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Directions of the Straight Currents in the Central 

Part of the Polar Ca p [lJ 

M. NAGAI 

Abstract 

An attempt is made to examine the directions of straight currents at Thule in the 

central part of the polar cap using the hourly values of 5 disturbed days and 20 geomag-

netic storms which occurred during IGY. The important results obtained in the present 

analysis are summarIzed as follows: 

(1) The current was directed mainly towards 7h-12h meridians in local geomagnetic 

time but sometimes towards night time meridians. 

(2) During IGY the mean direction was 9.1h meridian. 

(3) The seasonal shift of the directions of straight currents showed the direction of 

llh in summer solstice and that of 7h in winter solstice. The shift correlated negatively 

with the seasonal change of the intensity of horizontal vectors at Thule. 

(4) The dai1y variation of the directions of straight currents had an amplitude of about 

:t 1h， showing the earliest at midnight and the latest at noon. 

(5) There are two typical pattern in relation with developing and recovering stage of 

Dst. 

One is the counterc1ockwise rotation of the direction from morning meridian towards 

afternoon meridian， and the other is the clockwise rotation from forenoon towards midnight. 

1. In仕oduction

Equivalent ionospheric current-systems of polar geomagnetic disturbances， such 

as SD or DS， geomagnetic bay CB)， the polar part of ssc CD~) and ssc寧 fields，

have been studied by many research workers山. The currents in the central part 

of the polar cap are directed on average from 21h towards 9h in local geomagnetic 

time in DS， B and D~， while those of ssc* are just in the opposite direction. How-

ever， it is also known that these directions of the straight currents in the central 

part of the polar cap display considerable change in the course of indivldual polar 

geomagnetic disturbances. 

Recently， Nagata and Kokubun (2) investigated the current-systems of the S:-
field limited within the polar cap area， and reported that the current pattern 

consisted mainly of nearly uniform currents flowing through the central part of 

the polar cap from 23h meridian towards llh in local geomagnetic time and their 
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counter cu汀 'entsflowing through the outer part of the polar伺 phad no auroral 

zone enhancement. 

Nishida and Iwasaki(8) reported a new geomagnetic variation of polar origin 

which was di旺:erentfrom the magnetic bay. The intensity of the current is largest 

in the auroral zone， but the current system is apparently not the result of the 

auroral-zone electrojet; instead it consists of two vortices which originate from 

current flows through the polar cap. The polar cap current is directed， on average， 
from 10h towards 22h in local geomagnetic time unlike most of current systems of 

high latitude origin. It is noted that the curtent system of the variations is simi1ar 

to the one for the local time dependent part of ssc*. 

The present author(4) examined previously the patterns of the directional changes 

of the straight currents at Thule in each stage of the severe magnetic storm which 

occurred on Feb. 11th 1958， and reported the following results. During the pre-sc 

polar disturbance straight currents indicated the direction of 08h -13h. In the 

initial phase the straight currents indicated mainly the directions of 10h and ex-

ceptionally abnormal direction 16h. During the developing stage of Dst field the 

straight currents indicated the direction of 07h-08h which was mostly inclined 

towards morning side. On the other hand， during the recovering stage of Dst 

field the directions of the straight cu町entsgradualy shifted towards aftern∞n 

side， that was 11h-13h in local geomagnetic time. 
Above results show that the directions of the straight currents depend on the 

developing or recovering stages of the Dst field. 

In the present paper an attempt is made to examine above interesting phe-

nomena conceming 20 geomagnetic storms with sudden commencement which 

occurred during IGY (and of which ranges of horizontal component at Kakioka 

are greater than 150 gammas)， and statistical studies such as seasonal and dai1y 

variations of the directions of the straight currents are also ca汀 iedout. 

2. Method of Analys飽 andUsed Data 

Data used are the hourly values of horizontal component H and declination D 

at Thule (Geomagnetic Lat.ゆ=880.0;Long. A =00.0) in the central pa此 ofthe 

polar cap. 

The method of analysis is the following. At first JH and JD represent， 

JH = H -Mean of 5 Quiet days， 
JD=D-Mean of 5 Quiet days. 

From the values of JH and .dD geomagnetic north component .dXm and east com-

ponent .dY m are calculated by next formula， respectively， 

〆
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.dX岡=.dHcos(Doー ψ)-Ho.dD sin (Doー ψ)，

.dY OI =.dH sin (Doーの+HoJD cos (Doーの，

27 

where Ho is the mean horizontal intensity of geomagnetic field， and ψdenotes the 

angle formed by the geomagnetic and geographical meridian of the station. 

The mean horizonta1 intensity Ho and declination Do (eastward positive) at 

Thule was 4α)() r and -79Q

• 7， respectively， while ψis 00 
• 0， so that Doーψis-79

0

.7. 

Thus directions of straight currents are defined here by the ho町 anglebetween 

the geomagnetic meridian of the sun and composed horizontal vectors of JXm and 

.dYm・

3. Dst Dependency for the Dir凹 tionsof Straight Currents 

in the Cou1'8e of Gωmagnetic Storm 

Fig. 1ー 3show equatorial Dst's which are calculated by Sugiura (6】 (upper)and 

directions of straight currents and the intensity of horizontal vectors at Thule 

(middle and lower) on Feb. 11th '58， July 侃th'58， Sept. 13th '57， Sept. 29th '57， 
Sept. 3rd '58 and mean values of 20 geomagnetic storms during IGY， respectively. 

[Group 1]: 

Fig. 1 (Feb. 11th '58 and July ωth '58) shows two typical examples of the 

counter cl∞kwise rotation. The directions of straight currents gradualy shifted 

towards aftemoon side showing fan-shape pattem， which ∞cupied about 07h-15h 

of geomagnetic time， from developing stage towards recovering phase of Dst field. 

Geomagnetic Storms grouped in this type are following. 

year month date time aHt -kRaaknigoe ka Touytpbe urIsv t 

'57 July 05 ∞h 42m 155 r 。
'57 Sept. 02 02 15 200 。
'58 Feb. 11 01 26 617 。
'58 May 31 16 52 188 

'58 July 08 07 48 472 。
'58 Dec. 04 ∞ 35 187 

[Group 2]: 

Fig. 2 (Sept. 13th '57 and Sept. 29th '57) and Fig. 3 (Sept. 3rd '58) show three 

typical examples of the clockwise rotation. These directions of straight currents 

were 8h-10h during the developing stage of each Dst field. During the recovering 

stage of Dst field， on the other hand， the directions of straight currents were 
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Fig. 1. Dst dependency， for the directions of straight currents at Thule 
on Feb. 11th '58 and July 08th '58 (two typical examples of the 
counter cIockwise rotation). 
(a) Storm-time variation of Dst (upper). 
(b) Directions of the straight currents in local geomagnetic time 
(middle: The length of the current arrow shows an intensity of 
horizontal vector). 

(c) Intensities of horizontal vector at Thule (lower). 

/ 
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Fig. 2. Dst dependency for the directions of straight currents at Thule 
on Sept. 13th '57 and Sept. 29th '57 (typical examples of the 
c10ckwise rotation). 

6h-3h or more shifted towards the local geomagnetic midnight on Sept. 13th '57. 

Geomagnetic storms grouped in this type are following. 
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Geomagnetic storms grouped in this type， but not so clear as above three examples， 
are following， 

42 



M. Nagai 30 
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[Group 3]: 

Complex type of preceding two patterns， which consists of counter clockwise 
and clockwise rotation is seen in the fol1owing storms. 

Type IV 
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[Group 4]: 

Following two magnetic storms have not distinct main phase， 
pattern of rotation of straight currents is not c1ear. 
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From above results the existenαof two di百'erentgroups， which are characterized 

by clockwise or counter clockwise rotation of the direction of straight currents 

through developing and recovering stages of the Dst field， is revealed. 

Fig. 3 shows that the mean directions of straight αrrents of 20 geomagnetic 

storms， which occurred during IGY， are 9h-llh meridian in local geomagnetic 

time. The result is c1early indicated the direction of earlier meridian in the 

maximum stage of Dst field than others. 

Fig. 4 and 5 show the occurrence frequency of the directions of straight cur-

rents through 3 days from 24h before the SC to 47h after the SC. It is notable 

evidence that directions are distributed all over Oh -24h meridians in local geo・

magnetic time. But ocωrren伺 frequencyshows 55% in 7h-12h meridians. 

Results are tabulated as follows. 
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Table 1. Maximum occuπence frequency of the directions of straight curren旬
in the course of magnetic storms. 

Storm Time Maximum Direction Mean direction 

before the SC (ー24h'"'-'-1h) 10'"'-'l1h 11.5% 11.1h 

after the SC (Oh'"'-'+23h) 8'"'-' 9h 15.6% 9.6h 

after the SC (+24h'"'-'+47h) 7'"'-' 8h 11.2% 10.0h 

throughout 3旬 s(一拍'"'-'+47h)I 8'"'-' 9h 12.1% 10.2h 

MeZln values of 20 G四~昭tic Stor同 Durih¥}I SY 

Dst 

Thule 
1I  I I I I I し」ーLl 1 I  I I I I I I I I I I 

Fig. 3. Dst dependency for the directions of straight currents at 
Thule on Sept. 3rd '58 (typical example of the c10ckwise rota-
tion) and mean directions of straight currents of 20 geomag-

netic storms wbich occurred during IGY. 

31 
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Fig. 4. The occurrence frequency of the directions of straight 
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time. 
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Fig. 5. The occurrence frequency of the directions of straight 
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of the storm time. 
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4. Statistiω1 Studi伺 forSe剖 onaland Daily Variations. 

In the previous section the author has investigated the Dst dependencies of 

the directions of straight cu汀 entsat Thule in the central part of the polar cap. 

He has analysed the 20 sudden commencement storms which oc叩汀'edduring IGY， 
and has given the typical examples which are characterized by the clockwise and 

counter clockwise rotation of straight currents. In the present section the author 

examine statistiα1 variations such as seasonal and daily variations of the direc-

tions of straight currents using hourly values of 5 disturbed days and mean of:6 

disturbed days at Thule during IGY. 

Fig. 6 (a)， (b) and (c) show the occu町'encefrequency of the directions of 

straight currents using hourly values of 5 disturbed days for each month from 

July 1957 to Dec. 1958. The directions of straight currents are distributed all over 

Oh，，-，24h meridians in local geomagnetic time. 

Fig. 7 (a)， (b) and (c) show the occ町 rence仕equencyof the directions' of 

straight currents using hourly values of mean 5 disturbed days in order to gain a 

more simple image. The hour shown above the distribution figure indicates the 

mean of directions for each month. These values are plotted in Fig. 11 showing 

記 asonalvariation around the mean value of 9.1h meridian in local geomagnetis 
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Fig. 6 (a)， (b) and (c). The occu陀 ncefrequency of the directions 
of straight currents using hourly values of 5 disturbed days 
for each month from July 1957 to Dec， 1958. 

/ 

time as mentioned latter. 

Fig. 8 shows the seasonal variation of occurrence frequency. It is obvious that 

the directions of straight currents are in early morning side in winter solstice and 

n∞n meridian in summer solstiぽ.

Fig. 9 shows the frequency distribution of the directions of straight currents 

for each class of the intensity of horizontal vectors using hourly values of 5 dis-

turbed days. Maximum frequency for each ranges of the intensity of horizontal 

vectors is found at the directions of 8h，，-，9h， 7h，，-，Sh， 8h，，-，9h and llh，，-，12h meridian 



Directions of Current-; in Polar C;¥P， 

% 
eo 

u
n
m
w
m
w
ω
 

'57 A噌・ 3 
(10.2) 

'570d. 
(7.7) 

'5'1 Sψt. 
(8・7)

品
F
M
W

朝

刊

印

'57 Julv 
(1M) 

70 

ω 

'57 Nov. 
(8.1) 

'57 Dec. 
叫
F

印

刷

N
m
m四

ω
m
m

-
E
a
r
E
E
H
E
E
L
E
E
-
-

u
m
初

ゆ

ゆ

a
n
v
 

R
d
 a--

句
d内，.

A
U
 

m
M
1
 

a
E
 

勾

e，O
 

E
2
 

4
 

-
J
 

'58 Jan. 
(8.'0 

叫

n
初

旬

ω
m

'58 Feb. 
( q.S) 

% 
aJ 

10 

0 
34567 eQl0l1t213'4.1516 

0 
3" 5 6 7 8 ql0111213f.4. 1~16 

(a) 

%

印

刷

Nω
回
目

'58 Mar. 
(Q.3) 

'58ケ '58 June 
(Q.8) 

U
V
J
 

a
E
J
 

M
ω
 

n
O
Hい

r
コ「

l

un印
刷
w
ω
m
m

r. 
50 

¥ 
'58 Ju/v 
(1M) -

'5~ S~pt 
( 8.6) 

upmm山

'58oct. 
{τ3) 

'58_~~i・
(10.2) 

3456781110111213141516 

(b) 

35 



36 M. Nagai 

'S8Noい
"'b 「

'58 Dec. 
('1. '1) (7.5) 

70 

ω 
50 

:l ，."， 
Mean 
(q.l) 

(c) 

Fig. 7 (a)， (b) and (c). The occurrence frequency of the directions 
of straight currents using hourly values of mean 5 disturbed 
days for each month from July 1957 to Dec. 1958. 
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Fig. 8. The seasonal variarion of occurrence frequency. 
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Fig. 9. The frequency distribution of the directions of straight currents for 
each class of the intensity of horizontal vectors using hourly values of 5 

disturbed days. 
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Fig. 10. The frequency distribution of the directions of straight currents for 
the intensity of horizontal vectorsく100γand> 100 r using hourly values 
of mean 5 disturbed days. 

for the ranges ofく日r，50 r"，，99 r， 1∞r""l鈎 γand>初Oγ，respectively. 

Fig. 10 shows more obviously the above trend using hourly values of ffil飽 n5

disturbed days. Maximum台'equencyof the direction of straight currents is found 

ai: 8h-9h for the intensity of horizontal vectorsく100r， while 9h-10h and llh-12h 
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Diredion of ihe Shaighl Curren! at Thul巴
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Fig. 11. The seasonal and dai1y variations of mean directions of 
straight currents. 
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Fig. 12. The seasonal and daily variations of the intensity of horizontal 
vectors .ýJX~平t1Ym2 at Thule. 

for > 100 r. These results prove that the directions of straight currents is towards 

the later meridian for larger intensity of horizontal vectors. Fig. 11 shows the 

seasonal and dai1y variations of mean directions of straight currents. The seasonal 

variation indicated the latest meridian at about llh in summer solstice， on the 

other hand the earliest meridian at about 7h in winter solstice. It depends upon 

the inc1ination of solar plasma flow to the normal of the axis of geomagnetic 

dipole. The daily variation is expressed by mean value of deviations of each hour 

from 9. 1h for each month. The amplitude is about土lh，which is one half of the 

/ 
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民 asonalvariation. The daily variation shows that the directions of straight cur-

rents is towards the earliest meridian at midnight and the latest meridian at n∞n. 

Fig. 12 shows the seasonal and daily variations of the intensity of horizontal vectors 

、I.dXm2+.dY m2 at Thule. The seasonal variation indicates maximum value 1ωr at 

summer solstia and minimum value 60 r at winter solstice. The daily variation 

indicates maximum value 160 r at n∞n and minimum value 70r at midnight. From 

these results it is obvious that there is a g，∞d negative correlation between the 

directions of straight currents and the intensity of horizontal vectors at Thule. 

5. Conclusions 

The important results obtained in the present analysis are summarized as 

fol1ows: 

(1) The current at Thule in the central part of the polar cap directed mainly 

7h-12h meridian in local geomagnetic time， but sometimes directed night time 

meridian in the opposite side though occu汀 encewas not so much frequent. It may 

be suggested that these phenomena are di百erentessentially from those of ss♂. 

(2) The m伺 ndirection of straight currents during IGY was towards 9. 1h 

meridian. This value agree in general with the directions of DS field which have 

been studied by many research workers. 

(3) The seasonal variation of the directions of straight currents indicated 11h 

in summer solstiαand 7h in winter solstice with the variation 9h:t 2h. While 

the seasonal variation of the intensity of horizontal vectors indiαted maximum 

value of 160 r in July and minimum value of 60 r in December. Accordingly it is 

obvious that a good negative ∞rrelation between民 asonalvariation of the directions 

of straight currents and intensity of horizontal vectors at Thule is exist. 

(4) The daily variation of the directions of straight cu汀 entsindicated the 

amplitude of about :t 1h which was half of the seasonal variation， showing the 

earliest at midnight and the latest at noon. The daily variation ot the intensity 

of horizontal vectors indicated maximum value of 160 r at noon and minimum value 

of 70 r at midnight. The amplitude was as same as those of the seasonal variation. 

(5) There are two typical pattern in relation with developing and recovering 

stage of Dst in the course of magnetic storm. One is the counter clockwise rotation 

from morning meridian towards afternoon meridian (about 07h-15h)， showing fan-

shape pattern. The other is clockwise rotation from forenoon meridian (08hrvl0h) 

towards midnight meridian. The pattern of rotation of straight currents is not 

c1ear in the case of magnetic storms which have npt distinct main phase. Complex 

type of two patterns which consist of counter c10ckwise and c10ckwise rotation is 
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exist also. 

Acknowledgemen旬

In concluding， the author wishes to express their thanks to Dr. T. Yoshimatsu， 
Director of Kakioka Magnetic Observatory， for his interest in the present study. 

The author is also grateful to Dr. K. Yanagihara， Kakioka Magnetic Observa-

tory for his valuable advices and discussions. The author's cordial thanks are due 

to Dr. Y. Hakura， Radio Research Laboratories for his useful suggestions and 

discussions. 

Referenc錨

(1) (a) Vestine， E. H.， (1940)， The disturbance.field of magnetic storms. Trans. Wash-

ington Meeting， A.T.M.E.， I.U.G.G.， 360. 

( b) Hasegawa， M.， (1940)， Provisional report of the statistical study of the diurnal 

variations of terrestrial magnetism in the north polar regions. Trans. Wash-

shington Meeting， A.T.M.E.， I.U.G.G_， 311. 

( c ) Harang， L.， (1946)， The mean field of disturbance of polar geomagnetic storm. 

Terr. Mag. Atmos. Elect.， 51， 353. 

(2) Nagata， T. and S. Kokubun， (1962)， An additional geomagnetic daily variation field 

(S:-field) in the polar region on geomagnetically quiet days， Res. lonos. Rep. Japan， 

16， 256. 

(3) Nishida， A.， N. Iwasaki and T. Nagata， The origin of ftuctuations in the equatorial 

electrojet. Preprint. 

( 4 ) Nagai， M.， and Y. Hakura， (1965)， Development of polar geomagnetic disturbance 

and PCA event on February 11， 19回. Memo. Kakioka Mag. Obs.， 12， No. 1， p. 15. 

(5) Sugiura， M.， (1963)， Hourly values of equatorial Dst for the IGY. NASA， X-611-63-

131. 

極冠帯直線電流の傾きについて

永井正男

概要

極磁気擾乱における DS場の平衡電流系を毎時値を使っていくつか書いてみると，まず極光帯を

流れる electrojetが stormtimeによって大きく変化することがわかる。このほかに極冠帯をほ

ぼ平行して直線的に流れる電流があれ DS場では大体地磁気地方時の 91時を示すことが報告され

ている。ここでは極冠帯を流れる直線電流の傾きがどのように変化するかを調べてみた。使用した

〆
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資料および解析方法は， Thuleの水平成分 Hおよび偏角 Dの毎時値から 5静穂日の平均をさし

ひき， JHおよび JDの値から地磁気座標における JXm (北成分+)， JYm (東成分+)を算出

し， JXm および JYm によるベクトルの方向から地球自転による子午線の移動 (1時間 15度)を

さし引いて，直線電流の方向を真夜中の子午線を基点とする地磁気地方時によってあらわした。

結果の概要は次のようである。

( 1) July '57'"'-'Deι'58の 18月IHJにおける 5擾乱日の極冠帯直線電流の方向は 6"-'12時の

間に大部分がふくまれるが，その他の時間を示すものもいくつかあり，中には太陽方向と 180度

異なるものもあって， 0'"'-'24時のかなり広い範囲にわたって分布していることがわかった。

(2) 5擾乱日の平均を用いて，直線電流の平均の方向を求めると 9.1時を示す。この値は今

までの研究者によって報告されてきた DSのベグトル方向とほぼ一致している。

(3) 直線電流の方向の季節変化を調べてみると， 6月(夏至〉でもっともおくれ， 12月

(冬至)でもっとも早くなり，大体 9時土2時間の変動を示している。これを水平ベクトル

イJXm9+JYm'Jの大きさの季節変化とくらべると，負の大変よい相関を示す。すなわち 6月で 160γ

の最大を示し， 12月で 60rの最小を示す。

(4) 日変化を調べてみると，正午でおくれ真夜中で早くなり，振闘は土 1時間で季節変化の

半分を示している。又水平ベグトルの大きさの日変化は正午で最大 160γ，真夜中で最少 70γ を

示し，振幅は季節変化と大差がない。

(5) Dstの発達過程と消滅過程における直線電流の方向の変化には， 2つの基本的なパターン

が見られる。一つはきれいな扇形を示しながら朝方から午後へ (07時'"'-'15I時)，反時計廻りのベグ

トルの回転を示す。他は Dstの発達過程では 8'"'-'10時を示すが， Maximum stageをすぎると 6

時から 3時の側へ時計廻りのベグトルの回転を示し，時には真夜中に述することがある。主相の発

達の明瞭でない地磁気嵐においてはベグトルの回転方向もはっきりしない。また 2つのパターンが

くみあわされたと考えられるものも存在する。




