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PREFATORY NOTE.

341

THIS part of Volume II is concerned with a variety of aspects of magnetic disturbance
as registered at Cape Denison, Adelie ,Land, the Main Base Station of the Australasian
Antarctic Expedition, 1911-14. The investigations were originally undertaken by
Dr. Charles Chree. Before his death in August, 1928, the collection of the material for
some of the chapters was far advanced. Dr. Chree had prepared several of the tables
and the manuscript of one chapter was nearly complete. Shortly before his death
Dr. Chree gave Sir Douglas Mawson a list of eight chapters, which he proposed to
include in the work. These eight chapter headings have been used as a basis for the
continuation of the investigations.

The photographic records, together with the manuscripts relating to researches,
were forwarded to me in November, 1928. Except for the one chapter, which stands
almost as Dr. Chree left it, the following pages represent my effort to complete the work.

Doubtless this final form departs very greatly from that which it was intended
it should take. As far as the manuscripts could guide me, however, my endeavour has
been to follow as nearly as I could the course Dr., Chree might have taken. Though I
realise how feebly that aim has been accomplished, the work is submitted in the hope
that it will be interpreted as having gone some way to further the utilisation of the. .

magnetic data so arduously collected during Sir Douglas Mawson's Expedition and to
relieve the loss which has befallen the Science of Terrestrial Magnetism through the.
contribution not coming from Dr. Chree's own hands.

J. M. STAGG.

Eskdalemuir Observatory,
Dumfriesshire, Scotland.

June, 1929.
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INTRODUCTION.

[D. MAWSON, Ed.)

In describing the results of the investigations it will be found that frequent
reference is made to records of simultaneous magnetic disturbance .from other stations.
In part~cular, special interest attaches to the synchronous course of magnetic events at
Cape Evans, the base station of the British Antarctic Expedition, 1910-13. For, as will
be eiplained iii the appropriate sections of the text, the variations of the component
vectors of the disturbance field at Cape Denison and Cape Evans frequently differed in a
pronounced manner. It was accordingly felt that side-by-side reproduction of some
typical niagnetograms showing simultaneous disturbance at the two stations would
greatly help the reader to visualise the sequence of events.· But even with the original
records from both· Antarctic stations available,· comparison of simultaneous movements
has been no easy matter. For the two setS of magnetographs did not record the same
horizontal components; they were of widely different sensitivity and even for pairs of
corresponding components (D and .Wl, Hand Nl) the same direction of movement of
the trace up the sheet meant opposing sense of variation of the forces represented.
Moreover, the main declination trace at Cape Denison was frequently off the sheet, so
that use had to be made of the subsidiary reflected trace provided by the double mirror
of the magnetograph moving system. The reduction to a common basis. of all
these features of difference between corresponding pairs of records was necessary before
reproduction of the traces would serve any useful purpose. Unfortunately, however,
I have been unable to get access to any instrument which can satisfactorily cater for
such a multiplicity of requirements.

It has, therefore, been decided simply to reproduce copies of a selected number of
the original magnetograms from the Cap~ Denison variometers.*. By selecting days of
disturbance for which reproductions of the Cape Evans magnetograms can be found
in the volume of Terrestriai Magnetisinof the -British Antarctic Expedition, 1910-13,
it is hoped that at least a general comparison of magnetic disturbance simultaneously. .
recorded at two stations so uniquely situated may in that way be facilitated.

J. M. STAGG.

Lerwick Observatory, Shetland,
September, 1929.

* In order to reduce the cost of publication, only two out of the number of mngnetograms selected by
Dr. Stagg have been reproduced in this volume. It should be noted that the manuscript of this Report was
completed for publication in 1929.
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CHAPTER L-;-SHORT PERIOD DISTURBANCE AT CAPE DENISON.

343

§1.~SELECTION OF 355 DISTURB~CES.

Disturbance is so persistent a feature of the magnetic registrations at stations in
high latitude that even i~ quiet times classification of the smaller types of movement
is difficult. At a station such as Cape De~ison, within 600 miles of the locality of the
so~thmagnetic pole, the difficulty is much enhanced. Short period transitory
oscillations constantly mask the t~end in the major movements of a disturbance
and, in the worst cases, entirely preclude the assignment of accurate epochs to critical
stages in the variations of the main disturbing field and render amplitudes that might
be attributed meaningless. Only to the boldest of the movements or those occurring at
times when the locally superposed oscillations are least obtrusive can estimates, ot the
main characteristics of the movements be given with any confidence. For measurements
made even in the best conditions, a tolerance of 2 or 3 per cent. in individual cases is
necessary.

Three hundred and fifty-five disturbances of short period in the records from
Cape Denison have been studied, 197 in the nine months March to November of
satisfactory registration in 1912, and 158 in the remaining months, January to August,

'1913, for which records are available. The mean duration of aJI the tabulated movements
was 50 minutes. One lasted '180 minutes, but tha~ was wholly exceptional; the
next longest was 120 minutes. Short, sharp oscillations of the nature of sudden
commencements account for the appearance in the table of a few durations of six
minutes.

In addition to the general considerations mentioned above, the qualificatio~s for
notioeon the part of any distu.rbance were ;-

1. That it should be fairly conspicuous in all three components, D, H, and Z,
if all three traces were available; and

2. That is should have some feature which conformed to one of the recognised
types of movement-bay, sudden commencement, or oscillation of a
simple and characteristic nature.

To aid analysis, two principal lists of the selected disturbances were formed,
one containing all those cases, 267; of more or less regular bays and the other comprising
the more heterogeneous lot (88). of perturbations described as of wave-form (or double
bay), probable sudden commencements and movements which might be bays but which
were partially obscured by superposed oscillations of very short period. Details of each
member of the first class are gtven in Table LXXIV and those of the second in Table
LXXV. Under" climax" are supplied the times to the nearest five minutes of the
turning points of the chief movement in the disturbance or those of the component in
which the movement was most conspicuous. The next column gives the estimate ?f the
duration to the nearest five minutes for disturbances which lasted more than ten minutes,
or to the nearest minute in the case of sharp oscillations of shorter duration. The entry
is generally an average of the separate durations from'the three components. In this
table and all others in the chapter the times quoted are Greenwich mean times. The
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remaining columns give the extreme range· of each element and an· indication of the
order and directions of change of the disturbing fotces (1) transverse to the magnetic
meridian, (2) along the meridian directed northwards ·and (3) vertically downwards.
Since declination at Cape Denison was approximately 6'50 west of north, the ranges of
the movement tabulated under D therefore refer to a disturbing vector component
directed 6'50 south of west. Increase of the vector along the meridian to the north is
denoted by + and an increase of the component perpendicular to this by W. An increase
of the vertical component Z in the northern hemisphere has a numerical decrease as
counterpart in the southern hemisphere. A change of the disturbing vector resulting
in a decrease in the dip of the south-seeking pole is therefore denoted in the tables by +.
In the actual magnetograms and with the notation adopted here, D increased to the
west up the sheet, but movement up the sheet indicated a numerical decrease in Hand Z.

TABLE LXXIV.
Cape Denison: Characteristics Of Regular Bays.

Ra.nges. Direction 01 Ranges. Direction of
Movement. Rota· Movement. RotaTIme Dura- tion TIme Dura· tlODDate. of tion.

IH I I H I
or Date. _ of . tlOD.

I I I Iz
orClimax. D Z D Z Phase. Climax. D H Z D H Phage

-
1912. h. m. minE!. y y y 1912. h. m. mills. y y y

-+1+-Mar. 28 17 15 60 77 41 40 WE -+ -+ C June 30 10 40 50 53 31 23 EW C.. 29 16 0 75 144 ll7 58 WE +- +- C .. II 40 55 56 23 64 EW -+ +- C
July 1 13 40 60 69 54 161 EW +- +- C

April 1 9 45 55 21 21 ... EW -+ - P .. 8 13 20 45 43 16 30 EW +- +- D.. 10 40 60 59 27 ... EW -+ - C .. 16 21 50 20 13 16 14 WE +- +- l'.. 5 12 45 30 36 38 43 EW +- +- P .. 17 15 0 40 26 30 47 EW +- +- C.. 6 13 10 70 69 95 160 WEW +- +- C· .. 16 . 5 60 86 75 166 WEW +- +-'- C.. 9 12 45 30 24 6 17 EW +- +- l' .. 21 10 4.5 30 20 18 15 EW -+ -+ P.. 13 15 30 13 4 7 EW +- +- C .. II 30 . 60 68 30 37 EW -+ +- C.. 13 50 60 24 18 29 EW +- +- c: .. 22 16 45 30 19 13 24 WE -+ -+ 1)
.. 12 9 30 60 54 44 23 EW -+ -+ p

"
23 16 1.5 40 26 20 26 WE +- +- C.. 20 12 45 35· 26 18 31 EW +- +- p

"
25 13 4.5 '70 26· 24 34 EW +- +- C.. 13 20 70 26 ·54 63 ·EW +- +- C .. 17 45 50 40 34 38 WE +- +- C.. 23 15 50 55 35 38 21 WE +- +- p

"
28 22 20 Hi 28 27 20 WE +- +- AC.. 24 10 1.5 55 26 31 II EW -+ -+ D

"
29 10 30 45 18 5 22 EW +- +- D.. 25 13 0 65 ... 101 229 ... .+~ +- ...

"
13 20 30 29 10 29 }~W +- +- P

"
13 45 30 ... 29 57 ... +- +- .. . .. 14 50 60 22 19 33 EW +- +- P.. 29 12 20 55 ... 16 42 ... +- +- ...

"
30 12 50 55 57 35 70 EW +- +- AC

May 4 12 0 40 35 27 24 EW +- +- C Aug.· 1 15 0 55 23 34 34 WE +- +- C

"
12 II 20 60 ll3 67 94 EW +- +- P

"
2 13 35 2.5 31 67 77 EW +- +- C

"
16 14 10 70 45 52 69 EW +- +-'- C

"
3 12 10 60 39 41 77 EW +- +- C

"
17 12 5 40 35 12 18 EW +- +- P

"
6. 7 15 75 223 181 70 EW -+ -+ C.. 12 40 55 68 62 108 EW +- +- C .. 18 20 100 99 30 77 WE +- +- P.. 19 13 45 50 28 32 40 EW +- +- P

"
7 15 30 30 10 13 13 WE +- +- l'

"
21 12 50 40 35 21 35 EW +- +- P .. 8 14 50 30 19 26 28 WE +- +- C

"
14 45 70 36 29 36 EW +- +- C .. 15 20 30 18 12 13 WE +- +- C

"
26 9 30 70 20 45 42 EW -+ -+ P .. 10· 20 0 65 54 30 61 \VE -+ -+ C

"
29 12 25 70 69 40 99 EW +- +- P

"
II 14 10 30 9 15 19 EW +- +- C.. 31 II 45 50 42 16 18 EW -+ -+- C .. 14 45 40 9 12 17 EW +- +- D

". 16 1240 90 37 17 31l EW +- +- P
June 2 7 20 60 64 95 87 EW -+ -+ AC " 19 9 20 25 M 62 64 EW -+ -+ C

"
5 14 45 40 12 19 31 EW +- +- P

"
12 10 40 38 44 70 EW +- +- l'

"
10 12 45 65 30 47 82 EW +- +- l' " 25 9 40 40 58 58 29 EW -+ -+ C

"
12 10 45 30 40 16 44 EW +- +- AC

"
13 35 45 15 27 35 EW +- +- P

"
13 . 12 30 30 16 13 14 EW +- +- l' .. 26 4 25 75 33 66 77 \VE -+ -+ AC

"
13 40 20 13 19 14 WEW +- +- D

"
12 45 60 33 21 31 }~W +- +- C

"
14 20 40 42 26 32 WEW +- +- C

"
28 430 45 45 60 51 WE -+ -+ P

"
14 15 0 60 46 75 ll9 EW +- +- C

"
31 15 15 55 27 40 52 WE +- +- C

"
15 15 10 35 17 18 21 WEW +- +- C

"
17 18 0 50 45 32 43 WE -+ -+ l' Sept. 1 12 40 30 14 10 25 EW +- +- P

"
23 12 30 90 86 63 91 EW +- +- C

"
13 15 35 21 15 33 EW +- +- P

"
24 12 55 45 35 31 32 EW +- +- P .. 2 12 0 35 22 6 17 EW +- +- P.. 26 14 0 90 43 20 48 EW +- +- P

"
12 45 45 16 15 30 EW +- +- AC
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TABLE LXXIV-continued.

Cape Denison: Characteristics of Regular Bays.

Ranges. Direction of Ranges. Direction of
Movement. ROta4 Movement. Rota·Time Dura- ------ tion Time Dura- tionDate. 01 tion.

I I I I
or Date. . 01 tion.

I I I I
orClimax. D H Z D H Z Phase. Climax. D H Z D· H Z Phase.

1912. h. m. mins. y y y 1913. h. m. millS. y y y
Sep~. 2 14 20 4fi 16 17 22 WE +- +- D Feb. I 910 .55 31 28 33 EW -+ -+ AC

,. 3 13 45 25 7 13 16 EW +- +- D .. 13 50 70 19 22 26 WE +- +- P
,. 5 3 0 4.5 58 67 71 WE -+ -+ P .. 4 14 20 75 19 30 48 WE +- +- C

"
II 0 90 82 42 9.5 EW -+- +- AC .. .5 12 35 50 28 25 50 EW +- +- AC

"
7 17 40 46 32 16 30 WE -+ -+ 0 .. 7 23 45 40 66 49 61 EW +- +- AC

"
18 40 75 21 20 30 WE -+ -+ I' " 10 18 30 2.5 25 24 28 EW +- +- AC

"
8 6 20 45 26 28 24 WE +- +- C "

20 40 20 13 20 19 WE -+ -+ AC

"
!l II 30 50 42 52 59 EW +- +- AC " . 2050 20 18 21 26 WE -+ -+ AO

"
10 II 5 fiO 48 .20 16 EW -+ + -- D

"
II 12 55 40 17 20 35 EW +- +- C

"
II 45 fiO 16 13 17 EW +- +- I'

"
14 50 ' 75 13 24 33 EW +- +- . C

"
II 19 15 40 23 la 16 WE -+ -+ C .. 14 la 45 75 86 192 211 WE +- +- C

"
12 10 50 25 71 a7 48 EW +- +- I' .. 21 la 40 35 15 20 35 W~~ +- +- C

"
13 la 15 60 19 :14 a4 EW +- +- ]) .. 2a 14 40 7:") 18 27 50 WE +- +- C
14 5 15 a;j a5 81 59 W~~ -+ ~+ I' C 2fi 12 0 6r. 5l 57 85 EW +- +- I'" .. .J

"
9 50 40 24 30 19 EW -+ -+ I' " .26 14 55 75 29 57 59 W~~ +- +- C

,. 16 II .5 70 17 40 a6 EW +- +- P .. 28 12 20 80 10 5 7 EW +- +- C
,. 22 12 0 85 61 34 6a EW +~ +- D "

12 45 40 20 13 20 Jo~W +- +- AO

"
27 II 50 35 47 16 aa EW +- +- 0 "

13 ]5 ao 8 10 15 WE +- +- I'

"
16 ao 40 al la 29 WE -+ -+ P "

la 4fi 55 17 25 34 E'" +- +- 0

"
28 la 10 45 10 13 16 EW +- +- D

Mar. 5 12 45 80 20 8 20 EW +- +- P
Oct. 4 la 0 90 40 44 75 EW +- +- 0 " 13 20 40 21 23 41 EW '+ .,-- +- I'

,. 5 2030 ao 17 22 14 EW +- +- AO "
6 2 40 35 78 84 117 WE -+ -+ C

"
21 0 40 2a 28 a8 EW +- +- AC "

12 30 45 26 43 61 EW +- +- C.. 6 12 20 50 44 27 48 EW +- +- P " 8 13 15 35 17 23 34 EW +- +- P.. 13 15 60 32 42 65 EW +.:..:. +- p
"

9 15 0 60 12 15 22 W:I·~ +- +- P

"
7 II 0 40 25 II 18 EW +- +- D "

10 II 25 50 25 15 23 EW +- +- 0

"
12 25 70 25 17 28 EW +- +- AC "

18 13 10 60 25 44 87 EW +- +- 0

"
13 50 65 30 17 36 EW +- +- D "

15 10 60 33 30 41 WE +- +- .0

"
14 50 70 64 57 58 WE +- +- C "

19 13 50 80 40 40 46 WE +- +- 0

"
9 II 30 65 54 24 52 EW +- +- P "

19 25 70 17 25 34 EW +- +- C

"
10 13 50 40 II 19 24 EW +- +- D "

21 13 50 75 50 35 .56 EW +- +- I'

"
II 'Ia 35 55 45 22 41 EW +--" +- I' "

19 55' 75 4Q 43 61 EW +- +- I'

"
13 II Q 105 91 54 6a EW +- +- C .. 22 17 45 45 20 20 29 EW +- +- 0

"
15 12 50 90 82 U3 170 WEW +- +- C .. 25 10 40 20 12 21 24 EW +- +- AO

"
14 30 80 48 54 81 EW +- +- C "

16 15 60 38 44 50 WEW +- +- C

"
16 II 50 50 48 34 74 EW +- +- I' "

26 I 45 40 90 69 74 WE -+ -+ 0

"
17 II 0 25 25 37 52 EW +- +- AC "

28 ,920 40 43 30 17 EW -+ -+ 0

"
18 10 60 40 28 41 EW +- +- C " 13 10 90 33 31 34 EW +- +- I'

"
19 12 30 40 33 26 48 EW +- +- '1' "

31 14 0 30 21 22 33 EW +- +- I'

"
21 30 35 42 50 30 EW +- +- AO " 14 45 65 .63 72 131 EW +- +- C.. 21 14 15 35 23 18 28 EW +- +- C "

16 5 55 59 48 82 EW +- +- C

"
26 8 35 50 23 27 22 EW -+ -+ D

"
30 3 40 45 57 117 30 EW +- +- P April 4 14 15 55 14 29 35 WE '+- +- P

"
13 20 65 53 54 81 EW +- +- I' "

16 10 45 26 15 27 EW +- +- AC

"
31 13 0 60 31 34 55 EW +-,. +.:- C "

8 14 30 40 13 23 29 WEW +- +- C

"
13 50 60 26 40 52 EW +- +- ,0 .. 13 13 15 65 26 29 53 EW +- +- C

"
15 9 15 70 51 29 17 EW -+ -+- C

Nov. 3 19 20 60 31 40 47 EW +- +- C .. 16 15 0 50 43 30 29 EW +- +- C

"
6 I 25 20 97 84 130 EW +- +- P "

21 45 65 25 31 38 WE -+ -+ AC

"
7 19 15 25 34 31 a4 WE -+ -+ P

"
23 30 25 30 52 82 EW +- +- AC.. 19 45 40 36 34 85 WE -+ -+ P ... 17 ,17 40 50 32 27 39 EW +- +- C

"
8 II 45 30 17 24 30 EW +- +- P " 24 21 20 .65 40 25 50 WE -+ -+ I'

"
17 20 15 IQQ 124 134 159 EW +- +- AC " 25 12 15 45 40 14 35 EW +- +- I'

"
23 9 0 60 150 67 ... EW -+ ... I' "

26. 14 0 20 12 14 16 WE +- +- D

"
25 II 45 25 II 12 13 EW +- +- AO "

27 13 33 60 29 40 44 EW +- +- C

"
12 50 40 15 28 30 EW +- +- I' "

14 30 75 .38 35 56 EW, +- +- 0

"
26 13 40 25 25 19 30 EW +- +- AC

"
29 13 50 30 10 19 22 EW +- +- 0

"
27 12 20 40 26 30 34 EW +- +- AC

"
28 21 45 .50 64 81 78 EW +- +- AO May 2 II 40 ·50 39 19 37 EW +- +- I'

"
30 13,5 50 33 26 44 EW +- +- 0 " 3 II 15 60 50 53 109 EW +- +- I'

" 4 13 5 50 64 58 87 EW +- '+- C
1913.

"
5 7 30 45 91 58 46 EW -+ -+ I'

Jan. 17 15 45 90 42 38 21 WE +- +- C "
23 55 U5 147 115 101 WE -+ -+ I'

"
27 3 20 50 58 89 124 WE -+ -+ 0 "

7 1 45 60 121 83 125 WE -+ -+ AC

"
28 16 10 25 31 23 45 WE -+ -+ I'

"
8 ,1220 70 8U 22 33 EW +- +- 0
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TABLE LXXIV~ontinued.

Cape Denison: Characteristics of Regular Bays.

Ranges. DJrection of
. Ranges. Direction of

Time Movement. Rota- Time Movement. Rota~

nate. of Dura-

I HI I

tiOD Date. of Dura-

I I z I I

tiOD
Climax. tiOD.

I
or Climax. tion. orD Z D H Z Phase. D H ]) H Z Phase.

1913. h. m. mins. y l4 y 1913. h. m. mine. y y y
May 8 13 30 55 17 46 EW +- +- P June 21 25 90 104 27 80 WE -+ -+ P., 13 3 40 30 15 24 33 WE -+ -+ AO

"
20 13 35 45 12 10 12 EW +- +- 0

"
15 9 15 60 20 27 14 EW -+ -+ 0

"
23 12 30 100 43 14 38 EW -+ +- D

"
16 5 55 40 13 18 1'6 EW -+ -+ 0

"
24 4 .') 60 17 40 56 WE -+ -+ 0

"
19 10 55 90 46 35 19 EW -+ -+ P

"
10 45 70 23 'I8 15 E'V -+ -+ P

"
22 10 0 40 14 Il 5 EW -+ -+ 0

"
30 9 20 60 31 35 21 EW -+ -+ 0

"
24 20 15 45 38 17 26 WE -+ -+ 0

"
14 0 50 19 24 34 EW +- +- D

" 25 8 15 IlO 25 35 23 EW -+ -+ AO

" 13 0 35 24 12 17 EW +- +- P July I 13 10 30 21 33 52 EW +- +- P
" 13 40 40 12 30 33 EW +- +- 0

"
3 9 50 30 55 37 26 EW +- +- 0.., 26 10 30 50 36 13 16 EW -+ +- 0

"
5 13 40 45' 12 20 27 EW +- +- P

"
27 13 30 75 81 62 87 EW +-+ +- 0

"
8 13 15 80 19 II 18 EW +- +- AO

"
29 14 30 75 74 97 80 WE -+ +- P

"
,Il 10 30 75 25 13 21 EW -+ 0+ P

"
30 12 15 35 41 21 41 EW +- +- p

"
13 12 30 50 34 26 48 EW + -- +-'- AO

"
14 12 50 40 14 15 19 EW +- +- AO

June 2 13' 40 35 25 23 28 WE +- +- 0
"

13' 40 ' 50 23 17 17 EW +- +- 0
"

14 0 50 32 42 65 WE +- +- 0 "
17 12 30 60 41 38 ... EW -+ ... 0

"
3 7 15 45 51 75 45 EW -+ -+ 0 " 18 10 15 50 39 ' 23 ... EW -+ ... P

"
6 4 0 40 18 36 33 WE -+ -+ P

"
15 25 45 15 27 36 EW +- +- D

"
2020 30 21 27 22 EW +- +-+- P

"
24 16 45 80 24 27 26 WE +- +- D

"
7 14 45 30 8 10 13 WE +- +- 0

"
26 9 20 55 19 17 13 EW -+ -+ AQ

"
Il 12 50 45 37 24 52 EW +- +- P

"
28 2 40 20 22 35 23 WE -+ -+ 0

" 13 30 60 20 22 28 EW +- +- 0
"

4 15 30 15 28 Il WE -+ -+ 0
"

14 9 15 30 6 10 10 EW -+ -+ 0
"

29 930 40 10 15 10 EW -+ -+ P.. 9 45 30 15 14 8 EW -+ -+ P
"

30 16 15 60 16 13 Il WE +- +- 0
"

15 13 0 30 29 12 25 EW +- +- P
"

31 20 15 30 20 18 16 EW +- +- AO
"

16 8 25 50 19 26 21 EW -+ -+ P
"

20 45 30 18 15 II EW +- +- AO
': Il 40 35 12 16 27 EW +- +- P

"
12 15 35 14 14 27, EW +- +- P Aug.

3 I 10 25
40 13 15 ... EW -+ ... 0

"
17' 16 20 35 21 23 37 EW +~ +- AO

" 6 8 10 45 15 23 21 EW -+ -+ P
"

19 '10 45 35 Il 9 4 EW -+ -+ 0
"

9 40 30 35 18 II EW -+ -+ P

TABLE LXXV.

Disturbances of Short Period Other Than Regular Bays.

Notes.

I
"I I Range' I Direction of Movement. I I

Date. ClImax. ~l'::::" D 'I H '1 z --D-----,--n-----,--z- ~~

1912. h. m. mins. y y y
April 9 0 5 20 102 122 Il2 EW +- +-:- p Oscillation.

"
17 9 45 90 108 103 74 EW,EW -+' -+ 0 Z max. 40 mins. hefore H.

" 30 Il50 90 107 45 57 EW 't--+- +-+- 0 . Douhle hay. H and,Z not in phase.
May 5 II 45 75 223 - 306 EW,OSO +- Bay in D at leaBt douhle... 6 16 0 60 - - - .Highly oscillatory and irregular in all elements.

"
14' 12 15 70 45 84 106 EW;EW -j---+- +- 0 Bay in Z: Hand Z largely unlike: .central part

.clockwise.

"
31 18 30 25 61 54 51 EW. +- +-:- P A Bymmetrical bay: in disturbed time.

June 1 Il 30 35 135 198 212 Irregular oscillatory bay: Hand Z partly opposite.
"

8 12 45 35 104 47 115 EW +- +- 'p A Bymmetrical bay, followed'by active distUrbance... 8 13 45 90 - - - ' Highly oBcillatory: irregular: very large... 9 12 20 60 - - - Highly oscillatory: irregular.

"
12 12 15' 6 41 60 47 WE -+ -+ P Sharp oBcillation... 18 15 30 70 35 56 93 WEW, +- +- Regular bay in Hand Z : D oscillatory.

OSO.. 23 1940 90 '35 5 m EW +- +-' AO ' Bay.
, ' I--
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TABLE LXXV-continued:

347

Disturball:ces of Short Period Other Than Regular Bays.

Range. .Direction of Movement. Rota·
Date. Climax. Dura- tIon ·or Notes.

tion. I I I I
Phase.D H Z D H z

1912. h. m. Imina. ty y y
ly 4 13 151 75 112 ·86 199 EW +- +- 0 H irregular: ends indefinite in storm.

"
5 21 30 45 157 62 124 WE -+ -+ 0 Bay during larger disturbance.

" 6 o 40 30 87 74 90 WE -+ -+ AO Bay during large disturbance.

" 6 12 0 120 - - - Irregular, large, oscillatory: some trace lost.

" 8 14 10 60 78 146 232 EW,OSO +-+- +- P Double bay in H, single in Z. D and H oscillatory.

"
12 3 30 15 - 47 39 - +- +- Short bay: Hand Z in phase.

"
12 3 45 15 - 40 11 +- +- Short bay: Hand Z in phase.

"
12 13 30 35 - 26 25 +- +- Short bay: Hand Z in phase.

"
15 3 20 25 18 28 11 EW +- +- 0 Short bay.

"
27 16 0 70 39 48 70 EW -+ +- P Irregular bay: part of larger disturbance : Hand

Z mainly opposite.

g. 2 15 0 40 - 188 - ·OSO -+ OSO Very oscillatory: D and Z hard to follow.

" 3 o 55 15 96 108 109 WE -+ -+ P Two sharp oscillations in sequence.

"
3 1 10 15 103 HI 86 WE -+ -+ P Olosely in phase. .

"
-22 15 40 60 91 128 220 WE OSO +- Bay in Z but oscillatory in all elements especially

Dand Z.

"
23 14 40 60 416

I
Highly oscillatory: ranges large but hal,'d to men-

ure.

pt. 3 21 15 8 12 94 59 EW -+ I -+ D Suspected S.O.: double oscillation'in D..

"
4 4 10 30 54 65 126 WE '-+ -+ 0 Bay nearly in phase: during disturbed time.

"
4 10 30 60 99 29 75 EW +- +- ~}

Double bay in D and Z.

"
4 11 20 90 101 34 46 EW -+ +- H irregular. _

"
7 0 5 10 89 81 89 EW +- +- ConSpicuous oscillation.

"
8 1 15 18 113 93 -+ -+ D too faint: prominent ol:icillation: HandZin

phase.

"
17 13 45 30 42 40 44 WE -+ -+ g} Three, bays in immediate sequence: Hand Z remain

"
17 14 35 55 68 48 53 WE -+ -+ remarkably alike for some 10 bay.like changes.

"
17 15 30 50 74 60 70 WE -+ -+

"
18 12 0 60 117 269 229 OSO OSO +- D All very oscillatory near 12h: Z bay.like.

"
23 210 8 61 97 74 EW +- +- P Prominent oscillation-: disturbed time.

" 30 11 45 75 33 21 45 EW +- +- D Bay slight in H: ends poorly defined.

" 30 2140 . 10 40 94 81 EW -+ -+ P S.O.: second movement the larger in Hand Z.

t. 14 10 15 100 64 27 38 EW +- +-

f}"
14 1145 60 50 40 62 EW +- +~ Series· of bays superposed on gradual ohq••,

" 14 13 10 50 78 . 39 74 EW +- +- . especially in D: ends rather indefinite.

"
14 14 15 55 69 50 81 EW +- +-

" 15 5 45 6 66 60 47 WE -+ -+ P Sharp oscillation, especially prominent ill D.

" 16 1010 20 104 77 117 EW +- +- P Bay in D and·Z rather part of a bay.

"
1030 45 79 47 85 EW +- +- D Bay D and Z part of a bay: H irregular.

"
18 9 55 40 13 19 30 EW +- +- P Small bay.

" 20 17 20 10 10 27 19 WE -+ -+ P S.O,: first movement the smaller in Hand Z but
larger in D.

v. 8 12 45 100 36 58 67 EW +- +- D .Bay.

"
20 10 40 35 31 89 WE -+ -+ AO Bay: D not quite in phase.

" 11 12·15 70 76 57 98 EW +~ +~ P Bay: ends in D arbitrary.

"
25 23 45 7 68 65 74 EW -+ ~+ P Sha.rp 08'cillation: 2nd movement the larger.

1913.
n. 13 2350 10 99 60 139 WEW +-:1- +-+ D Three successive swings: ·second movement largest.

" 27 24 0 10 55 32 76 WE +- +- P Like S.O.: D movement continued Ii mins. longer.

" 29 23 30 9- 41 44 55 EW -+ -+ P Like S.O. (9-minute range taken in all elements).

b. 11 20·20 12 19 30 44 EW +- +- P Oscillation: D shorter time.

r. 10 2335 12 47 30 71 WE +- +- ~} Double oocillation.
"

2345 12 26 26 49 WE +- +-
"

14 -4 30 6 39 52 34 WE -+ -+ D Oscillation dUring disturbance.

" 20 20 30 20 36 35 42 EW +- +- AO Oscillation.

"
23 16 0 85 68 69 126 - WEW +- +- _0 Bay in Hand Z: D irregular.

ril 1 14 30 90 41 44 53 WE +~ +- D Bay. Part of larger movements': D iITegular.

" 10 10 0 55 117 66 109 EW +~+- +~ Deep bay ill D and Z : H iITegular: complex.

.
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Note~.

I
Rota, Ition or
Phase.

Direction of Movement.

D . H Zzl

TABLE LXXV-eontinued.

Disturbances of Short Period Other Than Regular Bays.

I
I

I Range.
Dura-

nate. ICUma.. tloo, I D I H I

r

D

ill

H

I
mins. 1+-1913. h. m. y y y

April 16 13 0 140 97 67 120 EW +- C Bay: H irregular: in D only port of lorge
disturbance... 29 2 5 6 58 44 82 EW -+ +- P Oscillation likc S.C. : Hand Z opposite.

ay 6 8 50 30 . Oscillatory... 13 0 45 D Highly oscillatory.
16 15 '60

,
D Highly oscillatory...

unc. 9 0 0 15 52 32 49 EWE +-+ +-+ Oscillations fairly in phase... 14 9 45 30 15 14 - EW - + P Bay D and H in phase hut poorly dcfined... 19 13 30 90 50 92 III EW,OSC +-,OSC +- Bay: Hand Z not like: large oscillations in
and H ... 21 15 0 60 34 108 66 OSC -+ . OSC Bay in H: D and Z irregular... 25 13 40 60 24 8 22 EW OSC +- D Bay in D: H hardly disturbed... 26 14 0 180 71 91 127 OSC -+ +- D Oscillation in D and H: Hand Z dissimilar... 29 10 45 50 31 20 16 EW -+ -+ P Bay: Z movement trifling.

I

uly 3 3 ·15 15 54 84 70 WE -+ -+. P Sharp oscillation... 7 13 50 50 26 44 52 EW,EW -+ +- Irregular movement: Hand Z opposite... 12 13 30 120 112 11li 109 EW +-+ +- Bay: Z very faint: Hand Z partly unlike... 13 13 30 60 82 203 - WE -+ . OSC D Confused. Active oscillation: slight hay in
and D... 15 14 40 45 -(102 <199 <172 WE -+ -+ Bay in H but highly oscillatory... 16 14 35

}60 -(74 <164 - EW -+-+ +- Two bays in H, first very sbort: highly oscil-.. 15 20 latory... 20 6 30 10 41 27 - WE +- C Oscillation like S.C.: D in advance of H.

ug. 4 22 20 25 38 41 37 EWE +-+ 1+-+ Three movements approximately in phase... 7 14 15 100 68 62 120 EW +-+ +- C Bay in D and Z and fairly in phase: H not'
phase.

J

A

J

M

§2.-TYPES OF SHORT PERIOD DISTURBANCE.

Of the numerous generic types to which short period disturbance may conform
that characterised as the" special type" in the discussions.of the magnetic results
from. the two British Antarctic Expeditions of 1901-04 and ·1910-13 was singularly
absent in the records from Cape Denison. In good cases ofthe special type of disturbance
declination (or east force), and horizontal force usually took a bay-like form increasing
and decreasing roughly in phase and symmetrical in the to-and-fro movements. At
the same tinie the vertical component vector increased slightly at first, decreased at
the'same rate as th!l change in D or H, and then returned to normal by a more prolonged
and gradual rise.. No distinct case of such a disturbance was detected in the records from
Cape Denison (see also Chapter II, §8).

On the other hand, bays were more than usually frequent, as Table LXXIV shows~

In marked contrast to the custoinary poorer definition of the bay movement in the
vertical component of the disturbing field at other stations, the Z trace at Cape Denison
usually approached most nearly the ideal increase to a maximum and symmetrically
executed decrease to the normal undeviated position. Because of their frequency and;
in a large percentage of all occurrences, their approach to regularity, a special study has
been made of bays using as basis the data from a fresh examination of the magnetograms
made in every case of a regular bay.

,.
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MAGNETio DisTURBANOE AT CAPE DENISON.

The characteristics of bay disturbances at Cape Denison are lIlost conveniently
studied under four heads :-

Type of bay, direction of changes of the components in the disturbing field
to which the bay is attributable.

Relative. intensity of the vector components in the various bay types.

Distribution of occurrence of bays in time.

Direction of rotation of the disturbing vector responsible for some bays.

§ 3.-BAY TYPES.

It will assist in brevity of description if the directions of movements are
characterised with the force components always in the same order, D, H, and Z, and
without specification of the element on each occasion. For example: EW, + '-, + 
stands for that type of bay in which the vector component transverse to the meridian
has increased first to the east, reached a maximum in that direction and then been
reversed to bring the field finally to its normal value; the component in the meridian
has been directed northward in the first phase then withdrawn and the component in
the vertical direction acting. on the north pole of the magnet has increased, then
decreased, i.e., the dip at Cape Denison has decreased then returned to normal. Using

. similar representations for the other varieties of component changes in the disturbances,
examination of Table LXXIV shows that :-

1. The type of bay EW, + -, + - is the commonest type. 54 per cent. of
. all tabulated bays have their movements so described.

2. 89 per cent. of the 267 bays belong to one ofthe four classes, EW, +-, + -,
EW, - +, - +, WE, + -, + -, WE - +, - +, that is, with the
adopted significance of + and - for Hand Z changes, the two components
in the meridian plane change together in the' two phases of the bay
movement and, in general, they are fairly in phase.

3. No bay of type EW (or WE) + -, - + was detected.

4. Only six cases of the type EW, - +, +-, and one case ofWE, - +, +-,
were sufficiently clear for tabulation.

Hence, combining the results in 3 and 4, out of the 2,44 (= 267 ~ 23) most
regular bays which are complete in all three components and which have not been
described as having a double movement in any component, only seven unquestionably
had Hand Z simultaneously changing in opposite directions in each of the two phases.
The 23 bays which are excluded from this classification are lacking in registration of either
D or Z or ha'vc,a compound movement in one component.

• 64550-B
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§4.-RELATlVE INTENSITY OF THE VECTOR COMPONENTS.

(a) That there are systematic changes in the relative intensity of the components
of the disturbance vector from type to type is made clear by Table LXXVI which
wmmarises the results of an analysis of the 267 bay movements of Table LXXIV. The
Table gives the mean range in each component for the various classes of bays. Results
for 1912 and 1913 are given separately as well as a general mean for all tabulated bays
of each class. The number of bays contributing to each set of means is shown separately.

TABLE LXXVI.

Mean Range of Disturbing Force Components in Different Classes of Bay.

ClaS8 I. Class II. Class III. Class IV.

D , H
I

z INo. of D I H I z J No. of D I H I z INo. of D I H
1

z INo. 0
Bays. Bays. Bays. Bays

Direction of Change .: ....1EW I + -I + ----'! II EW I~ + 1~ + I II WE I+-1 +~I II WE 1- + 1- + 1
Mean Range 1912 ... 36 32 49 84 55 55 36 II 39 34 33 15 38 37 46 14

1913 ... 27 26 40 59 27 '26 19 19 25 35 41 18 50 45 58 17
Both Years ............ 33 30 45 143 38 37 2:3 30 32 35 38 33 45 41 53 31

I
Class V.

..
I

Class VI.

I
D I H 1z 1No. of I D I H I z INo.of No. ofBays. I Bays. Unclassed. Bays.,"

Direction of Change .... I~I-+I +-1 11EW;;;w'E 1+-1-+I
Mean Range 1912 ... 56 26 35 4 -

1913 ... 51 41 45 3 -
Both Years ... ... 54 32 39 7 - 23

In the type EW, + -, + -, the range in Z is 43 per cent. greater than the mean
of the ranges in the horizontal components and the excess is conspicuous in both
cOlltributing ,years. By contrast, the railge in the vertical component in the type
EW, - +, - +is only two-thirds of the mean of the other components, and the deficit
is equally marl\-edjn both years. In the aggregate, bays in which the transverse vector
increased first to W also had the vertical component stronger than either of the horizontal
components, this feature being comlIlon to the two years separately~n the class WE,
- +, - +, but shown in 1913 alone,' when the direction of change in the first phase
was an increase in Hand Z.. In those cases in which Hand Z wereinopposite phase,
EW (or WE) - +, + -, the noticeable feature is the relative. smallness of the component
along the meridian.

(b) It has been remarked elsewhere (vide e.g., Chapter IX, PartII, VoL I) that
th~ decrease in magnetic ac~ivity from 1912 to 1913 at Cape Denison, as. shown by the
range of the inequalities or absolute daily range much exceeded the decrease to .be
anticipated from the mean Wulf-Wulfer sunspot 'immbers and,.indeed, much exceeded
the decrease in the magnetic activity of lower latitudes. This is borne out by the mean

.",-.
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ranges for the three vector components derived from the two years separately in bay
types EW + -, + -, EW - +, - +, and WE + -, + -, which, together, comprise
206 bays. Taking the average of the three component means. as criterion, the mean
bay range in these three types for the two years 1912 and 1913 are 39 y and 31 y, 49 y

and 24 y, 35 y and 34 y respectively. An inferior development of bays, therefore,
accompanied the diminished general activity.

§5.-DISTRIBUTION OF BAYS IN TIME.

(a) Annual Variation in Occurrence Frequency.

In addition to the approximate regularity and definiteness of movement in
all components, the absence of large superposed perturbations and approach to
coincidence of times of culmination in the components, and the criterion used in selecting
the bays for Table LXXIV was the absence of appreciable disturbance in the hours
immediately before and after the bay. An ideal bay is produced in an otherwise quiet
time and suggests (simply) the approach and withdrawal of a current circuit accompanied,
it may be, with a rotation of the current system about a vertical axis or the growth and
decay of a current in a fixed or rotating direction. During periods of general disturbance,
however, movements frequently developed which, if not produced by a similar mechanism
to that of bays superposed on top of the general disturbance of the time, simulated the
quiet time bay in its characteristic features. Hence, in order to maintain as impartial
a selection as possible, those bay-like constituents of longer period disturbance were
tabulated which conformed to the other criteria cited above and had not their symmetry
seriously upset by superposed perturbations. In considering the reality of a seasonal or
daily period in the frequency of occurrence of bays, it is necessary to know that such a
procedure was adopted.

Any final d~cision as to a seasonal variation in the incidence o~ the bays of Table
LXXIV is hard to come by. Since magnetic registration did not properly begin till
April, 1912, March contributed only a few satisfactory traces and during Decemb~r

of the same year and part of January, 1913, the Hand Z variometers worked indifferently
well. Registration ceased early iIi August, 1913. There were also isolated occasions of
partial failure of the magnetograph system at times when the remaining components
indicated that bays were in progress. Therefore, although the largest number of bays
are contributed by the months April to July, taking both years together, this apparent
winter maximum owed its origin simply to the increased number of available days during
the winter season.. J l1dged by the percentage occurrence of bays on available days the
increase from September to October and decrease to February suggests that a more
complete and satisfactory registration during summer would have revealed a maximum
then.
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(b) .Diurnal Variation.

On the assumption that the restricted definition of regular bay,; used in the
selection did not overweight the contribution from that, part of the day iu which
disturbance at Cape Denison is normally least conspicuous, an analysis of the times of
cLmax of the selected bays of Table LXXIV should show up any tendency toa diurnal
variation that may exist. On the ground that the resulting distribution in frequency
and relative intensity of the component ranges justified the classification into types, the
same mode of classification is also used in the analysis of their distribution in time.
But since 237 of the bays belong to the first four types discussed above in which the vector
change in Hand Z is in the same direction in each of the two phases of the main
movement and only seven bays have their changes described by EW (or WE), ~ +, +-,
the second pair of algebraic signs representing the changes in the vertical force will
be dispensed with, being merged with those representing the changes in H. Hence
'EW, + - stands for that class of bay in which the first phase is characterised by an
increase of east force and an increase of both Hand Z, and in the second phase these
changes are reversed. Table LXXVII, in which the class of bay is specified by a Roman
nnmeral and is that adopted in Table LXXVI, provides the resnlts of the analysis.

TABLE LXXVII.

Frequency of O~currence of Bays of Various Classes in Parts of the Day.

.'

Class of Bay. II ·III IV VI

Day Interval

Frequency, 1912 .
1913 .

Both YeaTs

I

h. h·1 h. h., h. h·1 h. h., h. h·1 h. h·1 h. h'l h. h.[ h. h·1 h. h·1 h. h·1 h. h·1 h. h. -I h. h. I h. h·1 i,. h·1 h. h. I h. h.... 7-11 11-15 1&-7 7-11 11-15 15-7 7-11 11-15 15-7 7-11 11-15 15-7 7-11 11-15 15-7 7-11 11-15 16-7

That most of the bays of type EW, + ;- tended to occur within a limited period
centred about 22h. L.M.T. -was already obvious during the process of tabulation. The
division of the day into the three periods of T\l-ble LXXVII was designed to emphasise
the tendency to concentration of this and the other types within limited intervals.

One hundred and sixteen out of 143 bays of the type EW, + - reached their
climax within two hours of 13h. G.M.T. (22th. L.M.T.); only 5 developed between
7h. and 11h. G.M.T. Of the remaining 22 occurring in the 16 hours, 15h.-7h. G.M.T.,
18 had occurred before 23h. and of these 10 between 20h; and 22h. In contrast to this
result, 28 of the 30 tabnlated occurrences of bays of the type EW, ~ + culminated
between 7h. and 11h. G.M.T. and only one of the 30 in the interval of four hours during
which type EW, + - was especially prominent. Hence these two classes of bays
nqt only differ (1) in the development of their vertical vector components and simultaneous
dir'ections of change of the components of force along the meridian and vertically
downwards, and (2) their relative frequencies ofoccurrence, but also (3) in respect of their
distributions throughout th,e day. .

.....
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Bays of that class in which the initial change of transverse field is directed
westward and is 'accompanied by a decrease of the forces directed along the meridian and
vertically do:wnwards are notable ·for their OCcurrence in precisely that part of the day
when the previous two types are least common, viz., 15h.-7h. Within this period they
show a preference for two sub-periods centred at 21h. and 4h. G.M.T.

Eighteen out of the 33 examples of class WE, + - reached a climax between
llh. and 15h. and of the remaining 15 in the interval between 15h. and 7h., 10 had
occurred not later than 17h. G.M.T. Hence since the 18 between llh. and 15h. were
really restricted to the two hours preceding 15h. a better division of the day for the
class WE, + - would be 13h.-17h. G.M.T., comprising as it does 28 of the 33 cases
detected.

A comprehensive deduction is that bays in general show a distinct preference
for the three G.M.T. hours centred at 13h. 30m., corresponding with the period of three
hours centred at 23h. L.M.T. This preference is strongest for those bays in which the
first phase in both Hand Z is an increase and though more pronounced when the vector
tranverse to the meridian is first directed to E, holds with a lag of It hours for the
reverse direction. The mean time of maximmp incidence corresponds with the time of
most freq~ent occurrence of bright aurora at Cape Denison.

The two classes in which Hand Z first decrease, on the other hand, are totally
unrepresented during this period. For a first increase to E in declination themaximmn
incidence is within the hour ending loh. G.M.T. (19th. L.M.1'.) and for the class in which
the increase to west accompanies. the decrease in Hand Z there is a more diffuse scatter
with possible maxima from 2h. to 5h. G.M.T. and 19h. to 22h.G.M.T. This latter
interval corresponding with a 'time centred at 6h. L.M.T. is synchronous with the'
maximum frequency of zenithal aurorae at Cape Denison.

§6.-DIRECTION OF ROTATION OF DISTURBANCE VECTORS IN BAYS.

At the same time at which the direction of change of the disturbance force
components was noted, information was sought as to the simultaneity or otherwise of the
turning points in the two horizontal components.. From this combined information it
could be decided whether the disturbing vector had rotated while producing the bay.
For example, on March 28, 1912, centring about 17h. 15m. there was a bay movement
in which the vector increased to the west and decreased along the meridian. The change
from a decrease to increase in H set in before the reversal of D to the east, so that the
disturbing force rotated in a clockwise direction. On the day following and culminating
about 16h. another bay. developed with the same sequence of change in D but with H
first increasing then decreasing because the change from westerly to easterly increase
in the transverse vector had taken place while H was yet increasing, the direction of
rotation remained clockwise. In this way each of the 267 "regular" bays of Table
LXXIV were examined. The letters in the final column of the table indicate whether the
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bay is to be ascribed to a disturbing vector rotating clockwise (C) or anti-clockwise (AC);
whether the horizontal components are appr?ximately in phase (P) or, through some

.irregularity about the turning point, whether no decision as to the phase could be reached
(D = doubtful). Owing to lack of declination trace three bays in April, 1912, could not
be assigned to any class. Table LXXVIII s1!mmarises the results of the analysis.

TABLE LXXVIII.

Monthly Analysis of Direction of Rotatioil or Ph~se Relations of Horizontal
Components of Disturbing Force in Regular Bays.

_.
.Direction o~ Rotation.'

In }lhuse. Doubtful. Others.
Clockwise.

'I
Anti-Clockwise.

1012. I 1013. 1012. I 1913. 1012.
I

1913. 1012. I 1913. 1012.
I lUI3.

"

I

January
I.. , ... ... 1 2

February .. , ... .... 4 8 7
:March .. , ... ... 8 2 13 1

.

April .. , ... ... 6 3 5 8 3 1 1 3
May .. , ... ... 6 n 5 n 3
June .. , ... ... 6 10 6 10 2 1 1 2
July .. , ... ... 5 5 7 6 2 6 2 2
August .. , ... ... 6 2 12 1 1 1
September ... ... 11 5 3 . 5
October .. , ... '" 8 9 5 4
November ... ... 6 2 5
--.. I

Totals... ... ... 54 . 42 53. 57 18 21 14 5

\

3 -
'---v---' '---v---' '----v-----' '---v---' L--:--v---'

·Both Years ... '" 96 110· 39 In 3
i

.

A decision about the 'phase was reached in 245' out of the 264 possible cases; 19

were doubtful. After making allowance for parallactic errors between the components
arising from the arrangement of the magnetographs, 96 of the 245 classified bays had
the two horizontal components in phase. Of the remainder only one bay in every fOllr,
approximately, could be ascribed to a disturbing force system which "rotated in an
anti-clockwise direction. There is a slight tendency for the clockwise type of bay to
appear most frequently in the Antarcticwinter and for the anti-clockwise bays to be more
common in the local summer but the material available makes such a deduction hazardous.

§ 7.-THE EIGHTY-EIGHT SHORT DISTURBANCES OF TABLE LXXV.

Though the 88 short disturbances listed in Table LXXV are necessarily of a
much more heteorogeneous character than those in Table LXXIV, they may be roughly
grouped as (1) bays, irregular, poorly defined or, complex, (2) oscillations of the nature of
sudden commencements, or (3) sharp oscillatory movements.

Many of the disturbances of the table might be assigned to any of these classes
according to the component given special atte~tion and therefore no attempt has been
made to consider possible generic characteristics as in the case of regular bays.. The
brief descriptive notes against each occurrence sufficiently indicate the uncertainties
which would accompany any such attempt.
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Where the abbreviation" osc " appears in the column" Direction of movement '1

it may be assumed that no one movement' in' the rapid succession of oscillations in the
element concerned during the interval specified under" duration" has been outstanding.
The -letters in the column" direction of rotation or phase" have the same significance
ItS in Table LXXIV, In most of the cases where no letter appears the form of the
disturbance has been too complex to permit of any d~cision as to phase differences
between the' horizontal components. '

CHAPTER n.-COMPARISON OF SHORT PERIOD DISTURBANCES AT CAPE
DENISON AND CAPE EVANS.

§S.-GENERAL FEATURES OF MAGNETIC REGISTRATION AT THE Two STATioNS.

Table LXXIX is intended to serve as a basis' of comparison for short period
disturbances at Cape Denison and Cape Evans, excluding, however, solitary oscillations
of a few minutes duration. Some of the disturbances considered occurred during long
storms but in all cases there was something distinctive and suggestive of individuality at
least at one of the stations. The Cape Denison curves formed the original basis for
compiling the list, but the Cape Evans curves were also consulted and in many cases it
was really their 'appearance which suggested the disturba~ce. In some cases altering
the starting or ending time by 10 or 15 minutes would make a considerable difference
to the relative disturbance as measured by the ranges at the two stations. The times
were carefully chosen in all cases with a view to making the comparison as fair as possible.
Still as the Cape Denison curves were the first considered it is not unlikely that more than
a due share of occasions have been included in which the Cape Denison disturbance was
the larger.

In practically all cases the disturbance was mainly of the" bay" type, in which
the element increases continuously to a maximum or decreases to a minimum and then
returns approximately to its original value. But in the Antarctic shorter period
oscillations were nearly always superposed, and in some of the cases in the table, the
shorter period oscillations largely obscured the bay movement in one or more of the
elements. This was true more especially of D at Cape Denison but sometimes it was still
more true of H. As regards vertical force there was a curious difference between the
stations. At Cape Evans Zl (to distinguish it from 2 at Cape Denison) was seldom in
step with the horizontal components. These latter, E1 and Nl, often showed fairly regular
bay movements with turning points simultaneous or nearly so in the two elements, and
with the first and return movements approximately equal. But the changes in 21 were
conspicuously unsymmetrical. Sometimes there was a short small initial fall of Zl during
the commencing movement in E1 and Nl, but long before the commencing movement in
E1 and Nl ended the movement in Zl had become a rise. This rise usually continued
(tfter the :reverfle movements in E1 and N1 had set in. The final return of Zl to its original
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value was usually more deliberate than the return movements in E1 and N1 and at the
time when the bay movements in E1 and N1 had terminated Z1 remained decidedly
enhanced. At Cape Denison on the other hand, as indicated in the preceding chapter,
Z behaved like the horizontal components. In fact on the whole it showed the closest
approach to the ideal form of b~y movement. Shorter period perturbations were
seldom wholly absent but they were less in evidence than in H. When H gave a close
approach to the ideal bay movement, the movements in Hand Z were usually closely
alike, sometimes extraordinarily alike.

TABLE LXXIX.

Short Period Disturbances at Cape Denison and Cape Evans.

It

I
Phase I Bay

at at at atc.D.1 C.E. c.D.1 C.E.

HD

o = Bay with oscillation.
p = in phase.
c = clockwise.
ac = anticlockwise.

Notation used: A = like.
B == rather like.
C = rather opposite.
D = opposite.
E = uncertain.

Date.
1912.

h. m. h. m.
April 1 ... 9 30 10 20 21 21 - 25 34 15 A D - - EW -+ p p It It.. 1 ... 10 20 11 25 59 27 - 26 55 10 A D - - EW -+ p c It It.. 5 ... 1510 17 0 105 61 63 82 63 18 B B E A WE -+ c I I.. 6 ... 12 40 14 0 81 95 160 60 48 16 D A E A EW +- c c It It.. 7 ... 8 50 9 25 29 21 22 52 41 29 A D B B EW -+ p c I It.. 7 ... 9 25 10 35 106 64 53 109 123 44 A D B E EW -+ p c It It.. 10 ... 7 35 11 0 206 103' 110 161 211 123 A D B C EW -+ p I I.. 12 ... 9 0 10 0 54 44 23 25 61 18 A I D A A EW ---'.+ P c It It.. 15 ... 10 15 12 30 166 100 286 110 147 44 E A E E EW,O 0 I I.. 17 ... 830 10 30 108 109 74 '150 91 107 .A D D B EW -+ c p I R.. 18 ... 9 30 11 0 113 126 114 105 144 79 A E B B EW +-+ c c I R.. 20 ... 12 30 13 10 27 18 34 20 8 4 D E E A EW +- p R I.. 20 ... 13 10 14 30 26 54 63 32 20 10 D E E A EW +- c R I.. 25 ... 12 20 13 30 - 106 231 81 65 16 - A E A - +- c R R.. 29 ... 12 0 13 15 - 16 44 23 27 12 - A E A - +- c R H.. 30 ... 11 20 12 40 104 44 62 54 66 20 D D B E EW +-+ c c I R

May 4 ... 11 30 12 30 45 28 27 11 14 8 E E E A EW +- c I I.. 5 ... 11 0 12 25 223 - 306 258 396 250 E - B - EW,O I I.. 6 ... 15 0 17 0 115 274 218 105 50 48 A E C E WE 0 I I.. 7 '" 1 0 2 0 127 68 151 48 55 16 B E E E EW c I I.. 7 ... 10 30 13 0 132 146 215 56 90 40 E C A E EW,O 0 I I.. 10 ... 11 0 12 .0 31 9 11 20 21 5 D E E E EW c I It.. 12 ... 7 0 9 0 171 109 47 173 106 58 A D E E EW -'--+ p I I.. 12 ... 11 0 12 0 113 67 194 84 95 22 D· A B A EW +- p c R R.. 12 ... 21 0 23 0 163 86 169 174 90 35 A A D A WE -+ p p I R.. 13 '" 0 0 3 0 193 171 230 187 222 82 D A D A WE -+ p c I R.. 13 ... 7 30 11 ·30 213 167 245 217 147 236 A D A E EW -+ I I.. 14 ... 11 30 13 0 48 84 109 39 21 22 E E D C EW,O -+ I I.. 15 ... 10 0 12 0 61 113 130 46 58 31 B C D ·C EW,O -+,0 I I.. 16 ... 13 20 14 50 45 52 69 47 31 16 D B E A EW +- c R I.. 17. ... 12 20 13 30 74 62 108 40 43 9 D A A A EW +- p p R It.. . 19 ... 13 20 14 20 28 32 40 25 14 7 D B E A EW +- p c R I.. 19 '" 23 0 24 0 95 28 60 53 61 30 A B B A WE I I.. 21 '" 12 30 13 15 35 21 35 18 14 4 C B E A EW +- p c R I.. 21 ... 14 0 15 35 36 32 44 21 27 10 D B A A EW +- I I.. 26 ... 8 40 9 40 20 45 28 .50 49 37 A D B A EW -+ p p I It.. 28 ... 4 20 5 30 15 20 21 53 29 25 B A C A - -+ c I H.. 29 ... 11 50 13 0 69 40 99 38 55 17 A A B A EW +- p c It It.. 30 ... 19 30 21 30 84 47 127 78 34 . 38 A A A A WE -+ I I

June I ... 7 30 10 30 78 65 63 165 78 95 A E E B EW I I.. I ... 10 30 12 30 145 202 296 120 92 49 D B E E EW,O +-,0 I I.. 2 ... 6 50 8 0 64 95 87 176 103 150 B C D A ·EW -+ p p I.. 3 ... 5 0 8 0 92' 156 134 195 79 112 A A E A EW -+ c c I I
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TABLE LXXIX-contiml,ed.

Short Period Disturbances at Cape Denison and Cape Evans.

I Pha,el Bay

at at, at at
C.D.j C.E. c,D.1 C.E.

HD
Date.
1912:

J
h. m. h. m.

B 'uno 8 ... 6 ~O 8 0 46 60 54 162 78 87 A C A EW -+ p c I H... 8 ... 12 ~O 14 30 122 342 405 124 In6 125 E E B E EW,O 0 I I.. R ... 19 0 22 0 169 80 122 155 60 ~6 A A E A WE -+ p I I.. !I ... 2 0 3 0 67 77 94 U7 150 138 A A D A WE -+ c I R.. n ... II 30 13 0 178 3II 387 90 87 40 C E B E EW,O 0 c I R.. n ... 14 30 16 0 142 206 272 76 72 5~ E E E E EW,O -+,0 I I.. 10 ... 17 0 18 30 158 44 194 145 61 22 A B E E WE I I.. 10 ... 22 0 23 0 102 83 120 78 72 48 A D B A WE +- c I n,.. 13 ... 6 0 7 ,0 17 16 19 47 19 28 B B D B EW -+ c I R.. I~ ... 14 0 15 0 42 26 32 17 13 7 A A C A WE +- c I I.. 14 ... 4 0 6 0 30 40 34 58 27 27 C A C A -+ c I I.. 14 ... 14 40 16 0 53 75 II9 48 31 12 C B B A EW +- c c R R.. 15 ... 7 0 8 0 10 9 10 26 12 10 E B B A -+ c I R.. ,17 ... 17 20 18 20 45 32 43 16 10 6 A E E A WE -+ P R I.. 18 ... 15 10 16 20 ' 35 56 93 32 23 8 E A E A 0 +...,... c I R.. 21 ... 6 0 7 0 8 16 10 31 15 13 E B E B -+ c I I.. 23 ... II 40 13 30 97 63 91 36 55 10 C A E A EW +- c c R I.. 24 ... 5 10 6 40 26 38 27 ~8 66 22 B A C A -+ c I R.. 24 ... 12 15 14 20 48 49 55 37 55 32 D E E A EW +-+ c c I I.. 26 ... 13 0 15 0 43 20 48 23 25 10 C A B B EW +- c I R.. 27 ... 7 0 II 0 - II9 84 124 153 148. - C B B +- I I.. 27-28 ... 22 0 2 0 - 88 II9 98 92 18 - D B A +- p I R.. 29 ... o 55 2 0 - 121 164 41 89 14 - A D A - -+ c I I.. 29 ... II 30 13 0 ' 55 80 151 48 61. 17 B D E A WE -+ I I.. 30 ... 10 30 II 30 56 39 72 74 42 25 B A E C WE -+ c c R I

July I ... 4 0 7 30 45 86 59 88 84 66 E A E B -+ c I R.. I ... 13 20 14 30 69 54 161 52 35 9 D A B B EW +- c c R I.. 5 ... 3 30 6 0 73 II5 91 187 101 269 B A C B WE, -+ I I.. 5 ... 21 0 22 0 165 62 124 120 58 21 A I A E A WE -+ c p R I.. 5 ... 22 30 23 30 165 82 70 68 90 28 A C C B WE c I J.. 6 ... II 0 13 0 tl67 498 288 67 127 78 E D A D EW,O, -+,0 I I.. 8 ... 13 40 14 40 78 146 232 99 82 23 D C E E EW,O +-,0 c I I.. !I ... II'30 13 0 48 39 83 20 ~4 13 C E E E EW I I.. 16 ... 21~0 22 0 13 . 16 14 26 14 17 A D A A WE +- p P R R.. 17 ... 8 30 9 30 12 16 15 39 26 20 A D B A EW -+ p J R.. 17 ... 15 20 16 40 86 75 166 80 49 25 B E E' A WE +- c c l~ R.. 20 ... 6 30 8 30 16 34 40 86 4~ 59 B B E A -+ c I I.. 21 .. , II 10 '12 10 68 30 37 22 41 II D D B D EW ...,...+ c c R I.. 23 ... 6 0 8'0 20 24 33 58 14 33 E B E A WE -+ c I T.. 25 ... 17 0 I!I 0 41 39 54 50 20 16 A C E A WE +- c I I.. 25 ... 22 20 23 20 60 63 30 63 38 22 A E B B WE -+ ac c I R.. 26 ' ... 15 0 17 40 52 50 66 56 ' 59 34 A A B A WE +- P c R I.. 27 ... 14 20 16 20 39 74 III 45 56 35 B A B E WE +-+ I I.. 28, ... 22 0 22 30 28 27 20 19 20 10 E C E A WE +- ac c R I.. 29 ... 14 20 15 30 22 19 33 14 14 8 D A E A EW +- p c I I.. 31 ... 9 0 II 30 97 36 51 48 59 22 E C E E EW -+ I I

August I ... 2 55 5 55 102 203 170 245 14~ 257 A A B B -+ c I I.. I ... 14 30 1540 23 34 34 3~ 29 II B B E A WE +- c I I.. I ... 21 0 22 0 37 59 ~5 32 23, 16 B E E E EW,EW +-+ I I.. 2 ... 410 5 50 32 37 56 43 26 19 A A E A E'V -+ c I I.. 2 ... 13 0 14 0 31 74 83 27 32 12 E B E A E'V +- c R I.. 2 ... 14 0 16 0 II2 203 176 7J 57 30 E E E : E 0 -+,0 I I.. 2 ... 22 0 23 0 20 36 32 28 34 30 B D D A 'VE +- p I R.. 3 ... II 0 13 0 43 58 92 34 35 7 E A E A EW +- c I I.. 8 ... 14 30 15 10 19 26 28 14 5 4 B E E A WE +- c R I.. 8 ... 15 10 15 40 18 12 13 8 8 4 B E E A WE +- c R I.. 10 ... 19 30 21 10 54 ~2 61 50 19 15 A E E A WE -+- I I.. 16 ... 12 0 I~ 30 37 17 39 25 16 ,6 C B E B EW +- 1 I.. 17 ... I 0 2 45 181 108 275 165 116 34 A B A E EW c I I.. 17 ... 2 45 3 45 137 126 173 59 87 16 B A E A EW +~ c c I I.. 17 ... 9 30 13 0 168 56 113 63' 119 35 E D B E EW -+ I I.. 18 ... II 0 I~ 0 59 14 42 15 29 7 E E E E EW I I.. 18-19 ... 23 20 I 20 141 97 125 151\ )09 29 A A B A WE -+ c p I l~.. 19 ... n 0 10 0 54

1

()2 64 8() IOJ li3 A D A A E\Y -+ P I R.. 20 ... 8 0 9 0 21 J9 25 ;1.3 2:1 lli B D B A -+ p T' R.. 22 ... 7 0 8 0 31 46 25 62 55 52 A D B B EW -+ c p I R

,~

...

".
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TABLE LXXIX-continued.

Short Period Disturbances at Cape Denison and Cape Evans.

I
Phase I Bay---

at at at atc.D.1 C.E. c.D.1 C.l'.
Hj)

Time.

From I '1'0

Date.
1912.

h. m. h. m.
August 22 ... 15 0 16 30 96 128 220 116 95 67 A C E E WE,O 0 I 1

" 23 ... 14 0 15 30 86 417 442 66 68 19 B ·B ·E E WE, 0 0 P I I
." 23 ... 21 0 23 0 103 79 76 70 34 36 A C ·E B •. WE -+ ac I I

" 24 ... 7 0 8 0 33 40 53 97 17 48 B D B A EW -+ ac I 1
." 24 ... 8 O. 9 0 50 46 18 61 77 40 A D B A EW -+ p p I HI

" 25 ... 8 50 10 30 78 71 29 52 7:J 24 A D E B' EW -+ p c R 1

"
·25 ... 13 0 14 0 17 27 35 38 27 23 B B C A EW +- p I 1

" 26 ... 3 50 5 30 .33 66 77 40 38 25 C A E A WE -+ I I

" 26 ... 12 30 13 30 33 21 31 13 8 :3 C B E A EW +- I I
." 27 ... 4 30 5 30 32 60 70 39 21 14 A A B B WE I I

" 27 ... 10 0 12 30 94 40 86 66 U!} 63 B C B E EW [ 1

" 28 ... 3 0 4 0 35 60 84 41 111 13 B .. E E E EW I I

" 28 ... 4 0 5 0 55 76 51 21 28 8 A A B A WE -+ p R I

" 28 '" 14 0 15 0 17 40 54 26 27 11 C E E A EW +- I I

" 28 ... 15 30 16 30 46 52 71 65 53 23 E A B A +- I I

" 29 ... 2 0 3 0 51 62 104 25 3.5 8 D B E B WE I I

" 29 ... 3 0 4 0 27 52 60 39 ·20 16 E C E C I 1

" 31 ... 14 30 16 0 29 42 59 30 15 7 A E E A WE +- 1 I

Sept. I ... 12 30 13 0 14 10 25 io 8 4 C A E A EW +- p R I
." 1 ... 13 0 13 30 16 15 33 8 9 2 C A E A EW +- p R 1
" . 1 ... 13 30 15 0 22 34 44 27 14 6 A A E A WEW +- c I 1

" 2 ... 8 20 9 0 9 21 24 27 30 14 A D E A EW -+ p p 1 R

" 2 ... 11 40 12 20 22 6 17 10 7 2 D E E E EW I 1

"
2 ... 12 20 13 20 16 17 30 12 6 6 C E E A EW +- p R I

"
2 ... 14 0 15 0 16 17 22 11 8 4 A B E A WE +- c. I I

" 4 ... 3 0 4 0 87 69 148 73 72 19 B A B B EW +- p I 1

" 4 ... 6 30 7 30 46 34 24 31 20 7 A A E B EW -+ p c I R

" 4 ... 10 0 12 40 109 46 78 51 91 36 C B B E EW I 1

" 5 ... 2 30 3 30 53 67 71 20 14 6 B B E A WE -+ p R I

" 5 ... 10 0 12 0 89 41 95 67 92 39 A E B B EW -+ ac c I I

" 7 ... 3 0 4 0 29 47 37 14 14 6 E A E A EW +- I 1

" 7 ... 9 25 11 0 28 25 21 26 34 7 A D E B EW -+ p c R It

" 8 ... 1 0 1 30 III 97 27 20 9 - B E A - -+ I

" 8 ... 7 30 8 40 26 44 27 68 46 44 A D B A EW -+ p P I R

" 8 ... 23 0 23 30 79 108 74 66 61 37 A E B A EW I I

" 9 ... 11 0 12 30 53 59 64 23 39 9 E A E A EW +- ac I I

" 10 ... 10 30 11 30 48 20 16 21 42 6 D D E D EW -+ P c R R

" 10 ... 22 30 23 30 58 50 67 69 40 36 E E I B B I I

" 12 '" 10 30 12 0 78 48 67 78 54 19 D A B A EW +- p P I I

"
13 ... 12 40 13 50 19 34 34 17 12 10 E B E A EW +- I I

" 13 ... 20 0 22 0 69 85 102 126 50 87 A B A C EWE -+ I I

" 14 ... 5 0 6 0 52 94 84 23 29 17 B B B A WE -+ c . I I

"
14 ... 9 30 10 30 24 34 21 29 48 19 B D A A EW -+ p p I I

" 14 ... 11 0 12 0 25 12 10 54 32 21 A B E E EW -+ p I g

" 16 ... 10 45 12 0 17 40 36 19 16 6 E A E A EW +- I I

" 18 ... 11 20 12 50 117 269 229 156 126 40 C E E E EW,O 0 c I g

"
19 ... 20 0 22 0 87 67 96 155 53 67 A E E A WE I I

"
20 ... 14 0 15 30 26 34 36 33 61 30 B A D A EW +- c P I I

" 22 ... 11 30 12 30 49 34 53 25 35 6 E A E A EW +- P I I

"
23 ... 9 30 10 30 42 14 31 59 14 16 A B C B EW I I

"
. 23 ... 13 0 14 0 39 28 46 56 48 15 A A B A EW +- p ac I It

"
23 ... 17 0 18 30 .114 58 88 68 41 16 A C A A WE +- c I I

"
24 ... 8 0 12 0 227 148 130 236 150 86 A E A E EW I I

" 25 ... 22 0 23 0 43 47 87 41 26 62 C B D A WE +-+ I I

"
27 ... 11 20 .12 20 47 16 33 34 22 6 D C B A EW +- p c g. I

"
27 ... 16 0 17 0 36 13 29 21 20 13 B B E A WE I I

"
28 ... 22 30 23 30 38 47 63 29 26 30 A D E B WE +- , c I I

" 30 ... 10 40 12 40 45 21 4.5 26 35 10 E E B B EW I I

October 3 ... o 45 2 30 150 108 86 74 78 24 A A D A WE -+ ac I I

" 6 ... 12 0 12 50 44 27 48 . 25 .14 4 D A E A EW +- p R I

" 6 ... 12 SO 13 .50 32 42 65 25 16 6 D A E A EW +- p P R I

" 7 ... 13 20 14 35 31 17 36 65 54 31 A A B B EW +- p p 1 I

"
7 ... 14 35 15 30 64 57 58 45 17 21 A E B A WE +- c I I

"
7·

'" 2030 22 0 31 54 66 78 31 51 E E C B WE I I

" 7 ... 22 0 23 30 72 79 93 105 47 52 A E E B WE -+ I I

" 9 ... 11 0 .12 gl 50 21 .47 45 27 12 D A B A EW +- p c g R

"
11 ... 13 0 14 46 22 41 78 31 57 A A E A EW +- p nc g R

-
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Time.

TABLE LXXIX-contimted.

Short Period Disturbances at Cape Denison and Cape Evans.

~From I To

Dnte.
1012.

h. em. I
h. m.

Oct. II ... 15 0 16 0 63 67 81 74 20 I '17 A C c- A WE, 0 +- c I I.. 11 ... 17 0 18 30 63 46 80 .18 :34 01 C· B B A WE -+ p I 1.. 12 ... 830' 9 30 90 19 70 12 16 9 E E E E E\V 'I I.. 13· ... 5,30 6 0 84 108 63 90 17 17 A E A A EW -+ p I I.. 1:3 ... 10 0 12 0 82 54 68 70 82 46 B B B B EW +- c R I.. 15 ... .12 0 13 30 82 1I:3 170 120 77 24 A A E A WEW +- c c I I.. 16 ... 9 45 1I 20 1:32 77 1I7 90 1I4 32 B E E E EW;.·O +-+ c .J I.. 16 ... 14 30 16 0 85 22 30 5:3 53 40 B E B I· C· WE +- ac .J I.. 17 ... 21 30 22 40 115 62 70 69 44 55 E C B B WE .c...+ I I.. .19 ... o 15 o 50 81 37 74 14 27 9 B E B B WE +- p' I I.. 19 ... 12 20 1:3 0 :3:3 26 48 16 14 5 D A E A EW +- p P R I
.. 19 ... 21 0 22 0 42 50 30 26 14 17 B E C A EW +- ac R I.. 20-21 ... 23 0 1 0 1:34 360 326 89 87 120 A C C A +- I I.. 21 '" 1:3 55 14 35 23 ·18 28 34 40 15 B B B A EW +- p .J I.. 21 ... 19 0 19 30 26 :32 24 55 48 31 D D B B WE -+ ac I I.. 22 ... 8 30· 9 0 28 8 30 :30 8 9 A E E E EW P I I.. 25 '" 6 50 7 20 18 '13 18 19 27 6 A B A A WE c I It.. 25 ... 22 0 22 30 24 :34 57 45 34 40 E B C B WE +- p I It.. 25 ... 22 30 23 0 :38 15 43 46 21 19 B B B E WI' P I It... 26 ... o 30 1 0 101 65 96 51 28 13 A B B A WE -+ I I.. 26-27 ... 23 15 o 30 109 60 60 54 4:3 19 A E C B WE P I I.. 28 ... 19 20 20 20 45 158 52 :34 6:3 40 E B D A EW +- I I.. :30 ... 3 20 410 57 1I7 :30 59 28 16 A A B A EW +- p ac R I.. 30 ... 13 0 14 0 47 54 81 40 29 9 C A E A EW +- p R I.. :31 ... 12 30 1:3 :30 27 34 55 17 20 6 C E E A' EW +- p R I.. :31 ... 13 :30 14 :30 26 38 50 42 :32 14 B B E A EW +- p c R I

'Tov. 2 '" :310 4 30 50 66 55 70 92 1 22 C B B E WE- -+ c p I I.. 3 ... 18 45 19 50 31 40 47 39 44 :3:3 C B C A EW +- I I.. 5 ... 16 0 17 20 ' 76 109 133 1I6 61 49 A A E A WE +- c c I I.. 7. ... o 40 2 20 59 79 178 68 79 38 B B C B EW +- I I.. 7 ... 1I 30 15 0 102 33 70 99 76 82 B B B B EW +- I I.. 7 ... 19 15 19 40 :32 30 33 56 46 :36 C B E A EW +- p R I.. 7 ... 19 40 2030' 49 40 92 100 55 511 C E C A EW +- p R I.. 7 ... 22 0 23 10 81 55 1I1 89 72 59 B C E B EW -+ p I I.. 8 ... 1I 30 12 0 17 24 30 27 5 15 E E B A EW +- p I I.. 8 '" 12 0 13 0 32 48 66 36 55 9 C B B A EW +- I I.. 10, ... 8 50 1I 15 176 64 61 223 78 52 B B E E EW I I.. 10 ... 1I 15 14 20 137 112 202 156 181 150 B A E A E'V +- p I I.. 10. ' .. 14 20 15 30 52 28 37 73 95 45 B B B A EW +-:- I I.. 1I ..' 5 30 9 15 181 77 106 140 194 . 74 A E E B EW I I.. 1I ... 1I 30 13 35 1I5 57 lI8 1I2 1I3 95 E A C A EW +- p c I I.. 16 ... 21 0 23 0 1I8 89 4.4 181 . 58 87 A E E E WE -+ . c I I.. 17-18 ..' 22 0 I 30 107 249 233 158 61 150 E E D B +- I I

-

:~

.i

§ 9.-BASIS OF COMPARISON: DESCItlPTION OF TABLE LXXIX.

(a) Difference of Components Registered at the Two Stations.

All the times in Table LXXIX are Greenwich times. The range is in all cases
the difference between the two extreme positions shown on the trace, but in a few cases
the limits of registration were exceeded, and the range in the table is then an under
estimate. The D ranges at Cape Denison were converted into their force'equivalents".
The curves at the two stations were inter-compared with a view to recognizing
resemblances or differences.. H referred to a meridian approximately 6'70 west of the
geographical meridian at Cape Denison, Nl to a direction approximately 7'60 east of the
geographical meridian at Cape Evans. Remembering the difference in longitude of the
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two stations, it was apparent that the most natural course was to compare D with EI,
and H with NI. But occasionally the D curve resembled the N1 curve rather than the
EI curve. For brevity, the letters A, B, C, D and E are used to express the degree of
resemblance or opposition between pairs of curves at the two stations. A impli,es close,
B less close resemblance, D marked, C less marked opposition. Thus in the case of D and
EI, A signifies that declination change to east (or west) was associated with rise (or fall)
in EI; whileD signifies that declinationchange to east (or west) was associated with
fall (or rise) in EI. In the case of H andNI, or of Z and Zl, A signifies simultaneous
increase or simultaneous decrease in the two elements compared. The letter E signifies
that the curves compared at the two stations differed so niuch in type that no decision
could be reached as to their resemblance or opposition. This usually means that shorter
period perturbations were overwhelmingly in evidence at one of the stations. But
it sometimes means that the letter B was suggested by one part of the disturbance
and the letter C by the other. The analysis of resemblance on opposition was extended
to Hand Z at Cape Denison, because the extraordinary resemblance visible at times
between the two traces invited special inquiry. .

(b) Estimation of Times of Critical Epochs in the Disturbances.

In the ordinary bay the change of magnetic force near the turning point is slow,
the curve resembling a semi-circle and not two sides of a triangle. Thus the turning point
or climax is difficult to fix with precision. In the Antarctic where shorter period
perturbations were prevalent, it was not infrequently one of these which determined
the exact time of the turning point (maximum or minimum of force). If we may judge
from the phenomena at the two stations, these shorter period oscillations are milch more
local in their incidence than the bay movements. Occasionally, as in the case of sudden
commencements, there were striking short period movements at both stations, which
might have been synchronous, but usually there was no recognisable correspondence
between the short period movements at Cape Denison and Cape Evans.

There were other reasons for not attempting to determine the precise degree of
accordance in time between the turnirig points at the two stations. At both, judging by
the positions of the breaks at the beginning and end of the day, there was usually, if not
indeed always, a differential parallactic error between the traces from the different
.elements. It was thus clear that the hourly lines shown on the sheets required different
corrections for the different elements, and the means did not exist of determining exactly
what these corrections should be. While time was not known with the accuracy enabling
us to say that the turning points for two different elements at the same station were ever
absolutely identical, it was clear that on many if not most occasions the turning points
were certainly not synchronous. This taken in conjunction with the fact that except
in the case of Z the elements recorded at the two stations were different, preclu~ed any
really precise comparison of times.
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(c) Directions of Vector Changes: Phase Relations.

3M

'..

, ,

The letters E and W indicate the directions of the D movements, and + and 
show the directions of the H movements at Cape Denison. For example, on April 1,
between 9h.30m. and lOh.20m., the movement was first easterly, then westerly, while H
first fell, then rose. The letter A in the column headed D and El implies that the'
corresponding change in El at Cape Evans was a: rise followed by a fall; whIle the letter
D in the column headed Hand Nl implies that while H fell and rose at Cape Denison"
Nl rose and 'fell at Cape Evans. The occurrence of the letter 0 implies that the short
period oscillations usually present were specially conspicuous, as for example in D between
lIh. 30m. and 13h. on May 14, and in both D and H between IOh. and 12h. on May 15.

Sometimes the movements in the two horizontal components at one station kept
step, the turning points being synchronous or nearly so. This is indicated by the letter p
(signifying in phase). In other cases there was a fairly regular lag in the one element
as compared with the other. ,This is indicated by the letters c or a.c., according as the
rotation of the disturbing force vector was clockwise or anti-clockwise. Suppose for
instance, we have at Cape Denison an EW bay in D, synchronous with a - + bay in H
and that the turning point comes first in D. Then the vector is going round in the
direction east, south, west, north, i.e'. clockwise., The curves were often not regular
enough to warrant a decision at one or other or at both stations.

The letters R and I in the last two columns denote that the bay was regular or
irregular in outline. But R does not signify perfect regularity. It only means that the
to and fro movements both stood out in each of the horizontal components, with no
serious uncertainty as to the turning point. ' In some cases where I is attached, the bay
movement in one of the elements would have justified an R.

Assuming disturbance to represent irregularities in the electric currents always
flowing overhead, it seems not improbable that a bay movement represents a fairly

, ,

regular change in progress in a definite volume of space while the irregular shorter
perturbations may have a quite different origin or, origins. The irregularities may
be much Ie,s favourable to the existence of a regular bay at one station than at another.

The disturbances in Table LXXIX vary much in duration, and how best to use
the data was not obvious. Eventually it was decided to divide the days into two 4-hour
intervals 7h.-lIh. and lIh.-I5h.' and a 16-hour interval, containing the rest of the
day. The reasons for this choice will appear presently.
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§10.-RELATION OF DISTUl~Bi\NCE RANGES TO REGULi\R DIURNAL VARIATION.
. , .

To get an idea of what disturbance amounted to, we have to consider the size
of the normal changes. Taking the regular diurnal inequality for the year for all days,
and dividing the range within the interval by the number of hours contained, we get the
following results :-

At Cape Denison. At Cape Evans. ,
D H Z El Nl Zl

Interval. y y y y y y ;:

7h.-11h. 0'4 3'5 5·5 5'9 g·O 4'3
11h.-15h. 4'9 3'5 3·1 6'3 1·5 1'3
15h.-7h. 3'4 l·g 3'7 4·g 4·4 2'6

. From these we see that 7h.-11h. was a time at which the regular changes in the
horizontal' components, especially D, at Cape Denison were slow as compared with those
at Cape Evans, and even the vertical force changes at Cape Denison showed less than
their usual excess. On the other hand, 11h.-15h. was a time when the regular changes
in Nl and Zl at Cape Evans were exceptionally small. These differences in the average
rates of change of the forces governing the regulaI.: diurnal variation at the two stations
are, ill(lstrated by Plate VII based on the inequalities of Table XCVII for all complete
days in the sev~n months of synchronous records, April to October, 1912.

7h.-11h. was normally a quiet time at both stations. 11h.-15h. was also a
relatively quiet time in the average day, but it included hours of brightest aurora, when
some of the most notable short storms occurred.

§ll.-INTENSITY OF DISTURBANCE AT THE Two STATIONS IN THREE SUBDIVISIONS OF
THE GREENWICH Di\Y.

A good many of the disturbances were not' wholly confined to anyone of these
three intervals. For example,on April 1, a disturbance lasted from lOll. 20m. to
11h. 25m. As 40 minutes ofthis occurred between 7h. and llb., as against 25 minutes
occurring between 11h. and 15h., it is included in the class "7h.-ll h., mainly."
Similarly, a disturbance between 10h.15m. and ]2h.30m. onApril 15 is included in the
class ",11h.-15h., mainly," and a. disturbance covering 14h.30m. to 161J. on June 9
is included in the class" 15h.-7h.,mainly." Lastly, there were ,a few disturbances
of which half appeared in each of t,\~O .intervals, as for example the disturbance from
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6h. to 8h. on July 23. These were relegated to the group termed '·,Miscellaneous."
The range for each element in the average disturbance of each class is given in Table
LXXX. Results are also given for the " wholly" and" mainly" group and combined.

TABLE LXXX.

Shorter Disturbances: Summary of Average Ranges at Cape Denison and at
Cape Evans.

Cape Denison. Cap~ Evan~.

, . Number. ' '

D I H
I

Z El. I N'
I

z'

y y y y y Y
7h.-11h. Wholly ... ... .. . 24 59 48 42 71 62 41

Mainly... ... ... ... ... 10 117 77 91 140 99 80
All ... ... ... ... .. . 34 76 57 56 91 73 52

11h.-1.5h. Wholly ... ... ... ... 61 54 62 84 44 42 21
Mainly... ... ... ... ... 15 80 84 123 54 68 28
All ... ... ... ... ... 76 1)9 66 92 46 47 22

15h.- 7h. Wholly ... ... ... .. . 83 73 72 89 72 50 39
Mainly... ... ... ... 9 64 84 97 68 48 40
All ... ... ... ... .. . 92 72 73 90 72 50 39

,

Miscellaneous ... ... ... ... ... 8 64 66 77 55 51 27
All ... ... ... ... ... ... 210 67 68 85 65 53 35
Winter (May to August) ... ... ... 107 70 77 98 67 54 37
April, September, October and November ... 103 65 57 71 63 51 33'

Considering first the mean results from the whole 210 disturbances of which there
were complete records at both stations, we see that the ranges in D andH at Cape Denison
and in El at Cape Evans are nearly equal, and are'sensibly greater than the range in Nl.
The ranges of the horizontal components are much in excess of the range in Zl at Cape
Evans, but are considerably exceeded by the range in Z at Cape Denison. The deficiency
in the ZI range is greater than might have been e~pected from a co~si~eration of the
daily ranges of Z and ZI. .

As indicated above, 7h.-11h. was :the time when the regular changes ,at Cape
Evans were largest relative to those at Cape Denison, and Table LXXX shows that the
same was true of the disturbances. In this interval the average El range exceeds the
average D range, the average Nl railge exceeds the average H range ancl the average Zl
range is only Iy less than the average Z range. Between11h. and I5h.,on the other hand,
disturbance at Cape Eyans, relatively con~idered, appears to be at a minimum;· ·.in
particular the average range in Zl is only about a quarter of the average rangeinZ.
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The last two lines in Table LXXX contrast the results from the winter months
with those from the other months, three out of the fout being equinoctial months. The
daily ranges, whether regular or extreme, are least in winter at both .stations; but the
ranges of the short period disturbances included in Table LXXIX are slightly greater
in the winter season, expecially in the case of H and V at Cape Denison.

TABLE LXXXL

Short Period Disturbances at Cape Denison and Cape Evans..
Analysis of Form of Movements.

Like. Rather Hke. Rather Opposite. Opposite. Uncertain.

No.

DIHI zi
H

DIHI Z I
H

Dlnl Z I
IT

D I H I z I
H

:" #I f I
IT

& & & & & & & & & & & & & & & & &
E' N' Z' Z E' N' Z' Z E' N' Z' Z go X' Z' Z Z

.

7h.-lIh. Wholly ... ... 24 19 0 3 II 3 2 12 8 0 0 I I 0 18 1 0 2 4 7 4
Mainly ... ... 10 5 0 3 4 4 3 1 1 0 3 0 0 O· 1 : I 0 1 3 5 5
All ... ... 34 24 0 6 15 7 5 13. 9 0 3 I I 0 19 2 0 3 7 12 9

Ilh.-15h. Wholly ... ... 61 9 25 2 43 6 14 16 5 15 2 3 I 19 4 1 2 12 16 39 10
Mainly ... ... 15 0 5 2 7 5 5 6 I . 1 1 2 0 0 4 1 1 0 5 2 6 7
All ... ... 76 9 30 4 50 II 19 22 6 16 4 3 I 23 5 2 2 17 18 45 17

15h.- 7h. Wholly ... ... 83 39 25 6 49 21 22 21 22 8 II 16 2 3 4 9 0 12 21 31 10
Mainly ... ... 9 3 3 0 5 3 2 4 1 1 0 0 ] 0 0 0 0 2 4 5 2
All ... ... 92 42 28 6 54 24 24 25 23 9 II 16 3 3 4 9 0 14 25 36 12

- - - - - - - - - - - - - - - - - -
Miscellaneous ... ... 8 2 2 0 1 3 2 3 3 0 1 0 2 1 1 0 1 2 2 5 1
All ... ... .. . ... 210 77 60 16 120 45 50 63 41 25 19 20 7 27 29 13 3 36 52 98 39

§12.=-:-AN'ALYSIS OF SYNCHRONOUS MOVEMENTS.

Table LXXXI contains an analysis of the results as to resemblance or otherwise'
of the changes in the contrasted elements D and El, Hand Nl, and Z and Zl at the two
stations also the results as regards Hand Z at Cape Denison. The 210 disturbances
of which records were complete are grouped, as in Table LXXX,. according to the hour
of their occurrence. The terms like, rather like, rather opposite, opposite and
uncertain are the equivalents of the letters A, B, C, D,and E of Table LXXIX.

Considering first the 210 disturbances combined, we see that the movements in each
of the contrasted pairs of elements are more often like than opposite.. But Z and Zl show.
a much smaller number of cases Of close resemblance than either pair of horizontal
components, and a much larger number of cases when difference of type prevented the
drawing of any conclusion.. This is all the' more noteworthy since Z and Zl were the only .
pair of elements which can claim to be strictly analogous, There werein particular many
fairly conspicuous bay movements in Z during which there was little if any trace of
disturbance in Zl. '"1
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The relative behaviour of the pairs D and El, Hand Nl is quite different·in the
different time intervals. Between 7h. and llh. we have a marked tendency to
resemblance between the D and El movements, and an equally marked tendency to
opposition-between the Hand Nl mo:vements. Whereas between llh. and 15h. there is
a: conspicuous tendency to resemblance between t-llC Hand Nl movements and an
equally marked tendency to opposition between the D and El movements. Between
15h. and 7h. the tendency to resemblance prevails in both pairs of elements, but this is
the time when Z and Zl movements show the greatest tendency to be opposite.

If we had at our disposal strictly synchronous changes of the magnetic elements .
at a number of stations it would be possible to as~ign, if not with absolute certainty, at
least with considerable probability the position and amplitude of the corresponding
disturbing electrical currents. But with data from only two stations success can hardly
be hoped for in any attempt to draw general conclusions. Attention may~ however, be
called to one or two points which can be readily grasped on cousidering the ~ccompanying

Figures 16 and 17..

~iL
Q D

"p.

:k"hFig. 18. 7 -II

,.-
'. In both figures P, Q and R represent diagrammatically the position of the south

magnetic pole, Cape Denison and Cape Evans. ' Figure 16 represents the average set of
conditions between 7h. and llh. when the D and El movements are similar, while the. H
and NI movements are opposite. D is supposed somewhat larger than H, and El
somewhat larger than Nl as suggested by Table LXXX. Figure 17 represents the
average set of conditions between llh. and 15h. when the Hand Nl movements are
similar, while the D and El movements are opposite. In accordance with Table LXXX
H is supposed slightly 17eater than D while El and Nl are approximately equal.

*64550-C
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If we supposed these forces all in one horizontal plane-a considerable departure
from reali~ies-the simplest explanation of the forces in Figure 16, would be an isolated
magnetic pole to the west of P, it might be at a considerable height; while the simplest
explanation of the forces in Figure 2 would be a vertical electrical current situated to
the east of P. A magnetic pole might be the equivalent of horizontal electrical currents
circling round an area. The direction of the resultant vectors in Figure 16 and the fact
that the resultant force according to Table LXXX is ratherJarger at R than at Q suggest
that the area within the horizontal currents is a large one including at least Q and possibly
R. Other more plausible explanations than these may suggest themselves, but they
will at least indicate the amount of information that would be required to test any
explanation adequately.

One of the most remarkable results' in Table LXXXI is the large number of cases
in which resemblances, often close resemblances,' existed between the changes shown by
the Hand Z traces at Cape Denison. Cases in which the changes in the two elements
were decidedly opposite, i.e., bay movements in which H rose while Z fell, or H fell while
Z rose were ,exceedingly rare. This was true of all hours of the day. It should ,be
remembered in this connection that the regular diurnal variations of Hand Z at Cape,
Denison presented very similar features.

§13.-PHASE RELATIONS: ROTATION OF DISTURBING VECTORS.

Conclusions as to the phase were reached on only 104 occasions at Cape Denison
and 106 occasions at Cape Evans or roughly in one case of two at each station.
At Cape Denison D and H appeared in phase, or approximately so, on 56 occasions; on
39 occasions the force vector showed a clockwise and on 9 occasions an anti-clockwise
rotation. At Cape Evans El and Nl appeared in phase on 37 occasions; on 65 occasions
the force vector showed a clockwise and Oil only 4occasions an anti-clockwise rotation.
Of the 9 occasions of anti-clockwise rotation at Cape Denison 5 occurred between 19h.
and 23h.30m.

There was no suggestion of any close relationship between the phase phenomena
at the two stations. There were 14 occasions on which the horizontal components were
in phase at both stations, and also 14 occasions on which the force vector rotation was
clockwise at both stations. There were 20 occasions of clockwise rotation and 3 of
anti-clockwise rotation at Cape Evans when the elements at Cape Denison were in phase,
and there were 6 occasions of clockwise rotation at 'cape Denison when elements at
Cape Evans were in phase. 'There were '3 occasions when rotation was clockwise at
Cape Evans while anti-clockwise at Cape Denison but no occasion of the converse.
The occasions on which a decision was reached as to the agreement or otherwise of the
phase with two pairs of elements at both stations were fewer than the occasions when no
decision .was reached at either station.

.'

,i:'
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§14.-DISTURBANCES OTHER THAN BAYS.

Table LXXX!.I contains further particulars of corresponding ranges at Cape
Denison and Cape Evans. They refer either to individual oscillations of shorter period
than those usually regarded as bay disturbances, or else to intervals when there was a
succession of short period perturbations difficult to sift out. In some cases of successive
oscillations, including October 2 and November 5, the oscillations appeared distinct
units, the correspondence of which at the two stations could hardly be doubted. But
whether the movements were exactly synchronous with synchronous turning points, it
is impossible to say owing to the time uncertainties already. The great majority of the
occasions fall into the third period 15h. to 7h. of Tables LXXX and LXXXI.

TABLE LXXXII.

Short period Disturbances at Cape Denison and Cape Evans of a mainly
oscillatory character.

Date. Time. I D HI, z I E' N'

Means 41 complete disturbances.

".

April

"May
July
August

September

"October

..
November

8-9
13
29
12

:1

4
8

II
16

6-7
10

II

:10
2
3

7

8
13
15
16
17
19'
20

22
24

28
5

8
9

10

,

h m - h m
23 58 to 0 20
23 0 23 15

Near 4 0
3 Oto 4 0
0:10130

23 30 24 0
2 20 2 40
4 0 22 10
4 30 r. 30
o 0 030

23 50 0 10
Near [) 50
Neal,l 6 45
Near 13 30
Near 14 50
S.C. Near 21 40
Near 15 .50
Near 23 0
Near 23 15
Near 23 45
Near 0 15
Near 030
Near 0 0
Near 040
Near 5 45
Near 21 10
13 25 to 13 50
23 20 23 50
040 I 0

S.C. Near 17 25 ,

" .. "230 3 0
Near 7 30
Near 8 25
'0 10 to 030

Near 13 25
Nea,' ,1:1 :15
Ncar l:{ 4i"j
Ncar [) 30
22 0 to 22 30

I 0 2 20

103
:18
59
!'i6
40
41
90
34
51

6
7

40
18
62
82

120
61
77
75

108
66
38
16
66
39
12
5

58
32
25

103
10
14
19
38
96

156

53

y
122

58
54
47

III
89
38
61
65
26
81
27
20

8
9

94
13
77
47

112
47
60

124
42
60
28
10
50
57

8
27

III
10
14
51
9
8

12
42
87

208

54

y
112
54
36
45

109
59
31
36
51
35

105
21
18
7'
9

81
18

115
90

141 '
78
83

III
22
47
:16

9
68
83

8
19

100
12
21
56
10
14
16
41
89
70

53

X5
39

9
25
50
32
32
32
43
21
36
32
39
17
27
96'
14
72
71

107
39
19
'41
39
28
43
46
47
:12
28
26
16
27
26
54
4,;
48
65 .
23 '

116
66

43

y
50
35
14
16
46
18
14
41
14
31
41
14
19
14
34
55
20
27
21
54
14
42
42
61
23
14
33
42
27
30
48
15
13
18
44
20
10
17
22
69
55

30

18
24
4
8

14
17

9
21
15
17
10
10
13
7

14
57
5

36
48
55
20
13
17
17
II
19
25
25
14
12
24

6
9
6

28
16 .
24
2:1

6
, 67

32

21
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As in Table LXXX the mean values of D and H are nearly equal. The mean
value of Z though not as in Table LXXX larger than the ,mean values of D and H, is as
large as before relative to the mean value of Z. While the disturbances are on the
average considerably larger at Cape Denison than at Cape Evans-a phenomenon due
possibly, at least in part, to the mode of selection-there are several cases, as for example
the oscillations of September 11 and November 5, when the amplitude at Cape Evans
is much the larger. There are even seven cases when the amplitude is greater in Zl than
in Z.

.There were numerous instances of a prominent oscillation of some minutes
duration at one of the stations to which there was certainly no corresponding counter
part at all prominent at the other station. More than this it is impossible to say, owing
to the almost continuous persistence of small oseillations.

CHAPTER TII.~DISTURBANCEAT CAPE DENISON RELATED TO
DISTURBANCE AT ESKDALEMUIR.

§15.-RECORDS AVAILABLE FOR COMPARISON.

After considering the relationships between simultaneous disturbances at the
. two Antarctic Stations interest is naturally stimulated· to compare corresponding
disturbances recorded at either of these stations and at some remote station. For this
purpose Eskdalemuir has been selected chiefly because the actual magnetograms
covering an extended period were readily available for first hand examination but also,
because previous investigations have shown that magnetic changes at Eskdalemuir are
thoroughly representative of moderate latitudes. Indeed, Eskdalemuir was more
highly disturbed than most stations providing autographic records at that time. It has
the further merit of being entirely free from artificially produced disturbance.

Unfortunately the.vertical force variometer at Eskdalemuir behaved unsatisfactorily
in 1912-the Observatory was officially opened only the previous year:'-and the early
part of 1913. Therefore no Z data are available until the end of March of that year.
During April and the first half of June, vertical force records with a high degree of
sensitiveness (0'82 y and 0·91 y per mm) Were obtained, but their practical usefulness
was still questionable till July 1. During December 1912 and the first half of January
1913 the Hand Z records at Cape Denison were unsatisfactory. For such reasons,
therefore, the comparison between disturbances at Cape Denison' and Eskdalemuir has
been limited to'thc 6t months from the middle of January to the end of July, 1913, and
even for these months the magnitude of the vertical force changes at Eskdalemuir is
specified only for July and on six isolated occasions in the early part of June.

.-
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§16.-CLASSIFICATION OF DISTURBANCES.

With disturbance. the rule rather than the exception in the Antarctic, the natural
procedure to adopt in the comparison, was to compare Cape Dcnison with Eskdalemuir.
All those occasions on which the Eskdalemuir curves showed prominent isolated
perturbations with some individuality were therefore listed. Hours of beginning and
ending were allotted so as to include only the main part of the movements; ranges,
and directions of force change were measured and the essential features shortly described.
With the majority of the disturbances of the bay typc, but not necessarily of the bay
simplicity of form the most frequent durations were one and two hours. In cases .of
sharp, shorter period oscillations of sudden commencement type the duration was
estimated to a minute quam proxime. The simultaneous events as registered at Cape. ). .
Denison were then examined for the time intervals specified for the Eskdalemuir
disturbance.

A comprehensive table was prepared summarIsmg the results from the two
stations. It contained details of 156 disturbances in 144 of which the force changes
were of a slow nature with average duration about Ii hours. The remaining dozen
comprised five sudden commencements, four suspected. sudden commencements and
three sharp oscillations which were definitely not sudden commencements.

On the basis of the nature of the changes in the horizontal components of the
disturbance field at Eskdalemuir each tabulated disturbance was allotted to one of five
classes according as the force changes appeared to be :-

1. Simple and regular both in Nand W.
2. Simple and regular either in N or W, the simultaneous perturbations III

one of these being irregular, indefinite or small.
3. Multiple but regular in one or both of N. or W.
4. Of a sharp oscillatory character, including sudden commencements.
5. Conformable to no obvious type, miscellaneous.

These separate classes of disturbances are given in Tables LXXXIII to XCV, which,
but for the additional descriptive notes on each disturbance, together contain all the
information of the parent table. The table heading indicates the class of disturbance
referred to; so that Tables LXXXIII to LXXXIV relate to movements which
in .the horizontal components are, as e.g., in Table LXXXIII, fairly simple and
regular and so can be described as' NS, EW (implying that the increases in vector
compon~nts were, in the first place, directed towards the no.rth and towards the east,
followed, in the second place, by increases in the reverse directions) or as in Table
LXXXIV, NS, WE in which the changes in the meridian vector component were in the
same order while those across the meridian were reversed and finally for Tables LXXXV
and LXXXVI, SN, EW and SN, WE. The other headings are similarly self-explanatory.
All :refer to the aJlpearance of the disturbance as recorded at Eskdalemuir.
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In all the tables LXXXIII to XCV the direction of change III the remall1111g
component(s) at Eskdalemuir not used in specifying the group type is given in the
column(s) immediately following the hours of duration of such disturbance; then
follows an abbreviated summary of the nature and directions of change of the three
components at Cape Denison between the times specified in the second column, and
finally, three columns each Eskdalemuir and Cape Denison giving the extreme ranges
of the elements in the interval. Changes in declination at Cape Denison are expressed
in terms of their equivalent disturbing force.

It is to be noted that in some cases no pronounced movement in one direction
has been discernible at one station or the other. The letters m - mainly and r. _
rather tabulated against the algebraic signs +. rising and - = falli~g relate to thesc
doubtfully directed movements. As in previous chapters oscillatory is abbreviated to
osc. and the significance of + for vertical force changes at Cape Denison is the same as
that for stations in northern latitudes, namely, an increased pull on the north-seeking
pole of the magnet, this being equivalent to a numerical decrease of the vertical field in
the Antarctic.

TABLE LXXXIII.

Characteristics of Simultaneous Disturbance at Eskdalemuir and Cape Denison.
(a) Type NS, EW at Eskdalemuir.

Hour. Nature of Changes at Cape Denison.
I

ComIlonent Ranges.

Date.

I

Esk.

I I I

Eskdalemuir.

I
Cape Denlson.Z

From. To. D H Z

I I I I1;N 1;W 1;Z 1;H 1;D 1;Z
-

I IJan. 18 ... 20 23i WEm -+ -+ 71 125 216 210 136.. 19 ... 19·5 21i WE -+ -+ 26 23 93 107 88.. 20 ... 20 24 WEr irreg. irreg. 39 40 214 246 143.. 25 ... 20 22 EW +- -+- .63 26 110 64 92
Feb. 15 ... 18 .21 irreg. irreg. irreg. 50 53 74 58 82.. 17 ... 19 21 irreg. irreg. irreg. 49 40 64 50 92.. 26 ... 20 22 WE -+ -+m 43 37 52 48 68
Mar. 17 ... 18 22 WE irreg. irreg. 62 71 49 .76 139.. 31 ... 22 24 irreg. irreg. irreg. 38 63 76 61 57
April 1 ... 19 22 tr. WE irreg. irreg. 31 38 4 37 63 41.. 10 ... 16 18

I
+- WE -+ -+ 67 49 8 28 47 41.. 24 ... 20 22 tr. WE -+ -+ 26 26 4 32 43 52

June 4 ... 20 22 WE -+ -+ 42 31 30 33 52

July
28 ... 21 24 tr. WEm

I
-+ -+ 44 59 53 85 . 52

14 ... 0 1 - irreg. OSC irreg. irreg. 44 28 10 34 45 23
I

.

TABLE LXXXIV.

(b) Type NS, WE at Eskdalemuir.
--

Hour. Nature of Changes at Cape Denison. Component Ranges.

Date.

r

Esk.

I I

Eskdalemuir.

I

eape Denison.
Z.

From. To. D H Z

I I I I1;N 1;W 1;Z 1;H 1;D· 1;Z

Feb. 25-26 ... 22 2 EWm +- irreg. 56 40 207 122 88
April 10 ... 0 4 +-+ irreg. irreg. irreg. 61 73 28 69 107 98.. 27 ... 13 14 OSC EW +- +- 34 22 32 30 38
JWle 30 ... 16 18 tr. irreg. irreg. irreg. 19 12 9 23 29

Jdiy
30 ... 20 22 tr. WE -+-+. -+-+ 25 20 20 45 21
25 ... 16 17 + irreg. irreg. irreg. 35 19 6 12 16 16

I
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TABLE LXXXV.

(c) Type SN, EW atE8kdalemuir.
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I
Hour. Nature of Ol,langes at Cape Denison.

I
Component Ranges.

Date.

\ From. I
l';sk.

I

Eskdalcmuir. Cape Denison.

To.
Z.

D H Z

I' . AN I AW I IJ,.Z All I AD I AZ
-

Feb. 9 ... 15 18 WEWE +- +- 30 19 69 49 99

"
I:J ... 18 20 WE +r -+r 50 54 27 74 82

" 14 ... 12 16 WEWE +-m +-m 96 92 2:J6 16:J 272
Mar. 16 ... 16 20 WEW +-+m -+- 77 61 121 168 269
April 3 ... I :J -+-+ WEWE +- irreg. 17 18 6 60 54 46

,. 12 ... 22 24 -+ WE -r -r 75 84 49 44, 84 82

"
16-16 ... 21 I -+ WEm -+ -+- 50 62 :J8 69 137 84

'"
16 ... 14 15 +- WE -+r -+ 4:J 19 4 32 42 27

lIIay 5 ... 22 24 - EW -m ~m 54 54 76 115 116 112

"
6 ... :J 5! -+ irreg. -+ -+ 4:J 24 I:J 76 ' . :J6 98

"
6 ... 20 22 +- WE -+ -+ 42 74 lO 94 112 117

"
15 ... 16 18 + irreg. irrog. irreg. 28 , 18 5 14 12 I:J

"
24 ... 19! 21 . tr. WE -+- -+- 25 24 :J 17 40 26

"
29 ... 20 22 tr. WE -r -+ 29 21 :J :J5 37 44

June 2 ... 0 2 - EWB -+ -+ I:JO 54 62 116 61 ' lOl

"
2 ... 2 4 + irreg. irreg. irreg. 57 :J5 31 61 55 57

"
:J ... 6! 9 EW -+ -+ :J4 27 82 58 57

"
15 ... 12 14 + EW tr. irreg. 29 II 9 lO :J6 26

"
21 ... 13t 15 EW +- + DSC 25 lO 122 28 69 '

"
21 ... 17! 19! WE -+ + :J:J 18 , 35 68 45

"
2:J ... lit I:J! EW irreg. +- 27 22 15 4:J 37

July I ... 19 20 WEm -+ -+ 28 27 24 46 26

"
12 ... 16 18 + Wm .irreg. irreg. 50 :JI 8 20 :J4 21

"
12 ... 18 20 +- EW irreg. irreg. 64 55 7 18 45 18

"
21 ... 4 6 +- Em irreg. irreg. 26 20 7 :JO :J4 :J9

"
25 ... 5 7 +- WEWE +-+- +-+- 18 24 5 :J:J :J:J 42

"
25 ... 'I 9 - Em -m ~rreg· :J4 37 9 27 29 16

"
29 ... 4 6 +- irreg. , irreg. rrreg. 22 20 4 :J3 31 :J9

,-

TABLE LXXXVI.

(d) Type SN, WE at E8kdalemuir.

Hour. Nature of Changes at Cape Denison. I Component Ranges.

Date..

I

Esk.

I

Eskdalcmuir. Cape Denison.
Z.

From. To. D H Z

I j'AZ I IAN AW' 'AH AD /;,Z

Mar. 7 2 I 4 DSC +- -r 26 48 49 41 78...
"

21 ... 4 6 Em irreg. irreg. :J6 40 52 76 .54

Ap~il
:JO ... 2 5 WEWE -+m -+m 52 :J4 197 '148 15:J

I ... 2 5 +- WEm -+m -+m 24 33 II 94 82 125

" 2:J ... 5 7 -+ WEW -+ -+ 19 28 II :J5 :JI 41
May 5 ... 2 4 - WE -+ -+ 59 78 60 127 71 82

"
I:J ... 3 5 -+ Em -+ -+ 18 27 7 :J9 2:J ,16

J~~e
21 ... 2 4 tr. irreg. irreg. irreg. 12 16 :J :J7 41 :J9

I ... 20 22 - WEWE -r -r 48 66 :J5 68 86 65
July 13 ... :J 5 -+ irreg. irreg. irreg. 18 :JO 9 37 50 48

- ..
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-TABLE LXXXVII.

(e) Type NS and irregular or trifling in W or waves at Eskdalemuir.
-

Hour. Na.tnre of Changes at Capl.' Denison. Component nanges.

Date. Rsk.

I

ESkdalemuir. Cape Denison.Z
From. To. D H Z

I I I I~N ~W ~Z ~H ~j) ~Z

I

Jan. 18-19 ... 23! 2 irreg. irreg. irreg. 104 40 263 236 21I
Feb. 10 ... 23 24 - WE -+ irreg. 35 II 25 28 27
lIfar. II-12 ... 22 I WEr -+ -+ 30 53 1I8 1I4 190.. 14 ... 20 24 WEW -+-+ -+-+ 77 70 64 138 '150.. 24 ... 0 2 EWEW -m irreg. 38 27 125 95 68

April
30 ... 21 23 WEm -+- -+ 54 30 69 81 93

4--5 ... 23 2 -+ WEm - - 34 28 13 1I3 68 87
". 14 ... 17 18 tr. WE tr. tr. 35 16 3 12 23 II

M~y
28 ... 22 23! - irreg. irreg. irreg. 19 14 5 18 17 21
9 ... 22 24 - WEm -+ - 28 13 16 39 45 35.. 12 ... 17 18 WE tr. +-+ 18 II 2 6 10 10.. 29 ... 14 16 + WE -+ +- 27 9 12 97 69 60

July 12 ... 12 14 + EW -+ -+ 48 18 13 84 106 1I4.. 14 ... 18 20 -+ WE irreg. irreg. 44 19 9 24 33 26.. 20 ... 12 14 + WEW +m +m 37 33 21 62 33 60.. 20 ... 14 16 + Wm +-m +- 45 19 21 31 36 31.. 23 ... I 3 -+ irreg. irreg. irreg. 18 33 8 21 31 23
lIfar. 14 ... 4 8 irreg. . irreg. irreg. 50 '44 1I3 120 136

TABLE LXXXVIII.

(j) Type SN at Eskdalemuir.

Hour. Nature of Changes at- Component Ranges.

-
Date. Eskdalemuir. Cape Denison. Eskdalcru Ulf. Cape Denison.

From. To.

I I I ~NI~wl~z ~HI~DIw z D H Z ~z

Jan. 30 7 9 OSO Em irreg. irreg. 74 47 54 139 1I6
Feb. 26 9 12 tr. EW -+r -+r 50 28 71 91 34
lIfar. 8 20 24 EWEW irreg. irreg. irreg. 43 49 II3 101 126.. 15 II 13 irreg. EWm +-+ +- 56 28 135 137 167
April 10 9 II tr. +- EWm OSO +- 31 17 5 67 14.5 - 1I7.. 12 14 16 irreg. + WEWE +-+- +-+- 54 33 21 48 97 60
lIfay 7 1 3 EWE -+ WEm -+m -+m 69 54 41 83 120 125.. 27 13 15 OSO + EW +-+ +- 34 26 9 60 83 76.. 28 9 13 irreg. -+ EW -+r irreg. 50 53 18 37 39 46
June 26 13 15 tr. EWEW -+ +- 35 14 93 71 95.. 27 171 18i tr. irreg. irreg. irreg. 18 8 13 10 II
July 15 16 18 irreg. + Wm irreg. irreg. 52 28 '19 23 51 43

..
. TABLE LXXXIX.

(g) Type EW at Eskdalemuir.
----

Hour. Nature of Changes. at- Component Ranges.

Date. Eskdalemuir. Cape Denison. Eskdalemuir. Cape Denison.

:From. To.

I I I I~w! I~D IW Z D H Z ~N ~z ~H ~z

Feb.
--. -

I
12-13 22 2 NSNSNS irreg. irreg. irreg. 49 35 167 1I2 163
ar. 21 18 20 tr. WE +m -+ 17 46 42 48 61

April 12 18 20 SNSm +- WE irreg. -+ 58 89 14 32 -81 71
uly 21 2 4 NSN -+ WEm irreg. +- 23 34 7 38 53 42

" 31 ! 2& NSNS -+ irreg. irreg. irreg. 19 24 3 31 31 26

lIf

J
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TABLE XC.

(h) Type WE at Eskdalemuir.

Hour. Natluc of Changes at- Component llanges.

Dute. Eskdalemuir.

\

Cape Denison. Eskdalemuir. I Cape Denison.

From. To.

I I I AN I AW I I AD IN Z D II Z f:,.Z All f:,.Z

ch. I 0 2 SNS WE

I
irreg. +- 28 39 47 102 7R

April 28 I 4 tr. asc WEm -+m -+m 25 40 104 82 54
ay 7 22 24 irreg. - irreg. irreg. irreg. 24 43 24 97 91 95
unc 29 3 6 SNS -+ WE

I
-+ -+ 35 55 88 27 83

F

M
J

TABLE XC~.

(i) Type NS, NS; EW, EW at Eskdalemuir.

Hour. Nature of Changes at Capo Denison. I Component Ranges.

Date. Esk.

I
EskdaJemuir. Cape Denison.

Z D II ZFrom. To.

I I I II AN AW AZ AIl AD AZ

Mar. 15 19 21
I EWm +-m +-m 52 44 44 59 95...

I
Ap;il

17 '" 0 4 WEm -+m -+m 68 56 138 150 119
16 '" 20 23 WEm -+m -+m 52 54 32 40 44

TABLE XCII.

(j) Type SN, SN; EW, EW at Eskdalemuir.

Hour.
I

Kature of Changes at Cape Denison. Component Ranges.

Date. Esk.

I

Eskdalemuir. Cape "Denison.
Z Zl~rom. To. D II

I I I II
AN f:,.W f:,.Z f:,.II All AZ

Mar. 23 '" 14 16 \YEW], +m +m (iO I 53 I 69
I

68 133
June 9 ... 22 24 Wm -m -m 20

[

29 I 45 44 41

"
13 ... 20 22 tr. irreg. irreg. irrcg. . 20 ]2 3 25

I
20 25

I I
-
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TABLE XCIII.

Horizontal components at Eskdalemuir; ,irregular including oscillatory.,

Hour. Nature of Changes at Cape Denison. I Component ltangcs.
--

Date. Esk.

I

, Eskualemuir. Cape Denison.
Z

From. '1'0. D H Z

I I I I~N ~W ~Z ~H ~IJ ~Z

Feb. 14 ... 9 12 irreg. irreg. irreg. !l0 :J3 76 87 120
Mar. 14 ... 8 12 irreg. irreg. irreg. 4!l :19 61 77 75

"
H .. , 12 16 irreg. irreg.. +-111 72 72 335 I3:J :J71

"
14 .. , 16 20 irreg. irreg. +-+- :J5 62 52 7:l Ull
21 12 14 Em + + 37 :1I 49 57 8"

A~~i1
.. , .)

4 .. , 16 18 + WE irreg. irreg. :J7 28 8 28 51l 41

"
9 ... 16 20 WEm irrcg. - 12~ Itl:J 101 153 278

"
9 .. , 20 24 -+ 'WErn +-+-+ +-+- 84 91 84 129 97 125

"
17 ... 22 24 - WEWE irreg. irreg. 43 54 29 :J7 63 60

"
27 .. , 18 22 WErn -+ -+ 42 36 39 79 65

1I1ay 4 ... 8 IO - E"r m -+ -+ 44 41 7 37 48 25.. 7 .., 18! 20! irreg. irreg. irmg. irreg. 37 35 7 44 37 41.. 13 .., 16 18 + irreg. +r +r 29 14 ,I 14 !l 8.. 18 .., 14 16 + irreg. irreg. irreg. :J4 20 13 8 IO U
June I .. , 6 8 +- iueg. -r il'reg. 44 55 5 41 4:J 27.. 2 ... 20 23 WE irreg. irreg. 45 24· 50 54 54.. 29 ... 14 16 tr. irreg. i~g. iITeg. 26 I:J IO 17 16

29 16 18 + irreg. irreg. irreg. :J7 16 14 'J~ 16.. ... -v
29 .. , 22 24 tr. Er irreg. irreg. 22 Il 24 3:J IS

July 1 ... I:J 14 WEWErn - -+- 27 12 ;18 24 52.. 10 ... 16 18 + WErn -rn 1 40 18 10 18 21.. 12 ... 20 22 - WEW -+ r +-r 46 I9 I:J 46 98 n.. 15 ... 12 14 + WErn irreg. irreg. :15 I9 Il 18 36 21
... 20 ... .16 18 + WEWE +- +- 32 49 18 4ll 42 65.. 24 ... 15 17 + ~WE +- +- 39 11 14 27 26 29.. 25 ... 14 15 + Wrn irreg. irreg. 27 16 9 20 35 26.. 25 ... 18 I 19 tr, EW +- +- 19 I3' 2 :J5 42 42

TABLE XCIV.

Sharp oscillations including sa, S.

Naturc of Changes at--- Component Ranges.

Date. Time. Eskdalemuir. Cape Denison. Eskdalemuir. Cape Denison. Description.

N I w I Z D I H I Z ~N I~W I ~Z ~H I ~D I AZ

b. rn.
Jan. 29 23 25 N W EW -+ -+ 10 7 44 45 54 SC.
Feb. I4 5 21 N W EW +- +- 4 9 49 12 41 SC. 1

"
26 3 17 N W EW -+ -+ 17 21 75 II4 27 SC.

Mar. 8 23 32 N EW -+ -+ 19 0 71 50 90 SO. ?

"
II 14 III NS WE EW +- +--'- 24 18 4 :J II Oscillation not SC.

"
II 16 0 NS WE EW +- +- 26 18 :J 5 5 Oscillation not SC.

"
Il 17 33 N W WE -+ -+ 18 8 6 7 10 Sharp oscillation not SC.

Apin
14 4 28 N W EWI -+ -+ 23 26 52 45 37 SC.
8 19 52 N W - EW -+ -+ 41 15 3 28 19 22 SC,

May 2:J 23·8 NS WE -- + EW -+ -+ 10 9 1 13 5 7 SC.l
June 23 22 28 N W EW -+ -+ 26 9 47 15 29 SC.
July 20 6 :JO 1 WE WE +- - +1 2 8 0 26 41 10 SC. 1
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TABLE XCV.

Miscellaneous Disturbances at Eskdalemuir;

Nature of changes at- Component Ranges at-
Hour.

Date. Eskualemuir. Cape Denison. Eskdalcmuir. Cape Denison.

From./ To. I N I w
I

z D I H I Z L;N I L;W I L;Z L;H I L;D I L;Z

- .

Jan. 19-20 21t Ol SNS irreg. irreg. irrcg. irreg. 50 33 121 114 105
Feb. \.5 0 4 NSNS WEW asc asc asc 57 68 243 193 29!J
Mar. 15-16 23 2 SNS WEW irrcg. irreg. irrcg. 35 54 130 198 120

"
In 20 24 irreg. EWEWm irreg. irreg. irreg. 39 92 101 103 150

,. 2:J 0 2 NSN EWEm Em -+- irreg. :17 49 96 104 54
April !J 12 16 NSNSNS W + irreg. irreg. irrcg. 94 84 59 317 170 :143
May 4 Hi HJ NSNS \V.E\VE + WEWm +- + 96 60· 35 55 111 123

"
25 2 4 NS Em -+. WE -+ -+- 14 31 8 39 41 74

June . J9 18 20 SNSNSN 1 Wm irrcg. - 42 22 15 19 24
uly 12 14 16 Nm irreg. + Wm +m -m 87 29 9 84 54 101

"
13 16 18 SNSN irreg. + Wr irreg. -+ 45 22 10 22 .59 60

" 20 lOt 12 S tr. - ]~\V - +r 44 12 8 41 76 :16

"
25 10 11 NSN irrog. irreg. irrcg. +m +- 45 18 4 23 40 44

J

§17.-RELATIVE DIRECTIONS OF THE CORRESPONDING MOVEMENTS IN SIMPLER BAY
DISTURBANCES.

Tables LXXXIII to LXXXVI together givc the chief available characteristics
of 59 disturbances in which the changes in both horizontal components at Eskdalemuir
were fairly regular and for the most part consisted of an increase or decrease followed
by a decrease or increase in the normal field· strength. They were therefore most pilrely
of the simple bay type. Table LXXXV relating to the most frequently occurring class
of bay at Eskdalemuir in which the superposed field during the first phase was directed
to decreasing both the north and west components of the normal field, shows that in
only a quarter of the cases selected were the changes in H at Cape Denison directed
similarly to those at Eskdalemuir in both phases of the movement and another six showed
the initial fall only. On four occasions the direction of change of the meridian field at
Cape Denison was opposed to that at Eskdalemuir. Again, corresponding with the .
28 EW movements at Eskdalemuir only six were similarly directed at Cape Denison
in both phases; nine of the 28 at Cape Denison were mainly opposite to those at
Eskdalemuir in both phases, and another six had either the first movement
toW or consisted of a series of movements directed WE, WE. Want of information
about the vertical component at Eskdalemuir does not allow comparison of the
field changes in that direction.

These features of the class of distm;bance SN, EW at Eskdalemuir as given in
Table LXXXV as summarised in the third line of Table XCVI. This latter table
presents the results of a similar analysis of the changes at Cape Denison corresponding
with the simpler changes in the horizontal components at Eskdalemuir as compiled in
Tables LXXXIII to XC. Movements at Cape Denison characterised as trifling (tr.) or
very small, or again, as irregular and oscillatory with no specified direction in these
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constituent tables are naturally exc~uded from the analysis. An entry in the column
headed NS means that corresponding with the Es~dalemuir changes in the first column,
the change of force component along the meridian at Cape Denison has mainly been as
an increase to the north and a subsequent decrease. If the corresponding change at
Cape Denison was multiple such as NSN but with the first movement directed
northwards followed by a relaxation towards the original position, or again, if the changes
have been just perceptible though with a net northward trend, or even simply a
movement northward without apparent return within the specified interval, the column
headed NS (partly) or N has been credited. A similar procedure has been adopted for
the other directions.

TABLE XCVI.

Direction changes of disturbing force at Cape Denison corresponding with
changes in selected disturbances at Eskdalemuir.

Nature of changes' at Cape Denison.

Chan~es at No. Along meridian. Across meridian.Eskda ernulr.

NS I NS partly I SN
I

SN· partly EW I EW partly I WE IWE partly
. NN NS or E NW

.

NS,EW ... ... 15 I 6 I I 10
NS,WE ... ... 6 2 I 2 I
SN,EW ... ... 28 4 3 7 6 6 3 9 6
SN,WE ... ... 10 I 5 I 2 2 3
NS ... ... 18 I I 5 4 I I 8 4
SN ... ... 12 3 2 2 5 2 I 2
EW ... ... 5 1 3
WE ... ... 4 2 3

I

Summarising the somewhat indefinite results from this secondary analysis it
turns out that:-

L In 39 (= 15 + 6 + 18) oc~urrences of an NS movement at Eskdalemuir,
the number of cases of movement wholly or partly NS or simply N at
Cape Denison was 5 and in the opposite direction 17.

2. In 50 (= 28 + 10 + 12) occurrences of SN at Eskdalemuir there were 23
of SN or simply S at Cape Denison and 11 simultaneously directed NS.

3. In 48 cases of EW at Eskdalemuir, 10 were EW wholly or· partly or simply
E at Cape Denison and 28 in the opposite direction; and

4. In 20 cases of WE at Eskdalemuir, 4 were EW wholly or partly or simply'
E at Cape Denison and 9 were in the opposite direction.

From such results the only justifiable conclusions are :-
1. Whether the disturbing vector directed northward at Eskdalemuir tends to

a decrease or an increase of the normal quiet field, the tendency at Cape
Denison is for the south force to increase; and

2. With somewhat greater validity, disturbance in which the component
directed eastward is most strongly developed in the first phase at
Eskdalemuir tends to be associated with an oppositely directed disturbing
field at Cape Denison,
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§18.-INTENSITY OF THE DISTURBANCE VECTOR COMPONENTS IN THE MORE REGULAR
MOVEMENTS.

(.

Mean ranges 6N, 6 W fo:r: the horizontal components at Eskdalemuir and 6H,

6D and 6Z for the three components at Cape Denison for each of the groups of
disturbance are collected in Table XCVII. The table also gives a weighted mean for
131 disturbances assigned to one or other of the specific classes of relatively longer
period and a further general mean got by taking in the results the group' miscellaneous.'
The final lines of the table show the ranges from the two groups, first, of twelve sharp

- oscillations including the possible sudden commencements and, second, these last alone.

TABLE XCVII.

.Mean ranges of Components of disturbing force at Eskdalemuir and Cape Denison
during simultaneous disturbances.

Eskdalemulr. Cape Denison. ANI + AWa•

Type of Change at Eskdalemnir. No.

I
IL:>N' + L:>W'.

I I
I L:>H' + L:>D'L:>N L:>W L:>H L:>D L:>Z Alii· + AD·, as per·

. centage.

S,EW ... ... ... ... .. . 15 46 47 4325 . 77 82 77 12653 34
S, WE ... ... ... ... .. . 6 38 31 2405 58 57 48 6613 36
N,EW ... ... ... ... ... 28 44 36 3232 58 62 70 7208 45
N,WE 10 31 40 2561 73 65 73 9554 27
S and irregui~~or v~~y sm~ii in E \V or 'VE 18 41 27 2410 71 71 75 10082 24
N and irregular or very small in EW or WE 12 47 32 3233 66 90 85 12456 26
Wand irregular or very small in NS or SN 5 33 46 3205 62 65 73 8069 40
E and irregular or very small in NS or SN 4 28 44 2720 84 75 77 12681 21
SNS, EWEW ... ... ... ... 3 57 51 5850 71 83 66 11930 49
NSN, EWEW ... ... ... 3 35 31 2186 46 44 66 4052 54
rregular and oscillatory ... ... ... 27 44 37 3305 52 . 55 72 5729 58
lean of classified (slower) movements ... 131 42 37 3133 64 67 73 8585 36
iscellaneous ......... ... 13 52 44 4640 99 99 119 19602 24

fean of all slower movements ... 144 43 38 3293 67 70 77 9389 35
harp oscillations including S.C.'s ... ... 12 18 12 468 35 30 28 2125 22
oBsible S.C.'s alone ..• . .. ... 9 17 II 410 45 38 35 3469 12

N
N
S
S
N
S
E
W
N
S
I
~

M
~

S
p

Although the omission of vertical data for Eskdalemuir detracts from the useful
ness' of the table, the relative variations of intensity as between the' horizontal
components at the two stations separately in each of the classes of disturbances and the
l'elative intensities as between the two stations are not without interest.

Over the 144 movements which comprise Tables LXXXIII to XCIII; the average

:N range at Eskdalemuir is 64% of the H range at Cape Denison and 6 W is 54% of 6D
expressed in force units. But in individual classes the relative intensities of the
corresponding components of the disturbing vectors at the two stations may be as high
as 85% as in the case of Nand H in the class of 27 irregular and oscillatory movements
or as low as 33% for the ratio of the same components in the class described as WE at
Eskdalemuir.
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Variations in the, relative intensity of the vector components at each station
separately are naturally dependent on the class of disturbance. For example, while
the expectation for all short slow period disturbances at Eskdalemuir is to have L,N
13% greater than L, W, the excess of L,N over L, W is increased to 47% if the choice of
the disturbance is that of Table LXXXVIII. On the other hand, L, W at Eskdalemuir
may be 33% greater than L,N as in the class' WE with irregularities in No' In addition'
to these extreme cases which arise purely from the manner of selection, the intensity
of the east-west component of disturbing, force relative to .that along the meridian
departs seriously from the average only in the class of bay SN, WE. In this
class L,W exceeds L,N by 29%. At Cape Denison the disturbing vector directed along
the meridian is normally smaller than that transverse to it but in the class of bay
disturbance SN, WE in which the customary relationship at Eskdalemuir is most
affected, the relative intensities at Cape Denison are similarly affected.

Considering now the group of 12 sharp oscillations, L,N exceeds L,W by 50% at
Eskdalemuir and L,H exceeds L,D (always expressed in force units) at Cape Denison
by 17%. At the same time L,N is only 51% of L,H and L, W 40% of L,D. If the
possible sudden commencements alone are, considered these last, percentages are
reduc13d to 38% and 31 % respectively.

A better basis of comparison for the activity of' the disturbing forces in the
horizontal plane at the two stations is afforded by the data of those last three columns
of Table XCVII, which give the sums of the squared ranges L,N2 + L,W2 and L,H2 + L,D2

and the ratios of these sums for each class of disturbance. If the squared ranges are,
taken as representative measures, the activity at Eskdalemuir for all slower movements
is on the average only a little over one third of that at Cape Denison, but may be as high
as 58% in irregular and oscillatory movements or as low as 21 % when the basis of
comparison has been a bay movement at Eskdalemuir with the principal disturbing
component in the first phase directed westward. A feature of interest is the value of
the ratio for the square of the resultant vector i~l the horizontal plane at Eskdalemuir
to that at Cape Denison. The value, 45%, is higher than for any other of the first eight
disturbance types of the table in which the force changes at Eskdalemuir approach
regularity in at least one component. At the bottom of the list, the intensities of the
forces in the disturbances described as possible sudden commencements at Eskdalemuir
are seen to be very diminutive images of their Antarctic counterparts.

§19.-VARIATIONS IN RELATIVE DISTURBANCE INTENSITY AT CAPE DENISON AND
ESKDALEMUIR WITH TIME OF DAY.

A further analysis of the parent table from which Tables LXXXIII to XCIV
were derived was directed to an examination of the question whether disturbances
occurring within particular intervals of the day at EskdaJemuir were more closely
associated with corresponding disturbances in the Antarctic than at other times; and,.
further, what influence the time of occurrence had on the intensity of the components
of the disturbing force along the three mutually perpendicular directions. The procedure

..



MAGNETIC DIST(lHBANCE AT CAPE DENISON. 379

"

,",

was to divide the day into six intervals Oh. to 4h., 4h. to 8h.,. 20h. to 24h. and
form groups of those disturbances in the primary (unpublished) table which occurred
wholly within one or other of the subdivisions of the day. Since the fewest disturbances
had been noted as occurring in the Greenwich morning and forenoon intervals they were
eventually combined into one group covering the period of 8 hours from 4h. to 12h.
Even this combined class contained only 17 disturbances. Altogether 116 of the
primary list of disturbances were classified, the remainder occurring partly in one,
partly in the next interval were omitted. The mean ranges for the two horizontal
components at Eskdalemuir and the three components L',.H, L',.D and L',.Z at Cape Denison
for each of the five day-divisions are given in Table XCIX. The second column of the.
table contains the number of disturbances contributing to each set of means.

TABLE XCVIII.

Variation of average components of disturbing force with time of occurrence.

Eskdalemuir. I Cape" Denison. .6.,N2+l:::..W·
Disturbances

Wholly Between- No.

I 1M' + Aw'·1 I I I
AN /::..W AH AD AZ .6.H2 + AD2 AlP + b,D2.

Oh. and 4h.... 19 42 42 3528 80 78 78 12484 28
4h. and 12h.... 17, 42 31 2725 52 68 60 7328 37

12h. and 16h.... 22 46 30 3016 84 64 95 11152 27
16h. and 20h.... 28 '44 37 3305 31 50 58 3461 95
20h. and 24h.... 30 43 45 3874 69 77 74 10690 36
12h. and 16h.t, 18 40 22 2084 47 50 57 4709 44

-
t Omitting four days of largest AH.

Features in the Eskdalemuir results which attract attention are the comparative
constancy of the L',.N means throughout the day and, by contrast, the variability of L',. W.
For disturbances in the last four hours of the day L',.W is 50% than L',.W in di8turbances
occurring within four hours after noon. There is, therefore, a diurnal variation in the
ratio of L',.N to L',.W, L',.N exceeding L',.W from 4h. to 20h. especially in the interval
4h. to 16h. but being approximately equalled from 20h. to 4h. Similar features at
Cape Denison are not apparent from this analysis. The reversal of the customary
excess' of L',.D over L',.H during the first afternoon interval looks novel. In reality,
however, it is explained by the circumstance that of the 22 disturbances contributing
to the mean in the group occurring between 12h. and 16h., three had the outstandingly
high ranges in H, 236y, 335y and :31 7y and one of 122y. If the disturbances with these
components are eliminated from the group the means from the remaining 18 are as
follows, the unit as usual being y :-

L',.N L',.W L',.H L',.D L',.Z
40 22 47 50 57

Hence the usual feature of L',.D exceeding L',.H at Cape Denison is restored. As was also
deducible from Table XCVII, the vertical component of the disturbing vector at Cape
Denison is seen to be greater than either of the horizontal components. Table XCVIII
now provides the further information that as compared with the horizontal components
the prominence of Z in disturbances at Cape Denison is least from Oh. to 4h. and greatest,
from 12h. -to 16h.
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By examining the separate con~tituents .of the tables for the five sub-divisions of
the day and noting the frequency of occurrence with which L,N exceeded L,W or the
reverse for the Eskdalemui~ components and the number of. occurrences of highest
value of L,H, L,D and L,Z in each disturbance for Cape Denison Table XCIX was
compiled. A half occurrence was attributed to each of two equal ranges. This analysis·
confirms in somewhat greater detail the conclusions already drawn from the consideration
of the mean ranges of the separate groups.

TABLE XCIX.

Relative frequency of precedence of component ranges in groups of hours.

Interval. No. of Days whell- ' No. of Days when-
No. of

From, I To.
Occur·
rences. AN I AIV AHI ADI AZGreater. Greater. Greatest. Greatest. Greatest.

h. h.
0 4 19 6 13 . 6i 8i 4
4 12 17 12 5 1 9 7

12 16 22 21i i 3 8 11
16 20 28 22 6 2 13i 12i
20 24 30 15 15 Gi lIi 12

Using squared ranges as basis, the final column of Table XCVIII· shows the
variation of activity of the disturbance vectors in the horizontal plane for the five
intervals of the day. The period 16h. to 20h. stands out conspicuously as that part of
the day when disturba:nce at Eskdalemuir approaches in intensity simultaneous
disturbance at Cape Denison. If, as in the examination above for the group 12h. to 16h.,
the four days of largest L,H at Cape Denison are excluded the values of L,N2 + L,W2
and L,H2 + L,D2 become 2084y2 and 4709y2 respectively with the ratio of Eskdalemuir
to Cape ,Denison 44%. Accepting the vallie instead of 27% derived from all the 22
days, th~ conclusion is that, relative to dape Denison, disturbance intensity at Eskdale
Inuir increases from 4h. to 20h. and then falls off to a minimum in the first four hours
of the day..

At Cape Denison disturba~ce is a maximum about, uth.L.M.T. (2h. G.M.T.),
falls off to a principal minimum at 18h. L.M.T. (8th. G.M.T.), has a rather feeble
secondary maximum at 23h. L.M.T. (13th. G.M.T.) and, after decreasing slightly at
2th. L.M.T. (17h. G.M.T.), rises steadily again to the pre-midday maximum.
Disturbance at Eskdalemuir, on the other hand, has a principal maximum at 21h. and
a minimum at 10h. with no certain secondary developments. Hence the times of
maximum and minimum values of the ratio disturbance intensity at Eskdalemuir.
Disturbance intensity at Cape Denison using the 18 constituents from the interval 12h.
to 16h. are at least partly accounted for by the combination of the two diurnal
distributions with the added accidental factor of an unusually low development in
disturbance at Cape Denison between 16h. and 20h. during the months examined.

).
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§20.-GENERAL CONSIDERATIONS: CO-OPERATING STATIONS AND MAGNETIC CHARACTER

OF SCHEDULED HOURS.

Much interest attaches to a detailed comparison of simultaneous records of
disturbance from a number of stations distributed over a wide range of latitude and
longitude, especially, if, in the registration, arrangements have been made to ensure
an open time scale for the purpose of accurate timing of corresponding movements.
Unless special provision can also be made for a temporary increase of sensitivity in the
magnetographs at the same time as the increase is made in the rotation period of
the recording drum, identification of, critical stages even in moderate disturbance is
troublesome and estimates of such features as times 6f occurrence and lengths of
ordinate at maximum and minimum values of the field are made uncertain through the
flattening of the trace. Nevertheless, results from the' term hours,' as such pre-arranged

. intervals are called, during which quick-run records are made, of the British Antarctic
Expedition 1902-04 had been of sufficient value to prompt further trials in the British
and Australian Expedition covering the years 1910-14.

It was unfortunate that the results of either of these expeditions could not have
been examined before the list of term hours for the other were fixed. For though the
choice in season was necessarily restricted by the arrangements of the expedition, a
greater concentration of hours in those months which have now been seen to be more
prolific in short period disturbances in the Antarctic could probably have been arranged:
Further, with the knowledge that the diurnal incidence of this type of disturbance
varies in a pronounced manner with the locality of the station relative to the magnetic
pole, a slightly different distribution of the term hours throughout the day might have
increased the expectancy of recording representative short period disturbances at both
bases.

TABLE C.

Stations co-operating in the 1912-13 scheme of term hours.

. Station. Station.

. .
..·1

. .
Stonyhurst ... ... .. , ... 5351N 228W Melhourne ... ... ... 37 32S 145 28E
Eskdalemuir ... ... .. , ... 5519N 312W Cape Denison ... ... .. . 67 OS 14040E
Pilar ... ... ... .. , ... 31 41S 63 51W Buitenzorg ... ... ... .. . 635S 10647E
Vieque ... ... ... ... 18 9N 6526W Toungoo '" ... ... 18 56N 9627E
Cheltenham ... ... ... ... 3844N 76 51W Barrackpore ... ... ... .. . 2246N 8822E
Agincourt ... ... .. , .. . 4347N 7916W Dehra Dun ... ... ... .. . 30 19N 78 3E
Tucson ... ... '" .. , ... 32 15N 1I050W Kodaikanal ... ... .. . ... 10 14N 7728E
Sitka ... ... ... .., ... 57 3N 13520W Helwan ... ... ... .. . 2952N 31 21E
Honolulu ... ... .. , ... 21 19N 158 4W De Bilt ... ... ... ... 52 6N 5 liE
Cape Evans ... ... ... ... 7738S 166 24E Val Joyeux ... ... ... ... 4849N 2 IE

-- -
·64550-D
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In addition to Cape Evans, the base station of the .British Antarctic Expedition,
which had already completed its own scheme of hours, 18 stations contributed to the
schedule arranged in conjunction with the Australian base station at Cape Denison.
Table C gives the list of stations fro~ which data either in the form of quick-run records
(copies or originals) copies of ordinary slow-run records or special eye observations were
obtained. The next table (Table CI) gives details of the dates and Greenwich times
of the selectecl hours together with the international character figure for each of the days
and the character figure for the separate hours for' which magnetograms from the
Antarctic stations were available. In the expectation of a maxilimm frequency of short
period disturbance in the early evening hours at Cape Denison one of the sets of term
hours was fixed at 8h. to 10h. G.M.T., and in the further expectation of at least an
average quota of disturbance in the early morning-as well as with a view to comparing
the activities at the two periods of the day,-a second set was fixed at 17h. to 19h. G.M.T.
Except for the addition of a pair of hours on January 2, 1913, these two sets were
arranged, the early evening hours on one day incach month from March, 1912, to January,
1913 and the morning hours on the second day following.

TABLE Cr.

Character figures for the selected term hours.

HourI)' Character. Haurly Character.
Inter- Inter-

national
8 to 9il. I fI to lOth.

uatlonal

IDate. Daily Dnte. Duily 17 to 18h. tSto19h.
Character. Character.

C.D. I C.B. I C.D.
I

C.B. e.D. I C.E.
I

C.D. I C.K

1912.

· .. 1

1912.
March 19 ... 0·0 ... ... ... ... March·21 ... ... 0·9 .. . I .. . 2
AprillG ... 1·0 2 2 2 2 April 18 ... ... 0·6 I 1 2 2
May 14 ... ... 1·0 2 2 1 I May 16 ... ... 0·1 I I 1 1
June 11 ... ... 0·6 I I 2 1 June 13 ... ... 0·1 0 0 0 0
July lG '" ... 0·5 2 2 1 I .July 18 ... ... 0·2 0 0 I 0
August 13 ... ... 0·0· 0 0 0 0 August 15 '" ... 0·4 0 0 0 0
September 10 ... (j·2 0 0 0 0 September 12 ... 0·6 0 1 1 1
October 8 .... ... 0·3 1 I 2 1 October to ... ... 004 1 I 0 1
November 5 ... M 1 0 0 1 November 7 ... 0·1 0 1 0 2
December 3 .. , .... 0·7 I ... 1 ... December 5 ... ... 0·0 1 ... 1 ...

1913. 1913.
Japuary 28 ... ... 0·6 1 ... I ... January 2 .. . ... 1·0 2 ... 2 ...

January 30 ... ... . 1·3 1 ... 2 ...

-
The mean international character figure for all the 23 days in the list is 0'45, with

the mean for the second set of 12 days containing the 17h. to 19h. periods slightly the
higher of the two separate group means. There was no day for which magnetic records
at.both Antarctic stations are available with an international character figure exceeding
1'0, and the prevalence of O's and l's in the hourly characters sufficiently indicates that;
only slight or very moderate perturbations had characterised the majority of the hour..;
in the Antarctic. In these circumstances the hope of being able to assign times and
ranges to corresponding movemen.ts at stations distributed widely over the earth is much
reduced, for locally developed perturbations, especially in higher latitudes, masks what
might be truly general movements.
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Much consideration has already been given to data furnished by the scheme of
term hours arranged in connection with the station at Cape Evans, especially in regard
to the estimation of magnetic activity within the hours. There was little likelihood that
any considerable adjustments would be necessary to the deductions from that
investigation from further information derived from the new material. Rather, since the
average intensity of disturbance had rapidly decreased from 1911-the year to which
the previous list of hours had been confined-to 1912, the uncertainties attaching to
estimation of ordinates and times of singularity in quick-run traces would be exaggerated.
For the more level the curve the greater are the probable errors arising from imperfect
information about temperature coefficients and also the more troublesome it is to
determine at which points the turning values are to be estimated.

§2l.-TERM HOUR RANGES AT 20 STATIONS.

Accepting the expressions adapted by Bidlingmaier from the fundamental
integral of Maxwell for the energy in a magnetic field for the " activity" of the changing
field of the earth's magnetism in quiet or disturbed times, it has been shown that the
activity within a limited period can, with a fair degree of precision be expressed as a
simple function of the range within the period. If the interval be 60 minutes and the

approximate value J:TJ;,/n be taken for the true internal activity ~J~=:d~ then
. t=T-l

J:TJ;,/n=CR2 is valid for a wide diversity of recording" stations and for the range R
encountered in the average hour.. The value of the constant C has upper and lower
limits 0·25 and 0 respectively but over a large variety of hours the average value
approximates to 0'1. If the range is deduced from the values of the ordinates at the
instants of maximum and minimum in the curve during the diving, i.e., the extreme
range", the constant is smaller than when derived from the relation by the use of the
equidistant ordinates which have been used in forming the activity expression. The
disparity between the values of the constant obtained in these two ways naturally
increases with the intensity of the disturbance within the hour. For the individual
hours in Table CT, however, a very fair estimate of the comparative activities would
be obtained by squaring the extreme ranges measured within the hour at each of the
recording stations. This is the object in providing Table CII.

For each of the 46 hours in the schedule the extreme ranges in the three
components at the 20 stations are given when the information furnished was sufficient
to allow an estimate to be assigned with confidence. In ~ll ~tations except Eskdalemuir,
Cape Evans and Buitenzorg the range in the column headed D is given both in minutes
of arc and its equivalent in force units. At the three stations cited declination as such
was not registered and the entry is really the range in the ~ecorded force component
oriented most nearly perpendicular to the meridian. It refers to W at Eskdalemuir,
E' at Cape Evans and Y (geographical east) at Buitenzorg.
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. ( TABLECII.

Ranges during term hours.at20 Co-operating Stations.

- .

March 19, 1912. April 16, 1912.

f;tathm. 8h. to Oh. 9h. to lOh. Sh. to 9h.

I
9h. to lOl!.

D
I H I z n I H I z n

I
H

I z D
I

H
I

z
I------_.

y y y , y y y
,

y y y I ,
y y I Y

Stonyhurst ... ... 2·0 10 11 ... 4·5 23 6 ... 1.6 8 29 .. . 1·5 7 18 .. .
Eskdalemuir ... ... .. . 9. 15 ... ... 2 9 ... ... 14 66 .. . ... 16 25 .. .
Pilar ... ... 0·6 5 2 I 0·3 2 3 ... 0·9 . 7 21 3 0·3 2 II 3
Vieque ... ... ... ... ... ... ... ... ... ... .. . 1·6 14 8 8 0·6 5 5 :1
Cheltenham ... ... ... ... ... ... ... ... ... '" 6-4 37' 11 13 2·1 12 7 11
Agincourt ... ... 0·4 2 I ... 0·3 I 3 ... 17·3 81 26 '" 4·0 19 14 ...
Tucson ... ... ... ... ... ... .. . ... ... .. . 3·8 30 18 3 0·4 3 8 I
Sitka ... ... ... ... ... ... ... ... ... '" 10·6 48 49 103 9·2 41 45 70
Honolulu ... ... ... ... ... ... .. . ... ... ... 0·8 7 20 6 0·2 2 8 2
Cape Evans ... ... '" 8 8 ... ... 8 5 ... .. . 169 172 287 .. . 69 00 132
Melbourne ... ... ... ... ... ... ... ... ... ... ... ... ... .. . ... ... ... .. .
Cape Denison ... ... 22 20 ... ... 9 8 ... .. . >187 >109 115 160 67 01 99 59
Buitenzorg ... ... ... 2 5 4 ... 2 5 I ... II 27 12 ... 2 9 0
Toungoo ... ... l-l 13 12 7 0·8 9 9 2 1·0 12 23 4 0·7 8 0 3
Barrackpore ... ... j.] 12 9 ... 1·5 17 9 ... 0·9 10 19 9 0·8 9 9 r.
Dehra Dun ... ... 0·7 7 4 2 1·0 16 4 8 1·3 13 26 11 0·7 7 9 4
Kodaikanal ... ... 1·0 II 30 12 0·6 7 I 28 10 0·7 8 31 12 0·3 3 5 9
Helwan ... ... ... ... ... ... ...

i'~ I

.. . ... l-4

I

12 21 12 0·5 4 10 3
De Bilt... ... ... 0·3 2 15 ... 2·2 4 ... 3·0 16 41 ... 4·8 25 19 .. .
Val Joyeux ... ... 0·5 3 18 ... 1·5 4 ... 2·6 15 36 ... 2·5 15 14 .. .

"-

A
T

May 14, 1912. June 11, 1912.

Statioll. Sh. to 911. gil. to lOIi. 8h. to Oh. I gil. to lOh.

D I H I z D I H I z D
I

H
I

z I D
I

H I z
I ,

Y Y Y Y Y Y
,

Y Y Y Y Y Y
Stonyhurst ... ... 1·5 7 II ... 1·1 6 8 ... 1·6 8 5 ... 3·0 15 5 .. :~

Eskdalemuir ... ... ... 12 II ... .. . 14 10 ... ... 8 10 .. . ... 10 4 ...
Pilar ... ... 0·3 2 15 I 1·0 7 3 0 ... ... ... .. . ... ... ... .. .
Vieque ... ... ... ... ... ... ... .. . ... ... ... 0·5 4 I 0 0·6 5 2 I
Cheltenham ... ... 2·2 13 10 7 0·5 3 4 9 1'0 6 2 I 1·0 6 3 I

gincourt ... ... 5·2 25 13 ... 1·9 9 5 ... 2·6 12 5 ... 2·4 11 4 .. .
ucean ... ... ... .... ... .. . ... ... ... ... ... .. . ... ... ... ... .. .

Sitka ... ... 8·1 37 15 18 2·7 12 12 2 3·7 17 8 0 2·3 II 7 2
Honolulu ... ... 0·5 4 3 2 0·2 2 6 2 0·3 3 2 3 0·3 3 I I
Cape Eyans ... ... ... lIO 40 87 '" 48 32 31 ... 36 25 31 ... 28 23 14
l\Ielbourrie ... ... 2·] 14 7 ... 1·1 8 14 ... 0·6 4 3 ... 1·0 7 3 ...
Cape Denison ... ... 72 65 58 34 25 23 42 15 2'2 20 16 86 15 14 22 94
Buitenzorg ... ... ... 4 11 2 ... 9 7 2 ... 5 9 II ... 13 4 9
Toungoo ... ... 0·5 6 6 I 0·3 3 3 0 0·4 5 9 2 0·3 3 16 2
Barrackpore ." ... ... ... 4 ... ... ... 5 .. . 0·8 9 14 4 0·5 5 14 3
Debra Dun ... ... 0·9 9 12 5 0·8 8 3 3 0·9 9 5 5 1·0 10 9 7
Kodaik.nal ... ... 0·2 2 8 16 0·6 7 2 I 0·2 2 14 I 1·0 II '24 5
Helwnn ... ... 1·1 10 20 6' 1·0 9 8 3 1·1 10 10 ... 1·5 13 7 '"
De Bilt... ... ... 1·2 6 8 ... 2·8 15 10 ... 2·4 13 9 '" 2·9 15 7 ...
Val Joyeux ... '" 0·9 5 18 ... 2·4 14 13 ... 1·0 6 8 ... 2·4 14 5 ..
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TABLE CII-rxfruinued.

Ranges during term hours at 20 Co-operating Stations.

•
July 16, 1912.

I
August 13, 1912.

Station:. "" ... 8h. to Oh. Of:l. to lOh. 8h. to Oh. Oh. to lOh.

n
I

H I z D I H
I

z
I

])

I
H I z D I H I z

I

I I,
y y y

,
y y y

,
y y y

,
y y y

Stonyhurst ... ... 0·7 3 16 ... 0·5 2 7 ... 0·9 5 6 ... 1·2 6 2 ...
Eskdalemuir ... ... ... 12 26 ... '" 11 9 ... ... 8 9 ... ... 7 6 ...
Pilar ... ... 0·9 7 10 1 0·9 7 3 1 0·1 1 3 1 0·4 3 2 1
Viequc ... ... ... 0·7 6 6 3 0·8 7 3 3 ... ... ... ... ... ... .., ...
Cheltenham ... ... 1·0 6 12 ... 1·4 8 5 ... ... ... ... ... ... ... ... ...
Agincourt ... ... 0·9 4 14 ... 4·0 19 9 ... 1·3 6 2 ... 1·8 8 1 ...
Tucson

,... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Sitka ... ... ... 5·5 25 8 ... 2·2 10 12 ... ... ... ... ... ... ... ... ...
Honolulu. ... ... 0·4 3 3 1 0·6 5 8 I ... ... ... ... ... ... ... ...
Cape Evans ... ... ... 78 38 38 ... 55 31 29 ... 16 18 6 ... 14 15 5
Melbourne ... ... 1·7 11 21 ... 1·8 12 15 ... ... ... ... ... ... ... ... ...
Cape Denison ... ... 70 64 47 31 30 27 40 8 12 11 13 ... 11 10 11 ...
Buitenzorg ... ... ... 5 5 ... ... 11 7 ... ... 2 14 ... ... 2 3 ...
Toungoo ... ... 0·9 10 6 16 0·9 10 4 I 0·8 9 6 5 0·3 3 6 1
Barrackpore ... ... 0·8 9 5 7 1·3 14 6 6 1·5 17 7 4 1·0 11 5 1
Dehra-Dun ... ... 0·1 1 15 6 0·9 9 9 14 0·4 4 2 4 1·4 14 3 3
Kodaikanal ... ... 0 0 18 14 0·8 9 18 10 0 0 27 11 0·5 5 21' 19
Helwan ... ... 0·9 8 19 6 0·5 4 17 3 ... ... ... ... ... ... ... ...
DeBilt.•. ... ... 2·2 12 20 ... 2·5 13 7 ... 2·1 11 6 ... 2·2 12 3
Val Joyeux ... ... 1·2 7 14

I
... 1·5 9 8 ... 2-l 12 7 ... 1·9 11 3 ...

-

]I

C

T
B

September 10. 1912: October 8, 1912.

Station. 8h. to Oh. I 9h. to IOh. 8h. to.9h. 9h. to lOb.

n
I

H I z I D
I

H
I

z n I IT
I

z D I IT I z

y y y y y y y y y y y y
Stonyhurst ... ... 3·8 19 5 ... 3·8 19 6 ... 1·9 10 13 ... 2·8 14 5 ...
Eskdalemuir ... ... ... 9 9 ... ... 11 10 ... ... 13 13 ... ... 10 15 ...
Pilar ... ... ... 0·5 4 3 6 0·4 3 1 5 ... ... ... ... .9;3 2 5 1
Vieque ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Cheltenham ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
Agincourt ... ... 0'3 1 3 ... 1-4 7 3 ... 1·3 6 7· ... 1'3 6 4 ...

noson ... ... ... ... ... ... ... ... ... ... 0·9 7 5 0 1·0 8 ( 2 0
Sitka ... ... ... ... ... ... ... ... ... ... ... 3·0 14 9 8 5·8 27 16 13
Honolulu ... ... ... ... ... ... ... ... ... ... 0·1 I 3 I 0·1 I 4 1
Cape Evans ... ... ... 10 7 4 ... 17 10 6 ... 29 38 9 ... 23 23 4
lelbourne ... ... ... ... ... ... ... ... ... ... 1·8 12 6 ... 2-4 16 14 ...
ape Denison ... ... 7 6 9 24 13 12 9 15 40 36 23 33 45 41 ' 33 54

Buitenzorg ... ... ... 2 9 5 ... 3 5 4 ... 6 11 ... ... 6 6, .. .
. DungoD ... ... 1·0 11 3 2 0·7 7 5 I 0·5 6 10 0 0·4 5 ,6" 0

arrackpore ... ... 1·2 13 6 1 0·7 8 7 0 1·0 11 10 4 0·8 9 8 . 0
Dehra Dun ... ... 1-1 11 5 4 1·1 11 5 1 0·8 8 8 5 1-1 11 9 1
Kodaikanal ... ... 1·0 11 12 0 0·1 1 12 0 0:4 4 24 5 0·3. '3 23 10

elwan ... ... ... ... ... ... ... ... ... .. . 1·5 13 10 3 1-4 12 4 6
e Bilt... ... ... 2·5 13 7 ... 2'3 12 9 .. . 1·7 9 13 ... 3·9 21 6, .. .
al Joyeux ... ... 1·9 11 3 ... 3-l 18 6 ... 0'8

I
5. 13 ... 2:5 14 ·5 .. "

I

T

H
D
V
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Station.

.Stonyhurst
Eskdalemuir
Pilar
Vieque ...
Cheltenham
Agineourt
Tucson
Sitka ...
Honolulu
Cape Evans
Melbourne
Cape Denison ...
Buitenzorg
Tonngoo
Barrackpore
Dehra Dun

. .Kodaikanal
Helwan
De Bilt...
Val Joyeux

AUSTRALASIAN ANTARCTIC EXPEDITION.'

TABLE elI-continued.

Ranges during term hours at 20 Co-operating Stations.

November 5, H112. December 3, 11)12.

8h. to 9h. 9h. to lOh. •8h. to 9h. 9h. to lOh.

I)

1

H I z I) I H
I·

z I)
1

H I z I) 'I H I z

y y y y y y y y y y y y

3 8 5 4 4 7 5 10
0·2 I 10 0·4 3 4

... I· ...
0·1 0 0·3 I I 0·8 4 6 0·8 4 3

-

9 12 17 20 13 12

19 17 9 15 8 7 15 13 33 30 44 40 29

...

0·8 4 8 2-l II 3 0·8 4 7 l-l 6 10

December 31,1912. January 28, IIJl3.

Station. 8h. to 9h. 9h. to lOb. 8h.'to 9h. Oh. to 10h.

I) I H I z D
1

H I z D
1

H I z I)
1

JI Z

Y Y Y Y Y Y Y Y Y Y Y Y
StonyhurBt

4 8EBkdalemuir 4 7 3 3 4 5
Pilar
Vieque ...
Cheltenham
Agincourt 0·5 2 0·6 3 4 1·7 8 2 1,3 6 2
Tucson
Sitka ...
Honolulu
Cape EvanB
Melbourne
Cape Denison ... 1'7 15 9 18 22 20 17 9
Buitenzorg
Toungoo
Barrackpore
Dehra Dun
Kodaikanal
Helwa-n

·De Bilt... 0·2 12 1·6 8 2 1·0 5 5 1·1 6 4
Val Joyeux
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TABLE CII-continued.

Ranges during term hours at 20 Co-operating Stations.

387

'.'

I March 21, 1912. April 18, 1912.

Station. 17h. to lSh. ISh. to 19h. 17h. to ISh. ISh. to 19h.
-_. -

D I H I z D I H
I

z D
I

11
I

z D I H I z

,
y

I
y y

,
y y y y

I
y y

,
y y y

StonyhurBt ... ... 0·8 4 4 ... '4·7 24 .1 '" 0·3 2 3 ... 0·7 3 5 ...
EBkdaiemuir .. . ... ... 2 6 ... .. . 4 4 .. . .. . 5 12 ... ... 5 10 .. .
Pilar .. . .. . ... 0·8 6 6 8 1·0 7 2 7 0'3 2 1 4 0·8 6 7 9
Vieque .. . ... .. . ... ... ... .. . .. . ... '" 0·7 6 1 0 0·2 2 3 l'
Cheltenham ... .. . ... ... ... ... ... ... .. . .. . 0·3 2 10 1 0·5 3 9 6
Agineourt ... ... 1·9 9 11 ... 0·6 3 11 '" 0·9 4 16 .. . 0·4 2 13 ...
Tucson .. . ... .. . ... .. . ... ... ... ... .. . 2·2 18 2 3 1·9 15 2 2
Sitka ... ... ... ... ... .. . ... ... .. . " . 1·8 8 7 4 1·5 7 9 4
Honolulu ... ... '" ... ... ... ... ... ... " . 0·8 7 1 2 0·7 6 1 2
Cape EvanB ... ... ... 19 8 4 ... 15 18 5 ... 36 25 18 .. . 83 38 31
Melbourne .. . ... ... .. . ... ... ... ... ... .. . ... ... ... ... ... ... ... .. .
Cape Denison ... ... 14 13 .. . ... 21 19 ... '" 27 24 20 41 35 31 48 66
Buitenzorg ·.. ... ... ... .. . ... ... ... ... '" ... .. . .. . ... ... 2 2. 1
Toungoo ... ... 0'0 0 5 0 0'0 0 4 0 0'0 0 4 1 0'0 0 1 0
Barrackpore ... .. . 0·2 2 6 1 0·1 1 8 2 .. . ... 5 ... .. . ... 5 .. .
Dehra Dun .. . ... 0·1 1 5 I 0·2 2 4 0 0·1 1 6 1 0·1 1 2 1
Kodaikanal .. . ... 0·1 1 1 I 0·1 1 5 3 0'0 0 6 2 0'0 0 0 2
Helwan .. . .. . '" .. . ... .. . .. . ... ... ... 0·4 4 7 2 0·4 4 4 1
De Bilt... .. . .. . 0·4 2 3 ... 0·2 1 6 ... 1·0 5 6 ... 0·8 4 7 .. .
Val Joyeux ... ... 0·5 3 4 ... 0·5 3

I
5 ... 0·8 5 4 .. . 0·7 4 6 ....

l\lay 16, 1912. June 13, 1912.

Station. 17h. to 1Sh. ISh. to 10h. 17h. to ISh. ISh. to IOh.

D I H I
z D

I
11 I z D I H

I
z ]) I H I z

I

,
Y Y Y

,
Y Y Y Y Y Y

,
Y Y Y

StonyhurBt ... ... 0·7 3 10 ... 0·9 5 7 .. . 0·8 4 4 ... 1·1 6 8 ...
Eskdalemuir ... ... ... 7 16 ... ... 8 10 ... ... 4 9 ... ... 5 13 ·..
Pilar ... ... ... 1·0 7 4 7 1-4 11 4 7 0·8 6 7 2 0·7 5 5 1
Viequc ... ... '" ... ... ... ... . ... ... _. ... ... ... .. . ... ... ... ...
Cheltenham ·.. ... ... ... ... ... ... ... ... '" .. . ... ... ... ... ." '" ·..
AgincQurt ... .. . 0'6 3 12 ... 1·3 6 5 .. . 2·4 11 7 ... 1·0 5 14 ...
Tucson ... ... .. . ... ... ... ... .. . .. . '" ... .. . . ... ... ... ... ... .. .
Sitka ... ... '" ... ... ... ... ... ... ... ...

I

... .. . .. . ... ' ... ... ...
Honolulu ... ... '" ... .. . ... ... ... ... .. . ... .. . ... ... ... .. . '" ...
Cape Evans ... ... '" 21 23 12 ... 21 20 13 ... 17 8 6 ... 19 7 9
Melbourne ... ... ." ... ... ... ... ... ... ." ... .. . ... ... ... ... " . ...
Cape Denison ... ... 19 18 13 9 20 18 9 17 12 11 11 10 21 19 14 8
Buitenzorg ... ... ." " . ... ... ... 3 2 2 ... .. . ... ... ... 2 4 0
Toungoo ." ... 0'1 1 4 0 0·4 5 2 0 0·1 1 1 0 0·1 1 2 1
B~rrackpore ." ... '" ... 6 .. . ... ... 3 '" 0·2 2 1 4 0·1 1 4 1
Dehra Dun ... ... 0·1 1 4 1 0·5 5 3 1 0·2 2 2 0 0·1 1 4 0
Kodaikanal ... ... 0·2 2 0 1 0·5 6 0 1 0·1 1 2 0 0·1 1 5 0
Helwan ·.. ... '" ... ... ... ... ... ... ." ... .. . ... .. . ... ... " . ...
De Bilt... ... .. . 1'3 7 10

I
... 1-1 6 7 ... 0·7 4 6 .. . 0·8 4 12 ...

Val Joyeux ... ... 0·5 3 7 ... 0·7 4 5 ... 0·8 5 5 ... 0·7 4 10 ·..
- , I

-
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TABLE CII-cOntinued.

Ranges during term hours at 20 Co-operating Stations.

Jnly 18, 1912. August 15, 1012.

StatJon. 17h. to ISh. ISh. to 10h. 17h. to ISh. ' ISh. to 10h.

D H I z D H
I

z D I H I z D I H I z

y y y y y y y y y y y y
Stonyhurst 0·9 5 3 0·6 3 3
Eokdalemuir 9 9 ,3 7 3 3 2 3
Pilar ... 1·4 II 7 6 0·9 7 3 S 0·5 4 10 12 1·7 13 4 6
Vieque ......
Cheltenham
Agincourt 1·3 6 1·2 - 5 12 0·8 4 10 1·0 5 7
Tucson
Sitka
Honolulu
Cape Evans 6 7 4 10 5 4 2 3 2 6 8 2
Melbourne
Cape Denison ... 5 5 7 6 II 10 4 7 4 3 5 13 7 7 5 8
Buitenzorg 1 4 5 0 2
Toungoo 0·3 3 2 0·5 5 5 1 0·1 1 4 2 0·2 2 1 0
Barrackporc 0·1 1 3 0·2 2 3 0·4 4 2 1 0,' 1 1 0
Dehra Dun 0·2 2 1 1 0·2 2 1 0·4 4 4 0 0·1 1 1 0
Kodaikanal 0·3 3 2 0 0·4 <i 1 0'0 0 0 0 0'0 0 4 0
Helwan
De Bilt... 1-6 8 3 0·4 2 5 0·5 3 3 0·8 4 4
Val Joyeux 0·8 4 3 0'3 2 4

September 12, 1912. October 10, 1912;

Station. 17h. to ISh. ISh. to 10h. 17h. to ISh, ISh. to 10h.

I
-

D I H Z D I H I z D I H I z ])

I H I z

,
y y y > y y y y y y >

:y y y
Stonyhurst ... ... 1·4 7 5 ... 2·0 10 5 .... 3·6 18 5 '" 1·5 7 4 ...
Eskdalemuir '" ... '" 4 13 ... ... 2 10 ... ... 8 8 ... .. . 3 7 '"
Pilar ... ... ... 0·3 2 3 9 0·2 1 8 20 0·8 6 3 II 1-1 8 2 13
Vieque ... ... ... ... ... ... .. . ... '" ... 0·3 3 5 4 0·1 1 1 4
Cheltenham ... ... ... ... ... .., ... ... ... ... .. . ... ... ... ... ... .. . ...
Agincourt ... ... 0·5 2 7 ... 1·2 5 4 ... 1·4 7 15 ... 0·8 4 7 ...
Tucson ... ... ... ... '" ... ... ... ... ... 1-1 9 5 1 0·8 6 3 2
Sitka ... ... ... ... ... .. . '" ... .. . '" 1·0 5 5 8 0·9 4 6 1
Honolulu ... ... ... ... ... ... ... ... ... .. . 1·0 9 1 2 0·2 2 4 4
Cape Evans ... ... ... 20 20 10 ... 38 10 9 ... 21 27 26 ... 44 38 28
Melbourne ... ... '" ... ... .... ... ... ... ... , ... ... .. . .. . /0·6 4 0 ...
Cape Denison ... ... 9 8 '4 13 13 12 23 22 34 31 48 19 20 18 19 16
Bui~enzorg ... ... ... ... ... ... ... 1 3 2 ... ... ... ... .. . 0 4 ...
Toungoo ... ... 0·3 3 3 I 0·4 5 2 0 0·3 3 5 I 0·1 1 5 1
Barrackpore ... ... 0·1 I 5 0 0·3 3 4 0 0·2 2 5 0 0·2 2 5 0
Dehra Dun ... ... 0·4 4 5 1 0·5 5 6 1 0'3 3 5 1 0·1 1 4 1
Kodaikanal ... ... 0·1 1 1 1 0'0 0 5 0 0'0 0 1 0 0'0 0 0 5
Helwan ... ... '" ... ... ... .. . ... .. . ... 0·2 2 2 2 0·1 1 3 2
De Bilt... ... '" 0·8 4 8 '" 1·0 5 7 ... 1·7 9 4 ... 0·8 4 8 ...
Val Joyeux ... ... 0·7 4 6, ... 0·7 4 5 ... 2'0 II 6 .. . 0·8 5 7 ...



MAGNETIC DISTURBANOE AT CAPE DENISON. 389

TABLE CIl-continued.

Ranges during term hours at 20 Co-operating Stations.

November 7, 1912. December 5, 1912.

StatiOD. 17h. to 18h. ISh. to IOh. 17h. to I8h. 18h. to 10h.

D I H I z D I H I z D I H I z D I H
I

z

y y y y y y y y y y y y. Ston~·hurst

Eskdalemuir 3 2 3 3 4 3 3
Pilar 0·8 6 15 10 0·7 5 14 2
Vieque
Choltenham .
Agincourt 0·5 2 4 0·5 2 7 0·4 2 7 1·3 5 9
Tucson ...
Sitka
Honolulu
Cape Evans 13 14 12 55 78 31
Melhourne
Cape Denison ... 7 6 5 7 23 20 14 .29 39 3.5 6 60 55
Buitenzorg . ...
Toungoo
Barrackpore
Dehra Dun
Kodaikanal
Helwan
De Bilt... 0·2 0·2 3 0·8 4 4 0·5 3 3
Val Joyeux

January 2,1913. January 30, 1913.

Station. 17h. to ISh. 18h. to 19k 17h. to l8h. 18h. to 19h.

D I H I z D II I z J)
I H

I
z ])

I
H I z

.

y y y y y y y y y y y y
Stonyhurst ...
Eskdalemuir 9 18 30 ;j5 4 6 4 5
Pilar 0,5 4 6 3 0·7 5 13 4
Vieque
Cheltenham 1·8 10 10 II H 8 2fi 6
Agincourt 1·9 9 7 1·9 9 20 1·9 9 8 0·4 2 II
Tucson H 9 32 4 2·1 17 27 4
Sitka 4·4 20 10 3 7·7 35 32 5
Honolulu 0·9 8 6 5 0·9 8 8 ·4
Cape Evans
Melhourne 2·3 15 7 3·4 23 IJ)
Cape Denison ... 81 73 54 153 139 95 12 II II 16 32 29 12 27
Buitenzorg
Toungoo
Barrackporc ...
Dehra Dun
Kodaikanal , ...
Helwan 0·5 4 14 5 2·0 18 14 6
De Bilt... 1·3 7 16 7·0 38 45 0·5 3 4 H 6 6
Val Joyeux
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§22.'-TRE DISTURBED TERM HOUR, APRIL 16, SR. to lOR.

The term hours sh. to 10h. on April 16, 1912, formed one of the successes of the
scheme, for the whole day was one of continuous disturbance in the Antarctic and,
with an international character figure of- 1'0 it could reasonably be assumed that the
disturbance was widespread. A fairly regular bay movement culminating about sh.30m.
G.M.T. was the chief feature within the prearranged interval and was most conspicuous
in declination or the equivalent force vector across the meridian.· Locally superposed
perturbations were present in all.the Cllrves from moderate and higher latitudes. Data
were available from all the co-operating stations except Melbourne, and l'ol of the
remaining 19 stations supplied curves or readings from which ranges could be estimated.
for all three components. The high sensitivity of the declination magnetograph at
Cape Denison resulted in loss of trace near the culmination of the bay movement. The
range quoted for that component and all dependent entries of the table arc therefore
considerably underestimated.

Using the squares of the range as the index of activity, Table ClII provides a
survey ofthis quantity for the two constituent hours Sh. to 9h. and 9h. to lOh., April 16,
1912, for all the 19 stations. The measures of resultant activity in the horizontal field
are given for each station and, when possible, values for the resultant vectors in three
dimensions.

TABLE CIW'

Squares of extreme ranges in a disturbed term hour.

April 16, 1912.

Station. Sh. to 9h. 9h. to 10h. iSh. t~.lOh.
D I H I V I H I T D I H I z I IT I T I H

y' y' y' y' y' I y' y' y' y' y' y'
tonyhurst ... ... 64 841 ... !lO5 ... 49 324 .. . 373 ... 1,27S
skdalemuir ... 196 4,356 ... 4,552 ... 256 625 ... 881 ... 5,433
ilar... ... ... 49 441 9 490 499 4 121 9 125 134 615
ieque ... ... 196 64 64 260 324 25 25 9 50 59 310
heltenham ... 1,369 121 169 1,490 1,659 144 49 121 193 314 1,683
gincourt ... ... 6,561 676 .. . 7,237 ... 361 196 .. . 557 ... 7,794
ucson ... ... 900 324 9 1,224 1,233 9 64 I 73 74 . 1,297
itka ... ... 2,304 2,401 10,609 4,705 15,314 1,681 2,025 4,900 3,706 8,606 8,411
onolulu ... ... 49 400 36 449 485 4 64 4 68 72 517

ape EvallB ... 28,561 29,584 82,369 58,145 140,514 4,761 3,600 17,424 8,361 25,785 66,516
ape Denison ... >28,561 13,225 25,600 >41,786 >67,386 3,721 9,801 3,481 13,522 17,003 >55,308
uitenzorg ... ... 121 729 144 850 . 994 4 81 36 85 121 935
oungoo ... 144 529 16 673 689 64 36 9 100 109 77:3
arrackpore ... 100 361 81 461 542 81 81 25 162 187· ·623
ehra Dun ... ... 169 676 121 845 966 49 81 16 130 146 975
odaikanaI. .. ... 64 961 144 1,025 1,169 9 25 81 34 1I5 1,059
elwan ... ... 144 441 144 585 729 16 100 9 1I6 125 701
e Bilt ... ... 256 1,681 ... 1,937 ... 625 361 ... 986 ... 2,923
al Jayeux ... ... 225 1296 ... 1,521 ... 225 196 .. . 421 ... 1,942

S
E
P
V
C
A
T
S
H
C
C
B
T
B
D
K
R
D
V
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•

The squared ranges differ enormously from station to station. The Antarctic
stations are in a special class with activity of a different order of magnitude from all
others.. Except at Cape Evans and Cape Denison and the two other statiOlis of
moderately high latitude, Sitka and Agincourt, the contribution to the total sp~~e

activity from the vertical component is small compared with thc contributions from
the components in the horizontal plane.

As a summary of events in the horizontal plane we may consider the entries under

H in the final column of Table CIll. They refer to the complete intervaJof two hours and

.are obtained by simply adding the entries under H for the two separate hours. Excluding

the contributions from the Antarctic bases the meanH in the column is 219ly2. Of
thc 17 stations contributing to the mean Sitka, 3'S4 times the mean, Agincourt, 3-56 times,
and Eskdalemuir, 2-4S times, are in order with the highest values and Vieque, 0-14 times
the mean, is the lowest. So that even outside polar latitudes magnetic activity can
vary in the ratio 30 to 1 for synchronous disturbance. Relative to the same mean
Cape Evans has activity 303-6 times and Cape Denison 252'4 times as great. Were it
not for the loss of trace at the latter station these two estimates would be more nearly
equal.

§23.-0RDINATES AT 5-MINUTE INTERVALS AT CAPE DENISON AND CAPE EVANS:

"MAGNETIC ACTIVITY" IN TERM HOURS_

Though the validity of the relatiop. };yUn = CR2 is unquestionable for stations in
moderate and low latitudes the quantity of quick-run material available from previous
Antarctic expeditions was insufficient to make it certain that the same relation could
be extended to high latitudes. For further insight into this question all the quick-run
records at both Cape Evans and Cape Denison have therefore been examined in detail.
Ordinates at equidistant 5-minute intervals beginning at the exact hour we~e tabulated
for the three components and, since the examination was to be restricted to activity
within the two-hourly intervals, the lowest value of the ordinates in the interval was
taken as the standard of reference. Differences from this standard were' converted
into force units and minutes of arc for D at Cape Denison. The results are supplied
by Tables CIV, (a) and (b) . . Data for declination only can be given for the hours in
March, 1912, at Cape Denison because the magnetographs were not properly in operation
till later in that month. The absence of entries for Hand Z for December 5 and for H
alone on December 3, 1912, and January 3, 1913, is due to unsatisfactory record!3 of
these components at those times. Magnetic registration at Cape Evans ceased in
November, 1912. To be comparable with the positive direction of change of El at
Cape Evans, declination changes at Cape Denison have been considered as increasing
to the east. The entries under D for this station for the times Sh.25m., Sh.30m. and
Sh.35m., April 16, 1912, are underestimates, due, as mentioned earlier, to loss of
trace through excessive sensitivity of the variometer.
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TABLE CIV.

Cape Denison.

Term Hours :-Differences from lowest values during two hours at Cape Denison
and Cape Evans.

March 19. 1912. April 16, 1912. May 14, IIH2. June 11, 1912.

I I I ·1

_.
ID H Z D H Z D H

I
z ]) I H

1
z-_.

·h. m. ,
y y y ,

y y y
,

y y y
,

y y y8 0 18 16 ... ... 57 52 114 23 80 72 0 4 9 8 8 2
8 5 21 19 ... ... 28 25 101 6 53 48 I 0 20 18 5 (i
810 16 14 ... ... 68 61 87 5 37 34 9 4 8 7 4 08 15 8 8 ... ... 93 84 68 0 23 21 20 3 9 8 12 208 20 11 10 ... ... 172 155 73 46 . 26 24 28 7 Hi 14 10 298 25 5 5 ... ... >201 >182 5:-f 85 .51 46 40 26 12 II 5 258 30 6 5 ... ... >201 >182 33 112 59 53 41 28 9 9 3 238 35 5 5 ... ... >201 >182 9' 128 70 63 35 28 2 2 I) 158 40 9 8 ... ... 191 172 0 157 40 57 30 7 17 15 5 598 45 5 4 ... ... 149 134 22 140 35 32 32 5 17 15 3 548 50 1. I ... ... 121 109 24 128 20 18 33 8 13 12 0 378 55 0 0 ... ... 104 94 25 117 12 11 43 9 14 12 8 579 0 2 2 ... ... 66 60 38 104 8 8 53 11 8 7 10 829 5 3 3 ... ... 21 19 45 73 0 0 59 10 6 6 13 75910 3 3 ... ... 28 25 68 81 2 2 63 9 2 2 10 609 15 4 4 ... ... 19 17 65 61 0 0 76 15 12 II 14 729 20 2 2 ... ... 34 31 77 . 76 II 10 81 19 4 3 7 489 25 2 2 ... ... 16 14 n4 81 8 7 78 21 7 6 5 62
930 8 7 ... ... 19 17 102 85 3 2 81 18 0 0 15 80935 4 4 ... ... 15 14 104 84 4 3 89 19 6 5 18 8il9 40 6 5 ... ... 5 5 110 86 7 6 89 16 12 11 23 117
9 45 10 9 ... ... 0 0 124 97 8 7 88 13 12 11 19 979 50 5 5 ... ... 17 15 135 113 8 8 89 11 10 9 16 919 55 6 6 ... ... 20 18 131' 117 15 14 92 15 11 10 12 7410 0 6 5 ... ... 21 19 130 1I;J 23 21 95 24 13 12 14 87

Cape Denison.

4

July 16, 1912. Auguat 13, 1912: September 10, 1912. October 8, 1912.

D I H I z D I H I z ]) I H
I

z D
1

H
1

z

~·~·I
,

y y y ,
y y y y

Y6 Y
,

Y Y Y69 '62 16 17 6 5 13 ... 0 0 15 21 19 3 6
8 5 61 55 11 16 12 11 3 ... 3 2 8 24 9 8 0 0
810 64 58 11 17 12 11 0 ... 3 2 6 23 6 6 . 7 I
8 15 64 58 7 15 13 11 3 ... 2 2 10 16 2 I 17 20
8 20 62 57 0 7 7 7 9 ... 0 0 6 4 0 0 17 23
8 25 38 34 I 3 10 9 8 ... 0 0 4 0 8 7 21 30
8 30 24 22 7 0 16 15 2 ... 0 0 3 I 13 12 19 30
835 19 17 19 7 11 10 4 ... 2 2 3 8 7 6 15 24
8 40 12 II 27 10 iO 9 8 ... 3 .3 3 14 2 . 2 12 20
8 45 0 0 36 11 II 10 6 ... 3 2 3 15 13 II II 24
8 50 21 19 40 17 8 7 9 ... 4 4 3 16 8 7 9 27
8 55 38 35 44 27 6 5 .10 ... I I 3 15 27 25 7 26
9 0 43 39 45 28 8 8 8 ... I I 9 16 32 29 I 24
9 5 39 36 49 28 II 10 4 ... 4 4 9 20 58 53 3 37
910 35 32 52 25 9 8 3 ... 8 7 9 23 52 47 7 38
9 15 25 23 57 24 iO 9 4 ... 9 8 9 22 45 41 14 44
9 20 18 16 61 20 8 7 7 ... 12 II 10 22 69 63 27 64
9 25 19 17 69 22 9 9 7 ... 7 7 9 16 65 59 28 70
9 30 26 24 77 28 8 8 9 ... 8 8 6 II 4!J 44 26 60
9 35 25 22 75 23 7 7 7 ... 2 2 I 6 33 30 18 46
II 40 29 26 81 25 7 6 10 ... I 0 0 6 42 38 15 40
9 45 39 35 ,81 28 3 3 15 ... I I 3 8 42 38 13 43
9 50 36 32 83 25 0 0 14 ... I I 3 9 47 43 1:1 47
9 55 40 36 81 25 2 2 12 ... 4 4 5 10 35 32 13 42

10 0 45 41 82 28 6 5 14 ... 4 3 4 12 42 38 13 4



Cape Denison.

,.
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TABLE ClV-continued.

Term Hours :-Differenccs from lowest values during two hours at Cape Denison
and Cape Evans.

I
.

November 5, 1912. December 3, 1912. January 28',1913.

I D I IT I z D
I

IT I z IJ I IT I z

I
h. m. ,

y y y
,

y y y
,

Y Y3 Y
8 0 15 13 8 0 0 0 ... 54 20 18 6
8 5 17 1G 15 8 26 23 ... 53 20 18 0 10
810 1G 15 15 10 21 19 ... 45 19 17 0 6
8 15 19 17 II 9 24 22 ... 41 12 II 2 3
8 20 18 . 16 9 10 17 16 ... 40 14 12 5 3
8 25 14 13 9 12 24 22 ... 30 14 12 6 3
8 30 10 9 8 13 23 21 .,. 23 15 13 3 0
8 35 6 5 9 16 20 18 ... 9 20 18 4 5
8 40 2 2 15 16 41 37 ... 0 21 19 2 5
8 45 1 I 14 15 38 35 ... 4 25 22 0 5
8 50 I 0 14 13 20 18 ... 21 27 21, 2 12
'S 55 4 4 14 II 31 29 ... 35 25 22 5 17
9· 0 5 5 14 5 41 37 ... :34 24 21 8 20
9 5 2 2 13 I 25 23 ... 30 20 18 12 20
9 10 0 0 8 0 19 17 ... 25 16 15 18 21
9 15 4 4 4 I 12 II ... 38 17 1G 18 24
9 20 5 4 3 8 II 10 ... 38 II 10 18 24
9 25 3 3 2 8 6 5 ... 27 3 2 20 27
9 30 6 6 2 8 4 4 ... 30 0 0 18 25
9 35 2 2 0 7 0 0 ... 26 I I 19 24
9 40 4 3 I 12 I 0 ... 24 13 12 20 26
9 45 2 2 I 10 6 6 ... 20 13 .12 19 27
9 50 6 5

~l
7 7 6 ... 21 II 10 21 28

9 55 6 i'i 8 9 8 ... 16 12 II 22 25
10 0 3 3 4 9 8 ... 16 10 9 27 30

Cape Evans.

:March 19, 1912. April 16, 1912. !lIny 14, 1912. .June 11, 1912. July 16, 1912.

E'
I

N' I z E' I N'
I

z E' I N' I z E'
I

N' I z E' I N' I z,

h.m. Y Y Y Y y y y y y Y y YO Y Y' y.
8 0 13 0 '" 76 31 4 116 39 108 25 0 92 31 17
8 5 12 0 '" 57 19 16 83 22 110 26 3 2 101 26 18
8 10 13 0 '" 66 38 6 71 0 95 30 I 2 92 15 25
8 15 13 I '" 115 85 0 54 10 74 25 10 7 103 21 25
8 20 . 12 3 ... 132 121 10 57 . 12 63 28 10 12 100 25 32
825 12 6 '" 161 177 9 65 23 53 :)7 II 10 89 9 45
8 30 10 6 '" 145 173 48 75 29 43 l6 10 25 67 0 52
8 35 II 10 '"

]65 164 76 71 20 44 17 14 26 54 4 52
8 40 10 8 ... 167 125 126 47 9 48 45 15 18 38 2 51
8 45 10 8 '" 72 53 230 37 20 42 21 5 29 28 3 44
8 50 7 7 '" 59 54 228 14 16 42 25 14 21 37 20 36
8 55 5 6 '" 89 76 196 8 29 32 19 2 22 48 33 28
9 0 5 8 '" 60 57 190 0 36 26 9 6 18 49 37 28
9 5 3 7 '" 59 34 166 3 44 18 10 3 14 48 35 25
910 3 lO '" 59 25 154 7 51 13 5 7 13 34 40 25
9 15 3 10 ... 34 10 140 9 57 10 6 20 II 18 39 24
9 20 I 9 '" 34 18 109 15 63 5 14 24 7 10 41 19
9 25 0 lO '" 17 0 102 23 61 2 22 . 24 10 0 44 20
9 30 5 12 '" 5 3 93 23 61 2 0 20 17 9 52 10
9 35 6 12 '" 14 16 78 33 63 2 II 25 II 13 55 8
940 3 lO '" 0 22 76 20 56 5 13 18 13 12 55 7
9 45 5 10 '" I 23 71 25 60 I 9 22 12 26 61 1
9 50 3 III '" lO 24 67 43 53 3 7 14 14 .29 59 1
955

1

8 12 '" 17 30 63 28 50 1 9 12 14 28 62 2
lO 0 5 10 ... 25 33 59 24 50 0 8 8 12 35 64 0

I ,--- -.
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TABLE CIV-continued.

Cape Evan•.

Term Hours :-Difierences from lowest values during two hours at Cape Denison
and Cape Evans.

-
IAugust 13, ] 912. September 10,.1012. I October 8. l{1l2. November 5, 1012.

F,l
I N' I z I R' I N' I z

I
El

I N'
I

Z El I Nl I Z
I

h. m. I' I' I' I' I' 1'3 I' I' I' y. I' I'
8 0 9 10 0 5 5 26 0 0 16 12 0
8 5 10 17 0 4 5 2 20 0 3 20 II I
810 19 23 2 3 8 2 4 7 6 21 8 4
8 15 22 18 2 I 8 2 7 18 3 19 8 5
820 17 14 4 3 II 3 10 26 0 18 8 6
8 25 16 12 5 0 5 3 I 23 7 18 2 7
830 15 14 2 I 6 I 8 28 I 17 0 9
8 35 . 15 12 4 3 8 2 16 29 0 14 I II
840 6 10 6 4 7 2 II 22 5 15 I II
8 45 12 12 3 6 5 3 10 21 6 16 7 13
8 50 13 9 4 I 5 3 15 33 5 17 6 16
8 55 10 .5 6 3 7 2 12 34 6 17 7 17
9 0 10 II 6 1 10 I 10 38 7 19 4 17
9 5 13 10 6 3 9 0 8 52 8 17 12 21
910 13 14 7 8 8 I 3 53 13 10 14 25
9. 15 9 II 10 12 6 2 8 52 II 7 14 25
9 20 12 9 9 14 5 2 3 55 13 6 10 20
9 25 10 8 10 17 5 2 0 57 14 6 8 21
9 30 6 7 10 19 4 2 5 52 II 6 8 21
9 35 5 8 10 14 0 6 ' 5 46 12 .5 10 25
9 40 5 4 10 6 2 6 5 47 10 2 12 25
9 45 3 3 10 3 5 6 10 44 II 2 8 25
9 50 I 0 9 5 6 6 12 45 II 0 15 28
955 2 3 8 5 5 6 17 42 13 4 17 25

10 0 0 3 7 5 6 6 18 52 13 3 15 22

Cape Deni.on.

7
7

o
o
o

6

March 21,1912. Allrll18, 1912. May 16, H112. June 13, 1912.

D
I

H I z D I H I z D
I

H I .Z D I H I z
.

. h.m. ,
I' I' I' I' I' I' I' I' I' 1'9 I' I'

17 0 ... ... ... ... 12 10 18 30 2 2 7 4 10 8
17 5 3 3 ... ... 18 17 17 34 4 3 8 7 II 10 9
17 10 5 5 ... ... 7 6 14 34 2 2 7 7 II 8 8 r
17 15 5 4 ... ... 2 2 8 41 5 4 8 7 5 5 5 1
17 20 7 6 ... ... 7 6 8 40 9 8 7 7 9 8 5
17 25 6 5 ... ... 8 7 0 24 8 7 7 7 8 8 4
17 30 3 2 ... ... 0 0 I 17 9 9 8 5 3 3 9
17 35 2 2 ... ... I I I 8 !l 8 8 7 6 5 12 5
17 40 3 3 ... ... 8 7 0 2 6 5 5 5 9 8 14 8
17 45 13 12 ... ... 13 12 0 0 2 2 :J I 14 1:1 8 6
17 50 13 12 ... ... 20 18 8 4 0 0 0 0 15 13 7
17 55 7 7 ... ... 19 17 8 20 13 12 II 7 9 8 9 8
18 0 3 3 ... ... 19 17 8 29 18 17 II 7 7 7 II 7
18 5 {; 5 ... ... 6 {; 4 38 17 16 9 8 II 10 8 3
18 10 I I ... ... 5 4 6 38 14 13 6 5 9 8 9 8
18 15 0 0 ... ... 19 17 6 29 12 II II 6 5 5 5 5
18 20 6 {; ... .. , II 10 3 23 16 15 13 10 0 0 3 3
1825 6 5 ... ... 15 13 0 20 19 18 13 15 I I 5 7
1830 9 8 9 8

00

5 31 19 17 9 15 4 4 4 8... ...
18 35 13 12 ... ... II 10 16 42 15 13 13 l6 5 5 5 5
1840 19 17 ... ... 17 15 15 47 7 7 7 5 13 12 5 2
1845 10 9 ... ... II 10 21 39 I I 5' I 18 16 6 3
18 50 2 2 ... ... .21 19 28 63 3 2 10 5 18 16 7 5
18 55 I I ... ... 27 25 44 86 3 2 II 8 17 16 I 8
19 0 0 0 ... ... 8 7 I 46 85 3 2 5 5 12 II 0 10

,
- .
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TABLE CIV-contimted.

395

Cape Denison.

"

Term Hours :-Differences from lowest values during two hours at Cape Denison
and Cape Evans.

I
July 18, 1912. I AuguS,t 15, 1912. September 12, 1912. October 10, 1912.

D I H I z I D
I

H I z D I H
I

z D I H Z,

h. m. ,
y y y

,
y 'y y

,
y y y

,
y y Y717 0 9 8 0 0 2 2 3 3 8 7 3 10 0 0 50

17 5 11 10 0 2 5 5 5 6 9 8 :1 10 3 2 56 19
17 10 11 10 4 6 3 3 3 12 7 7 3 12 19 17 47 16
17 15 10 9 3 4 4 4 0 3 7 7 3 13 27 24 40 18
17 20 10 9 3 0 5 4 3 3 7 6 3 11 32 29 36 21
17 25 12 II 5 2 5 5 3 0 5 5 I 8 30 27 28 16
17 30 13 12 5 3 6 5 5 I 8 7 2 10 27 25 23 10
17 35 11 10 5 2 6 5 5 4 8 7 0 7 26 24 22 12
17 40 10 9 3 I 5 5 5 8 2 2 3 6 26 24 21 12
17 45 10 9 :1 2 7 6 5 10 5 .n I 4 27 25 17 9
17 50 9 8 :l 2 6 6 6 i5 9 9 3 I 32 29 17 11
17 55 8 8 3 4 4 4 5 12 6 6 3 2 30 27 12 6
18 0 9 8 3 5 3 :l 3 13 5 5 :J 0 32 29 9 4
18 5 9 8 3 3 2 2 3 13 0 0 5 2 31 29 13 6
18 10 11 10 7 5 2 I 3 13 9 8 16 10 36 32 13 9
18 15 11 10 3 5 2 2 4 15 12 11 18 12 34 31 13 10
18 20 10 9 3 4 5 4 5 13 9 9 20 14 29 26 10 9
18 25 9 9 3 4 4 4 6 15 10 9 23 19 35 31 9 10
18 30 9 8 3 7 4 4 5 15 10 9 19 24 2fi 23 2 6
18 35 6 5 3 4 3 3 3 13 10 9 16 21 21 19 0 I
18 40 4 4 3 3 3 3 3 I 10 9 16 21 21 19 2 2
18 45 0 0 3 0 1 I 3 12 10 9 13 18 23 20 ·2 0
18 50 3 3 3 0 0 0 2 9 8 7 11 18 28 25 3 4
1855 4 il 7 4 I I 3 12 .12 11 10 21 33

1

30 10 8
19 0 3 7 4 7 6 5 12 10 9 10 25 40 37 14 12

.

•
Cape Denison.

November 7, 1912. December 5, 1912. January 2, 1913. January 30, 1913.

D I H I z D I H I z D
I

H I z D I H I z

I

,
h. m. ,

Y YO Y Y Y Y Y Y Y
,

Y Y Y
17 0 0 0 I 38 35 ... ... 52 47 ... 16 23 21 II 20
17 5 4 3 I 7 40 36 ... ... 44 40 ... 13 18 17 6 20
17 10 3 :J :J 4 35 32 ... ... 48 43 .. . 18 18 16 7 16
17 15 2 2 3 0 24 32 ... ... 39 35 ... 14 16 14 5 12
17 20 :I 2 0 I 32 29 ... .. , 46 42 ... 21 14 13 4 10
17 25 4 4 2 2 36 33 ... .. , 40 36 ... 9 14 13 3 6
17 30 6 I; 3 4 44 40 ... ... :12 29 ... 0 13 12 5 9
17 35 6 6 2 3 42 38 .. , ... 62 56 ... 24 12 11 5 3
17 40 2 2 I 4 :17 :14 ... ... 42 38 ... 9 18 16 5 5
17 45 0 0 0 4 52 47 ... ... 5;J 48 .. . 22 21 19 8 8
17 50 I I I 4 58 52 ... ... 67 6l ... 30 I:J 12 2 3
17 55 3 :J 2 2 63 57 ... ... 108 98 ... 53 2l 19 9 8
18 0 3 2 I 0 59 54 ... ... 102 92 ... 47 24 2l 2 6
18 5 4 4 :1 2 52 47 ... ... 127 115 ... 7:J 23 21 8 16
18 10 7 6 3 3 48 44 ... ... 119 108 ... 99 23 21 5 15
18 15 9 8 1 4 45 41 ... ... 58 53 ... 54 30 27 8 20
18 20 11 10 3 5 43 39 ... ... 29 27 ... 43 23 2l :1 20
18 25 12 11 :I 5 37 33 ... ... 11 10 ... 43 11 10 0 13
18 30 15 13 3 12 35 31 ... ... 7 7 ... 55 2 2 0 7
18 35 II 10 2 9 30 27 ... ... :I 2 ... 50 0 0 0 5
18 40 '7 6 1 7 17 16 ... ... 0 0 ... 38 12 II 5 4
18 45 II 10 :J 15 19 17 ... ... 21 19 .. . 26 8 8 0 0
18 50 13 12 7 16 16 14 ... ... 20 18 .. . 16 17 15 .5 10
18 55 24 22 13 29 9 8 ... ... 22 20 .. . 13 23 21 9 15
19 0 24 22 10 38 0 0 ... ... 7 7 .. . 1 .. 15 14 8 27

, ..
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TABLE CIV-eontinued.

Term Hours :-Differences from lowest values during two hours at Cape Denison
and Cape Evans.

Cape Evans.

March 21, H.I12. April 18, 1912. I May 16, 1912. June 13, 1912. .Tilly 18. 1912.

I
---

I I I I I I IE' N' I Z EI N' I z :W N' Z El N' Z 1':1 N' I z
--- -

h. m. y y y y
~9

Y Y Y Y Y Y Y Y Y Y
17 0 , .. ... ... :12 21 16 8 17 17 6 11 ... ... .. .
17 5 0 0 12 28 20 24 16 10 15 17 14 9 11 0 2
17 10 2 3 12 30 20 22 19 9 11 11 17 9 11 7 0
17 15 8 2 10 34 21 17 17 8 11 7 14 10 10 7 2
17 20 12 3 S 37 19 14 17 8 10 8 8 10 8 2 2
17 25 17 7 6 54 24 9 17 4 10 14 13 7 12 5 1
17 30 18 S 5 62 13 I} 17 8 8 8 11 6 10 5 2
17 35 12 6 8 40 20 11} 16 8 10 3 11 9 10 5 0
17 40 S 3 8 41 9 13 16 7 10 4 17 5 10 1 2
17 45 9 0 8 43 12 . 13 21 0 7 I} 14 6 12 5 1
17 50 14 0 5 39 14 13 21 1 9 1 13 9 8 5 2
17 55 15 1 4 37 6 12 12 24 5. 1 11 9 10 4 0
18 0 14 1 4 41 5 10 17 20 6 4 8 5 6 4 2
18 5 13 3 4 44 12 8 15 17 10 8 4 5 9 1 2
18 10 14 0 4 39 13 8 18 12 8 0 4 7 9 I} 1
18 11} 11} 0 3 1}2 18 0 6 5 10 ·5 4 6 :J 4 2
18 20 17 2 3 42 17 3 7 18 6 5 5 7 10 '5 0
18 25 14 5 3 43 14 5 13 19 4 11 :J 6 6 5 2
18 30 27 15 0 42 16 5 17 13 6 13 3 3 8 3 1
18 35 21 16 4 36 12 8 II 10 8 15 0 3 6 2 2
18 40 17 10 4 19 29 11 21 6 5 17 3 2 3 5 0
18 45 16 3 4 39 27 5 9 4 7 17 4 2 1 3 1
18 50 19 6 3 13 0 13 0 17 5 14 1 1 2 3 0
18 55 20 6 2 0 26 4 10 12 0 14 3 0 0 ... ...
19 0 17 6 5 1 26 2 13 9 3 17 3 0 ... ... ...

o

Cape Evans.

August Ii, 1912. September 12, 1912. October 10, 1912. 'November 7, 1912.

E' I N' I z E' I N' I Z 'E' I N' I z E' I N' I z

h.m. y y y y y y y y y y
~3 Y

17 0 3 3 1 31 0 11 ... ... ... 51 18
17 5 3 2 2 36 II 8 ... ... ... 47 23 17
17 10 2 2 2 42 8 4 19 33 26 51 24 13
17 15 3 2 1 42 5 4 19 33 30 53 25 12
17 20 3 3 2 35 1 7 19 37 30 53 ,24 13
17 25 3 4 2 41 1 4 25 37 34 50 23 15
17 30 1 1 2 42 2 4 22 36 34 44 24 16
17 35 2 1 2 41 :J 3 20 28 41 48 23 0
17 40 1 3 2 37 1 3 28 27 33 48 17 9
17 45 2 2 2 41 7 2 25 16 32 47 17· 7
17 50 2 1 1 45 10 0 25 23 24 44 17 7
17 55 2 2 1 26 15 6 2:J 20 26 44 11 6
18 0 2 1 2 28 17 5 30 16 21 44 10 4
18 5 1 3 1 26 22 7 28 27 13 44 10 4
18 10 1 2 2 30 21 6 8 25 23 50 10 2
18 15 1 5 2 13 20 10 19 24 23 45 10 5
1820 0 5 1 8 20 7 16 17 26 46 7 2
18 25 0 1 0 14 11 4 14 16 10 48 10 1
18 30 5 0 1 6 17 3 32 13 6 54 11 0
18 35 3 4 2 0 17 6 45 0 12 50 3 4
18 40 1 3 2 12 19 .5 41 3 5 37 0 6
18 45 0 1 2 13 14 7 34 10 0 41 14 4
18 50 3 3 1 14 16 9 38 2 7 28 34 13
18 55 3 1 2 14 18 8 30 . 12 12 25 75 13
19 0 0 4 1 19 12 6 0 35 '13 0 51 31

-. -'----



MAGNETIC DISTURBANOE AT CAPE DENISON.

The values of the difference-ordinates in Tables crv (a) and CIV (b) would allow
reconstruction of the variation of the components at the two Antarctic bases to be
made hut their primary use in this investigation is to determine values of the magnetic
activity for all the separate hourly intervals. For this purpose further differences
1)0 1)1 1)2 -- 1)12 from the means of the 13 difference-ordinates in each 60-minute interval
of the tables were squared. In this way the quantities Mt(1)~ + 1)1

2
2) + 1)i + ......... 1)1~ J .

. were formed. They will be written shortly as f2 J.:1)2. Tables CV and CVI contain the
values of this quantity for the two pairs of separate hours both for the three components

at each station separately and for the combination H, for the horizontal plane, and T
for the total field. The 7-day means in the first of these tables (CV) relating to the
hours 8h. to 9h. and 9h. to 10h. refer to the days April ]6, May 14, June Il, July 16,
September 10,. October 8, and November 5 for which complete registrations in all
three components were provided by both stations. Likewise the 8-day means in
Table CVI for the other pair of hours omit the days in March, December and
January for which data are incomplete. Each set of means therefore answers to
precisely corresponding events at the two Antarctic base stations.

TABLE CV.

T',J.:1)2 \vithin hours 8b. to 9h. and 9h. to 10h. at Cape Denison and Cape Evans.

Cape Denison. I Cape Evans.
Hour. Date.

Ij) I H I y I II I T El
I N' I y I II I T

1912. Y Y y y y y y y y . y
Murch· 19 :lO·3 - - - - 6·8 11·4 - 18·2 -
April 16 2864·0 1121·8 3088·5 3985·8 7074·3 1801·7 2903·0 7942·2 4704·7 12646·9
May 14 30304 207·6 95·3 511·0 606·3 785·0 97·7 652·3 882·7 1535·0
.June 11 17·9 13·3 484·4 31·2 515·6 7.5·3 24·6 88·7 99·9 188·6
July 16 405·5 238·6 59·7 644-1 703·8 739·5 138·3 145·1 877·8 1022·9

8h. to 9h. August 13 6·9 11·9 - 18·8 - 18·8 20·2 2·9 39·0 41·9
Sept. 10 1·8 5·8 56·2 .7·6 63·8 3·0 3·6 0·5 6·6 H
October 8 61·7 41·0 99-4 102·7 202-1 .34·3 121'~ 6·6 156·2 162·8
Nov. 5 38·8 7·8 14-1 46·6 60·7 4·0 13·4 27·3 17·4 44·7
Dec. 3 54·8 - 285·4 - - - - - - -

1913.
January 28 18-4 5·1 27-4 23·5 50·9 - - - - -
7·Day Mean 527-6 233·7 556·8 761·3 1318·1 491·8 471·8 1266·1 963-6 2229·7

1912.
March 19 4·4 - - - - 4-41 2·1 - 6·5 -
April 16 132·3 898·6 267·3 1030·9 1298·2 429·9 160·0 1508·3 589·9 2098·2
Mav 14 23·8 140·0 17·3 163·8 181-1 134·8 49·1 44·7 183·9 228·6
Jur'Ie 11 14'2 23'3 307'3 37'5 344'8 27'1 52'7 7'2 79'8 87'0
July 16 58·3 166·5 6·3 224·8 231·1 197·0 95·4 97·5 292·4 389·9

9h. to Wh. August 13 9·0 15·2 - 24·2 - 18·7 15·5 2·3 34·2 36·5
Sept. 10 11·7 11·6 38·9 23·3 62·2 31-4 6·3 5·7 37·7 43-4
October 8 102·3 63·7 128·1 166·0 294-1 24·5 25·9 3·5 ·50·4 53·9
Nov. 5 2·8 16·8 13·3 19·6 32·9 25·0 11·2 7·4 36·2 43·6·
Dec. 3 73·3 - 47·1 - - - - - - -

1913.
January 28 32·3 13·4 7·3 45·7 53·0

124'21

- - - -
7.Day Mean 49·3 188·6 111·2 238·0 349·2 5702 239·2 181·5 420·7

..
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AUSTRALAsiAN ANTARCTic EXPEDiTioN.

TABLE CVI.

1~YJ2 withiri hours 17h. to 18h., and 18h. to 19h. at Cape Denison and Cape Evans.

1
Cape Denison. Cape Evans.

Hour. Date.

I
D I H

.1
V

1
H

1
T E'

1
N' I V

I
II I T

1912.
I

March 21 lJ·2 - - - - 24-1 7·2 7·5 31·3 38·8
April 18 39·3 36·1 204·8 75-4 280·2 85·2 39·1 26·7 124·3 151·0
May 16 17·1 8·1 6·0 25·2 31·2 5·4 38·6 8·3 44·0 52·3
June 13 8·2 7·9 9·8 16·1 25·9 26·9 9·1 3·3 36·0 39·3
July 18 1·6 2·3 3·0 3·9 6·9 2·4 4·0 0·8 6·4 7·2

17b. to 18b~ August 15 1·3 2·5 23·1 3·8 26·9 0·6 0·8 0·3 J-4 1·7
Sept. 12 3·0 1·2 16·3 4·2 20·5 29·7 25·6 ' 6·3 55·3 61·6'
October 10 72·5 197·6 23·5 270·1 293·6 lJ·2 57·0 26·2 68·2 94·4
Nov. 7 2·9 J-4 3·6 4·3 7·9 10·5 21·9 16·4 32·4 48·8
Dec. 5 99·0 - - - -

I 1913., January 2 380·9 - 192·8 - -
January 30 9·8 5·6 28·7 15-4 34-1

18.Day Mean 18·2 32·1 36·3 50'4\ 86·6 I 21·5 24·5 lJ·O 46·0 57·0

\ 1912.
March 21 24·8 - - - - 14-4 25·3 1·5 39·7 41·2
April 18 34·9 192·0 :J81·8 226·9 608·7 2.54·5 67·0 12·8 :J21·5 334·3
May 16 39·0 7·8 20·9 46·8 67·7 32·0 27·2 7·3 59·2 66·5
June 13 30·3 6·8 5·6 :J7·1 42·7 ,29,6 2·8 5·9 :J2-4 :18·3

18b. to 19h. July. 18 9·9 2·7 3·8 12·6 16·4 9·3 2·0 0·7 lJ·:J 12·0
August 15 2·5 1·6 2·6 4-l 6·7 2·5 2·8 0·7 5·3 6·0
Sept. 12 7·8 28·8 48·\ 36·6 84·7 67·8 10·2 3'9, 78·0 81·9
October 10 26·7 24·8 12·9 51·5 64-4 150·7 92·3 60·8 243·0 303·8
Nov. 7 27·8 lJ·8 89·8 39·6 129·4 143·0 422·7 43·3 565·7 609·0,
Dec. 5 210·8 - - - -

,1913.
January 2 1551·8 - 596·6 - -
January 30 65·9 11·3 48·3 77·2 125·5

8·Day Mean 22·4 34·5 70·7 56·9 ' 127·6 I 86·2 78·4 16·9 164·5 181·5
,

§24.-" ACTIVITY" AT CAPE DENISON AND CAPE EVANS IN TERM HOURS COMPARED.

As the comparisons in Chapters V and VII show, Cape Denison on the average
was more highly disturbed than Cape Evans. But judged by the mean values of
activity in the column T of Tables CV and CVIl for the four term hours, Cape Evans
would appear to be the more magnetically active station. Only in the interval 17h. to
18h. which was the least disturbed of the four hours separately, does the mean value
T of the activity for total field at Cape Denison exceed that at Cape Evans. Further,
though a casual inspection of several magnetograms for the two stations would suffice
to leave the impression that the vertical component of the vector in the average
disturbance was more subject to large fluctuations at, Cape Denison than at Cape Evans,
t,he tables for the two pairs of term hours show that only in the averages of the hours
17h. to 18h.' and 18h. to 19lJ. for which corresponding data existed, were the values
of vertical component activity at Cape Denison in excess, of those for Cape Evans.
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In the main this result is probably, an accident of the selection of hours for
comparison. Occasions in which the vertical component was more active at Cape
Evans than at Cape Denison were noticed and there may have been an unrepresentative
number of such occasions in the list of selected hours. 'In addition the difference of local
tirile at the two stations was a not insignificant factor in introducing differences into
the activity as at present measured on the average day. For though Cape Evans was
only 1 hour 43 minutes ahead of Cape Denison it happened that the two sets of term
hours were chosen at times when this difference in local time made itself most conspicuous '
in the ordinary diurnal variation. For partial information on this point reference
may be made to Table CVIl which gives the diurnal inequalities at the two stations
for three pairs of approximately corresponding components, the inequalities being
derived from all days of complete record in the months April to October, 1912, over
which interval simultaneous registration was in progress. Plate VII is intended to
represent the inequalities of Table CVIl (or their nearest force equivalents). From
these it will be seen that both in the earlier and later intervals of the day covered by
the term hours, the rates of change in all components, but especially in the horizontal
components at Cape Evans, were decidedly larger than the corresponding rates at Cape'
Denison. Since comparative quiet rather than disturbed conditions characterised the
majority of the' hours in the scheme, this difference between the two stations would
make its maximum contribution to the difference in the values of the activities. That
even on those days when AE'fJ2 is large, the values for Cape Evans mainly exceed those
for Cape Denison is to be explained, first, on the circumstances of the choice of hours
as indicated above; secondly, on the basis of the increase in amplitude of the regular
diurnal variation on disturbed days, thus increasing the rate of change of field in the
specified hours at one station (Cape Evans) more than at the other; and thirdly, to
the known differences in the diurnal variation of disturbance at the two stations.

TABLE CVIl.

Mean diurnal inequalities from all complete days April to October, 1912, at
, Cape.'Denison and Cape Evans.

I 1h. I 2h. I 3h. I 4h. I fih. I 6h. I 7h. I Sh. I Oh. I 10h. I 11h. 12h.

, , ,
I I' I " , I

, ,
Cape Denison ... D + 25·3 +20·1 + 9·5 - 2·5 - 13·7 - 21·3 - 24·6 - 24·5 - 25·7 -26-4 -26,8 -25,3

Y Y Y - Y Y Y Y Y Y Y Y Y
H - 8·7 -12·9 -15·8 -20,4 -20·3 -18,0 -16·2 -16,5 - 9·2 - 4·9 + 0·6 '+ 5·5

\Z
-18·1 -30,0 -37·5 -36·1 -32·2 -20,9 -10,3 - 5·7 + 1·3 + 4·9 + 12·5 + 18.0

Cape Evans ... ,~ -13,5 - 4·8 + 5·0 + 14·8 + 20·9 + 25·2 + 27·9 + 27·3 + 24·0 + 18·6 + 12.2\ + 6·2-21,5 -25,8 -26,5 -25,5 -21-1 -13,5 - 6·7 + 1·9 + 8·7 + 14·9 + 18·1 + 19·4

Iz -15·5 -14·2 -12·0 - 7·7 - 2·7 + 0·9 + 4·9 + 8·3 1+ 12·1 + 13·7 + 13·7 + 14·2
I

.1 I 13h. I 14h. I 15h. I 16h. I 17h. ISh. I 10h. I 20h. I 21h. I 22h. I 23h. I 24h.

,
-1'0'31- '5'1 1+ '9'8

, , , ,
, I '

Cape Denison ... n -16·6 2·5 + 1·9 + + 11·3 + 17·9 + 25·5 + 29·1 + 31-4 + 32·9
Y Y Y Y Y I y y y y y Y i Y

H + 11·7 + 12·6 + 14·3 + 13·8 + 13·7 + 13·5 + 14·0 + 12·7 + 11·5 + 9·0 +.5'31- 0·5
z + 18·0 + 18·1 + 17-3 + 18·1 + 13·7 + 14·2 + 17·7 + 15·8 + 15·7 + 11·9 + 2·4 - 8·7

Cape Evans ... E + 2·7 + 0·1 - 3·0 - 7·2 -11·5 -16·1 -17-3 -22·2 -24·5 -22·7 -21'31_ 21 '2
N + 17·1 + 16·7 + 17·1 1+ 17'2

1

+ 17·1 + 13·9 + 9·7 + 3·9 - 1·0 - 5·3 -11·0 -18,0
Z + 11·9 + 11·5 + 9·5 + 5·7 + 2·1 - 1·5 3·7 - 5·3 - 7·3 -10,7 -12·7 -15,2

J ..
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§25.-RANGES IN TERM HOURS:· FROM 5-MINUTE AND EXTREME ORDINATES.

With the measurements of ordinates at 5-minute intervals now available, it was
an immediate step to deduce the ranges within each hour based on these 5-minute
readings. These ranges Rs are given in Table eVIII. .Then by measuring the ordinates
afresh at the instants of maximum and minimum value in each hour, the extreme
ranges.Re supplied by Table eIX were obtained.

TABLE eVIlI.

Term Hours: Rimges from 5-minute Readings.

Sh. to 9h. '. 9h. to 1011.

Cape Denison. Co.pe Evans. en.pe Denison. Cape Evans.

D
t

H I Z Rl I N' t z D I H
I

z E' I N' I zI - --
I

1912. Y Y Y y y y y y y y y y
March 19 ... 19 - - 8 10 - 7 - - 8 5 -
April 16 ... IS7 1I4 IS7 1I0 158 230 60 97 56 60 57 131
May 14 ... 64 53 28 1I6 39 82 21 42 15 43 27 ·26
June II ... 16 12 82 36 15 29 12 18 69 22 22 II
July 16 ... 62 45 28 75 37 35 25 38 8 49 29 28
August 13 ... 10 13 - 16 18 6 10 12 - 13 14 4
September 10 ... 4 7 24 6 6 2 II 10 17 18 10 6
Octoher 8 ... 29 21 30 25 38 7 34 27 46 18 19 7
November 5 ... 17 7 16 7 12 17 6 14 12 19 13 II
December 3 ... 21 - 54 - - - 37 - 22 - - -

1913.
January 28 ... 14 8 20 - - - 21 19 10 - - -

'.day mean ... 50 37 52 54 44 57 24 3G 32 33 25 31

I711. to ISh. o ISh. to Hlh.

Cape Denison. Cape Evans.
,

Cape Denison. C::a pe E'-ans.
I

]) I H I z E' I N' I z D
I

H I z E' I N' I z
-.-

J

I
1912. Y y y y :y y y y y y v

March 21 ... 10 - - 18 8 8 17 - - 14 i6 5
April 18 ... 18 18 41 34 24 19 21 46 66 52 29 13
May 16 ... 17 11 7 9 24 12 17 8 ·15 21 16 10
June 13 ... 10 10 8 16 II 6 16 11 8 17 8 7
July 18 ... 4 5 6 6 7 2 10 4 7 10 4 2
August 15 ... 4 6 15 2 3 1 6 4 6 5 5 2
Septemher 12 ... 7 3 13 19 17 II 11 20 25 30 ·1I 7
October 10 ... 29 47 17 11 21 20 18 14 12 45 35 26
November 7 ... 6 3 7 9 15 14 20 12 38 54 75 31
December 5 ... 35 - - - - - 54 - - - -

1913.
Januarv 2 ... 69 - ·53 - - - 1I5 - 98 - - -
January' 30 ... 10 9 17 - - 27 9 27 - - -

8·day mean ... 12 13 14 16 15 10 15 15 22 29 23 12

I -,,:
I

.

•
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TABLE CIX.

Term Hours: Extreme Hourly Ranges.

J
J

8

--'
Sb. to 9b. 9b.to lOb.

Cape DenisoD. 9ape Evans. Cape DeniIMJD. Cape ~van.s .

D
I

H I z E' I N' I z D I H I z E' I N' I z
,

1912. Y Y Y Y Y Y Y Y Y Y Y Y
March 19 ... 20 - - 8 10 - 8 '- - 8 5 -
April 16 ... 169 115 160 169 172 287 61 99 59 69 60 132
May 14 ... ' 65 58 34 . 116 40 87 23 42 15 48 32 31
June 11 ... 20 16 86 36 25 , 31 14 22 94 28 23 14
July 16 ... 64 47 31 78 38 38 27 40 8 55 31 29
'AuguBt 13 ... 11 13' - 16 18 6 10 12 - 14 15 5
September 10 ... 6 9 24 10 7 4 12 10 17 18 10 6
October 8 ... 36 23 33 29 38 9 41 33 54 23 23 7
November 5 ... 17 9 16 9 12 17 7 15 13 20 13 12
December 3 ... 30 - - - - - 40 - 29 - - -

1913.
January 28 ... 15 9 20 - - - 21 19 10 - - -
'.day mean ... 54 40 55 64 47 68 26 37 37 37 27 33

,

17h. to ISh. 18h. to 19h..

Cape Demson. Cape Evans. Cape Denison. Cape Evans.

D I H I z D I H I z D I H I z D I H I z

1912. Y Y Y Y y, Y Y Y Y Y Y ys
March 21 ... 13 - - 19 8 8 19 - - 15 18
April 18 ... 24 20 41 36 25 19 31 48 66 83 38 31
May 16 ... 18 13 9 21 24 12 18 9 17 21 20 13
June 13 ... 11 11 10 '17 11 6 19 14 8 19 8 II
July 18 ... S 7 6 6 , 4 10 4 7 10 5 4
AugUBt 15 ... 3 6 15 2 3 2 7 5 8 6 8 2
September 12 ... 8 4 13 20 20 11 12 23 25 38 11 9
October 10 ... 31 48 19 21 27 26 18 19 16 45 38 ' 28
November 7 ... 6 5 7 13 15 14 20 14 38 55 78 31
December 5 ... 35 - 6 - - -

I

55 - - - - -
1913.

anuary 2 ... 73 - 54 - - 139 - 98 - - -
anuary 30 ... 11 11 17 - - - 29 12 27 - - -

-day mean .... 13 14 15 17 16 12
I

17 17 23 35 26 16

•

Comparison of the two sets of ranges after conversion to force units showed
some discrepancies in the sense that on a few occasions the directly measured extreme
range Re was less than that derived from the 5-minute ordinates. The difference
which seldom exceeded 2y, and was more usually ly, was due to the difficulty of
determining the real maximum and minimum ordinates on a trace run at an increased
rate but with the usual sensitivity. For with a sensitivity of 8y/mm. the setting of the
scale at an instant when the ordinate differed from the true maximum or minimum
ordinate by 0·25 mm. sufficed to underestimate the range by 2y. Except with a
laborious routine of trial and error, 0·2 mm. on a long slow curve is readily overlooked.
All necessary adjustments were made so that in no case is the tabulated Re now less
'than the corresponding R5. In both sets of tables of ranges a similar significance
attaches to the 7-day and 8-day means as in thg t.ables supplying the values of ;-;:"12

•
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It is obvious from a comparison of the means for Re and R5 that the true
(extreme) range at an Antarctic station may be very decidedly larger than the range
derived from the ordinates even at the comparatively short interval of five minutes.
In a particular hour the difference Re-R5 may amount to 54% of R5 as ,in the
component El at Cape Evans during the hour 8h.-9h. on April 16, 1912, when a short
quick movement almost entirely between· 8h.45m. and 8h.50m. was completely
missed by the equidistant five-minute ordinates at these times. With a
predominance of sharp oscillations so typical of Antarctic curves during really
disturbed intervals such a <;lifference between Re and R5 might well be doubled.

§26.-THE CONSTANT C IN THE RELATION 1,2"fJ2 = CR2.

With the information of Tables CV-CVI and CVIII-CIX now available we are
in a position to compute values of the constant· C in the relation connecting activity
and squared ranges on the basis 'of the two types of range, considering the diversity
ofmagnitude of the constituents in the relation from hour to hour, it was not practicable
to use averages even for the same groups of hours. Each of the hours and each
component was, therefore, worked separately and then means derived for the four
separate term hours and for the three components. These final means of the constants
Ce and C5 obtained respectively by using the extreme and 5-minute ranges are given
in Table CX. All available pairs of estimates of activity and range have been utilised
in forming the table, so that the number of individual values of the constants which
have contributed to the separate entries for each hour and component are not the same
for Cape Evans as for Cape Denison. Rejection of activities and ranges other than
those for the seven common and complete days for the hours 8h. to 10h. and the eight
days for the hours 17h. to 19h. would, however, leave the tabulated values of the
constants .practically unchanged.

TABLE CX.

Mean Values of C in the Relation AE"fJ2 = CR2.

(Ce refers to extreme range: C5 refers to range from 5-min. ordinates.)

Cape Denison. . Cape Evans.

Ceo

I I
IMean three

I I
IMean threeD H V . com· E' N' V com·

. panente. ponents.

8h to 9h ... ·0748 ·0761 ·0804 . ·0771' ·0679 ·0802 ·0829 ·0770
9h to IOh ... ·0645 ·0795 ·0748 ·0729 ·0687 ·0692 ·0824 ·0734

17htol8h ... ·0749 ·0648 ·0880 ,0759. ·0685 ·0808 ·0711 ·0735
18h to 19h ... ·0745 ·0788 ·0684 ·0739 ·0652 ·0642 ·0643 ;0646

Means ... ... ·0722 ·0748 ·0779 ·0750 ·0676 ·0736 ·0752 ·0721

~-

8h to 9h ... '0975 ·0990 ·0908 ·0952 ·0
9h to IOh ... '0775 '0882 ·0870 ·0842 ·0

17hto18h ... ·0869 ·0962 ·1002 ·0944 ·0
18h to 19h ... ·0903 ·1064 ·0775 ·0914 ·0

:Means ... ... ·0876 ·0975 ·0889 ·0913 ·0

C5. Cape Denison.

896
835
935
816

871

Cape Evans.

·0938 '1132 ·0989
·0781 ·0966 '0861
·0898 ·1157 ·0997
·0889 ·0993 ·0899

·0876 ·1062 ·0936
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Results that emerge from an examination of Table CX are :-

1. The comprehensive mean Ce for all hours and all three components is only
80% of the mean value for C5 taking both stations together.

2. These mean values of the constants in the activity-range relation are
substantially higher than the values derived from the quick-run records
at Cape Evans during 1911. Compared with the values '072 for Ce and
'094 for C5 in Table CX, the corresponding values in 1911 were '059 and
,077. Since it is .unlikely that the evaluation of the ratio f.E"12/R2
from all the stations co-operating in the schedule of hours for 1912~13

would result in a value appreciably greater tbali that derived for the
. previous year, '094, the result suggests that the apparent fall in the
value of the ratio with increasing latitude shown by the earlier data was
fortuitous. Results from. a more extensive series of term bours would
probably confirm that a single value of the ratio ~"12/R25 is universally
valid provided magnetograpbs of comparable sensitivity are used in the
registration.

3. With $e exception of the decrease in tbe value of C5 from H to Z at Cape
Denison, the means for all· four hours for both types of constant are
related CD < Cn < Cz or the equivalent CEl < CNI < Cz at Cape Evans.

4. The means for all three components bo~h for Ce and C5 are highest for the'
individual hour 8h. to 9h. at Cape Denison. At Cape Evans the hour
17h. to 18h. is greatest for C5.
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CHAPTER V.~LONGER DISTURBANCES.

§27.-SUMMARY O~PROMINENTFEATURES.

Some 24 disturbances of longer duration than those discussed in Chapter I have
been selected from the Adelie Land records for description of the major features of
interest and comparison with the simultaneous records of the disturbances at Cape
Evans. For the latter purpose the selection was necessarily confined to the seven
months, April to October, 1912. Dates and, when the disturbance did not continue over
the entire day, times for each disturbance are provided by the first section of Table CXI.
Other details relating to the extreme range within the disturbance and the times of
occurrence of highest and lowest value of each component are furnished by the same
table. The average duration of the disturbances was about lOt hours.

. .
The following sections contain brief resumes of the chief movements III each of

. the listed intervals.

(a) APRIL 5, ISh., TO APRIL 6, 5h.

Irregular movements in the earlier hours of April 5 had left the azimuth of the
horizontal field west of the normal orientation (6°5' west of north) for that epoch, and
though large fluctuations were superposed on the general trend from time to time, that
direction of the field persisted throughout the disturbance. The largest deflection
from the mean position occurred between ISh.40m. and 20h.45m. when the disturbing
vector produced a westward rotation exceeding 6° of the whole field. During the same
interval and in contrast to the activity in the E-W direction the component vectors in the
meridian and vertically downward remained practically steady. In both these
components the striking features were long period increases and decreases of field
strength roughly in phase, the longest with maxima at 21h.l0m. and 3h.12m. and with
an intervening minimum at Oh. being synchronous with a similar variation' in N'
(the component directed 7°36' east of true north) at Cape Evans.

As opposed to the parallelism between the Hand Z vector changes at Cape
Denison, the Z trace at Cape Evans showed no characteristic oscillations similar to
those in the prime meridian plane on the other side of the south magnetic pole.
A comparatively featureless slow rise of field strength to 21th. and a subsequent slow
fall to 4h. on April 6 has no parallel in the vertical component changes at Cape Denison.
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(b) APRIL 10, 6h.TO 12h.
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This disturbance chiefly affected the field transverse to the meridian. Though
an underestimate due to loss of trace in a major fluctuation, the extreme range inD was
264 minutes of arc equivalent to 23S force units, while the range in the meridian vector
was only 106y. After an interval of highly oscillatory movements near the opening of

'the disturbance, the charges in D were such as resulted from an eastward directed
disturbing vector, increasing then relaxing with constant superposed fluctuations. The
average resultant azimuth in the horizontal plane was well to the east of the normal
magnetic meridian.

The variation in Z had points of resemblance to those in D as well as H. A badly
formed bay movement from 9h. to lOh.5m. was approximately simultaneous with the
epoch of extreme easterly elongation in D.

(c) APRIL 15, Ih. TO 14h.

Except for minor perturbations of moderate amplitude from ISh. to midnight
on April 14, conditions prior to the outbreak of this disturbance had been fairly quiet.
From Oh. to 4h.46m. on April 15 the field strength in the meridian decreased with the
usual superposed fluctuations; followed a period of increase to a maximum at llh.16m.
after which time it fcll steadily to normal at 14h.

In declination the cause of the disturbance was more irregular. From the outset
the tendency was for the vector to rotate in a westefIy direetion, reaching a maximum
in that direction at 2h.23m. and returning approximately to the original orientation at
Sh.l0m. The easterly trend of this last phase of the movement continued to llh.l0m.,
4 minutes before the maximum value of the meridian disturbance vector was attained.
A final return swing to west occupied the remainder of the line of the disturbance.
During the entire intcrval, the' declination trace was so highly oscillatory that
identification of turning points was made with difficulty.

Not only did many of the shorter period perturbations in the vertical field closely
resemble simultaneous changes in I-l, but the slowcr movements in the general trend of the
two fields was similar. Only from 3h.30m. to 6h. when, indeed the parallelism in the
minor changes was most close, was there any noticeable tendency to opposition in the
major 'variations. While H continued to cleerease till 5h., Z had already reached a
well defined minimum at 3h.36m.

The main changes in the horizontal field components at Cap~ Denison compared
elosely with the synchronous changes at Cape Evans. But the slow decrease in Z
at this latter station from beginning to end of the disturbance with no distinctive
oscillations superposed is entirely different from the vertical field changes at Cape
Denison. There is only a feeble analogue in the Cape Evans traces for the succession
of three 'well marked oscillations in Z and H between 5h. and 6h. at Cape Denison.
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High sensitivity in the declination variometer as well as the persistence of short
period oscillati~ms throughout the disturbance make a detailed intcrcomparison between
the movements in Dat Cape Denison and El at Cape Evans difficult, but a general
sympathy of movement seems to be the prominent feature.

(d) MAY 12, Oh: TO 14h.
",

As on April 15, the disturbance beginning about midnight on May 11 was
preceded by an interval of comparative quiet. The vector along the meridian in the
horizontal plane was at first directed northward and continued increasing in this
direction ti1l3h.40rri. when a gradual decrease lasting for 7t hours set in. Between 11h.l0m.
and 11h.20m. there was an accelerated decrease of H amounting to 120y in that interval
followed by a rise, partly sudden, to an approximately normal value at the time of
completion of the disturbance. Except during the almost stationary period in H
preparatory to the sudden decrease at 11h.l0m., when the meridian disturbing vector
simply fell away gradually, the vertical field changes showed a remarkable parallelism
to those in H." Even of the smaller fluctuation in the latter very few were not clearly
mirrored in the Z trace. .

Direction.

Eastward.
Increase.
Increase.

D
H
Z

Soon after the opening of the disturbance (lh.33m.) the disturbing field across the
meridian and directed westward reached its maximum and thereafter the direction
was mainly east of the normal meridian: During the latter interval there were two
large oscillatory excursions of almost equal amplitude to the east, the extreme positions
being attained at 7h.35m. and 11h.17m. 'I:he latter was approximately synchronous with
the sudden changes answering to increasing field strength in the prime meridian
components. The changes in the movement are summarised thus :-

Component. Time. Magnitude.

11h.5m. to 11h.17m. 123"8 =112 y

11h.7m. to 11h.19m. ' .123 y

11h.8m. to 18h.18m. 97 y

(e) MAY 12, 21h. TO 24h.

This disturbance was one of the shorter among the twenty-four selected for
"description and consisted essentially of a double oscillation regularly described by all
three components superposed on a slow uniform change offield along the three orthogonal
directions. The oscillation was best developed in the vertical field component. Though
the duratioI)- (lh.12m.) of the first half of the oscillation there exceeded the second (55m.)
and the amplitude of the second (35'4y) exceeded that of the first (19'3y) the mean
trend of the Z trace at the end of the oscillation was in continuation with that at the
beginning, implying a progressively decreasing main field during the operation of the
deflecting vector. . .
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In D and H the first of the movements answering to increasing west declination
and decreasing meridian field strength had the longer duration and greater amplitude;
the second movement of ,the oscillation was only just observable in H but prominent
in D.

A single bay disturbance attributable to EW then WE superposed vectors
transverse to the meridian and a component directed first to S then to N in the '
direction of' the meridian, both phases beirig effected in the interval 21h.20m. to
23h.l0m. were the chief features of the later part of the disturbance.

(f) MAY 13, Oh. TO 14h.

Only a short interval relatively free from large perturbations separated the
disturbance of May 13 from that just described, otherwise the two outbreaks might
have been treated together. See Fig. 18.

Following on the continued rise in the value of Hand .increase in westerly defiexion
in D during the last hour of May 12, both these elements proceeded to vary in phase till
Sh.3m. on May.13. Two bay-like movements of long period, the earlier 50% longer in
duration than the second, occupied the time till5h.15m., after which there was an interval
of comparative quiet. Beginning at 7h. a third oscillation of decidedly smaller range,
lasted tillsh.3m. Up to 6h. the changes in Hand Z were mainly in step with those in
declination, increasing values of the field strength in these components corresponding
with increasing easterly D. The third of the oscillations in the two force components
coincided with a westerly movement in D.

Between Sh.20m. and Sh.42m. two rapid oscillations in declination directed
east-west-east synchronised with rapid rises in both the, vertical and meridian field
strengths. In the former a rise of 224y occurred between Sh.20m. and Sh.37m. and in the
latter a rise of S2y occurred between Sh.35m. and Sh.42m. A further 'slow increase in H
and a decrease to normal strength in Zfrom 9h. to 14h. answered to a progressive westward
movement in D. All components were frequently interrupted by minor oscillations of
brief period.

Remarkable differences and similarities in the progress of the elements at Cape
Denison and Cape Evans during the disturbance of May 13 are to be noted. , The
parallelism between the Hand Z traces during the bay-like movement centred about
Ih.30m. at Cape Denison, has no counterpart at Cape Evans in the behaviour of either of
the corresponding components Nl and Z. There is, on the other 'hand, considerable
similarity in the variations of declination at Cape Denison and El at Cape Evans.
Attention is most strikingly attracted, however, by the absence of any analogue at Cape
Denison to the sharp movement between 5h.50m. and 6h.30m. in all three components at
Cape Evans, and conversely to the absence at this latter station 6f any movements of
dimensions and characteristics similar to those which are prominent in the Cape Denison
magnetograms about Sh.30m.
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The subdivision of the disturbance on June Sand 9 does not mean that four
separate and independent outbreaks of disturbance were discernible' in the records
from Cape Denison. On the contrary, from 21h. on June 7 till the early hours of June
9 there was no interval undisturbed in at least one compon'ent. The subdivisions had
been resorted to in the investigation on the basis of the records from Cape Evans (vide
Brit. Ant. Expedition, 1910-13, Terrestrial Magnetism, Section 120), simply to allow
comparison with curves for various parts of the disturbance contributed by other
stations. The adoption of the same subdivisions in the present examination therefore
facilitates comparison between events in the same limited intervals at these other
stations.

2h. TO 5h.

The main movements in Hand Z executed with remarkable parallelism of
variation and closeness of phase were two bays, the first a "negative" bay answering
to a rise followed by a fall in the value ,of the two fields'(always considering a rise in
Z in the Antarctic as the equivalent of a clecreaseof clip indicating a numerical decrease
in the vertical field strength there), and the second, following after about 16 minutes,
a bay of the usual type., These movements occupied the time from 3h.15m. to 4h. 35m.
They were preceded by two smaller perturbations of shorter period' and smaller
amplitude. Two major eastward deflexions in D corresponding to the bays in the
force traces were interrupted by oscillations of range not less than that of the bays.

, 6h. TO sh.

In place of the well developed "disturbance of special type" shown on the Cape
Evans magnetograms from 6h.55m. to 7h.50m., disturbances in Hand Z Adelie Land
in the interval between 5h.40m. and Sh.l0m. took the form of a succession of two bays
of inconspicuous range. Simultaneously, declination was highly variable in short period
movements and, except for an' eastward increase approximately synchronous with the
second bay in the force components, showed no obvious correspondence.

lOh. TO 16h.

During this part of the disturbance also, magnetic events at Cape Denison and
Cape Evans differed markedly. From 10h. to 12h.36m. there was nothing of prominence.
But at 12h.36m. a rapid increase in Hand Z c?incided with a rotation of the disturbance
vector to the east, and, after reaching simultaneous turning points at 12h,45m., a
reverse tendency continued in all components till 13h.12m. when the fall abruptly
ceased. A short interval of renewed increase in the horizontal and vertical field,
strengths was followed about 13h.25m; by a period of unusual oscillatio~ in -all thfee:
components. Rapid changes of large amplitude and extremely short period (a small
number of minutes) made a certain scrutiny of the progress of events from 13h.25m.'
to 14h.15m.. impossible. On the whole, however, the mean-value of Z was well above
its norm!!.l value, with H slightly below and D to the east of the normal meridian azimuth.
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19h.TO 22h.

During these hours the form of the disturbance was primarily a bay of long
period; the disturbing vectors deflecting D first east then west and, both in the horizontal
meridian and vertical fields, answering in the first phase to a decrease and in the
second phase an increase of the average field strengths.

(h) JDNE 9, Oh.To5h.

Another shallow bay of long period in which Hand Z were subjected to forces
tending to decrease the fields in the first part of the clisturbance and then restore ~hem

to normal strength in the second part characterised the early hours of June 9. The fall
in the force vectors of the prime meridian had ceased by 2h.30m. Simultaneously
declination increased in a slow drift to west then east. These changes in the three
components were frequently interrupted by minor perturbations of considerable

. amplitude in the horizontal ~eridian and vertical fields. Centred at oh. and with a
duration of two minutes a sudden west movement in D was equivalent to a disturbing
field from east to west increasing at the rate of 40y per minute.

(i) JUNE 27, 6h. TO 12h..

Interrupted' by a slight inverted bay between 6h.15m. and 6h.5Sm., the
disturbing vector along the magnetic meridian increased gradually from 6h. to Sh.37m.
when an accelerated increase forming the first phase of a larger movement like an
inverted bay set in. The subsequent decrease.in value of the component from 9h.l0m.
to 10h.30m. was more grad~al. Between 6h.15m. and 7h. the vertical component of
the field also increased and decreased; then, after remaining steady except for minor
oscillations till ShAOm., the main bay in H was echoed in Z though on a reduced scale.
No declination record was availablefor the disturbance.

(j) JUNE 27, 22h., TO JUNE 2S, 2h.

This a further example of an inverted bay (increase then decrease)' in the two
recorded force components.. The traces were much interrupted by minor oscillations.
There was no D trace.

(k) JULY 31, 14h., TO AUGUST 1, Sh.

A large movement of bay type beginning at 3h.l0m. on August 1 and continuing
for three hours was superposed on the progressive decrease in the horizontal and vertical
fields which had set in at the commencement of the storm. The form of the bay in Z
remained flat from the end of the first (decreasing field strength) movement at 3h.42m.
till 4h.30m.when the return rise to the original" normal value set in. D meanwhile was
highly oscillatory about a mean azimuth which was westward of the undisturbed
meridian.

•

..
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(l) AUGUST 18, 14h., TO AUGUST 19, 6h.

Within the main part of this disturbance, which was comprised between Ish.
on August 18 and 5h. on August 19, the chief movement occurred from 20h. to 21h.30m.
Between 20h.7m. and 20h.35m. the change in declination was equivalent to an east
to west defleCt"ng vector of 203y and was followed by an eastw!J'rd directed vector,
interrupted by the usual minor oscillations, of 250y between 20h.54m. and 21h.32m.
Corresponding with these, the changes in the vertical field were more spectacular than
those along the meridian in the horizontal plane. For Z increased by 390y between
20h.36m. and 21h.13m. and the subsequent fall, though not completed till midnight
of August 18 was of equal range. Until 23h.30m. H was mildly perturbed by minor
oscillations, then followed two comparatively shallow bay movements, the earlier of
which synchronized with a westerly change in D and a slight bay superposed on the
gradual-decrease which was proceeding in Z.

(m) AUGUST 19, 9h. TO 10h.

This movement has been selected in the discussion of the Cape Evans records
because of its isolation and as exemplifying a typical " disturbance of special type."
Somewhat similar characteristics to those at Cape Evans are present in the Cape Denison
traces, though as usual, the real generic features of the special type are not well defined.

IIi both Hand Z a simple oscillation, the direction of chaI,lge of whose first phase
answered to a decrease in field strength, took place simultaneously with an easterly
change in declination. The duration of the latter, as was frequently the case, exceeded
the duratIon of the oscillation in H or Z. As "shown by the ranges for the hour given
in Table CII, the movements were of similar amplitude in all three components. This
disturbance is reproduced as Plate XIII.

(n) SEPTEMB.ER 17, llh. TO 23h.

A detailed account of this disturbance is given in Chapter VI.

(0) SEPTEMBER 18, Oh. TO 14h.

The di~turbance of the previous day ~ontinued spasmodically till about 14h. on
September 18, the only intervals of comparative quiet-though always interrupted by
minor fluctuations-being most evident in the force vectors of the meridian plane. From
Oh. to 2h. a bay movement characterised all components with ranges of 181 y in H, 133"y
inZ and 227'5 minutes of arc in D, the la~t being equivalent to an east to west disturbing
force of 206y. As in all direct bays the commencing movements in Hand Z corresponded
to a-diminution of the normal field strength with the return movement not so complete
or deliberate as the first.

Further subsidiary perturbations centred at 4h. and 6h.25m. occurred in H
and Z with a smaller one mainly in H at 7h.35m.; movements of considerable
irregularity and not in phase with those in the force components were proceeding in D
during the same period. Then after 3t hours of moderate quiet a sharp movement in
all three components set in at llh.29m., arid in the subsequent II minutes H increased
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by 771', Z by 1041' and the exchange in declination, 85'5 minutes of arc, was. equivalent
to an east force of 781'. Subsequent movements in all components were" highly
oscillatory; Z about a mean position at the culmination of an inverted bay initiated by
the movement just described, H after a rapid rise and fall superposed on the major
outline of.a baysynchronons with that in Z and D during a similar rapid reversed
excursion to west.

(p) SEPTEMBER 24, oh. TO 14h.

All the disturbances hitherto described have had their main trend frequently
interrupted bJ the additional perturbations of very local origin which are conspicuous
on the records for most days at Antarctic stations. Such perturbations were singularly..
absent during the earlier part of the disturbance on September 24. Except for a
temporary arrest ofthe major variation between 2h.20m. and 3h.l0m., the strength of t!.Ie
horizontal field along the meridian fell continuously from Ih.45m. to 3h.56m. Between
3h.5m. and 3h.56m. the decrease was 175 y; the,total decrease frOlTI the opening of the
disturbance was 336 y. After 4h. H increased systematically till the end of the disturbed
period. The trend in Z was similar. A fall of 229 l' from oh. to 3h.35m. was succeeded
by a continuous rise of 3591' to 9h.50m. with a subsequent fall of 1401' to a normal level
at 12h.17m. In the main rise therefore, the variations in these components of the
disturbance field were attributable simply to a much enhanced development ofthe regular
disturbed day variation. Though additional pertmbations were more evident than in H
and Z, the same is true of the tranverse disturbing field. The greatest westerly elonga,tion
at 3h.26m.was attained after two hours of rapid oscillation, culminating in an E to W
movement of range 2° 6' executed within 27 minutes. A further bay movement
equivalent to the super position of an east-divided disturbing force of 3551' and a return
movement to W of 2661' brought the meridian to normal azimuth by 12h. 14m.

About lOh. some small oscillations were visible in all three components, the
largest in H was of range 42y, in Z 5!Y, and D pI' or '551' in west force.

(q) SEPTEMBER 24, 14h., TO.SEPTEMBER 25, 2h.

Remarkably steady general 'conditions persisted from 14h. to 19h. with the only
interruptions a succession of fairly regular oscillations in D and H, which were only
partially recognisable in Z. Just after 19h. a larger bay movement began in D, reached
a westerly elongation a~ 20h.58m. and remained in an oscillatory state there till 23h.14m.
when the reverse eastward movement interrupted by further oscillations brought
the trace to a normal position by 2h. The mean range in D during the day was 3°. H
andZ were also affected by the disturbance field but the changes were not in phase with
those in the EW component or with each other. The period of the oscillation was
shorter in Hand Z than in D and the mean minimum position reached later. Further,
though the fall of 1851' in Z was almost equal to the rise, as in D, the main fall in If was
partially counterbalanced by an immediately preceding rise; the oscillation in H was
rather of the nature of a double oscillation about the mean.' All three components were
considerably affected by minor perturbations till 6h. on the 25th. This disturbance· is
reproduced as Plate XlV.



(t) OCTOBER 14, 6h., TO OCTOBER 15, 6h.

A succession of oscillatory perturbations of nearly equal amplitude superposed
on the usual disturbance variation in all three components was the chief feature of
this disturbance. Though specially conspicuous in D, the oscillations were mainly
prominent in Hand Z, and in these components were almost, if not quite, in phase;

*.6455O--F

(8) OCTOBER 12, 20h., TO OCTOBER 13, 13h.

With continuous minor perturbations of no great amplitude, H fell from 21h.
35m. to 3h.l0m., then increased to 10h.30m. ;Between 5h.42m. imd 5h.52m. there
was a rise of 107y in a sharp oscillation. Z was similarly affected, except that after
the initial period of fall the rise was more graduaL A quick rise of 59y in the 12 minutes
preceding the maximum at 10h. was synchronous with a smaller rise of 40y in H. In
both these components the epochs of maxima and minima were again roughly those of
the regular disturbance variation. The same is true of D. As Hand Z fell, D
increased to west wi~h much oscillatoriness. Near the turning point at Oh.35m., a
sudden E then W movement had a range of 2° 6 '(= 106y).

"(r) SEPTEMBER 30, 21h., TO OCTOBER 1, Sh.

A clear sudden commencement (impetus) beginning at 21h.34m. on the 30th
September after an exceptionally quiet period of 10 hours opened a moderate disturbance
which continued for 20'hours.

The direction and Plagnitude of the constituent movements in the S.C. were as
.follows :.-::-H fall 32y, then rise 93y.

Z fall 52y, then rise Sly.

'D to east 44' then west 44' (= 40y E then W force). The turning points in the
oscillation were partially masked by minor movements. The S.C. was equally clearly
recorded at Cape Evans, and there the directions of change of Nl and Z in the two parts
of the movement were the reverse of those at Adelie Lande In the EW direction the
vector component was in the same sense at the two stations.

After the S.C., H strengthened slightly to 24h., and, after a short decrease rose
309y between 2h.46m. and 3h.35m., when followed an almost linear fall of 437y to
5h.4Sm. with a subsequent slow rise of 269y to 15h. The only additional perturbation
of note occurred betwe~n 23h.45m. and Oh.50m. Z was decidedly more affected by
superposed oscillations than H, but, on the whole, its value fell after the S.C. to 4h.2Sm.,
most of the fall (266y) taking place in the 2t hours preceding the minimum. A recovery
of 244y had been made by 7h.50m., and thereafter it continued a slow rise to slightly
beyond its normal value at llh.50m. Declination showed the usual oscillations at all
phases of the disturbance. Slightly west of normal at the outset, y made a series of
rapid excursions to E, of which one between Oh.25m. and Oh.47m. ranged through 160'.
A slower return movement to W with incessant minor interruptions preceded a further
'trge eastward drift from 3h.12m. to 8h.12m.. and a reverse change from east to west

through 6° 9' lasting till 14h.47m.
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(u) OCTOBER 20, 17h., TO OCTOBER 21, Ih.

The starting time of D most frequently was earlier than that for the two force components
and the completion of the swing later. Details of some of the movements are as follows,
using - to indicate a fall, + a rise, and E and W to indicate movements to east and
to west in declination.

- ,

H .. ·1-- 60y, +90y + 4Oy, - 20y + 34y, - 38y +50y,-47y + 46y 1+ 48y, -36y, + 60y

· .. 1

.. + 34y,-64y
Z ......... + 52y,-59y +55y,-74y + 52y,_78y + 70y + 81y,-37y, + 140y

+ 48y,-85y
D ... IE 105', W80' E40', W45' E 45', W85' E 37', W74' ......... E 65', W48', E 58'

I
E 40', W46'.

·12h. Om to
12h. ISm.

ISh. 30m. to
20h. 10m.

16h. 22m. to
16h.40m.

I
'13h. 46m. to I

14h.45m.
12h. 42m. to

13h.30m.

AUSTRALASIAN ANTARCTic EXPEDiTioN.. .

·!7h. 40m to 9h.ll ~~il~~~';'~O

4i4

. Between Oh. and 20m. and Oh.45m., ]) increased E 5° 40'; in the same interval
Z first increased 141y, then dec~eased 47y; H showed minor oscil~ations of unimportant
magnitude.

Overlapping the time of sudden increase of 94y in H, and 274y in Z during a period
of 25 minutes centred at 2h., D increased E by 106' equivalent to an east directed force
of 96y. This was really the first movement of a succession of four from Oh.48m. to
5h.33m., all being easily recognisable in the three components and with the major
turning points approximately synchronous in Hand Z though not always in D.

A small but conspicuous oscillation of the sudden commencement type appeared
about' 5h.45m. The chief changes were H + 67y, Z + 47y, D W 74' (- 67y).

Another period of freedom fro!!l considerable disturbance was broken by a poorly
developed S.C. at 17h.22m. on October 20. The chief movements in the subseque~t·

activity were completed by Ih. 30m. on the 21st.

In the " commencement" itself, the superposed field lowered the values of Hand
. Z while D increased to W, the magnitudes being Hand Z=7y al~d D 13' (= 12y). Only

four (or five) perturbations of bay type were superposed on the general trend which again
took the form of a simple enhancement of the regular variation in all three components.
The most prominent of these additional perturbations occurred between 23h.15m. on the
20th and Oh.28m. on the 21st, the three components varying in phase. From 23h.15m.
to Oh., Hand Z rose 15ly .and 263y respectively; the equivalent increase in E force was
only 58y. Over the 45 minutes to Oh.30m. (i.e., including the preceding movement),
H increased by 289y and Z by 32ly. An eastward movement inD between 23h.46m.
and Oh.lm. had a range of 142', being only 4' short of the extremtJ range for the whole
distllrhance. .
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§28.-EXTRBME RANGES IN DISTURBED INTBRVALS AT CAPB DBNISON AND CAPB EVANS.

The preceding descriptions of the broad outlines of force changes in 24 selected
disturbances at Cape Denison provide no basis for a. numerical comparison with
disturbance recorded at other stations. But such a comparison with the other recording
station in the Antarctic, Cape .Evans, is of more than usual interest, more especially when
it has been found that records covering the same disturbed period at the two stations
differ so conspicuously in many of the major movements. While it is realised that the
ideal foundation for comparison must be on the lines proposed by Bidlingmaier, even
the next best substitute for the" activity integral" in the form of squares of ranges of
force variations within snlall time intervals is associated with an expense of labour
incommensurate with the value of the results to be derived. This is especially the case'
with such records as those from Cape Denison inwhich loss of trace from an extremely
high oscillatoriness in one or more of the traces 'was partly overcome by the use of a
double mirror so that part of the'trace was frequently continued from off the top on to
the bottom of the sheet.

With as many as 24 disturbances for comparison the average value ofthe extreme
range of force variation encountered during each disturbed period will provide at least
a rough eOl,Ilparative measure of the force changes and if current theory is well founded
the 'squares of these extreme ranges should Toughly measure the "activity" of the
disturbing vectors. It is to be noted, however,' that such measures will refer. only to
the major and more widely acting forces and' can take little or no account of the local
pertu~bing fields which impress short period fluctuations, on the large scale field changes.
A further consideration of such period activity is made in Chapter VIn.

The extreme ranges of the components D, Hand Z at Cape Denison, together
with the lines of occurrence of the maximum and minimum values, have been measured
for the 24 disturbances whose main characteristics have already been summarised.
The co;rresponding extreme values and times recorded in the same intervals at Cape
Evans have been similarly measured. Both sets of data are supplied by Table CXI.
The range in D is given in terms of its equivalent in force units as well as in minutes
of arc. Since declination at Cape Denison during 1912 was 6°'5' west of north the
equivalent force ranges relate to a disturbing vector component directed along a line
6°'5 south of west. NoD record is available for the disturbances on June 27 and part
of June 28. '

N' at Cape Evans, it will be remembered, is the component directed 7°36' east
of north and E', 7°36' south of true ea·st. Z, the component directed radially downwards
is, therefore, the only element providing strictly comparable data for the two stations,
It may also be recalled t~at the average values of the horizontal meridian fields at Cape,
Denison and Cape Evans during the period covering the common dist,urbances were
rougl~ly proportional to'the distances, 575 miles and 795 miles respectively, separating
the two stations' from the supposed locality of the south magnetic pole (71oW'S, '
15°45' E). The horizontal field strength towards the pole at Cape Denisonwa'l '030 gauss
and at Cape Evans '043 gauss. The stations were approximately 900 miles apart.
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TABLE CXI.

Longer Disturbances: Ranges at Cape Denison and Cape Evans.

,
~'.

\-
Cape Denison. Ranges.

- From. T D I If Z Cape Denison. Cape Evans... , I

i Max. I 1I1ln. I" Max. I Min. Max. ! Min. D I If I z N' I E' I z·

I . . I

h. h, h, ill, h. ~, h. ill, h, ill. h, ill. h, ill,
,

Y- Y Y Y y y
April 5 18 April 6 5 3 12 2045 3 9 0 2 328 0 8 403 363 233 224 208 311 101

" 10 6
"

10 12 930 612 1035 9 0 936 6 :1 <264 <238 106 134 228 162 131

" :~'I ~ "
15 14 1110 223 11 16 446 II 30 336 338 304 261 490 207 248 139

~lay May 12 14 735 133 11 24 340 11 22 339 315 284 214 350 300 226 116

"
12 21

"
12 24 2119 2213 2320 2235 23 5 2210 182 164 98 184 106 180 36

J~~e
13 0

"
13 14 840 130 1354

1

833 837 . I 25 407 366 209 369 382 247 306
8 2 June 8 5 4 5 215 225 420 5 0 410 100 90 171 129 116 101 55

" 8 6 I "
8 8 610 627 642 720 8 0 618 61 55 60 62 78 163 86

"
8 10

"
8 16 14 0 1452 1345 1352 1335 12 15 464 418 337 416 197 151 124

"
8 19

"
8 22 19 5 2035 1942 2030 2148 20 13 187 168 80 124 59 152 38

" 9 0
"

9 5 440 0 5 0 2 2 18 0 1 2.18 139 125 147 124 215 164 150

"
27 6

"
27 12 No record. 6 15 910 10 35 632 - - 131 91 153 140 95

JU'I~
27 22 28 2 No record. 2220 357 I 40 2357 - - 88 119 93 101 23
31 14 Aug, I 8 444 23 0 1744 430 1746 :144 209 188 310 207 196 323 324

Aug, 18 14
"

19 6 3 15 2035 2225 4 5 21 12 358 364 328 173 394 188 302 82
19 9 19 10 60 54 64 64 102 87 63

Sept, 17 II Sept. 17 23 125:'5 2035 1740 2220 19 0 2025 372 335 181 165 256 302 119

"
18 0

"
18 14 11 40 I 2 II 40 '11 58 II 50 049 303 273 215 330 260 227 87

"
24 0

"
24 14 952 325 145 358 954 332 360 324 339 351 351 244 210

"
24 14

odf.
25 2 143 21 12 2352 2310 I 0 2336 206 185 156 215 265 200 103

"
30 21 I 18 810 026 333 548 II 43 430 284 256 445 333 226 288 180

Oct, 12 20
"

13 12 II 15 035 2134 215110 30 542 301 271 171 185 216 246 109

"
14 6

"
15 6 815 2352 1642 4 15 21 54 4 17 470 423 257 364 336 477 162

"
20 17

"
21 I 2325 2346 2342 040 2331 029 146 131 360 324 180 110 122

--- - -- ------ --------
Means of 24 ranges (except for D at C.D.) 243 (22) 200 239 205 211 123

Since both stations were well within the auroral zone whose limits are critical
for the definition of the primary features of disturbance in polar regions, it might have
been anticipated that the effects of disturbance on the component of the horizontal field
directed along the meridian would be approximately equally pronounced at both the
Antarctic stations; while from the very sensibly smaller controlling field at Cape
Denison, force variations in an EW direction would produce much larger ranges in the
component along this direction at Cape Denison than at Cape Evans. There would
have been little foundation either in fact or theory for a forecast of the average behaviour
of the vertical disturbing vectors.

The expectations as regards the horizontal components are generally confirmed
by the mean values of the range over the 24 disturbances, . Only 5y in a range of 200y

differentiate the mean ranges of the vector component along the meridian, that at Cape
. Evans being the higher, but the corresponding ranges for D and E' are 243y and 219y, .

·the. latter being the mean from 22 common disturbances. There can, however, be
only surprise at the result that the range of the vertical component at Cape Evans is no
more than 51% of that at Cape Denison, In individual disturbances the Z range at the
latter station exceeds that at Cape Evans in 20 of the total number of 24 tabulated
ranges..
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§29.-SQUARES Olf EXTREME RANGES COil-IPARED.

417

Consequent upon the earlier consideration the squares of the ranges 'for separate
components, for the combined vectors in the horizontal plane and for the resultant
vectors in three dimensions are supplied by Table CXIl. Two sets of mean values
of the squares are appended; one set derived from the use of all available constituents
ofthe table, the number in parenthesis after each mean denoting the number contributing,
to its formation, and a second set relating to the two disturbances for which complete
data are available for both stations. Rounding to t~e unit of 100y2 of the table accounts
for any discrepancy between the added values for the surface or total activities and the
sums of the squares of ranges for individual components.

Though mean the squared range for E' at Cape Evans in the last line of the table
exceeds that for D at Cape Denison,' the excess in the value for the field component along
the meridian at Cape Denison over that at Cape Evans more than counterbalances the
deficit in the transverse field changes. The net result, therefore, is that both in the
horizontal plane H and the three-dimensional field T, Cape Denison has precedence
over Cape Evans. In the vertical field alone the square of the disturbing force range
at Cape Evans is only 28% of that at Cape Denison. For the resultant in the horizontal
plane H the percentage is 83% and for the total resultant of all three components T
barely 61 %. These figures refer to the second set of means derived from the 22

disturbances for which ranges are complete in all components.

TABLE eXIl.

Longer Disturbances at Capes Denison and Evans: Squares of Ranges. (Unit 10Qy2.)

Cape Denison. Cape Evans. Cape Cape Cape I Cape

Date of Disturbance. Denison. Evans. Denison. I Eva.ns.

D' I II' I Z' N"
I

E"
I z' Hu HE Tu I

'fB
-_. ...

April 5-6 1,31S .543 .'502 433
1

967 102 1,861 1,400 2,362 1,502
April 10 .'566 112 180 .'520 262 172 679 782 858 954
Al.ril15 924 681 2,401 428 61.'5 193 1,60.'5 1,044 4,006 1,237
II ay 12, Oh.-14h. 807 458 1,225 900 .'511 135 1,265 1,411 2,490 1,545
May 12, 21h.-24h. 269 96 339 112 324 13 365 436 704 449
May 13 1,340 437 1,362 '1,4.'59 610 036 1,776 2.069 3,138 3,006
June 8, 2h.-.'5h. 81 292 166 135 102 30 373 237 540 267
June 8, 6h.-8h. 30 36 38 61 266 74 66 327 10.'5 400
June 8, IOh.-16h. 1,747 1,136 1,731 388 228 .154 2,883 616 4,613 770
June 8, 19h,-22h. 282 64 1,.'538 35 231 14 346 266 .'500 280
June 9 156 216 1,538 462 269 225 :172 ·731 .'526 956
Juue 27, 6h.-12h. - 172 83 234 196 90 - 430 - 520
June 27, 22h,-28, 2h. - 77 142 86 102 5 - 189 - 194
July 31, 14h.-Aug. 1, Sh. 353 061 428 384 1,043 1,050 1,314 1,427 1,743 2,477
August 18 14h,-19, 6h. 1,076 200 1,552 353 912 67 1,375 1,26.'5 2,927 1,333
August 10 29 41 41 104 76 40 70 180 III 219
September 17 1,122 328 ' 272 655 012 142 1,450 1,.'567 1,722 1,709
September 18 745 462 1.089 676 515 76 1,208 1,191 2,297 1,267
September 24. Oh.-14h. 1,050 1,149 1,232 1,232 595 441 2,199 1.827 3,431 2,268
September 24, 14h.-25, 2h, 342 243 462 702 400 106 586 1.102 1,048 1,208
September 30 655 1,080 1,109 511 829 :124 2,636 1,340 3,74.'5 1,664
October 12 734 292 :142 467 60,) 110 1,027 1,072 1,369 1,191
October 14 1,789 660 1,325 1,129 2,275 262 2,450 3,404 :1,775 3,667
October 20 172 1,206 1,050 324 121 149 1,468 445 2,517 504
Means-

(11 Days in parenthesis 7' 9 (22) 536 (22) 724 (24) 491 (24) 540 (24) 205 (24) 1244 (22) 10:l2 (24) 2044 (22) 1237 (24)
(2) 22 Common days 709 536 779 521 576 219 1,244 1,097 2,044 1,317

.

I
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T for Cape Evans exceeds '1' for Cape Denison in only 5 of the 22 complete
disturbances but H at Cape Evans exceeds Ii at Cape Denison in 12 of the disturbances,
Therefore, though the average activity in all three components during disturbance at
Cape Denison does greatly exceed that at Cape Evans, the pre-eminence of Cape Denison
is essentially a result of the behaviour of the vertical disturbance vector there. .

In the discussion of the instrwnental side of the magnetic work of the Expedition
(Scientific Reports, Series B, Vol. I) it was pointed out that the behaviour of the vertical
force variometer was not always completely satisfactory. But the main troubles were
encountered in 1913 after the period of simultaneous records which are at present under
discussion was past. In addition, the observer in charge of the magnetograph installation
decided that the anomalous records obtained in 1913 and, therefore, presumably in 1912
if the source of imperfection was present to an unnoticed degree then-were to be
attributed to friction in the balance system. Such a defect would, ho~ever, tend to
diminish the range of the recorded vertical force changes rather than enhimce them.
The accuracy of the scale values used in reducing the me~sured ordinates on the traces
to force units was verified. It must, therefore, be concluded that the differences between
the recorded ranges of the vertical component of the disturbance vectors at the two
stations are real.

It is true that differences in the vertical field changes even within such a limited
area of the pole were to some extent to be anticipated, but the differences actually found
seem out of proportion to the difference in the distances between either station and the
region of the magnetic pole. The result can only mean that within the auroral zone
there is an inner zone of discontinuity in the vertical force changes which normally
arise from the overhead current system in disturbance.
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MAGNETIC DISTURBANCE AT CAPE DENISON.

CHAPTER VL~THE DISTURBANCE.OF SEPTEMBER 17, 1912.

§30.-DESCRIPTION OF THE CHIEF FEATURES AS ~EGISTERED AT CAPE DENISO~.

419

After 48 hours of comparatively quiet conditions a disturbance began just before
noon on September ,17. For reasons which will become plain in the ensuing discussion,
the subsequent movements in the magnetic field at Cape Denison have been made the
subject of special study. A tracing of the magnetogram of this occasion is reproduced
in Fig. 19.

Declination alone showed much variation during the first hour, but after 13h.
the variations in all three components took the form of a succession of waves, the earlier
members of which were remarkably regular. These waves continued till after 19h.
Then at 19h.30m. a much larger movemimt, well developed in all components set in.
The phase relationships in the horizontal components of the disturbing force vectors
during this movement were rendered specially conspicuous by their approximate
regularity and made it obvious that the influencing forces had been rotatory in character,
swinging from east to west through north, i.e., anti-clockwise. Similar peculiarities
had also been evident in the same interval of the synchronously recorded disturbance
at Cape Evans and had been examined with reference to the records at other magnetic
observatories (vide Brit. Ant. Expedition, 1910-13, Terr. Mag. Sections 125-7).

Plate VIII reproduces an attempt to illustrate the main features of the Adelie
Land and Cape Evans magnetograms for the interval covering the disturbed hours.
In the original magnetograms the sense of direction for increasing force or its equivalent
in declination at Cape Denison was opposite to that at Cape Evans in both horizontal
components. Further, the high sensitivity of the declination magnetograph at the
former station-the scale value was such that 1 millimetre of.ordinate on the trace meant
a change of 1'65y in the vector transverse to the meridian-was such as to require almost
continuous use of the reserve trace which was made available by the wide angle mirror
of the Eschenhagen instrument used. Direct reproduction of the original magnetograms
would, therefore, have assisted little in a comparison of the two Antarctic records. An
attempt has therefore been made to reduce systematically the ordinates of the D trace
after drawing a continuous trace by piecing together the primary record and the
discontinuous excursions from the second trace at the other side of the sheet.
The reproduced record is therefore a composite production and as such is intended
merely to represent the main features in the variations of the disturbing force vectors
at Cape Denison for comparison with those at Cape Evans. The measurements of
times and changes of force quoted in the following tables and discussion are based on
the aqtual magneto~rams.
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Table CXIII summarises the main characteristics of the constituent movements
of the disturbance from 12h.15m. to 19h.30m., changes in declination being expressed
in terms of their equivalents in force units.

TABLE CXIII.

Cape Denison: September 17,1912. Field changes during succession of waves.

H D (to East). z

Magnitude
of

Field
Change.

Direction
of

Field
Change.

Time.
)love-

ment of Time. Direction Magnitude Time. Direction Magnitude

Series. 1-----,--- Ff~d Fi~d -1- Fi~d FhSd ---,---
From. I To. Change. Change. From. To. Change. Change. ~rom. ~ I To.

---':-------'-----':-----'-------,-"---':-----;----+----;.:-------'-'-------i--------':-- ...
h. m. h. in.

12 15 . 12 55
12 55 13 47

A

B

C

D

E

F

h. m. h. m.
12 15 13 0
13 0 13 47

13 47 14 5
14 5 14 37
14 37 14 55
14 55 15 35
15 35 15 50
15 50 ' 16 45
16 45 17 40
17 40 18 25
18 25 19 3

Decrease
Increase

(Illl1inly) .
Increase
Decrease
Increase
Decrease
Increase
Decrease
Increase
Decrease
Increase

20
23

38
27
50
56
54
35
93

114
64

13 47
14 5
1439
15 1
15 33
15 50
17 12

14.5
14 39
15 I'
15 33
15 50
i7 12t
17 50

... I

Increase
Decrease

Increase
Decrease'
Increase
Decrease
Increa~e

Decrease
Increase

59
49

41
68
62
74
45

120
54

h. m.

13 47
14 7
14 37
14 55
15 35
15 50
16 45
17 40

I

18 25
19 0

h.m.

14 7.
14 37
14 55
15 35
15 50
16 45
17 40
18 25
19 0
19 32

{
Noneap.
preciable

Increase
Decrease
Increase
Decrease
Increase
Decrease
Increase
Decrease
Increase
Decrease

43
52
48
67
56
52

'127
77
81
58

• Previons spur 14h.50m. t Out of step_

IIi the first of the succession of waves A, unrepresented in the vertical disturbing
field, the change In declination answers to a force increasing fir-st to east and reaches
its maximum some five minutes before the less well developed minimum of an oscillation
in-H which started almost simultaneously. In the three subsequent waves B, C and D
represented by all three .components, turning points are attained almost simultaneously
or only differ by. times which are within the margin of error in the estimation of time
allowable on account of superposed perturbations of short period or from errors of
parallax inherent in the mode of' registration. Only at the completion of the return
movement from east to west after 15h.50m. does declination take a course different
from the meridian and radial force components. Further, if Z be regarded as increasing
positively when the dip of the south end of the magnet is decreased, and declination
be considered as changing positively, under the influence of an east-directed force, all
three components are completely in phase throughout these early movements. Indeed
the parallelism between the vectors in the meridian plane throughout the disturbance
is one of the remarkable features.

Towards the completion of the fourth wave, the disturbance field, as indicated
by the independent variation of declination, began to assume a rotatory motion out· of
phase with the synchronous variations in II and Z. From that stage up to 19h.30m.
when the largest of the constituent movements of the disturbance begins, declination
changes are only slightly related to those of the two force components. These latter,
however, continue to vary in step throughout the remainder of the disturbance. Mter
a short interval of hesitation about 16h. Hand Z execute two further movements of
longer period when the principal movement of the day beginE\,
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This culminating oscillation exceeded its precursors both ,in duration and
'amplitude. From a preliminary maximum value in an easterly direction at

19h.37m. declination changed through 4° Il' to its extreme ~vestward position,at
20h.35m. then swung back through 4° 52' in the next Il5 minutes. These changes in
declination were equivalent to the superposition, first of a west force of 227y, followed
by a force in the opposite direction of 265y. The maximum in H and in Z was not
attajried till 19h.55m. after which the values of both these components decreased,
then rose to complete the movement about 22h.

§31.~THE INTERVAL 19h.30m. TO 22h. IN DETAIL: 5-MINUTE ORDINATES.

Undulatory variations in the distllrbanc~field similar to those just described were
experienced throughout the earth, and, in particular, the bay-like mov~ment between
19h.30m. and 22h. as registered at Cape Denison was found to be promin~nt in the
disturbance at almost all the other observatories from which records were obtained.
Since this part of the disturbance had received special attention in the discussion of
the records from Cape Evans, a detailed analysis has been extended to Cape Denison.

TABLE CXIV.

Cape Denison : UH:.! September, 17th: Departures from Mean at
5-minute Intervals and Squares.

t>z·t>w'Time. ~ I b ~ ~ ~ I ~.
__---':--'(t::::o-"w"'es"'-t).'-----''----- -;- -;- -;-_--------'"--------

,

I
y

I

y y Y
5 + 2 + 52 + 16 -114 256 12,996 2,704
0 + 9 + 52 +23 -118 529 13,924 2,704
0 + 2 +56 I + 16 --119 256 14,161 3,136
1 -I- 19 + 52

I
+ 31 -98 961 9,604 2,704

6 +59 +60 + 71 -98 5,041 9,604 3,600
0 + 90 + 82 I + 99 -69 9,801 4,761 6,724
5 + 69 + 56

j
+ 75 -46 5,625 2,116 3,136

9 +49 + 15 + 52 -23 2,704 .529 225
9 + 22 ~.- 25 + 20 + 21 400 441 625
6 + 5, -40 ! + 2 +26 4 676 ],600
7 - 8 -51 -13 I + 46 169 2,116 2,601
2 -21 -59 -29

I
+ 69 841 4,761 3,481

9 -21 -til -30 + 76 900 5,776 2,601
7 -18 --48 -29 + 94 841 8,836 2,304
2 -18 -48 -·28

I
+ 79 784 6,241 2,304

4 -18 -~7 -24 + 52 576 2,704 I 1,369
5 -45 -48 -51 +49 2,601 2,401 ?',304
5 -38 -4.~ -_. "''' + 60 , 2,025 3,600 1,600
0 -48 -44 I -56 +64 3,136 4,096 1,936
1 -38 -25 -43 + 36 1,849 1,296 625
1 -42 -25 -45 +26 2,026 676 625 .
2 --25 -18 -30 + 39 900 1,521 324
9 - 5 - 7 -10 + 38 100 1,444 49
4 - 8 -22 -12 + 33 144 1,089 484
7 - 1 -11 - 6 + 47 36 2,209 121
1 + 16 + 8 + 16 + 3 256 9 64
9 + 9 + 30 +11 -18 121 324 900

-,11 + 30 -10 - 7 100 ,49 900
-11 + 19 - 9 -15 81 225 361
+ 12 +34 + 20 -63 400 3,969 1,156

1 + 9 + 52 + 18 -79 324 6,241 2,704

1
6

14
65
8

Y
-11
-12
-12
-10
-10

8
5
2

+ 1
+ 2
+ 4
+ '7
+ 7
+ 9
+ 8
+5
+ 5
+ 6
+ 7
+ 4
+ 3
+ 4
+ 3
+ 3.+ 4
+

h. m.
19 30
19 35
19 40
19 45
19 50
19 55

'20 0
20 5,
20' 10
20 15
20 20
20 25
20 30
20 35
20 40
20 45
20 50
20 55
21 0
21 5
21 10
21 15
21 20
21 25
21 30
21 35
21' 40
21 45
21 50
21 55
22 0



"MAGNETIC DISTURBANCE ATOAPE DENISON. 423

Thirty-one ordinates a,t 5-minute intervals over the period 19h.30m. to 22h. were
tabulated for the three components and expressed in terms of force units, considering
declination as increasing positively when the change in disturbing force across the
meridian was ,directed eastward. : Then taking the average ordinate over the interval
as the standard of reference, 5-111inute departures of each vector component from the
standard were obtained and from these the departures for the true geographical
components N, E and Z were deduced. The results are given in Table CXIV and
graphically represented in Piate VIII. This figure also shows the .ehanges in the three
geographical components in the same interval at Cape Evans and, to illustrate
simultaneous magnetic events at stations distributed over northern latitudes, at
Honolulu, Sitka 'Helwan and Eskdalemuir. The data for these stations were furnished
by Table CLXXVI, p. 369 Brit. Ant. Expedition Terr. Mag.

Since the rotation of the disturbing vector in the movement now being considered
had commenced before the previous disturbance in the meridian force Coiliponents H
and Z had completely di~appeared, the values of field strengths of these co'mponents
continue to rise till 19h.55m.then fall steadily in sympathy with the rotation. Though
the maximum easterly elongation in D was reached by 20h,35m., H (N) did not begin
to increase till 21h. It is this phase difference between force components in and across
the meridian which establishes the anti-clockwise rotation of the vector in the horizontal
plane.

§32.-VECTOR CHANGES AT CAPlE DENISON AND OTHER STATIONS.

Attentio~ has already been directed to the fact that i~ most disturbances as
registered at Cape Denison a prominent feature was the parallelism, sometimes
remarkably close, in the major variations of the two disturbing vector components in
the meridian plane. In contrast to the usual state of affairs at Cape Evans this was
especially noticeable, and could be attributed only to the position of the current systems
responsible for the magnetic field changes relative to the two stations. If the
amplitudes of corresponding movements in the Hand Z traces at Cape Denison had
bf\en exactly equal~and there were many examples of a fair approach to this
condition-then the current system would be approximately just as many kilometres
to the north or south of the station as it was high above the surface. At Cape Evans,
on the other hand, the syRtem would be sufficiently distant rehtive to its height that
the vertical component of the associated field was reduced and distorted by secondary
perturbing fields. To a minor degree a similar difference in behaviour between the
horizontal meridian arid vertical field components of disturbance have been noted at
two stations in lower latitudes in the northern hemisphere, There are many more
cases of approximation to parallelism between the Hand Z traces in disturbance at
Lerwick, Shetland (60° 8' N, 1° 11' W) than at Eskdalemnir (fi5° 19', 3° 12' W) only
some 360 miles further south. '



424 AUSTRALASIAN ANTARCTIC E~PEDITION..

TABLECXV.

September 17, 1912, 19h.30m. to 22h.: Magnetic" Activity."
-10

(Unit: 1 XIO Erg/cc.)

N E z
•

Cape Denison '" '" ... ... 56'2 164·8 .71'8 221,0 292'8
Cape Evans .. , ... ... , ... ... ' 42·7 175·3 19·0 218·2 237'3
Honolulu .. , ... ... , ... '" 4·8 3·0 0'3 7-8 8·0
Helwan .. , ... ... '" 43·3 2'6 6-4 46,1 52·5
Sitka ... ... ... .. . ... 35'4 14·3 10·2 49·7 59·9
EskdaJemuir· ... ... ... ... .. . 154'5 80·2 12·7 234·7 247-4

Table CXV and Plate' VIII show that the part of the disturbance of September
17, 1912, between 19h.30m. 'and 22h. was no exception to the difference between the
two Antarctic stations. For though the horizontal vector components along the meridian
took the same course, the vertically directed component showed no parallelism. The·
changes in If both at Honolulu and at Sitka were similar to those at the Antarctic
stations; in the group of stations Mauritius, Helwan, Falmouth and Eskdalemuir, on
the other hand, the field strengths to north and east in the horizontal plane increased
while the decrease was in prqgress in the Antarctic, and also, if Honolulu and Sitka are
representative, in the hemisphere to the west of a line joining Agincourt to the region
of the south magnetic pole.

The rotatory character: of the disturbance field is further shown in vector diagrams
of Plate IX; the co-ordinates of the diagrams being 'the departures entered in Table
CXIV, smoothed by the forrrmhi (a + 26 +- c) /4 to facilitate comparison with Plate
LVII of the Brit. Ant. Expedition Terr. Mag. Volume. As in the case (jf the horizontal
plane vectors at Cape Evans,: the direction of rotation at Cape Denison is anti-clockwise
and though a general NW-SE trend characterises the diagrams for both stations, the
superposed perturbations between 20h.30m. and 21h.30m. result in a much less regular
description in the south-easterly quadrant at Cape'Denison than at Cape Evans. On
the other hand while a meri4ian vector diagram for the latter station would have little
regularity and small development owing to the behaviour of the vertical force component,
that for Cape Denison is a fairly regular figure with major axis directed approximately
45° from the vertical and is d,escribed in an anti-clockwise direction.

§33.-THE " ACTIVITY" OF THE DISTURBANCE BETWEEN 19h.30m. AND 22h.

The " activity" of the disturbance field as computed from the approximate form
of Bidlingmaier's activity integral for short intervals of time Et:, 2/81Tn. Where t:, is
the departure of the element 'from an assumed normal or standard of reference at each
of a number n of small submultiples of the interval, had been considered for that part
of the disturbance between 19h.30m. and 22h. on September 17, 1912, and Cape Evans
and ten other stations (vide Table CLXXVII, p. 373, Brit. Ant. Exp. Terr. Mag.,
1910-13).. Using the data of Table CXV an estimate of "activity" has been made for
the disturbance at Cape Denison during the same interval.
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Though it is true that the mean of the 31 five-mi1!-ute ordinates for the 2t hours
was far from representing the undisturbed level for the interval, the preceding disturbance
made the choice of the value ?f the .field at 19h.30m. equally unacceptable. The
activity has therefore been calculated on the basis of the mean ordinate. Activities
for Nand E separately are given in Table CXV and are therefore immediately
comparable with those for Nl and El at C,ape Evans, and for Nand E· at Honolulu,
Sitka, Helwan and Eskdalemuir extracted from Table CLXXVII cited above. Combined·
activities for the resultants in the horizontal plane and in all three dimensions are also
supplied by the table. )

The prominent features of the table are :-

1. Of the two Antarctic stations the activity of the disturbance vector either
in the horizontal field alone or when extended to three dimensions is
greater for Cape Denison than for Cape Evans. The activity of the east
directed component alone at this latter station is greater than the activity
of the corresponding component at Cape Denison.

2. The main difference between the two stations lies in the contribution to the
total activity made by the vertical field component.· At Cape Evans this
is only 8%; at Cape Denison it is nearly 25% of the activity of the total
resultant In space.

3. Eskdalemuir is the only other station of the table with an activity of a
similar order of magnitude to that in the Antarctic. Indeed the
disturbance field in the horizontal plane at that station was more active
when judged by the criterion at present employed than at either of the
Antarctic stations. .

4. The relative insignificance of the disturbance at stations in an intermediate
zone between the Antarctic stations and Eskdalemuir or even Sitka is
well represented by the entries for Honolulu. The activities at Buitenzorg
and Alibag are of similar magnitude.

§34.-RELATION OF " ACTIVITY" TO SQUARES OF RANGES DURING THE DISTURBANCE.

It is convenient to examine here the relations between the mean square
of the departures of the disturbing forces from the ., normal" field with the mean
square of. the range of the forces. For Bidlingmaier in considering the estimation
of activity in small' intervals of time, had proposed the use of the square of the
range in an interval of the order of an hour to replace the computation of 1:'ll2/12

from five-minute d"epartures as a means of approximating to the activity integraL
If R represents the" range for an hour or for an interval comprising a small number of
hours covered by a disturbance (2t in the present case) and II is the departure
at each of n sub-multiples of the interval then the ratio 1:'ll2/nR2 should be constant.



426 AUSTRALASIAN ANTAROTic EXPEDiTioN.

From the data obtained from Cape Evans and two other stations for the period
19h.30m. to 22h., September 17, 1912, the value of the constant has been found
to be approximately 0·09 (vide Brit. Ant. Exp. Terr. Mag. p., 375).

Taking as the range the difference between the largest and smallest ordinates
in Table CXIV, the values .of the ratio for the horizontal plane and derived from all
three components are :-

1 E/':,~ + E/':,~

31 R~' + R1

Cape Denison 0'080
Cape Evans 0·082

0·082
0'080

These values of the ratio are intermediate between the two sets of values derived
• I

from the Term Hour data (see Table C, Chapter IV). Though not computed in the
same way as those given ab6ve, the average value of the ratio for the -three components
was somewhat less ,('075 for Cape Denison and '072 for Cape Evans) when the extreme

. range was used and somewhat higher ('091 for Cape Denison and ·094 for Cape Evans)
when the range from the five-mir,mte ordinates was substituted for R. As explained in
the discussion of these results cOliditiolls were comparatively quiet during the intervals
covered by the Term Hour data. .

•
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CHAPTER VII.-DISTURBANCE AT CAPE DENISON AND CAPE EVANS
REFERRED TO SIMULTANEOUS DISTURBANCE AT CHRISTCHURCH,
NEW ZEALAND.

§35.-THE BASIS AND LIMITED SCOPE OF THE COMPARISON.

Unless it be referred to and compared with the record of simultaneous disturbance
at some station in more moderate latitudes, the real magnitude of disturbance in the
Antarctic is apt to be grossly underestimated. At the time of the expeditions there
were few.stations in the Southern Hemisphere providing continuous records for such a
purpose and the employment of data from stations on the other side of the earth weakens
deductions which might be drawn from a comparison. The nearest continuously
recording station was at Christchurch, New Zealand (430 32' S, 1720 37' E). By the
courtesy of the Director, H. F. Skey, of the Observatory therc, reprints of magnctograms
wcrc made available for a number of days within the pcriod of synchronous registration
at the two Antarctic bases, and on which there had been a fair degree of disturbance. The
ultimate selection of disturbed periods to bc used for thc comparison was determined
primarily by the appearance of the Christchurch rccords. In thc' general magnetic
quiet of the months conccrned, 1912, April to October, with a paucity of first class
disturbance, the final list was very limited and certainly not representative of the
relative intensities under conditions of really well developed disturbance.

For reasons which have been discussed elsewhere the hourly range and its square
have been taken as the basis of comparison of thc relative magnetic activities at ,the
three stations. The range within each hour,' in groups of hours varying from one to
twenty-four, were measured for all availablc components at the two Antarctic bases and
at Christchurch, and the material finally retained and tabulated referred to 153 disturbed
hours. For these all the Cape Denison records are complete for D, Hand Z, though on
two days, 8 June 13h. to 14h. and 4 July 14h.to 15h., the ranges quoted are
under-estimated through the trace going beyond the limits of, registration; the,
curve covering the disturbing hours on. 6 August at Cape Evans was missing.
Uncertainties arising from local artificial disturbance in the vicinity of the'
Christchurch Observatory made the estimates of hourly range for the vertical
componcnt unreliable in all but a few hours cach night. Ranges for that station
are, therefore, published only for the two horizontal components:

The hourly ranges TD relating to declination at Cape Denison and Christchurch
have been converted into the equivalent force units, and as leading to the most appropriate
comparison the ranges for Cape Evans have been tabulated for El, Nl and Z in that
order. In addition to the estimates of range for each of the 153 hours, Table CXVI
gives the squares of these rangcs for each component separately and for the resultant
vector in the horizontal plane. . For the two Antarctic stations the squared range
of the complete resultant in spacc is given in the final columns of the two relevant
sections of the table.
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TABLE CXVI.

Hourly Rang~ at Cape Denison, Cape Evans and Christchurch during Selected Disturbed Periods.
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Cape Denison. Cape Evans. Christchurch.
Hour

Date. Ending

I I I I I fE' I f N, I I I I [ If~+fG.M.T. . • • I' .I' . . . . . I' -[ - . . I I • .
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y' I1912- Y Y Y y' , y' y' y"
y' I y Y Y8

y' y' y' y' y' , "r y y' ' y'
.y 12 1 69 43 48 4,761 1,849 2,304 6,610 8,914 43 46 1,849 2,116 64 3,965 ,4,029 12 7 144 49 193

2 113 66 84 12,769 3,136 7,056 15,905 22,961 30 77 14 900 5,929 196 6,829 7,025 15 7 225 49 274
3 I 69 39 57 4,761 1,521 3,249 6,282 9,531 61 75 26 3,721 5,625 676 9,346 10,022 6 II 36 121 157
4 141 93 129 19,881 8,649 16,641 28,530 45,171 66 - 93 16 4,356 8,649 256 '13,005 13,261 13 18 169 324 493
5 68 63 70 4,624 3,969 4,900 8,593 13,493 48 32 17 2,304 1,024 289 3,328 3,617 7 13 49 169 218
6 36 54 39 1,296 2,916 1,521 4,212 5,733 35 39 22 ),225 1,521 484 2,746 3,230 II 29 121 841 962
7 37 43 41 1,369 1,849 1,681 3,218. 4,899 ' 62 80 15 3,844 6,400 225 10,244 10,4'39 17 17 ,289 289 578
8 101 51 31 -10,201 2,601 961 12,802 13,763 65 90 49 4,225 8,100 2,401 12,325 14,726 50 33 2,500 1,089 3,589
9 84 88 41 7,056 7,744 1,681 14,800 16,481 86 48 51 7,396 2,304 2,601 9,700 12,301 23 18 529 324 853

10 37 25 23 1,369 625 529 1,994 2,523 41 30 14 1,681 900 196 2,581 2,777 I 10 I 100 101
II 23 18 13 529 324 169 853 1,022 39 24 15 1,521 576 225 2,097 2,322 3 18 9 324 333
12 112 67 192 12,544 4,489 36,864 17,033 53,897 85 97 21 7,225 9,409 441 16,634 17,075 19 24 361 576 937
13 44 42 44 1,936 1,764 1,936 ' 3,700 5,636 43 50 13 1,849 2,500 169 4,349 4,518 11 II 121 121 242
14 62 33 74 3,844 1,089 5,476 4,933 10,409 32 50 0- 1,024 2,500 625 3,524 4,149 9 5 81 25' 106_0

ay 13 I 31 66 ' 53 961 4,356 2,809 5,~17 8,126 44 78 19 1,936 6,084 361 8,020 8,381 12 17 144 289 '433
2 152 88 123 23,104 7,744 15,129 30,848 45,977 162 129 73 26,244 16,641 5,329 ' 42,825 48,214 30 30 900 900 1,800
3 46 96, 103 2,116 9,216 10;609 11,332 21,941 53 98 39 2,809 9,604 1,521 12,413 13,934 18 24 :J24 576 900
4 62 84 119 3,844 7,056 14,161 10,900 25,061 54 39 II 2,916 1,521 121 4,437 4,558 4 8 16 64 80
5 85 70 71 7,225 4,900 5,041 12,125 17,166 50 26 14 2,500 676 196 3,176 3,372 II 10 121 100 221
6 53 61 54 2,809 • 3,721 2,916 6,530 9,446 60 58 100 3,600 3,364 10,000 6,964 16,964 29 19 841 361 1,202
7 68 37 34 4,624 1,369 1,156 5,993 7,149 129 73 177. 16,641 5,329 31,329 21,970 53,299 :J2 15 1,024 225 1,249

, 8 147 100 42 21,609 10,000 1,764 31,609 33,373 151 184 45 22,801 33,856 2,025 56,657 58,682 47 49 2,209 2,40l 4,610
9 103 81 227 10,609 6,561 51,529 17,170 68,699 99 56 138 9,801 3,136 19,044 12,937 31,981 26 19 676 361 1,037

10' 50 70 63 2,500 4,900 3,969 7,400 11,369 74 57 85 5,476 3,249 7,225 8,725 15,9.50 19 27 :J61 729 1,090
II 98 40 81 9,604 1;600 6,561 ll,204 17,765 155 107 81 24,025 11,449 6,561 35,474 42,035 34 12 1,156 144 1,300
12 48- 73 34 2,304 5,329 1,156 7,633 8,789 78 61 74 6,084 3,721 5,476 9,80fj 15,281 14 I:J 196 169 365
13 45 32 37 2,025 1,024 1,369 3,049 4,418 52 28 78 2,704 784 6,084 3,488 9,572 7 7 49 49 98
14 45 ' 29 38 2,025 841 1,444 2,866 4,310 50 ,32 27 2,500 1,024 729 3,524 4,253 3 4 9 16 25
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TABLE CXVI-continued.

Hourly Ranges at Cape Denison, Cape Evans and Christchurch during Selected Disturbed Periods.

Cape Denison. Cape Evans. Christchurch.
Hour

Date. Ending
...

I I I

I I • I' , , I_TH··I·fz-1 f~, .j, f~'·1 I-f~
G.M.T.

I_!H I.ELI f~
I

. , , I' 'I' , , I I ' I' ,rv ._fH. fz. .1_rvtIH fD+TH+fz fE' r z - '-~El+rHlrEl+rHl+rZl r:i) - [n'--fi> f,,+fH_. - - I

1912. I
\21

y' y' y' y' y' ! y' y' y' I y' y' y y y' y' I y'y y y y Y
July 4 i , 68 32 4,624 1,764 1,024 6,388 . 7,412 45 . 41 14 2,025 1,681 196 3,706 3,902 3 15 9 225 . 234

2 94 74 82 8,836 5,476. 6,724 14,312 21,036 54 79 9 2,916 6,241 81 9,157 9,238 15 8 225 64 289
3 88 III 84 7,744 12,321 7,056 20,065 27,121 37 49 18 1,369 2,401 324 3,770 4,094 12 3 144 9 153

/ 4.. 51 61 45 2,601 3,721 2,025 . 6,322 8,347 76 29 22 5,776 841 484 6,617 7,101 7 13 49 169 218
.5 96 56 48 9,216 3,136 2,304 12;352 14,656 90 73 14 8,100 5,329 196 13,429 13,625 22 13 484 169 653
6· 58 42 41 3,364 1,764 1,681 5,128 6,809 67 61 87 4,489 3,721 7,569 8,210 15,779 10 21 100 441 541
7 72 67 29 5,184 4,489 841 9,673 10,514 84 62 64 7,056. 3,844 4,096 10,900 14,996 3 10 9 100 109
8 52 67 32 2,704 4,489 1,024 7,193 8,217 78 55 24 6,084 3,025 576 9,109 9,685 26 40 676 1,600 2,276
9 64 47 52 4,096 2,209 2,704 6,305 10,009 147 45 45 21,609 2;025 2,025 23,634 25,659 18 36 324 1,296 1,620

10 27 26 32 729 676 1,024 1,405 2,429 33 43 25 1,089 1,849 625 2,938 3,563 7 10 49 100 149
11 51 37 45 " 2,601 1,369 2,025 3,970 5,995 39 22 21 1,521 484 441 2,005 2,446 5 7 25 49 74
12' 66 32 98 4,356 1,024. 9,604 5,380 I. 14,984 45 51 17 2,025 ' 2,601 .289 4,626 4,915 9 13 81 169 25u

. :- 13 81 81 217 6,561 6,561 47,089 13,122 60,211 97 58 19 9,409 3,364 361 12,773 13,134 24 22 576 484 1,060
14

I

117 86 181 .. 13,689 7,396 32,761 21,085 53,846 50 69 35 2,500 4,761 1,225 7,261 8,486 29 28 841 784 1,625
15 118 199 >261 13,924 39,601 >68,121 53,525 > 121,646 80 103 17 . 6,561 10,609 289 17,170 17,459 19 29 361 841 1,202
16 105 47 235 11,025 2,209 55,225 13,234 68,459 48 123" 31 2,304 15,129 961 '17,433 18,394 17 18 289 324 613
17 59 29 49 3,841 841 2,401 4,322 6,723 50 44 35 2,500 1,936 1,225 4,436 . 5,661 6 7 36 49 85
18/ 48 33 58 2,304 1,089 3,364 3,393 6,757 16 30 13 256 900 169 1,156 1,325 7 5 49 25 74
19 , 71 51 74 5,041 2,601 5,476 7,642 13,118 78 62 17 6,084 3,844 289 9,928 10,217 8 7 64 49 113
20 I 35 43 70 1,225 1,849 4,900 3,074 7,974 31 54 10 961 2,916 100 3,877 3,977 2 4 4 16 20
21 34 64 60 1,156 4,096 3,600 5,252 8,852 56 34 20 3,136 1,156 400 4,292 4,692 7 8 49 64 113
22 I 62 75 I 68 3,844 5,625 4,624 9,469 14,093 63 42 24 3,969 1,764 576 5,733 6,309 5 6 25 36 61
23 I 119 74 88 14,161 5,476 7,744 19,537 27,281 65 73 35 4,225 5,329 1,225 9,554 10,779 6 3 36 9 45
24 I 46 118 66 2,116 13,924 4,356 16,040 20,396 56 123 31 3,136 15,129 961 18,265 19,226 7 27 49 729 778
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TABLE CXVI-----rontinued.

Hourly Ranges at Cape Denjson, .Cape Evans and Christchurch during Selected Disturbed Periods.
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Z
t'j
>-3
I-to
t::I
I-t
rn
>-3

§
to

~
o
t'j

P>
>-3
oe;
t<l
t::I
t<l

~
rn
o
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y2
533
340

72
290
793
164
450
269
509
325

2,533
289
349
389
169
41
4.5
97
25
45

106
305

25
25

I
' ,

fD+fH

y2
484
324

36
169
729
100
225
100

25
100

1,089
225

25
289
144

25
9

81
9
9

25
256

9
9

5
4
6
4
4
G
9'
7
4
4

y I y
7 ",22.

: y'
49

4 18 16
6 6 36

11 13 121
8 27 64
8 10 64

15 15 225
13 10 169
22 5 484
15 10 225
38 33 1,444

8 15 64
18 5 324
10 17 100

12 ·25
5 16
3 36
9 16
3 16
3 36
5 81

16 49
3 16
3 16

y'
47,102
41,540

9,038
9,077

51,491
92,137

5,737
4,190
7,748

21,794
23,171
4,936
9,705
8,505

10,211
3,800
3,346
2,738
6,810
2,808
4,898

17,936
8,874

.4,498

y'
.38,266
39,040
8,749
8,501

20,866
45,481·
5,161
4,021
4,148

14,225
18,946
4,360
8,744
8,249
8,986
3,016
;1,202
2,482
6,641
2,612
4,817

17,536
8,033
3,922

. . I . 'j Christchurch.

I ' ," , , I I" 1 'r~ fEI+fgl[fEl+ful+fzl f D f H f D fa
! I I .

y2
8,836
2,500

289
576

30,625
46,656

576
169

3,GOO
7,569
4,225

576
961
256

1,225
784
144
25G
169
196
81

400
841
576

y2
9,025

10,816
6,724
5,476
4,225

19,881
3,136
2,.500

784
4,225
7,921'
1,444
4,900
1,024
4,225

900
1,521

961
1,600

676
1,681
3,136
5,329

.2,401

Cape Evans.

I f~, I
,

fE'

y·1 y'94 29,241
50 .28,224
17 2,025
24 3,025

175 16,641
216 25,600

24 2,025
13 1,521
60 3,364
87 10,000
65 11,025
24 2,916
31 3,844
16 7,225
35 4,761
28 2,116
12 1,68\
16 1,521
13 5,041
14 1,936
9 3,\36

20 14,400
29 2,704
24 1,52\

I f z I
'(
95

104
82
74
65

141
56
50
28
65
89
38
70
32
65
30.
39
31
40
26
41
56
73
49

f H ,fE' I

Y
17\
168
45

.. 55
129
160

45
39
58

100.
105
54
62
85
69
46
41
39
71
44
56

120
52
39

y'
16,587
96,386
44,581
12,609
10,778
8,324
1,769
4,402
4,886
6,678

66,233
41,577
39,976
48,194
35,518
10,304

6,093
15,394
17,155
10,528
10,819
48,120
26,749

7,342

I

' , ,
fD+fH+fz

y2
14,738
59,905
20,245

6,833
5,449
6,560
1,285
3,033
3,365
4,469

35,957
38,096
31,140
11,713
12,717
5,120
2,249
2,730
5,274
8,224
7,570

32,744
20,025

6,381

I
' ,

fD+fH

y'
1,849

36,481
24,336

5,776
5,329
1,764

484
1,369
1,521
2,209

30,276
3,481
8,836

36,481
22,801

5,184
3,844

11,664
11,881

2,304
3,249

15,376
6,724

961

y'
5.329

16,641
14,161

4,624
1,849
4,624

324
729

2,209
3,025

28,561
19,600
20,736

7,744
9,801
4,096

400
1,521
3,249
3,600
2,809
3,844
2,601
2,025

Cape Denison.

! f~ I· f~f~

y'
9,409

43,264
6,084
2,209
3,600
1,936

961
2,304
1,156
1,444
7,396

18,496
10,404
3,969
2,916
1,024
1,849
2,209
2,025
4,624
4,761

28,900
17,424

4,356

~3
191
156

76
73
42
22
37
39
47

174
59
94

191
151

72
62

108
109

48
57

124
82
31

Y
73

129
119
68
43
68
18
27
47
55

169
140
144

88
99
64
20

;~I60
53
62

1

51
45

Hum'
Ending
G.Y.T.

, ,fD I f H I f z I
Y

1 97
2 208
3 78
4 47
5 60
6 44
7 31
8 48
9 34

10 38
11 86
12 136
13 102
14 63
15 54
16 32
17 43
18 ··47
19 45
20 68
21 69
22 . 170
23 I 132

'1 24 I 66

Date.

1912.
July 5
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TABLE CXVI-continued.

Hourly Ranges at Cape Denison, Cape Evans and Christchurch during Selected Disturbed Periods.

P>

I
' , q

rD!:H .~,

~
t-1
P>
rn
~
Z
~

Z'
>-3
~
~a
>-3.....
a

~
"d

~
~

-Christchurch.

, I' .I' , ''I I I ' I 'Tz r.E~~.rH)rE)~r~,+rZl r D ..!. fa f D _ fa

Cape Evanfl.

rz I r~~ Jr~. JrE' I rHOlr~+r~+r;1r~+r;1
,

r zr~

Cape Denison.

r~r zIHour I IDate. Ending rD IiI
G,M,T, , I , , ..- .

I y' I
I

y' I1012. y, Y y y' y' y' "(' ,y' y Y Y8
y' y' y' y' y Y Y' y'July 6 I 87 71 87 7,569 5,041 7,569 12,610 20,179 35 34 1,225 1,156 64 2,381 , 2,445 9 0 81 0 81

2 65 61 84 4,225 3,721 7,056 7,940 15,002 33 40 9 1,024 1,600 81 2,624 2,705 5 2 25 4 29
3 25 31 33 625 961 1,089 1,586 2,675 21 19 7 441 361 49 802 851 4 I 16 I 17
4 46 '52 35 2,116 - 2,704 1,225 4,820 6,045 18 II 7 324 121 49 445 494 4 il 16 9 25
.5 39 44 25 1,521 1,936 625 3,457 4,082 30 10 7 900 100 49 1,000 1,049 4 16 25 41
6 33 46 20 1,089 2,II6 400 3,205 3,605 23 15 20 529 225 400 754 1,154 4 16 4 20
7 25 28 26 625 784 676 1,409 2,085 9 13 6 81 169 36 250 286 4 3 Ifi 9 25
8 I<i 12 6 196 144 36 340 376 10 8 6 100 64 36 164 200 2 2 4 4 '8
9 10 17 II 100 289 121 389 510 16 II 6 256 121 36 377 413 I 4 I 16 17

10 15 18 ,15 225 324 225 549 774 25 20, 10 625 400 100 1,025 1,125 I 7 I 49 50
:!.~ 24 12 15 576 144 225 720' 945 36 23 12 1,296 529 144 1,825 1,969 7 7 49 49 98

" 12 289 498 295 . 83,521 248,004 87,025 331,525 418,550 40 98 70 1,600 9,604 4,900 II,204 16,104 10 ,32 100 1,024 1,124
13 149 500 II7 22,201 . 250,000 13,689 272,201 285,890 65 73 40 4,225 5,329 1,600 9,554 II,I54 14 8 196 64 260

, 14 20 22 III 400 484 12,321 884 13,205 25 24 17 625 576 289 1,201 1,490 3 4 9 16 25
15 28 22 39 784 484 1,521 1,268 2,789 18 25 27 324 625 729 949 1,678 4 3 16 9 25
16 25 17 16 625 289' 256 914 1,170 32 41 16 1,024 1,681 256 2,705 2,961 2 4 4 16 20
17 72 21 33 . 5,184 441 1,089 5,625 6,714 45 20 13 2,025 400 169 2,425 2,594 12 I 144 I 145' :- 18 41 29 27 1,681 841 729 2,522 3,251 I, 24 21 6 576 441 36 1,017 1,053 6 3 . 36 9 45
19 61 67 59 3,721 4,489 3,481 8,210 II,691 79 25 20 6,241 625 400 6,866 7,266 4 5 16 25 41
20 63 48 91 3,969 2,304 8,281 6,273 14,554 54 28 13 2,916 784 169 3,700 3,869 I 4 I 16 17
21 50 31 31 2,500 961 961 3,461 4,422 35 27 15 1,225 729 225 1,954 2,179 2 3, 4 9 13
22 58 58 62 3,364 3,364,' 3,844 6,728 10,572 29 30 8 841 900, 64 1,741 1,805 I I I I 2
23 46 41 63 2,116 1,681 3,969 3,797 7,766 41 31 8 1,681 961 64 2,642 2,706 8 12 64 144 208
24 40 29 32 1,600 841 1,024 2,441 3,465 45 29 7 2,025, 841 49 I, 2,866 2,915 7 6 49 36 85

July 8 13 31 7 21 961 49 441 1,010 1,451 17 21 6 289 441 36 ' 730 766 4 7 16 49 65
14 50 73 148

2,500 I 5,329 21,904 7,829 29,733 75 24 13 5,625 576 169 6,201 6,370 14 14 196 196 , 392
15 88 108 2II 7,744 II ,664 44,521 19,408 63,929 90 87 24 8,100 7,569 576 15,669 16,245 10 14 100 196

1

296
16 34 I 30 28 1,156 900 784 2,056 2,840 39 45 15 1,521 2,025 225 3,546 3,771 I I 4 I 16 17
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Hourly Ranges at Cape Denison, Cape Evans and Christchurch during Selected Disturbed Periods.
. . ..

Ca~e Deniso? Cape Evan!:!.
.

Christchurch.
I Hour

Date; \ Ending I

f H I fz I
.

I
.

I
.

f •• I fH·I I
•

I
.

I
. .

I f~ If~+r~G.ld.T. I I . I' . . [. '1' . . I If D Tn f H f z fn+fH fn+fH+fz fz fE' rHO fz rEI+rH~rEI+rNI+rZl f D I f n f n

~ I
y' Iy Y Y13

y' y' . v' y' y' y' Y Y6
y' y' y' y' y' y y y' y'

tly 21 11 21 18 441 324 169. 765 934 10 23 100 529 36 629 665 12 7
1441

49 193
12 62 30 38 3,844 900 1,444 4,744 6,188 22 36 10 484 1,296 100 1,780 1,880 4 16 16 256 272
13 17 26 25 289 676 625 965 1,590 19 6. 14 361 36 196 397 593 4 2 16 4 20

19. 6 17 19 15 33 361 225. 1,089 586 1,675 5 5 25 I 25 50
18 69 12 30 4,761 144 90 4,905 4,995 18 3 324 9 333
19 84 17 74 7,056 289 5,476 7,345 12,821 13 10 169 100 269
20 14 29 36 196 841 1,296 1,037 2,333 1 4 1 16 17

. 21 16 8 II 256 64 121 320 441 4 6 16 . 36 52

19. 21 10 52 20 23 2,704 400 529 3,104 3,633 60 14 8 3,600 196 64 3,796 3,860 2 9 4 81 85
11 63 15 45 3,969 225 2,025 4,194 6,219 42 82 16 1,764 6,724 256 8,488 8,744 17 24 289 576 865
12 54 19 19 2,916 361 361 3,277 3,638 73 55 31 5,329 3,025 961 8,354 9,315 8 12 64 144 208
13 35 31 19 1,225 961 361 2,186 2,547 19 24 8 361 576 64 937 1,001 7 7

491 49
98

14 50 36 49 2,500 1,296' 2,401 3,796 6,197 41 45 9 1,681 2,025 81 3,706 3,787 11 6 121 36 157

19. 23 8 III 32 69 12,321 1,024 4,761 13,345 18,106 30 63. 9 900 3,969 81 4,869 4,950 15 35 225 1,225 1,450

19. 24 8 33 43 52 1,089 1,849 2,704 2,938 5,642 95 18 47 9,025 324 2,209 9,349 11,558 16 7 256 49 305
9 50 47 22 2,500 2,209 484 4,709 5,193 62 72 39 3,844 5,184 1,521 9,028 10,549 8 18 64 324 388

>go 241 15 22 35 52 484 1,225 2,704 1,709 4,413 28 18 7 784 324 49 1,108 1,157 7 13 49 169 218
16 20 27 38 400 729 1,444 1,129 2,573 31 27 14 961 729 196 1,690 1,886 6 11 36 121 157
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§36.-S0ME ASPECrS OF TABLE CXVI CONTAINING PARALLEL DATA.
. I '

Even with the lack ofiranges for the vertical component of the disturbing field at
Christchurch, many features ,of interest are provided by individual hourly estimates for
the remaining components d,t the three stations: In particular the intensely localised
nature of many of the superposed perturbations of period under an hour becomes
manifest. The first hours bf the disturbance of 12 May may be taken as typical.
Whereas the range of the disturbing force in the meridian at Christchurch remained
steady in the first two hou~s it increased from 43y to 56y at Cape Denison and from
46y to 77y at Cape Evans... In the same interval, though the force transverse to this
direction only increased its tange of variati~'n from 12yto 15y at Christchurch, it rose,
from 69y to 113y at Cape Denison, but at Cape Evans, only some 900 miles distant, it
fell from 43y to 30y. The change in. behaviour of the vertical force within these hours

I,
was similar at the two Antarctic stations but the magnitude of the range at Cape Denison
was exactly six times that at Cape Ev~ns in both hours. Such a difference between
scales of change of the disturbing field in the vertical at the expedition bases were
frequent. In the hour 3h. to,4h. on 13 May the change inZ at Cape Evans was only lly,
little more than the averag~1 expected from the diurnal variation appropriate to that
epoch. But at Cape Denison in the same hour the range was about eleven times as great.

I
Other illustrations of this f~ature are given by the hour 13h. to 14h., 4 July, when the
comparable Z ranges were 217y at Cape Denison and 19y at Cape Evans, and again for
the hour 13h.-14h.,5 July with 191y as against 16y. Examples of the opposite tendency
are much more limited and the relative difference much reduced. 5 July 4h. to 5h. when
the Z range at Cape Denison: was 73y and that at Cape Evans 175y is one of the few.

"
"

Almost without exception the ranges and squares quoted for Christchurch are of
a different order of magnit~de from those for the Antarctic stations., Both in the
meridian and transverse disturbing forces, but especially in the latter, the ratios of the
Antarctic to the Christchurc~ range are commonly above 10. On some of the larger
movements recorded at Christchurch, when presumably the current system responsible
for the disturbance has beenl:much further north than usual, the range of one or other
horizontal component at th~t station, approximates to that at Cape Evans and less
frequently to that at Cape D~p.ison. 12 May, 7h. to 8h. is a case in point. On occasions
of really large disturbance in ,the Antarctic, on the other hand, as on 8 June, 13h. to 14h.
the range of the force in the Imeridian at Cape Denison may exceed 24 times the range
for the same hour at Christchurch.

I
§37.-ExAMPLES OF EXTREME RANGES AND TIMES OF OCCURRENCE AT THE THREE

. I STATIONS.

As exemplifying further details of the disturbances selected for comparison, the
following Table CXVII contai~s the extreme ranges with times of occurrence of maximum
and minimum values at the three stations for the disturbance of 12 and 13 May and 8
June.

,
I.

•
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MAGNETICDISTURBANOE AT OAPE DENISON.

TABLE CXVII.

Typical extreme ranges and times of extreme in disturbed intervals.

435

Cape Denison.

Date. Interval.

•

•

1912.
Oh. to 14h.l

h.m.\ h.m.
I

h.m. h.m. h.m. h.m.y y y
May 12 287 7 35 1 35 207 11 25 3 40 342 11 20 3 35

" 13 Oh. to 14h. 370 8 40 . 1 30 210 13 50 8 35 368 8 40 1 25
,lune 8 2h. to 5h. 88 4 15 2 15 170 2 25 425 126 5 0 410

"
8' 6h. to 8h. .56 6 10 6 25 60 6 40 7 20 65 8 0 6 20

" 8 lOh. to 16h. 148 14 0 14 50 331 13 40 . 13 50 >393 13 30 12 15

19h. to 22h.1 19 451

to
14 5

" 8 168 19 5 2035 78 I 20 30 123 21 50 20 15
I

•

ICape Evans. Christchurch.
Date. Interval.

R E, I·Max. I ~nn. I RN·I Max. I Min. I Rz I Max. I Min. IRn I Max. I Min. IRul Max. I Min.

1912. y h.m. h.m. y h. m. h. m.
1J6

h. m. h. m. y h. m. h.m. y h.m. h.m.
May 12 Oh. to 14h. 226 7 37 11 12 300 11 25 3 33 2 10 8 5 96 3 35 7 40 .74 11 30 6 0

" 13 Oh. to 14h. 247 8 15 0 .5 382 7 50 1 23 306 020 9 10 84 1 10 10 25 91 7 50 1 32
.June 8 2h. to 5h. 101 4 20 2 45 116 2 5 4 13 55 ~ 30 4 30 15 4 5 2 0 46 2 5 4 30

" 8 6h. to 8h. 163 ' 7 14 6 35 78 7 3 7 40 86 7 5 7 30 52 6 10 7 20 38 6 0 7 10

" 8 10h. to 16h. 151 ( 15 13 40 197 13.57 14 30 124 12 35 14 12 30 1:1 25 1:1 5 37 13 35 11 35

" 8 19h. to 22h. 152 19 0 20 30 59 10 30 20 :11 38 21 40 19 15 22 20 20 22 0 22 19 45 20 20

Two features of the table are noteworthy. Approximate coincidence of times of
attainment of highest and lowest values of the disturbing forces at the three stations is
not uncommon. .For example, in the component of the disturbing force in the direction
ofthe meridian the maxima on 12 May at Cape Denison and Cape Evans were synchronous
and the minima occurred within seven minutes of each other; in the component across
the meridian in the same disturbance' two minutes separated the maximum turning
points. As: between Cape Evans and Christchurch the maximum in Nl on 12 May
occurred only 5 minutes before the maximum in H and on the following day the maxima
occurred simultaneously while the minimum values were attained within nine minutes
of each other.

Such results indicate that the major influences in the disturbance were operating
approximately simultaneously over the area covered by the three stations and'that'
the resultant movements in the resulting magnetic field were sufficiently developed to
transcend the phase differences in the ordinary diurnal variations arising from the local
time differences between the stations. For Cape Evans and Christchurch this was only
about half an hour, and Cape Denison and Christchurch about two and one-quarter
hours.

Secondly, instead of the almost systematic supremacy of the Cape Denison
hourly ranges over those for Cape Evans in all components, and instead of the
differences between either of these and the ranges for Christchurch amounting to
several multiples of the latter, the differences between the extreme ranges over sets of
hours are not so consistently large and unidirected except in the case of vertical
force. On 12 May the extreme range R

D
for Cape Denison exceeds REI but in the,

l3ame interval of fourteen hours R
li

is only 69% of RN1. A similar change as between
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the superiority of the extreme ranges in these two components is noticeable on the
following day. At thc same time the corresponding ranges for Christchurch increase
from the average of about one-fifth those in the Antarctic, which is the ratio for the
hourly ranges (vide infra) to one-third. -

§38.-AvERAGE HOURLY RANGES FOR EACH DISTURBANCE.

Such' changes are best considered with reference to the summarised values of
average hourly ranges rand tlleir squares for each of the groups of disturbed hours of
Table CXVI. These averages are supplied by Table CXVIII. That the direct addition
of the mean squared ranges in this table does not always lead to the entry in the column
of combined squared ranges for the vector in the horizontal plane and for the total
vector is accounted for by the fact that these latter are derived from the addition of tho
separate squared resultants for each tabulated hour. Where a difference does exist
it should not exceed one unit.

In addition to the means for each group of disturbed hours, the table contains
three sets of general means; the first set relates to the seven days comprising 12, 13 May,
8 June, and 3, 4, 5 and 6 July ofthe upper half of the table and therefore has as its basis
131 of the total number (153) of selected disturbed hours; the second relates to the
further group of seven periods of disturbances (except in the case of Cape Evans,
where only six days are available); and the third comprises all the constituent groups.
In each of the three sets of general means the contributing groups are equally
weighted irrespective of the number of constituent hours of each group.

Representing most favourably the average relative state of affairs in longer
disturbance, the first of these sets of means shows that in all components, but most
prominently in the vertical component, the disturbing field at Cape Denison is more
highly active than at Cape Evans and almost incomparably more so than at Christchurch.
If the squared ranges be regarded as a measure of the activity of the disturbance vector,
disturbance activity in the horizontal plane at Cape Evans is on the average only 66%
of that at Cape Denison, and at Christchurch only 5%. _When all three components 
are combined the activity at Cape Evans for this set of 131 hours is only 50% of the
activity at Cape Denison.

When the comparison is extended to the whole number of tabulated disturbances,
the mean range for the forces along the meridian is the same for the two Antarctic
stations; but the mean squared range for this component at Cape Denison is nearly
50% greater than that for Cape Evans, the difference arising from the greater variability
of the constituent hourly ranges about the mean at the former station. 57y and52y
represent the average ranges per hour at Capes Denison and Evans respectively for
the disturbing force directed across the meridian, but the difference between the
corresponding ranges for the vertical field 6ly and 26y is relatively much greater.
In comparison with -the horizontal field ranges at either of these - stations· the
corresponding means for Christchurch are only between one-quarter and one-fifth' of
the Antarctic values, with a resulting activity for the combined components in the
horizontal plane about one-twentieth of that at Cape Evans.

.
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That the-differences in mean range and deduced magnetic activity between the
Antarctic stations on the one hand and such a station as Christchurch on the other is
not alone due to a difference iil scale (arising, say, from concentration ~f the responsible
current syst~m) of the same system of acting forces, is clear both from the differences
which" are manifest between the two Antarctic stations themselves and also from the
changes in the relative values of the range of variation of the disturbing forces as between
these stations and between either and Christchurch, when for the average range within
the hour is substituted the extreme range over the complete group of hours for each
selected disturbance.

As noted in connexion with Table CXVII, Cape Denison does not maintain such
a constant supremacy over Cape Evans in the case of extreme range as for the average
hourly, and the ratio I to 5 for Christchurch to the Antarctic for the mean hourly range
is much reduced when the extreme range is the basis of comparison. Such results make
it clear that though the scale of magnitude of the disturbing force vectors is really
enormously increased with increasing proximity to the polar cap, superposed short period
fluctuations arising from local perturbing forces contribute in large measure to the
total activity of the magnetic field during even average disturbance in the Antarctic.

•
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TABLE CXVIII.

Summary of Mean Hourly Ranges and Squares for Disturbed Periods at Cape Denison, Cape Evans and Christchurch.

449

401
425

239

285
262

210

116
163

Christchurch.

13

14
13

11

10
10

11,069

5,117
8,322

8,748

4,664
6,863

I' 'I' , '1 I I ' I ' ,. ,r:l+rNI r~l+~NI+rZl'r~' .~ fD,"rH rD+"[H

2,320

453
1,458

I r~rN'

3;904

2,172
3,105

Cape Evans.

r~, 1

4,844

2,492
3,759

34

Ifzl

40
1

17
47 26

53

I fN,

61

43
52

rE'

21,933

9,044
15,488

13,309

4,924
9,116

8,626

4,119
6,373

7,552

1,444
4,498

Cape Denison.

5,755

3,480 I
4,617

72

49
61

33
47

6265

50
57

~
w
H
i:d

-po..
t-ipo..
W
H

Y Y Y y' y' y' y' y' y y y y' y' y' y' _y' y y y' y' y' ~

71 51 63 6,210 3,038 6,069 9,247 15,317 53 59 22 3,080 4,111 632 7,191 7,823 14 16 331 314 645 po..
74 66 77 6,811 4,901 8,544 11,713 20,256 87 73 69 9,288 7,174 6,857 16,463 23,320 20 18 573 456 1,029 ~

68 61 85 5,684 7,847 14,307 13,531 27,838 63 60 32 5,068 4,905 1,573 9,973 11,546 11 13 179 237 416 H
39 45 51 2,085 2,487 3,144 4,573 7,717 49 33 29 2,861 1,398 1,065 4,258 5,324 3 10 9 87 96 po..
70 65 85 5,608 5,571 11,571 11,179 22,749 62 59 27 4,546 4,203 1,028 8,749 9,778 11 15 189 325 515 ,i:d
75 72 87 7,613 6,837 10,174 14,451 24,625 77 60 46 7,729 4,355 4,670 12,084 16,754 10 11 154 187 341 ~
55 74 56 6,272 22,181 6,572 28,453 35,026 33 28 15 1,339 - 1,181 416 2,520 2,936 5 5 37 64 101 H
51 55 102 3,090 4,485 16,912 7,576 24,488 55 44 15 3,884 _2,653 251 6,537 6,788 10 11 114 123 237 a
33 25 25 1,525 633 746 2,158 2,904 17 22 10 315 620 111 935 1,046 7 8 59 103 162 trl
40 16 37 2,526 313 1,614 2,839 4,453 - - 8 6 107 37 144 H
51 24 31 2,663 649 1,135 3,311 4,447 47 44 14 2,547 2,509 285 5,056 5,341 9 12 105 177 283 ."

111 32 69 2,321 1,024 4,761 13,345 18,106 30 63 9 900 3,969 81 4,869 4,950 15 35 225 1,225 1,450 trl
41 45 37 1,795 2,029 1,594 3,823 5,417 78 45 43 6,435 2,754 1,865 9,189 11,053 12 12 160 187 347 t:::l

- -2C --3C - --45- -44r --977- ---2;074- --1,'419- ---3;493- -29- - '23- -11- ---873- -527 -123- - 1,399- --1;521- -6- -12- -43- --145- -187--~----~-
I ---------- ---------- --- 0

~

131

22
153

N:!crl_~ ,-- -1-- -[- -' -/- ' I -' 1-'·' 1-' -'-'
i rD r H r z r D r H r z rD+rH i rD+rH+rZ

Date.

1912.

Means.
1st 7
.. periods

2nd 7
periods

All

May 12 14
,; 13 14

June 8 22
July 3 7

" 4 24
• 5 24

" 6 24
" 8 4
,,21 3

Aug. 6 5
,,21 5
,,23 I

____.. " _2:1__2_
,,24 2
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§39. INEQUALITIES FOR DAYS GROUPED ACCOI~DING TO THE INTERNATIONAL

CHARACTER FIGURE.

Preceding chapters have been· concerned with special features of magnetic'
disturbance as registered at Cape Denison. It remains to consider such of the more
general features as may be deduccd from a study of the diurnal inequalities representative
of disturbed conditions of varying degrees of intensity. Although almost entirely based
on the magnetic records of stations in the northern hemisphere, the international scheme
for the characterisation' of individual Greenwich days according to the intensity and
duration of disturbance has been shown to be a.pplicable to world wide conditions in a
way not at first anticipated. Almost all the days of available record from the Adelie
Land base have therefore been grouped according to the international 9hara~ter figure.
The groups comprised :- "

1. The five days per month selected as international quiet days.
2. Days of character figure 0'1 and 0·2.

3. Days of character figure 0·3 and 0·4.

4. Days of character figure 0'5, 0'6, 0'7 and 0'8.

5~ The five days per month of largest character figure.

In many months there was a residue of more than five days of complete data after
the five groups had been formed; the average number per month in excess of the
required five was, however, only two, not enough to justify the formation of an additional
group of days between that for characters 0'5 to 0·8 and that representing the most
disturbed conditions.

Seasonal mean inequalities for each of the five types of day were formed, grouping
together the contributions from the months May to August, 1912 and May to July, 1913

for winter, April, September and October, 1912 and March and April, 1913 as equinox
and November, 1912, to February, 1913, as summer. By suitable combination of the
mean inequalities for D and H, Nand W inequalities were deduced, using in the
transformation, a mean value of declination and horizontal force appropriate to the
months constituting each season. The annual mean inequalities for each element, both
primary and derived and for each group of days, have been formed as the means of
the three corresponding seasonal inequalities.

Both the range (the algebraic difference between the largest and least of the
inequality ordinates) and the average departure (the mean of the 24 constituents of the
inequality regardless of sign) are given for each inequality.' For moderate latitudes and
in average conditions the former will serve as a measure of the magnitude of the forccE'
producing the inequality but in the conditions of the present investigation with the
almost constant presencc of additional and highly localised perturbing forces, the'
average departure is a safer criterion of comparison.



TABLE CXIX.

Mean Diurnal Inequalities for Days Grouped according to International Character Figure:· Year: G.M.T.

~

, , , , , , , , , , , , , , . , , , , , ,
D 0·04 +18·2 + 9·8 + 0·2 - 8·7 -15,8 -15,2 -17,2 -13,5 -13-4 -13·5 -12·4 -13·0 - 9·9 - 5·9 - 1·0 - 0·1 + 1·2 + 3·4 + 5·5 +1l·5 +15·7 +20·8 +28'2 +25·2 45·4 IJ.,6

0·15 +23-1 +18·4 + 7·5 - 5·2 -II'8 -16·2 -15,8 -16,2 -17-1 -17,1 -15·3 -15,5 -13,6 ~ 7·4 - 2·9 + 0·6 + 1·0 + 2·3 + 4·6 + 8·2 +14·4 +21'6 +26·0 +26'4 43·5 12·8
. 0·34 +24·0 +18·6 + 7-4 - 6'0 -17,1 -20'9 -22,7 -21,3 -20-7 -21·2 -20·1 -19,5 -13·9 -10,1 - 2·1 + 2·3 + 3·5 + 9·5 + 8·6 +12·3 +21·6 +25'7 +28·8 +26·7 51·5 16·0

0·64 +25·8 +17·2 + 7·8 - 0·9 -12·8 -20,8 -26,4 -23,8 -28·6 -26,9 -28·5 -25·1 -19,5 -10,7 - 1·4 + 1·4 + 6·8 + 8·7 +13·6 +20·9 +28'5 +31·6 +33·4 +29-.5 62·0 18·8
H5 +38'0 +33·2 +23'6 + 5·7 -10'9 -27,4 -43·9 -49·7 -54·0 -55·9 -53·2 -53·1 -41·7 -25,8 -10,5 + 1·2 +13·2 +23'1 +26·0 +41'0 +56'7 +57·2 +58·9 +48·4 114·8 35·5

Y Y Y y. Y Y Y Y Y Y Y Y Y Y Y Y Y y.
+'7-6

Y Y Y Y , Y Y
H 0·04 - 6·4 - 6·9 - 5·0 - 3·0 - 1·9 - 4·7 -7·0 - 5·0 - 5·3 - 4·3 - 3·1 - 2·0 + 1'9 + 4·1 + 7·0 + 5·2 + 5·9 + 6·6 + 7·8 + 6·5 + 5·4 + 0·1 - 3·6 14'8 4·8

0·15 - 4·1 - 3·4 + 0·5 -10,1 - 7·3 - 9·2 - 9·3 - 6·9 - 9·0 - 6·9 - 4·3 + 0·5 + 3·9 + 4·1 + 6·4 + 5·8 + 5·6 + 6·4 + 6·1 + 8·1 +10·2 + 9·5 + 2·9 + 0·6 20·3 5·9
0·34 - 2·2 -7·0 -10,0 -10,8 -12,5 -13,3 -11,3 - 8·7 - 7-1 - 6·4 - 3·0 - 0·2 + 7·0 + 7·8 +10·3 + 9·7 + 9·3 + 7·6 + 7·4 + 8·7 + 9·5 + 8·3 + 6·4 +0·6 23·6 7·7
0·64 - 3·7 - 9·7 -16,6 -21,9 -18,8 -14,2 -16·2 -10,0 - 9·7 -'- 5·7 - 1·4 +4-l + 8·0 + 9·3 +1l'8 +13·1 +13·9 +10·9 +11·7 +13·0 +12'5 + 9·4 + 9·1 + 1·4 35·8 10·7
1·15 - 7·5 -23,8 -30·2 -34·6 -34,6 -'-35,7 -29·9 -29,1 -24·3 -II·O +1'5 +11·2 +20'1 +25:7 +28·3 +25·1 +23·8 +21·0 +20'7 +23'0 +21'8 +18·8 +10·2 + 9·7 64·0 21·7

Z 0·04 - 7·5 -17-3 _27'9 -29,7 -28,1 -20·1 -13·1 - 5·6 - 1·9 + 0·9 + 3·0 + 5·9 +10·3 +12·6 +10·5 +10·1 +11·3 +13·4 +15·3 +16·0 +14·2 +14·7 +10·4 - 1·0 45·7 12·5
0·15 - 3·1 -22·1 '-31·7 -32·8 -32,5 -24,1 -12'4 - 8·8 - 3·1 + 0·9 + 3·5 + 8.3 +12'4 +12'7 +11'0 +11'9 +11·1 +13·8 +17·2 +19·9 +19·1 +18·9 +9·1 + 0·9 52·7 14·2
0·34 -12,3 -27,5 -35·8 -38·8 -33·1 -25,3 -15·8 -11'0 - 5·1 - 0'3 + 6·2 +ll·3 +12·3 +17-4 +17·0 +15·4 +14'5 +12·9 +20·0 +21-4 +20·2 +19·2 +10·6 + 2·9 60·2 16·9
0·64 - 8·7 -26,9 -40·7 ---'41·6 -34,8 -24,4 -15·3 -10,6 - 3·7 - 0·1 + 7·5 +13·8 +13'9 +14·7 +12·3 +17·4 +18·6 +19'5 +23·1 +20'8 +19·3 +16·8 + 8·7 + 0·3 64·7 17·2
1·15 -29·3 -50,1 -57·3 -52'6 -45·8 -35·1 -19·8 -15·2 + 0·1 + 9·2 +15'7 +27'3 +33·6 +40'3 +30·9 +32'1 +21-4 +23'5 +24-l +23·6 +17·8 +18·3 + 0·1 -13,0 97·6 26·5

N 0·04 -8,3 - 7·8 - 4·9 - 2·1 - 0·2 - 3·1 - 5·1 - 3·5 - 3·9~ 2·9 - 1·9 - 0·8 + 3'0 + 4·6 + 7·0 + 5·2 + 5·7 + 6·1 + 7·0 + 6·7 + 4·9 + 3·2 - 2·8 -'- 6·3 15·3 4·5
0·15 - 6·5 - 5·3 - 0·3 - 9·4 - 6·0 - 7·4 - 7·6 - 5·1 - 7·1 - 5·0 - 2·6 + 2·1 + 5·3 + 4·8 + 6·7 + 5·7 + 5·5 + 6·1 + 5·6 + 7·2 + 8·7 + 7·1 + 0·1 - 2.2 18·1 5·4
0·34 - 4·8 - 9·0 -10'7 -10,1 -10'6 -11,0 - 8·8 - 6·3 - 4·9 - 4·1 - 0·8 + 1·9 + 8·4 + 8·8 +10·4 + 9·3 + 8·8 + 6·6 + 6·4 + 7·0 + 7·1 + 5·5 + 3·3 - 2·6 21·4 7·0
0·64 - 6·5 _II'5 -17,4 -21,6 -14·0 -11·9 -13·3 -7,3 - 6·6 - 2·7 + 1·6 + 6·8 +10·1 +10·4 +11·8 +12·8 +13·1 + 9·9 +10·1 +10·6 + 9·3 + 5·9 + 5·8 - 1·7 34·7 9·7
1·15 -II'5 -27,4 -33,0 -35·3 -33,6 -32'8 -35,1 -23,6 -18·3 - 5·0 + 7·2 +16·8 +24'5 +28'3 +29·2 +24'6 +21·9 +18·3 +17·8 +18'7 +15·9 +13'0 + 4·5 + 5·0 .64'5 20·9

W 0·04 +15·3 + 7·0 - 0·9 - 8·1 -14·1 -13·2 -16·0 -12,6 -12·4 -ll'9 -10,4 -10,6 - 8,4 -4,6 + 0·2 + 0·6 + 1·9 + 4·1 + 5·2 +10·0 +13·9 +18·8 +24-4 +21'8 40·4 10·3
0·15 +20·2 +16'1 + .6·7 - 5·8 -11·5 -15·7 -15·3 -15,3 -16·4 -16,1 -14·2 -13,9 -1l'7 - 6·1 - 1·8 + 1·2 + 1·6 + 2·9 + 4·8 + 8·3 +14·1 +20·4 +23·6 +23'8 40·2 12·0
0·34 +21·3 +15'9 + 5·4 - 6·7 -16·9 -20·3 -21,7 -20·1 -19·4 -19·8 -18,4 -17'5 -1l'6 - 8·2 - 0·7 + 3·3 + 4·3 + 9·4 + 8·6 +15·1 +20·5 +24'0 +26·6 +27·0 48·7 15·1
0·64 +22'7 +14·3 + 5'0 - 3·4 -13·7 -20·3 -25·6 -22·5 -26,8 -24·7 -25,5 -22'0 -16,5 - 8·5 + 0·2 + 2·8 + 7·9 + 9·1 +13·5 +20'3 +27·0 +29'4 +31·0 +26'6 57·8 17·5
1·15 +33'0 +28'3 +22·2 + 4·6 -11·2 -26,1 -41·9 -47·6 -51-4 -51·3 -47·5 -46·5 -36·2 -20,2 - 5·6 + 5·8 +17-4 +23·9 +24·9 +37·4 +50·6 +49·6 +44·4 +39'9 102·0 32·0

,-rotor-jme- national
ment. C~~~&O-- lh.

Figure
f 2h. I 3h., 4h. I 5h. I 6h. I 7h. I 8h. I 9h. 110h·ll1h·112~·113h' l 14h. I 15h./16h. I 17h. ·1 18h./19h./20h. 21h./22h·123h. I I
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TABLE CXX:

Mean Diurnal Inequalities for Days Grouped according to International Character Figure: Winter: G.M.T.

10:::'
~
Q
Z
t>j:
>-3
H'o
t:1
Hrn
>-3
q'
;:0'
td'
~
Z;
0
t>j

~
>-3

0-

~
t>j:

t:1
t>j
Z
Hrn
o
~,

I I
Averaae

24,h. Range. Depart
ure.I 2h. I 3h. I <h. I 5h·1 6h·1 7h.\ 8h. I 9h. [IOh. [llh. !12h. 113h·l14h·115h·116h·117h·118h·119h·120~·121h·122h·123h'I

, I, , , , I· J. I , I I I , , 'I' , , , , , , . , ,
D 0·05 +10·1 + 4·8 + 1-5 - 5:5 - 8·8 -8'8- 9·2- 6,7- 5·9- 6,3- 5'3~ 7·2 - 6·7 - 2·9- 0·2 + 1·8 + 3·2 + 2·5 + 4·0 + 7·2 +7-1 +9·3 +11-4 +10·7 20·6 6·1

0·17 +13·2 + 7·9 + 1·6 - 5·8 -,9'1 -11-0 -10,4~ 9·3 - 9·1 - 9·0 -10·3 -10,1 - 8·7 - 3·9 - 1·7 + 2·7 + 5·1 + 4·3 + 5·5 + 6·9 + 9·6 +12·5 +14-7 +14·4 25·7 8'2
0·35 +15·0 +10·9 + 5·6 - 2·8 -10,7 -10,0 -10,9 -U'O -10'5 -U'3 -13,6 -'13,3 -12·5 - 8·6 - 0·4 + 2·3 + 2·8 + 6·5 + 6·5 +10·8 +IH +U·3 +15·4 +17-4 31·0 9'6
0·62 +16·2 +U·O + 8·8 + 1·9 - 4·4 - 9·8 -U·8 -10,1 -12'7 -16,9 -21,6 -19·5 -19,5 - 9·0 - 2·8 + 2·2 + 4·4 + 4·2 + 6·6 + 9·8 +15·9 +18·8 +20'2 +18·1 41·8 II'5
1·09 +33·5 +32·3 +12·0 - 0·8 -13·6 -23·2 -35,8 -38·2 -37,2 -39,5 -38,6 -41'4 -32·0 -23,7 - 9·1 - 3·0 + 3·9 +13·5 +17-5 +36'3 +44·4 +47·0 +48'3 +47-4 89·7 28'0

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y y' Y Y Y Y Y Y Y YH 0·05 -·2·5 - 2·6 - 4·4 - 3·7 - 2·4 - 3·3 - 5-1 - 3·2 -2-1 - 1·5 - 1·1 - 0·3 + 2·3 + 4·5 + 4·0 + 3·9 + 2·3 + 3·0 + 3·1 + 3·5 + 2·6 + 3·2 0·0 ~'O'2 9·6 2'7. 0·17 - 5·1 - 8·3 - 7·5 - 7·4 -7-1 - 6·8 - 6·2 - 3·3 - 1·7 - 0·4 - 0·5 + 3·4 + 3·0 + 6·5 + 6·9 + 6·1 + 5·9 + 4·3 + 3·8 + 5·3 + 4·4 + 3·9 + 2·1 - 1·3 15·2 4'6
0·35 - 4·5 - 8·1 - 9·8 -11,3 -10,2 - 8·0 - 6·1 - 5·8 - 5·0 - 3·0 - 2·5 + 1·2 + 6·8 +10'1 + 9·7 + 7·3 + 5·6 + 7·5 + 6·9 + 5·0 + 4·2 + 5·8 + 3·2 + 1·0 21·4 6·2
0·62 - 5·3 - 8·7 -12,5 -]4·9 -13,8 -U'2 -12·6 - 7·9 - 6·4 - 3·9 - 1·2 + 3'9 + 7·3 + 8·7 +10·3 +12·9 +10·4 + 8·3 + 8·7 + 9·3 + 8·1 + 6·9 + 4·5 - 0·9 27·8 8'3
1·09 -18·6 -28·1 -25,9 -36·3 -31,2 -20·9 -19,3 -21·9 -17·6 - 7·2 + 3·0 + 9·1 +14·3 +19·7 +25'7 +20·8 +25'3 +26·2 +26·5 +26·2 +18'0 +10·7 +10·4 - 8·9 62·8 19·7

Z 0·05 - 6·8 -13,8 -16,8 -17'1 -'13·6 - 7·8 - 3·0 - 1·8 - 0·3 + 1·6 + 2·0 + 3·5 + 8·6 + 8·2 + 9·4 + 8·0 + 6·4 + 6·2 + 6·3 + 7·0 + 6·8 + 5·9 + 2·3 - 1·9 26·5 6·9
0·17 -U'5 -18·4 -21,4 -20·5 -16,9 -10,4 - 6·9 - 1·3 - 0·9 + 1·9 + 3·5 + 5'4 + 9·2 + 9·8 +12·2 +U·3 + 8·9 + 9·0 +10'1 + 9·7 + 9·1 + 7·9 + 3·2 - 3·0 33·6 9-:1
0·35 -16,8 -21,7 -19,9 -22,1 -17·8 -12,8 - 8·0 - 6·9 - 3·3 - 0·6 + 6·1 +U'8 +12·3 +17·5 +1'6'0 +U·3 +10·5 +12·2 +12·0 + 9·8 +12·1 + 7·3 + 0·1 - 9·0 39.6 U'6
0·62 -14-1 -19,3 -27,0 -26·8 -19·7 -14,5 -U·5 - 6·6 - 1·0 - 1·8 + 4·4 +10'5 +U·6 +14·6 +15·8 +17·8 +12'5 +U·8 +U·7 +10·6 +14·3 +U·9 + 2·7 --'- 7·9 44·8 12'5
1·09 ---,29·6 -38,3 -38,9 -38,8 -32,7 -20,7 -17·3 ---,13·2 - 2·1 + 6·2 +15·6 +22'0 +30·8 +36·6 +33·0 +39·0 +22·1 +19·2 +19·7 +15'3 +.9·1 + 2·6 -U'2 -28·4 77·9 22·6

N 0·05 - 3·6 -3-1 ~ 4·6 - 3·1 - 1·5 - 2·4 - 4-1 - 2·5 - 1·5 - 0·8 - 0·5 + 0·5 + 3·0 + 4·8 + 4·0 + 3·7 + 2·0 + 2·7 + 2·7 + 2·7 -+- 1·8 + 2·2 - 1·2 - 1·3 9·4 2-0
0·17 - 6·5 - 9·0 - 7·6 - 6·7 - 6·1 - 5·6 - 5·1 - 2·3 - 0·7 + 0·6 + 0·6 + 4'5 + 3·9 + 6·9 + 7·1 + 5·8 + 0·4 + 3·8 + 3·2 + 4·6 + 3·4 + 2·6 + 0·5 - 2·8 16·1 4·4
0·35 - 6·1 - 9·2 -10·3 -10,9 - 9·0 - 6·8 - 4·9 - 4·6 - 3·9 - 1·8 -H + 2'6 + 8·1 +10'9 + 9·6 + 7·0 + 5·3 + 6·7 + 6·2 + 3·9 + 3·0 + 4·6 + 1·6 - 0·8 21·8 5·8
0·62 - 7·0 - 9·8 -13,3 -15,0 -13·2 -10·1 -U'2 - 6·7 - 5·1 - 2·1 +H + 6'0 + 9·3 + 9·6 +10·5 +12·6 + 9·8 + 7·8 + 7·9 -+ 8·2 + 6·3 + 4·9 + 2·4 - 2·8 27·6 8·0
1-09 -22·1 -31,3 -27,0 -35·9 -29·6 -18·3 -15·4 -17·7 -13·6 - 2·9 +7-1 +13-4 +17·6 +22·1 +26·5 +21·0 +24·7 +24·6 +24·4 +22·2 +13·2 + 5·6 + 0·2 -13,8 62·4 19·0

:w 0·05 + 8·7 + 4·0 + 0·8 - 5·3 - 8·2~ 8·3 - 8·8 - 6·4 - 5·5 - 5·8 - 4·8 - 6'5 - 5·7 - 2·1 -+- 0·3 + 2·1 + 3·2 + 2·6 + ,4·0 + 6·9 + 6·7 + 8·7 +10'2 + 9·6 19·0 5·6
0·17 +U·2 + 6·1 + 0·5 - 6·1 - 9·0 -10,7 -10,0 - 8·7 - 8·4 - 8·1 - 9·3 - 8'6 - 7·4 - 2·7 - 0·7 + 3·1 + 5·3 + 4·4 + 5·3 + 6·8 + 9·1 +U·6 +13·4 +12·7 24·1 7·5
0·35 +12'9 + 8·8 + 3·8 - 3·8 -10,8 - 9·9 ---,10·5 -10·6 -10'0 -10,5 -12,5 -U'8 -10,4 - 6·5 + 0·7 + 3·0 + 3·2 + 6·7 + 6·6 +10·3 +10'4 +10·8 +14·2 +15·7 28·2 8·9
0·62 +13'9 + 8·9 + 6·4 - 0·1 - 5·5 -10'1 -12·1 - 9·9 -12·2 -15·6 -19,5 -17'0 -16·6 - 7·1 - 1·3 + 3·5 + 5·1 + 4·8 + 6·9 +,9·9 +15·2 +17·6 +18'6 +16·1 38·1 10·6
1·09 +27·8 +25'6 + 7·7 - 5·0 -15,9 -23·3 -34,4 -36·8 -35'4 --'-36·2 -34·2 -36'0 -27,0 -18,9 - 5·2 - 0·2 + 6·5 +15·2 +18·8 +35·6 +41·9 +43·4 +44'5 +41·4 81·3 25·7

I
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TABLE CXXI.

Mean Diurnal Inequalities for Days Grouped according to International Character Figure: Equinox: G.M.T.

~:i·1 ~~~:::J [lh. I 2h. I 3h. I 4h. I 5h. I 6h. 17h. ISh. I 9h. IIOh·lllh·II2h·113h·ll~h·115h·116h·117h·IISh·119h·120h·121h. I22h. 123h./24h./ Range·ID~;:rlg:e.
I, , , , , , , , , , , , , , , , , , , , , ,

D 0·05 +2H +13·0 - 1·0 - 7·0 -14·0 -16,8 -16·8 -13,0 -11-5 -13·5 -11,5 -14,0 - 9·2 - 5·0 + 0·9 + 2·9 +H + 5·0 + 5·7 + 6·1 +11·2 +16·1 +23'5 +26·0 .42·8 IH
0·14 +21'3 +14·6 +10'0 - 6·3 -12·4 -18,3 -14·3 -14-5 -14,7 -18,0 ...,.15·9 -18,5 -16,7 -10,4 - 2·9 + 0·8 + 2·1 + 6·7 + 7·5 +10·5 +13·9 +20·6 +25'9 +29'0 47·5 13·6
0·33 +20·0 +12·7 + 5·0 - 7·5 -16·5 -22·2 -22·6 -21,7 -21·1 -20,3 -19,1 -19·2 -11,4 - 5·8 + 1·9 + 3·9 + 7·8 + 7·2 +10·2 +14·9 +23·8 +27·1 +26'5 +26'4 49·7 15·6
0·65 +22'5 +21'1 + 8·9 + 2·3 -13·7 -23·2 -30-7 -27·1 ~3l-6 -36'3 -33-1 -28,0 -17,9 - 9·2 - 0·8 + 4·2 + 9·6 +12'8 +17·2 +26·1 +30·1 +32-6 +34·9 +29'3 71·2 21·0
1·21 +30·3 +25·2 +20·1 + 5·0 -10,5 -33,6 -49·8 -47·1 -59,1 -61-7 -53,6 -48·7 -38,9 -19·3 - 7·4 + 1·6 +17·9 +27·2 +31·1 +41·1 +65'1 +62·9 +54·3 +47'9 126·8 35·8

Y Y y y y y y I Y Y Y Y Y Y Y Y Y Y Y Y Y y. Y Y Y Y Y
H • 0·05 - 0·2 - 3·3 - 3·3 - 8·1 - 4·7 - 7·4 - 9·9 - 6·4 - 7·0 - 5·0 - 0·7 +H + 6·4 + 7·9 + 7·2 + 4·0 + 6·3 + 4·1 + 4·9 + 4·7 + 5·6 + 4·5 + 2·3 - 3·5 17·8 4·9

0·14 - 0'5 - 1·7 - 9·8 - 5·2 - 6·3 - 8·3 - 6·2 - 6·3 - 5·3 - 6·1 - 2-l + 2·9 + 7·6 +9-5 + 8·3 + 7·5 + 6·0 + 6·3 + 5·0 + 4·1 + 4·8 +1-6 - 2·9 - 2·6 19·3 5·3
0·33 - 3·4 - 5·8 - 9·6 -13·7 ~19'9 -18·0 -12·9 - 7·5 - 4·2 -H + 0·7 + 1·0 + 7·2 + 7·7 +9'l + 8·3 + 8·0 +:6'9 + 7·7 +10·9 + 9·4 + 9·2 + 6·3 + 4·0 30·8 8·0

·0·65 - 6·0 -10,0 -18·6 -28,6 ~24'7 -20,0 -17·8 - 9·2 - 5·2 - 3·7 + 1·7 + 6·4 +10·3 +12·3 +12·4 +11'5 +13·3 +12'6 +13·5 +12·3 +15'1 + 9·1 +11-4 + 1·9 43·7 12·0
1·21 - 8·4 -16·6 -28·0 -40·7 -44-3 -39,2 -38·0 -29,5 -24,6 - 9·2 + 5·8 +10·6 +24·2 +26·6 +30·0 +31·2 +31-4 +28·3 +26·7 +22·3 +17·8 +11·0 + 4·4 + 8·2 75·7 23·2

Z . 0·05 - 7·0 -19,3 -29·3 -30,9 -26·5 -16,6 - 6·9 - 0·8 + 2·5 + 3·7 + 6·9 + 9·3 +II'7 +1l·9 + 8·5 + 8·5 + 9·6 + 9·3 + 9·3 +10·8 +13·4 +1l·0 + 9·7 + 1·2 44·3 II·4
0·14 - 9·3 -23,9 -35,4 -29·6 -32·0 -25,7 -11,3 - 5·1 + 2·0 + 2·6 + 6·1 +11·9 +18·6 +18·3 +14·0 +13·1 +12·0 -tI2-4 +12·6 +15·7 +17·0 +12·9 +7-1 - 4·0 54·0 14·7
0·33 -10'5 -25,1 -35,1 -39·0 -37-1 -23,7 -11·6 _ 6·9 + 0·3 + 0·5 + 8·1 +1l·2 +13'4 +15'1 +12·4 +12·7 +14·0 +15·4 +17·0 +21'3 +18·7 +16'5 +10'4 + 2·0 60·3 15·8
0·65 -17·2 -30,6 -45·1 -44,9 -33·6 -20,5 - 9·5 - 7·0 - 1·9 .,.: 6·7 +16·6 +18·9 +17'5 +16·6 +13·5 +13'9 +18·0 +21'9 +28·0 +18·1 +17·2 + 9·9 + 0·2 - 6·7 73·1 18·1
1·21 -29,4 -40·5 -57'1 -59,7 -57,5 -40·8 -29·4 -17·5 + 4·6 +18·4 +22·7 +30·9 +28·6 +33·8 +25·8 +30·1 +25·3 +30·6 +3H +23'3 +14·2 +19·6 + 5·6 -13,4 93·5 28·8

._- -
N 0·05 - 2·5 - 4·7 - 3·2 - 7·2 - 3·2 - 5·5 - 8·0 - 5'01- 5·7 - 3·5 + 0·6 + 2·9 +7-4 + 8·3 + 7·0 + 3·7 + 6,] + 3·6 + 4·3 + 4·0 + 4·4 + 2·7 - 0·3 - 6·3 16·3 4·6

0·14 --2,8 - 3·3 -10·8 - 4,5- 4·9 - 6·2 - 4·6 - 4·7- 3·7 - 4·1 - 0·4 + 4·9 +9·3 +10·5 + 8·5 + 7·3 + 5·8 + 5·6 + 4·2 + 3·0 + 3·3 ---'- 0·6 - 5·7 - 5·8 21·3 5·2
0·33 - 5·6 - 7·2 -10,0 -12·8 -18·0 -15,5 -10,3 - 5,0- 1·9 + 0·8 + 2·8 + 3·1 + 8·3 + 8·2 + 8·8 + 7·8 + 7·0 + 6·1 + 6·5 + 9·2 + 6·7 + 6·1 + 3·4 + I·] 27·2 7·2
0·65 - 8·5 -12·2 -19·5 -28-7 -23·0 -17·4 -14·4 - 6·11- 1·8 + 0·3 + 5·3 + 9·5 +12·2 +13·2 +12·4 +10'9 +12·2 +1l·1 +1l·5 + 9·4 +1l'7 + 5·4 + 7·5 - 1·3 41·9 II·l
1·21 -11,6 -19,2 -30,0 -40·9 -42·9 -35,2 -32,3 -24·2 -18,0 - 2·4 +1l·6 +15'8 +28·2 +28'5 +30·6 +30'8 +29·2 +25·1 +23·1 +17·6 +10·6 + 4·0 - 1·5 + 2·9 73·7 21·5

W 0·05 +19·1 +11·2 - 1·3 - 7·3 -13·1 -15·9 -16,2 -12-4 -11·1 -12·7 ~1O'4 -12·3 - 7·4 - 3·6 + 1·7 +3-1 + 2·1 + 5·0 + .5·7 + 6·1 +10·7 +14·7 +2]·3 +22·8 39·0 10·3
0·14 +18'9 +12'9 + 7·7 -'- 6·2 -1l·9 -17-4 -13·5 -]3·8 -13,7 -16·8 -14,5 -16,2 -14,0 - 8·2 - 1·6 + 1·6 + 2·6 + 6·8 + 7·3 + 9·9 +13·0 +18·6 +22'9 +25'6 43·0 12·3
0·33 +17-5 +10·7 + 3·2 - 8·3 -17·2 -22,0 -21,7 -20·3 -19,4 -18,3 -17,0 -17'1 - 9·3 - 4·3 + 2·8 + 4·5 + 8·0 + 7·2 +10·0 +14·6 +22·4 +25·3 +24·5 +24·1 47·3 14·6
0·65 +19·4 +17·7 + 5·8 - 1·3 -15·2-23·1 -29,5 -25,3 -28,9 -32·9 -29·4 -24·2 -14,8 - 6·7 + 0·8 + 5·2 +10·2 +12·9 +17·0 +24·8 +28'7 +30·2 +32·6 +26'4 65·5 19·3
1·21 +26'1 +20'5 +14'6 - 0'4 -14·7 -34,7 -49·1 -45·6 -55,8 -56·3-47·2 -42·2 -31,9-14,1 - 3·0 + 5·1 +19·8 +27·7 +31·0 +39'4 +60·3 +57'5 +49·0 +43·8 116·6 32·9

I I

~

~
q.
UJ
>-3
~'
t-i
>
UJ
H

>Z:
>
Z'
>-3
>
i:d
O·
>-3'
H'
o
t>j'
P1
"d
t>j'
ti
H
>-3
H'
o
~.

- ..
'~' •



• .. ... ..

TABLE CXXIJ.

Mean Diurnal Inequalities for Days Grouped according to International Character Figure : Summer: G.M.T.

y y y y y y y 'y y y y y y Y
+23·2 +lI-6 0·0 -13·6 -24,7 -20·1-25·6 -20·8 -22·7 -20,6 -20,3 -17,8 -13,9 - 9·8 - 3·8 - 5,1- 1·0 + 2·7 + 6·9 +21·0 +28·9 +36'9 +49'8 +38·8 75·4 .18·3
+34·7 +32·6 +10'8 - 3·4---;-14·(J -19,3 -22·8-24,7 -27,5 -24·3 -19,7 -18·0-15'3 - 7·8- 4·0 - 1,6- 4·1- 4'0 + 0-7 + 7-l +19·7 +31·7 +37'3 +35·9 64·8 17·5
+37'0 +32·1 +]]'6 - 7·8 "':"'24·2 -30-5-34-6-31'1-30'6-32·0 -27·7 '-26·0-17·7 -16·0 - 7·8 + 0·8 (J·O +14'7 + ·9·1 +21·3 +30·0 +38·7 +44'5 +46·2 80·8 23·8
+38·8 +19'5 + 5·6 - 6·8 -20·3 -29,3 -36,7 -34-3 -41,6 -27-4 -30,7 -27,7 -2I-l -13·9 - 0·6 - 2·3 + 6·4 + 9'0 +i6'9 +26·8 +39·4 +43'5 +45'0 +41·2 86·6 24·3
+50·1 +42·1 +38'8 +13,0- 8·5 -25·5 -46·1 -63'9-65·7 -66·6 "':"'67-4 -69,3-54,2 -34·4-15·1 + 5·0 +17·7 +28'5 +29·3 +45·6 +60'7 +61·6 +74'1 +49·9 143·4 43·1

-16·6-14'8- 7·2 +- 2·7 + 1·5 - 3,5- 6·0- 5,3- 6·9- 6·4 - 7·5 - 7·2- 2'9- 0·2 + 9·8 + 7·7 + 9·1 +]2,6 +14·7 +15·3 +]]·3 + 8'5- 1'9- 7·2 31·9 7·8
- 6·6 - 0·2 +18'8 -17·6 - 8·6 -12·6 -15,6 -]]'0 -20,0 -14·3 -10·3 - 4·9 + 1·0 - 3·7 + 4·0 + 3·7 + 4·9 + 8·6 + 9·6 + 14·9 +21·6 +22·9 + 9·6 + 5·8 42·9 10·5
+ 1·2- 7·1-10'7 - 7·4- 7-4 -]4'0-14-9-12:7 -12·1 -14,7 - 7·2 - 2·7 + 7·0 + 5·5 +12·2 +13-4 +14·3 + 8'5 + 7·6 +10·1 +14·8 + 9·9 + 9·6- 3·2 29·7 9·5
+ (J·1-1O·5-18·8 -22-1-18'0 -]]·3 -18·3 -12'9-17·5 - 9·4 - 4·7 + 1·9 + 6'5 + 6·8 +12·6 +14·8 +18·0 +]]'7 +12·8 +17·3 +14·2 +12·2 +]]·3 + 3·3 .40·1 12·(J
+ 4,4'-26·8-36,6 -26·7 -28:4 -47,1-32,5 -35,8 -30·6 -16·7 - 4·2 +14·0 +21·8 +30·9 +29·3 +23·3 +14·7 + 8·7 + 8·9 +20'4 +29·5 +34-7 +15·7 +29·8 81·8 23·8

- 8·7 -18-7 -37,7 -41·1 -44,3 -36,0 -29·3 -14-1- 8·0 - 2·7 + (J·I + 4·9 +10'7 +17·7 +13'7 + 13·7 +18·0 +24'8 +30·2 +30·2 +32·4 +27-1 +19·1 -2·4 76·7 2(J·2
+IH-24·1-38·3 -48,4-48,7 -36·3-19·1-20'0-10·4- 1·7 + 1·0 + 7·6 + 9·4 + 9·9 + 6·9 +IH +12·3 +20'0 +28·9 +34·4 +31·3 +36·0 +16·9 + 9·6 84·7 20·6
- 9,6-35·8-52'3 -54,4 -44·3 -39,4 -27'9-19'1-12'2- 0·7 + 4·5 +10·9 +]]-2 +19·7 +22'5 +22·1 +18·9 +21-1 +30·9 +33·1 +29·9 +33·8 +21·3 +15·8 88·2 24·6
+ 5·3 -30·9-49·9 -53·I-fil·l -38·1-24'9-18'2 -:8·2 - 5·2 + 1·6 +]]·9 +12·7 +12·8 + 7·5 +20'5 +2'5-2 +24·8 +29·7 +33·7 +26'5 +28·5 +23'3 +15·6 86·8 23·3
~28'9-71'5 -76,0 -59,3 --47·1 -43,9-12,6-14,9 - 2·3 + 2·9 + 8·8 +28·9 +41·3 +50'5 +33·9 +27-3 +16-8 +20·8 +21·3 +32·1 +30·1 +32·8 + 5'9 + 2·7126·5 29·7

-18,9 -15,6 - 7'0 + 4-1 + 4·0 - 1·7 - 3·3 - 3-1- 4·5 - 4·4 - 5·7 - 5·7 - 1·5 + 0·7 +10·0 + 8·2 + 9·1 +12·1 +14·1 +13-4 + 8'5 + 4·7 - 6·9 -]]·2 33·0 7·4
-10,2 - 3·6 +17·6 -17-1- 7·0 -10'51-13-1 - 8'3 -17,0 "':"'1l·6 - 8·1 - 3-0 + 2·6 - 2·9 + 4·4 + 3·9 +- 5·3 + 8·9 + 9·4 +14-1 +19·3 +19-4 + 5·6 + 2·0 36-4 9·4
- 2·7 -10'5 -11-8 - 6·5 - 4·8 -10,7 -]]·2 - 9'3 - 8·8 -]]·2 - 4·2 0·0 + 8·9 + 7·2 + 12·9 +13·2 + 14·2 + 6·9 + 6·5 + 7·8 + ]],5 +'5·7 + 4·8 - 8·1 26·0 8·3
- 4-1 ~12'4-19'3 -21'2-15·8 - .8·1-14·3 - 9·2 -13·0- 6·4 - 1·5 + 4·8 + 8·7 + 8·3 +12·6 +14·9 +17·2 +10·7 +10·9 +14-4 +10·0 + 7·5 + 7'5- 1·0 38-4 10·6
- 0·9 -31·6 -42·1 -29·2 -28·2 -45·0 -27,7 -28'9 -23·4 - 9·6 + 3·0 +21·3 +27·8 +34·4 '-!-30'5 +22'0 +]]·8 + 5·3 + 6·0 +16·2 +23·8 +29·3 + 9·9 +25·9 79·4 22·2
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Range. Depart
ure.
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+18·2 + 5·9 - 2·1 -]]·8 -20·9 -15·5 -23'1-19'1-20·5-17·2 -15·9 -12·9 -12'1- 8·0- H - 3·5 + 0·4 + 4·6 + 5·8 +17-l +24·2 +33·0 +41'8 +32·9 64·9
+30'4 +29·3 +J]'9 - 5·1-13·6 -18,9-22,3 -23'5-27,0-23,4 -18,9 -16·8-13'7 - 7·4- 3-1 - 1·0 - 3·1 - 2·6 + 1·7 + 8·1 +20·2 +31-1 +34'6 +33·0 61·6
+33·4 +28·1 + 9·2 - 7·9 -22·7 -29,0 -32·8 -29'5 -28,9 -30,5 -25,7 -23·7 -15'1 -13·8 - 5·6 + 2·3 + 1·7 + 14·2 + 9·1 +20·3 +28·7 +35·9 +41·1 +41·1 73·9
+34·9 +16·3 + 2'8 - 8·7 -20,3 -27,6 -35·1-32'3 -39·4 -25·7 -27·6 -24.7 -18·2 -]]·7 + 1·0 - 0-4 + 7·9 + 9·5 +16·7 +26·1 +37'0 +40'5 +41'8 +37·4 81·2
+45·0 +38·8 +44'2 +19·3 - 3·6 -20·3 -42,1-60,4 -62,9 -61·3 -61,2 -61·2 -49·8 -27·7 - 8·6 +12·4 +25·8 +28·9 +24·9 +37·1 +49·6 +47·9 +49'8

1

+34'4 ]]2·7

D I 0·02
0.15
0·35
0·66
I-l5

H I 0·03
0·15
0·35
0·66
1·15

Z I 0·03
0·15
0·35
0·66
1·15

N I 0·03
0·15
0·35
0·66
I-l5

I
W I 0·03

I (J·15
0·35

I
0·66
1·15

m~;i_ \~i£~I!lh' I 2h. I 3h. I 4h. I 5h. I 6hC I 7h. I 8h_ r:. 110h·lllh. I I2h. I I3h. I Hh. !15h. I16h. 1m . I I8h. I ~9h. 12oh. I 2Ih. I 22h. !23h. I 24h.
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TABLE CXXIII.
~

~

(a) Inequalities for Q Days, Winter, 1913. (b) Difference Inequalities for Year and Seasons.

jlh' I 2h. , ah. 1 4h. rhO I 6~·-1 7h. I Sh·1 Dh. 1 10h·lllh·112h·113h·l14h·115h./16h. j 17h. 1 1Sh·I·19h·120h.j21h·122h·123h. /2·4h./ R.ng+~;:rtg:e.
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2 +12·2 +10·8 +12·0 +ll'O + 9·81+ 7·3 +ll·3 57·1 17·4
5 +19·8 +19·7 +27·4 +36-7 +30·8 +20·0 +18'1 76·1 22·7
1+10·1 + 8·8 + 7·6 + 3·6 + 3·6 -10,3 -12·0 60·5 15·0

7 +21'9 +21·7 +19'5 +11-4 + 3·4 + 6·4 -12'5 55·5 16·6
3 +12-6 +14'S +28·7 +3.5·2 +34·7 +34'3 +31-.5 65·6 20·3
7 +13·0 +13'4 + 8·3 + 2·3 - 3·3 -13,5 -26'5 54·9 16·2

,I +21·5 +18·8 +13·6 + 6·2 + 1·3 - 1·2 + 9·2 66·8 17·5
·7 +22'7 +25'3 +33·3 +49·6 +42·8 +27·7 +21·0 94·3 23·4
7 +21'3 +22·1 +12'5 + 0·8 + 8·6 - 4·1 -14,6 53·1 17·8

·7- .6·8 - 8·1 + 2·8 +15·3 +24·6 +16·8 +37-1 80·4 20·8
,4 +24'3 +19'1 +20'0 +25·4 +14·9 + 8·0 + 1·5 94·6 25·8
,2- 4·0 - 8·9 + 1·9 - 2·3 + 5·7 -13,2 + 5·1 85·6 14·2

TABLE CXXIV.

Mean Hourly Values of H after commencement of 28 Disturbances.

Y y. Y Y Y I Y 'y Y Y Y Y Y Y Y Y YIY Y Y Y Y Y Y Y Y Y
D + 5·6 + 2·1 + 0·7 - 4·3 - 5·5 - 6·3 - 4·5 - 3,9- 3·3 - 3·7 - 3·9 - 8·9 - 6,9- 2·7 - 4·6 + 3-l + 2·5 + 1·3 + 3·5 + 4·1 + 5·8 + 7·7 + 9·9 + 8·9 18·8 4·
H - 3·7 - 3·3 - 3·2 -. 3·9 - 1·6 - 2·0 - 2·1 - 3·2 - 1·4 - 0·7 + 0·7 - 0·7 + 1·3 + 4·3 + 3·5 + 5·0 + 2·0 + 2·2 + 1·7 + 2·2 + 2·9 + 1·5 + 0,9- 1·1 8·2 2,
Z - 7·0-10·9-ll·0- 9·8 - 7·1 - 3·0 - 1·7 0·0 0·0 + 0·6 + 0·4 + 3·4 + 7·6 + 6·6 + 6·5 + 5'21+ 4·3 + 3·8 + 4·0 + 4·7 + 3.'5 + 2·6 - 0·4 - 3·6 18·6 4·
N - 4·3 - 3·5 - 3·2 -' 3-4 - 1'01- 1·3 - 1·6 - 2·8 - 1·0 - 0·3 + 1·1 + 0·2 + 2·0 + 4·6 + 3·6 + 2·7 + 1·7 + 2·0 + 1·3 + 1·8 + 2·3 + 0·7 - 0·2 - 2·0 8·9 2·
W + 4·6 + 1.51+ 0·2 - 4·3 - 5-1 - 5·9 - 4·3 - 3'9,- 3·1 - 3·4 - 3-4 - 8'0 ~ 6·0 - 1·9 - 0·2 + 3·1 + 2·5 + 1-4 + 3·3 + 3·9 + 5·5 + 7-1 + 9·0 + 7·8 17·0 4·

Year ... N - 3·2 -19·6 -28,1 -33,2 -33-4 -29·7 -30,0 -20·1 -14·4 - 2·1 + 9·1 +17-6 +21·5 +23·7 +22
W +17·7 +21·3 +23·1 +12·7 + 2·9 -12,9 -25,9 -35,0 ~39'0 -39,4 -37,1 -35·9 -27,8 -15,6 ~5
Z -21,8 -32·8 -29,4 -22·9 -17'7 -15,0 - 6·7 - 9:6 + 2·0 + 8·3 +12·7 +21'4 +23'3 +27·7 +20

Winter N -18,5 -28·2 -22,4 -32·8 -28·1 -15,9 -ll·3 -15·2 -12,1 - 2-l + 7·6 +12·9 +14·6 +17·3 +22
W +19·1 +21·6 + 6·9 + 0·3 - 7·7 -15,0 -25,6 -30,4 -29,9 -30·4 -29-4 -29,5 -21,3 -16,8 -5
Z -22,8 -24·5 -22·1 -21,7 -19,1 -12'9 -14,3 -11-4 - 1·8 + 4·6 +13·6 +18·5 +22·2 +28·4 +23

Equinox N - 9·1 -14·5 -26,8 -33,7 -39·7 -29·7 -24,3 -19,2 -12·3 +H +ll'O +12·9 +20·8 +20·2 +23
W + 7·0 + 9·3 +15·9 + 6·9 - 1·6 -18,8 -32'9 -33,2 -44·7 --43·6 -36,8 -29,9 -24·5 -10·5 -4
Z -22,4 -21·2 -27,8 -28,8 -31,0 -24,2 -22·5 -16,7 + 2·1 +14'7 +15·8 +21·6 +16·9 +21·9 +17

•
Summer N +18·0 -16,0 -35-1 -33'3 -32·2 --43·3 -24,4 -25,8 -18,9 - 5·2 + 8·7 +27·0 +29·3 +33·7 +20

; W +26·8 +32·9 +46·3 +3HI+17'91- 4·8 -19,0 --41·3 --42·4 -44·1 --45·3 --48·3 -37,7 -19·7 -7
Z -20·2 -52·8 -38,3 -18·2 - 2·8 - 7·9 +16·7 - 0·8 + 5·7 + 5·6 + 8·7 +24·0 +30·6 +32·8 +20

(b) Difference inequalities.

(a) Qdays, Winter, 1913.
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In. drawing conclusions from the results supplied by Tables exIX to CXXII
regard must be had to several points.

1. Though the winter and equinoctial inequalities are means from two separate
sets of inequalities for 1912 and 1913 respectively, the constituent months
are not symmetrically distributed about mid-summer. The mean epoch
for winter is near the end of December, 1912, whereas that for equinox is
more nearly the beginning. Since, therefore, general magnetic activity
in the Antarctic was declining f~m 1912 to 1913 at.a greater rate than·
would have been deduced from any criterion of solar activity or even
from magnetic conditions iil .moderate latitudes, the differences in
corresponding inequalities from the two seasons though mainly are not
purely attributable to differences in magnetic conditions as between
Antarctic winter and equinoctial conditions. Relative to the winter

. conditions, the mean activity of the months c~ntributing to the tabulated
equinoctial inequalities is slightly exaggerated. This effect is small and,
as will be seen, the amplitude only and not the type of the inequality can
be affected.

2. These considerations are even more cogently applicable to the table of
summer data in all elem'ents but D. For during December, 1912; the H
and Z variometers were functioning so indifferently that that month has

.contributed no data to the seasonal mean in these elements, and, therefore,. .

in Nand W. The implication of this is that the summer inequalities
of Table CXXII are also reduced in amplitude but not affected in form
for all elements except declination.

3. Since the reduction in scale of the summer and equinoctial inequalities will
not be compensated by, the enhanced winter inequality relative to an
epoch at 31st December, 1912, the annual mean inequalities will have·
suffered a slight net reduction.

§40.-THE EFFECTS OF INCREASING DISTURBANCE ON THE DIURNAL INEQUALITIES... . .

. The material of Table CXIX for the year may be first considered. The results
are partially illustrated in Plate X. The mean character figure entered in the final
column for each group of days after the second is approximately double that of the
preceding group. Though it is only after the third group that successive differences
are really large, yet there is no el~ment in which the average departure of the inequality
does not systematically increase from the first to the fifth groups. Even in ·the case of
the range, D and W, which are largely inter-dependent, are the only elements which
fail to show a progressive increase with the increasing character figure. International
character figures, therefore, even when restricted to a limited number of months, are
thoroughly representative of magn~tic conditions far beyond the area covering the

* 6455Q-H



446 AUSTRALASIAN ANTARCTIC EXPEDITION.

stations contributing to the scheme. And, further, not only do the figures provide an
adequate means of differentiating· between quiet and disturbed conditions even to
within small distances of the magnetic pole, but they are also a sensitive means of
discriminating between days of relatively poor magnetic dispersion in such localities.

According to current hypotheses there should be a difference in type as well as in
amplitude between inequalities representative of quiet and of disturbed conditions.
Between groups of days whose mean character figures differ by over one unit such a
difference, if it exists in Antarctic regions, might be expected to be evident, and to
accompany· the increased disturbance associated with the increasing character figures
of successive group inequalities of Table CXIX· a corresponding increasing distortion
of the quiet day variation due to superposition of the disturbance variation would be
anticipated. Plate X shows that there is no evidence of such an effect in any one of the
.elements. Increase of international character has associated with it a progressive
increase in amplitude on the variation but the type remains essentially the same.

§41.":'-THE REGULAR VARIATION ON DAYS OF LEAST RANGE.

1913 was a year of very low sunspot activity; it was the minimum year of the
cycle. Not only so, but magnetically it was phenomenally quiet in all moderate latitudes.
Even in Adelie Land there were isolated days during which no sensible perturbations
interrupted the smooth run of the traces. Hence, if any quiet day variation exist, its
characteristics should become evident by forming a mean inequality from days of 1913

which are at the same time of low international character figure and free from obvious
local disturbance. Such conditions are approximately obtained by considering the
inequalities from the selected quiet days of the winter of 1913 alone. Combing material
derived from the fifteen selected quiet days of the three months May, June and July
having a mean character figure, 0'04, the inequalities for this season reproduced from the
appropriate tables in Part II, Volume I, are seen (Table CXXIII (a)) to have exactly
the same form as for the days of just slightly character figure or for the days of higher
general disturbance (in both years).

Hence, through a series of inequalities in which the average departure increases
from 4'58 (quiet days winter 1913) to 43'1 (disturbed days summer) in D, from 2:21 to
23'8 in Hand 4'49 to 29'7 in Z, for corresponding groups of days and seasons, the type of
the inequality remains invariable. It can therefore be concluded either that the quiet
day variation, if it exists, is vanishingly small and can only be detected on occasions of
special Antarctic quiet, or that the regular quiet and disturbance variations, essentially
different in type for stations outside a limited area surr~)Unding the poles, become
identical within this region. On the evidence here presented, the latter conclusion is
the more acceptable.

•
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§42.-SEASONAL CHANGE IN THE EFFECTS OF DISTURBANCE ON THE INEQUALITIES.

The effect{veness of the forces producing the inequalities on either quiet or
disturbed days increases substantially from the Antarctic winter' to the Antarctic
summer, the seasonal change b,eing most conspicuous on quiet days. In all components
the average departure for the selected quiet days of summer is about three times as
great as for winter but in the groups of days of highest character figure the increase from
winter to summer is only 54% in D, 21% in Hand 31 % in Z. The state of affairs iil the
equinoctial months is representative of the year as a whole.

§43.-DIFFERENCE INEQUALITIES AND VECTOR DIAGRAMS.

The nature of the time variation of the disturbing forces which, superposed on the
normal quiet day variation, produces the comp.osite inequality representative of disturbed
days can be further examined by subtracting each hourly value in the quiet day
inequality from the corresponding value in that for disturbed conditions. The resulting
, difference' inequality specifies the additional disturbing force at each hour of the day.
When such inequalities are combined for geographical force components in pairs, diagrams
representing the space and time variations of the resulting vectors in three orthogonal
planes can be constructed.. Table CXXIII (b) contains the difference inequalities in the
three rectangular components for the year and three seasons, and Plate X supplies
their graphical representation as vector diagrams. '

At stations in latitudes well, on the equatorial side of the auroral zone in the
northern hemisphere the vector diagram for the forces in the horizontal plane is elongated
in a direction transverse to the magnetic meridian, but the direction of elongation changes
to be along the meridian for stations on or just outside the zone.. There iS,also evidence
that that for at least some stations in the former category the elongation is along the
meridian at one season of the year and transverse to the merid~an at another. This
latter fact means:-

1. That at such stations the changes in sense of the predominating uniquely
directed disturbing force are abrupt; and

2. That the direction of the predominating force changes from being almost
wholly in the plane of the meridian at one season to being perpendicular
to it at another~

The corresponding events as presented by Plate XI are largely different f~om those
just described. .In the horizontal and prime vertical planes the only indication of a
tendency to abruptness in change of vector direction is in the latter in summer, and
might well arise from the paucity of material available. With this exception the vector
diagrams for those two planes are fairly smooth and roughly oval with the longer axis
in the east-west 'direction in both cases. In all three seasons the area swept by the
vector in the night hours (18h. to 6h. L.M.T. or 9h. to 21h, G.M.T.) is not substantially
less than that described in the daylight h~urs.

*64560-1 .
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In the case of the N V components the diagrams are distinctly elongated in the
direction of increasing north and vertical force. On the average of the three seasons,
there being no radical change of form of diagram from winter to summer, the times of
quickest changes are 14h. to 16h. G.M.T. in the one direction and less quickly at about
4h. G.M.T. in the, opposite direction.' Such a form of diagram is a result of the
approximate coincidence of pha~e of the two constituent components. If N and V
increased and decreased systematically together the diagram would, of course, take the
form of a right line.

§44.-THE 'c STORM-TIME'i, VARIATION.

In the Antarctic the effect of disturbance is to depress the mean value of the
horizontal force throughout the disturbed hours by about lOy and to enhance the
vertically downward force (regarded as in the northern hemisphere as acting on the
north pole of the suspended magnet) by at least double the amount. But no information
is available as to the general form of the variation which is superposed on the regular
disturbance variation while these net changes in the magnetic field around the pole
are in progress. An attempt has been made to deduce the form of this variation (which,
because of its supposed independence of local time and because of its dependence
entirely on the time of commencement of the disturbance, supposed large and world
wide, is called the " storm-time" variation) from the data collected at the Addie Land
base. Though unsuccessful in producing a variation differing from the Antarctic
regular disturbance variation so' conspicuously as the storm-time variation in low and
moderate latitudes differs from the corresponding regular disturbance variation, it is of
interest to record the procedure and results of the attempt.

Two methods were tried :-

1. On the assumption that days which were likely to furnish contributions to a
synthetic storm-time variation must be internationally disturbed, a list of all days in
the period April, 1912, to July, 1913, of character figure 'I:: 1'0 was formed. From this list
were el,iminated all days which had not been assigned a character-figure 2 on the basis of
the Cape Denison magnetograms alone., 28 days remained: The magnetograms for these
days were then examined to determine that hour on which each disturbance seemed to
have begun., In some cases the initial h,our was fixed by a movement of sudden
commencement type but, in the absence of any such movement and more usually,
the first sharp movement was noted which looked distinctively different from any
preceding smaller and presumably local perturbations. The twenty-five hourly values of
horizontal force following on each of these 28 initial hours were then tabulated arranging
all the initial hours below each other independently of the actual Greenwich time. The
average variation formed from the array ig given.as A in Table CXXIV and dt:lpioted
in Plate XII.

'.,
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The form of the variation is a single wave with minimum eight hours and
maximum 21 hours after the initial hour. It is evident, on comparison with the ordinary
disturbance variation of H,with 21h. as first ordinate reproduced below, the storm-time
variation, that the variation obtained by this procedure is simply the ordinary variation
commencing about 21h. G.M.T. That such a result might have been anticipated is
obvious from the distribution of the 28 initial hours throughout the 24 hours of the
day shown below.

Hour of day (G.M.T.)
Frequency of initial hour

3h. 5h. 7h. 12h. 16h. 17h. 19h. 20h. 21h. 22h. 23h. 24h.
1· 1 2 1 2 2 3 4 5 4 1 2

The three hours 20h., 21h. and 22h. contributed 13 of the total 28 of selected
initial hours, so that the centre of gravi ty of the distribution is not far from 21h. A
resulting variation from such a distribution, therefore, necessarily had the ordinary
disturbance variation with 21h. as commencing epoch as its chief ingredient. Since
further there was a decided tendency for disturbance commencing in the Greenwich
evening at Adelie Land to be more highly developed than disturbance commencing at .
other hours of the day, even a ,smaller contribution of initial hours for the part ofthe
day would have produced a similar result.

The further remark is relevant, that the type of disturbance in which the
storm-time variation might be expected to be most prominent should be sufficiently
unique to have a commencing epoch independent of local time. That the disturbances
resulting from the method of selection adopted were grouped around a' certain hour
therefore, indicates that they were not of the rare, first magnitude type; that, indeed
the period covered by the available material was too ~estricted to· furnish examples of
disturbance of the calibre required.

Asecond attempt was, however, made by grouping those sequences of 25 hourly
values, which were used in the first investigation, with the same initial hour, and forming
a mean variation appropriate to each of the twelve hours of the day (see the distribution
above), to which had been assigned an initial disturbed hour. Then from each ofthese
twelve mean variations there was subtracted the regular disturbance variation (identified,
because of the absence of evidence for a quiet day variation differing in type, with the
variation for disturbed days) appropriate to the mean dates of the groups of days on
which the selected disturbances had occurred and displaced so. that its epoch coincided
with the initial hour of the group. For example, July 3rd and August 22nd, 1912, were
the two days on which 16h. G.M.T. was considered to be the initial hour ofthe disturbance.
From the mean variation appropriate to these times and days was, therefore, deducted
the disturbed variation for winter 1912, setting down the value for 16h. G.M.T. below the
first hour of the variation and so on. The twelve residual variations thus found were
set down with initial hours in the same vertical column and the resulting set of meaIIJI
derived for each of the 25 columns is given as B in Table CXXIV. That table alsn
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contains two auxiliary mean variations, (C) and (D), derived the one (C) from those six
constituent groups which had their initial hour in the part of the day 24h. to 16h. G.M.T.,
and the other (D) from the six constituents with the initial hour in the remaining seven
hours 17h. to 23h. G.M.T. These three variations are represented in Plate XII.

In spite of the precautions taken t~ reduce the influence of the regular variation,
.the latter is·· still the conspicuous· feature except in the case of the· part-day variation
for the set of contributing hours Oh. to 16h. G.M.T., when the form is too irregular for
identification. The greater the disturbance on anyone day or group of days the larger
is the amplitude of the disturbance variation, so that the usefulness of amean variation
derived from: a more extended set of days of lower average disturbance as a method of
eliminating the regular variation is reduced. There still remains a considerable residual
variation of the regular type and of sufficient amplitude to mask 'any stor;n-tilne changes
which might be present.

It is, therefore, obvious that the prime essential in obtaining the sequence of
storm-time changes is to have such a sufficiently extended set of magnetograph data
that a considerable number of storms of first-class magnitude are represented; and,
further,' that these storms have dean cut starting movements (preferably of sudden

. commencements type) distributed as nearly as possible uniformly throughout the
24 hours of the day.. .
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