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Answer the following questions : 1x5=5
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(@ What are the order and degree of the
following differential equation ?
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(b) Give an example of an anti-Hermitian

matrix. o
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(c) Whatis the dimension of capacitance in

terms of the fundamental quantities
(M, L, T, I) ?
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(d) What is the SI unit of magnetic dipole

moment ?
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(e) Whatis meant by dielectric polarisation ?
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Answer any five of the following questions :

2x5=10

(a) The equation for radioactive decay of an

element 1s given by,

9—%9=—1N(t) ,

“where N(t) is the number the element

at time t and A is a constant. Given

N(0) = Ny. Find N(t).
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What is the difference between an
ordinary differential equation and a
partial differential equation ?
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If Ai1s an nxn matrix, show that
det(-A)=(-1)"det(A)
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det(-A) =(-1)" det(A)



(d) Starting from the equation

(e)

—

VxB=pyJ
show that
@B dl = o I
where the symbols have their usual
meaning.
FxB = Jﬂﬁ@mﬂwmﬂeam
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A voltage of sinusoidal waveform is
applied across a resistance. Show that
the voltage and current in the resistance
are in the same phase.
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An electric dipole of moment 5x10~
coulomb meter has been placed in
uniform electric field of 2x 105> Newton|
coulomb. Calculate the maximum torque
that the field exerts on the dipole.
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Show that

where Vis potential, p is charge density

and ¢, is permittivity of free space.
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(h) Two parallel long straight wires at a

(1)

distance 1m apart placed in air carry
equal currents 10A in the same
direction. Find the force per unit length

of the wires. (Given permeability of air,

,u=47rx10_7 H/m)
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Show that the capacitance of an isolated
metallic sphere of radius R is 47 &R,

where &, is permittivity of free space.
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() What is wattless current in an L-C-p

circuit ?

31 L-C—R T611® B2 ez A 5 ot ¢

3. Answer any four of the following questions :

5x4=20

(@) Show that the following matrix is
orthogonal.
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(b)
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(d)

Find the eigenvalues and eigenvectors
of the following matrix.
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Obtain the Gauss’s law-in a dielectric
medium.
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A spherical shell of radius R has been
kept at a constant potential V;,. Find an
expression for. the potential outside the
shell at a distance r from the centre of

the spherical shell using Laplace’s
equation.
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an external magnetic
ferromagnetic material.
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Obtain the expression for the electrt
field due to a uniformly charged solid
sphere of radius Rata point outside the
sphere using Gauss’s theorem of

electrostatics.
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(e) A 1mlong wire of cross-sectional areq

5x10-4cm? carries a current of 10A. Finq

the voltage drop in the wire.
Given : conductivity of the

wire = 5'8x 1070hm’1 m-1L.
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(f) A capacitor is formed using two metallic
plates each of surface area 100mm?
separated by a distance of 2mm.
Suppose the space between the plates
1s filled with a material of dielectric
constant 2. If a voltage of 10V is applied
across the capacitor, calculate the
energy stored in the capacitor.

Given @ permittivity of free space is

885x10°12Fm-1
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(g) Give a brief discussion on the effect of

an external magnetic field on a
ferromagnetic material.
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(h) Obtain the expression for the electric
field due to a uniformly charged sohd
sphere of radius R at a point outside the

sphere using Gauss’s theorem of
electrostatics.
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4. Answer any one of the following questiong .
10x1=1¢
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(@ The equation of motion of a simple
harmonic oscillator of mass m and

natural frequency «, is given by,

dzx(t)
dt?

+a x(t) = f coswt

where x(t) is its position at time tand f
is a constant. Given : at t=0, x=0 and
dx

X0 mw
= . Find x(t)
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dzx(t)

+ @ x(t) = f coswt

dt?
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(c) State the Biot-Savart’s law. Derive an
expression for magnetic field at a point
on the axis of a circular current loop.

2+8=1(
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(d) For an electric dipole, establish the

following relation :

L 1 [3(p7r)yf .1
E = 3 [ (p2 ) —p}

A megr r

where E is the electric field, P is the
dipole moment, gy 1s the permittivity of

free space and ris the distance from the
centre of the line joining the two charges

of the dipole to the electric field.
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