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The Chain Rule revisited
Recall y=ymx) & x=x)
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ST T (OinRde)
But now we can l’MV€_ {‘—S:(x,yj
With x=x4) € v=y ()
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let x=X(St), Y=Y(5¢)
{:)C(x,y)

Now there are two cases:; s and t

Df of ox 234
s = DX S i S

OF 38 x df oy
TR AR
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Tree diagrams

f=f(x,y,z) 1{( 7C
x=x(r,s,t) " 7 \ \
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E/X/: Empemﬁ‘re T = T(P, V)
P" fre-SSqne
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E/><," £ ind g{, F=F(xy) and X, Y
olepeNA on [, §.
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Implicit differentiation revisited

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

Es. X3+y3 = -XY }So Flxy)=yor "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 is Vi depends on X y choice.
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Differentiate F to figure out dy/dx F

F(xy)=0 /\
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Z:Z(X\7}/
then E"'F&'ZXZO X/l\
[:7+FZ2\,:O ! X/Z\
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Directional derivatives

Recc\” —FX ‘[ate O'F C}Mnge) X— o{{recffon
J;\ fate of chanqe, y-direction

M <q > U\m% vector
RaJce 3‘} CMn e n J\Fecf(on (A Ig

Dy § = [im (kb Y+U\> 7°(><IY)
h->o h
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So how do we calculate this?
_ lim [f(xmh,yﬂh)—ac(x, V+Lh)+ $6oybh)- £, y)
ho h B h\
4 lm 7L(X+“;'i‘bc(xr) lim $C)+50)- 569
_q}ﬁo a h | b » bk
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EX Flayl= X4y +10.  Find the

Ae,r(vd:we O‘F ‘5: N the ohrecfmn, <’ Q:>

d{' (X_B)\/—’[)- =>l,/\l:L1?<l D
V‘§:<§x)g\/> =~
V'S:(B" :<6 ’85

Dy f = <6 ><r \> 16 «IO
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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 -

._> L
= -|05] < pe.d < 108
?:ﬂ 6=0
= W, UF :>a)v¥fam€

Oppesite direction di(@c tmh
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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
fo,- £ (x,y) = oS (x-2y) at (,}1)
ahAﬂf ( /1 o>

V{ = (Sin (x2y) QSM (X~2y>
VE(19)]= [Confe Mv\() O

Vy s,o\:‘—K’l/b\s N
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Tangent plane to a surface

We will 'H)lhk O‘F S'Ome{'hfng (ke
2= X4y as [ (vz)= O,
F: X):I—yl—z or F: Z.—szyl |

Now consider a point (XQ,YO,ZJ andl Ay
curve on the surface, passing throug)

this peint T =Gy z
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Since (x(H), y(H) 2H) is on the
Swf-a;e) F&(f ) v Z/H)
>9;- ARyt R2 = 0
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G:'ven two Surface cupres
{hrough P= (Xv)yo;zo))i‘ay
TR o follows
\ VF-T/=0
7 VR =0
:> DF H ﬁénorw\l to

tangent
?‘qng
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Y )F is a normal for the
JEanﬁenJ(‘ Plane_

% P:(XO/VO,Z() s i the P/cme
=| VR °<><‘><o,‘/-\/0,2-2 Q?

— \

TANGENT Y ANE

22



math2110L9Full.notebook October 01, 2014

Normal line: The line through the point P that is
perpendicular to the tangent plane at P.

Cince VF (S the

direction V€C"|Tor {or the
horma| |ine )
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EK Eind the '(‘anﬁeni- Plane ‘For
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£ Findthe rore [ thosgh P i
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5('m{’ar’y, Vfé('y) IS Perpéno(;(u\lqr
o leve| curves §y)= K.

£=K, COhS{'qnf
&on f)(+{3y 0
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Practice!

‘l_e{ £ (%)= K+X>’+>’ k=cos(t y- sin(#).
Find ;r using the Chain R\;\le,

£ =Ny Ty= X2y
S( = S’m(H \/-605 ()
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=)

let £=F(92) and X y,z me al)

WCMnch(onS 07C [ 5/?{ u,v. F—I’\A

. )CXOX“_'—;Y\/WL &-gq

28



math2110L9Full.notebook October 01, 2014

Find the derivative of £(xi7)=2x+JY

£ (24) in the direction of &1i1
O =5 D§ U 3\
D G Vo Ty Qq‘y
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F(na( HIQ fqnjenf plqne and norma |
‘(me theough 2=sin kty) at (1)1)0)-
F =S 6<+y)_z- Q
Fx = (oS ()<+y) X"' F);
Fo=Cos(xty) (¥ >F -
et /Y~ y
FZ T f?_ \ TANGEN
) (W{) } (\/1{) = PLANE j
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