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From Eq. (11.81), we get

u(x, t) = û(t)eiκ̂(t)·x. (1)

Substituting Eq. 1 into the continuity equation, we get

∇.u = 0 =
∂

∂xi

(
ûi(t)e

iκ̂(t)·x
)

= iûi(t)e
iκ̂(t)·xκ̂i(t). (2)

From Eq. 2, we get
κ̂(t) · û(t) = 0. (3)

So the continuity equation requires that κ̂(t) and û(t) be orthogonal.
According to Eqs. (11.80) and (11.83), we get

dκ̂m
dt

= −κ̂`
∂〈U`〉
∂xm

, (4)

and
dûj
dt

= −ûk
∂〈U`〉
∂kk

(
δj` − 2

κ̂jκ̂`
κ̂2

)
. (5)

Multiplying Eq. 4 with ûj and Eq. 5 with κ̂m, we get

ûj
dκ̂m
dt

= −ûjκ̂`
∂〈U`〉
∂xm

, (6)

and

κ̂m
dûj
dt

= −κ̂mûk
∂〈U`〉
∂xk

(
δj` − 2

κ̂jκ̂`
κ̂2

)
. (7)
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Adding Eq. 6 to Eq. 7, we get

d (κ̂mûj)

dt
= −ûjκ̂`

∂〈U`〉
∂xm

− κ̂mûk
∂〈U`〉
∂xk

(
δj` − 2

κ̂jκ̂`
κ̂2

)
(8)

Multiplying Eq. 8 with δmj, we get

d (κ̂jûj)

dt
= −ûjκ̂`

∂〈U`〉
∂xj

− κ̂jûk
∂〈Uj〉
∂xk

+ 2ûkκ̂j
∂〈U`〉
∂xk

κ̂jκ̂`
κ̂2

= 0. (9)

So given that this condition is satisfied initially (i.e., κ̂(0) · û(0) = 0), the
evolution equations for κ̂(t) and û(t) maintain this orthogonality.

This work is licensed under the Creative Commons Attribution-
NonCommercial-ShareAlike License. To view a copy of this license, visit
http://creativecommons.org/licenses/by-nc-sa/1.0 or send a letter to Cre-
ative Commons, 559 Nathan Abbott Way, Stanford, California 94305, USA.

2


