What You'll Learn
® To graph relations

® To identify functions

...And Why

To write a function for the
area of a square, as in
Example 6

. (f Check skills You'll Need

Relations and Functions

and Lesson 1-2

Graph each ordered pair on the coordinate plane. 1-5. See back of book.

1.(—4,-38) 2. (3,6) 3. (0,0) 4. (-1,3) 5. (—6,5)
Evaluate each expression for x = —1,0, 2, and 5.
6.x +2 7. —2x + 3 8.2x2 + 1 9. [x — 3]
1!2!4!7 5,3, _1,—7 351)9751 4!3!1’2
%)) New Vocabulary e relation e domain e range e mapping diagram
) New Vocabulary

e function e vertical-line test e function notation

Suppose you use a motion detector to track an egg as it drops from 10 ft above
the ground. The motion detector stores input values (times) and output values
(heights). A relation is a set of pairs of input and output values. You can write
a relation as a set of ordered pairs.

for Help skills Handbook page 876

2-1

Objectives
1 To graph relations
2 To identify functions

Examples

Graphing a Relation
Finding Domain and Range
Making a Mapping Diagram
Identifying Functions

Using the Vertical-Line Test
Real-World Connection

Professional
Development

Math Background

AUV hHh WN =

A relation between two sets of
numbers can be represented by a
set of ordered pairs. The first
coordinate of the ordered pair

is called the input value, or
x-coordinate. The second
coordinate of the ordered pair is

input (time in seconds) — {0 0.1 0.2 0.3 0.4}
1 1 1 1 called the output value, or
relation — {(0, 10), (0.1, 9.8), (0.2, 9.4), (0.3, 8.6), (0.4, 7.4)} y-coordinate. It is common to
1 1 1 1 1 assume that the ordered pairs
output (height in feet) — {10 9.8 9.4 8.6 7.4) ofe elkiben are el i

this understanding, a function

is a relation for which no
x-coordinate is paired with more
than one y-coordinate.

You can graph a relation on a coordinate plane.

‘ m Graphing a Relation

Graph the relation {(—2,4), (3, —2),(—1,0), (1,5)}.

More Math Background: p. 52C

y Lesson Planning and

6 Resources
®(1,5)
(-2 .4) 4 See p. 52E for a list of the
’ 5 Graph and label each ordered pair. resources that support this lesson.

(_1’0)_
-4 -2 0 2 x

A camera recorded the egg’s
height at various times during g —2
its fall.

PowerPoint
-
c Bell Ringer Practice

@ check skills You'll Need
For intervention, direct students to:

The Coordinate Plane
Skills Handbook: p. 876
Example 1

@ Quick Check @ Graph cach relation. a-b. See back of book.
a. ((0,4), (—2,3), (—1,3), (~2,2), (1, —3)}
b. {(_27 1)7 (_1’ 0)’ (0’ 1)7 (17 2)}

Lesson 2-1 Relations and Functions 55 Algebraic Expressions
. - Lesson 1-2: Examples 1, 2
Differentiated Instruction B R L. AreT e Extra Skills and Word
Special Needs Below Level Problems Practice, Ch. 1

Explain that all functions are relations, but not all
relations are functions. The relation x = y2 is not a
function because there are two values of y for every
positive value of x.

Help students distinguish between a relation and a
function. A function is a special kind of relation in
which each x-value can have only one corresponding
y-value. In a graph, the vertical-line test identifies
repeated y-values in relations that are not functions.
learning style: visual

learning style: verbal 55




Guided Instruction

QEZED) math Tip

Many students expect an easily
discernable pattern in the
coordinates of points for a
mathematical relation. Explain
that mathematics often uses very
broad, inclusive definitions.

QEZED Teaching Tip

To help students remember which
coordinates to use for the domain
and range, use alphabetical order.
The letter d, for x-coordinates,
precedes the letter r, for
y-coordinates as x precedes y.

PowerPoint
V=

= Additional Examples

@ Graph the relation {(-3, 3),
(2, 2), (=2, -2), (0, 4), (1, =2)}.

y
cspo 1404
o (2,2)
3 2 o[ [
2, 27 T2 ta]=
4

@ Write the ordered pairs for
the relation. Find the domain

and range.

Rz

N

T4

{(_4’ 4)1 (_31 _2)1 (_21 4)1 (25 _4)5
(35 2)}; D= {_41 _3! _2! 2’ 3}!

R ={-4,-2,2,4)

9 Make a mapping diagram for
the relation {(—1, 7), (1, 3), (1, 7),

(=1,3

Domai

).

n Range

—14
1

><

>3
B>=7

56

Backpacks or bookbags are
used by 93% of students.

The domain of a relation is the set of all inputs, or x-coordinates of the ordered
pairs. The range of a relation is the set of all outputs, or y-coordinates of the
ordered pairs.

You can sometimes find the domain and range of a relation from its graph.

m Finding Domain and Range

Write the ordered pairs for the relation

shown in the graph. Find the domain Books & Bookbags
and range. % 1 o .
{(2,4),(3,4.5),(4,7.5),(5,7),(6,5),(6,7.5)} %6 | !
The domain is {2, 3,4, 5, 6}. % 4 1

The range is {4,4.5,5,7,7.5}. i%’z/_)

lo) 2 4 ©
Number of Books

@ Qlli(k Check @ Find the domain and range of each relation.
a.

3a. domain range

0 2
1 3
2 4
b. domain range

—2} 3
-1 5
0“\

2—F8

b.
4 4 ° 4 Y
{ ]
° 2 2
® L L J o
-4 -2 O 2 X —4 -2 O 2 X
-2 L ]
° —3
—4 ° °
domain {-3, 0, 2, 4}, domain {-3, —1, 1},
range {2, 1, 4, —3} range {—4, -2, 1, 3}

Another way to show a relation is to use a mapping diagram, which links
elements of the domain with corresponding elements of the range. Write the
elements of the domain in one region and the elements of the range in another.
Draw arrows to show how each element from the domain is paired with elements
from the range.

m Making a Mapping Diagram

Make a mapping diagram for the relation {(—1, —2), (3, 6), (=5, —10), (3,2)}.

Domain Range

Pair the domain elements with the range elements.

@ Qlli(k Check © Make a mapping diagram for each relation. See left.

a. {(0,2),(1,3),(2,4)}
b. {(2,8),(—1,5),(0,8),(—1,3),(—-2,3)}

56 Chapter 2 Functions, Equations, and Graphs

Advanced Learners

English Language Learners ELL

Have students determine whether the computer Use function notation to reinforce the mathematical

spreadsheet function SQRT is a mathematical

function. Yes

meanings of domain and range. Write a function such
as f(x) = 2x — 3 on the board. Identify the function
name as f, the domain or input as x, and the range or
output as f(x) using colors.

learning style: tactile learning style: visual




Guided Instructi
2 Identifying Functions uided Instruction

_ o L . OQEZIET) Auditory Learners
A function is a relation in which each element of the domain is paired with
exactly one element in the range. Have students verbalize how the
arrows in a mapping diagram can

i . be used to decide whether a
m Identlfymg Functions relation is a function.

Determine whether each relation is a function. et
a. Domain  Range The element —2 of the domain is paired with = Additional Examples
2 i both —.1 and 3 of the range. The relation is not
0B 3 a function. @ Determine whether the
5 4 relation is a function. not a
function
Domain Range
b. Domain Range Each element of the domain is paired with exactly -3 < 4
one element of the range. The relation is a function. 2 B35
© Use the vertical-line test to

¢ determine whether the graph

represents a function. function
y

@ Qlli(k Check O Determine whether each relation is a function.

a. Domain Range function b. Domain Range not a function
2 [
G B .

> 7

1~ 6 0=
‘ 8 1 10 -4 |-

'S

O 1

NNQSY

N
N
—
Ny

ES

You can identify a function by its domain, its range, and the rule that relates the
™ Vocabul ary Tip domain tq the range. You can picture a function as in Example 4 or with a graph in
the coordinate plane. When the domain values are discrete, the graph may be a
The word discrete means collection of isolated points. When the domain values are continuous, such as the

“separate.” The word .
>ep ,, set of real numbers, the graph may be a line or curve.
discreet means “careful

about what one says or . . )
does.” You can use the vertical-line test on the graph of a relation to tell whether the

relation is a function. If a vertical line passes through at least two points on the
graph, then one element of the domain is paired with more than one element of
the range. The relation is not a function.

m Using the Vertical-Line Test

@ "].I 0 Use the vertical-line test to determine whether each graph represents a function.
active math'y
4 s L yho4
| Y Vertical line | | | |
I passes through | I I |
! . . | I
<« 3 points 1 point —» | ) |
| | | |
. . . IO X | I O] | I x
For: Exploring Functions Activity | . | | | |
Use: Interactive Textbook, 2-1 = Not a function | | | |
/ A function — I | | I
| | | | |
® \ A \ \ A
Lesson 2-1 Relations and Functions 57

57



QEZED) mathTip

Point out that the input value
is 3.5. The output value is A(3.5)
or 12.25.

PowerPoint

= Additional Examples

o Find f(2) for each function.
a. f0=-x2+1-3

b. f(x) = |3x| 6

¢ f0)=725 -9

Resources

 Daily Notetaking Guide 2-1

e Daily Notetaking Guide 2-1—
Adapted Instruction

Closure

Ask students how functions are
different from relations that are
not functions. For a function,
each element of the domain is
paired with exactly one element
of the range. For relations that
are not functions, there is at least
one element of the domain paired
with more than one element of
the range.

pages 59-61 Exercises

1. y

N

58

@ Qlli(k (l‘IECk 9 Use the vertical-line test to determine whether each graph represents a function.

a. b. C.
y Y 4 y
2 2 ° °
2
2 O\ 2 * 2 ol \2 X 7 ?
Pt i) -2 O 2 x
-2
[ ) [ ]

not a function function

not a function

A function rule expresses an output value in terms of an input value.

Examples of Function Rules

Input Input Input
{ \ {
y=2x flx)y=x+5 C=nd
o 1 1 1
Video Tutor Help Output Output Output

Visit: PhSchool.com

Web Code: -0775 . . .
eb toderage You read the function notation f(x) as “f of x” or “a function f of x.” Note that

f(x) does not mean “f times x.” When the value of x is 3, f(3), read “f of 3,”
represents the value of the function atx = 3.

Input Function Output Ordered Pair
5 ——— Subtractl —— 4 5,4)
a — Add 2 — a+2 (a,a+2)
3 — 4 — 30 (3, 8(3))
x — f — [ (x, f(x))

m Real-World @ Connection

Art The area of a square tile is a function of the length of a side of the square.
Write a function rule for the area of a square. Evaluate the function for a square
tile with side length 3.5 in.

Relate area of a square is (side length)?

Define Let s = the length of one side of the square tile.

Then A(s) = the area of the square tile.

Write A(s) = 57

Real-World @ Connection

Square tiles are used as
decorative wall and floor
coverings.

9 ®

A(3.5) = (3.5)2  Substitute 3.5 for s.
= 12.25  Simplify.

The area of a square tile with side length 3.5 in. is 12.25 in.%.

alw
|
N

@ QIIiCk Check O Find f(=3),£(0), and f(5) for each function. b. _T13, -1, ¢ g,

a
a f(x) =3x -5 b.f(a):%a—l c f
—-14, -5, 10

—~
~
~

Il

|
v~ o
<

+
wnjw
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y 3. y 4, o‘ y X
1 2 3

-

N
3
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EXERCISES

Practice and Problem Solving

For more exercises, see Extra Skill and Word Problem Practice.

Q Practice by Example

Example 1

(page 55)
for
Help
Example 2
(page 56)

Example 3
(page 56)

Example 4
(page 57)

Example 5
(page 57)

Example 6
(page 58)

5. (_2! _2)’ (_1’ 1)’ (17 1)!
(1! 0)’ (3! 3)3 (3, _2);
domain {—2, —1, 1, 3},
range {—2,0, 1, 3}

Graph each relation. 1-7. See margin pp. 58-59.
1. {(=1,3),(=2,1),(=3,-3),(=4, -5} 2.{(0,-2),(2,0),(3,1),(5,3)}

3. {(—1,0),(%, -1).(0.3).(-1, —%)} 4. {(2%,0),(—%,0),(2,0),(0,0)}

Write the ordered pairs for each relation. Find the domain and range.

Make a mapping diagram for each relation. 8-11. See back of book.
8. {(0,0), (-1, -1),(=2,-8),(=3,-27)} 9.{(—2,8),(—1,1),(0,0),(1,1),(2,8)}

10. {(-5.11),(0.10).(}.5). (1.12)) 11. {(5.10), (10,5), (15,20), (20, 15)}

Determine whether each relation is a function.

not a function function
12. {(1, -2),(-2,0),(-1,2),(1,3)} 13. {(1,1),(2,2),(3,5), (4,10), (5,15)}

10 {(1.19).(5.17).(15.9).(7.15)f 15 {(-2.2).(2.2).0.-5).(5.2)

function function
Use the vertical-line test to determine whether each graph represents a function.
16. 18.
o 4l y
° )
¢ o
.—> O X
-2 0 2 X i
function not a function function
19. y 20. ,17
: <
-2 o] Ox
-2 0 2 X -
—2

function

not a function

For each function, find f(=5), £(~3), f(1), and f(4).
22. f(a) = 2a + 3 23. f(y) = -3y —2

25. f(x) = —x — 7 26. f(d) = 1— 4d

28. f(h) = —6h — % 29. f(x) = 2x + %
22-30. See back of book.

31. Measurement One meter equals about 39.37 in. Write a function rule for

converting inches to meters. Evaluate the function for 59 in. ¥ = 3557, Where
y is the number of meters and x the number of inches; 1.50 meters

function

24. f(z) =z + 95
27. f(x) =2x—3
30.f(r) = 4 -2

Lesson 2-1

6. (_25 3)! (0! 1)1 (2s _1)1
(3! _2);
domain {—2, 0, 2, 3},
range {—2, —1, 1, 3}

7. (_2s 0)! (_1s 2): (Ol 3),
(1,2), (2, 0);

range {0, 2, 3}

Relations and Functions 59

Assignment Guide

VA B 1-11,32:35, 40-42

YT A B 12:31,36-39, 43-54

C Challenge 55-61
Test Prep 62-65
Mixed Review 66-78

Homework Quick Check

To check students’ understanding
of key skills and concepts, go over
Exercises 5, 29, 39, 47, 48.

Exercises 5, 7 If a number is the
first element of more than one
ordered pair in a relation, it only
needs to be listed once in the
domain. A similar condition
applies for the range.

Error Prevention!

Exercise 3 Point out to students
that a function cannot have two
different y-coordinates for the
same x-coordinate. Visual learners
will benefit from graphing the
relation and using the vertical-
line test to determine if it is a
function.

Differentiated Instruction RELITES

GPS Guided Problem Solving L3

m

I Reteaching

Practice

Practice 2-1

domain {-2, -1, 0, 1, 2},

59



4. Assess & Reteach

PowerPoint
/'
= Lesson Quiz

1. Write the ordered pairs
for the relation. Find the
domain and range.

y

A4
4

N

{(_3’ 2)1 (_21 O)! (_1! _1)! (25 1)5
(2, 3), (4, 1)}
D = {_3! _2! _1! 25 4}’
R = {_1! O! 1’ 2; 3}

2. Determine whether the
relation {(—2, 3), (=5, 6),
(3, 0), (1, 1} is a function.
function

3. Delete one ordered pair so
that the relation {(—4, 2), (1, 6),
(0, 0), (—4, 6)} is a function.
(_4’ 2) or (_41 6)

4. Determine whether the graph
represents a function. not a
function

£
<

NG

N

5. Find f(—5) for each function.
a. f(x) = 5x + 35 10
b. f(x) = x2 — x 30

pages 59-61 Exercises

32. y

»

5

N

X

o 2 | 4

domain {2, 3, 4, 5},
range {4, 5, 6, 7}

60

9 Apply Your Skills

P nline
Homework Help

Visit: PHSchool.com
Web Code: age-0201

48. No; since 2 in the
domain maps to 1
and 4, itis not a
function.

Domain Range

G Challenge

Graph each relation. Find the domain and range. 32-35. See margin pp. 60-61.
32. {(2,4),(3,5),(4,6),(5,7)} 33. {(—1,1),(—2,2),(—=3,3),(—4,4)}
(42042 = {G-DEHEDY

Find the domain and range of each relation and determine whether it is a function.
36-39. See margin . 61.
36. {(2,4),(4.8),(8,16)} 37.{(=1,2),(=2,5),(=2,7).(0,2), (9, 2)}

38. y 39.

X

_y\
I

-4 -2 Oy

Match each relation with a model.
40. {(15 2)> (_17 _2)’ (2’ _1)} A
4. {(-1,2),(-2,1),(-1,-2)} C

41.{(2,1),(1,2),(1,-2)} B

A. B. Domain Range C.
I
= 1
|
2 2

Determine whether each graph represents y as a function of x.

43. y 45. y

yes no

@ 46. Geometry The volume of a cube is a function of the length of a side of

the cube. Write a function for the volume of a cube. Find the volume of a
cube with a side 13.5 cm long. v(s) = s3; 2460.375 cm®

@‘ 47. Sports The volume of a sphere is a function of the radius of the sphere.

@D Write a function for the volume of a ball. Evaluate the function for a
volleyball of radius 10.5 cm.  v(r) = 37r3; about 4849 cm?®

48. Vgritir;g Does the mapping diagram at the left represent a function? Explain.
ee left.
49. Data Collection Draw a graph to show the relationship between the weight of

a letter and the cost of postage. Is it a graph of a function? Explain.
Check students’ work.
Suppose f(x) = 2x + Sand g(x) = — %x + 2. Find each value. (Hint: For 2g(x),
find g(x) first, and then multiply the result by 2.)

3
Q) f(=2) 4
50. f(—4) -3 51.2g(7) -3

52. *%fgc(t %)4 53. FE) 7 54.W

For each relation, determine whether y is a function of x. Explain why or why not.
No; each positive x is paired with two y values.

57. Yes; each x is paired 55.y=2x—3 56. y2 = x 57.x2=y—3
with a unique y. Yes; each x is paired with a unique y. See left.
60 Chapter 2 Functions, Equations, and Graphs
33. iy 34. 1Y .
s M domain | —3, 0,2,
5 "lo] e
< e 1 [x 11
_ range | —2, —3, 5, 2
Ja [ 2 Jolx -

domain {—4, -3, —2, —1},

range {1, 2, 3, 4}



@\ 58. Chemistry The time required for a certain chemical reaction is related to the
amount of catalyst present during the reaction. The domain of the relation is
the number of grams of catalyst, and the range is the number of seconds
required for a fixed amount of the chemical to react. The following relation
is the data from several reactions: {(2, 180), (2.5, 6), (2.7, 0.05), (2.9, 0.001),
(3.0,6),(3.1,15),(3.2,37), (3.3, 176)}. Is the relation a function? If the domain

and range were interchanged, would the relation be a function? Explain.
See margin.

Real-World & Connection

Careers Chemists use math to
predict chemical reactions.

Suppose a and b are variables representing integers. Find the domain and range of
each relation and determine whether it is a function. Justify your reasoning.

59. Domain Range 60. Domain Range 61. Domain Range

59-61. See back of book.
62. Which graph models the relation {(—3, —1), (3, 1), (=3, 1), 3, —=1)}? C

Multiple Choice

o2 Ol 2 % . OJ 2 %

63. Which relation is not a function? G
F {(0,9), (2, 3), 3, 2), (4, 1)} G. {(3,2), (4, 1),(0,9), (3, 3)}
H. {(0, 3), (2, 3), (3, 3), (4, 3)} J. {(0, 3), (3, 2), (2, 4), (4, 6)}

64.1f f(x) = —2x + 3 and g(x) = 4x — 3, which is greater, f(5) or g(—2)?
Show your work. See margin.

Short Response

Extended Response 65. Is the total surface area A of a cube a function of the edge c of the cube?
If it is not a function, explain why not. If it is a function, write the function

rule and then evaluate the function for a cube with edge 2.5 cm.
See back of book.

. Mixed Review

f Lesson 1-6 Find each probability for choosing a letter at random from the word mathematics.
or
Help 66. P(e) 11 67. P(m) & 68. P(vowel) 14 69. P(n) 0
% 70. P(a letter that occurs more than once) 71. P(consonant) % 72. P(sort) 1%
Lesson 1-5 Solve each equation or inequality. Graph the solution on a number line.

73-75. See back of book.
73. |x— 4| =10 74.3+ |b| =5 75. 16 — y| >0

Skills Handbook Find each percent of increase or decrease.

76. from 9 m to 10 m
11.1% increase

78. from 2 km to 1.5 km
25% decrease

77. from 1 gal to 1.5 gal
50% increase

¥ nline lesson quiz, PHSchool.com, Web Code: aga-0201 Lesson 2-1 Relations and Functions 61
35. R " [ 3135 36. domain {2, 4, 8}, _
o '|o |@/x| domain | —5,%,5,5 (s range {4, 8, 16}; function
0| je[ 3
T

range {2, 5, 7};

{ i 37. domain {—-2, -1, 0, 9},
range | —a, 2}
not a function

Alternative Assessment

Have students work in groups of
three. Each group creates fifteen
distinct ordered pairs. Some
ordered pairs should have the
same x-values and some should
have the same y-values. Each
ordered pair is written on its own
piece of paper and placed in a
box. Each group picks at least five
ordered pairs from the box to
form a relation. One group
member expresses the relation as
a set of ordered pairs. Another
group member expresses the
relation as a mapping diagram
and another expresses the
relation as a graph. They share
results, determine if the relation
is a function, and find the domain
and range.

Test Prep

Resources

For additional practice with a

variety of test item formats:

e Standardized Test Prep, p. 113

e Test-Taking Strategies, p. 108

e Test-Taking Strategies with
Transparencies

38. domain {all real numbers},
range {y = 0}; function

39. domain {—3.2 = x = 3.2},
range{—-1 =y = 1}
not a function

58. Function; if the domain
and range are
interchanged, it is not a
function because 6 would
be paired with both 2.5
and 3.0.

64. [2] f(5); f(5) = —2(5) + 3 =

—7and g(—-2) =
4(—2) -3 =-11,
and -7 > —11.

[1] only includes
answer f(5) or g(—2)

61



2-2

Objectives
1 To graph linear relations
2 To write equations of lines

Examples

1 Graphing a Linear Equation

2 Real-World Connection

3 Finding Slope

4 Writing an Equation Given
the Slope and a Point

5 Writing an Equation Given
Two Points

6 Finding Slope Using Slope-
Intercept Form

7 Writing an Equation of a
Perpendicular Line

Professional
Development

Math Background

A linear function is a function

whose graph is a line. When given

an equation for a linear function,

you can get important information

about the graph (slope, intercepts,
and so on). Likewise, appropriate
information about a line allows

What You'll Learn

® To graph linear equations

® To write equations of lines

...And Why

To solve a transportation
problem, as in Example 2

Linear Equations

.  check Skills You'll Need

Evaluate each expression forx = —2,0,1,and 4. 1-4

L3x+7 2.3x -2 3.3+ 1
) New Vocabulary e linear function e linear equation
e dependent variable
e x-intercept e y-intercept
o standard form of a linear equation
e point-slope form

for Help Lesson 1-2

. See back of book.

alx-38

e independent variable

e slope

o slope-intercept form

Graphing Linear Equations

A function whose graph is a line is a

linear function . You can represent a linear
function with a linear equation, such as
y = 3x + 2. A solution of a linear equation is any
ordered pair (x, y) that makes the equation true.

y=3x+2

2/ 0,2)

You can write the solutions of the equation using —4
set notation as {(x,y) | y = 3x + 2}. Read the
notation as “the set of ordered pairs x, y such that
y = 3x + 2.” Because the value of y depends on

the value of x, y is called the dependent variable

(=2,

-2 2 4 x
2

74) 4

you to write an equation for
the line.

More Math Background: p. 52C

i Problem Solving Hint
Lesson Planning and

Geometry Since two

and x is called the independent variable.

m Graphing a Linear Equation

Graph the equation y = %x + 3.

Choose two values for x and find the corresponding values of y. Plot the point for

Resources el 6 e each ordered pair and complete the graph by drawing a line through the points.
line, you can use two
See p. 52E for a list of the points to graph a line. X %X +3 |y | (xy) 61”7
that support this lesson Check your line by (3,5)
resources tha PP . finding a third point. -3 %(—3) +3 1 (_3’ 1) 4

2(3) +3

5

(3.5)

:
el . .
= Bell Ringer Practice Check

@ check skills You'll Need

For intervention, direct students to:
Algebraic Expressions

Lesson 1-2: Examples 1, 2 2
Extra Skills and Word Problems

Practice, Ch. 1

62 Chapter 2 Functions, Equations, and Graphs

( _3’1)/
Choose a third point on the >

line and check that its ordered
pair satisfies the equation.
Since (0, 3) is a point on the
line,and 5(0) + 3 = 3,

the graph is correct.

—4 -2 0 2 x
-2

Differentiated Instruction B R Lo ron

Special Needs
Help students identify the multiple ways in which a
function can be represented: an equation, a table, a
graph, and a word description. You can also include
mapping diagrams, sets of ordered pairs, and function
notation presented in Lesson 2-1.

learning style: visual
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Below Level

Students may try to identify a single ordered pair as
the solution of a linear function. Emphasize that
many ordered pairs satisfy the equation and that all
are solutions.

learning style: verbal




@ QUi(k Check 0 Graph each equation. Check your work.

m Real-World @‘Connection

1a. y
21— A
/1
ol A X
-4 | 124 2 4
pdR
" 4
b.
5 y
X
A 2
&
¢ y
2
X
-2 |0
2

a.y=%x b.x+y=-2

The y-intercept of a line is the point at which the
line crosses the y-axis. You can use the same term
to identify the y-coordinate of this point.

The x-intercept of a line is the point at which the
line crosses the x-axis. You can use the same term
to identify the x-coordinate of this point.

in standard form by finding the x- and y-intercepts.

1 1

c.y=—§x+§

7 (0, b)
y-intercept

(a,0) X
X -infercept

The standard form of a linear equation is Ax + By = C,where A, B,and C
are real numbers, and A and B are not both zero. You can graph a linear equation

Transportation The equation 3x + 2y = 120 models the number of passengers
who can sit in a train car, where x is the number of adults and y is the number of
children. Graph the equation. Explain what the x- and y-intercepts represent.

Describe the domain and the range.

Set x or y equal to zero to find each intercept. y
3x + 2y = 120 3x + 2y = 120 80
3x + 2(0) = 120 3(0) + 2y = 120 608,
3x = 120 2y = 120 -
40
x =40 y =60
Use the intercepts to graph the equation. The g0 .
x-intercept is (40, 0). When 40 adults are seated, ".c
no children can sit. The y-intercept is (0, 60). O] 20 40 60 x

When no adults are seated, 60 children can sit.

The number of passengers is a whole number. The situation is discrete. The domain
is limited to the whole numbers 0 to 40; the range to the whole numbers 0 to 60.

@ Qlli(k Check Q a. Suppose the train system buys new train cars with molded plastic seats. The
model changes to x + y = 40. Graph the equation and interpret the x- and
y-intercepts. See back of book.

b. Explain how using molded seats changes the number of seated passengers.
See left.

2b. Answers may vary.
Sample: Each seat
holds one person,
whether adult or
child.

Real-World @ Connection

In Japan, so many people ride
public transportation that
they need help getting into
the trains.
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Advanced Learners

Ax + By = Cand Dx + Ey = F are perpendicular.
Find an expression for A.
_ _BE

D

learning style: verbal

English Language Learners ELL

Have students make a chart to connect independent
and dependent variables with the domain and range
of a function.
Domain: input, x-values, independent variable
Range: output, y-values, dependent variable
learning style: visual

Guided Instruction

QEZED) math Tip

Accurate graphs are easy to
obtain if the two points used for
the line have integer coordinates.
To get such points in this example,
substitute x-values that are
multiples of 3.

@QEZIET) Auditory Learners

Have students verbalize why the
graph for this situation is a finite
set of discrete points rather than
a continuous line.

PowerPoint

= Additional Examples

@ Graph the equation
y= —%x + 2.

N4
N

z

y

L4 N\
b\

© The equation 10x + 5y = 40
models how you can give $.40
change if you have only dimes and
nickels. The variable x is the
number of dimes, and y is the
number of nickels. Graph the
equation. Describe the domain
and the range. Explain what the
x- and y-intercepts represent.

y

o 2 4 6 8

D ={0,1,2,3,4}R = {0,2,4,6,
8}; The x-intercept (4, 0) means
you use 4 dimes if you give all the
change in dimes. The y-intercept
(0, 8) means you use 8 nickels if
you give all the change in nickels.
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Visual Learners

Help students acquire a sure “ Vocabulary Tip Thi slope Off 1n0nve.rtifailline 7 hzgﬁ?ial

visual sense of whether a given Is the ratio of the vertical change , =g
line has a positive or a negative The slope of a line is also to a corresponding horizontal vertical |

slope. Lines that rise from left to the rate of change change. You can calculate slope change b )
. : . X between two points on b btractine th di

right have a positive slope. Lines the line. y subtracting the corresponding

that fall from left to right have a coordinates of two points on

negative slope. Have students the line. I x

visualize walking along the line A

from left to right. If they are P

walking uphill, the slope is K Key Concepts Slope Formula

positive. If they are walking
downhill, the slope is negative.

m Alternative Method

Students need to understand that, Lo
when they use two points with the m Finding Slope

_vertical change (rise) Y, —
" horizontal change (run) = xp —

41
slope Xl,where X, —x;1 #0

slope formula, either point can be ] ) )

used for (x4, ). The important Find the slope of the line through the points (3,2) and (-9, 6).
thing is to subtract corresponding _Hh N

coordinates in the same order slope = 5=, Use the slope formula.

when applying the formula. Have = 769123 Substitute (3, 2) for (x4, y4) and (=9, 6) for (x,, y5).
students verify that the slope is 4

the same when using (-9, 6) for - 12 Subtract.

(x1, y1) and (3, 2) for (x, y>). = —% Simplify.

® The slope of the line is —%.

PowerPoint

= Additional Examples .
i @ Qlll(k Check © Find the slope of the line through each pair of points.

© Find the slope of the line a.(=2,-2)and (4,2) 2 b. (0, —3) and (7, -9) —§
through the points (-2, 7) and

@8 -6). —13
p Writing Equations of Lines
Activity: Point-Slope Form

1. Make a table of values to graph each line. 1-4. See margin pp. 64-65.
ay—-1=-2x-2 by-2=3x-1 cy-5=3x-4)

2. Find the slope of each line. Compare the slope of the line to the red
number in the equation of the line. What do you notice?

3. Find the point on the graph of each line with an x-coordinate that is
equal to the green number in the equation line. Then compare the
y-coordinate of the point to the blue number in the equation of the
line. What do you notice?

4. Make a Conjecture All three equations in Question 1 are in the form
y — y1 = m(x —xq). Make a conjecture about how you can use that
form to help you graph an equation.

64 Chapter 2 Functions, Equations, and Graphs
pag_e_64 1a. X y b. X y C. X y 2. -2, %, 3; the
Activity —5/[15 —5[0 -4[-19 slopes are the
-2 9 -2 1 -2 | -13 same as the red
0l 5 1|2 ol -7 number in the
1 — equation.
2| 1 2|23 2 1
5[-5 1 4 5
64 5|33




When you know the slope and a point on a line, you can use the point-slope form
to write the equation of the line.

@ Key Concepts Point-Slope Form

The line through point (xy, y;) with slope m has the equation below.

y =y = mlx — xp)

m Writing an Equation Given the Slope and a Point

Write in standard form an equation of the line with slop —% through the
point (8, —1).
y =y =m(x — xq) Use the point-slope equation.
y—(-1)= f%(x - 8) Substitute —%for m, —1 for y4, and 8 for xj.
y—(-1)= —%x - (—%)(8) Distributive Property
y+1=-1x+4 Simplify.
® %x +y=3 Write in standard form.

@ Qlli(k Check @ Write in standard form the equation of each line.

a. slope 2, through (4, —2) b. slope %, through (5, 6)
2x—-y=10 gx—y=—%

When you know two points on a line, you can write an equation by using the
point-slope equation combined with the slope formula.

m Writing an Equation Given Two Points

Write in point-slope form the equation of the line through (1,5) and (4, —1).

y —y; = m(x — xq) Write the point-slope equation.
y—y = ,)CZ — yll (x — x1) Substitute the slope formula for m.

y=5=73"(c— 1) Substituterx; = 1,y; = 5,x, = 4,y, = —1.

y-5=Lx-1 Simplify.
® y—-5=-2x-1) Write in point-slope form.
@ Qlli(k (hﬁ(k e Write in point-slope form the equation of the line through each pair of points.
a. (5,0) and (—3,2) b. (=2,—1)and (-10,17) ¢ (5,1) and (—4, —3)
y—0=—‘11(x—5) y+1=—%(x+2) y—1=g(x—5)

Another form of the equation of a line is slope-intercept form, which you can
use to find slope by examining the equation.

@ Key Concepts Slope-Intercept Form

slope-; ry—intercept
y= mx+ b
Lesson 2-2 Linear Equations 65
3. Where the x-coordinate 4. Answers may vary. (x4, y4) and then use m to
is the green number, the Sample: Using the form graph another point. To
y-coordinate equals the Y —y1 = m(x — x4), you graph the eq., draw a
blue number. would start at the point straight line through the

pts.

Guided Instruction

@EZID) Alternative Method

You may want to have a volunteer
show what equation is obtained if
(4, —1) is used for (x4, y4) and (1, 5)
is used for (x5, y»). Demonstrate

or have a volunteer demonstrate
that this new equation and

y — 5= —2(x —1) can both be
rewrittenas 2x + y = 7.

Teaching Tip

You may wish to point out that
the slope-intercept form is a
special case of the point-slope
form. Simply use (0, b) for (x4, y4)
in the point-slope form.

PowerPoint

Additional Examples

@ Write in standard form an
equation of the line with slope 3
through the point (-1, 5).

3 —-y=-8

© Write in point-slope form an
equation of the line through

(4, -3)and (5, —1). y + 3 =
2(x —4)ory + 1 =2(x —5)
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Teaching Tip

Have students graph y = 3 and
x = 2. Tell students to pick two
points on the graph of y = 3 and
use them to calculate the slope.
Students should verify that the
slope is 0. Repeat for x = 2 to
verify that the slope for this line
is undefined.

QEZED) mathTip

Point out that the graphs of the
lines for parts a and b are parallel
since their slopes are equal and
they have different y-intercepts.

PowerPoint

= Additional Examples

@ Find the slope of
—7x + 2y = 8. %

@ Write an equation of the line
through (5, —3) and perpendicular
toy = 4x + 1. Graph both lines.

= i, T
Yy=-2 4

4
[lyE4x 1
/|
X
gl [ 2146
-~
T~
A V:-l _l |
'--4 4 4
Resources

 Daily Notetaking Guide 2-2
e Daily Notetaking Guide 2-2—
Adapted Instruction

Closure

Describe how you can use the
equations of two non-vertical
lines to tell whether the lines are
parallel or perpendicular. Use the
equation to find the slope and
y-intercept of the line. If the
product of the slopes is — 1,

the lines are perpendicular. If
the slopes are equal but the
y-intercepts are different, the
lines are parallel.

66

m Finding Slope Using Slope-Intercept Form

Find the slope of 4x + 3y = 7.

4x + 3y =7
3y = —4x + 7  Subtract 4x from each side.
y = f%x + % Write in slope-intercept form.

@ The slope of the line is —%.

@ Qlli(k Check @ Find the slope of each line.

2 1
a.3x+2y:1—g b.§x+§y=1—% c.Ax+By=C—g
SN Key Concepts Equations of a Line
Point-Slope Form Standard Form Slope-Intercept Form
y—2=-3x+4) 3x +y=-10 y=-3x-10

The slopes of horizontal, vertical, perpendicular, and parallel lines have
special properties.

Horizontal Line Vertical Line

Yy y
y=15b xX=c
\ l x
X
m is undefined.

m =0 x is constant.
y is constant.

Perpendicular Lines Parallel Lines

Y Y
= +b
\M_ x4 by y=mx W
\i
X
= mx +
y=mx+ b % e

my - my, = —1 m=m
(In other words, m, is the by # by
negative reciprocal of m1,.)

Real-World @ Connection

The steel girders of the

Eiffel Tower model horizontal,
vertical, perpendicular, and
parallel lines.
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page 67 Quick Check b. y = %x — % c. x=5
7a.y=—%x+%*7* 1Y Pprd 41
‘\\ &~ - X
o| X o[ 113 ||
T Tx r121[4
25




Writing an Equation of a Perpendicular Line

Write an equation of the line through each point and perpendicular to y = %x + 2.
Graph all three lines.
a. (0,4)
= (3) =% Find the negative reciprocal of 3
m= - % = —3 Find the negative reciprocal of .
y=mx +b Use slope-intercept form. \ y
Video Tutor Help y = —%x + 4 Substitute: m = —% and b = 4.
Visit: PHSchool.com 8
Web Code: age-0775 b. (67 1) 6
Also available on DVD y = —%x +b Slope is _%_ \
1=-36) + b substitute (6, 1) for (x, ). 4
1=-8+5b Simplify. /
9="> Solve for b.
Of 2 N4 6 '

e y= —%x + 9  Write the equation.

@ Qlli(k Check @ Write an equation for each line. Then graph the line. a-c. See margin p. 66.
a. through (—1, 3) and perpendicular to the liney = 5x — 3
b. through (2, 1) and parallel to the line y = %x + %
c. vertical and through (5, —3)

EXERCI SES For more exercises, see Extra Skill and Word Problem Practice.

Practice and Problem Solving

Q Practice by Example Graph each equation. Check your work. 1-8. See back of book.

Example 1 1.y =2x 2.y=-3x—1 3.y=3x-2 4.y=—4x +5
for | (Peee® 5.5 —2y= -4 6. -2x+5y=-107y—-3=-2¢ 8y+4=—3¢
Help Example 2 9. Cost Analysis The equation y — 0.23x = 0 relates the cost of operating a car

(page 63) to the number of miles driven, where x is the number of miles driven and y is
the cost. a-b. See margin.
a. Graph the equation and determine the domain and range.
b. Explain what the x- and y-intercepts represent.
¢. Explain what 0.23 represents.
0.23 represents a cost of $.23 per mile driven.

10. Fund-Raising The school glee club needs a total of $4500 for a trip to Omaha,
Nebraska. To make money, members are selling baseball caps for $4.50 and
sweatshirts for $12.50. a-b. See back of book.

a. Graph the equation 4.5x + 12.5y = 4500, where x is the number of baseball
caps and y is the number of sweatshirts sold.
b. Explain the meaning of the x- and y-intercepts in terms of the fund-raising.

Example 3 Find the slope of the line through each pair of points.

(page 64)

11. (1,6) and (8, 1) —1  12.(=3,9)and (0,3) —2 13. (0,0) and (2,6) 3
14. (=4, -3) and (7,1) % 15. (=2, 1) and (8, —3) —%16. (1,2) and (2,3) 1

- 2 4 2 1 _ 5 _ 17
undefined 17. (3,4)and (3.4) 18. (~3,5)and (4,5) 0  19. (=5, —7)and (0,10)

Lesson 2-2 Linear Equations 67

pages 67-70 Exercises y = 0.23x b. x-intercept (0, 0),
9a - domain {x| x = 0} y-intercept (0, 0); when
paPyLs = range {y|y = 0} no miles have been
T

driven, there is no cost.

o
O

Assignment Guide

WA B 1-19, 42-50, 63-65, 69,

70
Y7 A B 2041, 51-62, 66-68,
71-78
C Challenge 79-84
Test Prep 85-90
Mixed Review 91-98

Homework Quick Check

To check students’ understanding
of key skills and concepts, go over
Exercises 10, 29, 60, 63, 78.

Error Prevention!

Exercises 11-19 Remind students
to subtract the x-coordinates in
the same order as they subtract
the y-coordinates and to be
careful when subtracting negative
numbers.

Differentiated Instruction LEDT

GPS Guided Problem Solving L3

m
I Reteaching L2

Practice L3
Practice 2-2

67



Exercises 35, 36 In their answers,
students should note any
restrictions on A, B, and C.

Exercises 48-50 Remind students
that it is a good idea to first
multiply each side of the equation
by the LCD of all fractions in the
equation to clear the equation of
fractions.

Math Tip

Exercises 75-77 Even though
a standard form of a linear
equation uniquely determines
a line, be careful to realize
that a line does not have a
unique standard form.

pages 67-70 Exercises
20. Ix—y=-2

21. gx -y = %

22, gx +y= —%

26. y —3=—1(x + 10)
27.y-0=3(x—1)
28. y — 10 = —3(x + 4)

38. y=-3x—-5
N O1Y|Xx
\L, 11

\

5

I\

39.y=gx+%

R
/
I/
/

/2

/

/

-2 |0y X

68

54.
55.

56.

68

Example 4
(page 65)

Example 5
(page 65)

Example 6
(page 66)

Example 7
(page 67)

e Apply Your Skills

Write in standard form the equation of each line.
20. slope = 3;(1,5) 21. slope = 2;(22,12)
23. slope = 0; (4, —2) 24. slope = —1;(-3,5) 25. slope = 5;(0,2)
y=-2 xX+y=2 5x —y=-2
Write in point-slope form the equation of the line through each pair of points.
26-28. See margin.
27. (1,0) and (5,5) 28. (—4,10) and (-6, 15)

26. (—10,3) and (-2, —5)
29. (0, —1) and (3, —5) 30. (7,11) and (13,17) 31. (1,9) and (6,2)
y+1=-3(x-0) y—-11=1x-7) y-9=-Lx-1)

Find the slope of each line.

20-22. See margin.
22. slope = 7%;(74’ 0)

1 _3 1
M. -x-y=3-1

37.y =70

2.5« +y=4 -5
35.Ax + By = C —g

3. -3x+2=7 3
36.Ax —By=C 4§

Write an equation for each line. Then graph the line. 38-39. See margin.
38. through (—2,1) and parallel toy = —3x + 1

39. through (=3, —1) and perpendicular to y = —%x -4

40. through (=7, 10) and horizontal 40-41. See back of book.

41. through (1, 7%) and vertical

Graph each equation. 42-50. See back of book.

2.y=-3-12 43.y=-2x+3 M.y=-x+7
45.3y — 2x = —12 46. 4x + 5y = 20 47.4x — 3y = -6

2,4V __1 3, _x_ _6 4_ 1,3
8B.3x +3=—3 9.5y —5= 3 50.5 = —3x — 3y

/—ZOllx

Find the slope and the intercepts of each line. 54-62. See margin.

54. f(x) = %x + 4 55.y = —x + 1000 56. y = 0.4 — 0.8x
57. g(x) =54x — 1 58.x = =3 59.y =0
60. —ix -3y =3 6. —Rx + Sy = -T 62.8x + By =G

Find the slope of the line through each pair of points.

3 1 21 1 1 1 5 _T7
@B 63. (Z, —§> and (—g, g)_% 64. (—7, _f) and (—3, 54) 65. (0, i) and (7, 0) 10
5
Write an equation for each line. Each interval is 1 unit. 3 1
y=3+2 y=-5x—3
66. 67. 68.
. y= %x +3
P nline
Homework Help
Visit: PHSchool.com

Web Code: age-0202

2. (0, 4), (6, 0)
—1; (0, 1000), (1000, 0)

—0.8; (0, 0.4), (0.5, 0)

Chapter 2 Functions, Equations, and Graphs

57. 5; (0, —1), (;, o) 60. —3; <

58. undefined slope;
no y-intercept, (—3, 0)

59. 0; (0, 0), all pts. on x-axis



Real-World @ Connection

You can download data
from a motion detector to a
computer to produce graphs
of distance versus time.

On a graph that plots
distance against time,
be sure you understand
exactly what distance is
being modeled. In
Exercise 69, it's the
distance of the student
from the detector.

G Challenge

81.y = 3x + 6;
y=—x+§(32)

Problem Solving Hint

The slopes of parallel
lines are equal. The
slopes of perpendicular
lines are negative
reciprocals.

@nline lesson quiz, PHSchool.com, Web Code: aga-0202

71.y=—1

QL

69. Multiple Choice Three students moved away from or toward a motion
detector, one at a time. Each graph shows distance from the detector as a
function of time. B

l. d

Which of the following statements is true?

CA> Student I was the only student who moved away from the detector.
Student II was the only student who moved toward the detector.
O Student I was speeding up.

(D> Student II was slowing down.

70. Critical Thinking Most graphing calculators are designed to graph equations

that are solved for y. What lines could not be graphed with this method?
Vertical lines cannot be graphed by this method.

Write an equation for each line. Then graph the line. 71-74. See margin.
71. m = 0, through (5, —1) 72. m = 2,through (1, 3)
73. m = %,through (—4,0) 74. m = f%,through 0,-1)

Write each equation in standard form.

77 —(3x + 2y) = %

3x + 12y = -4

75.y =3x — 1 76.x + 1y =3
3x —2y=2 9% +3y =2
78. a. Open-Ended Write an equation of a line.
b. Write an equation of the line parallel to the line you wrote in part (a)
passing through the point (0.5, 0.6). a—e. Check students’ work.

c. Write an equation of the line perpendicular to the line you wrote in part (a)
passing through the point (%, 2).
d. Write an equation of the line parallel to the line you wrote in part (c)
passing through the point (=3, 1).
(7 e. Geometry Graph the lines from parts (a), (b), (c), and (d). If they form a
polygon, describe it. The polygon is a rectangle.

Points that are on the same line are collinear. Use the definition of slope to
determine whether the given points are collinear.

79. (—2,6),(0,2),(1,0) yes 80. (3, -5),(—3,3),(0,2) no
81. Write an equation of a line a through (—1, 3) that is parallel to the line

y = 3x + 1. Write an equation of a line b through (—1, 3) that is perpendicular
to line a. What is the intersection of lines b and y = 3x + 1?See left.

@ 82. Geometry Prove that the triangle with vertices (3,5), (=2, 6),and (1,3) is a

right triangle. See back of book.

@ 83. Geometry Prove that the quadrilateral with vertices (2, 5), (4,8), (7,6), and

(5,3) is a rectangle. See back of book.

84. Critical Thinking Lines p, ¢, and r all pass through point (—3,4). Line p has
slope 4 and is perpendicular to line g. Line r passes through Quadrants I and II
only. Write an equation for each line. Then graph the three lines on the same
coordinate plane. See back of book.

Lesson 2-2 Linear Equations 69

72.y=2x+1[Ty 73. y=+ 10 y
. A
9 /,/g
1 olx
1 4 2 |0

4. Assess & Reteach

PowerPoint
Y=
z Lesson Quiz

1. Find the slope of the line
through the points (=5, —1)
and (2, 3). 4

2. Write an equation in standard
form for the
line with slope 3 through
(9, —4).3x —y = 31

3. Write in point-slope form an
equation of the line through
the points (-3, 8) and (7, 6).
Use (—3, 8) as the point for the
equation.
y-8=—5k+3)

4. Write the equation
3x — 12y = 6 in slope-intercept
form.
y=ix-3

5. What is the slope of a
line perpendicular to
y= %x — 7? What is the slope

of a line parallel to
_2 3.2
y=3x-177 —33

Alternative Assessment

Have students work in pairs.
Students use a Geoboard to
create a coordinate system by
using two red rubberbands, one
for the x-axis and one for the
y-axis. Each pin along each axis
represents one unit. Rubberbands
are thought of as representing
lines not line segments. One
student makes a non-vertical line
using a yellow rubberband. The
other student names two points
on the line, the slope, and the
y-intercept, writes an equation

of the line perpendicular to the
given line at its y-intercept, and
graphs this new line using a blue
rubberband. Students switch roles
and repeat.
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Test Prep

Resources

For additional practice with a

variety of test item formats:

e Standardized Test Prep, p. 113

e Test-Taking Strategies, p. 108

e Test-Taking Strategies with
Transparencies

70

Multiple Choice 85.

86.

87

Short Response 88.

89.

Extended Response 90.

Which equation represents a line through (3, 5) that is perpendicular to

y=2x-5? A
A.2y = —x + 13 B. 2y = x + 13
C.2y—x=13 D. 2y + x = —13

For the equation 3x — 2y = 12, which has value —6? G
F. the x-intercept G. the y-intercept
H. the slope J. the origin

. Which pair of equations represents perpendicular lines? D

A. y:—%x+12 B. y:—%x+12
y-1=-3x+4 3x + 8y = 20
C. y=-3x+12 D. y=-3x+12

y-n=-5x+a y-n=5fx+9

The line (y — 1) = %(X + 1) contains point H(a, —3). Find a. Show your
work. 88-90. See back of book.

The point (=8, k) is on the line with slop —% and y-intercept 9. Explain
how to find k.

A line passes through points K(4, 4) and W(—2, 10).
a. Write an equation for the line in the form Ax + By = C. Show your work.
b. Find the x- and y-intercepts.

. Mixed Review

Lesson 2-1
for

Help 91.

domain {-2, 1, 2, 3, 4},
range {-2, —1, 2, 3};
not a function

Lesson 1-1

skills Handbook @& 98.

Find the domain and range of each relation. Then decide whether it is a function.

92, 93. Domain Range

-2 O 2, x domain {-3, 0, 1, 7},

2 ° _ _5 _ .
domain {all reals}, range L?)r:gaeffjn::?ibns’ 1,3k

{all reals}; function

Identify each demonstrated property (or properties) of real numbers.
94.
96.

multiplicative
95.2+ 4.5 =2 P

7.4 — 3.4 + 2.6 =74 + 2.6 — 34 L. 2 =2+ 1inverses

Commutative Prop. of Add.
97(7) = 100(7) — 3(7) 97.21 + 19.7 — 19.7 = 21

Distributive Prop. additive inverses, additive identity
Commission A fabric designer earns a 60% commission for works sold in a textile
studio. The studio receives the other 40%. How much does the studio receive for
selling a length of fabric that costs $15.65? How much does the designer receive?
studio: $6.26; designer: $9.39
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2-3
1. Plan

Objectives
1 To write and interpret direct
variation equations

Examples

1 Identifying Direct Variation
From a Table

2 Identifying Direct Variation
From and Equation

3 Real-World Connection

4 Using a Proportion

Professional
Development

Math Background

If y varies directly as x, then as

x increases y increases and as x
decreases y decreases. Further-
more, the rate of increase or
decrease remains constant.
Geometrically, this means that a
direct variation is a linear function
of the form y = kx for k # 0.

More Math Background: p. 52C

Lesson Planning and
Resources

See p. 52E for a list of the
resources that support this lesson.

PowerPoint
Y=
= Bell Ringer Practice

@ check skills You'll Need
For intervention, direct students to:
Solving Equations
Lesson 1-3: Example 1
Extra Skills and Word
Problems Practice, Ch. 1

Proportion
Skills Handbook p. 872
Example 3

72

Direct Variation

What You'll Learn @ Check Skills You'll Need @ for Help Lesson 1-3 and skills
e To write and interpret Handbook page 872

direct variation equations Solve each equation for y. 1.y = ’i 2.y = 1%)(
... And Why L12y =3 2.12y=5¢ 33y=15 409 =27x 55 =35
To model a dripping faucet y=20 y= y=17

. pping ! Tell whether each equation is true.
as in Example 3 1.9 ) 6 9 1 20 . 30

6.4 X g true 7.5 L {5 true 8. 55 £ 3¢ false 9.51 % 35
true
) New Vocabulary e direct variation e constant of variation

1 Writing and Interpreting a Direct Variation

A linear function defined by an equation of the form
y = kx,where k # 0, represents direct variation.

As with any line, the slope k& is constant.

When x and y are variables, you can write k = %,

so the ratio y : x equals the constant k, the
constant of variation.

y

y = kx
0}

NG x
Passes
through
origin

m Identifying Direct Variation From a Table

constant of variation and write the equation.

d Vocabulary Tip

For each function, determine whether y varies directly with x. If so, find the

You can describe direct A [y y b. X y
variation as "y varies
directly as x” or "y varies 2 3 1 4
directly with x.” 3 |12 2 7
5 |20 5 | 16
Y_8_12_20_ e d 7 16
T=5=3=%~= 4, Since 7,7, and 5 are not equal,

so y varies directly with x.

The constant of variation is 4.
® Theequationisy = 4x.

% is not constant.

y does not vary directly with x.

@ Qlli(k Check @ For cach function, determine whether y varies directly with x. If so, find the

constant of variation and write the equation.

a. b. no c. no
1 1 X |y X |1y X |y
yes;k =3,y =3
S ol I =i || = 9|5
301 3| 4 3|12
12| 4 6| 7 :
6| 33
72 Chapter 2 Functions, Equations, and Graphs
Differentiated Instruction R d Ao o
Special Needs Below Level

Clear a large area in the room and make a coordinate
grid on the floor using masking tape. Direct students
to arrange themselves in a line on the grid to model

graphssuchasy = —x,y =2x,and y = %X-

learning style: tactile

If students have trouble recognizing direct variation
from a table of values, have them graph the number
pairs and compare the slopes of the line segments
through the pairs.

learning style: visual




You can analyze an equation to determine whether it represents direct variation.

m Identifying Direct Variation From an Equation

For each function, determine whether y varies directly with x. If so, find the
constant of variation.
a. 3y = 2x

3y = 2x isequivalent toy = %x,
: so y varies directly with x.
@  The constant of variation is %

b.y=2x+3
Since you cannot write the equation
in the form y = kx,
y does not vary directly with x.

@ Qlli(k Check © For each function, determine whether y varies directly with x. If so, find the
constant of variation.
ay =3
5

d.7x + 4y = 10
yes; k = 0.5 yes; k =35 no

b.2y —1=xno c.%x=%y

You can write an equation to solve a direct variation problem.

m Real-World @\Connection

Water Conservation A dripping faucet wastes a cup of water if it drips for three
minutes. The amount of water wasted varies directly with the amount of time the
faucet drips.

a. Find the constant of variation k and write an equation to model
the direct variation.

water varies with

Relate . .
wasted directly time

. Define Let w = number of cups of water wasted.
Video Tutor Help Let ¢t = time in minutes the faucet drips.
Visit: PhSchool.com
Web Code: age-0775 Write w — z . ¢

1 = k(3) Substitute 1 for w and 3 for t.
% =k Solve for k.

The constant of variation k is %.The equation w = %t models

the direct variation.

b. Find how long the faucet must drip to waste 4% c of water.

w = %t Use the direct variation.
4% = %t Substitute 4% for w.

9

5(3) =1t

13% =1t  Simplify.

Solve for t.

® The faucet must drip for 13% min to waste 4% c of water.

@ Qlli(k Check © Geometry The circumference of a circle varies directly with the diameter of
the circle. The formula C = 7xd relates the circumference to the diameter.
a. What is the constant of variation? 7
b. Find the diameter of a circle with circumference 105 cm to the nearest tenth.
33.4 cm

Lesson 2-3 Direct Variation 73

English Language Learners ELL

Review the prerequisite terms ratio and proportion.
A ratio is a comparison of two numbers (by division),
and a proportion is an equation formed when two
ratios are set equal to one another.

Advanced Learners

The pressure of a gas in a closed container varies directly
with the absolute temperature. Have students find
other real-world examples of direct variation.

learning style: verbal

learning style: verbal

Guided Instruction

Q@EZIED) Alternative Method

You can also ask whether there is
a non-zero number by which all
x-values can be multiplied to get
the corresponding y-values.

QEZID wath Tip

Point out that for a linear function
to be a direct variation, the graph
must be a non-horizontal line
through the origin.

m Connection to
Ecology

Since demands for fresh water are
becoming dangerously close to
exhausting available resources in
many countries, conservation is

becoming an increasingly
important topic worldwide.

PowerPoint

= Additional Examples

o For each function, determine
whether y varies directly with x. If
so, find the constant of variation
and write the equation.

& Txl-1] 2] s| ™

y| 3|-6|15

b. e 7 9 -4 yes; 2;
y =2

y|14|18]|-8

9 For each function, tell whether
y varies directly with x. If so, find

the constant of variation.
a. 3y=7x+7 no

b. 5x = =2y yes;—g

© The perimeter of a square
varies directly as the length of a
side of the square. The formula

P = 4s relates the perimeter to the
length of a side.

a. Find the constant of variation.
4

b. Find how long a side of the
square must be for the perimeter
to be 64 cm. 16 cm

73



PowerPoint . . . e .
‘ You can use proportions to solve some direct variation problems. This can save

= Additional Examples time when the problem does not ask for the constant of variation.
@ suppose y varies directly with 4 EXAMPLE Using a Proportion
x, and y = 15 when x = 27. Find y
when x = 18. 10 Suppose y varies directly with x,and x = 27 when y = —51.Find x wheny = —17.
Resources Let (xl,yl) = (27, _51) and let (.X'2, y2) = (.X'z, _17)
* Daily Notetaking Guide 2-3 Nn_» . .
« Daily Notetaking Guide 2-3— TR Write a proportion.
Adapted Instruction *27571 =7 Substitute
Xy B
—51(xy) = 27(—17)  Write the cross products.
Xy = (1) Solve for x.
Closure 27 sl z
o X, =9 Simplify.
If a and b are real numbers and if @ . ] o ] o
y = ax + biis a direct variation Quick Check @ fninfi ythf missing \;al_ue3f%rn Zaycl;igsc; V_ar61at;on.
equation, what do you know . - = -0
aboutaand b? a #0andb =0 b.If y = 7 whenx = 2,find y whenx = 8. 28

c. Ify = 10 whenx = —3,find x wheny = 2. —0.6
d.Ify = 1 when x = 10, find y whenx = 2. 0.2

EXERCISES For more exercises, see Extra Skill and Word Problem Practice.
Practice and Problem Solving
0 Practice by Example For each function, determine whether y varies directly with x. If so, find the
constant of variation and write the equation. 1-11. See margin.
Example 1
for (page 72) 1. x|y 2. Iy y 3. x|y 4. x|y
Help 4 2 | -6 1] 22 27 9
41 8 4 |—12 16 | 32 30 | 10
16 | 32 5 [ —15 7| 42 60 | 20
5. x y 6. [Ty y 7. % y 8 X |y
2 | 14 3 9 -2 4 1|2
3|21 4 | 13 -3 6 3| -8
5135 7 | 23 =5 | 10 5| 14
Example 2 Determine whether y varies directly with x. If so, find the constant of variation.
(page 73) 9.y = _ - no
.y = 12x 10. y = 6x 1.y = —2x 12.y =4x + 1
13.y=4x -3 N0 14.y = —5x 15.y —6x =0 16.y + 3 = —3x
yes; k = =5 yes; k = 6 no
Example 3 For each direct variation, find the constant of variation. Then find the value of
(page 73) y whenx = —5.
17.y:2whenx:7k=$;—¥ 18. y = —5whenx =3 k=—g;23*5
19.y = —2whenx =2 k=—-1;5 20.y = —§whenx = —§ k=2;-10
21.y = 17whenx = —4 k=-1;-21} 22.y = %whenx =2 k=-31;
74 Chapter 2 Functions, Equations, and Graphs
pages 74-77 Exercises 4. yes; k = %, y= %X 8. no 46. No; y = 1.7x does not
contain the point (9, —9).
1. yes; k =2,y = 2x 5. yes;k =7,y = Tx 9. yes; k = 12 5p 9, -9)
47. Yes; y = —gx contains
2. yes; k = -3,y = —3x 6. no 10. yes; k = 6 Y="6 .
the point (15, —125).
3. no 7. yes; k= -2,y = —2x 11. yes; k= -2

48. Yes; y = %x contains the
74 point (63, 223).



23. Environment Suppose you work on a tree
farm and you need to find the height of each
tree. You know that the length of an object’s
shadow varies directly with its height. Refer
to the diagram.

a. Find the constant of variation. k = %
b. Write an equation to calculate the height

Assignment Guide

VasB 154

of the tree. s = %h C Challenge 55-59
¢. Find the height of a tree with a shadow Test Prep 60-64
8ft4in.long. =23 ft1in. ibed Reeng 65-73

Ex(ample;‘:; For Exercises 24-27, y varies directly with x. Homework Quick Check
page 24. Ify = 4whenx = —2,findx wheny = 6. =3 To check students’ understanding
in. of key skills and concepts, go over
. = =12. 4 ' !
25.If y = 6 whenx = 2,find x when y = 12 Exercises 23, 26, 46, 52, 53.
26. Ify = 7whenx = 2,find y when x = 3. 10.5

5 Error Prevention!
27.1fy = Swhenx = —3,find y whenx = —1. 3

Exercises 1-8 Caution students to

G Apply Your Skills For each function, determine whether y varies directly with x. If so, find the check the ratio % for each pair of
constant of variation and write the equation. yes;1k3= 1.3, numbers.
y = 1.3x
28. 7% y 29. [Ty y S"g x|y 31. [ y Exercises 29-32 One approach is
28. yes; ol 6 no e 2 | 24 2 |26 to find the value of k by dividing
k=3 : the y-coordinate of the given
y = %x 1218 6|2 55| 56 3139 point by the x-coordinate.
15 | 10 8| 3 66 | 67 4 |52 Substitute the resulting value of
kiny = kx to get the equation.
. Lo . Another approach is to use the
for Help 32. Gridded Response A‘speed of 60 mi/h 1s'equal toa spfeed of 88 ft/s. Find the iretlenk o Lensa 22 e wirie
speed to the nearest mile per hour of an aircraft travelling 1000 ft/s. 682 an equation for the line through
-T-:Srtﬁfa:iﬁ]zdsifasfeogr;:s' see Write an equation for a direct variation with a graph that passes through each point. (0, 0) and the given point.
' = —500x
page 46. 3.(1L2)y=2x  34.(-3.-7) y =135 (2.-9) y = —2x 36. (L0.1.50)
37.(-5,-3) y =x38.(9,-1) y = —3x39. (7,2) y = 3x  40. (-3,14)

y =1 Differentiated Instruction [EHIIN{ET
In Exercises 41-45, y varies directly with x.

41. Ify = 7whenx = 3,find x wheny = 21. 9
42, If y = 25 when x = 15, find x when y = 10. 6

GPS Guided Problem Solving L3

m
I Reteaching L2

Practice L3

Practice 2-3 Direct Variation

43. If y = 30 when x = —3,find y whenx = —9. 90
44. Ify = —20 when x = 2,find y when x = 14. —140

45. If y = 0.9 when x = 4.8, find y when x = 6.4. 1.2

Determine whether a line with the given slope through the given point represents
a direct variation. Explain. 46-51. See margin pp. 74-75.

46.m=-17.09.-9)  4.m=-2(15-128) a8.m =] (61.223)
P nline . o . o
Homework Hel Open-Ended In Exercises 49-51, choose a value of k within the given range. Then ]
P write and graph a direct variation using your value for k. See margin.
Visit: PHSchool.com 1 :
Web Code: age-0203 49.0< k<1 50.3 < k<45 5L -1<k<—3
¥ nline lesson quiz, PHSchool.com, Web Code: aga-0203 Lesson 2-3 Direct Variation 75 u
49. Answers may vary. 50. Answers may vary. 51. Answers may vary.
Sample: y = 0.5x Sample: y = 3.2x Sample: y = —%x
R ¥ R
T X N T O X
1
X i 1N

75



4. Assess & Reteach )¢

PowerPoint
/'
= Lesson Quiz

1. For each function, tell whether
y varies directly as x. If so, find
the constant of variation and
write the equation.

a. b.
X y X |y
-4 16 2 |10
-2 8 3 |15
8 |—32 6 |25
yes; —4; no
y = —4x

2. Determine whether y varies
directly as x. If so, find the
constant of variation.

a.y=7x +4 no

b.y = %x yes;g

c. 2y = —12x yes; —6

3. Assume y varies directly as x. If
y = 8when x = 42, find y
when x = 126. 24

4. How can you tell from the
graph of a linear function
whether the function is a
direct variation? If the graph
is a nonhorizontal line through
the origin, then the linear
function is a direct variation.

Alternative Assessment

Have students work in pairs. Each
student writes six linear
equations, three of which
describe direct variations and
three of which do not. The other
student identifies each direct
variation that his or her partner
wrote and names the constant of
variation.

pages 74-77 Exercises

53. Answers may vary. Sample:

No, the line y = 0 passes
through the origin, but is
not a direct variation.

76

It takes more effort for an

engine to propel a car with
underinflated tires. Cars with
properly inflated tires get
better gas mileage.

G Challenge

Multiple Choice

Short Response

» @ 52. Gas Mileage Suppose you drive a car 392 mi on one tank of gas. The tank

@D nholds 14 gallons. The number of miles traveled varies directly with the number

of gallons of gas you use.

a. Write an equation that relates miles traveled to gallons of gas used. y = 28x

b. You only have enough money to buy 3.7 gallons of gas. How far can you
drive before refueling? 103.6 mi c. 417.9 gal

c. Last year you drove 11,700 mi. About how many gallons of gas did you use?

d. Suppose the price of gas averaged $1.57 per gallon last year. Find the cost
per mile. $0.056/mi

& 53. Writing Suppose you use the origin to test whether a linear equation is a direct

See

margin.

54. Error Analysis Find the error in the following computation: If y varies directly
with x2,and y = 2 when x = 4,theny = 3 whenx = 9. See margin.

variation. Does this method work? Support your answer with an example.

In Exercises 55-58, y varies directly with x.

55. If x is doubled, what happens to y? Y is doubled.

56. If x is halved, what happens to y? y is halved.

57. If x is divided by 7, what happens to y? y is divided by 7.

58. If x is multiplied by 10, what happens to y? y is multiplied by 10.

59. If z varies directly with the product of x and y (z = kxy), then z is said to vary
jointly with x and y.
(1) a. Geometry The area of a triangle varies jointly with its base and height.
What is the constant of variation? %
b. Suppose ¢ varies jointly with v and s,and ¢ = 24 whenv = 2 ands = 3.
Find g whenv = 4ands = 2. 32
c. Critical Thinking Suppose z varies jointly with x and y, and x varies directly

with w. Show that z varies jointly with w and y. z = kxy, and x = kqw, so
z = kkqwy, and z varies jointly with w and y.

60. Which equation does NOT represent a direct variation? B

Ay—3x=0 y_ 2

B.y+2=1x c.y=% X

D.y= 17

61. Suppose y varies directly with x. If x is 30 when y is 10, what is x when
yis9? G

3 G. 27 H. 29 ). 300
62. Suppose y varies directly with x. If x is =7 when y is 3, what is x when y is —57?
2 1 1 2
A -11% B. —41 c 4l D. 115
63. Which equation represents the direct variation [ x| 3 4 | 9
in the table at the right? J y | 81]108]243
FE4y —10x =0 G.8x = 3y
Hy+81x=0 J.10y = 27x

64. Do the values in the table below represent a direct variation? Explain.
See margin.

x| 4 5[ 7
y |13.1]163] 226

76 Chapter 2 Functions, Equations, and Graphs

54. Answers may vary.
Sample: If y varies directly

with x2, and

y = 2 when x = 4, then

y = 101§ when x = 9.

64. [2] No; the ratio ¥ is not
constant.

[1] only has answer no,
with no explanation



Mixed Review

Lesson 2-2
for

Help

Lesson 2-1

Use the given information to graph each line. 65-68. See back of book.
65. slope = —%,through (=2,5) —%,through (1,-4)
67. slope = —4, through (0, —1) -2,(—1,6)

66. slope

68. slope

Graph each relation. Find the domain and range. 69-72. See margin.
69. {(0,1), (1, =3),(—2,—3),(3, -3)} 70. {(4,0),(7,0),(4, —1),(7, -1)}
71. {(1,-2),(2, 1), (4,1),(5,2)} 72. {(1,7),(2,8),(3,9), (4,10)}

Skills Handbook @ 73. Aviation On June 21,2004, Simon Oliphant-Hope completed a record-setting

helicopter trip around the world in 17 d 14 h 2 min 27 s. He spent 196.4 h in
flight. What percent of the time was he not in the air? about 46.5%

Lessons 2-1 through 2-3

69.

&) Checkpoint Quiz 1

Find the x- and y-intercepts of each line. 2. (—g, 0); (0, 5)

Lx—-3y=9 2.y =Tx +5 3.y =6x 4. —4x +y =10
(9, 0); (0, —3) (0, 0); (0, 0) (-3, 0); (0, 10)

Write the equation of each line in slope-intercept form.

5.2x —y =9 6.4x =2 +y 7.5y = —3x — 10 8.4x+6£/=12
y=2x-9 y=4-2 y=—%x—2 y=-3x+2

9. a. A group of friends is going to the movies. Each ticket costs $7.00. Write an
equation to model the total cost of the group’s tickets. a-c. See margin.
§ b. Graph the equation. Explain what the x- and y-intercepts represent.
c. Writing Could the domain include fractions? Explain.

10. Which line is perpendicular to 3x + 2y = 67 A

Adx —6y=3 Boy=-3x+4 C2x+3y=12 D.y=3x+1

Algebra at Work

:coc.c.c.c.c.c.cococooo<Miniaturist

Qlx
X

domain {0, 1, —2, 3},
range {1, —3}

Pecople who make a career out of designing and creating
miniature models of actual objects are called miniaturists.
They apply direct variations to reproduce realistic models of
items such as houses, stores, or scenes. Common scales used

to create miniatures are the following.

e the one-inch scale (1in.:1ftor1:12)

e the half-inch scale (0.5in.: 1 ftor 1:24)

e the quarter-inch scale (0.25in.: 1 ft or 1 : 48)

CGO \‘I‘lline For: Information about careers in model design
Hschool.com Web Code: agb-2031

Lesson 2-3 Direct Variation 77
70. [ofy 71. y
AEREDEREDC . .
TI T o X
domain {4, 7}, +1] ’ 315
range {0, —1} [

domain {1, 2, 4, 5},
range {—2, —1, 1, 2}

Test Prep
Resources

For additional practice with a

variety of test item formats:

e Standardized Test Prep, p. 113

e Test-Taking Strategies, p. 108

e Test-Taking Strategies with
Transparencies

&) Checkpoint Quiz

Use this Checkpoint Quiz to check
students’ understanding of the
skills and concepts of Lessons 2-1
through 2-3

Resources
Grab & Go
® Checkpoint Quiz 1

72. y

(<~}

[+ <]
P

P

B

N

X

o 2 | 4

domain {1, 2, 3, 4},
range {7, 8, 9, 10}

page 77 Checkpoint Quiz 1

9a. y = 7x

b. Vi
1

X

L of 1 |

Both intercepts are 0
when no one has bought
any tickets.

c. No; the number of people
must be a whole number.

77



2-4

Objectives

1 To write linear equations that
model real-world data

2 To make predictions from
linear models

Examples

1 Real-World Connection
2 Real-World Connection
3 Using a Linear Model
4 Real-World Connection

Professional
Development

Math Background

Linear equations are useful in
modeling many real-world
problems. A scatter plot provides
a visual representation of two-
variable data sets and is useful in
determining whether there is

a linear relationship between the
variables. A trend line that comes
close to the points in a scatter
plot can be helpful in studying
the related data and in making
predictions.

More Math Background: p. 52D

Lesson Planning and
Resources

See p. 52E for a list of the

resources that support this lesson.

PowerPoint
=
= Bell Ringer Practice

@ Check skills You'll Need
For intervention, direct students to:
Relations and Functions
Lesson 2-1: Example 6
Extra Skills and Word
Problems Practice, Ch. 2
Linear Equations
Lesson 2-2: Example 3
Extra Skills and Word
Problem Practice, Ch. 2

78

What You'll Learn

® To write linear equations
that model real-world data

® To make predictions from
linear models

...And Why

To model a burning candle,
as in Example 2

_6! _2! -3
) New Vocabulary e scatter plot e trend line

Using Linear Models

Check Skills You'll Need @@ for Help Lessons 2-1 and 2-2

Find the change in x and the change in y between each pair of points.

1.(=02,9)and (34,7.3) 2. (10,17) and (11.5,13.5) 3. (0,7})and (-1,2)
-3

Evaluafe each function for the gi've’n values. -1, 11*0

4. fix) = %x - AZforx = 73,0,% 5. g(x)11= 3(2 — x)forx = O,%,l
6, 5,3
» 2

1 Modeling Real-World Data

Real-World @ Connection

Careers Hot-air balloonists
use mathematics to plot
courses, calculate wind speed,

and determine their air speed.

You can write linear equations to model real-world problems.

m Real-WorId@\Connection

Transportation Jacksonville, Florida has an elevation of 12 ft above sea level. A
hot-air balloon taking off from Jacksonville rises 50 ft/min. Write an equation to
model the balloon’s elevation as a function of time. Graph the equation. Interpret
the intercept at which the graph intersects the vertical axis.

Relate balloon’s elevation = rate time + starting elevation
Define Let 4 = the balloon’s elevation.

Let ¢ = time (in minutes) since the hot-air balloon lifted off.
Write h = 50 - t + 12

An equation that models the balloon’s elevation is # = 50t + 12.

The h-intercept is (0, 12). h
The t-coordinate, 0, represents the 120
time at the start of the trip.
80
The h-coordinate, 12, represents the
elevation of the balloon at the start 40
of the trip. 4(0,12)

O 2 4 6 t

@ Qlli(k (l‘IECk 0 Suppose a balloon begins descending at a rate of 20 ft/min from an elevation of 1350 ft.

a. Write an equation to model the balloon’s elevation as a function of time. What is
true about the slope of this line? h = —20t + 1350; the slope is negative.
b. Graph the equation. Interpret the /-intercept. See back of book.

78 Chapter 2 Functions, Equations, and Graphs

Special Needs

Help students connect the different correlation
descriptions with their respective graphs: weak or
strong, positive or negative, or no correlation.

learning style: visual

Differentiated Instruction B R T frerr s

Below Level

Because they want to “connect the dots,” students
may have difficulty drawing trend lines. Emphasize that
a trend line is not exact but is an estimate.

learning style: tactile
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