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 : (1) -I     . 
  (2) -I      . 
  (3) -II    . 
 

 – I 
1. (A)        7 
  (i) Jn(–x) = (–1)n Jn(x)  n  . 
  (ii) W[Jn(x), J–n(x)] = – xπ

2  sin (n)  n  . 
 (B)         7 
   Jn + 3(x) + Jn + 5(x) = x

4) 2(n   Jn + 4(x) 
 
2. (A)    cos x = J0(x) + 2 1 n 

(–1)n J2n(x). 7 
 (B)    2J1

n (x) = Jn – 1(x) – Jn + 1(x). 7 
 
3. (A)         . 7 
 (B)         . 7 
 
4. (A)    . 7 
 (B)            .  7 
 
5. (A)       .    

     En = 2n
eV 13.6–   .  7 

 (B)            
  . 7 
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6. (A)       .     
.    7 

 (B)  -     En = 


  2
3 n  w  .  7 

 
7. (A)    : 7 
  (i) x̂' = x̂ – L  (ii) p̂x' = p̂x + p̂y 
 (B)    : 7 
  (i) (AB)+ = B+A+ (ii) (A+)+ = A  
 
8. (A)             

.   7 
 (B) Unitary  .  Â            

  eiÂ  unitary .  7 
 

-II 
1.    : ( 16  8) 8 
 (1)    .  
 (2) J

21
(x) = ________. 

 (3) P1(x) = ________. 
 (4) Pn(x)   .  
 (5)    .  
 (6)    ? 
 (7)    .  
 (8)       .  
 (9)    .  
 (10)    .  
 (11)     .  
 (12) -     ? 
 (13) -    ? 
 (14)     ? 
 (15) 1 Ryd = ________ eV. 
 (16) 1 eV = _______ J. 

__________ 
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Instructions : (1) All question in Section – I carry equal marks. 
   (2) Attempt any Three question in Section – I. 
   (3) Question 1 in Section – II is COMPULSORY. 

 
Section – I 

1. (A) Using the Bessel’s function prove that. 7 
  (i) Jn(–x) = (–1)n Jn(x) where n is integer. 
  (ii) W[Jn(x), J–n(x)] = – xπ

2  sin (n) if n is not integer. 
 (B) Using recurrence relation prove that : 7 
   Jn + 3(x) + Jn + 5(x) = x

4) 2(n   Jn + 4(x) 
 
2. (A) Prove that cos x = J0(x) + 2 1 n 

(–1)n J2n(x). 7 

 (B) Prove that 2J1
n (x) = Jn – 1(x) – Jn + 1(x). 7 

 
3. (A) Using  notation derive Euler Lagrange’s equation of motion. 7 
 (B) Distinguish between Hamiltonian formulation and Langrangian formulation. 7 
 
4. (A) Explain Lagrange’s undermined multipliers. 7 
 (B) Prove that the shortest distance between two points in a plane is a straight line. 7 
 
5. (A) Write the radial Schrodinger equation for H atom. Solve the radial Schrodinger 

equation to obtain energy eigen values En = 2n
eV 13.6– . 7 

 (B) Write down Schrodinger equation inside the potential well. Solve Schrodinger 
equation in it’s inside region of potential well. 7 
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6. (A) Write down Schrodinger equation for H-atom. Separate in this equation Parabolic 
co-ordinates. 7 

 (B) For three dimensional Isotropic Oscillator, show that energy Eigen values            
En = 


  2

3 n  w. 7 
 
7. (A) Prove that :  7 
  (i) x̂' = x̂ – L  (ii) p̂x' = p̂x + p̂y 
 (B) Prove that :  7 
  (i) (AB)+ = B+A+ (ii) (A+)+ = A  
 
8. (A) Show that the orthogonality theorem for Eigen vector of a self adjoint operator 

using Dirac notation. 7 
 (B) Explain Unitary Operator, if Â is any Hermitian Operator and  is any real 

number. Prove that eiÂ is unitary. 7 
 

SECTION-II 
1. Answer in short : (Any 8 out of 16) 8 
 (1) Write down Legendre differential equation. 
 (2) J

21
(x) = ________. 

 (3) P1(x) = ________. 
 (4) Write down generating function for Pn(x). 
 (5) Write down Euler Lagrange’s equation. 
 (6) What is Geodesis ? 
 (7) Define Configuration Space. 
 (8) Draw Phase space diagram of one dimensional oscillator. 
 (9) Define Projection Operator. 
 (10) Define Hermitian Operator. 
 (11) Write down Potential energy equation for H-atom. 
 (12) What is isotropic oscillator ? 
 (13) What is anisotropic oscillator ? 
 (14) What is Square Well potential ? 
 (15) 1 Ryd = ________ eV. 
 (16) 1 eV = _______ J. 

__________ 


