
Examinations of August 2021 

SHP 3400: Nuclear and Radiation Physics 

B.Sc Physics and B.ED Science (Physics Option) 

The following Constants may be used  

� ��� = 1.661 ×  10 − 27 ��   

Question One (Compulsory 30 Mks) 

a) Define a nucleon and give an example (2 mks) 

b) A nuclide Q (not its actual chemical symbol) has 7 protons and 8 neutrons. Write the nuclear 

symbol (2 mks) 

c) Show that a rest mass of 1 U leads is approximately 932 MeV of energy (5 mks) 

d) Although protons are positively charged, they exist together in a closely packed nucleus. Explain 

(3 mks) 

e) Write a balanced nuclear equation for the decay of Carbon-14 to form Nitrogen-14 by release of 

beta particle clearly showing the origin of the beta particle (4 mks) 

f) What is Compton scattering (2 mks) 

g) Differentiate between nuclear fission and nuclear fusion giving an example of each (4 mks) 

h) A proportional Counter has tube radius of 40 cm and a coaxial wire diameter of 0.002 cm. A 

potential difference of 3.2 × 10�� is applied. Find the maximum radial field at which the counter 

can be operated (4 mks) 

i) An alpha particle of Kinetic Energy 8 MeV passes through an ionization chamber at the rate of 20 

particles per second. Assuming that all the energy is used in producing ion pairs, calculate the 

current produced if energy required to produce 1 ion-pair is 40 eV, charge of electron is 1.6 ×

10���� (4 mks) 

 

Question Two (20 Mks) 

a) A plant fossil was found to have C-14 activity of  2.06 × 10��� after 20000 years. If the same 

mass of a freshly cut similar plant had an activity of 8.0 × 10� ��, find the half-life of Carbon 14 

(6 mks). 

b) A sample of radioactive N-13 contains 2.4 × 10�� nuclei at the start of an experiment. The half 

life for N-13 is 9.6 minutes. Find: 

i. The activity of the sample at the start of the experiment (5 mks) 

ii. The number nuclei that will decay in 32 minutes (5 mks) 

c) Explain photoelectric effect (4 mks) 

Question Three (20 mks) 

a) A 2 MeV beam of gamma rays enters water and travels a depth of 0.1 m. If the intensity of the 

beam reduces to 61% of the original intensity, find: 

i. The linear attenuation coefficient of water (4 mks) 

ii. The depth at which the intensity of the beam will be reduced to 20% (4 mks) 

b) A nuclear reactor uses Uranium-235 to produce electric power. The power consumption per year 

in Kenya is 2.4 × 10��� �! "#$% &. Find the mass of Uranium required to run the reactor to 



produce the required power assuming that net power production and transmission efficiency is 

80%. Given the nuclear reaction as: 
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' − 235 = 235.043943 ' 

�! − 144 = 143.922953 ' 

,- − 90 = 89.919517 ' 

c) Explain the role of graphite in a nuclear reactor (3 mks) 

Question four (20 mks) 

a) A betatron has a maximum magnetic field at orbit of 1.8wb/m2. It operates at a frequency of 100 

Hz and orbit diameter of 1.5 m. Calculate: 

i) Total number of revolutions before exit (4 mks) 

ii) Average energy gained by the electrons per revolution (4 mks) 

b) A light source of wavelength λ illuminates a metal surface and ejects photoelectrons with a 

maximum kinetic energy of 2.40 eV. A second light source with half the wavelength of the first 

ejects photoelectrons with a maximum kinetic energy of 4.00 eV. Determine the work function of 

the metal (5 mks) 

c) X-rays with an energy of 200 keV undergo Compton scattering with a target.  If the scattered X-

rays are detected at 480 relative to the incident X-rays, determine: 

i) The Compton shift at this angle (3 mks)  

ii) The energy of the scattered X-ray (4 mks) 

 

 

 

 

 

 

 

 


