Lesson
Notes

Relations and Functions
Why?
The table shows the monthly average low and high temperatures for Charlotte, North
Carolina. Each month’s average temperatures can be represented by the ordered pair
(average low, average high). For example, January’s average temperatures can be
expressed as (32, 51).

Then
You identified domains
and ranges for given
situations. (Lesson 0-1)

Now
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Vertical Alignment

Monthly Average Temperature (°F)
Charlotte, NC

Analyze relations and
functions.
Use equations of
relations and functions.

Month
Low
High

Jan
32
51

Feb
34
56

Mar
42
64

Apr
49
73

May
58
80

Jun
66
87

Jul
71
90

Aug
69
88

Sep
63
82

Oct
51
73

Nov
42
63

Before Lesson 2-1
Identify domains and ranges for
given situations.

Dec
35
54

Lesson 2-1
Analyze relations and functions.
Use equations of relations and
functions.

Source: The Weather Channel

NGSSS
MA.912.A.10.3 Decide
whether a given statement is
always, sometimes, or never
true (statements involving
linear or quadratic
expressions, equations, or
inequalities rational or radical
expressions or logarithmic or
exponential functions).

Relations and Functions Recall that a function is a relation in which each element of
the domain is paired with exactly one element in the range. All functions map elements
of the domain to elements of the range, but they may differ in the way the elements of
the domain and range are paired.

Key Concept

FL Math Online
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onto function
Each element of the
range corresponds to
an element of the
domain.

both one-to-one and onto
Each element of the domain
is paired to exactly one
element of the range, and
each element of the range
corresponds to a unique
element of the domain.

Domain

Range

Domain

Range

Domain

Range

1
2
3

D
B
C
A

1
2
3
4

D
B
C

1
2
3
4

D
B
C
A

EXAMPLE 1

After Lesson 2-1
Identify and sketch graphs of
parent functions.

Functions

one-to-one function
Each element of the
domain pairs to exactly
one unique element of
the range.

New Vocabulary
one-to-one function
onto function
discrete relation
continuous relation
vertical line test
independent variable
dependent variable
function notation

2

Have students read the Why? section of
the lesson.
Ask:
• What is the average low temperature
in May? 58˚F
• How can November’s average
temperatures be expressed as an
ordered pair? (42, 63)
• Why can you be sure that the second
number in the ordered pairs for these
data are always greater than or equal
to the first? The average high
temperature will always be greater
than or equal to the average low
temperature.

Domain and Range

a. {(-6, -1), (-5, -9), (-3, -7), (-1, 7), (6, -9)}
Domain: {-6, -5, -3, -1, 6}

Range: {-9, -7, -1, 7}

yes, because each element of the domain is paired with one element of
the range

one-to-one: no, because each element of the domain is not paired with a unique
element of the range
onto:

TEACH

Scaffolding Questions

State the domain and range of each relation. Then determine whether each relation
is a function. If it is a function, determine if it is one-to-one, onto, both, or neither.

function:

FOCUS

yes, because each element of the range corresponds to an element of
the domain
Lesson 2-1 Relations and Functions
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Approaching-Level
• Differentiated Instruction, p. 64

• Differentiated Instruction, p. 64

• Differentiated Instruction, pp. 64, 67

Chapter
Resource
Masters
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•

•
•
•
•
•

• Practice, p. 8
• Word Problem Practice, p. 9
• Enrichment, p. 10

•
•
•
•
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Transparencies
Other

Study Guide and Intervention, pp. 5–6
Skills Practice, p. 7
Practice, p. 8
Word Problem Practice, p. 9

On-Level
Study Guide and Intervention, pp. 5–6
Skills Practice, p. 7
Practice, p. 8
Word Problem Practice, p. 9
Enrichment, p. 10
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Beyond-Level

English Learners
Study Guide and Intervention, pp. 5–6
Skills Practice, p. 7
Practice, p. 8
Word Problem Practice, p. 9

• 5-Minute Check Transparency 2-1

• 5-Minute Check Transparency 2-1

• 5-Minute Check Transparency 2-1

• 5-Minute Check Transparency 2-1

• Study Notebook

• Study Notebook

• Study Notebook

• Study Notebook
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b.

Relations and Functions
Example 1 illustrates the domain and
range of a discrete relation and shows
how to determine whether the relation
is a function. It also shows how to
determine if a function is one - to - one ,
onto, both, or neither. Example 2
shows how to use the vertical line test
to determine whether a graph
represents a function. It also shows how
to identify whether a relation is discrete
or continuous by looking at its graph.

✓ Formative Assessment

2

-1

-2

-1

2

-2

-1

0

1

2

Domain: {-2, -1, 2}

Range: {-2, -1, 0, 1, 2}

The relation is not a function because 2 is mapped to both -2 and 2, and -1 is
mapped to both -1 and 1.

✓Guided Practice
State the domain and range of each relation. Then determine whether each relation
is a function. If it is a function, determine if it is one-to-one, onto, both, or neither.

1A. D = {-3, -2, -1,
0, 1, 3, 4}, R = {-3,
-2, 1, 2, 4}; not a
function

y

1A.

1B.

Domain

Range

-3
-2
-1
0
1

0
2
4
6
8

x

0

1B. D = {-3, -2, -1,
0, 1}, R = {0, 2, 4, 6,
8}; function; one-toone, not onto

Use the Guided Practice exercises after
each example to determine students’
understanding of concepts.

Personal Tutor glencoe.com

A relation in which the domain is a set of individual points, like the relation in Graph A,
is said to be a discrete relation. Notice that its graph consists of points that are not
connected. When the domain of a relation has an infinite number of elements and the
relation can be graphed with a line or smooth curve, the relation is a continuous relation.

Additional Example

1

x
y

(SBQI"

StudyTip
Continuous
Relations If you
can draw the graph
of a relation without
lifting your pencil
from the paper,
this relation is
continuous.

State the domain and range of
the relation. Then determine
whether the relation is a
function. If it is a function,
determine if it is one-to-one,
onto, both, or neither.

(SBQI#

y

y

x

0

discrete relation

0

x

continuous relation

With both discrete and continuous graphs, you can use the vertical line test to
determine whether the relation is a function.

y

(−3, 1)

(1, 2)

Words

x

0
(−4, −2)

Key Concept

(3, 3)

(0, −2)

The domain is {–4, –3, 0, 1, 3}.
The range is {–2, 1, 2, 3}. Each
member of the domain is paired
with one member of the range,
so this relation is a function. It is
onto, but not one-to-one.
Additional Examples also in
Interactive Classroom PowerPoint®
Presentations
INTERACTIVE
IWB WHITEBOARD

READY

Vertical Line Test

If no vertical line intersects a
graph in more than one point,
the graph represents a
function.

If a vertical line intersects a
graph in two or more points,
the graph does not represent
a function.

y

Models

0

y

x

0

x

62 Chapter 2 Linear Relations and Functions
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INTERACTIVE WHITEBOARD Display a
graph on the board and demonstrate the
vertical line test. Draw a vertical line and
drag it from left to right across the graph.
Show students that if there is any place
where a vertical line intersects the graph at
more than one point, the graph is not a
function.

Tips for New Teachers

11/14/08

3:49:18 PM

Vertical Line Test Discuss with students why the
vertical line test works. More than one point on
a vertical line indicates more than one point with
the same x-coordinate.

62 Chapter 2 Linear Relations and Functions
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EXAMPLE 2

Additional Example

BICYCLING The graph shows the length
of the Tour de France in kilometers
each year from 1998 through 2006. Is
the relation discrete or continuous?
Does the graph represent a function?
Distance (km)

Length of Tour de France

Because the graph consists of distinct
points, the function is discrete. Use
the vertical line test. No vertical line
can be drawn that contains more than
one of the data points. Therefore,
the relation is a function.

2

4000
3900
3800
3700
3600
3500
3400
3300
3200
3100

TRANSPORTATION The table
shows the average fuel efficiency
in miles per gallon for SUVs for
several years. Graph this
information and determine
whether it represents a function. Is
the relation discrete or continuous?

0

Lance Armstrong has won
the Tour de France more
than any other rider,
having won 7 consecutive
races from 1999 through
2005.

1998

2000

2002

2004

2006

Year Fuel Efficiency (mi/gal)

Year

✓Guided Practice

2001
2002
2003
2004
2005
2006
2007

2. The number of employees a company had in each year from 2004 to 2009 were 25,
28, 34, 31, 27, and 29. Graph this information and determine whether the relation is
discrete or continuous. Does the graph represent a function? See margin for graph;

Source: USA Cycling

discrete; function

Personal Tutor glencoe.com

Equations of Relations and Functions Relations and functions can also be represented
by equations. The solutions of an equation in x and y are the set of ordered pairs (x, y)
that make the equation true. To determine whether an equation represents a function, it
is often simplest to look at the graph of the relation.

EXAMPLE 3

Source: U.S. Environmental Protection
Agency

Graph a Relation

1
Graph y = _
x - 3, and determine the domain and range. Then determine whether
2

Mileage (mi/gal)

the equation is a function, is one-to-one, onto, both, or neither. State whether it is
discrete or continuous.
Make a table of values that satisfy the equation. Then graph the equation.
Every real number is the x-coordinate
of some point on the line, and every
real number is the y-coordinate of
some point on the line. So the domain
and range are both all real numbers.
The graph passes the vertical line test,
so the equation is a function. Every
x-value is paired with exactly one
unique y-value, and every y-value
corresponds to an x-value. Thus, the
function is both one-to-one and onto.

x
-4
-2
0
2
4

y

y
-5
-4
-3
-2
-1

(4, -1)

0

x

(2, -2)
(0, -3)

(-2, -4)

Fuel Efficiency
of SUVs

’01 ’02 ’03 ’04 ’05 ’06 ’07

Year

Yes, this relation is a function,
and it is discrete.

✓Guided Practice

3. Graph y = x2 + 1, and determine the domain and range. Then determine whether
the equation is a function, is one-to-one, onto, both, or neither. State whether it is
discrete or continuous. See margin for graph; D = {all real numbers}, R = {y | y ≥ 1};

function; neither; continuous

Equations of Relations and
Functions

Personal Tutor glencoe.com

Lesson 2-1 Relations and Functions

Additional
Answers (Guided Practice)
63
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Example 3 shows how to graph a
relation that is a line. Example 4 shows
how to evaluate a function.

63
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Focus on Mathematical Content

y

3.

Relations and Functions A
function is a special type of relation,
just as a square is a special type of
rectangle. All functions are relations.
x

20
10

20
08

20
06

0
20
04

2.

22.6
22.4
22.2
22.0
21.8
21.6
21.4
21.2
21.0
20.8
20.6
0

(-4, -5)

Because the graph is a solid line without breaks, the function is continuous.

40
36
32
28
24
20
16
12
8
4
0

20.8
20.6
20.8
20.9
21.6
22.3
22.6

Lesson 2-1 Relations and Functions
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When an equation represents a function, the variable, often x, with values making up the
domain is called the independent variable. The other variable, often y, is called the
dependent variable because its values depend on x.

Additional Examples

3

Equations that represent functions are often written in function notation. The equation
y = 5x - 1 can be written as f(x) = 5x - 1. Suppose you want to find the value in the range
that corresponds to the element -6 in the domain of the function. The value f(-6) is found
by substituting -6 for each x in the equation. Therefore, f(-6) = 5(-6) - 1 or -31.

ReadingMath

Graph y = 3x - 1 and determine
the domain and range. Then
determine whether the equation
is a function, is one-to-one, onto,
both, or neither. State whether it
is discrete or continuous.

Function Notation
The symbol f(x)
replaces the y and is
read “f of x.” The f is
just the name of the
function. It is not a
variable that is
multiplied by x.

y

EXAMPLE 4

Evaluate a Function

Given f(x) =

- 8, find each value.

a. f(6)

b. f(2y)

f(x) = 2x2 - 8
f(6) =

(1, 2)
0

(0, -1)

x

✓Guided Practice

2(2y)2

Original function

- 8 Substitute.

Evaluate 62.

= 2(4y2) - 8

(2y)2 = 22y2

Simplify.

= 8y2 - 8

Simplify.

x3

4B. g(4a) 8a2 - 20a + 3.5
Personal Tutor glencoe.com

✓ Check Your Understanding
Example 1
p. 61

- 3, find each

1. D = {5, 6, -2}, R =
{3, -8, 1}; function;
both
2. D = {1, -2, 4},
R = {2, 5, 3, -1}; not
a function
3. D = {-2, 1, 4, 8},
R = {-4, -2, 6};
function; Example 2
p. 63
onto

PRACTICE

✓ Formative Assessment

4a. D = {22, 23, 24, 25},
R = {16.2, 24.1, 27.2,
23.5}
4b. {(22, 16.2),
(23, 24.1), (24, 27.2),
(25, 23.5)}

Use Exercises 1–10 to check for
understanding.
Use the chart at the bottom of the next
page to customize assignments for your
students.

State the domain and range of each relation. Then determine whether each relation is
a function. If it is a function, determine if it is one-to-one, onto, both, or neither.
1.

y

2.
5
6
-2

(-2, 3)

3
1
-8

3
(1, 5)
(1, 2)

0

4. BASKETBALL The table
shows the average points
per game for Dwayne
Wade of the Miami
Heat for four years.

SEASON

a. Assume that the ages
are the domain. Identify
the domain and range.

x

(4, -1)

x
-2
1
4
8

y
-4
-4
-2
6

DWAYNE WADE’S AVERAGE POINTS
PER GAME
AGE

2003–2004

22

16.2

2004–2005

23

24.1

2005–2006

24

27.2

2006–2007

25

23.5

b. Write a relation of ordered pairs for the data.
c. State whether the relation is discrete or continuous. discrete
d. Graph the relation. Is this relation a function? See margin.

Example 3
p. 63

Additional Answer

Graph each equation, and determine the domain and range. Determine whether the
equation is a function, is one-to-one, onto, both, or neither. Then state whether it is
discrete or continuous. 5–8. See Chapter 2 Answer Appendix.
5. y = 5x + 4

4d. yes

7. y = 3x2

6. y = -4x - 2

8. x = 7

64 Chapter 2 Linear Relations and Functions

Wade’s Average Points
Per Game
Points Per Game

f(2y) =

Substitute.

4A. g(2.8) -6.58

b. f(2t) 8t3 - 3

30
27
24
21
18
15
12
9
6
3
0

f(x) = 2x2 - 8

Given g(x) = 0.5x2 - 5x + 3.5, find each value.

a. f(–2) –11

3

-8

= 72 - 8 or 64

The domain is all real numbers;
the range is all real numbers; the
equation is a function; the
equation is continuous.
Given f(x) =
value.

2(6)2

Original function

= 2(36) - 8

(-1, -4)

4

2x2

Differentiated Instruction

061_067_C02_L01_892265.indd 64

If
Then
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your class has one or more students who are familiar with reading musical notation,
ask them to explain to the class how graphing points on a coordinate plane compares to
writing musical notes on a staff.

3 6 9 12 15 18 21 24 27 30

Age

64 Chapter 2 Linear Relations and Functions
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p. 64

Evaluate each function.

p. 61

State the domain and range of each relation. Then determine whether each relation is
a function. If it is a function, determine if it is one-to-one, onto, both, or neither.

11. D = {-0.3, 0.4, 1.2}, 11.
R = {-6, -3, -1, 4};
not a function
12. D = {2, 4, -8},
R = {-6, 14, -4}; not
a function
Example 2
p. 63

14b. D = {33.93,
16.03, 12.44, 19.00,
8.07, 20.90}, R = {53,
25, 19, 29, 13, 32}
14d. Yes; each domain
value is paired with
only one range value
so the relation is a
function.

Common Misconceptions Point out
that, in many real situations involving
two variables, one of the variables can
be seen to depend on the other. But
there are times when there is no
obvious dependent relationship.

= Step-by-Step Solutions begin on page R20.
Extra Practice begins on page 947.

Practice and Problem Solving
Example 1

Watch Out!

10. g(5) if g(x) = -2x2 - 4x + 1 -69

9. f(-3) if f(x) = -4x - 8 4

x
-0.3
0.4
1.2
1.2

y
-6
-3
-1
4

12.
2
4
-8

13. {(-3, -4), (-1, 0), (3, 0),
(5, 3)} See margin.

-6
-4
12
14

Additional Answers

14. POLITICS The table below shows the population of several states and the number of
U.S. representatives from those states.
a. Make a graph of the data with
population on the horizontal
axis and representatives on the
vertical axis. See margin.

Population
(millions)

State

b. Identify the domain and range.
c. Is the relation discrete or
continuous? discrete
d. Does the graph represent a
function? Explain your reasoning.

Number of
Representatives

California

33.93

53

Florida

16.03

25

Illinois

12.44

19

New York

19.00

29

8.07

13

20.90

32

North Carolina
Texas

13. D = {–3, –1, 3, 5}; R = {–4, 0, 3};
function; onto
14a.

Source: U.S. Bureau of the Census

Example 3
p. 63

Example 4
p. 64

Graph each equation, and determine the domain and range. Determine whether the
equation is a function, is one-to-one, onto, both, or neither. Then state whether it is
discrete or continuous. 15–20. See Chapter 2 Answer Appendix.
15. y = -3x + 2

16. y = 0.5x - 3

17. y = 2x2

18. y = -5x2

19. y = 4x2 - 8

20. y = -3x3 - 1

23a. {(0, 1), (20, 1.6), (40, 2.2),
(60, 2.8), (80, 3.4), (100, 4)}

22. f(2.5) if f(x) = 16x2 100

23b.

Depth (ft)

0

20

40

60

80

100

Pressure (atm)

1

1.6

2.2

2.8

3.4

4

Pressure (atmospheres)

23. DIVING The table below shows the pressure on a diver at various depths.

a–d. See
margin.

a. Write a relation to represent the data.
b. Graph the relation.
c. Identify the domain and range. Is the relation discrete or continuous?
d. Is the relation a function? Explain your reasoning.
It takes approximately
32 hours of classroom
sessions and practice diving
to complete entry-level
scuba diving certification.
Source: YMCA Scuba

Find each value if f(x) = 3x + 2, g(x) = -2x2, and h(x) = -4x2 - 2x + 5.
24. f(-5) -13

25. f(9) 29

26. g(-3) -18

27. g(-6) -72

28. h(3) -37

2
30. f _
4
3

3
31. g _
-4.5
2

29. h(8) -267
1 111
32. h _
5 25

Differentiated Homework Options
65

Level

Assignment

10 20 30 40 50 60 70 80 90 100

Depth (feet)

Lesson 2-1 Relations and Functions
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Diving Pressure
10
9
8
7
6
5
4
3
2
1
0

()_

()

()

5 10 15 20 25 30 35 40

Population (millions)

Evaluate each function.
21 f(-8) if f(x) = 5x3 + 1 -2559

60
55
50
45
40
35
30
25
20
15
10
5
0

Number of Representatives

Example 4

23c. D = {x | x ≥ 0};
R = {y | y ≥ 1}; continuous

65

11/14/08

3:50:09 PM

23d. Yes; each domain value is paired
with only one range value so the
relation is a function.

Two-Day Option

AL Basic

11–32, 35, 37–64

OL Core

11–31 odd, 33–35, 37–64 11–32, 41–44

BL Advanced

33–55, (optional: 56–64)

11–31 odd, 41–44

12–32 even, 35, 37–40,
45–64
33–35, 37–64

Lesson 2-1 Relations and Functions
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Study Guide and Intervention
pp. 5–6 AL OL ELL
2-1

B

33 PODCASTS Chaz has a collection of 15 podcasts downloaded on his digital audio
player. He decides to download 3 more podcasts each month. The function
P(t) = 15 + 3t counts the number of podcasts P(t) he has after t months. How
many podcasts will he have after 8 months? 39

Study Guide and Intervention
Relations and Functions

Relations and Functions

A relation can be represented as a set of ordered pairs or
as an equation; the relation is then the set of all ordered pairs (x, y) that make the equation
true. A function is a relation in which each element of the domain is paired with exactly
one element of the range.
Y

Each element of the domain pairs to exactly one unique element of the range.

1
2
3

D
B
C
A

X

Y

Onto Function

Each element of the range also corresponds to an element of the domain.

1
2
3
4

D
B
C

X

Y

Both One-toOne and Onto

Each element of the domain is paired to exactly one element of the range and
each element of the range.

1
2
3

C
B

Example
State the domain and range of the relation.
Does the relation represent a function?

Copyright © Glencoe/McGraw-Hill, a division of The McGraw-Hill Companies, Inc.

The domain and range are both all real numbers. Each element
of the domain corresponds with exactly one element of the range,
so it is a function.

34a–e. See Chapter 2 Answer Appendix.
34.

x

y

-1

-5

0

-3

1

-1

2

1

3

3

D = {-7, -5, 3, 4}, R = {-11, 2, 2};
function; onto
4. {(–15, 12), (–14, 11), (–13, 10), (–12, 12)}

D = {-15, -14, -13, -12},
R = {10, 11, 12}; not a function

D = {0.1, 0.5, 8}, R = {-3, 8, 12};
function; both

5

Chapter 2

Practice
p. 8
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ELL

Practice
Relations and Functions

State the domain and range of each relation. Then determine whether each
relation is a function. If it is a function, determine if it is one-to-one, onto, both
or neither.
1.

Domain

Range

2

21
25
30

8

3.

x

2.
D = {2, 8},
R = {21, 25, 30};
no

D = {-3, -1, 0, 2, 3},
R = {-2, -1, 0, 4};
yes; onto

y

Domain

Range

5
10
15

105

4.

y

-2

-1

-3

0

-1

-1

-2

1

0

0

-1

0

2

-2

1

0

3

4

2

1

y
Copyright © Glencoe/McGraw-Hill, a division of The McGraw-Hill Companies, Inc.

−4

−2

2

4x

2

O

2

O

x

−2

−2

D = {-1}, R = {all real numbers};
no; continuous

D = {all real numbers},
R = {all real numbers}; yes;
both; continuous

5
and g(x) = -2x + 3.
Find each value if f(x) = −
x+2

(2)

5
8. f(-4) - −

7. f(3) 1

1
9. g −

2

10. f(-2) undefined

2
5
m

12. f(m - 2) −

11. g(-6) 15

13. MUSIC The ordered pairs (1, 16), (2, 16), (3, 32), (4, 32), and (5, 48) represent the cost of
buying various numbers of CDs through a music club. Identify the domain and range of
the relation. Is the relation discrete or continuous? Is the relation a function?

D = {1, 2, 3, 4, 5}, R = {16, 32, 48}; discrete; yes

14. COMPUTING If a computer can do one calculation in 0.0000000015 second, then the
function T(n) = 0.0000000015n gives the time required for the computer to do n
calculations. How long would it take the computer to do 5 billion calculations? 7.5 s

8

Chapter 2

Glencoe Algebra 2

Word Problem Practice
p. 9 AL OL BL
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ELL

Word Problem Practice
Relations and Functions
3. SCHOOL The number of students N in
Vassia’s school is given by N = 120 +
30G, where G is the grade level. Is 285
in the range of this function?

1. PLANETS The table below gives the
mean distance from the Sun and orbital
period of the eight major planets in our
Solar System. Think of the mean
distance as the domain and the orbital
period as the range of a relation. Is this
relation a function? Explain.

0.241

Venus

0.723

0.615

Earth

1.0

Mars

1.524

Jupiter

5.204

11.75

Saturn

9.582

29.5

Uranus

19.201

84

Neptune

30.047

165

4. FLOWERS Anthony decides to decorate
a ballroom with r = 3n + 20 roses,
where n is the number of dancers. It
occurs to Anthony that the dancers
always come in pairs. That is, n = 2p,
where p is the number of pairs. What is
r as a function of p?

1.0
1.881

Lesson 2-1

No; if N = 285, then G = 5.5,
but grade levels are integers so
285 is not in the range of the
function.

Mean Distance from Orbital Period
Sun (AU)
(years)
0.387

r = 6p + 20

5. SALES Cool Athletics introduced the
new Power Sneaker in one of their
stores. The table shows the sales for the
first 6 weeks.

Yes, it is a function because
every value in the domain
corresponds to a single value
in the range.

Omar

Week

1

2

3

4

5

6

Pairs Sold

8

10

15

22

31

44

37. REASONING If the graph of a relation crosses the y-axis at more than one point, is the
relation sometimes, always, or never a function? Explain your reasoning.
38. OPEN ENDED Graph a relation that can be used to represent each of the following.

a–d. See Chapter 2 Answer

a. the height of a baseball that is hit into the outfield Appendix.
b. the speed of a car that travels to the store, stopping at two lights along the way
c. the height of a person from age 5 to age 80
d. the temperature on a typical day from 6 a.m. to 11 p.m.
39. REASONING Determine whether the following statement is true or false. Explain your
reasoning.
If a function is onto, then it must be one-to-one as well.
40. WRITING IN MATH Explain why the vertical line test can determine if a relation is
a function. See margin.

66 Chapter 2 Linear Relations and Functions

Enrichment
p. 10 OL

061_067_C02_L01_892265.indd

2-1

Multiple Representations In Exercise 34,
students use a graphing calculator, a table of
information, and visual inspection to identify
properties of functions.

66

BL

Enrichment
Real Number Relations and Functions

a. Graph the data.

It is interesting to think about one-to-one and onto correspondences between different
subsets of the real numbers.

35
Pairs Sold

2. PROBABILITY Martha rolls a number
cube several times and makes the
frequency graph shown. Write a relation
to represent this data.

30

11/14/08

3:50:16 PM

Example 1
Is there one-to-one and onto correspondence between natural
numbers and integers?

25
20
15

Set the two groups up as follows:

10

7

Madison
f(3d) = –4(3d)2 – 2(3d) + 1
= 12d2 – 6d + 1

36. CHALLENGE Consider the functions f(x) and g(x). f(a) = 19 and g(a) = 33, while
f(b) = 31 and g(b) = 51. If a = 5 and b = 8, find two possible functions to represent
f(x) and g(x). Sample answer: f(x) = 4x - 1; g(x) = 6x + 3

37. Never; if the graph
crosses the y-axis
twice, then there will
be two separate
y-values that
correspond to x = 0,
which violates the
vertical line test.
39. Sample answer:
False; a function is onto
and not one-to-one if all
of the elements of the
domain correspond to
an element of the
range, but more than
one element of the
domain corresponds to
the same element of
the range.

45
40

5

6
Frequency

Copyright © Glencoe/McGraw-Hill, a division of The McGraw-Hill Companies, Inc.

Planet
Mercury

35. ERROR ANALYSIS Omar and Madison are finding f(3d) for the function
f(x) = -4x2 - 2x + 1. Is either of them correct? Explain your reasoning.

D = {-2, -1, 1, 2},
R = {-1, 0, 1}; no

2
−2

35. Sample answer:
Omar; Madison did not
square the 3 before
multiplying by -4.

Use Higher-Order Thinking Skills

f(3d) = –4(3d)2 – 2(3d) + 1
= –4(9d2) – 6d + 1
= –36d2 – 6d + 1

6. y = 2x - 1
y

4

H.O.T. Problems

D = {5, 10, 15},
R = {105, 110};
yes; onto

Graph each equation and determine the domain and range. Determine whether
the relation is a function, is one-to-one, onto, both, or neither. Then state whether
it is discrete or continuous.
5. x = -1

e. GRAPHICAL Create a table showing whether each function is one-to-one
and/or onto.

110

x

j(x) = x3

d. ANALYTICAL For a function to be onto, every possible horizontal line on the graph
of the function must intersect the function at least once. Which functions meet this
condition? Which do not? Explain your reasoning.

Source: ZDNet

Glencoe Algebra 2

BL

h(x) = x3 - 3x2 - 5x + 6

c. ANALYTICAL For a function to be one-to-one, a horizontal line on the graph of
the function can intersect the function at most once. Which functions meet this
condition? Which do not? Explain your reasoning.

Introduced in the early
2000s, podcasts allow
subscribers to download
audio and video programs
to their portable media
players. Podcasts can
include news and
information, entertainment,
and educational content.

2. {(–5, 2), (4, –2), (3, –11), (–7, 2)}

D = {0.4, 0.5, 3.1}, R = {0, 1, 2, 3};
not a function

g(x) = 2x

f(x) = x2

b. TABULAR Use the graphs to create a table showing the number of times a
horizontal line could intersect the graph of each function. List all possibilities.

State the domain and range of each relation. Then determine whether each
relation is a function. If it is a function, determine if it is one-to-one, onto, both,
or neither.

3. {(0.5, –3), (0.1, 12), (6, 8)}

a. GRAPHICAL Graph each function on a separate graphing calculator screen.

A

Exercises

1. {(0.5, 3), (0.4, 2), (3.1, 1), (0.4, 0)}

MULTIPLE REPRESENTATIONS In this problem you will investigate one-to-one and

C onto functions.

Lesson 2-1

X

One-to-One
Function

5

0

4

1

2 3 4 5 6 7
Week

1

2

3

4

5

6

7

8

9...

0

1

-1

2

-2

3

-3

4

-4 . . .

3

b. Identify the domain and range.

2

D = {1, 2, 3, 4, 5, 6}
R = {8, 10, 15, 22, 31, 44}

1
0

1

2 3 4 5 6
Number

Chapter 2

Even though the natural numbers are a subset of the integers, there is one unique natural
number for each integer. The two sets do have a one-to-one correspondence.

c. Is the relation a function? Explain.

{(1, 4), (2, 3), (3, 6), (4, 3),
(5, 5), (6, 4)}

Yes, it is a function because
every value in the domain
corresponds to a single value
in the range.
9

Glencoe Algebra 2

Example 2
Is there one-to-one and onto correspondence between integers
and rational numbers?
. . . −4 −3 −2 −1
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1

0
1

1

2
2

3

4...

2

2

2

3

3

3

3

C

1
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NGSSS PRACTICE

912.A.2.13, 912.G.4.4

Watch Out!

41. Patricia’s swimming pool contains 19,500
gallons of water. She drains the pool at a rate of
6 gallons per minute. Which of these equations
represents the number of gallons of water g,
remaining in the pool after m minutes? A

43. GEOMETRY Which set of dimensions represents a
triangle similar to the triangle shown below? I
13

5

A. g = 19,500 - 6m
B. g = 19,500 + 6m

12

1 unit, 2 units, 3 units
7 units, 11 units, 12 units
10 units, 23 units, 24 units
20 units, 48 units, 52 units

F.
G.
H.
I.

19,500
6m
6m
D. g = _
19,500

C. g = _

42.

4

44. ACT/SAT If g(x) = x2, which expression is equal
to g(x + 1)? C

SHORT RESPONSE Look at the pattern below.
5
3
-_
, -2, -_
, -1, …
2

Error Analysis For Exercise 35, suggest
that students rewrite the original
function by substituting the expression
(3d) for each occurrence of the variable
x before they begin simplifying.

2

If the pattern continues, what will the next
term be? - 1
2

_

Crystal Ball In Lesson 2-2 students
will be identifying linear relations and
functions. Have students write about
how they think today’s lesson will
connect with the theme of Lesson 2-2.

1
x2 + 1
x2 + 2x + 1
x2 - x

A.
B.
C.
D.

Tips for New Teachers

Spiral Review
Solve each inequality. (Lesson 1-6) 46. z > 6 or z < 2
45. 48 > 7y + 6 > 20 6 > y > 2

_

4
46. z + 12 > 18 or -2z + 16 > 12

4

47. 2|4x + 2| + 3 > 21

Chess Club!!

Mondays and Wednesdays

after school in Mr. Willis’s room.

We are looking for 14 members,
give or take 8.

49. SALES Ling can spend no more than $120 at the summer sale of a
department store. She wants to buy shirts on sale for $15 each.
Write and solve an inequality to determine the number of shirts
she can buy. (Lesson 1-5) 15x ≤ 120; She can buy up to 8 shirts.

Additional Answer

Solve each equation. Check your solutions. (Lesson 1-4)
51.

Intervention This lesson has a number
of vocabulary words that may be new
or challenging for some students. Make
sure that all students are comfortable
with the mathematical language of this
lesson before they begin the next
lesson.

_

47. x > 7 or x < - 11

48. CLUBS Mr. Willis is starting a chess club at his high school. He sent the
advertisement at the right to all of the homerooms. Write an absolute
value inequality representing the situation. (Lesson 1-6) |x - 14| ≤ 8

50. 18 = 2|2a + 6| - 2 2 or -8

3
7
2 = -3|4c - 5| + 8 _ or _
4

4

52.

40. Sample answer: A relation is
a function if each x-value only
pairs with one y-value. If the
vertical line test fails then there is
an x-value that pairs with more
than one y-value, so the relation is
not a function.

2
-5 = 2|3b + 4| - 9 -2 or -_
3

Simplify each expression. (Lesson 1-2)
53. 6(3a - 2b) + 3(5a + 4b) 33a

ASSESS

54. -4(5x - 3y) + 2(y + 3x)

-14x + 14y

55. -7(2c - 4d) + 8(3c + d)

10c + 36d

Skills Review
Solve each equation. Check your solutions. (Lesson 1-3)
56. 5x + 2 = 32 6

57. 6a - 3 = 21 4

58. -2x + 5 = 5x + 19 -2

59. 6b + 4 = -2b - 28 -4

60. 2(x + 5) - 3(x - 4) = 19 3

61. 4(2y - 3) + 5(3y + 1) = -99 -4

62. 5c - 8 + 2c = 4c + 10 6

63. 8d - 4 + 3d = 2d - 100 - 7d -6

64. 10y - 5 - 3y = 4(2y + 3) - 20 3
Lesson 2-1 Relations and Functions

Differentiated Instruction
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Extension Some relations (and functions) are neither discrete nor completely continuous. Ask
students to consider the example below as a relation between two variables. Then ask them to
determine whether each is a function, and whether the domain and/or the range are discrete.
the number of bacteria in a colony and time (Assume the colony starts with one cell and each cell
divides into two new cells after exactly 30 minutes.) The number of bacteria is a function of time.
The domain is continuous for non-negative values of time. The dependent variable (the number of
bacteria) is discrete.
Lesson 2-1 Relations and Functions
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Lesson
Notes
FOCUS

Objective

Discrete and Continuous
Functions
Objective
Use discrete and
continuous functions
to solve real-world
problems.

A cup of frozen yogurt costs $2 at the Yogurt Shack.
We might describe the cost of x cups of yogurt using
the continuous function y = 2x, where y is the total
cost in dollars. The graph of that function is shown
at the right.

Distinguish between discrete and
continuous functions to explore realworld problems.

Buying Frozen Yogurt

Total Cost ($)

1

Algebra Lab

From the graph, you can see that 2 cups of yogurt
cost $4, 3 cups cost $6, and so on. The graph also
shows that 1.5 cups of yogurt cost 2(1.5) or $3.
However, the Yogurt Shack probably will not sell
partial cups of yogurt. This function is more
accurately modeled with a discrete function.

Materials for Each Student

8 y
7
6
5
4
3
2
1
0

y = 2x

1 2 3 4 5 6 7x

Number of Cups

• none

Begin this activity by asking students to
think of examples where only whole
number values for the domain make
sense.

When choosing a discrete function or a continuous
function to model a real-world situation, consider
whether all real numbers make sense as part of
the domain.

Buying Frozen Yogurt

Total Cost ($)

Teaching Tip

The graph of the discrete function at the right also
models the cost of buying cups of frozen yogurt. The
domain in this graph makes sense in this situation.

8 y
7
6
5
4
3
2
1
0

Some examples might be:

Number of Cups

1. Continuous; there can be measures of weight that are
not integers.
2. Discrete; you cannot receive a fraction of an e-mail.

• number of wheels on a car
• number of students absent from
school

1 2 3 4 5 6 7x

Exercises
Determine whether each function is correctly modeled using a discrete
or continuous function. Explain your reasoning.
1.

TEACH

Pounds

Working in Cooperative
Groups
Divide the class into groups of two,
mixing abilities. Have groups read the
first four paragraphs.

Use Exercise 5 to assess whether
students understand the difference
between a discrete and a continuous
function.

From Concrete to Abstract
Ask students to summarize what they
learned about discrete and continuous
functions. Then have them give an
example of each.

2.

E-Mails Received

y

1 2 3 4 5 6 7x

Kilograms

7
6
5
4
3
2
1
0

y

1 2 3 4 5 6 7x

Day

3. y represents the distance a car travels in x hours.

3–5. See Chapter 2 Answer Appendix.

4. y represents the total number of riders who have ridden on a roller coaster
after x rides.
5. WRITING IN MATH Give an example of a real-world function that is discrete and
a real-world function that is continuous. Explain your reasoning.

ASSESS

✓ Formative Assessment

14
12
10
8
6
4
2
0

Practice Have students complete
Exercises 1–5.

3

Converting Units

E-Mails Received

2
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• Have students draw a graph of a real-life
situation that is modeled by a continuous
function.
• Have students draw a graph of a real-life
situation that is modeled by a discrete function.

68 Chapter 2 Linear Relations and Functions
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