Department of physics
Indian Institute of Technology, Kanpur

MKH/SMT/2016-17-11/Phy103 Assignment-1 Week of 9-1-17

1. Suppose the electrostatic potential of a point charge were @(r) = 1/r!*€,
(a) Find the potential V/(r) at a point at a distance r from the centre of a spherical shell of
radius R (R>r) that carries a surface charge density o per unit area.
(b) To the first order in €, show that
V(R)—=V(r) €|R (R+r 4R?
—_—=—|— ln( ) -n|l———
V(R) 2lr  \R=r RZ — 12
(c) By differentiating the potential with respect to r, find the corresponding electric field and
plot it.

2. Imagine a two dimensional world. In this world, it is observed that if a metallic disc is given a
charge, the entire charge moves to the periphery of the disc. Using geometric arguments
similar to those given in the lecture, find the dependence of the electric field on the distance
from a unit charge.

3. A cube is filled uniformly with charge. If the electrostatic potential at its centre is V/; and at
one of its corners V; then find the ratio V,/V;.

Hints:

1. (a) Either do the direct integration over the spherical shell (recommended as it will give you
some practice in using spherical coordinates) or use the general expression derived in the
class.

(b) Fore » 0, x*€ = x(1 + elnx). Can you derive it?

2. Electric field must vanish inside a metal.

3. Divide the cube into eight equal cubes and use the dependence (dimensionality) of the
potential on charge and distance.
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