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Solution
(a)

E(r, t) =
2pr̂

r3
(1− ikr)eikr−iωt

(b)

E(r, t) =
2pr̂

r3

√
1 + k2r2eikr−i arctan kr−iωt

(c)
If E(r, t) = eiΦ(r,t) the phase velocity is vp such that ∆Φ = 0 corresponds to ∆r = vp∆t for small changes of r, t, and
phase. For infinitesimal ∆t

dΦ(r, t) =
∂Φ

∂r
dr +

∂Φ

∂t
dt = 0 ⇒ vp =

dr

dt

∣∣∣
Φ=const

= −
∂Φ
∂t
∂Φ
∂r

In our case Φ(r, t) = kr − arctan kr so

vp =
ω

k

1 + k2r2

k2r2

As r →∞ vp → ω
k


