


















































































































































































































































































































































































































































































CHRISTCHURCH TERM-DAY OBSERVATIONS. 223 

CHANGES of Christchurch Horizontal Force. December 1, 1902. 

Value of Begins Value of Begins Value of Begins Value of Begins Value of Begins 
H. at-- H. at-- H. at-- H. at- H. a.t--

h. m. h. m. h. m. h. m. h. m. 
·22641 0 0 ·22677 548 ·22674 10 38 ·22675 12 55 ·22681 18 3 

40 1 76 49 73 39 74 56 82 14 
41 9 75 56 74 42 73 57 81 19 
42 25 74 57 73 43 74 12 59 82 27 
43 28 75 58 74 44 73 13 0 81 32 
44 34 74 5 59 76 46 74 1 80 42 
45 37 73 6 4 78 47 75 9 79 18 58 
46 40 74 13 79 48 - 78 19 3 
47 48 73 16 81 49 74 16 78 10 
48 o 52 74 22·3 82 51 73 29 -
49 1 2 73 23 81 53 72 31 78 15 
50 4 74 24 80 56 71 40 77 17 
51 8 73 79 57 70 44 76 24 
52 10 74 27 80 10 59 71 45 75 26 
53 12 73 28 78 11 3 70 49 74 27 
54 15 71 28·5 79 4 69 13 54 73 32 
55 18 73 29 7.7 9 68 14 0 72 39 

- 72 31 78 14 67 12 71 46 
56 23 74 32 77 16 68 14 70 49 
55 24 73 33 78 17 67 23 69 51 
56 25 72 34 77 19 68 24 68 55 
57 28 73 36 76 26 67 25 68 56 
58 31 71 40 77 31 68 26 -
59 33 72 41 77 42 69 28 68 19 59 
60 44 71 44 - 70 30 67 20 4°3 
61 46 72 50 75 46 69 31 66 n03 
62 48 71 52 76 11 58 70 32 65 17 
63 54 72 53 77 12 3·6 70 38 64 28·3 
64 1 58 71 54 76 4 - 6:i 37·3 
65 2 4 72 6 56 75 4·16 72 41 62 42 
66 7 71 7 1 77 4·6 73 49 61 46°6 
67 19 72 4 76 5 72 55 flO 47_°6 
68 22 73 14 77 5 ·5 73 14 56 61 48·6 
69 28 72 15 78 5°83 72 15 28 60 20 49 
70 36 73 16 77 6 71 32 60 21 1 
71 38 73 17 76 6·3 70 34 -
72 40 - 77 6·6 71 35 61 7 
72 45 73 19 79 8 70 36 60 12 

- 72 35 77 8·3 71 15 55 59 16 
74 48 73 7 55 78 9 70 16 0 58 28 
75 2 53 73 8 45 77 13 71 6 57 31 
76 3 1 - 78 15 7J. 7 56 34 
77 9 74 ·51 77 18 - 55 47 
78 15 73 8 59 76 21 71 10 54 21 51 
77 23 74 9 24 77 26 72 11 53 22 2 
76 30 75 28 78 26·6 7l 16 52 11 
77 31 74 29 77 27 72 17 53 15 
78 41 75 33 78 73 30 52 22 
79 43 74 43 76 30 74 39 51 24 
80 45 75 50 79 31 75 44·83 50 25 
81 53 74 51 77 32 74 45 49 34 
82 3 59 75 56 78 33 73 50 50 22 39 
83 4 10 74 9 57 77 34 74 51 51 23 8 
83 13 73 10 0 76 34·5 73 52 52 11 

- 74 3 77 35 74 53 53 12 
83 20 74 6 78 35·5 75 16 58 52 18 
82 25 - 76 36·5 76 17 0 51 24 
83 39 74 9 77 37 77 3 50 27 
82 454 75 12 76 39 78 10 51 30 
81 5 5 74 13 77 40 79 16 52 32 
80 11 73 15 76 41 80 22 53 33 
79 26 74 16 77 42 79 26 54 39 
78 33 75 17 75 43 80 27 55 49 
77 39 73 ]8 76 44 81 28 56 55 
77 42 74 19 75 45 82 37 57 56 

- 73 23 74 47 82 41 58 23 57 
77 44 74 25 75 48 - ·22658 24 0 

·22676 5 47 ·22673 10 27 ·22674 1254 ·22682 17 46 



224 CHRISTCHURCH TERM-DAY OBSERVATIONS. 

CHANGES of Christchurch Horizontal Force., December 15, 1902. 

Value of Begins Value of Begins Value of Begins Value of Begins Value of Begins 
H. at- H. at- H. at- H. at-' H, at-

h, m. h,m. h. m, h; m. h, m. 
'22647 0 0 '22672 2 39 '22666 7 2 '22667 13- 1 I; '22647 20 24 

46 4 - 65 6 6R 13 46 26 
47 10 71 41 66 24 ' 67 18 45 29 
48 ,12 70 44 65 26 67 19 45 35 
49 15 68 45 64 35 - -
48 19 67 45'S 65 41 66 24 44 37 
49 24 69 46 66 7 58 67 33 43 ·42 
50 27 70 47 65 8 6 68 13 46 42 48 
51 30 71 49 64 10 67 14 11 41 49 
52 35 72 51 65 11 66 25 40 20 54 

,53 37 73 52 66 19 67 28 41 21 0 
52 39 72 53 65 21 67 40 40 1 'S 
53 40 73 54 66 32 - 39 7'S 
52 42 72 2 58 67 39 67 43 38 15'6 
51 46 71 3 0 - 66 48 37 16'S 
50 48 70 1 68 45 67 14 53 36 20 
51 52 72 4 67 51 68 15 18 35 33 
62 53 '71 14 68 55 67 26 34 44 
53 54 70 16 67 8 58 66 ' 33 35 50'6 
54 055 68 18 68 9 5 67 49 34 21 59'6 
54 1 3 67 20 66 7 68 15 55 35 22 1 

- 66 21 67 8 68 16 8 36 6 

57 6 67 25 68 12 - 35 8 

58 7 68 26 67 14 68 10 -
69 36 68 18 33 13 

- 70 37 67 19 69 17 32 16 
58 12 71 39 68 27 70 25 33 20 
59 16 72 43 67 46 71 32 32 22 
58 18 73 46 68 9 54 72 16 44 33 23 
59 19 74 47 68 10 15 73 17 34 32 30 
68 23 75 49 73 39 33 32 -
57 24 76 53 - 32 33 
58 25 75 65 68 17 72 46 33 35 
57 26 76 3 59 69 20 71 17 51 32 37 
68 32 77 4 2 70 24 70 18 4 3:J 38 
59 34 77 7 69 27 69 10 34 42 
60 37 - 68 33 68 13 33 43 
61 39 77 14 69 34 67 22 34 47 
62 40 78 19 68 39 66 29 35 49 
61 41 77 22 69 1040 65 33 36 53 
62 43 76 55 68 11 7 64 40 37 56 
63 46 75 4 58 69 8 63 18 49 38 22 59 
64 65 74 5 1 70 12 62 19 5 39 23 6 
63 1 68 75 6 69 13 62 8 40 9 
64 2 6 74 19 68 18 41 15 

69 28 -
65 8 73 31 61 10 42 16 
66 11 72 37 69 35 60 13 41 23 
67 14 73 39 - 59 18 42 27 
68 17 73 44 68 11 37 58 27 43 28 
70 22 - 67 12 7 57 33'3 42 32 
69 24 73 47 66 11 56 34 4!J 36 
70 25 72 5 57 65 26 55 41 43 39 
71 26 71 6 5 66 29 54 47 -
70 28 70 6 67 32 53 19 58 43 41 
69 30 69 26 66 36 52 20 2 44 46 
68 31 68 28 67 39 51 6 45 23 50 
69 35 67 6 42 66 46 50 8 "22645 24 0 
70 37 '22666 7 0 67 12 57 49 13 

'22671 2 38 - '22666 13 0 '22648 20 18 



CHRISTCHURCH TERM-DAY OBSERVATIONS. 225 

CHANGES of Christchurch Horizontal Force January 1, 1903. 

Value of Begins Value of Begins Value of . Begins Value of Begins Value of Begins 
H. at- H. at- H. at- H. at- H. at-

h. m. h. m. h. m. h. m. h. m. 
'22647 0 0 - '22680 7 55 '22684 13 55 -22685 20 41 

48 9 '22697 4 18 81 57 85 ]3 57 84 46 
49 11 96 21 80 7 59 84 14 2 83 50 
48 12 97 25 82 8 1 84 37 82 61 
49 16 96 30 83 1 '5 - 81 63 
50 18 95 45 82 2 84 14 41 80 56 
51 22 94 48 80 2'5 86 15 0 79 20 59 
52 24 95 53 81 3 85 2 78 21 1 
53 26 94 4 57 82 3'5 84 4 77 

. 2 
52 29 93 5 0 83 6 85 53 76 7 
53 31 92 10 82 7 86 56 75 8 
54 44 93 11 81 8'3 85 57 74 13 
53 45 92 16 82 9 86 15 59 '13 16 
54 o 56 91 21 84 10 88 16 0 72 18 

-54 1 0 90 23 83 11 87 8 71 20 
- 91 26 84 13 87 11 70 23 

55 3 90 28 83 15 - 69 26 
56 8 91 33 84 16 87 13 68 29 
57 18 92 35 83 17 86 14 67 32 
58 20 93 37 84 18 85 15 66 35 
59 24 92 40 83 20 86 16 66 . 39 
60 30 92 44 84 21 87 20 -
61 37 - 84 43 88 21 64 45 
62 41 91 46 - 89 22 63 46 
63 45 90 48 84 48 88 23 62 50 
64 48 89 52 83 52 87 28 61 53 
63 49 90 54 84 53 86 30 60 54 
64 50 91 5 57 82 55 87 35 59 21 56 
65 51 89 6 2 83 56 86 37 58 22 0 
66 54 88 4 84 8 57 85 . 38 57 5'6 
67 1 57 89 7 85 9 8 86 44 56 10'3 
fi8 2 0 90 9 -' 84 10 87 48 55 14 
70 2 91 10 83 13 86 50 54 17'6 
71 4 90 11 84 14 87 51 55 ]9 
72 7 89 12 83 27 86 52 54 20 
73 9 88 19 84 940 87 16 53 55 21 
74 ]3 87 2.1 84 10 4 88 17 1 54 22 
75 15 86 24 - 89 19 53 26'3 
76 16 85 25 84 6 90 30 52 38'3 
77 18 86 26 83 7 90 39 53 39 
78 19 85 28 84 29 - 52 41 
79 21 84 31 83 10 56 91 46 51 46 
80 26 83 34 84 11 2 92 17 49 50 51 
81 28 84 38 86 23 91 18 3 49 51 '6 
82 29 83 45 85 27 92 10 48 54 
83 30 82 52 86 28 93 12 49 57 
84 32 81 6 56 85 31 92 13 48 22 59'3 
85 35 82 7 1 84 84 93 21 47 23 14 

- - 85 38 92 22 47 16 
87 38 81 4 85 39 93 30 -
88 42 80 5 - 93 48 46 19 
89 48 79 6 84 11 41 - 45 23 
90 53 80 8 83 12 41 94 18 52 44 26 
91 57 81 9 82 44 95 19 23 43 31 
92 2 59 82 14 83 49 94 35 42 34 
93 3 1 83 19 84 12 55 93 19 57 43 37 
94 16 82 26 85 13 8 92 20 6 44 41 
93 19 81 29 86 10 92 7 45 44 
94 22 ' 82 30 85 13 - 46 49 
93 27 81 32 86 15 92 9 47 53 
94 31 82 35 86 16 91 11 46 54 
95 38 81 37 - 90 20 47 56 
96 43 82 40 84 21 89 24 48 23 58 
97 3 45 81 41 85 - 39 88 29 -22648 24 0 
98 4 3 82 47 86 42 87 32 

'22698 411 '22681 7 52 '22685 13 44 '22686 2038 

2 G 
" 



226 CHRISTCHURCH TERM-DAY OBSERVATIONS. 

CHANGES of Christchurch Horizontal Force. January 15, 1903. 

Value of Begins Value of Begins Value of Begins Value of Begins Value of Begins 
H. Ilot- H. at- H. at- H. at- H. at-

h. m. h.m. h.m. h. m. h.m. 
'22673 0 0 '22690 346 '22692 6 27 '22689 10 18 '22693 17 44 

74 2 89 49 93 29 - 92 17 53 
75 7 90 52 94 33 86 11 47 91 18 13 
76 ·13 91 a 56 93 35 87 49 90 19 
77 15 90 4 0 94 37 86 61 89 28 
78 18 89 1 95 43 87 11 68 89 55 
79 22 91 5 94 6 44 86 12 4 -
80 24 90 11 93 7 1 87 10 89 18 57 
81 27 90 15 94 4 88 20 88 19 2 
82 29 - 94 6 87 22 87 5 
83 38 ' 89 20 - 89 23 86 . 9 
84 44 90 23 94 9 90 30 85 19 
85 49 89 25 93 20 91 46 84 28 
86 53 90 30 92 26 90 51 83 38 
87 55 89 32 91 28 91 52 82 47 
88 56 90 34 90 31 90 54 81 49 
87 57 91 40 89 36 91 12 55 80 53 
86 58 90 44 88 7 58 92 13 1 79 19 58 
87 059 91 46 87 8 4 91 6 78 20 3 
88 1 0 90 47 88 26 92 7 77 8 
89 1 92 48 89 ' 28 93 8 76 14 
88 4 91 51 90 32 94 13 75 17 
89 7 92 55 89 36 93 14 74 25 
89 8 91 56 88 43 - 74 30 

- 93 458 89 44 92 20 -
89 10 92 5 0 88 45 91 35 73 32 
88 14 94 4 88 47 90 41 72 34 
89 17 93 10 - 89 56 71 38 
88 20 92 11 89 50 90 13 58 70 43 
87 22 91 12 88 51 91 14 6 69 48 
86 29 92 20 87 53 92 10 68 51 
87 31 93 23 89 8 59 93 14 67 53 
88 40 92 25 87 9 0 92 15 66 20 55 
89 47 94 27 88 0'5 91 19 65 21 7 
88 51 93 30 86 1 PO 22 65 21 9 
87 52 92 31 88 2 89 26 ~ 

88 54 93 34 89 3 90 36 54 22 18 
89 56 92 35 88 4 91 45 53 21 
88 1 59 91 36 89 5 92 47 62 27 
87 2 2 92 39 88 17 91 14 51 51 31 
86 16 93 48 89 19 90 15 2 50 40 
85 24 94 49 86 20"6 89 7 51 47 
86 31 94 51 88 22 88 II) 26 61 50 
85 34 - 87 26 87 16 0 -
86 36 93 54 88 29 88 2 51 53 
87 40 94 5 59 87 33 89 10 52 2259 
86 42 95 6 0 88 34 88 12 53 23 4'3 

- 96 1 89 36 - 64 13'6 
87 48 95 3 88 43 88 14 55 17'3 
86 50 94 5 89 48 89 20 56 20'6 
87 2 59 93 7 88 49 90 40 57 24'3 
88 3 2 92 9 89 53 91 43 58 54'S 
89 7 91 10 88 9 56 90 48 59 23 57 
88 8 92 14 89 10 1 91 16 59 "22659 24 0 
89 9 91 15 89 4 92 17 7 
90 44 90 19 - "22692 17 38 

'22689 . 3 45 '22691 620 "22689 10 7 -



CHRISTCHURCH TERM-DAY OBSERVATIONS. 227 

CHANGES of Christchurch Horizontal Force. February 1, 1903. 

Value of Begins Value of Begins Value of I Begins Value of Begins" Value of Begins 
H. at- H. at- H. at- H. at- H. at-

h. m. h. m. h. m. h. m. h. m. 
·22666 0 0 ·22697 4 7 ·22693 7 18 ·22693 16 3 ·22683 20 15 

67 10·3 98 14 92 23 - 82 16 
66 16·3 96 29 93 28 93 5 81 19 
67 52·3 97 30 94 47 92 16 51 80 26 
68 o 57 98 31 93 7 54 91 17 16 79 31 
69 1 1 97 33 94 8 23 92 20 78 37 
70 6 98 34 94 26 91 23 77 46 
70 9 97 35 - 92 28 76 50 

- 98 37 93 32 92 31 75 20 51 
70 12 97 39 94 36 - 74 21 6 
71 28 96 51 93 37 93 36 73 16 
72 36 97 53 94 38 94 53 72 21 
73 42 98 4 58 93 8 39 95 56 71 23 
74 49 97 5 0 92 939 96 58 70 26 
75 1 59 98 1 92 49 95 17 59 70 32 
76 2 3 97 15 - 96 18 0 -
77 6 96 16 93 9 52 95 7 70 21 36 
78 9 92 10 3 96 ". 9 71 22 28 -
79 15 96 21 93 27 95 15 72 31 
80 18 97 22 92 40 94 21 73 33 
81 21 96 31 93 10 59 95 24 72 37 
82 23 97 32 93 11 25 94 25 73 39 
83 31 96 36 - 93 27 72 42 
84 37 97 37 93 27 94 29 73 43 
84 38 96 38 92 11 54 93 18 31 74 50 

- 95 43 93 1227 93 19 4 73 51 
84 40 " 96 44 93" 51 - 74 22 52 
85 42 95 46 - 93 6 74 23 8 
86 44 96 53 93 12 55 92 9 -
87 47 97 5 55 92 13 28 91 " 12 

! 75 11 
88 2 59 96 6 1 91 42 90 16 74 20 
89 3 9 97 5 90 44 89 18 73 38 
90 13 98 18 91 13 54 88 29 72 40 
9l 17 98 47 92 1410 87 35 73 42 
92 19 - I 92 27 86 45 74 47 
93 27 97 51 - 85 48 73 23 52 
94 47. 96 52 93 29 84 19 56 22673 24 0 
94 49 95 6 55 92 38 84 20 3 

i 
- 94 7 1 93 14 59 -

95 3 52 93 3 92 15 29 83 9 
·22696 4 2 "22692 713 ·22693 15 57 ·22684 2011 ! 

I ! 

2 G 2 



228 CHRISTCHURCH TERM-DAY OBSERVATIONS, 

CHANGES of Christchurch Horizontal Force. February 15, 1903, 

Value of Begins Value of Begins Value of Begins Value of Begins Value of Begins 
H. at- H, at- H, at- H, at- H, at-

h,m, h,m, h.m. h,m, h,m, 
'22649 0 0 '22671 3 12 '22681 911 '22675 13 35 '22675 17 24 

50 2 72 17 82 17 74 38 -
51 3 .73 19 81 21 73 39 73 30 
52 4 74 28 82 22 72 41 72 33 
53 10 75 29 83 25 71 44 73 17 44 
52 11 76 33 82 31 72 48 74 18 1 
53 15 77 34 83 34 73 51 75 3 
52 16 76 35 82 39 72 52 74 6 
53 17 77 39 - 73 53 73 14 
52 23 78 42 83 42 74 57 74 18 
53 24 - 82 43 75 13 59 73 19 
54 27 79 3 48 81 9 45 74 14 7 74 20 
55 28 79 4 0 80 10 0 75 12 73 22 
54 32 - 79 5 78 17'6 72 31 
55 33 87 5 21 78 7 75 18 71 38 
56 41 88 28 79 9 77 19'3 72 51 
57 44 87 34 78 10 75 20 -
58 52 88 36 79 11 74 22 72 58 

- 87 47 78 15 75 23 71 18 56 
59 o 56 86 5 51 77 19 75 26 70 19 4 
60 1 7'3 87 6 6 76 20 - 69 13 
59 8'6 86 14 77 23 75 28 68 20 
60 10'6 85 24 76 24 76 46 67 24 
59 12'6 84 26 75 29 77 48 66 39 
60 18 83 30 76 32 76 50 65 46 
59 19 84 36 75 36 78 51 66 48 
60 22 85 38 74 10 37 79 14 55 65 52 
61 25'3 86 41 75 11 4 80 15 0 64 53 
60 28'3 86 44 76 5 81 3 63 19 56 
61 31 '3 - 77 9 82 5 62 20 0 
60 33 84 47 76 10 81 9 61 2 
.59 33'3 83 50 77 13 80 10 -
60 36 82 6 56 78 17 81 11 62 9 
61 37'3 81 7 1 77 18 80 18 61 15 
60 38'3 80 12 - 81 36 60 17 
6t 41 '3 79 15 77 20 80 43 59 22 
60 42'6 80 16' 76 23 80 49 58 25 
61 44 81 17 75 24 - 57 27 
62 .54 83 19 76 26 80 51 56 29 
61 56'3 82 23 75 27 79 53 55 35 
62 1 58'3 81 25 74 29 78 54 54 43 
63 2 3 82 32 75 11 49 77 15 58 53 47 
62 5 81 33 74 12 0 76 16 1 52 53 
61 7 82 47 73 3 75 4 51 56 
60 8'6 83 48 74 8 74 10 50 20 59 
61 9 82 52 75 14 . 73 15 49 21 6 
62 10 81 56 76 15 71 17 48 9 
63 12 88 58 75 19 70 18 47 12 
62 14 82 7 59 74 22 69 19 46 16 
63 18 83 8 0 75 28 68 20 45 20 
64 19 84 2 74 33 67 22 44 29 
65 23 85 4 73 38 66 23 43 35 

- 86 6 72 40 65 25 42 47 
66 26 86 10 73 42 64 27 42 48 
67 31 - 74 45 63 32 -
66 33 86 15 74 50 64 34 41 50 
67 35 85 16 - 65 37 40 21 53 
66 36 84 17 72 12 56 66 39 41 22 8 
67 37 83 19 73 . 13 0 67 44 40 22 20 
66 38 82 21 72 1 69 45 39 23 8 
67 41 81 25 73 2 70 48 40 15 
68 43 82 31 74 6 71 49 40 16 
69 46 81 36 73 7 72 52 -
70 51 82 43 74 8 73 53 38 20 
69 53'3 83 45 75 12 74 55 87 34 
70 58 82 46 74 17 75 16 56 38 37 
71 2 59 81 8 51 75 24 76 17 2 37 41 
70 3 1 80 9 6 74 30 77 4 38 23 44 
69 6 79 7 75 31 76 12 '22638 24 0 

'22670 3 8 '22680 9 9 '22674 13 32 '22675 17 13 



CHRISTCHURCH TERM-HOUR OBSERVATIONS, 229 

CHANGES of Christchurch Declination during International Term Hours, 1902-3, 

Date. Value, Begins at- Date, Value, Begins at- Date, Value, Begin~ at-

1902 0 , h, m, 1902 . , h, m, 1902 0 , h, m, 
Maroh 1 16 16'6 2 0 June 1 16 14'0 8 19'3 September 15 16 16'4 15 0 

16'7 5 13'9 36 16'5 5'3 
16'6 9'6 14'0 4()'3 16'6 9'3 
16'5 20'3 14'1 43'3 16'7 12'6 
16'6 23'3 14'3 44'3 16'6 14'6 
16'7 30'3 14'4 45'3 16'5 20 
16'9 4() 14'5 46'6 16'6 25'6 
17'0 252'3 - 14'6 48'6 16'5 28'3 

16 17'0 3 0 14'7 8 52 16'6 33 
16 14 '7 9 0 16'5 36'3 

March 15 16 19'1 3 0 16'6 15 58'3 
19'0 8'3 June 15 16 14'2 9 0 16 16'6 16 0 
18'9 9'3 14'3 5'3 
19'0 18'3 14'2 9'6 October 1 16 16'6 16 0 
18'9 31'3 14'1 15'6 16'7 5'3 
18'7 47 14'2 34'3 16'8 . 6'6 
18'6 47'6 14'1 45'6 16'9 11 
18'5 48'6 14'0 9 55'6 17'0 13'3 
18'4 49 16 14'0 10 0 16'9 ·20'3 
18'3 50'3 16'8 4()'3 
18'2 3 58 July 1 16 14'5 10 0 16'7 41'{; 

16 18 '2 4 0 14'4 8 16'6 16 47'3 
14'3 10 21 '3 16 16 '6 17 0 

A.pril1 1617'0 4 0 16 14'3 1l 0 
16'9 3 ,(; October 15 16 15'3 17 0 
16'8 4'3 July 15 16 14'7 11 0 15'2 22'6 
16'9 4'{; 14'8 .4 15·1 39 
16'8 5 14'7 7'6 15'0 41'{; 
16'7 8'6 14'8 ]0'3 14'9 49'{; 
16'6 20 14'7 13 14'8 17 57'3 
16'4 22'6 14'8 16'3 1614'S 18 0 
16'3 2S'3 14'7 32'3 
16'2 40'3 14'S 42 November 1 16 14'0 18 0 
16'1 42'3 14'7 52'3 13'9 7'3 
16'0 47'{; 14'8 11 56 13'S 14'3 
15'9 50'3 16 14'8 12 0 13'7 17 
15'8 54'3 13'5 20'3 
15'7 56'{; August 1 16 15'3 12 0 13'4 25'3 
15'5 459'3 16 15'3 13 0 13'3 27'3 

16 15'5 5 0 13'2 29'3 
August 15 1615'8 13 0 13'1 32'6 

April 15 16 14'9 5 0 15'9 0'3 13'0 36'3 
15 '0 2'6 15'8 '9'{; 12'9 45 
14'9 7 15'9 11'{; 12'7 48'{; 
14'8 26'6 15'8 12'3 12'6 50 
14'7 35'6 15'7 19'3 12'5 53 
14'8 5 43'3 15 '5 20'6 12'4 18 54 

16 14'7 6 0 15'7 26'3 16 12'4 19 0 
15'6 29'3 

May 1 16 15'3 6 0 15'7 29'6 November 15 D, record lost 
15'5 1'6 15'5 30 
15'3 3'3 15'7 31'3 December 1 16 11'2 20 0 
15'5 9'6 15'5 33'3 11'0 1'6 . 
15'3 15'6 15'7 35'3 10'9 14'3 
15'2 17'6 15'5 35'6 II '0 19'6 
15'1 30 15'7 36 11'2 41'{; 
15'0 647'6 15'S 4() 11'0 20 47 

16 15'0 7 0 15'7 43'3 16 11'0 21 0 
16'8 44 

May 15 16 15'1 7 0 15'7 44'6 December 15 16 11'4 21 0 
15 '0 4'3 15'8 46 11'5 5'3 
15'1 8 15'7 47'{; 11'6 11'6 
15'0 17'6 15'8 54 11'7 15 
14'9 7 57'6 15'7 54'3 U'S 17'3 

16 14'9 8 0 15 '8, 57'3 11'9 23 
15'7 13 58'3 12'1 27'6 

June 1 16 13'9 8 0 1615'7 14 0 12'2 31 
1S'8 3'3 12'3 34'3 
13'7 5'6 September 1 16 ]6'S 14 0 12'4 39'6 
13'6 7 16'1 9'3 12 '5 42 
13'7 12 16'3 12'6 12'6 44'6 
13'8 14, '6 16'4 14 58 12'7 45'3 

16 13'9' 817'3 16 16 '4 15 0 16 12'8 21 48 



230 CHRISTCHURCH TERM-HOUR OBSERVATIONS. 

CHANGES of Christchurch Declination during International Term Hours, 1902-3 (continued). 

Date. Value. Begins at- Date. Value. Begins at- Date, Value. Begins at-

1902 0 , h, m. 1903 0 , h, m, 1903 0 , h, m,~ 
December 15 16 13'0 2151'3 January 1 16 13'1 22 49 February 1 16 16'5 029 

13'1 54 13'3 49'6 16'6 31'6 
13'2 56'6 13'4 52 16'7 35'6 
13'3 21 58'3 13'5 52 '6 16'8 37'6 

1613'3 22 0 13'6 64 16'9 39'6 
13'7 22 57 17'0 40 

1903 16 13'7 23 0 17'1 41'3 
January 1 16 10'1 22 0 17'2 41 '6 

10'2 1'6 January 15 ]6 16'7 23 0 17'4 43 
10'3 6'6 15'8 1'3 17'5 45 
10'4 9 15'9 6'6 17'6 47'6 
10'5 9'3 16'1 17'3 17'7 60'6 
10'6 11 16'2 19'6 17'S 55'6 
10'5 12 16'3 22'6 17'9 57'6 
10'6 12'6 16'4 24 18'0 069'3 
10'7 13'6 16'5 28 16 18 '0 1 0 
10'9 14'3 16'6 32'3 
11'0 14'6 16'7 34'3 February 15 16'19'8 1 0 
11'1 15 16'8 36'6 20'0 3 
11'2 17 17'0 43 20'1 8'6 
11'3 20 17'1 46'6 20'2 11 
11'6 25'3 17'2 51 '3 20'3 12'3 
11'6 27 17'3 54 20'4 13'3 
11'7 28 17'4 56 20'5 16'6 
11'8 28'3 17'5 57'3 20'6 19'3 
11'9 29'3 17'6 23 58'6 20'7 20'6 
12 -0 31'3 16 17'7 24 0 20'9 23'3 
12'1 32'3 ~n '0 30'3 
12'2 33 February 1 16 15'3 0 0 21 '1 40 
12'4 35'3 15'4 1 '3 21'3 41 
12'5 37'3 15'6 8'6 21'4 42'6 
12'6 41'3 15'7 10'3 21'6 44'6 
12'7 44'3 15'8 14'6 21'6 45'6 
12'8 45'3 15'9 17 21'S 46 
]2 '9 45 '6- ~6'O 19'3 21'9 51 '6 
13'0 46 16'1 21'6 22'0 1 65'3 
13 'I 46'6 16'2 25 '6 16 22'0 2 0 

1613'S 2247'6 16 ]6'3 0 27 

§4, To make sure that the tables will be correctly interpreted by the reader, let us consider the 
Horizontal-Force data for the first term day, March 1, 1902, At Oh, Om" G,M, T., when the term day 
commenced, the value of H was . 22672, and no departure from this of as much as '00001 (the unit 
adopted) was recorded until Oh. 3m" when t~e value had fallen to '22671. During the next minute it 
rose again to its initial value, and then, after the lapse of 3 minutes,fell a second time to . 22671. So 
it went on, now up, now down, with on the whole an upward tendency until 1h. 15m., when the value 
recorded was' 22680, This persisted for the next 16 minutes-i,e, until 1h, 3lm,-when a break of 
6 'minutes occurred in the observations, indicated by a dash in the time column, Readings were resumed 
at Ih, 37m" when the force had risen by . 00004. Details of what occurred during the 6-minute interval 
are necessarily unknown. 

The term hour on March 1, 1902, was from 2h. Om. to 3h. Om., and a considerable number of the 
changes recorded during this hour were at 20 seconds (0' 3 minutes) or 40 seconds (0' 6 minutes) after 
the exact minute. Observations at 20-second intervals, as has been already explained, were as a rule made 
during several hours of each term day; but in addition to the sheets in which these observations appeared 
there were others which recorded only the results answering to I-minute observations, and except for 
the actual term hours I have confined myself to the latter. Occasionally observations of turning-points 
taken at fractions of a minute were inserted in the I-minute tables, and when these existed they were 
made use of. 

In the case of H the first three significant figures were always eit4er . 226 or . 227, and the difference 
between two consecutive readings. was never large. It was thus seldom necessary to print more than the 
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two last significant figures. Three were necessary only when, as sometimes happened, H was rIsmg 
or falling in the immediate neighbourhood of the value . 22700. In the case of D the value always 
lay between 16° and 17° east, thus minutes only are recorded except at the beginning and end of 
each hour. 

Before drawing conclusions from the term-day data it will be convenient to consider the ~ature of the 
regular diurnal variation. 

§5. Christchurch is a comparatively new magnetic station, and particulars of the regular diurnal variation 
there do not seem as yet to have been published. There is thus no direct evidence that the hourly 
readings on term da.ys, pp. 177-179 of the "Physical Observations," can be regarded as representative 
of undisturbed conditions at Christchurch. This is,. however, the conclusion to which the character of the 
results points, and it seems sufficiently confirmed by the character of the synchronous results from 
Greenwich, Kew, Falmouth, Pola, Bombay, and Mauritius, stations whose general characteristics are 
known. Considering the limited number of days, perfectly smooth diurnal inequalities could not be 
expected from the Christchurch data, even for the year as a whole. There being only two days a month, 
diurnal inequalities for individual months would clearly have been too' uncertain. Examination of the 
data showed, however, that, as is usual in corresponding northern latitudes, the variation in the t'!IPe 

of the diurnal inequality throughout the year is not large, and that sub-division of the year into Midwinter 
(May to August), Equinox (March, April, September, October), and Midsummer (November to February) 
would combine months in which the type was closely similar and the amplitude not widely different. 
Diurnal inequalities for D and H were thus derived for the three seasons and the year. In the case 
of V the apparent range was so small that, taking the discontinuities into account, the results appeared 
too uncertain for publication. ~ 

Referring to "Physical Observations," pp. 177 and 178, it will be seen that data are lacking for the 
second midnight of November 1, and for hours 10 p.m. to midnight· on September 15. These missing 
values were replaced by interpolation, in such a way as not to influence the conclusions one would have 
derived from the remaining days as to the diurnal variation during the hours of the day concerned. This 
seemed preferable to omitting two entire days from so small a number. As is generally the case when 
diurnal inequalities are derived from a limited number of selected days, there was an appreciable non-cyclic 
element. This was eliminated in the usual way. 

The diurnal inequalities resulting for D and H are given in Table lA, p. 238. It will be noticed that the 
hours are numbered 1 to 24. The reason for this is as follows: The usual practice is to refer diurnal 
inequalities either to local mean time or to the standard mean time of the country where the observatory is 
situated. Thus the natural thing would have been to have employed standard New Zealand time, counting 
hours 1 to ]2, a.m. and p.m. But standard New Zealand time is II! hours fast on Greenwich, so that 
what is a.m. in the one is p.m. in the other. And as G.M.T.-with hours 1 to 12, a.m. and p.m.-was 
employed in the Christchurch tables' in the "Physical Observations," a similar nomenclature with New 
Zealand time sqbstituted would have been extremely apt to create confusion. I accordingly decided 
to employ Greenwich time, but to count the hours 1 to 24, which was really the course proposed in the 

-international term-hour forms. Thus in the tables of this Appendix, hours 6 and 18, for example, are 
equivalent, respectively, to 5.30 p.m. and 5.30 a.m. New Zealand time. In the discussion a.m. and p.m. 
mean forenoon and afternoon in New Zealand. 

§6. The principal features disclosed by Table IA in the case of Declination are as follows: At all seasons 
there are two distinct maxima and two distinct minima-distinguished by figures in heavy type. There 
is thus a distinct double daily oscillation, but the oscillation during the night (say from hours 7 to 19 in 
Midwinter, and 8 to 17 in Midsummer) is trifling compared to that during the day. 

To bring out minute details of the night movements, records would be necessary from a much larger 
number of days. The extreme westerly position of the needle is reached from 2 to 3 hours before noon. 
As is usual in the southern hemisphere, the most conspicuous movement during the day is the swing over 

. to the east. T~e extreme easterly position is reached 2 or 3 hours after noon, and so later than is usual 
for the corresponding westerly maximum in Britain. As at Kew, the inequality derived from the four 
equinoctial months closely resembles both in type and range that derived from· the whole year. The 
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ratio borne by the range in Midwinter to that in Midsummer is considerably less than at Kew. The only 
seasonal variation of type that appears at all marked is that the extreme westerly position is reached 
earlier in Summer than in Winter. 

Horizontal-Force changes, as already stated, were less regular than those of Declination, thus the 
inequality figures for the former element in Table IA are less smooth than those for the latter. Still, 

• they suffice to bring out the general character clearly. As with D, there is a distinct double daily period, 
even in Midwinter. The .principal minimum is, as at Kew, more conspicuous than the maximum. This 
minimum occurs near noon-later in the day than at Kew-and it seems some two hours later in 
Midwinter than in Midsummer. There is a morning maximum some 5 hours' bef<?re the principal 
minimum, and a second maximum about 5 p.m., but while the former maximum considera~ly predominates 
in Midwinter, the latter is the larger in Midsummer. 

The variation in the hour of occurrence of the principal minimum reduces the range in the diurnal 
inequality for the year, which falls appreciably short of that for the equinoctial months. The difference 
between the ranges during Midsummer and Midwinter; though well marked, is less conspicuous than in the 
case of the Declination. 

This brief summary will suffice to show the main features of the diurnal variation. 
§7. Looking at inequalities such as those in Table lA, and still more so when looking at inequalities 

based on a very large number of days, one sees a magnetic element rising persistently to a maximum, and 
falling as steadily to a minimum. But if one takes the more familiar case of a tide in the sea, one knows 

. that while the combination of the observations of a large number of days produces the semblance of 
continuous rise for hours, followed by continuous faU, on any ind.ividual day either rise or fall consists of 
numerous ebbs and flows in the height, dependent partly on the waves. The number and amplitude of 
these subsidiary movements may, for all I know, differ widely even. on the same day at two spots on the 
same coast no great distance apart. Very probably the phenomena on any given day are largely 
dependent on the wind and on the distance of storm centres. Still, I am. disposed to think it is probable 
that the minor phenomena in the rise and fall of the tides in different oceans, or different parts of the 
same large ocean, possess characteristics of a distinctive character, though these may not be apparent in tidal 
data calculated in the usual way. N ow it is probably the same with the magnetic diurnal variation, with 
this difference that purely local features have little if any effect. These considerations encouraged the 
hope that a systematic study of the changes shown by the Christchurch data might disclose phenomena 
whose comparison with corresponding phenomena at other stations might some day throw a valued light 
on the nature of the diurnal variation. If similar data should be got out on a future occasion for 
Christchurch from a year of large sun-spot frequency the comparison could hardly fail to be instructive. 

§8. The magnetic changes recorded by ordinary magnetographs rarely if ever occur quite suddenly. 
Even with slow-run curves the movements usually appear continuous. The fact that the value of H is 
given on March 1 as '22672 at Oh. Om. and as '22671 at Oh. 3m. does not mean that the value was exactly 
'22672 at Oh. Om., Oh. 1m. and Oh. 2m., but exactly '22671 at Oh. 3m. Even supposing the photographic 
trace perfection and the tabulator unerring, it may mean a number of different things. The values at 
four successive minutes might for instance be 

or 

and there might have been numerous oscillations in value too small to be detected. 
The conclusions one would draw as to the number of changes of force occurring in a given time would 

certainly depend somewhat on the sensitiveness of the instrument, even when one required a given 
minimum amplitude to count as a change. The number of changes recorded would inevitably vary with 
the size of the minimum accepted and with the interval between successive readings. On the other hand, 
I do not think the number of changes in Declination or Horizontal Force (I cannot say the same of 
Vertical Force) would depend much on the type of the magnetographs (if reasonable damping exists) as 
distinct from their sensitiveness. In the absence of artificial sources of disturbance, such as persistent air 
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currents or electric-tram currents, magnets whieh are properly damped do not get into vibration, and their 
position at any instant-except during specially violent magnetic storms-may be regarded as one of 
equilibrium, answering to the instantaneous value of the magnetic field. . 

§9. Returning now to the term-day data we find very different types of change. Taking, for instance, 
the Declination changes during the term hours of January 15, February 1, and February 15, 1903 (see 
p. 230), we have a persistent steady rise in Declination from beginning to end of the hour. On the other 
hand, during the term hours of July 15 and September 15, 1902, p. 229, the Declination went on oscillating 
through a narrow range without any marked drift in one direction. Then, on August 1, 1902, we have 
the magnet not budging by as much as 0"1 from the position it occupied at the beginning of the hour. 
A consideration of these varied phenomena suggested that account should be taken both of the number of 
changes and of the range for each hour. 

Tables IIA to IVA, pp. 239-241, summarise the results from the readings at I-minute intervals as to the 
number of changes in each hour of each term day as derived from the corrected values of the elements, 0'· 1 
being the minimum change for D, and 1 y the minimum for Hand V. In preparing these tables, allowance 
had to be made for the gaps in the record. This was done on the assumption that changes took place 
during an interval for which data were lacking at the same average rate as during that part of the same 
hour for which observations existed. It is these corrected totals that appear in the tables. To show the 
comparatively trifling character of the uncertainties due to lack of record, the total number of additional 
changes thus introduced during each day is given in brackets in the last column of each table. With a 
view to obtaining the diurnal variation in the hourly number of changes, it was also necessary to interpolate 
values for a few hours-e.g. the last two hours of September 15 -for which no data existed. These 
interpolated values-enclosed in brackets-were arrived at by assuming that the ratio which they bore 
to the total from the remaining hours of the day was the same as for the average day whose records were 
complete. 

§10. Tables VA and VIA, pp. 242-243, summarise the results for the range of Declination and Horizontal 
Force throughout each hour of each term day. As a rule, no allowance was made for gaps in the record. 
This waS partly because no one guiding principle could be applied, but mainly because there was usually 
reason to believe that the loss of record had had little, if any, influence on the result. An allowance was, 
however, made when a gap commencing towards the end of an hour extended into the next hour, and the 
earliest recorded reading of the second hour lay outside the range covered by the readings during the 
complete part of the first hour. In such an instance the element was assumed to have increased or 
diminished, as the case might be, at a uniform rate whilst the, trace was lacking. Values were also 
interpolated for a few hours-e.g. the last three hours of September 15-for which readings were totally 
or largely wanting. These interpolated values are enclosed in brackets; they were arrived at in a 
similar fashion to the interpolated values in Tables IIA to IVA. The two. last columns in Tables V A and 
VIA give respectively the arithmetical sum of the 24 hourly ranges and the absolute range, i.e. the difference 
between the algebraically greatest and least of the readings obtained at I-minute intervals throughout the 
day. These absolute ranges are necessarily never less and are usually larger than the ranges on pp. 177 
and 178 of the "Physical Observations," which are derived from hourly readings, but the difference is 
in no case large. On September 15, 1902, and January 15, 1903, there was reason to believe that one of 
the .extreme readings for the day was lost through a break in the readings, so a "+ " is put after the range 
as deduced. from the readings recorded. 

§11. If we examine Tables IIA and IlIA in detail, we observe a great variability from day to day in the 
number of changes. On March 15, 1903, there were 426 changes in the Declination reading, or an averago 
of about 18 an hour, though the total range for the day was only 9" 2. On December 1, 1902, and 
February 1, 1903, with the closely similar absolute ranges of 9" 7 and 8'· 9, the numbers of changes were 
respectively only 244 and 181. The least number of daily changes-averaging about 51 per hour-was 
recorded on April 15, 1902, although the absolute range for the day exceeded that on the nine immediately 
subsequent term days. The greatest number of Declination changes recorded in an hour, viz. 41 on 
March 1, 1903, took place in an early morning hour, for which the normal change due to the regular 
diurnal inequality was under 0" 2, Th«:lre I;lre 13 hours in Table IlA during which no chan~e in p w~~ 

2 H 
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recorded-all included between 6 p.m. and 4 a.m. Two consecutive hours during which no change was 
recorded are met with on March 1, 1902, August 1, 1902, and February 1, 1903. The longest interval 
during which no Declination change as large as 0'· 1 was recorded occurred on August 1, 1902, and 
amounted to no less than 2 hours 22 minutes. On this day the Declination showed a range of only 0'· 1 
between lIh. 45m. and 16h. 3m. (i.e. between 11.15 p.m. and 3.33 a.m.). The intervals on March 1 and 
February 1 during which no change occurred were but little shorter, being on the former occasion 
138 minutes (from 1.30 to 3.48 a.m.), and on the latter 133 minutes (from 0.25 to 2.38 a.m.). On 
March 1 and August 1 there were a few minutes' loss of trace during the intervals specified, but none on 
February 1. 

In the case of H the greatest number of changes in one day took place on November 15, 1902, the day 
for which Declination data were lacking; the changes averaged nearly 19 an hour, though the absolute 
range was only 47y. November 15 is, perhaps, the outstanding example of an almost incessant oscillation, 
the tide of magnetic change never setting in one direction for any length of time. The immediately 
previous term day, November 1, with exactly the same absolute range, had a number of changes less by 
nearly 200. The smallest number of changes, 136, occurred on April 15, 1902, the same day as gave the 
minimum number for D. The greatest number of changes of H in anyone hour was 47 on March 15, 
1903, the hour representing 4.30 to 5.30 p.m. The range encountered during this hour was only 8y. 
There are 18 hours in Table IlIA during which no change of H as large as 1 y was recorded, and 
of these seven were included between hours 14 and 16 (i.e. 1.30 to 3.30 a.m.). 

On August 1 and October 1, 1902, no change in H was recorded during two consecutive hours; on 
October 15, 1902, during three consecutive hours jand on May 15, 1902, during four consecutive hours. 
The complete interval without change on this last occasion extended really to 4 hours 41 minutes (from 
11.29 p.m. to 4.10 a.m.). Trace, it is true, was lacking for three short periods, amounting in all to 
10 minutes, and it is, of course, possible, though unlikely, that a measurable change may thus have failed 
to be recorded. 

In the case of the Vertical Force the number of changes (the minimum change being 1 y as with H) 
showed a maximum of 61 on March 15, 1902, and a minimum of 21 on May-I, 1902. The largest number 
of changes in one hour, 12, occurred on March 1, 1903, shortly after midnight. No change was recorded 
during four consecutive hours on June 15, 1902, and February 15, 1903, while on December 15, 1902, no 
change was recorded during 5! hours (from 10.30 p.m. to 4.15 a.m.). The sensitiveness of the H and V 
magnetographs was for H 1 cm. = 46y, for V 1 cm. = 27y. There is thus nothing in the sensitiveness to 
account for the extraordinary excess in the number of changes in H. There is, however, some room for 
doubt whether in the case of V absence of apparent change necelSsarily meant absolute uniformity in the 
field. The discontinuities presented on several days are rather suggestive of friction between knife-edge 
and plane, which might suffice to prevent any response on the part of the magnet to minute osci1lations in 
the field. 

If the term days are arranged according to the number of changes of reading, the order is by no means 
the same for the different elements. This is even more strikingly true as regards individual hours. For 
example, during hour 5-6 on March 15, 1903, whilst the changes in H numbered 47, those in D and V did 
not exceed the average. Thus what may fairly be described as "restlessness" by no means always affects 
the different elements simultaneously. The fluctuations may thus answer for many consecutive minutes, 
sometimes even for hours, to disturbing forces acting persistently in one general direction. 

§12. When comparing the number of changes in D and H it is' necessary to remember that the minimum 
changes, viz. 0'· 1 in D and 1 y in H, are arbitrary quantities and do not represent equal disturbances. 
The force perpendicular to the magnetic Meridian required to produce a change of 0'· 1 in Declination 
varies as the local value of H. For Christchurch it amounts to o· 66y. Thus the unit for changes in H 
was reany 50 per cent. larger than that for changes in D. The number of changes must decrease as the 
~i~e of the unit is enlarged, but the exact relationship between the two quantities is uncertain.* If we 

f' Taking June 1 and December 1, the effect was tried of taking 0"2 81.1 the unit change in D and 2'Y as the unit chBnge 

in H. The number of changes in D was reduced only about 50 per cent., but the number in H was reduced by 70 percent. 
T}~e me",n of these hro dQ.1s reprel.lented fairly average conditions so f~r as the tot~l number of changes is concerned. 
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divide the number of observed changes in H by the corresponding number in D muitiplied by O· 66 we 
shall probably overestimate the relative variability in H, while we shall certainly underestimate it if 
we divide the number for H by the number for D. The results of these two C1>erations are as follows:-

Year. 

I 
Midwinter, Equinox. Midsummer. 

I 

Number of changes inH 
= 1 '67 i 1 '77 1'55 1 '67 o '66 x number of changes in D . 

Number of changes in H 
= 1 '10 1 '17 1 '02 1 '10 

Number of changes in D 

If we put the variability in H as 40 per cent. greater than the variability in D, we shall probably not be 
very far wrong. The figures ~uggest a seasonal variation in the ratio, but it does not seem to be large. 
A variation in the ratio would suggest, of course, a seasonal variation in the dominant direction of the 
disturbing forces. 

The tables of hourly ranges call for less comment. If the diurnal variation consisted of a regular single 
oscillation, the numbers in the penultimate columns of Tables VA and VIA would be approximately double 
the corresponding numbers in the last columns. The ratio in reality varies within wide limits. In 
Table VA the largest value of the ratio, 3' 6, is met with on the two June term days; in Table VIA the 
largest value also occurs on June 15 and is no less than 5' 4. The largest hourly ranges in D and H 
occurred respectively on December 15,1902, and January 1,1903, being 3"9 for D and 24y for H. The 
smallness of these maxima is eloquent testimony to the remarkable quietness of the term days. 

§13. To ascertain more exactly the character of the diurnal variation in the frequency of the changes of 
reading given by Tables IlA to IVA means were derived for each hour from the first 24 term days, 
and, in the case of D and H, also from combinations of these days forming the same three seasons as in 
Table IA. ,The two term days of March, 1903, were not taken into account. 

The results are given in Table VIlA, p. 244, the absolutely largest and least of the hourly values being 
in heavy type. The penultimate column gives the mean of the 24 hourly values, and so represents the 
average number of changes of reading per hour for the whole year and the seasons. The last column 
gives the average number of changes per diem. The number of changes in the case of both D and H is 
considerably larger at Midsummer than at Midwinter, but the difference between the seasons is much less 
con~picuous than it is in the case of the range of the diurnal inequality. 

In the case of D changes of reading are most numerous close to noon, whilst the magnet is swinging 
over to the early afternoon maximum of easterly Declination. In the case of H changes of reading are 
most numerous in the afternoon, either an hour or two before or else an hour or two after the afternoon 
maximum. In all three elements changes appear to be least numerous in the early morning in the 
neighbourhood of 4 or 5 a.m. Whilst the day changes are decidedly more numerous than the night, the 
~ifference is much less than one would have anticipated from a consideration of the diurnal inequality. 
Thus if we define " day" as the twelve hours commencing 6 a.m., and assume that half of the entries under 
hours 7 (6.30 p.m.) and 19 (6.30 a.m.) in Table VIlA belong to the day, while the inequality figures 
appropriate to 6 a.m. and 6 p.m. are the arithmetic means of those for 18 and 19 and for 6 and 7 
respectively, we obtain for the ratios of the day to the night number of r.hanges, and the day to the night 
inequality ranges, the following values :-

Day/Night. Yell\,. 
I 

Midwinter, 
1 

Equinox. Midsummer. 

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

Number ?f changes .{ I D 1'62 1 '22 1 '86 1 '75 
H 1'31 1'08 1 '63 1 '25 

I 

! 

Inequality ranges '{I D 5'5 5'7 5'8 3'2 
H 5'0 4'5 3'8 8'7 

2 H 2 



236 CHRISTCHURCH TERM-DAY OBSERVATIONS. 

§14. The diurnaf variation in the amplitude of the hourly ranges (R) in D and H-as deduced from 
Tables VA and VIA-is given in Tables VIllA and IXA, p. 245, for the year .and the three seasons; maxima and 
minima are in heavy type. For comparison, the tables also show the corresponding hourly increments (I), 
as derived from the mean hourly readings for the year and the seasons, the largest positive and negative 
increments being in heavy type. These last data differ from the increments derivable from the diurnal 
inequalities in Table IA only in containing the non-cyclic change which was eliminated in forming the 
diurnal inequalities. The presence of the non-cyclic element makes only a trifling difference. ·For 
example, Table VIllA gives as the increment in D, for the y.ear as a whole, for the hour ending 
at 2 the value + 1" 22, whereas from the diurnal inequality in Table IA we have + 3" 02 - 1" 81, 
or + 1" 21. 

Before discussing Tables VIllA and IXA, two anomalous results should be explained, viz., the excess 
in the lover the R figure for hour 24 for Year and Equinox in Table VIllA. The excess obviously 
cannot represent a physical fact, but only an imperfection in the data. It arises from the absence of 
observational data during one or both of the two last hours of the 24. The hourly readings and the 
hourly ranges missing were replaced independently by interpolation methods already described. The 
inconsistency could no doubt have been removed by other methods of interpolation, but it did not seem 
worth while to take the trouble, as the results would not necessarily have made any nearer approach 
to real accuracy. 

The R and I data in Tables VIllA and IXA would agree if there were nothing but a regular diurnal 
inequality with maxima and minima occurring at exact (Greenwich) hours. As a matter of fact, the 
difference between the two sets of figures in Table VIllA is very small near the middle of the day, when 
the Declination inequality change is most rapid. This is due, I think, to more than one cause. During 
an hour when the inequality change is very rapid any small irregular disturbance has no chance of 
influencing the hourly range, unless it occur near one end of the hour. If, for instance, the normal D 
change during the hour is a rise of 2', the minimum value will occur very near the commencement, and 
the m.aximum very near the end of the hour, unless there is an irregular disturbance amounting to at 
least several tenths of a minute. It is thus obvious that the hourly range in D during one of the mid-day 
hours when the needle is moving rapidly to the east cannot on an ordinary undisturbed day be much 

in excess of the range derived from the hourly readings. This is unquestionably accountable in part 
for the observed phenomenon, but it cannot, I think, wholly explain it, especially in the Midsummer 
months, and the conclusion seems warranted that the tendency to an oscillatory, or ebb-and-flow, type 
of variation in D was at its minimum during the day hours when the regular inequality changes were 

most rapid. 
In the night hours the R and I values differ greatly in both the Tables VIllA and IXA, in fact there 

is little relationship between them. It would, however, be incorrect to assume that the R changes owe 
'nothing to the diurnal inequality. even during an hour when the I change vanishes. The difference between 
solar and mean time is not wholly negligible in anyone of the seasons, still less so in the course of the 
year, also the times of maxima and minima in the' diurnal magnetic inequality vary throughout the year 
whether we refer them to solar or to mean time. A low I value may mean that the diurnal inequality 
changes are very slow throughout the whole hour. It may signify, however, that the mean time of 
occurrence of a maximum or minimum falls about the middle of the hour, the actual time of occurrence 
varying considerably in different months comprised in the same season. The contributions from different 
portions of the season to I will then differ in sign, and may largely neutralise one another, but, this 
of course is not the case with their contributions to R. This is unquestionably very largely the cause 
of the great difference between the R and I figures for some of the day hours, e.g. the hours ending 
at 22 and 3 (i.e. at 9.30 a.m. and 2.30 p.m.) in Equinox and Year in Table VIllA. In most of the 
night hours, however, the difference between the R and I figures must be otherwise explained. In 
Table IXA there are some day hours, e.g. in Midsummer those ending at 1, 21, and 22, when the 
R and I figures are very close, but this is exceptional, the differences being on the whole much more 
conspicuous for H than for D. This is in strict accordance with the greater variability already observed 
in H, but is not, I think, due exclusively to this. cause. If we divide the arithmetic mean of the R by 
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the arithmetic mean of the I values, as given in the last columns of Tables VIllA and lXA, we find the 
following values for the ratio :-

Year. 
I 

M.idwinter. 
I 

Equinox. 
\ 

Midsummer. 

I 
I 

I 

D. 1'38 1~51 

I 
1'30 1'18 

H. 2'16 
~ 

2'08 l'S5 1'63 
I 

In the case of D the value thus obtained for the year is less than that for Midwinter, and only a little 
larger than that for Equinox; but in the. case of H the value for the year is larger than. even that for 
Midwinter. This can only be ascribed to variability in the phase of the diurnal inequality, and this 
greater variability of phase no doubt is partly accountable for the larger excess of the R over the I values 
in the case of H. 

The phenomena presented by 24 days from 12 consecutive months at a particular station may owe 
a goo~ deal to "accident.". Thus it would be a mistake to make sweeping deductions from the 
Christchurch data discussed here. I trust, however, that the sidelights that have been thrown on the 
nature of the diurnal variation will at least suggest lines of profitable investigation. 



TABLE lA,-Diurnal Inequalities, 

Hour, I, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

----------------------'-----------------------
DECLINATION, 

(+East,) , , , , , , , , , , , , , , , , 
Year , , + 1'81 + 3'02 +3'18 + 2'60 + 1'00 + 0'83 +0'37 +0'12 -0'03 -0'25 -0'53 -0'37 -0'34 -0'25 -0'14 -0'15 
Midwinter, , + 0'53 + 1 '55 +1'88 + 1'48 + 0'55 + 0'22

1
+0'04 -0'17 -0'14 -0'30 -0'46 -0'44 -0'18 -0'13 -0'10 +0'04 

Equinox , + 2'22+ 3'87 +3'32 + 2'50 + 1'44 + 0'731+0'54 +0'37 0'00 -0'23 -0'53 -0'26 -0'36 -0'22 -0"28 -0'25 
Midsummer, + 2'76 + 4'31 +4'&1 + 3'97 + 2'80 + 1'63 +0'55 +0'17 -0'09 -0'21 -0'61 -0'42 -0'52 -0'42 -0'01 -0'24 

HORIZONTAL 
FORCE, 

(Unit 1,),,) 

Year , , -12'4 - 6'S -0'9 + 4'2 + 6'4 + 5'S +3'5 +2'5 +2'8 +1'9 +2'0 +3'3 +3'1 +3'2 +3'1 +3'5 
Midwinter, , -11'1 -10'1 -9'2 - 4'5 + 1'8 + 2'1 +1'3 +0'1 +0'1 +0'1 +0'5 +0'4 +1'1 +1'9 +1'5 +I'S 
Equinox , -13'4 - 4'8 +1'7 + 5'6 + 5'5 + 4'6 +4'0 +2'0 +2'5 +0'5 +1'5 +5'1 +4'0 +3'7 +4'5 +4'6 
Midsummer , -12'6 - 4'9 +4'1 +11'5 +11'9 +10'6 +5'3 +4'9 +5'1 +5'1 +4'1 +4'4 +3'& +4'0 +5'2 +4'0 

17, 18, 19, 20, 21, 

-----------

, , , , , 
-0'15 -0'54 -1'25 -2'12 - 2'&9 

+0'02 0'00 -0'11 -0'20 - 0'69 

-0'26 -0'46 -1'08 -2'15 - 3'16 

-0'21 -1'26 -2'74 -4'25 - 5'0& 

+4'9 +6'2 +5'6 +2'2 - 4'3 

+3'0 +3'5 +4'6 +5'6 + 6'6 

+6'0 +7'0 +6'4 +2'4 - 5'S 

+5'9 +&'1 +5'9 -1'5 -13'S 

22, 23, M, 

• --- --
, , , 

- 2'82- 1'77 + 0'08 

- 1'21- 1'51 - 0'65 

- 3'35 - 2'05 + 0'16 

- 4'03 - 1'73 + O'S3 

-1,1'0 

-"··I-l'~ + 4'9 - 0'3 - 6'S 

-14'2 -1&'0 -15'4 

-23'S -25'S [-22'6 

Sumof I 
Range, 24 differ- . 

enees, I 

------

, , 
6'17 27'26 

3'39 12'60 

6'72 29'29 

9'89 43'65 

21'3 129'6 

11'7 S5'3 

25'0 143'2 

37'2 209'0 

~ 
~ 
00 

a 
~ 
H 
00 
1-3 a 
~ 

~ a 
~ 

t:::1 
H 

~ 
~ 
t'"I 

~ 
~ 

~ 
~ 
fI.2 



TABLE IIA.-Number of Changes in Declination. 

Hour ending • . . 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 

----------------------------
1902 

March 1 18 11 7 14 8 9 17 8 3 10 14 10 4 5 0 

" 
15 20 20 9 9 13 14 4 21 26 6 12 16 7 3 15 

April ~. 16 10 6 15 13 19 18 14 5 14 20 18 21 15 2 

.. 15 13 18 3 8 10 6 6 0 4 3 1 1 2 1 1 

May 1 19 9 4 7 7 12 7 0 4 9 11 6 2 3 2 

" 15 15 14 13 12 8 3 4 4 4 0 5 4 9 5 4 

June 1 14 15 11 12 5 11 16 26 15 14 4 7 8 4 0 
I 

15 8 9 3 5 11 5 " 2 4 4 6 7 16 28 17 4 

July 1 8 11 4 7 10 1 2 24 7 1 2 2 4 34 14 

" 15 10 13 11 2 12 10 3 6 5 6 10 9 11 2 1 

August 1 11 11 7 3 14 7 2 2 16 17 10 4 0 1 0 

,. 15 · . 8 8 7 3 8 8 3 7 7 3 8 6 6 18 6 

September 1 · . 17 10 10 7 5 4 5 8 1 3 5 6 0 1 3 

" 
15 27 15 11 17 10 9 10 2 8 8 3 3 9 4 4 

October 1 .. 16 4 13 12 17 6 17 10 3 2 9 22 11 7 8 

" 
15 • .. 16 14 8 11 12 7 3 11 8 2 19 11 3 5 1 

November 1 24 9 12 20 17 16 16 7 12 6 21 12 7 3 4 

December 11. 12 15 10 4 11 10 12 6 2 1 6 7 15 8 12 

" 
:1.5 •• 27 13 9 9 17 18 15 6 7 14 7 6 8 6 5 

1903 

JanuMY i . 21 14 9 13 15 12 10 10 2 8 4 9 8 4 2 

" 15 • 7 10 6' 5 9 2 6 3 10 15 7 4 8 5 13 

February 1 22 16 10 6 9 9 13 4 4 1 2 3 1 0 0 

" 15 20 17 12 11 (11) 11 10 6. 6 6 16 11 15 22 26 

March 1 12 13 7 13 9 2 2 4 7 14 7 7 7 41 23 

" 
15 · . 25 20 6 19 16 9 14 17 25 34 24 17 20 22 33 

16. 17. 18. 19. 20. 21. 

------------

0 2 11 15 14 9 

17 8 2 10 19 17 

0 1 2 5 19 13 

2 2 2 1 7 11 

6 4 19 7 6 12 

6 1 2 4 2 8 

6 7 4 4 4 7 

3 3 11 17 13 6 

1 5 7 7 6 6 

4 1 2 2 2 5 

0 2 1 1 1 4 

3 2 1 2 4 4 

3 2 3 3 9 12 

10 4 2 5 11 11 

6 8 11 10 12 20 

2 2 5 15 14 15 

2 5 8 14 13 8 

7 5 14 13 13 5 

4 6 8 15 17 11 

6 11 7 12 17 12 

6 2 6 12 16 7 

3 2 1 13 15 10 

8 18 29 28 29 18 

22 28 23 26 25 26 

17 4 1 10 18 36 

22. 23. 24 . 

------

12 18 21 

15 6 15 

12 14 22 

10 2 17 

9 7 11 

6 6 7 

3 5 6 

15 16 19 

10 4 4 

9 12 18 

9 4 14 

3 3 6 

4 9 17 

38 (15) (21) 

9 15 31 

5 22 27 

12 18 19 

11 21 24 

17 22 34 

10 31 32 

7 7 17 

6 Ii 14 

11 19 20 

13 18 22 

9 11 13 

Total I 
changes. 

I 

-----

240 (15) I 

304 (24) 

294 (15) 

131 (2) 

183 (5) 

146 (2) 

208 (6) 

232 (5) 

181 (10) 

166 (3) 

141 (2) 

134 (2) 

147 (1) 

257 (64) 

2.9 (12) 

238 (6) 

285 (13) 

244 (6) 

301 (5) 

279 (4) 

190 (17) 

181 (2) 

380 (23) 

371 (9) 

426 (16) 

a 
~ 
to-; 
U1 
1-3 a 
::c: 
~ a 
::c: 
1-3 
l:1j 
~ 

~ 
I<! 

o 
to 
~ 

~ 
1-3 
to-; 

o 
Z 
r;n. 

~ 
CJ:) 

~ 



TABLE IIIA.-Namber of Changes in Horizontal Force. 

Hour ending 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 

----I-------------------------
1902 

March 1 20 12 20 26 21 31 38 19 15 17 21 8 11 8 5 5 

I 
.. 15 12 12 19 11 15 15 17 15 24 8 18 8 4 9 15 9 

I April 1 15 12 11 24 17 28 14 27 7 18 8 13 26 10 7 4 

I .. 15 4 6 9 2 11 11 11 3 3 5 2 2 5 11 6 4 

I 
May 1 13 4 9 8 11 19 2 21 14 -1 14 1 2 1 6 0 

.. 15 5 15 29 14 10 7 1 8 2 3 3 4 0 0 0 0 

June 1 18 12 25 19 10 11 15 20 14 10 5 7 5 3 9 0 .. 15 9 4 10 18 9 6 8 11 6 4 13 25 35 30 17 20 

July 1 9 6 7 21 11 :~ 4 12 2 8 8 7 5 24 7 4 .. 15 4 10 16 18 15 11 4 18 11 15 22 9 3 2 3 3 

August 1 8 14 0 4 17 1 0 3 27 30 22 15 13 7 4 1 

" 15 5 5 2 8 9 11 15 11 11 13 15 5 3 4 4 2 

September 1 11 21 11 14 15 14 6 5 7 3 5 6 3 1 0 7 
~ 

" 
15 14 25 18 26 7 14 18 0 2 18 13 7 6 8 12 1 

October 1 17 22 26 16 22 12 16 10 4 5 2 4 I'i 5 3 2 

I " 
15 12 11 9 5 13 17 18 10 14 10 12 11 2 2 0 0 

( 
November 1 20 30 16 23 20 17 12 4 13 10 22 5 2 4 5 2 

" 15 19 13 17 35 36 21 26 18 9 38 28 15 15 23 15 11 
December 1 9 19 10 11 5 12 24 7 2 10 26 12 46 12 14 7 

" 15 19 21 29 19 6 7 6 6 12 10 7 7 9 6 5 5 

1903 

January 1 13 17 23 9 11 16 19 22 26 6 3 8 4 11 2 8 

" 
15 18 16 11 11 20 20 17 8 14 20 4 14 11 12 11 4 

February 1 4 7 13 7 15 15 6 8 7 2 4 1 1 4 4 2 

" 
15 19 21 26 15 (11) 7 11 17 15 15 14 14 15 22 15 11 

March 1 3 14 12 9 1 6 22 10 12 14 18 9 12 35 17 17 

" 15 19 11 27 11 31 47 27 4 25 19 7 11 18 4 23 5 

17. 18. 19. 20. 21. 

----------

9 6 8 10 14 

6 2 5 7 10 

4 8 5 6 9 

3 3 6 4 4 

4 9 3 4 7 

2 6 3 1 5 

5 1 6 6 4 

5 15 19 22 19 

3 4 1 5 5 

3 4 4 5 6 

2 3 0 0 3 

2 1 0 1 3 

12 3 2 6 6 

1 1 3 5 9 

5 0 0 4 8 

0 1 4 7 10 

3 9 5 8 11 

11 10 15 8 18 

14 9 7 12 8 

4 3 8 10 14 

20 5 10 3 14 

8 3 3 10 13 

1 11 9 9 12 

24 8 12 11 15 

24 25 17 11 19 

15 11 7 7 11 

22. 23. 

----

13 14 

11 6 

12 6 

6 4 

9 8 

3 12 

5 4 

11 9 

5 7 

4 11 

2 8 

3 10 

10 14 

22 (10) 

8 9 

9 5 

9 2 

17 24 

9 8 

9 22 

22 16 

6 9 

5 10 

10 2 

12 17 

13 9 

24. 

--

13 

6 

11 

11 

10 

9 

8 

20 

7 

19 

4 

11 

22 

(11) 

12 

5 

6 

7 

14 

11 

14 

7 

7 

7 

18 

8 

Total 
changes. 

----

864 (21) 

270 (24) 

302 (14) 

136 (5) 

183 (5) 

142 (9) 

222 (10) 

345 (8) 

175 (6) 

220 (4) 

188 (5) 

154 (3) 

204 (3) 

251 (42) 

217 (9) 

181 (3) 

258 (11) 

449 (19) 

307 (7) 

255 (5) 

302 (10) 

2iO (26) 

164 (4) 

337 (20) 

354 (6) 

370 (12) 

~ 
If:o. 
o 

~ 
rn 
1-3 

~ 
t;I:: 

~ 

i 
o 

I 
~ o z rn 



t:-:) 
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TABLE IV A.-Number of Changes in Vertical Force. 

Hourending '.' .•• '\_1. \_2'1~1_~ 1_"1_"1_1'1~1_~ 1~1~I~l:J:J:J:J:J:l:J:J~I~LI2L I :.~ I 

1902 

March 

15 

April 1 

15 

May 1 

15 

June 1 

15 

July 1 

" 15 

August 1 

15 

September 1 

15 

October 1 

15 

November 1 

15 

December 1 

15 

1903 

January 1 

15 

February 1 

15 

March 1 

15 

2 

o 
o 
2 

2 

2 

3 

2 

4 

2 

2· 

o 
o 

2 I 

2 

3 

5 

o 
o 
3 

3 

2 

o 
2 

2 

3 

2 

2 

5 

o 
o 
2 

3 

2 

2 

2 

: I 

2 

2 

4 

6 

o 0 

2 

2 2 

o 2 

3 

o 
3 

o 
7 4 

2 

2 0 

2 5 

2 2 

6 (3) 

2 

3 

2 

6 

2 

o 
o 
o 
4 

4 

2 

o 

3 

3 

.2 

2 

2 

4 

2 

5 

2 

3 

o 
o 

(1) 

2 

5 

2 

4 

2 

o 

o 

o 
o 
5 

3 

3 

3 

o 

3 

2 

2 

8 

6 

2 

2 

o 
3 

2 

2 

2 

3 

o 
o 
o 

o 

o 

2 

o 
o 

o 
o 
o 

3 

5 

4, 

o 
2 

o 
5 

o 
4 

3 

3 

o 
o 
2 

2 

o 

o 
2 

3 

o 
2 

o 

3 

6 

2 

o 

o 
2 

3 

2 

3 

3 

o 
3 

3 

3 

3 

3 

5 

3 

2 

4 

o 

2 

2 

o 
2 

5 

o 
o 
3 

o 
4 

4 

o 
2 

o 

o 
o 

2 

o 
3 

o 
2 

2 

4 

o 
o 

5 

6 

3 

2 

2 

3 

o 
2 

o 
4 

3 

o 

o 

o 
o 
o 
o 

2 

6 

o 

o 
2 

2 

4 

o 
o 
o 

2 

5 

o 
2 

o 
o 

o 
3 

o 

o 

2 

3 

2 

2 

6 

5 

o 

3 

3 

5 

2 

o 

2 

o 

12 

o 
6 

2 

3 

o 
o 
3 

o 
o 
2 

2 

3 

3 

2 

o 

2 

3 

o 

o 
o 
o 
2 

4 

3 

2 

o 
3 

o 
o 
o 

2 

2 

o 
3 

o 
o 

o 

o 
o 
2 

3 

3 

o 

2 

o 

3 

2 

2 

o 
2 

o 
o 
o 
o 
o 
o 

2 

o 
o 
2 

2 

o 

2 

4 

o 
2 

2 

o 
2 

2 

o 
4 

3 

4, 

2 

o 

4, 

3 

3 

3 

2 

o 
o 
o 
2 

2 

2 

o 
o 

o 

2 

1 

o 
2 

o 

2 

o 
2 

o 

2 

o 
2 

o 

3 

3 

2 

o 
2 

2 

2 

4 

4 

3 

2 

2 

2 

2 

3 

2 

3 

o 
2 

3 

o 
o 

o 
3 

2 

3 

3 

4 

2 

o 
o 
o 
o 
2 

o 
3 

2 

2 

o 
2 

2 

2 

3 

2 

3 

o 
o 

o 
2 

2 

o 
2 

o 
2 

2 

2 

2 

2 

o 
2 

(1) 

2 

5 

(1) 

3 

2 

5 

3 

o 

4 

o 
o 

o 
2 

2 

2 

o 
2 

(1) 

5 

o 
o 

2 

3 

2 

2 

o 
o 
o 

58 (1) 

61 (3) 

47 (1) 

30 

21 

23 

41 (2) 

35 

41 (2) 

35 

34 

31 

37 

27 (2) 

50 (1) 

40 -

27 (2) 

41 (1) 

39 

37 (3) 

38 

33 (3) 

30 

29 (1) 

49 (1) 

44 

a 
== ~ 
UJ. 
~ a 

~ 
-@ 

~ 

~ 
g 
00 

~ 
tj 

~ 
rn 

~ 
~ 
I-'" 



TABLE VA.-Hourly Ranges. in Declination. (Unit 0"1.) 

Hour ending • · . 1. 2. 3. 4. 6. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 

------------------------------------
1902 

Harch 1 • 21 11 5 5 8 11 5 4 1 8 6 6 2 1 0 0 1 6 

.. 15 ••• · . 22 17 6 9 14 15 1 7 10 4 5 5 4 2 8 6 4 1 

April 1 • 26 11 3 10 15 15 9 4 2 12 9 10 17 9 1 0 1 1 

.. 15 . · . 15 18 2 9 10 3 3 0 5 2 1 1 2 1 1 1 1 1 

Hay 1 • · ... 21 10 3 6 7 7 5 0 4 6 4 4 1 2 3 4 2 6 

" 15 ••• · . 17 15 6 10 9 2 3 2 5 0 4 3 5 5 4 4 1 1 

June 1 ••• · .. 14 9 5 8 4 6 8 13 11 9 1 3 8 1 0 2 7 3 

.. 15 ••• · .. 8 10 1 4 14 4 2 1 2 3 4 6 9 13 2 1 1 4 

I July 1 • · . · .. 7 12 3 8 11 1 1 9 4 1 2 1 3 9 5 1 3 4 

" 15. · . · . · . 8 14 9 2 13 4 2 2 3 4 5 1 3 2 1 2 1 1 

August 1 • · .. · . 12 12 7 3 13 8 1 1 8 6 2 2 0 1 0 0 2 1 

" 
15 •• · .. 9 9 8 3 6 6 2 3 4 2 6 3 3 4 2 3 1 1 

September 1 • · ... 19 7 5 4 2 1 5 9 1 3 4 4 0 2 3 4 3 1 

.. 15 • · .. · . 30 14 9 10 11 6 5 1 4 3 2 1 3 2 2 3 3 1 

OctoBer 1 • · . 17 5 8 13 13 5 7 9 2 2 7 9 7 2 3 2 4 5 

.. 15 •• · . · . 18 16 8 12 13 7 3 5 6 2 15 12 1 4 1 1 1 5 

November 1 •• · .... 11 12 5 9 11 11 9 5 5 5 13 11 5 2 2 1 4 8 

December 1 • · . · . 14 16 11 5 11 11 14 5 2 1 5 8 9 3 11 8 4 12 

" 15 •• · . · . 30 15 6 10 19 19 17 5 3 5 4 6 3 3 2 2 6 11 

1903 

January 1 • · .. · .. 24 15 6 14 14 13 9 11 3 2 2 4 3 2 1 2 12 7 

" 15 •••• · .. 8 12 7 6 6 3 6 2 12 9 (6) (5) 8 4 4 5 2 6 

February 1 • · . 27 19 12 7 10 11 17 5 5 1 1 1 1 '0 0 2 1 2 

" 15 •• · . · . 22 22 5 8 (12) (15) 8 5 4 5 18 9 4 7 27 9 20 28 

March 1 • · .. 14 16 3 8 9 2 3 3 2 6 4 1 3 26 7 5 20 11 

" 15 • · . · . 27 12 5 21 21 8 -4 5 16 8 6 4 14 13 13 8 1 1 

'-

19. 20. 21. 22. 23. 

----------

16 16 9 10 21 

9 14 10 8 11 

2 9 14 10 11 

1 1) 12 12 3 

7 5 12 7 5 

2 2 10 6 6 

3 2 2 3 3 

5 3 2 6 3 

3 3 6 9 4 

1 1 2 4 6 

1 1 4 10 4 

1 1 5 3 9 

3 11 13 2 8 

6 11 7 (8) (12) 

7 10 8 7 17 

6 12 12 4 23 

16 12 5 11 20 

14 9 3 12 25 

15 11 9 19 23 

14 22 13 5 36 

13 19 8 (9) (14) 

14 18 9 8 19 

23 17 15 10 22 

12 19 11 5 22 

11 16 11 2 32 

Sum 
24. of hourly 

ranges. 

22 195 

21 213 

24 225 

9 119 

13 144 

9 131 

4 129 

11 119 

4 114 

9 100 

16 115 

6 100 

20 134 

(17) 171 

23 192 

31 218 

(20) 213 

27 240 

39 282 

38 272 

20 194 

16 206 

21 336 

21 233 

13 272 

Absolute 
daily 
range. 

85 

88 

73 

62 

51 

61 

36 

3.'3 

37 

31 

45 

34 

46 

65+ 

70 

79 

83 

97 

117 

140 

66+ 

89 

110 

73 

92 

I 

~ 
,j::l.. 
~ 

o 

~ 
rJ2 
1-3 
o = q 
~ a 
= 
~ 
~ 

~ 
o 
ttl 
rJ2 

~ 
-< 
~ 
~ 
rtl 



TABLE VIA.-Hourly Ranges in Horizontal Force. (Unit 11.) 

Hour ending • 1. 2. 3. ,. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 

----------------------------------
1902 

March 1 • 4 14 9 9 6 6 8 10 4 5 6 3 4 ,3 1 , 3 1 

.. 15 . 5 8 13 14 7 5 2 10 15 2 7 , 2 5 7 5 3 2 

April 1 • 7 10 9 8 4 11 3 13 5 7 ! 21 10 5 3 2 3 1 

" 
15 • 2 4 5 1 6 5 2 2 2 2 2 2 2 3 3 2 1 :I 

May 1 • 7 1 3 6 7 4 1 3 3 2 5 1 1 1 :I 0 1 5 

" 
15 • 5 5 4 7 7 2 1 1 2 1 1 2 0 0 0 0 1 1 

\ 

June 1 • 10 3 5 4 9 5 7 5 6 6 3 3 , :I 3 0 1 1 

.. 15 • 5 1 3 8 4 1 :I 3 1 2 6 9 16 22 5 5 5 5 

July 1 • 2 6 1 7 10 1 3 3 1 3 2 3 2 6 3 1 :I 3 

.. 15 • , 8 5 7 8 5 2 5 6 8 10 3 1 1 1 :I 3 2 

~ August 1 • 2 1 0 4 4 1 0 1 4 2 2 2 1 1 1 1 2 1 

.. 15 • 5 3 1 4 4- 5 2 2 2 3 5 2 1 1 2 1 1 1 1-4 

~ September 1 • 4 13 7 5 4 4 2 2 4 1 2 3 1 1 0 4 3 2 

.. 15 • 6 13 5 10 4 6 5 0 1 6 6 3 2 4 3 1 1 1 

October 1 • 3 8 8 7 8 4 3 2 3 2 2 2 3 2 2 1 4 0 

" 
15 • 5 11 7 , 3 6 3 -3 6 , , 6 1 1 0 0 0 1 

November 1 • 16 10 8 9 8 7 7 2 4 3 5 5 1 1 3 1 1 4 

.. 15 • 17 9 10 20 15 5 14 5 4 5 9 5 6 7 7 6 5 4 

December 1 • 8 16 11 7 1 8 3 2 1 2 9 5 6 7 6 3 6 6 

.. 15 • 8 10 10 10 3 3 6 2 4 2 2 2 3 :I :I :I , 2 

1903 

January 1 • 7 14 24 5 5 , 10 4 4 2 1 3 2 2 2 , 3 5 

" 
15 • 14 3 3 4 4 , 6 6 3 3 (5) (5) 5 5 3 4 4 2 

February 1 • 2 7 13 7 3 3 3 3 1 1 1 1 1 3 :I I' 1 5 

.. 15 • 10 3 11 10 (6) (3) 5 4 5 , 6 4 , 4 6 5 14 5 

March 1 • 2 14 10 8 1 4 3 3 5 2 3 3 2 8 3 4 1 6 

.. 15 • 9 11 9 4 11 8 5 2 5 3 2 2 6 2 9 5 2 2 

19. 20. 21. 22. 23. 

--------

5 8 14 9 3 , 7 10 9 4 

2 , 8 10 6 

3 2 4 6 , 
3 :I 3 7 8 

:I 1 4. 3 :I 

3 3 2 3 4 

5 :I 2 3 :I 

1 1 3 5 6 

:I 3 5 2 11 

0 0 2' 2 8 

0 1 3 3 3 

2 2 5 10 12 

1 3 7 (7) (5) 

0 5 9 8 5 

3 3 10 9 , 
1 7 11 8 1 

6 , 18 13 3 

3 11 8 7 5 

8 10 13 7 6 

3 2 14 21 10 

3 10 13 (8) (6) 

3 9 9 5 4 

4 9 12 11 1 

8 I) 10 12 12 

4 6 11 11 , 

Sum 
24. of hourly 

ranges. 

6 145 

3 153 

5 159 

5 72 

8 84 

5 57 

4 96 

8 125 

8 83 

11 115 

5 '7 

7 62 , 97 

(6) 106 

17 108 

5 99 

(5) 128 

4 201 

8 149 

7 128 

6 157 

1 130 

3 91 

3 149 

8 143 

6 139 

Absolute 
daily 
range. 

49 

48 

37 

22 

28 

24 

23 

23 

22 

26 

16 

17 

34 

31+ 

23 

40 

47 

47 

43 

46 

56 

46+ 

32 

51 

46 

46 

a 

~ 

I 
l;;5 
~ 

~ 

I 
~ 

~ 
~ 
CoO 



Hour ending 

DECLlNA.TION. 

'1C1ar. 

Midwinter 

Equinox 

Midsummer. 

HORIZONTAL FORCE. 

Year. 

Midwinter 

Equinox 

Midsummer. 

VERTICAL FORCE. 

Year. 

TABLE VIIA.-Diurnal Variation in Hourly Number of Changes. 

1. 2, 3, 4. 5. 6. 7, 8. 9. 10. 1 11. 1 12. I 13, I 14, I 15, 1 16. 1 17. I 18 •. 1 19. I 20. I 21. I 22. 1 23. I 24. 

'.·0 '2"4 -:'-='~~-:'-='~'-:-='~~'~-~J:'-='-=' u·. ':' ,..6 ,.., a·1 
11'6 11'2 7'5 6'4 9'4 7'1 4'9 9'1 7'8 7'0 7'1 6'8 8'5 10'5 3'9 3'6 3'1 5'9 5'5 4'8 6'5 8'0 6'5 10'6 

17'9 12'8 8'4 11'6 11'0 9'3 10'0 9'2 7'3 6'0 10'4 10'9 7'1 5'1 4'2 5'0 3'6 4'8 8'0 13'1 13'5 13'1 12'6 21'4 

19'0 13'4 9'7 9'7 12'7 11'1 11'7 6'0 6'1 7'3 9'0 7'4 8'9 6'9 8'9 5'1 7'0 10'4· 15'3 17'1 10'1 10'6 19'3 22'9 

12'414'015'215'414'013'612'811'810'911'712'1 8'7 9'6 9'1 7'0 4''7 6'3 5'2 5'8 6'8 9'5 9'2 9'610'5 

8'9 8'8 12'2 13''7 11'5 8'6 6'1 13'0 10'9 10'9 12'8 9'1 8'2 8'9 6'2 3'8 3'3 5'4 4'5 5'5 6'5 5'3 8'6 11'0 

13'1 15'1 15'4 16'2 15'1 1'7''7 17'3 11'1 9'5 10'5 10'1 7'4 7'8 6'8 6'0 4'0 5'0 3'0 4'1 6'1 8'8 11'4 8'5· 11'4 

15'118'018'116'215'514'415'111'312'213'913'5 9'512'911'7 8'9 6'310'6 7'3 8'6 8'913'110'911'6 9'1 

1'5 r 1'7 I 2'0 I 1'7 I 1'8 I 1'7 I 1'5 I 1'8 I 1'8 I 1'6 I 1'3 I 1'6 I 1'4 II'S I 1'5 I 1'0 I 0'9 1 1'7 I 1'0 I 1'5 I 1'8 I 1'2 I 1'7 I 1'4 

Mean 
per 

hour. 

9'30 

7'22 

9'85 

11'07 

10'25 

8'49 

10'06 

12'20 

1'54 

Mean 
per 

diem, 
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173 
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TABLE VIIIA.-Hourly Ranges (R) and Hourly Increments (I) of Declination (Diurnal Variation). 

Hour'ending • ~ 1. 2. 3. 4, 5, 6, 7, 8, 9, 10. 11, 12, 13, 14, 10, 16, 17, 18. 19, 20, 21, 22, 

------------------------------------t- . 
I I I I I I I I I I I I I I I I I I I I I I 

Year •••• { 
R 1'74 1'31 0'61 0'76 1'07 0'80 0'62 0'47 0'46 0'41 0'00 0'00 0'44 0'35 0'36 0'27 0'37 0'50 0'79 0'93 0'83 o 'SO 
I +1'74 +1'22 +0'27 -0'67 -1'03 -0'71 -0'45 -0'24 -0'14 -0'20 -0'27 +0'17 +0'04 +0'10 +0'13 0'00 +0'01 -0'38 -0'70 -0'85 -0'76 +0'08 

{ R 1'20 1'14 0'03 0'55 0'00. 0'48 0'30 0'39 0'01 0'39 0'35 0'29 0'40 0'46 0'21 o 'In 0'23 0'26 0'29 0'23 0'54 0'60 Kidwinter. 
I +1'19 +1'01 +0'34 -0'40 -0'92 -0'34 -0'18 -0'21 +0'03 -0'16 -0'16 +0'03 +0'26 +0'00 +0'03 +0'10 -0'02 -0'01 -0'11 -0'09 -0'49 -0'02 

.. { R 2'10 1'24 0'07 0'90 1'07 0'79 0'48 0'49 0'39 0'45 0'61 0'60 0'45 0'29 0'24 0'21 0'23 0'26 0'62 I'll 1'06 0'76 Equinox 
I -0'03 -0'69 -0'16 -0'10 -0'34 -0'21 +0'29 -0'01 +0'16 +0'00 -0'11 -0'60 -1'05 2'09 1'16 -o'so -1'04 -0'22 -0'04 +0'01 -0'99 -0'16 

Midsummer. { 
R 1'94 1'59 0'74 0'84 1'19 1'19 1'14 0'54 0'49 0'40 0'10 0'63 0'41 0'30 0'67 0'41 0'70 1'06 1'06 1'54 0'89 1'06 

I +1'94 +1'06 +0'01 -0'83 -1'16 -1'16 -1'01 -0'31 -0'24 -0'11 -0'39 +0'20 -0'09 +0'11 +0'41 -0'21 +0'04 -1'04 -1'41 -1'50 -O'Sl +1'06 

TABLE" IXA.-Hourly Ranges (R) an~ Hourly Increments (I) of Horizontal Force (Diurnal Variation). (Unit Iy.) 

Hour ending • I, 2, 3, 4, O. 6, 7, S, "9, ~I~ ~I~-~I~ ~I~~ 19, ~~ 22, 

Year. , • , { 
R 6'6 1'0 1'3 7'4 0'8 4'5 4'2 3'9 3'S 3'3 4'3 4'1 3'3 3'1 2'S 1'3 3'0 2'6 2'S 4'0 7'9 1'3 

I + 2'6 + 0'6 + 6'9 +0'2 " +2'2 -0'6 -2'2 -1'0 +0'3 -0'9 +0'2 +1'3 -0'1 +0'1 +0'0 -0'2 +1'0 +1'3 -0'0 -3'4 - 6'0 - 6'7 

Midwinter, • { 
R 0'0 3'5 2'8 0'9 6'6 3'0 2'3 2'9 3'1 3'4 4'2 3'1 3'2 4'2 2'1 1'3 2'0 2'4 2'0 1'6 3'0 3'0 

I - 4'4 + 0'4 + 1'4 +4'6 +8'2 +0'3 -0'9 -0'6 0'0 -0'1 +0'4 -0'1 +1'2 +0'1 -0'0 +0'3 +1'1 +0'0 +1'0 +1'0 + 0'9 - l'S 

. , { R 4'0 10'1 7'9 1'2 0'3 0'9 3'0 0'2 5'0 3'6 3'9 0'0 3'1 3'0 2'4 2'4 2'2 i'3 2'5 4'3 S'4 8'0 Equinox 
I + 2'0 + 8'8 + 6'5 +3'9 -0'1 -0'9 -0'6 -2'0 +0'5 -2'0 +1'0 +3'0 -1'1 -0'2 +0'1 +0'1 +1'4 +1'0 -0'6 -4'0 - S'2 - 8't 

Midsummer • { 
R 10'2 9'0 11'2 9'0 0'6 4'6 6'1 3'0 3'2 1'8 4'1 3'8 3'0 3'9 3'9 3'3 4'1 4'1 3'9 1'1 11'2 10'0 

I +10'1 + 1'9 + 9'7 +7'0 +0'0 -1'1 -0'1 -0'3 +0'4 +0'1 -0'9 +0'0 -0'5 +0'4 +1'4 -1'0 +2'0 +2'4 -2'0 -7'3 -11'1 - 9'9 
i 
I 

23, 24. 

----
I I 

1'33 1'83 

+1'06 +1'87 

0'00 0'90 

-0'30 +0'86 

1'32 2'09 

+1'31 +1'24 

2'21 1'59 

+2'31 +1'57 

23, 24, 

0'1 6'2 

-3'0 -0'4 

0'5 7'0 

-0'2 -8'5 

0'4 6'4 

-3'S +2'0 

4'0 0'4 

-1'4 +2'9 

Mean, 

---
I 

0'754 

0'546 

0'496 

0'328 

0'164 

0'081 

1'037 

0'882 

Mean, 

4'16 

::: I 

'"6'1 
4'89 

2'65 I 

I 

0'90 

3'62 
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APPENDIX B. 

An Examination of Antarctic disturbances from October, 1902, to March, 1903, which are simultaneous 
with Arctic disturbances discussed by Prof. K:a. BIRKELAND. 

§l. AFTER the discussion of the Antarctic magnetic data on pages 73 to 200 had been completed, there 
appeared a large volume by Prof. KR. BIRKELAND*' which contains a great mass of information respecting 
magnetic disturbances in the Arctic, from October, 1902, to March, 1903, which were contemporaneous 
with the observations discussed in this volume. 

Prof. BIRKELAND had the following four Arctic stations, all provided with self-recording 
magnetographs :-

Station. Latitude N. Longitude. 

0 I 0 I 

Axeloen (Spitzbergen). . . • . 77 41 14 50 E 
Matotchkin Schar (Nova ZembIa) . 73 17 53 57 E 
Kaa£jord (Finmark) 69 56 22 58E 
Dyrafjord (Iceland) • .66 15 22- SOW 

Guided by the records from these stations and from Potsdam, Prof. BIRKELAND made a list of 
disturbances and issued a circular to magnetic observatories requesting copies of the records obtained 
on the days specified on his list. . He thus became possessed of records of disturbances at 25 stations, 
including the four mentioned above and the following :-

In Europe-Bossekop, Pawlowsk, Stonyhurst, Wilhelmshaven, Potsdam, Kew, Val Joyeux, Munich, 
Pola, San Fernando; in Asia-Tiflis, Zi-ka-wei, Dehra Dun, Bombay, Batavia; in N. America-Sitka, 
Toronto, Baldwin, Cheltenham; in the Pacific-Honolulu and Christchurch. The names in each group 
are in order of latitude from north to south. 

BIRKELAND reproduces the disturbed curves in 21 plates, each dealing with a disturbed period varying 
in length from 2 to 20 hours. Some of the observatories supplied no Vertical-Force curves, and only a 
few supplied material for all the magnetic storms. Still, the plates represent what i8 probably the most 
extensive series of contemporaneous magnetic data that has yet been published. In addition to the plates, 
the volume contains over 160 charts representing the results which BIRKELAND has deduced for the 
disturbing forces at the different stations, at different stages of the 21 storm periods. These charts 
are based on elaborate measurements of the magnetic curves and represent a large amount of work. 
Besides discussing the charts, BIRKELAND deals with experiments which· he has made with a miniature 
Earth, or terrella, magnetised and exposed to kathode-ray discharges in a high vacuum. The experiments 
are intended to serve as an auxiliary to the elucidation of the causes that produce magnetic disturbances. 
The discussion of observations, experiments and theory occupies more tha.n 300 large quarto pages. 

§2. As already mentioned, the discussion originally contemplated of Antarctic magnetic storms had been 
entirely completed when Prof. BIRKELAND'S volume came into my hands in February, 1909, ~nd I was 
exceedingly reluctant to re-open the subject, considering the long time that had already elapsed since the· 
work was begun. It was accordingly decided that no change should be made in what had been already 
written, and pages 73 to 200 are thus absolutely unaffected by any results or views in BIRKELAND'St 
volume. When Prof. BIRKELAND'S conclusions and mine harmonize, the harmony thus merits increased 
consideration; when they differ, the difference at least owes nothing to prejudice . 

• C The Norwegian Aurora Polaris Expedition, 1902-1903,' Volume I. 
t The reference in Chapter IX is to Prof. BIRKELAND'S earlier work, C Expedition Norvegienne de 1899-1900.' 
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After having read Prof. BIRKELAND'S volume, I came, somewhat reluctantly I must confess, to the 
conclusion that those responsible for the production of the present volume would be open to criticism if 
the opportunity afforded for contrasting Arctic and Antarctic records were not utilised. This appendix 
has accordingly been written with the object of supplying information as to what was happening in the 
Antarctic during the disturbed times selected by Prof. BIRKELAND. Its primary object is to inform, not 
to criticise, and if it contains anything that savours of criticism, this is mainly in order to explain why 
Prof. BIRKELAND'S exact procedure has not been followed. 

§3. The method adopted ~!!IRKELAND in dealing with magnetic disturbances is fundamentally 
different from that adopted in Chapters IX and X. Practically following SABINE, he defines disturbance 
at any given hour as the difference from the normal for that hour; and what his tables give, and his charts 
illustrate, are the values of disturbances so defined at different stages of each disturbed period. He 
believes that the cause of the disturbance is an electrical discharge, or a series of electrical discharges, 
in the Earth's atmosphere, such as he has succeeded in producing ill the vicinity of his terrella, and his 
ultimate object apparently is to calculate the position and intensity of these discharges. 

One great difficulty, as I remarked in §90, Chapter IX, is the fixing of a normal value. In doing this 
BIRKELAND seems to have been materially helped by the fact that at some observatories, including those 
provided with Kew-pattern magnetographs, it is usual to have two days' curves on the same photographic 
sheet.. If the one day's curve happens to be undisturbed, its form greatly assists the eye in deciding 
as to the nature of the disturbance in the other. This is an advantage which I have often had occasion 
to appreciate myself. The Arctic stations, however, and some of the others had magnetographs of the 
Eschenhagen pattern, like those of the "Discovery," and there must have been considerable difficulty 
at times, as BIRKELAND himself allows, in deciding what the departure from the normal really was. This 
difficulty had probably a considerable indirect influence on BIRKELAND'S choice of disturbance periods. 
Those he has selected are largely represented at Kew and other non-polar stations by "bays" of 
comparatively short duration. 

What is meant by a "bay" will be readily grasped by reference to the accompanying figure. The 

A 

Time line 
o M N 

continuous line ABCDEFG H represents an imaginary magnetic curve having two bays, one, BCD, 
occurring at a time when the regular diurnal variation is slow, the other, EFG, occurring at a time when 
it is rapid. The ordinates CM, FN drawn on to the base line represent the excess above the constant 
base-line value of the values of the magnetic element answering to the times M and N. The broken lines 
BC'D, EF'G are intended to represent the imaginary undisturbed curve, and the intercepts CC', FF' on 
the ordinates represent from BIRKELAND'S point of view the disturbances. 

In such a case as that represented by the figure the method appears simple, especially when the 
disturbance occurs at a time when the diurnal change is slow. In practice, however, there is usually 
a difficulty in deciding where the "bay" begins or ends, and the relative position of its two extremities 
is usually not quite what one would anticipate from the trend of the curve prior to its commencement. 
This la.tter difficulty naturally increases the longer the duration of the bay, and the more rapid the regular 
diurnal inequality changes at the hour. 

As a general rule, during really active magnetic disturbances, whilst bays of a kind are not infrequent, 
the curve adjacent to them is itself disturbed and sinuous, and affords very imperfect guidance as to where 
the normal curve would come. On days of real disturbance, one is usually obliged to have recourse to the 
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curves of adjacent days, if quiet, or to a regular diurnal variation derived from a number of days. The 
latter alternative is, of course, the more satisfactory theoretically; but there is this difficulty, which I have 
dealt with elsewhere, that the regular diurnal inequality which one gets depends on the nature of the days 
from which it is derived. For instance, taking means from ll-year results at Kew, the departure from the 
mean Declination for the day at 2 p.m. on a representative January day is:-

+ 2'· 21 on the Astronomer Royal's selected quiet days, 

+ 2'· 66 on ordinary undisturbed days, 

+ 4' . 88 on the average highly disturbed day. 

For simplicity, we may suppose the secular change and sun-spot influence non-existent, though in reality 
these are complications which have to be reckoned with. Let us suppose that on a certain disturbed 
day in January the Declination at 2 p.m. departs from the mean for the month by + W' 66. Is the 
" disturbance" + l' . 45, + l' . 00, or - 1'· 22 1 The + 4' . 88 departure from the daily mean on the 
representative disturbed day in January, be it noted, represents a regular diurnal inequality, or at all 
events something which we have no present means of distinguishing from a regular inequality. Its excess 
over the ordinary day value may, of course, indicate a tendency 'for a particular phase of disturbance to 
occur at a particular hour of the day, but it may mean that the causes operative in producing ·the regular 
diurnal inequality are for some reason-e.g., increased conductivity in the upper atmosphere-more 
effective on disturbed days than others. 

This source of uncertainty is equally present when the normal curve is derived, as BIRKELAND seems to 
have derived it, by reference to a day or days adjacent to the disturbed one. The adjacent days may be 
of the very quietest type, or may themselves be considerably disturbed. 

There is a further complication in that disturbance has sometimes a tendency to be associated with a 
temp9rary alteration in the value of magnetic elements, which disappears gradually like after-strain in a 
metal. Horizontal Force, for instance, is sometimes very considerably depressed for days after a really 
large disturbance. Thus it may make all the difference in the world to one's decision as to whether at a 
particular hour the element is. above or below the normal value, if one happens to take for comparison the 
day after a disturbance rather than the day before. In one instance I observe that Prof. BIRKELAND 
noticed the occurrence of this precise source of uncertainty. 

In the case of the Antarctic curves, the uncertainties which exist elsewhere are mostly much enhanced. 
We have seen in Chapter III, Tables XII and XIV, that disturbance exerts an unusually marked influence 
on the amplitude of the regular diurnal inequality. The Antarctic D and H curves were always sensibly 
disturbed, and the disturbance was usually sufficient to obscure, if not to totally conceal from the eye, the 
trend of the natural diurnal variation. The diurnal variation of V would very likely have been readily 
recognisable if the scale-value had been as low as 5')' throughout, and the temperature coefficient had been, 
small; but, as matters stand, mere optical inspection of the curve tells merely whether disturbance has 
been specially active or not. The days of Prof. BIRKELAND'S choice lay entirely in the months October, 
1902, to March, 1903, and so came in the Antarctic Summer, when the magnetic variations and the 
·temperature changes in the hut were both at their maximum. 

§4. There is a rather different kind .of uncertainty to which BIRKELAND refers more than once, e.g. p. 64, 
viz., the uncertainty in the estimate of the hour at which a particular movement took place. When one 
is dealing with stations not too far apart, especially when furnished with magnetographs of the same type 
-such, for instance, as Stonyhurst, Falmouth and Kew-this source of uncertainty may usually be largely 
eliminated, provided there are any rapid movements which are shown at all the stations. The curves 
from the different stations are sufficiently alike to render identification of corresponding points easy~ The 
accuracy of one's identification of anyone peak can be verified by reference to other peaks. Thus while 
one cannot decide what the error actually is in the times shown on the curves of anyone of the stations, 
one can usually determine approxi~ately the difference between the errors at the different stations, and 
so make sure that the comparisons made refer to one and the same absolute time within a minute or so. 

When we have rounded curves like that on p. 247 representing a slowly varying disturbance, a mistake 
even of several minutes is unlikely to make much difference in one's estimate of a disturbance, provided 
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one selects a time when the phenomenon is near its maximum. This consideration most likely influenced 
BIRKELAND'S choice .of disturbances. If a bay or bays such as those on p. 247 occurs in the curves of one 
European station, it usually occurs simultaneously at other European stations, and in the cases selected by 
BIRKELAND this was true not merely of the European stations, but also to a greater or less extent of the 
other non-polar stations. Thus when the bay answered to a deep depression on the Arctic curves 
-and not infrequently trace was lacking from one or more of the Arctic stations, so that only two 
or three had to be considered-uncertainties of time may have been without any very serious 
influence on BIRKELAND'S conclusions. Another circumstance favourable to his measurements was 
that all relate to what was Winter at nearly all his stations, while a large majority relate to what were 
night hours at the Arctic and European .stations. His 21 plates deal with a total of 207 hours, and of 
these 104, or one half, fall between 6 p.m. and 2 a.m., G.M.T. Uncertaif.1ties from the diurnal inequality 
were thus much reduced. \Vhen, however, one turns to the Antarctic curves which correspond to 
BIRKELAND'S, one is met by the converse of all this. The season is the Antarctic Summer, when changes, 
regular and irregular, are largest .. The time in a large majority of cases falls in the Antarctic morning, 
often during the hours when, as already explained, oscillatory movements were especially numerous and 
rapid. A mistake of a few minutes in the time may make a huge differen~e to the result, and the curves 
are so unlike those at any of BIRKELAND'S stations that no help is usually forthcoming from the identifi­
cation of peaks. If Arctic records exist synchronous with the occurrences of the "special type of dis­
turbance" dealt with in Chapter X-which took place in the Antarctic Winter-anyone who attempts to 
apply BIRKELAND'S method to them will appreciate my difficulties. . 

After carefully comparing the Antarctic curves with BIRKELAND'S plates-in which the time-scale of the 
originals is usually mucl~ reduced-I decided that the application of BIRKELAND'S method was absolutely 
impossible in a number of cases, and that, in general, the uncertainties attending it were too great to 
justify the labour necessary. It will, however, I think, be found that the comparison which it proved 
possible to make has led to results of no small interest. 

§5. Professor BIRKELAND believes that he has succeeded in recognising several distinct types of 
disturbance, to which he attaches specific names. The following table gives particulars as to the date 
and duration of the disturbed periods dealt with in his 21 plates. It also gives the total range in 
~ and H at Kew during the time covered by each plate. Hours are counted from 1 to 24-0 or 24 
signifying Greenwich midnight-that. being the plan adopted by BIRKELAND. An entry such as 
October 11-12, hours 12~2, means that the time extended from 12 (i.e. noon) on October 11 to 2 a.m. on 
October 12. The range recorded for Kew represents the difference between the highest and lowest 
values of the element during the hours covered by BIRKELAND'S plate. It generally owes a good deal to 
the regular diurnal variation natural to the period of -the day, except in cases where only night hours 
are included. 

2 K 
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Range at Kew during 

BIRKELAND'S Type of disturbance 
interval. 

Date. Hours included, 
Plate No. G.M.T. after BIRKELAND. 

I 
D. H. 

1902 
, 

'Y 
I October 6. 13i-15i Cyclo-median 6'5 13 
II 

" 
11-12 12-2 Compound 16'2 70 

III 
" 

23-24 17-5 Equatorial 4'4 24 
IV 

" 27-28 14-1 Compound 8'6 45 
V 

" 
28-29 14-1 

" 
6'9 ' 31 

VI 
" 

29-30 16-4 
" 

4'8 . 34 
VII 

" 
31 to November 1 6-2 

" 
18'2 98 

VIII November 23-24 15-7 
" 

14'5 57 
IX December 9 5-18 Equatorial 4'4 35 
X 

" 
14-15, 23-5 Elementary polar 3'6 17 

XI 
" 

24-25, 23-5 Compound 3'8 8 
XII 

" 
26-27. 18-2 Elementary polar 5'2 25 

XIII 
" 

28 3-8 Compound 2'0 10 

1903 
XIV January 26 . 7-15 Equat.orial 4'7 28 
XV 

" 
26-27 18-7' Compound 19'3 49 

XVI February 8 8-12 
" 

8'3 43 
XVII 

" 
8 13-24 

" 
lS'8 55 

XVIII 
" 

10-11 • 20-3 Elementary polar 6'5 41 
XIX 

" 
15 13-20 Compound 11'2 25 

XX March 22-23 . 12-1 Elementary polar 14'7 39 
XXI 

" 
30-31. 19-3 

" " 
11'7 26 

§6. The principal object in mentioning the ranges at Kew is to bring out an important point which I 
hardly think BIRKELAND himself quite realised, and which I am corifident will not be realised by readers 
of his volume who are not themselves experts in Terrestrial Magnetism. 

The mean value of the absolute daily range in D at Kew derived from all days of the eleven years 
1890 to 1900 was 13' '57. This value, it will be observed, was exceeded on only six occasions in the 
table. During the eleven years the absolute daily range at Kew exceeded 20' -a value not once attained 
during BIRKELAND'S disturbances-on no less than 12 per cent. of th~ total number of days. 

It must not, of course, be forgotten that the average length of the period covered by one of BIRKELAND'S 
plates is slightly under 10 hours, and that the majority of the periods do not include the hours at which 
the daily maximum and minimum most frequently occur. Still, taking everything into account, the fact 
remains that the great majority of the days selected by BIRKELAND were not what are ordinarily called 
disturbed days. In the Arctic, it is true, there were movements which would ra~k at Kew or any other 
non-polar station as magnetic storms, but there is not a single one of the occasions on which the phenomena 
at Kew would ordinarily be dignified with that name. On perhaps three occasions, October 31, to November 1, 
1902, November 23-24, 1902, and February 8, 1903, one would have little hesitation in describing the 
day 'as disturbed, but on the other hand there is quite a considerable proportion of the days which one 
would be likely to describe as quiet. It is not merely that the movements on BIRKELAND'S selected days 
were small, but that they were few in number, and in many cases represented slow changes: In the case 
of an ordinary magnetic storm at Kew, not only would the range be much larger than in any of the days 
selected, by BIRKELAND-a range of 30' in D and 300y in H represents what may be called a second class 
storm-but the large movements would be much more numerous and some of them much more rapid. If 
we take a really first-class storm, like that recorded at Kew on October 31, 1903, it represents an altogether 
different order of conditions. Not merely is the range five or six times larger in D, more in H, but there 
are dozens of rapid oscillations, altogether without parallel in the most disturbed cases selected by 
BIRKELAND. The expenditure of energy during a first-class storm may, for all we know to the contrary, 
be 10, 100, or even 1000 times greater than that during BIRKELAND'S most disturbed day, and we cannot 
even say with certainty that the ultimate source of the energy, or the way in which it is expended, is the 
same in the two cases. What I have called a first-class storm is apparently experienced as a large storm 
over all the world-or at least over a very large part of it-and is invariably, or almost invariably, 
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accompanied by aurora visible even in the south of England, whereas the disturbances treated by 
BIRKELAND attained the development of a first- or a second-class storm if anywhere only in a portion of 
the polar regions. In the stations in temperate latitudes they were mostly of the size one meets wi~h every 
other day, and if there were any auroral discharge accompanying them, it was not visible outside the 
region where auroral frequency is high. 

§7. Returning to the table particularising BIRKELAND'S plates, we have now to consider the significance 
attached to the descriptive terms applied to the disturbances. 

Explaining the term" equatorial," on p. 62, BIRKELAND says: 
". . . it is not unusual to find perturbations that are best developed and most powerful at the Equator. 

It has even been found that these perturbations in the regions about the Equator act principally upon the 
horizontal intensity . .. Such perturbations we . . . call equatorial . .. Of these there are . . . two 
kinds . . . , such as produce an increase in the horizontal intensity, and such as produce a diminution 
. .. The first . . . we have called positive . . . , the second . . . negative equatorial perturbations." 

Of polar elementary storms BIRKELAND says, pp. 84-85: 

(1) "They are comparatively strong at the poles (meaning the north polar regions). The simul­
taneously perturbing forces, even as far north 'as the 60th parallel, have already sunk to about 
a tenth of their strength in the auroral zone. 

(2) "They are of short duration, frequently lasting not more than 2 or 3 hours. 

(3) "The conditions before and after are comparatively quiet. 

(4) "The oscillations at the (north) polar stations, especially the more southern ones, run a simple 
course. At the poles, they are 'often characterised by a simple increase to a maximum, and 
decreas~ to zero. We may sometimes, even at the northern stations, have to some extent an 
undulating form, answering to a slow turning of the perturbing force." 

Of compound perturbations no general definition seems to be given. Judging by individual cases they 
are a combination of phenomena, "equatorial perturbations" predominating at one stage, and "polar 
elementary storms" at another. 

BIRKELAND'S discussion of "cyclo-median" storms on p. 144 is somewhat lacking in clearness. After 
expressing his belief that" electric cyclones, wandering over the Earth's surface," according to a suggestion 

. of Dr. AD. SCHMIDT, are a very rare phenomenon at least in large storms, he adds: "It appears, however, 
that thete is a class of perturbations that are due to current-systems which appear in lower latitudes at a 
height above the Earth that is small in proportion to the Earth's. dimensions. .. In the whole. of our 
material, we ~ave not found more than. one considerable perturbation that in its entirety must be due to 
systems that come near to the Earth in lower latitudes." 

It is this single occurrence (October 6, 1902) that is characterised as "cyclo-median." Judging by a 
remark on p. 150, the term was intended to signify that the disturbance was" as great in medium as in 
high latitudes," and that the electrical currents to which it was due were" vortical in form." 

§8. It is difficult to discriminate between Prof. BIRKELAND'S observations and his theories, as the two 
are so interwoven in his pages. Thus some reference to his theoretical views may tend to clearness. He 
believes that the" equatorial" perturbations are due to electric currents encircling the Earth near the plane 
of the magnetic Equator, at a distance above the Earth which is similar to, possibly greater than, the 
Earth's radius. .A current thus situated in a plane perpendicular to the Earth's magnetic axis would 
naturally give a force which in the equatorial regions would be roughly in the magnetic Meridian-thus 
affecting H almost exclusively-and the intensity would be greater in the Equator. Unless the height of 
the current were large, the disturbance would fall off rapidly as we departed from the Equator, and in 
even low latitudes there would be a large vertical component. 

There does not seem to be in the volume any close comparison of the amplitude of the ." equatorial " 
perturbations experienced. on the same occasion at different stations; but the numerical data as to the 
disturbances during individual equatorial perturbations do not show such predominance in the equatorial 
regions as the definition leads one to expect. 

So far as I can judge, a consideJ;'able number of the. movements discussed in our Chapter IX, including 

2 K 2 
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the "sudden commencements," would be classified by BIRKELAND as "equatorial" perturbations. In their 
case, however, as will be remembered, the amplitude at Colaba and Mauritius was usually less than that .at 
Kew, and much less than in the synchronous movements seen in the Antarctic. 

BIRKELAND believes an "elementary polar,,* storm to be due to what he calls "precipitation" in a 
comparatively limited Arctic area. By this he apparently means an influx (and efHux) of charged ions. 
In some calculations in the volume this is treated as equivalent to an electric current, approaching and 
receding from the Earth in lines which, if produced, would intersect at the Earth's centre. The current is 
regarded as stopping short of the Earth, then travelling in a straight line to a point equidistant from the 
surface, and finally receding, In some special cases on p. 103-which seem to be supposed to r({present 
probable actual conditions-the height of the connecting (s,o-called "horizontal") portion is -put at 
200 or 300 kms., its length being taken as 1600 kms. and upwards. In the case of the "elementary polar" 
storms the disturbance at any given instant is large over only a very limited polar area. In ,temperate 
latitudes the disturbance is small and diminishes rapidly a~ the distance from the area of "precipitation" 
increases. This area usually keeps shifting its position, so that the disturbance travels acros.s the polar . 
regions. 

If Prof. BIRKELAND had seen what has been called in Chapter X the" special type of disturbance" he 
would not unlikely have called it a south polar elementary storm. It seems, however, to present a much 
greater definiteness of type than BIRKELAND'S" polar" storms; and its duration is usually much less than 
the two or three hours which BIRKELAND speaks of. 

§9. In his volume BIRKELAND does not take the disturbances in chronological order when discussing them, 
but treats first the" equatorial," secondly the" elementary polar," thirdly the" cyelo-median," and finally 
the" compound." One finds, however, that there are few of· the occasions on which BIRKELAND failed to 
detect at one stage or another the presence of both" polar" and" equatorial" disturbances. I have thus 
thought -it simplest to follow the chronological order, as BIRKELAND himself has done in the case of the 
21 plates at the end of his volume. In what follows, the references are to BIRKELAND'S plates unless the 
contrary is explicitly stated, and the reader is strongly advised to have these plates before him while 
consulting the details given here. 

§10. October 6, 1902 (hours 13-1-15-1, Plate I) . 
. Of this "cyclo-median" disturbance, BIRKELAND, p. 150, says: "Its chief characteristics are that it is 

as great in medium as in high latitudes," also" the effect over the district Wilhelmshaven, San Fernando, 
Stonyhurst, Pola is of about the same magnitude." The difference from the" equatorial" disturbances, 
which otherwise it closely resembles, is that there appears hardly any movement in Asia or the Tropics. 
BIRKELAND infers that it must be due to electrical currents at a height" small in proporti~n to the E,arth's 
dimensions." . 

The phenomenon, as presented at Kew and the other stations where it was befit developed, had for its 
most prominent feature a sudden change in D, commencing at about 14h. 14m. At Kew, in the course of 
5 or 6 minutes, the Declination needle moved about 4" 5 to the west and then returned much more slowly 
towards its normal position, taking nearly 30 minutes to reach it. H fell as D increased, but the total 
fall was only about 6y; the r'eturn to the normal position was slow as in the case of D. The curves were 
exceedingly quiet for some hours before and after this movement. While the amplitude of the movement 
was very trifling, the isolation of the D movement and its nature are certainly unusual. 

Whether there was or was not a corresponding movement in the Antarctic is open to doubt. In the 
Antarctic, as elsewhere, the day as a whole was exceptionally quiet; but, as was invariably the case in the 
Antarctic, both the D and the H curves show numerous small oscillations. The V curve was certainly not 
more disturbed between 14h. 10m. and 14h. 50m. than it was earlier in the day, and decidedly less 
disturbed than it was a few. hours later. The same appears true of the D curve. There was, however­
it may be a merely chance coincidence-a distinct bay on the H curve, whose inception was at least very 
nearly simultaneous with the commencement of the disturbance in Europe. Between 14h. 10m. and 
14h. 21m. H fell 9y, two-thirds of the fall taking place between 14h. 13m. and 14h. 18m. H remained 
below its previous value until 15h. 23m., the return movement being much the slower. 

• The terms" polar elementary" and" elementary polar" are applied indifferently. 
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This case is a good example of the uncertainties attending the application of BIRKELAND'S method to 
the Antarctic curves, even under the most favourable conditions. From inspection of the adjacent portions 
of trace one would conclude that D and V were normal, but H distinctly below the normal value from 
14h. 13m. to 15h. Om. If, however, we compare the values of the elements at 14h. 53m. (otherwise 
2 a.m., L. T., on October 7) with the means for the same hour from the four nearest days, this is what we 
find:-

D. H. V. 

0 , 
October 7 (2 a.m., L.T.) 153 3'6 '06743 '7258 
Adjacent days (2 a.m., L.T.) 152 54'9 '06739 '7261 

4' 

These figures point to exactly the opposite conclusion to that suggested by the form of the curves 
themselves. 

§11. October 11-12, 1902 (hours 12-2, Plate II). 
This" compound" perturbation is regarded by BIRKELAND, p. 251, as divisible into three so-called 

"sections," (i) from 11h. to 17h. 20m., and (ii) from 17h. 20m. to 18h. 30m. on October 11, (iii) from 
the last-mentioned hour to Oh. 30m. on the 12th. 

The disturbance in section (i) is regar~ed as "mainly a positive equatorial perturbation," accompanied, 
however, fro~ 12h. 25m. to 13h. 15m. by a "considerable polar perturbation." "The farther we go," 
BIRKELAND says, p. 252, "from the (N.) polar regions, the less perceptible does this brief polar perturbation 
become . . . . At Zi-ka-wei and Dehra Dun it is distinctly noticed, at Batavia it is almost imperceptible. 
At Christchurch, on the other hand, there is a rather violent perturbation .... (which) cannot have 
been produced by the same system . . . . for the effect of the latter is imperceptible ("1) even at Honolulu 
and Batavia. The explanation of this seems to be that simultaneously with the descent (of ions or 
corpuscles) in the north, a similar phenomenon appears near the South Pole, and it is the effects of the 
latter that we observe at Christchurch." 

This quotation has been given at length because it constitutes one of the very few references which 
I have observed to the possible' existence of disturbance centres near the S-pole. The" explanation" 
was presumably purely a hypothesis on BIRKELAND'S part, as he had no records from south of Christ­
church. 

Se~tion (ii), 17h. 20m. to 18h. 30m., was characterised by "violent storms in the Arctic," especially at 
Matotchkin Schar, but" the effect of the equatorial storm is still perceptible." 

Section (iii), 18h. 30m. to Oh. 30m., "is characterised by a long polar storm," ,in the course of which, 
however, there appeared three short" intermediate" polar storms, the first with maximum about 18h. 34m., 
the second lasting from 20h. 45m. to 21h. 20m., the third from ~3h. 10m. to Oh. 25m. 

At Kew and all the other non-polar stations whose curves appear in Plate II there was a fairly sudden 
commencing movement, which does not seem to be mentioned by BIRKELAND. The H movement at Kew 
commenced about 12h. 18m., a fall of 2y and a rise of lOy occurring in about 6 minutes. A peak, 
representing a movement of about l'to the west, appeared also in the Kew D curve at about 12h. 24m., 
i.e. simultaneously with the maximum in H. Plate II shows this commencing movement distinctly at 
Colaba, Batavia, and Christchurch. It forms in fact the commencement of the movement at Christchurch, 
which BIRKELAND suggests may be due to currents near the S-pole. 

At Kew and the other non-polar stations the disturbance consists mainly of bays in the Hand D curves, 
with two or three small hut fairly sharp peaks, the greatest departures from the normal appearing between 
17h. and 22h. Christchurch differs a little from the other non-polar stations in that there is a bay 
on the H curve between 12h. 18m. and 14h. 10m., which commences less suddenly, but is larger than 
those encountered elsewhere; the later movements at Christchurch, on the other hand, are exceptionally 
small. The division into three sections seems somewhat arbitrary, especially the line of demarcation 
drawn at 18h. 30m. between Sectio'DS (ii) and (iii). This comes in the middle of a very rapid rise 
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in H at Matotchkin Schar, which according to Plate II extended from about 18h. 10m. to 18h. 35m., 
and which was immediately followed by a movement in the opposite direction, of so closely similar 
a character as to suggest its being an essential part of the same phenomenon. The significance of this 
will appear presently. 

The Antarctic curves were fairly quiet, according to the Antarctic standard, until about 17h., but the 
H curve shows a prominent bay from about 12h. 13m. to 13h. 57m., the element being d~pressed and 
the minimum coming at about 13h. 18m. The fall and rise were each about 60y. 

During part of the time covered by the H bay there was also a bay on the D curve, a rise of 58' being 
followed by a fall of 45', and the maximum coming at about 12h. 53m. 

As I' in D represents a force of about l'9y, the D movement was really the larger as well as the more 
rapid, but owing to the high sensitiveness of the H magnetograph the' H movement appeals more to the 
eye. During the occurrence of the bays on the D and H curves the V trace shows numerous.small 
oscillations of an irregular character, bearing no obvious relationship to the D and H changes, and not so 
suggestive of the" special type of disturbance" as the H trace is. 

These D and H movements are synchronous with the "polar" storm of Section (i). Also, whilst there is 
no conspicuously rapid initial movement, the time of commencement is at least very approximately the 
same as that of the small sudden movement seen at Kew and elsewhere. 

After 17h. the Antarctic curves certainly deserve to be called disturbed. The H trace showed the 
following changes, superposed on which were the usual short-period smaller oscillations :-

17h. 11m. to 17h. 16m. fall 28y, 

17h. 16m. " 17h. 20m. rise 23y, 

17h. 20m. " 17h. 31m. fall 40y, 

17h. 31m. " 17h. 42m. rise 45y, 

17h. 42m. " 17h. 53m. fall 41 y. 

D showed a number of small oscillations, but none conspicuously large; it increased, however, 90' 
between 16h. 53m. and 18h. 3m., going off the sheet at 18h. 3m. for a few minutes. During this time V 
rose and fell only about lOy, though there were numerous small oscillations. The above movements 
seem to be associated. They are synchronous with the earlier part of BIRKELAND'S Section (Ii), but also 
with the end of his Section (i). They are followed by a larger H movement. 

Commencing to rise at about 18h. 21m., H, after increasing 74y, got. off the sheet at 18h. 27m. Re­
appearing at 18h. 31m., in the next 29 minutes it fell 108y, going beyond the limit of registration on the 
negative side. D commenced to fall at 18h. 21m., when H began to rise, and in the course of 26 minutes 
fell 61' and rose 70'. During this time V oscillations, though numerous, were small.' The form of the 
Antarctic curves suggests that the phenomena from 18h. 21m. to 19h. Om. were associated together, and 
the most natural inference seems to be that they form part of the disturbance which BIRKELAND regards 
as the first" intermediate" storm of his Section (iii). This was the time, it may be added, of one of the 
most prominent movements seen at BIRKELAND'S co-operating stations. 

The next movements in the Antarctic worth mentioning were fairly synchronous with BIRKELA'ND'S 
second "intermediate" storm (20h. 45m. to 21h. 20m.) They' are somewhat imperfectly shown, owing to 
lack of trace. Between 20h. 40m. and 21h. 3m. H fell 45y and rose 50y (possibly more, as the trace is 
very faint and part may be invisible). The D trace, which had gradually got off the sheet on the positive 
side, suddenly re-appeared at 20h. 51m. and fell 58' in 6 minutes. After a minor oscillation it began to 
rise rapidly at 21h. 6m., rising 55' before it again went off the sheet at 21h. 15m. During this time there 
were some very rapid movements in V; the total range between 20h. 46m. and 21h. 3m. was 22y. 

There was no Antarctic trace from 23h. 20m. to 23h. 45m. on the lIth. Between 23h. 48m. and 
Oh. 31m. on the 12th a bay appeared in the V trace, the maximum depression being about 12y. There is 
a synchronous bay in the D curve, a fall of 43' being followed by a rise of 33'. The H trace was 
off the sheet practically all the time. The above D and, V movements occur simultane~usly with 
BIRKELAND'S third "intermediate" storm. They are by no means of an outstanding character and do 
not appeal much to the eye. They are followed, however, by a relatively quiet time. 
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§12. October 23-24, 1902 (hours 17--5, Plate III). 
This is described, p. 76,as ,,'a positive equatorial perturbation. It commences suddenly at 19h. 11m., 

simultaneously all 'over the Earth." It is added, however, "About Ii hours later, a polar storm ... 
characteristic, simple, and well defined, appears around the Norwegian (i.e. Arctic) stations ... especially 
distinct at Matotchkin Schar." The date was not in BIRKELAND'S list, so he obtained curves from only a 
few stations, including, however, Bombay and Dehra Dun. 

The sudden commencement is shown clearly at all the stations, including the Arctic ones. At Toronto, 
and at AxelOen in the D curve, the commencing movement appears distinctly double, the principal move­
ment being preceded by a smaller movement in the opposite direction. At Kew there is only a suggestion 
of an initial fall in H, but nothing certain prior to a sudden rise, amounting to 17 y in the course of 3 or 
4 minutes. After the summit was reached at 19h. 14m., there was a gradual return to an undisturbed 
value at about 19h. 35m. Simultaneously with the change in H there was a very small change in D, 
westerly Declination rising and falling about 0'· 7. 

In the Antarctic the curyes had been unusually quiet for some hours when there suddenly began, at 
19h. 10m., an exceedingly rapid rise in H. The movement is too rapid to be distinctly shown, but the 
trace seems to have gOlle off the sheet, remained off for 2 minutes, and returned to near its original 
position in 5 or 6 minutes. How much the oscillation exceeded that shown, + 40)" then - 35)" it is of 
course impossible to say. After slackening for a minute or two about 19h. 16m., II continued moving in 
the same direction as before, to a peak at about 19h. 22m. The fall in H since the curve came on the 
sheet was 77y. Simultaneously with the commencing movement in H there was an oscillation in D, a fall 
and rise each of 15' taking place in about 4 minutes; this was followed by a second smaller oscillation. 

The V trace, which had been exceedingly quiet, showed also a marked commencing movement, consist­
ing of a rise of 6)' in 3 or 4 minutes to a sharp peak at about 19h. 14m., followed by a fall of 26y, occupying 
about 8 minutes. Halfway during the fall there was a nearly stationary position during about 2 minutes. 

The natural conclusion unquestionably is that these large sudden movements in the Antarctic correspond 
to the smaller commencing movements which appeared simultaneously elsewhere. 

The principal disturbance in the Arctic occurs between 21h. and 23h., the maximum coming about 
22h. 20m., but the Axeloen curves appear considerably disturbed until 3 a.m. on the 24th. The non­
polar curves in Plate III show only very trifling disturbances, the largest, between 21h. and 23h. on the 
23rd, being only of the same order as the sudden commencement at ·19h. 11m. 

In the Antarctic the conditions remained highly disturbed from 19h. 10m. until the traces got on the 
clamp at about 23h. 6m. The D and H traces show incessant large oscillations. The largest movements 
recorded in H were a rise of 84)' between 19h. 56m. and 20h. 13m., and a rise and fall each of 67)' 
between 22h. 51m. and 23h. Om. The curve came on the sheet at 22h. 51m. and went off 9 minutes 
later. Coming on again immediately, H rose 44)' in a few minutes, the trace coming on to the clamp and 
so being lost. 

In D there was a rise of 94' between 22h. 18m. and 22h. 25m., followed by a fall of 100' during the 
next 10 minutes. Between 22h. 51m. and 23h., synchronous with the large changes in H, there was a 
fall of 54' and a rise of 87', the latter immediately followed by a rapid fall of 135', the trace coming on to 
the clamp before the movement was completed. 

Amongst the larger V movements were a fall of 26), and a rise of 22)' between 19h. 54m. and 20h. 26m., 
a fall of 20y between 22h. 26m. and 22h. 33m., and a rise of 51)' between 22h. 33m. and 22h. 53m. 
B,etween 22h. 53m. and 23h. 6m., when the trace got on the clamp, V fell 24)" rose 37)" and fell 27)'. 

The larger D and V movements, it will be noticed, occurred during the time when the Arctic 
stations were most disturbed; but the disturbance in the Antarctic was continuously large betwe'en 
19h. 10m. and 23h~ 

The conditions in the Antarctic had become distinctly quieter by Oh. 11m. on the 24th, when the next 
sheet was put OD, but might fairly be described as disturbed until 3h. 30m. 

There was a small bay from Oh. 17m. to Oh. 53m., the changes in the three elements being at least 
approximately simultaneous. D rose 25' and fell 51', just going off the sheet on the positive side; while 
V rose 16), and fell 13),. The H trace was off the sheet on the positive side for 10 minutes and the rise, 
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21y, and fall, 14y, actually shown were probably a good deal exceeded. After Oh. 53m. the oscillatory 
movements in the V curve were much reduced. The D trace, however, showed two moderate bays. 
During the first-from Oh. 53m. to 1h. 16m.-D rose 33' and fell 69'. During the second-from 1h. 16m. 
to 3h. 23m.-D rose 42' and fell 70'. Between 1h. 39m. and 2h. 17m. H fell and rose 39y. The trace 
went off the sheet at 2h. 17m. and did not reappear until 3h.27m. It went off and came on steeply, so 
there may have been a considerable movement in the interval. 

§13. October 27-28, 1902 (hours 14-1, Plate IV). 
This "compound" disturbance is divided by BIRKELAND, p. 209, into two sections. The first section, 

from 14h. to 20h. 30m., is regarded as composed of a long storm, largest on the whole in the Equator, 
during which there is an "intermediate" storm, most powerful in the Arctic, especially at Axeloen and 
Matotchkin Schar, which lasted from about 15h. 30m. to 16h. 45m. 

At Kew, which was fairly representative of non-Arctic Europe, the most prominent phenomenon of 
Section (i) was a bay in the D curve from about 15h. 30m. to 16h. 55m., the element being depressed. 
The greatest departure from the normal value was about 7' and occurred about 16h. 20m; The corre­
sponding H movement was a fall of 22y from 15h. 15m. to 16h. 5m., interrupted by two small recoveries, 
and a rise of 19y from 16h. 5m. to 16h. 30m., followed by a smaller fall. 

BIRKELAND'S Section (ii), from 21h. 40m. to about midnight, consisted of a "polar" storm; largest at 
Axeloen. A table on p. 212 gives particulars of its beginning and end and also as to the time of 
occurrence and the value PI of the largest disturbance in the horizontal plane. The commencement is 
about 21h. 40m. and the hour of- maximum about 22h. 50m. at most stations; the end varies from 
23h. 20m. on the 27th to Oh. 20m. on the 28th. PI varies from 265y at Axeloen to 4y at Dehra Dun, the 
value at Kew, 29y, being slightly above the average for non-Ar.ctic European stations. 

The general nature of the disturbance during Section (ii) outside the Arctic is fairly represented by the 
phenomena observed at Kew. D there was distinctly depressed from 21h. 40m. on the 27th until about 
Oh. 10m. on the 28th. The most rapid change was a fall of 3' between 22h. 20m. and 22h. 45m. H, 
on the other hand, was distinctly above the normal value from 21h. 40m. to 23h. 20m. The maximum 
occurred about 22h. 54m., and the most rapid change was a fall of 20y between that hour and 23h. 34m. 

The Antarctic curves during the time covered by Plate IV show a moderate amount of disturbance, but 
nothing, perhaps, that would naturally attract attention. During the" intermediate" storm of BIRKELAND'S 
Section (i) there was a bay on the D carve between 15h. 29m. and 16h. 53m., the element rising 47' and 
falling 33'. The V trace showed numerous oscillations, but the largest only 3y or 4y in amplitude. The 
H trace was beyond the limit of registration in the negative direction from 15h. 43m. to 16h. 53m., and 
may of course have been considerably disturbed. 

The largest movements recorded during Section (i) took place later, between 18h. 53m. and 19h. 53m. 
During this hour D rose and fell 66', H rose 99y, while V fell 14y and rose 35y. 

The D trace was off the sheet on the positive side for some time after 21h. and there was no trace from 
22h. 16m. to 22h. 36m. There is thus rather a lack of information as to what was happening during 
BIRKELAND'S Section (ii). After 22h. 36m., when registration was resumed, there was no really striking 
D movement. There was, however, a small bay between 23h. 16m. and 23h. 56m., the value rising 18' and 
falling 30'. The H trace, which had just got off the sheet on the positive side at 22h. 46m., came on again 
at 22h. 47m., and between that hour and 23h. 33m. H fell 53y. After 23h. 33m~ H rose gradually with 
minor oscillations until Oh. 53m. on the 28th, when the trace again went off the sheet on the positive side 
and remained off for two hours. 

V fell 32y between 22h. 36m. and 23h. 17m., and rose 40y between 23h. 17m. and 23h. 43m. After a 
slight halt it continued to rise, but much more slowly, until Oh. 17m. on the 28th. Between Oh .. ·17m. and 
Oh. 45m. it fell 19y. Thereafter the V trace was relatively quiet for some hours. 

§14. October 28-29, 1902 (hours 14-1, Plate V). 
This was another" compound" storm, which resembled that of the previous day in containing two" inter­

mediate" elementary polar storms. The interval between these was, however, much less than on the previous 
day, and there was, according to BIRKELAND, p. 222, in lower latitudes, "no trace on the 28th of the long 
storm that occurred on the 27th, and was especially powerful at the Equator." According to BIRKELAND'S 
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" 
table, p. 222, the first "intermediate" storm commenced about ISh. 10m. and ended about 19h. 30m. 
at most European stations, the maximum coming about ISh. 45m. The value of Pl-the maximum 
horizontal disturbing force-varied from 24Sy at AxelOen to 3yat Toronto, the value at Kew, 16y, being 
slightly under the average for non-polar European stations. 

The time of commencement of the second "intermediate" storm is given as about 21h. 30m. at most 
stations, but somewhat earlier in the Arctic. The end is given as usually somewhat after 23h. The 
maximum is said to have occurred about 22h. 10m., the value of Pl varying from 266y at Axeloen 
to 2' 5y at Batavia. The value given for Kew, 16' 5y, is again slightly below the mean for non-Arctic 
Europe. 

The disturbances outside the Arctic were really very trifling. The most notable change at Kew was 
a rise of 20y in H between 2lh. 30m. and 2lh. 4Sm. 

In the Antarctic there was no loss of V-trace during the time covered by Plate V, except from 
22h. 43m. to 23h. 13m., when there was no sheet on the drum, and the H trace was off the sheet only 
for a short time before the end. The D trace, however, was off the sheet a good deal between 20h. and 
22h.43m; 

The largest D movements recorded took place between 19h. 10m. and 19h. 5Sm., and so synchronise 
with or overlap the latter part of BIRKELAND'S first "intermediate" storm. During this time D rose 
41', fell 2S', rose 45' + (going off the sheet), fell 52' +, and rose 50'. 

Some rather notable oscillations also occurred in H. The element rose 37 y and fell 53y between 
ISh. 38m. and 19h. Om., the turning point (a maximum) being at ISh. 50m. and so practically 
simultaneous with the maximum in BIRKELAND'S first "intermediate" storm. Another considerable 
oscillation took place between 19h. 40m. and 20h. 10m., H first rising 55y and then falling 52y. The 
V trace showed numerous small oscillations. There was one rather sharp oscillation between 20h. 5m. 
and 20h. 16m., a fall of 19y being followed by a rise of lSy. The intervening minimum occurred at 
20h. 9m. Between this hour and 2lh. 20m. there was a total rise of 36y in V, which was followed 
during the next 20 minutes by a fall of 27y. 

The D trace went off the sheet rather steeply at 2lh. 45m., and came on rather steeply at 22h. 25m., 
so there may have been a considerable oscillation in this element during the time of BIRKELAND'S second 
"intermediate" storm.· The H and V traces, however, after 2lh. 40m. were quieter than they had 
been for some hours previously. Thus whilst there was decidedly more than the average amount of 
disturbance in the Antarctic during BIRKELAND'S first "intermediate" storm, it is at least doubtful whether 
the same was true of the second "intermediate" storm. 

§15. October 29-30, 1902 (hours 16-4, Plate VI). 
This" compound" . perturbation is said, p. 161, to consist of an "equatorial" perturbation-which 

commenced suddenly on the 29th at 16h. 52m., and whose most active phase in the southern stations 
appeared at about lh. 30m. on the 30th-and of "polar" storms. Whether BIRKELAND supposed the same 
equatorial perturbation to last continuously all the time is not clear. As to the nature of the coincidence 
of the equatorial and polar disturbances, p. 161 says: "The positive equatorial perturbations observed 
by us are always accompanied by polar storms. As a rule, the polar storms do not begin until a little 
while after the equatorial; but on this occasion they begin almost simultaneously .... " 

In discussing his Chart I, which includes results for hours ISh. 52' 5m. and 20h. 30m. on the 29th, 
BIRKELAND concludes, p. 164, that" it is the polar systems that give the field its character," and he puts 
the " centre" of the polar system near Matotchkin Schar. In discussing Chart II for lh. Om. on the 30th, 
he regards the field as "now mainly conditioned by the equatorial perturbation." 

During the major part of the polar storm BIRKELAND had records from only two polar stations, Axeloen 
and Matotchkin Schar. The largest movements shown at either occur between 18h. and 2lh. 

At the non-polar stations there was a distinct sudden commencement-not clearly apparent at the polar 
stations-whose time of occurrence BIRKELAND puts at 16h. 52m. The original Kew H trace shows a 
small fal~ about 1y, between 16h. 52m. and 16h. 54m., followed by a rise of about 4y during the next 
4 qrinutes. 

The most noteworthy movement at Kew and the other non-polar stations took place between '1 ~nd 

2 L 
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2 a.m. on the 30th, the maximum displacement being that already referred to as occurring about 1h. 30m. 
The disturbance at this hour appears to have been a good deal larger at Dehra Dun, Batavia, and Christ­
church than at the non-polar European stations, BIRKELAND'S estimate of the horizontal disturbing force 
being 43/, at Batavia and 40/, at Christchurch, as against 14/, at Kew. 

In the Antarctic there was an outstandingly rapid rise of H from about 16h. 55m. to 16h. 59m., followed 
by an equally rapid and larger fall. The trace was very faint near the time of the turning-point, and got 
beyond the range of registration at 17h. 5m., so that all one can be sure of is that between 16h. 55m. and 
17h. 5m. H rose at least 27/" and fell at least 37/,. A slow rise in H commenced about 16h. 53m., but 
this was checked for a few seconds at 16h. 55m., and the movement did not attain its highest rapidity 
until perhaps 16h. 56m. This H movement occurred at a time when the trace had been rather quieter 
than usual for an hour or more, and there can be little doubt that it represents the sudden commen.cement 
seen at BIRKELAND'S non-polar stations. In the Antarctic, synchronous apparently with the commencing 
movement in H, there was a sharp oscillation in V, a rise of 10/, and fall of 6/, taking place in about 
6 minutes. D, which had been rising on the whole fairly steadily with minor oscillations, began a more 

. decisive though not conspicuously rapid rise about 16h. 56m. During the next 27 minutes it rose 73' 
and the trace then got off the sheet. It came on the sheet 3 minutes later, but, after being on for about 
IB minutes, got off once more, arid thereafter, was see:ri only at rare and short intervals during the 
remainder of the time covered by Plate VI. 

The H trace remained beyond the limits of registration until about 19h. IBm., and was again lost sight 
of about 19h. 45m. The light in the Antarctic magnetographs evidently became very faint towards the 
end of the sheet, as even the base lines are but faintly indicated after 21h. The V trace, which suffered 
less from weak illumination than the D and H traces, had become invisible by this hour. It is thus 
possible that faintness of light may have been partly responsible for the non-appearance of the D and H 
traces after 20h. 

The persistence, however, of active disturbances until the time when the V trace became invisible may 
be safely inferred from the following list of observed changes in V :-

From 17h. 6m. to 17h. 4Bm. rise 57/" 

" 
17h.4Bm. 

" 
17h. 54m. fall 36/" 

" 
17h.54m. 

" 
1Bh. 5m. rise 33/" 

" 1Bh.57m. 
" 

19h. Bm. rise 3B/,~ 

" 
19h. Bm. 

" 
19h.30m. fall 5B/" 

" 19h.30m. 
" 

19h.45m. rise 33/" 

-" 19h.45m. 
" 

20h. 1m. fall 36/" 

" 
20h. 1m. 

" 
20h. 8m. rise 30/" 

" 
20h. Bm. 

" 
20h.- 23m. fall 35/,. 

The major part of these V disturbances synchronise with BIRKELAND'S "polar" storm, but some precede 
it. Shortly after the last movement recorded above the trace became invisible. 

After the next sheet was put on at 23h. 20m., distinctly disturbed conditions existed until after 3 a.m. 
on the 30th. The' changes in V were especially noteworthy. Between Oh. Om. and 1h. 4m. on the 30th 
there was a rise of 92/" between 1h. 4m. and Ih. 46m. a fall of 74/" and between 1h. 46m. and 2h. 46m., a 
rise of 93/,.H rose 52/, between Oh. Om. and Oh. 40m., the trace then goi~g off the sheet on the positive 
side. After being off for 9 minutes it came- on; but 20 minutes later it went off again on the positive 
side. Coming on once more at 1h. 36m., it showed a fall of 59/, between 1h. 36m. and 2h. 17m., and a 
rise of 59y between 2h. 17m. and 2h. 35m. The trace went off the sheet at the latter hour, and except 
for a short appearance of about 10 minutes re-appeared no more until after Bh. 

During the above changes in V and H the chief movements.in D were a fall of 129' between 1h. 10m. 
and 1h. 43m., and It rise-interrupted for 25 minutes by minor oscillations-of B7' between 1h. 43m. and 
2h. 45m. After 3h. 30m. the D and Y traces were specially quiet during the next 5 hours. The H trace 
being off the sheet, one cannot be certain that it was equally quiet. 

It -will doubtless" have been noticedjhat the largest movements recorded in _ the Antarctic occurred 
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during the time when BIRKELAND'S "polar" storm was largest, and during the time of his largest 
"equatorial" disturbance. There is, however, no sign of intermission in the disturbance, though the 
evidence is not complete owing to failure of the.trace. 

Later in the ~Oth, it may be added, after the time covered by Plate VI, there was a very prominent 
bay in the Antarctic D curve, extending from about Sh. 20m. t09h. 33m. It included a fall of 142' 
and rise of 115'. This disturbance was at least an approach to the" special type," V oscillating about 
a mean position during the fall of D, and rising about 30y during the rise of D. There was a synchronous 
bay on the H curve, but details are lacking, as the trace was off the sheet most of the time. 

§16. October 31 to November 1, 1902 (hours 6-2, -Plate VII). 
Of this" compound " storm BIRKELAND says, p. 230, "It appears at the poles with tremendous violence, 

although perpaps its strength is even more unusual at the equatorial stations. Considering its long 
duration and its universal distribution, we may say that it is the greatest storm that has been observed by 
us." He regards the disturbance as consisting of a long storm lasting from about 9h. on the 31st to 3h. 
on Nov. 1, with two, if not more, "intermediate" storms. 

Referring to his first eight charts, which answer to times from 9h. Om. to 12h. 30m. on October 31, 
he says, p. 232, that the equatorial stations show" powerful perturbing forces directed southwards," the 
forces at Dehra Dun and Batavia being almost double those in central and southern Europe. During this 
time BIRKELAND'S Arctic stations showed no very large disturbances, but Sitka was highly disturbed. 

Charts IX, X, and XI, for 13h. 30m., 13h.42m., and 14h. Om., represent the conditions during the 
"first powerful intermediate storm," whose maximum is put at 13h. 42m. This includes the time of 
largest movements at the polar and equatorial stations. There are also movements at all the non-polar 
European stations, but these are on the whole smaller than the movements later in the day. 

After 14h. Om. conditions were everywhere less disturbed for some hours. But from 17h. 45m .. 
to 1h. Om. on Nov. 1 there were further large disturbances in the Arctic and the European stations, 
which are dealt with in BIRKELAND'S Charts XII to XIX. 

The second "intermediate" storm is regarded as extending from 23h. 12m. to Oh. 42m. on Nov. 1, 
) with maximum about 23h. 45m., and after its conclusion the conditions became much quieter. 

As usual, Kew seems to be fairly representative of non-polar European stations. It is very difficult 
there to assign even an approximate time for the commencement of the disturbance. One has to go back 
to 20h. on the 30th to get a time really free from the small undulatory movements which represent the 
disturbance up to noon on the 31st. The end of the disturbance between 3 and 4 a.m. on Nov. 1 is 
more definite. The Kew D curve shows two slow wave-like movements in immediate sequence, extending 
from 7h. 30m. to 10h. Om. on the 31st, the rise and fall in each being from l'to 2'. From llh. 40m. 
to 14h. 30m. there was another group of movements of a more irregular character, which included a fall 
of 4' and rise of 3' between 13h. 20m. and 13h. 50m. This corresponds to BIRKELAND'S first "inter­
mediate" storm. 

From 17h. on the 31st to 2h. on Nov. 1 there was considerably more disturbance at Kew than earlier. 
Between 17h. Om. and 17h. 4Sm. D fell and rose 3', reaching a sharp peak at the latter hour. After 
17h. 4Sm. D continued to fall generally, with minor oscillations, until 22h. 10m., the fall in this time 
amounting to 13'. D then rose 4'· 3 in two steps to a rounded peak at 23h. 10m. Between this hour and 
Oh. 45m. on Nov. 1 it fell 6' and rose 7'; the turning-point, which was the minimum during the disturbance, 
was at about 23h. 42m. 

In the Kew H curve the most rapid changes were a -fall of 261 and rise of 231 between 13h. 15m. and 
13h. 42m.-corresponding to BIRKELAND'S first "intermediate" storm-and a fall of 251 between 
17h. 45m. and 17h. 53m. There was a comparatively quiet time from 14h. 40m. to 17h. 45m. After the 
latter hour there was no cessation of disturbance until about 2h. on Nov. 1. 

In the Antarctic a highly disturbed state of matters existed from about Sh. 50m. to 14h. Om. on 
the 31st. The phenomena resembled four disturbances of the" special type," following one after the other 
without any interlude; but D and V were not quite in phase, and most of the turning-points on the 
H trace were beyond the limits of registrationr so one can only see that this element was approximately 
in phase with V. 

2 L 2 
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We may regard the V movements during this time as composed of four "waves," whose times and 
amplitudes were as follows (+ denotes a rise, - a fall):-

Wave 
I 

From To Change (in 'Y)' 

h.m. h.m. 

1 { 8 P51 
8 51 P 
9 23 +26 

2 { 923 10 13 -16 
10 13 10 59 +43 

3 {1059 11 50 -29 
11 50 12 30 +21 

4 {1230 13 33 -34 
13 33 14 1 +49 

Each" wave" except the third left V enhanced, so that the final value exceeded the original by 60y. 

There were four "waves" in D roughly corresponding to those in V. 

During the first D fell 75' and rose 72'. 

" " second" " 102'" ,,133'. 
" " third" " 81'" ,,195'. 
" " fourth" " 173'" " 80'. 

H fell 108y between 9h. 32m. and 10h. 23m., rose 56y between 10h. 23m. and lIh. 5m., and fell 57y 
between lIh. 5m. and 11h. 30m. The trace went off the sheet on the negative side at 11h. 30m., 
remaining off until l2h. 46m. It came on again, but only for a few minutes, showing a double peak at 
l2h. 50m., and was thereafter no more seen until 20h. 53m. 

The last of the four waves above mentioned in the Antarctic synchronises with BIRKELAND'S first 
" intermediate" polar storm. But it seems impossible to draw any line of demarcation, such as BIRKELAND 
draws, between it and what precedes. The four waves are of the same type and follow in immediate 
sequence, and it is difficult to believe that the first three can be due to "equatorial" perturbation if the 
last is due to "polar." The storm in the Antarctic probably.existed for some hours before 8h. 5lm., as 
the D trace contains two bays similar to, though smaller than, the four we have described. The H trace, 
however, was off the sheet after lh. 20m., and the V magnetograph not working until nearly 8h. 5lm., so 
our information is very limited before this hour. 

After 14h. 1m. there was probably an absence of large rapid movements in the Antarctic until nearly 
21h. The H trace was off the sheet, and the D trace also after l7h. 40m., but the V trace remained on 
until the sheet was taken off at 22h. 7m., and its course was unbroken by any oscillations at all comparable 
with the four we have described. There was, however, a persistent fall in V, as if the cumulative effect 
of the four waves were gradually disappearing. The total fall between l4h. 1m. and 20h. 41m. amounted 
to fully 70y. 

After 20h. 50m. there were some more wave-like movements in the V trace, though not so large as the 
earlier ones. The two principal consisted, the first of a fall of 21y and rise of l2y between 20h. 50m. and 
2lh. 28m., thesecond of a fall of 30y and rise of 16y between 2lh. 28m. and 22h. 9m. 

The H trace, after having been beyond the limits of registration on the negative side for nearly 8 hours, 
came on the sheet at 20h. 58m., and H rose 89y between that hour and 21h. 30m. Rising further, with 
minor oscillations, it got off the sheet on the positive side at 22h. 2m., having risen 110y since 20h. 58m. 

There was no record from 22h.7m. to 23h. 46m., which covers half the time of BIRKELAND'S secorid 
" intermediate" storm. When the next sheet was put on at 23h. 46m., the H trace was off the sheet on 
the positive side, and it remained off until 4h. 30m. on November 1. The D and V traces on the second 
sheet show, however, no signs of special disturbance. The largest movements in the-V trace are two bays, 
the first, from lh. 33m. to 2h. 45m., having a rise and fall of only 16y, the second, from 2h. 45m. to 
3h. 56m., showing a rip.e of 43y and fall of 27y. 
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§17. November 23-24, 1902 (hours 15-7, Plate VIII). 
This" compound" storm, divided by BIRKELAND into three sections, is said, p. 272, to be the most 

powerful of a series which developed daily in the Arctic from the 19th to the 26th of November. 
Section (i), from 15h. 20m. to about 16h. Om., is described, p. 273, as a "typical positive equatorial 

storm," "strongest at the equatorial stations in the South of Asia." BIRKELAND speaks of a sudden rise 
occurring in H at 15h. 30m., except at the American stations, where the rise is slQw. The time is not, I 
think, intended to be exact. For at Kew H begins to rise at about 15h. 22m., rising lOy to a rounded 
maximum at about 15h. 32m., and then diminishing about 6y during the next 7 minutes. There was a 
corresponding small movement in D, whose maximum was, however, a few minutes later. These trifling 

-movements-which can, however, be recognised at AxelOen, Kaafjord, and all the European and Southern 
stations-constitute the largest disturbance of Section (i). 

During Section (ii), from 16h. to about 22h., the disturbing forces are generally small, but from 
17h. 30m.·to ISh. 20m. the disturbance is somewhat greater, "especially in southern latitudes." 

In the Arctic BIRKELAND sees indications of a "polar" storm of minor intensity. During this time the 
most· noteworthy feature at the non-polar European stations is a bay on the D curve, extending from 
about 17h. Om. to ISh. 30m. at Kew, where the element fell and rose about 3'. The most prominent H 
changes at Kew were a fall of 12y between 17h. 23m. and 17h. 35IJl., and a fall of 11y between 19h. 52m. 
and 20h. 3m. 

BIRKELAND'S discussio~ of his Section (iii), 22h. to 7h., appears involved. He attempted apparently to 
recognise a series of "elementary polar" storms in it, but was unable to disentangle them. Speaking 
generally, the Arctic curves show numerous rapid oscillatory movements going on pretty continuously all 
the time. 

At the non-polar stations the most disturbed time was from 22h. on the 23rd to 3h. on the 24th. The 
movements during this time were really of some size. / At Kew, for instance, D fell 10' between 22h. 5m. 
and 22h. 42m., rose 5' between Oh. 30m. and Oh. 50m., fell 6" S between Oh. 50m. and 1h. 20m., rose 10'· 4 
between 1h. 20m. and 2h. 10m., fell 9' between 2h. 10m. and 2h. 43m., and rose 7' between 2h. 43m. and 
3h. 12m. H fell 37y in three steps between 21h. 4Sm. and 23h. 1m., rose 35y in two steps between 
23h. 1m. and 23h. 42m., fell 29y in two steps between 23h. 42m. on the 23rd and Ih. 35m. on the 24th, 
rose 42y between 2h. 2m. and 2h. 24m., and fell 30y between 2h. 4Sm. and 3h. 52ni. 

The conditions existing at the southern stations during the early morning of the 24th will be best 
realised by consulting the Christchurch H curve given in Plate XV of the present volume. 

In the Antarctic there were some very rapid oscillatory movements synchronous- with the commencing 
movements seen at Kew and elsewhere which BIRKELAND characterised as "equatorial." The D move­
ments were 'so rapid that the turning-points are not very clearly shown, and the following measurements 
may be slightly under-estimates. Commencing suddenly, during a fairly quiet time, we have between 
15h. 21m. and 15h. 37m. a rise of Sl', a fall of 78', a second rise of 60' and a second fall of S5', with minor 
oscillations during the larger movements. There were presumably corresponding movements in H, as the 
curve which had been off the sheet for some time on the negative side came on for a couple of minutes 
about 15h. 24m., forming a very sharp peak (maximum). During the second oscillatory movement in D 
there was a marked depression and recovery in V, of amplitude 44y. After this commencement the 
Antarctic curves remained highly disturbed until 10h. on the 24th. They are reproduced from Oh. ISm. 
to 10h. 31m. (or 1i.25 a.m. to 9.3S p.m., L.T.) in Plate XXV of the present volume. The most 
conspicuous movements prior to the time covered by this plate were as follows :-

D after falling 226', with numerous oscillations, between 15h. 2Sm. and 16h. 25m., rose again, oscillating 
vigorously,about 197' between 16h. 25m. and ISh. Sm., and then fell 127' between ISh. Sm. and ISh. 58m. 
A specially rapid movement about 19h. 19m. is referred to presently in conjunction with a corresponding 
H change. Between 19h-. 19m. and 21h. 3m. D rose, oscillating largely, 20S', and the trace went off the 
sheet on the positive side for a few . minutes at the latter hour. After coming on the sheet, the D trace 

. in the course of about half an hour fell 97', rose 72', fell 75', and rose 100', going off the sheet again about 
21h. 40m. Its reappearance a few minutes later is not very clearly shown, and at 22h. Sm. it disappeared, 
to be seen no more before the sheet was removed at 23h. 13m. 
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The movements just recorded extend bver BIRKELAND'S Sections (i) and (ii) and show no interlude. 
Until 21h: the H trace was mostly off the sheet on the negative side, appearing at intervals for a few 

minutes at a time. The most striking movement seen during this time answered to a peak at about 
19h. 19m. The trace was visible for about S minutes, during which H rose and fell 6Sy. This happened 
synchronously with an exceedingly rapid oscillation in D, that element in the. course of 11 minutes falling 
97' and rising SS'. 

Later the H trace was more in evidence. Between 20h. 53m. and 21h. Sm. H rose 66y and fell 49y 

with minor oscillations. Between 21h. Sm. and 21h. 20m. it rose 140y, the trace then going off the sheet 
on the positive side and remaining off for 20 minutes. 

On reappearing at 21h. 40m. the H trace fell 136y in 7 minutes, then rose54y and fell 70yin the course 
of the next 11 minutes, and went off the sheet on the negative side about 21h. 5Sm. It was not again 
seen, except for a few minutes, until about 22h. 37m., when it appeared and rose 103y during the next 
10 minutes; 

There were numerous minor oscillations all this time in the V trace, the most striking being a fall of 65y . 

and rise of 50y between 19h. 17m. and 19h. 2Sm., a time during which there were also rapid oscillations in 
D and H. But perhaps the most outstanding feature is the continu,ous downward tendency of the curve 
from 16h. 15m. to 21h. 40m., the total fall during this time being about 300y. After some small oscillations 
V then commenced to rise rapidly, the rise between 21h. 57m. and 22h. 42m. representing 182y. 

From 23h. 13m. on the 23rd to Oh. 19m. on the 24th there was no paper on the drum, and though 
substantial alterations took place in the values of the elements during this interval it may have been 
quieter than the times before or after. But there is no direct evidence of any marked lull from the 
commencement, about 15h. 20m. on the 23rd, until 10h. on the 24th. No subdivision into sections nor 
difference in source is at all suggested by the Antarctic D and H curves. 

The case of V is rather different, as that element, on the whole, rose between 15h. 35m. and I6h. 15m., 
and again between 21h. 40m. and 22h. 42m., while it fell during the intervening time. 

In the Antarctic there can be no question that the disturbance of October 31 to November 1 was smaller 
than that of November 23-24. The range of the elements appears greater at Kew on the former occasion, 
but that is due to the fact that the period wa~ longer and included the ordinary hours of the daily 
maximum and minimum. The appearance of the Kew curves would indicate that the later disturbance 
was the more intense, and this is really borne out by BIRKELAND'S figures on pp. 240 and 280 for the 
amplitude of the disturbing force. 

§IS. December 9, 1902 (hours 5-1S, Plate IX). 
This is entered amongst the "equatorial" storms. When discussing it on p. 70 BIRKELAND describes 

the disturbance as illustrating at its commencement" all the properties that characterise the positive 
equatorial perturbations. It commences quite suddenly, simultaneously all over the Earth, at 5h. 40' 6m." 
This movement is seen in the Arctic as well as the non-polar regions. It is, however, by no means large 
at most stations. At Kew, for instance, the initial rise in H was only about 5y and it was not very rapid. 
BIRKELAND regards" equatorial" conditions as persisting until nearly 15h. During this time there are no 
large movements even in the Arctic. . 

"Between 15h. ~nd 18h., the character of the perturbation conditions is essentially changed. It is this 
feature that we continually find repeated, namely, 'that when the equatorial storm has lasted for some hours, 
polar systems appear." p. 70. During the time stated there was a disturbance of some size at all the 
Arctic stations, and even at the non-polar stations there were appreciable bays on both the Hand D curves. 
Thus at Kew the H trace shows a bay from 16h. 25m. to 17h. 40m., the greatest depression representing 
about 15y; corresponding to this was a hump on the D curve, the maximum representing a rise of 

about 2"5. 
In the Antarctic there were of course numerous movements larger than any at Kew, but there is no 

very decided trace of disturbance until towards the end of the period covered by Plate IX. On this 
occasion it is very doubtful whether there is anything in the Antarctic curves corresponding to the sudden 
movement seen elsewhere about 5h. 41m. There is, it is true, apparently at this exact time a trifling but 
sharp peak in the V trace-which previously was very quiet-representing a very rapid rise and fall of 
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1')' or 2,)" and this is followed by a rise of about 7')' in the course of the next 6 or 7 minutes. There 
were peaks on the D curve at 5h. 41m. and 5h.45m. Between these two times D rose 7', and during the 
next 9 minutes it fell 14', There was also a peak on the H trace at about 5h. 41m., the next turning­
point being about 5h. 51m.; in the interval H rose 20,),. These moveme~ts in the D and H curves are, 
however, not conspicuously different either in size or rapidity from a good many others, and the apparent 
coincidence in time may be accidental. 

One would hardly describe the Antarctic curves as disturbed until after 16h. From then until 23h. the 
disturbance was continuous and very considerable. During the time covered by Plate IX the largest 
movements recorded· in D were a fall of 156' between 16h. 44m. and 17h. 13m., followed by a rise of 213' 
between 17h. 13m. and 17h. 33m. The H trac.e was mostly off the sheet after 15h. V, however, showed 
some considerable movements, rising 79')' between 17h. 10m. and 17h. 35m., falling 62')' between 17h. 37m. 
arid 17h. 46m., then rising 38')' between ·17h. 46m. and 17h. 57m., and falling 80')' between 17h. 57m. and 
18h. 17m .• This last movement, however, extends beyond BIRKELAND'S period. 

The Antarctic movements after 16h. 47m. are shown in the right-hand figure. of our Plate XL. In it 
4 a.m., December 10, answers to 16h. 53m., G.M.T., on the 9th. This figure shows the Antarctic 
disturbance for more than an bour subsequent to the time covered by BIRKELAND'S Plate IX. The 
movements which it shows, though large, are if anything inferior in size to some recorded between hours 
20 and 22, G.M.T., i.e. about two hours later. The disturbed conditions continued until nearly 23h. 
One might thus be inclined to infer that the Antarctic storm, while so far synchronous with that observed 
in the Arctic and elsewhere after 16h., continued long after the disturbance elsewhere had ceased. The 
D and H Kew curves show, however, between 19h. and 22h., some movements which, though less than 
those between 16h. and 18h., are larger than those.occurring between 5h. and 7h. It would be of interest 
to know what was happening in the Arctic between 18h. and 22h. 

§19. December 14-15, 1902 (hours 23-5, Chart X). 
This" elementary polar" storm is described by BIRKELAND, p. 87, as appearing "upon an otherwise 

very calm day .... without any preceding equatorial perturbation," and as consisting of "a great storm 
! in the north, about Dyrafjord and Axeloen . . . . accompanied by a perturbation, small indeed, but well 

defined, .... observed in Northern America and Europe." 
The effect is described as "just perceptible" at Dehra Dun, but not visible at Batavia. At Dyrafjord, 

where the movement was largest, the storm is said to bave lasted from Oh. 10m. to 3h. 15m., the 
maximum value of the disturbing force, 386,)". being met with about 1h. 8m. At AxelOen, where the 
maximum disturbing force was about half that at Dyrafjord, the times were somewhat later, the maximum 
not appearing until 1h. 46m. In temperate Europe the disturbance is said to begin "rather suddenly 
at Oh. 45m." and to last about 3 hours. BIRKELAND adds, "This perturbation .... has its origin in 
the northern regions. Its sphere of action .... is concentrated about the neighbourhood of Dyrafjord 

.and Axeloen. The shortness of its duration, as also the comparatively calm character of the curves .... 
seems to indicate that this is a polar elementary storm of the most typical nature; it appears to be produced 
by a coherent impulse, which increases to a certain size, and then again decreases to 0 . . . . At the same 
time, as the perturbation does not make its appearance at all places simultaneously, the perturbing cause 
must be supposed to move with a somewhat continuous motion," p. 87. This remark has been quoted 
at length, because in several respects it is so suggestive of the Antarctic "special type" of disturbance, 
the principal difference being that the value of V in the Antarctic usually remained elevated for some 
time after the apparent end of the disturbance in D and H. 

In Europe, as BIRKELAND says, the disturbance was small outside the Arctic. At Kew, for instance, 
H rose. about 10')' between Oh. 45m. and Ih. 5m. and then fell very gradually until about 2h. 40m., 
the total fall· being about 15,),. D rose about 2'· 9 between Oh. 45m. and 1h. 5m. and then fell about 
3' . 5to a badly defined minimum about 2h. 5m. 

In the Antarctic there were some rather striking movements about three hours before the earliest time 
on Plate X, and one would put the commencement of the disturbances there at about 18h. 30m. on the 
14th. There were, however, very sudden movements commencing about 23h. 5m. in both D and H, 
consisting of a rise and fall occupying in all some six minutes. H rose 22')' and fell 34)'. The D oscillation 
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was apparently larger, but owing to its rapidity the trace is to~ faint to follow to the turning-point. 
Simultaneously there was a very sudden rise of 20,), in V, which was preceded and followed by slower 
movements in the opposite direction. On examining Plate X one observes a small sudden movement at 
least approximately synchronous with these Antarctic movements at Matotchldn Schar, Dyrafjord, and 
the American stations, but it cannot be identified with certainty in the Kew curves. There was no record 
obtained in the Antarctic from 23h. 56lll. on the 14th until Oh. 19m. on the 15th. After the latte}'" 
hour, however, there was a deep bay on the D curve, the element rising 99' between Oh. 33m. and 
1h. 11m., and falling 106' between 1h. 11m. and 2h. 12m. H rose 4B')' between Oh. 53m. and Ih. 23m.; 
the trace then went off the sheet on the positive side, remaining off until 2h. 33m. After coming on 
for a few minutes, it was again off until 3h. V rose 65')' between Oh. 47m. and lh. 23m., and then 
fell 361 between Ih. 23m. and 2h. Bm. 

These movements, it will be observed, occur about the time of the principal movements in BIRKELAND'S 
Arctic stations. On their conclusion the Antarctic curves were relatively quiet during the next 12 hours. 

§20. December 24-25, 1902 (hours 23-5, Plate XI). 
This disturbance is included amongst the" compound." In temperate Europe BIRKELAND says, p. 165, 

"the conditions are slightly disturbed from 23h. on the 24th to 5h. on the 25th. There are especially 
distinct perturbations about midnight, and from 2h. 30m. to 4h." In Toronto and at Baldwin and 
Cheltenham, U.S., the perturbation is practically confined,BIRKELAND says, to the short interval 3h. 14m. 
to 3h. 57m. on the 25th, with maximum at 3h. 21m. At Dehra Dun, Batavia, and Christchurch 3h. to 
4h. is also decidedly the most disturbed time. The Arctic stations are as much disturbed between 23h. on 
the 24th and Oh. 15m. on the 25th as they were later, while temperate European stRtions are also sensibly 
disturbed at the earlier hour. BIRKELAND concludes, p. 165, that in Europe, as a whole, the conditions 
"are in the main connected with the polar storms at the Norwegian (i.e. Arctic) stations." 

The disturbance at the non-polar European and Asiatic statIons was really very trifling. At Kew the 
only changes in D at all conspicuous were a rise of 1'· 2 between 23h. 5m. and 23h. IBm., followed by 
a fall of 1"6 l;>etween 23h. 24m. and 23h. 35m. on the 24th, and a rise of 2"6 between 3h. 14m. and 
3h. 21m., followed by a fall of 2' ending about 4h. 5m. on the 25th. In Hthere was a rise of 9')' between 
3h. 34m. and 3h.' 55m.on the 25th. The other changes hardly catch the eye. 

In the Antarctic it was rather quieter than usual for 2 or 3 hours prior to 23h. on the 24th. 
'fhere then ensued a decidedly more disturbed time, extending from about 23h. 15m. on the 2~th to 
Oh. 13m. on the 25th. Between 23h. 15m. and 23h. 54m. D rose 28', fell B4' and rose 57'. H, during 
this time, had a total range of only 45')', but there was rather a prominent double oscillation composed of 
a rise of 3B')' in 4 minutes, a fall of 45,), in 6 minutes, a rise of 42')' in 9 minutes, and a fall of 24')' in 
B minutes.' Between 23h. 19m. and 23h. 56m. V fell 40,), and rose 53')'. Owing to the trace coming on, 
the clamp, there was no Antarctic record from Oh. IBm. until the new sheet was put on at Oh. 55m. on the 
25th. Conditions were distinctly quiet for over an hour after this. The H trace was off the sheet on the. 
positive side from 2h. 23m. to 4h. 4Bm., so there may have been high values in that element. Between 
2h. 15m. and 4h. 19m. D fell gradually 130', but a very appreciable fraction of this must be ascribed to the 
regular diurnal variation. The fall was interrupted as usual by a good many minor oscillations, the 
largest retrograde movement being a rise of 26' between 3h. 12m. and 3h. 21m. The V trace showed 
no large oscillations, but there were a number of minor oscillations between 3h. 20m. and 4h. 35m. 

The Antarctic movements are synchronous with and larger than those seen at the American and. 
non-polar European stations. 

The reader should, however, be warned that one would not naturally regard any portion of the time 
covered by Plate XI as more than usually disturbed in the Antarctic, with the exception of the la~t hour 
of the 24th. At the same time, the end of Plate XI answers to the early afternoon in the Antarctic, and 
the diurnal changes at Midsummer were then so rapid that irregular disturbances appeal less to the eye 
than at most hours of the day. 

§21. December 26-27, 1902 (hours 1 B-2, Plate XII). 
This is included amongst the" polar elementary" storms. From the discussion on p. 137 we learn that 

it comprised two distinct "elementary" 8torms, the first especially powerful at Matotchkin Schar, having 
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a maximum at about 20h. 45m. to 21h., the second especially powerful at Dyrafjord, being most developed 
between 22h. 30m. and 24h. There is also a somewhat vague reference to a "more lengthy perturbation" 
as covering the time of the two polar storms, and to the possibility of "cyclo-median" perturbations being 
felt in lower latitudes. 

At the time of the first "polar elementary" storm the most prominent feature at Kew was a bay on the 
D curve. The element fell 4'· 2 between 20h. 36m. and 20h. 46m., and then rose gradually to about its 
original value at about 21h. 45m., the rate of recovery slackening after 21h. 10m. H rose about 7"1 
between 20h. 45m. and 20h. 57m., having been falling slowly for some time previously. 

At the time of the second "polar elementary" storm the most prominent feature at Kew was a bay on 
the H curve, the value of the element rising and falling about 14"1 between 23h. Sm. and 23h. 4Sm. In D 
there was a rise of about 1" 5 between 23h. Om. and 23h. 15m., followed by an equal fall and a further 
small rise. . After midnight on the 26th one would ordinarily describe the curves as very quiet. The 
conditions ;J,t Kew appear fairly representative of the European non-polar stations. 

The Antarctic curves were unmistakably disturbed after 19h. on the 26th until the sheet was removed 
at 23h. 31m .. The disturbance commenced apparently with a very rapid rise in D, the value increasing 
141' in 6 minutes from ISh. 59m. to 19h. 5m. After some small rapid oscillations D continued to rise 
until 19h. 15m., the total rise since ISh. 59m. being 158'. This was followed by a fall of 196' between 
19h. 15m. and 19h. 53m., and a second rise of 224' between 19h. 53m. and 20h. 55m., the trace then going 
off the sheet on the positive side for a few minutes. 

H commenced to fall at ISh. 59m., when D began to rise, and fell 79"1 in about 9 minutes, shortly 
thereafter getting beyond the limits of registration on the negative side. The largest change shown in H 
was between 20h. 27m. and 21h. 53m., when the element rose 160"1 in several steps interrupted by minor 
oscillations. 

The V trace during this time showed numerous oscillations, including the following (+ denotes a rise, 
- a fall):-

h. m. h. m. 'Y' 
From 18 59 to 19 4 +22, 

" 
19 4 

" 
19 16 -6S, 

" 
19 16 

" 
19 24 +40, 

" 
19 24 

" 
19 31 -65, 

" 
19 31 

" 
19 36 +36, 

" 
19 36 " 19 46 -29, 

" 
20 7 

" 
20 33 +47, 

" 
20 33 

" 
20 4S -33, 

" 
20 57 

" 
21 13 -49. 

After 21h. 45m. there were further considerable movements in the Antarctic, the most notable being on 
two occasions when the traces from the three elements show deep bays, occurring synchronously or very 
nearly so. On the first occasion, lasting from about 21h. 55m. to 22h. 30m., 

D fell 136' and rose 130', 

H " S9"1" 69"1, 
V ,,120"1 " 112"1. 

The turning-points (minima) occurred within a few minutes of one another. 
On the second occasion the oscillation was apparently not quite completed when the paper was changed. 

So far as recorded, it lasted from about 22h. 56m. to 23h. 31m. During it 

D rose 33' and fell 39', 

H ,,52"1 " 66"1, 
V ,,23"1 " 37"1. 

The second' movement is comparatively small, and is mentioned chiefly because the three elements 
. appear approximately in phase and the time synchronises with that of BIRKELAND'S second "polar 
elementary" storm. 

2 M 
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For some time after 23h. 50m. on the 26th, when the next sheet was put on, there were some fair 
movements, notably some rapid nearly synchronous oscillations in the traces of the three l':llements between 
Oh. 20m. and 1h. Om. on the 27th. After this the conditions became distinctly quieter. 

The'temperature trace was lacking or imperfectly visible during most of the time, an:! the V changes 
recorded for times prior to 21h. 30m. are not corrected for temperature. The oscillations were, however, 
so rapid that the uncertainty thus arising is small. 

§22. December 28, 1902 (hours 3-:-8, Plate XIII). 
This date was not given in Prof. BIRKELAND'S circular, and he had few data for it from non-polar 

regions except from America. He has classified the storm, p. 169, as "compound," though the phenomena 
at Dyrafjord, where it was largest, suggested a "polar elementary" storm, whose centre was originally 
somewhere to the south of Greenland, and which moved to the westward. The classification seems to 
have been partly determined by the fact that the time of the chief disturbance-from 4h. 40m. to 6h.­
was an unusual one for the occurrence of " elementary polar" storms. 

The curves reproduced from the European co-operating stations include only D and H from San 
Fernando and D from Stonyhurst. The Kew D curves between 4h. 30m. and 6h. 30m. showed two wave­
like movements; in each a rise of about 1" 5 was followed by a more gradual fall, the crests coming at 
about 4h. 50m. and 6h. Om. The H curve also showed two waves, H falling about 6')' between 4h. 30m. 
and 4h. 50m., and rising 7')' between 4h. 50m. and 5h.15m., then falling 5')' between 5h. 15m. and 5h. 30m., 
and rising very slowly about 5')' to a maximum near 6h. 20m. 

There was a somewhat larger disturbance at Kew about midnight on the 27th, but it precedes the time 
covered by Plate XIII. The movements lasted from about 21h. on the 27th to Oh. 30m. on the 28th. 

In the Antarctic the most notable phenomenon was a deep bay on the D trace, of the same character as 
appeared during the" special type" of disturbance. The element began tv fall suddenly about 5h. 13m. 
and in 13 minutes fell 90', going off the sheet on the negative side and remaining off for 11 minutes. 
During the next 12 minutes it was off and on the sheet once or twice, and then continued to rise with 
minor oscillations. The rise was not so rapid as the fall, and owing to the minor oscillations it is difficult 
to assign a definite time for the conclusion. D had, however, returned to its original value by about 6h. 20m. 

H was off the sheet on the positive side from 3h. 35m. to 6h. 25m., and so far as that element was 
concerned the disturbance might have been of the" special type." The V trace, however, was not of that 
type. There was a rapid fall of 18,), between 5h. 14m. and 511. 19m., followed by a rise of 29,), between 
5h. 19m. and 5h. 37m. But during the rise there were numerous small oscillations which continued until 
6h.20m. 

The Antarctic curves, it may be added, were somewhat highly disturbed qn the 27th, from 16h. 15m. 
until 23h. 55m., when the sheet was taken off. 

§23. January 26, 1903 (hours 7-15, Plate XIV). 
During this time the Antarctic magnetographs were not in action. 
§24. January 26-'-27, 1903 (hours 18-7, Plate XV). 
This "compound" storm appears in Europe outside the Arctic as "a long perturbation . . . lasting 

from about 18h. Om. on the 26th ... to 7h. Om. on the 27th. .. We have ... three ... sharply 
defined intermediate storms," p. 287. These" intermediate" storms are said to coincide, on the whole, in 
time with three storms recorded in the Arctic, especially powerful at AxelOen. 

The last, however, of these three "intermediate" storms attained its maximum about Oh. 35m. on the. 
27th, and the Antarctic records do not commence until 1h. 5m. By this time there was comparatively 
little disturbance except in the Arctic, and even there it was muohreduced. 

In the Antarctic after 1h. 5m. there was a fall in progress in D until 4h. 8m., when the curve got off 
the sheet for a few minutes. A fall is what we should expect in the ordinary course of events, but the 
fall shown between the hours mentioned, 198', is notably in excess of the average. The fall in D was 
interrupted as usual by minor oscillations. The most conspicuous of the retrograde movements, one of 
57', took place between 2h. 23m. and 2h. 46m. The D trace was off the sheet between 5h.25m. and 
6h. Om., and the form of the curve when going off and coming on is not inconsistent with the existence of 
a bay of considerable depth. 
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On the H trace there were some fairly large oscillations, but only partly shown. H rose 56y between 
lh: 13m. and lh. 26m.; the trace was then off the sheet for 21 minutes on the positive side. Between 
lh. 47m. and 2h. 31m. H fell and rose 53y, the trace again going off the sheet. Between 4h. 16m. and 
5h. 13m. H rose 105y. 

The V trace was, on the whole, quiet .. It contained, however, a small bay from about 1h. 13m. to 
lh. 48m., V rising and falling about 19y. 

§25. February 8, 1903 (hours 8-12, Plate XVI; and hours 13-24, Plate XVII). 
Before discussing this disturbance BIRKELAND mentions, p. 187, that conditions in the Arctic had been 

on the whole very quiet since the end of November, 1902, until February 7, 1903. On that day, he says, 
a fairly powerful storm was experienced in the Arctic from 21h. 5m. on the 7th until about 1h. on the 28th. 
There was, I may add, also marked disturbance in the Antarctic at the same time, but it commenced 
earlier, about 19h. 30m. on the 7th. 

The distl1rbance of February 8 is classed amongst the" compound." It is regarded as divisible into 
three sections, the first of which covers the time to which Plate XVI refers. As this section is allowed a 
separate plate, and there is a gap of an hour between the times represented by the two plates, I shall treat 
the two parts separately. During his Section (i) BlRKELAND remarks, p. 187, that" The perturbation is 
particularly powerful at Sitka, and is (there) especially violent from 9h. to 9h. 35m." It continued to be 
considerable at Sitka until llh., but ran a rather irregular course there and at the Arctic stations. 
BIRKELAND adds, p. 188, " The simple conditions found between San Fernando in the west and Zi-ka-wei 
in the east, and between Kew in the north and Batavia in the south, form a strong contrast . . . the 
perturbation is throughout chiefly in H. It is well defined, and, as far as we can determine, commences 
everywhere simultaneously at about 8h. 35m .... It terminates simultaneously at about 10h. 50m." The 
time of, maximum at the co-operating stations outside North America is given as from 10h. Om. to 10h. 10m. 

BIRKELAND, p. 189, considers that the phenomena at the American stations suggest" a polar elementary 
storm, at first not very far north-east of Sitka," but this could not, he says, account for the phenomena 
"over the district between Ke~ and Batavia," which suggest a "negative equatorial storm," i.e. a 

! disturbance due" to a current round the Earth from east to west ... at a distance from the Earth of at 
least a magnitude equal to the radius of the Earth." If I rightly follow him, the view he finally inclines 
to, p. 189, is "that at first the perturbation partakes most of the nature of a cyclo-median storm, and 
subsequently changes into a more purely polar one." 

At the non-polar European stations the phenomena were· similar to those at Kew. There H fell 
gradually about 40y between 8h. 35m. and 10h. Om., and then rose 30y between 10h. Om. and 10h. 50m. 
For some reason which I do not understand, BIRKELAND, p. 188, regards this as the end of the storm at 
Kew, and elsewhere, during his Section (i). But as a matter of fact the Kew H curve began to fall again 
slightly immediately after 10h. 50m., and between llh. 20m. and llh. 50m. it rose 17y, falling 14y 
during the next 30 minutes. The trace was quieter for a short time after 12h. 20m. The D trace at 
Kew showed a rise of from 2/ to 2/' 5 above the normal between 9h. 30m. and 10h. 40m. D was, if 
anything, falling at 10h. 50m., the normal change at that hour being a rise. Decidedly the most 
conspicuous movement was a rise of 4/' 8 between llh. 35m. and llh. 55m. There was a fall of 3/' 5 
between 12h. Om. and 12h. 40m. 

In the Antarctic the working of the V magnet appears doubtful. The H trace was off the sheet on the 
positive side, except during a few minutes, until Bh. 56m. Between 9h. 38m. and 10h. 39m. the trace 
shows a prominent to-and-fro' movement-a fall followed by a rise-strongly suggestive of the special 
type of disturbance. The full extent of the movement is not shown, as the trace was beyond the limits of 
registration on .the negative side for some 15 minutes, but the amplitude exceeded 68y .. The turning­
point, a minimum, must have occurred within a few minutes of 10h. Om. The D trace was off the sheet 
at this time on the negative side, having been off since about 8h. 10m., and did not appear until 10h. 53m. 
It went off and came on steeply, suggesting a deep bay or bays. 

Between lOh. 53m. and llh. 33m. D rose 82/. Between llh. 33m. and l2h. 25m. it executed a to-and~ 
fro movement, somewhat suggestive of the special type of disturbance, a fall exceeding 82/ being followed 

b11\ ri~e Qf Qv~r 105/. The tra(le was off the ~heet only for a minute or two? the ~urnin~-:poin~ c~min~ a~ 

2 M 2 
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about Ilh. 50m. The H trace shows a bay synchronous with that on the D trace, H rising as D fell a.nd 
conversely, but the H movements were relatively small, the rise being 17y, the fall 25y. 

It will be noticed that the large bay in the H curve occurs during the time of the first Inovements at 
Kew and elsewhere, while the bay in the D curve synchronises closely with the disturbance recorded at 
Kew near noon. 

BIRKELAND, p. 190, says that his Sectio~ (ii) extends from 14h. to 18h., but Plate XVII begins at 13h., 
and the disturbance is said to commence at more than one place at 13h. 45m. The conclusion drawn, 
p. 191, is that the perturbations represent" a series of short, principally polar impulses with somewhat 
changing centre." 

The disturbances in the Arctic are not very striking, but there is a considerable movement at Sitka, 
Kaafjord, and Matotchkin Schar with a maximum about 14h. 40m. This is also about the time when the 
departure from the n?rmal is largest at the non-polar stations. At Kew H fell 17y between 14h.28m. 
and 14h. 44m., and then returned gradually to the original value at about 15h. 50m. 

BIRKELAND'S Section (iii), 18h. to 23h., had for its principal feature in the Arctic a "violent storm •.. 
at all the ... stations simultaneously, most powerful at AxelOen and Matotchkin Schar," p. 192. The time of 
commencement of this powerful storm is said to vary from 18h. 33m. at Dyrafjord to 19h. 7m. at Axeloen, 
the time of ending being about 22h. 30m. The intensity appeared to be greatest between 19h. 15m. and 
20h.15m. . 

At the non-polar stations the disturbance was mainly from 19h. 5m. to 20h. 30m., the maximum being 
placed by BIRKELAND at 19h. 18m. At Kew the range between 19h. and 20h. was 48y in Hand 14"5 
in D j the most prominent movements were a rise of 44y in H from 19h. 18m. to 19h. 30m., and a fall of 
14' in D from 19h. 5m. to 19h. 24m. 

In the Antarctic it does not seem possible to draw any line corresponding to BIRKELAND'S division into 
Sections (ii) and (iii). There was a comparatively quiet time for about half an hour prior to 13h., but 
thereafter there was a constant succession of large movements until after the time included in Plate XVII. 
The Jargest of several considerable oscillations in D during BIRKELAND'S Section (ii) consisted of a fall and 
rise each about 84' between 13h. 33m. and 14h. 28m. During BIRKELAND'S Section (iii) there were larger, 
but not more rapid movements. Between 18h. 47m. and 20h. 40m. there was a sort of bay in the D trace, 
a rise of 189' being followed by a fall of 151'. The decreasing movement which began about 20h. 5m. 
was interrupted by a rise of 78' between 20h. 41m. and 21h. 13m. When resumed, it continued until 
22h. 21m., the value of D at that hour being 261' below that at 20h. 5m. Between 22h. 37m .. and 
23h. 34m. D rose 1l0'. 

The H trace was off the sheet on the negative side, most of the time from 14h. 10m. until 21h. 20m. 
Its longest appearance was from 16h. 28m. to 17h. 42m., when it rose and fell 68y, with numerous minor 
oscillations. The chief turning-point (a maximum) was at 16h. 53m. After 21h. 20m. the H trace 
remained on the sheet until the end of the 8th. There was rather a rapid rise of 52y between 21h. 20m. 
and 21h. 33m., followed by a slower motion in the same direction interrupted by numerous oscillations. 
The total range in H between 21h. 20m. and 24h. Om. was 101y. 

§26. February 10-11, 1903 (hours 20-3, Plate XVIII). 
This is classed amongst the "polar elementary" storms. Of it BIRKELAND says, p. 106, "This 

magnetic disturbance is brief, and commences without any previous equatorial perturbation on an 
otherwise very quiet day. First a small disturbance appears rather suddenly at about 21h. 6m. 
most powerful at the northern stations .... but is also perceptible in (temperate) Europe and North 
America. After about 30 minutes, the conditions are once more almost normal .... The powerful 
perturbation .... does not commence until 23h ..... After about an hour and three-quarters the 
storm is over . . . . At 2h. 30m. on the 11th February another short, slight perturbation appears. . . ." 

On p. 107 BIRKELAND gives a table containing his estimate of the times of beginning and ending and 
of the maximum for the principal storm, and also the value of P b the maximum disturbing force in the 
horizontal plane. At the non-polar stations the beginning is put at about 23h. Om., the maximum 
at about 23h. 20m. The end is given for the non-polar European stations as lh. Om. on the 11th. 
In ~he Arc~ic the times of beginning and e:qdin~ ~re ~ore v~r~ble~ bqt dp qot depart IDuch from thOSE) 
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already given; the maximum appears about half an hour later than elsewhere. PI is said to vary from 
373y at Matotchkin Schar to less than 5y at Batavia. It is given as 35' 8y at Kew, a value similar 
to that assigned to the other non-polar European stations. 

Commenting on the fact that the value of PI at Christchurch, 12y, is larger than the values at Honolulu, 
Zi-ka-wei, and Batavia, BIRKELAND says, p. 108, "This may be explained by the fact that the perturbation 
in the Arctic regions is often accompanied by simultaneous perturbations in the Antarctic regions, and 
it is the effect of these latter that is noticed in Ohristchurch. Our material does not, however, allow of 
certain conclusions being drawn in this matter." 

As BIRKELAND does not seem to have had any records from south of Christchurch, the above is 
presumably pure surmise. 

At Kew the short commencing movement was represented by a fall of 5y in H between times which 
I make 21h. 8m. and 21h. 16m., and by a bay lasting from 21h. Sm. to 21h. 35m. in the D curve, the 
element falling I" 9 and rising I" O. 

The principal disturbance at Kew was represented in H by a rise of 29y from 23h. 4m. to 23h. 19m., 
a fall of 41y from 23h. 19m. on the 10th to Oh. 16m. on the 11th, and a rise of 13y from Oh. 16m. to 
Oh. 45m. In the D curve there was a bay from about 23h. Om. on the 10th to Oh. 40m. on the 11th, the 
element being depressed. The maximum depression occurred about 23h. 40m. and amounted to 5'· 2. 

In the Antarctic, after being comparatively undisturbed for over 12 hours, the traces became distinctly 
disturbed about 18h. 36m. on the lOth, or 2! hours before the commencing disturbance noted by 
BIRKELAND, and the disturbance continued without appreciable intermission until 23h. Om., when the 
lamp went out. When registration was resumed at Oh. 11m. on the 11th the disturbance appeared much 
reduced. The period for which trace is lacking includes unfortunately the major part of BIRKELAND'S 
principal storm. 

The commencing movement in the Antarctic was a rapid fall of 72y in H between 18h. 36m. and 
18h.53m. The most striking movement, however, prior to Plate XVIII, was an oscillation which appeared 
simultaneously in D, H, and V. The turning-point, a maximum, occurred at about 19h. 46m. In the 
course of about 14 minutes D rose 70' and fell 54', H rose and fell 39y, while V rose 25y and fell 33y. 

There IS, however, no distinct movement at this time in the Kew curves. 
During the time covered by Plate XVIII the largest Antarctic movements were as follows, + denoting 

a rise and - a fall in the element :-

D. H. V. 

h. m. h. m. I h. m. h. m. 'Y h. m. h. m. 'Y 
From 20 47 to 20 56 + 93 From 20 25 to 20 47 -56 From 19 46 to 19 53 - 33 

" 
20 56 " 21 26 -112 

" 20 56 " 21 6 -59 
" 19 53 " 20 29 + 51 

" 21 26 " 22 13 + 93 
" 21 16 " 21 43 +94 " 20 29 " 20 49 - 30 

" 22 13 " 22 38 - 72 " 
22 10 

" 
22 36 -77 " 20 49 " 20 65 + 33 

" o 11 " 1 1 +67 " 20 55 " 21 5 - 45 

" 21 23 " 21 35 + 36 

" 
22 3 " 22 36 -100 

The H trace was off the sheet on the negative side for a few minutes after 21h. 6m., and got off on the 
positive side at 2h. 2Sm., remaining off for over 4! hours. 

After the new sheet was put on at Oh. 11m. on the 11th, the D and V traces appeared no more disturbed 
than usual. 

Owing to the lack of trace our information is mainly confined to the fact that the disturbances near the 
commencement of Plate XVIII, which BIRKELAND ascribes to equatorial perturbations, were synchronous 
with large oscillations in the Antarctic, which formed part of a series which commenced about ISh. 36m., 
and which persisted without intermission until at least 23h. Om. 

§27. February 15, 1903 (hours 13-20, Plate XIX). 
This is classified as a "compound" storm on the following grounds, p. 174, ... "It must thus be 

assumed that these a,re in the main polar pertqrbations; but the conditions are not simple, indicating, IUJ 
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they do, both in the Arctic regions and in lower latitudes, that there are a number of systems acting to 
some extent simultaneously." 

According to BIRKELAND, one noteworthy peculiarity. is that the disturbance at most stations commenced 
nearly 2 hours later, while ~nding nearly half an ho~r earlier in D than in H. 

In Europe, outside the Arctic, the H disturbance is given as lasting from about 14h. 15m. to 18h. 15m., 
and the D disturbance as lasting from about 16h. 10m. to 17h. 45m. The time of the maximum 
disturbance is given at most stations as near 16h. 40m. The maximum value of the disturbing force 
in the horizontal plane varied, according to BIRKELAND, from 392y at AxelOen to 10' 6y at Honolulu, the 
value at Kew, 38y, being similar to that at most non-polar European stations. 

There were no Christchurch results. 
In Europe generally, outside the Arctic, the disturbance consisted of a slight depression in H from about 

14h. 15m. to 18h. 15m.-the maximum depression at Kew below the normal being about 20y and 
occurring about 16h. 30m.-and of a more conspicuous depression in D. At Kew there was a fall of 6" 5 
in D between 16h. 10m. and 16h. 45m., followed by a rise of 4" 8 between 16h. 45m. and 17h. 20m. 
After a stoppage of nearly 20 minutes there was a further rise of about 2' going on until nearly 18h. 30m. 
This final rise, however, is so slow that opinions might well differ as to its duration and significance. 

In the Antarctic the curves would hardly be described as disturbed before 16h. Between 13h. 41m. 
and 14h. 53m., however, D rose 66', while H fell 64y between 13h. 17m. and 14h. 53m. There were two 
successive bays on the D curve, the first from 16h. 3m. to 17h. 10m. with a rise of 51' and fall of 31', the 
second from 17h. 10m. to 18h. 10m. with a fall of 52' and rise of 57'. The H trace, which had been off 
the sheet on the negative side for about 45 minutes, came on the sheet at 17h. 23m., and H rose 63y by 
17h. 50m. Following this were a number of oscillations of some size, H rising on the' whole until 
19h. 33m., the total rise since the trace came on the sheet at 17h .. 23m. being about 105y. During this 
time the V trace shows two fairly prominent bays, the first lasting from 15h. 53m. to 17h. 5m., the second 
from ·17h. 5m. to 18h. 13m. The first bay represents a rise and fall of about 25y, the second a rise and 
fall of about 48y. 

Up to 18h. 40m. there were no very rapid movements. Between 18h. 40m. and 18h. 55m., however, 
there were simultaneous rapid oscillations in D and H j D rose 52' and fell 48', while H fell 62y arid rose 
75y. During part of this time., from 18h. 43m. to 18h. 48m., there was a smart rise of 25y in V. This 
was followed by a larger but slower fall of 32y from 18h. 48m. to 19h. 3m. 

Conspicuous movements in D and H were just concluding at 20h. Om., the hour answering to the.end 
of Plate XIX. D had risen 42' in the course of the previous 11 minutes, whilst H had fallen 64y since 
19h. 46m. These movements seem, however, to be related rather to what follows than to what precedes 
them. For after a small retrograde movement H continued to fall too a very sharp peak at 20h. 3m., the 
to~al fall since 19h. 46m. amounting to 81 y. The peak at ,20h. 3m. answers to a depressi<m (minimum) in 
V, rather suggesting that the preceding fall answered to the first phase of a disturbance of the "special 
type." If this view is correct, the second phase is represented by a rise of 78y in H and of 23y in V, 
which took place between 20h. 3m. and 20h. 16m. This was immediately followed, between 20h. 16m. 
and 20h. 38m., by another double movement, also suggestive of the "special type" of Qisturbance. The 
H change in this second oscillation was a fall of 72yand rise of 56y, the V change a fall of '36y and rise 
of 43y. This movement was followed by yet a third sharp oscillation in H and V, terminating about 
20h. 54m. The range of H, however, in the third oscillation was only 32y, the fall and rise being equal, 
while the V movements were under 20y. During these three oscillations there were also oscilhttory 
movements of some size in D, ,the total range in D between 20h. 3m. and 20h. 54m. amounting to 50'. 
The oscillations in D were, however, much interrupted by minor oscillations, and it is difficult to decide on 
their exact relationship to the H and V movements. , 

One would put the commencement of the quiet time in the Antarctic at the end of the third oscillation, 
i.e. at 20h. 54m., and one would unquestionably regard the disturbances from 19h. 46m. to 20h. 54m. 
as forming part of a common system. 

§28. March 22-23, 1903 (hours 12-1, Plate XX). 
This is classed amongst the "~lementary polar" storms, but B~R~ELAND, p. 127, explains th&t "The 
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perturbation-. . . is in reality . . . composed of two principal phenomena, an equatorial perturbation 
and a short, well-defined, comparatively powerful elementary polar storm." Of the' "equatorial" 
perturbation he writes: "This ... begins quite suddenly, at 12h. 58m., with an oscillation that is 
noticed simultaneously all over the world. In the equatorial regions, this sharp deflection . . . appears 
principally in H. About the auroral zone the curve oscillates, and the perturbation is noticeable both in 
D and H." The time at which this commencing disturbance reached a maximum is given as 13h. 4m. 
BIRKELAND concludes, apparently, that the small enhancement of H caused by the commencing 
disturbance, or at least a fraction of it, per-sists in low latitudes right through the subsequent polar storm 
until midnight. At Dyrafjord and Axeloen, however, he notes" a peculiar circumstance," p. 128, viz., 
that the commencing movement is distinctly oscillatory. The H curve, in fact, at the two stations shows 
a fall, a rise and then a second fall, and possibly a second, but much smaller, rise. 

According to BIRKELAND'S table, p. 130, the time of commencement of the "polar" storm varied from 
20h. 30m. to 21h. 30m., the time at non-polar European stations being about 21h. 10m. At most stations 
the termination is put at about 23h. 45m. At most non-polar European stations the maximum occurred 
about 22h. 10m.; in North America it was about half an hour later. The maximum value of the horizontal 
disturbing force is given as varying from about 370y at Axeloen to 12' 4y at Batavia, the. value at 
Christchurch being too small to measure satisfactorily. The value at Kew, 44y, is about a mean for 
non-polar Europe. 

My examination of the original Kew curves makes the sudden commencement 4 or 5 minutes earlier 
than the hour, 12h. 58m., given by BIRKELAND. But the movement appears distinctly oscillatory in both 
Hand D, a small fall, lasting 2 or 3 minutes, preceding the rise. In the case of H the fall seems about 1 y, 
the rise about 13y j while in D the fall is 1"0, the rise 2"4. There are a number of small movements at 
Kew in both Hand D throughout the remainder of the 22nd, but much the most conspicuous phenomenon 
is a bay on the D curve from about 21h. 6m. to 23h. 50m., the element being depressed in value. The 
largest value of the depression is about 8'· 8 and it occurred about 22h. 5m. 

Looking at the curves in Plate XX, it is easy to recognise in most, if not all, a second movement which 
~ somewhat resembles the commencing movement both in size and character, and which occurred about an 

hour and fifty minutes later. At Kew this second movement occupied some 14 minutes. During it H 
fell 4y and rose lOy, while D fell 0" 8 and rose I" 0, the turning-point in each case coming at' about 
14h. 46m. The reason for mentioning this is because on looking at the Antarctic curves one's eye is 
caught by two oscillatory D movements larger than their neighbours, occurring during an otherwise 
somewhat unusually quiet time. So far as I can judge, these movements correspond in time to the 
commencing movement and the second movement just referred to. The following are the results of the· 
measurement made of the two groups of movement ( + denotes a rise, - a fall) :-

D. H. V. 

h. m. h. m. I h. m. h. m. 'Y h. m. h. m. 'Y 

I.{ From 12 54 to 12 57 +20 From 12 55 to 13 0 - 5 From 12 56 to 12 59 + 4 
Group 

" 
. 12 57 

" 
13 6 -42 

" 
13 0 

" 
13 4 + 5 

" 
12 59 

" 
13 4 - 9 

" 
13 6 

" 
13 13 +15 

Group n.{ " 
14 42 

" 
14 46 +38 

" 
14 46 

" 
14 52 +16 

" 
14 45 

" 
1449 +10 

" 
14 46 

" 
14 54 -47 

" 
14 52 

" 
14 57 -17 

" 
14 49 

" 
14 56 -17 

" 
14 54 

" 
15 5 +34 

In each case it is a little doubtful whether the final rise in D forms part of the same system as the 
preceding rise and fall. The H movements do not stand out very conspicuously, and it is mainly their 
approximate coincidence in time with the others that has led to their enumeration. The V movements, 
though small, do stand out. 

Unless ~e assume an accidental coincidence of a truly remarkable kind, the conclusion seems inevitable 
.that the above two groups of movements are due to the same cause as the movements seen at Kew and 
elsewhere at the same times. If this be so, then the fact that the Antarctic movements represept 
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disturbing forces much larger than those shown by the curves in equatorial and temperate latitudes is a 
fact which reqlures a good deal of explanation on the hypothesis of equatO'l'ial electric currents. 

From 15h. 5m. to 18h. 15m. the Antarctic curves, like those elsewhere, were, on the whole, distinctly 
quiet. From 18h. 15m. to 18h. 25m. there was a more prominent oscillation in H, a fall of 14y being 
followed by a rise of 16y, while V rose 16y between 18h. 22m. and 18h. 26m. 

Between 19h. 13m. and 19h. 22m. H fell 20y and rose 24y, while between 19h. 32m. and 19h. 35m. it 
rose 16y and fell 17y, the latter an exceptionally. rapid though not large oscillation. 

After 20h. 15m. conditions became more disturbed in all the elements. The oscillations, though not 
really large, were unusually rapid between 20h. 15m. and 22h. 15m. 

The D and H traces got rather mixed up and are difficult to distinguish. Amongst'the movements in 
the V trace after 20h. were-

a fall of 16/, between 20h. 14m. and 20h. 19m., 
a rise of 24/, " 20h. 19m. " 20h. 24m., 

and a fall of 39/, " 20h. 24m. " 20h. 31m. 

After this there were numerous small but rapid oscillations, during whose incidence V rose to a maximum 
at about 21h. 13m. There then ensued a fall, interrupted by minor oscillations, which continued until about 
22h. 40m., in the course of which V fell 56/,. This was followed by a rise of 97y in two steps between 
22h. 40m. and 23h. 25m., the rise being conspicuously most rapid during the first 20 minutes. From 22h. 20m. 
to 23h. 3m., simultaneously with the most rapid part of the change in V, there was a prominent bay on 
the H curve, the element falling 61/, and rising 36/,. 

After 23h. the D and H traces we~e somewhat uncertain owing to operations connected with the 
clearing away of snow near the Magnet Hut, and the record was suspended altogether from 23h. 37m. to 
1h. 5m. on the 23rd. 

It will have been noticed that the large rise in V and the prominent bay on the H curve took place 
during BIRKELAND'S " elementary polar" storm. 

So far as mere amplitude is concerned, the large rise in V after 22h. 40m. is, perhaps, the only 
phenomenon which merits the title of disturbance as judged by the Antarctic standard. The number, 
however, of minor oscillations in V and the rapidity of the oscillations in D and H, especially H, are 
certainly a little outstanding. 

§29. March 30-31, 1903 (hours 19-3, Plate XXI). 
This is classed amongst the" elementary polar" storms. BIRKELAND explains, however, pp. 115-117, 

that this" elementary" storm was preceded by an "equatorial" perturbation. He adds, p. 116: "As 
early as 19h., those little, sudden, very variable perturbations are noticed, which occur simultaneously all 
over the Earth. .. The (" equatorial") perturbation appears to be over at about 23h. 12m .... " 

The "polar" perturbation is said to be recognisable at Kaafjord about 23h., being earlier there than 
elsewhere. It did not commence at Dyrafjord until about Oh. 24m. At non-polar stations the commence- . 
ment was, in general, about 23h. 50m., the end about 2h. 10m. on the 31st. The hour of occurrence of 
the maximum is given as Oh. 30m. for temperate Europe, but Oh. 58m. for Dyrafjord. The maximum 
value of the "horizontal component of the disturbing force varied from 5461 at Dyrafjord to 10' 5y at 
Batavia. The value for Kew, 41' 5/" is about a mean for non-Arctic Europe. 

The earliest decided movement shown in Plate XXI at non-Arctic stations is a small oscillation 
apparent in almost all the H traces and in some of the D traces. At Kew the double movement lasts 
from about 19h. 23m. to 19h. 31m., the turning-point coming about 19h. 27m. There was a rise of 7y 
and th,en a fall of 6/, in H, while D fell and then rose 1'· 3. 

While examining the original Kew curves I noticed a somewhat conspicuous movement of similar size 
and character about an hour and fifty minutes earlier. This consisted in the case of H of a rise of 6/, 
between 17h. 32m. and 17h. 36m., followed by a fall of 9y between 17h. 36m. and 17h. 40m. The reason 

.... for mentioning this will appear presently. 
During the whole time covered by Plate XXI the most conspicuous phenomenon at Kew (and the same 

is true generally of the other non-polar stations) took place between Oh. 10m. and 1h. 10m. of the 31st, 
i.e. during the" elementary polar" storm. D, which had fallen I" 8 between 23h. 45m. and Oh. 10m. on 
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the 31st, rose 9"6 between Oh. 10m. and Oh. 32m., and then fell 11"5 between Oh. 32m. and 1h. 15m. 
Between 1h. 15m. and 1h. 40m. there was a rise of 2', and a further very gradual rise continued until 
nearly 4 a.m. H fell lOy between 23h. 45m. and Oh. 6m. on the 31st, rose 25y between Oh. 15m. and 
Oh. 42m., and fell 25y between Oh. 42m. and 1h.27m. The only other movements on the Kew curves 
likely to attract attention occurred shortly after 21h., i.e. 2! hours before the commencement of the 
"elementary polar" storm. Between 21 h. 1 m. and 21 h. 35m. H rose 5y" and fell 12y, then rose 19y in 
two steps and fell 6y. The D trace shows only a very small movement about 21h. 3m., consisting of a fall 
of 0'·8, followed by an equal rise. 

The Antarctic curves had been rather quiet for some hours prior to 19h. on the 30th, but they exhibit a.. 
somewhat prominent oscillation occurring apparently simultaneously in the D, H, and V curves, all showing 
a sharp peak at 17h. 35m. The oscillation lasts from about 17h. 31m. to 17h. 39m. In D there is a rise 
and fall, each 12', in H a rise of 16y and fall of 12y, in Va rise and fall, each 71. The V movement, though 
small, is clearly shown, the curve being unusually quiet for some time before and after. The fall in D and 
H only p;tused for a minute at 17h. 39m. and then proceeded for some minutes, but at a slower rate. The 
oscillation is synchronous with the earlier movement at Kew, which occurred prior to the time considered 
by BIRKELAND. 

The next movement in the Antarctic which catches the eye occurs between 19h. 25m. and 19h. 31m., 
with turning-point at about 19h. 28m. in all the elements. The D movement is small and not very 
distinct. It consists apparently of a fall of about 2' and a rise of 10'. H falls and rises 18y, while V falls 
and rises 6y. These movements synchronise with the second of the two movements at Kew, i.e. with 
BIRKELAND'S" equatorial" perturbation. One is rather reminded of the occurrence of the two oscillatory 
movements on March 22; the interval between the two movements is nearly the same on the two 
occasions. The movements of March 30 do not appeal so much to the eye as those of March 22. 

The fact that the disturbances in the Antarctic are again larger than the corresponding ones at stations 
nearer the Equator will doubtless have been noted. 

Though not seriously disturbed, the Antarctic curves all show oscillations of increased amplitude 
between 19h. 25m. and 21,h. 40m. The largest movements during this time consisted of a bay, apparently 

C simultaneous in the thr~e traces, from about 21h.6m. to 21h. 26m. During it D fell 35' and rose 52', 
H rose and fell 26y, while V fell 25y and rose 38y. This movement, it should be noticed, occurred at a 
time when the curves at Kew and the other non-polar stations showed increased activity of disturbance. 

From 21h. 40m. to 22h. 25m. there was a relatively quiet time in the Antarctic. There then ensued 
from 22h .. 25m. to 23h. 30m. an interval during which the V trace showed a number of rather sharp 
oscillations, which were accompanied by more· or less simultaneous oscillations in D and H, the H oscillations 
being of enhanced size. Several of these oS'Cillations rather suggest the "special type" of disturbance, 
but their period is short and the rises in V do not exceed the falls. The two following cases gave the 
largest changes in V :-

From 22h. 38m. to 22h. 53m. From 23h. Sm. to 23b. 18m. 

D. H. 
I 

v. D. 
I 

H. V. 

, 
"Y "Y 

, 

I 

"Y "Y 
Fall 24 29 25 Fall 20 35 33 
Rise 15 21 14 Rise 20 

I 
22 17 

The oscillations in V continued for some hours, but with diminished size. In the case of D and H, 
however, movements of increased size and duration took place. 

The chief movements in D were a fall of 99' between 23h. 30m. on the 30th and Oh. 20m. on the 31st, 
a rise of 120' between Oh. 20m. and Oh. 56m., and a fall of Ill' between Oh. 56m. and 1h. 57m. These 
movements were accompanied by shorter oscillations of comparati\rely small size. 

During this time there was a large bay on the H curve, but its nature is imperfectly shown, as the trace 
was off the sheet on the positive side from Oh. 16m. until 1h. 7m. Between 23h. 40m., when the bay may 

2 N 
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be said to commence, and Oh. 16m., when the trace went off the sheet, H rose 54')'; between lh. 7m. and 
Ih. 42m. it fell 42')'. Between lh. 42m. and 2h. 12m. H rose 42,)" again going'off the sheet, but only for 
about a minute. 

After 2h. 10m. the Antarctic curves were quiet, according to the Antarctic standard. 
The large D and H movements observed in the Antarctic after 23h. 30m. on the 30th synchronise with 

BIRKELAND'S "elementary polar" storm. I t is impossible to decide from the form of· the curve alone 
at what instant D was really most remote from the normal, but this would seem to have been at the 
turning-point at Oh. 56m., when the maximum for the day occurred. This answers practically to noon, L. T., 
thus rendering possible a comparison with mean results for that hour from adjacent days. Taking a mean 
from the five previous days we deduce an excess on the 31st of 110', answering to about 200,), in force. 
The simultaneous value of H was also substantially in excess of the normal, but how much it is impossible 
to say, as the trace was off the sheet and very steep both when. going off and coming on. Probably the 
maximum value of the horizontal component of the disturbing force in the Antarctic, measured after 
BIRKELAND'S method, was fairly similar to that at AxelOen, 280,)" or, say, half that at his most disturbed 
station, Dyrafjord. The disturbance of March 30-31, regarded from an Antarctic standpoint, was, of 
course, by no means a large one. 

§30. The intercomparison of the -Antarctic curves with BIRKEJJAND'S records points to the following 
conclusions :-

1. At the times of the small sudden movements which BIRKELAND assigns to "equatorial perturbations" 
there seem to be almost always (no oertain exception has been noted)· corresponding movements in the 
Antarctic. The Antarctic movements are larger, usually much larger, than those recorded at the 
equatorial or non-polar stations, and are usually, if not always, oscillatory in type. 

2. At the times of BIRKELAND'S "elementary polar" storms in the Ar~tic, the conditions in the 
Antarctic are generally more than usually disturbed. The times of -the largest movements in the Antarctic 
usually occur not far from the times of maximum disturbance in the Arctic. Not infrequently, however, 
the disturbances in the Antarctic continue without any marked subsidence of intensity throughout times 
which BIRKELAND regards as including two or more elementary polar storms. 

3. In the Antarctic, - the sudden commencing movements which . BIRKELAND assigns to equatorial 
perturbations are sometimes immediately followed by disturbances which are not separated by any 
niarkedly quiet interlude from subsequent disturbances which synchronise with Arctic disturbances which 
BIRKELAND believes of the " elementary polar" type. 

4. The "elementary polar" disturbances of BIRKELAND seem practically all confined to the hours 
13 to 2, G.M.T. (or 0 a.m. to 1 p.m.; Antarctic L.T.), and so occur at a time when the Antarctic movements 
are usually of a rapidly oscillatory character, a'nd avoid the hours when the rounded wave-like movements 
of the" special type" are usually found. 

Further, BIRKELAND'S results are limited to the Antarctic Summer, i.e. to the season at which few if 
any disturbances of the" special type" were recorded. 

It would clearly be of great interest to know what was the nature of the phenomena in the Arctic 
during the ti~es of occurrence of the Antarctic "special type" of disturbance; also whether the Arctic 
stations show a marked diurnal variation in the type of disturbance corresponding to that seen in the 
Antarctic. 

One of the results of the comparison has been to make me realise even more clearly than before the 
desirability of much reduced sensitiveness in magnetographs intended for use in polar regions. It is clear 
that most fundamentally important results might be hoped for if simultaneous complete records were 
obtainable from a series of stations in the Arctic and Antarctic regions so situa~ed that the effects of day 
and night could be adequately brought out. This comparison should extend over a complete year, so as 
to bring out seasonal effects. 
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~ := =. , 
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'37-405 \------ I Coldba 

, 
"31~55 '12 IP.M. Z 3 4 5 6 7. 8 
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'18695 12 IP.M. Z Z> "'3! 5 6 '1 8 
Disturbance of May 8, 1902, at Co-operating Stations. 
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Fa.lmouth 

Fa.lmou.th 

Horizon td.1 force 

9 10 

Christchurch Horizonta,l force November 24, 1902. 

Disturbance of August 20, and November 6 and 24, 1902, at Co-operating Stations. 
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Disturbance of April 5 and 6, 1903, at Co-operating Stations. 
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Disturbance of August 22, 1903, at Christchurch. 
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~~'-

'1 8 9 10 II 12 IP.M.--~2----
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Disturbance of August 25 and 26, 1903, at Co-operating Stations. 
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Disturbance of December 13, 1903, at Falmouth. 
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Disturbance of December 13, 1903, at Colaba and Mauritius. 

~ 
~ 
('::, 

~ 

~ 



j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

J 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 
j 
j 

j 
j 
j 

j 

j 
j 
j 



'11440 ,Vo Yo . I ! 

I 

15~oI7': 10 iDo--'"'1'"I---. r 1 15f41~~1 ,1 

1S4°17'-o~ 
1 

154°47' 

155°11' 

H 

T 

. . 
~l 

D 

-06450 

-06500 

In I if I -06550 
o 

Disturbance of May 8 and 9, 1902, at Winter Quarters. 
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Disturbance of August 21, 1902, at Winter Quarters. 
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Disturbance of April 6, 1903, at Winter Quarters. 
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Disturbance of .Tune 19, 1903, at Winter Quarters. 
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Disturbance of June 28, 1903, at Winter Quarters. 
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Disturbance of June 29, 1903, at Winter Quarters. 
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Disturbance of July 26, 1903, at Winter Quarters. 





Yo 

•
lZ11 

H 
I 

v 
--: 

: 
:;P.M. 4 5 6 7 ( 8 \ 9 10 li DO ~ . 

lSt'3z1 ) J\ \A .~ ~ ~M ~ d06830 
T 

f HV ~~ ~ ~ ~ (1M 7 / V\f\~ 
152°1' 

-: 

152°37' 

'06880 

flo I dRjI'06930 

Disturbance of August 17, 1903, at Winter Quarters. 
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Disturbance of August 22 and 23, ]903, at Winter Quarters. 
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Disturbance of August 26, 1903, at Winter Quarters_ 
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Disturbance of August 26, 1903, at Winter Quarters. 
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Disturbance of October 12 and 13, 1903, at Winter Quarters. 
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Disturbance of December 13 and 14, 1903, at Winter Quarters. 
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Plate XXXVII. 

May ZZ, 1903. August ~l, 1902. August IS, 1903. 
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Plate XXXVIII. 

Oct 4-5, 1902. Oct.n-12. 1902. 
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Plate XXXIX. 

September 18-19, 1902. 
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June 21-22, 1902. July 9, 1902. Janua.ry 10, 1903. December 10, 1902. 
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Plate XLI. 

Februa.ry 8, 1903. Febru ary 10, 190,3. March 6 J 190,3. 
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Feb. 25, :1903. 
Feb. 26, 190.3 .. 

Aprill" 190.3. 
Ju.nexo, 1903. Aug. 12., 1903. 
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