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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 
meanings. The values of physical constants are 
given at the end. 

1. Attempt any five parts : 	 5x4=20 

(a) A small object carrying a charge of - 4 x 10 -9  C 
experiences a force of 15 x 10 - 6  N in the 
negative x-direction when placed at a point in 
an electric field. Calculate the electric field at 
this point. What would the magnitude and 
direction of the force acting on a proton placed 
at this point be ? 

(b) Two point charges +4e and +e are fixed at a 
distance 'a'. A third charge q is placed on a 
straight line joining these two charges so that 
q is in equilibrium. Determine the position 
of q. 
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(c) Explain the mechanism of polarisation in 
dielectrics made up of non-polar molecules and 
dielectrics made up of polar molecules. 

(d) Two parallel plates which have a 

cross-sectional area of 100 cm 2, carry an equal 

and opposite charge of FO x le C. The space 
between the plates is filled with a dielectric 
material and the electric field within the 

dielectric is 2.3 x 10 5  Vm-1 . If the electric field 
across the plates without the dielectric is 

given by E 0  = -CS  a being the surface charge 
Co 

density of the plates, calculate the dielectric 
constant of the dielectric. 

(e) The magnetic field at the centre of a solenoid 
of length 2.5 m and diameter 0.8 m is 
0.5 tesla. Calculate the energy stored in the 
field of the solenoid. 

(f) In the Bohr model, the electron of a hydrogen 
atom moves in a circular orbit of radius 
5.3 x 10-11  m with a speed of 2.2 x 10 6  ms-1 . 
Determine its frequency and the current in 
the orbit. 

(g) What is the basic difference in the nature of 
the electric fields produced by static charges 
and those induced by changing magnetic 
fields ? 

(h) A current of 2.5 A flowing in a solenoid having 
self-inductance 3.8 H is reduced steadily to 
zero in 1.0 ms. Calculate the magnitude of the 
back emf of the solenoid while the current is 
being switched off. 
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2. Attempt any one part : 	 1x10-..10 

(a) Using Gauss's law, obtain expressions 
for electric field at a point (i) outside, and 
(ii) inside a spherical charge distribution. 	5+5 

(b) A parallel plate capacitor having rectangular 

plates of area of cross-section 6.45 x 10 -4 m2 

each is kept in free space. The separation 

between the plates is 1.5 x 10 -3  m and a 

voltage of 15 V is applied across these plates. 

Calculate the capacitance of the capacitor. If 

a material of dielectric constant 6.0 is 

introduced in the region between the two 

plates, calculate the_ppacitance and the 

electric displacement D . 3+3+4 

	

3. Attempt any one part : 	 1x10.10 

(a) (i) Obtain an expression for the potential 
at a point near an infinitely long 

	

charged wire. 	 6 
(ii) Explain the working of a velocity 

selector. 	 4 
(b) Using Ampere's law, obtain the expression 

for the magnetic field clue to a solenoid. 	10 

	

4. Attempt any one part : 	 1x10.10 

(a) (i) The pole faces of a cyclotron magnet 
are 100 cm in diameter and the 
magnetic field between the pole faces is 
0.60 tesla. The cyclotron is used to 
accelerate protons. Calculate the 
kinetic energy, in eV, and the speed of 
the protons as they emerge from the 
cyclotron. 3+3 
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(ii) A plane electromagnetic wave 

propagates from one dielectric to 

another at normal incidence. Calculate 

the ratio of the indices of refraction of 

the two dielectrics for which the 

reflection and transmission coefficients 

are both equal to 0-5. 4 

(b) Under what conditions do the following 

time-varying electric and magnetic fields 

satisfy Maxwell's equations in vacuum with 

no source charges or currents ? 
-> A 
E = k E0  sin (y - vt) 

--+ 	A 
B = B0  sin (y - vt) 

where E0  and Bo  are constants. 	 10 • 

Physical Constants : 

Mass of electron = 9.1 x 10-31  kg 

Charge of electron = 1.6 x 10 -19  C 

Mass of proton = 1.7 x 10-27  kg 

1  
= 9 x 109  N m2  C-2  

4 rc co  

[to  = 4n x 10-7  N A-2  

co  = 8-85 x 10-12  F m-1  
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---> 	A 
 E = k Eo  sin (y - vt) 

—> 
B = i Bo  sin (y - vt) 
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9fifd-W PcIM*0 : 

r4-1-eq 	c'e.4441•1 = 9.1 x 10-31  kg 

r4-4-eq f 3TT4I4 = 1-6 x 10-19  C 

F 	= 1.7 x 10-27  kg 

1 
=9 x109 Nm2 C-2  

4n.°  

= 47c 10-7NA-2 

Co  = 8.85 x 10-12  F m-1  

4 

10 
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