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INSTRUCTIONS: - Answer question one and any other two questions 
 
QUESTION ONE (30 MARKS) 

a)        An atom has a symbol Y, mass number 14 and 6 electrons. Write the symbol of its nuclide 

           (3 Marks) 

b)       It takes 48 minutes for a sample of iodine to disintegrate. Find the decay constant. 

           (5 Marks) 

c)      State any radionuclide that is used for medical applications and explain how they are used. 

           (2 Marks) 

d)      The activity concentration of a sample of iodine is 80 counts/minute at the start of an experiment 

and 60 counts per minute after 48 hours. Find the half life of the sample. (5 Marks) 

e)      Explain the role of boron rods in a nuclear reactor.    (4 Marks) 

f)      For the following nuclear reaction find the Q-value and state whether the reaction will occur 

� + �� → � +  ��
�
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� = 14.00755�, �� = 4.001506�, � = 17.00453�, 1.007276��
�
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g)     Carbon-14 decays by emission of beta particle forming a new nuclide. Write a balanced nuclear 

reaction for the decay process.       (2 Marks) 

h)      What is pair production?       (1 Mark) 

i)      Define background radiation and state its two main sources.   (3 Marks) 
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QUESTION TWO (20 MARKS) 

a) Calculate the binding energy per nucleon for the nuclides �� = 34.9689��

��  

and �� = 36.9695�

�� . Using the information obtained state which of the nuclides is more 

abundant in nature and why.        (10 Marks) 

b) Each atom of U-235 causes a mass defect of 0.2154U due to nuclear fission. Calculate the total 

energy released in KWh when all atoms in 1 gram of U-235 undergo fission given that 

1U=931.4 Mev and the Avogadros number = 6.025 x 10��    (10 Marks) 

QUESTION THREE (20 MARKS) 

a) A carbon specimen obtained from a cave contained 1/8 as much C-14 as an equal sample 

obtained from living matter. Calculate the approximate age of the specimen if the half life of 

C-14 is 5568 years.         (7 Marks) 

b) Describe how a chain reaction is initiated in a U-235 nuclear reactor clearly stating why it does 

not occur in nature.         (6 Marks) 

c) Sketch the curve of binding energy per nucleon against mass number and explain the shape. 

(7 Marks) 

QUESTION FOUR (20 MARKS) 

a) Calculate the minimum energy of gamma photon that produce on electron-position pair given 

that the rest mass of electron is 9.11 � 10 ��!"     (5 Marks) 

b) Deutrons in a cyclotron describe a circle of radius 0.32m just before emerging from the dees. 

The frequency of the applied emf is 10MHz. Given that the mass of deuterium is 

3.32 � 10 �
kg and � = 1.6 � 10 �#�, find: 

i)  The flux density of the magnetic field.     (3 Marks) 

ii) The velocity of deuterons as they out of the cyclotron.   (4 Marks) 

c) Alpha particles of energy 8MeV pass through an ionization chamber at the rate of 20 per 

second. Assuming that 60% of their energy is used in producing ion pairs and that to produce 

an ion pair 32 eV are required and � = 1.6 �10 �#�. Calculate the current produced.(5 Marks) 

d) A self quenched GM counter operates at 1000 volts and has a wire diameter 0.1mm and a 

cathode of radius 4cm. Find its maximum radial field.    (3 Marks) 


