PHYS 610: Electricity & Magnetism I
Due date: Thursday, April 5, 2018

Problem set #8
1. Green’s function inside a conducting spherical shell
Find the Green’s function for calculating the electric potential 𝑉(𝑟⃗) due to an arbitrary charge
distribution inside a conducting spherical shell of radius R.
2. Conducting slot
Consider an infinitely long and deep slot formed by two grounded conductor plates at x=0 and
x=a, as shown in the figure below. A third conductor plate, at z=0, is held at a constant potential
𝑉0.
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a) Find the potential inside the slot as a series solution.
b) Sum the series (hint: see Jackson section 2.10).
c) Determine the asymptotic behavior of the potential when z>>a.
3. Green’s reciprocity theorem
a) Consider a charge distribution 𝜌1 (𝑟⃗) that produces a potential 𝑉1 (𝑟⃗), and a separate charge
distribution 𝜌2 (𝑟⃗) that produces a potential 𝑉2 (𝑟⃗). The charge distributions are entirely unrelated,
and are not even present at the same time, i.e. these two electrostatic situations are different
“problems” and are not present simultaneously. Prove Green’s reciprocity theorem:
∫ 𝜌1 𝑉2 𝑑 3 𝑟 =
𝑎𝑙𝑙
𝑠𝑝𝑎𝑐𝑒

∫ 𝜌2 𝑉1 𝑑 3 𝑟
𝑎𝑙𝑙
𝑠𝑝𝑎𝑐𝑒

Note: you may find it useful to calculate ∫ 𝐸⃗⃗1 ⋅ 𝐸⃗⃗2 𝑑 3 𝑟 in two different ways.
b) Consider two spatially separated and distinct conductors, A and B. If you charge up conductor
A with charge Q (B remains uncharged), then the resulting potential of conductor B is 𝑉𝐴𝐵 .
Alternatively, if instead you charge up conductor B with charge Q (A remains uncharged), then

the resulting potential of conductor A is 𝑉𝐵𝐴 . Use Green’s reciprocity theorem to show that
𝑉𝐴𝐵 = 𝑉𝐵𝐴 .
Note: this result makes no assumptions about the position or shapes of conductors A and B.
c) Both plates of a very large parallel plate capacitor are grounded and separated by a distance d.
A point charge q is placed between them at a distance x from plate 1. Use Green’s reciprocity
theorem to calculate the induced charge on each plate.
Hint: For the charge on plate 1, use the actual situation, while for the charge on plate 2, remove
the q, and set one of the conductors at potential V0.

4.

5.

Plot the potential as a function r and z.
Note: Zangwill provides an alternate approach to this problem in “application 7.4”.

