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BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination, 

December 2019 

PHYSICS 

PHE-07 : ELECTRIC AND MAGNETIC 
PHENOMENA 

Time : 2 Hours] 	 [Maximum Marks : 50 

Note : All questions are Compulsory. Marks allotted to each 
questions are indicated against it. You may use log tables 
or calculators. Symbols have their usual meanings. 
Values of physical constants are given at the end. 

1. Answer any five parts : 	 5x4=20 
a) A small object carrying a charge -5 x 10 -9  C 

experiences a force 20 x10 -9  N in the negative x 
direction when placed at a certain point in an 
electric field. What is the electric field at that point? 
If a proton is placed at this point, what would the 
magnitude and direction of the force exerted on it 
be? 

b) Calculate the work done by the force F = xyi - y2 ; 

in moving an object from (0, 0) to (2, 1) along the 

2 
parabolic path y —

X 
. 

4 

c) The magnetic field at the centre of a solenoid is 
0.50 mT. If the current flowing in it is 0.50 A, 
calculate the number of turns per cm in the solenoid. 
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d) Consider two rectangular plates, each of area 
6.45 x 10' in 2  kept parallel to each other. The 
separation between the plates is 2 x 10 -3  m and a 
voltage of 10 V is applied across them. If a material 
of dielectric constant 6.0 is introduced within the 
region between the two plates, calculate 
i) The capacitance and 
ii) The charge on each plate. 

e) An electron with velocity 10 2ms-1  enters a magnetic 
field of strength 1.5 x 10 -3  Wbm-2  at an angle 
30° with it. Calculate the radius of the helical path 
and the time taken by the electron for completing 
one revolution. Take e /m=17.6 x 10 10  C kg-1 . 

f) Show that the energy stored in an inductor is given 

by 2 —1 LI 2 
. 

An electric generator consists of a 20 turn square 
wire loop of side 100 cm. The loop is turned to 
produce 50 Hz AC. Calculate the applied magnetic 
field so that the peak output voltage of the generator 
is 300 V. 

h) A flat sheet of area 150 cm 2  carries a uniform surface 
charge density G. An electron 1.5 cm from a point 
near the centre of the sheet experiences a force 
3.6 x 10-12  N directed away from the sheet. 
Calculate the total charge on the sheet. 

2. Answer any one part : 	 lx10.10 
a) i) Derive the expression for the potential at any 

point P at a distance r from the midpoint 0 of 
a dipole. The line OP makes an angle 0 with 
the dipole axis. Determine the electric field at 
that point. 7 

g) 
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ii) Prove that the electrostatic force is conservative. 

3 
b) i) Derive an expression for the capacitance per 

unit length of a cylindrical capacitor. 	5 
ii) Two cylindrical capacitors are of equal length 

and have the same dielectric. In one of them 
the radii of inner and outer cylinders are 6 cm 
and 8 cm and in the other they are 3 cm and 
5 cm respectively. Calculate the ratio of their 
capacitances. 5 

3. Answer any one part : 	 1 x 10=10 
a) i) 

	

	Define Resistivity. Show that the resistivity of 
a metal depends on the density of the free 
electrons, their mass and charge and the mean 
free time T. 	 5 

ii) Distinguish between ohmic and non-ohmic 
behaviour of conductors. 	 5 

b) i) The pole faces of a cyclotron magnet are 
120 cm in diameter and the field between the 
pole faces is 0.80 T. The cyclotron is used to 
accelerate protons. Calculate the kinetic energy 
in eV and the speed of a proton as it emerges 
from the cyclotron. Determine the frequency 
of alternating voltage that must be applied to 
the Dees of the accelerator. 	 5 

ii) What is meant by remanence and coercive 
force? Explain how the hysteresis curve helps 
us in choosing magnetic materials for a given 
application. 5 
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4. Answer any one part. 	 1 x 10=10 

a) Write the properties of plane electromagnetic waves 
in free space. The electric field of a plane 
electromagnetic wave is given by 

E = 100Z exp —i(10 1 "t + fix)] 

Determine the frequency, wave number, direction 
of propagation and magnetic field of the wave. 

4+6 

b) An electromagnetic plane wave of frequency 
100 MHz travelling in free space is incident normally 
on a block of material having E = 3E0, p = 12110  and 
o = 0. Its incident magnetic field vector is given by 

= 10-9  sin (cot — az)fj tesla 

Obtain expressions for the incident, reflected and 
transmitted electric field vectors associated with the 
wave. 	 2+5+3 

444444 

Physical Constants 
Mass of electron = 9.1 x 10 -31  kg 
Mass of proton = 1.7 x 10 -27  kg 
Charge of electron = 1.6 x 10_ 19  C 

1 
47ze0 = 9 x 109  N m2  C -2  

= 4m x 10-7  NA -2  
e = 8.85 x 10-12  F 

444444 
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4ffe0  = 9 x 109  N m2  C 2 

 1.10  = 4rc x 10-7  NA-2 
 eo  = 8.85 x 10-12  F m 

1 
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