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MPH-04
December - Examination 2019
M.Sc. (Previous)Physics Examination
Classical Electro Dynamics and Special
Theory of Relativity
R faggamiadt aan wférmar o fafere Rigra
Paper - MPH-04
Time : 3 Hours ] [ Max. Marks :- 50

Note: The question paper is divided into three sections A, B and C. Write
Answers as per 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)
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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fAder : I weAl & IR QYN 11T 310 ITR DI TSR Th TG,
TP g AT Afrpas 30 oregl § gRAfAg Hifvel e ueT

@

(i)

(iii)

(iv)

2 3Tl & gl

If electric field E =2 (ny + 2x j), then by using V XE state
whether this electric field is conservative or nonconservative?
afe fega &5 E =2(2yi +2x )2 @ V X E &1 ST FRdl
gV I8 9ar3n fob Ig fage & wvell ¢ s ariveft 82
Find the magnetic field in free space associated with the electric

field vector. E = Eo cos (kz — COI)JA'

qeh 3Mrel § faefd &5 E = E cos (kz — or)j GRT {1 S
g Ol SAD 1Y Ty DRI & BT HIH FIT R 2

Four charges ¢, = 3C, g, =— 3C, q,= 5C,q,=—5C,

are placed at x = 2m, X, = 2m, X, = 4m, X, = 4m,
respectively. What is monopole moment of this charge
distribution?

IR @M g =3C.q,=—3C.q,=5C.q,=—5C, P
hHT: X, =2m,x2=—2m,x3=4m,x4=—4m, ISEEIEC
ST g1 S 3Tae IR T Gehel ga ATguf fobe=T 8 2

Magnetostatic magnetic field B = 2by j+3cz k. Here b and ¢

are constants. What is relation between b and c.

R Frah &3 B =2by j+3czk B F-T b TAT ¢

3R g1 &I b AAT ¢ b e FIT A=Y ¢ ?
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(v) Electrostatic potential is V = ax® + 3b (y* + x*) What is the
electrostatic field? Here a and b are constants.
fRR figd fawa vV =ax® + 36 (y* + x?) 2 a1 FRR fga &
T I ? TG a TUT b IR g

(vi) At certain instant of time, electric field and magnetic field are

E=2i+ 2} +2k and B =3/ — 2k respectively at a given
position. What is the power transmitted per unit area at that
instant of time at that position. Here all units are in S.I.
ol &or R Al Ste R fIgd @ g & paen:
E=2i+2j+2kaa B=3 — 2k g 39 AT W v 10
&uT IR URT SHTE &=l | FaART afdd Far grt ? Igr aHt
$P1EAl S.IH gl

(vii) If relative magnetic permeability of magnetic substance is 1.04.

What is the magnetic susceptibility of the material?

Ife graehir ugref &l Auféies Frad aRTIAT 1.04 g ar
ugref &1 graehra ugfcr T grit ?

(viii) E* + B*¢? is always invariant under Lorentz transformation. Is

this statement true?
E? + B*c? AR SUiaRuT § ghem e gt &7 &7 g
P gHIAT AT & ?
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Section - B 4 X8=32
(Short Answer Questions)

Note:  Answer any four questions. Each answer should not exceed

200 words. Each question carries 8 marks.
gus - g
(oTg ITRIT UeA)

fAder: gl IR Ul & IR ST 3T 3 IR Dl 37feIhad

2)

3)

200 grect # R HfTTl T w9 8 3l ol ¢

Consider an imaginary situation for which dispersion relation for a
electromagnetic wave is given by @ = ak + 4B8k*. Here a, f8 are
constants.

w = ak + 4Bk* gRT < S 81 BT @, B 3R g ol aNT & Bl
I 2T FHG AT P A1 U &I DRI |

If (x,y,2,t) be the coordinates of an event in S-frame and
(x',y',7Z,t") be the coordinates of the same event in S’-frame
which moves relative to S-frame with a uniform velocity v along
x-direction. Show that ds* = dx* + dy* + dz* — c*dt* is invariant
under Lorentz transformation.

Ifg S P T3 ¥ U TeAT & FISAd (x, v, z,6) § - aF |
I T g1 & FSid («, v,Z,t") 2 &l S’ IS o x-3187
&b R Tp FHF I v | S G TF D AMNE TRHEE gl Tg
gafell fh RS ®URY B ds® = dx? + dy® + dz* — c2dr* PR
YEel &l
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Using Maxwell equation (with Ampere’s correction, find the curl
of magnetic field B ina space where volume current density is
(af + b}) cos (wt — kz) and electric field (cf + dj) sin (wt — kz)
where a, b, ¢, d, k, w are constants.

NaRTde AHIER (TR & Hee Ioh), S gD & B @1
Pt ST PRI STl M ORT 8<d (ai + bj) cos (wr — kz) &
Uq faegd & (ci +dj) sin (wt — kz) 8 ST&T a, b, ¢, d, k, 0 3R g

Obtain the Larmor’s formula and total power radiated by an

accelerated charge.
U ORI AL D GRT IAId perefad & foly amR JF dred
|

Three point charges +¢, + 2g and —q are each placed at distance b
from the origin at (b,0,0), (0, b,0) and (0,0, b) system of these
three charges and also find the electric potential at the origin.

I fdg amae +q,+2¢ T —¢ g g @ g¥d T »h W
(b,0,0),(0,b,0) TAT (0,0,b) TR PHA: VI T & 9 A
e & pr &1 Ubdl gd ImEyl, foga omeyl S e} dwr
qefeg W faerd fiva «ff s |

Using Maxwells equations in free space, obtain the wave equation

for electric field.

g ST H HeAdel AHIDRUIN T SUANT Rl §Y el & &
fore o Feftemuor sra SR
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8)  Auniform line charge density A is placed on an infinite straight wire,
which is at a distance d above a grounded conducting plane. Then,
find the potential in the region above the region above the plane.

U A T AL B A 3w e IR W g Ig AR T 9,
AT Fefeh el & W d G W g Al I el D HW b &
4 fawe e Ryl

9) Write the Maxwells equations in differential and integral form.

URIdeT FHIARUI Dl 3Tehol G qHTDhST ©T H foTRau|

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.

gus - 9
(e TR ¥ed)

fAder : 572l Q1 el & IR SV 3T 379+ ITR Bl 3ferepad 500

greci H URAT HITY) Ides U9 16 37l @ gl

10) (i) Obtain the boundary conditions on normal component
of magnetostatic field.

fRR Frhig &7 P 3T Tedh W URAHT o A1 BNy

(i1) Express the Lorentz force formula in terms of

electromgnetic potentials.

AN 9 G DI fa[d Frahi fawal & Ul § gad difetg|
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Obtain the boundary conditions on normal component
of electrostic field.
fRR fIgd & & 31f¥ere ged W aRHH o o1d HR|
Magnetization (magnetic moment per unit volume) in
a medium is M =— 3yf + xj + 2x k 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=i+)+2k
Ueh HIEIH T U 3T AT i Mmeul 7 g
M = — 3yi +xj + 2x k S URT &-cq BT R0 BRY TG 9g
AR ORI Ocd B!l T8 W T BRI T@l FIg b A b
AT SIS AT A=i+)+2k Bl

Show that E - B is invariant under Lorentz

transformation.
Tl <ufsv fh E - B @R~ SUFR & R 38T 2

Volume charge density inside the sphere having radius

R is 0= /r’+a where @, f is constant and r is the
distance from the centre of the sphere. Determine the
electric field inside the sphere.

R 5T & T el H A 319 89 o = fr’ + @ g
f&am ST 8, STEl @, B SRR g AT r el & g A X &
et % R e &5 519 R
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Consider a sphere of radius R, centered at origin, having
charge density o (r.0)= k}{g (R—2r)sinf where & is a

constant are r,# are the spherical coordinates. Find
the different terms of potential for points on the z-axis,

far form the sphere.

Teb R B @1 el foaRay fraer g gt fig wR ¢ qer
Rrra smdst o o (7,0)= k55 (R—20)sin0) & e &
3R g AT r, 0 Mol Fcnie ¢ Tel A R R 2z e W
fergatl W fawe & =T uq = Hifsm

Find the magnetic vector potential of an infinite solenoid

with n turns per unit length, radius R and current 1.

R Broa1 e gRT 1 91 Uiy ge1g ofTs n BRI &1 3=
aRAATfeTRT & Frahia Afeer fava sd SRyl
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