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10.5 Energetics of nuclear reactions

l_)uring a nuclear reaction, energy is either evolved or absorbed.
Reactions in which energy is evolved are known as exoergic reactions
while those requiring absorption of cehergy are called endoergic. The tota]
amount of energy evolved or absorbed during a nuclear reaction js called
the Q value or simply the Q of the reaction. So by definition

Q=E,+ E,~Ey—E,=E,+ E.~E, -.(10.5-1)

if the target nucleus X is at rest. 4 "

Q is thus equal to the net surplus (or dcﬁc.lt) of the energies of the
reaction ‘products E, + E, over the energy supplied (E, ).

If the atomic masses are expressed in energy units, Eq. (10.3-3) can
be rewritten as ‘

Mx+Mx+E,=M,,+M,+E,+Ey

Then we get from Eq. (10.5-1) |
Q=Mx+M,~My- M, .(10.5-2)
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Eq. (10.5-7) is quadratic in z=‘l£T,so that we can write

| * aZ’ +bz+c=0 .(10.5-8)
. b e
where a=1+ M, b=-2/My \WJ,A\‘I,,EJl cos ©
: . —b+Vb*-4ac
Eq. (10.5-8) has the solution z= a ..(10.5-9)

written explicitly we then get

1
\E, = My{(M, M, E,)"Zcose}t[M,M,E,cosze-r

(My+M,) { OM, + E, (My - M,)}]m...(lo.s-m)

If we write Q" =— Q then for endoergic reactions, Q" >0 since 0<0. In
this case if E, =0, we have
b=0 and c=-Q0=0">0
The solution for z in this case becomes

z=\/l_2;=:t —24:6 =+N-Q/a

Since both a and Q’ are positive z =\/Ey is imaginary in this case.
This means that the reaction is not possible with E,=0. A minimum
energy E, = E,p;, is needed to initiate endoergic reaction. In this case the term

under the square root sign in Eq. (10.5-9) must be zero so that we get
b —4ac=0
Substituting for a, b and ¢, we get

oA A BN ey o
Mz( x My min)cos o M)’ iy MY
Y
which gives
(M, +My) O (10.5-11)

Emin =" :M_\"‘l' M}"'Mx - (M, MY/MY) sin” @

- Since 0<0, E_i,> 0.
Using Eq. (10.5-2) we get
— (M + M) O (10.5-12)
E. . = 2 esd o g
min " pp Q- (M, M/My) sin“ @

at which the particle y is emitted. When
ward direction, E,;q has the lowest valug
and is known as the threshold ener8y for the endoergic reaction and is
wally written as Eg, From Eq, (10.5-12) e &€t

(M, + M) © (10513
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E.in depends on the angle
=0, i.e., y is emitted in the for




; ; R ‘ Nuc[ear Physics'
oo , q

Since Q << M, , we can neglect it in the denominator of Eq. (1 1.5-13)‘
: X

Also we can replace M,+ My in the numerator by M.+ My. So we get
finally

M
Gl SN e .(10.5-

So by measuring the minimum energy E, at wlluch ?nt }f:(;:;g:iic reactiop
is initiated it is possible to determine the Q value o on.

i i ‘ . (10.5-10) shows that under Certajp
circu::\:tanlg:sp Ejt:n?illll bzfa i?lblé-valued function of tht? projectile energy
E, i.e., for a given E,, there may be two values of E, , t.he energy of the
emitted particle. This happens only for endoergic 3react10n33. The double
valued nature of E, is revealed in Fig. 10.6 for the *H(p, n) *He endoergic
reaction which has 0=-0.7638 MeV. Eq. (10.5-10) also shows that Ey is

single valued if the following condition is satisfied -
QMy+ Ex (My“Mx) 20
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Ve Er=L14s Mey & : ‘
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at all angles between 0° and

Fg.

For the case cited 5
than E,, the product
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a maximum angle 6., which can be found with the help of
Eq. (10.5-10).
Exoergic reaction :

In this case, the reaction can occur for all values of E, including
E,=0. For E, =0, the incident momentum is zero and hence the sum of
the momenta of the product particles must be zero : Py + p, = 0. This
means that ¥ and y proceed in opposite directions, so that 0 + ¢=r. Also
in this case Q = E +E,.

In general Eq. (105-7) gives for Q >0 only one value of E,, the energy
of the emitted particle, for a given E, and at a given angle of emission 6. All

Values of 0 are possible. Hence there is an energy distribution of the emitted
Particles between a maximum at ©=0 and a minimum at =g In the

ff"'“‘im'.f. Eq. (10.5-7) given by Eq. (10.5-9) the plus sign has to be chosen
4 positive value of the momentum p, is to be obtained.
twAS We shall see in §13.4¢ exploitation of the rigid correlation
btam:cn E, and 0 is the only way of obtaining monoenergetic neutron
of different energies.
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