Standard0%: Par+ial Derivatives

partial derivakives

Recall that given a function of one variable, £(x, the derivative, F'1x), represents the vate of change of the function as x
changes. The issue, we have more than one Nariable to vary. TF we allow more $han one 1o vary then we have on
infinite number of woys we can change tem: same speed, one Faster than the other, different degrees of faster,

etc. In this secton we concentrate on changing only one variable at a time as the remaining variabletsy ove
held Cixed.

Tn practice, the parhial derivakive of £=f(xy) with respect to x is the derivative of £ with respect to x while
treoting all other variablels) as a constant. We denote e partial with respect to x as . We can also define o
parHal with respect to y similarly: toke the derivative of £ with respect to y while reating all other variables
os constants. This definition can be extended to a funchion with more thon +wo variables. Nou can also take
higher parhal derivatives; (Fx, (Fxy,E4)y, [H)x.

Compute the second partial derivatives of the following Ffunchions: -
q X sinly
OIRICEVER & IETTY (i) his,8)= e¥inls?) + 33 - @ Gii) glxy,2) = T 2T

Claivaut's Theorem. Suppose that £ is defined on a disk © #at contains the point (a,b). T# the functions fxy
and £y are conhinuous on this disk then  Ffila,0d= Fyx la,b).

oradient
There is a special vector called the gradient vector of F£=£ix,y) defined by VE=<fy,fy>.

Find the gradient of the Po\louomg vectors: ,
i * -k xsinty)
W FOG= X2+ Fxy G hls,b)= £7Inls®) 43 - Ys¥ i) glxyy,2) = T2t

chain rule

The name chain rule should immediately bring to mind the chain rule for derivakive of single variable functions:
if FLO=£lg) then F'X)= £'(gua)-g). Alternative notation for this same phenomencn is: if N=FX) and x=gl¢)
fhen g)eL= ﬁgf We wont Yo extend tnis concept to mutk-varioble.

Given a funchion of +wo variables £(x,¥) and fwo input Funchions xis,t) and yls,t), we con set up the
Following tree

Fixy) We con now use this diagram 4o compute the partial derivatives 2 and 3¢
/ \ To find 2 we move from tne £ at e Yop of the tree down o the two s's.
XS,t)  \ls,t) Each Hime we go down a line we toke the derivative of the Yop over the loottom.
| | | | T we continue down the ree we mulhple the partial derivalives.
s t S+ Tf we need to reset to the £ Yo head down a new path then we put o

plus between the rerms.



[ 28 2x, 2f 2 2t 2f 2x , 2f
Fo\louomg Phese rules we have %ﬁ-: 5% 55 * 3y 2 ond 5E=ox %*aw'%-

Suppose. that 2=£(x,) is a function of x andy and we have input funchions x=s*+* and y=2st. T£ g-10
and '%{z—,=0 when (s,6)=(1,2), find %a:( and %&.

application
The gradient gives the normal vector of the fangent plane ot a specific point. We can use e information
in this standavd to sohe the following problem:

Show that the paraboloid 2x%+y*-2=5 and the sphere (x-3)'+ N-q)’ﬂz-‘m%% are. Yangent to each
other ot the point \1,2,1). find a plare tangent to both surfaces at 11,2,1).
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