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Def. fis cominuous atd numver a i |7, fx)=f(@)
E;g Tsv:lea\\ed
To chede () 1S continuoug at x =01 :
1 £(0) is defined

2 mﬂﬂ exists
3 wafe) =@

Obviously , the polynomiall and the rational funcion 1§ conttnuous gt O
whe€ O s in g domodn.

Ex. Whete are disconttnuoug?

(D) f('x,) Xox "
N 1-
f(n . {

i v¥2
1 if =2
Sol. (0 Since fla) (s not degined, £(x) isdisconttnuous ot x=2.

) [(m x2-x-2 (x-2)(x +1)
“""; -2 l::;. wa '{r-vmz 4D =3FT=F1)

Co 0o (& discontinuoug at x=2.
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1 Rcmovab\e diseonttnuity
o T FO0 exst but o f0# £9)

‘ f * f
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%0 f(,") , K=

9(x) iscontinuous at x=Q

lfwe tedecine 3x) < {-ﬂn x#a

2 |n{(r\ﬂt disconithuity
x*q ﬁ.") +00 (1) or —oa (i) o (i) tirm ae-f(;s)--cﬁ and bm_ fx) = v00

or LIV) weatf(0 = +oo and ¥y f(x)=-00
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3 Jump diis conttnuiy
. W fE F U £60) but one of e £r) and W £60 € xist.
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Be. A funciion s ontruous fom fve rght [legt ata, if o e f000= i [0 £ = £l
Intenal: @mY , [8.6), (a:06], [a.b]
e ——
open (ntervei\ cloge (nierval
Deg. (a) § (s contimuous on (8:0) (¢ Yo FIX) = £(O) for all AkCLl
() § s conttnuaus on [a,0) /(a,0] f§§ is conknuous on (ab) am\_ar
AT F00 = flo)
Thie, The {funcrtons § ancl g are conttnuous at O ¢ (congtant). Then frq §-9, cf, % if
9(a)F 0 are ontinuous at A
tuof For £3 . T7a (- (0 = Yoa £ - 115 6(x) =£(0)-g.(a)
Thm. 1£ £ 1< continuous ok b and W a0) = b =2 (), 4hen Y (3= § (%090 )= £(0)
Nt
cornpasite funckion
Def. (&) fic continuous on [a,6] (f ¢ ts con Hnuoug on (Arb) ‘;'_‘,"a, £0)= @y and Y- £00)= i)

T, lg4 (¢ continuous at g(a) and 3 iS continuous oL o, then the composite funciion (0g) is
WONKMOUS ot a. I (o2 sy = £ (0xY)

Suppece € & conttnuous on [ailo] and fla) ). Let N be any numboer between f?:) onol {te).

Then there o a number ¢ between a and b such ot £(O)=N =0

Covollary: If £ ts conttnuous on [ab] with £L9)- §{0) <0 , then there is a root C betweena and b of
the equation f(x)=0.

Ex. Shyo thee (= o root of 4he equatton Yxi- gx*+ax-2:0 between 1 andl2

Roog. Set fiK) = UK -6E*+3K-2 see £10) IS & Olynomial £6) is continuous on T1,2] . F() =-1.

(2= 12. Since £ - £(2) <0, there s a vot ¢ between 1and 2.

Est(mate C:
f@y-f> <0 Cx1.
f0.0-f(3dco=>c *12..
£U.22)- fU.23)<0— C=1.22 .,

lim £6) =7 and ¥ £00) 22
Def. Let £ be o function degned on some cnterval [0.0). Then NI <L (<00) /70 £ixy =L
means for every £>0 there (8 anumber N (n) Sudathat if XON /x<m thon |£0) -LI<E,

Der. The line y=L i o horizontol asywptote of e curve Y={(x) if either or

N~

y=L ———

¢ Lk gt

horizonta( asympivie




To Fird tne horizontal 0symptote of e curve y=£ (x>, we compute KM £ and [ £(X) .
T £50 (5 0 vattondl mavisr: £ 75-=0- Horeover-, 15 A& defied foral . thon 7 % <O.
Des. Let fbe @ funcon defined on some interval [@,0q). Then i £(x) =00 /- 00 means

for every M70 /M<0 here (s & corresponding N sucta 4hot [If PN Hhed SO /£(x) <m
e flx)

a 0% +0,
Consicler $(x) is a rotiona\ funcrton § () = WX et

bm A"+ ¥ b t-be

um'ﬂn)- 0 » n<m
Ga, .
Om , DM
:{%&K:‘-m , oYM
cef=[0 . n<m
On
B , N=m
\ n-m
xf:oc bmx , nNyMm

J:lx +1

Ex. Find the vertital and horizontal asympioies of the graph of dhe funcann F(1) =55 Eor

Sol.

.|2\\ 1
H (s eosy 4o see at £(3) is not degined . Since e s T+, we howe x=5 isa

verkceol asympiote . Novs . we compete WMo $00) and ¥ £(xY .

lim £(x) : For %0, IR

3
41’537 _a

Vim o Fex) For X0, 5y T 3

Theretore, Y= t 2 Ot 4ne horiZzon+al symptotes .
Ex. (¢ -

o (7
Sol. Cet t=77 - Then we have £ o0

o tan () = W%, tan' & =
24 RATEC 0B (U AN-CE

Def. The forgent line o the cuwe Y= Fxy ot e potrt P (a, flod) fs e Wne through Puwith the <lope.
Moreover, tie equpdion Ofthe tangent line i y- £(a): M) . Set x=ath asx-a,

i W)-
h=20s0 M= ‘l:"'o‘ fOn :\ £@)
[}

f(t): posttton function atr Hmet

Flath) -§(a
Then Hhe velocthy vy Ot £=0 18 V(oY= v e ien

, v ) -fa)
Deg. The derfvorttve of a function § at o number a, denote 1t by §(a) is £oy=1m ;m_:m m, umh 3

1§ tme [(met exisds,

Iy fx)
l¢x change from 7%, £0Xa . then the change in % is MN0=7, -%, dnd the correc.pondmg chonge n Y is
DY = 1K) - £ . Averoge rase of chonge 0f Y witih vespeer o T |$ . Instantaneous rate of change

lb(u't‘;\o —Ac% s :‘,'-:‘1. E_(’%:%l £(@)= the instantoneous rote of thonge of Y=FOxd with respect 1o X when x=a.

)+ POSIHON funcrron



# (o) + velouty atttme t=C1
€(X) : cost function
c’'(ny: marginal cost
N : namber 0f bacteria
N’(0) : Tode 0§ change +he number of bacter(a
P popu laxton density
‘ok P — propotional

DERIVATIVE

Des. The derivattve of ¢ is degined by £() = .3,

|eibniz:Y=fx)
£ =g & 4 4 )= D40 <D0

D, d . Difeerntiation oeerator
Ex. Where (< e functron ()= 1% | differentiable?

Gol. For x>0, we can thoose Ihl issvall enough such +hat xth >0

Km ﬂk-(-h) “£R) _ lim 1x#I-0) It WX
f( Y= h 0 hao h = a0 ™ =1

For x40, we @n choose [hl i twmall eniugh such thart X +h <0

Oxeh) —f(x) IR LR) e = (R = (XD
‘.P(X} ‘;‘.:‘o i ‘::‘o [ = lo'(,':\o ™ ==1
Km FOHI-FO)  (im W JuUm ch

AL X th Wy
For X:0, -F'(o\ T e % weo ~w SIVUE l‘m T\! W "'1 and ‘v(\'."o T T R\ -1.
1l

So, §'(0) =Wh ' does vor extst. There fore, £Ix) V8 differentiable for X#0.

Y=1xl

Thm. | ic diferentiable ata, then fis contfruous at @, fis continuous £ £ (s difperentiable.

Ex. )= 1%

Proog. Toprove § (S conttnuoUS 0t 0, we wanteo Show UT% FIx) = f(a) SINCE £ (S difgerenttanle
ata. we have Yo TERY . preay exeses.

R-ax
U [foo-fean] -4 2OED | (ray

JAom F10-£@) )
o g o (670

= §(0)- 0 = O exisks
¥ $00) = ¥aa Lo fm+f(o.\]
= m [foo - f] + T f@
= 0t flay = £

S f is condinuous at a.
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lim l—co&x
%X 0 =

M l(m 1-COSX U - cos x \ tcosx
—_— ° .l
X0 % X= x 1+

. lm _1-C0e?x
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. Lim  sin?x
AR

. lem SN2 ®r o . o)
® %s0 ®2 : I+



