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

December, 2018 
ci 	1.2 

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) An infinitely long cylindrical conductor of 

radius 15 cm has a linear charge density 

(charge per unit length) of 3 x 10- 9  CM- 1 . 

Determine the electric field due to the 

conductor at a point at a distance 30 cm 

perpendicular to its axis 
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(b) What is an equipotential surface ? Consider 
a point charge q = F5 x 10 -8  C situated at 
the origin of the coordinate system. What is 

the shape of its equipotential surface ? If this 

surface is at a potential of 30 V, calculate its 
radius. 	 1+1+2 

(c) Explain the concept of self-inductance. An 

air-core solenoid of 60 cm length has 

1200 turns and its circular cross-section 
has diameter of 2 cm. 	Calculate the 
self-inductance of the solenoid. 	 1+3 

(d) Determine the magnetic force on an electron 

with velocity components : 

vx  = 4 x 10 6  ms- 1, vy  = 3 x 10 6  ms- 1 
 and vz  = 0 

at a point where the magnetic field has 
components : 

= 0, By  = 0 and Bz  = 12 mT. 

(e) Four electric charges q 1  = 2 x 10-8  C, 
q2 - 4 x 10-8  C, qg  = 3 x 10-8  C and 
q4 = 4 x 10-8  C are placed at the four 
corners of a square of side 1.0 m. Calculate 

the electric potential at the centre of the 
square. 
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(1) A uniform plane electromagnetic wave has a 

wavelength of 6 cm in free space and 4 cm in 

a dielectric for which µ = 4.7 x 10 -7  NA-2. 

Determine the dielectric constant of the 

dielectric. 

(g) A current of 0.2 A flows through a metallic 

wire of 10 -4  cm2  cross-sectional area and 

60 cm length. The potential difference across 

the wire is 3 V. Calculate the electric field 

strength in the wire and the current density. 

(h) Show that in the absence of any free surface 

charge at the boundary of a dielectric, the 

normal component of D is continuous across 

the boundary 

2. Attempt any four parts : 	 4x5=20 

(a) An inductor and a resistance are connected 

in series with a battery. The time constant of 

the circuit is 3.5 x 10-3  s. When a resistance 

of 6 SZ is added in series, the new time 

constant of the circuit is 1.5 x 10 -3  s. 

Calculate the values of the inductance and 

the initial resistance in the circuit. 

PHE-07 	 3 	 P.T.O. 



(b) The plates of a parallel plate capacitor have 
area 100 cm 2  and are 1.0 cm apart. A 
potential difference of 100 V is applied when 

no dielectric is present. Then a dielectric 

slab of dielectric constant 5.0 is filled 

between the plates. Calculate the 

capacitance of the capacitor and the energy 
stored in it before and after the introduction 
of the dielectric. 

(c) The magnetic field of an electromagnetic 
wave in free space is given by 

B= z 4 x 10-6  cos (107  in - koy) T 

Determine the direction of propagation, 

wave number, frequency and the electric 
field. 

(d) A toroid of mean circumference 1 m has 

500 turns of wire, carrying a steady current 

of 0.5 A. The core of the toroid is filled with 

iron of relative permeability 5000. 
-> 	-> 

Determine (i) H , (ii) B and (iii) M . 

(e) Derive the modified form of Gauss's law in 
electrostatics for a dielectric medium. 

PHE-07 	 4 



(f) Write the expressions for the reflection and 

transmission coefficients for normal 

incidence in terms of the refractive indices of 

the media. Explain why most of the light is 

transmitted when it pasiles from air (n 1  = 1) 

to glass (n2  = 1.5). 2+3 

3. Attempt any one part, (a) or (b) : 	 1x10.10 

(a) Using Gauss's law, derive an expression for 

the electric field due to a uniformly charged 

infinite cylinder of radius R at the points 

(i) r > R, (ii) r = R and (iii) r < R. 	 10 

(b) (i) Using Biot-Savart law, obtain an 
expression for the magnetic field along 

the axis of a current loop. 

(ii) A cyclotron is used for accelerating 
protons. The diameter of the pole faces 

in the cyclotron is 200 cm and the 

magnetic field between them is 0.60 T. 

Calculate the kinetic energy of the 

protons, in MeV, as they exit the 

cyclotron. 
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Physical Constants : 

e = x 10-19  C 

me  = 9.1 x 10-31  kg 

mp  = 1.67 x 10-27  kg 

go  = 8.85 x 10-12  C2  W-1  M-2  

= 471 X 10-7 Tm A-1  

c = 3 x 108  ms-1  

1 
= 9.0 x 109  N m2  C-2  

4 it so  
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.  
Vitft Pietruch : 

e 1.6 x 10-19  C 

me  = 9.1 x 10-31  kg 

mp  = 1.67 x 10-27  kg 

co  = 8.85 x 10-12  C2  N-1  m-2  

= 4ic x 10-7  Tm A-1  

c= 3 x 108  ms-1  

1 
	 = 9.0 x 103  N m2  C-2  
4itc0  
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