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1. (a) ÍÛ¾ÛýÛ ¸ÛÁõ …ÛµÛÛÜÁõ©Û ËÛÛéÜ¦ø¶›÷Áõ ÍÛ¾ÛàïõÁõ¨Û  

  iħ 
∂ψ(

→
r , t)

∂t
 = – 

ħ2

2m
  ∇2ψ(

→
r , t) + V(

→
r )ψ (

→
r , t) …Û¸ÛéÅÛ ™öé. …Û ÍÛ¾ÛàïõÁ¨Û¶Ûé …ÈÛïõÛÉÛàýÛ 

…¶Ûé ÍÛ¾ÛýÛ ýÛÛ¾ÛÛé¾ÛÛ× ™äö¤äø ¸ÛÛ¦øÛé. 8 

…¬ÛÈÛÛ 

 (a) ÐéüÅ¾ÛÐüÛéÅ¤ø¡ö ÍÛ¾ÛàïõÁõ¨Û [∇2 + k2]u(
→
r ) = 0, ¶Ûé ¸ÛéÁõÛ¼ÛÛéÅÛàïõ (¸ÛÁõÈÛÅÛýÛ) ýÛÛ¾Û ¸Û±ùÜ©Û¾ÛÛ× ™äö¤äø 

¸ÛÛ¦øÛé.    

 (b) ÅÛÛ¸ÅÛÛÍÛ ÍÛ¾ÛàïõÁõ¨Û ∇2u(
→
r ) = 0, ¶Ûé ¶ÛÇÛïõÛÁõàýÛ ýÛÛ¾Û ¸Û±ùÜ©Û¾ÛÛ× ™äö¤äø ¸ÛÛ¦øÛé. 6 

…¬ÛÈÛÛ 

 (b) …Û¸ÛéÅÛ ÍÛ¾ÛàïõÁõ¨Û [∇2 + k2]u(
→
r ) + zu(

→
r ) = 0, ¶Ûé ïõÛ¤ëø¡öàýÛ ýÛÛ¾Û ¸Û±ùÜ©Û¾ÛÛ× ™äö¤äø ¸ÛÛ¦øÛé. 

 

2. (a) …Û¸ÛéÅÛ ÍÛ¾ÛàïõÁõ¨Û¶ÛÛé ŠïéõÅÛ ¾ÛéÇÈÛÛé.  

  
d2y

dx
2 – 2x

dy

dx
 + 2my = 0, šýÛÛ× m = ¸Ûæ̈ ÛÛÚïõ. 8 

…¬ÛÈÛÛ 

 (a) »õÛé¼Ûé¶ÛàýÛÍÛ ËÛé̈ Ûà ¸Û±ùÜ©Û¶ÛÛé Š¸ÛýÛÛé•Û ïõÁõà¶Ûé …Û¸ÛéÅÛ ÍÛ¾ÛàïõÁõ¨Û  

  x
2 

d2y

dx
2 + x

dy

dx
 + (x2 – m2)y = 0, ¶ÛÛ …éïõ¼Ûà›Û¬Ûà ÍÈÛ©Û×ªÛ ¼Ûé ŠïéõÅÛ ¾ÛéÇÈÛÛé.  

 (b) …Û¸ÛéÅÛ ÜÈÛïõÅÛ ÍÛ¾ÛàïõÁõ¨Û, 6 

  x 
d2y

dx
2 + (1 – x) 

dy

dx
 + ny = 0, (šýÛÛ× n ¸Ûæ̈ ÛÛÚïõ ™öé) ¾ÛÛ¤éø ¸ÛÜÁõÜ¾Û©Û (finite) ÍÛà¶•ýÛäÅÛÁõ 

¸ÛÛé̂ ¶¤ø ¾ÛéÇÈÛÛé ©Û¬ÛÛ ÜÍÛ¶•ýÛäÅÛÛÁõà¤øà¶ÛÛé ¸ÛóïõÛÁõ ¶Û‘õà ïõÁõÛé.  
…¬ÛÈÛÛ 

 (b) …Û¸ÛéÅÛ ÍÛ¾ÛàïõÁõ¨Û x
2 

d2y

dx
2 + x

dy

dx
 + x

2y = 0, ¶ÛÛé …éïõ ŠïéõÅÛ J0(x) ™öé. ÁõÛé¶Íïõà…¶Û 

(Wronskian) ¶Ûà ¸Û±ùÜ©Û¶ÛÛé Š¸ÛýÛÛé•Û ïõÁõà¶Ûé ©Ûé¶ÛÛé ¼Ûà›Ûé ÍÈÛ©Û×ªÛ ŠïéõÅÛ ¾ÛéÇÈÛÛé.   

 

3. (a) ÍÛ¾Û›ÛÈÛÛé : 
  (1) ÐüÛéÅÛÛé¶ÛÛé¾Ûàïõ …¶Ûé ¶ÛÛé¶Û-ÐüÛéÅÛÛé¶ÛÛé¾Ûàïõ ï×õÍ¤Öéøˆ¶¤ø  
  (2) ÍïõÅÛéÁõÛé¶ÛÛé¾ÛÍÛ …¶Ûé ÁõàÐüÛé¶ÛÛé¾ÛÍÛ ï×õÍ¤Öéøˆ¶¤ø. 8 

…¬ÛÈÛÛ 
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 (a) •ÛÛéÅÛàýÛ (spherical) ÅÛÛéÅÛïõ …é¤øÅÛé ÉÛä× ? •ÛÛéÅÛàýÛ ÅÛÛéÅÛïõ ¾ÛÛ¤éø •ÛÜ©Û¶Ûä× ÍÛ¾ÛàïõÁõ¨Û …¶Ûé ïäõÅÛ 
Œ›ÛÙ ¾ÛÛ¤éø¶Ûä× ÍÛ¾ÛàïõÁõ¨Û ¾ÛéÇÈÛÛé.  

 (b) ›÷¦ø©ÈÛ¶Ûà ˜ÛÛïõ¾ÛÛªÛÛ¶ÛÛé ¤éø¶ÉÛÁõ (tensor) ÍÛ¾Û›ÛÈÛÛé.  6 

                …¬ÛÈÛÛ 

 (b) ´ù§ø ¸ÛþùÛ¬ÛÙ¶Ûà •ÛÜ©Û Œ›ÛÙ ¾ÛÛ¤éø¶Ûä× ÍÛ¾ÛàïõÁõ¨Û ¾ÛéÇÈÛÛé.  
 

4. (a) …éïõ ¸ÛÛÜÁõ¾ÛÛ¨Ûàïõ ÍÛÁõÇ …ÛÈÛ©ÛÙ þùÛéÅÛïõ ¾ÛÛ¤éø …Ûˆ•Û¶Û ¾ÛæÅýÛ ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé. …Û 
ÍÛ¾ÛàïõÁõ¨Û¶ÛÛé ŠïéõÅÛ ¾ÛéÇÈÛà¶Ûé ©Ûé¶ÛÛ …Ûˆ•Û¶Û ÜÈÛµÛéýÛÛé …¶Ûé …Ûˆ•Û¶Û ¾ÛæÅýÛÛé ¾ÛéÇÈÛÛé. 8 

…¬ÛÈÛÛ 

 (a) ›Ûé um (ρ) …¶Ûé un(ρ) ÍÛÁõÇ …ÛÈÛ©ÛÙ þùÛéÅÛïõ¶ÛÛ ¶ÛÛé¾ÛÛÙÅÛÛˆ¡Õö¦ø …Ûˆ•Û¶Û ÜÈÛµÛéýÛÛé ÐüÛéýÛ, ©ÛÛé 
ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ (um(ρ),un(ρ)) = δmn. 

 (b) ¸ÛéÁõà¤øà ïõÛÁõïõ ÜÈÛÉÛé ¤æ×øïõ¶ÛÛêµÛ ÅÛ”ÛÛé. 6 

              …¬ÛÈÛÛ 

 (b) a …¶Ûé a+ ¶Ûé ÉÛÛ ¾ÛÛ¤éø ÅÛé¦øÁõ …Ûȩ́ ÛÁéõ¤øÍÛÙ (ÍÛà¦øà ïõÛÁõïõÛé) ïõÐéü ™öé, ©Ûé ÍÛ¾Û›ÛÈÛÛé.  
 

5. ¤æ×øïõ¾ÛÛ× ›÷ÈÛÛ¼Û …Û¸ÛÛé : 14 

 (1) ÈÛÛýÛä –Û¶Û©ÛÛ ρ(
→
r , t) ÈÛÛÇÛ ÈÛÛýÛä ¾ÛÛ¤éø Ü¦ø¹ýÛä¡ö¶Û¶Ûä× ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé.  

 (2) ›÷é Ý¼Ûþäù ¸ÛÛÍÛé ÜÈÛ²ä©Û½ÛÛÁõ –Û¶Û©ÛÛ ρ(
→
r ) ÐüÛéýÛ ©Ûé Ý¼Ûþäù ¸ÛÛÍÛé¶ÛÛ ÜÈÛ²ä©Û ÜÍ¬ÛÜ©Û¾ÛÛ¶Û ¾ÛÛ¤éø 

¸ÛÛé̂ ÉÛ¶Û¶Ûä× ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé.  
 (3) x ÜþùÉÛÛ¾ÛÛ× ‘c’ ÈÛé•Û¬Ûà ¸ÛóÍÛÁõ¨Û ïõÁõ©ÛÛ ©ÛÁ×õ•Û ¾ÛÛ¤éø ©ÛÁ×õ•Û ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé.  
 (4) y1 = ex …¶Ûé y2 = e–x¶ÛÛ× ÁõÛé¶Íïõà…¶Û¶Ûä× ¾ÛæÅýÛ W[y1, y2] = ______. 

 (5) Ü³ù©ÛàýÛ ’õ¾Û¶ÛÛ Áéõ”ÛàýÛ ÜÈÛïõÅÛ ÍÛ¾ÛàïõÁõ¨Û ¾ÛÛ¤éø ˆ¶¦øàÍÛà…ÅÛ ÍÛ¾ÛàïõÁõ¨Û¶ÛÛ ¼Ûé ¾ÛæÅýÛÛé α1 …¶Ûé α2 

ÈÛ˜˜Ûé¶ÛÛé ©ÛºõÛÈÛ©Û ¸Ûæ̈ ÛÛÚïõ ÍÛ×”ýÛÛ ÐüÛéýÛ, ©ÛÛé ÜÈÛïõÅÛ ÍÛ¾ÛàïõÁõ¨Û¶ÛÛ ¼Ûé ÍÈÛ©Û×ªÛ ŠïéõÅÛÛé …Û ¸ÛóïõÛÁõ¶ÛÛ 
ÐüÛéýÛ, y1(x) = ________, …¶Ûé y2(x) = ________. 

 (6) Ü³ù©ÛàýÛ ’õ¾Û¶ÛÛ Áéõ”ÛàýÛ ÜÈÛïõÅÛ ÍÛ¾ÛàïõÁõ¨Û ¾ÛÛ¤éø ÜÍÛ¶•ýÛäÅÛÁõ ¸ÛÛé̂ ¶¤ø¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé.  
 (7) x = 0 …é ÜÈÛïõÅÛ ÍÛ¾ÛàïõÁõ¨Û y" + 2xy' + 2y = 0 ¾ÛÛ¤éø¶Ûä× _______ ¸ÛÛé̂ ¶¤ø ™öé.  
 (8) ´ù§ø ¸ÛþùÛ¬ÛÙ¶Ûà •ÛÜ©Û ¾ÛÛ¤éø ýÛäÅÛÁõ (Euler) ¶ÛÛ ¸Ûó¾ÛéýÛ¶Ûä× ÜÈÛµÛÛ¶Û ÅÛ”ÛÛé.  
 (9) …Û½ÛÛÍÛà (virtual) Í¬ÛÇÛ×©ÛÁõ …é¤øÅÛé ÉÛä× ? 

 (10) …Û½ÛÛÍÛà (virtual) ïõÛýÛÙ¶ÛÛé ÜÍÛ±ùÛ×©Û ÅÛ”ÛÛé.  
 (11) ÜªÛšýÛÛÈÛ©Ûâ ÜÍ¬ÛÜ©Û¾ÛÛ¶Û¾ÛÛ× •ÛÜ©Û ïõÁõ©ÛÛ ïõ¨Û ¾ÛÛ¤éø ©ÛÁ×õ•Û ÍÛ¾ÛàïõÁõ¨Û (radial wave equation) 

ÅÛ”ÛÛé.  
 (12) •ÛÛéÅÛàýÛ ýÛÛ¾Û ¸Û±ùÜ©Û¾ÛÛ× L2 ¶ÛÛé ïõÛÁõïõ þùÉÛÛÙÈÛÛé.  
 (13) …ÛÈÛ©ÛÙ þùÛéÅÛïõ¶Ûà ÜÍ¬Û©ÛÜÍ¬ÛÜ©Û…Ûé un(ρ) ¶ÛÛ Äõ¸Û¾ÛÛ× ÅÛé¦øÁõ(ÍÛà¦øà) ïõÛÁõïõ a ¶Ûä× …Ûˆ•Û¶Û         

ÜÈÛµÛéýÛ φµ = _________.  

 (14) Y20 = 






5

16π

1

2
 (3 cos2 θ – 1)¶Ûà •ÛÛéÅÛàýÛ Áéõ”ÛÛïèõ©Ûà (…ÛïèõÜ©Û) þùÛéÁõÛé.  

___________ 
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1. (a) The time dependent Schrödinger equation is given by 8 

  iħ 
∂ψ(

→
r , t)

∂t
 = – 

ħ2

2m
  ∇2ψ(

→
r , t) + V(

→
r )ψ (

→
r , t) 

  Separate it into space and time parts.  

OR 

 (a) Separate the Helmholtz equation [∇2 + k2]u(
→
r ) = 0 into parabolic coordinates.  

 (b) Separate the Laplace equation ∇2u(
→
r ) = 0 in to cylindrical coordinates. 6 

OR 

 (b) Separate the equation [∇2 + k2]u(
→
r ) + zu(

→
r ) = 0 into cartesian coordinates. 

 

2. (a) Solve the differential equation 
d2y

dx
2 – 2x

dy

dx
 + 2my = 0, where m = integer. 8 

OR 

 (a) Solve the differential equation x2 
d2y

dx
2 + x

dy

dx
 + (x2 – m2)y = 0, to get two linearly 

independent solutions using the Frobenius series method.  

 (b) Find the finite singular point of the differential equation, 6 

  x 
d2y

dx
2 + (1 – x) 

dy

dx
 + ny = 0, (where n is integer) and determine the nature of 

singularity. 

OR 

 (b) One solution of the differential equation x2 
d2y

dx
2 + x

dy

dx
 + x2y = 0 is J0(x). Obtain 

the second independent solution using method of Wronskian.  

 

3. (a) Explain : 

  (1) Holonomic and Non-Holonomic constraints,and 

  (2) Scleronomous and Rheonomous constraints 8 

OR 
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 (a) What is spherical pendulum ? Obtain the equation of motion and total energy 

for a spherical pendulum.  

 (b) Explain the moment of inertia tensor. 6 

                OR 

 (b) Obtain an expression for the kinetic energy of a rigid body. 

 

4. (a) Write the eigen value equation for one dimensional simple harmonic oscillator. 

Hence solve it to obtain its eigen functions and eigen values. 8 

OR 

 (a) If um (ρ) and un(ρ) are normalized eigen states of simple harmonic oscillator, 

then prove that (um(ρ),un(ρ)) = δmn. 

 (b) Write note on parity operator. 6 

              OR 

 (b) Explain, why a and a+ are called ladder operators. 

 

5. Answer in short : 14 

 (1) Write the diffusion equation for a gas having gas density ρ(
→
r , t). 

 (2) Write Poisson equation satisfied by the electrostatic potential at a point where 

the electric charge density is ρ(
→
r ). 

 (3) Write the wave equation for a wave proceeding along x-direction with velocity 

‘c’. 

 (4) The value of Wronskian of y1 = ex, and y2 = e–x, is W[y1, y2] = ______. 

 (5) If the two roots α1 and α2 of indicial equation differ by an integer, then the 

second order linear differential equation has two linearly independent solutions 

of the form y1(x) = ________, and y2(x) = ________. 

 (6) Define singular point of second order linear differential equation. 

 (7) x = 0 is the _______ point of the differential equation y" + 2xy' + 2y = 0. 

 (8) Write the statement of Euler’s theorem for the motion of a rigid body. 

 (9) What do you mean by virtual displacement ? 

 (10) State the principle of virtual work. 

 (11) Write the radial wave equation for a particle moving in central potential. 

 (12) Write the operator for L2 in spherical polar coordinates. 

 (13) The eigen-state φµ of ladder operator a, in terms of stationary states un(ρ) of 

harmonic oscillator is _________.  

 (14) Draw the polar diagram of Y20 = 






5

16π

1

2
 (3 cos2 θ – 1). 

___________ 


