
llurcrornriliu +o f(r) = tqhw(qqx)

f 'fr)=olqhri'-kr)*rUffi,"(*r)4[*]l'
t ^t q*,(to,El)

flf$=

ffr)=ffi
I -lrtt^ r+tr"lildtxu.-_- 

__

effi

(rorx*rdtrff

(-

2m
a d (rrtrx ) = zod lnhon)J,A

flx

k) = tq{qntt (ryixlqet.&etlhffi

@*ffi



-Ourrals"lfn

Y"5'l-
-[

I =tan'(^)

fiIfz-

l+ Xt

) v=6hx)
ll z.-t (*.r)-?8*
T+ olx

efi srn-'x {"i)'
=J-ghx

=Cof-cX

Y,3

7ffcil" X
t-

5ln

d1
dx'

=Iln X

d!{ -_ eot x
d1

y =5lnl(

d1,
,=l e

ilP

r*r

dx" otxl/x J

=* lcrtl(l
= -$in X

e

x



,CInfrrt =+a
XJat 7

fi$onofit^f' ,

t^n.,g'tt'ti

A*lio,Irri-
Li.ili at rnftti+rX.

flr)'{

fL ulo

!i^
rqo*
!i'
1'lO-

t*,: t@

yo

S- ft*t
rtt+d
li., tt*t
r(-l -AO

ftxt =-@

Yednr qtfr.dote : X=Q
(r$&auilurcLr)

=L rril
I=Lr:rttr*iil.

e.Q t
Y=o

t'{*$"rtutu
ut+!Eg!t

ttutffil,u,)

,S, fcxt =E<-rh*:)I
x+{u

{i' f(,
t{-Q

1, ft*r =E
X-:l0o
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3.5 Limits at Infinity

1n tiris st.'t'rion. u-t,'r'i1l rlisc'rrss tiro be,h.'rr-iol of iirnctiotrs rrs .r'-+

tlrr: frinrtiori).

Example L9 Consider"the function .f(..) : *.
As r: *) -oc

lirrr t
i 
-- 

.lc .l'

As r -+ *oo

Page 1

-oo and +oo (the end behaai,or of

ltn *Xg+rrB+qo
.flirfro i -Q
f qg'

:o

,. 1
1lm

e-++oo I
:0

In general. if tlie valtes of J(,r) eventually get zrs close as we like to a nurnbe@r ,r clecreases

without hound. Thenlve rvrite

,It:r"" f {:r) 
: 1 or J(:r) -+ I as :r -+ -oo.

Sirnilarly. if the rralues of /(r) eventutrlly get as close trs we like to a mrmher tr as zr increa,ses without

l;ound. Tiren we write

lirn f (t):1 or J(r:) -+ L as 't -+ +oo.
J--++OO

concinsiot

-1 -10 -100 -1000 -10000

-l - 0.1 +l -0,ool -o.ool . ..

i Li) 1(x) I (x)0 i ()rxlri as tr -+ +oo

t 0.1 0ol 0.ool o.oool . . i

vir.kes tt
x as * -+ -oo
-l
:l' *-r o

viriues c',-rut'lr tsi<-rn

x

:
a[ {o
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-.Li-llit;rlrl.t ll.3 Le,t 1,r'.L.y J.lr: real nurlrl)ers alld.f.r.y he fiurc'ti,-rns srrch rhu,.,.I?r.f(.r,) :1

autl lirrr .q(.r') : -J1. 
'l'llL,rr.

-l'--+l:-xl

1. iirrr /,' : I'.

f) ,,r,r I :' (]. *-h*r rr is lrositi't,.
\J,-r \ ./'r

:J.,]i,,1,;i.f( r ) * y(.,')l : I t -1I.

1. linr .f ( r').r7( r i :, l1I.
r'-i *:f

- , ltt') r;. lirrr - -: l. r,.lr,,rr .\ I +U.
, ,.r 11\.r,J 1/

i, 
, 1itii.I( ,')i" : L". l-ht,rr rr ) () lrrtl I ) (i.

Note that the above theorem also holds in case of r approaching to -oo.

Example 2o Find ,lp,* (: - r)

-Jg(i-+) =h i -lf* +

= o-?

=-1
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ft^fcx, = *oa
,(-f +o

.[ir. ftrl = +op
*-+"4

,t\,,. fir) ? foe
x{{@

{trt frYr = -co
fi-qg

Page 3

.'. !.lti l i"'ii', ,r; i',i;'.r:,,

il'thc litlttus of ./(.r') rlec't't ast' ol' illl'l'eirst, x'ilhorrt lrorrnrl :rs .r' *+ -lc. tlrt,rr we r-r'itc

ir:r irlll)t'( )1)t'i;rtr'.

linr ./ (",') : '*rc Liu liiu ./(.r') : ',-3g.
.l -+-,Xi .i'-'':-L

i1s ill)lllt()i.ri'iate. Sirtriialir'. if tht'r'tihres of'.fi.r') rlecreast'of irrr:r'ease,x'itlunrt Jroruicl as

.l' *-) -i-rX. tlr*:tl 1-t' lr-l'itt'

iitr_,/'i.,') : -x ()r' 
,li,:,_ ,/'(.,') 

: ',-:x..

a ftx) = x?'

fct =x
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Example 2L Find the lbllcwing liurits.

1. lim r: -gO$-+-oo ,I1'*,'r : *oo

6.,

a$)

z. lirn *2 : + oO
ii:-+*oo

3. lim *3: -gPJ-+*@

4. lirn ,14: 1e
2r*+-oo

5' lini 15:r : 
- 

QO
r"+-co

'! i',, ')-,'l - -UOlt Llt rr,t
-+*oo

I," I
x+{oo

Xi' xn
,(-)-@

,r{?t""'2: +oP

iirl ,r''i: +OOr-+too t

,If""'4 : + oo

liu 15:u:: + OO
J*++oo

m -Sr2--@*oo

lJo ft = )12t3,..

IrIo [ =?ft1,6,. .

firPx+



p(*)

6\,
-

qxn*on{xn-l +.. . + &,x *Qo 
7 fi;f..}oa*,

p(x)= x'+zx+V lt'm*
+e _op

i3
oO

=,[it
Xa-oo

? rtt
X-t-d

= *oo

W-{y.,
tlrnstn -- Ia^

t1o t-l+o

fua,,ft ,,r ( 5*!!gltg*+#pao )
= ^/ Xa -* 

4-d'* 
-A,

* tdbfirnoifruil (iA*n,nin&
\t !J,# lo'ooroo- oor0o

5x+

Gf*osrf*t*-t)

-x? : "-oo

6rtn)

, l', @o
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Ihe end behavior of polynomials

i"irrrl

, l' - i
{. llilr l.)1'

l -...-\

tlrt firlLxlirrg lirnits.

l{).r''l -r- rlJi.r' - S.l(X)0) :

.\ l' :l':. ltttt \*.t ' - {i'r{l.r'- - ,.i'- i)
,'' ,. \ -00

The end behavior of ratiorral functions

()itc tt'r'iurirltte tiri'<letei'ruitritrg the r.url lreltirr-ioi'of ir latioral frrurtiorr is to riir.itlt r:ir<rh tet'ur

Example 23 Find tiie ibiior,ving iimit O

1. tirn ='**' ,?. = ft*, 
t1#i -N

''"iiL*tti Gr'*@o
r 2t+-3 --

a- 3

o

2. liru
o)JJI- - D:l:

,-i.'i':\ S.,',i + ll^r.- i' =Sm
X-t+@

a
- -- g =ot

w fin sx1-exb
=.r(rrn
f-r*o

'_t
br-.x

{q*o I --ix = -OO
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')

fct, in{ ftr)-<or {

ttn alax

)

,tr.fi*l ilrr;Fw 1".ft#tro
i-|--

,x)--e-I'#
e*=*tO

.ltt €*= 0
f,i-d
fir.

{t" e-*jo

Il'"*=to,t;-O
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ENn epnavloR op TnlcoNoNrETRrc, ExRoNcNTTAL aNn LocARITHrutc FuNcrroxs

iim :irr.r'.
t'!^\

lirrr .irr.r'.
.i -)- a,

lirrr ('():.r'.
.1' +--:x.

11ul ('()>,/'
.1 '-\

ily

,1i1"-'': O iinr (''' : +Oc
.l -+!a:{.

,Iyu (-' : {e ). 
-lIli)l ( :

.]'-+ -t-cc

littr ltr.i' :
.r'-+'l).'- -QO liru 1,.r. : +OrS.f+-C

f(r) =e

f(orrolr

/o)
/

sfil:


