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l. The Radial Electric Fleld

The yradial electric field inside the conducting sphere 1s most easily
calculated if we assume complete spherical symmetry so that all quantities,
such a8 gamm-ray intensity, electron and charge densities, atc., depend

- R _ _
only on radius and time. The electric field end the curremt density have only

r-components vhich we write as E and J respectively, without subseripts.

The gamma-ray flux is s function of r and of t, vwhich we write
y-ray flux = ®(r,t). (1.1)

This flux leads, in tuwrn, to & current of Compton betas directed radially,

given by

J

8 = Jow(r,t). _ . (102)

The units of 'TB are to be amperes per square meter, and the direction of'

current flow is radially inward. The passege of the gamma radiation leaves

behind ions and electrons which render the air conducting. This conductivity

can readily be calculated if we assume the relevant attachment times and
mobilities known. If T 18 the electron attachment time, then the electron

density 18 given by



~ which ylelds

n, = ae"(t/'r)ft Q(r,k)ex/-r dx,

and the electronic conduetivity is

t .
qe = @ \telae-(t/.r)f O(r,x)ex/T ax, (1.3)

b

where w, is the eleetron mobility in (meters)? per volt second. The number

of positive ions presemnt is simply
t
n =a f) o(r,x)ax,

and the number of negative ions is R, -n.. Assuming all ions have the same
mobility, we obtain for the ionic conduetivity

symewe |2 [ * olr,xax - o=/ / otrme e |, (2

and for the total conductivity

o(r,t) = g * 0y : (1.5)

As the jonic mobility is much less than the electronic niobility, o g 18 unim-
portent except at such lete times that the electron density is very low com-
pared with the ion density--that 1s to say, well into the period of delayed

gamma radiation.



- The passage of the gamm-rays gives rise to charge separation and there-
fore to a charge density p(r,t). This in twn gives rise to a radial electric
field E(p,t), and to a conduction current oE. The total current density is
therefore

Jyop = OF + Tge (1.6)
The relevant Maxwell equations are Poigson's equation
g (%8) = | (1.7)
and the equation of charge conservation
B+l Q6P+ L 220 o0, (1.8)
r r
Substituting (1.7) into (1.8) yields
%, 2p.. 20, (1.9)
‘whence |
t t
E= 2-9- e”f :_dt ft o(xr,t) ef %U(r’xmx at. (1.10)

If one wishes, the charge density can be calculated from (1.7).

| Equation (1.10) is & full solution to the problem of electrical re-
laxation of the conducting sphere. All that one needs is the gamna-ray flux
vs. time and distance function ®(r,t) and the congtants T, w_, end v, The
only approximation is that spheric_al symeetyy was aﬁsumed. To work out the

complete time history, one would need to perform the gquadratures numerically,

. :
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or else aprroximate the ;‘unction ¢(r,t) by an Wie expression. If we

' coﬁfine our attention to short times, everythin.g workse out quite simply.

We‘thenhnve
r
at-...
1 A
@ﬂ'-—a- e
Tr
(1.11)
!:d:fl+9‘.
A 1S c

where A is the gemma-ray mean-free-path. Normally, all is much shorter than

T. Therefore, only electronic conduction matters, and

ot - &
a=Fe A, | . (1.12)
r
Also,
J. eot-%L g
0 A 0O
Jﬂ=;§ e =f0, (1'15)
which yields
9 2 'at"'f'x

Equation (1.13) shows that the E-field rises exponentially at very early
times. However, owing to the double exponential time behaﬂor, a saturation
f1eld strength of ~Jo/L 1s very quickly reached and then paintained. Ulti-
mately, of course, the signal étre.ngth decays again te zero. To follow this
decay requires & mmerical integration of equation (1.10) together with (1.3),

(1.4), and (1.5) for the conductivity. .
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2. The Amimuthal Magnetic Field

VWhen the explosion takeé place at ground level, the conducting sphere
is really a hénﬁapha's. The charge densities, and therefore the resulting
currants and eléctric field, must be pretty much the same as discussed in
_the last section, except that the radial current now flows only in the upper
hemisphere and therefore gives rise to an ezimuthal megnetic field'(HqJ).

The total radial current demsity is given by

I

rotal = OF t J0¢ , (2.1)

or, according to equation (1.9),

3 oE

Totel ~ € 5t ° (2.2)

If we use equation (1l.1%) for the eerly signal, we see that this is en
exceedingly short pulse. As the frequencies involved will be of the ordér
of 100 megacycles or more, it is not likely that this signal cen give any
trowle.

The smaller but more bothersome signal will be that associated with
the decay of the E-field after the gamma-ray flux has passed its peak. With
the form for ®(r,t) which I shall give, tﬂe integrals of (1.3) and (1.4) can
bé done to obtain an analytic expression i‘or o, but I see little hope of
m cut the integration of (1.10) analytically. I suggest, therefore,

that (1.10) be carried out numerically and that J, . be caleulated by (2.1)

t
or by (2.2). The numerically-obtained velues of Jior Should then be f£it by
an analytic expression, preferably as & function of r,t aund of yield. The

functional form of J

tot should be so chosen that the integral for the retarded
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-A vector potential can be evalunted. The altemaﬂ;ive of evaluating this

integral numerically 1s to be avoided, if possible, as the integration is
over three dimensions and must be carried out for & variety of radii, of
times, and of yield. |

- For the evalumtion of the integrals, I suggest the following functional

Torms:

7 x 102 y ot/
lmraﬁs - r/c)

for t 2ty = 2 x 107 sec.

(Prior to t, the riee may be taken exponentiel or, more !
conveniently, as a delta function.)

(2.3)

- r = distance from explosion

) = gamma-ray mean-free-path, about 250 meters

Y = yleld in kilotoms : .

JO. = @c -87:- e & where & = electron range in air. Numerieally,

we have (2.1‘_)
.k ] -t/
=2X10Y e - -7

' JO hnIra =) for t 2 to 2 x 10 ' sece.

For the conductivity calcula.tion, the constant ea in equations (1.3)

and (1.4) may be taken to be 6 x 10~5 coulombs per meter per gamms; v,

the electron mobility, is sbout 0.5 (meters/sec) per (volt/meter); and v,
should be Vo reduced by the Bquare root of the mass ratio, e. go w, ®

i
«0015 (meters) /volt gec.

See, e« g+ J« A. Stretton, "Electromagnetic Theory," McGraw-E111 (19%1) p. 428,
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As only the lower freguency components are significant under ground,
I suggest that the caloulstion ignore the effects of retarded time » both
in the expressions (t - r/c) in thé. denominators of (2.3) and (2.4), which
may be replaced simply by t, and in the celculation of the vector potential
which may simply be teken as

: J, . (r,t) . ,
A, (R,8) = -‘I‘—i—t—%- r° sin © dr 4o dp.
| R -7

The azimuthal magnetic field is, of course,

on, (R,
B & AS(R t) .
? oR
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