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

 
 – I 

1. (A)    d
dx (xnJn(x)) = xn Jn–1(x). 7 

 (B)    (i) xp'
l
(x) – l Pl(x) = p'

l–1 (x). 7 

    (ii) xp'
l–1 (x) + l Pl–1 (x) = p'

l
(x). 

 

2. (A)    (i) N–1 (x) + N+1 (x) = 
2
x  N(x) 7 

    (ii) N–1 (x) – N+1 (x) = 2N ' (x) 

 (B)       ,   : 

   


–l

+l

 
.
. pm(x) pn(x) dx = 

2
2n + 1 mn 7 

 

3. (A)  .      .  . 7 

 (B)          . 7 

 
4. (A) Calculus of variation      . 7 

 (B) -      L-C-R     
.   7 

 
5. (A)          

.   7 

 (B)          .  7 
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6. (A)         

    
d2L
d2 + (2l + 2 – ) 

dL
d + ( – l – 1) L = 0 

     En = – 
z2e4

2ħ2n2  n = 1, 2, 3 … 7 

 (B)       .     
.    7 

 
7. (A)     . 7 

 (B)    <1|2>  <2|1>  
     <1|2> = <2|1>* 7 

 
8. (A)      . 7 

 (B)        (1)  . 7 

 
 – II 

9.   . (16  8 ) 8 

 (1)    J+3/2 (x)   . 
 (2)    . 
 (3)   P0(x)   . 

 (4)    
J1/2(x)

J–1/2(x)   ? 

 (5)    . 
 (6) L–C–R      . 
 (7)     ? 

 (8)    . 
 (9)      . 
 (10)        . 
 (11)   100    . 
 (12)     . 
 (13)    . 
 (14)    . 
 (15) (AB)+ = _____ ? 
 (16) (A+)+ = _____ ? 

_______ 
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Instructions : (1) All questions in Section – I carry equal marks. 
   (2) Attempt any three questions in Section – I.  
   (3) Question No. 1 in Section – II is Compulsory. 

 

SECTION – I 

1. (A) Prove that 
d
dx (xnJn(x)) = xn Jn–1(x). 7 

 (B) Prove that (i) xp'
l
(x) – l Pl(x) = p'

l–1 (x). 7 

    (ii) xp'
l–1 (x) + l Pl–1 (x) = p'

l
(x). 

 

2. (A) Prove that (i) N–1 (x) + N+1 (x) = 
2
x  N(x) 7 

    (ii) N–1 (x) – N+1 (x) = 2N ' (x) 

 (B) Prove that Legendre polynomial satisfies the following orthogonality condition. 

   


–l

+l

 
.
. pm(x) pn(x) dx = 

2
2n + 1 mn 7 

 

3. (A) Explain Geodesis. Show that Geodesis of spherical surface are great circles. 7 

 (B) Obtain Hamilton’s system for simple pendulum with moving support. 7 

 

4. (A) Obtain Euler’s equation of motion using technique of calculus of variation. 7 

 (B) Obtain Lagragian for a series L-C-R and parallel L-C-R electric circuit on the 
basis of electro-mechanical analogies.  7 

 

5. (A) Find the solution of Schrodinger radial equation inside of a three dimensional 
square well potential. 7 

 (B) Using radial equation, solve the problem of anisotropic oscillator.  7 
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6. (A) Using the equation  
d2L
d2 + (2l + 2 – ) 

dL
d + ( – l – 1) L = 0. Obtain energy 

Eigen values En = – 
z2e4

2ħ2n2 where n = 1, 2, 3 … for H-atom. 7 

 (B) Write the radial Schrodinger equation for H atom. Separate this equation in 
Parabolic co-ordinate. 7 

 

7. (A) Write a short note on Hilbert space. 7 

 (B) Prove that <1|2>  <2|1> but 

     <1|2> = <2|1>* 7 

 

8. (A) Explain Schrodinger representation for a liner momentum. 7 

 (B) Prove that sum of projection operator is one (1). 7 

 

SECTION – II 

9. Answer in short (Any 8 out of 16). 8 

 (1) Write down value of J+3/2 (x) for Bessel’s function. 

 (2) Write spherical Neumann function. 

 (3) Write down value of P0(x) for Legendre polynomial. 

 (4) What is ratio of 
J1/2(x)

J–1/2(x) for Bessel’s function. 

 (5) State Euler theorem. 

 (6) Write down Lagrangian for L–C–R Series circuit. 

 (7) What is phase space ? 

 (8) Define Gama function. 

 (9) Write down potential energy equation for H-atom. 

 (10) In a spherically symmetric potential energy depends on _______. 

 (11) Write down the value of wave function of H-atom 100. 

 (12) What is zero point energy of isotropic oscillator ? 

 (13) Define projection operator. 

 (14) Define unitary operator. 

 (15) (AB)+ = _____ ? 

 (16) (A+)+ = _____ ? 
_______ 


