








154 _ . AUSTRALASIAN ANTARCTIC. EXPEDITION.
Tasre II F—Avucust, 1912,
N Total
e P e | mmbe L] mow | Ocpimaes | pue
Hour of R - ] ] Ovcurrences' No Sk(;’“;sn.t Seetors. percentage
~ Locat Time, N.E. EB. S.E. 8. ) S.W, L N. W, | Zenith in all Autora obscured. Daily Mean |of observable
to to to to to to to to (withl Sectors visible, * |of observablel oceasions.
N.E E. S.E. 8. S.W. w. N.W. N. 20°). : occnslons.,
17 e 1 e e [ e | e e ] 1 11 12 o1 8
11 JO 45| 35| 05 | wo | o | o [ 1 2 e | - 115 67 14 - 08 52
19 3 2 e 1 | . 6 85 12 0-5 29
20 ......... 8 |16 | i | v o | e il 28 |10 95 16:5 06 | 42
2l e 6 16 | .. e | 05 35 116 77 142 |.. 08 44
22 . 9 | 4 e | e Ul | 0B | 48 05 185 55 | 155 12 65
28 .| 8 1 25 ol .| 0B .0B] ... | 6 05 | 15 3-5 125 1-2 72
Midnight ...| 76 | 1 | . | o | oo | oo | o | 8 165 4 .1 14 12 1
) S 6 | 2 o | e | e | L 0B | BB 1“ .| 4 12 12 66
2 e 45 | 15| 05| 05| oo | o | o | B | . 12 15 13 09 46
3 25| 2 1 3 R 85 8 126 | 07 36
4 5 2 s - R O I ' 3 L 25 65 13 19 50 .
B 25| 05 | 4 3 05| 1 4 | 65 4 26 55 12:5 2.1 56
B ereeeeens 4 3 .4 | 3 we | 15| 651 6 | 45 32:5 6 17 19 65
T e o5 | 05| ... | .. | 05| 05 1 3 14 17 ‘02 18
.Total...... 615 |27 | 1456 | 9 1 [ 3 |85 57 | 135 | 2110 1079 207-7 :Av. 10 |Av.48
‘TaBrLE II G—SEPTEMEBER, 1912,
OB | oo | e | i | e | e | - 2:5 13 15 .02 13
96 | e | oo | OB 06| .. | 1B 1 14 14 22 07 36 .
56 | .. 3 | 8. 05 24 T 115 22-5 11 48
3 |1 T I SR 85 1 20-5 85 22:5 13 62
350 o | v | e b e | 0B | 4B 1 18-5 13 . 23 0-8 43
3 | .. |losiosi ... | 05| 45 175 “11+5- 21-5 07 47
0B | woo | wo | e | e |1 4 |- .. 105 10 20-5 05 51
o5 | 1 |1 2 65 1 2 18 105 | 215 0-8 51
i 1 1 25 | 96| 4 25 10 | 21 12 62
e |1 | 3 05 2 75 16 20 . 04 25
1 1|1 1 1 6 18 20 03 10
Total...... 675 | 20 871 36| 1 25 | 146 (466 | 125 | 1736 | 136 2295 |Av. 08  |Av. 40
TasrLe II H—Ocroser, (first seventeen days), 1912.
, / .
N e, S OO U I I RO R i 55. 65 02 15
22 e 3. | 2 SO O I IV PR /8 16 46 18 |- 66
. SN 3 1 e b o e | 28 e | 4 BB 3 66 10 64
Midnight ...] 15 { ... | o | v | we | e | e | 16 |/ 3 45 65 0-5 41
R S TR R T B T e e ‘ w02 . 36 75 03 53
Total...... 96 | 3 0 0 0 o .| o '8 0 / 20-5 180 | 3146 |Av. 08 [Av. 46
[.’
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“ TapLe IT I—Marcy, 1913.

.‘)_ . - A.urorzg]Phenomonn Recorded. S N'i?ntgi’,r 8ky Total Ocr,ﬂl;’g:;:]lmlce! v‘?l-l{]?“
F1 H?ur.of of Hourly |unobscured. Hours. Secxt}o!;sl. perilen:ar:z!e
‘ o feeatTime |y | xk | B | SR | S | SW. | W. | XW. | Zemtn | Occurrences) NoAurora| Skynot | poily Mean of observable
go‘ to to to to tg to to (within Sectors. : * |of observable occasions,
N.E. E. 8.F. 8. S,\l\’. w. N.wW, N. - 200, - occBsions. l
L d
22 1 1 2 - 2 3 07, 33
23 .. 2 1 1 1 5 1 4. 1-2 75
Midnigh 1° |1 . 1 1 4 1 4 1.0 76
1 e 1 1 1 o 3 4 6 05 33
2 e 1 1 1 2 5 3 i} 08 50
! Total......] 5 3 1 0 1 0 3 ' 4 2 19 11 23 |Av. 08 [Av. 53
TasLe II J—Apgrin, 1913.
[ - —
. 1 VR 1 2 5 7 03 20
LI 2 L 1 4 16 8 05 20
2 | 2 4 A 10 04 30
5 5 1 1 3 16 -5 | 15 1-0 50
4 1 1 -1 4 1 12 i 126 - 10 44
-3 1 1 5 65 11 05 40
- 3 3 10 - 13 02 23
1 1 1 5 8 7 n o7 | 36
2 2 1 1 . p) 2 2 12 | 66 115 06 .43
1 4 . 1 6 . 7 11 05 36
1 1 1 3 6 9 . 03 33
2 2 1 o1 6 65 9 07 .28
Total...... 19 |14 6 | 2 0 |11 |20 7 80 776 | 128  JAv. 06 lAv. 34
W ;
TasLe IT K—1913.
T17T e 2 05 | .. 16 .. | 4 6 11 04 45
18 .| 4 1 2 7 6 11 06 45
19 . 2 1 - 3. 7 9 03 22
20 e 3 1 ; 1 2 7 5 ) 08 44
L] I 4 3 1. 1 9 4 10 .09 -60
22 ... 8 2 1 3 1 13. * 2 11 1.2 82
. SN 7 2 4 05 | 135 2 10 13 80
Midnight 4 1 3 1 9 3 1 08 73
| I 2 1 |2 5 4 8 06 50
. 2 e I R 2 3 4 7 04 43
3 1 1 2 1 B 4 7. 07 43
4 e 1 1 2 e 11 7| 2 7 3 7 Lo 57
6 reeeenen a1 ) o5 o5 | .. ] 05| 16 3 1 "3 8 09 | 82
I Ty o oes o5y L | . 12 2 1 1 3 8 09 - ‘62
3 y T e 05 S| 05 | 1 3 4 7 04 | 43
Total...... 37 |14 3 1 0 0 | 65|25 | 145 | 1028 60 13¢  |Av. 08  |Av. 65
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156 AUSTRALASIAN- ANTARCTIC EXPEDITION.
TasrLe II L—Juns, 1913.
Auroral Phenomena Recorded. - NT‘lj\tﬁ}- Sk VT t.i OCPI:{:(;::I]]COS Aurora
L Hour of. - of ]il{c‘nu:lry nnobsgurerl }iguz:si. | all \‘isihlte b
oabTime. | | wp | m | sE | 8 | sw.| w. | XW.| zenitn | Occurrences | No Amrora | Sky not Dot ean of abservable
1 d0 1 ote to to to to to to | (withi Lin all visible  pobsenred” | 1vcorvnblel  oeenslons.
NE | B | sk | s |sw | w |xw. | X | 200 | Sectors | ocensions,
1 1 o | e | e | e | 1 3 8 10 0-3 20
4 15 .o o 05| o] 2 2 10 1 15 07 Y
7 | 3 e | e OB 15 | 2 15 25 18 8 16 11 © 50
6 35 | 05| .. |1 e 05| 38 [ .. 145 9 15 10 40
8 .70 AU AU IO R P I ¢ - 11-5 7 15 08 53
9. | 3 o b s 0B 2 145 7 16 0-9 56
8 T P e e e | '35 14:6 1 16 09 56
9 25 | e | | e | |1 6 1. 195 1 16 12 56
7 35 | 2 I~|... | .o | 18] 7 v |22 9 18 12 50
6 |1 NN | 3 25 | 2 | .4 1 20-5 9 17 1.2 47
25 | 1 | e | e | e | e e | 28 6 12 15 04 20
1 25 | 16| . | oo | .o [ 0B | 1B 2 9 11 .15 06 27
45 | 3 35 | . | v | . | B 1 3 19 5 12 16 58 -
3 45 | 4 1 T I T 6 24 4 16 16 5.
25 | 4 4 5 | .. | .| 8 25| 6. 266 4. 16 17 75
T v 1 15 | 45 | .. e | o | 881 3 1 225 © 86 | 136 17 70
Total...... 795 |30 |20 45| 45 | 46 [27 |455 | 305 | 266 | 1216 | 2415 |Av. 10 jAv. 49
~Tasne I M—Jury, 1913.
17 .. 2 2 .. 1 2 .. | 0B 7-5 8 13 To08 | 38
18 7 - J I S I O e | 4 1 16 5 13 12 4 8l
19 . 6 35 | o | oo | oo | 1B | 25} 3 163 | 5 126 138 60
20 ... 105 | 5 e | o 05| 2 | 351 5 2 28-5 4 1 2.0 71
21 ... 10 45 | | e b | e 28] 8 23 47 147 16 88
22 ... 95 | 4 o | e | 1B 381 195 35 | 145 I 13 6
23 ... 65 | 3 SUU IOV N N O O -1 -0 T | 18-5 C29 | 14T 13 86
Midnight ...| 756 | 26 | .. | .. | 05| ... | 2 6 | 2 205 | 87 147 14 4
1 e, 95 | 85 | -... 15 | 4 8 1 27'5 82 14-7 14 78"
2 65 | 1 05 | 06 T | | 15| 4 1 15 45 136 11 86
5 5 15| 05 | .. e | 08| 25| 4 1 16 77 157 10 51
Y I 5 5 156 2 | v | oo | 36 35 45 26 | 86 | 145 | 17 41
5 e 3 3. | 46| 25 | . | w. | 45| b6 9 32 65 145 22 . B
6 e 55 | 4 45 | 1 | .. 365 | §b 7 51 45 14 2:2 68
T e p) 1 05 | .. e | 0B | 6 2.5 3 155 5 14 11 64
8 .l 1 1. 05| 15| 1 2:5 7-5 85 12 0-6 30
Total....| 965 | 475 |12 | 6 | 2 | s5 |425 |67 | 365 | 3185 843 | 2240 |Av.15 |Av. 62
o TasLe II N—Aucust, 1913.
18 e 2 12 ) 03 | oo | wee [ Teee | o | 2 55 | 2 75 0-7 3
18 ... 3 2 | [ o | o |1 15 | 15 9 < 3 7 13 57
© 20 a2 11 o Lo Ly 0B | 2 25 | .. 102 - 3-5 8 13 53
) 6., 05| .. | .. |1 |0 3 3 135 45 85 1-6 47
02 55| 4 1 1] b 15 1 15 3 85 18 85
23 e 55 | 351 .. 1 1 1 3 15 3. | . 95 1-6 88
Midnight ...| 35 | ... e | 35 .. 7 o4 10:5 06 62
| R 2 2 1 3 8 T 11 . o7 | 38
2 2 2 06 | 3 75 77 w06 | 07 26
3 5 16 | 1 | 35 35 2 16-5 35| 107 16 67
4 e 4 3 3 .2 o5 | 06 1 4 3. 21 2.7 92 | 23 70
[ 3 3 1 3,0 05| 05} 15| 45 ] 23 3 9 26 67
;D 3 3 2 2.5 05 | 3 45 | 45 23 2 .| 10 2:3 80
T v 05 | 05 15 | 05 2 5 15 46 St " 66
Total...... 417 | 267 | 88 | 9 | 3 5 |205 {40 | 185 | 1792 50-4 1246 |Av. 144 |Av. 60

ne



S

-

RECORDS OF THE AURORA POLARIS—MAWSON, 157
"TasLe II O—SEPTEMBER, .1913.
b |- Totar
Auroral _Ihcnomcna Recorded. \'E‘r‘l:fglr Sky Total ()cc_ngr%nces. \;{\1)'1;(;“ )
Hn"rpf — = — | of Hourly n{mhscured. Hours. S::'(!t?)r]ﬂ r-erl'scleniefa':xse
Loeal Time. | ¢ | yp. | = | sm . | W1 W | N zenign | Oecurignees| No Aurera ) Bky mob ) paily pean of observable
. to to to to to to | to to (within i visible. | obseured. 1o ree vahle|  oceasions.
N.E. £ 8.5, S. 8., W, | M.aw. X.. 2u°). Rectors, occasions.
20 ... 2 |1 1|1 |1 (1 |3 1 1 - 3 75 0015 60
2L | 3 1 - 1 2 2 2 11 3 9 12 67
22 ... 5| 1 1 2 | 3 1 13 25. 1 9. 14 72
23 e 55 | 25 | .. 1 1 )4 14 25 | ‘10 14 76
Midnight 35| 2 1 e, | 35 1 11 3 110 11 -0
1 ... 6 2 1 - 25 | 2 1 145 3 10+5. 1-4 !
2 e, 5 15 | 05 L. 4] 1 13 &5 | 105 12 48
3 e 2 1 1 2 | 25] 2 /.105 44 9 1:2 55
? SR .25 05| 15+ 2 65 2.5 65 10 "6l
5 . 1 15 | 1 1 45 3 6 0-7 50
Total...... 355 | 12 45 |1 2 2 1135 | 265 | 12 1 109 - .32 :88  lAv 12 |Avi63
Tasre II P—Ocroser, 1913.
. : i I
2 1 11 1 6 - 1315 04 13
5 3 | 05 3 11-5 9 15 08 40
3 2 : 35 85 95 ] 15 06 .38
25 | 05 | ... 3 125 15:5 0-2 " 26
1-6 05 | 05 15 | 1 5 11 13 04 15
2 e 1| 1 2 12 [ 13 02 8
Totalo...| 14 | &5 | 1 | 05| o | o |1 |10 | -3 36 67 | 865 JAv.04 |Av. 23
L]
(@) Total Hourly Occurrences in.all Sectors,

Considering only the months of June and July, when observatlons over the
greatest rmge of hours are avaﬂable the ﬁgureq 111 the foregoing tables mean out as
follows —

TABLE III. ‘
1
Hour ... 16| 1718 19| 20 2t 22l ea|Mae| 1 p 2 | 3 4[5 |6 [ 7|8
. B I
Total occur-) . Sl ; . _ .
, rences in all %) 46 | 191 ] 26-4 | 152 12:5| 192 | 2.1 | 207 | 23:2 | 207 | 12:4 | 15771 237 30 | 40:6| 31 | 15:2
sectors. J | |

The figures at either limit, namely at 16 h. and 8 h. are, of course, much affected

by strong twilight, all weaker aurora being blotted out.

Making allowance for twilight

‘at either limit of observatlon it is obvious from these ﬁgures that at Cape Denison, in
the ,wmter months. there are three maxlmum periods of auroral abundance durmg the

-
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158 . - AUSTRALASIAN ANTARCTIC EXPEDITION

- dark hours. These are about 6 p.am., 6 a.m., and 11 p-m: The graph ﬁg 1; ) Whlch
'expresses these mean ﬁgures, very clearly lndlcates the periods of ‘maximum and

mlmmum distribution. o 1

ACH

Fig 1.—Tota! INmeer of Hourly Ovc'currences in all Sectors Mean for months of June and July of 1912 and 1913.
: ' - Cape: Demson

As regards the relatwe lntensmy of. the aurors seen, an estimate based solely
upon the apparent brightness or otherwise of the luminous phenomena as logged in the

‘record cannot_be accepted as correct, for the following factors must be taken into .
~account. Flrstly there is some want of. uniformity among observérs in defining the -
‘degreé -of intensity exhibited.. Secondly, as the atmosphere was not uniformly clear
weather, auroral lights of the same actual intensity would appear at .
‘times brighter than at others. Thirdly, the presence or absence of moonlight was a
very important determining factor as to whether an auroral manifestation would’
‘appear to-the observer as dull or bright; indeed, only- the strongest -aurorze would be
-visible at all. * Finally; the intensity as noted by v1sua1 observatlon of -all auror® seen

even in “ clear’

?

during twilight hours cannot be strictly compared with that of phenomena appeamng

-during dark hours.. - ' - S -

This bemg 80, no analysis of the record has been made w1th the ob]ect of

'estabhshmg, on’ a quantitative scale, the relative proportlons of bnght and weak’
‘aurore.” But it can be stated that. our expenence at Cape Denison very concluswely
.mdlca,ted that the daily period of apparently most, mtense aurorz was between'9 p.m.
and 11.30 p.m." The maximum phase of the six greatest manifestations witnessed
at Cape ,Demsox_l fell between 11.8 p-m. 'and 11.41 p.m., averaging the mean time of =
- 11:17 p.m.  Four other very remarkable and brilliant auror® of the curtain type
, culmineted'respeetively at 9.25 p.m., 10-0 p.m., 10.54 p.m., and 11.17 p.m.  The auror®

wy

e
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RECORDS OF THE AURORA POLARIS—MAwsON.  1isd

.80 regularly appearmg in the tw1hght hours of early mormng, and to a less extent, of
" “the evening, though never extremely brilliant. to look at, .must often have been

intense In order to be at.all apparent in thhght But there rarely was ever at
such times any other colour observable beyond the greenish-yellow tint: consequently -
it would appear that, after all, the later evening hours were par e:zcellenre the perlod '
of the day when guror® of the greatest mtensrty were' to be expected

The Queen Mary Land record is too fragmentary to allow of the posmbdrty of
yielding really. satisfactory ﬁgures for comparison with the foregoing. - But in any
case they will have some value. An-analysis on the same lines as that undertaken for
Adelie Land ‘yielded the: followmg ﬁgures all months bemg, in thls case, taken'into .

consrderatlon . .
TABLE IV. _ S -

[ ]
o
h'_l,._
(]

HOUE' .luceeiuegeneeinecesesmrenenennenensd 17 | 1841 10| 20 | .21 | 22 | 23 | Mde.'| 1

‘Here the most 0bv10us feature 18 the-occurrence of: peaks at special observation
hours, namely, at 6 p. m., 9 p.m. , midnight,"and 3 a.m. It was the custom to make
meteorologlcal observatlons at these hours, and, naturally, more loggings of aurors
appear against them than for intermediate perlods The,slgmﬁcance of the figures "

- is best reahsed In the graph Flg 2.

TEHCE |

T iury. Gecir,

-

ALy

Fig '2.—The'Tota! Numbbr of Hourly'Occurrences in all Sectors'Qqeen Mary Land étation,—Year 19!2-

Makmg allowance for the artlﬁcrally enhanced pos1t10n o the hours - 6 p m..
‘9 p.m., midnight, and 3 a.m. the following deductions may reasonably still be made. .
That maximum period .of auroral distribution was.about midnight, but, that a rapid -
falling ‘off took place shortlv afterwards followed later i in the early morning hours by a -
‘rise. In the evening, as twilight departed, a considerable amount of aurora was commonly‘ h

~ seen, which increased as the evening proceeded with a possible temporary falling off
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at 7 p.m., tlidugh this fall may be all due to the fa¢t'that dinner was on: about that time

‘and inspection of the heavens would then be léss frequent than usual. “That a falling

“off did occur after 9 p.m. seems certain, for if auroral mianifestations were waxing,
observers would certainly have continued to observe .and log the features presented,
only relinquishing watch when a ‘defihite subsidence was established. - There seems
no doubt therefore that a definite diminution in aureral manifestations did oceur, say,
between 9.30' p.m. and 11.30 p.m. . . : S

As regards intensity at thé Queen Mary Land station the period” of intense,
active, and coloured aurorw i§ liter in the évening than that noted at Cape Denison.
Practically all the more brilliant demonstiations are recorded between 11.30 p.m. and
3.30 a.m., the most favoured time being between midnight and 1 a.m.

Of the four years record at Macquane Tsland only that for 1913 is suitable for
analysis' with a view to ascertaining thé hourly distribution of aurors, ‘and even that

.. 1s deficient for, owing to shortage of observers, all regular observation ceased after 10
“p-m. unless there happened to be a deémonstration actually in progress, when Mr.

~ Ainsworth would continue on duty until it subsided. It may therefore be that a revival

of the phenomena featured in the later early morning hours when, ordinarily, all watch
was relinguished. But; on the other hand, taking all things into consideration it is

"not likely that such was the case to any notable extent, for on the various occasions

[N
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" when men were about at 4 a.m., 5 a.m., and 6 a.n. little was ever seen of dauroral lights.
"~ An.analysis of the 1913 data gives the following figures :— -

Tasie V.
HOUE oo it i 19 | 20 | 21 | 2228 | Mde| 1 |2 | 3 ["4 ['6 [ 6"
' Total oceurrences in all sectors...... 55 | 16 | o4 | 31 | 35530 .21 | 5 4 |Pa |2 1

" Dhieseé figures ‘are. graphically pepreseﬁted in Tig.-8; where a-steady rise to 10°and 11
_pan.is shown with a gradual falling oft thereafter. This is distinctly different to the case

cev
bl

L

*Fig. 3 Total Number of Hourly Océurrences in all-Sectors—Macquarie Island Statloh—Year 1913,
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RECORDS OF THE AURORA POLARIS—MAWSON. ik

_at the Antarctic statlons where the maxima comparable to this does oceur, but is

supplemented by other mamma followmg departure of dayhght and precedmg the
advent of daylight.

. At Macquarie Island the period of brilliant aurorae corresponded cloéely with that
of Adelie Land. The hour between 10 p.m. and 11 p.m. was specially favbu_red, though

- very brilliant displays appeared at all hours between 8 p.m: and midnight.

(b) Total occurrences in all Sectors—-Mean hourly value for observable occasions.

The preceding discussion concerning the relative hourly abundance of auroral

phenomena seen in the sky during the dark hours has been-based on the total number

of hourly occurrences in all seetions actually logged. But in the case of the Adelie

.Land station where a continuous record was kept, a more. correct estimate of hourly

distribution can be got by dividing the total number of hourly occurrences mn all sectors

‘_ ‘as observed by the number ¢f occasions in the case of each hour that the sky was not
- obscured. That is to say, the figure got by dividing that for any particular hour in -

column eleven of the tables of hourly distribution by the figure for the corresponding
hour in column thirteen. The quotient which appears in column fourteen is a truly
comparatlve figure. ' L ' o '

"On account: of the mterference of twilight with the observation of any but strong
demonstratlons it is best to group the months into pairs of about equal duration of

darkness; or, what is the same, of equal distribution on either side of midwinter. In

this mean figures for 1912 and 1913 for the dally mean of observable occasions (column

_fourteen) have been plepared and are tabulated as follows :—

- TarLE VI—Mean value for 1912—1913. ,

‘Total occurrence in all sectors as the mean hourly value for observable occasions.

O Hours..l....| 16 | 17 [ 18| 19| 20| 21 | 22| 23 |Mdt.| 1 [ 2 | 3 |-4 | 5 | 6 | 7|8
‘March-Oct. .o oo | 0| o} | o {18 221009 |OBO8| 17| L] o]

© Apl-Sept. ...l o | o | 02] 04|07 11| 1307|008 | 0B 10| 11| 08) 07! 05| ...
May-Aug. .| oo | 05| 07 06| 08] 1:0] 14 12| 09 |08 06] 08| 16| 18] 17| 07 L.
June-July ...... 04| 10| 15| 10| 12|12} 13| 15|13 | 14]/08] 10| 1-6].18]|.24] 1.0 |00
All months ...| ... | 100 1-0] 08 08|10 1.3} 1.1} 1.0 | 08| 08 10| L'3| 1-8) 20| 19

-

" In arriving at these figures, in the case of the pairs of months which cover two years,

the mean figure is adopted for the four occasions if all are represented in the tables

. of hourly distribution; but in the case of the earlier and later hours where only three, .
‘two, or one record may be forthcoming the mean of the three, two, or one observations,

as the case may be, is taken.  In securing the mean of means, the “ all months ”” figures,

. the mean of the month-couple has been reckoned; but in every case the first' hour

and the last hour (twilight hours) of the figures for the month-couples have been discarded.
*10364—X : .



162" . AUSTRALASIAN ANTARCTIC EXPEDITION.
This is necessary in-order not to mask the true features by superimposing fallacious
figures referring to twilight periods. This latter distortion of facts does not of course,

enter where only months. of similar daylight hours are considered, though the first and
last hours will refer only to very strong auror. \ '

These mean figures are plotted as Fig. 4. In the_case of the “ all months ” curve,
a maximum’ after dark in the evening and again before daylight in the morning is
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4.—Total. Occurrences in all Se'ctors—Mean Hourly Value of Observable Occasions,
Cape DenisonA—Year 1912 and 1913,
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_1ndlcated also another in the Iate evening hours culmmatmg ‘at 10. p.m. The greatest
© maximum is round about 5 a.m., 6 a.m., and.7 a. m., but it should be understood that
though' that certdinly was a perlod of prevalent and widely" distributed aurera the

intensity- was weak compared with many of the demonstrations: of».the later evenlng:

¢

hours. - - . . _ ' R

s
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{c) Aurora visible as a percentaqe of observable occasions.

The considerations just traversed have to do with the abundance or spread of
aurora in the sky. The next question is the presence or absence of auroral manifes-
tations at particular hours. The last:column in the hourly distribution tables supplies

 this information. There the figures express the occasions when aurora-was visible as a
percentage of observable -occasions: * By this is meant, as a percentage of all occasions
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when observations were made and the view of the sky found to be unobstructed. by
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the registration each’ month, chlef of whlch are the relation of moonlight periods to
obscured sky periods. If, for instance, moonhght days happened to. be alse the clear
weather- days, when auroral observations were possible, the record would  differ
somewhat from the case where the clear days were also moonless, for then abundance of
weak effects that were typical of certain particular hours would show up and receive
equal welght in_the log with - the fe\\el strong ones, the onlv ones visible during

“moonlight perlods

In order, therefore, to arrive at a  better congeption of the auroral frequency
typical of each month as it should be under undisturbed conditions, the means for
both years have been reckoned combmmg months of equal dark hours. These means
are plotted as Fig. 7. - There also appears a mean of means, a curve resulting from the
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‘combination-of :all months. The drop at the ends of the inon’thly combination curves
is ‘of course the effect of twilight.
'hours figures of each monthly combination. have been omitted.
1s necessary-in’: order to -arrive- at an all- months .curve unaffected - by twilight inter

In arriving at the all-months curve, the first and last
This procedure

ference.
TaBLE VII--Mean Figures for Cape Denison—1912-1913.
Aurora present as a percentage of visible occasions.
Hours ......i...e 16 | 17| 18| 19 | 20 | 20 |22 |23 [Mde.| 1| 2 i3 4| 506 7|8
' : I
March-0sdt. ...| ... v | 0| 30| 49 54 66" | 31 | 36 ° 50 | ... | ..

- April<Septu.c.c| o | ot| o] 20 | 742 | 61 | 62 | a0 | 49 | 53 | 55 47 | 37 | 35 | .. | ...
May-Aug. ..l ... | 40 | 50| 304| 41 |45 | 62| 61 | 6 | 52| 42 46| 51 | a7 | 65 | 42 | ..
June-July ...... 16| 47| 59 | 43| 55| 50 | 66| 74 | 62 | 50 | 45 42 | 52 | 63 | 72 | 68 | 30.
Altmonthé .| 47 | 54| 36 | 46 | 55| 60 | 60 | 67T | 49| 44 45| 46 | 60 | 68 | 68

Comparison of the twin-month - curves.
-progressive change from the March-October
. The midwinter curve shows a .very definite: maximum 'at 11 p.m.,
by minima from ‘maxima. respectively just- after the: passing and just before the

curve.

advent of dayhght

. twilight obscuring- weaker - effects, and it ‘seems-probable - that--were the darker hours

established' the fact that there is a
curves to the mid-winter June-July
separated

The rapid-decrease at the limits is again to be ascribed to 1ncreaqmg

_of longer duration the rise.of the curve would contmue on elther hand 1nstead of
reversing at 6 p.m. and 6 a.m. as.shown. '

: "8.‘“‘DI'STRIBUTI_ON IN"AZIMUTH.

(a) Adélie Land.

- The figures from the tables of hourly distribution -:have -been meaned for the
two “years, with the results as tabulated below: .

The figures represent hourly

38

20-0

appearances.. _ . _
.TasrLe .VIII-—Mean of 1912-13.
" ~Monthly azimuthal distribution of hourly appearances.

© Sector. i N-N.E. { NE-E. | E:SE. | S.E-S. SS.W. | SW-W. | WaNW.o| NW.oN,
" March-0ct. woevrrernenns, 165 62 0-5 1.9 1-0 00 42 12:9
April-Sept. «eoereierienn| 386 142 48 3-0 16 | 26 12:4 27-6
May-AUg, .cveeeee - 478 - 235 - 106 87 - 15 30 148 40-2
June-July .ocoevenrenitnnn. 94-1 477 1 212 17 | el 95 480 " |72
All months - 492 229 10-8 58 25 38-3

e



L=

1

R‘ECORDS OF THE AURORA. POLARIS-MAWSON.- 167

" These ﬁgures have been plotted in Fig. 8.

It is to be noted: that a‘ Very small

proportion .of the demonstrations ever appeared in the southetn sky. The most
' frequented sector is between N. W ‘and N.E. and more abundantly between N. and

N E than between N. and N W It will be seen,.also, that ‘the. curves for the several

Fig. 8. ~Distribution tn Azimuth of Aurora- Cape Denison Station—Years 1912 and*1913.

months dlﬁer little from each other.’

As was found to be the case at Cape Royds,*

‘aurorae were most abundant’ over theé ocean and:most seldom over the land mass
which. extended away to-the seuth; but of course-this relatlonshlp to-the land mass may"

be merely a coincidence.

V-

* Luc. cil.
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Cons1der1ng the appearances of auroral phenomena in ‘the zenith, the mean
monthly ﬁgures are as follows : ‘ ‘

. Mareh—Oct.‘ B Aprﬂ Sept _ o ,Majr;Ahg., “1,.1 June-July.
7. 91 - 164 - 409
" For the full two years, the hourly‘record of zenith appearances amounts to a

. total of 272 occasions. In these estimates manifestations which approached within
° of the actual zenith are taken as zenith appearances. '

An ailgml}’sis of the tabular data furnishes the.following mean figures:—

TaBLE IX—Mean Hourly occurrences of Aurora in the Zenith.

Hour .voeveeeeee 16 [ 170 18 | 19 | 20 { 21 | 22 | 23 |[Mat.| 1 |2 [ 3 -4 | 5 [ 6 | 7| s
" Mareh-Oct. Lo DD LD . 10:25] 000 0:00) 000 | 025 075) 0B | e | eer | e
April-Sept,...... o | e | | 025 05| 062|075 025 | 025 | 025 | 1-50 | 2:00 | 1-25 | 125 | 0-25 | ...
May-Aug. .....| ... |0:25|025]|025( 050 0-25 | 0-62 | 0-25 | 0:50 | 0-00 | 0-00 | 1-25 | 2:80 [ 4-00 | 372 | 1.75| ... .
June-July ...... 0-50 | 1-60 { 1-60 | 0-10 | 1-10') 0-50 | 0-40 | 1-10| ©-75 | 050 | 0:25 | 1-00 | 4:10| 675 | 7-20 | 5:50 | 3-00
All months ...| 0-50 | 092] 0-92 | 020! 0-70 | 0-40 | 0-37 | 0-40| 042 | 0-25| 0-62]| 118 | 272 | 400 | 3-68 | 3-62 | 3-00

The system of meaning adopted in arriving at these figures takes considération
of such hours only as fell within' the observational dark period. For instance, the
mean all-months value for 8 a.m. is givén as 3-00, which is the figure for the June-July
period for, on account of daylight, it was not poss1ble for the other twin month periods
to contribute. . S ‘

These ﬁgures are presented as graphs in Fig. 9. The most obvious feature is
the extreme frequency of zenith aurora in the early morning hours immediately
preceding daylight. There is a tendency though much less marked, for zenith demon-
strations in the late afternoon and to a less extent in the evening between 8 p.m. and
11 pm. A deﬁmte minimum period for such ranges about mldmght and 1 a.m.

'. (b) Queen Mary Laezd..

" An analysis of the record indicates the following distribution of aurorze :

TABLE X—Aziﬁuthal Distribution. Queen Mary Land, 1912,

Sector. - | N-N.E. | NE-E. | B-8E | SE-S. | S-8W. | SW-W. | W-N.W.

Hourly occurrences ......... 13 T l 8 l 7-5 7 5y { B i

S

N.W.-N..

TU275

¥
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These figures are graphically illustrated in Fig. 10. The majority of the

* demonstrations were evidently centred in the N.W.* The auroral watch was not so
rigidly kept as at Adelie Land, which deficiency would doubtless most affect the
figures for the early morning hours, it may be that a little more weight is due to
manifestations normal to those hours. Once again the direction of minimum appear-

" ance is in the direction of the land mass, and the region of greatest frequency is over

TR

" Fig., 107—Distribution in Azirmuth of Aurora -Queéri Mady Land=Year (912,

the most ice-free portion of the ocean. This feature suggesting relationship to the
distribution of land and sea is probably merely accidental but worth mentioning. A

circumpolar distribution of aurora would, in the Antarctic, be at the same time in some
definite relationship to the almost circumpolar land mass. '

* A verbul communication from A. L Kennedy, formerly. of the Queen Mary Land Base Party, received now whilst
this matter is going through Press, suggests that their auroral record and my interpretation of it, as indicated in Fig, 10,
emphasises too strongly those appearing in the N. W. as compared with the appearances in the N. and N.E.—D.M.

4
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As regards zemth appearances: they may.be tabulated.as follows:—.
Tappe XI—Zenith- appearances Queen Mary-Ldnd, 1912.

23 |Mdt. 1] 2| 3| ¢

1‘){20
|

Thus, occurrences- in .the zenith were frequently in the early evening hours
culminating at 9 p.m. The hour of midnight was specially favoured, and, -even though
the observations were. probably deficient, the morning hours between 3 .a.m. and

Hourly oceurrences .....oooeeenenn. .

1 ’“._
|

5 am. constltuted another favourable period:

() Macquarie A‘L(md

Though the record of the Macquarie Island station is but fragmentary, suﬂ"lment
figures are available to glve a good -estimate of the- dlstrlbutlon An analysis of \the
1913 and 1915 records glves the following figures.:—

:TABLE .XII—,Azunuthal- Distribution, Macquarie Island.. ...

Sector. ' | NeN.E. | NE-E. | EAS.E. | 8.E-8. | 8.-8W. | SW-W. | W-N.W. | N.WiN.
Hourly occurrence‘i, T:) | O R . 4. 68 b .22 3|
" . ‘ 1915 oo I | i1 30, | 28 . 13 10 |

The plot Fig. 11 brings out the fact that manifestations were very seldom
indeed seen to' the north. The sectors S.E.jand 8.W..were prmclpally concerned, the
latter being possibly . more affected than the former. - On acéount of the specially
careful observations. made by G. F. Ainsworth in 1913 somewhat more .weight may
be given to that curve than the other, though of course:the distribution of the two
years may have in fact actually differed.

The zenith appearances are not clearly indicated in the record but so far as can
be seen were dlstrlbuted over the two-year periods 1913 and 1915 as follows :—

; | TABLE XIII. :

Hour. coivieeeieens e TN ’ 20 ‘ 21 ’ ‘92 23 Midnight: -

Hourly appearance in zenith ..................

i
) - 1
9 ‘.,1 3 Coal ‘

There.was -no,-continuous. observation. to .establish, whether. arches, preceding

morning twilight appeared.in.the renith, jas:was:the case:in the Antarctic:stations:, Buy:

' RECORDS! OF} THE »‘.AUROR’A{) POLARISMAWSON.. 171
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such evidence as there js suggests that, in all probability, a return of the phenomenon
in-the later dark hours of the morning does not eventuate. It is difficult to see why
the figure for the hour of 10 p.m. should be so low as it lies between hours of high %

\ , %
’- Fi'gb 1. —Dis‘t::ibution in Aiimuth of'Aurolra—Macquarie Island—Years 1913 and 1915..
frequency, and the conclusion is that it.is a false indication’ owing to the imperfect
" record. It seems more probable that it should be comparable with the 9 pm. and
11 p-m. figures. :

9. PERIODICITY. - = | S

(@) Diurnal. ' -
The general questlon of the distribution of auroral phenomena throughout the )

hours of the day has been dealt Wlth under section 7 - A further matter namely the -



&
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diurnal fea;ture_ln the trend of arches, is reserved for discussion later on in'connection
with the- detailed. features of curtains and ‘arches. . It remains only to emphamse the

- facts ﬂlustrated in the graphs Figs. 1, 4, 5, 6 and 7.

At Cape iDemson a regular dally processron is apparent beginning, in the months
of: long darkness, by a perrod of relative abundance in"the later afternoon hours when,
at the same t1me the average altrtude of the’ mamfestatlons above the horizon is ‘
considerable and zenith appearances are relatively numerous. After 6 p.m. the
1ntensrty and abundance of the aurora normally ‘wanes and, at the same time, the
manifestations recede to the north At about 8 p m. a rev1val appears low, near the_

‘horizon, in the north-east.” On quiet nights the -evening hours: pass without any

zenith appearances the .auroral phenomena.keeping low down in the north, though
noticeable rising between the chours:of 9 .p.m, and 10 p.m., then, later, receding:: As -

‘the evening wears on the phenomena advance around the northern sky, spreading from - '

the east further and further.to the west, indicating that the aurora.marches weet\vard-'
in the rear of the ..daylight . ‘hours. ., With ; the morning hours; usually- round- about
3 a.m., there is'a distinct revival of aurora;-and this is very prominent by 4.a.m., though-..
the maximum rs often at 5 a.m. or 6 a.m. This latter time 1s agaim;a period of zenith
appearances. In all cages early morning aurors are characterised by regularity and
the absence of the intense and spectacular element which is a feature of the storm

_period- of evening aurorae. The appearance of .many parallel bands .in the zehith is

characteristic -of the morning hours. As the morning hours. advance and -grow into
twilight, the auroral bands hold their own, though . certainly. waning to some - extent °
and retreatmg to the west, untll the last stragglers are swallowed up in the increasing:

* light of day. , o o S S

~ This da11y periodic procession as outhned may be referred to as the normal -
cyele The forms assunied are typically pale nebulous bands, often-curtained, which
on occasions of greater auroral intensity, may.become brilliant and warm up the reddish
tones below, and develop rippling -motions of the filaments: » |

During , auroral storm perlods which - eccur at least a few days each month -
though the afternoon and early morning features are strengthened, the most intense
mamfestatlons are reserved for the evening hotrs. On such occasions between the

“hours of 9 p.m. and 11 p.m. intense coloured. curtains rise ‘slowly from the north towards

the zenith, often passing 10 degrées or even more to the south beyond the zenith, then °
waning and retreating to the north again. At about the period of maximum southerly
progress the curtain or curtams may rap1dly spread themselves in the heavens as a
sheet of bnlhant nebula. ‘ '

So lrregular in their ‘appearance and so intense are the phenomena of these

_auroral storms of the evening hours, that they give the impression of being special

phenomena supernnposed upon a regular and normal quiet cycle.” They. are the
spectacular elements of-auroral manifestations and grip -the mind, d1vert1ng attention

from the more natural and regular sequence of diurnal events,
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(b) Recurrence:of vSimitlarsDisplays.on SuccesstverDays. 5.
Asvans:observer-one “soon" recognises«that- periods=¢-of- qunusual-auroral-activity -
normally run through a course of several*dajrsz'together:;«“sometimeSJa's» much ‘'as-five:
days in succession. During such .a period the diurnal cycle, as.regards.hours of
appearance of auroral. phenomena, -remains approximately .normal; but the intensity. _ SN
at all hours is heightened, and more particularly so in the case of the evening hours,
when some wery striking and remarkable manifestations may.appear. It.is found

~ that, during the several successive days,.a similarity exists in the phenomena presented.

The .peculiarities of the.first appearance,. no: matter-how fantastic, are likely to-be .

' repeated each successive night ,with but minor modifications. |

Suoh features for- repetitlon are- pecuharltlesqn the-shape of - a-band, limitationsin »

.azimuthalsdistribution; colourationeffécts; vand recurrence at approximately ‘the -same-:

hour -on:successive-nights: ~ On the otherhand, variation'may take place in the-average
1ntens1ty von-succeeding-:days; -theressbeing-- -usually *a- day-: ‘of “maximum- intensity,

sometimes+preceded:-by waxing:intensity "but always-succeeded by waning. repetitions.
Int:the -case-iof some- of - the “greatest'=outhursts-: thereris=a - sudden’ appearance - of +

a ~grand «display without apparent+premonitary appearances- on :preceding evenings. -
Agéin, “at ‘theheightof :the:'period:the-:demonstration imay -have -culminated:-in the -
zenithy=but fall successively short of the:zenith~on-later »occasions. - Also the- grand *

-culmination-of the'evening: ‘performance-may; on rone occasion;-be in:the neighbour- .

hgod* of +the observing  stations, :whereas, -on succeeding occasions;-it may -be- noted--

to vbe=in - operamon -at'some" dlstance (perhaps- several* ‘hundred: mlles)lto the east: or -

o
Reference to the log will reveal examples of recurrences of this kind, but it should

bé remembered: that, at Cape-Dehison; so few days were continuously clearfor-observation ’

that~occaslons would rarely present themselves foi-the observatioh of aurorse during a -

continuous ‘succession of ‘days. -~ The best example- contained in the log is that extending -
between the 8th and 12th of June, 1912 7as follows — .

8th-*—A very brﬂhanb outburstat 10. 55 p-m in the reglon* near the zenith. It all
dled down within' an hour. -

9t—h.—At.exactly_the‘.‘same_ time:as on the.-preceding evening- another .display..
appeared «in the same region .of the heavens:.. It. rose. to the. zenith: at.the -
same.time as: before.. Less. colour. effects, . however -were.. exlublted and .the.,.
‘performance. was over.more qulckly

10th.—Again a vivid -outburst at 11.15 p.m., lasting until=11.20p:m.; but"
continuing strong at a lower (angular) elevation for. altogether about
an hour. Generally spee,kin'g,,b_,this.was quite similar to.that of previous..
evenings. ' ' ' '

L'y

. . 11thi:-On'ithisioccasion: there-was- great generalf auroralr act1v1ty, ibut ‘more: sprea,d
than formerly

i
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i212thi==Between .9.20 p.mwand9.40 p:nr. ‘ai:great-blaze :of-luminescence ; ai)peared

v instheB.N.E. about:25°tabovesthe horizon: «Thus-the-locus-of the:performance

" adhadodritted totthel B.N:E. sandsthe thoursawasi earlier.;H/Fheé latter;=for:.its

«location;s probablyscorresponded:tclosely; in:localimeantime;- togithewformer
11 p:m. occurrences at Cape. Denison itself.

$

& Ind the"case of ‘the'remarkablyﬂdlsposed andzcurvéd.curtain of: chnSeptember,
£:1918, a: s1m11arL outline: of: curtam“was repeated three*days later.
' (c) The Solar Pervod.

v . The foregomg observatlons on the.recurrence of qunllar .displays on successive
days are in. accord with such a.causal explanation as sunspot bombardment. This
- -being so,.1t is of interest to-explore the possibility of repetitions at successive sunspot
rotation perlods _presuming that at least somé of. the sunspots would continue active
for long enough to reappear 27 days later, after a revolution of the sun. A search. of
the record reveals-cases that could be-taken-as suppoerting evidence;-but such are very
-few-indeed- and-net sufficient -to. lend-much- weight.to-the.supposition. . The. -question,
'therefore, of a:solar period is not to be demonstrated by this necessanly fragmentary -
record, “butecan best be discussed from an examination of the magnetograph records,
presummg that the relation of aurora’ to” magnetlc perturbatlons 18 ﬁrst"estabhshed

iz -X.ASPECIAL ‘CHARACTERISTICS OFAURORAL! ARGCHES.
: ‘ _ 4 . (a) Form.
- Generally speaking, auroral arches raresmore-or lessicontinuous: luminous bands{
extending for .a greater or less léngth arcund*thetspheré-+of the* earth; apparéntly

maintaining, in.the case of. .any.one display,-a-seénsibly runiform minimumi elevation:in
the a.tmosphere above sea-level. '

‘e

{ There appear all. grada.tlons between:the almost‘ straight.arch. and the curved
bands herein referred to as arcs: Ares may‘besshortzinzlength and of small curvature
or by: degrees pass into closed:curves,.as.represented:in.Plate 1I;, fig. 1. When:multiple
arcs appear in the sky all ustally: exhibit; to:some «degreetat:least,:any peculiarity of

~form; such-as;-for instance; a- special-kink.---Very-commonly-enly portions: of concentric
v arcs.are: ‘VlSlble -iindeed; it.is, only. rarely.that. closed .forms are seen.

**‘Arches may “be entlrely nebulous+as a hmlt.mg form oh the~enerhandyror may -
lllustrate*every gradation: tonthe: iother séxtremes irepresented. by thesperfect: eurtain,
i W]nch is"a-more’or less sinuous; approximately*vertical: plane‘of:luminescénce built up
<# of-closely-set ‘vertical filaments” (streamers)j-which-coalesce tovargréater: oi. lesstéxtent,
usually umtmg at least along the lower margin.. The same arch may, during:theisame
= displayit assume theserextremesforms;: a.nd«all«gradatlons between them. = rThe‘nebulous
a phase is normally an aftermath 'of the clear-cut, filamented type

o
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The general form at Cape Denison is, therefore, much in the nature of an' -

approximately vertical, luminous plane of which the apparent height greatly exceeds
‘the apparent breadth. In the case of nebulous forms, however, they tend to broaden
out eonmderably, at the same time maintaining a much reduced vertical range.

The vertical extension of arches &nd curtains is measured by the angle subtended
“at the eye, between the bottom sélvage. and the extreme upper edge, provided that, at
the same time we know. the height in miles above sea-level of its lower margin and the
a.ngula,r elevation of the same above the horizon.

In a number of cases these a,ngular elevations are mentioned in the Cape Denison
“‘record. Such have been iricorporited 1 in' Table X1V, where deductions.as to distance
" from the observer and-as to actual vertleal ‘extension 'of the liminous phenomena are
~also entered. No particular acoutacy’is claimed for these. figures, but they should
serve ‘as an indication of the probable vertical range of such auroral forms.

TasLe XIV.—VERTICAL DEPTH OF ARCHES AND CURTAINS,

. . ) A o ) ‘ ) Distance Depth
Date. Time. . Obgervation. ' from “of
o : ' Observer. ;[ Arch.
1912. h. m. ' Miles. | | Miles.
March 21 " 21 0 | Nebulous arch extendmg between N.W. and E.N. E., about 370 13
o 5° above the horizon. Vertical depth, 2°. '
April 18 20 10 | A curtained " band, 10° up, between N.E. and. NN.W. 260 18
o Depth, 4°. :
" 21 | 4 0 | Afaint curtain; 15° up, and a uniform depth of 6° : 210 22
June 11 | . 22 50 | Curtain, 30° up in N. Streamers rise to a height of 10° above] . 107 19
C base of curtain. )
» 13 -8 7 | Nebulous band between W.N.W. and E.8.E., 15° above the| - 210 18
. . ] ‘horizon: - Vertical depth, 5°. .
Sept.” 4 20 45 | Bright curtain from the E. to hOI‘lZOIl in W. Max1mum 210 56
I elevation, 15° ;. streamers rising, 16°. - . :
Aug. 9 | . .0.37 Curtam 5° up. Depth 3 o D e e 370. 19
1913, | . ‘ :
June 6 2242 | Nebulous lower edge of curtain, 25° up. Streamers reach to| 133 - 48
: Y 45° up (20° in depth). - . .
" Aug. 1| 346 | Curtain WN.W. to ESE. Maximum -elevation, 300 107 10
. o Streamers rise 5° above. ' )
Sept. 23 22 10 | Curtain 6° up. Streamers, 2° high ... - e e 340 12
23 © 22.97 | Same curtain risen to 30°. - Streamers, 9° hlgh 107 17
» 24 0 50 | Bright curtain, 10° up. . Streamers, 2° high.... - ... 260 - 8

To 'begin with, the deduced figures are based on the assﬁmi)tion that the arches,

at their lower edge, are 105 kilometres above the earth’s surface,.which is the mean -

figure obtained by Stormer.* Judging by the results obtained by Stormer for different
- types of aurora, the fainter auroral bands, such as those of the early morning hours,
are more probably elevated to greater heights above the earth’s surface than the ﬁgure
105 km.

. * ¢ Preliminary Report on the Resulta of the Aurora-Borealis Expedition to Bossekop in the spring of 1913,‘” by Carl
Stormer. Terrestrial Magnemm and Atmosphenc Electnclty, Vol. XXI, Nr. 4, pp. 153 -168. .

«®
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The distance glven of the auroral bands from the observeér is the arcs, in miles, |

of earth’s surface between the observer and. spot perpendicularly below the arch in
questron The miles of arc are but roughly determined. They are nevertheless within

the limits of accuracy set by the assumption of height above earth’s surface, and the

crude methods adopted in the field for determining the angular values. No account
1s taken of refraction or certain other features which somewhat affect the result. -

!

Though some of these records undoubtedly do refer to normal average cases, yet

1§ should be borne in niind that the tendency was to specially observe and log this feature

on such occasions as the recorder was struck by the unusual height of the streamers.
Very low arches would not attract the same attention, and would doubtless be passed
by unrecorded. Bearing this possﬂ:nhty in mind, it seems likely that arches as seen

" from Adelie Land are most usually in the neighbourhood of 18 miles in vertical

extensmn It is indicated, however, that the vertical streamers of curtained arches
may range in: length between the limits of ‘about 10 miles to 50 miles.

On several oceasions where arches were observed in situations only a little
removed from the zenith, indications of a parting were recorded as parallel planes set
at an angle with the length of the band. The general appearance of such is roughly

- indicated in Plate IV, fig. 2. This has been referred to as “. cross. cleavage.” . For
© examples refer to the Cape Denison Record on the followmg dates — o

7th July, 1913 at 20 h.-19 m.
9th September, 1913 at 22 h. 10 m.
IOth October 1913 at 22 h. 13 m.

Good. examples of the kind were also noted at the Cape Royd s Station, and
~ appear in Lhat log under dates :-— ~

4th June,_ 1908, at 20 h. 20 m.
18th June, 1908, at 14 h. 10m.
Sth Iuly, 1908, at 24 h. 00 m.

"The observetlon on the evemng of 9th September 1913 appeared to aﬂord G
possible explanatlon On- that occasion the band rose to the zenith, and it became

" apparent that throughout its whole length it was constituted of a closely packed series -

of small convolutions, all similarly extended at an angle with the length of the curtain.
Seen at a soméwhat lower angular elevation, the effect would be to lose sight of the
convolutions, but to remark a striation at an angle mth the length of ’rhe form.

¥ .

| ; - (b) The Lateral Spacmg of Parallel Arches.

The repetmon of arches and curtains in parallel formation is'a feature of common

- “oceurrence, On occasions, notably during the early morning hours in the nelghbourhood ’
. of 6 a.m,, the entire heavens may be traversed: by straight parallel arches appearing

in Noah’s Ark arrangement, owing to perspective effect.. At other times, sinuous.and
*10864—2Z | -
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~howed curtains,are. exactly, parallelled by one or more others, regularly spaced. There
,,appears, to be a, regularity .and orderly arrangement in each particular, manifestation,
. 80 that determinations of the lateral spacing should have some significance. - Aecordjngly
" helght of the. lower edge of the arches is 105 km, above the carth’s surface, the dlstance
of the several arches from the observer is reckoned in miles of arc on the earth’s suiface.
Here again only a roughly approximate method of calculation has been employed..

" TABLE XV.—THE LATERAL SPAGING OF PARALLEL ARCHES.

Arc distance of Arches
from Observer, in miles.
Date. _Time. Obgervation.
No. 1. [-No. 2."| No. 3.
1913. h. m.
L-May 29 . 23 37 | Two parallel bent bands in N. ~One reaching 70° up; thel 17 | 64
" T other 45° up.
o May 29 . 24 - | Onein zenith, and another 30° up ... T ¢ | 107 | ...
.May3l .. 6 .| Three parallel curtains,. One in zenith, another 30° up, : and| 0 K 107
R ‘ & third one intermedjate. :
sodJuly 7 .|, 19 54 |, Two haze arches. .One 30° up, the other 50° up ... ... b4 .| 107
July 7 .. 2019 ‘_,Two faint, arches. One in zenith, the other 30° up ... 0 | 107
July 8 5 Two parallel arches. One 30° up, the other 15° up ... 107 |-210
Aug. 9 4 54 Three faint bands, respectively 757, 35° and 20° up 17 90 | 165
Sept. 8 4 10 Two arches, respectively 45° and B%up ... e |84 133
Sept. 9 .1 0 4 Two bands, respectively 70° and 60° up. ... ..’ 23 37
Sept. 19 .| 21 21 Two detached streamer curtams, respectively 50° up and 30°| ‘54 | 107
up.

The closest arrangement indicated by this table is in_the vicinity of 14 miles
and the farthest is 107 miles. The mean figure for the distance between .arches in the
case of all the arches-in the table is 7 miles. ‘I'his is closely in agreement with that
indicated at 6 a.m. on the 9th- August, 1913, which was an occasion when a maximum
packing of the sky with parallel arches was observed.- In this case six distinct bands

. appeared in the northern sky, and therefore separated by intervals of somethmg like

.70 miles. . As there are, C9 statute miles in one degree of latitude, the mean spacmg of -

,..the arches Jmay be said to be. about. -equal to one degree of latitude.

. - 1:The.data are.not sufficiently numerous. or accurate to determine whether the
¢r.faint -early morning types (probably situated higher above the earth) are more widely

spaced. than.the more. intense .evening demonstrations.- :Nor. can 1t. be demonstrated

that the width of the spacing bears any relation to prox1m1ty or otherwise to the

magnetlc Pole.
: . (c) Treria.

" a0 At; the Cape; Denison Station the,;mean:orientation of linear, auroral, forms-was
sacarefullys.observed: and regiilarly logged. . The-term.” trend,” iwhere it- appears in the -

nrecord,. always, refers to this geographical orientation.

i}
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‘As a'result of obsérvations at Cape Royds on‘an-earlier éxpédition: an: apparent

relationship Bletweer treid and hour 6f the day had beén already noted.* “Thé indica-*"

tion was of a| diurnal rotation; though pseudo-semidiurnal in #ctual ‘character! " As-a* -

consequence the matter of trend-was given special attention-at CapeDenison, -with a
view to furth?r 1nvest1gat10n of the question of rotation of arches.

The difficulty of ascertaining the true trend Qf arches when-situated in the heavens:®
at any distance from the zenith makes it imperative:to leave out‘of the discussion all ¢
cases-of the kind: ~Accordingly: the following list table:abstracted from the log includes: ¢
only - such aslpassed within 20 ‘degrees -of the zenith, - From: this: Table XVI, mean#

zz‘zzz

ﬁgures have. been reckoned and glven as Table XVII

, TABLE ‘{VI OBSEI{VED TIMES -AND TRENDS OF ARCHES PASSING' WITHIN-20%- op -

THF ZenitH, CarerDENTSON STATION: - YEARS '1912-1912,

Tren(l.l

Hour of Observation.

..
yW———S byE
W.—SSE!.

~SET ¢

N.W. by W.—8 E by E.

W.N:W--ES E‘
U

W. by N.—E. by 8.

CWE., -

W. hy 8,—E. by N,

.
W. byN—SE by S. ...
W. T

.| 215,-2:15, 340 5-37, 6-00; 712 7-20, 23-251, 4-00, 4-00, 510, 5-00, 5:00; 527,

.| 23-124,5:25, 630, 7-45, 142, 16-25, 1645, 17-57, 20- 561’, 21-30; 22- 25’r 630,

'215 2330 23-42, 030 10-20, 2342
...|2-:30, 0-35, 045 300 3:36.
.| 207, 4-00, 435 1-30, 1-42, 2-10, 2-41, 333 4-00, 5+00, 2-00, 300 2:00, 4-40,

6-00, 0-40, 200 3-06.
4:25, 3-22, 520 200, 9-50.

..| 2:30, 3-30, 4:00, 3-00, 4-00, 5-30, 500 6-00, 6-00, 6-00; 24-001, 3-18, 4:00, 4-00,

5-00, '5-00, 525, 6-00, 6-00, 6-00, 6-00, 7-00, 238 3-35, 3-30, 3-34, 4-4b,
4:30, 4-20, 4-45, 4-45, 5-23, 530 5-25, 6-00, 5-50, 6-26, 600 6-25, 300 300
4-00, 3-56, 4-36, 500, 4-45, 530 523 5-30, 6-00, 6-00, 6:00, 2:35, 2-40,
3-16, 4-25, 4-25; 22091, 5-10, 3-30, 3-45, 3-50, 4-30, 4-15, 5-30, 450,525
6-00, 6-00, 600 6:30, 6:00, 705, 7-00, 2:30, 4-10, 4-05, 4:36, 5-00, ‘5-06;
520‘540 -6-00, 6-30;6°00, 6-27, 6-00, 6:27, 643, 615, 730 7-35, 730
17-50, 3-17, 3-53, 429 456, 430 5-20, 500, 6:00, 6-43, 6:00, 600, 650”7'
7-45, 7-00, 800, 3-45; 348, 4:20, 4-50, 4-35, 4-55, 5-20; 5-33] 525‘ 540"'“
5:10, 6:05, 6:00; 6-00, 7-14, 22-30, 2-40, 3-30, 3-20, 3-04, 435 428 ¢

4

1 805, 7-03, 6-30, 6-00, 6-00; 530.439 5-40, 600 600 ‘415, 400, 5:00; 4-30, "

6-40, 4-50,"4-10, 5-30, 600, 7-00, 4-43.

-.._-

6-00, 6-00, 6-:00; 5-35," 5-30, 5:07, 5-32, 6-00, 6-00, 4:20, 6-37, 7-00, 715,
6-40, 7-46, 6-40, 6-50,76-00, 630, 22551‘ “4-55, 400, 4-30, 5-08, 543"505
5:15, 629 6-30, 610 626 600 6-45, 665, 1605 -16-19,"16-45, 1730
22-27%, 430 6-27, 4-00; 21 26‘[‘

£
%

655,700 7:00, 700 7-30, 8:05.
18-00, 7-30, 7-25, 700, 7-35, T-58, 7-25, 16-55; 17-57, 18-08, 20:02! 7°00,-17-00,
23-04% 7-12, 7-35, 19-41, 0-04%. "

.1 17-36, 21-61, 1725 745 19-38. ) -

WSW—ENE .| 1811, 22:40, 19-10, 19-25, 20-40, 20-52. _
S.W.by W.—N.E. by E. | 18:00, 22:54. " .
SW_NE. .| 19:25; 18-00, 1904, 20-19, 17-15, 20-29.

S.W.by S N.E. by N. ...
SSWCNNE.

S. by W—N.by E

20-39, 21-04.

...| 22-58, 21-45, 22:18.
.| 2214,

It; 18 to be noted tha.t in genera.l records of the tlme of a.ppearance of a.rches;"‘_

......

TREITT T

S e e L

* Loc clt *1 Brilliant storm BUroTae,
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of the day, in the. one case a.m. and in the other p.m. hours. Cognizance must be taken
of this feature when deducing the mean of the recorded time of d.ppeara,nces This
results in mean hours respectively for a.m. and p.m. periods.

" Owing to the fact of dayhght obscurlng the aurora during hours approaching
midday, reports indicating a second daily period are wanting in the case of some

directions of trend’ notably, for instance, the N..and 8. trend which'is very well indicated -
for midnight, but, of course, is un_represented at midday. "Further there were certam.
hours ‘of the day when zenith appearances.were common, whilst at other times.

“manifestations restricted themselves to the lower sky only. Thus here again is a feature

mtroducmg great 1rregular1ty as regards the number of entries, in-the table under the - -

respective geographic bearings. On account of these two obstructing conditions, the
completeness of the data incorporated in the table leaves much to be desired. But,

névertheless, makmg due allowance for -deficiency of data, a progressive rotatmn is -

ev1denced by-the mean figures of the table.

TABLE XVII.—MEAN TREND OF ZENITH ARCHES IN Revation To Hour or THE Dav.

. .Mea,n Time _ Mean Time of P.M, Observations.
' ‘OObfsglr!vﬁt.iM 1 ' S » Both Quict and
. ons, g : uict an
Trend: Qt}xet Type. Storm Type. ‘Storm'T'ypes.
No. Time. No. |- Time, No. Time. No. |. Time.
. - h. m. - h. m.. |~ h. m h. m
. NS, .. 6 - 0 33 | Nil. ... | Nil C
N. by W—-—S va 5 2 5 | NiL Nil.
NNW—SSE . .. 18 3 2 | Nil ... . | Nil
N.W. by N—8. E by S ) ..l B 3 55 Nil, . 1 Nil. e Nil.
NW—SE. . ...] 130 5 7| "2 20 10%. 2 23 5 4 21 36
N.W.by W —SE va. 21 5 29 T B e -
"W.N.W _ESE. . 49 |7 B 37 4 16 40 4 22 33 8 19 36°
" W. by N—E. by S. I 7T 2 1-3. 17 2 |- 4. 22 1 7 19 53
W.—E. . e 9 T 24 71 18-15 2 23 34 9 [.19 26
W.byS—_E.byN. . | 1| T4 | 4 | 18 5% | Ni 4] 18 52.
W.8.W—E.NE. .. ...| NiL e - 6 -] 20 10 | Nil 6 20 10
S.W. by W—N.E. by E; ... Nil.. 2 20 27 Nil 2 .20 27
SW.—-NE. .. .| Nil 6 | 19 3 |Nil 6 19,3
S.W. by S—NE. bVN ...| Nil 2 20 51 Nil. 2 20 51
8.8 W -N.N.E. . Nil. | 3 22 30 | Nil 3 22 30
8. by W.—N. by E. e o NIL 1 22 14 | Nil, 1 22 14

% The N.—8. Observations are a.m. and p-m. times approximating to midnight.

1 Observations probably too few to yield to mean figure of value. The main demonstration in this direction

would be expected about 3 p.m., when daylight too strong to offer opportunities for auroral record. It may be bha.t all
those neconied are aberTant types, and not normal ““ quiet’” forms.

-

T}ns is very much more to be rema'rked in the early morning hours than is the

case in the evening perlod It was, however, well apparent at the time.of logging that the

more intense evening aurors (which are to be regarded as auroral storms and to some .

degree at least, abnormal) were the particular dlvergent element in the p.m. record.
It appears better, therefore to cons1der storm auror aPart from the more normal

%
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“forms; a course which had been adopted in Table XVIL. There special columns are
.provided for p.m. hours, but in addition the mean of both is given in a third column.
~ | ©The data of this table are plotted graphically in Fig. 12, where the centre of the diagram )
E : ' _represents the South Geographic Pole and the radii are meridia spaced at intervals. of

r one hour in time. The thick arrows shown correspond to the mean direction of auroral
2

arches at the particular times indicated by the dotted meridional lines intersected by
the arrows. The locus of the arrows is intended to correspond to the latitude of Ca.pe
Denison, which is }ust w11;h1n the A.ntarctlo Clrcle '
| MIONIGHT
23—
\
.
- L S ' ' NooN :
» F|g 12 —-Graphlc Representahon illustrating .the mean trend of arcs throughout the day Cape Denison = -
Stat|on--Years 1912 anci 1913,
. . o '
A glance.: at this dlagm,m is sufﬁclent to demonstrate that, at. least at Cape Denison,
the mean trend of arches does bear some relationsbip to the hour of the day. Further
s

there does a,ppear to be some connectlon dureci or- mdlrect between this trend and the

N
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daylight hemisphere. The fact that these are mean results derived from a large volume .

of data should eliminate all chance that the result is merely a concidence, . More probably

than this is that, given additional observations of such trends as are poorly represented

in the table, the mean results would be still mote in accord with the general order.’

_ As already mentioned in an earlier pubhcatlon* relating to_the Cape Royd’s
_ .observatlons a rotation of the arches was indicated, wherein the trend throughout the

day suggested some relation between thé daylight and dark hemispheres, or, at any
rate, between the location of the observer and that of the sun at any hour.

- In his report on observations made by Scott’s last expedition at Cape Evans,

Dr. Wright found only partial evidence of such an anti-clockwise swing of the arches.

. From my own visual observations at Cape Denison I can testify that a general
anti-clockwise rotation was a marked feature of the eé.rly morning hours, though not;
without some exceptions.. The regularity of the phenomenon could not avoid arresting
the attention of even untrained observers.

For. actual examples recorded of v1sually counter-clock swmglng movements

| _ refer to the following :— -
Year 1912—27th May at 3 h. 30 m.; .20th September at 2 h. 19 m.
Year 1913—4th April at 4 h.; 9th May at 23 h. 13 m.; 7th July at 19 h. 54 m.

At 22 h. 10 m. on the 9th September, 1913, the swing commenced in a clockwise

direction, but within 5°minutes’ time reversed to the usual counter-clock motion..
v : . A

As an instance of the typical progressive change in direction of early n‘1orniﬁgr
arches with the advancing hour of the day refer to the record of 1st July, 1913.

In the case of the evening hours the relation of trend to time was, however, not
so evident to the observer for the more brilliant ‘aurorse did not conform thereto. On
the whole, however, having regard for all observations, the analysis of the record seems

to indicate definitely that there is some element in connection with aurorse which tends =

to cause linear manifestations to conform to a law of rotation bearing a relation to
the sun’s position at the particular hour of observation.

It may be remarked that if arising out of any terrestrial or solar mﬂuenee the’

arches everywhere tend to lie in planes perpendicular to the earth’s surface, and including
the observer and the sun, then for observers in successive latitudes there should be
noted a progressive change in the prevailing trends proper to the respective hours of

vthe day. Inlower latitudes, for inétance, trends in a more or less E. and W. direction

- would be by far the most frequent, whilst in the vicinity of the Pole trends approaching
N. and 8. should figure most. Further the trend would vary somewhat with the
‘seasons of the year, a feature that would be most. ‘marked in high latltudes ‘

No useful data concerning, this feature can be deduced from either the Macquane
Island or the Queen Mary Land logs, on account of the paucity of observations, and
the fact that at those stations special attention was not paid to this matter:,

= === . prewwn=r

* Logo. sit, -!-Loc -giti, ) P 10,

P

R

FS



TR

*

9

A S
".
s

RECORDS, OF THE AURORA POLARIS—MAWSON. . 83

(d) Body Movement.

Linear auroral forms are subject to two. classes of movement. Firstly, a body
‘travel, in which the whole of the luminous manifestation participatés more or less
equally. Secondly, travel of excitation along the length of the bahd, the form as a -
- whole remaining stationary whilst stinwuli travel from end to end, rekindling in succession
~one, faded part.after another; or, at other times when more active, causing bright

vertical filaments to race along the:length in rapid succession.

The first of these forms of movement is referred to in the log as “ body .drift ”
v “ body movement.” It is of the nature of a drift or march of the arches or other

- auroral forms across the heavens, always in some definite direction, most commonly

at right angles to the length of the bands: This movement is commonly in such a

* direction and of such a nature as to suggest that it is a drift of ionised gas under the
- influence of the earth’s magnetic force, the explanation usually given for this feature.

‘All the more p’owerlfu] ‘evening. auror® exhibited a quite definite body. dritt.

. Buch, for instance, was the regular rise of arches from the northern horizon towards
: the zenith during the evening hours in ‘their waxing phases. Included here also are
_cases where masses of auroral luminescence drifted across the skv in a definite du_'ectlon '
exactly as do clouds under the influence of wind.

Analysis of the record has not resulted in the exposition of any.general rule

-governing these movements.: It may, be, however, that undue confusion. has. been

introduced. owing to observers not having all clearly distinguished between body drift

- and travel of excitation. It should be understood, however, that arches do not-persist
..in drlftmg always in one: dlI'BthOIl

A rough idea of the .rate of: .body- movement: of arches  during - evening

demonstrations when rising from- the. north horizon towards the zemth is afforded in

the. case’ of the following loggings.

"+ On’8th June,-1912, a-curtain stood at 6° above the N. horizon at' 22 h: 40 m.

‘ Duri'ng the following fifteen minutes it had risen to 65°, and it reached the zenith,: as
. a very brilliant display,’ after a further ‘ten minutes.  Assuming the elevation of .the

base of' the curtains to be 105 k. n., then the rate of travel indicated is of the order-of
21 mlles per minute in the-lower sky and 3° miles per minute near the.zenith.

On the 18th September, 1912, beginning at 21 h. 20 m., a curtain rose from 15°

above the N. horizon to 50° up in eight minutes, a rate of about 20 miles per minute.

~ Five minutes later it had crossed the zenith, therefore travelling at the rate of about

10 miles per minute in this part of its course. * After reaching a point 10° 8: of the

‘zenith this curtain began to recede to the N. at a slower rate than when advancing,

- On the 9th September, 1913, a bent curtain stood at 60° up in the N. at 21 h. 51 m,

.. Hight minutes later it, was at.70° up, representing a rate of travel of 2 miles per, minute.
. .Twelve,. minutes after thls 113 had. reached the zemth a; speed equlvalent to 2 miles

per mmute

o
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These can, of course,_be but very rough figures, but they serve ;ﬁc_) llustrate—.
(1) the variability of the rate of movement;
, (2) the slowmg down as the zenith of Cape Denison iwas approached

(3) the grea,ter speed evidenced in the case of the more intense mamfestatmns

' Of course, the validity of these deductions would ‘be seriously affected ‘should the
‘ ,assumpmon of 105 km, as the mean elevation of the hase of the arches prove greetly

in error. -
(e) Travel of Eaxcitation.

All lmear auroral forms are subject to periodic waxing ‘and wamng In some

_,cases a band-may remain sensibly constant in intensity for many minutes together,

or even an hour or more.. But in the vast majority of occasions, more particularly
where weaker forms are concerned, the luminescence is confinually fading and rekindling.
Curtains may fade out of visibility and a few minutes later rekindle, the impulse or
excitation beginning at one end and travelling at uniform speed ‘towards the other.

" Cases are recorded where after several hours of invisibility a curtain has reappeared in

the same location in the heavens, identifiable with the former by reason of certain unusual
peculiarities of form specially remarked in the earlier appearance, This indicates that
though the luminescence has disappeared some trace may remain as a basis for later

- resurrection of the.form.’

- There are two kinds of longitudihal gravel of luminescerice in'lineal auroral forms.
In one a periodic impulse appears to pass along momentarily, stimulating the existing

luminescent manifestation to greater brilliance. These intensity pulsations are often

noticeably rythmical, each successive waxing carrying the intensity of the manifestation

~-as a whole to a higher pitch, until a-maxinium for the particular exhibition is reached.

Thereafter successive pulsations cause a progressive waning of the general intensity.

The other case is the actual translational movemént of the vertical filaments,

-whereby they appear to follow each other along the arch in endless procession from one

side of the heavens to the other. The filaments march along at a regular pace, only
qmckemng or slowing down their rate of travel should the intensity as a whole increase
or subside. In the case of convoluted forms near the zenith, the moving ﬁlaments_a.re

-seen to travel at even pacearound all the intricacies of the curtain ; now passing .to the
. east, then temporarily to the West as they negotiate a sinuous curve ; . then again to
lthe Ea,st always progressing from one extremity of the band to the other.

" In forty one cases of arches, curtains or bands recorded. in the Cape Demson

: _]ournal a definite statement is made as to the direction of travel of the exmtatlon

Of . these twenty-eight are p.m. and thirteen a.m. observatlons

In the case of the p.m. observations, in every instance except one, the exmtatlon

" was seer to travel along the bands from the western towards the eastern sky. The
“exception occurred at 22 h: 35 m. on the 19th October, 1913, on which occasion the .

- vertical filaments of a curtain 7° above the N. horizon appeared to be in rapld motlon
from E. to W. ' x

16
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-During the early morning hours the travel of excltatlon is logged as uniformly

*'from the. western-to the eastern sky, but in. the later a.m; observations three exceptions
. are noted. These occurred as follows —

1912, 13th June, at 5 h. 37 m. _Excltatlon travelled along the band to the N, W

1013, 1st July, at 5 h. 10 m,—Adistinet rippling of the ﬁla.ments along thearch to the

N.W. A few minutes previously a slow movement to the E. had been recorded.

1913, 28th August, at 5 h. 233 m.—Just before dawn an apparent movement of
streamors noted along to the N.W. :

It was very seldom, indeed, that the a.m. arches at Cape Denison were'sﬁfﬁciently _

intense to display a rippling of the filaments so that the exceptional cases logged above
hag"a special s1gn1ﬁcance It would appear from the records that, in the later early
morning hours, just before daylight appears, there is an increasing tendency for. the

‘excitation to travel from E. to W. or in other words, from the morring. twilight area
Ao the dark -area. During p.m. hours the motion is almost exclusively W. to I. -Here’

again the travel is from the twilight (evening) area to the dark area.

At Cape Denison, after about 23 h., auroral manifestations waned, and between
midnight and 4 a.m. were very sluggish. However, such movements as were logged
at this time indicated a travel of excitation from W. to E. ' '

Examination of the record® made at Cape Royds in the year.1908 shows that

-out of fourteen p.m. observations where direction of excitation is logged nine are in
agreement with the liypothesis that the flow is from the daylight to the dark side of

the earth, four are against and one is mde(;lsne Of the a.m. observations, seven are

n agreement and two contra,ry

- The suggestion that oceurred at the time when viewing these-ma;nifesta,tionss‘ was that
the kindling effect which ran along the length of the arch was due to the flow of electric
_ourrent from regions of one potential to regions of another. The question as to what
in the first place caused the arch to develop.is another matter, concer ning which - there

is a fairly general agreement that 1t represents an 1omsed zone in the higher atmosphere.
Birkeland, Stérmer, and Vegard "have ‘gone very far to prove that the 10nlzat10n is due
to cathode ray bombardment from the sun. . '
Frequently the filaments, or streamers, of curtains are so arranged, with dark
spaces between them, as to suggest the strie experimentally observed in the passage

of electricity through gases, where they represent a local concentration of ions and form

stepping stones for the linear passage of current..

With rise in the intensity of curtained forms the Vertlcal filaments appear to

,march along the length with increasing rapidity, eventua]ly moving so fast as to produce

a rippling effect, and finally a characteristic “flicker.”: In the case of very powerful
aurorse when a streamer arch.arrives apprommately at the zenith, the filaments can be

noted racing around all the Wmdmgs and intricacies - in 1ts form. On some occasions
there was seen the dlstmct a,ppearance of the ﬁlaments racing along its length, one Way ’

* Loc. cﬂs
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on one side and the opposite way on the other; two parallel and very closely api)roxima,ting
chams of filaments Wlth counter motion. This, of coutse, can only be observed when

]:ugh in the heavens. This feature was Obsepved several times at Cape Denison, and . .

once at the Grottoes:
_ For illustrative examples, wherein the travel of exmtatmn is referred to, see
_entries, Cape Denison log, under- followmg dates :—
18th September, 1912, at 21 h. 41 m.
29th May, 1913, at 23 h. 41 m.
© 19th June, 1913, at 23 h. 16 m. v » N
18th Sep‘nember 1913, at 22 h. 10 . » o ) oL

At the moment of culmm@tlon of a very powcrful (u:ch a scething swirl of the -

filaments in a vortex-like motion may cventuate, the eddymg vortex passing along
the arch from W, to E. Such remarkable appearances can only be clearly noted when
directly overhead. v _ a A
Tixamples of such vortex motions are as follows :—
Cape Denison : 6th July, 1912, at'21 h. 26 m.
The Grottoes : 9th July, 1912, =
Macquarie Island : 12th June, 1915,

The great vortex of the 6th J l.lly,-. 1912, seen from Cape Denison was a most z1-111;12i11g
and astounding sight, and was apparently possessed of immense energy. In the space
of a minute or less it traversed the heavens from the west to the cast.

Some idea of the rate of movement at W]llb]l cxutatlon travels along aruhes can
be got from the following two entries :—-

On the 5th July, 1912; ‘at 20 h. 19 m., a_curtained arch reach.mg & maximum
“elevation of 60°in the N., ran out across tne sky from the western to the-eastern horizon
in a period of about fifteen seconds. = Assuming the elevation of the lower margin of the
arch to be about 105 kms., then the length of the arch clearly visible down to small

elevation at either end (the length to which -the observation doubtless referred), would -
be in the neighbourhood of 1,000 miles. The rate of - progress across the sky of the -

developing arch must, therefore, have- been in the nei ghbourhood of 66 miles per second.
On the 19th Juné, 1913, at 19 h. 16 m. there was in the northern sky at an elevation
of 70° ‘L very biilliant coloured curtain w1th flickering streamers. "The vertical filaments
(stlemnels) travelled from W. to E. at a very rapid rate. It was estimated that this

rate of movement did not exceed an angulal‘ distance of 45° in 60 seconds, the 45° being'

reckoned evenly on either side of the perpendicular from the observer on to the curtain.
'Thls gives a r1ate of travel of the-filaments of about 1 mile per second.

These are, of course, only haphamrd cases, and it must be realised t]nt there
appears to be no fixed speed of movement excitation along arches. One is-led to adopt
the generalisation that as. the intensity of the phenomenon’i increases so does the rate of
travel of excitation and of the filaments.

Y Y
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. (f) Colour Distribution in' Curtains and Arches.
The colour of all weak aurcral arches is the normal greenish-yellow tint. With

- increasing: intensity the lower margin' warms up in tone until eventually an intense
"crimson is reached. This rich colour is ordinarily restricted to the very bottom or

lower edge of the curtain or arch, above which there is a qmck passage into yellow
and then upwards by gradatlons though fading in intensify, into bright green in the

-, upper extensions of the component filaments of the curtain. This scheme of dlstrlbqt1on
" is indicated in Plate V and in ther‘skélatch, Fig. 13. '

GREEFISH YELLOW

e e e

/f I;’ YELL::;w
U e

Fig. 13. : Fig. 14~Streamers advancing to the right.

As the curtains at Cape Demson hang practlca,]ly vertically, these colour zones
- correspond to a vertical dlstrlbutlon of colonr ranging from crimson helow to green

at the upper limit.

On several occasions further notable observations were made concernmg the

_distribution of ‘colour in auroral curtains. 'The first of these happened on 5th May,

1912, at 21 h. 30 m. when, m addition to the normal distribution of colour in intense

‘ curtalns as already outlined, green and red tints. were observed in ‘vertical. streaks

amongst the filaments. These colours were seen to be arra,nged in a regular fashion,
the vertical filaments-showing pink on their- eastern side, normal auroral colour in

~the centre and greenish along their western margins; as indicated in the -sketch,
Fig. 14. On this.occasion the trend of the curtain was from W.N.W. to ES.E. An

effort to illustrate this appearance is made in Plate V, Fig. 2, but the result is crude
and must bie regarded as more in the nature of a diagram than of a true representation.

A similar phenonenon was observed on 3rd J ime, 1912, at 21-h. 40 m., but this
time the red tone was noted on the western margin of the filaments.  Other examples
are recorded under dates 8th June, 1912, at 23 h., 1st July, 1912, at 23 h. 17 m., and
7t July, 1913, at 23 h. 8 m. It was observed in all cases that the red colouration

cppeared on the side of the filament. towards the dlrectlon in which the excitation was

travelhng along the curtain at the time.

There again, in the colouration of these ﬁ1aments is ‘an analogy with the
luminous strice produced by the passage of an electric current through rarefied gases;
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......

thié one side in gonformity to one of _the gases and on the other in aécordance with the

spectriim of the other. Reddigh eolotirs would seeitt most likely to be due to hydrogen: -

Another hotable feature of the distribution of colour in curtain aurores is recorded
under dates 8th June, 1912, at 23 h. 10 m. and 18th September, 1912,2t21 h.20 m. On
these occasions intense curtains were observed. When first seen they were situated well

away from the zenith down in the northern sky, but gradually rose, eventually passing
south of the zenith, but later in the waning phases, the curtains retreated to the north,

. As these curtains rose téwards the zenith, the red lower b'order'usua]ly seen in the case -
of intense maniféstations presented a normal appearance. 'When; howévér, the curtains’

came directly ovérhead, their lower margin which had appreciable width, was observed
to be coloured réd on the south side only, and passed over toa someéwhat greenish tone
on the other side. The sketch, Fig. 15, illustrates this point. A rathér diagrammatic.
effort to illustrate. this feature is shown in Plate V, Fig. 1. In both these ¢ases, it is to be
noted that the red colour appeared on the advancing face of the lower edge of the curtains.

-

W
—
fAace

. S RED—-KL@?&-”

Flg 15;

Although 1t did not oecurE to me ab the tlme it may possfb]y be that instead of

. hahgmg trily vertical, the ciirbains pltch slightly (along the lines of iaghetic force)'

to the south T}us bemg S0, then the green colotiration seen on he northein sidé of the
""" s be the upper gieenish extension of the ﬁhments of the
curtam very iuch foreshortened owmg to the pecuhar View pomt '

“After arriving at points a few degrees SOuth of the zemth the intense phaqu
passed: and the curtains waned as they retreated to the north The 1ntens1ty at this,

stage was 1ot sufﬁclent to produce colour phenomena and so an opportunity was lost

it this retreat, where a reversal of the red and green was to have been expected, of‘
- tes‘mng the theory that red appears on the advanmng face

-
-
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—DFSCRIPTION ()P PLATES

PLATE 1.

Fig. 1.==Auroral hght appearmg as a typical nebﬁlous arch, low down near the north '

horizoti, as séen from Cape Denison. It is shown brightér at the eastern
- extremity afid of weaker intensity to the West:
Sich & demonstration was a very usual feabure betiween the hours of
7 30 p.m. and 9 p.-m.

Flg 9.—A streamiier amk as distinct from a nebulous arch, extending a few degrees
' above the north Forizon as w1tnessed from Cape Denison. '

- Siich forms were frequently récoided in the early evening hours, most
* commonly betwéen the hoirs 8:30 ] p-m. and 9- 30 p.m. Frequently a nebulous
arch low on the north horizon will assume the streamer form later, when risen -
to a greater attitude, indicating that the nebulous appearance of arches.is

sometimes due to excessive distance from the observer causmg a blurring of
detall '

Such & streamer arch when nearer the zenith may be termed a curtain.
. The draped convolutions so characteristic of the true auroral curtain, though
‘present in distant manifestations, are not obvious,

Fig. 3. —View looking north from Cape Denison, The two luminous areas m the sky'
on the eastern side are of the type referred to as nebulous patches.

On the western side a very faint area of nebulous luminescense, is figured
~ and to such the term auroral haze patch has been applied. '

‘Such nebulous and weak patchy forms were often the last fading
remnants of more intense demonstrations. . :

Prate II.

Fig. 1.—Concentric curtains.—Here the hgher curtam appears as an arc only, whereas
the lower one is a closed ring. Arcs convex to north or south as in the case of
the uppet of these two were 6f common occurrence at Cape Denison, but the
closed ring form was only rarely seen.

- Fig. 2.—Parallel curtains crossing the heavens and appeating to c(mverge at the horizon,
due to perspective. This is the Noak’s Atk effect.

- PLATE III :
-Fig. 1. ~—A coiwoluted (dmped) curtatn high in the heavens, Thus seen an opportunity
 jaafforded to observe its smuous course - Lower dowi i8 to be noted & fragment

- of another urtain. ' ' | '
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* Fig. 2.—Three parallel curtained streamer arcs, those at h1gher elevatlons being figured
Arespe(,twely each as of fainter intensity. .Thus isillustrated firstly a continuous
curtain, secondly a discontinous curiain, and thirdly, the topmost, an example

" in'which only isolated streamers are visible, but which are related in that they
are all portions of a single, though mainly invisible, curtain formation, Within
a few minutes these curtains may wax or wane in intensity so-that for instance
the topmost here figured may blaze out at intervals as a continuous line of
luminescence such as is figured for the bottom example in the diagram. On the
other hand the now bright bottom curtain may wane until perhaps represented

" merely by an alignment of isolated streamers or, may be, vanish altogether.

‘  Prare IV.
Fig. 1.—A curtain observed in the zenith. . Here a COnvolutlon 18 deplcted directly
“overhead. The vertical streamers extending upwards for a great height appear
to converge, an illusion due to perspective. Such an appearance has sometimes
been referred to as a Corona ,; but the term is applied by dlﬂerent observera
to other manifestations-in the zenith.

Fig. 2.—-A band with streamers crossing the sky near the zenith; also several hazy

fragments showing elsewhere. At its upper extremity it is so near the zenith -

thét_ a view is obtained of its lower margin showing distinct lateral breadth.

The figure is presented particularly to illustrate the phenomen of the cleavage

here shown as dark bands crossing the luminescense. Such appearances are

to be noted occasionally. ' B ’
PraTE V.

These coloured ‘reproductions are intended to Illustrate special colour
features of auroral curtains. They need some apology as they are more in the
nature of diagrams than of faithful representations of coloured curtains. The
arrangement of the colours is much more delicate than here shown.. For instance
the red selvage below, though sharp at the bottom, shades off- above rapidly,
but by zradations, into rose and finally into yellow tones which, in their upper

limits, become more and more definitely greenish. The vertical arrangement of -
colour in the streamers of Fig. 2 is likewise crude in the sketcb, it'is actually -

" much less pronounced in this case ‘and ever S0 much more delicate.
Fig. 1.—Two curtains above, showing colour eﬁects, also a nebulous. band at a lower
“elevation. :

The lower curtain exhlblts besxdes the general greemsh yellow colour, a
red selvage as a lower margin.

The upper curtain being near the zenith affords a better opportunlty

of studying the distribution of colour in the lower selvage. It is.shown with a-

dominant green tone on one side and red on the other, a feature observed on
several occasions, the red appearing on the.side towards which the curtain was
travelling bodily at the time of observation (actually, in this case the south side).

®

‘8



RECORDS OF THE AURORA POLARIS—MAWSON 191

. Fig. 2.—A streamer arc showmg strong colour phenomena Besides the continuous

red selvage forming a basal termination to the mass of greenish yellow streamers, -

" a number of the more intense streamers also show colour, being sometimes
definitely tinted red on one side and green on the other. The side of the.
streamers with.a red tone is always that towards>which the. luminescence is
travelling along the arc. This phenomonon has been noted only in the case

* of certain particularly brilliant and active displays. ' '

I‘ig 3.—A curtained arch of the usual gleenlsh yellow hue terminated sharply below i in.a
red selvage. This is a form of less intensity than that illustrated in Figs. 1 and 2,
and was of frequent occurrence at Cape Denison.

Prate VI

© Thotograph of two pamllel auroral b wnds seen to the N.E. from Cape
Denison. Jixposure 10 seconds. All the sharp features are lost owing to the
length of exposure, and the flickering motion of the luminescence.

" Sydney: Alfred James Kent, CGovernment Printer—1925.

-~
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Fig. |.—A Nebulous Arch.

S B, A S <R g

Fig.2.—A Streamer Arch or Distant Curtain.

10864 Fig 3.—Nebulous Patches and a Haze Patch.
OB
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Fig. l.—Concentric Curtains.

Fig. 2.--Parallel Curtains.




SIAN ANTARCTIC EXPEDITION SERIES B VOL. Il. PLATE IIl.

. 2.—Concentric Arcs illustrating a Continuous Curtain, a Discontinuous Curtain and Isolated Streamers.
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Fig. 2.—Streamer Bands reaching almost to the Zenith showing Cross ‘‘ Cleavage.”

A
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Fig. .—Note Red and Green Edging to Base of Curtain in the Zenith.

Fig. 2.—Showing Unusually Strong Colour Features notably in Vertical Streamers.

Fig. 3 —A Typical, Distant Coloured Curtain.
10864
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