14.1 & 14.3 Intro to Surfaces and Partial
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Derivatives ™

Def’n: A function, f, of two variables is
assigns a number for each input (x,y)
z = f(x,y).
(x,y) = location on the xy-plane. _ P
z = f(x,y) = height above that pt. © F()()S)
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Our main visualization tool is level curves
(traces for z = k, a constant)
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Graph several level curves for Aside: Tips for identifying graphs in HW:
z=f(x,y)=9- x2 — y2 1. Plot a few points...
and make a contour map. e Like f(0,0), f(0,1), f(1,0)
2. Draw a few level curves...
F(0,0) =49 (09 o Likez=0,z=1,z=2
3.Special features?
e Places it is undefined
Z= 0~ 0=9K=-Y= X7—+U7’ =9 e Behavior as x and y get bigger
2= 2 = 3=q—X2‘:j2 )Cz"j?": (= e |sitawave if x (ory) is fixed?

2= 0@ = ©=9-¥3-g2 x*y*=3
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Match the function to the picture / PO
(@) fix, y>=m
(b)  fx, y)=#x2y2

() fix, y) =In(x? + y?) é—uwdve:‘c- & Co)0)

(d) fx, ) —cos(\/x2+y) n_ o
creaes

(e) f(x,y)=Ixyl

e—woilJe
(f) f(x, y) = cos(xy)




Contour Maps

If we are looking at z = c traces, we call
them level curves. A collection of level
curves at equally spaced z values is called
a contour map.

What coes it meany (F...
— LONTOLYS oye C\oSer
TOGRANET™ ereeper
— Contours Cross™’
p\r*'mﬁtes oL

ot sleges <9,
@ Yo

‘_]KH

w

*‘

ﬁ_

~ -
A0 !




14.3 Partial Derivatives

Goal: Get slope in two different directions 07 = Pa'(’\-\ck\

on a surface. a cler(\/od-i\/e/

We define: t ! not all \/()Y‘\CWQ[GS

0z . fOethy)—flxy '

i fx(x,y) = }111_1}(1) ; IO\ Ed

0z _ o Sy +h) — f(5y) X2 _ :

@—fy(x,ﬁ—hl_ff(l) h 1\ °© "l/rl"' T O
F(x2) = X%2 - 92 —X(z)z ¥ @33

Quick Example (=2 (j) = (2)23 - qu - ZUZ - (\j 3

flx,y) =x*y =9y —xy* +y°

K = Xy ——O-—ldz-t-o = [ZXB‘HZJQ slope i ¥ olirection
fy = (Xz - T 2xyt 33\2) = Slope iy divection
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Example:
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fOoy) =x%y +x% +In(y) ~ Example:

g(x,y) = cos(x3 + y%)
Hrms = 3

-F:X3+ .j._‘_



Notes on Variables and Derivatives

In calculus a variable can be treated as:
1. A constant
2. Anindependent variable (input)
3. Adependent variable (output),

Old Examples and Review:

a) One variable function of x:
Find Z—z for y —x% = 0.

d=
Exizx

b) Related rates: At time t assume a
particle is moving along the path y = x?2.

Find 27, Y(€) = = (x(O)?

Gt = > 4%

c) Implicit: x? + xy? = 1 ~— 0{

Find Z—z. >d; (%2 + X ('jCX-)) z: [)
2X+ X299 +y> =0




**NEW** Examples
d) Multivariable: z= x? + y3 - 5xy*

0z 0z
Find — and —.
d o 2 d 3y

0 — 0.,
K Zx— %y

%3*: 3\72 - 20)(\73

2
e) Multi. Implicit: x% + xy?-2z? =1
Find % and 22
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More on Graphical Interpretation: 2. Assume you are standing on the
Pretend you are skiing on the surface point on the surface

z=f(x,y) =15 —x?% — y2. corresponding to (x,y) = (4,7).

Compute:

) f@47) =
i) fx(4»7) —
iii) fy(4,7) =

What do these three numbers
represent?

Exercises:
1. Find f,(x,y) andf, (x,y)



7 intersecting the

surface z = 15 — x% — y=2.

The plane x

4 intersecting the

surface z = 15 — x% — y*2.

The plane y
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Second Partial Derivatives

Concavity in x-direction:
622 0 (62)

Concavity in y-direction:

0%z 0 (62) ()

ayz o ay ay _ fyy XY
Mixed Partials:

0%z 0 (6 ) ()

dydx 0y \o fey (2,

0’z 0 (02)_ ()
dxdy 0x \dy =y




Example: Find all second partials for
z=f(x,y) =x*+3x%y3 +y°



