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1.(a) Potential due to the three charges: V (z) = q[1/(z − a)− 2 + 1/(z + a)]/(4πϵo)

(b) Expansion in powers of 1/z: V (z) = q[1/(1− a/z)− 2 + 1/(1 + a/z)]/(4zπϵo)

= q[1 + (a/z) + (a/z)2 + · · · − 2 + 1− (a/z) + (a/z)2 + · · ·]/(4zπϵo)

= q[(a/z)2 + (a/z)4 + (a/z)6 + · · ·]/(2zπϵo)

(c) V (r, θ) = q[(a/r)2P2(cos θ) + (a/r)4P4(cos θ) + (a/r)6P6(cos θ) + · · ·]/(2rπϵo)

2.(a) For r < a, Vin = Ar cos(θ)
For a < r < R, Vout = Br cos(θ) + C/r2 cos(θ)

(b) B.C. at r = R: Vout(R) = 0 so that BR + C/R2 = 0 .

(c) B.C. at r = a: Vin(a) = Vout(a) =⇒ Aa = Ba+ C/a2

(−∂Vout/∂r)r=a − (−∂Vin/∂r)r=a = σ(θ)/ϵo =⇒ (2C/a3 −B)− (−A) = σo/ϵo
(d) We now solve the above 3 equations for A, B and C.
Using C = −BR3 we have the two equations
A = B(1−R3/a3) and −B(1 + 2R3/a3) + A = σo/ϵo.
This gives B = −(σo/3ϵo)a

3/R3, A = (σo/3ϵo)(1− a3/R3) and C = (σo/3ϵo)a
3

so that Vin = (σo/3ϵo)(1− a3/R3) r cos(θ) which goes to 0 as a → R. Why?
and Vout = (σo/3ϵo)(a

3/R3)(R3/r2 − r) cos(θ) which goes to 0 as r → R. Why?

3.(a) For ρ < a, Vin = Aρ cos(ϕ)
For a < ρ < R, Vout = Bρ cos(ϕ) + C/ρ cos(ϕ)

(b) B.C. at ρ = R: Vout(R) = Vo cos(ϕ) so that BR + C/R = Vo .

(c) B.C. at ρ = a: Vin(a) = Vout(a) =⇒ Aa = Ba+ C/a

ϵ2(−∂Vout/∂r)r=a − ϵ1(−∂Vin/∂r)r=a = σf = 0 =⇒ ϵ2(C/a
2 −B)− ϵ1(−A) = 0


