
Problem 1
a.

O× E1 6= 0 (not static field)

O× E2 = 0 (static field)

b.

φ = −
∫ r
0
~E · dl

= −(
∫ (x,0,0)

(0,0,0)
Exdx+

∫ (x,y,0)

(x,0,0)
Eydy +

∫ (x,y,z)

(x,y,0)
Exdx)

= −k(xy2 + yz2)

Problem 2
a.

W = 1
8π

∫
| ~E|2d3r

= 1
8π

∫∞
R
| 4πσr2 |

2r2 sin θdθdφdr

= 8π2R3σ2

b.

As R decreases, W also decreases

c.

use Gauss’s Law

4π2Ein = 4π( 4
3πr

3ρ)

⇒ Ein = 4πrρ
3

4πr2Eout = 4π( 4
3πR

3ρ)

⇒ Eout = 4πR3ρ
3r2

W = 1
2 [

∫ R
0

16π2ρ2

9 r4dr +
∫∞
R

16π2R6ρ2

9r4 r2dr]

= 16
15π

2ρ2R5

Problem 3

1



∮
s
~(E) · σ = 4π

∫ ∫
kr−nr2 sin θdrdθdφ

⇒

4πr2Eout = 16π2
∫ R
0
r2 sin θdrdθdφ

Eout = 4πk
r2(3−n)R

3−n

4πr2Ein = 4π
∫ ∫ r

0
kr−n+2dr

Ein = 4πk
3−nr

1−n

(n > 3diverge)

W = 1
8π

∫
| ~E|2d3~r

= 1
2

16π2k2

(3−n)2 [
∫ R
0
r4−2ndr +

∫∞
R
R6−2n 1

r2 dr]

where∫ R
0
r4−2ndr = R5−2n

5−2n if n < 5/2

if n > 5/2⇒ diverge

and∫∞
R
R6−2n 1

r2 dr = R5−2n

⇒W = 16π2k2R5−2n

(3−n)(5−2n) for n < 5/2

Problem 4

W = −~p · ~E, τ = 2q~r × ~E = ~p× ~E

∆W = (−pE cos θ)− (−pE cos 0)

= pE(1− cos θ)
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