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Abstract

— e

The sxcitation of a nucleus by the slesctro-
static force exerted on it by another highly enargetic
nucleus fs treated classically. Tt is concluded that

a fission fragment can not produce fisglon.

(Ed.)
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A Classical Treatment of Elactrostatic Excitatiog

of Nuclear P2 Vibrations

The purpose of this paper is to zlve a clas-
sical treatment to the problen of excitatisn of a nucleus
by the electrostatic force exerted on it from snother
highly energetic nucleus. An example of such an effect
would be a fission fraghent causlng fission in a nearby
nucleus.

The mechanism of the effect is shown below:

b Vibratlional mode Po
1 ﬂ T‘ L
) S

Z'e, A'm, H Ze,Am N

Fig. 1 Filg. 2
The energetic particle 1 (charge Z'e, mass A'm, energy
H) approaches particle 2 (charge Zs, mass Am). Tt
exaerts a force 2 Z'oz/r2 oﬁ the near slide of nucleus
2, a force 2 Z'ez/(r-f-b)2 on the far slide. Thus there
1s a force proportional to 1/1"'5 tending to exclte the
vibrational mode shown in Fig. 2 (the so-called Py mode),
¥e are interested In seeling 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 Vev excitation of a uranium

nucleus would probably lead to fisslon.
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Since the vibrational quantumn of the P2 mode
1s about .8 ¥ev for heavy nucleii, we should be able
safely to treat excitation energles of greater than
several Mev by a classical method. It should also be
noted that the energlies involved are low enough to use
non-relativistic equations throughout, and that the
distance of closest apnroach in the cases of interest

- i3 about 10% cm so that electronic shielding may be dis-
regarded and Coulomb's Law used, We shall also assume
a head-on colllsion so that conditlons for excitation are
as Tavorable as possible,

Our task then will be to solve for the relative
motion of the particles, and thus obtain the deforming
force F=2 Z'e¢? b/r3, We then Fourier-analyze the force
to find its Fourler component corresponding to the ex-
citation energy In which we are Iinterested. The size
of this component will give us the probabllity that ths
nucleus will be excited'sufficiently to undergo the re-
actlon in. which we may be interested.

The equation of energy conservatlion gives us:

1 AA' .o 2 7' H 4
ZME+AT Tt r - A+ AT

(1)

Here H is the energy of the incldent particle
in its rest system; HAfA+ A') 13 the energy In the c-of-g

. AA! e reduced mn#s.
system; m T A 1s th
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TIf we let

H A Bav? Z(A+A")
= ¢ . - +A
T {(A+A')2 Z'ed T t"‘(_f\-} A'j A ALY I%A Avl t

then (1) reduces to
1

where the dot now.rcpresents differentlation with respect
to t'.

We now substitute u=s and U =-u?p' which ylelds

R L

- u (1")

ahich may be integsrated to yleld

o]

+ tanh~! 1 - u (2)

Equation (2) now gives us u as an 1mplicit function of
t'. We can thus plot udxF (Flg. 3) as a function of
T* and Fourier analyze u® to find the magnitude of the
excitation that we are Iinterested in.

Suppose that we are consldering an excitation
energy B, It correspondsrto a vibration frequency 159 ]

or, in our units of t', to a frequency:

_B AA':S/Q 12 ; A’ a
o =f ()77 2wt ®)

To & firat arproximation we can represent the force

function F by a Gausslan?

=
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u3: e-at'z

{where a is determined from Fig. 3 to equal about .6)

#hich 1f we Fourler-analyze we obtailn
ud= fc(w) ol®t' quw | (4)

where

Clw)x e"‘)2 /48 e°(w/wc)2

If we use for Z, Z', A, A', H, typical values for filssion
fragments we find that (), corresponds to an enerpgy of
about .25 Mev. In fact, 1t 1s typically so that any
energy In which we mlght be interested is considerably
larzer than the energy of the most probable induced vi-
bration.

It is, however, quite clear that our 5Saussian
approximation can give us no rellable information on
the Fourler coefficient of frequencles very much hlgher
than &J .

~In order to find these high-frequency compo-

nents we therefore use the following trick:

If ud= fc(w) et g
then %E-é}:-gl = ﬁ'(w) o0t dwfﬁn Cle) ot gw

In other words, the nth derivative of u’ gives us a

function in which the high-energy components are "boosted"
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by a factorw M, If we calculate and plot the nth
derivative, and then once acain make an approximate

Fourier analysis, we can find:

o

C (W) = Eééﬁﬂ~ (5)

n

and thus bbtain a value for any Fourler component desired.
The differentiation may be performed analyti-

cally using (1'):

dt!

3 .
Jﬂ&l~::m2u=&ﬁ h.-u

The orocess can be contlnued indefinitely and we finally
obtain

843 ’
. (iilt: 1,614,400 ull - 11,840,760 ul? 4 27,204,984 ul®
dt

-26,474,227.5 ul4 + 9,300,217.5 ul® (6)
This function 1s plotted In Fig. 4, along with an approxi-

mate reprecsentation:

a®(ud) _ - -l.98t'2 2
*“EET% = 4614 x e cos (27t - ,1568mt'<)

Ne see that for the reglon near t'= 0 (which
1s the region where high frequenc!es will be present)
this 1s a very good approximation.

If we neglect the t'? term {(unimportant for

high frequencies), we obtain:

2
cl(w) = E%F‘»)(:iwt' 4614 o-1-98L'C o 6.08 t' a4t

= 450 [e’ [(U+6.28)2/401.98]+e-[(U-6,28)2/4.1.99J (7)

il
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and finally us’ng (5):

- 2

7.92

where W 1s glven by (3), and we note that the 2nd term
in btrackets in (7) is larger than the first for high
frequencles,

It should be remnarked that here, as in the case

of our original Rausstan aporoxivation for u3, the

Fow

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

the nepative expcnent Is of the order of magnitude -1,
and that to properly obtain its magnitude, one should
- continue dlifferentiation until one does obtain an ex-
ponent about equal teo -1. However, (8) does provide

a useful 1limit for C(w), since 1f the exponant 1s ~uch

more negcatlve than -1 we may say with assurance that

Clw)< < %6-8 .

Thus for w > 20
cCw)<< 2 x 10-8

which means that for all practical purposes the reaction
1s impossible, Using (3) this may be put into a somewhat
more useful form by elimlinating the constant factors:

Ir

E = TH?S/Q 'M:A’)' VA' 22" > 135 (9)

snsath)
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e i MM

then
clw)< < 10-8

and the reaction is "impossible". E, the desired ex-
citation energy, and H, the incident particle energy,
here are in Mev.

In tre case of fission fragments producing
fisslion, the example we have been considering, we find
E = 400. So we may be quite certaln that this reactlon
w!ll never be observed.

I would llke to thank Professor Edward Teller,

who sugpgested this problem.
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