y | HATS gmus—e-h_a.{— k=l & ne

/8

| Tk b Mibs ank duietives 20022

50 for we "mu. N..v.e.\-..ae.\ J{-’wg-rmg ond. Wu‘ ndan-lfwk f@ein
o § 4 of %‘r MedCrinl h._;c-,fe. in ﬁ[ﬂdﬂ"i/[’"‘ -Cq(tu\‘d’ chl“-‘j
w2 Wil w\‘t'ra&va,, Calewtlus fan eavvrest:

The forst ‘MPW Feont nokon 1a Calewlat 25 a limit

(- nsm&e’M ;‘-M.r\(‘_ﬂ'eon
7‘(?:) e

, X"—l
¥ weyrq,vh (F near yal
it loois smih» l"m. ”"'S ﬁ :
Nefw +e 0" af el

|
ot TH Hre Adomain cJ—;F 1
ud oL\naLm loy 2ere =" x—-l)
S"lnu.\clq

—_—

- (be cav se w’t wo

HMW w4 loblﬂs IFV‘_Q_ -Lmﬂ.. IS a Uo.tu-f- :FC‘?I.‘J

-

fake at-X= e velue Yoo il =k ‘

At x Valnes neawr 1, —_F(xi 9_0.1‘: C.(o\‘a to ‘/-r.J
Cand ¢ g&ﬁ C(oc,e_rlm \/-,_ -H-.c_m.a,r-er fr =l Wwe J-,q_,{—

2

We 2yporess s by i xT! . .'L
X = | x> _..| ?-.

Oov in PUO-MIS “Hae ltmd- of F(x) as X 70&; fo 1 is 1 l/z‘:
Des's (wmwt e Sinition ofa Nmit)
The vy o'c :F(')c) af x = q ieol=y wer ke n

9 —f(‘x)-—

4+ we Can :fofce PCxc) fo be &S e, fo L as we wané
b-.! rec{u‘f'h? e ,ypu-('—}p be 9&%0&4{7 o(om,hd-mf-equ:d ‘s q



== = ———

“

Notie hew Fhe defiiGon of dhe 1wih does et vequane
)C(x) fo be olefmed af PC:q) 0 o fﬁt) fo Peouel
the (Mait A{_r;r: £ x) iF T+ 0 ole fimed. But .-

i e oy He Ccase we Sﬂ.\j flxf 3 Contmmo<S af <
Def'n Flx) is (ontinmous afa peint X =q cn (fs denany

¥ Ffca) = '.;"‘;q F (=) .

Mok of Hre Swnchions we'ue \ooked a4 S'A-C-xk:
ke x", ¥x, SM(x), CosOx) ¢*, In(x), etc,
o conifinuous at all pon’lrul—r m +ho v oﬂ_om&w\

VRAB ’b“;‘jﬁf WS means we crn Ndraw +he graph
w WV\»‘\- li-{-'}-'\f\.j O v PMC"‘\ “ SLorerf

F-'ar an Arm,clc of a fanc:ﬁ‘ Hwnt T not a#n‘hb\l-\.uu.i
("e dvrron-hhuou.s[ af < ,aafh,f N .r'r‘r danq,?w
TR 2L % k% 1, -1

s 1o Le'\- 4(x)‘=é :cl'--t. i % -

&

The gruph of f(x)

. . e i &“‘m“,hnl;u}y et X =/
Neer k= | f r

i :
¥ ‘ II

and she :;*)t‘_;(ﬂ S I DB vk d"l't“on‘hhqauj‘ at X3

tif x>0

Eff L-B‘*‘,f(x) g'o"m x=o
VR x<eO

TThen ""” F0x)  does not xiyt

av

bef YC %rw-.ues ot x (i 1‘\1‘(;,,,,,“.“, 1 0, £(x) a4
WWe for vatmes of X LAl lefs tha, o Pix)= o
DOQ} Flt{‘,*je.f{’ C(ﬂs_e.  a S;._Y\UL—L. (Vg VVE o X = a (




--vuun!a!UNUU”ﬂﬁbbbbbﬁﬁédddda'ddrd—'-{{ﬁp
-

ot 4‘?.5 {q&‘,{ me‘b 'g )‘Q{&-kd “h’ Ohc-f'rv‘(ao( Hmﬁ“f'

:—.‘=-._

Pef'n we wede 1im  Six) 2 L and sy e [ef1- banel Jimip |

feFl-“) |
"!htq‘ A..f X Aﬂ'ﬂh-ckf a fN'\ 'H‘!. |
& A= r'I L ("’“ 4

[phktrlat mncty Loty o0 8 seimen e gam i E) |
x to e Swfﬁc.m-kt-_, c.lps'e-iu "and (e$S then a. ‘

i S
Ibde wrike l\ﬂ%4 2L ord my e yhi-hand | Wl

7‘0% Rm(ogous#\.h\? b'-t‘('wrd"'\ yq_[.u..e,g grwe,a-dﬂ-r‘}'kuh .
E? Wi :Hx] al («Jfﬁvn’wﬁ uc'tmmu_ e Lewe

g
=-‘—-"" “ﬁ--ﬁ(x) =—  and ;_:";‘ £(x) = !

xX=>0 ‘
NO*‘ i Fra=L & paves il x'—?& xR )

pr,lcu]-eJi +o o2 -5, .«.Q.Q.O Ao -l—s cure u'\u‘?-s— b '\rncmﬂ-j |

nudf:-c Fex)
Ik:&ﬂ WQ. wh\-e- I,Fm QCC'}() ' F wee can
Mf?ﬂf t-? C[D;Le.—f—o L b? nequh")y_ ‘k 'jzs- b( Q} “"‘”“"J"\ ;

We wrde, {724, FIRL S O e b for 7 Sl nogh.

ET ) k p"r Fix) = l/';t: we hawe |
oy - = ™ £\ |
(\’[ (k-ét-n _}Cx) o x50 -

! F;-V:F(x)---e* we heve
?;-7_ - Ttom | pex) = O (uf et ag x> o)
’ x'—v =

) , g ! ‘ﬂ W
et o
T wene UG Tt at Tafinihy oF f(n) = 2

W cN.dc £€1) = Serany’
2 Llan ;F(z.j ;(141/2_)1 - 2 2§
.f(fﬁoj 3 2 ?—0‘1“3
d"b' t(‘yef? tiorer o 2= 2. 300 0SS B % o .

A\




pr—— —

AN % &
Dervatve as g g §2.(,2.7

|£ miest “ormal" farchions wa work wHi are Gatmous
at all Po.'“nﬂ in Ay o_l’om.\.mf You m:‘yhf wWbhcley wby
w/e M,m s e all } e‘smd‘aitv 'ﬁr‘ fbinh‘ll,_ﬂ-'.fn e__\_b'Mda.‘:v\_

Reason is we want B Jefre M,Aar&rcd-s've as a. lem
And +his natwea\ly mystves a limid thats s Kole
(Ss ot conpuible jus+ by “ptujj}\r'y i Valaes® | 5

Recall our oliscussion fram (£ ?(""j."f_ clags;

= WQ“/\AUQ_. a ﬁoMl-‘— 'O on.

L 3= = e
/_\ : r’é:(x'm}) 0\ .Cttw) we. ﬂﬁ\ﬂ\ of funclion :FC)z'
T . ’U_ A-'.;sm Pi(ﬂ, fra)) i¢ Fixed.

‘i 'P:(q,:!-tn)) ©For anedhur P oint O -on e
L wiee @2 () F,
wWiat s He Slope  of the gcant Ime fong D07

slope = e o F XV )
N T — Py

Recall #hat the fungent e of He cumt =t P
s Fhe 10F of tae Secant (e ac w& Sed @ do P

SO whaf x He ;_‘_{_o@_g,f# #“’-@’?fﬁ'{ (e at P22

W{— XS a —*'x-q_.. P

This (¢ He derVabe of £x) af 2 —a |

J

19999 3%

e
e~
e
e
e
g——"‘
E
&
e
&
&
Géj
G*J
o

e

A



9
Defin The dervative of £0x) af a print % =«
M itsodematn TS [ians | F ) = F() S
XA o
E3: . Let's (om paAe He dervet\, of £ (x) P
at print = We veed  te €O ygate i

2

AR = F ) i e x =
. x=2>( _—:,;“:—(—- —— xSy
ﬁ Ota f"h" V‘-’e Wwese M al?@lﬂfﬁwC -f-rTCC:
Y N T
n I L o e S SIING ~all S N R e L
SR e e § —%= -

* U\)& w:t\ }n_;{xf'v abl -\'ku,e_ .g;.e,os (nfeer whtnn WA
l 'fﬁféf a-,bouuL ru.(.e.s {'o, C’ampu—f'\'u; t'\ﬂa-?-g. =
(b“-’f' . Shoscld Mt{—C‘*\ m x=' Ve -Frdm ):x.e.-_er-t)

X~ x‘-\
And loo s peetsanibly R i ,(4-‘ —3
Cthnbthe clae of T ﬁmye.mﬁ " tengent
-;" Q'L)CI-r e 2 B .1' ll/'

__ ]'r,"n[

9. 1 :n.s‘#qu we camrmi-t e dU-'V‘-\‘n\m o{‘—_—[—(’x) s |
aft peint X =0, WK jf‘—*‘ |

2
i FOO =) | o X2-O _ lm X _ftm = ()
PR e e —;_—6 X0 _x X0 -

f‘n“mwuldyé»MH-T{'WTFFF 4

and agam it (ool
Q ' flé-e_ﬂts(o,a of
 Fansent at k=0

isi seve (horizentw))




¢

19¢¢ 9966666600000 ERAETTETTITTILLAL0LE

8«.{- wh,-7 a(o ne care b otk ;d_.e'f‘nfq;‘-ywS 7. / !
77\(_;7 ~ell us Miastantengous rafe of CW“ :

E'y: Suppese & car's posAion T Mulers (%ﬂﬁ%m)
after x seconds s gven by Junctrea ().
{-(ow can ?,ue Fnd the _fpeedd  of ke Car at-Yime K= a?l
(£ ) .—a_><,' so that Ha car I movin,
af a consStant vate of | m/<

fx) =X Hren C.Wh? o~ dﬂ7--‘l—m (~r
Speed is taty valae of | M/

pesiton

Bub Witk if Tagtead FX) = x= o
C (whida reprejents an accelerating (l'-a.r*)‘
At~ To el Wespeed at 10me o =1y
”}"zME - We Cayul_lgl WRASure (hS Z6 settion <t
'."“"" dime x=l and x=ly for b a IVt ver Han |,
( L W ten omprede ‘

——

To b;_gqpofl aé&uMe, we want L 4o be Vo, close o ‘j
52 the best defoudion of goeed at- time (it
ff"'-'\ +Cb5"':l:(“ i, M'ALV\WQL'VG of f—()ﬂ

fex P o B e —  Asmt)
(Ve Saw heore Wt He dervstne of L0z s iat s )
s 2, Co e a(wh)rwfm? car & MMy frgler Hawn g
He nsdoant cpeed car af tue x=(. Howeves qi Finw x=0
e deevatine is © | bocouse o ic jugy ;#};&7 4B hove ]

i e




IO TSI I

0 A3
Rules Hv lmets §2.3

The fellow i \"5[ rale s for [imike allow w12 CogM}o«-R
Mansg [dm 2 LS pmahu_

7}‘“‘ (L"’“*+ L*“’S) Sv\qomﬁs, Lton £65 it l“"‘jcm et T
x>a

-ﬂv’\Lh |- \M [f(’l’) +‘jf’<)]" \-M-. :F'(’X-‘) v l"'\-« 9C><‘}
..:".'21 ‘W [{'C’C) - 8_(_'x)’l.- l“vv'\ -F.(-x_'} — ::;‘:\. jC\c\

- ;;r;.\\ K3 ;m)]— C o Ll £ (2 ;&rmj cons fant a&ﬂz

“. ;:-Qq [‘F(}d j(’x)] = \'m 5‘.@0 (um 9("2::') _

xS a
'f. g £(x) l‘w\ f-(‘)c
| (o Tim
S scia 3&)] “M 3““ as lowg ag A g ;s o.

“L‘wd— af Swmi, S Swh\ of J}m +s | ‘9“*' ceters .. _
..-r‘ory.cd-‘hzr- wd-h '
’Tl-\m (Bn!-e. CasSe L..\m:'i-_r 5

lim C.'"Cﬁw‘alf\»'? Cor\-f"“’d/\/" Cem

X—>a
‘f‘hese_ /qws kr/u +h-t+ I\ W |
ﬂ’”" (£ Prm) i3 = r’°‘7"=f°“““‘*‘ i ""“ PoxY = Pra)

I)C o) s a (‘q,-f-FM-._l:_.)Qu\d.,‘- (rofre. o€ pPplgiemialsg )

R()
' PR L T P0%)
(’ m:l a u 1 :‘fS d‘m’lﬂ:?"t ‘?‘lf\u/] K—?O\ QC‘I) = Qs

Can mx(%fc: ks of polgrouials/@tmal s by puggg in .




l

i
e & See Vew W& (an L&M'Hf\l—}e lato s Slgd
Eg. Vs Xx;_“ Pon Sy
PS. (i X =0 _ (P o~ i LT
e x-—:'l_ M=) TR Cx+1) 3 S e AT S Salewpe
R T = AT T
zt,l.r"' P
TP . lin X;C—: £ 728 sare Sdtat
)%_jl = | Lor anyg X+ (. We veed ana vrore N—‘:.Lf‘
Thm (£ -,C(—;c) = §00) foe all-x £ o Fren
,‘_‘m +(7<) = ‘:;",,\9_‘-"?0 ] == =T 2 ¢

1< vha ke sense hec-w:e WW %cc,_
“Hhe UMt of fix) at X =a only cares alosut gcrar) ne=ar o — =
Nef whet Nap Pens xacfl, af = o

This rale et us ancl( Fackors? na o TRl
A(Sa hecvie i %
'T’hm (LM'\-; o pewers/racts) For ang prardve integor n|
[-S:(xﬂ i )C(x)) and |t % }(k):“m3
(WWU’W riglt- hand §ids a;,ﬁ-mds =
CThee Ul wg 15 F () fpoany “algebrdc RnetDo, ¢

(ot ke sut of Poers and veotr, togefhrer w N,
AdIX v fgulb et (man (tplica o / L als Do) (

w A (¢ I dama i of x| Haan  [Dm x| = ).

B U VA W O e M M M L O R R R DR A =

x
¥
o
I
L
1



® 9/:5
More woys IS can fail o ex7sh §2.2

'So far Weve oaly seen ore examPle of o\l et exTsing,
LA it wa S whan Hhe 2 one-sided Gindits d?sqarﬁa&.

But Lmits can farl o axrtyfor many reasons.

9. s e {

{Ei— CO“&‘&@(‘ flx) = 2 For x vese 2ero,

| t F&) Wil \ae o \oiy pos TN numbr it peky
h btsje_r ﬁ b-‘ijer af ?,e.h clp;e_rae cleser 4 O

4 So lm L does not exvit.
- X0 Xx*

NS cese PO | :
Iwo, w e ";‘-gﬂo = g e ety "‘5_9“_g

(W cleser to 0 (onerher sle), fx) beemus M:’ff«f-lj f“—?L-
Nete : Mo $x)= 00 (o U, Fx) = =02

[ o) sl il (yigtiendidibeo (o B RSt

M ; l'-F l}g\w —P(X‘):—L. or \;:/_1_;\_00{-(;{5 = L )
"‘W\ —_F'(’x) s a “huvfio”fh/ ﬁ;{gwjzie_ af y .___ LH

i s—_e]‘ = (hovi 2. zisnmphike at y= O,
1 =1 B} ~ bue=sidad lamirg
| | l AR
G =+ 0 (o Uimn (x)=%060 l i K) =+ o
o e ohaloc Lov 3 ¥ a0 !

® Hhen £Ox) has & “Vertical asympbte at x = o

‘/lk“n T Verbiet asyupiote at x =0
xX* :

)

)

)

)

]

%

»
£}
L)
E)
E)
)
F
N
a
)
N
=)
“Q
o
=
N
A
-
Y
e ]
D
_®
2
l—ﬂ




0

Limits can fail 1o extst for even mar Complicided’ reass;

B. ket £0x) =7 Sn (=)

ww.se jﬂuplﬂ (e ks |\ e -

0 VAt

"l

AsS x 36{'5 close,rw\pk O\DSer Yo ?;e_m " [Passes ‘H‘“";j‘l
ey Murkiples of 2T, So Sin (%) prsses -f-hm i prrieds,
fn gach periad, W attaing @ vax, valbe of 41

\. AN s a mn: Vetlue of =7 @
Trus, Mear 2670 o are 69-many 0 ‘fww‘“’mﬂ ®

MR R R

ar' aw e

5, ~
4r. 4an

anr

ap

Sm(z)=), and oﬂ wumj Torammitn. o G Y=\ :
Since i€ mC\\\w\a& ('bqotcikj bedugen Hese Wng) &
Here s e Sfina&, Value. Fhat A0x) approackhey f#
d?’):jx,{—( close o 2erv. Tharederve y e Limit- [r:

| Tvw p

5t a0t ( A ) dees not extit. q‘:
l"\ &\.&L.l e itHav o€ ;Z':‘_ SM(:);) or )‘(1::{ SM(_:;{) Q,KE\Q“) :::
So s (ot fdis fo KT Mo+ krcavge s€ |

a Ais agree nent | oloseory one -sided lm’{%—s ¢ Z
OFMWKMWC&‘M Gols, h ds *0"'”) [
but S o0 prone Conp (vcatdect V\UL“WL : €

$ 3

l




E
g
r-@
l—-‘.
l—#
E
14
3
g
=
:
E
[
E
s

(.

s

The Squeeze Treoem §2.2

SO%J(-\\M.LS‘ We_ Can C&Ll(,uibd't almbcﬁ,» a‘-g-mQHon jc(‘x,\ |
| by OV Ing T (0 sZe) b ofer feunciTony |

|

—T\Q_’_‘_’_\ lf fex) S 9G(x) for T rear a (except passaa‘j et a)
and tne W8ts of f g g af a oot RXTE, than

(v
o Erx]-= U g0x)

Thim (Sqwec2e Thoraan) (£ £x) Sge=hixifor

"H”Q (o \t = - QX
| i )(-).«;\3(7() t Pictuce : gox)

uq W\\ __F(.—ft ]

'--E—fﬁ- Led(c ase Fhe Squeeze Hoormn to ompate
! )\{T—v;\o ,X‘L Sﬁ\cl/‘x_) ,
N&(_e we cannot use Pl‘l!d.UC.‘F [&(-ch:(‘ “\M.r}I e~

Sna—{n-atn € ) does ot X6 Bub. -
Stwee st () 1S alweys leturen - and |, Weve
| & -t & xEN( V) € T Somall ¢
' So fthad we can dtfaphj squeeze +Hhnq
E ‘ N - Tl Lot -
@ b concude fck Iim e (ix) 2o aswell,

(Even g x® s Yr) “oscillabec” alotal 30

+he amplifudes o€ the waves get Sraller anol Sraller,

Ly



q/\b

Mone about gne-sided (s « (Dl at a2 §2.(a'

Basially all of He laws/Hreoroms Jor |ors Q(Si he (4
or ond-sided Iomis_and 10w at Ovsiaty.

:_E_*ﬂ_-_ We ‘Nwe L?:,"\q, }C?c)i-SCx) = ‘;_’__;"q_ Fex) + L‘_V;;‘ go)

l‘égc‘o J(x).gch) = Lr:;” -'f(x] -Hipa, gl=) , et Cetern
CWwhen the WD trs ey ts £ and eneN
Thea | £ £0x) £9 () $rea L2, FO) £ Q"‘l,".,.n Gox)

—_— = =

i venSions of He SqueezeThm, ccnd So on -

En,(’_ add (Honal [onie law Jer Imity af- 09 Q5

m For ‘U’Ly M feger 30, we \ave
{ \

i = = T — = =0
X=20°T" X% v>-00 x*

C

e : . +0Q v 2uen
(Fr"e30 nawe m % =209 and M x7 = é =
X 00 X —3=6 L =29 1 0dd

ot’S Spe an Lxam L oF e t uge Hals Huorem :
- 2 divide tep & bethom by x>

2 . . .
\ ! 5¢ = sl e B NG -2
E'S_ ‘ ™ z = lem ? .;_4:3;‘;1
R e S X = po .
At oo b=
call | Gk P IR

?

= xo° e a—- F 120+ 30
Liwa ( _ 9 ‘—-{'—il-O“‘l-T)
xdem T T {

Upsvot: only “lead g Sermc ¥ mater ab o= |

)

EEEEELEEL AR AR RRR AR RARRRRE




-
LY

PLLELELLLLLLLLLELLLLEBLOLLBLBLLLLLLLY]

()
Contmwitg § 2.5 ., =T 3
Recall Hhgt we Say F(x| 15 confinuowy afs A
-+ (a)= lim £, '_kt's requies 3 +Fhings:

L

o £6¢) 05 ote €ned af ")c a, :.é,.)' a € otoMq_.\,\ o'F-F

e lim £-Cacd L\:tJ{‘Y
X=Dea

o' S(a) and: “"" :Ff*x) are the Same’ numlasny
I:F £0x) 75 nof contiasus a+u We Sag it T o{rﬂon'f-:mwa $haoio .|

7 Mo%‘!‘ of tha exavaples off" a-ncovvim-l-qj weve Seen

Mbeen p?e.cvu“xqwcfnyq e VTS 2BV AN ot |
£l "‘-f-' x= o‘ . ; '
T i et o |

ul\u‘e— ‘H‘t ;cb\nc.i-\m h‘,ux.wxpsq Sl-u:lp\!wxuj a.{—a. (au'\r\.:i-
CBat note Hhat na{- allprecenize FANUDy ae

d;j@mmows e g the o\.losotu,gt velue \_FQ\AC)&‘M
WtEEREo ¢ :

3cm— (x| = é_x e

:5 Cbr\:f't“hu.ams evein Py ® e T

SR reason. examples of At cz:whmly we e Seen
losk * CW/&Y&J " s dbecaule :

/)'lm W cvcoilowc‘n7 (c,)ﬂolr onc -Fur\c'fﬁbmj amg_ - |
contmuonst af all pocrts M Hhay olsmant

‘o OL nomm.f} om'HW\q_f : e MOt ‘”‘-J'
TSR e T T oA

o-fng ‘fkh.{.:h/l,VLJ {,‘Q_‘ shix) a:n-( of Cx )
'ﬂxf&%t\ﬁg!ghk—b L S layaﬂ’JL"””Lf llf’-e_ (n(m)

-~

(@]




J
i

Poawthormare - - (
/l?/_\_v__v\ [ £ £ and g are Cdn'!'!\fwowf 4,4—-6: +hon So anme:

«f+3 -'JC-} * fog --,.Cjcm#o -c{”*"’“‘%

Constans Q&R
F}n:l W can W say #y_ﬁattowtl” aby At @) dn
"7‘LM I:F /f"" 9 (0 =ln and £ Cou:hhuowf at la
L acfﬁfvcn =, f€b) (= F ({;bq gex)) )_,
“Can pm..p\ e (dvnlt Fhow CM'HMQI(‘.A_S Sunctioat”

Cor [£ g 5 contmubuf af a andd £ 77 trdducsuy «f G/a)
‘l'i-e,n GGM{?“SH\»\ :Fog. 3 cnm“i-?\r\u..auus Tk

w:‘uf AW -\-N.w*jr- of Cow\\o\\f\.w\g_ al( e normel -ﬁuch‘ms

we!uc con§idarad gove Fn's wad— ary Contiuous at all ptr ’
‘ﬂ'&m\rdbﬂw(

Co..e 1o Compude lond} for qacwch\:u (e thig .- .
Ty phgging M

Eq: Jim sin(F-ex)= Sin(F- L5 e")= sh(E€)=5mD = |

WARNING : Remanddoe Hhuk dim " sm (L) DN B
Buc(- O dJ M"(‘nxol.m?ﬂ 2l s ') l

One more fuprrfant property of conthinusus :ﬁcnd‘ib-a_s

'7)"”\ Leffx) bLCM‘ﬁHM'—LJ On Sinpe. c{oxe.! ;A-Ferm/ C‘t,é.'j
Then for avary L w/f(a)‘l-"ocfé) Hore X celfa,lo'.) WFCC) =

(alled_Hhe. “Trutermadiste
Va.fcu?.. Mm

U saye vaat F0el datyg o,
all vames “meermed ofe v
befwern §(a) and £(b)

TT’TTTT‘J“'J‘I?‘&r“;rﬁr'v-?‘tr‘u“vvvtr-wmmnmmmﬁ\-\ﬁﬁﬁ.«\.ﬂ

g



LU ELLLLLLbA0dddsdeddddadocidiid

./

@ a/2°©
Precte defmdron of et .§ 2.¢£ '
The waly) we defined a lomiF so 1%@ /;a;‘ been a l(fHe
ge becavse fMPfCC‘?e ms lhe ‘e and “elose h
The PheCtbe ab,%rn'\-bvs oF & Vine: \- 'ts". |
'D@fn Let £6x) be afunchion a(e-&m& on an Spen Mduue |

CDw{-q.‘*m% aéﬂa Rxctf-’* PDSS\O\U) abk & W Se\t,
WLSQleM }-fw]‘-‘_ 'J:W‘Lr‘lumw Leeip

- For ewj £>c +|~w¢.c§ A €>0 Soch 'Hn-_i—
for au %X with 0&I|1%- ql<8 we,l«u..ve_ (feoy-LI< E .

‘ﬂ-\mlc Howw Clos'e_ (€50) wa.a\LSN +had&+P“4‘ (;FCK)) to

®
be, f 'H’\Q \*/N‘" va\ue (L) we can 9&- 4 Theat close !97
meUh’f\’?. e mf)wf (%) fo kn close Umugh (820) b Yo \mit point(a),
: \ Yz o .
Groytically - e - 36E) . .
s ODL!‘PW" F0x) 1S be.:}we.m
L. L—S. 0«..*'\1'.)\ 7 L '*E-
i whuf\ Apat T IS bahwocem
as:q*s FAM a+$s
L.&\'( Ser an ,L){n._mwtb o+ S'M_a u—"\’kj Atk
lim 22X =\, (F )(‘:,é3
k"->3 Fox) =S v when f(x) = & P2
Graphically, 5% _= e 120X
: ‘ §-& loos Ve e
¢ = camn ek A nanow

bund of ™M pats o
fall M & narvw

-5

——




TGy “enavwy ™ gives we €20 Ineed to il
A 820 go Haod (f(x;-—Sl L5,
‘(2. L~ E<¥mn< Ca 2
For ald % wit O6< I%x-3\< S,
e — 3 =g K<L 348§ and RLS,
A good droia for FATT Fx) it § = 5 :
lndeed, 76 "3~ 8 ¢% g 3+ 5 Cand x%£3)
rlienns 3-8 xcEy
go tHhot G- 2 W EHE S
I - fReny 5 - & S2x-4.< 5+ & .
wmd« s S-8 < f£6x) < 848
: o e T RO WR A T wm-&e_sﬁ -l'o 5146‘*-’\ (Q

L

i
A

(2'115 5 5 de'f?vu\\bw ot \\“'\‘ PMC&(-L\‘-] c.sqa(—we_s e
iAea of “Funchon 9-6'f‘.\' cloje & pParnCalar value,
Gt i APU(.,‘{'? reear Whart wae ane coh,pa,'hhy He (anl+ “

Buf TF\«JJMj%F‘j(’\z"’ g in & (. G‘Pd&nff‘rn%

C(""‘u“‘? “7 . Cl/Loope_ orQ'oP Hre | et ldu.,_)g Ve
Efm e \c LK ‘;-(‘G“Qjc‘&)‘l:\l\’\’\ "I*(\‘-] + lt\fﬂ g(‘x)

4 ust gL an &, § predaa of (%,

@:/pm Now’ o wa will not wse ¥, § o rycnoufs,
lng }.eaol we b\)‘\,\ compute  (arty (4 lafer a(..ww{-MeJ)
Ug iy +NL vules Wwe ‘e learvced - >
[;5 l./ou( -HUL qmweuohfm,& rMa_fA clase (cug.._.n

0 o B o R O

30:4 Wik ‘oa’otaon‘ab’ cS':e_e_ A S' ard cST‘ q,ppenrqg-q'h

'R

\

A
[
¢
P



STTRSTTITITSI I

35555308333 333333

) q/ee
The derVafive ag a Funchvn §2.9
Recall that we defved the dorvitive of FG)at a in 2 ways:

« he Slope of ft¢ fangont fo e cuvi ys Fx) at (&, Fea) |
e Fhe limdy im f£(x) - F(2) _
X Dy Crmm———
We were 'Hf\l\f\.lé. of e pa,\,\_.{. a af F)@eﬂ @w(- ey
et conSwl.n/ q.m ,aaM-{- we o = +Hre datadfre af
+6 m/y T}WLJ we defie e dﬂ-c/\fi:«.,‘f*fv‘e op 1c at x ¢

:f:(‘&)"‘ /m :p(y()-{-‘rxl
K= x _.b<‘ oA .

N;_-Hm}\lc of f’(w} afr '@ P, ﬁ'md-m.q oag{(m;ﬁffw J‘C(’k)r

@™ E'J Le,k-s ccmpwl-e.-ffm) for -,C(x\ :‘x"-’

-—f(x): by oo YRR 26)0 2 dnak - K6F 153 1
k-—‘?k K"x———'—-u k_ak e

wdifbaranit | X
;;qv“’t;- I TR 2o (K+>¢'\CK/‘1’)_ | han K'*'K = '25: :

G-mpmcqlu, -Hq,tc ans ey Seenns. magbndol-t PN kmq q# tangents:

Wi— slgae. ¢ poritve $a~ X>0

/ ]s?.l"l
4 -F El d L A RGa e J‘-r- <O

==>Star=20=°

TWe can estomate Fxl Fom 3@./*1 VE +r><l nsMyg hn;mw

£c) =0

& we se,e,w', |

s §is inutasing atx D F(X)>0
- § IS detwen Ly et x = +'(x) <o
e 5 ‘4,-\.50."-0('\.\ X =) f‘()(.)"-:

'wnn./mak. a

£03)=2




@
More notation fur dentetives _
’ e F(R) = £
Qtj ok.ﬂ.,‘ﬁ\n.n—\m F1X) = RN s )
but Wsthg h = X (*Algtance 4o lvn Iy Pedit ) G rewnke ag

lrw\ -f(-x+ln\-w£(x)
w= >N -
B'ﬁ w‘xi"\'\j X = \n (Ha KK of Hhi§ ag "Ch‘mﬁc hX 8 )
ArA d'f' :F(')C—Hn) ‘f(x') (C‘fthf_ ,n 1& )

- Can LAJ/‘JJ-“’— ‘Ha&? afs 7C (x) = A‘;:N)\o AAfc

Thig /e-\.otr +2 “'\b‘!"‘@f' Notfatroa Fo— -}H-MMW
Coll 2.\ du"@ww“c‘_( na =2 s

Yox (£) = T G N e e
‘H’Q"\rt of 'H‘uj pd; an on‘-\-ﬁ'w—“ ‘*C-'h\"j on 'f |
Or iF g = FON ot als oo i S

M‘kl'f'h"""' m\e‘hwf *SMCL :7[‘ ("C) i a j:knch'bw
WE Can TFalee He levvative of . if. This
20 derdatvet o F (%) is genoted £a4(7)

Fix) =

and s, on with moe Erives.. .

[n AdOPFerentyal ‘notashion we wnike . _
Yix (Hx 5) = L and soien.
Mu_(#iple lawrVatives oFden bhavp LT g

oo .

i FOt) = peston al tome +
Hen FC€) = veloeky at B & T
MAJC“[-&\=KC(!/LW“HW\ 8 = _?)\%_e. i 4

(ZMIOIM&\/&-F;W i$ “rate of C’l"“f"‘?l_ of }a‘-"{e of M‘Q—-u)

o o e e T AR AR A e Sl

(_ g




® D.&M“ ¥l .
Defin We Say F6x) S d__‘if(’w-ﬂ\b& at X oF £1x) ¢xlsts,
S f/(x) 75 a lomit, i+ does not hawve o o i3t
\nFact, we havg He folbown, tha padand Heorum,

Theorema If Fx) TS diffPerentinbe at >
| Haon it S Cavhivwan g € af x .

Beq: Lt Fix) = SO ® x¥0 g
—— [ ¢ x=0

“Then |, Stwce T 6x) IS Ast tonthuwons a+ x=o
. $ (o) dees not LxTst lor “it mot defined™)

B
'
Y
=
Y
Y
Y
D

)

o W KFO) . O-Y L twa T
‘ Kbo =5 = KISk KD BN

( .
- :é_u:{'--- there are ottty Ways £x) tan Lail B ke SHCerentialoe

T .
|Ees Lot fl)=) %l o Ty -

'. L £(x)= \%| 3§ continmons at X=2a,
' But 8 m+ A et )ole at e
' > WX>0 M-f{x) [ St
{ j—’(,{) -}-»7“.,4- slope ¥y clowrty o,
P KLo, Wt £(x)n = firr
swh.»r reasoun, Butf .-

‘F’V‘ X=0 CSlopes o \ef4- a.un\.v\@\{\t- S{M

A““W So (anndt assign dderNMavhwve
(8 ‘S'Majb. valwe | )

- \“gﬂ‘v‘uf\»! A Maj o F0x)
i de i g hoe WAty f=l

Yo kUt af a f&h(— e / ;,ug,_:l,u Whore

be tavse of a “Ceng P 1% b.N.E. i

e —



