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MPH-04
June - Examination 2016
M.Sc. (Previous) Physics Examination

Classical Electro Dynamics and Special
Theory of Relativity

Rrawa faggarirdt aan anfiwar o fafdee Rigra
Paper - MPH-04
Time : 3 Hours ] [ Max. Marks :- 80

Note:  The question paper is divided into three sections A, B and C.
Write answers as per the given instructions. Check your paper
code and paper title before starting the paper.

fAder: F@uA-uF ‘o, '§ 3R ‘W I @uel § fafoia g1 a2
Gug o FGUTIRIR e & IR QITQI HeIu -l | gd
TAUS PIe T UAUF ¢fivies S ol |

Section - A 8§x2=16

(Very Short Answer Questions)
Note: Answer all questions. As per the nature of the question
delimit your answers in one word, one sentence or

maximum upto 30 words. Each question carries 2 marks.
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fAder: Al oAl & ST AR 307 ITR DT TATIIR T 9Teg,
Ueh a1 AT 3Teehad 30 ereql H IR DHIRTY | Idieh Ue
2 37T I ¢l

1) (i) Given the vector field A = 5x <s1n 2 ) i finddi 19 A at

x=1.

A A =5"(sin %5 ) [ @ di W A BT AR x=1 R S
S|
(i1)) Express the field vectors E and B in terms of the

electromagnetic potentials A and 0.

& AT E @ B @ fayg A T ¢ & w9 H A

HIFTTI

(ii1)) In free space, E (z,))=10"sin (wt — kz) (%) obtain
H (z,9)
oh B F E (2, 7)=10° sin (wr — kz)y< )& H 1)
1 T I

(iv) If electric field E=2axi + 3by ]+ 3cz k the find the
volume charge density.
afe faed & E =2axi + 3by j+ 3¢z k @ JMIAT A
CECISINECAINI

(v) Is E*— B?C? invariant of the electromagnetic fields.

T E*— B*C? figd e &5 &l MR g?
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(vi) How do the components of a four vector A" transform

under Lorentz transformation?

fopet ITARGT A" P TTH RSl BUFR &b fid e
UHR | HUFING aId g 2

(vil) Write the Lorentz gauge condition.

AR ST a1 et foTRau|

(viil) What is gauge in variance?
ST FeeRdT &1 g ?

Section - B 4X8=32
(Short Answer Questions)
Note: Answer any four questions. Each answer should not
exceed 200 words. Each question carries 8 marks.
(@vs - 9)
(T IR aTel UeT)
fFder: gl IR Al & ITR QIR MY U7 IR Pl 3T
200 gt H URHAIHT BTG Udeh U9 8 3iehi T gl

2) Derive the equation of continuity.

B o=

9 +di WT1=0

Give its physical significance.
FARRAT HHIBRoT

P oo :

o+ di VT =0 DT G S TAT T FHIBROT BT FHereh Arefepar
ISR
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Show that E - B is in variant under Lorentz transformation.

R1g BT fh NS ®UFRT & E - B f999R w&ar gl

Give multipole expansion of a localized charge distribution

described by the change density € (#'). Write down the potential
if we are far away from a localized charge distribution.

TP TS A9 fIaR0T &7 31aer 'ed € (7) | gRIfa g1 g
39T faeRur & gRT ot R & famg W fage f49a Aeciulel TR
St & HY H YIS BT

A point charge g is located of at y relative to the origin, around
which is centered a grounded conducting sphere of radius a.
Find the potential ¢ (¥)at a point ¥. Charge ¢ is outside the
sphere. Use method of images.

U fomgad A ¢ & AT j R g, S b gerferg arsss
D Mt b Prg W gl A ¢ TTeAD Mol | e (AT 81 Ml
b1 BT o 31 fawmE ¢ (5) @1 A, el g Roraepr feufer afden
X g, WRed x| ‘sraer o fafdr’ a1 Suan |

Derive an expression for the electrostatic energy in dielectric

media and show that it is equal to

w=1e,\EDBdx

et STsselface (WRTaed) Hegd | Fified R deggd Sl @

w=1e,\EBdx
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Derive an expression for the power radiated by an accelerated

2 2
. —2(_1 \g4a
charge ¢ and show that its is equal to P = 3 < = 0) &

Here a 1s acceleration.

T RT AL g P GRT ST ARh BT @iotep UTed x| Rig
% B el afts = 2( 1) L8

dmeo] ¢

TGl q A T ORI ¢

Whatis awave guide? Assume that the walls of the waveguide are
perfectly conducting and take the Z-axis along the waveguide.
(i) What are TE and TM waves?

(i) Express Ex, Ey,Hx,Hy in terms of Ez. Show that Ez

satisfies a two - dimensional wave equation.
AE.+K*E.=0
Where A; being two dimensional Laplacian, and
K?= W—j —kz ?
C
T U T ¢ ? g HIFaR deil 1o AT UYeh i QAR Yuf aTetd
g AT & TR gD Pl e e o 2
(i) TE T TM TR a7 & ?
(ii) Ex,Ey, Hx, Hy ® Ez. & ®9 ¥ ford a8 off Rig o~ {5 Ez
Tep fgfadiia avm Gt
AE.+K*E.=0
B [T PRAT ¢l T8l R A, Gy arcenRegd dore ¢

2
qr K= k7 R
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A current distribution gives rise to the vector magnetic potential
A=x? yi + y*xj — 4xyz k <W7b) Calculate magnetic induction
B at point (1, 1, 2).
g7 fIeRor fore afeer gradhi g A = x2yi + y*x) — dxyz k
(%)WW%ﬂ#W%ﬂBﬁg(—l,l,z)waﬁ
DI

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

Note: Answer any two questions. You have to delimit your each

answer maximum upto 500 words. Each question carries
16 marks.
(Tvs - )
(e IR o)

fader : fh=gl Q1 Ul & SN <IN IR I 3Mfpdd 500 ITeai |

RT3 21 U U9 16 3ichl BT g

10) A point charge g is brought to a position a distance d away

from an infinite plane conductor held at zero potential. Using

the method of images, find :

(1) the surface charge density induced on the plane;

(i1) the force between the plane and the charge by using
Coulomb’s law for the force between the charge and its

image; 5

2 &,

(111) the total force acting on the plane by integrating
over the whole plane.

(iv) the work necessary to remove the charge g from its position
to infinity.
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Tep farmggard AT g Ueb FHeed d X1 UR U 81 A ATelep
I g WR 21 STrae—far - fafer b1 SuAIT e §Y, WIS o

(1)
(i)

AHAC T ATl Adg W URA Js8-31der 89,
HIAN BATeTeh T famger 39l & He 9ot (37T ¢ Tl
qerT ufr e 31aer & 7ed HeAld de o FERdT | A1 D

(i) FATCAT ERIeT UR o aTell e &t T Dol GRATN T8

o =0 DI FHIYT TR TR Sfede o A UTed gRTT

2 &,

(iv) MR ¢ P 3Fd db g™ | B T HRf oM

1) (@)

(i)

(1)

(i)

12) (1)

(i)

Write the Maxwell’s equation for electromagnetic fields in
a homogeneous medium with constant € and . Hence
reduce the wave equation for H.

In free space, E(z,7)=10’sin (cot— Pz) » (%) Obtain
H (z, 7).

faRIa b &1 o ford Hergddl IR folkd STaifes ATed™
qEif g, p dur € fRRID €1 ga9 H & forv av e
T Y |

-7 (fafd) E(z, /)= 10’ sin (cot — Bz) p (%) gl
H (z, ) W0 x|

How do the components of a four vector Ay transform
under Lorentz transformation?

Define electromagnetic field tensor F o Write the

components of F s

(i11) What are the in variants of electromagnetic field tensor

(?
F
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foret Tgfaefia Afcer A, & gcdh ARS HURYT & i
o UBR HUTING g ?

foels gredrr fheg SR F @ IR oX qem F &
gch! Bl ford|

(iii) forelT grarchiar Hleg CER F & Freer femr o €7

13) (1)

(ii)

(1)

(ii)

Obtain the Lagrangian and Hamiltonian function of
a charged particle ¢ in an electromagnetic field. For
non-relationistic motion show that the Lagrangian L is
L= ljm 9>~ (¢—129- A ) and Hamiltorian H is

_ 15y
Show that the momentum of charged particle in
electromagnetic field is P—muw+ q+ A

Teh 3TN BUT ¢ S, T faegd grachiar & 8, o1 aRfSia
g gfieeifFRIe et UTed ol | afS eTaer ¢ i fer smafarhia
Tel 8 @ Rig o & mefed oIl ¢ &1 RS thad

L=1§mw2—(¢—@'X)m|
T @1 geelm H=%(f’>—qX)2+q¢ &I
Ryg N 6 BT b1 T P — mw+ g+ A B
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