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1.(a)
∮
E⃗ · d⃗l = −d/dt

∫
B⃗ · d⃗S =⇒ E · (2πR sin θ) = boα · π(R sin θ)2 =⇒ E = boαR sin θ/2

Lenz Law: E⃗ = −Eϕ̂
(b) Torque on strip of width Rdθ is dτ = (EQR sin θ)(Rdθ)(2πR sin θ)/4πR2)
τ =

∫
dτ = (boαQR2/4)

∫ π
0 sin3 θdθ = (boαQR2/4)

∫ 1
−1(1− x2)dx = boαQR2/3

2.(a) Inside: Uniform field ⇒ Uin = (boω)
2(4πR3/3)/2µo

Outside: Uout =
∫ ∫

(B2/2µo)·2π sin θr2dθdr = (boωR
3/2)2

∫∞
R dr

∫ π
0 dθ(4 cos2 θ+sin2 θ)2π sin θ/(2r4µo)

= (2π/2µo)(boωR
3/2)2(1/3R3)

∫ 1
−1[4x

2 + (1− x2)]dx = (2π/2µo)(boω/2)
2(R3/3)(4) = (1/2)Uin

Utotal = (3/2)Uin = Imagω
2/2 with Imag = 3b2o(4πR

3/3)/2µo

(b) ℓ⃗ = ϵor⃗ × (E⃗ × B⃗) The electric field exists only for r > R. Since E⃗ is in the r̂ direction,

E⃗ × B⃗ = E(boωR
3/2r3) sin θ ϕ̂ and ℓ⃗ = ϵorE(boωR

3/2r3) sin θ (−θ̂) due to symmetry, we need
ℓz = ℓ sin θ. Inserting E = Q/(4πϵor

2), we get ℓz = ϵoQ/(4πϵo)(boωR
3/2r4) sin2 θ. Integrating,

Lz =
∫∞
R r2dr

∫ π
0 2π sin θdθ ℓz = (Q/2)(boωR

3/2)
∫∞
R dr

∫ π
0 sin3 θ/r2dθ

= (Q/2)(boωR
3/2)(1/R)

∫ 1
−1(1− x2)dx = (Q/2)(boωR

2/2)(4/3)(12πRbo/2Qµo)
The last term is equal to 1 due to the definition of bo. Then, Lz = 3b2o(4πR

3/3)ω/2µo = ωImag

3. ∇× B⃗ = µJ⃗ + µϵ∂E⃗/∂t =⇒ −∇2B⃗ = ∇× (µσ + µϵ∂/∂t)E⃗

=⇒ −∇2B⃗ = −(µσ+µϵ∂/∂t)∂B⃗/∂t =⇒ k2 = µϵω2+iωµσ also take k2
o = µϵoω

2 and k = kR+ikI
∇× E⃗ = −∂B⃗/∂t =⇒ i⃗k × E⃗ = iωB⃗ =⇒ E = (ω/k)B

Assume all EI , ER and ET in the same direction. HI , −HR and HT will need to assumed in the
same direction. Boundary conditions for these tangential fields will yield:
EI + ER = ET and HI −HR = HT =⇒ BI −BR = BT (µ’s are same in two media)

=⇒ (EI − ER)(k/ω) = ET (ko/ω) =⇒ 2EI = (1 + ko/k)ET =⇒ ET = 2EI/(1 + ko/k)

Average power incident at the boundary SI =Re E⃗I × B⃗∗
I/2µ =Re EI(kEI/ω)

∗/2µ = (kR/2µω)|EI |2
Average power transmitted at the boundary: ST =Re E⃗T × B⃗∗

T/2µ =Re ET (koET/ω)
∗/2µ

=Re 4(ko/2µω)|EI |2/|1 + ko/k|2
Ratio: ST/SI = 4(ko/kR)/|1 + ko/k|2


