



































































Functions of Several Variables

and Level Curves






































































REVIEW

Etion of two variables F x y f x y
in Dc R in IR

y
Z

I domain

Dtee fixyl
range set of all values of f x y CIR

Ein all ixyts.t.flx.gl is well defined

Graph set of points x y Z in 1R Level curves curves with eq

with lay e D z f xy az fixyl k ie

at all points ix y
sit Fixy k

sitting above Doilanti
a.EE

ddiiiii

Enctions of 3 variables
f X Y Z

on this curve Flx 100






































































Problems

Find and sketch the domain

of the function f xg In 1 ay

Sketch the graph of the function fixy 1 y

Evaluate the limit or show Estimate the value
that it doesn't exist F 3,21

Erm z
In

b
ftp.mail ts 2

fighter z
3






































































Solutions






































































Find and sketch the domain sketch the graph of
of the function Fixy entity the function fixy 1 y
11 D x.y ly 1

yn

1 I
I

Era te the limit on

shouI

Énff
t

that it doesn't exist get
y

F 3,21
9

Eye 2

b
ftp.eaftyi s s

Eyne z 3 s

Sol F 13,21 37






































































PARTIAL DERIVATIVES






































































REVIEW

flag pefIE.ie iIIftab1
set
gixs flye.gg

instant

function F la b g a
of single variable

I e to find fxlx.gl view y as a constant differentiate w.it
Notation Ex Falky

Interpretations of palla derivatives
n C graph of g x fix b

intersection of S withplane y b

graphating
cc graph of hay flay

intersection of S with plane 01

Fx a b slope of tangent line Is to C at Pla b Fla bl

Fyla b slope of tangent line To to C at Pla b Fla bl






































































Problems

u x yz x t y Int z sint Find It

Z zlx.gl defined by y
23 0 1 1 Find






































































Solutions






































































u x yz x t y Int z sint Find It

I 14 87 1 ftp.dffto dE 1.1 zt ycost

1 sift lntcost

Z zlx.gl defined by y
23 0 1 1 Find

11

8 1 1 2 0 322025 0 E 3

1 7 sy 328g 0 Ey 7






































































Directional derivatives
and gradient






































































Flxy ñ a b Def xo.jo fig Ehi.yo flxo.ee
Eunt vector h

Tirectionalderivative of f at XoYoZn in the direction of ñ

911 go.sn Daflx.ly fxlx.y a fylxy b

y ng so ñ 41,07 Daf Fx 4 20,17 Def Fy

Gradient of ix y fxcx.gl Fy x y Daf ix y VF w̅
The gradient OF XoYo Zo is orthogonal to the levelsurface S

S Flay Z k
the tangentplane to level surface Fix.yZ k at PlxoYo Zolevel surface

Fx Xo Yo Zo x Xo Fy XoYoZollyyo Fz XoYo Zo Z Zo 0
XoYo Zo point on S

at normal line to S at P

Iii line through P and orthogonal to tangentplo
y Type

i.e it's dirention vestor is VF xo yo Zo

S Y yo
F x Jo zol fylxo.jo z Fix y Zo

DF Xo Yo Zo direction of maximal increase of F






































































True of False
The gradient vector of 1xoyol is perpendicular to the
level curve fix.gl flxo.gl at thepoint Xo Yo
In which direction does fixy for flxy Z change fastest

what is maximum rate of change

Problems
rivativ

Find egs of the tangentplane and Find the directional de tion

normal line to the surface z ecosy of f x y x éf in the direc

at the point 10,0 1 42 3 at the point 1 2,0

19112

Find the direction in which fix.y zl ze f increases most rapidly at pt
what is the max rate of increase






































































Solutions






































































True of False
The gradient vector of 1xoyol is perpendicular to the
level curve fix.gl flxo.gl at thepoint Xo Yo

TRUE what is a level curve

A level curve flx.gl a is the set of
all points lx.gl where flx.gl 01

A tangent vector to the level curve

Let PH Cx H y't be aparametriz
of the level curve flx.gl 0

C Then flxttl.ly tll a and

Fixth YHh a 0

fixitiigitil ofiltltffy.lt rfix.yloLx'ltyflof.pt t 0 of lth Recall that Hl is a tangent






































































In which direction does fixy for flxy Z change fastest

what is maximum rate of change

AI Maximum value of directional derivative is 18ft

it occurs when w̅ has same direction as F x y

Find egs of the tangentplane and Find the directional derivative
normal line to the surface z ecosy of f x y x éf in the direction

at the point 10,0 1 42 3 at the point 1 2,0
Lol F XY Z e'cosy Z 0 I u to
VF excosy e'sing 17

of zxéd x ét
OF 10,0 1 41,0 17

off 2,01 4 4 47
tangentplane X 2 1 0

Def F w̅ 7 4 3 13normal line y 0

Find the direction in which fix.y zl ze'd increases most rapidly at pt 10,112
what is the max rate of increase

I of 10,1 2 Lyze's xze t e 2 0,17 Pff etat 55






































































u x yz Find It where HI y th and ZHI are given by
1 x t y

et z sint

21 x t y lnt z et

31 x et y Int z sint

4 x et
y
zt z t

5 x ent y
at z t

6 x t.tt y et z lnt






































































u x yz
d It ydf ft mix tltky.lt

tlylz'lt1x t y
et z sintx'Hl t y'ltl etz'ltl cost

94 1 sint et et cost

21 x t g Int z et it 1 y
t f z lfl et

d 1 eat et

31 x et g Int z sint x'ttl et
y
t f z t cost

dff et sift lent cost

4 x et
y
zt z t x tl et y f z z t 3t

df et 2
3
12 137

5 x lnt y
zt z t x H f y t ut z t 1

E f 4th 2t

6 x ttt y et z ent with etat y th et z t I
ft letzte entrett


