
1.5 Directional Derivative and Gradientor 14,5,1

Jeff If f:D2 =1with (xo, 40) SD2
=1R2 and D2 isopen, then

-

·the orientector (for short, gradient) of fis

*fi = jet,s I If

↑ ↑

common notation to remind us
book notation

gradient is a vector

-

⑧ *-(x,y):sf.(ixo,go ·-,Koto), ,yy

AmkSo 7:D2 -x2.

Ex1 If f(x,y,z) =x2 +y + 24, then t= ( ey,*z)=(2x,3y2,423)
Amk1 Because I differeniates coordinate- wise, we have:

g
Ex2 * (x2ysinx) = ((x4y)(sinx)) &ProductRule #4

=(xy)( sinxy +(sincy(E xy)
=

xy <c0sx,0) + sinx <2xy, x2)

=<xycox+2xysinx, xsinx) ·



irectional Derivative (2 ways)#73 Dreme
↳ MMLbook usually leave outthe word

'directional1.5.2

⑧ Let f:D*- R andD2 is
open.with (40, yol ED?=R," 2.

G Take ANY(nonzero) VECTOR v
>

The directional derivative of 7at/o,yo) in the direction of r =(W., V2),
denoted Di f(Y,Y0), is the scalar: recall (512,24719) theEll

⑭1: using dotproduct direction of or is will so

when calculating remember to

D f (x0,y0) == Ef x,yo T
- normalize and so usel

#2: using limits

D= +(X,wr =
lim,20th FE)-f(x, yu

- 2 -0 h
11Ell

Picture In xy-plane, startatjoyadingersincesitetested-

Start

I
-

7
10.Fr==trt)

=()Ell 11Ell

· The limitin 12 says the
=>F'A=(it

directional deroff at(0,yr) in the direction of E is the

rate of change at z=f(x,y) at No, yo) as we move inthe xy-plane
from (40,40)

in the direction of t [ so along r

·

solookingatrate of change oftaleswhereataration ofthet

--(y).)=t.Fri
-

so (0,y0) =lexo, go). TEI* Wayd for Pay f(No, yo)
⑪Way1=Way2,by the chain Rule!



#3 Find the directional derivative of f(x,y)
=9 - x2- y2 14.5.3

at the point (1,1) in the direction of t =<-1,
-b).

soln

DE +(11)
= f 1c,FE =J-2x,-28/c

=- 2(1,1).* (x) =(Hb)=
#4 Desmos 14.5.1 lgoes withexb),

Question 1: In Ex3, why is the Da f(,)) <0?
It

RK Startwitha function z =f(x,y) and a pointP= (Xo, Y0) ve f (xo,0) 8.
Think of letting a UNIT vector is vary. Then

>

-

Dat(x,y0) =4f/poU =11fx,yr)))cos(KbtwfIp and at.
areaan

so
is the largest when I bow f(No, you and i - 0

--
8

Df(X, fo) is ⑧ when I bow f(No, you and i - #
--
8

Thus
S is the smallestwhen Ibow f(No, you and is ---

of increases mustrapidly in thedirection of fly,we rate of change=11t1).>

· f does not vary if fly.h.
· f decreases mustrapidly in the direction of fly,we rate of change -11,1).
#
In Ex4, at P=11,1) the function z =f(x,y) increases most rapidly

as in thedirection t = -

Ineed unit vector!
-- o

:Soln(a) *f(p =( - 2x, - 2y)(x,1) =3 - 2,
-2).

=+1p1) =11-2(,x11 =21/(),111 =
2.)

i =(x2) =

-,) =()
2

and (b) increases atrateof-*
-

soln() rateofchange is Daf (1,1) = YHc,1) ·u
=(-2,2).7

-E,)
I needt vector

Desmos 14.5,2. Goes with Ex5.



14.5.4

Anm4If z=f(x,y) has a continuous nonzero
lf at Po =(Xo,40), then

p 845
X flp is normal to (the level curve thin Pol.

2M+167) i.e. 1 to the tangentline to level curve thru Pol

hm'sen
P=(Xo,y0)

Have * flp↓
1
·P =(x,y) =>tx tala.) (x-x0,y-y0) =0

*
/

↳equtthis fx(p(x
-x0) +(y),(8 -

80=0

Ex7 In Ex6 ... Desmos 14.5.2...
-

Find an equation of the tangentline to the levelset of f(x,y) =9 -x2 - y2atP =(1,1)
May use, from Ex5, that *f(x) =4-2, -27.

-0 =Yf(x,) · (X-1,y - 1) =(-

2, -2).(x-1,y -1) =-2(x+) +2/y+1).

=>-f(x-1) +-2/y -1) =0 (x-1+(y - 1) =0 =x+y
=2

K. Thin 4 follows from the chain rules

a constant c = f(x)),y(t)) * Next Yat both sides to set
O ->

+, of theenSo f isnormal to tang. rector

can now do 4,5 HW

Thm5 If W =f(x,y,z) isa diff. scalar-valuedfunction

↑849 and FCA) =[XA),y(), z11) isa smooth path,

then W =f(x), y(t),z(t)) is diffentiable (w.r.t.A)
and

f(t) =f(F(A)) .v (A).

Why? -z).)
Rule

his finishes 14.5. Anyquestions?


