CHAPTER 2 Polynomial and Rational Functions

Section 2.3: Rational Functions

» Asymptotes and Holes
» Graphing Rational Functions

Asymptotes and Holes

Definition of a Rational Function:

A rational function # 15 a function of the form

_ Plx)

"= 0w

where P and & are polynotnials.

Definition of a Vertical Asymptote:

& wvertical line x = a 18 called a vertical asymptote of the rational function ¥ =r(x) 1f

Y300 oty —»—00 as x—al orx—a .

Definition of a Horizontal Asymptote:

& horizontal line v =& 15 called a horizontal asymptote of the rational function

y=rixif

¥—b as x—Sooorx —»—oo
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SECTION 2.3 Rational Functions

Finding Vertical Asymptotes, Horizontal Asymptotes, and
Holes:

£(z)

X

Let »(x)= be a rational function and assume that P{x)and ({x) have no commeon

factors.

The wertical and horizontal asymptotes of the rational function
-1
i) = Flx) _ a, % +a, x  +-taxta
1
GUx) b a 4h T e x4y
are determined in the following way:

13 The wertical asymptotes are the wertical lines x =« , where @ 15 areal zero of the
dencminator (0.

&) Ifwm <em, the horizontal asymptote 15 =0, If» =, the horizontal asymptote 13

& leading coefficient in the numerator . .
y=-"= _ g — : . It# =, there 15 no horizontal
A leading coefficient in the denominater
asymptote.

Note: The wvertical and horizontal asymptotes should be found only after checking to
see that the numerator and denominator have no common factors. If the numerator
and denominator have common factors, then the graph will have holes in it.

Example:
Identify any holes, wertical asvmptotes, and horizontal asymptotes for the rational
. +2
functionrix) = xz .
=4
Solution:

: : +2 : :
Eewrite the function »(x) = xg 1 by factoring the denominator,
x

x+2 3 x+2
-4 (x+2)(x—2)

Fix)=

The domain of the function 15 [—m,—E)u[—E,E)U[E,m).
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CHAPTER 2 Polynomial and Rational Functions

x+2 xr+2
rixi= =

= = forz=-2
-4 (x+2(x-2) x-2

The graph of the given function 1s the graph of v = % with the point (—2,—%]
e

removed from the graph. Thus, there 12 a holein the graph at the point [—2,— %]

The zero of x—215 2 The vertical asymptote 15 x= 2

The horzontal asymptote 15 ¥ =0 since the degree of the numerator 15 less

than the degree of the denominator.

The graph iz shown below.

LX) =y eoasy — 2"
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y=0

(

Px) = —eo asy — L
=2

Example:

: : : : Ax+1
Find the vertical and horizontal asymptotes of the function »(x) = 3

x—

Solution:

The numerator and denominator have no common factors.

The zero of the denominator x—315 3. The vertical asymptote 13 x=3.
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SECTION 2.3 Rational Functions

The degree of the numerator 15 1, which 1s equal to the degree of the denominator. The
leading coefficient of the numerator 1z 3 and the leading coefficient of the denominator 12 1.

. . 3
The horizontal asymptote 15 ¥y = T =3

The graph 15 shown below.

P r) S masxy — 3%
|
|
|
i
|
|
4 2 U~214 8 8 10 12
|
|
|
|
I or(x)— —ooasx —» 3
x=13
Example:
. . . . 4
Find the wvertical and horizontal asymptotes of the function 7 (x) = Txﬂr .
r-ax+

Solution:

Factor the denormnator,
X —Sx+d=(x-D(x—4)
The numerator and denominator have no common factors,

The zeros of the denominator are 1 and 4. The vertical asymptotes are x=land x =4

The degree of the numerator 12 1 and the degree of the denominator 15 2. Since the degree
of the numerator 15 less than the degree of the denominater, the horizontal asymptote 1=
y=0.
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CHAPTER 2 Polynomial and Rational Functions

The zraph 15 shown below.
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|

=1 zx=4

The graph of a rational function will not intersect a vertical asvmptote, but the

graph might pass through a horizontal asymptote.

Example:

-

The graph of the rational function f(x) = ———— intersects its horizontal asvmptote
¥ —xt+a

v =1. Find the point of intersection.

Solution:
To find the x-coordinate of the point of intersection, set f{x) =1 and solve the

resulting equation.

. =1
x*—x+2
T =x"—x+2  Multiply both sides by x- — x+ 2.
O0=—x+2 Subtract x~ from both sides.
x=2 Addx to both sides.
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SECTION 2.3 Rational Functions

The point of intersection is (2.1). The graph of the function and its horizontal

asvmptote is shown in the figure below.

(2, 1)

15 =10 ] a 5 10 15

Definition of a Slant Asymptote:

Plix . . .
Let r(x) = (x) ke arational function where the degree of the numerator 15 one
x

more than the degree of the denominator.

{Mote that » does not have a horizontal asymptote since the degree of the numerator

1z greater than the degree of the denominator )

By the Division Algorithm, the rational function can be expressed in the form

rixl=mrx+b+ £(x)
((x)
where the degree of & 13 less than the degree of ¢ andm =0 Asx —too,

R(x)
(%)

line 1z called a slant asymptote.

— D and the graph of » approaches the graph of the line ¥ = mx+ 5 This
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CHAPTER 2 Polynomial and Rational Functions

Example:
Find all holes, vertical asymptotes, honzontal asymptotes, and slant asymptotes,
. . . 4 x=2
if any, for the rational functhion #{x) = —:
x—

Solution:

Eewrite the function by factoring the numerator.

x2+x—2: (x+2)(x—1)

rixl=
() x—3 x—3

The numerator and denominator share no comimon factors.

Vertical Asymptotes:

The zero of the denominator x—315 3.

The wertical asymptotes of » are the lines x= &, where & 15 areal zero of

the denominator.

The vertical asymptote 13 x =3,

Horizontal Asymptotes:

Tdentify the degree of both numerator and denominator.

The degree of P tx—2is2.
The degree of x—313 1.

There 1z no honzontal asymptote since the degree of the numerator 1s greater

than the degree of the denominator.
slant Asymptotes:

The degree of the numerator 1z one more than the degree of the dencminator. There

1z a slant asymptote. To find the slant asymptote, divide x—32 into x4x-2 by
polynomial long division to obtain:
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SECTION 2.3 Rational Functions

rixl=x+4+ 10 .
x=3

The slant asymptote 15 the line vy = x+ 4.

Note: For a review of polynomial long division, please refer to Appendix A.2:
Dividing Polynomials .

The graph 15 shown below.

Additional Example 1:
Find all holes, vertical asymptotes, and honizontal asymptotes, 1f any, for

the rational function #(x)= 2% .
x+5
Solution:
The numerator and denominator have no common factors.
Vertical Asymptotes:

Find all zeros of the denominator.

The zero of the denominator x+515 — 5

The vertical asymptotes of » are the lines x = @, where @ 13 areal zero of the

denominator.

The vertical asymptote 15 x= -3
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CHAPTER 2 Polynomial and Rational Functions

Horizontal Asymptotes:

Tdentify the degree of both numerator and denominator

The degree of 2x 15 1.
The degree of x+515 1.

leading coefficient in mumerator

The horizontal asymptote 15 p = 1if degrees in

leading coefficient in denom inator

numerator and denominator are the zame.

The leading coefficient in the numerator 15 2

The leading coefficient in the denominatoris 1.

The honzontal asymptote 15 v = %: 2.

The graph iz shown below.

N R S-S

12 0 B B | -4 U

x=-25

Additional Example 2:

Find all holes, vertical asymptotes, and honizontal asymptotes, 1f any, for
I
xi—d

the rational function #(x) =
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SECTION 2.3 Rational Functions

Solution:

Factor the denominator: x° —4 = (x+20(x =20

The mumerator and denominator have no cotmmeon factors.

Vertical Asymptotes:

The zeros of the dencominator are — 2 and 2.

The vertical asymptotes of » are the lines x = &, where @ 15 a real zero of the

dencminator.
The vertical asymptotes are x= —2 and x = 2.

Horizontal Asymptotes:
Identify the degree of both numerator and denominator.

The degree of 3x% is 2.
The degree of x—4ig2.

. . leading coefficient in umerator .
The horizontal asymptote isy = e if degrees in

leading coefficient in denominator

numerator and denominator are the same.

The leading coefficient in the numerator 15 3.

The leading coefficient in the denominatoris 1.

The honizontal asymptote 15 ¥ = %= .
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CHAPTER 2 Polynomial and Rational Functions

The graph 1z shown below.

SSSSUR I et
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Additional Example 3:
Find all holes, vertical asymptotes, and honzontal asymptotes, 1f any, for
=2

the rational function #(x)= R E—
+2x-3

Solution:
Factor the denominator: x° +2x -3 = (x+3(x-1

The numerator and denormnator have noe commoeon factors.

Vertical Asymptotes:

The zeros of the denominator are — 3 and 1.

The vettical asymptotes of #» are the ines x=a, wherea 15 areal zero of the

denominator.

The vertical asymptotes are x= -3 and x=1.
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SECTION 2.3 Rational Functions

Horizontal Asymptotes:

Identify the degree of both numerator and denominator.

The degree of x—2 15 1.
The degree of x4 2x—3is 2.

The degree of the num erator 12 1ess than the degree of the denominator.

The honzontal asymptote 15 v =10
The graph 1z shown below.

Additional Example 4:
Find all holes, vertical asymptotes, horizontal asymptotes, and slant asvmptotes,

2
. . . +1
it any, for the rational function rix)= il .
x

Solution:
The numerator and denominator have no common factors.

Vertical Asymptotes:

The zero of the denominator 15 0.

The vertical asymptotes of # are the lines x =a, wherea 13 areal zero of the

denominator.

The vertical asymptote 1z x =0
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Horizontal Asymptotes:

Tdentify the degree of both numerator and denominator.

The degree of x+1is2.
The degree of x 15 1.

The degree of the numnerator 1z greater than the degree of the denominator.
There iz no horizontal asymptote.

slant Asymptotes:

The degree of the numerator 13 one more than the degree of the denominator. There

iz a slant asymptote. To find the slant asymptote, divide x into x° +1 to obtain:
1
FixI=x4+—.
x

The slant asymptote is the line y=x.

The graph 1z shown below.

=10

Additional Example 5:
Find all heoles, vertical asymptotes, and honizontal asymptotes, 1f any, for the
Sx-1

rational function r(x) = ————="——.
(x=Dix"+4)
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SECTION 2.3 Rational Functions

Solution:

The numerator and denominator share a common factor. Begin by simplifring.

forx=1.

_ Sx-1
) (x-D(x+4) x°+4

The graph of the given function 15 the graph of =

25 with the point [1,1:]
x+4
remowved. Thereis a hole in the graph at the point [1,1).

Vertical Asymptotes:

The zeros of x° +4 are — 2 and 2i. There is no vertical asymptote since these

zeros are not real.

Horizontal Asymptotes:

The horizontal asymptote 15 v =0 since the degree 1n the numerator 15 less than
the degree of the denominator.

The graph 1= shown below.

1.5

(1,1

2 4 6 8
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CHAPTER 2 Polynomial and Rational Functions

Graphing Rational Functions

A Strategy for Graphing Rational Functions:

To sketch the graph of arational function »#(x) = £ . itis helpfal to follow
X

the guidelines given below.

o Factor the numerator and denominator, if necessary, to check for common
Factors.

® Findthe x- and yintercepts.
® Findthe vertical and horizontal asymptotes.

o Ifthe degree of the numerator is one more than the degree of the denominator,

find the slant asymptote.
® Determine the behawior near the vertical asymptotes.

® Find as many additional points as needed to complete the graph.

Example:
x+6

r—

=ketch the graph of the rational functions(x) =

Solution:

_ommon Factors:

The numerator and denominator share no common factors.

Intercepts:
The x-nterceptiz —6 since x+z = 0 whenever x = .
e
0+6 6
The y-int tizrll=——=—=-3
e y-ntercept 1z #(0) 3= 3
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SECTION 2.3 Rational Functions

Asymptotes:

The zero of the denotninator x—2 15 2. The vertical asymptote1s 2= 2.
The degree of the numerator 12 equal to the degree of the denominator. The

leading coefficient in both numerator and denominator 15 1. The horizontal

. 1
asymptote 15 ¥ = 1 =1

Behawor near vertical asymptote:

hsx =27 the sgn of #(x) = %: % So,r(x) —Swmaz x— ot
Az x—=27, the sign of #(x) = %'_2= ; So,rix) —s-masx —2 .
Additional points on the graph:

(3= % = ?z 9 Point on the graph: (3,9

HNE % = —ll =—7 Point on the graph: (1,-7)

The graph is shown below.

FUE) —r o0 oasy .

(3, %)

};:1 |

e e e e e e e e e o

E 8 10 12

Pl — —wmoasy — 20 x
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CHAPTER 2 Polynomial and Rational Functions

Additional Example 1:

wketch the graph of the ratonal function #(x) = il
x—

Solution:
The numerator and denominator share no common factors.

Intercepts:

=

The y-4ntercept iz #(0) = =3

pa)

-1

: : : : : 3
There 13 no x-antercept since there 13 no value of x for which ——=10.
x—

Asymptotes:
The zero of the denominator x—11s 1. The vertical asymptote 1z x=1.

Determine the behaw or nearthe vertical asymptote x = 1to the nght of 1.

+1+

3
Az x =17, the sign of Az = E:
S0, r(x)—oas x =17

Dietermine the behaw or near the vertical asymptote x=1to the left of 1.

E

Az x =17, the sign of #(x) = oo

—_

So, Mxl—-—masx—1"

The degree of 31z 0
The degree of x—115 1

The honzontal asymptote 15 ¥ =0 since the degree of the numerator 13 less than

the degree of the denominator,

Additional Points:

Idake atable of values to find additional points on the graph.
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3
2 rid)=——=3 2,3
(@)= [2.3]
3| rEe 2 32
-1 2 2

wketch the graph.

r(xj—)—masx—>1
=1

Additional Example 2:

[WN]

sketch the graph of the rational function #(x) =

B ]
|
—

Solution:
The numerator and denominator share no common factors.

Intercepts:

The vantercept 15 #(0) = % =3,

. . . x—
The x-ntercept 1z 3 since
x—

MATH 1330 Precalculus

g =0 wheneverx—3=0=x=73,

SECTION 2.3 Rational Functions

221



CHAPTER 2 Polynomial and Rational Functions

Asymptotes:
The zero of the denotinator x—113 1. The vertical asymptote is x=1.

Determine the behavior nearthe vertical asymptote x =1to the right of 1.

bg x —=1% the sign of r(x) = _3: —
=1 +

by

So, r(x) —>—wasx — 17

Determine the behawi or near the vertical asymptote x =1to the left of 1.

Agx—1, thesign of 7(x) = x—? =_.
-1 =
Go,r(x)—masx—1.
The degree of x—3135 1.
The degree of x—115 1.
leading coefficient it tmumerator 1

=-=1

The horizontal asymptote 18 ¥ =
leading coefficient in denominator 1

Additional Points:

Wake atable of walues to find additional points on the graph.

x rix) (x.r(x))
~1-3

-1| reh=——=2 (-1.2)
03

2 | r@=s—=-1 (2,-1)

222 University of Houston Department of Mathematics



SECTION 2.3 Rational Functions

sketch the graph.

Axl—» coasy — 1

(o, 3
(-1, 2)

4 2 U

i
|
|
|
|
|
|
|
|
|
il

r(;cj—:-—masx—}l"'
1

X

Additional Example 3:
1-2x

sSketch the graph of the rational function #(x) = .
X+

Solution:
The numerator and denominator share no common factors.

Intercepts:

The yanterceptis »(0) = ﬂ =1
0+1

—2x

: : : 1
The x-ntercept 15 — since =0 whenever 1-2x=0=x=—.

x+1

Asymptotes:

The zero of the denominator x+11s —1. The vertical asymptote iz x=—1.

Determine the behawvior near the vertical asymptote x=—1 to the nght of —1.

s x—-17, the sign of #(x) = =2z = i
x+1 +

So, rix) —oasx ——17,
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Determine the behawi or near the vertical asymptote x = —1to the left of - 1.

bz x —-1", the sign of #(x) = 1-2x :i.
x+1 -
Go,r(x) —»-masx —-1".
The degree of 1-2x135 1
The degree of x+11s 1.
leading coefficient in tnun erator -2

=—t=22

The horizontal asymptote 15 y = =
leading coefficient in denominator 1

Additional Points:

Make a table of walues to find additional points on the graph.

2| re) =25 | (2-5)
2 [r@=22m1 | (20
Sketch the graph.

Hrl—rooasy — -1

=2 2 I e

| (2,-1)
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Additional Example 4:

1

=ketch the graph of the rational function #{x) = ———
(x+Tix-1)

Solution:

The numerator and denominator share no comm on factors.

Intercepts:

1

The yantercept1s #() = ———— =
(0+13(0-1)

There 1z no x4ntercept since there 15 no walue of x for which
_ L .0
(x+D(x-1)

Asymptotes:

The zeros of the denominator {x+1{x—1) are —1 and 1. The vertical

asymptotes are x =—land = L.

Determine the behawi or near the vertical asymptote x =1 to the nght of 1.

Az x —=1", the sign of #(x) = ! * r

D= (D +

So,r(x) =oasx =1

Determine the behaw or near the vertical asymptote x =1to the left of 1.

1 + o+

x+D(x-1) (D) -

Lz x =1, thesign of #(x) =

So,r(x)—>-wasx —1"

Determine the behaw or near the vertical asymptote x = —1to the right of -1

1 + o+

G+)(x-) (D) -

bs x —=—17, the sign of #(x) =

So, ri(x) -0 as x — -1,
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Determine the behavior near the vertical asymptote x=—1 to the left of — 1.

. the sign of r(x) = ! -7 :i.

(x+Dix=1 =)=+

Asx—=-1"

So,rix) —wasx —-1.

The degree of 115 0.
The degree of (x+10(x—1) 15 2

The honzontal asymptote 15 v =0 since the degree of the numerator 15 less than

the degree of the denominator,

Additional Points:
Idake atable of values to find additional points on the graph.
x r(x) (x,r(x))
1 1
2 | r-dlm——— == —2,1
(—2+1}{—2— o3 3
1 r(—%]: (_1 _4]
|y
1 r (%] = =— % [ 1 4]
e | 5 ][ ) * |l
1
2 | e ==z 2,1
(2+1}(2 n 3 3
sketch the graph.

Mzl —reoasxy— -1 Hxl— oasy— 17

(-2, 1/3)
y=10

'n:-m mj LAY, (1;2,-443)' 3

Hal—s —oasy — —1%

226

r=1

Azl = —oasy =17
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SECTION 2.3 Rational Functions

Additional Example 5:

x4+ 2

wketch the graph of the rational function #(x) = .
.

Solution:

The numerator and denominator share no comm on factors,

Intercepts:
. . 0% +2
The yantercept 15 #{0) = = = -z
. . . . L xS +2
There 15 no x-ntercept since there 15 no real number x for which . =1
v

Asvmptotes:
The zero of the denominator x =115 1. The vertical asymptote 1sx =1,

Determine the behavior near the vertical asymptote x = 1to the nght of 1.

x2+2_+

Asx—17, the sign of #(x) =

So,r(x) = masx—1"

Dietermine the behavior near the vertical asymptote x =1to the left of 1.

x2+2_+

Agx—=1", thesign of r(x) = 1
-

So,r(x)—=-oasx—=1.

The degree of the numeratoris 2.

The degree of the denotninatoris 1.

There 15 no henizontal asymptote since the degree of the num erator 15 greater than

the degree of the denominator.

since the degree in the numerator 15 one more than the degree of the denominator,

there 13 a slant asymptote. Divide the denominator inte the numerator by polynomial

L : 3 : :
long division to obtain r(x)= x+1+ ——_ The slant asymptote 15 the liney =x+1.
5o
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Additional Points:

Iake atable of values to find additional points on the graph

. r(x) (x,7(x))
_(yef+e _
112 | #(1/2) ET=E 9f2 | (12, -59/2)
_ (3t e _
32 | r(3/2) R 17/2 | (3/2,17/2)
2+
2 r(2j=M=6 (2,6)
2-1

Sketch the graph

r(xj—:-masx—}l"'

(32 1,41:,-23 -
|
y=Ex+l
A

Hx) — -ooasy —» 17

1
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Exercise Set 2.3: Rational Functions

Recall from Section 1.2 that an even function is

symmetric with respect to the y-axis, and an odd function

is symmetric with respect to the origin. This can

sometimes save time in graphing rational functions. If a
function is even or odd, then half of the function can be
graphed, and the rest can be graphed using symmetry.

Determine if the functions below are even, odd, or

neither.
5
1. f(x)==
X
3
2. f(X):—m
4
3. f(x)=
) X2 -9
2
a4 te=2"1
x—1
5. f(x)=
9 X2 —4
6. f(x):73
X

In each of the graphs below, only half of the graph is
given. Sketch the remainder of the graph, given that the
function is:

(a) Even

(b) Odd

7.

y =

=6

(Notice the asymptotes at x=2 and y=0.)

MATH 1330 Precalculus
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(Notice the asymptotes at x=0 and y=0.)

For each of the following graphs:
(i) Identify the location of any hole(s)
(i.e. removable discontinuities)
(k) Identify any x-intercept(s)
() Identify any y-intercept(s)
(m) ldentify any vertical asymptote(s)
(n) Identify any horizontal asymptote(s)

9. 169y
o
I
g
I
.......... Tt
.......... H+er
10 -8 -6 -4 -2 T 4 6 8
,2-_
iy
oI
I
10. i
I
o
I
+ X
||||||||||| N
...... AN A SR
8 6 4,2 + 24 6 8

41
—6+
8+

229



Exercise Set 2.3: Rational Functions

For each of the following rational functions: 2. £(x) X3
. X)=—>+—
(@) Find the domain of the function 2x*-18
(b) Identify the location of any hole(s)
(i.e. removable discontinuities) 25. f(x) =_(3XL)(;_Z)
(c) Identify any x-intercept(s) X(x=2)
(d) Identify any y-intercept(s) 26 —(x+4)(5x~T7)
(e) Identify any vertical asymptote(s) - T00= (x=3)(x+4)
(f) Identify any horizontal asymptote(s)
(9) Identify any slant asymptote(s) 27 f(x)= 2x* -18
(h) Sketch the graph of the function. Be sure to X2 +4x+3
include all of the above features on your graph.
8x% —16x
2 28. f(x)= =720
11 f (X) = E
99 16- x*
12 f(x)=—2 'S
X+7
o2 —x+2
30. f(x)=1 X TX*e
13. f(x)= ZXX+3 (9 X2 —4
1 f(x):9—x4x 31. f(x):x2_4
-12
x—6 32. f(x)=
15. f(x)=m ) X2 +X-6
6x—6
X+5 33 f(X)=———
16. f0=-— ) X2 —x—-12
_ —4x+8 34, f(x)=—2X=16
17. f(x)= >3 (x) N ICVRT:
3x+6 (x=3)(x+2)(x—4)
. = 3. f()=—r—FL—"2"" 2
18 f00=51 = r—ax-2)
(x=2)(x+3) 2x3 +10x2
19, f()=r——1c—= 36. ()= X
(x-2)(x-4) NI T
(X+3)(6—X) -5 1)(x—3
20. f(x)=——t——2 _ X(x=5)(x+1)(x=3)
(x—2)(x+3) 37109 (x+)(x—3)
20, (9= x2 +Xx—20 38, F(x)=- (x—4)(x—3)(x—2)(x +1)
x—4 ' (x—4)(x-2)
2 _ _ 3 2 _ _
22 f(x)= X X3_)(5 10 39. f(x)= X+ 2X . 9x—-18
X
4x3 *-10x° +9
23. f(x):xz—x_1 40. f(x):%
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Exercise Set 2.3:

Answer the following.

41.

42,

x> —5x+3

In the function f (x)= ——
3X°+2x-3

(a) Use the quadratic formula to find the x-
intercepts of the function, and then use a
calculator to round these answers to the nearest
tenth.

(b) Use the quadratic formula to find the vertical
asymptotes of the function, and then use a
calculator to round these answers to the nearest
tenth.

2x2 +7x-1

In the function f(x)= >
X°—6X+4

(a) Use the quadratic formula to find the x-
intercepts of the function, and then use a
calculator to round these answers to the nearest
tenth.

(b) Use the quadratic formula to find the vertical
asymptotes of the function, and then use a
calculator to round these answers to the nearest
tenth.

The graph of a rational function never intersects a
vertical asymptote, but at times the graph intersects a

horizontal asymptote. For each function f (x) below,

(a) Find the equation for the horizontal asymptote of

the function.

(b) Find the x-value where f (x) intersects the

(©)

43.

44,

45.

46.

horizontal asymptote.

Find the point of intersection of f (x) and the
horizontal asymptote.

2

X +2X+3
f(x)=———
(x) x?—x-3
f(X)_x2+4x—2

X2 —x—7

2

X +2X+3
f(X)=———
) 2x% +6x—1

3x? +5x-1
f(x)=———"—
(%) x> —x-3

MATH 1330 Precalculus

Rational Functions

2
47 f()():4x2+12x+9
X°—X+7
2 p—
48. f(x)=X2+—5X1
5x°-10x-3

Answer the following.

49. The function f(x)=z6x—_612 was graphed in

Exercise 33.

(a) Find the point of intersection of f(x) and the
horizontal asymptote.

(b) Sketch the graph of f (x) as directed in

Exercise 33, but also label the intersection of
f (x) and the horizontal asymptote.

50. The function f(x) =2_8X—_16 was graphed in
X +2x-15

Exercise 34.

(a) Find the point of intersection of f (x) and the
horizontal asymptote.

(b) Sketch the graph of f(x) as directed in

Exercise 34, but also label the intersection of
f (x) and the horizontal asymptote.
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