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M.Sc 1
st
 Semester Examination, 2022 

PHYSICS 

Course Title: Atomic spectroscopy & Nuclear Physics-I 

Course Code: PHYS104C 

Course ID: 12454  

Time: 2 Hours           Full marks – 40 
The figures in the right hand side margin indicate full marks. 

Candidates are requested to give their answers in their own 

words as far as practicable 

(Symbols have their usual meaning) 

 

Unit - I 
 

1. Answer any three (3) questions:                                2x3 = 6 

(a) What is the origin of X-rays? What is the typical energy range of X-rays? 

(b) What is the difference between Stark effect and Zeeman effect?   

(c) Draw the ground state and 1
st
 excited state wave function of an electron in a hydrogen 

atom. 

(d) Calculate the perturbation term due to considering the electron as relativistic particle 

in hydrogen atom.     

(e) Show that in thermal equilibrium, the emission (at optical frequencies) is predominant 

due to the spontaneous transition. Given T ~ 10
3
 K, λ ~ 6000 Å.   

2. Answer any two (2) questions:                                4x2 = 8 

a) Calculate the correction to the energy of an electron in hydrogen atom due to 

considering the electron as a relativistic particle. Where,  
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b) What is fine structure? Explain qualitatively, why the degree of fine structure is 

splitting so much bigger in lead rather than in hydrogen atom.  

c) (i) 150 keV electrons bombard a tungsten target (Z = 74). Sketch the spectrum of 

resulting X-rays as a function of 1/λ (λ= wavelength). Mark the K X-ray lines.           

(ii) Find out the width due to energy-time uncertainty principle for an electronic 

transition from excited states of life time 10
-9

 sec to its ground states.                

d) Find the ratio of the number of spontaneous to the stimulated emissions in terms of 

Einstein’s coefficient of thermal equilibrium.    

3. Answer any one (1) question:                      6x1 = 6 

(a)  Sketch schematically the experimental set-up of Stern-Gerlach experiment and 

discuss the results.         
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(b) Write down the time-dependent Schrodinger equation for hydrogen atom in spherical 

polar coordinates and separate it into three differential equations for three parts of the 

total wave function.                                      

Unit - II 
 

4. Answer any three (3) questions:                                2x3 = 6 

(a) What is muonic X-rays? What is the difference between X-ray and muonic X-ray? 

(b) Draw the schematic diagram of Cyclotron. 

(c) Why electron cannot be accelerated by using cyclotron?   

(d) Calculate the mass of exchange particle involved in nuclear force if the range of 

nuclear force is 1.4 fm.  

(e) Write down a few names of the accelerator facility in India.    

5. Answer any two (2) questions:                               4x2 = 8 

(a) Calculate the depth of nuclear potential by using the experimentally measured 

properties of deuteron system.   

(b) Show the nuclear force or potential is spin dependent.   

(c) Discuss the working principle of linear accelerator with suitable diagram.   

(d) The nucleus 
27

Si14 decays to its mirror nucleus 
27

Al13 by positron emission with a 

maximum energy of 3.48 MeV. Find the difference in the Coulomb energy between 

the two nuclei and hence estimate the value of R0 in the expression of R = R0A
1/3

.                                                                         

6. Answer any one (1) questions:                                      6x1 = 6 

(c) Discuss the high energy electron scattering experiment to measure the nuclear size 

with suitable experimental diagram and hence calculate the size of 
16

O nucleus.     

(d) Starting from the Geiger and Marsden experiment, discuss how the existence of         

nucleus is predicted by Rutherford. 
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