No. of Printed Pages : 12 PHE-07

BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination

June, 2022

PHYSICS
PHE-O07 : ELECTRIC AND MAGNETIC PHENOMENA

Time : 2 hours Maximum Marks : 50

Note: All questions are compulsory. Marks allotted for
each question are indicated against it. You may
use calculator. Symbols have their usual meanings.
The values of physical constants are given at the

end.

1. Answer any five parts : 5x4=20

(a) Four equal positive charges are placed at the
corners of a square. Determine the net

electric field at the centre of the square.

(b) An electron moves in a circular orbit of
radius 1-0 nm with a speed of 2-:0 x 108 ms™%.
Calculate its frequency and the current in

the orbit.
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(c)

(d)

(e)

®

PHE-07

A loop of radius r carries a uniformly
distributed charge. Assuming the electric
potential at infinity to be zero, determine the
ratio of electric potentials at the heights 2r

and 3r from the axis of the loop.

A circular plane sheet of radius 0-10 m
is placed in an electric field of magnitude
100 NC! making an angle of 60° with the
field. Calculate the electric flux through the
sheet.

Calculate the capacitance of a parallel plate
capacitor having plates of area 0-01 m? with
a separation of 2:0 x 1074 m between the
plates. What is its capacitance when a
dielectric of dielectric constant 4 is filled in

the gap between the plates of the capacitor ?

A uniformly charged disc of radius R carries
charge Q and is rotating with constant
angular speed ®. Show that the magnetic

dipole moment has the magnitude (Q(uRz)/4.



(g) The pole faces of a cyclotron magnet are
2:0 m in diameter. The magnetic field
between the pole faces is 1-:0 T. Calculate the
kinetic energy in eV and the speed of a

proton as it emerges from the cyclotron.

(h) An electromagnetic wave propagating in free
space is given by
A
E; = Ej sin (ot — kz) i
A
By = By sin (ot — kz) j

Show that the Poynting vector for the field is

given by
- E2 ) A
S=|—3%*k
HoC
BZC A
— y k
Ho
2. Answer any two parts : 2x5=10

(a) Derive the expression for the electric
potential due to an electric dipole at a point

off its axis. 5
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(b)

(c)

3. Answer any two parts :

(a)

(b)

(c)
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Determine the electric field due to an
infinite sheet of charge of surface charge

density o.

A parallel plate capacitor has n similar
plates of area A at equal spacing d, with the
alternate plates connected together. Show

that its capacitance is

(n— 1) gpA/d.

State Biot-Savart law. Use the law to
calculate the magnetic field due to a long

straight current-carrying wire.

A long cylindrical wire of radius R carries a
steady current I which is wuniformly
distributed over its cross-sectional area.
Determine the magnetic field at a distance

r < R from the axis of the wire.

Starting from the expression

%
-> >

Ey=E + P for the molecular electric
€0
field, derive the Clausius-Mossotti equation.

4

2x5=10

5



4. Answer any two parts : 2x5=10

(a) Derive the electromagnetic wave equation
_)
for the E field, from Maxwell’s equations in

vacuum. 5

(b) A uniform plane electromagnetic wave has a
wavelength of 5 cm in free space and 3 cm in
dielectric for which p = 47 x 1077 NA™2.
Determine the dielectric constant of the

dielectric. 5

(¢) A long coaxial cable carries current I which
flows down the surface of the inner cylinder
of radius a and back along the outer cylinder
of radius b. Obtain the energy stored in a
section of length [ of the cable. It is given
that magnetic field between the cylinders is
of magnitude ;—;): and zero elsewhere.

Hence, show that the self-inductance per

unit length of the cable is given by

M—O In (hj . 3+2
27 a
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Physical constants :
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Mass of electron = 9-1 x 10721 kg
Mass of proton = 1-7 x 10727 kg

Charge of electron = 1-:6 x 107 C

1
47580

=9x10° Nm2 2

Mo =4nx 107 N A~

g9 =885x 10 2Fm™
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TAFS T GoIAN = 9-1 x 102 kg

Tl =T g9 = 1-7 x 10727 kg

SAFS BT W = 16 x 10712 C

1

=9x10° Nm2 2
47580

o =4nx 107 N A2

g9 =885x 102 Fm™
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