
Appendix E
Functional Derivative

A functional is a mapping of a function ψ(x) onto a number denoted by V [ψ(x)]. This number
changes by avariation of the function ψ(x). The functional derivative isdefined by the relation

V [ψ(x+δ ψ(x]−V [ψ(x] =

∫

dxδ ψ(x)
δV

δ ψ(x)
. (E.1)

Let us calculate the functional derivative of theLjapunovfunction (??)

V [ψ(x, t)+δ ψ(x, t)] =
∫

dx{
1
2

[

(k2
c +∆)(ψ(x, t)+δ ψ(x, t))

]2

−
ε
2

(ψ(x, t)+δ ψ(x, t))2 +
1
4

(ψ(x, t)+δ ψ(x, t))4

−
δ
3

(ψ(x, t)+δ ψ(x, t))3}

= V [ψ(x, t)]+
∫

dx{
(

(k2
c +∆)ψ(x, t)

)(

(k2
c +∆)δ ψ(x, t)

)

−εψ(x, t)δ ψ(x, t)+ψ(x, t)3δ ψ(x, t)−δ ψ(x, t)2δ ψ(x, t)} . (E.2)

In thefirst integral, weperform apartial integration. Thisyields

V [ψ(x, t)+δ ψ(x, t)]−V [ψ(x, t)] =
∫

dxδ ψ(x, t){(k2
c +∆)2ψ(x, t)− εψ(x, t)+ψ(x, t)3−δ ψ(x, t)2}

=
∫

dxδ ψ(x, t)
δV

δ ψ(x, t)
(E.3)

and we can read off the functional derivative.
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