Think . f Peo and geo are 'Folngwﬁals

PeO < B+ G Xt Qe+ Qo it Q>0 (<. dea FFec)aw\.)
qu0 = b + Qpy X 4w b by with ba>o (e de@ %eoan,)
then fiod Jim FPE For the Follosing coses
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D) de@ -Feo > deg qe0 ie. m>n
2) de@ 'F(-x) de@ 960 ie. m=n
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Constant e -

Consider o number (15" —fhat dn:l)eyds on v ond . and —then

1) -:-frx m ., sa.a m=loo , N s jcﬂ-mg lanser and |ar6e,r'.

N= 1O N= 100
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N= 1000
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2) -:fb« ., saé N=too , Mm 8 36&&«3 larSex and |aw3e,r.
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How abest Sr.zk\'mg m=n_and let them become [aw\r:)e( ond la\@“ 2
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We define e = ’ltig\m(w L,x)x ~ 2HE8
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(ie. call the lmrt e )
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Yro+oe 9



eg Find  lim (14—l
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A+ -1 A+ 2~
- L
= lim [C14—! )le'l-%- (+—L )"
A+ pr | Pl
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= e—%
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?wrmf‘he.& c-F e :

b\)‘r\a:(: So SIucia\ wrh, e 7?
Ore 18 that : Consider  a -fmc-b‘mm fbo =er
We hove —the ez?anston. (Tacalor EKFGV\SIOV\)

._|»tv,

f(-,0=e_x = |+1+l+ TR N = Ixax3x-oxn
and  we know f'(-x) = iﬁ = f(x) (“r.e. +the  devivative cf e* 1s ?Esdf )
(Discuss  later 2)
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x
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(Rouaklca sreal;:ina . As x>t , €° gyrows fos-bar “Han any <« . wheve k>o

k
(D) 'f_v:'.“ = J:ﬂ+°° -Z{ . ’fbf‘ avua ko .

i
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2)  lim "F(x)e = lm PR .o . -'for ary 'Folavmwaal PO -

X>+o A+ L



Coﬂhummrtm :

d
A —Jﬁmm_-fu)_ls_SAdJa_be corttiuous at x=C rf liwm ‘fm -fcm

xX->C
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f‘J?a -ﬁw\c{:&ov\, is  Conttinuwous at gygaa_"zo_mb

]
then ‘J? s called a continuwous ;Jﬁzmc‘(ﬁovb.




2q. Lot j’:ik—»'ua defined bg §m=x+| y =feo

Ilm Fe =2
® jﬁm > Pz T

je s iscontivuons  at x= 1.
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eg. Let je:TR\{TS — R defined ‘og_ fe:o Sl B
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Y= —f(%)

@ I'lvn 'f(z) =2
XS
® fcl) 8 NST el —Asrﬁv\ecl /V

_f s discorttivueus okt x =1 /
Recall :
l\vv\ —fc—:o =L 'j and “6 ?f vlL'L’W\C -fbo = k:c';fbo =L
Rewrite :

A 'fmd:ion 'f(-ac) 1S Sdid €o be cortinuous at x=c rlc

-;['—fow = E_V:c__;f(i) = f@
eq. (:Y f(x) = { =*= 3{ = | 4

-2 3 A< \/} %vf(x)

i - 1 =
D lim, Fe = bwm, o

x>+ (

D [wm e =twm 1-x =0
xX=>)

A1

® —)E(l)=|‘-l =0
- -F IS conttious at = 1.



Absdute value :

x| W =

eg. 2] = 43 =49 = 3
|3 = de3F =49 = 3

[ol = o

(Siwtrlla SI:M‘:W\% : Havow al.)ma ~+he + or - Siavx)

Y
—

(.Rewv'rbe_ :
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=20

lxl={i JJE o

e.@. (—vae —fbo =lxl s cortbtinuwows at x=o.

©) liM (=) = (‘wv\ ~ = O
2> P

@ hM =) = [‘(w\ - = O
Ao ASC

® fco) - o

!cl_s;r\o +—'Fbc) = ’li_vro_ (=) = f(O) = 0

fcx) Is contmueus  at w =o.

Further zusb‘uov\.- Is -f(x) = x| a cotlinwous fwcam'?




Remarks :
0D We con -fwf'l"r\e.v vewvite. :

A ﬁmction 'f(':() 1S_Said to be continuous at x=c rlc ‘!lro 'f(c+k) =7C(c)
(Hiet - let x=c+h , as hoso, wsc)
2) FACT Clormest me")

. "Folanow»‘la\ —fwcl-lov\ -Fc-x) 18 Continuous evevau)r\eve_ )

&K i3 comtruens -jeov x2zo0

,f 'f(x) , g('t) are. contimuous |, then '_f&")'—‘g(ﬂ ) ':Fbogeo ’ j(l)_

@(x‘) (when 36:0 #0)
are. continnous .

!JQ f(x) , %(-x) are. contmuous |, then :‘f(g(x)) (hen Tt is d_cﬁ»\ed ) 13 continuous

e.g . ‘ffx) =%_:‘;"i %uc'hewb Sf ‘o Feianowaq‘s Ccontinuous "ﬁmcaons)

2
=%§%) the denowinator i novzevo when XE L o A

"féx) IS cortinuons eve.vawl«va e«.q,Fb x=1(,2




Cordinnous on [a,b]
Let -f:[a,u — TR ke a.‘ﬁ«v\ct{ovx.,
f it Said 4o be codbvuons ab x=a rf lim -]‘360=~f<a)

~=>at

-f is Said 4o be conbiuons ab x=b Pf 1l(‘l_v’»'\\:_‘_ -ftx)-:-f(b)

3% (b A)

(We camst. —nlk abouk
Jg-:‘\r -f(x) and &:L"’ ’f(x) )

t
s
)

\ 4

S
ot -

a3 ‘f=ta,|o'_| —R 12 contnews ok every pont xelakl
+hen —f 13 said 4o be continuous on [a,bl .

Me&V\ VQIV\Q (PW :

guﬂ;ose “hat 'f it contiuons on Tkl and 'f'(a) <'f(|o) .
Futhermore |, Tf |13 a veal number suda dhat -f(a) <| < ‘f‘(b) )
then there edsts (at least one) c ea.b) such -Haat -ch) =1 .
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f(c)= L

S‘lmila.\( vesute holds for 'f(ob >l s ‘f('o) . (w\'\ab 1S the ?chnre 2 )

Y



e.a. % Number c‘f ?wducbs ‘Fvoclw:.ed Gn huwedreds  wnrts )
Revenuve. "R = (00w (4oo -3
Cos-[-, C(u) = (JoOoo + :\ng

"owrl-, = P = Re) - C& = (00 (m3x3+393% - 2oo)

(D FP(O)
@ P4

-(hoooco < ©

2q9oeo >0

® Peo w o 'Folcavxowﬁa( . So Tt 13 coutinuous Qvewaw\z\m ,
| ?thulav ., Tt = coutinwous on [o,5]

%4\ (5, ¥o00) We do NST bveow the S'AaFe_ sf;

7//. - +he graFL\ o woe bed Te witwrsesfs

the. H-oxis at least  oxce .

ie. P =o C(which mems breakeven)

R

P -for some. e (0,5)
(o, -XoooD)

Conclision : We. do NOT know  tae SL\aFe o‘f “the. Smrl,\, bt we know T nkersects
the ~-axis  at least once . whidh W\a.:] e emo,jl'\ 'fbr Cevtain. Perpese -



Differerttiation :

’RQCA.“ : (Q\}Q\(‘Q\SQ) SFQE& - d/]_sb%f\::&
distance
e
I Nete : Constast stJz
SF&A - s(s;Fe =V
S‘\‘fo&él’\’t fine:
= S
S=vt & v= 5
> time €)
PRQW\Q* B

Os‘w\g eliSPlacemev\'b and Veloc:rta TJE Yo know .

How a\owct 4hs case.
distonce

(/S\) S = ’f&“ﬁ) distonce traveled _ distance Haveled
From tzo te k=l from £=3 tv kel

le. QFeeQ\ s CL\ana‘uvxg

[ o~ 3 4 > time €6)

ST&A - ciffecert at dffecent  moment. .

Hold on 2

What 15 Fhe mearing of Speed at a ’rWhaJav momerct  (rstataneous speed) 7
We need a defintton 1



[nstartonesus SFe.e.cl at +=t,:

SA S=f&b) X
/ :l = fﬁ:‘-‘.&) _‘f&o)
|
. a6
' i
e > -t |
t | |
. X >t
+o +o+ At
\IO_VIa swall
P.Nevzﬁe ?Fe.en\ bebdeen +, ond to+st
- C'/\QV\SQ_ n chstewce - _OS _?H"’*Na ‘—-FH-’) = S‘oFQ b’f L
dna e W tme ot at
)
u [dea : Lebt 2t becomes swmaller and smallev !
[nstartanesus sFeed at t=t, = d<Fmed +o be A&_“—/; . ':R-&"*‘s:}t"%)
(‘Fvov’ided H edaste .tf so ., it s dencted bta -f &ty )
3-—3”—6:) X 3%@
! as st—eo /(
| _— .
| =
1 : :
! ! ;
\ %.t ! \/t

‘lt‘. . +xC +.

Note : When st50 , L becomes the -Eav\jevré e at t=t , So
S[UFQ_ c]e +he 'Eanﬁmt e at t=t. = jf @




eg. g S=:%(‘t) =-€,—fnv\d j"’(z) (wstatanesus ?r.o.\\cl ac =) .

$io> = ‘=F(1+A't) ~fe)

|
.§.'_.'

]
T
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+
o
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IS

IV\ 3ey\era| , We have \a=f(vc) . 'ﬁx Ao .

Then ‘fl(’xo) means  vate o‘f cl«anae of ta wirth ves?er:b +to x ot wx=x..

’f(vc) 18 sad +o be &ffm&b?able at * = ‘rf
[imn ’f(xﬁmc) ‘Fe(‘) exists  (denoted '08 -f'(xo))

AX->°

H s called 4he devivative cf feo at x=%. .

Note By defintion,, rf fcm 15 NOT well-defined , we camst  defire few |,

f(x) wust NST  be c:h%emwhalo(e at A =A..



(Perfcm He 'Pewious ?EEF o dr?fa«evct To‘wd:s :

&) 'tavﬁey\-b ine at (’X.,'f(v())
(=« 160D /
_ shpe - b Fenmd
I

Recall : What s a ]de—)on ?
’Rovgwg s'real:‘mg , 6’(\/@\ an ’m?utt « , vetum a wvalue .
Now, we constvnet a new —fw\ch‘ov\. , fléx) = lim Fecs 0 -Feo C‘.j’ edsts)

Ax-0 Var d

Cie. given._an :“?dc ., vetun e slope sf the -‘mvaurb hne at  Gx &) )

eﬁ. f :?(70 =‘7(_’-,-fimd :f'(x)
'ff(vo = lim Lextax) —f0

AX->0 DX

= |im gx+A-x)"—-1"

AX->0 PaTd

= liW) 2L AX +A-x\

AX->0 A

= liw. A+ AL = U=
AX~>0

Relation betueen he 8ml>|43 sz 'f(aofzt.1 and "f,60=')_x :

T8 ‘]e(x) =% 12 :?’(70 =2
4
j‘zm =2
603 =0
> > ,
Fev=
Meav\’mj ??




Neotations :

%=§eo==&

ﬁxi = %ti- = ‘f,("l) =2
d .
S&-L_% - El;al*s = fo 2@ -6

e.@. |§ "f(':t):k , where £ s o constont f’bd:?
g n

Nete : S[o]». 'SJC e tmmaest
k

lne. at Gfe0) = G,k s zevo
f/(x)=o

M{---4
\
ol

chnz&z cOwe]Dv\'\'zhovx :

hwx ___F(’L"‘A“) -feo
&

Ax->0

= hw\ &

meys o g A #O)
= hm S
BX=>0 PAY &
= (ivv\ O =0
Ax—>o
Ex: Fnd Feo 130
(@ f(x) = > Ans =f’<x> =
b feo =6 Feo =3

FACT (Wrhedt ‘Fwof)
|'f j’(-x)='xr . wheve v I8 a veal number

“hen -:f'(ao =X henever  w de-ﬁv\ed.

CThink - (f r=dt , oo which s defned when %20



PALT - (f je(-x) s Qﬁﬁ@f&‘ﬂd‘&& at x=%. ,
—then f(-:o ‘S continuons at w=x. .

‘Fvbh‘f : FB% assw?-b‘(m . l\(W\ a) ~ exsts .

Pay N iy &
Blso RY-2 know l‘tw\ AX. =0
AX=>o0
lim Ffetotao -fexa = finn (‘F(-xowx) —fed M_)
&X20 &%50 A

/ loc“"’\ Q\C\gt

/
- (o Fmtmmd=fiod ) (fuy )

Pav 22X

=-f'('x°)-o = o

R A(_igo-F(m-(-ax) ='jeeg.) . So 'féx) 13 conmbinuwous at w=x..

However , the cowverse s NST  vue.

eq. ¥ —feo={£-l o=

(=% :f x < |

N

N -F((-(-&O-‘F(l) _ s [((-q-ax)I-\] —D’; J _ DA +EC
A(LM—?&" ax : /_l;-‘r_’,\é AX B il":.;a o =2
(£ wmeans we ave (ook‘mg at
Small ot Tosﬂm xx )
s Fheso-fo s Ci—G+a0] -0 J - _
Al;.m-:‘o" ax = Al.‘r_’,‘o— AX - ii"c'fm- s

A

(£ weans we ave looking at
Small st V\eaa-hve. ax )

N ‘F((+A1)-‘F0)
lum = = #

Pav 22X

feao s NST dsze«zvﬁa.\ole_ at x=1.

Pay £ Pay € XY

fon FCro0-F0 o [, Feo0-RO  does NS ewist !
S liv & A






