Math 250 2.4 Infinite Limits

Objectives
1) Find and sketch vertical asymptotes
a. Rational functions
b. Trigfunctions
2) Determine infinite limits
a.  One-sided limits from left or right
b. Two-sided limits -

An infinite limit is when x approaches a finite value, but y approaches +wor —w.
[Note: This is not a limit at infinity, where x approaches. +or — . Limits at infinity are covered in 2.5] .
- When the limit is infinite, the answer has three parts:
i. +oor —corneither

ii. DNE
ifi.  Reason limit does not exist is UNBOUNDED behavior.

Important note: For a limit to be -+, both one-sided limits must approach +. Ditto if — .

Properties of Inﬁnim Limits :
Let hm f(x) = o (an infinite limit, y coordmate) and lnn g(xy=L(a ﬁmte limit, ycoordmate),where aisa

finite number. Then:

a) iu_‘lz [f(x) + g(x)] = because infinity plus or minus any finite number is infinity
b) lim[£(x)-g(®)]=w  because infinity times any finite number is infinity

c) 112 [—é—(%)-} = because infinity divided by any finite number is infinity .

d) hm { 5,5‘3 ] 0 because a finite number divided by an ever-larger (infinite) number goesto 0

- Definition ofa\lerticausymptote ‘ '
if hm f(x)= ioo hm f(x) +0, or hm f(x) Fwo, the hne x= alscal!edavertvcatasymptote

Hint
g is undef‘ned but % is indeterminate. If direct suhstttutlon gives an undeﬁned (ﬁmte number diwded by‘ ‘
zero) function value, consider the graph and fook for an infinite limit.




Examples and Practice:

~\ Find the equations of any vertical asymptotes, sketch graphs, and use graphs to find the limits
-5

D S0= o as
a. lim f(x)

x--2*

b. hm, f(x)

¢.  lim f(x)

x=p=2

d. lim f(x)

2t

e. lim f(x)

r—>2"

£ lim f(x)

2) h(x)= Sx+:0

a. lim k(x)

x—2*

b. lim A(x)

32"

c. limA(x)

32

d. lim h(x)

x -2+

e. lim A(x)

x-3~27

f.  lim h(x)

Fa T




TN

3) k(x)= secg— on [~ 2:r,2n’]

a. lim k(x)

x> x

b. lim k(x)

1> x

¢. limk(x)

x> x

4) m(x)=“(x+2) on [-10,10] | | Suwa
o{%) i
4 | :
a. lim m(x) ‘ ' b

x> —G*

b, lim m(x)

X~y =67

C. }_l)ﬂ_l‘ m(x)

TN d. BONUS: Approximate l_ip_iz m{x)to nearest hundredth.

TEST YOURSELF: Review of Limits

5) f(x)z?:--]—gx2 +4 0<x<4

f(=3)
lim f(x)

f©)
lim f(x)
—~ e @
lim £ (x)

a o

I
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@ Foo = -5
X AE—Yx+ S
Fackrr denominafor: 4 Jevms, facter by grouping
GCFX*  6CF -2
= X*(x-2) - 4 (x=%)
| GLF (X-2)
= (x=2)(x*-4) differencs of squares
= (x=2)(X-2)(X+2)

[ verhcal asympfokes x=2  X=-2

Sketch gmpi.. (Using 6c Y = ~5/( X*-2_dx+5) )

m ’1‘3’ |
Xa.2+ +X) DNE : :
7 Uﬂbﬁ%“&(({ f :
limit from Hjh‘f as X->2 {_(:_,_,,/—; - ‘ > o
— -:;L<<<< :
b) lim Foy = | 0 :
X7 -2 DNE , ;
wn bpunded ]
limid from leff as X=>-3
” ,T.—la
) X)) = | <-- becanse  lim : lim _ Foo
))/_;1 5 Fo = ﬁffg we lim  foy # Jim
unbounded - co +o0
( - Remembeyr: List ALL reasons
"J) /'m. + fo) = —E,\fg— A hat a limd does notexist,
>3 unboumfef)

°) >{'-T g~ T = [75/\/0; /

n bounded
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F) lim foo = | =0 — because Im fx) = i .
X2 oNE X~->,;<~+’[ ) = lim _ oo
tnbsunded —_0 o0

B hoxy= -5x+10

Xy
Faclor Camp/e‘fe/y.
h()= -5(x-3)
(X-2)(x+ ) — X432 and x£ -3
Neither value is in domain.
Ui ided ound;

(_X*«l) | _()(TQT) can be divide g

undebimed X=2 50 lonﬂ os We remeimixi-

Ahat “h(X) is undefmed.
Tecdause x-2) = X=2L |5 ﬂb_o@.

]vmmu asympa‘oﬁa X= -3 mhj
Graph. Tn 6 Y= (-5x+ 10)/ (X*~4)
a)lim | —m—s L0
Him | ho 2 @

= Jlim ~‘5(X7’o{5
X 2" (AN X+3-)
= [im -5

A

. b) )f"’_”_;‘a_ h(X) = —;,3_ lygy same /ted/som)ﬁ

&) fim h=
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d) im ) = | —92
X=-3% hix) DNE
unbounded

va o< >
—2. from Y‘n‘g Wt
I'e

‘4“ 3m,~ola Ppes dowmn

&) lim . ‘
- hix)= |+
g h(x) + 0
2 wnbo unded
, =7 |
> >
-2

£) lim  phr) = |DNE

e u,nboumff)cf
IFR
@ K= seo(d) = _I
oos(_g:)

;7(%’7;0(1? : :é. = AT a,i—?wmcrr/' = or"zg/;m/ Pém@c/ 076 sect pr CoS &
X= ¥ solve été/l/tﬂsﬁﬂw 7[57'9(

asy mptotes : cos ( é\’:.) =0 co$6=0 ®

0=1r 31

2(_ - Lr , £ 2.

o Set argument= location of zero

X=TT 0N “unpransformed Punction
ref(%?h' X - 2‘]_’]: .

& 5 | (os 0= 0 adso when

X = ¥ (Ma’[clpma}n) 6= -1 —’Bﬂ'

> =

7 T = X= =3 (bui“aﬁ'cfbmin)
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&mzp/")

n
\
s
\
|
|
‘ !
-2 T

R B —
T 2
{ - +— 1
{ \
{ (
( {
; 1
. | check. in GC
sec(L)= sec 0= ;,;_ = | Yy = 1/ cos(x/2)
SCC,(T—QT_-F)_';&W:,L— -1 ==
cosm  —f 7. TRIG-
Sec. ."_?:.E: z sec (-—‘Tr = ___l_._. = [ = _
( = ) ws-wr) ;T !
a) lim  _ kix) = | — o0 ]
X=>ar " ) DNE < fges—>
unbouwnded ™ as x->T
" from rig
LI
7\
b) "m _ R[X> - -+ o0 ’J//
X—=TT DNE , <> >
wn bownded T
t— ? as X—>T1
«Pmr'vl IC"P"’
| 5mph goes Ug
D k() = | PNE |
= L#R lim k() == lim _ k(x)
unbo unded X1 + X
- —o0  F  +o9
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& m= ~(v3) 0]
) /

mdx)= — ()(+;z),7lﬁ,,,/zgg)
?@Viod: X =TT sSet drgmm‘f‘ nﬁji%at/)aerma’
7k
1

pemwf wv‘”(i}) is 4 waits. (noT).

solve for X.

M/mp-/v'/?s . -—/“ﬁn-&: s  means ¢osB=0 9'/\405 4_9)/;th7£2, .

z =z 2’ =

=TIX | 5516 )
Buto 2 T lotations of asymypototes on m"ﬂ'w)

- % ¢qual-to
X =TT TX = 3T ch_: & mx =30
Do 7 o >
X=1 .4 Y =
*
X= D X= b

Vovhead as yimp: I'u+r5

zevo When m(x)=o
"_(X-\"Q—) O
T =
¢ (1%(__)

—(X4D) = D (w*%) =@
- X+r= 0
, WOAH . Hov«/am
; : @\v/ x=—2 be both
| : T o 280 And an

ﬂﬁymf)'lm‘f 7

T4 can'!
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Atb(/t;h?ﬁml 28105
N vra) . danfiTx
mix)= — (x+3) m&)
oo Ais facter = O

cos [TTX
(™)
when  sin ('ITX)-;O sint=0
o
O=0,1,-T
X -0 BXoqr MK AT | -
y ’ ? 6:27:77’277
X=0 X = i A= ’_‘7‘
Use Gt +o Fill in details
50 17X = +31T AKX — = o e
also o o VE -—(x+;t)+4an(7,z@
=9 X=F |

29
Table X=-2 ERROR — 140’@!
But its NoT ¥=0

a) km N — | — o0
)XL) —6* mx) DNE <,..__-—-—£—(—€‘—‘>
| wnbounded s X2t trom gt

g‘ra'ph gees down
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b) lim | % :
— |+ o0 ] -
X=> (" mix) = SNE < S>> s

. -6
winbounded 75 X~ G from lebt
) graph goes up.
c) lim  mx)= |DNE
X=> -6 LER » oecanse
unbounded Iim ) £ lim  m).
- X>-¢* X—=>—6"

0/) )/(fg"_g m(x) a,p,grp)(/ma%e uélhﬁ a humerical table

¢

X | =19 | -199 | —1.999 | -1.9999
m(X)//-B?oé / /.27 30 //,:ﬂaa / 1. 29 30-

\g)( I,._g,l I - 2.8/ | —2.00/ ! —d.000]
m(x) ] [.3F06 //9@931 / [ AF3 / [- 2332

Iy | N
yoor o mlx) % (137

Nefice : I‘p Vou PW%’ X==2 jnfo & Jable tov y= "(X+3>%&z‘n/j_@
%”2423* Z} f}':/;) confrrming That X< -2 js ppf tntte

To find X/l;nig mix) mmlyﬁ'czf//y) You will need L'HepHals Rule,

Which is ﬁL&ug/ﬁ/n Matt, 25,



x Lo
x4 3
[N

Jx -5 x>
Crapl .
Tanet: Y= (1 f(x+3>)(x< o)
Yo = (-— /16 * x* +4 )( (x20) and (XLLt'))

4 |
@@B (‘s@
Yp= (X)) =3 W x> )

4

9 P [idned] = 4
by Lima

‘p'u(\ = iDNE) L¥F &, timbouunded
X -3 ‘
¢) Floy= A (oyed = (&)

{0

C'l) Hiawn @cx) = }bNE) LF

x50

‘P) ﬁ‘;"‘% Loy Rooles Loty Ve -5

e

—

= -5 = -3

\ or "72(4)1+*+: Y= =3 D
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Examples and Practice:

Find the equatlons of any vertical asymptotes, sketch graphs, and use graphs to ﬁnd the

D f=

3) h(x) =

a.

=

e

A= -l as fote.
(x +1) VL
1lim —1—— = ¥ &b, TNE ‘vunboxwded
-1t x +1
lim o =, DNE koo waekecl
-1 x +1
lim—l— = DNE, LF R/ \Am\oc.,LnCLEA

-5

x' -4

lim
= 2" x —4

lim —
=2 x -4

X=) a5 5~»wp+o er,

—— = +N, DNE wn bovunde d

- +0P DNE winbounded

_ 100 PNE uwbounded

2
X-H=-o X=a, A
ﬂﬁ&ljmp—ﬁf‘}”?S

= - D<7/ <DNC) u.wbgnwrle;#

40, DNE wn bownded

—
s

= DNE, LFR, wnbounded

= --FDD/ DNE unbo»uvxc\,epl

= =00, PNE unbownide A

2__54 = DNE, L':FR) wnbownded
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Per?aci Wx _ 2 = w=9F
i

L.‘
@Wbi—cfs ’Ij%é_ = ey

4) k(x)=-2sec > 5 x= A4k, keZ
4

a. lim—2sec—§£; +°a/ DNE wnbownded

x—2*

b. lim—2sec-7§—_—_/,90_ DNE wnbowunded

x> 2" }

c. ling—-Zsec—’?— = DNE, ey winbounded

5) m(x)= X+2 - (/K'-HD tanx  asy mpl—obﬁ

x+2 = ~o0, DNE Lnbo wnded

a. lim
- %* cotx

X

b. lim xX+2 - + o0 PNE unb ovinded

. % cotx

X

- o mXt2 s Dp LeR wnbounded
x_,.’;_cotx

d. limx+2 = (O»{'—Q)-%—mO = 2,(\0*) = O
x>0 cotx '

P@ﬁo& =1 @5wp"v(‘fb

i M =T
| period | . =
6) n(x)=x" tan(z) x=3tik kel
. 2 - - . .
a xl_l’nl{x tan(zx) = -0, DNE unloerrended
2
b. 1in11“x2 tan(mc) = b ol ) DNE uw\i)cnuu:\_e;i
x—»E
c. lim x’tan(m) = Dae LR wiboounded
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Mt 250 e ——ryal |
Sccinn g EZCW(-E/) |7 Tnfide [imnids

Verticel A%zjwup“f“oies and fuFiaite |{ads

Ay\ 1V11G'-i n\+E \IVV’\\"" ™M ans ——H,\Q, \70'\/‘&(./\1\& G..,raoor‘oa\c,cds
Emﬁ—Lw{-\'LS, eHrep +R or —R.

@ | Py

\“7 T ' >

N ac ,/e\ /V\ ’ - 'Dpé ) a =
x>q X-a C£ (2 ‘

be fim L = feog

x>t Xa DB unboundael v

\ /le\ _L - !-00'

Xsa™ x~a  DIUE wnbowndod

01\ A D O‘:’ wnbounded

x—=>a (x-ay"

be Ko 4 /¥
Ksat (X=)  HOE unbsuaded

~~ o },&m - _{_ - -—
K2 (K-a)* PbNE unbogy wded ‘/_l/\‘
@(A\ ,@,\m - = "DNE’i u‘;f&w / {1

K*=>a X-a
‘/Q,im ol B :
v KFa® x-a Mow v
o Mo oL [T

xX2>a" X—a INE Mow,dud
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X>a~ XKX=OT e b

e —
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2 =
| | y= F9 Tix-a
: ﬁ:z__c;ﬁ__.——;————*—‘a'x
i
o
i We write +°
’ 07 as x—> 2 frem "“?’(’\4—) 'é"_’% oo . Since LR

, o0

as X > Q. e el 4 * (infiaite Vomaid)

TBut any infiate
NS W-er ‘a‘f“”“s

w itheud ‘OOW‘AJ
Se 1+2 Unlbouwnded.

Lion = |+0, DnE, u,wbow\/o\«u;a
X% \')C«a. e e o T

= Reoson % 2 Linid DNE ;| unbounded
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