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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.

{ZX}e : ¶h àíZ nÌ "A', "~' Am¡a "g' VrZ IÊS>m| ‘| {d^m{OV h¡& àË¶oH$ 
IÊS> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& {H$gr ^r {dg§J{V H$s 
pñW{V ‘| A§J«oOr ê$n hr A§{V‘ ‘mZm Om¶oJm& àý nÌ ewê$ H$aZo go 
nyd© nona H$moS> d àýnÌ erf©H$ Om±M bo& Ho$bHw$boQ>a H$s AZw‘{V Zhr 
h¡&

 Section - A 8 × 2 = 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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 IÊS> - "A'
(A{V bKw CÎmar¶ àíZ)

{ZX}e : g^r àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo àíZmZwgma EH$ eãX, 
EH$ dm³¶ ¶m A{YH$V‘ 30 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 
2 A§H$m| H$m h¡&

1)	 (i)	 If	electric	field	 2(2 2 )yi x jE = +t t , then by using E#d  state 
whether	this	electric	field	is	conservative	or	nonconservative?

  ¶{X {dÚwV joÌ 2(2 2 )yi x jE = +t t h¡ Vmo E#d  H$m Cn¶moJ H$aVo 
hþE ¶h ~VmAmo {H$ ¶h {dÚwV joÌ g§ajr h¡ AWdm Ag§ajr h¡?

	 (ii)	 Find	the	magnetic	field	in	free	space	associated	with	the	electric	
field	vector.	 ( )cosE kz t jE

0
~= - t 

  ‘wº$ AmH$me ‘| {dÚwV joÌ ( )cosE kz t jE
0

~= - t Ûmam {X¶m OmVm 
h¡ Vmo BgHo$ gmW gå~ÝY Mwå~H$s¶ joÌ H$m ‘mZ ³¶m hmoJm?  

 (iii) Four charges , , , ,q C q C q C q C3 3 5 5
1 2 3 4
= =- = =-  

are placed at 2 , 2 , 4 , ,x m x m x m x m4
1 2 3 4
= =- = =-  

respectively. What is monopole moment of this charge 
distribution?

  Mma Amdoemo , , , ,q C q C q C q C3 3 5 5
1 2 3 4
= =- = =-  H$mo 

H«$‘e… 2 , 2 , 4 , ,x m x m x m x m4
1 2 3 4
= =- = =-  na aIm 

OmVm h¡& Bg Amdoe {dVaU H$m EH$b Yw«d AmKyU© {H$VZm h¡?

	 (iv)	 Magnetostatic	magnetic	field	 by j cz kB 2 3= +t t. Here b and c 
are constants. What is relation between b and c.

  pñWMw©å~H$s Mwå~H$s¶ joÌ by j cz kB 2 3= +t t h¡& ¶hm± b VWm c 
AMa h¡& ¶hm± b VWm c Ho$ ‘Ü¶ ³¶m gå~ÝY h¡?
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 (v) Electrostatic potential is V ax b y x33 2 2= + +^ h What is the 
electrostatic	field?	Here	a and b are constants.

  pñWa {dÚwV {d^d V ax b y x33 2 2= + +^ h h¡ Vmo pñWa {dÚwV joÌ 
³¶m hmoJm? ¶hm± a  VWm b AMa h¡&

	 (vi)	 At	certain	instant	of	time,	electric	field	and	magnetic	field	are	
i j kE 2 2 2= + +t t t and 2i kB 3= -t t 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.

  {H$gr jU na {H$gr OJh na {dÚwV Ed§ Mwå~H$s¶ joÌ H«$‘e… 
i j kE 2 2 2= + +t t t VWm 2i kB 3= -t t h¡& Cg pñW{V na {XE JE 

jU na à{V BH$mB© joÌ’$b go g§M[aV ep³V ³¶m hmoJr? ¶hm± g^r 
BH$mB¶m± S.I. ‘| h¡&

 (vii) If relative magnetic permeability of magnetic substance is 1.04. 
What	is	the	magnetic	susceptibility	of	the	material?

  ¶{X Mwå~H$s¶ nXmW© H$s gmno{jH$ Mwå~H$s¶ nmaJå¶Vm 1.04 h¡ Vmo 
nXmW© H$s Mwå~H$s¶ àd¥{V ³¶m hmoJr?

 (viii) E B c2 2 2+  is always invariant under Lorentz transformation. Is 
this	statement	true?

  E B c2 2 2+  bmoaoÝO énm§VaU ‘| h‘oem {Züa ahVr h¡'' ³¶m ¶h 
H$WZ h‘oem gË¶ h¡?
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 Section - B 4 × 8 = 32
(Short Answer Questions)

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

IÊS> - ~
(bKw CÎmar¶ àíZ)

{ZX}e : {H$Ýht Mma àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo A{YH$V‘ 
200 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 8 A§H$m| H$m h¡&

2) Consider an imaginary situation for which dispersion relation for a 
electromagnetic wave is given by k k4 2~ a b= + . Here ,a b  are 
constants.

 k k4 2~ a b= +  Ûmam Xr OmVr h¡& ¶hm± ,a b  AMa h¡ Vmo Va§J Ho$ H$bm 
doJ H$m g‘yh doJ Ho$ gmW AZwnmV kmV H$amo&

3) If ( , , , )x y z t  be the coordinates of an event in S-frame and 
( , , , )x y z tl l l l  be the coordinates of the same event in Sl-frame 
which moves relative to S-frame with a uniform velocity v  along 
x - direction. Show that ds dx dy dz c dt2 2 2 2 2 2= + + -  is invariant 
under Lorentz transformation.

 ¶{X S {ZX}e V§Ì ‘| EH$ KQ>Zm Ho$ {ZX}em§H$ ( , , , )x y z t  h¡ Sl-{ZX}e V§Ì ‘| 
Cgr g‘mZ KQ>Zm Ho$ {ZX}em§H$ ( , , , )x y z tl l l l  h¡ ¶hm± Sl {ZX}e V§Ì x - Aj 
Ho$ AZw{Xe EH$ g‘mZ doJ v  go S  {ZX}e V§Ì Ho$ gmnoj J{V‘mZ h¡& ¶h 
Xem}Am| {H$ bma|O ê$nm§VaU ‘|  ds dx dy dz c dt2 2 2 2 2 2= + + -  {Züa 
ahVm h¡&
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4)	 Using	Maxwell	 equation	 (with	Ampere’s	 correction,	 find	 the	 curl	
of	 magnetic	 field	 B  in a space where volume current density is 

cosai bj t kz~+ -t t^ ^h h	 and	electric	field	 sinci dj t kz~+ -t t^ ^h h 
where , , , , ,a b c d k ~  are constants.

 ‘o³gdob g‘rH$aU (Epån¶a Ho$ g§emoYZ ¶wº$), Cg Mwå~H$s¶ joÌ B  H$m 
H$b© kmV H$amo& Ohm± Am¶VZ Ymam KZËd cosai bj t kz~+ -t t^ ^h h h¡ 
Ed§ {dÚwV joÌ sinci dj t kz~+ -t t^ ^h h h¡ Ohm± , , , , ,a b c d k ~AMa h¡&

5) Obtain the Larmor’s formula and total power radiated by an 
accelerated charge. 

 EH$ ËdarV Amdoe Ho$ Ûmam CËg{O©V Hw$bep³V Ho$ {bE bm‘©a gyÌ àmßV 
H$amo&

6) Three point charges ,q q2+ +  and q-  are each placed at distance b 
from the origin at , , , , ,b b0 0 0 0^ ^h h and , , b0 0^ h system of these 
three	charges	and	also	find	the	electric	potential	at	the	origin.

 VrZ q~Xÿ Amdoe ,q q2+ +  VWm q-  ‘yb q~Xþ go àË¶oH$ Xÿar b  na 
, , , , ,b b0 0 0 0^ ^h h VWm , , b0 0^ h na H«$‘e… aIo OmVo h¡ BZ VrZ 

Amdoem| Ho$ {ZH$m¶ H$m EH$b Yw«d AmKyU©, {ÛY«wd AmKyU© kmV H$ao VWm 
‘ybq~Xþ na {dÚwV {d^d ^r kmV H$a|&

7) Using Maxwells equations in free space, obtain the wave equation 
for	electric	field.

 ‘w³V AmH$me ‘| ‘o³gdob g‘rH$aUm| H$m Cn¶moJ H$aVo hþE {dÚwV joÌ Ho$ 
{bE Va§J g‘rH$aU kmV H$[aE&
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8) A uniform line charge density m 	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.

 EH$ g‘mZ aoIr¶ Amdoe KZËd m AZÝV grYo Vma na h¡ ¶h Vma EH$ ^y 
gån{H©$V MmbH$ Vb Ho$ D$na d  Xÿar na h¡ Vmo Cg Vb Ho$ D$na Ho$ joÌ 
‘| {d^d kmV H$[aE&

9) Write the Maxwells equations in differential and integral form.
 ‘o³gdob g‘rH$aUm| H$mo AdH$b VWm g‘mH$b ê$n ‘| {b{IE&

 Section - C 2 × 16 = 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.

IÊS> - g
(XrK© CÎmar¶ àíZ)

{ZX}e  : {H$Ýht Xmo àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo A{YH$V‘ 500 
eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 16 A§H$m| H$m h¡& 

10) (i)  Obtain the boundary conditions on normal component 

of magnetostatic field.  

  pñWa Mwå~H$s¶ joÌ Ho$ A{^bå~ KQ>H$ na n[agr‘m eV} kmV H$[aE&
 (ii)  Express the Lorentz force formula in terms of 

electromgnetic potentials. 

  bmoaoÝO ~b gyÌ H$mo {dÚwV Mwå~H$s¶ {d^dmo Ho$ nXm| ‘| ì¶³V H$s{OE&
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11) (i)  Obtain the boundary conditions on normal component 

of electrostic field.  

  pñWa {dÚwV joÌ Ho$ A{^bå~ KQ>H$ na n[agr‘m eV} kmV H$[aE&
 (ii)  Magnetization (magnetic moment per unit volume) in 

a medium is  2yi xj x kM 3=- + +t t t 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 

2n i j k= + +t t t t

  EH$ ‘mÜ¶‘ H$m à{V BH$mB© Am¶VZ Mwå~H$s¶ AmKyU© {ZåZ h¡
   2yi xj x kM 3=- + +t t t ~Õ Ymam KZËd H$m {ZYm©aU H$amo Ed§ ~Õ 

gVh Ymam KZËd H$mo ^r gVh na kmV H$amo ¶hm± gVh Ho$ Vb Ho$ 
bå~dV BH$mB© g{Xe 2n i j k= + +t t t t  h¡&

12) (i)  Show that E B$  is invariant under Lorentz 

transformation.  

  ¶hm± Xem©BE {H$ E B$  bmoaoÝO ê$nmÝVaU ‘| {Züa ahVm h¡&
 (ii)  Volume charge density inside the sphere having radius 

R is r2t b a= +  where ,a b  is constant and r is the 

distance from the centre of the sphere. Determine the 

electric field inside the sphere. 

   R {ÌÁ¶m Ho$ EH$ Jmobo ‘| Am¶VZ Amdoe KZËd r2t b a= +  Ûmam 
{X¶m OmVm h¡, Ohm±  ,a b  AMa h¡ VWm r Jmobo Ho$ H|$Ð go Xþar h¡& 
Jmobo Ho$ ^rVa {dÚwV joÌ kmV H$amo&
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13) (i)  Consider a sphere of radius R, centered at origin, having 

charge density , ( )sinr k
r
R
R r22t i i= -^ h  where k is a 

constant are ,r i  are the spherical coordinates. Find 

the different terms of potential for points on the z-axis, 

far form the sphere.

   EH$ R {ÌÁ¶m H$m Jmobm {b{IE {OgH$m Ho$ÝÐ ‘yb q~Xþ na h¡ VWm 

{OgH$m Amdoe KZËd , ( )sinr k
r
R
R r22t i i= -^ h  h¡ Ohm± k 

AMa h¡ VWm ,r i  Jmobr¶ {ZX}em§H$ h¡ Jmobo go Xÿa pñWV z Aj na 

{~ÝXþAmo na {d^d Ho$ {d{^ÝZ nX kmV H$s{OE&
 (ii)  Find the magnetic vector potential of an infinite solenoid 

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

   R {ÌÁ¶m VWm Ymam I VWm à{V BH$mB© bå~mB© n Koamo H$s AZÝV 
n[aZm{bH$m Ho$ Mwå~H$s¶ g{Xe {d^d kmV H$[aE& 


