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I.   Write your Roll Number on the top  immediately on the receipt of the question paper.
2.   Attempt five questions in all. Question number 1 is compulsory. Attempt any four questions

amongst questions 2-6.
3.   All questions cany equal marks.
4.   Use of non-programmable scientific calculators is allowed.
5.   Unless specified, the paper uses SI units.
6.   The metric used is 94v = (+ ,-,-,- ).
7.    Students are advised to mention the units and metric they are using.
8.    Some useful formulae are provided at the end of question paper.

Q1.Attemptanysixparts.Allpartscarryequalmarks.
a)     The electric and magnetic fields in an inertial frame have values E = (6, 8, 0)V/in

and    E = (0, 0, 2  x  10-8)T respectively. Determine whether there exists a frame in which the
electric field vanishes.

b)    Show thatithe Lorenz Gauge condition i . A+  +  ± g = 0 can be written in a manifestly

covariant form.
c)     Express the quantity O#(4vFqu)  in terms of electric and magnetic fields. Here F#V  is the
electromagnetic   field   tensor   satisfying   Maxwell's   equations   in   vacuum   and   4v   is   the
correspondingTour-potential.
d)    Aproton inoves in a region where the fields are  E = 3.0  x  104 a V/in,  5 = 0.10 a T. If the
initial velocity is zero determine the drift velocity.
e)     In which direction(s) is the radiation intensity maximum and zero for an oscillating electric
dipole?

D     What are the conditions that characterise the radiation (far) zone? Mention two
approximations which are valid in this zone?

g)    A system its described by a Lagrangian A(q" ¢„ f). If under an infinitesimal transformation
ofgeneralisedcoordinatesgivenbyqrqi+€agitheLagrangianchangesby6L=E¥,show
thattheEuler-Lagrangeequationsatisfiedthesystemdoesnotchange.

(3 x 6 -18)

Q2.
a)   Suppose  that the  vector potential  4+ satisfies  Coulomb  gauge  condition.  Let the  current

densityjbedecomposedasj=;£+jfwithSX7;=0andS./+t=0.UsingMaxwell's
equations and continuity equation, show that

i.    i.va#-uof£
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underaLorentzboostalongthex-axis,derivethetransformationequationsforthe

componentsofelectricfleldEandmagneticfieldE.
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ii.      ±g:-?2A+=   "o,+f

b)StartingfromthetransformationlawofelectromagneticfieldtensorFprvasarank-2tensor..                       r`_   __   I_I__

(10, 8)

a)Achargedparticlemovesinuniform,st-aticcrossedfieldsE=Eo/^and8=Bofi.Detemine
thetrajectoryoftheparticleandderivetheEx8driftvelocity.

b)AprotonstartsfromrestandisacceleratedbyauniformelectricfieldE=106V/in.Using
therelativisticequationofmotion,determineitspositionandvelocityattimef=10ns.
Compareyourresultwiththecorrespondingnon-relativisticmotion.

Q3.

Q4.

Q5.

(10,  8)

a)Theelectricandmagneticfieldvectorsinaninertialfi.ameKaregivenby
i-(o,Eo,o),   E-(o,¥,o)

where Eo  is  a constant. Determine the velocity of an inertial frame K', moving along I;-axis--
relativetoframeK,suchthatthetransformedfieldsE'and8'makeanangle60°witheachother.
b)Thetotalpowerradiatedbyanacceleratedrelativisticchargeg,movingwithvelocity3
and acceleration a , is given by the Li6nard formula

p=±Z:::±=[|;|2_|¢x¢|2],    where¢=:,       ;=:J       y=

Non-relativistic motion of the charge
Velocity and acceleration of the particle are collinear
Velocityandaccelerationoftheparticlearepexpendiculartoeachother.

ff
Obtainthecorrespondingexpressionsandinteaprettheresultphysicallyinthefollowing
limiting cases :

(9, 9)

a)   The scalar potential a(j!, t) in Lorenz gauge satisfles the  inhomogeneous wave equation

(v2 -i %) ®(?,t, --%

For which the Green's function is defined by
1a2

tz 5fz)(v2
G(?,?I.,t,t')=-4:Tt63(?-?I)6(t-t').

i. Using Fourier transform in time and the result

(VZ+k2)¥=  -4IT63(fi),       E=j±-?',\`\+   `   .-,      R                               `    ,

(whereVfiistheLaplacianwithrespecttofi),showthat

Gtct(?' ?, ., t' t') - I i - F'  I
is the retarded Green's function for the wave equation.

R -lF -7'1
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Q6.
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ii.  Why is the retarded Green's function physically preferred over the advanced Green's func-

tion?
iii.UsingGret(i:,?';f,£'),derivetheexpressionfortheretardedscalarpotential:

®ret(p,£,-±,#d3r,,        £r=£-l=f:1

b)  An oscillating charge distribution has a charagteristic size of I  cm and radiates at 10 GHz.
Estimatethewavelengthoftheemittedradiation.Hencedeterminetherangesoftheobservation
distancerfromthesourcecorrespondingtothenear,intermediate,and far(radiation)zones.

(12, 6)

a)WritetheLagrangiandensityfortheelectromagneticfieldinteractingwithafour-current/ff.
Derive the Maxwell's   inhomogeneous  equations using the Euler-Lagrange equations  for the
fields.

b)Showthatthetraceoftheelectromagneticenergy-momentumtensorvanishes:THH=0.

What is the physical significance of this result?

SLo_meusefulExpressjQp±
(10,  8)

1.   The Electromagnetic Field Tensor Far =  aft 4V -al'4ff

FOE =  -:  =  -F£°  and  F£/  =  -G!J.k Bk  formetric signature (+  ---).

F°£ =  ±  =  -F£°  and  F{J. =  €£J.k Bk  formetric signature (-+  + +)!
C

2.   Dual fleldtensor:   jpr  = £€#Ver4 Fer4

3.   Lorentz Transfomation of Fields for Boost along xlaxis:

E'x=Ex    E'y=ycEy-vBz)      E±=(Ez+vBy)

B'x=Bx     B;=(By+±Ez)     B±=y(Bz-±Ey)

4.   Energy Momentum Tensor :

Tpr=:(-F#erFerv+:g#VForpFer4)Withg„v=dia8(+,-.-;-)

5.   Useful vector Identities:

zL.     a  x (+b  x c+) =  (a  .  cE)a -  (a  .  +b)c+

b.   (_a  x  -b_) . (c+  x a) =  (a  .  a)(+b . a) -  (a  .  a)(~b  .  c-)

c.   (_a x +b)  r (c` x a) = (a . a x a) c- -  (a . -b x c-) a
d.  5 . (a x -b) = a . (5 x a) -  a . Qv x +b)
e._±x(a__xB)=apv.a)-BQ.a)+(a.-v)a-(a.-v)a
f.   i(a .  a) =  ( a . i)a + ( a . i)a +  a x (6 x 3)  + 3 x (i x a)
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6.   Vector Differential Operators in Cylindrical Coordinates to, ¢, z) ,

a.Sf=gp+:#S+g2forascalarfleldf(p,¢,z)

b.  V2f = : £(p#) +± #+ £:f  forascalarfieldf(p,¢,z)

c.?.A+=:#i#+#foravectorfleldA+=ApP+A¢S+Az2

d.  5 x A-- ¢ [:# -
(

7.   Vector Differential Operators in Spherical Polar Coordinates (r, G, ¢),

a.  Sf = # f + : # G + ± # i  for a scalar field f (r, G, ¢),

b.  V2/ = i ±(r2#) +± £(sinG#) +± #
+      ?          1   a(r2Ar).1      a(SinoAG)   ,1      a±±     f^ra`,fir+r`t..+ +:±±   for a vector field a = Ar f +

a©            `    rsin©   @¢

-#]+a:[±#-#]+¢:[

c.  5 . A- - ± 9# + ±
A©-©+A¢S

d.  5xd-f±
-`J--I-`-i

8.   Useful physical constants

a(sinGA¢)

ao

Quantity
Value (SI Units)

Electron mass

Proton Mass

Proton charge

Speed of light

Vacuum p ermittivity

Vacuum Permeability

me  = 9.11  X 10-31kg

mp = 1.67  x |o-27kg

e = 1.6  x |o-19 c

C = 3  X |08ms-1

€o  = 8.854  x 10-12Fm-1

4Jo  =  1.257  x 10-6 Hm-1

a(rAG)

(300)


