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 : (1)      . 
  (2)     . 
  (3)        . 
    

1. (a)        7 

  (1) Jn(–x) = (–1)n Jn(x),  n =   

  (2)    cos (x) = Jo(x) + 2 


 0 n 

(–1)n J2n(x) . 

                         

  (1)    n(x) = (–1)n xn 




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
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x

x

xx

 cos
 

d

d
 

1 n

. 

  (2)          . 

   
l

l–

Pm(x) Pn(x) dx = 
1  2

2

n
 mn 

 (b)    Jm(x) = 



0

 
1

cos (m – x sin ) d 7 

     
     v = n   

  (1) Jv – 1(x) + Jv + 1(x) = 
x

v2
 Jv(x) 

  (2) J v – 1(x) – Jv + 1(x) = 2J'v(x) 
 

2. (a)     -   . 7 

      
           . 
 (b)       . 7 
                                                
      LCR    LCR    

 . 
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3. (a) L()          7 

  
2

2

dρ

Ld
 + (2l + 2 – )

dρ

dL
 + ( – l – 1) L = 0 

     En = 
22

4

n2

μe


  n = 1, 2, 3. 

               

  - -     En = 





 

2

3
 n  hf.  

 (b) -           
  . 7 

 
              . 
 

4. (a)     . 7 
                
          

  (i) x̂' = x̂ – L  (ii) P̂' = P̂x + P̂y 
 (b)   (Space inversion)  . 7 

              
        : 
  (i) <|A = (A+|)* (ii) <|A+ = (A|)* 
 

5.    : 14 

 (1)   
2
1

J


(x)   . 

 (2)       . 
 (3)    P3(x)   . 
 (4) f(x) = 8x3 – 2x + 4    . 
 (5)    ? 

 (6)    . 
 (7)   . 
 (8)    . 
 (9)     ? 

 (10)     n = 1, l = 0  m = 0    = ______ . 
 (11)   H –     . 
 (12) (A+)

+
 = ________ 

 (13) [y, z] = ________ 

 (14)    . 
_____________  
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Instructions : (1) All questions are carry equal marks. 
   (2) Symbols used have their usual meaning. 
   (3) Figures on R.H.S. show that total mark of questions. 

 

1. (a) Using the Bessel’s function show that : 7 

  (1) Jn(–x) = (–1)n Jn(x), where n is integer 

  (2) Prove that cos (x) = Jo(x) + 2 


 0 n 

(–1)n J2n(x) 

                        OR 

  (1) Prove that n(x) = (–1)n xn 















x

x

xx

 cos
 

d

d
 

1 n

. 

  (2) Prove that Legendre polynomial satisfies the following orthogonality 
relation. 

   
l

l–

Pm(x) Pn(x) dx = 
1  2

2

n
 mn 

 (b) Prove that Jm(x) = 



0

 
1

cos (m – x sin ) d 7 

    OR 
  Prove that for v = n an integer 

  (1) Jv – 1(x) + Jv + 1(x) = 
x

v2
 Jv(x) 

  (2) J v – 1(x) – Jv + 1(x) = 2J'v(x) 
 

2. (a) Using  notation derive Euler Langrang’s equation of motion. 7 

OR 
  Obtain the Hamiltonian for a charged partical moving in an electromagnetic field. 
 (b) Obtain Hamiltonian principle from Newton’s equation of motion. 7 
                                               OR 
  Obtain Lagrangian for a series LCR and parallel LCR electric circuit on the basis 

of electromechanical analogies. 
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3. (a) Using the following differential equation of the H atom for L(). 7 

   · 
2

2

dρ

Ld
 + (2l + 2 – ) 

dρ

dL
 + ( – l – 1) L = 0 

  Prove that En = 
22

4

n2

μe


 Where n = 1, 2, 3. 

                    OR 

  For three dimensional isotropic oscillator show that En = 





 

2

3
 n  hf. 7 

 (b) Define three dimensional square well potential and obtain the solution of radial 
Schrodinger equation in it’s interior region. 

OR 
  Discuss the energy spectrum and eigen functions for a changed partical in a 

uniform magnetic field. 
 

4. (a) Write a short note on Hilbert space. 7 
               OR 
  Explain the transformation of a dynamical variables and prove that 

  (i) x̂' = x̂ – L  (ii) p̂' = p̂x + p̂y 
 (b) Discuss in detail about space inversion. 7 
             OR 
  Explain the Hermition operator and show that : 
  (i) <|A = (A+|)* (ii) <|A+ = (A|)* 
 
5. Answer in short :  14 
 (1) Write down value of 

2
1

J


(x) for Bessel’s function. 

 (2) Write down the orthogonality relation for Bessel’s function. 
 (3) Write down value of P3(x) for Legendre polynomial. 

 (4) Express f(x) = 8x3 – 2x + 4 in terms of Hermite polynomial. 
 (5) What is geodesic ? 
 (6) State Euler theorem. 
 (7) State Hamiltonian principle. 
 (8) Define configuration space. 
 (9) What is Isotropic oscillator ? 
 (10) The wave function of electron in H atom for n = 1, l = 0 and m = 0 is ________. 
 (11) Write the Schrodinger equation for H atom in parabolic co-ordinate. 

 (12) (A+)
+
 = ________ 

 (13) [y, z] = ________ 

 (14) Define projection operator. 
_____________ 

 


