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On the Sudden Commencements in Geomagnetic Storm 

Part II-The Local Time Variations 

By TETSUO YUMURA 

§ 1. Introduction 

31 

It has been already studied bγmany authors that such geomagnetic disturbances 

as to manifest the distinct daily variation can be interpreted by the dynamo theory, 

assuming a reasonable conductivity in the upper ionized region. An interpretation, 

however, is not yet developed for the daily variation of such phenomena as the sudden 

commencements (SCs) or the Dst in geomagnetic storms which are found to be nearly 

simultaneous at all magnetic observatories. 

Recently, however, the discovery of local time variation of these world-wide 

geomagnetic variations, particular!γSCs or sudden impulses (Sls) , has drawn the 

attentions of many investigators in this field of science. For instance, in 1910, N. 

A. F. MoosC1J made the investigation for the hourly frequencies of SCs of 113 magnetic 

storms, recorded at Born bay for the period 1846～1905, and showed a slight tendency 

to occur more . frequently at about 13 h local time; in 1932, L. RodesC2J, bγanalysing 

the records at Ebro for the period 1905～1931, found that the hourly frequency of 218 

sudden movements had a pronounced minimum around 08 h local time and a secondary 

minimum between 17 h and 21 h local time; and in 1933, A.G. Mc NishC3) likewise 

found a local time effect in the hourly frequency of the sudden movements observed 

at Watheroo and obtained the result of a forenoon minimum and an afternoon 

ロlax1mum.

These investigations had been made in all of the sudden movements, but the 

distinction between SCs and Sis were not taken into consideration. In 1948, H. W. 

NewtonC4J discussed on the 681 sudden movements at Greenwich for the period 1874～ 

1944 and obtained the same result as found by Rodes. Newton did not draw a disti・ 

nction between SCs and Sls in his paper like the formers, but remarked it to be of 

interest to investigate the differences between them. 
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In 1951, V. C. A. Ferraro and othersCS) reported the results of their investiga・ 

tions for the local time variation of the frequencies of SCs and Sis observed at six 

stations in middle magnetic latitude for the period 1926～1946. They showed that any 

local time variation in the hourly frequency of SCs seems likely to be small, and it is 

suggested that SCs may be more frequent in the afternoon hours, with a maximum 

around 13h local time ; while, for Sis, he mentioned that such properties for the six 

stations considered separately did not exhibit any marked local time effect, but the 

curve of the local mean hourly frequency for the combined data at the six stations 

showed the minima around 08 h and 20 h local time, as the curve obtained by Newton. 

Furthermore, in 1951, by using the data observed at Kakioka for the period 

1926～1949, T. Y oshimatsuC6J made the statistical investigation for various periods of 

SCs and found that the dailγfrequency-distribution took the similar type variation in 

the case of larger amplitudes or D.Hミ3C>y, as the result obtained by Ferraro and 

others, but was not so simple in the case of smaller amplitudes，ムH孟10γ. In 1953, 

Y. YokouchiC7J also made the similar statistical study by using more data at Kakioka. 

Thus, the local time variation of the frequency in SCs has become clear. 

On the other hand, there are only a few investigations for the local time varia・ 

tion in the other characteristics of SCs, in spite of many investigation for SCs mentioned 

above. 

Concerning the local time characteristics of daily variation of amplitude or the 

other quantities of SCs, G. lshikawaCSJ, firstly in 1950, made a statistical and theore・ 

tical investigation by using many data observed at Kakioka and other world-wide data 

(not in all simultaneous SCs). He showed that the daily variation of 6.H in SCs was 

of the W-type, with the maxima at midnight and midday, and he tried to explain 

this variation as the combined result of two effects ; one of them was the effect due 

to the relative position of the ground surfaces against the front of corpuscular stream 

and the other the shielding effect of the ionosphere. 

In 1953, M. SugiuraC9J briefly reported an interesting statistical investigation, in 

which he pointed out that the ratios of amplitude of AH in SCs at Huancayo to those 

at Cheltenham showed the local time variation with the distinct maximum at 11 h local 

time. 

In 1953, Y. YokouchiC7J also made the statistical studies for the local time 
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characters of SCs observed at Kakioka. 

As shown in the previous paperttO), this writer obtained the similar result as M. 

Sugiura in the course of study of the geomagnetic latitudinal clistribt』tionofムF,the 

magnitudes of horizontal vectors of SCs. not only between Cheltenham and Huancayo, 

but also between Huancayo and other observatories. The results clarified that the 

amplitudes of t::.F at Huancayo were much larger in the dayhours than in the nighthours. 

Furthermore, he mentioned that a local time variation might exist in the direction 

angles (<p) of horizontal vectors of SCs, but the adopted data were too scanty to make 

the detailed studies of their daily variations. 

In this paper, by using more materials, he has attempted to clarify the daily 

variation of various quantities of SCs, or to confirm whether a daily variation of SCs 

exists or not, and if it does, what kind of or what type of the daily variation will appear. 

~ 2. Adopted data 

As mentioned in the preceding paragraph, this writer has investigated the daily 

variation of various quantities of SCs, by employing 396 SCs which were observed at 

the Kakioka Magnetic Observatory in the period 1924～1951, and tabulated by YokouchiC7). 

During this period, a large number of Sls were observed, but they were excluded in 

this investigation, because they were distinguishable by definition from SCs, although 

they appeared almost in similar forms. 

The local time variations of SCs have been studied in respect to the following 

quantities: 

( i) The maximum amplitudes of horizontal vectors orムF.

(ii) The direction angles of horizontal vectors orψ，reckoned from the 

magnetic north positively towards the east. 

(iii) The ratios of the vertical change to the horizontal vector or AZ／ムF.

(iv) The ratios of the vertical change to the magnetic north component or 

ムZ／ムH.

Since the reported data are the respective maximum amplitude for D, H. and 

Z and their occurrence time differs in general with one another, the values of the 

above mentioned quantities, calculated from the reported data, do not generally 

represent the true maximum values actually observed, as seen in Fig. 1. 
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Fig. 1. Schematic vector diagram 
for horizontal vector of sudden 
commencement. 
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The present writer, however, has made the 

foJlowing investigation in consideration that the 

calculated value is representable for the actual one 

as far as the present statistical treatments are 

concerned. 

§ 3. li'requency distributions 

Firstly, in order to search for the most frequent 

values of the corresponding quantity at Kakioka. the 

frequency distributions for various quantities of SCs has been studied regardless of 

their daily variations. 

(a) Frequency distribution of q> 

rp has been calculated by the relation 

tan <p=AD/AH. 

Let all of calculated q> s be divided into every 5° interval spectrum and the 

number of q> s in each division be the frequency for the mean value ofψs which are 

included in the corresponding division. Thus, the frequency distribution ofタ has

been illustrated in Fig. 2. Number of <p was 396, as mentioned in the preceding 

section, but two of them were excluded in Fig. 2, because they were the inverted 

SCs and over the value of rp= -90。. The others were in the range between <p= -40。

and 90。．
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。1/0 so・'I' 
Fig. 2. Frequency distribution 
for the direction of horizontal 
vector of sudden commencements 
observed at Kakioka. 
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20 

10 
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Fig. 3. Normalized frequency distribution 
for the direction of horizontal vector of 
sudden commencements observed at Kakiokn. 
Variable transformation formulae is, 
X == Log(q> +40). 

As it is unsuitable to bike a statistical treatment owing to the asymmetrical type 
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of distribution, the following variable transformation has been made for its representa 

tion with normal type, 

X=Log（長＋40。）

where 9> denotes the mean value of <p s counted by degree in each division and Log 

the logarithum based on 10. It is considered that the type of distribution arranged by 

X is nearly normal, as shown in Fig. 3. 

From this, the most frequent <pis about 16°. Namely, at Kakioka, the horizontal 

vector of SC directs most frequently towards the direction of about 16°E from the 

magnetic north. 

( b) Frequency distribution of D.F 

The magnitude of horizontal vector of SCs is defined by D.F= (D.H2+AD2）】lz.

By treating these calculated values with the same method as mentioned in (a) of this 

section, (but, in this case, di吋dedinto every 5γ. ) , the frequency distribution is 

obtained as in Fig. 4. In this case also, two data are excluded by the same reason 

as in the case of <p. This asymmetrical type of frequency distribution is transformed 

to the normal type (illustrated in Fig. 5) by means of the following variable transfor・ 

ロ1atton,

% 

20 

10 

。

X=Log D.F 

so JOO （ゴF"
Fig. 4. Frequency distribution 
for the magnitude of horizontal 
vector of sudden commencements 
observed at Kakiokn. 

% 

20 

10 

。 1.0 x 

Fig. 5. Normalized frequency 
distribution for the magnitude 
of horizontal vector of sudden 
commencements observed at 
Kakioka. Variable transforma・ 
tion formulae is X =Log 6.F. 

From this transformation, the most frequent magnitude of AF is 13. 7γ. This 

is slightly larger than the most frequent value of AH一一一13.2γ，whichhad been 

obtained by G. Ishikawa, using the data observed at Kakioka in almost the same 
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period as the present study. This may be due to the difference between D..F and t::i.H. 

Hence a contribution of the declination to the magnitude of horizontal vector will he 

only 3. 7γ，statistically. 

( c) Frequency distribution of ~／D..F 

Let the sign ofムFassumed as always positive and the sign of ~／t::i.F depends 

only on the sign of ~. 

Since the frequency distribution, which is obtained by the same treatment as in 

the case of (a ) or ( b ) and illustrated in Fig. 6, is also asymmetrical, the following 

variable transformation is adopted to obtain the normal type of distribution ; 

X=Log〔1/(1-6.Z／ムF）〕．

% 

JO 

10 

む‘ 1.0 Mi更
Fig. 6. Frequency distribution 
for the ratio of the vertical 
intensity to the horizontal vector 
of sudden commencements 
observed at Knkiokn. 

% 

Jo 

10 

a.2 OIJ Q5 QB" 1.0 -x 
Fig. 7. Normalized frequency distri-
bution for the ratio of the vertical 
intensity to the horizontal vector of 
sudden commencements observed ut 
Kakioka. Variable transformation 
formulae is X =Log 1/(1-AZ/AF). 

From the transformed distribution, illustrated in Fig. 7, the most frequent 

value of ~／D..F is +O. 55. Nameiy, the magnitudes of vertical component are slightly 

larger than the half of those of horizontal vectors. 

Especially, the fact of which we must take our attention is that the sign of the 

ratio is positive. This value of ratio is expected, though this is not yet interpreted, from 

the figure of geomagnetic latitudinal distribution of ~／AF, illustated in the first report, 

in which the data at Kakioka had not been included. 

Hereupon, the writer had a doubt whether AZ was proportional to AF or to 

t::i.H, and investigated them by using the correlation diagrams as illustrated in Fig’s 8 

and 9. The result showed that ~ was more proportional to AH  than to AF. The 

correlation coefficients were 0. 96 forムZ-6.Hand 0. 93 for ~－AF. In other words, 

if the change of magnetic eastwest component is taken into consideration, less linearity 

ノ
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between the vertical and horizontal magnetic changes is expected. 

commencements of geomagnetic storm are sudden if the speaking, Generally 

originated by the electric current induced on the front of neutral ionized stream emitted 

the magnetic vectors must be directed towards the geomagnetic meridian, from the sun, 

east-west magnetic the fact, tn assuming the earth to be the magnetic dipole ; but, 

magnetic declination，ムD-aregeneraly in comparable order components in SCs-i. e . 
. 、

have a local time effects in their they besides and components, with the horizontal 

There as will be mentioned in the latter section in this manuscript. vanattons daily 

the local time effect of D.D and the independency of may be some relations between 

be may ムZtoムD; namely the eastwest components in geomagnetic change of SCs 

principally caused by the earth’s rotation and perhaps not affect the vertical change. 

the shielding effect of the ionosphere that add to wishes author this Furthermore, 

seems to appear more clearly in the perpendicular components to the magnetic meridian 

electrical of the accord with the distribution m components, 

conductivity in the upper atmosphere. 

than in the meridional 



T. YUMURA 38 

／

2
3
4
5
6
 

－

O

＠
 

γ 

．
 ．
 

．．． 
．．
 
．
 
．．
 

．
 

．．
．
 

．
 ．
 

AF 
パ

JM

…校一一一
＼」

m

・o
・－－－

－

・ぃ…ゅ…枇
刊二

．．
 
UW
江
川
N

I
F
t
t
E
1
1
4
1」
i
l
i
l
i
－－」

w
u
n
u
 

’ノ
ι

，I’

30, 

130γ 

Fig. 9. Correlation diagram between the maximum amplitudes of the vertical intensity and the 
magnitude of horizontal vector of the sudden commencements observed at Kakioka. 
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SCs Local time variations appeared in §4. 

the past investigations concern-As mentioned in the introduction of this paper, 

frequency hourly the of only are SCs appeared in variations the local time mg 

had been almost left (intensities or directions) while the other quantities distribution, 

although a few studies were made. untouched, 

investigations of the this writer has mainly made the statistical In this section, 

local time variations concerning the same quantities of SCs as the preceding section. 

Hourly frequency distribution (a) 

Although this kind of study at Kakioka had been already made by Yokouchi(7J as 

mentioned in the introduction in this paper, this writer attempted to make again such 

figure in order to see whether or not the present result denotes a similar distribution as 

different was study present in the data the Y okouchi’s result, because the adopted 

Obtained result was almost the same as the latter and likely 

showed a slight tendency to have a forenoon minimum and an afternoon maximum. 

from that of the latter. 
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( b) Daily variation of ψ 

In this paragraph, from the statistical 

point of view this writer shows that the 

daily variation of the direction of hori-

zontal vector of SCs does surely exist. 

By assuming that allψs, which found in the interval of 30 minutes before and 

This tendency is not so clear, but the 

result is similar to those obtained in the 

past mvest1gat1ons. 

、、
m
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Fig. 11. (a) : Daily variation of the 
direction of horizontal vector of the sudden 
commencements observed at Kakioka. 
(b) : Daily varint!on of the standerd 
deviation of (a). 

39 
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0 3 6 g 12 15 Jt 21 211 
13S・£.11.τ

Fig.10. Hourly frequency of the occu-
rrencc of the sudden commencements at 
Kakioka. 

after an each hour occurred at that time, 

arranging hourly values of <p s, which 

represent the arithmetical mean, by the 

local time, the existence of the local time 

effect of <p was confirmed, as seen in 

Fig. 11 (a). Fig. 11 (b) shows the daily 

variation of the standard deviation of rps 

arcund the means. 

The daily variation of <p has a double 

maximum type, with a pronounced maxi-

mum around 7h local time and a secondary 

ma>:imum about 19 h. At the dawn 

~aximum， ψis +48。inthe mean, and 

so the magnetic east components of SCs 

take the values of the comparable order with the meridional 

components or rather larger than the latter. While, in 

the other part of the day, the former magnitudes are less 

than the latter, -i.e., approximately a half to a fourth. 

By the harmonic analysis 

<fl= ~C,. sin (nt＋仇），

Table. 1 

11 'Pn 

。24.47 
8.01 323 

2 10.臼 208 

3 3.26 72 

4 3.67 32 
一 一

the amplitudes and the phase angles are calculated and tabulated in Table 1. 

The daily variation of the standard deviation shows also the double maximum 



type with two maxima around 7 h and 16 h local time, 

as shown in Fig. 11 (b) ; namely, in these hours, the 

directions of horizontal vectors of SCs are unstable, 

especially at dawn hours, and its maximum value，土21°,

is much larger than in the other hours. 

The result of the harmonic analysis for this daily 

variation is shown in Table 2. 

In the previous paperOO〕，

40 
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this writer mentioned the facts 

that the ranges between the 

maximum and minimum values 

of <p seem to be prominent during 

about 6h～12h local time at all 

magnetic stations, especially m 

higher magnetic latitudes. This 

is reproduced in Fig. 12. It was 

obtained, however, under the 

scanty data, hence the reality and 

出etype of variation were doubtful; 

but now, it has been proved by 

this writer that the existence of 
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 variation of少 isinverse in two 

hemispheres; namely, the mean 

variations during 6h ・to 12h deflect 

towards the east and the west in 

T. YUMURA 
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Fig.12. Approximate illustration for the daily 
variations of the direction of horizontal vector 
of the sudden・ commencements observed at 
various observatories. (Reproduced from the 
1st report. ) 

the northern and southern hemisphere, respectively. 
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This inverse tendency concerning the type of local time variation of <p seems to 

if the primary origin be originated from the secondary effect in the upper atmosphere, 

of SCs is considered to be out of the earth’s atmosphere. 

Daily variation of AF (c) 

The magnitudes of horizontal vectors extend in pretty wi.cle range owing to their 

hence a large number energies, original 

of SCs is necessary in order to determine 

6.F. of variaiion statistically the daily 

Although this author did not have enough 

data Ito satisfy the above requirment, he 
＼ 

curve 

of 企Fin the same way as mentioned in 

vanat1on daily tried to make the 

Fig.13. Daily variation of the magnitude 
of the sudden commencemcnls observed 
at Kakioka. 

variation of <p. 

13, in which 

daily 

The result is shown in Fig. 

of the case the 

variation daily the full line denotes the 

the broken line asムFくcurve to be determined by adopting such data asムF孟50γ，

10()-y and the dotted line all AFs. 

it can be said that the daily variation of ~F scarcely exists, About this figure, 

although a diurnal period of variation can be slightly recognized with its maximum at 

This result shows a remarkable midday. midnight and its minimum at about about 

the to regarding Ishikawa G. by which was obtained disagreement with the result, 

of This disagreement is, with the distinct W-type variation. daily variation ofムH,

The magnitudes of horizontal difference between 6.F andムH.due to the course, 

hut their direc-vectors of SCs do not statistically change so much by the local time, 

Table. 3 
some to tion have a remarkable effect of local time due 

<P11 

104 

77 

90 

231 

24.46 

3.88 

1.41 

0.31 

1.87 

and so the Ishikawa’s result may secondary origin perhaps, 
c,, II 

be an apparent variation appeared in the meridional com・ 
nυ

唱

A
n
4
η
J
a
u
τ

to unsuitable be may it Therefore, SCs. ponent of 

the ionospheric 

by interpreted 

by 

as 

SCs 

込E

interprete the daily variation of 

only usmg by effect shielding 

tabulated IS variation present daily the for analysis of harmonic result 

Ishikawa. 

The 
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i丘、Table3. 

'AZ/iJF 
I o～、 Observed

a~ト ~o
E ，司、 Calculated

(cl) Daily variations ofムZ/O.F

andムZ/l),,H

QI/. 

In the previous papar, the author 

could not make any studies for the 

daily variation of l),,Zf.ムF,because the 

adopted number of data were too few 

to discuss this problem on each 

station. At present, however, the 

+QI writer has enough data in his hand 

ao to solve this problem. 

0 J 
-QI 

'8 21 J.4. 
/3~£.11.T. 

By the similar treatment as the 

former two cases, the result showing 

the distinct daily variation was 

obtained as illustrated in Fig. 14, 

which shows a pronounced minimum 

around 8 h local time. 

Fig.14. Daily variation of the ratio of the 
vertical intensity to the magnitude of horizontal 
vector of sudden commencements observed at 
Kakioka (upper), and the daily variation of 
residue, observed value minus calculated 
value (lower). 

According to the preceding result of harmonic analysis for the daily variation 

of AF, as mentiol}ed in ( c), the amplitude of diurnal 
Table. 4 

period is only 4’y which is only sixteen per cent against 

the all mean value. Hence it may be considered that the 

daily variation of AZ/AF is nearly equal to that of AZ. 

By the harmonic analysis, the amplitudes and phases 

of each term are shown in Table 4. 

The above daily variation of l),,Zf.ムF is deduced 

from the daily variations of <p and the ratio AZ/AH as the following relation; 

" I c.” l ~n 
0.53 A

U

’A
内

4
内

O

a
唖

0.08 

0.06 

0.03 

0.03 

138 

28 

247 

184 

where k=DZ/AH. 

The daily variation of ムZ/6.Fcalculated from the above relation shows a pretty 

AZ k 
AF－～I 1 + (tan<p) 2・=-

・ agreement with that obtained from the actual data of AZ and AF, even if k is cons・ 

tant. This is the other representation of the parallelism between AZ and AH, and of 

the independency of AZ to AD. And also, this fact shows that the daily variation 
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of tlZ/t:&F depends mainly on the daily variation of <p. Thus we may say that the 

daily variation of <p is the most important quantity in the case of discussion about 

the daily variation of various quantities 

of SCs. 

However, k or AZ/AH is expected 

to take a daily variation, too, and so the 

author has attempted to make it from the 

actual data and has shown the result in 

＼ 

Fig. 15. 

The result of harmonic analysis of 

this variation is tabulated in Table 5. 

The amplitude of daily variation of 

k is of course smaller than that of AZ/ 

ムF,but the residue in Fig. 14, which 

~Z/AH 

0.9 

9
0

守’
k
u

n
u
F
A
u
n
u
m
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0 J 6 9 12 15 I! 21 24 
IJS・£.11.r

Fig. 15. Daily variation of the rati。of
the horizontal intensity of the sudden 
commencemenli: observed at Kakioka. 

Table. 5 
variation of Ii. 

is produced in consequence of placing k as a constant, can be explained by the daily 

··,:·-r~「－；，：－ § 5. Equivalent current arrows for the daily 

variation of SC at Kakioka 
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The sudden commencements in geomagnetic storms 

are the simultaneous phenomena all over the earth and, 

following the Chapman’s theory, they are considered as 

0.03 

0.02 

the electromagnetic fields due to the currents induced on the front of corpuscular 

stream. And so the magnetic vectors of SCs ought to be uniform all over the earth’s 

surface, if the earth is assumed as the magnetic dipole and if the distance between 

the earth and the front is sufficiently large. 

However, as it is seen in the preceding section, it has become evident that the 

local time effects appear in the daily variations concerning the intensities and directions 

of SC-vectors, as well as the hourly frequency. These facts can not be explained by 

the existing theories for SCs, unless such theories be improved or added to themselves 

some kinds of explanations. 

The present author has considered as follows ; namely, SCs primarily occur by 

、
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such mechanism as being advocated by S. Chapman, and their local time variations 

are due to a secondary effect which is almost sure to exist in the upper atmosphere. 

Under such consideration, he tried to make an illustration figure of the equivalent 

current arrows, which are expected to flow in the upper atmosphere over Kakioka for 

the daily variation of horizontal vectors of SCs. By using the results of harmonic 

analysis up to the fourth term, the hourly inequalities of the daily variations forムF

and <p are represented by the following equations; 

ムFt1=3.887 sin (t十104)+ 1. 41γsin(2t+77) +o. 31γsin (3t+90) + 1. 87γsin(4t十231)'

少，， =8。.01 sin (t+323）十10。.64 sin(2t+208) +3。.26 sin (3t+72) +3。.67 sin (4t+32), 

where t denotes the time reckoned from the local midnight, andムF"and <pc1 the hourly 

inequalities forムFand rp, respectively. 

Assuming the above inequality parts of magnetic horizontal vectors are due to 

the currents flowing at the upper atmosphere, the equivalent current arrows are 

illustrated in Fig. 16. In this figure, the internal parts of magnetic variation to be 

induced in the earth is not introduced, or rather it is not necessary to consider them 

so far as it is studied on one station only, because the ratios between the internal and 

external parts of magnetic variations are considered to be constant. And then, it may 

be considered the lengths of current arrows in Fig. 16 are proportional to the external 

geomagnetic changes. 

It is impossible to illustrate an equivalent current system all over the earth by 

the above result only, but such a system may be roughly imagined, if the following 

facts, which have been already mentioned in the previous sections of this paper, are 

introduced: Namely, ( 1) the daily inequalities of the direction angles of horizontal 

magnetic vectors are more pronounced in higher geomagnetic latitudes than in the middle 

or lower ones and their signs are inverted in two hemispheres, -i.e., eastward in the 

northern hemisphere and vice versa ; ( 2) the magnitudes of horizontal vectors in the 

daytime are conspicuously large in the lower latitudes, particularly near the magnetic 

equator. In other words, the enhancements of the direction angles of horizontal vectors 

at the dawn hours are resulted from the superiorities of the meridional currents, towards 

the south in the northern hemisphere and vice versa ; next, paying attention to the 

daytime variation in the lower latitudes, the pronounced. magnitudes of horizontal vectors 

must be due to an anomalously intense currents flowing eastwards. These intense 
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electric currents at the magnetic equator seem likely to be the return currents of the 

meridional ones at the higher and middle latitudes. This imagined cuπent system and 

the present or preceding statistical results show some disagreements with the experi-

mental results regarding the shielding effects of ionosphere, obtained by K. Oguchi 

and T. Nagata＜＇り whohave studied the above mentioned problem by using the conductive 

shell. For example,. the induced electric currents over the middle and lower latitudes 

must be anticlockwise in the northern hemisphere, but the experimental results show 

the clockwise currents, and as noted in the OguchトNagata’spaper, their experiments 

cannot explain the abnormally large values of SC in H at Huancayo. As the above, 

there are the fundamental disagreements between the experimental results and the statis-

mid-
nigkt 

noon 

/8h 

Fig. 16. Illustration figure of the equivalent current arrows, which are 
expected to flow in the upper atmosphere over I<akioka for the daily 
variation of horizontal vectors of the sudden commencements. 
Fine arrows (full) : Vectors calculated from the results of harmonic 

analysis up to the fourth term. 
Do. (dotted) : Constant term of the results of harmonic analysis. 
Thick arrows : Equivalent current arrows mentioned above. 
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tical facts, and nevertheless this writer believe that the daily variations of SCs may be 

due to the shielding effect of the ionosphere and that the experiments bring somewhat 

to the light for the possibility of explaining the daily variation of SC. 

Thus, it seems that a tentative explanation has been able to be given qualitatively 

for some characteristics appeared in SCs, but a detailed and quantitative investigation 

has been unable to make, unless similar statistical studies are made at various magnetic 

stations. For this reason, this writer wishes to make a synoptic study of the daily 

variations concerning various quantities of SCs at various magnetic observatories by 

using their own data. That will be more facilitated in the long run. 

§ 6. Summary and acknowledgement 

The local time variations are principally studied here, concerning the direction 

angles （φ~ of horizontal vectors, their magnitudes （~F) , the ratios of vertical changes 

to the horizontal changes (6.Z/6.F) and the ratios of vertical changes to the changes 

of meridional components （ムZ/6.H),using their maximum amplitudes of sudden 

commencements of 396 magnetic storms recorded at Kakioka for the period 1924～1951. 

The results are summarized as follows : 

1. Firstly, the most frequent values of the above mentioned quantities of SCs 

have been studied regardless of their daily variations, and the results obtained are; 

(<p) froq・Tnl¥it=16。Efrom the magnetic north, 

n (AF) rroq・mAx=13.7γ， 

from this and Ishikawa’s result, the contribution of the declination to the magnitude 

of horizontal vector will statistically be only 3. 7，γat Kakioka, 

iii （ムZ/6.F)rroq・ mnx=0.55

2. Next, this writer has studied whether or not those quantities of SCs have 

any local time variations. He shows in the statistical treatment that the local time 

effect appears distinctly in the daily variations of those quantities, especially of rp 

and of AZ/A.F. Obtained results are as follows; 

i the hourly frequency distribution ・of SCs at Kakioka is similar in its 

tendency to the results obtained in the past investigations, in which a slight tendency 

appears with a forenoon minimum and an afternoon maximum ; 

ii the daily variation ofψhas a double maximum type with a pronounced 
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maximum around 7h local time and a secondary maximum around 19h. Furthermore, 

the standard deviation of rp has also a similar type of daily variation with two maxima 

around 7 h and 16 h local time. 

Thus the existence of the local time effect in the daily variation of rp has been 

proved to be sure, and the type of the variation has been found to be inverted in its 

sign in two hemispheres, by referring the previous result concerning the daily variation 

of少 atvarious magnetic stations; 

iii tl.F of SCs seems to show little local time effect in its daily variation, 

although a diurnal period of variation can be slightly recognized ; and this result is 

、 apparentlydiscrepant to the Ishikawa’s result which was obtained from t:i.H and showed 

a W-type variation. The latter can be obtained from the present results of rp and t:i.F; 

iv ムZ/t:i.Fshows also the local time variation with a distinct minimum 

around 8 h local time. This daily variation is obtained with approximate agreement 

between the actual and calculated results in which the latter is obtained from the daily 

variations of rp and k=AZ/AH, even if k is considered as constant ; and if the daily 

variation of k obtained from actual data is taken in the calculation of daily variation 

of t:,Z／ムF,the calculated result shows the better agreement with the result obtained 

from the actual data. 

From these results, we may say that <p is the most important quantity in the 

case of discussion about the daily variation of various quantities of SCs. 

3. From the results of the daily variation, this writer tried to make an equi・ 

valent current arrows, which would flow in the upper atmosphere over Kakiol《aand 

cause the daily variation of horizontal vectors of SCs. The current system all over the 

earth can not be illustrated by only the result of one station, but such a system may 

be imagined roughly by introducing the facts that the pronounced extremes at the dawn 

hours in the daily variation of rp are inverted in their signs in two hemispheres and 

that the conspicuous large amplitudes of horizontal vectors appear in the daytime in the 

lower latitudes, particularly near the magnetic equator. Namely, the former fact may 

be considered to be caused on the superiorities of the meridional currents nn-:l the latter 

seems likely to be the return currents of the meridional ones. 

In conclusion, this writer considers that the daily variation of SCs originates in 

the ionospheric shielding effects. However, in order to confirm this consideration, 
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similar investigations must be made at various magnetic stations, and so this writer 

wishes again to make a synoptic study of the daily variations concerning SCs at various 

magnetic observatories by using their own data. 
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