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 : (1) -I     . 
  (2) -I     . 
  (3) -II -9  . 
 

 – I 
 

1. (A)   0)rU(2 
        . 7 

 (B)   0)r)u(k( 22 
       . 7 

 

2. (A)   0)rzu()r)u(k( 22 
           . 7 

 (B)      7 

  t),r()ψrV(t),rψ(
2m

t),r(
t

ψ 2
2 

 



i  

          . 
 

3. (A)   02y
d

dy
2

d

yd
2

2


x

x
x

     . 8 

 (B)     r        
  .   x = 0      . 6 

 

4. (A)    0y
d

dy

d

yd 2
2

2
2  x

x
x

x
x     . 7 

 (B)      7 

  01)y(
d

dy

d

yd 2
2

2
2  x

x
x

x
x     . [y1(x) = J1(x)] 

 

5. (A)         . 8 

 (B)        . 6 
 

6. (A)           H   
.   H = T + V. 7 

 (B)   h            
   . 7 
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7. (A)              
. 7 

 (B)          , PLz = LzP . 7 

 

8. (A) 0.1)k|m|](|m|1)([
dw

dk
1)w|m2(|

dw

kd
)w(1

2

2
2  ll  7 

     L2     (spherical harmonics)                
Ylm () . 

  [ :  ime
2π

1
)Φ( ] 

 (B)     .    [a, a┼] = 1   
   .   [a┼ a, a] = – a. 7 

 
 – II 

 

9.     : 8 

 (1) Prolate spherical coordinates  u, v    . 
 (2)      h1, h2, h3 . 
 (3) )rρ(


            

  . 
 (4) t),rρ(


       . 

 (5)          . 
 (6)            . 
 (7)   . 
 (8)        y1  y2       

   . 
 (9) -   . 
 (10)    . 
 (11)     . 
 (12)     = ______    . 
 (13) L2    l(l + 1) ______    . 
 (14)    ? 

 (15)    . 
 (16)   . 

__________ 
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Instructions : (1) All questions in Section-I carry equal marks. 

   (2) Attempt any Three questions in Section-I. 

   (3) Question-9 in Section-II is COMPULSORY. 

 
SECTION – I 

1. (A) Separate the Laplace’s equation 0)rU(2 


 in Cartesian coordinates. 7  

 (B) Separate the Helmholtz equation 0)r)u(k( 22 


 into cylindrical coordinates.  7 

 

2. (A) Show that the equation 0)rzu()r)u(k( 22 


 is not separable in spherical 
polar coordinates. 7 

 (B) Separate the time dependent Schrodinger equation  

  t),r()ψrV(t),rψ(
2m

t),r(
t

ψ 2
2 

 



i into space and time parts. 7 

 

3. (A) Solve the differential equation 02y
dx

dy
2

d

yd
2

2

 x
x

 by method of power series. 8 

 (B) Show that the equation obtained by solving Laplace’s equation in cylindrical 
coordinate system for r part reduces to Bessel’s equation. Show that x = 0 is not 
an ordinary point of Bessel’s differential equation. 6 

 
4. (A) Solve the following differential equation by the method of Frobenius : 7 

  0.y
d

dy

d

yd 2
2

2
2  x

x
x

x
x    

 (B) Solve the following differential equation to obtain second independent solution 
using Wronskian method. [y1(x) = J1(x)] 7 

  0.1)y(
d

dy

d

yd 2
2

2
2  x

x
x

x
x  
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5. (A) Derive Lagrange’s equations of motion valid for a conservative as well as non-
conservative system. 8  

 (B) Establish the equation of motion in the case of Atwood’s machine. 6 
 

6. (A) Considering time as a cyclic coordinate, explain conservation of energy and 
obtain an expression for Hamiltonian function H. Hence, show that H=T+V. 7  

 (B) Discuss the effect of Coriolis force on a particle falling freely on the earth’s 
surface from height h in northern hemisphere. 7 

 

7. (A) Write the time independent Schrodinger equation for simple harmonic oscillator 
and obtain its Energy Eigen values. 7  

 (B) Explain Parity operator and show that for all , PLz = LzP.  7 
 

8. (A) Starting with equation 0.1)k|m|](|m|1)([
dw

dk
1)w|m2(|

dw

kd
)w(1

2

2
2  ll  

  obtain an expression for spherical harmonics Ylm () for L2 operator. 

  




  ime
2π

1
)Φ(:Hint  7 

 (B) Write the expressions for ladder operators. Prove that [a, a┼] = 1. Obtain the 
Hamiltonian of the Harmonic oscillator in terms of Ladder operators. Show that     
[a┼ a, a] = – a. 7 

 
SECTION – II 

9. Attempt any Eight : 8 
 (1) Write expressions for , v and  for prolate spherical coordinates. 
 (2) Write scale factors h1, h2, h3 for parabolic coordinates. 

 (3) Write Poisson equation satisfied by electrostatic potential at a point where the 
electric charge density is )rρ(


. 

 (4) Write the diffusion equation for a gas having density t),rρ(


. 
 (5) Define ordinary point for second order linear differential equation. 
 (6) Write the condition for regular singular point for second order linear differential 

equation. 
 (7) Define Wronskian. 
 (8) If y1 and y2 are two linearly independent solutions of the standard second order 

differential equation, then write the general solution for it. 
 (9) Define non-holonomic constraint. 
 (10) Define scleronomic constraint. 
 (11) Write the expression for Coriolis force. 
 (12) The rate of dissipation of energy by friction = ______  the Rayleigh’s dissipation 

function. 
 (13) The eigen value l(l + 1) of L2 operator is ___ fold degenerate. 
 (14) What is Degeneracy ? 
 (15) Define zero-point energy. 
 (16) Write the Uncertainty Principle. 

____________ 


