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Tangent planes, linear approximations L0l el

Recall: partial derivahives =
Compute Fyyy of Flxy)=3x'y + YT

gy = ((£Dy)y = stort deriving for x, then vy +wice
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TANGENT PLANES (4.4) S\OPL‘?'(‘D -fangent \ine
, Recall in 20 | tongent  eg'n ot point a
_ (Cate T)
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The partial derivatives are +he slopes along (quallen Yo the
X-axis _and y-axis.

JTangent line equodion:
£ has continucus First portal derivarives. An eqohon for
the fangent plane 4o z:=F(x,y) ot point (X, V., 20) (zo= 0O,y

R—»giveh
-2, = £x (Xbl\lo) (X "Xn) ki 'R,(X._,,\/o\ (V‘\{J
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fangent ploane at (1, 1\)
LD =200 — computing z,
= 3  Satpoint (1,1,3)
Compote £, and fy
Fos xe B/00y): £,0,0= 4=
Fy=2y f,0,0 =2

Ex FOxy) = 2x2+y2,

2-2 = 1 (x-D+2(y-V)
z2=4x-Y4Y+2y-2+3




LINEAR APPROX\MATIONS
As in 2D, we can use the ‘angent line equation to ger a linear

operoximation.

Recall : Taylor series

oo {: ('\)( ) -
T&,u()(\ - hZB _ﬁ‘_n ‘Q (X-Q)

Lineor approx:

Lea(x)= £+ £'(a)(x -a) (first 2 terms of
Taylor series!)

In 3D, Yake the tangent plane equation and ‘ransform
"+ into a function -

2E62) 7 Fx 06, Yo Y (X =%+ £,(x%0,v0) (y-ve)
Lt o 0= 4 Gy YD) 5y y D (NN ¥ 20 = 2
“— as in 2D, this is only accurate near the original poind

DIFFERENTIAB\L\TY

So far, we discussed when partial derivatives exist (2D limits)

Det  z=F(y,y) s differentiable at+ (o, if az con be eXpressed
in the form
2z =¥, (a,b)ax + £ (@, ay + € ax + £, ay

£,€;, 20 as (ax,ay) - (0,0)

We use the tangent plone and the linear approx. via it
Yo define differentiability.

Theorem If the partal derivatives fx, %y <exist near (a,b)

and ore confinuovs at (a,b), then § is
differentioble ot (a,b).




TOTAL DIFFERENTIALS
A Yotal differential of o Function £(x,y) is defined as:

d, = £, (\(,\D dy + £, (o, dy

abstract symbolst

Ex FO,Y) = %24 3y -y 2

£, LY) = 2%+ 3y =2 Az =(2x+3y)dx + (3x-2y) dy

Fy OuyY = 3x-2y ¥ related Yo tangent plane

equation: dz = 2-2,, ..
6 ouse Yo get the +angent plone at (a,%).
Ex atr ()
_ So a¥x=x-\, ay=Y-| .,
CHAW RLULE (4.9
" recall: ex ()= egxz‘ F'UUx) = e,axl- b X%

£V =glhGM, g =’ h(x)= 3x?
composition

o F functions

. chain rule in 2D £'GO - g' th (=) W (%)
‘ In 3D /\/\/v '
Chain rule CASE 1. z= F (x(®), y))
X (D), y(£) both differentiable (in sense of calc 1)
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where X = sin(2t)

] oy g

, Y = cosv) -
(so hidden: £Gy)= %2y ¥3xy ™)
naively : subshiute x(), y(¥) in 2
' = sin2(20) cos ) + 3sinC24) cos' (L)

den‘\ring this for £ is long, so use chain rule instead &




dp 8  dv . 3£ oy
formula: 4¢ °  9x T dt 3y at
FOx)= x2y e 3xy 4 X (£) = §inC2t)

yi) = cos ()

formula needs: 2F ’_@5_ dx  dy
ax 9y > dt &t
chain rule

gi e Q'F = 2 ) '
E™ XY+ 3Y X | (gin(24) = cos(z4) -2 € Frocoield
" at
fy= 2% = x*+\2xy? '
™ A X JeXy dY - (cos(d) = -sin(®)
1 d+ —

put _in formula:
; '] .
f:— = (2xy + 3y Q2cos2) + (x2r12xy D(-sin)) | not Final onswer'
- | need {o substitute
dan Now subshitute for X & v (= sin(2h), y=cos(eD
/ 2 = 25' \
‘g EE in(20) os@) + 3cos " @M (2cos(2)) 510420 +12sin(20) cos @) (*sin(ﬂ

dz
at NEEDS 4v be on expression only in t .



