
Diagnose Readiness You have two options for checking Prerequisite Skills.

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

Use a table of values to graph each equation.
(Lesson t-t)

l'Y:x+3
5. Y=-2x-3
5. 4x -3y =12

Use a table of values to graph A :3x + 1.

7. SAVINGS Jack has $100 to buy a game
system. He plans to save $10 each week.
Graph an equation to show the total
amount TJack will have in zu weeks.

Get Ready for Chapter 9

2'Y:2x+2
4. Y = o.5r - 1

6. 3y:6 + 9x

Determine whether each trinomial is a
perfect square trinomial. Write yes ot no,
lf so, factor it. (Lesson a-s)

8. a2+12a+36 9.

10. x2 - 12x + 32 il.
12. 4x2 +ZBx + 49 t5.

14. a2 -22a +121 15.

x2+5x+25
x2+2Ox+100

k2-16k+64
5P-tzt+2s

Determine whether x2 - 10x * 25 is a
perfect square trinomial. tffrite yes ot no.
If so, factor it.

l. Is the first term a perfect square? yes

2. Is the last term a perfect square? yes

5. Is the middle term equal to -2(1r)(5)? yes

x2 _ LOx * 25: (x _ 512

Find the next three terms of the arithmetic
sequence 5,9,13r17, ... .

Find the common difference by subtracting
a term from the next term.

9-5:4
Add to find the next three terms.

17 + 4 : 21, 2\ * 4 = 25,25 * 4 = 29

The next three terms are2L,25,29.

Find the next three terms of each arithmetic
sequence. (Lessons 3-5)

16. 1.6,4, -9, -20, ...

18. -5, -2, 1.,4, ...

20. GEOMETRY Write a formula that can be
used to find the perimeter of a figure
containing /, squares.

2, 10,19,26,...

3,5,7,9, ...

tr
P=4

E
P= 6

E
P=8

17.

t9.

@Take a self-check Chapter Readiness euiz atglencoe.com.

5(-1) + t
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Get Started on Chapter 9
You will learn several new concepts, skills, and vocabulary terms as you study
Chapter 9. To get ready, identify important terms and organize your resources.

You may wish to refer to Chapter 0 to review prerequisite skills.

Quadratic and Exponential Functions Make this

Foldable to help you organize your Chapter 9 notes

about quadratic functions. Begin with a sheet of

notebook paper.

Iold the sheet of paper along

the lengh so that the edge of

the paper aligns with the margin

rule on the paper.

@; foU the sheet twice widthwise- to form four sections.

Unfold the sheet, and cut along

the folds on the front flap only.

Q)3hAeleach section as shown.

English

axis of symmetry

maximum

minimum

parabola

quadratic function

vertex

double root

transformation

completing the square

Quadratic Formula

discriminant

exponential function

compound interest

common ratio

geometric sequence

Erpaftol

eje de simetria

miiximo

minimo

pariibola

funci6n cuadriitica

v6rtice

doble raiz

transformaci6n

completar el cuadrado

Formula cuadriitica

discriminante

funcidn exponencial

interds es compuesta

proporci6n comtn

secuencia geom6trica

.p.525.

.p.525.

.p.525.

. p.525 .

.p.525.

.p.525.

. p. 558.

. p.544.

. p.552.

. p. 558.

. p.561 .

.p.567.

. p.574 .

. p. 579.

.p.578.

domain . p. 58 . dominio all the possible values of the

independent variable, x

leading coefficient . p.425 ' coeficiente delantero the

coefficient of the first term of a polynomial written in

standard form

range . p. 58 . rango all the possible values of the

dependent variable, y

ln the function represented by the table,

the domain is {0, 2, 4, 6i, and the range

is {5, 5, 7, 9}.

slenGoe.com

-

. Study the chapter online

. Explore Math in lUlotion

. Get extra help from your own Personal futor

. Use Extra Eramples for additional help

. Take a Sell-Check Quiz

. Review Vocabulary in fun ways
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You graphed linear
functions. (Lesson 5-2)

$tjsw
. Analyze the

characteristics of
graphs of quadratic

functions.
. Craph quadratic

functions.

NbwrVbcabulhwr#r@rJ

quadratic function
standard form
parabola

axis of symmetry
vertex

minimum
maximum

symmetry

. Extra Examples
, Personal Tutor
. Self-Check Quiz
. Homework Help

Graphing Quadratic Functions

-8-6-4 I 0

The Innovention Fountain in Epcot's
Fufureworld in Orlando, Florida, is an
elaborate display of water, light, and
music. The sprayers shoot water in
shapes that can be modeled by quadratic
equations. You can use the graph of this
equation to show the path of the water.

Characteristics of Quadratic Functiols You have studied linear functions. There are
also nonlinear functions with graphs of other shapes. Quadratic functions are
nonlinear and can be written in the form f(x) = ax2 ! bx + c, where a + O. This form
is called the standard fonn of a quadratii function.

The shape of the graph of a quadratic function is called a parabola. Parabolas are
symmetric about a central line called the axis of symmetry. The axis of symmetry
intersects a parabola at only one point, called the vertex.

When a > O,the graph of y - ax2 + bx + c opens upward. The lowest point on the
graph is the minimum. When a < O,the graph of y : ax2 + bx* c opens downward.
The highest point on the graph is the maximum. The maximum or minimum is
the vertex.

Graph a Parabola

Use a table of values to graph U = 3x2 * 6x - 4. State the domain and range.

Graph the ordered pairs, and
connect them to create a smooth
curve. The parabola extends
to infinity. The domain is
all real numbers. The range
is {y ly >- -71, because -7 is
the minimum.

c,,*eskYp'iw Bregtess,

t. Use a table of values to graph A : x2 * 3. State the domain and range.

prersonal Tutor glencoe.com
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Parent Function:

Standard Form:

Type of Graph:

Axis of Symmetry:

y-intercept:

Quadratic Functions

fE) : x2

f(x) = ax2 + bx +c
parabola

b
A--=-

20
c



Domain and Range

The domain is the set

of all of the possible

values of the

independent variable x.

The range is the set of

all of the possible

values of the

dependent variable y.

Figures that possess symmetry are those in which
each half of the figure matches exactly.

A parabola is symmetric about the axis of symmetry.
Every point on the parabola to the left of the axis

of symmetry has a corresponding point on the
other half.

When identifying characteristics from a graph, it is often easiest to locate the vertex

first. It is either the maximum or minimum point of the graph.

ldentify Characteristics from Graphs

Find the vertex, the equation of the axis of symmetry, and the y-intercept
of each graph.

Step I Find the vertex.
Because the parabola oPens upward, the vertex
is located at the minimum point of the
parabola. It is located at (-1, 0).

Step 2 Find the axis of symmetry.
The axis of symmetry is the line that goes
through the vertex and divides the parabola
into congruent halves. It is located at x = -1'.

Step 5 Find the y-intercept.
The y-intercept is the point where the graph
intersects the y-axis. It is located at (0, L),

so the y-intercept is L.

Step I Find the vertex.
The parabola opens downward, so the vertex
is located at its maximum point, (2,3)'

Step Z Find the axis of symmetry.
The axis of symmetry is located at x = 2.

Step 5 Find the y-intercept.
The y-intercept is where the parabola crosses

the y-axis. It is located at (0, -1), so the
y-intercept is -1.

gh*clSYgurPresyer*

t1
1

o x

28.

+v

v

c x

f
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Function

Characteristics

When identifying

characteristics of a

function, it is often

easiest to locate the

axis of symmetry first.

y-intercept The

y-coordinate of the
y-intercept is also the

constant term (c) of
the quadratic function

in standard form.

b"2a

v=2x2-l4x-3
= 2(-l)2 + 4(-1.) - 3

y=-x2*6x+4
= -(3)2 + 5(3) + 4

Original equation

X=!
Simplify.

ldentify Characteristics from Functions

Find the vertex, the equation of the axis of symmetry, and the y-intercept
of each function.

a.y=2x2+4x-g
Formula for the equation of the axis of symmetry

t, = -fi o=Zanllb=4

x = -1. Simplify.

The equation for the axis of symmetry is r = -1.
To find the vertex, use the value you found for the axis of symmetry as the
r-coordinate of the vertex. To find the y-coordinate, substitute that value for
r in the original equation.

Original equation

X=-l
Simplify.

The vertex is at (-1, -5).
The y-intercept always occurs at (0, c). So, the y-intercept is

b,y=-x2+6x*4
Formula for the equation of the axis of symmetry

*=-# o=-rand6:6

x = 3 Simplify.

The equation of the axis of symmetry is x : 3.

-J.

x

The vertex is at (3, L3).

The y-intercept is 4.

: lA.a= 38. y:2x2+2x+2
p Rersonal Tutor glencoe.com

!

# enonvssFrsglregs,

-3x2+6x-5

There are general differences between linear functions and quadratic functions.

Next you will learn how to identify whether the parabola opens up or down and
whether the vertex is a maximum or a minimum point.

Y:ox+b y=ox2abx+c;o*0
l; Notice that all of the variables are to

the first power.

2; Notice that the independent variable,

x, is squared in the first term. The

coefficient o can not equal 0, or the

equation would be linear.

Y:3x2+5x-4Y:u+6

Lesson 9-1 Graphing Quadratic Functions 527



Words The graph of f(x) : oX2 + bx + g where o f O:

. opens upward and has a minimum value when o > 0, and

. opens downward and has a maximum value when o < 0.

. The range of a quadratic function is all real numbers greater than
or equal to the minimum, or all real numbers less than or equal
to the maximum.

Examples o is positive.

Maximum and Minimum Values

Considerflx): -2x2 - 4x + 6.

a. Determine whether the function has a maximum or minimum value.

For f(x) : -Zx2 - 4x -l 6, a: -2,b = -4, and c = 6.
Because a is negative the graph opens down, so the function has a maximum
value.

b. State the maximum or minimum value of the function.

The maximum value is the y-coordinate of the vertex.

The x-coordinate of the vertex is ] or # or -1.

f(x):-2x2-4x+6
f(-t)=-2(-D2-4( D+6
feD=e
The maximum value is B.

Original function

X=-I
Simplify.

c. State the domain and range of the function.

The domain is all real numbers. The range is all real numbers less than
or equal to the maximum value, or lyly < 81.

€tledgYeur Brog;**
Consider g(x) : 2x2 - 4x - 1,.

4A. Determine whether the function has amaximum or minimum value.

48. State the maximum or minimum value.

4C. State the domain and range of the function.

528 Chapter 9 Quadratic and Exponential Functions
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Graph QUadratiC FUnCtiOnS You have learned how to find several important
characteristics of quadratic functions.

7 Symmetry and Points

i wtren locating points

I that are on opposite

Graph Quadratic Functions

Graphflx) =x2*4x*3.
Step t Find the equation of the axis of symmetry.

*_-bn- 
2n

-4^ - 2.1.
v--)

Step f Find the y-intercept.

f(x):x2+4x+3
: (o)2 + 4(o) + 3

-3
The y-intercept is 3.

Original equation

X= 0

Simplify.

Formula for the equation of the axis of symmetry

o=landb=4

Simplify.
sides of the axis of

symmetry they are not

only the same distance

to the left and right of
the axis of symmetry.

They are also the same

number of spaces up

or down from the
vertex.

Step Z Find the vertex, and determine whether it is a maximum or minimum.

f(x)=x2+4x+3 Original equation

: (-2)2 + 4(-2) + 3 x= -Z
--1 Simplify.

The vertex lies at (-2, -1). Because a is positive the graph opens uP/

and the vertex is a minimum.

ffi enssXYout:Ptqtresl
Graph each function.

5A. f(x) : -2x2 -t 2x - 7

Step 4 The axis of symmetry divides the parabola into
two equal parts. So if there is a point on one
side, there is a corresponding point on the
other side that is the same distance from the
axis of symmetry and has the same y-value.

Step S Connect the points with a smooth curve.

2 unitsi I 2 units

x

1unil l unil-t--T- -

SB. f(x):3x2 - 6x + 2

p Rersonal Tutor glencoe.com
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Step I Find the equation of the axis of symmetry.

Step 2 Find the vertex, and determine whether it is a maximum or minimum.

Step 5 Find the y-intercept.

Step 4 Use symmetry to find additional Points on the graPh, if necessary.

Step 5 Connect the points with a smooth curve.



You have used what you know about quadratic functions, parabolas, and symmetry
to create graphs. You can analyze these graphs to solve real-world problems.

Use a Graph of a Quadratic Function

SCHOOL SPIRIT The cheerleaders at Lake High School launch T-shirts into the
crowd every time the Lakers score a touchdown. The height of the T-shirt can
be modeled by the function h(x) = -'16x2 * 48x * 6, where k(x) represents the
height in feet of the T-shirt after x seconds.

a. Graph the function.

Equation of the axis of symmetry

o=-16and6=48

The equation of the axis of symmetry is x =
the vertex is |.

t. fnm, the r-coordinate for

483x:-2e16lot,

*Bsal"L.t-Uattdf Eiir* ;.
t

About I in 17 high school

seniors playing football

will go on to play football

at an NCM school.

Source: National Collegiate
Athletic Association

.b"2n

A = -16x2+ 48x -16

: -ru(|)'+ +s(f) + o

: -ru(Z) + +s(|) + o

: -36 + 72 + 6 or 42 Simplify.

rhe vertex is x (|, +z).

Let's find another point. Choose an x-value of 0
and substitute. Our new point is at (0,6). The point
paired with it on the other side of the axis of
symmetry is (3,6).

Repeat this and choose an r-value of 1 to get (1, 38)
and its corresponding point (2, 38). Connect these
points and create a smooth curve.

b. At what height was the T-shirt launched?
The T-shirt is launched when time equals 0, or at the y-intercept.
So, the T-shirt was launched 6 feet from the ground.

c. What is the maximum height of the T-shirt? When was the maximum
height reached?
The maximum height of the T-shirt occurs at the vertex.
So the T-shirt ,"u.i", a maximum height of 42 feet. The time *u" I
or 1.5 seconds after launch.

Original equation

r =!,

(;)'= i

e-prk.YoJg,t:9tpg!,es_*

6. TRACK Emilio is competing in the javelin throw. The height of the javelin can
be modeled by the equation A : -76x2 * 64x f 6, where y represents the
height in feet of the javelin after x seconds.

i n. Graph the path of the javelin.
I'I
I B. At what height is the javelin thrown?t'
J C. What is the maximum height of the javelin?
I

L - ) tersonat Tutor glencoe.com
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of each graph.

Example I
p. 525

Use a table of values to graph each equation. State the domain and range.

l. y=2x2+4x-6
5. y:x2-6x-g

2. Y:x2+2x-1.
4. y:gxz - 6x - 5

Example 2
p.526

Find the vertex, the equation of the axis of symmetry, and the y-intercept

7.

Example 5
P. r27

Example 4
p. 528

Find the verter; the equation of the axis of symmetry, and the y-intercept
of the graph of each function.

9. y:-gx2+6x-l
ll. y:x2-4x+5
Consider each function.

a. Determine whether the functionhas maximum or minimum value.

b. State the maximum or minimum value.

c. What are the domain and range of the function?

@a=-x2*4x-3
15. y:-3x2+6x+3

Graph each function.

17. f(x): -3x2 + 6x + 3

19. f(x) :2x2 - 8x - 4

10. y:-x2+2x+1.
12. !/=4x2-Bx+9

14. y:-x2-2x+2
16. y:-2x2+8x-6

lS. f(x): -2x2 + 4x + 1.

20. f(x) :3x2 - 6x - 1.

Example 5
p. 529

Example 6
p. 5lO

21. ,UGGLING A juggler is tossing a ball into the air. The height of the ball in feet can
be modeled by the equation U : -16x2 * 1.6x * 5, where y represents the height
of the ball at x seconds.

a. Graph this equation.

b. At what height is the ball thrown?

c. What is the maximum height of the ball?

+4

-{ U 4 x

rj
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a = Step-by'Step Solutions begin on page Rl2.

Extra Practice begins on page 815.

Example I
p. 525

Example 2
P. 526

Example 3
p.527

Example 4
p. s28

Example 5 Graph each function.
P'52e 

52' Y:-3x2+6x-4
55. Y:x2+6x-6

532 Chapter 9 Quadratic and Exponential Functions

Use a table of values to graph each equation. State the domain and range.

22.y-x2+4x+6 23. y:2x2+4x+7 24. y:2x2-Bx-5
25. y:3x2+72x+5 26. y-3x2-6x-2 27.y-x2-2x-1.
Find the vertex, the equation of the axis of symmetry, and the y-intercept
of each graph.

28.

Find the vertex, the equation of the axis of symmetry, and the y-intercept
of each function.

!4. y:x2+8x+10
t7. y:-x2-6x-5
40. y:2x2-72x+6
Consider each function.

a. Determine whether the function has a maximum or minimum value.

b. State the maximum or minimum va1ue.

c. What are the domain and range of the function?

58.

41.

A :2x2 + l2x + 1.0

A=5x2+20x+1.0

A:-3x2+6x-1.8

55. y:-2x2-4x-3
56. y:x2-2x+2

56. y=-3x2-6x+7
59. y:7x2-28x+1.4
42. Y: -x2 + 10x - 13

45. y:3x2 + 18x -21.
48. y:4x2 + 40x + 44

51. y--3x2-12x-9

54. y:-2x2-Bx+2
57. y:3x2-72x+5

45. y:-2x2-8r+1 44. y:x2+4x-5
46. y : -2x2 -16x +1.8 47. y - -x2 - L4x -16
49. y:-x2-6x-5 50. y-2x2+4x+6

v

x_

t

v
^I

1

I

i \
o x



Example 6
p. 530

58. BOATTNG Miranda has her boat docked on the west
side of Casper Point. She is boating over to the
Casper Marina. The distance traveled by Miranda
over time can be modeled by the equation
d: -16t2 + 66t,where d is the number of feet she

travels in f minutes.

a. Graph this equation.

b. What is the maximum number of feet north
that she traveled?

(. How long did it take her to reach Casper Marina?

GRAPHING CALCUTATOR Graph each equation. Use the TRACE feature to find the
vertex on the graph. Round to the nearest thousandth if necessary.

59. y:4x2+1.0x+6
61. y:-5x2-3x-8

60. y:Bx2 - 8x + B

62. y:-7x2+12x-1'0

&R.e-a1'W,qd.diEib-lk-

School fundraisers provide

revenue for extracurricular

activities that are not part

of a school budget.

63. GOIF The average amateur golfer can hit a ball with an initial velocity of
31.3 meters per second. If the batl is hit straight up, the height can be modeled by
the equationh : -4.9t2 + 3L.3t, where h is the height of the ball, in meters, after
f seconds.

a. Graph this equation.

b. At what height is the ball hit?

c. What is the maximum height of the ball?

d. How long did it take for the ball to hit the ground?

e. State a reasonable range and domain for this situation.

.-=64. FUNDRAISING The marching band is selling poinsettias to buy new uniforms. Last

. year the band charged $5 each, and they sold 150. They want to increase the price
: this year, and they expect to lose 10 sales for each $1 increase. The sales revenue

: R, in dollars, generated by selling the poinsettias is predicted by the function
: n : (5 + p)(1,50 - 10p), where p is the number of $1 price increases.
:

! a. Write the function in standard form.

: b. Find the maximum value of the function.

c. At what price should the poinsettias be sold to generate the most sales

revenue? Explain your reasoning.

FOOTBAII A football is kicked up from ground level at an initial upward velocity
of 90 feet per second. The equationh : -76t2 + 90f gives the height h of the
football after t seconds.

a. What is the height of the ball after one second?

b. When is the ball 126 feet high?

c. When is the height of the ball 0 feet? What do these points represent in the
context of the situation?

REASONING Letf(x) : x2 - 9.

a. What is the domain of f(x)?
b. What is the range of f(x)?
c. For what values of r is/(x) negative?

d. \Alhen x is a real number, what are the domain and range of f(x) : lf f - 9z

66.
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Wr m
7 7:ercs The number of

I zeros is equal to the ll

I d.sdrr;;;;i;; ii funaion. 1

1. 
r'rr"rr'rr' 

I

# f,rlUtnpfE REPRESENTATIONS In this problem, you will investigate solving
quadratic equations using tables.

a. ALGEBMIC Determine the related function for each equation. Copy and
complete the table below.

b. GRAPHICAL Graph each related function with a graphing calculator.

c. ANAIYTICAI Use the table feature on your calculator to determine the zeros
of each related function. Record the zeros in the table above. Also record the
values of the function one unit less than and one unit more than each zero.

d. VERBAT Compare the signs of the function values for r-values just before and
just after a zeto. What happens to the sign of the function value before and
after a zero?

OPEN ENDED Write a quadratic function for which the graph has an axis of
^symmetry of x = -f. Summarize your steps.

FIND THE ERROR Chase and Jade are finding the axis of symmetry of a parabola.
Is either of them correct? Explain your reasoning.

68.

69.

Chase

y=-xZ-4r+e
bx=-=-

Lar
+x=--

zct)
x=7

Ja^de

/='x'-ix+6
bx=-d
-4X=--

2(-1)

X=-2

70.

71.

CHALTENGE Using the axis of symmetry and one
x-intercept, write an equation for the graph shown.

REASONING The graph of a quadratic function has a
vertex at (2,0). One point on the graph is (5, 9). Find
another point on the graph. Explain how you found it.

OPEN ENDED Describe a real-world situation that
involves a quadratic equation. Explain what the
vertex represents.

v (3, 2l

i----r
--i(o

--20
14)

l
4

-2 q

".]'+/:
x

v"72.

7!. REASONING Provide a counterexample to the following statement. The aertex of a
parabola is always the minimum of the graph.

WRITING lN MATH Explain how to find the axis of symmetry from an equation for
a quadratic equation. What other characteristics of the graph can you derive from
the equation? Explain.

x2-x=12
x2 +8x=g
x2=14x-24

x2+16x=-28
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A Y:Zx +10 C

B y:-Lrr-4 D

76. GEOMETRY The area of the
circle is 36zr square units.
If the radius is doubled,
what is the area of the new
circle?

Which of the following is an equation for the
line that passes through (2, -5) and is
perpendicular to 2x * 4y = gt

77. rNhat is the range of the function

f(x):-+x2-lz
A 

{aff 
integers less than or equal to r}

B {all nonnegative integers}

C {all real numbers}

, 
{rU 

real numbers less than or equat to -1r}

78. SHORT RESPONSE Dylan delivers newspapers
for extra money. He starts delivering the
newspapers at 3:15 p.u. and finishes at
5:05 r.u. How long does it take Dylan to
complete his route?

U:2x-9
a:-2x-1

F 72r units2 H 1296tr units2

G 1.44trunits2 ! grunits2

A = 36rr

Determine whether each trinomial is a perfect square trinomial. Write yes ot no.
If so, factor it. (Lesson 8-6)

79. 4x2 + 4x +1 80. 4xz -20x +25

Factor each polynomial if possible. If the polynomial cannot be factored, write
prime. (Lesson 8-5)

82. n2 - 16

Find each product. (Lesson 7-7)

85. (b - 7)(b + 3)

89.2x*y:5
3x-2y:4

85. x2 +25

86. (c - 6)(c - 5)

90. 4x - 3y:72
x 'f2Y : tl

81. 9x2 + Bx + 1.6

84. 9 - 4a2

87. (2x - 1)(r + 9)

91. 2x - 3y:2
5x + 4Y :29

95. 3x - U: -78

Lesson 9-1 Graphing Quadratic Functions

88. MUITIPLE BIRTHS The number of quadruplet births Q in the United States in
recent years can be modeled by Q : -0.5f 

3 + L.7P -21.5t + 21.8.6, where f
represents the number of years since 7992. For what values of f does this model
no longer allow for realistic predictions? Explain your reasoning. (Lesson 7-4)

Use elimination to solve each system of equations. (Lesson o-+)

92. HEALTH About 20% of the time you sleep is spent in rapid eye movement (REM),
which is associated with dreaming. If an adult sleeps 7 to B hours, how much
time is spent in REM sleep? (Lesson 5-4)

Find the x-intercept of the graph of each equation. (Lesson 3-t)

9r. x +2y:10 94. 2x - 3y:72
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Math Online

Mattr in Motion, Animation

Obiective i
lnvestigate the rate of }

A model rocket is launched from the ground with an
upward velocity of 1,44 feet per second. The function

ll : -16x2 -l 1,44x models the height y of ttre rocket in feet
after x seconds. Using this function, we can investigate the
rate of change of a quadratic function.

the table below.

Step 2 Find the value of y for each value of r from 0 through 9.

Step 5 Graph the ordered pairs (x, y) on grid
paper. Connect the points with a

smooth curve. Notice that the function
inueaseswhen 0 < x < 4.5 and decreases

when4.5<x<9.

Step 4 Recall that the rate of change is the change in y
divided by the change in x. Find the rate of
change for each half second interval of x
andy.

Exercises

Use the quadratic function U : x2.

l. Make a table, similar to the one in the Activity, for the function using x = -4, -3,
-2, -1,0,1,2,3, and 4. Find the values of y for each x-value.

2. Graph the ordered pairs on grid paper. Connect the points with a smooth curve.
Describe where the function is increasing and where it is decreasing.

5. Find the rate of change for each column starting with x - -3. Compare the rates

of change when the function is increasing and when it is decreasing.

4. CHAIIENGE If an object is dropped from 100 feet in the air and air resistance is

ignored, the object will fall at a rate that can be modeled by the equation

f(x) : -L6x2 + 100, where/(r) represents the object's height in feet after x
seconds. Make a table like that in Exercise 1, selecting appropriate values for x.

Filt in the x-values, the y-values, and rates of change. Compare the rates of
change. Describe any patterns that you see.
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Solving Quadratic Equations

@ilTwoRoots
' Sol,r" x2 -2x-g:obygraphing.

Graph the related functionflr) = x2 - 2x - 8.

The r-intercepts of the graph appear to be at

-2 and 4, so the solutions are -2 and 4.

CHECK Check each solution in the original
equation.

x2-2x-8:o
4_D2-ze2)-BLo

0:0{

{ eiesk, P";qg:pss:r'
I tR. -x2 -3x*18:0
\._'*_-_ -.

by Graphing
alhulJ
Dorton Arena at the state fairgrounds in
Raleigh, North Carolina, has a shape
created by two intersecting parabolas.
The shape of one of the parabolas can be
modeled by the equation y = -x2 + 127x,
where.r represents the width of the
parabola in feet, and y represents the
length of the parabola in feet.

The x-intercepts of the graph of this function can be used to determine the distance
between the points where the parabola meets the ground.

Solve by Graphing A quadratic equation can be written in the standard form
nx' + bc * c :0, where a + 0. To write a quadratic function as an equation, replace y
or f(x) with 0. Recall that the solutions or roots of an equation can be identified by
finding the r-intercepts of the related graph. Quadratic equations may have two,
one, or no solutions.

Thear
You solved quadratic

equations by factoring.

(Lesson 8-3)

. Solve quadratic

equations by graphing.
. Estimate solutions of

quadratic equations by
graphing.

NewVbcabulbnr
double root

M
gleneoe.com

. Extra Examples

. Personal Tutor

. Self-Check Quiz

. Homework Help

. Math in Motion

--;

Originalequation x2 - 2x - 8:0
x=-2alx=4 @)2-2@)-BLO

Simplify. 0 :0 {

Solve each equation by graphing.

lB. x2-4x+Z:O
p Rersonal Tutor glenco€.com
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The solutions in Example 1 were two distinct numbers. Sometimes the two roots are the

same number, called a double root.

Double Root

Solve x2 - 6x - -9by graphing.

Step t Rewrite the equation in standard form.

x2 - 6x : -9 original equation

x2 - 6x I 9 :0 Add 9 to each side.

Step Z Graph the related function
f(x):x2-6x+9'

Step I Locate the r-intercepts of the graph. Notice that
the vertex of the parabola is the only r-intercept.
Therefore, there is only one solution,3.

CHECK Solve by factoring.

x2-6x*9:0
(x-3)(x-3)=0

x-3:0 or x-3=0

Original equation

Factor.

Zero Product Propefi
Add 3 to each side.x=3^._.)I-J

The only solution is 3.Exact Solutions

Solutions found from

the graph of an

equation may appear

to be exact. Check

them in the original

equation to be sure.

€hs*YAur Brcggessl

Solve each equation by graphing.

2A. x2 * 25 -- l}x

Step z Graph the related function

f(x) :2x2 - 3x + 5'

2B'. x2 : -8x - 1.6

58. -2x2-8:6x

) eersonal Tutor glencoe.com

Sometimes the roots are not real numbers.

No Real Roots

Solve 2x2 - gx* 5 = o by graphing.

Step t Rewrite the equation in standard form.

This equation is written in standard form.

Step 3 Locate the r-intercepts of the graph. This graph
has no x-intercepts. Therefore, this equation has

no real number solutions. The solution set is u.

CHECK Solve by factoring.

There are no factors of 10 that have a sum of -3, so the expression is not
factorable. Thus, the equation has no real number solutions.

v

4 el"sl* Yo-ug, Q t e.gTess;

Solve each equation by graphing.

5A, -x2-3x=5

538 Chapter 9 Quadratic and Exponential Functions
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Location of Zeros

Since quadratic

functions are

continuous, there

must be a zero

between two x-values

for which the

corresponding y-values

have opposite signs.

*ftmFuh$tdudffi
The game of soccer, called
"football" outside of North
America, began in 1865 in

Britain when the Football

Association was founded.

Soccer is played on every

continent of the world.

Source: Spons Know How

Estimate Solutions The real roots found thus far have been integers. However, the
roots of quadratic equations are usually not integers. In these cases, use estimation
to approximate the roots of the equation.

Approximate Roots with a Table

Solve x2 + 6x I 6 = 0 by graphing. If integral
roots cannot be found, estimate the roots to the
nearest tenth.

Graph the related function/(r) : x2 + 6x + 6.

The x-intercepts are located between -5 and -4
and between -2 and -1.
Make a table using an increment of 0.1 for the r-values
located between -5 and -4 and between -2 and -1.
Look for a change in the signs of the function values. The function value that is
closest to zero is the best approximation for a zero of the function.

For each table, the function value that is closest to zero when the sign changes
is -0.11. Thus, the roots are approximately -41 and -1.3.

c*lieekYo-uriBrag]re-$;

4. Solve 2x2 + 6x - 3 - 0 by graphing. If integral roots cannot be found, estimate
the roots to the nearest tenth.

) eersonal Tutor glencoe.com

Approximating the r-intercepts of graphs is helpful for real-world applications.

Approximate Roots with a Calculator

SOCCER A goalie kicks a soccer ball with an upward
velocity of 65 feet per second, and her foot meets
the ball 1 foot off the ground. The quadratic
function h = -16t2 + 65t* 1 represents the height
of the ball h in feet after t seconds. Approximately
how long is the ball in the air?

You need to find the roots of the equation

-L6P + 65t + 1 : 0. Use a graphing calculator to
graph the related functionflr) = -16t2 + 65t + 1..

The positive r-intercept of the graph is approximalely 4.
Therefore, the ball is in the air for approximately 4 seconds.

th-eGlsYEuriBregle**
5. If the goalie kicks the soccer ball with an upward velocity of 55 feet per second

and his foot meets the ball 2 feet olf the ground, approximately how long is the
ball in the air?

p eersonal Tutor glencoe.com
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Examples l-5
pp. sIr-s58

Example 4
p. 5I9

Example 5
p. s59

Examples l-I
pp. 557-5I8

Example 4
p. 559

Example 5
p.5I9

Solve each equation by graphing. If integral
roots to the nearest tenth.

5. -x2 -5x+1:0
7. x2=25

9. SCIENCE FAIR Ricky built a model rocket. Its flight can
be modeled by the equation shown, where L is the
height of the rocket in feet after t seconds. About how
long was Ricky's rocket in the air?

Solve each equation by graphing.

l. x2+3x-10:0
!. x2 + 4x: -4

Solve each equation by graphing.

to. x2+7x+1.4:O G r'-t2x-24=0
15. x2 - 5x -t 12 = O l,+. x2 -l 1.4x = -49
16. x2 - 1,0x = -1,6 17. -2x2 - 8x : 1.3

19. 2x2 = -24x - 72 20. -3x2 + 2x:15

2x2-Bx=0
x2 + 12: -8x

roots cannot be found, estimate the

-9=x2
x2-Bx=-9

Launch
velocitv !
13s fu: d.

12. x2 - 1.6x * 64:0
15. x2:2x - 1.

18. 2x2 - 1,6x: -30
21. x2 = -2x + 80

24. x2 *3r=L8
27. 5x:25 - x2

2.

4.

6.

8.

Solve each equation by graphing. If integral roots cannot be found, estimate the
roots to the nearest tenth.

22. x2*2x-9:O 25. x2-4x=20
25. 2x2 -9x: -8 26. 3x2: -2x +7

51. y:x2 +3x + 4

5!. y: x2 + 12x + 32

28. SOFTBAIL Sofia hits a softball straight up. The equation h : -1.6t2 * 90f models
the height h, in feet, of the ball after f seconds. How long is the ball in the air?

29. RIDES A skyrocket roller coaster takes riders straight up and then returns straight
down. The equatio n h = -L6t2 + 185f models the height h, in feet, of the coaster
after t seconds. How long is it until the coaster returns to the bottom?

Use factoring to determine how
the x-axis. Identify each zero.

50. y-x2-8x+76
!2. y:x2 +2x -24

many times the graph of each function intersects

54. NUMBER THEORY Use a quadratic equation to find two numbers that have a
sum of 9 and a product of 20.

55. NUMBER THEORY Use a quadratic equation to find two numbers that have a
sum of 1 and a product of -1,2.

56. GOIF The height of a golf ball in the air can be modeled by the equation
h : -76t2 + 6Ot + 3, where h is the height in feet of the ball after f seconds.

a. How long was the ball in the air?

b. What is the ball's maximum height?

c. When will the ball reach its maximum height?

54O Chapter 9 Quadratic and Exponential Functions

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

Extra Practice begins on page 81 5.



*Be-aliWeddcin"tri

SNOWBOARDING Stefanie is in a snowboarding competition. The equation
h : -76t2 + 30, + 10 models Stefanie's height h, in feet, in the air after / seconds.

a. How long is Stefanie in the air?

b. When will Stefanie reach a height of 15 feet?

c. To earn bonus points in the competition, you must reach a height of 20 feet.
Will Stefanie earn bonus points?

+& fuUlflptE REPRESENTATIONS In this problem, you will explore how to further
interpret the relationship between quadratic functions and graphs.

a. GRAPHICAI Graph a: x2.

b. ANAIYTICAI Name the vertex and two other points on the graph.

c. GRAPHICAL Graph A: x2 +2,y: x2 14, and!/: x2 * 6 on the same
coordinate plane as the previous graph.

d. ANATYTICAL Name the vertex and two points from each of these graphs that
have the same /-coordinates as the first graph.

e. ANATYTICAL What conclusion can you draw from this?

GRAPHING CATCUTATOR Approximate the zeros of each cubic function by graphing.
If integral zeros cannot be found, estimate the zeros to the nearest tenth.

59. f(x): x3 - 3x2 - 6x + B 40. g(x) : x3 - 4x2 + 5x - 72

FIND THE ERROR Iku and Zachary are finding the number
of real zeros of the function graphed at the right. Iku
says that the function has no real zeros because there are
no x-intercepls. Zachary says that the function has one
real zero because the graph has a y-intercept. Is either
of them correct? Explain your reasoning.

OPEN ENDED Describe a real-world situation in which a
thrown object travels in the air. Write an equation that
models the height of the object with respect to time,
and determine how long the object travels in the air.

REASONING The graph shown is that of a quadratic
inequality. Analyze the graph, and determine whether
the y-value of a solution of the inequality is sometimes,
always, or neaer greater than 2. Explain.

CHALIENGE Write a quadratic equation that has the roots
described.

a. one double root

b. one rational (nonintegral) root and one integral root

C. two distinct integral roots that are additive opposites.

CHALLENGE Find the roots of x2 :2.25 without using a calculator. Explain
your strategy.

WRITING IN MATH Explain how to approximate the roots of a quadratic equation
when the roots are not integers.

ln the 1998 Winter Games

in Japan, snowboarding

became an Olympic event

for the first time. A total of

four competitions were

held that were divided into

two categories: men's

and women's halfpipe

and men's and women's
giant slalom.

Source: About, lnc.

41.

42.

45.

44.

45.

Use Higher-Order Thinking Skills

46.
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c 1.6%

D 16%

48. Ernesto needs to loosen a bolt. He needs a

wrench that is smaller than a |-incfr wrench,
^Ebut larger than a f,-inch wrench. \A/hich of the

following sizes should Ernesto use?

Adrahan earned 50 out of B0 points on a
test. What percentage did Adrahan score
on the test?

EXIENDED RESPONSE Two boats leave a dock.
One boat travels 4 miles east and then 5 miles
north. The second boat travels 12 miles south
and 9 miles west. Draw a diagram that
represents the paths traveled by the boats.
How far apart are the boats in miles?

The formul a s : lat2 represents the distance

s in meters that a free-falling object will fall
near a planet or the Moon in a given time f in
seconds. Solve the formula for a, the
acceleration due to gravity.

A a:ltr_, c
B a=2s-t2 D

Write the equation of the axis of symmetry, and find the coordinates of the vertex
of the graph of each function. Identify the vertex as a maximum or minimum.
Then graph the function. (Lesson 9-l)

Solve each equation. Check the solutions. (Lesson 8-6)

51. y - 3x2

54.y:x2-6x-8

57. 2x2 -- 32

60. 2x2 + 1.6x: -32

52. y: -4x2 - 5

55. y:3x2+2x+1

58. (x - 4)2:25
61. (x * 3)2: 5

51. y--x2+4x-7
56. y - -4x2 - 8x * 5

59. 4x2 - 4x * 1:16
62. 4x2 - 12x: -9

70. (-\, --2), m = -!

75. y:2x2-7
76.y-(-x)2+t

67. GEOMETRY Supplementary angles are two angles with measures that have a sum
of 180". For the supplementary angles in the figure, the measure of the larger
angle is 24o greater than the measure of the smaller angle. Write and solve a
system of equations to find these measures. (Lesson 6-5)

Write an equation in point-slope form for the line that passes through each point
with the given slope. (Lesson 4-5)

68. (2,5), m :3 69. (-3, 6), m : -7

Find each sum or difference. (Lesson 7-5)

6t. (3n2 - 3) + (4 + 4n2)

65. (2b3 - 4b2 + 4) - (3b4 + 5b2 - 9)

Graph each function. (Lesson 9-t)

7l.y:x2+5 72.y:x2-8
74. y:-x2+2 75.y:-0.5x2-3

542 Chapter 9 Quadratic and Exponential Functions

64. (2d2 - 7d - 3) - (4d2 + 7)

66. (S - 4h2 + 6h4) + (Snz - 3 + 2h3)



Math Online

. Other Calculator Keystrokes

. Graphing Technology Personal lutor

Recall that the graph of a linear inequality consists of the boundary and the shaded half plane. The solution
set of the inequality lies in the shaded region of the graph. Graphing quadratic inequalities is similar to
graphing linear inequalities.

sh.d. lrrid. . PuriUol.

Graph y > x2 - 5x * 4 in the standard viewing window.

First, clear all functions from the Y: list.

To graph y > x2 - 5x * 4, enter the equation in the Y= list.
Then use the left arrow to select =. Press tiNTEEl until shading
above the line is selected.

KEysTRoKEs:trKENrEElENrEClEEtx--r-o-nlffiE5JXFpnE
4IcEAPH]

All ordered pairs for which y ts greater than or equal to x2 - 5x * 4 lie
abooe or on the line and are solutions.

A similar procedure will be used to graph an inequality in which the shading is outside of the parabola.

Shade Outside a Parabola

Graph y - 4 < x2 - 5x in the standard viewing window.

First, clear the graph that is displayed.

KEYSTRoKES: E ELEARI

Then rewritey - 4 < x2 - 5r as y 
= 

x2 - 5x * 4, andgraph it.

KEysTRoKEs: m m ENTEEI ENrER-l ErwEEI E E tr T,-Cnl E E
5 [ff,o,nlp + ERAPH]

A1l ordered pairs for which y is less than or equal to x2
or on the line and are solutions.

Exercises

l. Compare and contrast the two graphs shown above.

2. Graph y - 2x + 6 > 5x2 inthe standard viewing window.
Name three solutions of the inequality.

5. Graph y - 6x . -x2 - 3 in the standard viewing window.
Name three solutions of the inequality.

- 5x * 4liebelow

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

[-10, 1o] scl: 1 by [-10. 10] scl: 1
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"Thent
You graphed quadratic

functions by using the

vertex and axis of
symmetry. (Lesson 9-l)

Nlgur
. Apply translations to

quadratic functions.
. Apply dilations and

reflections to quadratic

functions.

Dlburv*itsfule,ry
transformation

translation

dilation

reflection

M
glencoe.com

. Extra Examples

. Personal Tutor

. Self-Check Quiz

. Homework Help

. Math in Motion

Transformations of
Quadratic Functions
W,huP-)

The graphs of the parabolas shown at the right are the
same size and shape, but notice that the vertex of the red
parabola is higher on the y-axis than the vertex of the
blue parabola. Shifting a parabola up and down is an
example of a transformation.

TranslationS A transformation changes the position or size of a figure. One type of
transformation, a translation, moves a figure up, down, left, or right. When a
constant c is added to or subtracted from the parent function, the graph of the
resulting function/(r) + c is the graph of the parent function translated up or down.

The parent function of the famity of quadratics is/(x) = x2. All other quadratic
functions have graphs that are transformations of the graph of f(x) = y2.

Describe and Graph Translations

Describe how the graph of each function is related to the graph of f(xl : x2,

b. g(x):x2-4
The value of c is -4, and -4 < 0.

Therefore, the graph ofy : x2 - 4
is a translation of the graph of
A : x2 down 4 units.

it v ff

N
t
h(x)

\
c x

G_bFSkY:o;4t:9t99;eSS:

tA. f(x) : x2 - 7 tB. g@) :5 + x2 lC. h(x): -5 + x2 tD. f(x): x2 + 1

p Rersonal Tutor glencoe.com

a.h(x)=x2+g
The value of c is 3, and 3 > 0.

Therefore, the graph of
! : x2 * 3 is a translation of
the graph oI y : 12 up 3 units.

The graph of g(x) : x2 t c is the
graph of f(x): x2 translated vertically.

lf c > 0, the graph ol f(x) : y2

is translated lcl units up.

lf c < 0, the graph of f(x) = x2
is translated lcl units down.

544 Chapter 9 Quadratic and Exponential Functions



Dilations and Reflections Another type of transformation is a dilation. A dilation
makes the graph narrower than the parent graph or wider than the parent graph.
When the parent functionflr) = x2 is multipliedby a constant a, the graphof the
resulting functionflx) : axz is either stretched or compressed vertically.

Compress or Stretch
When the graph of a
quadratic function is

stretched vertically, the

shape of the graph is

narrower than that of
the parent function.

When it is compressed

vertically, the graph is

wider than the parent

function.

Reflection A reflection

ol f(x) = x2 across the
y-axis results in the
same function, because

f(-x)=(-x)2:x2.

€lteslkYQurrBres;es*
2A. j(x) = 2v2 28. h(x):5x2 - 2 2C. g(x) = tx2 + 2

p rersonal Tutor glencoe.com

Describe and Graph Dilations

Describe how the graph of each function

a. h(x):L{'
The function can be written

h(x) = ax2, where o = l. Sin""

o < + < 1, the graph of y : L;2 i" u

dilation of the graph of y - x2 that
is compressed vertically.

is related to the graph olf(x): x2.

b. g(r) : gx2 + 2

The function g(x) : ax2 * c, where
a = 3 andc = 2, Since 2 > 0 and
3 > l,the graph of y - 3x2 + 2

translates the graph y = x2 up
2 units and stretches it vertically.

9(x) / ,_t\\t____
-Ylftr\ 

= r't'

!

{

A reflection flips a figure across a line. When/(x) : x2 or the variable x is multiplied
by -1, the graph is reflected across the x- or y-axis.

The graph of g(x) = ox2 is the graph
of f(x): x2 stretched or comPressed
vertically.

tf lol > l, the graph of f(x) = x2 is
stretched vertically.

lf 0 < lal < t, the graph ol f(x) = x2
is compressed vertically.

The graph of -f(x) is the reflection
of the graph of f(x): x2 across the
x-axis.

The graph of f(-x) is the reflection
of the graph of f(x): x2 across the
y-axis.

Lesson 9-3 Transformations of Quadratic Functions 545



l', rransformations The

{ sraph ol f(x) = -o?

r
Ir
r
t
t
{

can result in two

transformations of the
graph of f(x) = x2:

a reflection across the

x-axisifa>0and
either a compression

or expansion

depending on the

absolute value of o.

function is related to the graph ol f(xl : x2.

38. g(x) = -!x2 + 3

) Rersonal Tutor glencoe.com

You can use what you know about the characteristics of graphs of quadratic
equations to match an equation with a graph.

Read the Test ltem

You are given the graph of a parabola. You need to find an equation of the graph.

Solve the Test ltem

Notice that the graph opens downward. Therefore, the graph of y : x2 has been
reflected across the r-axis. The leading coefficient should be negative, so eliminate
choices A and D.

The parabola is translated up 5 units, so c : 5. Look at the equations. Only
choices C and D have c :5. The answer is C.

i !1
IiLt!
ILJ

L

HruryDescribe and Graph Reflections

I Describe how the graph of g(x) - -2x2 - 3 is related to the graph of f(x) : x2.

Three separate transformations are occurring. The
negative sign of the coefficient of x2 causes a reflection
across the r-axis. Then a dilation occurs and finally a
translation down 3 units.

So the graph of y : -2x2 - 3 is reflected across the
x-axis, compressed, and translated down 3 units.

glsSkY:otVP",t9g!.eFS:

Describe how the graph of each

5A. h(x) :2(-x)2 - 9

Which is an equation for the function
shown in the graph?

Ay:Lr2-5 C y:-\r2+5
B y: -2r2 - 5 D !l=2x2 +

546 Chapter 9 Quadratic and Exponential Functions

-3x2 + 1?

). eersonal Tutor glencoe.com



Examples l-5
pp.544-546

Describe how the graph of each function is related to the graph of f(x) : x2.

l. g(r) : x2 - 11

4. g(x)=x2+6

2. h(x):Lrt'
5. .g(r) = -4x2

t. h(x): -x2 + 8

6. h(x) = -x2 - 2

Example 4
p. 546

Examples l-5
pp. 544-546

7. MULTIPLE CHOICE Which is an equation for
the function shown in the graph?

A g(x) =1-ux2 + 2

B g(x) : -5x2 - 2

C g(x) :L{' - 2

D g(r) : -L{' - 2

Describe how the graph of each function is related to the graph of f(xl = x2.

8. g(r) = -1.0 + x2

10. g(x) = 2x2 + 8

12. g(x) : -5 - L{'

la. g(x) :0.25x2 -')..L

t6. g(x) =fu'*Z
Match each equation to its graph.

v

ts.y-rt'-4 te.y:-t*'-4 2o.y:L{'*n
2l.y:-3x2-2 22.y:-x2+2 2!.y:3x2+2

-=24. SQUIRREIS A squirrel 12 feet above the ground drops an acorn from a tree. The
function h : -1.6t2 * 12 models the height of the acorn above the ground in
feet after f seconds. Graph the function and compare this graph to the graph of
its parent function.

& rt*l: -7 - x2

tt. h(x):o+?x2

15. h(x)=3+9f'
15. h(x) = 1..35x2 + 2.6

17. h(x) :1..01.x2 - 6.5

Example 4
p. s46

A C

There are over 355 species

of squirrels or squirrel-like
mammals in the world.

The three most common
are the flying squirrel, the

tree squirrel, and the
ground squirrel.

Source: The Squirrel Place

a : Step-by-Step solutions begin on page Rl2'

Extra Practice begins on page 815.

i,-,1
tl

H

=

!

rl

*Bq*&Srudrdffi=
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25.

27.

a

List the functions in order from the most stretched vertically to the least stretched
vertically.

8(r) : 2x2,h(x):l*'
g(x) = -4x2, h1x) : 6x2, f(x) : 0.3x2

ROCKS A rock drops from a cliff 20,000 inches above the ground. Another rock
drops from a cliff 30,000 inches above the ground.

a. Write two functions that model the heights h of the rocks after f seconds.

b. Which rock will reach the ground first?

SPRINKLERS The path of water from a sprinkler can be modeled by quadratic
functions. The following functions model paths for three different sprinklers.

26. g(x) - -3x2,h1x1--_Zrz
28. g(x) : -x2,h(x) = trr',flr) = -4.5x2

50.

Sprinkler Ary - -0.3512 + 3.5
Sprinkler C,y - -0.08x2 + 2.4

Sprinkler Bry - -0.21.x2 + 1..7

*M["tilfad*tlink
This fountain is in the East

Concourse of Midfield

Terminal in Detroit,

Michigan. The streams are

choreographed to create

feelings ranging from

tranquil to energetic.

Source: The WET Design

a. Which sprinkler will send water the farthest? Explain.
b. Which sprinkler will send water the highest? Explain.
c. Which sprinkler will produce the narrowest path? Explain.

Describe the transformations to obtain the graph ol g(xl from the graph of f(xl.
5t.f(x)=x2+3 t2.f(x)=x2-4 !l.f(x)=-6x2

g(x) =x2-2 g(x):x2+7 g@)=-3x2

fl. # MUITIPIE REPRESENTATIONS In this problem, you will investigate another type
of transformation using your graphing calculator.

a. GRAPHICAL Graph the following family of equationsi ! = y2, y = (x - 2)2,

a = (x - 4)2, y - (r + 3)2, and A : (x * 5)2 on the same screen. Describe how
the graphs of the functions are related to the graph of f(x) = y2.

b. AIGEBRAIC Write a concept for quadratic functions, similar to the concept for
vertical translations, to describe the effect of a value being added to or
subtracted from x inside the parentheses.

c. ANAIYTICAL Predict where the graphs of y : @ - f1z andy : (x + 4)2 will be
located. Verify your answer by graphing each equation.

55. REASONING Are the following statements sometimes, nlzaays, or neuer lrue?
Explain.

a. The graph of y - x2 + c has its vertex at the origin.
b. The graphs of y : axz and of y : -ax2 are the same width.
c. The graph of y : x2 + c opens downward.

56. CHAIIENGE Write a function of the form y : axz * c with a graph that passes
through the points (-2,3) and (4, 15).

57. REASONING Determine whether all quadratic functions that are reflected across
the y-axis produce the same graph. Explain your answer.

58. OPEN ENDED Write a quadratic function that opens downward and is wider than

the parent graph.

39. WRITING lN MATH Describe how the values of a and c affect the graphical and
tabular representations for the functionsU : ax2,A : x2 * c, andy = ax2 + c.

548 Chapter 9 Quadratic and Exponential Functions
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SHORT RESPONSE A plumber charges a flat fee

of $55 and $30 for each hour of work. Write a
function that represents the total charge C, in
terms of the number of hours lr worked.

Which best descrlbes the graph of y : )v2t

A a line with a y-intercept of (0,2) and an
r-intercept at the origin

B a parabola with a minimum point at (0,0)
and that is twice as wide as the graph of

a : x2 wheny :2
C a parabola with a maximum point at

(0, 0) and that is half as wide as the graph
ofY:x2whenY:2

D a parabola with a minimum point at (0,0)
and that is half as wide as the graph of

!/ : x2 whenY :2

Candace is 5 feet tall. If 1 inch is about
2.54 centimeters, how tall is Candace to
the nearest centimeter?

H 13cm

| 152cm

While in England, Imani spent 49.60 British
pounds on a pair of jeans. If this is equivalent
to $100 in U.S. currency, how many British
pounds would Imani have spent on a sweater
that cost $60?

A 8.26 pounds
B 29.76pounds
C 2976pounds
D 19.84pounds

F 123cm
G 26cm

Solve each equation by graphing. (Lesson 9-2)

44. x2 * 6:0
47. 2x2 - x:3

45. x2 - 1.0x = -24
48.2x2-x=15

46. x2*5x+4=O
49. 12x2: -11.x + \5

52.5t.50.

Find the vertex, the equation of the axis of symmetry, and the y'intercept of each

graph. (Lesson 9-l)

-* L

53. CLASS TRIP Mr. Wong's American History class will take taxis from their hotel in
Washington,D.C., to the Lincoln Memorial. The fare is$2.75 for the first mile and

$1.25 for each additional mile. If the distance is m miles and f taxis are needed,
write an expression for the cost to transport the group. (Lesson 7-6)

Solve each inequality. Check your solution. (Lesson 5-3)

54. -3t+6<-3

Determine whether each trinomial

57. 1.6x2 - 24x + 9

60. x2 -8x+81

perfect square trinomial. If so, factor it. (Lesson a-6)

9x2+6x+7 59.25x2-6Ox+36

36x2 - B4x + 49 62. 4x2 - 3x + 9

s5. s9>-5-8f s6. -2 - t.ru

tsa

58.

5t.
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. Other Calculator Keystrokes

. Graphing Technology Personal Tutor

You can use a graphing calculator to solve systems involving linear and quadratic erquations.

Use a graphing calculator to solve the system of equations. A=x2-x-6
A:x-3

Step I Enter each equation in the Y= list. Enter
the quadratic equation as Yr and the
linear equation as Yz.

KEYsTRoKEs : trru-n m E XJ,-6n E
6 Et'ttER'I trldnlp a

Step 2 Graph the system. KEysTRoKE: lGraph I
The solutions of the system are the
intersection point:;. The graphs intersect
at two points. So, there are two solutions.

Step 4 Move the cursor to the second
intersection. Find the second
intersection by repeating Step 3.

The intersection i:; at (3, 0).

Therefore, the solutions of the system
of equations are (--1, -4) and (,3, 0).

Step I Find the first intersection of the graphs
by using the CALC menu.

KEYSTRoKEs: i7no ] lCnr-C1 s

On the screen, notice the question "First
Curve?" The cursor should be on the
parabola. Press Ettrenl.

Notice that the question changes to
"Second cuwe?" and the cursor jumps
to the line. Press ENrEEl.

Use the arrow keys to move the cursor
as close as possible to the intersection
point in Quadrant III. Press ENTEEI
again.

The intersection is the point at (-1,, -4).

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

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

by [-10,10]scl:1
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Use a graphing calculator to solve the system of equations.

A=x2-Bx*19
A:2x-6
Step I Enter each equation in the Y: list.

Enter the quadratic equation as Yl and the linear equation as Y2.

Step Z Graph the system.

In this case, the graphs of the equations intersect at only one point'
Therefore, there is only one solution of this system of equations.

Step r Find the intersection of the graphs of the equations.

The intersection is the point at about (5,4).

Thus, the solution of the system of equations is about (5,4).

Use a graphing calculator to solve the system of equations.

Y:-x2-4x-6
y=-Lr*++

Step I Enter each equation in the Y: list.

Enter the quadratic equation as Yl and the linear equation as Y2.

Step 2 Graph the system.

The graphs of the equations do not intersect. Thus, this system of
equations has no solution.

Exercises

Use factoring to solve each system of equations. Then use a graphing calculator
to check your solutions.

l.y:x2+7x+12
U:2x+B

Use a graphing calculator to solve each system of equations.

2'Y:x2-x-20
U:3x+12

5, Y:3x2-x-2
U:-2x+2

4' Y: *2

A :2x

7. Y:x2+5x+4
A:-x-B

5. y:-x2-6x-3 6. y:-x2+4
a:6 y:l+s

B.y:l*'-4 s.U:x2
y--3x+4 !/ :-2x-l

Extend 9-3 Graphing Technology Lab: Systems of Linear

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

[-10. 10] scl: 1 by [-10, 10] scl: 1
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You solved quadratic

equations by using

the square root
property. (Lesson 8-6)

SUsur
. Complete the square to

write perfect square

trinomials.
. Solve quadratic

equations by

completing the square.

Ntswr Vbcabulhr.vrw#.J

completing the square

552 Chapter 9 Quadratic and Exponential Functions

Solving Quadratic Equations by
Completing the Square
wUtW
In competitions, skateboarders may launch themselves
from a half pipe into the air to perform tricks. The
equation h = -16t2 + z}t + 12 canbe used to model
their height, in feet, after t seconds.

To find how long a skateboarder is in the air if
he is 25 feet above the half pipe, you can solve
25 : -16t2 + z}t + 12 by using a method called
completing the square.

Complete the Square In Lesson 8-6, yott solved equations by taking the square
root of each side. This method worked only because the expression on the left-hand
side was a perfect square. In perfect square trinomials in which the leading
coefficient is 1, there is a relationship between the coefficient of the r-term and the
constant term.

(x+5)2=x2t2(5)(x)+52
=x2*10x*25

Notice tnrt (f)' = 25. To get the constant term, divide the coefficient of the r-term
by 2 and square the result. Any quadratic expression in the form x2 + bx canbe
made into a perfect square by using a method called completing the square.

Complete the Square

Find the value of c that makes x2 + 4x + c a perfect square trinomial.

Method t Use algebra tiles.

To complete the square for any quadratic expression
of the iorm x2 + bx, follow the steps below.

Step I Find one half of b, the coefficient of x.

Step 2 Square the result in Step 1.

Step 5 Add the result of Step 2 to x2 + bx.

x2+bx.(+)'=F**)'

Arrange the tiles

lor x2 + 4x so thal

the two sides of
the figure are Fruffi



7 Algorithms An

,: algorithm is a series of

,, steps for carrying out a

11 procedure or solving a

I problem.

Method 2 Use complete the square algorithm.

Step t Find I of a.

Step 2 Square the result in Step 1.

x2 - 6x -112:19
1-x'- bx: /

x2-6x+g:7+g
(x-312=16

x-3-+4
.r:3+4

x=3+4orx:3-4

Original equation

Subtract I2 trom each side.

Since (d, )'= e, add e to each side.

laclor x2 - 6x + 9.

Take the square root of each side.

Add 5 to each side.

Separate the solutions.

The solutions are 7 and -1..

Original equation

Divide each side by -2,

Simplify.

Subtract 9 from each side.

lr='
22=4

Step r Add the result of Step 2 to x2 + 4x. x2 + 4x + 4

Thus, c : 4. Notice that x2 + 4x I 4: (x + 2)2.

G.^heg*,Yo."ur:Weg;WX

l. Find the value of c that makes 12 - 8r * c a perfect square trinomial.

p eersonal Tutor glencoe.com

Solve Equations by Completing the Square You can complete the square to solve
quadratic equations. First, you must isolate the x2- and br-terms.

Solve an Equation by Completing the Square

Solve x2 - 6x * T2 : L9 by completing the square.

--1

rTLeading Coefficient
I Remember that the

! teaaing coefficient has

{ to Ue I before you can

$ complete the square.

{___

Gip*k\oxxQrngses;;

2. Solve x2 - 12x * 3 = 8 by completing the square.

p Rersonal Tutor glencoe.com

To solve a quadratic equation in which the leading coefficient is not 1, divide each

term by the coefficient. Then isolate the x2- and x-terms and complete the square.

Equationwithat'l

Solve -2x2 + 8x - 18 : 0 by completing the square.

-2x2 + 8x - 18:
-2xz + 8x - 1.8 _

0

0
t -2

x2-4x+9:o

x2- 4x * 4= -g + 4 slnce(f)'z=4,add4toeachside.

(x-212:-5 Factorx2 -4x+4.
No real number has a negative square. So, this equation has no real solutions.

Cls*kYrQuvPreg!.e;;:

5. Solve 3x2 - 9x - 3 - 21 by completing the square.

p Rersonal Tutor glencoe.com
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Solve a Problem by Completing the Square

,ERSEYS The senior class at Bay High School buys jerseys to wear to the
football games. The cost of the jerseys can be modeled by the equation
C :0.1x2 + 2.bt * 25, where C is the amount it costs to buy r jerseys. How
many jerseys can they purchase for $430?

The seniors have M30, so set the equation equal to 430 and complete the square.

*maFU$slffi
The oldest public high

school rivalry takes place

between Wellesley High

School and Needham

Heights High School in

Massachusetts. The first

football game between

them took place on

Thankgiving morning in

1882 in Needham.

Source: USA Football

0.Lx2 + 2.4x -l25 = 430
0.1.x2+2.4x+25:g

0.1 0.1

x2+24x+250=4300

x2 + 24x + 250 - 250: 4300 - 250

x2+24x=4050

x2 + 24x +']..44: 4050 + 144

x2 + 24x + 1,44: 4194

(x+12)2=4194

x + 12: +\/4194

Original equation

Divide each side by 0.1.

Simplity.

Subtract 250 from each side.

Simplifu.

since (AJ' = 144, add I44 to each side.

Simplify.

Factor x2 + 24x + 144.

Take the square root of each side.

x = -12 f\@T Subtract 12 from each side.

Use a calculator to approximate each value of r.

x = -12 + \@4 or x : -12 - \/A% Separate the solutions,

= 52.8 = -76.8 Evaluate.

Since you cannot buy a negative number of jerseys, the negative solution is not
reasonable. The seniors can afford to buy 52 jerseys.

c*]i*sekYeurQrggpees:

4. If the senior class were able to raise $620, how many jerseys could they buy?

)eersonal Tutor glencoe.com

Fin

o
,.

Example 4
p. 554

Example I
pp. 552-55I

Examples z and 5
p.555

x2-llx+c
x2+9x+c

d the value of c that makes each trinomial a perfect square.

Solve each equation by completing the square. Round to the nearest tenth
if necessary.

5. x2+4x=6
7.4x2+9x-1.:0

9. CONSTRUCTION Collin is building a deck on the back
of his family's house. He has enough lumber for the
deck to be 744 square feet. The length should be
10 feet more than its width. \A/hat should the
dimensions of the deck be?

2. x2 +22x + c

4. x2-7x*c

6. x2 - 8x: -9
8. -2x2 * 10x *22:4
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e = Step-by-Step solutions begin on page Rl2.

Extra Practice begins on page 8l 5.

Example I
pp. 552-555

Find the value of c that makes each trinomial a perfect square.

10. x2+26x+c

It. x2+17x+c

16. x2-22x+c

ll. x2-24x+c

14. x2+5x+c
17. x2 - 1.5x + c

12. x2-19x+c

15. x2-13x+c

18. x2 +24x + c

Examples 2 and 5
p. 555

Example 4 - 51.

P, 554

*Bsa"t"tUorlid Ejnlk -.'

According to a Junior

Achievement survey,

250/0 ol 13- and l4-year-

olds own stocks in their

own name. Most got their

shares as gifts.

Sourcei Money Magazine

Solve each equation by completing the square. Round to the nearest tenth if
necessary.

Qr'*6x-16:o
21. x2-8x-1:8
2!. x2-11r+3=5
25. 2x2 -2x +7:5
27. 4x2 t6x:12
29. -2x2 -t 10x = -1.4

20. x2 - 2x - 1.4: O

22. x2+3x+21.:22

24. 5x2 -LOx:23
26. 3x2 * 12x * 81 : 15

28. 4x2 * 5:10x
to. -3x2 - 72 = 14x

55. A:110 ftz

FINANCIAI IITERACY The price p in dollars for a particular stock can be modeled
by the quadratic equation P :3.5t - O.O5*, where f represents the number of
days after the stock is purchased. When is the stock worth $60?

GEOMETRY Find the value of x for each figure. Round to the nearest tenth
if necessary.

52. A:45in2
.n

.1 i!,
:' i\.

./ xln.:
./at,/:1

r-_.------*-:-l--*.,;\---.------.\,-

0.5x2 :2x - 0.3
2c 4 5

z^ 3^-6
Zr2 + 2x:155

-1
i

1 
(x+ 5) fi

i
l--**i;ft -*

,4.

55.

,6.

(x+ B) in.

NUMBER THEORY The product of two consecutive even integers is 224. Find
the integers.

NUMBER THEORY The product of two consecutive negative odd integers is 483.

Find the integers.

GEOMETRY Find the area of the triangle below.

x+6

Solve each equation by completing the square. Round to the nearest tenth if
necessary.

57. 0.2x2 - O.2x - 0.4 : 0

t9. 2x2 _ Lr, = _+
u. f,x2 + 2x:t

t--
t

:,
-;"--

38.

40.

42.
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s:l:YT"1"T':1r":1T:,,:'Ll":::,::l':lll::":llf :'l::":111"equation 7 = -)gt'+ hs, where ho is the initial height and g is the acceleration

due to gravity. The acceleration due to gravity near the surface of Mars is
3.73 m/s2,while on Earth it is 9.8 m/s2. Suppose an object is dropped from

I-&edrUrygtg|-Si$-
The National Aeronautics

and Space Administration
(NASA) began operations

on october l, 1958. NASA

employs about 8000

people and has an annual

budget of Sl00 million.

Source: NASA

.:;.:
...: +e.

an initial height of 120 meters above the surface of each planet.

a. On which planet would the object reach the ground first?

b. How long would it take the object to reach the ground on each planet? Round
each answer to the nearest tenth.

c. Do the times that it takes the object to reach the ground seem reasonable?
Explain your reasoning.

44. Find all values of c that make.r2 + cx + 100 a perfect square trinomial.

225 a perfect square trinomial.45. Find all values of c that make x2 + cx +

PAINTING Before she begins painting a picture, Donna stretches her canvas over a

wood frame. The frame has a length of 60 inches and a width of 4 inches. She has
enough canvas to cover 480 square inches. Donna decides to increase the
dimensions of the frame. If the increase in the length is 10 times the increase in
the width, what will the dimensions of the frame be?

47. *A MULTtptE REpREsENTATtoNs In this
problem, you will investigate a property
of quadratic equations.

a. TABUIAR Copy the table shown and
complete the second column.

b. AIGEBRAIC Set each trinomial equal to
zero, and solve the equation by
completing the square. Complete the last
column of the table with the number of
roots of each equation.

c. VERBAL Compare the number of roots of each equation to the result in the
b2 - 4ac column. Is there a relationship between these values? If so, describe it.

d. ANAIYTICAI Predict how many solutions 2x2 - 9x * 15 : 0 will have. Verify
your prediction by solving the equation.

4S. CHAIIENGE Given a =ax2 +bx + cwith a+O,derivetheequationfortheaxis
of symmetry by completing the square and rewriting the equation in the form

A=a(x-h)2+t<.
49. REASONING Determine the number of solutions x2 + bx: c has O , . -(t)'.

Explain.

50. WHICH ONE DOESN'T BETONG? Identify the expression that does not belong with
the other three. Explain your reasoning.

n'+n+t

OPEN ENDED Write a quadratic equation for which the only solution is 4.

WRITING lN MATH Compare and contrast the following strategies for solving
x2 - 5x - 7 - 0: completing the square, graphing, and factoring.

Exponential Functions

51.

52.

Use Higher-Order Thinking Skills

n'-n+t nz_Zrn+* ,r+ lrn + !
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The length of a rectangle is 3 times its width.
The area of the rectangle is 75 square feet.
Find the length of the rectangle in feet.

A25 B15 C10 D5

PROBABIIITY At a festival, winners of a game
draw a token for a prize. There is one token
for each prize. The prizes include 9 movie
passes, 8 stuffed animals, 5 hats, 10 jump
ropes, and 4 glow necklaces. What is the
probability that the first person to draw
a token will win a movie pass?

F * G+

GRIDDED RESPONSE The population of a town
can be modeled by P :22,000 + L25t, where
P represents the population and f represents
the number of years from 2000. How many
years after 2000 will the population be 26,000?

Percy delivers pizzas fior Pizza King. He is
paid $6 an hour plus $2.50 for each pizzahe
delivers. Percy earned $280 last week. If he
worked a total of 30 hours, how many pizzas
did he deliver?

250 pizzas

184pizzas
40 pizzas

34pizzas

Describe how the graph of each function is related to the graph of f(x) : x2.

(Lesson 9-3)

57. g(x): -12 + x2

60. h(x): -o + ?x2

64. 4
aJ

,r. [nn-I!\o
\2s'l

Solve each open sentence. (Lesson 5-5)

70. ly-21 >7
73. l3 -zyl>B

58. h(x)=2-x2

61. g(x) :6 + L{'

a7

'u' nu

5a-zt6
58. _

1.0q't-"

71. lz+51 <3
74. 19-4ml <-1

59. g(r) :2x2 + 5

62. h(x) = -, - ?r-'

.3 s4
66. +

cd/

6s. b3@-\(b-6)

65. RIDES A popular amusement park ride whisks riders to the top of a 25-0-foot

tower a.,d drops them. A function for the height of a rider is h : -16t2 + 250,
where fo is the height and I is the time in seconds. The ride stops the descent of
the rider 40 feet above the ground. Write an equation that models the drop of the
rider. How long does it take to fall from 250 feet to 40 feet? (Lesson 9-2)

Simplify. Assume that no denominator is equal to zero. (Lesson 7-2)

Evaluate lb'? - 4ac for each set of values. Round to the nearest tenth if
necessary. (Lesson l-2)

76. a:2,b: -5,c:2
79. a:1,b:7,c:-3

77. a:1,,b :12, c:11
80. a:2,b:-4,c=-6

72. lzb + 7l s -0
75. l\c-2l.rg

78. a=-9,b:1.0,c:-1
81. a:3,b:1,c:2
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Solving Quadratic Equations by Using
the Quadratic Formula

For adult women, the normal systolic blood pressure P
in millimeters of mercury (mm Hg) can be modeled by
P : 0.01a2 * 0.05a + 1.07, where a is age in years. This
equation can be used to approximate the age of a
woman with a certain systolic blood pressure.
However, it would be difficult to solve by factoring,
graphing, or completing the square.

Quadratic Formula Completing the square of the quadratic equation ax2 + bx * c :
0 produces a formula that allows you to find the solutions of any quadratic equation
that is written in standard form. This formula is called the Quadratic Formula.

You will derive this formula in Lesson l0-2.

Use the Quadratic Formula

Solve x2 - l2x - -20 by using the Quadratic Formula.

Then
You solved quadratic

equations by completing

the square. (Lesson 9-4)

Elbw
. Solve quadratic

equations by using the

Quadratic Formula.
. Use the discriminant to

determine the number

of solutions of a
quadratic equation.

Ntswr Uocabulbrur
Quadratic Formula

discriminant

!MnVB

slencoe.com

. Extra Examples

. Personal Tutor

. Self-Check Quiz

. Homework Help

Step I Rewrite the equation in standard

x2-12x=-20
x2-12x+20=0

Step 2 Apply the Quadratic Formula.
*a+tl1,z-4*

form.

Original equation

Add 20 to each side.

Quadratic Formula

o -- t, b - -12, and c = 20

Multiply.

Subtract and take the square root.

Separate the solutions.

Simplify.

x:

:

:

2a

-e1.2\ +

2

12+ t/u 12 + 8
2--2

*:=3or x:I;3

2(r)

L2+t/tqa-t0

:10-)
The solutions are 2 and 10.

ft eneef Yqur Prpg.!.e*s:

I t. Sotrr" 2x2 + 9x = 18 by using the Quadratic Formula.
I

L--* ** ) Rersonal Tutor glencoe.com

The solutions of a quadratic equation ox2 + bx + c: 0, where
o + O, are given by the Quadratic Formula.
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The solutions of quadratic equations are not always integers.

Use the Quadratic Formula

Solve each equation by using the Quadratic Formula. Round to the nearest
tenth if necessary.

a. 3x2 * 5x - L2:0
For this equatiory a:3,b :5, and c = -12.

-btlb2-4a;, = -T Quadratic Formula

-(s)+Vtsl2-4(31G72)
2{3)

-5+tlzs+tu
6

-s x t/teg -5 + 13:--6 u' 
6

-5-13 -5+13,:---T-ori': 
6

a=t,b=5,andg--12

Multiply.

Add and simplify.

Separate the solutions.

Simplify.

Original equation

Subtract 25 from each side.

Quadratic Formula

o=10,b=-5,andc--25

Multiply.

Add.

Separate the solutions.

Simplify.

4
J

The solutions are -3 and f.
b. 10x2 - 5x:25

Step t Rewrite the equation in standard form.

1.0x2 - 5x :25

L0x2-5x-25:O

Step 2 Apply the Quadratic Formula.

-b rlb2 - 4ac
/.a

2(70\

stVzs+rooo
20

s + t/wx

s-\/to2s s+Vtozs
20 vr 

20

20

exact answer in
. stVtox

Example t$-a-
The numbers -1.4 and

1.9 are approximations.

I

i
I

1

J

= -7.4 = 1.9

The solutions are about -1.4 and 1.9.

28.3x2-2x-9:0
$ Rersonal rutor glencoe.com

You can solve quadratic equations by using many different methods. No one way
is always best.

(-s)2 - 4(1ox-2s)

€heskY:Qur; BrqgresJ

2A.4x2-24x*35:0
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Solve Quadratic Equations Using Different Methods

Solve x2 - 4x:12.
Method I Graphing

Rewrite the equation in standard form.

x2 - 4x : 12 Originalequation

x2 - 4x - 12 = 0 Subtract 12 from each side.

Graph the related functionflx) = 12 - 4x - 12.
Locate the x-intercepts of the graph.
The solutions are -2 and 6.

Method 2 Factoring

x2 - 4x:12
x2-4x-72:o
(x-6)(x*2):g

x-6:0orx-l 2=0

Original equation

Subtract 12 from each side.

Factor.

Zero Product Propefi

Solve for x.

Quadratic Formula

o=l,b=-4,andC=-12

Multiply.

Add and simplify.

Separate the solutions.

Simplify.

tB.4x2-4x- 11 :0

i+t,
-6-r-lo 4 x

Method 5 Completing the Square

The equation is in the correct form to complete the square, since the leading
coefficient is 1 and the x2 and r terms are isolated.

X:6 w--n

x:2+4

Original equation

since (f)' = 4, add 4 to each side.

Factorx2 -4x+4.
Iake the square root of each side.

Add 2 to each side.

x:2 + 4ot x - 2 - 4 Separatethesolutions.

-6 a Simplify.

Method 4 Quadratic Formula

From Method 1, the standard form of the equation is 12 - 4x - 12 = 0.

equation, all of the

methods should

produce the same

solution(s).

('--,._, *.-..._. _.-*_-..__?

x2-4x:\2
x2-4x*4=12+4

(x -212:16
x-2-+4

-(-4) t
2(1)

++1/tea+g:2
a+t/u 4 + 8=2o'z
4-8 4+8X- 2 OtX= ,

{- eh99k Yqu r, Prp greqs.

j Solve each equation.

| ,n zr'- r7x * B: o

t*--__ _

(-4)2 - 4(7)(-72)
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Solving Quadratic Equations

Use when the constant term is 0 or if the factors are

easily determined. Not all equations are factorable.

Use when an approximate solution is sufficient.

Use when an equation can be written in the form x2 : n.

Can only be used if the equation has no x-term.

Can be used for any equation ox2 + bx + c: 0, but is
simplest to apply when b is even and o : l.

Can be used for any equation ax2 + bx + c : O.

The Discriminant In the Quadratic Formula, the expression
b2 - 4ac, is called the discriminant. The discriminant can be

number of real solutions of a quadratic equation.

under the radical sign,
used to determine the

Discriminant Recall

that when the left side

of the standard form

of an equation is a

perfect square

trinomial, there is

only one solution.

Therefore, the

discriminant of a

perfect square

trinomial will always

be zero.

Use the Discriminant

State the value of the discriminant of 4x2 * 5x = -3. Then determine the
number of real solutions of the equation.

Step t Rewriteinstandardform. 4x2 - 5x = -Z + 4x2 - 5x* 3 : 0

Step Z Find the discriminant.

b2 - 4ac 

=r_-:l'- 

4(4x3) 
;;ri#= -5, and c= 5

Since the discriminant is negative, the equation has no real solutions.

Gh-e-c-kYo,ur:Pts$yess:

4A.2x2+11x+15:0 48.9x2-30x*25:0
p eersonal Tutor glencoe.(om

Equations by Using the Quadratic Formula 561

x2+lOx+25=O \2-7x+2:ox2+2x*5:0

2 x-intercepts0 x-intercepts

Graph of
Related
Function

Lesson 9-5 Solving Quadratic



Examples I and 2
pp. 558-559

Example 5
p.550

Example 4
P.561

Examples I and 2
pp, 558-559

Example 5
p. 560

l. x2 -2x - 15:0
4. x2 +3x:12

7.2x2+17x-6=0
9. 9x2 =25

2. x2 - 10r + 16:0
5. 1Ox2 - 31.x * 15 = 0

!. x2-8x=-10
6.5x2 *5=-13r

18.6x2-12x*1:0
21. 5x2 *21x: -18
24. 4x2: -16x - 16

27. 2x2:12x - 18

Solve each equation by using the Quadratic Formula. Round to the nearest tenth
if necessary.

Solve each equation. State which method you used.

8.2x2-3x-6=O
10. x2 - gx : -19

State the value of the discriminant for each equation. Then determine the number
of real solutions of the equation.

ll. x2 - 9x + 21,:0

It. 9x2 * 24x - -16

Solve each equation by using the Quadratic Formula. Round to the nearest tenth
if necessary.

16. 4x2 * 5r - 6:0
19.5x2-8x=6
22. B1x2 =9
25. 10x2: -7x + 6

x2+16=0

28. AMUSEMENT PARKS The Demon Drop at Cedar Point in Ohio takes riders to
the top of a-tower and drops them 60 feet. A function that approximates this ride
ish: -L6* + 64t - 60, where h is the height in feet and f ii ihe ti-e in seconds.
About how many seconds does it take for riders to drop from 60 feet to 0 feet?

Solve each equation. State which method you used.

12. 2x2 - llx + 10:0
14. 3x2 - l:8

15. TRAMPOLINE Eva is jumping on a trampoline. Her height h rn feet can be modeled
by the equation h = -1.6t2 + 2.4t * 6, where f is time in seconds. Use the
discriminant to determine if Eva will ever reach a height of 20 feet. Explain.

20. 2x2 - 5x: -7
2t. 8x2 *L2x=8
26. -3x2 = 8x - 12

29. 2x2 - Bx = 12

12. 4x2 * 100:0
50. 3x2 - 24x: -36
l!. x2:-7x-5

!1. x2 - 3x:10
54. 12 - 12x = -3x2

Example 4
p. s6I

State the value of the discriminant for each equation. Then determine the number
of real solutions of the equation.

t8. 0.5x2 - 2x: -2 59. 2.25x2 - 3x: -1

t5. 0.2x2 - 1.5x 12.9 :0 56. 2x2 - 5x * 20 : 0 !7. x2-!:Z
4o. Zxz:Z**tr

41. INTERNET The percent of U.S. households with high-speed Internet lz can be
estimated by h : -0.2n2 * 7.2n + 1.5, where n is the number of years since 1990.

a. Use the Quadratic Formula to determine when 20% of the population will
have high-speed Internet.

b. Is a quadratic equation a good model for this information? Explain.

562 Chapter 9 Quadratic and Exponential Functions
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Solve each equation by
if necessary.

45. -2x2 - 7x : -1..5

-=42. TRAFFIC The equation d :0.05a2 * 1..1.o models the distance d in feet it takes a car
traveling at a speed of o miles per hour to come to a complete stop. The speed
limit on some highways is 65 miles per hour. If Hannah's car stopped after
250 feet, was she speeding? Explain your reasoning.

Without graphing, determine the number of r-intercepts of the graph of the
related function for each equation.

4!. 4.25x -13: -3x2
.)?

44. x2 * *: lr 45. 0.25x2 + x: -1
using the Quadratic Formula. Round to the nearest tenth

47. 2.3x2 - 1.4x:6.8 48. x2 - 2x:5

@ nOSffn_Bartolo is making a poster for the
dance. He wants to cover three fourths of
the area with text.

a. Write an equation for the area of the
section with text.

b. Solve the equation by using the
Quadratic Formula.

c. \Mhat should be the margins of the
poster?

l.- 20 in 

-l

s0. # MUITIPIE REPRESENTATIONS In this problem,
you will investigate exponential functions.

a. TABUIAR Copy and complete the table.

b. GRAPHICAL Construct a graph from the
information given in the table using the
points (time, number of bacteria). Is the graph
linear or quadratic?

c. ANALYTICAL \Mhat happens to the number of
bacteria after every hour? Write a function that
models the pattern in the table.

5t . CHALLENGE Find all values of k such that 2x2 - 3x + 5k : 0 has two solutions.

52. REASONING Use factoring techniques to determine the number of real zeros of

f(x): x2 - Bx * 16. Compare this method to using the discriminant.

REASONING Determine whether there are tu)o, one, or no teal solutions.

55. The graph of a quadratic function does not have an x-intercept.

54. The graph of a quadratic function is tangent at the x-axis.

55. The graph of a quadratic function intersects the x-axis twice.

56. Both a andb are greater than 0 and c is less than 0 in a quadratic equation.

57. OPEN ENDED Write a quadratic function that has a positive discriminant, one with
a negative discriminant, and one with a zero discriminant.

5S. WRITING lN MATH Describe the advantages and disadvantages of each method of
solving quadratic equations. Which method do you prefer, and why?

Lesson 9-5 Solving Quadratic Equations by Using the Quadratic Formula 563
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The risk of motor vehicle

crashes is higher among

I 6- to I g-year-olds than

any other age group.

Per mile driven, l6- to
I 9-year-olds are four
times more likely than

older drivers to crash.

Source: Centers for Disease
Conlrol and Prevention

L
25 in.

I

I

Use Higher-Order Thinking Skills



59. If n is an even integer, which expression
represents the product of three consecutive
even integers?

A n(n + 1)(n + 2)

B (n + 1)(n + 2)(n + 3)

C 3n+2
D n(n + 2)(n + 4)

60. SHORT RESPONSE The triangle
shown is an isosceles triangle.
What is the value of x?

Which statement best describes the
graphofx=5?

F It is parallel to the x-axis.

G It is parallel to the ,y-axis.
H It passes through the point (2,5).

] It has a y-intercept of 5.

What are the solutions of the quadratic
equation 6h2 + 6h = 72?

A 3or-4
B -3or4

C no solution
D 12 or -48

Solve each equation by completing the square. Round to the nearest tenth if
necessary. (Lesson 9-4)

6t. 6x2 - 77x -t 1.2:0 64. x2 - 9x: -12 65. 4x2 :ZOx - 25

Describe the transformations needed to obtain the graph of g(x) from the graph
of f(xl. fiesson e-3)

66. f(x) = 4x2
"8@) :2x2

67. f(x): x2 + 5
8(x)= x2-\

68. f(x): x2 - 6-E(x): 
x2 + 3

Determine whether each graph shows a positioe coruelation, a negatioe correlation,
or no correlation.If there is a positive or negative correlation, describe its
meaning in the situation. (Lesson 4-4)

69. Electronic Tax Returns 70' Ailantic Hurricanes

Eooo
Eso
s40
tro
5zoz

0

l0

6Jv!rE6
z4

2

0'01 '02 '03 '04

Year
'92'94 '96 98 ',00 ',02 ',04 06

Year

71. ENTERTAINMENT Coach Washington wants to take her softball team out for pizza
and soft drinks after the last game of the season. A large pizza costs $12 and a
pitcher of a soft drink costs $3. She does not want to spend more than $60. Write
an inequality that represents this situation and graph the solution set. (Lesson 5-6)

Evaluate a(b*) Ior each of the given values. (Lesson l-2)

72. a:L,b=2,x:4 75. a:4,b:1,x:7
75. a:0,b :6, x.:8 76. a = -2,b = 3, x = 1
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74.

77.

a:5,b:3,x:0
a:-3,b=5,x=2

a

.i
a

a



Math Online

. Other Calculator Keystrokes

. Graphing Technology Personal Tutor

You have studied linear functions and monomials. Some functions can be defined by
the sums of monomials. One function that can be defined this way is a cubic function.
A cubic equation has the form ax3 + bx2 + cx + d: 0, where a + O. All cubic equations
have at least one but no more than three real roots.

Solve x3 - 6x2 * 3x * 1o : o by graphing.

Step I Enter the related function in the Y: list.

Step 2 Graph the function in the standard viewing window
KEYsTRoKEs: 6onlo

Step 5 Find the zeros of the function by determining where the graph
crosses the r-axis. Notice that this graph crosses the r-axis three
times. Therefore, there are 3 real solutions for the equation.

KEysrRoKEs: f tr rq-n E a f 6 I xJpx I E f 3 I xJ,o"r'l E ro

Exercises

Solve each equation by graphing.

l. x3-4x2-9xt36:0
!. x3 + x2 + x - 3: o

2. x3-6x2-6x-7:0
4. x3-5x2-2x-124:0

Extend 9-5 Graphing Technology Lab: Cubic Functions

KEYsTRoKES: [Zno ] 1cnlc1 z

Press the left arrow to move to the left of the intercept closest to
the origin.

Press lExrenl.

Press the right arrow to move to the right of the intercept.

Do not go past another intercept. Press Exrcil.

Notice the arrows above the intercept. The intercept you are finding should be
between these two arrows.

Press the left arrow to move as close as possible to the intercept. Press EttrEBl

l-10, 101 scl:l by [-10, 10] scl:1

One root is r : -1.

1 0l scl:1 by [-t 0, t 0] scl:'l [-10, 10] scl:1 by [-10, 10] scl:l

Step + Repeat Step 3 for each additional

The solutions for x3 - 6x2 + 3x +

root.

10:0arer: -7,2,and5.

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

"tt',, , lt\

i;m[\ Ettlt

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

565



Math Online

Math in Motion, Animation

Use a table of values to graph each equation. State
the domain and range. (Lesson 9-l)

l. y:x2+3x+1
2. y:2x2-4x+3
!. Y:-x2-3x-3
4.y:-3x2-x+1

Consider U : x2 - 5x * 4. (Lesson 9-l)

5. Write the equation of the axis of symmetry.

6. Find the coordinates of the vertex. Is it a
maximum or minimum point?

7. Graph the function.

8. SOCCER A soccer ball is kicked from ground level
with an initial upward velocity^of 90 feet per
second. The equationh: -76t2 + 90f gives the
height h of the ball after f seconds. (Lesson 9-l)

a. \A/hat is the height of the ball after one second?

b. How many seconds will it take for the ball to
reach its maximum height?

c. When is the height of the ball0 feet? \Alhat do
these points represent in this situation?

So1ve each equation by graphing. If integral roots
cannot be found, estimate the roots to the nearest
tenth. (Lesson 9-2)

g. x2+5x+6:0
10. x21-8=-6x
ll. -x2 *3.r-L=0
12. x2:12

15. BASEBATL Juan hits a baseball. The equation
h = -1.6t2 + 120t models the height h, in feet,
of the ball after f seconds. How long is the ball
in the air? (Lesson s-z)

14. CONSTRUCTION Christopher is repairing the roof
on a shed. He accidentally dropped a box of nails
from a height of i.4 feet. This is represented by
the equationh = -1.5t2 * 14, where h is the
height in feet and f is the time in seconds.
Describe how the graph is related to h : t2.
(Lesson 9-5)

566 Chapter 9 Quadratic and Exponential Functions

Describe how the graph of each function is related
to the graph of f@): x2. (Lesson 9-3)

15. g(x) : x2 + 3

16. h(x):)Y2
17. g(x): x2 - 6

18. MUITIPLE CHOICE Which is an equation for the
function shown in the grap}:.? (Lesson 9-5)

A Y: -2*'
B Y:2x2+1'
c Y=x2-1'
D Y: -2x2 + 1'

Solve each equation by completing the square.
Round to the nearest tenth. (Lesson 9-4)

19. x2-l4x+2=0
20. x2-2x- L0=0
21. Zxz * 4x - 5:7

Solve each equation by using the Quadratic
Formula. Round to the nearest tenth if
necessary. (Lesson 9-5)

22. x2-3x- 18=0
21. x2 - lOx = -24
24. 2x2 * 5x - 3:0

25. PARTIES Della's parents are
throwing a Sweet 76 party for
her. At 10:00, a ballwill slide
25 feet down a pole and light
up. A function that models the
drop is h: -t2 + 5t + 25,
where h is height in feet of the
ball after f seconds. How
many seconds will it take for
the ball to reach the bottom of
the pole? (Lesson 9-5)



Exponential Functions

Tarantulas can appear scary with their large hairy
bodies and legs, but they are harmless to humans.
The graph shows a tarantula spider population that
increases over time. Notice that the graph is neither
linear nor quadratic.

The graph represents the function A = 3(2)*. This is an
example of an exponential finction.

=,6'
tE

(E

G
rE

-+-35
n--30

You simplified numerical

expressions involving

exponents. (Lesson t-2)

DUsur
. Craph exponential

functions.
. ldentify data that

display exponential

behavior.

NEwrVbcabulbnz
exponential function

25

-20
15

) Rersonal Tutor glencoe.com
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. Self-check Quiz

. Homework Help

Graph Exponential Functions An exponential function is a function of the form
U = ab', where a + 0,b > 0, andb f 1. Notice that the base is a constant and the
exponent is a variable. Exponential functions are nonlinear and nonquadratic
functions.

Graphwitha)oand b>t
a. Graph ! = 3x. Find the y-intercept, and state the domain and range.

Craph the ordered pairs, and connect the points with a smooth curve.
The graph crosses the y-axis at 1, so the y-intercept is 1.

The domain is all real numbers, and the range is all positive real numbers.

b. Use the graph to approximate the value of 30'7.

The graph represents all real values of x and their corresponding values
of y for A :3x. So, when x:0.7, y is about 2. Use a calculator to confirm
this value: 3o'7 = 2.L57669.

€ji.e_e"kYo_g_tP.IAg!p-"F.)

lA. Graph U = 7x. Find the y-intercept, and state the domain and range.

lB. Use the graph to approximate the value of !/ :70'5 to the nearest tenth.
Use a calculator to confirm the value.

!

I

$,I'
1

I

I

I
i
I

\.

Years Since 2010

Words An exponential function is a function that can be
described by an equation of the form y : obx,
whereo+o,b>o,andbf1.

Examples y:2(3)' y:4 ,:(+)r



#o <0 lf thevalueof a
i is less than o, the graph

will be reflected across

the x-axis.

*&ealrtUqrtdl[jnJ$

The United States is the

largest soda consumer in

the world. ln a recent year,

the United States

accounted for one third o{

the world's total soda

consumption.

Source: Worldwatch lnstitute

The graphs of functions of the formy = abx, where a ) 0 and b > 1, all have the
same shape as the graph in Example 1. The greater the base or b-value, the faster the
graph rises as you move from left to right on the graph. The graphs of functions of
the form U : ab',where a > 0 and 0 < b < 1, also have thel same general shape'

Graphwitho)0and0<r< I

a. Graph, = (+)'. Find the y-intercept, and state the domain and range.

The y-intercept is 1. The domain is all real numbers, and the range is all
positive real numbers. Notice that as x increases, the y-values decrease less

rapidly.

b. Use the graph to approximate the value 
", (+)-".

When x : -7.5, the value of y is about 5. Use a calcr-flator to confirm
this value:

KEysrRoKEs: m 1 f 3 [n E -1.5 ENTEEI s.1961 52.

{l,c^h^eskYo}r-t:P,rggy,e;s;r /r \r
2A. Graph V : \;) - 1. Find the y-intercept, and state the domain and range.

i zg. ur" the grafh to approximate the value of (+)-" -' 1 to the nearest tenth.
r Use a calculator to confirm the value.

) Rersonal Tutor glencoe.com

Exponential functions occur in many real world situations.

Exponential Functions to Solve Problems

SODA The consumption of soda has increased each year since 2000. The
function C = 179(1,029)r models the amount of soda consumed in the world,
where C is the amount consumed in billions of liters and f is the number of
years since 2000.

a. Graph the function. What values of C and f are
meaningful in the context of the problem?

Since f represents time, f > 0. At f : 0, the
consumption is 179 billion liters. Therefore, in the
context of this problem, C > 179 is meaningful.

[-50,50] scl: 10 by [0,350] scl: 25
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How much soda was consumed in 2005?

c = 179(1.029)t originatequation
:179(1.029)5 t=S
= 206.5 Use a calculator.

The world soda consumption in 2005 was approximately 206.5 billion liters.

c*sdkYuavP:\egl;e#)

5. A certain bacteria population doubles every 20 minutes. Beginning with 10
cells in a culture, the population can be represented by the function B : 1,0(2)t,
where B is the number of bacteria cells and f is the time in 20 minute
increments. How manv will there be after 2 hours?

) Rersonal Tutor glencoe.com

ldentify Exponential Behavior Recall from Lesson 3-3 that linear functions have a
constant rate of change. Exponential functions do not have constant rates of change,
but they do have constant ratios.

@ldentifv Ernonential Behavior

i Determine whether the set of data shown below displays exponential behavior.
rNrite yes ot no. Explain why or why not.

Method I Look for a pattern.

The domain values are at regular intervals of 5. Look for a common factor among
the range values.

6432 1,6842
\-/\r\-r\-r\-,
"* "* x| xl xl

The range values differ by the common factor of ].
Since the domain values are at regular intervals and the range values differ
by a positive common factor, the data are probably exponential. Its equation

may involv" (+)'

Method 2 Graph the data,

Plot the points and connect them with a smooth curve.
The graph shows a rapidly decreasing value of y as x
increases. This is a characteristic of exponential
behavior in which the base is between 0 and 1.

b.

,5 Make ar Organized

1, Ust fUaking an

I organized list of

i x-values andI correspondingy-values

i is helpful in graphing

l, the function. lt can also

: help you identify

, patterns in the data.

f Checking Answers

r The graph of an

, exponential function

, may resemble part of

': the graph of a
: quadratic function. Be

, sure to check for a

r pattern as well as to

, look at a graph.

exponential behavior.

) Rersonal Tutor glenco€.com
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48

40

J'

24

16

8

{,gne-s*\6ilr:Ptqgr*es.s:t-j +. Determine whether the set of data shown below displays
! Write yes $ no. Explain why or why not.



Examples I and 2
pp. 567-568

Example 5
PP. 568-569

Example 4
p.559

2- y: -5r' -50's

4. y =r(1)', r(+)"

Graph each function. Find the y-intercept and state the domain and range. Then
use the graph to determine the approximate value of the given expression to the
nearest tenth. Use a calculator to confirm the value.

l. Y :2x' 27s

!. v:-(+)', -(+)-"
Graph each function. Find the y-intercept, and state the domain and range.

s.f(x)=6'+3 6. f(x) :2 - 2'

7. BIOLOGY The functionf(t) = 100(1.05)r models the growth of a fruit fly
population, whereflf) is the number of flies and f is time in days.

a. \Alhat values for the domain and range are reasonable in the context of this
situation? Explain.

b. After two weeks, approximately how many flies are in this population?

Determine whether the set of data shown below displays exponential behavior.

{{
l

l
l
{

Examples I and 2
pp.567-558

Example 5
pp.568-569

Example 4
P. 569

a
25.

Graph each function. Find the y-intercept and state the domain and range. Then
use the graph to determine the approximate value of the given expression to the
nearest tenth. Use a calculator to confirm the value.

10. Y:2.8',2(8)-0's u. y:r.(t).,r(+)" 12. y:(h)',(#)"
t!. y : -3. 9,,-3(9)-05 14. y : -4. l}x,-4(fO)-o's 15.y :9. 11.',3(ft)-o'z

Graph each function. Find the y-intercept and state the domain and range.

16. y:4x +3 17. y:|{Z'-A) 18. y:S(g') + 1 19. y = -2(3*) +S

20. BIOIOGY A population of bacteria in a culture increases according to the model
p : 300(2.2;0'02r, where f is the number of hours and f = 0 corresponds to 9:00 e.u.

a. Use this model to estimate the number of bacteria at 11 a.u.

b. Graph the function and name the p-intercept. Describe what the p-intercept
represents, and describe a reasonable domain and range for this sifuation.

Determine whether the set of data shown below displays exponential behavior.
Write yes or no.Explain why or why not.

Write yes or no.Explain why or why not.

*= Step-by-Step Solutions begin on page Rl2.

Extra Practice begins on page 815.

-6 -3 0 3

5 IO l5 20

-8 -6 -4 -2
0.25 0.5 I 2
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*Bealllfia#tdeink

26.

29.28.27.

PHOTOGRAPHY Jameka is enlarging a photograph to make a poster for school. She
will enlarge the picture repeatedly at150%. The function P = 1.5r models the
new size of the picture being enlarged, where x is the number of enlargements.
How many times as big is the picture after 4 enlargements?

FINANCIAL LITERACY Daniel invested $500 into a savings account. The equation
A : 500(1.005)12'models the value of Daniel's investment A after f years. How
much will Daniel's investment be worth in 8 years?

Identify each function as linear, quadratic, or exponential.

50. y :4' 5t.y-2x(x-1) 12.5xly:B

55. GRADUATION The number of graduates at a high school has increasedby a factor
of 1.055 every year since 2001. In 2001,,110 students graduated. The function
N = 110(1.055)'models the number of students N expected to graduate f years
after 2001. How many students will graduate in2012?

Describe the graph of each equation as a transformation of the graph of y - 2x.

The world's largest

photograph, named

The Great Picture, was

created by a group of
photographers known as

The Legacy Project. The

photograph has an area of
5375 square feet.

Source: Photoshop Support

54.y-2'+6
17. y:-3+2x

55. y : i(2)x

$.y:(+)
56. y: -l<z>'
!9. y : -5(2)'

40. DEER The deer population at a national park doubles every year. In 2000, there
were 25 deer in the park. The function N : 25(2)t models the number of deer N
in the park f years after 2000. What will the deer population be in2075?

41. CHALLENGE Write an exponential function for which the graph passes through the
points at (0,3) and (1,6).

REASONING Determine whether the graph of y : ab*, where a + 0, D > 0, and
b + 1, sometimes, always, ot neaer has an r-intercept. Explain your reasoning.

OPEN ENDED Find an exponential function that represents a real-world situation,
and graph the function. Analyze the graph.

REASONING Compare and contrast a function of the formy : abx * c, where
a +0,b > 0,andb f l and a quadratic function of the formy: ax2 * c.

WRITING lN MATH Explain how to determine whether a set of data displays
exponential behavior.

42.

43.

Use Higher-Order Thinking Skills

45.
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46. SHORT RESPONSE What are the zeros of the
function graphed below?

47. Hinto invested $300 into a savings account.
The equation A = 300(1.005)12'models the
amount in Hinto's account A after / years.
How much will be in Hinto's account after
7 years?

A $25,326
B $456.11.

GEOMETRY Ayana placed a circular piece of
paper on a square picture as shown below. If
the picture extends 4 inches beyond the circle
on each side, what is the perimeter of the
square picture?

H 94 in.

| 112in.

Which of the following shows 4x2

factored completely?

A 4(x - 3)(x + 1)

B a(r + 3)(r - 1)

C (ax + D)(x - L)

D (x-3)@x+4)

48.

F 64 in.
G 80 in.

49. -Bx-12

c $385.01
D $301.s2

Solve each equation by using the Quadratic Formula. Round to the nearest tenth
if necessary. (Lesson 9-5)

50,6x2-3x- 30=0 51, 4x2 * 18x:10 52. 2xz I 6x:7
Round to the nearestSolve each equation by taking the square root of each side.

tenth if necessary. (Lesson 9-4)

55. x2 = 25 54. x2 + 6x + 9 = 1.6 55. x2 -'l4x 'l 49 : 15

Evaluate each product. Express the results in both scientific notation and standard
form. (Lesson 7-3)

56. (1.e x to2)(+.r x 106) 57. (4.5 x to-3)(s.o x 1oa) 58. (3.8 x to-4)(0.+ x 1o-8)

59. DEMOLITION DERBY When a car hits an object, the damage is measured by^ the

collision impact. For a certain car the collision impact l is given by I :2at,where
o represents the speed in kilometers per minute. What is the collision impact if
the speed of the car is 4 kilometers per minute? (Lesson z-1)

Use elimination to solve each system of equations. (Lesson 6-3)

60. x+a:-3
*-Y=L

61.3n*b=5
2n + b :1.0

62. 3x - 5y :16
-3x+2U=-10

65. 6.5,9,1L.5,74, ...

68. 1.,1,+,+,..

Find the next three terms of each

65. 1,3,5,7, ...

66. 10, 3, -4, -11-, ...

arithmetic sequence. (Lesson 3-5)

64. -6, -4, -2,0, ...

,r- +,2,r,T,...
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Tliren
You analyzed exponential

functions. (Lesson 9-6)

$Usur
. Solve problems

involving exponential

growth.
. Solve problems

involving exponential

decay.

Growth and Decay
WhvPl
The number of Weblogs or blogs increased at a
monthly rate of about 13.7% over 21. months. The
average number of blogs per month can be
modeled by y = 1.1(1 + 0.137)t or y - 1.1(1.137)t
where y represents the total number of blogs in
millions and f is the number of months since
November 2003.

Exponential Growth The equation for the number
of blogs is in the forrny = a(l + r)r. This is the
general equation for exponential growth.

Exponential Growth

CONTEST A radio station is sponsoring a contest. The prize begins as a $L00 gift
card. Once a day, the disc iockey announces a name, and the person has
L5 minutes to call. If the person does not call within the allotted time, the prize
increases by 2.5"/".

a. Write an equation to represent the amount of the gift card in dollars after
t days with no winners.
y:a(l +r)t Equation for exponential growth

A = 100(7 + 0.025)' o = I00 and r = 2.5% ot 0.025

y :100(1.025)t simplify.

In the equation U = 100(1.025)t, y is the amount of the gift card and f is the
number of days since the contest began.

b. How much will the gift card be worth if no one wins after 10 days?

y : 100(1.025)t Equation for amount of gift card

: 100(1.025)10 f: lo

= 128.01. Use a calculator.

In 10 days, the gift card will be worth $128.01.

$:'C-LeskY.eu!-tP,qggge;e3

I f . fUmON A college's tuition has risen 5"/" eachyear since 2000. If the tuition in
I 2000 was $10,850, write an equation for the amount of the tuition f years after
t 2000. Predict the cost of tuition for this college in 2015.
i\** I\

,7 Personal Tutor glencoe.com
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Newr Uircabulbr.vr
exponential growth

compound interest

exponential decay

Math Online
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. Extra Examples

. Personal Tutor

. Self-Check Quiz

. Homework Help
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a is the initial amount. f is time.

\/
Y: o(1 + r)t

/ \ristherateofchange
y is the final amount. expressed as a decimal, r > 0.



... "-.." -'!E*,WSSH,- r-:
Financial advisors help :

people plan their financial

futures. A good financial

advisor has mathematical,

problem-solving, and

communication skills. A

bachelor's degree is

strongly preferred but not

required.

Compound interest is interest earned or paid on both the initial investment and
previously earned interest. It is an application of exponential growth.

Compound lnterest

FINANCE Maria's parents invested $L4,000 at 6oh per year comPounded monthly.
How much money will there be in the account after 1"0 years?

A: P(l * +)"' Compound interest equation

: 14,000(1 * o#)t"to' p= 14,000, t=60/0010.06, n- 12,1161= l0

: 14,000(1.005;tzo simplify.

W
7 Growth and Decay

Since r is added to t,
the value inside the
parentheses will be

greater than I for
exponential growth

functions. For

exponential decay

functions. this value

will be less than t

since r is subtracted

from l.

= 25,471.55 Use a calculator.

There will be about 925,471.55 in 10 years.

Cl chesk Yo_ur, Brsgl,e-qs;

i z. nrunnCE Determine the amount of an investment if $300 is invested at an
interest rate of 3.5% compounded monthly for 22 years.

N1-- 
6, Personal Tutor Slencoe.com

Exponential Decay In exponential decay, the original amount decreases by the same

percent over a period of time. A variation of the growth equation can be used as the
general equation for exponential decay.

Exponential Decay

SWIMM|NG A fully inflated child's raft for a pool is losing 5.6% of its air every
day. The raft originally contained 4500 cubic inches of air.

a. Write an equation to represent the loss of air.

Y:a(\-r)t Equation for exponential decay

4500(1 - 0.066)r d - 4500 and r = 6.60/0 or 0.066

4500(0.934)r simplify.

t y :4500(0.934)r, where y is the air in the raft in cubic inches after f days,

574 Chapter 9 Quadratic and Exponential Functions

4 is the current amount.

\:p(r
/

P is the principal
or initial amount.

. n is the number of times the

I intercstis compounded each year,

+.L\"' and t is time in years.
'ln I
II

r is the annual interest rate
expressed as a decimal, r > o.

a is the initial amount.

\
Y:a(l

y is the final amount.

I is time.

/
- r)t

\ r is the rate of decay expressed
asadecimal,0<r< l.



b. Estimate the amount of air in the raft after 7 d,ays.

y = 4500(0.934)t
:4500(0.934)7

= 2790

The amount of air in the raft after 7 days will be about 2790 cubic inches.

Equation for air loss

t=1
Use a calculator.

Example I
p.573

Example 2
p.374

Example 5
p.574

2.

5.

theslkYqurr Brs8se;sJ

5. POPUIAIION The population of Campbell County, Kentucky, has been
decreasing at an average rate of about 0.3"/" per year. In 2000, its population
was 88,647. Write an equation to represent the population since 2000. If the
trend continues, predict the population in 2010.

p. eersonal Tutor glencoe.com

SALARY Ms. Acosta received a job as a teacher with a starting salary of $34,000.
According to her contract, she will receive a1'.5"/, increase in her salary every
year. How much will Ms. Acosta earn in 7 years?

MONEY Paul invested $400 into an account with a 5.5% interest rate compounded
monthly. How much will Paul's investment be worth in 8 years?

ENROIIMENT In 2000,2200 students attended Polaris High School. The
enrollment has been declining 2"/" annlually.

a. Write an equation for the enrollment of Polaris High School t years after 2000.

b. If this trend continues, how many students will be enrolled in 2015?

MEMBERSHIPS The Work-Out Gym sold 550 memberships in 2001. Since then the
number of memberships sold has increased 3% annually.

a. Write an equation for the number of memberships sold at Work-Out Gym
f years after 2001.

b. If this trend continues, predict how many memberships the gym will sell
in2020.

COMPUTERS The number of people who own computers has increased23.2%
annually since 1990. If half a million people owned a computer in1990, predict
how many people will own a computer in 2015.

COTNS Camilo purchased a rare coin from a dealer for $300. The value of the coin
increases 5% each year. Determine the value of the coin in 5 years.

6.

Example 2 @ TVESTMENTS Theo invested $6600 at an interest rate of 4.5% compounded
?' s74 * monthly. Determine the value of his investment in 4 years.

S. COMPOUND INTEREST Paige invested $1200 at an interest rate of 5.75%
compounded quarterly. Determine the value of her investment in7 yearc.

SAVINGS Brooke is saving money for a trip to the Bahamas that costs $295.99. She
puts $150 into a savings account that pays 7.25% interest compounded quarterly.
Will she have enough money in the account after 4 years? Explain.

INVESTMENTS Jin's investment of $4500 has been losing its value at a rate of 2.5%
each year. \tVhat will his investment be worth in 5 years?

9.

t0.
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Example 5 O POPULATION Hawaii has been experiencing a1..06%annual increase in
p.s74 * population. In 2000, the population was1.,21L,537. If this trend continues, what

r<12.
I

will be the population of Hawaii in2020?

CARS Leonardo purchases a car for $18,995. The car depreciates at a rate o11,8%

annually. After 6 years, Manuel offers to buy the car for $4500. Should Leonardo
sell the car? Explain.

tt. HOUSING The median house price in
the United States increased an average
o18.6% each year between 2002 and
2004. Assume that this pattern
continues.

a. Write an equation for the median
house price for f years after 2004.

b. Predict the median house price in
201,5.

ETEMENTS A radioactive element's
half-life is the time it takes for one half
of the element's quantity to decay.
The half-life of Plutonium-24lis
14.4years. The number of grams A of
Plutonium-241,left after,t years can be

modeled by A : p(0.5)1L4, where p is
the original amount of the element.

0. How much of a O.2-gram sample remains after 72 years?

b. How much of aS. -gram sample remains after 1095 days?

15. FINANCIAL LITERACY Marta is planning to buy a new car. She will finance $16,000
at an annual interest rate of 7"h over a period of 60 months. In the formula, P is
the amount of each payment, r is the annual interest rate in decimal form, and f is
the time in years of the loan.

Amount financed
r- (r + #)-''

a. Use the formula to find her monthly payment.

b. Assuming that she does not pay ahead, what will she have paid on the car?

REASONING Determine the growth rate (as a percent) of a population that
quadruples every year. Explain.

CHALIENGE Santos invested $1200 into an account with an interest rate of B%

compounded monthly. Use a calculator to approximate how long it will take for
Santos' investment to reach $2500.

REASONING The amount of water in a container doubles every minute. After
B minutes, the container is full. After how many minutes was the container
half full? Explain.

OPEN ENDED Create a real-world situation that can be modeled by y = 200(1.05)'.

WRITING IN MATH Compare and contrast the exponential growth formula and the
exponential decay formula.

*MlluuadruEfilk;
A car loses l5o/olo20o/o of
its value each year. Brand,

model, and the condition

of the car all contribute to

a used car's value. Some

brands depreciate much

slower than other brands.

Source: Bankrate

14.

Sowcei Real Estate Journal

r
t2

:rl

t6.

17.

I8.

t9.

20.

Use Higher-Order Thinking Skills
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GEOMETRY The parallelogram has an area

of 35 square inches. Find the height /u of the
parallelogram.

A 3.5 inches C 5 inches

B 4inches D Tinches

What are the roots of x2 +'2x : 48?

F 6and8 H 6and-8
G -6and-B I -6and8

Thi purchased a car for $22,900. The car
depreciated at an annual rate of 16%. Which
of the following equations models the value of
Thi's car after 5 years?

A A:22,900(1..1.6)5

B A = 22,900(0.1.6)5

C A:1.6(22,900)5

D A:22,900(0.84)5

GRIDDED RESPONSE A deck measures 12 feetby
18 feet. If a painter charges $2.65 per square
foot, including tax, how much will it cost in
dollars to have the deck painted?

2h-3

Graph each function. Find the y-intercept and state the domain and range. (Lesson 9-6)

25. y:!x 26.y:(+) 27. y:6x

Solve each equation by using the Quadratic Formula. Round to the nearest tenth
if necessary. ftesson 9-5)

28.4x2+75x:25 29.3x2-4x:5 50.2x2:-2x+11
31. 4x2 -t L6x - -16 52. 5x2 * 5r: 60 5!. 2x2: 3x + 15

34. EVENT PLANNING A hall does not charge a rental fee as long as at least $4000 is

spent on food. For the prom, the hall charges $28.95 per person for a buffet. How
many people must attend ihe prom to avoid a rental fee for the hall? (Lesson 5-2)

Determine whether the graphs of each pair of equations are parallel,
perpendicular, or neither. (Lesson 4-+)

58. AGES The table shows equivalent ages for horses and
humans. Write an equation that relates human age to
horse age and find the equivalent horse age for a

human who is 16 years old. (Lesson l-+)

Find the total price of each item. (Lesson 2-7)

15.y--2x+71
Y + 2x:23

59. umbrella: $14.00
tax:5.5%

36. 3y :2x + 1.4

-3x - 2Y :2

40. sandals: $29.99
Iax:5.75"h

(Lesson I -5)

45. (0, -2), (-1, -6), (3,4)

17. y: -5v
!/ :5x - 18

Graph each

42. (3,0), (0,

set of ordered pairs.

1), (-4, -6)

41. backpack: $35.00
taxl.7o/"

44. (2,2), (-2, -3), (-3, -6)
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Geometric Sequences as
Exponential Functions

128, 64,32, ...
the ratios of consecutive terms.

a. 256,
Find

256 t28
f\----l (----l (--l

r28t64152t
fr=i lno= 2 E-=t

Since the ratios are constant, the sequence is geometric. The common ratio is

b. 4,9,12, 19,...
Find the ratios of consecutive terms.

9 12 1,8
f\----l f\----l (.---l

The ratios are not constant, so the sequence is not geometric.

Find the differences of consecutive terms.

12 18
f-----/ f\----l

9-4=5 l2-9=5 t8-12=6

There is no common difference, so the sequence is not arithmetic.
Thus, the sequence is neither geometric nor arithmetic.

c-be*Veur,Peglsr*

wwB
You send a chain e-mail to a friend who
forwards the e-mail to five more people.
Each of these five people forwards the
e-mail to five more people. The number
of new e-mails generated forms a geometric
sequence.

Recognize Geometric Sequences The first person generates 5 e-mails. If each of
these people sends the e-mail to 5 more people,25 e-mails are generated. If each of
the 25 people sends 5 e-mails, 125 e-mails are generated. The sequence of e-mails
generated, L,5, 25, 125, ... is an example of a geometric sequence.

In a geometric sequence, the first term is nonzero and each term after the first is
found by multiplying the previous term by a nonzero constant r called the common
ratio. The common ratio can be found by dividing any term by its previous term.

Identify Geometric Sequences

Determine whether each sequence is arithmetic, geometric, or neither. Explain.

You related arithmetic

sequences to linear

functions. (Lesson 5-5)

Nbur
. ldentify and generate

geometric sequences.
. Relate geometric

sequences to
exponential functions.

}ligur
V,'oeab.ullar,vt
-#4rJ

geometric sequence

common ratio

. Extra Examples

. Personal Tutor

. Self-Check Quiz *:

. Homework Help {
,.:

t:*******-.*k
CZ64

1

,,

9 -t
4 - 't

12 -l
9 -3

I8 -l
t2 '2

lc. 2,8,L4,22,...

p nersonal Tutor glencoe,com

1,3,9,27,
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I Common Ratio lf the

, terms of a geometric

I sequence alternate

between positive and
, negative terms or vice

, versa, the common

r ratio is negative.

*Matlt tliutoryi Emk:

Once the common ratio is known, more terms of a sequence can be generated. The
recursive formula can be rewritten ds an = af '- 1, where n is a counting number
and r is the common ratio.

ffiFind Terms of Geometric sequences

i Find the next three terms in each geometric sequence.

: a. 1, -4, 16, -64,.,.
I Step I Find the common ratio.

1. -4 16 -64q.---"-z

#=-n *=-* l?o=-o

Step 2 Multiply each term by the common ratio to find the next three terms.

-64 256 -1,024 4096

x(-a) x(-a) x(-4)

The next three terms are 256, -7024, and 4096.

b. s,s,\+...
Step I Find the common ratio.

o

og

z
€

931
q---Y

1
1L___-z-

Itr
It

:ll
93

.

The value of r is |.
, Step 2 Multiply each

l_r_1 39

II
r5

term by the common ratio to find the next three terms.

11
27 81

"+
xIx+

Thomas Robert Malthus
(r766-r854)
Malthus studied

populations and had

pessimistic views about

the future population of
the world. ln his work, he

stated: "Population

increases in a geometric

ratio, while the means of

subsistence increases in an

arithmetic ratio."

The next three terms ur" f,, j, a"a fi.

f, checkr Yo.uri Flag,re-s-sr

2A. -3,75, -75,375,...
I

28. 24,36,54,81,...

p eersonal Tutor glencoe.com

Geometric Sequences and Functio[S Finding the nth term of a geometric sequence
would be tedious if we used the above method. The table below shows a rule for
finding the nth term of a geometric sequence.

Notice that the common ratio between the terms is r. The table shows that to get
the nth term, you multiply the first term by the common ratio r raised to the power
n - 1.. A geometric sequence can be defined by an exponential function in which n
is the independent variable, a, is the dependent variable, and r is the base. The
domain is the counting numbers.
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nth term of a Geometric Sequence

The nth term o, of a geometric sequence with first term a, and common
ratio r is given by the following formula, where n is any positive integer and
or,rfo.

Qn: olfn - 1

.
Negative Common
Ratio lf the common

ratio is negative, as in

Example 5, make sure

to enclose the common

ratio in parentheses.

e2)8 + -28
t2-'-= -2
-6

an: a1t'n - 7

an:-6(-2)n-r

-24 - 48:- 
-a 

-- 
-',12 - ' -24-

Formula for rth term

or=-6andr=2

Formula for ath term

For the rth term, n = 9.

Simplify.

(-2)8 = 256

Find the nth Term of a Geometric Sequence

a. Write an equation for the zth term of the sequence -6,72, -24,48, ...

The first term of the sequence is -6. So, a, - -5. Now find the common ratio.

-6 t2 -24 48
:--z :--z \--l' The common ratio is -2.

\,._-.. -. .-.. -...-'.-...-...-....-....-....-....1'

b. Find the ninth term of this sequence.

an: altn - 7

-6e2)e - 
1

-6(z1a
-6(256)
-7536

The first NCM Division I

women's basketball

tournament was held in
1982. The University of

Tennessee has won the
most national titles with

8 titles as of 2008.

Source: NCAA Sports

ag:
:
:
:

Gh-e-ef,:Yo-utPrp-g!,ess;

5. Write an equation for the n th term of the geometric sequence 96, 48, 24, 1.2, ...
Then find the tenth term of the sequence.

p eersonal Tutor glen(oe.com

Graph a Geometric Sequence

BASKETBALT The NCAA women's basketball tournament begins with 64 teams.
In each round, one half of the teams are left to compete, until only one team
remains. Draw a graph to represent how many teams are left in each round.

Compared to the previous rounds, one half of the
teams remain. So, r = ]. tnerefore, the geometric :f
sequence that models this situationis 64,32,1.6, 

E
8,4,2, 1. So in round two,32 teams compete, X
in round three 16 teams compete and so forth. E
Use this information to draw a graph. tg

64

56

48

40

32

24

t6
I

' o 12345678
{i aiss*YawPregre*r* Round
T-

i 4. TENNIS A tennis ball is dropped from a height of 12 feet. Each time the ball
I bounces back to 80% of the height from which it fell. Draw a graph to represent

i tne height of the ball after each bounce.

L* *- ) Rersonal rutor glencoe.com
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Example I
p. 580

Example 2
p. 581

Example I
p. 582

Example 4
P. 582

Determine whether each sequence is ailthmetic, geometric, or neithet. Explain.

Find the next three terms in each geometric sequence.

5. 10, 20,40,80, ... 6. 100, 50,25, ... 7. 4, -1,+, ...

Write an equation for the zth term of each geometric sequence, and find the
indicated term.

9. the fifth term of -6, -24, -96, ...

10. the seventh term of -1,5, -25, ...

I l. the tenth term of 72, 48,32, ...

12. the ninth term of 112,84,63, ...

t5. EXPERIMENT In a physics class experiment, Diana drops a ball from a height of
16 feet. Each bouncehasT}"/" the height of the previous bounce. Draw a graph
to represent the height of the ball after each bounce.

g. -7,21., -63, ...

a = Step'by-Step Solutions begin on page Rl2'

Extra Practice begins on page 815.

Example I
p.580

Determine whether each sequence is arithmetic, geometric, ot neither. Explain.

Example 2
p.581

Example 5
P.582

Example 4
P.582

14. 4, 1,2,...

17. 212,106,53,...

t5. 10,20,30,40, ...

lg. -10, -8,-6, -4,...

16. 4,20,100,...

lg. 5, -10,20,40, ...

22. 4,12,36,...
2s. L024, -128,16, ...

Find the next three terms in each geometric sequence.

20. 2, -10, 50, ...

2t. 400,100,25, ...

30.

5t.

26. The first term of a geometric series is 1 and the common ratio is 9. \zVhat is the 8th
term of the sequence?

27. Tlne first term of a geometric series is 2 and the common ratio is 4. What is the
14th term of the sequence?

28. \Atrhat is the 15th term of the geometric sequenc e -9 , 27 , -8L, . . .?

29. \A/hat is the L0th term of the geometric sequence 6, -24,96, ...?

PENDULUM The first swing of a pendulum is shown. On each swing
after that, the arc length is 60'/" of the length of the previous swing. ,,'
Draw a graph that represents the arc length after each swing. \
Find the eighth term of a geometric sequence for which az = 81.

andr:3.

32. MAPS At an online mapping site, Mr. Mosley notices that when he clicks a spot
on the map, the map zooms in on that spot. The magnification increases by
20% each time.

a. Write a formula for the nth term of the geometric sequence that represents the
magnification of each zoom level. (Hint; The common ratio is not just 0.2.)

b. What is the fourth term of this sequence? What does it represent?
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54.

55.

ALLOWANCE Danielle's parents have offered her two different options
to earn her allowance for a 9-week period over the summer. She can either get
paid $30 each week or $1 the first week, $2 for the second week, $4 for the third
week, and so on.

a. Does the second option form a geometric sequence? Explain.
b. \tVhich option should Danielle choose? Explain.

SIERPINSKfS TRIANGLE Consider the inscribed equilateral
triangles at the right. The perimeter of each triangle is
one half of the perimeter of the next larger triangle. What
is the perimeter of the smallest triangle?

If the second term of a geometric sequence is
3 and the third term is 1, find the first and fourth
terms of the sequence.

36. If the third term of a geometric sequence is -12 and the fourth term is 24, hnd
the first and fifth terms of the sequence.

57. EARTHQUAKES The Richter scale is
used to measure the force of an
earthquake. The table shows the
increase in magnitude for the values
on the Richter scale.

a. Copy and complete the table.
Remember that the rate of change
is the change in y divided by the
change in x.

b. Plot the ordered pairs (Richter number, increase in magnitude).

c. Describe the graph that you made of the Richter scale data. Is the rate of
change between any two points the same?

d. Write an exponential equation that represents the Richter scale.

CHAIIENGE Write a sequence that is both geometric and arithmetic. Explain your
answer.

FIND THE ERROR Haro and Matthew are finding the ninth term of the geometric
sequence -5, 10, -20, ... . Is either of them correct? Explain your reasoning.

*RqabUUqn[dFhk --'
The average American 9-

to l -year-old gets $9.15
each week for allowance.

Source: Money Magazine

Hatto
l0,=_Ov_L

47 = -s (-Z\t - t

= _s(slz)

= -2560

irlatt{4alt
r=J! 6r-2

-5
&e = -5' (-4e -'

= -5. -256

= 1280

38.

59.

40. REASONING Write a sequence of numbers that form a pattern but are neither
arithmetic nor geometric. Explain the pattern.

41. OPEN ENDED Write a geometric sequence that has a conlmor " ' it rano or 7.
42. WRITING lN MATH Summarize how to find a specific term of a geometric

sequence.

Chapter 9 Quadratic and Exponential Functions
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Find the eleventh term of the sequence 3, -6,
11 _)t

A 1024
B 3072
c33
D -61,44

What is the total amount of the investment
shown in the table below if interest is
compounded monthly?

SHORT RESPONSE Gloria has $6.50 in quarters
and dimes. If she has 35 coins in total, how
many of each coin does she have?

A sidewalk is being built along the inside
edges of all four sides of a rectangular lawn.
The lawn is 32 feet long and 24 feet wide. The
remaining lawn will have an area of 425

square feet. How wide will the sidewalk be?

A 3.5 feet

B 17 feet
C 24.5 feet
D 25 feetF $613.56

G $616.00

$616.56

fi718.75

Find the next three terms in each geometric sequence. (Lesson 9-7)

47. 2,6,L8,54, ... 48. -5, -10, -20, -40, ... 4r. 
', 

-+,+,-+, ...

50. -3, 1,.5, -0.75,0.375, ... 51. L,0.6,0.36,0.2L6, ... 52. 4,6,9,13.5, ...

Graph each function. Find the y-intercept and state the domain and range.
(Lesson 9-6)

5r.y-(i)'-u
56. TANDSCAPING A blue spruce grows an average of 6 inches Per year. A hemlock

grows an average of 4 inches per year. If a blue spruce is 4 feet tall and a hemlock
is 6 feet tall, write a system of equations to represent their growth. Find and
interpret the solution in the context of the situation. (Lesson 6-2)

57. MONEY City Bank requires a minimum balance of $1500 to maintain
free checking services. If Mr. Hayashi is going to write checks for the
amounts listed in the table, how much money should he start with
in order to have free checking? (Lesson 5-1)

Write an equation in slope-intercept form of the line with the given slope and
y-intercept. (Lesson 4-l)

58. slope: 4, y-intercept:2

61. slope: |,A-intercept: -9

54. y:/(4)x

slope: -3, y-intercept:

slope: -!, A-intercept:

60. slope: -f,, ll-rnt"rrept: -5
65. slope: -6, y-intercepl: -7

5s. y:+Gx)

59.

62.

1_;
J

J

4

Evaluate a('1, + r)t to the nearest hundredth for each of the given values. (Lesson t-2)

64. a:20,r:0.25,t:5 65. a:1000,r =0.65,t:4 66, a:200,r:0.35,/:B
67. a:60,r=0.2,t:1,0 68. a:B,r:0.5,t:2 59. a= 500,r:0.55,t:12
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Analyzing Functions with
Successive Differences

trh.e-nr
You graphed linear,

quadratic, and

exponential f unctions.

(Lessons 3-2, 9-1, 9-6)

D$sur
. ldentify linear,

quadratic, and

exponential functions

from given data.
. Write equations that

model data.

. Extra Examples ll

. Personal Tutor I

. Self-Check Quiz i. Homework Help ll

i;,

whjw
Every year the golf team sells candy to raise money
for charity. By knowing what type of function
models the sales of the candy, they can determine
the best price of the candy.

Identify Functions You can use linear functions,
quadratic functions, and exponential functions to
model data. The general forms of the equations and
a graph of each function type are listed below.

Model Using Graphs

Graph each set of ordered pairs. Determine whether the ordered pairs represent
a linear function, a quadratic function, ot an -ercponential function.

a. lFz,5l, (-1,2), (0,1), (1,2), (2,5))

The ordered pairs appear to
represent a quadratic function.

o. {(-r, I),Fr,f,),o,D,
The ordered pairs appear to
represent an exponential function.

I B. (-1, 0.25),, (0, 1), (L, 4), (2, 16)

) eersonal Tutor glencoe.com

(1,21, Q, q\

slencoe.com

Linear and Nonlinear Functions

Quadratic Function

y:ox2+bx+c
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Another way to determine which model best describes data is to use patterns.
The differences of successive y-values arc called first differences. The differences of
successive first differences are called second dffirences.

o If the differences of successive y-values are all equal, the data rePresent a

linear function.

. If the second differences are all equal, but the first differences are not equal, the
data represent a quadratic function.

o If the ratios of successive y-values are all equal and r + 1, the data represent an
exponential function.

Choose a Model Using Differences or Ratios

table of values to determine which kind of modelLook for a pattern in each
best describes the data.

Firstdifferences: -P---P--?"J*-)'
5555

Since the first differences are all equal, the table of values represents a linear
function.

First differences: Ln*-iJ*9u
-4 -2 -l -0.5

The first differences are not all equal. So, the table of values does not represent
a linear function. Find the second differences and compare.

First differences: -4 -2 -1 -0.5\-/\-/\-/
Seconddifferences: 2 I 0.5

The second differences are not all equal. So, the table of values does not
represent a quadratic function. Find the ratios of the y-values and compare.

4210.5
\-/\-/\-/\J
4121t0.5 I
8-2 4-2 2 1-2

The ratios of successive y-values are equal. Therefore, the table of values can
be modeled by an exponential function.

Ratios:

S gtt-"*k Yqu.r: Prqgr-gss
t.
.zx.T

) eersonal Tutor glencoe.com

Write Equations Once you find the model that best describes the data, you can
write an equation for the function. For a quadratic function in this lesson, the
equation will have the form !/ : ax2.
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Write an Equation

Determine which kind of model best describes
the data. Then write an equation for the function
that models the data.

Step I Determine which model fits the data.

3218820
\-r\-r\-r\-,

First differences: -14 -to -6 -z
second differences: YYY
Since the second differences are equal, a quadratic function models
the data.

Step Z Write an equation for the function that models the data.

The equation has the formy : ax2. Find the value of a by choosing one of
the ordered pairs from the table of values. Let's use (-1,2).

A : ax2 Equation for quadratic function

2:a(-7)2 x=-I andy- 2
a_-z : u An equation that models the data is y - 2x2.

(0, 0) cannot be used

to find the value of o.

You will have to divide

each side by 0, giving

you an undefined

value for o.

OBeal"tltlotld'tink

A poll by the National

Education Association

found that 870/o of all

teens polled found reading

relaxing, 850/o viewed

reading as rewarding,

and 790/o found

reading exciting.

Sowce: American
Demographics

€h-egkY-qurPrgg!eF.F")

4. ADVERTISING The table shows
the cost of placing an ad in a
newspaper. Determine a model that
best represents the data and write a

function that models the data.

5 6 7 I
14.50 r6.60 I8.70 20.80

{/;
I

i

!

i
t

i

$* ; ch esk Yqu-r P; sgy,e. -sp:
ai 5A.I-T--r:]

) eersonal rutor glencoe.com

Write an Equation for a Real-World Situation

BOOK CIUB The table shows the number of book club members for four
consecutive years. Determine which model best represents the data. Then write
a function that models the data.

Understand We need to find a model for
the data, and then write a

function.

Plan Find a pattern using successive differences or ratios. Then use the
general form of the equation to write a function.

Solve The constant ratio is 2. This is the value of the base. An exponential
function of the formy : abx models the data.

! : ab' Equation for exponential function

5 : a(2)0 x=O,f=i,andb=2
5:A The equation that models the data is y - 5 . 2x.

Check You used (0, 5) to write the function. Verify that every other ordered
pair satisfies the equation.

586 Chapter 9 Quadratic and Exponential Functions
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Example I
p.586

Erample 2
p. 587

Graph each set of ordered pairs. Determine whether the ordered pairs represent a
linear functiory a quailratic function, ot an exponential function.

t. (-2,8), (-1, 5),(0,2), (1, -1) 2. (-3,7), (-2,3), (-1,1), (0, 1), (L,3)

5, (-3, 8), (-2, 4), (-1,2), (0, t), (1, 0.5) 4. (0,2), (1.,2.5), (2,3), (3,3.5)

Look for a pattern in each table of values to determine which kind of model best

Determine which kind of model best describes the data. Then write an equation
for the function that models the data.

PTANTS The table shows the height of a
plant for four consecutive weeks.
Determine which kind of functionbest
models the height. Then write a
function that models the data.

Graph each set of ordered pairs. Determine whether the ordered pairs represent a

linear functiory a quailratic function, or an exponential function.

14. (-1,,1), (0, -2), (1, -3), (2, -2), (3,1) 15. (1, 2.75), (2,2.5), (3,2.25), (4,2)

t6. (-3,0.25),(-2,0.5), (-1,1),(0,2) 17. (-3,-11),(-2, -5), (-1, -3), (0, -5)
18. (-2,6), (-1,1), (0, -4), (L, -9) 19. (-1, 8), (0, 2), (1, 0.5), (2, 0.125)

Look for a pattern in each table of values to determine which kind of model best
describes the data. Then write an equation for the function that models the data.

20.

Example I
p.588

Examples 4
p. s88

Example t
p.586

Examples 2 and 5
pp.587-588

r0.

t5.

describes the data.

-3 -2 -l 0

-6.7s -7.5 -8.25 -9

-l 0 I 2

-1.25 -l -0.75 -0.5

*= Step-by-Step Solutions begin on page Rl2.

Extra Practice begins on page 8l 5.

-3 -2 -l 0

-8.8 -8.6 -8.4 -8.2

Lesson 9-9 Analyzing Functions with Successive Differences 587



Example 4
p. 588

26. WEBSITES A company launched a new Web site. They tracked the number of
visitors to its Web site over a period of 4 days. Determine which kind of model
best represents the number of visitors to the Web site with respect to time. Then
write a function that models the data.

a. Graph the data and determine which kind of function best models the data.

b. Write an equation for the function that models the data.

c. Use your equation to determine how much a 1O-minute call would cost.

DEPRECIATION The value of a car depreciates over time. The table shows the value
of a car over a period of time.

IONG DISTANCE The cost of a long-distance telephone call depends on the length
of the call. The table shows the cost for up to 6 minutes.

*BtdF[Uod6E-Hbr

The top three forms of

communication used by

teenagers are e-mail, cell

phones, and landline

telephones.

Source: Harris lnteractive

a. Determine which kind of function best models the data.

b. Write an equation for the function that models the clata.

c. Use your equation to determine how much the car is worth after 7 years.

29. BACIERIA A scientist estimates that a bacteria culture rvith an initial population of
12 will triple every hour.

a. Make a table to show the bacteria population for the first 4 hours.

b. Which kind of model best represents the data?

c. Write a function that models the data.

d. How many bacteria will there be after 8 hours?

50. PRINTING A printing company charges the fees
shown to print flyers. Write a function that models
the total cost of the flyers, and determine how much
30 flyers would cost.

51. CHALLENGE Write a function that has constant second differences, first differences
that are not constant, a y-intercept of -5, and passes through the point at (2,3).

52. REASONING What type of function will have a constant third differences but not
constant second differences? Explain.

55. OPEN ENDED Write a linear function that has a constant first difference of 4.

54. REASONING If data can be modeled by a quadratic function, what is the
relationship between the coefficient of x2 and the constant second ciifference?

55. WRITING lN MATH Summarize how to determine whether a given set of data is
modeled by a linear function, a quadratic function, or an exponential function.

588 Chapter 9 Quadratic and Exponential Functions
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SHORT RESPONSE Write an equation that
models the data in the table.

The point (r, -4) lies on a line with an
equation of 2x + 3y : -8. Find the value
of r.

57. What is the equation of the line below? 59. GEOMETRY The rectangle has an area of
220 square feet. Find the length /.v:?x+2

)_v-=x-2-5

y:lx+2
5^Y:rx-z

A 8 feet

B 10 feet

C 22feet
D 34 feet

40. INVISTMENTS joey's investment of $2500 has been decreasing in value at a rate of
1.5% each year. What will his investment be worth in 5 years? (Lesson 9-8)

Write an equation for the nth term of each geometric sequence/ and find the
seventh term of each sequence. (Lesson 9-7)

41. 1,2,4,8, ...

44. 99, -33,\1.,...

Find each product. (Lesson 7-8)

a7. @ - 4)z

50. (a - 5)(a + s)

54. 3x:5a
57.y+5:0

4, -12,36, ...
271
itit-7t,..
JJO

(4x - 712

(9c-2d2)(9c+2d2)

56. 6xy * 3x:4
59. y:4x2-1.

Gz. f(x): ll, * u 
I

Analyzing Functions with Successive Differences 589

Graph each function. (Lesson 4-7)

60. f(x) : lx - 2l

42. -20, -10, -5, ...

45. 22,44,88, ...

(2y + 3)2

(5x-6y)(5x+6y)

55.6-U:2x
58. 7y:2x I 5x

61. g(x) : l3x * 4l

4t.

46.

49.

52.

48.

51.

55. CANOE RENTAL To rent a canoe, you must pay a daily rate plus $10 per hour. Ilia
and her friends rented a canoe for 3 hours and paid $45. Write a linear equation
for the cost C of renting the canoe for h hours, and determine how much it cost to
rent the canoe for 8 hours. (Lesson 4-2)

Determine whether each equation is a linear equation. If so, write the equation in
standard form. (Lesson 3-t)

Lesson 9-9



Math Online

. Other Calculator Keystrokes

. Graphing Technology Personal Tutor

If there is a constant increase or decrease in data values, there is a linear trend. If the
values are increasing or decreasing more and more rapidly, there may be a quadratlc
or exponential trend.

Linear Trend Quadratic Trend Exponential lrend

[0, 5] scl: 1 by [0,6] sct: t[0, 5] sct: 1 by [0,6] scl: 1 [0,5] scl: 1 by [0,6] scl: 1 [0, 5] scl: 1 by [0,6] l

With a graphing calculator, you can find the appropriate regression equation.

CHARTER AlRtlNE The table shows the average monthly number of flights made each
year by a charter airline that was founded in 2000.

Make a scatter plot. Find the regression equation.

o Enter the number of years since 2000 in Ll and the
number of flights in 12.

KEYSTRoKES: Reaieu entering n list on page 253.

. lJse STAT PLOT to graph the scatter plot.

KEysTRoKEs: Reaiew statistical plots on pnge 254.

Use Zoom I 9 to graPh.

From the scatter plot we can see that the data may
have either a quadratic trend or an exponential
trend.

We will check both trends by examining their
regression equations.
. Select DiagnosticOn from. the CATALOC.

. Select QuadReg on the menu.

xEysTRoKEs: Is-rAT-.lE s Emenl ENTERI

The equation is in

theformy=ox2
+bx+c.

The equation is about !/ : 0.25x2 + 3x + 77.

R2 is the coefficient of determination. The closer R2

is to 1, the better the model. To acquire the
exponential equation select ExpReg on the IETAI
menu. To choose a quadratic or exponential model,
fit both and use the one with the R2 value closer to 1.

[0,5] sct: 1 by [0,6] scl: 1

.ltl.i,'. ':r.,, i

rlt 
ir rr.tr t,t:r ir:l

9::a.1.:::t:'
''..:::.-r:i.ri..ri

t
!

!
!

lo, tol scl:1 by [0,60] scl:5
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Plot each set of data points. Determine whether to use a linear, quadratic
or exponential regression equation. State the coefficient of determination.

5. BAKING Alyssa baked a cake and is waiting for it to cool so she can ice it.
The table shows the temperature of the cake every 5 minutes after Alyssa
took it out of the oven.

a. Make a scatter plot of the data.

b. Which regression equation has an R2 value closest to 1? Is this the equation
that best fits the context of the problem? Explain your reasoning.

c. Find an appropriate regression equation, and state the coefficient of
determination. What is the domain and range?

d. Alyssa will ice the cake when it reaches room temperature (70'F). Use the
regression equation to predict when she can ice her cake.

,f/fflf..reorct usrns the eouarion'

I ff tnis trend continues, we can use the graph of our

I equation to predict the monthly number of flights

I the airline will make in a specific year. Let's check

I 
the lear 2020. Firsi adiust the window.

| *rrrr*o*rs, @ reALOl1At x : enter 20 EFIFRI.t-;tffi
| 

,0.251 scl:1 b}/ [o.2oo] scl:5

I there will be approximately 177 flights per month if

L,":51o 
continues.

[0, 1o] scl: 1 by [0, 6oJ scl:5
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Key Conrepts
Graphing Quadratic Functions ftesson s-l)

. A quadratic function can be described by an equation
of the form Y : ox2 + bx + c, where a t' 0.

. The axis of symmetry for the graph of y : ox2 + bx +
c,where o{o,isx:-+.

Solving Quadratic Equations (essons s-2,s-4,and e-5)

. Quadratic equations can be solved by graphing, The

solutions are the x-intercepts or zeros of the related
quadratic function.

. Quadratic equations can be solved by completing the

square. To complete the square lor x2 + bx, find ) of

b, square this result, and then add the result to x 2 + bx.

. Quadratic equations can be solved by using the

Quadratic Formula, x : -b *l b' - +* 
.

2o

Transformations of Quadratic Functions Gesson e-i)

. f(x) : x2 + c translates the graph up or down.

. f(x) : ax2 compresses or expands the graph vertically.

Exponential Functions (Lessons e-6 and 9-7)

. An exponential function can be described by an

equation of the form y = obx, where a + O, b > O

andb{t.
. The general equation for exponential growth is

y : o(t + r)r, where r > 0, and the general equation
for exponential decay is y : s11 - r)r, where

0 < r < l. y represents the final amount, a is the
initial amount, r represents the rate of change, and t is
the time in years.

Be sure the Key Concepts

are noted in your Foldable.

Key Uorabulary
axis of symmetry (p. s2s)

common ratio (p. s78)

completing the square (p. 5s2)

compound interest (p. s74)

dilation (p. s4s)

discriminant (p. s6r)

double root (p. s38)

exponential deoy 1p. sz+;

exponential function (p. 567)

exponential growth (p. 57I)

geometric sequence (p. 578)

maximum (p. s2s)

minimum (p. s2s)

parabola (p. s2s)

Quadratic Formula (p. sso)

quadratic function (p. s2s)

reflection (p. s4s)

standard form (p.52s)

symmetry (p. s26)

transformation (p. s44)

translation (p. s44)

veilex 1p. szsl

Vorabulary Check
State whether each sentence is true or false.lf false,
replace the underlined term to make a true
sentence.

l. The axis of svmmetrv of a ouadratic function can

be found by using the equationx: -*.
2. The vertex is the maxirnum or minimum point of

a parabola.

5. The graph of a quadratic function is a straieht
line.

4. The graph of a quadratic function has a
maximum if the coefficient of the x2 is positive.

5. A quadratic equation with a graph that has two
x-intercepts has one real root.

6. The expression b2 - 4ac is called the
discriminant.

7. An examole of an exoonential function is y = 3*.

8. The exponential growth equation is y : 911 - ,1t.

9. The solutions of a quadratic equation are called
roots.

10. The graph of the parent function is translated
down to form the graph of f(x): x2 + 5.
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Lesson-by-lesson Review

Graphing Quadratic Functions (pp. s2s-s3s)

Solving Quadratic Equations by Graphing @p.557-542)

Considerflrl=x2+6r+5.
a. Determine whether the function has a

maximum or minimum value.

For f(x) = x2 I 6x + 5, a = L,b : 6,and c = 5.

Because a is positive, the graph opens up/ so

the function has a minimum value.

b. State lhe minimum or maximum valae of
the function.

The minimum value is the y-coordinate of
the vertex.

The x-coordinate of the vertex i" * o, ilior -3.
f(xl:x2 + 6x +5 originalfunction

f(-gl = (-3)2 + 6(-3) + 5 x=-t
f(-3): -4 simPlifY'

The minimum value is -4.
c. State the domain and range of the function.

The domain is all real numbers. The range is
all real numbers greater than or equal to the
minimum value, ot {yly > -4}.

Consider each equation.

a. Determine whether the function has a
maximum or minimum value.

b. State the maximum or minimum value.

c. What are the domain and range of the
function?

ll.y-x2-4x+4
12.y--x2+3x
15. y:x2-2x-3
14, Y: - x2 +2.

t5. BASEBALL Abaseball is thrown with an
upward velocity of 32feet per second. The
equation h = -1.6t2 * 32f gives the height of
the ball f seconds after it is thrown.

a. Determine whether the function has a
maximum or minimum value.

b. State the maximum or minimum value.

c. State a reasonable domain and range for
this situation.

Solve x2 -x-6- 0bygraphing.

Graph the related function/(x): x2 - x - 6.

The x-intercepts of the graph appear to be at

-2 and 3, so the solutions are -2 and 3.

Solve each equation by graphing. If integral
roots cannot be found, estimate the roots to the
nearest tenth.

16. x2 - 3x - 4:0
17. -x2*6x-9:0
18. x2-x-12:0
19. x2-l4x-3:0
20. x2 - 10x = -21.

21. 6x2 - 13x :1.5

22. NUMBER THEORY Find two numbers that
have a sum of 2 and a product of -15.
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Transformations of Quadratic Functions (pp. s44-s4e)

Solving Quadratic Equations by Completing the Square (pp.5s2-ss7)

2t. f(x) = x2 t 8

25. f(x):)Y2
2t. f(x) = +*'

2+. f(x) = x2 - 3

26. f(x):4x2 - L8

28. f(x) = I*'

Describe how the graph of each function is
related to the graph off(xl - x2.

29. Write an equation for the function shown in
the graph.

PHYSICS Aball is dropped off a cliff that is
100 feet high. The function h = -1.6t2 + 100
models the height h of thte ball after f
seconds. Compare the graph of this
function to the graph of h : t2.

Describe how the graph of f@) : x2 - 2 is
related to the graph off(xl = x2.

The graph off(x) = x2 + c represents a
translation up or down of the parent graph.

Since c - -2, the translation is down.

So, the graph is shifted down from the parent
function.

Write an equation for the function shown in
the graph.

Since the graph opens upward, the leading
coefficient must be positive. The parabola has
not been translated up or downz so c = 0. Since
the graph is stretched vertically, it must be of the
form ofl(x) : ax2 where a > 1.. The equation for
the function is y - 2x2.

Solve each equation by completing the square.
Round to the nearest tenth if necessary.

31. x2 + 6x +9:16
!2. -a2 - lOa -l25 =25

3t. y2 - By + 16:36

14. y2 - 6y +2:O
35. n2 -7n:5
56. -3x2 * 4: O

57. NUMBER THEORY Find two numbers that
have a sum of -2 and a product of -48.

Solve x2 - 16x * 32 = 0 by competing the
square. Round to the nearest tenth if necessary.

Isolate the x2- and x-terms. Then complete the
square and solve.

x2 - 1.5x * 32 = 0

x2 - 1.6x: -32
x2-1.6x*64=-32+64

(x - g1z =32
x-8= f\E

x :8 +lE
x:8 + 4t/i

The solutions are about 2.3 and 13.7.
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Solve x2 + 1.0x * 9 = 0 by using the Quadratic

2(r)

-to +t/U:-___T-

-10+8 -10-8=2o-,
:-1 or-9

Quadratic Formula

O=l,b = IOC=9

Simplify.

Separate the solutions.

Simplify.

102 - 4(1Xe)

Solve each equation by using the Quadratic
Formula. Round to the nearest tenth if
necessary.

!8. x2 -8x=20
59.21,x2*5x-7=0
40. d2-5d+6=0
$.2f+7f-15=0
42.2h2-t8h+3=3
4t. 4x2 + 4x:15
44. GEOMETRY The area of a square canbe

quadrupled by increasing the side length
and width by 4 inches. \Atrhat is the side
length?

Solving Quadratic Equations by Using the Quadratic Formula (pp. ss8-s64)

Exponential Functions Op. s67-572)

Growth and Decay Op.s7s-577)

Graph A :3x * 6. Find the y-intercept, and
state the domain and range.

-R-6-4-2(i ? 4 6 AX

The y-intercept is (0, 7). The domain is all real
numbers, and the range is all real numbers
greater than 6.

Graph each function. Find the y-intercept,
and state the domain and range.

45. y:lx
46.y-3I+L
47. y:4x +2
48.y-2*-3

49. BIOIOGY The population of bacteria in a
petri dish increases according to the model

P :550(2.7)0'008', where f is the number of
hours and f : 0 corresponds to 1:00 p.tu.

Use this model to estimate the number of
bacteria in the dish at 5:00 p.vr.

Find the final value of $2000 invested at an
interest rate of 3% compounded quarterly for
8 years.

e = P(L * #)"t Gompound interest equation

:2ooo(1 * ry)n"' lllll?o',==o!''
= $2540.22 Use a calculator.

There will be about $2540.22 in 8 years.

50. Find the final value of $2500 invested at an
interest rate of 2% compounded monthly for
10 years.

51. COMPUTERS Zita's computer is depreciating
at a rate of 3"/" per year. She bought the
computer for $1200.

a. Write an equation to represent this
situation.

b. \Alhat will the computer's value be after
5 years?
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Geometric Sequences as Exponential Functions (pp. s7s-s83)

Analyzing Functions with Successive Differences (pp. ss4-sse)

Find the next three terms in each geometric
sequence.

52. -').,1, -1,1-, ...

55, 3,9,27,...

54. 256,128,64, ...

Write the equation for the zth term of each
geometric sequence.

55. -1,1., -1,1.,...
56. 3,9,27,...

57. 256,128,64, ...

58. SPORTS Abasketball is dropped from a

height of 20 feet. It bounces to ] lts height
after each bounce. Draw a graph to represent
the situation.

Find the next three terms in the geometric
sequence 2,6, 18,,,,,

Step t Find the common ratio. Each number is
3 times the previous number, so r = 3.

Step 2 Multiply each term by the common ratio
to find the next three terms.

18 x 3 =54,54x3=162,162x3=486
The next three terms are 54,162, and 486.

Write the equation for the nth term of the
geometric sequence -3,12, -48, ... .

The common ratio is -4. So r = -4.
an = fl7rn - 1 Formula for the nth term

an = -J(-{)n - 1' dr = -5 and r = -4

Look for a pattern in each table of values to
determine which kind of model best describes
the data. Then write an equation for the
function that models the data.

SCHOOL SPIRIT The table shows the cost to
purchase school-spirit posters. Determine
which kind of model best describes the data.
Then write the equation.

Determine which kind of model best describes
the data. Then write an equation for the
function that models the data.

Step t Determine which model fits the data.

Firstdifferences:'-n"luorU
ttlt

Since the first differences are all equal, a

linear function models the data.

Step 2 Write an equation for the function that
models the data.

The equation has the formy : mx * b.

The slope is 1 and the y-intercept is 3,
so the equation isy = x + 3.
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Use a table of values to graph the following
functions. State the domain and range.

l. Y =x2 +2x +5
2. y--2x2-3x+1.

ConsiderA=x2-7x*6.
5. Determine whether the function has amaximum

or minimum value.

4. State the maximum or minimum value.

5, What are the domain and range?

Solve each equation by graphing. If integral roots
cannot be found, estimate the roots to the nearest
tenth.

6. x2 +7x +10 =0
7. x2-5---3x

Describe how the graph of each function is related
to the graph ol f(x) : x2.

8.g(x):x2-5
9. g(x) : -3x2
lO. h(x) : Lrrz + +

t t. MULTIPLE CHOICE \tVhich is an equation for the
function shown in the graph?

A Y: -3*'
B Y =3x2 +1'

CY:x2+2
DY=-3x2+2

Solve each equation by completing the square.

12. x2+2x+5=O

l!. x2-x-6:O
14. 2x2 - 36 -- -6x

Solve each equation by using the Quadratic
Formula. Round to the nearest tenth if necessary.

15. x2-x-30:0
16. x2 - LOr = -15
17.2x2*x-15=0

18. BASEBAII Elias hits a baseball into the air. The
equation h : -L6t2 + 60f + 3 models the height
h tn leet of the ball after f seconds. How long is
the ball in the air?

Graph each function. Find the y-intercept, and
state the domain and range.

19. y : l(51x

20. y = -3(11)r
21. y:3x+2

Find the next three terms in each geometric
sequence.

22. 2, -6,18, ...

25. 1000,500,250, ...

24. 32,8,2,...

25. MONEY Lynne invested $500 into an account
with a 6.5% interest rate compounded monthly.
How much will Lynne's investment be worth in
10 years?

F $600.00

G $938.57

H $956.09

I $e57.02

INVESTMENTS Shelly's investment of $3000 has

been losing value at a rate of 3% each year- What
will her investment be worth in 6 years?

Graph {(-2,4), (-1, 1), (0, 0), (1, 1), (2,4)1.

Determine whether the ordered pairs represent a

linear function, a quadratic function, or arr

exponential function.

Look for a pattern in the table to determine
which kind of model best describes the data.

26.

27.

28.
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Use a Formula
Aformuln is an equation that shows a relationship among certain
quantities. Many standardized test problems will require using a
formula to solve them.

Strategies for Using a Formula

Become familiar with common formulas and their uses. You may or
may not be given access to a formula sheet to use during the test.

. If given a formula sheet, be sure to practice with the formulas on it before
taking the test so you know how to apply them.

o If not given a formula sheet, study and practice with common formulas such
as perimeter, atea, and volume formulas, the Distance Formula, the
Pythagorean Theorem, the Midpoint Formula, the Quadratic Formula, and
others.

Choose a formula and solve.

. Ask Yourself: What quantities are given in the problem statement?

Ask Yourself: What quantities am I looking for?

Ask Yourself: Is there a formula I know that relates these quantities?

Write: Write the formula out that you have chosen each time.

Solve: Substitute known quantities into the formula and solve for the
unknown quantity.

Check Check your answer if time permits.

Read the problem. Identify what you need to know. Then use the information
in the problem to solve.

a

a

a

a

Find the exact roots of the quadratic equation -2x2 + 6x + 5 :0.

"e=P
u nt{

.eig
o'*f
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Read the problem carefully. You are given a quadratic equation and asked to find
the exact roots of the equation. Use the Quadratic Formula to find the roots.

-2x2+6x+5:0
a: -2,b :6, c = 5

-b+ \/b2-k;x:

-(6) r

Original equation

ldentify the coefficients of the equation.

Quadratic Formula

o=-2,6=6,andc=5

Simplify.

Subtract.

t/i6 = V4. t9 orz../t9.

Factor out -2 from the numerator and denominator.

Simplify,

A 18.5 cm3

B 9L cm3

2(-2)

-6 L 136 1-40)
4

-!-!-176-
-4

-!_!_rlo_
-4

*2Q t{le):-
-2(2)

3 + t/ts
2

The roots of the equation ur"?lf ^ dg-P. The correct answer is C.

Read each problem. Identify what you need to
know. Then use the information in the problem
to solve.

5. Find the volume of the figure below.

l. Find the exact roots of the quadratic equation
x2+5x-12:0.

^ -5 + t/ZeA_ C

,!!P D

4 i\m
4

-1, r\/6i,
2

C 272cm3

D 292.5 cm3

2. The area of a triangle in which the length of the
base is 4 centimeters greater than twice the height
is B0 square centimeters. \Mhat is the length of the
base of the triangle?

F -10
G8
H 1,6

120

Myron is traveling 263.5 miles at an average rate
of 62 miles per hour. How long will it take Myron
to complete his trip?

F 5h25min

G 4h15min

H 5h10min

I 4h25 min
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Read each question. Then fill in the correct answer
on the answer document provided by your teacher
or on a sheet of paper.

l. What is the vertex of the parabola graphed
below?

A (2,0)

B (0,2)

c (-2,2)

D (2, -2)

Write an equation in slope-intercept form with

a slope of fr and y-intercept of 3.

F Y:3*+h
G y=fix+z

H y:h*-,
I Y:r*-h

Use the Quadratic Formula to find the exact
solutions of the equation 2x2 - 6x * 3 : 0.

^ 
3t/5

2

B 3,{'?

^ 2+\/itg

"ry
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4. Write an expression for the area of the rectangle
below.

F 1.0bsc5 - 3bc

G 1Obscs - 1.5b2c3

H 2bsc5 _ 3b2c3

I t}b+co - 1.5bc2

Solve the quadratic equation below by graphing.

x2-2x-15:o
A -L,4
B -3,5
c 3,-5
DA

Jason is playing games at a family fun center. So
far he has won 38 prize tickets. How many more
tickets would he need to win to place him in the
gold prize category?

2<t<22
3<t<22

7<t<20
?<t<-)o

H

T

F

G

Question 5 lf permitted, you can use a graphing calculator to
quickly graph an equation and find its roots.

2t c' - sbc



Math Online

Standardized Test Practice

Record your answers on the answer sheet provided
by your teacher or on a sheet of paper.

7. GRIDDED RESPONSE Misty purchased a car several
years ago for $21,459. The value of the car
depreciated at a rate of 75% annually. What was
the value of the car after 5 years? Round your
answer to the nearest whole dollar.

8. Use the graph of the quadratic equation shown
below to answer each question.

What is the vertex?

What is the y-intercept?

What is the axis of symmetry?

\A/hat are the roots of the corresponding
quadratic equation?

The cost of 5 notebooks and 3 pens is $9.75. The
cost of 4 notebooks and 6 pens is $10.50. Which
of the following systems can be used to find the
cost of a notebook n and a pen p?

a. Write a system of equations to model the
situation.

b. Solve the system of equations. How much
does each item cost?

10. The table shows the total cost of renting a canoe
for r hours.

a. Write a function to represent the situation.
b. How much would it cost to rent the canoe for

7 hours?

Record your answers on a sheet of paper. Show
your work.

I l. Use the equation and its graph to answer each
question.

Factor x2 -7x + 70.

What are the solutions of x2 - 7x -l10 = 0?

What do you notice about the graph of the
quadratic equation and where it crosses the
r-axis? How do these values compare to the
solutions of x2 - 7x + 1.0: 0? Explain.

a.

b.

c.

d.

9.

a.

b.

c.
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Uireur
ln Chapters 8 and 9, you solved

quadratic equations.

DUsur
ln Chapter lo, you will:

. Graph and transform radical

functions.
. Simplify, add, subtract, and

multiply radical expressions.
. Solve radical equations.
. Use the Pythagorean Theorem.
. Find trigonometric ratios.

WF,tuf]
*ocrnns rsunamis, or

large waves, are generated by

undersea earthquakes. A

radical equation can be used

to find the speed of a tsunami

in meters per second or the

depth of the ocean in meters.

l.tt [.d tu Sd of o iltmi w. M e(umd i.
&iid o doS ol atm ek

OnO(& ll, 1164, dc.d@I. d @.tu.5.s
Hikqiei.tuh.,hii. llM&rdo
dd of omnd.h i.@ ds, nd h tpd .t

U* b h!6 6, h sd ol d hooha tr

Speod =Vlrd-
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