Higher Order Partial Derivatives

As with functions of 1 variable, we can take 2" partial derivatives (and higher
order derivatives) of a function z = f(x, y): the partial derivative of a partial
derivative.
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Notice fy, = fyx; this happens often.

Theorem: Suppose f is defined on a disk, D, that contains the point (a, b). If f,,
and f,,, are both continuous on D, then:

fxy(ar b) = fyx(a» b).



Ex. Calculate fyyxz if f(x,y,2z) = e(X+yz),
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Just as we have differential equations that we need to solve that describe
processes in the world, for example:

it £'(t) =kf(t); then f(t) = ce*t,

there are partial differential equations that describe processes in the world.

One example is Laplace’s equation:

Solutions of this equation are called harmonic functions, which can be used to
describe heat conduction, fluid flow, and electric potential.



Ex. Show u(x,y) = In./x? + y? satisfies Laplace’s equation.
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u(x,y) = Eln(x2 + y?)
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Ex. The wave equation is given by— = a® — where a is a constant. Suppose

ox 2
f and g are twice differentiable functlons of a single variable. Show that:
u=f(v)+ g(w)wherev =x + at and w = x — at is a solution to the wave
equation.
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So we have:



