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Part-A
Answer any 5 questions. Each question carries 10 marks. (10x5=50)

1. a) Find the approximate potential due to an electric dipole at a point far off from the dipole.
b) Assume that the decrease in the energy stored in the electromagnetic waves within a
given volume is due to i)mechanical work done on the charges and ii) some energy that
flows out of the surface bounding the volume containing these charges. Write the
mathematical equivalent of this statement. What does it signify? (7+3)

2. Suppose we have a piece of magnetised material with magnetisation M . Show that the
potential of this magnetised object is same as that produced by a volume current
J, =VxM throughout the material plus a surface current K=Mxi on the

boundary. Given that the vector potential of a single dipole whose dipole moment is 'm' is

givenas: A(r)= :l; m}:ZR where R is the distance from source point r' to field point r .
[Also, show that fv (Vxv)d t:—gss vxda and use appropriately as required in the
above proof.] (10)

3. a) Write Maxwell's equations in differential form. Explain what each equation signifies.
b) Using these equations written above, derive these equations in integral form. (6+4)

4. a) Derive the wave equations for propagation of E.M. waves in conducting medium from



Maxwell's equations in material medium. Interpret all the terms.

b) Assuming % to be very small quantity, show that the free charge term can be

assumed to be zero. (6+4)

If the scalar and vector potential due to sources p and J are given as

1 ¢p(r) W, fj(r')
V(r,t)=—— | —=—=—=dt' Al(r)=—"—
(rt) 4neof R (r) 47 R

source point r' to field point r .
a) Comment on how and why these equations change when the electromagnetic news from

the source travels to the field point(non-static case).

dt' where R is the distance from

82V:—p

oeo atZ €

then

b) If this changed scalar potential also obeys Lorentz gauge V°V —u

(o]

we can justify that our argument for changing these equations is correct.
Assuming that the same argument holds for the scalar and vector potentials, show that this
changed scalar potential obeys Lorentz gauge. (4+6)

The electric field of an arbitararily moving charged particle is given as:

> _ q R 2 2\ gl UGN - A__.
E(r,t)-4n€o (}_é.ﬂ)3[(c v')li+Rx(Tixda)] where ti=cR-Vv and

]_?;(r,t):%ﬁxﬁ(r,t)

where R is the distance from retarded position r ' to field point r .Using the expression of
fields as given above, derive an expression for the Larmor formula i.e. the total power
radiated by this point charge particle. (10)

Consider a large parallel plate capacitor of length |, and width 'w' that carries charges +o,
and -0, on each plate. If the capacitor is at rest in the reference frame S, the uniform field
o

0 A

between the plates of this capacitoris E =&y

i) If the same capacitor is now seen from reference frame S which is moving to the right
with speed v,,explain how the parallel and perpendicular components of this field will
transform in frame S. B

i) Now consider another frame S which moves with velocity v relative to S, and v
relative to S. If the surface current (current per unit width) in the frame S is given as Kt=

Fov,X .Explain how fields E, and B; in the frame S transform in frame S . (10)
Part-B
Answer any 4 questions. Each question carries 5 marks. (4x5=20)

If the electrostatic potential V(r,e,cp) in a region where the charge density p is zero is

givenas V(r,0,¢)=f(r)cosf then show that the value of f(r)zar+£2 satisfies the
r

above relation of V for this potential.

Consider a solenoid of radius R with n turns per unit length, in which a time dependent
slowly varying current | = | o sinwt flows. Find the magnitude and direction of the electric
field at a perpendicular distance r (both inside and outside) from the axis of symmetry of the
solenoid.



10.

11.

12.

13.

The electric field of an electromagnetic wave is given by
E=E,cos[n(0.3x+0.4 y—1000¢)]k .Find the magnetic field.

The electric and magnetic fields in the charge free region z > 0 are given by

h
E(7,t)=E,e " cos(k,x—mt)]

A

- E ~
B(7,t)=—>e “’k,sin(k,x—ot)i+k,cos(k,x—ot) ]

where w , k 1 and k ; are positive constants. What is the average energy flow in the x -
direction?

Suppose the xz -plane forms a chargeless boundary between two media of permittivities
€ erand € rignt Where € et : € 1ight = 11 2. If the uniform electric field on the left is

E;ftzc(3?+2}'+2k) (where c is a constant), then what is the electric field on the right
E right? . R R
a)lsV'=V+ax, A=A-—ati transformationof (V,A— V' A')(whereVisthe
electrostatic potential and A is the vector potential ) a valid gauge transformation?
b) Show that the four- dimensional scalar product is invariant under Lorentz transformation
where the transformation matrix M for transforming from reference frame Sto S is

Yy —yp 00
— 1
m="¥b y 00 Here y=— B=vl/c
0 0 11 J(1-vIc)
0 0 01

velocity of S relative to S. (2+3)

and v is the



