1. {a) Consider a one-dimensional problem in which the potential, V. depends on only one

variable. =, You are given V(0) = 2. V{(2) = —3. and that V{z) is a solution of Laplace’s

oquation, Determine 1(z).

(1) One or more of the following four functions of x is a Legendre polynomial £ {x). Circle

a [unction to indicate that it is & solution.
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{¢) Consider a region of space in which the position of a point can be defined using Cartesian
(.y.z) or spherical (r.0.¢) coordinates. Determine which of the following functions 1s a
solution of Laplace’s equation (r # 0). There may be more than {or less than) one solution.

Circle a funetion to indicate that it is a solution.
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2. A rectangle of sides a. b is bounded by four iufinive conducting planes. The planes at
= acy = 0.y — b are grounded. The plane at 2 — 0 is held at a potential Vy{y). The aim
of this problem would be 1o determine the potential in the region between the four planes.
This would take too long. so instead we will be concerned with setting up the problem and
nnderstanding the basie principles.
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(a) Determine one solution of Laplace’s equation whicl is conusistent with the stated houndary

conditions at . = a.y = 0.y = b.

(b} Determine a linear superposition of solutions which could eventually be made to be
consistent with all of the boundary conditions.

(¢} Suppose the answer to part (b) takes the form Viz, y) = S anfule)gn(y). where ay,
are unknown cocflicients. f,, (). g, () are known functions and g, {x) arc orthonormal on the
. b - r . - - .
interval 0 < y < I» ‘l{) dy g (1 gmly) = 8. You are given Vie = 0.y) = Vyly). Determine
a,, i terms of the given V. f,, and g,,.



3. A region of charge. with unkown charge density p(r) is localized around an origin 7= 0.
You are given the potential V(7 in the region outside the charge distribution Is

A Beos(n 3eos2(f) — 1
L (()’s( ) (3 cos<(0) )

Vir ) = — > + O
7 e r
where A. B.C are given positive coustants. The aim of the problem is to deduce as much as
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possible about p(7). Iint: ﬁ = >, (,', 2 p(Fr), it >
dp(7)

(a) Determine =5+
o

(h) Determine the total charge of the system.

(¢) Determine the dipole moment i of the system.

() Compute the integral [ d®rp(r)r? Pylcos ),



