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Partial Derivatives of Functions of More than 2 Variables:

Iffis a function of 3 variables, say f(x,y,z) fx(x,y,2) = ll""\ M

h=0

Defined similarly forfy, f.

Iffis a function of n variables f(x1,x2,.....,Xn)
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fx(x,y,z) isafunction of 3 variables so we can take its partial derivatives. These (along with the partials of fy,f;) are
called the second partials of f.

Q:How may second partials does a function of 3 variables have?
A:Nine

Q:How many nth partials?

A:3"

Iffis a function of 2 variables, it has 2" nth partials.

Notation:
(fx)y =fxy = bz-p (take partial with respecttox firstand theny)

b\jb)ﬁ
Example: Findall 2nd partials of f(x,y) =2x?y + €¥ - 3y
Xy 2 *xY
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Lfi,j + Hzcxj ‘Fw: )CZCiX‘L1

Clairault's Theorem: Suppose f is defined on adisk D that contains the point (a,b). If fyy, fyxare both continuous at (a,b), then
fxy(a,b) =fyx(a,b). i.e.iffis"nice"then fy=fyx.

Clairault'sTheorem also applies to higher partial derivatives. i.e.if fisafunction of 3 variables, then fxyzy = foyyz = ...

Q:How many partials does f(x,y) have?
A:3
Q:How many 3rd partials?
A oo, Fxy Fxyy fyyy =4
Q: How many nth partials?
A:n+l
Q:How many 2nd partials does f(x,y,z) have?
A: fxy, fxz, fyz, fxx, fyy, fzz, 6
Q:How many 3rd partials?
Af
Answer next class.

MATH 32A Lecture Page 1



Example: Calculate fuy:if f(x,y,2z) =sin(3x +yz).

1(; * Cos (3x+52)‘<3> = 3cos (3x+‘3"2‘>
= 3sin (3)('!'\32) ‘37 - 9Isin (3)(‘*}32)
Fxx\uy ‘qCOSCBX'fﬂZ) (Z)' ‘Q2Cos(3x+
U o s Wi
- thZSm(ngrB:?) ~qQcos (3x+yz
fuyz = 9yzf(x,y,2) - 3fx(x,y,z) sofsatisfies thispartial differential equation.

Usually, we denote the functionas U.
Uz = 9yzU - 3Ux

2 questions you can ask for partial differential equations:
1. Givenafunction, doesitsatisfy the partial differential equation.

2. Giventhisequation, find afunction thatsatisfiesit.

Example: Laplace's Equation. Show that u(x,y) =e*siny is aharmonicfunction.

2
du *dY =
0% du
X Y
Solutions of this equation are called harmonic functions.
C Smﬂ uv € 0055
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Usxt Uyy 0 so finction (s harmonic

We also have (foru(x,t)) b VN = OL. b\k for some a = real number. Thisis called the wave equation.

0t® )X

\P‘/‘ U\(Xt (S (pos o{n& ) dls’rau'\cc 'Faﬂ\ ‘Hne {me

&y units from ‘fJ/\c rode at fime t.

Example: u(x,t) =sin(x-at) Show that u satisfies the wave equation.

= cos (x-at)a) = ~acos (x af)
ut; O (“ sin (x- ai‘)) ~6) = -alsin (x—a.t)
Uy = Cos (x-at)
Ux = -~ Sin (x-ot)
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Example: u(x,t) = (x-at)®+(x+at)® Show that this equation satisfies the wave equation

=, (x-at) +(a(x+a’c) ut= o (x- at>5( o) +6(x+at) ()
<= 30(x-at) ¢ 20(xtat)" o (= (x-at)>+ (x +at)®
(m[‘SCx aJc) -0 +5(xtar) ]

"2 300 [(x-at)* Hxrat)")
Uer :ofkw S ths satisfies the wave  eguation.
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