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Geomagnetic Effects Associated with the High—Altitude

Nuclear Explosion—Supplementary Note—

By

Y. YamacucHi

Abstraet

In the previous paper, the writer discussed the geomagnetic effects of the nuclear ex-
plosion on 9th July, 1962 and estimated the enhancement of the effective total conductivity in
the ionosphere. In 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. In 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 and/or 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, Memambetsu and Kanoya are repro-
duced in Appendix II, without analysis.

§ 1. Introduction

In the previous paper, the author preliminarily discussed the dynamo current
in the ionosphere, possibly caused by the nuclear explosion on 9th, July, 1962 (1). But
only the semi-diurnal wind component W} was considered. In this paper he treats
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 different mod-
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 line 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 calculate the dynamo current
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system with the wind of W}, W3 and the probable distribution of the increment,
based on such a usual dynamo theory as one by Chapman, although 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 & Schilling (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 results 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, ¥}, W% and W} are rather moderate, but Maeda
(12) obtained W} is one-fifteenth of W{ and one-tenth of W3 Also Obayashi (17) con-
cluded the wind of W2+40.2 ¥} is reasonable for the dynamo théory of Sq and Ds.
Thus, the absolute values of ¥! and W} are nearly same and larger than W) The
maximum wind velocities of W! and W} occur at the pole, while ¥} does in the mid-
dle latitude. )

And also it is naturally thought that the maximum increment of the conduc-
tivity will be near Johnston Island in the case of this disturbance.

~ Hence ¥} may be the leading actor in this disturbance and the examination
of only both W! and W% ignoring W} may not result in any important miscalculation.

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

Wi=k! P! (cos @) sin (p—al)
Wi=ux% P} (cos 0) sin Cp—ad)

(2)

where P! (cos §) and P? (cos §) are the Schmidt’s functions and (4, @) are the
geographical colatitude and longitude (reckoned eastwards from the standard meridian

through Greenwich).
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§ 2. Deduction of the geographical distribution of the
increment of the conductivity

We are now going to obtain the most probable distribution of the increment of
the conductivity for the wind system of the velocity potential Wi+ W2, That is the
most probable expression of the equation (3) in the previous paper. Now Ao is as-

sumed as follows,
Ac=K (a,+a, cos @+a, cos® @) (3)

where @ stands for W 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 ;

RL=k7CKS pnP™ (cos 0) sin (m(@—po)—ct) (4)

m=-—n
where p7 is a function of a’s given in Appendix I 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,
pn can be obtained and in turn, a’s and K can be estimated. The numerals of the
coefficients A and By in the previous paper were obtained for the associated Legendre

Functions and then, they should be corrected by the factor 1 for m=0and| 2 %—:F
for m=0, in order to be consistent with the coefficients in this paper. The
corrected A™s B™'s, multiplied by %:1—:-11 , are tabulated in Table 1. Assuming «a,'=
135° and £'=29x10" e.m.u., (19), Ac is obtained as follows,

Aoc=4.5x10"% (1+2.6 cos @+25.1 cos’®),

Table 1. The coefficients of spherical harmonic

development of the current function

{ | = T w
S I R S S S N S N
| 1 ‘ﬁm.sogg‘;ussr | ‘ —24.384 | |[
i 2 | —0.541 | —3.907 7\  _5.889 15.145 | 4323

i_ 3 | —8.267 '—i ~4286 |  3.641 74 —4.095 i_ 5.569 |
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Fig. 1. The distribution of the increment of the total conductivity in the
ionosphere. The numerals is expressed in 1077 e. m. u..

where Ao is expressed in em.u. For any assigned values of A "and al, somewhat
different values of A:’s will be obtained. But the distribution is not affected greatly. Also,
the obtained values of Ai’s do not satisfactorily answer the conditions (19) and (20) in
the Appendix I. But, the corresponding values to Az’s and By'’s calculated by means
of this coeficients, 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 that all the quantities of the geom-
agnetic disturbance, observed by the ordinary magnetograms will 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. Also the
circumstances near the explosion point may be very conspicuous and the validity of
this discussion will get more or less small. Moreover, it should be noted that in the

assumption of Ac are neglected the higher terms of cos @ 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 will be perfectly due to the dynamo current in the ionosphere, and also as-
suming that Ao can be expressed in a power series of cos @, we estimated Ao, on
the base of the usual dynamo theory of Sq. The result up to the second term of
cos @ is as follows;

Aoc=45x10"% (1 +2.6 cos @+25.1/cos* @) 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 W!. 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 well as the researches of the other effects of the nuclear detonation.
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Appendix I. The calculation of p}

In order to take such discussions as given in the text, the p™ in the equation
of the spherical harmonic expansion of the current function must be explicitly expressed
by the coefficients of the distribution.

For the wind of W3, the functional form obtained by Pratap and Chakrabarty
can be directly applied to this case. (22)

For the wind of ¥}, the obtained results are not at my hand now. Thus we
must calculate them.

In place of the declination of the sun 8 and the local time ¢, we take the
latitude of the shot point 90°- @ 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 Ao, we have

As=KS} fi cos & (p—@) (A0)'=K'3] gicos s (p—py) (1)

L)

Then we have
Sfo=as+a,B cos 0 +a,B* cos® +—;—a2'y2 sin? @

1 . .
f,=f_,=h2~a{y sin 8+a,By sin & cos 6 (23

fomfam=—yay* sint 0

fi'=fLa'=0 §¥>2

and

go=a,’+a,a,B cos 0+ (a*+2aya,) [8? cos? @ +%fy2 sin? 4]

+2a,a, (3® cos® 0+%ﬁ'}'2 cos & sin? 4]
+a,’(B* cost 0+§'y‘ sin* @+ 38%? cos? Osin? 9]
g1=g-1=aca,y sin 0+ (a,*+2a,a,) By sin @ cos 8+3a,a,
X B%y cos® @ sin 0 +—i-ala,'ya sin® @
3
2

go= g_2=—111—(a12+2 asa) Yy sin® @ +% a,a,3v* cos @ sin? @ (3)

+2a,28% cos® @ sin 6+ a0y cos @ sin® @
8 2 gt cos? @ sin? 1 ;
+Ta Q%% cos® @ sin 0+Ta22fy‘ sin* ¢
g3=g_3=—:1i—a,a2'y” sin® @ +~%—a’2/37" cos @ sin® 8
g4=g_,=—ilG—a’2'y‘ sin 6

gi=g-s=10 s>4

where B=cos 6,, 7y=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 ¥ given by
V=33, «7 P sin (1(p—po)—a) (4)

Then , following the usual dynamo theory, we have



Geomagnetic Effects with the Nuclear Explosion 29

%) ('qu) o(uH, sin 6) 1 'R
a (Ao)’ I: o8 :I (Aa) |: sin@ od?
0 3R 3(Ad) _OR 2(Aos) -
+ 20 smG )] [sm() ob 4 sin @ o0 o0 :l (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 express

H,=C cos 0 (6)
where C is a constant and is approximately equal to —%gauss. Also
1 oW 1 oV .
U= o0 Y=asind o9 (7

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

H,
X sin (7(p—@,)—a] cos s (¢—%)+;£Te%¢ P;

9H, dP;
K’ZZ E gs sin 0 K’[{aﬁ 0

T Sm—0o

cos (T(p—Po)—alXcos s (p—P,). (8)
or
Kz}__‘_,z ICg Z gs sin 8 I:{a.a%li %%E— o (o+1) HzP’}

sin t(v+s><«p—¢o>—a1+si;e O Py cos (fr+sp—pi—at) |

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

fore, we can have

R= ZZ «.CK 2 2 PR sin [m(p—py)— am] (9)

=) Mme —oa

where p* is a constant to be evaluated.

When 2 is a negative integer we assume Py =P, ™ Using the relation,

Ti%sm 9 =" 20 + sin @ [n(n-l—l)——o:lP"‘ [¢1D)]

the right-hand side of (5) reduces to
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CK? Z > 5_‘, sin 6 quz Pnl:{

T3 a—co

- aa’;’ ddl(;" ]si“ ((m+5")(P—Po) —tm) an

n(n-l-l)} Fi Pr

Therefore, equation (5) becomes

0 7 Sm-o

i a Preos (r+9)@—p)—al |

=—CZZ% ZZ E pu R (D (m+s)(p—po)—an)  (12)

! = woo

555 m,ga[{"’fo' 4B —o (1) HLP} | sin (r45)(—p)—a)

where

ot 4

ms/
R (sNH= n+1)——;
2] n i )- 2
Thus, we can get pn™ as functions of the coefficients of the increment of the conduc-
tivity. Furthermore, we can calculate p»™ separately for various ‘sets of values of o
and 7 and then sum up them to get the complete expression of R. For any assigned
value of o and T we have ‘

—CS S PR sin ((m+s")(@—Po)—ctm)

” MmS -m—oo

= 3 o [l oo rDHLE: | sin (4 (2—p)—a0)

Sm oo

F g o Pieos (T+)(p—po—a) s
Hence, taking H;=C cos # we have

ZZ Z PRRY () sin ((m+s)(p—po) —ctin)

m S5/ e —oco

= +1{¢T (64 2)(c—7+DPg, + (0= 1)(o+7) P;)}

X 2 s sin ((+s)(@P—@o)—at) ¢1))

Sm =00

Comparing the coefficients of the corresponding harmonic terms, we get am=a for
all values of 7 and
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S5 48 R = o {o @+ D (o =7+ DPhs
+(@*=1)(e+7P:_}g: (16)
where .
s'=s+17—m
If we assume the conductivity is expressed as given in the text, we have
gi=g—s=0 s>4
RYMsH=0 §>2

an

By the way, we take the wind of ¥} and W3} in the text. And then we will

calculate the coefficient p»™ for the cases o=7=1 and oc=1=2.

Case 1. o=7=1

In this case, equation (16) reduces to

PRAES Syl ol a®

When we use the expression for g, given by (3) and compare the correspond-
ing terms of the both sides of (18), then we get the values of pa™. In this way, we
can solve exactly equation (18) for s =2 and s =— 1. But we must assume the fol-
lowing to satisfy (18) for s =1, 0, —2, —3, and —4.

a 6% a
a, +1008 a,

4a,—6 =0 19

If the above equation is satisfied, 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 8=0.
The results are given in Table I.

Case 2. o=7=2

For this values of o and 7, 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

assumed

——a,a,— Talz =0 (20)
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Table I. p for Y] (o=7=1)
" 219 1351 ,—aiasy | 695 . _ 1405
gt 0 V34T ~o016v 34, 1008 348 Pl | A +10013 a2’
0 —“x 19 +2 7 _ B34, s
b2 —- 3473 6~/342/37 3 3 20T T g%
— 2 3
7 —~5—«/ o -8B /3a rY | -wza -3t vza b,
(1] ~/ Y -1 _@ 2
? 105 3a P | g
1 - 15% —_ —ao agﬂ o 136 ﬂ 7106 ﬁS -
I A P33 0y Ty Gy
1| 1 41 R Y- S R 1_94_
Pz 5 ap+ 3 —/—+ 28 423 56 a’ + azﬂ"
— - — 2
# VLY r3 | -ivsar+ 2o v5a
/30 /30
1 2 __ 2 ~2
P 210"”9 0 P 0
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P —gaﬂ P3| o0
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2
i | q5°R7 il °
nlo
A | T
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Table . p} for ¥ (e=7=2)%
| Ba-Fao g+ Pall v g‘g‘“m | 1575
»n| - ; a:—% plo ‘.
# "%“’72 » 31150"’72 |
Ao il i;‘;ié— Nzg, 8 —+20ao%l
| # 'iﬁ?""” +H el el |
# —} a7+ Tal—;— 5|0 |
A | Basy |0 ;
p| —Fay | 0 '
B | - asY it |- LaBoarm 1
‘ 3 %al g p3? 0 i
P 125 an+—725—¢12 - ;5‘ |
¢ 2 *:}5-“1/9
| B | ey
73 *%02137
# ‘ 110"

% This table is calculated for the associated Legendre’s functions.

Appendix. II. 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
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Fig. 2. The ordinary magnetograms of Memambetsu, Kakioka and Kanoya around
the times of the explosions on Oct. 22, 1962 (Left) and Oct. 28, 1962
(Right). The arrows on the margin indicate the directions of increasing g
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 sufficiently

simple for the researches of the hydromagnetic wave effect.

Table . Geographic and Geomagnetic Coordinates of Observatories.

Geographic (;eomagnetic
Observatory t. Long. Lat. Long.
Memambetsu 43°55'N 144°12'E 34.0° 208.4°
Kakioka 36°14’N 140°1I'E 26.0° 206. 0°
Kanoya 31°25'N 130°53'E 20.5° 198.1°

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

(9)
(10)
(1)
(12)
(13)
(14)
(15)
(16)
an
(18)
(19)
(20

(21)
(22)
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