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PHE-07 

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

00 	 June, 2012 
.czt. 

PHE-07 : ELECTRIC AND MAGNETIC 
CD 	 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) The electric potential at any point is given 

by : 	= y (x2 - 6xy) 

Calculate the electric field E at that point. 

(b) Why is the electric field zero inside a 

conductor ? Invoking this concept in 

conjunction with Gauss' law, show that the 

charge resides only on the surface of a 

charged conductor. 

(c) State Biot - Savart law. Plot the magnetic 

field due to a straight current carrying 

conductor at a point outside the conductor. 

(d) Write the expressions for the incident, 

reflected and transmitted electromagnetic 

waves at the interface of two dielectrics. 
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(e) Show that the tangential component of is 

continuous across a dielectric boundary. 
(f) The electric field associated with an 

electromagnetic wave propagating in free 
space is given (in Vm -1) by 

= 20 f exp [ 	(106  t + (3z) ] 

Determine its direction of propagation, wave 
number and frequency. 

(g) A beam of electrons passes undeflected 

through two mutually perpendicular 

electric and magnetic fields of strengths 
8 kVm -1  and 2 x 10 -3  T, respectively. 
While maintaining the same magnetic field, 

the electric field is cut off. The electrons then 

move in the magnetic field in a circular path 

of radius 1.15 cm. Determine the ratio of 
change to mass of the electron. 

(h) Explain in brief the working of an electrolytic 

capacitor. What are the important 
specifications for these capacitors ? 

2. 	Attempt any five parts : 	 5x5=25 
(a) State Ampere's Circuital law. Use this law 

to calculate the magnetic field inside a toroid. 
(b) An electron circulates around the nucleus 

in a path of radius 5.1 x 10 -11  m at a 
frequency of 6.8 x 1015  revolutions per 

second. Calculate the magnetic field (g) at 
the centre of the nucleus and the resulting 
magnetic dipole moment. 

PHE-07 	 2 



(c) Derive the expression for the electric field 

at a point along the axis of an electric dipole. 

(d) What is meant by atomic/molecular 

polarizability ? What are its units ? Derive 

the relation between polarizability and 

relative permittivity. 

(e) What do you understand by self inductance 

of a coil ? A solenoid 1.5 m long and 20 cm 

in diameter contains 1500 turns of insulated 

copper wire. A current of 3.0 A flowing 

through it is reduced to zero in 1.5 ms 

calculate the magnitude of the back e.m.f 

induced in the solenoid while the current is 

being switched off. 

(f) What considerations led Maxwell to 

introduce the concept of displacement 

current ? Discuss the physical significance 

of displacement current. 

(g) The capacitance of a parallel-plate capacitor, 

whose plates are separated by a distance of 

3 m, is 300 pF (picofarad). What will be the 

energy of the capacitor when it is charged 

to a potential of 1000 V. For the same 

charge on the capacitor plates, calculate the 

potential difference, if the plate separation 

is doubled. 
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3. 	Determine the self-inductance of a toroidal coil 

of rectangular cross-section, having N1  turns, 

inner radius a, outer radius b and height h. 

Suppose a coil of N2  turns is wound over the 

toroidal coil. Show that the mutual inductance 

of this arrangement is : M = 1T N N2 h In I  —b  
a 
5+5=10 

OR 

Write Guass' law in both integral and differential 

forms. Using Gauss' law obtain an expression for 

the electric field due to a spherical charge 

distribution at a point lying : 	 2+3+3+2=10 

(a) outside, 

(b) inside ; and 

(c) on the surface of the charge distribution. 

Physical Constants : 

e = 1.67x10-19  C 

me  = 9.1 X 10-31  kg 

inp  = 1.67 x 10 27  kg 

eo  = 8.85 X 10 12  F m-1  

= x 10 - 7  Tm A -1  

c = 3 x108  m s-1  

h = 6.626 x 10 -34  Js 

1 
47r eo = 9.0 x 109  N m2  C-2  
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c = 3x108  m s-1  
h = 6.626 x 10-34  Js 

4•1-e° = 9.0 x 109  N m2  C-2  
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