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The figures in the right hand side margin indicate full marks. 

Candidates are required to give their answers in their own words 

as far as practicable. 

 

Unit-I 

1. Answer any three of the following:                                                                       2x3=6 

(a) Define scalar product of vectors in a linear vector space.  Give the conditions for a 

scalar product. 

(b) For the given wave function Ψ(𝑥) = 𝐴𝑒−𝑥2
, calculate  𝑥 𝑎𝑛𝑑 𝑝𝑥. 

(c) Establish that the eigenvalue of a Hermitian operator is real. 

(d) Establish that any wave function (one dimensional) can be expressed as the 

combination of even and odd wave function.  

(e) What is the physical significance of zero point energy of a simple harmonic 

oscillator? 

 

2.  Answer any two of the following:                                                                 4x2=8         

 

a) Show that in coordinate representation the momentum operator is �̂� = −𝑖ħ
𝑑

𝑑𝑥
. 

b) Express the quantized energy of a simple Harmonic oscillator in terms of the usual 

dimensionless annihilation and creation operators.    
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c) Express coherent state  |𝛼 >  in terms of another coherent state  |𝛽 >. 

d) Obtain the temporal evolution of the position operator for a simple harmonic 

oscillator.     

3.  Answer any one of the following:                                                                                  6x1=6 

a) At 𝑡 = 0, the wave function for a hydrogen atom is  

Ψ( 𝐫 , 0) =
1

√10
(2Ψ100 + Ψ210 + √2 Ψ211 + √3 Ψ21−1), 

where the subscripts are values of the quantum numbers 𝑛, 𝑙, 𝑚. (i) What is the 

expectation value for the energy of the system? (ii) What is the probability of finding 

the system with  𝑙 = 1, 𝑚 = 1 ? 

b) For spherically symmetric system, show that the components of the angular 

momentum  [𝐿𝑥, 𝐿𝑦] = 𝑖ℏ𝐿𝑧  and hence show that .[𝐿2, 𝐿𝑧] = 0. 

 

Unit-II 

1. Answer any three of the following:                                                                        2x3=6 

(a) Draw a diagram of a centre-fed linear antenna and explain. 

(b) Establish that the electric field is conservative since it is derivable from a real scalar 

potential.   

(c) Obtain the Greens first identity.  

(d) Write short notes on Bremsstrahlung.  

(e) Discuss the physical significance of Poynting theorem.  

2. Answer any two of the following:                                                                     4x2=8         

a) Calculate the electric field produced by a charged particle with a uniform motion.        
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b) Show that the Lorentz condition is independent of coordinate system if the gauge 

function satisfy the wave equation.  

c) What is the physical significance of the solution of the wave equations with source? 

Are these solutions linearly independent?  

d) Establish that the accelerated charge can only radiate.  

 

3.  Answer any one of the following:                                                                                 6x1=6 

a) Show that the total radiated power by an accelerated charge particle at low velocity is 

𝑊 =
𝑒2(�̇�)2

6𝜋𝜖0𝑐3 , where the symbol have their usual meaning.                                           6 

b) What is radiation damping? Calculate the radiation reaction force for an accelerated 

charge.                                                                                                                   1+5=6                                                                         

____________ 


