
*Se,Patitis, l,Melts
Many examples .

· Temperature in space at timet .

T : REXR- R

T = f(x
,y ,z ,
t)

· Gravitational potitial U :R- R

· Machine learning loss functions :
(106)

liR -R.

#Detions for z = f(y) (f :RR)

Exy) , Def ... theresa lot ,
·These are still functions : E : MER

.

If werat the desinative at apoint ,

orE
Ex: f(x ,g) = =( + y)

: X,= 0 , fly



Changebein Special case : Change-of-basis

z:
2

y
2,"Ex is a linear change-of-variables.

S invertible
,
and

& [v]
. en

: S[VJord

=> z(r ,0) = rat-sinE)
: 2r(pit-st

dient r
.

The the gradiet of f
,
- :RR

is the rector field

-f = (e ...)

Excitational potential energy U : R-R (of point mess Mon)

ulil=
Given

apotential , its gradient has the interpretation
of face .

Gravitational force : wit vector in direction

-U() = T=
S

k

·



&hairule :

single
vorble :

g
(fog) (x) = f'(g(x)g'(x)

Multivariable : Need to track domis d
cotomis

.

special common case :
V : R+ R"

,

f : R-R

↑ ↑

e.g .

motion e
.g . potential

of particle
2
~

no
((t) = (x

,

(t), . . . , xn(t)) flets .... itc) : z .

foU : R + R

(for) (t) : Jf(CIA)) ·Wit)
=I
=..



Expsa particle is moving in potential

z = x2y

-((t) : (sint
,

cost]

te [o ,
2)

How fast is E changing?

↳ = 0z00') = (2x y , x) · (cost,sirt)

= 12 sintest ,
sint) · (cost

,
-sint)

= 2 sintcest-sint .

- : 2xyokost) +xt

sit
: sintcost-sit

↳ferethan to instead describe "little changes" in a

function
,
rather then rates efchange :

if fiR" -> R ,

↓ f : Ex ,+...

X
·E



#isnotnceptual thing : if + is length ,

-

& nasuits Linet] ,

by has units [length]
2x

#
And similarly for other units .

Ejet +(x ,j) = xi+ y2
I

suppose we increase x texts . oby toyts . How
does f change

?

↓f : Cx +Ey = 2x *x +Zy
So &x = E

, Oy = [,

-f = 2x2 + 2yE

Compare"

8f = f(x+ s , y+ 3)
- f(x ,y) = (x +2(3 + (y+2) - (x +yz)

= x2+ 2x3 + 32 + y +2y3 + 3- x=y
= [x(+ 2y3 + 0(3)2



=pictDiffith find
:

+e
=> Fex

AIt :

6(x +e*) = St
1

(x + e
"6x

E (1 +e
*)+x = 6t

= Fet

Ex : Find target live to cure x-by+xy +21 = 0 at 11 , 2).
:

-= ()=-P
= 3x"- Py2 +y + x tx

at (x,y) = (1 ,
2)

,

0 = 3 - p(4) + 2 + 4

=E . The
,
yemeth ,

so yet ,
2= = (1) +b =

b = 2- 77



=> Tangent line is

y = Ex
+ 2 -7

In all cases
,· * f(x0,3) =( ,yd) ,Etoyo)

= 8
.

Saddle :

Min y
*


