


1. 5-17

(a)

y(x, t) = y1(x, t) + y2(x, t)

= 2(A) cos
(

1
2
(k2 − k1)x − 1

2
(ω2 − ω1)t

)
cos

(
k1 + k2

2
x − ω1 + ω2

2
t

)

= (0.004m) cos (0.2x/m − 10t/s) cos (7.8x/m − 390t/s)

(1.1)

(b)

v =
ω̄

k̄
=

ω1 + ω2

k1 + k2

= 50
m

s

(1.2)

(c)

vg =
∆ω

∆k

=
ω1 − ω2

k1 − k2

= 50
m

s

(1.3)

(d) Successive zeros requires 0.2∆x = πm, thus ∆x = π
0.2m = 5πm, and Deltak =

0.4m−1

2. 5-18

(a) We start with v = fλ and differentiate:

dv

dλ
= f + λ

df

dλ

λ
dv

dλ
= fλ + λ2 df

dλ

= v +
λ2

2π

dω

dλ
−λ2

2π

dω

dλ
= v − λ

dv

dλ

Using k = 2π/λ

dω

dk
= vg = v − λ

dv

dλ

(2.1)

(b) v decreases as λ decreases, so dv
dλ is positive.
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3. 5-39

(a) We will need: E = hf = h̄ω and p = h
λ = h̄k.

E2 = p2c2 + m2c4

h̄2ω2 = h̄2k2c2 + m2c4

v =
ω

k
=

h̄ω

h̄k

=

√
h̄2k2c2 + m4c2

h̄k

= c

√
1 +

m2c2

h̄2k2
> c

(3.1)

(b)

vg =
dω

dk

=
d

dk

√
k2c2 + m2c4/h̄2

=
c2k√

k2c2 + m2c4/h̄2
=

c2k

ω
=

c2p

E
= u

(3.2)

4. 5-47

(a) The particles are moving at 0.01c, so we can ignore relativity.

λ =
h

p
=

h

mv
= 2.43 × 10−10 (4.1)

(b) Since the photons have equal energy, they also have equal momentum and wave-

length. The incoming energy of the electron and positron are E = mc2 + 1
2mv2, and since

v is much smaller than c, we can ignore the second term. Thus the incoming energy of the

electron and positron are both mc2 = 0.511MeV . This is conserved, so the photons must

also both have E = 0.511MeV .

(c) p = E/c = 0.511MeV/c

(d) λ = h
p = 2.43 × 10−12m
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