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PHE-07 

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 
June, 2013 

(Y) 	 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. Log tables or calculators 

may be used. Symbols have their usual meaning. Values 

of physical constants are given at the end. 

1. 	Attempt any five parts : 	 5x3=15 

(a) Two point charges are 5 m apart and their 
combined charge is 100 p,C. If one repels 
the other with a force of 0.9 N. Calculate 

their values. 
(b) The electric potential at any point is given 

by 
= xy(z2  — 3xy) 

Calculate the electric field E at that point. 

(c) Using Gauss' law in electrostatics, prove 
that the charge resides only on the surface 

of a conductor. 

(d) The electric field in a certain region is given 
A 

by E = 100 k . How much flux passes 

through an area A if it is a portion of (i) the 
xy plane, (ii) the xz plane, (iii) the y z 

plane ? 
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(e) Show that the frequency of an 

electromagnetic wave undergoing reflection 

and transmission at an interface of two 

dielectrics remains invariant. 

(f) A parallel-plate capacitor has plates with 

area of cross-section 100 cm2  and separated 

by 1.0 cm. A potential difference of 100 V 

is applied when no dielectric is present. A 

dielectric slab of relative permittivity 5 and 

thickness 0.5 cm is introduced between the 

plates. Calculate the free charge on the 

capacitor plates. 

(g) Show that the tangential component of E 

is continuous across a dielectric boundary. 

(h) What are electrolytic capacitors ? Mention 

its different types. 

2. 	Attempt any five parts : 

(a) Obtain an expression for the drift velocity 	5 
of electrons in a metallic conductor. 

(b) Define the inductive time constant of an LR 1+4 

circuit. An inductance coil L, a resistor R 

and a battery are connected in series. The 

time constant of the circuit is 3.5 x 10 -3  s. 
When a resistance of 6 SI is added in series, 

a new time constant of 1.5 x 10 -3  s is 
obtained. Calculate the inductance of the 

coil and the resistance of the resistor. 
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(c) A uniform plane wave has a wavelength of 	5 

6 cm in vacuum and 2 cm in a non-magnetic 
dielectric having permeability of free space. 
Calculate the dielectric constant of the 
dielectric and the phase velocity of 
propagation of the wave through it. 

(d) A beam of electrons passes undeflected 2+3 
through mutually perpendicular electric 
and magnetic fields of magnitudes 6 kV m-1  

and 10-3  T, respectively. By maintaining 
the same magnetic field when the electric 
field is cut off, the electrons move in the 
magnetic field in a circular path. Calculate 
the speed of electrons and the radius of the 
circular path. 

(e) Discuss briefly the behaviour of a dielectric 
in an electric field and explain the concept 
of polarisation. 

(f) The electric field of a plane electromagnetic 
wave is given by 

Ex  = 0, 	E =100 cos(47 x 108  t — 1TX  
3 

Ez  = 0 where E is in Vm-1, t is in seconds 
and x is in meters. Determine v, k, X, 
direction of propagation of the wave and 
the direction of the magnetic field. 

2+3 

5 
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3. 	Attempt any one part : 

(a) Use Ampere's law for steady currents to 5+5 

derive the magnetic field due to a solenoid. 

Four very long straight wires are closely 

bound together to form a small cable. 

Currents carried by the wires are : I1  =15A, 
12 = -10A, 13 = 20A and 14 = - 5A. 

-4 

Determine B at a distance of 5 cm from 

the cable. 

(b) Derive an expression for the electric field at 4+6 
a point : 

(i) along the axis of a dipole, and 

(ii) on the perpendicular bisector of the 
dipole axis 

Physical constants : 

e=1.6 x 10 -19  C 

= 9.1 x 10 -31  kg 

mp  =1.67 x 10 -27  kg 

E0  = 8.85 x 10 - 12  C2 N-1 m -2 

0 = 4 x 10 -7  T m A -1  

c =3x108  m s -1  

= 9.0 x109  N m2  C-2  
1 

477E0 
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