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Section 3.4

Limits at infinity; Horizontal Asymptotes

E' Intuitive Definition of a Limit at Infinity Let f be a function defined on
some interval (a, =), Then
lim f(x) = L

means that the values of fix) can be made arbitrarily close to L by requiring x to
be sufficiently large.
Intuitive Definition of a Limit at NEGATIVE Infinity
|?, Definition Let f be a function defined on some interval {—=, a), Then
lim f(x) =L

means that the values of f{x) can be made arbitrarily close to L by requiring x to
be sufficiently large negative.
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\El Precise Definition of a Limit at Infinity Let § be a function defined on some

interval (e, ==). Then i
l1'm Jix) =1L L
' €l //' ............ B
means that for every & = 0 there is a corresponding number N such that E\T )
if x> N then |fixy=L| =&
/A o
Precise Definition of a Limit at NEGATIVE Infinity: N
@ Definition Let f be a function defined on some interval (—2, a). Then
Jimf(x) =L
“ _\V/ ......... \ o=l
means that for every £ = () there is a corresponding number &V such that //
if x < N then Jixb =Ll =e |
N s
s 3Q¥ Tone
.1 Lk
Claim:  lim—-=0 Serae
x—w = - \ _ ) z _
x3 Wamt z o~ O ( = €
s ot % as
| <€y N = X ;s o~ QU \,\_7
N ~+/3 S C_—l— o
e < VAR 8 3A 34

L ¢ =
106> 107 2, < o
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rﬂ Definition The line v = L is called a horizontal asymptote of the curve
¥ = f(x) if either
lim fix) = L/ or lim flx} = L,L
K r—a=

<

i
E Theorem If r = 04 a rational humber, then M

y—%oo

Al G S

“_ev@v«"'“‘\mj ’

=0

-
X ¥

¥ Bf@“ﬂ

[ r = (hig a rational number such that " 18 defined for all v, then
Ty 5o

\B(\wéxd [m'.—(—U \k
- ,

Definition of an Infinite Limit at Infinity Let f be a function defined
some interval (@, =). Then

“I-

lim f{x) = =

N such that

if r=N then fix) =M

P/wwc( %,\;ﬂgﬁ# Q"

4
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1.  + Question Details

SCalcs 3.4.002. [3354015]

(a) Can the graph of y =f{x) intersect a vertical asymptote?

Can it intersect a horizontal asymptote? G155 e

\./fp ‘-L'O QI

LOL l ng/ buJ’ =T L\«c‘ o 50 (P/lifpwv(gj Q(X\:

{b) How many horizontal asymptotes can the graph of y = f{x) have? (Select all that apply.

~ ,’i\ ¥ & F
! ,~£x>7'

x—F

o

+ Question Details S5Calc8 3.4.003. [3353795

For the function f whose graph is given, state the following.

LR RN

(a) x“_'i”@ ) = — )

(b) lm ="+ R

X — —on
(©  lm fx) = c
y

(d) XI[H3 flx)~

(&) the equations of the asymptotes
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3. + Question Details SCalcB 3.4.005. [3353740]

Guess the value of the limit

lim X—s
x—wn 5%
by evaluating the function f{x) = x%/5% forx=0,1, 2, 3, 4, 5,6, 7, 8 9, 10, 20, 50, and 100. Use a graph of f to support
your guess.
Do) » £600) = £ (000) >O /
684 L
TG e < 0B 20
evalf ([ £(5),/(10), £(100), £(1000) ])
[1..0.01024000000, 1.267650600 107", 1.071508607 107°%*]
The Perfect time to talk about compound interest is before #4: ok +
-
e e e R ¥
:. g\v—\(\ J ﬁ;(% ~ C/OOV
| (% Co L ;jL ( s ) = Tgovery
= WMJ/\’\J"\’ 4 Ak ((k \ 4= —+o P{r
~L —D 0 e

X- -Hw\e/'-'—b/aﬂs wWTs e (/-F;C)"' —_— aﬁ 44

c 4oL \)ﬂz\ieclsw\jtﬂ“”' N C" h 4/‘( vl 7
= Proo ‘jf'ﬁf”( doo ! )

a 8 GDLA = 4R See ©

4. + Question Details SCalcE 3.4.006. [

Consider the function below. < (q
o =(1-2) — (s C \\

(a) Use a graph to estimate the value of the limit of lim f{x) cO
X—=oo

two decimal places.

(b) Use a table of values of f{x) to estimate the limit to four decimal places.

/@ (i+ %\%=e

-
Lo Rkl
o~ @b
-4 @O‘Aj . oY

e 7~ 0.01831563889

TpgLe of ONE: ~ Luhoe
[ow0) 7 0.01830098833
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SCalcg 3.4.007. [33536563]

5.  + Question Details

Evaluate the limit using the appropriate properties of limits.
2
=

_ A

S\c’n—x—? /(5‘4_@»

o)

2 _
lim —2X" =5 _

x—=o Ex2 +x —3

AN §
y/JJO\O

o

o(éWAJ”““;V\

Look ql chﬁ/lﬂ-"" J‘_MMAS/

L=
—
S
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6. */ SCalcs 3.4.011. [3354001]
Find the limit, if it exists. (If an answer does not exist, enter DNE.)
. x—1
mEE =0 eeedl by dam > g
qﬁ? : ey H6)
x> > S wa]f‘“ 7 (iles _ e
,\( ( —D o0
WJ Pix) s @ _P,’—E’,OP/—E(Z
ptmwj Cumctron
s + Question Details SCalcg 3.4.013. [335343\9]
Find the limit, if it exists. ?[ w
I - . _n /\’l (\f§ — J.P?/u.( S
jim M E*E deg=" | ¢ o o N
e deg = .
S
iy
8. + Question Details SCalct 3.4.016. [3353598]
Find the limit, if it exists. )(7
[ 1+ e
e \W (%
\ﬁ 6L >
o
|

| X—>c0 (
. X _ _— s |
. - - \m—j‘_‘ \

Lecanse X =0 s° el =%

ékf(f(x/
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9 + Question Details SCalcg 3.4.021. [3353893]

Find the limit, if it exists.

X—=o0

O/Oc/ "}/\' ck Co Mjmja‘lf( ,‘qu S

lim (V"4x2+x—2X) = O - oo S v;cL@/:@w«u;q/’e -[;m

(
Y X

J—

/’7 Hiy YL

Dok — Y
oo - x| fomm ) o a0
(FEE 42
N Ve

A
—_— = h‘_’_"_—.(/_’_"
= - \ 1 23
\%1,5/“7‘?4—2 R
Soay ¥4 R4+ 2 % (Grx
O f? ' %70_¢7 \\dcx
o0 Yoo
\ X —> o0
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10.  + Question Details SCalcg 3.4.024. [3353786]
Find the limit, if it exists.
o Bt A e ol
oy docorm
sne ,\JJ“-—Q*
1.  + Question Details SiCalc 3.4.026.M1. g
Find the limit, if it exists.
im vy245 = oo
X— 00
12,  + Question Details SCalck 3.4.027. )
b
Find the limit, if it exists. Qoo Teex T o= % (1 r2x
lim XZ_'_ZX'.-'\_:_ \9 J \-=//
x—v—nc{ ! o ( o0 X — oo ) — o
-I’l N| 1 X
M \’lxq—\ 7777[ x| o By T
%o f
A Ry
paulih g
. *7
13.  + Question Details SCalct 3.4.034. [3353745]
a) Use a graph of
Aix) =/ 2x2 +9x+2 — 2x2 + 2x + 1 \f— 3 = m +\/‘? /

X = 00

{c) Find the exact value of the limit.

to estimate the value of lim f{x) to one decimal place.

(b} Use a table of values of f{x) to estimate the limit to four decimal places.

’Q‘l'(\ /,'1(—\ '47 A%d

Deslmog GAQDL\BA .
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14,

+ Question Details

Find the horizontal and vertical asymptotes of the curve.

2
_ 2% +x-—5 Oﬁ__l:
¥ X2+X—2 ‘\’('/a y'\— ‘7

V.A. g:\\_cf 2.eios ofA_%«G""—"'

Q)(?'-Fx."’g—: (/ZX B(X ) RN

bodac = 24 ANESY = 1+ vo =4 s jovcz/-
i+
Y= (_:_l_fbj (\/0 SZ\W J 2,05 5O
22N
15.  + Question Details SCalc8 3.4.038. [3353930] T]\ ™
Find the horizontal and vertical asymptotes of the curve.
—2+x PR
U T
: : =
O ) = 5 (=D (6 : fj
LA 5
=" =/
A, No hebss -
16. + Question Details SCalc8 3.4.039. [3353658]

Find the horizontal and vertical asymptotes of the curve. /
dos a Lol
X —x _ (-0

y=—7——"— R
¥ —4x+3

(Y=
09: ﬂ)\\?(,'sf Trms st $8YS \/\/4' :@

%0\7’ ,( w-l s o« [;c'/_m/upcjla&\g\j/
é o+ cocells o/ X"’/Jowv‘y s

4 [

)
£ :
Y bt
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17.  + Question Details SCalcs 3.4.043.[3353810]

Let P and @ be polynomials with positive coefficients. Consider the limit below.

(26%)
g ()fae =0, g0 wnd

{a) Find the limit if the degree of P is less than the degree of Q. n < w = (i sl

—ol} 4
\j =0 /§ 'H'/ ’
n7z " (b} Find the limit if the degree of P is greater than the degree of Q.
. . - w n-«K
- K X
= - oL o e—— = 0 ;
A baay™ 4 b X A 6 — 3 - WK
2 b g buue®
)4.:9 €K=0

18.  + Question Details SCalcd 3.4.045. [4004969]

Find a formula for a function f that satisfies the following conditions.

lim flx) =0, IimIj flx) = —, fi4)=0
X—

M= o

lim f{x:]ZOO,. lim F{X:.:—oc-

x=5" x =57

he)
. X + - w >V
hm fix) = 0 @wp@\ — -/
X = 2om - b A

71%\»700

hm fix) = —>
x=0

Ilrn"f(x) = 00

19.  + Question Details SCalcs 3.4.046. [3354050]

Find a formula for a function that has vertical asymptotes x =5 and x = 9 and horizontal asymptote y = 5.

— 2
S — j_iff@“;?: 5=y

Oct 11-12:35 PM

11



3-4-notes.notebook

October 12, 2017

20. + Question Details SCalcs 3.4.052. [3394377]

Find the limits as ¥ -+ « and as x — —oo.

Ly by %"
y = fix) =3x% —x* E_V%J‘VQQQ Jol»—.?na d j

T be Lav ¢ s Vs
QK D)= —oo. Tts s . ‘7/ \/
e — oo

Ll —>°°

21.  + Question Details SCalcg 3.4.055. [3394382]

Find the limits as ¥ = « and as x — —uwo.

‘ COI s
= =@ -0 -xt C=" (X)) (X)) = T Ve

=yt ot e degron sHFPE f N

LA B

—C(x) e, o

Py ¥2°75 4 oo

22.  + Question Details SCalcs 3.4.064. [3353885]

A tank contains 9000 L of pure water. Brine that contains 30 g of salt per liter of water is pumped into the tank at a rate of
25 L/min. The concentration of salt after £ minutes (in grams per liter) is

30t L 2 co

o+t — 30

As t— oo, what does the concentration approach?

c(e) =

Oct 11-12:37 PM
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23.  + Question Details

SCalcs 3.

For the limit
1 —4x

x—am VX2 + 1

A graphing calculator is recommended.

lim — . =—4

DLSV\(OS

illustrate the definition by finding the smallest integer values of N that correspond to # = 0.1 and /£ = 0.05.

oot 7%@“ j.=;;a/—4wfe+c

Flotl Flotz Flotz
sVRCL =R sl OR2
+12

~WxE-3.9
wWz=
wHy=
wNe=
wNE=

Yi=l-ydaAroste+iy 0 y
Ls S

w7

——

-—

vy 3})7 oot L) <-3%

us Lf/()@u]
_3.95.

n=11.7EEYEL  Y=-2. B00BEY

24,  + Question Details

< (

|
e .

How large do we have to take x so that lf\f; < 0.17?
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