MPH-04

December — Examination 2023

M.Sc. (Previous) Examination
PHYSICS

(Classical Electrodynamics and Special
Theory of Relativity)

forcama feramifaent €
wTutereRdar o1 fafve fagr
Paper : MPH-04

Time : 3 Hours | [ Maximum Marks : 80

Note .— The question paper is divided into three Sections
A, B and C. Write answers as per the given
instructions. In case of any discrepancy, the
English version will be final for all purposes.
Calculators are not allowed.
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Section-A 8x2=16
(Very Short Answer Type Questions)

Note .— Answer all questions. As per the nature of the
question delimit your answer in one word, one
sentence or maximum up to 30 words. Each

question carries 2 marks.
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1. (1) Magnetic vector potential is given by :

—

A =3By /

Here B, is constant. By writing all steps, check
that whether magnetic field is uniform or

not ?
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(i1) Electric potential is given (in spherical
coordinates) by :
V= 3 sin©
r
Find the expression for electric field.
C 3.
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(iii) Consider the imaginary situation in which
electromagnetic wave in medium is given by :
- 6 A
F=Egsin(12y+5z-13x10"¢){
What is the speed of wave inside the
medium ? Here all units are in S.I.
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(iv)

(v)
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If electric field E=B2xi + yj + zk), then

using Gauss law find the value of charge

density at point (1, 0, 0).
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Magnetostatic magnetic field :

—> A A
B=axi +2byj
Here a, b are constants. Find the relation

between a, b.
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feergraest g@E & B=axi +2by; %) (vii) If electric field E=4(2yi + xj), then by

& ¢ < -
T a, b AR E1 W q, bh WA R AW using Curl E state whether this electric field

HISTT | 1S conservative or non-conservative ?
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(vi) At certain instant of time, electric field and afs formd 89 E=4(2y7 + x ) Yd wd E
magnetic field are : 1 M FH U T AN T P A

- A A A - A A
E=-3i+2j+k and B=27 + 3k Heeft ¥ eren srEee ® 2

respectively at a given position. What is the (viii) E2 + 4B2¢2 is always invariant under Lorentz

power transmitted per unit area at that instant ) .
transformation. Is this statement true ?

of time at that position ? Here all units are ) .
. E2 + 4B22 @i ®OiRor H wHen =R Wt §
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FEI Section-B 4x8=32
E — _3; + 2} + /2 A §: 2;' +3 /2 (Short Answer Type Questions)

%1 39 feafd w fu U &or W 9fa R aewa Note — Answer any four questions. Each answer should not

¥ gl vifed &= Bt ? =@ ) seRrgal S.ILH exceed 200 words. Each question carries 8

g marks.
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2. Prove that the self product of electromagnetic field
tensor is given by :

2 oofp B
uu_ 2

c

where B, E and ¢ are magnetic field, electric field

and velocity of light.
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3. Show that the Lagrangian function of the charged

particle in an electromagnetic field is given by :

- >

L:%mvz—q(d)— v.A)
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. A metallic sphere of radius ‘@’ carries a charge Q.

The sphere is surrounded by a linear dielectric
material of permittivity € with outer radius ‘b’.

Find the potential at the centre of the sphere.
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5. What do you mean by bound current densities in TH 3 =R Uz ufis eifse fSed = aen

magnetostatics ?
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9. What do you mean by skin depth of conductor ?

6. Explain the differences between transmission line

and waveguides.
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7. Obtain the Larmor’s formula for total power I & fog ferd e 9 oY e 9eerd o 2

radiated by an accelerated charge.
Section—C 2x16=32
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(Long Answer Type Questions)

Note .— Answer any two questions. You have to delimit

8. Consider an infinite parallel plate capacitor with your each answer maximum up to 500 words.

d . .
the lower plate at z=-- carrying the surface Each question carries 16 marks.
d —
charge density —c and the upper plate at 2z =+5 Qg —¥H
(& T wee)

carrying the surface charge density +c. Find the
Maxwell stress tensor in the region between the frader :— forel <Y weefl o S o) o ot ST R st
500 a1 H uREHG FIT | F&F W9 16 7 B T

plates and display in matrix form.
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10. (a)

(b)
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Electric potential is given (in spherical

coordinates) by :

V:3—asin¢cose
7

where a is constant. Find the expression for

electric field. Also calculate the electric field

30
2
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at point :

V:3—asind>cos(9
r
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What do you understand by Gauge

transformation ? Explain it.
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11.(a) Magnetization (magnetic moment per unit

volume) in medium is :

—> A A A
M=2yi -2xj+2xk

Determine the bound current density and also
determine bound surface current density at the
surface. Here unit vector normal to the plane

of surface is :

A A A A

n=i+j+k
T& HIEAH T UM SRS SAFAT GRS
gt
—> A A A
M=2yi -2xj+2xk

TG U T T (HER0 HISY T8 95 a6

I I o TAg W A HIST T8l Fag & ad

& oEad SHhIE Tieul 2:?+;+/2%|

MPH-04/ 15 (12) T7C-89



(b)

12.(a)
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A uniform line charge A is placed on an
infinite straight wire, which is at a distance d
above a grounded conducting plane. Find the

potential in the region above the plane.
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Using Maxwell equation (with Ampere’s

correction), obtain the curl of magnetic field

%
B in a space where volume current density

1S (ai +bj)cos(wt—kz) and electric field

(ci +dj)sin(wt—kz) where a, b, ¢, d, k, ®

are constants.
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(ci +dj)sin(ot—kz) & Sl a, b, ¢, d, k, ®

3R Tl
> >
(b) What do you mean by V.B =0 ? Obtain the
boundary condition on normal component of
_)
magnetic field B .
- -
V.B=0 ¥ AUH 51 ac7d § ? =R &7
%
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13.(a) What do you understand by electromagnetic
four potential ?
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(b) Obtain the following equation of continuity :
P4 divj=0
ot

Also give its physical significance.
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a—p+divj=0
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