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BA(_ZHELOR OF SCIENCE (B.Sc.)
Term-End Examination
December, 2010

PHE-7 : 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 log tables
or calculators. Symbols have their usual meaning. Values
of physical constants are given at the end.

1.  Attempt any five parts : 5x3=15

(@) Two positive point charges g, =2.0 x 1077 C
and 1/]2=8.0x10_7 C are placed at a
distance of 0.12 m from each other.
Calculate the electric field due to each
charge at the site of the other.

(b) An infinitely long cylindrical conductor of
radius 0.15 m has a linear charge density
(charge per unit length) of 3x10~?Cm~1
Obtain the electric field due to the conductor
at a point distant 0.3 m from it.

(c) The electric potential at any point is given
by ¢=2x%y—6xz+ 3y%z. Determine the
value of electric field at that point.
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Two plane metal sheets and a sheet of mica
of thickness 0.004 cm have been provided
to you. Calculate the area of the metal sheet
required to construct a capacitor of
capacitance 0.03 nF. Take the relative
permittivity of the mica sheet to be 6.

An air-cored toroidal coil has 600 turns
and a mean diameter of 40 cm with a
cross-sectional area of 4 cm?, calculate the
self inductance of the coil.

Show that for an electron revolving in an

atom, its magnetic moment is given by

> —e 7 .
p=o L where e is the charge on the
m

_)
electron and m its mass and L is the
angular momentum of the electron.

Explain why the electric field inside a
dielectric is different from the externally
applied electric field.

Obtain an expression for the work done in
building a current from zero value toa value
Io in a conductor of self-inductance L.



2.  Attempt any five parts : 5x5=25
(@) Use Gauss’ law to obtain an expression for
the electric field at a point inside a uniformly
charged sphere of radius R.
(b) Determine the electric potential at a point,
at distance 7 from the centre of a dipole.
(c) The magnetic field of an electromagnetic
wave in free space is given by

01919

H =72 4x107 cos (107t - Koy )T
Determine the direction of propagation,
wave number, frequency and the
magnitude and direction of electric field.

(d) A uniform electric field of magnitude
6x10° V m~! is directed along the x-axis
and a uniform magnetic field of magnitude
0.08 T is along the y-axis. What must be
the speed of an electron that can be projected
along the z-axis and pass through these
crossed fields without getting deflected ? If
the electric field is cut off, the electron, under
the action of the magnetic field, will move
in a circular path. Calculate the radius of
the path.

(e) A toroid of mean circumference 1.5 m has
600 turns of wire, each carrying a steady
current of 0.6 A. The core of the toroid is
filled with iron of relative permeability 5000.

Determine (i) H, (ii) B and (iii) M.
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Three charges 24, 47 and 2g are to be placed
on a 20 m long straight wire. Determine
the positions where the charges should be
placed so that the potential energy of the
system is a minimum.

Two parallel plates of area of cross-section
300 cm? are given equal and opposite charge
of 4.0x10~7 C." The intervening space
between the plates is filled with a dielectric
material, and the electric field within the
dielectric is 43x10° V. m~!. What is the
dielectric constant of the dielectric and the
surface charge density on the plates ?

3. Attempt any one part :

(a)

(b)
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An electromagnetic wave is incident at an

interface of two dielectrics at oblique-

incidence. Applying the boundary
conditions at the interface show that the
wave undergoing either reflection or
transmission does not suffer any frequency
change. Also, derive the laws of reflection
and refraction.

(i) Derive Ampere’s law for steady
currents. Write the generalised forms
of Ampere’s law in both differential
and integral forms as applicable to
time-varying fields.

(i) Use Ampere’s law for steady currents.

to derive the magnetic field due to a
solenoid.
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Physical Constants :
e=1.67x10"19 C
m,=9.1x10-31 kg
m,=1.67x10~% kg
€,=8.85x10"12F m~1
Py =4wXx10"7 T m A1
c=3%108 ms~1
h=6.626x10"34 Js

=9.0x10% Nm2 C~2

41e,
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