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JOMO KENYATTA UNIVERSITY OF AGRICULTURE AND TECHNOLOGY

UNIVERSITY EXAMINATIONS 2016/2017

FOURTH YEAR EXAMINATION FOR THE  DEGREE OF BACHELOR OF  SCIENCE IN PHYSICS
SPH 2404: NUCLEAR PHYSICS
DATE:  JUNE, 2017
                              

   
                        TIME: 2 HOURS   
INSTRUCTIONS: 

ANSWER QUESTION ONE (COMPULSORY) AND ANY OTHER TWO QUESTIONS

The following information may be useful.
Proton mass= 1.00727 amu

Neutron mass=1.00866 amu

Electron mass=0.00055 amu

1 amu=1.6605x10-27 kg
= 931 Mev
QUESTION ONE: 30 MARKS
a.
The activity (A) of a radionuclide at time (t) depends on the decay constant (
[image: image2.wmf]l

) and the initial activity (A0).


i.
Write an equation showing how A depends on A0, t and 
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.(1 mark)


ii.
Sketch the curve showing the dependence of A on t.
(2 marks)


iii.
Hence or otherwise show that the half-life of a radionuclide depends 



on 
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 only.







(3 marks)

b.
Define the following units commonly used to measure radioactivity:-

i.
The curie







(1 mark)


ii.
The Becquerel






(1 mark)

c.
Distinguish between:-


i.
Absorbed dose and dose equivalent.



(2 marks)


ii.
Acute and chronic radiation dose.



(2 marks)

d.
A dose of 10 rad is delivered uniformly to the lungs during a radiotherapy procedure.  How much energy in Joules is absorbed per gram of the lungs?












(3 marks)

e.
Briefly describe two methods of studying nuclear structure.
(2 marks)

f.
The nuclear radius (R) is directly proportional to the cube root of the atomic mass number (A) where the constant of proportionality A0=1.33


i.
Obtain a relationship between nuclear density and nuclear radius.









(2 marks)


ii.
Calculate the density of the 
[image: image5.wmf]13

27

Al
[image: image6.wmf]nucleus.


(3 marks)

g.
Describe at least four properties of a liquid drop that could correspond to those of a nucleus.







(4 marks)

h.
Briefly describe at least one application of nuclear physics in:-


i.
Medicine.







(1 mark)


ii.
Agriculture.







(1 mark)


iii.
Industry.







(1 mark)

i.
What is the broad mandate of the international atomic energy agency (IAEA)?








(1 mark)
QUESTON TWO: 20 MARKS

a.
Briefly describe each of the following quantities associated with interactions of radiation with matter:-




(4 marks)


i.
Ion Pairs (IP)


ii.
Specific ionization (SI)


iii.
Linear energy transfer (LET)


iv.
Range

b.
Consider 4 Mev 
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- particles with average specific ionization of 


40,000 IP/cm in air.  If the W-quantity is 33.7 ev/IP in air, determine:-


i.
The average LET of the 
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- particles in air.


(2 marks)


ii.
The approximate range of the 
[image: image9.wmf]a

- particles in air.

(2 marks)

c.
Pions can be produced when high energy cosmic rays collide with atmospheric nuclei.


i.
Identify the three types of pions and write their corresponding decay 


equations.







(3 marks)


ii.
Write the corresponding muon decay equations.

(2 marks)


iii.
What is the argument for the existence of two types of neutrinos?












(2 marks)

d.
How are elementary particles currently classified?


(3 marks)

QUESTION THREE: 20 MARKS 

a.
Using appropriate examples, explain the function of the following in a nuclear reactor:


i.
Moderators







(2 marks)


ii.
Control rods







(2 marks)

b.
i.
Give the standard definition for atomic mass unit (amu).
(1 mark)


ii.
Calculate the mass defect of a neutral 
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atom and hence determine 


its binding energy in MeV


(Mass of 
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is 12 amu’s)




(4 marks)

c.
i.
State the main condition that a good dosimeter should satisfy and
 

explain why this condition is necessary.


(2 marks)


ii.
Briefly describe the phenomenon of thermoluminescence.












(4 marks)


iii.
List two other types of dosimetry.



(1 mark)

d.
Describe atleast two pieces of evidence for nuclear shell structure.













(4 marks)

QUESTION FOUR: 20 MARKS

a.
i.
Distinguish between nuclear fission and nuclear fusion.  What are the


binding energy requirements for a particle to undergo either of them?









(3 marks)


ii.
Using an appropriate equation, give an example of a fusion reaction.









(2 marks)

b.
In a Ra-226 alpha decay to Rn-222, a 4.78 
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- particle is released during 94% of the transitions while in the remaining 6% of the transitions, a 4.59 MeV 
[image: image13.wmf]a

- particle is released accompanied by a 0.19 MeV [image: image15.png]


-ray.  If Rn has atomic number 86:

i.
Write the decay equation.





(1 mark)


ii.
Draw the decay scheme for the transition.


(3 marks)


iii.
What is meant by “branching ratio”?



(1 mark)

c.
The activity of a radionuclide with a half-life of 2x102 years is 3x106 Bq.

i.
Determine the time required for its activity to fall to 1.5x104 Bq.












(5 marks)


ii.
What will be its activity after 4 time constants?

(4 marks)


iii.
Which international body is mandated to set the maximum 



permissible dose levels in various applications?

(1 mark)

1

_1558164541.unknown

_1559370906.unknown

_1559370960.unknown

_1559370978.unknown

_1558163993.unknown

_1558163333.unknown

