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ln the previous paper. the writer discussed the geomagnetic effects of the nuclear ex-

plosion on 9 th July. 1962 and田timatedthe enhancement of the effective total conductivity in 

the ionosphere. ln the estimation. the dynamo action in the ionosphere was assumed. 

ignoring the other geomagnetic effects which may be attributed to any other possible me-

chanisms. But only the semidiurnal irrotational wind component was taken into considera-

tion. ln this paper. the diurnal component of the wind is too considered. together with 

the semi-diurnal one. Both components of the wind may be the most predominant in the 

ionosphere. referring to the many analyses of the geomagnetic diurnal variations on the 

quiet andfor disturbed days and other geophysical data. Thus a revised distribution of the 

increment of the conductivity near the time of maximum disturbance is obtained. The geo-

magnetic records of Oct. 22 and 28. 1962 at Kakioka， Memam betsu and Kanoya are repro-

duced in Appendix 11， without analysis. 

~ 1. Introduction 

1n the previous paper， the author preliminarily discussed the dynamo current 

in the ionosphere， possi bly αused by the nuclear explosion on 9th， July， 1962 (1). But 

only the semi-diurnal wind component 'l'l was considered. 1n this paper he trea匂

the problem further to take the diurnal wind into consideration， although the back 

ground idea is the same as one in the previous paper. 

Concerning the increment distribution of the conductivity， many di鉦erentmod-
els of various types may be assumed. For example， the case in which the increment 

are limited within the zonal region near the geomagnetic or geographic equator and 

the case where it is predominant along the magnetic 1ine of force through the 

shot point and others may be possibly considered. But， it is interesting for the under-
standing the geomangnetic behaviour of the explosion to ca)cu)ate the dynamo current 
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system with the wind of 'l!}， 'l!i and the probable distributiQn of the increment， 

based on such.a usual dynamo theory as one by Chapman， a1though some other 

causes of the geomagnetic effects may be considered. 

Concerning the wind near the ionosphere， there are many data and reports. 

Briggs & Spencer reviewed the results by the radio methods (2). Whipple described 

the photometric results of meteor tails (3). Also， Kellogg & Schil1ing (4) and Pant 

(5) deduced the wind， based on the meteorological standpoint. They concluded the 

wind of 100m/sec in the E layer. While， Taylor (6)， Pekeris (7)， Wilks (8)， Sen and 

White (9)， Chapman and Bartels (10) and Wulf (11) discussed whether the wind 

contributing to the dynamo theory is of tidal origin or of heating by the sun. Also， 

the deduced wind system from the Sq dynamo theory by Maeda and/or Kato gives 

the diurnal wind velocity of 40m/sec in summer and 15m/sec in winter and the semi-

diurnal wind velocity of 10m/sec in summer and 20m/sec in winter (12)， consistent 

with the resu1ts of Elford and Robertson (13)， Briggs and Spencer (2) and Greenhow 

and Neufeld (14). 

On the other hand， Vestine (15)， Fukushima (16)， Obayashi .and Jacobs (17) 

and Matsushita (18) obtained the favourable wind systems to their dynamo theories of 

the geomagnetic disturbance field. They assumed the wind contributing to the dynamo 

action has the velocity potential. The velocity potential has been expanded into a 

spherical harmonics and practically the first few terms have been treated. 

From the geomagnetic data， 'l!f， 'l!~ and 'l!! are rather moderate， but Maeda 
(12) obtained 'l!1 is one-fifteenth of 'l!f and one-tenth of 'l!~. Also Obayashi (17) con-
cluded the wind of 'l! ~+0. 2 'l!1 is reasonable for the dynamo theory of Sq and Ds. 
Thus， the absolute values of 'l'f and 'l!~ are nearly same and larger than '¥y1. The 
maximum wind velocities of 'l!1 and '¥y1 occur at the pole， while 'l1 does in the mid-

dle latitude. 

And also it is natural1y thought that the maximum increment of the conduc-

tivity will be near Johnston Island in the case of this disturbance. 

Hence '\ÿ~ may be the leading actor in this disturbance and the examination 

of only both 'l'f and 'l!~ ignoring '¥y1 may not result in any important miscalculation. 

The functional form of each potential here adopted is assumed as follows : 

Vi=κf Pl (cos 8) sin (伊ーαD
(2) 

'l!~ =，，~ P~ (cos 8) sin (2伊一αD

where Pl (cos 8) and Pi (cosθ) are the Schmidt's functions and (8，伊)are the 

geographical colatitude and longitude (reckoned eastwards from the standard meridian 

through Greenwich). 
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6 2. Deduction of the geographical distribution of the 
increment of the conductivity 
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We are now going to obtain the most probable distribution of the increment of 

the conductivity for the wind system of the velocity potential 'l't+ '11. That is the 

most probable expression of the equation (3) in the previous paper. Now Aσis as-

sumed as follows， 

Aσ=K (aO+a1 cos @+a2 cos2 @) (3) 

where ③ stands for '1' in the previous paper. Following the perfectly analogous 

procedure to the usual dynamo theory of Sq by S. Chapman， the nth term R" of 

the spherical harmonic expansion of the current function ofthe dynamo current， with 

the wind and the conductivity which are expressed by the equation (2) and (3)， 

respectively， may be able to be given as follows; 

R~ =~CK~ pr;:p:: (cos B) sin (m(伊ー伊。)一α〕 (4) 
111=-11 

where P': is a function of的 givenin Appendix 1 and C= --; gauss. Other 

notations are usual. Comparing the corresponding terms of the theoretical current 

function and the equivalent current system for the observed geomagnetic disturbance， 

pr;: can be obtained and in turn， ai's and K can be estimated. The numerals of the 

coe伍cientsA;: and Br:: in the previous paper were obtained for the associated Legendre 
i n (n-m)!U-

Functions and then， they should be corrected by the factor 1 for m=O andl 2一一一一戸L -(n+m)!J-
for mキ 0，in order to be consistent with the coe伍cients in this pap~r. The 

corrected A='s B':'s， multiplied by 2~十l- ， are tabulated in Table 1. Assuming αJ= ， ~U"""'1"''''''''' '""J n+1 ' 

1350 and k~=2.9x10" e. m. U.， (19)， Aσis obtained as follows， 

Aσ=4.5x 10-8 (1+2.6 cos ③+25.1 cos2(iJ))， 

Table 1. The coefficients of spherical harmonic 

development of the current function 

Ar:! n B同
調

( ! | 1叱一?一一凶郎1855一 -1 一 勺4引一M制山3犯し8
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Fig. 1. The distribution of thc increment of the total conductivity in the 
ionosphere. The numerals is expressed in 10-7 e. m. u. . 

where Aσis expressed in e.m.u. For any assigned values of kl and α}， somewhat 

different values of At's will be obtained. But the distribution is not affected greatly. Also， 

the obtained values of Aゐ donot satisfactorily answer the conditions (19) and (20) in 

the Appendix 1. But， the corresponding values to A:'s and B:':'s calculated by means 

of this coe伍cients，are consistent with them within an error of 30 %. The map of 
the geographical distribution is given in Fig. 1. The amounts and/or the region 

of the increment of the total conductivity are also consistent with those， estimated 

from the data of the disturbance of the ionosphere， the field strength of VLF， HF 

radio waves etc. in Japan (20) (21). 

Thus we may be able to maintain the idea of the dynamo current in the iono-

sphere by the natural wind and the increment of the total conductivity due to the 

nuclear detonation， in this case at least. The amounts of the increment， however， 

may be overestimated， owing to the assumption thatall the quantities of the geom-

agnetic disturbance， observed by the ordinary magnetograms wi1l be attributed to the 

dynamo current， without considering the other effects of the detonation such as the 

field of the magnetically trapped particles and of the hydromagnetic waves. AIso the 

circumstances near the explosion point may be very conspicuous and the validity of 

this discussion wi1l get more or Iess small. Moreover， it should be noted that in the 

assumption of Aσare neglected the higher terms of cos (iJ) and the obtained dist-
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ribution of the conductivity is responsible for the one at the time of the nearly maxi-

mum disturbance. 

~ 3. Conclusions 

Assuming that the geomagnetic disturbance observed by the ordinary magne-

tograms wil1 be perfect1y due to the dynamo current in the ionosphere， and also as-

suming thatムσcanbe expr邸sedin a power series of cos (jJ)， we estimated Ao-， on 

the base of the usual dynamo theory of Sq. The result up to the second term of 

cos (jJ) is as follows; 

Aσ=4.5xl0-B ( 1 +2.6 cos ③+25.1/cos2 (jJ)) in e. m. u.. 

The expression may be better in principle than the one in the previous paper， by 

taking into consideration the wind of the velocity potential 'l!l. But， in order to catch 

the truth， it is desirable to be compared to the world wide data of the ionosphere 

and also the examination of the temporal changes of the magnetic disturbance will 

be necessary， as wel1 as the researches of the other effects of the nuclear detonation. 

Acknowledgement 

The author wishes to express his hearty thanks to Prof. T. Nagata， Prof. K. 
Maeda and Dr. T. Yoshimatsu for their valuable advices and discussions. The appre-

ciation is expressed to Dr. H. Maeda， for kindly supplying the data. Also he expreぉes

his gratitude to the staff of the Kakioka Magnetic Observatory， for their discussions 

and their cooperations. 

Appendix 1. The calculation of P': 
In order to take such discussions as given in the text， the t: in the equation 

of the spherical harmonic expansion of the current function must be explicitly expressed 

by the coe伍cientsof the distribution. 

For the wind of 、;I!~， the functional form obtained by Pratap and Chakrabarty 

can be directly applied to this case. (22) 

For the wind of 'l'f， the obtained results are not at my hand now. Thus we 

must calculate them. 

In place of the declination of the sun δand the local time t， we take the 

latitude of the shot point 900- (} and the difference of the longitude between the 

observatory and the shot point， respectively. Then we can follow to the dynamo 
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theory of Sq by S. Chapman and/or Pratap et al. 

The brief descriptions of calculations are given below (22). We assume that 

the dynamo current is produced in a spherical shell of mean radius r and thickness e， 

having only the increment of the conductivity due to the explosion. Making a Fourier 

resolution of the increment of the conductivity d..q， we have 

Aσ= K2J 1，' cos s' (伊一向) (d..σ)2=K22J g. cos S (伊ー伊。) (1) 
S'園田園 S園田園

Then we have 

and 

ん=ao+a.s ∞ s {}科+a2s2必dβ伊2C∞ぽo凶ぽS2付28斜+÷ a向2γゲ2Sωi泊ぽn2
fλ1=，北fλム-吋1= 1;; 向仰山γ刊sin8+a2 併 sin 8 ∞ s 8 
λ=1-ん-42=1一a向2γヂ2S討in2

1.'=1-.'= 0 s〆'>2 

go=ao
2+aoa.β∞s町内切2)(s2 cos2 8 + +'Y2 sin2 8J 

3 
+2aん〔βacos8 8+一一βゲ cos8 sin2 8J 

32. 
+a2
2(β， cos4 8+ ~ 'Y' sin' 8+3β2'Y2 cos2 (}sin2 8J 

8 
gl =g-1 =aOal'Y sin 8+ (a.2+2aoa2)βγsin 8 cos 8+3a.a2 

×β27CushO+?ω3 sin3 8 

3 
+2a22β3'Y cos3 8 sin 8 + -::;;-a2J3'Y3 cos 8 sin3 8 

2 

(2) 

3 
叩 -2=う-ω+2aOa2)γ2州 8+~ ala2s'Y2 cos 8 sin2 8 ~ (3) 
+ー?ω2'Y2co付 sin28+士al'Y4 sin' () 

1 
g3=g-3=←~ala2'Y3 sin3 8 +←~a22βγ3 cos 8 sin3 () 2 

gFg-4=-LG22γ， sin" 8 
16 

g8=g_，= 0 S > 4 

where β=cos 80，γ=sin 8。

We assume that the oscillation of the ionosphere， where the dynamo current 

is produced， is of the harmonic type having a velocity potential 'l' given by 

¥t' = ~~ /C; P; sin (7-(伊-tpo)ーα〕 (4) 
'T σ 

Then ， following the usual dynamo theory， we have 
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o2R 
Bφ2 

(sσ)2r也 tL)+δ(uH，sin 82l= (sσ)1 _~! 
L oφ o8 J一、 Lsin8 

o(ムσ).. Fl oR o(sσ)l 
一て了一+sin θ一一一 一一|。φ o8 o8 +会(sin8与す)J-[お宮 (5) 

where R is a current function and H， is the vertical component of the earth's mag-
netic field and u， v are the southward and eastward components of the motion of the 

medium. We take that the earth's field is produced by a central magnetic dipole 

and approximately that the geomagnetic pole is the geographic pole， then we expr邸 S

(6) H，=C cos 8 

where C is a constant and is approximately equal to一子gau回 Also 
1 o'l' 

v= a sin 8 oct 
1 o¥{J' 

u=~ o8 (7) 

Substituting (1) and (4) into (5)， the left-hand side of (5) reduces to 

国，.rla昂 dP; _ f _ I ，，， 'C..I n，. 1 
K2~ ~ ~ g. sinθK |{-Jーσ(σ+1)即日σ ，.8一回 σL l o8 d8 -，-. -./ --~- u J 

九1-1.
x sin (T(伊一伊。〉一αJcoss(伊ー伊。)+一一一 ~;4 P~ 

sin28 oφσ 

(8) COS (T(伊ー伊。〉一αJxcoss (伊一伊。

K2界 1C~j;oo9' sin 8 [際安一片付〉昂P;} 
T 'dHz 寸

sin ((T+S)(伊一伊。)一αJ+ 一一P;cos ((T+S)(伊ー伊。)ーαJI 
sin28 oφ J  

or 

It is clear that R should also be expressed by a surface spherical harmonics and there-

fore， we can have 

α
 
、Bノ伊伊n

 n
 

b
a
 

国

2
↑

国

2
M
K
 
C
 
M
 27
 
2σ 一一R 

(9) 

where P': is a constant to be evaluated. 

When m is a negative integer we assume P':三p;;m.Using the relation， 

d Fl dP::! . Fl r ， m2 1 
ニ sin8 u-~LJ n + sin {} I n(n+ 1)一三二日w:t=0 d8 ~..&.， d{} ・ _.--.， I '.V. • -.' sim28 I (10) 

the right-hand side of (5) reduces to 
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r( ms' _，1 
CK2手三213in84苓喜ばI~石板-n(n+川 f，' P';: 

_ o.ι豆BZlm〔〈m+ダ)(伊一向)ーαm)
o8 d(J I 

(11) 

Therefore， equation (5) becomes 

where 

~ __7 _ I J oHz dP; _ r _ I 1"¥ r.I D7  1 
亭亭s呂田 MEgaLiBFZF 一σ(σ+1) 昂P~f sin ((巾)(伊一円〉ーα〕

+工-2HLPECOS〔(T十s)(伊一例〉ーα)l
sin2θaφJ  

=ーCL.L."~L.L. 2: p';: R~: (s')((m+〆)(伊一伊。)一αm) (12) 
n m8'園田園

l 竺E二1 め，dP::" 
R';: (s') =1 n (n+ 1)ー・ ~ß Ifa'P';:+一一一一I H V"T.L.I-sin2(J IJ8'" n -'dO ~ (13) 

Thus， we can get tnm as functions of the coe伍cientsof the increment of the conduc-

tivity. Furthermore， we can calculatepnm separately for various: sets of values ofσ 

and 'T and then sum up them to get the complete 'expression of R. For any assigned 

value of σand 'T we have 

-C L.}: }: p';: R~(s') sin ((m+s')(伊ー伊0)一αm)

ふ IJoH，dP; _r_ I 1'¥U DT  1 =で Q，I~一一 一σ(σ+1)応P~ } sin (('T+s)(伊一伊。)ーα〕
~oo.Y'L l o8 d8 -，-I ~/--G- ". J 

oH， +一一n---:"'~~1: P~ cos ((γ+s)(伊一伊。〉ーα〕
sin2(J Oφ 

Hence， taking H，=C cos 8 we have 

}: 2: ~ p:t R';: (s') sin ((m+s')(伊一伊。)ーα仇〕
n m8'ーー国

1ー{σ(σ+2)(σ-'T十 1)P~+1+(σ2_ 1)(σ十'T)P~-l} 
2σ+1 

x 2: g， sin ((γ+s)(伊-rpo)ーα〕
S圃ー国

(14) 

(15) 

Comparing the coefficients of the correSponding harmonic terms， we get α飢=αfor

all values of m and 
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1 2:2: P':: R'::(s') =一一{σ(σ+2)(σ-，.+1)Pふ
;"~ .，. --，.，-.， 2σ+1 

+(σ2-1)(σ+，. )P~-l}g， 

s'=s+，.-m 

(16) 

If we assume the conductivity is expressed as given in the text， we have 

g，=g-l=  0 s>4 
(17) 

R'::(s')= 0 s'>2 
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By the way， we take the wind of '1'1 and 'I'~ in the text. And then we wil1 
calcula te the coe伍cientpnm for the cases σ=1"=1 and σ=，.=2. 

Case l. σ=，.=1 

In this case， equation (16) reduces to 

g，九1=ヱヱp!+l-1 R!+l-1 (18) 

When we use the expression for g， given by (3) and compare the corr白pond-
ing terms of the both sides of (18)， then we get the values of pnm. In this way， we 

can solve exactly equation (18) for sミ2and s = -l. But we must assume the fol-

lowing to satisfy (18) for s = 1， 0， -2， -3， and -4 . 

.， • 695ι 
4ao- 6 二~+一一 ~=o (19) 

ao . 1008 ao 

If the above equation is satisfi.ed， equation (18) can be solved exactly for s~-1 ， 

although the small residuals are left behind for s= -2， -3， -4. The residuals， how-

ever， are only a small part percentages of the complete expressions that occur on the 

right side of the corresponding equations. And also， most of them vanish when β=0. 

The results are given in Table I. 

Case 2. σ=，.= 2 

For this values of σand ，.， Chakrabarty and Pratap made a tedious calculation in a 
similar manner and gave the results in their paper (22). Then， we only reproduce 

here them for the convenience in Table II. In order to solve equation exactly， they 

a錨umed

2 1 
-3~~-a向 Tal-=U (20) 
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Table 1. p:; for ψI (σ=7=1) 

p~ I ~3d吉 alγ-22dE272h+誌はazβ2

必 I -3.v否認+ιほ a2βγ
a，2 • 1405 

F1|-4ao-3J+--a2γ 
2 I a2 • 1008 

68 _β34局 β4
ーさ-uOryr-TU2"12 

バ |-1一行al~2 _立はal 1 p-l 1-2σaJ-ffnイ;I 5γ4，5 ~ V --. I 6 "1 -~ ~ --...- 15 ~ ... --. "12 

p~ I -走行a仰 p-l卜ga2伊 l 1 -105 'v ~"2"'" 1 Y.  1-8401421 

pi l--15勾6alß-~.v6型EE1112EaoLJPEar|5  ~ v --..- 4 a 1 p-~ 1-3-u07 

A|÷ao+3号+会♂一品a2"12 I 1+乎a仰

TlI芸品1β
pl I ~仰向mータD
l210 -...- 420 

引去仙
川一手al"1
fldILρ 
4Tos-U21-1 

tl I 0 

d l守

Tl I 0 
p-l 4~哩a2β2-2Za2βγ27空a目立と+68.!!!翌三

56 -..'_. 3γ2  ，--a2γ2 
136β4 

+18 u
1
.，=-β一一一-a2一一一a2 ，- 3γz  

Ip-バ川-1刊3バl十 ω+号やdσ品仇吉5al向1
|同司 o 
|バ|ー芸品β
|パI0 
p-j O 
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バllbsa2βγ
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Appendix.lI. Geomagnetic Effects on Oct. 22 and 28， 1962. 

When we prepared this note， we received a letter from Dr. S. L. Goldblatt， 

Director of Geophysics， NRA. He requested the data of the nuclear explosion on Oct. 

22， and 28， 1962. Considering the general availability， we reproduced some of the 



34 Y. Yamaguchi 

Oct. 22， 1q62 
M6 

Ka 

5 

Oct. 28， 1q62 
ト~b

Z
 

J
n
1

北
町
l

e

M

引
↓

F
h
J

民
J

広
J

Ka 

Ky 

3 5 

+ 

+ 

Fig. 2. The ordinary magnetograms of Memambetsu， Kakioka and Kanoya around 
the timesof the explosions on Oct. 22， 1962 (Left) and Oct. 28， 1962 
(Right). The arrows on the margin indicate the directions of increasing I ~ 
and the scale values for each component. 
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geomagnetic data at our observatory. In these cases， the disturbances on the ordinary 
magnetograms are too small to be examined in such a way as one in the text， but 

the disturbances observed by the induction magnetograms may be rather su伍ciently

simple for the researches of the hydromagnetic wave effect. 

Table m. Geographic and Geomagnetic Coordinates of Observatories. 
一一一 ー

Observatory Geographic Lat.GeomagnetiLc ong. 
Lat. Long. 

Memambetsu 43055'N 144012'E 34.0。 208.4。

Kakioka 36・14'N 140011'E 26.0。 206.0。

Kanoya 31025'N 130053'E 20.5。 198.1。
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核爆発による地磁気擾乱は， (1)電磁流体波 (2)磁力線に捕捉された粒子の運動による影響

(3)電離層内を流れる電流による擾乱或はその二又は三者の重畳と考えられるが，前報文(地磁

気観測所要報第11巻第1号)では， 1962年7月9日にヂョンストン島で行われた超高空核実験によ

る地磁気異常変化について報告し，地磁気の通常記録に現われた変化を，第三の作用によるものを

仮定し， dynamo理論から核爆発の何らかの作用によって生ずるであらうと思われる電離層内の電

気伝導度異常噌加を評価した。この場合の風は自然のもので第二調和波のみをとり扱ったが，本報

文では，第一，第二調和波を同時に考慮した。尚最後に， 1962年10月22日および28日の核実験時の

地磁気記録を付しである。


