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Homework #9

Problem 7 - 15.2.13:

We know that

E = −∇Φ. (1)

In spherical coordinates

Er =
∂Φ

∂r
, (2)

Eθ =
1

r

∂Φ

∂θ
, (3)

and

Eφ =
1

rsinθ

∂Φ

∂φ
= 0, (4)

since Φ is independent of φ.
In the previous problem we found that

Φ(r, θ) =
q

4πǫ0

∞∑

n=0

(−1)n(2n)!

22n(n!)2
r2n
<

r2n+1
>

P2n(cosθ). (5)

The derivatives with respect to r are straightforward. The derivative with respect to θ only affects the Pl(cosθ) but
from (15.79) we find that P ′

l (cosθ) = −P 1
l (cosθ). Then we obtain for r < a:

Er =
q

4πǫ0

∞∑

n=0

(−1)n(2n)!

22na2n+1(n!)2
r2n−1P2n(cosθ), (6)

and

Eθ = −
q

4πǫ0

∞∑

n=0

(−1)n(2n)!

22na2n+1(n!)2
r2n−1P 1

2n(cosθ). (7)

and for r > a:

Er = −
q

4πǫ0

∞∑

n=0

(−1)n(2n)!

22nr2n+2(n!)2
a2nP2n(cosθ). (8)

and

Eθ = −
q

4πǫ0

∞∑

n=0

(−1)n(2n)!

22nr2n+2(n!)2
a2nP 1

2n(cosθ). (9)


