
Diagnose Readiness You have two options for checking Prerequisite Skills.

Take the Quick Check below. Refer to the Quick Review for help.

Get Ready for Chapter I I

Solve each proportion. (Lesson 2-6)

, y _ g . 5 x
'' 5:o t' 12= 36

t. Z:! +. 9:19'' 2-z -'x- 4

5. DRAWING Rosie is making a scale
drawing. She is using the scale
1 inch : 3 feet. How many inches
will represent 10 feet?

Find the GCF of each pair of monomials.
(Lesson 8-l)

6. 1,2ab,1,8b

8. 6012,4513

10. GAMES Fifty girls and75 boys attend a

sports club. For a game, boys and girls are
going to split into groups. The number in
each group has to be the same. How large
can the groups be?

Factor each polynomial. (Lessons B-2 and 8-4)

ll. 2x2 - 4x 12. 6x2 - 5x - 4

15. 6xy * 15r 14. 2c2d - 4c2d2

15. AREA The area of a rectangle is
x2 + 5x * 6. What binomial expressions
represent the side lengths of the rectangle?

A=x2+5x+6

3xDolve E= 12.?: 
"_572

3 .12:5 . x

36=5x
36 5x
55
36_-
5

Original equation

Cross products

Simplify.

Divide each side by :.

Simplify.

Find the greatest common factor of 30
and 42.

2.3 .5
2.3 .7
2.3=6

7.

9.

1.5cd2,25c2d

12xt1,1.6x2y Prime factorization of ro

Prime factorization of 42

Product of the common factors

The greatest common factor of 30 and 42 is 6.

In this trinomial, b = 4 andc = -45. Find
factors of -45 with a sum of 4. The correct
factors are -5 and 9.

x2 + 4x - 45 original expression

: (r * m)(x + p) Write the pattern.

:(x -5)(r + 9) n=-5andp=9

_l"llpj:t"-O,,"!tli'T'{l) 
Take a self-check Chapter Readiness Quiz at slencoe.com.

Factor x2 + 4x - 45.
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Get Started on Chapter I t
You will learn several new concepts, skills, and vocabulary terms as you study
Chapter ll. To get ready, identify important terms and organize your resources.
You may wish to refer to Chapter 0 to review prerequisite skills.

Rational Fundions and Equations Make this

Foldable to help you organize your Chapter I I notes

about rational functions and equations. Begin with 3

sheets of notebook paper.

fake one sheet of paper

and fold in half along the

width. Cut I inch slits on

each side of the paper.

Sta* the two sheets of paper

and fold in half along the width.

Cut a slit through the center

stopping I inch from each side.

lnsert the first sheet through

the second sheets and align the

folds to form a booklet. Label

the cover with the chapter title.

t-I LhaPtet Ll

tRational Fvnclions

,-, ", 
and Equalions

English

inverse variation

product rule

excluded value

rational function

asymptote

rational expression

least common

multiple (LCM)

least common

denominator (LCD)

complex fraction

mixed expression

rational equation

extraneous solutions

work problems

rate problems

Espaftol

variaci6n inversa

regla del producto

valores excluidos

funcidn racional

asintota

expresi6n racional

minimo comfn mriltiplo
(mcm)

minimo comfin

denominador (mcd)

fracci6n compleja

expresidn mixta

ecuacion racional

soluciones extrafras

problemas de trabajo

problemas de tasas

. p. 670.

. p.671 .

'P'678 '
. p. 678.

. p.679.

.p,684.

. p.707 .

. p. 708.

. p.714 .

. p.714 .

. p.720 c

. p.721 .

. p.722.

. p.723.

direct variation . p. 180 . variaci6n directa an equation of
theformY=kx,wherekt'O

Quotient of Powers . p. 408 . cociente de potencia

ol- - o'- n

o"

xs x.x.x.x.x
7= r :x'Xolx2

4=x5-3orxz
x5

Zero Product Propefi . p.478. propiedad del producto

de cero if the product of two factors is 0, then at least one

of the factors must be 0

. Study the chapter online

. Explore Math in Motion

. Get extra help from your own Personal futor

. Use Extra Examples for additional help

. Take a Self-Che* Quiz

. Review Vorabulary in fun ways
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You can use a data collection device to investigate the relationship between volume
and pressure.

Set Up The Lab
o Connect a syringe to the gas pressure sensor. Then connect the data collection device

to both the sensor and the calculator as shown.

. Start ihe collection program and select the sensor.

Collect Data

Step I Open the valve between the atmosphere and the syringe. Set the inside ring
of the syringe to 20 mL and close the valve. This ensures that the amount oT
air inside the syringe will be constant throughout the experiment.

Step 2 Press the plunger of the syringe to the 5 mL mark. Wait for the pressure
gauge to stop changing, then take the data reading. Enter 5 as the volume
in the calculator. The pressure is measured in atmospheres (atm).

Step 5 Repeat step 2, pressing the plunger to 7.5 rrrL,10.0 mL, 12.5 rr.L,15.0 mL,
17.5 rr.L, and 20.0 mL. Record the volume from each data reading.

Step 4 After taking the last data reading, use STAT PLOT to create a line graph.

Exercises

l. Does the pressure vary directly as the volume? Explain.

2. As the volume changes from 10 to 20 mL, what happens to the pressure?

5. Predict what the pressure of the gas in the syringe would be if the volume
increased to 40 mL.

4. Add a column to the data table to find the product of the volume and the
pressure for each data reading. What pattern do you observe?

5. MAKE A CONIECTURE The relationship between the pressure and volume of a gas
is called Boyle's Law. Write an equation relating the volume o in milliliters and
Pressure p in atmospheres in your experiment. Compare your conjecture to those
of two classmates. Formulate mathematical questions about their conjectures.

Explore 11-1 Graphing Technology Lab: lnverse Variation 669



WhvPl

You solved problems

involving direct

variation. (Lesson 3-4)

Dljsur
. ldentify and use inverse

variations.
. Craph inverse

variations.

Newr V^bcaliulbrYrJ*d!,,#z

inverse variation
product rule

math online >Lm#
glencoe.com

. Extra Examples

. Personal Tutor

. Self-Check Quiz

. Homework Help

3=k(1) 6=k(2)
3=k 3=k

9 = k(3)

3=k

d. by =10
2xY = 19

xa :5

The table of values represents
the direct variation A = 3x.

Write the equation.

Divide each side by z.

The equation represents an inverse
variation.

lB. -2x : y

C-hecliYo-ul,PrggtreSsr*-er*

lnverse Variation

The time it takes a runner to finish a
race is inversely proportional to the
average pace of the runner.

ldentify and Use tnverse Variations tn
the situation above, the runner's time
decreases as the pace of the runner
increases. So, these quantities are

iwsersely proportionaL An inverse
variation can be represented by the

equationy=+orxy-k.

In an inverse variation, the product of two values remains constant. Recall that a

relationship of the formy = kx is a direct aariation. For either a direct or indirect
variations, the constant k is called ttre constant of ztariation or the constant of
proportionality.

ldentify lnverse and Direct Variations

Determine whether each table or equation represents an inoerse or a direct
oariation. Explain.

y varies inversely as x if there is some nonzero constant k such that

y : + ot Xf :k, where x + o and y { o.

Er.ariation,-t.r7equals,Hlconstant.So,thetable
l-l-ljj constant t. Fina xy I t | ' I does not represent an
lrl 8 I foreachorderedpair lrl 6 I indirectvariation.

r-d -.'l in the tabre. t F l
1 .1.6 = 1"6

2,8 = 16

4.4=1.6
The product is constant, so the table
represents an inverse variation.

C. x:2y
The equation can be written as

y = rx. Therefore, it represents a

direct variation.

I 2 5

l0 5 2

670 Chapter 11 Rational Functions and Equations
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,* Variation
Equations For direct

variation equations,

you say that y rories

directly as x. For

inverse variation

equations, you say that
y vories inversely as x.

You can use xy : k to write an inverse variation equation that relates x and y.

Write an lnverse Variation

Assume that y varies inversely as r. If y = 18 when x = 2, write an inverse
variation equation that relates x and, y.

xy : k lnverse variation equation

2(18):k x=2and/=t8
36 = k Simplify.

The constant of variation is 36. So, an equation that relates x and y is
36

XA = lOOry: x.

€Ji-e-ekYe-urFregre*x

2. Assume that y varies inversely as r. If g/ : 5 when x = -4, write an inverse
variation equation that relates x andy.

If (xr, yr) and (x2, Az) are solutions of an inverse variation,
xzAz= k'

xtUt: k and xzUz= k
xtAt = xzUz Substitute xryrlot k.

The equation xtAt = xil2is called the product rule for inverse variations.

Solve for x ot y

Assume thaty varies inversely as r.If gt:3 when x:12, find x when A = 4.

xt!/r= x2!/z Product rule for inverse variations

12. 3: XZ. 4 Xr=l2,ft=!,andyr- 4

36 = xz.4 Simplify.
36_-
4 : xz Divide each side bY 4'

9 : x2 Simplify.

So,whenA=4,x:9.

thsdsVqur Pros;**
5. If y varies inversely as x and A : 4 when x :

The product rule for inverse variations can be used
real-world problems.

p eersonal Tutor glencoe.com

then xryr: k and

-8, find y when x: -4.
p Rersonal Tutor glencoe.com

to write an equation to solve

Lesson 11-1 lnverse Variation 671

Product Rule for lnvetse Variations

Words

Symbols

lf Et, y) and (x2, yr) are solutions of an inverse variation,
then the products xlyt and x2y2are equal.

x, YzxtYr: x)/2o( i: h



,.r..,,,.**.r,,*,,,.,,,.,,,,a,i

*BsalhU#artdl*i'trf$ ir
I

Use lnverse Variations

PHYSICS The acceleration a of a hockey puck is inversely proportional to its
lmass m. Suppose a hockey puck with a mass of.L64 grams is hit so that it
accelerates 122rnr.ls2. Find the acceleration of a 158-gram hockey puck if the
same amount of force is applied.
Make a table to organize the information.
Let m., - 1,64, at : 122, and mr: 1,64. Solve for ar.

mraT : m2a2 Use the product rule to write an equation.

1.64 - 1,22 - 158a, fi, = 164, o, = 122, and m2 - t58

20,008 :158a2 Simplify.

126.6 = a, Divide each side by ts0 and simplify.

The 158-gram puck has an acceleration of approxim ately 126.6 m/ s2A standard hockey puck is

I inch thick and 3 inches

in diameter. lts mass is

between approximately

156 and 170 grams.

Source: /t/Hl Rulebook

,, Solve a Simplet
i Problem Sometimes it

rs necessary to break a

I problem into parts,

: solve each part, and

: then combine them to

ll tna the solution to the

i: problem.

i

Rational Functions and Equations

I
1

i

I

Graph lnverse Variations The graph of an
the graph of a direct variation.

S ehe-ek: Yqu-r, P1sg.1e-.s;

I s. G.rph an inverse variation equation in which y =l'
16 when x:4.

p Rersonal Tutor glencoe.com

*t

1N Che-ck Your. Progress.

4. RACING Manuel runs an average of 8 miles per hour and finishes a race in 0.39
hour. Dyani finished the race in 0.35 hour. What was her average pace?

p eersonal Tutor glencoe.com

inverse variation is not a straight line like

Graph an Inverse Variation

Graph an inverse variation equation in which 3l : 8 when x = 3.

Step I Write an inverse variation equation.

xy : k lnverse variation equation

3(8): k x=!,y=8
24: k Simptify.

The inverse variation equation is xy - 24 or y :4.
Step Z Choose values for r and y thal have a product of 24.

Step 3 Plot each point and draw a smooth curve that connects the points.

Notice that since y is undefined
when x :0, there is no point on the
graph when:' : 0. This graph is
called a hyperbola.

672 Chapter 11



FW
'Y: kx

. y varies directly as x.

. The ratio { is a constant.

. y varies inversely as x.

. The produ d xy is a constant.

4 8 12

) 8 l5 24

Example I
p.670

Examples 2 and 5
pp.67t-672

Example 5
p,671

Example 4
?.672

5, Y:8whenr=6
7. y :3 when x: -10

6. Y:2whenx:5
8. y= -lwhenx:-12

2.L

Determine whether each
variation. Explain.

table or equation represents an inoerce or a direct

l. xy-4

Assume that y varies inversely as x. Write an inverse variation equation that
relates x and y. Then graph the equation.

4.y:ft

Solve. Assume that y varies inversely as x.

Q If U = 8 when x :  ,find x when A : 2.

10. If y : 7 when x = 6, findy when x = -21.
ll. If y = -5 when x = 9, findy when x = 6.

12. RACING The time it takes to complete a go-cart race course is inversely
proportional to the average speed of the go-cart. One rider has an average
speed of 73.3 feet per second and completes the course in 30 seconds. Another
rider completes the course in 25 seconds. What was the average speed of the
second rider?

15. OPTOMETRY When a person does not have clear vision, an optometrist can
prescribe lenses to correct the condition. The power P of a lens, in a unit called
diopters, is equal to 1 divided by the focal lengthf, in meters, of the lens.

a. Graph the inverse variation P = 1.
J

b. Find the powers of lenses with focal lengths *0.2 to -0.4 meters.

I 2 3 4

24 12 I 6

Lesson 11-1 lnverse Variation 673



*= Step-by-Step Solutions begin on page RI2.

Extra Practice begins on page 8l 5.

Example I
p.670

Examples 2 and s
p?.671-672

Example 5
p.67t

Example 4
p.672

Determine whether each
variation. Explain.

table or equation represents aninaerse or a direct

17.16.

t'{=sE. xy:L

24. y: -6whenx=-3
27. y:12whenx=-9

MUSIC When under equal tension, the frequency of a vibrating string in a

piano varies inversely with the string length. If a string that is 420 millimeters
in length vibrates at a frequency of 523 cycles a second, at what frequency
will a 7 07 -millimeter string vibrate?

situation is an example of an inoerse or a direct variation.

!@-d$ryl!$.*&h-:f rs. Nicole earlns $r+ for babysitting 2 hours, and $21 for babysitting 3 hours.
A medium-sized piano has

about 250 strings with a

combined tension of 15

to 20 tons. A concert

grand piano may have a

combined string tension

of up to 50 tons.

Source: Piano World

_EE -EE

ffiffi
18.5x-a:0 20. x=74y

Assume that y varies inversely as r. Write an inverse variation equation that
relates r and y. Then graph the equation.

22. y=2whenx=20 23. y- 18whenr=4
25. y: -4whenx=-3 26. y= -4whenx:1.6

Solve. Assume that y varies inversely as x.

28. If y =12whenx=3,findrwhenU=6.
29. Ifl = 5 when x : 6,find r when U = 2.

10. If y = 4 when x. : l4,find x when A : -5.
ll. If y : 9 when x : 9, find y when x : -27.
52. If y : 15 when x = -2, find y when x : 3.

!!. If A: -B when x= -12,findy when x=L0.

54. EARTH SCIENCE The water level in a river varies inversely with air temperature.
When the air temperature was 90' Fahrenheit, the water level was 11 feet. If the
air temperature was 110" Fahrenheit, what was the level of water in the river?

59. Thirty video game tokens are divided evenly among a group of friends.

Determine whether each table or graph represents an inaerse or a direct variation.

41.

Explain.

674 Chapter 11 Rational Functions and Equations
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t

I

44. PHYSICAI SCIENCE \Mhen two people are balanced on a seesaw their distances
from the center of the seesaw are inversely proportional to their weights. If a
LL8-pound person sits 1.8 meters from the center of the seesaw how far should
a 125-pound person sit from the center to balance the seesaw?

Solve. Assume that y varies inversely as x.

If.y :9.2 when x : 6, find x when U = 3.

If y :3.9 when x:1.5, find x when A = 0.3.

If y:+when x: -20,fndywhen, = -3.
Ify:- 63when *:Z,fnd,ywhen x:8.

SWIMMING Logan and Brianna each bought a pool membership. Their average

cost per day is inversely proportional to the number of days that they go to the
pool. Logan went to the pool 25 days for an average cost per day of $5'60.
Brianna went to the pool35 days. What was her average cost per day?

PHYSICAI SCIENCE The amount of force required to do a certain amount of work
in moving an object is inversely proportional to the distance that the object is

moved. Suppose 90 N of force is required to move an object 10 feet. Find the force
needed to move another object 15 feet if the same amount of work is done.

DRIVING Lina must practice driving 40 hours with a parent or guardian before
she is allowed to take the test to get her driver's license. She plans to practice the
same number of hours each week.

a. Let /z represent the number of hours per week that she practices driving. Make
a table showing the number of weeks w that she will need to practice for the
following values of h:1,2,4,5,8, and 10.

Describe how the number of weeks changes as the number of hours per
week increases.

Write and graph an equation that shows the relationship betweenh and w.

e
46.

47.

48.

49.

50.

51.

b.

ln 2007, lllinois began the

0peration Teen Safe

Driving program. The

program challenges high

schools to compete against

each other to develop the

most comprehensive and

creative safe driving

community.

Source: Ford Motor Company

52. FIND THE ERROR Christian and
Trevor found an equation such
that x andy vary inversely, and

A = 10 when x = 5.Is either of
them correct? Explain.

Chvistiarh
.vk=-

x
l0=-oY>
z

Y=5x

Tretor
k=x/

= (s)(10) or 50

50
/X

53. 'CHAIIENGE Suppose/varies inversely with g, and g varies inversely with h. \Mhat
is the relationship betweenf andh?

54. REASONTNG Does xA : -k represent an inverse variation when k + 0? Explain.

OPEN ENDED Give a real-world situation or phenomena that can be modeled by
an inverse variation equation. Use the correct terminology to describe your
example and explain why this situation is an inverse variation.

WRITING !N MATH Compare and contrast direct and inverse variation. Include a

description of the relationship between slope and the graphs of a direct and
inverse variation.

55.

Use Higher-Order Thinking Skills

56.

Lesson 11-1 lnverse Variation 675



Rational Functions

You wrote inverse

variation equations.

(Lesson t t-t)

tir[gur
. ldentify excluded

values.
. ldentify and use

asymptotes to graph

rational functions.

NGw U6cabulbtwr
rational function

excluded value

asymptote

Tlina is reading a 300-page book. The average
number of pages she reads each day y is given by
y : ry,where x is the number of days that she reads.

ldentify Excluded Values The functior, y = $ i, u.,
example of a rational function. This function is
nonlinear.

Since division by zero is undefined, any value of a variable that results in a
denominator of zero in a rational function is excluded from the domain of the
function. These are called excluded values for the rational function.

Find Excluded Values

State the excluded value for each function.
,a.y=-;

The denominator cannot equal0. So, the excluded value is x = 0.

b.u- 2
u x*1.
x * '1. = 0 Set the denominator equal to 0.

x = -L Subtract I fiom each side.

The excluded value is x = -1.
hc.y=ffi

4x - 8 : 0 Set the denominator equal to 0.

4x = 8 Add 8 to each side.

x : 2 Divide each side by c.

The excluded value is x = 2.

tm
qlencoe.com

. Extra Examples

. Personal Tutor

. Self-Check Quiz

. Homework Help

{! etre-ct Yqur Prsg;e_s_s-;
i-

I tA.Y=:-
L"* _

lB. tt: x
x-/ tc. y =#

)Rersonal Tutor glencoe.com

A rational function can be described by

an equation of the form y: |, where
p and g are polynomials and q 1O.
Parent function: f(D : +

hyperbola

{xlx t' 0}

{yly * ol
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I

Depending on the real-world situation, in addition to excluding r-values that make
a denominator zero from the domain of a rational function, additional values might
have to be excluded from the domain as well.

Graph Real-life Rational Functions

BAIIOONS If there are x people in the basket of a hot air balloon, the function

y = + represents the average number of square f.eet y per Petson. Graph this

function.

Since the number of peopte cannot be zero, it is reasonable to exclude negative
values and only use positive values for r.

9-beskY;9-ul,,Bres5*s;

2. GEOMETRY A rectangle has an area of

18 square inches. The function l: #shows
the relationship between the length
and width. Graph the function.

pRersonal Tutor glencoe.com

ldentify and USe AsymptOtes In Example 2, an excluded value is x : 0. Notice that
the graph approaches the vertical line r : 0, but never touches it.

The graph also approaches but never touches the horizontal line A : 0. The lines
x : 0 and A :0 are called asymptotes. An asymptote is a line that the graph of
a function approaches.

The domain of y = ;- * c is all real numbers except x : b. The range is all real

numbers except A : c. Rational functions cannot be traced with a pencil that never
leaves the paper, so choose x-values on both sides of the vertical asymptote
to graph both portions of the function.

SmafFmd*ehe=f
tu the temperature of the
gas inside a hot air balloon

increases, the density of
the gas decreases. A hot

air balloon rises because

the density of the air

inside it is less than the

density of the air outside.

Source: Goddard Space Flight
Center

,x Use Asymptotes

I Asymptotes are helpful

! for graphing rational

i functions. However,

I ttrey are not part of
I the graph.

Words A rational function in the lorm y :# * c, 
.o +.O has a

vertical asymptote at the x-value that makes the denominator
equal zero, x: b.lt has a horizontal asymptote aty - c.

lv= 1

I5rrr

+-t=)2+ l
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EEEEII ldentifv and use Asvmototes to Graoh Functions

, Identify the asymptotes of each function. Then graph the function.

*tUr*th tl,i*touu Bhk,'. 
1

Evelyn Boyd Granville
(re24- )
Granville majored in

mathematics and physics

at Smith College in 1945,

where she graduated

summa cum laude. She

earned an M.A. in

mathematics and physics

and a Ph.D. in

mathematics from Yale

University. Cranville's

doctoral work focused on

functional analysis.

)
d. y:;-4

Step I Identify and graph the asymptotes using
dashed lines.

vertical asymptote: .r : 0
horizontal asymptote: U : -4

Step 2 Make a table of values and plot the points.
Then connect them.

,,_ L
v - x+1
Step I To find the vertical asymptote, find the

excluded value.

x t L : 0 Set the denominator equal to 0.

x : -1 Subtract t from each side.

vertical asymptote: x = -L
horizontal asymptote: y : 0

Step 2

ff c tr-qc-;i Yqq-rr P 1s g;e-s-s;

t,. lA. y: -X ,8. y :;\

Four types of nonlinear functions are shown below.

b.

1
3C. y::i-+t

) Rersonal Tutor glencoe.com

-2 -l I 2

-5 -6 -2 -3

-3 -2 0

-0.5 -l I 0.5

Parent function:
Y: x2

Ceneralform:

Y:ox2+bx+c

Parent function:
varies

General form:

Y:obx

Parent function:
Y: t/V

Generalform:

y=tfv-61'-

Parent function:
IY=v

General form:

v:4+c' x-b

680 Chapter 11 Rational Functions Equations



Example I
p.678

Example 2
p.579

Example 5
p.580

Example I
p.678

Example 2
p.679

Example 5
p.680

l- y: *

o. y:?
g.y:#

_1
12. y : --:-

t. y:f,-t
to. y=fi*,

e. y=fi
tt. y:1-s

State the excluded value for each function.

,. y=fi 5.y:# 4.y:#
5. PARTY PIANNING The cost of decorations for a party is $32. This is split among a

group of friends. The amount each person paysy is given by y = $, where r is
the number of people. Graph the function.

Identify the asymptotes of each function. Then graph the function.

State the excluded value for each function.

E.y:* 14. Y:-J ^iaz

18. v:#fr
15. a =-1-" x+b
te. y : E+T

22. y:!

25. y:l-z
_)

28. u = ---:=" x+ r

!1. u:-3-:-z
" x-'l

-.1u::
J^

1

" x+'3
4

r x-L
"'

1l:- - I" x+ |

24. y: *Z+3

Zl. y:fi
!0. y:#*,
!5. y:h*'

e : Step-by-step Solutions begin on page Rl2'

Extra Practice begins on page 8l 5.

16.y:H 17. y:+#
20. ANTELOPES A pronghorn antelope can run 40 miles without stopping. The

average speed is given by y : f, where r is the time it takes to run the distance.

a.GraPhY:+.

b. Describe the asymptotes.

21. CVCHNG A cyclist rides 10 miles each morning. Her average speed y is given by

y : +,where x is the time it takes her to ride 10 miles. Graph the function.

Identify the asymptotes of each function. Then graph the function.

&
26.

29.

t2.

54. READING Refer to the application at the beginning of the lesson.

a. Graph the function.

b. Choose a point on the graph, and describe what it means in the context of the
situation.

55. The graph shows a translation of the graph
,1ory:v.

a. Describe the asymptotes.

b. Write a function for the graph.

Lesson 11-2 Rational Functions 681



56. BIRDS A long-tailed jaeger is a sea bird that can migrate 5000 miles or more each

year. The average rate in miles per hour r can be given by the function r = ry,
where f is the time in hours. Use the function to determine the average rate of
the bird if it spends 250 hours flying.

The bird with the longest

migration is the arctic tern.

The arctic tern flies up to

20,000 miles per year,

from the Arctic to the

Antarctic and back.

Source: University of Wisconsin

38. y:*=

57. CTASS TRIP The freshmen class is going to a science
museum. As part of the trip, each person in the class is
also contributing an equal amount of money to name
a star.

a. Write a verbal description for the cost per person.

b. Write an equation to represent the total cost y per
person if p people go to the museum.

C. Use a graphing calculator to graph the equation.

d. Estimate the number of people needed for the total
cost of the trip to be about $15.

Graph each function. Identify the asymptotes.

tg. v - ^r'" xt-1
40. y:

Admission $8.50
As a special memory

of your visit.
name a star S95

x2 -9

S CfOfvffTRY The equation h : 
ff*represents 

the height h of a quadrilateral with

an area of 64 square units. The quadrilateral has two opposite sides that are
parallel and h units apart; one is b, units long and another is 8 units long.

a. Describe a reasonable domain and range for the function.

b. Graph the function in the first quadrant.
c. Use the graph to estimate the value of h when b t: 10.

42. CHAIIENGE Graph V : h.State the domain and the range of the function.

REASONING Without graphing, describe the transformation that takes place

between the graph of y :] and the graph of y :1 - r.

OPEN ENDED Write a rational function if the asymptotes of the graph are at x :3
andy - 1. Explain how you found the function.

REASONING Is the following statement true or false? If false, give a

counterexample.

The graph of a rational function will hazte at least one intercept.

WHICH ONE DOESN'T BELONG Identify the function that does not belong with the
other three. Explain your reasoning.

47. WRITING lN MATH Write a rule to find the vertical asymptotes of a rational
function.

43.

44.

45.

46.

Use Higher-Order Thinking Skills
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49. SHORT RESPONSE One day Lola ran 100 meters
in 15 seconds,200 meters in 45 seconds, and
200 meters over low hurdles in one and a half
minutes. How many more seconds did it take
her to run 200 meters over low hurdles than
the 200-meter dash?

50. Scott and Ian started a T-shirt printing
business. The total start-up costs were $450.
It costs $5.50 to print one T-shirt. Write a
rational function A(x) for the average cost of
producing r T-shirts.

F A(x): H A(x) = 450x + 5.5

G A(x) : $ + 5.5 I A(x)= 450 * 5.5x

51. GEOMETRY Which of the following is a
quadrilateral with exactly one pair of parallel
sides?

A parallelogram
B rectangle

6q

4bd

3ab

8d

C square

D trapezoid

52. TRAVEI The Brooks family can drive to the beach, which is 220 miles away, in
4 hours if they drive 55 miles per hour. Kendra says that they would save at least

a half an hour if they were to drive 65 miles per hour. Is Kendra correct?

Explain. (Lesson I I-1)

Use a calculator to find the measure of each angle to the nearest degree. (Lesson l0-8)

59.

62.

If c is the measure of the hypotenuse of a right tliangle, find each missing
measure. If necessary round to the nearest hundredth. (Lesson l0-5)

a:15,b:60,c:? 60. a=17,c:35,b=?

o:\/17,fu:tf12,c=? 6!. a=6,c:11.,b=?

65. SIGHT The formul u a : I * ,epresents the distance d in miles

that a person h feet high can see. Irene is standing on a cliff that
is 310 feet above sea level. How far can Irene see from the cliff?
Write a simplified radical expression and a decimal
approximation. (Lesson 10-5)

55. sinC=0.978L

55. tan Y :3.6541

Factor each trinomial.

66. x2 + 11.x + 24

70. c2 + 12c + 35

74. 5x2 + 27x + 1.0

54. tan H:0.6473

57. cos U: 0.5000

55. cos K:0.7658

58. sinN=0.3832

61. a--\m,b:7,c:?
64. a:9,b:6,c:?

69. 72+27a + a2

75. n2 -l3n - 54

77. 6x2 - 14x - 72

Lesson 11-2 Rational Functions 683

(Lessons 8-3 and B-4)

67. w2 *13w - 48

71. d2 -7d + 70

75. 24b2 - 1,4b - 3

68. p2 -2p -35
72. g2 - 19g + 60

76. 12a2 - 13a - 35
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Simplifying Rational Expressions

Big-O is a "hubless" Ferris wheel in Tokyo,
]apan. The centripetal force, or the force acting

toward the center, is given AV $,where
m is the mass of the Ferris wheel, o is the
velocity, and r is the radius.

ldentify Excluded Values The expression
lT i" an example of a rational expression.
A rational expression is an algebraic fraction
whose numerator and denominator are
polynomials. Since division by zero is
undefined, the polynomial in the
denominator cannot be 0.

Find Excluded Values

State the excluded values for each rational expression.

_-8('' 
,'z - 96

Exclude the values for which 12 - 36: O.

12-96:o
(r-6)(r*6):g
r-6:0 or r+6:0

r:6 r=-6
Therefore, r cannot equal 6 or -6.

n2

"\4"-s
Exclude the values for which n2 + 4n - 5 : 0.

n2+4n-5=0
(n-1)(n*5):6
n - L :0 or n * 5 :0 Zero Product Propefi

TI _ I II _ _J

brIE

You simplified expressions

involving the quotient of
monomials. (Lesson 7-2)

Nbw
' ldentify values excluded

from the domain of a

rational expression.
. Simplify rational

expressions.

NewrV6caliulhnn
rational expression

Math Online

glencoe.com

. Extra Examples

. Personal Tutor

. Self-Check Quiz

. Homework Help

. Math in Motion

b.

The denominator cannot be zero.

Factor.

Zero Product Propefi

The denominator mnnot be zero.

Factor.

Therefore, n cannot equal 1 or -5.

cJiediY:o-usBregrer*

lA. 
= 

5x

x' - 81,
lB. 

=3o 
- 2

a'+6a+8
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y Cylinder The volume

i of a cylinder is

i v=trr2h.Theheight
i of a cylinder with

: volume l/and radius r

is given by{.
Tr'

" 
Eliminate Possibilities

i since there is only one

: negative factor in the

: expression in Example

r 5. the simplified
j expression should have

I a negative sign. So,

i you can eliminate

: choices A and B.

Use Rational Expressions

GEOTVIETRY Find the height of a cylinder that has a volume of 821cubic inches
and a radius of 7 inches. Round to the nearest tenth.

Understand You have a rational expression with two variables, V and r.

Plan Substitute 821 for V and7 for r and simplify.

Solve V; = Y; Replace t/with 821 and rwith 7.
Itr' T(7)'

= 5.3 The height ol the cylinder is about 5.3 inches.

Check Use estimation to determine whether the answer is reasonable.

800

ffi = s f The solution is reasonable'

tli g-h"ert Yeur Frq gre-s-*
[-
{ z. fina the height of the cylinder that has a volume of 71,0 cubic inches and
lu
I a diameter of 18 inches.
I

Simplify Expressions A rational expression is in simplest form when the numerator
and denominator have no common factors except 1. To simplify a rational
expression, divide out any common factors of the numerator and denominator.

which expression is equivalent to 
(-3{2){4rs) 

?
9xb

:
I

nt* B+
3X

c-*

Read the Test ltem The expression represents the product of two monomials and
the division of that product by another monomial.

Solve the Test ltem

Step t Factor the numerator and denominator, using
their GCF.

Step 2 Simplify. The correct answer is D.

c-hpskrYqurPr,eg-r.es.sj

5. Which expression is equivalen t toSZ' Bcsb

E+ G# r_r;i
p,eersonal Tutor glencoe.com
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(3x6)(-4x)

(3x6)(3)

Of )e+xl 4

@f)@ 
or -5x

| 2bzs

Words Let o, b, and c, be polynomials with o + o and c t' 0'

symbols *: *: + Exampte ffi:ffi:l
Math in Motion, lnteractive Lab



You can use the same procedure to simplify a rational expression in which the
numerator and denominator are pollmomials.

Simplify Rational Expressions

Simplify # State the excluded values of r.

r\u4- ?+e)(r-1)
1z?-feT 2

t,r _+'+sIU-1) r-1
1

2r+18 2(r + 9)
Factor.

Divide the numerator and denominator by the GCF,

r+9.

Factor.

Zero Product Propefi

Exclude the values for which 12 + Br - 9 equals 0.
12 + 8r - 9 - 0 lhe denominator cannot equal zero.

Excluded Values

Determine the

(r+9)(r-1)=0
r=-9otr:L

excluded values using

the ongrnol expression

rather than the

simplified expression.

5f-30:0
5f:30
t:6

So,t{6.

So,rf-9andrt'1,.

S4 cjie,.[: Yo-u.ry .Brs sre*x-1*

I Simplify each rational expression. State the excluded values of the variables.t'
I +R. ='*3I n'*70n +21.

L"_*: ,.

When simplifying rational expressions,look for binomials that are opposites. For
example, 5 - x and x - 5 areopposites because 5 - x : -1(x - 5). So, you can

., x-5 x-5Wflt€ 

- 

aS"^---5-x -1(x-5)'

Recognize Opposites

Simplify ffir.State the excluded values of f.

z6-* _(6-t)(6+t)
sf-30 5(r-6)

_ -1(t - 6)(6 + t)
5(/ - 6)

-rc:<;T6 + t)
5(J--61

1

Exclude the values for which 5f - 30 equals 0.

v2+9u-10
48. !-e;n-

) Rersonal Tutor glencoe.com

6+tot- _
.t

Factor.

Rewrite 6 - tas -l(, - 6).

Divide out the common factor, t - 6.

fhe denominator cannot equal zero.

Add ro to each side.

Zero Product Propefi
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W:*"^'S'/iXi:%:T'f"'k:':i;ii,111?;f i:i:l'i[?Jffi T1ii:iil:'1he,varuesorx

7, Zeros Once simplified,

I a rational function has

i zeros at the values that

i make the numerator o.

Find the zeros ol f(x\ :
x2+3x_ 18

I tL 
' - x-5
^ x2+3x-18

x-J
(x+6)(x-3)

Rational Functions

x2+gx-18

-.

x-3

Original function

(r)=o

Factor.

Divide out common factors.

Simplify.

0-

0-
x-3

@ + e)@-L+l

thes k Yo-q.r: P T.g gle_ssi

Find the zeros of each function.

6A.f(x):t#

*-j
1

0:xl6
When x: -6, the numerator becomes 0, so/(r)
function is -6.

= 0. Therefore, the zero of the

x2+6x+8
x2+x-2

pRersonal Tutor glencoe.com

68. f(x):

State the excluded values for each rational expression.Example I
P.684

Example 2
p.685

Examples 5-5
PP.685-685

Example 6
p.687

5. PHYSICAI SCIENCE A 0.16-kilogram ball attached to a string is being spun in a

circle7.26meters per second. The express ron$,where m is the mass of the ball,

u is the velocity, and r is the radius, can be used to find the force that keeps the
ball spinning in a circle. If the circle has a radius of 0.5 meter, find the force that
must be exerted to keep the ball spinning. Round to the nearest tenth'

l. --!--x'-16

Simplify each

O. 28ab__3

lSazb

- 5d+1.5o.dz-d-12

)" _ 1'-)8.': -'
rz-36

Find the zeros of each function.

to.f(x)=#

,3*a'a- m'-bm+5

expression. State the excluded values of the variables.

e!r#l
- x2+LLx+28
l.- x+4

3v -27o -:-'' 8t-r'

tt. f(x): x2-x-6
x2+8x+12
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e = Step-by-Step Solutions begin on page Rl2.

Extra Practice begins on page 815.

Example I
p.684

Example 2
p.685

Examples 5-5
pp. 685-686

Example 5
p.687

rational expression.

rr.5I+1x'-1
LZ-/-

15' 
kz + 5k -24

State the excluded values for each

12. -=--::-n'-49

14. = 72a

a2-3a-10

16. GEOMETRY The volume of a rectangular prism is 3x3 + 34x2 + 72x - 64. If the
height is x * 4, what is the area of the base of the prism?

17. GEOMETRY Use the circle at the right to write the ratio **HH*=. 
.'o',- 

*"'-."..

Then simplify. State the excluded value of the variable. 
area 

{ +
Simplify each expression. State the excluded values of the variables. 1'---'--'o'

l;xayz 32n2p gtret)- 18. -----:= 19. - 20. 

-

4oxryr 2nnp 2ot2

0c2\( -6c3\2t. . ,, , ,r. _ 4x -24 Z!. =a2 
+3a

21ca --- xz - I2x + 36 --' a2 - 3a -'1,8

,n. n'*i'!r'u 
25. x2+r1{+;32 

26. #
Zpz - 74p 2x -.10 64 - c227. -r =- 

,=/ ,r. 2-r - 1Q 
Zg. _pr_49 ---25_x2 --' c2_7c_g

Find the zeros of each function.

to.f(x):# $X,l:#i##
t2.f(x):# $.f(x):#

.ta.f@)=t# *.f(x)=#
36. PYRAMIDS The perimeter of the base of the Pyramid

of the Sun is 4rr times the height. The perimeter of
the base of the Great Pyramid of Giza is 2zr times
the height. Write and simplify each ratio comparing
the base perimeters.

a. Pyramid of the Sun to the Great Pyramid

b. Great Pyramid to the Pyramid of the Sun

37. FERRIS WHEETS Refer to the Real-World Link.

a. To find the speed traveled by a car located on the wheel, you can find the
circumference of a circle and divide by the time it takes for one rotation. Write
a rational expression for the speed of a car rotating in time f.

b. Suppose the first Ferris wheel rotated once every 5 minutes. What was the
speed of a car on the circumference in feet per minute?

George Ferris built the

first Ferris wheel for the
World's Columbian

Exposition in 1893. lt had

a diameter of 250 feet.

Sowcet The New York Times

Simplify each expression. State the excluded

,r. iazui + gala --oasa ,r. 
gxs - tgxyz

3atb 2ryt

values of the variables.
x+5

Source: Nexus Network Journal
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PACKAGING To minimize packaging expenses, a company uses packages that
have the least surface area to volume ratio. For each figure, write a ratio
comparing the surface area to the volume. Then simplify. State the excluded
values of the variables.

a. ..,r1""--'->

i:.:;;I3::{ i

it:]*i : z,
t: ii::l::{l:lal I
l:. .,.4, :,:.: i I

iir:+ria- i

t:'.r::::.::.i ,"
i,'"r"'' x

b' "' "";-3---*
" ----.- -rli .ti:'::.

i ,
. ,. -- ,- *.-, t:r:n

I .ttt"*

=42.1

HISTORY The diagram shows how a lever
may have been used to move blocks.

a. The mechanical advantage of a lever
L^

is;4, where Lo is the length of the
LR

effort arm and Lo is the length of the
resistance arm. Find the mechanical
advantage of the lever shown.

The force placed on the rock is the product of the mechanical advantage and
the force applied to the end of the lever. If the Egyptian worker can apply a

force of 180 pounds, what is the greatest weight he can lift with the lever?

To lift a 535-pound rock using a7-foot lever with the fulcrum
2 feet from the rock, how much force will have to be used?

Use Higher-Order Thinking Skills

45. FIND THE ERROR Colleen and Sanson examined !2x + 36 urrlxz-x-12
excluded value(s). Is either of them correct? Explain.

Collee\
lZr+jC - l7(r+j)

xz_r_lZ G-4)(r+j)

The excluA eA va,lrl.es ave

4 ort$.4.

*trEalr-lll-o,rlru I[F"k t

I

The ancient Egyptians

probably used levers to

help them maneuver the
giant blocks they used to
build the pyramids. An

estimated 2o,ooo to

50,000 workers built the

flramids at Ciza over

80 years.

Sowcei Nation al G eograph ic

b.

found the

Sa,nson
t2x+36 _ 12(x+3)

x'-x-12 6-4)()<+3)
tz(x-+-?)

(x- 4X*+9
12=-x-4

tkz excla"dBT,ua,hc is +.

44.

45.

46.

CHAIIENGE Compare and contrast the graph s oly - x - 2 and.V : t!ff

REASONING Explain why every polynomial is also a rational expression.

OPEN ENDED Write a rational expression with excluded values -2 and 2. Explain
how you found the expression.

a--2 )

REASONING rcAffin simplest form? Justify your answer.

WRITING lN MATH List the steps you would use to simplify t'1+;'o.State the
excluded value.

47.

48.
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simprify I#
A x+1
Bx
C x+2
D;

SHORT RESPONSE Shiro is buying a car for
$5800. He can pay the full amount in cash, or
he can pay $1000 down and $230 a month for
24 months. How much more would he pay
for the car on the second plan?

51. GEOMETRY Whatisthe
name of the figure?

F triangular pyramid
G triangular prism
H rectangular prism

] triangulon

52. A rectangle has a length of 10 inches and a

width of 5 inches. Another rectangle has the
same area as the first rectangle but its width
is 2 inches. Find the length of the second
rectangle.

A 30 in.

B 60 in.
C 20 in.
D 25 in.

State the excluded value for each function. (Lesson I t-2)

53. y:9 tn. y:7\ ,t. y =l!
Solve. Assume that y varies inversely as x. (Lesson t I-l)

57. If y:10when x:4, findxwhen!:2. 58. If y:12whenx =

59. If y : -5 when x : 3,find x when A = -3. 60. If y:21whenx:

61. CRAFIS Melinda is working on a quilt using the pattern shown.
She has several triangular pieces of material with two sides that
measure 6 inches. If these pieces are similar to the pattern shown,
what is the length of the third side? (Lesson l0-7)

Find the distance between each pair of points whose coordinates are given.
(Lesson I 0-6)

62. (72,3), (-8,3)

Simplify. (Lesson lo-2)

66. \/n
70. \/5 . \/6

65. (0, 0), (5,12) 64. (6, B), (3,4)

3x56. y: 2x+6

3, find r when U :6.

-6, find x when A :7.

4.2 in.

65. (-8, -4), (-3, -8)

67.

71.

V18
r-----;\ 40a'

VB68.

72.

6s. 2\M
,r.G.

79,1.oh

loab,25a2b2,30a2b

Find the greatest common factor

75.2x,8x2 77.

80.

\/7.
IT

Ve
74. FINANCIAL IITERACY Determine the amount of an investment if $250 is invested at

an interest rate of 7.3"h compounded quarterly for 40 years. (Lesson 9-7)

for each set of monomials. (Lesson 8-l)

76.3y2,7y3

78. 2Lc2d3, 1,4cd2 79. 9qt2, 1.Bq2t2,27qt
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Math Online

. Other Calculator Keystrokes

. Graphing Technology Personal futor

\Atrhen simplifying rational expressions, you can use a graphing calculator to support
your answer. If the graphs of the original expression and the simplified expression
overlap, they are equivalent. You can also use the graphs to see excluded values.

Simplify a Rational Expression

Simplifv -x2 - 76
' 'x'*8r*15

Step I Factor the numerator and denominator.

. x2-L6 -@-4)@+a)x2+8x+16 @+4)(x+4)
(x-4):1*++1

When x : -4, x * 4 :0. Therefore, x cannot equal -4 because you cannot
divide by zero.

Step 2 Graph the original expression.

. Set the calculator to Dot mode.

o Enter ,*' :'u -. as Yl and graph.
x'+8x+16

Step 5 Graph the simplified expression.
lv 

- 
L\

o Enter ffi as Y2 and graPh'

KEYSTRoKEs: mO-DEl M M M M tr EMEBI

EmtrLo,nlmE16fn
EMEIFNMEB
txT,onl E ro Etrooil 6

[-10, 10] scl: 1 by [-10, 10] scl: 1

Since the graphs overlap, the two
expressions are equivalent.

[-10,10]scl:1 by [-10

Exercises

Simplify each expression. Then
excluded values.

- 5x+15t' x\lox +21

verify your answer graphically. Name the

, x2_ 8x+12
x'+7x-18

KEYSTRoKEs: Effimtrmnfi+E
rmErcnE4u

- 2x2+6x+4
3x'+9x+6

4. a. Simolifv 3I - 8

' '6x'-'l6x
b. How can you use the TABLE function to verify that the original expression

and the simplified expression are equivalent?

c. How does the TABLE function show you that an x-value is an excluded value?

Extend 11-3 Graphing Technology Lab: Simplifying Rational Expressions 691
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rilisnl
You multiplied and

divided polynomials.

(Lesson 7-7 and 7-2)

$llluur
. Multiply rational

expressions.
. Divide rational

expressions.

. Extra Examples

. Personal Tutor

. Self-Check Quiz

. Homework Help

Multiplying and Dividing
Rational Expressions
Whv2/
A recent survey showed L0- to l7-year olds talk on their
cell phones an average of 3.75 hours per day during
the summer. The expression below can be used to
find the average number of minutes youth talk on
their phones during summer, approximately 90 days.

goi,c,ns ,3'75w . 60 minutes :20,250minutes' Aay 1b€d

Multiply Rational Expressions To multiply fractions,
you multiply numerators and multiply denominators.
Use this same method to multiply rational expressions.

Multiply Expressions lnvolving Monomials

Find each product.

- r2x gta
al. .-. 

-9t" r
Divide by the common factors before multiplying.

r2x v4 )* ;l:---gt3rzFI
31 1

rxt
Ĵ

. a+4 o
v.---- a' a'*2a -8a+4 a

t - 
a"+'2n-8:

Divide by the common lactor 5, f and t5.

Simplify.

:4. 4
4 4-7al@ - 2)a1

11:-rtr-
a(a-2)-'a2-2a

u2-3a-4 a+5
y+5 y._4y

prersonal Tutor glen(oe.com

a*4 a

o, '@+4Xa-2) Factor the denominator.

The GCF is a(o + 4).

Simplify.

Gheckt Yourr Prosressr

a.+.+
l6x' r

Let o, b,q and d be polynomials with b + o and d f o.

Then,f .i: **.
x 4x2 4x3._:u-3 s 5(2x-s)
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Rational Expressions

From this point on,

assume that no

denominator of a

rational expression has

a value of zero.

When you multiply fractions that involve units of measure, you can divide by the
units in the same way that you divide by variables. Recall that this process is called
dimensional nnalysis. You can use dimensional analysis to convert units of measure
within a system and between systems.

Dimensional Analysis

SKI RACING Ann Proctor won the 2007 World Waterski Racing Championship
race in her category when she finished the 88-kilometer course in
5L.23 minutes. What was her average speed in miles per hour?
(Hint:1km = 0.52 mi)

88 km 0.62mi 6A4rffi' th
Simplify.

Multiply.

Divide the numerator and
the denominator by 51.2L

51.23 min
0.62mi
1km 57.z3.h'tfr

88 . 0.62 mi
7M

.60

60 min

-:
th

88*rf

51.23.1.1h
_ 3273.6 mi

51.23 h

- 63.9 mi
h

Her average speed was 63.9 miles per hour.

-ch-e.stYo.urPrggle*e-e;
2. SKI RACING \Mhat was Ann Proctor's speed in feet per second?

p eersonal rutor glencoe.com

Divide Rational Expressions To divide by a fraction, you multiply by the reciprocal.
You can use this same method to divide by a rational expression.

Divide by a Rational Expression

Find 4 + +.
l\ns '25t'

4.72_ 4.25n
15n3 25n L5n3 12

1,

4=-+#
3tt2

5

5

4_
k7

3

Multiply by ++,the reciprocal of fr.

Divide by common factors 4, 5, and n.

Simplily.
9n2

G_h-e-q}:Yo-UlrBtgg_r.e*s-s;

Find 
_ea,ch 

q_uotient.
I5u' 5u

54. - .i- + --! ^4x Sxr
,r.#*#

) eersonal Tutor tlencoe.com
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Symbols Let o, b, c, and d be polynomials with b + o, c t' 0, and

d + o.rhen, f * i : i. t = @or.

, . x-3 2x2 x-3ExamPle + 5
5 s(x-5)

2r2 2x3



Rational Expressions

ln a rational expression,

the fraction bar acts as

a grouping symbol.

ln Example 4u,4#
is read fhe quontity

two x plus six divided

by x squored.

Gnceling Remember

that only factors can be

canceled, not
individual terms.

Find each quotient.

,.ry+(x+3)
4++(x+3):

x-
2x+6 r+3

x2 1

2x+6 1

,' 'x+3
2(x+3) 1

x'z ''+3
z@+jl 1 2------;-.-or^x' -*# x'

-t

a-2 a+1,
a+5

I
a-f1

4a+4

a-2
4\a-iJ a + 5

7

a-2
4(a + 5)

y-8
y2 -9

y-8
(y-3)(y+3)

4)"

Write the binomial as a fraction.

Multiply by the reciprocal of x + 5.

Factor 4x + 6.

Divide out the common factor and simplify.

Multiply by the reciprocal.

Factor 4a + 4.

The GCF is a + | and simplify.

Multiply by the reciproc al, 
Y.- 8 

.
y7-g'

Factor y2 - toy + tG and y2 - 9.

Ihe GCF is (/ - 5X/ - 8).

Simptify.

b.
a-2 . a+5
4a*4' a+l
a-2 a+5 _
4a+4 a+L-

48. b+4 -!!ln3b+2 b+1
p Rersonal Tutor glencoe.com

Sometimes you must factor a quadratic expression before you can simplify the
quotient of rational expressions.

Expression lnvolving Polynomials

y-3 . y2-9; ,-a'y2-toy+to
y-3

y2-rcy+76' Y-8
v-3

y2-7oy+1.6
y-3

@-2)(v-B)

+*
(y -z)ffiT -ffi1(y +3)

11

q2+3q+2 .

12 q2+4

p, rersonal Tutor glencoe.com

q+7
sB.
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Example I
p.692

Example 2
p.593

Examples 5-5
pp.695-69{

Example I
p.692

Example 2
p.691

Examples 5-5
pp.595-694

Find each product.

t. 2x3 14
/x x

f ,+s
(f-s)(f+5)' 6t

^ 3ab 'L6cz

'' 4c4 9b

4#-.+

^5 ^3a. -+l-2 6dt

lo.2*+8 + =rl4x+3 x2+6x+9

".H#
u. srld .ry:

cad Tocfa

@+4@-5) 6aro. -------------;-
a' a+4

STOTHS The slowest land mammal is the three-toed sloth.It travels 0.07 mile per
hour on the ground. \tVhat is this speed in feet per minute?

EXERCISE One hour of moderate inline skating burns approximately 330 Calories.
If Nelia plans to do inline skating for 3 hours a week, how many Calories will she
burn in a year from the skating?

Find each quotient.
8 _4
3x2 x

!:##+ (b+5)

7.

Find each product.

&+i
B. *. t8za

22" xy

e (t +2\(t -2)
.J. ;----; - ------------=-

I_Z J

n.Et#l).f-#3\ , 18

"-*;i;'.# 20.

(r - 8)(r + 3) 2r
r '(/+8Xr+3)

y2 -1 y -7
v'z -4r' v +1

21. FINANCIAL IITERACY A scarf bought in Italy cost 18 Euros. The exchange rate at
the time was 1 U.S. dollar : 0.73 Euro.

0. How much did the scarf cost in U.S. dollars?

b. If the exchange rate at the time was 1 Canadian dollar = 0.69 Euro, how much
did the scarf cost in Canadian dollars?

22. ROLIER COASTERS A roller coaster has 6 trains. Each train has 3 cars, and each car
seats 4 people. Write and simplify an expression including units to find the total
number of people that can ride the roller coaster at one time.

Find each quotient.
q

25. L+J=
!u'
faszh'

26. ,_i 
+ frgx-y

29' =5*' ' 1ox
--- xz _5x* 4 ' x_l

v t) 
^zr !--i-2:

r+7 r2+3r+2

24.4 , L813 zs. zrb! + 7

kz k 4c2 6c2

27. #+Qzb+1.8) zs. #+#to
,0. n2+7n_+12 , n!3

1.6n2 2n

52. = 
3a : o-1

a2+2a*1 ' a*7
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53. BEARS Agrizzly bear runs 110 feet in 5 seconds. What is the average speed of the
bear in miles per hour?

54. SEWTNG The fabric that Megan wants to buy for a costume she is making costs

$7.50 per yard. How many yards can she buy with $24?

55. TRAVEL An airplane is making a 1250-mile trip. Its average speed is 540 miles
per hour.

a. Write a division expression you can use to find the number of hours that the
trip will take. Include the units.

b. Find the quotient. Round to the nearest tenth.

56. VOLUNTEERING Tyree is passing out orange drink from a 3.5-gallon cooler. If
each cup of orange drink is 4.25 ounces, about how many cuPS can he hand out?
(Hint:Therc are 128 ounces in a gallon.)

.=57. LAND Louisiana loses about 30 square miles of land each year to coastal erosion,
hurricanes, and other natural and human causes. Approximately how many
square yards of land are lost per month? (Hint:Use 1 square mile : 3,097,600
square yards.)

18. GEOMETRY Write an expression
length of the rectangle.

to represent the :

e Real-ll,odd, tink Convert each rate. Round to the nearest tenth.

x- 4

x- 3
A=

I

x2 +2x-24 i
I

I

.-...-'.--..'.--,;

Much of New Orleans sits

I I feet below sea level.

Parts of the French

Quarter have sunk as

much as 2 feet in the past

six decades.

Source: lmaginova

59. 46 feet per second to miles per hour

40. 29.5 meters per second to kilometers per hour

41. 28 milliliters per second to cups per minute . (Hint:1 liter = 0.908 quarts)

42. 32.4 meters per second to miles per hour. (Hint: 1, mile = 1.609 kilometers)

45. UFE SCIENCE A human heart pumps about a cup of blood each time it beats. On
average, a person's heart beats about 70 times a minute. Write and simplify an

expression to find how many gallons of blood are pumped per hour.

44. GEOMETRY Refer to the prism at the right. i; ,.

a. Findthevolumeincubicinches. ,:,,..,-..",,,.. .. , 18in.

b. Use the ratio ;+&E- to write a multiplication li* l1;- 7729 inchess 1-..::.:.:i,,i:,,:i::, -.. .. i i

expression to ionvert the volume to cubic feet. i.:--';;iir';;:,':i;':;3' 15 in'

Then convert the volume. 
u luurL rLLL' 20 in'

Find each product. Describe what the final answer represents.

$9.80 15 hours 52 weeks
t h.* ' 1*""k ' 1ye*

46.
$2.85 . 15 gallons of Sasoline

1 gallon of gasoline 1fill-up 30 days

l mile32 meters 60 seconds 60 minutes 1 kilometer
1 second 1 minute t hour 1000 meters

$32,000 lYear lweek+o' 
1 vear ' 52 ,"""kr ' 40 h**t

49. SPACE The highest speed at which any spacecraft has ever escaPed from Earth is

35,800 miles per hour by the Nezrr Horizons probe, which was launched in 2006.

Convert this speed to feet per second. Round to the nearest tenth.

696 Chapter 11 Rational Functions and Equations

3 fill-ups 
.

l month
1 rnonth

1.609 kilometers



CRea["Wqild[inh

aquarium ever built is

Iocated in a hotel lobby in

Berlin. lt is 25 meters high

and contains 900,000 liters

of seawater and 2500

tropical fish.

Source: South Travels

50. EIECTRICITY Simplify the expression below to find the cost of running a 3500-watt
air conditioner for one week.

3500 watts . 1 Sllowatt . lQ8hoYrs ., 
=,, 

10.".t1 . .1-4ollar
1000 watts 1 week 1 kilowatt . hours 100 cents

AMUSEMENT PARKS In an amusement park ride, riders stand along the wall of a
circular room with a radius of 3.1 meters. The room completes 27 rotations per
minute.

a. Write an expression for the number of meters the room moves per second.
(Hint:The circumference of a circle is 2n'r.)

b. Simplify the expression you wrote in Part a and describe what it means.

AQUARIUMS An aquarium is a rectangular prism 30 inches long, 15 inches wide,
and 18 inches high.

a. Sketch and label a diagram of the aquarium. Then find the volume of the tank
in cubic inches.

b. Describe how to use the .rtio 1 ft' 
= 

to find the volume of the tank in cubic
1728 in,

feet. Then find the volume. Round to the nearest tenth.

c. Water weighs 62 pounds per cubic foot. How much would the water in the
tank weigh if the tank were filled?

s5. FIND THE ERROR Mei and Tamika are finding +# + #.Is either of them
correct? Explain.

t,tei
Zx+C Z1-x1-S xt.S

Zx + C -*-r'S=--*--# Z
=x*C

ra,wuka
2x+6 . 2
x+5 x+5

=2J!:2 . 2
)-rS )-rs

=4(x+3)
(x + s)2

54. REASONING Find the missing term. Justify your answer.

?.10x3-3
21, - 2x

cHAttENGE 
'rr-,' 

xl - gx - to , x! + 4x - 21. write in simplest form.
x2 + 2x _ 35 xz + 9x + 74' 

' '--"r^--' -'

WRITING lN MATH Give an example and describe how you could use dimensional
analysis to solve a real-world problem involving rational expressions.

OPEN ENDED Give an example of a real-world situation that could be modeled by
the quotient of two rational expressions. Provide an example of this quotient.

WRITE A QUESTION A classmate found that the product of two rational
9v-?

expressions it O;ffi. She wants to find the excluded values. Write a

question to help her solve the problem.

WRITING lN MATH Describe how to use dimensional analysis to find the number
of hours in one year.

55.

56.

57.

58.

Use Higher-Order Thinking Skills

59.
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GEOMETRY The perimeter of a rectangle is
30 inches. Its area is 54 square inches. Find
the length of the longest side.

A 6 inches

B 9 inches
C 12 inches

D 30 inches

p"afiftf +::+

EXIENDED RESPONSE The weekly salaries of
six employees at a fast food restaurant are

$140,$220, $90, $180, $140, $200.

a. What is the mean of the six salaries?

b. What is the median of the six salaries?

c. What is the mode of the six salaries?

Tito has three times as many CDs as Dasan.
Dasan has two thirds as many CDs as Brant.
Brant has 27 CDs. How many CDs does Tito
have?

Simplify each expression. State the excluded values of the variables. (Lesson I l-3)

2Oxzy r4g3hz 64qt
64. -: 55. 

- 

66. ; ^zsxy "' 
-n rr, 66' 

w+t
v2+l0v+1.6 p2-9 ,2-:-2

6i._ __ 68._ 69. -y+'2 p2-5p+6 69'7-er*Z

Identify the asymptotes of each function. (Lesson Il-2)

76. FORESTRY The number of board feet B that a log will yield can be estimated by

using the formula B : +(O' - 8D + 1,6),where D is the diameter in inches and

L is the 1og length in feet. For logs that are 16 feet long, what diameter will yield
approximately 256 board feet? (Lesson 8-6)

Find the degree of each polynomial. (Lesson 7-4)

70. y:Z
7t. u--l-" x+'3

77. 2

80. d4 - 6c2

8t. x2 - 18x - 40

87. 3x2 -t 7x - 20

T. y:|+5
74. u: -7--17

" x+b

78. -3a
81. 2x3 - 4z + 8xz

85. x2-5x+6
88.2x2+x-15

72. u:1- +" x-5

75. y: x-8 -3

-)5X'+ 5x

3da+5d3-4c2+1,

x2-zx-24
Bx2-4x-40

85. DRIVING Tires should be kept within 2 pounds Per square inch (psi) of the
manufacturer's recommended tire pressure. If the recommendation for a tire is
30 psi, what is the range of acceptable pressures? (Lesson 5-5)

Factor each polynomial. (Lessons 8-3 and 8-4)

79.

82.

85.

89.
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Math in fllottort Animation

l. Determine whether the table represents an
inverse variation. Explain. (Lesson I l-l)

Assume that y varies inversely as x. Write an
inverse variation equation that relates x and, y.
(Lesson I l-l)

2. y :5 when x :10

5. y = -2 when x:12

Solve. Assume that y varies inversely as x.
(Lesson I l-l)

a. If y =6whenx:S,findxwhena=5.
5. If y: 3 wh# x = 2, fnd,y when x = 4.

State the excluded value for each function.
(Lesson 1!-2)

1
6. y=i
7. u--f-u x-6

Identify the asymptotes of each function. (Lesson I l-2)

B.y=#
g. v:-2-u x-4

10. MUITIPLE CHOICE Jorge has x2 + 8x * 15 square
yards of carpet. He wants to carpet rooms that
have areas of x2 + 5x * 6 square yards. Write and
simplify an expression to show how many rooms
he can carpet. (Lesson I l-i)

A *+I
x+3

D'+!x+6

B !-+

c'+9x+2

Simplify each expression. State the excluded values
of the variables. (Lesson I l-3)

1,6xzu3ll. -=-16xy

r-h
12. =' "

zz-72+1.0

tr. 3{ - 1'5

xl-25

Find each product. (Lesson I1-4)

5x14. 
(,*2f -3) .

,r. o'to?-{, .#
16.=m.

mz+3m+2

x-3

m*2
m2

17. MUITIPIE CHOICE Find the area of the rectangle.
(Lesson I I -4)

#
Fffi*+
Fo,F+ffi_ffi ^-'

- x+2I;u
L_L

^ x+3
-.--------=x-./-

H1

I x-2

Find each quotient. (Lesson tt-+)

*4
18. -+i
rc.ff6**=
20.ty#*m

IUIOTOR VEHICIES In 2005, the U.S. produced
4,411,300 motor vehicles. This was 10% of
the total motor vehicle production for the whole
world. How many motor vehicles were produced
worldwide in 2005?

21.
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w
Dividing Polynomials

b'v9
The equation below describes the distance d a horse
travels when its initial velocity is 4 m/ s, its final
velocity is rs mf s, and its acceleration is a m/ s2.

,-l'2-42*- 
2a

There are different ways to simplify the expression.

You divided rational

expressions.

(Lesson I l -5)

S{bur
. Divide a polynomial by

a monomial.
. Divide a polynomial by

a binomial.

Keep as one fiaction.

v2-42 a2-16
2a : --6-

m
slencoe.com

. Extra Examples

' Personal Tutor
. Self-Check Quiz
. Homework Help
. Math in Motion

Divide each term by 2a.

a2-42 =t_+'2a 2a 2a

:t_s2aa

Divide Polynomials by Monomials to divide a polynomialby amonomial,
divide each term of the polynomial by the monomial.

Divide Polynomials by Monomials

Find each quotient.

a. (u2 + t6x\ + 2x

(z*2 + 1,6x) + 2* :2xz ! 16x
2x

2x2 l6x
!--2x'2x

r8
2# 2d

Ixx11

=x*8
b, (uz +L2b -14) +gu

(b2 + tzb - 1.4) + ib =
bz+12b-74

Write as a fraction.

Divide each term by 5b.

Divide out common factors.

Simplify.

A. (sq3 - 6q) + 3q (+t, -stz -tz) +zt2

(e*u-3w)+4wz(+16+gra-zr2)+2r

Write as a fraction.

Divide each term by 2x.

Divide out common factors.

Simplify.

3b

b2 12b 1.4

3b'3b 3b

b4
.bz . kz6 1.4

--{----25' 25 3b
37

b -LL_743'' 3b

rB.

rD.

7OO Chapter 11 Rational Functions and Equations
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Matrh in Motiorr,
Animation glencoe.com

Divide Polynomials by Binomials You can also divide polynomials by binomials.
When a polynomial can be factored and common factors can be divided out, write
the division as a rational expression and simplify.

Divide a Polynomial by a Binomial

Find (lzz + eh + 18) + (h + 6).

(nz + eh+ 18) + (h + 6) =Cffig
(h+3)(h+6)

h+6

_ (h + 3)&h
-h-{6

:h+Z

c5-qgkY;qtt:tBrqt}g;s,l

Find each quotient.

2A. (b2 -2b - 15) + (b + 3)

Write as a rational expression.

Factor the numerator.

Divide out common lactors.

Simplify.

28. (x2 + llx + 24) + (x + 8)

Ieersonal Tutor glencoe.com

If the polynomial cannot be factored or if there are no corrnon factors by which to
divide, you must use long division.

Use long Division

f +y=y

Multiplyyandy+t

Find (y2 * 4y t 12\ + (y + $ by using long division.

Step t Divide the first term of the dividend, y2,by the first term of the divisor, y.

v
y+2ff++y+n

G\ Jt2 + gy

Ly + 12 Subtract. Bring down the 12.

Step 2 Divide the first term of the partial dividend, ly,by the first term of the
divisor, y.

v +1
y+3)y'+4y+12

e)!t2 +glt
ly + 1-2 Subbact. Bring down the 12.

(-) y + 3 Multiply r andy+r.
9 Subtract.

So,(y' + 4y * tZ) + @ + 3) is y * l with a remainder of 9.This answer can be

written asv+7+ 9___r .- y+3.

th^e*e*:YOgrP,]ggpe;;3

tB. (n2+6n+2)+@-2)
p Personal Tutor gtencoe.com
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Divide Polynomials to Solve a Problem

PARTTES The expression 5r + 250 represents the cost of renting a picnic shelter
and food for x people. The total cost is divided evenly among all the people
except for the two who bought decorations. Find (5r * 250) * k - 2l to
determine how much each person pays.

5

x-zEi+zn
(-) 5x - 10

260

) Rersonal Tutor glencoe.com

When a dividend is written in standard form and a power is missing, add a term of
that power with a coefficient of zero.

lnsert Missing Terms

Find (c3 * 5c - o) + (c - r).

c2+c+6
c-1.)c3+Oc2+5c-6

(-\ c3 - c2
a-c'+ 5c

(-)c2- c

6c-6
(-)6c-6

0

So, (c3 *5c - 6) + @- 1) = c2 + c + 6.

Find each quotient.

So,5 * ffir"pr"sents the amount each person pays.

lnsert a c2-term that has a coeffkient of 0.

Multiply c2 and c - l.
Subtract. Bring down the 5c.

Multiplycandc- l.
Subtract. Bring down the -5.
Multiply6andc- l.
Subtract.

(xa+2x3*6x-10)+(x+2)
peersonal rutor glencoe.com

Eramples I and 2
pp. 700-701

5.

5.

7.

(tzr3-6n2+1,s)+6n

(x2+3x-28)+(x+7)

z. (+23 + 1.) + 2z

+. (t2+5t++) +(r+4)
o.(*2*x-zo)+@-a)

Example 4
?.7o2

Examples I and s
PP. 70t-702

cHEMlsrRy rhe formul uy : H#describes a mixture when x liters of a

25% solution are added to agOo/" solution. Find (400 * 3x) + (50 + x).

Find each quotient. Use long division.

a.(n2+gn+10) +(n-1)
to. (4h3 + 6h2 - 3) + (2h + 3)

s. (qy'+8y +-t) + @ +z)

Q (ar' + zoa) + 4a

7O2 Chapter 11 Rational Functions and Equations
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* = step-bv'step sor,tiil.,:iJ,: 
ll ilil Xli

Examples t and 2
pP. 7OO-701

Example 4
p.7O2

Examples I and s
PP.701-702

Find each quotient.

n. (t+*2 + 7x) + 7x

u. (sq3+q)+q
ro. (sla-d+2k
fi. (a2+n-72)+@-3)
zo. (r2 - 12r * 1r) + (r - t)
,r. (y' - ao) + (v'* ov)

z+. (c3 -zz) + (c - 3)

zo. (or3 * 16x2 - 6ox + 39) + Qx + 1o)

u. (a3 * 4a2 - i.8a) + a

rc. (onz - \2n + 3) + 3n

v. (g*2 + sm) + 6m

p. (*'-6x-16)+(x+2)

O (0, -sk-24) +(k-8)
zt. (o3-+a2)+@-4)

zs.(+t'-t) +et+D
zt. (z'tP + th2 - slx - tz) + (h + 4)

u. (a2+4a+3) +(a-1)
s. (+n2-3n+6)+@-2)
ls. (r3-2t-4)+U++)
rz. (9.3 *6c-5)+@c-2)

GEOMEIRY The area of a rectangte is (x3 - +x2) square units, and the width is

@ - I units. What is the length?

MANUFACIURING The expression -n2 + 18n .* 850 represents the number of
baseball caps produced 6y n workers. Find (-r2 -r 78n + 850) + n to write an

expression for average number of caps produced per Person.

Find each quotient. Use long division.

,0. (b2+3b-9)+(b+5)
t2. (2v2 -3y +t) + Q -z)
,0. (ru - +p2 +o) + @ -t)
$. (6x3+5x2+9)+Qx+g)

"'i--;--*--lI n=r'-gx-18 1ti"it1i *_*l-**-- 
,, - 6

5S. GEOMETRY The volume of a prism with a triangular
base is 10w3 + 23w2 + 5w - 2. The height of the
prism is2w + 1, and the height of the triangle is
5w - 1.. What is the measure of the base of the
triangle? (Hint:V : Bh)

Use long division to find the expression that represents the missing length.

40' ;-: - -l'A=l
4x2 +16x+$l 2x+4

t:i _**i
')

41. Determine the quotient when x3 + 1Lx * L4 is divided by x + 2.

42. What is 14y5 * 27ya - 6y' - 9y2 + 32y + 48 dividedby 2y + 3?

45. FUNCTIONS Consider f(x) : ++
a. Rewrite the function as a quotient plus a remainder. Then graph the quotient,

ignoring the remainder.

b. Graph the original function using a graphing calculator.

c. How are the graphs of the function and quotient related?

d. \Mhat happens to the graph near the excluded value of x?

Lesson 11-5 Dividing Polynomials 703



*B.eali.ltUorl"di[ib,!*

The higher the altitude, the

lower the temperature at

which water boils. Tibet is

at a high altitude. The 46'

temperature of boiling

water in Tibet is lower

than that of boiling water

in the United States.

Tibetans drink their tea

while it is still boiling.

Source: Dld You Know?

Alvitt

c+Z J+e.-+
{ +zcz

4c7-4
+cz + gc

-lZc
-lZc - 74

z4

Anfuu"
c2-2c+10

c+z)c3.+oc2 +6c-4

"t ilt
-2c2 + 6c

.-2c2 - 4c

toc-4
7Oc + 20

-24

ROAD TRIP The first Ski Club van has been on the road for 20 minutes, and the
second van has been on the road for 35 minutes.

a. Write an expression for the amount of time that each van has spent on the road
after an additional f minutes.

b. Write a ratio for the first van's time on the road to the second van's time on the
road and use long division to rewrite this ratio as arl expression. Then find the
ratio of the first van's time on the road to the second van's time on the road
after 60 minutes,200 minutes.

BOltlNG POINT The temperature at which water boils clecreases by about 0.9'F for
every 500 feet above sea level. The boiling point at sea level is 212"F.

i!. Write an equation for the temperature T at which water boils x feet above
sea level.

b. Mount Whitney, the tallest point in California, is 14,494 feet abor.e sea level. At
approximately what temperature does water boil on Mount Whitney?

# mulnplE REPRESENTATIONS In this problem, you will
use picture models to help divide expressions.

a. ANALYTICAL The first figure models 62 + 7. Notice that
the square is divided into seven equal parts. What are
the quotient and the remainder? What division protrlem
does the second figure model?

b. CONCRETE Draw figures for 32 - 4 and22 + 3.

c. VERBAL Do you observe a pattern in the previous
exercises? Express this pattern algebraically.

d. ANAIYTICAI Use long division to find x2 + (x + 1.).

Does this result match your expression from part c?

47. FIND THE ERROR Alvin and Andrea are dividing c3 + 6t' - 4by c * 2.Is either o{
them correct? Explain your reasoning.

rT-r*rT-jnrL_J"J i r,-,1t,,-- Ir"-r-rr-T-r I

L_-r_1__t--l*-l ---, I

t*T-]*i*-T--il I I

L--r---1.' l"-- j-J f--'l A

r_Irf:tfl-J ;
r""r-r*r-r'--rlJ It-ltlttiitrr"r-r-r'-:l-1 I

Ll"-"I_ I I tl--]i
F-- o----t
Lfi l:n-lt--lr*r "7-*r--f---r"-l
i---L-l*,r,] i _i
ffiffia._"1
r , -*r I rl--Ji j

r--r-r-r-T-ll ,Lu._L^"JJ*rr_""j

iif:il]-rL-j
rT.LJ'T]:Hr--rrr--r-r"il*.jl -I r LLI]L_j

48. CHALI-ENGE The quotient of two polynomials is 4x2 - x - 7 +
What are the polynomials?

49. OPEN ENDED Write a division problem involving polynomials
solve by using long division. Explain your answer.

50. WRITING IN MATH Describe the steps to find Quz - 2w - 30) +

Functions and Equations

11x + 15

-2*'l tttL

that you would

(w + 7).

Use Higher-Order Thinking Skills
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51. Simplify 27x3 :-35x2 .

A3x2-5x C 3x-5
B 4x2-6x D 5x-3

52. EXTENDED RESPONSE The box shown is
designed to hold rice.

. ,2+7r+12
55. Simplify =T-.x'+5x+6

F x+4 Hx+2
n x*4 | xi2u r*, I _r14

54. Susana bought cards at 6 for $10. She

decorated them and sold them at 4 for $10.
She made $60 in profit. How many cards did
she sell?

9cm

How much rice would fit in the box?

What is the area of the label on the box, if
the label covers all surfaces?

Find each product. (Lesson ll-4)

uu.#'+ rz t-457' u-4)(t+4)' 6t
s8.#.+56. 1@.9t

4ca 6d

Find the zeros of each function. (Lesson ll-5)
t2-?r-a60.J@):#x'-x-Lz

62. SHADOWS A 2S-foot flagpole casts a shadow that is L0 feet long and a nearby
building casts a shadow that is 26 feet long. How tall is the building? (Lesson lo-7)

Solve each equation. Check your solution. (Lesson l0-4)

61. t/h:9 O+. tfx aZ = -S 65.3+Sl/i=1.8 55. fi-5:2\f6
Solve each equation by using the Quadratic Formula. Round to the nearest tenth
if necessary. (Lesson 9-5)

67. o2 *12a * 20 = 0

70. 2x2 * 98:28x

68. 3* - 7t - 20:0
71. 2n2 - 7n - 3:0

61. f(x) =
x2+6x+9

x2 -g

69.5y2-y-4=0
72. Zw2 = -(7w -t Z)

79. 14,1,8,24

Lesson 11-5 Dividing Polynomials 7O5

75. THEATER The drama club is building a backdrop using arches with a shape that
can be represented by the function/(x) : -x2 + 2x + 8, where r is the length of
the arch in feet. The region under each arch is to be covered with fabric. (Lesson 9-2)

a. Graph the quadratic function and determine its x-intercepts.

b. \Alhat is the height of the arch?

Find each sum. (Lesson 7-5)

74. (ga2 * 2a - tz) + (aa + 7 - 2a2) 7s. (2c3 -t zcd - 1z) 1(-scd - zc3 + 2d2)

Find the least common multiple for each set of numbers. (Lesson 8-l)

76.2,4,6 77. 3,6,8 78.5,12,15



'Tnent
You added

and subtracted

polynomials.

(Lesson 7-5)

S-{bur
. Add and subtrad

rational expressions

with like denominators.
. Add and subtracl

rational expressions

with unlike

denominators.

NGw Ubcabulbnr*@rJ

least common multiple
(LcM)

least common
denominator (LCD)

. Extra Examples

. Personal Tutor

. Self-Check Quiz

. Homework Help

How Many Times a Week
Families Eat Takeout

308
100 ' 100

38
100

5n 15

n+3' n*3-
:

5n+75
n+3

5(n + 3)

"+3
1,

51ni4T
4-#

1

The common denominator is n + 5.

Factor the numerator.

Divide by the common factor, n + 5.

Simplify.
5-:1orJ

€-h*exkYEurBreg-tqs-*

Find each sum.

rn.9+9bb B. :!- + J-3xy 5xy

^)3A U-
lC. =--j- + -:-_3+y 3+y

l) Personal Tutor glencoe.com

Adding and Subtracting
Rational Expressions
WkyP
A survey asked families how often
they eat takeout. To determine the
fraction of those surveyed who eat
takeout more than once a week, you
can add. Remember that percents can
be written as fractions with
denominators of 100.

';'*|T,i' prus dairy equars 
"fllT$lJn.

Trr, # o.387o eat takeout more
than once a week.

Add and Subtract Rational Expressions with like Denominators To add or subtract
rational expressions that have the same denominator, add or subtract the
numerators and write the sum or difference over the common denominator.

Add Rational Expressions with like Denominators

,5n15rrno[]+ n+3'

30"/"
2-3 times
a week

22o/"
once a week

Add or Subtract Rational Expressions with Like Denominators

Let o, b, and c be polynomials with c + O.

a b o+b o b o-b
c'c- c c c- c

7OG Chapter 11 Rational Functions and Equations



Subtract Rational Expressions with like Denominators

i7 Common Terms

{ Remember that every

{ term of the numerator

I and the denominator

i must be multiplied or

I airiaea by the same

I number for the fraction

t to be equivalent to the

I orisinal.

\*._--**-*

,3m -5 4ml2
llllu 

-

-"'- m+4 ml4'
3m - S _ 4m + 2 _ Qm - il - (am + 2)

m-l 4 m+4 m+4

_ (3m - 5) + l-(4m + 2)l

m+4
3m-5-4m-2- m+4

:-*-7m*4

th"xkY:o*ury Bros;e**
Find each difference.

2h+4 5+h2I{--h+'l h+l

The common denominator as m + 4.

The additive inverse of l4n + 2l is -(+m + 2).

Distributive Propefi

Simplify.

28.#= 2h-6
15h-5

$ Personal Tutor glencoe.com

You can sometimes use additive inverses to form like denominators.

.3n6n
l'llld 

- 

* 

-.

n-4 4-n
3n 6n 3n 6n_:

n-4' 4-n n-4 -@-a)
3n 6n:- n-4 n-4

-3n-Qn n _ 3n,
n-4 n-4

clleelkYesrPregJer*

Find each sum or difference.
,2.

5A. f _3 +5=
p Rersonal Tutor glen(oe.com

Add and Subtract with Unlike Denominators The least common multiple (LCM) is

the least number that is a multiple of two or more numbers or polynomials.

LCMs of Polynomials

Find the LCM of each pair of polynomials.

a.6xand4xs

Step t Find the prime factors of each expression.

6x:2.3 . x 4x3:2.2.x.x.x
Step 2 Use each prime factor,2,3, and x, the greatest number of times it appears

in either of the factorizations.

6x:2.3.x 4x3=2.2.x.x.x
LCM : 2. 2. 3. x. x. x or 12x3

Rewrite 4-nas -(n-4).

Rewrite so the denominators are the same.

Subtract the numerators and simplify.

2o 2o
,8. ---- - =',p- r r-p

Lesson 11-5 Adding and Subtracting Rational Expressions 7O7



Factored Form

A monomial is in

factored form when
it is expressed as the
product of prime

numbers and variables,

and no variable has

an exponent greater

than l. (Lesson B-l)

ur Checking Answers

i You can check whether

I you have simplified a

I rational expression

I correctly by

i substituting values,

i, but this does not

1 guarantee that the

I expressions are always

i equal. lf the results are

I different, check for
i an error.

b. n2+5n*4and(n*l)2
n2+5n*4:(n+l)(n+4)
(n+1)z:(n*1)(n+1)
(n + 7) is a factor twice in the second expression. (n + 4) is a factor once.

LCM : (n + 1)(n + 1)(n * 4) or (n + 1)2(n + 4)

Factor each expression.

48. x2 - 2x -- B and x2 - 5x - 1,4

Factor f2 - 2t - !.

peersonal Tutor glencoe.com

To add or subtract fractions with unlike denominators, you need to rename the
fractions using the least common multiple of the denominators, called the least
common denominator (LCD).

Add Rational Expressions with Unlike Denominators

Fir,d.3f*2 +1+1.tz_2t_g t_3'

FindtheLCD. Since t2 -2t - 3 - (t -g)(t * 1),theLCDis (, - 3)(r + 1).

3t+2 , f+1_ 3t+2 , t+1
tr_2t- 3 - rL - (f -3Xl+1) - r-3

: 
s ff]5 . 

=(i++) 
*,t.itl u,,,rthe LGD.

3t+2 , t2+2t+1
- (r-3Xf +1) 

-r 
(f LXf +1)

_3t+2+t2+2t+1.
(r-3Xf+1)

_ t2+5t+3
(r-3Xf+1)

Simplify.

Add the numerators.

Simplify.

th"egli,Yo*Ur: PtngSe;;s: Find each sum.

sB. b+3 *!-sb b+\

& en"e-c* \o.;x: Pwsrepp:
It" 4A. Bm2t and 12m2t3
f
I\,-,".*___*-_-. , ..

Add or Subtract Rational Expressions with Unlike Denominators

Step I Find the LCD.

Step 2 Write each rational expression as an equivalent expression with
the LCD as the denominator.

Step 5 Add or subtract the numerators and write the result over the
common denominator.

Step 4 Simplify if possible.

i sn U1+ d !=2
lddz
I

708 Chapter 11 Rational Functions and Equations
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The distance a hang glider

can travel is determined

by ils glide rotio, or lhe

ratio of the fonruard

distance traveled to the

vertical distance dropped.

Source: Howstuffvvorks

The formula time = 
g,HO is helpful in solving real-world applications.

Add Rational Expressions

HANG GttDlNG For the first 5000 meters, a hang glider travels at a rate of r
meters per minute. Then, due to a stronger wind, it travels 6000 meters at a

speed that is 3 times as fast.

a. Write an expression to represent how much time the hang glider is flying.

Understand For the first 5000 meters, the hang glider's speed is r. For the last

6000 meters, the hang glider's speed is 3x.

Usethe formula d = r x tort =f tor"pr"r"ntthe time f of each

section of the hang glider's trip, with rate r and distance d.

Timetofly5000meters: +=ry /_ iQ$Q,7=x

Timetofly6000meters: +:ry d=6oo0,r=lx

Total flying time: @ + qP

Plan

Solve

s000 6000 5000 /3\ 6000

x - 3x = - liSr--,
15,000 6000: 3*---*

7000

The ICD is Ix.

Multiply.

Simplify.

Let x = I in the original expression.

Simplify.

Letx= I intheanswer
expression. Simpliff.

_*fr04
3x

1

7000or-
x

check $+63P
5000 6000
1 ' 3(1)

: 5000 + 2000 or 7000

ry:ff or 7000

Set the expression equal to t 5.

Multiply each side by x.

Divide each side by 15 and simplify.

Since the expressions have the same value for x :1, the answer

is reasonable. /
b. If the hang glider is flying at a rate of 600 meters per minute for the first

5000 meters, find the total amount of time that the hang glider is flying.

ry : #o Substirure 600lorxin the expression.

= 11.7 Simplify.

So, the hang glider is flying for approximately 11.7 minutes.

c. If the hang glider flew for approximately L5 minutes, find the rate the hang
glider flew for the first 5000 meters.

7000

7000 :1.5x
466.7 = x

The hang glider was flying at a rate o1466.7 meters per minute.

€h"eqf:Yqurr Breslesx

6. TRAINS A train travels 5 miles from Lynbrook to Long Beach and then back.
The train travels about 1.2 times as fast returning from Long Beach. If r is the
train's speed from Lynbrook to Long Beach, write and simplify an expression
for the total time of the round trip.

p eersonal Tutor gtencoe.com
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To subtract rational expressions with unlike denominators, rename the expressions
using the LCD. Then subtract the numerators.

Subtract Rational Expressions with Unlike Denominators

Findf -T

Simplifying Answers
When simplifying a

rational expression,
you can leave the

denominator in

factored form, or
multiply the terms.

c_llgkYo-uryDrAgSqssS

Find each difference.

7A. 6. 
-7t +3 t

Wrih I using the LCD,4x.

Simplify.

Subtract the numerators.

Simplify.

7B.v -y-3

5 2x+1.
^3X

_ 5/4\ 2x+7
x\41 4x

20 2x +1
4x 4x
20-(2x+1)

4x
20 -2x -l 79 -2xur-4x 4x

y2+y-tz

$, eersonal Tutor glencoe.com

Examples l-5
pp.706-707

Example 4
pp.7o7-7oo

Examples 5 and 7
pp. 708 and ,10

Example 5
p.209

Find each sum or difference.

r. !+?/n /n ,.#*t
Find the LCM of each pair of polynomials.

3t,8*
(x2-8x*7),(x2+x-2)

Find each sum or difference.

- 1.4r 2r
'' 9-r r-9

6. 5m + 1.5,2m + 6

r +-+
5.

7.

41
5"- 10",
x_3

x-3 x+2

t0.

15.

9.

12.

8.

I t.

62
tt1n- n'

8 _-53c 6d

32
4** sv

a-6
a+4' a+2

14. EXERCISE Joseph walks 10 times around the track at a rate of x laps per hour. He
runs 8 times around the track at a rate of 3r laps per hour. Write and simplify an
expression for the total time it takes him to go around the track 18 times.

O : Step-by-Step Solutions begin on page Rl2.

Extra Practice begins on page 815.

Examples I-5
pp.706-707

Find each sum or difference.
a3a
4'4
11 _-1
41 4r

A. *=+*?#
24.*#-#

710 Chapter 11 Rational Functions and Equations

15.

t9.8.I

22. #\+ r13,
cttt)

25. *=' '
6w

5yy
6-6
t+2 t+5

^tJJ

n+6 _n+L10 10

3a+1. _a+4a-L a-1

1. 5m
=_*-=-bm 6m

8b 3a

ab'ab

17.

20.

23.

2w-3 26.



Example 4 Find the LCM of each pair of polynomials.
P,'7o7-7os 

27' x3Y,x2Y2 28' Sab'1'ob

!0. 2n - 70,4n -20 tl. (x2 +gx +18),x +

29.

3 32.

*. fi+fi6?
t,rr-

(3r - 1), (r + 2)

(k2 - 2k - 8), (k + 2)2

5

2d+2 d+5

Examples s and z
pp. 7OB and 7t0

Example 5
p. 709

Find each sum or difference.

,5.

36.

59.

42.

45.

47.

49.

5* 1 t4.4x ' 1ox

Lg: -g= t7.o-t-E )o

-24
7, *; 40'

L_1, 45.a3a
w-3 w

I-

wz_w_20' w+4
2x _x+3

x"+6x+15 x+5

/K
4k+8- k+2

nn

-L-

n-2' n+7 u.h+fi
d

58.

6 _2
sf 3t

7344-:------ 4r t

46. n

2n+10 n'-25
r -a r -)

rt+6r+9 rz-9

e50.
i

I
a

I
:

I

I

:

TRAVEL Grace walks to her friend's house 2 miles away and then jogs back home.

Her jogging speed is 2.5 times her walking speed zu.

a. Write and simplify an expression to represent the amount of time Grace

spends going to and coming from her friend's house.

b. If Grace walks about 3.5 miles per hour, how many minutes did she spend

going to and from her friend's house?

BOATS A boat travels 3 miles downstream at a rate 2 miles per hour faster than
the current, or x * 2 miles per hour. It then travels 6 miles upstream
at a rate 2 miles per hour slower than the current, ot x - 2 miles per hour.

a. Write and simplify an expression to represent the total time it takes the boat
to travel3 miles downstream and 6 miles upstream.

b. If the rate of the current x is 4 miles per hour, how long did it take the boat
to travel the 9 miles?

51. SCHOOL Mr. Kim had 18 more geometry tests to grade than algebra tests. He
graded 12 tests on Saturday and 20 tests on Sunday. Write an expression for the
fraction of tests he graded if a represents the number of algebra tests.

52. PIAYS A total of 7248 people attended the school play. The same number
r attended each of the two Sunday performances. There were twice as many
people at the Saturday performance than at both Sunday performances. Write
an expression to represent the fraction of people who attended on Saturday.

Find each sum or difference.

ln a recent year, there

were nearly 12.8 million

boats registered in the U.S.

Source: USCG Boating

54.

56.

58.

60.

62.

59.

6t.

@#-;r
55. k?-?6 -=1.k-5 5-k

57.2 + 3 _4x-2
x-7 x+1. x2-1.
7-a'-34 /a-3b

3a -18 3a -18
x2-16 x3+1

?-rtx" x'
5x_

18y -4
% +2- -2-%

8c
c-l' L-c
x2-x-12 _ x-4
x2-11.x+30 18-x

8n-3 _ 5n-9
n2+8n+72 n2+8n+72

- v L)
t ---!--l--2-7x-3' 15x+30

)v t'7
e+. :|--n +x--y'9x2-12x+4

Lesson 11-6

-5
x2-2xy+yz

63.
3x2+19x-14

Adding and Subtracting Rational Expressions 711



i65. TRIATHTONS In a sprint triathlon, athletes swim 400 meters, bike 20 kilometers,
and run 5 kilometers. An athlete bikes 12 times as fast as she swims and runs 5
times as fast as she swims.

a. Simplify ff + ry + +P, an expression that represents the time it takes

the athlete to complete the sprint triathlon.

b. If the athlete swims 40 meters per minute, find the total time it takes her to
complete the triathlon.

GEOMETRY Write an expression for the perimeter of each figure.

a+b

67.66. 68. 5r 5r
2q+6r2,/\q+6r

a\
er\ /er

,q+6, \ I zq+or

4r

A regular triathlon includes

a I.5-kilometer swim, a

A0-kilometer bike ride, and

a l0-kilometer run. The

first 0lympic triathlons
were held in 2000 in

Sydney, Australia.

Source: USA Triathlon

2q+6r

BIKES Marina rides her bike at an average rate of 10 miles per hour. On one day,
she rides 9 miles and then rides around a large loop r miles long. On the second
day, she rides 5 miles and then rides around the loop three times.

a. Write an expression to represent the total time she spent riding her bike on
those two days. (Hint: Use f : f;, *h"r" f is time, d is distance, and r is rate.)

Then simplify the expression.

b. If the loop is 2 miles long, how long did Marina ride on those two days?

TRAVEI The Showalter family drives B0 miles to a college football game. On the
trip home, their average speed is about 3 miles per hour slower.

a. Let x represent the average speed of the car on the way to the game. Write and
simplify an expression to represent the total time it took driving to the game
and then back home.

b. If their average speed on the way to the game was 68 miles per hour, how long
did it take the Showalter family to drive to the game and back? Round to the
nearest tenth.

7r. GHAu.ENGE Find Ll- * =7v=\(v ! 
s 
- {=).

\ry-z 2-/yl\ 6 6 I

72. WRITING lN MATH Describe in words the steps you use to find the LCM in an
addition or subtraction of rational expressions with unlike denominators.

75. CHATLENGE Is the following statement sometimes, nhnays, or neaer true? Explain.
a -b au+hx
x, y:- -y xf 0,Yf 0

74. OPEN ENDED Describe a real-life situation that could be expressed by adding two
rational expressions that are fractions. Explain what the denominator and
numerator represent in both expressions.

75. WRITING lN MATH Describe how to add rational expressions with denominators
that are additive inverses.

712 Chapter 11 Rational Functions and Equations
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SHORT RESPONSE An object is launched
upwards a119.6 meters per second from a

58.8-meter-tall platform. The equation for the
object's height h, in meters, at time I seconds
afier launch is h(t) = -4.9P + 19.6t + 58.8.

How long after the launch does the object
strike the ground?

simprifyi***h

^? c #

STATISTICS Courtney has grades of 84, 65, and
76 on three math tests. What grade must she

earn on the next test to have an average of
exactly 80 for the four tests?

F 84 H9B

Find each quotient. (Lesson 1l-5)

80. (6x2 + lOx) + 2x 81. (15y3 + 1.4y) + 3y

Convert each rate. Round to the nearest tenth if necessary. (Lesson I l-4)

8t. 23 feet per second to miles per hour

84. 118 milliliters per second to quarts per hour (Hint:1liter = 1.06 quarts)

Find the length of the missing side. If necessary, round to the nearest

Express each number in scientific notation. (Lesson 7-3)

89. 12,300 90. 0.0000375

82. (10a3 - 2Oa2 + 5a) + 5a

gt. 1,255,000

hundredth. (Lesson l0-5)

85. [.- ,3t \h\
4

86. x

,W
SS. AMUSEMENT RIDE The height /r in feet of a car above the exit ramp of a free-fall

ride can be modeled by h(tl = -16t2 -t s. / is the time in seconds after the car
drops, and s is the starting height of the car in feet. If the designer wants the ride
to last 3 seconds, what should be the starting height in feet? (Lesson 8-6)

92. FINANCIAI IITERACY Ruben has $13 to order pizza.The pizza costs $7.50 plus
$1.25 per topping. He plans to tip 15% of the total cost. Write and solve an

inequality to find out how many toppings he can order. (Lesson 5-3)

Find each quotient. (Lesson I l-4)

gt. Z+93xz -r
,n.*.# 4u-8

95. -. - +(u-2)y+r

Lesson 11-6 Adding and Subtracting Rational Expressions 713



Mixed Expressions and

You simplified
rational expressions.

(Lesson t t -t)

$lbur
. Simplify mixed

expressions.
. Simplify complex

fractions.

Newr V^bcaliulhr.vr
mixed expression

complex fradion

Complex Frqctions
wbxB
A"Top Fuel dragster can cover f

1 .,
= fi"Ill€ lfl

''t-+
4f seconds. The average speed in miin miles
p6r second can be described by the expression
below. It is called a complex fraction.

1 .,
; lTlll€

+f, seconds

Simplify Mixed Expressions An expression like z + -4- is called a mixedx+1
expression because it contains the sum of a monomial,2, and a rational

.Aexpression,;il You can use the LCD to change a mixed expression to a rational

expression.

@ChanseMixedExoressiontoRationalEroressions
j Write 2+* as arational expression.

2- 4r-2(x-1) +-a- rhe[GDisx-r.x-l x-I x-I
2(x-7)+4: t-;, Add the numerators.

- 2x -2! 4 
Distributivepropertyx-7

_2x+Z simptify.x-l

mg***
glencoe.com

. Extra Examples

. Personal Tutor

. Self-Check Quiz

. Homework Help

t
t
{
r
li

,
ll
il

i
',

2
J

-:q
8

:

)q
5=E

?"9J5

1.6

15

a

i -a . c
c b'd
d

ad
0L

ad

bc

gi cti-e-ek: yo,.ur p rss;e*r*'T-

Write each mixed expression as a rational expression.

a.2+* n. ffi+sy
) Rersonal Tutor glencoe.com

Simplify Complex Fractions A complex fraction has one or more fractions in the
numerator or denominator. You can simplify by using division.

numerical complex fraction algebraic complex fraction

To simplify a complex fraction, write it as a division expression. Then find the
reciprocal of the second expression and multiply.
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Use Complex Fractions to Solve Problems

RACING Refer to the application at the beginning of the lesson. Find the average

speed of the Top Fuel dragster in miles per minute.

f mile f mile
1 

- 

_ a- ,.
4f, seconds +5seeor*r

f,x eo

Gji-e-c_kYiUl,rjF[qg;e-_sSJ

Simplify each expression.

g3h

,A. +gn"

b,

Convert seconds to minutes. Divide by

common units.

Simplify.

Express each term as an improper fraction.

Simplify,

-24m3t5
n'h

58. --- "l6pm'

trh

p Rersonal Tutor glencoe.com
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60rerriK
l minute

a
4+

5

60
4

22
5

15
4Ux5

o

Use the rule!:ff.
d

*FsattWertffiEjrsk

*x22
1

75 ^9: 
22ot 322

So, the average speed of the Top Fuel dragster is Zfimiles per minute.

Dragster at the left. What is the

p. eersonal Tutor Blencoe.com

To simplify complex fractions, you can either use the rule as in Example 2, or yott
can rewrite the fraction as a division expression, as shown below.

Complex Fractions Involving Monomials

8t2

simplify f._
z)t

Write as a division expression.

To divide, multiply by the reciprocal.

Divide by the common factors 4t and v and simplify.

A Jr. Dragster is a half-

scale verson of a Top Fuel

dragster. This car, which

cun go I mile in zfr
seconds, is designed to be

driven by kids ages 8-l 7

in the NHM Jr. Drag

Racing League.

Source: NHHA 8*u 8t' 4t

-:---4taa3
ts3

8t2 a3
t,^4t

- W yt s1277,2
-n411
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Complex fractions may also involve polynomials.

Complex Fractions lnvolving Polynomials

Simplify each expression.
t

a +3a.*
5

y2-g

2
y+3

5

y2 -g
y+3 y2 -9

2..
A-#

7

2(y - 3):_
5

n2+7n-78

(y-3)(y+3)
5

{a - z1ts,i4,

n2-2n+7
@n-L
n2+7n-18
,t'z-2n+1 n2+7n-18

,'- - t1--Zt1 +I-
n-l

n2+7n-1,8=-n2-2n+1,

_(n-2)(n+e)
(n-1)(n-t)

1

(n -2\@-4|
(n - 1)\*-Tl

1

n-2
(n-7)(n-e)

€heskVeurrProEes*
a+7

4A. -=l-a2-49
10

-lI 
-U

-4C. l=+ P

cz-d2
jr_P,

Write as a division expression.

Io divide, multiply by the reciprocal.

Faclot y2 - 9.

Divide by the cCF, f + !.

Simplify.

2:- y+3

2:-y+3

u2-gX--
5

7 Factoring When ,

i simplifying fractions :j involvingpolynomials,

i facor the numerator i

, and the denominator 
iI of each expression if ;

i possible. 
,\3

b.

n2-87
n -'1,

n-1.
(n-9)(n+e)

1
4jr

Write as a division expression.

Multiply by the reciproal.

Factor the polynomials.

Divide out the common factors.

Simplify.

, \-1
nz-81

(n - e)@aey
1

48.

4D.

x*4
,-1,

x2+6x+8
2x-2

n2+4n-21
n2-9n+1.8

"'z 
+3" -28

716 Chapter 11 Rational Functions and Equations
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Example I
p.714

Write each mixed expression as a rational expression.

r. l++
t.6+*

z. r+!
3r

+. *lu7 _s*

Example 2
p.7t5

Examples 3 and 4
pp. 715-716

5. ROWING Rico rowed a canoe 2f miles in ] frour.

a. Write an expression to represent his speed in miles per hour.

b. Simplify the expression to find his average speed.

Simplify each expression.

)r
6.+

r+
:)

4
=7.+

h-
J

r+s
x2-u2ll. ------
(r + s)t
-1

a2

8. -i-
b5
a

2+q
a2-4

12. ---:-q+4
q'-6q+8

y4
)

9.-:,
xy'
L,,

p+3
6

- -,10.__*
3

-2 
-

a -t-z

o2+o-6lr.+
pz+4p+3
p\ 6e +,

O : Step-by-Step Solutions begin on page Rl2'

Extra Practice begins on page 8l 5.

Examples 5 and 4
pp.7lt-716

3h++
(k+2) +#

)2q
zfij 26.

J;
J

Example I Write each mixed expression as a rational expression.

&r-h
a, L a'1

18. f + :--)-+u-w

21. (d - 6) + r_+

Example 2
g.7t,5

?'714 fi. rc+? rc. 5a -ff
19. n2+n-!.n++

22. m-@+2)

17.

20.

25.

24.

READING Ebony reads 6f; pages of a book in 9 minutes. What is her average

reading rate in pages per minute?

HORSES A thoroughbred can ,,rt I mile in about f; minute. What is the horse's

speed in miles per hour?

Simplify each expression.

i+5
q

50. ^-t'-t-30
12

02

27. 1
t,

j'-16
i2+70i +16tt.+ I5

/+8

5n-

2s. t-
bn

w

x-3
,r. x2 t^3x + 2

xz -9
x+1

5

.1'v

Z
,t.-+-

a+6

55. COOKING The Centralville High School Cooking Club has 12| pounds of flour

with which to make tortillas. There are 3f; cups of flour in a p-ound, and it takes

about 1""0 of flour per tortilla. How many tortillas can they make?
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54. SCOOTER The speed a of an object spinning in a circle equals the circumference of
the circle divided by the time 7 it takes the object to complete one revolution.

a. Use the variables a, r (the radius of the circle), and T to write a formula
describing the speed of a spinning object.

b. A scooter has tires with a radius of 3| inches. The tires make one revolution
1every fi second. Find the speed in miles per hour. Round to the nearest tenth.

SCIENCE The density of an object equals ff,wherc
iz is the mass of the object andV is the volume. The
densities of four metals are shown in the table.
Identify the metal of each ball described below.
(Hint:Thevolume of a sphere is V: t*'.1
a. A metal ball has a mass of 1,5.6 kilograms and

a radius of 0.0748 meter.

b. A metal ball has a mass of 285.3 kilograms and a radius of 0.1819 meter.

56. SIRENS As an ambulance approaches, the siren sounds different than if it were
sitting still. If the ambulance is moving toward you at zr miles per hour and
blowing the siren at a frequency of f , then you hear the siren as if it were blowing

at a frequency h. This can be described by the equation '1, : -4,where s is the
7_v

speed of sound, approximately 760 miles per hour. s

a. Simplify the complex fraction in the formula.

b. Suppose a siren blows at 45 cycles per minute and is moving toward you at
65 miles per hour. Find the frequency of the siren as you hear it.

Simplify each expression.

* B-e*h.Wutl:d €a$eer,',, r'& lrCt*EES, ,':

[ab Technician
Lab technicians work
with scientists, running

experiments, conducting

research projects, and

running routine diagnostic

samples. Lab technicians

in any field need at least a

two-year associate degree.

59.

42.

58.

41.

57.
.r^_17x+5LJ 5x+10

12A--" y-4
18

v - --------;" y-3

b -cb+3''
br-2b-8
x2-4x-92

x+1"
x2+6x+8

-2.I 
-l

- 2c2-6c-1,0It-
c +'/

2c+1.

12-gr
12+7r+70------;----:-

r'+ 5r

r\r-,

45. REASONING Describe the first step to simplify the expression below.
lv r\
\;-vl
1:J-

xy

44. REASONING Is -J - + =L sometimes, always, or neTrer equal to 0? Explain.,-i i-,
45. CHAIIENGE Simplify the rational expression below.

1-1
t-l' t+1,
1-r
tt2

46. OPEN ENDED Write a complex fraction that, when simplified, results in |.
47. WRITING IN MATH Explain how complex fractions can be used to solve a problem

involving distance, rate, and time. Give an example.

718 Chapter 11 Rational Functions and Equations
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A number is between 44 squared and
45 squared. 5 squared is one of its factors,
and it is a multiple of 13. Find the number.

A 1950

B 2000

c 2025

D 1975

SHORI RESPONSE Bernard is reading a445-
page book. He has already read1,57 pages. If
he reads 24pages a day, how long will it take
him to finish the book?

50. GEOMEIRY Angela wanted a round rug to fit
her room that is 16 feet wide. The rug should
just meet the edges. \A/hat is the area of the
rug rounded to the nearest tenth?

H 50.3 ft
I 201.1fr2

F 100.5 ft
G 804.2 ft2

5r. Simplify zx + ffi.
_O 

7x_+ 10

/xy
-)/x-a + 5B-v

Find each sum or difference. (Lesson I l-6)

,r.*-+
55. ?- -l "3m L5m'

68. xz - 81.

71. -25 + 4y2

75. 6x:24

ru- l: -+.2

5r.h+h
*'#-#

69. a2 - 121.

72. p4 - 1.6

Find each quotient. Use long division. (Lesson I l-5)

58. (x2-2x-30)+(x+7) 59. (a2t4a-22)+(a-3)
61. (3y3 +8y2 +y -7) + (y +2) 62. $t3 -9tz + 6) + (2t -3)
64. GEOMETRY Triangle ABC has vertices A(7, -4), B(-1.,2), and C(5, -6). Determine

whether the triangle has three, two, or no sides that are equal in length. (Lesson 10-6)

Graph each function. Determine the domain and range. (Lesson l0-l)

65. y:/a/a 66. y - -3l/i
1_

67. y = it/x
Factor each polynomial. If the polynomial cannot be factored, write prime. (Lesson 8-5)

3a+2 a-5
54' 

2q + 1* iq *,
sr.#T+h

60. (3q2 + 2Oq + 11) + (q + 6)

65. (ehs + 5h - 8) + (3h - 2)

70. n2 + 100

7t. 4t4 - 4

74. PARKS A youth group traveling in two vans visited
Mammoth Cave in Kentucky. The number of people
in each van and the total cost of the cave are shown.
Find the adult price and the student price of the tour.
(Lesson 6-5)

Solve each equation. (Lesson 2-2 and2-5)

76. 5y - \:19
7s. 4;A= -5.5

77. 2t *7 =21

eo. ?nS = |
Lesson 11-7 Mixed Expressions and Complex Fractions 719



"The$
You solved proportions.

(Lesson 2-5)

D{Juur
. Solve rational

equations.
. Use rational equations

to solve problems.

NtswrVbcabulhrvr
rational equation

extraneous solution

work problem

rate problem

m
slencoe.com

. Extra Examples

. Personal Tutor

. Self-Check Quiz

. Homework Help

. Math in Motion

Time an oceanic
dolphin swims' I miles

--a-distance+ 3
rate---+ r + 5

Rational Equations
waN.PlJ

Oceanic species of dolphins can swim 5 miles
per hour faster than coastal species of dolphins.
An oceanic dolphin can swim 3 miles in the
same time that it takes a coastal dolphin to
swim 2 miles.

Since time = dit=:llt", the equation belowrate
represents this situation.

time a coasta!
equals dolphin swims

2 miles.+
= 2 +distame

I <- rate

Original equation

Find fte cros producE.

Distributive Property

Subtract 2x from each side.

Original equation

Replacexwith lo.

Simplify.

Simplify.

Solve Rational Equatiols A rational equation contains one or more rational
expressions. When a rational equation is a proportion, you can use cross products
to solve it.

Use Cross Products to Solve Equations

DOIPHINS Refer to the information above. Solve ? = 
:2nL: f to find the speed of ax+5 x

coastal dolphin. Check the solution.

32
x+5 x

3x=2(x*5)
3x :2x + l0

x=10
So, a coastal dolphin can swim 10 miles per hour.

CHECK 3 =:2x+5 x
3 L210+5 10

3 r1,
155
't1
=-=Y55

€heelkY;Qurr Bregtu;
Solve each equation. Check the solution.

A.-J ^=L_y-r y+r rB. 13=

72O Chapter 11 Rational Functions and Equations
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Another method that can be used to solve any rational equation is to find the LCD
of all the fractions in the equation. Then multiply each side of the equation by the
LCD to eliminate the fractions.

Use the LCD to Solve Rational Equations

Solve +. h: 5. Check the solution.

Step I Find the LCD.

The LCD of 4 and -!{- 3 v(v + 1).y y+I
Step 2 Multiply each side of the equation by the LCD.

f *fu:'
y(y + 1) (+ . h) = y(y + 1)(5)

Li,t: r. 4 \ , lwyti 5v \

l? A.l'-- +):v(v+1)(5)

'.i'i;i";) --"y,:"';'y Solutions lt is

] important to check the

i solutions of rational

I equations to be sure

i that they satisfy the

; original equation.

7 extraneous
: Everyday Use

irrelevant or

unimportant

extraneous
solution
Math Use a result that

is not a solution of the

original equation

cHEcK 4+ 5!=:5
y y+I
4, s(4) _1 r
4' 4+1-"

1.+1as
5=5{

4y+4=5Y
4y-4*4:5y-4y

i _ ",'r-y

Original eqlation

Replace y with +.

Simplify.

Simplify.

Original equation

Multiply each side by
the LCD, yU + rl.

Distributive Propefi

Simplify.

Multiply.

Subtract 5y2 from each

side.

Simplify.

Subtract 4y from each

side.

Simplify.

G_h-e-g_kYir-UrrPf og_Xe.S.sj

Solve each equation. Check your solutions.

2A.+=-r=# 28.1+ 1 -c+2 c2 +2c

2D. =-Jl-- = 
n . :Z---3n-16 5n+1.0 5

p Rersonal Tutor glencoe.com

Recall that any value of a variable that makes the denominator of a rational
expression zero must be excluded from the domain.

In the same way, when a solution of a rational equation results in a zero in the
denominator, that solution must be excluded. Such solutions are called extraneous
solutions.

5, 0, and -l cannot be solutions.

u+2 .
2c' fi-ii2: 7_;

J

4+x 1 2
x-5'x-x*1

4y + 4 + 5y2 - 5y2 : 5y2 - 5y2 + 5y

Lesson 11-8 Rational Equations 721



Solve A * +:- 3-0 
= 5. State any extraneous solutions.n-5 n-5

2n 4n-30
n-5 n-5

@-5)(h.#):@-5)S
2n \ lA +n-zo\'#l *[?'Hl =(,'-5)5

-t-l \' -r"l
2n+4n -30= 5n-25

6n-30=5n-25

6n-5n-30:5n-Sn-25

n - 30: -25

n-30*30=-25+30

Original equation

Multiply each side by the LCD,

n-5.

Distributive Property

Simplify.

Add like terms.

Subtract 5n from each side.

Simplify.

Add 50 to each side.

Simplify.

,." Solutions lt is possible

I to get both a valid

I solution and an

! extraneous solution

when solving a rational

equation.

n:5

Since n : 5 results in a zero in the denominator of the original equation, it is an
extraneous solution. So, the equation has no solution.

thecJsYsur Bras;e***

5. Solve n2--3n 
- =10 = 2. State anv extraneous solutions.

nt-4 n2-4
p eersonal Tutor glencoe.com

Use Rational Equations to Solve Problems You can use rational equations to solve
work problems, or problems involving work rates.

Work Problem

,OBS At his part-time job at the zoo, Ping can clean the bird area in 2 hours.
Natalie can clean the same area in L hour and L5 minutes. How long would it
take them if they worked together?

Understand It takes Ping 2 hours to complete the job and Natalie ff nours.

You need to find the rate that each person works and the total time / that
it will take them if they work together.

Plan Find the fraction of the job that each person can do in an hour.

Ping's rate + 7ffi : 
liooper hour

ljob ljob 4.Natalie's rate + -- or . : - job per hour
lf hours f, hours J

Since rate . time : fraction of job done, multiply each rate by the time f to
' represent the amount of the job done by each person.
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I Work Problems

I When solving work

] problems, remember

i that each term should

I represent the portion

I of a lob completed in

I one unit of time. :

il'a*rurtrror*,r.-*-*J

(atva Fraction of iob plus fraction of iob equals t iob.
Ping completes Natalie completes

It+ft=1
ro(]t + ft) : rotrl Multiplv each side bv the rcD' t0'

,o(+4 + ro(ft) : ro Distributive properg

5f + 8f : 10 Simplify.

t : r9g Add Iike terms and divide each side by t5.

So, it would take them ]$ nort or about 46 minutes to complete the job
if they work together. 

rJ

Check In ]$ fro"r, Ping would complete +. #or fr "f the job and Natalie

*orita complete +. i3 o. fi of trr6;ou. togl"trrer, they comple* * * *
or 1 whole job. So, the answer is reasonable./

9[dkYo-UrdBreg;esg
4. RAKING Jenna can rake the leaves in 2 hours. It takes her brother Benjamin 3

hours. How long would it take them if they worked together?

)rersonal Tutor gtencoe.com

Rational equations can also be used to solve rate problems.

Rate Problem

AIRPLANES An airplane takes off and flies an average of 480 miles per hour.
Another plane leaves 15 minutes later and flies to the same city traveling 560

miles per hour. How long will it take the second plane to pass the first plane?

Record the information that you know in a table.

Plane 2 took off l5 minutes,

or f, ttour, after Plane I

Since both planes will have traveled the same distance when Plane 2 passes
Plane 1, you can write the following equation.

Distance for Plane 1 : Distance for Plane 2

480.t:560 .(, - +)

The longest nonstop

commercial flight was

13,422 miles from Hong

Kong Airport in China to
London Heathrow in the

United Kingdom. lt took
22 hours and 42 minutes.

Sowcei Guinness Book of
World Records

Mat*r in l{lotiant,
Animation glencoe.com

distance:rate.time

48Ot : (560 . f) - (u* . i) Disrributive propefi

480t :560t - 1,40 Simplify.

-80f : -140 Subtract 560f from each side.

t : 1.75 Divide each side by -80.
So, the second plane passes the first plane after 1..75 hours.

S en*e*Yo*u#BregJres*

I S. rc.rora leaves the house walking at 3 miles per hour. After 10 minutes, her

I mother leaves the house riding a bicycle at 10 miles per hour.In how many

I 
minutes will Lenora's mother catch her?

p rersonal Tutor glencoe.com
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Examples l-5
?p.720-722

Example 4
pp.722-72,

Example 5
P.72,

Examples l-5
pp.720-722

Example 4
pp.722-72:,

Example 5
p.72t

Solve each equation.
| 2 -4l. 

---

x+l x

4.4- P=:2=
p- r p- |

- a+3 6 1
J.- a5aa

State any extraneous solutions.

- f+3 2t+3
59

-2t4r' 1-.f T-l-:L - x+3 2xO. 

---: 

I
xz-1 x-1

7. WEEDING Maurice can weed the garden in 45 minutes. Olinda can weed the
garden in 50 minutes. How long would it take them to weed the garden if they
work together?

S. TANDSCAPING Hunter is filling a 3.S-gallon bucket to water plants at a faucet that
flows at a rate of 1.75 gallons a minute. If he were to add a hose that flows at a
rate of 1.45 gallons per minute, how many minutes would it take him to fill the
bucket? Round to the nearest tenth.

Solve each equation. State any extraneous solutions.

e*=* rc. #:+
v 

- 
1 )v15.-- '''-:-1x+l x- I

t7.;k+fi,:z
E.;\+ffj=6
21. PAINTING It takes Noah 3 hours to paint one side of a fence. It takes Cilberto

5 hours. How long would it take them if they worked together?

22. DISHWASHING Ron works as a dishwasher and cari wash 500 plates in two hours
and 15 minutes. Chris can finish the 500 plates in 3 hours. About how long would
it take them to finish all of the plates if they work together?

,r. + *+=+ E. ?:Z+?3w 15 5w

16.

18,

20.

3s+z g
ll, "r= --1.2 2

n-A
--- c+7 c-l

Y+4 6 1

--: -
y-2' y-2 y+3
1268 :-a+3' a2-9 a+3

n2-n-6 n-5 n-3
n=n - ,- r: n=n

25. ICE A hotel has two ice machines in its kitchen, How many {"iWW:t,:,,
hours would it take both machines to make 60 pounds of j!__,
ice? Round to the nearest tenth. F=i

30 lb/day

r w:'lWr

,,lG!-lWW)
t!

25lb/day

24. CYCIING Two cyclists travel in opposite directions around a
5.6-mile circular trail. They start at the same time. The tirst
cyclist completes the trail in 22 minutes and the second in
28 minutes. At what time do they pass each other?

GRAPHING CATCULATOR For each function, a) describe the shape of the graph, b)
use factoring to simplify the function, and c) find the zeros of the function.

27. f(x): x3 + 6x2 +12x

28. PAINTING Morgan can paint a standard-sized house in about 5 days. For his latest
job, Morgan hires two assistants. At what rate must these assistants work for
Morgan to meet a deadline of two days?

724 Chapter 11 Rational Functions and Equations



29. AIRPTANES Headwinds push against a plane and reduce its total speed, while
tailwinds push on a plane and increase its total speed. Let rrl equal the speed of
the wind, r equal the speed set by the pilot, and s equal the total speed.

a. Write an equation for the total speed with a headwind and an equation for the
total speed with a tailwind.

b. Use the rate formula to write an equation for the distance traveled by a plane
with a headwind and another equation for the distance traveled by a plane
with a tailwind. Then solve each equation for time instead of distance.

MIXIURES A pitcher of fruit juice has 3 pints of pineapple juice and 2 pints of
orange juice. Erin wants to add more orange juice so that the fruit juice mixture is
60% orange juice. Let x equal the pints of orange juice that she needs to add.

a. Copy and complete the table below.

b. Write and solve an equation to find the pints of orange juice to add.

DORMITORIES The number of hours h it takes to clean a dormitory varies
inversely with the number of people cleaning it c and directly with the number of
people living there p.

a. Write an equation showing how h, c, and.p are related . (Hint:Include the
constant k.)

b. It takes 8 hours for 5 people to clean the dormitory when there are 100 people
there. How long will it take to clean the dormitory if there are 10 people
cleaning and the number of people living in the dorm stays the same?

Solve each equation. State any extraneous solutions.

52. #*++ ,r.f ;r*;u *t*t:t

30.

ffi
0range juice contains

more than l0 times as

much vitamin C as apple

luice. Drinking an 8-ounce

glass counts as one of the

five recommended fruit
and vegetable servings for
the day.

Source: Ask Dr. Sears

v2+5u-6 i 6t4' f -2y'z f -t 55'

6
J

x-rc) x+27:-
x'-5xx-5

56. CHAILENGE Solve " = +x-z
x2+3x

(x + 1)(x - 2) (x + 1)(x - 2)'

57.

38.

59.

REASONING How is an excluded value of a rational expression related to an
extraneous solution of a corresponding rational equation? Explain.

OPEN ENDED Write a problem about a real-world situation where work is being
done. Write an equation that models the situation.

REASONING Find a counterexample for the following statement.

The solution of a rational equation can neaer be zero.

WRITING lN MATH Describe the steps for solving a rational equation that is not a
proportion.

40.
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41. It takes Cheng 4 hours to build a fence. If he
hires Odell to help him, they can do the job in
3 hours. If Odell built the same fence alone,
how long would it take him?

C B hours

D 12 hours

In the 1000-meter race,Zoe finished 35
meters ahead of Taryn and 53 meters ahead
of Evan. How far was Taryn ahead of Evan?

F 1Bm G 35m H 53m | 88m

TWenty gallons of lemonade were poured
into two containers of different sizes. Express
the amount of lemonade poured into the
smaller container in terms of g, the amount
poured into the larger container.

A g+20
B 20+g

44. GRIDDED RESPONSE The gym has 2-kilogram
and S-kilogram disks for weight lifting. They
have fourteen disks in all. The total weight of
the 2-kilogram disks is the same as the total
weight of the S-kilogram disks. How many 2-

kilogram disks are there?

C g-20
D 20-g

Simplify each expression. (Lesson I t-7)

c2 58'

45. + 46. -!tL--' cr 6g

a, 5h

Find the LCM of each pair of polynomials. (Lesson 1l-o)

49.2h,4h2

Look for a pattern
describes the data.

Zn.+
b-3

q-2
9

q2-6q+8
12

p-7,2(p-M)

48.

50.5c2,12c3 5l.x-4,x*2 52.

in each table of values to determine which kind of model best
(Lesson 9-9)

55.

57. GENETICS Brown genes B are dominant over blue genes b. Aperson with genes BB

or Bbhasbrown eyes. Someone with genes bbhas blue eyes. Mrs. Dunn has

brown eyes with genes Bb, and Mr. Dunn has blue eyes. Write an expression for
the possible eye coloring of their children. Then find the probability that a child
would have blue eyes. (Lesson 7-8)

Solve each inequality. Check your solution. (Lesson 5-2)

h .n t- |
58. 1o<5 s9.-7>-i

Determine the probability of each event if you randomly select a marble from a

bag containing 9 red marbles, 6 blue marbles, and 5 yellow marbles. (Lesson O-t t)

61. P(blue) 52. P(red)

,o.Zy > -15

726 Chapter 11 Rational Functions and Equations
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Math 0nline
. SIUDytrEf*Er

Key Concepts
lnverse Variation Gesson rr-l)
. You can ,r. f = f; to sotve problems involving

inverse variation.

Rational Functions ftesson tr-z)

. Excluded values are values of a variable that result
in a denominator of zero.

. lf vertical asymptotes occur, it will be at excluded
values.

Rational Expressions (Lessons I l_3 and r r-4)

. Multiplying rational expressions is simitar to
multiplying rational numbers.

. Divide rational expressions by multiplying by the
reciprocal of the divisor.

Dividing Polynomials ftesson ll-5)
. To divide a polynomial by a monomial, divide each

term of the polynomial by the monomial.

Adding and Subtracting Rational Expressions

. Rewrite rational expressions with unlike denominators
using the least common denominator (tCD). Then add
or subtract.

Complex Fractions (Lesson tr_7)

. Simplify complex fractions by writing them as division
problems.

Solving Rational Equations (Lesson u_B)

. Use cross products to solve rational equations with a
single fraction on each side of ttre equats sitn.

Be sure the Key Concepts
are noted in your Foldable.

Key Uocabulary
asymptote (p. G7e)

complex fraction O. 714)

excluded value 6. eza;

extraneous solution @.721)

inverse variation (p. 670)

least common denominator
(tCD) 1p. zoel

least common multiple
(tCM) 1p. zoz;

mixed expression 1p. zr+;

product rule 1p. ozr;

rate problems @.723)

rational equation @.720)

rational expression (p. 6sa)

rational fundion 0. 678)

work problems (p. 722)

Vorabulary Check
State whether each sentence is true or false.ll false,replace the underlined word, phrase, expression, or
number to make a true sentence.

I. The least common multiple for xz _ 25 and x _ Sisx-5.

2. If the product of two variables is a nonzero
constant, the relationship is an inverse variation.

5. If the line r : a is a vertical asvmptote of a
rational function, then a is an exciuded value.

4. A rational expression is a fraction in which the
numerator and denominator are fractions.

5. The excluded values for ______L_ are _2 and
-3. x'+5x+6

6. 
ffe e9ual"" ;$. = #has an exrraneous
solution,2.

7. A rational expression has one or more fractions
in the numerator and denominator.

7

8. The expression f .un be simplifiea to f./,-
9. A direct variation can be represented by an

equation of the form k = x!,wherek is a nonzero
constant.

10. The rational func" ''

horizontal ,rrr"r'.:;1 :E 
* 3 has a
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lesson-bY'Lesson Review

lnverse Variation

If y varies inversely as * and y - 28 when

x = 42, find'y when x = 55'

Let x, - 42, x2= 56, and Ut - 28' Solve for y,'

\ :? ProPortion for inverse variation
x2 lt
42 :U substitution56 28

1176 = 56Az Cross multiPlY'

2l=Az
Thus, y -- 2l when x = 56'

Solve. Assume that y varies inversely as r'

ll. If y= 4 when x = l,find r when Y = 12

12. lf y= -1 when x = -3, fndYwhen x = -9

15, lf y= 1.5 when x = 6, tndywhen v - -16

14. PHYSICS AL35-pound person sits 5 feet from

the center of a seesaw' How far from the

center should a L08-pound person sit to

balance the seesaw?

State the excluded value for the function
1Y=Em'

Set the denominator equal lo zero'

4x+L6--0
4x + 1.6 - L6 = 0 - 16 Subtract 16 from each side'

4x - -1.6 SimPlifY'

* - -t- Divide each side bY +'
L--a

State the excluded value for each function'

,r.y=fi t6.Y:{-u

17. y:fu t8.Y-*
lg. ?17:L PARTY Katelynordered pizzaandsoda

for her study grouP for $38'The cost per

person Y is given bY Y :S' where x is the

number of people in the study grouP' Graph

the function and describe the asymptotes'

Simplifying Rational ExPressions (pp.6s4-6el)

a2 -7a+72SimPrifYffi'
Factor and simPlifY'
a2 -Ta+12 @-3)@-D Factor.

7-Br+36- @-e)@-a)

=o-1 Simptifu.
a -9

SimplifY each exPression'

2xu2 x+4
20. i- 2t' x\ tzx + 32L6Xyz

vz + 10x *27 y2 - 25zz.ffi 2t'**-10

,.#k ,5.#@
State the excluded values for each function'

26.y-?;*." 27.Y-e?#.-
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Find each product or quotient.

2g. 
6x2y4 .3rry,t2 xy

29.3t_-6. x+3
x2-9 x2_2x

,0. x2 3x
x+4 x2_16

il' Tf +@2-6b+8)

,2.2o'+7r-75 ga2-4
a +s - ,;11'

53. GEOMETRy Find the area
of the rectangle shown.
Write the answer in simplest
form.

,rrrrx2-zs. r+5
xz_g . x_3.

x2-25 r+5 (x+5)(x-5) v, tr

x2 -s' x-s - C+3;1,-5 = 1; Factor.

Find each quotient.

t4. (x3 - 2x2 - 22x + 21) + @ _ g)

ts. (x3 * 7x2 + t}x - 6)+ (r + 3)

36. (sx2y2 - 1ox2y + sxy) + Sxy

tr. (48y2 + 8y * z) + (12y _ 1)

58. G^EOMETRY The area of a rectangle is
x2 + 7x + 13. If the tength i" (*1-+)',
what is the width of the rectangle?'

rind (+r2 * r7x - r) + @x + t).

1.6x _ 1

1.6x + 4

-)
Thequotientisx*4-

Multiplyxand 4x + t.
Subtract bring down _1.

Multiply 4 and 4x + t.
Subtract.

5
4x+1'

x+4
4x2+17x-1

Find each sum or difference.

39. fu-A tA -3 2nb_ b 40.**#i
4r.-+--!- 42. 1 _ 3y+7 y-3 --'x*T-i=,
45. DESIGN Migue^l is decorating a model of a

room that is -2. feet long nn4 __9_ 6"u1
wide. what i3 tL3 p"ri-"#..i,fr"13"-,

Find '2 +b+tx+7 x*7'
*2=+2x+1,:t_+2x+l

x*1 ' x+1 -l+l- Addthe

x+1
=x*1.

_ (x+1Xr+1)

Multiplying and Dividing Rational Expressions (pp. 6e2-6ss)

Dividing Polynomiats (pp. 7oo_

and Subtracting Rational Expressions @p. 706-7ts)
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Expressions and Complex Fractions 1pp' zt 4-71 s)

r+3
simprify#

x

Write as a division exPression'
x+3
T - x+3 . x2 -2x-15

@-6xx x+3 x=--6-'7-rx-ts

SimplifY each exPression'

48. FABRICS Donna makes tablecloths to sell at

craft fairs. A small one takes one-half yard of

{abric,a medium one takes five-eighths yard'

and a large one takes one and one-quarter

yard.

a. How many yards of fabric does she need

to make aiiblecloth of each size?

b. One bolt of fabric contains 30 yards of

fabric. Can she use the entire bolt of fabric

by making an equal number of each type

of tablecloth? ExPlain'

Rational Equations (PP' 720-

sorve 7f;*#=*.z x+2 1

7;u+;+J='r
,(, + 3)(,(,?O) *,r,. r)(#) = '('* 3)(1)

3+x(x+2)=1(r+3)
3+x2+2x=x*3

x2+x=o
r(x+L)=0

r:0orx:-l
The solution is -L, and there is an extraneous

solution of 0.

Solve each equation' State any extraneous

solutions.n.+*fi=#

112
52. i*+-i-:;l+3;-4

54. PAINTING Anne can paint a room in6 hours'
--- 

Otiu, can paint u too^ in 4 hours' How long

*iff it take them to paint the room working

together?

73O Chapter 11 Rational Functions and Equations



l

,?}:ar*"w_hether each table represents anrnversevariation.Explain. -r--v!r'r

Find each product or quotient.

,. (x + 6)(x - 2) 7*z
xt x-3

n. (r1r) 
+x2_sy'v

Solve. Assume that y varies inversely as x.
5. If y =3when r-g,findrwhen 

U=.1..

6. If y =2when x=0.5,findywhen x=2.

-l1tlrrf each expression. Stare the excludedvalues of the variables.

" }r:rlr.l.f CHOTCE The area of a rectanste is
^ + rx + 6 ssuare feet. If the width iJ x + 2,what is the length of tf," re"irr,;;;'-'

ffiry ,.,

A x+2

B r+3

C1

D3

z z-6,.-
z'-32-78 ,. 4{-28

x'-49

x2-2s
x-2
x-5
x-2
y2+t}y+24

-

!/2-9_---:-
3v'+ 77v - 6

2yz-1La+1,5

Simplify each expression.

,'L

r0. :1'-' ^i tt.
",

a_4--;-
12. a1^+6a+A

a2-3r-4 15.
-;<a'-a_G

Find each quotient.

u. Ax2 + fix) + 2x

(+*,-8x+5) +ex+D
(e*'-1ax-3)+(r-5)

,t:^l1" ,hlry.varies inversely as r. Write anrnverse variation equation tf,Jt "f"i", x and y.
17. y- 2whenr=g
18. y: -3whenx-1
Find each sum or difference.

rc. .1+ $

20. !J+ r+8
L-o t_6

2I. --1- + 3x-6 x_2
22.5,xx'-2x-24' x-6
State the excluded value or values for eachfunction.

2!-y- 24.y- - 5

x._Sx_24
Identify the asymptotes of each function.
25. u- 2" (x_4)(x+2)

26.y--; j-+z
x.+gx_2g

27. MULTlptE CHOICE Lee can shovel the drivewayin 3 hours, and Susan can shovel the driveway in2 hours. How long will it tute ti"_ *orkingtogether?

F 6hours
G 5 hours

H f hour

I f no,,,

I5.

t6.

6
x-1

28. PAINI|NG Sydner
i" 40 ;;#Jiil,u#l1llr:l;t',:fl root wail
Cleveland, the tw9 or ih"* .ur., pr#in" wall in25 minutes. How long *o"ra i, irl?br"""rand todo the job himself?

Chapter 11 practice Test 7Z1



'ffiia"l 
with an Equation

In order to successfully solve some standardized test questions' you

wiil need to be able J;'*#;;;+t to model different situations'

Use this lesson to p""tt* "i"tg 
these types of problems'

Strategies for Modeling with Equations

Read the problem statement carefully'

Ask Yourself:
o What am I being asked to solve?

\A/hat information is given in the problem?

What is the unknown quantity that I need to find?

Translate the problem statement into an equation'

o AssiSn a variabie to the unknown quantity'

. Write the word sentence as a mathematical number sentence'

.Lookforkeywordssuchasis,isthesameas,isequalto,orisidenticalfothat
indicate where to place the equals sign'

Solve the equation'

. Solve for the unknown in the equation'

.Checkyouranswertobesureitisreasonableandthatitanswersthequestion
in the Problem statement'

Read the Problem' IdentifY

in the Problem to solve'
what you need to know' Then use the information

a

a

It takes CtaigT|minutes to paint '''lll'oom' 
If Delsin can paint the same

room in 60 minutes, n9; [iil;:l*it-tat"e"ine; 
to paint the room if thev

roor* u't uv ,rua..rv-/ 

'J 
to tt"'"-""arest tenth'

work together? Roun

A about 33.3 minutes C about 45'1 minutes

D about 50'3 minutes
B about 38.4 minutes
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Read the problem carefully. You know how long it takes Craig and Delsin to paint
a room individually. Model the situation with an equation to find how 1ong ii
would take them to paint the room if they work together.

Find the rate that each person works when painting individually.

Craig's rate, 
^ffi 

: #iooper minute

Delsin's ,ut"' ;,ffi : # ioo per minute

Let f represent the number of minutes it would take them to complete the job
working together. Multiply each rate by the time f to represent the portion of the
job done by each painter. Add these expressions and set them equal to 1 job. Then
solve for f.

So, it would take Craig and Delsin about 33.3 minutes to paint the room working
together. The correct answer is A.

Read each problem. Identify what you need to
know. Then use the information in the problem to
solve.

l. Hana can finish apuzzle in 6 hours, while Eric
can finish one in 5 hours. How long would it take
them to finish apuzzle together? Round to the
nearest tenth.

A about 1.8 hours

B about 2.4 hours

C about 2.5 hours

D about 2.7 hours

t job.

1

Roberto wants to print 500 flyers for his
landscaping business. His printer can complete
the job in 35 minutes, and his brother's printer
can print them in 45 minutes. How long would it
take to print the flyers using both printers?
Round to the nearest whole minute.

F about 15 minutes

G about 18 minutes

H about 20 minutes

] about 23 minutes

Portion that

Craig completes

1.,
'/5

Solve for /:

Lt+Lt:t'/5 6U

portion that

Delsin comptetes equals

1,
50'

Original equation

Multiply each side by the tCD, Ifit.

Simplify.

Combine like terms.

Divide each side by 9.

plus

soo(frr * #,) :1(3oo)

4t+5t=300
9t = 300

t = 33.3
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2.

Read each problem. Then filtr in the correct answer
on the answer document provided by your teacher

or on a sheet of paPer.

l. What is the inverse variation equation for the
numbers shown in the table?

A Y =-2*
B Y:8*
C xy:24
D xy =-128

Suppose a square has a side length given by the

expression a# What is the perimeter of the
'^6xsquarer

, 4x +20
5x

^ 2x +10tr --;:-

H *15
4x

, x+5t2x

Find the distance between (3, -6) and (1,4) on
a coordinate grid. Round to the nearest tenth.

A 8.1

B 8.5

c 9.6

D LO.2

Question I Sometimes you can eliminate answer choices as

unreasonable because they are not in the proper form. Choices

A and B show direct variation equations, so they can be

eliminated.

t.

734 Chapter 11 Rational Functions and Equations

5.

In l-985, the population of a country was about
3.66 million people. By 2005, this number had

grown to about 4.04 million people. What was

the annual rate of change in population from
1985 to 2005?

F about 15,000 people Per Year

G about 19,000 people Per Year

H about 24,000 people Per Year

] about 38,000 people per Year

Ricky's Rentals rented 12 more bicycles than
scooters last weekend for a total revenue of
$2,125. How many scooters were rented?

A26 C3'./

829 D4L

The table shows the relationship between calories

and fat grams contained in orders of french fries
from various restaurants.

Assuming the data can best be describedby a

linear model, how many fat grams would be

expected to be contained in a 315-calorie order
of french fries?

F 15 fat grams

G l,6fatgrams

H 17Iat grams

j 18 fat grams

c37



Math Online

Standardized Test Practice

Record your answers on the answer sheet provided
by your teacher or on a sheet of paPer.

7. Suppose the first term of a geometric sequence is

3 and the fourth term is 192.

a. What is the common ratio of the sequence?

b. Write an equation that can be used to find the
nth term of the sequence.

c. What is the sixth term of the sequence?

S. GRIDDED RESPONSE P"ggy is having a cement
walkway installed around the perimeter of her
swimming pool with the dimensions shown
below If x = 3 find the area, in square feet, of the
pool and walkway.

Use the equation A = 2(4
question.

+ r) to answer each

a. Complete the following table for
the different values of r.

b. Plot the points from the table on
a coordinate grid. V\rhat do you
notice about the points?

10. ]ason received a $50 gift certificate for his
birthday. He wants to buy a DVD and a poster
from a media store. (Assume that sales tax is
included in the prices.) Write and solve a linear
inequality to show how much he would have left
to spend after making these purchases.

ll. Simplify the complex fraction.
Show your work. 5

x-3
x-G

x2-x-6

9.

Record your answers on a sheet of papeL Show
your work.

12. Carl's father is building a tool chest that is shaped
like a rectangular prism. He wants the tool chest

tohave a surface area of 62sqtare feet. The
height of the chest will be 1 foot shorter than the
width. The length will be 3 feet longer than the
height.

a. Sketch a model to represent the problem.

b. Write a polynomial that represents the surface
area of the tool chest.

c. What are the dimensions of the tool chest?

* All DVDs only $14.95
* All CDs only g't1.25

*All posters only $10.99
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Then
ln chapter 0, you calculated simple
probability.

Dlbur
ln Chapter 12, you will:

' Design surueys and evaluate

results.
. Use permutations and

combinations.

' Find probabilities of compound
events.

. DesiSn and use simulations.

WhvPr
i*nrsrRuRnNTs A

restaurant may ask their
customers to complete a

survey about their visit. The

survey data can be analyzed

using statistical methods. The

restaurant staff can learn more
about their customers and

how to improve their
experiences in the restaurant.

.,:!.

a

**

* I

Math rn Motion, Animation
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