
 

Thm suppne f is differentiable at E
let it be a unit vector in R then

Defeat Ff a I

eg let fix y sai f
Find the rate ofchange off at Cl E in the
direction of T 1 1 notnecessary unit

Remark THEIR notnecessary unit then

the directionof T is Ey a wit recta

Solve Let I To uh I 1 E E

sin Y Eg f tags t

Ey Ey sit Y Eg f fig if
Note f Ex are continuous near I E f es c near a

f is differentiable at I E

This Def 1 E Tf fl E I
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fett check

Pf Differentiable Datta Tfla T

Let LII be the linearization of fix at a

HEFLIES EX

Halt Ifla I A Elk

with IEA
HE gy

0 as Isa

Putting E Atti we have

flattie flat Ifla tut Elattu

flattie flat jflaj.tt Elattu
t t

Note that t IF all

Efattie Klatt'd
so
afIF all

Matta

Datia this flattie Fia Ifla it
t



Geometric Meanings of Gradient Tf

At a point I f increases decreases most rapidly

in the direction of Ff la Ff as at a rate

of 11Ffa ill

Idea If f is differentiable at E then

Dutch Jf a I for Haiti

Cauchy Schwarz

Datta I 115ftall Hill

IHall

is 118ftall ElDatta E 117ftalll
t

holds holds

I FIE y Tfios
115ftall 115ftall

Remark Defta canbedefinedforanynectar notnecessary11511 1
and could beO by the same definition

Def ta this flatter fia



Onecan show that

Dota t
Dental if Eto

if 5 0

and that

Dif d Ifta t if f isdifferentiableata
nottrueingeneral if t isnotdifferentiable

eg fix y Fyi at 10,01

Propertiesof Gradient

If f g r IR RR open are differentiable

C is a constant

then

41 J g If I Fg
e JICf CF
3 JCfg gift ffg
J f

985 589 provided g o

g 2

Pf Easily from properties of partial derivatives









Summary on differentiation of a real valuedfunction as IR

A Typesof differentiations derivatives
t

Directional Derivative

Defta lying
flat tut fail anti

t

Partial derivatives

fila Defta Ei 10 1 0
I ithcomponent

Gradient

gfa Ixia n'as

Total Differential

dfcat I II a dxi

Higher Derivatives

2kt tknf
2X ayaka

d

provided f is Ck k kit int kn
tall partial derivativesup to aderkexistacts



B Linear approximation

I fail Tf la F d

f x LIE ELI err a term

f is differentiable at a

EE E 0

In this case If of byidentifying dxi oxi

C Relations among various concepts

Cb Cht Ck C co no reverse implication

f is c on an opensetcontaininga
H

f is differentiable atE
H

Datia exists 44
the R Mit

f 5continuous
at a

BEa exists t it n



Counterexamples

egl f IR IR in MATH2050

fix Psat if x to
0 if 4 0

f is differentiable m IR but check

fix is not continuous at X O

Fa xto fix 2xsuit ask limitDIVE as x 0

Similarly glx x fix is k time differentiable but

ghai is not continuous at 4 0 Pt Omitted

Hence k tune differentiable Ck

Fa multi variable hit ha ya gix

92 fixy Edge if y to

0 if Ryo

Def10,0 exists t unit vectan Kat singer

but f is not continuous at 10,0 check

egs fixy lay is continuous on IR but

fx 0,0 Fy10,0 DIVE Check



eg4 fix y I
5 10,0 tyco01exist infact 0

but Ditto O PNE fait te It


