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Solution: a. We have,

|eı(k+x−ω+t) + eı(−k−x−ω−t)| = |eıω+(x/c−t) + eıω−(−x/c−t)|

=
√

2 + 2 cos[ω+(x/c− t)− ω−(−x/c− t)]

= 2 cos
[
ω++ω−

2c x− ω+−ω−
2 t

]
' 2 cos

[
kx− ω+−ω−

2 t
]
.

In real notation 7 defining

a+ b = k+x− ω+t , a− b = −k−x− ω−t ,

or
a = k+−k−

2 x− ω++ω−
2 t , b = k++k−

2 x− ω+−ω−
2 t

we can write,

cos(k+x− ω+t) + cos(−k−x− ω−t) = cos(a+ b) + cos(a− b) = 2 cos a cos b

= 2 cos
(
k+−k−

2 x− ω++ω−
2 t

)
cos
(
k++k−

2 x− ω+−ω−
2 t

)
' 2 cos

(
k+−k−

2 x− ωt
)

cos
(
kx− ω+−ω−

2 t
)
.

b. Interference produces a standing wave that moves slowly with the group velocity,
vg = ω1−ω2

k .

7We note,

|z1 + z2|2 = |z1|2 + |z2|2 + z1z
∗
2 + z∗1z2 = x21 + y21 + x22 + y22 + 2x1x2 + 2y1y2 = (x1 + x2)2 + (y1 + y2)2

= |Rez1 + Rez2|2 + |Imz1 + Imz2|2 .




