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Useful Mathematical Relations 

Gradient Theorem 

Divergence Theorem 

Curl Theorem 

Line and Volume Elements 

Cartesian: dl= dxx dyy + dzz, dT dxdydz 

Cylindrical: dl dss+ sd¢¢1 dzz, dT = sdsd¢dz 

Spherical: dl drf' +Tdee ~+ ". sin ed¢¢, dT '1'2 sin edTded¢ 

Gradient and Divergence in Spherical Coordinates 

af + ~ af {j + __I_a!¢Vf 
aT l' ae 'I' sin e a¢ 

1 a" 1 a . 1 avoV-v -a(r-vr ) + -.-fl ~fl (sm ()vo) + . () a~ r r sm U (JU ". 8m 'Y 

Dirac Delta Function 
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Question 1: Electrostatics ............................................................ . 

(a) Two point charges attract each other with an electric force of magnitude F. 'What 
is the resulting magnitude of the force (in terms of F) in the following eases 

i. The charge on one of the particles is reduced to one third its original value and 
the distance between the particles is doubled. 

ii. The charge on both particles is doubled and the distance between them is 
reduced to half the original value. 

111. The charge OIl one particle is reduced to one quarter its original value and the 
distance between the particles is reduced to one half its original value. 

(2) 

(2) 

(2) 

(b) Consider a charge Q distributed through a sphere of radius R with a charge density 
p = A(H 1') (in spherical coordinates). Here p is volume charge density. 

i. Determine the constant A in terms of Q and R. 
ll. Hence deduce the SI unit for A. 

lll. Use Gauss' law to determine the field at an arbitrary point inside the sphere. 

IV. Use Gauss' law to determine the field at an arbitrary point outside the sphere. 

(4) 

(1) 

(8) 

(6) 

3 




Question 2: Electrostatic II .......................................................... . 

(a) "Write short notes on polarization in dielectrics by describing the two efl:'ects of 
external electrostatic fields on such materials. 

(6) 

(b) Prove that if an empty cavity is surrounded by a conductor, E = 

regardless of the presence of fields external to the conductor. 
() inside the cavity (5) 

( c) Consider a square with sides of length a and three posi tive charges, q at each of 
three corners. To bring ill another positive charge from infinity and place it on one 
of the corners requires work to be done. Show that the amount of work done to 
bring the charge is VV = 4;(0 q: (2 +1/y'2). 

(8) 

(d) Use the divergence theorem t.ogether with the integral version of Gauss' law to 
derive the differential form of Gauss' law. 

(6) 
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Question ~i: Magneto-statics .......................................................... . 

(a) A circular loop of radius a in the xy plane with the origin at its center. 

1. Use the Biot-Sarvat law to find the magnetic field at any point a distance z > 0 (8) 
above the center of the square, i.e along the z-axis, when a current I circulates 
counter clockwise around the square. ~ 

11. Show that B J.1(,J /2a at the center of the square, i.e at the origin. (2) 

(b) Show that if a charge moves a distance dl the work done by magnetic forces is zero. (5) 

(c) A square of 2a lies in the :ry plane with the origin at the center. The sid<c'S of the 
square are parallel to the axes, and a current I goc'S around it in a counterclockwise 
sense as seen from a positive value of z. 

i. Find A at the origin. (8) 

ii. What is the V . A at the origin? (2) 

Note: 

J dx 

Ja2 +x2 
In Ix + +e 
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Question 4: Magnetostatcs II ........................................................ . 


(a) Derive the continuity equation 	 (8) 
ap

v·J+­at' 

starting from the definition J dI 
daL 

(b) Suppose a current [ 	 is uniformly distributed over a wire of circular cross section 
with radius a. 

1. Determine the volume current density J. 	 (4) 

ii. How does the corresponding charge density depend on time? 	 (3) 

(c) Use Ampere's law to find the magnetic field a distance s from a long straight wire, (5) 
carrying a steady current I. 

(d) Use Ampere's law to find the magnetic field of a very long solenoid, consisting of n (5) 
closely wound turns per unit length on a cylinder of radius a. 
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Question 5: Circuits and Electrodynamics . ......................................... . 
Imagine charging up a capacitor by connecting it to a battery and a resistor, with the 
battery's voltage fixed at \;(1. 

(a) Determine the charge QCt) and current let) as functions of time. (8) 

(b) Find the total energy of the battery. (5) 

( c) Determine the heat delivered to the resistor. (5) 

(d) \Vhat is the final energy stored in the capacitor? (5) 

(e) What fraction of the work done by the battery shows up a::; energy in the capacitor? (2) 
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