
10/8) Calc
-

Last time z = f(x,z)

(a,h) e IR"

radient
Of(a ,b) = [fx(a ,b) , fy(a,b))

u = vact verter

① Diflach) = Of Ca
.
b) - i

directional
darmolle ~

Uflach)
Duf (a .b) = 10f(a

,
h) was Q

⑬ Oflack) - direction of

maximal
increase

(t = 0 ,
Duf(ah) = (Vf(a

.
b)))



- Oflach) - direction of
maximal decrease

② Oflach is I to

level set f(x,) = c = cost

Ex f(x)= My =

Cal food VF (4,-1)
(b) Find DufCY , 1

u = <1 , 1)
= < ,

- 1)

1) What is direction of

maximal inzul decrease
(d) Sketch love (curve

f(y , y) = 7

Firt the target live to
cure at (4.-1).



(a) Of = (2x
,
- 184)

Of (4 , - 1) = 78 , 187

(hm=(
, 1)

Du
,
f (4

,
-1) = <8 , 18) ·I
z

un = [1 . - D

Danf14 ,
-1) = (8

,
18) ·L

C) Direction of max lar
Vy = (8 , 187 =

direction-

=



Direction of max decrease

- 449]
E

(d) X
= 9 y2= T huperbola

- F(4-1*(4,-1)
Targetlive :

((y- y) - (4 , -1) - (8 , 18) = 0
(x - 4

, y
+ 1) · 48 , 18) = 0

8(x - 4) + 18(y +)) = 0

Ux + 18y = 14



#!
In general If Ca,b) is un
-

level curve fixyl = c =cast

then the Jurgent line
to level curve through
Ga

,
b) iS

fx(a ,b)(x -a) + fy( ,x)( - b) = 0

Eat D , 0
,
) work



just as well in 3D.

w = f(x , y , z)

Of = <Ex
, fy ,

+z]

Duflaib ,cl = Oflabic in

: Itflaib,al cos

E2 we fly ,niz
(a) Uf (2 , 0 ,

-4)

(b) Duf(2 , 0 ,-3) 12
director < 1

,
2

,
3)

() Find direction of
max inculder

Cal Of(yin
, z) =Teyze



0 + (2
,
01 -4) = < 1, - 8 , 07

( v=4 ,2 ,3)

M4

Duf(2 ,a -3) =

I
c) direction max increase

i
direction of may decrease

[0
5

(2 ,
0 ,
-3) on level surface

ye
- 2 = O



xeYz= 2
x = = = 254)
14↑---I 1/Y
fi= z= -4 ,

M
L

x = 2e %

Ex3 Find normal rectors to

surface= 25-x2- -2
at 10 ,

0 , 25) (0 . 3 . 16)

10, -5 , 0) (2 , 2 , 17)

↑ (g(2 ,4 ,
17)



V9(0 ,0 ,25)

Va (0 .3 , 16)·I10 , -10 , 13

set : flyniz) = caust

* +y + z = 25 g = 25

-

g(x , 2 , z)

Og = <2x , 2y , 17

&

13 .6 If we can compute



normal vectors in Ex3,
then we an First

tangent places
Def : ItS is a level

surface f(x , n 1 2) = c = constant

and Uflab , c) + 0
.

Then

0 The tangent place to S

passes through laskia

and has normal vector

X flab ,e)
②The normal line has

direction Oflaib
,
o

En find tungent plane

at (2,2 , 17) and 10 , 3, 16)
and normal line



At (2 , 2 , 17) , Vg = <4 ,% , 1)

sofangent place is

(x+,n-2 , z- 17) - (4 ,
4
,
1 = 0

4(x-2) + 4(y - 2) + 1(z-1) = 0

4x + 4y + z = 337

Normalline

#33 (2)
= (2)
linenam

A + 10 . 3 , 16) , Vg(o,) = <0 , 6 , 1)

Fangentplace :



(x , y-3 , z -16) · 0 , 6 , 1 = 0

&

-

by + z = 34

-
normallive : (2) (3


