“Think. : I’f "PC:O and Q60 _ace 'Folénowﬁals
'F@O = a-mxm+au_|'7t.m-l-+ QX +Qy With  am>o (e deg "F(?Oum)
%(-x)= bnx"'+a,\,,->c""-+---+]om+lo, with.  bn >0 (ie. deg %6()8%)
“‘hen :ﬁv\d ﬂ’l__l’v:\ﬂ% 'jzor the fo”odmg coges

D) dea "l>(-x> > de@ %(-x) ie. m>n

2) dea ?u) dea %eo ie. m=n

) dea "|>(=o < dea %(:c) ie. m<n

Ans I dea peo > dea qe0
im —%% -4 pm of dea Peo de@ qeo
o »—f de@ Peo < dea g0
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Constact, e -
Consider 0 nuwber  (1+-5Y" fhat QLzFewal.s on v and N and then

D) -:-flx m . saa wm=(oo , W s jd—\-mg larse,r andl |aw3e,r.

N=1° N= 100 N=[0D0O —> 4+

((-l-—wlT)“= (.o‘h ((+—v‘n—)“= (.o|'°° ((+—vlv\—)“= (.ol'°°° —> 4o

2) fb« AW saé N=(eo , Mm s jd'\-mg larSer and lawae,r.

m =IO m = 100D m=1ODO —_— o

Y= 11%° Y= o™ Y= oo™ — |




How abom‘b Sd\'\/\g m=Wn and ‘et ’fl/\evn be.c::me (omz)e( aw:l Iaﬁex 2

A+ —> 2  as no+eo (e limk edasts
Some:l-\'\n\«j batoeen +oo and U 72 )

NW=1(0O N=1(0D N=(0DO —> tos

((+—y|\—)“= 14" ((+—,.‘\—)“= [ o™ (l+—,,l\—)“= I-DD(IDDD
~ STE A IROLS) A2 —2AF&E -
FACT (Wrhest me)
X
7|J-5>A+o°(l+L‘x,) exdists !
xC

We defre e = lim G+L) x 27828 (e, call the lwit e )

A+



|_iwirks lnvolviv\a e :

eq. Find lim (Le2)"
o] A~>+co A
=< z 2
im  (+2) = lim [+ L) ] Clek y=2% Qs A -+
A>+oo x A>+oo C>) d = 3
bm G+ —L)" = lim (l-t-—{.—)‘a =e )
Ao =) Y40 a




eq Fid  liwm (14—l >

A4 -1




e,g Find lim (1 —1 )x

S ~>+400 -1
L0+
=
lw  Cle—7 = lim Ce—Lt)
~~>+oo 2x-1 A+ 2%~
251 _-L 4
= lim [Ole—t—> 1% . (+e—t_H*
i e{ |
L

n
0
Vv
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e.q
d

Find  lim G+
A>-=




4
e.q. Find -;lgi-'";".a Q+ L-x.)

Lz‘E 16:—1 , QS A—>-o0 , \a—?+en

- . '3
L N RS

<l (=2 )?
Yy->+oo g-1

. %!
= %l!;\-‘_oo(l-l-w) (|+T
= e .|
= e

Rewark: From the above mmrle . we  know

lIvM G+
x>

€
) .



bt also - )

‘im Cl+=)

X0

= hm (|+—.l—3'a =e
500 )




(-Pwl:.wﬁes ch e :

Whet <o sluc:-a\ wrih, e 7?
Ore 18 that : Consider a ‘f«v\cﬁom f(—x) = e
We hove —the ez?awston. (—l'aualor Escransm\n)

w

f(-,‘_)_ = |+1+l+.gl+... N s Ix2x3x-coxn

and  we  know fl(x) = %;fc = 'f(x) (ie. the devivabive cf e s ‘r‘:Sle )
('-D}SCSIGS lakeyr 2)



k3

=< 3
F’DW\ e =|+1+l+?+

N x N ” k
(Rou.al«\l«a s-renkmg : As xs+w, € %wws fos(-.e.wr Han av\a ., wheve k>o

FACT (tovwet m€>

1 lim xke. = ||m -1‘— (o) , —for avua ko .

A>teo X+ S°

2)  lim "F(x)e = lm PR .o . —for ang *Folawowc-al P -

A+ K>+ L



Cow‘(‘ivw\vﬂ'ba

A fw\cﬁon 'f(-ac) 1S Said to be corttinueus at x=c rf 7L[l_v:\c feo =fCC),
=] |<:lea= @ ‘H/\Qxa egou\o.l

l

JLM‘Q_ ‘F(x) = f(c)

\

® This liwt exists @—f— s \oe\\—da:ﬁv\ed at x=c
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owtt ,

'H«gv\ ‘Je s Ca“ec:l a  Corctinwous ”Jﬁm\c‘b‘(on.




V\e& b = A+ |
2.8. : ‘ R d é. _f

Ilw\ 'f(x) 2 / | l -
® :f(l) oY

jf s discontivuons abt x= 1.

x| XA
wed b &) = ——,
eq. Lt j?TR\{Fi — TR deﬁe Y —f

=1

U3
IIW\ 'f(x) P A 2./
® fcl) s NST udl_qlgfme _

/ i
_f IS dRSOQWEV\u\Q\AS ot ==1.




Recall :

m foo =L F ad ody L Foo = liw Foo = L
*>c ) J J X>c )

J fp G )

Rewrite -

——AM)MM—EQ f‘mﬂ"‘ivu‘n..e n+ ~=C '.-Jﬂ

Ilw\ "ﬁ(ﬁ(\ = ‘mA ':gfw\ = ‘=£((~\

x=>ct P & 1o




e.q l—? —E(-z)= C1—l T'(: x = |
J J
l-x ¥ x< N Y = e
’ AN )
(©) [iW\+ _JE(«_) = h\N\ 7(_1—| = O \ l /
A1 A\
\/ -
= - = O
x>\ A>T
(?D ;E(l) = I"- | = o
J
‘Jg IS covttiuouws at X = |




Absolite  value :

x| W o=
eg (2] = 43 =49 = 3
|3 = AR} =43 = 3

[ol =

(Snwcrlla Slnmlzmg Hrvow au.)aaa —+he + or - S?avx)

Rewvite :

(x|={

o

P&

-x

-

J
!

=0

A< O

>aS

(é:"’(.l

Y



Q.@. r-PYwe —f@o =lxl s cortbtnmows at x=o.

©) Iiw\+ (=) [‘wv\ ~ = O
>0 P

]

[ivM -x = O
XSS

]

@ IiM ~f(—x)

Ao

® f(O) = 0
=) = hM () = ‘:f(o) = 0

[iw\ .
B Ao

fcx) Is contmueus  at w =o0.

Further %o\s'biov\.- Is -fbo = x| a cottinwous fwcb:m'?




(Remavks :
D We can 'fwa/\eY vewvirte -

A ‘ﬁw\cﬁon fbo Is Said to be corttinuous at x=c rf IEW\ ‘f(c+h.) f(c)
(Hirck = let ~=c+h

O LL-—)O , -ac—;c)

2) FACT (Wvihest ?mg? >
. "Folénowﬁa\ ’fw\choh "F(x) IS cowbinuous evevawl«zv'e. .

. & I8 corthuouns -fov x 2o

lf je(-x) g ore. continuous , -then jeeo-.tgcx) fwg&o aeo (when e #0)

Are. covthnmous

I:f 'f(ﬁt) . %(1) ore. contmuons |, then j’(g(ﬂ) (hen TC is el,w:]qv\ed ) s continueus




®
€.a 'f&) =J—§:I 3

Qu 3 i ns )
e e, ES

kS
o 2X43 the denowinator i novzevo whem X # L o X
Ge-D&x-0

<L "f(-x) 1S Cqma_ms_ﬂlﬂ‘?j\w\'m exrp:[sb =1,




Cortinnous on. [a,b]

| et -f:[a,u —TR  be a‘ﬁmcb‘ow,

fis Said 4o be codiuows ok w=a rf

I\
scnctt

-]‘360 = -fca)

-:f is Said 4o be codiuouns ak x=b Ff Jcif,“g-fm='fd°)

a1

t
S
g

(a rf(m) !
|

(b ,-fdo))

ot - -

o

?LV

(We

[iw\
ASda-

camst. ~alk abouct
-f(x) and ’!Z:L"' 'f(x) 2 )

I’f ‘f=1:a.,l=] —TR 13 cortnueus at eve_vva r\>o\vtt ~eclalb] ,
+hen ‘f 13 sad 4o be codtinuwous on [z,bl .



Meon \ealue

gwﬂ)osz “hat -f— is continwous on Tabl  and -f(a)<-fdo>.
Furthermore |, Tf L is a veal number sudh Adhat —f(ab <L< -f(lo) ,
then thee edsts (at least one) c ela.b) such HBaat -f(c)= L .

‘6/\ %/\
L> ___________ | L e — |
cf ey Jp e—
l I = . |
fot-] : tolv |
a b e a c b

Similay  vesut  holds jew -f(a) sL s ‘f(b) . (Lhat 1z the 1>ic'(:we 2)



Q.g- % = Number c‘f f‘)voe\wt‘:s ”chluc.ed Gn hundreds  warts)

Revewe = R&) = [oow (4oo - 2x)

Cost = Ce) = [boooo + Foox

Roft = Peo = Reo - Ce = (00 (-3 43T - (ro0)
@O P = -lroooo <o

P
(€3] ?@) R o 'FoltaV\o\M‘\a( . So_ Tt s conltinuous e\le_v%w‘,\eva ,
|V\ *Farﬁc.ula\r , Tt 8 continwous on [b.5]

Rqooo >0



@ FP(O) = - (2o0c0 < ©
Q P

9o >0

® ‘—P(x) R a ?o(cav\owﬁo.( ., So tt 1’8 continuous QVe_vgw\Aevz ,
ln "Fawhm«la\r , Tt s continwous on [b,5]

8/\ (glgqooo) We do NST kiow -the SL\JFQ. Sf‘

'7.//. -H'\e_ararl,\,\owbuoebmorbwhwsﬁb

the. %-oxds at least once .

R ie. P =0 C(uwhich means breakeven)

P —')ebr some <e(o,5)
(o, -x5o00)



:D. erevvb‘(a'bo.,\ :

Recall : (a\;q_\(-aae) g?eeo\ - oh_séf\“v:e
distance
e
/F Mok
S+ro\]8|f\’t line-
= =S
[S=vt & v= =
> time €&)
FRM :

Us‘mg oliSFlacewxevrb and Veloc:rté TJO You know .

: Cownstast sFe_g;JQ

SF'&A = S(b‘Fe. =

Vv



Hows about dhis case
distance

(%) S = ‘F&’b) distonce Hraveled _ distance Haveled
From et k=1 from £=3 4 k<4

le. gFeeo\ = clr\aha“wg

> +ime €6)

I':.‘ZLI(-

S-F@.d = dfﬁzevml: at dwﬁeme momentt .



distance

(]

A S= ‘F&‘b) distonce Hraveled _ distance tvaveled
From tao +v ket from =3 4 4

le. QFeeQ\ = C'/\ana‘w\é

> +time L)

l1‘34'4-

g’reed = d’lﬂzeveyd: at d‘rﬁzemwb moment .

Hold on 2
What 8 the W\QAV\‘MS Sjl S’Feed at a ‘Fafhcx,\lav momerct  (instarttanesus SFeed) ?
b\)Q V\eed. [~3 deﬁm\'ﬂow !



[nstzrtanesus SFe.e.d at +t=t,:

S‘r S =fﬁb)

\Ie,vxa swall

AVQV‘SQ ?Fe—eA beboeen +, and totat

- Clr\anse_ in chistewee - OS Fetorat) - fto = sleQ °—f L
Clnomﬁe W bme ot at




™ [dea : Let 2t becomes smaller and smallevr !
Instantanes.s speed at tets i defined 4o ke [l Feorta0) f
(’Fvov’tded H exsts , ’tf so . it s dencted baa -f &y )

3= L 3 =fet)
a8 sC—=o /Q

slopa - F

-i; . +xt >t +. 25

Note : When 2st50 , L becomes -the -Eanjevre e ot t=t , So
S[UFQ sf +he ‘Eanﬁe.wt e at t=t, = tf’(—(—,‘)



ea. B s-Lw =-€,—Find%’l(z)_0mgm_s?gml ac +=>) .
J  J J /

Dlay = |y Tt f
J Xt->0 XC
= lim (etaty - >
>0 st
o lim —2st +at
At->0 A&C
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+
o
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IV\ aey\eral ., We have ta=-f(—x) . ‘fN As .
Then ’f'(-:c.) means  vate o'f dnanae sjﬂ ta wrth ves'i:ecb o x at A= .

‘f(vc) 8 said +o be &ffwbia)ole at =% “rf
lim ’ﬁ"“""‘“’o "?6(") exists ( denoted l:a tf'(xo))

Ax—>v A

e s called 4he devivative c]e "f(vo at x=%. .

Note « By defiarion, 1 few 15 NOT well-defied , we camst define Fex
0 feo must NST be Jdfferantidde at x=x..



r-Pe_wrjzb\rw\ e 'Fevv‘uous ?(:EF o drffa«evc(: To‘-vd:s :
an /mﬁexc e at G feo)

= ,—F@o D,
I N 'je (o +ax) — ‘f(x)
SleQ = ALI(M; ) -

|

]

(|

[}

]

]

- >
«— x —> x

Recall : What is a ~fancbion ?
(Ro.,gl«ha s‘real:‘w\g s 6Tvev\ an 1n1>ud-_ « , vetum a value .

Now, we constvuct a new ffmchov\. , f’eo = lim Fecs 0 -Feo C‘nj’ exdsts)

Ax-o0 &X

(<. 8?vev\ an im?xﬁ =, vetum -the slcrl:g. ﬂc the -\:avsew(: me. abt (x ,—feo) )




ea. B Loy oo™ find oo
J J / J
£ = lim Fectao —fe0
J AX->0 DX

lim g1L+A=c)'L -

AX-50 oX

lim —ax i +AX 2

AA-50 A

lim .+ AL = Dx

AA->0




FREI“BDV\ ‘OQ"TJQQV\ -Pwa 803(})[’\8 GJF :?@O='Z" QV\CI. —f’(—=0='lx :

K

"f‘d.) = ‘X_L

1%

/ ::E,(x) =%

\

/

\

/

/

Fr=2

iFéo3= o}

-

Feo=

- 27
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Notations :

Y= Jeo = -

4=

Sg’— = %_x‘é- = -f’(x) = D

S&I =99 Ly aam - 6
=




£ = 2

W

I-(Z —'E(-z)-k
J

e.q
d

N

(’d‘




Covcrzf:e Cowvrv\'hzhon :

(}W\

j-'r(x+A1) - -f (C)
&

= i

(Ax # o
Ax->o &X>0 OX ~_ R
= hW\ i
Ax>0 —— Ax
= (iw\ o =0

Ax—»o




Ex: Fid feo 30
(@) f(ao =~ Ans : -‘f’(-x) = |

b feo =6 Foo = 32

FACT (et 'Fvwf)

B Joo =" | whee v 15 a veal mumber,

‘then *f'(vo = v Uhenever Tt s defined.

(Think = f =4, oo =k which s defined when 20



BALT - (f f(—:o N okﬁuaa‘&aue ab x=%, ,
—then f(x) s conbtinuone at x=xe .

“Fvvosf: "Bg Ossuwf‘(:}or\ , A(LMQO ¢ "'m“&: G exdsts .

Also , we know |‘uM AX =0
X0
l\w\ ‘f(‘!o-(-AX) —‘ftxq) = (]M (-F(-‘(*""A;i‘—fé"") . AX)
ax=e losth exdstc

e /
(i M) (s )

Paz & X3

=—:f'(x°)-o = o

. [im ‘f(x.,-l-dx) “f(x,) , So ‘f(x) 1s cortinuous at =Ko -




However , the cowvevse 18 NST hue.

x 2|

eq. ¥ -feoef-f—‘ IT
S J )

(- 'rF < |

J




‘F((+AX)-‘F0) - l\(M [(H-AX)I—l] -[=J _ [‘M Daxal o
% Aot AX. A -

e
ssisct

(tt weans we ave (ook’mg at
Small bk Tes‘rhve ax )

-F((-c-azz-‘ﬁt): l‘th Li-Graco] =0 ] = i =2 -

[inn
oy Y AX &axso A%

Pavy =Y

(& weans we ove looking at
Small ot V\ega:hve, ax )

-F(HA;Z-—FG) 4 ‘F(HAEZ—‘?O) = l‘th 'F((+A;Ll—"€0) does NST evdast !

Pav 2 XY

ian

Pav 2 XY

N
llW\
Ai—vo"'

—fbo s NST eh-ﬂ?evmha.\ole_ at x=1.



EK'.
a) Show -that -f(x) ¥s cowhmous abt x=1 , Le. lim -fcao = .

x>l

(_erna'fove -feo s cowbtimous at x=1 , bat NST ehﬁcvem‘hab(e ak =1 )

b) Show that ‘f&:ﬂ is dlﬁevewl’(a\ole_ everaw\/m e\<ur.\:rt %=1 , and

2% "rf x>\
'fl(‘x) = {uvﬂeﬁvﬁd 7j" =
-1 T'Sl X<

‘b'(ﬁ‘erewhab\e —fw\chov\-. lf jebo s dkﬁoevvawhal:le_ eveyaw\nere , then -feo s Said

'(:o be Q diﬁerewhaue ‘ﬁ/\hchovx.



