
Organizing Data Into Matrices

168 Chapter 4 Matrices

Skills Handbook page 870.

Use the table at the right.

1. How many units were imported 
to the United States in 1996? 
In 2000?

2. How many more units were
imported in 1998 than in 1996?

3. How many more units were
imported than exported in 2000?

4. Compare the percent increase of 
imports from 1996 to 2000 with the 
percent increase of exports from 1996 to 2000.

New Vocabulary • matrix • matrix element

What You’ll Learn
• To identify matrices and

their elements

• To organize data into
matrices

. . . And Why
To organize gymnastics data,
as in Example 4

A (plural: matrices) is a rectangular array of numbers written within
brackets. You represent a matrix with a capital letter and classify it by its
dimensions. The number of horizontal rows and the number of vertical columns
determine the dimensions of a matrix.

3 columns

A = 2 rows Matrix A is a 2 3 3 matrix.

Writing the Dimensions of a Matrix

Write the dimensions of each matrix.

a. b. c.

3 rows 3 3 columns 1 row 3 3 columns 4 rows 3 1 column

This is a 3 3 3 matrix. This is a 1 3 3 matrix. This is a 4 3 1 matrix.

Write the dimensions of each matrix.

a. b. c. £
10.0 0

1.0 25
26.2 9

§f8 23 15gc 4 5.0 0
22 0.5 17

d
11Quick Check

≥
1
2
0
0.5

¥c24 1
3 23 d£

4 6 5
2 23 27
1 0 9

§

EXAMPLEEXAMPLE11

d
d

  c2 3 4
6 7 0

d
T T T

matrix

4-14-1

11 Identifying Matrices

Imports
Exports

4.678
1.295

1996

5.185
1.331

1998

6.964
1.402

2000

U.S. Passenger Vehicles and Light Trucks
Imports and Exports (millions)

SOURCE: U.S. Department of Commerce.
Go to www.PHSchool.com for a data update.
Web code: agg-9041

1–4. See margin p. 170.

2 3 3 1 3 3 3 3 2

Check Skills You’ll Need GO for Help

When describing matrices,
read 3 as “by.” For
example, read 2 3 3 as 
“two by three.”

Vocabulary Tip

4-14-1

168

1. Plan
Objectives
1 To identify matrices and their

elements
2 To organize data into matrices

Examples
1 Writing the Dimensions of a

Matrix
2 Identifying a Matrix Element
3 Real-World Connection
4 Real-World Connection

Math Background

Matrices are rectangular arrays 
of numbers frequently used in
organizing and manipulating data.
In subsequent lessons students
will learn how to interpret the
sum, difference, and product of
matrices that represent various
data. They will also learn how to
model geometric transformations
with matrices.

More Math Background: p. 166C

Lesson Planning and
Resources

See p. 166E for a list of the
resources that support this lesson.

Bell Ringer Practice

Check Skills You’ll Need
For intervention, direct students to:

Percents and Percent Applications
Skills Handbook: p. 870
Example 3

PowerPoint

Special Needs
Have students arrange their desks into rows and
columns. Tape row and column number labels on the
walls in line with the desks. Call random matrix
entries and have the corresponding student stand. 

Below Level
Emphasize that matrices are more than just tables,
since they can be added, subtracted, multiplied and
divided.

L2L1

learning style: tactile learning style: verbal
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Lesson 4-1 Organizing Data Into Matrices 169

Each number in a matrix is a You can identify a matrix element
by its position within the matrix. Use a lowercase letter with subscripts. The
subscripts represent the element’s row number and column number.

Identifying a Matrix Element

Identify element a13 in matrix A below.

A =

a13 is the element in the first row and the third column.

Element a13 is 3.

Use the matrix from Example 2. Identify each matrix element.
a. a33 b. a11 c. a21 d. a12

Successful businesses must track great amounts of data in order to plan the best
use of their resources. They use matrices to organize and compare statistical data.

Energy Energy is often measured in British thermal units (Btus). Write a matrix to
represent the data below. Estimate the values from the graph.

Let each row represent a country and each column represent production or
consumption levels.

Production Consumption

a. Rewrite the matrix as a 2 3 3 matrix. Label the rows and columns.
b. How could you modify your matrix to include data from other countries?
c. Critical Thinking Explain the difference between a c 3 d matrix and a d 3 c matrix.

33Quick Check

43
28
98

  §
China

Russia
United States

 £  
42
46
71

200 40 60 80 100
Energy (1015 Btu)

Annual Energy Production and Consumption

Russia

China

United 
States

Production

Consumption

SOURCE: Energy Information Administration, International Energy Database.
Go to www.PHSchool.com for a data update.

EXAMPLEEXAMPLE Real-World Connection33

22Quick Check

£
17 24  3
10.4 12 15
19 30 15

§

EXAMPLEEXAMPLE22

matrix element.

12 Organizing Statistical Data

ConnectionReal-World

New appliances have labels
that tell how much energy
the appliance uses each year.

15 17 10.4 24

a–c. See back of book.

Web Code: agg-9041

169

2. Teach
Guided Instruction

Visual learners

To help students remember that
aij names the element in row i
and column j, ask them to think
about how they would help
someone locate a word on a
printed page. Normally, you
would tell the person in which
line to look and then how far
from the beginning of the line.

Additional Examples

Write the dimensions of each
matrix.

a. b.

2 � 2 1 � 3

Identify each matrix element.

K =

a. k12 –1 b. k32 –4
c. k23 4 d. k34 –5

Guided Instruction

Alternative Method

Point out that the columns 
of the matrix may be
interchanged provided the 
labels that go with them are 
also interchanged. Similarly, rows
may be interchanged.

Additional Examples

Three students kept track of
the games they won and lost in a
chess competition. They showed
their results in a chart. Write a 
2 � 3 matrix to show the data.

Ed Jo Lew
Wins
Losses

c    5   6   3   
   2   1   4   

d

33

EXAMPLEEXAMPLE33

£
3 21 28 5
1 8 4 9
8 24 7 25

§
22

f0 6 15gc 7 2 4
12 9

d

11

EXAMPLEEXAMPLE22

Advanced Learners
Challenge students to learn how to use the matrix
capabilities of their graphing calculators to add,
subtract, multiply, divide, and take inverses. 

English Language Learners ELL
Make sure students understand the words row and
column. Associate row with the rows in a theater and
column with the columns that hold up a building.

L4

learning style: verballearning style: tactile

✓ ≠ win � ≠ loss

Ed ✓ � ✓ ✓ � ✓ ✓

Jo ✓ ✓ ✓ ✓ � ✓ ✓

Lew � ✓ � � ✓ ✓ �

PowerPoint

PowerPoint

A2_3eTE04_01_168-173  10/19/05  8:44 AM  Page 169



170 Chapter 4 Matrices

You can use matrices to show data from a table.

Gymnastics The table below shows scores from the 2004 Olympics in 
Athens, Greece.

a. Write a matrix W to represent the information. Use a 4 3 4 matrix.

Each column represents a different event.

Floor Balance Uneven
Exercise Vault Beam Bars

W =

b. Which element represents Courtney McCool’s score on the vault?

Courtney McCool’s scores are in the third row. The vault scores are in the
second column. Element w32 represents Courtney’s score on the vault.

a. Write a matrix M to represent the information from the table below.
b. Identify element m15. What does this element represent?

State the dimensions of each matrix.

1. 2. 3. 4. 5. ≥
22.5
23
21.6
10.0

¥c3 2 1
2 0 23

df2 !5g£
1

29
5
§£

4 22 2
1 4 1
0 5 27

§Example 1
(page 168)

Men's Olympic Gymnastics Individual Medal Winners, 2004

Paul Hamm

Dae Eun Kim

Tae-Young Yang

9.725

9.650

9.512

9.700

9.537

9.650

9.587

9.712

9.725

9.137

9.412

9.700

9.837

9.775

9.712

9.837

9.725

9.475

SOURCE: Athens 2004 Olympic Games

Gymnast
Floor

Exercise
Pommel
Horse

Parallel
Bars

Horizontal
Bars

Still
Rings Vault

44Quick Check

9.487
9.637
9.575
9.600

¥
9.350
9.550
9.112
9.725

9.337
9.350
9.350
9.512

M. Bhardwaj
C. Kupets

C. McCool
C. Patterson

 ≥  

9.525
9.400
9.250
9.500

T

U.S. Women's Olympic Gymnastics Team Qualifying Scores

Mohini Bhardwaj

Courtney Kupets

Courtney McCool

Carly Patterson

9.525

9.400

9.250

9.500

9.337

9.350

9.350

9.512

9.350

9.550

9.112

9.725

9.487

9.637

9.575

9.600

SOURCE: Athens 2004 Olympic Games

Gymnast Floor Exercise Vault Balance Beam Uneven Bars

EXAMPLEEXAMPLE Real-World Connection44

d Each row represents
a different gymnast.

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

Practice by ExampleAA

ConnectionReal-World

In the vault, as in each of the
other gymnastics events, a
perfect individual score is 10.

a–b. See 
margin.

3 3 3 3 3 1 1 3 2 2 3 3 4 3 1

GO for
Help

170

Diversity

Some students may not be
familiar with the sport of
gymnastics. Ask students 
who are to describe to the 
class the different types of
gymnastic events.

Additional Examples

Refer to the table at the top
of page 168. 
a. Write a matrix N to represent
the information.

1996 1998 2000
Imports
Exports

b. Which element represents
exports for 1995? n23

Resources
• Daily Notetaking Guide 4-1
• Daily Notetaking Guide 4-1—

Adapted Instruction

Closure

Ask students what is meant by the
dimensions of a matrix?  the
number of rows and columns in
the matrix

L1

L3

c4.678   5.185   6.964
1.295   1.331   1.402

d

44

EXAMPLEEXAMPLE44

page 170 Quick Check

4a. b. 9.837; Paul Hamm’s score on the parallel
bars£9.725 9.700 9.587 9.137 9.837 9.837

9.650 8.537 9.712 9.412 9.775 9.725
9.512 9.650 9.725 9.700 9.712 9.475

§

page 168 Check Skills 
You’ll Need

1. 4.678 million cars; 
6.964 million cars

2. 0.507 million cars

3. 5.562 million cars

4. The export percent
increase of 80.3% was
smaller than the 48.9%
increase for the imports.

PowerPoint
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Lesson 4-1 Organizing Data Into Matrices 171

Refer to matrices A and B at the right.
Identify each matrix element. A = B =

6. a21 7. b12 8. a31

9. b13 10. a32 11. a12

Use the graph below for Exercises 12 and 13.

12. Write a matrix to represent the data. Label the rows and columns.

13. Write a different matrix to represent the data. Label the rows and columns.

14. a. Write a matrix H to represent the data in the table below.
b. Find element h23. What does this element represent?

Use the table below for Exercises 15–17.

15. Display the data in a
matrix A with columns
representing years.
Identify a23 and tell
what it represents.

16. Display the data in 
a matrix A with rows 
representing years. Identify 
a41 and tell what it represents.

17. State the dimensions of the matrices in Exercises 15 and 16.

18. Error Analysis A student identified element g32
from matrix G at the right as -3. What was the G = 
student’s error?

19. Writing Describe the information necessary to make a matrix containing
numerical data meaningful.

£
23 2.5 24.5
21.5 0 23
23 4.5 21.5

§

Apply Your SkillsBB

Percent of Public Libraries Offering Programs

Urban

Suburban

Rural

SOURCE: U.S. National Center for Educational Statistics.
Go to www.PHSchool.com for a data update. Web Code: agg-9041

Location

68

59

49

Computer
Instruction

56

50

34

Book
Discussion

28

24

15

Parenting
Skills

31

18

12

Employment
Guidance

Example 4
(page 170)

17
5

10
0

93 10
0

15
4

93 81 10
4

20
1

11
0

11
4

10
3

18
0

92 10
0 11
0

250

200

150

100

50

0

B
oo

ks
 L

oa
ne

d

Week 1 Week 2 Week 3 Week 4

Novels
Biographies
Science 
Fiction
Nonfiction

Novels
Biographies
Science 
Fiction
Nonfiction

Library Readership, AugustLibrary Readership, August

Example 3
(page 169)

c6 23 1
2 d£

0 21
1.5 23
7 22

§
Example 2
(page 169)

Manufacturer’s Shipments of Recordings (millions)

Type

CDs

DVDs
SOURCE: Recording Industry Association of America.
Go to www.PHSchool.com for a data update. Web Code: agg-9041

847.0

0.5

1998

938.9

2.5

1999

942.5

3.3

2000

881.9

7.9

2001

803.3

10.7

2002

745.9

17.5

2003

1.5
1
2

–3

–2

7

See back of book.

See back of book.

a–b. See 
back of book.

15–16. See back of book.

2 3 6, 6 3 2

18. The student identified
the data in column 3,
row 2 when he or she
should have looked at
row 3, column 2.

You must include what the columns and 
rows represent.

–1

GO nline
Homework Help
Visit: PHSchool.com
Web Code: age-0401

171

3. Practice
Assignment Guide

A B 1-11, 18, 20-25

A B 12-17, 19, 26
C Challenge 27-29

Test Prep 30-32
Mixed Review 33-44

Homework Quick Check
To check students’ understanding
of key skills and concepts, go over
Exercises 12, 13, 18, 19, 26.

Error Prevention!

Exercises 15–17 Students may
include the years in the matrices.
Remind them that row and
column headings do not appear
in the matrix. The years are
headings, not data.

2

1

Guided Problem SolvingGPS

Enrichment

Reteaching

Name Class Date

©
 P

ea
rs

on
 E

d
uc

at
io

n,
 In

c.
 A

ll 
rig

ht
s 

re
se

rv
ed

.

Practice 4-1 Organizing Data into Matrices

Write the dimensions of each matrix. Identify the indicated element.

1. ; a21 2. ; a23 3. ; a21

4. ; a32 5. ; a31 6. ; a14

Use the table for Exercises 7–10.

7. Display the data in a matrix with the types 
of unemployment in the columns.

8. State the dimensions of the matrix.

9. Identify a21, and tell what it represents.

10. Identify a16, and tell what it represents.

Use the table at the right for Exercises 11–14.

11. Write a matrix M to represent the data
in the graph, with columns representing
years.

12. What are the dimensions of this matrix?

13. What does the first row represent?

14. What does m32 represent?

f5 8 27 24g£
2 22
3 23
4 24

§£
x y z
a b c
p q r

§

c 2 3 29
12 28 0

d£
5 27 23 10

29 3 5 22
1 9 0 2

§£
2

23
26

§

June, 1992 June, 1996

Construction 17.6% 9.5%

Manufacturing 8.3% 5.1%

Transportation 5.4% 4.5%

Sales 8.7% 6.4%

Finance 4.0% 2.6%

Services 6.6% 5.1%

Government 3.5% 2.7%

Unemployment by Category

Source: U.S. News & World Report

Source: U.S. News & World Report

Days Lost to Strikes 
per 1,000 Employees

4000
3500
3000
2500
2000
1500
1000

500
0

D
ay

s 
L

os
t

1985 – 1989 1990 – 1994
Years

Greece

Canada

United States

Practice

L3

L4

L2

L3
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172 Chapter 4 Matrices

State the dimensions of each matrix. Identify the indicated element.

20. , a23 21. , a12 22. , a32

23. , a13 24. , a31 25. , a21

26. Retail Sales The graph shows August sales figures at a music store.

a. Estimation Record the data in a table.
b. Show the data in a matrix. What do the columns represent? What do the

rows represent?

27. Jobs The four tables display data from a study conducted by a school principal.
a. Use the information to create four 2 3 2 matrices.
b. How many boys in the school have part-time jobs?
c. How many girls in the school have part-time jobs?
d. What percent of the students with part-time jobs are girls?

28. Transportation Costs A computer accessory company makes computer
carrying cases at four plants located in Atlanta, Boston, Chicago, and 
Denver. Represent the company’s shipping costs in a matrix. Label the 
rows and columns.

Numbers of Students Who Work Part-time

Boys

Girls

5

15

Has Part-
time Job

No Part-
time Job

9th
Grade

95

90

Boys

Girls

35

30

Has Part-
time Job

No Part-
time Job

10th
Grade

65

55

Boys

Girls

65

75

Has Part-
time Job

No Part-
time Job

11th
Grade

35

30

Boys

Girls

70

65

Has Part-
time Job

No Part-
time Job

12th
Grade

25

45

ChallengeCC

Rock

Week 1

C
D

s 
So

ld

200

150

100

50

0
Week 2 Week 3 Week 4

R & B
Rap
Classical

c216 24
8 22

d£
25

4
3
§f24 8 12g

£
1 1 1
1 0 0
1 0 0

§c24 1 23
2 1 0

d£
4 6 5
2 23 27
1 0 9

§
20. 3 3 3; –7

21. 2 3 3; 1

22. 3 3 3; 0

1 3 3; 12

a–b. See margin.

See margin p. 173.
175
185

about 51.4%

See margin p. 173.

3 3 1; 3

2 3 2; 8

Shipping Costs

GPS

172

Deposits Withdrawals

A $450 $370

B $475 $289

C $364 $118

D $420 $400

b. Columns represent
the weeks in August
and rows are the
type of CDs sold.

Wk 1 Wk 2 Wk 3 Wk 4

≥
165 150 200 180
100 94 110 98
96 90 110 100
98 97 97 102

¥ ;

Rock
R&B
Rap
Classical

page 172 Exercises

26a. Estimates may vary.
Sample: 

Types of
CDs
Rock

R & B

Rap

Classical

Wk
1

Wk
2

Wk
3

Wk
4

165

100

96

98

150

94

90

97

200

110

110

97

180

98

100

102

Lesson Quiz

1. Write the dimensions of the
matrix.

M = 3 � 4

2. Identify the elements m24, m32,
and m13 of the matrix M in
question 1. 0, 2, 0

3. The table shows the amounts
of the deposits 
and withdrawals for the
checking accounts of four bank
customers. Show the data in a
2 � 4 matrix. 
Label the rows and columns.

A B C D
Deposits

Withdrawals

Alternative Assessment

Have students work in small
groups. They should use
almanacs, encyclopedias, or other
references to find data that can
be presented in a matrix A. They
should write the matrix, specify its
dimensions, and identify at least
four elements of A by using
subscript notation.

c450 475 364 420
370 289 118 400

d

£
8 4 0 1
9 3 25 0

21 2 6 1
§

PowerPoint

4. Assess & Reteach
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Solve each system.

33. 34.

Solve each system by graphing.

35. 36. 37.

Find the constant of variation for a direct variation that includes the given values.

38. (2, 4) 39. (-1, 7) 40. (-4,-10) 41. (3, 5) 42. , 9

In each relation, y varies directly as x. Find y when x = 9.

43. y = 6 when x = 4 44. y = 8 when x = 4

RQ1
2

Lesson 2-3

e2x 1 6y 5 27
2x 1 4y 5 22

e2x 1 y 5 27
2x 1 y 5 25

e2x 1 2y 5 28
2x 2 3y 5 23

Lesson 3-1

•
2x 1 3y 1 4z 5 21
2x 2 2y 1 2z 5 29
2x 1 4y 2 2z 5 212

•
3x 1 2y 2 2z 5 29
5x 2 2y 2 3z 5 27
3x 1 4y 1 3z 5 25

Lesson 3-6

Lesson 4-1 Organizing Data Into Matrices 173

29. a. Open-Ended Using a 10 3 10 grid, create at least three different letters of
the alphabet with a style similar to the one at the left.

b. Technology The tiny lights that make up a computer screen are called pixels.
To make a letter, the computer tells the screen which pixels to light up.
Represent each letter from part (a) by writing a matrix. Use 1 for a lit pixel
and 0 for an unlit pixel.

30. Which element in matrix A = is the number 0?

A. a40 B. a4 C. a14 D. a41

31. In which matrix is the value of a32 less than the value of a21?

F. G. H. J.

32. Anna made a table to show how
much money she and two of her
friends earned for summer chores.
a. Display the data in Anna’s table

in a matrix A with each row
representing someone’s earnings.

b. Rob made his own matrix, R, to
show the earnings. 

What do values in the first column of matrix R represent?

R 5 £
12 20 15
35 40 55
40 0 70

§

Extended Response

£
0 21 5
0 3 4

23 1 6
§£

0 5 21
21 4 3

6 2 23
§£

21 5 0
3 4 21

23 6 2
§£

21 0 5
4 3 21

23 2 6
§

c5 22 2
1
2 0 dMultiple Choice

 Test Prep

Mixed ReviewMixed Review

a–b. See back of book.

C

F

(1, –2, 4)

35–37. See margin.

2

27
2

–7

18

5
2

5
3

18

(2, –3, 1)

Summer Earnings for Odd Jobs

Anna

Rob

Carla

$20

$12

$15

Weeding
Gardens

$40

$35

$55

Mowing
Lawns

$0

$40

$70

Pruning
Bushes

GO for
Help

lesson quiz, PHSchool.com, Web Code: aga-0401

a–b. See back of book.

Test Prep

Resources
For additional practice with a
variety of test item formats:
• Standardized Test Prep, p. 233
• Test-Taking Strategies, p. 228
• Test-Taking Strategies with

Transparencies

27a.
9th gr. boys
9th gr. girls

10th gr. boys
10th gr. girls

11th gr. boys
11th gr. girls

12th gr. boys
12th gr. girls

Job No Job

c   5
15            95

90 d
Job No Job

c35
30            65

55 d

Job No Job

c65
75            35

30 d
Job No Job

c70
65            25

45 d

28.

35.

36.

37.

x

y

�4�6

4

22x � 4y � �2

x � 6y � 7

6 1812O
xy

�6

12

18

2x �
 y �

 7

x �
 y �

 �
 5

�2 2O
x

y

4

(3, 2)

2x �
 y �

 8

x � 3y � �3

Atl. Bos. Chi. Denv.

≥
0 19 12 23

19 0 10 21
12 10 0 15
23 21 15 0

¥
Atl.
Bos.
Chi.
Denv.

173
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Adding and Subtracting
Matrices

174 Chapter 4 Matrices

Skills Handbook page 873.

Simplify the elements of each matrix.

1. 2. 3.

4. 5. 6.

New Vocabulary • matrix addition • zero matrix • matrix equation
• equal matrices

c2 1 4 6 2 8
4 2 3 5 1 2

dc8 2 4 25 2 1
9 2 1 26 2 9

dc23 1 1 4 1 9
22 1 0 5 1 7

d
c22 1 3 20 2 3
21 2 3 25 1 3

dc25 2 2 3 2 2
21 2 2 0 2 2

dc  10 1 4 20 1 4
22 1 4 25 1 4

d

What You’ll Learn
• To add and subtract

matrices

• To solve certain matrix
equations

. . . And Why
To find SAT score totals, as in
Example 1

Sometimes you want to add or subtract matrices to get new information. You
perform on matrices with equal dimensions by adding the
corresponding elements, which are elements in the same position in each matrix.

Statistics Use the data in the table.

a. Write two 2 3 4 matrices to 
represent the mean verbal and 
math SAT scores.

Verbal
2000 2001 2002 2003

Math
2000 2001 2002 2003

b. Find the combined mean SAT scores for each year in the table.

+

=

2000 2001 2002 2003

=
Male

Female
  c1040 1042 1041 1049

1002 1000 1002 1006
d

c507 1 533   509 1 533    507 1 534   512 1 537
504 1 498   502 1 498    502 1 500   503 1 503

d
c533 533 534 537
498 498 500 503

dc507 509 507 512
504 502 502 503

d

Male
Female

  c533 533 534 537
498 498 500 503

d

Male
Female

  c507 509 507 512
504 502 502 503

d

EXAMPLEEXAMPLE Real-World Connection11

matrix addition

4-24-2

11 Adding and Subtracting Matrices

ConnectionReal-World

Many schools have programs
for students to help one
another prepare for
standardized tests.

1–6. See margin p. 177.

Check Skills You’ll Need GO for Help

nline

Visit: PhSchool.com
Web Code: age-0775

4-24-2

174

1. Plan
Objectives
1 To add and subtract matrices
2 To solve certain matrix

equations

Examples
1 Real-World Connection
2 Using Identity and Inverse

Matrices
3 Subtracting Matrices
4 Soving a Matrix Equation
5 Determining Equal Matrices
6 Finding Unknown Matrix

Elements

Math Background

One consequence of the
definitions of matrix addition 
and matrix subtraction is that
these matrix operations possess
many of the properties associated
with addition and subtraction of
real numbers. This is of great
importance in the field of 
Linear Algebra.

More Math Background: p. 166C

Lesson Planning and
Resources

See p. 166E for a list of the
resources that support this lesson.

Bell Ringer Practice

Check Skills You’ll Need
For intervention, direct students to:

Simplifying Expressions
Skills Handbook: p. 873
Examples 1, 2

PowerPoint

Special Needs
For matrix addition, have students use colors such as
blue and yellow to highlight each respective matrix.
Then have students use green, which is formed by
combining blue and yellow, to highlight the matrix
sum.

Below Level
Emphasize that the zero matrix is not the same as the
number zero. There is only one number zero, but
there are many different zero matrices of different
dimensions.

L2L1

learning style: visual learning style: verbal
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Find each sum.

a. + b. +

The additive identity matrix for the set of all m 3 n matrices is the
O, or Om 3 n, whose elements are all zeros. The opposite, or additive inverse, of an
m 3 n matrix A is -A.-A is the m 3 n matrix with elements that are the
opposites of the corresponding elements of A.

Using Identity and Inverse Matrices

Find each sum.

a. + b. +

= =

= =

Find each sum.

a. + b. +

Some of the properties of real number addition also apply to matrix addition.

c21 10 25
0 2 23

dc0 0 0
0 0 0

dc214 25
0 2

dc14 5
0 22

d
22Quick Check

c0 0
0 0

dc1 2
5 27

d
c2 1 (22) 8 1 (28)

23 1 3 0 1 0
dc1 1 0 2 1 0

5 1 0 27 1 0
d

c22 28
3 0

dc 2 8
23 0

dc0 0
0 0

dc1 2
5 27

d

EXAMPLEEXAMPLE22

zero matrix

£
23 1

2 24
21 5

§£
212 24

23 5
21 10

§c 3 9 23
29 6 12

dc1 22 0
3 25 7

d
11Quick Check

Key Concepts Definition Matrix Addition

To add matrices A and B with the same dimensions, add corresponding elements.

A = B =

A + B = + = c a 1 r b 1 s c 1 t
d 1 u e 1 v f 1 w

dc r s t
u v w

dca b c
d e f

d

c r s t
u v w

dca b c
d e f

d

Key Concepts Properties Matrix Addition

If A, B, and C are m 3 n matrices, then

A + B is an m 3 n matrix. Closure Property

A + B = B + A Commutative Property of Addition

(A + B) + C = A + (B + C) Associative Property of Addition

There exists a unique m 3 n matrix Additive Identity Property
O such that O + A = A + O = A.

For each A, there exists a unique
Additive Inverse Property

opposite,-A. A + (-A) = O

Lesson 4-2 Adding and Subtracting Matrices 175

See below left.

2b. c21
   0    10

  2  
25
23 d c00    0

0 d

For: Matrix Addition Activity 
Use: Interactive Textbook, 4-2

1a.  

b. £215 25
21 1
22 15

§

c    4
26    7

1  
23
 19 d

175

2. Teach

Guided Instruction

Additional Examples

The table shows information
on ticket sales for a new movie
that is showing at two theaters.
Sales are for children (C) and
adults (A).

a. Write two 2 � 2 matrices to
represent matinee and evening
sales.

Matinee Evening
C A C A

1 1
2 2

b. Find the combined sales for the
two showings.

C A
1
2

Find each sum.

a.

b. c0 0
0 0

dc 3 28
25 1

d 1 c23 8
5 21

d

c 9 0
24 6

dc 9 0
24 6

d 1 c0 0
0 0

d
22

c252 789
259 761

d

c54 439
58 386

dc198 350
201 375

d

Matinee Evening

Theater C A C A

1 198 350 54 439

2 201 375 58 386

11

Advanced Learners
Have students discuss whether there are any
properties of matrix addition that differ from 
those of integer addition.

English Language Learners ELL
Help students understand that equal matrices have
the same dimensions, and that the elements in
corresponding positions are equal. Similarly, the
opposite of a matrix has the same dimensions but
corresponding elements are opposites.

L4

learning style: verballearning style: verbal

PowerPoint
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You can define matrix subtraction by using the Additive Inverse Property.

Subtracting Matrices

A = and B = . Find A - B.

Method 1 Use additive inverses.

A - B = A + (-B) = +
Write the elements 
of –B.

=
Add corresponding
elements.

= Simplify.

Method 2 Use subtraction.

A - B = -

= Subtract corresponding elements.

= Simplify.

Find each difference.

a. - b. -

A is an equation in which the variable is a matrix. You can use
the addition and subtraction properties of equality to solve matrix equations.

Solving a Matrix Equation

Solve X - = for the matrix X.

X - =

X - + = + Add to each side of the equation.

X = Simplify.c 1 2
11 11

d
c1 1
3 2

dc1 1
3 2

dc0 1
8 9

dc1 1
3 2

dc1 1
3 2

d
c0 1
8 9

dc1 1
3 2

d

c0 1
8 9

dc1 1
3 2

d
EXAMPLEEXAMPLE44

matrix equation

c23 1
2 24

dc23 5
21 10

dc24 3 0
6 5 10

dc 6 29 7
22 1 8

d
33Quick Check

c2 22 1
1 2 24

d
c 3 2 1 2 2 4 4 2 3
21 2 (22) 4 2 2 0 2 4

d
c 1 4 3
22 2 4

dc 3 2 4
21 4 0

d

c2 22 1
1 2 24

d
c3 1 (21) 2 1 (24) 4 1 (23)

21 1 2 4 1 (22) 0 1 (24)
d

c21 24 23
2 22 24

dc 3 2 4
21 4 0

d

c 1 4 3
22 2 4

dc 3 2 4
21 4 0

d
EXAMPLEEXAMPLE33

176 Chapter 4 Matrices

Key Concepts Property Matrix Subtraction

If two matrices, A and B, have the same dimensions, then A - B = A + (-B).

12 Solving Matrix Equations

c  10
28   

212
214  

  7
22 d c    0

23      4
14 d

You can extend the
meaning of matrix to
describe a rectangular
arrangement (rows and
columns) of any objects.

Vocabulary Tip

176

Math Tip

Remind students that subtracting
a real number is equivalent to
adding its additive inverse. This
statement is also true for
matrices.

Additional Examples

Subtract.

Guided Instruction

Teaching Tip

Help students see that the
method used to solve a matrix
equation is the same method
used for solving equations.

Tactile Learners

Some students may find it helpful
to point to the corresponding
elements.

Additional Examples

Solve

X -

for the matrix X.

£
12 2

21 8
14 29

§

£
2 5
3 21
8 0

§ 5 £
10 23
24 9

6 29
§

44

EXAMPLEEXAMPLE55

EXAMPLEEXAMPLE44

c23 17
26 25

dc 4 8
22 0

d 2 c7 29
4 5

d
33

EXAMPLEEXAMPLE33

PowerPoint

PowerPoint
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Solve X + = .

are matrices with the same dimensions and equal 
corresponding elements.

Determining Equal Matrices

Multiple Choice Which matrix is equal to matrix M?

Matrix M is 2 � 3. Any matrix equal to it must have the same dimensions.
Choice B is 2 � 2. Choice D is 3 � 2. You can eliminate choices B and D.

Choice A has first-row elements equal to second-row elements in M, but different
from first-row elements in M. You can eliminate choice A.

Corresponding elements of M and choice C are equal.

;

The answer is choice C.

Determine whether the two matrices in each pair are equal.

a. , b. ,

Finding Unknown Matrix Elements

Solve the equation = for x and y.

=

2x - 5 = 25 3y + 12 = y + 18

2x = 30 2y = 6 

x = 15 y = 3

The solutions are x = 15 and y = 3.

Solve each equation for x and y.

a. = b. =

Exercises

f29    x 1 ygf3x   4gc 38 25
3.o 4y 2 10

dcx 1 8 25
3 2y

d
66Quick Check

c25 4
03 y 1 18

dc2x 2 5 4
3 3y 1 12

d

c25 4
3 y 1 18

dc2x 2 5 4
3 3y 1 12

d
EXAMPLEEXAMPLE66

C2 8
4 6 2 3

15
3 4 2 4

Sc22 3
5 0

dC 8
2

10
2

16
2

18
2

Sc4 9
8 5

d

55Quick Check

1
2 5 0.5,   22 5

24
2 ,   1.25 5

5
420.75 5 2

3
4,    15 5 0.2,   0 5 0

≥
20.75 1

2
1
5 22

0 1.25

¥C2
3
4 0.2 0

0.5 24
2

5
4

S

£2
 3
4 20.2

0.5 22.2
§C 1

2 22 1.25

220.75 1
5 0

S

EXAMPLEEXAMPLE55

Equal matrices

c 10 7
24 4

dc21 0
2 5

d44Quick Check

Since the two matrices are equal, their
corresponding elements are equal.

c  11
26       7

21 d

no

See left.

6a. x ≠ 30, y ≠ 2

b. x ≠ –3, y ≠ 7

yes

Test-Taking Tip

1    A      B        C
 D        E

2    A      B        C
 D        E

3    A      B        C
 D        E

4    A      B        C
 D        E

5    A      B        C
 D        E

B        C
 D        E

If you think you can
eliminate all but one
choice, it is good
practice to check that
the remaining choice is
correct.

M = C20.75 1
5 0

2
1
2 22

 
1.25

S

177

Determine whether the
matrices in each pair are equal.

a. M = ;

N = no

b. P = ;

Q = B R yes

Solve the equation

=

for m and n.

m ≠ 4, n ≠ –7

Resources
• Daily Notetaking Guide 4-2
• Daily Notetaking Guide 4-2—

Adapted Instruction

Closure

Ask students: How might you solve
a matrix equation such as

X - + =

?

Add the corresponding elements
of the two matrices on the same
side of the equal sign. Then use
the subtraction property of
equality to solve the resulting
matrix equation.

c5 21
6 3

d
c24 7

10 22
dc 1 4

23 9
d

L1

L3

c15 m 1 n
8 230

d
c2m 2 n 23

8 24m 1 2n
d

66

27
9

216
4

8
0.2

12
24

c 3 24
40 23

d

£
17 5

4 2 10 22 1 1
0 27

9

§

£
8 1 9 5

26 21
0 0.7

§

55

page 174 Check 
Skills You’ll Need

1. c14
  2       4

21 d
2.

3. c    1
22    23

22 d
c    3
23       1

22 d 4.

5. c48    26
23 d

c    4
22    13

12 d 6. c61    22
   7 d
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1. Sports The modern pentathlon is a grueling all-day competition. Each
member of a team competes in five events: target shooting, fencing, swimming,
horseback riding, and cross-country running. Here are scores for the U.S.
women at the 2004 Olympic Games.

a. Write two 5 3 1 matrices to represent the individual scores for each event.
b. Find the total score for each woman.

Find each sum or difference.

2. + 3. + +

4. + 5. +

6. - 7. -

8. - 9. -

Solve each matrix equation.

10. + X = 11. - X =

12. X - = 13. X + =

Determine whether the two matrices in each pair are equal. Justify your reasoning.

14. , 15. ,

Find the value of each variable.

16. - = 17. = c4x 2 6 210t 1 5x
4x 15t 1 1.5x

dc2 4
8 12

dc x y
21 z

dc4 21
0 5

dc 2 2
21 6

d
Example 6
(page 177)

C!16 26 !64 D£
4

26
28

§c2(21) 2(1.5)
2(2.5) 2(0)

dc22 3
5 0

d

Example 5
(page 177)

c 2 0
23 1

dc 6 1
22 3

dc5 22
1 0

dc 1 4
22 3

d

c11 3 213
15 29 8

dc2 1 21
0 2 1

d£
5 26
1 0
8 5

§£
1 2
2 1

23 4
§

Example 4
(page 176)

c8.3 23.2
2.1 5.6

dc1.5 21.9
0 4.6

dc 0.5 9.5
23.5 5.5

dc 0.5 9.5
23.5 5.5

d

c2 3 2
3 2 3

dc2 1 2
1 2 1

dc1 1 1
1 1 1

dc5 4 3
1 22 6

d

c26 3
7 22

dc 6 23
27 2

dc22.5 20.4
5.8 8.3

dc 6.4 21.9
26.4 0.8

d

c0 25
1 22

dc 0 5
21 2

dc1 3
4 0

dc0 0 0
0 0 0

dc2 23 4
5 6 27

d
Examples 2 and 3

(pages 175 and 176)

 U.S. Women's Pentathlon Scores, 2004 Olympics

Shooting

Fencing

Swimming

Riding

Running

952

720

1108

1172

1044

760

832

1252

1144

1064
SOURCE: Athens 2004 Olympic Games

Event Anita Allen Mary Beth Iagorashvili

Example 1
(page 174)

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

Practice by ExampleAA

178 Chapter 4 Matrices

4996; 5052

See back of book.

2–9. See margin.

10–13. See margin.

14–15. See margin 
pp. 178–179.

x ≠ –2, y ≠ 3, z ≠ 1 x ≠ 2, t ≠ 3
5

GO for
Help

178

pages 178–179 Exercises

2.

3.

4.

5. c00    0
0 d

c   3.9
20.6   

22.3
   9.1  d

c14    3
0 d

c25   
23
   6  

  4
27 d

6.

7.

8. c00    0
0 d

c 0 22 0
22 0 22

d
c4 3 2
0 23 5

d 9.

10. £ 4 28
21 21
11 1

§

c26.8 1.3
22.1 21

d 11.

12. c    6
21    2

3 d
c 29
215    22

 11  
 12
27 d 13.

14. Yes; –2 ≠ 2(–1), 
3 ≠ 2(1.5), 5 ≠ 2(2.5),
and 0 ≠ 2(0) are 
all correct.

c24
21    21

22 d

3. Practice
Assignment Guide

A B 1-9, 18-23, 26-28

A B 10-17, 24-25, 29-31
C Challenge 32-34

Test Prep 35-38
Mixed Review 39-44

Homework Quick Check
To check students’ understanding
of key skills and concepts, go over
Exercises 7, 13, 26, 27, 28.

Error Prevention!

Exercises 18–22 Suggest students
first make sure the matrices have
the same dimension.

2

1

Guided Problem SolvingGPS

Enrichment

Reteaching

©
 P

ea
rs

on
 E

d
uc

at
io

n,
 In

c.
 A

ll 
rig

ht
s 

re
se

rv
ed

.

Practice 4-2 Adding and Subtracting Matrices

Find the value of each variable.

1. 2.

3.

Use the information in the table.

4. Put the data in two matrices: one for males
and one for females.

5. Use matrix subtraction to find the 
difference between the number of males 
and the number of females in each club 
each year.

Find each sum or difference.

6. 7.

8. 9.

Solve each matrix equation.

10. 11.

12. 13.

Determine whether the two matrices in each pair are equal.
Justify your reasoning.

14. 15. £2A3B 3A1.5B
7 10

2
§  ; c6 4.5

7 5
d£

2
"9
16

§ ; c 42 3 42 d

c2 2 0
1 21 21

d 5 c 2 22 3
23 23 4

d 2 Xc22 23
2 2

d 5 X 2 c 1 21
22 2

d

X 1 £
20 29 23
19 22 25

21 0 28
§ 5 £

27 92 25
0 91 26

29 21 12
§X 2 £

3 4
4 2
1 9

§ 5 £
5 7
9 12
3 2

§

£
1
1
1
§ 1 £

21
23

5
§ 1 £

210
27
11

§ 2 £
23
25
26

§£
22 21
23 1
21 21

§ 2 £
22 22

3 21
0 22

§ 1 £
22 1

0 3
23 23

§

£
8 25 25
4 210 10
2 215 215

§ 2 £
0 0 1
1 22 22

22 23 3
§c21 2

3 21
d 1 c21 2

23 1
d 1 c0 21

2 0
d

c5 1
0 2

d 1 c 2 213
210 210

d 5 c2x 1 1 24x
5z 2.5z 2 x

d

c3 5 2y x
z 0 3a b

d 5 £ 3 3c 7 4

7
2 0 29 3b

§c a 2b
c 2 2 d 1 3

d 5 c 5 27
10 10

d

Name Class Date

1961–1962 2001–2002

Males Females Males Females

Beta 37 23 56 58

Spanish 0 93 76 82

Chess 87 0 102 34

Library 6 18 27 29

Club Membership at TC High School

Practice

L3

L4

L2

L3
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179

15. No; the
matrices have
different
dimensions.

26a. ≥
124.6
113.3

71.6
87.2

¥ b. ≥
26.2
24.7

9.4
3.6

¥
c. Yes, order

matters because
subtraction is not
commutative.

Lesson Quiz

Find each sum or difference.

1. +

2. -

3. What is the additive identity
for 2 � 4 matrices?

4. Solve the equation for x and y.

=

x ≠ –9, y ≠ –7

5. Are the following matrices
equal?

B R; B R no

6. Solve X - =

for the matrix X.

Alternative Assessment

Have students work in pairs. Each
student writes a 3 � 2 matrix.
Next, each student subtracts the
matrix that he or she wrote from
the matrix that the partner wrote.
They add their results. The sum
should be the 3 � 2 additive
identity matrix. If it is not, each
student needs to check the other’s
work to discover where the errors
occurred.

c6 10
1 11

d

c2 7
0 6

dc4 3
1 5

d

6
2 0.50

0.4 20.6

3 0.5
2
5 22

3

c 18 23x 1 4y
x 2 2y 216

d
c22x 21

5 x 1 y
d

c0 0 0 0
0 0 0 0

d

£
0 3

25 3
29 10

§

£
23 22

9 5
4 26

§£
23 1

4 8
25 4

§

c27 14
6 217

d
c29 6

6 25
dc2 8

0 212
d

PowerPoint

4. Assess & Reteach

Lesson 4-2 Adding and Subtracting Matrices 179

Find each matrix sum or difference if possible. If not possible, explain.

A = B = C = D =

18. A + B 19. B + D 20. C + D 21. B - A 22. C - D

23. Multiple Choice You can put the pentathlon scores below into three matrices,
one for each athlete. If you add the matrices, what does the sum matrix show?

the total team score the team score for each event

each athlete’s total score each athlete’s score for each event

Solve each matrix equation for X.

24. + X = 25. X - =

26. Data Analysis Refer to the table.
a. Find the total number of 

people participating in
each activity.

b. Find the difference between 
the numbers of males and 
females in each activity.

c. Reasoning In part (b), does 
the order of the matrices 
matter? Explain.

27. Manufacturing The table below 
shows the number of beach balls produced during one shift at two manufacturing
plants. Plant 1 has two shifts per day and Plant 2 has three shifts per day.

a. Write matrices to represent one day’s total output at the two plants.
b. Use your results from part (a). Find the difference between production totals

at the plants. Which plant produces more three-color plastic balls? Which
plant produces more one-color rubber balls?

Beach Ball Production Per Shift

Plant 1

Plant 2

1-color 3-color

U.S. Participation in
Selected Leisure Activities (millions)

Movies
Exercise Programs
Sports Events
Home Improvement

59.2
54.3
40.5
45.4

MaleActivity

65.4
59.0
31.1
41.8

Female

SOURCE: U.S. National Endowment for the Arts.
 Go to www.PHSchool.com for a data update.
 Web-Code: agg-9041

c 5 50
50 210

dc 4 12
75 21

dc 5 1 8
26 0 5

dc1 2 23
2 1 3

d

U.S. Men's Pentathlon Scores, 2000 World Championship  

Shooting

Fencing

Swimming

Riding

Running
SOURCE: U.S. Modern Pentathlon Association

Event

1132

760

1173

1100

1114

James Gregory

1072

910

1177

1100

1118

Velizar Iliev

1072

610

1285

1070

1174

Chad Senior

c5 1
0 2

dc 1 2
23 1

d£
23 1

2 24
21 5

§£
3 4
6 22
1 0

§
Apply Your SkillsBB

ConnectionReal-World

In the riding portion of the
modern pentathlon, the
athletes are given 20 min 
to get to know their horses
before riding a 400-m course
with 15 obstacles.

18–22. See back of book.

B

24.

25. c     9
125       62

211 d
c    4
28    21

21  11
  2 d

a–c. See
margin.

a–b. See back of book.

GPS

GO nline
Homework Help
Visit: PHSchool.com
Web Code: age-0402

lesson quiz, PHSchool.com, Web Code: aga-0402
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180 Chapter 4 Matrices

28. Writing Suppose A and B are two matrices with the same dimensions.
a. Explain how to find A + B and A - B.
b. Explain how to find a matrix C such that A + C = O.

Solve each equation for each variable.

29. = 30. =

31. =

32. Find the sum of E = and the additive inverse of G = .

33. Prove that matrix addition is commutative for 2 3 2 matrices.

34. Prove that matrix addition is associative for 2 3 2 matrices.

Use matrices A = and C = for Exercises 35 and 36.

35. What is the sum A + C?
A. The matrices cannot be added.

B. C. D.

36. What is matrix Y if Y - A = ?

F. G. H. J.

Find the value of each variable.

37. + = 38. + =

39. Open-Ended Write a real-world problem that you can represent with a matrix.
Write a matrix for the problem. Label the rows and columns.

40. Business Your friend’s mother plans to open a restaurant. The initial
investment is $90,000. Weekly expenses will be about $8200. If the weekly
income is about $8900, in how many weeks will she get back her investment?

Find the slope and y-intercept of the graph of each function.

41. y = 2x - 6 42. 3y = 6 + 2x 43. -x - 2y = 12 44. y = 5x

Lesson 2-2

Lesson 3-2

Lesson 4-1

c6 9
4 1

dc y 6
2y 3

dcx 3
x 22

dc6 1
4 8

dc 2 5
22 4

dcx y 2 2
z w 1 4

d
Short Response

c24 27 22
1 1 5

dc26 4 3
1 21 23

dc 6 7 4
21 1 24

dc 4 7 2
21 21 25

d
c1 0 1
0 1 0

d

c235 28 6
21 0 12

dc 12 3 1
22 2 21

dc22 11 5
0 22 27

d

c27 4 2
1 22 23

dc 5 7 3
21 0 24

dMultiple Choice

£
22

0
5
§£

3
4
7
§ChallengeCC

£
2c 1 5 4d g....

23 . h f 2 g
    0 24c 15...

§£
4c 2 2 d 5

23 21.. 2
0 210.. 15

§

c 9 4
22 5y

dc x2 4
22 y2 d£

11 2c 2 1 0
28 2..... 3

0 3g 2 2 1
§£

4b 1 2 23 4d.
24a 2 3d

2f 2 1 214 1d
§

 Test Prep

Mixed ReviewMixed Review

B

G

37–38. See margin.

Check students’ work.

about 129 weeks

2, –6 , 22
3 – , –61

2 5, 0

a–b. See margin.

See margin.

29–31. See margin.

See margin.

£5
4
2
§

GO for
Help

180

Test Prep

Resources
For additional practice with a
variety of test item formats:
• Standardized Test Prep, p. 233
• Test-Taking Strategies, p. 228
• Test-Taking Strategies with

Transparencies

± ±

≠ ±

≠ ca 1 (e 1 w)
c 1 (g 1 y)   b 1 (f 1 x)

d 1 (h 1 z) d
ce 1 w
g 1 y    f 1 x

h 1 z dcac    b
d d

cwy    x
z d ba ceg    f

h dcac    b
d d ≠

≠ ±

≠ (A ± B) ± C

cwy   x
z dca 1 e

c 1 g  b 1 f
d 1 h d

c (a 1 e) 1 w
(c 1 g) 1 y   (b 1 f) 1 x

(d 1 h) 1 z d
37. [2] x ≠ 4, y ≠ –2, 

w ≠ 0, z ≠ 6
[1] contains a minor

error

38. [2] x ≠ 5, y ≠ 1
[1] contains a minor

error

pages 178–180 Exercises
28a. To find A ± B you would 

add the corresponding 
elements. To find A – B
you would subtract the 
elements in B from the 
corresponding elements
in A.

b. Matrix C would be the 
same dimension as A. Its
elements would be the 
opposites of the corre-
sponding elements in A.

29. a ≠ 2, b ≠ , c ≠ –1, 

d ≠ 0, f ≠ , g ≠ –4

30. x ≠ w3, y ≠ 0 or 5

31. c ≠ , d ≠ , f ≠ 7, 
g ≠ 5, h ≠ –1

33. Consider any two 2 3 2 

matrices, 

and . By the 

def. of matrix addition and
the Comm. Prop. of Add.,

± ≠

≠

≠ B ± A

34. Consider any three 
2 3 2 matrices

, ,

and .

By the definition of 
matrix addition and the 
Assoc. Prop. of Add., 

A ± (B ± C) ≠

C 5 cwy    x
z d

B 5 ceg    f
h dA 5 cac    b

d d

cw 1 a
y 1 c    x 1 b

z 1 d d
ca 1 w
c 1 y    b 1 x

d 1 z d
cwy    x

z dA 1 B 5 cac    b
d d

B 5 cwy    x
z d

A 5 cac    b
d d

2
5

5
2

1
2

9
4
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Lesson 4-2

Find each sum.

1. + +

2. + + + +

3. + + +

New Vocabulary • scalar • scalar multiplication • matrix multiplication

c21 3 4
0 22 25

dc21 3 4
0 22 25

dc21 3 4
0 22 25

dc21 3 4
0 22 25

d
c24

7
dc24

7
dc24

7
dc24

7
dc24

7
d

c3 5
2 8

dc3 5
2 8

dc3 5
2 8

d

What You’ll Learn
• To multiply a matrix by a

scalar

• To multiply two matrices

. . . And Why
To calculate the gross 
income, as in Example 5

You can multiply a matrix by a real number.

3 =

The real number factor (such as 3) is called a

Prices Use the price list. The cafeteria plans to raise the cost of each beverage to
one and a half times the current cost. How much will each beverage cost?

1.5 = Multiply each element by 1.5.

< Simplify.

Milk will cost $.53 and $1.01. Orange juice will cost $.98 and $1.34. Tomato juice
will cost $.87 and $1.13.

Find -3 . c15 212 10 0
20 210 7 0

d11Quick Check

£
0.53 1.01
0.98 1.34
0.87 1.13

§

£
1.5(0.35) 1.5(0.67)
1.5(0.65) 1.5(0.89)
1.5(0.58) 1.5(0.75)

§ £
0.35 0.67
0.65 0.89
0.58 0.75

§

EXAMPLEEXAMPLE Real-World Connection11

scalar.

c9 15
6 24

d c3 5
2 8

d

4-34-3

11 Multiplying a Matrix by a Scalar

Key Concepts Definition Scalar Multiplication

multiplies a matrix A by a scalar c. To find the resulting
matrix cA, multiply each element of A by c.
Scalar multiplication

LOWFAT MILK

ORANGE JUICE

TOMATO JUICE

SMALL     LARGE 

LOWFAT MILK   $ .35    $ .67  $ .35    $ .67

ORANGE JUICE   $ .65    $ .89  $ .65    $ .89

TOMATO JUICE   $ .58    $ .75

SMALL  LARGE 

c96    15
24 d

c220
   35 d

c245
260    36

30    230
221    0

0 d

3. c24
   0     12

28     16
220 d

Check Skills You’ll Need GO for Help

4-34-3

182

1. Plan
Objectives
1 To multiply a matrix by a

scalar
2 To multiply two matrices

Examples
1 Real-World Connection
2 Using Scalor Products
3 Solving Matrix Equations with

Scalors
4 Multiplying Matrices
5 Real-World Connection
6 Determining Whether a

Product Matrix Exists

Math Background

Matrices are typically students’
first exposure to a set with
addition and multiplication
operations that do not satisfy 
all the usual properties of real
numbers. For instance, matrix
multiplication is not commutative.
Also, multiplicative inverses 
only exist for n � n matrices
with nonzero determinants.

More Math Background: p. 166C

Lesson Planning and
Resources

See p. 166E for a list of the
resources that support this lesson.

Bell Ringer Practice

Check Skills You’ll Need
For intervention, direct students to:

Adding and Subtracting Matrices
Lesson 4-2: Example 2
Extra Skills and Word 

Problems Practice, Ch. 4

PowerPoint

Special Needs
To help students with Example 6, have students write
the dimensions of the matrices side by side and circle
the two middle numbers. If these numbers are equal,
then the product exists. If they are not equal, then the
product does not exist.

Below Level
Carefully demonstrate how, in a matrix product, the
number of columns of the first matrix must equal the
number of rows of the second. 

L2L1

learning style: verbal learning style: visual
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You can find sums and differences of matrices multiplied by scalars.

Using Scalar Products

Find the difference 5A - 3B for A = and B = .

5A - 3B = 5 - 3

= - =

Use matrices A and B from Example 2. Find each sum or difference.
a. 5B - 4A b. A + 6B

You can use the properties of scalar multiplication to solve matrix equations.

Solving Matrix Equations with Scalars

Solve 4X + 2 = .

4X + 2 =

4X + = Scalar multiplication

4X = - Subtract from each side.

4X = Simplify.

X = = Multiply each side by and simplify.

Check 4X + 2 =

4 + 2 0 Substitute.

+ 0 Multiply.

= ✓ Simplify.c10 0
4 2

dc10 0
4 2

d
c10 0

4 2
dc 6 8

24 2
dc4 28

8 0
d

c10 0
4 2

d c 3 4
22 1

d c1 22
2 0

d
c10 0

4 2
d c 3 4

22 1
d

1
4 c1 22

2 0
d1

4 c4 28
8 0

d
c4 28
8 0

d
c 6 8
24 2

dc 6 8
24 2

dc10 0
4 2

d
c10 0

4 2
dc 6 8

24 2
d

c10 0
4 2

d c 3 4
22 1

d
c10 0

4 2
d c 3 4

22 1
d

EXAMPLEEXAMPLE33

22Quick Check

c1 15 253
8 24 19

dc 9 0 18
23 24 6

dc10 15 235
5 20 25

d
 c 3 0 6

21 8 2
d c2 3 27

1 4 5
d

c 3 0 6
21 8 2

dc2 3 27
1 4 5

d
EXAMPLEEXAMPLE22

Key Concepts Properties Scalar Multiplication

If A, B, and O are m 3 n matrices and c and d are scalars, then

cA is an m 3 n matrix. Closure Property

(cd)A = c(dA) Associative Property of Multiplication

c(A + B) = cA + cB
Distributive Property (c + d)A = cA + dA

1 ? A = A Multiplicative Identity Property

0 ? A = O and cO = O Multiplicative Property of Zero

2a.

b. c  20
25      3

52   29
17 d

c    7
29    212

   24     58
210 d

O is the zero matrix—the
m 3 n matrix with every
element zero.

Vocabulary Tip

183

2. Teach
Guided Instruction

Connection to
Algebra

Relate scalar multiplication to the
Distributive Property. You multiply
the scalar by each element inside
the matrix brackets.

Additional Examples

The table shows the salaries of
the three managers (M1, M2, M3)
in each of two branches (A and B)
of a retail clothing company. The
president of the company has
decided to give each manager an
8% raise. Show the new salaries in
a matrix.

M1 M2 M3
A
B

Find the sum -3M + 7N for 

M = and N = .

Solve the equation for Y.

-3Y + 2 =

c 25 12
218 8

d
c27 218
30 6

dc 6 9
212 15

d
33

c241 2
14 45

d
c25 21

2 9
dc2 23

0 6
d

22

Store M1 M2 M3

A $38,500 $40,000 $44,600

B $39,000 $37,800 $43,700

11

EXAMPLEEXAMPLE11

c41,580 43,200 48,168
42,120 40,824 47,196

d

Advanced Learners
Have students find examples of matrices A and B
where AB = BA, and where AB and BA exist, but 
AB 2 BA

English Language Learners ELL
Emphasize that a scalar is a value that can be
described using a single number, such as the number
3. The point (0, 3) is not a scalar because it cannot be
described using one number. A matrix is not a scalar.

L4

learning style: verballearning style: verbal

PowerPoint
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184 Chapter 4 Matrices

Solve each matrix equation. Check your answer.

a. 2X = + b. -3X + =

To perform multiply the elements of each row of the first
matrix by the elements of each column of the second matrix. Add the products.

Multiplying Matrices

Find the product of and .

Multiply a11 and b11. Then multiply a12 and b21. Add the products.

= (-1)(-3) + (0)(5) = 3

The result is the element in the first row and first column.
Repeat with the rest of the rows and columns.

= (-1)(3) + (0)(0) = -3

= (3)(-3) + (-4)(5) = -29

= (3)(3) + (-4)(0) = 9

The product of and is .c 3 23
229 9

dc23 3
5 0

dc21 0
3 24

d

c 3 23
229 ?

dc23 3
5 0

dc21 0
3 24

d  

c3 23
? j

dc23 3
5 0

dc21 0
3 24

d  

c 3 ?
j j

dc23 3
5 0

dc21 0
3 24

d  

c ? j

j j
dc23 3

5 0
dc21 0

3 24
d  

c23 3
5 0

dc21 0
3 24

d
EXAMPLEEXAMPLE44

matrix multiplication,

c 10 0 8
219 218 10

dc7 0 21
2 23 4

dc22 0
3 4

dc4 12
1 24

d
33Quick Check

12 Multiplying Matrices

Activity: Using Matrices

Use the data in the table.

1. How much money did the cafeteria collect selling lunch 1? Selling
lunch 2? Selling lunch 3?

2. a. How much did the cafeteria collect selling all three lunches?
b. Explain how you used the data in the table to find your answer.

3. a. Write a 1 3 3 matrix to represent the cost of the lunches.
b. Write a 3 3 1 matrix to represent the number of lunches sold.
c. Writing Describe a procedure for using your matrices to find how

much money the cafeteria collected from selling all three lunches.
Use the words row, column, and element.

Cost per Lunch

Number Sold

$2.50

50

Lunch 1

$1.75

100

Lunch 2

$2.00

75

Lunch 3

3a. c12    6
0 d

$125; $175; $150

$450

See margin.

a–c. See margin.

3b. c21
   7    0

5   23
22 d

Graphing 
Calculator Hint

You can use the
MATRIX feature of a 
graphing calculator to
multiply matrices.

Test-Taking Tip

1    A      B        C
 D        E

2    A      B        C
 D        E

3    A      B        C
 D        E

4    A      B        C
 D        E

5    A      B        C
 D        E

B        C
 D        E

Read questions about
tables carefully. Make
sure you choose the
correct rows, columns,
and cells.

184

Guided Instruction

Activity
Students may have difficulty
understanding why one matrix is
written as a single row and the
other as a single column. It may
help to point out that this format
emphasizes that the matrices
represent different categories of
data—the costs of lunches and
the number of lunches sold. 

Visual Learners

Suggest students imagine that
they are physically lifting a
column of elements out of the
second factor and turning it to fit
on a row of the first factor. Help
students relate this procedure to
the definition of matrix
multiplication that follows the
example.

Auditory Learners

Students may find it helpful to
explain orally what each term
represents in the matrix after the
first equal sign.

Math Tip

Call attention to the fact that 
GH � HG. Unlike multiplication 
of scalars, such as numbers, a
matrix product is not likely 
to be commutative under
multiplication. So, one product
can exist while the other does 
not exist.

Additional Examples

Find the product of

and .  

c 2 38
10 218

d
c4 24
2 6

d
c22 5

3 21
d44

EXAMPLEEXAMPLE66

EXAMPLEEXAMPLE55

EXAMPLEEXAMPLE44

page 184 Activity

2b. For each lunch, multiply
the number of lunches
sold by the cost per
lunch. Then add the 
three products.

Lunch 1 Lunch 2 Lunch 3
3a. A ≠ Cost per lunch [2.50 1.75 2.00]

b. Number Sold
Lunch 1

B ≠ Lunch 2
Lunch 3

£   50
100
  75

§

c. Multiply each element in
the row of matrix A by the
corresponding element in
the column for matrix B.
Then add the 3 products to
find the amount collected
from all 3 lunches.

PowerPoint
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a. Find the product of and .

b. Critical Thinking Is matrix multiplication commutative? Explain.

Gridded Response A used-record store sells tapes, LP records, and compact discs.
The matrices show today’s information. Find the store’s gross income for the day,
in dollars.

Prices Number of Items Sold

Multiply each price by the number of items sold and 
add the products.

= = [512]

The store’s gross income for the day was $512.

Find each product if it exists.

a. b.

The product of two matrices A and B exists only if the number of columns of A is
equal to the number of rows of B.

c12 3
0 0

dc 10
25

dc 10
25

df12 3g

55Quick Check

f8(9) 1 6(30) 1 13(20)g£
9

30
20

§f8 6 13g  

Tapes
LPs

CDs
 £

9
30
20

§Tapes LPs CDs
f$8 $6 $13g

EXAMPLEEXAMPLE Real-World Connection55

c21 0
3 24

dc23 3
5 0

d44Quick Check

Key Concepts Definition Matrix Multiplication

To find element cij of the product matrix AB, multiply each element in the ith
row of A by the corresponding element in the jth column of B, and then add.

Key Concepts Property Dimensions of a Product Matrix

If matrix A is an m 3 n matrix and matrix B is an n 3 p matrix, then the
product matrix AB is an m 3 p matrix.

Example matrix A ? matrix B

The dimensions of product matrix AB are 3 3 4.

1
3
5

2
4
6

7
11

8
12

9
13

10
14

2 columns
4 columns

3 rows 2 rows

equal

dimensions of product matrix

Lesson 4-3 Matrix Multiplication 185

ConnectionReal-World

The music on an LP record
(a) plays continuously as 
the stylus travels along the
groove. The music on a 
CD (b) plays in discrete
intervals read by a laser.

ba

[105] Product does not exist

a–b. See margin.

9 9 9 9

0 0 0
1 1 1 1
2 2 2 2
3 3 3 3
4 4 4 4
5 5 5 5
6 6 6 6
7 7 7 7
8 8 8 8

. . . .
/ /

5 1 2

185

Matrix A gives the prices of
shirts and jeans on sale at a
discount store. Matrix B gives the
number of these items sold on one
day. Find the income for the day
from the sale of the shirts and
jeans.

Shirts Jeans

$3634

Use the matrices

P = and

Q = .

Determine whether PQ and QP are
defined or undefined. Determine
the dimensions of each product.
PQ is defined and is a 3 � 4
matrix. QP is undefined.

Resources
• Daily Notetaking Guide 4-3
• Daily Notetaking Guide 4-3—

Adapted Instruction

Closure

Ask students how to determine
whether a matrix product AB is
defined. The number of columns
in A must be the same as the
number of rows in B.

page 185 Quick Check

4a.

b. No; explanations may
vary. Sample: For the
matrices in part (a), 

AB ≠ . 

However,

BA ≠ ,

so AB u BA.

c      3
229    23

   9 d

c  12
25    212

     0 d

c  12
25    212

     0 d

L1

L3

£
6 5 7 0
2 0 3 1
1 21 5 2

§

£
3 21 2
5 9 0
0 1 8

§
66

B 5
Shirts
Jeans

 c109
76

d
A 5 f $18  $22  g

55
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186 Chapter 4 Matrices

Determining Whether a Product Matrix Exists

Use matrices G = and H = . Determine whether products GH

and HG are defined (exist) or undefined (do not exist).

Find the dimensions of each product matrix.

GH HG

(3 3 2)(2 3 2) S 3 3 2 (2 3 2)(3 3 2)

c c product c c
equal matrix not equal

Product GH is defined and is a 3 3 2 matrix. Product HG is undefined, because the
number of columns of H is not equal to the number of rows of G.

Let R = and S = .

a. Determine whether products RS and SR are defined or undefined.
b. Find each defined product.

Matrix multiplication has some of the properties of real number multiplication.

Use matrices A, B, C, and D. Find each product, sum, or difference.

A = B = C = D =

1. 3A 2. 4B 3. -3C 4. -D

5. A - 2B 6. 3A + 2B 7. 4C + 3D 8. 2A - 5B

Solve each matrix equation. Check your answers.

9. 3 - 2X = 10. 5X - = c 0.2 1.3
25.6 1.7

dc 1.5 23.6
20.3 2.8

dc210 5
0 17

dc 2 0
21 5

d
Example 3
(page 183)

c5 1
0 2

dc 1 2
23 1

d£
23 1

2 24
21 5

§£
3 4
6 22
1 0

§Examples 1 and 2
(pages 182 and 183)

c8 0 21 0
2 25 1 8

dc4 22
5 24

d66Quick Check

c8 0
2 25

d£
2 3

21 8
4 0

§

EXAMPLEEXAMPLE66

Key Concepts Properties Matrix Multiplication

If A, B, and C are n 3 n matrices, then

AB is an n 3 n matrix. Closure Property

(AB)C = A(BC) Associative Property of Multiplication

A(B + C) = AB + AC
Distributive Property 

(B + C)A = BA + CA

OA = AO = O, where O has Multiplicative Property of Zero
the same dimensions as A.

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

Practice by ExampleAA

6a. RS is defined, but SR
is undefined.

b. RS ≠

1–8. See margin.

9–10. See margin.

c28
32    10

20    26
29    216

232 d

GO for
Help

186

5.

6. £ 3 14
22 214
1 10

§

£9 2
2 6
3 210

§

pages 186–187 Exercises

1.

2.

3.

4. c25
   0    21

22 d
c23
   9    26

23 d

£212 4
8 216

24 20
§

£ 9 12
18 26
3 0

§

7.

8. £21 3
2 16
7 225

§

c    19
212    11

10 d 9.

10. c    0.34
21.18    20.46

   0.9 
d

c 8
21.5    22.5

21   d

3. Practice
Assignment Guide

A B 1-10, 30-32, 39, 42

A B 11-29, 33-38, 40, 41,
43-50

C Challenge 51-56

Test Prep 57-60
Mixed Review 61-68

Homework Quick Check
To check students’ understanding
of key skills and concepts, go over
Exercises 9, 19, 37, 49, 50.

Error Prevention!

Exercise 9 Remind students to
perform the scalar multiplication
before using the Subtraction
Property.

2

1

Guided Problem SolvingGPS

Enrichment

Reteaching

©
 P

ea
rs

on
 E

d
uc

at
io

n,
 In

c.
 A

ll 
rig

ht
s 

re
se

rv
ed

.

Name Class Date

Practice 4-3 Matrix Multiplication

Use matrices A, B, C, D, and E to find each product, sum, or difference,
if possible. If not possible, write product undefined, sum undefined, or
difference undefined.

1. 3AB 2. 2A + 4D 3. 5D - A 4. 2C - E 5. 3D + A

6. DA 7. AE 8. BD 9. DB 10. CE

11. DC 12. EB 13. CB 14. 2D 15. BE

16. 0.2B 17. C 18. 0.5AC 19. DE 20. -3DE

Find the dimensions of the product matrix. Then find each product.

21. 22. 23.

Find each product if possible. If not possible, write product undefined.

24. 25.

26. 27.

28. 29.

Solve each equation. Check your answers.

30. 31. 1
2X 1 £

5 21

0 2
3
§ 5 2 c3 0

1 2
d2 c0 1

3 24
d 2 3X 5 c9 26

1 22
d

c4 3
9 7

d c6 3
9 4

d£
1 0 1
1 1 0
1 1 1

§ £
6 4 2 8

10 4 6 2
2 10 12 4

§

£
1 1 1
1 1 1
1 1 1

§ £
2 3
4 1
5 6

§c0 1 0
2 2 1

d £
22 2 2
21 1 1

0 21 21
§

£
3 2
4 6
1 1

§ c23 3 22
22 5 21

d212 £
26 22
25 26

0 1
§

c1 2
2 1

d c2 1
1 2

dc 1 2 12
12 2 1

d £
3 4
4 3
5 2

§£
1
2
3
§ f1 2 3 4g

1
4

E 5 £
3

23
2
§D 5 c1 0

0 1
dC 5 c3 23 21

2 22 4
dB 5 £

0 2
22 1
21 0

§A 5 c1 21
3 22

d

Practice

L3

L4

L2

L3
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Find each product.

11. 12. 13.

14. 15. 16.

17. 18.

19. Business A florist makes three special floral 
arrangements. One uses three lilies. The second 
uses three lilies and four carnations. The third
uses four daisies and three carnations. Lilies 
cost $2.15 each, carnations cost $.90 each,
and daisies cost $1.30 each.
a. Write a matrix to show the number of

each type of flower in each arrangement.
b. Write a matrix to show the cost of each 

type of flower.
c. Find the matrix showing the cost of each 

floral arrangement.

Determine whether each product is defined or undefined.

F = G = H = J =

20. FG 21. GF 22. FH 23. HF 24. GH

25. HG 26. FJ 27. JF 28. HJ 29. JH

Mental Math Find each product.

30. 2 31. -1 32. 0.5

33. 34.

35. Multiple Choice Columns in matrix show, respectively, the 

numbers of erasers and pencils sold. The rows show, respectively, the numbers 

sold on Monday and Tuesday. Matrix shows the 50¢ cost of one 

eraser and the quarter cost of one pencil. What does the product AB show?
the total paid for erasers on Monday and Tuesday and the total paid for
pencils on Monday and Tuesday
the total paid for erasers and pencils on Monday and the total paid for
erasers and pencils on Tuesday.
the total paid for pencils and erasers
the cost of 1 pencil and 1 eraser

Find the dimensions of each product matrix. Then find each product.

36. 37. £
a 0 b 0
0 c 0 d
e 0 0 f

§≥
1 0 0
1 0 22
0 0 2

21 0 1

¥  £
2 21
1 1
0 21

§≥
5 7 0

2 

4
5 3 6

0 2
 

2
3 4

¥

B 5  c0.50
0.25

d

A 5  c3 8
0 12

d

c21 0
0 21

dc1 0
0 21

d  c21 0 1
0 21 1

dc21 0
0 21

d  

 c3 14
7 24

d c 9 27 24
28 22 3

d c21 4
2 5

d
Apply Your SkillsBB

f0 7gc25
6
dc23 6

2 24
dc2 3

6 9
d

Example 6
(page 186)

Example 5
(page 185)

c21 0
0 21

d£
1 0

21 25
0 3

§  c23 0
5 0

dc0 23
0 5

d  

c0 23
0 5

df23 5g  c23 0
5 0

df23 5g  c23
5
df23 5g  

c 0 2
24 0

dc 0 2
24 0

d  c23 4
5 2

dc1 0
2 23

d  c1 0
2 23

dc23 4
5 2

d  

Example 4
(page 184)

11–18. See margin.

a–c. See back of book.

defined defined defined undefined defined

undefined undefined defined defined defined

30–34. See margin.

36–37. 
See margin.

B

GO nline
Homework Help
Visit: PHSchool.com
Web Code: age-0403
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30.

31.

32.

33.

34.

36. 3 3 2; 

37. 4 3 4; 

≥
  a 0    b   0

a 2 2e 0    b 22f
2e 0    0    2f

2a 1 e 0 2b     f

¥

£
17   2
   75 211

5

22
3 214

3

§

c21
   0    0

1 d
c10    0

1  
21
21 d

c1.5
3.5       7

22 d
c29
   8    7

2  
  4
23 d

c22
   4      8

10 d

11.

12. c   23
221    4

2 d
c59    212

  26 d 13.

14. [34]

c28
   0       0

28 d
15. [34 0]

16. [0 34]
17.

18. £21 0
1 5
0 23

§

c215
   25    0

0 d
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For Exercises 38–45, use matrices D, E, and F shown below. Perform the indicated
operations if they are defined. If an operation is not defined, label it undefined.

D = E = F =

38. DE 39. -3F 40. (DE)F 41. D(EF)

42. D - 2E 43. (E - D)F 44. (DD)E 45. (2D)(3F)

46. Business A hardware store chain displays prices in a 1 3 3 matrix and daily
purchases at its three stores in a 3 3 3 matrix.

Prices Number of Items Sold
Store A Store B Store C

a. Find the product of the two matrices. Explain what the product represents.
b. How would you find the total gross revenue from all three stores?
c. Find the total gross revenue from the flashlights sold at all three stores.

47. Math in the Media Refer to the cartoon.An 
algorithm is a step-by-step description of a
calculation rule. What is the algorithm for
matrix multiplication?

48. Open-Ended Find two 2 3 2 matrices 
X and Y, with not all elements equal,
such that XY = YX.

49. Writing Suppose A is a 2 3 3 matrix 
and B is a 3 3 2 matrix. Are AB and BA
equal? Explain your reasoning. Include
examples.

50. Revenue Write a matrix that represents the daily revenue from the play.

Solve for x and y.

51. = 52. =

For Exercises 53– 56, use matrices P, Q, R, S, and I. Determine whether the two
expressions in each pair are equal.

P = Q = R = S = I =

53. (P + Q)R and PR + QR 54. (P + Q)I and PI + QI

55. (P + Q)(R + S) and (P + Q)R + (P + Q)S

56. (P + Q)(R + S) and PR + PS + QR + QS

c1 0
0 1

dc0 1
2 0

dc 1 4
22 1

dc21 0
3 22

dc3 4
1 2

d

c24 29
0 6

dc 0 3
2x 2y

dc2x 1
2 0

d  c24 29
2 6

dc1 3
2 2y

dc2x 1
2 0

d  

ChallengeCC

Hammers
Flashlights

Lanterns
 £

10   9 8
  3 14 6
  2   5 7

§
Hammers Flashlights Lanterns

f$3 $5 $7g

£
23 2
25 1

2 4
§£

2 25 0
1 0 22
3 1 1

§£
1 2 21
0 3 1
2 21 22

§

188 Chapter 4 Matrices

38–45. See margin.

See back of book.

47. Answers may vary.
Sample: Multiply the
elements in each
row of the first
matrix by the
elements in each
column of the
second matrix. Then
add to get the
corresponding entry
in the resultant
matrix.

48. Answers may vary.
Sample:

and c01    1
0 dc10    0

1 d

a–c. See margin p. 189.

See back of book.

x ≠ –3, y ≠ –9

yes

yes

yes

yes

x ≠ –2, y ≠ –3

GPS

188

43. £
34 21

6   213
27 16

§   44. £16    20 215
15 29 215
  2  11     25

§ 45. £
290 0
278   42
230 230

§  

Lesson Quiz

Use matrices A, B, C, and D.

A =

B =

C =

D =

1. Find 8A.  

2. Find AC.  

3. Find CD.  

4. Is BD defined or undefined?
undefined

5. What are the dimensions of
(BC)D? 2 � 3

Alternative Assessment

Have students work in groups of
three. Each student writes a 3 � 3
matrix. Students name the
matrices A, B, and C. Each student
then finds 5A, 2B - 3C, AB, and
CA. Students check one another’s
work.

pages 186–189 Exercises

38.

39.

40.

41.

42. £23   12 21
22     3    5
24  23 24

§

£
17 224

233   27
69 218

§  

£
17 224

233   27
69 218

§  

£
9 26

15   23
26 212

§  

£ 1   26 25
6     1 25

23 212    0
§

£
26 4 22

227 18 29
212 8 24

§

c 27
229

d
c16 24 28

0 240 32
d

f23 2 21g

£
2
9
4
§

c27 1 0
2 6 26

d
c2 3 21
0 25 4

d

PowerPoint

4. Assess & Reteach
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57. Which product is NOT defined?

A. B. C. D.

58. Given P = and Q = , what is 2P - 3Q?

F. G. H. J.

59. Solve 3Y + 2 = . Show the steps of your solution.

60. Given M = and N = , does M 3 N = N 3 M? Explain.

Add or subtract.

61. - 62. +

Graph each system of constraints. Find all vertices. Then find the values of x and y
that maximize or minimize the objective function.

63. 64. 65.

Maximize for Minimize for Maximize for
P = 3x + 4y. C = x + 3y. P = 4x + y.

Graph each inequality.

66. y , 4x - 1 67. y # -3x + 8 68. y $ ∆2x + 5« - 3
Checkpoint Quiz 1

State the dimensions of each matrix. Identify the indicated element.

1. ; a32 2. ; a22 3. ; a13

Use matrices A, B, C, and D. Perform each operation.

A = B = C = D =

4. A + C 5. B - A 6. 3D 7. BA 8. C(DB)

9. Writing How can you decide whether you can multiply two matrices?

10. Open-Ended Write a matrix equation with solution .c12 7 23 8
9 0 211 1

d

c1.5 2
9.0 26

dc25 3
1 9

dc4 6
1 0

dc3 1
5 7

d

£
8 1 5
9 4 2
7 0 3

§c9 1 7
6 22 4

d£
5 2

28 3
10 1

§

Lesson 2-7

•
2x 1 y # 6
2x 1 y # 10
2x 1 x $ 0, y $ 0

•
x 1 2y # 8

x $ 2
y $ 0

•
x 1 y # 3

x $ 0
y # 2

Lesson 3-4

c 9 25 7
24 10 0

dc0 21 5
6 10 12

dc32 14
6 210

dc21 2
0 17

d
Lesson 4-2

 c 0 1
22 5

d c23 4
1 22

dExtended Response

 c13 29
4 16

d c21 23
2 5

dShort Response

 c1 5 3
0 2 6

d c21 12 11
1 6 13

d c 17 0 219
25 6 7

d c21 25 3
0 22 26

d

 c 3 22 25
21 22 21

d c 4 3 22
21 0 5

d

 c21
2
df21 2gc2 21

2 21
dc21 2

21 2
df21 2g c21 2

21 2
d f21 2gc21

2
d

Multiple Choice

 Test Prep

Mixed ReviewMixed Review

Checkpoint Quiz 1 Lessons 4-1 through 4-3

Lesson 4-3 Matrix Multiplication 189

B

H

See back of book.

See back of book.

61–62. See margin.

63–65. See back of book.

66–68. See back of book.

3 3 2; 1 2 3 3; –2 3 3 3; 5

4–10. See margin.

lesson quiz, PHSchool.com, Web Code: aga-0403

GO for
Help

189

Test Prep

Resources
For additional practice with a
variety of test item formats:
• Standardized Test Prep, p. 233
• Test-Taking Strategies, p. 228
• Test-Taking Strategies with

Transparencies

Use this Checkpoint Quiz to check
students’ understanding of the
skills and concepts of Lessons 4-1
through 4-3

Resources
Grab & Go
• Checkpoint Quiz 1

46. a. [59 132 103]; the
elements are the total
sales for the three 
items at each store.

b. Add the elements of 
the product matrix in
part (a).

c. $115

61.

62. c92    26
 20  12

12 d
c233
  26    212

   27 d

page 189 Checkpoint Quiz 1

4.

5.

6.

7.

8.

9. Make sure that the
number of columns in the
first matrix is the same as
the number of rows in the
second matrix.

10. Answers may vary.
Sample: 

2X ± ≠

c25
18    16

  3      24
222    20

  7 d
c10    2

3    2
0    4

5 d

c   50
278    117

495 d
c42
  3    46

  1 d
c 4.5
27          6

218 d
c    1
24       5

27 d
c22
   6      4

16 d
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4-44-4

191

Lesson 4-4 Geometric Transformations with Matrices 191

Geometric Transformations
with Matrices

Part 1 Translations and Dilations with Matrices

4-44-4

Lesson 2-6

Without using graphing technology, graph each function and its translation.
Write the new function.

1. y = x + 2; left 4 units 2. f(x) = x + 2; up 5 units

3. g(x) = ∆x«; right 3 units 4. y = x; down 2 units

5. y = ∆x - 3«; down 2 units 6. f(x) = -2∆x«; right 2 units

New Vocabulary • image • preimage • dilation
• rotation • center of rotation

1
3

1
2

What You’ll Learn
• To represent translations

and dilations with matrices

• To represent reflections and
rotations with matrices

. . . And Why
To transform a photo, as in
Example 2

11 Translations and Dilations with Matrices

Activity: Translating a Geometric Figure

Geometry In Chapter 2 you used vertical and horizontal translations 
to graph functions. A translation shifts a graph without changing its 
size or shape. 

1. Draw the figure on a coordinate grid 
as shown.

2. Translate the figure 4 units right and 
6 units down. Label the new figure.

3. Identify the coordinates of the 
vertices of the original figure and 
the new figure.

4. How does the translation 4 units right 
and 6 units down relate the coordinates of the new figure to the
coordinates of the original figure?

5. Without graphing, identify the coordinates that result from a
translation of the original figure 10 units right and 3 units up.

6. Suppose the original figure is translated so that two vertices have
coordinates (0, 0) and (2, 0). Find two possible translations. Write the
coordinates for the vertices of each translated figure.

7. Critical Thinking What translations of the original figure will result 
in a tessellation?

8. Open-Ended Design another simple figure that will tessellate the
plane. Describe the translations needed to fill the plane.

x

y

�2�4�6

2

4

1–6. See back of book.

2–7. See back of book.

Check students’ work.

Check students’ work.

Check Skills You’ll Need GO for Help

A tessellation is a
repeating pattern of
figures that covers a
plane, without gaps 
or overlaps.

Vocabulary Tip

1. Plan
Objectives
1 To represent translations and

dilations with matrices
2 To represent reflections and

rotations with matrices

Examples
1 Translating a Figure
2 Real-World Connection
3 Reflecting a Figure
4 Rotating a Figure

Math Background

Matrices are a powerful tool 
to represent translations,
dilations, reflections, and
rotations. Understanding these
fundamental concepts can help
students to grasp the idea of 
how compressing music files 
into a mp3 format will allow a
700 MB CD to hold 200 songs.

More Math Background: p. 166C

Lesson Planning and
Resources

See p. 166E for a list of the
resources that support this lesson.

Bell Ringer Practice

Check Skills You’ll Need
For intervention, direct students to:

Vertical and Horizontal
Translations
Lesson 2-6: Examples 1–5
Extra Skills and Word 

Problems Practice, Ch. 2

PowerPoint

Special Needs
Have students put one finger on a vertex of the figure
and another finger on the corresponding matrix
column. Have students compare each vertex and
matrix column to see how they relate.

Below Level
The mathematical meanings of the terms
transformation, translation, and rotation may be
unfamiliar to students. For each term, have a student
act out the movement.

L2L1

learning style: tactile learning style: tactile
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192 Chapter 4 Matrices

You can write the vertices of a figure as a matrix. For example, the matrix below
represents the vertices of figure ABCD.

A B C D
x-coordinate
y-coordinate

A change made to a figure is a transformation of the figure. The transformed figure
is the The original figure is the A translation (Lesson 2–6) is a
transformation that slides a figure without changing the size or shape of the figure.
You can use matrix addition to translate all the vertices of a figure in one step.

Translating a Figure

Geometry Quadrilateral ABCD above has vertices A(0, 0), B(-1, 4), C(-4, 2),
and D(-4, 0). Use a matrix to find the coordinates of the vertices of the image
translated 6 units right and 2 units down. Then graph ABCD and its image
A9B9C9D9.

Vertices of Translation Matrix Vertices of
the Quadrilateral the Image

Add 6 to each x-coordinate.

T T T TA B C D Ar Br Cr Dr

+ =

c c c c
Subtract 2 from each y-coordinate.

The vertices of the image are A9(6,-2), B9(5, 2), C9(2, 0), and D9(2,-2).

Graph both quadrilaterals.

a. Critical Thinking Explain how to translate quadrilateral A9B9C9D9 from
Example 1 so that its image is quadrilateral ABCD.

b. What matrix would you use to translate the vertices of a pentagon 3 units left
and 2 units up?

c. Use your answer to part (b) to translate the pentagon with vertices (0,-5),
(-1,-1), (-5, 0), (1, 3), and (4, 0). Find the coordinates of the vertices of the
image. Graph the preimage and the image.

A is a transformation that changes the size of a figure.When the center of
the dilation is the origin, you can use scalar multiplication to find the coordinates of
the vertices of an image.All dilations in this book are centered at the origin.

dilation

11Quick Check

y

x
O

C

D A

B

C�

D� A�

B�

�3 3

�2

4

c 6 5 2 2
22 2 0 22

dc 6 6 6 6
22 22 22 22

dc0 21 24 24
0 4 2 0

d

EXAMPLEEXAMPLE11

preimage.image.

 c0 21 24 24
0 4 2 0

d
y

xO

C(�4, 2)

D(�4, 0)
A(0, 0)

B(�1, 4) 

Graphing 
Calculator Hint

Enter the preimage
and translation
matrices as [A] and [B].
Use matrix addition to
find the coordinates of
the image.

a–c. See margin.

Read the notation 
A9 as “A prime,” 
A0 as “A double prime,”
and so on. The prime
symbol tells you that A9
is related to A in some
special way.

Vocabulary Tip

192

2. Teach

Guided Instruction

Activity
When you discuss Question 4, be
sure students understand that 
4 units right signifies a change in
each x-coordinate and that 6 units
down signifies a change in each 
y-coordinate.

Tactile Learners

Draw a polygon very closely
centered on a piece of plain
paper. Make several photocopies
on graph paper. Now make 
more photocopies of the polygon
on plain paper at various
enlargement and reduction sizes.
On each photocopy, note the
enlargement or reduction setting
you used. Organize the class into
small groups. Give each group
one copy at the original size and
one that you have enlarged or
reduced. Instruct students to copy
or trace the copy onto graph
paper. Ask students to use
approximate coordinates and
determine if the photocopier did
the enlargement or reduction
correctly. Have students exchange
photocopies so that each group
does one enlargement and one
reduction.

EXAMPLEEXAMPLE22

Advanced Learners
Have students find the factor by which an 11 � 17
inch photo must be reduced to fit onto an 8.5 � 11
piece of paper.  0.64

English Language Learners ELL
Have students draw sketches to illustrate the
definitions of image, preimage, dilation, rotation, and
center of rotation. Encourage students to work
together and to use color to illustrate each term.

L4

learning style: verbal learning style: visual
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