
SOLUTION TO EXAM 2 PHYSICS 321

1.a) Because the potential is even, the series solution will only contain cosmθ so the general

solution in the region a ≤ s ≤ b can be written

V (s, θ) = A0 + B0 ln s +
∞
∑

m=1

(Amrm +
Bm

rm
)
cos mθ√

π
.

b)

V (a, θ) = V0 = A0 + B0 ln a +
∞
∑

m=1

(Amam +
Bm

am
)
cos mθ√

π
so that (1)

A0 + B0 ln a =
1

2π

∫

2π

0

V0dθ = V0, (2)

A1a +
B1

a
=

∫

2π

0

dθV0

cos θ√
π

= 0, (3)

Amam +
Bm

am
=

∫

2π

0

dθV0

cos mθ√
π

= 0 m ≥ 2, (4)

V (b, θ) = V0 + VMAX cos θ = A0 + B0 ln b +
∞
∑

m=1

(Ambm +
Bm

bm
)
cos mθ√

π
so that(5)

A0 + B0 ln b =
1

2π

∫

2π

0

dθ[V0 + VMAX cos θ] = V0, (6)

A1b +
B1

b
=

∫

2π

0

dθ[V0 + VMAX cos θ]
cos θ√

π
= VMAX

√
π, (7)

Ambm +
Bm

bm
=

∫

2π

0

[V0 + VMAX cos θ]
cos mθ√

π
= 0 m ≥ 2. (8)

c) From Eqs (2) and (6), A0 = V0, B0 = 0, from Eqs. (3) and (7),

A1 =
VMAX

√
πb

b2 − a2
B1 = −VMAX

√
πba2

(b2 − a2)

From Eqs(4) and (8), Am = Bm = 0, m ≥ 2, so that

V (s, θ) = V0 +
VMAXba

b2 − a2

[

r

a
− a

r

]

cos θ a ≤ s ≤ b

2.a) The field from the left plate at the right plate is E = σ/2ǫ0î so that the force per unit

1



area is F/A = σ2/2ǫ0 to the right.

b) Ex = −∂V (x)

∂x
= − σ

ǫ0

e−d/2λ sinh(x/λ), |x| < d/2,

=
σ

ǫ0

cosh(d/2λ)e−x/λ x > d/2.

c) The force per unit area on the plate is F/a = σ[E(x → d/2+) + E(x → d/2−)]/2 so

F/A =
σǫ0

2
[cosh(d/2λ)e−d/2λ − e−d/2λ sinh(d/2λ)],

=
σ

2ǫ0

e−d/2λ.

d) Apply Gauss’ law to the slab to find that its electric field at x = d/2 is Ex = −σ/ǫ0, so

it exerts a force per unit area to the left of magnitude σ2/ǫ0.

e) In this case the total force per unit area is

F

A
=

σ2

2ǫ0

î − σ2

ǫ0

î,

= − σ2

2ǫ0

î,

so if the salts were distributed like this the plates would certainly attract one another.

3. Because the plate is conducting, the electric field just outside the plate is normal to it

and is related to the charge density by

σ(x) = ǫ0Ey(x, 0) = −
(

∂V (x, y)

∂y

)

y=0

,

= −ǫ0V0x

L2
.
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