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INTRODUCTION. 

Trm report which follows is based on data and sketches brought back on the 
termination of the Expedition, which remained in my charge and were not dealt with 
until the conclusion of the war. 

In  the normal course of events, they would have been sent to Dr. G. C. Simpson, 
P.R.S., for analysis, since the auroral observations were made under his direction. 
Only a t  the conclusion of the war were the data redkcovered, and they were then 
analysed by myself, owing to pressure on Dr. Simpson of work in connection with 
the meteorological report. 

Though all members o€ the Expedition took their turn on the auroral watch: 
the credit for the observations lies chiefly with Dr. Simpson and with Major R, E. 
Priestley, who organised and directed the scientific work of the Northern party. Tho 
labours of the latter small party must indeed have been greatly increased by the 
burden of auroral observations taken every two hours during the winter, and very 
great credit is due to Priestley and t o  other members of this party for their zeal 
and energy. 

One point which has not received attention in the report, but which cannot be 
allowed to escape notice, is that on our Expedition, ss on others, reports were made 
that aurora had been seen at  low altitudes and that a crackling noise accompanied 
the display. 

The first instance was the report that aurora was visible between winter quarters 
a t  Cape Evans and Mt. Erelous. Tlic whole scientific staff a t  once left the hut. to 
investigate, but no such plienonieiion was visible by that time. Major Priestley, 
however, informs me that a similar plienomonon was reported froin Cape Royds 
during the Shaclcleton Expedition in 1908, this tiiiie by one of the scientific 
staff, * 

A better authenticated case is reported by the Cape Adare observers, where on 
one occasion the aurora was reported bdow the stratus clouds (on April 30th, 

On another occasion, it was reported by one of the seamen n t  Cape Adare that 
a rustling sound accompanied the auroral displny (Juiic 13th, 1911). This report was 
received with great scepticism, but Major Priestley inCoriiis me that, latcr, he hiinself 
heard the noise which he firmly believes was associated with the aurora (on July 23rd, 

Though I havo no personal knowledge of these two phenomena, it is clear that 

1911). 

1911). 

* Dr. Simpson (‘ Nature,’ Solit. 12tl1, 1918) lins discussed all tlie reported cascs, and has collie to 
tho conclusion, which is concurrod in by tho writor, that tliey were optical illusions. 
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the report should not neglect mention of them, and it is believed that, other observers 
in the north have noted similar occurrences. 

Dr. G. C. Simpson, P.R.S., and Dr. Charles Chree, F.R.S., have kindly criticised 
the greater portion of the report which follows, and my best thanks are especially due 
to f;he latter for his helpful interest in the work, and €or supplying the whole of the 
tabulated magnetic character nun] bers. 

c. s. w. 

8eptem.ber 15tf2, 1921. 
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AURORAL OBSERVATIONS AT WINTER QUARTERS, CAPE EVANS, 1911. 

1. SCOPE AND MEETI-IOD OF OBSERVATIONS. 

The original plans for auroral observations in the Antarctic included provision 
for photographic determination of the height of the aurora after the method used by 
Professor Stornier in the Bosselcop Expedition. For this purpose, portable telephones 
were kindly supplied by the National Telephone Compmy. Unfortunately, i t  was 
decided, after consultation with the photographer of the Expedition, that special 
lenses and photographic plates woiild not be iieccssarv for this purpose. Repeated 
attempts, howevcr, to photograph the aurora at  Cape Evaiis, even with leiigthy 
exposures, gave no result,s with the plates and caineras available, so this portion of 
the projected progrnniine had to  bc abaudoned. 

For visual observations of the aurora, an (‘ aurora watcli ” was cstublished 011 

the April 23rd, 1911, on thc r ~ t u r n  of the various sledging parties. The duties of the 
watchmen of the night were to  take meteorologicnl obscrvntions a t  four-hourly intervals 
and to make hourly observatioiis of the forin, intensity, azimuth, aiid altitude of the 
aurora. Any very briglit, or otherwise unusiinl auroral phenomena were to bc reported 
to the meteorologist, and sketches were to  be niado of bright aurorm, or aurora of 
unusual Eorm. The whole of the ‘‘ Afterguard ” took turns in the aurora watch in 
1911. Gencrally speaking, the watch was continuous only between (i p m .  and 8 t ~ n i . ,  

but  uomnionly embraced the whole oi the hours of darkness, Instructions were also 
given that any of the staff who were outside during the “ daylight ” hours should jot 
down in the aurora diary on their return any notes of aurora? they might have wit- 
nessed. It is possible, however, that this arrangement was not particularly satisfactory, 
judging by thc very small nuinber of obsermtions recorded in ‘’ daylight” liours, 

Though an attempt was made t o  record auroral obscrvrttions a t  each exact hour 
during the darker portion of the day, observations a t  the exact hour were occasionally 
missed, but taken a few minutes before or later. For statistical purposes, such 
obmxvations are treated as if they had been made a t  the exact hour, aiid it, is uiililcely 
that any appreciable error has been introduced thereby. On other occasions, pressure 
of more important work has precluded t h e  taking of auroral observations for short 
periods, but these periods during 1911 were few and far between. On the other hand, 
R considerable number of additional observations, especially of aurora of striking 
character, were recorded a t  tiiiios not falling on the exact liours. Except where 
specifically stated to be otherwise, such observations have been included in the foriiintion 
of the Tables. It should be noted, however, that such observatioiis were not recorded 
except, in the case of a ‘‘ positive ” result, and t h o  inclusion of these additional 
observations will, naturally, have most effect in increasing the iiuiiiher of aurorm of 
intensity greater than normal. It is, in fact, found that neasly all the intense aurorm 
arc logged as occurring u t  times other than at an exact 110111~. 
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It is unfortunate that drawings were not made on each occasion the aurora was 
seen, the lack of diagrams greatly increasing the difficulty of working up the results. 

In all that follows, unless it is specifically stated to be otherwise, the times are 
those of the 180th meridian and the directions are astronomical. 

The position of Cape Evans Winter Quarters is Latitude 77' 38' 24" S., Longitude 
166' 24' 7" E., so that time of the 180th meridian is approximately 54 minutes in 
advance of local time. Hours are numbered from 1 to 24, 1 hour being, therefore, 
approximately the time a t  which the sun was due south from the station. The 
magnetic declination a t  Cape Evans was about 154*' East and the dip about 86" 26'. 

A typical example of the changes in aurora seen a t  Cape Evans is furnished by 
the auroral observations of May 1st t o  May 3rd. The general course of the variations 
during that period was as follows :--. 

May 1st. 
Prom 1 hour fa 6 hours, no aurora was seen a t  the exact hours, though the 

sky was clear. A faint cloud-like patch was, however, seen between North and 
North 20' East a t  an altitude of 8', a t  4.10 a.m. 

At  7 hours, faint streamers were observed between N.E. and S.E., rising to 
an altitude of 35". 

Observations were discontinued until 22 hours, when an incomplete arch, 
broken in the centre, was seen to extend from S.W. by 8. to E.N.E. The arch 
was faint, the maximum altitude being about 50". 

At 23 hours, the aurora was still faint, in the form of a discontinuous arch of 
maximum altitude 20°, extending from E.N.E. to 8.S.E. 

At 23.55, the aurora was bright, in the form of three parallel arches extending 
from S.W. by S. to N.W. by N. almost across the zenith. These arches gradually 
coalesced and moved N.W. across the zenith, developing folds. Thc maximum 
brightness occurred just before crossing the zenith a t  0.04 on May 2nd. There 
was little motion of detail and no colour could be seen. Unsuccessful attempts 
were made to take photographs a t  this time. 

May Sfid. 
The aurora was very faint at 0.18, the eastern limb at  this time having moved 

round to north, the western limb remaining stationary. At the same time, a low 
faint arch of 10' altitude was seen between N.N.W and W. 

The aurora at 1 hour was in the form of a single, broad, ill-defined arch 
extending across the zenith from North to 8. by W. 

At 1.30, three broad, parallel, hazy bands were seen in the western hemisphere, 
of which the uppermost extended from North to S.S.W. across the zenith, and the 
lowermost was a t  an altitude of 30" a t  its maximum. 

At 2 hours, the only aurora visible was LL very faint hazy patch of light in 
the S.S.W. 
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No aurora was seen at 3 hours and 4 hours, but a t  4.07 a rather faint baud 
(moderately bright in places), with little motion. was seen to extend iron1 N.N.M7. 
to S.E. 

At 6 and 6 hours, no aurora was seen, but clouds were visible in the north. 
At 7 hours, faint patches of light were seen due Enst, a t  an altitude of 30'. 

No observations were then recorded during tlie bright portion of the day, 
but, at 19 and 20 hours, the sky was clear, no aurora beiiig visible. 

At 21 hours, an arch was observed between N.E. and S.E. a t  an altitude 
of 25", with streamers rising from the arch to an altitude of 40". 

The sky was clear and no aurora was visible at 22 hours, as also n t  24 hours 
and at 1 hour on the 3rd May. At 23 hours, however, a very faint ill-defined 
patch of aurora wns visible over the shoulder of Mt. 1i;rebus (in the N.E.). 

Jfay 3rd. 
A similar faint glow was seen in tlic same spot at 2 hours. 
By 3 hours, the aurora had developed iiito tt faint hand stretching from K.E. 

to S.S.W. a t  a low altitude, with anotlier band stretching from N.U. towards 
W.S.W. (altitude GOo), but fading sway in the west. A faint  glow was also seen 
slightly north of Mt. Erebus. 

At 4 liours, the situation was little changed, except in respect of the second 
band, which had disappeared, its place being taken by an iiicoiiiplete arch extending 
from N.N.K. to meet the first band about East of Cape Evans. 

At 4.17, only a single band was t o  be seen stretching across the zenith from 
N.N.W. to  South. A fcw isolated strcainers were also visible between N.E. and 
South. 

At 6 hours, a bright band was seeu from N. by W. t o  N.E. at an altitude of 
about Zoo, with a few isolated streamers above it and also in tlie East. 

By 6.15, the auroral display hac! moderated to two low faint streamers South 
by East: the same condit8ion also obtaiiiing at 7 hours. 

The above sequence of observations is typical (except as regards the trend of the 
arches) of many of the auroral displays, particularly in the tendency t o  the formation 
of arches and the sequence of aurora a t  successive hours, often broken by periods of 

no aurora." It is worthy oi note, also, that on all tliree days special mention is 
made of aurora between 4 hours and a few iiiinutes past. 

An auroral display was generally initiated by the appearance of streamers low 
down in the N.X. quadrant, in the late afternoon or evening. As the evening progressed. 
these streamers increased in nuniber and in altitude, at the same tinlo appearing also 
in the adjacent quadrants. This telicleacy contiiiued until about 4 a.ni., when the 
aurora often passed overhead in the form of nrches exteiidjng roughly from North 
to  South. Later, the arches, moving a t  right angles t o  their trend, extended 
occasionally into the westerii quadrants. 

c c  
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For purposes of classification, aixrorz were described under the following 

(1) Glows, incIuding cloud-like patches of indeterminate form. In the great 
majority of cases, glows were seen on, or very close to, the horizon. 

(2) Streamers.-These appeared in the form of rays or cones, the apices being 
directed away from the horizon. 

(3) Arches or bawZs.--l'his form of the aurora usually appeared straight when 
passing through the zenith and gently curved a t  other times, the curvature 
being always in the same sense. The aspect of thew arches suggested that 
they were, in point of fact, straight hands in the upper atmosphere, the 
gently curved appearance being due t o  perspective. 

(4 )  Curtains.-This designation was applied to aurortx?, particularly when of curved 
shape, the radius o€ curvature varying both in sign and magnitude. 

( 5 )  Corow.--This term was applied to  the aurora when in the form of discontinuous 
streamers a t  a high altitude, all streamers being directed towards a single 
point near the zenith. This form of aurora was only seen on two or three 
occamions a t  Cape Evans. 

Tn a number of cases, stmamers were associated both with arches tic low altitudes, 
and with curtain forms. It seems probable, as Vegard suggests, that the streamer is 
the primitive form of auroral display, the aspect of other types being assumed 
according to the angle from which the streamers are viewed and the spacial distribution 
of the streamers. 

headings :- 

2. INTENSITY OB- AURORA AT CAPE EVANS. 

Mention has already been made of the fact that aurora was rarely seen during 
the brighter portions of the day, even in the depth of winter. There can bc! no 
doubt, in fact, that the presence of very little twilight was sufficient to obscure all 
but the brightest aurorz seen a t  Cape Evans. The same holds true for auroral 
observations when the moon was above the horizon, and aurors were very rarely 
seen close to  a bright moon. This result is possibly due to the fact that the year was 
close t o  the sunspot minimum and unfavourable for auroral displays, but the result 
was felt to be disappointing in view of the restricted opportunities for observation. 
That the position of the station was not favourable for auroral observations appears 
to be substantiated by the fact that the colourB (red or green) usually observed with 
bright aurora? were Reldom seen, mention being made of colour on only 14 occasions 
during the year. On the occasions wheii it was estimated that aurora could have 
been readily seen, the phenomenon was actually recorded oiily about one hour in 
three; on clear days during the dark hours, therefore, the observer was almost twice 
as likely to log " no aurora " as to record a positive result. 

Apart from this restriction in the number of observations, due possibly to  an 
unfavourable year and certainly to the unfavourable situation, the number of possible 
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observations was even inore serioiisly restricted by the unfavourable ineteorological 
conditions. The sky remained overcast or a blizzard raged, often for days at a time, 
particularly during the wiiiter of 1912. 

This statement in regard to the low intenaity of aurora observed at Cape Evans 
appears to be borne out by the large proportion of “ clear ’) hours on which no aurora 
could be seen, neglecting, that i s  to say, hours when meteorological or twilight 

Though auroral intensity was estimated in the majority of cases, it appears there 
was a tendency on the part of certain observers to rivoid any mention of intensity in 
logging the other features. Neglecting such cases, there remain 463 observations 
between April 24th and September 30th, 1911, for which soine indication is given in 
regard to  auroral intensity. 

Very bright and briglit . .  . .  . .  . .  46 cases. 

conditions precluded the possibility of auroral observ a t’ 1011s. 

These 463 observations arc divided up as folloivs :- 

Moderate and fairly briglit , . . .  * .  . * 169 ,) 

lh in t  . . * .  . .  . .  , .  .. I .  220 ,, 
Very faint . . . .  . .  . .  .. . .  28 ,, 

The above groups of auroral intensity are, of course, relative, sinipl y expressing 
the fact that, with reference to  the iiiean brightness of all aurora observed, this 
brightness was far exceeded in 46 cases, while the brightness was considered to  be far 
less in 28 cases. 

Corresponding to the same period (April 24th to September 30th) 1911), the 
number of observations of “ Clear, no aurora ” at emzct Jzours was 605, on all occasions 
when twilight, moon and weather conditioiis did not preclude the possibility of 
recording a positivc! result. These two iiuinbers, 606 and 463, are therefore not 
strictly coinparable,* 

Strictly comparable numbers are, however, available for the period May 13th 
t o  July 31st, inclusive, counting only observations a t  exact hours between 4 p.m. 
and 8 a.111. For this period, there were 666 occasions on which conditions for 
observation werc f avourable, wliile aurorm were recorded on only 236 occasions, 
or 36 per cent. of the whole. 

The figures given above, showing tlie niiniber of rccorded observations of 
aurora of various estimated brightnesses, are of inore tlian passing interest, indicating 

they do that the aurora st Cape Evans in 1911 tended to appear of definite brightness, 
the nulnber of very faint and very briglit aurora being s~null ill conipclrison with the 
number oi aurorce of mean briglitness. It would seem, therefore, that the frequent 
Occurrence of “ 110 aurora ” is probably a real effect, corresponding to  a total absence 
of aurora, rather than to occasions when tlie aurora was present, but of such low 
intensity as $0 bn irlvisible to the eye. If this were not the case, one WOUld, 1 think. 
expect to  find a much higlicr proportion of aurorEc in the “ very faint ’) class. 

rec~rdcd also at otlicr times. 
* A record of 1‘ clear, ~~urorpu,” ollly logged at tIic cxact Iiour, positivc results being occasioi~dly 
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One point worthy of notice in this connection is the comparatively frequent 
reference to arches in the sketches and log book. The same point is referred to by 
&lawson* in his discussion of the auroral observations a t  Shackleton’s Winter Quarters 
in 1908. Oiu: observations show that arches wcre observed a t  an altitude o€ 70°, 
or over, on 59 occasions in this period, while Mawson gives details of 118 occurrences 
a t  altitudes over 60’ in the paper referred to. 

Another point which appears to bc of interest is the relative number of 
aurora of all types which were observed at high altitudes, as it is not unreasonable 
to suppose, if we agree that auroral manifestations close to the zenith are, on the 
whole, closer to the observing station than those at low altitudes, that any physical 
factors closely connected with aurora will be of enhanced importance a t  these times. 
During the whole of the period in question, aurorte were seen at  altitudes of 70’ and 
over on only 85 occasions. 

It is equally interesting to note, from a perusal of the aurora log, the very small 
number of occasions when colour and movement (other than slow movement) is 
mentioned, a complete contrast in regard to “ colour ” being furnished by the Cape 
Adare observations. In  all, a t  Cape Evans in 1911, colour (red and green) was 
recorded on only 14 occasions, and movement, ot’her than slow movement, on only 
24 occasions. 

These figures are put on record, as it Heems not improbable that they may assunie 
importance in connection with any comparison of the relative suitability of stations 
for auroral observations. 

3. SHORT PERIOD VARIATIONS AND PERIODIC CHARACTER OF THE AURORA. 

Even a cursory study o€ the aurora log shows that the aurora undergoes 
considerable variations both in general form, in details of form and in intensity, 
during the course of a few minutes. The variations are, however, more pronounced 
in certain cases than in others. Thus, in the case of isolated streamers, short period 
variations are most pronounced, both as regards changes in position and in intensity, 
variations in form and position being more evident the higher the altitude of the 
aurora, arid the variations in intensity being apparently greater, the greater the 
absolute brilliancy. The most stable forms of aurora are apparently the glows and 
arches so frequently observed, while the least stable in form are those of the curtain 
and streamer type. It is reasonable to assume that the variations of ‘‘ glow ” aurora 
will generally not be very evident, on account of the low altitude and consequent great 
distance of these auroral forms from the observing station; while the constancy in 
form of the arches is explicable on the assumption that these are formed of connected 
rays or streamers viewed nearly end-on, the apices of the streamers being directed 
away from the observing station. 

V O l .  XL., 1916. 
* “ Auroral Observation8 at tlic Cape Royds Station,” ‘ Trans. Roy. SOC. of South Australia,’ 
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Notwithstaiiding this variabiliky in intensity and form from minute to niinute. 
it  is quite evident that the incidence of auror8, both froiii hour t o  hour sad from day 
t o  day, is governed by more or less definite laws. Thus, if the aurora is of unusual 
briglitness during one hour of the day it is probable that tlie brightness mill be 
above normal during the greater part of the same day. In other words, if a bright 
aurora is seen a t  one hour, the aurora will probably still be bright in succeeding hours 
of the same day. 

Not only is tliis the case, but it may be taken as a geiieral rule that a' " disturbed " 
day will more lilcely be followed by another disturbed day than by a " quiet )' day. 
This tendency for disturbed conditions to continue for more than one day may be 
readily seen from Table 1, which gives tlie days in 2911 which have been e 

TABLE I .-List of Disturbed Days, Cape Evans, 191 1. 
- - -  

April 28. 
MtLy 1, 2, 3. 
May 6, 7, 8, 9. 
Alny 15, 16. 
May 19. 
May 21, 22. 
Junc 5) 6, 7)  8. 
JUllC 22, 23, 24) 25. 
June 28, 29, DO (~norniiigs only). 

- -__-.-I__ 

- - _ _  _ -  - __--- 

July 1, 2, 3. 
July 19, 20, 21. 
July 28, 29, 30, 31. 
August 5. 
Aug11st 7. 
August 26. 
August 29. 
Bcpttwber 3. 
Scptcmlsrr 7.  
Scptmnbcr 13, 14. 
Scptcmbrr IG, 17, 18, 19. 
Scptcm1,or 22. 

- 

timated 

as " disturbed," i.e. days of bright auroral display. From the Table, it will be seen 
that " runs " of several days are not uiicoiniiion, and there can be little doubt that 
these runs would have been even iiiore pronounced if the iiieteorological coriditioiis 
had been inore favouruble. 

The converse of these cases appears to be equally true-that is, a quiet hour is 
likely to be followed by a quiet hour, and a quiet day by another quiet day. 

Too much stress should, however, not be laid 011 the tendeiicy indicated in 
Table 1 for the aurora t o  continue for several days a t  a t,inie, as the days noted 
coniprise n goodly proportion of all days when tlic moon was below the horizon. 

By allotting t o  each day niiinbcrs froiii 0 to 4 according to the estinzatcd auroral 
intensity shown 011 that day, extracting the days allotted numbers greater tliaii 2, 
and comparing with the nieaii iiumber for the precedillg aiid following days, an 
estimate can be inade of the teiidelicy towards recurreiice of strong aurora? on 
successive days. 

The 1liean ll1inlbers for days 9l-5 t o  16-j-5, where 11 is the day s1iowing intensity 
greater than 2, is give11 below and illustrated in fig. 1 :- 

n-(j 9%-4 ?+.3 l(,-2 jr,-1 11 I%-{-  1 1!+2 414-3 ,123-4 ?%+e 
1.47 1.47 2.12 9.14 '2.62 3.27 2.36 2-00 1.98 1-34  1.62 
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There is, therefore, a real tendency for days of strong disturbance to be immediately 
preceded and followed by days of strong disturbance. This analysis is aot, however, 
free from the disturbing influence of the moonlight in preventing aurors from being 
visible. 

Notwithstanding this tendency for disturbed auroral conditions to continue for 
a whole day and even for successive days, it is not a t  all infrequently found that, 
even on a fairly disturbed day, “ no aurora ” is logged at one or two of the hours of 
observation. This fact might, of course, be inferred from the preliminary statement 
in this section regarding short period variations in brightness ; the remarkable fact 
being that the negative results recorded at  these hours are very often duplicated at  
the same hours on the following day or even days. 

An example of this teridency to the recurrence of ‘‘ no aurora ” at  the same hour 
on successive days is given in Table 2. 

TABLE %-Recurrence of Auroral Displays a t  the same hours on Successive Days, 
Cape Evans, 1911. 

Time of Day. 

... 

... 

... 

... 

... 

... 
,,. 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

.., 

... 

... 

_ _  - 

27th. 

0 
0 
0 

X 
X 
X 
X 
X 
X 
X 
X 
X 

0 

Hours on which aurora was ohservoti arc m a r l d  0. 

June. 

28th. 1 - 

29th. 

0 

0 
0 
0 
0 
0 

0 
0 

X 
X 
X 

30th. 

Hours on wliicli aurora could not 1)c ohscrvod on account of wcatlier conditions arc marlccd x . 
Hours on which wcatlicr conditions wwe favourahlu Imt no aurora was obscrvcd arc not murlted. 
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Examples of the converse case are also coniinon, nn instance of the recurrence 
of special conditioiis a t  the same hour on succeeding days having already been giveii 
ill Section 1 .  A better example is, however, furiijshed by the observa~tions of May 1Gth 
to May 22st. Between thcse dates, May 17th anif 18th were overcamst, while no 
observations were made dnring the afternoon of the 20th. 

On the 16th, a bright aurora was specially reported :.tt 17.20, this t h e  being 
between the regular hours ( 1 7  and 18) of observation, Aurora was again specially 
reported a t  17.30 on the luth and also at the smic tinic on the 21stt, no aurora being 
seen on this occasion at  the adjnceiit regular hours of observation. 

This tendency t o  recurrence a t  the saine time on successive days is clearly nil 

indication of a pronounced &Lily variation in the sequence of auroral conditions a t  
Cape lI:v;~ns, wliich is 1 1 1 0 ~ ~  cle,zrly broiight out in the following sections. That this 
tendency to recurrence of oonditions cstends also to the forin assuiiied by the aiirora, 
might he iiiferreci from the reniarI<s in Section 1 regarding the general course of the 
atmra during the day. 

It would be of soine iiiiportuiice to ascertain if aiirom show any tendency to recur 
after a period of about 27 days, corresponding to  thc period of rotation of the sun. 
Por the purpose of this investigation, days linvc been divided into five classes-days 
on which auroral displays have been very brilliant, brilliant, fair, poor, or lacliing in 
display entirely, these classes being given numbers 4, 3, 2, 1 and 0 respectively. 

The res111 t s  of the analysis must be considered inconclusive, possibly owing t o  
the fewness of tlie observatioip,. Taking all the days (n) allotted figures over 2, we 
obtained the follo.wing mean auroral character nuiiibers 011 days between (18-1 24) 
and (nf32).  

Mean auroral character for days (n) = 3-17. 

From tliese numbers (shown also in fig. 2), it will be seen that there is alniost as 
lnucli evidence for n 28-day period as for a period of 27 days-a result which is by 
no means surprising when we consjder the effect on auroral observations of the presence 
of moonliglit. The result is, however, suficieiitly definite to merit further investigation. 

Tlic rounded forin of the curve is certainly t o  be expected if there is a direct 
Connection between the rec;urrencc of aurora and the recurrence of sunspots after one 
revolution of the sun, jii view of the fact that the time of revolution in the sun varies 
with latitude. In acidjtio11, tho rounded forin inust owe its shape in sonic degree t o  
the fact t l iut  disturbed auroral coiiditions show a tendency to  coiitiriue sometimes for 
several days a t  a tinie. Ilow far this may be due to sunspot conditions cannot be 
estimated. 

No attempt \vas made to  obtain evidence of an anliual variation hi the liuiiiber of 
aurora seen, in view of tile im],ossibility of estiiiiatiiig the effect of the twilight arch 
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(in rendering the aurora invisible) and the difficulty of making a correct allowance for 
the variations in weather conditions during the winter months. 

4. TREND AND ROTATION OF ARCHES. 

Mawson,:k in his treatment of the auroral observations of Shackleton's Expedition 
in 1908, gives a full discussion of the occurrence of arches a t  that station, and records 
a definite and close correspondence between the trend of the arch and the sun's 
azimuth, Le.  a dependence of trend upon local time. 

An analysis of the 59 observations of arches of 70' altitude and over a t  Cape 
Evans during the dark period in 1911 does not completely confirm Mawson's results, 
as may be seen from Table 3. 

TABLE 3.--Trend of Arches, Cape Evans, 1911. 

Trend. I Number of ObservationB.( Capo Evans Times of 0bservation.t 

1 N. to 5. ... 

1 W. t o  E. ,.. 
1 W.S.W. to E ~ E :  ... 

N.N.W. to S.S.E. ... 
~ W.N.W. to E.S.E. ... 
1 N.W. to S.E .... ... 

S.W. to N.E .... ... 
S.S.W. to  N.N.E. ... 

12 
5 

13 
1 
4 
0 

15 
9 

23.35, 1, 2, 2, 3, 3, 3, 4, 4, 5, 8, 9 hours. 
4.17, 4.30, 8.15, 5.30, 5. 
0.30, 2, 3, 4, 4.07, 5, 5, 5, 5.04, 6, 8.03, 9.30, 10. 
G.45. 
15.15, 23.35, 1, 5.50. 

22, 23.58, 0.12, 22.30, 23, I, 1.30, 2, 2, 3, 3, 4, 2, 3, 4 
23, 24, 24, 0.18, 1, 1,  1.30, 4, 4.11. 

As, in this Table, prominence has obviously been giver~ to the eight chief points of 
the compass a t  the expense of such directions as'N.N.W., W.N.W., etc., the Table 
has been re-tabulated below, one-half of the number of observations in the subsidiary 
directions being added to  each of the adjacent chief points of the compass :- 

q!rend. No. of Observations. 
N. to  S. 19 
N.W. to S.E. 16 

w. t o E .  G 
8.W. to N.E. 1 94 

The remarkable point disclosed by these figures is thc tendency of such arches to 
avoid the East-West direction. 

The point to  which attention has been drawn by Mawson (loc. cit.) is the general 
rotation exhibited by the arches observed by him, this rotation being sometimes 
quick and sometimes slow. (The rotation of the arch is a necessity if his statement 
in regard to  the relation between local time and trend of arch is correct.) 

* L O C .  C i t .  
-f Time of 180th meridian, which i R  about 54 minutes in advance of local t h o .  
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NO corroboratory evidence can be offered on this point as a result of the present 
observations. Though in about half the number of cases there was a more or less 
regular rotation (with the sun) of the arches, the trend of tlie n’rches reniained fixed 
in many other cases. Only two observations were, however, recorded in which there 
was slight rotation in the reverse direction, both these cases having been immediately 
preceded by a slight rotation in the dsual direction. Some evidence on this point 
can be drawn, however, from Table 3. Prom this Table, it will be seen that there is 
a tendency for arches with any given trend to  be grouped about a more or less definite 
time, though variations froni this mean time up to 6 hours are not unlriiowii. The 
werage  time corresponding to  various trends of arclies are given below :- 

8. t o  1 S.W 
S.W. 1 to  W. 

I ___ - _ _ _ _ - -  

S.W.-N.E. 
S.S.W.-N.N.E. 
S.-N. 
S.S.E.-N.N.W. 
S.E.-N.W. 

I 
W. to  ’ N.W. 
N.W. I to N. 

1 

1 lir. 20. 
1 11s. 20. 
3 hr. 30. 
5 hr. 00. 
5 lis. 00. 

l’criod. 

There is, therefore, some evidence for a rotation of tlie arch in the sense of the 
apparent moveirient of the sun, but, on the other hand, there seenis to be no indication 
whatever o€ a tendency for a given trend to  recur twice a day, at intervals of 12 hours. 
(Owing to  the twilight arch, it is hardly to be expected that a double periodicity mould 
be indicated, except in the case of arches running from N.W. to S.E. at B hours, a t  
which tinie observations are possible a t  the same hour in the mor~iing and the 
afternoon.) 

6 .  nISTRIBUTION O F  AUBORA I N  AZIMUTH. 

As iadicated in Table 4, aurorae show a strong prefercnce for certain sectors and 
aversion for otliers. In this Table, column 2 gives the number of occasions on which 
aurora were recorded in the sector North to North-East, colunin 3 the number of 
occasions recorded in the sector North-East to East, and so on. The period referred 
to is €rorn April 24th to September 30th, 1911, inclusive, observations a t  exact hours 
alone being counted. 

TABLE .~.--l)istribution of Aurora in Azimuth, Cape I h l i s ,  191 1. 

N. to N.E. 
N.E. to E. 

I- -- _I----- 

91 

60 

11 

10 

I 
46 I BO 1 105 

27 I 33 ~ (i7 
6 6 1 13 

5 7 ~ 13 
I 

I 

(2) May 13th-July 31St 167 

35 
(only). 

__I_ 

221 

137 

28 

j 27 I 33 

--___ 

1 G4 

103 

20 

, 
E. to S.E. 
S.E. i to s. 
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Prom the Table, it is seen that aurore are most likely to be seen in the sector 
N.E. to E., and least likely t o  be seen in the sectors S.W. to W. and W. to N.W. The 
Table also gives the corresponding figures for the period May 13th to July 31st, 
comprising 78 days in the darke& portion of the year. Not only are the figures for 
this period in qualitative agreement with those for the whole period, but they are 
also very closely in quantitative agreement. Division by eight of the figures for the 
whole period, and by five of the figures for the dark period, gives the numbers shown 
in the last two lines, which are seen to be in very close accordance. Fig. 3 gives a 
graphical representabion of the variation in azimuth for the longer period. 

Not only are the figures accordant for the two periods shown in Table 4, but even 
for very short periods of one or two weeks the same general tendency is shown. Numbers 
similar to those in Table 4 have, in fact, been compiled for the first and last halves 
of each month, and the azimuth of maximum frequency of aurora is, in each period, 
found t o  lie either in the sector N.E. to East, or in one of the two adjacent sectors. 
The minimum is even more definitely defined, generally in the sector S.W. to W., but 
sometimes in the sector N.W. to W. 

Though the method of observation at Cape Evans differed from that employed on 
the previous Shackleton Expedition, the figures in Table 4 are in very close agreement 
with those of Mawson (1908), indicating that the relation shown in fig. 1 is characteristic 
of the situation of Winter Quarters. (Only a few miles separated the two Headquarters 
in question.) 

It is possibly worth noting that the azimuths for maximum and minimum 
frequency are almost, but not quite, separated by 180’. 

It is also important to note that the distribution in azimuth is apparently unaffected 
by the presence of the daylight arch in the spring and autumn, which suggests that 
the characteristic distribution in azimuth is about the same during daylight hours 
as during the darker hours of the day. 

Mention has already been made of the fact that auroral displays appeared 
commonly to originate in the N.E. or E., sometimes moving to a point directly overhead, 
or passing overhead, during the maximum display. This tendency is expressed in 
the statement that aurorae were only seen in the “rare sectors ” (N.W. to W. 
and W. to S.W.) a t  times of maximum display, but were seen in the “ common 
sectors ” even a t  times of minimum display. As will be seen later, this tendency is 
of a most persistent character. 

6. DIsTRIBUTION OF AURORA WITH RESPECT TO TIMU.  

An analysis of all observations between May 13th and July 31&, with respect 
to both azimuth and time, is given in Table 5, which shows the number of occasions 
during this period on which aurora was seen in each sector a t  each hour of the day. 
Results are almost entirely lacking for the twilight hours, as, even during the darkest 
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portion of the year, there was suflicient light at iioon to obscure any but the brightest 
aurora seen at Cape Evans. 

I 

(Time 
of 180"). 

I-- - -  

1 

4 

6 
7 
8 
9 

10 
11 
12 
13 
1 4 
1 B  
l G  
17 
18 
1 9 
20 
21 
22 
23 
22 

TABLE 5.--Distribution of Aurora at different times of day, Cape Evans, 1911. 

N. N.E. E. 1 S.E. S. S.W. 1 W. ~ N.W. Nuinber of Number 
to to  1 t o  to to to to  to oc(:urreiices 

N.E. E. S.E. I 8. 8.w. UT. , N.W. , N. in all Soctors. J ObservationR.* 
i I 

I 1 _ -  - _  __-- - - 
i 

28 I O  
3 47 16 

3 5 4 7 6 
7 10 9 9 5 2 

58 18 
!IO 27 

14 13 7 7 5 
21 17 11 9 6 
14 10 10 7 4 4 68 23 

22 12 11 12 13 2 ti8 
11 11 0 6 2 2 l  B 47 22 
14 21 16 7 2 3 3 69 2B 

G 10 8 4 0 0 0 I  I 29 12 
5 6 4 a 1 0 '  1 1  2 21 10 

0 0 0 0 0 0 ,  O i  0 0 0 
1 4 3 2 0 0 0 0 10 5 

0 0 0 0 0 0 ;  0 0 0 0 
0 1 1 0 0 0 1  0 1  0 2 1 
0 2 2 I 1 0 ~ 0 ~ 0 ti 3 
3 4 2 2 1 0 1  0 1  1 13 ti 
1 4 4 3 ' 1  0 0 0 13 7 
1 2 2 1 1 1 1  1~ 1 10 4 

4 
6 

0 1 3 2 0 0 ~ 0 0 6 
1 0 1 2 2 12 

8 0 0 0 0 25 10 
1 1  2 24 I 11 

2 
4 

8 3 '  0 3 37 13 
7 7 
4 6 
6 7 10 I 6 3 1 4 38 13 

2 0 

l l  _- _-___^__ ~ ------ -- ---- 
137 167 ' 137 I 103 50 27 , 33 67 

I --- -- 
I I - - _ ^ _ _  - 



varying from 211 to 3/1, the former ratio being Characteristic of the hours of less 
frequent occurrence, and the latter ratio characteristic of the hours of more frequent 
occurrence of aurora. This difference simply expresses, therefore, the fact that aurora 
is not only most likely to  be seen a t  certain hours, but is also of greater extent a t  
the same hours. This agrees with what has been stated before, viz., that the 
manifestations of aurora appear to  originate in a definite quarter, being seen low 
down on the horizon a t  hours of minimum frequency and minimum display, approaching 
the station (increasing in altitude) as the hour of maximum display and maximum 
frequency approaches. 

I n  addition to the principal maximum at  4 hours, indications appear of a secondary 
maximum at 16 or 17 hours, followed by a minimum at 19 hours. The minimum a t  
12-13 hours is, of course, due t o  twilight, local noon being a t  about 13 hours. That 
the minimuni in the late afternoon is a real one can hardly he doubted, when one 
considers that, at the equally dark hour in the morning corresponding to  (say) 18 hours, 
aurora are about six times as likely to  be seen as a t  the latter hour.* 

Though the number of observations is small a t  any particular hour, it is to  be 
remarked that the observations of Shackleton’s Expedition are in fairly close agreement 
with ours. Thus Mawson records a principal maximum at 3 hours, a mininium a t  
17-20 hours, and a secondary maximum at 16-17 hours. Mawson’s observations differ 
from those of the present Expedition, however, in that aurora were less frequently seen 
in the late morning than in the corresponding early afternoon hours (Le .  hours equally 
distant from local noon). However, the observations of the two expeditions are not 
strictly comparable, as apart from the different methods of observation, Mawson’s 
results refer only to the months of June, July and August. 

In  addition, the local surroundings (hills and mountains) of any observing station 
must affect the distribution to  some extent, and a t  neither station was ;;I clear view 

The observations by Bernacchi on the previous Scott Xxpedition, whose winter 
quarters were also not far removed from the present Expedition, indicated in 1903 
a maximum a t  2 hours (local time) with a subsidiary maximum a t  16 hours and a 
succeeding minimum a t  18 hours. In  view of the restricted field of view from that 
station the agreement is very good. It is of great interest, however, to note that in 
1902 no trace was observable of the secondary maximum in the afternoon. 

I afforded to the horizon. 

7. DIURNAL FREQUENCY OF DIFFERENT TYPES OF AURORA. 
Aurora qf 70’ dtitude or over. 

Analysis of the whole of the observations in 1911 (85 cases) when aurora was seen 
€rom Cape Evans at an altitude of 70’ or over, show8 a well-marked diurnal frequency 

* See footnote to preceding page. If the organized watch liad iricludcd observations a t  18 hours, 
this disproportionality would have been reduced to tlorrie extent. In support of the reality of the 
secondary maximum, it can be stated that the maximum is not the result of more frcquent observation 
of the sky during this period. 
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similar to that showrl in Table 5 for the observations in the darkest portion of the 
year. The figures expressing this frequency are given in Table 6. 

- 

20 

- 

TABLE &-Diurnal Frequency of Aurora (70" altitude and over), Ca,pe Evans,'l911. 

- 

21 22 23 24 

2 0 1 5 G  
- - 

The maximum between the hours of 4 and 5 is even more clearly marked than in 
Table 5 ,  while the complete absence of aurora a t  this altitude between 19 and 22 hours 
is clear indication of a minimum about this time. This confirms our previous stateinent 
that the tendency of the aurora is to  spread to  the Cape Evuns neighbourhood only at 
hours of maximum frequency, Le. in the early morning. 

10 I1 12 

Auroru in AT.W. to W .  und T/T" to S.W. Sectors. 

The same statement is true €or aurorEe seen between N.W. and S.W., these sectors 
being those in which aurora is most seldom observed. On the view that the aurora 
spreads from the E.N.E. and only passes over the station at Cape Evans into the 
above two sectors a t  times o€ niaximuni frequency, it is to  be expected that the diurnal 
frequency for aurora in these sectors would be very shniltir to that for aurora seen 
close to tlie ze1iitli. l'able 7, giving an analysis o€ the 85 occasions observed in 1911, 

13 

TABLE 7.-Diurnal Frequency of Aurora seen between N.W. and S.W., Cape Evans, 

17 18 

0 2 1  
_- 

1911.. 

19 

- 

- - 

2 5 4 5 6 7 8 9  

10 9 8 1 3 1 4  

-. _- -- .- 

2 3 2 

cnding , . . 

0 0 1  0 1 0 0  

shows that the two cases are closely parallel, the nmiiinum, however, occurring earlier 
in the niorniiig for aurora3 near the zenith. 

A~~~~~ s}Lowilbg Cyolour ~ l t d  M o v e ? w .  
An attempt was also made to  analyse the frequency of those cases of aurora in 

which special nlention was nlade of colour or movement. The number Of such cases 
was very sillall, but the result which disclosed itself was, that for 17 observatioiis jn 
the forenoon there were 19 observations in the afternoon, a result in direct opposition 
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to the figures given in the preceding Tables. Though the number of cases was few, 
there seems little doubt that the figures disclose a real tendency, the maxima being 
roughly a t  18 and 23 hours, with a minimum a t  21 hours, which is much less definitely 
indicated. 

For reasons which seemed adequate a t  the time, the opinion was formed while in 
the Antarctic that aurora showing colour and movement were the most intense, and 
this is substantiated bythe results of the analysis of these classes in respect of the 
corresponding “ magnetic ’’ character numbers. 

Diurnal Frequency and Bri*qhtness of Aurora. 

Yor this analysis, the aurora have been divided into two classes only (where no 
mention of brightness of aurora was made in the log, the observations have been 
neglected)-one class comprising bright, moderately bright and fairly bright aurora, the 
other class faint and very faint aurorz, all the observations of 1911 being included. 
A third class is also formed of all observations a t  certain even hours where the aurora 
log records “ Clear, no aurora.” The figures which are given in Table 8 are of 
considerable interest. 

TABLE &-Diurnal Frequency and Brightness of Aurora, Cape Evans, 1911, 

Hour of Day. 

... 

... 

... 

... 

... 
,.e 

... 

... 

... 

... 

... 

... 

... 

... 

. . I  

... 
,.. 
... 
... 
... 
... 
... 
.., 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

__ 

Bright and 
Moderately Bright 

Aurora. 
A 

12 
14 
9 

16 
14 
11 . 
5 

12 
12 
5 
2 
1 
4 
0 
2 
6 
7 

10 
8 
4 
6 

15 
18 
16 

]hint and 
Very Faint 

Aurora. 
B 

13 
25 
23 
26 
22 
22 
21 
13 
16 

3 
.I 
0 
0 
1 
2 
3 
4 
2 
2 
6 
7 

14 
11 
11 

“ Clcar, no Aurora.” 

c 

47 
36 
39 
33 
33 
34 
I 9 

3 I 
46 
47 
62 
48 
18 

C 
A+U * 
- 

1 . 9  
0.9 
1 . 2  
0.8 
0.9 
1.0 
0 . 7  

3 . 4  
4.6 
3.0  
1.8 
1 . 7  
1 *6  
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In the first instance, the Table shows that the diurnal variation of frequency for 
faint aurorm is of the normal type, with a principal maximum a t  4 hours. The 
numbers of aurora of average brightness and over are, on the contrary, much more 
evenly distributed throughout the day, and it will be observed that there is a strong 
family resemblance to aurorm showing colour and movement, particularly as regards 
the afternoon maxima and minimum. 

(It will be noted that the combined figures for faint and bright aurora3 give a diurnal 
frequency with maxima a t  4 hours and 18 hours, and a minimum a t  19 or 20 hours ; 
these times being little different from those derived from figures relating only to the 
darkest days of the year.) 

As is t o  be expected, the value of the ratio-number of observations of no aurora 
(when conditions were favourable for observations) to  the number of occasions when 
aurora was observed--varies during the course of the day, the smallest value of this 
ratio being in the morning (1.0) and the largest value in the evening (2.3). 

It is unfortunate that the number of observations is so small, but a t  least it is 
dear that the number of bright aurorE exceeds the number of faint aurorm in the 
afternoon, while the reverse is true in the forenoon. 

The figures for tlie few aurora classed as “ very bright ” and “ bright ” give an 
even more definite result, the number of such aurora3 seen in the afternoon being 
actually greater than tlie number in the forenoon, while for the “ very faint ” class 
the morning observations of aurom are three times a8 numerous as the afternoon 
observations. 

The hours when aurorm are most likely to  1x3 brilliant are, therefore, the hours 
when aurora are least liliely to be seeii a t  high altitudes born Crtpe Evans-that is, 
close to the station. Paint aurora, on the other hand, are most likely to  occur a t  
tinlea when aurora are most likely to be seen close overhead. 

Lliurnal Prequcncy of ‘‘ N o  Aurora.” 

In Table 8 is also shown the number of occasions a t  exact hours when the weather 
was clear and suitable for observation of aurorm, though none was seen. The period 
in question was the whole period from April 24th t o  Septelnber 30th, 1911. 

As might no doubt be expected the minimum occurs a t  4 or 5 hours, but the 
maximum Occurs a t  22 hours, two or tlirec hours later than the general aurora minimum. 
Neither ma,ximum xior minimum is, howcver, sharply defined, and thk  is possibly to  
be expected when it is considered that the number of iiegative greatly exceeds the 
number of positive observations. 
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AURORAL OBSERVATIONS AT WINTER QUARTERS, CAPE EVANS, 1912. 

- _-I_ i_- - 

7 8 9 10 11 12 13 14 15 16 17 

Originally it was not intended to discuss the observations of 1912 in view of the 
restricted opportunities for observation during that winter, caused by the extraordinarily 
unfavourable. weather. As Bernacchi, however, had found that the daily variation 
of the aurora in 1902 differed from that in 1903 by the suppression of the secondary 
auroral maximum in the afternoon, it seemed desirable to ascertain if there was any 
such difference between the years 1911 and 1912. 

The data have, however, been found to be much too scanty for any definite 
decision to be given on this point, Even in 1911, the number of afternoon observations 
a t  any hour was small, and in 1912 the number was even smaller. 

The figures available are given in the Table below for each hour of the day in the 
period May 13th-July 31st, 1912. The numbers are comparable with those in the 
last coIumn of Table 5. 

~ 

18 19 22 23 21 
1 Hour of I I I I I I  1 day ...I 
__I 

11 2 )  31 41 51 6 . . . . .  
NO. of ob- 

servations 

The total number of occasions on which aurorae were observed during this period 
in 1912 was 108, corresponding to 267 in the same period of 1911. 

In  view of the fact that 1911 was magnetically more disturbed than 1912, there 
is the possibility that the poverty of aurora in the second year owed something to 
this facb. It is to be noted, however, that the ratio of the number of occasions on 
which aurora was not observed, though conditions were favourable, to the number of 
occasions on which aurora was observed at  exact hours during the period is almost 
thc same in the two years, suggesting that the poverty of auroral observations in the 
second year was primarily due to the unfavourable weather conditions. 

7 4 8 10 11 11 

18 

- 
Hour of 
day .., 

__I 

NO. of ob- 
servations 

I 

1 2 3 4 5 6 

7 4 8 10 11 11 

20 
_. 

21 
- 

10 7 7 2 2 

-_ _-__ - 

__-_. 

3 2 1 0  5 1 E  



AIJRORAL OBSERVATIONS AT WINTER QUARTERS, CAPE ADARE, 1911. 

1. SCOPE AND METHOD OF OBSERVATION. 

The auroral obscrvationa at Cape Adare, the Winter Quarters of the Northern 
Party during the winter inonths of 1911, were in charge of Major It. E. Priestlcy, 
M.C., R.E. As tlie whole party comprised only six persons, it was not expected that 
a complete prograinine of auroral observations would be carried out during the whole 
of the winter months. Notwithstanding the small number of persons avai.lable for 
observations, these are jn sonie measure more complete than those of the Main Party, 
and bear eloquent testimony to the zeal with which the whole party, including thc 
seamen, applied themselves to  the scientific work, as the duty of keeping a continuous 
watch €or aurorx? during the niglit was no light task €or so small a party. 

The scheme of the observations contemplated regular two-hourly records of the 
aurora during the darlr hours, and this programme was carried out for the period 
May 26th to  July 31st, after which date sledging coiiimenced. Observatioiis were, 
however, made both before and after thesc dates, when practicable. In  addition t o  
the observations a t  the even hours, numerous observa'tions (with sketches) were made 
between these hours, particularly when the aurora was of a striking nature ; the 
records also iriclude periods of an hour or more, when observations were taken and 
sketches iiiade every few minutes. As in tlie case of the Cape Evans observations, 
a note was made of the intensity and colour of the aurora ; tlie observations are more 
complete, however, in that a slrctch has been made to illustrate each note. As in the 
Case of the &laill Party, regular observations bctween 10 and 16 hours are rare. The 
regular observa,tions were almost tilways made a t  the exact even hours. 

I<xcept where specifically stated to be otherwise, all Tables refer to the period 
above mentioned (i.e. May 26th to July nlst, when the observations were taken 
regularly every two hours), all observations duri;ig this period being included. 

In all tliat follows, ullless specificdly stuted to  be otherwise, tlie times are local 
mean time, and the directior~s are astronoiiiical. 

The position of the Cape Adare station is Latitude 71' 18' s-, Lollgitude 170' 9' E., 
local no011 occurring tliercfore about 40 iiiinutes after noon t h i e  of the 180th meridian. 
Hour8 are nunibered from 1 to 24. 

As a salliple clescyiptioll of a typical aurora at Cape Adare, of ilzferiorbrillia1lcy, 
t h e  following observations of tlie 14th July arc givcli:--- 



lower end of the curtains, there was a distinct tinge of orange-yellow os violet. 
The light was moving backwards and forwards. 

This aurora almost immediately disappeared, and did not return until 20.40 
when it showed as a single glow in arch form low down on the horizon in the N.W., 
disappearing behind Cape Adare in N. 20" E. 

The next phase consisted in the appearance of a second glow a t  an altitude 
of about 15", from North to N. 20' E., where it went behind Cape A4dare. This 
upper glow increased in intensity, broadened a t  the end resting on Cape Adare 
and spread towards the N.W. Its northern end gradually doubled and one portion 
rose to an altitude of go', while two long streamers were given off towards the 
zenith a t  North ar,d N. 20" W. The lower glow now disappeared. The aurora then 
became very faint, the glow broke up, and the light seemed to concentrate into 
definice strea,mers, arranged in the form of a curved arch from North to  N.W. 
and back to  N. 20' W., but soon the glow reasserted itself without any change 
in the shape of the arch. 

At 21 hours, the aurora again assumed the form of a simple arch from N.W. 
to North, vivid green with a tinge of yellow, and with streamers shooting towards 
the zenith to an altitude of 5"-12'. The arch afterwards broke up into streamers 
and faded away. 

A vivid glow next formed from North to N. 10' W., and from it streamers 
shot towards the zenith. It afterwards spread in arch form towards the west, 
and another bright spot appeared above Cape Adare in N. 30' IC. 

Finally, an uninterrupted glow in the form of an arch appeared from the 
N.W. to  Cape Adare in N. 30" E. (at 21.13 hours). This remained for a few 
minutes, now continuous and now breaking into streamers. For 10 minutes, 
the aurora then corkentrated into a vivid glow from North to  N. 20' E. ; from the 
glow, streamers shot towards the zenith, reaching an altitude between 30' and 40'. 
This was the highest altitude reached during the display, which faded away 
between 21.30 and 21.45. 

2. INTENSITY OF AURORA AT CAPE ADARE. 

There can be no doubt that the intrinsic brightness of the aurora was far greater 
at  Cape Adare than a t  Cape Evans. The example cited a t  the conclusion of the last 
section as descriptive of an aurora of inferior brilliance would have been an aurora 
of remarkable brilliance at Cape Evans. Further evidence on this point is abundant. 
The appearance of colour (chiefly green) was the rule a t  Cape Adarc, not the exccption ; 
mention is made on one occasion of the light of the aurora being seen reflected from an 
iceberg ; a note appears to the effect that the light of the full moon " js not sufficient 
to hide a brilliant aurora,'' a result totally a t  variance with the observations a t  Cape 
Evans. 

In addition, Major Priestley, who was also a member of the Shackleton Expedition 
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in 1908, whose winter quarters were located only a few miles from the main quarters 
of the present Expedition a t  Cape Evans, states most definitely that the aurorm 
observed a t  Cape Adare in 1911 were very much brighter than those seen on the previous 
Expedition in 1908. 

Not only was the brightness of the Cape Adare aurora greater than that observed 
at  Cape Evans, but also the number of occasions on which aurora was observed, 
talcing due account of the fact that observations were only made every second hour 
a t  Cape Adare. It is, in fact, estimated that aurora were seen on 64 per cent. of the 
possible occasions, i.e. on about two in three observations when the meteorological 
conditions were favourable, corresponding with one in three (about) in the case of the 
Cape Evans observations. 

Apart from this, Cape Adare did not suffer very seriously in 1911 from bad 
weather. The Cape Adare observations are, therefore, a most valuable check on those 
taken at  Cape lhans, besides providing a great deal of independent data. 

Of the 398 occasions during the whole period of observation, where a note is made 
of the brightness of the aurora- 

69 are logged as " bright." 
93 Y ,  Y Y  " average brightness or above." 

,, " average brightness or below." 
66 ) >  ,) " faint." 

170 9 ,  

During the period May 26th to  July 31st, aurora3 were observed a t  the even hours 
on 232 occasions. As was tho case at  Cape Evans, a large number of arches was 
observed a t  an altitude of 70" or over-in all, on 69 occasions. 

During the saxno period (taking all observations), aurora3 were seen at altitudes of 
70" or over 011 148 occasjons, glows being recorded on 122 occasions and colour mentioned 
on 163 occasions. 

The frequent occurrence of aurora3 a t  high altitudes and the large  umber of 
occasions on which definite lnentioii is made of coloured aurora form a complete 
ayltithesis t o  the Cape I h m s  observations. 

3. SHORT PERIOD VARIATIONS AND PERIOD CHARACTER OF THE AURORA. 

There is no evidence to  show that aurora3 as viewed from Cape Adare were more 
variable in character, or in intensity, than the aurora seen a t  Cape Evans, the same 
tendency to variation being equally strong at  both stations, SO far as can be judged. 

There was a tendency also a t  Cape Adarc for auroral displays to  continue for 
hours a t  a time, and sometimes even for days, though this tendency did not appear 
to be so marlced a t  Cape Adaj:e as a t  Cape Evans. It may, however, be that the 
difference between the two stations in this regard is due largely to the fact that 
the presence of moonlight did not affect the aurora observations a t  Cape Adare to 
the same exteut as a t  Cape Evans. 
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Some evidence can, however, be offered on the subject of the tendency to repetition 
of conditions a t  the same hour on successive days, this result being largely possible 
on account of the relatively favourable weather conditions at  this station. As an 
example, we may take the observations at  2 hours between the 26th May and the 
31st July, at  which hour conditions were favourable for observation on 45 occasions. 
Thirty-two times out of this possible 45 aurora was seen, a " nil " result being recorded 
on %he remaining 13 occasions. During this period of 67 days, the following sequences 
of aurora on successive days were observed :- 

On 1 occasion, 6 days in succession. 
9 ,  1 7 ,  5 Y,  9 ,  

9 9  3 9 ,  4 Y ,  $ 7  

9 )  2 9 9  2 9 ,  Y )  

A " nil " result was recorded during one period of four days, and on two occasions 
for two successive daya. 

If the occurrence of an aurora was subject only t o  the laws of probability, we 
would estimate that the chance of the occurrence of an aurora on any one day was 
32/45, and the chance of the occurrence 0.f an aurora on six successive days was (32/45)", 
while the chance of the occurrence of four successive " nils" would be (13/45)4. 
Considering further that, during the period of 67 days, a sequence o f .  six was only 
possible on four occasions owing to unfavourable weather conditions, it seems very 
clear that there must be a strong tendency for the same conditions to recur a t  the 
same time on successive days. 

Not only is this the case, but a scrutiny of the Cape Adare log shows most 
definitely that there is a marked tendency for the aurora to recur in .similar *form at 
the same time on successive days. So pronounced is this tendency that it would be 
possible in the majority of cases t o  assign an approxirnatc time for the observation, 
from the sketch alone. As a t  Cape Evans, the tendency is for the aurora to originate 
in a glow low down on the horizon (at ;I distance), the aurora gradually approaching 
the station and sometirries passing overhead. 

A very fine example of the recurrence of aurora in the same form at the same 
hour on successive days is furnished by the observations and sketches at  8 hours 
between June 7th and June 15th. During this period, an aurora 0.f very distinctive 
form was often seen at  8 hours (never at other times), which took the form of an arch 
running from the horizon in the south-eastern quadrant up t o  the zenith. At the 
zenith the arch then broke into three or four short branches in the north-western 
quadrant. A description of the form of the aurora during this period is given below, 
the observations being made a t  8 hours precisely :- 

A t  8 hours on the 7th, the straight portion of the arch ran .from E.S.E. to 
the zenith, thence branching into three short portions in the N.W. quadrant. 
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At 8 hours on the sth, the straight arch-ran from S.E. to the zenith, thence 
branching into four arms covering thesector North to S.W. On the gth, two 
small streamers were seen close to  the zenith, while on the loth, the form was 
similar to that on the Stli, but with only two branches in the sector W. to  N.W. 
Again, on the l l th ,  the display was confined to two small streamers in the north. 
On the 12th, the straight portion of the arch was very rudimentary, and represented 
by a streamer in the S.E., the branches being represented by three streamers in 
the N.W. quadrant, The aurora on the 13th was almost exactly of the same 
form as on the 12th. 

On the 14th, it was cloudy, but on the lath, four complete branches were again 
seen in the N.W. sector, the arch from S.E. to the zenith being somewhat incomplete, 
but quite recognizable as such. 

Another striking example of this tendency is supplied by the observations at 
4 hours on the 30th May and succeeding days, a distinct tendency being revealed 
towards the formation of an aurora in the form of a closed oval-shaped curve. 

4. TREND AND ROTATION OF AROHES. 

An analysis oi all the arches observed during the year a t  the Cape Adare station 
As in is given in Table 0, which shows also the times a t  which the arches were seen. 

TABLE 9.---Trend of Arches a t  Cape Adare, 1911. 

Trona. 

N. to S. .. 
N.N.W. to S.S:E. .. 
N.W. t o  S,E, .. 

W.N.W. to  E.S.E. .. 
w. to E. ... .. 
W.S.W. to E.N.E. .. 
S.W. to N.E .... .. 
S.S.W. to N.N.E. .. 

No, of Obscrvations. 

2 
14 
33 

10 
IG 

2 
1 
1 

Capo Adaro Times of Occurrcnce. 

1.30, 2. 
20, 1, 2, 2, 2, 3, 4, 4, 4, 4, 4, 4, 4.15, 6. 
18.30, 18.5GJ 19, 19.55, 23.30, 2, 2, 2, 2.40, 3, 3.30, 

3.40, 4, 4, 4, 4, 4, 4, 4,4, 4, 4, 4.20, 5, 6, 6, 6, 6, 6, 
8, 8, 8, 8. 

15.25, 15.30, 19.45, 20, 21.40, 22.45, 23, 24, 24, 
2, 4.1G, 4.15, 6, 6, 8, 8.30. 

18.30, G. 
18.GG. 
20.55. 

18, 18.28, 20, 24, 3, 3, 3.45, 4J 4J 8-12. 

the case of the Cape Evans observations, there appears t o  be a tendency for the chief 
Points of the compass to be favoured at the expense of the subsidiary points. Malring 
due allowance for this tendency, it appears that arches are most likely to form in a 
direction N.W. to &E., or 111ore probably, N.W. by W. and S.E. by E. It will be seen 
that there is a most lnarltod teiidency for the arches to avoid the direction which would 
bring them illto the soutll-wostern quadrant, which is the quadrant in which aurorm 
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are rarely seen at this station. Reference to the Cape Evans observations shows that 
in both cases the most likely trend for arches is in a direction at right angles to the 
azimuth in which aurorae are least frequently seen. 

Again no definite evidence can be offered as to whether the arches show a 
rotation with the sun or no. A scrutiny of the results shows simply that the rotation, 
if existent, is more likely to be with the sun than in the opposite sense. There appears 
to be little tendency for the arches to exhibit the same trend twice daily, as postulated 
by Mawson for the Ross Island aurora, except possibly in the case of the arches showing 
a N.W. to S.E. trend. 

N.E. 
t o  
E. 

14 
23 
14 
9 

4 
4 

16 
4 
7 

5. DISTRIBUTION OF AURORA IN AZIMUTH. 

E. S.E. 
to t o  

S.E. s. 

18 20 
25 25 
14 17 
12 10 

2 0 
2 2 
8 7 
2 0 
6 6 

__ 

Table 10 has been drawn up to illustrate the distribution of aurora both in 
azimuth and time, the totals for all hours of the day being shown in the last line. 
The period covered by this Table is May 26th to July 31st, observations only a t  the 
regular times of observation being included. Prom the Table and from fig. 4, it will 
be observed that there is a well-marked variation in azimuth, the azimuth of 

TABLE 10.-Distribution of Aurora in Azj.muth and Time, Cape Adare, 1911. 

Hour 
(Local 
Time). 

2 hours .. 
4 9 7  * *  

6 1 )  f *  

8 > I  * ’  

16 ,, I. 

18 ,) .. 
20 )) .. 
22 ), .. 
24 ,) .. 

N. 
to 

N.E. 
- 

20 
24 
16 
8 

8 
18 
26 
19 
19 

8. 
to 

S.W. 
- 

12 
14 
16 
6 

0 
1 
4 
0 
5 

58 
- 

S.W. 
to 
W. 
__ 

12 
13 
16 
9 

0 
1 
3 
0 
7 

61 
- 

W. 
to 

N.W. 

18 
17 
21 
17 

2 
5 
9 
6 
9 

N.W. 
to 
N. 

___ 

28 
28 
22 
14 

8 
12 
28 
16 
19 

Number of 
Occurrericcs 

in all Sectors. 
__._I_-- 

139 
169 
I36 
85 

24 
41i 
98 
4G 
78 

lo3 I 16B I 

Number 
of 

 observation^. 

32 
35 
31 
25 

9 
21 
29 
25 
24 

minimum frequency of aurora being slightly to the south of south-west. These figures 
are very closely proportional to the corresponding figures for a period May 26th to 
June 30th, the relative order in frequency of the various sectors being the same in 
both cases. As in the case of the Cape Evans observations, the “maximum ” and 
“minimum ” azimuths are consistently located in nearly the same sectors a t  all 
hours, except for the minimum azimuth a t  6 hours, which is in the east. This hour is, 
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however, remarkable in that neither maximum nor minimum azimuth is very clearly 
shown. As will be seen later, the time when aurorm are most likely to  be seen a t  high 
altitudes (the hour a t  which aurora is most likely to be reported simultaneously in 
all sectors) is also near this time. 

As a t  Cape Evans, aurora m e  seen in the sectors of maximum frequency even a t  
times when aurora are least likely t o  occur, appearing in the minimum sectors, however, 
only a t  times of extensive display. 

6. DISTRIBUTION OF AURORA WITH RESPECT TO TIME. 

The analysis of all observations a t  Cape Adare with respect to both azimuth and 
time has been shown in Table 10. As before, it will be seen that for almost all hours 
of the day, the distribution of aurora in azimuth is the same as for the whole day. 
Further, in each sector, there is evidence of two maxima with a minimum between 
them at about 22 hours, Usually, the chief maximum is at 4 or G hours, with the 
subsidiary maximum a t  20 hours, though in the case of the sector N. to N.E., the 
relative importance of the two maxima is reversed. Another point which seems to be 
of interest is the fact that the morning maximum occurs somewhat later in the sectors 
lying between south and north-west. Though the evening maximum js usually less 
pronounced than the morning one, it is certainly very definitely indicated. It will be 
observed that in the evening the number of aurora between north-east and north-west 
is gencrally greater than in all other sectors combined, though this is far from the 
case during the rhorning hours. 

As in the case of the Cape Evans observations, the last two columns give the 
number of occasions on which aurora were seen in any sector, and the number which 
is the sum of all the numbers referring to the various sectors. The figures in the 
penultimate column, therefore, correspond to the figures in the last column weighted 
by a number representing in some measure the extent of the aurora. Though both 
chief and subsidiary maxima are indicated in both columns, the maxima are most, 
pronounced in the penultimate column, indicating that at times of maximum frequency 
of aurora, the aurora is also of greater extent. 

7. DIURNAL FREQUENCY OF DIFFERENT TYPES OF AURORA. 

(a) Aurora. of 70' Altitude or over. 

I n  the period May 26th t o  July 31st, aurora were seen on 148 occasions a t  an 
altitude of 700 or over. The analysis of these observations, which includes all 
observations during this periog (not only those a t  even hours), shows a most definite 
maximum in the period 2-4 llours, an even more striking maximuin between 18 and 
20 h r s  (tllougll of slnullor amplitude), followed by a very definite minimum between 
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20 and 22 hours. 
that a t  Cape Adare the maximum display in 1899 was at  9 p.m. 

The results are tabulated in Table 11. Bernacchi, however, states* 

Two-hourly period ending . . . ...I 2hrs. 4 6 8 1 0  12 14 16 18 20 

No. of observations ... ... ... 23 39 23 12 1 0 0 4 3 28 

22 24 

4 14 
. .  

___- -__- _- _- 
Two-hourly period ending . . . ... 2hrs. 4 6 8 10 12 14 16 18 20 22 

No. of observations ... ... ... 8 13 18 2 0 0 0 0 0 9 5 

TABLE 13.-Distribution in Time of Coloured Aurora, Cape Adare, 1911. 

24 

10 

___ 
4 6 8 10 12 14 16 

26 27 8 1 0 0 4 

22 23 5 1 0 0 4 

. - 

18 20 22 24 

21 44 36 30 

18 31 16 22 

the last line gives the corresponding figures for the three darkest months only, 
viz., May, June, and July. Again, a maximum is shown in the morning at  about 
6 hours, with another maximum (of greater amplitude in this case) at  20 hours. It 
will be observed, however, that the usual minimum between 20 and 22 hours is not 
shown in the ca8e of the longer period, though fairly well marked for the three darkest 
months only. This difference between the two periods seems to be due t o  the fact 
that, both in August and September, there were more occurrences of aurorm between 
20 and 22 hours than between 18 and 20 hours, no doubt due in part to the fact that 

* " National Antarctic Expedition, 1901-1904," ' Physical Observations,' p. 100. 

26 

Two-hourly period ending ... ... 
No. of observations, March to September 

No. of observations, May to July ... 

2 hrs. 

17 

17 



twilight conditions obtain during these months for the greater part of the 24 hours. 
This cannot, however, be the only cause, as the observations between 22 hours and 
24 hours during thew months are less numerous than between 20 and 22 hours. There 
is thus some jndicatioii that during August and Septeniber, the uEternoon maximum 
for coloured aurora inay occur later than during the previous three nionths. During 
these two months, as well i ts  in March and April, there were very few occurrences of 
coloured aurora in the morning hours (only seven in all). 

---_ __ ____I___. I --._ ___-  - 

Two-hourly pcriod ending . . . ... 2hrs. 4 6 8 10 12 14 16 18 20 22 24 

No. of Occurrences... ... ... ... 22 19 8 1 0 0 0 4 14 20 22 12 
_- 

(d) Diurnal li”repuency of (( Glow ” Aurora. 
Table 14 shows the daily variation in the occurrence of (( Glow” aurora during 

the period May 26th to July 31st, using all the available data (not only the observations 
a t  even hours), 

Diurnal Prequency and Brightness of Aurora. 
To ascert ain whether the diurnal frequency is dependent upon the brightness of 

the aurora, Table 16: has been formed, showing the number of occasions (during the 

T U L l c  16.-l)iurnal Frequency and Brightness of Aurora, Cape Adare, March to 
September, 1911. 

Two-hourly poriod onding 

I 

2 hours ... ... ... 
4 ,, ..I ... ... 
6 ), ... ... ... 
8 ,, ... ... ... 

10 ), ... ... ... 
16 I, ... ... ... 
18 9, ... ... ... 
20 >, ... ... ... 
22 9, ... ... ... 
24 >, ... ... ... 

Brighter Aurorm 
A 

12 (12) 
27 (21) 
14 (10) 
2 ( 1 )  
0 (0) 
3 (a )  
7 (5) 

35 (23) 
28 (10) 
23 (12) 

Fainter Aurorm. 
B 

‘‘ Clcar, 110 Aurora.” 

27 
21 
25 
27 
D 
7 

26 
30 
32 
27 



whole period of observation) on which the brighter and fainter aurora were seen at  
different times of day. In brackets are also shown the corresponding figures forthe 
period May 26th to July 31st. The third column gives the number of occasions on 
which “ Clear, no aurora,” was logged at  exact even hours, during the shorter period. 

Prom the Table it will be seen that, for the period May 26th-July 31st, the 
brighter aurorae show the early morning and evening maxima quite well (2-4 hours 
and 18-20 hours, respectively), the minimum at 20-22 hours being not well marked. 
The situation is quite otherwise with aurora of lesser brightness, which are fairly 
evenly distributed over the dark period of the day, a distribution somewhat similar 
to that of “ Glow” aurora. 

It will further be observed that the inclusion of days in March, April, May, August, 
and September, does not modify the distribution t o  any great extent. 

It might seem from consideration of these figures that the brighter aurora occur 
most frequently at  times when the aurora is close to the zenith (4 hours), a result 
which is reversed at  the Cape Evans station (compare Table 8). Though Table 15 
shows almost equal numbers of aurora in the morning and evening periods, this 
is far from true for the aurora classed as “ bright” and “ very bright,” three 
times as many being recorded in the evening as in the morning period. This shows 
that the brightest aurora rarely do occur at  Cape Adare a t  times when aurom are 
most frequently seen near the zenith, a result in direct opposition to that deduced 
from a division of the aurora into only two classes of brightness. On the other hand, 
very faint aurora are most likely t o  be seen in the morning hours. 

Another interesting result of closer analysis of the available figures shows that 
bright aurora are very rare in the late morning, while faint aurora are comparatively 
very common. This result one would be inclined t o  explain as due to an incorrect 
estimate of the influence of the twilight arch in the late morning. If this were the 
case, however, it would be expected that a similar effect would be shown in the 
corresponding early hours of the afternoon. Por the class of very faint aurora, this 
is not the case, which lends strength to the contention that there is a real difference 
between the diurnal variation of bright and faint aurora. 

As in the case of the observations a t  Cape Evans, the ratio C/(A+B) (in Table 16) 
varies during the day--from 0.1 between 2 and 4 hours, to 1 - 1  at 16 hours. 



(X!XII:RAI; DISCUSSION OF AURORAL OBSERVATIONS. 

Before proceeding to a discussion of the correspondence betweell oiagnetic 
disturbances and auroral displays, it is advisable to review the data before us and $0 

see if the conclusions are in agreement with those which have been drawn from 
observations on the Aurora Borealis. , 

Though the aurora was seen much less rrequently a t  Cape Evans than at Cape 
Adare and was at the former station much less brilliant, there is considerable siiiiiIarity 
between the two sets of observations. In  both cases, the aurora showed a striking 
partiality for certain sectors combined with an even stronger tendency to avoid 
other sectors. At Cape lhwis, the maximum is in the E.N.E. and the minimum 
in the west; at Cape Adure the niaximuin is in the north and the minimum 
in the S.W. ; in each case, the angle between the two, measured through east, is 
slightly more than 180’. 

In  each case, the aurora first appears in the “ maximuiii sector,” i.e. the sector 
in which it is most frequently seen, gradually approaching the station, and sometimes 
passing overhead and disappearing in the direction of the “ inininiuin sector.” At 
Cape II:vaiis, the aurora passes overhead infrequently, and is seen in the “ nlinimuin 
sector,” or sector in wliicli it is least irequently seen, o d y  rarely. The trend of the 
m h e s  i s  fairly constant at both stations, b i t  particularly SO at Cape Adare, and in 
both cases the direction of rnovenient is from the “ inaxiiiiuiii sector ” to the “ niiniiiiuni 
sector,” the direction of movement being also at riglit angles to the trend of Lhe arch. 

At bot11 stations, the average tiine of occurrence in the “ ininhiurn sector ” is 
somewhat later than the average time of occurrerolice overhead. 

The tilne a t  which the aurora passes overhead is, in the case of Cape Evans, a t  
5 hours (time of 180th meridian), and in the case of Cape Adare, a t  4 hours (locul tinle). 
The occurrence in the zenith is, therefore, almost siniultaneous at both stations, though 
these are separated by some 6 degrees of latitude. 

Not unnaturally, the tiirie at which the aurora is most frequently seen overhead 
is also the time at which aurora is most frequently seen. 

At Cape Adare, u secondary mnximuni occurs at 30 hours, followed by a lnininlum 
a t  22 hourR, both of which. arc most clearly iiiarlred in aurora? Seen close to  the zenith, 
and in briglit arid coloured aurorm. Traces of a secondary maximum and the following 
minirnlzm are &o seen at Cape ICvans, but not so clearly, though the occurrences of 
brilliant aurorz arc more frequelit in the afternoon than the nior1iillg, a result we 
have already suggested as jndicative of a real difference between the character of the 
morning and cvellillg nlaxilila. It is interesting also to  note that the l~~iIlilllUli1 which 
immediately follows Cape Adare inaximun1 is u very sharp 011% fobwed by il 

sharp recovery u t  midnight. 
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A study of Table 10 seems to indicate that, at  Cape Adare, the main body of the 
aurora did not pass over the station during the evening maximum, but remained to 
the north of the station, the aurora approaching the station only rarely at  this time, 
but occasionally moving over into the minimum sector. Cape Evans being closer to 
the magnetic axis of the earth was affected even more rarely, so the secondary maximum 
is merely indicated, probably corresponding to periods of great brilliancy of aurora. 
(As will be seen later, magnetic disturbances a t  the station and brilliant aurorte are 
most likely to coincide in the afternoon, not at  times when the aurora is most likely 
to be overhead, or closest to, the station.) 

Further indication of the striking daily period is given by the recurrences of 
aurora?, at  the same hour on successive days, sometimes even of the same form. 

Qualitatively, it seems that the auroral phenomena are well explained on the theory 
due to the successive labours of Professors Birkeland, Stormer and Vegard. On this 
theory, the aurora is caused by charged particles emanating from the sun, their paths 
being deflected by the earth’s magnetic field, causing them to fall chiefly in an 
“auroral belt’’ distant about 20’ from the point where the earth’s magnetic axis 
cuts the earth’s surface. At any instant, the auroral belt* should take the form of 
a spiral directed towards this point, Due to the earth’s rotation about its axis, this 
spiral sweeps above the earth, with “ centre ’’ approximately fixed over the point where 
the magnetic axis cuts the earth’s surface. A briIliant exposition of the theory has been 
given by Professor Vegard,? who, at  the same time, presents evidence €or his contention 
that the solar particles causing the aurora are positively charged and similar to the 
alpha particles (charged helium atoms) which are due to radio-active disintegration.$ 

In  any case, there can be little doubt that the particles causing the Aurora 
Australis are the same as those to which the Aurora Borealis owes its origin and that, 
therefore, the height at  which the particles lose their charge and cause the most intense 
ionisation will probably be the same in the South as in North Polar regions. If we 
assume the same height (85 to 160 km. from the earth’s surface, on the average), it 
will be evident that the same aurora can be seen both from Cape Adare and from 
Cape Evans. 

Prom the observations of only two stations, it is clear that little evidence can be 
adduced for or against a theory based on many years’ experiment and observation 
in northern latitudes. Of the evidence which can be offered, the data relating to the 

* The auroral belt being defined as an urea between two curves whose centre is above the point 
where the magnetic axis cuts the earth. Aurorm will be seen by observers outside this belt, but 
most frequently by an observer in this belt and distant about 20” from the magnetic axis. A t  any moment 
the aurora is spread in space along a broad curve, which represents tho Hum of all tho spiral paths of 
parlicles projected with different velocities, or particles which have travcllcd froin the sun by different 
paths. This broad curve can, for convenience, be called tlie “ auroral spiral.” 

t L. Vegard-“ Bericht iibcr die ncueren Unterfjnchungcn ani Norcllicht.” ‘ Jahr. d. Radioactivitlit 
und Electronik,’ XIV, 4, Dco., 1917. 

$ Vegard has later abandoned his contention that the ray8 arc positively cllarged alplia rays- 
‘ Geofysiske Publikationer,’ Vol. I, No. 1. 
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trend of arches appears to be the most definite. The constant N.W.-S.E. trend at 
Cape Adare is associated with the passage overhead of the “ auroral spiral.” That 
portion of the spiral which passes above Cape Evans is, however, much less constant 
in direction (N.-S,), and there is a suspicion, at least, of a change in direction (anti- 
clockwise rotation) with time. This part of the spiral is therefore closer to  the centre 
where the spiral is more strongly curved and possibly more variable in curvature on 
successive days. 

The fact that the spiral lies overhead both stations a t  about the same time in the 
morning gives (not very convincing) information as t o  the forni of the auroral spirit1 
in these latitudes. 

A natural consequence of this theory is that, for stations in equal magnetic 
latitudes,* the aurora should pass overhead at the same magnetic local time, where the 
magnetic local time bears the same relation to the magnetic axis, as does local t h e  
to the rotation axis of the earth. 

The results of observations in the northern auroral zone are similar to those 
describcd above in that two maxima, one in the evening aiid one in the morning, are 
found, with a more or less pronounced minimum between. The strongly coloured, 
quiclrly moving and brilliant aurorm are more frequent in the afternoon than in the 
morning, while the reverse is true for faint aur0roc.t We have, therefore, considerable 
support for suggesting that tho secondary (afternoon) inzlxiinuiii is of quite a d8erent 
hype t o  the morning maximum and is probably connected with brilliant aurora arid 
possibly (as will be Seen later) with magnetic disturbances. Thus, the iuorning 
maxjlnuni scenls to be a frequency maxinium, aiid the afternoon maxiniuin an intensity 
maximum. 

In thc forcgoing, the occurreiices of “ clear, no aurora,)’ have not been consjdcred, 
but an exa,~nillation of the diurnal variation is not without interest. As thc chief 
auroral ~naximum occurs at both stations in  the morning, we should naturally expect 

frequcncy at the time of minimum auroral frequcncy in the afternoon. This js indeed 
the case at tho Cape Aditre station, though only the inorning iniii~inuiii is well marlred. 
At Cape Evans also, a minimum occurs in the morning a t  4 to ti hours, with a lnaxiinuill 
in the evening a,t 22 hours, though neither are well defined. 

It is of great interest t o  note that the rclative number of observations of aurora 
and of “ 110 aurora ’) a t  Cape IGvaiis in the years 1911 and 1912 were the same, 
notwithstanding the fact that, the numnber of sunspots observed in 1912 was 
considerably less than in 1911. This argues that the presence or abseiice of aurorm 
viewed froln the Cape Evans station may be iiearly indepelldent of the sunspot 
frequency. This is rcasollable 011 the view that, apart h m  the illtensity inaxiiiium 
in the afternoon, t21c presence or absence of aurora is largely il~dcpendelit of spots 011 

latitude to tho carth’s rotatioii axis. 

the fewest OccllrrenceS of ;c clear, no aurora,’) a t  this tiinc, with the 1l~rtximuni 

* ~ 1 1 0  1jqn0tio latitude boars $110 Nu1110 relatioil to tlio ourth’s iiiagiictic: axis as doas 

t L. Vagard, Zoc. cit. 

ustroiioii1ic;ul 
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the sun and chiefly conditioned by the actual distance of the observing station 
from the centre of the auroral zone. There seems, in fact, little doubt that aurora 
would be seen almost continuou,YZy during the winter from a position a little t o  the 
north-east of Cape Adare. Evidence for the pronounced daily variation in the 
Occurrence of aurors has already been given, and there appears to be a great 
probability that aurors can be seen from some spot on the earth’s surface at  every 
instant. 

Since magnetic storms are of comparatively infrequent occurrence at  low 
latitudes, we cannot expect to find a very close relationship between the occurrence of 
aurors a t  high latitudes and the incidence of magnetic Rtorms of world-wide extent. 
On the other hand, we know that there is a fairly close connection between such 
storms and the appearance of aurors a t  low latitudes. . 

On Vegard’s theory that the aurora is caused by rays projected from the 
sun, and similar in every way to the rays which accompany radio-active djs- 
integration, we can recognise that, the normal path of each ray will be a Rpiral, 
(the curve which represents the total of all these paths being the “ auroral spiral ”) ; 
the time at which one portion of this spiral appears overhead at  each station 
is in the early morning; there is a tendency for a second maximum to appear 
overhead in the afternoon, and this tendency does not appear to be quite a normal 
one. 

If the particles causing the aurora are alpha particles due to radio-active changes 
taking place in the sun, we must also recollect that a series of radio-active changes 
will be accompanied by beta and gamma rays, also projected from the sun.* Both 
of these are more penetrating than alpha rays, the former being negatively charged 
and more easily deflected in a magnetic field, and the latter being short wave radiations 
which are not so deflected. 

- 

Aurorce and Mqnet ic  Disturbances. 

it has long been known that, in low latitudes, there is a direct relation betwcen 
auroral phenomena and magnetic storms. 

Though at low latitudes, auroral displays are accompanied by niagnetic storms, 
this is by no means always the case in high latitudes, and as Dr. Chree has pointed 
out in the Magnetic Report of this Expedition, the same holds true at  the Cape Evans 
station. 

Dr. Chree has, however, shown that, on  the whole, the magnetic character of the 
hour is definitely related to the brilliancy of the aurora during that, hour. This 
result is of great interest and demands the fullest investigation. 

* The projection of particle8 bearing positive and negative charges in ~ignifica~itly @qual numbers is 
a necessary condition, as pointed out by Vcgard. 
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Brilliant aurorae appear, therefore, to occur most often near the time of the 
secondary auroral maximum, at which time there is a t  least a suggestion of a secondary 
maximum for the mean magnetic character number during the winter months. As may 
be seen from Dr. Chree’s figures for the winter months,* this secondary maximum for 
magnetic character number is a t  19-20 hours, the mean value a t  4 hours being low and 
the chief maximum a t  about 9 hours. We therefore infer that the occurrence of aurora0 
close to, or over, the station in the mornhg does not (on the whole) correspond with 
more disturbed magnetic: conditions a t  the same station, but with less distirbed 
conditions. . 

The secondary maximum in magne tic character number occurs only in the winter 
months and seems, according to Dr. Chree, t o  be associated with short disturbanccs 
of a “ special type.”? One is tempted, therefore, to infer that the secondary auroral 
maximum is also associated with these special magnetic disturbances and with the 
occurrence of brilliant, coloured or quickly moving forms, appearing a t  a time when 
aurors are rarely seen. Such an inference is hardly justified on the scanty evidence 
to hand, though a correspondence between secondary maximum and type of 
disturbance seems to  be indicated, both as regards magnetic and auroral characteristics, 
while the relation between magnetic character number and auroral intensity, on the one 
hand, and between the “ special type ” of magnetic disturbance and the strongly 
coloured and quickly moving forms of aurora, on the other hand, is very slightly 
indicated. The whole relation between magnetic and auroral disturbances, as will be 
seen later, may be stated as follows :- 

(i) A fairly strong correspondence between periods of disturbed auroral and 
magnetic conditions, particularly in the stronger disturbances. 

(ii) A slight correspondence between disturbed conditions of both types in the 
same hour. 

(iii) A possible secondary maximum in the mean character number for disturbance, 
of both types, occurring about the same time in the afternoon, in both 
cases. (The secondary maximum in mean magnetic character number 
seems to be connected with magnetic disturbances of the “ special type,” 
while the secondary auroral maximum seems to be connected with the 
occurrence of brilliant, coloured and quickly moving aurorx.) 

Even if we admit that there is a real correspondence between mzgnetic and 
auroral disturbancefl, no deduction can be drawn as t o  whether the magnetic disturbances 
in the evening are directly caused by the particles to which the aurora is due, or 
wliebher the auroral display a t  this hour is due to a change in the curvature or 

:E LOC. cit., Table LXXX ; a l ~ o  p. 143. 
t LOC. cd. ,  pp. 270 and 143. 
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position of the spiral in space (due to  variation in the magnetic forces), causing the 
aurora t o  be seen overhead at a time when it is normally far north of the station. 
Quite possibly the two are associated through a common cause. 

It is necessary to examine inore closely the relation between mean magnetic 
character number and type of aurora, and, with this object, the inean magnetic 
character numbers for hours when aurora were seen close to the zenith and in the 
sectors where they were least frequently observed have been calculated from Dr. Chree’s 
figures, together with the corresponding number for all observations of “clear, no 
aurora,” at the exact hours. The figures for 1911 are as follows :- 

Aurora in the zenith . . , . Mean cliaracter number, 0.88. 

Aurorao in the sectors where they 
were infrequently observed . . >, 2 3  ,, 0.87. 

“ Clear, no aurora ” .. .. Y ,  $ 9  ,) 0.76. 

These three numbers differ little from one another and from the general means 
and confirm the conclusion that the position of an aurora has little, if any, effect on 
the mean magnetic character number. The figure corresponding to the large number 
O€ occurrences of ‘‘ clear, no aurora,” confirms our conclusion that tlie correlation 
between magnetic character number and aurorm is not close except for brilliant, 
coloured or quickly moving forms. 

The fact that the position of the aurora bears little relation to tlie magnetic 
character number is clearly proved by the figures given by Dr. Cliree €or the Cape 
Adare auroral observations, These figures are reproduced below for four classes of 
aurorm arranged in descending order of brightness, the corresponding niagnetic character 
numbers being talten from the Cape Evans magnetic traces some hundreds of miles 
distant. 

Cape Adare, 1911.-Class I. Mean magnetic character nuinber (Cape Evans) 1.32. 

11. Y ,  9 ,  $ 9  , Y  $ 9  1.22. 

111. ,, > >  ? Y  9 ,  ;, 1 00. 
9 ,  

Y ,  

IV. I ,  ? >  ,* , 9  )> 0.67. 
9 ,  

Mean cliaracter numbcr, May-August, 0 - 84. 
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As in the case of the Cape Evans observations, mean character numbers 
corresponcling to various types of aurora have been compiled and are shown below :- 

Coloured aurora, Cape Adare . . Mean magnetic character number, 1.20. 
Clear, no aurora,” 3 9  . .  Y ,  Y Y  9 ,  y ,  0.75. C C  

From the above figures, i t  seems fairly clear that periods of brilliant and coloured 
aurora are definitely related, on, the average, to magnetic disturbances a t  the same 
station, and that the same relation can also be definitely traced between aurora and 
magnetic disturbances as far apart as Cape Evans and Cape Adare. 

As magnetic disturbances (when their occurrence can be traced a t  a number of 
magnetic stations) appear to occur simultaneously, or almost simultaneously, over 
the earth, we might expect to find that increased brilliancy of auroral display would 
also occur simultaneously. This increased brilliancy might, however, only be 
observable a t  certain favoured places, especially if increased brilliancy were associated 
with some displacement of the paths of the individual spirals as they approached the 
earth. We might, therefore, expect a closer correspondence between auroral intensity 
and magnetic character number if simultaneous auroral data were available from a 
number of widely separated stations, particularly if clue account was taken o€ the 
normal intensity of aurora a t  the hour in question. Though we cannot state definitely 
that a brilliant auroral display may not occur somewhere for every uiagrietic 
disturbance, there seems to be no doitbt that every striking auroral display in high 
latitudes is not associated with a simultaneous magnetic disturbance. Tho correlation 
between aurorx3 and magnetic disturbance cannot tliercfore be coniplete, suggesting 
that the magnetic disturbances may not be due to the same particles, which give rise 
to the aurora ; they might, however, be due t o  similar particles which do not converge 
towards the magnetic axis of the earth. 

Mention has previously been made of the fact that auroral displays show a 
tendency to continue for long periods, and tlie same is true, in some degree, o€ magnetic 
disturbances. It is, therefore, very necessary to cxamine the magnetic conditions 
preceding and following the hour oi maximum auroral display, to determine if the 
correspondence is a real one, and to make certain that the maximum of the niean 
cliaracter number is simultaneous with the grcatcst intensity of aurora. This aiinlysis 
is all the more necessary if we recollect that the production of alpha rays by 
radio-active djsiiitcgration in the sun must be accornp:wicd by the pmduction of 
beta and gamma rays. All ol‘ these rays travel with t1iiScrcn-t velocities nntl thcrcl‘orc 
should reach the earth’s atmosphere after clifIereiit intervals of time. 

The neceswy reductions havc been made completely €or 1911 in Classes I, 11, 
IT1 a i d  I V  of aurora seen e t  Cape JCvnns, and in Classes I and 11 of nurorx? sccn st 
Cape Adarc. Tliesc figures arc given below in Table 16 a,nd shown i n  diqpmmstic 
form in fig, 4. In this ‘J’nble, (n-I) end (n-1-1) repmscnt, reqmhvcly, one I ~ O U I ~  
before and one hour after the time corrcsponding to the occ~rreiice of siirortz of thc 
class mentioned. 

36 



TABLE 16.-Relation between Auroral Intensity and Menil Magnetic Character Niziiiber. 

Cape Evans, 1911. 
- -  . _lll._l---l ._ . _ _  - - -  

Mean Cliurnctcr Nuinbar, 

(98-3) 

- 
1.00 

-89 
657 

Class I ... .. 

(91.-2) 

1 *O6 
1.02 

-89 
* 64. 

,, rI ... .. 
,, 111 ... .. 
,, lv* *... .. 

I I I I 

I 

This Table (and figs. 5 and 6) shows most clearly that, in the case of aurora of 
tlie first two clnsscs (hriglitness abovc norinal), there is a rcal relation between 
brightness of aurora a t  a station and iiiean iiiag~ietic cliaracter nunibcr ut the saiiic 
station in the same hour, the correlation between character riuniber and briglitiiess 
of aurora bcing greater, tlie grcthr  the auroral intensity, but iiiappreciablc for aurora 
of less tliaii avcrngc brightness. 

%’lie l’able Eurtlicr brings out tlic point that the iiiashiuii~ iiienn chariacter iimuber 
at Cape Evulis occurs a t  about the sniiic time as the iiiaxbnuni of bright aurora at 
Cape Adare, some 400 i d e s  distant. 

Fig. ti shows most clearly that thc correspoiidcncc between even the  brilliant 
aLirorE slid mugnchic disturbance u t  tlic saiil(? 110111’ is slight in coiiiparison with the 
correspolldcllcc bet\vccii periods of brilliant aurora) and per io& of ningiictic disturbance. 
!l’houglr there is t i  rcnl correspoiidcrice between tho tkvo types of disturbnncc of the 
lowest clasBes, this correspondence is not particular, but general, and refers to  the 
period, not to the particular hour of observation. 

* Tlic figurps in tllis class arc too fow to givc a good incnn clinrnctcr niiinbcr. In t h  caw, of the 
Cnpc Adart! observations, it ]ius bcon ass~mccl tjliat l o d  titiio a t  CRPO Adarc a11d tirnc of thc 180th 
inoridimi dilfored by exactly 1 llour ; if tho rnnsimuui nurornl displny coincidcd with niasitnum lllngiietic 
disturbance, tlla 1r1(?a11 cllarnctcr riumbcr would bo grcatQtcst bctwocn liours ( t i )  and hours (12- I ). 
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A closer analysis of the coincidence of aurora with hours of high and low magnetic 
character is not without interest. With this object, Table 17 has been formed for 
three classes of aurora-above normal brightness, below normal brightness and " no 

Tot& 

TABLE 17.-Relation between Auroral Intensity and Magnetic Character at  C a p  Evans, 
1911. 

71 (29) 67 (48) 

Number of Observations with Magnetic Character 2 * 0 or 1 5 and Number of Observations 
with Magnetic Character 0 (in brackets), at exact hours only. 

Hour ending 

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Aurora of Brightness 

Above normal. Below normal. 

I 

'' Clear, no Aurora." 

7 
65 
3 
3 
3 
6 
6 
3 
1 
0 
0 
0 
0 
0 
1 
1 
4 
6 
7 

14 
9 

11 
8 
0 

107 (149) 

aurora "--showing the coincidence with hours of magnetic character 1 . 5  or 2 and of 
magnetic character 0, for different hours of the day, the numbers referring t o  the 
latter being shown in brackets. 

As might be expected, the sums of the two numbers in each class, correspondirig 
t o  magnetically disturbed and quiet conditions, show R diurnal variation similar to 
that shown in Table 8, which is derived from all hours. 

It is in the afternoon that aurora? are most liltely to correspond with magnetically 
disturbed hours and in the morning that aurors are most likely to be seen (luring 
magnetically quiet hours. 
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REMARKS. 

From a survey of the auroral material gathered both from Arctic and from 
Antarctic regions, it does not appear that any very great advance in our knowledge 
is likely to accrue from direct observations of aurora a t  isolated stations, unless 
magnetic data are available for comparison. It appears, in fact, as if tlie chief advance 
in our ltnowlcdge regarding aurora is likely to be made through a searching study of 
the causes of magnetic disturbances, and i t  is certainly difficult to escape the conclusion 
that these diuturbances owe their origin to charged particles projected from the sun. 
It seems particularly desirable to emphasise the fact that there is no Indication of 
the successive arrival of negatively and positively charged particles” in the earth’s 
atmosphere, the maximuni magnetic a8nd auroral disturbances in Polar regions 
occurring at about the same time, on the average. 

It does not seem out of place to  emphasise the fact that striking aurora can be 
sccn jn the auroral zone without the occurrence of a corresponding magnetic 
disturbance, particularly in the early morning, the closest correlatioii be tween 
magnetic disturbances and aurora being in the late afternoon, It is certainly 
interesting to note that the general maximum of magnetic disturbance falls not far 
from magnetic local noon, the secondary maximunr near magnetic local midnight 
appearing only during the winter months. 

It is necessary to  bear in mind that it is not essential for a local auroral display, 
however striking, to give rise to a magnetic disturbance of significant amount, even 
if the prime cause of the two phenomena is identical. I n  fact, the inagnetic 
disturbance is ljkely to depend almost as much upon extent as upon intensity of 
prccipitation o€ the solar particles. 

It is at least open to consideration whether the prime causes of the two 
phenomena are identical, and it must be adinitted that we have evcry right to  assume 
that aurora can be seen somewhere on the earth’s surface every day, and a t  every 
inoment of the day. This would demand a continual influx of solar particles from the 
sun. The niagnetic character number corresponding to the occurrence ol very faint 
aurorm is lcss tlian the mean of all hours, and this seem to lend support to tho 
contention that the incidence of aurora sonicwhere in the aurorul zone is a 
continuous phenomenon. 

Tlierc can be little doubt that the relation betwccn magnetic storms and aurora3 
exists in virtue of the same or a similar projection of cnergy from thc sun and the 
possibility cxists that it is only in particular circuinstanccs that the particles (which 
must be charged, in part at least) meet the atmosphere in low latitudes and are 
accompanied by severe magnetic storms outside the polar regions. 

* As pointed out by Schustcr and VCgard, positively and ncgativcly ollargod particles must occur 
togcther during the journey in approxiniatcIy cquai nunibcrs if the pfmticlcs arc to reach tho earth’s 
atmosphere without dispcrsion. Vcgurd also points out that tlic nunibor of cacii sign leaving tho 8un in 
uuit time must be cqud. 
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Evidence has already been given to show that the correlation between magnetic 
disturbance and auroral display is better, the more intense the auroral display (both 
in high latitudes), and that this correlation is not, so much a correlation at  particular 
hours as a correlation common to the whole disturbed period. 

Whether we agree with Vegard in assuming that the solar particles causing aurora 
are charged particles due to  radioactive disintegration in the sun, or prefer the theory* 
revived by Lindemann and ascribe them to clouds of particles projected from the sun, 
is not of immediate moment. 

The latter theory, as Lindemann points out, is capable of giving an explanation 
on the quantitative side of the energy involved in a large magnetic storm. On the 
qualitative side, there is little t o  choose between the two, but it should prove possible 
to discriminate between the rival theories if further information were available. 

For example, information might without too great difficulty be obtained on the 
following points :- 

(i) The period between the instant w h n  the sunspot faces the earth and the 
initiation of the corresponding magnetic storm ; the variation of this period 
(the time taken for the charged particles to reach the earth) wit11 the 
magnitude and activity of the sunspot and with the duration of the storm. 

(ii) The height of the aurora a t  different (low) labitudes and its dependence upon 
the activity of the sunspot to which it owes its origin. 

(iii) The relation (if any) between the height and intensity of the aurora and its 
spectrum. 

In the process of obtaining this information, it seems not unreasonable to hope 
that a clear iridication would be given of the cause of the earth’s permanent 
magnetism. 

Liiidemann’s theory that the charged particles causing both magnetic storms and 
aurorae are due to clouds of ionised particles projected Erom the sun  (such as are 
observed in the prominences), with a velocity due to light pressure on the neutral 
atoms, is given support by the work of Megh Nad Saha.-l. The latter points out that, 
in the chromosphere, ionisation is complete above a certain level, being evidenced by 
the fact that only the “enhanced” lines, which are due to ionised atoms, appear 
above this level. A rough calculation is made of the height in the chromosphere at  
which t-his takes place for selected elements using data on ionisation potcntiill, by 
application of the “ 12eaction-isobar ” to the process o€ ionisation. The calculations 
give figures in rough agreement with the observed heights €or several spectral lines, iT 
certain assumptions regarding temperatures and pressures in the chromosphere are made. 
If, now, selective light pressure acting in opposition to gravity is the cause of the 
presence of these ionised elements at such high levels, and the velocities imparted in 

* Lindcmann, ‘ Philosophical Magazine,’ Tleccmber, 1919. 
t ‘ Phil. Mag.,’ October, 1920, 
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the process of ionisation are sufficienil to carry them out of the sun’s atmosphere, 
a direct connection between sunspots and aurora may exist. The continuous, or 
almost continuous, influx ol’ cliargcd particles into the earth‘s utiiiosphere is thus 
explicable, a circumstance which is probable, but which is dXicult to explain on the 
older theories. * 

[Note added February, 1 !)2t2.-Flcming (in ‘ Nature,’ of February, 1922) discusses 
the projection of comparatively large cliarged particles iroin thc sun by light presmre, 
and tlie possibility that thcsc will be brought to rest in the cartli’s atmosphere when 
tlie density reaches the critical value a t  which frictional resistance rises t o  its normal 
value.] 

* Ruylcigh has bccn ab10 to photograph thc grccu auroral liiic on inost clcar nights on tliesc latitudes. 
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APPENDIX. 

NATURAL IONISATION IN CLOSED METAL CONTAINERS. 

During the voyage of the “ Terra Nova ” from Cardiff to Lyttelton, New Zealand, 
observations of the number of ions formed per second within a vessel of about 
27,000 c.cs. capacity were regularly made and the results have been published in the 
‘ Proceedings of the Royal Society,’ A, vol. LXXXV, 1911. 

The most important results were to show that the number of ions formed 
per C.C. per second in such a vessel was lower than the number formed on land ; that 
a considerable addition to the normal ionisation over the sea might, under favourable 
circumstances, be due to  radioactive products deposited on the ship and due primarily 
to a high radium content of air derived from neighbouring land inames ; moreover, as 
in previous experiments on Lake Ontario,* that the value over the sea could not be 
reduced below a certain limit-in this case 4 ions formed per C.C. per second. A iiiean 
value of 3-8 ions has also been observed on the fourth cruise of the ‘‘ Carnegie.” 

The question of the lower limit which can be reached is of importance, since the 
cause of the residual ionisation is still obscure. For this reason a few ineasurements 
using the apparatus and method described in the paper cited above were made in 1911 
within a cave excavated in a snowdrift consolidated to ice. In this cave the vessel was 
screened by many feet of ice on all sides, except froni radiation coining from above 
and from the earth. Three feet of ice separated the cylinder from the upper surface 
of the drift, and one foot of ice from the ground below. It is unfortunate that the 
opportunity was not taken to measure the radium content of the ice in order to determine 
whether there was any notable contribution t o  the ionisation from this cause.t The 
radiiim content of the rock was not ascertained, but the surface of the ground had for 
many years been protected from the dcposition of radioactive substances by the ice 
covering above it, It was thought that, in these surroundings, the residual ionisation 
might be even lcss than that which was observed on the “ Terra Nova,” and this proved 
to  be the case. 

The lowest valuc observed 011 14 days in July, 1911, was in fact just over 3 pairs 
of ions formed per C.C. per second, though coiisidcrable variations were observed from 
day t o  day. The mean value during the period was almost exactly the same as the 
lowest observed 011 the “ Terra Nova,” v k ,  4 pairs of ions formed per C.C. per second. 

* Wright, I’liil, Mag.,’ February, 1909 (lowost valuc 6.0 ions). A later dctorinination by McLennan, 
ueing a cylinder of ice over Lako Ontario, gave a valuo of only 2 . 6  ions. 

t An irldication of clitliatic variations miglit well be obtained by systcinatic invcstigation of the 
rudiouctivo content of glaciers at diff crcnt depths. 
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The variations observed from time to time were, however, considerable, and there is 
little doubt that the discrepancies must; be ascribed t o  imperfections in the experimental 
arrangements. The mean temperature in the cave during this period was -25" C., 
and it may well be that the voltage of t,he dry cells used t o  furnish the high potential 
was subject to variations. 

Since the magnitude of the variations (about 100 per cent.) lay far outside the 
limits of observational error, ail opportunity was made in the succeeding winter t o  
investigate this point more closely. For this purpose a hut was constructed of petrol 
cases lashed together and furnished with a canvas roof, and arrangements made to  

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 
I . .  

... 

... 

... 

TABLE 1. 

189 
186 
183 
195 
190 
193 
188 
188 
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191 
184 
187 
193 
I95 
193 
194 
209 
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... 

... 

... 

... 

... 

Hour ending 
(Time of 180th meridian). 

I88 
1 !N; 
I87 
201 
180 

1 Ioniflation I (in arbitrary units). 

1 hour ... 
2 . . . . .  
3 . . . . .  
4 . . . . .  
5 . . . . .  
6 . . . . .  
7 . . . . .  
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9 . . . . .  
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17 . . . . .  
18 ,, ,.. 
19 . . . . .  

. . . . .  

20 . . . . .  
21 . . . . .  
22 . . . . .  
23 . . . . .  
24 . . . . .  

... 

... 

... 

... 

... 

... 

... 

. I .  

... 

..* 

... 

... 
9 . .  

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

tulte an hourly photographic record of the variations. Except for the difficulty in 
maintaining the clock of the barograph drum a t  low temperatures aud in liecping out 
drift snow, the arrangement worked satisfactorily until the hut was blown down in 
a gale, but a record was obtained covering the greater part of thc period May 20th 
to June gth, 1912. The variations from hour to hour were very large, the largest 
value observed (in arbitrary units) being 270 and the smallest 119. In  view of these 
variations, it is hardly to be expected that any evidence of a regular daily variation 
could be traced during such a short period and this is confirrxied by a scrutiny of l!able 1,  
which give the mean hourly values of the natural ionisation for this period in arbitrary 
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unitls, after correction €or insulation leakage. The outstanding features of this Table 
are tlie high mean values a t  6 p.m. ( t h e  of 180th meridian) 2nd 11 pin. 

The mean values are given in Table 2. The Table is uiifortuiiately incoinplete 
owing to thc omission of days during which observations could iiot be recorded, but 
the variations froin day to day are clearly of the saiiie magnitude as the meaii hourly 
variations. 

On consideration of tlie values, there seems little doubt the observed variations 
horn hour to hour must be due to iinperfectioiis in the experimental apparat-us, but 
there is some evidence that the inean dnily values are subject to  other variations, 
wliich we would be inclined to  say were due to radioactive substances derived froin the 

TABLE 2. 

Datc, 1012. 

May 20 
21 
22 
23 
24 
27 
28 
2!) 
30 

, l l l I l ~  1 
2 
3 
1 
r, 
6 
8 
9 

Ionisation 
(in arbitrary units). 

... ... ... 

... ... ... 

... ... ... 

... ... ... 
e . .  ... ... 
e . .  ... ... 
... ... 1.. 

... ... ... 

... ... ... 

... ... ... 

... ... 

... ... :::I 

192 
185 
188 
19.1 
190 
198 
300 
201 
203 
183 
200 
185 
178 
187 
19s 
179 
171 

air and tlepositcd on tlic earth. No coiincction, howcvcr, lins bcciz traced wihb the 
meteorological contlitions prcvdiiig (hiring this pcriod, though, solnewlint strnngely, 
tlic l i ~ ~ ~ i  liourly vnluc associated wi th  nortlic.rIy winds (193 * 5 )  a id  soutlicrly winds 
> 1 5 iiiilcs pcr liour ( I  02 - 6) is grcntcr tliuii that associated with cnlins and soutlierly 
wiiids less t h n  I 6 iriilcs per Iionr ( I  85 - 0). ‘I’hc diifcrencc imy, I~owcvcr, be accidental, 
nncl it is I<JlOWll tlmt tlic ~ m ~ i  ~.adio:ictive contcnt of tlic ixir is slightly lower a t  liigli 
wind vclocitics, wliilc tho  incan value is ilot greatly diflercnt froiii that obscrvcd over 
tlic occm.* 

.If snch :L vnriation c;m be in[crrcd, n question nt OIIC’C nriscs ns to  tlic origin of 
the rn(1ititioiis ciiusing tdic viiritbtion, i n  view ol‘ tho siii:iIl nniount of rock csposcd 011 

tlic Antu ic t ic  Cloiitiiiciit,, thc H i m 1 1  r;i,tIiowtivc contciit of the air a i id  thc tiiiic wlikli 
must c l u p  during tlic t r t i ~ l s f c r  of prot?liict,s chiveil  rronl o t h r  parts of the curth’s 

* ‘ Meteorology,’ vol. 1, 1’. 320. 
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Fig. 3.-Polar Diagram showing Distribution of Aurora in Azimuth-Cape Evans. 
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Fig. 4 . P o h r  Diagram showing Distribution of Aurora in 
Azimuth-Cape Adare. 
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