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Unit-I 

1. Answer any three questions:                                                                            2x3=6 

(a) Define time evolution operator. Show that time evolution operator is unitary if the 

Hamiltonian is Hermitian.   

(b) Prove that two eigen functions of a Hermitian operator belonging to different eigenvalues 

are orthogonal.  

(c) Show that the parity operator commutes with the Hamiltonian (one dimensional case) if the 

potential is even function of x (i.e V(x)=V(-x)).  

(d) Show that the angular Momentum L obeys the relation 𝑳 × 𝑳 =  𝒊ћ𝑳 . 

(e) Show that the electric dipole transition connects the states of opposite parity.  

 

2. Answer any two question:                                                                           4x2=8         

(a) Show that the degeneracy of an isotropic oscillator is 𝑔𝑛 =
1

2
(𝑛 + 1)(𝑛 + 2), where 𝑛 = 𝑛𝑥 +

𝑛𝑦 + 𝑛𝑧 and 𝑛𝑥 , 𝑛𝑦 and 𝑛𝑧 are the quantum numbers.  

(b) Show that ground state of the Simple Harmonic Oscillator gives rise to the minimum 

uncertainty product due to Heisenberg.   

(c) Establish that angular momentum is the generator of infinitesimal rotation.  
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(d) An electron in the Coulomb field of a proton is in a state described by the normalized wave 

function  
1

6
[4𝜓100(𝑟) + 3𝜓211(𝑟) − 𝜓210(𝑟) + √10𝜓21−1(𝑟)]. Calculate the expectation 

value of 𝐿𝑧. 

3.  Answer any one question:                                                                                               6x1=6 

(a) A harmonic oscillator moves in a potential  𝑉(𝑥) =
1

2
𝑘𝑥2 + 𝛽𝑥 , where 𝛽 is a constant. Find 

the energy eigenvalues. 

(b) Prove that 𝑒−
𝛼2

2 ∑
𝛼𝑛

√𝑛!
|𝑛 > = 𝑒𝛼𝑎+−𝛼∗𝑎 |0 >∞

𝑛=0 . 

 

Unit-II 

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

(a) Write down the Poynting vector and its' unit. 

(b) What is centre fed linear antenna? 

(c) Discuss the meaning of self force. 

(d) Discuss the meaning and usefulness of Green function.  

(e) What do you mean by near zone and far zone with respect to a localized oscillating source?  

  

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

(a) Show that 𝑥
𝑑

𝑑𝑥
(𝛿(𝑥)) = −𝛿(𝑥). 

(b) Define retarded potential. Show that retarded potential satisfy the inhomogeneous wave 

equation.          1+3 

(c) Show that  ∫ 𝐽 𝑑𝑣 =
𝑑�⃗�

𝑑𝑡
,  where 𝐽 is the current density and 𝑝 is the electric dipole moment. 

(d) Calculate the power radiated by an oscillating dipole of dipole moment 𝑝(𝑡) = 𝑝0 cos 𝜔𝑡. 

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

(a) Discuss what you mean by radiation damping.  Calculate the radiation damping force for an 

accelerated charge.          2+4 
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(b) Obtain the Lienard-Wiechert potential for a point charge moving with velocity �⃗⃗�.   

____________ 


