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QUESTION ONE (30 MARKYS)

a) Explain the term K-capture as used in radio-active decay (1 mark)
. 1 .
b) Show that the nuclear density is a constant and is given by p = T Hence determine its
—ﬂ'RZ
) 3
value given that Ro=1.12 fmand 1 fm = 10""m . (3 marks)

¢) The polonium isotope 233Po is unstable and emits a 5.30-MeV alpha particle. The atomic
mass of 2§9Po is 209.9829 u and that of $He is 4.0026au. Identify the daughter nuclide

and find its atomic mass : (3 marks)
d) Discuss the origin of Yukawa’s meson indicating its diagram. (3 marks)
e) Discuss the major families of matter as described in elementary particles. (3 marks)

f) Define the term particle accelerator and explain the two types of accelerators. (3 marks)

g) Show that for a beam of particles incident on a thin sheet of material of n nuclei per unit
volume, thickness x, area A, the number of surviving particles which decreases
exponentially with the slab thickness is given by;

N =Nge"" (3 marks)
h) The Heisenberg’s uncertainty principle is given as Ax Ap > L. Given Ax = 107°m, me
2z
=9.1 x 10'kg, h = 6.63 x 10*Js and ~ = 3.1415, determine the velocity of a beta particle
in the nucleus and explain what this velocity means. (2 marks)
1) Give the two main classifications of nuclear detectors giving two examples for each.
(2 marks)
J) Calculate the energy released during the following fusion reaction

0 1 -
n—> p+ e

Where mass of 1p=1.0072 a.m.u.; mass of 3n = 1.0086 a.m.u. and mass of ~le =
0.00055 a.m.u. (3marks)
k) The four factor formula of nuclear fission which gives the effective neutron multiplication

Jactor is given by kefy= 1 fp ¢. Explain the four factors given in the formula. (4 marks)

QUESTION TWO (20 MARKS)

a) Discuss the Shell model of the nucleus, giving an account of the Aufbau principle of nuclear
shell filing, outlining the prediction of nuclear spin and parity. (10 marks)
b) The Bethe-Weizacker Semi-empirical Mass Formula for the liquid drop model accounts
for the total nuclear binding energy. Write the formula and explain the five factors
contributing to the formula. (10 marks)

QUESTION THREE (20 marks)

a) Discuss the lonisation Chamber nuclear detector outlining its construction and the working

principle. (10 marks)
b) Outline the efficiency of nuclear detectors, discussing the characteristics of a perfect
detector. (10 marks)
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QUESTION FOUR (20 marks)
a) Discuss the nuclear Fission process showing a clear diagram of how a neutron interacts
with a target producing fission products (8 marks)
b) Deduce the Geiger-Nuttall law of alpha decay. Hence state how it relates with the decay
constant. (12 marks)
QUESTION FIVE (20 marks)
a) Discuss the compound nuclear theory, describing the major conservation laws.
v (8 marks)
b) Discuss the Cyclotron accelerator giving its working principle, construction, theory,
utility and working principle. (8 marks)
c) Give the two major types of nuclear accelerators, explaining each of them. (4 marks)
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