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M.Sc. (Previous) Physics Examination

Classical Electro Dynamics and Special

Theory of Relativity

Rrrea faegarfirdt aa anfisar o1 faifdee Rigia

Paper - MPH-04

Time : 3 Hours ] [ Max. Marks :- 80

Note:

ﬁ{{QT :

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.
Check your paper code and paper title before starting the
paper. Calculators are not allowed.
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Section - A 8§x2=16

(Very Short Answer Questions)
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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Qus - ‘31’
(rfer o7 IR weT)

fAder : I weAl & IR QYN 11T 310 ITR DI TSR Th TG,

D @)

(i)

T g1y T 3feehad 30 osci # IR Hifvw| g wed

2 3fehl P &
Gauss law is written as
1.9 . 19 . 1 9E _ o
P or (r* E)+ rsin @ a0 (sin OE;) + rsinfd 93¢ &
Electric field is given as E = #ﬁ + rcos ¢ sin 00
Find the volume charge density.
TS &l P e ove @ e S @
1l 9 (. I 9 /. 1 OJEy _ 0
r or (r* E)+ rsin 0 96 (sin OE;) + rsinf 9¢p &

% & E:%errcosqﬁsinﬁé 21 3TIa 3MaYT o-cq
ST DI

Instantaneous Electric field and Magnetic field are given
as E =2i + 3/ and B=—4i+ 2 + k Calculate the
instantaneous power radiated per unit area using Poynting
vector. All units are in SI.

drceifire fRlaes a gradhia & 7 § E =2i + 3] der
B =—4i +2j + k uiaf=eT Al @1 ST = g ufT
3PS AAh I IcAfId dIcerrh rfard bl TOHT x| Tgl
T geprgal SIH El
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(i) Velocity dependent potential is U, then corresponding

force is given by F, = %U + g’t ( %U ) Find the force F_

corresponding to U = ax” + bx’

TR R fa9a UR Fen s Sa 9l F, = %—U %(%_lq])

g A U=ax’+ bk’ & TG g F T PR

(iv) Magnetic vector potential is 4 =2yi +3z*j, Find the
corresponding magnetic field.
FabIg Al a4 = 2pi +32°) & A1 T gD &
ST |

(v) Find the divergence of magnetic field

2x)%i - 3] - 2y°zk . Also give its physical meaning related
to term magnetic monopole.

THDR & 2x)°7 - 3] - 2 zk DT NGEROT S IR | THD
Uhagd A T ST Hifchh Agwd I |

(vi) A medium has relative permeability 0.74. What is the
value of magnetic susceptibility of medium?

Ueh H1ETH & ATUfED TRTIAT 0.74 g T H1eTH & Fraehid
TgRT BT A a7 NI 2

(vii) In free space following relation for electromagnetic

potentials is written 4 &, % + V.4 =0 Write the name of
this condition.

foRlagrehig el & Fva=g o gaa afarer § 7 ey
foraT ST 8 ﬂoeo%Jﬁ.}l:osﬂ e &1 A ford |
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(viii) An electromagnetic wave is moving in z direction in wave

Note:

guide. If x and y components of magnetic field are non
zero and z component vanishes, whereas electric field has
all three components non zero. What type of is this mode
for given waveguide?

Ueh TRl grahig i Ueh T ueieh H z farm o iy o @t
g I FaHT & b x TUT y ICh ML g AT z ICh
I gl i faegd &% & Al ucd AL § o af Ts
R &b o Tg o TrepR ol fderm 2

Section - B 4xX8=32
(Short Answer Questions)

Answer any four questions. Each answer should not
exceed 200 words. Each question carries 8 marks.

(Tvs - 9)
(oTg ITRT UeA)

fAder: gl IR Ul & IR SITYI 3T 3T IR Dl IFfehad

200 9reci o AT HIRTTI T U9 8 37! & gl

2) The xy plane is a grounded conductor. Here on z axis a charge

+2q lies at z = +3d and charge —q lies at z = +d. Calculate the

electrostatic force on the charge +2q using image method.

dd xy AU d1eld gl TE z 3T WA@Y +2q A
z=+3d g T 31 —q AT z =+d W @™ g @ 3maer +2q
R RRAFT I DI Mo gfcifs 3fer & i)

MPH-04 / 700 / 11 (4) (Contd.)



3)

4)

S)

6)

783

Discuss the magnetic shielding for spherical shell of permeable
material in a uniform magnetic field.

Uh FHE FEh &F H IR uqref & Mol @l & forn
T HcRer Pl e e

Three point charges +¢, +2g and —q are each placed at distance
‘b’ from the origin at (5,0,0), (0,6,0) and (0,0,b) respectively.
Find monopole moment dipole moment of the system of these
three charges and also find the electric potential at the origin.

I fa=g 39T +q, +2¢ TRAT —¢ T fomg | U G W (5,0,0),
(0,5,0) TAT (0,0,h) TR PHHT: G ST &1 37 T Q9N & bR

P1 Uebel gd ATl foga el sird @ qor Jalfamg R e
favg off sa |

A small magnetic dipole placed at the origin has magnetic
moment m =2i + 3+ 4k . Find the magnetic vector potential
at position r=i+ 2j + 3k. You can take 24, = 47 X 107 Here all
units are taken in S.I.

T BIC T foga S o et farg R B ST grahia e
m =20 +3]+4k 8 RIRT ¥ =i +2/+3k W g Al
g sTa BN T&T 1y =47 X107 of I &1 Tgl qft seprsar
S.I.H gl

In a medium, magnetization (magnetic moment per unit volume)

vector is given as M = — 2yi + 2x7 + 3xk

Find

(1) bound volume current density and

(i1) bound surface current density at the surface. Here unit
normal vector to the plane of surface is 7 =1 + 2/ + 3k.
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qiem o e Ay (TR STt Ut g SR e
ﬁ'ﬂTﬂTﬂT?z—
M =—2yi +2xj + 3xk
=1 st
(i) 9 3T GRT T
(ii) A8 R §g YURT T9cd| JgI I8 P ad & oTmead aqfear
n=i+2+3k gl

Charge density of a system in rest frame A is 4C/m°. Another
frame B is moving with 3‘§§ %X 108 m/s- Using appropriate

steps find the charge density as observed in frame B.

fom Mo A | Herg @1 a9 TFcd 4C/m* 81 3T e
G B AT 343 10% s & TR e w1 &1 Frder ot B O
3TAeT B bl Ife Ul T SN bRl §Y STl e |

Using Maxwell equation (with Ampere's correction), find the
curl of magnetic field B in a space where volume current
density is (@i + f57) sin (wt - kz) and electric field (ai + bj) cos

(wt - kz) where @, B, a, b, w, k are constants.

HeRFdel o FHIPRUT (TR HAME &b A1) Bl SHANT PRl §Y
b & B P Dol S STIE S D STal NI 3T Bed
(@i + fj) sin (wt - kz) ToIT =T &F (ai + b)) cos (wt - kz) Bl
T8 @, B, a, b, w, k IR g
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9) Asphere has volume charge density p = ar*, where o is constant
and r is the distance from the center of the sphere. Radius of the
sphere is R. Use Gauss's law to find the electric field inside the
sphere.

T el BT SR AL 8cd p = @’ § STl oL U MR g ql
et & v & & e Y Froar R 31 e 2 afieR T
o ¥ faega &= & |

Section - C 2X16=32
(Long Answer Questions)

Note: Answer any two questions. You have to delimit your each
answer maximum up to 500 words. Each question carries
16 marks.

(Tvs - w)
(Sref TR ¥eA)

fAder : =gl @ U9l & IR SINTTI 3N 3109 IR B 31frpad 500
grect o IR Hif| U U9 16 3T @1 Bl

10) (i) Gradient 1in spherical coordinates 1is given as

g—(;0 ,pl 0 52 1 9 : 1
V= (r 3 6r Y 1) sind 8gb> Electric potential is
Vzgcosgb(lJrZsiné’) where b is constant. Find the
expression for electric field. Also calculate the electric

field at point (1, g, %)
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(i) A radially dependent volume charge density between the
region of two concentric right circular cylinders is given
as p = br where b is constant. Assume that electrostatic
potential V depends only on radial coordinates and it is

independent of cylindrical coordinates ¢ and z. In cylindrical

B gr ( %V> Using Poisson equation

and integration, ﬁnd the expression for potential V. You

coordinates V>V =

can assume arbitrary constants wherever required.

(1) Wﬂzﬂﬁﬁéﬁﬁﬁwﬁﬂ%

o=} b by )
[EESRERE] V——cos¢(1+2sm9 ) € ST@l b T 3R gl
ﬁgﬁ%srav‘rwaﬁao—%awﬁ@(l——)wﬁgﬁ
&F Pl AT PR

(i) 1 AIefT Sol & meg Bl feRararen omaad mae
gcd p = br GRT &1 ST 8 STEl b 3R 21 g8 J1i-e
R dga fava v s Brefig feier ® Rk a=ar g
qAqT Ig SR ST ¢ TAT 2z F T gl SeHTDR

frdorie H V2V=L d ( 8V> qTea FHIBRUT JeAT AHTD S

) )
éﬁ@ﬁ@ﬂﬁﬁmﬂ\r/m‘rfcﬂw; ST | STET 3Mag<h gl agl
T TR AF IDhd ¢l

11) (i) A plane electromagnetic wave has electric field

E = E,sin (wt - kz)i in free space. Find the corresponding
magnetic field.
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(i1)) Consider the hypothetical situation in which dispersion
relation for a electromagnetic wave 1is given as
w = ak + 3bk*>. Find the ratio of phase velocity of wave
to group velocity of wave packet.

(iii) An electron is moving with velocity 7 + 2/ + 3k mls in
uniform field in which electric field and magnetic fields
are 2i +3j+5k N/C and 2i-3j+k Tesla respectively.
Find the Lorentz force acting on the electron.

(iv) Prove that three dimensional volume element dxdydz is not
Lorentz invariant.

(i) gaa e ¥ |add fRagred o @1 faraes
E = Eysin (wt - kz)i g A0 bR & S |

(i) T predfe fRURT W AR Sy e fefagrdr o=
BT URETUU T @ = ak + 3bk*> g1 TLT & HAT 9T BT
TR Uhe & TG b A1 U 1 by |

(iii) WP SIFSH O 7 +2j+3k m/s & Y Th FHNE & H
T & SRl e & 9 gradhi & sue:

20 +3]+5k NJIC @1 2i-3j+k AT Bl SoldeH W
PIIRT AR g1 S Py |

(iv) B e 3@ didydz aR~1 feR 781 § 1 Rig

|

12) (i) In a certain material for which g =3u, and field

H=(-2i +4j-6k) sin (wt) A/m where frequency f is 2
Hertz and o is angular frequency and o =4xr X 107 .
Magnetic energy density is given by U = i B* where

MPH-04 / 700 / 11 (9) (P.T.0)



783

symbols have usual meanings. Calculate the magnetic
energy density at time ¢ = %sec. Here all units are in S.I.

(i1)) Using Maxwell's equations in free space, derive the wave
equation for electric field. From the above wave equation
interpret the speed of wave. Take here current density
J =0 and charge density 0 =0.

(i) T fpdl uqef & fow pu=3y 2 TUT &
H =(-2i +4j - 6k) sin (wt) A/m & AT JAQRT £ &1 I 2
Hertz & o DO MIRT & TAT 10 = 47 X 107 81 Frahg
Soll g e UZZIIU‘B2 SRT T ST g Sigl Rl &
sraferct aref &1 ol el grgal S.1 4 8 o @ ¢ = 3 s
TR FHIhIT Frofl Tcd ST hISTT|

(i) o 3TTepTe H HeRgder FHIPRUIl BT SHANT el g9 faege &t
& o TR FHARU GaT Y| R AT FHIBO A R
I gAY | TG IRT &9 J = 0 TAT AQATEA o = 0 g

13) (i) For electromagnetic potential is given by

b=axi +byj+czk and  A=(ai+[]) cos (kx - wt).
Here symbols have usual meanings and a, b, ¢, @, B, k,
are constants. Find the electric field and magnetic field
corresponding to above potentials.

(1)) A sphere of radius R has volume charge density
o(r,0,0)= % (R + br?) where a, b are contants and r, 6, ¢
are the spherical coordinates and centre of the sphere is
at origin. You can sonsider in spherical polar coordinates

MPH-04 / 700 / 11 (10) (Contd.)
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volume element dV = r*sin 0dfdpdr. Find the monopole
moment, dipole moment and quadrupole moment of the
system.
(i) foggradi fava 7 &-
¢ =axi + byj + czk TAT A= (ai + [5) cos (kx - wt)
Te1 faegl & I yIferd oref € I@T a, b, ¢, @, B, k, w 3R
g 37 fawal & Sd foR[a & de Frahia & S1a DIyl
(i) Broar R & el &1 3mIa= a9 o(r, 0, ¢) = % (R+b?) &
STEl a, b AR & TUT r, 0, ¢p Tl gdig fFcenes & T el
Bl D gl fomg g1 Moty gefly Fdere § e sfega
dV = r*sin 0d0d¢dr 81 Vel ga 3reel, foga amepl qer
IqYa amevf Medrr &1 e |
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