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

December, 2012 
CD 
CD 	 PHYSICS 

PHE-07 : 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) Two point charges are 6.0 m apart and their 

combined charge is 90 I.LC. If one repels the 

other with a force of 0.50 N, calculate the 

charges. 

(b) Using Gauss's law, show that the electric 

field near the surface of a charged conductor 

is perpendicular to its surface and has a 

magnitude E = 01E0, where o- is the surface 

charge density. 

(c) Protons are accelerated to a kinetic energy 

of 6.0 MeV with the help of a cyclotron. 

Calculate the radius of the cyclotron needed 

to confine the stream of these energetic 

protons if the magnetic field in the cyclotron 

is 3.0 T. 
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-4 (d) Show that the normal component of D is 
continuous across the interface of dielectric 
media. 

(e) An air-cored solenoid having 1500 turns per 
metre carries a current of 0.15 A. Calculate 
-4 	-4 
H and B at the centre of the solenoid. 

-> 
How would the values of H and B change 
if an iron core of absolute permeability 
5 x 10 -3  H m-1  were inserted in the 
solenoid ? 

(f) What are ceramic capacitors ? List the 
materials that are used in these capacitors 
and state their applications. 

The electric field of an electromagnetic wave 
propagating in free space is given by 

E._.,30 I sin (106  Tr t- 2.  x) Vm -1. 6 

Determine its direction of propagation, 
wavelength and frequency. 

(h) Derive Snell's law of refraction for an 
electromagnetic wave propagating from 
one medium to another given that 
A 	--> 	A 	-÷ 	A 	-4  n x k1  = n x kR  = n x kT  • 

(g)  
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2. 	Attempt any five parts : 	 5x5=25 

(a) Derive Faraday's law of electromagnetic 
induction in differential form. How is the 
electric field appearing in the expression 
different from the electric field produced by 
static charges ? 

(b) Derive the expression of Larmor frequency. 

(c) Derive an expression for the electric field at 
a point on the perpendicular bisector of the 
axis of an electric dipole. 

(d) Define local field. Show that the local field 
experienced by an atom in a spherical hole 

-9 
-->  

is given by ioc 	E 	
p

where the 
€0  

symbols have their usual meaning. 

(e) A dielectric slab of thickness 0.5 cm and 
dielectric constant 7.0 is placed between the 
plates of a parallel - plate capacitor of plate 
area 100 cm2  and separation 1.0 cm. A 
potential difference of 100 V is applied 
between the capacitor plates with the help 
of a battery. Calculate the capacitance of 
the capacitor and the energy stored in it. If 
the dielectric slab were to fully occupy the 
space between the capacitor plates by what 
factor would the capacitance increase ? 
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(f) State Ampere's circuital law. Express it in 
differential form. Use this law to obtain the 

magnetic field due to a long straight current 

carrying wire. 

(g) A beam of electrons passes undeflected 
through mutually perpendicular electric 

and magnetic fields of magnitudes 6 kV m-1  

and 10 -3T respectively. While maintaining 

the same magnetic field the electric field is 
cut off. The electrons then start moving in 

the magnetic field in a circular path. 
Calculate the speed of the electrons and the 
radius of the circular path traversed by 

them. 

3. 	Write Maxwell's equations in free space. Hence 

derive the wave equation in vacuum. 	 4+6 
OR 

Write Gauss' law in both integral and differential 

forms. Using Gauss' law obtain an expression for 
the electric field at a point lying inside an infinite 
uniformly charged wire. What will the electric 
field at this point be if the charge lies on the surface 

of the wire ? 
Physical constants 

e=1.67x10-19  C 
me  = 9.1 x 10 -31  kg 

mP  = 1
• 
67 x 10 -27  kg 

A 

€0 = 8.85 x 10 -12  F m -1  
p.0 =4Trx 10-7  T mA -1  
c=3 x 108  ms-1  

h= 6.626 x 10 -34  Js 

2+6+2 

1 

'17E0  
=9.0x109  Nm2  C-2  
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f4T4-14 ti-RISI4Ttff t 4 t *cbRui 3N-14447T 

4-q .W1 0 .\31 eh 	WI I 

PHE-07 
	

7 	 P.T.O. 



(g) 
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itfrraW Pteirtich 	€0  = 8.85 x 10-12  F m-1  

e=1.67 x10 -19  C 	110 =47 x10 -7  T mA —1  

me  = 9.1 x 10-31  kg 	c=3 x108  ms-1  

mp  =1.67 x10 -27  kg h = 6.626 x10 -34  Js 

A 	=9
•
0X109 mN 2 c-2 

-±1TE0  

1 
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