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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 VrZ IÊS>m| "A', "~' Am¡a "g' ‘| {d^m{OV h¡& àË¶oH$ I§S> 
Ho$ {ZX}emZwgma àíZm| Ho$ CÎma {X{OE& {H$gr ^r {dg§J{V H$s pñW{V ‘| 
A§J«oOr ê$n hr A§{V‘ ‘mZm Om¶oJm& àíZ nÌ ewé H$aZo go nyd© àý nÌ 
H$moS> d àý nÌ erf©H$ Om±M b|& 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) At certain instant of time, electric field and magnetic field are 
i j k3 2E =- + +t t t  and 2 3i kB = +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 k3 2E =- + +t t t  VWm 2 3i kB = +t t  h¡& Cg pñW{V na {XE JE jU 

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

 (ii) In free space, relation for electromagnetic potential is given as. 
.t 0A0 0 2

2
dn f

z
+ =  Write the name of this condition.

  EH$ ‘wº$ AmH$me ‘| {dÚwV Mwå~H$s¶ {d^dm| Ho$ {bE gå~ÝY 
.t 0A0 0 2

2
dn f

z
+ =  {X¶m OmVm h¡& Bg Xr J¶r eV© H$m Zm‘ {bImo&

 (iii) Divergance of magnetic field is zero i.e. . 0Bd =  What is the 
physical meaning of the above statement?

  Mwå~H$s¶ joÌ H$m AngaU eyÝ¶ h¡ AWm©V . 0Bd =  Cnamoº$ H$WZ 
H$m ^m¡{VH$ AW© ³¶m h¡?

 (iv) What do you mean by D’ Alembert operator?
  S>r Aëå~Q>© g§H$maH$ go AmnH$m ³¶m VmËn¶© h¡?
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 (v) Magnetic vector potential is given as zi k3 4A = +t t  , What is the 
magnetic field corresponding to this vector potential?

  Mwå~H$s¶ g{Xe {d^d zi k3 4A = +t t  Ûmam {X¶m OmVm h¡ Vmo Bg 
g{Xe {d^d Ho$ g§JV Mwå~H$s¶ joÌ ³¶m hmoJm?

 (vi) What is the magnetic field in free space associated with electric 
field vector cosE wt kx z0= -E t` j

  ‘wº$ AmH$me ‘| {ZåZ {dÚwV joÌ cosE wt kx z0= -E t` j  Ho$ gmW 
gå~Õ Mwå~H$s¶ joÌ ³¶m hmoJm?

 (vii) Three charges , ,q q q3 4+ + -  are placed at , , , , ,a a0 4 3 0 0 0-` ` `j j j 
respectively in xy plane. Find the electric dipole moment vector 
of the system of these three charges.

  VrZ Amdoem| , ,q q q3 4+ + -  H$mo xy  Vb ‘| H«$‘e:  , , , , ,a a0 4 3 0 0 0-` ` `j j j 
na aIm OmVm h¡& BZ VrZ Amdoemo Ho$ {ZH$m¶ H$m {dÚwV {ÛY«wd AmKyU© 
kmV H$amo&

 (viii) Electrostatic potential is V ax b y x32 3= + +b l What is the 
electrostatic field? Here a and b are constants.

  pñWa {dÚwV {d^d V ax b y x32 3= + +b l h¡ Vmo pñWa {dÚwV joÌ ³¶m 
hmoJm? ¶hm± a VWm b AMa 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¡&
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2) What do you mean by Coulomb Gauge? In a source free region 
vector potential is ayi by t j cztkA 2 2= + +t t t

 Find the field vector E  and B  . Here a, b, c, are constants.
 Hy$bmå~ JoO go AmnH$m ³¶m VmËn¶© h¡? CÒ‘ ‘wº$ joÌ ‘| g{Xe 

{d^d ayi by t j cztkA 2 2= + +t t t  h¡ Vmo joÌ g{Xe E  VWm B  kmV H$amo& 
¶hm± a, b, c  AMa h¢&

3) Transform the Maxwell’s equations in covariant tensor form.
 ‘o³gdob g‘rH$aUm| H$mo ghMa Q>oÝga ê$n ‘| ê$nm§V[aV H$amo&

4) Volume charge density inside the sphere having radius R is p r3
b=

where β 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 p r3
b=  Ûmam {X¶m OmVm 

h¡, Ohm± β AMa h¡ VWm r Jmobo Ho$ H|$Ð go Xyar h¡& Jmobo Ho$ ^rVa {dÚwV 
joÌ kmV H$amo&

5) Obtain the Larmor's formula for total power radiated by an accelerated 
charge.

 EH$ Ëd[aV Amdoe Ho$ Ûmam CËg{O©V Hw$be{º$ Ho$ {bE bm‘©a gyÌ àmßV 
H$amo&

6) Obtain the following equation of continuity

 0t
p

Div
2
2
+ =J

 Also give it physical significance.
 gmVË¶ g‘rH$aU 0t

p
Div

2
2
+ =J  àmßV H$amo VWm BgH$m ̂ m¡{VH$ gmW©H$Vm 

^r Xr{OE&
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7) Consider a imaginary situation for which dispersion relation for 
a electromagnetic wave is given by k k2 3

~ a b= +  , Here ,a b  are 
constants, Determine the ratio of phase velocity of wave of group 
velocity.

 EH$ H$mën{ZH$ pñW{V H$mo {dMma H$s{OE& {Og‘| {dÚwV Mwå~H$s¶ Va§J Ho$ 
{bE {djonU gå~ÝY k k2 3

~ 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&

8) Show that three dimensional volume element dxdydz  is NOT Lorentz 
invariant. 

 ¶h Xem©Amo {H$ {Ì {d‘r¶ Am¶VZ Ad¶d dxdydz  bmoaoÝO {Züa Zht h¡&

9) Briefly explain the Thomson scattering by free charges.
 g§jon ‘| ‘wº$ Amdoem| go Wmo‘gZ àH$sU©Z H$mo g‘PmAmo&

 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)  What do you mean by waveguide? Write the differences between 
dielectric and metallic waveguides.

 (ii)  Express the Lorentz force formula in terms of electromagnetic 
potentials.
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 (i)   dod JmBS> go AmnH$m ³¶m VmËn¶© h¡? namd¡ÚwV Ed§ YmpËdH$ dod JmBS> 
Ho$ ‘Ü¶ A§Vam| H$mo {b{IE&

 (ii)  bmoaoÝO ~b gyÌ H$mo {dÚwV Mwå~H$s¶ {d^dm| Ho$ nXm| ‘| ì¶³V H$s{OE&

11) (i)  Deduce the boundary conditions on normal component of 
electrostatic field.

 (ii) Discuss the discontinuity in potential due to dipolar layer.
 (i)   pñWa{dÚwV joÌ Ho$ A{^bå~ KQ>H$ Ho$ {bE n[agr‘m eVm] H$mo ì¶wËnÝZ 

H$s{OE&
 (ii)  {ÛY«wdr¶ naV Ho$ H$maU {d^d ‘| AgmVË¶Vm H$s {ddoMZm H$s{OE&

12) (i)  What do you mean by molecular polarizability? Obtain the 
Clausius Mossotti relation.

 (ii)  Find the magnetic vector potential of an infinite solenoid with n 
turns per unit length, radius R and current I.

 (i)   AmU{dH$ Y«wdUVm go AmnH$m ³¶m VmËn¶© h¡? ³bm{g¶g ‘mogmoQ>r 
gå~ÝY H$mo àmßV H$amo&

 (ii)   EH$ AZÝV n[aZm{bH$m H$s {ÌÁ¶m R h¡ VWm Ymam I h¡ VWm n[aZm{bH$m 
‘| à{V BH$mB© bå~mB© Koam| H$s g§»¶m n h¡, Vmo Cg n[aZm{bH$m H$m 
Mw§~H$s¶ g{Xe {d^d kmV H$amo&

13) State the Poynting theorem, Obtain the expression for Poynting 
vector, Also obtain the differential version of Poynting theorem 
using mechanical energy density and energy density of the fields.

 nm°¶pÝQ>¨J à‘o¶ H$m H$WZ Xr{OE& nm°¶pÝQ>¨J g{Xe H$m ì¶§OH$ àmá H$s{OE 
VWm ¶m§{ÌH$ D$Om© KZËd Ed§ joÌm| Ho$ D$Om© KZËdm| H$s ghm¶Vm go 
nm°¶pÝQ>¨J à‘o¶ H$m AdH$b à{Vê$n ^r àmßV H$s{OE&


