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CHAPTER IV 

MODELSOFNUCLEIANDOFNUCLEAR REACTIONS 

4.1 THE COMPOUND NUCLEUS 

In section 2.4 it was shown that for (n,% processes the cross section for low energies is: 
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where u = frequency of emitted gamma, vi = velocity of incident neutron.. ,Of the more than one 

hundred (n,% reactions known the l/v law holds for most only very close to Vi r 0. This is 
due to the sharp variations of M ‘associated with resonance phenomena. 

An explanation of the nature of these resonances can be made in terms of the so-called 
“compound nucleus” modelof reactions first proposed by Niels Bohr in Nature: 137: 344(1936). 
In this model a nuclear reaction is a three-step scheme: 
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This means that when a neutron hits a nucleus it does not knock out the first particle it hits. 

Instead it distributes its energy among the various members of thenucleus and for some time 
exists in combination wirh the original nucleus in a system called the compound nucleus.* 
Whether a particle is emitted by the compound nucleus depends upon the probability of concen- 

trating the necessaty escape energy on one particle in the course of the many-body interactions 
within the compound nucleus. An (n,N process may be represented as: 

A +N’(A +n)* *(A +n) +hv (43) 

The compound nucleus (A + n)* is in, this instance the excited state of the final nucleus, the 
asterisk being used to denote excitation. 

The compound nucleus is relatively stable, that is to say the compound nucleus exists 
for a time long compared to the time it would take a nuclear particle to cross the nucleus. 

This latter time is of the order of 10”’ cm divided by the neutron velocity (see Figure 11, 

page 21), or for slow neutrons about 10”2/10’ = 10”’ second. The time of existence can 
be inferred from the uncertainty principle which states that the product of the energy 
uncertainty in a system (AE) and the time uncertainty (At), in this case the time during 
which the system can be said to exist, is of the order of Planck’s constant: 

.q 
AE*At-h (4-4) 

It is possible to determine the magnitude of the energy uncertainty to be discussed later, so 
that & can be inferred. Sometimes At is of the order of 10”’ second or 10’ times the crossing 
time. In terms of the physical picture this means that the incident particle hits the nucleus, 
disvibutes its energy among the nuclear particles, and very many *‘transit times” later the 
necessary energy is concentrated in a constituent particle so that it can escape. 

* The distribution ofencrg uon~allsuclear partlclea arises front the fact that thenuclear 
particles interact with forces comparable to the force axertedmpom am, muolear partiala by the incident 
8eutron. Tbieis differemtfrom the cassinrtomie colli~ioms whem, ..,, am electrabits rsatos.In this 
latter ease tbeimte?aetiombetweem the collidim~eleot~em and tbe eleOtW bein~j stmckielar6e Compared 
to tJ~e:nteractiombet~weem thest~ekelectrmamd theoU~etelectroaeef t&e atom.Plltanotbrrwy, 
aolli~ioasbetesagnslltroo~ amdauctcimustbi, kotiiidered-hamF-body* problems whereas electron-atom 
eollisioms euh 6emerally be reduced to a two-body (or omdbodj in a field) problem. For am excellmt 
diearssion of these differences -da gemeralintradactiom tonuclear prooessem see B. A. Belbtbein%Wiaws 
ofHodam Physics 0:71to 74 (19887). 


