. I 
DorW.IHorN./ V. /DorW./HorN./  V. 

4.2 

1 Toungoo . 
1 Barrackpore ... I Dehra Dun ... 
1 Kodaikanal ... 
; Alibag . . . ... 
I Mauritius ... 

Helwan ... 
Seddin ... ... 
De Bilt.. . ... 
Uccle .. . ... 
Val Joyeux ... 
Greenwich ... 
Kew ... ... 
$anFernando ... 

5.2 
4.7 
4.2 
8.6 
5.1 
- 
2.1 
4.7 
2.5 

20.6 
18.1 
5.2 
1.7 
4.7 

12.7 
25.5 
15.6 
14-4 

9.1 
6.0 
4 - 5  
4 - 3  
5 - 9  
6 - 0  
8.8 
8.7 

10.2 

I 
28-0 

7.8  
4.5 
1.7 
2.3 
6.6 

17-5  
10.6 
3.4 

3 .3  
1 - 7  
6.2 
8.0 
2 -0  
7 - 5  

1 0 - 2 ,  2.6 
1.8 

25-4 
26.8 
8 - 8  
7.1 

29.5 
-74.2 
16-2 
11.9 
4 - 4  

6.0 - 

21.7 
3.5 
7 .5  
1.7 
2.9 
1.8 

12.7 
7.8 
4.2 

5 .1  4.8 

10.2 
11.2 
2.6 

- 

- 

13.8 4.2 
13.8 4.7 i 1 - 0  

4.7 
6.6 

9 -5  
6.0 
4.8 
2.0 
4.8 

13.3 
3 - 7  
4.5 
2 -6  

6.0 
4.0 

13.9 
13-3 
12.0 
16.4 
1.5 
9.6 4 -8  

8 - 5  : 1 5 .3  

2.5 

3.1 
2.8 
5 - 4  
1.7 
6.2 
- 
3.2 
5.7 
2.0 

- 
1.7 
3.3 
2.9 
4 - 4  
2.2 
3.0 
1-8 
9.2 
6.9 

- 
5.4 
4 - 7  
4.1 

4.2 
7.5 
3.9 
- 

3.9 
3.3 
7-6 

2.3 
7 -7  

12.4 
13.6 
4.5 
7.7 

1 .6  

- 
12-1  
2-4  

2.5 

2 - 3  
0 .8  1 . 4 1  1.4 3 - 8  

3.5 
6 - 0  
- 

0.8 
2.1 
5.0 

::: 1 i:: 
9-7  

15.1 
4-6 

0 -9  10.4 1.2 1 .3  
4.8 
5 - 7 1  
2.4 
3.7 
5.3 
- 
9.9 

11.9 

5 .3  
8 .5  
7.5 
2 - 8  

2.3 
2.4 
1.7 
4.7 
4.3 
- 
5.6 
- 
- 
- 
7.3 

, - 

5 - 6  

- 
2 - 1  
5.7 
1.8 

3-8 
3-3 
2 - 0  
3-3 
2 - 2  
1 .5  
3 - 5  
2 - 2  
2.3 
4.4 
4.7 
4.1 
4.7 

5 .1  1.8 
1 - 9  

3.7 
2 -9  2 - 8  

2 4 - 0 1  0 - 8  

8 .3  1 12.9 / - , 8 - 3  8 - 6  1 - 
I I 

8.1 
4.9 
9.1 
8 .3  
9.5 
- 

23.7 
17.5 
17.6 
- 

21.7 
, 21.4 

4 - 1  

3 .3  
1.0 
3.3 
0 .0  
2.3 
5.3 
2.7 
4.0 
1-1 
- 
2.7 
4.7 

0.6 

3.8 
4.5 
4.2 
2 -8  
3.7 
1.3 
5.1 
5.6 
7.6 
3 - 1  
6.3 
8 .0  

1.8 
2-4 
1.7 
1.9 
1.5 
3.1 
4.8 
- 

3.6 
- 
1.7 
0.9 
- 
1.2 
3.0 
- 
- 
- 
- 
- 

0 - 4  
1 - 8  
- 
0.0 
3.7 
2.2 
1.9 
3.4 
- 

lo5 I 
11.6 4.4 

6 - 2  
6 - 9  
6.0 
5.5 
4.2 

4-6 
3 .3  
2.8 
4 - 8  
1 - 4  
5 .3  
3.4 
7.5 
6 -6  

8 - 6  

5 - 8  
2.2 
2.0 
0.0 
3 .3  
1.5 
1 - 8  
3.5 
2.3 

- 
- 
5 - 8  
- 
- 

2.2 2.1 

2.2 
- 
4.1 
4.7 
4.1 

13.4 
12.9 

2 - 3 1  6-6 
1.6 4-9 
2 - 3 1  1.1 

5.5 o.9 / 9.9 

1.3 
0.9 
- 

1.7 
2 -8  
3.7 
1.3 
3-2  
- 

5.3 
6.6 
7.2 
8 .0  
4.3 - 

2-8  
1.9 
2 - 7  
4.7 
4.1 

1 .0  
0.0 
4.4 
3 .0  
1 .8  
1.8 
3.4 

1-8 
- 
2.9 
2.7 
4.3 

- 
- 

- 
- 

1.5 
- 
- 

2.8 
0 -6  
3.2 
4.2 
2-7 
6 - 1  
4.0 

3 - 4 1  1.9 - 
18-4 
26.3 
12.2 
9.5 

13.6 
14.0 

6.8 2.0 
4.9 
5 - 9  
- 

- 
-- 
- 

5.8 , - 
, 8.0 - 



TABLE XC1.--Ranges during Term Hours (Unit l y ) .  
- - - 

Station. 

Stonyhurst . . . 
Eskdalemuir ... 

1 Pilar ... ... 
! Vieques ... 

Cheltenham ... 
Agincourt ... 
Tucson.. . ... 
Sitka ... ... 
Honolulu ... 
Lukiapang ... 
Toungoo ... 
Barrackpore . 
Dehra Dun ... 
Kodailianal ... 
Alibag . . . ... 
AIauritius ... 
Helu-an . 
Seddin . . . ... 
De Bilt . . . ... 
Uccle ... ... 
Val Joyeux ... 
Greenwich ... 
Kew ... ... 
San Fernando ... 

July 21, 1911. 

17 h.-18 h. I 18 h.-19 h. I 
D o r W . H o r N .  / / V. /DorW.IHorN.\ V. 

-- --- 

June 23.1911. 

17 h.-18 h. 18 h.-19 h. 

DorW. /BorN.I  V. /DorW.IHorN.I T. 

-- - - - - 

July 17, 1911. 

17 h.-1s h. 18 h.-19 h. 

I / V. IDorW.IHorN./ Y. DorW. H o r h .  

11.4 
8.6 
3.7 
- 
8.8 

10-9 
16-7 
15.1 
6 .8  
8 .4  
9.8 
5.5 
2.9 
5 . 5  
3 .3  
3.0 
- 
8.6 

12.0 
6.6 
4.7 
6 - 8  
7.0 
4.1 

12.7 
13.1 
5 - 5  
- 

10.4 
12.4 
3 -2  

11.2 
2 - 3  
2.5 
0.5 
4 - 3  
3 -2  
1 .8  
3.7 
3.2 
- 

10.2 
8 - 2  
7.0 
9.0 

10-1  
8 .0  
8.6 

3.6 
1 - 0  
1 - 2  
- 
2.6 
- 
2-6 
4.3 
7.6 
2.8 
0.5 
1.8 
0.9 
2.8 
7.4 
1.5 
- 
3.8 
- 
- 
- 
2.9 
- 
- 

- 
5.2 
3.7 
1.7 
8 .8  

10.3 
14.3 
16-5  
5.9 
2.3 
2.9 
3-3 
1 . 0  
5 - 5  
3 .3  
4.6 
6.2 
4.7 
4.0 
5.5 
4.3 
5 - 4  
2.3 

12.4 

- 
16.6 
3.6 
5 . 1  

1 0 - 3  
12-4 
7.1 

14-2 
1 .3  
7 -7  
5 - 9  
5 - 7  
7 .3  
3.6 
4 - 1  
3.7 
4.8 

10.4 
12-2 
9.4 
9.8 

11-6 
8 .0  
8.6 

2.1 
2 - 0  
2.G 
- - 

7.9 
- 

0.0 
6 -6  
9.6 
2 .8  
0.2 
2.3 
0.9 
3.9 
4.7 
1 - 5  
- 

2.8 
- 
- 
- 

7.3 
- 
- 

14.3 I 11.1 - 
1.9 
2.4 
4.0 
8.1 
- 
8.7 
2.4 
7.8 
1 - 3  
1 - 3  
2 -7  
- 
2 - 8  
3.7 
0.7 
3 1  
3-2  
- 
- 
- 
2-9  
- 
- 

6.9 
3.0 
- 
4 7  
7.2 
5.6 

23.0 
11-9 
4.6 
0.6 
6.6 
5.8 
4.4 
6 - 6  
3 - 0  
- 
2 - 5  
4-6 
1.7 
3.8 
4.1 
4.7 
8 .3  

44.0 
45.4 
6.4 

16.8 
39.7 
42.6 
7.2 

57.5 
5.4 
6.9 
9 -6  

10.5 
14.6 
6.6 

12.0 
10-6 
- 

43.6 
46.9 
31.1 
- 

36.1 
34.8 
30.0 

15.7 
2 - 2  
-- 
7-7  

10.7 
5.8 

16.5 
4.6 
3.4 
0 .8  
1.9 
4.1 
1.2 
1-8 
6.4 
- 

9.2 
8.6 
5.3 
8.2 
8 - 7  
8 .0  
4.3 

3.6 
8.9 
4 - 0  

12.6 
5.3 
- 
3.0 

16.6 
10.1 
2.3 
0 -7  
2.3 
3.2 
4.5 
4.7 
2 - 9  
- 

10.0 
- 
- 
- 

5.8 
- 
- 

11.4 
34.6 

6.0 
3.4 

24.6 
36.8 
16.7 
69.8 
19.5 
11.1 
1.7 
9.9 
5.8 
5.5 
7.7 
0.8 
- 
7-4  

17.2 
- 
- 

14.9 
16.4 
4.1 

- 
11.2 
9.0 
6.8 
1 - 2  
7.9 
9 -6  

16.1 
5 - 9  
6.0 
8 .7  

2.1 
4 - 0  
9.4 
6.a 
5.8 
- 
3.4 
5 - 7  
2.5 

7 - 7 1  3.8 
7 - 8  3.7 

- 
17.5 
4.5 
5.6 
9.5 
8.9 
4.7 
8.2 
2.1 
3.4 
0.5 

1.8 
1 - 4  

- 38.2 
1.9 41.9 
1.6 13.6 
4.0 5 . 5  

3.3 2.7 
2.9 1 ::: 1 - 

2.7 
- 
2.6 
4.7 
7.3 

2.2 6 - 0 1  2.8 
2 - 2  6.5 3.7 

1-11 1.2 

2-6 
2.2 

1.1 

6.5 9 - 3 1  2.8 
0 - 6  5.6 0 - 2  

10.5 
18.7 
13-5 
19-7 
7 - 6  

4.4 / 6.5 / 4.7 

18.8 
24.4 
13.5 
25.4 
4.6 

9.1 6 -9  
1-8 3 - 4  3 - 8  1 - 1 - 1 - 0.0 2.3 8 .0  1.5 

4 .3  
5.7 
2.8 
2.8 
5 .4  
4 - 7  
8 - 3  

12.1 
15.5 
13-5 
11-7 
15.9 
13.4 
12.9 

6.6 
- 
- 
- 
4.4 
- 

3.6 6.5 30.2 

- 8.3 1 8 . 6  - 
I 

- 
- 
- 
2.9 
- 4.7 29.4 

6.9 
- 
3.8 

31-6 
25.8 
23.4 

4 . 1 , 3 0 - 3  





T-~BLE XCII1.-Ranges during Term Hours (Unit ly). 

Station. 

, 
1 
I 

I 

1 Stonphurst ... 
j Eskdalemuir . . . 

Pilar ... ... I Vieques ... 
: Cheltenham . . . 
' Agincomt ... - i Tucson ... ... 

03 o , Sitka .. . ... 
, Ilonolulu ... 
, Lukiapang . .. 

Toungoo ... 
; Barrackpore . . . 

Dehra Dun ... 
Kodaikanal ... 
Alibag ... ... 

1 Mauritius ... 
Helwan ... 1 Seddin .. . ... 
De Bilt ... ... 
Uccle ... ... 
Val Joyeux . . . 
Greenwich ... 
Kew ... ... 
San Fernando.. . 

December 22, 1911. 

18 h.-19 h. 19 h . 9 0  h. 

7 - 4  
2 .6  

12-7 
5 . 1  
7.6 
4 - 8  
- 
4.6  
- 
0 .9  
1 .2  
1  -1  
2 - 0  
1 - 1  
2 -2  
0 .8  
1 .8  
2 - 2  
2 - 9  
1.7 
3.3 
2.7 
4 .7  
4 -  1  

I I 19 h.-20 h. 

DorW.iHorN.1 V. /DorW./HorN./ V. DorW. / V. ID orW./ BorN.1 V. 

January 22, 1912. 

18 h.-19 h I 19 h . 4 0  h. 

January 26, 1912 

18 h.-19 h. 



TABLE XCIV.-c' Magnetic Activity " during Term Hours. Value of (1112)Sr12 in terms of (1y)Z. 

Stonyhurst . .. 39 -9 
Eskdalemuir ... 1 - 3  
Pilar ... ... 1 .O 
Vieques ... 3 -4  

+ Cheltenham ... 2 - 3  
Agincourt ... 3 - 8  
Tucson ... 0 -  1 
Sitka ... ... 4.7  
Honolulu ... 0 . 6  
Lukiapang ... 0.7  
Toungoo ...I 10-3 
Barrackpore ... 2.7 

, DehraDun ... 11-1 
Kodaikanal ... 20.8 
Alibag . . . ... 14.8 

d Mauritius ... - 
Helwan ... 41.4 

, Seddin ... ... 15.1 
' De Bilt ... ... 16.4 

Uccle ... ... 10.0 
; Val Joyeux ... 3 .1  
1 



TABLE XC1T.-" Magnetic Activity" during Term Hours. Value of (1/12)Xv2 in terms of ( 1 ~ ) ~ .  

I June 30, 1911. I July 24, 1911. I July 28, 1911. 

Station. I 8 h.-9 h. 

Stoneyhurst. ... 19.0 
Eskdalemuir ... 1 .1 
Pilar ... ... 0 - 5  
TTieques ... 0 . 3  
Cheltenham ... 0.4 
Agincourt ... 0.3 
Tucson ... 0 .1  

... Sitka ... 0.8 
Honolulu ... 0.0 
Lukiapang ... 7 - 5  
Toungoo ... 0.7 
Barrackpore ... 6 - 3  
Dehra Dun ... 0 - 9  

... Kodaikanal 4.2 
Alibag ... ... 6.5 

... Mauritius 14.1 
Helman ... 13-6 
Seddin ... ... 8.8 
De Bilt.. . ... 1 - 2  
Uccle ... ... 2 - 8  

... Val Joyeus 7 - 6  

I 

9 h.-10 h. 8 h.-9 h. 9 h.-10 h. 
I 

8 h.-9 h. 9 h.-10 h. 

V. DorW. HorN. o r ~ . o r N .  V. / 1 v. 
DorW.HorN.  1 / V. !DorW.IAorNI V. 

1 .8  
1 - 4  
0.0 
1 .0  
0.1 
-- 
0.1 
0.2 
0.2 
- 
3.6 
1.4 
0 .3  
5.7 
1-3 
0.8 
- 
0 - 2  
- 
- 
- 

44.0 2.3 2.4 38.8 / 3.2 2.2 
0.5 3 .8  6.9 5 - 8  3.7 1.2 
0.2 0 - 6  0.9 0.4 1 - 9  0.0 
1 - 9  0 .0  0.3 5.6 2 - 6  2.2 
3 - 2  2 - 1  1 .2  9.0 3 .0  0.6 
4.3 0.1 - 16-3  3.2 -- 
0 - 3  0.2 0.0 2.6 2.2 0 .0  
2.4 0 .8  0.2 1.8 4.5 0.1 
0 - 1  0 .3  0.2 0.6 1.1 0.4 
- - - 0.1 4.4 3 .5  

15.0 6 .3  3.6 0.7 2.4 4.4 
1 - 5  10.6 3.5 1.1 3.1 0.1 

10.3 3.1 3.2 4.3 6.7 3.2 
0.0 32.3 0.3 0.8 14-2  18.0 
1.7 20-1 1 - 3  2.8 2 -6  1 .0  

4.6 

2.5 - 

0 - 6  
3 - 8 1  
0.0  
2.1 I 
0 .11  
- 

0 .11  
236.1 

- 1 -. 

0.0 
1 - 2 1  
4.3 1 
0.5 

- j - ' 
-- ' 

I 

I 66.0 
7.2 
3.1 
0.4 
0.6 
3.4 
0.9 
5 - 3  
0.4 
- 
7.3 
9.2 
7.3 
0.3 
4 - 3  
7-1  

5.3 
6.8 
3.1 
7.4 

3.9 
6 - 3  
2.2 
2.2 
4.3 
3.2 
6.0 
2.4 
2.2 
- 

15.4 
15.7 
15.0 
32.7 
36.6 
12.1 
-. 

4.8 
4.0 
0.4 
3.3 

18.1 
56-5 

1 - 7  
1 .5  
5 .3  
9.1 
4 - 6  

117.5 
6.7 
- 

45-3 
40.4 
14.9 
33.1 
47.3 
3.0 
- 
- 

270s 
13.0 
12.9 

101.2 112.7 
46.6 

1 - 4  
2.1 
7.5 

17.1 
4.0 

47.4 
1.3 
-- 

19.7 
71.4 
37.7 
23.0 
21.2 
21.0 
- 

53.6 
100.1 
31-9 
48.2 

0.2 
5.2 
1.5 
- 
0.1 

- - 

3.7 
0.0 
4.0 
3.8 
2 -2  

34.2 
1 - 3  
- 
- 
-- 
- 
- 

1.5 
2.6 

15-6 
21.5 
5.6 

47.9 
2.1 

42.2 
46.5 
41-5 
28.1 

113-9 
54-8 

1 .8  
- 
- 

37.0 
14.4 
16.9 

17.1 
0.2 
4.0 

21.0 
37.7 
13.8 

22.1'193.6 
5.0 
- 
2.9 
2.4 

21.7 
21.8 
14.9 
7 - 1  
- 

27.0 
13.6 
26.8 
31.4 



TABLE XCV1.-" Magnetic Activity " during Term Hours. Value of (1/12)272 in terms of ( 1 ~ ) ~ .  

L 

w 

Station 

Stonyburst . 
Eskdalemuir ... 
Pilar . . . ... 
Vieques ... 
Cheltenham ... 
Agineourt ... 
Tucson ... ..., 
Sitka ... ... 
Honolulu ... 
Lukiapang ... 
Toungoo ... 
Barrackpore ... 
Dehra Dun ... 
Kodaikanal ... 
Alihag ... ... 
Mauritius ... 
Uelwan ... 
Seddin ... ... 
De Bilt ... ... 
Uccle ... ... 
Val Joyeux ... 

May 22, 1911. 

17 h.-18 h. 18 h.-19 h. 

DorW.IBorN.1 V. IDorW./lIorA./ V. 

Map 26, 1911. 

17 h.-18 h. 18 h.-19 h. 

DorW. / H o r H  1 7 .  /DorW./HorN. /  Y. 

June 19, 1911. 

17 h.-18 h. 18 h.-19 h. 

D o r W . H o r L  I I Y. ~ D o r W . ~ H o r N . ~  V. 

7-5 
- 
1.1  
6-9  

10.7 
15.8 
38.4 
1 - 0  

13.1 
0-2  
0 - 6  
0.6 
0.2 
0 - 0  
1.7 
1.0 
0.4 
0.3 
1.3 
0.7 
-- 

1 - 5  
2.5 
1.4 
5.2 
1.0 
- 
1 - 8  
0.9 
4.6 
0.2 
0 - 6  
0 .3  
0.6 
0.3 
0.4 
0.2 
0.9 
4.0 
- 
- 
- 

0.3 
- 

3-2  
1.3 
3.5 
- 

0.1 
0.4 
3.1 
0.0 
0.3 
0 - 1  
- 

0 . 3  
0-9  
0.8 
0.2 
1.1 
- 
- 
-- 

1 
1 . 4  1.5 4 0 - 0  6.9 

- - 
3.7 0.8 

I 

0.6 
0-2  
5.9 
6.5 
0.5 
4 -5  
1 .0  
1.7 
0 .1  
0.5 
0.6 
0.0 
1.1 
1.7 
0.9 
2.6 
1.3 
0.4 
- 

8.4 
3.1 
4.6 

33.6 

4 - 3  13-7 
2-6  12.2 
1 .21  0.6 
2.0 0.5 
2.1 4.5 
2 -31  2.4 

87-6 
92.5 
7.0 
6.8 

2.1102.4 
145.5 
28.8 
18-6 
1.9 
1 -6  
3.8 
4.1 
2.7 
3.9 
4.4 
7.7 
- 

54.1 
46.3 

I _ _  
0.2 
1.0 
0.8 
- 

15-0 
0.4 
1.2 
0 - 3  
0.0 
0.3 
- 
0.0 
1.2 
0.4 
0.3 
0.8 
- 
-- 
- 

0.5 
6.7 

13.8 
20.0 7-9  

7 - 1  
11.8 
- 
0.5 
1.5 
0.5 
0.8 
0 -5  
0.4 
1.0 
0.4 
0 - 3  
1 -2  

2-5  
1 -7  
1.6 
8.9 
2.5 
- 
0.3 
2-8 
0 - 5  
0.3 
0 - 1  
0.3 
1 - 0  
0.4 
3.0 
2.4 
- 
2-6  
- 

74-1 
6 - 9  
2.3 
0 - 3  
0 - 3  
5 - 2  

18.7 
9 -4  
1 - 3  
1.6 
0.4 
1.0 
0 - 6  
2 -2  
0.6 
0.9 
0.3 
7.8 
5.2 
0.9 

0 - 1  
1.2 
4-0 
0.6 
4.8 
- 
0-4  
2.5 
0.4 
0 - 4  
0.4 
1.0 
- 
0.3 
0.2 
- 
0.1  
0.5 
- 
- 

7.5 
5 -6  
1.1 
2.8 
1.1 
1.9 
2.3 
1 - 5  
0.9 
1.1 
0.3 
2.6 
3.3 
5.5 

16.9 
16.8 
3.1 
1 - 7  

18.4 
13.1 
10.0 
23-9 
0-2  
5.3 
0.1 
3.3 
3-4  
0.5 
1.5 
3.7 
-- 

10.1 
19.0 
12.4 

- 

7-2  
3.5 
2.3 
0.5 
1 - 8  

12.5 
1.3 
1 - 5  
0.6 
-- 
1 - 9  
3.7 
3.9 
4.3 
2.3 
1.9 
1.5 
5 - 1  
4 -3  
4.1 

37-8 
1.3 
8 - 7  
0 - 4  
0 - 6  
0 - 5  
8.9 
7.1 
2.1 
- 
0.1 
0.9 
0.2 
0.9 
0.0 
0.4 
1.9 
0 - 8  
1.6 
0 .2  

2.8 

1 - 7 1  1.5 
0.8 5.6 
0 .71  0.7 

- 0-9  

4-9  
0.7 
0.7 
0.0 
0 -8  
0.4 
0.5 
0.7 
0.5 
0.6 
0.3 - 

I 0.4 38.2 
0.7 1 41.8 

3.1 
1.0 
1.1 
2.7 
0.2 
2.6 
0.8 
4.5 
3.8 
2.2 
4.8 - - 

2 - 4  
0.5 
1.7 
- 
1 - 4  
3.6 
0 - 4  
0 - 1  
1 - 1  
0.4 
0 - 5  
0.5 
0.2 
- 
0.6 
0.4 
- 
- 
- 

2.7 
0.2 

11.8 
62.1 
2.5-9 
17.8 
4.7 

15.1 
5.3 
3.3 
0.2 
3.5 

11.4 
- 

42.6 
90.6 



TABLE XCVII.-cc Magnetic Activity " during Term Hours. Value of (1]12)21~2 in terms of ( 1 ~ ) ~ .  

July 21, 1911. 

15 h.-18 h. / 18 b.-19 b. Station. 

Stonyhurst 
Eskdalemuir 
Pilar ... 
Vieques 
Cheltenham 
Agincourt 
Tucson.. . 
Sitka ... 
Honolulu 
Lukapang 
Toungoo 
Barrackpore 
Dehra Dun 
Koddkanal 
Alibag ... 
Mauritius 
Helwan 
Seddin . . . 

I De Bilt ... 
Uccle ... 
Val Joyeux 

June 23, 1911. 
I 

July 17, 1911. 

17 h.-15 h. 18 h.-19 h. 17 h.-18 h. 18 h.-19 h. 

DorW.lHorN.1 Y. /DorW.lAorN./ V. / / V. /DorW./HorN./ V. D o r W  HorN. 



TABLE XCVII1.-" Magnetic Activitp " during Term Hours. Values of (1112)271* in terms of ( 1 ~ ) ~ .  

November 20,1911. 

Station. 18 h.-19 h. I 19 h.-20 h. 

November 24, 1911. 

18 h-19 h. I 19 h.-20 h. 

December 18, 1911. I 

Stonyhurst ... 2-4  
Eskdalemuir . .. 1-0  
PiIar ... ... 10.4 
Vieques ... 9.6 
Cheltenham ... 2.5 
Agincourt . . . 0 .3  
Tucson ... 8-2  
Sitka ... ... 6.8 
Honolulu ... 0-5  
Lukiapang ... 0 . 4  
Toungoo ... 0 .4  
Barrackpore . . : 0 .3  
Dehra Dun ... 0 - 2  
Kodaikanal ... 1.3 
Alibag ... ... 0 - 8  
Mauritius ... 0.3  
Helwan ... - 
Seddin . . . ... 2.0 
De Bilt ... ... 1-7 
Uccle ... ... 0.4 

, Val Joyeux ... 1.9 



TABLE XC1X.-" Magnetic Activity " during Term Hours. Value of (1 /12)X-q2 in terms of ( 1 ~ ) ~ .  

Stonyhurst 
Eskdalemuir 
filar ... 
Vieques 
Cheltenham 
Agincourt 
Tucson.. . 
Sitka .. . 
Honolulu 
Lukiapang 
Toungoo 
Barrackpore 
Dehra Dun 
Kodaikanal 
Alibag . . . 
Mauritius 
Helman 
Seddin . . . 
De Bilt.. . 
Uccle ... 
Val Joyeux 

Station. 

December 23, 1911. 

18 h.-19 h. 19 h.-20 h. I 
January 22, 1912. 

18 h.-19 h. 19 h.-20 h. I I I V. /DorW./HorB.I Y. DorW. HorN.  / D o r W . I B o r l . /  V. IDorW./BorN./  V. 

January 26,1912. 

18 h.-19 h. I 19 h.-20 h. 

I ./ Y. lDorW./B B.1 Y. D o r W . H o r l  



TABLE C.-" illapetic Activity " during Term Hours. Values of (1/12)fyz in terms of ( 1 ~ ) ~ .  

Stonyhurst .... 43-7 46.1 23.5 / 24.1 

Eskdalemnir .... 17.6 20.7 - - 

Pilar .... .... 1.7 2.1 1.3 1 - 4  

Vieqnes .... 3.5 3.8 2 -8  1 3 - 5  

Chelteoham .... 2.5 2.7 9 -7  11.8 

Agincourt .... 3.9 - 14.2 - 
Tuscon .... 0.9 1.0 23-1 23-2 

Sitka .... 10-6 10.8 125-1 141.1 

Honoluln .... 1.1 1.8 7.6 7-9 

Lnkiapang .... 8 - 6  8.8 12.5 13.5 

Tomgoo .... 19-3 19-7 16.3 18.2 

Barrackpore .... 15.4 16.1 18-8 19.1 

Debra Dun .... 13.9 17.3 0.7 - 
I Kodaikanal .... 62.8 81.0 13.1 13-4 

Alibag .... 17.7 23.3 3.8 5.5 

Jfauritius .... - 14.7 14.9 

Helwan .... 65.0 68.1 32.9 31.7 

Seddin .... 22 .525 .1  6-6 7.1 

De Bilt .... 26.9 - 13.4 - 

Uccle .... 19.3 - 1 3.7 - 

Val Joyeux ... 16.5 - / - I -- I D m (  (1 

I June 26. / June 30. I July 24. / July 28. 
I 

I B . / T . / 8 . / T . I & I T . I  I T. 

I 
9 h.-10 h. 

May 29. 1 Jnne 2. June 26. Jnne 30. 
I 1 1 I July 24. I J d y 2 8 .  



TABLE GI.-" Magnetic Activity " during Term Hours. Value of (1/12)272 in terms of ( I Y ) ~ .  



TDLE CI1.-" Magnetic Activity " during Term Hours. Value of (1/12)ZT2 in terms of ( 1 ~ ) ~ .  

I8 h.-19 h. 19 h.-20 h. 1 I 



May 29 MI 
MI ' 
M2 
M2' ---- 

June 2 

June 26 

--- 

M, 
MI' 
M, 
M,' 

-- 
MI 
MI' 
M2 
M2' - 

June 30 M, 
MI' 
M, 
M,' 

July 24 

TABLE (2111.-" Magnetic Activity " during Term Hours. 
Mean Value of (1/12)8q2in terms of (ly)2. 

M, 
MI' 
M2 
M2' 

July 28 M, 
MI' 

Mz 
M,' 

--. 

- - - -  - - - -  - -  - --- -- - - - - - - - - - 

8 h.-9 h. I 
Number 

of 
Stations. 

20 
19 
16 
15 

20 
19 
15 
14 

20 
19 
17 
16 

21 
20 
17 
16 

20 
19 
16 
15 

18 
17 
13 
12 

I> or W. 

10.2 
8 .6  

10.6 
8.7 

---- 
8 . 3  
7.9 
9.2 
8 .2  

8.9 
7.1 

10.4 
8.3 

4.6 
3.9 
5.0 
4.1 

7.0 
5 .3  
6 .5  
4.3 

33.5 
29.8 
31.1 
25.3 

H or N. 

8.5 
8.7 
8.5 
8.9 

8.8 
9.7 

10.9 
11.6 

7.1 
7.2 
8 .2  
8.4 

2.5 
2.6 
2.9 
3 .1  

4.3 
4 .3  
4.5 
4.6 

28.8 
29.3 
32.9 
33.9 

g, 

18.7 
17.3 
19.2 
17.5 

17.2 
17.6 
20.1 
19.9 
-- 

16.1 
11.3 
18-6 
16.6 

7.1 
6 .5  
7.9 
7.2 

11.2 
9.6 

11.0 
8.9 

I_.-___-- 

62.3 
68.8 
64.0 
59.2 

- 

9 h.-10 h. 

V. 

- 
-- 
2.6 
2 - 6  

- 
- 
2.3 
2 - 4  
- 
- 
-- 
4.2 
3.7 

-- 
- 
2.2 
2.2 

- 
- 

3.2 
3.2 

- 
- 
6.9 
6.9 

--- 

Number 
of 

Stations. 

20 
I9 
16 
15 

20 
19 
16 
15 

- -- - 
20 
19 
16 
15 

20 
19 
16 
15 
- 

19 
18 
15 
14 

18 
17 
13 
12 

--- - - 

T. 

- 
- 

21-8 
20.2 

- 
- 

22.4 
22.3 
- 
- 
-- 

22.7 
20.3 

--------------- 
- 
- 

10.1 
9 .3  

- 
- 

14.2 
12.1 

- 
- 

70.9 
66.0 

- 

D or W. 

10.4 
7.4 
9.6 
5.7 

7.3 
4.9 
8.3 
5.4 

13.2 
9.1 

11.2 
5.9 

5.6 
3.6 
6 . 1  
3.9 

7.7 
4.4 
8 . 3  
4.2 --- 

30.4 
25.6 
33.3 
26.7 

H or N. 

3.7 
3.9 
4.6 
4 - 8  

4.8 
5.0 
5.7 
5.9 

-- 
9.5 

10.0 
9.7 

10.3 

5.2 
5 .3  
6.2 
6.4 

9.1 
9.4 

10.8 
11.3 

25.5 
25.9 
30.0 
31.0 

- 

V. 

- 
- 
1.6 
1 .5  

- 
-- 
1 .7  
1.8 

- -. 
- 
- - 

3.5 
3.6 

-- 
- 
2.0 
1.9 

- 
-- 
1 . 2  
1.2 

- 
- 

12.1 
13.1 

- -- - -- 

I - 
H. 

14.1 
11 - 3  
14.2 
70.5 

12.1 
9 .8  

14.0 
11.3 

22.8 
19.1 
21.0 
16.2 

10.8 
8.9 

12.6 
10.3 

---------- 
16.7 
13.8 
19.1 
15.5 

55.9 
51.5 
63.3 
57.7 

- - - 

-- 

T. 

- 

15.8 
12.1 

- 
-- 

15.7 
13.0 
- 

-- 
- 

24.4 
19.8 --- 
- 
- 

14.5 
12.3 

- 
20.3 
16.7 

- 
- 

75.4 
70.8 

-- -- - 



TABLE CIV.-" Magnetic Activity " during Term Hours. 
Mean Value of (1/12)2ya in terms of ( 1 ~ ) ~ .  

Naturo - 
Date. of 

M ~ ~ ~ .  Nuinbor 
of D or W. H orN 

Statio~ls. 

May 22 M, 20 2 .6  3 . 3  
MI' 19 2 .5  2 .9  
M2 14 3 .1  3 . 6  
M2' 13 3 .0  3.1 

May 26 M, 
MI' 
fiJ2 

M*' 

June 19 M, 
MI' 
M 2 

M,' 

June 23 MIr 20 
14 2' 16 - 

July 17 MI 19 
M I '  18 

15 
M,' 14 

-- -- 
July 21 M, 19 

M,' 18 
M 2  16 
hI2' 1 4  

r. N u b e r D o r w . H o r N .  stations. . 1 V. 



TABLE CV.--" Magnetic Activity " during Term Hours. 
Mean Value of (1/12)2,7,1~ in terms of (1 Y ) ~ .  

Nature 
Date. 

I / stational 

November 20 1 MI 20 2 .6  
' 

MI' 19 2 . 6  
M2 15 3 . 1  
M2' 14 3 .2  

--- 
November 24 Ml 19 1.2 

MI' 18 I . O  
M 2 14 1 . 3  
M2' 13 1.1.  
--- 

December 18 Ifl 17 3 . 0  
16 2 .9  
14 2 . 8  
13 2 .6  

December 22 / 2, 1 19 
18 

-- 
January 22 M, 20 

MI' 19 
Ma 16 
M2' 15 -- 

January 26 M, - 
MI' 18 
M2 - 

MZ' , 14 

Number 
of D or W. H or N. V. T. 

Stations. 



TABLX CVI.-Antarctic Ranges during Term Hours (Unit l y ) .  

May 20 
Juno 2 

,, 20 
$ 9  30 

July 24 
,, 28 

May 22 
9 ,  20 

Juno 10 
9 ,  23 

July 21 

TABLE CVI1.-Anturctic " Muglietic Activity " during Terin Hours. Value of 

--- 
Nov. 20 
,, 24 

Doc. 18 
,, 22 

Jan. 22 
,, 20 

Date. 

. .. . 

Hour 
C;,,f.T. 14:'. 

- 
18-10 
18-10 
18-10 
18-10 
18-10 
18-19 

May 20 
Juno 2 
,, 26 

30 
:;iy 24 

9, 28 

Mny 22 
26 

;no 10 
23 

tJ:ly 21 -- 
Nov. 20 

r, 24 
Doo. 18 

22 
i i n .  22 
,, 20 

----- 
42.0 47.8 
52.3 00.8 

262.0 209.4 
82.7 05.0 
81.4 07.5 
30.2 41.3 

----- 
48.4 53.0 
27.3 34.1 

103.0 103.7 
50.0 03.4 
35.5 44.3 
27.3 20.3 

20.0 32.0 
10.8 25.0 
32.7 37.3 
40.3 41.0 
46.7 51.0 
47.2 51.7 

10-20 
19-20 
10-20 
19-20 
19-20 
19-30 

65.0 75.0 
08.5 83.3 

202.2 210.0 
04.3 102.7 

126.0 190.0 
43.3 43.0 

27.3 30.0 
42.3 47.1 
00.0 08.2 
29.3 38.0 
83.2 86.6 
38.2 43.0 

-- 
43.4 47.9 1 
12.0 32.1 / 
50.2 00.0 
72.3 73.1 
07.7 78.4 
18.3 22.8 



TABLE CVII1.-Absolute and Relative Values of (1,/12)ZV"(" AIagnetic Activity ") during Term Hours. 

I , - 
I 

1 Eumpe, horizontal ... 
I N. America, horizontal 
1 India, horizontal ... 

June 
26 

55 
10 
103 

1 All stations, horizontal 8-9 21 1 77 57 23 50 296 9-10 
,. I Antalctic, horizontal . . . 8-9 19 - 5 13 104 - 9-10 

/ Antarctic, total ... 8-9 24.3 88 194 14 102 - 9-10 

G.3I.T. (-+) 22 26 23 17 21 G I . .  
-- ---- 

CL i 

w 
I+ 

Eumpe, horizontal ... 17-18 42.2 1 S 276 33 245 31 15-19 ' N. America, horizontal 17-18 40-0 25 248 5 2 6 3  152 60 15-19 
India, horizontal ... 17-18 4.7 50 19s 23 103 102 124 18-19 
Allstations,horizontal 17-18 20.6 26 252 39 55 172 56 15-19 

, >, 3 9  17-18 17.6 30 293 46 65 - 66 15-19 
Antarctic, horizontal ... 17-15 137.1 17 91 7 152 - 233 15-19 
Antarctic, total ... 17-18 173.0 23 75 6 135 - 261 15-19 

I ----- 
I Hour Mean Kor. K O ~ .  Dec. Dec. Jan. Jan. Hour 

G T .  (et) 20 24 15 22 22 26 G.N.T. 
I 
I ------- 
' Europe, horizontal ... 18-19 3.8 52 39 167 54 122 166 19-20 / N.A.medca,horizontal 15-19 6-1 132 109 102 105 102 50 19-20 
I India,horizontal ... 15-19 2-9 56 125 148 123 107 38 19-20 

-Qll stations, horizontal 15-19 4-1 89 90 126 113 106 19-20 

Hour 
G I . .  

8-9 
8-9 
8-9 

Mean 
(?') 

31.9 
144 
29-0 

Zune 
30 

------- 
26 
6 
30 

1 
- 
45-0 
48.3 

Mean 
(y') 

54.7 
81.3 
6-8 
35.4 
9.0 

115.1 
137.7 

Xean 
("J) --- 
9.8 
5.0 
1.6 
6.3 

- 

Mean 
(y ' )  

32.5 
19.3 
25.3 

Nay 
29 

94 
30 
89 

Juiy 
24 

64 
75 
27 

59 
- 
28 
36 

May 
22 

11 
11 
54 
16 
64 
29 
33 

NOT. 
20 

60 
109 
73 
72 

Antarctic, horizontal ..., 

June 
2 

42 
242 
36 

29 

I 

Xay 
29 

91 
25 
50 

July 
25 

319 
237 
315 

15-19 

-- 

Hour 
G.N.T. 

9-10 
9-10 
9-10 

45 62 
1 1 c 82 

49 
- 
111 
109 

Nay 
26 

35 
30 
40 
33 
132 
196 
19-1. 

Nov. 
24 

63 
102 
84 
62 

, Antarctic, total . Is-1g 
I 

79 
- 
38 
36 

July 
17 

503 
495 
327 
473 
- 
- 
- 

Jan. 
22 

174 
196 
200 
118 

June 
2 

50 
42 
51 

2191 -5 

1:: 1 
- 
365 / 
355 

July 
21 

15 
25 
47 
25 
110 
140 
131 

Jan. 
26 

10s 
45 
70 
102 

147 
148 

July 
24 

73 
30 
114 

111 
- 
34 
33 

------ 
June 
19 

------ 
9 
23 
45 
23 
90 
30 
29 

Dec. 
15 

50 
92 
99 

2Bs.g i: i 

July 
28 I 

197 1 
424 

51 
- 
24 
31 

June 
23 

24 
16 
87 
27 
104 
105 
113 

------ 
Dec. 
22 

----- 
115 
53 
74 

June 
26 

146 
63 
111 

22 
134 82 

June 
30 

I '  
43 
16 
50 

23 
14 39 478 
. 42 3 

39 19-20 1357.6 
-1.4 3 g o  134.6 

I 



- 
TABLE CIX.--Mean Term Hour " Magnetic Activities." Comparisoll of Components. 

TABLE CX.--Mea11 Term I-Iour " Rlag~letic Activities." Co~llpariso~l of Co~llponents. 

-- -- -- --. - 

-- 

AllCo-opcratingstations ... 

Onlitting Stonyhurst ... ... 
- - - - - - -- - - 

All Days. 

(1112) Blla in ( l y ) Z .  l'orccntagoa. I - 
D o r  W./H or N.1 I?. ID or W.IH or N. 

Co-oporating 
Stations. 

TABLE CXI .-Antarctic " R'lztgnetic Activities " a t  Different Hours and Seasons 

Omitting Jaly 17. 

(1112) Zqa in ( 1 ~ ) ~ .  Porcontagos. 

U or W / H  or N.1 n. /D or W./H or N. 

Days. 

or W X  N n. 1 \I. 1 o n  o r  . I  r N z. 1 V. 1 
A11 ... ... 

... ... ) 9 

Onlitling Stony- 
hurst. 
, )  ,, 

- - 

--- 

May 2 9 ;  ,June 2, 26, 
30 ; July  24, 28. 

-- - - 

May 22, 26 ; June I!), 
23 ; July  21. 

-------______-_ __ - 

NOV. 20, 24 ; lloc. 22 ; 
Jan. 22, 26. ---- 

A11 (33) hours (i 
l-)eo. 18). 

31 hours (omitting De 
- - - - - 

8 - 7  

7 .4  

-411 ... ... 

Otiiittil1gJuly17 

All ... ... 

Olnit t ingJuly17 

- 

. . - --- -- -- - 

47.3 

44.3 

9 . 5  

6 . 3  

9 .0  

6 .3  

S.!) 

7 .4  

7 .2  

5 .5  

9.7 

9 .3  

18.4 

16.7 

1 8 - 4  

13.7 

16.2 

11.8 

13 .5  

12 .0  

52.7 

55.7 

83.1 

47.7 

2 . 1  

1 . 9  

2 . 0  

1 . 9  

46.9 

52.3 

20.4 

15.6 

18.2 

13.7 

7 .2  

5 .7  

43.5 

47.2 

39.8 

40.3 
- - . 

6.3  

6 .3  

10 .0  

12.2 

11.3 

13.8  
-- -. 

46.5 

40.6 

40.2 

45.9 
--- -- 

90.0 

87 .8  

88.7 

86 .2  
- --- 



TABLE CXI1.-Mean Absolute Ranges and Inequality Ranges in Antarctic. 
-- - - - -- - - 

Rmgc in Juno. July. Novcm bcr. Docc~nbor. January. I 

TABLE CXI11.-Mean Squares of Antarctic Ranges. 
- - - - - -- - - 

Midwinter. Midsum mor. 

Absolute Ranges. Inequality Rangeu. Abuolutc! Rnngon. I noquolity ltangos 
--- - --- 

-- -- 

... Mean R2/y' 32895 26465 13003 4209 4709 1725 60667 31081 24215 11979 8564 63 

Percentages of 48.4 36.6 18.0 39.3 44.6 16.1 52.3 26.8 20.9 46.2 33.0 20. 
Total 

TABLE CX1V.-Agincourt " Magnetic Activities." Mean Values of (1/12)Xr12 in 
terms of (1y)Z. 

Abs. Iny. 
Y Y  

188 62 

175 68 

128 47 
- 

-41)s. Iriy. 
Y Y 

231 108 

164 84 

4 72 

- -, 

Abs. Zny. 
Y Y  

146 60 

149 60 

92 38 

-- 

Abs. Iny. 
Y Y  

247 125 

175 94 

136 65 

... $2' ... ... 

... 8' .. ... 

... V ... ... 
- - -- 

Abs. Iny. 
Y Y  

260 93 

189 99 

182 82 

Abs. Iny. 
Y Y  

205 72 

163 78 

119 39 
- -- -- - 



CT-IAPTER IX. 
Drscuss~olv OF SIELECTED DIS'I'URBEU TERM Horns. 

May 26, 1911, 17h.-l9h.  G.M.1'. 

Sectz'on 56.-On this term day very sensible movenzents occurred :it   no st of tlic 
stations. IGxcept in the Antrirctic there was nlore disturbance bct~vccn 17 11. and 18 11. 
than between 18 11. and 19 11. ; but t,l~c ~~lovcn~erits dnring tlie ltitter hour near 
I S 11. 30 In. seen1 the most: interesting, and are specially considered. 'l'he follo~ving curves 
were selected for reproduction in Plate XV: tlie tlirec conlponents in tlie Antarctic, 
I3 a t  Tucson, TI and D a t  Cl~clte~~ham, N a t  Seddin, :ind R and D a t  Sitka. 

Tlie moven~enta between 18 h. 20 m. and 1 s  11. 36 m. in N a t  Esliddeniuis :ind in H 
a t  Dc Bilt and Val Joyeixs are very similar to tlie nlovel~lents in N a t  Seddin. At all 
these places between : h u t  18 11. 27.5 111. :uid 18 11. 31 m., tllcre is mtllcr a sinart rise 
in 1% or N, interrupt,ctl for about; li:111' ;I, 11iin11tc by a smart but smaller lnovenlcnt in 
the opposite direction. 'I'lie oi,hcr niagnetic elenlcnts tluring this tinlc showed little 
trace of disturbance. The inovc~~ierlt in 13 or N just referred to may be reg:irdcd a s  
consisti~lg of :- 

'L'herc :],re :ippm.clzt small cliflcrcnces in tlle tiiucs a t  ~vl\icli tlllcse n~ovcinmlts are 
shown on thc rliffcrcr1t curves, but the gcncrul rcsen~bltuice of the ~novcnlents is so t4osc 
there can be but little, tloubt that t h y  were really sync~ll~~onons nt :ill the stations. The 
1) or 13 trace sl~owetl vcry litkle nzovei~~ent a t  this tinic. 

Il~zring the time occupied by t,lle above n~ovelucnis t"hcre were also decided 
movcrnerlt,~ in the Ant:~rc:tic and a t  't~zcson, Chcltenhtim a,nd SitIra, but the features 
ell aractrristic of t'Ilc I3uropc:ul stations lire not recogilisable. I11 tlle Antarctic tl1el.e 
was a consiclersblc rise and Still of It', wit11 but vcry lil,t,le change in N'. Also tJ11c 
rnovcment lasted about 10 minutes, froill about 18 11. 27 111. t o  18 11. 37 in., consisti~zg of 
a rise of 37y in 14:' ancl fall of 36y. At T~cs011 l)et,ween 18 11. 26 111. and 18 11. 31 - 8  in. 
there were tzvo oscillatioris in H, the s~lccessive ~novernents being + 2y,  -. 3 ~ ,  - I -  27, - 211. 
At Clleltenhanl 1,etwecn 18 11. 20 nl. all({ 18 11. 31 - 5  nl, t,lle I-T trace sllows a snccessioll 
of pulsations, wit11 a,11 average ~criotl  of about 46 sccontls. 'l'llc fol10Willg cllallgcs in 11 
appeerecl bet~vc,cn 18 11. 29 m. ;uld 18 11. 3 1 . 5  m., -1- 7y, - 5y, -\- 4 y ,  - 3y alld -1- 47.  
A tendency to pulsations was visible tllro~gllont the gre:kler part of the two liolirs 
17 11.-1!) 11., hot the movemenis weye gellerslly considerably silltiller tllml tzlie above. 
r 1 

1 1 1 ~  I) trace was nlucli quieter, but slnnll pulsntions c:~,~l  be recogoised in it. 



At Sitka between 18 h. 28 m. and 18 31. 32 m., H fell about 18y. Between 
18 h. 28 m. and 18 h. 34 m. D moved 2' ( =. 9 y )  to the West, and 4' ( = 1Yy) to the 
East, the turning point coming a t  about 18 h. 29 6 m. Thus while a t  most stations near 
18 h. 30 m. the movernents in D or E were much smaller than those in H or N, this was 
not the case a t  the geographically extreme stations, the Antarctic and Bitlca. 

The remarkable feature on May 26, 1911, is that while most of the station8 showed 
special magnetic disturbance near 18 h. 30 m., i t  toolc a very varied form a t  different 
places. Over considerable areas, c.g., throughout Western Europe, there was sirhilarity 
of type, but areas remote from one another showed different characteristics. 

July 17, 1911. 

Section 56.-Whilst the disturbance between 1711. 2nd 1911. on July 17, 1911, 

was not what would usually be called a magnetic storm, i t  was of consicterable intensity, 
a t  least a t  the European and American stations. At the former it was ~~nyuestionably 
the most disturbed time experienced in any of the term hours. l'he Antarctic trace 
was unfortunately lost, but not improbably the clistnrbance there may have been trivial 
as compared with the disturbance of December 18, for conditions were comparatively 
quiet a t  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 reprocluction in Plate XVI : l'ilar H, Porto 
Rico H, Alibag H, Cheltenham I-I, De Bilt H, Secldin N, JZ ant1 V, I~~kdalerriuir N and 
E, Sitka H, D ant1 V. 

In  general, Sitka being the chief exception, the disturbance in H or N was larger 
than that in D or E. The disturbance in the latter element was in general by no ineans 
negligible, but besides being smaller than the disturbance in EI it presentecl fewer 
notewortlly 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 a t  the several stations. The 
times of the turning points zts shown by the curves are given in the following table. 

TABLE CXV.-Times of Turning Points during Term I-lours 17 h.-19 h., July 17, 1911. 
-- - - - - . - - -. - -- - - - - . - - - 

Station. I Maxirnn. in H or N. Minitna in H or N. 
- 

11 .  111. 

1 8 4 8  
--- 

18 48 
- 

18 49 
18 50 
18 48 
18 49 1 
18 62 1 
18 52 
18 48 

- 

1. 

0 
17 40 
17 40 
17 39 

0 
0 

0 
8 17 39 

0 
0 

I98 

h.  m.  
18  0 
18  0 
18 0 
17 51) 
- 

18 0 
18 0 
18 0 
17 58 
17 59 
17 59 
17 69 



At Val Joyeux trace was missing near 18  11. 15 in., and near 17 11. 40 in. i t  was so 
nearly level that no exact ti~nc! coulti be assigned for tlic ~naximun~ wliich then occurred. 
The times shown on tlie Stonyhurst trace were fully 1 minute slow, if we niay judge Ly 
some prominent oscillations wliich were presuniably syilcliroiious a t  all the JCuropean 
stations. Sonic of tlie oscillations included in Table CXV were small, especially a t  
the inore So~~ t l i c r~ i  stations, ant1 tlie curvature near tlie tur~~i i ig  poirit,~ on tlie traces was 
80 srriall thiit the precise tinles of their occurrence were difficult to fix. We sllould infer 
tllat the general clleracter of the slower changes in 14 was the same a t  all tile stations 
in tlic table, I-I rising a t  all or fulling a t  all. Sitlia, however, differed froin the other 
stations, the II trace sho~ving lllaxiiiia a,t about 17 11. 20 in., 17 11. 37 111. and 1 s  11. 47 ni., 
aiicl ~ziini~nn a t  about 17 11. 23 in., 27 11. 34 IN., 18 h. 14  m. and 18 h. 25 111. Thus on the 
whole tlie changes in 13' a t  Sitka were opposite in <lirection to tl~osc occurring elsewl~ere. 

OI: the slower clianges in H (or N), tlie rise to a niaxiniuni about 17 h. 34  111.) nitd tlie 
fall to a lninirrllrni about 17 11. 4 0  m. were generally the niost conspicuous. The :~nipli- 
tudes mensnretl for tliese two inove~nents were as follo~vs :- 

Chollon- Agili- Stony- ICsktfulr- 
I'ihr. I :$",9 1 A i  1 ( ~ u c a u n .  / gtll,. / co~irt. 1 I ! .  1 1 s c d i  [ bllrat. / ~ r u i ~ .  
--.- -- -- - -- -- -- 

+19y -4-217 

- 5  -371 -311 -- 8y 
--..--- 

Ti; will be i1ot,iced t,llat the first niove1lle11t was in general tllc sillaller a t  the 
Soutl~ern stations, but the In,]-gcr : k t  itlie No~-i~llc~an. 'I'lic ctifTc~.eacc between Tucson and 
Cheltenlianl is rem~rkable. In IVcstern 1l:nroye I)ot,l~ n~ovenlents sIio~ve(i a teiidency to  
increase with tlie latitude. 

The second ol' the principal features ulludccl to nbo\7c was 3 series of sliorter period 
oscillations coi~lnlcncing about 17 11. 40 111. Tllese were particularly clearly showil a t  
Seddiii, thanks to tlie 11igIi scnsit,iveness of the Secidin ~liagi~etograplis. 'L'lie oscillutioiis 
arc superposed on a gradual rise in tlle elenlent, so that tlic steps do~vn are less than the 
steps up. I11ie clhnge between 17 11. 45 111. :~nd 17 11. 47 - 5  111. ni:$y be reg~rde(1 either 
us one oscillation, wit11 the first nrovenient :in.ested for ti short tiilie, or as two oscillations. 
On tlie former view five oscillntio~is are sho~vn, oil tlic: latter six. At niost, of the 
stt~tions only the earlier of thcse oscillatio~ls :we c1c;~rly recwguisable. 'I1l~c results ol' the 
~neasuren~ents possible a,ppear in the earlier colualns of Table CXT71, p. 200. &'or t,llc 
three oscillations included the average period was about 1; nliniite. 

I 1  llie third feature ment.ioned above IVHS :b S ~ C O I ~ ~ .  series of os~ i l ln t~ io~ i~  co1i11ne11cing 
r 1  aboat 1 s  11. 19 In. 1 hese are again piil't,icu1~rly 1vc11 s1101v1i a t  Roddin, where five or six 

o~cilliltions are recognisable. At luost of tllc stations not nlorc tlliail tllree osoillatioi~s 
were clearly shown, and the mensurcine~~ts o,ppeiiriilg i l l  the litter colunlns of Table 
UXVI are confined to tlienl. 



TABLE CXV1.-.Amplitudes of Oscillations in 13 (or N) during Term Hours, July 17, 1911. 
- - -. - - - - - .. I Station. 1 Osrillstions cummcncing nboot 17 h. 40 m. 1 Oseiilatious con~mcncing about 18 h. 10 m. / 

Pilar 

Alibag ... -1-2 
Honolulu. ... +I. 
Tucson ...+ 1 
Chcltenham +2 
Val Joyeux ... +4 
De Hilt ... +5 
Seddin ... 3.7 
a tonyhur~t  . . . +6 
Eskdalemuir +7 

At the more Southern stations the movements were so small that results had to be 
given to 0  l y  or 0 . 5 ~  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 IS, and still more in D, a t  Sitka during the time, but they could not be 
satisfactorily identified with the movements elsewhere. l'he first three oscillations 
after 18 h. 19 m. were on the whole larger than those after 17 11. 40 m., hut they showed 
the same tendency to be largest a t  the more Northern European stations. Tllo periods, 
however, of the two series of oscillations were decidedly di-fierent. The rnean period 
for the first three in each case was for the first series 1; minute, as already stated, 
as compared with 1-8 minute for the second series. The periods were thus in the 
ratio of 4 : 3. 

Small short-period oscillations or pulsations were recognisable throughout most 
of the Cheltenham and Stonyhurst N traces, 'nut their appearance was rather suggestive 
of an instrumental origin. The general correspondence ol' the phenomena a t  a11 the 
stations except Sitka suggests a source of disturbance either very deep seated, or 
remerlrably similar in widely different latitudes. Under such circumstpnces the difference 
between Sitka and the other stations is certainly strange. The parallelisnl of the Sitlta 
H and D traces is unusually marked. This suggests little variation in the azimuth of 
the horizontal disturbing force a t  that station for two hours. 

July 28, 1911, 8 1~-10 h. 

Section 57.-The ciisturbance of July 28, 1911, showecl a less varial~le clistribution 
of intensity than that of July 17, being very sensible in all continents. On the whole, 
moreover, the disturbance in D (or l4) was as large as that in IT (or N), though the 
individual D movements made less appeal to the eye. !rhe following curves were 
selected for reproduction in Plate XVII : Antarctic N', E' and V, I'ilar 13, TTonolulu H, 
Tucson H, Cheltenham H, Eskdalemuir N ,  Sitla H, D and V. 



A series of comparatively slow oscillations was visible a t  all the stations between 
8 h. 30 m. and 9 h. The approximate tinzes of the turning points are given in Table CXVII. 

The quiclr run was stnrtecl too late it1 the Antarct,ic, so that the conii~lencenleiit 
of the first hour is u~~reprcsentctl j i i  Plitte XVII. A proini~iellt feature there in the 
traces of all three elements, especially I<', is n series oi oscillations during a few minntes 
immcdi:ltely before and after 10 11. These were uccompauieti by s inarlied ~bise in both 
N' alld u'. Oscillations very siinilur t,o these occurred ibppar~ilt~ly sin~ult,uneously nt 

n 1011s :- - the following st t' 
Honolul~z in H (acconlpanieci bv a rise of forc:~) ; 
Tucson in 1% (accompanied by LI, rise), cmtl also less prominei~t~ly 

in 1) (accompanied by ~veetcrly moveinent) ; 
C'heltcnllanl in IT (nccomp:micd by a &dl), and also to a ininor extent 

in 1) (nccompi~nieci by weste1.1y movemer~t1) ; 
Sitkn in 11 (ncconlpanied by a rise), and nlso vcty l)ronzii~ently 

in (uccompanied by sliglr t cast srly ~novcrnent), nnd even visibly 
in V (nccoinpi~aietl by u rise). 

201 

TABLE CXVI1.-Times of Turning Points during Term Hour 8 11.-9 h., July 28, 1911. 
- -- . - - - . 

Station. Blomolil. I I Muhi:iiu. 

The oscillations were ilowl~ere very proininent, and tllc onrves near the turning 
points were in general rounded and son~etimcs flat, so t,hnt in illany cases i t  was difficlilt 
to assign very definite times. I t  appeared clear, ho~vever, that we 1 1 : ~ l  to do wit11 a closely 
parallel set oi' movenlents a t  the different stations, having presul~lubly n conlinon origin. 

A small but unusually distinct oscil1,ztion with n period of nbont 46 seconds was 
visible at about 9 h. 7 111. as follows :- 

At Honolulu, wiih a,n~plitndc of 2.1.1 in IT, 
At Tucson, with ainplitudes of 27, in 13 and 2y  in D, 
At Cl~eltenham, with amplitudes of l y  in H and 2;) i l l  D, 
At Sitku, with amplitudes of t?y in F? a(nc1 5y  in 11. 

Antarcstic ... 
,, ... 

l'ilnr ... 
l'orto ltic-o ... 
Honolulu ... 
Alibag . . . 
Tucsoil . . . 
Cheltcnhai~l 
Agincourt ... 
Vul Joyeux.. . 

. .. 
Dc ~ i l t  ... 
Seddin ... 
15skdalelnuir 

7 9 

Sitltr~ ... 
- - -- 

- - - - - - - - - - 

bt~ninia. 
-- -- 

11. 111. 
- 

8 55 - 
S 151 

...- 
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8 81-62 
8 47-8 
8 46 
8 47 
8 46 
8 47 
8 52.5 

-- 

11. 111. 

H 36 
8 3G 
8 33 
8 33 
8 32.5 
8 33 
8 33 
8 34 
8 34 
8 32-34 
8 34 
8 31.5 
8 35 
8 31.5 
8 33- 35 
8 34 

11. 111. 

8 83 
-- 

8 47 
8 46 
--- 
- - 

8 48 
8 47 
8 46 
8 45 
8 45 
- 
- 

8 52.5  
- 

8 48 

N' 
1C' 
IT 
H 
II 
11 
11 
I I  
II 
R 

D (West) 
I1 
MT 
N 
W 
I1 

11. In. 

8 45 
--- 

8 42 
8 42 
8 42.8 
8 42 
8 42.5 
8 43 
8 43 
8 42.5 

-- 
8 37-39 

-- 
S 37--39 
8 38 
8 43 

11. 111. 

8 32 
8 32 
8 30 
8 30 
- 
- 

8 31 
-- 

8 31 
8 31 
8 33 
8 31 
8 34 
8 31 
- - 

- 

11. 111. 

8 39 
8 42.5 
8 36 
S 30 
8 37 
8 3G 
8 37-39 
8 37-30 
8 39 
8 37-30 
8 37 
8 42.6 
8 42.5 
8 42.5 
8 37 
8 40 



These oscillations are not distinctly recognisable a t  Pilar or Alibag, or a t  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 1': traces a t  Eskdalemuir, 
and in the H traces a t  Cheltenham and Stonyhurst. They are not visible in the 
Antarctic or Pilar traces, and whilst small irregula,r oscilla.tions occur a t  intervals 
in the Sitlia H and 7) traces, they seem to  be of a different type. 

December 18, 1011, 18k-20 k .  

Section 5s.--'llhe Antarctic curves are reprodncecl in Plate XVUT. !l'lley show a 
very deep ancl symmetrical bay in N' and E', the changes in the two elements being 
nearly in phase tl~roughout. The moverrients in the Antarctic were of quite a different 
order from those recorcled elsewhere, even a t  I'ilar, where T) liatl a range equivalent 
to 23y .  

The curves other than tllosc, for the Antarctic malce litt'le appeal to the eye, ancl 
so have not been reproduced. They would acld little to  t l ~ e  irlformation given by 
the numerical clata derived from the measurements a t  6-minute intervals. In this 
case presumably the dist~zrl,ance was of a comparatively local character. ']'here were, 
however, between 29 h. 35 rn. and 20 h. small pulsations with a period of from 
30 to 60 seconds in the D and H curves a t  Sitka, which are donbtfullp rcpresented in 
the EI trace a t  Pilar ancl possibly even in the R' Antarctic trace. 



CHAPTER X. 

DlSTURBANCES I N  GENERAL. " SUDDEN COMMl3NCEMENTS." 

Section 6'3.-Let us suppose that an electric current in a fixed circuit gradually 
starts from zero, increases to a nlaxiinunl and tlien 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, tlien 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 llavc a fixed direction and vary only in intensity, in other words 
the components of the magnetic field due to the current a t  the point ~vould throughout 
the whole time stand to one another in a constant ratio. 

The earth, a t  least near the surface, is a poor conductor of electricity, but not 
an absolute non-conductor, and its ~naterial is not wholly devoid of lliagnetic quality. 
Tlii~s even if an external electric current pursued u iixeci path, complicatioiis in the 
magnetic phenomena might arise from induced electric currents. 

The larger magnetic storms in this country are usually accompanied by visible 
aurora, and presuniably the electrical discharges of which aurora is supposed to consist 
are associated with if not identical with tlle currents to \vllicli the inagnetic storins are 
due. Unifor~llity in brightness or fixity of position are at least unusual in auroras, 
thus n prz'ori we should hardly expect fixity of direction to be a geiieral characterist1ic 
of the magnetic vector during disturbance a t  any place. 

At times, however, oscillatio~ls present theillselves in one or both of the llorizontal 
coinponents of force, occasionally even in the vertical component, wliicli show a t  least 
an approach to the ideal state of things first mentioned, i.e., they answer at least 
approximately to n vector fixed in position. A few instunces of this ltind were described 
in my discussion of the Antarctic Expedition of 1002-04. Mr. 1,. P. IZiclisrdson lilts 
described a considerable nu~nber of oscillatory nlovei~~eilts of this liind a t  I3sl;dalemuir 
to wliich lie has given the name of I< moveinents. 'In general, in niy experience, if 
one exa~nines tlle curves minutely, one fiuds that the two traces relating to forces in 
the llorizontal plane-at most stations decli~latioii and horizontal force traces-do not 
remain strictly in phase for any length of time. liivestigation of this point is difficult, 
owing to the fact  that ordinarily one lninute of time is represented by only froin 0.25 
to 0 .3  aim. of abscissa, wllile tlie traces froin the two horizontal coinponents usually 
differ somewhat in definition or in width. Also the amplitudes oS what appettr to be 
corresponding movelnents in the two horizontal co~nponents are often so diflereiit tliat 
the eye does not readily notice small diflerences in plmse. VC7hen one deals with 



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 abscissz 
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 cloclc 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 16 mm. to the 
hour, and the orclinary Xschenhagen 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 i t  made on transparent paper--on a second 
curve is not so helpful as i t  would be if t,ime scales were everywhere identical. In 
many cases-I 1,)elieve in most cases-where the D and H traces a t  a station seem to 
remain in phase throughout the whole of an oscillation, there is only an approach to 
identity in phase, and the clirection 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. Tn the 
great majority of cases the to and fro movenlents in tlle Antarctic oscill a t' ions were 
conspicuously different in amplitude and in duration. 

After examining the Antarctic curves I selected a numbcr 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 Sitlca. Particulars wcre also 
supplied in all cases as to  the scale values of the curves. The original Eskdnlemnir 
curves were put a t  my disposal by the Director of the Meteorologicnl Office. Eight 
stations, of course, cannot well represent the whole world, but the material reccivetl 
required a great deal of time for adequate consideration. 

Section 60.--The first clisturbances which I propose to consider are of the type 
known as " sudden commencements," or s.c's as J 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 latitudcs 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 theso 
movements, and they are not unnaturally regarded as precursors or commencements 
of the storm. 

When one looks closely into the subject a number of points present thernselves. 



Tn some cases the s.c. is immediately followed by l~igl~ly-disturbed conditions. In  other 
cases some hours elapse before any further large movement occurs. Tlie 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 tlie s.c. may be itself the largest 
movement tliat occurs, and it is sometimes almost a11 isolated movement in the middle 
of a decidedly quiet piece of curve. In  all three cases alilie tlie S.C. is essentially a 
universal phenomenon, appearing a t  all stations i t  would seem simultaneously--so far 
a t  least as ordinary magnetographs permit ns to judge-and large enough to  be 
recogilisable in ordinary magnetograms. If, however, we examine carefully all the 
nlagnetograms a t  a single station we find in an average year a consiclerable number of 
movements so similar in appearance to s.c's that without recourse to the curves of other 
stations we c o ~ ~ l d  not distinguish them with certainty from ordinary s.c's. They are 
excluded from tliat category simply because they are not represented at distant stations. 
For instance, a careful search tlirougli the Eslrdalemuir curves from March 13, 1911, to  
Noveniber 25, 1012, disclosed 102 movements which seenied possible s.c's ; but only 
about one-fifth proved undoubted s.c's. One or two of tlie ICslidaleniuir movements 
that proved to be universally represented were less like tlie typical S.C. than others 
wliicl~ were not represented a t  a distance. 1911 and 1912 were quiet years, few 
disturbances occurring a t  Eskdalenluir worthy to  be called magnetic stornis, and the 
s.c's preceding one or two of tlte largest Eslidalcnluir disturbances presented features 
that were abnormal, or a t  least which would have been deemed abnormal in Icew 
curves in past years. Unfortunately artificial distu~.bances are now so large at lcew 
that 1,lic slnaller feati~res of natural movcnlents cannot be nmde out satisfactorily. 

In temperate and still more in tropical latitudes tlie outstanding feature in an see. 
is the rise in H. At Bornbay, for instance, t,his is the one tlhing that appeals to t1he 
eye, and the n~ovclnent seellis generally if not always ~znidirectiona~l. Atl liew the 
rise in H is still in general the principal feature, but a smnllcr previous ~iiove~iient of 
shorter duration in the opposite direction is sometimes clet~rly seen, aald is frequently 
suggested. The ter~dency to oscillation seems decidedly greater a t  Esltdaleiiiuir than 
a t  1Cew. In the Antarctic curves of 1002-03 Z found only 4 or 5 s.c's, ~iiostly 
incomplete throagh loss of trace, but in all the oscillatory character was pronounced. 
The oscillatory nature of the movement in the Antarctic is ttbundently confirmed by 
the curves of 1911-12, every s.c. observed being oscillatorp. 'L'here were 13 in all 
for wllicll two st; lenat of t2ie co-operating s t ~ t i o ~ i s  sent copies of traces. These 13 s.cYs 
as shown by tho Antarctic curves are reproduced in the upper part of Plate XIX. 
Only a short portion of curve is give11 in ct~cll case. The first nlovonlent, t~llllough 
usually considerably tlie smaller, is by no means negligible, either in amplitude or 
duration, compared with the second. 

The curves aro tracings of thc originals and are shown natural size. The time 
scale was very aprrox~mnately 20 nun. to the lio~lr througllout. If we suppose our 
base line at the bottom of tho sheet, the top curve reprcscnts what we have callod 



E', the elenlent 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' - - S' of our previous notation), and the lowest curve is the vertical 
force acting on the north pole of ;L magnet in the direction towards the earth's 
centre. The scale value for E' was 1 mm. =: 6 . 4 6 ~  throughout. In N' the equivalent 
of 1 mm. was 8-8y on April 8, April 9 and May 29, 1911 ; 8.1 y on June 9 and 
June 30, 1911 ; and 6 . 8 2 ~  in all tehe later curves. In  V the equivalent of 1 mrn. was 
7.617 in the first 10 cases, and 7.927 on January 17, September 30 and October 20, 
1912. In  every case except October 2, 1911, the turning point between the first and 
second movements of the s.c. was as near as could be judged simultaneous for the tliree 
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 1011--12. 
The two types are best represented by the two earliest s.c's in Plate XIX, occurring 
respectively on April 8 anrl April 9, 1911. On April 8 the second and larger movement 
is up the sheet, but on April 9 i t  is down the sheet. The type exhibited on April 9 is 
the less usual. The s.c. of Septenlber 30, 1912, is a second clear example of this type. 
It is also clearly represented by the s.c. of June 30 so far as E' and V are concerned, 
but short-period oscillations were in progress in N' a t  the time, ancl the identificatiori 
of the movements representing the sac. rnight be questioned. The other movements 
were unn~istaltably of the same type as the S.C. of April 8, with two partial exceptions, 
the s.c's of October 2, 1911, and January 17, 1912. On October 2 the E' niovernent 
was clearly of the dominant type. The V movement mems also of that type, though 
again, in presence of other short-period movements, identification mav be a little 
doubtful, but the N' movement was peculiar. I'he first movement was undoubtedly 
up the sheet (as on April 9), but i t  continued after the E' and V movements Ilad reversed, 
zind the return movenient down the sheet was synchronous with part of the rise ancl 
all of the subsequent short fall seen in the JG' and V traces. On January 17, 1912, the 
turning points in the three elements apparently gynchronised, but the N' nlovenlents 
were directly opposed to  the others. 

The order in which the traces come in I'late XIX wit11 JC' a t  the top allti V a t  
the foot is that usual in the original curves. It has the subsidiary aclvsntage of 
putting a t  the top the element in which the S.C. nlovernent is usually largest. 

Section 61.-Before discussing the Antarctic s.c. movements further, i t  is desirable 
to consider the general character of the simultaneous movements recorded elsewhere. 
The lower part of Plate XIX and Plates XX to XXVlI show side by side the Antarctic 
movements and the corresponding movements, so far as the curves were availaide, 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 



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 (new Toront1o) and Mauritius. 
But a t  Agincourt vertical force was not represented, aiid rapid ~rloveiizerits in the D 
and H traces were usually faint and difficult to copy. The Plilanritius curves were 
not received until after the worlc for the other stations had been coiiipleted, 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 nuturn1 size, and up the sleet represents in (ach case the 
sarne direction as in tlie original curve. Tlie scale values are indicated by lines whose 
length represents Boy. At Buitenzorg and l~~skdalenlnir the top curve represents N aiid 
the middle curve It. At tlle other co-operating stntions tliey represent respectively 
13 and D. At Buitenzorg declination was less than lo ]Cast, so the difference between 
I3 and N or between 1) and J1: was microscopic. The lowest curve in all cases 
represents V. 

!I1lle direction of tlle ihrrow allows the direction of increase of N (or H), of E (or 
easterly tleclinrit,ion), arid in V of downward directed force on n irortll pole. At all 
the stations moveuient up the sheet represents inc,reaaiirg Ilori~ont~nl force or increasing 
nortli conlponent. Movernent up the slieet represents diininislling easterly declination 
a t  Honoluln ancl Sit/kii, and increasing westerly force a t  Eslidalemuir. At the other 
stations i t  represents increase of easterly force or eastedy declination. At Buitenzorg 
tlie south pole dips, but moveinent up the sheet represents i~ nnluerically diininishing 
vertical force, i.e., a force tending to reduce the southerly dip, aiid so attracting the 
north pole downwards. At Honolulu and Sitlta the north pole dips, but inoveinent 
up the slleet represents numerically diminishing vertical force. 

It is important to notice tlie ctiflerence in scale vslaes between corresponding 
cl~rvcs ;kt Ghc, diflerent stations, and bet,wcei~ the different curves at' the sanlc station. 
The scale vadue of i~ declinatioil inagnettograoph is usually given i11 angular measure. 
If, however, A l l  denotes tlle angular change in declination corresponding to 1 nun. 
of ordinate a t  a station wllcre H is tlie horizontal force, tlic corresponciing 
scale value in tenns of force is 1 nlnl. = H .  ID. Por instlance, a t  Agincourt, 
1 inm. = 1'-281, and, taking H == -1697 as iL sufficiently approxiinate value c~nring 
1911, we get in ternis of force 1 nliil. = 1.281 X -000291 X .I697 =;.: 5.96y. 

The angular scnlc vn,lue being iieter~ninect by the distI:lace bet\\lecn tlie nrsgirct iliirror 
and tlle drul~l on wllicli the p1lotographic pktper is wotultl, is prc~cticnlly constant. Thus 
the D scale valtze in terms of force varies as H cllauges, and so is slightly affected by 
ordinary secular change. For ordinary purposes D scale values may be regarded as 
constant for several consecutive years, and tliey are as a rule iriuclr less variable than 
those oi H or V. With. the exception, however, of Sitlra, t l ~ e  scale values of the I3 aiid 
N magnetographs varied but little. 

The relatively large size of tlie H or N s.c. ~novenlenl; appeals to the eye in most 
of the plates, especially a t  Ruitenzorg, Alibag, Honolulu and Helwan. But a t  the 
last three of these stations the coinparetive insignificance of the D moveinent is partly 



due to  the contracted nature of the D scale. Magnetographs were origina'lly designed 
with an eye to European conditions. A D magnetograph having 1 mrn. = 1' of arc- 
a very common sensitiveness in Eschenhagen instruments-would have a t  ICew a 
force sensitiveness of 1 mm. = 5.3y, a fairly convenient value for ordinary purposes. 
But if removed to Bombay i t  w o ~ ~ l d  give 1 mm. = 1 0 . 6 ~  approximately, which is far 
from sensitive enough considering tropical conditions. 

S.c9n seem to have been regarded by Prof. Kr. Birlieland as a form of what he called 
( < equatoria$l perturbations," a species which he believed to  be specially developed 
near the equator. At first sight this supposed pre-eminence a t  the equator niay seem 
to  be confirmed by the plates, but this is not really the case. The prominence a t  the 
stations nearest the equator, especially Bnitenzorg and Honolulu, is due to the very 
open scale possessed by the N and H curves a t  these stations. When we allow for the 
scale value, the amplitude, as we shall see presently, is much larger in the Antarctic 
than elsewhere. 

Section 62.-There is another feature of s.c's----111ost 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 a t  Buitenzorg. After the sharp initial rise, N very shortly begins to fall, 
but i t  remains conspic~zously above its original value for nearly iJn 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 d i f h  a t  tfhe different 
stations, a crest in the H curve generally similar to that in N a t  Buitenzorg is prominent 
a t  Alibag, Honolulu and Helwan, and there is a t  least a suggestion of a crest in the 
Antarctic in E', a t  Esltdalemuir in N, and a t  Sitlcn in H. The occasions when the 
crested appearance is most in evidence are ,June '3 (at Buitenzorg, Alibag, IXonolulu, 
Helwan and Eskdalemuir), August 10 (at Buitenzorg, Alibag, Helwan, Sitlta, and less 
clearly Eskdalemuir) ; Decernber 10, 1911 (Buitenzorg, Alibag, Honolulu, Helwan and 
Eskdalemuir), and especially Septenzher 30, 1012 (Ruitenzorg, Ali bag, Honolulu, 
Helwan and Agincourt). In other cases there are inclications of a crest, but i t  is obscured 
by other movenlents. Thus on January 17, 1012, i t  is recognisable in the N and H 
curves, but is partly maslted by a progressive movc~nent down the sheet a t  Buitenzorg 
and up the sheet a t  Alibag, lionolulu, Helwnn and 1Gsl;dnlcmuir. The crest will seldom 
be recognised in the plates, except in the 13 and N clirves, 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 exception:~lly good, and tliep stood microscopic examination. 

The end of the crest, though fairly definite, is not as clearly marlted as tlie 
comrrlencing movement. Thus perhaps all we can say with certainty is that tho 
duration of the crest is a t  least very approximately the same a t  all thc stations. In  
the plates i t  looks shorter a t  Alibag and Helwan than a t  Buitenzorg and I-Ionolulu, 
but that arises simply from the ciifference 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 deslt with it a t  considerable 
length in his most elaborate work, 'Bombay Magnetic Observations, 1846-1905,' 



the most coniplete discussion with which I an1 acquainted of tlie results from any one 
magnetic observatory. The pheiio~iienon seems especially clearly shown a t  Bombay, 
and Dr. Moos reproduces a good many exanlples of it, sonie distinctly niore striking 
than those occurring in 1911 or 1912. I)r. Moos apparently divides s.cls into two classes, 
according as they are or are not followed by large disturbances. In the former case, 
a t  Bombay as elsewhere, the normal course is for H to becoiile consiclorably depressed 
towards the end of the storm. In the latter case at Bolnbay there is little if any 
depression, and practically the sole evidence of disturbance limy be ;t crest such as tjhat 
of September 20, 1912, the curve becoming normal again or nearly so after the crest 
disappears. Dr. Moos seems disposed, for reasons 1 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 thougli tlie largest i~lovemeiits of the ensuing magnetic 
storm did not occur for several hours afterwards, t l~ere was very considerable intervening 
disturbance even a t  Buitenzorg and Alibag. 'rhe Antarctic curves shorn that during 
tlhe existence of crests nlagnetic disturbance is specially active in tllose regions where 
it is usually most proniinent. 

'I'he circunistarlces of the crest do undoubtedly recl~11 the suggestion that hns been 
made by Profs. Birlteland and Storrrler t l ~ a t  a gigantic: ring of electrons a t  a great height 
in equatorial regions iniglit come more or less sudtlelily into operation. Its supposed 
presence has been involced by Prof. Stormer to nccount for some of the plienon~ena of 
aurora and magnetic storms. If the path of ions emanating irom the sun be ca,lc~zlated 
i t  is found that, none should get to any great distance fro111 the earth's magnettic poles 
unless either their velocities are higher than those observed in our laboratories, or their 
approacll to equatorial regions is assisted by some extraneous magnetic field. Itlectrons 
describing circular orbits a t  a great height in equatorial regions would s ~ q ~ p l y  the sort 
of extraneous field desired. Tlie field they would produce a t  the earth's surface would 
be si~nilar to that causeci by a circular current encircling the equator. It would thus, 
if exactly in the astrono~nical equator, show itself by it rise or fall in the N component. 
Near the equator the declination is everywhere small, so that of H and I1 the former 
would be the elernent chiefly concerned. 'I'he existence of a olest seenls ttt first siglit 
to fit in admirably with this theory. But it must be remembered that even when 
the crest is associated with ;L large ~nagnetic storin, it is as a precursor rather than as 
a concomitant ; also, as Dr. Moos has shown, crests are in ninny cases not even 
precursors of large storms. 

Section 63.-As 1 havo explained in considerable detail elsewhere, appreciable 
uncertainty prevails in general as to the exact, time of conirrlenceinent of s.c's, and the 
exact eq~iivalence of movements in the ~11rves of tlw different ele~nents. At some 
stations the time marks appear on tile base lines, at others on tlie curves t~henisslves. 
In  the former case there may be parallax to allow for between the curve and its base 



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 a t  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 p i n t  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 i t  did in one or two cases of s.cYs, 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 red~zce this source of loss, the interval has been much 
reduced a t  some stations, e.,y., De Bilt and Eskdalemuir ; but this sometimes results 
in the break not being clearly visible, especially in copies of the original curve. Thus, 
speaking generally, copies of curves, even photographic copies, are seldom suitable 
for fixing times of movements with very high precision. Usually S.C. movements, 
especially those in the H trace, can have their times assigned with a t  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 I1 
trace representing an S.C. movement was cut by a t  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 conlmencenient. 
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 srnall movement could be seen, but, according 
to the time marks-LC., 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 a t  Mauritius, and no such data appear in thc following tables. There 
were no V traces from Mauritius. 

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

Whether the D (or W) and V movements were unidirectional was a still more 



t~roulolesome cluestion. At, some stations, c.,q., Alibag, the D and V inovemeiits owing 
to the insensitiveness of the magnetographs were usually microscopic, At  Eslrdaleinuir 
tlie usual change in V was a, fall, but owing to the low serlsitiveness solne appreciable 
time elapsed before i t  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 cornmenceinent of the s.c. Any error in setting the original 
curve to this line was eqliivalent of course to shifting the trace of one of the elements 
bodily relative to  the others. For instance, an error of 0 . 3  inm. of this lcind in, say, a 
Sitka curve would result in associating all incidents in the curve concerned wit11 incidents 
in the other curves which really happened one minute earlier or later, according to the 
direction of the misadjustment. Thus while every reasollable care was talren, the plates 
are intended to give correct general ideas, but not to t~fford means of measnring tinies 
with absolute precision. In  arriving a t  the tinies of con~niencenient given in the 
discussion of the individual s.c's, special weight was given to the Eslcdalemuir 
curves, as these were originals. 

April 8, 1!1)11, Plate X I S .  

Scctiolz 64. --The time of co~nrnencemerit was about 11 11. 21 111. G.M.T. During 
the previous twelve liours conditions had been everywhere ordinarily quiet;. Solnetime 
previous to  the s.c. a gradual but considerable rise com~ueiicec~ in H or N t~ t  most of 
the stations, wllicll is particularly conspicuous in the open scale curves a t  Buitenzorg and 
Honolulu. Tl~is had, kowever, slacliened a little, and the s.c. represented so much 
more rapid a, change that tlie coinmencement is very clearly shown a t  all the str~tions 
where the pllotograpliic paper was sensitive enough. 

I11 the Antarctic, wlzere there were two large ~uovements ill opposit,~ directions, 
the colnniencemcnt and the two s~ibsequent tlirning points being clearly shown, the 
three elernents seemed to be i11 phase. After these two movements, whicll are regarded 
as constjtutiiig the s.c., a less rapid lnovelnent tended to restore the elenients to  their 
undisturbed values, but oscillations ensued. 111 E' the crest seeirls to be dist,inctly 
represented, being ter~nina~ted by a large i~iove~~ient  down the sheet, which seenzs to 1)e 
syncl~ronous or very nearly so with i~lovenlents down tlie sheet in t,lle N or 14 curves 
st the other stations. Thrse terminating niovelnents coinnzenced a little witllili an 
hour after tlic S.C. began. 

At Manritins, as generally elsewhere, H w;is rising i k t  the time, I ~ u t  tho rstc suddenly 
accelerated, just as a t  Aliba,g, (I rise of about 21y occurring in 2 or 3 minl~tes. But 
instead of attaining a peaked sulrllllit imlnediately as in the Ruitenzorg N curve, or n 
nearly flat plateau as in the Alibag H curve, the Blnuritius 11 trace sllows a rise 
continuing for about 15 minutes. TIle  lope, t l~ougl~ much reduced after tlie first 2 
or 3 rxlinlztes, was quite considerable, total rise (luring the 15 niinutes afmounting 
to 32y. After 15 minutes tl~ere was a gradual fall, but n crest remained which terlninated 
in rnucll the same way as a t  Alibag. 1)uring the very rapid part of the initial rise in H 



the I) 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 6 y .  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 a t  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 a t  other 
stations in low latitudes, but is conjectural. The principal movement must obviously 
have been a rise, but i t  may powibly have been preceded by a small movement down 
the sheet. The movement in E a t  Buitenzorg is clearly oscillatory, a small almost 
instantaneous rise of E being followed by a larger fall. Whether the earlier movement 
preceded or synchronived with the early part of the apparently unidirectional movement 
in N is uncertain. The V trace a t  Buitenzorg was going up the sheet a t  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 aH can 
be seen. At Alibag the s.c. seems represented in 1) and V by a small sharp movement 
down the sheet. The subsequent movements up the sheet represent a recovery which 
set jn almost a t  once, but did not for a considerable time bring the elements baclc 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 show8 a very small oscillation first to east then to west ; 
i t  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 a t  Alibag, and there is a rapid 
recovery. 

The movements a t  Helwan were very similar to those a t  Alibag. At Agincourt 
the principal (westerly) movement in I> was preceded by a rapid snlaller 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 



curve stood alone, i t  wodld not suggest a crest, but tlle equivalent of what is a crest 
a t  Helwan and Alibag is easily recognised. l'lie E curve sliows oscillations like the 
N curve. A very rapid ~novement up the sheet precedecl a larger bnt similarly rapid 
movement down the sheet. 'Phis was follo~ved by zl larger n~ovenlent up the sheet 
which took pli~cc jerkily. This niovcnzent partly corresponded in time with tlie principal 
rise in N, but it contini~etl, though nt a slower rate, for sonie time after tlle N inovenlent 
had ceased. The V niovement was oscillatory, but. the first nloveincnt up the sheet 
was so small i t  is hardly visible, and during the subsequent inovelnent down tlie sheet 
there was a t  least a suggestion of further ininor oscillations. 

At Sitka the commencing lliovement in H was distinctly osc-illatory, a s~ilall and 
rapid fall precetling a large rise. At the snine tiine tlicre had been a number of sinall 
oscillatiotls during tlie previous hour, and i t  is possible that the first iiiove~nent arose 
from the sarne so~zrce as these. After the S.C. proper, t,lm H trace esl~ibit~ed nun~erous 
small oscillations, lilte the N trace a t  Esltdalemuir. The comnie~icing D uzovcment 
was also oscillatory, the second and larger inovenlent up the sheet corresponding with 
the large rise in T-I. The principal V movement nt Sitka was down the shect, representing 
as nt Honolulu an inwardly dircctecl force on n, north pole. But it scenlecl to  be y~*ccecIed 
by a, vcrv small rapid movement in thc opposite direction. 

Tllc gcnernl description will liave nlacic i t  clear that a t    no st stations it was tlifiicult 
to say whether the different elements were in phase or not. 'I'liis rendereti i t  very 
difficult to draw conchzsions. The following table shows tlie results consitlered most - 
probable after a careful measurement of the curves. H stands for the horizontal 
colnponcnt of the vector to wbicli the moveinent could be assigned, T for the total 
force (LC., the resultant of and tlie vertical coinpoilent). 

I/, is the inclination of to astronomici~l north, comlted from O" to 360" through 
East (90"). x is the inclination of T to tlie horizolrtal plane. The letter a denotes 
that the force on the north pole lay above, 2, that i t  lay below tlie Iiorizon. 'I'lie estinlnted 
(Inrations depcncled nlainly on n~easurernents of tlle 1-1 and N curves. 

TABLE CXVII1.-S.C. Movements on April 8, 1911. 
- - - - - -- - - - 

Station. Movomc~~t .  / H. I T. 1 
Minutes. 
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The s.c. itself was of considerable magnitude, and disturbed conditions continued 
after i t ;  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 a t  Agincourt and Sitlta, the 
latter station being even more disturbed than the Antarctic. The storm is discusseti 
later in Section 92 and Table CXLJJ. 

April 9, 1911, Plate XX. 

Section 65.-The s.c. began about 22 h. 21 m. on April 9, 1911. 'Che 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, i t  la,sted about 39 minutes ; whereas if we take the 
lowest point in the N' curve, i t  lasted about 7 minutes. There are turning points in 
the R' curve a t  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 i t  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 i t  must be recognised that the vector deduced does not 
represent a disturbing force fixed in azimuth. 

The Honolulu curves were exceptionally clear, and they ahow no aign of oscillation 



in the S.C. in H and D. The H curve started rising very steeply, tlie first half of the rise 
taking much less time than the second. The small rise in the 11 curve, and the fall in 
the V curve seemed to be completed during the first lli~lf of the H rise, but during tlie 
remainder of the time wlien H was rising, tlie changes in 1) and V were so slilttll as to be 
comparatively unimportant. Still the elenients can hardly be said to llsve been i11 
phase. 

At Helwan a decided recovery from tlie s.c. ~noveinent set in alinost iniiiiediately, 
but the s.c. itself was apparently unidirectional in all t,liree elements, and they may 
fa.irly be said to have been in phase throughout. 

At Agincourt the H and I> curves were decidedly oscillatory, the second lnoveinent 
being considerably the larger. A peculiarity was that the second moveu1ent in the I) 
curve continued for a minute or two after the second nlovernent in H had ceased, and 
a, rapid movement in the opposite direction had set in. 

At Eskdalemuir the phenomena were peculiar. 'L1he N curve which for soine tiiue 
lind been level showed a pretty steep rise, in which sonie very snlull oscillations can 
be seen. This went on for about 24 minutes during wllicll tlie E trace went 
slightly down tlie sheet, while no movement is recognisable in V. 'l'lien suddenly 
the N movement up the sheet greatly accelerated, the E rnovcnlent reversed and the V 
trace went down the sheet. It is presumt~bly tlie second nlovenlents in N and 15, and 
the movement in V that represent the s.c. lllle fall in V really cotitin~zcc'i without 
sensibly slaclcening for a min~ite or two after the smnrilits in tlie N and E curves were 
reached, and after being level for a short tiine the curve continued down the sheet for a 
considerable time before any recovery set in. 

At Sitka tlie S.C. ~rlove~nent was distinctly oscillt~tory in H ;uld 11, and apparently 
so also in V, but the first nloveiiieiit in V is not very decided and nlay proceed Eron1 soine 
separate source, as the curves were not free froiri nlinor oscillations \vllen tlie S.C. began. 
The first n1ovc1nents in H and 13 seen1 to synchronise, but tlte second ~novenlent in D 
was rcversetl before the H curve reaclied its suinmit. 'I'11c end of the seconcl iiloveii1ent 
in D syncllroilises witli a marked slacliening in the rise of H anti with the sunin~it of 
the V curve, and seerlis on the whole the iriost natural point to accept as tlie end of 
tlie s.c. The full summit of tlie H curve syiichmiises ttppcareiitly witli tlie end of tlie 
rapid part of the third movemelit (westerly) in 1). If i t  \irere t;~lreii as the end of 
the S.C. the dijlerence in the estimate of tlie azi~nutli of the clisturbiug force \voulcl be 
considerable. 

'I'able CXlX represents the results derived fro111 the niensurcnlents niade on tlie 
curves, the notatio11 being the salrie as in Table CXV111. 



TABLE CX1X.-S.C. Movements on April 9, 1911. 

After the s.c. there was considerable disturbance wit11 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 1 lth. Particulars oE these 
disturbances will be found in Sections 93 and 94, and in 'I'ables CXTJIP and CXLIV. 

May 29, 1911, Plate X X .  
Xection 66.-The s.c. of May 29, 1911, commenced about 14 h. 34 rn. G.M.T. 'I'he 

curves had been extremely quiet for some hours previously. 
In  the Antarctic n very small bay presented itself in the curves between 11 h. and 

12 h. and a larger one earlier, between 6 h. and 7 h. These were, however, short 
isolated events, and otherwise there had been little disturbance since 0 h. As usual, 
the Antarctic curves show an oscillatory movement, and the three elements are fairly 
in phase. The amplitude was considerable, but the movement8 lasted about 10 
minutes, so the slope of the curves is less uteep than usual in s.c7s. 

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 ahown by the IS. curve a t  Alibag. There was no 
visible movement in D. 

At  Ruitenzorg the N and E movements were unidirectional, a recovery setting in, 
however, almost a t  once. The V movement on the other hand may most fairly be 
regarded as oscillatory. !I1he first and smaller movement, down the sheet, seemed to 
commence aimultaneously with the N and TC movements, but i t  terminated sooner, 
and the movement in V up the sheet was well under weigh before the commencing 
movements in N and E fini~hed. 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 
niovement was the larger, but only by about 0" 1. 

21 6 
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Antarctic: ... ... Pir~t  ... 
... Second ... ... I f  
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... 7 9 
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... j 7  
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- --. - - - 

0 
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-- 
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18 a 
-- 
- 
0 
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2 
3 
7 
6 
4 
3 
4 
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2 
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2 

Y 
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-- 
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18.3  
35.9 
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l 1 . 0  
76 .6  
9 .3  

38.0  

0 

59 
216 
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--- 

11 
359 
346 
137 
344 

19 
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248 
73 



At Relwan the H and V traces were very faint. Apparently tlie movements were 
all unidirectional, as a t  Alibag. Recovery set irr more inl~nediately in D than in t11e 
other elements. 

At Agincourt the inovelnents were of an uilusilal 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 rise bringing the trace nearly back to  its original level. The three 
movements occupied about 10 minutes. Thus while tlle commencing movement, ns is 
usual in lower latitudes, was a rise in H, i t  was less pron~inent than the subsequent fall. 

In  1) apparently there was a move~ncnt to the west, too rapid to be clearly shown, 
followed immediately by a mucli larger but less rapid movement to the cast, which 
lasted about five minutes. A slower westerly movement iminediutely followed, bringing 
the magnet baclr about 20 minutes after the start to its original position. 

At Eskdalemuir the N and 15 nlovelnents were coiispicuously oscillatory, tlie secoiid 
movements, representing a north-westerly force, being m~zch the larger. The conl- 
mencing V movement was apparently also oscillatory ; but t,he first lnovement up the 
sheet is very sinall and might represent ~nerely a small flaw in the paper. !rhe principal 
inovements in the three elenients cndcd a t  approxiinately the same time, and a recovery 
immediately set in, the elements resuining very approxinzutely their undisturbed values 
within about 18 min~ltes of the start. 

At Sitka the H and 11 traces fouled one another. So far as can be seen, the I) 
movelnent was oscillatory, tlie H not. The first inovement in I) was snlall and very 
rapid. The second movenlent in D was much larger than t l ~ e  ~novement in H, an unusual 
feature. The H curve reached its suinlnit first ; but both summits being rounded, i t  is 
natural to regard the end of the inovement as fixed by tlle D curve, as the D movement 
was the dominant one. The V trace llar n faint suggestion of a very s~nnll and rapid 
preliminary inovenlent up the slleet, \vhich inuy or may not linve been reail. Tlle only 
unmistakable nloveinents are the principal inove~l~ent C~O\VII tlle sheet and the subsequent 
recovery wllicli immediately set in. The results derivecl fro111 the curve nleasnrement,~ 
are given in Table CXX. 

TABLE CXX.-S.C. hloveinents on May 29, 1911. 

Antarctic ... ... Pirnt ... 
... ... ... 2 9  8ccond 
... Mauritius ... Prin~i] ) t~l  ... 

Buitenz.org ... ... J Y  ... 
... Alibag ... ... 9 9  ... 

IIonolulu ... ... ,, ... 
Helwan ... ... j 9  ... 
Agi~icourt ... ... First, ... 

... ... ... > 9  Sccolld 
ICskdalernnir ... ... Firtit* ... 

... ... ... > >  Scco11d 
Sitlta ... ... , , . l'ri11ci1)al , , . 

-- -- - 
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After the s.c. the Antarctic curves show some minor oscillations- a normal feature 
at that hour of the day-and the curves a t  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 a t  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 a11 

isolated incident during a quiet time. 4 

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 was rounded. 
There is a choice between the end of the steep slope and the extreme summit as fixing the 
end. Other oscillatory movements a t  once ensued, so the s.c. is unusually inconspicuous. 

At Mauritius there was a rise of about 8 y  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 7 y  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 a t  all the other stations, except Sitka and the Antarctic. The 
duration of the crest seems the same a t  all the stations, where it was recognisable. The 
commencing movement in E a t  Buitenzorg was also unidirectional, and i t  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. 'I'he V trace was 
moving up the sheet when the s.c. began, so the second or recovery movenient may 
partly represent the continued action of the pre-existing forces. The second movement 
in V continued after the commencing movements in N and li: 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 
11p the sheet a t  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 a t  Alibag. The I) trace a t  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 I) seems 
to finish before the first movement in H, but the I) 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. g!he T7 trace 
was also moving down the sheet when the s.c. began. Tlle conlrnencing movement 
was apparently unidirectional. The tendency to recovery would seem to have been 
nentralised by the continunnce of the pre-existing inove~nent down the sheet. 

At He1wt-m the H trace as usual closely resenlbled that a t  Alibag and showed the 
crest well. The 11 trace showed very little move~iient, but a depression persisted for 
some time. No V trace was received. 

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

At Esltdalemnir the ~rlove~rlerlt appears to be in tlie main unidirectional in all the 
elements. It is srnall and the original curves were rather faint, but the N trace was 
rather jerky, ~ninute pulsations being evidently in progress during tlie rise. 'L'he rise 
in the E curve was interrupted, a short practically level portion of curve separating 
two rises. Thus a vector derived from the conimencing arid final positions shown by 
the N and li: traces does not in this case imply a disturbing force acting persistently in 
one direction. !Che irregnlitrities may represent the intervention of some disturbing 
force quite distinct from the s.c., but that is ;I matter of speculation. The V trttce 
showed a fall as usual, but it was very small. 

At Sitka all three traces show oscillatory moveme~~t~s. ?'he first move~nent, which 
was very small except in D, was tiown the sheet in H nnd I), but lip in V. Tlle second 
movement, lip the sheet in H and D and down in V, is Inore clearly shown. This 
movement was apparently interrupted by another, the consequence being that the H 
and I) curves have each two summits, the foriner being the higher in H but the lower 
in D. 'J.'he first summit has been regarded in the calculat,ions as concluding tlie movement. 
'Phe llollow in the V curve is so rounded that i t  affords no help to fixing the end of the s.c. 
A11 the Sitka curves show a recovery within a comparutively short time. Further dis- 
turbance followed and was in progress a t  the time whet1 the crest subsided a t  the other 
co-operating stations. Regarded by themselves, the Sitltr~ curves do not suggest u crest,. 

'l'he results tierived from the curve measurements are given ill Table CXXI. 

Mauritius 
Buitcrieorg 
Alibag ... 
Honolulu 
13elwnn 
l$skduleniuir 
8 i tk1~  ... 
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In the Antarctic, during the 39 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 i  h. on the loth, in the time of 180" E., 
and the ranges for that day 258y in S', 375y in E' and 184y in V were amongst the 
largest of the month. During the time when the crest was in evidence, large irregular 
movements did not present themselves, but subsequent,ly 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 a t  about 21 h. 50 m. G.M.T. 

Conditions had been unusually quiet during the previous 24 hours. 
In the Antarctic, while the previous conditions were quiet, minute oscillations 

were in progress a t  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-lilce isolated movement- 
than an ordinary s . ~ .  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 a t  once, 
bringing the trace down approximately to its original level by 22 h. 30 m. The 
appearance rather suggests a " crest " depressed by some independent cause. No 
certain movement was visible in D. 

At Buitenzorg the movement in N was apparently oscillatory, but the first movement 
down the sheet is very small. The E trace is not very clear. There seema a very small 
movement up the sheet synchronising with the downward movement in N. At the time 
when the summit of the N curve was reached, the E curve was practically a t  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 i t  prior to the srrlall visible 
depression. A similar remark applies to the V trace. This is an instance in which 
considerably higher sensitiveness would probably have been advantageous. 



At Honolulu the decisive H movement up the sheet is preceded by ti downward 
movement, but this was so slow we should not natizrally regard i t  as part of an S.C. 
The D trace, which was moving up the sheet when the sudden rllovemeilt in N began, 
sllows a small rapid up and down movement, whicll left the value of the element at the 
time when the sumlnit of the N curve was reached practically the same as before. The 
V movement seems unidirectional, the full syncl~ronising with the rise in N. A recovery, 
however, set in a t  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 xnealls microscopic. After the summit was reached 
a second small oscillation ensued, before a decided recovery set in. The 1) curve showed 
four rapid movements West, East, West, East, tlie first pair of movements syncllronising 
with the first two in H. The movements, though s~nall, were by no ~neans inicroscopic ; 
the first of the two easterly lnovements being about twice the size of the other three 
movements. 

At lislidelemuir tjle N and E movements were distinctly osoillutory. 111 V only 
a single movement, down the sheet, is recognisable ; i t  seems to correspond in time with 
the second rnovements in N and E. 

No copies of this disturbance were received froin l-lelwan or Sitka. 
!Phe results derived from tlie curve mettsurelnents are given in Table CXXII. 

ih~tnrotic- 
9 3  

hlunritius 
13uitrcrizorg 
Alibag ... 
Ho~lolulu 

~in(6011rt Ab' 
,1 

Eskdn10111uir 
3 ,  

... ... $ 2  ... 

... First  ... . . , 

... Second ... ... 

... First  ... . . , 
Secontl ... ... . . , 

- - - 

Tn the Antiirctic conditions becullre and oontinued distinctly uncpict t~fter tlie S.C. 

appeared, but no considerable disturbance ensued until soiile 7 liours llad elapsed. 
Proirl 7 to 20 hours subsequent to the s.c. c:onditions t,houg11 not violently 
disturbed were considerably more dist,urbed t,htnl usual. 'I'he s.c. occurred a little 
before 10 11. in the time of 180" 12. on July 1, wid the ranges for tho next turo days were 
as follows : J'uly 1, 200y in St, 229y in l i t ,  imd 134y in V ; July 2, 3147 in S', 247 y 

in E', and 1 2 7 ~  in V. July 3 wits also u l~igl~ly  clisturbetl duy, butl tllis preslur!ttbly was 
a, clistirict plienon~enon. At  tlie co-operi~,ting stittions tlic s.c. Wiis i~~~niediately followed 
by a il~oderntc c3isturbunce, wliicli was cll;triic.terised, especially at, iiginc*ourt iinrl Esk- 
dalemuir, by the presence of i~lcessent s11\:tll oscillatio~is. 'I'lie largest inovenlents, 
which represented only tb rliillor storm, occurred bet,\vcen 16 i ~nd  20 h011rs after the s.c. 
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Au.qust 19, 1011, Plate XXTI. 
Scctiofi 69.-0n August 19, 1911, the s.c. began about 12 h. 15 rri. G.M.'J1. 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. Rut 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. 'I'hus 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 fi 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 a t  Aliba,g and Helwan, except 
that the crest, instead of being level as a t  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 4 y ,  toolc 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 a t  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 followecl hy s less steep one. The time when the lowest point was 
reached agrees apparently with the time when the sumrriit was attained in the N curve. 
Jn the V trace there was a small rapid fall, then a practically level piece, ancl then u 
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 Jd' J curve. 

At Alibag the movement appeared unidirectional in all the elements. '1'11.e slope, 
however, of the H curve, which comnlenced 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 interva,l 
of time as that described a t  Buitenzorg, but the two crests differ considerably in 
appearance. In  the case of the D and V curves a t  Alibag a recovery set in immediately 
after the end of the commencing movement, it was not completed until the crest 
in H began to subside. 

At Helwan the phenomena closely resembled those a t  Alibag. A change of slope 
in the commencing rise in H is not recognisable, but the trace is rather indistinct. The 
crest is almost an exact counterpart of that a t  Alibag, having the same duration and 
a similarly flat top. The L) and V movements-thanks partly to greater sensitiveness 



in the instrtiments-are larger than a t  Alibag, and details of the recovery a're thus 
inore easily made out. The depression in the 11 and V curves terminitted synchronously 
with the crest in the FI curve. Their appearance bears a resemblance to the impress 
of a seal in wax. 

At Aginco~irt the cominencing ~novelnent was t~nidirectional in both H and I)> 
and, though small, so rapid as to suggest discontinuity in the trace. The H trace 
showed a crest, but was not flat-topped, minor oscillatioils ensuing almost as soon as 
the sudden rise ended. 

At Eskdalemuir tlie inove~neilt was exceedingly complex. Both the N and 1s 
traces show a very rapid movenlent up the sheet-of considerable size i11 N-followed 
by a, lazger and equally rapid fall. The fall is iirlnietliately followed by a rise, wliiclt 
was suddenly arrested during a minute or so, a sinall portmion of practically level trace 
appearing in eilch curve. 'I'he movement up the sheet was then c:ontinued, thou,ah 
somewhat less rapidly. The 13 curve shows a practically uninterrupted rise to a suin~nit~, 
tho~igli in approaching it the rate of rise diminished. Tn the N curve a summit was also 
reached synchronollsly with that in E, but the rise to i t  was not uninterrupted. 'l'he tirne 
when the summit appeared in the E trace has been accepted as the end of the third 
movement, but possibly the first peak in the N curve iiiight have been preferable. The 
V trace shows a niovernent down the sheet, with one or two sniall oscillations superposed. 

At Ritka the H and II mo.vements were clearly oscillatory. Of the first nlovements 
that in 13 was considerably tlie larger, and tlie second movcnient in 1) wa8s not 
mlich less than the second in H. Tlle V curve was crossed by the I) curve during the s.c., 
srtd i t  is difficult to say whether tlie V inovement wa,s oscillatory or not. A lnove~nent 
down alone is clearly seen, but there is rather a, suggestion of a yrevions very sn l~ l l  
n~oveinent up the slieet. ?'he 11 and 1) truces a t  Sitlia are not flat-topped, bat bear 
a considerable, reseinl)lance to tlie N trace a t  Buitenzorg, having like it a son~ewlit~t 
crested appearance. 

The results derivect fro111 the curve nieasureinents are given in Table CXX I I I .  

'YABLN !:XXITI.-S.c. Movcinents on August 19, 191 1. 
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In the Antarctic the S.C. movement itself was large, but after it subsided conditions 
were rather quiet for 3 hours. Moderate movements then ensued during the next 
18 hours. The largest movements occurred from 84 to 13 hours after the s.c. The 
s.c. occurred shortly after 0 h. (time of 180" E.) on the 20th, and the ranges for that 
"day " were 181y in Sf ,  236y in E' and 86y in V. The traces of the horizontal 
components a t  Eskdalemuir and Sitka exhibited an unquiet oscillatory condition for 
15 or 16 hours after the s.c. There was nothing, however, a t  these or the otIier 
co-operating stations that would naturally be called a magnetic storm. 

Further particulars of the disturbance on August 19-20 will be found in Section 101 
and Table CLI. 

October 2, 1911, Plute X X I I .  

Sectior~ 70.--The s.c. on October 2, 1911, began about 4 11. 8 m. G.M.T. The 
curves had been quieter than usual during the two previous days. In  the Antarctic 
the motion was oscillatory in all the elements, but there are exceptional features in 
the N' curve. The E' and V traces seem fairly in step. Itach shows two oscillations. 
The first oscillation in E' appears a normal s.c., the first movement down the sheet 
being followed by a larger and similarly rapid movement up the sheet. The synchronous 
oscillation in V also appears quite normal, except that i t  is unusually small. The 
second oscillation in the two elements is less rapid, an(i in JL' is considerably srnaller 
than the first ; i t  may have arisen from a distinct source. 'J'he N' trace is exceptional 
in that the first movement is not down the sheet like the first rrlovemerlts in 12' and V, 
but is up the sheet. Further, i t  lasts almost as long as the first two movements 
combined in the other elements. It is followed by a larger movement down 
the sheet which terminates before the fourth but later than the third movenient in 
E' and V. 

At Mauritius H rose 8 y  in about five minutes, the major part of the rise appearing 
to be nearly instantaneous. The trace had a slight slope up the sheet a t  the time, 
and this slope was continued in a crest which followed the s.c. !rhe downward 
movement ending the crest repr-esentetl about 4y and was very rapid. 'I'he time from 
the start of the s.c. until the end of the step down from the crest was only about; 
20 minutes. D had an  oscillatiorl of l"3 (= 8 y )  to the west and 0"5 to the east, all 
in the course of about 8 minutes, the westerly movement synchronising or nearly so 
with the rise of 8y in 13. A slow westerly movement was in progress when the s.c. 
began, and it continued after the oscillation a t  about the same rate as before. 

At Buitenzorg the N movement seems unidirectional ; but the E movement is 
unmistakably oscillatory, the second movement being followed by a gradual recovery. 
The V trace was moving up the sheet when the s.c. began. It shows a comparatively 
rapid small movement down the sheet, followed by a gradually slackening upward 
movement, which brought the trace considerably above its undisturbed level. The 
N trace after rising a t  a nearly uniform rate suddenly reduced the rate very much, 



the rise a t  tliis reduced rate being small. It is tlie point wliere the rate is reduced 
tliat accords in time with tlie lowest points in tlie I3 and V curves, and i t  has accordingly 
been regarded as the true end of the s.c. 

No curves were received from Alibag. 
At Honolulu the H and V traces are unidirectional, while the P) trace is oscillatory. 

While the H trace is unidirectional, the slope is conspicuously fastest a t  first, and the 
end of the steeper part of tlle slope is a t  least approxiinately synchro~lous with tlie 
end of the sudden rise in the D curve. The fall, however, in tlie V curve continued 
until the end of the further slow rise in H, and this latter point is fairly synchronous 
with tlie end of the second movenielit in D. It thus appeared best to  regard the 
principal movement as ending when the highest poilit appeared on tlie H curve, and 
to calculate the vector by comparison of tlie curves a t  this time and inlnlediately before 
the S.C. began. 

At Helwan the H movement tliough small is distinct, and shows no trace of 
oscillation. The recovery was very gradual, but set in almost a t  once. No n~easurable 
movement appeared in D. As usual tlie V curve shows a small fall followed by a 
recovery. The curve was very faint and tlie measurements lnade probably not very 
accurate. 

At Agincourt the commencing H movement was similar to tliat a t  Helwan, but 
within 10 minutes from the start tlie trace had fallen half-way back to its undisturbed 
level. The D trace was moving up the slieet a t  tlle time and is not very clear. 
Apparently the S.C. movement was oscillatory, a small movement up the sheet being 
followed by a larger movement down tlie sheet. Tllis latter nlove~nelit and tlie recovery 
from it  are clearly shown. 

At Eskdalernuir tlie moveine~its are very small, but that in E is distiiictly oscillatory. 
The N movement, as coinpared with that of tlie average s.c., is smaller relatively than 
the E movement. So far as can be made out, the N movement up tlie sheet and the 
first I3 movement, down tlie slieet correspond in timei but tlie duration of the lnovements 
is so short tliat this is uncertain. The second and larger i~zovemelit in E up tlie slieet 
seems to correspond in time with an i~iconspicuous ft~ll in N. If this analysis is correct, 
the first niovenlent was somewhat the larger in N, but the secoild movement decidedly 
the larger in It. In  tlie V curve there seems to  be a small rapid movement 
up the slieet, preceding a slightly larger but distinctly visible rlioveiiient down the 
sheet. 

At 8itka there was a considerable 13: movement, and tlie liiovelilents in all the 
elements were conspicuously oscillatory. In  tliis case tlie second is obviously the 
principal movement, and represents as usual a rise in H. The second movelnent was 
followed by a pretty rapid recovery, especially in D. Small oscillatory move- 
ments were in evicle~lce for some time before the s . ~ . ,  but did not obscure its intiin 
features. 

Tlie results derived from tlie curve ineasnrements nre given in Table CXXTV. 



TABLE C1XXIV.-S.c. Movements on October 2, 191 1. 
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In the Antarctic i t  was decidedly less quiet after the s.c. than before, and i t  
remained so for some 16 hours, but the disturbance was nothing out of the way. The 
largest range on the day of occurrence of the s.c. or on the following day was only 
152y in E'. At Eskdalernuir and Sitlta the horizontal components were distinctly 
unquiet for 12 hours after the s.c., numerous small oscillations taking place. At  
Eskdalemuir the TT trace remained very quiet, and there was nothing approaching a 
magnetic storm. The only considerable disturbance appearing in the traces received 
from the co-operating stations occurred in the Sitlca V trace, between 4 and 12 hours 
after the s.c. There was a rise of about 180y in V in the course of 19 hours ; 
simultaneously there were oscillations in the H and D curves, but only of about 
half the amplitude. 
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November 8, 1911, Plate X X I I I .  

Section 71.-The S.C. of November 8, 1911, commenced about 13 h. 43 m. G.M.T. 
During the previous 24 hours i t  had been decidectly quiet in the Antarctic and very 
quiet a t  Eskdalemuir. 

In the Antarctic the movement was of the usual oscillatory type. In N' and E' 
i t  was large, and was immediately followed by other considerable oscillations. During 
the second and larger movement of the s.c. the slope of the N' and I$' curves diminished 
only slightly before the summit was reached, but in V the rate of rise towards the end 
was much reduced. 

At Mauritius H rose about 11 y in about 6 minutes. There continued to be if 
anything a slight upward slope in the curve for about 55 minutes after the s.c., followed 
by a slow fall, but hardly to the original level. No certain movement appeared in D 
a t  the time of the S.C. 

At Buitenzorg numerous small oscillations preceded the large rise in N, and the 
last of these may possibly represent a small preliminary movement down the sheet, 
but if so i t  W&8 no larger than the similar previous movements. Most probably the 
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N movement was unidirectional. The I!: movement on tlie other hand was undoubtedly 
oscillatory. We have first a small sudden movement up the slieet, followed a t  once by 
a somewhat larger but slower movement down the slieet ; this was followed by a short 
nearly level piece of curve arid then :I slight further fall. It is the conclusion of this 
second fall that seems to answer in time to tlie s u ~ n ~ n i t  of tlie N curve. The end of 
the first fall in the 75 trace seenls to correspond in time to a slight slackening in tlie rate 
of rise of N. The V trace shows a moderately gradual fall, followed a t  once by a recovery, 
which brought the trace to above its undisturbed position. The recovery had iiiade 
considerable progress before the summit of the N curve was reached. 

At Alibag the movements appeared much silnpler than a t  Buitenzorg. There 
was the usual rise in H with no indication of a previous fall, while the D arid V traces 
went slightly down the sheet. A recovery set in a t  once in ll and V. H retained 
an enhanced value for some 8 hours. The fall which then ensued, however, was 
considerably in excess of the initial sudden rise, so tlie appearance is hardly that of 
the ordinary crest. 

At Honolulu the S.C. was preceded, as a t  13uitenzorg, by minute pulsations, visible 
in both the N and V tmces, but tlie coniinencing nlovernerlt in H seems ~inidirectional. 
In  the rise to the sum~nit three sensibly difl'erent slopes are recognisable in the fl: curve, 
the first being the steepest. A sliglit recovery set in a t  once but did not proceed far ; 
and H remained, as a t  Alibag, decidedly above its undisturbed value during 8 hours 
before a decided fall commenced. 

The V curve also shows a unidirectional S.C. movement, but a recovery set in 
shortly, and tlie original level was practically recovered in about 10 minutes froin 
the commencement. 'I'lje D moveme~lt was appt~~rcntly oscillatory, a very small short 
movement down the slieet preceding a slower nmvenient up the sheet. During the 
upward movement the curve sliows two distinct slopes, the first the steeper. 
summit was reached solnewhat later than that of the I3 curve. 

l'henomena a t  Helwan closely resembled tliose a t  Alibag. The cornniencing 
movement appeared unidirectional in tlie three elenients, but the movement in 1> dowli 
the sheet is exceedingly small. After the rise tlie I1 trace relnained nearly level during 
8 hours. During tlie next 14 hours there were successive descents, representing 
altogether a fall about 3-& times as large as the initial rise. The rilovelnents in the V 
curve, a fall followed a t  once by a partial recovery, are 1110re in evidence than a t  
Alibag. Further, 8 hours after the s.c., there ;ire decided ~i~ovenlents in the V trace 
synchronising with those just described in H. 

At Agincourt tlie nlovement in I3 was not of the us~ial S.C. type. An insignificant 
rise was ilnnieditltely followed by a larger fall, which was s~icceecled by oscilltttory 
movements. The I) trttce showed three nzovenients in rapid succession, a sins11 fnll, a 
larger rise and a still larger fall ; tlie third movement occupied about twice tlie t i~ne  
of tho first two combined, but its slope was pretty steep. The end of Llie third liiovenierlt 
in 11 seemed to correspond with that of tlie second movement in H ,  and the time marks 
rather suggest that tlie first lnove~nent in 11 preceded tlle first movement in H. 



The abnormality in the Eskdalemuir curves can be seen in Plate XXIII. The 
N and E curves show similar movements. A small movement up the sheet is followed 
by one in the opposite direction. After a quite perceptible pause this is followed by a 
considerably larger movement up the sheet, which proceeds in a jerky fashion, especially 
in N. In V there is a small movement down the sheet, which seems to correspond 
in time with the third movement in N and $1. 

At Sitka pulsations preceded the s,c. in both the H and D curves. The D curve 
also was moving down the sheet a t  the time ; but apparently the commencing movement 
was unidirectional in all the elements. The H and D traces fouled one another just after 
the summit of the H curve was passed. Thus the summit of the D curve is somewhat 
indistinctly shown in the original, but it clearly occurred somewhat later than the 
turning points on the H and V curves, which fairly synchronised. It is thus natural to 
take the summit of the H curve as representing the end of the proper S.C. movement. 
The V trace was moving slightly up the sheet when the s.c. began, and after the com- 
mencing movement ended it continued its upward course and did not stop until 
the level was considerably higher than that prior to the S.C. movement. 

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

TABLE CXXV.-S.C. Movements on November 8, 191 1. 

Station. I Movement. 

Antarctic 

Buitenzorg 
Alibag ... 
Honolulu 
Helwan 
Agincourt 

9 9  

Eskdalemuir 

9 9  

Sitka ... 

... ... Firet ... ... 
... ... ... Second ... 
... ... ... ... Principal 

... ... 9 )  

... ... 9 )  .'. . . , 
... ... First ... ... 

... ... ... Second ... 
... ... ... First ... 

... ... ... Second .., 

... ... ... Third .., 

... ... ... ... Principal 

Duration. I I 

In the Antarctic the S.C. was immediately followed by a markedly oscillatory 
state of matters, the oscillations being numerous and of considerable size. About 
6* hours after the S.C. larger movements appeared, continuing for 9 or 10 
hours. The S.C. occurred between 1 h. and 2 h. on November 9 by the time of 180" E, 
and the ranges on that dav were 3247 in S', 3087 in E' and. 2107 in V. At Eskdalemuir 
no disturbance worth mentioning followed the s.c. until 7 hours had elapsed. 
Moderate disturbances, hardly reaching the standard of a magnetic storm, then presented 
themselves, continuing throughout the whole of next day. There then occurred what 
might fairly be called a magnetic storm-also represented in the Antarctic-but it 
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would not naturally be associat,ed with the S.C. Further particulars of what occurred 
on November 8-9 will be found in Section 106 and Table CLVI. 

Novenzber 12, 1911, Plate X X I I I .  

Sectiojz 72.--'L'he S.C. of November 12, 191 1, began about 15 11. 5 m. G.M. T. 
Conditions had been fairly quiet a t  all the stations including tlle Antarctic during the 
previous 12 hours. 

In  tlie Antarctic tlie movement was as usual oscillutory. The second moveiilent 
was the larger, but its excess was srvlaller than usual. The tliree elenients were fairly 
in phase, but the rate of change in V dm.ing the second illoveinent showed a slacbening 
towards the end, which is nluch less apparent in the other elements, especially N' whicll 
exhibited a practically uniform slope. 

At Mauritius I1 rose about 8y  in about 5 minutes, The H trace exhibited a 
well-marked crest, lasting for about l a  hours after the S.C. began. The crest showed s 
slight slope up, in accordance with the normnl direction of change a t  that l~our. The 
descent from tlie crest was rapid a t  first, then slower. During tlie S.C. no decided 
movement could be seen in the D trace, which remninec-i nearly level. 

At Buitenxorg the N and E s.c. nlovements are distinctly oscillatory, the first move- 
ments--down the sheet in N and ttp in 13-being very smdl. In  each instance, however, 
the trace suggests that what has been called above the first n~oveineiit wtks itself preceded 
by a still smaller movement in tlle opposite direction. If this were the cnse, they were 
probably associated not with the s.c., but with some smn,ll pulsations wvliicli sllortly 
preceded it. 'I'he V movement, unidjscctionnl and clown tlie sheet, seems to sy~icllro~~ise 
with tlie principtd lnove~ncrlt in N. I t  wils inl~nsciintely followed by a recovery, wliicll 
brought tlie trace decidedly above its nuc1istu1-bed level. Tile N curve was dist~irictly 
crested. Abo~lt 1i Ilours after the S.C. there were dist->iiict ivlovelileuts downward. 
According as we regard these, or some later but larger niovements, as terininuting 
the crest, we sliould estiinate its duration as sliglltly exceetling an hour or as 34 hours. 

At Alibag the liour break occurred after the S.C. liud begun, but before i t  was 
completed ; and as i t  crosses all the curves there is some sliglit uncertainty as to the 
exact amplitttde, wl~icli may have slightly exceeded that given by t4hc ineasurelrlents 
made immediately tlle lioi~r break ended. The movenieiit was unidirectional in all 
the elements, and the changes were in the usunl directions. Tile nlovements in D and 
V were very small. There is a decided crest on the 1-1 curve, with alternatives for its 
duration exactly as st Buitenzorg. At Alibag the 34-hour alternative seems the 
preferable one. 

At Honolulu, where tlio curves were very clear, the coinmencing illovement appeared 
unmistakably unidirectional in I1 and V. In  D i t  was insignificant, but seemed to  
consist of s very small movement down tlie sheet, followed by a slightly larger movement 
up the sheet, taking in all 6 or 7 minutes. A recovery set in shortly in V but 
lasted only for some 10 minutes, a small depression remaining. Tho I3 curve shows 
a distinct crest. The trace was going up the sheet prior to the s.c., and the crest shows 



a similar slight slope. The more natural estimate of the duration of the crest is 
3+ hours, but its level was interrupted, as a t  Buiteneorg and Alibag, shortly after the 
end of the first hour. 

At Helwan the comnlencing movement seemed decidedly unidirectional in the 
three elements, but the D movement was microscopic. The H curve closely resembles 
that a t  Alibag, showing a decided crest. After the commencing movement down the 
sheet, the V trace shows a partial recovery ; but the curve remained decidedly depressed 
for over an hour, when a small but conspicuous and rapid movement brought it up to 
about the undisturbed level, synchronously with a break in the crest line in H. During 
the depression the appearance of the V curve is distinctly suggestive of the impress 
of a seal. 

At  Agincourt the S.C. began while the traces were interrupted by the hour break. 
The obscuration lasted four minutes. But unless the movement took the unusual 
form for Agincourt of a rapid oscillation i t  must have been unusually small. The 
curve shows an easterly movement of 1'-5 in 8 minutes, between the end of the hour 
break and the next ensuing turning point. 

At Eskdalemuir the movements were exceedingly small, even in N. The V 
movement is hardly recognisable. The movement in N was seemingly oscillatory, a 
tiny fall preceding a larger rise. The rise, small as it is, was interrupted, a nearly 
level short portion of curve intervening between the first and steeper slope and the 
final approach to the summit. In the I3 curve there is no recognisahle prelinlinary 
movement down the sheet ; the movement up the sheet has the terraced appearance 
even more developed than in N. 

No Sitlta curves were available. 
r i  Ihe  resu1t.s derived fro111 the curve measurements are given in Table CXXVT. 

TABLE CXXVI.---S.c. Moverrlents on November 12, 1911. 

In the Antarctic conditions were highly disturbed from 1 to 9 hours after the s.c. 
The s.c. occurred just after 3 h. on Noveml~er 13 for the time of 180" 13, and the ranges 
for that day were 2557 in S', 4527 in E' and 207y in V. The 14th and 16th were similarly 
disturbed. At Esl<dalemuir the conditions during the 8 hours following the s.c., though 
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less quiet than before it, would hardly be termed disturbed. There then appeared a 
considerable hump on the N curve, and fair movenlents in tlie other elenlents. No 
really large disturbance, however, ensued until the afternoon of the 13th, when a 
moderate magnetic storm corninenced, wllicll continuec-1 until the 14th. Wllethcr the 
magnetic storm and the 8.c. were inter-conriected rnllst remain a matter for coujecture. 

Dece?nber 10, 1911, Plate XXIV. 
Section 73.--.The S.C. on December 10, 1911, began about 16 h. 39 nl. G.M.T. 

Considering the season of the year, conditions in the Antarctic during the previous 
24 hours might be fairly regarded as decidedly quiet. At Eskdalemuir during the snine 
time conditions had been exceptionally quiet. 

In  the Antarctic the S.C. movement was oscillatory in all the elements, wliich seeined 
in phase throughout. As usual, the second n~oveine~it was the larger. The first 
oscillation was immediately followed by a second and much smaller one. This second 
oscillation may be quite independent, or i t  may represent an interruption in the second 
movement of the S.C. If tlie second view were accepted the estimated amplitudes of 
the second movement given in Table CXXVII would be considerably increased. 

At Mauritius H rose about 10y in 6 minutes. The trace had tlien a slight general 
slope up the sheet-interrupted only by a small oscillation--which lasted until 1 11. 50 111. 
after the S.C. beg,zn. The crest; thus formed was ended by a slight but slinrp fall. During 
the S.C. no movement co~lld be detected in tlie I) tmce, wliicll was level a t  the time. 

At Buitenzorg the rnoveinent appeared to be clearly unidirectional in N and E. 
There was, however, a point in each trace wllere the slope dinlinislierl. This point 
seerns to correspond to the end of a gmall down~vurci movement in the V trc~co. A 
recovery conl~rienccd in V before tlie turning points in N and I< were reached, and i t  
continued until the curve was very appreciably a,bove its nndisturbecl level. Il1lle 
N trace had a crested appearance, ternlinated by u sharp tiownward nlovemcnt :~bont 
1 h. 50 m. after the S.C. The elerviexlt remained, however, above its undisturbed value 
for quite 7 hours in all. 

At Alibag the S.C. movelnerit in H seemed clearly unidirectional, and, tlliougli not 
very large, was conspicuous, owing to  the rluietncss of the preceding tmce. Tlle elcnleilt 
remained decidedly above its undisturbed value for 8 llours, but the trace lost its crested 
appearance simultaneously with the N trace a t  Bnitenzorg. In  D and V the s.c. was 
represented by a small movenleilt down the sheet. Tlie recovery took place shortly. 
The curves thus show a small dimple or cup-shaped depression. 

At Honolulu the movement appeared to be unidirectional in all the elements, but 
tlie H trace shows a s~zccession of rises like the steps in a stair. As these go on for a 
considerable time, and corresponding pulsatioris sre reuogiiisable in tlie V truce, i t  is 
difficult to decide when tllc S.C. ended. Guided partly by the 1) curve, i t  was decided 
for the calculations ernbodied in Table CXXVII to  assume the S.C. to  terlninate a t  the 
end of the second not the first slope in the H trace. 

At Helwan, the H and D curves were very like those a t  Alibng. The V trace was 
very faint, but a cup-shaped depression was easily recognised. 
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At Agincourt the s.c. movement in H was small, and was somewhat interrupted 
as a t  Honolulu. The D movement, though also small, was simpler and more clearly 
shown, the trace exhibiting a cup-shaped depression. The S.C. was represented by 
a small movement of about 1' to the East. 

At Eskdalemuir the movements, though small, were clearly shown, owing to the 
previous quiet character of the curves. The movement in N was decidedly oscillatory, 
a small rapid movement down the sheet preceding the principal movement up the 
sheet. The summit is very rounded. The E trace showed a small movement up the 
sheet, immediately followed by a less rapid and somewhat smaller movement down the 
sheet. The movements are so small it is difficult to decide what exactly corresponds 
in the N and E traces. The end of the second JI: movement seems to answer approxi- 
mately in time to the summit of the N curve, and the results given in Table CXXVIP 
assume the first movements in N and E to synchronise. At the same time, the actual 
time measurements suggested a slightly longer duration for the first movement in E 
than for that in N. 

At  Sitka the S.C. movements were also insignificant. The D movement was the 
largest. and clearest. It was oscillatory, a rapid small movement down the sheet 
preceding a larger movement up the sheet, the rate of which markedly declined before 
the summit was reached. The H trace shows a small rise, corresponding apparently 
to the first movement in D, followeil by a practically equal fall. The curve then rose 
in a series of small steps, representing presumably pulsations. The S.C. in V was 
probably oscillatory, a small movement up the sheet preceding a larger but slower 
fall. The latter, however, is alone unmistakably shown. The depression clid not take 
long to disappear. 

The results derived fronl tile curve measurements are given in Table CXXVII. 

TABLE CXXVI1.-S.C. Movements on December 10, 1911. 

Station. I iVovomcnt. I ii. 1 1'. 1 I. ( p 1 ~ > t t r ~ ~ i u t ~ .  1 
Antarctic ... . 

... ... 1 9  

... 91 . . , 
11 ... ... 

Mauritius ... ... 
Buitenzorg ... ... 
Alibag ... ... ... 
Honolulu ... ... 
Hclwan ... ... 
Agincourt . . , ... 
Eskdttlcmnir ... ... 

I ?  ... ... 
Sitka ... ,.. ... 

,, . . . . . .  ... 
--- 

... i t  ... 
... ... Sccond 
... Third , . . 

... Fourth ... 
Principal ... ... 

I ,  ... { 
,, ... ... 
1 ,  ... ,.. 
9 ,  ... ... 
, ,  ... ... 

Firut ... ... 
Second ... ... 
F i r ~ t  ... ... 
Second ... ... 
-- -- - - 

Y 
46.7 
71.1 

4 .5  
22.8 
10 
11.7 

or 16.6 
10.7 
6 .0  
9.7 
5 . 0  
6 . 3  

16 .1  
5 . 3  
6.9 

Minutce. 
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3 
1 - 5  
1 - 7 8  
6 
3 
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8 
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- 
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0 
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In the Antarctic conditions became conspicuolisly more disturbed immediately 
the S.C. occurred. Within an liour conditions were highly disturbed, and very large 
movements followed. Jn the time of 180" E the S.C. occurred between 3 h. and 4 h. 
of Decenlber 11, and the ranges for tliat day were 434y in N', 7 2 7 ~  in R', and 3311, 
in V. At Eskdalemuir and the other co-operating stations conditions remained fairly 
quiet for 8 hours after tlie S.C. A magnetic storm then ensued, especially active at  Sitlza, 
which lasted most of the subsequent day. Further particulars will be found in 
Section 110 and Table CLX. 

I11 this case we have a somewhat insignificant S.C. associated apparently with a very 
active magnetic storm. Also the S.C. was particularly small a t  tlie North Ainericaii 
stations, where the subsequent disturbance was particularly large. 

January 17, 1912, Plate XXV. 
Section 74.-The S.C. of January 17, 1912, began about 4 h. 42 m. G.M.T. In the 

Antarctic conditions had been quiet during the previous 2 hours, but prior to tliat the 
customary amount of disturbance liad prevailed. At Eslrdalerniiir, and a t  least the 
majority of the co-operating stations, conditions had been very quiet for 5 or 
6 hours, and no disturbance of any size had been recorded during the wl-tole of tlie 
previous day. 

In the Antarctic a somewhat similar movement, which was not, however, repre- 
sented elsewhere, had occurred about 4 llours earlier. The S.C. nlovelnent itself in the 
Antarctic was less sharply defined than usual, the turning points being rounded, especially 
in the V trace. Also while the first niovement in IC' and V was as usual down the sheet, 
the first ~novelnent in N' was 11p the sheet. In tlle oscillation wliicli occurred 4 liours 
earlier, the first nlovcnicnt Ilad tlie tlirectiolx usunl iu s.c.'s, being down the sheet, in all 
three elements. 

At Mauritius H rose about l l y  in 7 niinntcs. I t  is clificnlt to assign an exld to the 
S.C. because tlie diminution in the slope of tlie trace was gradual, and the value of 13 
contini~ed to rise uninternzptcdly for fully an hour. The trace had a distinctly crest>ed 
appearance, but more than one point might be selected for tlie end of the crest. Tho 
choice giving the sllortest duration would make the end about 1 11. 60 nl. subsequent 
to the S.C. Corresponding a t  least approximately wit11 the S.C. lilovenient in H, there 
was in D a westerly movement with a force equivalent of about 71,. Tf anything, tlie 
D movenient seemed to commence a little after the H movement, but the hour intervals 
in the two curves differed. 

At Buitenzorg the movements were of the usual type and unidirectional in N and 
E, the N movement being of considerable size. The E arid V traces were going up 
the sheet a t  the time, and presumably the forces causing tlxesc movements continued 
to act during tlie s.c., reducing the ainplitudes of tlie snzall S.C. ~novenxents down the 
sheet. The lowest point in the V curve answers apparently to a point in the N curve 
where a slight slacltening appears in tlie rate of rise. The recovery in V had proceeded 
some way before the summit of the N curve was reached, and before i t  ceased the V 
trace had been raised considerably above its undisturbed level. 
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At Alibag the movements were in the main of the usual type. The D and V 
traces show small cup-like depressions. The H trace, after the usual rapid rise, exhibits 
a further rise a t  an equally uniform but much slower rate, and a series of irregular move- 
ements carry it still further up the sheet. Only the first movement has been regarded as 
included in the S.C. On the whole, the H curve has a somewhat crested appearance. 

At Honolulu the movements were also unidirectional, but the rise in the H and 
the fall in the V trace show a sudden reduction in the rate of change when about half 
the movement had been accomplished. The movement in D is as usual very small, 
and recovery set in a t  once, leaving a small cup-like depression. 

The Helwan curves resemble those for Alibag, but the depressions in the D and V 
curves are more conspicuous, and the H curve is fully as crested in appearance. 

At Agincourt the movement in H is rounded, and after the summit is reached 
there is an immediate fall equal to about half the rise. Thus the curve is dissimilar 
in appearance from the H curves a t  Alibag, Honolulu and Helwan. The movement 
in D is small, but appears to be oscillatory,. the first movement-an increase of 
westerly declination-being reversed a vely appreciable time before the summit of the 
H curve is reached. 

At Eskdalemuir the commencing movement is small, and apparently unidirectional 
in all the elements, but the rate of movement diminishes in both the N and li: curves before 
the summit, is reached, and a partial recovery sets in a t  once, as in the Agincourt H curve. 

At Sitka there were previous pulsations visible in the 13 curve, and the move- 
ment may not have been unidirectional, though on the whole it seems so. After the 
first rise the H curve has a short almost level portion, and then a slight further rise. 
The I) curve shows two oscillations. The first movement of the first oscillation seems 
to end synchronously with the first upward movement in H, and in thd calculations 
embodied in Table CXXVIII the end of these movements has been accepted as the end 
of the S.C. The V curve shows a succession of small oscillations or pulsations. The 
movement in progress a t  the time of the 8.c. was down the sheet. 

The results derived from the curve measurements are given in Table CXXVIII. 
TABLE C'XXTTI~I.--8.c. Movements on January 17, 1912. 
- -- --- - - -- - -- -- - -- - - - - - -- 
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In  the Antarctic for the first 5 hours after the s.c., while there was a little more 
disturbance than before the s.c., there was nothing worth mentioning. But between 
11 and 21 hours after the S.C. there were considerable movements, representing a t  least 
an approach to a magnetic storm. The S.C. occurred between 16 h. nnd 17 11. of the 
17th in the time of 180" E,  and the ranges on the 18th were 2497 in N', 292y in E', 
and 165y in V. At Esl~dalemuir the N curve was unquiet after the s.c., exhibiting 
numerous small oscillations during the rest of the day, but there was nothing approaching 
a magnetic storm. There was greater disturbance a t  Sitlta, especially from 5 to 7 hours 
after the KC. ; during this time a change of about 1 0 0 ~  took place in V in less than an 
hour, and synchronously there was a change of about 12' in D a t  Agincourt. 

September 30, 1012, Plate XXVI. 

Scctiouz 75.-The s.c. of September 30,1912, began about 21 11.36 m. G.M.T. During 
the previous 24 hours conditions had been decidedly quiet in the Antarctic, and a t  least 
as quiet as usual a t  Eskdnlemuir. The crest phenomenon was particularly prominent 
on this occasion, and in addition to the usual traces covering from 1 to 2 hours 
after the s.c., Plate XXVT incl~ides longer portions of curve fro111 the Antarctic, Alibag, 
Honolulu, Helwan, Agincourt and Msltdalenluir for the whole time during which the 
crest, persisted. 

Tn the Antarctic the commencing movement was oscillatory as usual, tlle second 
movement being much the larger ; but, the movenlents in all the traces were, as on 
April 9, 1911, in the opposite direction to  that usual in s.c's. 'I'lto end of the first move- 
ment is clear, and the times for the different elenleiits seem to accord, but owing to the 
movenients in progress a t  the time, it is difficult to say exn~t~ly  when the first movement 
commencecl. l'llc start seems pretty clear in N', but in E' either. the co~rlmencing 
lnoveil~cnt suddenly sccelcrated, or the first part of the upward lnove~nent comes f ro~n 
a separate source. 111 V the upward movement was in steps. 

The calculation made of the amplitude of the nlovement assunled that in V the s.c. 
was represented by the step nearest the summit, and in E' by the part having the steepest 
slope, as this seemed to  fit in best with the N' movement. If the E' trace had alone 
existed, i t  would have been doubtful whether to talte for the end of the S.C. the end of the 
swift downward motion, or the lowest point which was reached 4 minutes later. 
But the former alternative seems clearly the best, as i t  fits in with the tirnes indicated 
by the N' and V traces. 

At Mauritius H rose about l l y  in about 8 minutes. There was also apparently 
a very small easterly movement in D, with a force equivalent of about 2 y .  

At  Buitenzorg a number of pulsations had appeared previously in the N curve, 
but so far as can be seen the co~~llnencing iliovelnent in that elelrlcnt was unidirectional. 
The slope of the upward movement began shortly to fall off, and the final rise nea,r the 
summit is conspicuously slower than tho rest. The nlove~nent in the li: trace seems 
clearly oscillatory. A rapid nlovelnent down the sheet came first, then a somewhat 
larger but slower movement up the sheet, and finally a still larger movon~ent down the 



sheet. The V trace shows a very small fall, followed by a con~iderably larger rise. 
Opinions mav well differ as to how to analyse the commencing movements. If we take 
the extreme summit of the N curve as representing the end of the s.c., its duration 
would be 10.5 minutes, which is unusually long. The summit of the N curve answers 
practically to the end of the third movement in E and the second in V. The first 
movement in E had apparently only about half the duration of the first movement in 
V, and no special feature appeared on the N curve a t  the end of either of these move- 
ments. But the summit of the E curve, representing the end of the second movement 
in that element, Reems represented by a marked change of slope in the N curve. If we 
accept tliis as the end of the s.c., we give i t  a duration of about 6 minutes. 

At  Alibag there seems nothing unusual in the conlmencing movement. It is 
reprasented in the D and V curves as usual by a very small temporary depression, and 
in the H curve by a rise, a t  a slope which is nearly uniform until close to the summit. 

At Honolulu the large movement up the sheet in H seems preceded by a very small 
downward movement, but pulsations occurred during the two previous hours, and the 
downward movement may be no part of the S.C. After a short time the slope of the rise 
in H fell off. Shortly thereafter it became steep again, but a t  the end of 6 minutes 
i t  diminished markedly. The extreme sunimit was reached about 10 minutes from the 
start. The D trace was moving up the sheet prior to the s.c., and the commencing 
movement down the sheet was so small that i t  practically amounted to merely 
neutralising the rise. The V trace went perceptibly down the sheet in two steps, and 
then went up again. The end of the second step in V seems to answer in time to the 
marked slackening near the summit of the N trace, which suggests 6 minutes for the 
duration of the s.c. 

At Helwan the H trace closely resembles that a t  Alibag. The 11 curve shows an 
almost imperceptible temporary depression. The V curve shows a decided fall, followed 
by a slower recovery. 

At Agincourt the commencing H movement was apparently oscillatory, a small 
movement down the sheet preceding a moderate movement upwards. The rate of rise 
was very rapid a t  first, but fell off considerably, though remaining fairly rapid until the 
summit was reached. The D movement was insignificant, but apparent oscillatory. 

At Eskdalemuir the principal movement in N, up the sheet, seems preceded by a 
very small fall. This may come from a distinct source, as i t  seems prior to any visible 
movement in E or V. The summit in the N curve is rounded, but the change of slope 
is gradual throughout. The rise in the E curve exhibits two fairly distinct slopes. 
The summits in the N and E curves are reached simultaneously, and presumably represent 
the end of the S.C. The fall in the V trace is larger than in some previous cases, and 
during the fall the slope seems fairly uniform. 

No Sitka curves were available. 
The crest is very clearly shown in the H or N curves a t  all the stations except the 

Antarctic. It lasted for fully 6 hours, the movements terminating i t  being to all 
appearance synchronous a t  the different stations. The time scale is sufficiently alilre 



a t  Alibag, Helwan and Eskdaleilluir to enable the geiiernl siniilarity of the features 
in the H or N traces a t  these stations to be talcell i11 a t  a glance. The phenon~enon is 
almost as clear in the E trace as the N trace at Eskdalemuir, so both are reproduced 
in Plate XXVI. 'Phe time scale at Agincowt is intermediate between that of the 
ordinary ICew pattern and Esclienliagen ~nagnetogmplis, so exact correspoiiderice in 
time between the Agincourt and Eskdalemuir plienomena can hardly be decided by 
the eye alone, but t,he close general rese~liblallce of the Agincourt H trace to the 
Eskdalemuir N trace is easily recognised. The Honolulu 13 trace is put under the 
Antarctic traces in Plate XXVI, as tlie time scale was practically tlie sanle. The breaks 
in the Honolulu curve arose from the fact that scale value determinations were 
being made. If the Antarctic E' trace were inverted i t  would have a son~ewhat crested 
aspect, but neither the N' nor the V trace suggests a crest. 

The results as to the commencing movements derived froul the curve i~~easurements 
are given in Table CXXIX. 

TABLE CXX1X.-8.c. Movements on Septeinber 30, 1912. 
-- - 

Station. I Movulnclit. 

Minutes. 
3 
4.8 
8 
6 

10.5 
7 
6 
8 

10 
7 

Antarctic ... ... 
... 9 )  ... 

Muuritius ... ... 
Buitcnzorg ... ... 
Alibag ... ... ... 
1-Tonolulu ... ... 
Hclwan ... ... 
Agincourt ... ... 
Nsl<dalcniuir ... ... 

In  the Antarctic after the s.c., conditions became distinctly loss quiet t11a11 before. 
There was some loss of traco from 7 to 8B hours, and Esoni 11+ to  138 hours after the 
S.C. During the first of these intervals there was s considerable change in I{', which niay 
have been oscillatory. With this possible except,ioii the movements, though very nl~1cl1 
in excess of what was customary on quiet days, were of an unusuttlly regular character. 
The 8.c. occurred between 9 11. and 10 h. of October 1 in tlie tinic of 180" E., and the 
ranges shown by the inconiplete traces of that day were 210y in N', 288y in E', and 172y 
in V. They were amongst the largest ranges 011 October clays. The crest persisting 
after the s.c. a t  l~sl td~lemuir  represented only n sinall force. !l'llcrc were larger niove- 

ments in both N and E, from 6 to 18 hours after $110 s.c., but liotlli11g approaclling tt 

magnetic storm. A more disturbed s t t~te  of illutters was sllown froin 5 to 15 hours 
after the s.c. by the Agincourt curves. During this intcrvnl there was n range of 841, 
in H and 23' in I>. At! Alibag and I-Telwan, ilftcr the crest subsided, tlle curvesshowed 
tllc ordinary features of a quiet day. At, Alibag this quiet state of nlt~tters Iristed inore 

First ... ... 
... ... Second 

l'rincipal ... ... 
1 9  ... 
9 )  ... ... 
,, ... 
9 )  . . .  ... 

... ... 
9 1  ... ... 

Y 
45.5 

111.2 
11 

{or$;; 
13.8 
9 - 6  

16.7 
15.5 
211.4 



than 24 hours. A minor disturbance which began some 30 hours after the S.C. can hardly 
be related to  it. 

Further parti~ula~rs as to the disturbances on September 30 and October 1, 1912. 
will be found in Section 133 and Table CJ,XXXV. 

October 20, 1912, Pla,te XXVII. 
Section 76.--The s.c. of October 20, 1912, began about 17 h. 20 m. G.M.T. From 

10 to 3 hours prior to the s.c., conditions had been unusually quiet in the Antarctic, 
but during the 3 hours immediately preceding the s.c., decided unquietness prevailed, 
incessant small oscillations appearing in all the traces. The preceding unquietness was 
much less conspicuous a t  the co-operating stations, but pulsations were recognisable 
a t  most. 

In the Antarctic the S.C. is hardly of the usual type, but rather resembles an enlarged 
pulsation. The two movements down and np the sheet were nearly eyual, the first 
being slightly the greater, and the duration was unusually short. The beginning and 
end of the first movement seem identical in the three elements and are very sharply 
defined. Opinions might differ, however, as to the second movement. The V curve 
after returning to its original height remains level for two minutes before going further up 
the sheet in a series of steps. In its case the time when the original level was resumed 
seems the only natural end one can assign to the s.c. The N' trace, after reaching its 
original level synchronously with the V trace, immediately executes a second oscillation. 
In this oscillation the second movement is much the larger, raising the trace 
considerably above its original level. If the N' trace stood alone, the first movement of 
the second oscillation might be regarded as merely a short interference with the second 
movement of the S.C. The phenomena in E' resemble those in N', except that the 
second movement of the first oscillation falls short of the original level, and the second 
oscillation only brings the trace to its original level. If the E' trace had stood alone, 
i t  would have been natural to regard the S.C. as ending with the second oscillation. 
In  view, however, of the V phenomena, the end of the first oscillation hau been accepted 
for the end of the S.C. in calculating the results in Table CXXX. 

At Mauritius there was a well marked S.C. movement in H, the element rising 17y 
in about 4 minutes. The D trace showed a small easterly movement with a force 
equivalent of about 2 y .  After the summit of the H trace was reached, there was imme- 
diately a slight fall, but a well marked crest persisted until about 65 minutes after the 
commencement of the S.C. The fall from the crest took place in a series of steps. 

At Buitenzorg the S.C. presents the usual features, and unlike the Antarctic S.C. 

is larger than usual. The rise in the N curve and the falls in the E and V curves seem 
to end approximately a t  the same time, but the copy of the V trace received was too 
faint to permit of certainty op this point. 1Eecovery sets in a t  once, but is only partial 
in N and B. In V, however, as seems usual a t  Buitenzorg, the trace is raised considerably 
above its original level. 

At Alibag the movement is unidirectiorial as usual, and somewhat above the average 
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size in D and V. As a t  Buitenzorg, H remained well above its undisturbed value for 
over an hour, but the crested appearance is less pronounced than usual. 

At Honoluhi the movements in 13 and 1) are sonlewhat above the average size. 
The 1) t r im  shows two small knobs. If i t  stood alond, we should naturally accept the 
summit of the first and higher knob as representing tlle end of tlle S.C. In  support of 
this view there is the furt.her fact that the first suillnlit in 1) tallies fairly in time with 
a point on the H trace where the slope distinctly falls off. On the other hand, the slope 
in the 11 trace after this point senlains steep, and as the H lnovenlent is much the largest 
its summit seems tlle natural limit to take. Tlle V trace shows a fairly steep fall, 
occupying sornewhat longer than the rise to the first su~nnlit in D, succeeded by a nearly 
level part. It thus affords little guidance for fixing the end of the S.C. 

At Honolulu an exceptional feature is the very considerable move~nent up the 
sheet in V, which set in shortly after the S.C. and continued for several hours. 

At Helwan the movenlents are of the type usually encountered there, except that 
the recovery which set in a t  once in D brought the trace to sonzewhat above its original 
level, and was immediately followed by a nlovernent in the salne direction as the 
conlinencing movement and fully larger. A considerable resemblance will be noticed 
between the H traces after the s.c. at Alibng, Honoluhz and Hel~van, and tlle N trace a t  
Buitenzorg. The chief difference is that the 11 trace a t  I-Ionolulu has a ge~ieral tendency 
up the sheet as co~npared with the others. 

At Agincourt the curves, especially the I3 curve, were not very clear. Apparently 
the commencing movement in H was oscillatory, a small movement down the sheet 
preceding a much larger movelnent up the sheet ; but the slope of tho upward lnovelnent 
is interrupted by u pulsation, and tho first ruoveinent down the sheet may represent 
part of a preceding pulsation. The D movement was clearly oscilltttory, n slirtrp 
movement up the slleet (LC. ,  to the West) preceding a larger n~oveinent down the 
sheet. The slope of the downwttrd movement suddenly fell off about half-way down. 

At Esltdalernuir the commencing nloveinent was osc,illatory in N and E, tlie 
downward movement in N being relatively considerable. The E trace presents two 
summits, the connecting ridge showing a very sliglit dip. Tt is the second suinnlit, 
which corresponds in time with the summit in N ; the earlier suiumit in E corresponds 
with a reduction in the slope of the N trace. So far as can be seen, V had a uni- 
directional movement down the sheet, which began and ended sy~~chro~~ous ly  with tlie 
second movement in N, but it may liave been preceded by a inovelnent up the sheet 
too small for recognition. 

At Sitlta the V trace a t  the time of the s . ~ .  was invisible. The lnovement appeared 
oscillatory in H and D. !rho first inovenlent, down tlie sheet in both elements, was 
noticeably more rapid than the n~ovenlents in sonlewhtlt numerous pulsations wliicll 
preceded it, and so was presunlably really part of the S.C. The D trace shows two 
summits, the second a trifle tho higher ; but tlio first corresponds in tinlo with the summit 
of the H trace, and so has been regarded BS ivlnrlting the end of tlie sac. Tlle second 
sunllnit in the 1) trace has u corresponding but relfitively ilisig~lificant peak on tlie H 



trace. Both curves then show a rapid fall carrying them below their undisturbed 
levels, and irregular oscillations ensue. 

The results derived from the curve measurements are given in l.'able CXXX. 

TABLE CXXX.-S.C. Movements on October 20, 1912. 
- - --- -- - - - - - - - - - .- -- -- - - - - - - -- - -. - .- - 

Station. I Movement. 1 x I T. I +. I X. I Duration. I 
Antarctic ... 

... 9 )  

... Mauritius 
Ruitenzorg ... 
Alibag ... ... 
Honolulu ... 
Helwan ... 
Agincourt ... 

... > 9 ... Eskdalemuir 

... 9 9  

Sitka ... ... 

... ... First 

... ... Second 
Principal ... ... 

... 7 9  ..I 

... 9, ... 

... 9, ... 

... 9 9  ... 

... First ... 

... Second ... 

... First ... 

... Second ... 
First ... ... 

... Second ... 

... Third ... 
- -. - -. . 

Minutes. 
1 
2.5 
4 
6 
6 
1. a75 
6 
5 . 5  
2 
8 
1.5 
6 
0.5 
1.5 
7  

The unquiet conditions which had prevailed in the Antarctic for 3 hours before 
the s.c. developed further after it, and the curves were decidedly oscillatory until 8 
hours after the s.c., when quiet conditions once more prevailed. The S.C. occurred 
between 5 h. and 6 h. on October 21 in the time of 180" E., and the ranges on that 
day, viz., 180y in N', l10y in E' and 122y in V were in no way remarkable. A return 
to quietness about 8 hours after the s.c. seems fairly characteristic of most stations. 
The disturbances which followed the s.c. were in general only sufficient to prevent 
the day being regarded as a quiet one. 

Section 77.-Table CXXXI, p. 246, is intended to summarise the results as to the 
directions of the s.c. movements. Those movements which seem preliminary or subsidiary 
to the principal ones are in ordinary type, the principal movement or movements being in 
heavy type. A plus sign means in .4 H an increase of horizontal force, in AD an increase 
of easterly or decrease of westerly declination, in AN a force to geographical North, 
in AE a force to geographical East, in AV a force directed downwards on a north 
pole. The minus sign means the opposite. A sign of interrogation means that for some 
reason, usually the smallness of the apparent, movement, the existence of the movement 
in question or its connection with the true S.C. movement is doubtful. 

There is inevitably some arbitrariness in the clistinctions drawn. Sooner or later 
any sensible departure from the normal is removed, and whether one regards a movement 
as oscillatory or not is partly a question of the personal equation. In the Antarctic 
the oscillatory character of the 8.c. movement would probably be admitted by all; 
because while the first movement was usually the smaller and took the least time, the 



rates of change in the two ~noveinents were fairly similar, and the amplitudes not so 
widely dissimilar. Again a t  Alibag few would probably regard the H move~nents as 
oscillatory, because while a sensible fall from the suminit attained during the S.C. 
movement sometimes took place in a short time, the return movement took a long time, 
sometimes several hours, to neutralise the commencing movement. But the description 
of the V movement as normally oscillatory at  Buitenzorg, but unidirectional a t  Alibag 
and Honolulu, is more arbitrary. 

At Alibag and Honolulu the V trace was in general visibly cup-shaped, which ilnplies 
that after a comparatively short time a recovery had set in comparable in alnylitude 
with the commencing movement. But as a rule the depression produced by the 
commencing movement was not wholly removed for a considerable tiine, and the 
recovery generally slowed off markedly before the undisturbed position was reached. 
At Buitenzorg, on the other hand, the second V movement usually set in promptly and 
apparently before the comnlencing N movement was finished, and it was usunlly con- 
siderably larger than the first movement. It did not stop when tlie undisturbed level 
was reached, and so could not be regarded as a inere recovery. 

At Buitenzorg declination was only about 0" 50' East of North, so practici~lly 
change in N represented change in H, and change in E change in easterly declination. 
Thus results a t  Buitenzorg, Alibag, I-Ionolulu and Helwan are practically directly 
comparable. At these stations the disturbing force in the horizo~ital plane is very 
largely changed in H, and one's attitude to the phenomena is naturally deterlnined alsnost 
entirely by the H curve. !Phis is more especially the case owing to the fact that the I) 
changes at  Alibag, Honolulu and Helwan appear on optical comparison to be even 
smaller than they actually are, owing to the insensitiveness of the D magnetographs 
as measurers of force. At  Alibag in particular 1 111111. represented 11 .Or in the D trace, 
as compared with 4 . 6 ~  in tlie H trace. Even with the exceptiorlally good definition 
in the copies of the Alibag curves received, iiiove~nents in D of the order of l y  might 
easily escape detection, and no very exact nleasurement can be expected of their duration 
or amplitude. 

At Agincourt the s.c. niove~llents were usually by no means large even in H, and 
they exhibited much more diversity of cliaructcr tllan at  tho stations in lower latitudes. 
Whether this variability of type is a natural characteristic of Agincourt, or ~nerely a 
peculiarity of these particular disturbances, I an1 unable to say. The sac. phoiioniena 
in 1911 and 1912 at  Esltdalemuir unquestionnbly showed less uniformity of type tllull 
used generally to prevail a t  Kew Observat,ory in days prior to artificial disturbances. 
Eskdalemuir is, however, very decidedly more Arctic tlim Kew in the character of its 
magnetic disturbances, and the fact that the Nsltdaleniuir magnetograplis record N 
and W instead of H and D may tend to make s.c. records more co~nplicated. Oscillations 
were undoubtedly the rule a t  Eskdalenluir nnd Sitlta, but the first nioveirlent was usually 
very short in duration, and of small amplitude co~ripared with tlie second. 

A point to bear in mind, especially as regards AN, is that the relation of geographical 



co-ordinate axes to space depends not merely on the hour of the day, but also on the 
latitude and longitude. The times of occurrence of S.C. movements are at  least prac- 

. tically identical for all stations, but at  places like the Antarctic station and Esl~dalemuir 
(differing 170" in longitude), Buitenzorg and Agincourt (differing 186" in longitude), 
and Sitka and Helwan (differing 167" in longitude) a direction in space which is East 
a t  one station is not far from West a t  the other. 

A remarkable feature in Table CXXXI is that the disturbing vertical force during 
the principal movement is normally downwards a t  Honolulu and Sitka, whereas 
a t  Alibag, Helwan and Eskdalem~zir it is upwards. It is also noteworthy that there 
seems nothing a t  the other stations corresponding to the fundamental difference in 
type exhibited in the Antarctic by certain s.cYs, those for instance of April 8 and 
April 9, 1911. 

Section 78.-Tables CXXXII to CXXXV, pp. 247 to 250 present for tho several 
stations an analysis of the disturbing forces to which the s.c. movement or movements 
may be assigned. AN, AE and AV represent components on the north pole of a magnet 
directed respectively to geographical North, to geographical East, and downwards. 
AX, AY and AZ denote components relative to three axes fixed in the earth ; z 
denotes the earth's polar axis, the po~it~ive direction being from South to North ; x 
and y are directions perpendicular to z,  y being in the meridian of Greenwich, and 
x 90" East of Greenwich ; $ is tan-l AX/AY, and 0 is cos-l ( AZ/AR), where 
AR2 = AX" AY2 + AZ2. The 8.c'~ are numbered chronologically 1 to 13 to 
facilitate reference. 

Table CXXXII gives details for both the movements constituting the S.C. in the 
Antarctic. It should be noticed that (4, 0) and (180" $- 4, 1SO0-0) represent the 
two directions of one and the same straight line. Obviously s.c's Nos. 1, 3, 4, 6, 8, 9, 
10 and 13 form a natural group, and s.cYs Nos. 2, 5 and 12 another group, with opposed 
characteristics. In the first group, N, E and V all fall in the first movement and 
rise in the second; in the second group the exact opposite holds, except that in the 
first, movement of Nr. 5 AN instead of a positive has a very small negative value. On 
comparing the mean results obtained for the two groups, it will be recognised that 
we have an approach to movements in a single straight line. It is as if the difference 
between the two groups consisted only in the order of succession of the two phases. 
S.cYs Nos. 7 and 11 are in some ways intermediate between the two groups, but they 
show more resemblance to the more numerous group. 

The first phase of s.cYs Nos. 1, 3, &c., and the second phase of s.c's, Nos. 2, 5 and 
12 represent what was called a Type A disturbance in the discussion of the Antarctic 
curves of 1902-03 ; the other phase in either case represents what was called a Type 
B disturbance. In 1902-03 the only two s.cYs of which the records were undoubtedly 
complete were those of May 8 and August 20, 1902. On a third occasion, 
August 25, 1903, the H trace may have extended sensibly above the 1eveI where it 
became invi~ible on the sheet, but calculations were made which assumed tlie visible 



trace complete. !Phe results originally found were given in Table LXVI of the 1902-03 
volume, but the figures given there for AV on May 8 and August 20, 1002, were in 
error. The V instrument went through various vicissitudcs in 1902, and on the two 
occasions in question there was an unusually large parallax between the V curve 
and the base line. This was overloolced, the consequence being that what was really 
the first phase in the V movement was supposed to be the second. On re-examining 
the curves I noticed this oversight, and have accordingly re-calculated the values of 
AX, AY, A Z ,  d, and 8. The sac. of May 8, 1902, was clearly of the same type as that 
of April 8, 1911 ; while the S.C. of August 20, 1902, was of the opposite type. The 
S.C. of August 26, 1903, bore most resemblance to the group in which the type A 
movement came first!, but in one respect it was abnormal. The S.C. occurred a t  a 
moment when the curves were otherwise considerably disturbed. The first s.c. 
movement in D was down the sheet, and the swing had apparently just stopped when 
the pre-existing disturbance re-asserted itself, the result being a nearly quiescent 
state, followed shortly by a further rapid movement down the sheet. The ~nean 
values given in Table LXVI of the old discussion included the S.C. of August 25, 1903, 
while its exclusion may be desirable for the reasons just stated. I have accordingly 
repeated the calculations-a course necessary in any case owing to the changes in 
tlze data for May 8 and August 20, 1902-both when August 25, 1903, is included 
and when it is excluded. The results are given below, with the corresponding results 
from the s.cYs of 1911-12, omitting the two of nondescript type Nos. 7 and 11. 

--- - -  - -  - - - -  - --- - - - - - -  --- -- -- 

For comparative purposes significance attaches nzainly to the values of d, and 
0 ,  because the amplitude varies ilnllzensely from one S.C. to another, and the relative 
magnitude of the A and B disturbances depends on the proportion of cases in which 
A is the first or tlic second movement. 

The positions of the stations were slightly different, 77" 51' S. and 166" 45' E. in 
1902-03. but 77" 38' 8. and 166" 24' E. in 1911-12. We should certainly not expect 
so small a difference in site to exert much influence, but considering the comparative 
proximity of the south magnetic pole we should not expect identical values of d, and 
0, even in tho case of the same disturbances. 

When consulting tho 1902-03 volunie it should bc iroticed that in Table LXVI, 

Type A (l'hauc with AZ negative). Typo 13 (Phaao with AZ positive). 

1902-03 (3 S.C'U) 

1902-03 (2 8.c'~) 

1911-12(11 8.c'~) 

- -- 

AX 

-18.2 

-33.2 

-57.3 

AX 
Y 

$26.1 

-t31.7 

+43.1 

A l t  

43.1 

46.4 

73.7 

AY 
Y 

+57.4 

f28 .5  

+29.9 
- -  

AY 

-33.0 

-28.5 

-37.1 

d> 
0 

209 

229 

237 

A 
Y Y Y Y  

+21.0 

1-12.0 

4-27.8 

8 
0 

61 

78 

68 
-- 

LJZ 
Y 

-36.3 

-14.7 

-22.8 
- -  

0 

24 

48 

56 

AH 
Y 

72.3 

45.1 

67.2 
---- 

- -- 

O 
0 

119 

100 

113 



dV was counted positive when the vertical force increased numerically, thus the 
signs require reversal for comparison with the results in the present volume. 

Three other s.c's occurring respectively on November 6, 1902, April 5 and 
December 13, 1903, were imperfectly recorded. On November 6, 1902, the D 
movement was too rapid to leave a visible record. On April 5, 1903, the first phase 
seems completely shown, though the D and H traces are very faint, but the second 
H movement went beyond the limits oi registration. On these two occasions the 
e.c., so far as can be seen, was clearly of the same type as that of April 9, 1911. On 
December 13, 1903, the H magnetograph was out of action. Judging by the traces 
of the other elements, the s.c. was of the same type as that of April 8, 191 1 .  

In the case of Buitenzorg and Alibag, Table CXXXIIT, AX and AY are so small 
compared with AZ, that little weight attaches to values of + for individual s.c's. 
This is especially true of Buitenzorg. At Alibag by treating 3" on June 30 as 363" 
an arithmetic mean can fairly be calculated for 6, and the little difference between 
it and the corresponding mean derived from the algebraic mean values of AX and 
AY encourages the hope that the results possess some significance. They indicate 
that the commencing movement has in general a westerly component. It must, 
however, be acknowledged that the corresponding mean value obtained for Q, in 1902-03, 
from a smaller number of s.c's, was very different, being 184". The mean value 
obtained for 0 from the s.c's of 1902-03 was 11°, and so accorded much better with the 
results in Table CXXXIII. It is interesting to notice that so far as 0 is concerned 
there is no decided difference at  either Buitenzorg or Alibag between the two groups 
of s.c's for which such opposite results were obtained in the Antarctic. 

At Honolulu and Helwan, Table CXXXIV, there is again no special peculiarity 
in 8.c'~ Nos. 2, 5 and 12. At Honolulu the component perpendicular to the meridian 
is usually  mall, but on the whole easterly :. at Helwan it is unmistakably westerly. 
The value of Q, is less variable, but the value of 0 niore variable at  these than a t  the 
niore southern stations. The amplitudes rule distinctly smaller a t  Honolulu than a t  
the other stations. 

At Eskdalemuir and Sitlta, Table CXXXV, the 8.c. movements were generally 
oscillatory, but the movement with AN or AH positive was usually very dominant s i ~ r l  
it  alone is dealt with in the table. The amplitude is generally greater at l~sltdalemuir 
and Sitka than at  Buitenzorg or Alibag, but there are exceptions to this rule, 
e.y., Nos. 7 and 12 at  Eskdalemuir, and No. 11 at 8itlta. The mean values of Q, srict 0 
a t  Eskdalemuir are fairly similar to the values obtained for Kew frorrl4 s.c's in 1902-03, 
viz. 4 = 220°, 0 = 62". 

Section 79.-A study of the hours of occurrence of the sac's discloses a curious 
feature in the Antarctic s.c7u. They can be arranged in three groups as has been done 
in Table CXXXVI, p. 251. 

If it is purely accidental, it is truly remarltable that all the s.c's in which the 13 
movement came first occurred between 21 h. and 238 h., while all the s.c's in which the 
A movement came first occurred between 11Q h, and 174 h. Also, considering the 



number of the s.c's, the non-occurrence* of a single one between 4h. 42m. 
and 1.1 h. 21 m., between 17 h. 20 in. and 21 h. 3 m., or between 23 h. 25 m. and 
4 h. 8 m., seems a little curious. It certainly looks as if the hour of the day had a 
decided influence on the type of the Antarctic S.C. 

At the other stations with the possible exception of Sitka, there is at  least no 
conspicuous difference between the s.c's which occur at  different hours of the day. 
At Bitka S.C. No. 2 has an exceptionally large value of AE, and as no traces of 
Nos. 5 and 12 were received, they may have exhibited the saine peculiarity. 

Our discussion of s.c's will have shown that they are not such simple phenomena 
as the records from stations in low latitudes are apt to suggest ; but they undoubtedly 
afford a promising field for investigation. Their study would be facilitated by the 
existence of magnetographs having a more open time scale, and greater sensitiveness 
than is common at present. This is especially true of D magnetographs in tropical 
latitudes. There is also at  present a lack of information as to the characteristics of 
s.c's in high northern latitudes, or as to the influence of a big difference of longitude 
in high latitudes both North and South. We now know beyond a shadow of a doubt 
that s.cYs are much larger in the Antarctic than in temperate or tropical latitudes, 
but we do not know whether the Arctic shares the pre-eminence of the Antarctic. 
The want of the moment seems to be fresh facts, rather than speculations as to the 
cause of the phenomena. We do not a t  present have the information necessary to 
put theory to an adequate test. 

* Subsequent investigation showed, however, two cases that may have been s.c.'s, which occurred 
betwoen 7 h. and 8 11. G.M.T. Tho first on ])ecenlber 14, 1911, a t  7 11. 58 m., was tho more doubtful of 
the two. It appeared to be of tlic donlinallt 8.c. type, but tho first liiovc~lielit down tho sliect wns small 
in E' and V and l~ardly represontcd in N'. Tile second case occurred on Duceli~ber 26, 1911, a t  7 11. 35 m. 
There were syncllronous movcmcnts a t  Eskdalemuir resembling an s.c. 111 E' the disturbance was clearly 
of the dominant s.c. type, but tho movement dowli tllc shoot was only about a tenth of tho subsequent 
movement up tho shoot. Tho movements in N' and V eeemed also of the doniiliant s..c. typc, but osoilla- 
tion8 were taking place a t  the tinie in N', and the first rnoverncnt in V was very small. 





TABLE CXXXI1.-Analysis of s.c. 3Iovements in Antarctic. 
I 

1 I First Jlorement. I Second JIovement. 

Date. ' ! So. I 
i , I d \  I E  ( J V  4 x 1  Y I hi5 ( ~ $ l ~ d \  I E  1 4 1  1 A i l  ii 1 .17 I @  

Y O 0  

April 8 .... .... .... 
Y Y Y Y Y Y o  

-30.3 78 105 + 70.6 +216-2 +65.4 -197.2 -104.2 +79.0 267 

+20.8 229 71 -119.4 - 87.7 -25-9 + 59-1 +I2805 -50.8 25 

-11.3 25 114 + 36.8 + 49.9 +25-9 - 41.4 - 41.3 +33.2 225 

- 6-7 44 111 + 12.2 + 20-5 + 6.8 - 17.5 - 15.0 + 9.3 229 

+11.0 264 67 - 4.2 - 30.5 -14.5 + 29-4 + 8.1 -15.1 75 

August 19 .... .... + 77.1 +22-1 - 70.0 - 38-3 +27*2 241 

October 2 .... .... + 24.4 + 8 - 4  - 22.6 - 10.2 + 9.6 246 

+ 82-7 +19.0 - 73.4 - 48.1 +25.g 237 

+ 56.4 +25-9 - 48.8 - 37-9 +32-1 232 

\ i 
! + 69-7 +35.0 - 66.3 1- 22-5 +37.2 251 

I 
+ 51.9 +14.5 j -  61.6 +- 33.9 + 4.5 299 

-103.2 -58.6 + 93.8 + 51.2 -66.1 61 

October 20 .... .... .... + 21.4 +11.1 - 15.8 - 23.5 +16.0 212 

55 111 - 

3Ieans from Sos. 2, 

54 

1 - 

Hour 
0 1c.M.T. 



TABLE CXXX1II.-*4nalysis of s.c. Novements a t  Buitenzorg and Alibag. 

I I Buitenzorg. i *Ubag. 



TABLE CXXX1V.-Analysis of s.c. Movements at Honolulu and Helwan. 

I I I Honolulu. I Helaan. 



TABLE CXXXV.-,Qnaljrsis of s.c. Movements at  Eskdalemuir and Sitka. 
-- -- .- - - - -- -- . - - - - -- 
I I I Eskdalemnir. I Sitka 



TABLE CXXXV1.-Times of Occurrence of 5.c. Movements of Different Types. 

I S.c9. with Typo A niovcment firat. 1 S.c'a witli T y p  B ~iiovolncnt f i ~ ~ t .  1 I~itorniodiate n.0'8. I 
- I .- 

Oate. Hour U.M.1'. . Datc. I%our O.M.T. Hour G.M.T. 

May 8, 1902 ... . . . 
Novernber 6, 1902 ... 

I December 13, 1903 . . . 
April 8, 1911 ... 
May 29, 1911 ... 

' June 9, 1911 ... . . . 
August 19, 1911 ... 

1 November 8, 1911 ... 
November 12, 191 1. .  . 
Decerrlber 10, 1911 ... 
October 20, 1912 ... 

I 

August 20, 1902 . . . 
Aprll 5, 1903 ..+ 
August 25, 1903 . . . 
April 9, 1911 ... 
Juile 30, 1911 ... 
Scptcinbcr 30, 1'31 2 

October 2, 1911 . 
January 17, 1912 . 



CHAPTER XI. 

SHORT PERIOD DISTURBANCES, INCLUDING THOSE OF THE 
" SPECIAL TYPE." 

Section 80.--In the discussion of the 1902-03 data a separate chapter (Chap. X., 
p. 186) was devoted to the " special type of disturbance," examples of which were shown 
in Plates XXVII (June 19,1903), XXVIII (June 28,1903), XXIX (June 29,1903), XXX 
(July 26, 1903) and XXXI (August 17, 1903). The difference in the magnetograph 
arrangements makes comparison of the old and new records difficult, but with the aid 
of the accompanying Fig. 4, a general idea of their inter-relationships can be easily 
obtained. 

H and D magnetographs may be regarded as measuring changes of force respectively 
in and perpendicular to the magnetic meridian. The mean position of the magnetic 
meridian at  the observing hut in 1902-03 was 162" 40' East of North. Thus a rise of 
H and a rise of D may be regarded as increases of force, the one along a line 27" 20' 
East of South, the other along a line 27" 20' South of West. In 1902-03, however, 
D and H both diminished with movement up the sheet. Thus in the 1902-03 
magnetograms, if we suppose the magnetic meridian the same as in the absolute hut, 
movement up the sheet in D means force in the direction OE" in the figure, 27" 20' 
North of East. ; while movement up the sheet in H means force in the direction 
ON", 27" 20' West of North. In the magnetograms of 1911-12 movement up the 
sheet in E' means force in the direction OE' in the figure, 7" 36' South of East, 
while movement up the sheet in 8' means force in the direction ON', 7" 36' East of 
North. The inclination 34" 56' of OE" to OR' (or ON" to ON') is not negligible ; 
still in a rough way movement up the sheet in the D and H curves of 1902-3 answera 
to movement up the sheet in the E' and N' curves of 1911-12. But movement up 



the sheet in the V trace of 1902-03 meant numerical increase of V, and so answered 
to movement down the sheet in the V trace of 1911-12. 

Plates XXVII and XXIX of 1902-03 represent the usual form of the " special 
type." They show in D and H nlovements up the sheet, followed by nlovements of 
similar size down the sheet*. During the first movement of D or 13, or as i t  was called 
the first phase, there is a small movement of V down tlie sheet (which in the 1911-12 
curves would have been movement up the sheet), and during the second D and H 
movements (or second phase) there is a considerably larger move~nerit of V up the 
sheet (down the sheet in the 1911-12 traces). The result is to leave V nu~~lerically 
enhanced above its original value, and in the two cases mentioned the recovery in 
that element was slow, and seenied hardly an essential part of the phenomenon. Tlie 
intermediate Plate XXVIII of 1902-03 shows, however, a case in which, while tlie D 
and H movements are much as in Plates XXVII and XXIX, tlie recovery in V after 
the second phase is fairly rapid, and is in fact much more pro~ninent than the cliange 
occurring during the first phase. If in this case we attached special inzportance to 
the pheriornena in V, we should regard the disturbance as one having three phases, 
the first and last representing (numerical) fall in V, the iiiternlediate numerical rise. 
In  Plate XXX of 1902-03 the phenomena in 1> and V are much its in Plate XXVII, 
except that the first phase movement in V is very small ; but the H movelilents are 
exactly the opposite, the first phase movement being down, the second phase nloveillent 
up the sheet. This was by no means the only example of reversal of direction of 
movement. It appears in 17 of the 82 disturbances of the " special type " enumerated on 
pp. 187 and 188 of the 1902-03 volume. The direction of the D movement was 
reversed in only one of the 82 cases. 'Phe first phase V nlovenlent, though severctl 
times zero, was actually reverseti in only two cases, but usually i t  was so siiliall that 
the sign possesses little significance. In  the secorid phase tliere wits invariably a 
(numerical) rise in V. 

The attitude adopted to the " special type " disturbance in 1902-03 was deternlined 
mainly by the 1> trace. Owing to the much lower sensitiveness of the V n~agnetograpli, 
the V movements usually made little appeal to the eye, and the existence of a large 
temperature coefficient in the nlagnet, tmd large fluctuat~ions of temperitture in the 
magnetograph chamber, rendered its indications less trustworthy as a guide. The 
sensitiveness of the H instrunierit was high, but the trace was apt to go beyond the 
limits of registration during disturbed times, thus chief regard was paid to the 11 trace 
when deciding the times of beginning arid ending of tlie phases. 'I'his no doubt influenced 
the results obtained. In the Antarctic minor oscillt~tions are usually superposed on the 
larger ones. Let us suppose two traces, say 1) and H, both executing a general nlovenlelit 
up the sheet, due to a principal-force system, which, if i t  acted alone, would bring the 
two traces sinlultaneously to their highest points. Suppose that a t  the same time ti 
secondary field tends to produce short-period oscillations of varying size and duration, 
which are not exactly in phase in the two elenlenta Tlle consequence is tlirat several 
summits of different heights will appear in the traces, and the chauces are that the 



absolutely highest peaks in the two will not synchronise in time. If we regard the phase 
as terminating when the highest peak in the I) trace is reached, we shall get a larger 
value for (D movement/H movement) than if we regard the end of the phase as 
determined by the highest summit on the H trace. 

Plate XXXIV for July 12, 1911, shows a disturbance fairly representative of what 
was considered normal in the " special type " disturbance of 1902-03. In the horizontal 
components the up and down movements are of similar size ; in V, however, the first 
movement is relatively small. After the second movements there is some recovery 
in N' and V, giving the traces something of the bay form, but the V trace remains 
down the sheet (i.e., V is numerically enhanced) for several hours. In this case the 
minor oscillations are relatively small, still they exist, and the times one would assign 
for the end of the first phase from separate consideration of the three traces would not 
be identical. The highest summit in the V trace precedes the highest summits in the 
other traces. In 1911-12 this was in fact the rule rather than the exception. There 
are three nearly equal peaks in N', and three nearly equal peaks in E'. The third and 
slightly highest peak in E' occurred 3 or 4 minutes after the third peak in N', 
and 9 or 10 minutes after the summit in V ; and the values of N' and V which 
correspond to it in time are widely different from those answering to the highest peaks 
in the N' and V traces. On the other hand, the values of E' and N' which correspond 
in time with the summit in V are much below the values answering to the highest peaks 
in these elements. In this case the middle peak in N' seems the fairest to take as 
representing the end of the first phase. It corresponds with peaks in E' and V which 
are lower, but not so very much lower, than the highest peaks in these elements. 

There is obviously in this instance a similar difficulty in fixing the exact end of the 
second phase. The lowest point in the E' trace did not present itself until nearly 21 h. 
There are corresponding dips in the N' and V traces. So far as N' is concerned, i t  
would not much matter whether we took this dip or one occurring 35 minutes earlier, 
but the V trace shows a marked recovery during these 35 minutes. Thus the earlier 
dip in the N' trace, with the corresponding lowest point in the V trace, seems the more 
natural end to the second phase. Accepting it, however, we get a considerably smaller 
E' change during the second phase, than if our choice had been determined by con- 
sideration of the E' trace alone. There are many, especially of the smaller disturbances, 
which present less possibilities of choice, but there are comparatively few in which 
only one choice is possible. Some of the larger disturbances of the type are much less 
simple than that of July 12, 1911, and it is principally these that are reproduced in 
the plates. In preparing the list of disturbances which was circulated amongst 
observatories, with a request for copies of the curves, the larger Antarctic disturbances 
were naturally selected. 

Section 81 .-Plates XXVIIJ to XL include copies of short-period disturbances* of the 
" special type " or analogous types recorded in the Antarctic and at  co-operating stations. 
The disturbances of April 30, July 12 and 20, 1911, and .June 2,1912, in Plates XXVIII, 

* The hours of occurrcncc will bc found in Tublo CXXXVII, p. 273. 



XXXIV and XXXVIII, illustrate the more common form of the "special type." 
In each case there are iirst up then down movements in all the traces. 
The up and down movements in E' and N' are of the same order of magnitude, 
but the up movement in V is relatively small. In 13' there are only the two prominent 
movements or phases. In N', however, a third movenlent in the same direction as 
the first is clearly apparent in three out of the four cases, and the second movement is 
decidedly larger than tlie first. In V a third movement exceeding the first in size is 
seen in all four cases, and in Plates XXVIII and XXXVTII (June 2) the most prominent 
phenomenon in the V trace is undoubtedly the bay formed by the second and third 
movements. The average disturbance of the " special type " differs from tliose shown in 
Plates XXVIII, XXXIV and XXXVlII (June 2) chiefly in that it is smaller in 
magnitude and shorter in duration. The disturbance on July 20, 1911, however, is of 
a less simple character than the others classed with it. The commencement of the 
second phase in E' and N' seems delayed. The N' trace, in fact, suggests that a 
second wave, as it were, rolled in before the first Iiad subsided. 

Plates XXXVI (April ~ i ) ,  XXXVIII (May 13), XXXIX and XL show another 
variant of the " special type." The distinctive feature is that the N' movei~leiits are 
the opposite of tliose in the more usual form, the first being down, the second up the 
sheet. The E' movements are of the usual kind, the rise coining first. There are so 
many minor irregularities that it is difficult to say whether tlie characteristic first 
phase movement in V up the sheet is represented or not. I t  seems to be indicated in 
the April 6 curve, where the bay is inconspicuous. In tlie other three cases the bay is 
the most prominent phenomenon in V. 

Plates XXTX, XXX, XXXI, XXXII, XXXIII, XXXV, XXXVI (August 24), and 
XXXVII show tlie remainder of tlie inost prominent short-period disturbances recorded 
in the Antarctic. All present some of the features of the disturbance of the " special 
type," but whether they should be regarded as examples of it or not is doubtful. In 
each case there is a bay in V, which if not an essential is, at  least, a conimon feature 
in the " special type." On these eiglit occasions tlle outstanding feature in tlle E' traces 
is the existence of one or more deep narrow bays. On May 16, 191 1, 4 11.-8 li., and 
May 5 ,  1912, tlie inost natural interpretation of tlie plienomena is that two independent 
disturbances succeeded one another after a short interval, the second being the larger. 
If we take the later of the two disturbances on May 16, 1911, as an example, its 
commencement distinctly suggests the (( special type." We have a sharp rise and fall in 
E', with a slight rise and larger fall in N', a small rise in V and then a large fall. But 
the fall in E' carries the trace far below its original level, and this fall and the subsequent 
recovery constitute by far the most notable feature of the disturbance. The 
bay they form has analogous bays in the N' and V traces, but still the departure 
of these traces from thc form characteristic of tlie ordinary " special type " disturbance 
is hardly fundamental. Very similar remarlts apply to the disturbances of May 21, 
July 3, and August 24, 1911. On June 5 ,  July 11 and 31, 191 1, and the first disturbance 
of May 6 ,  1912, there is much irregular disturbance, but in all cases the narrow bays 



It should be noticed that u (or u) represents a force on a north pole directed, easterly, 
northerly or towards the earth's centre. The residual effect a t  the end of the time 
included in the plates consists in the main in a depreasion of the V trace down the sheet, 
representing a numerical increase in V above its original value. 

Por Mauritius only H and I) traces were available. On each occasion the H trace 
showed a decided bay, representing a diminished value of I.1. On July 12, 1911, and 
June 2, 1912, the bay was rather a shallow one. The I) trace showed very little sign 
of disturbance except on July 12, 1911, when the easterly movement normal a t  the 
hour was interrupted by a westerly movement, leading to a decided bay on the curve. 

At Buitenzorg, as the plates will show, the prominent feature on each occasion 
is the bay, depression, in the N curve. The lack of symmetry in the bays may reasonably 
be ascribed to the fact that the ordinary diurnal variation during the hours included 
would naturally bring the trace down the sheet. The E traces would naturally, in virtue 
of the regular diurnal variation, be convex upwards, but the disturbance tended 

in the E' traces and the bay in V are essentially phenomena of the same kind as on 
May 16, 1911. The second disturbance on May 5, 1912, between 10 h. and 13 h., has 
some special features. The E' trace has a deep narrow bay, but this is hardly 
represented in N' or V. Again, while the E' trace is not suggestive of the ordinary 
'' special type," the N' trace unquestionably is, and the V trace is remarltable only in that 
the recovery is more rapid and complete than usual. 

Before proceeding further it will be well to consider the 16 short-period 
disturbances illustrated in the plates individually in the light afforded by the 
corresponding records from the co-oprating stations. In all cases in the plates the 
arrow shows the direction of the forces acting on the north pole of a magnet. It 
indicates the direction of increase in I1 or N, in easterly declination or E, and in V force 
directed towards the earth's centre. 

i3ectio.n 82.-April 30, July 12,20, 191 1, and June 2, 1912, PI ates XXVIII , XXXlV 
and XXXVIII. These disturbances, it will be noticed, fall between 6 h. and 9 h., or 
7 h. and 10 h., G.M.T. Let u and u represent respectively large and small movements 
up the sheet, d and d large and small movements down the sheet, and let 1 represent a 
portion of level or nearly level curve. Then, neglecting short-period oscillations and 
small changes of level, we might in general terms describe the several Antarctic 
disturbances as follows :- 

- - --- .- - - .  - - - - -- - 
Date. N'. E'. \'. 

-- 

u  d u 

u d u  I 

u d u  
I 

u d u  I 

I ,  3 1911 ... ... 

July 12, 1911 ... ... 

July 20, 1911 ... ... 

June 2, 1912 ... ... 

u rl 1 

u  (I! 1  

u rl 

u l l l  

u d u l  

u tl u  1  

u i  d l  

u d u l  



apparently to produce a very small bay, or what iiiay be called a dimple. There is 
also in general a suggestion of a bay in tlie V trace, wliicli was naturally nearly level a t  
that time of day. 

At Alibag a sllallow Lay, depression, is distinctly visible in all tlie II traces. The 
pheno~nena are closely similar to those a t  Mauritius. D and V traces were available 
only for July 20, 1911, wlie~i they sliowed little sign of disturbance. 

Honolulu and Helwetn curves were available only for April 30, 1911. At Honolulu 
the H trace showed sensible irregular disturbance, tending on tlie whole to forin a bay 
(depression). The 1) trace was practically quiet, and tlic V tr;~ce o11ly a little less so. 
911 the I-ielwan curves show irregular ~vavelike movc~nents. There is a decided bay in 
H, similar to that a t  Alibag. 

For Agincourt 13 and I )  traces were a~a~ilablo except for July 12, 1911. Tlie 
H trace sliows a distinct bay, or depression, in I i  on April 30 and July 20, 1911, 
but the exact opposite or what we inay for brevity call a liul~ip 01-1 June 2, 1912. 
The 1) trace sliows humps-representing a t  Agincourt a westerly followed by an 
easterly movelnent--but the liunlp on April 30, 191 1, is snzell and accompanied 
by oscillations, while that on June 2, 1012, 11ns ;L large indentation. 

At Eslrdaleinuir all the N curves sliow distinct bays, i.e., depressions of N. The 
movements in the other elelneiits especially V are nlostly trifling, but the E trace of 
April 30 shows a moderato hump, the chief nloveiileiit in whiull rcpresellts a force directed 
to the west. 

For Sitlta there were no traces for June 2, 1912. Tlie plsilicipnl nlovelnents on the 
other occt~sions, in tlie notation already eniployed for tile Ant,srctic, were as follows :- 

I-Iere u (or u) means a rise i11 H, but a, fall ill V, and n westerly niovelnent 
in declination. 

Short period oscillations of considornble size itcconipanicd the larger movements. 
The H movements a t  Sitka are of a less sinlple type than tliose a t  the other 
co-operating stations. In  general there is a l~urnp :uirl. n bay, the former usually t l ~ a  
more proiiiinent. l'llc general consequence of the D inoveiile~its is the produ~t~ion of 
bays, a single bay (LC.,  an easterly followed by westcrly movement) on July 20, but 
a double bay on April 30 and July 12. The proininelit feature in V is a huinp (first 
fall then rise of force urging a north pole towt~rds earth's centre). 

The Sitlra movements, though notably less than those in the Antarctic, are lnuch 
larger than the nlovements a t  any intermediate stntion. 

- - -. --- 

1'. 

-- 

d tc (1 

u d 

TI d 

. -- -- - -- - - 

- -- -. . - - - - -- 
1). 

-- -- 

tl 21 tE u 

d u d u  

d u 

- - - - 

- - - - -  - 

I 
- - - - - - - - -- 

I>iltc-. li. 

April 30, 1911 ... ... 
July 12, 1911 ... ... 
July 20, 1911 ... ... 

- .  - - -  - 

-. 

u tl u 

14 (1 u 

7c (I: 

- .  



April 5, May 13, June 3 a~zcl Augu~ t  1, 1912. Plates XXXVI, XXXVTIT, XXXIX 
and XL. 

Sectior~ 83.---Using the same notation as before, the movements in the Antarctic 
curves may be described as follows :- 

... June  3, 1912 ... 

... Augns t l , l 912  ... 

1 (or u) d u 

1 cl u 

In all cases nunierous short-period oscillations were superposed on the principal 
movements. The general impression left is that of a hump in I{', and hays in N' and V. 
The first, and principal, movement in V down the sheet seems to lag behind the first 
movements in the other elements. At the end of the time represented in the plates 
the V trace rernains depressed, i.e., the element is numerically enhanced. 

There were no Mauritius curves for April 5.  For the other three days there were 
H and D curves, but the D trace on May 13 was almost invisible, and that on June 3 
too faint for measurement. In all cases t,he I1 trace showed a decided bay (depression). 
On June 3 and August 1 the westerly niovement normal to the hour was neutraliscd 
or slightly reversed lor a time. On NLay 13 the effect of the clisturbance was to very 
sensibly reduce the 1) movement natural to the three hours below its normal value. 

At Buitenzorg, where there was no trace for any element on April 6, the prominent 
feature in every case is the bay in tlie N curve. l'he 1C curve on June 3 exhibits a 
regular convexity representing presurnal~ly the regular diurnal inequality. On May 13 
and August 1 the E trace is visibly tlisturbed during part oS tlic tjrne. Tlze V trace 
shows a decided bay on May 13 arid on June 3, and a hump fvllowed by tl bay on 
August 1. 

No Alibag curves were available except for May 13 ant1 June 3, ant1 on the forrner 
occasion only H was represented. 'Chc only rnovernents worth mentioning are the 
bays in the H curves. 

There were no Honolulu traces, and none from Helwan except for August 1. 

At  Helwan on August 1 there was a decided bay, clepression, in the 1-1 curve, and 
the D curve was slightly undulatory. 

Agincourt H and I> traces were available except for April 5. The movements 
were of a con~iderable size, but of irregular character. On May 13 the H trace shows 
a succession of large oscillations, while the I> trace shows one large and numerous 
minor oscillations, which do not seen1 in phase with tliose in H. The principal 
movements synchronize with the large hay in the Antarctic N' curve. Or1 ,June 3 
there is a narrow but fairly deep bay in 13, and a corresponding hump in I>, which answer 



roughly in time to the up movement and the faster part of the down movement in 
the Antarctic E' curve. During the subsequent time, when the principal Antarctic 
N' and V inovements occurred, the Agincoort curves show only ininor oscillations. 
On August 1 the main feature at  Agincourt is a hump in the D curve. The H trace 
suggests a succession of irregular waves. 

At Eskdalemuir the N traces all show bays, those on May 13 and August 1 of 
considerable depth. The E traces also show decided nlovemelits of an undulatory 
character ; on April 5 and August 1 the huinp is the prevailing feature ; on May 13 
the appeartince of the curve is rather that of a double bay, with an internlediate 
higher portion of trace. The V trace shows on May 13 a fairly deep bay, and on 
August 1 a snlall dimple towards the end of the time ; on April 5 it is practically 
undisturbed. 

Sitlta is represented only on August 1, when the tritces were solnewhat highly 
disturbed. The principal features are a hu~np in 13, and bays in D and V. The bay 
in V is narrow and deep, and bears no resemblance to that in 11. The H and D traces 
have a considerable general reseinblance to the Antarctic E' and N' traces respectively. 
But if, as is inore natural, we compare H with N' and r) with E', we find the 
corresponding curves at  the two places more nearly the inverse of one another. Tho 
principal V movement had finished at  Sitlca before that i11 the Antarctic coinnlenced. 

I t  will have been observed that except in the Antarctic the plienoi~leiia presented 
by the disturbances of April 5, May 13, June 3 and August 1, 1912, are closely sirnilar 
to those exhibited by the disturbances of April 30, July 12 and 20,1911, and June 2, 1912. 

May 16 and 21, Juf t ,~  5, July 3,11, 31, August 24,101 1, and Ma?/ 5,1012.- Plates XXZX, 
XXX, X'XXI, X'XXII, XXXIII, XSXV, XSXVI and X'XXVII. 

May 16 (2 h.-4 II . ) ,  in11 ... 
,, 16 (4 h . 4  h.), 1911 ... 
, 21, 1911 ... . . . 

Juno 8, 1911 ... ... 
July 3, 1911 ... . . . 
,, I l , l 9 l l  ... . a .  

$ 8  1 1911 ... . . . 
August 24, 191 1 . . . . . . 
May 5 (8 11.-10 h.), 1912 ... 

9, 5 (10 h.-13 h.), 1912 

Section 84.-The Antarctic truces next to be discnssed have us a general 
characteristic a series of vcry sharp deep depressioiis in the 14' curves, and generally 
also in the N' and V curves. On two of the occasions, May It,, 1911, and Mn'y 5 ,  1912, 
there were what seen1 two independent disturbances, thc secoitd of the two being in 
each case much the larger. Using a suffix , to indicate n specially rapid motion, and 
employing 0 to represe~it short period oscillations, the principal nlovenients in the 
Antarctic may be described as follows :- - -. - A - - -- - - - - - -- --- - -- 
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The disturbances of May 16 and July 3, 1911, were the most striking recorded 
in the Antarctic during 1911 and 1912. On May 16 the V trace seems to have just 
got off the sheet a t  the lowest point, so that the measured change in V may have been 
slightly exceeded. A quick run was in progress during the latter part of the second 
disturbance on May 16, and the corresponding part of the curve in Plate XXIX has 
been drawn from measurements made on the quick run curve. T t  does not fully show 
the shorter period oscillations. It will be noticed that in this third group of short- 
period disturbances, as in the two previous groups, there is always a bay in V, and the 
recovery from the depression in the V trace is not completed within the time included 
in the plates, except for the later disturbance of May 5, 191 2. Thus the general tendency 
is to leave V numerically ent~ancetl, after the distnrl~nnce in the horizontal field seems 
to  he completetl. 

At Mauritius the main feature is a hay or succession of bays (depressions) in H. 
The H curves are generally similar to the N curves a t  Buitenzorg and tlie 13 curves 
a t  Alibng. On May 16 the H record did not begin until 4 11. Between 4 11. and 8 11. 
there seemed to be really two bays, the second and deeper appearing before the 
recovery from the first was complete. Generally speaking, the bays are of a rounded 
character, and not similar to  the very deep bays in the Antarctic traces. The bay 
between 10 h. and 13 h. on May 5, 1912, was the deepest. The fall and recovery 
were both rapid, as a t  Alibag. The D traces showed some signs of disturbance, but 
usually the principal feature was the regular diurnal variation. 

At Buitenzorg the outstanding feature in each case is a, bay or succession of bays 
in the N curves. On May 16, 1911, there are a succession of bays, the largest partly 
synchronising with the very deep bay in the Antarctic Il:'.ourve. The bays in the 
Buitenzorg N curves generally last during the greater part of the disturbance 
shown by the Antarctic curves, and do not show any very exceptional development 
during the specially rapid Antarctic movements. On July 3, 1011, however., the bay 
a t  Buitenzorg is of shorter duration than usual, and the recovery is unusually rapid. 
The Buitenzorg E and V curves are much quieter, but all show minor disturbance, 
usually of nn oscillatory character. On May 21, 1911, there are decided bays in both 
curves, especially the V curve. 'There are also minor bays or dimples in the V trace 
on July 3, 11 and August 24, 1911, and during the second disturbance of May 6, 1912. 
On the latter occasion there is also a distinct bay in the I$ curve. 

All the Alibag H traces show hays, corresponding in time to those in the Buitenzorg 
N traces. The Alibag D and V traces, so far as available, show very little visible sign 
of disturbance, as compared even with the Buitenzorg E and V traces. The difference 
is proljably largely due to the difference jn sensibility of the magnetographs. 

Honolulu traces were available only for May 21, July 3 and August 24, 1911, and 
for May 5, 1912. On all these occasions, the most prominent feature is a hurnp on 
the H curve i . e . ,  an elevation of 13--corresponding generally in time with the bays 
on the Buitenzorg N and Alibag H curves. The D traces at Honolulu show very little 
sign of disturbance. The V traces are a little more disturbed, That for July 3, 1911, 
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shows a small bay, synchronovzs with the principal Antarctic move~nents, while the 
traces for August 24, 1911, and May 5, 1912, show very sensible undul a t' 1011s. 

Helwan traces were available for May 16, June 5 and August 24, 191 1, and May 5, 
1912. The H traces show shallow bays, corresponding in time with those in the 
Buitenzorg N and Alibag FI curves. On May 16 and June 5 there are only niinor 
irregularities in the D and V traces. On August 24 the V trnce was very faint ; 
the D trace is practically undisturbed. 

Agincourt 1) and H traces were available for all tlle disturbances, except that 
of May 21, 191 1 .  On May 16, 191 1, the traces were highly disturbed ; but the move- 
ments are very irregular and it is difficult to see their relation to those elsewhere. Tlie 
Agincourt time scale is intermediate between tho ordinary Adie and Eschenhagen 
scales, so superposition of the Agincourt traces and those from :uly~vllere else is less 
Iielpful than usual in tlie detection of resemblnnccs. Tlie most uniform pron~iizent 
feature in the other disi,urbances a t  Agincourt is n 1i.tlnlp (s\vings first to West; then 
to East) in the D trace, corresponding in tinle in tt general way with the largest 
Antarctic n~ovenients. 

There is a certain rese~~lblarice bet,wee~z thc Aginco.urt 1) nild Antarctic I{' truces, 
implying that easterly force in the Antarctic was accoinpanied on the ~vl~ole by westerly 
force a t  Agincourt. (The secoild dist~zrbnncc on May 5 ,  1012, is, however, an exception 
to this.) But tlierc seems nothing a t  Agincourt corresponding to the large rapid 
oscillations in the Antarctic. For instance, on July 3, 11 and-August 24, 1911, we have 
on the Agincourt D curve a large hump, with an ttlmost sinootli contour, at  the tiine 
of large rapid .E' oscillations in the Antarctic. l ' l~e plie~io~nena exllibited by the 
Agincourt H curves :ire more irregular. On Jnly 11, 1011, the proininent feature 
is a Iuunp, the greater part of which niiticipntcs the 11mnp in tllc I )  cm*ve and the larger 
lnove~nents in the Antarctic. On July 31 and Angnst 24, 1011, and during tlic second 
disturbance of May 6 ,  1912, there .were clecticlcd bays, that of August 24 being of 
considerable depth ; wliile tlie disturbance of Jmie 5 ,  1911, niny be regarded as a 
double bay. 

Disturbance was less a t  Eskdale~rruir tlian nt Agincourt. On May 16 and June 5, 
1911, the movements, wliicll are clliefly exhibited by the N ~11~3. E curves, are of an 
irregular undulatory type, and the salne is true genernlly of the ot)lier E curves. 

Tlie N curves, whilst also exlli1)iting numerous niinor oscillations, show it decided 
tendency to for111 bays, but rill these are shallow. Tlie Eskdnlel~luir V traces show 
little signs of disturbance, some being pract-icslly straight lines ; but on May 16, 1911, 
there are sensible undulations. 

Sitlca curves were available for all tlie disttirbances of tlie group, except that of 
June 6 ,  1911. On May 16, 1911, trace was lacking duriug two short intervals, and 
as a t  Agincourt and Eskdalemuir the movenlents s1iow11 were of 2~11  inu usually irregular 
character. On this occasion the movements which syncllronised \vitl~ the deep nilrrow 
bay in the Antarctic curves, though considerable, were not inore prominent than the 
others. In fact the largest V movements and sonlo of tlie largest n~oven~ents in the 



other elements occurred a considerable time later than the principal movements in 
the Antarctic. On all the other occasions a characteristic and prominent feature a t  
Sitka is the hump on the V trace. On May 21, 1911, and May 5, 1912, the range in V 
a t  Sitka exceeded that in either of the horizontal components ; in fact on the latter 
occasion i t  slightly exceeded the range of the Antarctic V movement. A hump on the 
Sitka V trace and a bay in the Antarctic V trace both represent a force on the north 
pole of a magnet outwardly directed from the earth's centre ; so in a way the principal V 
movements a t  the two places had the same sense. But there seems no equivalent 
in the Sitka traces to the very rapid V oscillations which form the deep bays in the 
Antarctic on July 3 and August 24, 1911, and May 5, 1912. 

On July 3, 11 and August 24, 191 1, there is a certain general resemblance between 
the Sitka H and Antarctic N' curves, but the hump on the Sitlca H curve on July 3 
persists during part of the rapid fall in N' in the Antarctic. On May 21, 1911, and 
May 5, 1912, we have on the contrary bays in the Sitka H curves synchronising with 
humps in the Antarctic N' curves. 

The Sitka D trace has a certain resemblance to the Antarctic E' trace on May 21 
and August 24, 1911, and during both disturbances of May 5, 1912 ; but on July 3 
and 11, 1911, the traces are more like the inverse of one another. In no case does there 
seem any large rapid oscillation a t  Sitka to correspond to the large rapid oscillations 
in the Antarctic. 

,Section 85.-The examination of the short-period disturbances included in Plates 
XXVIII to XL shows that except in the Antarctic the disturbances were all 
essentially of the same kind. The most prominent feature a t  Mauritius, Buitenzorg, 
Alibag, EIelwan and Eskdalemuir is a depression in H or N, which lasts during the 
principal Antarctic movements, but seems independent of their particular character. 
Honolulu differs from the stations previously mentioned only in that H is elevated 
instead of being depressed. This somewhat rsmarkable reversal of H movements 
a t  Honolulu was also seen in some of the longer storms presently to be 
described. Agincourt is intermediate in latitude between Helwan and I~skdalemuir, 
but the phenomena a t  Agincourt are quite unlike those a t  Eskdalemuir or a t  
the more southern stations. In the first place, a t  Agincourt the D movements 
generally exceed those in H ; and as declination a t  Agincourt is only about 5" W., 
the difference between D and E traces therr would be insignificant. Then, while 
there are bays in some of the Agincourt H traces, this i's by no means always the case, 
and a more characteristic feature is a hump in the D trace, implying a deflection of 
the magnet to the West of its normal position during the height of the disturbance. 

The disturbances a t  Sitlta, the most northerly of the stations, are in every case 
nearest in amplitude to those in the Antarctic. Also, as in the Antarctic, i t  is the 
Sitka V trace which exhibits the greatest uniformity of type. There are in fact only 
two cases, May 16, 1911, and August 1, 1912, in which a hump is not conspicuous in 
the Sitka V trace. 

There is nothing a t  any of the co-operating stations which suggests any special 



Magnetic activity during tlie very large, rapitl oscillations seen in tlic Antarctic on 
some occasions, notably May 16 and 21 and July 3, 191 1. Thus tllese would seein to 
have been much inoibe local in tlieir incidence than tlie other nlovenients. 

The fact that the disturbances appear first to diminis11 iis ~ v e  reccde fro111 the 
Antarctic, and tlien increase-not:~bl in the Americ:in stations--1iiay raise a doubt 
whether tlie disturbances a t  Agincourt and Sitlia ~vei-e redly c:onnected wit11 tliose 
seen in the Antarctic. Rut while clisturbance a t  tI~cse ~tat~ioiis is not so rtwe an 
event as to pret:lutle tlic possibility of occasion:~l accitfental coincitlences, i t  seems 
quite beyond the range of possibility that tliere sl~ould I>e olr every single occasion 
an acciclental coiriciderlce of disturbance in the hiitarctic nncl ut Sitlctt. I t  ~vill be 
~.emeinbcred tllat a 1)arallel plienoinenon appetued in tllc cibse of sndtien coninience- 
nrents, tlle a~r~plitudc tellcling to be dcciclctlly gl'tfi~t~l' a t  11:slicl;~lc1iinir and Sitk:~ tlialr 
i t  was a t  Alibag or I-lelwan. 

Sectio?~ 86.---It was originally intcncied to t;bkc i~icasiirelllents froni wliich the 
ainplitudes and tfirectjons of the disturbnnce vectors niigllt be found rspreseliting 
tlie changes in tlie elelnciits in co~~responding given iiitervals of t1inie a t  the several 

r 1  stations. Rnt after consideration tliis was not done. I lie frequency anti considerable 
amplitude of tlie shorter period oscillatioi~s a t  soill(! of tlic st:lttioiis would liiive 
interfered with tlie :Lccuracy of the results, bcctluse silinll errors in the tiuie woultl in 
many instances l~ave cnusetl serious errors in tlle niettsure~ilents. A~iotlier consideratlion 
was that t i t  sonie of the stations nmst of the clisturbances occiusretf t ~ t  liours \vlien the 
normal ciiurnnl cllanges were rapid, and no s~ltisfactory ;~llo~vance could lltive been 
made for tliese changes, ~vitliout an onerous investigatiolr for wliicll adequate nlaterial 
was not available. Wlleii a, disturbance lasts only few miiitztes, iis was the case with 
the s.c's, the neglect of tlie regu1;ir diunial variation is unilikely to 11t~vc serious con- 
sequences, but i t  is ot,hcr\visc wlleii a di~t~urbaiicc lasts scveriil llonrs, i~nlcss itas ribnge is 
very large conipared witli tliat of tlie tliunial incc1u:llity tl~roughout tllc inc.lucled tinle. 

As, however, some itlea of the relative ~li :~g~ii t t~dc 01 the disturballcc esperienced 
a t  different stations was liigllly desirable, c s ;~c t  ~uet~stirenrents were illadc of the 
differorlce between the greatest arid least ordinates whicli were nlet with during each 
disturbance. Tlie resulti~lg ranges are given ill 'I'i~ble CXSXVlT, p. 373, aloilg with 
ranges during the ilicluded liours derived from tlic regular cliuninl inequality. T l ~ e  
latter are given in snlaller type and arc enclosed in parenitlieses. 

Some of tlie inequality dutch were derivctl. from inior~ntition for individual illonths 
of 1911 and 1912, LLS publisI1etf or t ~ s  ~11~~'iit,lly ~ '~~l l~l l l l l l ic i~tcd by SOI~IC of the 
observatories. Other incqualit,y data rcprescrit nlcails fro111 41 periocl of yelirs. They 
shoald in no case be regarded as lrlorc ellall :wl approsi~nation to tlie rt~nge to be 
expected in tlie average day's curve between tllc houlbs stated. At certt~in hours, u 
range rlerivcd from llourly retldings-even wliell tliese re1)resent rct~dings a t  the estict 
hour from unsinoothed curves -is prihcticnIIy ccrt,;bin to be an mderestiiii:~te of the 
true range, because the extre~rre values even in the regular dial-nu1 variation do not 
naturally preserrt t l i e ~ ~ ~ e l v e s  a t  exact hours C:.M.'I1. 



On the other hand, i t  must not be taken for granted that equality or 
approximate equality between the range actually measured and that derived frorn 
the regular diurnal inequality necessarily implies that disturbance was non-existent 
or very small. Take, for instance, the case of N a t  Buitenzorg on July 11, 1911. 
According to  Table CXXXVII the observed and calculated ranges were respectively 
307 and 27y, the difference 3y being insignificant. But a glance a t  Plate XXXIII 
shows that the disturbance a t  Buitenzorg was really considerable. The disturbance 
caused a very decided bay or depression in N. But a t  that hour of the day there is 
naturally rather a rapid fall in N, and the lowest point reached during the bay 
represented a value of N but little lower than would naturally have been attained 
somewhat later in the day, but still within the time covered by the disturbance. 
Again the disturbance movement may be in the opposite direction to that normal a t  
the hour, and the measured range in thaf; case may be even less than that encountered 
during the same period of an undisturbed day. Further, i t  must be remembered that 
the interval, whether 2, 3 or 4 hours, to which the disturbance is assigned was 
naturally longer, on the average fully twice as long as the interval between the extreme 
readings. 

The mean ranges given at the foot of Table CXXXVII were derived only from 
those disturbances in which traces were available of all the elements, except V a t  
Mauritius and Agincourt. The Antarctic station and Eskdalemuir are the only stations 
for which there are data for all of the disturbances. The results from the other 
stations are not strictly comparable, as different disturbances are laclting a t  different 
stations, and the amplitudes vary considerably. Still the data a t  the foot of the 
table give a very fair general idea of the extent to which the different stations were 
affected by disturbances of the kinrl, and of the relative importance of the contribution 
from the regular diurnal variation. It is clear that at I-fonolulu, Agincourt and Sitka, 
as well as in the Antarctic, the neglect of the diurnal inequality would make little 
difference, and a t  I<sltdalemuir i t  would not be serious, but i t  would be otherwise a t  
Mauritius, Buitenzorg, Alibag, and I-Ielwan, especially in the case of the declination 
or the easterly component. 

The tahle helps to  confirm what has been incidentally said as to  the large 
amplitudes experienced a t  Agincourt, and still more a t  8itlta. At Mauritius and 
Honolulu, on the other hand, the amplitudes seem decidedly less than for stations 
whose latitude is either lower or higher. 

It seems pretty clear that a t  the tropical stations disturbances of the kind 
illustrated tend to have the disturbing forces acting nearly in the magnetic or 
astronomical meridian, just as we found with the KC'S, but in the higher latitudes this 
is not the case. The vertical component increases notably in relative importance in 
the higher latitudes. 

S'ection 87. To get a clearer irlen of the relative importance of the different 
disturbances, the value was calculntcd oi dm + ADk 4- A V z  ,//I Hz -/- ADZ 
a t  Mauritius and Agincourt) or J ~ N Z  + -+ AV? where AH, .4D, &c., 



represent the ranges in tlie scveral elements given in Table CXXXVII. This was done 
both for the tlisturbance figures and for the inequality figures. 'Che results are given 
in Tafl)le CXXXVIIT, p. 275, the inequality data being in smaller type and enclosed in 
parentheses. !I1he quantity tabulated-or perhaps better its square-gives a more 
accurate idea of the general intensity of the disturbance than is derivable from the 
range of any one element. 

The order in which the disturbances present themselves when arranged according 
to magnitude varies a good deal a t  different stations. In  particular, while the 
disturbance of July 3, 1911, comes first in the Antarctic, elsewhere it is rather below 
than al~ove the average. The seco~id disturbances on May 16, 1911, and May 5, 1912, 
are rather outstanding a t  all t,lie stations, especially the more northern ones. 

In comparing different stations, allowance must be made for the olnission of V 
a t  Mauritius and Agincourt. Not~vithstitndiiig the nbsence of V, tlie Mauritius value 
is in every c:~sc lal.ger than that for I-Ionol~iln, and tlie Agincourt value exceeds that 
for 13sltdalemuir in 12 old of 15 cases. 'l'he snlallness of the Honolulu figures is not 
improbably associatctl with the fact tliat tlie disturbances occurred a t  hours when 
the regular diurnal changes there were very slow. At Helwan, on the other hand, 
the disturbances occurred a t  tinles when tlle regular diurnal cliaiiges are rapid ; but 
in spite of that the Helwan disturbance figure is usually a good deal lower than the 
corresponding Eskdalemuir figure. What is perhaps more surprising is that the 
Helman figure is in every case but one less than tliat for Buitenzorg. The Antarctic 
figure is pre-eminent in every case, and the Sitka figure is invariably second. 

Section 88.-Measurements were made of the Antarctic curves at some of the more 
prominent points which seenicd to correspo~ld in time on tlle traces of the tliree 
elenlents, wit,li a view to sceing t,he direction and n~nplitude of the vectors to which 
the changes of force in the intervals considered inight be assigned. '!'he results appear in 
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Table CXXXIX, 1). 876, where g, T, I/,, X, a, b, l ~ v c  the same meaning ns in Table CLXX. 
It gives tlie tirnes (in the tirne of 180" E.), as shown on the N' traces, uiiswerilig to the 
beginning and end of each interval for which the change in force was measured. 
There were srnall (nearly constant) differential parallax errors for the three elements, 
the N' trace secniing to lag behind tlle E' and V traces by about 0. G mm. and 0.9 mm. 
respectively, on the average. 'rhese differe~ices were deternlined from the relative 
positions of the three traces a t  tlie end or beginning of each day's record, and were 
allowed for in the identification of corresponding points on the curves. 

It must be remembered that the direction of the resultant disturbing force was 
in general by no means constant during the interval dealt with. Tllere were practically 
always minor oscillations superposed on the gcnerol lnovelnent in the trace of each 
clement, and the inter~nediate oscillations were sometimes far froin negligible. 'Phus 
tlie angles &ppear.ing in Table CXXXIX represent only a species of average direction 
of the disturbance vector for tlie times stated. In a good many cases tlle change of 
ordinate mcnsured in onc or even two of the traces was less tllnri would have been 
obtained by selecting u sllorter period of time, wholly included within the period 



selected. . The highest and lowest points attained were seldom reached simultaneously 
in the three traces, and the choice made of the interval in any particular case was 
necessarily more favourable to a large range in one element than in the others. The 
case of April 30, 1911, will serve as an example of this. Two sets of results are given 
as alternatives for the first phase. The first alternative took as the end of the first 
phase a prominent peak: (almost the highest) in E'. This had a corresponding peak in 
N', which though also prominent fell short of the highest by about 1.5 mm. ( 1 3 ~ ) .  
A corresponding point is recognisable in the V trace, though somewhat insignificant, 
which is about 7 mm. ( 5 3 ~ )  below the highest point of that trace. The second 
alternative took a point in V only 0.6 mm. ( 5 ~ )  below the highest peak in that curve, 
which had corresponding peaks in the E' and N' curves. 'L'his N' peakc is a trifle 
higher than that given by the first choice, but the new 7C' peak is lower than that 
first selected by 5 . 5  nlm. (35~) .  If our choice had been determined by V alone, we 
should have taken the highest peak which was reached about four minutes after the 
disturbance began, but this would have given on the E' trace a point short of the summit 
employed in the first choice by 14.5 mm. ( 9 5 ~ ) .  

In  this particular case the end of the second phase was determined mainly from 
consideration of the V trace, which moved up the sheet smartly after the lowest point 
was passed. A later time-ie., a longer interval--would have been obtained if we 
had taken the lowest point on the N' trace, and a still later time if we had taken 
the lowest point on the E' trace. In either case we would have increased the horizontal 
and reduced the vertical component, and so got a smaller value lor X .  

The first pair of entries under May 16, 1911, refer to the earlier disturbance on 
that date. The intervals were selected from consideration of the E' trace ; but in 
this instance the lowest points appeared simultaneously on the three traces. The 
downward movement was arrested, and even reversed for a few minutes, and a 
possible alternat.ive would have been to take the tirne-12 minutes from the start- 
when the downward movement was resumed as the commencement of the deep bay. 
This would have given a very appreciably reduced amplitude to the fall, but by 
reducing its duration to 17 minutes would have given a greater mean rapidity of change. 

In  the second disturbance on May 16 the initial changes were of the type usually 
presented by the first phase of tlie special disturbance. There then set in what 
resembled a t  first the ordinary second phase movement, only it resulted in a deep bay. 
Here again, exactly as with the earlier disturbance of the day, there was a sensible 
arrest of the downward movement--especially in the E' trace-and an alternative 
choice would have given for the deep bay a smaller fall, but an increased mean rate 
of fall. The final part of the fall in E' was quite exceptionally rapid, arnounting to 
3257 in three minutes, or an average rate of 108y per minute. In the rneasurernent 
of so f=hort a time interval there is of course a possibility of error, but the turning 
points used were very clearly shown, and the error could hardly have exceeded the 
equivalent of 0.1 mm., i.e., 0.3 minute. The rise was interrupted by oscillations. 
During part of it there was a rise of 420y in the course of 13 minutes. 



On May 21, 1911, there was apparently an ordinary first phase-moven~ent, well 
shown in both It' and N', followed by wliat seemed a t  first tlie ordinary second-phase 
movement. But after this had been in progress for sonic 15 minutes, there was a 
sharp reversal in I<' and N'. In  13' tlie reversal brought tlie curve nearly up to the 
level attained a t  the end of the first phase. In tliis instance i t  seenled more natural 
to regard tlie steep bay as commencing with this second sunzniit in 1G'. In 
6 minutes E' had fallen 357y, giving a mean rate of Goy per minute. I11 tlre course 
of the next 3 minutes there was a large oscillation in E', not clearly shown in the 
original owing to faintness of trace. This brought E' back to liearly the level of tlre 
lowest point,, and tlie lowest level in tlie N' trace answers to this second point in E'. 
Tn this instance i t  seemed fairest to omit tho 3 minutes occupied by the E' 
oscillation, regarding t11e downward movci~ient in the bay as terminating with the 
comirrencenlent of tlie oscilI~~tion, 2~11d tfre upwnrci iirove~ilent as beginning wit11 its 
termination. 

The nlovcinents on June 6, 1911, describect as first and second phases, are hardly 
normal examples of the " special type " ; and they were followed by a series of oscillatory 
movements, one of which, so far as JZ' nild V are concerned, iilight fairly have been 
described as a deep bay. Irr fact, tlie disturbance in N' hardly suggested the ordinary 
'* special type," but rather a succession of independent oscillations. 

The disturbance of July 3, 1911, presented featurcs solnewhat sinlilar to those 
of tlre larger disturbance of May 16 ; but if any time intervened between the end of the 
first phase--which appeared a llornlal exaniple of the special type--and tlre descent 
proper into tlie deep bay i t  was only a few nlinutes a t  most. In tliis case E' fell 617y 
in 13 minutes. Iluring the first O iriinutes there was s n  arrest and reversal of the 
E' ~novement, and during the rcinaining 7 nlinutes tlrere \vns a fall of 588y, giving 
an :Lvcrage rate of 84y per niinutc. During the filsst 5 nliautes of the rise there was 
a large oscillatioil ; tllc risc during the la,st 8 llrinlltes uiriounted to  49.57, giving a 
nlean rate of 62y per minute. 

On July 11, 1911, tlre major part of tlio full recorded took place in the last 
O nrinutes. 'rhe coilrrriencing movemci~ts in E' and V were suggestive of the " special 
t3ype," but the first movement in N' was down tlie sheet, and tlre general impression 
produced by tlie traces was rather that of u S U C C ~ S S ~ O I ~  of waves. 

July 12, 191 1, was a fairly normal example of the " special type." The tinle 
assigned for tlre end of the second phase was based on the N' and V curves ; the E' 
curve would have suggested u longer interval. 

On July 20 ant1 Jlily 31, 1911, the distnrbt~nces t b t  the conriirencenient seenied 
fairly normal exanlples of tlie " special type," 1~nd li~nits coulti fairly be ~tssigiied to the 
first pl~ase, though on July 20 the It' trace suggcstcci u longer intlcrval tllan that titlien. 
But in both instances tlie subsequent course of tlre curves suggested the intervention 
of disturbt~nce of u tiiflerent type. 

On Angnst 24, 101 1,  the oarlicr part of tlre dist,nrbiurce seenrs of the usual " special 
type," thc orlly tlificlllty being to ascribe a definite tiliie for the end of tlre first phase. 



The time selected is that suggested by the N' curve. The extreme summit in V appeared 
12 minutes earlier and that in E' 15 minutes later. The points in the N' and V traces 
corresponding to the highest point in E' are easily recognisable, and may fairly be 
regarded like it as marking the conimencement of the fall, which initiates the deep 
narrow bay, particulars of which appear in the table. During the recovery, forming the 
other half of the bay, there were numerous oscillations. The time assigned as the 
end of the bay is that suggested by the E' curves. By extending the duration of the 
bay by 14 minutes we should get larger rises in N' and V, but a much smaller mean 
rate of rise in all the elements. Any choice must be arbitrary as the curves remained 
somewhat highly disturbed for many hours. 

The figures for May 5, 1912, in Table CXXXIX refer to the first and smaller of the 
two disturbances. The E' and V traces suggest the commencement of a disturbance 
of the "special type " shortly after 20 h., and after rising a little the V trace proceeded, 
though slowly, to go down the sheet in the usual way ; but, after reaching its summit., 
the E' trace showed no marlred tendency to come down the sheet, until nearly an hour 
had elapsed, and the N' trace gave no indication of special disturbance until nearly 21 h. 
Thus the deep bay in the three traces was the only thing suggesting itself for measurement. 

On June 2, 1912, the time selected as the end of the first phase gives the full extent 
of the initial rise in V. The highest summits in the E' and N' curves appeared a few 
minutes later, but not simultaneously, and the selection of either as tlie limit t,o the 
phase would have failed to indicate the true nature of the coinmencing V moveryient. 
Similarly the time selected as the end of the second phase shows the full fall only in 
V. By extending the second phase 24 minutes, we should have considerably increased 
the falls in E' and N', but have includecl a large part of the recovery in IT. Tf tho 
alternatives indicated had been selectecl, there would naturally have resulted 
considerably smaller values for x in both phases. 

The E' and V traces on June 3 and August 1, 1912, present sever:sl of tlie features 
of the " special type," but the N' traces were peculiar, and the vector in l'able CXXXIX, 
during what has been called the first phase, lies in a different quadrant Ero~rl that usual 
in " special type " disturbances. 

The seven deep bays included in Table CXXXIX appear fairly similar in type. 
The results obtained by taking the mean values of d 13') AN' and AV and calculating 
a resultant force therefrom-which we may regard as an algebraic mean-and the 
results obtained by taking the arithmetic means of the values of B, T, $ and x given 
in Table CXXXTX are as follows :-- 
-- -- -- - - - - - - - -- -- - - - - -- 

Deep Bays. I 3. I T. I .v. I X .  
-- - 

0 

38 a 
3!) (I 

31 b 
31 L 

- --- 

0 

251 
21 7 

74 
70 

Fall { A1gel)mic mean . . . . . . . . . 
Ar~tlr~netical rrienn . . . ... . . . 1 1ti.e { Algebraic mean . . . . . . ... 
Arithmetical mean . . . . . . . . . 

- 

Y 
35!) 
363 

2!13 
299 

Y 
4 54 
404 

34 3 
350 



From either point of view, the rise is decidedly less than the fall. The coinponents 
of the rise and fall movements in the horizontal plane are nearly directed oppositely to 
one another. The recovery, however, in the liorizontal components exceeds on the 
average that in the vertical component. Thus tlie inclination of the resultant vector 
below the horizon in tlie rise is less than the correspoliding inclination above the horizon 
in the fall. 

S(3ctio~z 89.-Particulars of tlie more normal examples of the special type 
of disturbance, omitting any already discussed in Table CXXXIX, are given in Table 
CXL, p. 277. The end of the first phase and the durations of the two phases supply 
colnpletc information as to the times. Only such disturbances were included as gave 
it plus sign, 01% zero valae, to the com~nc~iciiig inovenieilts in both 1G' and N'. I n  fixing 
the times, chief regard was litid to tlie IZ' and N' traces. If the V trace liad served 
as the criterion, the duratio~i of thc first pliasc would i11 Inany cases have been shortened. 
The dates to \vliicli an asterisk is attached are occasions in which the inaxirliuiii appeared 
in the V trace before the tinic accepted as the end of the first phase. In  all such cases 
the value of AV assigned to the first phase would have been algebraically larger, and 
that assigned to the second phase numerically larger, if the end of tlie first phase had 
been fixed by consideration of the V trace alone. 

The nleans from the 30 occasions of 1911, the 28 of 1912 and the combined 58 
are given a t  the foot of the table. 

In the 1902-04 volume analogous particulars are given i11 Table LXIX, pp. 187 
and 188, for 82 examples of the " special type." Tlic mean durations given there were 
17'0 niiiiutes for the first und 20'8 ~ninutes for tlie second phasc. Thus, in eitlier case, 
the second phase appears to be the longer, but its excess appears to be greater for the 
later period. 

In 1902-03 a coiisidernblc proport,ioii of t l ~ c  records were not quite complete, owing 
to loss of trace, and this naturally was especially true of the larger dist~~rbanccs. In  
1911-12 a11 the records were coinplete. 'l'liere was thus a possibility that any 
comparison between complete records of the two epochs ]night be inisleading through 
the absence of an undue proportion of tlie larger disturbances of 1902-03. Again no 
disturbance was included in Y'able CXL in which AN' had a negative sign i11 the &st 
phase. On tlie other hand in Teble 1,liXlI (1902-04 vol.), which dealt with those 
disturbances of 1902-03 of which records were complete, sollie disturbances were 
included in wliich tlie sign of dl3 in the first phase was abnormal, while all 
disturbances liappeiiiilg between October tirid Muroli were excluded. Accordingly 
a variety of results obtained for tile represelltative disturbance are included in Table 
CXLI, p. 278. They are c:tlculated from tllo aritlinietic mean of the vitlues of JE', 
AN' and dV for certain ~l~ecified groups of distorba~ices of the special type. For 
1911 and 1912 data are given fro111 all the disturbances of the separate years, and for 
the two combined, and also for hall: the disturbances-15 for 1911, 14 for 1912, and 
29 for the two years coli~bined-incl~din~ those in which t l ~ e  amplitude of disturbance 
was least. Two sets of results are also given for 1902-03, the first being the mean results 



given in Table LXXII of the old volume, and the second mean results from 50 
disturbances including all for which the record was complete, and in which the first- 
phase movement in H had the ordinary sign. 

The values obtained for + in both phases are greater for the 29 smaller disturbances 
of 1911-12 than for the whole 58, but as there is a difference in this respect between 
1911 and 1912, the result may be accidental. In any case, the absence of the larger 
disturbances in 1902-03 affords no explanation of the smaller values obtained then 
for +. The divergence between the earlier and later results would be increased if we 
supposed the value of H in the magnetograph room in 1902-03 to be over-estimated, 
because any such error would have entailed a corresponding overestin~ate of the 
component of disturbing force perpendicular to the magnetic meridian, and so 
increased the estimated value of +. 

In  1911-12 the smaller disturbances show a larger value for x in the first phase, 
and a smaller value in the second phase, in both respects showing a closer approach 
than the larger disturbances to the 1902-03 results. 

It will be noticed that the disturbances included in Table CXL are confined to 
a limited part of the day. All the times assigned for the end of the first phase are 
included between 17 h. and 24h. Of the 58 disturbances, 20 occur between 19 h. 
and 20 h., 17 between 20 h. and 21 h., 10 between 21 h.' and 22 h., 8 between 18 h. 
and 19 h., 2 between 23 h. and 24 h., and 1 between 17 h. and 18 h. Also all but 6 
of the occurrences are found between March and September ; and May and June 
between them supply 25 out of the 58. In  1902-03 the large majority of the clisturbances 
of the " special type " toolc place in May, June, July, or August, and the end of the first 
phase presented itself in fully half between 8 p.m. and 10 p.m. L.M.1'. Thus the 
phenomenon seems to be mainly developed in winter, and in the late evening, i.e., 
a t  a season and at  a time of the day when Antarctic conditions are normally quieter 
than usual. Some allowance, however, should he made for the fact that during a 
naturally disturbed time a disturbance of the ltind woulcl not so readily catch the eye, 
and also there would be more chance of its being obscured by the superposition of 
irregular disturbances from an independent source. 

The first phase in the special type and the rise in the cleep bays included 
in Table CXXXIX present some features in common, and the same is true of the 
second phase in the special type and the fall in the deep bays. On the average, 
however, the vectors calculated for the first and second phases, especially the first 
phase, make a smaller angle with the horizontal plane, and the horizontal components 
of the first and second phase vectors have a smaller inclination to the magnetic meridian. 

* 

Section 90.-The fact that disturbances closely resembling one anoth.er sometimes 
happen about the same hour of successive days, or after an interval of two or more 
days, seems to have been first noticed by Sefior Capello in the Lisbon curves. The 
phenomenon has since been observed a t  other places. Describing it in his celebrated 



article dealing with " 'l'errestrial Magnetism" in the 9th edition of the ' Encyclopadia 
Britannica,' Billfour Stewart employed language alinost proph~t~ic of that now used 
jn connection with radio-activity. Xlsewhere I have described a nuniber of exainples 
of the phenomenon a t  liew Observatory. I11 discussi~k these, I pointed out the 
difficulty of deciding whether any real connection existed between the successive 
disturbances. If disturbances of a certain type tend to occur near fixed hours of the 
day, and if they are fairly numerous, we should naturally expect occasiorial examples 
of apparent repetitions. In  meteorology we have a t  soine stations an almost regular 
development of thunderstorms in certain afternoon hours, a t  certain seasons of the 
year. An apparent repetition of u thunderstorm in such a case presuniably means 
only that the same consequence has followed from siinilar causes ; i t  does not imply 
any specially close con~lcction between tlle storins on consecutive days. But it is 
difficult to be cert;~iii that the absence of a storin on a particular day would be witliout 
prejudice to the occurrence of a storill on the next. 

Plate XlJI contains cxainples of " repetitions " in tho Antarctic. Curves for 
the same element, whether E', N' or V, from the different occasjoils are juxtaposed, 
to assist the eye in gauging their similarity. 'I'lle resemblance between curves 1 

and 2 of Fig. 8, belonging respectively to July 16 and July 17, 1011, is particularly 
close. 

The con~mencemeiits in the E' traces arc sharp, and the tiines shown are 
17 11. 30 in. (time of 180" E.) on July 16, and 17 11. 33 m. on July 17. As the tiines 
of stopping registration are recorded only to tlie nearest ininut-e, the diiferential 
error between the two days' curves may n~nount to ono or two niinutos. But, in 
any uase, we lltlve in this inst:~nce two disturbances quite extraordinarily alikm in 
botli duration arid a~nl)litude in a11 tllrec elements, follo\ving one anotlier a t  an 
interval of almost cxitctly 24 ]lours. SO Ens as the It:' and V tlriices are concerned, 
tllcse two disturbances are cpite of tllc ordinary specinl type, but the N' movenlents 
are exactly tlie opposite of tliosc usual, consequently the disturbances nre not included 
in Table CXL. 

Tlie reil~aining disturbances in Fig. A are numbered 3, 4 and 5. The resenibla~ice 
between Nos. 1 and 3, cspecirtlly in the N' thnd V curves, is particularly close. 'Phe 
E' disturbilll~e No. 3 is, however, distinctly larger than tlie otlicrs. Nos. 4 and 5 
were or*iginnlly selectetl as a11 ilidepeiideilt example of n " repotition " exhibiting 
an interval of r~pproxi~nntely 48 hours (inore exactly 40 11. 4 ni.). It was then 
noticed thttt the 1I:' and V traces No. 4 bore a rcniarkable rescrnblniice to the 
corresponding triices Nos. 1 and 2. The N' traces Nos. 4 and ti, especially 5,  sho~v 
a transition towards the ordinary " type " .fon11, itrid the t\vo disturbances are 
in fact included in 'Cable CXL. TIle j~lxtaposing of the five sets of traces was done 
partly with tlic object of bringing tllis trt\alsition clearly out. NO. 6, i t  will be iioticed 
is decitletlly smaller, especially in V, tllau. No, 4, and its ciuriltioil appears to be less. 
Still the res~~nlzlnnce appeals a t  once to tlle eye. Tllc curves of botli days. it may 
be added, contained no disturbance i ~ t  all comparable in size wit11 t.liose slio~vn, for 



a number of hours on either side of them. Tlie intervening day, June 14, 1912, was 
more disturbed. T t  contained a disturbance co~nmencing about two hours earlier 
than that on June 13, which bore some resemblance to the " special type." 'L'he N' 
trace, however, showed only a Fay, somewhat similar to, but shallower than the 
bays in Nos. 1 and 2, and the general appearance of the curves would not naturally 
suggest a connection with Nos. 4 and 5 .  

Fig. B, Plate XLI, similarly juxtaposes traces of the curves for the same 
elements from four days, two .of these, Map 2 and 3, 1911, being successive days. 
These four disturbances are include,l in Table CXL. 

May 2 was a considerably more disturbed day than May 3, and the disturbance 
on May 2, i.e., No. 1, is considerably the larger, especially in V. Still the general 
resemblance of the disturbances is s~zfficiently striking in view of their occurrence 
on successive days, a t  an interval approaching 24 hours (niore exactly 22 11. 40 111.). 

It will be seen, however, that the resemblance between Nos. 1 and 2 is less close 
than between either Nos. 2 and 3, or Nos. 2 and 4. l'he interval between 
Nos. 2 and 3 was about two days (more exactly 47 h. 20 m.). But No. 4, whose 
resemblance to No. 2 is a t  least as close as that of No. 3, followed seven weelts later 
(very nearly at the same hour as No. 2 ) ,  and can hardly be supposed to be directly 
associated with any of the other disturbances in Pig. B, unless i t  be a " repetition " 
of No. 1 according to the 27-day period, with the intermediate " repetition " missing. 

The afternoon of May 4, the day intermediate between disturbances Nos. 2 and 3, 
was quieter than that of either of the adjacent days, and it exhibits no tlisturbance 
the least resembling Nos, 2 and 3, in fact no disturbance of any kind a t  all approaching 
them in magnitude. The absence of disturbance on the intermediate day is an 
obvious difficulty in the way of accepting any direct connection between disturbances 
Nos. 2 and 3. 

All the disturbances shown in Plate XLI, except in No. 3, Fig. A, occurred 
when the sun was below the horizon, but apparent " repetitions " are not infrequently 
observed during day hours a t  Kew, and their non-recognition during the Antarctic 
nzidsurnmer might well arise from the fact that clisturbances were then so numerous, 
and oscillations so rapid, that recognition of resemblances was l~iuch less easy. 



TABLE CXXXVII.-Ranges D* Short-Period Disturbances. 

I 

Date. 
Time. 

G.bLT. 

-htarctic. Hauritius. Buitenzorg. Alibag. i 
I 

Aw 

1911. 
-4pril30 .... .... 

&y 16 .... .... 

,, 16 .... .... 

,, 21 .... .... 

June 5 .... .... 

Jnlp 3 .... .... 

,, 11 .... .... 
,, 12 .... .... 

,, 20 .... .... 

,, 31 .... .... 

An@ 24 ... ... 

1912. 
April5 .... .... 

&fay 5 .... .... 

,, 5 .... .... 

,, 13 .... .... 

June 2 .... .... 

,, 3 .... .... 

Angnat 1 .... .... 

Numerical mean .... 

5 h.-10 h. 

2 L - 4  h. 

4 h-8 h. 

9 h-12 h. 

7 h.-lOh. 

5 h.-10 h. 

6 h-9 h. 

7 h-10 h. 

6 L-9 h. 

8 L-10 h. 

8 L-10 h. 

3 h .6h .  

8 h.-10h. 

10 h.-13 h. 

Oh.-3 h. 

6 h.-9 h. 

5 h-8 h. 

3 h . 4  h. 

.... .... 

I 
Y Y Y 7' ?' Y Y 'J 7 

143 (40) 

Number of days mean taken from 

- 155 (10) 

276 (33) 

250 (21) 

57 (24)  

242 (25) 

126 (35) 

125 (25) 

97 (35) 

135 (20) 

233 (12) 

93 (15) 

144 (9) 

398 (9) 

225 (11) 

102 (21) 

78 ( 2 4 )  

142 (16) 

169 (21) 

18 

202 (21) 

559 (li) 

373 (19)  

324 (17) 

615 (10) 

189 (8) 

154 (10) 

I63 (8) 

198 (9) 

234 (11) 

103 (lo, 

151 (9) 

262 (13) 

191 (17) 

176 ( 5 )  

196 (11) 

248 (1::) 

254 (12) 

18 

301 (13) 

388 (18) 

337 i 3 )  

235 (10) 

426 (23) 

265 (20) 

113 (23) 

169 (20) 

218 (11) 

281 (8) 

59 (12) 

211 (6) 

263 (8) 

82 (7)  

152 (12) 

272 (11) 

261 (14) 

240 (13) 

18 

- 
25 (4) 

40 (13) 

40 (10) 

16 (4)  

21 (5) 

15 (4) 

17 ( 5 )  

16 (2) 

28 (5) 

- 
34 (8) 

63 (8) 

16 (7) 

7 (7) 

19 (6) 

22 (5) 

26 ( 6 )  

14 

21 (a )  

29 (li) 

15 (11) 

14 (16) 

23 (18) 

11 (10) 

14 (18) 

15 (10) 

32 (15) 

23 (20) 

19 (12) 

21 (8) 

- 
8 (9) 

- 
19 (25) 

19 (15) 

14 

22 (i) 10 (5) 

8 (3) 

18 (9) 

24 (12) 

13 (13) 

8 (8) 

8 (13) 

9 (8) 

11 (10) 

68 (2 i )  

48 (7) 

73 (14) 

35 (20) 

30 (27) 

35 (20) 

34 (-77) 

31 (10) 

25 (Il) 

- 

58 (101 

54 (3, 

32 (18) 

25 (18) 

42 (19) 

52 (8) -- 
43 (15) 

17 

1 13 (20) 

15 (10) 

18 (7 )  

11 (9) 

18 (18) 

10 (9) 

26 (18) 

4 (41 

7 (4 )  

- 

11 (4)  

20 (9) 

19 (15) 

8 (13) 

14 (15) 

28 (12) 

14 (lo) 

I7 

15 ( l o )  

56 (13) 

38 (21)  

18 (15) 

15 (9) 

- 

14 (9) 

24 ( 1 4 )  

- 

20 (-74) 

- 

11 (12) 

12 (19) 

- 

11 (19) 

- 

lo  (9)  

- 

24 (12) 

22 (4)  

18 (6) 

7 (6) 

9 (2) 

17 (8) 

14 (8) 

17 

- 

7 (a) 

- 

9 (17)  

16 (13) 

- 

25 (131 

- 
- 

- 

15 (18) 

23 (13) 

- 
- 

22 (26) 

- 

16 (I9) 

7 

16 (16) 

- 

56 (11) 

68 (7) 

27 (11) 

11 (11) 

23 (4)  

24 (20) 

36 (lo) 

7 

- 

- 

10 (15) 

I - 

13 (13) 

- 

13 (12) 

7 



Date. G.M.T. 

I 

Honolulu. Helwan. - Agincourt. Eskdalemuir. Sitka. 

A H  1 A D  1 il ( A H  1 1 J V  ( A* 1 D N 1 A E  1 A /  ( A H  1 A D  1 J V  

1911. 
April 30 .... .... 

Nay 16 .... .... 

.. 16 .... .... 

., 21 .... .... 

June 5 .... .... 

J* 3 .... .... 

9, 11 .... .... 

,, 12 .... .... 
5 i + 1 ,. 20 .... .... 

I 

i .. 31 .... .... 

B u - ~ s t  24 .... .... 

7 h.-10 h. 

2 h . 4  h. 

4h.-8h. 

9 h.-12 h. 

i h.-10 h. 

7 h.-10 h. 

6h.-9h. 

7h.-1Oh. 

I , 6h.-9h. 

S h.-10 h. 

8 h.-10 h. 

6 6 1 15 

Y 
21 (14)  

14 (3 

37 (14) 

- 

27 (23) 

- 

- 

- 

- 

- 

24 (20) 

- 

21 (10) 

O ( l o )  

-. 

- 

Y 
6 (0) 

- 
- 

5 (1) 

- 

6 (1) 

- 

- 

- 
- 

12 (1) 

- 

10 (2) 

11 (1) 

- 

- 

- 

-- 

Y 
16 (1) 

- 
- 

17 (3) 

- 

20 (2) 

- 
- 
- 

- 

28 (1) 

- 

29(e) 

40 (2)  

- 
- 

- 

- 

1912. 1 p d l  . ..( 3h.-5h. 

/ May 5 .... .... I 8h.-10h. 

Y 
12 (0) 

- 
- 

11 (a) 

- 

11 (1) 

- 
- 

- 

- 

14 (0) 

- 

14 (1 )  

13 ( 5 )  

- 

- 

- 

i .. 5 . . 

,, 13 .... .... 

June 2 ....' .... 

. 3 .... .... 
I 

10 h.-13 h. 

Oh.-3 h. 

6h.-9h. 

5 h . 4 h .  

Y 
35 (41) 

18 (15) 

29 (22)  

- 

28 ($5) 

- 

- 

- 

- 

- 

9 (19) 

- 

35 (11) 

41 (i) 

- 
- 

- 

....I 3 h.-6h. 

I Numericalmean .... .... .... 

Number of days mean taken from 

? 
100 ( S )  

21 ( 0 )  

135 (2)  

151 (6) 

- 

61 (6) 

43 ( 4 )  

42 (6) 

56 (4)  

, 49 (3) 

79 (1) 

\ - 
53 (1) 

282 (a) 

153 (6) 

- 

- 

?' 
54 (23) 

51 (2)  

81 (14) 

57 (11) 

53 (15) 

23 (22)  

31 (21)  

31 (22) 

39 (el)  

36 (15) 

44 (17) 

2.3 (1) 

55 (15) 

85 (lo) 

i 4  ( 4 )  

19 (16) 

36 (15) 

Y 
16 (20) 

69 (a )  

131 (10) 

- 

94 (13) 

66 (13) 

43 (10) 

- 

63 ( l o )  

50 (1s) 

s.2 (15) 

- 

33 (9) 

141 (15) 

255 (9) 

46 ( 5 )  

56 (2)  

1' 
12 (8) 

3 (3) 

26 (22)  

- 

8 (10) 

- 
- 
- 

- 
- 

- 

- 

28 (3) 

33 (16) 

Y 
32 (15) 

53 (5) 

111 (7)  

- 

62 (1) 

32 (2)  

38 (2)  

- 

28 (2) 

26 (9 

37 (1) 

- 

35 (5) 

55 (12; 

Y 
159 (1) 

90 (12) 

150 (5) 

90 ( 2 )  

- 

111 (1) 

103 (5) 

44 (1) 

115 ( 5 )  

61 ( 2 )  

1 4  

- 

115 (1) 

I n 3  (9) 

108 ( 1 4 )  

- 

- 

?' 
50 (6) 

21 (3) 

83 (1;) 

46 (34) 

33 (9) 

19 (8) 

19 (3) 

26 (8) 

16 (3) 

23 (8) 

34 (11) 

24 (3) 

34 ( 1 2 )  

50 (2;) 

37 (3) 

19 (3) 

43 (9) 

- 95 (3) 

Y 
18 (a) 

28 (0) 

27 (7)  

11 (i) 

5 (4)  

6 ( 4 )  

6 (2)  

10 (4 )  

8 (a)  

5 (3) 

8 (6) 

4 (2) 

5 (6) 

9 (4 )  

70 (4 )  

3 (3) 

5 (1) 

- 

-- 

?' 
140 (4) 

66 (3). 

127 (5) 

112 (4) 

- 

45 (5) 

82 ( 4 )  

69 (5) 

68 (4)  

SO (:s) 

7 (3) 

- 

69 (2) 

a 1  (:;) 

223 (14) 

- 
- 

30 (3) 

33 (2)  



TABLE CXXXVIII.-ShoTt-Period Disturbances. Values of ( AN2 +- AE2 + A V Z ) h r  Similar Quantity (Unit 1 y). 

1 Date. I I I I GyT. Antarctic. bhuritius. Baitenzorg. -&bag. Honolulu. Helwan. Agincourt. Eskdalemuir. Sitka. I 

I 
1911. 

April 30 .... .... 

I 
May 16 .... .... 

i ,, 16 .... .... 

/ ,, 21 .... .... 

June 5 . . . . . . . . 

July 3 .... .... 

,, 11 . . . . . . . . 

9, 12 . . . . . . . . 
,, 20 . . . . . . . . 

,, 31 . . . . . . . . 

Angaet 24 

1912. 
April 5 .... .... 

I 
234 (9) I 

1 
114 (12) i 

288 (7) 

208 (a) 1 

134 (8) 

139 (8) 

1 
I 

92 (8) 
, 

145 I 
112 (5) I 
161 (5)  1 

I 

- I 
I 

144 (2) / 
398 (10) 

j 
291 (21) , 
- 
- I 

244 (5) 



TABLE CXXX1X.-Short-Period Disturbances. Analysis of Antarctic Movements. 

Approximate 
Titnos. 

(Time of 180' E) 
From. To. 

I 

First phase, first alternative ... 
... , First phase, second alternative 
... 1 Second phase, first alternative 

Second phase, second alternative 
, Fall in deep bay ... ... ... 

... Rise in deep bay ... ... 
First phase ... ... ... 

... Fall in deep bay ... ... 
Rise in deep bay ... ... ... 
First phase ... ... ... 
Fall in deep bay ... ... ... 
Rise in deep bay ... ... ... 
First phase ... ... ... 
Second phasc ... ... ... 
First phase ... ... ... 
Fall in deep bay ... . , . ... 
Rise in deep bay ... ... ... 
Fall in deep bay ... ... ... 
Rise in deep bay ... ... ... 
First phase ... ... ... 
Second phase ... ... ... 
First phase ... ... ... 
F i r ~ t  phase ... ... ... 
First phase ... ... .,. 
Fall in deep bay, first alternative 
Fall in deep bay, ~econd alterna- 

tive. 
Rise in deep hay ... ... . , a 

2 5? 
c 3 
2 & 
4% 

1911. 
. April 30.. 

,, 30 ... 
,, 30 ... 
,, 30 ... 

May 16 ... 
.,, 16 ... 
,, 16 ... 
,, 16 ... 
,, 16 ... 
,, 21 ... 
,, 21 ... 
,, 21 ... 

June5  ... 
,, 5 ... 

July 3 ... 
,, 3 ... 
,, 3 ... 

... ,, 11 

... ,, 11 
,, 12 ... 
,, 12  ... 
,, 20 ... 
,, 31 ... 

August 24 
,, 24 
,, 24 

,, 24 

1912. 
May5 ... 

,, 5 ... 
... June2  

, 2 . 
,, 3 ... 
,, 3 ... 

August 1 
,, 1 

+.-- 

Fall in dccp hay 
Rise in deep bay 
First phase 
Second phase 
First phase 
Second phase 
First phase 
Second phasc 

h. m. 
19 34 
19 34 
20 8 
19 57 
14 32 
15 1 
16 20 
16 36 
17 17 
21 9 
22 13 
22 22 
19 39 
20 3 
19 49 
20 9 
20 22 
18 39 
19 5 
19 38 
19 51 
18 36 
20 0 
20 8 
20 36 
20 52 

21 2 

21 17 
21 34 
18 53 
19 3 
17 11 
17 51 
15 14 
16 17 



TABLE CXL.-Analysis of Antarctic Disturbances of the " Special Type." 

- . - - - 

Iluto 

1911. 
Jkbruclry 20* 
April 10* ... 

,, 26 ... 
MUY 2" ... 

,, 3* ... 
9, 8 ... 
: 8" ... 
,. 12 ... 
,, 13 .. 
,, 13 . 
,, 19 .. 
,, 20 .. 
,, 23" . 
,, 29* ... 

JWIC lo* .. 
,, 13 .. 
,, 13 ... 
,, 16* .. 
,, 23" ... 
,, 26 ... 
,, 27 ... 

July 2 .. 
,, 18* .. 
,, 22* ... I hug~ist  3* ... 
,, 14 ... 
,, 28* ... 
,, 31* ... 

September 13* 
October 20* .... 

1912. 
January 13* . . . 
Ppbruary 12 ... 

,, 16 ... 
Murcl~ 2 ... 
,, 15 . 
,, 21" ... 
,, 24 ... 
,, 24 ... 
,, 30 ... 

May 2* ... 
,, 8... ... 
,, 26... . . . 

June 8* ... 
,, 13 ... ... 
, ,  18 ... ... 
,, 27* ... 

July 17 ... ... 
,, 20* ... 

-- . 

- - -- 
End of 

first phaeo. 
Time of 
Im0 *. 
11.m. 
20 37 
21 48 
19 5 
2 0 3 2  
19 9 
18 30 
20 10 
17 7 
19 40 
20 9 
20 10 
20 34 
18 49 
1 8 2 4  
19 16 
19 10 
19 2G 
18 22 
19 29 
19 20 
20 32 
2 0 1 1  
1 9 1 6  
21 29 
21 7 
23 82 
18 69 
2 0 2 0  
21 58 
19 87 

18 51 
21 10 
21 41 
19 62 
21 34 
21 57 
19 9 
20 11 
1 8 3 7  
19 3 
21 48 
20 Ei9 
19 8 
1 8 2 4  
19 24 
20 48 
20 58 
1 9 4 0  

-_ 

- - - - - -- - ----- - ------- 

Second Pliaso. 

Duration. / AN'. / dE: 1 d V .  dv. 

Y 
-1- 2 
4- 8 
4-12 
- 8 
-1- 2 
4 - 8  
+ 8 
4-16 
-1- 6 
4 - 8  
1-16 
$ 9  
- 2  
+ G 
$19 
4-32 
+24 
+ 8  
$10 
4 3  
$- 3 
+ 4 
--I5 
- 5  
- 8 
-1- 2 

0 
- -  4 
-- 9 
- 6 

+14 
-1-8 
+- 6 
+- 6 
+ 6  - 9 
f 8 
+ G 
$- 8 

0 
- 4 
- . 2  
- 2 
-1-2 
+ 6  

0 
3 - 3  
+ 8 

-_ 

Mins. 
34 
14 
22 
38 
29 
25 
36 
18 
17 
16 
35 
24 
2 1 
16 
30 
12 
17 
22 
23 
24 
11 
19 
27 
33 
40 
28 
22 
37 
42 
30 

48 
37 
18 
28 
18 
27 
36 
26 
14 
23 
24 
31 
26 
12 
12 
27 
23 
24 

- 

First Phwe. 

~urat ion.  / AN'. I dE1. 

Mins. 
13 
13 
I 5  
13 
10 
10 
18 
12 
7 

12 
9 
9 

16 
16 
7 
G 
4 

1 3  
4 

12 
6 

59 
40 
22 
28 
14 
I 8  
28 
27 
18 

26 
16 
10 
9 

11 
36 
10 
26 
16 
27 
24 
20 
19 
10 
7 

23 
18 
16 

---- ----- _ 

3' 
- 2 2  
-- 24 
- 40 
- 7 8  
- 2 4  
-- 38 
- 49 
- 3 3  
- 1 6  
-- 26 
-154 
- 38 
- 1 8  
- 30 
- 1 6  
-- 53 
- 96 
- 28 
- 49 
- 19 
- 9 
- 40 
- 47 
- 79 
- 47 
- 30 
--- 49 
-- 80 
-- 49 
- 40 

-113 
- 3 2  
- 16 
- 24 
- 2 3  
- 29 
- 1 6  
- 10 
- 25 
- 2 9  
- 48 
- 30 
- - 7 6  
- 2 4  
- 10  
-103 
- 1 7  
- 36 

--- - - 

y 
- 3 0  
- 38 
- !)7 
- 4 8  
- 2 8  
- 24 
- 30 
- 4 6  
- 4 
- 15 
- 42 
- 28 
- - 1 3  
- 40 
- 4 1  
- -  78 
-146 
- 82 
-- 30 
-- 24 
-- 18 
-- 55 
-. 49 
- 70 
-- 87 
- 85 
- 76 
-114 
-- 136 
-- 106 

-162 
- 8 7  
- 30 
- 48 
- 3 2  
- 61 
- 2 0  
- 32 - 27 
- 1 7  
- 37 
- 42 
- 7 0  
- 1 6  
- 9  
- 87 
- 2 0  
- 31 

- ^" 

y 
4- 19 
4- 88 
+I07 
+ 37 + 26 
+ I 1  + 46 
+ 3 8  + 8 
+ 2 1  + 64 
+ 3 7  

0 
+ 22 
-1- 91 
+l48 
4 - 7 6  
$ - 4 1  
+ 4 1  
4 - 1 4  
-+ 16 
+I31 
+ 81 
4 -57  
+ 95 + 58 
+ 67 
+I38 
+I48 
4- 95 

+I84 
4 - 7 5  
-1- 31 
+ 30 
+ 4 9  
-k 76 
+ 10 +- 40 
+ 8 + 27 + 22 
$ 4 8  + 34 
+ 1 
4 - 1 0  
+ 32 
../-2o 
4- 27 
_ _ _ _  _ _  

Y 
- 4 8  
- 2 
- 78 
-105 
- - 4 3  
- 5 
- 96 
- 6 6  
- 2 0  
-- 40 
-120 
--- 40 
- - 7 8  
- 66 
- 1 0 7  
. 28 
-- 97 
- 66 
-- 56 
- 42 
-- 14 
- 47 
-- 84 
- 09 
-- 66 
- 29 
- 84 
- 67 
-- 70 
- -  106 

-337 
- - 8 5  
- 26 
- 42 
- 3 9  
- 77 
- 3 9  
- 29 
- 32 
- 5 7  
- 65 
- 37 
-123 
- 2 9  
- 1 4  
- 68 
- 3 0  
- 27 

-- 

Y 
4- 34 
4- 70 
4 - 9 9  
4- 82 
+ 47 
+ 6 1  
4-109 
-1-98 + 32 
+ 4 8  + 47 
+ 7 0  
+ 7 1  
-t 72 
$104 
-1-102 
3 - 7 1  
+ 7 1  
+ 4 8  
+ 3 8  
+ 18 
+10G 
+128 
4-G1 
+ 67 + 27 
-1- 88 
4-123 
4- 89 
f190 

4-301 
+ 4 1  
$- 30 
4- 32 
+ 4 8  + 68 
+ 40 
4- 26 
$- 78 
+ 74 
+ 47 
4 - 4 6  
$131 
+ 3 9  
$ 2 4  
4- 81 
$ 3 8  
+ 74 
_ _  



Date. 

End of 
flrnt phase. 

Tirno of 
180' E. 

y Mins. 
+ 2  34, 
+17 24 + 2 17 
- 1 29 
+ 8 30 
+ 7 20 
+ 8 34 
+ l O  49 
4-11 20 
-- 2 37 

- - - - .- -- -- 

First Phase. 

~uration.1 AN'. I AE'. / AV. 

TABLE CXL1.-Disturbances of the " Special Type." Mean Rewzlt,~. 

-- -- . - 

Second Phase. 

Durbtion. 1 AN'. I AF.'. I AV. 

1912. 
August 7 ... 

,, 19 ,... 
,, 20' . .. 
,, 22" ... 
, 24 ... 

September 2 ... 
,, 2 ... 
,, 8* ... 

14  ... 
~ c t o i e r  l4* ... 

I I I I First Phahase. I Second I'haso. ! 
Num- 

tion. 

h. m. 
20 12 
21 9 
20 38 
1 9 3 7  
2 0 2 0  
19 54 
20 38 
19 45 
23 9 
19 53 

X. 

0 / 

3 0 1  
3 28b 
3 121 

4 181 
0 261  
B l l b  

6 36b 
0 231  

Mins. 
12 
7 

16 
16 
22 
7 

24 
12 
15 
19 
-- 

Means, 1911 (30 cases) ... 
,, 1912(28cases) ... 
,, 2years(58cases) ... 

All tho 1911 .. 
disturbances. 1912 .. 

Two yearn 

15.9 
16.8 
16.3 

Mins. 
15.9 
16.8 
16.3 

The 1911 .. 
smaller 1912 .. 

disturbances. Two yearn -- 
April-Sept. 1902-3 .. 

normal. 1932-3 .. 

Mine. 
26.3 
20.7 
26.0 

Y 
84.5 
73.5 
79.1 

O 

23733 
242 7 
23935 

Y 
96.8 
81.7 
88.9 

O ' 
28 G U  
26 Oa 
27 l l a  



CHAPTER XII. 

DISTURtBANCIiX OF LONGElt PERIOD, OCCUlZRING DURING 1911. 

Section 91.--As lias been already explained, the Antarctic curves were a t  an 
early stage submitted to a general scrutiny, as a result of which a number 
of disturbances were selected for discussion. Applications made for copies of tlie 
records obtained elsewliere of these disturbances were liberally responded to by the 
authorities in charge of the observatories a t  Mauritius, Buitenzorg, Alibag, Honolulu, 
Helwan, Agincourt and Bitka. Before making the appeal, the sudden coin~nericenieiits 
and short period oscillations had been suffic,iently studied to enable a fairly definite 
progranlme for their treatment to be drawn up, in advance of the response to the 
appeal. But the question of what shoulcl be done in the matter of disturbances 
lasting many hours, was left over for final consideration until after tlie reception 
of curves from the co-operating stations. In the Antarctic itself, except a t  midwinter, 
disturbance is so generally present that i t  is hardly possible from a study of the 
Antarctic curves alone to specify a time for the end of a disturbance, or a tinie for 
the beginning of those disturbaiices which do not liave sudden comiiieiiceinents. 
'llhe clifference between disturbed and quiet times is much more patent a t  stations in 
low latitudes. But even in low latitudes tl~ere is the difficulty that conlparatively 
quiet interludes frequently present themselves during niagnetic s tor~i~s ,  and what 
one inan ~niglit regard as (L single storm, may be regarded by another inan 
a~ representing two or more storms. There is thus inevitably a good deal that is 
arbitrary in tlie choice that lias been made in the present case. It was partly 
deterinined by tlie inaterinl t~vailable. 111 soine cases, i t  was a choice between 11 

shorter period for which records were available from all or most of the co-operating 
stations, and a longer period for wliicll coniplete records were available froni only 
IL few of the stations. Again, when disturbance c:ontinued for a very long tiiiie, 
there were acivantuges in treating pwts of i t  separately. 'L'liere niight be ciiflerent 
phenonlena of special interest occur~ing during the saliie stonn, but a t  ti considerable 
interval of time apart, :~nd  soine of these nlight be rnore in evidence a t  sonie of the 
stetions than others. It was bund  convenient, in a11 cases to have esuct liours 
G.M.T. for the cornmencement and ending of the times dealt with, as this enabled 
an estimate to be macle of the range of the regular diurnal inequality during 
tlie interval. 'I'his entailed occasionally-----e.g., in cases of sudden colllllle~ice~lieiits--- 
the inclLlsion of slilall portions of quiet curves, but so far nt least tls the rnnges 
during the disturbances were concerned this was ii~iinat~erial. 

After selecting tho interval of time to be discussed, tllc next step was to measure 
the extre~ne ordinates of tlie several elements during the interval, and deterlni~ie their 



times of occurrence. Por each such interval a table of results is given, including the 
times of maximum and minimum, the range of the disturbance-4.e.) the difference 
between the extreme ordinates-and the range of the regular diurnal inequality within 
the interval. The remarks made as to the diurnal inequality ranges during the 
discussion of the short period disturbances apply also to the disturbances of longer 
period. By the maximum is meant the numerically largest value of H, the 
algebraically largest value of N, of the easterly declination or easterly component of 
force, and of the vertical component directed downwards on a north pole. 

Following the table there is a discussion of the more prominent features of the 
curves a t  the several stations proceeding from south to north, and there are usually 
some final remarks on the disturbance as a whole. The Antarctic curves for the* 
interval concerned are reproduced in a plate. 

Section 92.-The disturbance really began with an s.c. about 11 h. 21 m. on 
April 8th, which has been already described. 

In the Antarctic large oscillations continued for some three hours after the s.c. 
During this time there was a range of 2447 in V, exceeding the corresponding ranges 
for the other elements. A quieter though by no means quiet time followed from 14 11. 
to 20 h. There was a large bay-like movement in E' between 20 h. and 24 h. of the 8th, 
followed immediately by another similar movement lasting to 34- h. on the 9th. 
Large comparatively regular movements ensued until 14 h., when there was an 
approach to normal conditions. 

At Mauritius on the 8th after 14 h. there was little disturbance in H until after 
19 h, when long period oscillations became prominent and remained so until 6 h. on 
the 9th. From 6 h. to 8 h. on the 9th the H trace was nearly level. A fall began 
about 8 h. 20 m. which continued practically without interruption until 12 h., the 
total fall in this interval amounting to 80y. Between 12 h. and 141 h. on the 9th there 
was a steady rise amounting to 487, followed by a quiet time. The changes described 
represent a bay (depression in H) lasting about 6 hours and centring st 1211. The 
D range assigned to Mauritius in Table CXLII may be an underestimate, as trace 
was lacking from about 2$ h. to 7 h. on the 9th. On the trace available the largest I> 
movements occurred between 20 h. on the 8th and 2 h. on the 9th. The largest 
continuous movement in one direction, lasting from 0 h. 55 m. to 1 h. 35 m. on the gth, 
represented an easterly swing whose force equivalent was 46y. 

At Buitenzorg considerable disturbance prevailed for 2 or 3 hours after the s.c., 
but from 14 h, to 18 h. on the 8th the N curve was unquiet rather than disturbed, 
and the D and V traces showed little sign of disturbance. After 19 h. on the 8th the 
disturbance in N gradually increased. While there were short period oscillations, 
what appealed more to the eye, especially after 2 h. on the gth, was the large size of 
the gradual movements across the sheet. The disturbance in I!: ant1 V was 
comparatively trifling. 

* The reproductions differ from thosc of the 8~'s and short storrns in tliat tho parallax errors (see 
p. 266) have not been corrected. 





seemed to  occupy an intermediate position between Helwan and Agincourt. The 
large comparatively slow movements were the most prominent feature, but shorter 
period oscillations were also in evidence. Also the disturbance in E and V a t  
Eskdalemuir was not much srnaller than in N. 

At Sitka the disturbance was extremely large during the later part of the time. 
Near the beginning the disturbance in Sitka was not very striking. The amplitude 
of the S.C. was only about a quarter of that in the Antarctic. Between 14 h. and 19 h. 
on the 8th there were numerous oscillations a t  Sitka, such as one does not see on a 
really quiet day, but their amplitude was small. Later in the 8th and during the 
niorning of the 9th the traces were highly oscillatory. The high sensitiveness of ttie 
magnetographs led to crossing and recrossing of the traces from the several elements, 
and no doubt tends to give an exaggerated impression of the oscillatory character of 
the disturbance. But from 4 h. to 13 h. on the 9th disturbance was conspicuously 
larger a t  Sitka than in the Antarctic. In the course of just over two hours, as the 
figures in Table CXLII tell us, there was a range of a t  least 10147 in H, and as the 
trace was off the sheet for some time the complete range may have been appreciably 
greater. This is much in excess of the largest range, 652y in N', recorded during the 
whole storm in the Antarctic. The data as to times and ranges a t  Sitka are derived 
from the official publication of the observatory, so there can be no doubt of their 
substantial accuracy. 

As at'ilgincourt, D was also highly disturbed a t  Sitha. The trace was off the 
sheet for nearly an hour in  all between 9 h. 48 m. and 12 h. 12 m. on the 9th, and the 
range shown may have been largely exceeded. As a t  ICskdalemuir, the range in V 
was of the same order as those of the horizontal components, and i t  was considerably 
more than double the range of V in the Antarctic. 

The large size of the Sitka and Agincourt movements, its compared with those 
a t  Eskdalernuir, may suggest that local time, i.e., the position of the sun, had a good 
deal to do with the matter, the Sitka movements being mainly developed during the 
late evening and early morning, and so a t  the time when aurora is most in evidence. 
But local time a t  Sitlta differs from that a t  Honolulu by onIy 14 hours, and the 
Honolulu movements are* very similar in size to those a t  Alibag and I-Ielwan. Thus 
i t  would seem to  have been as much a question of latitude as of local time. 

In  view of the pre-eminent size of the movements a t  Sitka towards tthe end of 
the storm, the insignificance of the s.c. movement there as compared with that in tlie 
Antarctic seems worthy of notice. In this case, a t  least, any inference that rnight 
have been drawn from the size of the 8.C. 85 to the size of the ensuing disturbance 
would have been very wide of the mark. 

It will be seen that there is little obvious relation between the turning points in 
the several elements a t  the different stations, except when these presented themselves 
during the s.c. 

Section 93.-This disturbance really began with un 3.c. a t  about 22 h. 21 m. on 
April 9, which has been already described. 



The Antarctic curves by themselves are Inore suggestive of a succession of short 
independent disturbances, with quiet interlnties, than of n single long co~zt~inued 
disturbance. The more disturbed times there were roughly from 22 11. 21 111. to  
24 h. on the gth, from 1& h. to 7.t lz., from 9* h. to 11 11. and fro111 13 11. to 15 11. on the 
10th. If one had only the Antarctic curves to refer to, one would not naturally 
associate the S.C. with the two last of these intervals, whicll include a disturbance of 
the special type near 10 h. In fact the Antarctic curves talcen a1011e suggest tllet whnt 
promised a t  2 11. on April 10 to be a large storm had been nippet1 in the bud by G 11. 
The nzovements ascribed to the Antarctic in l'able CXLIII are about tllrice as large 
as those of the normal day a t  the same season. 'I'his iiuplies of course considerable 
disturbance, but nothing very exceptional. 

TABLE CXLIT1.--22 11. April 9 to 16 11. April 10, 101 1. Plate XLlI. 
-- * -  -- - . - 

Alibag .. . ...I H 

At Mauritius the ranges recorded in 'I'able (:XLII 1 ~ ~ H L Y  1 1 ~ 1 ~ ~  bcen exceeded its 
the traces received stopped a t  13 11. on the 10tli. Aftcr the s.cl. the H tmce rc?n1:1inetl 



elevated in a crest, the highest point in which appeared a t  23 h. 20m. A decline 
followed until 24 h. During this time there was a moderate bay, easterly deflection, 
in D. From o h. to 3 h. on the 10th quietness prevailed. Between 3 h. and ti h. the. 
H and D traces both showed oscillations, and there was a fall of 21y in H between 
9 h. 45 m. and 10 h. 20 m. 

The traces received from Ruitenzorg stopped a t  11 h. 30 m. on the loth, and so 
did not include the movements near 14h., which at  some stations were the niost 
prominent. The nlovements associated with the s.c. were not large and had practically 
subsided by 234 h. on the 9th. During the next two hours the curves sllowed little 
s i p  of disturbance. Subsequently there were considerable movements, especially in N, 

For AIibag only the H trace was available, and it did not commence until 34 h. 
on the 10th. Thus the range in Table CXLIII may have been exceeded. There was 
a good deal of minor disturbt~nce from 6 h. until 15 h., when conditions became of 
normal quietness. 

At  Honolulu the movements associated with the KC., which was not very large, 
subsided in about an hour, and for several hours subsequently conditions were quiet. 
There was a pretty prominent bay in H from about 2& 11. to 4+ h. on the loth, and a 
hump from about 94 h. to lo* h., the latter synchronising with the special disturbance 
in the Antarctic. The amplitudes of the movements, as Tablc CXLITI shows, were 
not large, but the disturbance is entered on the Honolulu list as a storni of class 1 
(the lowest), and is assigneci a duration of 26 hours. This is a good deal longer than 
the estimate accepted here. It includes a long quiet interval commencing about 15 h. 
on the 10th. 

At Helwan after the s.c. subsided there were only minor movenicnts, and from 
16 h. to 20 h. on the 10th the traces were exceedingly quiet. 

At Agincourt the s.c. movcment itself was large in H. The subsequent movements 
in H though not very large were numerous, and both the H and D curves were distinctly 
disturbed until about 16 h. on the loth, when a quiet time lasting 4 or 5 hours set in, 

At Eskdalemuir the S.C. movenlent in N was very large. The disturbances which 
followed in N and E were not large, but they continued with little internlission until 
16h. on the 10th. Near 10 h., during the special disturbance in the Antarctic, 
there was no noticeable bay, but there were numerous oscillations in the N and l3 
curves. The largest bay-like movements appeared in N from 3 h. to 5 h. and in 13 from 
2 h. to 4 b. on the 10th) times a t  which there were large nlovements in the Antarctic. 

The traces received from Sitka stopped a t  18 h. on the 10th. As, however, the 
duration assigned to the storm in the Sitka list puts its termination a t  about 164 h., 
a quiet interval presumably ensued then ss  a t  Agincourt and I~skdalemuir. ?.'here 
was a good deal of disturbance a t  Sitka from 2 11. to 5 h. of the loth, the time of chief 
activity in the Antarctic, and minor movements from 9-$ h. to 10gh. during the 
disturbance of the " special type " in the Antarctic, but the most prominent movements 
in H and V occurred Eroni 13 h. to 16 h. There was then a deep regular bay in 11, and 
a pyramid-shaped movement in V, the range of the elements during the three hours 



I~eing 144y in H and 127y in V. During this time there was a sliialler but still fairly 
conspicuous bay in the I3 curves a t  Agincourt, Helwatr and Alibng. The ranges during 
the three hours were as follows :-44y in El a t  Agincourt, 287 in I1 nt Helwan, 23y in 
H a t  Alibag, BGy in N a t  I~skdalemuir, and in the Antarctic lOGy in N' and 124y in E'. 

The magnetic storm of bpril 9 to 10 was everywhere considerably less than 
that of April 8 to 9. Tho two disturbances had, howover,~several common features. 
They were larger in the Antarctic: and a t  Sitlra than a t  any of the intermediate stations. 
The S.C. and the commencing move~nents were much larger in the Antarctic than at 
Sitka, but towards the end of the storm tlie disturbance was lurger a t  Sitka than in 
the Antarctic. At most of the stati6iis tho disturbance in V was very small coinpared 
with that in the horizontal components, but this was not tlre case in the Antarctic and 
a t  SitIra. Moreover the range of the V disturbance a t  Sitlra exceeded that in the Antarctic. 

Xeckion 94.--The curves generally were very quiet froni 16 11. to 18 11. on April 10. 
But there then ensued a somewvliat striking set of movements, possessing somewhat 
unusuad features a t  Alibng and Helwan. Records were not avai1al)le from Mlt~rit~ius, 
Buitenzorg, Honolulu or Sitlta, and only I3 traces froni Alibag. 

%AI~LE CXLIV,-20 11. April 10 to 3 11. April 11, 1911. l'late XL11. 

BLnt ion. 

Alitarctic . . . ... I N' 

Alibag ... . . . 1.1 

Agincourt . . . ..*I 

In  tlie A~it~arctic the disturbltnce rjeenind to  l ~ i ~ v c  tiiod down by 2 11. 011 the I 1 th. 
!rhe N' and 15' clxrvc,s sliowed two bays, one of short duration between 20 h. axid 21 11. 
on tlie loth, tlie second lasting froin about 21 11. on the 10th to 111. 40 m. on the 11th. 
The recovery from the second depression was very rapid in both elcnlents. The 
disturbance in V was comparatively small. 

The H traces a t  Alibag and. Helwan were remarliably alilie, and sorne~vliat 
roscn~blod tho movcmonts including the crest usually seen on t l ~ a  ocwsions of s.c's 



a t  these stations, only taken in the reverse order ; i.e., the rise to the maximum was 
slow, and the fall from it very rapid. The preceding and succeeding portions of trace 
being very quiet, the disturbance has a very isolated appearance. At Helwan, and 
presumably also a t  Aljbag, the I) movenlent was relatively small. The V movenlent 
a t  Helwan, though only a third of that in H, was well marked, and also suggestive 
of the ordinary s.c. movement reversed. 

Al; Agincourt, as a t  Alibag and Helwan, the largest movement occurred towards 
the end of the disturbance. But the main IT movement a t  Agincourt was a depression, 
and the D range exceeded that of H. The disturbance, however, lasted shorter in 
D than in H, the I) trace being very quiet except Letween 22 h. on the loth, and it h. 
on the 11th. 

At Eskdalennzir the disturbance in N was somewhat irregular, the elenlent being 
sometimes above and sometimes below the value normal to the hour. The E and V 
movements were much more regular, both traces showing decided bays, representing 
easterly force in the one case, and depression of vertical force in the other. The 
maximum of easterly force appeared sirnultaneously with the maximum depression 
in V. The depression in V was of a sine one usually finds only with larger disturbance 
in the horizontal components. It had not completely disappeared by 3 h. on the 11th. 

Section 95.-Conditions were generally quiet throughout the earlier hours of 
May 14, 1911, and the disturbance developed so gradually a t  all the stations that it 
is difficult to assign a time for its commencement. The times assigned in the official 
Honolulu and Sitka lists were respectively 164 h. and 17 h. on the 14th. FIere 16 11. 
has been accepted because Antarctic conditions were particularly quiet from 14 h. to 
16 h., while decided disturbance was seen there and a t  Eskdaleinuir between 16 h. and 
17 h. Normal quietness was not restored for several days. The duration assigned to the 
disturbance was, in fact, 70 hours a t  Honolulu, and 72 hours a t  8itka. There was, 
however, a very decided lull throughout the afternoon of the 15th, and in the Antarctic 
after 11 h. on the 15th i t  was fairly quiet for several hours. Accordingly 11 h. on the 
15th has been accepted here for the end of the disturbed period. 

In  the Antlarctic no great activity was displayed before 19 h. on the 14th, or after 
7 11. on the 151;11, and E' was much more disturbed than the other elements. The E' 
trace showed a large fall interrupted by oscillations between 21 h. and 236 h. on the 
14th, and a large riue also interrupted by oscillations between the latter hour and 54 h. 
on the 15th. 

At Mauritius conditions were quiet until 17 h. on the 14th, when disturbance 
appeared in the H trace. The I) trace was practically undisturbed until 22 h. The 
H trace showed many oscillations of short period, especially near midnight, when the 
activity of disturbance in that element appeared greatest. There was also considerable 
disturbance between 5 h. and 9 h. of the 15th. The maximum and minimum 
of H a t  Mauritius appeared simultaneously with the maximum and nlinimum of N 
a t  Buitenzorg, but the range a t  Mauritius was only 40 per cent. of that a t  
Buitenzorg. Short-period oscillations were much less conspicuous in the Mauritius 



1) trace, but i t  showecl two considerable slow oscillations. Between 22 11. on the 14th 
and la h. on the 15th there were swings of 5' to the E~is t  and 62' to the West ; while 
between 14 11. and 5 h. 25 ni. there were swings of 9' to the East and 4i' tco the West. 
In terms of force the I> range a t  Mauritius exceecled the E range a t  Buitenzorg and the 
1) range a t  Honolulu, but the H range st; Mauritius was inucll less than the H or N 
ranges recorded a t  the other stations. 

At  Buitenzol-g conditions 1i;tc.I been vcry qr~ict fro111 13 11. t,o 1G h. on the ldt,ll. 
After 18 h. the N trace showed s good rllally oscjllutions, but the moven~ents did not 
become large until 22 h. 1.ronI then until 8 h. on the 15th tllere was 2~ S U C C ~ S Y ~ O ~  of 
rounded movements, superposed on which wero numerous ~ninor oscillations. The 

and V curves, while distinctly unquiet after 20 h. on the 14tl1, were ~nuc;h less disturbed 
t'tian N. 

At Honolulu the H trace showed an alnlost unbrokeu fall froill 224.11. 011 tllo 14th 
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to 4 h. on the 15th, followed by a succession of rounded movements, constituting on 
the whole. a gradual recovery. The H disturbance was similar in type to that in N at  
Buitenzorg, and of very similar amplitude. The Honolulu 1) trace was not much 
disturbed, and the V trace, though showing numerous small oscillations, was unquiet 
rather than disturbed. 

Helwan was decidedly less disturbed than Buitenzorg or Honolulu. In IT there 
was a good deal of oscillation, and a pretty rapid fall near 24 h. The ranges in D and 
V were only about 50 per cent. in excess of those of the average day. 

At Agincourt the disturbance was much larger than a t  Helwan, or even a t  
Buitenzorg and Honolulu, and it was nearly as large in D as in H. Both the TrI and the 
D traces showed a considerable number of large oscillations, but the H trace exhibited 
a greater tendency than the D to small short-period oscillations. The EI trace 
had become distinctly unquiet by 19 h. on the 14th. The larger movements occurred 
between 23 h. on the 14th and 10 h. on the 15th, both in N and D. The latter element, 
in fact, showed little disturbance outside these limits of time. The large movenlents 
in H had as their general effect a large fall, as in H at  Honolulu and in N at  Buitenzorg, 
but this was more interrupted by temporary recoveries a t  Agincourt than at  the other 
stations. The H trace continbed to show numerous small oscillations after 11 h. on 
the 15th. 

At Eskdalemuir the disturbance in the horizontal components was intermediate 
in size between those experienced at  Buitenzorg and Agincourt ; but the disturbance 
in V was of a quite different order from that a t  Buitenzorg, Honolulu or Helwan. 
Small oscillations became visible in the N trace about 15 h. on the 14th, and gradually 
increased in amplitude. There was no large movement, but on the wholc a gradual 
rise in N until 22 h. 45 m. There then ensued a rapid fall of 192y in less than 40 minutes. 
Some recovery followed, but the element remained markedly depressed for a number 
of hours. The rapid fall in N after 23 h. was accompanied by a considerable rise in 
E, but the E movements were smaller than those in N. There werc no large movements 
in either element after 7 h., but minor oscillations persisted in both traces throughout 
the afternoon of the Nth, and were eventually followed by larger movements. The 
V trace a t  Eskdalemuir was practically quiet until after 22 h. on the 14th, when a 

considerable fall occurred. Some recovery followed, but the element rcmaincd 
considerably depressed until 9 h. on the 15th. Throughout the wholc time there was 
hardly any trace of rapid V oscillations, the movements shown being slow and regular. 

At Sitlca conditions had been quiet for some hours prior 60 1611. on the 14th. 
Numerous rapid oscillations then appeared, but they were of small size until 23 11. on 
the 14th. l'rom that hour until 10 h. on the 15th there were numerous oscillatory 
movements of considerable size especially in H, the traces from the different elements 
crossing and recrossing, so that details are difficult to make out. 'rhe disturbance 
subsided very rapidly after 10 h. on the 15th, and several nearly quiet hours followed. 
As Table CXLV shows, the disturbance had a decidedly larger range at  Sitka than in 
the Antarctic, in the vertical as well as in the horizontal plane. 



The disturbance did not present any very striking features. Except in high 
latitudes the principal feature was a, fall in H or N, which colnnlenced late on the 14th. 
The niaxirnu~n values in H or N were reached sin~ultaneously, or very nearly so, a t  
Mauritius, Bnitenzorg, 1Zonolulr1, Helwtln arid Agincourt ; but the fall contin~zed 
longerat sonle of these stations than others. In lower latitudes the disturbance was 
mainly in 13' or N, but in higher latitudes the changes in V were of tlie stline order as 
those in the other elements. The North Alnericnn stntions were inore disturbed tllaii 
the other co-operating stations, and tlle cllanges in declination experienced tliere were 
very considerable. 

Scctiovz 9(i.--Jn the Antarctic condit~ions had been quiet for some hours prior to 
1 6 11. on June 4, 101 1. Sliortly after 16 h. decided disturbtbnce appeared. B ~ t \ ~ e e n  
16 h. 25 rn. and 17 11. O in. N' rose 401). Iluring tlie next two hours there were only 
small vibrations in N'. 'l'llese lleccl~ile larger after 10 h., but the disturbance tms never 
very striking. The clisturbancc in E' was much larger. Between 16 h. 36 111. and 
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18 h. 35 m. E' fell 149y. Between 19 h. and 21 h. there were some considerable 
oscillations, including a fall of 1397 and rise of 1 2 0 ~  between 20 h. 5 m. and 20 h. 35 m. 
In  the V trace there was a considerable development of short-period oscillations between 
19 h. and 23 h., but their amplitude was small. The disturbance in N' and E' showed 
no very marked subsidence until after 4 h. on June 5. 

At Mauritius conditions had been fairly quiet until 16 h. on the 4th. A small 
oscillation then occurred in H, and after its subsidence a prolonged fall set in. This 
continued a t  a nearly uniform rate between 17 h. and 184 h. From then until 
22 h. 20 m. the trace remained markedly depressed, though there were several sharp 
oscillations, especially near 20 h. Between 22 h. 25 m. and 23 h. there was a smart 
rise of 40y.  There is thus a very marked bay (depression of H) extending from about 
164 h. to  23 h. The curve from 17 h. to 23 h. stands out conspicuously from what 
precedes or follows, suggesting a well-marked isolated disturbance lasting from six 
to  seven hours. Between 23 h. and 24 h. there was a slight fall in H. The D trace 
was much less disturbed. There was, however, rather a smart oscillation between 
19 h. 40 m. and 20 h. 20 m., consisting of swings of 2' to the East and 14' to the West. 
Between 22 h. 15 m. and 22 h. 55 m. there was an easterly movement of 24'. 

At Buitenzorg the N trace shows a small oscillation shortly after 16 h., 
corresponding to the oscillation described in the Mauritius H curve. There was 
conspicuous bay (depression of N) between 16i  h. and 234 h. During its incidence 
there were numerous short-period oscillations, especially between 18 h. and 21 h. The 
E trace was comparatively quiet, but between 19 h. 5 m. and 20 h. 30 m. there was a 
rise of 18y and an equal fall. The V trace contained a few small oscillations. All 
three curves show a summit a t  about 23 h. 20 m. 

At Alibag the H trace closely resembled that at Mauritius. There was a close 
correspondence at the two stations between the records of a small oscillation shortly 
after 16 h., and other oscillations occurring between 18 h. and 21 h. The depression 
of H ended, as a t  Mauritius, with a sharp rise, amounting to 33y,  between 22 h. 30 m. 
and 23 h. 

At Honolulu, as a t  Mauritius and Alibag, there was a somewhat prominent short- 
period oscillation shortly after 16 h. Also after 16 h. 40 m. a decided fall set in in H. 
Short-period oscillations were again most prominent between 19 h. and 2 0 i  h. But 
the minimum in H was reached much later than a t  Mauritius and Alibag, and the 
subsequent recovery was comparatively inconspicuous. Thus the disturbance between 
16 h. and 24 h. has a much less distinctive appearance than a t  Mauritius, Buitenzorg 
or Alibag. 

The resemblance between the H traces a t  Helwan and Alibag was very close. 
This is true equally of the small short-period oscillations and the larger slow movements. 
At Helwan the rise in H between 22 h. 25 m. and 23 h. amounted to 40y,  and i t  was 
followed between 23 h. and 24 h. by a fall of 23y. The Helwan D trace contained 
some decided oscillations, including the following between 19 h. 20 m. and 21 h. 30 m. : 
2' W, 241 E, lgl W, 2$' E and finally 2%' W. The Helwan V trace also showed 



oscillations, especially after 19 h., including the following between 19 h. 40 m. and 
20 11. 40 m. : - 97, -1 7y, - 14y and + 9y. Between 226 h. and 24 h. there was a 
fall of 15y and rise of 12y. Parts of the D and V curves showed considerable 
resemblance, easterly movelnents going with increase of V, but between 224 h. and 
24 h. easterly movement went with' fall in V. All three Helwan curves showed the 
small oscillation shortly after l(i  h., synchronolis apparently with the oscillation 
described in the II curves a t  Mauritius and Alibag and the N curve a t  Buitenzorg. 
The amplitudes of the two lnovements a t  Helwan were: in H, - 7y and + 10y ; in 
D, 0'.5 13 and 0l.5 W ;  in V, -1 4y and - 37. 

The curves received from Agincourt did not conlinence until 16 11. 40 nz., and so 
did not cover the time of th'e special snlall oscillation near 16 11. There were three 
considerable oscillations in H, in immediate succession, between 19 11. 15 m. and 
20 11. 40 m. The third and largest, which commenced a t  20 h. 0 m., consisted of a rise 
of 99y and fall of 80y. Between 22 11. 50 m. and 23 h. 15 In, H fell 47y. The Agincourt 
D trace, though having an equal or slightly larger range, was really considerably less 
disturbed than the 1-1 trace, being nluch less oscillatory. 'Phe principal movements 
were the following : 10' to West between 19 h. 15 111. and 19 11. 25 ni., 13' to East 
between 19 11. 45 in. and 20 11. 15 in., and 9' to East between 22 11. 55 111. and 23 h. 25 m. 

At first sight the N curve a t  Esltdalemuir seems quite unlike the H curves a t  
Mauritius, Alibag and Helwan. 'L1he slnall oscillstion just after 16 h. cannot with 
certainty be identified at Esltdalemuir, and N shows a decided tendency to rise prior 
to 19 h., whereas the I3 traces at Mauritius, Alibag and Helwan all show a ~narked 
fall. There is, however, a pretty close parallelism between the conspicuous oscillations 
that appear ; ~ t  all t,he stations after 19 11., rise in N a t  IGsltdalemuir going with rise 
in H a t  thc other st;btions. A conspic~ions ciifference comes in after 228 h. Between 
that hour and 24 11. there is a prominent double oscilltttion in N a t  Esltdalemuir, the 
changes being -1- 39y, - G3y, -1- 74y and - 58y, whereas a t  the other stations there 
is only a single oscillation. Also a t  11:sltdalemuir the last fall in N continues until 
0 h. 20 m. on the Bth, alld is immediately followed by a decided rise. The 8; trace 
a t  Esltdale~nuir does not resc~nble thc 11 trace a t  I-Ielwan, After 17 11. i t  shows a 
succession of oscillations. Between 22 11. 40 m. and 2411. E rose 807 and fell 59y. 
The fall continued until about 0 h. 8 m. on the 5th, and was followed by a decided 
rise. The changes in V a t  13skdrtlernuir followed the course usual there in magnetic 
storms. There was a continuous rise amounting in all to  63y between 17 h. and 
19 h. 38 nl., when the maximum was reached. A slow decline then set in, interrupted 
only by a slight temporary increase about 20i h. The decline greatly accelerated 

about 22-13 li., the fall in tllc half-hour pl.eceding the nlini~ll~lnl a t  23 11. amounting to 567. 
Between 23 11. 0 In. and 23 11. 30 m. there was a smart recovery, alllounting to 34y, 
which restored the eleluent to near its nor~nal value. 

No curves were received from Sitlta. But the data in the official publication- 
which have been utilised in Table CXLVI-show t,hat a considerable disturbance 
was experienced, the range in I) being 27I.G (= 12Gy), and that in H being a t  least 



134y. The disturbance in the horizontal plane would thus appear to have been a 
iittle larger a t  Sitka than at  either Eskdalemuir or Agincourt, but not quite so large 
as in the Antarctic. During this storm there is less difference than usual between the 
amplitude in different latitudes. 

8ectiorz 97.-The disturbance on June 9-10, 1911, had a sudden commencement, 
already described, which was everywhere of unusually small amplitude. The 
disturbance appears in both the Honolulu and Bitlta lists, the durations assigned being 
respectively 134 and 137 hours, or over five days. There was, however, a distinct 
lull in the afternoon hours of the loth, and the disturbance is regarded here as ending 
a t  12 h. on that day. !L'he sudden comnzenccment was a t  16 h. 31 m. of the 9th. 

In the Antarctic conditions had been very quiet for'sevcn or eight hours prior to 
the S.C. They became less quiet after that event, but there was no considerable 
disturbance until 20h. on the 9th. !L'he largest movements occurred between 3 h. 

TABLE CXLVI1.--16 h. June 9 to 12 h. June 10, 1911. Plate XL1.V. 

Times of 
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and 9 h. on the 10th) including between 7 11. and 8 h., a disturbance whicll appears 
amoilgst those of the special type in 'I'nble CXL. After this there was a t  least an 
abatement of the disturbance for sevcri~l hours. 'l'herc was a nii~rlced recrudescence 
between 17 11. and 20 11. on the loth, subseqnent to whicll there was loss of trace for 
several hours. As Table CXIJV~I shows, disturbance in the Anta~.ctic was Iitrger in 
E' than in the other elements, but was considerable in all. 

At Mauritius the S.C. in H led to a nearly level crest, iirhicli persisted until fully 
18 11. 45 In. on the 9th, when there was a fall of 7y and sonle slow oscillat,io~is. Besides 
several snlall bnt sharp oscillations of short period, the Ii curve exhibited tlie following 
rather prominent oscillations of longer period : - 

Between 20 h. 5 111. and 20 11. 45 rn. of tlie 9th a rise of 13y und fall of 131). 
,, 21 11. 20 m. and 22 11. 20 rn. ,, ,, ,, n fib11 of 14y and rise of 1Gy. 
,, 711.10m.and S11.20111. :,,, l O t ~ l l ; b f a l l o ~ 1 7 y n n t i r i s e o f l l y .  

'Plie 11 trace a t  Mr~uritius wtts compil,r:ttively sn~oot,ll. 'I'liere \vr~s on tlic whole a 
decideii easterly nlovemcnt,, in all 4;') Sronl o 11. 45 nl. to 3 11. 45 111. on t,llt? 10t~l1, anti 
u decidccl west,crly movenlcnt, in id1 Gj', I)c?t,~vec.n 4 11. 30 111. :t~ld 8 11. 25 ni. 'I'licse 
moven~cnts ?ire sol~~ewliat suggestive ol' Llic ol'ttinary cliurnal vnrii~t~ion, l)ut unlplifietl 
about four times. 

Buitcnzorg shows similar pl~cnornens to M:turitius. IVliile the crest nfter the S.C. 

~astc(i, the changes in N were snlitll. On the subsidence of t'hc clbest the ~nove~neuts 
becnme 1nuc11 more lively. rl'llere were several roundcti w;~ve-like nlovcnlent~s, having 
superposed on them nunlerous sllort-period oscillntions. Prom 0 11. to 7 11. 25 in. on 
the 10th tllc general trend in N was tlowntvtzrds. 'I'llere was Inore c1isturl)nnce in the 
I) find V curves th:m is suggestetl 1)y the colnpnrittively s1uu11 excess in the 1.unges 
observeti over tltose tlcl;rivctl fronl the rcgt~lit~' ciinrn:~l i~iecln:llit~y. 

At Alib:~,g the clist,url)urioe in 1 I \v;bs rc:~,lly litrgcr 1,11311 1lic iba,ngc sl~ggest~s. 'I'he 
CIIILII~CS (11i(: to 1,llc disttlrb:tncc were inainly in t,lic clircc.tdo11 opposite to those nitused 
by tlic ~'cgt~lar t1iurn;tl vitri;ttdoa. '1'0 the eyo, the I )  imd V ~, I - ;L(~CS t~j)pt?ttr i~lillost quite 
s~nootll, csccpt for trifling bays LcLtvecn 1 11. and 2 11. on tlic? 10th. 'l'lic disturbance 
seems to have slightly rednccd the ordinary 1) rnilge, \vllile incretksi~lg thitt of V. 

Disturburlce was more in evidence a t  Honolnlu, especially in 1-1. For two hours 
after the s.c. there was a crcst on tflc H curve, and during this tiirle tllerc was little 
oscillation. ITrorn 22 11. on the 9th to 24 11. on the 10th there wiis n large full in H, 
and from 64.11. to 8 h. on the lOt,h t l ~ ~ e  was a rltpid rise. After 10 11. on the 10t)h 
the trace was unrestfnl rather th:tn disturbed. Tlle 1) tl-nee gave little sign of 
oscillation a t  any time, but the rculgc was consiticrnl~ly ttbovc the norinal. 

At Iielwan the Ei trace was as usual co~lsidernbly inore disturbed tllan the D. 
r 1 l h e  excess in its range over the corresponding rttngc ut Alibitg is, however, partly 
explaine(1 by the smaller opposition tlii~t cxistetl at, tlelwan between the directions 
of the disturbing forces and t,l~osc prottucillg the rcguliw diurllel varintion, 'l'lle lielwnii 
D trace shows 111ore signs of tiist,urb:tncc thuil tlic correspolldillg trace a t  Alibug, a~ici 
rnore tllali the runge suggests. 



Agncourt was much more disturbed than stations in corresponding latitudes in 
Europe. H was actively disturbed from 20 h. on the 9th to 8 11. on the loth, 
D from 1 h. to 8 h. on the 10th. Prior to 1 h. on tlic lOLh D was much less disturbed 
than H, but subsequently the D movements were the larger. After 8 h. on the loth, 
only small oscillations were recorded for a number of hours. From 1 h. to 7 h. on the 
loth, H was depressed a good deal below its normal value, but a rapid recovery then 
took place. In  the course of 70 minutes, between 6 h. 50 m. and 8 11. on the loth, the 
declination needle swung first 38' to the West and then 29' to the East. The subsidence 
of disturbance on the termination of this movement was a strilring feature of the curve. 

At Eskdalemuir the N and E traces suggest a single disturbance, lasting 
uninterruptedly from the S.C. on June 9, until the forenoon of June 12 or even later, 
but there was a comparative lull before noon on the 10th. Up to 20 h. on the 9th, 
conditions were comparatively quiet, disturbance being greatest between 20 h. on the 
gth, and 4 h. on the 10th. The N movements throughout were numerous, and irregular 
rather than large. The disturbance in V was largest between 22 11. on the 9th) and 3 h. 
on the loth, there being a well-marked depression between 111. and 3 11. on the 10th. 
Up to 22 h. on the 9th and subsequent to 8 h. on the 10th the V trace was practically 
smooth. 

At Sitka the outstanding feature was a large rise and fall in V between 6 h. 50 m. 
and 8 h. 30 m. on the 10th. This accounted for the greater part of the range wllich, 
as Table CXLVII shows, considerably exceeded the range of V in the Antarctic. 
This large V oscillation partly synchronised with the large 11 oscillation at  Agincourt. 
The Xitlca H and D traces showed considerable ranges, but not so large as those 
a t  Agincourt. The principal feature in the H and D traces a t  Sitlta was the persistence 
of rapid small oscillations. There were no large movements until after 20 11. on the 9th. 

Section 98.-The disturbance began with an S.C. about 21 h. SOm. on June 30, 
which has been already described. 

While the commencement is definite enough, opinions might well differ as to the 
termination. The estimates of duration made a t  Honolulu and Sitka were respectively 
40 and 43 hours. There was, however, a t  least a lull a t  all the stations, including 
the Antarctic, for several hours during the forenoon of July 1: so it was decided to 
limit the co~llparison to the 12 hours ending a t  9 h. on July 1. 

In the Antarctic the S.C. movement was very small in N', and in 1C' and V it 
toolc the shape of a simple oscillation, the to and fro movements being practically 
equal. During the next two or three hours, the traces were but little more disturbed 
than before the sac. The largest movements occurred between 5 h. and 8 h. 
on July 1, I<' being considerably the most disturbed element. A comparatively 
quiet time followed after 8 h. 

The H trace received from Mauritius ended a t  8 h. 20 m. on the lst, so the range 
shown in Table CXLVIII may have been slightly exceeded. The disturbance was 
a very trifling one in H and even more so in D. 

At Buitenzorg the disturbance was trifling for three hours after the s.c. 



Subsequently tlie traces, especially the N trace, showed nuinerous sinall oscillations. 
There was a considerable fall in N after 5 11. on July 1. The E and V traces throughout 
were only slightly disturbed. 

At Alibag the range in H was not very greatly in excess of the normal, but sinall 
oscillations were conspicuous after 1 h. on July 1. The D and V traces showed almost 
no signs of disturbance. 

At Honolulu the H trace was very sensibly disturbed after 1 h. on July 1. The 
largest movement, a fall of 30y, occurred later between 4 h. 55 m. nnd 5 h. 55 nl. The 
D trace showed little disturbance, and the V trace was unquiet rather than disturbed. 

At Agincourt within the time interval considered H liad a considerably smaller 
range t,li;~n D. The s.c. movement itself in H was considerable, rhnd i t  was irn~nediately 
followed by nuinerous sniitll oscillations of sliort period. Tliese oscillatioris persisted 
with little inter~nission until 12 11. on July 2, but there was a decided lull fro111 9 11. t'o 
10 h. on July 1.  The s.c. niovenlent in D was very s~nall, but there was a coiisl>icuo~is 
double oscillation between 5 h. and 75 11. 011 July 1.  

At Esltdaleniuir the N and E traces were Inore disturbed than the ranges in 
Table CXLVIII suggest. Botli traces sliowed numerous smdl oscillations. !rhe V 
trace resembled that of a quiet day, but the range was augniented. 

TABLE CXLVII1.-21 h. June 30 to 9 h. July 1, 1911. Plate XLIV. 
. -- 

Stntion. 

p- 

Ai1tnrc.t ic, , . . ... 

lJaurit,iux . .. ... 

R~~itenzorg .. . ... 

Alibag ... ... 

Honolulu ... ... 

Agincourt . . . ... 

Eslnlalr~nuir.. . . . . 

-- 

296 T 4 

-- 

Tilnos of  

Maximum. 

N' 
E I 
V 

H 
D 

N 
I3 
V 

H 
D 
V 

H 
D 
V 

H 
D 

N 
E 

Minimum. 

11. nt. 
8 59 (1st) 
G 32 (let) 

22 47 (30th) 

4 SO (1st) 
23 8 (30th) 

3 10 (1st) 
0 20 (1st) 
B 18 (hit) 

5 10 (1st) 
3 0 (1st) 
2 50 (1st) 

0 56 (1st) 
8 40 (1st) 
G 26 (let) 

21 55 (30th) 
G 0 (1st) 

22 0 (30th) 
23 40 (30th) 

I 23 

Y 
62 
48 
33 

17 
19 

34 
26 
12 

29 
38 
23 

13 
20 
13 

17 
30 

32 
2 1 
14 

11. 111. 

5 43 (1st) 
0 I0 (1st) 
G 38 (let,) 

22 2B (30th) 
7 30 (1st) 

8 40 (1st) 
3 30 (1st) 
9 O(1st) 

22 40 (30th) 
7 20 (1st) 
7 15 (1st) 

G 6 (1st) 
23 27 (30th) 
21 80 (30th) 

8 40 (let) 
0 18 (1st) 

8 20 (let) 
G 20 (1st) 
S 0 (1st) 

.- - - -- - - - - -- - 

Y 
343 
229 
134 

22 
18 

99 
37 
22 

43 
37 
38 

87 
30 
2 1 

58 
91 

4 1 
GO 
25 



Section 99.-Subsequent to 9 h. on July 1, as has been already mentioned, several 
considerable movements occurred. One of the largest of these took place between 
14 h. and 17 h. on July 1. The ranges during these hours on the traces available, 
and the corresponding diurnal inequality ranges, were as follows :- 

~!ABLE CXL1X.-14 h.-17 h. July 1, 191 1. Plate XLIV. 

In  the Antarctic a rise and fall in N' were succeeded by a second rise and fall. 
E' also showed a double oscillation, the fall preceding the rise. '~hese movements 
were solnewhat larger than those in adjacent hours, but of similar type. The V 
movements during the three hours were irregular and not specially large. At the 
other stations the movements had a distinctive appearance and were much larger 
than those in adjacent hours. 

At Alibag there was a deep bay in the H curve, the fall and subsequent rise being 
approximately equal. The D and V movements were small. At Honolulu a decided 
fall in H was followed by a considerably larger rise and a gradual return to the normal 
value. The I1 trace showed a decided bay, an easterly movement being followed by 
a nearly equal westerly movement. V showed a slight rise. At Agincourt there 
was a deep bay in the H curve, the commencing movement being a fall, and the 
subsequent recovery being a t  first very rapid. The tleclination movement a t  Agincourt 
was rather striking. A movement of 12' to the East was followetl by a rnpitl ruovement 
of' 31' to  the West. At Eskdalemuir the N movements were confiiderably the largest. 
In  about an hour from 14* 11. to 1Tjk h. there was a rise of 148y and a fall of 1937. 
This was followed by a considerable recovery. The chief movement3 in E occurred 
between 14 h. and 16 h., a fall in E-equivalent to westerly movenlent in the declin a t' lon 
needle-being followed by a somewhat larger rise. V was practically undisturbed 
except from 15 h. to 16 h., when a rise of 44y occurred. This was the most considerable 
change in V during the 48 hours following the s.c. on June 30. 

8ection 100.--The disturbance of July 28-29, 1911, is one as to whose 
commencement and duration very different views might be entertained. 'Phe 
Honolulu and Sitlta lists both include a storm whose commencement is put a t  about 
23 h. on July 27, but its duration was estimated a t  36 hours a t  Honoluh~ as conlpared 
with 82 hours a t  Sitka. At Eskdalemuir, the afternoon of the 27th would hardly 
be described as quiet after 16 h., but there was no large clisturbanco until the afternoon 
of the 28th. In. the Antarctic there was no special disturbance until near the end 

- - - 

Antarctic. 

Range. 

H I D / v  N ~ D ~ V  

Y Y 

.. - 

Alibag. Honolulu. Agincourt. Eskdalomuir. 



of the quiclc sun talren from 8 11. to 10 h.  on July 28. As the quicli runs ]lave been 
dealt with separately, it is convenieiit to take for coniparisoii at  the different stations 
the 24 hours comrnencing a t  10 11. on July 28. The disturbtliice had not wllolly 
disappeared a t  niost stations by 10 11. on the 29th, but i t  was a t  least much reduced. 

Alibi~g . .. 
Honolulu . . . . . 

 ABLE CL.--10 11. J'uly 28 to 10 11. July 29, 191 1. Plate ~ J V .  

Inequality 
ltnnge. 

- - - . - -. - -. - -- - 

Station. 

-- 

Tn the Antarctic tllc disturba~lce wns of an irregnLw clmrncter, co~~ipurrttively 
quiet, and nlorc distu~rbccl iiltervals su~~lee(iing one :~llot~li~~r. 13etwee11 11 11. ttnd 12 11. 

on the 28th) tl~erc were Iiirgc nlovenici~ts in till t,hc clc11lents, rinci betwccn 14 11. :tnd 
15 11. tliere was a large bay in N'. Prom 15 11. to 18 11. 011 tdlo 281.11 nnd fro111 4 11, to  
7 11. 011 tlic 29th it was con~par;it;ivcly quiet. 

At Mauritius the H trace was more clistjui~l)etl tlliail tIhc ra~lgc ~nigllt, sliggest, 
for t,l~ougli there was no large continueci ~novenlent in o11e tlirection, tlicre were :t 

nunlbor of rather prominent oscillittion,q. 'I'lic principal of tl1c:se occurrcci between 
11 h. and 16 h., r~nd between 18 11. rtiid 20 11. 011 the 28th. After 1 11. on the 29t11, 

- - - - 

Tin~os of 

IClo~nont. Uisturbancc 

I linngo. 
Marinlu~n. h l i n i ~ n u ~ n .  

-- 



there was little disturbance in H, except for a moderate oscillation between 7 h. 
and 9 h. While the ranges in H and D were practically equal, the D trace looks 
comparatively undisturbed. In the normal course, a westerly movement of about 
2i' (16y) was to be expected between 11 h. and 16 h. on the 28th, and what 
the corresponding part of the trace suggests is rather an enhancement of the normal 
diurnal change than an active disturbance. The D trace exhibited more signs of 
disturbance between 18 h. and 21 h., when several oscillations appeal to the eye. 

At Buitenzorg N was much more disturbed than E or V. The chief changes in 
N occurred between 10 h. and 17 h. on the 28th, and between 0 h. and 2 h. and again 
between 6 h. and 8 h. on the 29th. The E and V traces showed no large departures 
from the normal, but contained a number of undulatory movements of sensible size, 
representing in the aggregate more disturbance than the range in Table CL might 
suggest. 

At Alibag there had been a very considerable fall in H between 8 11. and 10 h. 
on the 28th, and this continued until after 11 h. From then up to 23 h. there was a 
great deal of irregular movement, more than the range would suggest, but no large 
departure from the mean. The largest movements occurred between 12 h. and 14 h. 
and between 18 h. and 20 h. on the 28th. After 24 h. on the 28th, there was little 
disturbance for a number of hours. 

At Honolulu the D and V traces were only slightly disturbed, and even in H 
there was but little disturbance after 14 h. on the 28th. 

At Helwan the H trace closely resembled that a t  Alibag. The 1) and V traces 
were on the whole smooth, but minor oscillations were visible, more especially between 
18 h. and 20 h., and again near 24 h. on the 28th. 

At Agincourt disturbance appeared in H a little before 18 h. on the 27th, and 
gradually increased, the largest movements occurring between 22 h. and 24 h. on 
the 28th. The D trace showed comparatively little disturbance until 10 11. on the 
28th. ~ f t e r  that i t  was pretty disturbed until 8 h. on the 29th. 

At Eskdalemuir considerable disturbance prevailed during the whole afternoon 
of the 28th. The disturbance then gradually abated, and had nearly disappeared 
by 8 h. on the 29th. The most disturbed times in the N trace were from 12 h. to 15 h. 
and 18 h. to 20 h. on the 28th, and from 22 h. on the 28th to 1 h. on the 29th. 
There were also considerable E movements a t  the later times. The only considerable 
change in V occurred near 24 h. on the 28th. 

At Sitka, the quick run trace showed considerable disturbance, especially near 
10 h. on the 28th, and the disturbance continued very active without intermission 
until 44 h. on the 29th, when conditions became much quieter for a few hours. Active 
disturbance was, however, resumed after 7 h. and continued until 14 h., when the 
amplitude of the movements was much reduced. The H and D traces showed 
nunlerous small oscillations throughout the whole time. The largest movements 
occurred between 10 h. and 15 11. on the 28th, the V changes being particularly striking. 
A rapid fall in V between 10 h. and 10i  h. was followed by a nearly equal but much 



slower rise between 104 11. and 121 h. Tl~ere tllen ensued during the next two hours 
a very large rapid fall, followed by a sonlewll:~t, larger but less rapid rise. During 
the later part of this double movement in V the H and D curves also exliibited 
large oscillations. The three traces also showed large movenients between 7 11. and 
14 21. on the 29th, but during most of this time nlinor oscillations were n good deal 
less in evidence than during tlie afternoon of the 28th. 

On this occasion, if we judged by the horizontal co~nponents, we should regard 
32slidalemuir and Sitlia as similarly disturbed ; but tllc vertical force disturbance 
a t  Sitka was out of all comparison greater than a t  Eskdalemuir, and was considerably 
in excess even of that recorded in the Antarctic. Again, while the horizontal coniponents 
showed a considerably larger total range in the Antarctic t.han a t  Eskdaleinuir and 
Sitlia, tlie superposed minor oscillst,ions were leust pronlinent in the Antarctic us 
compared with average conditions n t  tlie respective stations. 

Seclion 101.--The S.C. which preceded tlie tiisturbttnce of August 19-20 was u 
large and well-nlarked one, and if disturbances and their s.c's corresponded in mc~gnitude 
we should have had a notable storm. But, as a nlt~tter of fact, the subsequent 
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August 19 to 9 11. August 20, 1911. Plr~te XLV. 
- -. - - 

I'ilncs of 
Disturbnnre 

Rango. 

- 

181 
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3 t 

67 
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23 10 (l!)t,Ii) 
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disturbance was everywhere of a commonplace character. It does not appear a t  all 
in the Honolulu and Sitlca lists. The Bnitenzorg, Agincourt and Eskdalcmuir curves 
were those mainly relied on when fixing 9 h. on the 20th as the end of the disturbancc. 

In the Antarctic the s.c. and the subsequent disturbance were both largest in I<'. 
Between 13 h. and 16 h. on the 19th the movements were trifling. The largest move- 
ments especially in 13' were between 16 h. and 18 h. and after 21 h . on the 19th) and 
between 1 h. and 4 h. on the 20th. 

At Mauritius the H trace was generally quiet. Apart from the s.c. itself, the 
only tjme when the H trace showed appreciable disturbance was from 21 h. to 23 h. 
on the lgth, when a somewhat conspicuous hump or elevation presented itself. 
Between 21 h. 10 m. and 21 h. 35 m. H rose 22y. The subsequent fall was much slower 
and was interrupted by small oscillations. 'I'he I) trace showetl little tlisturbance, 
the visible changes being apparently almost entirely due to tllc normal tliurnal 
variation. 

At Buitenxorg t l~ere was a large s.c. nlovcmcnt in N which sul,sided largely witl~in 
half an hour. A quiet time Solloweti until nearly I (i h . on the 19th. 'I'lie largest N 
movements occurred between 21 h. and 23 h. Isxcept between these hours there were 
few irregular movements in E or V. The N trace continued to sliow irregular minor 
movements until nearly 9 h. on the 20th. 

At Alibag the chief dist~irbance in H was between 21 11. and 23 h. on the 19th 
and for half an hour subsequent to  the s.c. 1) and V traces were available for only 
part of the time and showed little sign of disturbance. 

The phenomena a t  Helwan were similar to those a t  Alibag. 13ven the H trace was 
mostly pretty smooth, ancl the 1> anti V traces were almost entirely so. At the same 
time, the D range seems to have been sensibly above the normal. 

At Agincourt the 11 trace showed minor oscillut,ions tlirougliout most of the tilne ; 
the disturbance was most active from 20 11. to 24 11. on the 19th. The 1) trace showed 
less persistent oscillation than the 1-1 trace, but containctl a consit1er;~t)lc bay ]jetween 
3 h. and 5 h. on the 20th. 

At Eskdalemuir there were numerous minor irregularities in the N trace, especially 
between 16 h. and 18 h. and between 21 h. and 24 11. of the 19th. The V trace 
throughout was almost undisturbed. 

The Sitka traces available stopped a t  3 h. on the 20th) but information as to the 
maxima in H and D was derivable, as in inany other cases, from the official publication. 
There were no really large movements, but the 11 ancl 1.) curves sllowed riur~lerous 
oscillations during r~lost of the time they covered. T l~e  oscillations were least in 
evidence from one to  three hours after the H.C. At Sitka, as a t  Agincourt, tlie 11 range 
considerably exceeded that of H. 

Section 102.-During August 23-25. there was considerable tlisturbance a t  all the 
stations. Conditions had been generally quiet during the previous 12 hours, and the 
selection of 8 h. for the dommencement of the disturbance is open to little doubt. 
There is more room for difference of opinion as to the end. The duration is given in 



the official Houolr~lu ptzblication as 52 hours, while the Sitlca estiinrtto is 120 liours. 
In the Antarctic, noon on the 25th was followed by one or two hours free fro111 large 
tlisturbaizce, so 12 11. has been accepted liere for the end of the disturbed interval. 

1 1 .  Ill. 
15 5 (23rtl) 
3 42 (24t.11) 
2 5 (PJl . l i )  

'I1anr,le CLI1.-- 8 11. Angust 23 to 12 11, August 25, 1911. Plate SLVI.  
- - 

Station. 

Tn the Alltarctic all t l~rec ele~iielits sllowed considerable disturbance. 'I'he largest 
~novclr~ents occurred 011 the 23rd between 14 11. kind 16 h., ttnd between 20 11. and 24 h. ; 
on the 24th between 3 11. and G Il., tirid between 8 11. aiitl 10 11. l'lie l~1ove1l1ciiCs between 
8 31. mcl 10 11. on the '24th ]lave been ~~lrctidy ~ ~ S C L I S S C ( ~  ~1101igsf; the short-period 
disturbances. 'rhro~~gllout tlie whole 52 l ~ ~ u r s  there was no serisible interlude to the 
disturbunce, anti nulncrous slllnll osnil1:ttions \wre superposed on the ltirger inovei~lci1ts 
in the curves of all tlrc elements. 'L'he first ~~iovenie~i t  of any size WAS :I rise imd fall 
in N' betweell 8 11. 28 111. uild 8 11. 32 111. on the 23rd. This wits accolllpunied by n 
general rise in 1%'' but the ~~iovu~ner r t ,~  did not, suggest an ordinary s.c. Between 14 h. 
and 16i 11. on Ihe 231.~1: N'  rose 258y rind fell 2397, 12' fell 362 y mid rose 336y, \vllile 

- 

~ l ~ ~ ~ ~ t .  

-- 

Tilnos of 

-- - -- 

Mnxitnutn. I R l i ~ i i t ~ t ~ ~ t ~ i .  



V had fallen (algebraically) 1907 by 15 h. 25 m., when a long but comparatively slow 
recovery set in. At about 8 h. 25 m. on the 25th there was an oscillation in all the 
elements, lasting about six minutes, which was distinctly suggestive of an s.c. 

At Mauritius the H trace shows numerous oscillations of moderate period, 
superposed on slower movements which resemble the regular diurnal variation, enhanced, 
however, especially on the 23rd. A noticeably sharp oscillation in H occurred shortly 
after 8 h. on the 23rd, a rise of l l y  occurring in about 10 minutes. Between 14 h. 
and 16 h. on the 23rd H fell 27y, rose 16y, fell 15y, and rose 16y. Considerable 
oscillatory disturbance followed until 24 h. on the 23rd, when a quieter time ensued 
until 8 h. on the 24th. From 8 h. to  20 h. on the 24th there was a succession of fairly 
slow oscillations. After 20 h. on the 24th the trace was considerably quieter, though 
still a little oscillatory. The movements in the Mauritius D trace represent in the main 
the regular diurnal variation. There was, however, one considerable oscillation, a 
westerly movement of 54' in 33 minutes, leading to the minimum (of easterly declination) 
a t  15 h. on the 23rd, being followed by an easterly movement of 5*' in 22 minutes. 
These movements may appear trifling, but either exceeds the normal diurnal range. 
A second somewhat rapid change was an easterly movement of 39' between 23 11. 0 m. 
and 23 h. 25 m. on the 23rd. 

At Buitenzorg N had been falling for some time prior to 8 h. on the 23rd. Rut 
about 8 h. 20 m. there was a sharp rise, leading to a horn-like peak a t  abouf; 8 h. 25 m. 
After this the fall was resumed, and continued almost uninterruptedly for fully three 
hours. Between 14 h. O m. and 15 h. 20 m. on the 23rd there was a rise of 99y and fall of 
847 in H ; corresponding fairly in time with thc large oscillation in Antarctic E'. There 
was a comparatively quiet time frorn 18 h. to 23 h. on the 23rd, though even then 
there were numerous small oscillations in N. There was a rise' of 77y in N between 
23 h. 30 m. on the 23rd and 2 h. on the 24th) and a fall of 96y between 4 11. and 8 11. 
on the 25th. The R and V curves were much quieter, but both showed very appreciable 
oscillations during the large N oscillation between 14 h. and 16 h. on the 23rd. 

Only the H Alibag trace was available. Shortly after 8 h. on the 23rd i t  showed 
a prominent horn, answering to that in the Ruitenzorg N trace. Between 8 h. 25 m., 
when the top of the horn was reached, and 14 h. 10 m. there was a fall of 113y. 
Between 14 h and 16 h. of the same day there was a prominent oscillatio~i similar to that 
in  N a t  Buitenzorg. The trace was comparatively quiet from 0 h. to 8 h. on the 24th. 
Subsequent to 20 h. on the 24th there was no movement worth mentioning, except a 
decided bay between 6 h. and 84 h. on the 25th. 

At Honolulu shortly after 8 h. on the 23rd there was a prominent horn in the H 
curve, similar to those described a t  Buitenzorg and Alibag. Corresponding to this 
there were oscillations in D and V, the former, however, being very small. This was 
followed by a large fall in H. The largest subsequent H movements were on the 23rd, 
between 23 h. and 24 h., and on the 24th between 5 h. and 6 h., and again between 
8 h. and 9 h. While the range in D considerably exceeded that in V, short-period 
oscillations were more prominent in the latter element. 



The Helwan H trace shows the tooth-like movenlent between 8 h. and 9 11. on 
the 23rd, and there was a corresponding visible oscillation in V. The H trace was most 
disturbed between 13 h. trnd 22 h. 011 the 23rd, and between 18 h. and 21 h. on the 24th. 
During the afternoon of the 23rd there were some slow oscillations in 11. 

The Agincourt traces, both H and D, were coi1siderablydisturbed. The D move- 
ments were the larger, but short-period oscillntion~ were more proininent in H. On the 
23rd the oscillation having its turning ~ o i n t  :ibout 8 11. 25 nl. was p r o ~ ~ ~ i i ~ e n t  ; it was 
slightly larger in D than in 13. No large movernent occur~ed until 9 h. 5 nl., when there 
begtin :L swing of 24' to the East, which ended a t  10 11. 15 m. Between 14 11. 0 111. and 
I li 11. 17 ~ n .  13 fell 133 y and rose 142y. The other chief H changes occurred between 
20 11. and 24 11. on the 23rd. and between 3 11. and '3 21. on the 24th. 'l'11e1.e was a vrry 
deep bay in the D curve between 23 11. and 24 h. on the 23rd. This wa,s coinposed of 
uninterrupted nloveirients of 45' to the I1:ast and 30' to the West. Other snlaller but 
noteworthy 1) movements occurred on the 24tl1, between 2 11. itnd 3 h., between 4 11. 
ttntl 6 h., and between 8 h. and 10 h. Neither H nor 1> showed any large change during 
the afternoon of the 24th. 

At  Esktlttle~nuir the tooth-like oscillation before 8& h. on the 23rd was iippi~~.eutly 
represented, but i t  was preceded and followed by other os~illtit~ions of decided though 
snlaller amplitude, arid so ~llaltes less appeal t,o the eye tlllctn tht Buitenzorg, Alibag, 
Honolulu or llslwan. At 13sltdaleinuir this illovenient in N was acconlpanied by a fully 
lirrger moveirlent in I{, and there was also a distinct diiilple in the V curve. Througllout 
the greater part of the t i ~ne  a t  Eslcdnlemuir N was considerably more disturbed tllaii 
11:. The largest nlove~nents in ell three elements occurred between 14 11. :rnd 16 11. on 
the 231~1, i~nti between 23 11. on tllc 23rd iind 1 11. on t,lic 24th. At t l ~ e  former time.the 
V tritce s11o\vecl the pi~lna,~l(?, anti a t  tllc latter tinie the pit, \\rlliclk ;ire respectively 
c:licir;tote~-istic of aiternoon iuid early inorning di~turba~ilcc in tlitit clement. 'I'he 
irlovenlciit a t  11:slcdalemuir between 23 h. oil tlie 23rd itnd 1 11. on the 24th was of a 
rotating type, the vector in t,lle horizontal plane rotating mti-clockwise. 

At Sitlca the tooth-like rnovenient before 89 11. on the 23rti is represented in H and 
to a minor extent in 11 irnd V, but it is preceded as nt 1Csltdrilemuir by minor oscillittions, 
and so is compitratively insignifiuunt. 'I'lic largest ~noveinents occurred 1)etween 13 11. 
i ~nd  10 11. on the 23rd, when there were large bays in the traces of it11 three eleinents. 
The deepest points in the bays (ininin~nm in 13, maxiinurn ea,sterly deulination, and 
mininuini in V) all occurred within a few minutes of 15 I]., wlieil t'lte 1) tjl*ace was for 
a, short t h e  bcyontl the liniits of registrntion. During the three hours specified the mngc 
was 40(iy in 14: and 3!My in V. ;tntl exceeded 180y in I) .  'I'lle V t,rt~oe conttiined it bay 
of some siac i)et,~vccn 23 11. on the 23rti allti I 11. on the 24tl1, nutt there \vero sii~~ultt~neously 
fair ivioveinc~its in 1-i anti 1) ; but the ttisturbil,nce near midniglit on tlie d3rd wtrs not 
ontstnnding ibs rrt sonle of tho otllcr stntions, being only (I little laa.ger than in ;ttijaoent 
hotirs. 'I'liere was H speoially lttrge rapid oscillation in the llhree eleliierlts about 
6 11.40 m. on the 24th, tirid several liirge but slower oscillirtJions occurred later on tlie same 
dtty between 8 11, trnti 13 11. Uilring   no st of the time, especially l)etween 9 h. on the 



23rd and 6 h. on the 24th, there were incessant short-period oscillations in H 
and D. 

One of the most interesting features of this disturbance is a recognisable tooth- 
like disturbance a t  all the stations, preceding the larger movements. It was not of the 
ordinary s.c. type. It commenced indeed like the ordinary s.c. with a rise in H or N, 
but this was immediately fol'lowed by a similarly large and equally rapid fall. At  
some stations, including Buitenzorg, Alibag and Honolulu, the fall appealed more to 
the eye than the rise. The amplitudes of this oscillation, taking the mean of the rise 
and fall, were as follows :-Antarctic N', 237 ; Mauritius H, 10y ; Buitenzorg N, 13y ; 
Alibag H, 121, ; I-lonolulu H, !jy ; Helwan 13, 16y ; Agincourt 1 4 ,  1Sy ; 1Gsl~dale- 
muir N, 17y ; and Sitlta H, I ! l y .  'I'he 1;~w ol' variation ol the anlplitutle with latitude 
is thus fairly similar to that seen in s.c's. 

The movements hetween 14 h. and 1 (i h. 011 the 23rcl were especially prominent at Sitk:t 
and the Antarctic, and were amongst the largest a t  Ruitenzorg, Alibag, Aginco~zrt and 
Eskdalemuir ; but tliey were comparatively insignificant a t  Honolulu. The movement 
near midnight of the same day was, on the other hand, the most prominent recorded 
a t  Honolul~z, but was comparatively insignificant a t  8itka. At Esltdalemuir it was 
fully as prominent as the disturbance between 14 h. and 16 h. It was also exceedingly 
prominent a t  Agincourt, and was well represented a t  Buitenzorg and the Antarctic. 

Section 103.-Between 7 h. and 10 h. on August 31, 1911, there was a large and 
distinctive movement in the Antarctic curves. Before 7 11. conditions were quiet, 
but after 10 h. conditions remained unquiet for some time. 'I'he movements in the 
Antarctic N' and V traces were such as are not infrequently met with in the (' special 
type." There was a fall in E', which showed no signs of slackening when the N' and V 
movements slackened, but continued, interrupted only by short-period oscillations, 
for about 13 hours. During that time the general slope was nearly uniform. 

At Mauritius the H trace showed a distinct bay, the fall to the minimum a t  9 h. 5 m. 
somewhat exceeding the subsequent rise. The D trace showed little but the normal 
variation. 

At Buitenzorg there was a bay in the N curve, followed after 10 h. by irregular 
movements. The E and V traces were comparatively undisturbed. At Alibag there 
was a distinct bay in H. 

At Agincourt, there was a decided bay in H ; but the disturbance in I>, a westerly 
followed by an easterly movement, was a t  once much larger and more regular, being 
quite a conspicuous object on the curve. 

At Eskdalemuir there were bays in the N and I!: curves, and to a minor extent 
in the V curve. 

At Sitka tlle minor oscillations usually visible there increased in activity after 
5 h., and remained active after 10 h. ; hut between 7 h. and 10 h. the amplitude of 
the movements was greater than either before or after. These movements took the 
form of irregular oscillations in the H crlrve. 'rhe D movements were a t  once larger 
and more regular. A movement to the East wa8 followed by a larger movement to  



TABLE CLII1.-7 11. to 10 11. August 31, 1811. Plate XLVI. 

Station. Elomont. 

Sitka . . . 

Antarctic . . . . . .  

Inequality 
Rnngo. 

N' 
J$' 

v 

the West, this I)eillg followecl by ail easterly ai~tl tlieii by a westerly swing. 'rhe V 
irloven~ent \YUS still 1110re regular. There was a n~arked hmnp (depression), of the 
type usually exhibited during the occurrence in the Antarctic of disturbances of the 
special type. 

Section 104.-The earlier part of Septeniber 19, 1911, was generally quiet. 
Gradually unrestfulness began to be visible, both in the Antarctic and a t  Esltdelemnir, 
and by tlie time, 18 h., talten here as the beginning of the disturbance, lninor oscillations 
were a good den1 in evidence. The time accepted here as the end of the disturbance, 
2411. on the 21st, is soinewl~at arbitrary. There was appreciable abatenlent of 
disturbance for an hour or two tttl that time a t  Esltdalemuir, but disturbance prevailed 
again later in the 22nd. At both I-lonolnl~i and Sitlia the duration of tlie stornl was 
estimated a t  67 hours, which would put elid a t  13 11. 011 the 22nd, and if records 
covering the whole of that time bee11 available i t  ]night have had advantages 
over the choice mado above. 

In  the Antarctic there were some colnparatively quiet s l~ort  interludes, including 
22 h. to 23 11. on the lgth, and 3 h. to 5 11. on the 21st, but rapid oscillations were in 
progress practically the wllole time. The larger ~noveinellts recortied tool< place 
between 2 h. and 12 h. on the 20tl1, and between 6 h. and 12 11. i ~ l d  again between 



21 h. and 23 h. on the 21st ; but the minor short-period oscillations were equally if 
not more prominent a t  other times. On the forenoon of the 20th much the most 
prominent feature was a depression of N', lasting from 2 h. to 7 h. 

On the 21st from 6 h. to 12 h. there was a continual depression in the V curve 
(numerical increase). Between 21 h. and 23 h. on the 21st the principal movements 
took place in E'. Amongst them were a fall of 168y and a rise of 1747, both within 
15  minutes. Synchronous with this there was a considerable oscillation in V, 
numerical rise, then fall. 

The traces, more especially the H trace, received from Mauritius were in parts 
too faint for exact measurement, but the ranges in Table CLIV are a t  least 
approximately correct. D when approaching its extreme values was changing so 
slowly that the times of maximum and minimum could not he fixed with greet 
precision. The N trace showed one or two small but sharp oscillations between 19 h. 

TABLE CL1V.-18 h. September 19 to 24 h. September 21, 1911. Plate XLVII. 
-- - 

Station. 

Antarctic ... ... 

Mauritius . . . ... 

Buitenzorg . . . ... 

Alibag ... ... 

Honolulu ... ... 

Helwan ... ... 

Agincourt ... ... 

Eskdalcmuir.. . ... 

Sitlta . . . ... 

- -- - ----. 

Eloment. 

N' 
15' 
V 

I1 
D 

N 
14 
V 

H 

H 
D 
V 

li 
TI 
V 

11 
D 

N 
3; 
V 

FI 
I) 
V 

-- - - - - -- - -- ---- -- - 

Times of 
Disturbance 

Range. 

Y 
4 86 
403 
257 

75 
53 

204 
68 
38 

112 

11.5 
54 
36 

!I 9 
63 
20 

283 
326 

215 
155 
161 

489 
330 
626 

Maximum. 

h, i l l .  

15 10 (21st) 
7 39 (20th) 
2 33 (20th) 

19 26 (19th) 
11 0 (20th) 

1 35 (20th) 
7 40 (20th) 
4 35 (21st) 

19 30 (19th) 

19 26 (19th) 
18 5 (19th) 
17 53 (21st) 

I 9  25(19tll) 
14 55 (20th) 
I4 30(21st) 

20 25 (19th) 
3 5 (20th) 

17 42 (2lst) 
17 32 (21st) 
16 30 (21st) 

3 58 (20th) 
9 40 (20th) 
4 3 (20th) 

Inequality 
Range. 

68 
Y 

68 
38 

20 
34 

41 
3 1 
17 

29 

7 
45 
24 

35 
54 
23 

37 
4!) 

39 
37 
15 

29 
37 
11 

Minimum. 

h. m. 
3 18 (20th) 

22 25 (21st) 
10 53 (20th) 

15 25 ( 2 J ~ t )  
7 45 (20th) 

10 30 (20th) 
2 40 (20th) 
9 35 (21st) 

10 40 (20th) 

4 45 (20th) 
22 21 (20th) 
20 32 (19th) 

15 25 ( 2 1 ~ t )  
10 60 (2lst) 
17 45 (21~t,) 

7 20 (20th) 
7 40 (20th) 

10 60 (20th) 
3 4 (20th) 
4 5 (20th) 

9 12 (20th) 
7 24 (20th) 

10 46 (20th) 



and 20 11. on the 19th. T t  was practically quiet between 22 h. on the 19th and 2 h. 
on the 20t11, when some moderate slow oscillations began. Later in the 20th there 
was a fall of 21y between 6 h. 50 In. aiid 7 h. 40 m., and a rise of 217 between 19 11. 0 in. 
and 19 11. 35 In. But the largest movements in 13 occurred on the 21st between 
13 h. and 18 h. A deep bay, depression, lasted from 13 11. o 111. to 17 11. 40 nz. The 
fall, 37y, was slightly interrupted and no~vhere very rapid. The rise was a t  first slow, 
but between 17 11. 15 111. and 17 11. 40 In. it anzounted to 41y. Tllere were bays in the 
D curve on the 20th between 2 h. and 6 h. and between 8 11. and 13 h., but they nlaillly 
represent the regular diurnal variation, tliougli soinewllat erlhanced. 

At Boitenaorg, as usual, N was i l l ~ ~ c l ~  the most distmbed element. Thronghoot 
most of the time t,licre were si~ccessivo large btly-like movements, with a consic-lerable 
number of short-period oscillnt,ions supel-posed. Tliere were, however, two com- 
paratively quiet interlltdes, the iisst between 21 h. 011 the 19th a i d  1 h. oil t,he 20tl1, 
the second between 20 h. 011 the 20th and 6 h. on the 21st. The   no st distnrbecl time 
was from 2 11. to 10 11. on the 20th. Between O& 11. and 12 h. N fell 72y and rosc 11 1 y. 
There was (21~0 co~~~i(Ierahlc (listurbance on the 21st between 611. and 18 h. Tlie 
E trace showed s fair number of short-period oscillations, :ind the V trace some wave-lilce 
movements of longer period, but neitl~er element was ~nucll disturbect. 

Tlie tlisturbtmce in 13: a t  Alibag was a good deal less than that in N a t  Buitenzorg. 
It was pretty quiet a t  Alibag ~inti l  19 h. on the 19th. Some considerable oscillations 
and a decided bay occurred in the H curve between 19 11. and 21 h., after which i t  
remained nearly quiet until 2 11. on the 20th. Fronl 7 11. to 17 11. on tho 20th there 
wits a good deal of disturbance, the element being on the wholo considerrtbly 
depressed. Between $1 1 1 .  35 ~ u .  ~1~11tl 12 11. 6 m. there wore :I fall and rise, each of 
about 45y. I t  w i ~ s  practically quiet from 20 h. on the 20th to 6 11. on the 21st and 
again af1,er 18 11. on t,he 22st. Proill 6 11. to 17 11. on the 21st the eleilzent was 
marlcedly depressed. Between 17 11. 20 in. rmd 17 11. 40 111. on tile 21st there was a 
recovery of 44y, which was the inost rapid of the larger moven~ents. 

At lioilolulu the D and V curves were not much disturbed, I ~ n t  showed a few 
minor wave-like movements. Tliere was i~ brisk fall in H between 19 h. and 20h 11. 
on the 19th. !llhereai'ter it was but little disturbed until 2s 11. on the 20th. Between 
2 h. and 7 11. 20 m. on the 20th H fell 83y and. rose 73y. 'llhe trace renlained a good 
deal disturbed up to 13 11. on the 20th. Subsequently t1here were only nlinor 
oscillations, the principal betwecn (i 11. and 104 11. and between 14 11. and 18 h. on the 21st. 

'I.'l~e 1-Ielwan H trace in nln~ly respects closely rcscnzhled that t i t  Alibag, 
outstanding movements in the two corresponding. But while at Alibrtg tlllere was 
a rather prominent sliinlliit about G 11. 40 111. on tlie ~0tl1, H had been fillling nt 
Nelwan since 4 11. Corresponding to u principal sunlmit a t  one plnm there wiis only 
a atat,ionary point a t  the other. At  Helwnn H rosc 607 between 17 11. 20 111. and 
17 11. 40 m. on the 21st. The I.) and V traces i ~ t  Helwttn were but little disturbed on 
the whole, but contnined ~.tlther conspicuous bay or wave-lilre iqove~ne~lt~s between 
146 11. and 16& 11. on the 20tl1, and betwecn 17 h. and 18 h. on the 21st. 



At Agincourt the H and D traces were both highly disturbed. The principal 
movements in both occurred between 2h. and 11 h. on the 20th. The only 
considerabb D movements except a t  that time occurred between 214 h. on the 20th 
and I h. on the 21st, and between 64 h. and 10 h. on the 21st, and they were much 
smaller than those first mentioned. Minor oscillations were more in evidence in the 
H trace, where they prevailed most of the time except from 3 h. to 6 h. on the 21st. 

At Eskdalemuir numerous small oscillations appeared in the N and E traces 
after 16 h. on the 19th. The larger movements in N occurred on the 20th between 
2 h. and 8 h. and between 14 h. and 20 h., and on the 21st between 17 h. and 18 h. 
Between 17 h. 28 nl. and 17 h. 45 m. on the 2lst there was a rise of 143y. The chief 
movements in the E trace were 64y East between 20 h. 10 m. and 20 h. 40 m. on 
the 19th, 79y West between 2 h. 40 m. and 3 h. 5 m. on the 20th, and an oscillation 
97y East and 93y West between 17 h. 20 m. and 17 h. 50 m. on the 21st. The only 
prominent feature in the V trace was a bay from about 2 h. to 8 h. on the 20th. 
Between 2 h. 0 m. and 4 h. 10 In. the element fell 89y. Between 2 h. and 6 h. on the 21st 
and from 11 h. to 14 h. on the 21st there was little disturbance in any of the elements. 

At Sitka conditions were pretty quiet until after 17 h. on the lgth, and there 
were no very large movements until 3 h. on the 20th. The most highly disturbed 
times were between 6 h. and 16 h. on the 20th, and between 6 h. and 16 h. on the 21st. 
The m~vements in all three elements were large, especially in V where the trace was 
twice off the sheet on the 20th7 though for less than 10 minutes on either occasion. 
Between 4 h. and 7 h. 20 m. on the 20th7 when the trace went off the sheet, there was 
a nearly uninterrupted fall of V amounting in all to 6 2 5 ~ .  Between 6 h. 40 m. and 
7 h. 40 m. on the 20th H fell 3797 and rose an equal amount. Between 7 h. 15 m. 
and 7 h. 33 m. D moved 39' (179y) West and 61' (280y) East. There were numerous other 
large oscillations on the 20th between 6 h. and 16 h., and considerable intercrossing of the 
traces. On the 21st between 7 h. 5 m. and 9 h. 5 m. H fell 290y. Between 6 h. 40 m. 
and 9 h. 10 m. V fell 302y. Between 10 h. 5 m. and 12 h. 0 m. H rose 248y. Between 
10 h. 30 m. and 12 h. 20 m. V rose 321 y. There were also considerable D movements 
between 6 h. and 11 h. At Sitka it was comparatively quiet from 16 h. on the 20th 
to 6* h. on the 21st. 

During the disturbance of September 19-21, 1911, the movements were 
numerous and none had any particularly outstanding feature, while the almost 
continuous succession of minor oscillations tended to distract the eye from such bold 
movements as there were. Thus it is difficult to gauge the greater or less parallelism 
of the disturbance at  the different stations, or the degree of correspondence in 
individual movements. A general parallelism, however, obviously existed in the 
sequence of events a t  the different stations. In particular there was everywhere a 
markedly increased activity of disturbance after 2 h. on the 20th, and this activity 
continued until the early afternoon. It fell off decidedly later on the 20th, but 
showed a marked recrudescence after 6 h. on the 21st. As usual V showed little 
disturbance at  the stations in lower latitudes. At Eskdalemuir the range in V was 



considerable, but the disturbance was inconsiderable except during a few hours. 
At Sitka disturbance in V was quite of a different order. Short-period oscillations, it 
is true, were not nearly so conspic~zous as in H or D, but there were a number of bold 
movements and much more oscillation than is usually seen in a V trace. While there 
was no close resemblance between tlie V movenients in the Antarctic and a t  Sitka, 
the larger nzovernents occurred about the stme time a t  the two stations. The 
storm in fact was active in the Antarctic and a t  Sitlca a t  the sanle time, and was 
much more feebly developed in the intervening region. 

Section 106.-The disturbance of ,October 10-11, 1911, had no very definite 
beginning or ending. At Honolulu i t  was regarded as coliiinencing a t  89 11. 
on October 10, and ending a t  14911. on October 11. At Sitltu the accepted tiilies 
were :-Beginning 11 11. on loth, end 11 h. on 11th. Here i t  is regurdod as comprised 
witllin the 24 ]lours conlmencing a t  1211. on the 10th. This includes all that wol~lti 
naturally be iricluded in a magnetic stornl in the Antarctic or a t  Eslidalemuir. 

Inequality 
Rango. 

Y 
78 
82 
46 

2 1 
37 

30 
48 
32 

44 

18 
28 
17 

30 
32 
18 

27 
35 

28 
3 1 
16 

25 
2.1 
7 
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Oisturbanco 
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--- 

Y 
330 
467 
14.3 

7 0 
5 s  

127 
4 1 
27 

55 

148 
68 
30 

89 
95 
20 

291 
240 

183 
31 7 
6)' ,3,3 a 

697 
299 
4 05 

'I'ABI,E CLV.-12 

Station. 

Aritarctic . . . ... 

Mauritius . . . ... 

Buitcnxorg . . . ... 

Alibag ... ... 
Honoli~lu . . . ... 

I-fclwan . .. ... 

Agincourt . . . ... 

Eskdalomuir.. . ... 

' Sitkn ... . . . ... 

- 

11. 
- 

Elomon t. 

N' 
3: ' 
V 

I I  
I) 

N 
13 
V 

14 

EI 
D 
V 

H 
D 
V 

H 
1) 

N 
15 
v 
li 
1)  
V 

October 10 to 12 11. October 11, 1911. 

Timcs of 

Mnxi~nu~n. 
- 

11. 111. 

16 45 (10th) 
6 20 (11t11) 

23 28 (10th) 

12 0 (10tl1) 
8 45 (I l t l ~ )  

21 10 (10th) 
5 38 (11 th) 
5 30 (I l tll) 

23 15 (10tb) 

12 52 (10th) 
18 10 (10t.11) 
8 28 (11th) 

12 0 (10tl1) 
23 10 (10th) 
19 0 ? (10th) 

21 20 (10th) 
4 10 (11th) 

2 24 (11th) 
23 8 (10tI1) 
I I) 1 C, (IOLII) 

1 I l ( l1 t l1 )  
5 26 (11 th) 
2 34 (11th) 

-- - 

Minin~t l ln .  

11. 111. 

5 38 (1 1tl1) 
I9  36 (10th) 

X 38 (11111) 

18 40 (lOt11) 
I!) O (IOtl1) 

5 55 (1 1tl1) 
2 15 (1 11.11) 
I 40(11th) 

4 50 (11th) 

4 20 (11 tll) 
23 12 (10tl1) 
21 35 (10th) 

18 55 (10th) 
3 55 (11th) 

23 5 (10th) 

8 25 (11th) 
21 25 (10th) 

6 4 (I 1 th) 
5 80 (11 tli) 
I 4 I i ( l l th )  

4 68 (11t11) 
2 28 (1 1 t,h) 
5 O (I ltll) 



In  the Antarctic short-period oscillations were hardly more prominent than 
on the average day ; the outstanding feature was the long persistence of changes 
in one general direction. N' began to show a decided fall after 17 11. on the loth, 
and continued to fall with only slight interruptions until 4 h. on the l l th .  A 
considerable oscillation ensued between 4 h. o In. and 5 h. 40 m., and then a nearly 
uninterrupted rise took place until 10 11. The E' trace after 15 h. on the loth, showed 
s general fall until 21 h. There was a general rise from 23 h. on the loth to 5 h. 20 m. 
on the 11 th, followed by a general fall until 11 h. Near 12 h. on the l l t h ,  the elements 
were all very quiet. As Tal-~le CLV shows, the total ranges in N' and E' were very 
considerable. 

There was also a considerable range in V, there being a slow but long continued 
(numerical) rise from 0 h. to 8 h. on the l l t h ,  but there was no single striking movement. 

At Mauritius there was a, rather mpid, if small, fall in H al~out 8 1 1 .  40 m. on the 
loth, and after i t  an almost uninterrupted fall until after 17 11. 'llhis is much after 
the style of the ordinary diurnal change, but the amplitude was three or Sour timcs 
the normal. Several ~~onsiderable slow oscillations ensued, followed by a general 
rise of H until 24 h. on the 10th. Subsequently, until 6 h. on the 11 th, there were 
successive slow oscillations, accompanied on the whole by a slight fall in H. The 
D trace shows a few irregular movements, especially between 2 h. and 6 h. on the 11th. 
From 12 h. to 19 h. on the loth, there was an almost uninterrupted swing of 7$ 
to the West, the normal change in the time being only about 2'. Also the value of 
D a t  19 1.1. was about 54' more westerly than the value next day a t  6 h., whereas in 
the normal course it would have been fully 2' Inore easterly. Still the general 
appearance of the I) curve does not suggest active disturbance. 

At Rnitenaorg, as usual, the N rllovements were much the largest. On t,lle whole 
there was a rise in N from 17 11. to 21 h. on the IOtIl, J'ollowed 1)y a very considerable 
fall from 23 11. on the 10th to 6 11. on the 11 t11. rlll~ougll the ranges in 'I'able CLV would 
not suggest it, the JC ant1 V traces were 1)otli o1)viously tlisturbed, but the individual 
movements were of an irregular character am1 not large. 'llhe 11: trace a t  times 
exhibited a good many small short-period oscillations, while the V trace presented 
a succession of slow wave-like movements. 

At Alibag, as a t  Mauritius, IT had been falling on the whole for some hours before 
12 h. on the loth, and the fall continued until 17 1-1. Then followed a general rise, 
interrupted slightly by slow oscillations, until 23 El., and then a fall similarly interrupted 
until 4 h. on the 1 l th.  After 6 h. a rise set in, which lasted with only trifling oscillations 
throughout most of the 11th. The principal phenomenon was perhaps the depression 
of H throughout the greater part of' the time. No intlivitlual rrlovement was a t  all 
striking. 

At Honolulu IT beg;zn to  fall shortly after 12 h. on the 10th. Prom 16 h. to 17 h. 
the fall was interrupted by :t slight riso, but after 1711. i t  continued with only 
slight interruptions until after 411, on the 11th. A rise then l~egan, which continued 
with minor interruptions until after 18 h. on the 1 lth, but the total rise after 14 h. on 



the 11th was not l;~,rge. Here, as o,t Mauritius, the genern,l appearnnce of the H trace 
is that of a large indented bay. The 1) and V ranges, as l'sble CLV shows, were 
decidedly enhanced, but the traces, especially that of D, were on the whole smooth. 
The largest sliort-period moveinents occurred between 43 11. and Gill. on the 11th. 

At Helwan, 11 had a general fall from 11 11. to 19 11, on tlie IOtli, a rise from 19 11. 
on the 10th to 1 h. on tlie 1 lth, tliell a fall from 3 11. to 7 11. followed by a rise. The 
main feature is the depression tliroughout the greater part of the afternoon of the 10th. 
The D trace showed a slow easterly inoveinent from 15 11. to 23 11. on the loth, followed 
by a slow westerly movement until 4 11. on the 11th. The D range is considerable 
for Helwan, but irregular movements were small. 

At Aginconrt both H and D tzaces sllowed quite a brisli dist~xrbance between 
21 11. on the loth and 9 11. on the 11th. There were numerous short-period os~illat~iona, 
some of consit1er:lble size, but tlie general trend of tho JI trncc was unmi~t~ttlcably 
downwards from 21 11. on the 10th to 5811. on the ~ltll. A very rapid recovery then 
set in ; but tllc ele~nent was n~arlcedly below its norlllal vahle from Oh. to 9 11. on 
the 11 th. 'I1lie D trace exhibited n general tencleiicv to easterly inoven~ent froill 
21 h. on the 10t,h to nearly 5 11. on t,lle 11th) followed by a return towards tho normal. 
Bnt the oscillstions in D were larger relative to the general drift tBan was the case 
in H. 'I1hus wliile both curves suggest prolonged bays litsting froin 21 11. on the 10th 
until 10 h. on the l l t l i ,  the 11 bay seems shallower and more indented than that in 13. 
r i  Lhe largest of the coinparatively short-period movements in both elements took 
place between 4 11. and G 11. on the 1 l th.  

At J%lidaleinuir, tlle curves remilinecl norinally quiet until 12 h. on the 104 11, 
r i  and had reverted to a, quiet condit,ion by I 0 11, on t,he 11th. lllere were nlinor 

oscillntions in N from 12 11. to 18 11. on the 10tll. 1,wger nioveillcnts follo~ved froin 
18 11. on the 10th to 6 11. on the 11th. On tlie whole, N was falling from 18 11. to 21 11. 
on tllc loth, and from 2s 11. to 6 11. 011 the ~ l t h ,  but there was a considerable rise 
from 21 11. on tlle 10th to 2hh. on the 11th. The largest inoveinei~ts occurred 
between 0 h. and 6 11. on the 11 th. At 6 11. on tlie I l tb,  wlien active disturbance 
seemed practically over, N was depressed seine 80y below its ~~orinitl  value. Thus 
the depression in N, like that in FI a t  Alibag and Helwan, was in two stages, interrupted 
by a marlted recovery. 

There was a large E range a t  Esltdalelllnir. There were sonle large comparatively 
slow oscillations, but the disttlrbing forces had :I generally easterly trend from 
15 h. to 23 h. on the loth, followed by a inore rapid westerly reaction until 4 11. 
In  fact from 3 11. to 7 11. on the ~ l t l l ,  the W elernent was numerically above its 
normal value. The l3 trace has t]lc gcllerfil appearance of a bay from about 17 11. 
on the 10th to 4 11. or G 11. on tlie 11th. ~ l l e  larger oscillations in the element occurred 
between 22 h. on the loth, and 3 11. 011 11th. '1'11~ 1 7  trtice t ~ t  I+~slidalclnl~ir sl~owed 

a practically uninterrupted tllougll not very large rise fro111 12 11. to I!) 11. 20 111. on 
the 10t,li. Then followed n practically anbyoltc~l fa11 until nearly 2 11. on the 11th. 
prom 2 h. to 4 h. tlie trace was ne:trly level, and t l~ea  followed lul ibllllost continuous 



rise, restoring V to its normal value about 1011. on the 11th. Thus the trace 
resembles a large bay with no striking indentations, extending from about 19 h. 20 rn. 
on the loth to 10 h. on the 11th. 

At Sitka there seem three phases in the storm. From 12 h. to 24 h. on the 10th 
there were large bold movements in all the elements. From 0 h. to nearly 5 h. on 
the 11th there were no large movements hut a rapid succession of very appreciable 
though minor oscillations, the H and D traces, which then happened to be close 
together, crossing and recrossing. From 5 h. to 11 h. on the 11 th larger and longer 
period movements were again in evidence. By 12 h. on the l l t h  disturbance had 
practically ceased, though small oscillations--which seem a dominant feature a t  
Sitka-continued for hours. One of the largest of the comparatively slow movements 
a t  Sitka occurred between 12 h. and 14 h. 5 m. on the 10th. In  this time H fell 165y 
and rose as much ; declination changed 21' to the West then 21' to the East ; V 
fell 1297 and rose 114y. Prom 14 h. 5 m. to 19 h. 20m. on the loth H had a nearly 
uninterrupted fall of 198y. A rapid rise interrupted only by small short-period 
oscillations followed until 23 h. 5 m., the total rise since 19 h. 20 m. amounting to 
2817. H remained oscillatory but high until nearly 5 h. on the l l th ,  when some 
large rapid oscillations occurred, not very clearly shown on the sheet. They left H 
reduced by some 232y. The minor oscillations which followed on the whole tended to 
raise H, and by 11 h. on the l l th ,  it had returned to about its normal value. The 
D range a t  Sitlta, so far as shown,* was considerably smaller than that in H. The 
needle was considerably to the West of its normal position from 189 h. to 22 h. on the 
10th. There were some very rapid oscillations, not very clearly shown in the trace, 
between 5 h. and 6 h. on the 11th. In the course of 45 minutes there were movements 
of 59' + to East, 52' + to West, and finally 38' to East. As usual, the V movements a t  
Sitka were less oscillatory throughout most of the time than those in the horizontal 
components, but some were large. The element was below its normal value from 
126 h. to 209 h. on the 10th. A rise which began about l9+ 11. continued almost 
uninterruptedly until 23 h. 50 m. on the loth, during which time V had risen 2877. 
The element remained high, showing only minor though somewhat rapid oscillations, 
until nearly 5 h. on the l l th ,  when some very rapid oscillations occurred, not clearly 
shown on the trace. In  the course of 5 minutes V fell 3157 and rose 429y. In  the 
course of the next 10 minutes some similarly large oscillations occurred, the resultant 
effect being a fall of 383y. After that V, while oscillating considerably, remained 
decidedly depressed until 10 h. 20 m. on the l l th .  A recovery then set in, restoring 
the element to near its normal value before 12 h. 

The prominent feature in the disturbance of October 10-11, 1911, was the 
tendency, especially in H or N, to a persistent change in one direction for liours a t  a 
time, interrupted only by minor oscillations not sufficient to affect the general trend. 
Details, however, vary a t  the different stations. At Honolulu, where the fall in H 

* The trace was off the elieet for 8 minutes centring a t  5 h. 26 m, on tho l l t b ,  whicli l i a ~  been 
accepted as the time of the maximum. 



was particularly regular, and in the Antarctic in the case of N', the fall continued until 
about 4 11. on the 11th. At Mauritius, Alibag and Helwan it continued only until 17 11. or 
18 h. on the loth, but it liad commenced a t  these stations before 12 h. on the 10th. 
At Agincourt it continued until 4 h. or 5 11. on the 1 lth, but did not become prominent 
until about 21 h. on the 10th. At Buitenzorg the fall in N was interrupted from 17 11. 
to 21 11. op tlie loth, during which time there was a considerable rise. Si~nilarly a t  
l~slcdalemuir there was a considerable recovery in N between 21 11. on the 10th and 
2* h. on the 11th ; while a t  Sitka a marked recovery in H continued from 199 h. until 
24 11. As usual the V disturbance was trifling a t  the stations in low latitudes, but 
i t  was considerably larger at  Eskdalemuir than in the Antarctic, a very unusual feature, 
and a t  Sitlca it was immensely larger than elsewhere. Further, while the V range at  
Xslrdalemuir was considerable, the niovenients there were all slow ; but a t  Sitka there 
were riiovements of all Itinds, including several oscillations of u suddenness niost 
unusual in the element. 

Sectiol~ 106.-The disturbance of Novenlber 8-9, 191 1, liad an s.c., generally of 
considerable amplitude, a t  about 13 11.43 m. This had, however, been preceded a t  
Sitka by some short-period oscillations, which commenced shortly after 12 h. on the 
8th. Thus 12 11. has been taken as the beginning of the interval to  which Table CLVI 
refers. 

In the Antarctic conditions were very quiet for 10 or 11 hours preceding the s.c. 
The S.C. movement was followed by others of similar amplitude, and though conditions 
were quieter between 16 h. and 20 h. on the 8th than they had been during the 
previous two liours, there was no conspicuous reduction of disturbance until after 
611. on tlie 9th. The largest movements which, as Table CLVI shows, were very 
considerable, occurred between 21 11. on tlle 8th and 4 11. on the 9th. 

At Mauritius the H trace shows no disturbance worth nlentioning except between 
21 11. and 24 11. on the 8th. Between 21 h. 30 m. and 23 h. 25 m. there was a fall of 
3 4 ~ .  T11e I1 trace was extremely regular until 2211. on the 8th. After that, sinall 
irregularities appeared, but the main changes arose apparently from the regular 
diurnal variation somewhat enhanced. 

At Buitenzorg, considering the size of tlie s.c, movement, the total range in N was 
comparatively trifling. The largest movements appeared between 21 h. on tlie 8th 
and 5 h. on the 9th. The I3 and V curves showed only trifling irregularities, but both 
elements, especially V, had a range markedly in excess of the normal. 

At Alibag, except a t  the time of the S.C. and again between 21 11. and 2411. on the 
8th, tlle I3 trace showed only trifling irregularities. The D and V traces were nearly 
smooth throughout. 

'l'lie trace received from Honolulu stopped a little after 39 11. on the 9th ; thus 
the ranges given in Table CLVI may have been slightly exceeded. The S.C. inove~nent 
itself was of fair size in 13. But aubaequently with the exception of some not very 
large oscillations, especially between 21 11, and 2411. on tlle 8th, the curves showed 
little trace of disturbance. 



At Helwan there was a very appreciable bay in H from 21 h. to 24 h. The 
phenomena resembled those a t  Alibag. 

At Agincourt the s.c., which was rather insignificant, was followed by numerous 
but small oscillations in H. Some larger movements occurred later between 21 h. 
on the 8th and 3 h. on the 9th. The I> trace showed some oscillations following the 
s.c., up to  15 h. on the 8th. Between 15 h. and 22 h. i t  was of normal quietness. 
Between 22 h. on the 8th and 5 h. on the 9th there was appreciable disturbance, the 
most notable movement occurring near 3 h. on the 9th. After 6 h. on the gth, the 
D and H traces were both practically quiet. 

At Eskdalemuir some slight disturbance occurred from the time of the S.C. until 
15 h. on the 8th. Prom then until 21 h. ordinarily quiet conditions prevailed. 
After 21 h. the N and E traces were evidently disturbed, especially from 21 h. to 24 h., 
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and V was visibly enllanced for a few hours. Tlie disturbance di~ninished after the 
early hours of the 9th) but it is difficult to assign ;i definite 11011s for its conclusion, 
as distinct unrestfulness persisted throughout tlle forenoon, and was followed by 
considerable disturbance later in the clay. 

The traces received froin Sitlta stopped a t  2 11. on the 9th) but tlie information 
derived from the traces was siipplernented by that given in the official publication, 
so that the disturbance ranges in Table CLVT do not suffer by the ciirtailment. 
Conditions a t  Sitlra were exceptionally quiet for some hours prior to 12 h. on the 8th. 
But shortly after 1211.) as already explained, short-period oscillations appeared in 
both the H and 1) curves, and the S.C. movements ~vlien tliey appeared were somewhat 
inconspicuous. The short-period oscillations were less in evide~ice fro111 16 11. to 21 11. 
than from 21 11. to  24 h. on the 8th. As con~p:irecl with ordinltry disturbaiices a t  
Sitka, the move~nent~s recorded on Novenlber 8 aiid 9 were quite trifling. 

It is clear t,llat outside the Antarctic the tlistuvbeilce was coniparstively trifling, 
not merely a t  the tropical but also a t  the t~oi*tlienl stations. In this ccise presuinably 
t l ~  Arctic was mucll less disturbed than the Antarctic. 

Section 107.-Tlle disturbunce of Noveml~er 12-14, 1911, bad an s.c. a t  about 
16 h. 5 m. on the 12th) of which un sccolint 1las already been given. 'l!lie s.c. 
was sornewllat insignificant, and it might be questioned \diether i t  was tlie real 
conirnence~nerlt of the disturbance. 

'I'he time assigned for the end of the disturbance is solliewhat arbitrary. Tliere 
was considerable disturbance on the afternoon of the 14th) but it was preceded a t  
most stations by six or seven ho~zrs of decided ynietness, iind nlay thus be regarded 
as a separate di,sturbance. 

111 the Anttrrotic conditions hncl been pret,ty quiet since 6 11. on the 12th ; but 
they were lcss cyuiet fronl 13h 11. to 16 11. tllan they ]lac1 been for the three previous 

r 1  11olirs. I 11e1~e \viis in pa~ticula~.  n ratl~cr sliarp 1 . i ~ ~  of 27y in I$', co~nineiicing a t  about 
13 h. 36 111.) wllich scenis fairly sy~lchronous -\vitll 1l1ovelnent.s iit; other stt~tio~is presently 
to be discussed. 

Tliere were no very stsilting ~novernents, a i d  the largest nloveiiieilts in the 
different elements were a t  tliffereilt times, thus i t  is difficult to say exactly when tlie 
activity was greatest. Also the disturbance ctinriot be said to liiive altogether subsided 
by 0 h. on the 14th) but horn 6 11. to 11 11. on t l ~ u t  day was nt least a considerably 
quieter time than either earlier or later. The largest N' irlovements occurred 
from 18 11. to 24 11. on the 12t11, 10 11. to 14 11. on the 13tl1, and 2 11. to 5 11. on the 
14th. In  E' tliere were some specially large osci1l;~tions bet1ween 21 h. and 23 h. on 
the 12th, and between 11 11. ant1 13 11. on the 13th. I11 V there \\ras ,z f ~ ~ i d y  deep bay 
from 18 h. to 23 11. 011 the 22tl1, and during its occurrerlce there were successive 
considerable oscillrttions. 

At Miiuritius c~ndit~ions were quiet for soine llollrs before tlie s c. After the 
subsidence oi the crest (1escril)ccl in Section 72, the H tmce \tras quiet until ueclrly 18 11. 

l~roin then until 20 11. t l~ere were some s11lall but sintirt oscillations. Tliere was also 



some disturbance between 23 h. on the 12th and 1 h. on the 13th, but the most 
disturbed time in H was from 9 h. to 22 h. on the 13th) when there was a succession 
of slow oscillations. Between 10 h. 0 nl. and 12 h. 20 m. H rose 16y and fell 40y ; while 
between 15 h. 50m. and 16 h. 20m. i t  rose 31y. The only part of the D trace in 
which disturbance appealed to the eye was included between 14 h. and 17 h. on the 
13th. Between 14 h. 0 m. and 14 h. 40 ni. there was a swing of 33' to the West ; while 

,between 15 h. 30 m. and 16 h. 30 rn. there were swings of 34' to the West and 3' to the 
East. 

At Buitenzorg conditions were pretty quiet from 10 h. 0 m. to 13 h. 35 m. on the 12th. 
At 13 h. 35 m. there began an oscillation in N of total range about 5r, and between 
the end of this and the occurrence of the S.C. there was a rise of some 9y in N, and some 
small oscillations in both N and E. As usual a t  Buitenzorg, during the disturbance 
the movements in N were much the most conspicuous, but wave-like movements 
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occurred in both the E and the V curves. There were a number of short-period 
oscillations in N, but all were small. The larger of the slower oscillations in N 
occurred between 10 11. and 20 11. on the 13th. On the 14th there were no large 
movements after 4 h., but the N trace remained unrestful until after 6 11. 

At Alibag the H trace was very quiet until about 13 h. 35 m, on the 12th. An 
oscillation occurred then, which though a good deal smaller than the subsequent S.C. 

is easily recognisable. From 173 11. to 20 h. on the 12th the trace was of a decidedly 
oscillatory type but the oscillations were small. The largest H movements occurred 
between 11 h. and 16 11. on the 13th. Between 22 11. on the 13th and 9 11. on the 14th 
there was little further movement. The D and V traces received from Alibag stopped 
 bout 5 11. 011 the 13tl1, so it scorned inexpedient to include ranges fro111 then1 in 
Table CLVI I. 'rhey showed none but the riiost trifling movements. 

At HonoIrsIu H fell 22y between 2311. and 2421. on the 12th) n~id  between 
16h. 801n. and 19 11. 20111. on the 13th i t  rose 1Gy and fell 20y. There were various 
other slow oscillations of lesser amplitude, and a t  times small shorter-period oscillations. 
The I) and V curves, though not wholly regular, showed only small movements. The 
times assigned in tlie Honolults publication for the beginning and end of the 
disturbance were respectively 144 h. on tlie 12th and 14i  11. on the 15th. 

At I-lelwan all the curves showed some oscillations between 14 11. and 22 h. on the 
13th. Some oscillations commencing about 13 h. 35 m. on tlie 12th appeared in the 
H trace, but they are a good deal smaller than the subsequent S.C. There were some 
rather striking short-period oscillations between 17i 11. and 20 h. on the 12t11, which 
closely resenlbled synchronous ~noveiiients at Alibag. Tlzero was also rather a rapid 
fall in 13 between 11 11. and 12 11. on the 13th. 

At Agincourt the s.c. was of a very insignificant character, and there was a previous 
oscillation (-, + in H ; E. W. in D) of about the sanle amplitude, coininencing about 
13 h. 35 In. There was little sign of disturbance, practically none in I), until 21 h. 
on the 12th) and i t  was also nearly quiet from 224 h. on the 13th to 19 h. on the 14th, 
and from 4 h. to 9 11. on the 14th. H was considerably disturbed from 23 h. on the 
12th to 7 11. on the 13th) from 11 h. to 15 h. on tlie 13th) and from 111. to 3 11. on the 
14th. l'he largest D ~nove~~ien t s  occurred on the 13th between 2 h. end 1411. and 
between 21 h. and 23 h ., and on the 14th between 1 h. and 4 11. Between 5 h. and 
8 h. on the 13th D moved 20' to the West, and then 184' to tlie East. The D 
moveinents were more intermittent than those in H but were larger. 

At Eslcdale~nuir the s.c. movement was small, even in N, and was preceded by n 
somewhat larger nloveinent between 13 11. 35 nl. and 14 h. 10 111. This earlier 
movement was largest in N, where i t  toolc the forni of a conlparatively slow double 
oscillation ; in V o~ily a small rise is clearly visible. l'he largest movements in N 
occtzrred between 23 11. on the 12th and 111. on the 13th) and between 16 h. and 22 h. 
on the 13th. Between 111. and 1011. on the 13th) and after 2211. on the 13th) there 
was no large movement but numerous minor short-period oscillations. The principal 
E movements occurred between 14h. and 22 h. on the 13th. Tlie V curve contained 



a perceptible bay between 23 h. on the 12th7 and 1 h. on the 13th, rather a sharp rise 
and fall between 16 h. and 17 h. on the 13th, and shallow bays Letween 21 11. and 23 h. 
on the 13th, and between 2 h. and 5 h. on the 14th. 

The Sitka trace available commenced about 24 h. on the 13th, and there was no 
record from 18 h. on the 13th to 24 h. on the 14th. The chief movements shown 
occurred between 6 h. and 17 h. on the 13th7 when all the elements, especially V, were 
considerably disturbed. prom 4 h. to 9 h. on the 14th disturbance was represented only by 
numerous small short-period oscillations. In  the Sitka publication the commencement 
of the storm is put as late as 6 h. on the 13th, and its conclusion is given as 17 h. on 
the l5th, so the comparatively quiet time during the forenoon of the 14th was regarded 
as only an interlude. 

Perhaps the most unusual feature in connection with this clisturlnance is the 
existence prior to the s.c. of movements of a different type clearly represented a t  most, 
if not all the stations. The s.c. movement was hut poorly represented in the northern 
hemisphere, and the subsequent disturbance in the horizontal plane a t  Agincourt 
and Sitka was not so large compared with that elsewhere as was usually the case. 
On the other hand, while short-period oscillations in V were much more in evidence 
in the Antarctic than a t  Sitka, the latter station showed the larger range of disturbance. 

Section 108.-later in the 14th, between 11 h. and 16h., there were rather 
conspicuous movements at all the stations from which curves had beer] received, 
The usual particulars appear in Table CLVIIT. 

In  the Antarctic the 13' trace during the five hours showed several slow 
oscillations which differed from those precOding them only in being larger. The 
N' and V movements were relatively more conspicuous. The principal N' ~nove~nents 
were a rapid rise and slower fall between 11 h. 10 rn., and 13 11. 20 m. The V curve 
contained a large bay (numerical increase) extending from 11 h. to 15 h. 

At Alibag the H trace showed a large bay from 11 h, 20 m. to 14 h. 40 m., followed 
by a smaller but considerable oscillation between 14 h. 40 in. and 16 h. O m. 

At Honolulu the principal feature was a rise and fall of H, the rise being the 
larger and more rapid movement, between 11 h. 10 m, and 13 h. I 0 m. 

At Helwan the H trace was too faint to show details. In the D and V curves 
the most noteworthy incident was an oscillation lasting about an hour which began 
about 14 h. 20 m. The first movement-easterly swing in 1>, fall in V-was 
considerably the more rapid. l'his oscillation was followed by a seconci but considerably 
smaller one. 

At Agincourt two bays appeared in suocession in the I3 curve. The D curve 
showed a large westerly swing from 11 h. 10 m. to 12 h. 10 m., followetl by a slower 
and somewhat smaller easterly swing. 

At Eskdalemuir, a fall in N between 11 h. and 12 h. was followed by R, slower 
rise. This was interrupted by two considerable os~illations between 14 h. 10 m. 
and 16 h. 0 m. The E trace showed several oscillations, the most conspicuous occurring 
between 14 h. 15 m. and 15 h. 5 m. There was a decided rise in V above the normal 



value, commencing about 11 h. 15m. and culminating about 14 11. 45m. 'Che rise 
was most rapid between 14 h. 20 m. and 14 h. 40 m. 

At Sitka there was a prominent double bay in H ( -, + , -, +) between 
11 11. 20m. and 15 h. 20 m., and a large oscillation (East, West) in D. There was 
a fall of 264y in V between 11 h. 20 m., and 12 h. 53 m. The recovery from this 
depression was a t  first very rapid, but was interrupted about 13 11. 35 m. by a reverse 
movement lasting about 20 minutes. Subsequently a rise continued almost without 
interruption until after 16 h. The hump thus formed on the V trace from 11 11. 20 m. 
to 16 11. is of the sailie general character, though of longer duration, than that usually 
observed at Sitlta on occasions of Antarctic disturbances of the (' special type." The 
disturbance between 11 21. and 16 h. a t  Sitltn,, wa,s followed as well as preceded by a 
much quieter time. I t  had much more thc appearance of an isolated event than the 
simultaneous disturbance in the Antarctic. 'I'he disturbance occurred during a part 
of the day when the regular diurnal changes a t  Sitka are very trifling. 

It will be observed that a t  Alibag, Agincourt, Esltdalenluir and Sitka, the first 
of the large movements in H or N was a fall, whereas a t  Honolulu i t  was a rise. 

Section. 109.--In the Antarctic, considering the tiirle of year, conditions were 
exceedingly quiet on December 6, 1911, until 11 11. Shortly after 1 11, there 

TABLE CLVII1.-11 h. to 16 h. November 14, 1011. Plate SLIX. 
- - - - .- 

Station. 
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12 5.1 
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commenced one of a series of large oscillations in E'. The disturbance was at  first 
a good deal smaller in N' and V ; but from 15 h. on the 6th, until 2 h. on the 7th, 
all three elements showed a succession of large oscillations. The most disturbed 
time was from 16 h. to 24 h. on the 6th. The disturbance subsided almost as rapidly 
as it commenced, and after 3 h. on the 7th, the curves were quieter than was usual 
in December. 

TABLE 
. -- -- - 

Station. 

- --- 

Antarctic . . . ... 

Mauri t iu~ . . . ... 
Buitenzorg . . . ... 

Alibag ... ... 

Honolulu ... ... 

Agincourt . . . ... 

Eskdalemuir.. . ... 

Sitka . . . ... 

- --- - 

At Mauritius there was decided disturbance in H between 10 h. and 11 h. on 
December 6, a rise of 20y occurring in the course of the hour. After 11 h. there 
was a nearly continuous but slow fall in H until 16 h., when the rate of fall accelerated. 
The decrease between 16 h. and 17 h. 55 m. amounted to 47y. The fall was interrupted 
by a slight rise between 17 h. 55 m. and 18 h. 10 m. Between 18 h. 10 m. and 
20 h. 0 m., there was a fall of 25y and rise of 29y. There was a continuous rise, 
in all about 25y, from 20 h. to 23 h. 20 m., and a continuous fall thereafter, until 2 h. 
on the 7th, which amounted to about 20y. After this the trace appeared undisturbed. 
The D trace available covered only the last seven hours of the period ; it showed 
only slight disturbance. 
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The traces received from Buitenzorg did not commence until about 11 11.40 m, 
on the Gth, and i t  is probable that the ranges nppearing in Table CLIX were sliglitly 
exceeded, a t  leust in the case of N arid V. As usual disturbance was most active in 
N, but even in that elelnent it was but trifling after 19 h. on the 6th. Much the 
largest moveiiients occurred between 16 h. and 19 11. During that time N fell 43y) 
rose 66y and fell 617. During t l ~ c  same interval E fell 26y and rose 197, while V 
algebsaically considered fell 137, rose 147 and fell 12y. 

At Alibag the moven~ents in 13 and V were very trifling, but some small 
oscillations were visible, especially on tlie 6th. between 18 h. and 22 11. The H trace 
resembled that a t  Mauritius in showing a considerable but very regular rise betjween 
10 11. anti 11 h. on the 6th. This was followed up to 16 h. by u gradual fall, superposed 
on which were numerous sins11 oscillations of short period. Between 16 11. arid 20 11. 
there was a fall of 46y, a rise of 23y, a rapid fall of 46y and finally a less rapid rise 
of 23y. During the next tliree hours a gradual rise toolr place. All trace of disturbance 
has ceased before 2 11. on tlie 7th. 

At Honolulu tlie H and V curves showed a good many short-period oscillations, 
and there were a few in D, but tlie only ~ilovenlents that were not of trifling size 
occurred between 16 11. and 20 11. on tlie 6th. During that time H fell 24y, rose 22)) 
and fell 24y. 

At I-Ielwan there was a very regular riso in H between 10 11. and 11 h. 011 the 
Gth. From 11 11. to 16 h. there was a gradual fall in H, having superposed on it a 
good many very small oscillationv of short period. 17rom 16 11. to 19 h. there was 
a considerable fall, interrupted for a short time near 18 11. by a very sliglit riso. The 
total fall in tlie three hours amounted to 101 y. A recovery, which set in a few 
minutes before 19 11.) raised H by 47)) in the course of tlie next hour, and continued 
a t  a illucli slower rate until 23 11. Tile I-Ielwan 1) truce showed s considerublo 
oscillatiorr between 17 11. arid 19 11.) an easterly swing of 9' being followed by 
a westerly swing of 6'. During the rest of the time, tlie D moven1ents were very 
small. V was sligl~tly enlmnced above its nornzal value froill 16 11. to 20 h. 011 the 
Gth, otherwise it showed little trace of disturbance. 

At Agincourt the disturbance was mainly confined to tlie hours 16 11. to 21 11, 

on the 6th. After 2 11. on the 7th, conditions were very quiet. H fell 581) between 
17 h. and 18 i  11. 011 the 6th) and rose 46y between 188 11. and 19 11. Between 17 i  h. 
and 19 h. 401n. on the ~ t h  D moved. 16&' to the West, and then 1.58' to the East. 
Some nlinor oscillations followed between 21 h. on the Gt11 and 2 h. on the 7th, after 
wliich rior~~inl quietness prevailed. 

At Eskdslernuir N was unquiet througl1out the afternoon of the 6th. Betlween 
17 11. and 18 11. N fell 6Gy ; betweell 18 11. and 10 11. i t  ~liowed a considernble 
oscillation ; between 19 11. and 20 h. i t  rose 59 y. There were seine moderate 
oscillations between 22 11. on the 6th and 1 h. on the 7th. Between 20 11. and 22 h. 
on the Oth, and after 2 11. on the 7th, coiiditions were al~llost norlnal. E rose 138y 
between 17 11.16 m. and 18 h. 16 ~ z z .  on the 6th and fell 112y between 18 h. 30 m. 



and 18 h. 58 m. Between 22 h. 25 m. on the 6th and 0 h. 15 m. on the 7th there 
was a fall of 33y, a rise of 56y, and a fall of 39y. Between 20 h. and 22 h. on the 
6th, and after 2 h. on the 7th, conditions were quiet, as with N. V was not sensibly 
disturbed until 17 h. on the 6th. Between 17 h. and 21 h., the curve had the 
pyramidal shape customary during afternoon disturbances. The rise from 17 h. 
to  the maximum a t  18h. 31 nl. was 1097, and the fall between 18h.31 m. 
and 21 h. 0 m. was 89y. After 21 h., except for a shallow bay between 22 h. and 24 h., 
there was hardly any sign of disturbance. 

At Sitka, minor short-period oscillations were considerably in evidence from 
11 h. on the 6th to 2 h. on the 7th, but the only large movements occurred between 
17 h. and 20 h. on the 6th. H fell 1777 between 17 h. and 18 h. 20 m., and rose 
158y between 18 h. 20 m. and 19 h. D moved 354' to the West between 17 h. and 
18 h. 36 m., and 36' to the Ibast, between 18 h. 36 m. and 20 h. V fell 90y between 
17 h. 30 m. and 18 h. 58 m., and rose 82y between 18 h. 58 111. and 20 h. 30 m. The 
fall between 174 h. and 18 h. 58 m. was interrupted by a short rise commencing about 
18B h. The dist~zrbance a t  Sitka in the horizontal plane was for a time of a rotating 
character, the vector rotating from South to North through West. 

The more northern stations agreed with Mauritius, Buitenzorg ant1 Alil~ag in 
having the chief disturbance in H or N limited to the interval 16 11. to 20 h. on the 6th. 
There was, however, a good deal of difference in the nature of the movements. At 
Eskdalemuir there were in N, as in H a t  Alibag, four distinct considerable movements. 
These consisted of a fall, a short rapid rise, a second fall and a second rise. ?'he 
second and third of the movements seemed of a more secondary character than the 
other two. At Honolulu, as in N a t  Buitenzorg, there were three movements in H, 
not widely different in size, viz., a fall, a rise and a second fall. At I-Ielwan, Agincourt 
and Sitka the movements were practically confined to a fall and a rise. 

The disturbance in the Antarctic was much larger than anywhere else, being of 
quite a different order except between 16 h. and 20 h. on the 6th. While, however, 
there were no large disturbances a t  Esltdalemuir and Sitka except for a, few hours, 
there were almost incessant short-period oscillations (luring the whole time, alrnost 
as much so in fact as in the Antarctic. Thus the conditions, whatever they are, 
which lead to short-period oscillations were shared by the northern and southern 
hemispheres. 

Section 110.-The clisturbanue of December 10-12, 1911, began with an ~ . c . ,  
which has been already described. 'The s.o. was by no means large a t  the more northern 
stations, but was well developed ia the Antarctic and at Buitcnzorg. 

In  the Antarctic, conditions had been quiet, for the season, for a, nuinber of hours 
prior to the s.c. Apart from the s.c. there was no very well-rnarltetl development 
of disturbance until nearly an hour had elapsed. A continual succession of oscillations 
of considerable size then appeared in all the traces. There were some specially large 
movements between 23 h. on the loth and 3 h. on the 11th. E' fell 4721, between 
22 h. 55 m. and 23 h. 35 m., while N' fell 3557 between 2 h. 18 m. and 2 h. 42 m. 



Between 3 11. and !I 11. on the 11th oscillatory lnoveinents were iiiuch less in evidence, 
but there was a comparatively uninterrupted rise in N' and E' and a nuinerict-1 rise 
in V. After this, oscillations again became more prominent, especially between 
18 11. and 212 11. Conditions had becollie fairly quiet before 24 h. on the 11th. 

At Mauritius, ooticlitions ~vem very fur some hours p io r  to tllc R.C. After 
i t  tllcrc was a slow gruduul risc i11 H, very sliglitly interrupted, unci liardly suggestive 
of disturbance until after 23 h. on the 10th. During the next five hours there were 
two or three slow oscillations of Inoderate size. At 4 11. on the 11th. a fall set in, 
which continued until 9 11. 45 m. ]luring the last two hours of this period there wore 
5 or 6 rather sharp niirior oscillations, but the general trend of the tmce is (I downwasd 
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slope a t  a roughly constant angle, the total fall being about 1437. Slow oscillations 
followed until after 20 h. on the 11th. Superposed on these were a few shorter period 
oscillations, the most noteworthy occurring near 13 h. The ll trace showed very little 
sign of disturbance until after 2 h. on the 11th. Between 2 h. and 4 h. there were 
some sensible movements. Between 6 h. 40 m. and 9 h. 30 m. there was an easterly 
movement of log', and between 10 h. and 16 h. a westerly movement of 11'. These 
movements, which were interrupted by minor oscillations, suggest the regular diurnal 
variation enhanced some 3 or 4 times. Minor oscillations occurred a t  intervals until 
24 h. on the 11th. 

At Buitenzorg N was raised very considerably by the s.c., and remained above the 
normal value for several hours. But beyond small oscillations there was little further 
sign of disturbance in any of the elements until the early hours of the 11th. Between 
0 h. and 3 h. on the 11th there were considerable oscillations in N and minor oscillations 
in E and V. Shortly before 3 h. a fall began in N which continued, with interruptions 
due to short-period oscillations, until about 9 h. 40 m. The total fall during this time 
was 285y. A rapid recovery ensued for some time, the rise between 9 h. 40 m. and 
11 h. 20 m. amounting to 1 3 3 ~ .  Oscillations followed, succeeded by a second decided 
rise after 16 h. E had a nearly uninterrupted rise of 104y between 2 h. 45 m. and 

' 8 h. 35 m. During this time the minor oscillations were all small. Between 8 h. 35 m. 
and 17 h. 15 m. E fell 91y, but this fall was more interrupted by minor oscillations 
than the previous one. There were some oscillations in V, but none of any great 
size. After 19 h. on the 11th the V trace was nearly level, and the other traces 
contained only minor movements. 

At Alibag the elevation of H following the s.c. continued for a number of hours. 
Apart from the s.c. there were only some trifling movements in any of the traces up 
to 24h. on the 10th. About 2 h. on the l l t h  a fall began in H, which continued 
with only minor interruptions until about 9 h. 45n1., the total fall being 177y. 
From 9 h. 45 m. to  18 h. on the l l t h  the Alibag H curve closely resembled that 
a t  Mauritius, H a t  Alibag rising on the whole from 9 h. 45 m. until nearly 12 h., then 
falling-with a sharp interruption near 13 h.-until after 15 h., and then rising rather 
smartly until 179 h. The Alibag I) and V curves showed only some minor 
oscillations, the largest between 12 h. and 14 h. on the 11th. 

At Honolulu there was no large movement throughout the 10th. Near 2 11. on 
the l l t h  a marked fall began in H. At 10 h. 12 m., when the minimum was reached, 
the fall since 1 11. 50 m. had amounted to 164.7, the major part of t h i ~  occurring prior 
to 7 h. Between 8 h. and 10 h. short-period oscillations were considerably in 
evidence in H. Between 10 h. 12 m. and 13 h. H rose 103y. Neither the D nor the 
V trace showed any conspicuous movement,'but the V trace showed a good many 
short-period oscillations, especially between 8 h. and 10 b. 15 m. and between 11 h. 
and 14 h. on the 11th. Conditions had apparently become pretty quiet before 20 h. 
on the l l t h ,  when the record received ended. 

At Helwan there was little disturbance on the loth after the s.c. The H trace 



showed n~oderate slow oscillations on the 11th from 0 11. to 4 h. About 411. a 
pronounced fall began in H, which continued almost without interruption until about 
9 h. 46 m., the total fall being about 115y. There were a good many minor oscillations 
from 8 h. until after 10 h. From 10 h. on the 11th to 111. on the 12th there was a 
series of slow oscillations, H falling on the whole until near 16 h. on the 11th) and 
then showing a general rise. The Helwan H trace resenibles the Alibag H trace fairly 
closely, but the later oscillntions with apices about 21 11. and 24 11. on the 11th are 
inore accentuated a t  Helwan. 'I'he 1) and V traces i ~ t  Helwail sliowed almost no 
disturbance on the 10th. Throughout tlle 11th the D trace showed a good Illany 
niinor oscillations, the largest between 3 11. and 4 11. and between 16 h. and 18 11. The 
V trace was decidedly undulatory throughout the 11th. The largest movements-- 
which were however quite trifling-occurreti between 16 11. anci 18 h. 011 the 11 th. 

At Agincourt the s.c. itself was alinost insignificant, and except for smdl sllort- 
period oscillations, mostly in H, there was no sign of serious disturbailce during the 
10th. After 0 11. on t,he 11th a fall began in H, which continued with interruptions 
nntil the ~nininlum was.reached a t  8 11. 16 171. 'I'he total fall during the 8B hours, the 
greater part occtlrri~1g after 24h., amounted to 2 1 0 ~ .  13etween 8 11. 15111. and 
9 11.40 In. there were sonic rapid o~cillat~ions, with ti res~iltant rise in 13 of 18811. 
Oscillations of less ~nagnitude followetl until 1 11. on tlie l2t11, after which the H 
trace was practically quiet. ?'lie D trace showed only ~ninor disturbance until 3 11. 
on the 11th. Between 3 11. 17 m. and 4 11. 26 111. there was a very large oscillntion, 
an easterly swing of 46' being follower1 by a westerly swing of 45'. Other consider~lble 
though smaller oscillatioris followed, especially between 611. and 1411. on the l l t l l .  
The chief movements after 14 11. occurred near 2111. and 24 11. After 1 h, on tlle 12th 
the trace was pructictllly quiet. 

At l3skdalemuir rtfter the s.c., which wns oon~pamtively small, nono of the trtl'ces 
showed ctnytliing beyond trifling osoillntions until subsequent to 23 1;. on tlie 10tli. 
N rose G3y and fell 04y between Oh. 30 111. an(1 1 h. 46 In. 011 the 11 tli. Between 
3 11. 30 m. c~nd 4 11. 0 in. i t  rose 74y. li'ro111 4 11. to 8 11. on the 11th the generiil trend 
of N was downwartis, the total fall smom~ting to 122y) but the fall wits interrupted 
between li h. 5 m. ant1 5 11. 30 111. by a sharp rise of 61 y. 'L'he largest N inove~uents 
occurred between 2011. and 22 11. on the lltli ,  when thest? were several sharp 
oscillations with :I total range of l6(iy, After 2211. the disturbrtnce fell off, uaci by 
111. on the 12th i t  liati nearly disappeared. After 2 11. conditions were very quiet for 
several hours. Disturbunce in 13 was trifling until 0 11. on the 11th. Between 3 11. 
and 5 h. 66 rn. two prominent wave-like disturbnnccs succeeded one mother. Rlinor 
disturbances followed until 16 11. on 11th. Between 1611. anti 18 11. conditions 
were ~nucli nlore disturbed, several co11siden~blc? oscillations following one ienother, 
with a total range of 162y in tlie two llours. There were t~lso sollie s~uart, os~:ilIntions 
between 20 11, ttnd 21 11. 401n. After that, except for t i  sharp fall in 1$ bet~veen 
23 h. 20 m. and 23 11. 40 m., there was little farther disturbance, and by 2 11. on the 
12th conditions had become very quiet. The V trace was almost tt straight line 



throughout the 10th. The first movement of any size was a fall of 44y between 
3 h. 30 m. and 4 h. 15 m. on the I l th.  Lluring the afternoon of the 11 th  V rose in the 
way customary during magnetic storms. After the maximum was reached a t  
16 h. 53 m. the general trend was downward until 21+ h., the fall in that time 
amounting to  1397. Subsequently, with the exception of a shallow cup-shaped 
depression about midnight, the V trace was but little disturbed. After 2 h. on the 
12th i t  was very quiet. 

At Sitka the s.c. was very small. Subsequently throughout the 10th the 
disturbance was represented solely by incessant small oscillations, which were visible 
even in the V trace. After o 11. on the 11th disturbance gradually increased, but 
there was no movement of any size until after 3 h. on the 11th. After 3 h. 16 111. 1-1 
became decidedly more disturbed, but exhibited no really striking movement prior 
to  a sharp rise, which led up to the maximum a t  5 h. 49 m. Between the time of the 
maximum and 9 h. on the 11th the general trend of H was downwards, but during 
this interval several large oscillations occurred, having superposed on them numerous 
short-period oscillations, also of considerable size. The total range between 5 11. 49 m. 
and 9 h. was 615y, the largest individual movement being a fall of 3 3 9 ~  between 
8 h. 2 m. and 8 h. 12 m. From 9 h. to  10 h. there was a succession of short-period 
oscillations, the element remaining low. Between 10 h. 2 m. and 10 h. 12 rn. 1-1 rose 
294y. From 10 h. 40 m. until 12 h. 18 m. there was one considerable and numerous 
small oscillations, tending on the whole to reduce H. 'I'hen followed from 12 11. 18 m. 
to  13 h. 14 m. a very rapid fall, interrupted by some short-period oscillations, 
and a practically uninterrupted rise, 7'he fall amounted to about G87y, the rise 
to  about 624y. For some hours after this considerable though mucli slrtaller. 
oscillations presented themselves in H, the general trend of the element being 
upwards. After 18 h. the oscillations fell off much in amplitude, but small short- 
period oscillatwns were still in progress a t  1 h. on the 12th. llhe disturbance in I) 
a t  Sitka began to increase after 3 11. on the 11th. The most notable movelnerlts 
were a fall of 824' between 8 h. 15 m. and 9 h. I9 m., and a rise of 68' betweeri 9 h. 19 111. 

and 9 h. 50 m. Large oscillations, with short-period oscillations superposetl, follo~vccl 
until 16 h., when the larger waves of longer period became decidedly less prominent. 
Short-period oscillations continued until a t  least 2 11. on the 12th, but tlley had 
decidedly diminished during the previous three hours. 

The disturbance in V a t  Sitka was of a bold character. There were many short-period 
oscillations, but they interfered much less with the general trend of the curve than was 
the case with H or D. The trace was but little disturbed until nearly 3 h. 30 m. on tile 
1 l th ,  when a conspicuous rise began in V. This continued with minor interruptions until 
the maximum was reached a t  5 h. 49 m., the total rise amounting to 168y. After 
5 h. 49 m. a rapid fall set in, continuing with only minor interruptions until 8 h. 31 m., 
the total fall amounting to no less than 6 8 9 ~ .  From 8 h. 31 m. until 11 h. 20 m. the 
general trend was upwards, the total rise being 481 y. Between 11 h. 20 m. and 
12 h. 50 m. there was a fall of 372y, and between 12 h. 50 m. and 17 11. 30 rn. there 



was a rise of 393y, but both tliese movements were considerably interrupted by 
oscillations. After 174 h. conditions were much quieter, and after 1 h, on the 12th 
the trace was dmost quiet. 

The disturbance of December 10-12 was large a t  all the stations. In  the 
Antarchic the S.C. was shortly followed by persistent oscillations of considerable 
size, but elsewhere tliere was little trace of ciisturbauce during the first 8 or '3 hours 
after the s.c., beyond persistent short-period oscillatio~ls of small size. A feature 
comlnon to all tlie stations except tlie Antarctic w:~s u large fall in H or N during part 
of the forenoon of the 11th. But the liour when the fall cominenced varied a good 
deal. It was clearly recognisable a t  several of the stations by 3 h. or earlier. But 
a t  Mauritius, Helwan and Eslcdalemuir i t  was one liour later, and a t  Sitlca nearly 
three hours later in commencing. The f d l  was interrupted by oscillations, but the 
general trend was clearly dowriwurds ut al~nost all the stations until nearly 10 11. on 
the 11th. l n  the Antarctic the largest oscillutions occurred earlier than elsewhere. 
At Sitlca the disturbance showed a concentration between ti 11. and 16 11. on the l l t l ~ ,  
to which tliere was no parallel in the Antarctic. At Agiricourt the principal part of 
the storm also occupied only about 10 hours, but i t  began shortly after 3 11. l'he 
oscillation in H recorded near 13 h. 011 tlie 11th a t  Sitks was enonnously larger than 
the synclironous rnoveinents recorded elsewhere. From Buitenzorg to Helwtin the 
movements in V were quite trifling. At f~sltdaleniuir, while the general aspect of the 
V trace was much quieter than tliat of the horizontal con1ponents, the range was not 
much leas than tliat of N or E. Tlie V ~novemeilts a t  Sitlra were quite of u higher 
order than those a t  tlie other co-operating stations, and they were deciciedly nore 
prominent thtm the V niove~nents in the Antarctic throughout tlie greater part of 
the storm. 



CHAPTER XIII. 

DISTURBANCES OF LONGER PItRIOD DURING 1912. 

Section 111.-The disturbance of January 13, 1912, has been included in 
Table CXL, as being at least closely similar to the " special type." But it occurred at  
an hour of the day ind a season of the year when that type of disturbance is unusual. 
Also i t  was of unusually large size, and copies of the corresponding disturbance had 
been received from most of the stations. It has accordingly been dealt wit11 in the 
same way as the longer disturbances. 

.,, 
TABLE CLXI.-5 h. to 9 h. January 13, 1912. Plate LI. 

In the Antarctic the disturbance was neither preceded nor followed by a quiet 
time, and its limitation to four hours is admittedly arbitrary. The really outstanding 
feature was the rise in E' culminating about 7 h. 0 m. Within 1& hours the element 

Dieturbance 
Rangc. 

Y 
201 
426 
132 

56 
22 
2 1 

3 1 
10 . 
17 

28 
20 
10 

42 
117 

53 
33 
8 

120 
168 
99 

-- -- - -. 

- - - - 

Eltation. 

Ant arctic ... ... 

Buitenzorg ... ... 

Alibag ... ... 

... Honolulu ... 

Agincourt ... ... 

Eskdalemuir.. . ... 

Sitka ... ... ... 

---- ---- 

-- - 

Inequality 
Range. 

Y 
33 
17 
25 

24 
14 
I G 

10 
15 
2 1 

3 
2 
3 

2 
7 

5 
(i 
3 

1 
2 
2 

--- 

- - 

Eloment. 

N' 
E ' 
V 

N 
E 
V 

H 
D 
V 

H 
n 
v 
H 
D 

N 
E 
V 

H 
D 
V 

Times of 

Maximum. 

11. 111. 

6 50 
7 0 
5 50 

5 26 
7 10 
5 55 

5 50 
8 15 
9 0 

5 15 
7 0 
6 55 

5 0 
8 0 

6 25 
6 55 
5 10 

6 35 
7 5 
6 50 

- 

Minimum. 

11. ~ n .  
G 0 
8 20 
7 20 

7 10 
5 25 
9 0 

7 5 
6 0 
5 30 

(i 35 
G 20 
(i 25 

G $0 
6 50 

7 5 
7 35 
(i 40 

7 40 
7 55 
7 20 

- -- - 



rose 301y and fell 337y.  The movernents in N' and V were not conspicuously larger 
or more rapid than some others recorded during the previous 24 hours. 

At Buitenzorg the main feature was a bay in the N curve, superposed on the normal 
fall. 

Alibag also showed a well marked bay in H between G 11. and 8 h., and the norinal 
course of the variation in D was interrupted. 

'I'he Honolulu H trace showed a bay, depression, from 5 11.20 m. to 7 11. V was 
enhanced froill 6 11. 20 m. to 7 21.30 111. llhe 11 trace contained II bay (easterly 
deflection) synchronous with the enhancement of V. 

At Agincourt there was a pretty deep bay in H between 5 h. and 7+ h., but a more 
prominent feature was a hunip on the D curve. Between 6 11. 20 nl. and 8 11. 0 nl. there 
was a inovenlent of 224' to the West, and then of 244.' to the Eu,st. 

At l<sl<dalernuir tliere was a prominent bay in N bet,ween 6 11. and 8 11.) and a less 
prominent one (enhancement of easterly force) synchronously in 11:. 'llhe V trace was 
undulatory, but the amplitude oi disturbance was small. 

At Sitlta there were considerable but rather irregular movements in all the traces 
between 6 11. and 84 11. Thc range was largest in D, rather an unusual feature. The 
chief feature in the H trace was a hunlp (enhancement of H), while D \ v ~ s  deflected 
to the east of its mean position. The simultt~neous H and 11 movements a t  Sitka 
and Agincourt were thus diametrically opposite. Sitka was in fact the only one of 
the co-operating stations a t  which the first large lliovelnent in H was a rise. The 
Sitlia V movements between 6 21. and 8 11. consisted of a sharp rise, iin equally sharp 
ant1 larger fall, and a more gradual return towards the normal. 

For some hours prior to G 11. and again for sonic hours after 8 11. the Sit.ka curves 
were much quieter then the Antarctic curves. But later in the duy between 12 11. and 
15 h. there was u prominent snd pretty regular ~novelllent a t  Sitku (H and V 
reduced, 1) deflected to West) which wt~s considerably larger tlian the synchronous 
Antarctic disturbance. This later nlovernent seeills clearly represented a t  Alibag, 
Honolulu, Agincourt and Eslidale~nuir. 'rhe following coniparison of tllese later 
movenrents and those occ~zrring between 611. nncl 8 31. see~lis of int'erest, Tlle 
movelrient in either case was oscillator.y, but during the whole or greater ptut of it 
the element diverged ixsom its norinal value in the direction indicated. 

Declintltion changes between 12 21. and 15 h. a t  Alibag and Honolulu and changes 
iu E a t  Eslidalemuir were small and ruther irregular. In the A~lttlrct~ic t,he E' deflection 
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on the second occasion was relatively trifling. At Alibag, Honolulu and Agincourt 
the movements between 12 h. and 15 h. were comparatively small, but their direction 
was not doubtful. At Eskdalemuir the amplitude of the later movement was about 
three-fourths that of the first. We have thus the interesting result that two 
elementary disturbances separated only by a few hours resembled one another a t  some 
stations, while a t  others they were more or less directly opposed. 

~'ectiorz 112.-The disturbance of January 17, 1912, had an s.c. about 4 h. 42 m., 
which has been already described. The subsequent disturbance was generally of a 
comparatively trifling character. At most stations it  seemed to have practically 
died out by 18 h. on the 17th, and several of the traces received stopped shortly after 
that hour. This partly led to the limitation here of the disturbance to the interval 
4 h. to 18 h. 

Itloquality 
ltc~tlgc*. 

- 

80 
Y 

71 
57 

2 1 
33 

34 
27 
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25 
23 
22 

12 
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3 
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26 
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10 
20 
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TABLE CLXI1.-4 h. to .I8 h. January 17, 1912. Plate LI. 
-- 

Station. 

... Antarctic ... 

Mauritius ... ... 

Ruitenzorg ... ... 

Alibag ... ... 

Honolulu ... ... 

Hrlwan ... ... 

Agincourt ... ... 

Eukdalemuir.. . ... 

Sitka ... ... ... 

-- - - 

- 

Element. 

N' 
E ' 
V 

H 
D 

N 
E 
V 

I1 
D 
v 
H 
n 
v 
H 
n 
V 

H 
D 

N 
E 
V 

H 
D 
V 

------ 

I)isti~rbanrc* 
ICnnyc*. 

Y 
147 
31 5 
1 B3 

60 
5 1 

74 
29 
30 

74 
20 
18 

30 
14 
12 

48 
29 
30 

36 
63 

36 
29 
11 

49 
70 

109 

- - . - 

Times of 
- 

Maxim~~rn. 

' h .  ~ n .  
10 25 
11 33 
17 6 

8 20 
I0 35 

4 55 
I0 5 
fi 10 

G 55 
10 20 
10 5 

I0 12 
15 40 
4 50 

7 25 
7 60 

12 35 

10 50 
12 35 

7 20 
5 35 
I5 40 

9 47 
I0 39 
16 20 

- - - - - - - 

NIinirnum. 

h. m. 
9 20 

16 30 
10 50 

I5 GO 
4 50 

14 50 
4 60 

11 55 

15 55 
7 20 
(i 5 

15 13 
17 50 
17 45 

I5 55 
11 15 
9 26 

10 10 
10 10 

10 35 
11 26 
9 10 

10 31 
9 43 

10 33 

330 



In the Antarctic, taking into account the season of the year, the disturbance was 
by no means large. Except for a considerable inovement in N' between 9 11. and 11 h., 
the disturbance was mainly confined to tlie hours 15& h. to 18 11. The disturbance 
did not subside in the Antarctic a t  18 h., but what happened later in the day can best 
be treated separately. 

At Mauritius in tlie H trace a crest followed the s.c., the shortest estinlate of its 
duration being 1 1 1 .  50111. '1'11ere was 1-1 distinct hump (elevation in 13) until 
about 11 11. 40 111. 'I'lle trace, .in short, 1.cse111bled the arch of n wide but 
ratlicr low bridge. 'l'here were a few lriinor oscillatioris I~etween 611. and 1011. 
'.lllle rnaxinium in H was reaclied soinewhttt later than tile usual hour, but the 
clla,nges were generally similar to those occurring in the ordinary day, except that tlie 
range was fully double the normal, l'he chtznges in 1) were also of a fairly nornial type. 
Tlle extre~ne westerly position cnlne solnewllat lute, and the snbsequent swing to the 
East was a little larger tlitzn usual, but there wns little in the appertruilce of tlie curve 
~uggestivc of disturbance. 

At Buitenzorg N had a large rise (luring tlie s.c. After that the general trend 
was tlownwards-the nor~nal direction for that time of clay-until the nlinimu111 was 
reacl~eti about 14 11. 60 111. Tlie in11 was brolcen o~ily by minor oscillrtt~ions. Tllere 
was a rise in N froin 15 11. to 18 h., as was non~i i~ l  for tllc tinic of day, again interrupted 
by minor oscillations. For a t  least 5 hours after 18 11. tthere were only trifling 
oscillations. ?'he 11 trace showcd only a few trifling oscillations. Tlie V trace sllo~ved 
:z sensible rise a t  the time of the S.C. and a few subsequent srnall oscillations. 

At Alibug the curves sliowed oil the whole tlie cl~anges nt~tnral to the tiilie 
of day, with sollie nlinor oscillations saperposetl in tlle case of 11. 'L'lie rise in H 
continued for 2 hours after tlic s.c., and tlle subsequeilt i'till went on to nearly Il., 

t11e ordinary ti~rle of the nlinimuin. 'L1he range, Iio~vever, ~vas considerably enhnncod. 
Ncitller the 11 nor tlie V trtice sl~owed any disturbatlcs wort11 nienfioniag, 

At  Ilonolulu after the S.C. there were some ininor oscillations in H and V. But# 
the chief inovements in these elements, and tIhey were not Iltrge, occurred between 

I .  1 1  1 They included a pretty slnnrt ~sise in 1% cind u slower fall, 
with a sensible oscillation in V. After the iililii~nuin a t  16 11. 13 111. there a 
moderate rise in IS, as was rior~nal a t  that tilne of day. Condit,ions were very quiet 
for sollie ]lours a t  least after 17 11. 

At Helwan nll the tJraces sliowed niinor irregularities for u few llours after tlie a.c. 
13ut after 1231. they niight be regarded us quiet;, slid they rontinued so tl~rougliout 
the rest of tlie 27tl1, and the early hours of tlie 18th. 

At Agincourt the S.C. was small, and during tlle next 4 liours there were only trifling 
oscillations. The only subsequent disturbance wortli nientioning occurrect between 
9 h. 40 in., and 11 h. 30 111. After s slight full H rose 367 between 10 11.10 m. atid 
1011. 50 m., the rise being followed by a more gradual fttll. 1) nloved 11-&' to West, 
between D 11. 40 m. and 10 h. 10 In., and tlleii 13' to Enst. After 12 11. tliere was no 
distnrbitnce wortli ment1ioning during the 27tl1. 



At Eskdalemuir the S.C. itself was not large, and i t  was followed only by 
small oscillations. The chief signs of unrest were short-period oscillations in N, 
and to  a less extent in E. They were most in evidence between 9 h. and 16 h. After 
18 h. conditions were a t  least as quiet as usual. The V trace was quiet throughout. 

At Sitka the s.c. was followed only by minor oscillations, chiefly of short period, 
until 9 h. 30m. Between that hour and 12 h. there were considerably larger 
oscillations in H and D, the range in the latter element being considerably the larger. 

I n  H a sharp rise was followed by a larger but interrupted fall, In  D between 
9 h. 30 m. and 10 h. 40 m. there was the following double oscillation : 7' W, 9' E, 5' W 
and 12' E. The largest movement occurred in V. Between 9 h. 45 m. and 10 h. 20 In. 

the element fell 97y, the greater part of the fall occurring in the first 15 minutes. 
After the minimum a t  10 h. 33m. V rose rapidly a t  first, ancl continued to rise a t  a 
diminishing rate during the next 25 hours. l'he V disturbance a t  Sitka appeared 
to be of the type customary a t  that station during the short-period disturbances already 
discussed. From 12 h. to  18 h., when the recorcl ceased, there were only minor 
oscillations. 

January 17, 1912, was an example of an s.c,, everywhere rccognisable though 
not large, which was not followed during the next 12 hours by anything worth calling 
a magnetic storm. There was only a short-period disturbance, commencing about 
5 hours after the s.o., and la~t ing only about 2 hours. 'I'he short-period disturbance, 
moreover, while fairly prominent in the Antarctic and a t  Honolulu, Agincourt and 
especially a t  Sitka, was but slightly represented a t  Buitenzorg ancl Eskdalemuir. At 
some stations, including Buitenzorg, Alibag and Helwan, the principal phenomenon 
was an increased amplitude in the normal diurnal changes. 

The Antarctic differed from all the other stations which contributed records in 
having a large disturbance which commenced after 15 h. on the 17th ant1 continued 
until 2 h. or 3 h. on the 18th. Between 18 11. on the 17th and 3 11. on the 18th, the 
ranges were 194y in N', 2827 in 13' and 1657 in V. All the Antarctic traces showed 
a large oscillation between 22 h. on tlie 17th and 1 1 1 .  on the 18th and numerous 
considerable but snlaller oscillations, extending from 16 h. to 21 11. on the 17th. 

At Mauritius and Honolulu information subsequent t o  18 h. on the 17th was 
limited to the two hours, 18 h. to 20 h., the traces for which were normally quiet. At 
Buitenzorg, Alibag (H), Helwan, Agincourt and Eskdalemuir between 18 h. on the 
17th and 2 h. on the 18th contlitions were a t  least as quiet as usual. Home of the 
curves, in fact, were unusually quiet. Thus we have on this occasion a large Antarctic 
disturbance accompanied by ordinarily quiet conditions over a t  least a large portion 
of the earth. 

Section 113.-The disturbance of March 21-22, 1912, was not a very large one, 
and the records obtained of i t  were somewhat scanty. Curves were not received from 
Honolulu or Sitka, but the official publications supplier1 a certain amount of information 
which has been included in Table CLXTTJ, as it suffices to show that appreciable 
disturbance prevailed. 



In the Antarctic between 23 11. 15 111. 011 the 21st a1id 3 h. 15 111. on the 22nd 
there was a large fall and rise in N'. During these movements there were snlaller 
oscillations in I{'. The largest riiovei1ients in V occurred earlier, between 21-$ h. 
and 234 11. on the 21st. 

TAIX~,IG CLXIII1.--20 11. Mi~r~l1 31 to 5 11. RIarc11 22, 1912. Ylste L1. 

-- Station. IClu~l~onL. -- I I I ~ ~ I ~ X ~ I I I ~ I I I ~ .  ~ T ~ I ~ ~ I I I I I I I I .  

Mauritius ... 

Alibag ... 20 55 (2 1 st,) 

11. I l l .  

I 40 (8211d) 
23 4 (21st) 
22 r, (21st) 

21 25 (21fit) 
4 25 (221113) 

1 30 (23lld) 
20 20 (21 st) 
2 0 (2211d) 

! 
1 20 (2211d) 

At Mauritius between 20 11. 20 111. and 21 11.25 111. there was R sy11ir11etrical rise 
and fall of H, each about 10y. Between 0 11. and 3 11. on the 22nd there were slow 
oscillations in H, and between 1 11. 25 m. and 2 11. 30 111. the elellze11t rose 15)) and fell 
87. The D trace exhibited little riisturbance. The swing to the West after 2 h. was 
practically that normal to the time of day. 

At Buitenzorg there was considern,bly lnorc distnrbance in N thnrl the range 
suggests. It was, however, of ;ul irregular cl~aracter. The E trace also was 
decidedly not regular, and showed e good Inany sm;tll osoillrttions. 

At Alibag, H sllowed a small rise and fall between 20 11. and 21 11. on the 21st, 
and a small fall and rise between 0 h. 30 m., and 2 11. on the 2211d. 

The maximum and ininiinunl and the liourly values in tlie I-Ionolulu official 
publicatioll 'showed that the disturbing forces there in the horizontal plane were 
considerably in excess of those a t  Buitenzorg and Alibag. 



The Agincourt H trace showed a persistent disturbance, commencing with a 
rise about 19 h. 25 m., and continuing until 5 h. on the 22nd. Between 0 h. and 3 h; 
on .the 22nd, H was sensibly depressed. The Agincourt D trace was practically quiet 
until the end of the Zlst, but there were sharp movements between 1 h. and 2 h. 20 m. 
on the 22nd, consisting of a westerly movement of 6', an easterly movement of 18', 
and a slower westerly movement of 14.1,'. There were subsequent smaller movements 
until nearly 6 h. on the 22nd. 

At Eskdalemuir N was decidedly disturbed between 21 h. on the ~ 1 s t ~  and 3 h. 
on the 22nd. There was a bay (depression) between 21 h. and 22 h. on the 21st, 
and considerable oscillations between 1 h. and 2 h. 30 m. on the 22nd. The disturbance 
in E was larger than in N. There was a pretty deep bay (algebraic rise in E) between 
20 h. 20 m. and 21 h. 30 m. The largest movements occurred between 23 h. 50 nl. 
on the 21st, and 2 h. 20 m. on the 22nd. During this time the numerical value of the 
element fell 86y, rose 86y, and fell 44y. V a t  Eskdalemuir was slightly elevated 
a t  21 h. on the 21st. But a decided fall set in after 23 h. and continued until 2 h. 
on the 22nd, when recovery commenced. The early morning depression was very 
considerable, having regard to the comparatively small amplitude of the horizontal 
disturbing forces. 

 he data in the Sitka official publication show that the disturbance there was 
considerable in I) and V. 

The phenomena observed on March 21-22, show a marlted contrast to those 
described on January 17. On the earlier occasion there was considerable disturbance 
in the Antarctic near 24 h. G.M.T., which was practically not represented elsewhere. 
On the later occasion there was again considerable disturbance in the Antarctic near 
24 h., but there was also very appreciable disturbance all over the world, especially 
a t  the more northern stations. Moreover V, which is usually a quiet element, was 
decidedly disturbed a t  Eskdalemuir and Sitka. 

Section 114.-In the Antarctic the earlier part of April 5 showed an averugc 
amount of disturbance. The N' trace showed a nearly uninterrupted fall (numerical 
increase) for the 3+ hours ending a t  0 h. 45 m. on the 6t1, and a corresponding nearly 
steady rise during the next 2$ hours. 

About 18 h. on the 5th, a fall commenced in 11:' which continued almost without 
interruption until 20& h. From 0 h. to 2 h. 45 m. on the (Ith, there was a corresponding 
almost uninterrupted rise. A considerable oscillation intervened between the two 
movements. The disturbance in V was considerably less than in the other elements. 
The general tendency was up the sheet (numerical fall) until 214 h. on the 5th, the 
subsequent movement down the sheet being slow. Thc subsidence of thc distur1,:trice 
in the Antarctic was rapid, and its conclusion unusually well marlted, the traces 
being exceptionally quiet from 5 h. to 11 h. on the 6th. 

At Mauritius the H trace shows an uninterrupted but slow rise to a crest a t  about 
20 h. 20 m. on April 5, followed by a sharp fall to the minimum a t  about 21 h. 36 m. 
There then ensued another uninterrupted rise to the maximum a t  24 h. 0 m., followed 



by a fall of 16y in 40 minutes, and subsequent slight fall until about 3 h. on the 6th. 
The general appearance of the curve is that of two long waves, with crests at about 
20 h. 20 111. and 24 11. 0 m. on the 6th. The 1) trace is also undulatory, the turning 
points corresponding to extreme westerly positions falling a t  about 20 11.26 in. and 
23 11.0 in. on tlie 6th, and 2 11.0 nl. on the 6tl1, wliile those corresponding to extreme 
easterly positions fell about 22 h. 20 in. on the lith, and 0 11.50 111. slid 3 11.30 nl. on 
the 6th. On the normal April day, declination is practically constant from 22h. to 
3 h., so the above undulations, though1 not large, clearly represent disturbance. 

At Buite~lzorg the largesl; ri~oveluu~its in N were (1 risc of 37y  l)ct;wccn 19 11. 5 111. 

and 20 11. 30 lu., t~nd fell of 437 during tlle next two hours. A consiclert~blo fall in 1; 
occurred between 0 11. und 2 h, 011 the ~ t h ,  and sy~lcllrolloiis with it was a well nlarlzod 
bay in tho V trace. 

At Alibag the II trace showed two considerable wave-like ~sc~illatious, the rise 
coming first in both. The crests appeared st about 20 h. 30 in. and 24 11.0 m. on the 
5th, hours a t  wliicll the element is norinally below its mean. 111 tllia case, any 

TABLE CLXIV.-18 11. April 6 to 6 11. April 0, 1012. l'late LI. 

Station. 

- 

Antarctic . . . ... 

Alauritiu~ . . . ... 

Uuitenzorg . . . ... 

Alibag . . ... 

I-Ionolnlu . . ... 

Agincoilrt . .. ... 

1l:ekdaleinuir.. . ... 

Btkn  ... ... 

-- - 

15lorno11t. 

]?IT' 
15' 
V 

11 
D 

N 
1s 
V 

W 

H 
1) 
v 
I i  
D 

N 
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comparison limited to the amplitudes of the disturbance and normal ranges would be 
quite misleading. 

No trace was received from I-lonolulu, the data in Table CjLXIV being derived 
exclusively from the official publication. Clearly the disturbance there was similar 
in size to that a t  Buitenzorg and Alibag. 

The Agincourt H and D traces both show very considerable but irregular 
disturbance. In H it  persisted without cessation from about 184 h. on the 5th until 
nearly 4 h. on the 6th. H was decidedly depressed for three hours after 23 h. on 
the 5th. In  D disturbance was hardly apparent until 22 h. on the 5th, and i t  ceased 
almost abruptly a t  4 h. on the 6th. As in the Antarctic, the disturbance was followed 
by a conspicuously quiet time, which lasted for a good many hours. 

At Eskdalemuir N was very sensibly disturbed on the 5th during the earlier part 
of the afternoon ; and whilst it was nearly quiet for a short time near 18 h., the 
Eskdalemuir curves alone would not have suggested malting zt separation between 
the disturbance before and after that hour. The largest N movements were a nearly 
uninterrupted fall of 57y between 19 h. 46 m. and 20 h. 46 m. on the 5th, and an 
oscillation between 23 h. 10 m. on the 5th, and 0 11. 30 m. on the 6th. The E tracc 
showed only small movements until 18 h. 55 m., when a numerical fall began which 
continued almost without interruption until '20 h. 40 m., the total fall amounting 
to 108y. A numerical rise of 79y ensued in the course of the next 45 minutes. 
Between 22 h. 55 m. on the 5th and 0 h. 5 m. on the 6th, there was a second large, 
numerical fall of 9 5 ~ .  The value of V was slightly enhanced prior to 18 h. on the 
5th. The principal movement was a sharp fall between 23 h. 40 m. on the 5th, and 
0 h. 41 m. on the 6th, followed by a gradual recovery. The traces were all very quiet 
for several hours after 4 h. on the 6th. 

No traces were received from Sitka. The data in Table CLXIV were derived 
entirely from the official publication. Obviously the disturbance was larger in V 
than in H or D, and the range in V considerably exceeded that in the Antarctic. The 
disturbance in the horizontal plane would seem to have been much less than in the 
Antarctic, but fairly similar to the disturbance in 1> a t  Agincourt and in E 
a t  Eskdalemuir . 

The disturbance of April 5-6 was unusually sharply defined as regards its 
termination, a marlcedly quiet time setting in somewhat suddenly a t  all the stations, 
the Antarctic included. The disturbance was characterised rather by the persistence 
in direction of moderately rapid movements than by the presence of any conspicuous 
short-period oscillations. I t  was clearly of general incidence, and the times 
of the largest movements were roughly the same a t  the different stations. The 
East-West component was on the whole considerably more disturbed than the North- 
South. The disturbance in V increased relative to the disturbance in the horizontal 
plane in passing from South to North. 

Section 115.-The disturbance of April 10, 1912, was of short duration. 
In  the Antarctic the earlier part of the day contained many comparativelyshort- 





At Buitenzorg there was a conspicuous bay in the N curve, there being an almost 
uninterrupted fall from 7 h. 30 m. until the minimum a t  9 h. 55 m., but the fall ceased 
to be rapid after 9 h. The recovery was a t  first very rapid, but soon became slower 
Disturbance was visible in E, but it was not large. The V trace showed a bay, 
corresponding fairly in time with that in N, but much shallower. 

At Alibag there was a considerable fall in H between 8 h. and 9 h. 55 m., when 
the minimum occurred ; it was most rapid between 8 h. 20 m. and 9 h. lorn. The 
recovery was fairly rapid for the first 15 minutes, but then became very slow. There 
was little apparent disturbance in D or V. 

At Honolulu the only conspicuously disturbed feature was a hump in H between 
75 h. and 93 h. During its occurrence H was enhanced, not depressed like H at  
Alibag or N at  Buitenzorg. The D trace was generally smooth, but showed decided 
dimples between 89 h. and 104 h. During their occurrence the needle was to the East 
of its normal position. The V trace showed a decided bay (element numerically 
enhanced) between 84 h. and 94 h. 

At Agincourt there were a good many minor oscillations in the H trace between 
6 h. and 12 h., just as there had been earlier in the day. The most noteworthy feature 
was a considerable bay (depression) between 8 h. and 10 h. In D the disturbance, 
was much larger. The trace, which had been very quiet during the early morning 
of the loth, became slightly oscillatory shortly after 4 h., and remained so until 
8 h. 15 m., when a decided westerly movement began which continued until 9 h. 25 m. 
The time of most rapid movement was from 8 h. 35 m. to 9 h. 10m. The total 
amplitude of the westerly movement was 24'. After 9 h. 25 m. an easterly movement 
began which continued until 12 h. ; it  amounted to 21'. 

At Eskdalemuir the N trace was unquiet throughout the earlier part of April 10. 
From 6 h. to 8 h. there were numerous very short-period oscillations. Between 
8 h. 15 m. and 9 h. 5 m. there was a nearly uniform downward slope on the trace, the 
fall amounting to 52y. Subsequently until nearly 12 h. there were numerous short- 
period oscillations. The disturbance in E was a good deal smaller. The largest 
movement was an algebraic fall of 297 between 9 h. 30m. and 10 h. The V trace, 
except for a slight dip just after 8 h., was practically quiet. 

At Sitka the traces showed some minor oscillations, but no movement of any size 
until after 8 h. The first considerable movement in H was a rise of 5 9 ~  commencing 
about 8 h. 30 m. After some minor oscillations there occurred a fall of 87y in 15 
minutes, commencing about 8 h. 55 m. In the course of 36 minutes there was a fall 
of 987 and rise of 10271, the turning point occurring a t  9 h. 51 m. After 12 h. there 
were only small oscillations. The I) movements, though smaller, were also 
considerable, but somewhat irregular. The needle was on the whole displaced to  
the East of it8 normal position. The largest movements occurred between 8 h. 20 m. 
and 11 h. 15 m. The most prominent was an oscillation between 9 h. 50m. and 
10 h. 30 m., which included an easterly swing of 20' followed by a westerly swing of 
15'. The V movements were larger, and much more symmetrical than those in the 



horizontal components. There was a large hump on the trace (depressiou of V) 
extending from about 74 h. to 13 h. ; but the rate of change was slow until after 8 h. 
and again after 12 h., and comparatively slow after 11 h. The hurnp was not perfectly 
symmetrical, there being two summits, the second the higher. 'Che rise to the first 
summit was on the whole faster than the final fall. The rise in the trace (fall in V) 
was most rapid between 8 11.50 m. and 9 h. 20 m. The hunlp was very siinilar in 
appearance to that described a t  Sit,lra on several previous occasions. After 12 h. for 
several hours the curves showed only small oscillations, inostly of short period, being 
almost normally quiet for Sitka. 

The disturbance on April 10, 1912, wus of comparatively short duration, and 
a t  most stations i t  was preceded and followed by much quieter times. It was only 
of moderate amplitude, but some rather noteworthy differences presented tl~enlselves 
between the different stations. At most, including the Antarctic, the disturbance was 
greater in H (or N) than in D (or E), but to this Agincourt was a remarkable exception. 
At most stations (including Mauritius, Buitenzorg, Alibag, Agincourt, Eskdalein~zir 
and on the wl~ole Sitlta) H (or N) was depressed, but a t  Honolulu it was elevated. At  
most stations, including the Antarctic, the range in V was less-usually much less-than 
the range in H (or N), but a t  Sitlra it was considerably larger. 

Section 116.-In the Antarctic conditions had been normally quiet for some hours 
prior to 1 h. on April 15, 1912. The first indication of disturbance was a fall in N' 
commencing about 1 h. 40 m. It was interrupted by short-period oscillntions but 
continued until nearly 6 h., the natural time of the daily nlinimum (maximum in 8'). 
A reverse movement then set in and continued wit11 minor interruptions u~itil after 
11 li., or about tho natural time of the daily maximum. Between 11 h. 16 rn. and 14 11. 
there was a considerable fall in N', wliich brought the trace back to about its normal 
level. 'L1l1e general trend in the It:' trace wus a rise to about 7 h., the time of the ordinary 
maximum, followed by a fall to about 12 h. There were numerous short-period 
oscillations, and after 10 h. tliere were two or three larger oscillations of longer period. 
The V trace exhibited nunierous short-period oscillatiolu. The largest single 
movelnent was comparatively trifling, being s fall of about 35y between 12 11.46 min. 
and 13 h. The general trend of the V trace was downwards (LC., ~iumerical rise) from 
2 h. 40 m. to 8 h. What the Antarctic clirves us a whole suggested wt~s not so nlucli 
a disturbance as an arnplifioation of the ordinary regular diurnal variation throughout 
the time considered. 

At Mauritius the H trace showed some slow oscillations after 2 h. The fall from 
the  nux xi mum to the ~ n i n i ~ n u n ~  was considerable, but a t  no time rapid ; it was 
interrupted by some minor oscillations. Between 11 h. 20 m. and 14 h. there was a 
rise of 27y, leaving the elenlent still consider&lrly depressed. The D trace was slightly 
undulatory. Between 2 11. and 3 11. there was an easterly lllovelnent of about 5$', and 
again between 10) 11. and 11 11. cln easterly movement of about I*', while tlle llatural 
direction of ~novement s t  both ]lours is westerly. On tlie otlier hand, between 7 h. 
and 8-jl h. there was an easterly movement of about 24', agreeing this time with the 



normal direction of change. Thus at  Mauritius the natural diurnal variation sometimes 
assisted and sometimes opposed the influence of disturbance on the declination. 

At Buitenzorg the N trace showed a fall between 3 h. 40 m. and 8 h..40 m., 
interrupted only by numerous small short-period oscillations. Leaving these out of 
account, the slope downwards of the trace during these five hours was not far from 
uniform. After 9 h. 20 m. the general trend of the trace was upwards, but the rise 
was interrupted by a fall of 27y between 10 h. 40 m. and 1 1  h. 10 m, The E trace 
showed a nearly continuous rise, interrupted only by some small oscillations, from 
a little after 2 h. (the ordinary time of minimum) until after 8 h. (near the ordinary time 
of maximum). The rise was followed by a nearly uninterrupted fall. It was hardly 
a case of disturbance, but rather of amplification of the natural diurnal changes. The 
V trace showed a gradual rise (numerical fall) from 1 h. t o  4 h., with subsequent reverse 
movement from 4 h. to 10 h. The change in V, like that in X, represented enhancement 
of the natural diurnal changes. 

TABLE CLXV1.-1 h. to 14 21. April 15, 1912. Plate LII. 



At AIibag the natural change in H is a fall from a little before G h. until 16 h. On 
the present occasion the fall set in about the usual time but proceeded a t  a considerably 
greater rate than usual, reaching a ~ninirnum considerably lower than usual about 
11 11.20 m. T t  was roughly a case of doing donble the norn~al fall in half the ordinary 
time. After 11 h. 20 m. a recovery set in which, thong11 fairly rapid for the first 20 
minutes, was on the whole a good deal more gradual than the fall, the element remaining 
~ensibly depressed until a t  least 20 h. 

The trace received from Honolulu comnienced about 3 h. 40 m., but apparently 
(lid not show the full range in any of the elements, the inaxinlum in H and the minima 
in D and V occurring earlier. 'I1hus 'I'able CLXVl contains only an approximation to 
the ranges, derived from the data in the official publication. During the time covered 
by the trace received, the principal movements were tl slightly interrupted fall and rise 
in H, the minimum appearing a t  8 h. 21 m., and the rise ending about 11 11.20 m. 
After this hour the H trace showed only some small oscillations. 'She daily minimum 
in H is but poorly marlted a t  Honolulu, so that all that can be said is that on April 15 
the minimum occurred a t  an llo~lr when values near the minimurn are normally recorded. 
l'hc U and V traces a t  Honoluliz containet2 some undulatory nlovernents of no great 
~ize .  

At Helwan H rose about 20y between 2 h. 35 nl. and 3 h. 35 in. After that the 
general trend was a fall to the minimum a t  11 11. 20 in., but the slope of the curve was 
never steep, and there were temporary recoveries. The minimum occurred about the 
ordinary hour of the maximuin. Thus tlie disturbance was opposed by the natural 
diurnal change, which presumably explains the co~nparatively small amplitude of tlie 
mnge. !I1he 1) trace appeared almost nonnal. The V trace was too faint for srttisftbctory 
mca,g~zrement, but apparently was but little disturbecl. 

At Agincourt conditions were quiet from 23 11. on the 14th until 2 11. on the 15th. 
At 2 h. H began to fall pretty rapidly, and the fall continued until nearly 4 h. 'I1~iero 
then ensued a series of undulations with shorter period oscillatioi~s superposed, the 
general trend continuing downwards until the minimlun was reached a t  8 h. 35 111. A 
rapid recovery then set in. Between 8 h. 6 m. and 9 h. 0 m. tliere was a fall of 70y 
and rise of 897. After the rninimuil~ a t  8 11. 35 1x1. the general trend of the curve was 
upwards until 13 h., but there were no large ~novelnents after 11 11. ?'he II trace was 
quiet until 2 11. Between 2 h. 40 m. and !) 11. 15 ~ n .  tlicre was n succession of slow 
undulatory movements l G i - '  IZ., 21$' W., 21' E., 20' W., SO&' IS., 284' W. and 16k' IS., 
with shorter period oscillations superposed on tlmm. S~lbso~uently there were no lttrge 
Inovements, but shorter period oscillations continueti until 15 11. 

At Eslnlslemuir conditions were llorlllally quiet from 23 11. on the 14tt11 until 
nearly 3 h. on the 15th. Between 3 11.10 In. and 4 11.25 in. N. rose 26y fell 35y. 

Between 4 h. 25 m. and 5 h. 19 m. i t  rose 4.y. From 6 h. 19 ~ n .  to G 11.30 m. there 

was a fall, interrupted by minor oscillations, which arnounted in all to 10Gy. 
Subsequently there were very nulnerous and not inconsiderable short-period oscillations, 
wllicll cuntinuctl until tllo oi~rly ]lours of t11e i ~ t I l .  l'hey sliowcd, in fact, 110 i~mrlted 



tendency to diminish until 18 h. on the 15th. The E trace was practically quiet until 
2 h. 45 m. From then to 4 h. 50 m. it executed three considerable movements, a fall 
of 26y (numerical rise), a rise of 677 and a fall of 67y. No subsequent movement 
approached the last oscillation in size, but oscillations of short period continued until 
18 h. A distinct fall began in V after 2 h. 30 m., but ib was interrupted by a slight 
rise between 3 h. 50 m. and 4 h. 30 m. Thereafter the fall was resumed until 5 11.19 m. 
From 6 h. to 14 h. there was a very gradual rise. 

At Sitka the disturbance was a very lively one. The trace received did not begin 
until 2 h. 20 m., but conditions then and for the next half-hour were quiet, except for 
small short-period oscillations. Conditions had become decidedly more disturbed by 
3 h. Larger movements set in about 6 h. 40 m., and conditions from then until 12 h. 
were very highly disturbed, there being numerous large oscillatory changes in all the 
elements. After 12 h. there was a rapid decline in disturbance, but minor short-period 
oscillations continued for some hours after 14 h. The general trend of the H trace 
was downwards from the maximum at  6 h. 52m. to the minimum at  11 h. 22 m., but 
the fall was interrupted by many large oscillations. The recovery after the minimum 
was a t  first very rapid. In the first 20 minutes there was a rise of 2317. The depression 
remaining after 14 h. was comparatively small. The disturbance in D was smaller 
than in the other elements, and its general trend less decided. Between 7 h. 0 m. and 
7 h. 30 m. there was an oscillatory movement 33' West followed by 39' East. Between 
10 h. 35 m. and 11 h. 25 m. there was another large pair of movements 37' to West 
and 45' to East, a quiet interval of some eight minutes separating them. In V the 
general trend was a rise, in all about 227y, between 3 h. and the maximum at  6 h. 46 m., 
and then a fall. At 9h. 35m. the fall since the maximum amounted to 446y. 
Both the rise and the fall were interrupted by oscillations, but these were neither so 
large nor so numerous as in the case of H. From 9 h. 36 m. until 10 h. 46 m., V on 
the whole rose decidedly ; but between 10 h. 45 m. and 11 h. 24 m. there was a further 
fall of 154y. After the minimum at 11 h. 24m. V rose almost uninterruptedly until 
14 h., the rise amounting to 254y. There was a further rise between 14 h. and 17 h. 
but only about 257 in all. The disturbance a t  Sitka centred about local midnight, 
an hour when the normal diurnal changes are very small. 

In the storm of April 15 there was a marked contrast between the phenomena 
a t  the southern stations, including the Antarctic, and at  the northern. In the southern 
stations the range was considerable, but the movements were on the whole comparatively 
slow and regular, more like an enhancement of the normal diurnal changes than 
anything else. At Agincourt and Eskdalemuir, however, and still more at  Sitka, the 
changes were abrupt and irregular, and in every way indicative of disturbance. 
Except at  Sitka the range of the vertical force was trifling, but there it was very 
large, being nearly four times as large as in the Antarctic. The contrast between tlie 
V changes a t  Eskdalemuir and Sitka, stations differing only 12" in latitude, is truly 
remarkable. 

Section 117.-On May 12-13, 1912, there was a disturbed time during which there 



were considerably quieter interludes of some duration. It has seemed best to discuss 
three separate parts of the disturbance separately, the first including 0 h.-14 h. on 
the 12th. 

TABLE CLXVI1.--0 h. to i 4  h. May 12, 1912. Plate LII. 

In the Antarctic the disturbance bore a considerable rese~nblance to that on 
April 16, 1912, during the same part of the day. On comparing Tables CLXVI and 
CLXVII it will be seen that corresponding maxima and minima appear a t  hours which 
do not differ much. On May 12, as on April 16, the disturbance was largely represented 
by nn enhancement of the normal diurnal variation. The N' truce was more disturbed 
than the others. Its trend was on the whole downwards froin 0 11. to the mininlum 
a t  3 h. 33 m., but the fall wtts interrupted by considerable oscillations. After the 
minirnurn the general tendency was a rise until 79 h., a fall until 8& h., a nearly level 
portion, a rise to the maximum a t  11 h. 25 m., and n considersble subsequent fall. 
After 14 h. the trace was much quieter for some hours, The E' truce showed a gradual 
rise, interrupted by numerous minor oscillations, until the luaxinlu~n st 7 11.37 In. 
This was followed during the next 46 mitultes by a fall of 1397. Between 10 11.6 m. 
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and 12 h. there was a fall of 113y and a rise of 84y, the latter occurring after the 
minimum was reached. V was hardly disturbed until after 2 h. From the maximum 
a t  2 h. 10m. t o  the minimum a t  8 h. 5 m. there was a gradual fall, interrupted only 
by small oscillations. A sensible rise ensued during the first hour after the mininzum. 
The subsequent changes were not strilcing, 

At Mauritius after 0 h. H increased, with one slight interruption, to the maximum 
a t  2 h. 45 m., and then fell with one or two slight interruptions until after 8 11. After 
a slight rise between 8 h. 15 m. and 9 h. 20 m., the fall was resumed until the 
minimum was reached a t  11 h. 40 m. The time of maximum somewhat precedes that 
of the normal diurnal variation, but the changes agree generally in direction with those 
customary a t  the hour, only the range is about thrice the normal. The U trace gave 
but slight indication of disturbance, and the range did not exceed that of the 
average day. 

At Buitenzorg the disturbance was mainly confined to N. The N trace showed 
a large number of short-period oscillations, and some longer period oscillations of no 
great size. On the whole the movements represented merely an enhancement of the 
regular diurnal variation. 

At Alibag the H trace showed a few small oscillations after 2 h. Its main feature 
was a nearly unbroken fall from 6& h. to the minimum a t  13 h. 10 m. There was a 
pretty smart recovery during the first half-hour after the minimum. The curve was 
practically quiet from 12 h. to 16 h. 

No trace was received from Honolulu, but the data in the official publication 
supplied information which has been included in Table CLXVJT. There was obviously 
a fair disturbance there in H, the range exceeding that a t  Mauritius or Alibag. The 
V trace must have been sensibly disturbed as well. 

At Agincourt the H trace had shown minor oscillations since 19 11. on the l l t h ,  
but became more disturbed after 1 h. on the 12th. The largest movements occurred 
between 3 h. and 8 h. They included a fall of 6Oy and rise of 407 between 3 h. 5 m. 
and 4 h. lorn., a rise of 40y and fall of 45y between 5 h. 40m. and 6 h. 20m., and a 
rise of 45y between 6 h. 55 m. and 7 h. 40 m. Shorter period oscillations continued 
after 8 h., but there were no large movements. H was normally quiet for several 
hours after 12 h. The I) trace was very quiet during the afternoon of the l l t h ,  and 
showed no considerable movement until after 2 h. on the 12th. Between 3 h. and 9 h. 
there were some considerable movements, larger decitledly than the movements then 
proceeding in H. Between 4 h. 10 m. and 4 11.50 m. there were movements of 13' to 
the West and 9' to the East ; between fi h. 20 m. and 6 11.15 m., 20' to the Jhs t  and 17' 
to  the West ; and between 6 h. 25 m. and 8 h. 15 m., 294' to the West ant1 16' to the 
East. After 11 h. D was normally quiet for a number of hours. 

At Eskdalemuir the N trace on the afternoon of May 11 showed a considerable 
amount of minor disturbance, which would not naturally be separated from the larger 
disturbance on the 12th, though the first two hours of that day were comparatively 
quiet. The disturbance in N on the 12th increased decidedly after 3 h., and remilined 



more active until 12 h., when a decidedly quieter though still slightly disturbed time 
ensued. There were no individual rnovenlents in any way striking. E was most 
disturbed between 2 h. and 6 h., when some considerable movements occurred. 

. Short-period oscillations were a good deal in evidence then and untjl 10 11. Retween 
12 11. and 16 11. the E trace was ss  clniet as usual. 'I'he V trace showed two or three 
sn~:tll dimples, tlie largest about 4 h., but t,he tlisturbancc in tliat elenlent was trifling. 

At Sitka the H and 11 traces during the afternoon of tlic 11th contained t n ~ n y  
sliort-period oscillutions, and after 0 11. on tlie 12th these increased in size. Longer 
period oscillations gradually developed, and after 4 11. they also appeared in the V trace. 
!I1he largest movements occurred between 7 11. and 84 11., arid again between 11 h. and 13 11. 
A somewhat unusual feature was that the range was larger in 11 than in H. Tllere 
were several rapid oscillations in D between 7 11. and 89 h. Tlie lnost notewortlly 
was a westerly movement of 26' and easterly inovement of 22' between 7 11.35 n ~ .  and 
7 11. 50 m. 'I'llc V trace was a good deal less oscillatory than the D and H traces, but 
sllowecl s good deal larger range. There was a general fall in V, interrupted by 
oscillations, from the maximum a t  5 11.54 m. to a conspicuous turning point about 
8 11. 'I1lic Sit11 during t,llis time amounted to  1957, of which 1 5 7 ~  occurred bet~veen 
7 h. I0 rrl. :uid 8 1 1 .  After 8 h. V sllowed no large oscillation, but a gradual rise nntil 
9 11.40 111. 'I'hcre then ensued a gradual fall, interrupted for about 10 nlinutes shortly 
after 11 li., to tlie lninilnnln a t  11 h. 40 m. During the first 40 ~liinutes after the 
minilnu~n the rise amounted to 667. Subsequently i t  took place a t  a diininislied rate 
until about 15 11. All the traces were practically quiet for sonle hours after 14 11. 

On this occnsion the disturbance in t l ~ e  11orizontal plane was decidedly larger in 
tlie Antarctic than a t  Sitlta, but the disturbance in vertical force a t  Sitka had s range 
~ ~ i o r e  tlluri tlouhle that in tlie Antarctic. 'lllic disturbance in declination was larger tlian 
l,lli~t in 14 I,oth ttt Sitks and Agincourt, anc-2 i t  was fully larger a t  Agincourt thttn a t  Sitkit. 

S ~ c t i o v ~  118.-The Antarctic traces after 14 11. on May 12 were by no ineans 
specially quiet, but showed no outstanding n~overnent until after 21 11. Between 
21 11. and 24 11. there was a conspicllous bay in tllc 15' trace, :tnd :~~lso considerable 
though smaller movements in N'. Ten minutes' trace was lost imnlediately before 
23 li., so the range in ']!able CLXVlTl inay have'been exceeded. The V trace showed 
msny short-period oscillations, but 110 large inovement. After 23 11.20 11.1. the tlrttces 
were all norinally quiet. 

At Mauritius the 13: trace, wllicll had been very quiet for 2 hours previonsly, 
containccl a well-marltetl hmnp (elevation of I-I) betweell 21 11. :tnd 23 h., n rise of 
247 being followed by a fall of 167. 'I'lle I> trace sliowed n buy (easterly deflection). 
A swing to the I3ast of 2' occurred in about 20 minntes. 'I'he subseqtlcllt swing to 
the west was slower, but details collld not be lnade out in t1he trace, and the rnllge in 
Table CLXVlIT may linve been slightly exceeded. 

At Buitenzorg the lnove~nent in N was pretty sinlilar to that in H a t  Mauritius. 
Tile D trace was sensibly undulatory. Tllc V trace seeined also sliglitly distnrbed, 
h t  was too faint to measure. 



At Alibag the H trace showed a decided hump (elevation) between 21 h. and 23 h. 
The fall in H was less than the previous rise, but not so decidedly so as in the case of 
H a t  Mauritius or N a t  Buitenzorg. 

At Agincourt the H trace showed a succession of waves between 20 h. and 24 h., 
of which the disturbance between 21 h. and 23 h. seemed to form part. The D trace, 
however, was practically quiet, except between 21 h. and 23 h., when there was a bay, 
during which D was East of its normal position. 

Buitenzorg ... 22 40 I 21 40 

TABLE CLXVII1.-21 h. to 24 h. May 12, 1912. Plate LIT. 
-- - - - - - - - -- - -. 

Alibag ... I 22 15 

Station. 

At Eskdalemuir the N trace showed an irregular hump (elevation) from about 
21 h. to 23 h. The E trace contained a rather rapid oscillation between 21 h. 25 m. 
and 21 h. 50 m., a numerical rise of 28y being followed by a numerical fall of 607. The 
V trace was more disturbed than the range might suggest. The value was naturally 
falling a t  the time, but the fall from 214 h. to 22 h. was so much faster than usual that 
a decided bay (depression) was formed, the element reversing its normal direction of 
change and rising between 22 i  h. and 23 h. 

At Sitka the disturbance was somewhat irregular. Jf anything, H was depressed 
between 21 h. and 22i  h. Between 22 h. 25 rri. and 22 h. 35 m. there was a rise of 
587. The D trace resembled the H in showing numerous short-period oscillations 
between 21 h. and 24 h., but was not more disturbed then than earlier. The V trace 
showed a shallow bay between 214 h. and 23& h., the element being slightly enhanced 
in value. 
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The appearance of the curves suggests a common source for the disturbances in 
the Antarctic and a t  Mauritius, Buitenzorg and Alibag, especially at  the three latter 
stations, where the prominent movements were a rise and subsequent fall in H or N. 
The principal movements in the Antarctic corresponded fairly in time with those at 
Mauritius, Buitenzorg and Alibag, but the most conspicuous change was a fall and 
rise in E'. The N movement at  Eskdalemuir and the D ~novement at  Agincourt 
suggested a common source of disturbance for these and the more southern stations, 
but this is not what would have been suggested by the E trace at  Eskdalemuir, the 
H trace a t  Agincourt, or any of the traces at  Sitka. 

Xection 119.-The disturbance between 0 h. and 3 h. on May 13, 1912, has 
already been dealt with amongst the short period disturbances, see Section 83 and 
Plate XXXVIII, but it has been included in the disturbance between 0 h. and I4 11. 
to facilitate comparison with the previous day. 

TABLE CLX1X.-0 h. to 14 h. May 13, 1912. Plate LIII. 

I,;, r,,,ont. 
-- -. 

Maximum. i M ~ I I ~ I ~ I I I ~ .  

Antarctic . .. 

/ Mauritius ... 

In the Antarctic the regular diurnal changes showed evident expunsion on the 
13th as on the 12th, but on tho 13th irregular variations were considerably more in 
evidence. In addition to the large bay-like movements in N' and E' between oh.  
and 3 h., there was a disturbance between 5 h. and 7 h. which presented some 
resemblance to the " special type." Between 3 11, and 5 11. collditions were qnieter in 



all the elements than they were again until after 14h. In  N' the most prominent 
movements were the fall and rise (numerical rise and fall in 8') constituting the bay 
between 0 h. and 3 h., a series of rapid oscillations between 5.;t h. and 64 h., and a rise 
of 191 y between 6 h. 55 m. and 7 h. 50 m. In  E' the most prominent movements 
were the rise and fall between 0 h. and 3 h., some sharp oscillations near 6 h. (between 
5 h. 56 m. and 6 h. 11 m. there was a fall of 129y and a rise of 103y), a rise oi 149y 
between 7 h. 10 m. and 7 h. 55m., and a fall of 132y between 10 h. 25 m. and 
10 h. 55 m. In  V the movement between 0 h. and 3 h. was not large compared with 
the later movements. Between 5 h. 48 m. and 6 h. 40 m. there was a fall (numerical 
rise) of 210y and rise of 170y. Between 7 h. 50 m. and 9 h. 10 m. there was a fall 
(numerical rise) of 238y, and between 10 h. 35 m. and 11 h. 35 m. a rise of 150y. V was 
very decidedly depressed (numerically enlarged) between 6 h. and 13 h. 

At Mauritius H had a smart fall of 16y between Oh. 50m. and 1 h. 25m., 
followed by a gradual rise until 4 h. The curve between 7 h. and 14 h. was of a bay 
shape, the fall to the minimum a t  10 h. 30m. being about 48y, and the subsequent 
rise about 40y. The minimum occurred somewhat earlier in the day than usual, and 
the range was about thrice the normal, but the changes were of similar type to  those 
of the average day. The D trace was too faint to measure until after 2 h. But i t  
was very quiet for an hour after i t  was clearly visible, so it is unlikely that  the range 
given in Table CLXIX was exceeded. The trace was on the whole smooth, a westerly 
movement prevailing from 3& h. to 64 h. and from 12 h. to 14 h., and an easterly 
movement frorn 85 h. to 11 h. These movements fairly represented the normal 
diurnal changes. l'hus D was practically unaffected by the disturbance. 

At Buitenzorg, after recovering from the depression between 0 h. and 3 h., N 
began to fall about 4 h., and the fall continued with minor interruptions to the 
minimum a t  10 h. 15 m. The ordinary diurnal fall appeared to be more than 
doubled in size, and shortened in time by from 3 to 4 hours. During the first hour 
after the minimum was reached there was a rise of 48y. The subsequent recovery was 
slower. The li: trace showed some minor oscillations, but the range was about normal. 
The V trace had a pretty regular course, but the amplitude of the regular diurnal change 
was doubled, and the turning point was advanced. After the minimum (numerical 
maximum) there was a pretty smart rise for 40 minutes, the rate then marltedly declining. 

A t  Alibag the bay in the H trace shortly after 0 h. was fairly prominent, and 
there were small irregular movements between 43 h. and 6h., but the largest 
movement consisted of a nearly uninterrupted fad1 from the maximum a t  6 h. 40 rn. 
to the minimum a t  10 h. 30 m. 7'he maximum occurred about the normal hour, but 
the minimum anticipated the usual time by about 44 hours, and the amplitude was 
quite clouble the normal. Between 10 h. 30 m. and 11 h. 30 rn. there was a pretty 
smart rise of 25y. After 12 h. conditions were practically quiet. 

At Agincourt H was continuously disturbed from 20 h. on the 12th to 12 h. or 13 h. 
on the 13th) with the exception of a pretty quiet time between 211.40 m. and 
4 h. 20 m. on tlie 13th. The largest movements on the 13tl1 occurretl between 



1 11. and 3 11. Between 4 h. 20 nl. and G 11. tliere was a rise of 40y and fall of 35y. 
Between 6& 11. and 104 11. there was a bay (depression of H )  of no very great depbh, 
but acco~npanied by numerous minor oscillations. These oscillatioils continued 
until 13 h. The D trace a t  Agincourt showed large oscillutions between 0 h. and 
3 11. 011 the 13th. From 3 h. to 4 11. there was normal quietness. Between 411. and 
G h. there were some moderate oscillations. Between 7 11.20 111. and 8 11.10 nl. there 
was a westerly movement of 18', and between 8 11.50 111. and 9 11.35 nl. a11 easterly 
inovenlent of 15'. Subsequently there were only ininor oscillations. 

At Eslrtlalemuir the bay movenient in N, which ended about 2 li., was pronlineiit. 
Fronl 2 11. to 5 11. there were only small oscillations. Between 5 11. and 7 11. there was 
a bay (depression of N), the element being about 30y lower a t  6 11. than a t  6 11. or 7 h. 
Pro111 7 h. to the minimum a t  8 h. 58 111. there was a fall of 77y, and bet1ween 10 11.18 In. 
and 11 h. 38 in. a rise of 707. For some hours after 12 11. there were only sinall 
short-period oscillations. The E trace showed a double bay (numerical depression) 
between 0 h. and 3 h. The subsequent inovements were smaller. Between 7 11. and 
t) 1;. there was a bay, the element being nun~erically lower a t  8 h. 2 in. by 43y tlian a t  
7 11. From 12 h. to 16 h. there were only trifling short-period oscillations. 111 V the 
depression between 0 11. and 3 h. was the only conspicuous feature. 

At Sitka* the disturbance between 0 h. and 3 h. wtts well marlcod. During the 
next 2 hours conditions were much quieter, though short-period oscillations still 
prevailed, especially in H. After 611. the curves, especially a t  first the I) curve, 
became considerably inore disturbed and the disturbance gradually increased. 
Betweon 7 11.40 m. and 9 11. 44 m. H fell in all 147y, and between 9 11.44 in. and 
11 h. 30m. i t  rose 118y, the fall and the earlier pitst of the rise being interrupted by 
numerous oscillations. Between 6 11. 6 ~ n .  anti 6 11. 26 ~ n .  1) li~ovedl 111' to  the East. 
Between 6 11. 5 111. and 7 11. 55 111. there was i11 the aggregate a westerly i~love~nent 
of 38', and between 711.55121. and 1011. 12111. 011 the aggregate :an easterly 
~novenlent of 47'. These two inove~nents were much interrupted by sllorter period 
oscillations. Between 10 h. 12 111. and 11 11.20 111. there was an almost uninterrupted 
westerly movement of 33'. l!he V trace was nlucll quieter than the I-I and 1) traces 
nntil after 7 h., but about 7 11. 20 in. there begun a drop in V, which continued with 
only illinor interruptions until the rninii~~~lni  a t  10 11. 13 111. The total fall in this 
tiirle was 289y. A rapid rise tllen set in, the illorease measureci up to 11 11. 30 In. 
amounting to 2 3 4 ~ .  V conti~iued to rise frorrl 121.1. to 1311., but at u nluull gentler 
rate. In fact after 1211. tlle conclitions inight be described cis very quiet conipared 
with those prevailing during the previous 5 hours. H continued to fd l ,  t~utl I) to 
move to the I3ast after 14 h., but a t  a con1parat;ivoly slow rtete, and short-period 
oscillations though present were of a small size. 

Disturbance was everywhere prevaleilt on May 13, but the tiinc when it wus most 
active differed a t  the different stations. This aspect of the case will be best brought 
out by a short survey of the two days Mtly 12 and 13. 

* Sitlza trace was overlooked when preparing l'lato XXXVIII. Thoru was u ~lhort gull aftor 2 h. 



The Antarctic curves suggest practically continuous disturbance, with periods 
of special activity centring about 3h., 7& h., ll* h. and 22 h. on the 12th, and about 
14 h., 64 h., and 10 h. on the 13th, with a distinctly quieter interval from 14 h. to 18 h. 
on the 12th. Which of the disturbed periods was the most disturbed it is difficult to 
say, but the 13th was decidedly the more disturbed day of the two. 

At Mauritius the most disturbed time was from 21 h. to 23 h. on the 12th. 
At Buitenzorg the most disturbed times seemed to be from 0 h. to 3 h. and 7 h. 

to 12 h. on the 13th. But the movements as a whole seemed not so much disturbances 
as enhancements of the ordinary diurnal change in N. 

At Alibag the phenomena were similar to those at  Buitenzorg, but the disturbance 
from 0 h. to 3 h. on the 13th was little if at all greater than that centring at  22 h, on 
the 12th. 

At Agincourt the D trace is the most instructive, as it consisted of several more 
or less isolated patches of disturbance, separated by much quieter intervals. The first 
highly disturbed time included 3 h. to 84 h. on the 12th, more especially 5 h. to 8 h. 
The second highly disturbed time, O& h. to 24 h. on the 13th, exhibited a smaller range of 
oscillation than the first, but the oscillations were more rapid. The third period, 
7 h, to 10 h. on the 13th, was decidedly the least disturbed of the three. The H curve 
a t  Agincourt showed much more persistent disturbance than the D. Its most disturbed 
times were 3 h. to 8 h. on the 12th, and 04 h. tto 24 h. on the 13th, but they did not 
throw the disturbance at  other times into the shade. 

At Eskdalemuir the only considerable disturbance in V occurred between 0 h. 
and 3 h. on the 13th. The most prominent movement in the N trace occurred at  t'he 
same time, and the corresponding disturbance in E was amongst the largest in that 
element. 

At Sitka the V trace, like the 1> trace at  Agincourt, showed a succession of 
comparatively isolated periods of high disturbance, including 4 h. to 9 h. and 10 h. 
to 14 h. on the 12th, and 1 h. to 3 11. and 74 h. to 114 11. on the 13th. The H and D 
disturbances were more persistent, but they undoubtedly culminated about the same 
time as those in V. The most disturbed time unquestionably was from 74 h. to 1.14 h. 
on the 13th. 

Section 120.-On June 8-4, 1912, there was a somewhat disconnected series of 
disturbances, quiet intervals intervening. Of the traces received, some covered only 
the earlier and others only the later of the more disturbed periods. This led to 
separate consideration of the following times : on June 8, 2 h. to 5 h., 6 h. to 8 h., 
10 h. to 16 h. and 19 h. to 22 h. ; and on June 9, 0 h. to 5 11. Particulars for these 
intervals are given separately in Table CLXX. 

In the Antarctic the chief movements between 2 h. and 5 h. on the 8th were bays 
in the N' and E' curves. During this time there was a fall (numerical rise) in V, 
interrupted by short-period oscillations. 

Between 6 h. and 8 h. there was a disturbance of the special type, the phases of 
which are given in Table CXL. The movement in Ji:' between 6 h. and 8 h. was 



considerably greater than the movement between 2 h. and 5 h., but in N' the reverse 
was the case. Disturbance was not wholly suspended between 6 11. and 6 h., or 
between 8 h. and l o l l . ,  there being numerous short-period oscillations, but slower 
oscillations were less in evidence. In N' the shorter period illoveriiel~ts tentled to give 
place to bolder more gradual movements before 11 h. The chief was a rise (numerical 
fall of St) of 184y between 12 h. and 13 h. 57 m., followed by a fall of 191 y in the course 
of the next 25 minutes. The rlioven~ents in I{' were less proniinent. In V tliere was 
a considerable fall (numerical rise) between 13 11. and the ininilnu~n a t  14 11. 12 n~. ,  
followed by a rapid rise until nearly 15 11. The rapid short-period oscillations seemed 
practically suspended in all the traces between 11 11. and 12 11. Between 16 11. und 19 11. 
conditions were about normal. Between 19 h. and 22 11. there was a deep bay in E' 
(depression), and a considerably shallower bay in N' (nunlerical rise), tlie V trace being 
less disturbed. Pinally between 0 h. and 5 h. on the 9th there were some considerable 
oscillations in N', especially between 2 h. and 3 I]., when there was a deep bay. 
Between 1 h. 57 m. and 2 h. 17 111. N' fell 153y, and between 2 11.17 111. and 4 h. i t  
rose 198y. Synclironously with the bay in N' there was a shallower bay in El, and 
also a bay in V (numerical rise). !L111e turning points appeared later in E' and in V 

TABLE CLXX.-June 8-9, 1912. l'late LIJJ. 
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Time of 

mum. mum. 

than in N'. The principal fall in V (numerical rise), amounting to 135y, occurred 
between 2 h. 10 m. and 2 h. 28 m. The recovery from this fall soon diminislietl in 
rapidity, but continued until 4  h. So far as the Antarctic is concerned, the disturbance 
ceased to have special features after 4 h. on the 9th. 

At Mauritius the H trace showed a shallow bay (depression) between 211. and 
4& h. on the 8th. Between 6 h. 45 m. and 7 h. 10 m. H fell 14y. 'l'here was a gradual 
fall of 34y between 10 h. 10 m. and 13 h. 40 m., followed by a rise of 20y 
between 13 h. 40 m. and 14 h. 50 m., and a subsequent fall of 12y before 16 h. 
Between 19 h. and 22 h. there were two oscillations. In the second, which was 
considerably the larger, there was a rise of 247 followed by a slightly interrupted fall 
of 1Yy. Between 0  h. and 5 h. on the 9th the general trend of the H curve was upwards, 
the normal direction for the hour, but the rise was interrupted from 211. Om. to 
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2 h. 25 m., and again from 3 11. 40 In. to 4 11.0 111.) by oscillations. The D trace contained 
a bay (easterly deflection) between 2 11. and 6 11. on the 8th, tlie nornial phenomenon 
for the hour. Between 6 11. and 8 11. on the 8th the D truce showed only two trifling 
oscillations. 'I'hero was another slight bay (easterly deflection) between 10 h. and 
14 h., but this showed 110 essential difference froin the normal, except that a westerly 
movement of 1' toolr place in about five minutes near 13 11.20 ni. Between 19 11. and 
2211.) the only special feature was a rather sharp oscillation, 1' to West then 1' to  East, 
the turning point coming a t  20 h. Between 0 h, and 5 h. on the 9th there wits a slow 
easterly movement, followed by a slow westerly movenlent, just as on the average 
day, only considerably larger. 

The trace received from Buitenzorg colninenced after 9 h. on the 8th. Betweell 
10 h. and 16 11. there were several moderate oscillations in N, with smaller oscillations 
in I3 and V. Between 19 11. and 22 h. there were two oscillations in N, the second the 
larger. There were corresponding but smaller oscillations in V. The E trace showed 
one decided oscillation, corresponding rouglily in time with the second oscillations in 
N and V, but somewhat in advance of them. There was a fairly deep bay (depression) 
in the N curve between 1 11.20 m: and 3 11.20 111. 011 tlie 9t11, and disturbance was also 
visible a t  the time in tlie E and V traces. 

At Alibag on the 8th the I-I curve contained a decided bay (depression) between 
2 h. and 4 11.20 m. There was another but shallower bay between G h. and 8 h, A 
third bay followed between 10 11.40 in. and 15 h. Froin 16 11. to 19 h. the trace was 
almost quiet. Between 19 h. and 214 h. there were two oscillations, as in N a t  
Buitenzorg, the second the larger. On tlie 9th betweexi 1 h. 45 m. and 3 h. 30 m. 
there was a decided bay, interrupting tlie rise of I3 natural a t  that hour. 

The trace received from Honolulu comnlenced about 10k h. on the 8th and 
ended about 3 11.45 xn. on the 9th. Tllere was a bay (elevation) on the H trace betweeii 
124 h. and 144 11. The 1) and V traces sllowed some 1i1inor oscillations during the 
same time. Between 194 h. and 204 h. there was n fall of 15y in H. The declination 
during this time accelerated a movement to the West wliich commenced about 17 21. 
The H movements in the early iiiorning of the 9th were larger than those occurring 
on the 8th. Between 1 h. 0 111. and 2 11. 25 111. there wits a fall of 36y. Simultaneously 
there were movements in E and V, but they were small. 

At Helwar~ there was a sl~allo\v b ~ ~ y  (depression) in the H trace between 2 11. and 
4$ h. on the 8th) while the D trace exhibited so111e sinall oscillations. Shallow bays 
were also visible in the H trace between 6 11. and 8 11.) and between 13h. tilid 15 h. 
Between 15 11. and 19 11. the curves were ~ractically quiet. Between 19 h, and 22 h. 
there was a smaller followed by a larger oscillation in 11, siniilar to what occurred a t  
Mauritius and Alibag. Small rnovelnelits were also visible in tlle 1) and V traces about 
20 h. The 13. ~novenzents in the early hours of the 9th were inconspicuous ; the 
element was, however, slightly elevated. The change in. D during this time was 
larger, but appeared of almost normal charactel*. 

At Agincourt between 2 11. and 5 11. on the 8th there was a bay or rather double 



bay in the H and D curves, H being depressed and D to the East of its normal 
position. Between 6 h. and 8 h. H was again depressed, but I> was to the West of 
its normal position. In  the course of an hour D swung 174' to the West and 19' to the 
East. During this oscillation the trace had a tooth-like appearance. There was 
some minor disturbance between 13 h. and 15 h. in both the Ii and D traces. After 
1911. the I1 trace became more disturbed, exhibiting a succession of undulatory 
movements until about 4 h. on the 9th. The I) trace showed only trifling nlovements 
during the whole evening of the 8th. It exhibited, however, tz considerable oscillation, 
21'.5 E then 20"5 W, between 12 h. and 2: h. on the 9th. 

At Eskdalemuir the N and I3 traces showed a good deal of irregular disturbance 
after 23 h. on the 7th. On the 8th there were bays (depressions) in the N curve 
between 2 h. and 5 h., end between 66 h. and 8$ h. There were simultarleous 
disturbances of similar size but more irregular character in the E curve. Between 
10 h. and 16 h. there were considerable oscillations in N, the element being on the 
whole depressed. Lluring this time E was less disturbed. It was comparatively quiet 
from 16 h. to 19 h. Between 10 h. and 22 h. there were two considerable oscillations 
in N and a bay (numerical depression) in E. Between 0 h. 50 m. and 2 h. 30 m. on 
the 9th there were two smallish oscillations in E,  but on the whole the N and I? A curves 
were quiet alter 22 11. on the 8th. During the whole time there were only a few gentle 
undulations in V. The largest led to shallow bays (depressions) centring about 
4 h. 35 m. on the 8th and 2 h. 40 m. on the 9th. 

The trace received from Sitka began a little after 2 h. and stopped a little before 
18 h. on the 8th. Prom 3 h. to 4 h. 40 m. all the traces were a good deal more disturbed 
than during the next two hours, but the movements were of a somewhat irregular 
character. On the whole H was depressed and V elevated. Between 6 h. and 8 h., 
during the disturbance of the " special type " in the Antarctic, there were large 
comparatively regular movenlents. Between 6 h. 65 m. and 7 h. 43 m., H rose 477 
and fell 86y. Between fi h. 55 m. and 8 h. 0 JII., ' l> rnoved 31' to the East and then 
as nluch to the West. Between O h. 0 rn. and 7 11.35 m. V rose (j!)y and fell logy, 
the turning point being a t  7 h. 15 m. Half the rise occurred during the lest 10 minutes 
it was in progress. Conditions were much quieter from 8 h. to 13 11.) especially from 
9 h. to 11 h. Between 12 h. 15 in. and 14 h. 40 m. there was a well developed bay 
(depression) in the I3 trace, and from 12 h. 40m. to 14 h. 20m. there wag a hump 
(westerly deflection) in the I) trace. Prorn 12 h. 45 m. to 15 11.10 m. there was a well 
developed liump on the V trace. l'he movements between 12 h. and 1531. were on 
the whole the opposites of those recorded between 6 11. and 8 11. From 15 h. until 
the record ceased near 18 h. conditions were much quieter, being similar to what they 
were between 5 h. and 6 h. and between !I h. and 11 11. Though the record receivecl 
stopped before 19 h. on the 8th, the figures as to hourly and extreme values in the 
Sitka publication sl~owed that conditions were decidedly disturbed from 19 11. to 22 11. 
on the 8th, and from 0 h. to 5 h. on the 9th) but apparently not to nearly the same 
extent as in the Antarctic. 



I'erhaps the chief feature of the disturbance of June 8-9 is the marked approach 
to synchronism in the more disturbed periods all the way from the Antarctic to Sitka. 
In general the disturbances were considerably larger in the Antarctic than elsewhere. 
Between 6 h. and 8 h. on the 8th, however, the disturbance was on the whole less in 
the Antarctic than a t  Sitlia. The excess of the Antarctic inoven1ents was especially 
prominent between 0 11. and ti h. on the 9th. Outside the Antarctic the only traces 
for tliose hours which would by themselves have attracted attention were the H trace 
a t  Honolulu and the D trace a t  Agincourt. 

Section 121 .--In the Antarctic the disturbance on June 27, 1912, occurred in the 
lnidtlle of a quiet tinie. The N' clisturl)ance consisted in the ~rlain of two slow 
oscillzttions. 'J'he first consisted of a s111all rise (nunierical fall) and larger fall betwee11 
8 h. 25 m. and 9 h. 15 ni., the second of n larger but co~~iparat~ively slow rise of 1 5 3 ~  
between 9 11. 15 111. and 10 11.55 m., folloured by r~ fall of about half the size. E' 
exhibited a marlced rise, commencing about 7 11. 15 111. The rise to the iliariiniuin a t  
8 h. 45 m. was interrupted from 7 h. 30 m. to 7 h. 40 nl., and again fro11 8 h. to  84 11. 
It amounted in all to 123y. Between 8 h. 55 ~ii. and 9 11.25 nl. there was a fall of 
11 6y, bringing E' back to near its original value. Minor oscillatory lliovements 
continued until after 1211. A decided fall (nu11ierir:al rise) begm in V about 7 11. 30 In. 
There were several ~iearly level port;ions of curve, especially from 8 11.10111. to 8 11.40111., 
but the general trend wus down\vitrds until 9 11. 15 111. A rise ensued \vhich continued 
but a t  a reduced rate, until 10 h. 45 m. A 111~~11 sinriller fall and rise followed, whicll 
were accolnpnnied by lninor osciIlations. Tlie traces were not as quiet as they were 
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a t  6 h. until after 13 h. The principal movement in V, and the first oscillation in N', 
appeared to be decidedly of the " special type," and the disturbance appears as such 
in Table CXL. But whilst the corresponding E' movement was also suggestive of the 
special type, there was very decided disturbance for the previous 70 minutes, and the 
fall in E' representing the second phase of the special type continued after the 
corresponding movements in N' and V had been reversed. 

At Mauritius the H trace showed some small oscillations, but its main feature 
was the fall between 64 h. and 10: h. This differed little in type from the normal diurnal 
change, but was fully twice as large. The D trace exhibited a continuous easterly 
movement between 7 h. 15 m. and 9 h. 50 m., in no way abnormal. The curve in fact 
presented little if any trace of disturbance. 

At Buitenzorg the N curve showed a rapid nearly smooth fall resembling the 
normal diurnal fall, but three times as large, the minimum being reached an hour or 
so in advance of the usual time. Short-period oscillations were superposed, but they 
were of small amplitude. The changes in E differed little from the normal. The V 
trace showed between 6 h. and 74 h. a'decided arrest and slight reversal of the normal 
fall, and the fall on setting in again continued for several hours after the usual time. 

At Alibag the H movement, except for its enhanced size, showed little abnormality, 
The fall was especially rapid between 7 h. and 82 h. 

At Agincourt the H trace showed several slow oscillations between G h. and 11& h., 
but none of any great size. D was much more disturbed. The trace was practically 
quiet until 7 h. 20 m. Between 7 h. 20m. and 7 h. 35 m. there was a westerly 
movement of 74', and between 7 h. 38 m. and 8 h. 36 m. an easterly movement of 10'. 
Between 8 h. 35 m. and 9 h. 40 m. there was a westerly movement of 34', and an 
easterly movement of 10'. The trace remained distinctly disturbed until 12 h. or 13 h. 

At Eskdalemuir there was a well marked bay (depression) in the N trace between 
7 h. and 9 h. 40 m. During this time there were many small short-period oscillations 
in E, but the general trend of the curve followed its normal course. The V trace was 
practically quiet. 

In the Antarctic the disturbance seemed a thing quite apart and remote from 
the regular diurnal changes, and the same is true of the D trace a t  Agincourt and the 
N trace a t  Eskdalemuir. But a t  Mauritius, Buitenzorg and Alibag the changes in 
H or N seemed to represent in the main a simple enhancement of the normal daily 
changes. 

Section. 122.-After the disturbance last considered normal quietness prevailed in 
the Antarctic until 22 h. on June 27. A short disturbance then ensued, which 
continued until after 2 h. on the 28th, when conditions again became as quiet as 
usual. The N' and E' curves contained well marked bays between 23 h. on the 27th 
and 1 h. on the 28th. The V trace for three hours after 22 11.30 m. contained a small 
plateau (numerical depression). The short-period oscillations on the several traces 
were similar to those in neighbouring hours. 

At Mauritius there was a decided hump (elevation) in the H trace. The rise 
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between 23 h. 6 In. and 23 11. 40 m. on the 27th was much inore pronlinent tlli~n the 
subsequent fall. The D trace showed a srnall but sharp easterly n~ovement about 
239 h. and a smaller westerly movement near 24 11. 

At Buitenzorg between 23 11. on the 27th and 0 11.20 111. on the 28th both N and 
E showed Inore than the nor~nal rate of change. 'l'llere was very perceptible 
movement also in V. In  the case of N sonic short-period oscillations appeared, but 
their amplitude was small. 

At Alibag there waq rather a sma,rt rise in H between 23 h. and 23 h. 30 m. ; 
otherwise conditions were quiet. 

At  Agincourt H was distinctly disturbetl between 22 h. and 24 h., a bay appearing 
on the trace between 23 11. 10 nl. on'the 27th and 0 h. 1 0  111. on the 28th. 'Phe 1> trace 
also contained a bay (easterly deflection) between 23 11. 25 in. on tille 27th and 0 11. 36 111. 
on the 28th. 

At Esltdslemuir N rose 49y and fell 601' between 23 11. 10 m. on the 27th and 
Oh. 10 In. on tlie 28th ; otlierwise there wits little t1isi;urbnnce. During the disturbance 
in N there were minor oscillations in I(:. There was ;L tlecitled b ~ y  (depression) in the 
V curve commencing about 23 11. 10 111. on tIlo 27t11. Tlle recovery after the 1nini1nuni 
a t  0 h. B m. on the 28th was very slow. 

Thougll the disturbtlnce was nowhere lurge, the tri~ccs everywl~ere departed 
decidedly from the normal. T l ~ c  nature alld duration of the disturbance, however, 
varied. In  the Antarctic the principal feature was a dopression in N' and E'. At 
B u i t e n z ~ r ~  and Eslidalemuir N and E were both eullanced. At Alibng 1-1 was 
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enhanced. At Agincourt H was on the whole depressed, while the main D deflection 
was easterly. In the Antarctic disturbance was only slightly greater before than after 
midnight. Elsewhere except for the I> trace a t  Agincourt disturbance after midnight 
was relatively very small. 

Section 123.-In the Antarctic conditions were normally quiet until 15 h. on July 
31, and but for a recovery in progress in V the end of the disturbance would naturally 
be put a t  7 h. on August 1. The interval 3 h. to 6 h. on August 1, already dealt 
with in Table CXXXIX, was considerably the most disturbed time, but there were 
numerous considerable oscillations in all the curves after 20 h. on July 31. 

TABLE CLXXIII.-14 h. July 31 to 8 h. August 1, 1912. Plate LIV, 
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At Mauritius there was a moderate hump (elevation) in the I-l: trace &?tween 
18 h. 50 m. and 21 h. 30 m. on July 31, but there was a much more prominent hump 
between 21 h. 60 m. and 22 h. 55 m., consisting of a rise of 3By and fall of 23y. 3'he 
D trace between 18 h. 40 m. and 19 h. 30 m. of July 31 showed a small but rather 
sharp oscillation, 2' to East followed by I*' to  West. Between 5 h. 20 m. and 6 h. 0 m. 
on August 1, there was a movement of about 24' to the West but there was little 
sign of disturbance. . 



At Buitenzorg the N curve began to show distinct signs of disturbance shortly 
after 1.1: 11. on July 31, and quiet conditions were not restoreti until between 7 11. and 8 11. 
on August 1. The bay on the N curve between 3 h. and 6 11. on August 1 represented 
decidedly the largest movement,. But sonle of the earlier movements, especially a 
rise con1nlencing about 22 h. on July 31, were by 110 nzenns relatively negligible. 
The I3 and V curves had their largest m~vement~s between 2 11. and 5 11. on August 1 
but also sl~owed smart ~noveinents near 22 11. on July 31. In  the course of 45 ~ilinutes 
11: had a rise anti fall, each about 14y. 

At Alibag there was a certain amount of oscillation i11 tlie H trace after 14 h. on 
July 31. Between 21 h. 55 In. and 23 11. H rose 34y and fell 22y. The trace stopped 
about 4 h. 30111. on August 1, when a considerable moven~ent~ seenled to be in 
progress. 

The Helwan H trace resembled that a t  Alibag. Betmen 21 11.55 In. and 23 11. 
on July 31 H rose 347 and fell 28y. After 6 11. 011 Augnst 1 the curve appeared quite 
quiet, except that I-l was rising rather faster than usual. The Helwan D trace showed 
a slight bay (etisterly deflection), centring about 411. on August 1, and a few slight 
undulations hardly amounting to disturbance. The V tmce had also n sliglit l i~unp 
(elevation) about 4 11. on August 1, but more apped is nl:~dc to tlie eyc by :i bay 
between 22 h. and 23 11. on July 31, representi~lg an extrenie dcpressio~l of about 1 2 ~ .  
After h. on August 1 tlie D and V traces both appear quiet. 

At Agincourt tliere was practically no clisturbnncc prior to 10& 11. on July 31. 
Oscillations then began in the I3 trace, wliich continued uninterruptedly unttil 6 11. 
on Augnst 1. Disturbance in EI was on the wllole largest between 21 h. and 22+ 11. of 
July 31. Between 21 11. 30 m. and 22 h. 15 IKI. H fell 80y. 'Ylie disturbnnce was 
cqnsiderably greater during this tinlc than bet\\rccn 3 11. and (i 11. on August 1. I n  
D, on the other hand, wliile tlie clisturbance on July 31 nftcr 17 11. was tlecidedly greater 
tlian it was etbrlier in tlie day, it was small co~npared ~~ri t l i  t,lit~t occurring betmeen 3 11. 

and G 11. on August 1. 

At 13slzdalemuir conditions were distinctly nnq~zict before 14 11. on July 31, but 
the intensity oi disturbance then begnn to sliow u marked increase. Prior to the well 
developed bay between 311. and Gh. on August 1, the N cnrve contained son~e 
oscillations only slightly slnaller but of a less regular character. Tl~esc inoluded a rise 
of 54y and fall of 44y between 22 11.6 m. and 22 11. 55 m. Considcmbly t'he largest 
moveinent in tlle E curve centred about 22 11. 20 111. I3ct1veen 21 31. 30 111. and 
23 21. 35 In. tliere was rt rise (numerical fall) of 87y, and Ertll of about the sttnle size. 
The V trace contained some s~nall undulations, tlic largest co~lst~it~utiiig n shallow bay 
(depression) centring ahout 5+ 11. on August 1.  Tlic infltzence of the depression on V 
is visil~le until about 8 11. After that all the traces appear fairly normal. 

At Sit,ka tliere ltnd been sonle disturbi~nce on July 31 bet\\reen $1 11. and 1 1 Il., i b  

time when t l ~ e  Antarctic N' trace showcd a11 :tppreciablc bay. A quieter tiine 
followed, but oscillations gradually developed in the II and D carvcs, an(l to :I minor 
extent in the V curve. The movements between 3 11. and ci 11. 011 August 1 were 



decidedly the largest in the case of D and V. But the movements then occurring in I-f 
were rivalled by movements occurring between 21 h. on July 31 and 2 h. on August 1. 
After 6 h. on August 1 the curves might fairly be described as quiet, except that a 
decided recovery continued for an hour or two in V. 

During this disturbance there was a close parallelism between the fluctuations of 
the intensity in the Antarctic and at  Sitka. The gradual waxing and rapid waning of 
the disturbance are characteristic features a t  both stations. 

The relative development of the disturbance between 21 h. and 23 h. on July 31 
varied a good deal a t  the different stations. In the Antarctic there was no special 
intensity of disturbance near 22 h., and the same was true of D at  Agincourt. But 
there was a marked development of activity a t  that hour in the H curves a t  Mauritius, 
Alibag, Helwan and Agincourt, and in the E curve a t  Eskdalemuir. The Buitenzorg 
traces and the Eskdalemuir N trace showed also some increase of activity a t  that hour. 
AS proved to be so frequently the case,. the vertical force disturbance was especially 
prominent a t  Sitka, as compared with all the other stations except the Antarctic. 

Section. 124.-Conditions generally had been quiet throughout the earlier part of 
August 18. The incidence of disturbance was gradual, and the taking the hour of 
commencement as 14 h. rather than 15 h. or 16 h. was somewhat arbitrary. 

In the Antarctic the traces were exceptionally quiet from 10 h. to 11 h. on the 
18th. Betweei.1 14 h. and 15 h. the curves showed perhaps only an average amount 
of disturbance for the season, but by that time the disturbance was clearly on the 
increase. The most disturbed time was from 20 h. on the 18th to 3 h. on the 19th. 
There was, unfortunately, a loss of trace between 20 h. 25 m. and 22 h. 10 m. The 
ranges shown in Table CLXXIV may thus be underestimates. In  the case of V this 
is almost certainly the case, as the trace was moving up the sheet when registration Nas 
resumed, and one of the extreme values was recorded then. In N' two rather deep bays 
representing depressions (numerical enhancement) succeeded one another between 
23 h. 20 m. on the lath, and 3 h. 10 m. on the 19th. The rises and falls were practically 
equal in each case, amounting to about 109y in the first bay and 99y in the second. 
The most striking movement in E' was a fall of 152y between 20 h. 0 m. and 20 h. 20 m. 
on the 18th. There was also a deep bay in E' approximately synchronous with the 
first of the two bays in N' mentioned above. Tn the course of this E' fell 132y and 
rose 155y. The V trace showed only minor movements, except between 20 h. and 22+ h. 
Between 22 h. 10 m. and 22 h. 25 m. there was a sharp rise of 707, presun~ably only 
part of a larger movement unrecorded through absence of trace. The curve was 
quieter between 5 h. and 7 h. on the 19th than during the previous or succeeding 
hours. 

At Mauritius there was little sign of disturbance in the H trace until after 18 h. 
on the 18th. Some minor oscillations appeared after 18 h. 40 m. The most conspicuous 
phenomenon was a sharp rise of 327 between 20 h. 5 m. and 20 h. 20 m. and fall of 24y 
during the next hour. Another prominent oscillation consisted of a rise of 33y and fall 
of 16y between 23 h. 20 m. on the 18th and 1 h. 40 m. on the 19th. The D trace received 



stopped a t  3 h. on the 19th, so the range given in Table CLXXIV may have been slightly 
exceeded. The curve seemed practically quiet. 

TABLE CLXXIV.--14 h. August 18 60 G h. August 19, 1912. Plate LV. 

At Buitenzorg about 14 h. 25 in. on the 18th the N curve, which had been nearly 
level during the previous hour, showed a smttll but rapid riue, rather suggestive of ail 
sac. After this oscillations gradually developed. Between 20 11.5 111. atid 21 h. 26 m. 
N rose 27y and fell 21y. Between 23 h. 0 111. and 23 11.46 m. there was a fall of 14y 
and rise of 29y. From 28 11. to 44 h. 011 the 19th tllero was a moderate hump (elevatiou 
of N) ; subsequently the curve was practically undisturbed. Between 20 21.0 111. and 
20 h. 45 m. E rose 97 and fell 15y. Fro111 20 h. 45 111. until the inaximuril of E st 
0 11.5 m. on the l ~ t h ,  there was a nearly unbroken grctdunl rise, alnounting in all to 
337. This is in the same direction as the norinal change a t  that tillla of day, but about 
four times as large. In the course of the next 3 hours E fell about 4931, or about 
twice the normal. The V curve contained inirior oscillat~ions about 20 11. nnd between 
23 h. and 2411. on the 18th, tbnd the i lorm~l  movei~~cnts seemed considerably 
enhanced. 

The Alibag H trace, which had previously been vely quiet, showed a rather rapid 
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but small rise about 14 h. 25 m. on the 18th, which corresponded apparently with the 
movement in N described at Buitenzorg. But i t  was followed only by minor movements 
until 20 h. Between 20 h. 5 m. and 21 h. 30 m. H rose 32y and fell 27y. Between 
23 h. 5 m. on the 18th and 0 h. 15 m. on the 19th I3 fell 127 and rose 32y. There was 
also a slight bay (depression) centring about 3 h. on the 19th. Altogether the changes 
in H a t  Alibag and in N a t  Buitenzorg followed a similar course. 

At Honolulu prior to 19 h. on the 18th there was little to merit mention in the 
H trace, beyond the fact that the rise shown was much above the normal. The fall 
set in before the usual hour, but was interrupted between 20 h. 15 m. and 21 11.40 rn., 
and when resumed it was much more rapid than usual. The D and V traces showed 
occasional small oscillations, especially near 19 h., but nothing of note. The rise to  
the maximum in V and the subsequent fall were somewhat above the normal. 

At Helwan the H trace showed movements very similar to those described a t  Alihag. 
Between 20 h. 5 m. and 21 h. 25 m. on the 18th, there was a rise of 40y and fall of 39y. 
Between 23 h. 20 m. on the 18th and 0 h. 5 m. on the 19th H rose 29y. After 1 11. on 
the 19th the only noteworthy feature was a fall of 14y between 4 h. and 5 11. The 
D trace showed some small oscillations between 20 h. and 24 h. on the 18th. The V 
trace contained a decided bay (depression) between 20 h. and 21 h. on the 18th. It 
began with a fall of 147 in the course of 10 minutes. There was a second but shallower 
bay between 23 h. on the 18th and 1 h. on the 19th. 

At Agincourt the H trace, which had been very quiet for some hours previously, 
showed minor oscillations after 1411. on the 18th, but no movement of any size until 
about 181 h. From then, with the exception of a quiet interlude between 204 11. and 
21& 11. on the 18th, there was practically continuous disturbance until 5 h. on tlie 19th. 
The disturbance after 3 11. was, however, comparatively trifling. The largest of tlle 
rapid movements in H on the 18th were an oscillation between 18 h. 55 m. and 19 h. 30 m. 
(a fall of 367 and rise of 40y), another oscillation between 20 h. 10 111. and 20 h. 35 rn. 
(a rise of 31y and fall of 42y), and a rise of 58y between 22 11.5 m. and 22 h. 25 m. 
Between 22 h. 25 rn. on the 18th and 0 h. 26 m. on the 19th there was a total fall of 87y, 
interrupted by minor oscillations. The I> trace a t  Agincourt was practically quiet until 
19 h. on the 18th. During the next 6 hours and again from 3 h. to 7 h. on the 19th, there 
were only minor oscillations. The only time of considerable disturbance was between 
0 h. and 311. on the 19th. Between Oh. 12m. and 1 h. 12m. L) moved 14' to the 
East and 16&' to the West. Between 1 h. 40 m. and 2 h. 20 m. i t  moved 10' to the 
Isast, and between 2 h. 20 m. and 3 11.0 m. executed an oscillation of 14' to the West 
and 9&' to  the East. 

At Eskdalemuir the N trace was very quiet in the early liours of the 18th, but 
began gradually to show a development of very small short-period osoillations. After 
12 h. and still more after 14 11. the size of these increased. The largest ol' the recorded 
movements, which were only of moderate size, took place on the 18th between 19 11. 
and 22 h. and between 23 h. 20 m. and 24 h. After 1 11. on the 10th tlie disturbance 
was of small intensity and gradually diminishing. By 6 h, or 6 h. conditions were 



fairly normal. The E trace showed only trifling thougll nuinerons short-period 
oscillations until after 19 11. 011 the 18th. Tliere then ensued 11 fair amount of 
disturbance, representing on tlie whole an enhancenient of E (numerical depression), 
until 2 11. on the 19th. No individual niovement was a t  all impressive. Minor 
movc~nents appeared after 2 h., but by 5 h. conditioiis were fairly noanul. 'rhe V 
curve contained two decided bays (depressions), tlie first between 20 11. and 22 h. on the 
18t11, the second and deeper between 234 11. on the 18th and 2 h. on the 19th. Tlie 
recovery after the second of these bays was not co~npleted until neudy 6 I]., but the 
trace was practically quiet after ti 11. 

Tlie disturbance of August 18-19, 1912, tliougli not very lqrge, was well marked 
a t  all tlie stations, and tlie hours a t  wllicli tlie largest nioven~ents occurred were roughly 
identical. At the stations in lo~ver latitudes the niovements of any size were collfiiied 
to  the interval 19 11. on the 18th to 111. on the 19th. There was a close similarity 
between the rapid inoverneiits near 20 11. of the 18th in the H or N curves a t  Mauritius, 
Buitenzorg, Agincourt and Helwnn, and there was also coi~siderable reseinblance betweell 
tlie H or N ~nove~nents between 23 11. on the 18th and 111. on the 19th a t  Buitenzorg, 
Alibng, and Welwan. 'I1his resemblance is Ii:~rcJly, Ilowever, recognisable a t  Honolulu. 
Botli N and JI: a t  J4lslidalemnuir and 13 r~t Agincourt sliowed u niore continuous and 
tliffuse disturbance than that prevailing in lower latitudes, no particular rrioveinents 
making a special appeal to the eye. The I) trace a t  Agincourt unc2 the V truce a t  
Eskdalc~nuir showed rriore concentration of disturbance a t  particular hours. A mthei* 
unusual feature, occurring in Table CLXXlV, is the close approach, to equality between 
the ranges in 13 und 1) a t  Agincourt, and the ranges in N and E a t  Eslrdaleinuir. Also, 
as i t  so llappens, the ranges nt the two stations are nearly eclual. 

On August 19,1012, between 9 11. ant1 10 h. t,here was ratllcr a good exnnlple of tho 
"special type " of Autarctic disturbance, particultirs of the pllases of which urs given 
in Table CXL. 'I1he hour a t  whicli this l~ppearcd was included in the Alibug IS trace 
and the Agincourt H rtnd I) traces. Tlie Eskd:~lcinuir clock stopped at; the time, so 
tlic l<cw traces were consulted. 'I1he following were the ranges of the nioveineiits 
between $9 11. and 10 11. : - 

Antarctic. Alibag. Agincourt. Kew. 
N' 15' V R I i  D 1-1 

102y 87y G3y l l y  171, B9y 1 (iy 

At Alibag there wils a bay (depression) in H froni about 9 11.5 ni. to 9 h, 46 in. 
The Agincourt curves also contained bays (H depressed, 11 to west of aornirtl) froin 
a little ttfter 9 11. to 10 11. 'I11ie westerly siving was considerably the more nbpid. At 
ICew t,here was a bay (depression) in tlie H curve from :rbout 9 11. 10 111. to 9 11. 50 in. 
The ICew D curve contained a small dirrlple (ettsterly cleflection of about 0'-5) betweell 

r 1  9 h. 10 111. i~lid 9 11. 20 nl., but no iurthc?r niovelnent until 9 11. 35 111. 1 he nlovenieiit 
which occurreti then, about 3' to tlie East, if nntl~ral-wliich is not certain-was 
doubtfully connected wit11 tlie disturbance elsewhere. 'J1ho large size of the D 
move~nent a t  Agincourt seems tllua very remarkable. 



Section 125.-In the Antarctic on September 17, 1912, conditions had been very 
quiet from 5 h. to 11 h., and the commencement of the disturbance was gradual. 
Oscillatory movements did not become conspicuous until nearly 14 h. Between about 
13 h. 50 m. and 15 h. 50 m. there were three rather conspicuous oscillations, in which 
the N', E' and V traces showed a close similarity of phase. These oscillations were 
considerably smaller in V than in N' or E', and they were more conspicuous in N' than 

in E'. The successive crests appeared in the N' curve a t  about 13 h. 66 m., 14 h. 50 m., 
and 16 h. 45 m., the amplitudes of the successive (algebraic) rises and falls being 
+ 68y, - 106y, + 119y, - 140y, + 150y and - 89y. The vertical force. trace 
contained a good many minor oscillations, but no really large or striking movements. 
The disturbance in the Antarctic moderated but by no means ceased by 23 h. It is 
convenient, however, to treat the subsequent movements independently. A separate 

TABLE CLXXV.-11 h. t o  23 h. September 17, 1912. Plate LV. 

I Times of 
Disturbance Inequality 

Range. Itange. 
Minimum. 

Y 
40 
47 
29 

11 
16 

10 
5 
4 

1 Alibag ... 9 
I 15 
I 12 

14 
50 
32 

21 
30 

I 
10 

I Agincourt . . . 36 
48 

37 
26 
15 

27 
I 4 1  

10 
-- 

I 



and more detailed discussion is also given of the movelnents occurring between 194 h. 
and 22 h. 

At Mauritius there was little sign of disturbnnco in H until after 12 11. Up to 18h. 
there was a general tendency to fall, the subscquellt ter~dency being to rise. But 
superposed on tho slow charlges was u series of well-nlarltcd oscillations, the crests 
(maxima of H) occurrjrlg ut about 13 11. 50 nl., 14 11. 45 m., 15 h. 40 nl., 17 11. 5 m., 
18 h. 50 m. and 20 11. 20 1n. Of these osoillatioxls the litst was niucli the biggest, 11 
rising 80y between 1'3 11. 20 111. arid 20 11. 20 ~ii. ,  and falling 58y betweell 20 11.20 111. 
and 22 h. The D trace sh1owed no appearance of disturbance until after 14 11. But 
between 7 h. and 1 1 11. 20 nz., the ordinary tiiues of the westerly and easterly msxinla, 
there was a range of fully 12'. l&Tllile the inovenlents seeined quite of the norlnnl type, 
the range was double the normal. Between 11 11.20 in. and 15 h. 40 m. there was a 
nearly uniform westerly nloven~ent of 4&', again about double tho noriual change. 
From 16 h. 40 m. to 18 11.20 ~ n .  there was a decided westerly deflection, tlle moveii1ent 
to the west 26' being dbont twice the return lnovelnent to the east. Betwoe~l 
20 h. 5 m. and 22 11. there tvas a muc21 more prominent deflection to tho East, tlic 

' easterly niovement being about 44', and the return movement a shade less. 
At Buitenzorg there were only small oscillations prior to 12 11. Shortly after 12 11. 

N began to fall solnewhat rapidly, the fall between 12 h. and 13 11. aniounting to 29y. 
A succession of large oscillations followed, with crests (maxima in N) a t  about 13 11.55 In., 
14 h. 40 m., 15 11. 45 m., 17 h. 16 m., 18 11. 55 1n. (poorly developc ') and 20 11. 25 111. 
Superposed on these were small short-period oscillations. The ~liplitudes of tlie 
successive larger movements were -/- 12y, - 227, 4- 32y, - 3 y ,  + 3Gy, - 347, 
+ 4 5 ~ ,  - 3 3 ~ ,  -1- 14y, - 9y, +- 437 and - 38y. These oscillatiolls gave tllc N trace 
a sornewhat jagged appearance. Tho V t.r;ice showed iilso a successioa of oscillli.tions, 
mucI1 s11iaIIer than tliose in N, but still correspondi~ig roughly to them. The crests 
(nuinerical minima) were, however, solllewhat later in tiine tlian those in N. The 
I3 trace a180 showed oscillations, but theso did not remain eve11 approximately in phase 
with those in N. 

At Alibtlg conditions were practically quiet up to 12 11. Betiveen 12 11.10 111. and 
13 h. 10 111. H fell 30y. There were successive oscillatioils with crests (maxima of 13) 
a t  about 13 11. 55 m., 14 11. 40 in , 15 h. 50 nz., 17 11. 15 m., 18 11. 50 111. (poorly 
developed) anti 20 11.25 111. The anlplitildes of the successivc moven~cnts-which were 
only sliglltly interfered with by short-period movements-were + 3y, - (3y, + 1171, 
- 1.27, + 10y, - 177, 4- 137, - 127, f- 77, - 4y, 4- 381) and - 33y. Tho 1) trace 
a t  Alibag gave little indication of disturbance. It was very quiet until 13 h,, tint1 
again after 22 11. A few wnall bays (westerly deflections) were visible. Tlie Itirgest, 
between 19 11. 30 m. and 21 h., sliowed a range of 2', the deflection being to the West 
of the nor~nal position. The V trace showed sonls trifling undulatory luovenlents, 
the ln lps t  between 2011. and 21.9;11. 

At Ronolulu the H trnce showed some disturbance afler 12 11. Between 13911. 
and 15k 11. these were some irregular movements, the largest of which had a double 



crest (maxima in H) between 14 h. 40 m. and 14 h. 50 In. After 15 h. there were only 
small irregularities until about 10 h. 55 m. Between 19 h. 55 m. and 21 h. 25 ni. 
there was a marked bay (depression of H), the fall being 36y and the recovery 10y. 
For some hours subsequently there were only small oscillations. 'There were no large 
movements in the 1) and V curvcs, but there were numerous small irregularities, especially 
in V, ant1 there was considerable intcrfercnce with the ordinary regular diurllal variation. 

At Helwan the H trace showed a close parallelism to that a t  Alibag. Successive 
undulations had their crests (maxima in H) a t  al~out 13 h. 55 m., 14 11.35 m., 
15 h. 35 m., 17 h. 5 m., 18 h. 55 m. and 20 h. 20 m. The anzplitudes of the successive 
movements were + 4y, - 17y, -1- 14y, - 21y, + lOy, -- 33y, + 9y, - 16y, + 17y, 
- 87, + 103y and - 9 5 ~ .  The D curve sliowed a few small movements, the largest 
fornling a bay (deflection to East of normal) between 19 h. 45m. and 21 h. The 
movement to the East was 3'-8,  the return movement 3l.0. Thc V trace showed 
undulations from shortly before 14 h. until nearly 22 h. The largest led to a 
considerable bay from about 194 h. to after 21 h. Between 20 h. 0 m. and 21 h. 20 m. 
V fell 25y and rose 42y. 

At Agincourt conditions were quiet until after 13 h., except that the fall normally 
proceeding between 12 h. and 13 h. was faster than usual. From 13 h. 40 m. until 
18 h. minor oscillations were so prominent that the longer period oscillations during 
these hours do not stand out so clearly as a t  the more southern stations. Also in tile 
earlier part of the disturbance i t  is the turning points representing mithisnu in H that 
are much the more conspicuous. These occur a t  about 13 h. 55 m., 14 11.50 m. and 
15 h. 45 m. Later, there were two prominent maxima a t  about 18 h. 55 m. and 
19 h. 55 m., followed by less prominent maxima a t  about 20 h. 50 m. and 21 h. 20 111. 

to  21 h. 35 m. Of the intermediate minima, occurring a t  about 19 h. 35 m., 20 h. 30 111. 
and 21 h. 10 m., the second was the most prominent. The largcst of the oscillatory 
movements was that occurring betwccn 19 h. 35 m. and 20 h. 30 m. It consisted of 
a rise of 64y and fall of 937. H was practically quiet for two hours after 22 h. 40 rn. 
The D trace a t  Agincourt contained some considerable oscillatioris between 13 11.45 m. 
and 22 h. I n  the earlier oscillations the cxtreme easterly positions werc the bcst 
marked, coming a t  about 13 h. 55 In., 14 h. 50 m. and 15 h. 45 rn. They were nearly 
if not quite simultaneous with the minima already noted in H. The westerly 
movements following immediately after these turning points were rapid and represented 
respectively 6') 78' and 11+'. T l ~ e  subsequent oscillations had a more rounded outline. 
There were easterly extremes a t  about 18 h. 55 m. and 19 h. 55 m. These col.respond 
to maziqjza in H, and not to minima as was the case with the easterly extremes earlier 
in the day. But while H fell continuously from 19 h.Ci5 m. to 20 h. 30 m., I) during 
this time moved 8' to the West and swung back as much to the 1l:ast. Tlie return 
movement to the East, arnounting in all to 12', was not concluded until nearly 
20 h. 45 m. After 22 h. the D trace was quiet. An important fcaturc is that while 
the Agincourt H and D traces both showed a succession of wave-lilrc movements, these 
did not keep in phase. 



At 13sltdalemuir thc 17th was very quiet ~inti l  about 0 11. After 11 h. the short- 
period oscillations in N, which had gradually set in, bccallie nlore promii~eat~, but 
there were no considerable lilovelnents until aftcr 13 11. Longer period oscillations 
then appeared. They were very irregular in for1l1, bnt there were prominent lnasiina 
a t  about 13h. 56m., 14h. 55m., 1511. 50 111. ;uld 2011. 25111 , nnd less prominent lnasiintt 
about 17 11. 26 in., 18 11. 55 111. nlld 19 11. 55 ~ n .  There \Yere fairly mcll marked l~lii~inla 
a t  abont 1411. 25111., 1511.25m., I(j11. 45n1., 1811.25m., 1011. lorn., 20h.5111. and 
21 h. 20 m. Taking the niovcnlents in pairs the alnplitudes nrcrc as follows :- 

~TI-0111 1:) 11. 55 111. to 14 11. 55 in. . . . . - 72y, - 1 -  1147 ; 
,, 1411. 55 nl. ,, 15 11. 501n. .. . . - 109y, 1- 1277 ; 
,, 15 11. 50 111. ,, 17 11. 25 111. . . . . - 1227)) - / -  57y ; 
. 17 11. 25 111. ,, 18 h. 56 m. . . . . - 48y, - 1 -  5Gy ; 
, 20 11. 5 ni. ,, 21 11. 30 m. . . . . 4- 183y, - 211y. 

There wcrc 110 large inoven1ents aftcr 21 11.20 in., but nlinor oscillatioils persisted for 
a nu~nber of ]lours. Tlie I3 trace a t  Eslrdalemuir was csceedingly quiet until 9 11. or 
10 h, After 11 1.1. it bcca~lle decidedly disturbed, an algebraic fall of 307 occurring 
between 11 11. 5 m. and 11 11. 25 111. Subscquently tlicve uTcrc only sluall short-period 
oscillatiolls until after 13 11. 40 111. Therc were three proliiinent pen1i-s (mininla in E) 
ut ttbout 13 11, 55 m., 14 11. 55 111. and 15 11. 50 m. Thc only prolilinent later ~uovenlent 
occurred bctwecn 19 h. 40 111. and 20 11. 40 nl. ; (luring this time tllcre was n 
rise (algebraic) of 177y and fall of 1287. TBc V trace showed little sign of tlisturbsnco 
until 14 11. As usual when disturbance occurs during tlie afternoon, V was decidedly 
above the nonnsl from 1611. to 20 11. After 20 11. 15 111. there was n fall of 4Gy to a 

~nininlrxm at, about 21 11. 5 m. During the next 2 liours l,liere \\'iLS n alo~v recovery. 
At Ritka, though. liiinor osc:illations were present, c*oaditions ~ \ ~ c r c  fnirly quiet 

uiitil after 12 h. About 12 h. 20 111. the H and I) tri~ccs started on 1~11t1,t pro~llised to 
bc largo excursions, but thcsc had been in progress for less tliail 10 ininutcs when thcrc 
came gup in tlie record \vhich continued lilltil 16 11. 50 111. After registration \fr&s 
resulned, considerable disturbance prcvitilecl until 23 h., ~ v l ~ e n  n quieter tillle asppenred. 
l'horc werc pretty ~vell marbed n1ininla in 13 a t  about 17 11. 40 111. sncl 20 11. 35 111. 
Between 19 h.2B m. and 21 11.50 m. H fell' 100y unci rose 877. Tllcrc \Iycre itlso 
numerous short-period oscillations. The 11 t'rnce was also oscillatory. Between 
10 11. 25 111. and 21 11. 10 m. tllcrc werc n ~ o v e ~ ~ ~ c a t s  of 10' tm tllc East i ~nd  17' to the 
West. 7 ' 1 ~  V trace Letween 16 h,  and 93 11. contained two or three sllallo\v bays 
(cnhunccrncnt,s of V), tlicre bcing a gencral tent-lency in t l ~ c  elcnle~lt to rise, but ttl~ere 
were no conspicuous inove~ncnts. 

The outstantling feature of tile clist~urbancc between 11 11. and 23 11. on Scptclilbcr 17, 
1912, was the tcsnc1enc.y for thc 1-1 or N traccs to sho\v a successio~~ of \vavcs. ('restjs 
rcprcsonting inasima in these elen~cnts were 1.ccog11is:tbl~ a t  t~bont 13 11. 55 rn., 
14 h. 45 ]I]., 1 5 11. 45 In., 17 11. 15 m., 18 11. 55 111, and 20 11. 25 111. in the trnccs nt 
Mauritius, Buitenxorg, Alibag, Helwun and Xsbdalomuir. Tlic Ant~lrctic N' trace slio~ved 



algebraic maxima (numerical minima) a t  the first three of these hours. The Agincourt 
H trace had turning points a t  or near most of the above times, but the first three were 
minima not maxima. 

Section 126.-The largest movements on September 17, 1912, appeared in general 
between 194 h. and 22 h. While there were notable differences between the different 
stations, all the H or N traces contained a deep bay. In the stations in lower latitudes 
the disturbance in the other elements was, as usual, less prominent. At some of the 
stations, especially the British ones, the disturbance was obviously of the rotating 
vector type discovered by R. B. Sangster. The phenomena seemed to merit minute 
study. Accordingly the curves were measured a t  5-minute intervals from 19 h. 30 m. 
to  22 h. 0 m. Falmouth and Kew curves were included, as well as those from the 
Antarctic, Mauritius, Buitenzorg, Alibag, Honolulu, Helwan, Agincourt, Eskdalernuir 
and Sitka. Vertical force curves were not available for Mauritius or Agincourt. The 
arithmetic mean was taken of the 31 readings of each element, and the individual 
readings were expressed as differences from it. The N' and E' differences for the 
Antarctic and the H and D differences for Mauritius, Alibag, Honolulu, Helwan, 
Agincourt, Falmouth, Kew and Sitka were converted into the corresponding N and E 
differences, thus getting corresponding results for all the stations. The N, E, V 
differences are given in Table CLXXVI, and are shown graphically in l'late LVI. 
To economise space, in the headings of Table CLXXVI the stations are described by 
the first letter or two letters of the name. As usual in such cases, while the table 
should be studied for exact details, a general idea of the phenomena is most readily 
derived from the diagrams. We see a t  a glance that the fluctuations in N followed 
a similar course a t  Mauritius, Buitenzorg, Alibag, Helwan, Palmouth, Kew and 
Eskdalemuir, N rising to  a maximum a t  20 h. 25 m. or 20 h. 30 m., and then falling 
somewhat more gradually to about its original value. In  the Antarctic and a t  
Honolulu and Sitka the change is in the opposite direction to that elsewhere, N falling 
to a minimum a t  20 h. 30 m. or 20 h. 35 m. and then rising. Agincourt presents 
transitional features. At first N rose, and a t  a rate greater than that exhibited a t  the 
same stage of the movement elsewhere. But after 19 h. 55 m. a reverse movement 
set in, and from then until 20h. 30m. the movement was oppositely directed 
to the movements a t  Helwan and Falmouth, the stations nearest in point of 
latitude. After 204 h. the changes in N a t  Agincourt were oscillatory and less 
prominent. 

The remarkable similarity of the fluctuations in N a t  Mauritius and Alibag shown 
by Table CLXXVI should be noted. The results accord much more closely than those 
of either station with the Buitenzorg results. 

There is a steady increase in the range of the N movement as we pass from Alibag 
to  Helwan, from Helwan t o  Falmouth, from Falmouth to Kew, and from Kew to  
Eskdalemuir. The difference between Eskdalemuir and ICew exceeds that between 
Alibag and Helwan, or between Helwan and Falmouth. The N ranges a t  Sitka and 
the Antarctic are similar to those a t  Helwan, and are considerably less than a t  the 



TABLE CLXXV1.-19* h. to 22 h. September 17, 1912. Departures from mean (unit 17). Plates LVI and LVIT. 

Av. 
Time. 

B l - l H o . H e . l &  F h  1 E. S .  i r . 3 1 . 1 B . i l . H o . ~ H e . * , .  F. 1 K. 1 E. 1s. 
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British stations. While the variations a t  Falmouth, Kew and Eskdalemuir differ 
considerably in amplitude, they follow a remarkably similar course. 

The Helwan, Palmouth, Kew and Eskdalemuir fluctuations in E resemble one 
another, though the range is much less a t  Helwan than a t  the British stations. The 
element rises to  a maximum a t  20 h. 15 m. or 20 h. 20 m., and then falls a t  a reduced 
rate to  near its original value. The maximum in E appears decidedly earlier a t  these 
stations than the maximum in N, implying, as we shall see presently, a rotation of the 
horizontal force vector in an anti-clockwise direction. After 21 h., the changes in E 
a t  these four stations were small and somewhat oscillatory. 

At I-Ionolulu and Sitlta E also showed a rise, followed by a fall ; but the maxirrlunl 
was reached a t  19 h. 55 m., and the element was falling during the principal part of 
the rise a t  Helwan and the British stations. 

At Mauritius and Agincourt between 193 h. and 203 h. the li: movement was 
distinctly opposite to that at the British stations, a minimum appearing a t  20 h. 10 m. 

The E movement a t  Buitenzorg was very small. After 204 h. it closely resembled 
that a t  Mauritius. 

In  the Antarctic E showed a marked fall, followed by an equal rise ; but the 
minimum appeared considerably later than a t  Mauritius and Agincourt, or than the 
maximum a t  the British stations. Also the changes in the Antarctic after 204 h. were 
both absolutely and relatively much larger than a t  the other stations. 

The changes in vertical force were comparatively small a t  all the stations. The 
sign, it should be noticed, has been counted positive when the force acting on a north 
pole is directed to the earth's centre. Thus motion up the sheet in l'late LVI 
implies a nurnericcd fall of V in the Antarctic and a t  Buitenzorg. 

The Antarctic diagram shows a sharp fall and rise between 19 h. 30m. and 
19 h. 45 m., which seems unrepresented elsewhere, except perhaps a t  Sitlta. After 
that there is a gradual rise with minor oscillations superposed on it. There is also 
an initial fall a t  Sitka, but i t  is not rapid and continues until nearly 20 h a  

Subsequently there is a gradual rise, as in the Antarctic. The Helwan N and E 
diagrams resemble those from the British stations, but the Helwan V diagram shows 
a marked depression, the minimum coming a t  20 h. 25 m., while the Falmouth and 
Kew diagrams show an oscillation in the opposite direction, the maximum coming a t  
20 h. 25 m. The Eskdalemuir diagram shows a less decided maximum, coming a little 
earlier. At the British stations, as is usual on the afternoons of disturbed days, V was 
distinctly above its normal value prior to  19% h. ; and the fall shown in the Falmouth, 
Icew and Eskdalemuir diagrams after 2OQ h. may represent the decline usually 
encountered on disturbed days near midnight. 

The Alibag V diagram shows a very slight depression, with minimum somewhat 
earlier than a t  Helwan. At Buitenzorg the movement seems in the opposite direction ; 
but the ranges a t  Buitenzorg, Alibag and Honolulu are small. 

Plate LVlI contains vector diagrams showing the simultaneous progression 
of the N snd E changes between 194 h. ant1 22 h. on September 17, 1912. The origin 



of the diagram is in all cases at the centre of the cross, the arms of which each represent 
lor. The line drawn from the origin to  any point represents in direction and 
magnitude tlie force equivalent to the departure a t  the time from the mean value for 
the interval 196 h. to 22 11. When, as sollietimes happens, one part of a diagram 
crosses another, the part that is later in time is dotted in the neiglibourliood of the 
crossing point. For instance, a t  Falmoutli the line connecting the points corresponding 
to the times 21 11.5m. and 21 h. 10m. is dotted near where i t  crosses tlie line 
corresponding to the times 19 h. 60 In. arid 19 h. 56 In. All the Antarctic 5-minute 
measurements were used, but they were smoothed after tlie forniula (a + 2b + c)/4, 
to prevent the general features being obscured. At Palmouth, Icew and Rsltdaleniuir 
the 5-minute measure~~zents were used unsniootl~ed ; but near 22 h. the use of all 
would have unduly crowded tlie figure, so the data answering to the following times 
were omitted :- 

At Falmouth . . 15 m, 25 m., 35 m., 45 m., and 55 m. after 21 h. ; 
At Kew . . . . 30 m., 36: m., 45 m., and 65 m. after 21 h. ; 
At Eslrdalemuir . . 35 m., 46 m., and 65 m. after 21 h. 

At the other seven stations account was taben only of the readings at 10-minute 
intervals conimencing with 19 li.30m. Also to avoid confusing the figure, i t  was 
necessary to omit points answering to times later than 21 h. 40m. a t  Honolulu and 
Agincourt, or than 21 h. 50 m. at Mauritius and Helwan. 

When considering vector diagrams i t  has to be remembered that while the relative 
positions of consecutive points on the diagram are independent of the choice made 
of base or standard values in the elements, that is not true of the vector itself, which 
depends on tlie position of the origin. In  the present case, the origin represents 
the mean value of the elements betweell 19 i  h. and 22 h., which certainly differed 
from the average undisturbed value for the same period of the day. If we 
had taken as our standards the mean values of N and E between 19 h. 55 ni. and 
21 h. 10 m., the origins for I!'almoutl1, l<ew and Eslrdalemuir would have fallen near 
the centre of tlie complete loop, and the clraiiges i11 the length and azimuth of the radius 
vector would have differed considerably from those exhibited in l'late LVII. Thus 
probably little, if any, significance really attaches to the fact that in tlie diagrams as 
drawn for the three British stations the direction of rotation of the vector shows a small 
reversal between 20 11.40 m. and 20 h. 50 m. 

Another point to be remeinbered is that we have made no attempt to eliminate 
the chinges of force normal to tlie period of the day. If disturbance were simply 
something extraneous, superposed on the norrnal changes, an elimination of the latter 
would obviously be not nieroly easy but desirable. But disturbance modifies the regular 
diurnal variatio~i, and to a degree which is different for tlie different elel~ielits and 
different for the different stations. Thus if one attempts to eliniinate the regular diurilal 
changes one may be simply adding to the uncertainties. The tlime when tlie disturbance 
occurred is one during which the normal diurnal changes happen to be slow at most 



of the stations concerned. This is true especially of the stations in Great Britain. It 
is less true of Honolulu, Agincourt, Sitka and the Antarctic. 

The rotation of the vector in Plate LVII is especially prominent a t  Falmouth, 
Kew and Eskdalemuir. At all three stations the tendency to rotate sets in a t  about 
19 h. 55 m., and ceases to be prominent about 70 minutes later. In the course of that 
time the vector has travelled completely round the circle, in the anti-clockwise direction. 
The phenomena show a considerable resemblance to those observed a t  Kew and 
Eskdalemuir on August 22, 1916, about the same time of day. On that occasion also 
the vector diagram was almost a complete loop, the revolution occupying from 19 h. 48 m. 
to 20 h. 48 m. On both occasions the principal difference between Kew and 
Eskdalemuir was the greater range in N a t  the more northern station, but the excess 
was much greater on August 22, 1916, than on September 17, 1912. This suggests, 
of course, that the disturbance in 1916 may have been more local in its incidence than 
that of 1912. 

Most of the vector diagrams in Plate LVII show a clear rotation of the vector, 
but the times when the rotation is most prominent and even the direction of rotation 
vary. On the whole, the direction is distinctly anti-clockwise in the Antarctic and 
at  Helwan and Agincourt ; but it is equally distinctly clockwise at  Mauritius, Alibag, 
Honolulu and Sitka. At Buitenzorg there is a complete loop from about 20 h. 20 m. 
to 21 h. 20 m. which is described clockwise, but later the motion seems anti-clockwise. 
In the Antarctic and a t  Mauritius, Buitenzorg, Alibag, Honolulu and Helwan the 
elongation of the diagram in one direction is a more prominent feature than the existence 
of a closed or nearly closed loop. At Mauritius, Buitenzorg, ~%onolulu and Helwan 
the elongated direction is inclined slightly to East of North ; at  Alibag, however, the 
direction is slightly to West of North. In the Antarctic the elongated direction runs 
roughly from E.N.E. to W.S.W. 

, The positions on the diagram of the points corresponding to 19 h. 30 m. and 
20 h. 30 m. are in all cases except Agincourt strongly opposed. But whereas the 199 h. 
point comes near the foot of the diagram a t  Mauritius, Buitenzorg, Alibag, Helwan, 
Falmouth, Kew and Eskdalemuir, it  comes a t  the top in the Antarctic and at  Honolulu 
and Sitka. 

Section 127.-As measurements had been made a t  5-minute intervals, the 
opportunity was taken of calculating " activities " by means of Bidlingmaier's formula, 
taken as (1/8r)Zy2/31, where y is the departure from the accepted standard value. 
What to take as standard value was something of a difficulty. In the case of an 
ordinary bay disturbance, occurring during an otherwise undisturbed time, the value 
of the element a t  the beginning of the disturbance, or the arithmetic mean of the values 
a t  the beginning and end, will usually make a close approach to the normal quiet day 
value a t  the same time ; whereas the mean value for the time during which tho 
disturbance lasts will usually depart considerably from the corresponding quiet day 
'value. On September 17,1912, the bay disturbance was preceded by other disturbances, 
which a t  some of the &ations were of considerable amplitude. At  the l e s ~  disturbed 



stations the value of the element before the bay began was undoubtedly nearer the 
normal undisturbed value than was the mean derived from the 31 6-minute 
measurements. Considering the several uncertainties, it  was decided to calculate two 
sets of '( activities." The first set, given in Table CLXXVII, takes as standard the 
mean value of the element derived from the 31 measurements. The second set, given 
in Table CLXXVIII, takes as standard the value of the element at 19 h. 30 ln., that 
being accepted as the time of colnmencement of the bay. The unit in both tables is 
10-l0 erg. 

!I?ABLE CLXXVI1.-" Magnetic Activity " from 19 h. 30 m. to 22 11. 0 in., September 17, 
1912 (unit 1 x Erg per c. cm.). (The standard values arc the mean values 
during the interval.) . 

. - - - - - -  - 

Station. Tllreo I ( D. 1 N. / lC. I Y .  / . / Co llll> 0 ,loll t". I-- - 
Antarctia 
Mauritius 
Buitcnzorg 
Alibag ... 
Honolulu.. . 
Helwan ... 
Agincourt 
Falmouth 
Kew ... 
Eskdalemuir 
Sitka ... 

At the Antarctic and st the stations which rocorded H and D, " activities " 
were calculated both from the original curve measurements and also from the 
corresponding values in N and E. The first two columns in Tables CLXXVII and 
CLXXVIII are headed H and D, the entries in them being derived from the 
mettaurements of H and D curves st all the stations except the Antarctic. But for 

TABLE CLXXVIII.--'' Magnetic Activity " froin 19i  11. to 22 h. September 17, 1912 
(unit 1 x 10-lo Erg per c. cm.). (The standard values are the valnes at 19 11. 30 in.) 

- - - 
Station. Tl1nto I Ii- / / N. I IE. 1 v. / ;;:::. l c "  I , , ~  Z I C Q ~ .  

Antarctic ... 
i 

294.8 
Mauritius ... 
Buitoilzorg . . . 
Alibug ... ... 
Honolulu.. . ... 
Helwan ... ... 
Agincourt . . . 
Falmoutli . ... 
Kow ... ... 
Eskdulelnuir . . . 
Sitka . .. ... 

879.2 941.6 884.3 
82.0 - 
56.0 
24.9 

103.2 
19 .B 
73.2 

108.7 - 
118.9 

195.8 684 a0 
88.8  
30.8 
59.1 
29.0 

108.1 
30.9 

263.6 
288.8 
361.4 
181.1 

62.4 - 
I 

- i 34.3 
59.9 
29.3 1 

115.2 
- I 

274.4 1 
304.8 
401.1 1 
196.1 / 

- - I 

6 . 8  - 
2 . 5  
4 . 2  
4 .9  

11.4 
190.4 
179.8 - 
62.2 

86.8 
25.5 
6G.6 
22.4 

103.9 
18.9 

131.3 
170.8 
200.6 
164.8 

2 .6  
2 . 0  
2.4 
7 . 8  
3 .2  

11.9 
132.6 
117.7 
160-9 
15.3 

- - 

3 .8  
0 .7  
0 . 3  
7 . 0  
- 

10-7 
18.9 
39.6 
15.0  
- 



the Antarctic the entry in the H column really refers to N', and that in the D column 
to E'. Except a t  Buitenzorg and Eskdalemuir, the changes in N and E were calculated 
from the measured changes in H and D. In each case of course 

AN2 + AE2 = AH2 + ADZ, 
but agreement to 0.1y2 could not be expected unless more significant figures were 
retained in the values of AN and AE than was actually done. The AH, AD figures 
being in nine cases out of the eleven the fundamental ones, the values of the "activity" 
in the horizontal plane were in these cases derived from the first two columns, retaining 
however in the calculation one figure beyond that actually shown. It will be found, 
however, that the sum derived from the third and fourth columns always comes close 
to the value assigned to the horizontal plane. 

The last column is in general based on the figures in the first, second and fifth 
columns. It contains no entry for Mauritius or Agincourt, as vertical force curves 
were not available for these stations. 

From the mathematical properties of the mean ordinate, when corresponding 
figures in Tables CLXXVII and CLXXVIII differ, the figure in Table CLXXVIII is 
necessarily the larger. There is a substantial difference in every case except a t  
Agincourt, where the mean value of H between 19& h. and 22 h. was practically identical 
with the value a t  19 h. 30 m. 

Both tables agree in making the " activity " from the vertical component everywhere 
small compared to that from the horizontal components. They also both make the 
contribution from D or E small compared with that from H or N a t  Mauritius, 
Buitenzorg, Alibag, Honolulu and Helwan ; and th(+y make the " activity " a t  
Buitenzorg and Honolulu very decidedly less than a t  Mauritius, Alibag or Helwan. 
The two tables further agree on the following points : " activity " a t  Sitku exceeds that 
at  Helwan, the contribution from D being much larger a t  the more northern station, 
but the " activity " in the horizontal plane is considerably less a t  Sitka than st the stations 
in Great Britain. " Activity " is slightly greater a t  Kew than a t  li"almoutli, and 
considerably greater a t  Eskdalemuir than at  Kew. The contribution from N exceeds 
that from E a t  Kew and Esltdalernuir, but a t  Balmouth the contribution from E is 
slightly the larger. The contribution from 1) considerably exceeds that from 13 a t  both 
Falmouth and Kew. 

In the Antarctic the contribution from E' much exceeds that from N', and 
the contribution from E is still more in excess of that from N. 

The view one takes as to the relative values of the " activity " in the Antarctic 
and in Britain depends on the view taken as to the standard value. According to 
Table CLXXVIII " activity " was much greater in the Antarctic than in Britain, 
whereas according to Table CLXXVII the Antarctic value, while exceeding the values 
a t  Falmouth and Kew, fell short of that a t  Eskdalemuir. 

In the case of the measurements a t  5-minute intervals during term hours it was 
found that (1/12)2r/2/lt" where 1% is the range of' the element for the hour and ?/ the 
representative departure from the mean value for the hour, showed an approach to 



~onstancy, the mean value obtained for this constant being approximately o 06. 
It was thus of interest to compare the values obtained in the present case for (1131) 
with the corresponding squares of the ranges for the total interval of 29 hours. This 
was done for the two horizontal components combined, and for all three cosnponents 
combined. In  the first case the ratio was found which the sum of the values 
of (1/31)Zq2 from the two horizontal components bore to R1+ 13," and in the 
second case the ratio which the sum of the values of (1/31)2~12fronl the three 
components bore to R12 + Ra2 -+ R32. Here 13,, R, and 12, represent the ranges in the 
three components, as derived from the measurements a t  5-minute intervals. 

The results appear in Table CLXXIX. The valuc of the ratio is very sensibly 
lower a t  Agincourt and very sensibly Iliglier a t  Helwt~n than a t  the otller stations. 
The departures a t  the other nine stations from the value .09 are comparatively small. 

Sc.ctioyb 128.-The Antarctic curves were interrupted for some time between 
23 h. and 24 h. on September 17, and i t  was convenie11t for otller reasons to consider 
the disturbances on the 17th and 18th separately, but there is no really clear line of 
separation, and they may well have been parts of a single disturbance. 011 the 18th 
the most disturbed times in the Antarctic were from O 11. to 2 h., froin 6 11. to 8 h., and 
from 11  h. to 13 h. Between 0 h. and 2 h. there were ranges of 102y in N', lOOy in 
E', and 33y in V. The chief E' movement took the shape of s bay. Between 6 11. 
and 8 h. N' had a range of 1027, E' of l lOy and V of 48y. These lnoverlie11ts were of 
a somewhat irregular character. Between 11 h. and 13 h. the N' and It' i~iovelnents 
were more regular, the two elelnents executing a large oscillation, during a considerable 
part of which the move~ne~its were rougllly in phase. Tlie commencing rnovenients were 
a rise (algebraic) in N' and fall in E', the n\ovenient in E' being concluded before 
that in N'. The subsequent fall in N' uxceeded the rise, and (luring i t  E' first rose 
smartly to ft maximum and then fell to a mininmn~, which was practically coincident 

TABLE CLXX1X.-Ratios of " Magnetic Activity " to Squares of 12anges. 
September 17, 1912. 

- - - -- - --- - - 
(1/31)'t0? in Hod. Plnno. (1/31)8rla from 3 comporronts. 

Station. I - - -- 
It ,Y + Hi:. It,' + R2 + 1t.p. 

- ----- -- ! P 

... Antarctic ... 
Mauritius ... ... 
Buitenzorg ... ... 
Alibag ... ... 
Honolulu ... ... 
Rclwan ... ... 
Agincourt ... ... 
Pdmoutll ... ... 
lCe w ... ... 
Eskdalomuir ... 

... Sitka ... 
-.--- 

Mean ... ... 
.- . 

082 
~089 
,084 
so98 - 088 
,109 
,061 
-088 
* 088 
-079 
-079 

---- 
.08G 

- - - - - *  - - -  

,080 - 
-087 
-097 
08G 
.lo8 
- 

.088 
a090 
~081 
-083 

--P 

.089 

L - 



in time with a minimum in N'. The total ranges during the two hours were 1 2 6 ~  
in N', 155y in E', and 40y in V. 

At Mauritius the H trace received stopped at  13 h., but it is hardly likely that the 
range given in Table CLXXX was exceeded. In the case, however, of D, where the 
record stopped at  10 h., the range given in the table was probably exceeded. About 
6 h. 20 m. there was a sharp rise of about 10y in H, and the curve retained a crested 
appearance until 6 h. 50 m., when a rapid fall brought the trace to about its original 
level. From 8 h. to 1 1  h. 40 rn. there was a steady fall, in all about 507. This is 
in the same direction as the normal change for the interval, but about four times as 
large. The D trace showed practically nothing but the normal diurnal variation. 

'TABLE CLXXX.-o h. to 14 h. September 18, 1912, Plate LVIII. 

The Ruitenzorg trace ceased at  10 h., and the range data in Table CLXXX are 
correspondingly restricted. The N trace showed numerous short-period oscillations. 
Retween 6 h. and 74 h. N fell 41y. The natural change during this time is a fall, but 



only of about 157. After 7k h., instead of continuing to fall, as i t  would naturally 
have done for some hours, N showed at  first a sinall rise, and then small oscillatio~~s 
about a nearly level value. The li: and V traces showed small signs of disturbance. 

Prom Alibag only H trace was received. 'l'here was a small elevation, centring 
about 01, h., and a small depression centring about 114 h., but there was no ~novernent 
of any considerable size. 

At Honolulu the R trace contained a succession of irregular ~novementa between 
4 h. and 13 h. Between G h. 0 m. and 7 h. 25 m. there was a fall of 10y and rise of 
15y. Between 11 h. 25 m. and 11 11. 56 m. there was a rise of 19y. These were the 
largest individual movements. 

At Helwan there were a small elevation and depression in H corresponding to those 
a t  Alibag, but apart from these the trace was nearly quiet. The U trace was snzooth, 
but the i~onnal ~ ~ i n ~ g e  was exceeded. 'I'hc V trace contained small dimples, synchronous 
with the elevation and depression in H, but was otherwise quiet. 

At Agincourt there ~vas n decidedly quiet time between 23 h. on the 17th and 
0 h. 30 In, on t l ~ e  18th. llhe H trace was appreciably disturbed between 0 h. 30 m. 
and 8 b., and again between 11 11. and 13 h., the largest lnoveinents occurring between 
1 h. and 4 h. Between 0 h. 40 nl. and 3 11. 40 m., the following successive movements 
occurred : - 22y, + 31y, - 40y and + 33y. Superposed on these were at  times small 
sllort-period oscillations. Between 8 h. and 11 h. there were only s~nall oscillations. 
There was a bay (depression) between ll& 11. and 13 h., the fall between 112 h. and 
112 h. amounting to 22y. The D trace showed almost continuous disturbance from 
0 h. 40 m. to 13 h., except for a quiet interlude from 10g 11. to ll+ h. Between 
0 h. 45 In. and 1 11. ti m., there was an easterly swing of 74'. Between 3& h. and 49 h. 
there were lnovernents of 14' to West and 10' to IGast. 13etween G &  h. and 89 11. there 
were the follo~ving movements, the first being slightly interrupted : lo+' to West, and 
104' to East. There was westerly deflection between 11 11. and 13 h., but not large. 

At Eskdalert~uir the N curve exhibited numerous smnll irregular n~ovements until 
after 15 11. The largest movements occurred between G 11. and 7 h., and between 
114 h. and 129 11. Between 6 11. 6 m. and G 11. 20 n ~ .  N rose 297, and between 6 h. 20 m. 
and 7 h. 20 m. it fell 44y. Between 11 11. 30 In. and 12 11. 30 m. there was a fall of 
30y and rise of G7y, the latter somewhat interrupted by minor osoillations. The E 
curve was generally disturbed until 154 h., when it became very quiet. The largest 
movements occurred between 0 h ,  46 In. and 2 h., and between I 14 h. and 13 h. 
Between 0 h. 46 In. and 2 h. 16 m. there was an algebraic fall of 267 and rise of 39y.  

Between 11 h. 26 m.  and 12 h. 26 m. there was an algebraic rise of 17y and fall of 33y. 
During the 18th there were some undulatory movements in V, but of very trifling 
magnitude. 

At Sitka the larger ~nove~nents had subsided before the end of the 17t11, but the 
H and D curves continued to show numerous small short-period oscillations. These 
reinained prominent until 5 11. on tile 18th, and recurred at  intervrtls later in the day. 
Larger movements of longer period becarno niore prornixlont in H ttnd D after 2 h. 



These were largest between 64 h. and 84 h., and between 114 h. and 13 h., when they 
were accompanied by considerable movements in V. Between 7 11. 0 m. and 7 h. 45 m. 
H rose 62y and fell 49y. Between 8 h. 0 m. and 9 h. 30 m. TI fell 31y, rose 49y and 
fell 38y. Retween 11+ h. and 13 11. there was a decided bay (depression) in H, but 
minor oscillations interfered with the regularity of its outline. D was throughout 
a t  least as nluch disti~rbed as H. Between 6 h. 15 rn. and 8 11.5 m. there was an 
irregular shaped bay, D a t  7 h. 10 m. being 15i' more easterly than a t  6 h. 15 m., and 
24' more easterly than a t  8 h. 5 m. Between 11 h. 30 m. and 12 h. 30 m. there were 
swings of 134' to the West, and 12' to the East. V fell 467 between 7 h. 5 m. and 
7 h. 40 m. Between 9 h. 55 m. and 12 h. 0 m., there was a total fall of 100y, interrupted 
about 11+ h. by a sharp rise of 16y. After 12 h. V rose a t  a gradually diminishing 
rate until about 14a h. ; the rise between 12 h. and 14 h. amounted to 81y. 

The disturbance on September 18, 1912, though generally felt was nowliere very 
prominent. In the Antarctic the range was considerahle, especially in N', but the traces 
showed much less signs of agitation than during the 17th, and disturbance was much less 
persistent. The N range a t  Buitenzorg was also considerahle, especially as the last 
4 hours were unrepresented, but, apart from the numerous short-period oscillations 
the general aspect of the trace was much quieter than on the 17th. At Alibag and 
Helwan irregularities were inconspicuous. Eskdalemuir, though much more disturbed 
than these two stations, showed nothing like the disturbance of the previous day. 
Honolulu, relatively considered, showed a decidedly more disturbed state of matters 
so far as H is concerned. The range was considerably less than on the 17th, but the 
general aspect of the curve was decidedly disturbed. At all these stations the H or N 
curve was much more disturbed than the D or E curve. At Agincourt, however, tho 
D trace was decidedly the more disturbed, and the range in that element was only a 
little less than on the 17th. At Bitlra a fair comparison is impossible between the 17th 
and 18th, owing to loss of trace on the 17th. The clisturbance on the 18th was, as 
usual, decidedly larger a t  Sitka than a t  any of the othcr c&-operating stations. In 
H and D there were numerous oscillations of considerable size, and the excess in the 
activity of the disturbance over that a t  Eskdalemuir, for instance, was much greater 
than the mere ranges suggest. The V trace a t  Sitka was comparatively free from 
minor oscillations, but the range in that element exceeded the H and D ranges a t  
Sitka and the V range in the Antarctic. The largest movements a t  all the stations 
occurred a t  one of the three times when the largest movements occurred in the 
Antarctic. In the Antarctic itself the disturbance between 11 h. and 13 h. made most 
appeal to the eye, and the same was true of Honolulu and Eskdalemuir and, on the 
whole, of Sitka. At Agincourt, however, the movements between 11 h. and 13 h. 
were less than those between 6 h. and 8 h., and very decidedly less than those between 
1 h. and 3 h. 

Section 129.-Disturbance existed througliout the greater part of September 24, 
1912, and to a minor extent during the earlier hours of the 25th) but there was a 
comparatively quiet time from 12 h. to 14 h. on the 24th, It thus appeared the most 



convenient plan to consider separately what preceded and what followed 14 11. on the 
24th. 

In  the Antarctic the disturbance on September 24 did not exceed that customary 
until about h., when increased liveliness became apparent, especially in N'. The 
largest movement in N' was a fall of 167y-interrupted only by sniall oscillations-- 
between 2 h. 60 m. and 3 h. 23 In., when the minimuin (numerical lnaxiniunl of 8') 
was reached. A general movement in tlre reverse direction followed until the 
attainment of the maximurn a t  9 11. 52 m. This rise liad nuinerous short-period 
oscillations superposed on it, and was arrested once or twice for solile time. On the 
whole, however, i t  was of the same general character as the normal change for the saniie 
time of day, only five times as large. After 10 h. N' fell decidedly, returning to about 
its nornial value by 13 11. Thus the plienoineiia in N' may be described generally as 
an enliancement of the ordinary regular diurnal variation. The same was true of E', 
only the enhancenient in its case was less, and the rise to tlie rnaxii1iuin a t  8 h. 38 in. 
was much less regular and nrore interrupted than in the case of N'. There were sonie 
rather rapid oscillations in E' near 10 li., the following changes occurring between 
9 h. 50 111. and 10 h. 20 In. : 4- 39y - 71y, .A- Goy and - 1 1 6 ~ .  E' continued to fall 
so~newliat rapidly after L., and from 12 11, to 14 11. was so~newliat below its normal 
value. V sllowed no really conspicuous rapid inovements. The largest there were 
occurred near 10 11. 'the V trace had a general trend downwards (nunerical increase) 
from 3 11. to tlie minimum a t  10 h. 17 111. A decided reverse niove~iient set in about 
10 h. 40 m., and continued until a little after 14 h., when tlie elenlent had returned to 
about .its normal value. Thus in tlie Antarctic, in all the elenients alike, tlie 
phenomena between 3 11. and 10 11. amounted in the main simply to an increase of the 
normal diurnal variation. 

At Mauritius tliere was a general fall in 13 fro111 1 h. to  10 li., and tlieii a rise until 
14 11. Tllere were a few interruptions, but the reverse ~rloveinents were sinall, Tlle 
rnuxiinll1r1 occurred about 3 lio~ua before the usu:d time, and the minin11im- 
which, howcver, is norlnally of n very rounded cl1aracter-w;ts also soine hours early. 
r 1  l h e  range, moreover, was about four times the 1roriri:~l. Between 9 11. 50 in. and 
10 11. 15 m. three rapid changes in I-I, respectively - l l y ,  4- 9y and - 5y, appeal to the 
eye. Tlie major movements in the 1) curve represented fairly the ordinary diurnal 
cha~iges. !I1here were, however, some short-period oscillntions, the most proniinent 
between (3 11. 40 m. and 10 h. 20 ni., wlren the following movenients occurred : 14' to 
&st, 14' to \rest, 1' to East and 1' to West. Both H and 1) were very quiet between 
13 11. and 14 11. 

At Buitenzorg disturbance began to be nzanifest about 0 11. 20 m. Prom 0 11. 40 IH. 

until tho rniniliium wits reached a t  10 Ir., the general trend in N wns downwards, the 
motion accelerating after 1 h. 40 111. There were liunierous short-period oscill~tio~ls 
and solno minor reverse moverr1ents of longer period, but notliing vcry conspicuous. 
Tllorc wore thrcc sharp inove~nents following one another ilr inu~icdiate sucuessiol1 
between 9 11. 65 m. and 10 11. 15 in., being respectively a fall of 237, u rise of 2 9 ~  and 
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a fall of 167. From 10 h. 15 m. to 129 h. there was a smart recovery, amounting in 
all to 76y. The minimum occurred about the usual hour, but the preceding fall set 
in several hours earlier than usual and was about four times the usual size. Usually 
the N trace is almost level for some hours about the time of minimum, so the rise 
between 10 h. and 12 h. has no parallel in the regular diurnal variation. The X trace 
contained a few short-period oscillations. The minimurn and maximum occurred 
about the usual time, but the range was enhanced. The most conspicuous departure 
from quiet conditions consisted of three movements near 10 h. The two largest and 
latest of these were respectively a fall and a rise, each of about 107 in 10 minutes. Prom 
10 h. 20 m. to 11 h. 45 m. there was a gradual fall of 26y, from three to four times the 
normal change. The maximum (numerical minimum) of V occurred about the usual 
hour, but the minimum was reached some hours earlier than usual, and the range was 
nearly double the normal. There were sharp movements in V near 10 h., apparently 
synchronous with those in E, but less than two-thirds of their size. 

At Alibag the minimum in H appea~ed several hours earlier than usual, and the 
previous fall was much above the normal. Instead of the usual fall of about 12y between 
10 h. and 13 h., there was a rise of 45y. Between 13 h. and 14 h. the curve was nearly 
level. Thus the phenomena were closely similar to those observed in H at  Mauritius 
and N at  Buitenzorg. 

The traces received from Honolulu did not commence until 3$ h. At that time 
H was falling rapidly. According to the official publication, from which some of the 
information in Table CLXXXI is derived, the fall set in actively about 14 h. It was 
particularly rapid between 29 h. and 39 h., amounting to 32y in the course of an hour. 
The fall to the minimum was very largely in excess of the normal, and the minimum 
was reached several hours before the usual time. Subsequent to the minimum, the 
general trend in H was upwards, but until 102 h. the rise was not rapid, and it was 
interrupted by oscillations. There was a somewhat conspicuous double oscillation 
between 9 h. 55 m. and 10 h. 20 m., consisting of the following movements : -12y, 
+ lay, - 7 y ,  + 3y. The first three of these movements seem to correspond with those 
described a t  Buitenzorg and Mauritius. After 108 h. the rise became more rapid and 
less interrupted, gradually falling off, however, in rapidity after 12 h. At 14 h. H wae 
still decidedly below the normal. The D trace at  Honolulu showed small signs of 
disturbance, but the needle pointed more easterly than usual between 8 h. and 11 h. 
The V trace also showed in general very little sign of disturbance, but there was a 
decided double oscillation near 10 h., - 6y, + 9y, - 4y, + 3y, synchronous apparently 
with the double oscillation in H already described. 

At Helwan the morning fall in H was augmented. The hour of minimum appears 
delayed, but that arises from the fact that it  was reached during the rapid oscillations 
which presented themselves there as elsewhere near 10 h. These movements closely 
resembled those at  Alibag, the changes occurring during 20 minutes being - 15y, 
+ 21 y and - 7y. The D trace was less disturbed, but it showed movements near 10 h. 
synchronous apparently with those in H. Owing to the interruption of the curve by 



the time mark, the nature of their commencement is somewhat indistinct. But tho 
movements which corresponded to the two last in H were 1'.4 to the West and 0l.7 to 
the East respectively. The V trace was a little undulatory. Near 10 h. there was a 
somewhat rapid fall of 77 in about 10 minutes, corresponding apparently with one 
of the movements in tlie other elements. 

At Agincourt H began to fall decidedly after 0 h. 30 in., and became decidedly 
disturbed after 2+ h. Disturbance remained active until 114 h. Between 4 h. and 
10 11. H was markedly depressed. The largest movonients occurred between 3$ h. 
and 9 h. Between 3 h. 50 rn. and 4 11.40 111. H ieEell84y and rose 49y.  Betweell4 11. 40 m. 
and 6 h. 20 m. it fell 58y and rose Goy. A very rapid oscillution, u fall of 27y and rise 
of 31y, occupying less than 10 minutes, occurred just before 10 h. The D curve was 
but littls disturbed until after 2$ h. Prom 3 11. until 11 h. there was a succession of 

TABLE CLXXX1.-0 h. to 14 11. September 24, 1912. Plate LVIII. 

1 

--- - - - 

Station. 

- 

Antarctic ... ... 

Mauritius ... ... 

Buitenzorg ... ... 

Alibag ... ... 
Honolulu ... ... 

Helwan ... ... 

Agincourt ... ... 

Rskdalemuir.. . ... 

Sitka ... ... 

-- 

Ele~nont. 

N' 
E ' 
V 

H 
D 

Disturbanoe 
Range. 

Y 
361 
244 
210 

74 
4 1 

- 

Inequality 
Range. 

Y 
67 
47 
33 

19 
34 

N 
E 
V 

I1 

H 
D 
V 

H 
D 
V 

I3 
D 

N 
I!: 
V 

H 
D 
V 

- - -- - -  - - - - . - - 
Times of 

- 
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162 
50 
29 

96 

96 
22 
17 

62 
4 4 
16 
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263 
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60 

467 
291 
696 

- - . 

11. m. 
9 82 
8 38 
1 20 

0 20 
9 56 

40 
31 
17 

20 

10 
17 
16 

32 
52 
22 

24 
24 

34 
36 
8 

6 
21 
6 

- - - -- 

h. Il l .  
3 23 

12 55 
10 17 

10 0 
6 40 

0 35 
7 36 
6 40 

0 30 

0 32 
10 15 
10 7 

0 20 
2 65 
6 0 

0 25 
6 l p  

2 45 
3 6 

14 0 

12 33 
10 17 
4 39 

10 0 
2 5 

10 6 

10 0 

6 11 
5 20 
4 35 

10 0 
10 5 
8 40 

5 30 
9 66 

9 59 
ti 38 
B 0 

9 56 
2 46 
9 58 



considerable oscillations. Between 2  h. 50 m. and 4  h. there were movements of 18&' 
to the East, and 2 4 g  to the West. Between 4  h. and 5 h. there was another oscillation, 
244' to the East, and 7' to the West. Between 7  h. 25 m. and 9 h. 5  m. there were 
movements of 18' to  the West and 14' to the East. Finally between 9 h. 5 m. and 11 h. 
there were movements of 30' to the West and 304' to the East. 

At Eskdalemuir there was a good deal of minor disturbance on the 23rd, but this 
had pretty well disappeared by 22 h. Near midnight disturbance began to increase 
again in N, and the curve remained considerably disturbed until 12 h. on the 24th. 
The largest single movement was a fall of 71y between 5  h. 55 rn. and 6  h. 50 m. There 
were some rapid movements commencing about 9 11. 55 m., the first a sharp rise of 
10y,  but the interruption of the trace by the hour mark somewhat obscures their 
real character. Apparently there were three movements ; the second, slightly 
nterrupted, was a fall of apparently about 28y. The E trace began to show slight 
disturbance shortly after 0  h., and there were considerable movements between 2& h. 
and lo* h. Between 2  h. 25 m. and 3  h. 5  m., E rose 46y.  Between the maximum 
a t  3 h. 5  m. and the minimum a t  5  h. 38 m. there was an almost continuous fall of 127y. 
Between 9 h. 55 m. and 10 h. 25 m. there were some rapid movements, resulting 
on the whole in a fall of 64y.  The V curve showed no sign of disturbance until 2  h., 
when a fall became visible. After a slight recovery, a further fall set in about 3  h. 10 m., 
and continued until the minimum was reached a t  5  h. The total fall between 2  11. 
and 5  h. amounted to 45y.  From 6  h. to 10 h. V rose gradually. Between 12 h. and 
14 h. the trace was very quiet. 

The curves received from Sit la  did not commence until after 1  11. ; a t  that tjrrie 
they already showed slight traces of disturbance, which gradually increased. After 
3 h. the energy of disturbance markedly developed, and there was a still further 
increase after 7  h., the movements between 7  h. and 11 h. being very large indeed. 
The intensity of disturbance declined rapidly after 11 h. By 14 h. only small short- 
period oscillations remained, and the elements had nearly assumed their normal values. 
H was markedly depressed between 5  h. and 11 h., especially between 9 h. and 104 h. 
The trace was highly oscillatory throughout, some of the oscillations being large as well 
as rapid. Near 8 h. in the course of 5  minutes H increased 147y. Between 9 h. 55 rn. 
and 10 h. 20 m. there were two oscillations, the movements being + 216y, - 211y, 

+ 158y and - 162y ; i.e., the rises and falls were very nearly equal. Between 
10 h. 20 m. and 10 h. 40 m. there was a rise of about 383y. In the 1) trace larger 
movements began about 3 h. 20 m. From then until after 10 h. the trace was highly 
oscillatory. Prom 54 h. to 10 h. the general trend was to the Xast. Between 5& h. and 
9& h. there was a succession of 10 oscillations of roughly equal periods superposed on 
the easterly drift, and these oscillations had in their turn smaller oscillations of much 
shorter period superposed upon them. The extreme easterly position was presumably 
shown too faintly in the original curve to be visible in the copy received, which shows 
a blank from 10 h. 5  m, to  10 h. 25 m. The details respecting i t  in Table CLXXXI 
are derived from the official publication. Between 10 h. 26 m. and 10 h. 56 m. there 



was a westerly movement of 32'. The V curve showed only minor movements until 
after 3 h., when a marlred rise commenced. In the course of tlie next 40 11linutes tlie 
element rose 877. Minor oscillations continued until about 6 li., wlleii a decided full 
began. This was interrupted by numerous small short-period oscillations, and by a, 

rise of about 92y between 7 b. 46 ni. and 8 h. 5 II~., and again by oscillations of 
moderate period between 9 11. 5 m. and 9 11. 35 m. The total fall between 6 11. and 
the minimum at 9 h. 58 m. amounted to  676y. The recovery after 10 11. was also 
interrupted, but the total rise between 10 11. and 11 h. aniounted to 498y. Between 
11 h. and 12 h. 45 in. there was a further rise of 1087. Between 7 h. and 12 h. the 
depression in V was most conspicuous, the curve being pyramidal in appearance. 

There are several interesting pllenoniena in tliis disturbance. Tlie most promillent 
feature, except a t  the North American stations, was perhaps tllc enlla,ncernent of the 
regular diurnal variation in H or N. The time of the ln ini~~lu~l i  in 13 or N was also 
in most cases advanced, and the rise after the rliinimum was abnor~lzally rapid. At 
the American stations the disturbance occurred during the niglit, when tlie regular 
diurnal changes are naturally trifling. The prominent feature there in H or N was 
the large depression of the element near 10 h., and tlie subsequent rapid recovery. 
At Mauritius, Buitenzorg, I-Ionolulu and I-Ielwan tlie I) or 13 and tlie V lnovelnents 
were as usual much smaller than those in H or N, but a t  Eslicialemuir the disturbaiice 
was quite as prominent in E as in N, while a t  Agincourt the 11 curve had a considerably 
larger range than the H. At all the stations these were oscillatioiis near 10 11. wllicll 
made a special appeal to the eye. Unfortunately some details were lost ut ($11 tlic 
stations where the 10 h. time mnrlr interrupted tlie trace. Also short-period oscillat,ioils 
wero generally superposed, thus i t  is difficult to say exactly what corresponticd a t  
different stations. At one and the same station the different elenients showed in i~lost 
cases a different number of movements near 10 h. Thus in the Antarctic one would 
naturally say that there were six movements (three oscillations) in N', but only four 
movements (two oscillations) in E' or V. At Buitenzorg, Alibag and Helwan there 
were only three prominent movements in N or H, but the first of these was preceded 
and the last followed by a less conspicuous inovenlent in the opposite direction, At 
Honolulu the movement which preceded and the ~liovenlent which followed tho three 
prominent lrlovements in the H trace wero more conspicuous than a t  Helwan, At 
Agincourt there seemed to be only one oscillation in I3 or D, but the oscillation in D 
took double the tizne of that in H. At Sitlra the H trace showed two very conspic~~ous 
oscillations about 10 h., but they were ~recedcd by oscillations which were also of 
considerable though snialler size, and tlley wero followed by an even larger illoveil~entl 
which nearly wiped out the depression in H existing a t  tlie time. 

In  the Antarctic there was a considcrablo range in V, but the ctppearance of the 
curve was little Inore disturbed than usual. At Buitenzorg, Honolulu and Helwnn there 
was no disturbance in V worth mentioning. At Eslidalemuir the only practical trace 
of disturbance in V was the depression characteristic of disturbnnce in the early morning. 
This depression, it sllo~dd be noticed, had largely disappeared before the climax in V 



was reached a t  Sitka. Thus the enormous disturbance in V a t  Sitka seems quite 
apart from the phenomena a t  the other stations. 

Section 130.-Results for Honolulu and Sitka are not included in Table CLXXXII 
because the curves received from these stations did not extend to the later part of the 
disturbance, when the larger movements were recorded elsewhere. 

TABLE CLXXXI1.-14 h. September 24 to 2 h. September 25, 1912. Plate LV111. 

( Helwan ... ... H 

I 
n 
v 

Times of 

Maximum. I Minimum. 

In the Antarctic the minor oscillations, which had been less in evidence between 
12 h. and 14 h. on September 24, 1912, became more conspicuous after 14 h. These 
oscillations were largest in E' and least in V. Between 14 h. and 15 h. the oscillations 
in the three elements seemed roughly in phase, but this soon ceased to be the case. 
In N' there was a most conspicuous bay (algebraic depression) between 20 h., and 24 h. 
Between 22 h. and 23 h. 45 m. N' fell 157y and rose 167y. E' showed a succession 
of considerable oscillations of varying periods between 19 h. and 24 h. Between 
19 h. 5 m. and 19 h. 50 m. E' rose 55y and fell 100y ; between 19 h. 50 m. and 
20 h. 30 m. it rose 61y and fell 977 ; and between 22 h. 25 m. and 23 h. 16 m. i t  rose 
747 and fell 1037. Superposed on these longer period oscillations were numerous 
short-period oscilla,tions. Between 23 h. 15 m. on the 24th and 1 h. 10 m. on the 25th 
there was a rise of 194y in E', interrupted only by short-period oscillations. The 
chief movement in V was a fall (numerical rise) of 40y and rise of 55y between 20 h. 10 m. 



and 20 h. 50 m. Between 22 h. and 24 h. on the 24th, the time when N' and E' were 
most disturbed, the V trace exhibited only sinall movements. The disturbance in the 
Antarctic gradually diniinished after 0 11. on the 25th, and between 6 h. and 18 11. the 
curves were very quiet. 

At Mauritius the H trace, whicli had been very quiet from 12 h. to 14 h. of the 
24th, became obviously disturbed after 14 h. Between 14 h. and 17 11. 20 ni. there 
was a succession of small but sharp oscillations, giving ttha trace a jagged appearance. 
These movenients, though not a,bsolutely large, appeal to the eye, partly because the 
trace was very quiet for more than an hour subsequently. As will be seen presently, 
corresponding movenlents were recorded a t  other stations. There was a conspicuous 
hump (enhancement of H) between 22 11. 35 1x1. of the 24th, anti 0 11. 20 111. of the 25th, 
a rise of 28y being followed by a fall of 19y.  Tlle only conspicuous feature in tlie D 
trace was a hey (easterly deflection) between 22 h. 30 m. and 24 H. of tho, 24th. There 
was an easterly movenierit of 6' and westerly movement of 3'. 

At Buitenzorg on the 24th N was conlparatively quiet betwecn 13 h. and 14 h., 
and again between 17 11. 20 in. and 18 h. 20 m., but between 14 11. and 17 h. 20 m. there 
were movc~nents which seem to correspond exactly with those just described a t  Mauritius. 
When 13: increased a t  Mauritius, N increased st Buitenzorg. During this tirne tlie 
Ruitenzorg E and V traces appeared quiet to the eye. Small oscillations are, however, 
recognisable, and on superposing a tracing of the N curve on the E curve it call be seen 
that the two elements rernained very closely in phase during a t  least the greater part 
of the time, E falling when N increased, and conversely. The V trace also showed tiny 
oscillations, but was too faint to admit, of their exact nature being iiiade out. Between 
22 h. on the 24th and I 11. on the 25tl1, tliere was a marked bay in N (depression). The 
recovery was inore ntpicl tllan the fall. The lowest point may have been reached 
betwecn 23 11.10 m. end 23 11.16 m., while the papers were being changed. E rose 
26y between 21 11. 0 m., and 23 h. 10 m., and fell 397 between 23 h. 15 m. on the 24th 
and 2 h. on the 25th. I1Iiese changes are in the same direction as the nornlal diurnal 
changes, but much larger. The V tracc throughout was sliglitly undulatory, but differed 
very little from a straight line. 

At Alibag conditions had been quiet between 13 h. and 14 h. on the 24th. But 
from 14 h. to 17 11. 20 m. there was a succession of oscillatory movements in H, 
corresponding very closely with those described a t  Mauritius. Also, as a t  Mauritius, 
there was a conspicuously quiet time after 17 h. 20 m. for nearly two hours. From 
19 h. on the 24th to  0 h. 30 m. on the 25th there was sonie further disturbance, the 
trace including a small bay centring about 22 h. 40 ni. The largest colltirluous 
movement was a rise of 17y between 22 h. 40 rn. and 23 h: 40 ni. 

!llhe curves received froin Honolulu stopped a t  20 11. on tlie 24th. Tlie oscillatory 
movements in I1 between 14 h. and 17 h. 20 m., tliougli less conspicuous than a t  Alibag 
and Buitenzorg, are easily recognised. On superposing a tracing of the N oscilillations 
a t  Buitenzorg-where the time scale is the same as a t  Honolulu-the nlovements a t  the 
two places are seen to c.orrespond with considerable closeness. Oscillations a t  this 



time are also recognisable in the Honolulu V trace, and less distinctly in the D trace. 
The movements in D are very small. So far as recognisable, they appeared to be a t  
least approximately in phase with the H movements, increase of H going with easterly 
movement in D. The V movements seemed also approximately in phase with those in 
H, the values of the two elements rising and falling together. 

At Helwan conditions were very quiet on the 24th from 12 h. to 14 h. There then 
ensued in the H trace a series of oscillations, corresponding very exactly with those at  
Alibag. No corresponding oscillations can be made out in the D trace. Oscillations 
are visible in the V trace, but the trace and base line are very faint, and times 
consequently a little uncertain. 80 far as can be made out, a fall in V corresponded 
with a rise in H. After a quiet interlude, disturbance began to  re-appear about 19 h., 
but the only movements of any size occurred some hours later. On the H trace tliere 
was a considerable hump (elevation of H) between 22 h. 35 m. on the 24th) and 0 h. 5 m. 
on the 25th, there being a rise of 48y in 30 minutes, followed by a fall of 34y during the 
next hour. The D trace showed some disturbance between 19 h. and 24 h. There was 
a bay (westerly deflection) between 22 h. 40 m. and 24 h., a westerly movement of 2' 
during the first half-hour being followed by a slower easterly movement of 1i'. The 
V trace became a little disturbed after 20 h., but the only movement of any size was a 
bay (depression) between 22 h. 40 m. and 24 h. The fall and rise were each about 
157, but the fall took only about 20 minutes, so had much the steeper gradient. After 
0 h. on the 25th conditions a t  Helwan were very quiet for some hours. 

At Agincourt no clear oscillations in H were visible near 14 h., but the trace was 
rather faint. The D trace clearly showed oscillations both before and after 14 h. 
Those between 14 h. and 15 h. were much larger than those preceding 14 h. The 
difference between the time scale a t  Agincourt and at  the other stations makes 
comparison of short-period movements difficult. So far as one can judge, the first two 
or three movements in the Agincourt D trace after 14 h. do correspond approximately 
in time with those elsewhere, movement to the East a t  Agincourt going with increase 
of H at  Alibag and Helwan, but no correspondence can be traced after 15 h. The H 
trace a t  Agincourt became gradually somewhat more disturbed, there being a good deal 
of oscillation, though of no great amplitude, between 19 h. and 24 h. Between 22 h. 
and 239 h. was the most disturbed time. The following changes occurred between 
22 h. 40 m. and 23 h. 30 m. : + 17y, - l a y ,  + 20y, - 24y and + 18y, the last being 
slower than the others. The D trace was practically quiet from 16 h. until nearly 
20 h., but exhibited a deep bay (easterly deflection) between 22 h. and 24 h. The swing 
to the East was 22' and the return swing 18'. Superposed on the former swing were 
some short-period oscillations.- 

At Eskdalemuir there was a comparatively quiet interval before 14 h. and a 
second after 179 h. Between whiles the N curve contained a slzccession of movements 
corresponding very closely with the synchronous movements a t  the other stations. 
Corresponding movements, though smaller, were also fairly conspicuous in the E curve. 
The two elements remained approximately in phase throughout, rise in N going with 



fall in E. Corresponding tho~igh much smaller oscillations were also recognisable 
in the V trace, fall in V going with rise in N. Disturbance increased again after 19 h., 
and was of considerable size froin 20 h. to 24 11. Between 22 h. 45 in. and 22 h. 57 nl. 
N rose 169y, falling 1267 in the course of the next 60 minutes. Between 19 11. and 
the maximum a t  20 11. 40 111. E rose 95y. Between 20 h. 46 ill. and 23 h. 25 in. there 
was a total fall of 1 0 5 ~  interrupted, however, by several minor oscillations, and between 
23 h. 26 m. on the 24th and 0 h. 5 nl. on the 25th there was a rise of 671). The V trace 
after 19 h. began to show a slnall rise above the norinal. After the l~laxinluill a t  
20 h. 14 in. a fall set in, which was very slow a t  first, but continued allnost 

' uninterruptedly until the ~izinilliul~l tit, 23 11. 25 n ~ .  'L1he rate of fall was especially 
rapid between 22 11. 66 111. and 23 11. 5 in. After 23 h. 25 111. a rise set in, wliicli 
continued until about 2 h. 011 the 25t11, but after 0 11. 20 in. the rate of rise was slow. 

The curves received from Sitlra stopped a t  174 11. on t l ~ e  24th. There was a 
relatively quieter time froin 13 11. to 14 h. After 14 11. oscillatio~is were more in evidence, 
eapecially in D. So far as can be made out, there was in general a pretty close 
correspondence in phase between H and D moveiizents, increase of H going with 
westerly movement. The earlier D inovelnents had a close resemblance to tlie earlier N 
movenients at  Buitenzorg, westerly movement a t  Sitlra going with increase of N a t  
Buitenzorg. But later short-period lnove~nents prevailed a t  Sitlca and obscured any 
parallelism that may have existed wit11 the movements elsewhere. The Sitka V trace 
also contained oscillations, though of smaller size, after 14 11. Tlie earlier of these 
appeared fairly in phase with the II nioveinents, riso in V going with westerly 
movement. 

The disturbance between 10 11. and 24 11. on Septelnber 24, 1912, was very 
consideral~le a t  most of the stations from which1 conlplete records were obtained. So 
far as can be judged from tlie publislled data, tlle disturbance was fairly represented 
a t  Sitka, but did not approach the disturbance recorded there during the ioreiioon. 
It is even doubtful whether it was as large as the siniultaneous disturbance a t  
Eslrdnlernuir . 

The most prominent feature of this lator disturbance in the Antarctic was tt 

depression in N' (nunierical rise), greatest about 23 h. A corresponding depression 
appeared in the N trace a t  B~iitonzorg. At Alibag there was a slight depression of 
H until after 225 h., but the rapid recovery from this is a more prominent feature. The 
&me is true, and to an increasing extent, of H a t  Helwan and N at  Eskdalemuir. A t  
Aginco~zrt H was conspicuously oscillatory a t  the time. The Honolulu and Sitka 
publications show that a t  both stations 13 was decidedly depressed. Disturbances 
in D or E were as usual of secondary importance at  Buitenzorg and Helwan ; but 
they were fairly prominent a t  Eslrdalemuir and very pro~ninent a t  Agincourt. At 
Sitlte, according t o  the official publication, the needle was on tlie whole considert~bly 
deflected to the West between 20 11. and 24 11. There would seen1 to lmve been but 
little disturbance in V at any of the stations. 

Section 131 .--The series of inovements between 14 11. and 176 11. on Septeiilber 24, 



1912, was so remarkable that measurements were made of the oscillations which were 
recognisable a t  the majority of stations. Nine oscillations were recognisable a t  
Mauritius, Buitenzorg, Alibag, Helwan and Eskdalemuir. Five of these were 
recognisable a t  Honolulu, and three a t  Agincourt and Sitka. Some of the curves had 
a slight slope on them a t  the time, so th& the most suitable quantity to compare was 
the sum of the two movements which were accepted as going together to form an 
oscillation. This might be regarded as double the amplitude. At the same time 
it is proper to explain that the movements were not ordinary regular oscillations. 
The to and fro movements as a rule differed in duration, as well as in amplitude, and 
in one or two cases what may have been shorter period oscillations seemed to be ' 

superposed. Some of the movements were very small, and as a good many of the 
curves had, like most copies, no very sharp outline, no great accuracy can be claimed 
for the measurements. The results are shown in Table CLXXXIII. The results in 

TABLE CLXXXII1.-Oscillations near 14 h. September 24, 1912. Amplitudes as 
Percentages of Means from Mauritius, Buitenzorg, Alibag, Helwan and Eskdalemuir. 

i Station. 

Mauritius .. . H 1 Buitenzorg ... IS 
Alihag . . . ... H 
Helwan ... H 
Eskdalemuir ... N 

9 9 ... W 
Honolulu ... H 
Agincourt . . . 1) 
Sitka ... ... D 

No. 4. No. 6. No. 6. I I 1 No. 8. / 
35 
7 1 
71 
85 

230 
108 - 
- 
- 
- - 

No. 9. 

41 
78 
57 
85 

244 
95 
28 
-- 
- 

- 

A11 I 
combined. 

44 
81 
65 
86 

215 
110 - 
- 

- I - 

each column are presented as percentages of the mean double amplitude in the first 
six rows. For instance, in the case of the ninth oscillation the range in H a t  
Mauritius was 0'41 of the mean of the following six ranges : H at  Mauritius, N a t  
Buitenzorg, H a t  Alibag, H a t  Helwan, N a t  Eskdalemuir and W at Eslzdalemuir. 
The figures for Honolulu, Agincourt and Sitka were expressed as percentages of the 
same means as served for the other stations. It is obvious a t  a glance that the sequence 
of the phenomena was generally similar a t  the various stations. The amplitude, 
however, was very different a t  the different stations, being on the average about five 
times as large for N a t  Eskdalemuir as for H a t  Mauritius. At Buitenzorg the 
magnetic and astronomical meridians are so nearly the same that the difference 
between H and N is insignificant. Thus the data from the first four stations in 
Table CLXXXIII should be fairly comparable. In one case, oscillation No. 8, the 
amplitude for Alibag equals that for Buitenzorg, but in every other case amongst the 
first three stations Buitenzorg takes the first place and Mauritius the last. Honolulu, 
however, falla distinctly short of Mauritius. Helwan, on the average, slightly exceeds 



Buitenzorg, but the two run close together. Agincourt and Sitlia are in excess of 
Iielwan, but fall decidedly short of N a t  IGskdaleinuir. 011 tlie average, the anlpli- 
tude in N a t  Eslidalemuir is about double that in W. The vector representing 
(mean A W/mean A N) at Eskdalemuir is inclined to North a t  an angle of 27", or 8"'8 to 
the West of the magnetic meridian. Thus the oscillatioi~s were inuch more conspicuous 
in the E trace than they would have been on a D trace, if one had existed. At 
Agincourt and Sitka the niovements could not be clearly made out in the H curves, 
being obscured by short-period oscillations, presulnably from a more local source. 
But it is probable that a t  these two stations. the amplitude was less in the lnagnctic 
meridian than in the perpendicular direction. 

Section 132.-Table CLXXXIV is intended to bring out more clearly the relative 
size of the different oscillations of September 24, 1912, a t  one and the same station. 
Tlle entry is the percentage which the ai~~plitndc of the particular oscillntion benrs 
to the mean ainplitude of all the oscillations observed a t  tfhnt; sLnt,ioll. For instlance, 
at Mauritius thc amplitude of the first oscillatioii was 8*By, while the mean of the 
nine amplit~ides was 7*83y, and (8.5/7.83) x 100 is 109. At the stations for which 
all nine oscillations were measured, the mean from the wliole nine, the mean froin the 
first three, and the mean froin Nos. 1, 2, 3, 4 and 9 diRered but little. Thus the 
figures obtained for Honolulu, Agincourt and Sitlia are probably fairly coinparable 
with the others. On the whole, oscillation No. 2 was decidedly below and oscillation 
No. 3 decidedly above the average. The others lnake a t  least a fair approach to 
equality. 

TABLE CLXXX1V.-Oscillations near 14 h. September 24, 1912. Amplitudes as 
Percentages. 

---- - - -- -- - - - - -- -- - - 

Station. I Eiemont. ( No. 1.  I No. 2. I NU: 3. 

Mauritiue 
Buitenzorg 
Alibag .. . 
Honolulu.. . 
Holwan ... 
Agincourt 
Eekdalomuir 

1 All . . . 

No. 4. 

The phenomenon was obviously due to some wide-seated cause, which ~naintained 
itself with little alteration in situation or in energy throughout fully three hours. 
The large size of the Xskdalemuir oscillations suggests a northern site, but varying 
distance from the source could hardly be the sole cause of difference in aalplitude. 
Helwa~i and Buitenzorg seem nearly equally affected, and any place equidistant 
fro111 these two places would be remote from Xskdaleliluir. Except a t  the American 
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stations, the direction of the oscillating force undoubtedly was not far rernoved from 
the magnetic meridian. This suggests a fluctuation somehow produced in the 
earth's own magnetic moment ; but how such a fluctuation could produce five or six 
times as large an oscillation at  Eskdalemuir as a t  Honolulu or Mauritius it is difficult 
to imagine. 

Xection 133.-The disturbance of September 30 to October 1, 1912, began with 
an s.c. a t  about 21 h. 36 m. on September 30, and continued until about 18 h. on 
October 1. 

In the Antarctic there were interruptions in the record during October 1 with 
consequent loss of trace between 4 h. 40 m. and 5 h. 55 m., between 8 h. 45 m. and 
10 h. 10 m., and finally for some hours after 15 h. 10 m. From the general appearance 
of the curves it is probable that the true maximum and minimum in N' and V and 
the true minimum in E' were recorded. But the true maximum in E' almost certainly 
occurred between 4 h. 30 m. and 5 h. 55 m., and so failed to be recorded. Thus the 
range assigned to E' in Table CLXXXV is probably an underestimate. The s.c. itself 
in the Antarctic was a large oscillation in all the elements, of the kind usual there ; 
but the subsequent movements, so far as recorded, appealed to the eye only from the 
large ranges they supplied. The change in E' between 4 h. 35 m. and 6 h. 55 m., even 
if continuous in one direction, must have been pretty rapid, because there was a rise 
in the aggregate of 1297. During the first 25 minutes after registration was resumed 
there was a fall of 72y, and if, as is probable, the fall had been in progress for some 
little time prior to 5 h. 55 m., both the rise and the fall may have considerably 
exceeded those actually shown. 

The minimum in N' presented itself several hours later than usual. There was 
a considerable bay between 4 h. and 7 h. on October 1. The rise which followed the 
minimum at  6 h. 2 m. experienced several slight reversals, and showed numerous 
superposed short-period oscillations. The maximum occurred about the usual time. 
The phenomena on the whole represented simply an enlargement of the normal diurnal 
variation. The same remark applies with even greater exactness to the changes in 
E' and V. The main features in E' were a gradual rise from 22 h. on September 30 to 
6 h. on October 1, and a gradual fall after 6 h. until registration stopped about 15 h. 10 m. 
The rise and fall were a good deal interrupted, but the superposed oscillations, 
whether of longer or shorter period, were comparatively small. The V trace, apart 
from the s.c., was not more oscillatory than usual. So far as the trace enables one 
to judge, there was a nearly steady fall from 4 h. to the minimum (numerical maximurn), 
which occurred about the usual time. This was followed by a gradual rise. The 
Antarctic curves on the present occasion bore a considerable resemblance to those 
containing the disturbances of April 15 and September 24, 1912. 

At Mauritius the H trace showed a " crest " lasting until about 2 h. 50 m. on 
October 1. During its persi~tence H on the whole rose slightly, the maximum 
presenting itself immediately before the small rapid fall terminating the crest. 
Following this there was an almost unbroken fall to the minimum at 13 h. 6 m. 



  his fall was generally slow, but was accelerated between 6 h. and 8 11. The 
phenomena in H represented on the whole an enhancement of the normal diurnal 
variation, the range being four or five times the normal, with some acceleration of 
the times of maximum and minimum. The D trace received stopped a t  8 11. on 
October 1. The movements shown were all slow. There was westerly movement 
from 21 h. on September 30 to 2 h. on October 1, and again from 39 h. to 5+ h, on 
the 1st. The total range shown on the trace 3$' soznewhat exceeds the normal, but the 
curve appears quiet to the eye. 

The curves received from Buitonzorg stopped a t  81 h. on October 1, while N 
apparently was still falling. Thus the ranges in Table CLXXXV, a t  least in N, are 
probably underestimates. After the S.C. N continued to rise with short interruptions 
until the maximum a t  2 h. 66 m. on October 1. After 3 h. N showed (I decided 

TABLE CLXXXV.-21 h. September 30 to 18 h. October 1, 1912. Plate LIX. 
- 

Btation. 

-------- 

Aritarctic . . . ... 

Mauritius .. . ... 
Buitonzorg . . , ... 

Alibag ... ... 

Honolulu ... ... 

Helwan . . . ... 

Agincourt . . . ... 

Eskdalemuir . . . ... 

Sitka . . . ... ... 

-- ------- 

- - -. - - - -. - *- 

Elo~non t. 

- - - -- - - -- - - - 
1"ines 

Maxirtiurn. 

of 

-- - 
Miniruun~. 
- .- 

h. Ill. 

6 2 (Oct. 1) 
21 40 (Sopt. 30) 
13 10 (Oct. 1) 

13  6 (Oct. 1) 

8 16 (Oct. 1) 
2 35 (Oct. 1) 
I 10 (Oct. 1) 

12 26 (Oct. 1) 
1 20 (Oct. 1) 
6 5 (Oct. 1) 

9 10 (Oct. 1) 
23 32 (Sept. 30) 
22 2 (Ssp t. 30) 

15 30 (Oct. 1) 
12 25 (Oot. 1) 
21 40 (Sopt. 30) 

7 66 (Oct. 1) 
6 30 (Oct. 1) 

11 11 (Oct. 1) 
16 50 (Oct. 1) 
7 0 (Oat. 1) 

11 2(Oct .1)  
6 39 (Oct. 1) 

11 0 (Oct. 1) 
. - -- -- - - 

--- 

N' 
E ' 
V 

H 

N 
E 
V 

H 
D 
V 

H 
D 
V 

H 
D 
V 

H 
D 

N 
E 
V 

11 
I) 
V 

- - -- - 

h. m. 
12 49 (Oct. 1) 
5 66 (Oct. 1) 

22 10 (Sopt. 30) 

2 60 (Oct. 1) 

2 86 (Oct. 1) 
7 36 (Oct. I )  
5 20 (Oct. 1) 

2 60 (Oct. 1) 
11 0 (Oct. 1) 
10 0 (Oct. 1) 

2 34 (Oct. 1) 
17 10 (Oct. 1) 
12 32 (Oct. 1) 

2 46 (Oct. 1) 
6 46 (Oct. 1) 
6 35 (Oct. 1) 

21 40 (Sspt. 30) 
9 16 (Oct. 1) 

21 42 (Sopt,. 30) 
3 23 (Oct. 1) 

16 10 (Oct. 1) 

6 29 (Oct. 1) 
11 2 (Oct. 1) 
6 3 (Oct. 1) 
-- - - - -- - - - 



tendency to fall. The earlier part of the fall was somewhat interrupted, but after 44 h. 
the only interruptions consisted of small short-period oscillations. The movements 
differed from the normal only in being larger, and in presenting the maximum a little 
earlier than usual. The E and V traces showed little sign of disturbance. . The 
maximum and minimum in either case appeared near the usual hours, but the 
movements in E exceeded the normal. 

At Alibag the maximum in H, like the maxima in H at  Mauritius and in N at  
Buitenzorg, occurred just before the " crest " terminated. But after the fall from the 
crest there was a slight recovery, and a decided fall did not set in until about 54 h. on 
October 1,  which is near the time of the ordinary maximum. A nearly continuous 
fall then ensued, until about 12i$ h. The subsequent rise was at  first slow, and was 
interrupted between 144 h. and 159 h. After 16 h. there was a steady rise for Sour 
hours. Thus the movements closely resembled those of the normal day, except that 
they. were much larger. The D and V curves appeared about as quiet as usual. 

At Honolulu the maximum in H was reached shortly before the "crest " terminated. 
There was an almost uninterrupted fall from 3 h. to 9 h. 10 m. on October 1, and after 
this there was a nearly uninterrupted rise until 19 h. Except for the s.c. and the " crest," 
the delay in the hour of maximum and the large size of the movements are the only 
phenomena which differ essentially from those of the ordinary day. 

'At Helwan the maximum in H was attained shortly before the " crest " disappeared. 
It occurred about the hour of a secondary inconspicuous maximum usually recognisable 
in the morning at  Helwan. The principal maximum usuaIly met with from 10 h. to 
11 h. was only faintly indicated, the general direction of movement being a fall from 
2 h. 45 m. to 15 h. 30 m. The fall was nowhere rapid, and was interrupted by several 
undulatory movements of small amplitude. After the minimum, a t  about the usual 
hour, H continued to rise for some hours. The D and V traces, apart from a small 
depression in the latter a t  the time of the s.c., showed practically no sign of disturbance. 

At Agincourt the maximum in H occurred about the usual time of the afternoon 
maximum, but until the " crest " disappeared near 3 h. on October 1 the trace was nearly 
level, and apart from the existence of the " crest," would pass as quiet. After 3 h. there 
was a fall, once or twice interrupted, especially between 5 h. 20 m. and 5 h. 40 m., to the 
minimum at  7 h. 55 m. There was then a marked rise, occasionally interrupted, until 
11 h. The trace received stopped about 13* h., when a gradual fall had been in progress 
for 1+ hours. The normal diurnal variation a t  Agincourt in September and October 
shows an inconspicuous secondary minimum about 8 h. with two not very widely 
different maxima about 11 h. and 22 h., the principal and much the more conspicuous 
minimum occurring between 15 h. and 16 h. Thus the trace on the present occasion 
exhibited not very well defined maxima about the usual times. But instead of the 
usual intermediate poorly defined minimum, there was a conspicuous minimum, with 
a lower value of H than that usually encountered at  the principal minimum. In the 
D trace neither the sac. nor the " crest " was more than faintly indicated, there being 
almost no sign of disturbance until after 4 h. on October 1. Between 4 h. 10 m. and 



5 h. 30 m. there was a considerable bay (easterly deflection), an easterly movement of 
7i '  being f'olloweci by a westerly ~noveiiient of '3'. Between 6 11. 30 111. and 9 11. 15 in. 
the needle swung 228' to the East. This movenlent was slightly interruptect a t  
intervals near G h., 7 h., 8 h. and 9 h., as if an oscillation of small amplitude with a 
period of nearly an hour were superposed on an easterly drift. Between 9 11. 15 In. 
and 10 11. 30 m. tllere was a smart recovery of 15k'. On a norlnal day the extrenie 
easterly position is not reached until 23 11.) and there is but little ~noveinent before 
8 h. In short tlie principal disturbance occurred in what were a t  Agincourt the early 
morning hours, when the normal changes are very small. 

At Esltdalen~uir after the s.c. there was little further sign of disturbance until 2$ 11. 
on October 1, when so~nc activity appeared. Tliere were sonie slow undulatory 
inove~izerits in N, and short-period oscillations were iiu~nerous between 11 h. ;tnti 17 li., 
but t1ler.e WILS 110 striking 1110ven1ent~. The pi'incip1~1 feature was the liepression of 
tlie clelnent Tor some Ilours l~forc!  and. after thct normal Iioar oi mininl~un, representing 
practically ;ui enhnncen~cnt of tlie usual cliurnal variation. After 18 11. N was 
practically quiet. The maximum in li: presented itself several hours earlier tllari usual. 
From G h. to 16 11. Ji: was considerably below its norlnal value ( i , e . ,  \V was rlumerically 
enhanced); the rlliriimurn occurring about the nsut~l hour. After 17 11. l!: was practically 
quiet. The V trace showed a, sensible depression fronl 5 h. to 12 li., but the gradient 
was everywhere very slight. 

The trace received from Sitkti extended only from 19 11. to 17 11. on October 1, 
and so tiid not show the S.C. movement. The observatory publication shows, however, 
that the trace received included all the principal maxima and minima. Until 4 11. 

there were only minor oscil1,ztions. Considerable disturbance then presented itself 
in all the elements, and the traces l-e~uained higlily oscillatory nlost of the time, tlle 
V trace being unusually oscillatory for it. 

!I1he 1f trace contained nunierous sliort-period oscillations, and a succession of 
considerable oscillations of longer period, but its general trend was clearly tiownwards 
from G 11. to 11 h., and thereafter clearly upwards until 15 11. or 16 11. The lnost 
rapid of the large movernents was a rise of lOOr between 11 11. 2n1. and 11 h. 8 m., 
introducing the recovery after the minimum. 'rhe nlininlum in I3 occurred two hours 
after local midnight, an hour when the nor~nal diunial clianges are exceedingly slo~v. 
Short-period oscillations though numerous were less prominent in the SitBa 1> trace, 
but longer period oscillations were sonlewhat conspicuous. There was a conti~lual 
succession of them from 5 11. to  12 h., superposed on a general drift of the needle to 
the East. Owing to the drift, tlie swings to the East, tippear larger than those to tlie 
West. 'I'hus between 5 11. 40 m. and G 11. 50 111. we have swings of 15' E and 13' W, 
between h. 50 111. and 7 11. 50 m. swings of 16' 1.: and 9' Wcst, and between 7 11. 50 in. 
and 8 11. 30 ni. swings of 139' I3ast and 10' West. These were tlnlongst the largest of 
the oscillations. In the cases selected, the turning point which represented westerly 
maxima were particularly clesrly indicated, tind the intervals between successive 
turning points were inarkedly different. The Sittlra V trace was nearly level until 4 h. 



when a rise set in, which continued with only slight interruption until the maximum 
at  6 h. 3 m. Subsequently until 13 h. there were numerous short-period oscillations, 
some of considerable size. The fall from the maximum to the minimum at  11 h. 0 m. 
and the subsequent recovery were considerably interrupted, and the curve had less 
than usual of the ~yramidal appearance customary during large V disturbances at  
Sitka. A somewhat rapid recovery had been in progress for an hour when the trace 
stopped. 

Small short-period oscillations were fairly in evidence at  most of the stations, 
but if we except Sitka the larger movements were of a comparatively non-oscillatory 
character. At the stations at  which the disturbance was active during hours when 
the diurnal changes are normally considerable, the phenomena represented in the main 
an intensification of the normal diurnal variation. Disturbance was not, however, 
especially developed at  these stations, as the ranges recorded at  Honolulu, Agincourt 
and Sitka compare well with the others. As usual, the disturbance in H or N was 
markedly larger than in the other elements a t  Buitenzorg, Alibag, I-Ionolulu and 
Helwan ; but a t  Agincourt and Sitlca the disturbance in D was of similar order. As 
on various previous occasions V at  Sitka had a larger range than H or D a t  that station, 
or than V in the Antarctic. 

Section 134.--In the Antarctic on October 12, 1912, conditions became gradually 
more disturbed after 16 h. The N' trace remained quiet until 23 h., but for some hours 
previously the behaviour of the instrument is open to suspicion. A deflection 
experiment made about 23 h. was accompanied by a discontinuity, and subsequently 
activity suddenly appeared. This suggests that the magnet had been sticking. 
Between 23 h. on the 12th and 1 h. on the 13th there were some rapid oscillations. 
From 3 h. on the 13th until the maximum a t  11 h. 6 m. the general trend of N' was 
upwards, and there were only small interruptions. Thus in the main there was simply 
an enhancement of the normal diurnal change. The E' trace was decidedly oscillatory 
from 20 h. to 24 h. on the 12th. Between 23 h. 30 m. on the 12th and 0 h. 5 m. on 
the 13th there was a fall of 68y and rise of 71y synchronous with considerable 
movements in N' and V. Up to 6 h. 40 m. on the 13th there was a general 
rise, interrupted by short-period oscillations. This rise may be regarded as an 
enhancement of that natural to the time of day. There were rather conspicuous 
movements, a rise of 52y and fall of goy, between 5 h. 25 m. and 6 h. 0 m. The 
movements in V were of no great size, but short-period oscillations were rather 
prominent between 19 h. on the 12th and 1 h. on the 13th. 

At Mauritius the largest H movements were a rise of 14y between 23 h. 30 m. on 
the 12th, and 0 h. 5 m. on the 13th, a fall of 13y between 5 h. 30 m. and 5 h. 50 m., 
and a fall of 16y between 9 h. 20 m. and 11 h. 15 m. The last represented part of a bay 
extending from 9 h. 20 m. to about 12 h. 40 m. The ordinary diurnal inequality a t  
Mauritius contains a fall of H between 9 h. and 11 h., but not so large as the above ; 
also in the normal day H continues to fall for some hours after 12 h. The D trace 
showed little beyond the normal changes. 



TABLE CLXXXV1.-20 h. October 12 to 12 11. October 13, 1912. Plate LIX. 

Station, Eloinont, - I I Masi~llum. Minimum, 

I I I 

Axitarctic . . . 

Mauritius . . . . . 

Buitsnzorg . . . N 

Alibsg . . . ' . . .  IT 

liclwnn . .. ... 1l 
I> 
v 

Agincourt . .. 
I1 

The traces received from Buitenzorg stoppect before 10 11. on the 13th. Thus 
the ranges in l'uble CIlXXXVI may have been slightly exceeded. Short-period 
oscillations occ!urred in the N r~nd IC curves, csllecially between 0 21. I L I I ~  1 11. 011 the 
13th, but the only ~rlovenlcnts of any pron1inenc8e oc>c\lrrecl beilween ri 11.  end G 11. I11 N 
tl~ere wtis a In11 of 247 l)etween fi 11. 30 n1. untl 5 11. 50 111. This wns followed by n sii~sll 
recovery, interruptir1g tlic fall 1ititurt~1 to the hour. 'rhe l!: nild V cluves also had 
movements a t  the same time, wllicl~ were disti~ictive though not large. In E the 
movenlent took the shape of an acceleration between 6 11. 30 111. and 5 11. 40 m. of the 
rise naturally in progress, and a snlnller reverse ~novenlent between ti 11. 40 m. and 
5 11. 50 m., the curve then resuming its natural trend upwards. Tlie V trace, after 
reaching a rounded nlaximum (tdgebruic) about 6 b. 35 m. on the 13t11, sliowed 21, rntlier 
marked fall of 11 y during the next 25 ininutes. 

At Alibag the only niovelnent wlliol1 appeals to .(;he eye ill the l1-I trace was e fall 
of 177 between 6 11. 36 m. and ti 11. 55 m. on thc 13th. 

At Helwrtn, except for a rise of 207 between 23 11. 25 m. and 23 11. 45 111. on the 12th, 
and a fall of I6y between 6 h. 35 in. and B h. ti6 111. on the 13th, the H trace was allnost 
of normal quietness. Tlie 1) trace, t,hongh ~nostly very quiet, contained well-~tmrketl 
bay (west,e,rly tleflection) between 23 11. 30 m. on the 12th and 0 11. 20 111. on the 13th. 

westerly and easterly moveme~lts were eilcli about 2t'. Tlic V trace sllowed n 



slight dimple (depression) a t  the same time as the bay in D, hut was generally very 
quiet. It contained, however, a slight unclulation commencing about 64 h. on the 13th. 

At Agincourt H remained as quiet as usual until 23 h. 20 m. on the 12th. After 
that there was a succession of bays (depressions) indenting the curve, but none of any 
great depth. In the first and largest, extending from 23 h. 20 m. on the 12th. to 
o h. 30 m. on the 13th, there was a fall of 277 and rise of 167. In the last, extending 
from 5 h. 30 m. to 6 h. 20 m. on the 13th, there was a fall of 127 and rise of 187. 
After this there was little sign of disturbance in H. The D trace was very quiet until 
23 h. 25 m. on the 12th, when a large bay (easterly deflection) commenced, which 
continued until 0 h. 40 m. on the 13th. The movements to East and to West, were 
each 15&', but the easterly movement was the more rapid. Between 1 h. 40 m. and 
2 h. 30 m. there were movements of 15&' to the East and 12' to the West. There 
were some minor bays, including one with easterly deflection from 3 11. to 4 h., a 
second with westerly deflection irom 6 h. 10 m. to Ci h. 40 In., and a third protracted 
one with westerly deflection irom 10i h. to 12 11. Between 5 h. and Cj 11. the trace was 
almost quiet. 

At Eskdalemuir between 23 h. 30 m. on the 12th and 0 h. 15 m. on the 19th 
N rose 28y and fell 38y. There was a protracted bay (depression of N) of no great 
depth between 1 h. 15 m. and 3 h. 45 m. on the 13th, and another of trifling depth 
between 10 h. 20 m. and 12 h. Between 5 h. 30 m. and 6 h. there were some minor 
oscillations. The E trace showed one considerable oscillation between 23 11. 15 m. 
on the 12th and 0 h. 25 m. on the 13th, the fall and rise, about 757, being approximately 
equal. There was a trifling oscillation between 5 h. 40 m. and 6 h. 

The disturbance of October 12-13, 1912, was not a large one, but it included 
movements between 23 h. on the 12th and 1 h. on the 13th, and between 54 h. and 6 h. 
on the 13th, which were fairly in evidence a t  most stations. In  the Antarctic the 
earlier disturbance was the better developed, and the same was true of Helwan, 
Agincourt and especially of Esl~dalemuir. The disturbance between 54 h. and 6 h. 
on the 13th was, however, more in evidence a t  Buitenzorg and Alibag. At Mauritius 
the earlier disturbance was somewhat the larger, but the later was the more rapid. 

Section 135.-In the Antarctic conditions had been fairly quiet for some hours 
before the disturbance of October 14-15, 1912. The N' and V curves remained quiet 
until after 7+ h. on the 14th, and in E' prior to that hour the only abnormal feature 
was the exceptional rapidity of the rise after 6 h. Between 7 h. 34 m. and 8 h. 30 m. 
there was a disturbance of the special type, already dealt with in Table CXL. This 
was followed by a series of less regular oscillations of moderate variable periods, having 
superposed on them shorter period oscillations. In N' between 12 h. 40 m. and 
13 h. 30 m. there was a rise and fall each of 116y. Between 13 h. 45 m. and 14 h. 35 m. 
N' rose 102y and fell 1307. Between 14 h. 35 m. and 16 h. 15 m. i t  rose 133y and fell 
112y. This rise and fall were both considerably interrupted. Between 23 h. 25 m. 
on the 14th and 1 h. 25 m. on the 15th there was a somewhat conspicuous bay 
(depression in N'), the fall and rise being each approximately 157y. After this the 



longer period oscillations tended to disappear. E' was similarly disturbed to N'. At 
times, e.g., between 12 h. 40 in. and 14 h. 35 m. on the 14th, the two traces seemed 
to be rather closely in phase, E' and N' rising and falling together ; but a t  this time 
the I<' oscillations were decidedly the smaller. After the inii1iinum a t  21 11. 3 111. E' 
was less oscillatory, but the rise at times was rapid. Thus between 21 11. 3 in. and 
21 h. 33 m. there was a rise of 131y. Between 23 h. 35 m. on the 14th and 1 11. 10 111. 
on the 15th there was a total rise of 197y. The V trace also contained a good many 
oscillations, but these were much snialler than those in N' and E'. Perhaps the 
largest was a rise of 41y and fall of 71y between 21 h. 3 in. and 21 h. 43 m. on the 14th. 

At Mauritius, after the maximum a t  6 h. 30 nl. on the 14th, there was a very 
gradual fall of H, interrupted a t  times, until 13 h. 10 m. During the next 2 liours 
there was a slight recovery. Between 15 11.5 in. and 16 11.0 111. there wits rather a, 

sharp fall of 24y. Between 17 11. 0 in. and 19 11. 10 in. there was a proininelit 
oscillation, 1-1 r i s i ~ ~ g  42y u11d falling 41y. Tliere was another si~nilt~r oscillation between 
20 11. 20 111. and 22 11. 20 in., H rising 42y and falling 297. The D trace showed little 
beyond the norilia1 diurnal change. There wits, however, :I sensible oscillation, 14' 
to West then 14' to J$ast, between 16 11.45 in. and 17 11.50 m., ttnd tlie trace was 
slightly undulatory between 18 h. and 22 11. 

At Buitenzorg there were quick-run curves froin 9 11. 53 in. to 13 11. 54 111. on the 
14th, and from 22 h. 57 in. on the 14th to G 11. 49 n1. on the 15th. N was falling a t  
6 h. on the 14t11, as was natural itt the hour, but shortly thereafter the motion 
accelerated. 'I'he full between Ci 11. and 8 h. 15 111. a~nount~ed to 4 8 ~ .  During the nest 
1& hours tbe1.c \ v ; L ~  a slight recovery, so that the curve liad iL considerably indentetf 
outline. Osc:ill;~l,ioi1s then followed. Betwee11 10 11. 45 111. anti 12 11. O 111. N rose 207 
and fell 13y, ant1 bctwecn 13 1 1 .  20 111. r ~ ~ l d  14 11. 80 131. it rose ' J C i l - 1  anti fell 18y. ?'he 
most promine~lt oscillation, however, was a rise of 41 y and fall of 31 y bet\veen 20 11. 20 111. 
and 21 h. 45 1n., tlie rise occupying only about 25 ininutes. There was :ti1 earlier 
considerable osuillation between 1611. 45 1u. and 19 11. lOiu., wit11 a rise of 30y and 
fall of 257. The E and V traces showed only somr. nliilor oscillations. I11 V two of 
these coincided fairly in tiine wit11 the oscillatio~is last ineiltionetl in H. In the earlier, 
between 16 11. 45 In. and 19 11. 10 rn., the rise niid fall in V were each about 10y. I11 
the later, between 20 11. 20 in. and 22 11. o in., there was o rise of l6y and fall of 137. 

At Alibikg between G 11. 30 in. and 10 h. 40 ~ n .  011 the 14th H fell 577. Uiltil this 
time, except for the large size of the fall, therc was little suggestion of tiisturbance. 
But subsequent,ly the curve became wa,velilic, tlle ainplit~ides tbnd periods of tlie 
~~ci l la t ions  varying. TWO of f>he os(;iIlii,tions were 111u(:li i l ~ r e  pro11li1le11t t h a ~ i  the others. 
During the first of these, between l t j  11. 60 111. and 10 11. 15 1-11,, j j  rose 47y sild fell 4 3 ~ .  
During tllc second, between 20 11. 25 111. and 22 11. 30 ill., H rose 48y and fell 43y. 111 

both casos the rise was considerably the fuster movement. Coriditio~is were norliially 
qlliet by 24 h. 

At  Helwa~i the 11 trace was practically level from 6 11. uiitil 8 11. on the 14t11, wlien 
small oscillations of long period presented theniselves. There was no considerable 



movement until an oscillation which lasted from about 17 h. to 19 ;t-1.10 m. During 
it H rose 58y and fell 58y. A similar oscillation occurred between 20 h. 20 m. and 
22 h. 20 m., during which H rose 56y and fell 4971. A third oscillation-also 
recognisable a t  Alibag, but relatively smaller there-occurred between 22 h. 20 m. 
on the 14th and 0 h. 20 m. on the 15th, H rising 31y and falling 27y. The D trace 
showed some smaller oscjllations. During the most prominent, between 20 h. 15 m. 
and 21 h. 5 ~n.,  a swing of 3i' to the East was followed by a swing of 4' to the West, 
The next most prominent oscillation occurred between 23 h. and 24 h. ; it consisted 
of an easterly swing of 2+' followed by an equal westerly swing. The V trace also 
showed a succession of undulations, two much larger than the others. During the 
first of these, between 17 h. 0 m. and 18 h. 25 rn. V fell 207 and rose 20y. During the 
second, between 20 h. 25 m. and 21 h. 45 m. V fell 25y arid rose 25y. 

At Agincourt the H curve was very quiet from 5 h. to 6 h. on the 14th. But 
shortly after 6 h. i t  became a little disturbed, and disturbance continued without 
intermission until 2 h. on the 15th. The next three hours were only slight.1~ disturbed, 
but from 5 h. until after 6 h. on the 15th there were moderate oscillations. The 
disturbance in H, though persistent most of the time, was not very striking. The 
most conspicuous movements were a rise of 53y between 18 h. and 18 h. 50 m., an 
oscillation consisting of an interrupted fall of 53y and a rise of 40y between 20 h. 20 m. 
and 21 h. 50 m., an oscillation consisting of a rise of 75y and a fall of 53y between 
23 h. 50 m. on the 14th a,nd 0 h. 40 m. on the 15th, and a rise of 38y between 0 h. 40 m. 
and 1 h. 30m. 11 became considerably disturbed after 74 h. on the 14th. Between 
7 h. 45 m. and 10 h. 15 m. there was a considerable bay, composed of an easterly 
movement of 114' and westerly movement of 9'. Between 10 h. 15 m. and 11 h. 5 m. 
there was an easterly swing of 74'. Less regular movements of shorter period and 
smaller amplitude followed. Much the most prominent D movements occurred 
between 23 h. 30 m. on the 14th and 1 h. 35 m. on the 15th. They consisted of the 
following swings, making a sort of double bay : 334' to East, 28' to West, 149' to East; 
and 16' to West. After 1 h. 50 m. the trace was nearly level until 5 h. During the 
next 2 hours two oscillationct occurred, but their amplitudes were only 2' or 3'. 

At Eskdalemuir the N trace shows a decided bay (depression) between 7 h. and 
9 h. on the 14th, the fall between 7 h. and 8 h. 5 m. amounting to 35y. A quiet time 
intervened from 10 h. to 12 h. While there were no very large movements between 
12 h. and 17 h., N was decidedly disturbed. Between 17 h. 10 m. and 18 h. 20 m., N 
rose 134y and fell 131y. Between 19 h. 40 m. and 20 h. 30 m., it fell 71y. Between 
20 h. 30 m. and 21 h. 30 m. there was a rise of 147y and fall of 143y. Between 
23 h. 5 m. and 24 h. there was a fall of 113y, and between 0 h. 0 m. and 1 h. 0 m. of 
the 15th there was a rise of 74y. The E trace was normally quiet until 7 h. on the 
14th. Between 7 h. 30 m. and 9 h. 20 m. there was a slight but decided hump 
(algebraic fall of E). Between 10 h. and 16 h. the disturbance in E was trifling, and 
decidedly less than that in N. Between 17 h. 5 m. and 18 h. 5 m. there was a deep bay, 
with a rise (numerical fall) of 128y, and fall of 104y. At 20 h. 12 m. there was a small 
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but very rapid fall resembling an S.C. Between 20 h. 20 m. and 21 11. 20 m. there was 
a r i ~ e  (numerical fall) of l6Oy and fall of 125y, and between 22 h. 25 nl. on the 14th, 
and 0 h. 40 m. on the 16th there was a rise of 91y and fall of 142y. After 2  h. there 
were only small short-period oscillations. The V trace showed a very slight bey 
(depression) between 8 h. and 10 h. Between 10 h. and 15 h. the trace appeared 
nornial. Between 17 11. and 18 h. there was a rise of 24y and fall of 28y. Between 
20 h. 25 m. and 20 h. 40 m. there was a rather sharp rise of 18y, followed between 
20 h. 40 m. and 21 h. 20 m. by  a fall of  57y. Between 23 h. 40 m. on the 14th and 
0 h. 25 m, on the 15th there watj e further fall of 337, forming the introduction to a 
bay (depression of V), the recovery from which gradually slackened but remained 
perceptible until after 3 h. The tmce was very quiet after 4 h. 

At Sitka conditions hati been quiet for solno hours before (i h. on the 14th, and 
V continued quiet until 73 11. Shortly after 6 h., sonie signs of disturbance appeared 
in H, and still more in 1). From then until nearly 2 h. on the 16th there was contil~uous 
disturbance. 3!be ranges i11 Tablo CLXXXVlI are in fdlis case rutller a misleading 
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- ----- -- ---- -- -- - 0-- -- - - - - -- - -- - -- -- - 

Tinlos of 
Disturbance Inequality 

Station, 

Antarctic ... ... 

... Muuritius ... 

... Buitcl~zorg ... 

Alibag ... ... 
Holwan ... ... 

Agi~icourt ... ... 

Eslrdulonluir.. . ... 

... Sitka ... 

-- - - -- -- 

Elomont. 

N' 
E I 
V 

II 
1) 

N 
13 
V 

I3 

N 
D 
V 

N 
1) 

N 
1C 
V 

H 
I )  
V 

- - - - 

Rango. Rn~~ge .  
Maxirnum. kIiniruurn. 

Y 
69 
76 
4B 

21 
37 

30 
48 
32 

44 

23 
42 
20 

29 
36 

31 
29 
24 

20 
23 
5 

- - - 



guide to the extent of the disturbance. There were no very large departures frorn the 
normal in either direction, but there. were a number of considerable oscillations, 
especially in D, and for part of the time in V. Between 7 h. 30 m. and 8 h. 20 m. H 
rose 58y and fell 75y. Between 15 h. 20 ln. and 16 h. 0 nl. i t  fell 56y, and between 
16 h. 50 m. and 17 h. 30 m. i t  again fell 40y. Between 17 h. 30 m. and 18 h. 30 1x1. there 
was a rise, somewhat interrupted, of 56y. Between 19 h. 10 m. and 22 h. 55 m. there 
was an irregular indented bay (depression of H), a fall of 697 taking place between 
19 h. 10 m. and 21 h. 20 ni., and a rise of 80y between 21 h. 20 m. and 22 11. 56 In. 
Short-period oscillations were particularly prominent in the H curve between 17 h. 
on the 14th and 2 h. on the 15th. In D between 6 h. 40 m. and 8 h. 5 rn. on the 14th 
there was an easterly swing of 19-k', followed by a westerly swing of 164'. Smaller 
movements followed from 8 h. 5 m. to 9 h. 5 rn. Up to this tinie the movemerits in the 
three elements showed no sort of parallelism. But after 9 h. 5 m., for abolit (i llours, 
there was a truly remarkable connection between the D and V movenlents, the 
elements remaining approximately in phase throughout a succession of large oscillations, 
swings to the West going with increase in V. The one trace is a rough image of 
the other. Between 9 h. 40 m. and 11 h. 30 rn. we have in I> an easterly movement 
of 204' and westerly movement of IS&', associated with a fall of 83y and rise of 6Oy 
in V. Between 11 11. 30 m. and 12 h. 55 m. we have an easterly movement of 11' and 
westerly movement of 15', associated with a fall of 60y and rise of 49y in TT. Between 
12 h. 56 m. and 14 h. 5 m. we have an easterly movement of 16' and westerly movement 
of lo', while V fell 62y and rose 65y. Between 14 11. 5 n). and 15 h. 10 m. there was 
an easterly movement of 6' and westerly rnove~~ient of 84', V falling 14y and rising 
32y. During the next two hours D had a westerly tendency, wllile V tencled to ft~11. 
But superposed on these general movements there were several minor oscillations in 
both traces, which showed an approach to agreement in phase as before. After 17 11. 

D became more disturbed again, a succession of five bays appearing between 17 h. 10 m. 
and 21 h. 25 m. The durations of the bays and the amplitudes of the successive 
movements were as follows :-SO minutes, 11i' E, 105' 17 ; 45 minutes, 5' E, 4' W ; 
46 minutes, 4Q' E, 5' W ; 40 minutes, 4' E, 64' W ; 45 minutes, 5' E, 9' W. 

After 17 h. 40 m. V had been rising almost continuously, and this went on, with 
minor interruptions, until 0 h. 20 m. on the 15th. The rate was considerably 
accelerated after 23 h. 40 m., the rise in the course of the next 40 minutes amounting 
to 65y. Prom 0 h. 20 m. to 1 h. 20 m. on the 15th V fell 68y. Between 0 h. 0 m. and 
0 h. 30 m. D moved 14' to the east. After 2 h., while there were short period oscillations 
of small amplitude, there was no serious disturbance until after 8 h. 

The activity of disturbance on October 14 to 15, 1912, a t  Mauritius, Buitenzorg, 
Alibag, Helwan, Agincourt and Eskdalemuir was mainly confined to two or three 
comparatively short intervals. At Mauritius, Buitenzorg, Alibag and Helwan 
disturbance was conspic~zously larger during the two periods 17 h. to 19 h. and 203 h. 
to  224 h. on the 14th than a t  any other time. Agincourt and Eskdalemuir, while 
ahowing ~peoial disturbance a t  these two periods, showed disturbance of the same 



order during a third period near 24 11. In fact, a t  Agincourt the disturbance near 24 11. 
was decidedly the largest. This disturbance near 24 11. is recognisable in the curves 
a t  the more soutllern stations, especially at  Elelwan, but is comparatively small. In  
the Antarctic and a t  Sitka the activity of disturbance was much more uniformly 
distributed, and on tlie whole the nlaximuin of activity preceded 17 11. on the 14tl1, 
and so came a t  a time when the stations a t  intennociiate latitudes were coinparatively 
undisturbed. The disturbance component perpendicular to the inagnetic lneridian 
was relatively more important than usual. According to the ranges in Table 
CLXXXVII, the horizontal componeiits of disturbance were larger a t  Eslrdalemuir 
than a t  Sitka, an unusual phenomenon, but active disturbance was much niore 
persistent at  the latter station than a t  the former. V disturbance was Inore active a t  
Sitka than in the Antarctic.' It was quite of a different order a t  Sitlca from what it 
was a t  any of the other stations outside the Antarctic. 

Section 136.-The disturbance of October 20 to 21, 1912, had ail s.c. a t  about 
17 11. 20 m. on the 20th, which has been already dealt with. 

The S.C. movement in the Antarctic was of unusually short duration, and the two 
movements composing it were unusually nlilte in size. Tl1ough there were no really 
large movements in the Antarctic, quite a lively disturbance continued until 111. on 
the 21st. Short-period oscill~tions had existed for some hours before the s.c., and they 
were still more active for some time after it. Between 18 h. 30 m. and 18 11. 40 m. N' 
rose 86y, and between 18 11. 40 in. and 19 11. 40 m. it had a tots1 fall of 123y. Between 
23 11. 10 m, on tlie 20th and 0 11. 15 n1. on the 21st there was a bay (algebraic depression 
of N'), with a fall of 82y and rise of 82y. The E' trace was very oscillatory until 224- 11. 
on the 20th. Between 22 h. 25 m. on the 20th and 0 11. 35 in. on the 21st there were 
the following larger movements, with short-period oscjllations superposed : -87y, 
+ 63y, - 63y, -I-. 89y and - 63y. The V trace contained a good marly short-period 
oscillations until after 22 11. on the 20th. Between 23 h. li ni. on the 20t11 and 0 11. 55 m. 
on the 21st V rose 122y niid fell 83y. 

At Mauritius, apart from the S.C. itself, nilti the "crest" which persisted for fully 
an hour, there was very little dist~irbailce. The 13 trace contained a slight huinp 
(elevation of H) from 229 11. on the 20th to 0 11. 48 111. on the 21st, and there was a trifling 
bay (easterly deflection) in the 1) trace between 23 11. 10 111, on the 20th and 0 h. 20 ~ n .  
on the 21st. 

At Buite~izorg tllere were short-period oscillations in N until after 24 h. on the 
20th, but after 20 h. none of the traces contnined any considerable movement. 

At Alibtlg after 20 11. on the 20th there were only small oscillations. 
At Honolulu the ranges were relatively larger than usual, especially in V, but, 

apart from smnll short-period oscillations, there were few signs of disturbance. 
Conditions a t  I-Ielwan were very similar to those a t  Alibag. 
At Agincourt the H curve contained numerous short-period oscillatioi~s up to 

23 h. on the 20t11, but there was little sign of disturbance after 1 h. on the 21st. The 
trace, except during tllc rictunl s.c. rind for a short time before 24 11. on the 20th, 

was practically quiet. 
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At Eskdalemuir, after the s.c., the N and E curves were unrestful rather than 
disturbed, small oscillations being visible until after 1 h. on the 21st. 

At Sitka small oscillations were present in the H and D curves before the sac,, 
and after it they were more in evidence, especially in D. There were somewhat larger 
movements between 23 h. 20 m. on the 20th and 0 h. 20 m. on the 21st, an hour during 
which there were also larger movements in the Antarctic. 

October 20--21, 1912, is a case when a disturbance followed immediately after 
an s.c., but came to very little except in the Antarctic, and even there was of very 
moderate amplitude. In this instance Sitlca and Agincourt showed no marked excess 
of disturbance over the other co-operating stations. The range in V at  Sitlta was below 
the average, a most unusual feature. 



CHAP!I!ER XIV. 

COMPARISON OE' MAGNETIC l)JrS'J!URBANCE AND AUR'ORA. 

Section 137.--Large magnetic disturbance and aurora are both rare events in the 
South of England. Tlius the fact that aurora is seldom if ever seen there unacco~~ipanied 
by considerable niagnetic disturbance seeins suflicient evidence of some connection 
between the two phenomena. In higher latitudes, where aurora and large magnetic 
disturbance are comparatively common, evidence of inter-relationship is inore 
conflicting. On tlie one hand, Arctic observers have described definite niovements 
of the coixpass needle as associated with tlie passage overhead of auroral curtains. 
On the other hand, comparisons of magnetic curves with aurora have shown that the 
times of greatest intensity of development in the two phenonlena by no nleans always 
accord. This is the conolusion to wliich I came wlieii discussing the niagnetic and 
auroral phenonlena observed in the Antarctic in 1902-03," and si~iiilar conclusions 
have been reacl~ed a t  various times by Arctic observers. 

In 1911-12, during the months when aurora could be seeii, hourly observations 
were niade a t  Cupe Evans, omitting a few hours near mid-day. Boolrs in which tile 
results of observation had been entered or copied were put a t  my ctisposal by Captain 
C. S. Wright, to whose co-operation in this investigstion 1 tun much indebted. On 
some days a good many observations failed to be taken. There were tiines of course 
of persistent blizzard, when tlie abse~lce ol visible aurora could be taliell for granted, 
and there was a good deal of overcast weather, especially in 1912. Besides observutions 
a t  or within a few minutes of exact l~ours, there were not infrequent entries of aurora 
a t  intermediate times. On nights of specially brillia,nt aurora, i t  was natnral for some 
one to view the lleave~is a t  other tllan tlie statutory times of observation, but no 
inference coulcl safely Ve drawn as to  tlie presence or absence of aurora unless an explicit 
statenlent occurred in the boolcs. This is one of the reasons why it is difficult to  estimate 
the parallelism between the two phenomena. Naturally o~ily a small fraction of the most 
conspicuous magnetic move~nents occur witllin a few minutes of s n  exact hour. Thus 
when auroral observations occur only a t  ho~lrly intervals, the cliarlce of seeing what 
auroral phenomenon corresponds to  the most rapid magnetic cllaiige during a magnetic 
storm is not great. It is in fact difficult to see 11ow a really satislactory coinpariso~i of 
the two phenomena car1 be ~nade witllout so~iietlling equivalalt to continuous 
registration of aurora. 

Section. 138.-'raliing the auroral observt~tiolis a t  Cape Evtins in 1911, I attuclrod 

* National Antarctic Espcditioll, 1901-04. Bfugactic Observations, pp. 193-200. 



the problem in various ways. Pirst I took out the hours of tlie most notable aurora 
and examined the corresponding magnetic curves. Then I took out the shorter-period 
magnetic storms and considered the corresponding auroral observations. In the case 
of disturbances of the " special type," the result was disappointing. It was only in a 
small minority of instances that definite information was forthcoming. Tn the following 
cases aurora certainly occurred :- I 

r---- Date. 

On the other hand, on May 3, 13 and 19, 1911, there were disturbances of the 
< 6 special type," during each of which one observation was made and no aurora was 
visible. In the great majority of instances there was no information as to aurora. 
Many of the disturbances occurred at  ].lours of the day when there were no auroral 
observations. Others missed the hours of observation. In other cases again the sky 
was overcast or there was bright moonlight. 

Of the short-period disturbances described in Chapter XI, ten occurred during the 
winter months of 1911. The results for these were as follows, the times being all 
G.M.T. 

April 30, 7 h.-10 h.-The entry under each of the hours, 7 h., 8 h., 9 h. and 10 h. 
is " clear, no aurora." This, it  may be said a t  once, is the one case in which one of these 
marked bay-like disturbances of general incidence would seem to have been 
unaccompanied by visible aurora. Curiously, however, it  was preceded by a " fairly 
brilliant aurora " visible for about 10 minutes shortly after 6 h. 

May 16, 2 h.-8 h.-Conspicuous aurora was noted several times during this 
disturbance. At 3 h. 30 ni. there was a very bright yellow curtain, changing rapidly 
in form. Again a t  5 h. 18 m. there is a note of a bright corona, slightly to N.E. of 
the zenith, in rapid rotation. This answers in time to the cen'tre of a very deep bay 
in the Antarctic curves. 

May 21, 9 h.-12 h.-Obrervations made a few minutes after 9 h. and at  12 h.- 
i.e., just before the disturbance proper began and shortly after it was practically over 
-showed no aurora, but aurora is recorded as seen on five occasions between 9 h. 55 m. 
and 11 h. At 10 h. 10 m. and 10 h. 25 m. it was bright or very bright. 

June 6 ,  7 h.-10 h.--No aurora was seen, but the sky was overca~t a t  all the times 
of observation. 

July 3, 7 h.-10 h.-There was no aurora at  6 h. The next observation, a t  8 ll., 
ahowed aurora varying from faint to moderately bright. At 9 h. no aurora was seen, 
but the sky was then ba,zy. 

1911. 
May 2 ... ... 
May 20 ... ... 

... I Ju1y18 

Disturbed interval (Time of 
180" E.). Aurora scen a t  

... 20 h. 19 m. to  21 11. 10 nl. 

... 20 h. 25 nl. to 20 11. 58 111. 

... 1 8 1 ~ . 3 6 n ~ . t o l 9 1 1 . 4 3 m .  

21 11. om.  
20 h. 40m. 
19h .30m.  



Juhy 11, 6 h.-9 h. -Blizzard is reported, but no definite observation is recorded 
prior to  9 11. No aurora was then seen, but only the zenith was free from cloud. 

July 12, 7 11.-10 h.-No observation is entered tmtil 11 h., but a general note remarks 
that i t  was overcast all day. 

July 20, 6 h.-9 h.-Blizzard prevailed a t  first. 't'lie earliest observation was a t  
9 h., when a moderate auroral curtain was reported. 

July 31, 8 11.-10 h.-At 8 11. and at 10 11. no aurora was seen, tlle slcy being wholly 
or nearly clear, but aurora was reported from 9 h. 0 m. to 9 11. 30 nl. Prom 9 11.0 m. 
to  9 h. 10 m. i t  was fairly bright to bright, and t l le~e was both colonr and motion. 
At 9 h. 30 m. i t  was faint. 

August 24, 8 h. -10 h.-There was no observation until 10 h., when it was overcast 
wit11 a blizzard. 

It will be seen thnt during these ten short-period disturbances, with the exception 
of that on April 30, aurora wa8 seen, when the disturbance was active, on all the 
occasions when the xlieteorological conditions were reasonably favourable. During the 
disturbances of May 16 and May 21, the auroral manifestations would seem to have 
been particularly ~triliing a t  the time when magnetic disturbance was most active. 

Section 139.-Next T went, systematically to work and took out all the auroral 
observations, examining the curves a t  all the corresponding times. There seemed 
a good deal of correspondence on some days, but little if any on others. Not infrequently 
conditions wliich for the Antarctic were t~nus~zally quiet synchronised with faint aurora. 
sometimes, on the other hand, there was act,ive magnetic disturbance when the con- 
ditions were l'avourable for seeing aurora, and no aurora or only faint aurora was seen. 

To reach some sort of definite numerical concltlsion, the following nlethod eventually 
suggested itself. The observers ui~lied tit conveying the inlpression they derived as t o  
the vividness of the aurora. Pour degrees of intensity : very bright, bright, faint and 
very faint could fairly well be made out. When aurora was brighter in one direction 
than another i t  was classi,fied according to its brightest part. So again, if there were 
several observations in tho course of an hour, the brightest manifestation fixed the class. 
r 1 1 he magnetic " character " of each hour had bccn assigned long before, and was thus 
free from prejudice. If an auroral observation had been taken at  an exact hour, or 
within 10 minutes of an hour, the arithmetic inean was taken of the magnetic 
c < cllaracter " figures assigned to t l ~ e  60 minutes which ended and the 60 minutes which 
began a t  the hour in question. If the interval between the observation and the nearest 
hour exceeded 10 minutes, the one hour's magnetic " ~~hartlcter " was taken. In this 
way, answering to  each auroral observation, there was n magnetic " character " figure, 
either 0, 0.6, 1, 1.6, or 2. On u few occasions, of course, no " character " figure could 
be assigned owing to  lack of magnetic record. The observatioiis were confined to  the 
six months April to September, the observations in the first and last of thesemonths 
being comparatively few. In  the following Table the results for June and July form 
one group, and those for the other four months another, so as t o  bring out better the 
consistency that prevailed. 



The mean magnetic " character " for all hours was 0.83 lor June and July, and 
0.90 for the other four months. The hours when auroral observations were nearly 

TABLE CLXXX1X.-Aurora in 1911 a t  Cape Evans and Magnetic " Character." 
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- -- -- - -- - - -- -- 
i 

Auroral Months. Intensity. 

I 

Table I;XXX, was that the average hour a t  which observations were taken was 

- 

Number of 
Obeervations. 

- - - -- 

sensibly less disturbed than the average hour of the day. This maltes the high magnetic 

-- - - - 

Mean " Charactcr." 

- -- I 

1.27 
1-01 
0.02 
0.58 
1.29 
1.14 
0.94 

I 
I 24 

June 112 
July I11 102 

13 
April I 22 

August I11 118 
September IV i 15 

-- -- - - -- 
Number of occasions when Magnetic 

" cheractcr " was 
-- - - - -. - 

0 1 0 . 6  1 1 I 1.1 2 

- 

" characters " found for the two brightest classes of aurora all the more decisive. 
Combining all the months of 1911 we obtain the'following percentage figures for 

-- - 

10 
14 

7  
0 
9 

12 
15 

- -- -- -- - -- 

4 2 
18 18 

the incidence of the several magnetic characters. 
- . - - - - -- 

I 

0.73 

4 
2 
6 

21 
4 

I 1 Mngnotic " Charactor." 1 
Auroral 

Intensity. 

-- - - 

4 
3 
5 

15 
2 

Thus while 41 per cent. of the auroras of the first class were associated with 
magnetic " character " 2, no single aurora of the fourth class was so associated. 

Treating the obser~at~ions of 1912 in the same way as those of 191 1, the following 
results were obtained : 

TABLE CXC.-Aurora in 1912 a t  Cape Evans and Magnetic " Character." 

A u r o r a  Total Mean 
Intensity. Occurrences. "Character." 
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'She mean " character " figure for all hours of the six months April to September, 
1912, was 0.77. If the results for 1912 stood alone they would hardly justify any 
positive conclusion. The reason, however, for tlie indefinite nature of the results 
became st once apparent on considering the incidence of magnetic " character " 2. 
Hours to which i t  had been allotted were nearly all overcast, if there was no actual 
1)lizzard in progress. !Ulere were a few exceptions, but on most of them, as it so 
happened, there was bright moonlight. These climatic conditions were no doubt 
partly responsible for the great drop in the number of auroral observations in 1912 as 
compared with 1911. The decline can, however, be only partly accounted for in this 
way, and it is at least natural to associate it also with tlle marlred decline in magnetic 
disturbance described in previous chapters. 

Section 140.-Besides tlie Cape Rvans observation boolts I had an opportunity of 
studying the record made of auroral observations during 1911 at  Cape Adare. Either 
aurora tended to be brigl~ter at  Cape Adare than a t  Cape Evans, or the observers at 
the former station had a lower standard of brightness than those at  the latter. Wl~atever 
the explanation may be, it proved necessary to combine auroras described as faint a t  
Cape Adare with those described as very faint, to get a sufficiently numerous Class IV 
of intensity. Auroras of Class I were pretty clearly marked. The division of those 
of intermediate intensity between Classes I1 and I11 was more difficult, and very 
probably in some cases my decigion would not have reco~ilmended itself to the observers. 
In  passing judgment I was largely guided by the numerous sketches entered in tlie 
observation book. The results obtained are given in. Table CXCI. 

'PAULIC CXC1.-Aurora in 1911 at Cape Adure and Magnetic " Character." 

The apparent association here of magiietic disturbance and aurora is quite as close 
as in Table CXC. Tliis may at  first sight appear a little surprising. But it sllould 
be remembered that whatever may be true of aurora, magnetic disturba~lce is in general 
not a local phenomenon. We rnay be reasonably certain that though Cape Adare and 
Cape Evans were several hundred iniles apart, hours that were highly disturbed 
lnsgneticully at  Cttpe Itvans were with rare exceptions also highly disturbed st 
Cape Adare. 

At Cape Adare, unlike Cape Evans, regular obser~nt~ions were usually confined 
to the even hours. Even allowing for tJiis, the number of cases i11 which the auroral 
observations utilised at  the two stations answered to the same hour was less than might 
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have been expected. The way in which auroral intensity was classified for these common 
occasions was as follows : 

i Capo Adare Intcn~ity. 1 I 
I I 

Total. 

I 

Total 

The mean " character" figure for these 45 days is 1-47. The corresponding 
mean for all days of the six months April to September, 1911, according to Table LXXIII, 
is 1-15, 

It does not of course a t  all follow that it was the same aurora that was estimated 
st the two stations. 

The mean magnetic " character " for the 12 occasions when the auroral intensity 
estimate was either (J, I), (I, 11) or (TI, I) was 1.7, while the corresponding niean for 
the 12 occasions on which the estimate was either (IV, IV), (TIT, IV) or (IV, 111) was 
only 0 08. 

~S'ection 141.-Captain Wright had the kindness to supply me with a list of the 
days which he regarded as possessing the most intense auroral character during 1911. 
His l~nowledge of the idiosyncrasies of the individual observers niakes his choice more 
authoritative than any I could myself have made. Uncertainties due to variability 
of the visual conditions of course remain. Magnetic " character " data were lacliing in 
Table LXXIIT for only two of tile days. The others and their magnetic " characters " 
were as follows : 
- --- -- - - - - - - - - -- - - - - - -- -- - - -- - - - - - . - 

Date. " Charactor. " ( 1  Data. 1 .' Charactor." I)tkto " Cl~araotcr." 
--- - - - -- - - I - - -- -- - 
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Angust 5 i 2 
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9 ,  1 '  ,, 22 
,, i 1 0 ,, 23 
,, 6 1 /~ ,, 24 
,, 7 1 '  ,, 25 

26 1 2 1: 29 1 1 Scptelnber 3  0 
I ,, 1 

9 ,  1: 1 2 
I 9 7 1 4  1 
1 9 ,  2 

, I  

I * *  
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,, 9 
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,t 21 
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June 5 
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2  ,, 28 
9 ,  29 1 1 , , 3 0  1 2 1 ;  July I 

2 
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7 ,  2 2 
,, 3 2  
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2 I , , 2 0  2 
1 1 , , 2 1  1 
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Section 142.-What has been written above must not be regarded as in any sense 
a discussion of the auroral data as aurora. For that tlie reader must consult the 
full discussion wliich I 11ope Captain Wright will find time for. My original intention 
was to wait for that discussion before considering the bearing of auroral pllenolnena 
on magnetic disturbance, but the delay occasioned by the war has rendered the present 
course necessary. 

It seems perfectly clear from the present investigation that the quietjest magnetic 
conditions experienced in the Antarctic, a t  tlle quietest season of the year, may be 
accompanied by aurora. 'L'hrougl~out the most disturbed part of the year no aurora, 
however bright, could possibly be seen, unless of course i t  were visible in full daylight. 
What is seen as very faint aurora under favourable visual conditions has almost no 
chance of being seen in faint moonlight or witli slight haze. Under favourable 
conditions a t  inidwinter aurora seems to be generally visible a t  so~ne hour of tlie 24 
in high latitudes. The most natural inference is that tlie electrical conditions which 
when visible are known as aurora are generally, if not always, existent. If they are 
due to electrical discharges from the sun, tllen these discharges are not rare events, 
occurring only during so-called magnetic storms, but are every day if not hourly 
occurrences. They are undoubtedly much more intense on soille occasions than 
others, but what I think is really open to doubt is whether they are ever totally 
absent. 

Nonc of tho observation books I licld seen stat,cd csplicitly wliat tinlo was observed t ~ t  Cape Adare. 
Local time thcrc differs Iron1 tllc~t of longitude 180°E by 39.5 nlinutes, but this being lcss than for Capo 
Evarls 1 H I I ~ ~ ) O R C C ~  tllc sanlc ti1110 to be observcd a t  thc two stlltiolis wlicll culculating the results given in 
Scctioll 140. After slil) proofs 11ad uppcarcd, Ci~pt. Wrigllt c*xl)rcssed 11 doubt on the subject, und nlcnibcrs 
of t,llc Ca1)c Adurc 1)arty wcrc oonsultrd wit11 vonfiicting rrsults. %lie first of tllc ~~lcteorologicnl voluincs of 
tllc Zxpedition then appciircd, wit11 a11 rxldicit statcnlc~lt by Dr. Si~nl)son, on 1). !), tllat local time was 
obscrved a t  Capo Adarc. It was ])racticnlly certain a yriori that this colild nlalte little difference, but thc 
calculations wcre repeated de novo, assuniing local tinlc ein])loycd a t  Cape Adarc. The mean valucs obtained 
for the magnetic " character " aiiswcring to auroral intcnsitics I ,  11, 111 and IV a t  Capc Adarc were respec- 
tively 1.44, 1-23, 1.02 and 0.84. Tlmso arc oven more favourable than tlio figures in Table CXCI to a close 
a~~oc ia t ion  betwccll magnetic disturbance a t  Cape Evnns and aurortll intensity a t  Capc Adarc. 

Tho auroral observations a t  the two sttitions being lnostly close to bile Iiour-tinlo of 180' in tlio one 
case, tisnc of 170' 9' in the other-there wcrc few idcritical tiincs. A calculation was, however, nladc on tlie 
SRllle lines as in tlic latter park of Sect. 140, in which observations were treated as corresponding if their real 
times did not differ by lilorc tlian 30 minutrs. As in tho tcst, tIlcre were 12 occasions when the auroral 
intensity cstimntc was (I, I), (I, 11) or (11, I), and tho corresponding mean nlnpnctic " character " was 1 75. 
Tho occasions who11 the estinlate was (IV, IV), (111, 1V) or (IV, 111) were only five, and for one of then1 tllere 
was no rnagnetie tracc. Thus tho fact Clint tllc correspondi~lg nicnn magnetic " character " was only 0.80 
merits less weight. Still hero, as i11 the prcviou8 case, tllc conclusions in the text arc substantially 
borne out. 



CHAPTER XV. 

COMPARISONS OF INSTRUMENTS, AND INSTRUMENTAL " CONSTANTS." 
FIELD OBSERVATIONS, PRINCIPALLY AT CAPE ADARE. 

Section 143.-The tables of D, H and I a t  Cape Evans in Chapter I represent 
the results of the absolute observations without any instrumental corrections. It 
appeared convenient to defer to a later stage a statement of the reasons why no 
corrections were applied. In an ordinary case the giving of corrections implies the 
general acceptance of some standard. Tn the case, for instance, of a measure of 
length, there is an international standard metre, which is believed to remain invariable 
to the degree of accuracy to which readings are ordinarily taken. A correction given 
to another metre bar is intended to make its readings when corrected accord with 
those of the international standard. It is believed that accordance to the degree of 
accuracy which the corrections profess to give can be secured in this way when a 
certain procedure is followed. In the case, however, of the elements of terrestrial 
magnetism, there is no recognised ultimate standard. The strength of a magnetic 
field, i t  is true, is defined in terms of t,he C.G.8. system of units, and so theoretically 
is dependent only on the ultimate standards of Icngth, mass and time, wliicli suggests 
a degree of accuracy answering to a small fractio~l of l y .  But this has no immediate 
practical bearing on the subject, until we have instruments which can be relied on to 
measure a magnetic field accurately to a fraction of ly,  and to do this not occasionally 
or accidentally, but every time. Such instruments, so far as 1 Itnow, do not yet exist. 
The comparisons made under the auspices of the International Magnetic Committee 
and those made by the Carnegie Institution of Washington alike show differences 
between the instrumlents in use a t  the leading observatories, and what is worse these 
differences do not seem to remain constant. It is difficult to say how far the apparent 
differences and their fluctuations are real, and how far they represent observational 
uncertainties. The comparison of the standard instruments a t  two distant observatories 
is effected through observations made with a third instrument a t  both places. This 
third instrument is necessarily exposed to the vicissitudes of travel. To judge 
exactly what these are, and what degree of reliance is justified in results so obtained, 
we really require a series of comparisons in immediate succession, the observer 
travelling backwards and forwards between the two stations, and the observations 
extending from a cold to a warm season or conversely. Also desiral)ly more than one 
travelling instrument of each type should be used as an intermediary. We do not 
know whether two instruments which agree a t  one station will agree a t  a remote 
station. We have little more reason for believing this than we should have for 



believing that two thermometers which agree a t  one temperature will necessarily agree 
a t  another, 

It has never been custolnary a t  lCew Observatory to issue corrections to unifilar 
magnetometers. This has been due to a recognition of two facts: (1) that the ICew 
magnetometer has no unique claim to be a perfect instrument ; (2) that it would require 
a much larger number of observations than is usually taken to make the probable 
error in the mean difference resulting from the observations negligible. Even 
supposing the Icew instrument were invariable and recognised as the ultimate 
standard, and that the number of observations sufficed for deducing a reliable correction 
to a second instrument wlien used a t  ICew, this would not settle the correction to 
be applied wlien it was used a t  a remote station. The difference between two 
magnetometers as measurers of H may be due to a variety of causes. It may, of 
course, arise merely from error in the vaIue accepted for the moment of inertia of one 
or both of the collimator magnets. 'In that event the difference between the values 
obtained for H at  any station will be proportional to the local value of H. Tf we were 
sure that this was tlie sole cause of difference between the ICew magnetometer and 
a second being tested a t  ICew, we could of course obtain a correction factor to the 
latter whicli would be generally applicable. But there may be other contributory 
caucles, e.g., the presence of magnetic material, or error in the rneasurernents of the 
deflection bar. 

111 the case of dip circles it has been cnstolxisry to give corrections to the dip 
needles when reqtlested to  do so, but tl warning is khen issued agai~ist regarding the 
" ~orrcctions " ;IS necessi~rily 111orc than a Iiistorical prese~ltiitio~i of the mean results 
of thc comnpsrison witlli the ltew dip circle, tlll;cn out, to tlie nearest 0'.6. The 
cii.i3ferenccs may bc partly or wholly observatio~ln~l :accidents. I f  real, they may be 
entirely duo to tho nccdles, or partly to the needles and partly to the circle. 111 
neither case is tliere any reason to suppose tlliat tlie same differences would be obtained 
if the comparison could be repeated a t  a station differing widely in dip fro111 lie~v. 
The behaviour of a dip needle is largely determined by the state of its axle, and the 
parts of the axle which are vital are quite different a t  two station8 differing widely 
in dip. 

Section 144.-The Expedition was provided wit11 two ~znifilar magnetometers, 
but only one of these, No. 25, was used. This magnetometer had tlzree collimator 
magnets 2 5 ~ ,  2613 and 2 5 ~ .  Of these, 25u, was fitted up for declination and all the 
declination observations were taken wit11 it. The other two were intended for 
horizontal force. The magnet 25n had, bowever, an undesirably large temperature 
coefficient, and all tlie H observations were talren wit11 2 5 ~ .  The constants of all 
the magnets were determined a t  l<ew Observr~tory in May, 1910, before tho Expedition 
set sail. 

It is usual on such occasions for observations of H ttud 13 to be taken by the 
magnetic assistant or the superintendent, to  malro sure that the illstrurnent is cornpiete 
and works aatisfactorily, and that no serious error exists in the table of constants. 



There was, however, a press of work at  the tinie, owing to the large number of 
magnetic instruments being tested for the Expedition, and so no observations could 
be taken by the observatory staff. Two observations of H and one of D were taken by 
Dr. Simpson, who was undergoing a course of magnetic instruction. These sufficed 
to show that unifilar No. 25 was in good working order, and gave results in reasonable 
accordance with those of the Kew unifilar, but they were not sufficient for determining 
differences between the two instruments. The two H observations gave somewhat 
widely discrepant values for the distribution constant P. The torsion in the suspension 
of both the H and D magnets was excessive, and in the D observation the torsion 
correction-always an uncertain element when large-was nearly 2'. A comparison 
of unifilar No. 25 with the unifilar of Christchurch Observatory (Cambridge Scientific 
Instrument Co. No. 1) was made when the Expedition was on its way home on 
May 8 and 10, 1913. Three simultaneous observations gave the following results 
for the easterly declination :- 

- I D by No. 25. D by Carnb. Inst. Co. No. 1. 

The difference, if there is one, is hardly outside the limits of observational 
error. 

Two simultaneous observations of H were made on the same two days. These 
gave unfortunately very discrepant values for P, the one positive, the other negative. 
As I have shown elsewhere, when the second distribution constant Q is neglected, 
P depends in reality on the two deflection distances actually used. At Christchurch 
the distances were those usually adopted, viz., 30 and 40 cms., so that the value given 
by the Antarctic observations was not immediately applicable. A value might have 
been deduced from the Antarctic value by means of a formula, but it seemed more 
satisfactory to accept the value, - 1.71, which was given by six fairly consistent 
observations made a t  Kew Observatory later in the year. Doing so we find :- 
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The excess of No. 25 is much above the probable error of observation. 
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After the return of the Expedition to England, a number of observations were 
taken by Capt. Wright at  ICew Observatory, on September 24-26,1913, simultaneously 
with observations talcen by Mr. T. W. Baker and myself witli the Rew unifilar. 
Other sin~ultaneous observations were made later, on September 29 and October 3, 
in which the observations with No. 26 were talcen by myself. The results of these 
observations were as follows :- 

- 
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1913. 
September 24.. . ... ... ... 

,, 25 ... ... ... ... 
,, 26 ... ... . . ,  ... 

26 ... ... ... . ,. 
~ctol ier  3 ... ... ... . , . 
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D by No. 25. D by Kow Unifilar. Excoss of No. 25. 
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35.3 
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There would seem to be s small difference in the case of tlie declination. At the 
same time the agreement on October 3, wlien both observers were thoroughly 
accustomed to the conditions at  ICew, was perfect. As regards H, there seems an 
unmistakable difference, tlie ICew observer getting in that case a larger difference t31an 
Capt . Wright. 

If we accepted the ICew instrument as standard, and supposed that tlie difference 
between it and No. 25 was due to error in the accepted value of the moment of inertia 
of magnet 25e, an error of 23y a t  Iiew would imply an error of about 287 a t  
Christchurcli. The fact that the actual difference observed at  Cliristchurcli is larger 
than this is not really unfavourable to this view, because when the Cliristcliurch 
unifilar was verified a t  Kew in 1901, judging by the result of three H observations, 
i t  read decidedly low. 

There are, Iiowever, various sources of uncertainty. Jn the first place the deflection 
bar of No. 25 was missing in September, 1913, and its place had to be taken by another 
bar whicli happened to fit in No. 26. This bar had been recently measured at  the 
National Physical Laboratory, and there is no reason to doubt the accuracy of the 

- -- - . - ---- 

II by No. 25. H by ICew Unifilar. Exor~v of No. 26. 
- - - -. -- - - - - - - - - - - . - - - - - - - -- 



measurements any more than there was in the case of the original bar. Still the fact 
that the two were distinct bars is a possible source of a small difference in the value 
of H. Again, the & distribution constant was probably neglected in the Christchurch 
instrument, and it certainly was neglected in all tho observations taken with No. 25, 
and in the original comparison in 1901 of the Kew and Christchurch instruments. 
The only case in which this neglect was likely to have no sensible effect was the 
Antarctic observations made with No. 25, when big deflection distances were used. 

The relation between the Kew and Christchurch instruments might finally have 
altered in the course of 12 years. In  the case of the ICew instrument we are in fact 
obliged to assume either that some reduction has taken place in the moment of inertia 
of the magnet, or that the moment in use in 1901 was too large. Thus perhaps all 
we are entitled to say is that the H observations a t  Christchurch and Kew show a 
decided tendency in No. 25 to give too high values in 1913, and are on the whole not 
unfavourable to the conclusion that the cause was too high a value in the accepted 
moment of inertia. The most likely alternative explanation, viz., the presence of 
magnetic material in No. 25, is rendered improbable by the smallness of the declination 
differences observed between i t  and the other unifilars. A small reduction in the 
moment of inertia would be a not unlikely consequence of the vicissitudes natural to 
the Antarctic climate. Thus i t  is on the whole probable that during 1911 and 1912 
No. 25 gave more accurate values of H than it did during 1913. 

If we accept 23y as the error a t  Kew, and assume an overestimate of the moment 
of inertia to be the cause, we should have an error of about 6y in the Antarctic. An 
error of this order in H and of the order of 1' in D would be insignificant in view of the 
local disturbance observed a t  Cape Evans. 

Section 146.-The Expedition had three ordinary land dip circles, a modern circle 
No. 186, by A. W. Dover, and two old circles, Nos. 26 and 27, by J. Dover. The two 
latter were fitted for total force observations, as well as for ordinary dips. No. 26 
was the circle in regular use a t  Cape Evans. It had five needles. The " corrections " 
given to  these in the certificate issued a t  lcew in May, 1910, were as follows :-- 

-- 

" Correction " . . . 

Nos. 3 and 4 were so-called " statical " needles, which were never reversed after 
leaving Kew, but were tested there as reversible needles. Nos. 2, 5 and 8 were used a t  
Cape Evans for the ordinary dip observations. The later observations were made, 
still in No. 26, with needles Nos. 1 and 2 of circle 186. At Kew in 1910 these two needles 
were tried only in their own circle, so no significance could attach to the results obtained 
with them then. 

Observations were made by Capt. Wright a t  Christchurch on March 8 and 10,1913, 
using needles Nos. 1 and 2 of circle 186 in circle 26. 



Simultaneous observations were made by Mr. H. F. Sltey, Director of Christchurcll 
Observatory, wit11 the C1~ristcl~urch circle, Dover 147, with three needles, Nos. 1, 2 
and 3. The results were as follows :- 

Cirolo No. 26. 
- 

Cirolo No. 147. 

Circle No. 147 was tested a t  ICew in 1901. The certificate issued gave no 
<< corrections," merely stating that the rosults obtained were in close agreenlent with 
those given by the l<ew circle. 

Needles 1 and 2 of circle 186 were also tried in circle 26 at ICew by Cupt. Wright 
on September 24, 25 and 2G, 1913, simultaneous observations being talren wit11 the 
lZew circle by Mr. Balter or myself. The needles were also tried on October 3 by 
myself, observations with the Icew needles in tlic lCew circle being interpolated, so 
as to  get the same mean time for the observations with the two circles. The results 
were as follows :- 

1913. 1 N o  1 of 186 1 No. 2 of 186. 1 o n  I No. I. 1 No. 2. 1 No. 3. 1 Mom. 
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~ o o d l o  2 of l8ti.I Moan. I No. 1. 
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No. 2. Alcnrt. 

0 I 

67 87.62 

67 58.31 
-- -- 

March 8 ... 

,, 10 ... 
- 

It is hardly necessary to  say that the accordance between all four needles displayed 
here is quite exceptionally good. 

Ct~pt. Wright also observed on Septenlber 25 and 26 with needles Nos. 2 and 8 of 
circle 26 in their own circle. I repeated these observations on October 7 and 8, and 
on the latter date also observed wit11 needle No. 6 of circle 26. Tlle observations with 
Nos. 2 and 8 on Septernber 26 inirnediately preceded those with needles 1 and 2 of 
circle 186, while the observations with tlle first pair of needles on September 26 followed 
immediately after those with the second pair. Thus we may regard the dips obtained 
with the Icew circle on September 25 and 26 us fairly corresponding. 

On October 7 and 8 I observed with both the lCew and Antnsctic circles, in such a 
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There is here a decided difference between needles 2 and 8 of circle 26 ; the former 
gave slightly lower, and the latter decidedly higher values than the Kew needles. All 
three needles Nos. 2, 5 and 8, it will be remembered, had been discarded for faulty 
behaviour before the end of the Antarctic observations. Thus any later comparison 
could throw no certain light on their behaviour when a t  their best, but only on the 
extent to which they were unreliable when a t  their worst. When tried in 1913 they 
were undoubtedly inferior to needles Nos. 1 and 2 of circle 186, but they were still in a 
pretty fair state of preservation, so far, a t  least, as concerns the parts of the axles in 
use a t  Kew. 

Circle, 3. Dover, No. 27 was tested a t  Kew Observatory in May, 1910. The 
certificate then issued gave the following " corrections " to the five needles :- 

-- - - - - - - -- --- - - -- - - - 

-- No. 1. No.2. 1 No.). T No.4. 1 No.8. 

" Correction " ... ... ...I +0'.5 1 ! . ! 5  1 +Us5 1 Of.O 1 +Or*fi 
L - - .- - - - -- - - -- -- - -- -. - 

way as to obtain the same mean time for the observations. The results were as 
follows :- 

The differences from the Kew needles were hardly outside the limits of 
experimental error. Needles Nos. 3 and 4 were the so-called " statical " needles. 
They were tested as reversible needles, but were not reversed again after leaving Kew. 

Circle No. 27 was mainly used for observations taken at  Cape Adare by Lieut. (now 
Commander) V. Campbell, R.N., and Surgeon G. Murray Levick, R.N. The conditions 
were not favourable for very accurate work. Also the needles seemed to have some- 
what deteriorated before the Expedition returned to England. Thus it is unnecessary to 
enter on details of the comparisons made after the return to England with the reversible 
needles. The note which I made after trying needles Nos. 1 and 2 in their own circle 
in December, 1913, was as follows :-" No. 1 behaves fairly ; No. 2 distinctly bad in 
one position, suspicious in others." Still the results obtained were fairly good, the 
means being only from 1' to 2' lower than those given by the Kew needles in the Kew 
circle. 

Section 146.some total force observations were made with both the circles 
Nos. 26 and 27, especially the latter. The method of determining total force with a dip 
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circle is not given in ordinary textbooks, and I do not know any textbook where there 
is a full explanation. Thus a few remarks seem desirable. 

Three operations with the same dip circle are usually involved. 
(i) An ordinary dip observation is taken with a t  least one of the reversible 

needles, say No. 1. If only one such observation is taken, it is best to 
take the observations with pole A dipping before and those with pole B 
dipping after the two next operations, so as to get tlie same mean time 
for the dip as for the other observations. If time permits, complete dip 
observations, preferably with two reversible needles, say Nos. 1 and 2, 
the one before, the other after operations (ii) and (iii) should be taken. 

(ii) An observation is talcen of tho dip shown by tlie statical needle No. 4 
carrying a weight, which is screwed into a hole in the blade. The same 
process is gone through as in an ordinary dip observation, except that 
the magnetism of No. 4 is not reversed. 

(iii) A deflection experiment is made in which statical needle No. 4 deflects statical 
needle No. 3. During this operation No. 3 occupies only one position, 
e.g., it has its face to the face of the instrument, and the instrument faces 
East. No. 4 is secured in a holder attached to tlie frame which carries 
the two reading microscopes of the circle, in such a way that the length 
(magnetic axis) of No. 4 is perpendicular to the line joining the axes of the 
microscopes. Thus when the two ends of No. 3 are at  the centres of the 
fields of view of the two ~nicroscopes, the magnetic axes of Nos. 3 aiid 4 
are at  right angles to one another. These two axes are in parallel vertical 
planes. Assuming symmetry in No. 3, its plane is midway between the 
two agate edges on wllich the needle rolls. No. 4 is necessarily outside 
tho box which contains No. 3. The centres of the needles should be in 
the same horizontal plane, and the line joining them sllould be perpendicular 
to the agate edges. In the ordinary circle the needles have lengths of 
about 34 inches, and the distance between their centres is about 7 cms. 

The operations are shown graphically in the accoinpanying diagrams. In both 
OH represents the horizontal, OV the vertical direction, and A is the dipping end of 



the needle. In the first diagram AB represents the actual position of needle No. 4 

when weighted, the dotted line represents the true dip. In the second diagram a,b, and 
a;b2 represent the two deflected positions of needle No. 3 ; while A,B, and A,R2 are 
the two corresponding positions of needle No. 4. The dotted line midway between 
n,b, and a,b2 represents the true dip. The inclinations of a,b, and a,b2 to the horizon will 
be termed 1' and I" respectively. M'hat is actually observed is the angle ch10a2, and 
;E u10u2 is accepted as the value of u' the deflection angle. The diagram represents the 
,simplest case, when the two positions Oa,, Oa2 are in the same quadrant. In a station 
in high latitudes Oul usually falls on the opposite side of the vertical from OA,, while 
in low latitudes Oa2 will usually lie above OH. 

In general neither needle will have its centre of gravity al~solutely coinciclent with 
the axis of rotation. In a well-made needle, however, the centre of gravity will be 
very close to if not actually in the line joining the ends of the needle. For simplicity 
we may suppose the C.G. in both needles actually in this line. Let u), and w, be the 
weights of needles 3 and 4 and let c, and c4 denote the distances of their centres of gravity 
from their axles. Also let w be the auxiliary weight u s d  in the second operation, 
and c its distance from the axle. We shall assume that the reversible needle used gave 
the true dip I, and that the clip and the total force R remained constant througho~zt 
the whole observation. 

The couple arising from the action of needle 4 on needle 3 will bc propostionnl to 
the magnetic moments m, and rn, of the two needles, and so may be represented by 
m,m, f (r), where f(r) is a function of r, the distance l~etween corresponding poles of the 
two needles when their magnetic axes are perpendicular. From operation (ii) we have, 
see the diagram on the left on p. 417, 

m4R sin (I - q )  = (wc + w,c,) cos q, 
and from operation (iii) 

(fiR sin (I' -- I )  = rn8rn, f(r) - w,c:& cos 1' 
rhR sin (I - I") =LI ?~~,rn, f (r) -/- w3c3 cos IN. 

It is usually tacitly assumed that w,c, and w,c3 are zero or negligible. In that 
event i t  is obvious that 

I' - = I - 1" = &(I1 - 1") =: u' say ; 
so that we have 

rr~,R sin u = wc cos q,  

rrb8R sin t6' -- q,m, f(r). 
Multiplying up and eliminating mrn,, we finally get 

1x2 = wc f(r) cos q /sin u sin u,'. 

Suppose the suffix , to distinguish data for a base station where the value of the total 
force is known, then we have 

R,2 = wc f ( r )  cos r,/sin uo sin u,' ; 
whence wc f(r) = R,2 sin u, sin ~c,'/cos q,, 

= A, say, a known quantity, 

and finally R2 = A cos q/sin t 6  sin u'. 



I-Iere A is the so-called " constant,," corresponding to  tlie particular weight which 
has been used. Usually there are several weights of different mass, a lighter or a heavier 
weight being selected according to the local conditions. 

Various simplifying assumptions have been niade, such for instance as that the 
magnetic nioinent is the same in all positions of tlie needle. It is usual to regard A as 
an absolute constant for each weight, but it is obvious that it ~riust be slightly variable 
unless observations are talien at a fixed temperahure. As we have seen, A stands for 
we f(r). r will vary if the poles of either needle alter their distance fro111 the axle, or 
if the distance between the planes of the two needles changes. Temperature change 
will naturally alter both these distances directly, and may besides influence the 
distribution of magnetism, and so the " pole distance " in the needles. Tlie instruction 
not to reverse the magnetism of the needles is intended to reduce the chance of change 
in the pole-distance. The magnetic moments, however, will naturally tend to diminish, 
and this may not improbably affect the distribution of inagnetisin as well. S~ipposing 
no wear in the weight, or in the hole in No. 4 into wliicli it screws, the length c should 
be constant, except for changes of temperature, and so should be the inass of the 
weight. But, and this I think has been generally overlooked, the weight itself 111ust 
necessarily vary according to the value of gravity a t  the place of observation. This 
latter variation should be negligible if observations are confined to places not 
far removed from the base station, a procedure which is desirable for other reasons. 
But in the present instance that was not the case, so far a t  least as circle No. 27 was 
concerned. 

Let g,, g,, g, represent the values of gravity in C.G.S. units a t  the Antarctic 
station, Christchuroh and Icew respectively. Then we have approximately* 

g, = 983.0, go = 980.5 andg, - 981.2; 

whence g,,/q, = 1 *0025, g,/gk = 1.0018 and y,/g, -- 1-0007. 

If A,, A, and Ah represent the values which the constant for a given weight should 
have a t  the three stations, then as A = {wc f(r))', we have 

A,/A = 1 ' 0012, &/Ah = 1 80009, and = 1 a0004. 

Thus for accuracy to 1 part in 1,000, or even 1 part in 500, it would not be 
legitinlate to upply in the Antarctic without correction a value determined for A at  
Christchurch or Kew. I do not think that even the lower accuracy can be claimed in 
the present case, but others may tliinl: differently. . 

The neglect of w3c3 is one of tlie steps niost likely to arouse critlicism. An 
approximate value of zo,c, is easily found, t i t  letist theoreticcilly. We huvo, in fact, 

ZU,C, (cos I" + cos 1') = 9n3 R {sin (I - I") - sin (I1 - I.)), 
and so 2w3c3 cos (I' -/- I") cos & (I" - 1') = 2 9% R sill ( I  - 8 (I -t- I")) cos *(I1-I") ; 

whence approximately 
w3% =I r., R sin {J - .$ (I' f I")) sec I, 

since $ (I' + I") must equal I to a first approximation. 

* National Antnrotio Expedition, 1901-1904. l'hysical Observations, p. 34. 



The larger R sec I, the smaller must be I - 4 (I' + I:"). Near a magnetic pole 
R and see1 are both relatively large. 

We should thus expect in high magnetic latitudes like Cape Evans or Cape Adare 
4 ('I' + I") to give a closer approach to the true dip than in ordinary latitudes. 

It seems to be immaterial whether c, vanishes or not. 'If i t  does not vanish the 
value of A becomes (wc + w,c,) f ( r ) ,  and there is no reason why w,c, shol~ld he more 
variable than wc. 

Section 147.-In the case of circle No. 26 only one total force observation was 
taken to determine the constant A for one weight. It was made in the magnetic hut 
a t  Cape Evans, on June 9, 1911, between 15 h. 22 m. and 16 h. 6 m. Accepting for the 
true dip 86" 27'.4, the mean of the absolute observatiorls of the month, and for the 
total force e68168, being the value derived from the above value of the dip and ~04213 
the mean of the absolute observations of IT, the value obtained for log,, A was - 
1 -66310. The observed value of 3 (I' 4- I") was 86" 28'.6, and so was very close to 
the true dip as given by the reversible needles. 

The value of A for one weight wa,s found for circle 27 at  Christchurch Observatory 
on November 16 and 17,1916. On November 16 there were two complete determinations. 
For the first the observation with needles 3 and 4 was talten between 11 h. 0 m. and 
11 h. 54 m. The value accepted for the true dip was derived from observations talcen 
with needle 1 between 10 h. 30 m. and 10 h. 55 m. (pole A dipping), and between 
12 h. 0 m. and 12 h. 23 m. (pole B dipping). For the second determination, on the same 
day, the observation with needles 3 and 4 was talten between 16 h. 0 m. and 16 11. 43 m. 
For the dip, observations were taken with needle 2 between 15 h. 37 rn. ancl 15 h. 58 m. 
(pole A dipping), and between 16 h. 50 m. and 17 h. '3 m. (pole B dipping). On 
November 17 the observation with needles 3 and 4 occupied from 1 1  h. 30 m. to 
12 h. 10 m. The dip observations, taken with needle 1, occupied from I1 11. 0 m. to 
11 h. 24 m., and from 12 h. 17 m. to 12 h. 35 ru. The three values of R--supplied 
presumably by the Christchurch authorities-are given by Dr. Simpson as -59854, 
-59872 and ~59855 respectively. The three valoes found for logl, A were i-54088, 
i .ti4016 and i e54053. Their mean i 054052 has been accepted. The following is 
a summary of the angles observed :-- 

Observation. I 
.--..--..------ 

J I +  I u'. I U. I 
1 ... ... 
2 . . . . . . 
3 ... ... - 

Mean ... 

The difference here between the mean va?l~ies of I: and 4. (I' + I"), though not 
large, is sensible. The weight was obviously a very suitable one for total force 

420 

67 54.19 
56.00 
55.91 

67 55.37 



observations near the nlagnetic latitude of Cliristch~zrch, and the three values obtained 
for A showed a satisfactory accordance. 

A second set of dip and total force observations was made by Cspt. Wright and 
Dr. Levick a t  Christchurch with circle 27, einploying the same weight as before, on 
March 7 and 9, 1913. Ililie following is a stzlmnry of results :-- 

h. 111. 

12 0 
14 30 
15 0 
15 30 
I G .  25 
16 45 

- 

Date. 

Tinip. 

firon1 T o  

March 9 . .. 
,, 9 ... 
,, 9 . . .  
,, !) ... 
,, !I ... 
,, I) ... 

-, .--. 
Weans ... 

?'he tiincs assigned in the obscrv:~tion b001i for the third observation with needle 2 
on Marc11 7 obviously contain one 01- more clericnl errors ; the assumed times give11 
here may be sligl~tly in error. I t  llns also been assumed that an angle given as 38" 
in tlle first deflection experiment on March $1 was really 42", as in the other similar 
observations ; I>ccause the resulting value oi (I' -1- I"), viz., 65" 59'.G7, was altogether 
impossible. In  cnlculnting 16, the true dip has been talren us the erithmetic inean of 
the dips given by the immediatc1;y preceding ant1 followving observations taken with 
a reversible needle. 

No final value was deduced for A, no value of 12 seenlingly having been supplied 
by the Cllristcl~urch autlloritics. If we assmne the sarne iileail value for R as was used 
in 2010, and accept the :hove nwnn v;tlues of u, u' and 7, we should find the 1913 
value of A to be 0.982 of that Sound in 191 0. The observations in 1910 were much Illore 
harmonious arnoiigst tllelnselvcs tllan tllose of 1013, and were co~isiderably nenrer in 
time to  the observations a t  Cape ]<vans and Clipe Adare, for which the value of the 

r i  constant was desired. .I lius i t  scenlcd best to accept the 1910 value, regarding the 1013 
observations ns affording inerely a general confirillation of its accuracy. 

A final set of observations with No. 27 was made a t  Kew in Ilecomber, 1913, by 
Dr. Levick and ~i~yself. On IIece~l~ber 11 Dr. Jkvicli toolc two conzplete observations 
of dip wit11 needlcs 1 and 2, and three total force observations witli needles 3 and 4 ; 
while I took a dip observation with ICew circle and needles, simultaneously witli 

9 5 
9 40 

10 0 
10 25 
10 57 
11 15 .--- - 
- 

11. 

0 I 

7 

25 41.15 
- 
- 

25 44.23 - 
- 

24 6 9 - 3 3  
7 

- 
27 18.25 

7 

- 
25 65-71  

- 

-- 

Ncodle. 

No. 
2 

3 and 4 
2  
2 

3 and 4 
2 

1 
3 and 4 

1 
1 

3 and 4 
I 

-- 
- 

- - 

11. 

0 ' 
- 

42 17.04 - 
- 

42 18.67 

- 
43 0 .82  
- 
- 

40 13.00 
- 

-.---- 
42 4.88 

- - - 

91'. 

0 I 

- 
25 47-22  - 
- 

26 57.26 - 
- 

25 20.G7 
-- 
- 

26 0 . 3 3  
- 

2G 18.62 

- - -  - - - 

1. 

" I 

G7 59-68  
- 

G7 DG.80 
G8 6 .33  

-. 
G7 59.48 

08 1.65 - 
67 59-65  
G S  1 .62  
- 

G8 0.98 

GY 0.G2 
-- - --- -- - 

- ---- 

A (I' 4- I"), 

0 1 

- 
67 58.58 - 
- 

GY 7 . 5 8  
-.- 

G7 tj9sG7 
.- 
- 

67 69 -33  - 
--- 
63 1.29  



his first dip observation. On December 15, observing with circle 27, f toolc dip 
observations with needles 1 and 2, and two total force observations with needles 3 
and 4. Pinally, on December 16 I took a third total force observation. In the 
calculations, 66" 55' was accepted for the true dip, and -47177 for the total force, 
these being the mean values-to the nearest 0'.5 and ly-for the month. Also 
66" 55'.09 was the dip obtained with the Kew circle on December 11. A principal 
reason for taking I from the Kew circle was the considerabIe size of the difference- 
4'.9 for needle 1, and 7'.7 for needle 2-between the values of the dip obtained by 
Dr. Levick with circle 27. The mean results were as follows :- 

Obsurver. 

The dips deduced from the values of 4 (I' + I") in needle 3 rule decidedly low. 
The difference between the mean values obtained for u' by the two observers is difficult 
to explain, as Dr. Levick's three values varied only 20' amongst themselves, and my 
three only 18'. 

If we take the mean value of log,, A from the six determinations, we find 
(A in 1913 a t  Kew)/(A in 1910 a t  Christchurch) = 1.004. 

The theoretical difference arising from the difference of gravity is, it  will be 
remembered, in the same direction as that observed above, but only one-tenth as 
large. 

While the agreement is not perfect, it is very much closer than I had at  all 
expected. It is especially noteworthy in view of the fact that, owing to the clip being 
northerly a t  Kew ancl southerly a t  Christcllurch, the weight which was in the end 
appropriate t.0 the southern station was in the clipping encl a t  Icew, and so increased 
the dip there, instead of diminishing it as a t  Christchurch. 

Frorn the observed values of u' st the two sta.tions, ancl the values of total force, 
a comparison rriay be instituted between the values of the magnetic moment of 
needle 4 in November, 1910, and December, 1913. The moment would seem to have 
diminished by only about 2 per cent. in the course of the three years, a very satisfactory 
result. 

More space has been given to the total force observations with circle 27 than 
their intrinsic importance may seem to justify, but the results possess a considerable 
interest from the instrumentai and observational points of view. 

Sectiosz 148.-The special observations made on sea ice over deep water about 
2,835 yards from the absolute hut a t  Cape Evans during December, 1911, and 

Dip by 

No. I. I No. 2. 

0 f 

7821.11 

78 40.83 

78 30.97 

0 f 

1126 .11  

11 45.83 

11 35-97 

T.54447 

T.84010 

1,84228 
.- 

0 f 

34 9.75 

31 21.18 

32 45-46 

Levick . .. ... 

Chree ... ... 

All observations ... 

0 f 

6653 .52  

66 53.72 

66 83-59 

0 f 

6651 .73  

66 55.84 

66 53.10 

0 f 

6649 .75  

66 47-07 

66 48.41 



January, 1912, were included in Tables I,  IT and 111, and discussed in Chapter 111. 
But some earlier observations were talcen on sea ice with circles 26 and 27. They 
commenced shortly Before midnight on January 5, 1911, and continued until after 
4 h. of tlie subsequent day. The observations with the two circles went on 
simultaneonsly, so the positions of the circ-les could not have been absolutely 
identical. .[n the case of circle 26 the position is described as " Ice off Cape Evans 
120 fathoms," while the position of circle 27 is variously described as " Ofl Cape 
Evans," or " Ofl Sltuary, Ross Island." 

The dips talten with tlie reversible ~ieedles were as follows :- 

The individual results are very harmonio~~s, and suggest a quiet time, but es the 
magnetographs were not t,lle~i in action no confirmation is possil~le fronl the curves. 
Tho final mean is larger by 10' tllen tlie earliest observation recorded in the magnetic 
hut a t  Cape lSvans, wl~icli was the biggest dip observed there, while the observations 
mark on sen ice in Ilece~ubcr, 1911, and Jttnutiry, 1912, h;~d a mctm excess of only 
9'*8 over tliose then lrludc on lend. This cannot be said to be favourable to tllc view 
tlmt the effects of local disturbance were inappreciable even 011 the sell ice. 

'rota1 force observations were also made on the sanic occasion (January 0, 191 I )  
with both circles with the following results : - - 
-- - - -- - --- - -- - - 

Cirolr. 

- 

In the t(ota1 force reduct,ions the value accepted for I was 86" 48'.8 for circle 2G, 
and 8G0 48'.5 lor circle 27. Tlle values accepted for log,, A were i *FG310 fur circle 20 

h1cn11 dip 
for cirolr . 

- -  - 

Ncedlc. 

0 I 

- 
86 48.81 -- 
- 

86 48.45 

86 48.66 

T~IIII , .  

Circle. - 1 I~ro111 1 

--- 

0 I 

86 48.68 
86 49.00 
86 40.03 
86 47.50 
86 48.90 

--------- 
. . . 

Time. 
-- 

Fro~u I rPo 

26 
26 
27 
27 
27 

Pinu1 I I I C ? U ~  ... 
- P 

MCZLII 
'Potat 
Uo1'ce. 

Y - 
67825 
- 

G7729 
P 

d ( l ' + T " ) .  

- 
0 I 

8 6 4 8 - 1 0  
86 49-67 
8650.DO 
8646 .58  

- 

86 48.46 
- 

Dip. 

Totu\ 
l?oPC1l. 

Y 
67831 
07820 
67892 
07565 -- 

?I .  

0 I 

62 50.0 
63 19.2  
(i 17.9 
6 30.2 

11'. 

0 I 

28 13*!) 
28 13.5 
23 8 . 3  
23 6 .7  - 
- 

11. 111. 

2 17 
3 0 
1 5 2  
2 28 - - 
- 

-- 

2G 
26 
27 
27 

--- 
Mcons 

2 ?  
8 
1 
2 
? 

.. . 
----- 

0 I 

23 B8-2 
2:) 20.6 
80 30.6 
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11. m. 
1 2 0  
2 20 
1 2 0  
1 6 3  
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- -- 1 67777 
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- 

11. ni. 
23 30 
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23 15 
23 39 
3 22 

- 
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- 

11. 111. 

0 38 
3 38 
0 31 
0 16 
4 2 
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(Cape Evans Observation, June 9, 1911), and i -54052 for circle 27 (Christchurch 
Observation, November 16 and 17, 1910). If we applied to the Christchurch value of 
A the correction appropriate to the excess of gravity in the Antarctic, we should 
increase the mean value for the total force by circle 27 to 67810y, and the 
corresponding mean from the two circles to 67817~. 

The accordance between the results from the two circles, if we apply the gravity 
correction to No. 27, cannot be assigned very great significance, in view of the large 
difference between the two values given by that circle. The fact is that the weight 
used in circle 27 was undesirably light for Antarctic use. The value oi r n ~  was so 
small that any small error in its determination was serious. The weight used in circle 
26 erred perhaps a little in the opposite direction, but was much more suitable. 

The accordance between 4 (I' 4- I") and the true clip was again eminently satisfactory 
for both circles. 

Section 149.-Magnetic observations were taken a t  Cape Adare (71" 18' 8. lat., 
170" 9' E. long.) by Commander V. Campbell, R.N., and Dr. G. Murray Levick from 
March to December, 1911. They included observations of declination, dip and total 
force, the two last elements with circle by J. Dover, No. 27. 

Two of the declination observations were taken on the sea ice on Itobertson Bay, 
some distance from shore. The other observations were apparently all taken on the 
" site of Magnetic Tent in Borchgrevinlc Expedition." This is explicitly stated to 
be true of the earliest dip observations taken on March 14. In all the other dip 
observations the site is described as "Ridley Beach" or " basaltic pebble beach." 
The same description is assigned in the case of the total force observations, with the 
additional information that the geographical position was 71" 18' 0" 5. and 170" 9' 0" E. 
Tlie site of the two land declination observations is similarly described to that of the 
total force observations. The accepted position of the observation station of the 
Borchgrevink (or " Southern Cross ") Antarctic Iqxpedition of 1899 to 1900 being 
71" 18' S., 170" 9' E., the identification seems complete. 

The first of the two declination observations made on the sea ice was taken on 
May 3. The site is described as 440 yards from shore, over water 17 fathoms deep, 
lat. 71" 18' 19" S., long. 170" 9' 0" E. The same depth of water and the same 
geographical co-ordinates are entered in the case of the second observation on sea ice, 
taken on November 6, but the distance from shore is given as 336 yards. 

In each instance the declination was obtained by comparing the true bearings 
of a series of objects, taken with a 4-inch theodolite, with the magnetic bealings 
observed with " No. 1 Arctic Shore Azimuth Compass." Prom two to four different 
pivots were used on each occasion, and in every case a correction of + 4' was applied to 
the compass card reading. As the " basaltic pebble beach " was presumably a source 
of local magnetic disturbance, the declination observations made on sea ice are the 
most important. 

On May 3 compass readings were taken for seven different true bearings, and in 
each case separate readings were taken with each of three pivots, the resulting value 



of the declination being 70" 59'.8 E. On this day magnetic conditions at  Cape Evans 
were decidedly quiet. On November 6 compass readings were taken for eight 
different true bearings, two pivots being used in each case. The resulting value of 
the declination was 70" 57'*3 E. On this day the magnetic curves showed about the 
usual amount of disturbance for the season. The close accordance of the two results 
would naturally inspire confidence in the final' mean value 70" 58'.5 E., but a 
consideration of the observational details is less re-assuring. On May 3, 011 the 
average, the declinations obtained using pivots ii and iii exceeded those obtained 
when using pivot i by 21'*7 and 1" 14'-1 respectively. On November 6 the two pivots 
used t~greed much better, still the mean declinaLion using pivot ii was 10'.2 in excess 
of that found with pivot i. It must also be remembered that during Noveinber the 
diurnal range of declination is large. Even if tlle exact times of observation had been 
given, which was not the case, it would not have been possible to derive from the 
records obtained at  Cape Evans corrections for diurnal variation applicable to Cape 
Adare. J t  is probably not underestimating the various uncertainties if we regard 
the probable value of declination on sea ice as 71" f 1" E. 

'l'lle two land observations of declination were talsen in the same way as those 
on the sea ice. On the first occasion, March 21, compass readings were taken for 
seven different true bearings, four pivots being used in each case. The resllltirlg inean 
declination obtained was 65" 7'.4 E. The values derived from six of the objects 
varied only between 64" 9'- 0 and 64" 42'*7, whilst the seventll gave 69" 17'- 5. This 
strongly suggests an error of 5" in the value assigned to the true bearing. If we omit 
this one object, the mean becoines 64" 24'.6 E, On this occasion the differences 
between the pivots were very large, the rliean dec.linations obtained froin pivots ii, 
iii and iv exceeding those obtained fro111 pivot i by 1" 1Pt.3, 2" 28' 0 and 2" 20'. 7 
respectively. Magnetic conditions at  Cape Evans on March 21 were rittller highly 
disturbed, and some of the irregularities a t  Cape Adare were no doubt clue to magnetic 
clist~~rbance. On the occasion of the second land observation, taken on December 13, 
compass readings were taken for eight different true bearings, pivots i, ii and iii being 
used in each case. The differences between the several pivots were less t'han on 
March 21, the mean declinations obtained with pivots ii and iii exceeding that 
obtc~ined wit11 pivot i by 40r.1 and 17'-6 respectively. The inean declinations 
deduced frorn the different objects varied froin 08" 20t.3 to 69" 18' ~ 7 ,  the final inean 
from the eight combined being 68" 4 6 ' ~ ~  E. Magnetic condit,ions on this day a t  
Cape Evans were fairly quiet. 

Ti we accept the revised value for the declinatioii on Marcll 21, the meail from 
the two days' observations on the beach a t  Cape Adare beooines 66" 35'.7 E., or 
4" 22'.8 less tlia11 the mean from the observations on sea ice. Tn view of the large 
differences between the land observations on March 21 and December 13, no very 
exact value can be assigned for the difference between the two stationa : but we nlay 
reasonably infer that the declination on the beach is reduced by at  least several 
degrees through purely local disturbance. 



The mean declination observed on the beach in 1899-1900 by the " Southern 
Cross" observers, Mr. L. C. Bernacchi and Captain W. Colbeck, was 55" 49'.4 E. 
These observers had a very much superior instrument in Unifilar Dover No. 138. 
Their individual results, 54 in number, taken a t  very various hours of the day, and 
so very variously affected by the diurnal variation, varied between 54" 39'-4 and 
57" 37'.9 ; but on several occasions' when magnetic conditions were specially disturbed 
observations were left unfinished, If we accept the land values a t  the two epochs 
as applying to the same spot, we have an increase of 10" N . 3  in twelve years, giving 
the secular change the very high value of 54' per annum. 

Section 150.-The dip and total force observations with circle 27 a t  Cape Adare 
were all made on shore, a t  the station on the " basaltic pebble beach " on the " site 
of Magnetic Tent in Borchgrevink Expedition." Attempts were made on November 7 
and 9 to observe the dip on the sea ice off Ridley Beach, but these were unsuccessful 
" owing to movement of the ice." 

!FABLE A.-Dip a t  Cape Adare. 

1911. 
March 14 ... 

,, 22 ... 
,, 22 ... 

... May 25 
Junc 6 ... 

6 ... 
~A'lv 21 ... 

October 19.. . 
,, 19 ... 

November 9 
,, '3 

December 11 

V. c. 
V.C. 
V.C. 
V.C. 
V.C. 
V.C. 
V.C. 
G.M.L. 
G.3f.L. 
G.M.L. 
G.M.L. 
G.M.1,. 
G.M.1,. 

Mean from all the 18 observations ... ... 
Mean from 9 ob~erva t ion~  with needle No. 1 ... 
Mean from 5 observations with needle No. 2 ... 

Mcan Dip. 
Magnutic 
Contlition 
nt Timc. 

.- 

Table A gives partjclilars of the dips obtainecl a t  Cape Adare with the 
reversible needles Nos. 1 and 2. The observers are distinguished by their initials, 
The magnetic conditions specified were derived from ttle curves a t  Cape Evans, y 
denoting quiet, d disturbed conditions, the suffix , implying very considerable, the 
suffix , only moderate disturbance. In  these high latitudes disturbance is probably 
comparatively local a t  times, and inferences drawn as to  magnetic conditions a t  



Cape Adnre from those experienced a t  Cape JGvans are naturally less reliable than in 
the case of two stations a similar distance apart in Great Britain. 

Observations were only once taken with the two needles on the same day, 
March 22, and on that occasion the mean times of the two observations differed by 
2 11. 22 m. T t  is thus inlpossihle to say whether tIhe difference 3I.3 between the mean 
dips obtained with the two needles was of instrumental origin or nccidental. Tlie 
obaervatiorls were mostly taken a t  very low temperatures, and so uncier trying 
conditions. Some of tliern, moreover, tool\: an ~zni~s~zully long tinle, and so were 
very likely to suffer from magnetic  variation^. Whatever the cause, there were 
several very large differences between successive readings of the snnle end of the 
needle. Mlllen such differences occur, more than usual uncert8alint,y cannot but attach 
to the final dip. 'l'he largest of these diflerenoes were as follows : 1" 20' on May 25 ; 
0" 52' on June 6 ; 0" 35' and 0" 34' on Novernber $1 ; and 0" 64' t~nd  0" 44' on 
Decernber 11. Differences such as these lool\- very large, but i t  shoulti be re~nellzbered 
that an error of 1" in u single reading would or~ly affect the find result by about 2'. 

The rnean dip 86" 42'04 in Table A is 8'.0 higher than the corresponding 1rlesn 
i'ounti I)y Messrs. Bernacclii and Colbeck in 18!)9-1000. I i  we accept the result;s as 
applying to  the same spot, we deduce a mean annun1 increase of dip of Ot.67.  

TABLE B.-Total Force Observations a t  Cttpe Adare. 

1911. 
Murcll 22 
cJu~ie 6 ... 
July 21 ... 
Angust 23 
October 19 
Nov. I) ... , 1 1 ~ ~ .  11 ... 

------ 
M o r ~ n ~  . . . 

Total 
I~orvv. Ihto .  

'I1oi,nl force obser~at~ions with the " statical " neetlles 3 rind 4 were mr~cie tit Cape 
Adarc on seven of the days on which dip observations were talcen wit11 one or otllcr 
of the reversible needles. Particnlttrs of the ol~servat,ions are given in Table B. 
In the calculations the value taken for the dip was t,lutt given by tlte reversible 
r~eedle used on tlie snnne day. The reversible needle rcsult is given in tlic table for 
coinpi~rison with that resulting f~10111 the value of & (2' 4-- I") in needle No. 3. 'l'l~c 
values assigned, to the total force are based on the value ol~tni~~ei i  for A nt 

Christcl~nrcl~ uncorrected for gravitjr. Particulars are given as to u, tc' ttnd -q to show 
tlie degree of consistency of the observationa. The magnetin i:onditions sl~own by 
the Cape Bvuns curves are given as before. 

Tilno of Total 
Foroo Oborvation. 

Frorn To 

Dip by 

No. lor2 N o . 3  
80° + I ROY + 

11 . 91'. 7) 
Tc!~t,p. 
0. 

.r! 8 
% 

$8 



The time assignecl to  the total  force observation on June 6, viz. from 11 h. 30 m. 
$0 12 h. o m., is half-an-hour earlier than that given in the total force observation boolc, 
because according to  the dip observation book the observations with needle No. 1 
occupied from 10 h. 45 m. to  11 h. 30 m. and from 12 h. 0 m. to  12 h. 45 m., and the 
total force observations must have come in the interval. 

The variability in the values of u in Table B appears larger than usual, and the 
dips derived from needle 3 do not appear a t  all as satisfactory as those obtained on 
January 5 and 6 near Cape Evans. It is thus hardly surprising that the values 
obtained on the different occasions for the total force are not very accordant. A very 
considerable probable error must be allowed even to the final mean. If we applied a 
correction for gravity-assuming the value of ,9 a t  Cape Adarc to be that normal for 
the latitude 71" 18', viz. 982.7, an hypothesis accurate enough for the present purpose- 
we should raise the final mean value of the total force to about 68788~. Tf we accept 
this for the total force, and 86" 42I.4 for the dip, we find 686747 and 3952y respectively 
for the vertical and horizontal components. The corresponding mean values obtained 
by Messrs. Bernacchi and Colbeck were -6926, and -04143, giving 6938 for the total 
force. Accepting these figures as applicable to  the same spot, we find a reduction 
to  have occurred in all three elements during the twelve years. !I1he resulting mean 
annual changes are - 16y in H, - 497 in V and - 49y in total force. 

There is nothing a t  all out of the way in the secular changes we have deduced for 
Cape Adare, except in the case of D. But no great weight can be clainied for the 
results in view of the observational uncertainties, and the very considerable local 
disturbance indicated by Messrs. Campbell and Levick's declination observations. 
It may however he added that a substantial increase in easterly declination a t  Cape 
Adare would liarmonise with the observed secular increase in H a t  Cape I3vans. Both 
phenomena would be explained by a movement of the South magnetic pole in a north- 
westerly direction. The value of the declination observed on sea ice near Cape Adare 
seems to  fit fairly well with the observations on board ship dealt with in the next 
chapter. 



CHAPTER XVI. 

OBSERVATIONS AT SEA, &c., AS ltEDUCED UNDElE THE SUPEltVISION 
OF COMMANDER HARRY PENNELL, R.N. 

This chapter includes observations of declination and dip reduced by or under 
the supervision of Conlmander Harry Pennell, lt.N., who lost his life during the war. 
He had handed over the tables of results, the reductions, and the observation books 
to my charge before going on active service. We had discussed a variety of points, 
without, however, reaching any final decision. Some of tlie assumptions made, and 
some of the corrections applied, seerried to me somewhat arbitrary, and I felt doubtful 
whether it might not be well to have some of the decisions reconsidered, Further, 
a certain number oi total force observations had been made on board ship and partly 
reduced, hut no final results had been reached, owing mainly, as I: understood, to 
uncertainties about tlie corrections called for by the presence of iron in the ship. 
Obviouslyy if numerical results were to be reached, a series of somewhat arbitrary 
decisions wo~zld have to be talcen ; but I entertained a 21ope that co-operutlion between 
n inagnetician and a naval observer, familiar with the actual conditions on board ship, 
might lead to results worth printing. As n~rttters have turned out, it has seenled best 
to publisll the declination and dip tables as Conlillander Pennell left them, with merely 
a few verbal alterations, and to leave the total force results alone. 

The material consists mainly of observations taken on board the " Terra Nova," 
but includes cz few observations on sea ice, and also the interesting series of declination 
results obtained by Lieut. (now Captain) Evans and Lieut. Bowers during Captttin Scott's 
sledge journey to the South 1'01s. 

Cornmander Pennell consistently used the tern1 " magnetic variation " for 
declination, and as it is a term naval men seem 10th to part with I have let it remain. 
The same remark applies to the use of " Barrow circle " to denote the ordinary land 
dip circle. In his day Barrow was the leading English maker of dip circles, atid a few 
of his circles still survive, including the star~dard circle in use at  Rew Observatory 
a t  the present time. But the land circles actually used by the Expedition were all 
Dover circles, the older ones by J. Dover, the new ones by A. W. Dover. Tlle sea 
dip circles of the Lloyd-Creak pattern-usually designated L.-C. circles by Comnlander 
Pennell-.were all made by A. W. Dover. 

A large number of dip and total force observations had been talren by the 
observers of the Expedition at  Simons Town (Cape Colony), Christchurch Observatory 
and ICew Observatory, treated as base stations, and corrections to the dip based on 



these observations were systemahically applied. These corrections I have left 
unaltered. There is undeniably a much stronger argument for applying a correction 
to a Lloyd-Creak circle than to a land circle. In skilled hands the L.-C. circle gives 
much better results than one would expect, considering the friction that naturally 
prevails and the operation with the " scratcher" that is designed to overcome the 
friction. But on land the instrument is not the equal of the ordinary good Dover 
circle, so that there is much to be said for applying to the inferior instrunlent a 
correction based on its comparison with the superior one. There is a further practical 
reason in the general tendency exhibited by L.-C. circles to give a higher dip than the 
land circle. The fault might of course lie with the latter, but on this point the land 
circle has the support of the dip inductor, which is usually considered an instrument 
of superior type. 

Commander I'ennell divided the observations as a whole into two classes, the 
first including observations nlacle in temperate latitludes, the second observations made 
in high southern latitudes, and the results have been shown in two charts* which 
he had prepared. The resirlts as soon aa worked out were, I believe, communicated 
to the Admiralty for charting purposes, and so have already served one of the 
principal purposes for which they were intended. They should he compared with 
the already published observations talcen on board the " Clalilee " and " Carnegie," 
the survey ships of the Carnegie Institution of Washington. The " Terra Nova " did 
not have that freedom frorn ship's magnetism enjoyed by the " Carnegie," and the 
reduction of the observations made on board her was a much more difficult and 
delicate task. 

OBSEItVATlONS POI3 VAIEIATION TAKEN ON BOARD S.Y. "TERRA 
NOVA," BRIT. ANT. EXPEDN., 1910-13. 

North of 60" 8. Latitude. 

A .-Absolute Variation obtained by " Swinging Ship." 
-- -. - - - -- - - - - - - - -- 

Date. Latitude. Longitudr. Variation. Swing. Romarks. 

1910. 
... J u n e 1 6  ... 

26 ... ... 
~ & 2 5  ... ... 
Sept. 2 ... ... 

... ... ,, 29 
Nov. 29 ... ... 

* Preserved at Kew Observatory. 
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I.-Continued. 

Nortfb of GO0 8. Lalitude. 
---- 

rl .-Absolute Variation obtained by " Stoiugirq S h i p  ''--co~ltil~l~ed. 
--- -- - -  --- 

Data Swing. 

Xll I  .. . 
XIV ... 
XV . . . 
XVI ... 
X V I ~  ... 
XVlIl  . .. 
XIXA 
XlX13 ) 
XX . . . 
XXl  ... 
XXlI  ... 

XX\'lIl ... 
XXIX ... 

XXXll l  ... 
XXXIV .. . 
XXXV .. . 
XXXVI .. . 
XXXVll .. . 
xxxv111 
XXXIX ... 
XL. . . . 

- - -- 
Itenlarks. 

- 

'l'o port 
To starboard. 
Swing both ways. 
To port'. 

,, 
'l'o starboard. 
Bottoi~i apparently 

" disturbad." 
7'0 port. 
To starboard. 

> )  

, I  

, $  

, , 
, ,  
) I  

, t 
1 9  

--- - 

&.---Absolute Variation obtwified with Ladiwg C O V I L ~ I C S S  O ) L  Shorc. 

Latitudo. Longitutlc. Varintion. 

1911. 
March31 ... 
July 27 ... 
Aug. 3 .. . 
Oct. I ... 
,, 2 ... 
,, 3 ... 

1)cc. '3 ... 
,, 11 . . . 
,, 17 .. . 
,, 20 ... 

22 ... 

1913. 
April 1 .. . 
NOV. 26 ... 

191 3. 
c 9 ... 

, , 11 . . . 172 87 I{. 
Mnrch 23 ... 185 51 W. 
April 13 ... 
,, I!) ... 

I \ ~ U Y  3 ... 
,, (j . . . 
,, 18 ... 

-. - - -  - 

- -- 
ltaninrke. 

A t  Alndoilla. 

- -  .- - 

])&to. 

0 I 

16 81 16. 
13 9 . 
14 1 
14 37 E. 
18 4oie. 
1 09 X. 
16 09 X. 
17 13 E. 
17 1 6 E .  
21 17 I$. 
24 38 E. 

16 51 JC. 
18 36 $1. 

17 44 1C. 
17 oo it. 
24 14 1C. 
13 14 k;. 
3 31 I(. 

l a  tin w. 
17 64 W. 
20 43 W. 

1 ... . . . 
---- - - - - -- - 

1910. 
Julie 26 ... ... 

-- P 

Itomarks. 
--- 

June 15 . .. much ~iiotio~l for groat 

- - - - --- - - - - - --- --- - -- 

t The! dcviations used in correcting the Tot~il Error~ hnve bee11 deduced fro111 tllo foregoing 
6' swings " ; the horizontul force and dip for tho variou9 positions being tnkcn from Atimiralty charts 3603 
ttnd 3598. 

Por~nulea wcra used us in " Ad111irnIt~ Manur-bl ol Dcviations.'' 

0 I I !  

1 6 8 8 0 4 W .  

0 I I 1  

3 2 3 7 4 7 N .  

0 I 

1 8 4 7 ' 0 W .  



North of 60" X. Latitude. 

1910. 
... June 19 .. 20 ... 

,, 8 ... 
,, 9 ... 
,, 10 ... . 11 ... .. 14 ... 
,, 14 ... .. 15 ... 
., 16 ... 

Bug. 1 ... 
,, 1 ... 

. . . .  9 2 2 
Sept. 4 ... 

... ,, 4 .. 8 ... 

... ,, 15 
,, 16 ... 
,, 20 ... 
,, 22 ... 
,. 24 ... 
,, 26 ... 

,, 29 ... . 30 ... 
30 ... 

o'lt. 1 . . a  

,, 3 ... 
6 ... 

N k .  30 ... .. 30 ... 
'Dec. 5 ... 

- 

for great ... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 

C.-Variation 

Latitude. 

0 I 

44 33 N .  
42 08 
40 51 
39 09 
37 57 
35 10 
28 33 
27 48 
27 22 
26 09 
25 29 
25 04 
23 49 
22 52 
22 10 
19 24 
15 56 
15 17 
1 3  19 
11 46 
9 30 
7 19 
3 05 
2 06 
0 55N. 
1 48 5. 

26 34 
27 05 
28 52 
38 15 
38 18 
39 54 
39 44 
40 01 
38 44 
39 06 
39 22 
40 33 
40 43 
40 52 
41 00 
41 10 
41 46 
41 59 
42 11 
42 14 
41 45 
46 64 
48 13 
57 31 S. 

from Single Observations-continued. 
-- 

Longitude. 
- -- -- - - 

0 I 

12 30 W. 
13 30 
13 58 
14 30 
14 56 
15 46 
19 25 
19 49 
20 16 
20 58 
21 27 
21 40 
22 22 
22 47 
23 13 
24 42 
25 31 
25 19 
24 59 
24 36 
24 21 
24 03 
21 11 
21 24 
22 06 
21 27 
22 45 
22 09 

' 20 39 W. 
19 18 E. 
19 21 
31 45 
52 20 
58 18 
75 07 
81 18 
85 10 
92 01 
93 44 
94 47 
98 02 
99 20 

101 58 
102 50 
105 25 
111 57 
122 18 
170 46 
170 25 
176 48 E. 

-- 

432 

Variation. 
-- - - I 
0 I 

18 41 W. 
18 10 W. 
18 20 W. 
18 00 W. 
17 27 W. 
17 37 W. 
17 35 W. 
17 23 W. 
18 03 W. 
18 38 W. 
18 34 W. 
18 34 W. 
18 34 W. 
18 51 W. 
18 45 W. 
18 57 W. 
18 51 W. 
18 SOW. 
19 09 W. 
19 31 W. 
19 39 W. 
19 33 W. 
20 24 W. 
20 22 W. 
21 09 W. 
20 57 W. 
22 19 W. 
22 32 W. 
21 51 W. 
27 25 W. 
27 12 W. 
28 11 W. 
24 07 W. 

*26 16 W. 
*28 02 W. 
*28 02W. 
*26 00 W. 
*27 10 W. 
24 49 W. 

*24 27 W. 
*24 21 W. 
*25 02 W. 
23 37 W. 
24 06 W. 
21 29 W. 
16 56 W. 
6 01 W. 

16 52 E. 
17 5OE. 
26 12 E. 

Remarks. 
- 

* Too much motion 
accuracy. 

- -- 



I.-Conbiwt~ed. 

North of 60' S. Latitude. 

0.-Variation from Single Obser uations-continued. 
-- - - - - - - 

Remarka. 

March 14 ... 
,, 14 ... 
,, 15 ... 
,, 15 ... 
,, 16 .. . 
,, 17 ... 
,, 17 ... 

Dcc. 15 ... 
,, 16 ... 
,, 16 ... 
,, 17 ... 
,, 18 ... 
,, 19 ... 
,, 20 ... 
,, 21 ... 

,, 23 ... 

March 27 ... 
,, 27 . .. 
,, 28 ... 

D c c . 1 4  ... 
,, 15 ... 
,, 15 ... 

Fob. 3 ... 

,, 19 ... 
,, 20 ... 
,, 20 ... 

2 E 



North of 60" 8. Latitude. 

C.-Variation from Single Observations-continued. 

Date. 
- 

1913. 
March 22 

1, 24 
,, 24 

, April 1 
,, 3 
,, 4 
,, 5 

I ,, 5 
> J 6 
,, 7 

,, 7 
,, 8 
,, 9 
,, 10 
,, 10 
3 )  11 
,, 13 
,, 13 
,, 14 
,, 14 
,, 16 
9, 17 
,, 19 
,, 25 
,, 26 
. 26 
,, 29 
,, 30 
9 ,  31 

June 1 - . - - - - - - - - 

Latitude. 
.- -- -- 

0 I 

... ... 56 21 8. 

... ... 55 58 

..* ... 55 55 

... ... 55 I1  

... ... 55 11 

... ... 55 01 

... ... 55 02 

... ... 55 05 

... ... 55 13 

... ... 55 23 

... ... 55 24 

... ... 55 30 

... ... 58 30 

. . a  ... 53 49 

... ... 46 58 

... ... 44 17 

... ... 42 46 

... ... 39 56 

... ... 38 49 

... ... 36 57 

... ... 28 00 

... ... 23 03 

... ... 22 56 

... ... 22 39 

... ... 21 41 

... ... 20 54 

... ... 20 29 

... ... 19 30 

... ... 19 23 

... ... 18 22 
,.. ... 17 43 
... ... 16 51 
... ... 14 42 
. . , ... 12 11 

... ... 10 30 
... ... 9 21 
... ... 7 38 
... ... 4 40 
... ... 4 23 
... ... 3 53 
... ... 2 52 8. 
... ... 0 22N. 
... ... 2 48 
... ... 6 54 
... ... 22 50 
... ... 24 11 
... ... 25 08 

Longitude. 1 Variation. 



OBSERVATIONS FOR VARIATION TAICEN ON BOARD S.Y. "TERRA 
NOVA," BRIT. ANT. EXPEDN., 1010-13. 

II. (" VARIATION "). 
Antarctic Regions (for tl~is purpose talcen us ~Soutl~ of 60' 8.). 

- -. 

11. ANTAI~CT~U ~%EGIONS. 

A.-Absolute Variation obtained by " 8winging Sl~ip." 

1911. 
Jan. I . . .  
Fob, 8... 

,, 20 ... 
,, 23 ... 

Mar. 4... 
... Doc. 27 

1912. 
Jan. G... 

,, 7... 
,, 1.2 ... 
,, 12 ... 

Dec. 29 ... 
1913. 

Jan. 1.6 ... 
,, 19 ... 
.. 19 ... 

Vnriation. 
- -- - - 

0 t 

92 46 E. 
153 14 13. 
66 52 16. 
81 54 E. 
36 03 13. 
39 07 E. 

No. 2, sh ippod in L.C. 
76 24 173 06 E. 112 57 IC. 
77 41 166 06 181 41 IC. 
77 41 8. 166 06 E. / 151 05 E. 

Swing. 
--- 

VIII 
IX 
X 
XI 
XI1 
XXIIl 

XXIV 
XXV 
XXVI 
XXVTI 
XXX 

position.) 
XXXI 
XXXII 
XXXII 

Cardinal points only. 
9 9  I 9  9  > 

Cardinal points and 
S.W. only. 

Ciirdinal points only, 
> 9  9 1  9 8  

L.C. Positiou. 
Standard. 

B.-Absolute Variatiovt obtained with Landing Contpass on Ice. 

Itomarks. 

Ihc. 14 ... 

Doc. 29 ... 

1 4 VII 
166 03 E. VIII 
163 40 E. IX 

--- --- 

435 2 ~ 2  



C.-Variation from Single Observations. 

Date. 

1910. 
Dec. 7... ... 
,, 8... ... 
,, 8... ... 
,, 9... ... 
,, 9... ... 
,, 9... ... 
,, 10 ... ... 
,, 10 ... ... 
,, 13 ... ... 
,, 14 ... ... 
,, 14 ... ... 
,, 15 ... ... 
,, 17 ... ... 
,, 19 ... ... 
,, 19 ... ... 
,, 20 ... ... 
,, 20 ... ... 
,, 21 ... ... 
,, 21 ... ... 
,, 22 ... ... 
,, 22 ... ... 
,, 22 ... ... 
,, 24 ... ... 
,, 28 ... ... 
,, 28 ... ... 
,, 30 ... ... 
,, 30.. . ... 
,, 31.. . ... 
,, 31 ... ... 

1911. 
Jan. I... ... 

,, 1.. . ... 

NOTES ON METHOD UBED I ~ O I ~  DETERMININU DEVIATION. 

In  Ross Sea, i.e., taken as South of 66' S. 
The total force has been taken as constant for the whole of this area. IIence in this area :- 
The deviations caused by parameters P and Q (varying inversely as tho horizontal force) will vary 

inversely as cos dip. 
The deviation caused by parameter " little c " varies as tan dip. At those extreme vnlues of dip 

the secant and tangent are for practical purposes thc same. 
Coefficient B varies therefore as tangent dip. 
Coefficient C ,, ,, ,, secant dip. 

The dip has been ttlken from the chart of lines of equal dip given on Plate 19 (Magnetic Observations) 
in " Physical Observations " of the Discover?/ Expedition. 

Between 60'8. and 66" S. Lditude. 
The horizontal force and dip used have been taken from Admiralty Charts 3603 and 3598, tho dip 

checked when possible by our own observations. 
When the coeflicients used have been deduced from a swing in the Ross Sea, tho total force for the 

Rosa Sea has been taken as -69. 

1 Latitude. 

0 I 

6 2 0 2 8 .  
63 11 
63 46 
64 50 
64 51 
65 32 
66 38 
66 50 
67 30 
67 28 
67 28 
67 23 
67 24 
67 37 
68 05 
68 40 
68 40 
68 33 
68 34 
68 26 
68 26 
68 26 
69 03  
69 17 
69 17 
72 12 
72 44 
72 57 
72 51 

72 45 
72 51 S. 

--- 

- -- -- -- 

Longitude. Variation. 1 Itcmarks. 

0 I 

179 03  W. 
177 29 
177 15 
177 05 
177 07 
178 05 
178 47 
178 51 
177 58 
177 59 
177 59 
177 58 
177 34 
178 18 
178 38 
179 28 
179 28 
179 14 
179 11 
179 08 
179 08 
179 08 
178 26 
179 43 
179 43 UT. 
177 15 E. 
176 52 
174 55 
174 55 

174 14 
174 15 E. 

-- - - - -  

I 

- 



C.-Variation from Sigzgle Observatio~zs-continued. 

- 

- -- . a - 

NOTES ON METHOD USED Bolt DITEItl\lININO D E V I A T I O N . - ~ O V ~ ~ ~ ~ E ~ ~ ~ ~ ~ .  

I n  Ross Sea. 
Owing to stores being cnlbarkcd and disen~bt~rlccd tho coefficients for difforeilt periods have beon 

t~ i lz~n  as follows :- 
Vo?lage South, 1910-1 1 Senso,z. 

From Swing VIII ... B - 18O.7, C $- 12O.1, D + 0°.8, in Ilip 86" 04'. 

1910-11 Seasott-Period Jan. 28,1911, lo Feb. 17, 1911. 

From Swing IX ... B - 20°.0, C + i 0 . 9 ,  D + 0°.2, in Dip 86' 27'. 

Voyage North, 1910--11 Season. 

I'rom Swings {% ) I3 - 2G0.71, C + 5 '12 ,  D + OO.d, in Dip €36' 51'. 
X I 1  

V o $ q c  South, 1911-12 Season. 

fiom Swing {zg } R - 2'7'.30, 0 + 7O.65) D + 0°.7, in Dip 86' 32'. 

XXVII 
V o j w e  Norllb, 191 1-1 2 Beasotb a d  dl 1912-13 Season. 

B - 28O.61, C + q . 6 2 ,  D + 0°.8, in Dip  86' 28'. 

1912-13 Season-L.C. Position. 
XXXI 

Fmnl Swings {XXXII) B - 1O.6, C Nil, in Dip €36' 20'. 

From Variou~ D + 1O.O. 

437 



- - - -- - - 1 Date. 

1911. 
Jan. 31 ... 

,, 31.. . 
,, 31. .. 
,, 31.. . 
, 31 ... I ,, 31 ... 
,, 31. .. 
,, 31 ... 
,, 31 ... 
,, 31 ... 

Feb. I.., 
,, I... 

.. a... .. 3... .. 3. . .  .. 3... .. 3... . .  s... .. 3.. . 
,. 3... .. 3... 
,, B... .. b... 
9 ,  8... .. 8... 
,, 8... 
., 8... 

. i, 10.. 
,, 10 ... .. 10 ... 
., 1.1 ... 
., 11 ... 
,, I I ... 
,, 15 ... .. 16 ... .. 17 ... .. 17 ... 
,, 17 ... 
.. 17 ... .. 17 ... 
,. 21 ... 

C.-Variation fro& Single Observations-cont,inued. 
- - - - -  - -  - 

I I Longitude. I Variation. I 
I Remarks. 

...I ,", 3; 8, 
0 I 

174 04 W. 
173 54 
172 14 
170 35 
169 53 
169 58 
170 40 
171 32 
170 41 
171 31 

... 

... 

... 

... 

... 

... 

... 

... 

... 

78 33 
78 32 
78 29 
78 28 
78 28 
78 26 
78 22 
78 14 
78 21 

0 I 

117 01 E. 
111 55 E. 
115 09 E. 
112 38 E. 
110 32 E. 
112 46 E. 
113 14 E. 
113 41 E. 
109 52 E. 
111 55 E. 

... 

... 

... 

... 

. 

... 

... 

... 

... 

... 

... 

... 

... 

... 

* TOO much motion for great 
accuracy. 

103 28 E. 
94 51 E. 
88 17 E. 
88 10 E. 
91 10E. 
90 25 E. 
89 09 E. 
87 02 E. 
91 31 E. 
94 34 I%. 
94 25 I<. 
94 51 E. 
95 17 IC. 

, 97 02 E. 
97 13 E. 
97 69 IC. 

102 36 E 
102 44 12. 
112 54 E. 
113 38 E 

77 50 168 00 
77 30 I ;;; :; 76 52 
76 56 158 43 
77 00 158 48 
77 06 157 54 
77 06 157 54 
77 06 1 157 54 
77 05 158 14 
77 19 158 25 
77 30 158 20 
77 32 158 18 
77 37 158 25 
77 43 158 35 

, 

134 16 E. 1 .  , 
147 20 E. j 
154 03 E. 
152 50 1% 
143 07 E. 1 138 53 E. 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

. . 

... 

... 

158 59 
159 17 
162 21 
163 21 
370 42 
172 18 W. 
170 00 E. 
166 19 
166 09 
166 07 
166 15 
166 40 

76 01 
75 09 
74 38 
73 66 
69 47 
70 08 
70 57 
71 00 
71 14 
71 24 
7127 
68 41 
68 40 
68 45 
69 07 
69238. 

...( 77 50 
77 54 

16647 ' 139 40 E. 
168 04 1 12446B. 
168 55 120 18 E. 
169 53 ' 111 53 E, 

:::I 
... 
... 
... 
... 
... 
... 
... 
... 
... 

173 00 
169 46 
168 24 

78 17 
78 23 
78 15 
78 07 
76 53 
77 08 
77 17 
77 25 
76 09 
76 05 

63 59 E. 
52 54 E, 
57 15 E. 

168 30 / 59 32 E. 
168 57 64 23 E. 
16932 ( 6854E. 
169 43 1 68 58 E, 
16736 1 , *43 32 E. 
166 45 I *44 01 E. 
165 48 44 50 E. 
16458 / 5115E. 
163 Ei9 li;. 55 27 E. 

-- ---- -* - -- 4 



C.-Variatioa ,from Single ~bserva t io~ -oon f inu~d .  
---- 

Remarks. Date. 
+ 

1911. 
22 . . .  

J 22 . . .  
3 23 . . .  
J 23 . . .  
J 23 . . . . . .  
" 23 . . .  
" 23 . . .  
J 23 . . .  
J 26 . . .  
$ 3  26 . . .  
J )  26 . . .  
$ 9  26 . . .  
J J  26 . . .  
J' 26 . . .  
" 28 . . .  
$ 9  28 . . .  
" 28 . . .  
$ 9  28 . . . . . .  

Mar. I... . 
$ 9  2. . .  
J J  2. . . . .  
$ 2  E... . 
$ 3  6. . .  
'8 6. . .  
$ 9  b... . 
3, G... ... 
J 7... . .  
J 7... . 
J 7... . 
J 11 . . . .  
J 11 . . . .  

Dee. 24 . . .  
J 26 . . .  
J 28 . . . .  
J 29 . . .  
J 29 . . .  

1912. 
Jail. 1.. . 

$ 8  I... . .  
... J, 2... 

, J  2... ... 
... 9 ,  3... 
... t ,  4... 
... $8 P... 

IJ  4... ... 
Y, b... ... 
>, b. . . . . .  

... $8 6... 

... J, 6.. .  

... J J  6... 
P J  6... ... 
J J  6... ... 

- 

Variation. Latitude. Longitude. 

69 27 S. 
69 38 
69 43 
69 34 
69 33 
69 40 
69 30 
6 9 1 9  
68 63 
6 8 5 2  
68 47 
68 43 
68 41 
6 8 3 8  
68 18 
6814  
68 12 
67 54 
6 7 3 2  
67 36 
67 36 
66 44 
66 43 
66 35 
66 20 
65 23 
6 5 0 1  
6 6 0 0  
6484  
61 16 
61 10 

. 60 57 
6 3 4 6  
6 6 1 1  
6 6 4 6  
66 46 

68 22 
69 02 
7 0 2 8  
70 37 
71 08 
71 10 
71 10 
7 1 1 0  
71 58 
72 39 
73 55 
7400  
7 4 0 3  
74 14 
74 19 8. 

o I 0 '  

163 47 E. 64 24 a. * TOO much motiori for great 
163 36 1 57 O '  22 I%. 1 acouracy. 
163 24 
163 00 
162 68 
163 10 
162 49 
162 14 
168 09 
158 34 
158 36 
158 37 
168 35 
158 27 
160 34 
160 38 
160 38 
160 22 
159 32 
160 14 
160 22 
161 18 
161 26 
161 40 
161 38 
161 28 
I61 24 
I61 22 
161 08 
163 11 
163 01 E. 
178 00 w. 
175 45 
177 06 
177 48 
177 48 

178 04 w. 
179 48 E- 
174 03 
173 38 
171 11 
170 10 
170 10 
170 10 
172 12 \ 

( 64 19 a. 
48 I4  E. 
48 34 .E. 
49 14 3. 
51 20 E. 
62 66 E. 
45 01 x. 
46 07 E. 
43 58 I%. 
46 46 a. 
44 00 I{, 
41 50 3. 
42 46 E. 
40 38 E. 
39 23 I%. 
38 02 3%. 
34 10 E. 
36 11 E ,  
34 28 E. 
32 25 I%. 
34 14 E. 
36 39 X. 
32 20 E. 
31 14. E, 
27 39 E. 
SO 54 3. 
29 39 E. 

*28 24 B. 
*24 49 8. 
29 44 E. 
33 59 E. 
35 09 E. 
39 25 E. 
41 46 E. 

46 27 E. 
62 12 E. 
87 48 E. 
68 18 8. 
63 11 E. 
71 34 E. 
67 30 E. 
67 07 E. 
71 09 E. 

2 E 4 

172 18 
171 19 
171 18 
171 19 
170 30 
169 38 En 

80 52 E. 
99 28 E. 
99 02 E. 

100 30 E. 
108 16 E. 
107 03 
----- - 

439 



Date. 

1912. 
Jan. 6 .  .. 
,, 7... 
,, 7... 
,, 7... 
,, 7... 
9, 7... 
,, 7... 
,, 7... 
,, 7... 
,, 8... 
,, 8... 
,, 8... 
,, 9... 
,, 12 ... 
,, 12 ... 
,, 12 ... 
,, 12 ... 
,, 12 ... 

Mar. 7... 
,, 8... 
,, 8... 
,, 10 ... 
,, 14 ... 
,, 15 ... 
,, 16 ... 
,, 17 ... 
,, 17 ... 

Dec. 25 ... 

1913. 
J u n .  1.'. 

,, 3... 
,, 3... 
,, 4... 
,, 5... 
,, 6... .. 6... 
,, 6... 
,. 8... 
,, o... 

I 

C.-Vmiation from Single Observations-continued. 

I Latitude. 
-- 

I O r  ...I 74 25 8. 
... 74 35 
...i 74 50 
.../ 75 32 
...I 75 34 
... ! 75 38 

... 75 45 

...I 75 35 

...I 75 32 

... 75 09 

. 75 n 

... 76 01 

... 76 02 

Variation. 1 Remarks. 
I - .- - - - 

* Too inuch motion for great 
accuracy. 



II. ANTARCTIC REGIONS --Continued. 

C.-Variation from Single Observatior~s-continued. 
---. --- -- 

Dab. 

1913. 
Jan. 9... 

Longitude. 
- .  

0 I 

167 57 W. 
167 57 
168 17 W. 
177 04 N. 
176 34 
175 32 
171 47 
170 57 
170 28 
169 31 
169 24 
168 59 
168 61 
168 49 
168 47 
169 05 
169 05 
168 14 
168 10 
167 33 
167 33 
165 35 
165 35 
167 07 
167 11 
167 11 
167 45 
167 46 
166 27 
166 27 
166 06 
166 06 
165 52 
166 52 
165 20 
166 20 
164 53 
164 53 
163 46 
168 03  
168 03  
168 24 
168 24 
168 35 
168 35 
169 21 
169 21 ' 

171 48 
172 11 
172 11 
174 58 
167 61 E. 

I 
Lstitudo. 

- 

0 I 

Variation. 
- 

0 I 

61 22 X. 
62 48 E. 
63 57 E. 
98 41 E. 

*98 44 E. 
*I03 42 E. 

116 44 E. 
123 07 E. 
122 31 E. 
129 58 B. 
130 52 E. 
134 21 E. 
136 26 E. 
137 22 E. 
136 43 E. 
139 43 E. 
141 50 E. 
138 16 E. 
144 03  E. 
146 18 E. 
146 00 1E. 
141 30 E. 
146 56 E. 
138 17 X. 
136 02 E. 
143 33 11:. 
134 48 E. 
136 28 E. 
133 04 E. 
131 40 X. 
130 13 E. 
131 52 E. 
128 55 E. 
131 39 E. 
126 47 E. 
131 52 E. 
129 43 E. 
131 26 E. 
139 17 E. 
121 54 E. 
119 34 E. 
117 38 E. 
116 43 E. ' 
116 48 E. 
116 01 E. 
108 03 E. 
105 35 E. 
107 43 E. 
105 01 E, 
105 11 E, 
81 44 E. 
41 36 E, 

- 
Remarks. 

- - 

* 'roo much  notion for great 
accuracy. 

L.C. Positioll 

L.C. 130sition. 

L.C. Position. 

L.C. l'ouition. 

L.C. Position. 

L.C. Position. 

L.C. Position. 

L.C. Position. 

L.C. Position. 

L.C. Position. 

L.C. Position. 

L.C. Position. 

L.C. Position. 

L.C. Positio~i 

71 44 8. 
71 44 
72 00 

74 58 
75 11 
75 38 
75 44 
76 50 
76 03 
76 05 
76 14 
76 18  



VARIATION OBSERVED ON BARRIER AND PLATEAU, 1911 AND 1912, 
B.Y LIEUTENANTS E. R. EVAN8 AND H. BOWERS. 

VARIATION BY OBSERVATIONS TAKEN ON SOUTHZRN JOUI~NEY. 

1911. 
Nov. 10 ... 
,, 16 ... 
,, 24 ... 
,, 29 ... 

Dec. 16 ... 
,, 19 ... 

Date. 

1912. 
Jan. 2 

Observations by Lieutenant Evans. 
o r 1 1  0 1  0  I  0 I  0 I  

79 40 00 169 22 N. 28 36 W. N. 177 05 E. 154 19 E. 
80 31 40 169 23 N. 78 30 W. N. 124 26 E. 157 04 E. 
81 14 53 170 01 N .  62 53 E. N. 95 19 W. 158 12 E. 
82 20 57 170 31 N. 54 00 W. N. 145 15 E. 160 45 E. 
84 13 52 170 49 S. 54 17 W. N. 70 20 E. 163 57 E. 
84 44 16 166 47 S. 59 23 W. N. 69 45 E. 169 38 E. 
85 13 29 161 55 S. 55 04 W. N. 59 20 E. 175 44 E. 
85 35 11 159 08 5. 72 43 W. N. 73 01 E. 179 42 E. 
86 02 00 160 20 5. 72 42 W. N. 73 56 E. 178 46 E. 
86 27 02 161 01 S. 80 02 W, N. 82 12 E. 177 50 E. 
86 55 47 161 38 N. 84 19 W. N. 98 05 E. 177 36 E. 

-- 
I I I 

- I S. I E. I 

1,atitude 

1 Observations by Lieutenarzt Bowers. I 
1912. 

Jan. 5 ... 

True Bearing. 

1911. 
Jan. 30 ... 

- 
Vurintion ta.7cefi on Depot Journey by Lieutenant Evans. 

Conlp. Banring. 

Nothing in obser- 
vation to explain 
this difference. 

Only accurate to  
nearest degree. 

The above observation~l are all time azimuths ; the error of the watch on S.A.T. (~o la r  apparent 
time) being ascertained a t  tho same time i n  the sights taken for position ; and therefore the S.A.T. used 
is independent of any error in position arising from a possibly erroneous G.M.T. 

Compass bearings taken with compass needle attached to theodolite. 

Variation. Remarke. 



OBSERVATIONS FOR DIP TAKEN ON BOARD S.Y. " TERRA NOVA," R .Y.S. 
B. A. E., 1910-13. 

I. 
Outside Antarctic Regions (i.e., for this purpose counted as Nortlt of 61" 8.). 

11. 
Inside Anta,rctic Regions (South of 66" 30' 8.). 

The corrections were applied as follows :- 
1st. Correction for instrumental differences. 
2nd. The value of N calculateci from formula (ii) or (iii) below. 
3rd. A calculated from (iv) and applied to N gives tangent of corrected dip. . 

Notation used and Formuln,. 

The notation adopted is that used in " The Admiralty Manual of Deviations of the 
Compass"' ; also- 

V = Vertical force on board due to permanent magnetism. 
Z = Vertical force absolute. 
d = Coefficient of vertical force due to induction in soft iron. 
A = Correction due to vertical force of the ship. 
N = Nntural tangent of dip on board before correction for vertical force of ship 

and after correction for ship's head. 
H = Horizontal force absolute. 
z = Magnetic course. z' Compass course a t  L.C. position. 
S = Maximum effect on the dip caused by " rod g " (Ad. Man.). 
0' = Dip as observed, corrected for instrulnental error only. 
0 = Dip absolute. 
13,' = Dip as represented by tan-1 N. 

Pormulce. 
v 

(i) 1 + d +--= p. z 
(ii) S cos z + N = 
\ I 

(cos Z + - sin sec z' tan 0' (For N and S quadrants) 
1 + iin-rj) Correction for 

(iii) S cos z -+ N = Direction of 
sin C 1 cosec z' tan 0' (For li: Sllip's Head. - sin D) sin z - -- - -- - 

1 4- sin I> ) and MT quadrants) , 
v 

(iv) A = -- + d toan 0. Correction for vertical force. 
AIH 

. (v) Al = A (1 + sin D). 
A 

(vi) Tan 0 =I. tan O,, (for Antarctic only. See after). 
P 



Between England and Australia the same values have been used for V and d as 
were found between New Zealand and England (Homeward Voyage). 

Owing to the stores on hoard these values can only be considered approximate, 
the reliability of the results in the more unknown parts of the ocean can be judged 
.from comparing how closely those in the Atlantic agree with the true. 

+ '00793 )For discussion, see under Homeward Voyage. 
d + .0095 

S - ,00757. Mean of values found at Spithead, False Bay, Port Phillip. 
-9644. Mean of values found at  Spithead and False Bay. 

D + lo 35'. Mean of five swings between Spithead and False Bay. 
I1 to VIII. Observed with Lloyd-Creak Circle 149, Needle 1. 
I X  to XV. Observed with Lloyd-Creak Circle 143, Needle 1. 

No. 1 Latitude. Longitude. 

1910. 0 I 

11 ... June 26 ... 32 36 N. 
111 ... ,, 29 ... 27 02 
IV ... July 7 ... 15 30 
v ... ,, 9 . 10 59 
VI ... I ,, 15 ... 0 4 7 N .  
VII ... Aug. 3 ... 30 09 8. 
VIII ... 7, 13 . .. 35 27 
IX ... Sept, 2 ... 34 15 
X ... 9,  12 . . . 39 65 
XI ... ,, 16 . . . 40 02 
XI1 ... ,, 24 ... 39 20 
XI11 ... ,, 28 ... 40 54 
XIV ... Oct. 1 ... 42 13 
XV ... ,, 6 ... 41 50 8. 

Ob~erved Corrected Remarks. 
Dip. Dip. I 

Inrrtrumetttal Correctiot~s. 
L.C. Circle 149, Needle 1,- 7'. Observed a t  Kew, Muy, 1910. 

- 4 Observed a t  Simonstown, August, 1910. 
L.C. Circle 143, Needle 1,- 6"5. Observed a t  Simonstown, August, 1910. 

- 3"3. Observed a t  Christchurch (various times), 1910-12. 
End of observations whose corrections must be considered approximate. 
The following " approximate co-efficients " of the L.C. conlpass were ascertained by comparison with 

the standard compass when " uwjnging ship." 
-- - - -- -- --- -- -- 

Swing. Date. ' Latitude. Longitude. A. 
- -  - i - --- - -- -- - - I 1910. 

I 
::: June 3rd ... Spithead. 

,, 16 ... 6 19W. 
111 ... ,, 29 ... 16 56 W. 

A is taken as apparent only-due to faulty Lubber's Point. 
E is neglected as occurring from faulty observation probably. 

IV ... J u l y 2 9  ... ... 
V ...I Sept. 2 .. . ... 

--- 
0  ? 

+O 46 
+O54 
+O 42 
.f 0 42 
+O 51 

- - 

--a 

0 0 

+l 38 
+ I 3 8  
+l 30 
+1 31 
+l 35 

20 10 8. 
34 10 8. 

-- - -- -- 

O ?  

-0 03 
-005  + 0 26 
-0 14 
+O 11 

0 I 

-0 12 
- 0 1 7  
-0 16 
-0 37 
+O 12 

29 21 W. 
18 29 E. 

-- - 

0 I 

-1 12 
-030  
-0 40 
-0 29 
--0 39 



Observations for dip were not taken when ship had stores on board stowed so that 
they might affect, the L.C. Position. 

v as found from the formula 1 + d 4- = p fro111 :- 
Z 

June 13, 1913, in Bristol Channel, where H = 185 and dip 66" 59' N., p was fo~uld 
1 a0277. 

Marc11 31, 1911, outside Lyttelton, where totnl forcc = .5986 and dip 67" 58' S., 
p was found -9952. 

9, XII, 1911. 
X = - '01708. Mean of three values found off Banlts Peninsula 

26, XI, 1912. 
X = 1.000. J 7  7 7  ,7 3 7 9 7  7 7  7 7 

D = + 1" 24'. Mean of two swings off Banlts Peninsula. 

Observed with L.C. Circle 143, Needle No. 1. 

1 No. 1 Unto. 1 Lntitudo. 1 longitude. 1 
I 

XXII ... 
XXIII ... 
XXIV ... 
XXV ... 
XXVI ... 
XXVII ... 
xxxv A, 

13, C ,  D. 

XXXVI . . . 

Dec. 17, 1911 .. 
,, 18, 1911 .. 
,, 21, 191.1 .. 
,, 22, 19.11 .. 
,, 23, 1911 .. 
,, 24, 1911 .. 

- 

Obscrvod 
1)ip. 8. 

Correctcd 
Dip. S. 

- -- - - - - 

Condit,ions unsatis- / 
factory. 

Not entirely satis- 
factory. Sce Mag. 
Log. and Work 
Book A. 

In reducing tho above observatio~ls a nloun was taken from tho two follo\villg sets of approximate 
coefficients of the L.C. compass, which wero ascortaincd by comparison wit11 tthe ~tni~dard coinpass when 
" swinging ship." 

- - -  

8wulg. 

XI11 ... 
XXIX ... 
- 

- - 

Dato. 

- 

Mar. 31, 1911 ... 
Nov. 26, 1912 ... 
- 

- - -- 

Latitude. Longitude. H. C. D. 

- -  - - I 
0 ,  

43 37 5. 
43 34 8. 

- 

0 I 0 t 

173 12 E. f 0 18 4-0 
172 50 E. f 0 43 

- - 



As before, V + -00793, d + -0095, 

S - -01524. From mean of values, March 31, 1911, and November 26, 1912, off 
Banks Peninsula, and June 13, 1913, in Bristol Channel. 

X = -980. From mean of values, March 31, 1911, off Banks Peninsula, and 
June 13, 1913, in Bristol Channel. 

D = + lo 24'. 

Observed with L.C. Circle 143, Needle No. 1. 

Observed Corrected 
w'/ Dip. 8. 1 Dip. S. 1 

Instrumentnl Correction. 

Latitude 8. 

0 I 

56 02 
51 54 
47 95 
42 42 
40 00 
38 50 
33 09 
28 02 
22 51 
21 58 
20 51 
19 41 
18 49 
17 44 
14 44 

No. I Date. 

L.C. Circle 143, Needle No. 1,- 3'.3. Observed a t  Christchurch (various times), 1910-12. 
-- 4'.5. Obse~vcd a t  Kew, October, 1913. 
- 6'.5. Observed a t  Simonstown, August, 1910. 

XLI z ... 
XLII  ... 
XLIII ... 
XLIV ... 
XLV ... 

... XLVI 
XIiVII ... 
XLVIII 

In  the reduction of the above observations use was niade of the following approximate coefficients 
of the L.C. compass, which were obtained by comparieon with the standard compass when " swinging ship." 

1913. 
Mar. 23 ... ... 
ApriI 13 ... ... 

,, 16 ... ... 
,, 18 ... ... 
,, 19 ... ... 

... ,, 20 ... 
,, 23 ... ... 

... ,, 25 ... 

I Swing. Date. Latitude. 

XLIX ...I May 2 ... ... 
L ... 
li :::I 1: 4 ... ... ... 
LII  ... ,, 5 ... ... 
LII I  ...I ,, 6 ... ... 

7 ... ... Ekv :"::I :: 8 ... ... 

Longitude. 

X l I I  ... 
XXIX ... 
XXXVI 

A mean from swings XI11 and XXIX was combined with swing XXXVI. 

- 

... Mar. 31, 1911 

... Nov. 26, 1912 

0 f 

43 37 5. 
43 34 8. 

April 13, 1913 ...I 52 09 S 



The method of correction adopted is that used by Captain Chetwynd for the 
" Discovery " observations, as explained in Section IX (p. 144) of Physicn.1 Observations 
(Nat. Ant. Expedition, 1901-04). 

On p. 146 Captain Chetwynd shows that- 
XV tan 0 = tan 0 ,  X --, 
Vl 

where V = absolute vertical force, Vl = mean vertical component on board, 

but 

X :. tan 0 = tan O,, X -- 
P 

{ 
77" 10' 8. 77" 41" 8. 

A and p were found in 164" 10' E. 166" 06' E. 
23, I, 1912. 10, I, 1913. 
X 1.0072 1.0094 
p 09966 9985 

. . X = 1 -0083, taken as 1 -000, 

Mean value of S is + 00364 (from g = - -054 and 1- ~128). As all the reliable 
values of S outside the Antarctic are -"", this is probably erroneous and S is taken 
as zero. 

This is a small matter for with S of value -0364- 
The maximum correction (i.e., on N. or S.) in a dip of 85" is under 2'. 
The maximum correction (i.e., on N. or 8.) in a dip of 87" is under 1'. 

The total force for the whole of the Ross Sea has been asslimed to be constant and 
i s  taken as 0.69, the value found by the " Discovery." 

Hence in determining the values of B and C, U may be taken as varying directly 
as tan dip ; C directly as sec dip. 

The following " approxi~nato oo-efficients " of tllc L.C. coinpass wore ascertained by coniparison with 
the standard compass wllen " swinging ship " (except XXXII, wliicll is from direct obscrvntions talcell 
with the " Arctic compass " shipped in the L.C. position). -- 

A. 

+I 59 
+1 01 
+ I  06 

Longitude. E. 

0 I 

170 00 
171 51 
166 39 
173 05 
166 06 

-- - - 

Latitudo. S .  

0 I 

71 20 
73 49 
76 54 
78 24 
77 41 

Swing. 

X ... 
XXTV ... 
XXVII 
XXXI ... 
XXXII 
-- - -  

Date. 

Fob. 19, 1911 ... 
Jan. 6,1912 ... 
,, 12,1912 ... 
,, 16,1913 ... 
,, 19,191 3 ... 

--- - - - -  



lmlrumental Errors. 
L.C. Circle 143, Needle No. 1. 

Jan. 5 and 6, 1911. On ice, over 120 fathoms, off Cape Evans (cf, p. 423). 
0 I 0 I 

L.C. 143, Needle 1 ... ... 87 01.6 Barrow Circle 27, Needle 1 86 49.0 
1 # *, ... . . . 01 - 3  9 2 27 ,, 2 47.5 

Mean ... ... 87 01.5 ,, 27 ,, spare 48.9 
9 3 26 ,, 2 1  48.7 

Excess of L.C. 143, Needle 1, 13' , 9 26 ,, 8 49.0 
7- 

Mean ... 86 48.6 
Checked by synchronous observations, January 21, 1913, which, however, proved to be ragged, and 

above is taken acl more accurate. 

Observed with L.C. Circle 143, Needle 1. 

No. Date. Latitude. Longitude. 

XVI ... 
XVII ... 
XVIII ... 

1 XIX ... I 
XXIX Xxvlll .,. ...I 
XXX ...I 

XXXI 
XXXII :::I 

Peb. 22, 1911 
,, 26,. 1911 
,, 28, 1911 

Mar. 4, 1911 
Dec. 29, 1911 
Jan. 1, 1912 
,, 5, 1912 
,, 7, 1912 
,, 13, 1912 Mean of corrected 

observations on 
N.,E.,S.andW., 
see p. 449. 

1 
X x x v I I  
XXXVIII 

,, 3, 1913 
,, 6, 1913 

XXXIX . .. ,, 9, 1913 
\ 

The following absolute values were found by Barrow dip circles taken on ice over 
deep water, the observations on January 6 and 6 being taken a bout 1 mile off Cape Evans. 

-- - - - - -- - - - 

- - - - - - 

arrow Nos. 1 Mean of 5 

27 and 186 needles. 

No. 1 Date. 

448 

. -- - - 

XV (c to a) 

XXXIII ... 
XXXIV ... 
XXXVIIIA 

XL ( A  to a) 

XLI (A to D) 

- - - -  - 

. - - - - - 

Jan. 5 and 6, 
191 1 

Jan. 16,1912 

,, 23,1912 

,, 6,1913 

,, 21,1913 

,, 22,1913 

- - 



On January 13,1912, in 76' 54' S., 166' 39' E., observations for dip were made with ship's head N., E., 8. 
and W. The observed values wore - 

Head. Observed Dip. 
0 I 

N. 86 33.6 
E. 86 42 
S. 86 09.1 
W. 86 47.2 

After correcting for instrunlental error, and for direction of ship's head by formulro (ii) and (iii), these 
values were :- 

The values of tho dip so reduced (i.e., Tan-' N) should be the same for all directions of the ship's head. 
I t  will be soen that the differences are considerable. 

The differences as found were plotted and a curve drawn from which the correction for any direction 
of ship's llead could be measured, and these corrections were applied as a constant for the particular direction 
of tho ship's head during each observation. 

The procedure was as follows :- 
1st. Correction for instrumerltal differences. 
2nd. Correction applied as talten from curve. 
3rd. Tho value of N obtained by forlnulos (ii) or (iii). 

X 
4th. Final dip obtained from formula t,an 8 = tan 8; - (sea before). 

It 

Doviation 
from Moan. 

I 

-22 
$ 18 

Doriation I( Hold+ 1 D~I' (Tan-' N). 

N. 
15. 

- - - - 

1 

f 3  
4- 1 

0 I 

86 21 
86 I D  

- -- - .--- - - - - . - 

S. 
W. 

0 t 

85 56 
86 36 



I-~OURLY VALUES. 
E'-Pebr uary, 191 1.  

I - - 
--- - --- -- 

2000Y ( .02 C.G.S. Unit) f 

2 h. 3 h. 4 11. - - -- 
Y Y Y  
-- -- - 
- -- 
. - -  - - 
-- - 
- - 

281 306 251 
252 299 250 
268 288 318 
313 307 229 
286 289 292 
260 242 266 
293 263 247 
284 288 267 
281 249 244 
247 244 228 
-- - - 

260 279 281 
276 275 244 
283 205 225 
273 273 260 
279 273 257 
215 195 196 
215 236 253 
268 228 260 ' 289 236 244 
240 251 236 
266 265 247 
240 231 215 



Minimum Rrnding 
and Irimr. 1 5 h .  - 

- -  

307 
262 
283 
273 
295 
251 
264 
302 
244 
241 

-- 
252 
257 
292 
281 
273 
352 
430 
300 
227 
300 
268 
202 
313 - -  - - 

Maximum Rending 
anrl Timr. 

- 

y - 
- 
- 
- 

- 
408 
439 
494 
384 
481 
341 
354 
406 
449 
383 
357 
397 
377 
367 
355 
,138 
598 
494 
483 
364 
525 
404 
486 -- 

1611. -- 
-- 

- -  

342 
296 
331 
270 
273 
352 
271 
309 
236 
397 

305 
286 
305 
325 
267 
378 
432 
313 
322 
307 
404 
289 
383 
. -- 

11. - -- m. 

- 
- 
- 
-- 

22 17 
20 20 
19 28 
9 39 

22 0 
0 7 
1 20 

I9 57 
10 20 
18 30 
19 10 
20 30 
0 I 0  

17 32 
20 45 
21 15 
14 68 
17 29 
20 10 
21 58 
17 59 
23 16 
16 52 -- ---- 

P 

2311. - 
-- 
- 

397 
378 
299 
361 
341 
362 
309 
297 
289 
349 

296 
331 
297 
293 
293 
322 
313 
328 
289 
322 
330 
337 
326 

( .02 C.G.S. 

1011. -- 

-- 
- 

389 
341 
366 
397 
331 
347 
29!) 
291 
362 
328 
-- 

350 
331 
323 
326 
311 
359 
384 
320 
430 
333 
373 
328 
335 - -- 

414 
323 
347 
297 
294 
289 
291 
302 
321 
286 
287 
307 
310 
373 
284 
325 
316 
284 
288 
362 
297 
331 
374 
350 
391 
372 
392 
321 
6 
337 
34 2 

+ 
21 11. - 
- 
- 

360 
339 
403 
372 
344 
390 
315 
302 
323 
370 

294 
376 
335 
310 
324 
397 
296 
326 
417 
308 
339 
333 
362 

34 11. - 
- 
- 

350 
313 
326 
296 
341 
305 
295 
294 
281 
268 
- 

278 
302 
284 
277 
289 
311 
319 
320 
278 
288 
310 
311 
302 

Unit) 

2011. -. 
Y Y ? / Y Y Y Y Y Y Y  

-- 

355 
370 
403 
395 
326 
331 
30!) 
315 
379 
336 

- - 
331 
344 
347 
310 
308 
364 
438 
364 
421 
336 
372 
328 
291 

- 

2OOOY 
17'h. 1811. _- - 

3 
326 
313 
301 
288 
328 
292 
2!)2 
304 
283 
276 
323 
28!) 
361 
284 
334 
2!)1 
287 
288 
3!)0 
331 
357 
3!)8 
330 
407 
368 
413 
375 
2!)7 
3Xi 
378 

20 0 
18 31 
21 0 
0 23 

22 0 
18 7 
17 46 
22 37 
0 0 

21 37 
12 15 
19 23 
I!) 45 
19 37 
16 10 
19 0 
20 24 
1 2 
19 5 
22 32 
17 38 
16 32 
19 13 
15 10 
1:) 12 
15 39 
16 44 
17 34 
16 23 
17 50 
1 !) 20 

2211. - 
-. 
- 

331 
373 
339 
359 
341 
44 L 
315 
304 
328 
397 

318 
341 
311 
305 
310 
397 
315 
333 
357 
347 
341 
326 
348 -- 

- 
-- 

- - - - - . - -  

333 
309 
334 
311 
280 
320 
2!)4 
286 
286 
373 
- - 

324 
315 
307 
352 
292 
317 
305 
357 
344 
335 
361 
308 
389 

- - - 

502 
389 
405 
364 
436 
418 
378 
391 
386 
307 
292 
348 
317 
394 
357 
363 
332 
318 
297 
463 
525 
429 
457 
394 
500 
455 
523 
4 

10 
333 
407 

276 
(279) 
272 
310 
223 
261 
260 
233 
275 
228 
249 
294 
264 
233 
221 
276 
255 
294 
260 
307 
323 
286 
284 
352 
261 
325 
294 
330 
235 
284 
284 

365 
320 
378 
291 
363 
319 
317 
300 
303 
284 
280 
297 
302 
303 
276 
300 
301 
284 
283 
383 
358 
330 
330 
361 
339 
31 6 
323 
291 
310 
:)DO 
302 

- 
- 

354 
308 
342 
346 
312 
319 
288 
2!11 
306 
321 

338 
335 
322 
346 
311 
337 
363 
324 
397 
328 
432 
323 
300 
-. . -.. 

276 
(279) 
277 
292 
284 
257 
252 
260 
265 
249 
264 
283 
205 
210 
281 
265 
263 
308 
259 
332 
281 
344 
325 
31!) 
328 
401 
337 
333 
330 
302 
:I1 8 

326 
278 
284 
289 
321 
306 
294 
262 
299 
271 
271 
268 
265 
278 
268 
270 
276 
299 
275 
405 
386 
350 
352 
319 
350 
32;) 
139 
354 
336 
342 
300 

314 
286 
287 
297 
316 
372 
284 
287 
294 
378 
274 
310 
281 
314 
276 
291 
287 
302 
286 
399 
133 
316 
370 
313 
361 
320 
407 
385 
315 
343 
330 

I<'-Mt~rcl~, 191 1. 
2SD 
274 
302 
283 
305 
294 
297 
339 
277 
272 
276 
276 
286 
268 
281 
273 
28.1 
278 
281 
294 
343 
318 
265 
250 
284 
301 
307 
271 
2!)4 
2!) 1 

1 28.1 

3 
275 
297 
279 
384 
297 
283 
305 
274 
288 
281 
281 
301 
275 
268 
301 
295 
278 
281 
402 
352 
333 
352 
337 
321 
288 
355 
281 
2 
307 
286 

451 

3% 
284 
307 
275 
292 
332 
281 
350 
278 
278 
272 
274 
2!14 
208 
272 
284 
273 
281 
277 
371 
2!)9 
292 
295 
306 
287 
281 
326 
303 
318 
295 
291 







Day. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

I 2 0 0 0 ~  (.02 C.G.S. Unit) + 
Oh. 

315 
275 
275 
278 
278 
270 
264 
278 
278 
275 
291 
- 

269 
298 
285 
280 
271 
283 
281 
275 
278 
289 
297 
294 
291 
278 
278 
278 
297 
278 

6 h .  

218 
258 
273 
260 
214 
255 
249 
217 
272 
275 
230 
.- 

265 
270 
273 
273 
218 
268 
271 
266 
270 
233 
259 
256 
270 
275 
277 
275 
277 
275 

- -  _ 

I h .  

283 
299 
278 
271 
278 
259 
262 
270 
275 
275 
254 
- 

285 
275 
268 
278 
268 
273 
269 
270 
288 
283 
265 
298 
278 
280 
277 
278 
236 
267 

- 

7 h .  

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
202 
242 
272 
266 
160 
255 
267 
278 
257 
260 
214 
-- 

218 
272 
249 
249 
226 
270 
278 
273 
272 
259 
244 
- 

268 
275 
277 
273 
281 
278 

454 

- - 

293 
316 
285 
300 
289 
293 
293 
302 
283 
312 
296 
285 
277 
286 
289 
287' 
285 
293 
293 
287 
288 
277 
283 
280 
293 
282 
285 
282 
280 
328 
280 

- - -  

2 h .  

264 
259 
267 
272 
275 
266 
259 
275 
271 
272 
288 
- 

280 
255 
264 
272 
278 
284 
272 
278 
275 
262 
278 
280 
282 
277 
278 
277 
269 
272 

4 h .  

238 
246 
273 
269 
281 
247 
257 
267 
273 
278 
264 
- 

244 
229 
266 
277 
229 
275 
275 
277 
277 
249 
272 
267 
278 
270 
275 
275 
281 
275 

l l h .  

220 
238 
268 
268 
188 
247 
262 
262 
267 
199 
- 

251 
264 
272 
201 
242 
246 
271 
266 
270 
253 
199 
275 
- 

277 
268 
277 
270 
262 
277 - 

3 h .  

246 
266 
273 
277 
278 
270 
278 
288 
271 
278 
256 
- 

271 
227 
285 
275 
273 
275 
275 
275 
275 
262 
278 
281 
277 
272 
283 
277 
278 
275 ---___-__ 

13h. ---- 
249 
244 
278 
275 
268 
259 
240 
269 
272 
242 - 
226 
240 
273 
252 
262 
266 
275 
268 
283 
253 
262 
269 
273 
275 
271 
278 
27b 
266 
277 - - 

10h. 

218 
242 
262 
266 
238 
255 
244 
272 
270 
227 - 
246 
231 
271 
202 
257 
227 
271 
270 
278 
268 
233 
271 - 
277 
268 
275 
277 
273 
277 

- -- 

5h. ------------ 

227 
228 
275 
264 
272 
206 
244 
274 
275 
281 
253 
- 

252 
223 
271 
275 
237 
275 
277 
271 
275 
236 
271 
282 
277 
277 
275 
278 
277 
280 

8 h .  

195 
262 
275 
265 
175 
225 
239 
268 
253 
280 
214 
- 

246 
272 
256 
199 
191 
272 
277 
262 
257 
252 
258 - 
277 
270 
280 
267 
262 
277 
- -- 

12h. 

236 
267 
256 
276 
229 
249 
246 
269 
275 
220 
- 

236 
259 
260 
213 
257 
244 
270 
267 
271 
266 
246 
270 
258 
272 
275 
277 
277 
24G 
273 - - - 

- 

293 
309 
298 
283 
283 
288 
288 
298 
290 
271 
293 
287 
274 
287 
285 
285 
287 
277 
290 
302 
283 
280 
283 
276 
283 
282 
278 
282 
309 
286 
269 

14h. 

291 
253 
281 
277 
283 
264 
244 
257 
280 
304 - 
269 
249 
277 
2.52 
272 
273 
270 
275 
278 
258 
249 
269 
278 
270 
275 
278 
269 
280 
275 
- - . 

Dh. 

220 
251 
266 
267 
251 
240 
237 
251 
267 
246 
- 

240 
233 
272 
226 
211 
233 
270 
269 
275 
268 
244 
275 
- 

277 
270 
278 
271 
281 
273 

- 

278 
291 
289 
293 
280 
293 
309 
211 
238 
278 
294 
291 
280 
285 
285 
276 
283 
280 
293 
269 
282 
265 
272 
275 
278 
285 
282 
282 
267 
277 
296 

283 
268 
264 
277 
258 
286 
288 
277 
282 
258 
271 
254 
219 
280 
277 
282 
283 
217 
262 
232 
254 
217 
247 
270 
278 
274 
276 
264 
193 
221 
264 - - 

-257--261---260-- 
260 1 212 

275 
262 
261 
287 
246 
267 
260 
259 
256 
267 
256 
256 
221 
277 
278 
273 
283 
198 
218 
236 
261 
238 
269 
267 
269 
275 
282 
275 
202 
262 
271 
. -- - 

256 
277 
247 
289 
264 
285 
275 
247 
198 
278 
180 
276 
254 
274 
276 
276 
286 
172 
202 
234 
254 
271 
260 
273 
282 
276 
283 
275 
252 
220 
274 - - 

263 
283 
269 
286 
282 
198 
286 
286 
258 
242 
223 
282 
283 
283 
288 
258 
238 
263 
267 
273 
264 
276 
282 
285 
280 
274 
170 
194 
254 
- - 

289 
275 
289 
275 
283 
283 
283 
243 
269 
278 
286 
286 
296 
288 
282 
276 
288 
288 
238 
270 
275 
282 
278 
277 
264 
282 
282 
283 
256 
265 
258 

289-  
247 
275 
251 
272 
258 
283 
244 
227 
272 
293 
248 
262 
283 
267 
278 
254 

(269) 
251 
225 
264 
272 
257 
277 
207 
275 
265 
271 
245 
273 
278 
- 

264 
245 
283 
283 
283 
272 
241 
225 
274 
212 
244 
230 
282 
278 
285 
283 
248 
219 
258 
259 
267 
263 
280 
280 
277 
283 
258 
183 
227 
274 - - 

299 
288 
269 
282 
296 
271 
289 
286 
258 
251 
278 
286 
288 
283 
286 
276 
254 
275 
277 
296 
262 
286 
288 
291 
252 
274 
249 
262 
262 - 

191 
289--288 

283 
267 
235 
256 
261 
286 
267 
248 ' 265 
283 
269 
269 
280 
277 
280 
283 

(240) 
260 
249 
251 
262 
254 
275 
270 
267 
260 
231 
162 
241 
221 

290 
236 
283 
286 
286 
283 
246 
243 
234 
283 
290 
262 
261 
283 
289 
278 
290 
283 
287 
285 
270 
276 
276 
273 
256 
280 
280 
283 
263 
247 
234 

Er-July, 

288 
262 
243 
225 
262 
260 
247 
249 
276 
280 
273 
262 
282 
272 
280 
260 

(254) 
259 
238 
245 
269 
252 
283 
267 
267 
275 
241 
185 
249 
245 

1. 
291 
261 
264 
241 
270 
262 
273 
274 
251 
271 
272 
264 
254 
286 
283 
271 
286 
225 
225 
251 
247 
256 
275 
277 
282 
276 
265 
247 
123 
264 
234 



30007 (.02 C.G.R. Unit) f 
- 

17 11. ) 1811 .  1 1911. I 'WII 21 h. - _ L _ l -  I Mnuimmn ltcndiny 

22 I, .  I 2s  11. 1 24 11. ant1 Time. 
Rlinilnu~n Rcnding 

nnd 'rime. 



20007 ( . O 2  C.Q.S. Unit) + 
14h. 

2c6 
289 
302 
261 
258 
288 
298 
295 
286 
301 
295 
294 
298 
277 
297 
315 
270 
264 
295 
306 
289 
296 
294 
250 
267 
253 
235 
271 
279 
284 
300 

13h.  ----- 

2g6 
292 
283 
254 
279 
270 
297 
294 
289 
292 
286 
297 
295 

(280) 
286 
287 
259 
261 
294 
292 
287 
292 
287 
230 
263 
254 
246 
250 
295 
268 
294 

l l h .  

2?4 
281 
288 
268 
237 
192 
261 
288 
285 
289 
287 
281 
292 
281 
274 
288 
268 
273 
287 
192 
284 
286 
292 
113 
270 
233 
211 
205 
269 
272 
266 

Oh. ---- 
2 i 7  
275 
263 
260 
275 
282 
283 
289 
277 
283 
285 
260 
284 
292 
276 
281 
288 
282 
281 
250 
288 
285 
290 
210 
197 
255 
246 
262 
241 
284 
279 

1211. 

2?4 
283 
292 
275 
300 
245 
283 
295 
289 
285 
287 
289 
295 
282 
272 
294 
266 
271 
297 
246 
299 
289 
297 
176 
272 
218 
250 
234 
294 
277 
288 

10h.  

2 i 0  
279 
294 
263 
257 
253 
274 
287 
286 
288 
287 
274 
292 
289 
279 
286 
286 
273 
287 
177 
287 
290 
292 
233 
233 
233 
227 
244 
277 
279 
281 

111. 

2y9 
290 
292 
310 
295 
302 
301 
287 
295 
294 
287 
290 
289 
289 
286 
287 
271 
279 
279 
308 
292 
288 
290 
311 
298 
302 
300 
313 
295 
288 
302 

2 h .  

2g9 
301 
290 
288 
292 
284 
284 
294 
300 
290 
290 
292 
287 
288 
287 
289 
270 
279 
289 
292 
289 
292 
294 
315 
289 
266 
281 
295 
287 
294 
292 

8 h .  

2?9 
273 
289 
247 
268 
279 
283 
289 
282 
285 
286 
279 
294 
289 
289 
287 
274 
283 
277 
257 
286 
287 
289 
212 
186 
268 
279 
283 
224 
287 
270 

5 h .  

2?2 
292 
277 
277 
263 
270 
284 
283 
289 
288 
288 
292 
292 
281 
292 
253 
279 
285 
294 
242 
276 
292 
292 
240 
248 
235 
268 
258 
270 
281 
268 

2& 
285 
294 
270 
294 
275 
288 
295 
295 
290 
289 
295 
287 
287 
284 
288 
279 
279 
284 
303 
271 
290 
295 
111 
283 
302 
252 
269 
272 
279 
281 

3 h . 1 4 h .  ------ 
2 b  
270 
292 
286 
281 
279 
283 
286 
288 
294 
288 
292 
295 
288 
288 
272 
289 
289 
287 
269 
266 
290 
292 
246 
244 
276 
283 
257 
229 
260 
284 

2?3 
286 
273 
282 
271 
252 
281 
285 
286 
289 
287 
289 
292 

. 279 
279 
273 
284 
294 
283 
269 
279 
289 
287 
244 
199 
244 
192 
217 
263 
284 
241 

6 h . 1 7 h .  

2?4 
275 
285 
272 
288 
255 
289 
290 
283 
281 
285 
286 
292 
289 
277 
283 
241 
287 
281 
289 
286 
288 
288 
177 
204 
261 
231 
216 
255 
292 
239 





Day. 
20007' 

6 h. - 

294 
290 
296 
254 
258 
280 
280 
262 
286 
267 
137 
215 
310 
274 
233 
283 
223 
218 
190 
223 
275 
254 
249 
219 
283 
278 
304 
294 
299 
299 
285 

Unit) + 
9 h. - 

Y Y Y Y Y Y  
296 
286 
252 
241 
236 
270 
280 
235 
250 
267 
64 

186 
283 
270 
265 
268 
228 
237 
177 
209 
257 
254 
247 
235 
294 
239 
285 
289 
292 
322 
278 

( .02 

7 h. -- 

290 
291 
281 
259 
268 
270 
285 
245 
278 
278 
99 

191 
281 
283 
272 
288 
220 
230 
141 
205 
241 
209 
238 
246 
279 
190 
302 
283 
303 
267 
288 

C.G.S. 

8 h. -- 

298 
293 
274 
250 
259 
270 
283 
276 
283 
289 
67 

183 
280 
274 
288 
283 
183 
270 
204 
220 
257 
225 
237 
259 
310 
210 
294 
234 
287 
264 
303 

10 11. - 

299 
289 
252 
262 
254 
272 
276 
270 
223 
261 
102 
119 
283 
281 
292 
279 
160 
273 
241 
251 
259 
244 
199 
250 
270 
312 
280 
252 
279 
299 
273 

11 h. - 

289 
309 
251 
289 
246 
270 
267 
235 
233 
280 
104 
298 
263 
250 
266 
285 
248 
260 
220 
279 
236 
219 
265 
294 
235 
267 
280 
296 
267 
336 
272 





El-January, ~ 

281 215 204 164 176 
239 / 332 1 232 1 290 1 283 

- 

- 

Oh. 

288 
307 
303 
303 
289 
297 
378 
330 
304 
320 
307 
309 
307 
283 
313 
312 
321 
369 
336 
307 
312 
320 
326 
296 
301 
294 
267 
314 
292 
285 
330 -- - 

4 h .  

291 
320 
278 
212 
283 
268 
293 
298 
309 
305 
321 
231 
285 
310 
173 
300 
320 
307 
298 
285 
334 
329 
317 
302 
289 
268 
223 
239 
291 
258 
292 

l h .  

281 
363 
292 
310 
286 
287 
315 
320 
317 
301 
302 
298 
289 
279 
257 
294 
316 
320 
300 
349 
313 
301 
323 
289 
305 
291 
252 
345 
291 
287 
325 

- - 

Gh. -- 

244 
220 
268 
194 
273 
255 
236 
285 
278 
310 
332 
212 
278 
288 
113 
287 
315 
367 
341 
336 
340 
328 
302 
326 
289 
242 
197 
243 
239 
262 
303 
- -- 

2 h .  ---- 

309 
278 
283 
289 
281 
286 
349 
304 
310 
307 
313 
315 
296 
278 
214 
318 
289 
292 
316 
270 
310 
304 
307 
290 
321 
323 
304 
278 
330 
281 
299 - - . 

2000y 

Oh. 

220 
207 
298 
179 
262 
239 
128 
332 
286 
296 
373 
165 
267 
304 
119 
256 
336 
272 
339 
380 
347 
323 
328 
370 
226 
244 
188 
192 
216 
263 
286 

311. 

284 
250 
281 
250 
285 
299 
296 
296 
313 
313 
327 
229 
283 
287 
236 
320 
289 
346 
304 
290 
312 
305 
296 
299 
320 
270 
307 
272 
305 
271 
267 -- 

(.02 C.G.8. 

711. 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
192 
162 
258 
186 
239 
256 
168 
341 
289 
318 
352 
139 
239 
285 
139 
236 
271 
210 
120 
389 
372 
346 
307 
362 
271 
259 
158 
184 
185 
257 
281 

- 
14h. 

286 
252 
327 
271 
317 
278 
317 
302 
314 
287 
184 
265 
239 
243 
265 
246 
298 
333 
244 
320 
231 
334 
227 
346 
267 
290 
309 
249 
278 
278 
232 -- - 

1011. 

241 
197 
155 
214 
210 
227 
320 
315 
288 
289 
405 
177 
281 
300 
199 
228 
288 
349 
221 
367 
349 
261 
349 
334 
201 
165 
227 
184 
226 
256 
323 

1211. 

267 
246 
345 
243 
273 
261 
321 
327 
283 
310 
97 

173 
239 
263 
223 
217 
287 
260 
283 
398 
320 
273 
332 
294 
245 
265 
179 
239 
248 
257 
271 

I l h .  

236 
226 
207 
186 
229 
265 
257 
312 
259 
294 
382 
205 
239 
289 
210 
229 
291 
339 
272 
398 
321 
259 
330 
279 
228 
218 
171 
188 
247 
248 
271 

1811. --- 

239 
262 
305 
259 
303 
276 
352 
299 
294 
316 

35 
218 
229 
294 
236 
250 
271 
258 
273 
366 
279 
307 
334 
302 
270 
252 
227 
179 
275 
270 
258 

Unit) 

8 h .  

210 
197 
184 
270 
220 
208 
391 
323 
250 
309 
375 
166 
236 
294 
136 
265 
321 
287 
265 
371 
384 
352 
298 
367 
252 
245 
97 

239 
208 
258 
313 

+ 
9 h .  

166 
217 
188 
248 
236 
236 
339 
272 
272 
281 
334 
93  

239 
291 
162 
232 
296 
298 
201 
310 
394 
288 
284 
380 
258 
161 
141 
220 
259 
218 
309 



- 2000)' (.02 C.G.S. Unit) f 

15 11. 1 10 11. 1 17 h. 1 18 11. 1 19 11. 1 20 11. ] 21 11, -------- 

llasi~nuln Roading 
nnd 'Nmo. 

y h. m. 
345 20 52 
409 0 35 
380 12 20 
349 22 0 
347 18 49 
489 23 59 
483 9 7 
381 18 20 
355 3 35 
376 17 45 
664 20 27 
412 0 13  
369 20 8 
373 23 10 
317 19 54 
360 21 55 
544 22 40 
486 2 40 
431 21 3 
460 7 41 
428 6 4 5  
396 6 51 
380 16 13 
431 6 47 
356 21 17 
470 21 25 
386 14 58 
40!2 17 45 
3.40 17 50 
361 21 1) 
391 19 45 

AIinin~uln Reading 
and 'l'imc. 

Y h. m. 
102 9 32 
136 6 30 
115 9 23 
137 5 48 
192 9 59 
176 8 27 

15 6 30 
166 9 45 
223 7 84 
273 9 23 

-63 13 30 
22 9 2 

137 8 55 
229 13 58 

86 6 5 
1 G5 9 20 
226 6 52 
1 60 8 18 
113 8 52 
231 9 1 
225 16 0 
231 10 5 
201 14 4 
282 11 32 
188 9 49 
115 8 35 

5 7 37 
79 10 48 

I 54 7 I7  
205 !I 17 
145 14 44 



- - .I , 

- 

2000Y (.O2 C.G.S. Unit) + 
6 h .  

305 
312 
283 
278 
279 
281 
287 
292 
266 
292 
269 
281 
238 
240 
290 
307 
265 
267 
274 
271 
278 
287 
297 
257 
292 
- 
- 
- - 
-- 

- 

Oh. 

321 
299 
309 
323 
322 
303 
281 
327 
314 
300 
332 
316 
306 
319 
319 
324 
305 
323 
298 
299 
301 
305 
303 
326 
311 
324 
-. 
- 
- 

- 

Gh. 

235 
299 
259 
335 
290 
298 
293 
257 
288 
300 
285 
252 
262 
217 
298 
316 
257 
237 
269 
259 
288 
285 
277 
293 
277 
- 
- 
-- 
- 

-- 

l h .  

308 
316 
310 
290 
311 
287 
284 
288 
297 
296 
321 
311 
306 
305 
297 
300 
300 
295 
295 
297 
292 
299 
303 
312 
294 
318 
- 
- 
-- 

-- - - 

304 
302 
311 
306 
304 
322 
306 
318 
309 
317 
318 
304 
318 
318 
311 
306 
321 
307 
310 
308 
310 
304 
308 

308 
317 
295 
293 
294 
294 
289 

---. .- - - 

7 h .  

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
235 
292 
287 
306 
290 
303 
281 
309 
272 
298 
339 
210 
216 
282 
207 
274 
254 
174 
261 
248 
296 
266 
270 
284 
259 

-- 
- 
- . 
- 

2 1  

296 
277 
297 
310 
300 
293 
290 
282 
282 
284 
321 
280 
294 
270 
308 
294 
308 
264 
287 
295 
295 
303 
303 
295 
307 
301 
-- 
- .  
- 

- - . - 

8 h .  

253 
277 
277 
282 
322 
281 
293 
305 
242 
295 
361 
226 
215 
215 
293 
288 
234 
227 
237 
258 
303 
254 
250 
271 
245 
- 
-- 
- 
- 
.- 

3 h .  

300 
276 
307 
293 
287 
287 
283 
326 
274 
299 
300 
257 
322 
279 
292 
281 
294 
264 
276 
287 
292 
298 
296 
272 
300 
- 
- 
-- 
- 

- 

4 62 

297 
299 
292 
302 
297 
275 
281 
267 
302 
284 
284 
302 
273 
296 
297 
305 
297 
304 
298 
295 
298 
311 
305 

- - - - - -  
306 
305 
287 
277 
286 
274 
290 -- 

299 ' 
322 
309 
306 
300 
317 
315 
296 
312 
310 
297 
308 
318 
305 
322 
297 
296 
305 
302 
307 
306 
307 
308 

305 
312 
291 
292 
287 
308 
282 - - - - 

4 h .  - 

321 
296 
287 
285 
290 
277 
287 
292 
290 
287 
232 
287 
252 
284 
277 
299 
293 
274 
272 
274 
287 
288 
300 
248 
287 
- 
- 
- 
-- 

- - 

294 
300 
298 
308 
299 
299 
302 
297 
265 
278 
287 
305 
302 
295 
289 
298 
282 
305 
300 
302 
302 
298 
297 

307 
312 
287 
290 
291 
313 
284 - - 

Oh. 

228 
261 
268 
263 
345 
256 
276 
261 
265 
313 
374 
259 
316 
223 
277 
283 
158 
277 
271 
292 
324 
253 
251 
280 
-- 
- 
- 
-- 

272 

1912. 
289 
286 
279 
220 
306 
284 
286 
282 
239 
222 
198 
321 
297 
304 
293 
308 
293 
286 
278 
295 
293 
278 
233 

293 
289 
236 
266 
276 
282 
278 

294 
291 
294 
304 
297 
267 
284 
287 
265 
277 
266 
298 
273 
304 
297 
302 
300 
302 
299 
296 
294 
296 
289 

304 
300 
282 
274 
277 
184 

1 291 

280 
297 
328 
273 
302 
334 
333 
291 
317 
310 
296 
344 
311 
324 
271 
276 
318 
299 
294 
304 
315 
258 

-- 
297 
313 
315 
300 
313 
291 
278 
284 

2!)5 
280 
275 
218 
310 
260 
258 
286 
209 
265 
234 
312 
295 
299 
267 
291 
287 
286 
276 
283 
284 
262 
281 
302 
315 
294 
235 
268 
277 
256 
275 - - 

10h .  

290 
239 
190 
290 
352 
240 
277 
203 
274 
292 
279 
221 
2!39 
217 
290 
280 
188 
253 
238 
277 
299 
221 
264 
310 
- 
-- 

- 

293 

296 
282 
284 
299 
297 
280 
271 
276 
218 
292 
236 
296 
267 
300 
307 
296 
294 
302 
300 
295 
289 
293 
273 

306 
305 
280 
277 
212 
217 
284 

286 
273 
262 
312 
281 
253 
225 
295 
244 
265 
218 
310 
296 
304 
260 
273 
297 
281 
268 
276 
287 
275 

-- 
289 
298 
284 
244 
284 
263 
253 
277 - 

----- 
l l h .  

237 
282 
298 
295 
311 
236 
294 
254 
269 
270 
186 
1!)0 
251 
221 
296 
274 
167 
190 
259 
287 
308 
239 
269 
327 
- 
-- 
- 
-- 

303 

E'-March, 
279 
286 
286 
286 
297 
266 
270 
273 
205 
263 
234 
289 
286 
309 
289 
292 
294 
291 
297 
298 
291 
297 
300 

2!)7 
305 
268 
27(j 
247 
249 
282 - 

291 
308 
279 
236 
305 
271 
291 
263 
224 
256 
231 
307 
302 
312 
264 
293 
287 
284 
296 
298 
293 
305 
247 

- - - - -  
287 
304 
250 
269 
267 
278 
278 

287 
271 
291 
329 
264 
249 
238 
276 
237 
246 
227 
335 
324 
305 
266 
208 
283 
273 
278 
282 
286 
244 
- 

302 
293 
- 

215 
287 
262 
218 
276 . - -  

12h .  

266 
290 
311 
312 
305 
248 
283 
290 
272 
231 
179 
217 
0 
2Y3 
288 
271 
226 
195 
242 
279 
307 
248 
296 
318 
- 

- 

-- 
- 

324 

284 
286 
302 
291 
282 
247 
233 
268 
297 
262 
277 
314 
339 
306 
266 
223 
273 
280 
278 
289 
283 
248 
- 

2!)9 
2!)7 
277 
233 
2!)1 
271 
27(i 
287 

1Rh. 

301 
306 
343 
324 
309 
270 
305 
297 
256 
309 
252 
256 
351 
301 
266 
303 
219 
201 
268 
277 
309 
276 
316 
271 
214 
- 
- 
- -  

313 

273 
287 
306 
260 
292 
260 
296 
256 
253 
296 
291 
331 
300 
312 
265 
252 
283 
291 
283 
305 
289 
268 
- 

294 
305 
277 
263 
294 
271 
284 
287 

14h .  

240 
303 
349 
327 
329 
316 
301 
322 
290 
303 
329 
23!) 
312 
325 
296 
282 
248 
205 
284 
268 
316 
290 
309 
316 
261 
- 
-- 
- 

326 





HOURLY V~~u~8-continued. 

-- - - 
Day. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

. - - - 
Ef-April, 1912. 

302 
282 
294 

-- 

267 
261 
270 
252 
285 
292 
291 
276 
130 
196 
269 
294 
294 
289 
294 
295 
295 
298 
298 
300 
291 
300 
298 
296 
299 
292 
276 

- 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
I 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

-- 

14h.  

295 
292 
294 
303 
282 
340 
324 
306 
297 
274 
271 
284 
275 
282 
313 
300 
298 
298 
311 
297 
287 
303 
303 
298 
300 
298 
311 
297 
293 

- 305 . - - 

292 
305 
296 
302 
316 
297 
289 
292 
291 
294 
292 
300 
274 
289 
307 
299 
296 
289 
302 
302 
296 
295 
303 
297 
302 
303 
302 
298 
305 
296 
302 

302 
285 

(278) - 
258 
276 
284 
273 
291 
289 
292 
266 
244 
205 
260 
294 
287 
294 
282 
258 
289 
299 
298 
292 
299 
298 
292 
2 
300 
291 
249 

302 
300 
298 
296 
312 
234 
318 
305 
310 
295 
302 
300 
305 
297 
287 
284 
305 
305 
295 
310 
297 
296 
299 
302 
303 
305 
303 
300 
305 
305 
303 

E'-May, 
298 
294 
234 
285 
256 
270 
286 
282 
270 
281 
292 
268 
278 
267 
279 
286 
286 
292 
285 
289 
274 
286 
291 
302 
302 
292 
2%; 
303 
2!19 
284 
274 

291 
283 
285 - 
252 
266 
267 
243 
292 
291 
294 
267 
243 
252 
260 
291 
291 
292 
297 
294 
296 
297 
297 
298 
287 
300 
297 
297 
300 
2 
286 

(.02 

1 ,  

278 
282 
238 
249 
277 
266 
242 
229 
289 
271 
264 
282 
271 
280 
287 
281 
252 
251 
289 
281 
287 
289 
286 
263 
284 
292 
293 
287 
284 
293 

2000y 

511. 

282 
281 
255 
258 
282 
226 
229 
238 
286 
284 
242 
284 
281 
281 
294 
277 
268 
219 
280 
277 
291 
292 
282 
261 
281 
290 
294 
293 
287 
293 

- 

300 
263 - 
243 
270 
263 
269 
292 
289 
292 
266 
302 
245 
296 
291 
291 
302 
302 
276 
294 
297 
297 
302 
29.5 
303 
296 
302 
302 
302 
302 

302 
297 
289 
285 
313 
279 
297 
302 
292 
292 
299 
300 
283 
289 
294 
300 
279 
292 
300 
291 
299 
298 
303 
302 
302 
302 
303 
299 
303 
292 
300 

1912. 
290 
2114 
251 
276 
278 
251 
295 
286 
284 
284 
294 
285 
280 
244 
267 
285 
286 
295 
296 
284 
269 
302 
302 
302 
302 
296 
297 
2!18 
302 
2114 
280 

294 
289 
272 
- 

269 
273 
264 
279 
285 
294 
292 
285 
343 
236 
278 
296 
285 
295 
300 
276 
29.5 
297 
297 
302 
286 
302 
300 
2!12 
298 
299 
297 

, 

Oh. 

289 
292 
293 
297 
292 
318 
289 
295 
295 
294 
276 
297 
304 
289 
289 
271 
333 
287 
310 
293 
294 
293 
304. 
294 
293 
309 
303 
304 
297 
290 

30Fi---30$-^ 
300 
280 
-- 

267 
265 
278 
276 
291 
292 
294 
266 
276 
270 
289 
296 
285 
287 
305 
292 
300 
289 
302 
303 
302 
302 
302 
302 
302 
303 

-- 312 

302 
292 
261 
266 
230 
271 
292 
247 
289 
282 
289 
283 
258 
192 
239 
292 
271 
302 
284 
253 
276 
298 
297 
302 
300 
295 
296 
302 
299 
202 
249 

292 
296 
267 
285 
276 
278 
282 
294 
297 
280 
292 
279 
276 
286 
273 
285 
292 
286 
292 
297 
296 
297 
295 
302 
303 
302 
297 
299 
302 
302 
273 

294 
292 
287 
278 
299 
280 
291 
305 
278 
292 
296 
292 
287 
287 
285 
294 
302 
295 
295 
289 
297 
289 
298 
299 
305 
292 
290 
300 
300 
305 
300 

!)h. 

277 
277 
258 
266 
263 
161 
204 
233 
289 
263 
275 
287 

(291) 
281 
237 
287 
286 
271 
263 
271 
292 
266 
277 
240 
286 
295 
292 
281 
286 
287 

l h .  

287 
292 
290 
287 
287 
305 
271 
290 
284 
289 
281 
287 
284 
287 
297 
303 
297 
300 
300 
295 
280 
294 
297 
297 
300 
273 
294 
297 
291 
297 

C.G.S. 

7 h .  --------------- 
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  

280 
271 
253 
248 
255 
222 
224 
250 
286 
266 
277 
287 
27!) 
286 
260 
279 
235 
255 
261 
262 
281 
280 
277 
250 
286 
287 
292 
286 
202 
293 

295 
292 
272 
289 
297 
281 
232 
302 
294 
294 
294 
283 
280 
280 
260 
292 
292 
297 
283 
297 
298 
282 
292 
300 
305 
295 
2!)8 
300 
298 
298 
289 

1 0 h .  

279 
284 
258 
276 
271 
236 
274 
280 
286 
256 
278 
281 

(290) 
274 
271 
277 
266 
275 
258 
206 
293 
255 
293 
242 
284 
292 
287 
289 
287 
291 

2 h .  

289 
287 
290 
284 
291 
269 
298 
302 
291 
287 
286 
289 
280 
284 
297 
267 
297 
295 
286 
302 
292 
298 
296 
297 
284 
289 
300 
297 
280 
297 

Unit) 4- 
$ 1 1 .  

282 
277 
255 
246 
258 
145 
215 
242 
286 
267 
281 
287 
291 
282 
262 
287 
264 
245 
266 
277 
281 
280 
275 
242 
277 
293 
276 
286 
289 
291 

3 h .  

287 
286 
289 
279 
290 
276 
281 
295 
292 
289 
289 
287 
287 
278 
293 
292 
284 
300 
295 
287 
262 
292 
280 
298 
287 
2!32 
297 
2!17 
289 
291 

l l h .  

276 
287 
252 
284 
279 
194 
279 
280 
297 
275 
267 
276 

(290) 
258 
281 
274 
271 
200 
292 
260 
287 
253 
298 
297 
284 
291 
290 
297 
287 
298 

12h.  

281 
274 
242 
298 
268 
174 
267 
292 
278 
279 
266 
267 
290 
267 
300 
264 
279 
216 
297 
294 
284 
271 
2!14 
293 
275 
2!11 
295 
298 
284 
303 

4 h .  

287 
277 
284 
282 
291 
251 
255 
266 
286 
291 
273 
286 
287 
284 
293 
276 
267 
269 
275 
287 
287 
292 
282 
279 
284 
287 
293 
290 
287 
291 

13h.  

290 
289 
264 
306 
286 
277 
267 
294 
291 
256 
266 
282 
292 
269 
308 
279 
268 
281 
303 
302 
287 
300 
298 
287 
286 
294 
302 
291 
287 
303 



200v ( a 0 2  C.G.8. Unit) + 
l ~ h . 1 1 7 h . ~ 1 8 h . ~ l D h . ~ 2 0 h . ~ 2 1 h . ~ 2 2 h .  

11. in. 
21 55 
19 28 
18 11 
20 42 
15 41 
14 40 
21 55 

2 10  
12 10 
21 50 
19 41 
21 36 
20 39 
20 12 
19 24 
20 38 
18 33 
22 25 
15 32 
18 23 
11 45 
19 48 
16 37 
19 8 
20 45 
23 53 
21 45 
17 50 
15 59 
17 12 -- 

~ i n i m u m  Ronding 
and Time. 



- El-June, - - -- 1912. ---- - 
I 2000Y 1.02 C.G.S. Unit) + 

Y Y Y Y Y Y  
295 299 288 297 305 247 
294 1 292 1 294 1 294 1 286 1 289 
286 286 291 278 275 262 
292 299 294 296 299 297 
299 295 284 265 284 295 
291 299 299 288 296 293 
300 299 299 299 297 295 
300 300 302 305 304 291 
268 276 286 264 202 208 
275 277 275 286 265 215 
275 279 195 218 271 292 
305 294 284 297 299 286 
292 296 283 291 302 289 
292 286 275 292 292 288 
289 294 297 294 284 291 
297 295 294 292 294 - 
- - - - 2 8 1  

300 289 286 286 302 286 
289 299 300 297 292 297 
296 299 296 297 294 302 
295 295 297 295 295 296 
304 297 289 286 291 293 
284 289 291 299 302 305 
302 297 288 277 264 262 
291 297 292 296 295 299 
297 297 294 289 291 297 
295 295 294 293 286 284 
300 294 292 289 289 289 
296 295 281 277 280 273 
304 295 291 260 240 264 

.- 

El-J'ulv, 1912. 



HOURLY VALUES -continued. 

Mininlum ltoading 
--- - El1--June, 1912. 

n ~ i d  

7' 
157 
260 
242 
260 
24 9 
279 
382 
255 
133 
141 
158 
251 
266 
278 
252 
286 
268 
262 
268 
284 
281 
275 
276 
2313 
264 
270 
275 
203 
217 
2117 

15 h. 

302 
302 
313 
296 
295 
295 
302 
310 
267 
294 
300 
307 
300 
300 
299 
-- 
300 
300 
293 
299 
300 
300 
300 
295 
296 
296 
302 
299 
291 
297 - 

lllnsi~llu~ll ltoading 
Tilllo. 

h. 111. 

8 39 
O 27 

10 10 
9 58 
6 47 
(i 46 

10 32 
I 1  26 
8 31 
!I 17 
5 58 

10 !I 
!f 15 
8 35 
2 58 
7 40 
8 50 
6 56 
3 23 
8 18 
! 3 
!I 53 
3 45 

10 55 
13 8 
16 47 
1 57 

11 52 
12 15 
8 5 

and 
_ 
y 

dl!) 
475 
494 
32(i 
348 
346 
308 
507 
365 
3!)7 
374 
346 
346 
367 
333 
309 
316 
320 
328 
310 
338 
321 
320 
341; 
321 
307 
435 
381 
381 
352 

J3'-July, 1!)12. 
- 

O!) 
08 
19 
16 
01 
03 
04 
00 
00 
00 
98 
00 
01 
90 
98 
00 
01 
06 
03 
07 
03 
03 
08 
27 
I17 

308 308 308 
306 306 308 ( 03 
307 309 310 17) 

(311) 326 336 - - - 03 - - 
467 

2000y ( .02 C.G.S. Unit) $ 

Tinlo. 

h . 1 1 1 .  
20 50 
19 9 
17 52 
18 7 
18 35 
17 37 
13 53 
I!) 14 
18 48 
17 40 
17 48 
16 43 
18 27 
16 45 
19 30 
1 33 

23 21 
19 37 
19 58 
18 45 
18 38 
20 1 0  
23 15 
20 40 

I 43 
17 23 
20 45 
20 18 
20 30 
22 32 

10 h. 

309 
312 
323 
295 
299 
302 
300 
355 
318 
294 
309 
318 
300 
313 
305 

-3$-7 
316 
322 
427 
387 
343 
347 
324 
347 
316 
320 
320 
311 
323 
330 
403 
340 
323 
327 
411 
360 
342 
363 
320 
321 
3(i(i 
376 
321 
350 
366 
366 

---.- 

2 55 
2 2 5 0  
20 12 
21 44 
0 58 

10 12 
17 10 
20 40 
2 I8 

18 45 
1!1 35 
3 20 

17 50 
18 10 
20 14 
21 3 
15 23 
16 18 
19 45 
18 30 
19 43 
I!) 24 
18 49 
23 36 
21 48 
16 11 
20 40 
I!) 48 
20 10 
I!) 10 -- 

17 11. - - -  
363 
341 
328 
300 
299 
307 
300 
341 
325 
315 
319 
320 
305 
339 
302 

18 11. 

355 
333 
419 
312 
311 
321 
302 
348 
341 
361 
311 
328 
312 
325 
304 

300 
302 
299 
302 
302 
302 
309 
302 
209 
291 
304 
302 
302 
300 . -- 

302 
305 
305 
300 
302 
305 
318 
333 
307 
300 
384 
353 
344 
307 

19 11. 

353 
386 
346 
306 
322 
307 
302 
417 
341 
324 
322 
315 
304 
335 
306 

21 11. 

384 
306 
307 
302 
306 
2!)9 
299 
3G5 
311 
30!) 
328 
311 
308 
320 
309 
- 

20 11. 

Y Y Y Y Y Y Y Y Y Y  
357 
328 
306 
311 
306 
302 
302 
368 
315 
322 
331 
308 
307 
328 
309 

299 
302 
299 
302 
308 
302 
305 
311 
302 
299 
302 
302 
305 
302 - - - 

302 
302 
302 
300 
302 
307 
308 
300 
2!19 
296 
320 
295 
340 
300 

22 11. 

304 
306 
311 
310 
290 
302 
900 
313 
306 
300 
313 
306 
307 
315 
299 

297 
305 
302 
300 
312 
304 
302 
300 
302 
300 
310 
317 
304 
307 

307 
307 
302 
209 
302 
306 
304 
209 
3022!)2 
209 
333 
291 
328 
307 

23 11. ---__-_- 
300 
295 
304 
310 
302 
299 
300 
336 
320 
313 
297 
296 
306 
306 
297 

290 
307 
306 
305 
320 
306 
304 
317 
304 
209 
310 
337 
32G 
312 

297 
299 
29!) 
299 
302 
304 
302 
315 

302 
304 
295 
308 
302 

24 11. 

307 
300 
300 
312 
300 
29!) 
302 
288 
2 6  
297 
306 
304 
295 
295 
296 

300 
312 
318 
302 
300 
308 
305 
324 
309 
300 
372 
368 
331 
304 



I 20007 ( ~ 0 2  G0.S. Unit) + 

- 

l l h .  

268 
294 
289 
281 
291 

278 
287 
278 
291 
256 
292 
288 
294 
284 
278 
226 
291 
223 
255 
262 
219 
189 
231 
265 
275 
267 
271 
294 
280 
271 

6 h .  

260 
292 
294 
294 
297 
294 
-- 

267 
288 
287 
291 
291 
284 
292 
286 
292 
292 
278 
286 
275 
270 
278 
243 
275 
263 
278 
289 
299 
284 
263 
292 - 

4 h .  - 

289 
294 
299 
294 
294 
304 
- 

289 
289 
294 
291 
294 
294 
294 
286 
296 
292 
280 
289 
285 
287 
284 
236 
291 
276 
288 
291 
275 
252 
285 
294 

468 

305 
303 
297 
308 
295 
308 
295 
308 
310 
295 
298 
301 
303 
297 
303 
307 
300 
323 
318 
307 
310 
314 
295 
296 
276 
309 
305 
309 
301 
311 - -- 

12h.  

246 
284 
301 
291 
294 
- 

281 
286 
297 
281 
271 
294 
287 
299 
289 
288 
194 
281 
174 
271 
272 
232 
226 
267 
281 
280 
268 
281 
274 
284 
286 

Oh.  

294 
294 
302 
291 
298 
301 
i 

294 
296 
296 
307 
297 
296 
297 
305 
298 
298 
316 
291 
294 
300 
313 
305 
294 
291 
287 
302 
316 
298 
302 
296 

311 
303 
300 
303 
300 
303 
305 
300 
303 
306 
300 
303 
292 
300 
301 
309 
298 
314 
290 
311 
300 
300 
313 
310 
271 
303 
311 
305 
305 
308 
- - - 

305 
308 
301 
308 
318 
303 
307 
310 
301 
310 
309 
300 
323 
306 
300 
308 
307 
331 
290 
312 
308 
318 
297 
295 
287 
309 
303 
297 
313 
309 

l h .  

303 
294 
296 
284 
296 
298 
- 

299 
297 
289 
299 
302 
291 
296 
296 
298 
291 
292 
294 
307 
292 
299 
296 
298 
298 
294 
294 
323 
297 
294 
296 

2 h . 1  

305 
292 
275 
291 
292 
296 
--- 

291 
297 
289 
296 
294 
294 
296 
296 
299 
294 
284 
294 
294 
291 
271 
314 
273 
301 
307 
286 
310 
299 
299 
294 

301 
305 
306 
303 
300 
303 
309 
305 
300 
292 
281 
306 
290 
305 
296 
303 
296 
274 
300 
278 
292 
277 
283 
290 
287 
303 
298 
303 
301 
303 

295 
300 
303 
305 
303 
300 
306 
306 
298 
285 
306 
306 
293 
300 
301 
306 
296 
281 
287 
303 
303 
289 
296 
301 
280 
305 
308 
303 
306 
307 

13h.  -- 

267 
289 
287 
292 
298 
-- 

281 
299 
292 
276 
269 
297 
291 
303 
286 
291 
196 
289 
243 
271 
280 
226 
232 
290 
272 
284 
284 
303 
281 
299 
304 

10h.  ----- 
263 
291 
285 
284 
292 
- 

287 
294 
274 
285 
257 
291 
287 
289 
283 
285 
254 
260 

(202) 
285 
249 
244 
216 
187 
273 
265 
267 
270 
292 
286 
255 

--- - - 

6 h .  

232 
292 
288 
294 
298 
286 - 
262 
289 
281 
289 
289 
281 
294 
283 
292 
286 
272 
268 
272 
281 
267 
236 
245 
273 
281 
280 
252 
281 
234 
288 

3 h .  - 

285 
297 
268 
291 
292 
299 
- 

292 
289 
294 
294 
291 
294 
296 
287 
296 
294 
283 
285 
300 
296 
288 
254 
261 
281 
294 
291 
305 
284 
294 
292 

14h.  - - 

273 
292 
286 
293 
301 
-- 

275 
297 
292 
303 
292 
297 
291 
307 
288 
301 
289 
294 
307 
270 
287 
242 
265 
297 
281 
296 
289 
312 
307 
300 
315 
. -- - 

300 
303 
303 
303 
268 
303 
301 
294 
298 
296 
287 
298 
290 
298 
297 
297 
297 
209 
297 
250 
287 
274 
280 
278 
290 
298 
295 
290 
303 
293 

239 
274 
291 
292 
291 
- 

289 
294 
285 
283 
256 
283 
286 
292 
272 
289 
291 
287 

(180) 
285 
256 
269 
239 
236 
283 
276 
281 
285 
292 
281 
278 

7 h .  

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
241 
280 
291 
289 
299 
284 
- 

272 
291 
286 
274 
289 
284 
292 
281 
294 
285 
280 
245 
278 
385 
272 
217 
210 
278 
274 
281 
256 
276 
274 
288 

276 
305 
310 
298 
306 
255 
267 
297 
282 
276 
290 
276 
284 
274 
287 
311 
313 
278 
280 
258 
308 
255 
300 
310 
263 
281 
307 
307 
301 
311 -- - 

8 h .  

257 
258 
296 
291 
294 
234 - 
276 
291 
286 
249 
287 
291 
292 
278 
289 
273 
281 
158 
284 
267 
272 
223 
236 
256 
267 
272 
267 
274 
252 
284 

E'-September, 
285--269 
300 
303 
303 
261 
287 
290 
284 
290 
293 
290 
294 
279 
274 
298 
300 
301 
196 
289 
258 
294 
274 
266 
224 
268 
303 
287 
293 
300 
283 

- 
255 
309 
312 
265 
311 
259 
298 
298 
306 
274 
308 
279 
283 
279 
312 
313 
306 
258 
284 
268 
303 
267 
290 
303 
321 
290 
311 
323 
300 
287 
-. - 

-- 
283 
313 
313 
278 
308 
27(j 
300 
318 
293 
281 
283 
283 
293 
316 
321 
311 
312 
270 
303 
269 
320 
278 
298 
310 
329 
332 
316 
329 
322 
293 

300 
300 
301 
276 
287 
295 
285 
283 
290 
295 
283 
271 
227 
280 
303 

(300) 
190 
272 
256 
278 
282 
269 
280 
258 
314 
271 
309 
300 
279 

303 
294 

(298) 
283 
251 
281 
289 
296 
277 
287 
268 
277 
276 
281 
301 
303 
256 
258 
293 
297 
242 
287 
311 
179 
305 
289 
300 
308 
268 - 

289 
303 
305 
295 
284 
274 
269 
293 
289 
271 
294 
269 
278 
298 
282 
307 
314 
309 
287 
250 
298 
272 
252 
312 
185 
307 
305 
297 
303 
279 - - -- 

1912. 
278 
300 
300 
301 
287 
285 
297 
300 
284 
289 
293 
300 
253 
224 
274 
300 

(300) 
181 
241 
287 
300 
249 
272 
285 
203 
308 
239 
306 
294 
282 

- -- - - 

-282--285 
298 
295 
301 
278 
265 
296 
290 
295 
272 
289 
279 
232 
194 
272 
303 
298 
123 
214 
209 
287 
242 
248 
306 
180 
306 
250 
307 

(301) 
293 



Mitii~nuni Rmditlg 
ntid Time. 

HOURLY V ~ ~ u ~ s - c o n t i n u e d .  
Ef-August, 1912. 

El---September. 1912. 

Mnxi~num Rending -- 
17 11. 

Y 
338 
323 
323 
299 
305 

304 
302 
309 
305 
304 
299 
303 
323 
326 
305 
375 
305 
323 
302 
297 
323 
338 
312 
323 
336 
320 
311 
320 
323 
307 - 

and 
. 

Y 
508 
341 
372 
321 
314 
314 
357 
328 
331 
325 
329 
311 
312 
339 
334 
318 
470 
333 
411 
331 
373 
433 
389 
422 
365 
351 
380 
354 
338 
361 
338 
- .- 

C.G.S. Unit) 

20 11. --- - 
Y 

305 
301 
328 
300 
301 

318 
299 
305 
307 
305 
302 
307 
318 
302 
302 
357 
307 
333 
304 
322 
368 
359 
353 
340 
307 
316 
314 
314 
314 
302 

ha'". 
16 19 
17 10 
18 20 
14 37 
21 32 
3 20 

20 15 
18 47 
19 2 
16 10 
16 36 
21 30 
18 58 
20 30 
17 12 
15 3 
17 15 
0 7 

21 19 
20 40 
23 8 
16 18 
18 48 
19 12 
18 50 
16 30 
18 53 
I5 18 
16 55 
19 32 
14 29 -- - 

2000y 

18 h. - 
Y 

315 
310 
351 
301 
299 

310 
310 
320 
304 
303 
298 
307 
309 
309 
307 
389 
304 
317 
311 
328 
318 
365 
316 
327 
312 
336 
310 
320 
314 
307 

(0 .02 

10 11. - 
Y 

312 
303 
345 
298 
299 

310 
315 
322 
299 
303 
300 
307 
313 
312 
305 
365 
313 
325 
307 
339 
336 
353 
367 
346 
316 
361 
314 
315 
326 
307 

f 

21 11. - -- 
Y 

303 
307 
323 
302 
307 

- - - - - - - - -  
297 
299 
304 
301 
318 
299 
304 
312 
297 
307 
330 
307 
357 
320 
297 
323 
338 
336 
305 
307 
318 
303 
305 
298 
303 

23 11. - 
Y 

297 
300 
296 
298 
296 

288 
298 
303 
297 
296 
301 
298 
307 
294 
294 
328 
299 
328 
315 
347 
311 
318 
301 
297 
300 
331 
303 
301 
299 
298 

22 11. - - - 
Y 

294 
300 
307 
298 
303 

296 
298 
307 
299 
300 
303 
296 
315 
294 
302 
336 
299 
333 
314 
338 
333 
320 
307 
323 
303 
325 
301 
301 
301 
302 

24 11. - - - 
Y 

294 
302 
291 
298 
301 

294 
296 
296 
307 
297 
296 
297 
305 
298 
298 
316 
291 
294 
300 
313 
305 
2911 
291 
287 
302 
316 
298 
302 
296 
2'36 - -  - 



E'-October, 1912. 

13h. 

327 
301 
26Q 
311 
295 
346 
346 
269 
274 
- 

298 
309 
262 
260 
290 
263 
226 
291 
305 
322 
285 
322 
334 
314 
261 
289 
295 
292 
267 
315 
266 - 

-- - 

4 h .  --- 

309 
- 

308 
313 

- - - - - - - . -  
313 
300 
303 
302 
305 
- 

227 
292 
292 
253 
231 
278 
315 
304 
302 
306 
295 
302 
306 
293 
291 - 
273 
278 
306 
298 

1411. 

327 
309 
277 
- 

311 
340 
339 
274 
286 
-- 

319 
333 
282 
277 
320 
282 
235 
308 
317 
333 
295 
320 
337 
318 
279 
301 
284 
340 
284 
332 
289 - 

- 

3 h .  

311 
282 
306 
316 

324 
308 
289 
297 
311 

273 
297 
301 
280 
285 
271 
308 
309 
298 
308 
279 
291 
306 
298 
298 
- 

282 
302 
302 
286 

I>ay - 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 - 

-- - 

b h .  

302 - 
314 
305 

313 
295 
309 
311 
313 
258 
243 
280 
290 
215 
233 
240 
292 
301 
308 
288 
292 
309 
300 
308 
286 
- 

269 
269 
285 
291 
-. 

Oh. 

311 
363 
314 
321 
- 

324 
316 
318 
315 
316 

295 
317 
308 
368 
319 
306 
301 
308 
316 
311 
311 
302 
318 
317 
303 
302 
328 
308 
306 
315 

1 2 h .  

316 
273 
256 
322 
284 
334 
329 
280 
262 
- 
-- 

224 
231 
263 
185 
240 
220 
293 
298 
303 
311 
300 
342 
295 
266 
295 
266 
272 
250 
306 
260 

l h .  

309 
324 
317 
324 

317 
314 
322 
311 
317 

321 
320 
316 
308 
277 
308 
308 
304 
309 
309 
335 
301 
302 
313 
301 
304 
313 
297 
304 
317 

1111. ---- 

303 
277 
266 
295 
279 
315 
309 
272 
271 
- 
- 

240 
248 
282 
178 
219 
244 
290 
295 
298 
309 
298 
337 
291 
264 
292 
262 
293 
246 
282 
236 

2 h .  

309 
287 
317 
306 

322 
311 
334 
304 
308 

- - - -  
318 
301 
292 
300 
269 
334 
295 
304 
297 
308 
295 
289 
311 
300 
295 
- 

302 
306 
308 
282 

-.- 

10h. 

256 
279 
297 
271 
282 
311 
316 
267 
260 
-- 

219 
256 
224 
271 
156 
180 
276 
288 
295 
279 
335 
290 
337 
286 
251 
303 
251 
2 5  
220 
303 
240 - 

- -- -- . - - -- - . 

20007 (0.02 C.C.S. Unit) + 
611. 

295 
- 

308 
305 

309 
288 
304 
328 
308 
262 
263 
288 

(288) 
221 
206 
262 
245 
298 
302 
291 
295 
303 
297 
315 
295 

-- 
269 
269 
277 
278 - - 

7 h .  

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
290 - 
311 
302 

311 
303 
292 
277 
301 
251 
253 
274 

(286) 
201 
251 
311 
234 
293 
305 
322 
320 
337 
278 
289 
314 
- 

257 
276 
313 
249 
. - 

8 h .  

282 
- 

317 
275 

- -  
314 
328 
279 
262 
289 
253 
213 
240 

(284) 
202 
207 
195 
295 
298 
306 
322 
300 
342 
282 
280 
290 - 
277 
301 
324 
236 
- 

'311. 

308 
- 

305 
288 
275 
320 
324 
273 
249 
- 

222 
227 
238 
282 
82 

236 
260 
293 
298 
286 
353 
318 
344 
286 
274 
295 
273 
267 
250 
295 
256 





Day. 
-- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

HOURLY VALUES-continued. 
8'-February, -- 191 1. 

3000Y (0.03 C.G.S. Unit) f ---- 

- -- 



St-February, 191 1. - -- - ----- 
3000y ( .03 C.C.S. Unit) 4- blaxirnu~ll Reading Minimum Hcndhig 

15 h. 10 h. 1 17 h. 1 18 h. 24 h. Tin'o' and Timo. 

Y Y Y Y  Y  Y  - - -- - 
-- I - 

A 

-. - - - - - -  
- - - - - I -  -- 

667 557 637 618 602 509 489 455 451 469 625{ :: 2: ) 392 6 28 
579 
548 
557 
574 
565 
621 
597 
693 
667 
684 
618 
559 
608 
694 
646 

599 
659 
584 
586 
634 
590 
586 
630 
662 
680 
610 
586 
587 
679 
619 - 

566 
577 
692 
594 
568 
655 
655 
571 
610 
566 
557 
522 
674 
590 
669 

--- - 
661 
574 
654 
570 
603 
698 
554 
563 
566 
679 
563 
642 
637 
537 
589 
635 
573 
564 
532 
585 
621 
627 
672 
G49 
720 
651 
698 
681 
629 
611 
617 ---- 

617 
592 
572 
545 
592 
589 
570 
581 
590 
573 
566 
590 
541 
566 
610 
525 
589 
548 
544 
605 
579 
633 
572 
605 
630 
639 
614 
690 
661 
668 
607 

571 
608 
559 
566 
513 
548 
539 
527 
544 
559 
522 
500 
495 
511 
571 

608 
625 
557 
545 
581 
579 
586 
592 
594 
579 
559 
576 
557 
614 
GO7 
542 
533 
532 
541 
672 
589 
728 
572 
572 
617 
607 
673 
649 
660 
661 
664 

-564 
519 
530 
520 
563 
594 
548 
570 
537 
548 
533 
563 
642 
605 
500 
541 
520 
606 
524 
535 
530 
502 
511 
648 
604 
537 
674 
636 
542 
644 
617 - 

5 5 2 -  
572 
622 
542 
612 
618 
589 
585 
577 
564 
548 
573 
550 
633 
537 
548 
539 
513 
529 
673 
537 
573 
570 
552 
633 
659 
686 
669 
673 
532 
537 --- 

533 
616 
531 
527 
531 
552 
626 
517 
506 
505 
473 
493 
643 
500 
608 -- 

511 
517 
537 
608 
617 
542 
530 
546 
537 
544 
520 
546 
532 
548 
493 
488 
513 
607 
616 
823 
506 
493 
530 
613 
517 
602 
633 
562 
529 
522 
657 - 

618 
643 
511 
524 
518 
531 
520 
544 
476 
499 
447 
467 
491 
477 
504 
- - 

d29 
515 
506 
502 
510 
497 
515 
493 
508 
533 
522 
522 
624 
491 
491 
491 
504 
504 
I511 
448 
482 
608 
495 
520 
473 
493 
441 
532 
517 
508 
620 -- - - 

471 
516 
489 
464 
439 
509 
613 
439 
522 
506 
449 
483 
417 
455 
471 - - - - 

St-March, 
635 
501 
622 
507 
469 
485 
493 
497 
523 
616 
623 
515 
501 
489 
493 
496 
493 
501 
GO4 
337 
412 
435 
626 
478 
486 
524 
493 
519 
498 
615 
510 - 

449 
487 
487 
495 
484 
496 
505 
477 
613 
443 
427 
447 
458 
432 
442 -- - 

473 
498 
476 
511 
486 
491 
517 
454 
516 
620 
622 
610 
480 
482 
491 
476 
473 
493 
497 
352 
405 
485 
485 
463 
523 
516 
464 
510 
488 
507 
615 -- - 

461 
462 
486 
461 
491 
605 
504 
500 
487 
447 
471 
430 
449 
414 
458 -- - - 

1911. 

414 
473 
483 
454 
GOO 
499 
602 
469 
425 
430 
469 
344 
394 
471 
423 -- - 

850 
731 
619 
622 
655 
678 
615 
673 
741 
743 
946 
649 
766 
815 
765 -- - - 

13 20 
9 19 

16 38 
17 12 
1 G  12 
14 23 
16 5 
I5  42 
14 23 
15 23 
14 10 
12 55 
12 14 
14 45 
12 09 

271 
370 
411 
361 
396 
374 
445 
394 
234 
326 
352 
324 
348 
366 
314 ---- 

7 6 
3 33 
3 57 
2 44 
3 37 
2 42 
5 39 

21 12 
2 21 
1 30 
1 24 

23 44 
0 0 
2 33 
a 34 - - - 



Day. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

HOURLY VALUES-continued. 
S'-April, 1911. 

1 3000Y ( .03 C.G.S. Unit) + 





- 
1 3000Y (0.03 C.G.S. Unit) + 





I 300w (0.03 C.Q.S. Unit) f 

526 513 516 513 514 514 532 540 546 547 547 554 567 601 615 

/ 512 512 1 537 539 529 537 543 523 541 539 538 538 553 570 601 
529 505 ; 512 532 529 , 540 537 538 536 543 546 558 567 597 584 
529 515 / 526 526 529 529 530 539 536 546 541 543 548 552 543 
528 512 1 512 512 1 502 488 515 543 532 550 589 614 564 547 567 
528 528 1 520 505 519 533 538 538 536 542 545 b48 556 569 553 
531 526 528 531 535 538 541 539 539 541 543 547 553 550 548 
536 536 535 530 1 530 531 538 537 538 540 541 650 516 553 546 ' 505 483 481 337 406 505 536 516 535 567 558 666 625 595 648 ' 
460 468 513 492 500 1 500 516 535 541 537 560 550 577 598 652 
494 468 507 509 1 509 , 507 511 532 545 550 556 587 591 569 594 
535 522 , 487 1 480 ' 507 507 495 513 517 560 560 571 563 588 647 1 515 502 473 499 505 5 529 529 550 543 548 586 575 586 690 1 520 522 509 ' 509 , 487 1 4 512 520 541 555 547 552 545 543 565 

j 502 516 1 513 / 520 513 530 535 532 537 543 547 553 553 574 586 
1 515 521 1 526 523 1 516 1 516 513 526 533 546 545 557 548 652 540 

- .  . 

S'--September, 1911. -- - 
506 
529 
519 
528 
532 
532 
514 
516 
520 
528 
485 
517 
480 
506 
531 
514 
465 

546 
540 
536 
541 
550 
541 
537 
541 
540 
547 
562 
563 
546 
550 
550 
553 

555 
- 

530 
540 
538 
558 
546 
535 
645 
545 
552 
564 
569 
548 
550 
570 
560 

483 
533 
502 
531 
523 
526 
528 
524 
533 
524 
500 
438 
500 
532 
532 
514 
402 

535 
511 
538 
543 
530 
515 
535 
545 
500 
541 
532 - - 

478 

- 
586 
618 
612 
631 
591 
575 
573 
630 
577 
574 - 

519 
526 
502 
528 
528 
533 
520 
536 
507 
515 
499 
460 
498 
541 
541 
531 
522 

571 - 
541 
541 
545 
545 
543 
553 
556 
555 
556 
575 
560 
543 
565 
576 
577 

. - - - -  

497 
533 
512 
530 
526 
509 
523 
521 
532 
523 
516 
465 
505 
505 
532 
533 
509 

567 
611 
608 
644 
635 
605 
573 
577 
604 
569 
693 - 

532 
485 
539 
533 
524 
528 
528 
545 
498 
541 
535 

543 
528 
535 
535 
530 
513 
531 
538 
528 
521 
531 
507 
531 
550 
539 
529 
523 

537 
532 
536 
531 
524 
524 
514 
533 
525 
514 
626 
496 
629 
539 
541 
536 
541 

507 
528 
515 
528 
526 
526 
519 
528 
528 
520 
613 
488 
485 
526 
528 
529 
515 

532 
509 
475 
554 
506 
540 
532 
547 
535 
538 
530 

536 
533 
535 
531 
529 
535 
535 
533 
532 
530 
530 
526 
545 
548 
560 
550 

580-$6?- - 
547 
539 
557 
540 
540 
557 
565 
598 
553 
601 
569 
558 
577 
616 
- 

560 - 
548 
641 
547 
547 
548 
553 
8 
560 
567 
580 
560 
560 
560 
574 
581 

53j--626--54Fj 
541 
539 
535 
538 
537 
538 
537 
535 
539 
539 
548 
555 
643 
543 
560 
555 

- - - -  

- 
547 
540 
550 
537 
548 
567 
560 
564 
560 
550 
560 
562 
567 
571 
620 

528 
483 
432 
520 
502 
528 
543 
548 
543 
543 
526 

523 
488 
421 
521 
535 
535 
550 
543 
538 
543 
531 

526 
517 
499 
523 
541 
540 
543 
536 
550 
550 
533 

523 
526 
538 
509 
555 
539 
535 
539 
543 
548 
528 

530 
548 
540 
524 
521 
547 
555 
552 
560 
558 
540 

537 
554 
537 
555 
546 
5 0  
555 
546 
560 
539 
538 

545 
560 
553 
553 
541 
563 
557 
562 
557 
556 - 

562 
587 
589 
554 
565 
554 
565 
570 
560 
560 
- 

558 
604 
601 
597 
557 
560 
563 
584 
567 
562 
- 

586 
620 
591 
620 
563 
557 
563 
594 
577 
660 
- 



Minitnu~n Itoading 
and Time. 

HOURLY VALUES-~01Zti~~ed. 
-- St-August, 191 1. 

St--September, 181 1. 

Maximum Roading 

- 
y 

584 
584 
591 
641 
687 
657 
598 
571 
565 
555 
571 
560 
591 
579 
677 
628 
611 
GO5 
562 
627 
582 
560 
664 
710 
696 
642 
705 
626 
696 
623 
582 

3000y 
1 8 h .  

562 
550 
571 
595 
543 
648 
656 
545 
530 
643 
532 
539 
579 
662 
664 
608 
543 
660 
660 
541 
550 
537 
536 
575 
554 
553 
573 
545 
536 
557 
565 

(0.03 C.G.S. Unit) + 
15h. 

567 
567 
552 
591 
618 
618 
582 
540 
538 
545 
656 
541 
556 
547 
550 
611 
584 
574 
548 
660 
550 
550 
560 
606 
642 
584 
531 
601 
646 
570 
543 
. .- 

andTilllc' -- - 

1 1 . m .  

15 40 
16 32 
17 I4 
13 18 
13 55 
15 5 
14 43 
17 28 
10 57 
15 57 
12 58 
10 50 
15 38 
16 30 
17 42 
16 57 
14 10 
12 42 
13 12 
11 20 
13 8 
12 5 
15 23 
11 15 
14 17 
13 2 
13 59 
14 24 
14 2 
14 25 
10 50 

1011. 

569 
569 
567 
603 

2111. 

539 
532 
461 
515 
530 
533 
526 

1711. 

564 
667 
582 
616 

Y - - Y I - - Y - Y  1911.-2011. 2411. 

y 
515 
538 
530 
531 
636 
521 
531 

-.Y--- 
543 
529 
509 
497 
520 
538 
528 

554 
555 
554 
548 
538 
545 
633 

2211.1231~.  

y 
521 
536 
521 
531 
537 
533 
531 

536 
550 
531 
541 
539 
536 
524 

540 
533 
532 
533 
539 
657 
655 
541 
576 
536 
543 
648 
616 
641 
639 
635 
587 
538 
546 
554 
521 
537 
535 
550 

574 1 543 

533 
532 
523 
535 
531 
528 
550 
646 
641 
539 
540 
640 
498 
523 
531 
521 
547 
545 
526 
529 
528 
523 
540 
521 

573 
560 
541 
543 
646 
540 
541 
676 
664 
558 
606 
655 
557 
553 
574 
550 
548 
548 
642 
579 
582 
567 
575 
548 
567 
555 

526 
528 
515 
528 
532 
514 
502 
526 
512 
529 
629 
528 
528 
531 
636 
505 
460 
494 
535 
515 
520 
602 
515 
506 -- 

1 565 
548 
553 
533 
548 
537 
639 
582 
567 
565 
618 
543 
546 
560 
543 
657 
543 
545 
663 
553 
571 
567 
567 
555 
562 
560 

532 
531 
517 
526 
530 
523 
631 
530 
520 
531 
526 
629 
628 
633 
828 
463 
1197 
440 
640 
444 
536 
619 
502 
504 - 

635 530 
529 / 531 
524 1 506 
531 I 532 
526 1 529 
505 1 532 
543 
636 
496 
626 
636 
536 
521 
5,73 
528 
511 
516 
550 
526 
520 
526 
524 
523 
492 

1 533 
528 
514 
521 
629 
629 
522 
532 
530 
495 
528 
530 
466 
497 
632 
529 
502 
513 



Day. 

-- -- -- - 
Sf--October, 1911. - - - - . -- - - -- - - - 

1 3000Y (0.03 C.G.S. Unit, + , . 
Oh. 

Y 
531 
535 
523 
533 
528 , 513 

, 507 
I 523 

517 1 509 
/ 520 
1 541 
1 543 
I 535 

538 1 545 
492 1 464 

I 492 
439 
522 

1 528 
1 540 

523 
504 
536 

/ 211. 

Y 
628 
533 
460 
531 
528 
526 
496 
505 
485 
492 
500 
540 
537 
533 
533 
543 
514 
442 
492 
490 
488 
509 
514 
530 
524 
535 

/ I h. 

Y 
526 
535 
496 
531 
531 
530 
502 
514 
477 
488 
482 
539 
538 
536 
537 
545 
463 
455 
529 
483 
488 
512 
532 
530 
521 
536 

6 h .  I Oh. 

533 
530 
533 
520 
537 

Y 
537 
538 

528 
529 
532 
500 
537 

1 Bh. 

Y 
529 
535 
462 
528 
523 
531 
497 
498 
535 
520 
498 
540 
537 
524 
533 
543 
526 
457 
513 
489 
478 
502 
507 
522 
504 
528 

521 
532 
532 
522 
533 

--- 
Y 

537 
541 

4 h .  

Y 
528 
536 
505 
526 
523 
530 
519 
473 
543 
502 
489 
529 
539 
531 
506 
539 
509 
526 
506 
495 
485 
540 
526 
526 
539 
526 

7 h .  / Rh. I Dh. l 1 0 h . l  l l h .  -------- 

526 533 547 540 554 560 565 572 581 572 
520 540 553 557 552 550 563 580 
536 
536 
524 553 556 550 558 582 553 570 
522 
546 1 550 550 560 546 569 580 593 610 628 
521 540 554 555 555 572 565 579 584 575 
480 506 519 538 594 618 686 707 729 751 
543 543 579 590 1 584 582 548 545 603 567 

, 

12h. 

Y 
557 
555 

522 
528 
529 
511 
532 

Y I Y  546 537 
Y I Y I Y  

539 550 555 

I 

St-November, 191 1. 

1 3 h . l  14h. 

536 , 538 545 1 545 548 

572 
562 
572 
533 
550 
536 
497 
540 
548 
533 
533 
529 
538 
506 

524 
546 
530 
541 
526 
498 
502 
541 
543 
540 
512 
521 
553 

1 514 

Y 
553 
548 

521 
555 
560 
543 
533 
528 
564 

1 543 
550 
519 
509 
517 
543 
543 

Y 
553 
553 

546 
545 
547 
509 
530 

546 
526 
545 
500 
531 

524 532 

529 
530 
526 
517 
519 
522 
522 
522 
535 

575 
554 
558 
552 
553 
581 
531 
539 
567 
540 
550 
564 
540 
515 

530 
532 
539 
528 

535 
539 
531 
475 
519 
447 
533 
523 
498 

546 
532 
517 
463 
533 
507 
536 
535 
499 

526 
535 
528 
514 
532 
494 
526 
521 
526 

536 
560 
565 
554 
567 
567 
573 
564 
560 
570 
567 
572 
569 
545 

560 
558 
533 
560 
560 
573 
564 
558 
567 
567 
558 
567 
537 
587 

524 
535 
530 
517 

543 
552 
563 
479 
540 
531 
546 
536 
537 

540 
533 
528 
460 
530 
494 
540 
537 
478 

541 
533 
539 
546 
522 
519 
543 
532 
526 

546 
567 
530 
532 
529 

557 
497 
533 
537 
485 
567 
607 
538 
528 
532 
468 
523 
511 
523 
533 
512 
517 
543 

517 
520 
533 
535 
460 
349 
513 
524 
535 
531 
540 
517 
512 
531 
528 
526 
521 
528 
535 
537 
538 - 

558 
574 
558 
550 
563 

550 
582 
579 
558 
567 
575 
593 
572 
573 
575 
563 
563 
601 
553 

557 
557 
539 
550 
560 

538 
562 
582 
492 
536 
535 
564 
550 
520 

515 
520 
535 
536 
475 
453 
463 
516 
520 
505 
514 
517 
517 
519 
521 
520 
517 
532 
523 
520 
482 

516 
516 
533 
537 
431 
448 
487 
513 
512 
532 
531 
512 
520 
524 
521 
526 
515 
530 
530 
528 
520 

538 
532 
543 

480 

565 
521 
511 
505 
531 
595 
499 
553 
541 
532 
530 
570 
545 
533 
529 
526 
531 

571 
541 
573 
565 
572 

571 
570 
596 
562 
599 
593 
556 
563 
593 
591 
567 
567 , 
618 
553 

546 
577 
596 
516 
556 
546 
543 
562 
485 

519 
507 
529 
509 
500 
550 
532 
496 
490 
538 
509 
523 
500 
506 
528 
529 
512 
530 
515 
531 
519 

502 
557 
540 
580 
526 
606 
499 
555 
565 
532 
530 
562 
500 
543 
532 
550 
556 

517 , 485 
515 ' 516 
533 528 
530 1 516 
441 1 497 
464 1 479 

567 
570 
569 
547 
584 

563 
606 
657 
569 
573 
596 
582 
577 
622 
611 
570 
577 
676 
573 

560 
580 
556 
555 
567 
550 
571 
570 
502 

454 
531 
526 
522 
515 
509 
506 
521 
531 
515 
505 
530 
524 
516 
463 

590 
587 
628 
564 
590 
020 
574 
608 
622 
584 
571 
589 
579 
584 

548 
569 
547 
567 
557 
584 
522 
562 
577 
541 
531 
526 
530 
543 
528 
529 
564 

528 
535 
495 
526 
509 
492 
498 
519 
533 
513 
506 
526 
522 
529 
497 

578 
570 
570 
558 
588 

565 
554 
580 
567 
580 

587 
572 
553 
543 
578 
571 
578 
562 
543 

580 
550 
582 
578 
574 
591 
567 
584 

524 
571 
557 
575 
598 
567 
557 
572 
563 
545 
563 
529 
550 
548 
529 
539 
581 

569 
598 
618 
623 
613 
589 
589 
577 
649 

5 9 c [ j 9 5 5 8 6  
584 
581 
575 
608 
581 
577 
560 
639 

557 
560 
572 
564 
630 
581 
597 
588 
573 
555 
541 
517 
530 
546 
545 
560 
573 

597 
570 
581 
608 
696 
613 
595 
604 
563 
557 
528 
573 
563 
572 
580 
564 
606 

587 
633 
625 
599 

, 605 
597 
567 
601 

644 
560 
584 
606 
570 
623 
593 
611 
562 
569 
550 
591 
541 
555 
532 
556 
584 

633 
560 
618 
594 
632 
644 
595 
597 
579 
571 
533 
584 
545 
564 
555 
560 
591 





Day. 

1 

HOURLY VALUES-continued. 

- - 8'-December, -. 191 1. 
- - -- -. - - -- -- -- --- 

3000Y (0.03 C.C.S. Unit) + 
l l h .  12h.  -- 
Y Y  

586 627 
596 582 
597 567 
620 595 
584 581 
571 691 
639 580 
556 562 
569 570 
565 570 
557 664 
590 614 
584 589 
564 589 
616 621 
604 618 
573 584 
560 623 
550 567 
522 538 
526 564 
573 579 
547 563 
554 557 
595 603 
605 608 
653 680 
584 589 
587 601 
586 589 
529 623 









Day. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
20 

- - I ' - - - - - -- 

I 300W ( .03 C.G.S. Unit) + I 
Oh. 

556 
536 
555 
538 
556 
538 
533 
544 
551 
55.5 
561 
553 
539 
555 
556 
473 
509 
557 
534 
525 
548 
555 
548 
557 
539 
534 
550 
544 
550 
S58 

-- 

B h . 1  4 h .  1 bh.  1 3 .  ----- 

572 
575 
621 
581 
606 
731 
638 
584 
575 
567 
579 
568 
580 
574 
573 
591 
572 
590 
577 
587 
577 
596 
575 
596 
572 
574 
574 
579 
579 
574 

l'h. 

558 
546 
553 
536 
553 
529 
510 
532 
549 
553 
563 
555 
546 
557 
557 
521 
558 
561 
546 
536 
543 
558 
541 
559 
529 
509 
556 
538 
567 
5 

- 
Oh.  - 

557 
543 
540 
539 
555 
573 
549 
538 
558 
556 
553 
560 
556 
561 
551 
573 
544 
508 
564 
565 
555 
560 
558 
546 
563 
561 
561 
657 
556 
564 

574--- 
589 
619 
- 

613 
599 
591 
599 
587 
577 
572 
662 
692 
651 
613 
587 
615 
575 
577 
609 
587 
604 
575 
572 
577 
579 
602 
685 
573 
579 
890 

14h.  

570 
573 
613 
596 
606 
658 
628 
581 
587 
564 
587 
576 
596 
567 
609 
615 
600 
584 
585 
681 
580 
607 
574 
585 
570 
584 
572 
581 
582 
573 - -. --- 

8 h .  

560 
561 
563 
558 
564 
583 
576 
576 
560 
565 
574 
564 
566 
572 
567 
568 
572 
558 
570 
570 
561 
563 
558 
566 
567 
564 
564 
559 
569 
559 

- - 

2 h .  

558 
533 
557 
522 
555 
504 
519 
536 
551 
553 
561 
555 
550 
548 
553 
565 
529 
556 
548 
549 
555 
556 
524 
558 
553 
539 
559 
544 
558 
560 

1 7 h .  - 

Y Y Y Y l Y Y Y Y Y Y Y Y Y Y Y  
5.51 
558 
550 
550 
555 
558 
540 
553 
558 
553 
572 
561 
563 
565 
551 
568 
546 
553 
548 
560 
560 
553 
558 
565 
565 
557 
563 
556 
561 
I 
- 

-- 
558 
546 
540 
544 
553 
546 
517 
533 
553 
548 

558 1 551 
539 I 549 
553 / 546 
544 542 
553 540 
504 / 532 
508 , 512 
533 1 546 

- .  

517 
560 
553 
548 
568 
437 
500 
501 
5 8  
561 
553 
565 
478 
573 
553 
561 
559 
557 
567 
558 
565 
567 
570 
568 
567 
566 
565 
572 
567 
532 
568 

551 
558 

572 
579 
587 

-- 
606 
580 
596 
596 
574 
579 
575 
601 
606 
628 
609 
576 
579 
576 
576 
589 
580 
590 
572 
576 
582 
577 
576 
679 
576 
579 
594 

n h .  

567 
565 
568 
570 
572 
580 
582 
579 
568 
572 
574 
565 

(568) 
567 
582 
570 
570 
560 
575 
585 
565 
570 
570 
575 
563 
566 
566 
566 
570 
563 - -- - 

556 
546 

551 550 542 
555 / 557 553 
556 
563 
546 
536 
531 
548 
531 
534 
564 
558 
534 
553 
556 
553 
559 

7 5  
583 
604 - 
594 
582 
607 
590 
580 
590 
576 
601 
657 
676 
600 
576 
575 
577 
577 
606 
587 
581 
572 
574 
577 
579 
585 
583 
579 
574 
594 

87-3 
577 
623 - 
626 
581 
589 
604 
579 
579 
575 
617 
746 
651 
611 
581 
600 
572 
575 
621 
590 
594 
573 
572 
579 
580 
594 
579 
576 
580 
887 

570 
567 

(567) 
- 

580 
573 
572 
574 
575 
573 
672 
580 
587 
609 
587 
570 
574 
572 
577 
579 
573 
582 
573 
577 
574 
574 
576 
576 
574 
580 
584 ---- 

2 

567 
579 
613 
583 
600 
717 
611 
589 
587 
563 
579 
576 
574 
583 
572 
687 
573 
618 
585 
575 
574 
584 
575 
599 
580 
575 
570 
570 
577 
572 

560 
568 
570 
570 
577 
638 
573 
576 
570 
570 
670 
565 
(570) 
573 
587 
574 
585 
567 
579 
615 
573 
580 
568 
589 
568 
567 
567 
574 
573 
566 
-- ---- 

560 1 551 
560 i 561 

6% 
560 
546 
548 
589 
574 
531 
553 
534 
566 
563 
564 
529 
574 
560 
570 
558 
546 
567 
560 
566 
560 
570 
568 
566 
570 
566 
572 
570 
557 
568 

567 
577 
579 
- 

590 
579 
582 
599 
570 
572 
572 
581 
628 
615 
589 
573 
575 
575 
575 
576 
676 
573 
572 
576 
570 
574 
573 
577 
573 
575 
599 

1 0 . 1  

567 
573 
590 
577 
585 
659 
592 
585 
580 
570 
573 
567 
(572) 
577 
566 
567 
570 
633 
573 
597 
573 
585 
572 
572 
579 
572 
572 
5 7  
572 
572 
-- 

546 
561 
548 
533 
539 
549 
563 
564 
543 
546 
553 
558 
561 

541 546 
566 553 
561 660 

- - i 
--- 

565 
565 
555 
568 
585 
576 
570 
577 
573 
572 
572 
572 
565 
574 
568 
573 
572 
572 
575 
580 
568 
577 
572 
573 
570 
574 
574 
570 
573 
572 
683 

561 
565 
542 
538 
608 
553 
531 
546 
564 
555 
566 
541 
558 
570 
544 
563 
572 
558 
559 
570 
564 
544 
565 
572 
565 
561 
566 
575 
564 
561 
563 

8'-May, 
565 
558 
549 
558 
608 
558 
570 
553 
542 
563 
568 
548 
557 
551 
546 
561 
560 
572 
561 
563 
559 
565 
565 
568 
567 
566 
566 
570 
566 
567 
557 

534 
550 
550 
495 
553 
546 
556 
560 
553 
542 
556 
558 
561 
555 
549 
560 

553 
563 
544 
558 
604 
570 
544 
560 
555 
558 
565 
549 
559 
553 
551 
557 
570 
559 
560 
570 
566 
570 
564 
570 
567 
561 
574 
572 
568 
572 
550 

558 
563 
534 
538 
594 
579 
546 
566 
534 
555 
558 
563 
563 
563 
566 
568 
557 
566 
564 
558 
565 
564 
566 
570 
568 
564 
564 
572 
570 
566 
563 
-- 

-- . 1922. -- 
565 
564 
560 
558 
570 
572 
572 
566 
570 
567 
572 
560 
563 
590 
564 
567 
568 
566 
565 
560 
565 
570 
570 
567 
570 
572 
572 
673 
567 
566 
567 - 

486 

565 
564 
538 
538 
604 
570 
543 
565 
560 
559 
565 
560 
558 
563 
557 
564 
565 
553 
557 
570 
565 
546 

,567 
570 
567 
564 
566 
574 
568 
568 
558 



Mii~iii~u~n Roadii~g 
and Time. 

HOURLY VALUES-CO?~~Z~ZU~~.  

- .- -- 8'-April, 1912. -- 
Blhsiniuni Reading 

and 

y 
579 
582 
633 
609 
681 
751 
662 
613 
606 
633 
594 
694 
633 
596 
722 
654 
684 
640 
GO4 
791 
600 
616 
609 
626 
693 
594 
579 
592 
585 
579 

( -03 

19 11. - 
Y 

557 
567 
555 
659 
559 
559 
564 
564 
566 
579 
574 
563 
599 
570 
594 
566 
592 
575 
565 
564 
563 
573 
570 
567 
566 
565 
570 
561 

(568) 
567 

c%.s. 
20 11. - 

Y 
555 
563 
553 
555 
548 
563 
560 
558 
558 
568 
568 
558 
575 
586 
587 
529 
576 
559 
660 
559 
569 
574 
557 
570 
658 
564 
564 
560 

(664) 
561 

Timo. 
---- 

11.". 

14 35 
6 53 

12 47 
15 31 
15 55 
12 45 
12 10 
11 12 
12 19 
17 47 
12 18 
12 14 
16 33 
12 5 
16 25 
14 20 
16 18 
11 10 
13 50 
14 32 
11 47 
13 50 
17 3 
12 0 
11 37 
14 23 
12 45 
14 43 
14 22 
16 13 

30007 

18 11. 

Y 
558 
570 
573 
559 
570 
561 
566 
570 
579 
600 
570 
570 
594 
570 
638 
590 
617 
581 
561 
570 
565 
581 
580 
576 
570 
668 
570 
573 
872 
570 

17 11. ----- 
Y 

558 
573 
580 
574 
583 
557 
573 
574 
576 
594 
568 
566 
617 
568 
689 
611 
626 
607 
561 
613 
568 
596 
600 
579 
572 
574 
568 
665 
581 
576 

15 h. 

Y 
573 
570 
611 
592 
606 
583 
697 
585 
580 
584 
583 
581 
601 
566 
669 
GO7 
594 
608 
568 
716 
576 
594 
570 
589 
576 
583 
567 
582 
568 
573 

------ 
16 h. 

Y 
563 
572 
590 
589 
652 
579 
573 
584 
572 
598 
572 
575 
617 
867 
694 
611 
654 
611 
563 
631 
570 
604 
572 
689 
576 
589 
568 
573 
573 
570 - 

- 
24 1,. --- 
y 

556 
555 
638 
556 
538 
533 
544 
561 
555 
561 
553 
539 
555 
556 
473 
509 
557 
534 
525 
548 
555 
518 
567 
539 
534 
650 
544 
550 
658 
517 

Unit) + 
- - - - -  

21 31. - -- 
Y 

555 
556 
544 
549 
540 
651 
548 
546 
560 
461 
559 
548 
563 
560 
639 
525 
657 
559 
561 
546 
560 
559 
558 
555 
553 
564 
553 
561 
569 
558 

- 
2fi1.1 

Y - y  
541 
553 
548 
639 
525 
536 
490 
553 
556 
478 
556 
541 
548 
555 
534 
560 
532 
471 
561 
544 
559 
553 
560 
534 
567 
551 
646 
557 
661 
561 

- 
23 11. - 

536 
550 
829 
549 
551 
536 
529 
556 
555 
546 
553 
636 
544 
555 
454 
522 
638 
541 
546 
551 
558 
546 
558 
548 
548 
541 
519 
553 
553 
560 



-- -- - 

Day. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

HOURLY VALUES-continued. 

- - %-June, 1912. 
- . -- - -- ---- - .- - -- 

- 

- - 

Oh. -- 
Y 

558 
536 
567 
556 
567 
574 

562 
564 
509 
554 
538 
551 
561 
560 
567 

554 
563 
565 
567 
561 
558 
551 
558 
569 
563 
572 
560 
536 

-- --- 

-- 
554 
561 

539 
551 
524 
497 
567 
567 
536 
558 
562 
562 
561 
564 
562 
565 
561 
567 
558 
548 
548 
558 
568 
569 
561 
5 4  
569 
563 
564 

(543) 

3 h .  ----- 

Y 
570 
577 
540 
567 
576 
568 

567 
530 
530 
512 
558 
549 
555 
547 
563 

569 
571 
570 
567 
567 
541 
562 
853 
569 
568 
572 
665 
554 

- -- 
l h .  - 
Y 

565 
574 
568 
565 
570 
576 

564 
503 
526 
553 
554 
553 
564 
562 
564 

560 
558 
568 
570 
563 
555 
534 
526 
568 
563 
575 
553 
530 

2 h .  - 
Y 

560 
570 
556 
570 
574 
576 

567 
472 
519 
532 
554 
553 
564 
555 
563 

570 
565 
569 
567 
562 
546 
569 
541 
571 
553 
573 
552 
543 

555 
556 

549 
514 
524 
562 
562 
548 
553 
560 
567 
561 
565 
558 
567 
567 
560 
567 
556 
543 
555 
558 
564 
570 
560 
565 
565 
558 
555 
529 

4 h .  
- -- 

Y 
577 
576 
542 
572 
573 
570 

570 
529 
522 
562 
560 
562 
548 
552 
567 

- - - - - - - - - -  
564 
562 
570 
567 
561 
843 
565 
573 
570 
570 
571 
575 
571 

C.G.S. Unit) $ 
- . 

711. 8 h .  ! lh.  

Y I Y I Y  

- - 
1 0 h .  

Y 
576 
575 
587 
587 
576 
- 

564 
578 
605 
588 
568 
571 
571 
572 
- 

578 
571 
568 
570 
569 
575 
573 
b89 
577 
572 
572 
577 
571 
573 

3000Y 

5 h .  -- 
Y 

566 
572 
553 
570 
570 
575 

- - - - - . - - - - - -  

571 
562 
553 
551 
558 
567 
556 
558 
562 

558 
568 
567 
568 
563 
555 
553 
573 
572 
568 
571 
562 
558 
. - 

556 
577 
584 
576 
575 
-- 

560 
599 
609 
571 
570 
571 
570 
569 - 
577 
571 
568 
570 
571 
571 
571 
579 
573 
573 

1 675 

575 
572 
564 
575 
570 
568 

567 
575 
575 
546 
568 
562 
567 
564 
568 

558 
568 
569 
572 
563 
568 
567 
567 
570 
570 

- 
I l h .  

Y 
577 
580 
584 
592 
579 
- 
- 

575 
584 
616 
587 
572 
575 
572 
586 - 
573 
572 
572 
571 
567 
575 
578 
001 
573 
573 
569 
592 
5 
584 

( .03 

Gh. - 
Y 

687 
568 
574 
574 
572 
776 

571 
571 
548 
551 
555 
548 
558 
567 
561 

567 
569 
569 
570 
567 
560 
558 
571 
570 
569 
571 
546 
565 
- -  

- 
Y 

574 
583 
606 
581 
582 
- 

569 
599 
595 
648 
587 
582 
578 
578 
594 
- 

572 
571 
567 
570 
567 
580 
579 
586 
586 
584 
573 
633 
612 
585 

568 
573 
582 
575 
577 
576 

567 
592 
575 
577 
568 
569 
569 
570 
569 
- 

570 
571 
570 
570 
569 
569 
570 
575 
573 
572 

585 
- 

569 
596 
614 
603 
602 
586 
575 
570 
573 
573 
572 
569 
572 
572 
567 
594 
579 
577 
589 
580 
572 
573 
577 
577 
588 
577 
577 
576 
587 

546 
545 

546 
505 
519 
564 
561 
537 
565 
563 
567 
564 
567 
558 
569 
571 
558 
567 
565 
562 
562 
554 
562 
570 
561 
567 
565 
564 
561 
530 

669 
568 
553 

-- - 
572 
- 

554 
575 
580 
609 
573 
575 
580 
567 
573 
570 
560 
572 
579 
567 
567 
577 
570 
572 
575 
575 
572 
573 
575 
575 
577 
584 
575 
577 
580 

1211 .11311 .114h.  - -  

Y 
581 
583 
614 
581 
577 
-- 

570 
579 
605 
623 
599 
584 
575 
573 
588 
- 

572 
573 
571 
573 
568 
582 
584 
575 
603 
575 
571 
594 
623 
585 

569 572 
575 589 
578 1 573 

579 
-- 

553 
582 
585 
573 
585 
584 
582 
569 
573 
573 
565 
567 
575 
571 
565 
584 
572 
575 
582 
575 
573 
573 
579 
570 
592 
R73 
578 
575 
582 

- - 

Y 
584 
583 
625 
594 
582 
- 

568 
588 
682 
665 
599 
582 
577 
582 
699 
- -  

570 
579 
569 
571 
572 
571 
582 
586 
585 
584 
569 
569 
580 
579 

584 
- 

570 
622 
590 
578 
590 
597 
575 
582 
601 
573 
572 
569 
582 
577 
568 
631 
604 
586 
616 
582 
577 
678 
575 
892 
648 
582 
580 
582 
620 

573 
567 

563 
578 
592 
578 
569 
568 
570 
567 
567 
563 
568 
567 
571 
568 
570 
570 
571 
571 
561 
565 
570 
569 
567 
579 
579 
572 
573 
571 

- - 
590 
- 

567 
613 
698 
687 
587 
601 
580 
669 
577 
570 
573 
569 
575 
573 
567 
603 
592 
592 
587 
579 
573 
575 
580 
875 
611 
579 
578 
578 

(598) 

570 
565 

549 
466 
551 
567 
567 
549 
553 
562 
565 
563 
567 
665 
562 
567 
544 
568 
570 
565 
548 
560 
560 
571 
567 
555 
547 
570 
556 
534 

-- - - 
584 
- 

569 
596 
619 
606 
575 
645 
569 
575 
585 
573 
575 
572 
577 
590 
568 
607 
588 
586 
594 
579 
571 
580 
586 
578 
605 
580 
580 
582 
609 

- 
564 
565 

- - - - - - - - -  
545 
554 
547 
548 
561 
545 
547 
565 
564 
558 
567 
564 
562 
568 
522 
567 
569 
570 
551 
568 
564 
571 
568 
551 
526 
668 
569 
541 

563 
563 

541 
580 
546 
555 
553 
548 
563 
564 
562 
563 
562 
564 
563 
575 
532 
567 
569 
573 
560 
571 
567 
565 
549 
860 
549 
565 
570 
554 

8'-July, 
570 
567 

538 
558 
552 
558 
562 
565 
564 
560 
567 
564 
563 
561 
563 
572 
547 
563 
568 
565 
562 
567 
572 
569 
652 
571 
554 
567 
573 
565 

488 

1912. 
569 
565 

546 
558 
568 
558 
565 
570 
570 
564 
567 
562 
567 
563 
567 
573 
562 
564 
561 
571 
560 
569 
570 
568 
560 
562 
572 
571 
573 
567 -- 





Day. 

1 

HOURLY V~~u~s-continued. 
5'-August, - 19 12. 

I 3000Y (.03 C.G.8. Unit) + I 
-1--I--- o h .  

551 
569 
568 
556 
563 
561 

558 
565 
571 
569 
568 
569 
567 
570 
568 
568 
575 
543 
562 
562 
567 
558 
555 
572 
560 
555 
553 
573 
553 
571 

7 h .  

570 
560 
573 
569 
564 
560 

567 
567 
568 
567 
568 
571 
572 
568 
568 
573 
570 
568 
580 
568 
572 
558 
565 
572 
567 
572 
568 
565 
577 
571 

-- 12h. 

633 
586 
582 
585 
579 - 
578 
582 
578 
605 
589 
573 
578 
579 
595 
589 
653 
596 
691 
603 
592 
614 
618 
582 
594 
592 
597 
582 
648 
594 
577 -- 

I l h .  

585 
580 
577 
579 
575 - 
592 
572 
579 
582 
590 
575 
579 
579 
589 
579 
605 
579 
624 
599 
585 
609 
597 
587 
601 
596 
592 
569 
594 
596 
592 

Dh. 

589 
575 
571 
578 
573 
- 

575 
577 
579 
578 
580 
578 
578 
582 
582 
572 
575 
577 

(599) 
582 
580 
578 
582 
592 
580 
578 
575 
580 
582 
582 
580 

/ 

552 
571 
565 
567 
569 
575 

556 
564 
558 
567 
568 
568 
571 
568 
568 
567 
552 
568 
551 
562 
555 
513 
545 
539 
563 
564 
553 
561 
547 
570 - 

1 8 h .  

Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
573 
575 
575 
569 
571 
572 
- 

573 
572 
572 
577 
570 
572 
573 
570 
588 
573 
577 
587 
584 
575 
578 
578 
575 
577 
577 
575 
573 
587 
579 
577 
. 

-- 10h. 

592 
571 
584 
577 
573 - 
575 
579 
577 
585 
580 
576 
573 
575 
578 
575 
595 
585 

(612) 
579 
592 
594 
588 
597 
589 
588 
592 
578 
595 
592 
599 

l h .  211. 

553 547 

- 

- 13h. 

633 
586 
594 
582 
575 - 
592 
589 
585 
618 
586 
577 
585 
582 
604 
580 
667 
585 
616 
605 
582 
613 
613 
582 
604 
587 
601 
592 
629 
588 
586 

1 3 h .  

575 
568 
529 
575 
573 
549 

567 
560 
572 
565 
571 
570 
568 
556 
568 
570 
569 
558 
549 
563 
558 
531 
519 
544 
567 
562 
553 
564 
546 
567 

- 

558 
543 
569 
569 

569 
570 
561 
565 
572 
570 
570 
552 
569 
564 
519 
548 
561 
553 
522 
563 
554 
572 
556 
565 
517 
562 
569 
569 

- - -- 

1912. 
582 
576 
571 
573 
575 
582 
578 
578 
573 
573 
580 
582 
580 
553 
579 
575 

(575) 
621 
569 
589 
578 
572 
589 
582 
560 
545 
575 
579 
588 
588 

14h. 

657 
586 
585 
580 
575 - 
592 
575 
589 
605 
589 
575 
587 
594 
609 
580 
601 
597 
654 
609 
586 
691 
698 
592 
599 
590 
594 
586 
603 
594 
616 - -  

4 h .  

547 
570 
567 
572 
571 
541 

- - - - - - - -  
565 
567 
567 
565 
571 
567 
567 
571 
569 
566 
568 
558 
551 
564 
553 
512 
553 
551 
570 
568 
537 
549 
578 
567 

- - -- 

- 
578 
573 
572 
573 
571 
572 
572 
575 
567 
573 
573 
575 
567 
556 
569 
577 

(574) 
532 
571 
560 
571 
575 
573 
578 
549 
573 
560 
575 
585 
575 

490 

- - - 
S84 
575 
575 
575 
585 
585 
582 
585 
571 
588 
585 
580 
588 
582 
580 
584 
575 
652 
592 
575 
587 
592 
580 
582 
597 
582 
592 
679 

(587) 
586 - 

-- - 
568 1 568 
571 567 
567 1 571 
570 j 568 

568 
549 
558 
573 
568 

568 
568 
575 
567 
575 
572 
570 
563 
568 
555 
558 
563 
547 
562 
527 
569 
538 
569 
572 
553 
567 
563 
570 
572 
- - . 

- 
601 
575 
577 

(586) 
585 
601 
590 
586 
580 
586 
580 
588 
580 
592 
584 
580 
594 
561 
692 
580 
585 
587 
604 
586 
639 
580 
588 
586 
585 
694 

537 
558 
562 
569 
567 
519 
566 
562 
547 
569 
572 
573 
553 
551 
483 
573 
543 
529 
539 
567 
558 
573 
573 
554 
573 
573 

573 
534 
575 
573 
558 

570 
568 
572 
565 
564 
573 
570 
560 
569 
570 
565 
567 
551 
571 
558 
541 
536 
551 
560 
560 
552 
568 
558 
568  
-- -- 

586 
587 
618 
582 
621 
687 
596 
592 
618 
602 
614 
613 
592 
604 
601 
589 
660 
602 
640 
586 
613 
609 
640 
616 
686 
614 
594 
607 
611 

569- 
571 
571 
567 
555 
569 
568 
560 
562 
562 
562 
567 
564 
572 
577 

662 
572 
570 
568 
561 
578 
573 
570 
562 
556 
563 
571 
572 
554 
575 
570 
571 
537 
573 
531 
558 
552 
547 
561 
578 
578 
573 
565 
576 
567 

5 6 7  
558 
573 
567 
568 
575 
579 
577 
570 
558 
570 
571 
575 
567 
571 

562 
569 
565 
567 
568 
558 
563 
571 
565 
567 
573 
573 
556 
500 
556 
569 
526 
544 
564 
570 
670 
573 
573 
570 
570 
570 

-- 
~ 4 8 ~ ~ 6 3 8  

585 
582 
618 
592 
621 
685 
601 
628 
614 
609 
629 
620 
592 
599 
612 
589 
685 
601 
654 
577 
627 
602 
670 
601 
605 
607 
595 
604 
616 

609 
586 
580 
596 
582 
588 
589 
587 
597 
588 
588 
602 
587 
572 
596 
586 
586 
597 
592 
607 
587 
597 
635 
588 
726 
582 
599 
592 
592 
602 - 

8'-September, - - - -. 
558 
572 
573 
573 
560 
570 
558 
575 
565 
571 
567 
572 
567 
562 
568 
568 
573 
528 
575 
543 
573 
556 
556 
562 
564 
580 
560 
567 
578 
567 ------- 

-%9 
558 
571 
565 
558 
577 
577 
573 
568 
575 
565 
570 
568 
571 
570 

618 
582 
587 
588 
584 
620 
603 
589 
607 
597 
592 
607 
599 
592 
601 
590 
695 
605 
596 
616 
589 
597 
590 
609 
612 
592 
605 
592 
599 
597 

573 
560 
521 
558 
565 
554 
541 
551 
555 
578 
575 
672 
573 
573 
567 

572 / 572 
565 1 570 
539 507 
551 
564 
541 
543 
558 
561 
587 
578 

569 
552 
558 
532 
546 
567 
575 
575 

570 1 570 
570 563 
570 573 
568 1 663 - 



---L - 
3000Y ( . 0 3  C.G.S. Unit) f Maximum Roading 

15 h. 1 10 11. / 17 11. / 18 11. 1 10 11. 1 20 h. 1 21 11. 1 22 11. 1 21 11. 1 2.1 11. an"imm'' 
------------- 

Minimum Roading 
and Time. 

y 11 .m.  
528 1 32 
548 23 21 
512 2 28 
528 0 10 
554 22 0 
517 3 58 
532 20 12 
546 . 5 28 
54G 23 33 
652 4 35 
548 4 47 
556 6 8 
549 20 10 
628 23 38 
646 2 18 
560 22 30 
464 22 12 
614 0 0 
479 21 14 
532 3 30 
478 22 59 
512 0 2 7  
455 3 60 
498 2 36 
500 21 33 
551 1 28 
468 23 16 
50.5 0 3 
521 3 48 
537 2 45 
663 3 55 - - - - --- 



HOURLY V A L U E S - - ~ O ~ ~ ~ ~ W ~ .  
8'-October, 1912. 

- - -. - - -. -- - - - - - - - -- - - - -. 
I 3000)' (a03 C.Q.S. Unit) + 

Day. 1 

511. o h .  - 7 h .  - 8 h .  ~ h . 1 1 0 h .  l l h .  1211.11311. 14h .  - - -- -. 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

578 
563 

570 
558 
568 
562 
558 
-- 

548 
532 
552 
498 
523 
540 
546 
559 
555 
554 
549 

i 551 
24 / 552 
25 , 549 
26 536 
27 / 556 
28 540 
29 559 
30 554 
31 557 - - 

578 
561 

569 
556 
564 
558 
567 
- 

543 
539 
542 
482 
478 
557 
559 
561 
542 
554 
536 
554 
547 
551 
549 
559 
535 
561 
557 
546 -- 

575 
570 

- - - - - - .  
568 

1 564 
544 
556 
569 
- 

531 
539 
556 
514 
489 
521 
564 
562 
545 
553 
542 
557 
546 
551 
559 
- 

527 
537 
557 
554 

588 582 590 589 599 
571 
565 

565 

548 
552 
556 
- 

515 
532 
559 

564 
563 

564 

556 
551 
564 
-- 

511 
540 
548 

540 
551 
549 
-- 

528 
535 
546 

552 / 555 / 521 

575 
573 

568 

547 
546 
569 
- 

537 
542 
555 

554 558 
563 / 567 

558 
560 
570 
568 
553 
529 
544 
551 
501 
522 
532 
531 
564 
548 
555 
559 
559 

544 - - 

569 
569 

534 
543 
539 
516 
501 
540 
554 
559 
547 
547 
542 
553 

580 
569 

- - -  
571 

555 
576 
579 
--- 

548 
540 
553 

572 
570 
-- 

524 
544 
548 
521 
527 
523 
548 
559 
540 
548 
540 
549 

563 
571 
582 
572 
564 
547 
548 

(558) 
535 
535 
576 
535 
566 
559 
548 
551 
576 

549 - 

592 
571 

567 

573 
571 
585 
- 

564 
542 
559 

578 
582 
572 
572 
565 
548 
546 

(565) 
535 
576 
589 
553 
572 
566 
531 
566 
561 

564 -- 

597 
575 - 
577 

569 
573 
566 
573 
572 
593 
554 

580 
569 
582 
577 
584 
656 
548 

(572) 
538 
562 
549 
556 
574 
578 
596 
566 
568 

568 - - 

590 
604 
589 
582 

583 
574 
559 
586 
573 
587 
569 

588 
599 
601 

596 
561 
558 
579 
573 
576 
583 
576 
576 
583 
583 
576 
516 

600 -- - 

587 
599 
589 
595 

576 
587 
580 
593 
573 
583 
583 

594 
592 
588 
- -  

613 
556 
560 
580 
608 
596 
576 
587 
578 
579 
586 
585 
593 

604 

599 
597 
601 
597 

591 
593 
587 
600 
593 
593 
586 

592 
596 
609 
-- 

-- 

571 
582 
579 
607 
600 
607 
589 
578 
576 
586 
587 
588 

603 

618 
604 
611 
595 

596 
613 
606 
598 
585 
613 
587 

596 
620 
624 
-- 
- -  

587 
651 
596 
685 
600 
628 
586 
579 
573 
614 
588 
585 

593 
607 
606 
639 
573 
621 
586 

605 614 -- 

631 
599 
612 
603 

645 - 
609 
602 

597 
644 
611 
- -  

587 
572 
607 
615 
626 
586 
639 
604 
593 
581 
583 
586 
591 

590 
645 
616 
--- 

599 
567 
647 
600 
574 
638 
644 
598 
583 
583 
588 
598 
589 



15 11. - 
Y 

607 
699 
609 
- 
699 
587 
592 
630 
612 - 
606 
561 
660 
648 
659 
608 
665 
614 
890 
583 
579 
893 
600 
689 
634 
BOO 
646 
(i17 
620 
687 
61 2 - 

:%000Y (a03 C.G.S. Uuit) + 
17 11. I 1H'h. 

y - .  
577 
611 
d 

602 
580 
687 
631 
613 - 
573 
567 
627 
604 
617 
598 
615 
595 
688 
572 
576 
671 
591 
683 
686 
583 
628 
619 
591 
657 
893 

Maximuln Ibcading 
nnd 'L'ittlc. 

Ilini~llum Reading 
n~ld Ti~nc. 

I &  
568 
599 

-- 
599 
575 
586 
602 
604 - 
561 
569 
603 
614 
605 
586 
593 
676 
576 
566 
547 
566 
566 
563 
563 
573 
619 
589 
676 
668 
GOO 

6$7 
610 
680 
622 
618 
611 
620 
669 
648 
687 
633 
594 
6!14 
663 
750 
658 
680 
628 
GO5 
610 
662 
612 
624 
617 
641 
626 
668 
645 
629 
GO5 
63G -- - - . -- 

y 
487 
47 1 
553 
539 
563 
553 
546 
822 
539 
543 
524 
517 
478 
476 
414 
448 
503 
522 
584 
528 
482 
520 
482 
499 
516 
527 
837 
503 
510 

11. n-l. 
'18 2 
14 6 
13 45 
13 40 
13 7 
13 27 
12 33 
13 32 
12 18 
6 34 
9 48 

11 55 
11 50 
14 55 
12 16 
14 15 
14 57 
15 3 
12 37 
12 48 
11 40 
14 40 
16 10 
14 D 
14 42 
15 38 
15 17 
15 40 
14 13 
13 30 
14 10 

1 1 . 1 1 l .  

23 10 
0 49 
21 62 
7 28 
22 47 
4 28 
'0 22 
1 48 
23 35 
5 24 
23 7 
3 59 
23 6 
22 17 
1 8  
0 66 
2 15 
5 63 
3 0 
3 28 
6 43 
2 13 
9 0 
6 37 
22 0 
0 0 
23 47 
5 23 

1 7 42 
530 I 4 16 
508 1 5 0 - .. 



Dey. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



Mini11luni Reading 
and Time. 

-- V-February, 1911. -- 

1511. 

518 
530 
509 
480 
491 
506 
524 
524 
512 
505 
518 
573 
601 
604 
676 
586 
575 
590 
581 
598 
592 
576 
604. 
591 

Maximum Readir~g 
and 

y - 
- 
- 
- 
-- 

668 
699 
611 
623 
638 
647 
649 
596 
684 
680 
648 
706 
684 
741 
668 
687 
771 
697 
756 
680 
699 
725 
725 

1011. 

522 
610 
518 
495 
518 
514 
518 
537 
520 
496 
518 
581 
617 
594 
682 
601 
582 
614 
GO5 
602 
596 
581 
595 
611 

Time. 

11. Il l .  - 
-- 
- 
- 
- 

3 52 
8 35 

23 35 
2 7 

23 38 
0 23 
5 48 
4 23 
G 47 
1 42 

23 11 
10 25 
0 37 
2 50 
5 33 
9 30 

16 38 
1 55 

14 14 
0 60 

23 12 
0 57 

17 0 

1711. 

516 
537 
526 
510 
524 
521 
525 
547 
518 
525 
630 
594 
632 
604 
888 
615 
573 
677 
619 
614 
GO6 
611 
598 
678 

C.G.S. 

201,. - - - -  
Y Y Y Y Y Y Y Y Y Y  - - - - - _ _ _ _ _  - - - - - _ _ _ _ _  
- - - - - _ _ _ _ _  
- - - - + - - - - -  

520 
566 
531 
588 
549 
533 
544 
568 
533 
552 
573 
615 
617 
623 
623 
625 
590 
689 
636 
657 
626 
643 
639 
649 

68000Y (a68 Unit) f 

2111. 

524 
581 
586 
572 
564 
530 
564 
662 
554 
552 
673 
614 
647 
643 
629 
640 
623 
674 
643 
720 
629 
655 
638 
666 

1811. 

524 
549 
533 
507 
534 
530 
540 
548 
530 
534 
543 
600 
625 
614 
605 
614 
586 
623 
643 
632 
611 
634 
621 
655 

P 

2311. 

571 
558 
590 
590 
596 
611 
558 
560 
545 
623 
590 
638 
667 
647 
630 
644 
653 
648 
680 
670 
652 
684 
674 
718 

'2211. 

537 
572 
596 
576 
588 
576 
558 
568 
566 
617 
585 
617 
648 
652 
630 
639 
685 
652 
667 
687 
643 
665 
685 
703 

11931. 

528 
563 
535 
520 
545 
530 
548 
560 
539 
525 
582 
600 
620 
617 
617 
619 
600 
628 
639 
634 
642 
657 
632 
639 

2411. 

633 
629 
558 
595 
609 
638 
560 
564 
540 
601 
554 
632 
668 
653 
636 
640 
634 
649 
663 
655 
667 
685 
685 
693 



Day. 

I ' 
~ . -~ 

I 88000W ( .88 CC4.S. Unit) 4- , . 
- -- - .- -- -. - - -- 

357 359 353 351 356 349 349 351 357 364 364 353 343 336 338 
353 351 353 349 343 345 346 341 332 311 322 313 317 322 324 
340 345 342 342 343 341 342 352 352 355 365 346 332 319 322 
378 450 389 371 343 359 361 347 318 303 299 314 322 301 333 
561 512 436 391 379 384 385 383 359 341 336 323 317 337 349 
380 371 380 383 378 360 343 349 359 311 311 330 336 340 366 
365 365 365 366 366 352 360 362 371 384 372 356 356 330 345 
384 444 429 410 399 389 372 355 387 -- - - - - - 
- - -- - - - - -- 351 357 355 352 349 338 

365 366 365 365 365 362 362 361 362 1 360 356 351 349 343 336 , 
366 366 365 361 359 365 365 364 361 1 368 357 365 323 323 336 I 382 407 406 407 407 407 395 406 388 363 376 388 383 380 351 
417 411 408 389 382 397 393 395 382 353 376 389 418 411 392 
536 581 521 452 408 384 399 385 376 376 336 353 361 361 378 
430 429 420 404 401 393 383 388 374 / 369 382 334 363 359 380 
425 426 397 401 407 379 370 359 360 1 372 357 363 372 376 368 
418 422 477 455 395 408 385 387 374 383 370 370 372 374 378 
431 430 440 435 401 397 388 374 374 370 366 351 361 376 370 
429 418 421 401 380 376 378 366 361 361 353 334 360 347 360 
503 460 448 440 430 402 389 380 382 370 355 350 349 351 379 
395 406 398 397 392 391 383 378 382 372 364 357 368 366 369 
389 388 392 388 402 399 382 376 371 374 364 357 357 351 357 
391 388 388 388 387 392 381 388 384 384 389 391 , 376 368 359 - - - -  - - 389 393 398 395 391 ' 370 369 365 
426 425 414 106 3& 1 388 398 393 382 395 391 391 1 370 378 1 372 - -  - - -  _-_A----__I- 

V-May, 1911. 
I - - - - -- --- 
1056 lo60 1061 '1050 
996 1 996 1 999 il000 

1008 1009 1008 11019 
1002 1014 (1019 1010 
993 994 990 993 1 1017 1000 1004 ,1002 

1000 995 994 ,1000 
1150 1111 1127 1141 
1025 1019 1017 11018 
1018 1023 1029 1022 
1016 1003 1010 1006 
1006' 1019 1046 1079 
1017 1016 1019 1029 
1016 1008 1008 1008 
1048 1025 1019 1013 
1067 1056 1038 1038 
1098 1089 1099 1092 
1065 1070 I067 1080 
1046 1046 1059 '1052 
1048 1076 1092 1048 
1076 11070 1097 1071 
1111 1079 1060 1052 
1040 '1040 1035 1033 
1036 11037 11038 1027 
1025 11029 1040 11038 
1027 11061 1087 11082 

1013 
995 
994 

983 
989 
999 
987 
986 
971 
966 
998 

1004 
1006 
1004 
1008 
1002 
1000 
993 

1012 
1019 
1014 
1014 
1003 
1010 
1029 
1017 
1013 
1014 
997 
980 
995 
991 
985 
980 

- 
--- 87000y ( a07 C.G.S. Unit) 

1041 
1006 
1003 
1013 
993 
993 
997 

.+- 
1002 
I000 
999 
991 
991 
980 
974 

1029 
1008 
1010 
1008 
1016 
1008 
1006 
1013 
1014 
1010 
1012 
1010 
1012 
1027 
1013 
I021 
1018 
1022 
1040 
990 
980 
991 
997 

1004 

1028 ' 1 ~ 9 1 0 1 3 1 0 0 2  I I 1000 , 996 lo04 
1012 11004 '1006 
1002 , 994 984 
991 , 993 993 
984 1 979 1 984 
995 1 989 1 991 

981 
I003 
991 
991 
993 
981 
957 

1027 
1004 
1004 
1003 
1000 
1004 
1003 
993 

1010 
1014 
1023 
999 
998 

1010 
1029 
1027 
1017 
1019 
1060 
987 
987 
996 
993 
995 

998 
1003 
983 
994 
981 
985 

1029 
1013 
1008 
1013 
1038 
1008 
lOOC 
984 

1008 
1019 
I008 
1004 
1004 
1027 
1021 
1025 
1027 
1022 
1038 
989 
997 
999 
989 

1010 

1097 /I074 1054 1046 
lolo !lolo 1010 11010 
1037 11048 1027 11025 

987 
990 
987 
990 
962 
960 
993 

1002 
1003 
1006 
1013 
1000 
1003 
975 

1006 
1018 
1013 
1006 
1010 
1006 
1023 
1022 
1014 
1013 
1OOO 
979 
987 
991 
990 
976 

998 
987 
993 
993 
968 
966 

1013 
995 

1012 
997 

1002 
1000 
999 
998 

1023 
1012 
1018 
994 

1000 
1014 
1023 
1016 
1025 
1021 
1013 
985 
989 
995 
903 
983 
- 

1019 
1057 
1017 
1006 
1012 
1032 
1078 
1061 
1042 
1045 
1040 
1061 
1025 
1022 
1013 
1084 
990 
989 
999 
999 

1054 

9 7 6 9 8 0 ~ - 9 8 9  
987 
990 
984 
989 
962 
964 

1008 
1006 
995 

11010 
1012 
1004 
1004 
989 

1019 
1016 
1018 
1002 
1012 
1010 
1029 
1027 
1017 
I016 
1010 
981 
981 
994 
991 
975 

-- 

4 !)Ci 

1014 1003 1014 
1035 I052 I031 
1017 1021 ,1013 
1003 ,1006 11008 
1013 1036 1036 
1019 11008 1008 
1041 1031 ,1035 
1035 1025 1013 
1018 11010 ,1008 
1013 11014 1017 
1041 11029 1029 
1059 
1025 
1017 

1025 
1023 
1014 

1023 
1021 
1022 

1006 1003 
1051 11048 
1002 11002 
995 1 994 
998 '1006 

,1016 
1048 
993 
990 

lO0G 
994 / 985 995 

1044 1025 11017 
7_____ 



I-Pounr,~ VALUES-cot~ti~~uad. 

- - - - V-April, - 1911. 
mi nil nun^ Rending 

nnd Titrlc. 

y I 11. Ill. 

267 1 11 22 
248 
254 
294 
309 

--- -- V-May, 1911. - - -  

C.G.S. 

1911. 

Y 
311 
318 
319 
349 
362 
343 
343 
349 
448 
372 
359 
387 
-- 

360 
365 
381 
445 
388 
441 
440 
407 
431 
412 
383 
416 
402 
385 
387 
389 
382 -- - 

----- 
1511. 

y 
288 
294 
292 
318 
343 
326 
326 
326 
334 
333 
365 
352 
-- 

328 
336 
342 
411 
368 
391 
360 
385 
374 
410 
350 
395 
384 
372 
372 
3% 
369 - - 

1Jnit) 

2011. 

Y 
313 
320 
320 
3$7 
366 
346 
347 
355 
437 
368 
361 
383 

-- 

361 
365 
397 
490 
378 
421 
450 
433 
426 
420 
401 
406 
420 
3!)!) 
3!)5 
452 
45!) 

13 7 
11 35 
12 43 
9 5 

11 28 
13 3s 
10  2 
8 !) 
8 50 

11 15 
10 1 
13 3 
10 35 
11 38 
10 5 

!I 50 
11 20 
10 43 
1 2 3 3  
8 30 

11 28 
8 50 
!) 58 
!) 13 

10 3 
7 28 
7 55 

12 52 
5 53 

I 6 43 
12 8 
12 30 
I :  7 
15 :is 
.- 12 - 1.1 

2 1 

9 35 

283 9 43 

1 r ~ ) 9  
0!)5 
994 
987 
!I87 
975 
078 

1006 
1008 
1008 
1010 
1013 
1003 
1000 
lo10 
1160 
1016 
1014 
1022 
1016 
1031 
1029 
1023 
1021 
1014 
1 000 
1022 
997 
o 
9711 
987 

(i&Ooy ( ~ 0 8  

1811 

Y 
301 
215 
309 
311 
351 
343 
341 
345 
425 
391 
356 
359 

-- 

352 
356 
378 
385 
3\12 
418 
431 
433 
455 
412 
382 
416 
3'38 
385 
376 
382 
385 
- 

4 
2111. 

Y 
322 
230 
327 
352 
353 
34!) 
351 
357 
431 
36.1 
366 
406 
-- 

366 
366 
395 
509 
414 
418 
459 
421 
4 1 4  
448 
376 
397 
403 
414 
431 
423 
540 

- 
1011. - 

Y 
292 
311 
295 
324 
338 
326 
327 
332 
356 
364 
357 
349 

-- 
330 
352 
352 
406 
370 
410 
411 
376 
399 
378 
353 
388 
378 
372 
383 
398 
374 

279 
295 
322 

-- -- 
2211. 
..- - 
Y 

322 
336 
330 
368 
353 
350 
343 
319 
497 
378 
365 
402 
--- 

361 
366 
387 
433 
'179 
410 
433 
411 
423 
410 
403 
307 
303 
403 
- 

4 16 
464 

1711. 

Y 
296 
311 
292 
340 
343 
338 
336 
337 
372 
393 
352 
34'3 

- -  
331 
34!) 
368 
301 
389 
417 
425 
44!) 
433 
379 
363 
383 
380 
379 
384 
337 
387 

- - -- 
2:111. -- 

y 
320 
321 
312 
376 
353 
364 
343 
346 
527 
390 
368 
374 
- 

365 
366 
381 
430 
171 
429 
433 
411 
420 
437 
450 
3!)3 
391 
S!)5 
- 

422 
446 - 

11 30 
9 26 

13 O 

1008 1004 
1006 5 
98!) 8 
991 9!)l 
090 !Is!) 
981 I !IS9 
!I83 !)!10 

I010 1018 
1006 1006 
1006 I008 
I006 1001 
1020 1028 
1002 loof; 
1002 ( !)!$!I 
1029 107G 
1093 Il4!1 
1029IO:IR 
108(i 10b5 
1004 1022 
1037 ,1023 
1025 1025 
1029 ,1037 
1025 I027 
101 9 I 1023 
1018 101!1 
990 !I87 

1010 1 0!)l 
!I98 I 
3 1 . 5  
!I80 I !)R3 

I000 )lo04 

3 4 5 ,  7 1 
323 15 I9 
326 14 3'2 
317 12 i 
340 13 45 
317 8 35 
319 $3 38 
309 I 10 40 
310 1 7 48 
344 4 10 45 
336 ' 10 52 
327 1 10 30 
325 / 10 10 
347 , 10 51 
3.10 ' 11 13 
340 1 12 30 
355 , 13 23 
357 1 I2 2 ---- 

(8OOOy 
I OOG 
!)!I1 
9!)4 
0!)3 
!Is!) 
3 

1003 
1052 
1013 
1010 
1004 
I082 
1006 
997 

1131 
1204 
1067 
1015 
lo!)!) 
1027 
'1027 
1042 
I031 
1029 
1021 
7 
!I89 

1 i 
7 
!IS7 

1006 

4:) 7 

- 1  - 

1004 
1073 
1015 
3 
!)94 
!)03 

1084 
1067 
1023 
1022 
I (*)ti 
lo?,!) 
1027 
loot; 
1078 
1132 
10!I4 
1063 
I1 46 
1016 
1037 
1040 
1031 
1 035 
1025 
0 1 

1057 
2 

( . t i7  C.(:.N. 
I004 
1010 
!I!N 
!I98 

1008 
!)07 

103 1 
10,l(i 
1023 
1017 
IOOI 
IO(30 
1010 
!I90 

1120 
1121 
1118 
107!) 
1031 
1027 
1020 
1063 
1038 
1032 
103!) 
0 
!)!)O 

I !  

- 1 Rln\irrlu~n l<cc~ding 
2411. 1 nnd 'I'ltnc.. 

--. 

Y ' Y  1"l" ' .  

319 1 392 7 57 
319 ( 362 7 15 

Ilnif) 
I004 
101 3 
101.1 
7 

1002 
5 

104 5 
1041 
1025 
1022 
I OOli 
I035 
1018 
lo03 
1071 
1070 
1101 
1051 
1 Us!) 
10'2!) 
1031 
10.22 
IO:%(i 
1 035 
1023 
0 

10:12 
I 

336 
375 
357 

1073 
1107 
1027 
1027 
1027 
1023 
1 l (i0 
1177 
1032 
1061 
1 02!1 
1120 
1037 
IOti!) 
1187 
1121 
1137 
I l l 2  
11!)7 
1102 
1tlI.l 
110!) 
1055 
I04 J 
1048 

I 7 
!)!I0 

1023 

1 5 / !)ti1 
20 

53 I 977 
3 12 978 

1 
1003 1003 , !)!I6 
1031 11013 I008 
1009 1003 ,1002 

I I nn!) 
!IS7 / !I85 

1031 11014 

2 3 
23 55 
0 0 

!I91 
!I97 
!I01 

I [I(j!) 
I ( ) [ ( )  
I031 
1023 

362 
378 
419 

964 
979 
9b5 

903 I 093 
I004 I01 7 
998 1000 

1090 1 150 
(()a!) 1025 
1017 1018 
1021, ' l ~ l ( i  

1 
1M I 
o 
5 
) )  

11017 

5 12 
23 10 
1 9 I 

353 / 368 
340 35!) 
378 1 381 

! 541 553 
380 556 
3(35 391 
384 433 
- 4 9 0  

365 ' 370 
36(i 374 
385 4011 
417 510 
536 568 
430 1 713 
425 46!) 
418 465 
431 532 
420 454 
503 , ti10 
395 525 
389 426 
391 421 
-- I 515 

426 J 490 
446 / 667 
- . 

I 0 : 2 7 
I , 15 IS 1 !I70 
lo{(; 18 5 , !i$8 

2.2 38 
1 53 

23 59 
23 20 
0 30 
0 10 

21 3 
1 1 0  

20 30 
2 15 

20 30 
20 10 
21 U 
0 32 

20 15 
20 13 
2 23 
2 9 

23 65 
0 10 

19 38 
4 7 

31 27 
l!) ti7 
20 28 

2 1 0 i 952 
0 7 '  !)8S 
0 37 1 !I88 

[()()(j I()Y() 100(i 

7 I 0 1  
lo40 ! 1035 

I 02:) 
1 am 
10Pf) 

3 47 
1 1 

1017 
1031 
1035 

I 
! :  
!)g() 

104(i 

1s 3.5 I 
2 l 0 !)73 
23 37 1 !I62 

!I87 
983 

101(i ,1017 
1025 ;10l(i 
1052 11048 

1 j 
8 

loo31 
]US(; 

3 7 ,  98!) 
31) 4 3 ,  998 
23 27 , 9!)3 
18 37 i 951 

l 7  2 2 1  !)!I4 
18 4 2 ,  990 
I ( i  0 993 
30 48 , 972 
1 57 !IS5 

22 2 2 ,  !)!Id 
0 I006 

I!) : 1010 
20 0 , 8 
2 0 1 !)!I5 

1097 1071 1067 
1141 11121 ,I0!)8 
]()8(i 
1016 
1054 
l0XQ 
1162 

l08(j IO65 
1037 I O 4 t i  
103s 10 18 
105!) , I U T ( i  
123(; '1111 

1038 ,1038 '10.10 
1051 1035 1036 
j 031 11 03% 1 (125 
1()23 1022 1027 



Day. 
-- .- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

H O U ~ ~ L Y  VALUES-continued. 
V-June, 1911. 

- - - - -- -- - -- -- - - - -- - - -. - 
1 08000y ( -68 C.G.8. Unit) + I 



GSOOOy ('(is C.G.R. lirlit) + - - - -- - -. -- - - ' l ln l i~nu,n  llcndinp 
nnd Wmc. 

186 188 192 108 198 I !  1!1( 1!)4 1 92 102 206 5 0 

h l i n i l n ~ ~ m  ltmding 

165 
186 
207 
190 
I86  
207 
- 

1!19 
1!)4 
205 
203 
198 
204 
102 
199 
190 
210 
226 
220 
224 
224 
223 
224 
219 
223 
230 

nntl 
-- - - 

Y 
151 
150 
176 
163 
163 
I53 
171 
171 
166 
133 
157 
161 
158 
188 
173 
180 
171 
100 
1SG 
177 
194 
194 
209 
209 
213 
214 
216 
215 
20'3 
221 

Timr. 

11. a\. 
11 li3 
8 50 

10 45 
11 22 
1 3  19 

7 48 
7 50 
7 0 

11 15 
8 3 5  
7 35 
!I 36 
7 47 

10 43 
7 17 
9 10  
9 33  

12 BB 
9 15 
9 45 

10 47 
10 30 
1% 10 
11 43 
8 55 

16 55 
9 10 

13 55 
12 50 
7 ti9 

188 
200 
18fi 

188 186 I91 

186 
228 
205 
207 
209 
205 
187 
201 
177 
177 
171 
179 
167 
160 
164 
16'3 
162 
I59 
141 
133 
143 
l l ( i  
139 
135 
141 
139 
136 
12!1 
184 
161 
154 ---- 

192 1 191 
210 1 217 
222 / 228 

1 

4!)9 

V--Jr~ly, 1911 . 
18: 20.i 
209 
307 
203 
206 
171 
188 
178 
192 
177 

190 
219 
21 0 

22(i 312 

12.5 182 1 1!)2 
I95 277 291 

- 1  - 1  - 
192 
243 
-- 

304 
226 
286 
217 
219 
215 
201 
209 
218 
224 
233 
215 
228 
228 
224 
226 
226 
212 
233 

243 1 20:) 200 421. 20 55 

201 
201 
203 
218 
199 
211 
19!1 
203 
192 
203 
242 
223 
223 
220 
217 
226 
222 
220 
232 

194 1 201 
220 ( 220 
205 1 201 

241 1 371 
230 %I!) 
210 375 
228 1 226 
198 201 
205 207 
198 1!)8 
213 209 

178 

266 253 
235 224 
268 1 874 
228 240 
215 1 213 
222 , 217 
276 1 270 
28!) 236 
21 5 228 
185 1 190 
200 197 

242 281 
209 201 

194 102 

1 
201) 

( 245 
226 
224 
224 
217 
226 
220 
245 
212 1 

230 
231 
2!)2 
217 
221 
207 
178 
2.18 
1!)0 
183 

2.15 
228 
234 
213 
224 
207 
1 78 
107 
12.6 
1H(i 

f 8:) J 207 1 
21 I 224 
21'7 1 240 

191 188 1 186 
236 218 214 

- !  - -  I - 280 
- 

251) 
207 
23:) 
228 

, 224 
228 
219 
228 
224 
242 
230 

I 

2 524 
262 / 258 
326 I 282 
221 228 
216 ' 211 
215 2% 
200 , 31 1 
247 I 32!) 
12.7 ( 206 
187 ' 177 

2!)8 1 
207 
626 
272 
245 
230 
330 
391 
2.1:) 
2.11 
l'12 

209 
203 
207 
209 
203 
182 
182 

201 4 30 
317 17 58 
242 2 46 

327 
200 

255 
.- 

240 
276 282 1 229 213 . 

18 38 
5 2 

20 25 
0 3 
0 13 

22 15 
22 3 
22 10 

O 0 
0 43 

I!) 5 

20!) 
216 
207 
184 
1!)0 
187 
188 

184 
181 

228 1 206 
1 6 8 ' 1 6 9  
186 1 187 
178 / 17!) 
173 173 
177 / 175 
158 I(j6 
1871 168 
l(i'?' l(i.1 

200 1!)8 t !)6 

287 256 
274 ' 265 
256 ' 270 
223 22!) 
217 1 20!1 
220 214 
200 190 
213 220 
214 211 
226 219 
258 ( 26.1 
266 251 
22!1 1 233 
234 23.2 
228 1 224 
226 ) 232 
232 232 
249 252 
226 1 226 

279 
207 
108 
197 
l!)2 
19:) 
238 
270 
302 
171 
251 
188 
158 
I(i5 
158 
162 
'lo?, 
271 
2nl 
3!tO 

179 
178 

152 
18.1 
16.1 
13:) 
1 4 6  

361 
323 

222 233 1 252 460 1 17 4 3  

20 19 
1) 35 

21 45 
1 B3 

I7 55 
21 !) 

I!) 116 
17 4.1 
1!) ill 
1!) 30 
2% 0 
3 22 
3 40 
4 25 
8 48 
3 43 

23 21 
0 23 

21 3:) 
21 I9 

108 
182 
171 
178 
173 
](is 
22:) 

l ( i 3 1 6 9  167 

152 
161 
148 
137 
1 4  

23 38 
0 0 

255 

162 
167 
171 
162 
I60 
137 

167 
173 
I(;!) 

173 

116 , 1 4 6  
1 4  
2.17 , 278 
! S 1 2 1 ~ i  
I !  171 
220 ' 201 

17 20 

310 19 43 
323 0 20 
24;) 1 17 30 

. 232 1 18 41 
226 19 47 
226 0 32 
239 22 2 
256 17 55 
2h2 1 24 0 
323 0 
361 ) 2h 6 
354 2 32 
215 : 19  45 
236 1 5 7 
238 1 8 55 
266 24 0 
2d4 1 45 
261 0 0 1 

24!) 264 
281 262 
226 214 
220 1 218 
218 220 
207 21-1. 
232 218 
228 ' 224 
230 1 2311 
261 I 270 
285 300 

175 
I67 
169 
162 
158 
l(i7 

158 
137 

308 
233 
1)!1 
207 
218 
21!) 
218 
210 
260 
310 
306 

118 
l4(i 

l b [ ( l S ( i  
1401J4 f i  

102 
162 1 168 171 

232 ) 233 229 
228 226 226 
224 ( 221 1 224 
233 

' 
232 / 233 

233 242 264 
254 264 260 
228 232 245 

130 
146 
136 
145 
13:) 
139 
137 
lii2 
15!1 
171 

171 
181 
3 
160 

171 1 171 
186 ' 184 
I(;!) I !  
167 21(j 

207 
101 

220 I77 
I !  152 

1 1 1 1 )  
146 l 5 . 1 / 1 6 2  

I50 l ( i 7 l ( i H  21112:18 21:) 
1 5 8 1 1 6 8 j  1'761 1 7 3  l!)ti,28!) 
I62 160 141 178 I 263 1 251 

165 
373 
137 
146 

137 
146 
136 
139 
1/11 

162 291 
158 5 2  
3 7  135 
146 146 

1 4 6 /  llti l4fi 
9 1 4 :  l 4 ( i  
160 ( IOS 161 

1 f 1 0 / 1 4 4  
148 149 
146 
13:) 

1.14 
130 

1.1 1 1 14J 



fi h. ;;; 1 ;;; Y Y Y  
164 
136 130 133 
152 154 152 
146 146 143 
171 165 135 
140 136 141 
152 145 140 
140 143 145 
140 141 144 
144 136 141 
146 144 140 
143 137 139 
137 1 4 1 1 4 0  
149 144 140 
155 152 155 
160 343 113 
150 156 159 
152 154 154 
169 155 1.50 
152 148 143 
1G0 158 150 
135 133 131 
137 133 139 
187 186 202 
171 1791159  
152 164 152 
174 186 178 
167 162 154 
14!) 141 152 
162 140 144 
162 150 146 - - - 





HOURLY V~~u~:s--continued. 

. Day. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
PO 
30 
31 

V-October, 1911. - -- -- - 

(i8000y ( .  68 U.U.B. &it) $ --- 
0 h. 

y 
174 
169 
194 

V-Novornber, 191 1. 

1 1). 

y 
177 
169 
194 

6 11. 7 !I. I 8 11. 1 9 11. 

96 
90 
67 

125 
132 
151 
128 
117 
79 
73 

136 
90 
75 

117 

103 
120 
113 
130 
181 
147 
138 
159 
69 
86 

103 
87 

151 
143 
125 
128 
141 
335 
121 

7!I 
108 
100 
71 
88 
67 

06 

107 
113 
182 

I ' 

171 
167 
190 
183 
190 
222 
192 
196 
215 
167 
164 
164 
167 
171 
238 
209 
209 
209 
196 
164 
177 
201 
163 
-. 

187 
190 
181 
181 

163 
169 
174 

97 
103 
86 

149 
140 
151 
154 
128 
128 
46 
81 

117 
83  

119 
138 
117 
128 
135 
136 
132 

(i7 
84 
78 
74 
02 
46 

96 

111 
111 
145 

1 0 3 - ! j 7 7 - i 0 6 1 0 1  

2 h. 1 ------ 
y 

175 
171 
198 

13 11. 14 11. 

Y Y 
165 158 
156 1 158 
150 1 158 

10 11, 1 I I 11. 1 12 11. 1 
Y / Y  Y 

150 , 155 I65 
162 178 150 

109 
113 
122 
143 
178 
147 
140 

---a -- - - --- 
1 / 98 

171 
168 
190 
187 
177 
209 
178 
196 
198 
165 
164 
159 
162 
192 
249 
201 
251 
205 
190 
181 
164 
171 
164 
- 

190 
188 
183 

1 181 

Y 
165 
165 
178 158 1 158 

- 
97 
78 
83  

109 
122 

100 
107 
109 
130 

1 186 
151 
132 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
28 
26 

27 

28 
29 
30 

3 11. 1 4 11. 1 5 11. 

Y / Y ' T Y  

IhB 
149 
137 
140 
139 
159 
--- 

127 
143 
137 
150 
117 
lS6 
136 
184 
155 
177 
I63 
114 
130 
137 
125 
97 
- -  
-- 

149 
173 
152 
164 
188 
133 
141 
143 
181 
135 
149 
156 
137 
191 
173 

154 1 164 
139 141 

84 
68 
79 
- 
82 

105 151 
132 181 

!I2 ( 93 
1511132  

173 
169 
186 
187 
186 
213 
179 
194 
188 
162 
156 
188 
162 
209 
236 
194 
267 
219 
207 
174 
156 
190 
160 
- 

184 
188 
190 
181 

Y 
162 
163 
158 

175 169 
171 1 171 
213 , 235 

1 
154 
148 
144 
175 
- 

129 
150 
139 
108 
111 
136 
131 
J!I1 
152 

136 
149 
162 

127 
148 
111 
139 
111 
110 
140 
162 
155 
188 
156 
114 
152 
123 
110 
106 

, -- 
- 

1'36 182 144 133 
162 l i i l 5 2 1 5 5  
165 173 116 152 
155 144 148 1 140 

154 
126 
103 
77 
75 

151 
97 

141 
107 

87 1 68 7 1 7 4  
111 1128 
135 136 
125 1 113 
135 147 
168 / 177 
132 141 
132 1 3 6  

1 4 1 1 3 4  
101 1 98 
119 1 94 
1 1 7 ) 1 1 1  
1 1 5  97 
226 / 177 
201 1 210 
143 1 117 
151 1151 

lo!) 
115 

H I  
71 
!I3 
71 
90 
46 

74 

92 
'38 

103 

Y 
154 
164 
167 

167 
165 
209 

167 ( 171 
182 167 
150 1 148 
178 1 139 
123 1 139 
152 139 
85 80 
-- , -- 

- I - 

139 
158 
140 
a 

123 
154 
116 
129 
122 
114 
133 
162 
156 
150 
140 
129 
15G 
143 
114 
89 
- 
- 

150 
I65 
177 
152 -- 

86 
68 
33 
-- 
56 

126 
113 
134 
1 1 3 1 1 2 1  
113 
214 
210 
149 
167 
154 
106 
111 
122 
157 

138 
132 
119 
113 
117 
97 

97 
84 
79 
75 
7 1 
!11 
86 
62 

77 

81 
90 
96 

6 4 -  
78 
23 
-. 
56 

100 84 
125 I 
122 113 

124 
103 
113 

107 
208 
216 
162 
153 
135 
128 
109 
121 
132 

176 
124 
Lo!) 
117 
88 
68 

107 
58 
90 

116 
1 
92 

73 

100 
I .  

-- 109 

117 
84 

100 
77 
78 
86 

I W  
56 
73 
56 
6 0  
68 

39 

48 
21 
78 

109 
132 
128 
106 
113 
97 

154 
175 
152 
181 
171 
151 
140 
145 
192 
171 
15!) 
12!4 
I48 
178 
180 
202 
158 
179 
162 
129 
156 
102 
92 
- 

182 
150 
129 
164 

163 ( 158 
177 179 
168 163 

79 
97 
65 

122 

98 / 105 
96 1 96 101 97 

101 1102 

109 I06 

1 0 2 1 1 0 9  
113 116 
9 6 1  94 

147 
139 
90 

100 
09 
88 

I 
102 
SO9 
fi4 

128 

83  

56 
59 
96 

134 
125 
111 

97 
73 
86 
71 
73 
74 
48 
48 
67 
45 
58 
71 

18 

33 
2 

-- 77 

106 
105 
83 

134 120 86 

73 
78 
--- 

115 
149 

109 1 122 
9 8 ,  !I3 

175 
177 
171 
149 
149 
187 
168 
141 
167 
148 
200 
186 
197 

169 
181 

196 190 181 165 165 
184 177 190 167 152 

118 
96 
77 

122 , 103 
141) 

134 
125 
109 

101 

102 

0 5  

165 152 
181 1 162 
158 1 152 
152 1 150 
1 5 8 , 1 5 6  
1 6 2 1 6 0  
2071201  
234 1 228 
202 1 205 

100 

126 
!)(i 
90 

78 

97 

98 

L1!JI 105 I 9 

2 2 - 8  
56 ( 84 
60 , 73 
37 52 
8 6 1  94 

82 
82 
30 
87 
52 
65 
41 
50 
67 

58 

62 
11 
71 

105 109 
1 0 3 1 1 2 5  

8 7 ,  90 
85 ($0 
3 0 ( 1 0 7  

111 ) 31 
73 55 
83  77 
84 1 67 
4 5  57 

10!t 79 

146 
174 
141 
148 
152 
156 
188 
209 
192 

245 / 251 

122 

71 

30 
41 
78 

209 
182 
188 
194 
183 
139 
140 
- 

206 
206 
169 
155 
181 
159 
- 

111 1 1 3 1 0 0  8 4  60 

98 

71 

33 
30 
73 

145 
202 
126 
148 
I46 
1 5  
211 
205 
213 

215 
197 
190 
168 
181 
144 

I 
183 171 171 , 194 

1 8 8 1 7 8  1 7 8 I 8 1  187 
135 1 155 140 133 
173 1 160 1 168 158 -- - - - - - - 

149 
171 
149 
164 
160 
155 
205 
183 
230 

196 
175 
188 
175 
194 
144 
141 

I -- 
181 177 
190 
184 164 
182 1 181 

. - 

7 8 1  4 1  
132 
139 
94 

182 
116 

6 ,  1 2 5  
134 56 1 39 

62 
(i!) 

I lB 601  88 

203 184 
183 177 
186 1 162 

130 
!)2 
83 

167 
134 122 

167 
164 
140 
190 
- 

159 
171 
121 
152 
-- 

124 116 
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HOURLY VALUES-continued. 

-- -- V-December, - - - 191 1. - - 

I 67000Y (.G7 C . ( I . ~ .  Unit) -k 

I Oh .  I 111. - 2 h .  -. 311. - 4 h .  1 - R h .  j - Gh. 7 h. 1 8 ) ) .  911. 11011. 1 I 1  1 1 .  11211. 1 3 1 ~  I 1 4  11. . - - - -- 
I -y-ly-l-- 

Y Y 1-Y-Y 
1 1 2  1 1  1 1 0  1 9  I& 1 1 ~ 1  11g7 1099 !lo85 108!) l04!) 1 0  0 3  1047 1053 
11125 1129 1142 1161 1123 1154 1137 1123 1100 1093 1068 1061 ,1047 1079 1079 
1140 1140 1137 1117 1121 1119 ,1084 1097 1091 1049 1055 1041 980 !379 1019 
1125 ill16 1163 1180 1205 1169 $1127 1097 1049 11083 1095 '1114 1090 
1136 ,1129 1113 1110 1114 1110!) 1103 1087 1068 1081 1089 1068 1079 
1125 11118 1116 1129 1113 11129 11127 1090 I071 1062 1015 I 998 1022 

1053 1046 9!)2 1102 1135 1081 1003 1000 1 960 976 979 
1106 1118 1087 1087 1071 1061 1068 11057 1026 11041 1071 
1096 1097 1094 1099 1085 1076 11046 1024 11039 1039 ID49 
1100 1087 1083 11071 1079 1112 1083 1062 1046 1036 1026 

1104 11099 1098 1090 1071 1036 1061 1042 I061 1117 1076 990 \I018 11020 1089 
1212 1228 1249 I188 1186 1170 1163 1178 1078 1071 1118 11081 '1049 1039 1030 
/1118 ,1125 1117 1127 1091) ,1108 1091 1081 1083 1032 11030 
11138 1119 1112 1113 1102 1106 1066 1OGl 1037 
1188 11207 1192 1205 1214 1087 1090 1119 1117 

I 
1104 1103 lo!% i1087 1087 1079 l0!)3 I071 I076 I065 1051 10.51 

1121 11 12 I~!)B iono 1064 1074 loor; loci1 1o4:r 1 1030 1034 
1216 1163 1109 1079 1041 1008 1023 106ti 1024 1009 
1095 1102 1089 1087 1068 10fj6 1090 1066 103!i I065 

1 0 1  11086 1087 1072 lo33 1007 6 9 1003 1013 
1089 /I080 1085 1085 1042 1093 1033 ,1042 1057 1043 
/ 1087 1087 1104 1091 1093 11080 1060 1036 1027 995 
1085 1089 1091 I087 995 1 981 986 988 1009 999 
1090 1093 1087 1083 1053 I 957 962 998 1020 986 

I 
1090 1083 3085 1091 

I 

- - - 

V-Januarv. 1912. 
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HOURLY VALUES-con.tinued. 

- .- - -- V-February, - -. 1912. . - -- - -- - - -- 
1 fi7000Y (O.(i7 C.G.S. Unit) + 





Day. 

.I ' 

- - -- 68001w (.(is -- - C.U.S. -- - Unit) + - . 

2 8  3 5 - 2 7  3 1 ' 1 8  20 18  18  18 18 I 1  10 2 3 
2 6 2 4  I 20 26 2 4 2 4 2 4  I 1"";" 12 43 1 44 40 49 47 32 . 19  (16) 22 7 3 2 
34 1 36 35 30 34 23 19 12 11 - - - -  - - 
18 1 14 11 6 -6 -8 -14 -1 10 2 0 0 I4 

49 4; 51 51 4 32 38 1 44 4 1  40 27 26 26 36 
27 43 34 1 6 1  38 40 38 20 23 

38 41 36 32 30 3 2 1  28 
39 36 32 35 31 22 22 
31 28 26 27 26 26 26 
30 23 18 12 14 11 18 
32 16 14 22 I 9  6 24 
44 38 35 35 32 35 65 
30 39 30 28 34 30 28 
34 39 35 43 38 34 32 
31 30 18  30 28 28 30 
36 41 41 35 36 32 34 
27 28 23 27 32 36 
30 28 18  22 1 32 ?: 1 22 
32 30 26 26 1 27 26 26 
36 38 38 36 , 31 28 31 

39 30 30 34 34 I 32 36 1 
35 35 34 35 36 36 / 35 
34 32 32 36 , 28 30 30 
38 35 31 34 1 30 28 28 
34 36 35 271 30 2 7 1  26 
36 35 39 34 34 34 , 34 
34 36 34 30 34 34 34 

5 51 40 44 36 32 28 32 30 
30 :: 34 2; 1 41 1 41 I 45 41 41 38 34 31  14 10 -- -- 30 





Day. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15  
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 

5 h .  --- 
104 
109 
109 
106 
118 
113 
I21  
116 
134 
144 
132 
124 
124 
130 
134 
120 

-- 

114 
118 
114 
118 
114 
116 
117 
122 
118 
121 
117 
121 
140 

3 h . 1 4 h .  

109 
114 
124 
113 
110 
118 
120 
118 
156 
186 
148 
122 
128 
133 
136 
118 
- 

116 
121 
117 
116 
117 
132 
120 
136 
118 
126 
I16 
125 

1 2 2  

Oh. l h .  2 h .  

109 
148 
126 
120 
121 
110 
118 
118 
148 
150 
138 
141 
136 

v-J'uly, 1912. 

(j8000y ( . l i t3 C.G.S. Unit) -j- 

1 140 
134 

I _  

140 
1 136 

1 175 
191 

1122 
130 
137 
122 
118 

A h .  

108 
112 
108 
112 
114 
117 
122 
116 
126 
121 
124 
121 
120 

108 
141 
122 
117 
118 
112 
121 
120 
146 
167 
130 
144 

, 1 4 2  

711. 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
104 
114 
100 
116 
117 
108 
122 
117 
117 
134 
116 
122 
117 

128 
136 
122 
- 

122 
125 
116 
118 
121 
137 
124 
148 
117 
130 
120 
133 
154 

116 
124 
117 
114 
112 
118 
121 
118 
203 
182 
141 
136 
137 

1 3 6  1 132 132 

130 , 133 133 _ I - 
i a z  154 144 i a o  

113 
124 
132 
118 
108 
120 
118 
120 
182 
182 
154 
138 
133 

141 1 122 
- 

130 
122 
116 
114 
116 

126 
124 
117 I 120 / 160 

138 126 

114 116 I 114 112 114 113 

114 114 1 2 0  

1 2 2 -  124 122 118 116 116 

122 113 

117 - 

142 
134 
125 
122 
124 
132 
144 
130 
130 
129 

8 h .  

108 
114 

I 130 133 140 / 158 1 5 2  1 6 4  

122 
120 

-- 
112 
122 
118 
117 
113 
110 
117 
117 
118 
122 
126 

' 134 142 
126 125 

117 114 117 122 I - 
- __ _ 

114 ' 109 
110 1 112 

]Oh.  

112 
108 
88 

109 
113 
116 
114 
100 
95 

113 
133 
113 
110 

Oh.  

108 
109 

136 
114 
- 

108 
116 
116 
114 
110 
108 
114 
116 
117 
120 
126 

- 
130 
125 
114 
114 
117 
121 
129 
134 
117 
122 

116 I10 
118 113 
117 1 -- 
- 1 0 4  

138 160 167 
112 138 140 ( 126 

171 164 I48 
174 162 142 

106 
108 
108 
112 
117 
112 
110 
113 
118 

106 
114 

(147) 

148 
129 
130 
122 
125 
134 
146 
136 
130 
130 

110 
118 

101 
112 
113 
108 
118 1 114 
117 1106 
114 110 
1 1 2 i 1 1 2  
110 1126 
122 i 118 
120 120 

130 126 
1 3 0  130 

-- 
124 
129 
116 
114 
117 
122 
126 
152 
118 
117 

110 
118 
114 
113 
105 
113 
104 
117 
117 
118 
124 
118 
122 

1 2 2  122 120 
130 133 137 

122 117 

133 121 117 I08 109 112 113 118 116 118 

610 

122 

108 
114 

1111.  -------- 

101 
109 
83  

112 
108 
116 
114 
104 
109 
110 
116 
118 
116 

137 1 120 

110 
114 
116 
114 
103 
114 
110 

I 116 
116 
112 
122 
122 
120 

118 
134 

121 
118 
114 

109 
I09 
105 
112 
116 
I06 
lO!f 
113 
118 

114 114 
1 2 8 l l l i  
I14 114 
114 114 
108 110 
120 120 
117 118 
121 / 118 
121 122 
126 137 
120 I26 
132 125 
128 124 , I32 122 

148 129 i 120 114 
126 133 130 1117 
130 1 134 I 129 1 120 
126 1 128 132 t 129 

114 
110 

140 141 136 , 126 
122 1 121 132 122 
118 117 116 116 / 

l I ( i  122 
112 1 114 
122 I20 
120 116 
130 122 
126 118 

(118) 1 113 148 1 136 1 126 146 1 152 

117 1 117 
114 113 
I14 114 

110 

124 
128 
137 
141 
130 
130 

121 124 121 
133 126 1 1 2 8  

14h.  

99 
103 
101 
108 
110 
118 
114 
103 
134 
136 
117 
117 
118 

1 3 h .  

97 
101 
96 

110 
109 
117 
110 
103 
106 
122 
122 
117 
118 

-- ~ - 
99 105 

1 2 0 1 1 1 7  
116 1 113 
117 1 114 
108 106 
120 113 
114 1116 

110 
114 

130 
132 
132 
130 

156 

116 
110 

1311. 

103 
103 
92 

113 
109 
117 
109 
99 

110 
124 
114 
121 
117 

114 
110 

106 
114 
114 

122 122 
122 118 

121 

106 
114 

162 

- 
118 
112 
108 
114 
114 
104 
105 
101 
108 
109 
114 

l l l i  
108 

- 

109 
108 
114 
114 
114 
96 

106 
96 

109 
114 
113 

106 
106 
114 

106 
114 

117 j l4  114 116 , 
106 
110 
106 
110 
114 
106 
108 
105 
11.3 

114 113 
110 106 
117 I16 
110 
113 1117 
110 , 1 0 4  

106 110 

136 
137 
126 
136 

112 

- 
114 
109 
106 
114 
114 
96 

105 
I01 
108 
110 
112 

117 100 104 

1 1 4 ' 1 0 9  
1 0 1 i l O 6  
112 106 
I 0 8  96 
114 112 
1 1 4 1 1 6  
113 105 1 

113 
109 
114 
113 
113 
117 

118 121 
122 120 
120 117 

114 
108 
109 
114 
100 
108 

108 
113 
113 

140 
148 
128 
110 

99 

114 
112 

120 
116 
118 

114 , 114 

113 
106 
106 
114 
3 
108 

106 
106 
114 

114 117 1 106 
116 1 1 2  114 

114 

113 1 I08 
116 ' 110 

1 0 3 1 0 0  
109 108 
113 114 
113 109 

109 / I12 
121 118 - .- 

109 112 
110 ! 114 

113 / 110 
112 112 

113 
114 



H O U ~ ~ L Y  V A L U E S - C O + ~ ~ ~ ~ ~ U ~ ~ .  

Minimum Reading 
and Time. 

-. - -- - - - - 
V-June, 1912. 

-- ---- I7-Jlll~', 1912. 
162 1DHj 137 1 3 0 j 1 4 0  13.1'134 178 17 57 

- . I  -- - - -  I 138 0 0 - 1  -- - - I  

118 I16 116 118 i 122 118 i 136 1.10 24 0 
178 ' 144 1/36 i 175 160 144 140 209 17 22 
178 l(i0 160 ' 2 0 2  243 174 ' 1 7 5  3112 17 3 
140 130 130 1130 128 140 1191 207 24 0 
124 128 137 1 138 130 136 1 122 1 216 ) 0 15 
124 122 117 12!?, 122 122 1 3 0 '  138 1 1 4  56 
130 128 120 141 134 131 137 146 2 48 
121 118 122 121 118 120 122 146 1 28 1 
118 121 118 116 118 121 1 1 8 '  134 2 40 
118 121 117 118 118 118 114 ' 122 19 15 
1 1 4  I14 1 Ill l l 4  114 113 114 / 120 1 25 
113 113 113 I14 114 114 1 1 4 :  11G 19 0 
120 122 122 126 122 111 1114 128 21 20 
118 130 168 
118 117 118 
120 i l 8  I 118 118 114 111 
114 117 116 11V 
114 
124 
122 1% 130 
110 132 142 
118 1%) 118 122 122 122 1 2 4  138 1 5 
113 118 118 121 122 128 132 131 23 7 1 122 12!) 128 14.1 162 ' 1-14 156 22 37 

I f "  I 141 13711.111 132 13a 131 130 lb8  0 DO 
122113r ,  1 2 2 1 1 a ( ; , 1 2 ( ;  1 2  12:) 1:1o jc;a .I s 

-.--- ----- 
109 t I14 120 

filasi1111111l Bo~tding 

120 I18 132 (132) 
1171118  I I X  118 

(110) 110 117 125 -- -- 

- - I  
120 
113 
118 
130 
122 
132 
113 
114 
114 
114 
110 
113 
110 
114 

109 
10!1 
105 
114 
115 
116 
116 
117 
112 
122 
120 

~ n t i  

y 
228 
267 
217 
124 
129 
138 
126 
217 
261 
211 
183 
186 
146 
150 
I50 
129 
132 
133 
138 
121 
130 
126 
1 4  
140 
160 
130 
261 
100 
181; 
178 

-- - 
116 118 
114 148 
114 249 
134 133 
126 129 
126 124 
121 1 122 
114 117 
114 116 
114 I 114 
110 1 110 
1 1 0 , 1 1 2  
1 1 3 ( 1 1 4  
114 114 

1 1 1 5 ) ( 1 1 7 ) 1 1 8  
114 117 1 114 , 114 
113 , 113 
117 I 121 
117 122 
118 122 
117 1 1 1 8 ,  
118 118 
114 122 
130 144 
121 

Tinlc. 
- 

11. I l l .  

21 55 
19 28 
18 52 
23 0 
18 45 
18 0 
1 10 

19 30 
2 12  
3 52 

20 40 
16 3 
1 26 

22 20 
1 4 2  
0 16 

23 50 
0 32 

20 37 
18 55 
19 2 
23 18 

2 47 
21 20 

15 45 

i: 1 22 0 
3 20 1 

2411. 

Y 
148 
126 
120 
121 
110 
118 
118 
148 
150 
138 
111 
136 
136 
141 
122 
I 

130 
122 
116 
114 
116 
122 
126 
124 
117 
120 
160 
130 
168 
140 

1711. 

109 
136 
109 
11.1 
114 
121 
118 
154 
148 
141 
I48 
152 
122 
132 
117 
- 

114 
114 
114 
114 
I14 
1 1  
114 
114 
114 
121 
114 
114 
122 
120 

C.G.B. U~iil)  

2011. 

Y 
134 
188 
I56 
I14 
114 
4 
117 
192 
152 
154 
154 
134 
126 
142 
128 
- 

118 
118 
126 
117 
122 
11.1 
117 
126 
120 
118 
141 
148 
130 
122 

1611. 

99 
105 
109 
109 
109 
118 
116 
106 
180 
167 
122 
118 
120 
117 
116 
- 

117 
113 
108 
113 
110 
108 
106 
106 
112 
1.12 
106 
112 
120 
117 

68000)' ( .  68 

I .  I ! .  - 1011. .------ 
Y Y Y Y  

104 
106 
110 
112 
110 
120 
116 
126 
138 
148 
1% 
150 
122 
L18 
121 
- -  

118 
114 
110 
114 
114 
lo!) 
109 
113 
114 
121 
110 
116 
118 
I16 

136 
136 
152 
113 

1 4 4  
156 
199 
114 

-/- 
21 1 1 . 2 2 1 .  f l l i .  ------- 
7 Y  

I68 
126 
122 
121 
100 
122 
118 
I60 
148 
133 
148 
140 
133 
146 
126 
- 

122 
121 
121 
117 
118 
121 
124 
121 
116 
I16 
170 
134 
164 
138 

175 194 
1481137  
142 ' 134 
116 1 120 
116 I 116 
122 121 
118 117 
1!)0 176 
1421144  
1 4 4 , 1 3 6  
167 I64 
1 3 6 1 1 3 8  
132 1 130 
142 1 146 
130 129 

I14 122 
132 ' 132 
118 1117 
154 152 
141 160 
150 152 
142 I18 
136 1 3 8  
122 133 
138 141 
1 2 0 , 1 2 2  

- 1 -  
114 i l l 4  
114 1117 
122 / 122 
114 
116 
113 

-_ 
118 
118 
129 
116 

116 
129 
118 
122 
114 
113 
121 
122 

- 
118 
122 
121 
116 

117 
124 
118 
121 
116 
125 
I24 
122 

122 1 118 
1161 117 
1 1 1 2 2  
132 129 
125 
118 
213 
175 
142 
122 

122 
118 
1!)1 
158 
175 
122 



Day. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16 
17 
18 
19 
20 
21 

1 4  11. - 
Y 

130 
118 
122 
110 
116 
- 

120 
120 
125 
105 
104 
122 
114 
108 
106 
112 
104 
112 
113 
110 
105 
103 
117 
113 
113 
109 
101 
118 
108 
105 
!)6 - 

i 6800Qy (.6R C.G.X. Unit) f -- 
' ~ h .  1 h. 1 2 h. 3 11. I 4 h. 811. / 911, 1 l O h .  11, 11, '1211.  1 3 h .  - - - - -- - 

Y I Y I Y i Y  Y Y Y  Y Y  Y ~ Y  
144 1 148 142 132 124 99 8 3 '  95 ( 122 113 1113 
136 1371 137 130 133 122 1 133 1 124 118 114 117 
134 1 136 / 141 1 142 140 126 125 122 116 120 109 120 120 

i 138 137 1 132 1 132 128 116 1 106 114 112 , 110 , 105 , I 121 , 124 I 122 1 121 121 122 120 117 I 114 116 113 , 110 114 
128 i 125 122 122 130 122 106 1 - 1  - 1  __ - 

I -- 

- - - 138 1 138 125 i 112 
134 133 134 132 132 136 140 121 
133 130 133 130 130 132 126 120 
144 138 132 129 130 128 126 117 / 124 122 124 128 1 2 5  126 1301 124 1 2 4  117 120 
124 125 122 122 121 122 125 121 122 122 122 
124 122 122 121 : I 2 0  122 125 124 / 122 122 120 
122 120 , 122 122 ' 118 118 114 114 ' 114 114 112 
144 134 1 132 136 132 128 121 122 114 121 114 
118 117 120 120 I18 118 114 114 114 110 114 / 122 1 2 2 ' 1 2 2  120 122 118 117 118 120 120 124 
182 164 148 144 130 130 130 126 133 124 124 
130 133 140 141 146 136 129 116 118 ( I l l )  (104) 

1 164 156 156 146 154 160 144 1 130 124 130 122 

125 124 i 118 
117 118 / 122 
110 110 
114 I06 
120 122 
116 114 
112 112 
10!1 108 . 117 106 
lOl1 106 
117 1 112 
96 ( 109 

121 / 112 

-- 

97 
105 
9!1 

104 
I05  
99 

109 
106 
106 
106 
91 
96 

100 
104 
97 

104 
106 
110 
I09 
108 
110 
121 
95 
88 
86 

126 
101 
6 
03 

103 

' 103 
114 
122 
114 
114 

i 106 
108 
99 

112 
103 
110 
126 
116 
116 

138 1 3 4  130 134 128 1130 113 I16 114 114 

- 
90 

113 
104 
95 

112 
110 
106 
106 
114 
103 
I04 
$13 

101 
105 
1% 
103 
103 
112 
105 
97 

110 
117 
101 
95 
!I6 

112 
112 
104 
92 

105 

93 
104 
103 
101 
97 

103 
116 
101 
101 
117 
01 

109 
99 

126 
105 
103 
99 

132 
120 
106 
I06 
113 
83  
99 
79 

148 
I08 
$13 

101 
93  1 

1912. 
1061 97 120 1 1 6 / 1 2 0 ~ 1 1 8  117 

116 1118 121 1 2 1  1121 
120 1 1 7 / 1 1 4 \ 1 1 4  1114 

0 9 
1 1 3 i 1 0 3  
9 6 ' 1 0 0  

(110)1 106 
104 1 1 0  

129 
128 

162 166 144 134 125 ' 120 116 116 
142 160 164 148 137 / 133 141 130 

117 
112 
114 
112 
124 
120 

114 
150 
162 
144 
126 
136 
138 
132 
128 
148 
124 
136 
122 

V-September., 
1 1 4 1 1 3  109 
1 1 4 ( 1 1 4 / 1 1 4  

122 
108 
112 

106 106 
106 1 116 

' 121 
137 

156 1 156 144 144 ! 133 141 144 128 
148 150 154 134 132 133 117 103 

126 
101 
114 
106 
136 
121 

112 
IOfi 
104 

114 
108 

114 
114 
112 
121 
114 
117 
106 
114 
128 
117 
125 
132 
126 
114 

( 0 8  
152 
128 
141 
120 
128 
93 

114 
158 
118 
117 
108 
117 
118 

114 114 
113 1 l l 4  114 114 117 114 

137 1 3 0 ' 1 3 4  I 130 I I 152 133 128 125 
121 
122 
116 
121 
116 
117 

100 05 
114 114 
120 101 
113 114 
130 1 125 
8 1 1 1 0 4  

120 116 
106 / 110 
117 , 112 
125 126 
118 1 109 
121 1 120 
118 133 
120 1 112 

122 
146 

1122 
1 134 
, 144 

148 
134 1 ~ ~ 3 ~ 1 3 8 1 1 5 0  144 

104 110 1 114 
i 108 ' 112 90 

138 I 122 113 
I09 I l l0  110 
100 I 110 I IOY 

142 132 124 114 1 1 1 4  110 112 I 105 

114 
129 
121 
116 
113 
118 

121 ' 1 1 7  
1 1 8 1 1 2 8  
128 121 

132 
126 

116 
101 
95 
95 

112 
( 1 )  
118 
129 
148 
110 
132 
133 
113 
162 
126 
109 
112 

125 
207 

/ 125 1 130 
, 179 1 171 

121 120 
122 122 

132 130 
116 ) 117 
128 122 
118 126 
122 1 121 
1 1 8 1 1 1 4  
1 7  1 I 
144 1 5 2  
124 1125 
148 162 
138 120 
144 140 
148 122 
1 1 3 , 1 0 9  
137 1 152 
122 113 
121 117 
118 120 
118 116 
124 122 

122 
136 

96 
!I7 
!If; 

136 

104 
96 
! ! I  

138 
116 
121 
136 
112 
124 
117 
125 
120 
110 

1 118 117 
- 

136 I 124 
136 i 124 125 114 
130 1 133 1 138 130 

(1 l f i ) l ( l l5)  
130 1 134 

1 1 8 , 1 2 1 ' 1 2 0 , 1 1 3  

129 , 129 128 I 121; 121 I18 122 
146 138 ]:id 122 i 14(; 138 I I H  
121 122 126 , 1 7  i 1 7  ' 1 0  121 
120 128 122 117 ' 122 110 105 

120 
164 
125 
126 
121 

118 / I20 
124 1 118 

175 152 
129 126 126 

I 128 1129 1128 
1 3 0 1 1 2 9  12(; 
124 124 122 

120 112 
(131) 144 
109 107 
97 !I9 

116 116 I 1 4 1 1 1  110 106 

117 
113 
65 

129 
89 

125 
121 
97 

114 
120 

144 ' 133 
125 ' 1 2 4  
125 126 
124 124 
126 124 

104 96 1 95 1 108 , 106 

121 118 121 
138 1 125 126 
1 2 0 1 1 2 0 ' 1 1 7  

117 
96 
7 1  

110 
83  

136 
100 

!ffi 
90 

117 122 1 121 , 121 1 120 1 126 

125 
122 

130 125 
120 1 2 1  



... - -- 

Mi~iiti~um Reading 
atitl 'I'ime. 

I ~ O U R I ~ Y  VALUES--conti~aued. 
V-August, 1912. - - . - - - .- 

(180009) (a88 C.G.8. Unit) 4- ---- - 
1 20 11. 1 21 1~ -22 11, 23 11. 1 24 11. 

Y Y Y  
1 h 1 4 4  138 137 IS(; 

1 2 6  132 132 126 128 I28 128 131 
121 146 162 1ii2 158 14li I 4 0  138 1 

1 122 121 125 1 124 125 122 118 121 
122 120 128 12!1 128 

. _ I  _ - -- 
124 130 133 133 137 144 148 I46 1311 134 

' 
114 126 130 128 1 3 3 1 1 3 0  130 132 130 133 
124 124 126 132 136 ' 136 133 134 137 144 
108 117 121 122 122 / 121 122 124 125 124 
108 114 120 120 120 121 128 129 122 124 
122 122 122 122 122 / 122 124 126 126 124 
114 114 116 118 118 1 120 125 124 122 122 
109 113 120 122 118 144 
113 117 116 120 117 118 
114 121 122 122 120 122 
103 113 122 146 148 182 
114 117 120 122 124 130 
126 137 137 137 136 164 
106 1011 120 122 124 140 
101 100 1112 117 130 168 
97 130 152 133 136 146 

124 125 133 134 152 160 168 170 1 I62 
105 121 118 122 130 184 182 164 150 144 
122 117 124 128 138 , 1 4 8  132 144 134 134 
114 121 1 3 0  126 1 2 5 , 1 2 6  126 128 125 125 
103 112 / 110 117 130 129 124 12!) 146 17!1 

1?#l 1 1 4  114 116 121 
' 1 2 4  124 120 1 2 2 , 1 2 2  
/ 136 122 120 121 1 118 

117 1 122 , 116 114 118 , 120 --- - - - - - . - - - - - - 

-- - - -- a - - 

Maximutn Reading 
and Time. 

y 11.a:. 
392 16 66 
146 1 4 
174 I!) 25 
142 0 7 
132 22 20 j 
146 
160 
146 
146 
146 
134 
130 
133 
146 
148 
124 
183 
186 
191 
164 
175 
182 
208 
188 
164 
148 
182 
190 
138 
140 
126 

1 4 12 1 
20 25 
9 45 

24 0 
0 0 

21 15 
1 0 
8 40 

24 0 
0 4 

18 0 
24 0 
0 20 

21 35 , 
0 0 

23 22 
20 2 I 

4 23 
20 43 
4 45 
2 43 

24 0 
0 30 
3 56 

19 55 
16 5 

- 

loo 
111 
112 
loo 
110 
105 
I09 
109 
103 
114 
106 
92 

100 

V-September, 1912. 
109 fi-o 11ej1-22 
113 114 114 11-7 
114 113 114 114 
! I  ( I  I ]  4 

116 114 117 117 

- 
128 
132 
129 
156 
170 
170 
146 
150 
140 
142 
l4fi 
166 
156 
162 
135 
138 
141 
182 
191 
171 
164 
164 
162 
293 
209 
152 
144 
130 
12!) 
150 -- - - - 

108 110 
110 10!1 
114 1 2 0  
110 109 
106 101 
110 114 
99 106 

106 110 
109 

18  3 9 ,  
21 0 

a; :: 1 
23 40 
0 O 1 
0 0 1 

20 25 
24 0 
0 5 1 

20 4 7 1  
21 27 

8 32 
0 0 

23 0 1 
2 3 1 2 18 , 
0 40 1 

8 35 
3 28 1 
0 251  
2 35 I 

22 17 
0 2 ,  

I 1  52 1 

!) 85 
0 0 1  
0 3 5 1  
8 5 7 1  -- - 

- 1 , 1 1 7  

114 
110 
113 
128 
129 
113 
125 
lo!) 

118 
114 
117 

1 1 8 1 1 6  
I20 I 120 
116 / 114 

/ 137 I 134 
110 1 126 
1 1 8 1 1 1 4  
117 ' 118 
112 114 
129 126 
118 1 152 
114 1 122 

114 
114 
120 
132 
128 
121 
128 
106 
112 
160 
117 
118 
117 
116 
114 
120 

101 
101 
108 
104 
112 
103 
$36 

106 

128 ; 122 
114 I 118 
I,, 124 3 

148 
144 
134 
137 
136 
125 
133 
148 
118 
140 
122 
136 
121 
158 
124 
13G 
13.1 
136 
126 
263 
130 
130 
128 

121 
118 
121 
1% 
137 
126 
128 
122 
118 
122 , 183 
129 
124 
118 
118 
120 
122 

95 110 
152 180 
124 121 
122 116 
113 114 
110  114 
106 I()!) 
lo!) 113 

150 
162 
1 4 4  
126 
136 
138 
132 
128 
148 
124 
136 
122 
133 
132 
160 
124 
138 
148 
134 
125 
207 
12:) 
128 
130 

122 

121112'1 
122 122 
1 2 ! 1 4  

. --- 
513 

124 1 130 1 134 
137 1 137 / 158 
133 
130 
121 
114 
136 
I46 
122 
122 
120 
124 
118 
164 
126 
138 
I18 
122 
126 
207 
132 
125 
123 
120 
122 

- 

' 134 133 
1 1 1 2 1 3 8  
129 136 
111 120 
140 133 
150 158 
122 122 
133 141 
120 121 
130 ' 136 
120 
148 

122 
148 

128 1:'0 
141 ' 137 
124 , 130 
1 3 0 1 1 3 6  
130 122 
2 13 250 
1 3 0 1 3 2  
129 I 130 
122 1 122 
12.1 122 
122 122 

122112(i  126 





- --p 

Rlininiurn Rending 
und l'imc. 





- 

6 ?;I7 'J 0  Y -- Y - Y -- Y Y Y 7' Y $ 1 ;  0  11 I6  r, 1 5 y 
1 5  6  2  -- -- -- 1 5  0 1 2 1 1  2 - -  4  0  
1 6  7  2  0 1 5  0  2  6  0  8 1 2  2 -  5  1 
1 4  6  2  1 1 4  0  3  6  0  8 1 2  2 -  4  1 

8 9 1 6 9 1 0 1 5 0 3 G O 7 1 6 2 3 4 1  
8 8 0 8 8 1 0 1 2 0 4 3 1 8 1 2 2 2 5 1  
7 8 1 5 0 1 2 1 1 O 1 2 2 6 1 5 2 3 4 1  
7 7 2 6 8 0 2 1 0 0 1 4 2 8 1 1 3 3 3 0  
7 1 0 1 5 9 1 2 8 0 2 1 2 G D 4 3 3 1  
6 4 2 5 6 2 1 8 1 2 1 2 6 8 4 4 3 1  
5 3 2 5 6 2 0 9 0 2 3 2 4 8 4 4 2 1  
4 4 2 4 5 1 2 7 1 2 3 3 8 8 4 3 3 0  
4 2 3 4 1 2 1 6 2 2 4 3 4 3 0 2 4 0  
1 5 3 1 4 2 0 5 1 0 4 3 0 1 1 4 2 2 1  
1 ~ 3 0 2 2 0 5 1 2 1 ~ 3 2 9 4 1 2 1  
1 4 3 0 4 2 1 5 1 2 2 3 7 4 5 0 4 0  
1 3 4 0 1 2 2 4 1 2 3 3 6 6 5 1 4 0  
2 3 4 0 1 2 2 4 2 2 1 3 6 8 4 1 2 0  
1 3 4 1 1 3 2 4 2 1 1 3 5 2 6 1 1 1  
2 2 5 3 1 3 3 3 1 3 1 3 8 1 6 0 1 1  
0 0 6 2 2 3 3 1 1 2 0 3 6 0 4 0 2 1  
1 3 6 4 1 3 3 1 1 0 1 2 7 2 8 0 2 1  
2 0 7 3 1 3 1 0 1 2 0 2 6 3 5 3 2 1  
2 0 7 5 2 3 3 0 1 0 0 2 5 4 4 2 0 1  
1 1 0 4 0 3 1 0 1 1 0 2 5 0 4 0 2 1  - - - -  -- - - - - .- - - - - - . -- 

--- 
Nov. 20, 1911. N O ~ .  24, 1911. 

H I D  
H I 1 1  V V 

Doo. 18, 1911. Doo. 22,1911. Jan. 22, 1912. Jan. 20, 1912. 

H I 1 1  
H I D  

V Y I I I I l ) / V I I I  (III Y 





Jlcllo 23, 1911. J u l y  17, 191 I .  1 

Y Y Y  
I 1  114 I 
11 22 2 
12 23 8 
4 23 3 
O 24 2 

12 23 2 
I &  23 1 
29 17 1 
19 19 1 
28 14 1 
38 13 0 
28 10 0 
24 11 0 
24 7 1 
35 6 0 
44 1 0  
41 0 1 
38 0 0 
40 2 1 
36 0 2 
22 6 3 

6 7 4  
0 7 '4 
3 6 4  
3 6 4 

Y Y Y  
12 25 4 
13 86 5 
10 22 5 
8 26 5 
! 26 8 
8 25 5 
3 25 5 
4 24 5 
0 22 3 
G 20 3 
h 20 2 
2 19 2 
4 14 2 
5 14 0 

11 11 1 
12 9 2 
15 7 1 
11 6 1 
12 3 2 
11 3 2 
10 3 2 
8 3 2 

12 1 2 
11 0 2 
6 2 2  



TERM HOUR DATA. STONYHURST-COX -- 

I Nov. 20, 1011. / Nov. 21, 1011. 1 Doc. 18, 1011. 1 Doc. 22, 1911. 

Y Y Y Y Y Y  
1 2 1  0  3 2 5  2  
2 2 0  1 2 2 5  3  
1 1 9  2 3 2 5  3  
1 2 1  1 3  26 4  
1 2 0  2 4 2 5  4  
2  21 2  5 25 4 
1 2 1  2  5 24 3  
1 2 2  1  5  24 3  
0  23 1 5  22 3 
0 2 3  1 4 2 2  2 
0 2 1  1 3 2 1  2 
1 2 0  1 3  21 2  
I. 17 1  3 19 1 
1 1 4  1  3  16 0 
1 1 1  1 2  13 1 
1 1 0 1  2 9  1  
1 9 1 3 7 1  
1 9 2 2 5 1 .  
0 7 2 1 4 1  
1 3 2 1 4 1  
0  1 2 . 1  4 1 
1 0 3 1 3 1  

0 3 1 3 1  
1 3 0 2 1  

.- 

Jan. 22, 1012. Jan. 26, 1912. I 



- - -  

Nuv. 20, 1011. Nov. 24, 1011. l)o(s. 18, 1911. I 



May 29, 1911. 1 Juno 2, 1911. 1 Junc 26, 1911. 1 Juno 30, 1011. 1 

-- 
Y Y Y  - - - 
4 9  - 
5 u -  
6 8 -  
6 9 -  
G 7 -  
G 7 - -  

5 7  --- 

5 7  - -  

5 7 -  
6  6  -- 

8 G -  
6  6 -- 
G 5 -  
6 3 -  
4 3 -  
3 2 -  
4  3 -- 
3 1 - -  

4  1 -  
3 1 -  

I 
2 1 -  " 1 . -  - 

- - - - - - - - - 

July 24, 1011. July 28, 1911. I 
-- 
Y Y Y  
- - - 

I  16 - 
3  15 
4 17 -- 

4 17 -- 
G 14 
G 14 
7 14 
(i 13  
3 11 
4 10 - 

0 9 -  
2  10 - 
7  9  -- 
6 9  -- 

4  9  -- 
4  7  -- 
1 6 -  
0  7 -  
3 G -- 
3 6 -  
4 6 -  
4 3 -- 

5 1 -  
7 0 - 

Y Y Y  - - - 
21 46 -- 
24 42 -- 
20 36 - 
19 35 -- 
20 36 - 
13  29 - 
11 27 - 

G 23 - 
3  18 - 

14 22 - 
14 13  - 
15 17 - 
17 10 - 
17 7  - 
IG G - 
14 0  - 
9  9 -  

14 7  - 
17 7  - -  
18 7  - 
20 b - 
12 2  

:3 3 - 

0 .'1 - 

- 

May 22, 1911. 
- i V  

- 

July 17, 1011. 

1 

- - 

June 23, 1011. 

v  

-- - - 

May 26, 1911. 

- 

v  

Y 
-- 

- 1 6  
12 
8 
5 

20 
23 
32 

34 
40 
31 

32 
- 4 0  

- 3 5  
41 
40 

0 - 3 0 1 3 -  
2 1 5 1 9 -  

- -  

,JtiIy 21, 1911. 

v  

- 

June 19, 1011. 

v  

Y 
--- 

8 
G 
3 
4 
3 
0 
2  
0 
5  
4  
3 
5  
3 
9  

12 
12 
8  
9  

Y 
- 

G -  
7  
6  
7  
6 
4 
0 
G 
1 
0 
0 
G 
7 

7  
11 
11 

2 2 3 - -  
0 1 8 -  
2 1 3 -  
7 1 1 -  

-- 

Y Y  
-- 
-- 
--- 

- 

- -  

- 

-- 

O - -  
2 -  
3 - -  
2 -  
1 -  
1 -  

-- 

Y 
- 

- 

6 - -  

- 

Y 
- 

1 3 - - 2 3  
4 -  

2 - - 2 6  

- 
- -  

0 -  
1 -  
6 -  
6 -  

Y - 

2  

5  
6  

6  
7  

12 
12 
11 
9  
9  

11 
10 

6 1 3 -  
7 1 3 -  
6 1 2 - -  
9 1 1 -  
5 1 1 -  
4 1 0 -  

Y I Y  Y Y  
-- 
--- 
-- 

9 1 - 9 1  
2 - - -  
2 - -  
- 

2 - -  
-- 

3 -  

3 - -  

- -  
--- 

4 - - 2 8  
3 - 1 7  
3 - 1 8  
2 - 1 7  

1 3 - 1 4  
2 - 1 7  

Y 
- 
8 
8 

9  
8 
9  
7 
8 
5 
7  

2  

3 
1 
0  
0 
2  
2  

3 

Y - 
0 - - -  

-- 
3 -  
5 -  
3 -  

-- 
- -  

5 -  
-- 
-- 

9 -  
- 
- 
-- 
- 
- 
- 
- 

- 
20 
24 
30 

G 3 2  
30 
22 

10 
9 1 0 - -  

7 
G -  
6  

4 1 1 4 6 4 3  
6  

8 7  

3 
0  

- 

9 
7  
7  

- 4 2  

8 
8 

0  
3 
7 

- 1 2  
13  
13 

6 2 1 7 2 - - 4 7 6  
18 
18 
19 

522 

- 

I  
1  

9 0 -  
8 1  

I  

3 

3 

4 3  
2  
2  

- - 
I  
1 
3 

1 
1 

5 
5  

1  
1 

2  
2  
2  

- 

y  
-- 

1 
I  

5 0 -  
1 
2  

1 

1 -  

1  

2  
2  

h . m .  
17 0  

5  
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

18 0  
5  

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

19 0  

--A 

y l y  
- 

y  
- 
2  
I  
2  

5  
2  
3 
5  
7  
6  
5  
4 

5  
6  

6  
1 

0 
5  
4  
5  
7  

- 

I -  

- 

- -  

I - -  

2 - - 1 5  
] - - I 4  

1  
-- 

5 2 - 9 5 -  
-- 

- - -  

1 3 - 2 0  
3 - 1 9  
4 - 1 9  
4 - 2 0  
5 - 1 8  
3 - 1 7  

-- 

0  
0  
1 

17 
21 

1 1 7 1 3 -  
13 

11 

11 

12 
19 





I M a y  22, 1911. 1 May 228, 1911. 1 Juno 19, 1911. 1 Juno 23, 1011. July 17, 1911. I __- I 
v /I 1 I) 1 v - l  

July 21, 1911. 

- 
-- 
-- 

. -  
--- 
- - 
-. 

-- 
-- 
-- 
- 
- 
-. 

- 
--- 
- - 
- 
-- 
-- 
- 
- 
- 
- 
- 
- 

G 
7 
7 
G 
6 
6 
7 
6 
2 
0 
3  
5 
9 

11 
13 
14 
16 
18 
21 
23 
16 
17 
16 
15 
14 

I 

5 
5 
5 
6 
6 
G 
(j 

7 
7 
6 
6 
5 
5 
5 
4 
4 
3  
2 

1 
0 
1 
4 
4 
4 

- 
-- 

-. 

-- 
-- 
-- 
- 
- 
--- 
-. 

- 
- 
- 
-- 
- 
-- 
- -  

-- 
- 

- 
- 
- 

- -- 

8  
6 
4 
2 
1 
5 

13 
15 
1'3 
25 
27 
20 
18 
21 
28 
31 
30 
28 
25 
15 

] 
0 
2 
5 

Y Y Y  
0  

2 -  
3  
3  
3  
2 
3 -  

4 

G 
5 
4 
4 
4 
4 
4 
4 
3 
3 
4 
4 
6 

Y Y Y Y  

0  
0  

I  
I 
2 
2 

2 

2 
2 

1 
1 1 -  

1 
1 
1 
1 

-- 
1 1 1  D j  Y 

-- 
Y Y Y  - 
- 
-- 
- 
-- 
-- 
- 
-- 
-- 
- 
--  
- 
-- 
- 
-- 
- 
-- 
- 
-- 
- 

8 - -  
-- 
- -  
-- 
- 

-- 
1 -  

- -  
-- 
-- 
- -  

3 -  
4 -  

-- 
G -  

-- 
--  
-- 
-- 
- 
- 
- 
- 
- 
- -  

- -  
- 
- -  

1 -  
-- 
-- 

1 -  
- -  
-- 
--- 
- -  

2 -  
l -  
1 -  

-- 
2 -  

- -  
1 -  
1 - -  

-- 

-- 
-- 
--- 
-- 

3 - -  
4 - -  

7 
G 
5 
4 
4 
3 
2 
0 
2 
4 i  

3  

3  
4 
6 
7 
8 
8 
7 
6 
5 
G 
8  

6 

Y Y Y  

3 
3  
4 
5 

1 5 -  

7 
8 

8  

8  

8  
7 

- - 

1 -  
1 -  
l -  
0 -  
1 -  
1 -  
e -  
- 

- 
-- 

7 -  
7 -  

-- 
-.- 

8 -  
-- 

8 -  
8 -  

-- 
8 -  

-- 

7 -  -- 



TERM HOUR DATA. VAL JOYEUX. - - -  - - I M&y 19, 1911-( Juno 2, 1011. I Jlino 20, 1011. 1 Juno 30, 1011. 1 July 24, 1911. i July 28, 1911. I - -- ----I 

I May 22, 1911. / M&y 20, 1011. 1 

Y Y Y  -- - - -  
4 3 - -  
2 G - -  

0 9 -- 
4 13 - -  

11 12 - -  
16 8 - -  
16 7 
14 5 - 
14 G - 
lb  8 - 
17 4 - - 4 - - 2 - - - - 
14 - - 
12 - - 
14 - 
18 - - 
20 3 - 
20 2 - 
19 2 -- 
21 2 -- 
21 1 .- - 
20 0 - - -  

J 1 1911 Junu I 





I May 22, 1011. 1 May 20, 1011. / Ju~lo 10, 1011. / Juns 11, 1011. July 17, 1911. July 21, 1911. 1 1 

Nov. 20, 1011. Nov. 24, l'JI1. 1 Doc. 18, Iflll.  ( Dcc. 23, 1011. 



- 
May 22, 1911. 

H I 1 ) I V  

July 17, 1911. 

H / I ) / Y  

17 
16 
15 

11 
10 
9  

5 
4 
4 
3  
2  

July 21, 1911. 

H I J ) l T  

May 20, 1911. 

H I I ) I Y  

528 

Juno 19, 1911. 

I I / J ) ~ V  

0  
1 2  

2  

10 
9 

6 6  

8  

9 1 0  

0  

0 

0 
0  

1 2 3 2 5 6 0 3  

Y Y + Y Y Y Y Y Y Y Y  
8 1 6 2 9  
9 1 2 2 9  

1 3 1 8 G 8 8 2 1 0 3 6 2  
1 2 1 G G G 8 1 9 0 5 5 2  

14 
3 2 0 2 5  

9 1 0 0 2 2 1 2 5 3 8 1  

1 1 7 2 2  

4 5 6 3 1 2 8 2 4 7 9 2 4  

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

3 0 0  
0 ' 3 4 3 3 0 1 8 6 1 1 0  

- 

2  

1 
0  
0  

4  
5  
6  
8  

I 9 1 1  

Juno 23, 1911. 

H I 1 ) I Y  

9  
9 
8  

2  
2  

4  
4 
4  

3 

2 3  

23 

2 1 5 2 3 1  

1 2 6 2 5 4  

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

3 1 0  
2 1 0  

9 

5  
6  

9 0 3 1  

8 1 0 1  
6 2 3 1  
5 3 4 3  

8  
8  

7 1 1  

9  
9  
8 

1 4 2  
5  
2  

9 1  

7 0 2  

9 1 4 5 6  

3  
2  
2  

2  

7 1 1 0  

$1 

G 4 6 1 1 2 2  
4  

5 4 4 3 1 2 0 2 3 6 8  

6 4 0 4 0 2 5  

1 9 9 3 2 9 3 1 1  
- 

0  
1 
1 

1 
2  
2  
2 

1 2  
1 4  

6  
7  
3  

9  

-- 



Nov. 24, 1911. Doc. 18, 1911. Doc. 22, 1911. Jan. 23, 1013. 

- 

- -- 
I I I 1 ) \ )  I ~ j l i / i ~ I I ~ I I ) v ~ X I ~ / Y j l l ~ i ~ v  

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
0 O O 1 0 3 0 0 1 3 0 0 1 0 0  
0 0 0 0 1 3 1 0 1 1 0 0 0 1 1  
0 0 0 0 2 3 2 1 1 1 0 1 0 1 2  
2 0 0 0 4 3 1 2 1 2 1 1 0 1 2  
3 2 0 0 3 1 1 2 1 2 1 1 1 2 2  
6 1 0 0 4 1 1 4 1 3 2 2 2 3 3  
6 2 0 2 4 0 0 4 1 4 2 2 2 2 2  
7 2 1 1 f i 0 3 6 0 3 3 2 2 3 ' 3  
7 3 1 2 6 0 2 5 0 3 4 2 4 3 3  
7 4 1 5 7 0 3 6 0 3 3 4 2 3 3  
6 4 2 4 7 1 6 6 0 2 3 4 5 4 3  
7 5 2 3 8 3 6 6 0 3 4 4 4 5 3  
7 5 2 4 8 1 6 8 0 2 4 4 4 5 3  
7 6 3 4 8 4 6 8 0 6 b 4 4 5 3  
7 6 3 5 9 4 5 9 1 6 5 5 2 5 3  
8 G 3 G 1 0 3 G 9 1 3 5 5 3 6 3  
7 7 3 7 1 1 3 G 1 0 1 4 5 5 3 G 3  
7  8 3 7 1 1  3 O I L  1 7  5  G 2  G 3  
8 9 1 8 1 2 3 G I I  1 4 5 G 3 8 3  
9 1 0  4 8 1 2  3 5 1 1  1 2  5 7  3 9 3 

1 0 1 1  4  8 1 2  3 0 1 1  2 3 6  7 2 9  3 
1 0 1 0  4  8 1 2  3 G 1 2  2  0  G 7  3 9  4  
1 0 1 1  4 7 1 2  1 7 1 2 2 3 8 G 3 8 3  
1 0 1 1  4 8 1 3  1 6 1 3  1 2 6 8 3 9 3  
I 1 1 1  4  7 1 3  1 6 1 3  1 , O  6  8  3 9  3 - - - - - .- - - - - - - - - - - - - - - - - - 

Nov. 20, 1911. 

---- 

n l u J v  

Y Y Y  
0  1 0  
(j 1  0  
3 0 3  

4 1 2  
4 1 2  
4 2 2  
G 2  1  
6 4 2  
7 2 3  
8 4 3  
9 7 4  
9 8 4  
9 8 4  

'10 8  4  
12 9 4  
12 10 5 
11 9 6  
12 10 G 
14 11 6  
13  10 7  
13  12 G 
14 14 6  
15 13 G 



May 22,  1911. / May 26, 1011. 1 Juno 10, 1911. / Juno 23, 1911. July 17, 1911. I I 
--- -- -- - 
July 21, 1911. 1 



- - - -  

I Mny 22, 191 1. illthy 20, I n l l .  

h. in. 
17 0 

G 
10 
1 8 



TERM HOUR DATA. LUKIAPANG--contin~ed. 
- - -- - 

Dec. 18, 1911. 

- - -  - 

Ikc .  22, 1911. 

-- 

H l u l V  

TERM J-loun DATA. I~EHRA DUN. 

Nov. 24, 1911. I Jnn. 22, 1012. Jan. 26, 1012. 

- --r 
H l u l v ! ~ l ~ l v  

Nov. 20, 1911. 

Y Y Y Y Y Y Y Y ; Y Y Y  

4 - 2 1 1 3 2 1 3 0 0  
4 - 1 1 1 4 2 1 3 1 0  

0 - 5 1 1 4 3 1 3 2 1  

0 - 6 1 1 5 2 0 2 2 2  

0 0 0 1 1  

1 1 0 5 1 0 - - 4 - 0 0 1 4 2 1 2 1 0  
1 0 1 6 1 0 - 7 - - 2 0 1 4 2 1 3 2 0  

1 0 2 5 1 1 - - 0 - 6 1 1 3 2 0 3 2 2  

2 0 2 5 0 2 - 0 - 4 1 1 6 1 0 3 2 2  
2 0 2 4 0 2 - - 0 3 1 2 4 2 0 4 2 2  
2 1 2 3 0 2 - 0 - 2 1 2 2 2 0 3 1 2  
3 1 3 2 0 3 - - - 1 2 1 2 5 2 0 3 1 1  

3 1 2 4 0 3 2 3 - 1 1 3 4 2 0 4 1 1  
3 1 2 5 0 3 1 3 - - 2 1 3 1 2 0 4 1 1  
2 1 2 6 0 3 0 3 - 2 1 3 0 1 0 4 2 1  
3 1 2 6 0 4 0 4 - 2 0 3 1 0 0 4 2 1  
3 1 3 0 4 0 4 - - 2 0 3 1 0 0 5 2 1  - 

-- - - 

- 

1. 1 .  I 
X 0 

5  
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

9 0  
5 

10 
15 
20 
25 
30 
35 
10 
45 
50 
55 

10 0 --- - - 

1 - 
h . m .  1 18 0  

5  
10 1 15 
20 
25 
30 
35 
40 
45 
50 
55 

19 0  
6 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 1 20 0  I _ 

1 5 1 0 - 2 - 3 0 1 3 2 1 2 2 1  

-. 

H l u / V  

-- - 

July 24, 101 1 .  

H I u / v  

H ~ D ~ V  

1 1 0 O 1 1 2 1 0  
2 1 0 0 0 1 3 0 0  
2 1 1 1 1 1 4 0 0  

3 0 1 3 2 1 2 2 1  
4 0 1 3 2 1 2 2 1  

1 1 2 5 0 0 4 0 1  
1 1 2 5 1 0 4 0 1  

a l i r i v  

,1111~ 28, 1!311. 

--- 
1 I I I ) I v  

Y u Y Y Y y ; Y Y Y Y  
0 1 2  

0 1 4  

0 1 5  

6  

4 1 1  
5 1 1  

9 
6  
2  

2  

0 
2  

- - 
v 

- 

- . - - - 

May 20, 1011. 

I 
~ I I , ) /  v 

1; 

1 0  
1 0  

0  

2  

2  

Y 
0  

0  
0  
0  

. 

3 
4 

6 
6  
6 

9  

9 
!) 

11 
11 

13 

15 
14 

.Illno 2, 1011. 

--- 
1 , I l ) j v  

Juno 20, 1911. 

1 1 1  l ) I v  

0  

2 
2  

7  

7  
6  
6  
8  

10 
4 1 0  

11 
2 1 2  
2 1 2  
0 1 5  

12 
13 

5 2 2  

1 5 2 3 3 6  

6 1 7  
4 1 3 1 0  

0 1 3 1 8  

2 1 2 1 9  
2 1 5 2 0  

I3 

1 1 2  

4  
- 

0 1 0  

-- - 

i; 

2  
4 
5  

4 
1 4  

5  

5  

Y 
1  

1  

% 
2  
2  

2 0 2 2  

2  
2  
3  

6  
6 
7  

7 
(i 
5  

3 

0  
0  

- - 

- 

J n  30, 1 1 1  

-- 
H I j ) I v  

p-- 

1 6 2 4  

1 6 2 0  

1  
0 

0  
1 
1  

); 
0  

1 0  

2 
2 
3  

6 

G 
7 
7 
7 
7  
8  
8  
8  
8  
8  
7  

-- 

5 1 8 0 0  
0  
2  

6 2 0 4 6  
7 
8 

1 1 2 1 8 8 '  

2 1 6 2 0 1 0  
I 4 2 0  

22 
0 1 3 2 5 1 2  

27 
1 1 0 2 8 1 3  
1 8 2 9 1 3  

8 2 9 1 5  
30 

0 , 3 2  

I ' 
9  
8  
7  

4 
4 
3  

2  
1  

2  

0  
0  

- - -- .- 

I  

% ?  
1 -  

2 
2  

1 2  

4  
1 5  

G 
8 
8  
!j 

10 
5 1 1  

11 
7 1 1  
8 1 1  
1 1  

I I  
J 2  

- . 

; 
2  

1 2  

0  

2  
2  
2  
2 
2 
4 
4 
3 
2  
3  
4 
5 

7 1 6  -- - - 

yo 
0  

6 2  
5 4 1  

5 
7  
7 

3 1 0  
3 1 0 5  
3 1 1  
3 1 1  
2 1 2  

13 
13 

1 1 3  
14 

1 1 5  
0 1 6  
0 1 7  

17 
ill -- 

0 2 0 1 1 0 4 5 -  
0 1 0 1 1 0 0 5 -  

1  

1  

3 0 2 2 0 3 5 2 -  
3 0 2 3 0 3 3 3 -  

5 -  

- 
0 - - -  

: 1 : 1  

632 

2 
0  

2 
2  
2  

8  
$1 
!) 

7 1 0  

1 0  
10 

4 1 1  
11 

2 1 1  
1 1 2  
1 1 2  

1 4  
16 - 

1 0 1 4  

1 0 1 4  
1 0 1 5  

2  
6 5 4 3 1 0 7  

b 
5  
b 
6  
7  
7  
8 
9 
9 
9  

1 2 -  

2 1  
1 1  
1 1  

1 1  

1 
2  
2  

4 

5 

10 
11 -- 

0 1 3  
0 1 2  

1 2 2 1 1 2 2 0 1 4 1  
2 1 2  
3 1 1  
4 1 0  

4 8 4 0 0 2 4 4 4 9 1 0 1 4 2 4 8 1 1 5  
4 8 4 1 1 3 5 6 5 9 2 0 1 1 4 3 9 1 6 6  
4 9 5 0 0 4 7 6 8 3 1 9 4 2 1 3 1 7 7  

7  

5 
4 
3 
2  
1  

0 
0  

2  

.- 

1 0 1 3  

6 

7 
8  

1 9  
8  
8  
9 
9  
9  
9 
9 
9 

10 - - 

2  

2  
1 1 3 2 . 0 1 5  

0  

3  

4 
5  
6 
7  
7  

1 1 0  
1 1 0  
1 1 1  
0 1 2  
0 1 3  

13 
14 

1 0  Y I  5  

1 0  
1 0  

0  

l o - -  
0 

1 1 - -  

1 2 -  

1 0 - - 5 -  

I -  

I - - -  



.- 

Jan. 22, 1912. JILII. 26, 1912. I - 1 



-- . - 

/ June 11, 1911 .  ( June 23, 1911. / July 17, 1011. 1 July 21, 11111. 1 



1 h 2 1911. June 2, 1L)ll. llullu LO, 1911. Junn 10, 1911. July 24, 1911 ; th~ly  28, 1011. 1 I I I 













' ~ E R M  HOUR I~ATA.  ALIBAG ( ~ ~ O M B A Y ) - - C O % ~ ~ ? E ~ . G ~ ~ .  - 
Jan. 20, 1912. 

H I D / v  

--- 

- - - 

- 

- 
1 i . m .  
18 0  

5  
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

1'3 0  
5  

10 
15 
20 
25 
30 
35 
40 
45 
50 
5b 

20 0  ----- 

- -  - - - '1'1snnz - - - - - ~+OUR DATA. -. VIEQUES ( P O R T ~  --- Hrao). - -- - -- - -- 

- -  - . 

Nov. 20, 1011. 

H / i l I v  

Nov. 24, 1011. 

H l n l v  

-. - 

Uoo. 18, 1011. 

N / D I v  

0 2 3 0 0 ~ ~ ~ % ~ ~ ~ 2 1 2 8 0 3  

- .- 

y 

July 28, 1911. 

y y 

- 

y 

- 

y 

11 I I) I I' 
Jm~o 2, 1911. 

--- 
1 2 ,  1 

- 

-- - - 
Jell. 22, 1912. 

H I D I v  

Y Y Y Y Y Y K  

- - - -- - -- - 
Drc. 22, 1911. 

R l n l v  

0 0 2 0 1 5 3 5 6 1 2 2 0 2 4 0 3 2  
1 1 3 0 1 3 1 5 6 1 2 2 1 1 4 1 3 1  
1 3 3 2 2 3 0 5 6 1 2 5 1 0 3 1 2 2  
1 2 3 8 2 3 2 5 4 1 1 5 3 1 3 2 2 2  
1 1 4 - ~ 1 ~ ~ 3 1 5 3 O 2 5 4 1 2 1 2 2  
0 2 5 4 3 3 2 5 3 0 0 5 3 1 3 1 2 ! i ?  
0 2 6 5 3 3 8 5 3 1 0 5 3 2 3 1 2 2  
0 3 6 5 2 4 2 5 5 1 0 3 4 2 3 1 1 0  
0 2 3 5 2 5 4 3 3 2 1 6 4 3 3 0 1 0  
0 2 3 4 1 5 3 2 2 3 1 3 5 2 3 0 1 0  
1 2 3 4 3 5 4 3 2 1 2 3 5 3 1 1 2 0  
2 2 2 1 3 3 5 2 1 5 2 5 5 3 1 2 2 0  
1 3 2 4 3 3 5 1 1 2 3 5 5 2 1 1 1 0  
2 3 2 4 2 3 5 1 1 1 3 5 7 2 3 1 1 0  
3 3 1 3 2 3 5 1 1 2 4 3 5 2 3 2 1 0  
2 3 3 3 3 3 5 0 J 1 4 2 5 2 3 2 1 2  
3 1 2 3 3 3 5 0 2 1 3 2 6 3 0 2 1 3  
3 1 2 2 3 3 5 0 0 0 1 8 5 3 0 3 0 1  
3 2 2 2 2 3 5 2 1 0 4 1 5 3 1 3 0 0  
3 2 3 5 1 3 5 Y 1 0 3 1 ~ 2 1 2 0 0  
3 2 3 ~ J 1 2 5 3 1 I 3 1 3 2 1 2 0 0  
3 2 2 4 1 3 4 3 1 1 3 0 1 3 1 2 0 0  
4 1 1 4 o 0 3 2 0 1 3 1 3 1 1 2 0 0  
4 3 0 3 1 0 3 2 1 0 3 1 1 1 1 3 0 0  

11 1 I) 1 ir 

--- 

Jnly 24, 1911. Jr~no 26, 1911. 

-- 
Jrlno 30, 1!)11. 

li 1 D 1 i7 I Jf 1 11 1 IT H 1 11 1 V 

h.  m. 
8  0  

8 
10 
15 
20 
25 
30 
35 
40 
4 5  
50 
56 

9 O 
5  

I0 
15 2  
20 
25 
30 
3F 
10 
45 
60 
55 

10 0 5 - 

I! 1 I) 1 ir 

1 

3 - 

Y Y Y Y Y Y Y Y Y Y Y  
0 0 0 0 1 0 0 5 3 3 0  
0 0 0 0 0 2 0 5 4 3 1  
0 0 1 0 0 3 0 5 4 4 0  
0 0 1 0 0 3 0 6 4 4 1  
1 0 1 0 0 4 1 6 8 4 1  
2 0 1 1 0 5 2 6 4 3 3  
2 0 1 1 0 6 3 6 . 2 3 2  
2 o 0 l Q 6 4 6 0 8 1  
2 1 0 1 0 6 G 5 4 3 3  
2 1 1 1 1 6 6 4 5 1 3  
2 1 1 1 1 6 8 3 4 1 6  
2 1 1 2 1 4 8 3 6 2 6  
8 2 1 2 1 6 7 2 8 0 8  
2 3 1 2 1 6 7 3 8 1 9  
2 : 1 0 2 1 ( i 8 3 3 8  

6  
4 0 3 1 5 ! ) 2 9 4 ( i  
4 4 0 3 3 3 9 0 9 3 8  
5 4 0 3 1 4 8 1 1 1 2 9  

B T 1 0 3 1 3 9 1 9 1 1 1  
0 4 0 5 2 2 9 2 9 4 7  
1 , 1 I G 2 3 ! ) I ! ) 6 7  

1 

1 7 2 2 ! )  - 
841 

0  

G O 3  
8 5 0 3 1  

! 

1 4 8 2 1 1  

- -- - . -- 

3 1 0  

3 9 1 1 2 0 1 0  

I 1 1  - - - - 

4  

- - 

7  

1 1 0  

8 1 0  - 





TERM HOUR DATA. ~(ODAIIIANAL. 
-- - - 

- 

11. 111. 

s o  
5  

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

9  0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

10 0  

--- 

-- 
Jr~ly 28, 1011. 

a / 1 ) 1 v  

Y Y Y v g  

43 
42 

3 1 2 3 6 1 0  
32 
29 
26 
29 
24 
29 
24 
24 
19 
17 

2 1 8 2 2  
2 1 8 2 3  
2 1 8 2 6  

18 
1 1 3 3 1  
1 1 3  
0 1 1 3 2  

- 

1 , I .  ;luno 19, 1911. Jrino 23, 1011. J~tly 17, 1011. July 21, 1011. 

I 

-- - - 

May 29, l n l l .  

l i ) u ) v  

- - - -- - - 

June 2, l o l l .  

H I n l v  ----- 

- A -- - 

o 

4 
7  
9  
9  

10 
10 
12 
15 
16 
18  
21 
21 
21 
21 

29 

31 

i t ?  5 
10 
15  
20 
25 
30 
36 
40 
45 

I 50 
65 

1 8  0 
6 

10 
15  

- 20 
25 
30 
35 
40 
48 
50 
66 

19 0  -- -- - 

- 

1 2  
5  
5  
5  
5  
6 
5  
1 
3 
5  
5  
6  
6  
7  
9 

10 
8 
6 
5  
5  
1 
5  
5  

- - - 

- - - -- - 
I 4 ,  l o .  

J i j 1 , ) v  

. -- .-- - --. - 

,run~ 26, 1011. 

a I 1 , I v  

0 3 2 1 2  - - ----- 

1 0 4 3  

0 
0  

O 
0  
1  
I 

1  
1  
2  
2  

3 
3  
6  
6  
6  
6  

- 6 

i ;  
1 2 2  
2 2 5  
3 2 6  

25 
26 

1 2 6  
1 2 5  

23 
21 
Is 
15 
17 
17 
15 
15 
10 
8  

1 8  
6  
i 

1 3  
2  

1 0  
2  - . 

- - - . -- . 

,1111io 30, 1911. 

r r / o j v  

- - - - - 

35 
31 
31 
27 
26 
25 
23 
21 
21 
I n  
J 5  
1 3  
1 3  
1 3  
9  
8 

5  

- 

1 1 2 5  

0 

0  
1  
1  
3 
3  
6  
5  
6  
6  
S 

11 

11 

12 - - -  

0 2 7  

1 3 5  
1 2 5  
1 2 6  

25 
0 2 4  

23 
20 
19 
I n  
19 
18 
18 
14 
13  
13 

8 1 1  
7  
7  
6 
5  
1  

0  
- 

1 4 5  
1 4 4  

1 3 9  
38 
34 

0 3 2  
31 
27 
26 
26 

1 2 4  
1 2 0  

20 
I 9  
1b 
1 4  

2 1 1 1 5  

6  

2  

4 3 1 0 1 0 b 0 2  

-- - - - 

$ 6  
2  
2  
2  
3  
4  
7  
! 

LO 
13 
1 3  
13  
13 
15 
15 
16 

7 1 9 1 7  
7 2 0 1 7  
6 2 0 1 7  

20 
2 2 0 1 7  
1 2 0  
1 2 0 2 0  
0 1 9 2 1  - 

. - - - -- - . - 

3  
3 

3 
3 
3 
3 
3 
3 
4 
4  
4 
4  
4 
4 
4  
3 
3 
3 
3 
3 -- - 

Y Y 3 ' Y Y  o 

2  
3  
4  
4 
4  
4 
4 
5  
7  
8 

11 
14 
14 
15 
15  

8 1 5 1 0  
8 1 5 1 1  

I6 
2 1 8 1 1  

18 
1 2 0 1 1  
0 2 1  

YY?'?'YYYYYIJJyY 

- -  - 

b 
0  

3 
4  
4 
5  
7  
7  
8 
8 
8  
8 
9  
9  

I 1  
12 

8 1 4  
7 1 6  
6 1 8  

19 
5 1 9  

19  
2 1 9  
0 2 0  - -  

- .- 
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Diagrams and Magnetic Curves. 

Diurnal Inequalities. 

Quick Runs (on Term Hours). 

Sudden Commencements. 

Short Storms and Longer Storms. 



EXPLANATION OF PLATES. 

The diagrams in Plates I $0 XIV were plotted from the diurnal inequality tables 
in Chapter IV. The remaining plates, with the exception of Nos. LVI and LVII, are 
reproduced from tracings of the magnetic curves, very carefully made. Even original 
magnetic curves all suffer from two defects. There is a variability, usually slight, in 
the length of hour intervals. This may arise from imperfection in the clock, or from 
stretching or bagging of the paper. The Antarctic curves did not suffer much from 
this defect ; but, as ib so happened, it was specially prominent on April 9, 1911, during 
one of the storms that has been reproduced. The second defect is that known as 
" parallax " ; the line joining corresponding positions of the dots of light which answer 
to the curve and the base line is not strictly perpendicular to the latter. As explained on 
p. 265, there was a difference in the parallax errors of the three Antarctic curves. If we 
suppose the hour mark to show the correct time for the N' trace, the points answering 
to the true hour in the E' and V traces were on the average respectively 0.6 mm. and 
0.9 mm. to the right of the mark. In the ordinary curves 0.6 mm. represented 1.8 and 
0.9 mm. represented 2 7 minutes of time. 

In the reprocluctions of the term-hour curves, the Sc.8 and the shorter storms in 
Plates XV to XLI, the difference in parallax error has been corrected, a t  least approxi- 
mately, and points on the three Antarctic curves, having a common abscissa, represent 
the same time. But the reproductions of the longer storms show the same relative 
errors of parallax as the originals. In some cases, where a short storm is included, 
corresponding points in the three traces are indicated by short vertical lines with 
numerals 1, 2 . . . attached. 

The parallax and clock errors in the curves from the co-operating stations were 
only sometirries known. Sorne of these curves were very faint and the definition was 
not always good. Thus the accuracy of reproduction in their case is probably less 
satisfactory. 

The great majority of the short breaks in the longer storms represent the loss of 
trace during the time taken to change the sheet, an operation usually performed between 
20 h. and 21 h. G.M.T. 

The hours shown in the Plates are C.M.T., except in the case of Plates I to XI 
where the time shown is that of 180" E. 
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Pla;fe VII. 
ALL DAYS 10 QUIETER DAYS. 
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Plate VIII. 
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Pltcfe IX. 
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Plate XJ. 

VECTOR DIAGRAMS FOR ALL DAY8 AND FOR 1 0  QUIETER DAYS. 
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Plttfe XIII. 
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Plate XIV. 

VECTOR DIAGRAMS FOR 6 DISTURBED AND 6 QUIET DAYS (TIMES G.M.T.) 
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VECTOR DIAGRAMS. SEPTEMBER 17, 1912, 19h.30m. to 22 h. 
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