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 : (1) -I     .     . 
  (2) -II      .     . 
  (3)   ,   . 
  (4)      .    
 

-I 
(   .) 

1. (A)           
 . 7 

 (B)      .   7 
 

2. (A)   ,    (Space)    
 . 7 

 (B)      .  7 
 

3. (A)   .   x = 0     (Regular singular point) 
   . 7 

 (B)     ,  (Singular)  .    
    :  

  (i) (1 – x2) 2
2

d
yd

x  – x xd
dy  + 2y = 0,  = integer 4 

  (ii) x 2
2

d
yd

x  + (1 – x) xd
dy  + ay = 0, a = constant 3 

 

4. (A)         : 7 
  2

2
d

yd
x  + ( – x2)y = 0,  =  

 (B)  (Wronskian)     . 7 



NB-108 2  

5. (A)  (constrains)   ?     . 7 
 (B)        ’  . 7 
 

6. (A) ’          
. 7 

 (B)          ( ·),    
   . 7 

 

7. (A)  (observables) A  B      

       (x) (p)  h 2
1 . 7 

 (B)      . 7 
 

8. (A)         . 7 
 (B)   a  a+       H   h  2

1  η 


  wc 
.  7 

-II 
(   .) 

9.    : ( ) 8 
 (1)       
 (2)       
 (3)     . 
 (4)     2 . 
 (5)      . 
 (6)         . 
 (7)  W[ex, e–x] = _________ 
 (8)  W [sin x, cos x] = ________ 
 (9)   (Generalized co-ordinates)  . 
 (10)        . 
 (11)      
 (12)      (Configuration space) 
 (13)     H(1, 2) = ________. 
 (14) -  (zero-point energy)  . 
 (15)     (Parity) 
 (16)  (Fermions)     ________  . 

__________  
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Instructions : (1) In Section-I, answer any three questions. Each question carries equal 
marks. 

   (2) In Section-II, answer any eight questions in short. Each question 
carries equal marks. 

   (3) Mention clearly the option you attempt. 
   (4) Symbols have their usual meaning.  

Section-I 
(Answer any Three) 

 1. (A) Write note on partial differential equation occurring in the different branches of 
Physics with examples. 7 

 (B) Separate the Helmholtz equation in Cartesian Co-ordinates. 7 
 
2. (A) Using the method of separation of variable separate three dimensional wave 

equation into space and time parts. 7 
 (B) Separate Helmholtz equation in cylindrical co-ordinates. 7 
 
3. (A) Write Bessel’s equation and prove x = 0 is a regular singular point of Bessel’s 

equation. 7 
 (B) Find the singular points of the following differential equation and find types of 

singularities for that point.  
  (i) (1 – x2) 2

2
d

yd
x  – x xd

dy  + 2y = 0,  = integer 4 

  (ii) x 2
2

d
yd

x  + (1 – x) xd
dy  + ay = 0, a = constant 3 

 
4. (A) Solve the following differential equation using power series : 7 
  2

2
d

yd
x  + ( – x2)y = 0,  = constant 

 (B) State and prove Wronskian theorem. 7 
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5. (A) What are constrains ? Explain giving example different types of constraints. 7 
 (B) Derive D’Alembert’s principle for static equilibrium and dynamical system. 7 
 
6. (A) Derive Lagrange’s equation of motion for holonomic conservative system using 

D’Alembert principle. 7 
 (B) Explain rotating co-ordinate systems and shows that the angular momentum · 

is the same in fixed and the rotating systems. 7 
 
7. (A) For observables A and B, derive the general expressions of uncertainty principle 

and hence prove that (x) (p)  h 2
1 . 7 

 (B) In detail, explain the fourth postulate of quantum mechanics. 7 
 
8. (A) Derive the energy eigen values equation of the simple harmonic oscillator. 7 
 (B) Define abstract operators a and a+ and hence prove that eigen values of H are 

h  2
1  η 


  wc 7 
 

Section-II 
(Answer any Eight) 

9. Answer in short : (Any Eight) 8 
 (1) Define partial differential equation. 
 (2) Define ordinary differential equation. 
 (3) Write the application of the method of separation of variables. 
 (4) Write  2 spherical polar co-ordinates. 
 (5) Define ordinary point and singular point. 
 (6) Define regular singular point and irregular singular point. 
 (7) Wronskian W[ex, e–x] = _________ 
 (8) Wronskian W [sin x, cos x] = ________ 
 (9) Define generalized co-ordinates. 
 (10) Write generalized co-ordinates for the motion of a simple pendulum oscillating 

in a vertical plane. 
 (11) Define number of degrees of freedom. 
 (12) Define configuration space. 
 (13) For combined system Hamiltonian H(1, 2) = ________. 
 (14) Define zero-point energy. 
 (15) Define parity. 
 (16) Fermions always have ________ wave function. 

__________ 


