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UNCLASSIFIED

The excitation of a nucleus by the electro-

static force exerted on it by another hl~hly energetic

nucleus Is treated classically. Tt is concltided that

a fission fragment can not produce fisglon.

(Ed.)
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A C14ssical Treatment of Electrostatic Excitation——.— —. —...-.—..,...

of Nuclear P2 Vibrations—..— .

The purpose of this paper is to give a clas-

sical treatment to the problem of excltati~n of a nucleus

by the electrostatic force exerted on ~t from another

highly energetic nucleus. An example of such an effect

would be a fission fra~rnentcausing fiss~on in a nearby

nucl?!ug.

The mechanism of the effect is shown below:

V’.brational mode P2
,-.
II

/- 0.-. -
1

~.-- -

,1

Zfe, A~m, H !&e,Am
is j

Fig. 1 Fig. 2

The energetic particle 1 (charge Z’e, mass A?m, energy

H) approaches particle 2 (charge Ze, mass Am). Tt

exerts a force Z Zfe2/r2 on the near side of nucleus

2, a force Z Z?e2/(r+b)2 on the far side. Thus there

is a force proportional to l/r3 tending to excite the

vibrational mode shown in Fig. 2 (the so-called P2 mode).

We are interested in seeing whether this mode can be

excited to a high-enough energy to permit a nuclear

reaction to take place. For example, we know from the

liquid-drop model that a 6 ?Tevexcitation of a uranium

nucleus would probably lead to fission,
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Since the vibrational quantum of the P2 mode

Is about .8 ?Jevfor heavy nucleii, we should be able

safely to treat excitation energies of greater than

several Mev by a classlcal method. It should also be

noted that the energies involved are 10-wenough to use

non-relat~vistic equations throughout, and that the

distance of closest approach in the cases of interest

is about 10-4 cm so that electronic shielding may be dls.

regarded and Coulomb’s Law used. We shall also assume

a head-on collision so that conditions for excitation are

as favorable as possible.

our task then will be to solve for the relative

motion of the particles, and thus obtain the deforming

force F=% Z~e2 b/rs, We then Fourier-amalyzo the force

to find its Fourier component corresponding to the ex-

citation energy in which we are interested. The size

of this component w1ll give us the probability that the
,

nucleus will be excited sufficiently to undergo the re-

action in.which we may be interested.

equation of enerpy conservation gives us:

A A’ Z Zle2
~+~ V+ y =* (1)

Here H is the energy of the incident particle

in its rest system; HA{A+ A!)is the energy in the c-of-g

system; m
~~ I

A+AB
1s the reduced mass. *
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Tf we let

then (1) reduces to

1
-1r’2+3t -

where t’ledot now”represents dlf’ferentlatlon with respect

to t’.

We now substitute u=~ and G=-u2~1 which yieldsr!

h= U2 41--=T (1’)

Equatton (2) now ~ives us u as an implicit function of

t!. We can thus plot U3<F (Fig. 3) as a function of

T! and Fourier ~alY!Ze u 3 to find the ~agnftude Or the

excitation that we are Interested in.

Suppose that we are considering an cxcitat~,on

energy ?3. It corresponds to a vibratton frequency I@i

or, In our units of t?, to a frequency:

“ ‘f (+)3’2‘z’e2 m
To a first a:>proximation we can represent the force

(3)

function F by a Gaussian:
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e -at ‘2~3 =

(where a Is determined from Fig. 3 to equal about .6)

w?~lchif we Fourier-analyze we obtain

U3=
J

C(U} eiutt dtd (4)

where

If we use for Z, Zf@ A, At, H, typical values for fi~sion

fragments we find that (J* corresponds to an enerry of

about .25 Mev. Tn fact, it ‘is typically so that any

energy in which we might be inter~sted is considerably

larger than the energy Qf the most probable induced vi-

bration.

It is, however, quite clear that our Gaussian

approximation can give us no reliable Information on

the Fourier coefficient of frequencies very much higher

than O..

In ordor to find these high-frequenc”y compo-

nents we therefore use the following trick:

If

Tn other words, the nth derivative of U3 gives us a

functf’on in which the high-energy components are “boosted”
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by a i’actord ‘, If we calculate and plot the nth

derivative, and then once again make an approx~mate

Fourier analysis, we can find:

C(ti)=k “
Un (5)

.
a~ldthus obtain a value for any Fourier component desired,

The dtfferentlat~on may be performed analyti-

cally using (lt):

d(u3)
~~f = 3U2 G=3U4 G

The orocess can be continued indefinitely and we finally

obtain

d8(u3)
—= 1,814,400 Ull - 11,840,760 U12 + 27,204,984 U13
dtV8

-26,474,227.5 U14 + 9,300,217.5 U15 (6)

‘Thisfunctton IS plotted in Fig. 4, alon~ wft~J an appr~xl-

mate representation:

d8(u3
4 = 4614 X e

.l@Q~tf2
~t ! cos(2nt’ - .156wt’2)

We see that for the region near t?= O (which

1.sthe reg~on where h~gh frequencies will be present)

th!.sIs a very good approximation.

If we neglect t~Le t12 term (unimportant for

klgh frequencies), we obtain:

cl(~)= *

J

~i”t’ 4614 e -1.98tf2
COS 6.28 tt dt~

[

=450 e- ,1[(LM6.28)2/4*1.98]+e-[(G L6,28)2/4*1.9F] (7)
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and finally us’nfl (5):

C(Q)= +&. *- [’U-6.28)2
7.92 1 (8)

where ~ !s given by (3), and we note that the 2nd term

in brackets in (7) is larger than the first for high

frequencies.

It should be re!flarkedthat here, as in the case

of our original ?ausstan %pproxl..~atlonfor U3, the

absolute value of the C(W) should not be trusted unless

the nep:at!ve exponent is of the order of magn!tude -1,

and that to properly obtain its maCnitude, one should

continue differentiation until one does obtain an ex-

ponent about equal to -1. However, (8) does provide

a useful llmit for C(ti), since if tke exponent is wch

more ne~at!ve than -1 we may say with assurance that

Thus for @ > 20

c(w)<< 2 x 10-8

which means th~t for all practical purposes the reaction

3.simpossible. ‘Jsinp (3) this rr,aybe put Into a. somewhat

m,oreuseful form by eljmlnating, the constant factors:

If
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then

. .,.,

c(tJ)<< 1O-Q

ttimpossfbl=r’mand the reaction is E, the desired ex-

citation ener~y, and H, the incident particle energy,

here are in Mev.

In tk.ecase of fission fragments produc~ng

fission, the example we have been conslderjng, we find

\ = 400. So we may be quite certa!n that this reaction

w1ll never be observed.

I would. like to thank Professor Edward Teller,

w~Jo sug,~ested this problem.

.
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