Limits at Infinity and Horizontal Asymptotes July 18, 2015

3.5 Limits at Infinity

Study 3.5 #1-7, 15, 17, 21-29, 33,
41, 45, 55-63,67,85,87,103-104

Goals:

1. Understand end behaviors of the graph

of a function.

2. Understand how to find Limits at Infinity

- finding the y values when x gets very  lim y
large positively or negatively. KoL
3. Find Horizontal Asymptotes.

4. Find Slant Asymptotes.

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Homework Part 1
|

a3

3.5 Limits at Infinity

Consider: Sketch

At a quick inspection,
what do you know about this function?

Compare f(x), f '(x), f "(x)
change f(x) to 1/x

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page . Homewor! k Part 1

5 ] a
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3.5 Limits at Infinity
Consider: Sketch

At a quick inspection,
what do you know about this function?

X£D
also VA: ;(:o)- a!em;()} ham £ O

What information do you need
to sketch this function?

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Compare f(x), f'(x), f "(x) Homework Part 1

3.5 Limits at Infinity
Consider: Sketch
= ¥ -
X .2
At a quick inspection, 0/6]— =X = -_L

what do you know about this function? //}b )()"

Xfi—a No CNs; x=0 ¢ D

also VA: X=0 No rel extr.

(!

What information do you need
to sketch this function?

Rel.extr

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Compare f(x), f'(x), f "(x) Homework Part 1
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3.5 Limits at Infinity

=¥ =
Consider: Sketch 076/)1: X*
D

No CNs; x=0

i — "‘ No rel extr.
= = X

At a quick inspection, 431 X -3 ;%

what do you know about this function? -

b ’
)(f_@ >0whenx>0 . c.u.

) <Owhenx<0 . c.d.
also VA: x=o NO IP (VA at x=0)

What information do you need
to sketch this function?

. Inflection Point at ¢
fel.extr IP concav rl}' 1. fcontinuous
2. fhas a tangent line
Change in concavity at x=0, 3. concavity Chaﬁges
but no IP because VA at x=0, (f" changes sign)

not cont. no tangent line

Class Notes: Prof. G. Battaly, Westchester Community College, NY
__ Calculus Home Page Compare f(x), f'(x), f "(x) _ Homework Part 1
L ] I

'3

3.5 Limits at Infinity

= "X '— _/_
Consider: Sketch % I
NoCNs; x=0 D

i — "‘ No rel extr.
- —_— X

—

x v
)(f_@ >0whenx>0 [, c.u.

also VA: x=0 <Owhenx<0 - c.d.

What information do you need
to sketch this function?

At a quick inspection, d/z‘é o? X - A

what do you know about this function? /

Inflection Point at ¢
1. f continuous
Rel.extr IP Cof\ca_v]‘l' 2. fhasa tangent line
7 3. concavity changes
(f" changes sign)

AISO bel‘\q.vm‘r‘ m‘l" 7%?(
e-)d"(‘eme. values i;(

of x.

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Compare f(x), f'(x), f "(x) aHomework Part 1
A @ J
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3.5 Limits at Infinity

Horizontal Asymptote: "

y=0 .

Class Notes: Prof. G. Battaly, Westchester Community College, NY
. Calculus Home Page Compare f(x), f'(x), f "(x) Homework Part 1

July 18, 2015

3.5 Limits at Infinity

Theorum: Limits at Infinity

If ris a positive rational number and
c is any real number, then:

. (5
Iim—=0

X— D

Furthermore, if x is defined when x < 0, then

. (4
Iim— =0

X— —I0

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Compare f(x), f'(x), f "(x) Homework Part 1
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3.5 Limits at Infinity

Class Notes: Prof. G. Battaly, Westchester Community College, NY
i Calculus Home Page Compare f(x), f'(x), f"(x) Homework Part 1

3.5 Limits at Infinity

Class Notes: Prof. G. Battaly, Westchester Community College, NY
i Calculus Home Page Compare f(x), f'(x), f"(x) Homework Part 1
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3.5 Limits at Infinity

Class Notes:
~ Calculus Home Page Compare f(x), f'(x), f"(x)

Prof. G. Battaly, Westchester Community College, NY

Homework Part 1

w‘,’s*"* %%f;fﬁsfafé

Class Notes: Prof. G. Battaly, Westchester Community College, NY

_ Calculus Home Page __Compare f(x), f '(x), f "(x)

* ¥ #
Z 3 ? 5
- 5 L ¥ 2 O
)< o) it X ;,
9 fof*ﬁ.‘sﬁ‘a:f:‘%”* B

_ Homework Part 1

&
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3.5 Limits at Infinity .
Consider:

X —=d ‘%Hw“«%wv«* %: g X .

e as x gets large,

>~ (3_>i)<

‘-—I-II-II-II-II-II-II-..

f OR: asx gets large, S

1 Y hes th -
_ _ approaches the té - )(

3

3

¥ 3

X
RS
» g %*‘b
3
i I3
PN
Y
Wesaghsaseit

- X 2 slant asymptote

S ""mmun
Qe mEmEnR

a s®
.-II-II-II-II-II-II-II—
Class Notes: Prof. G. Battaly, Westchester Community College, NY

; Calculus Home Page ) Compare f(x), '(x), f"(x) Homework Part 1

3.5 Limits at Infinity

2
start;: . X ¢
= ot AX°

“--II-II-II-II~
I OR: as x gets large,

*
-L _ i approaches the - 'l )( i
i mmm

|
- L X P slant asymptote

Class Notes: Prof. G. Battaly, Westchester Community College, NY

I “TEE BRE B8R TRD o

ECalculus Home Page __ Compare f(x), f'(x), f "(x) _ Homework Part 1
3

3
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3.5 Limits at Inﬁnity
start:  _fyim_ =€

= —os JdXZ
Y

—_— S~ -

2T 2ax~

_ Y
X‘L_

e

Calculus Home Page

Class Notes: Prof. G. Battaly, Westchester Community College, NY

_ Compare f(x), f '(x), f "(x)

‘--II-II-II-II~

OR: as x gets large,
d® ’(

.l-ll-ll-ll-ll‘

approaches the
slant asymptote

Ly e

_ Homework Part 1

3.5 Limits at Infinity

A X—F
= ax

_ Calculus Home Page

2
() H
5 LT T I
(3R T
Q
/AN _,7,),Zl>
X~ ot % O

Class Notes: Prof. G. Battaly, Westchester Community College, NY

__Compare f(x), f'(x),
[ ]

_ Homework Part 1

S

f"(x)

© G. Battaly 2015


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/hw/ch3s5.htm
http://www.battaly.com/calc/geogebra/derivative_rules/
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/hw/ch3s5.htm
http://www.battaly.com/calc/geogebra/derivative_rules/

Limits at Infinity and Horizontal Asymptotes

3.5 Limits at Infinity

Y NERY 3| gy 2
/6 %2_7; 3x-I 3o 3

Class Notes: Prof. G. Battaly, Westchester Community College, NY
3Calculus Home Page Compare f(x), f'(x), f "(x) Homework Part 1

3.5 Limits at Infinity

VU B0F | by E0E | 4 B

)(—700(3X {)" )“709(3)(_

Class Notes: Prof. G. Battaly, Westchester Community College, NY
3Calculus Home Page Compare f(x), '(x), f "(x) Homeworl k Part 1
12

@
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—-é’

3.5 Limits at Infinity

>

a) ( -o)X)f N,
—7073(3
32 -2
3 x> X
Lo 53 % I -
P -~ X
X
7 3‘(3 — 0-J
Ry -
jx’vu Xk X( O‘ 0 -0
XD ~
N ix o -2
X
@ 3
Asx-> y->0 As X -> o, y->-2/3
HA: y=0 HA: y=-2/3
vcalculus Home Page Class Notesr’:j;l;t:;'.p(a};el%f:;;t):yllfy;,(:;efs"t(cxl;ester Community College, NY

As x -> =,y ->-(2/3)X
Slant Asymptote:

y = -(2/3)x

Homework Part 1

5.0 LIS at INInity

4 3 IX
/6 )N3x

Degree of numerator <
degree of denominator

Limit=10

O

As x> y->0

HA: y=0

Calculus Home Page
&

3"
3xX- {

fow

X 7P

Degree of numerator =
degree of denominator

Limit = ratio of leading
coefficients

As X -> 0y ->-2/3

HA: y=-2/3

N
o

TN

2%*"

W

|

JATS

X 2P

%

Degree of numerator >
degree of denominator

Limit DNE
+ oo

Q@

As X -> 0,y ->-(2/3)X
Slant Asymptote:

y = -(2/3)x
~ |

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Compare f(x), f'(x),

£(x)

Homework Part 1

a
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3.5 Limits at Inﬁnity
i o
70 QL gt 7
indeterminate
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page __ Compare f(x), f'(x), f "(x) __ Homework Part 1

3.5 Limits at Infinity

I 1 BX 4_,9, - }

Ine
| 50 -2y 3
! degree of num = degree of den

1 3=3
~

™ 4

\--

----------_’

As X -> oy ->1/3 :

HA: y=1/3 _L

KETYE T B

Class Notes: Prof. G. Battaly, Westchester Community College, NY
__ Calculus Home Page _ Compare f(x), f'(x), f "(x) _ Homework Part 1
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3.5 Limits at Infinity

(3 +;Q i
\%"‘ R I

3 T
3x
C X 3t
B 2, P
[ A

i

indeterminate

-2 L 9-% e
,C + 2+0 [ |

0 =R +3h = 1m0+0\2

Class Notes: Prof. G. Battaly, Westchester Community College, NY
'7 Calculus Home Page _ Compare f(x), f'(x), f "(x) _ Homework Part 1

u.

3.5 Limits at Infinity

_ — S
Lo, XK=

y~7eo 35X 74

Class Notes: Prof. G. Battaly, Westchester Community College, NY
__Calculus Home Page _ Compare f(x), f'(x), f "(x) __ Homework Part 1
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3.5 Limits at Infinity

@1—;5 _ 1

2
Dope. Xfm=5

¢ ~7=0 3)( +

Degree of numerator = Degree of denominator
Limit = ratio of leading coefficients
As X ->+ y->-1/3

- \ HA: y = -1/3

~

w

1111

o

Class Notes: Prof. G. Battaly, Westchester Community College, NY
_ Calculus Home Page _ Compare f(x), f'(x), f "(x) _ Homework Part 1

H.

3.5 Limits at Inﬁmty

-0 indeterminate
‘_—’—‘—\

3(—'7 —oO g | 3‘

Class Notes: Prof. G. Battaly, Westchester Community College, NY
__ Calculus Home Page Compare f(x), f(x), £ "(x) Homework Part |
S [ i
é é
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3.5 Limits at Infinity

- 0 indeterminate

™
$

eoeeee
X,
L
- Z
W4 YvAmE R TE -
2T

=
xv\ +

<
5
=)

"
[

l*\(l

ND+€; \E )(L-I-—I = X' for large x

Sinmce x—> —oo, nse X

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Compare f(x), f'(x), f"(x) __Homework Part 1
]

[

. Calculus Home Page

3.5 Limits at Infinity

Y\/D"'e; \E)(’“-}—I = X' for large x

Since x—> —oo, use -X
As X ->-0 y -> -1

HA: y =-1

Nﬂ+e; \Exk-l—( zX' for large x

Since x—>+oo, use +x

As X ->+e0 y -> 1

HA: y=1

. Calculus Home Page Compare f(x), f'(x), f "(x)
L]

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework Part 1

N +
_g{)"’b X . - oo indeterminate ')El@:-\;o .——X*—- — (J»Oo 31
EY - - e
')(-—7-_::0 )(L_,‘_l (_ <) L X ! indeterminate
e, X
XX | Xy |
TG LRI T (2
—_ 1 x> X
< . ()r X
| o1
_ o g = s+
X2 | X J
|+ J )+ w
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3.5 Limits at Infinity
| — P,
3 =220
Class Notes: Prof. G. Battaly, Westchester Community College, NY
i Calculus Home Page ~ Compare f(x), f'(x), f "(x) Gf-lomework Part 1

3.5 Limits at Infinity

Aive. (22X =[xl ) —7 @ — o5

3 =20 -4 L-|
¥
(«Q)@ ’7)(’-/ | > (g)(h‘ Frlec } VXL_"/%(}“)

| (o))(—l' m) } AX+ [y
5 XA\\, l — 0 Couz0 HA
oo HR | 7

A ( aX ~ Syl ) = —QC—OO:::—OO

x—>"20

60 80 100

As x -> -0,y -> slant asymptote

y==x

Class Notes: Prof. G. Battaly, Westchester Community College, NY
__ Calculus Home Page _ Compare f(x), f'(x), f "(x) __Homework Part 1

®
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3.5 Limits at Infinity

G ‘&‘"

F-

Calculus Home Page

__ Compare f(x), f'(x), f "(x)
% |

et inhz.
SW SUH\ 457»\4\'*7

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework Part 1

3.5 Limits at Infinity (o o)
L X [ shth ok
é' la,- L F SU)A “M
7% tj-x":o #r: _/&\.\,
<+ }VA e
=23 - 0 #A
%}: (250)(3) - 2% (- 2%) No cis
Ca—x )t @_}_’l:{;o
T
= Isoax eS| ax wa
T 8T T 74 o0 » ¥
(a-x7) (ﬁ’/){) .No re\ e Xt
Ly (e x = /“-’—_X
. (1<) wf |l ¢ Ya(t=) >J 3 01
(4-x)" ] X 9,1, 4
B % 4
wx (1) [ ) 3930 - - 1
:i’__xi[_,f_fu_,___v 7D | H A+
(M? () - ||| =
S ~| ¥ -
_ th(‘)/xﬁ(,,‘)’7+><1> %3' -
- — an cdl ey < 0(
(9-¢f J T
- x (274 45) #0 j J
{%03 no IP . (/
Coleulus Home Page Class N"w’:{(l;;':‘-p‘;el;;:;ll;“(;: :»ﬂl(cxh)u\lcr Community College, NY Homework Part 1
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3.5 Limits at Infinity
AX

2 '&: 7-x*

(0,0)
DS ledeh e vk
0: SUM' d.fzvdv‘ﬁ:»

¥<r3yvd - Y= o HA - No re\ - ex

3 013
X 9,71
Y x —
(744D +
(o~} -
s Tt

A [Ty (oX

@)
wo|

e L
& I’%") f Q)

Compare f(x), f '(x), f "(x)
__Enter f(x) = 2x/(9-x*2)
'@

Class Notes: Prof. G. Battaly, Westchester Community College, NY

_ Calculus Home Page

__Homework Part |
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