
Announcements
.

1) Quiz Thursday on

14.3 - 14.5



Eiland
: Suppose

f( × , y ) = is try

X = ×( St ) = In ( stt )

y = ycs ,t ) = s4t8 .

We found :
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But also :
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Claim: If

gcs , t ) =f(×( st ) , y ( St ) ) ,
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Chain Rule ( Adolescentversion

Given z=f( × ,y ) and

X=×( St ) , y=y( St ) .

Then

¥÷±£¥÷t¥¥:€

Understood that you should

compose ¥ , ¥with XCSH ,
915¥



Implicit Differentiation
.

Suppose F is a function

of 3 variables , Consider

FCX ,y,z)=C

for Some constant C .

Then

another version of the

implicit function theorem

Says we can solve For Z

in terms of × and y provided

F is
'

sufficiently nice
" in

a small solid sphere about ( xD ,Z ) .



In this case ,

ZT Z ( xiy ) ,
and so

by the Chain rule ,

if g( × ,y1= FC xp , zlx ,y ) ) ,

o=:÷=¥€I¥i§tFao÷
= 0

=FEtfEot#o¥i÷I
.



Then similarly ,

¥Y¥#



. ngent Planes and

the Gradient

÷'

on 14.4

In one dimension ,
the derivative

is the slope of the tangent line .

what do the partial derivatives

represent ?



Definition : ( gradient )

Given a function Z=fLx/y )

from some domain D in 1123
,

the gradient of f at

a point ( a ,b ) in D is

denoted by Jf ( a ,b ) ,

and is equal to

ofcaii=ghaii,dj4bDDo



Examples'd : f ( × ,y)= 1
- ×2 . y3

find PFC 0,2 ) .

fE= - 2×
,Fj=i2y

,

:Florio , Eco ,n=
- a

,

are|a)-(o,↳]



one Gradient and Orthogonality
.

Given a function Z=fK,y )
,

.

Choosing a constant C
,

Set C = f( × ,y ) ( gives a

level curve of f ) .

we

Say that a vector is

Orthogonal to the level curve

at a point ( a ,b ) on the curve

If the vector is orthogonal

to the direction vector of

the tangent line to the curve at ( 9b )



Examines f( × ,yI= I - ×2 -5

Consider the level curve

0=1-5-5 ( co )

find the tangent vector

to the curve at the point

( Ya ,
BA ) ,

Show it is

orthogonal to Of ( Ya , Ba) .



By the chain rule
,

¥ = to9÷

t¥eye's ,

take direction vector

( y ,
- X ) .

The gradient is

Of = ( - 2×
,

- 2Y ) Evaluate

both at ( Ya , BA ) .



Tangent vector : ( Bs
,

to )

Gradient : ( - I
,

. 53 )
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In General
.

If z=fCx,y ) and C is

a Constant ,
then for the

Curve C =f(x,y )
,

d£=L¥' "

c ¥ '
'

a tangent vector is given by

C Ffioot's



Then

Of = ( off ,
¥5 ) ,

and

so at any point ( a , b ) on

the level curve ,

Of ( a ,b ) . ( offkii,
- off lab ) )

= ( otskihoots 's " )
. ( Ftscaihoothm )

= @



This Shows Of ( a ,b )

is orthogonal to

the level curve at ( a ,b ) .

To get the equation of

the tangent line .

.

Of(a,b).(×-a,yib)=0f



Exampled

: ( tangent planes )

xtaytzh = FC x ,y,Z )

@ ( 91,2 )

Choose ( = 6 .

Then

6=×t2ytZ2 is a

level Surface of

FC x ,y,Z ) .

In Small areas

of the graph ,
F looks

2 - dimensional .



Instead of a tangent line
,

which is one - dimensional ,

the level surface should have

tangent planes .

This will be the plane generated

by two tangent vectors , as

follows : intersect the graph

of 6=Xt2ytz2 with

the plane ×=O to get

a curve 6=2 ytz ?



Solving for y ,

y= 6ft ,
so

D=
,

=
- Z

,
at ( o , 1,2 )

this is equal to -2,50

a tangentvector would be

( -2
,

1 ) . Note that

by the chain rule ,

F

:÷=tFd= ÷=€!. Hoy )



So

thet.co/y2)=adIz ( 0,421

if we fix ×=O .

C heat for the other rector

using this observation :

When y=l
F

dd÷,=tFI=T±= .az

(
o%D

so at ( 91,21 ,daz×= -4



We then have two tangent

vector
2

,
l ) and

y Z

< ⇒z

Include these vectors into IR
'

by putting a zero in the

missing coordinate :

( - 2,1 >H< o , -2,1 >
y 7.) Hfu ,o ,

1 )
× z



We have a plane generated by

V=( 0 , -2,17 and

w=< -4,91 ) .
We want

the parallel plane

containing( 0 , 1,2 ) .

We could cross

v and w to get a
normal

vector or observe

f( × ,y,z1=×+2ytz2

Of =L 1,2 ,
2Z )

TFLO ,
1,21=(1/2,4) .



We see that

OF ( o , 1,2 ) . ( 0 ,
-2

, D

= ( l , 2,4 ) . < 0
,
-2,1 ) = 0

and

OF ( 0 , 1,21
. < - 4,0 , 1)

= ( l , 2,4 )
. ( -4,0 , D= 0

Equation for tangent plane :

OF ( 91,21 . ( × , y
. I
, z

- 27=0

= (1,2/4)-4,542--27=-1



The Tangent Plane
.

Given a function w= Flxsy , Z ) ,

Consider the level surface

C = F ( x , y ,z )

for Some constant C .

Then the tangent plane at a

point ( xo
,
yo

,
Zo ) on the surface is

TFCxayotd.fr/o,y-ygZ-ZD=



Example 5 : If÷
y ,z )

=sin(xy2z)tx

- y

and C= I
,
find the tangent

plane to1=Sin(×y2z)txy
at ( 1,1 , 't

Of =L

yazcoslxythtl

,

2xyz(os(×y2z ) -
1

,

XP ( os ( ×y2z ) )

TFC 1,15%1=21 , -1,0 )



Tangent plane :

(l,t,o)%i,si,tI#



For Functions
.

for Z=f(x , g) , Consider the

function 6 ( xi ,H=f( xis ) - Z .

z=f(x,y ) corresponds to GCYY , ZIIO ,

so the tangent plane to the

graph of f at ( Xo ,%,f ( xo , yo ) ) is

TG ( xo ,yo,f( x. ,yo)) . ( X - Xo , y
- yo ,
Zflxo ,yD)

-÷F¥oxFfaomiDk¥IIy⇒fn



Exampled: Let

FCX ,y ) = ×÷FE .

find the equation of the

tangent plane to the graph

of f at the point ( 3,4 ) .

÷
y2×

of .tt#jExmxf*xEDTIE,%( 5 ,
x
'

)



Of ( 3,41 = ¥3 , ( 64,27 )

= ¥ ( 64,27 )

Tangent plane :

,÷5(64,27514×-3
, y

.

4,2
- ftsm ))=O

F ( 3,4 ) = ¥ ,
so

,t5(6UP7il).h3,y-u,zt⇒==


