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a) According to Eqs. (11.80), (11.81) and (11.82), we get

dκ̂`
dt

= −κ̂j
∂〈Uj〉
∂x`

, (1)

u(x, t) = û(t)eiκ̂(t)·x, (2)

and
p(r)(x, t) = p̂(t)eiκ̂(t)·x. (3)

According to Eq. (11.69), we get

1

ρ
∇2p(r) = −2

∂〈Ui〉
∂xj

∂uj
∂xi

. (4)

Substituting Eqs 2 and 3 into Eq. 4, we get

∇2
(
p̂(t)eiκ̂(t)·x

)
= −2ρ

∂〈Ui〉
∂xj

∂
(
ûj(t)e

iκ̂(t)·x
)

∂xi
, (5)

i.e.,

p̂(t)κ̂`κ̂`e
iκ̂(t)·x = 2iρ

∂〈Ui〉
∂xj

ûj(t)e
iκ̂(t)·xκ̂i. (6)

From Eq. 6, we get

κ̂2p̂ = 2iρκ̂iûj
∂〈Ui〉
∂xj

, (7)

i.e.,

κ̂2p̂ = i2ρκ̂`ûk
∂〈U`〉
∂xk

. (8)
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b) With Eq. 8, we have

−1

ρ

∂p(r)

∂xj
= −1

ρ

∂
(
p̂(t)eiκ̂(t)·x

)
∂xj

= −i p̂(t)
ρ
eiκ̂(t)·xκ̂j

= −i1
ρ
eiκ̂(t)·xκ̂j

(
i2ρκ̂`ûk
κ̂2

)
∂〈U`〉
∂xk

= 2
κ̂jκ̂`
κ̂2

uk
∂〈U`〉
∂xk

. (9)

c) With Eq. 2 and Eq.(11.87), we get

D̄uj
D̄t

=
∂

∂t

(
ûj(t)e

iκ̂(t)·x
)

+ 〈U`〉
∂

∂x`

(
ûj(t)e

iκ̂(t)·x
)

= eiκ̂(t)·x∂ûj(t)

∂t
+ iûj(t)e

iκ̂(t)·xx`
dκ`
dt

+ i〈U`〉ûj(t)eiκ̂(t)·xκ`

= eiκ̂(t)·xdûj(t)

∂t
− iûj(t)eiκ̂(t)·xx`κ̂m

∂〈Um〉
∂x`

+ i
∂〈U`〉
∂xm

xmûj(t)e
iκ̂(t)·xκ`

= eiκ(t)·xdûj
dt
. (10)

d) According to the rapid-distortion equation, we get

D̄uj
D̄t

= −ui
∂〈Uj〉
∂xi

− 1

ρ

∂p(r)

∂xj
. (11)

Substituting Eqs. 10, 9 and 2 into Eq. 11, we get

eiκ(t)·xdûj
dt

= −ûieiκ(t)·x∂〈Uj〉
∂xi

+ 2
κ̂jκ̂`
κ̂2

uk
∂〈U`〉
∂xk

, (12)

i.e.,

eiκ(t)·xdûj
dt

= −ûieiκ(t)·x∂〈Uj〉
∂xi

+ 2
κ̂jκ̂`
κ̂2

ûke
iκ(t)·x∂〈U`〉

∂xk
. (13)

From Eq. 13, we finally get

dûj
dt

= −ûk
∂〈U`〉
∂kk

(
δj` − 2

κ̂jκ̂`
κ̂2

)
. (14)

So the rapid-distortion equation is satisfied if û(t) evolves by Eq. 14.
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