
Yesterday: Directional derivatives & tyGra-
dent.

-

d
DunHa,b)= fxla.HU, + Fda,b)U z

fflxaf-ffxfx.gl,

µ Where I > G u n n a un i t vector. fyhay))
ascalar,

a vector.

Gradient tells u s the direction of greatest ascent.
• = Critical point.

§÷¥ a = gradient vectors.

gradient vectors a r e
perpendicular t o contours.



Notice: Daffy,g) = I f • i t

so. . . recall the dot product (cosine version)

f . i f = Hi l l h i l l 0050

Applying this herg w e s e e :

Duff = t f . I = l l f f l l .t l a l l . cos 0

= 110711000.



Dunf-Ff-hI t y , = 110ft cost.

t h i s length

represents Daf.

If i t 1 - o f ten D, f = O .

This gives u s a way to Estimate the sign

of Def using o u r geometric intuition



A purple denote the s i ni¥÷¥÷:::::::



$10.7: "Optimization" → "Critical point theory".

I n calc 1 , a critical point of a
function i s a n

X-valie Xo s t f '1×01=0.

Crit pls c om e i n 2 Varieties I n I - D :

§ V .
local maxes

10%1
m i n s

¥ 2 + × ?



This Same Idea Wo r ks I n functions o f two variables!

Def: Let flag) be a fine of 2 bars .

We say that laid is a critialpant
of flx.gl if fflaid = 8

le fda,b) t o ANI fylaid-O.



E I Claim i s flyy) = FEET has a critical point@

10,0) .ir#igilocalmax.
@ •

No,Yo)

A -
A - ftp.piI.EE)
P f 10,01 = ( 0 , 0 7 = 8

so 10,0) i s a cut.pt. of flag).
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g . , - y u p .Yg , µ , ⇐ * y , @ µ ,
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On a contour diagram:

local M a x local m i n

¥o¥oii¥÷



Fmdigcrit.pt#Ex-
flx.y1=2xyt4x-2yt3.
Method ① find F f

② Set Ef = o

③ solve for your a n t pts.

i t f - (2g-14, 2×-2) = ( O, O )



{24+4=0 ⇒ y = - 2

2 × - 2 = 0 . ⇒ 11=1.

Only a n t . pt i s @ 1 ¥

÷i÷*¥÷÷:÷:÷÷#
f f= (9×2-9, 2g-147 = (0 ,07

{9×2-9=0
29-14=0.

⇒
X = ± ,

y = - 2 .



two potential Crit points: (l ,-2) V

l - l , -2) V

Effi-2) = (91112-9, 21-21-147 = (0 ,07

PftH¥¥-q2t4t47=sa#
Ally many critial pants

"krx.ly ②



E x ffx.gg = 1/3+43- 3xy.

f f = (3×2-3g, 3y2-3×7. = (0,07.

⇒ { ' a sy2=X.


