The Chain Rule revisited
Recall y=ymx) & x=x)

d d .
ST F (CinRale)
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With x=xd) & y=y(4)
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S imilarly, for f=4(x%2)
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let x=X(St), Y=Y(5¢)
{:)C(x,y)

Now there are two cases:; s and t
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Tree diagrams
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E/><," £ ind g{, F=F(xy) and X, Y
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= E'XS’LE'\/S .




Implicit differentiation revisited

F: F(X\ )’) = O I's o?-}-ey\ enCoqn'('trgc]_

Es. X3+y3 = -XY }S‘o Flxy)=yr "7+73= N
Somefimej?léwe may {'h[v\k ot 7:)’(><) bu £
lack an EXPLICIT Yormula... So )’/(x):?

X "Im,'sl{chL Tunction thOf‘Qm” Says when
Y=y 6d is Vi depends on X y choice.



Differentiate F to figure out dy/dx

F(xy)=0

\’h:

e

X — <



3 Ay
EX . F:x3+xy+y =O.. =:?

T dx
Fx:3x1+>/ }:y:x_/_gyl
AV:_E__ 35y
Ax F‘/— X+3y*

10



Z:Z(X\7}/
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Directional derivatives

Recall "Fx [ate of C}mnge, X= o({recé.‘on
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So how do we calculate this?
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EX F(xy) Xl-i'q)'l-i'/D Find the
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Maximum rate of change: It turns out that

(1) the fastest rate of change is ‘v -S: {
(2) this occurs in the direction of V'F

Proo$ : V5= ’VHMCOS -
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Picture of the gradient
NZ Moving from (x,y) in

the direction of the

f— gradient causes the

point on the surface
to climb as fast as

possible.
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EX Fnd the max rate o £ change
for Flr)=cos 62)at (1)
and 4 € ( /1 o>
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VE(19)]= [Cone Mv\() O
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Tangent plane to a surface

We will 'H)lhk O‘F S'Ome{'hfng (ke
2= X4y as [ (vz)= 0,
F: X):I—yl—z or F: Z.—szyl |
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G,'ven two Surfice cupres
throngh P= (X% 20), say
[ [lj(H) A ot follows
VF-T/=0
7/ VFﬁ\/ = 0
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Y )F is a normal for the
JEanﬁenJ(‘ Plane_
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Normal line: The line through the point P that is
perpendicular to the tangent plane at P.
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horma| |ine )
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E)( . Find the normal [ine “\roujh P in

/H\(’_ Preu\'ous exﬂlrnple.
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E('milﬂflh V;Cé(,y) IS Perpeno(icv\lqr
to leve| curvesS §lxy)=K.
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Practice!

(1) LeJc f(<v)= K+><>’+>' x=cos(f], y=sin(#)
Find ;— usiag the Chain Rl«fa

- >><+\/ Ty= ><+1/
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FD) Let £=Flau) and X%2 are al
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Find the derivative of fY)=2x+Jy

af— [3,“/) (N fhe direction of <‘,;/>.
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@ Find the tangent plane and nol‘mal
[ine ﬁWMjh Z=Sn 6<+)/) at (1)1)

F = Sim 6(+y) 2=0
F = (oS ()<+y) X'T—r F)C -
F\/ ‘COS(X+y) 0 2 >F -

‘ 250 73 ‘/
- fz_ \ TANGEN
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