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 :    . 

 

PART – I 

 

      : 

1. (i)   , J½  (x) = 
2
 x

 . sin x  (7)  

 (ii)    , Jm (x) = 


0

 
.
. cos (m  – x sin ) d (7)  

 

2.  (i)   ,  (7) 

  (1) Jn – 1 (x) + Jn + 1 (x) = 
2n
x  . Jn (x) 

  (2) Jn – 1 (x) – Jn + 1 (x) = 2 J'n (x)   

 (ii)    :  

   


n – 1
(x) = 

d
dx  [  



n–1
(x) –  



n
(x)] (7) 
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3.  (i)        . (7)  

 (ii)      .  (7) 

 

4.  (i)       .  (7)  

 (ii)  ,      .     

      (Phase path)  
–m2x

P  . (7) 

 

5.  (i)    ,       

  .  (7)  

 (ii) - -     , En = (n + 3/2) ђω  (7) 

 

6.  (i) -    non-localized states (E > O)   . (7)  

 (ii)     H-atom     .  (7) 

 

7.  (i) -            

 | a >  | a' >    , < a' | a > = 0 ; a ≠ a'  (7)  

 (ii)    : < x | P̂ | x > = – i ђ 
d
dx  (7) 

 

8.  (i)   (projection operator) P̂a  .  Â   ,  

 , Â = 
a
aP̂a. (7)  

 (ii)   , ' (x) = e iᶔ 
Px

ђ  . (x) (7) 
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PART – II 

 

9.      : 08 

 (1)  - . 

 

(2)  - . 

 

(3) -    g(x, t) . 

 

(4)    Z   . 

 

(5) d  (d variation)  - (-variation)   . 

 

(6)        (phase-space)  . 

 

(7)  (geodesic)   ?  

 

(8)     . 

 

(9) H-       . 

 

(10)   -   zero-point  . 
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(11) -   . 

 

(12) H-       . 

 

(13) (A+)
+   ? 

 

(14) [x̂, P̂]   . 

 

(15) [x, y]   . 

 

(16)  Â   . 

 

_____________ 
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Instruction : Symbol have their usual meaning.  

 

PART – I 

 

 Answer any three questions : 

1. (i) Prove that J½  (x) = 
2
 x

 . sin x  (7)  

 (ii) Prove that  Jm (x) = 


0

 
.
. cos (m  – x sin ) d (7)  

 

2.  (i) Prove that  (7) 

  (1) Jn – 1 (x) + Jn + 1 (x) = 
2n
x  . Jn (x) 

  (2) Jn – 1 (x) – Jn + 1 (x) = 2 J'n (x)    

 (ii) Prove that :  


n – 1
(x) = 

d
dx  [  



n–1
(x) –  



n
(x)] (7) 

 

3.  (i) Derive Newton’s equation of motion using Lagrange’s equation.   (7)  

 (ii) Derive Hamilton’s principal from Newton’s equation of motion.  (7) 
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4.  (i) Obtain Lagrangian for series and parallel circuits.  (7)  

 (ii) Explain configuration space, momentum space and phase space. Show that the 

slope of the phase path for one dimensional harmonic oscillator is 
–m2x

P . (7) 

 

5.  (i) Define square well potential. Obtain the solution of radial Schrodinger equation 

in interior region.  (7)  

 (ii) Prove for three dimensional isotropic harmonic oscillator, En = (n + 3/2) ђω  (7) 

 

6.  (i) Discuss non-localized states (E > O) in the outer region of the three dimensional 

square well potential.  (7)  

 (ii) Using radial Schrodinger equation, obtain energy eigen value for H-atom.  (7) 

 

7.  (i) Prove that eigen value of the self adjoint operator is always real and for eigen 

states | a > and | a' > prove that, < a' | a > = 0 ; a ≠ a'  (7)  

 (ii) Prove that : < x | P̂ | x > = – i ђ 
d
dx  (7) 

 

8.  (i) Define projector operator P̂a. 

  If Â is observable, prove Â = 
a
aP̂a. (7)  

 (ii) Prove that ' (x) = e iᶔ 
Px

ђ  . (x) (7) 
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PART – II 

 

9. Answer any eight questions : 8 

 

1. Write Hermite differential equation. 

 

2. Write Laguerre differential equation. 

 

3. Write generating function g(x, t) for Bessel function.  

 

4. Define Gemma function  Z . 

 

5. Write the difference between variation and  variation.  

 

6. Draw phase space diagram for one dimensional harmonic oscillator.  

 

7. Define geodesic.  

 

8. Write Lagrangian for simple pendulum.  

 

9. Draw energy level diagram for H-atom in relation to potential.  

 

10. Give zero-point energy for three dimensional harmonic oscillator.   
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11. Define isotropic harmonic oscillator.   

 

12. Write wave equation for the H-like atom in terms of parabolic co-ordinates.  

 

13. What is (A+)
+
  

 

14. Write value of [x̂, P̂] 

 

15. Write value of [x, y] 

 

16. Define linearity of an  operator Â. 

 

_____________ 

 
 

  

 

 


