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It is estimated that the product gases of the H.E. layer surrounding

an imploded 8phere are Sufi’iciontlytransparent to slow magnetic signals to

permit the magnetic observation of the implosion, but that, throu~h their disleo-

trio propertie% they alter the 10WOS* electric mode of vibration enough to make

the radio resonance method of obsermztion impracticable.

..........● ..

Two quite different mothod~ have been proposed fotiimplooion obmmva-

tiona whioh might be impeded by the mnductivity and dielectric properties of

tho ionized gas fomed of the explosion products. They are the magnetic method

propomd by FowZer and by Woodward and explored exporimonkally by l?owler,and

the radio resonanoe method proposod more reoently by Alvares and by Manley. In

the former, a magnetic field collapEsdewith the implosion, and its suocoss de-

pends on suff?ioientpenetration of the gas by a magnetib signal of frequencies

~ _- ~=6und 106sec-1. In tho latter, the size of the sphere is indicated by resonance~
-m!
2==g~ wit_ha radio v~ve of frequency around 1010seo-2”

!!

_
‘a:F—-

, and it is necessary that the
,

~—m=!= findmntal.,fx+.qquencyof the conducting sphere be ahanged hy not more than a few
z-m
:~o_

s====
,~~~- pero’entbythosurrounding gains, and tha rcsonanae not broadenod excessively.
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*
C (atom)

O*

H20

co

Hz

Hz

E/w.

11.2

12.5

12.7

14*1

15.37

15.!31

Here we attempt to make an estimate of the conductivity of the hot H.E. products

during tho implosion, although suchan estimate must necessarily be quite wude

because of the uncertain composition and temperature of the gas at the times of

interest. The result is that the conductivity is not groat enough to impair the

obsemations unless polyatomic carbon is present. The estimated dielectric con-

stant is, however, great enough to make any interpretation of the resonances de-

pend on the uncertain outline of the explosive gases, so that met-hodis oon8idor-

ed impracticable.

CONDUCTIVITY OF PRODUCT GAS

The molecules probably present in the

tion potentials E, are li8ted in Table 1.. The

H.E. product, and their ioniza-

numbers present per molecule of

TNT and of tetryl, each aooording to two different formulas, are listed as taken

from an early report of KiBtiakowsky and Wilson, in ordor to give a rough idea

of the probable abundance in a somewhat arbitrary mixture.

TABLE 1. Conpsition of explosion produot gQ6.

Iiumberper molecule of
TNT

1 3-1/2

2-1/2

6 3-ti2

2-2/2

l-d2 1-3/2

Tetryl

l-1/2

1 2-1/2

7 5-1/2

l-1/2

2-1/2 2-3/2

Contribution to (6-1)
for each prod. nxolec.
per H.E. moleo.

.04

.11

.053

.021
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A rou~h idea of the abundanoe will here su’’fioebeoauso

of conduction eleotrong is a wry sensitive funotim of temperature

and 10WWA E, but a relatively insensitive funotion of the abundance

of molecules having that lowest E, and practically independent of the other

moleoules, since the next lowest E is several kT above the lowest. The

number of eleotrons (and we consider only electronic conduction) is determined

by the I.awof Mass Action, written for the case in which the number of Sons is

equal to the number of elootrons, n, per co;

(1)

Here H is the density of molecules of lowest E, the w’s are statistical

weigM8 of the populated states of ion and molecule, and m is electron mass.

In evaluating M, we amunm that it refers to C a%oms, that there are aay two

of’them per explosive molecule, and that the gas has about the density of the

original explosive, 1.5 gJoo, at. wt. 220. For C, wo may, with greater refine-

ment Mum

and 3P.

necet3sary,put 2w#wm

The eleotron mobility

= 43, t~ing into account

at atmospheric prewure is

the ground states 2p

12000 CIi%01t-16f3Cl-1

for the most abundant moleouleCC), and 18000 for Nz (VJahlin,Phya. Rev., NJ, 1570

(1930]), at low fields, and drops o~gradually for higher ftiids. In our com-

posite gas we will be content with the rough valuo obtained by attributing to

eaoh moleculo tholoW field cross seotion of CO, since experimental values are not
●

at hand for all of the moleculoc. We thu6 obtain a conductivity

a = 1.4 x 1010 T3/4e-~2~ (c.g.s.e.e.u.).

As a safe upper limit, we may take the temperature of.the explosive to bo

(2)
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T= 4500° C, Or 2kT = (6/6)ev,which, with E = 11.2 OV, makes u = 107 e.g.s.e.r.u.

DI.E13MMR1CCONSTANT OF THE GAS

At the frequencies contemplated, consi.dorablybelow rotational fro-

quencie8 of a molecule, the dioleckric constant e exceeds unity by an amount

consisting of two contributions, one arising from the permanent eleotmiu dipole

moments of the molecules and inversely proportional to the temperature, another

due to induoed polarization and independent of temperature. The first is about

1.4 timaa the second for H20 @ 4000° C, while for CO at this temperature the

first is about 0.3 percent of the

Table X the first contribution is

tions of the various m01ec?u1e8to

(Zahn, Phys. Rev.,=, 400 (1924)

second and in the other moleoule6 listed in

absent. Thus, aGide from water, the oontribu-

(e - 1) are obtained from measured values

and~, 49? (1928)) merely by multiplying by

the ratio of densities. Ifwe assume the explosive to have a density of about

1.5 and a molecular weight of about 220, we find the contributions to (~ - 1)

listed in the last oolumn of Table 1, for each gas molecule per molecule of the

original explo~ive. Ifwe take for examplo the product gas at its original den-

sity and with the average of the

= 0.6. AS the gas expands, this

slight upward correction for the

ohangea in composition and other

compositions listed in Table I, we find (C - 1)

is reduced proportional to the density, with a

reduced temperature. There miqht also be

complications.

SIGNAL ATTENUATION IN ‘ME CONDUCTING LAYER

A plane wave in a conducting medium dies off according to the real-ex-

ponent part of a spaoe factor ei~ where k= [p ( ]3//taCo - 4’ltiO) 2 c. For small

valuea of u this leads to an attenuation faotor e-2fL(@~3’2~Q. Insertion

ultCLI$SIFIED
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Of a= 1076eo”1, with /A and e unity, gives an attenuation distance of five

meters, indicating that no trouble is to be anticipated from this sourae at high

frequenoiea. With m<< u, tho

attenuation distanoe about 150

innocnaol,aa.

attenuation fiotor is e“(2~~~) 2/2
/
C ~d the

meters for a f’roquencyof 106aec’1, again quite

OSOILLA’fIONS_OFA CONDWOTIN(3SPHERE WITHIN A CONCENTRIC DIELECTRIC SPHERE

The fundamental electric mode of oscillation, which is presumably the

one that would be observed, within a conducting sphere may be repremnted in

/terms of the !lesselfunotion of order 3 2 (and derivatives thereof - see Born,

OptLk, p. 280; Stratton, ElectiromagnetioTheory, p. 657), while the oscillations

to whioh it joins in the intormediato dielectric sphare are represented ~ a sum

of Bessel and Hankel functions, and in the outer infinite space by a %nkel func-

/ Ifwesall thaooefficiants ofthasefmrfictionetion only, all of order 3 2.

A, B, C, and D, respectively, the boundary conditions Eta% continuous and l$.q

oontinuoue at the inner

written

boundary r z a and at the

= (k2~2)(Bj2a +Chza)

outor boundary r =b maybe

(3)

Here j~a = j(~2a)$ or j~(~2a) ~ Strattonts notation, with ?2a = %8. The SUb-
1

scripts 1, 2, 3 refer to the metal, dielectric,and outer apaoe, respootively, and

1

*

in each nwdium we have k defined as above.

with respect to , and
r

The primes mean differentiation
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For the high frequencie~ here of interest, the metal sphere afi’cotsthe outside

world only through a skin effeot independent of further details about kl, We

consider kl muoh larger than unity and much larger than ~ and k3 and have as

the condition for tho existenoe of solutions B, C, and D the vanishing of the

determinant formed by their ooofficients in the last threo rows and columns of

(3). Xn developing thi8 condition further, we note that the change in ~

due to conductivity &s”very anudl,

~2 from unity, put all.~~ equal to

consequent change A* in ~

Am/in ‘bh)[ ([fdo/fO[~hli)

lime ,?0= a6/c = (~tiz . i]/2 is

[1~h Sa = O, to which our problem

men by developing the three-row

consider for 8implioity a small change A6 in

unity, and find tho following formula for the

(1+ 21/u - 4/.2 - 2i/a3) %Zig
1

-lA~ (s)

tho solution of the unperturbed problem

reduces when k2 = k3 : a/c a8 is mostieasily

determinant in terms of minors of the first row.

a is a corresponding quantity for the outer surface, a = (da)yo. In evalua-

ting this expression we first take (I/a) = 7/4, which corresponds to a gao

occupying the vol-umeoriginally ocaupiod by the explosive with a cbargo~mas8

ratio of about 4, and then take (t/a) s 2, which corresponds to the same gan

after a 60 percent expansion ~ch aS might tae p~ace during the obse~a~ion$=

h the former ease we might expect A~ = 0.6 and b the latter 0=4. The re~lta

of tho evaluation for these cases are shown in Table 11. It mud be emphasized

that these are the results of a series expansion to the first ordor term in Ae

only, and A6 is not very small compared to unity, so they are to be used only

● ●.* .**
.00 @ : . WIA$WIE v“,.●~; : ● ●.0 ●: : ●.0 .::.0 ●*e●**●*
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1*75 - .759 - .171U 0.60 - .52

2 - .694 - .0325 0.40 - .29

for making a preliminary judgment of the probable pra~ticability

solid metal spheres.

e
- .27

- ●26

of the methods

The latter

explo8ivi3

not only that the effect of the gas on the resonant frequenay

the uncertainty in this effe~t due to uncertainty in the state

and not for evaluating in detail results obtained ~ the method.

could presumably be done better by means of calibration chots of

layera surrounding

one 8998

is large, but that

of expansion of the gas is of the order of twenty poroen%, enough to mako the

method $nqxactiaable.The breadth of tuning is detormincd es~entially by the

6quare of the ratio of the imaginary part of m to the real part, and is on the

verge of being too large for a bare conducting sphere (the variation of the

steady anqplitudeA(a) near raaonanue is given by a2An/A ‘ -9/2). The imaginary

par~ is decreased a littlo less than the real part, so the tuning is also made

somewhat broader by the gas.
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