



































































































































Partialderivativy
EFF QG B A

outInputs

QB E sitter

with A C heldconstant

change in QE QB change in B
due to change
mBon

change in Q E Qa changem A

QB change in B
takhangi

linearfunction of changes in A B C






































































































































Linear Approximation

Examples fly function

5 1 1 2 1 1 3

Fy 1 D I

charge int EI small change'm a

Hy small changemy

5 1 It 2 5 151

ITT
ty 5 1 1.2 61 D

f 1.1 1.2 E 2 G O D
11 0.2

2 0.3 0.2 1.5
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Estightan

y o f x y tf Goy x

www.attsg dE n

two Goy t.ly
are also constants

RHS is a linear function of x y






































































































Back to example

5KM E SCI 1 ICI DED
tyLi Dly L D

2 3 x 1 Ily H
fkn I J x ty 4
it x y is close to L1 1

GIFT y z Graph of ruts
z3xtyty
plane

Twographs
touch at Cl 1

Plane is tangent
tograph off

at C's 1



Given fly and a point toy
in thedomain
of f tasty

Tangentplane tographoff
at Goy is

Ze fay fx x y x Xo

tfylxoy.ly Y
ax by to

a Klay b fylay
et f x yo Noy Xo

fylxoy.ly
Equation of tangentplane

atCay
is an approximationof near toy

Called linear approximation



Differentiating
Calculus 2 a

functionof
fat

dx D it x

F 2x dx
afferential
of u x

Differential of f x y z

dt fade t fydy fade

fGyz x

d f d x y z

Tedx t Xz Gydy
Xy 322 dz

y z dx t 2xyz3dyt3xyzdz



This is also a formula for
linear approximation

Estimate f 2.41.9 2 1

1,2 2

1 27123 32

It 4 8 chargemix

change 2 1 2 8 haze my
mt 3 1 4 4 charge me

3210.1 32 0.1 4860.1
3.2 3.224.8

f 1 bl 9,2 1
a 5 1,2 2

change n't
32 4.8 36.8



d ft g
at t dy

d fg e g
d f t fdg

d fg At
g

i

XHyFzE3
Find tx ty
compute differential of t

andofequation

de s at fadx tty dy
2 x dx 2y dy

t 2 z de

3y
z dx 3x z dy
3 xy

de



y
E5 ggI 2y 3xe dy

3xy2zJdzdz

3Iya
dx t YÉ dy

at
ty

Works only if you
know not only

the values of xy
butalso the
value of z

Example bbl satisfies equation

bD 332 1

ty 4 D 323 1



If x y z satisfies 3 4 27 0
and equation defining f

then tasty are
undefined

for those values
of x andy

Estimate 5 o 9,1 2

da dx dy
10.9 1.2 f bl I 0.9 1

1.2 1

f 0.9 1 2 a 1 0 1 0.2

0.9



I

P pressure
V volume

ftp

vk t
thPvgPt

Tr Tp Vt Vp

PUT

suppkedI.EE
PdV hdT VdP



dk Edt Y d P

VE E É E
suppose TLV P

d Te E dpt tax

Tp Y Trek

cons.gs
4

g6 3hl
P x y h Hy gley

P hultkybglmfxkidthultlad.gl

Write h un u ship ugly glad
I



start with thy
Q x f x I x

Q x

It

Q p ftp.t p
d Q Q p dp
Q G f x y

G YIÉÉE
EGE dx ttydy



day Ia

D

Q'G dp fx x y dx ttyGiddy
f pl p dp

ty p l p dp

Icp l p Fy Bl p dp

Q p ftp.t p ty pl p

f xy 2xy 3x Y

tx by
Outer

fW p
Ignitions

Wpxxytyg

tf



I

dt fxdxtfydy
apetdpi.pe'd

dp 2ydxt2xdy L
3dx

Ly 3 dxt2xdy
dq 2xdx 2ydy

Plug
formulas for p q dpdf

into dt

dt 2 2xyt3x etYRyt3dxt2xdy

4yt3xJeFY 2xdx 2ydy
formula missy Jdx
formula'mxy J dy



y dy
e Salam dx tty a dy
More examples in slides

Tryto do
computationsyourself

and thencompare to slides

Outing

Inside functions
p play
q gum ÉÉÉ

y
Composition

QGy f pGDqGD

Find Qx Qy


















