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2. 4.2 We want to show that we can obtain the potential and potential energy of an elementary
diplole:

Φx⃗ = 1
4π 0

p⃗ ⋅ x⃗
r3

W = −p⃗ ⋅ E⃗0

from the general formulas

Φx⃗ = 1
4π 0

∫ ρx⃗ ′d3x ′

|x⃗ − x⃗ ′ |

W = ∫ ρx⃗Φx⃗d3x

using the effective charge density

ρeff = −p⃗ ⋅ ∇⃗δx⃗
where I’ve chosen the origin to be at x⃗0.

Φx⃗ = 1
4π 0

∫ −p⃗ ⋅ ∇⃗′δx⃗ ′d3x ′

|x⃗ − x⃗ ′ |
= − 1

4π 0
p⃗ ⋅ ∫ ∇⃗ 1

|x⃗ − x⃗ ′ |
δx⃗ ′d3x ′

Φx⃗ = 1
4π 0

p⃗ ⋅ x⃗
r3

Similarly,

W = ∫ ρx⃗Φx⃗d3x = −∫ p⃗ ⋅ ∇⃗δx⃗Φx⃗d3x = p⃗ ⋅ ∫ δx⃗∇⃗Φx⃗d3x = −p⃗ ⋅ E⃗0


