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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.

{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$n hr ApÝV‘ ‘mZm Om¶oJm& àíZ nÌ ewê$ H$aZo go 
nyd© àíZnÌ H$moS> d àíZnÌ erf©H$ Om±M bo& Ho$bHw$boQ>a H$s AZw‘{V 
Zht 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)		  Gauss law is written as
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			   Electric field is given as cos sinr r r1E 2 z ii= +t t  

			   Find the volume charge density.
			   JmCg H$m {Z¶‘ {ZåZ Vah go {X¶m OmVm h¡
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			  {dÚwV joÌ cos sinr r r1E 2 z ii= +t t  h¡& Am¶VZ Amdoe KZËd 
kmV H$s{OE&

	 (ii)		  Instantaneous Electric field and Magnetic field are given 
as 2 3i jE = +t t and 4 2i j kB =- + +t t t  Calculate the 
instantaneous power radiated per unit area using Poynting 
vector. All units are in SI.

			   VmËj{UH$ {dÚwVjoÌ d Mwå~H$s¶ joÌ {ZåZ h¡ 2 3i jE = +t t VWm 
4 2i j kB =- + +t t t  nm±¶pÝQ>J g{Xe H$m Cn¶moJ H$aVo hþE à{V 

BH$mB© joÌ’$b go CËg{O©V VmËj{UH$ ep³V H$s JUZm H$a|& ¶hm± 
g^r BH$mB¶m± SI ‘| h¢&
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	 (iii)		  Velocity dependent potential is U, then corresponding

			   force is given by F q
U

dt
d

q
U

q 2
2

2
2= + oc m. Find the force Fx 

			   corresponding to U ax bx2 2= + o

			   doJ na {Z^©a {d^d U h¡ VWm BgHo$ g§JV ~b F q
U

dt
d

q
U

q 2
2

2
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			   h¡ Vmo U ax bx2 2= + o  Ho$ g§JV ~b Fx kmV H$a|&

	 (iv)		  Magnetic vector potential is yi z j2 3A 2= +t t, Find the 
corresponding magnetic field.

			   Mwå~H$s¶ g{Xe {d^d yi z j2 3A 2= +t t h¡ Vmo g§JV Mwå~H$s¶ joÌ 
kmV H$a|&

	 (v)		  Find the divergence of magnetic field 

			   xy i j y zk2 3 22 2- -t t t . Also give its physical meaning related 
to term magnetic monopole.

			   Mwå~H$s¶ joÌ xy i j y zk2 3 22 2- -t t t  H$m AngaU kmV H$a|& Mwå~H$s¶ 
EH$bY«wd go gå~pÝYV BgH$m ^m¡{VH$ ‘hÎd ~VmE±&

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

			   EH$ ‘mÜ¶‘ H$s gmno{jH$ nmaJå¶Vm 0.74 h¡ Vmo ‘mÜ¶‘ H$s Mwå~H$s¶ 
àd¥{Îm H$m ‘mZ ³¶m hmoJm?

	 (vii)		 In free space following relation for electromagnetic 

			   potentials is written .t A 00 0 2
2

dn f
z + =v v  Write the name of 

this condition.
			   {dÚwVMwå~H$s¶ {d^dm| Ho$ gå~ÝY ‘| ‘w³V AmH$me ‘| {ZåZ gå~ÝY 

{bIm OmVm h¡ .t A 00 0 2
2

dn f
z + =v v  Bg eV© H$m Zm‘ {bI|&
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	 (viii)	An electromagnetic wave is moving in z direction in wave 
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?

			   EH$ {dÚwV Mwå~H$s¶ Va§J EH$ Va§J nWH$ ‘| z {Xem ‘| J{V H$a ahr 
h¡& ¶{X Mwå~H$s¶ joÌ Ho$ x VWm y KQ>H$ AeyÝ¶ h¡ VWm z KQ>H$ 
eyÝ¶ h¡& O~{H$ {dÚwV joÌ Ho$ VrZm| KQ>H$ AeyÝ¶ h¢ Vmo Xr JB© 
Va§JnWH$ Ho$ {bE ¶h {H$g àH$ma H$s {dYm h¡?

	 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)	 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.

	 Vb xy ^ygån{H©$V MmbH$ h¡& ¶hm± z Aj na Amdoe +2q  pñW{V
z = +3d  h¡ VWm Amdoe –q pñW{V z = +d na {dÚ‘mZ h¡ Vmo Amdoe +2q 
na pñWad¡ÚwV ~b H$s JUZm à{V{~å~ {d{Y go H$s{OE&
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3)	 Discuss the magnetic shielding for spherical shell of permeable 
material in a uniform magnetic field.

	 EH$ g‘mZ Mwå~H$s¶ joÌ ‘| nmaJå¶ nXmW© Ho$ Jmobr¶ H$moe Ho$ {bE 
Mwå~H$s¶ à{VajU H$s {ddoMZm H$a|&

4)	 Three point charges +q, +2q and –q are each placed at distance 
‘b’ from the origin at (b,0,0), (0,b,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.

	 VrZ {~ÝXþ Amdoe +q, +2q VWm –q ‘yb {~ÝXþ go àË¶oH$ Xÿar na (b,0,0), 
(0,b,0)  VWm (0,0,b)  na H«$‘e: aIo OmVo h¢& BZ VrZ Amdoem| Ho$ {ZH$m¶ 
H$m EH$b Y«wd AmKyU©, {ÛY«wd AmKyU© kmV H$a| VWm ‘yb{~ÝXþ na {dÚwV 
{d^d ^r kmV H$a|&

5)	 A small magnetic dipole placed at the origin has magnetic 
moment m i j k2 3 4= + +t t t . Find the magnetic vector potential 
at position r i j k2 3= + +t t t . You can take 4 100

7n r #= - Here all 
units are taken in S.I.

	 EH$ N>moQ>o Mwå~H$s¶ {ÛY«wd Omo {H$ ‘yb {~ÝXþ na h¡ BgH$m Mwå~H$s¶ AmKyU© 
m i j k2 3 4= + +t t t  h¡& pñW{V r i j k2 3= + +t t t  na Mwå~H$s¶ g{Xe 
{d^d kmV H$a|& ¶hm 4 100

7n r #= -  bo gH$Vo h¢& ¶hm± g^r BH$mB¶m± 
S.I. ‘| h¡&

6)	 In a medium, magnetization (magnetic moment per unit volume) 
vector is given as 2 2 3yi xj xkM =- + +t t t

	 Find
	 (i)	 bound volume current density and
	 (ii)	� bound surface current density at the surface. Here unit 

normal vector to the plane of surface is n i j k2 3= + +t t t t .
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	 ‘mÜ¶‘ ‘| Mwå~H$Z g{Xe (Mwå~H$s¶ AmKyU© à{V BH$mB© Am¶VZ) {ZåZ 
{X¶m OmVm h¡:-

	 2 2 3yi xj xkM =- + +t t t

	 {ZåZ kmV H$a|
	 (i)	 ~Õ Am¶VZ Ymam KZËd
	 (ii)	� gVh na ~Õ Ymam KZËd& ¶hm± gVh Ho$ Vb Ho$ bå~dV g{Xe 

n i j k2 3= + +t t t t  h¡&

7)	 Charge density of a system in rest frame A is 4C/m3. Another 

	 frame B is moving with 10 /m s2
3 3 8# . Using appropriate 

	 steps find the charge density as observed in frame B.
	 {dam‘ {ZX}eV§Ì A  ‘| {ZH$m¶ H$m Amdoe KZËd 4C/m3  h¡& AÝ¶ {ZX}e 

	 V§Ì B  doJ 10 /m s2
3 3 8#  go J{V H$a ahm h¡& {ZX}e V§Ì B ‘| ào{jV 

	 Amdoe KZËd H$mo C{MV nXm| H$m Cn¶moJ H$aVo hþE kmV H$a|&

8)	 Using Maxwell equation (with Ampere's correction), find the 
curl of magnetic field B  in a space where volume current 
density is i ja b+t t^ h sin t kz~ -^ h and electric field ai bj+t t^ h cos 
t kz~ -^ h where , , , , ,a b ka b ~  are constants.

	 ‘o³gdob Ho$ g‘rH$aU (Epån¶a g§emoYZ Ho$ gmW) H$m Cn¶moJ H$aVo hþE 

Mwå~H$s¶ joÌ B  H$m H$b© Cg OJh kmV H$a| Ohm± Am¶VZ Amdoe KZËd 

i ja b+t t^ h sin t kz~ -^ h VWm {dÚwV joÌ ai bj+t t^ h cos t kz~ -^ h h¡& 
¶hm , , , , ,a b ka b ~  AMa h¡&
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9)	 A sphere has volume charge density p r2a= , where α 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.

	 EH$ Jmobo H$m Am¶VZ Amdoe KZËd p r2a=  h¡ Ohm α EH$ AMa h¡ VWm 
Jmobo Ho$ Ho$ÝÐ go Xÿar r  h¡ Jmobo H$s {ÌÁ¶m R h¡& Jmobo Ho$ ^rVa JmCg Ho$ 
{Z¶‘ go {dÚwV joÌ kmV H$a|&

	 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)	 Gradient in spherical coordinates is given as 

		  sinr r r r
1 1

d
2
2

2
2

2
2

/ i
i
z

i z
+ +v t t tc m Electric potential is 

		  cos sinV r
b 1 2z i= +^ h where b is constant. Find the 

		  expression for electric field. Also calculate the electric 

		  field at point , ,1 2 6
r r` j
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	 (ii)	 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 φ and z. In cylindrical 

		  coordinates V r r r r
V12d

2
2

2
2= ` j. Using Poisson equation 

and integration, find the expression for potential V. You 
can assume arbitrary constants wherever required. 

	 (i)	 Jmobr¶ Y«wdr¶ {ZX}em§H$ ‘| àdUVm {ZåZ h¡

		  sinr r r r
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+ +v t t tc m

		  {dÚwV {d^d cos sinV r
b 1 2z i= +^ h h¡ Ohm± b EH$ AMa h¡& 

{dÚwV joÌ H$m ì¶§OH$ kmV H$a| VWm {~ÝXþ , ,1 2 6
r r` j na {dÚwV 

joÌ H$s JUZm H$a|&
	 (ii)	 Xmo g‘mjr¶ ~obZm| Ho$ ‘Ü¶ {ÌÁ¶r¶ {Z^©aVmdmbm Am¶VZ Amdoe 

KZËd p = br Ûmam {X¶m OmVm h¡ Ohm± b AMa h¡& ¶h ‘m{ZE {H$ 
pñWa d¡ÚwV {d^d V Ho$db {ÌÁ¶r¶ {ZX}em§H$mo na {Z^©a H$aVm h¡ 
VWm ¶h ~obZmH$ma {ZX}em§H$mo φ VWm z  go ñdVÝÌ h¡& ~obZmH$ma 

		  {ZX}em§H$ ‘| V r r r r
V12d

2
2

2
2= ` j nmBgZ g‘rH$aU VWm g‘mH$b 

Ho$ Cn¶moJ go {d^d V H$m ì¶§OH$ kmV H$a|& Ohm± Amdí¶H$ hmo dhm± 
ñdoÀN> Ma ‘mZ gH$Vo h¢&

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

		  sinE E t kz i0 ~= -v t^ h  in free space. Find the corresponding 
magnetic field.
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	 (ii)	 Consider the hypothetical situation in which dispersion 
relation for a electromagnetic wave is given as 

ak bk3 2/3~ = + . Find the ratio of phase velocity of wave 
to group velocity of wave packet.

	 (iii)	An electron is moving with velocity i j k2 3+ +t t t  m/s in 
uniform field in which  electric field and magnetic fields 
are /i j k N C2 3 5+ +t t t  and i j k2 3- +t t t  Tesla respectively. 
Find the Lorentz force acting on the electron.

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

	 (i) 	 ‘w³V AmH$me ‘| g‘Vb {dÚwVMwå~H$s¶ Va§J H$m {dÚwVjoÌ 
		  sinE E t kz i0 ~= -v t^ h  h¡& g§JV Mwå~H$s¶ joÌ kmV H$a|&
	 (ii) 	EH$ H$mën{ZH$ pñW{V na {dMma H$s{OE {Og‘| {dÚwVMwå~H$s¶ Va§J 

H$m n[ajonU gå~ÝY ak bk3 2/3~ = +  h¡& Va§J Ho$ H$bm doJ H$m 
Va§J n¡Ho$Q> Ho$ g‘yhdoJ Ho$ gmW AZwnmV kmV H$a|&

	 (iii) 	EH$ Bbo³Q´>mZ doJ i j k2 3+ +t t t  m/s Ho$ gmW EH$ g‘mZ joÌ ‘| 
J{V‘mZ h¡ Ohm± {dÚwV joÌ d Mwå~H$s¶ joÌ H«$‘e: 

		  /i j k N C2 3 5+ +t t t  VWm i j k2 3- +t t t  Q>ogbm h¡& Bbo³Q´>mZ na 
H$m¶©aV bmaoÝO ~b kmV H$a|&

	 (iv) 	{Ì{d{‘¶ Am¶VZ Ad¶d dxdydz bmaoÝO {ZíMa Zht h¡ Bgo {gÕ 
H$a|&

12)	 (i)	 In a certain material for which 3 0n n=  and field 

		  H i j k2 4 6= - + -v t t t^ h sin t~^ h A/m where frequency f is 2 
Hertz and ω is angular frequency and 4 100

7#n r= -  . 
Magnetic energy density is given by U B2

1 2
n

=  where 
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symbols have usual meanings. Calculate the magnetic 
energy density at time t 8

3= sec. Here all units are in S.I.
	 (ii)	 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=v  and charge density 0t = .
	 (i) 	 EH$ {H$gr nXmW© Ho$ {bE 3 0n n=  h¡ VWm joÌ 

		  H i j k2 4 6= - + -v t t t^ h sin t~^ h A/m h¡ VWm Amd¥{Îm f  H$m ‘mZ 2 
Hertz  h¡ ω H$moUr¶ Amd¥{Îm h¡ VWm 4 100

7#n r= -  h¡& Mwå~H$s¶ 

D$Om© KZËd {ZåZ U B2
1 2
n

=  Ûmam {X¶m OmVm h¡ Ohm§ {MÝhm| Ho$ 

àM{bV AW© h¢& ¶hm± g^r BH$mB©¶m± S.I. ‘| h¢ Vmo g‘¶ t 8
3=  goH$ÊS> 

na Mwå~H$s¶ D$Om© KZËd kmV H$s{OE&
	 (ii) 	‘w³V AmH$me ‘| ‘o³gdob g‘rH$aUm| H$m Cn¶moJ H$aVo hþE {dÚwV joÌ 

Ho$ {bE Va§J g‘rH$aU ì¶wËnÝZ H$a|& Bg Va§J g‘rH$aU go Va§J 
Mmb ~VmE±& ¶hm± Ymam KZËd J 0=v  VWm AmdoeKZËd 0t =  h¡&

13)	 (i)	 For electromagnetic potential is given by

		  axi byj czkz = + +t t t  and cosA i j kx ta b ~= + -t t^ ^h h. 
Here symbols have usual meanings and , , , , , ,a b c ka b ~  
are constants. Find the electric field and magnetic field 
corresponding to above potentials.

	 (ii)	 A sphere of radius R has volume charge density
		  , ,r r

a R br2t i z = +^ ^h h where a, b are contants and  , ,r i z
are the spherical coordinates and centre of the sphere is 
at origin. You can sonsider in spherical polar coordinates 
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volume element sindV r d d dr2 i i z= . Find the monopole 
moment, dipole moment and quadrupole moment of the 
system.

	 (i) 	 {dÚwVMwå~H$s¶ {d^d {ZåZ h¢-
		  axi byj czkz = + +t t t  VWm cosA i j kx ta b ~= + -t t^ ^h h

		  ¶hm {MÝhm| Ho$ gm‘mÝ¶ àM{bV AW© h¢ ¶hm± , , , , , ,a b c ka b ~  AMa 
h¢ BZ {d^dm| Ho$ g§JV {dÚwV joÌ VWm Mwå~H$s¶ joÌ kmV H$s{OE&

	 (ii) 	 {ÌÁ¶m R Ho$ Jmobo H$m Am¶VZ Amdoe , ,r r
a R br2t i z = +^ ^h h h¡ 

Ohm± a, b AMa h¡ VWm , ,r i z Jmobr¶ Y«wdr¶ {ZX}em§H$ h¢ VWm Jmobo 
H$m Ho$ÝÐ ‘yb {~ÝXþ h¡& Jmobr¶ Y«wdr¶ {ZX}em§H$ ‘| Am¶VZ Ad¶d 

sindV r d d dr2 i i z=  h¡& EH$b Y«wd AmKyU©, {ÛY«wd AmKyU© VWm 
MVwY«w©d AmKyU© {ZH$m¶ H$m kmV H$a|&


