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Some Analy記sof Dst and DS Fields of 

Magnetic Storm during the IGY (1) 

By 
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概要

39 

Vestine, Chapman，杉浦等は多くの地磁気嵐の資料から統計的な平均として SD,Dstを求めた

が，こ与では IGY期間における個々の地磁気嵐について Dst及び DS~求めた．

今回解析した地磁気嵐は1957年における9つの．制台風であるが， 1958年の各地磁気幽についても

解析を進める予定である．

方法は Kakioka,Honolulu, Tucson, San Juan, Tibilisiの5つの中，低緯度の観測所の毎時

値から，その月における fiveinternational quiet daysの平均値を差引きそれを5ケ所の観測所で

平均して Dst00を求めた．

次に Auroralzoneにおける Lerwick,Dixon, Tixie Bay, Sitkaの4つの観測j所の毎時値

D11（θ. t. T） から Dst00にある係数 A(O)（係数は Chapman，杉浦の統計結果から求めた｝を

A(O). D国tOoを差引いたものを DSJI(O.t. T）とした．

I!IJち
DS11(0. t. T) =Dn（θ. t. T)-A(O). Dst 00 

かくして求めた DS11(8.t.わの毎時の水平ベクトルと Chapman，杉浦によって求められた統計的

な SD11（θ.t）の対応する地方時における水平ベクトルとの比

DS11(0. t.η 
I（θ.t. T.) =・ 

SDn（θ. t) 

を算出し， DS強度発達の推移と Dstとの関係を解析した.(Sept. 2, 4, 13, 21・23,29の胤に対して

は gr回 tstormの SD，，を， July5とAug.29の嵐に対しては moderatestormの SD11を用い

た）

これらの地磁気嵐の解析から Dst場の発遣と Auroralzoneにおける平均の DS場の強さとは

非常によい対応がみられ， mainphaseの形成期において DS場が急激に糟大している．そしてこ

れらの現象は断続的におこっている．

文 DS場の滑大と pt・indexとの対応はかなりよい一致を示すことがわかった．

§ 1. Introduction 

The analyses on magnetic storm variations have been studied by many resear-

chers till now. They were begun by Moos and remarkably extended by Chapman, 

Vestine and others. (1) (2〕 Inrecent years Chapman and Sugiura investigated the 

world-wide characters of storm variation using a great of magnetic storms that occur-

red in 1902-1945, and discussed in detail about their results in the series of the 

report "A study of morphology of magnetic storm”．〔3〕 Butthose analyses are 
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mainly statistical and the individual cas回 werenot analysed so much. 

In this paper some studies on the individual magnetic storm variations that 

occurred in 1957 will be done. Magnetic storm variations, as well known, are 

resolved into two parts generally : Dst which depends upon storm time T and OS 

which depends on both storm time T and local time t. Dst is divided into three 

well defined stages, initial, main and last phases. We consider Ost’s and DS’s 

development, recovery and relations between them at each stages using the data of 

the hourly values of 9 stations, San Juan, Honolulu, Tucson, Kakioka and Tibilisi 

in the low or middle geomagnetic latitude zone and Lerwick, Dixon, Tixie Bay and 

Sitka in the auroral zone. 

The preliminaly results for the 9 storms are the following : 

1. During the initial phase, the intensity of DS is very weak generally. 

2. The intensity of DS begins to increase at the almost same time when the main 

phase begins (exactly, Ost begins to decrease) and reaches its maximum more 

earlier than Ost. 

3. The intensity of DS decreases rapidly. 

4. DS’s are very intermitent and irregular. 

5. Correlation between T司 indexand DS or Ost is relatively good. 

These results coinside with the statistical ones essentially. But from the rather 

irregular features of each individual storm variation, some imformations can be 

obtained on the irregular and complicated stractures of the solar cloud. 

We will investigate in near future all of magnetic storms that occurred during 

the IGY (July 1957-Dec. 1958) to study the more detailed features. 

§ 2. The method of analysis 

In the present paper, 9 magnetic storms with sudden commencements that 

occurred in 1957 are examined. These storms are listed with the other related 

phenomena in Table 1. ( 4〕〔5〕〔6〕（7)(8〕 Table2 shows the geomagnetic and geo・

graphic coordinates of the stations used in the present analysis. Our analyses are 

made by the following method. It is well known from the statistical results that 

Dst’s are much greater than OS’s in the low or middle geomagnetic latitude zone. 

On the contrary, DS’s are much stronger than Ost’s in the auroral zone. Conse-

quently, the developments of Ost’s and OS’s can be discussed roughly by using Ost’s 

of the low or middle latitude zone for the former one and OS’s of the auroral zone 

for the latter. The world intensity of Ost’s for each storm time T are approximately 
estimated here by the mean values of storm variations at San Juan, Honolulu, 

Tucson, Kakioka and Tibilisi in which Sq-variations are removed. This mean Dst 

is regarded as Ost of the average latitude 80 and is denoted by Ost 80・ Mean-Dst’s



a  L E 吋，

M 回 目 ω ω ω M W 何 回 M W U

l k d q

’ a ’ 且 内 4 内 d

m 一 一副 一

v a － －‘、JO 一1 J

S 一 寸 川 I l l i
－ － 1 1 1 1 1 1 1 f s i l l i－ －

c 一 ぽ 一 如 0 5 0 5 5 4 5 6

U 一 －u 一 4 2 1 0 4 0 4 3 1

m 一m L h

同 一 ．m v ・ 冊 一 ∞ 凶 ω 日 ∞ m m ω ∞

恥 B 1 一C 1 I P I l l i－ － I l l l I l l i－ －
 

G u － －1
 

－ C 一 J U

↑ 以 一 5 9 2 4 3 1 2 3 9

一 D 一 2 1 2 2 2 2
H H M M  

恥
te
I
 
St
ar
t 
T
i
 

Y
e
a
r
 !
M
o
n
t
h
 

19
57
 
I
 
Ju
ly
 

，， 
A
u
g
.
 

Se
p.
 

，， ，， 
，， 

，， 
，， 

，， 
，， 

，， 
，， 

，， 府

T
a
b
l
e
 2
 L
is
t 
of
 
ob
se
rv
at
o 
ie
s 
us
ed
 i
n
 pr
es
en
t 
an
al
ys
es
 a
rr
an
ge
d 
ac
co
rd
in
g
 

to
 
g
e
o
g
r
a
p
h
ic
 la
ti
tu
de
 

一
一
一
一
一
ー
－
一
一
－
－
－

ーー
皐
一
一
一

G
e
o
g
r
a
p
h
i
c
 

G
e
o
m
a
g
n
e
t
ic
 

rv
at
or
y 
Ab
br
. 
L
a
t
.
 
L
o
n
g
.
 

La
t.
 

D
i
 

8
0・
24
1

63
.0
・
N

16
1.
 5
n 

B
a
y
 
T
i
 
71
 • 
40
1 
N
 
12
8 ・
54
1
60
. 

5•
 
N
 
19
1.
 4
n 

ic
k 

L
e
 
6
0・
08
'
N
 
35
8・
49
1
62
.5
・
N

88
.6
・

Si
 
5
7 ・
04
1
N
 
22
4 ・
40
1
60
.0
・
N

27
5.
4°
 

IS
i 

T
f
 
4
2。
05
1
N
 
44°
 
42
' 

36
.7
・
N

12
2.
1 。

)k
a 

K
a
 
36
。
14
’
N
14
0 ・
11
'

26
.0
・
N

20
6.
0 。

>
n
 

T
u
 
3
2・
15
'
N
 
2
4
9 。
10
'

40
. 
4° 
N
 
31
2
.2
。

lu
lu
 
H
o
 
21°
 
18
' 
N
 
20
1°
 
54
' 

21
. 
1・
N

26
6.
5 。

lu
n
n
 

S
J
 
18
・
23
'
N
 
29
3・
53
1

29
.9
・
N

3.
2・

O
b
s
e
 

－ m ・ は げ ・ 崎 山 山 北 山 m m

D T b g T K T H n a  

思 白 ヨ 向 山 。 U> 同 ぷ 冊 一 色 刷 よ‘ 炉
・e



42 M. Nagai, Y. Sano and K. Yanagihara 

at the other latitude {} for individual storm are deduced here from the Dst仇ofthe 

storm and the mean latitudinal distribution of Dst’s statistically obtained by Chapman 

and Sugiura, (3〕theyare expressed as 

Dstθ＝A(8)/A（｛｝，。）・DstO。
where Dstθis the Dst obtained at latitude 8 and A(O) is the relative factor of the 

distribution of the intensity of Ost at the latitude 8. A（θ） is shown in Fig. 1. 

foo回F険加sor
80 40 

60 30 

40 加

却 10 

。。。
却

ー』 GreatStorm 

・申・ Model'llte St<'rm 

｝ぬ・okStorm 

60 qa。
G官omagnetic凶ilude

Fig. l The values of minim~m Dst in each latitudes 
regarded as the distribution functions of Ost. 

Good approximation of the 

world intensity of DS for any storm 

time (T) of the individual storm 

may be estimated by the intensity 

of OS at the auroral zone station. 

But, as the DS field changes with 

local time t，詰omereduction are 

necessary for the world intensity 

of OS・fieldfor storm time T. 

The ratio I({}. t. T) of the hori-

zontal component of DS of the 

individual storm to the statistically averaged one is considered here. For statistical 

mean-DS, Chapman and Sugiura’s recent result is used. So that, I（θ. t. T) is 

expressed as follows ; 

I（θ. t. T)=DSu（θ. t. T)/SDn(B. t) 

where DS11(B. t. T) is the horizontal intensity of the individual DS and SD11（θ. t) 

is the horizontal intensity of mean DS reported by Chapman and Sugiura (here the 

SDn(B. t) of great storm and that of moderate storm are used for the storm on 

Sept. 2, 4, 13, 21-23 and 29, and the storm on July 5 and Aug. 29 respectively.) 

The DS of the auroral zone station is obtained from the disturbance variation 

by substracting Dst deduced from the above method. If the world distribution of 

DS・fieldis unaltered always except the change of its intensity, 1(8. t. T)'s are con-

stant for all stations and may be the good approximations of the world intensity. 

But many departures from the statistical mean-state are observed in the actual case. 

In this paper the average of four auroral zone stations I（θ. t. T) is . taken as 

the first approximation of the world intensity of OS-field and is denoted by l(T). 

(I(T) is the average of ／（θ. t. T).) Four stations are Lerwick, Dixon, Tixie Bay 

and Sitka listed in Table 2. 

There are鈎 meminor but pulsating disturbances in magnetic storms, for ex-

amples, pt, pc, pg and etc. In this paper, the correlation between T-index of pt 

and Dst or DS is examined. Fig. 2-8 show Dst80's, l(T）’s and T-indexes for each 

individual storm. 
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In the next section, the results of the pr回entanalysis are described and鈎 me

features of magnetic storms are discussed. 

§ 3. The several characters of Dst and Ds for the individual storm variations 

There is no essential difference between the results obtained in the pr倍 ent

analysis and the statistical ones. But it is very interesting to examine the develop-

ping and decaying proce路 ofOst and DS in the individual storm. In the first, the 

developments of OS-field for each phase of Dst are considered. 

( 1 ) Initial phase 

The initial phases of these nine storms investigated here continue for one or 

two hours except one on Sept. 29. During the initial phase DS-variations do not 

show so much dominant developments. After the seting up of DS to some intensity 

at the sudden commencement, they seem to have the tendency of rather monotonic 

decrease till the onset of the main phase. 

The storms on Sept. 29, Sept. 13 and July 4 are the good examples as regards 

these facts. During the initial phase of the storm on Sept. 29 which continues for 

about five hours or more DS is very weak. (Someone may think that this initial 

phase continues untill 12 or 13 hours in storm time.。〕 Butit is rather reasonable 
to consider that the period of small decrease in Dst for about 6-12 hours is regarded 

as the small main phase.) But there exists the relatively great OS-field at the 

initial phase on Sept. 13. This DS・field,on which two of us (M. Nagai and Y. Sano) 

will discuss in another paper，〔10)may be considered to be enhanced by the particles 
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that the DS・field in 

We  will investigate 
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that contribute to very strong polar blackout. It is inferred 

the initial phase is produced by relatively high energy particles. 

much in detail about this point of view in near future. 
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( 2 ) Main phase 

The nine storms have one or more decreases of H which are regarded as main 

phase as shown in Fig. 2-8. In these main phases, OS-fields reach almost always 

the maximum intensity. Namely, DS’s begin to be enhanced at almost the same 

time of the beginning of main phases and reach the peak rather rapidly within 
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6 12 18 24. 6 irt同 r。

m州11yt ive calm uys 111e拘

-toJ- 一Dsfe.CH)
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：－料ν～下F 苛

SSC 

-200-

－却O圃

SSC: Sepl. 21 IOh os"'(U.T.) 
SSC: Sept.お 1344 
SSC : Sept. 23 02 35 

6 12 18 24. 6 f8 24 6 

－ー・回・ DslゐCH)
・4』．

-2 

-3 

-4. 

置 5
(IT) 

句ヘ．
I市首ily。fDS(I.J 
aver111ed o~r 仲rS凶io11S

ご、勺ト吋～〉／、叩thケ

5－ 川川~－i~ex ~ 、JへぺJ～ハ
Fig. 7. Ost, OS and T・index for storm, Sept. 21 to 24, 1957 

四ゐysmean

-2 

-3 

・4

-5 

-6 
(Ir) 



M. Nagai, Y. Sano and K. Yanagihara 

24. Storm li隅 inhour 
k抑制yfi~calm勾smean

SSC : Sept. 24 ooh 16 m (U.T.) 
6 - 18 24 6 。

46 

-2 

ーー Dst偽（H)
司－I胃lensilyof DS(Ir) _ 
a開制ed例 γfourStations:> 
’（IT) 

2
J
 

-4 

-10or-

-200-

SSC 

j"守、旬、、 _,.'-monlhly fi同叫mdoysm酬

20- Dste。

。

でニ Y、／ γ｛、
Dst, OS and T・index for storm, Sept. 29 to Oct. 1, 1957 

40-
0 

5-

But their rate of 

at 

and 

Fig. 8. 

about 1-3 hours. Their decreases of intensity are rapidly, also. 

recovery are slower than the development and their intensity is 

considerable amount even when the last phase begins. These dev.elopment 

recovery of DS・fields seem to depend strongly upon the development of main phase. 

The typical cases of these features are shown for the storms of July 4, Aug. 29, 

Sept. 4 and Sept. 13. Though the other storms are very complex and irregular, it is 

possible to consider that they have the same features. 

( 3 ) Last Phase 

still remained 

As regards Dst’s in the initial part of the last phase, it is interesting to note 

that Dst’s of Z・component reach the peak intensity several hours after the maximum 

At the time of this apparent Z・peak, DS’s 

The decay of OS continues till the occurrence 

decrease of H-component. 

weak having no considerable growth. 

of the other disturbance. 

Next, the correlation between T-index and Ost is considered. T・index 

measure of the intensity of pt and pt-like pulsations proposed by one of the present 

authors (K. Yanagihara). (11) Though the T-index depends upon not only 

but also local time, comparing the T-index at Memambetsu (cp =43°55’：N, 
入＝144°12'E) with storm variations during the above nine storms, there seems 

be the relatively good correlation between them as the statistical results that 

been shown in Yanagihara’s paper. (11〕 Fathermore,

is compared with the OS intensity of Tixie Bay where 

same to that of Memambetsu, the better correlation is 

rather 

a 
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to 
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§ 4.. Concluding Remarks 

From the results here obtained on the developing and decaying proc白 S of 

individual storms，鈎mefeatures of the solar clouds may be suggested. Simple and 

typical storms consist of three simple stag白； initial, main and last phases. In 

initial phase, DS-fields are rather weak generally, and they develop strongly in main 

phase or early stage of the phase. 

Simple storms may be caused by the solar clouds of simpler structure which 

are composed of denser slow particle region enclosed by the region of high energy 

particles in the vicinity of the earth. Each region is rather uniform and produce 

the initial rise of H and main phase decrease respectively. DS’s in each stage may 

be also attributed to the respective particles. If the inner dense region of the cloud 

pass by the earth, no distinct main phase decrease is observed. Storms of initial 

phase only or si・like variations are the case, and they may be caused by the high 

energy particles in the outer region of the cloud which approaches to the earth. 

Many storms here analysed are more complex. Developments of their Dst 

and DS fields are rather intermitent and irregular. This is understood by considering 

the complex structure of the solar clouds. In some cases two or more storms 

overlap each other, where their original solar clouds are composed of two or more 

elementary regions which may cause the simpler storms. Some of their elementary 

storms lack one or more stages of three phases ; for example, the storm of initial 

phase only said above is the case. 

Throught the complex storms, it can be said that developments of Dst・Decrease 

are attended with strong DS・field. The coincident growth of Dst and DS fields 

means the arrival of the corresponding elemental region of the solar clouds. 
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