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CHAPTER VIII 

NUCLEAR FISSION 

8.1 THE BWDZlKi E#ERGII% OF NUCLEI 

Before we proceed to take up the subject of fission, it is necessaq to understand the general 

nature of the forces that hold nuclei tog&her. For this purpose, tie should like to find an expression 
for the nuclear binding energy. As we have seen in Chapt-er III the nuclear mass is related to the 
biding energy. The ielation is simply: 

hi = (A - Z)bf,, + ZMl - (Binding energy /CT 03-1) 

with M the nuclear mass, M, the neutron mass, M, the proton mass, and A,2 the mass and atomic 

numbers, respectively. This relationship shows tha we m$ Check an)r conclusions about nuclear 
binding energies by comparison with nuclear masses. 

In the absence of exact, knowledge concerning the nuclear forces, the problem of finding the 

dependence ?f binding energy on 2 and A is a difficult one. We must examine our empirical knowledge 
about tinclei,.for implications concerning the nuclear forces or the b&&g Mgy; Our empirical 
iuloaedge iniziudes: 

Nuclear size and constancy of density of nuclear matter. 
Tendency of Z to be et#xal to A/2. 
Effect+ness of Coulo&b forces in making 2 lm than A/2. 

Rarity of nucld with even it and odd 2. 

Each of these factofs will be considered &pmely io its &ect on the nuclear binding energy. 

Coosider first the nudear size. From scamring and orher experiments with heavy nuclei it is 
found that nuclear radii are proportional to A:/‘. In fact, 

R f 1.48 x 10-” A’/‘cm (8-2) 

fairly well fits the known data, although this formula does not mean much if applied to the very 
lightest nuclei. Fox the present purpose, rhe formula implies that the average density of constituent 
particles is about the same in 41 nuclei. It isquite likely that the density within a single nucleus 

does not vary mxuzh from one region within the eucleus to another. if a certain binding energy resuit- 
ing from nuclear forces is to be associated with two nuclear particles within the nucleus a given 
distance apart, it is clear from the foregoing that this bidding energy per unit volume of the nucleus 
is constant, inasmuch as the average distances between constituent particles are everywhere the 
s-e. We conclude, therefore, that the binding energy of nuclei is &sentially proportional to their 
volume or to A. Iti thms of the energy of the nucleus (the negative of the binding energy), we have 
then E 1”‘-a#$ where al is some positive coefficient which these considerations have not sufficed 

to determine..This is not complettily accurate, since we have failed to consider the fact rhat the 
nuclear constituents at the nuclear surface are not bound as strongly as particles inside. The number 
of such particles is proportional to the surface area so that we must subtract a number proportional 
to APP (or R “) from our previous estimate E 1. Thus: 

E 
1 

= -alA + asAw (8-3) 
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