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1. I N T R O D U C T I O N 

Tliis paper describes an extension of the series of analyses of 
the morphology of geoinagnetic stornis which I began in 1917. Tlie 
first resulls were published (-") in 1918, and were supplemented (2b) 
in 1927 J>y fur t l ier results, part icularly for weak niagnetic dis turbance 
and for the polar rcgions. 

The present extended analysis was nearly completed in its present 
forni in 1918, and ils publication lias lieen too long delayed; liad tlie 
results appeared earlier a misconception (§ 6) would bave been 
prevented, for which some words in my 1918 paper may he counted 
responsihle. 

Tlie present extension of the niethod of analysis slionld liave 
usefnl application also in tlie investigalion of ionosplieric stornis. 

2. MATERIAL 

Tlie data for the present paper forili a par t of that nsed in my 
1918 paper (2"ì, and refer to the 40 moderate niagnetic storms (1902-ll ì 
tliere discussed. Table 1 gives part iculars (not previously published) 
for tbese storms, wliich were selected f rom tliose wi th sudden coni-
niencements, contained eitlier in a list (3) compiled by E. W. Mannder 
( 19041 f rom the Greenwich records u p to 1903, or (for later vears) 
f rom the piiblications of the U. S. Coast and Geodetic Survey for the 
observatories of Honolulu, Chel tenham (Maryland) and Sitka (Alaska). 
Tliey were cliosen as being ali of moderale intensity. Table 1 and 
Figure 1 show that tlie storms were fair ly uni formly distr ibuted over 
the Greenwich day (Fig. la ) (excepl for some excess near Greenwich 
midnight) , and also t l iroughout the calendar vear (Fig. 1 b); Fig. l e 
shows the infhience of the solar cycle on tlieir distribution f rom year 
to year, and indicates the annnal mean snns]iot n u m b e r for eacli 
year. Many of the storms were members of 27-day recurrences, as 
shown in the cohimns of Ar,i in Table 1. 
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TABLE 1 
Data for 40 moderate magnetic storms, 1902-11; serial number s; h is the liour 

(G.M.T.) of commencement ; C is the international daily magnetic character figure, 
mult ipl ied by 10, for the day of commencement and the two fo l lowing days; an 
asterisk * in the first co lumn signifies tliat the day preceding the storm outbreak 
was specially quiet (C zero or 0.1); Ns is the number in the 27-day sequence 
containing the storni (taking N — 1000 for the sequence beginning on 1906 Jan 
11); Nd is the number of the day of commencement in tliis sequence, or, when 
marked with *, the number of the fo l lowing day. 

Serial 
number 

8 

Date of 
beginning 

Initial 
hour 

h 

Cliaractcr 
figures 

c 

Rotation 
number 

N s 

Day 
number 

N d 

1 02 May 8 12.0 10,15, 7 951 6 
2 03 Apr 5 23.5 11,20, 7 963 15* 
3 Aug 25 22.9 7.15, 8 968 22* 
4* Dee 13 12.5 20, 8, 7 «972 23 
5 Dee 30 3.2 15,17,12 973 13 
6* 04 Apr 17 16.3 8,12,13 977 14 
7 Aug 3 13.8 15,11, 5 981 14 
8 Sep 24 19.5 8,19, 8 983 13* 
9 05 Jan 3 23.7 3,10,19 987 6* 

10 Jan 16 23.8 2,12,16 987 19* 
11 Apr 1 1.1 19,11, 9 990 12 
12 Jun 5 1.9 12,10, 4 992 23 
13 Jul 5 21.6 7,15,10 994 0* 
14 Aug 2 0.5 18,12, 8 995 0 
15 N o v 12 8.1 20,15,10 998 21 
16* Dee 12 2.9 11,12, 6 999 24 
17 06 Feb 18 22.5 6,17, 4 1002 12* 
18 May 13 20.7 7,11.16 1005 15* 
19 Jul 29 19.9 12.15, 8 1008 11* 
20 07 Jan 11 8.8 8,16,10 1014 13 
21 Jan 14 19.6 14,13, 7 1014 17 
22 Mar 10 5.0 17.13,17 1016 18 
23 Mar 21 13.4 17,13, 4 1017 2 
24 May 18 14.0 14,14, 9 1019 6 
25 Jul 10 14.4 14,16, 8 1021 5 

26* Sep 10 1.8 17,12,12 1023 13 
27 Oct 13 7.7 18,18,15 1024 19 
28* N o v 21 10.7 18,12, 5 1026 4 
29 08 Aug 19 0.2 16, 4,16 1036 6 
30 Aug 21 8.6 16,10, 3 1036 8 
31 N o v 17 1.0 17,10, 5 1039 15 
32 09 Mar 18 9.5 13,18, 7 1044 1 
33 Mar 26 12.3 11,13,15 1044 9 
34 May 18 5.1 18,14, 5 1046 8 
35 Sep 21 11.3 15, 9, 3 1050 26 
36 Sep 30 4.0 18, 6,12 1051 8 
37 Oct 23 0.0 17,16, 9 1052 4 
38* 10 Oct 19 7.2 16,13,13 1065 14 
39 11 Mar 20 0.8 19,17.12 1071 4 
40 Apr 8 11.3 15,17,12 1071 23 
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T h e data here used for these storms refer to eight ohservatories 
(here numhered 1 to 8) in geoinagnetic lati ludes not exceeding 50° 
(See Table 2); their spacing in longitude is il lustrated in Fig. 1 d. 
In my 1918 paper I considered also four ohservatories in h igher 
latitudes, Greenwich (9), Potsdam (10), Pavlovsk (11) and Sitka (12). 

TABLE 2 

Geographic (gg) cuorditiates and geomagnetic (gm) latitude 

Latitude Latitude 
Longitude (gg) 

gg gm 
Angle Time 

1. Batavia 6o S 18« S 107° E 7".l E 
2. Porto Rico 18 N 30 N 65 W 4 .4 W 
3. Hono lu lu 21 N 21 N 158 W 10 .6 W 
4. Zikawei 31 N 20 N 121 E 8 .1 E 
5. San Fernando . . . 36 N 41 N 6 W 0 .4 W 
6. Baldwin 39 N 49 N 95 W 6 .3 W 
7. Cheltenham iMd.i . . 39 N 50 N 77 W 5 .1 W 
8. Pola 45 N 45 N 14 E 0 .9 E 

My 1918 paper dealt witli ali three magnetic clements; the present 
results mainly refer to H the horizontal intensity, and E the easterly 
deviation (reckoned in gamma) f rom the mean compass direction; 
in addit ion some results are given for tlie vertical component (V, 
always reckoned positive, or Z if reckoned positive when downwards 
and negative when upwards). 

The data used for eacli observatory and element were entered on 
« storm-time » Tables A, eacli containing 40 rows (one for each storm, 
s ~ 1 to s = 40) and 49 columns, n = 0 to = 48 (in some cases 
lliere were h lank or incomplete rows where the storm data were 
lacking or incomplete). The column 0 referred to an epod i sliorlly 
hefore the storni began, the later columns refer red to epoclis at suc-
cessive later hour ly intervals, af ter the storm liad comnienced; tlius 
2 davs' data were used for each storni. 

The entries in the Tables A were derived f r o m the published 
tables of hour ly values of the elements, and consisted of these values 
less the mean vaine of the element for the month in which the storm 
began; that is, they were departures f r o m the monthly mean. T h e 
published hourly values were ei ther instantaneous values, or (e. g. 
for Potsdam f rom 19051 means over an l iour; they referred to locai 
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inean t ime or to s t andard zone t ime. F o r eacli observatory tl ie list 
of Greenwicl i t imes of storni c o m m e n c e m e n t (Tab le 1) was conver.ted 
into a list of t imes of c o m m e n c e m e n t given in t h e t ime-reckoning used 
at the observatory. Wl ie re ins tan taneous hou r ly values were given, the 
m e a n e p o d i fo r ali t he entr ies in coh imn 0 of Tab l e A would he 
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Fig. 1 - The distribution of the commencement t imes of 40 moderate magnetic 
storms, over (a) the Greenwicli day, (b) the year, and (c) the sunspot cycle; and (d) 

the longitude distribution of the 8 observatories considered in tliis paper. 

approx ima te ly lialf an h o u r b e f o r e t h e m e a n t i m e of storni commen-
cemen t ; wliere t h e publ i shed data were hour ly means , the correspond-
ing in terval was approx imate ly one hour , because the m e a n epoch 
to wh ich the publ i shed value r e f e r r ed liad to precede the storni 
commencemen t bv at least lialf an hour . Over tlie per iod 1902-11 most 
of tlie observatories considered in tliis p a p e r gave ins tan taneous values. 

3. T H E M E T H O D O F ANALYSIS 

a) The storm-time variation D s t . — T h e m e t h o d of analysis, 
a l ready previously appl ied by N. A. F. Moos (1) to the B o m b a y data , 
was very simple. On each Tali le A, the m e a n was f o r m e d of ali t he 
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entries in eacli column n ; incomplete rows were omitted (except wliere 
they could he completed hy internolation across short gaps) in taking 
the means of the columns. The sequence of these means gave what I 
called the mean storm-time variation for the element and observatory ; 
la ter 1 denoted it hy L>st. It is the mean variation witli respect to 
storm-time, f s t , reckoned f rom the lime of storm commencement. The 
means n = 0 to n = 48 referred to t„t = — ]/o, , 47]/%, if the 
published data were instantaneous hourly values. 

My 1918 paper gave graphs (*) of D s t for each element for three 
groups of ohservatories, namely (grapli 1) Nos. 1-3 (mean geomagnetic 
la t i tude 23"), (grapb 2) Nos. 4-7 (40") and (graph 3) Nos. 8-11 (52°); 
D „ t ( E ) , for east declinaiion, was vei-y small; the main D s t variation 
was for / / , which increased in the first hour (hy 13 gamma, the sanie 
for ali three graphs), and then decreased (in graph 1) by about 50 
gamma f rom the maximum (and by about 40 gamma in the tliircl 
graph); tlie min imum was reached al about tBt = 15h. Therea f te r tliere 
was a slow recovery towards normal ; the recoveiy was far f rom com-
plete at the end of the t u o days considered. In V the D s t variation 
was similar but reversed (an initial decrease was followed by an 
increase); its rango was mucli smallcr, about 8 gamma in graph 1. 

For the 8 ohservatories (numerical (**) mean geomagnetic lat i tude 
34") considered in tliis paper the mean D s t (H) is given in Fig. 2; the 
values for the liours 9 and later are smoothed by overlapping means 
of five. 

b) The local-time variation. — The next step was to forni f rom 
the Tables A new « local-time » Tables B, two (B1? B .̂ì for each 
element and observatory, each witli forty rows (one for each storni, 
as before,) and witli columns lieaded m = 1 to m = 24, referr ing to 
liours of local-time at the observatory. In fomi ing the Tables B the 
first (pre-storni) values in the Tables A were ignored. In the case of 
the Tables B for the clements E and V, the enlries in row s were the 
sanie, except as regards order, as tliose on row s of Table A; if h0 is 
the locai hour of the first (pre-storm) entry, n = 0, for storm s at the 
observatory considered, the locai hour of the entry on Table A in 
column n of the row s is lt„ -j- n, less 24 if h„ -f- n > 24, or less 48 if 
/i„ + h > 4 8 ; the 24 entries, n = 1 to n = 24, of Table A, row s, 

(*) These liave been reproiluced in Geomagnetism, p. 276, and in The Earth's 
Magnetism, Chap. 5, and elsewhere. 

(**) That is, the mean when N and S latitudes are alike reckoned as positive. 
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were re-written in row s of Table B j in tlieir appropr ia te local-time 
columns ha + n (or li" -f- n — 24); and tlie last 24, n = 25 to n = 48, 
were similarly re-ordered on row s of Table B2 . 

In tlie case of tlie Tables B l 5 B 2 for H , before tlie reordering 
and entry of eacli hour ly value according to its locai lime, the mean 
Dst value at the foot of column n of Table A was subtracted f r o m 
ali the entries in tliat column, tlius eliininating D s t ( i l ) f r o m the 

mean geomagnetie latitude 34°. Also the corresponding grapli of 2 Ci, the range 
of tlie diurnal component of £ ) s ( / i ) . 

Tables B ; in the case of E and V, tliis was not considered necessary, 
because Dst in tliese elements is small. 

The mean of the entries in eacli column m on the Tables B was 
calculated; the sequence of means indicated a well-marked variation 
according to the locai time, different for each element H, E, V; for 
each element the variat ion showed a regular gradation f r o m one 
observatory to another , with respect to change of magnetic lat i tude, 
but seemed to depend little on the longitude. 

The daily variations tlius found clearly dilfered f rom those cha-
racteristic of ordinary or quiet days (now denoted by S,,), wliich 
however, seemed stili to he present, thougli overlaid with an addit ional 
variation.. In order to isolate the latter, S,, was removed f rom the 
variations given by the Tables B. Tliis was done by forming new 
Tables C, one for each element and observatory, each containing 40 
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rows (s — 1 to s = 40) and 24 columns (m = 1 to m = 24). In each 
row s was written the series of montlily mean hourly departures f rom 
tlie montlily mean, for the month in which storm 5 hegan. In the 
few cases where a month had two storms, the series was repeated 
on slieet C. Tlie mean for each column gave the mean solar daily 
variation to he subtracted f rom the corresponding sequence of hourly 
means in the Tables Bj and B2 for the sanie element and observatory 
(it would bave been better to base Tables C on the quiet day montlily 
mean hourly departures, but the change would not alter the present 
work very mudi) . 

The daily variation found f rom Tables Bj or B2 and C in this 
wav was called the clisturbance daily variation, and later denoted 
by S u . In my 1918 paper graphs (*) of Su in H, E and V (or Z) 
were given for the ohservatories Nos. 1-3 (mean), 4-7 (mean), 8-10 
(mean) and for 11, 12 separately. The curves were ali substantially 
diurnal in character, that is, they had one main maximum and one 
main minimum daily, witli the 24-hour harmonic coinponent dominant; 
tlicy were quite (li(lerent f rom Sq. The variations derived f rom Tables 
B| and B2 may he denoted by S,ji and S uo; the SDz variations were 
similar lo SD 1 in type, but were of smaller range. 

In H, Sn is approxiinately anti-symmetrical witli respect lo locai 
nocn; ils ampli tude decreases witli increasing lat i tude up to about 53° 
niagnetic lalitude, where SD(H) changes sign, the change being iliade 
rapidly over a narrow belt of latitude. At ali the 8 ohservatories con-
sidered in t li is paper its sigli was the sanie, so that it is suitable to 
take the average SD(HI for ali 8 as indicating the type of this variation. 

In E and Z, S„ is reversed 011 crossing the equator, but otherwise 
retains the sanie pliase (not tbe sanie for E as for Z) at least up to 
niagnetic lati tude 60". Ilence, if tbe SD variations for Batavia E and Z 
are reversed, so as to bring tliem into phase witli tliose for the nor them 
stations, tlie mean SD(El and SB(Z) can usefully he taken, for the 8 
ohservatories here considered, to illustrate the type of S n over their 
range of latitude. This was the procedure adopted. 

4. T H E CIIANGING AMPLITUDE OF S u 

The decrease in ampli tude of 5 u 2 as compared witli S u i is ana-
logous to tbe decline in Z)st in the second as compared witli the first 

(*) These liave been reproduced in Geomagnelism, pp. 277, 278 (panels i>, 
c), and in pari in Tlie Enrlli's Mugiietism (2nd ed-, pp. 4547 , panels b on.lv), 
and elsewhere. 
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scorni day. But whercas tlie method of analysis enables the change 
in DKt to he followed continnonsly — or at least f rom hour to hour — 
the change in S u is given only f rom one day to the next, tliat is, in 
the mean, f rom storm-time tKt = 121' to t s t = 361'. 

Certainly tlie pari of the storili fiehl otlier than Dst, represented 
in my 1918 paper only in tlie forni SD i and SD2, must, l ike D s t , vary 
continuously; by definition it is not present before the storni begins, 
and it must he expected to die away l ike the otlier manifestat ions of 
the storni. Tlius it cannot he a t rue daily variation, S,„ part icularlv 
in the case of the most intense storms, whose whole active durat ion 
may he less than a day. 

Nevertheless, in weak disturbance especially, as investigated (2 h) 
in my 1927 paper , tliis par t of magnetic disturbance manifests itself 
as an addition to S,„ waxing and waning in intensity in rough paral-
lelism with the degree of magnetic activity; in tliis forni the name 
disturbance claìly variation and the symbol SD are appropria te . Tliis 
terni and symbol will he used in reference to the difference between 
the solar daily variation (S) as derived f rom disturbed days (S,i) or 
ali days (Sa), and Sq. 

5. T H E DISTURBANCE LOCAL-TIME INEQUALITY Ds 

When, liowever, tlie variation considered is obtained in the way 
described above, fo r a day (first or second) of a storni (or group of 
storms) having a definite beginning and a l imited durat ion, a ditTerent 
name and syml)ol seem more appropria te , and I adopt llie name 
disturbance local-time inequality, and tlie symbol D s ; bere D, as in 

denotes disturbance, and S refers to position relative lo the me-
r idian containing the sun, as measured by the locai time. Tlie main 
reason for the distinction between SD and Ds is that .c„ is ( by defini-
tion) the difference between two variations both definitelv daily, 
involving 24 hours of t ime; whereas D s , as will appear , can he de-
termined f rom smaller intervals of time, and even f rom individuai 
hours or instants of storni time. Wlien, as described above, 24 hours 
of storm-time are used to determino Ds, the entries on each row of 
the Tables B are not consecutive, except for storms for which the 
pre-storm locai hour hn is zero; in otlier cases the first 24 — ha values 
come at the end of the row s on Table B, , and tlie next /i„ values 
come at the beginning of the row. 

Like D s t , Ds is regarded as a funct ion of ts t, and in addition D s , 
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al any instant fKt, depends on tlie locai lime at that instant at eacli 
s tat ion; as the locai l ime is here to he considered as a geometrical 
parameter , giving tlie longitude of each station relative to tlie sun, 
i.t will he denoted hy 1 s. Whereas Dat represents the part of the storm 
field obtained liy averaging the field, at each instant ts t, ali round 
each circle of lati tude, Ds gives the average difference hetween the 
instantaneous storm field and this longitudinally averaged field (sym-
inetrical ahout the earth 's axis); to ohtain D s it is of course necessary 
to consider enougli storms to remove the influence of the irregular 
features peculiar to individuai storms. 

This was clear to me in 1918, and at that lime I particularly 
wislicd lo know wliether Ds was opposite in sign, like Dst, during 
the init ial pliase of the storm, as compared with the main pliase. 
Consequently 1 constructed new Tahles B, on which were entered, 
according to tlieir locai lime, niagnetic values for shorter intervals 
of storm-time tlian one day. On the originai Tahles B[ and B2, each 
row contained 24 entries, and each average value at the foot of the 
columns was hased on 40 values (or slightly fewer in some cases, 
owing to lack of an adequate record of some storms). If an interval 
of M liours of storni lime is taken as the basis of a Table BM where 
M is less than 24, the number of entries in each row will he M (they 
will come in differcnt columns for dilTerent stornisi, and the hourly 
means at the foot of the Table will he based on only 4'0M/24 or 5M/3 
values. T h e smaller is this number , the more prominent will he the 
irregularit ies of the Ds sequence due lo the accidental niagnetic va-
riations occurring in eacli storm. In order to he able to reduce M 
to 4, I decided lo combine the BM tables (for each element) for the 8 
ohservatories above iiained; tluis if M — 4, each hourly value in the 
resulting Ds sequence, based on 4 liours of storm lime, and 8 ohser-
vatories, is an average of 8 X 5M/3 entries, that is, 53. For each of 
the first four liours of the storili, however, separate B tables (M = 1) 
were iliade. To reduce the irregularit ies consequcnl on the small 
aiuoli ut of data involved in tbe resulting sequences of averages, 
smoothing was used by overlapping means of live adjacent numbers, 
in the case of M = 4 (but not for M = 1). 

This procedure was applied to the H and E da ta ; for the Z 
data M was taken as 12, that is, for half days (of storni time). 

The Ds sequences thus obtained were compieteci before the 
publication of my 1918 pape r ; owing lo war conditions, that paper, 
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which iliade no mention of those results, was already too long lo be 
acceptable to tlie Royal Society, and tlie originai draf t was reduced 
by removing a par t (2"d), la ter publisbed elsewliere (1919). At tlie 
end of the war in 1918, changes of residence, work, and (for a time) 
interests, delayed the preparat ion of an account of the extension of 
the D s results; gradually tlieir existence became forgotten, and my 
1927 paper did not ment ion lliem. 

6. CR1TICISM OF S D AS N O T TRULY D I U R N A L 

In 1939 A. G. McNisli and II. F. Jolinston questioned the d i u m a l 
character of SD , in the course of a study (4) of the severe magnetic 
storni of Apri i 1938, which in its most active pliase was much shorter 
llian the 4 ) moderate storms I discusseti. Tlieir doubts were exj >p«s d 
tentatively, as follows. 

« Tlius one is led to doubt if the anti-symmetrical (SD) field 
of great magnetic disturbances progresses according to locai time. 
It may be tha t the 24-hour period assigned to S„ for moderate storms 
is purely adventitious. However, judgment on tliis mat ter must await 
the examination of a number of great storms » (p. 349). 

Later in tlieir paper they wrote : « Chapman has remarked 
that Dst progresses more rapidly during the greater magnetic disturb-
ances llian during the weaker or modera te ones, but presents strong 
evidence to show that SD appears to preserve its 24-hour period. The 
implication that perhaps SD in also accelerated dur ing tliis very 
great storm must be regarded cautiously. T h e impor tan t change in 
our concepts of magnetic storms, if the conclusion were generalized, 
emphasizes the need for complete recording of great magnetic storms 
so that they may be suitably studied ». 

Actually, as stated above, I liad never myself regarded the mat te r 
in tliis l ight, t l iough my terminology « residuai diurnal variations » 
(1918) and « dis turbance daily variation» (1927) miglit naturaUy 
mislead in tliis sense. The name is appropr ia te for the change in the 
solar daily variation during weak magnetic disturbance (as deterinined 
and examined in my 1927 paper), wliere no storm-time can be assigned 
because of the lack of a clear e p o d i of disturbance commencement ; 
but dur ing a storm in which tst can be measured, the variation that 
I called SD, and now, in that case, prefer to denote by D s , represents 
a geographical distr ibution of the depar ture of the storm field f r o m 
its average value (Dst) round eacli parallel of lat i tude. Bolli parts, 
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D s t and D s , vary witli the storm-time tst. This conception was clearly 
envisagcd also by E. H. Vestine and his eolleagues (5) in the i r dis-
cussion of magnetic disturbanee in Cliapters 8 and 10 of their mo-
numenta i « Deseription and Analysis» (1947). 

Owing to the preoccupations of t be second world war it was 
some years before I re-examined tbe questions raised (4) by McNisli 
and Johns ton; about 1950 I decided to use my originai 1918 data to 
determino S D or ( / ) s) at eloser iiitervals; it was a pleasant surprise 
to fìnd the long-forgotten results already available (and stili accessible 
af ter over 30 years). T b e only remaining stop was to m a k e a harmonic 
analysis of tbe D s sequences, for tbe diurnal and semidiurnal com-
ponents. This was begun by Drs. P. K. Bhat tacharya ancl W a n Cheng 
Chiù while working witli me at the California Insl i tute of Techno-
logy, Pasadena, in 1950/1, under a U. S. Signal Corps contract ; it 
was completed in 1952 by D. C. Wilder of the Geophysical InsLitute 
of the University of Alaska. The amplitudes were corrected to allow 
for their reduct ion by the smoothing process used in the case M — 4 
(§ 5). 

The Ds variat ions were expressed in terms of locai lime ?.s, that 
is, of longitude relative to the sun, measured eastwards f rom the 
midnight mer id ian (opposite to the noon meridian, in the lialf piane 
which passes through the sun). In the harmonic analysis they were 
expressed as 

ai cos }.s-f- b, sin Às-(- a-, cos 2 / s -f- bo co» 2 
or 

Cj sin (/,s + o,) c2 sin (2 Xs + a„) ; 

a, b, c are calculated in force units (gammas) for declination (E, 
cast force) as well as for H and Z. 

For a storm beginning at Greenwich mean time io, reckoned in 
angle (at the rate 360° per solar day) f rom Greenwich midnight , the 
locai time }.s at a station in longitude cast of Greenwich, al storm 
t ime ts t (reckoned in angle l ike to), is given by 

? s = fu + t s t - f t ì , 

f r o m which any integrai mult iple of 360" may he subtracted. Tlius, 
fo r a given station, Às is a funct ion of storni t ime, as well as of the 
posilion of the station (and the commencement time of the individuai 
storm). 

T b e coefficients a, b, and lience also c, c, are ali funct ions of Ut-
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7. H A R M O N I O T E R M S I N D S F O R S U C C E S S I V E 1 I A L F D A Y S 

In tliis part of tlie work ali tliree elements were considered: 
the results for each day are as follows. 

TABLE 3 

Harmonie coefficients of D S for the first 4 lialf days of 40 moderate 
magnetic storms (mean of 8 observatories) ; diurnal and semidiurnal 

components. (Unit 0.1 gamma). 

Hall day at bi Ci fu aj b2 C: Oa 

Ds(II) 1 
2 
3 
4 

—12 101 101 — 7° 
11 85 85 7 
19 51 54 20 
17 29 34 30 

— 9 1 9 — 82" 
— 7 — 2 7 —106 
—15 — 1 15 — 94 
— 5 — 2 5 —113 

Ds(E) 1 
2 
3 
4 

75 8 75 87 
63 —33 71 117 
23 —26 35 138 
13 —16 21 143 

23 —10 24 104 
11 5 12 65 
19 9 9 7 
4 4 6 45 

Ds( V) 1 
2 
3 
4 

22 —33 40 146 
— 4 —33 33 187 
— 5 —17 18 196 
— 7 —11 13 212 

— 2 — 3 4 214 
— 3 5 6 211 

5 1 5 79 
0 2 2 0 

As was lo he expected f r o m the forni of the D s curves in panels 
b, c, of Figures 3-5 of my 1918 paper , the ampli tudes of the second 
harmonic in Table 3 are small compared with those of the first 
ha rmonic ; for example, the sums of Cj and respectively, in Table 3 
are fin the units there used) 274, 36 for H, 202, 51 for E, and 104, 
17 for V. Without a f u r t h e r investigation, based on more extensive 
data, one can hard ly be certain whe ther the systematic changes sliown 
by c-2 and n» are real ; hence I confine the present discussion of the 
results to Cj and ri]. 

Tlie diurnal harmonic components of D s (H) given in Table 3 
are i l lustrated in Figure 3, which is a harmonic dial fcf. pp. 563-6 
of Geomagnetism). The four points marked 1, 2, 3, 4 along the fu l l 
line, which relates to Ds (H) , re fer to the successive lialf days 1, 2, 3, 
4. For each half day, the point represents the end of a vector drawn 
f rom O, with lengtli representing ci (on the scale indicated), and with 
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tlie direction making (he angle a i witli the horizontal axis Ob\. T h e 
verlical coordinate of the point is ai, the horizontal one is b\. 

Clearly cT is greatest for the first lialf day, and steadily tlimini-
slies f rom each lialf day to the next, wliile the pliase 1 steadily 
increases; this is clearly illustrated hy the change in the vector f r o m 
the origin to the points 1, 2, 3, 4 of the DS(H) l ine on Figure 3. 

The clements E and V show a similar change, but the pliase 

sive lialf days of the 40 storms. 

for E is about 90", and for V is about 180°, greater tlian for H, on 
corresponding half days. The similarity is il lustrated in Figure 3 by 
plott ing ci, ol—90" for Ds (E), and c,, a , — 180" for Ds (F ) ; tbe lines 
jo ining the points for the four half days, in order, are drawn broken 
for E, and dotted for V; and these lines are marked D's (E), D's (V), 
the accents referr ing to the changes of pliase made for these elements; 
the t rae harmonic dial diagram for Ds (E) may he got by giving 
the D ' s {E) line an anticlockwise rotation through 90° about O; 
for D (V), a rotation through 180" is needed. 

T h e diagram shows that , for the mean of the 8 ohservatories, 
D„i 011 these 4 half days is greatest for H and least for V. On account 
of the small values of for V, this element was noi considered in 
greater detail. 
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8. T f l E D I U R N A L C O M P O N E N T O F D s AT 4 -HOURLY 
I N T E R V A L S 

For the e lements H and E, t he values of «i, b 1, were de te rmined 
fo r each successive g roup of 4 hour ly values f r o m the commencement 
of the s torm (§ 5). T h e results are given in Tah l e 4. 

TABLE 4 

Harmonic data for tlie 24-hour component of D s in E and H ; mean 
for 8 observatories. (Unit. 0.1 gamma). 

Storm l ime D s (H) (£1 

Hours Mean ai 61 ai 

y2 to 3 V2 2 —14 66 45 16 
4i/2 to 7 v , 6 —34 125 88 9 
Sy2 to 11'/2 10 13 112 91 — 1 

121/2 to 151/2 14 31 132 98 —35 
I6I/2 to 191/2 18 2 80 44 —33 
201/, to 23i/2 22 1 44 48 —30 

241/2 to 271/2 26 4 54 30 —29 
28i/2 to 3 i y 2 30 23 49 21 —24 
321/2 to 351/2 34 31 51 19 —24 

361/2 to 391/2 38 13 42 28 — 7 
401/2 to 431/2 42 19 13 —8 —12 
441/2 to 471/2 46 18 31 18 —30 

These results for D s {H l a re plot ted in F igure 4, ano the r ha rmo-
nic dial , l ike F igure 3. T h e results for Ds {E) a re not plot ted as they 
s tand, but only a f t e r modif ìca t ion in tuo respects : 

1) the phase is decreased by 90", as in Fig. 3 (tliis amounts to 
plot t ing each dial with — b j , a\ as the a, b coordinatesi , and 

2 | magnif icat ion in the rat io ^ C] I H)/2,cì ( E), where i] signifies 
the sum of the f o u r values of c t ( for H or fo r EI in Tab l e 3. 

Th i s ra t io is 274/202 or 1.36. Tliis magnif ica t ion is matle wi th 
the aim of r ender ing the modif ied E dial points in Fig. 4 c o m p a r a b l e 
with t h e H d ial points, in o rde r to see whe the r ( apa r t f r o m a 
Constant d i f ference of phase and scale) Ds (EI and Ds (H) as repre-
sented by tlieir main (d iurna l i ba rmon ic component , vary in unison, 
with respect lo storm time. 
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»H 
Fig. 4 - Harmonic dial for the diurnal component of Ds(H) and D's (E), at succes-

sive four-hour intervals of storm-time, centred at the epochs 2'1, 6'1,... 

For eacli 4-Iiourly epoch of storm time, 2, 6 , . . . , tlie H and E' 
(ntodified E) dial points are marked / / and E' and joined by a broken 
line; the epod i is marked at the mid point of this line. 

These HE' lines seem lo he distributed in a fairly random way, 

4 - gamma 

H « 
\ 

\ 2 
\ 

1 1 1 1 0 
E' \ s. 4 6 8 10 gamma 

- 2 -

H 

E • 
V 
H' 

- 4 -

Fig. 5 - Harmonic dial for the diurnal component of DS(H) and D'S(E), for the 
storm-time liours OV2 to 3'/^. 
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suppor t ine (thougli hardly establishing) the expectation that D s (H) 
and Ds [E) vary similarly with respect to storm time ( the E' points 
inostly lie somewhat above the H points, as also in Fig. 3, suggesting 
that the phase difference 90" between E and H is only approximate). 

Tlie mid points of the IiE' lines are taken to represent the dial 
vector for Ds for / / and E'; they are joined in succession by a fu l l 
line. This D s line is of course affected by random errors, and the 
curved broken line in Fig. 4, extending f rom 2 to 18 hours, is a 
tentative smoothed representat ion of the course of Ds dur ing this 
interval. 

It suggests tha t e, for D s (H) and D s (E) increases f rom zero 
(at zero s tomi t imeì very rapidly to 2h, and then more slowlv u p to 
about IO1', when it attains its m a x i m u m ; and then in the next 8 hours, 
to 18h, it decreases to about the sanie value as at 2h, a f ter which its 
ra te of decrease quickly declines. During the period f rom about 6'1 

to 14h the phase angle (Tj increases by about 30°. The maximum value 
of Ci, at about IO1', is about 13 gamma; tliis applies lo Ds (Hi, and 
is reduced in the ratio 202/274 to about 10 gamma for D s (E). 

9. VARIATIONS OF Ds DURING T H E FIRST 4 HOURS 

Tlie values of b\ fo r Ds (H ) and Ds (E) in the first four 
individuai hours of the average storm are given in Table 5. 

TABLF, 5 

Harmonic coefficierits for tlie 24-hour component of D s in E and H, 
for the first four separate hours of storm time; mean for 8 obser-

vatories. ( Unit 0.1 gamma) 

Storni time ai 
(Hi 

6, a, 
(E) 

6, 

0 y2 25 —12 11 0 
iy2 —16 75 37 26 
-V2 —33 93 57 24 
3'/2 —32 109 76 15 

These results are plotted in Fig. 5 in the sanie way as were those 
of Table 4 in Fig. 4, with the sanie change of phase and scale 
for Ds (E). Eacli dial point in Fig. 5 is based on only one quar te r 
the amount of data underlying each point in Figure 4, and greater 
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random error may he expected; it is surprising that tlie lengtlis of 
the HE' lines, which perhaps part ly indicate tlie random error, are 
not notahly greater in Fig. 5 tlian in Fig. 4. The point for O1/^1', 
however, which has the least value of CJ, may he unrel iable hy more 
than i.ts wliole small magnitude, and its pliase angle is very uncertain. 
T h e positions of the points for 1Y2, 2 l/2 and 3*/2 hours are iiiuch 
as might he expected, and suggest that c, increases most rapidly 
during the first hour. Tliere is no valid evidence as to whether or 
not Ds (Hi is reversed during this first hour, but it would certainly 
seem to liave the same sign f rom l h onwards. As D s in any case 
semms to he small dur ing the first hour , m u d i more mater ia l and 
a more careful t reatment will he needed to determine how it tlien 
varies; and the same applies .to the end of the second day, when 
again c, has become small (Fig. 4). The uncer ta inty of the magni tude 
and pliase of D s at these early and late times is due not only to the 
relatively greater rat io of tbe probable error to Cj, when Ci is small ; 
the uncer ta in ty depends also on the question whether the position 
of the origin of the dials in Figs. 4, 5 is correct. 

As explained in Section 3 b of this paper, in my deterniination 
of D s the mean solar daily variation S for ali the storm-months was 
subtracted f rom tbe mean sequence derived on each Table B ; this 
S certainly involves some S D in addit ion to Sc„ and the S D will be 
somewhat greater for these storni months tlian for months less 
disturhed. A careful deterniination of this subtracted Sn would be 
required in order to locate the correcl position of the origin in 
Figs. 4, 5. This has not been under taken here because I liope ere 
long to organize a new and more thorough investigation of niagnetic 
storm morphology, based on considerahly more extensive data, as 
regards bolli tbe number of storms and tbe n u m b e r of ohservatories. 
Meanwhile tbe na tu re of D s in the first hour of the storms remains 
in some doubt. 

10. COMPARISON OF T H E RATES OF G R O W T H AND 
DECAY OF D, t AND Ds 

T h e range of the D s variation at any epoch of storni t ime is 
2 Cj, and it is interesting to compare this witli the value of Dst at 
tbe sanie epoch. This is done, for the mean of the 8 observatories, 
in Fig. 2; the values of 2 Ci for the stomi hours 6, 10, 14, 18 are taken 
f rom tbe (smoothed) Fig. 4, and tliose for 30 and 42 f rom Table 3 
for Ds (H). Tbe values for the first four hours, and their mean, are 
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f rom Tables 5, 4; llie point nearest tlie beginning of t lic storm is 
ratlier uncertain. 

Despite tlie accidental error inevitable in the diagram, Fig. 2 
shows tlial Ds (II) follows a course very different f rom that of D s t (H) ; 
it attains its maximum earlier, and then decreases niuch more rapidly ; 
and if it suffers any reversai near the storni commencement , tliis is 
over very quickly, well before D s t ( f / | reverses. 

11. CONCLUSI ON AND ACKNOWLEDGMENTS 

The methods of the present paper sbould be fu r the r applied, lo 
determine the progression of Ds in higher latitudes, at different 
seasons, and for groups of storms graded in intensi ly: and also to 
ionospheric storms. 

1 hope soon to publish (in the for thcoming Supplementary Vo-
luine, dedicated to Professor F. J. M. Stratton, F.R.S., of the Journal 
of Atmospheric and Terrestr ia l Physics) a general review of the irior-
pbologv of magnetic s torms: some of the results of the present paper 
will tliere be considered in connection with the developmenl of the 
great storm of Apri i 1938 (4). 

In conclusion, it is a pleasure to acknowledge the assistance 
received in some of the calculations of this paper f rom Drs. P. K. 
Bhat tachar iya and Wan Clieng Chiù, and f rom D. C. Wilder of the 
Geophysical Insti tute of the University of Alaska, wlio also prepared 
the diagrams. 

The Queen's College, Oxford mul the Geophysical Institute, Univer-
sity of Alaska - September 1952. 

SU M MARY 

Tlie « D » field of magnetic disturbance lias in the past been 
analysed into a part D s t depending on time reckoned from the storm 
commencement — storm-time — and a part whose distribution lias 
a simple form relative to the meridian containing the sun. This part 
reveals itself at times of weak or moderate magnetic activitv as an 
addition to the field of the solar daily magnetic variation (Si, present 
in its pure forme S,, on quiet days; the addition is called the disturbance 
daily variation, denoted by SD. But during storms with definite com-
mencement, the average course of this part of the D field, which is 
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non-uni forni round the earth, and is oriented in a definite way relative 
to the noon meridian, can he followed not only from one day to the 
next, as has been done in the past, but over shorter periods, even 
from hour to liour; as then studied, it is not a daily variation at ali, 
but a distributed field changing in forni and intensity with storm 
time. This part of the field is here called the D s fii'ld, or disturbance 
(solar) local-time inequality. It varies with storm time in a manner 
materiallx different from D s t , developing more rapidly than the main 
pliase of D s t and decaying mudi faster. 
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