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Seat No. :  _______________ 
  

LD-111 
April-2014 

B.Sc. Sem.-VI  

CC-307 : Physics 

(Mathematical Physics, Classical Mechanics and Quantum Mechanics) 
 

Time :  3 Hours]  [Max. Marks : 70 

 

ÍÛæ̃ Û¶ÛÛ :   (1) ¼ÛµÛÛ ›÷ ¸ÛóÊ¶ÛÛé¶ÛÛ •Ûä̈ Û ÍÛÁõ”ÛÛ ™öé. 

Instructions :  All questions carry equal marks. 

    (2) ÍÛ×ßÛÛ…Ûé ©Ûé¾Û¶ÛÛ ¸Ûó̃ ÛÜÅÛ©Û …¬ÛÙ¾ÛÛ× ™öé. 
     Symbols have their usual meanings. 

 

1. (…) ›Ûé ‘v’ ¸Ûæ̈ ÛÛÚïõ ¶Û ÐüÛéýÛ ©ÛÛé þùÉÛÛÙÈÛÛé ïéõ W [Jv(x), J–v(x)] = 
–2sin πv

πx
 7 

   Show that  W [Jv(x), J–v(x)] = 
–2sin πv

πx
  if ‘v’ is not an integer. 

…¬ÛÈÛÛ/OR 

  v = n ¸Ûæ̈ ÛÛÚïõ ¾ÛÛ¤éø ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ : 
   For v = n an integer, show that : 

  (1) Jv – 1(x) + Jv + 1(x) = 
2v

x
 Jv(x) 

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

 (¼Û) ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ Jm(x) = 
1

π
 
⌡

⌠

0

n

.

.
 cos (mθ – x sin θ)dθ 7 

   Prove that Jm(x) = 
1

π
 
⌡

⌠

0

n

.

.
 cos (mθ – x sin θ)dθ 

…¬ÛÈÛÛ/OR 

  þùÉÛÛÙÈÛÛé ïéõ : 
   Show that : 

  (1) x P'
l
(x) – l P

l
(x) = P'

l
 – 1 (x) 

  (2) x P'
l
 – 1(x) + l P

l – 1(x) = P'
l
 (x) 
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2. (…) œ÷…Ûé¦éøÍÛàîÍÛ ÍÛ¾Û›ÛÈÛÛé. •ÛÛéÅÛàýÛ ÍÛ¸ÛÛ¤øà¶ÛÛ œ÷…Ûé¦éøÍÛàîÍÛ •ÛäÄõ ÈÛ©ÛäÙÇÛé ™öé. ©Ûé¾Û þùÉÛÛÙÈÛÛé. 7 
   Explain geodesic. Show that the geodesic of spherical surface are great circles. 

…¬ÛÈÛÛ/OR 
  ÅÛ–Ûä«Û¾Û ÍÛ¾ÛýÛ¶ÛÛé ïõÛéýÛ¦øÛé ÈÛ¨ÛÙÈÛÛé. …Û ïõÛéýÛ¦øÛé ïéõÈÛà Áõà©Ûé ŠïéõÅÛÛýÛ ™öé ©Ûé ÍÛÜÈÛÍ©ÛÁõ ÍÛ¾Û›ÛÈÛÛé. 
  Describe shortest time problem. How this problem can be solved ? Explain in 

detail. 

 

 (¼Û) ÈÛà›÷ýÛÛ×ÜªÛïõ ÍÛÁõ”ÛÛ¾Û¨Ûà (electromechanical analogies)¶Ûé …ÛµÛÛÁéõ LCR ËÛé̈ Ûà ¸ÛÜÁõ¸Û¬Û …¶Ûé 
LCR ÍÛ¾ÛÛ×©ÛÁõ ¸ÛÜÁõ¸Û¬Û ¾ÛÛ¤éø ÅÛÛ•ÛóÛ¶œ÷ýÛ¶Û ¾ÛéÇÈÛÛé. 7 

  Obtain Lagrangian for series LCR and parallel LCR electric circuit on the basis 

of electro-mechanical analogies. 

…¬ÛÈÛÛ/OR 
  l ÜªÛšýÛÛ µÛÁõÛÈÛ©ÛÛ ÅÛàÍÛÛ •ÛÛéÅÛïõ (smooth sphere) ¸ÛÁõ •ÛäÄõ©ÈÛÛïõÌÛÙ̈ Û¶Ûà …ÍÛÁõ ¶Ûà˜Ûé m 

®ùÈýÛ¾ÛÛ¶Û µÛÁõÛÈÛ©ÛÛé ïõ¨Û •ÛÜ©Û ïõÁéõ ™öé. ÅÛÛ•ÛóÛ¶›÷é¶ÛÛ …Ü¶ÛµÛÛÙÁõà©Û •Ûä̈ ÛÛ×ïõ¶Ûà ¾Ûþùþù¬Ûà •ÛÛéÅÛïõ¶Ûà 
ÍÛ¸ÛÛ¤øà ¸ÛÁõ¬Ûà ïõ¨Û ¾ÛÛ¤éø¶ÛÛé “flies off” ”Ûæ̈ ÛÛé ÉÛÛéµÛÛé (ÍÛ¸ÛÛ¤øà¶Ûä× –ÛÌÛÙ̈ Û …ÈÛ•Û¨ÛÛé). 

   A particle of mass m is moving under the action of gravity on the surface of 

smooth sphere of radius l. Apply Lagrangian method of undetermined multiplier 

to find out the angle at which the particle “flies out” of the surface. (neglect 

surface friction) 

 

3. (…) ÐüÛˆ¦ÖøÛé›÷¶Û …¨Ûä ¾ÛÛ¤éø ÜªÛšýÛÛÈÛ©Ûâ ËÛÛé¦øà¶›÷Áõ ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé. …ÛýÛ•Û¶Û ¾ÛæÅýÛÛé ¾ÛéÇÈÛÈÛÛ ¾ÛÛ¤éø 
ÜªÛšýÛÛÈÛ©Ûâ ÍÛ¾ÛàïõÁõ¨Û ŠïéõÅÛÛé. 7 

   Write radial schrodinger’s equation for hydrogen atom. Solve radial equation for 

getting eigen values. 

…¬ÛÈÛÛ/OR 
  ÍÛ¾ÛÜþùïõµÛ¾Ûâ þùÛéÅÛïõ (Isotropic Oscillator) ¾ÛÛ¤éø ÜªÛšýÛÛÈÛ©Ûâ ©ÛÁ×õ•Û ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé. …Û 

ÍÛ¾ÛàïõÁõ¨Û¶ÛÛé Š¸ÛýÛÛé•Û ïõÁõà¶Ûé ÍÛ¾ÛÜþùïõµÛ¾Ûâ þùÛéÅÛïõ ¾ÛÛ¤éø …ÛýÛ•Û¶Û ¾ÛæÅýÛ …¶Ûé …ÛýÛ•Û¶Û ÜÈÛµÛéýÛ 
¾ÛéÇÈÛÛé. 

  Write the radial schrodinger equation for isotropic oscillator and solve this 

equation to derive the eigen values and eigen functions of isotropic oscillator. 

 

 (¼Û) ÜªÛ-¸ÛÛÜÁõ¾ÛÛÜ¨Ûïõ ÜÍ¬ÛÜ©Û¾ÛÛ¶Û ïæõ¸Û ÈýÛÛ”ýÛÛÜýÛ©Û ïõÁõÛé …¶Ûé ïæõ¸Û¶ÛÛ …×©Û•ÛÙ©Û ½ÛÛ•Û (Interior 
region)¾ÛÛ× ÜªÛšýÛÛÈÛ©Ûâ ËÛÛé¦øà¶›÷Áõ ÍÛ¾ÛàïõÁõ¨Û¶ÛÛé ŠïéõÅÛ ¾ÛéÇÈÛÛé. 7 

  Define three dimensional square well potential and obtain the solution of radial 

schrodinger equation in its interior region. 

…¬ÛÈÛÛ/OR 
  ÍÛ¾ÛÛ¶Û ˜Ûä×¼ÛïõàýÛ “ÛéªÛ¾ÛÛ× ÜÈÛ›÷½ÛÛÁõà©Û ïõ¨Û ¾ÛÛ¤éø¶ÛÛ ÉÛÜî©ÛÈÛ¨ÛÙ̧ Û¤ø …¶Ûé …ÛýÛ•Û¶Û ÜÈÛµÛéýÛÛé¶Ûà ˜Û˜ÛÛÙ 

ïõÁõÛé. 
  Discuss the energy spectrum and eigen functions for a charged particle in a 

uniform magnetic field.  
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4. (…) (1) …ÈÛÍ¬ÛÛ ÍÛÜþùÉÛ (State Vector) Ü¶ÛÄõ¸Û¨Û ÍÛ¾Û›ÛÈÛÛé. 7 

    Explain the representation of State Vectors. 

  (2) •ÛÜ©ÛïõàýÛ ˜ÛÅÛÛé (dynamical variables)¶Ûä× ËÛéÜ¨Ûïõ ÍÛ×ïõÛÁõïõÛé (Matrix Operators)¶ÛÛ 
ÍÈÛÄõ¸Û¾ÛÛ× Ü¶ÛÄõ¸Û¨Û ÍÛ¾Û›ÛÈÛÛé …¶Ûé þùÉÛÛÙÈÛÛé ïéõ 

   Discuss the representation of a dynamical variables as Matrix operator and 

show that  

    (x)A = [F]A (Ψ)A 

…¬ÛÈÛÛ/OR 

  ËÛÛé¦øà¶›÷Áõ Ü¶ÛÄõ¸Û¨Û (schrodinger representation)¶Ûà ˜Û˜ÛÛÙ ïõÁõÛé …¶Ûé ¼Û©ÛÛÈÛÛé ïéõ  

   Explain the schrodinger representation and show that  

   <x | 
∧
P | Ψ> = –i

–
h 

∂Ψ(x)

∂x
 

 

 (¼Û) ýÛÛ¾Û©Û×ªÛ¶ÛÛ Áéõ”ÛàýÛ Í¬ÛÛ¶ÛÛ×©ÛÁõ ¸ÛóéÁõà©Û …éïéõîýÛ Äõ¸ÛÛ×©ÛÁṏ Û ¾ÛÛ¤éø þùÉÛÛÙÈÛÛé ïéõ | x >' = e
–iεj 

∧
Px / 

–
h
 | x > 7 

   Show that | x >' = e
–iεj 

∧
Px / 

–
h
 | x > for unitary transformation induced by translation 

of co-ordinate system. 

…¬ÛÈÛÛ/OR 

  ýÛÛ¾Û ÍÛ×ÐüÜ©Û¶ÛÛ ¸Ûó¾ÛÛ¨Û¬Ûà ¸ÛóéÁõà©Û …éïíéõîýÛ Äõ¸ÛÛ×©ÛÁõ¨Û ¸ÛÁõ ÍÛÜÈÛÍ©ÛÁõ ˜Û˜ÛÛÙ ïõÁõÛé. ¼Û©ÛÛÈÛÛé ïéõ 

  Discuss in detail the unitary transformation induced by rotation of co-ordinate 

system. Show that  

   [∑
x
, ∑y] = i ∑z 

 
5. ¤æ×øïõ¾ÛÛ× ›÷ÈÛÛ¼Û …Û¸ÛÛé : 14 

 Answer in short : 

 (1) ¶ýÛä¾ÛÛ¶Û ÜÈÛµÛéýÛ (Neumann function) ÅÛ”ÛÛé. 

  Write Neumann function. 

 (2) Ðéü¶ïõÅÛ ÜÈÛµÛéýÛ (Hankel Function)  

  Write Hankel functions  

  (i) H
(1)

v (x) 

   (ii) H
(2)

v (x) 
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 (3) ¼ÛéÍÛéÅÛ ÜÈÛµÛéýÛ ¾ÛÛ¤éø ÅÛ×¼Û™öéþùïõàýÛ ÍÛ×¼Û×µÛ (Orthogonality relation) ÅÛ”ÛÛé. 
  Write orthogonality relation for Bessel’s function. 

 (4) ÅÛà›÷é¶®ù ÜÈÛïõÅÛ¶Û ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé. 

  Write Legendre differential equation. 

 (5) ÜÈÛ¶ýÛÛÍÛ …ÈÛïõÛÉÛ (configuration space) ÈýÛÛ”ýÛÛÜýÛ©Û ïõÁõÛé. 

  Define configuaration space. 

 (6) …Ûé̂ ÅÛÁõ-ÅÛÛ•ÛóÛ¶›÷é¶Ûä× ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé. 

  Write Euler-Lagrange’s equation. 

 (7) ÐéüÜ¾ÛÅ¤ø¶Û¶ÛÛé ÜÍÛ±ùÛ×©Û ÅÛ”ÛÛé. 

  State Hamilton’s principle. 

 (8) ÐüÛé¦øÛé•ÛóÛºõ (Hodograph) ÈýÛÛ”ýÛÛÜýÛ©Û ïõÁõÛé. 

  Define Hodograph. 

 (9) …ÈÛÍ¬ÛÛ ÜÈÛµÛéýÛ (state vector) ÈýÛÛ”ýÛÛÜýÛ©Û ïõÁõÛé. 

  Define state vector. 

 (10) ÜÐüÅÛ¼Û¤Ùøø …ÈÛïõÛÉÛ (Hilbert Space) ÈýÛÛ”ýÛÛÜýÛ©Û ïõÁõÛé. 

  Define Hilbert Space. 

 (11) ∧
x  …¶Ûé ∧

P ÈÛ˜˜Ûé¶Ûà îÈÛÛé¶¤ø¾Û ÉÛÁõ©Û ÅÛ”ÛÛé. 

  Write quantum condition between  
∧
x  and  

∧
P 

 (12) •Ûé›÷ ¤ÖøÛ¶ÍÛºõÛéÁõ¾ÛéÉÛ¶Û (Gauge Transformation) …é¤øÅÛé ÉÛä× ? 

  What is Gauge Transformation ? 

 (13) •ÛÛéÇàýÛ µÛóäÈÛàýÛ ýÛÛ¾ÛÛé (Spherical Polar co-ordinates) …¶Ûé ¸ÛéÁõÛ¼ÛÛéÜÅÛïõ (Parabolic) ýÛÛ¾Û 
ÈÛ˜˜Ûé¶ÛÛé ÍÛ×¼Û×µÛ ÅÛ”ÛÛé. 

  Write relation between Spherical Polar Co-ordinates and Parabolic Co-ordinates. 

 (14) ¼Ûà¤øÛ “ÛýÛ¶Ûà ¸ÛóÜ’õýÛÛ¾ÛÛ× ¸ÛéÁõà¤øà¶Ûä× ÍÛ×Áõ“Û¨Û ¬ÛÛýÛ ™öé ïéõ ¶ÛÐüà ? 

  Does parity is conserved in the process of beta decay ? 

_____________ 
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