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Total No. of Questions : 7]

[5322]-13

M.Sc. : PHYSICS

PHYUTN 503 : MATHEMATICAL METHODS IN PHYSICS

(2008 Pattern) (Semester - I) (Credit System)

Time : 3 Hours]  [Max. Marks : 80

Instructions to the candidates:

1) Question No.1 is compulsory. Attempt Any Four questions from the remaining.

2) Draw neat diagram whenever necessary.

3) Figures to the right indicate full marks.

4) Use of logarithmic table and calculator is allowed.

P 1813 [Total No. of Pages :3

SEAT No :

P.T.O.

Q1) Attempt Any Four of the following :

a) Discuss whether or not R2 is a subspace of R3. [4]

b) Define Basis and dimension of a vector space. Is dimension of a particular
vector space unique? Explain. [4]

c) Prove that if  L{f(t)}=F(s) then L{eatf(t)}=F(s-a). [4]

d) Determine the residue of 
zt

2

z e

(z - 3)
 at z = 3. [4]

e) Obtain the first two Hermite’s Polynomials. [4]

f) Prove that : ′
n n-1H (x)= 2n H (x) [4]

Q2) a) Let V be the vector space of polynomials with inner product given by


1

0

< f,g >= f(t) g(t) dt [8]

Let f(t) = t+2 and g(t) = t2-2t - 3.

Find <f,g> and ||f||.
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b) State and prove the orthogonality property of Hermite functions. [8]

Q3) a) Obtain the associated Legendre functions [8]

1 2 3
2 3 2P ( ), P ( ) and P ( )x x x

b) State and prove Laurent's theorem [8]

Q4) a) Determine the first three Legendre polynomials P
0
(x) P

1
(x) and P

2
(x).

[8]

b) State Residue theorem. Explain how the Cauchy’s theorem and integral
formulas are special cases of Residue theorem [8]

Q5) a) Find eigenvalues and eigen vectors of matrix [8]

1 3 3

A 3 5 3

6 6 4

− 
 = − 
 − 

b) Find 
2

1
3

5s 15s 7
L

(s 1) (s 2)
−  − +
 + − 

[8]

Q6) a) Determine whether or not the following vectors in R3 are linearly
dependent :

i) (1,0,0), (0,0,0), (0,0,1)

ii) (1,2,3), (2,4,5), (1,0,0), (0,0,1) [8]
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b) Find the Fourier transform of : [8]
f(x) =1 | x | <a
f(x) = 0 | x | > a

Q7) a) Normalize each of the following vectors in Euclidean space R3.

i) u =(1, 1, 1) ii) v = (2, 1, -1) [4]

b) State and prove Cauchy Riemann equations for a function to be analytic.
[4]

c) Find Laplace transform of Cosh(at). [4]

d) What is half way Fourier sine and half way Fourier cosine series? [4]


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Ca aψ ψ= ∑ ������� aψ � ��� ����	� �
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A C . .
a

a a< >= ∑

�� #������
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1
2

2 2
2( )

x

x e ααψ
π

−⎛ ⎞= ⎜ ⎟⎝ ⎠

�����	�
	������	�
��	��������	� .xΔ
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1ψ ψ< > = ����	����������� U U 1.ψ ψ< >= ���

��� �� 01����	������!.��	������	��������������������!.��	���������������������
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1

0
α ⎡ ⎤

= ⎢ ⎥
⎣ ⎦

��	!

0

1
β ⎡ ⎤

= ⎢ ⎥
⎣ ⎦

��������	�5�
������	���������� ,x yσ σ ��	!� .zσ ���

�� "�	��!�������	������������� F̂ ��
�������� F ,xψ >= > ������� ψ > �	!�678
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1
H .

2
aa w+⎛ ⎞= −⎜ ⎟⎝ ⎠

� ��	!� 1
E .

2
n w

⎛ ⎞= +⎜ ⎟⎝ ⎠
� ���

�� :���� ��� ���	�� �
� ���
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�� ����	� �
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Total No. of Questions : 7]

[5322]-21
M.Sc.

PHYSICS
PHY UTN - 601 : Electrodynamics

(2008 Pattern) (Semester-II) (Old Course)

Time : 3 Hours]  [Max. Marks : 80

Instructions to the candidates:

1) Question No. 1 is compulsory & Solve any four questions from the remaining.

2) Draw neat labelled diagram wherever necessary.

3) Figures to the right indicate full marks.

4) Use of logarithmic tables & calculator is allowed.

P 1815 [Total No. of Pages :2

SEAT No :

Q1) Attempt any four of the following:

a) Calculate the magnitude of poynting vector at the surface of the sum.[4]

Given: i) The power radiated by the sun = 3.8×1026 Watt.

ii) Radius of the sun = 7×108 m.

b) Find the rest mass of an electron in eV if its rest mass is 9.11×10-31 kg.[4]

c) State Faraday’s law of e.m. induction. Write its mathematical form. [4]

d) Two identical bodies move towards each other the speed of each being
0.9 C. Find their speed relative to each other. [4]

e) Prove that 
D 1 1

E. E.D & H. H. B
2 2

B

t t t t

∂ ∂ ∂ ∂   = =   ∂ ∂ ∂ ∂   

     
. [4]

f) Write the expression for Lorentz’s & Coulomb’s gauges. Hence explain
the two conditions. [4]

Q2) a) If C Z= ∇ ×
  

, then show that  
R1P 1

C sin
4 R R

ikik eφ π
 =  ∈  

 . [8]

b) Explain the term ‘multipole moments’. Derive an expression for potential
at a distant point using multipole expansion for a localized charge
distribution in free space. [8]

P.T.O.



[5322]-21 2

Q3) a) What is e.m. tensor? Obtain an expression for the e.m. field tensor given  by.

11 12 13 14

21 22 23 24

31 32 33 34

41 42 43 44

F F F F

F F F F
F

F F F F

F F F F

vμ =
[8]

b) Show that Maxwell’s equation in a charge free region is expressed by
2

2

2 2

E E
E 6 0

kkm

e t t
μ∂ ∂∇ − − =

∂ ∂

 
. Explain which term can be ignored in a

non - Conducting  medium. [8]

Q4) a) Prove that the space time interval 2 2 2x y z+ +  is not invaciant under Larentz

transformation, while the combined space time interval 2 2 2 2 2x y z c t+ + −
is Larentz invariant. [8]

b) Prove the relativistic addition theorem for velacities. [8]

Q5) a) Starting from Maxwell’s equation, derive inhomogeneous wave equation

in terms of scalar potential (φ) & vector potential ( )A


. [8]

b) Define Hertz Dipole vector. Using potential for dipole, obtain radiation

dipole field which is given by ( )
R

1

0

sin
E P K K

4 R

ike
θ

θ
π

 = ∈ × × ∈
. [8]

Q6) a) State & prove poyntings theorem. [8]

b) Describe Larentz force on a charged particle. [8]

Q7) a) Obtain an expression for Fresnel’s equation if the electric field vectors
are perpendicular to the plane of incidence. [8]

b) Show that the square of four wave vector kμ  is zero. [8]


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Total No. of Questions : 7]

[5322]-23
M.Sc.

PHYSICS
PHY UTN - 603 : Statistical Mechanics in Physics

(2008 Pattern) (Semester-II) (Old Pattern)

Time : 3 Hours]  [Max. Marks : 80

Instructions to the candidates:

1) Question No. 1 is compulsory & attempt any four questions from the remaining
questions.

2) Draw neat diagrams wherever necessary.

3) Figures to the right indicate full marks.

4) Use of logarithmic tables and electronic pocket calculators is allowed.

Constants:-

1) Boltzmann’s constant k
B

= 1.38×10-23 Joule/°k.

2) Planck’s constant h = 6.625×10-34 Joule sec.

3) Avogadro’s number N = 6.023×1023 mole-1.

4) Mass of electron me = 9.1×10-31 kg.

5) Velocity of light C = 3×108 m/s.

P 1817 [Total No. of Pages :3

SEAT No :

Q1) Attempt any four of the following:

a) “To a given macrostate of the system there correspond a large number
of microstates”. Comment. [4]

b) Calculate the mean value E  for canonical ensemble in terms of partition
function . [4]

c) Explain, what do you mean by thermal interaction. [4]

d) State and explain the postulate of equal-a-priority probability. [4]

e) A system of three particles has energy levels with energies 0, 1, 2, 3
units. The total energy of the system is 3 units. List the accessible
microstates if the particles are: [4]

i) Indistinguishable

ii) Distinguishable

P.T.O.
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Q2) a) For a system in contact with the heat reservoir (Canonical ensemble)
show that probability of finding the system in a particular microstate r of
energy E

r
 is given by [8]

E

E
P

r

rr

e

re

β

β

−

−=
Σ

.

b) Discuss the phenomenon of sharpness of probability distribution in
statistical thermo dynamics and show that the final width of maximum in
P(E) is given by [8]

* E 1

E f

Δ =

Q3) a) Show that the mean energy of the fermions at absolute zero is [8]

0

3

5 fε = ∈

b) Write a note on white dwarf. [8]

Q4) a) State the partition function for M-B statistics and show that the quantum
distribution function for M-B distribution is [8]

N s

ss

s

e
n

e
β

β

− ∈

− ∈

=
Σ

b) Show that the for temperature smaller than the Debye temperature

( )DT θ<<  the specific heat of solid is given by [8]

2

4

V

D

12 T
C N

5
kπ

θ
 

=  
 
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Q5) a) Show that Maxwell distribution of speed is given by [8]

23
2

2 2 TF( ) 4
2 T

mv

k
m

v dv n v e dv
k

π
π

− =  
 

b) Discuss Bose-Einstein condensation of bosons. [8]

Q6) a) Show that energy fluctuation in canonical distribution is given by [8]

( )2 2

VE T CkΔ =

Where C
V
 is the heat capacity at constant volume.

b) On the basis of canonical distribution, obtain tha law of atmosphere
/ T( ) (0) mgz kp z p e−= [8]

Q7) a) Obtain an expression for vibrational specific heat of constant volume for
a diatomic volume. [8]

b) State and prove Liouville’s theorem in classical statistics. [8]


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