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Sudden abnormal changes of VLF atmospherics intensities, caused b y t he very 

hig h alti tude nuclea r explosion over Johnston Is land on July 9th 1962, were observed 

at Toyoka wa, J apan. The aspect of this anomalies on records was j ust the same as 

SEA caused by solar fliltT$. On the occils ion, as the sun was quiet and the onset of 

the a nomalies coincided with the explosion, it seems to me that the anomalies were 

caused by bomb -induced ioniza tion in the ionospheric D layer. So, it was named 

"the SEA effect due to nuclear explosion". 

I n this paper arc reported the obser vation result s and a comment on the order 

of disturbances in the ionospheric D Ia ycr. 

1. Introduction 

The nuclear explosion at altitudes of several tens of kilometers over Johnston 

Isla nd in the summer o f 1958 was o bser ved to produce ionosp heric effects a t consi­

clcrahl e ranges from the hurst points. Sudden increase of atmosphe rics has been 

observed a t T oyokawa anclllira iso, Japa n and discussed by Kimpara't1 and Obayashi .~Z> 

On .Jul y 9th, 1962, sudden abnorm a l c hanges of intensities of atmospherics in the 

V LF ra nge, caused by the very high a ltitude nuclear explosion over Johnston Island, 

\vcre observed aga in at T o) oka\\'a, .Ja pan. H o,, evcr, on this occasion. the sun was 

quiet and the onset of the a nom a lies was j ust the same as SEA caused b y sola r 

flares of greater than importance 2. It might be considered that this anomaly was 

caused b y bomb-induced ionization in the ionospheric D layer and this ionization in 

ionospheric region. shadm, ed from a high a ltitude nuclear explosion by earth, was 

ca used by beta pa rticles resulting from the decay of cxplosion·produccd neutrons 

which \\as suggested by C. :\1. Crain and P. Tamarkin:J· 

H ere is deduced the order of disturba nces in the ionospheric D layer, the obser­

vation results and the mode theor y on \ ' LF propagation being used, 
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Fig. I. SEA effec t associated with the 
The K akioka Geomagnetic Obser­

' atory in J apan has reported a hook on 
High Altitude Nuclea r Explosion 
on 9th, J ul., 1962. 

Fig. 2. SID effect associated 
wi t h the H igh Altitude 
Nuclear Explosion on 
9th, Jul. , 1962. 

the horizonta l component of the magne­

tic field of the earth following the explosion. The 

Komuro Communicat ion R eceiving Stat ion in J apan 

has a lso reported the short wave fade-out (S\'VF) on 

the f requency ranges bcl\\cen 10 to 20 mc/ s following 
the explosion. These r esults a rc shown in Fig. 2. 

Further, f m!" was blackout in ionogram a t the Akita, 

Kokubunji and Yamakawa l ouosphri c Observatories 

folio wing the explosion. 

Those observation resu lts indicate that the onset 
of the phenomena observed at the time of the ex­

plosion coincided with the explosion and the aspects 

of all the phenom ena were just the same as SID 

caused by solar flares. H ence, it is clear that such 

geophysical disturba nces were directly 1 elated to the 
nuclear explosion. 

3. Ionization mechanism 

To consider the ionization mechanism in ionos­

pheric regions, for exam ple, about 5000 km from 

burst-point, shadowed from a high a ltitude nuclear 
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Fig. 3. Model for ion ization resulting from Neutron decay. 
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explosion by earth, it is useful lO review how energy is released from the high a lt itude 

nuclear explosion. 
First, I considered that X-rays produced fro m the nuclear bursts can produce 

penetrating electrons by Compton scattering and by photoelectric emission. However, 

those processes for production of electrons are ver y sma ll, because the atmospheric 

density is too low to support a sufficient number of collisions. Then, I agree to the 

Crain and Tamarkin's mechanism'3: by neutron decay model. This mechanism is 

outlined in the followings. That is, Fig. 3 indicates how ionization is produced, for 
example, over J apan, by neu trons orig inating f rom the Johnston Island bursts. The 
bomb-produced neutrons, emi tted nearly isotropically and with a rather wide velocity 

spectrum from the point of detonation, flood through the earth's magnetic field. As 

they propagate out they decay exponen tially in time and produce {:J particles which 
arc emi tted isotropically. (3 particles so produced, spiral around and along the 

magnetic fie ld lines passing through the region where they are produced (Spitzer, 

1956) . 4 H ence the geomagnetic f ield lines guide these 19 particles toward the earth . 

Depending on the point and angle of injection of g iven jj particles, they will im ­

mediately travel suff iciently deep into the a tmosphere to lose their energy by ionizing 

collisions. Thus, any given ionospheric region is ionized by {3 particles that have 
come down field lines from regions of space a long these fie ld lines where {3 particles 

were produced by neutron decay rCrain and Tamarkin, 1961 ) . r3, 
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4. Ionospheric D layer's disturbances deduced from the SEA effects 

To discuss to what degree the ionospheric D layer is disturbed b) nuclear ex­

plosion, it is useful to adopt the wave guide mode theory in \ ' LF propagation. T hen, 

first, the wave g uide mode theory l>y Wait151 is descr ibed briefly. 

Assuming that the source is a vertical electric dipole radiating P kilow<1tts, the 

vertical electric field in millivolts per meter at a g reat circle distance, d, in km from 

transmitter is given uy the mode sum 

where 

E - E0\V · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( I ) 

VV-[ _dLa_j
1
' . (d / l. ) '•/(h i. ) · 1 0~0 a, S,~• e i2<.Sndi. 'l 

sm d / a 

Eo 300\ P / cl 
s.. (I C,.2) ~~ 

Cn is a solution of 

(L i)C,.-, CII2L2 i l . 

·-(L - i l c" + , c,.z ULiC 
e 4r:i l!Cn • e 2r:in . . • . . . . . . • (2; 

where the earth is assumed the perfect conductor, and 

L w/ wr, H h/ J., n = 0, I, 2, ....... .. 

( l + sin4rrHC., ~- t ~ 
l 4r: H C, ) { 

J .. .. .. .. • n = 10, 2, 3, ......... 
12 ......... n 

a radius of earth in km 

J. wa vclcngth in km 

w ~ a ngular frequency in radians per >ccund 

(!} ,.= (plasma frequency ) 2 collisional ft equenC) 

fo = plasma frequency 

N = electron density 

v ~ coll isional frequency 

t2r. fc, y 

h separation in km bct\\ecn ionospheric reflectin g la)er and 

ground 

The complex values of C,, satisfyi ng (2) have been obtained from an automatic 

computer using a program dcvisrd by H o,,-c.·r.· Here these results arc used. 

To simplify the pt-oblem, it is assumed that l>orh the distance to the source of 

atmospherics and its intensity arc constant before or after the nuclear explosion. Then 
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Fig. 4. SWF on the internatio nal short wave circuits at 0900 U.T. on 9th, Jul., 1962. 

E0 in ( I) becomes constant. 
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Denoting that E 1 is the recetvmg intensity of atmospherics before the nuclear 
explosion and E2 is that of after, then, from ( I ) 

E1 E0 W 1 

E2 Eo W2 

It can be written as follows 

where E2/ E 1 is obtained from the observing data, but for W~o it is necessary to know 

the distance, d, to the source of atmospherics, the receiving frequency, the height, 
h, of the ionosphere, the electron density, N, in the height of h and the collisional 

frequency, v, in the height of h. 

( I ) Receiving frequency -- It is 10, 21 and 27 kc/ s respectively. 
(2) The distance to the sources -- On that day, the records of the intensity of 

atmospherics were not disturbed by the local sources within about 1000 km and so 

they were almost controled by the seasonal sources, which are distributed between 
about 2000 km and about 6000 km, at tropica l zone such as the Philipines and Borneo. 

And what is more, it is deduced by the data of the SWF, which is shown in Fig. 4, 

in the national communication circuits that the regions of the disturbances in the 
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Fig. 5. Spectrum function for d = 4000 km, h = 85 km , ~= = . 

ionosphere suffered by the nuclear explosion are about within 5000 km from the 

burst-point. Then the mean distance to the sources of atmospherics is assumed to be 

about 4000 km. 

13) The height of the ionosphere -- 85 km is assumed for the VLF waves. 

(4) The electron density at 85 km near sunset -- It is adopted !'\ - 2-3 X 102 

em 3 from the results of r-;-icole t ( 1953) . 171 

(5) The collisional frequency at 85 km near sunset BI is adopted 1.4 x 106 sec- •. 

Th en the spectrum function, wh fot• d 4000 km, h 85 km and Wr = 3 X 105 are 

indicated on the curve in Fig . 5. 
Assuming tha t the electron density in the ionospheric D layer is increased by the 

bomb-produced neutrons a nd the value of the variation on I 0 kc/ s takes standard, as 

Ed E1 is 0.8 from the data, then \V2 is 0.8 V•h 
From among the calculated spectrum function curves for d = 4000 km, h = 85 km 

and various values of w, , the curve which goes across the 0.8 W1 poin t on 10 kc/s 
component can be found out. Its curve is shown in fig . 5 (2) . It is shown that 
such an aspect explains satisfactoril y the observed data. Then the increase of the 

electron density in the ionospheric D Ia yer by the bomb-produced neutrons is the 

order of one a nd half times as much as before the nuclear explosion. 
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5. Conclusion 

In this paper, the SEA effect on the intensity of atmosphct·ics associa ted with the 
high altitude nuclear explosiou is reported. The aspect of the recot·ds is just the same 

as SEA caused by the solar flares. 
The SEA effect was causf'd by the bomb-induced ionization in the ionospheric D 

layer. The ionizat~on in ionospheric region shadowed from the high a lti tude nuclear 

explosion by earth is one caused by the decayed particles guided by the earth's 

magnetic field. 

The order of the increase of the electron density in the ionospheric D layer may 

be deduced by using the data of the SEA effect in VLF atmospheri cs and the wave 

guide mode theory in VLF propagation. 
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