
PHY 415 E&M

Homework 3 Solution
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∫

d3~rρ(~r)~r

= qdẑ + qRx̂ − qrx̂ + 3qdẑ

= 4qdẑ
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ρ(~r) = qδ(x)δ(y)δ(z − R) + qδ(x)δ(y)δ(z + R)

−qδ(x − R)δ(y)δ(z) − qδ(x + R)δ(y)δ(z)
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Qij =

∫

d3r(3xixj − δijr
2)ρ(~r)

Q11 =

∫

d3r(3x2
− r2)ρ(~r)

=

∫

(2x2
− y2

− z2)ρ(~r)d3r

= −2qR2
− q2R2

− q2R2

= −6qR2

Q33 =

∫

d3r(3z2
− r2)ρ(~r)

=

∫
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− y2)ρ(~r)d3r

= +6qR2

Q22 = Q12 = Q13 = Q32 = 0
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φ = φI + φII

=

∫ d−a2
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r
r̂ · d~r +
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r
r̂ · d~r

= 2λ ln
d − a2

a1

− 2λ ln
a2

d − a1

= 2λ ln
(d − a1)(d − a2)

a1a2

d ≫ a1, a2

∴ φ = 2λ ln
d2

a1a2

c =
Q

φ
=

1

2 ln d2

a1a2
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2c ln d2

a1a2
= 1 ⇒ ln d2

a2 = 1

2c

⇒ a2 = d2e−
1

2c

⇒ a = de−
1

4c

c = 9 × 10−3, d = 0.5cm
⇒ a = 4.3 × 10−13cm
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(b)
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4πR(d2 + R2 − 2dR cos θ)
3

2

+
1

4π

Φ0

R

Qinduced =

∫

R2 sin θdθdφσ(r = R, θ, φ)

= −q
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