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Functional derivatives


A functional is a mapping from a space of functions to the real numbers. Functionals, F, are often distinguished from functions, f(x) by the use of square brackets, so that we write F[f]. We denote differentiation of functionals by





� EQ  \F(F[f],f(x))�


This can be thought of as analogous to partial differentiation, with x indexing the vector f(x) as i might index a vector � EQ v\s\do5(i)�. Functional differentiation is most often encountered in the calculus of variations. Many dynamical systems have laws which can be derived from variational principles. E.g., a wave equation for a density field (x,t) can be obtained by varying � EQ A[]= \i \in(,, )dtdx \b ((\s\do5(t))\s\up5(2)()\s\up5(2))� (using integration by parts):





� EMBED Equation.3  ���


� EMBED Equation.3  ���


For mathematicians, this is the Gâteaux derivative.











[image: image2.wmf](

)

r

r

dr

2

2

.

)

,

(

.

2

Ñ

-

¶

-

=

ò

t

t

x

dtdx

_1298384542.unknown

_1297952156.unknown

