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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.

{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& àíZnÌ H$aZo go nyd© 
àíZnÌ H$moS> d àíZnÌ erf©H$ Om±M b§o&

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

{ZX}e :	 g^r àíZm| Ho$ CÎma Xr{OE& 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)	 Given the vector field sinx x iA 5 2
2 π= t` j  find di  A   at 

x 1= .

		  ¶{X sinx x iA 5 2
2 π= t` j  Vmo di  A  H$m ‘mZ x 1=  na kmV 

H$s{O¶o&

	 (ii)	 Express the field vectors E  and B  in terms of the 

electromagnetic potentials A  and f.

		  joÌ g{Xe E  VWm B  H$mo {d^d A  VWm f Ho$ ê$n ‘| ì¶³V 
H$s{OE&

	 (iii)	 In free space, ( , ) ( )sinz t wt kz y mE 10 V3= - t ` j obtain 
( , )z tH

		  ‘wº$ AmH$me ‘| ( , ) ( )sinz t wt kz y mE 10 V3= - t ` j Vmo ( , )z tH  

H$mo àmßV H$s{OE&

	 (iv)	 If electric field ax i by j cz kE 2 3 3= + +t t t  the find the 
volume charge density.

		  ¶{X {dÚwV joÌ ax i by j cz kE 2 3 3= + +t t t  Vmo Am¶VZ Amdoe 
KZËd kmV H$s{OE&

	 (v)	 Is E B C2 2 2-  invariant of the electromagnetic fields.
		  ³¶m E B C2 2 2-  {dÚwV Mwå~H$s¶ joÌ H$m {ZíMa h¡?
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	 (vi)	 How do the components of a four vector Am  transform 
under Lorentz transformation?

		  {H$gr MVwg©{Xe Am  Ho$ KQ>H$ bmoa§oÝQ>O ê$nmÝVa Ho$ AÝVJ©V {H$g 
àH$ma go ê$nmÝV[aV hmoVo h¢?

	 (vii)	 Write the Lorentz gauge condition.
		  bmaoÝO JoO H$s eV© {b{IE&

	 (viii)	What is gauge in variance?
		  JoO {ZíMaVm ³¶m 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 CÎma dmbo 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)	 Derive the equation of continuity.

	 t
p

di
2
2
+   0τ=v

	 Give its physical significance.

	 {ZaÝVaVm g‘rH$aU 

	 t
p

di
2
2
+   0τ=v  H$s ì¶wËn{Îm X| VWm Bg g‘rH$aU H$s ̂ m¡{VH$ gmW©H$Vm 

^r ~VmBE&
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3)	 Show that E B$  is in variant under Lorentz transformation.
	 {gÕ H$[aE {H$ bmoa|O ê$nmÝVaU ‘| E B$  {ZíMa ahVm h¡&

4)	 Give multipole expansion of a localized charge distribution 
described by the change density  'rv^ h. Write down the potential 
if we are far away from a localized charge distribution.

	 EH$ ñWm{ZH$ Amdoe {dVaU H$m Amdoe KZËd  'rv^ h go n[a^m{fV h¡& Bg 
Amdoe {dVaU Ho$ Ûmam {H$gr Xÿa Ho$ {~ÝXþ na {dÚwV {d^d ‘ëQ>rnmob àgma 
loUr Ho$ ê$n ‘| àmßV H$s{OE&

5)	 A point charge q is located of at yv relative to the origin, around 
which is centered a grounded conducting sphere of radius a. 
Find the potential xf v^ hat a point xv. Charge q is outside the 
sphere. Use method of images.

	 EH$ {~ÝXþdV Amdoe q H$s pñW{V yv na h¡, O~ {H$ ‘yb{~ÝXþ J«mCÝS>oS> 
MmbH$ Jmobo Ho$ Ho$ÝÐ na h¡& Amdoe q MmbH$ Jmobo go ~mha pñWV h¡& Jmobo 
H$s {ÌÁ¶m a h¡& {d^md xf v^ h H$m ‘mZ, {H$gr {~ÝXþ {OgH$m pñW{V g{Xe 
xv h¡, nakmV H$amo& "Amdoe {då~ {d{Y' H$m Cn¶moJ H$a|&

6)	 Derive an expression for the electrostatic energy in dielectric 
media and show that it is equal to

	 d xE D2
1W 0 $!= 3w

	 {H$gr S>mBBbop³Q´>H$ (namd¡ÚwV) ‘mÜ¶‘ ‘| {Z{hV pñWa d¡ÚwV D$Om© H$m 
ì¶§OH$ àmßV H$a|, {gÕ H$a| H$s BgH$m ‘mZ

	 d xE D2
1W 0 $!= 3w  h¡&
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7)	 Derive an expression for the power radiated by an accelerated 

	 charge q and show that its is equal to c
q a

3
2
4
1P

0 3

2 2

!π= d n  
Here a is acceleration.

	 EH$ Ëd[aV Amdoe q  Ho$ Ûmam CËg{O©V e{º$ H$m ì¶§OH$ àmßV H$a|& {gÕ 

H$a| {H$ CËg{O©V e{º$ c
q a

3
2
4
1P

0 3

2 2

!π= d n

	 ¶hm± a Amdoe H$m ËdaU h¡&

8)	 What is a wave 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?
	 (ii)	� Express , , ,x y x yE E H H  in terms of Ez. Show that Ez 

satisfies a two - dimensional wave equation.
		  0E K Ez z2

2T + =

		  Where 2T  being two dimensional Laplacian, and 		

	 ?c
w kK z

2
2

2
2= -

	 Va§J nWH$ ³¶m h¡? ¶h ‘mZH$a Mb| {H$ Va§J nWH$ H$s Xrdma nyU© MmbH$ 
h¡ VWm Aj Va§J nWH$ H$s Ajr¶ {Xem ‘| h¡&

	 (i)	 TE VWm TM Va§Jo ³¶m h¢?

	 (ii)	�  , , ,x y x yE E H H  H$mo Ez. Ho$ ê$n ‘| {bI| ¶h ^r {gÕ H$a| {H$ Ez 
EH$ {Û{d^r¶ Va§J g‘rH$aU

		  0E K Ez z2
2T + =

		�  H$mo g§VwîQ> H$aVm h¡& ¶hm± na 2T  {Û{d^r¶ bmßbm{g¶V g§H$maH$ h¡ 

VWm  ?c
w kK z

2
2

2
2= -  h¡& 
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9)	 A current distribution gives rise to the vector magnetic potential 
4x yi y xj xyz k m

wbA 2 2= + -t t t a k. Calculate magnetic induction 

B  at point (–1, 1, 2).
	 Ymam {dVaU {ZåZ g{Xe Mwå~H$s¶ {d^d 4x yi y xj xyz kA 2 2= + -t t t  

m
wba k  CËnÝZ H$aVm h¡ Vmo Mwå~H$s¶ joÌ B  q~Xþ (–1, 1, 2) na kmV 

H$s{OE&

	 Section - C	 2 × 16 = 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.

(IÊS> - g)
(XrK© CÎmar¶ àíZ)

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

10)	 A point charge q is brought to a position a distance d away 
from an infinite plane conductor held at zero potential. Using 
the method of images, find :

	 (i)	 the surface charge density induced on the plane;
	 (ii)	� the force between the plane and the charge by using 

Coulomb’s law for the force between the charge and its 
image;

	 (iii)	� the total force acting on the plane by integrating 
02
2

!
σ  

over the whole plane.
	 (iv)	� the work necessary to remove the charge q from its position 

to infinity.
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	 EH$ {~ÝXþdV Amdoe q EH$ g‘Vbr¶ d  Xÿar na pñWV h¡& g‘Vbr¶ MmbH$ 

eyÝ¶ {d^d na h¡& Amdoe-{då~-{d{Y H$m Cn¶mooJ H$aVo hþE, àmßV H$a| :

	 (i)	 g‘Vbr¶ MmbH$ gVh na ào[aV n¥îR>-Amdoe KZËd,

	 (ii)	� g‘Vbr¶ MmbH$ Ed‘² {~ÝXþdV Amdoe Ho$ ‘Ü¶ ~b (Amdoe q  VWm 

VWm à{V {~å~ Amdoe Ho$ ‘Ü¶ Hy$bm±‘ ~b Ho$ ghm¶Vm go kmV H$ao&

	 (iii)	� g‘Vbr¶ YamVb na bJZo dmbm {dÚwVr¶ ~b H$m Hw$b n[a‘mU& ¶h 

~b 
02
2

!
σ  H$mo g‘Vbr¶ YamVb na B§{Q>J«oQ> H$aZo go àmßV hmoJm&

	 (iv)	Amdoe q  H$mo AZ§V VH$ hQ>mZo ‘| {H$¶o J¶o H$m¶© H$s JUZm

11)	 (i)	� Write the Maxwell’s equation for electromagnetic fields in 
a homogeneous medium with constant !  and µ . Hence 
reduce the wave equation for H .

	 (ii)	� In free space, ( , ) ( )sin cotz t z y mE 10 V3 β= - t a k Obtain 
( , )z tH .

	 (i)	� {dÚwV Mwå~H$s¶ joÌmo§ Ho$ {b¶o ‘¡³gdob g‘rH$aU {bI| O~{H$ ‘mÜ¶‘ 
g‘m§Jr h¡, m VWm d pñWam§H$ h¢& Bggo H  Ho$ {bE Va§J g‘rH$aU 
àmßV H$a|&

	 (ii)	� ’«$s-ñnog ({Zdm©V) ( , ) ( )sin cotz t z y mE 10 V3 β= - t a k ‘| h¡& Vmo 
( , )z tH  àmá H$a|&

12)	 (i)	� How do the components of a four vector Aµ  transform 
under Lorentz transformation?

	 (ii)	� Define electromagnetic field tensor Fm . Write the 
components of Fm

	 (iii)	� What are the in variants of electromagnetic field tensor  
Fm ?
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	 (i)	� {H$gr MVw©{d^r¶ g{Xe Am   Ho$ KQ>H$ bmoa|O ê$nmÝVaU Ho$ AÝVJ©V 
{H$g àH$ma ê$nmÝV[aV hm|Jo?

	 (ii)	� {dÚwV Mwå~H$s¶ {’$ëS> Q>|ga Fm  H$mo n[a^m{fV H$a| VWm Fm  Ho$ 
KQ>H$m| H$mo {bI|&

	 (iii)	 {dÚwV Mwå~H$s¶ ’$sëS> Q>|ga Fm  Ho$ {ZíMa am{e¶m± ³¶m h¢?

13)	 (i)	� Obtain the Lagrangian and Hamiltonian function of 
a charged particle q in an electromagnetic field. For 
non-relationistic motion show that the Lagrangian L is 

		  m2
1L= 2 – v A$f-^ h and Hamiltorian H is

		  m q qP A2
1H 2 f= - +^ h .

	 (ii)	� Show that the momentum of charged particle in 
electromagnetic field is m v qP A- + +  

	 (i)	� EH$ Amdo{eV H$U q  Omo, {H$ {dÚwV Mwå~H$s¶ joÌ ‘| h¡, H$m boJa|{O¶Z 
d ho{‘ëQ>mo{Z¶Z ’$bZ àmßV H$amo& ¶{X Amdoe q  H$s J{V Amno{jH$s¶ 
Zht h¡ Vmo {gÕ H$a| {H$ Amdo{eV H$amo& q  H$m boJa|{O¶Z ’$bZ 

m2
1L= 2 – v A$f-^ h hmoJm&

		  VWm H$m ho{‘ëQ>mo{Z¶Z m q qP A2
1H 2 f= - +^ h  hmoJm&

	 (ii)	� {gÕ H$amo {H$ H$U H$m g§doJ m v qP A- + +  hmoJm&


