
CYK/2008/PH410/Mid-semester Examination Ele
trodynami
s I1. Surfa
e of a sphere, of radius R, 
arries a 
harge density σ(θ, φ) = P cos θ where P is a
onstant.(a) Using dire
t integration, �nd the potential at a distan
e d along the z-axis. [6Marks℄(b) Using the result of (a), argue that the potential φ at any point (r, θ, φ) is given by
φ(r, θ, φ) =

{

P

3ǫ0
r cos θ r < R
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3ǫ0r2 cos θ r > R [2 Marks℄(
) Using the result of part (b) �nd the ele
tri
 �eld E(r, θ, φ), both inside and outside thesphere. [3 Marks℄(d) Using the result of part (b) �nd the total ele
trostati
 energy, W , of this 
harge distri-bution. [Hint: You may want to use W = 1

2

∫

σφdτ .℄ [4Marks℄2. A dipole of strength P is kept at a distan
e L from the 
enter of a grounded, 
ondu
tingsphere of radius R, as shown in the �gure. To �nd the image 
harge 
on�guration, followthese steps:
R

L

P

(a) The dipole 
an be approximated by a 
ouple of 
harges q and −q kept at distan
es L+ land L− l, respe
tively, su
h that 2ql = P . Find the image 
harges q1 and q2 ( of q and
−q, respe
tively) and their distan
es d1 and d2.(b) Find the total image 
harge Q′ = q1 + q2 and the dipole moment of the image 
harges
P ′ = q1d1 + q2d2.(
) Now, �nd lim Q′ and lim P ′ as q → ∞ and l → 0 su
h that 2ql = P . Thus, show thatthe image 
harges of a dipole 
onsists of a monopole and a dipole. [5 Marks℄3. A square pipe, running parallel to the z-axis (from −∞ to ∞), has three grounded metalsides, at y = 0, y = a and x = 0. The fourth side, at x = a, is maintained at a 
onstantpotential V0.(a) Find the potential inside the pipe.(b) Find the net 
harge per unit length (along z-axis) on the side opposite to V0. [10Marks℄Useful Formulae
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