
10.6 (part 1) The directional Derivative

Motivation Why Can't w e take the derivative

I n other directions

l e other than the T X , o r t y
directions.

fx = deriv, i n t x - d i r .

fy= demo. i n toy-director.

How do w e find the device i n another direction?



Setup: A = huh, U z ) (htt 422=1.)

flap a function la,b) a point.

Delhi the directional derivative o f flag)

i n the direction it a t the point @b) i s

hastobeaumtueoth

DaHa,b) = Iimflathmibthhuzl-fla.br
h→o

U n i t values only!



Aside:D, flair)= km http,,[flathanbthaz)-Hail],
hero

"Fredret Derivative".



theorem: D q fluid = f× laid

Dj flats) - fylaibl.

I i = 4 x 2 y ? n

Daft lil) where i t - 1¥ , -Yr s ) .

①Check: verify that i t i s a u n i t vector.

② Hlth'm, I - h t ) ,
fuel)



f l u ) = - 2 .

f l u , - ) = - 4 1 I t that + 2 ( t h a t
= - K- b r a h - 2 .

fllthlra, I - Ha ) - f l lil) = - h i - 6 t h - 2 t 2

= - h ' - b r e h .

Iff #th'-6th) = lim - h - G E = -6-0
h-70



Dear,-hayflll) = - l e t .
A

scalarvat

Theoomi L e t flag) be a function such that

fxla.tl, fyla,b) ex is t @ a pant laid.

l e t i t be a uni t valor i s= L uh , u m .

Then: Daflais) = fxla,b)U, t fglaibluz.



Geometrically, t h i s looks like a dot
product&

÷i÷÷"÷÷"÷÷#
Goal I s find Dphil-1) where 0=42,37.

①first, find fxlh.tl, fyll,-l)
f×=3y-2×43 fall,-1) = - 3 + 2 = - 1



Fy = 3×-3×42. fyll,-11=0

② Convert f - 42,37 into unit vector i

I IT It = ¥ 3 2 = I F

✓= Ig,,= (2ha, 31ps)

③ Combine the Ingredients

Daft,-4 = f x U, t ly U z = 41%3/+01%5)



=-2/@
Summary of steps:

① find fx laid, fylais)

② Unit-vectorify your diratim ( i f needed)

③ DEE f×htfyVz. & Evaluate.
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Recall: Da f la,b) = ( f x laid, fyla,b)7 . I .

DeIn the gradient of flag) i s the
a function that takes i n points

Vectorvalfunction l a id and spitsout a

vector flable (flats),
fflxiyl-lfxlx.gl, fylky)>

.

f inds .
¢
colloquially: "del".

D =
"nahh"

→ word for a n
with this notation, ancient type of harp.

Daflais) =
Efta,blood



9
Properties of gradient:

① The gradient of flag)@ barb) points i n the

dir. of greatest local ascent.

K . Ff laid pants towards higher Z-values.

"steepest ascent".

② P fluid i s perpendicular t o the level set

of flag) contains the point l a i d . '



f - e-Y-ya

A¥
Contour plot.
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Ey f u k F F

p f = ( f x , fy)

fx-2x.tl#yy-n=*x=,
#¥÷"

"

'
"
'" ' '

fy= Hemi

fax,g) = (ftp.apnltt/txEy7).

O f t , = (Yrs, Yrs)



Note: the differential and the gradient contain

the sane information!

df= f×dx t fydy

I f = ( f x , fy).



Note i s that i t makes sense when

f- I s a function of 7 2 variables too!

Exe flag,z) = Xyz-yz2.

E f = (fx, fy, f z ) .

Ff = ( y z , Xz-2-2, xy -2yz ) .


