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8. Functional Derivative* 12 Points

A functional F[p| maps the function p(x) to the real numbers. The functional derivative of a
functional with respect to a function is defined as

This definition is in analogy to the definition of a partial derivative

OF(®) . 1, ..
G = I (G ee) @)

When making the transition from partial to functional derivatives, the discrete index j turns
into the continuous index x, and the unit vector in j-direction turns into the Dirac delta-function
oz — 2).

The derivative of a functional is a function and depends on the position z, using this definition,
compute the functional derivatives of the following functionals:

(a) Flp] = o(xo) with a fixed xg.
(b) Flg] = (¢(x0))? with a fixed zo.

(c) Assume that the function f(z) can be expanded in a power series, and show that under
this assumption for Flp| = f (¢(z0))
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(d) Flg] = [, Alz)p(x)dz
(e) Flp] = [d*z A(x) (¢(x))*
(f) Flg] = [d* A(z) (p(x)"
(f) Flg] = [d*z A@)f (o(x))
(g) Flp] = [d"= [Vp(z) V()]
(h) Flg] = [d"zg(Ve())
(i) Flgl = [d"z f (p(x), Vo(x), o(z), Vip(a), ..)
() Slal = [ dtL(q(t),d(t))



