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B.Sc. 5
th

 Semester (Honours) Examination, 2021-22 

PHYSICS 

Course ID: 52417                                         Course Code: SH/PHS/504/DSE-2 

Course Title: Nuclear and Particle Physics 

Time: 2 Hour                                                                      Full Marks: 40  

                                                       The figures in the margin indicate full marks. 

Candidates are required to give their answers in their own words 

                                                                          As far as practicable      

Section-I 

 

1. Answer any five questions.                                                                                          2x5 =10 

a) Why stable nuclei have more neutrons than protons? 

b) Why electrons cannot be accelerated in a cyclotron? 

c) Does a free proton decay into neutron? Explain. 

d) Why pair production is not occurred in vacuum? 

e) Under what conditions does a nucleus undergo spontaneous fission? 

f) What is the importance of photomultiplier tube in a scintillation counter? 

g) Is it possible for a photon to transfer all of its energy to a free electron? Explain. 

h) What is the basic idea behind the nuclear shell model? 

 

Section-II 

 

2. Answer any four questions:                                                                                             5x4 = 20 

a) What conservation laws were apparently being violated in the observed continuous beta 

spectrum? How did it help Pauli in predicting the nature of a new particle?                  2+3 

b) Write down the working principle of an ionization chamber? How can it be operated as a 

proportional counter? What will happen if the applied voltage is increased beyond the 

proportional region?                                2+2+1 

c) State Geiger-Nuttal law and explain the significance of this law.  In some alpha spectra, 

instead of one discrete line, several closely spaced discrete lines are observed. Why?  3+2 

d) How do the ‘asymmetry and pairing energy’ terms arise in the semi-empirical mass 

formula? What is the experimental evidence of pairing within the nucleus?           (2+2)+1 
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e) What is nuclear isomerism? What is the intrinsic property of strong interaction? What 

will you expect to happen if a proton of kinetic energy 3 Mev passes through matter?  

                                                                                                                                    1+1+3          

f) What do you mean by the electrical quadrupole moment of atomic nuclei? What is its 

significance in nuclear physics? How long do free neutron last?                              2+2+1 

           

Section-III 

                                                                       

3. Answer any one question:                                                                                           10110   

a) (i)  Why must the quarks in a hadron have different colours? Would they have to have 

different colours if their spins were 0 or 1 rather than ½? 

(ii) What are the constituents of primary cosmic rays? What is the order of magnitude of 

the energy of a typical cosmic ray particle? Discuss some observations which show that 

cosmic rays are of extra-terrestrial origin. 

(iii) Why a neutral particle such as neutron possesses a finite value of magnetic moment? 

                                  (2+1) + (1+1+3) +2 

b) (i) In the decay Σ
0 
 Λ

0
 + γ, the half-life of Σ

0
 is 10

-12
 S. Discuss the nature of the 

interaction of this decay.     

(ii) Which of the following isobars would you expect to be β
-
 active and how would it 

decay?       
                

                                                               

(iii) An organic quenched Geiger-Müller counter consists of the tube having a diameter 

of 5.0 cm and the wire having a diameter of 0.0125 cm. The counter is filled with argon 

gas (ionization potential 15.7 V) to a pressure at which mean free path is 7.8 x 10
-4

 cm. 

Calculate the voltage that must be applied to just produce an avalanche. 

(iv) Explain why in α decay of a radioactive nuclide, the kinetic energy of the emitted α 

particle is slightly less than the disintegration energy. 

                                                                                                                                          2+ 2+3 +3 

 

 

 

_________________                                                                  


