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PHYSICS — MDC
Paper : CC-5
(Electromagnetism)
Full Marks : 75

Candidates are required to give their answers in their own words
as far as practicable.
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[ English Version ]
The figures in the margin indicate full marks.

Answer question no. 1 and any five questions from the rest.

1. Answer any five questions :

(7324)
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(a)

(b)

(c)
(d)

Establish the relation VxE = —%I; starting from Faraday’s law of electromagnetic induction. 3

Determine the impedance between terminals 4 and B of the following circuit. Hence, derive the
expression for the admittance. 2+1

R

A

~
A
v =V coswt

The electric field in the X — Y plane is given by : E =2axi +byf. What is the charge density
responsible for this field? ' 3

| ;
Find the dimension of and Ho . , 1%+1%
v oMo

&g

A current distribution gives rise to the magnetic vector potential

A(x,y,2) =x2yf + yzxf —xyzlg . Find the corresponding magnetic field at (-1, 2, 5). 3
A point charge of +3uC is placed 5 cm in front of an infinite grounded conducting plane. Determine

the magnitude and sign of the image. 2+1

Establish the relation V.D=p

e 3

Define electric polarization (P) and electric susceptibility (y,). Hence, derive the relation between
them.

If the polarization of a dielectric P = 2.0x10~7 C/m? and the electric field is £ = 1.0x104V/m,
calculate the electric susceptibility (x).

Define electric displacement vector D. Establish the relation D =eyE +P.

The dielectric has electric susceptibility x,= 3. Find its relative permittivity.
(1+142)+2+(143)+2
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Using the Biot-Savart law, derive the expression for the magnetic field at a point due to a straight
current-carrying conductor. Hence, show that for an infinitely long straight current-carrying

conductor, B = Bol

5 where a is the perpendicular distance from a point to the conductor.
na

2

A long straight wire carries a current of 2A. A proton is located at a perpendicular distance of
20 cm from the wire. Calcuate the magnetic field at the position of the proton.

Show that B =2(ix+ jy) cannot represent a magnetic field.

Determine the steady current density i corresponding to the magnetic field B =50y - jx).
(4+2)+242+2
Define displacement current density. Write its expression.

Establish the continuity equation from Maxwell’s equations.

A copper conductor is subjected to a time-varying electric field E =E‘0e‘j‘°’ , Where

©=2nx100rads . Compare the conduction current density and the displacement current density.

Given : 6=5.9x10"Q 'm™, &, =8.854x10"2 Fm™!,and j =/-1.

Using Maxwell’s equations, derive the wave equation for the electric field vector of an
electromagnetic wave propagating through an isotropic dielectric medium.

Determine the time-averaged Poynting vector for the sinusoidally varying electric and magnetic
field E = Eysinot and H = Hysinor . 242434342
What is motional e.m.f.? Derive the expression for the e.m.f. induced between the ends of a
conducting rod rotating with uniform angular velocity in a uniform magnetic field.

What is co-efficient of self-inductance? Show that the magnetic energy stored in an inductor is

1 ' . ‘
-Z-LI 2, where L is the coefficient of self-inductance and I is the current through the inductor.

Show that the coefficient of self-inductance of a circular coil is directly proportional to the square
of the number of turns, i.e., L oc n?, where n is ’the number of turns of the coil.

A circular coil of fixed radius has a self-inductance of 50 mH when it has 500 turns. Find the
self-inductance of another circular coil of the same radius having 1000 turns.
: (2+2)+(2+2)+2+2

What do you mean by charging of a capacitor. Explain.

A d.c. source of e.m.f. E is connected to a series circuit consisting of a resistor R and a capacitor
of capacitance C. Write the instantaneous e.m.f. equation for the circuit. Hence, derive the
expression for the charge on the capacitor as a function of time during the charging process. Also
define the time constant of the circuit and write its expression.
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(¢)

(d)

(a)
(b)

In a series RC circuit, the capacitance is C = 20 uF and the resistance is R = 0.05 MQ.
Calculate —

(i} the time required for the capacitor to attain half of its maximum charge, and

(ii) the time constant of the circuit.
A charged capacitor is discharged through a resistor R. Show that the energy initially stored in
the capacitor is completely dissipated as heat in the resistor. 2A(1+2+DH+H2+1)+3
Dctermine the root mean squarce (r.m.s.) value of the current /=i, +i,cos(or + 6).
What do you mean by the terms power lactor and wattless current in connection with an
a.c. circuit? Explain. ‘
Find the average value of the a.c. voltage represented by
[rgsinor, O<or<m,

\’(,): \{

0, T<or< 2
A sinusoidal e.m.l. £ is applied to a series RL circuit containing a resistor ol resistance R and an
inductor of inductance L. Derive the expression for the instantaneous current. Using the phasor

(vector) diagram. show that the current lags behind the applied c.m.f. by an angle ¢.
: 3HQFEDNHIH2+T)



