
Phys 473
Fall 2015

Modern Optics: Homework 16

Due: 16 October 2015

1 Irradiance and complex field representations

The time-dependent irradiance is
I(t) = εvE ·E

where E is the real electric field associated with a wave. The time-averaged irradiance at
time t0 is

〈I〉 =
1

T

∫

t0+T

t0

I(t)dt

where T is an appropriately chosen duration for averaging. Mathematically it is more con-
venient to represent the wave using a complex electric field Ẽ and

E = Re [Ẽ] =
Ẽ+ Ẽ

∗

2
. (1)

a) Consider a single plane wave represented by

Ẽ = E0e
i(k·r−ωt)

where E0 is real. Show that if T ≫ 1/ω then

〈I〉 =
1

2
εvẼ · Ẽ

∗

.

b) Now consider a superposition of

Ẽ1 = E01e
i(k1·r1−ω1t)

Ẽ2 = E02e
i(k2·r2−ω2t).

Here
Ẽ = Ẽ1 + Ẽ2.

Show that if T ≫ 1/ω1, T ≫ 1/ω2 then

〈I〉 =
1

2
εv

〈

Ẽ · Ẽ
∗

〉

.

c) Suppose that E01 = E01ŷ and E02 = E02ŷ. Suppose that ki = kix̂, that sources 1 is
located on the x-axis at x1, source 2 is located on the x-axis at x2, and the detector is
is located on the x-axis at x. Show that if T ≪ 1/∆ω where ∆ω = ω1 − ω2 then

〈I〉 = 〈I1〉+ 〈I2〉+ 2
√

〈I1〉 〈I2〉 cos (∆kx−∆ωt+ φ)

where ∆k = k1 − k2 and φ is independent of x and t. Hint: This requires an approxi-

mation involving a Taylor series for an exponential.
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