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BACHELOR OF SCIENCE (B.Sc.)
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June, 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 :	 3x5=15
A positive charge q1 = 2 C is placed at a
distance of 1.0 m from another positive
charge q27 8 C. At what point on the line
joining the two charges is the electric field
zero ?

The electric field in a given region of space
-*	 A	 A	 A

is given by E = 3x i + 7y j + 8zk.
Determine the volume charge density.

(c) Point charges of 4 x 10 -8 C each are located
at the two vertices of an equilateral triangle
of side 0.2 m. Calculate the work required
to be done in order to bring a test charge of
1 x10 -8 C to the third corner of the triangle
from an infinite distance away.
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A circular wire loop of radius 8.0 cm consists
of 20 turns of wire. A current of 2.5 A flows
through the loop. Calculate the magnitude
of the magnetic moment of the loop.
In the Bohr's model of hydrogen atom, the
electron circulates around the nucleus on a
path of radius 0.6 A at a frequency of
5 x 1014 Hz. Calculate the magnitude of
magnetic field at the centre of the atom.

Show that the normal component of D is
continuous across a dielectric boundary.
Explain the working of a variable air
capacitor.

(h) Define the local field and give its relation
with polarisation.

2.	 Attempt any five parts :	 5x5=25
Write the charge conservation principle in
differential form. Using this determine the
characteristic time for the decay of charge
inside a conductor, assuming the initial
charge density to be p0.

The electric field of an electromagnetic wave
in vacuum is given by :

E = 0, E = sin (108 /rt —	 X) VM-1 , Ez = 0EX	
3

Determine the frequency v, wavelength X,
direction of wave propagation and the
magnitude and direction of the magnetic
field B.
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(c) The capacitance of a parallel-plate capacitor
filled with a material of dielectric constant
6.0 is 300 PF (picofarad). The plates of the
capacitor are separated by a distance of
3 mm and a potential difference of 150 V is
applied across them. Calculate

the magnitude of the charge on each
plate,

the electric displacement D , and
-4

(iii) the polarisation P .

(d) What is displacement current ? Show by
taking the example of a parallel-plate
capacitor that the concept of displacement
current is necessary to preserve the notion
of continuity of current in the capacitor
circuit.

The pole faces of a cyclotron, which is being
used to accelerate the protons, have radius
of 50 cm. The magnetic field between the
pole faces is 1.5 T. Calculate the kinetic
energy in eV and the speed of the proton as
it emerges from the cyclotron.

A toroid of mean circumference 1.0 m has
500 turns of wire, each carrying a steady
current of 0.5 A. The core of the toroid is
filled with iron of relative permeability 5000.

->	 -4
Determine (i) H, (ii) B, and (iii) M .
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(g) Show that the relative permittivity E r for a
gaseous medium is given by

Er =1 +	 2
Eo m too

nq2

3.	 What is Poynting vector ? Starting with the 2, 8
generalised form of Maxwell's equations obtain
the expression for Poynting's theorem.

OR
State Gauss' law in electrostatics and 2, 2
express it in differential form.
Using Gauss' law derive an expression for 	 6
the electric field due to an infinite plane sheet
of charge having uniform surface charge
density o, at a point lying in the vicinity of
the sheet.

Physical Constants :
e =1.67 X 10 -19 C
me = 9.1 X 10 — 31 kg
mp =1.67 X 10 - 27 kg
co =8.85 X 10 -12 F m-1

=471- X 10 -7 T m A-1

c= 3 x 108 ms —1

h= 6.626 X 10 -34 Js

1
— 9.0 x 109 Nm2 C-24 7r €0
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	TM:Pit Gilt 1-11.50 	 T----407. -9Tfirw
-k11	 at{ 0.6Af	 T	 c cl-1 14 5 x 1014 HZ

al-rg	 sFa-r t	 -cmui	 1-4-4-4
xrftmur	 	

f 	 ct;	 t)	 crc1-01	 .114-11 TR f;

-1.fq	 WA" 	 	 t I

R-w -71-(44	 	  Tf4TrR7 ct;) .1,14 571-01-
	 I

(h)	 TeTral-zr	 i-iroTruff	 atIT VITEdT
121-4%1 fffd 1

2.	 te4"1.171	 :	 5x5=25

31-04T *VW F.-NH	 vtr roll
-Pz1	 '-1'51t7T	 km 	  INT 3104

3T itaVrviT WITE1 quct -41A71 trra--
autfirw 3TOU 	  p0 t I

f	 l,m fdtrd, 14-471	 fdtrd% #q.
P-14-irorisid t I

Ex	 0, Ey = 10 sin (108 7rt -	 x	 Vm-1 , Ez = 0

3111ft v, Mt7TW X,	 "ffzri

I-447T	 B	 	 	 rqqii vtff

PHE-7	 6
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3.	 i-GW-e.4 i Tftqf WELT t? A ctctiCl	 chtul.t	 2, 8
-51TtiT	 	  mAi	 9-Frfl.

TIT
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if	 itoich :
e=1.67x10 -19 C
me =9.1 x10 -31 kg
mp =1.67 x 10 -27 kg

0 =8•85x10 -12 F
= 47r x10 -7 T m A-1

c=3x108 ms-1
h =6.626 x10 -34 Js

1
-9 x109 Nm2 C-24 ir €0
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