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Abstract 

ThiB Dauer describes the average morphology of geomagnetic storms with sudden 

oom^noem«.«. A nummoJ index ™ signed to 
in 1902-45 On the basis of these indices the storms were divided mto three sets 
136 weak 136 moderate, and 74 great storms. Their morphology was studied separately. 

For «o* »tonne Koord. TO. endyed bom 26 n*g»tio otorvrtor«, •” 
latitude from 80’ N to 48‘ S; and for moderate end greet etorma, from 

0bS:t^:«¡mé vliln Da. to the dito»..» longHndi™! hmgtoty M were 
The storm tun different latitudes. The DS variation was 

«* ^ ^ ei|!h‘ t 
and for the aneceeding three 8-hour intervala. New feature» of atom morphology during 
^ItÄtonu tim. wem dtovermi: nmu..y. 

‘r^n^r^rrihor.“!»!“;. n ll 
prevtouslyTbtoined by Chapman, and much extend them. At Huancayo, nearly on the 

matmeti/equator, some features of the storm field are found to be abnormal. 

Zusammenfassung 

Dieae Arbeit bmchreibt die duretaehnittliehe M^toloP'1'r^r8,,0ti“^ 
mit nlötxiichem Anfang. Ein numeriaoher IntenaitAtaindex wurde jedem von S46 Sturmen 
mit plotzlicnem Aiu n« 002-1945 auftraten. Auf der Grundlage dieser Indizes 

“hmehe, ,66 müBig. und 7* groh. 

H Ihre Morphologie wurde getrennt unteraueht. Für achwaehe Sturme wurden 
“TJbnl l srm^etiln Oh«r,.tone„ analyto in g»n»gne.meto 

BmÄ- N bi. 48- S; für midige und groll. Stürme, von 1» Obmvatonen, tmmhen 

“ôte Sturmi-Variation Dm und die Störunga-IAngen-Ungleichheit DS wurden he- 

während der Jleremten Stunden Stummeit wurden entdeckt. nümUch, ^ ^ 
Maximum innerhalb etwa 2 oder 3 Stunden nach Sturmauabrueh erreicht, und da» eeine 
iT^der In Stmumtuml«. to «hn.ll »ndert. In toeren todiungen 
tatAtigen die Ergebniw. die frülmren Rmmltot. Chapumn. und eigtoen ». »mentl ch. 
ÎTZIyt mL« auf dem m^rntto«. Äquator, e^eben to »mg. Züge dm Sturm- 

feldes als anomal. 
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1. Introduction 

Some geomagnetic storms begin gradually, with no clearly defined onset. Others be¬ 
gin suddenly, and simultaneously all over the earth to within a minute or so. The two 
kinds may respectively be called GC and SC storms (gradually commencing and suddenly 

commencing). 
A typical storm, if it starts and ends in periods of magnetic calm, has a rather definite 

life cycle. Its evolution is a function of storm time (T), reckoned from the storm commence¬ 
ment. This is easily reckoned for SC storms, and for many GC storms also it can be 
estimated within an hour or so. The rate of evolution of a magnetic storm depends also 

on its intensity. 
paring a magnetic storm or lesser magnetic disturbance, an additional “disturbance” 

(or D) magnetic field is superposed on the otherwise existing field. The morphological 
study of a magnetic storm concerns the ascertainment, description and representation of 
this D field and its evolution during the life of the storm. It deals solely with the magnetic 
data from the commencement of the storm. Other (non-morphological) studies, not here 
discussed, relate to the time relations of magnetic storms, with respect to the season, the 
sunspot cycle, the solar rotation, aurorae, ionospheric and cosmic ray disturbances, and 

so on. 
Some main features of magnetic storm morphology were recognized long ago by Broun 

(1861), Adams (1892) and others. An important pioneer morphological study was made 

by Moos (1910), mainly though not entirely on the basis of the Bombay records. 

A more comprehensive analysis of storm morphology was made by Chapman (1918, 

1927, 1936, 1952), in four papers that will here be referred to as C,, Ct, C, and C4. The 

papers C,.,., are summarized in the treatise Otomagnetism (here referred to as GM), 
by Chapman and Bartels. The papers C,., were based on (a) the data for a set of forty 

moderate SC storms of fairly uniform intensity, from 12 observatories in latitudes ranging 

from 6° S to 60° N, and (b) additional data from Bombay (19° N) and Pavlovsk (69° N) 

for two groups of storms twice and four times as intense. The papers C,., were in addition 

based on data for polar and other observatories, for much less highly disturbed days. The 

forty moderate storms were drawn from the years 1902 to 1911. and were selected in 

1916. The five-year interval 1911 to 1916 corresponds to the lag in the availability of the 

published data of some of the observatories. 
Since 1911 more than three decades have gone by, during which many magnetic storms 

have been recorded by a growing number of observatories. In 1952 we decided to renew 

and extend the studies made in the papers C,_4, using all the suitable observatory data 

then available, for as many SC storms as possible. The number of observatories that be¬ 

fore 1902 published hourly magnetic values was judged to be too few for our purpose. 

In 1952 some of the observatories whose records we wished to use had not published their 

recent data. The outcome was that our study, using mainly the methods of papers C,,4> 

is based on 346 SC storms (Table 1) that occurred during the 44 years 1902 to 1945; 

and we used data from 26 magnetic observatories (Table 2), whose latitudes ranged from 

44° S to 80° N. 
An important new feature of our work was the assignment of a numerical intensity 

index to each storm on the basis of data for each storm from many observatories. On the 

basis of these indices the 346 storms were divided into three sets, of weak, moderate and 

7 



great storms. Each set was separately studied, and also seasonal subdivisions of each set. 
In nearly all respects the results confirm those obtained in the papers C, and greatly 
extend them. New features of storm morphology during the first few hours of storm 
time were discovered. At Huancayo, nearly on the magnetic equator, some features of the 
storm field were found to be abnormal. 

Though this investigation is extensive, it does not adequately explore many important 
special aspects of average storm morphology in high geomagnetic*) latitudes. This is 
because there are so few observatories with many years of record, in gm latitudes above 
60°. We used results from only four such observatories (of which only two provided 20 
or more years’ data). Four observatories in that region are far too few for the study of 
the average polar features of the storm field, which there is much more complex than 
anywhere else on the earth. As magnetic disturbance is most intense and irregular in 
high latitudes, more observatories than elsewhere, and more years’ data at each, are 
desirable. The great deficiency in the magnetic observatory coverage of the polar caps 
«un be met only by the establishment of 20 or more well distributed additional polar 
observatories, and their maintenance for two decades or more. The data they could supply 
are needed for study in conjunction with auroral, ionospheric, cosmic ray, rocket and 
satellite data. Without more polar magnetic observatories the full value cannot be gained 
from the highly expensive "space” observations of the outer gm field and the Van Allen 
radiation belts. 

As our study was based on hourly values of the magnetic elements, it does not and 
cannot deal with the details of magnetic storms during the first hour of their life. The very 
worth-while study of those details requires reference to the magnetograms, of which in 
our work we made no systematic inspection. 

The storms we have studied were recorded at many observatories whose data were not 
available to us. Some of these observatories have records over a still longer period than 
the one we considered. It would be of great value if the average storm morphology at 
these other observatories were studied, somewhat along the lines here followed, or as 
Yokouchi (1957, 1958) has done for Kakioka. 

2. The selection of our 346 SC storms 

Table 1 lists the 346 storms we selected. Its four columns A, B, C, D give (A) the serial 
number of the storm, (B) the date and (C) the time of its SC (to 0.1 hour, in universal or 
Greenwich time), and (D) its intensity index. The method by which these indices were 
assigned is described in $ 4. No other classification of the storms was made. The storms 
(1902—11) whose dates are marked with an asterisk are the forty used in papers Ci,«. 

In forming our list of SC storms we drew upon five sources: 

(a) the list of storms and their times of commencement at the observatories of the 
U.S. Coast and Geodetic Survey, given in their publications; 

(b) the descriptions of "principal magnetic storms” given in Terrestrial Magnetism 
and Atmospheric Eledricity; 

(c) a list given by Maunder (1904) of storms recorded up to 1903 at Greenwich; 

(d) an extension of the list (c), covering the period 1874—1927, given in Greenwich 
Photo-Heliographic Results, 1927; and 

*) In this paper gm will be used as a contraction for geomagnetic, and likewise gg for geographic. 
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Table 1 

Liât of SC (tonna, 1902—45. (Forty storm* used by Ch*pm*n in C^. ue marked with an asterisk.) 
(A) the serial number; (B) the date; (C) the time of SC in QMT; (D) the intensity index. 

AB CD AB CD 

1902 
1 April 10 9.6 31 
2 *May 8 12.0 23 

1903 
3 * April 5 23.4 57 
4 ‘August 25 22.9 24 
5 ‘December 13 12.5 46 
6 ‘December 30 3.2 37 

1904 

1909 
55 January 29 22.6 31 
56 ‘March 18 9.5 57 
57 ‘March 26 12.3 40 
58 May 14 4.9 101 
59 ‘May 18 5.1 75 
60 June 21 5.5 18 
61 ‘September 21 11.3 34 
62 September 25 8.6 156 
63 ‘September 30 4.0 61 
64 ‘October 23 0.0 46 

7 January 9 
8 ‘April 17 
9 June 6 

10 June 15 
11 July 6 
12 ‘August 3 
13 ‘September 24 

1905 

14 ‘January 3 
15 January 5 
16 ‘January 16 
17 February 3 
18 March 2 
19 March 7 
20 ‘April 1 
21 ‘June 5 
22 ‘July 5 
23 ‘August 2 
24 ‘November 12 
25 November 15 
26 ‘December 12 

1906 

27 ‘February 18 
28 March 3 
29 April 28 
30 ‘May 13 
31 ‘July 29 
32 December 21 

17.3 16 
16.3 42 
4.7 12 

16.5 50 
20.9 20 
13.8 22 
19.5 27 

23.7 24 
9.9 21 

23.9 6 
1.7 41 

13.3 43 
3.0 45 
1.2 44 
1.9 12 

21.6 30 
0.5 52 
8.1 47 

15.3 72 
2.9 31 

22.6 35 
23.4 23 
13.7 8 
20.7 41 
19.9 15 
21.5 64 

1907 

33 ‘January 11 
34 ‘January 14 
35 February 7 
36 February 9 
37 ‘March 10 
38 March 11 
39 ‘March 21 
40 ‘May 18 
41 June 18 
42 ‘July 10 
43 ‘September 10 
44 September 17 
45 ‘October 13 
46 ‘November 21 

8.8 41 
19.6 13 
8.1 50 

14.2 66 
5.0 32 

17.3 18 
13.4 24 
14.0 36 
3.6 32 

14.4 34 
1.8 58 
8.7 19 
7.7 41 

10.7 49 

1908 
47 February 22 12.2 26 
48 August 8 7.7 32 
49 ‘August 19 0.2 19 
50 ‘August 21 8.6 12 
51 September 11 7.9 84 
52 September 28 9.2 97 
53 ‘November 17 1.0 50 
54 December 4 8.8 42 

1910 
65 February 20 
66 March 27 
67 September 29 
68 ‘October 19 

1911 
69 ‘March 20 
70 ‘April 8 
71 April 16 
72 June 30 
73 November 8 

1912 
74 September 17 

1913 
75 January 2 
76 March 14 
77 April 8 
78 October 18 

1914 

79 January 4 
80 April 6 
81 June 25 
82 July 5 
83 November 26 

1915 
84 January 4 
85 March 6 
86 April 7 
87 April 26 
88 June 16 
89 October 23 
90 November 5 

1916 
91 January 11 
92 February 1'. 
93 March 8 
94 May 20 
95 June 29 
96 . August 22 
97 August 26 

1917 
98 January 4 
90 February 14 

100 April 25 
101 May 16 
102 May 25 
103 June 9 
104 June 24 
105 July 2 
106 August 9 

10.2 8 
23.3 60 
8.0 20 
7.2 50 

0.8 33 
11.3 54 
8.1 23 

21.8 5 
13.7 16 

14.0 13 

11.2 20 
4.4 26 

19.9 37 
7.6 15 

20.0 8 
8.1 43 
2.0 8 
1.4 32 

17.7 27 

3.5 5 
15.4 13 
19.7 22 
4.0 17 

13.0 138 
12.8 14 
14.6 78 

4.0 38 
16.5 6 
0.6 36 

23.0 36 
20.4 31 
18.5 28 
19.7 80 

5.0 96 
5.0 35 

14.4 16 
5.7 12 
9.1 15 
0.1 2 

13.7 14 
3.7 10 
4.2 75 
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Tablt 1 (continued) 

ab cd ab cd 

107 
108 
109 
110 

111 
112 
113 
114 
115 
110 
117 
118 
119 
120 
121 

122 
123 
124 
125 
120 
127 
128 
129 
130 
131 
132 
133 
134 

135 
130 
137 
138 
139 
140 
141 
142 

143 
144 
145 
146 

147 
148 
149 

1917 
August 20 
September 5 
December 7 
December 10 

1918 

January 12 
January 28 
February 5 
March 7 
April 10 
April 29 
June 9 
August 15 
September 21 
November 29 
December 25 

1919 

January 3 
January 12 
January 31 
February 27 
April 0 
May 1 
August 11 
September 2 
■September 23 
October 1 
October 8 
October 22 
October 20 

1920 

March 4 
March 13 
March 22 
May 13 
September 22 
November 20 
December 4 
December 25 

1921 
April 18 
April 28 
May 19 
June 3 

1922 

January 30 
March 14 
December 9 

8.4 58 
0.2 39 

10.3 10 
9.2 09 

4.0 14 
14.8 29 
0.8 28 

21.2 80 
20.9 40 
21.3 48 
23.1 68 
15.8 46 
4.3 24 

13.3 40 
3.8 59 

18.2 60 
23.4 21 
10.7 15 
19.4 27 
7.8 26 

22.9 62 
7.0 97 

12.4 40 
20.5 51 
10.2 77 
21.5 22 

3.1 49 
14.0 47 

11.6 97 
12.9 14 
9.2 193 
0.3 47 
2.3 19 

12.9 32 
5.0 2 

10.1 55 

14.5 17 
19.5 39 
20.1 70 
10.7 32 

23.5 32 
7.1 1 

21.9 0 

166 
107 
168 
109 
170 

171 
172 
173 
174 
175 
170 
177 
178 
179 
180 
181 
182 
183 
184 

185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 

200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 

1925 

May 3 
August 22 
September 1 
September 21 
December 27 

1926 
January 3 
January 22 
January 20 
February 10 
February 23 
March 5 
March 17 
April 14 r21 

. 3 
June 1 
September 14 
October 13 
October 24 

1927 

January 4 
January 7 
January 24 
February 9 
March 27 
April 13 
Mav 27 
Juíy 21 
August 20 
August 29 
October 10 
October 12 
October 22 
November 18 
December 12 

1928 

February 12 
May 5 
Mav 10 
May 27 
Julv 2 
July 7 
August 4 
August 25 
September 7 
September 24 
October 18 
October 24 
November 11 

22.4 53 
14.8 17 
17.8 25 
2.3 45 

14.8 58 

22.4 0 
15.6 40 
16.3 107 
5.8 30 

16.4 97 
10.1 44 
21.1 21 
14.1 134 
10.3 28 
21.2 48 
11.2 08 
8.8 50 

19.4 81 
6.4 38 

20.1 10 
10.4 43 
23.7 34 
16.9 30 
14.5 12 
23.8 01 

4.5 17 
21.0 62 
6.6 73 
0.0 53 
8.4 23 

10.4 56 
6.7 77 
4.6 38 

19.7 34 

7.3 12 
2.8 12 

12.2 39 
14.8 88 
8.5 13 

23.5 105 
17.1 30 
22.6 47 
13.8 05 
16.4 22 
7.4 08 

17.8 36 
17.0 17 

150 
151 
152 
153 

154 
155 
150 
157 
158 
159 
160 
101 
162 
103 
104 
105 

1923 

January 20 
March 24 
June 12 
September 26 

1924 

January 29 
March 29 
April 6 
April 24 
May 21 
June 9 
June 18 
July 9 
July 20 
August 4 
September 4 
December 11 

3.0 9 
9.9 50 

20.5 32 
4.0 53 

5.4 51 
3.6 10 
8.2 8 

21.6 15 
0.0 52 

14.2 57 
7.0 18 
5.4 3 

16.6 8 
1.1 8 

. 5.7 17 
22.9 6 

1929 

213 January 3 
214 February 16 
215 February 20 
216 March 11 
217 March 15 
218 July 5 
219 July 10 
220 July 14 
221 July 31 
222 August 14 
223 September 6 
224 October 10 
225 December 3 

1930 

220 January 3 
227 May 4 
228 Juno 15 

7.1 31 
23.1 87 
19.4 80 
13.9 116 
8.5 71 
9.1 15 

11.6 26 
16.5 39 
21.1 45 
12.5 34 
23.6 31 
11.2 40 
12.1 82 

8.1 22 
23.9 40 
10.5 28 
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Table 1 (continued) 

AB CD AB CD 

229 
230 
231 
232 

233 
234 
235 
236 

237 
238 
239 
240 

241 
242 
243 
244 
245 

246 
247 
248 
24» 
250 

251 
252 
253 
254 
255 
256 
257 
258 

259 
260 
261 
262 
263 
264 
265 
266 

267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 

1930 

July 9 
September 18 
November 13 
December 3 

1931 
February 13 
June 1 
June 26 
July 23 

1932 

February 2 
April 22 
October 14 
December 14 

1933 

February 19 
April 30 
May 29 
July 23 
September 8 . 

1934 

January 1 
February 8 
July 3 
July 30 
December 1 

1935 

January 27 
Mav 1 
July 7 
August 19 
September 23 
October 24 
November 29 
December 24 

1936 

February 2 
May 10 
June 18 
July 2 
July 5 
November 2 
November 28 
December 27 

1937 

January 27 
February 2 
February 18 
March 26 
March 31 
April 24 
April 25 
April 26 
April 27 
May 4 
June 4 
June 13 
June 27 
July 19 
August 1 
August 22 
September 10 
September 30 
October 3 
October 7 
October 9 

14.9 27 
8.8 68 

19.5 45 
1.1 88 

9.0 16 
15.5 37 
16.0 17 
3.4 17 

20.3 16 
5.5 13 

17.8 41 
12.7 45 

10.0 3» 
16.5 56 
6.5 14 
9.7 28 

21.4 61 

8.2 33 
17.3 31 
10.5 » 
3.3 35 
4.9 5 

14.8 21 
12.8 36 
21.1 31 
5.4 17 
1.6 51 
6.7 38 
3.9 8 

19.6 15 

15.1 10 
8.1 21 
9.7 67 
4.8 44 
2.5 6 

14.3 8 
23.6 61 
3.5 72 

8.6 50 
23.1 60 
19.1 1 
20.9 36 

3.3 59 
12.0 72 
15.8 38 
17.9 48 
19.0 47 
16.9 62 
14.4 63 
8.7 6 
2.8 7 

12.9 34 
21.8 74 

3.1 78 
17.9 45 
13.8 62 
11.3 58 
5.3 82 
6.6 5 

288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 

306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 

319 
320 
321 
322 
323 
324 
325 
326 

327 
328 
329 
330 
331 
332 
333 
334 

335 
336 
337 

338 

339 
340 
341 

342 
343 
344 
345 
346 

1938 

January 16 
January 25 
February 6 
February 8 
March 21 
April 13 
April 16 
May 11 
June 7 
June 12 
July 4 
July 30 
August 3 
August 10 
September 13 
September 27 
September 30 
October 7 

1939 
February 5 
February 24 
March 27 
April 17 
April 24 
May 5 
June 14 
July 4 
July 21 
August 12 
August 22 
September 2 
October 13 

1940 

January 3 
March 29 
April 25 
.May 23 
June 25 
July 13 
September 26 
November 12 

1941 

March 1 
April 24 
June 13 
July 4 
August 4 
September 18 
October 31 
December 1 

1942 

March 1 
March 5 
July 10 

1943 

March 29 

1944 

March 26 
April 1 
December 15 

1945 
March 27 
April 1 
April 11 
October 23 
December 13 

22.6 108 
11.9 154 
3.2 31 

11.0 25 
22.7 67 
11.7 25 
5.8 66 

15.9 115 
22.1 11 
17.9 4 
12.1 28 
4.6 53 

21.6 22 
3.4 37 

18.6 64 
22.0 20 
10.4 16 
6.2 100 

19.8 59 
17.1 126 
17.6 60 

1.9 91 
17.6 15 
20.7 56 

0.1 57 
14.1 60 
10.0 3 

1.7 72 
0.7 126 

21.7 25 
2.1 112 

14.7 30 
16.1 129 
2.1 54 

17.9 17 
2.9 54 
8.0 34 

17.1 47 
7.1 79 

3.9 187 
7.3 50 
3.7 24 
3.7 184 
1.5 37 
4.2 179 
3.7 87 
6.0 67 

7.5 36 
4.3 16 

23.6 18 

18.6 45 

2.0 29 
23.4 47 
18.9 46 

20.6 10 
5.0 34 
7.5 39 

23.7 26 
12.7 82 
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(e) later reports of storms recorded at Greenwich, given by H. W. Newton in The 

06Srforty)8torms used in papers 0,. « were drawn from the above sources (a) and (b). 

We adopted into our list all the storms of the period 1902-1945, from the sources (a) 

to W, for which at least two observatories reported a sudden commencement with reason- 

^WhTtwor more ScÍtoL followed in dose sucoession-a phenomenon studied by 

Newton (1950)—each was included in our list as a separate storm. . i.. i*»*»», k-y tliZi WamiglithOToalimiMtedBMchoMMlfwehâdeitniiiedtheimgnrtogrMMfromaweral 

observatories. We might also have excluded some pairs of overlapping «toms, toget 
“purer" results. ThHas not done. But a few such cases wUl not have materially affected 

mir reeults. 

3. The magnetic observatories 

Table 2 (p. 13) liste the 26 magnetic observatories whose data we used. Its 
(n) begin by listing (a) the serial number and (b) the name of each observatory P. The next 

LÄuL Milrticulars connected with the position of P on the e«th: («M*> P™ 
the gm and gg‘) latitudes; (e), (f) and (g) give its gg and gm east longitudes (the fomer 

in time unite“ well as in angle) ; (h) gives, to 0.1 hour, the daily mea" dl*r^^w^n 
gm and standard local time, and (i) gives *, the angle, reckoned positively 
Leen the northward gg and gm meridian arcs through P-4lus angle “ 
declination that would correspond to the earth’s centered dipole field ; GM PP^^. 

may be consulted for more details concerning the item. 
(k) gives the number of years of record available to us, in the P^19^^1™“" 
(l) fm), (n) indicate the degree of completeness of the data provided by the observato^, 
for each srt of storms, namely 136 weak, 136 moderate, and 74 great. For example God, 

havn provided records of 69 of the 136 weak storms. The mam cause of missing data was 

that some observatories were not established until after 1902. 
Twenty four of the 26 observatories were later combined into 8 groups, according to 

gm latitude. The other two, Godhavn and Huancayo.may be «^«fommg smgte- 
member “groups”. Thus there were 10 groups mÜFTtoy are indicated m Table 2, and 
in certain columns mean values are given for each group. In calculating the mean g 
latitudes for groups 9 and 10, which include all the southern observatories except Huancayo, 

the separate latitudes were weighted according touthe^““.pVOT “ “ 
The time difference in column (h) is small for the observatories m the lower latitudes, 

but is worth taking into account for groups 1 to 4. . . H F 
The angles in columns (i), (j) were used in transforming the magnetic elemente H, E 

to components along gm N and E (§ 8). ™ „ „dimites 
Fig. la shows the distribution of the observatories on a map drawn m gm co-ordinate^ 

Fig. 1 b thowB their dirtribution in gm (A) and gg (B) latitude and longitude, by 
oath, plane of the gm or gg equator: the «nth«. ob«rv.tone. ar. ehonn b, op«i 

circles, the northern ones by dote. The serial numbers are given alongside. 

(1956). 
•) See the footnote on p. 8. 
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Figure Is. See |3. The dietribution of the 2« m^netic ob*«rvstorie. here 
gmc^ordinstes; the»uthemob^storiee are shown by open circles, and the northern ones by dots. 

Figure lb. See §3. The distribution of the 2# magnetic observatories in (A) co¬ 
ordinate*, shown by projection on the plane of the gm or gg equator; the southern observatories are 
shown by open circles, the northern ones by dots. 

Notes relative to changes of location and name of certain observatories used mthisw«^ •• ^ B*i‘j 
was replaced by Wittween from 1838; 10, Greenwich, was reptare , jy Abmger after 1»**» 
Joveux was replaced by Chambon la Forèt after 1936; 16, Porto Rico, was at ViMues tdl 1924, wd 
at San Juan Xr 19261 18, Zikawci, was at Lukiapang from 1907 to I MS. and 
20 Vassouras, was at Rio de Janeiro till 1914; 22, Batavia, was replaced by Kuyper after 1928, 23 
Cane Town was replaced by Hermanus after 1941. In Table 2, in cases where an observatory had more 
than one location during tie period 1902—1946, the mean location is given, but only one of the loca¬ 

tions is named there. 
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Table 2 

T ut nt fh. 26 maimetio oUervatorie» hen uaed. (a) the aerial number; (b) the obeenratory ; (o) and (d) the 
kk* ^ latítñdM^el if) and (a) the sg and gm eaat longitudea (the former in time unite aa well aa in angle); 
fhî£ÂïïffiÎÂtilg,“ dg.tand.Xal tinle,reckoned ooritirely when th^fonnnr£ 

i ?a._. al- -nffu reckoned positively eastward, between the northward gg and gm meridian aros 
(reckoned podtlvely wh«.mmtwmri) Orneanorerthe 

(k) th”nK of year, of record avfíable to ua, in the period 1902-45; (1), (m) 
Sd(n) the degree of oompleteneae of the date provided by the obaervatory, for each ofthe three aete of atorma, 
namely 126 weak, 136 moderate, and 74 great, reapeetively. 

Group 1 

1 (¡odhavn 

Latitude Longitude 
Proportion of 

available atorma 

c d 
gm gg 

0 o 

e f g 
gg 88 81" 
o h 0 

hi j k 
Edec. 

h 0 * y». 

1 m n 

+ 138 +136 +74 

80 69 307 20.5 33 1.1 —17.5 —56.0 20 69 64 50 

Group 2 

2 Tromaö 67 
3 Sodankyli 64 
4 Lerwick 63 

I Mean 65 

70 19 1.3 117 1.9 - 30.8 
67 27 1.8 120 1.6 —26.7 
«0 359 23.9 89 1.4 -23.6 

-2.9 16 43 45 33 
2.3 29 101 92 63 

—13.9 12 41 45 31 
185 182 127\ 
(08 408 222) 

Group 3 

5 Sitka 
6 Eakdalemuir 
7 Lovti 
8 Rude Skov 

I Mean 

60 57 225 
59 55 357 
58 59 18 
56 56 12 

58 

15.0 275 —1.2 
23.8 83 1.1 

1.2 106 1.2 
0.8 99 1.2 

21.4 30.2 44 
-20.4 -15.8 25 
-22.1 — 2.0 18 
—20.6 — 5.0 19 

136 136 73 
88 75 43 
51 54 41 
56 60 46 

331 325 203\ 
544 544 296/ 

Group 4 

9 De Bilt 
10 (ireenwich 
H Val Joyeux 
12 Cheltenham 

I Mean 

54 
54 
51 
50 

52 

52 6 0.4 90 
51 0 0.0 84 
48 2 0.1 84 
39 283 18.9 351 

0.9 -19.1 -10.5 
1.0 —18.5 —13.4 
0.8 -17.4 -12.1 

-0.1 2.4 — 6.1 

44 136 135 74 
44 136 136 69 
44 136 136 74 
44 136 136 74 

544 543 291 \ 
544 544 296/ 

Group 5 

13 Ebro, Tortoaa 
14 Tucson 

(Mean 

44 
40 

42 

41 1 0.1 80 0.6 —15.0 —11.5 26 100 
32 249 16.6 312 —0.4 10.1 13.8 36 113 

213 
272 

74 34 
102 64 

176 98\ 
272 148/ 

Group 6 

15 Porto Rico 
16 Kakioka 

(Mean 

30 
26 

28 

18 294 19.6 4 0.1 -0.8 — 4.1 43 
36 140 9.3 206 —0.2 6.2 — 5.5 37 

129 127 66 
113 113 63 

242 240 129\ 
272 272 148) 

Group 7 

17 Honolulu 
18 Zikawei 

(Mean 

21 21 202 13.5 267 —0.2 
20 31 121 8.1 189 -0.1 

21 

12.3 9.9 44 136 136 74 
2.2 -3.1 35 111 106 58 

247 242 132\ 
272 272 148) 
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Table 2 (continued) 

Latitude Longitude 

o d 
gm gg 

O 0 

9 f g 
gg gg gm 
o h # 

hi j k 
Edeo. 

h 8 0 yn. 

Proportion of 
available (tonna 

-f 136 -=-136 -r74 

Group 8 

10 Huancayo 1.3 7.4 24 iS 4t- 
130 136 74 

Group 9 

20 Vaaaourai 
21 Apia 
22 Batavia 
23 Cape Town 

—12 —23 316 21.1 24 —0.1 — S.l 7.7 31 101 
—16 -14 188 12.S 260 0,2 11.7 10.6 2S 72 
—18 — 6 107 7.1 176 0.0 — 0.0 0.8 36 93 
—33 —34 10 1.3 80 -O.fi —13.7 -24.4 13 3S 

I Mean —17 weighted according to the fractioni in column (I). 
301\ 
544/ 

Group 10 

24 Watheroo 
2fi Toolangi 
26 Chriatchurrh 

-42 -30 116 7.7 186 
-47 -38 146 9.7 221 
-48 -44 173 11.5 253 

I Mean —46 

See alao the notea Iselow Fig. 1, page 13. 

0.1 
0.4 
0.7 

1.3 - 3.8 27 83 
0.5 8.3 10 38 

15.2 18.3 18 51 

172\ 
408/ 

2.378 1,846 1,081 
3.536 2.584 1.406 

y 5,305 
7.526 

4. The intensity indices for the storms 

Over the major part of the earth the chief average feature of a magnetic storm is the 
decrease of the horizontal intensity H during the main phase (GM, Chapter 9). This was 
made the basis for the assignment of an intensity index to each storm. 

Some previous lists of storms have grouped them according to their intensity, weak, 
moderate, great and very great—usually as recorded at a particular observatory. As far 
as we know, no general numerical intensity index has previously been assigned to storms 
on the basis of the records from several observatories. 

The relative intensity of world-wide magnetic activity is internationally classified for 
periods of 3 Greenwich hours (the Kp indices) and for Greenwich days (the character 
figures C and A). The Kp indices are available for only part of the period here dealt 
with. We judged it necessary to devise a method of assigning intensity indices expressly 
adapted to our storms. To avoid undue labor we based it on the daily mean values m 
of H at the following observatories (Table 3) in middle and low latitudes. Some of these 
observatories gave the means for Greenwich days, others for local civil days (from 
midnight). 

For each of these observatories the day that includes the storm SC is reckoned as day 0. 
The preceding days in reverse order are numbered —1, —2.and the succeeding 
days, 1,2,... For each observatory the difference m-! — m, for the storm was computed; 
the suffix indicates the day to which the daily mean m refers. The mean value of these 
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to for tk. otoorvotorioi to Tjbl. J. «. tok« « th. pro-H-onri 

(and in mort caaes the actual) intensity index for the storm. 

TaHeS 

Obaemtory 
Latitude 

gm 88 

Longitude 

gm gg 

Cheltenham 
Tucson 
Porto Rico 
Helwan 
Honolulu 
Zikawei 
AUbag 
Rliiabethville 
Batavia 
Cape Town 

80° 
40 
SO 
»7 
*1 
10 
10 

ao° 
sa 
18 
50 
51 
SI 
18 

851° 188° 
SIS S48 

-IS —IS 
-18 -6 
-S3 —34 

S 
108 
887 
188 
144 
94 

178 
80 

S84 
SI 

SOS 
1S1 
73 
38 

107 
19 

In nearly aU cases this index was positive. A few weak storms gave negative indices, 
JTA «he todoxKMMd fitol*. 11». — — 
detail The neStíve indices were found in some cases to be due to an after-effect of 

preceding «h. SC. I» rere. todi«.lre m-reore rfU» 

main plmse feU e«lier or later than on the day 1 as heie tmed. ^“3” 
examination of m also for days -2, 0, 2 enabled more approprutte pre-rtom ^d port 
SC means to be determined. They gave revised intensity indices which 

^Ourprocedure underertimated the mrtn plume mduction of H-^-peciaUy forthepert 
. „/-her« the main phase maximum is attained during the first storm day. A differen 

Jtt-. method 0f re^irening indices would move some borderline storms from one of 

A BtoTA" reared for ore P”^*^**^ 
of weak moderate and great storms. These corresponded to the ranges of the 

intenrity indice. Âown in column 2 of Table 4. Column 3 
aet, and for aU the rtorms. Uter columns give ^ ^^n. of 
their number (and mean index, written in bracket.) m certain seammal subdivuu 
the sets. The seasons are the usual d, j and e groups of four months, 

d: December solstitial group: November to February 
j: June solstitial group: May to August 

Muinoctial group: March, April, September, October. 

Table 4 

fare, tire» red wunbere of erefc. inodre»t. —d giret »*»1 ■—w« rebrertore* “d 

Set 
Index 
range index 

Number 

Seance 

Solstices Equinox 

d 1 • 

Week 
Moderate 

Gnat 

0 to SO 
31 to 80 

Over 80 

i: 

91 

ISO 
136 

74 

43(15) 
48(43) 

50(16) 
40(43) 

44(18) 
50(46) 

37 88) 37 (•» 

All 
43 3-16 815 (39) «1 («») 
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The set of great storms, being the least numerous, was divided into only two seasons, 

solstitial (d and j) and equinoctial. To make the numbers in the seasonal subdivisions 

more uniform, some storms near the seasonal border-lines were transferred from one 

subdivision to another, namely six great storms from (d + j) to e, and eight moderate 

storms from e to j. 

i2 r s 

GREAT STORMS 

Figure 2. See below. The distribution of the SC times over the Greenwich day, for the three intensity 
sots and their seasonal subdivisions. 

The forty moderate storms used in the papers Ci, « (listed in C|, page 482, and marked 

by asterisks in our Table I) had a mean index number 37—a little lees than that (44) for 

our set of moderate storms. Of the 40 storms, 25 are included in our moderate set, 13 

(with indices ranging from 6 to 30) among our weak storms, and two (with indices 61 

and 75) among our great set. 

Fig. 2 shows the distribution of the SC times over the Greenwich day, for the three 

sets and their seasonal subdivisions. In all cases the distribution is fairly uniform, con¬ 

sidering the number of storms included in each case. 

Fig. 3 shows the year-to-year variations, through four sunspot cycles, of Nsc, the number 

of our SC storms in each year: of I, their mean intensity for each year: and of R, the 

annual mean sunspot number. The SC storms were most numerous near the sunspot 

maxima, but the mean storm intensity I had its maximum, in three of the four cycles, 

two or three years after sunspot maximum. 

These relations are shown more clearly in Fig. 4, which graphs the averages of Nsc, 

I and R relative to sunspot epoch reckoned from sunspot minimum. 

. 
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Figure S. See p. 17. The number (Nec) of our SC Btorm., their annual mean intensity (I), and the «muai 

roeaneunapot number (R), for the years 1908—4«. 

e i 

reckoned worn sunspot minimum. 
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The 19 greatest storms, with indices 100 or more, are as follows, in descending order of 

their indices: 

Serial number Storm index Date 

■ 

137 

327 

330 

332 

62 

289 

88 

178 

320 

307 

316 

216 

295 

318 

288 

173 

205 

58 

305 

193 

187 

184 

179 

156 

154 

138 

134 

129 

126 

126 

116 

115 

112 
108 

107 

105 

101 
100 

March 22, 1920 

March 1, 1941 

July 4, 1941 

September 18, 1941 

September 25, 1909 

January 25, 1938 

June 16, 1915 

April 14, 1926 

March 29, 1940 

February 24, 1939 

August 22, 1939 

March 11, 1929 

May 11, 1938 

October 13, 1939 

January 16, 1938 

January 26, 1926 

July 7, 1928 

May 14, 1909 

October 7, 1938 

5. The magnetic variations Sq, Dst, DS and SD 

The geomagnetic field undergoes two kinds of daily variation, with periods of a solar 

day and a lunar day : these are denoted by S and L. When S is derived from days that 

magnetically are truly quiet, it is denoted by Sq. When derived from all days or from 

disturbed days (over a given period, such as a month) it is denoted by Sa and Sd. It is 

found that Sa — Sq and Sd — Sq are daily variations of similar type; Sd — Sq has the 

greater amplitude; and the type differs from that of Sq. This difference variation is called 

the disturbance daily variation, and is denoted by SD. Usually Sq and Sd are derived 

from the five international quiet and disturbed days in each calendar month. In high lati¬ 

tudes SD is much greater than in low, and S derived from the international quiet days 

generally appears to contain an appreciable SD part. An idealised definition of Sq is: 

the daily magnetic variation characteristic of days when the ionosphere is everywhere 

ionized only by solar ultraviolet radiation. 
Except at such stations as Huancayo, where Sq and L in the horizontal force H are 

abnormally great, L is insignificant compared with the magnetic storm variations. It 

was completely ignored in our investigation. 
The magnetic storm (or D) variations at any station P (in latitude 6), that are added 

during a storm to the otherwise existing magnetic variations there, are resolved into 

two parts, denoted by Dst and SD. At the storm time T, reckoned from the storm com¬ 

mencement, let X denote the longitude of P measured eastwards from the midnight 

meridian; X is the local time of P, and may be reckoned in angle or time units. Let df 

denote the disturbance change in the magnetic element f at P at storm time T. The 

average value of df, round the parallel of latitude P, at time T, is denoted by Dst(f, T). 
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It i. a function of T (and of 6). and is called the rtorm time vmri^n at Utatude 6. The 
difference df-Det (f, T) is denoted by DS (f, T, X), indicating that it is a function of 
both T and X In paper C4, DS was named the disturbance local hm variation but it 

now seems pîeferabteto name it the disturbance longitudinal funfon 
of X, DS (f, T, X) can be analysed into its harmonic components ; the coefficients are ffino- 

tMAs we do*not have data for many magnetic observatories ranged round any one parallel 
oftt^rinot well determine DS for individual storms. Itisdetemnnedfromthe 
average of a number of storms of similar intensity, in which, at any storm time T, an 

nWvatorv has different local-time longitudes X. _ 

v&rifttion DS, « . of X, ««i Tov«re»ohofthefint,MOODd,tIiiid,.. .«tormd*ya,i*oqiav»lonttoSDitl*ed»UiH)«oe 

duly variation, for tboao daya. Ttaao .pedal oaaea wUl bedenotóí bySD-, ”D_ ' 
2 S The m-th harmonic component of DS or SD will be denoted y * 

’ For the variations Sq, D, Dst, DS, SD in any particular element, such as honsontol 
force H, east declination E (in force units) and vertical force Z, the element may be in 

dicated by adding its symbol: e.g., Sq(H), Dst (H). 

6. The method of analysis 

The material for this investigation consisted of tables of hourly values of the nu^netic 
diSdvn. obTryatod». ^ v.lo» w.. .ith^r ^^.orl.uHy 

-They refermi to local or duidard time. The drtaded dtKeren». of treatnemt 

applicable to these different cases need not be described here. . . . . 
The sequences of t hese hourly values during our magnetic storms indicated the vanations 

under Tdy. They had to be selected and transcribed and then 
In the transcription the hourly values themselves were not copied: ,n8t^ the ¿°" ^ 
hour differences were used. This had two advantages: more 
were smaUer numbers than the hourly values, and, more important, their use avoided 

complications ariting fmm miming hourly values, in 
later stage in the work, our various derived sequences of differences re^nV' 
into sequences of hourly values measured from chosen appropriate kvels.For datawith- 
out ndssing values the íesulte am identical with thorn that would be obtained using hourly 

TSFot each storm and observatory the hourly value whose epoch was closest to the SC 

llI0r^tl»b«»g..rton»«m.T = » 
uniformly over the day, the mean epoch for a set of such chosen hourly values wil oe 
close to T = 0, although some of these hourly values, within half an hour after the true 

sr timfM will be influenced by the storm to some extent. , 

we »md «U ^ 

of u 
d_,, d-,,..., dTl. Thus a few pre-storm hours, and the first thru storm day , 

naners C, * only the first two storm days were used). 
A »f will hem nigtiify the eeq»e»o«i <L for . p«tl<mlKel.m«t ohmrv.- 

4, ^3»* -"M“«1»" ^ the thm. »m of mmm.• For «ch «ot.o» of the 

data » serie, of releted aheete Sq, A, B, C end D w*. prepered. 
If date hwl been avmUbl. or »«d for «ch dmnent ^ obrnrymory for aU the etorm.. 

the »etion. of the data would have numbered 624, namely 3 (element.) X 2« (olwerva 
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tories) X 8 (the number of seasonal subdivisions of the sets of storms—of. Table 4). As 

the data for the seven southern observatories 20—26 were used only for the weak storms, 
there were actually 519 sections of the data. 

Consider a section of the data that contained n storms. These, and the «alendar months 

in which they began, may be supposed numbered in date order, s =¡ 1 to a « n. 

6.1 Tkt Sq sheet for this section of the data records the mean Sq variation for each 

of the n calendar months, derived, where available, from the five intomaiinnal quiet 

days in each—and otherwise from local quiet days or from all days. The has 24 

columns, marked 0 to 23, in which were entered the hour-to-hour Hiffiwynore (0) — (1), 

(1) — (2).(23) — (24). Wherever available, the Sq variations uncorreoted for the 

non-cyclio change were used. If two storms, s and s + 1, began in the same month, the 

entries in row s -f 1 would be the same as in row s. Means were computed for each «ni»»«« . 
and entered in row n + 1. 

6.2 The A sheets have 75 columns, headed —3 to 71. Its rows contains in these columns 

the hour-to-hour differences dm for the storm s. Missing hourly values in the original 
material would leave some blank spaces on the A sheet. 

6.3 The B sheets have 24 columns and n rows, numbered as on the Sq sheet. The entries 

in each row s were the same as in row s of the Sq sheet, but in general they were not in 

the same columns. If the SC time for storm s was at the Sq sheet hour h, the entries in 

row s of the B sheet began with the entry in row s and column h of the Sq sheet; successive 

entries followed, from columns h + 1, h + 2.23 of the Sq sheet; they continued 
with those from columns 0, 1, ..., h — 1. 

6.4 The C sheets (giving mean Dst). These sheets have 75 columns and n rows, which 

were numbered as on sheet A. tat x denote any column number, and [x] the number 

from 0 to 23 that differs from x, if at all, by an integral multiple of 24. The sheet C entry 

in row s, column x was the difference between the corresponding entry on sheet A, and the 

entry in row s and column [x] of sheet B. Means were formed for each column and entered 

in row n -f- 1. The sequence in row n I. given on an hour-to-hour difference basis, was 

re-converted into hourly values by successive addition. The series of 75 values so obtained 

is the Dst variation for storm time —3h to 71 h, reckoned from the level for storm time 

—4h. This series was re-calculated from the level for storm time — Ih; the resultant 

sequence was entered in row n + 2. Suitable checks on the arithmetic were applied at 
this and other stages of our analysis. 

The entries in row n + 2 represent the average Dst variation, that is, the total variation 

freed from the mean Sq variation, supposing this to continue unchanged throughout 

magnetically disturbed periods ; the DS variation is taken to be averaged out by combin¬ 

ing sequences for many storms. If the contribution from L is ignored (and except in H 

at Huancayo it is intrinsically small and almost completely removed in the means), 

row n -(- 2 corresponds to the average storm variation Dst. The entries in each row s give 

the combined Dst and DS variation, together with the irregular variations, in storm s: 
on an hour-to-hour difference basis. 

6.6 Eleven sheets D, (giving DS) were next prepared, each with s rows and 24 columns 

(0 to 23). Each sheet Dr contained entries from sheet C, for the hours of one interval r, 

where r has values from 1 to 11, of the 3 storm days. The intervals 1 to 8 were for successive 

6-hour intervals, covering the first two storm days; the intervals 9 to 11 were of 8 hours, 

completing the third storm day. On each row of the first 8 sheets Dr there were 6 entries, 

and on the remaining sheets Dr, 8 entries—all for the corresponding intervals of storm 

time on sheet C, in columns 0 to 71. For example, on the sheet Dj the entries were those 
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from (he columna 0 to 5 of sheet C. The other spaces in the rows of the sheets D were 
blank; mi—ing values in the original data sometimes added other blank spaces on the 
sheets D. The entries on sheet D were made according to their ¡ocal time. For example, 
if storm 1 began at local hour h, the first entry on row 1 of sheet C would be placed in 

column h of row i of sheet D. 
The mean for each column on each sheet D was then formed, and entered in row n -f* !• 

These m—»»■ were summed; the sum was in general not tero. Their mean (the sum divided 
by 24) was subtracted from each entry in row n + i. The difference«, entered in row 
n + 2, gave the mean DS variation on the hour-to-hour difference basis. The sequence 
was then re-converted into that of hourly values by successively adding the differences 
starting from the first column (corresponding to local time Oh); the resultant sequence, 
giving a variation reckoned from the level for local time 23 h, was re-calculated from the 
mean of the 24 values by subtracting the latter from each value. The sequence so obtained 
was entered in row n + 3, which gave the mean DS variation for the interval r of storm 

time. 
For the element H and the first interval, this procedure was slightly changed—the 

entries were those of the columns 0 to 5 of the sheet C, less the mean for each column, 
given in row n +1. This was to eliminate the rapid Dst(H) variation during the first six 
storm hours. In the later intervals the Dst variation was smaller and more uniform, and 
its influence in the determination of DS was removed in the change from row n + 1 
to row n + 2. This refinement of method was not used for the H data of the observatories 
1 to 4, in the highest latitudes. This was because there the irregular variations much 
exceed Dst, even during the first six storm hours. 

7. Combination of the results 

The above procedure gave Dst (row n + 2 of the sheets C) for each section of the data— 
that is, for each element and observatory and seasonal subdivision of the three sets of 
storms of different intensities. Likewise the D sheets (row n + 3) gave DS for each 
section of the data, for 11 intervals of storm time. 

This represents a considerable subdivision of our extensive material. The Dst and DS 
sequences showed irregularities, because accidental features of individual storms were 
not fully averaged out. Hence some corresponding sequences were grouped together, to 
give better averaging and reduced irregularities. 

(a) The seasonal sequences were suitably combined, to give annual mean sequences. 
(b) Some observatories were grouped together, and their sequences combined, as indi¬ 

cated in Table 2. The obsen atorics of Godhavn and Huancayo were alone in their respec¬ 
tive gm latitudes. Their sequences, and those of the eight groups of observatories, gave 
Dst and DS for ten gm latitudes (for weak storms: for moderate and great storms, for 
eight gm latitudes, as the southern observatories were not used in that part of our investi¬ 

gation). 
(c) For the two highest latitudes (Godhavn and Group 2), where DS is exceptionally 

great, and exceeds Dst, the Dst variation (from the initial value at storm time T = 0) 
was averaged over the first, second and third storm days, to obtain results less affected 
by DS and the irregular variations. For these latitudes an attempt was made to deter¬ 
mine DS first and then to determine Dst after removing the average DS. But this procedure 
did not improve the results; hence it is not discussed here further. 

(d) For the other latitudes, Dst was averaged over each of the last five half-days: the 
hourly values were retained only for the first 12 hours of storm time. 
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(e) The DS variationa for the first four intervale r (§ 6.6), comprising the first storm day, 

were combined to give SD» (§ 8). Similarly SD* and SD* sequences were formed from the 

DS sequences for the second four and last three intervals r. 

8. Conversion of the Dst results for H and E to geomagnetic N and E 

It has been shown by van Bemmelen (1898,1897) (with reference to the after-disturbance 
effect, but not to storms) that the Dst field lines lie nearly in gm meridian planes. To bring 
out this feature, the Dst sequences were converted, before combining the observatories, 
from the local magnetic north (H) and east (declination) to gm north and east ; the angle 
of conversion is <J/ —D (columns i, j of Table 2). Except for the observatories in groups 1 
to 3 this angle is small and the conversion is unimportant. Even for groups 1 to 3, Dst(H) 

is little altered, but Dst (E) is materially changed. 
The DS and SD results were not converted in this way. 

9. The storm-time variations Dst; scale differences in the diagrams 

Graphs ofthe Dst variations from row n + 2 ofthe sheets C(§ 6.4) are given in Figures 8 

(for Hgm), 6 (for Egm) and 7 (for Z). Each Figure has 3 panels, for the storms of different 
intensities, A (weak), B (moderate), C (great). The abscissae refer to storm time, from 
—4 h to 71 h; on the average, 0 h coincides with the SC time. Hourly points are shown 
by dots from —4 h to 11 h ; the later half-day means are shown by small circles. No smooth¬ 
ing was applied to the sequences on the rows n + 2 of the C sheets (§ 6.4). 

In Figures 5 to 7 and some later ones, the force scale is not the same for all groups: 
some of the high latitude graphs are shown on a contracted scale. To draw instant atten¬ 
tion to these scale differences, smaU black rectangles are given alongside the graphs: 
in each case the height corresponds to 10 gammas in Figures 6, 6, 7, and to 80 gammas in 
Fig. 27, and the width to 12 h. Thus a reduced scale is indicated by a rectangle of dimin¬ 
ished height. For example, in Fig. 8, the force scale in panel C (for great storms) is 
contracted (about twofold) as compared with panels A, B. In other diagrams, as in Fig. 8, 
a scale change is indicated by a number (the scale contraction factor) enclosed in a circle. 

Only panel A has graphs for the observatory groups 9, 10, as their data were used only 

for weak storms. 

9.1 The variation D«t(Hgm), shown in Fig. 5, is first an increase, foUowed by a larger 
decrease, and afterwards by a slow recovery towards normal. The graphs for Godhavn 
and group 2 do not show the first phase, because only the daily mean points are plotted ; 
in their latitudes the irregular variations are so great that the available number of mag¬ 
netic storms does not suffice to give reliable hourly or bihourly meansfor Dst (see $ 7, (c)). 

Some numerical characteristics of Dst (Hgm) in the first pliase of a storm are listed 
in Tables 6 and 6. Table 6 gives the maximum increase of Hgm in the first phase, for the 
different latitudes and sets of storms. The values given must be lees than the true maxima, 
because the use of hourly values in this investigation inevitably introduces some smooth¬ 
ing, especially of the fairly rapid variations during that phase. 

The increase is most for the great storms: there is little systematic difference between 
the values for the weak and moderate storms—except at Huancayo. There, for all inten¬ 
sities, the increase is abnormally great. This matter is further discussed in § 16. 
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Table 5 

Drt(Hgm) in the flr»t phan, in different Utitudee, for weak, 
moderato and great (tonna. Unit: 1 gamma. 

Observatory group $ 4 5 6 7 8 

M—« gm latitude 58« 5t° 43° 28° 81° —1° 

Weak storms 
Koderate storms 
Great storms 

5 11 11 U 14 85 
6 8 10 10 11 15 

10 17 30 12 15 SO 

Table 8 Bate the storm times at «hieb, in different latitudes, and for etorme of different 
intensities, Hgm returns to its pre-storm value, on its way towards the decrease that marks 
the main phase of the storm. It is not easy to assign probable errors to these tunes, and 
to assess the reliability of any apparent variation of the time with respect to gm latitudes. 
But the shorter time for the more intense storms is probably a valid result, and mig 
be expected in view of the undoubted similar intensity-dependence of the time of maxi- 

mum of the main phase, that is, of the epoch when Dst (Hgm) attains m™m®m 
This time is near 18h for the averege great storm; for the averege moderate storm it» 
between 24 h and 30 h; for the average weak storm the epoch is uncertain Dst (Hgm) 
remains near its minimum level throughout the second and third days, and at the end 

of the third day it is not dear whether the recovery phase has begun. 

The recovery phase of Dst(H) and of DS is further discussed in 115. 

TabU 6 

Approximate (torm timea at which in different latitude« Drt(Hgn) «* 
pre-storm level, in weak, moderate and great (tonna. Unit: 1 

ita 
hour. 

Observatory group 
3 4 5 6 7 8 

Mean gm latitude 58° 52» 42° 28° 21° -1° 

Weak storms 
Moderate storms 
Great storms 

1.0 4.0 4.0 4.0 3.8 2.8 
l* 3.2 2.3 2.0 2.1 1.8 
1.0 2.0 U 1.5 1.2 \A 

Table 7 gives the magnitude of the decrece of H at the maximum of the main phase 
of a storm, for each intensity set, and in eight gm latitudes. It gives abo the ratios of 
these magnitudes, moderate/weak and great/moderate. TTiese ratio, are les. rehable for 
Godhavn and latitude 05° than for the other latitudes, because the former *™denved 
only from daily means. The overall mean ratio great/moderate, 2.2, differs littte fro 
the ratio of their mean intensity indices (91/44 or 2.07: Table 3). But the Utter ratio 
(44/16, or 2.76) for moderate/weak exceeds the mean ratio 2.1 given in Table 7. 

TabU 7 

“■feuded the dsOTswe of ^ 

Observatory group 
1 2 3 4 5 6 7 8 

Mean gm latitude 80° «5° 58° 52° 42° 28° 21° -1° 

Weak storms 
Moderate storms 
Great storms 
Moderate/Weak 
Great/Moderate 

10 14 12 13 !» 19 “ “ 
23 30 28 29 37 39 48 w) 
48 62 58 52 76 88 102 116 Mewi 
2 3 21 2 3 2.2 2.5 2.1 1.9 2.1 2.2 
2.1 U U IA 2.1 2.3 2.1 1.9 2.1 
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FANIL B MODI RATE STORMS 
FANIL A WIAK STORMS 

FANIL C ORIAT STORMS 

Figure «. See p. 23 and below. The variation I)*t in the geomagnetic ^3 
time Hourly poinU from -4 h to 11 h are shown by dots; the later half-day means by «n^wcles. ^r80 and »0 

(graphs I and 2) circles refer to daily means. In the black rectangles at the foot of each panel the height corresponds to 

gammas and the width to 12 hours. 

9.2 The variation Dst(Egm) is shown by Fig. 6 to be small except in high latitudes. The 
irregularities in the graphs show that the accidental storm variations are incompletely 
canceUed out. Comparison of Fig. 6 with Fig. 5 shows that, at least over the greater part 
of the earth, the Unes of force of the Dst field Ue in gm meridian planes. At Godhavn 
Dst (Egm) seem to be systematically eastward in storms of all intensities. Also Dst (Egm) 
may be westward in latitude 65°. But these may only be consequences of the sparseness 
of the stations and their data. If Dst(E) were symmetrical around the gm axis, whether 
eastward or westward, it would imply that • ds round the circle of gm latitude differed 
from zero, and that there were electric currents crossing the earth’s surface, of completely 

unlikely magnitude. 

9.3 The variation D«t(Z) shown by Fig. 7 is much less than Dst(H) in aU latitudes 
except at Godhavn (note the 2J-fold scale contraction for the Godhavn graph for great 
storms). The recovery in Dst(Z) seems to be notably slower than in Dst(H). 



O a 24 M 4« 
STORM TIME 

UNIFORM SCALE IN THIS PANEL 

Figure 7. See pn. 23,28. The variation Dst in the vertical force Z. The abeciaaae refer to storm time. Hourly pomta from 
—4 h to 11 h are iihown by dota; the later half-day means by small circles. For 80° and 8fl° (graphs I and 2) circles refer 
to daily means. In the black rectangles at the foot of each panel and alongside the graph 1 m panel C the height corre- 
sponds to 10 gammas and the width to 12 hours. 



10. The Sq and SD variations 

Figs. 8, 9, 10 illustrate Sq and SD* (n = 1,2,3) for the elements H, E, Z. The Sq 
variationk are those given by the Sq sheets (f 6.1), for the set of weak storms; those for 
the moderate and great storms gave, not surprisingly, essentially the same results. In 
each Figure the first panel illustrates Sq. Then follow three sets of three panels each; 
each set gives SD* (n = 1,2,3) for the first three storm days, for one of the three intensity* 
sets of storms, in the order weak, moderate, great. The foroe-scale is uniform except 
where otherwise indicated—by a number enclosed in a circle (of. 19). The abscissae for 
Sq refer to standard local time, those for SD refer to gm local time. The mean différence 
between gm and standard local time is given for each observatory in column (h) of Table 2. 
It is «mall for the lower latitude observatories, but for the observatories 1 to 5 it is worth 

taking into account. 
The Sq graph for Godhavn is omitted because it was clear that, as given by the Sq 

sheet (18.1) it consisted partly of SD. Thus, even when magnetically quiet conditions 
exist in the lower latitudes, the ionosphere at Godhavn still seems to be affected by the 
D field—the ionosphere is not ionized only by solar ultraviolet light ({ 5). 

10.1 Sq and SD i» the horizontal force H. From Fig. 8 it is immediately evident that 
SD on the three storm days has a constant type and decreasing range; its type differs 
considerably from that of Sq. The Sq variation is greatest during the day hours: for SD 
the variation at night is comparable with that by day. The SD variation is mainly diurnal, 
the first harmonic being clearly predominant: this is not the case for Sq. Both variations 
are approximately symmetrical with respect- to the equator, and are reversed at certain 
“focal” latitudes. For Sq this latitude is between 42° (graph 5) and 28° (graph 0); for 
SD it is between 58° (graph 3) and ¿2° (graph 4)-nearer to the latter—for weak and 
moderate storms; for great storms the focal latitude may be a little to the south of 52° 
during the first two storm days. Unlike Sq, SD increases greatly towards auroral latitudes, 
but seems to decrease again towards the pole. 

Over the latitude range 42° to 21° (graphs ß to 7) SD(H) is constant in type, but it 
becomes less regular near the equator. Graphs 8 to 10 show that both Sq and SD preserve 

their type as the equator is crossed. 
At Huancayo Sq(H) is abnormally large, but SD(H) appears normal, except that its 

range seems to decrease from the first to the third storm day more rapidly than else¬ 

where, in weak storms. 
The Huancayo graphs (8) for SD1 for weak and moderate storms have a secondary 

maximum near noon, as if Sq were enhanced during such storms; if this were so, the 
enhancement would (according to our procedure) be superposed on SD. 
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10.2 Sq and SD in deelinaltm E. In type, Sq(E) is constant, and its phase is uniform, 
from latitude 65° (graph 2) to 210 (graph 7); the phase is reversed on crossing the equator. 
Similar remarks apply to SD(E). At Huancayo (graph 8) Sq(E) is peculiar, and not 
merely transitional in character; SD(E) seems to be of southern rather than transitional 
character. Unlike Sq(E), SD(E) increases greatly towards auroral latitudes, and the 
increase continues up to gm latitude 80° (graph 1), with approximately constant phase. 

As with SD(H), SD(E) does not show any marked enhancement, as Sq does, in the 

day hours. 
10.« Sq and 8D t» the vertical force Z. Between gm latitudes 88° (graph 3) and —46° 

(graph 10) Sq(Z) preserves a constant type, reversed on crossing the equator. Similar 
remarks apply to SD(Z), but its ampUtude (unUke that of Sq) increases rapidly towards 
85° (graph 2), and is reversed on crossing to within the auroral cap (graph 1). On the 
first day of great storms the reversal occurs at a lower gm latitude, below 05#. 

Like SD(H) and SD(E), SD(Z) proceeds at a similar rate by night as by day, unhke 
Sq(Z). As in H and E, SD in Z is quite different from Sq in type and d‘ tribution. 
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11. VectograniB of Sq and SD 

The difference between Sq and SD is illustrated still more dearly by their vectograms 
The complete Sq or SD vectogram is a time-marked three-dimensional curve, traced 
out by the end of the corresponding field vector drawn from a fixed origin. At many 
stations the variations of the vectogram are greater in the horizontal plane than along 
the vertical, and then it is most convenient to deal only with the horizontal projection 

of the vectogram, determined only by the H and E variations. 
Figs. 11—16 show such horizontal vectograms for Sq and SD for Godhavn and for 

latitudes 65° (Fig. 11), 68° (Fig. 12), 62° (Fig. 13), 42° (Fig. 14), 28° (Fig.15). 21°. “1 > 
— 17° and —46° (the last four in Fig. 16). Except for Godhavn (§ 10), each diagram 
gives one Sq vectogram, from the Sq sheet (§ 6.1) for weak storms, and three sets of 
three SD diagrams, for SD1, SD*, SD* for weak, moderate and great storms; for each 
latitude the scale is the same for all the vectograms. (In Figs. 14 and 16, Sq and SD 

vectograms for weak storms only are shown.) 
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The directions of local magnetic N and E, and of gm and gg N, are indicated separately. 
The force-scale is marked on the local magnetic N axis, or indicated by a black rectangle. 
For each vectogram the line is drawn heavier for the day half (6h to I8h) than for the 

^In all cases the vectograms show the decrease of 8D from the first to the third storm day, 

with little change of type. ., 
The 8D vectograms for Godhavn (808 gm) are nearly circular; the homontal force 

vector routes clockwise. Those for Utitude M8 are strikingly different; they are thin, 
and extend along a direction lying between gm and gg N. This direction is appro j = nately 
perpendicular to the auroral «me. From this form of the vectogram it is inferred that ö 
is produced by a nearly overhead laterally limited current flowing along the tone, wi 
direction and magnitude that change with local time. Such a narrow current is called 

an dedrojet—in this case, the auroral electrojet. ,., 
The Sq vectogram for this latitude (68c) is nearly circular, and shows no influence of the 

electrojet. Ite range is much smaller than that of SD, even on the third day of weaK 
storms. Unlike the SD vectograms, most of it is described during the half day centered a 

noon. 

WEAR STORMS MODERATE STORMS 

igure 11. See above. The horizontal vectograms of SD for Godhavn (80°) 8££r 
m'latitude 85». The three SD seta (of three vectcÿurn. each) Ä 

E. mk! of gm N mdiyd. T..^ ^ ^ 

Ätr.Ä'a.t .«cs ä sä M 
rams to gm local time. 
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WEAK STORMS 
GREAT STORMS 

Ä. «x»d »d .hM «on. ^ n»^i",rí ? N 

««»*-. ^ 
i inJ. and thane beeide the 8D vectagrame to gm local time. 

WEAK STORMS MODERATE STORMS 

SO* 

i du .1 na» i via i£t the So vcctoitrant is wmiUur in shape to that in Fij* 11* but 

I*18* • _i -m intensitv they become elongated, more resembling those of Fig. 11 at 
increasing «torn inte J Thisfataken to indicate that the N auroral tone 

least during h . .. ■ „ th.» op vectograms are described in the 
draws southward as the storm intensity increases, lhe su vecrogr» 

vectograms also are elongatea in in ^ of the SD vectograms 

there is some tendency ^ revert to J£ the N_s d^on corresponds 

=Âïar.rrr-s:ssrÂ 
to the third storm day is most marked for the great storms. 
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Figure 14 (above) and 15 (below). See below. Horixontal vectomms of 8q and 8D» (n = 1,2, 3 for 
the finit three storm days). Fig. 14 refers to group 5 <gm (at. 424) for weak storms only ¡ Fig. 15 refers 
to group 5 (28°), separately for weak, moderate and great storms. The directions of local magnetic 
ana gg N and E, ana of gm N, are indicated in each vectogram as in Figs. 11—13. The force scales are 
■lightly different in Figure 14 and Figure 15, but are the same for all the yectograms in each of these 
sets; uiey are marked on the local magnetic N axis, and in Figure 15 it is also indicated by a black 
(open) rectangle. The numbers beside the vectograms refer to standard local time in the 8q vecto- 
grams, and also in those for 8D in Fig. 14; in Fig. 15 those for 8D refer to gm local time. 

At latitude 42° (Fig. 14) the Sq diagram baa become still flatter, though still described 

clockwise, as in higher latitudes; the Sq focus is nearer. The distance from the SD focus 

is increased, and the SD diagrams (shown only for weak storms) are more nearly circular; 



Fig. 16. See below. Horizontal vectogramz of Sq and SDn (n « 1, 2,3 for the fint three storm days) 
for weak storms, for groups 7, 8, 0 and 10 (gm lata. 21°, —Io, —17° and —46°). The various N and 
E directions are indicated as in Figs. 11—13, 15. The force scales are indicated on each gm N axis; 
they are all the same except that the Huancayo Sq diagram is reduced fourfold. The numbers beside 
the vectograms all refer to standard local time. 

their sense of description remains anticlockwise. The 8D change is rather greater by night 
than by day, and (in weak storms) less than in Sq. 

At latitude 280 (Fig. 16) the Sq vectogram is looped : the Sq focus is near. The SD vecto¬ 
grams are still smaller relative to Sq. 

At 210 latitude (Fig. 16) the Sq vectogram is described in the anticlockwise sense, and 
is still narrow along the meridian. The SD vectograms, on the contrary, are elongated 
in that direction, and their course is about equal by day and by night. At Huancayo 
(_ Io) (Fig. 16) the Sq vectogram is abnormally large in the meridian direction (indi¬ 
cating, in association with other evidence, the near presence of the daytime equatorial 
electrojet). The SD vectograms do not share this enhancement. In the southern hemi¬ 
sphere the SD vectograms for latitude —170 (Fig. 16) resemble those for N latitude 21 °, 
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except their aenae ia reversed (clockwise): this is because SD(E), but not SD(H), 
is ravened on crowing the equator. But Sq at —170 différa rather surprisingly from that 
at 21 °. The Sq and SD vectograms for latitude —46° (Pig. 18) are reasonably similar to 
thow for latitude 42°, except for their reversal of sense. 

12. The first and second harmonic componente ot DS and SD 

The DS variations obtained on the sheets Dr (§8.5) were harmonically analysed, 

according to the formulae: 
£(■• cos nX. + ba >in nX«) 
■ 

or 2o»sin(nX, +«»). 
1 

Here X« denotes local time, or longitude relative to the sun, measured eastward from the 
midnight meridian. For moderate and great storms (but not for weak storms) a correction 
for the difference between gm and standard local time (Table 2, column h) was appUed 
to the phase angle a«. The factors a*, bn, cB were expressed in gammas. 

Table 8 (pp. 50—51) gives the valuw of ai, b, thus calculated. To obtain a first broad 
view of these results, those for the 4 or S intervals r of each storm day were combined, 
to give the corresponding harmonic coefficients of SD1, SD* and SD*. Also, to examine 
whether the higher harmonics (3rd and 4th) have any importance, they also were calcu- 
ated for each of the three storm days, from the combined SD sequences for the 10 
observatories of groups 4 to 7 (latitudes 54° to 20° gm). They were found to be very 
Ismail and irregular, and are not given or further considered here (see the note on p. 53). 

The first harmonic of DS (and therefore also of SD) is predominant at all latitudes, in 

all three elements, and at all storm times. 
Harmonic components of a daily variation can conveniently be indicated graphically 

by harmonic dials. One dial serves for one frequency. Here only the first and second 
frequenciw, of 24 and 12 hours period, are considered. The dial position of a point indicates 
by its co-ordinates the factors at, bt. By Ha distance from the origin H indicates cn. 
By its direction from the origin it indicates the phase <ra, reckoned anticlockwise from the 
rightward horisontal direction. Further, if the dial is regarded as the face of a clock 
recording the time by n circuits of its hour hand each day, the direction of the dial point 
from the origin indicates the time(s) of maximum. For the first and second harmonics 
the dial must be regarded as the face of a 24-hour clock or of an ordinary 12-hour clock. 

Figs. 17 and 18 give harmonic dials respectively for the first and the second harmonic 
of the combined SD for groups 4 to 7, mean gm latitude 36 °. Dial points are given for 
SD1, SD*, and SD*, and the succewive points are connected. The 8D(H) dial points are 
given relative to the usual directions (as shown) of the dial axw. To illustrate the degree 
of similarity of th? progression of SD(E) and SD(H), in amplitude and phase, from the 
first to the tuJ,’ day of a storm, the SD(E) dial points are shown relative to dial axes 
turned clockwise through 90°, reUtive to those for SD(H). The SD(Z) dial points are 
shown relative to dial axes rotated through 180°. Arrowed arcs, a quadrant for E and 
a semicircle for Z, show the rotations needed to bring the dial axes for these SD(E) 
and SD(Z) dialgrams into the usual directions. 

Similar systematic changes in the first harmonic component of SD, from the first to 
the third storm day, are evident (Fig. 17) in all three elements, and in all three intensity 
sets of storms. The second harmonic is smaller than the first, but the storm-time changes 
in it, shown by Fig. 18, may be real; they will not be further considered here. The first 
harmonic shows not only a decreasing amplitude, but also an increasing phase angle, 
as storm time proceeds. The change of phase implies an earlier time of maximum. 
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Figure 17. See ( 12, p. 36. 
The harmonio díala for the 
fini harmonie component 
of SD in H, E, Z, for 
weak, moderate and great 
storma. The dial pointa 
1,2,3 refer to SD on the 
first, aecond and third 
storm days. The SD(E) 
dial points are shown rel¬ 
ative to dial axes turned 
clockwise through 90°, 
relative to those for 
SD(H). The SD(Z) dial 
points are shown rela¬ 
tive to dial axes rotated 
through 180s. Arrowed 
arcs show the rotations 
needed to bring the dial 
axes for the SD(E) and 
SD(Z) d¡o]gram¿ into the 
usual directions. The dials 
refer to *he combined SD 
for observatory groups 4 
to 7, mean gin latitude 
36°. 

WEAK STORMS 

MOOERATE STORMS 
GREAT STORMS 

-2 

I 0 

Figure 18. See § 12, p. 36. The 
harmonic dials for tne second 
harmonic component of SD in 
H, E, Z, for weak, moderate and 
great storms. The dial points 
I, 2,3 refer to SD on the first, 
second and third storm days. The 
SD(E) dial points are shown 
relative to dial axes rotated 
through 90°, relative to those 
for SD(H). The SD(Z) dial 
points are shown relative to dial 
axes rotated through 180°. Ar- 
rowed arcs show the rotations 
needed to bring the dial axes for 
the SD (E) and SD (Z) dialgrams 
into the usual directions. The 
dials refer to the combined SD 
for observatory groups 4 to 7, 
mean gm latitude 36 . 

SO, (H) SO, (Z) 

t o 

4, 
WEAK STORMS 

MOOERATE STORMS 
GREAT STORMS 
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13. The fini harmonie component of D8 in different latitudes 

The DS coefficients in Table 8, for the 11 intervals of storm time, and for the small 
groups of observatories, are naturally more affected by accidental errors than are the 
condensed results illustrated in Figs. 17 and 18. Even so, it is of much interest to «Tamina 
more closely how DS varies with the storm time, and in different latitudes. 

To reduce the accidental error in this part of our analysis, we combined the DS results 
from all the storm intensities. The DS coefficients for the higher storm intensities were 
reduced by appropriate factors, determined from the data themselves, so as to give, in 
combination with the coefficients derived from weak storms, values representative of 
such storms. 

For Godhavn and latitude 08 ° the reduction factors were } (moderate storms) and 1 
(great storms). For latitudes 580 and 520 the factors were | and §. For Huancayo (latitude 
— 1 °) they were 1 and ). The weak storm results for the two southern groups (9,10, mean 
latitude —32°) were combined, and results for moderate and great storms were not 
included. 

It might appear more satisfactory to combine the results for the three storm intensities 
in the same proportions for all latitudes. But DS does not vary with storm intensity in 
the same way in all latitudes, nor at all storm times. The different factors for reduction 
to weak storm intensity illustrate the varying dependency of DS on storm intensity 
in different latitudes. The object here is to obtain results for the storm time variation of 
DS, appropriate to weak storm intensity, with reduced accidental error, by using all 
or nearly all of our storm data. 

The results are illustrated in Figs. 19—24, by harmonic dials; some of those for E 
and Z arc rotated in the way described in $ 12. 

All the dials confirm the indication of Figs. 17 and 18, that there is a systematic storm¬ 
time change of DSi in phase and amplitude. The changes are greatest during the first 
half-day. 

Fig. 19, for Godhavn (80°), indicates a rapid large change of phase of DS, in both H and 
E, during the first twelve hours of storm time. 



Tho dúü» »re »ppropnato to wc*k ‘L lo^i |ÍÍ<11 »pectively. In^l# the 8D(E) dkl 
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“ ‘JJ™*1 “Vo^thk^ri SÎn ^Thcfilial ¿inuí-8 refer to the «ret eight « how interval, of korm 
re^ÄST8-hour intervd. of the third .«onn day. 
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Figures 21 (top) and 22 (middle) and (below) 23 (left) and 24 (right). See { 13, p. 38. Harmonic dials for 
the first harmonie component of D8 in H, E, Z (in Fig. 23. for H only). The dials are appropriate to 
week storm intensity; m Figs. 21, 22, 23 data for moderate and great storms are combmed with those 
for weak storms with reduction factors | and J (Figs. 21,22) or 1 and I (Fig. 23) respectively. Fig. 21 
(top) refers to the four observatories of group 3 (mean gm lat. 58°), Fig. 22 to the four observatories 
of group 4 (62°), Fig. 23 to Huancayo (—1°), Fig. 24 to the other seven southern observatories,groups 
9, 10 (—32°). In Figs. 22, 24 the DS(E) dials have been turned through 90° (clockwise m Fig.22, 
anticlockwise in Fig. 24); in Fig. 22 the DS(Z) dial lias been turned through 180°; arrowed arcs show 
the rotations needed to restore the usual orientations. The dial points 1—8 refer to the first eight 
6-hour intervals of storm time; the dial points 9—11 refer to the three 8-hour intervals of the third 
storm day. 

\ 
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Figure 2fi. Seo I 13.1. The 
harmonie <liak for the timt 
harmonie eomponent of OS 
in H, E, Z, for weak, mod¬ 
erate and great atorma: 
from obaervatoriea between 
the DS focal latitude and 
the equator (mean gm lat¬ 
itude 30°). The DS(E) dial 
pointa are ahown relative 
to dial axea turned clock- 
wiae through 90°, relative 
to thoee for DS(H). The 
DS (Z) dial pointa are ahown 
relat ive to dial axea rotated 
through 180°. Arrowed area 
show the rotation« needed 
to bring the dial axea for 
DS(E) and DS(Z) into the 
uaual directiona. The dial 
pointa 1—8 refer to the Aral 
6-hour intervala, and the 
dial }M>inta 0—11 to the 
following three 8-hour inter¬ 
vala. 

DSt MAN LATITUDE K° 

For group 4, for a latitude near the DS focus, the DS(H) dial vectors are all small. For 
Huancayo (Fig. 23) the DS vectors are rather irregular, and only the DS(H) dial is shown. 

The harmonic dials for the mean of the seven southern observatories (mean latitude 
—32°) are shown in Fig. 24. They are derived only from weak storms. 

13.1 DS for different storm intensities: between its focal latitude and the equator. Fig. 25 
shows the course of the DS variation, in the three elements, and for the three intensity 
sets of storms, for a mean latitude between the SD focus and the equator. It is obtained 
by combining the DS, harmonic coefficients for the 6 observatories of the groups 5, 6 
and 7 (latitudes from 44° to 20°, mean 30°), and also combining the DS, coefficients for 
the intervals 5 to 8 (covering the second storm day) and 9 to 11 (for the third day). The 
E and Z dials are rotated clockwise by 90° and 180° respectively. 
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In all three elements the regularity of change of amplitude and phase is evident. The 
change is greatest during the first twelve hours or so. The phase changes are essentially 
similar in all three elements, for all three intensities. 

14. DS in the first six storm hoars 

In C« the harmonic coefficients at and hi for DS, were determined for the first four 
individual hours of the average storm. In that paper the analysis was based on the records 
for 40 storms and for 8 observatories; hence the average number of values contributing 
to each local hour was 40x8/24 or about IS. 

In this paper we determined DS,, in H and E, for each of the six hours in the first 
quarter-day interval of weak, moderate and great storms, separately. This was done by 
adding the six entries in sheet D, (| 6.8) separately for storm hours 0 to 5, and by applying 
the same method as was described in § 6.5. The observatories used in this analysis were 
the same as in $ 13.1: six in number, in latitudes from 44° to 20°, mean 30° gm. The 
average number of entries contributing for each local hour (or X«) was 29 (702/24), 
27 (658/24) and 15 (359/24), for weak, moderate and great storms, respectively. 

Fig. 26 show’s the harmonic dials for H and E, in the 24-hour component of DS, thus 
determined; those for E are rotated clockwise through 90°. The dial points 0 to 5 refer 
to the first six hours. Those corresponding to the succeeding three quarter-day intervals 
and to the second and third days are also plotted ; they are the same as in Fig. 25. In each 
dial the point for the mean of the first six hours (dial point 1 in FH 25) is indicated by 
a cross circled and connected by broken lines to the point referring to the second quarter- 
day interval. The origin of the dials refers to hour — 1, the epoch that is supposed to be 
unaffected by the storms. This last remark also applies to all the harmonic dials mentioned 
in §§ 13, 13.1. 

In both H and E the greatest change in amplitude and phase occurs in the first six 
hours. The small amplitudes for the mean of this interval, as shown by the dial points 
1 in Fig. 25, are due to the rapid changes in phase during the interval. 

The dialgram for great storms shows that at 2 hours storm time, DS, in both H and E, 
has a phase opposite to that for the second and third storm days. The figures for weak and 
moderate storms show a similar phase reversal, though not quite so complete, between 
the early storm hours and the later storm days. 

In C4 these large initial amplitudes and phase changes of DS, were not found; but the 
independent evidence provided by the six dials in Fig. 26 clearly establishes the existence 
of these phenomena. 

\ 
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15. A comparison of the Dst and DSi changes 

Fig. 27 illustrates the different rates of evolution of Dst and of the range (2et) of DS| 
during the first three days of magnetic storms. It shows graphs of Dst by full lines, and 
of DSi by broken lines, for the three elements, and for weak, moderate and great storms. 
Merely for ease of comparison, the ranges are plotted with negative sign, because Dst(H), 
the chief storm-time variation, is mainly negative. The scale of the graphs for the three 
highest latitudes is contracted 2-fold, as shown by the black rectangles (| 9). 

At 80°, well inside the auroral cone, and at 65near the tone, DS greatly predominates 
over Dst. At 65° latitude, DS(H) greatly exceeds DS(E), because of the proximity of the 
auroral zone and its electrojet. 

The graphs for the great storms suggest that the electrojet at such times approaches 
the latitudes of group 3 (58°); DS(Z) is large at 52° during great storms. 

At 58 °, though Dst is still small compared with DS, it begins to show the characteristics 
that mark it throughout middle and low latitudes. 

At still lower latitudes Dst(H) and DS(H) rise to maxima at the equator, while in E 
and Z they decrease, to be reversed on crossing to the southern hemisphere. 

As shown in C4, the amplitude or range of DS varies with storm time very differently 
from Dst. The main difference is that DS attains its maximum earlier, and dies away more 
rapidly. The phase changes that accompany these changes of amplitude are not shown 
in Fig. 27. Our work establishes that these changes, found in C( to characterize moderate 
storms, are shown also by weak and great storms. In addition, new facts regarding the 
rapid changes of DS during the earliest storm hours are here found (Figs. 26) from the 
study of the three groups of storms. 

Fig. 28 shows DS(H) and Dst(H) for the mean of the 6 observatories of groups 5, 6, 
and 7 (mean latitude 30°), for weak, moderate and great storms: they supplement Fig. 26, 
which shows also the phase changes of DS. For the three intensities of storms, Fig. 28 
indicates that in these latitudes the maximum ranges (2C|) of DS(H) are nearly the same 
as the maximum decrease in Dst(H). 

The time in which DS(H) later decreases to half its maximum amplitude is about 
30 hours, 27 hours and 12 hours, for weak, moderate and great storms, respectively. The 
corresponding time for Dst(H) for weak and moderate storms is longer than 3 days, and 
consequently our work does not determine it. By the middle of the third day (storm time 
60 hours) the recovery of Dst(H) is only a few per cent for weak storms, and about 25 
per cent for moderate storms. For our great storms the time for half recovery is about 
45 hours. These remarks apply to middle and low latitudes. In higher latitudes the small 
magnitude of Dst and the greater irregularities in DS make such estimates difficult and 
doubtful. 
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Figure 27. 8ee § 15. Illustrating the different rates of evolution of Dst and of the range (2c.) of DS, 
during the first three days of weak, moderate and great storms. Dst graphs are shown by full lines, 
and DS, by broken lines. For ease of comparison the ranges are plotted with negative sign. The force 
scale of the graphs for the three highest latitudes is contracted 2-fold. In all graphs the height of the 
black rectangles corresponds to 50 gammas and the width to 12 hours. 

Figure 28. See $ 15. A comparison of the rates of evolution of Dst(H) and the range (2c.) of D8,(H), 
during the first three days of weak, moderate and great storms: mean of groups 5, 6 and 7, mean gm 
latitude 30°. Dst curves are drawn with full lines, and those for D8 with broken lines. 
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16. The storm variations near the geomagnetic equator 

The Huancayo magnetic observatory was established in 1822, by the Department of 
Terrestrial Magn«ti»m of the Carnegie Institution of Washington. This led to the surprising 
discovery that there Sq(H) is considerably enhanced. Subsequent investigations have 
shown that this enhancement is confined to a narrow belt of latitude, and that Huancayo 
is near the center of the belt. The existenoe of such an enhancement has since been demon¬ 
strated in other longitudes. The enhancement is ascribed to the presence of an eastward 
(equatorial) electrojet over Huancayo, during some of the daytime hours. Moreover 
Sqa(H), the augmentation of Sq(H) during solar flares, is enhanced like Sq(H). Later 
Bartels (1936) found that at Huancayo L(H), the lunar daily variation, is relatively 
even more enhanced than Sq(H). One of us (Chapman 1951) suggested that the D field 
does not share this enhancement. Our results confirm this suggestion as regards SD and 
the main phase of Dst. But several authors have independently shown that during its 
first phase the storm field is enhanced at Huancayo. Ferraro and Unthank in 1951, and 
later independently Sugiura in 1953, showed that the amplitudes of sudden storm com¬ 
mencements are enhanced at Huancayo during the hours of sunlight. Vestine in 1953 
drew attention to a similar enhancement of Dst(H) during the first storm phase (of. also 

Vestine and Forbush 1955). 
Fig. 29 shows the mean amplitude (in H) of the Huancayo SCs of 180 storms (74 weak, 

60 moderate, 46 great) for each of six 4-hour intervals of local time. It shows a maximum 

enhancement at or near noon. , t 
Fig. 30, for Huancayo, shows the actual difference in the total storm variation, Dst + DS, 

between storms commencing during the hours of sunlight (6 h 18 h) and those commenc¬ 
ing during the hours of darkness (18 h—6h). It shows such total variations for weak 
and moderate storms. In Fig. 30 the hourly mean point for Oh is replaced by the mean 
amplitude of the SC. However, for comparison the combined day and night mean hourly 
value for 0 h is also shown, and is connected to the point for Ih by dotted lines. The 

daytime enhancement of the first phase is evident. 

Figure 20. The mean amplitude (in H) of the Huancayo SCs of 180 storms (74 weak, 60 moderate, 
46 great) for each of six 4-hour intervals of local time. 
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By definition Dst is the total field averaged over all longitudes around each latitude 

circle; tho residual variation is DS. Hence if the enhancement of the total field, or part 

of it, is not uniform around the latitude circle, DS is necessarily influenced. Thus it is, 

in principle, not possible to speak of the abnormahty in Dst and DS separately. However, 

the large irregularities at Huancayo make it difficult to determine the regular changes in 

DS. It is still uncertain whether or not DS at Huancayo differs systematically from that 

for adjacent low latitudes. 

Figure 30. See § 10. Illustrating the daytime enhancement at Huancayo of the first phase of the 
storm field. The total storm variation, Dst + DS, during the first three days, is shown by full lines for 
storms commencing during the hours of sunlight (8h—18h), and by broken lines for those commencing 
during the hours of darkness (18 h--0 h). The lower Figure refers to 74 weak, and the upper one to 
00 moderate storms. The mean hourly value for 0 h is replaced by the mean amplitude of the SCs of 
the storm in each set. For comparison the mean hourly value for 0 h is also shown, and is connected 
to the point for 1 h by dotted lines. 
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In contrast to the Huanoayo abnormality in the variations Sq, L, SC and the first 
phase of magnetic storms, the disturbance daily, variation, SD, and the daily mean, Dm, 
are normal (Chapman 1951). The nature of the irregular changes, Di, has not yet been 
investigated. 

. . . 

17. Conclusions 

A new numerical intensity index was assigned to each of the 346 storms analyzed in 
this study. The index was based on the maximum decrease in H in the main phase, averaged 
over moderate and low latitudes ($ 4; the indices are listed in Table 1). 

The variation Dst(Hgm) is first an increase, followed by a greater decrease, and later 
by a slow recovery towards normal (Fig. 5). The initial increase is greatest for the great 
storms; but there is little systematic difference between its values for the weak and 
moderate storms. The sudden commencement and the increase in the first phase are ab¬ 
normally enhanced at Huancayo during the daytime (§ 16, Figs. 29, 30). 

The SD variations are essentially the same in type throughout the three storm days 
and for all three storm intensities (Figs. 8—16). The Sq variation is greatest during the 
day hours, whereas in SD the variation at night is comparable with that by day. The 
focal latitude for Sq is between 42° and 28°; for SD it is near 52s. 

The vectograms of SD for gm latitude 58 s (Fig. 12) indicate that the north auroral 
zone draws southward as the storm intensity increases. The SD(H) graphs for great 
storms for gm latitude 52 ° (Fig. 8) indicate that the SD focal latitude moves slightly 
to the south of 520 during the first two days of great storms. 

The harmonic dials of the 24-hour component of DS (Figs. 19—25) show systematic 
changes in both amplitude and phase; the main changes occur during the first half-day 
(§§ 13, 13.1). The DS, harmonic dials for the mean of six observatories between the north 
focal latitude and the equator, shown in Fig. 25, summarize the variation of DS, with 
storm time in these latitudes; the phase changes are essentially similar in all three 
elements, for all three intensities ($ 13.1). 

The first harmonic coefficients of DS(H, E), combined for these six observatories 
(mean gm latitude 30°), were determined separately for each of the first six storm hours 
(§ 14). Fig. 26 shows a phase reversal, both in H and E, between the early storm 
hours and the later storm days. 

DS, in these latitudes attains its maximum at about two hours from the storm commen¬ 
cement in all three intensities, but its rate of recovery is greater, the greater the storm 
intensity (Fig. 28). In Dst the epochs of both the maximum activity and the recovery phase 
become earlier with increasing storm intensity, but they are much delayed in comparison 
with DS, (§§ 9.1, 15; Figs. 5, 27, 28). 

Though the material used in this work is extensive, the storm morphology derived 
from it for high latitudes is not enough to enable reliable current systems to be drawn 
for the polar regions. 
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The coefficient of the first four harmonic com¬ 
ponents of the combined SD for the 10 observatories 
of groups 4 to 7 are given in Table 7, p. 41, in the 
Final Report, Contract AF 10 (604)—2163, Geophy¬ 
sical Institute, College, Alaska, August 1068. 
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