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. yoCABULARY CHECK:
- peercises 1-4, fill in the bianks.

, Two matrices are if all of their corresponding eniries are equal.
| 1, When performing matrix operations, real numbers are oiten referred to as
© 3, Amatrix consisting entirely of zeros is called a matrix and is denoted by

: 4 The n x 7 matrix consisting of 1’s on its main diagonal and O's eisewhere is called the
matrix of order r,

* nExercises 5 and 6, inatch'the matrix property with the correct form. 4, B, and C are matrices of order
* mxnand cand d are scalars.
S@lA=A

C WA+ B+O=A+B+C
D l+dA=cA+dA

| @ (ed)d = clad)

. @A+B=B+A ¢
L@ A+O0=A4

1) dl4B) = AlcB)

(i) Distributive Property
(ii) Commutative Property of Matrix Addition
(iii) Scalar Identity Property
(iv) Associative Property of Matrix Addition
(v) Associative Property of Scalar Multiplication
(i) Distributive Property ‘
(ii) Additive Identity of Matrix Addition
s ABB+ C) =AB + AC (iii} Associative Property of Multiplication
{d) ABC) = (ABYC {iv) Associative Property of Scalar Multiplication
PREREQUISITE SKILLS REVIEW: Practice and review algebra skills needed for this section at www.Eduspace.com.

i @ Exercises | J

E InExercises?~4,ﬁndxand_y. ' o 4= 22 -1 0 1]
1-[x -2]_[-4 -2 :1 I -2 0 -1
=Ly 7 22 p=| 1 1 -1 1 0]
3 - “l-3 4 ~6 -7
7S x5 -3 L 9
- y 8 12 8 ~1 4 01 -3 5 1
. ' 3 -2 2 2 -4 -7
6 4 5 4 16 4 2x+1 4 _
%* 13 15 6|=|-3 13 15 3x 10. A= 5 4 -1| B=| 10 -9 -1
0 2 4 of [Lo 2 3y-5 0 3 8 —6 3 % -4
1 2 2% | = 1 18 -% 1A= } B=f _]
T =2 y+2 7 -2 1 AT -4 o) 4 -3
5 -~ 3
in Exercises 5-12, if possible, find (a) A+ 8, (b) A~ B, 12.4=] 2| B=[-4 6 2
- 134, angd (d) 34 — 2B. 3

S-Az-l -1 2 -1

: 2 -17 B = —1 8 In Exercises 13-18, evaluate the expression.

3 2 =3 =21 .- ~5 0 7 1 ~10 -8} -

J’B"[4 J : 1&[3 MJ+La —J+[14 6]

-1 1 4 6 8 0 5 -1 -7

4} B=[—1 | T RS B ] S )
1

11 T2 -3 4]
~1 J’B“{ﬂ 1—]
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T,

Softball Team Expenses {)

Two softball teams submit equipment lists to their sponsors.

Women's Team Men’s Team
Bats 12 ) 15
Balls 45 38
Gloves 15 17

Fach bat costs $80, each ball costs $6, and each glove costs $60. Use Nlatriceg
find the total cost of equipment for each team. o

Solution :
The equipment lists E and the costs per item C can be written in matrix fopy
12 15
E=145 38
15 17
and
c=[80 6 60l ) ]
The total cost of equipment for each team is given by the product ':
112 15
CE=[80 6 60]45 38
: 15 17

= [80(12) + 6(45) + 60(15) 80(15) + 6(38) + 60(17)]

=[2130 2448},
So, the total cost of equipment for the women’s fdam is $2130 and the total cost -
of equipment for the men’s team is $2448. Notice that you cannot find the total

cost using the product EC because EC is not. defined. That is, the number of -
columns of E (2 columns) does not equal the number of rows of C (L row).

Heekpoint - Now try Exercise 63.

Y aiminG asout PP larHEmaTics :

Proble Posing  Write a matrix multiplication application problem that uses the
matrix

4 [20 42 33]
17 30 501
Exchange problems with another student in your class. Form the matrices that
represent the problem, and solve the problem. Interpret your solution inthe

context of the problem. Check with the creator of the probiem to see if you &'
carrect. Discuss other ways to represent and/or approach the problem.
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B S T PO O o 0 S 611 4
. o 2 31713 -6 0 3. A=10 0 -3}, B=|8 16 4}
1645 -2 4 ol+[4 6 -1 9D 0o 0 4 00 o

ool s DA eelheeem

. 4 1 1 -5 =1 705 ﬂz In Exercises.'. 35-40, use the matrix capabilities of 3
18, 1 =2 —1|+¢l] 3 4+ T ing utility to find AB, if possible. 9raph
9 3 0o 13 6 —1

5 6 -3 1 -1 2
7 InExercises 19-22, use the matrix capabilities of a graphing 35. A= _-?’) 3 ; . B= i 1 4}
utility to evaluate the expression. Round your results to i . -2 9

-5
three decimal places, if necessary. 11 -12 4 12 10
6. A= |14 10 123 B=1-5 12

8

_ 2

3f 2 S -3 0
19, »7—[_1 _4]+6[ ) _2] -2 9 LS 16
3 31

14 —11 -22 20 -6 8 6
3 A+
2 55([—22 19] [ 13 GD g a=|-12 15 o 6| B=i B
5 -1 1 5 16 10 21
2211 6829] [~1.630 —3.090 8 -4 10
1. —|—1004  4914|—| 5256 8335 . 2
0055 ~-3.889] |-—9.768 4251 -2 4 8 I
6 201 [14 -15] [-31 —19 BoA=|21 5 6} B=|4 gy
3 2 6
g —12ll 1 -9|+|-8 -sl+! 16 10 , 05 16
-2 5 7 I\ 24 —10 39 A = 9 10 —38 18
. . o - A= 1100 =50 250 750
In Exercises 23-26, solve for X in the equation, given
_[52 -85 271 45
40 ~35 60 82

[ﬂz —1] [ 0 3] B '
A= 1 0 and B= 2 0. 15 —18 :
3 —4 -4 =1 0. A=|-4 12}, B:[_T 2 |

s 2 § 16 24
23, X=3A-12B 24, 2X=24—-B L~

25.2X +3A=B 26. 24 + _43 = -2X in Exercises 41-46, i possible, find (a) A, (b) BA, and [d A", ;

{Note: A2 = AA.)
In Exercisas 27-34, if possibie, find AB and state the order of )
the result. _ 4L A= [}t %], B = [ i‘ - éi\

2 1 0 -1 0
2 -1 0o 0
2. A=|-3 4|, B=[|4 0 2 42. A= . B=l, _
1 4 3 -3
16 g8 ~1 7

| 3 -1 1 -3
- 3. A= . B=
woa=|t 0 3 2], B=E 6] [ 3] [3 1]

-1 3 ‘ ' '
W A=| 4 -5|, B:[é ﬂ L )
0 2 }

46. A=[3 2 1, B:[3

10 0 30 0] 0
s A=l0 4 of B=l0 -1 0
0 0 -2 0 0 5] n Exercises 47-50, evaluate the expression. Use the matrt
; ] " capabilities of a graphing utility to verify your answer
s 0 0 o0 _ .
3. A=10 -8 0| B=l0 ~§ O 4. [3 1}[ 1 0][1 0]
0 o 7 0 0 % 0 ~24i—2 232 4




3
6 5 -1
48;3[ B ]"-I -3
12 o, ]
4 0] [-2 3
49_[2 i ;] 0 —i|*|=3 5
-1 2 0 -3
3 o
(s ~a+0 —a+-s 9D
7

-

?In Exercises 51-58, {a) write the system of linear equations

'as a matrix equation, AX = B, and (b) use Gauss-Jordan-

“elimination on the augmented matrix {4 ! B] to solve for
the matrix X.
- t+x=4 52. (2x, + 35, = 5
{2x+x2$0 {x1+4x2=10
2 =3, = —4 @ 54 [—4x + 9= -13
6x}+ n=-3 { X, — 3= 12

-2, +3x,= 9
x1+3x2 x;=—6

I

—Sx2+5x3217‘
o+t ox-—3x= 9
-x, + 2x, = §
n— X+ x3=-5

X Xg= B
—2x, + 5x; = —16

L[ xy = Sxy b 2xy = 20
~3x;

Rk Xy A= 17
x1 + 3z, = —11

—6x, + 5%, = 40

Manyf, acturing A corporadion has three factories, each of
Which manufactures acoustic gnitars and electric guitars.
The number of anits of guitars produced at factory f in one
day is Tepresented by « in the matrix

A,_[?o 50 25
35 100 70

I;”;l the production levels if production is increased by
o, .

ﬁl} M“”Hfactunng A corporation has four facteries, each of

¥hich manufactures sport utility vehicles anci pickup

toucks, The number of units of vehicle { produced at factory
Jinone day is represented by a; in the mateix

:[100 90 70 30
40 20 60 60/

ig}; the production levels if production is increased by
0,
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61, Agriculture A fruit grower raises two crops, apples and
peaches. Bach of these crops is sent to three different
outlets for sale. These outlets are The Farmer's Market,
The Fruit Stand, and The Fruit Farm. The numbers of
bushels of apples sent to the three outlets are 123, 100, and
75, respectively. The nurnbers of bushels of peaches sent to
the three outlets are 100, 175, and 125, respectively. The
profit per bushel for apples is $3.50 and the profit per
bushel for peaches is $6.00.

(2) Write a matrix A that represents the number of bushels
of each crop i that are shipped to each outlet j. State
what each entry a,, of the matrix represents.

() Write a matrix B that represents the profit per bushel of
each fruit. State what each entry’ by; of the matrix
reprosents.

{c) Find the product BA and state what each eniry of the
matrix represents.

62. Revenue A manufacturer of electronics produces three
models of portable CD players, which are shipped to two
warehouses. The number of units of model i that are
shipped to warehouse j is represented by a;; in the matrix

5,000 4,000
A =6,000 10,000:.

8,000 5,000
The prices per unit are represented by the matrix
B=[$30.50 $44.50 $56.50].

Compute BA and interpret the result,

63. Inventory A company sells five models of computers

through three retail outlets. The inventories are represented
by S.

Model
f——""&—"ﬁ

E

»

[ SRR
o

el I e

L

Ii
PO W2
[ SN L ]

0|1
312 Cutlet
203

The wholesale and retail prices are represented by T.

Price ‘
e
Wholesale Retail

$840 $1100
$1200 $1350
T=| $1450 $1650
$2650  $3000
%3050 $3200 | E

Model

o nw e

Compute ST and interpret the result.
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64. Voting Preferences The matrix
From
Py
R D I

06 01 01| R

02 07 01 b Ta
02 02 03] 1

P=

is called a stochastic matrix. Fach entry p,( # j)
represents the proportion of the voting population that
changes from party i to party j, and p, represents the pro-
portion that remains loyal to the party from one election to
the next. Compute and interpret P2,

Voting Preferences Use 2 graphing utility to find P?, P4,
P35, P8, P7, and P2 for the matrix given in Exercise 64. Can
you detect a pattern as P is raised to higher powers?

66. Labor/Wage Requirements A company that manufac-
tures boats has the following labor-hour and wage
requirements.

Labor per boat
Department

A,

Cutting Assembly Packaging

1.0 O5hr 02hr] Smal
S§=(1.6hr 1.0hr 0.2hr| Medium ; Boatsize
23hr 20hr 14hr| Large
‘Wages per hour
Plant
f——&_—'\
A B
$12 $10] Catiing
T=1] $9 $8| Assembly } Department

$8  §7| Packaging

Compate ST and interpret the result,

67. Profit At a local dairy mart, the numbers of gallons of
skim milk, 2% milk, and whole milk sold over the week-

end are represented by A.
Skim 2%  Whole
milk mitk milk
40 64 521 Friday
A =160 82 76 Saturday
76 96 84 | Sunday

The selling prices (in dollars per gallon) and the profits (in
dollars per gallon) for the three types of milk sold by the
dairy mart are ropresented by B.

68.

69

Selling  Profit
price
2,65  0.65| Skim milk
B =285 0.70 | 2% milk
3.05 0.85% Whole milk

(a) Compute AR and interpret the result,

(b) Find the dairy mart’s total profit from milk sajeq fort :
weekend. €

Profit At a convenience store, the numbers of illons o :
87-octane, 89-octane, and 93-cctane gasoline sold gve ti(:
weekend are represented by A, ¢

Octane
37 §9 93 .
580 840 320 | Friday
A=1560 420 160 | Saturday
860 1020 540} Sunday

The selling prices per gallon and the profits per gallon fo;
the three grades of gasoline sold by the convenience st
are represents by B,

Selling  Profit
price
1.95 032 87
B =205 036]| 8 } Octane
2.15 0407 93

(a) Compute AB and interpret the result.

{b) Find the convenience store’s profit from gasoline sales -

for the weekend. ]
Exercise The nutbers of calories burned by individuals
of different body weights performing different types of
aerobic exercises for a 20-minute time period are showiin |
matrix A. ]

Calories burned

e —
120-ib  150-1b
person  personl
109 136 | Bicycling~

A= [127 159 | Jogging

64 79| Walking

(2) A 120-pound person and a 150-pound person bicycled |
for 40 minutes, jogged for 10 minutes, and walked for
60 minutes. Organize the time spent exercising i ¢
matrix B.

(b) Compute BA and interpret the result.




Model It R

e

Health Caré The health care plans offered this year
by 2 local manufacturing plant are as follows. For
individnals, the comprehensive plan costs $694.32, the
HMO standard plan costs $451.80, and the HMO Plus
glan costs $489.48, For families, the comprehensive
plan costs §1725.36, the HMO standard plan costs
§1187.76 and the HMO Plus plan costs $1248.12. The
phent expects the costs of the plans to change pext yeat
“as follows. For individuals, the costs for the compre-
pensive, MO standard, and HMO Plus plans will be
§683.91, $463.10, and $499.27, respectively. For fami-

Yies, the costs for the comprehensive, HMO standard,
and HMO Pius plans will be $1699.48, $1217.45, and
§1273.08, respectively.

(a) Organize the information using two matrices A and
B, where A represents the health care plan costs for
this year and B represents the health care plan costs
for next year: State what each entry of each matrix
reprcsents.\‘

() Compute A — B and interpret the result.

{¢) The employees receive monthly paychecks from
which the health care plan costs are dedncted. Use
‘the matrices from part {2) to write matrices that
show how much will be dedncted from each
employees’ paycheck this year and next year.

(@) Suppose the costs of each plan instead increase by

4% next year. Write a matrix that shows the new
menthly payment.

—

nthesis

feor False?  In Exercises 71 and 72, determine whether
statement is true or false. Justify your answer.

L . :
z:‘['f matrices can be added only if they have the same
er.

S P

link

:f‘b"uf It InExercises 73-80, let matrices A, 8, C, and
: termiorciers 2x3,2x3,3 x 2,and 2 x 2, respectively.
By :e whet.her the matrices are of proper order to per-
- Operation(s). If so, give the order of the answer.
74. B — 3C
76. BC
78. CB—D
80. (BC — D)A
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. Think About It Tf a, b, and ¢ are real numbers such that

¢ # 0 and ac = be, then a = b, However, if A, B, and C
are nonzero matrices such that AC = BC, then A is not
pecessarily equal to B. Iustrate this using the following
matrices.

T R R F

. Think About It Tf a and b are real numbers such that

ab =10, then a = 0 or b = 0. However, if A and B are
matrices such that AB = O, it is not necessarily true that
A=0 or B= 0. Mustrate this using the following
matrices. '

asfi 3 e-la)

. Exploration Let A and B be unequal diagonal matrices of

the same order. (A diagonal matrix is a square matrix
in which each entry not on the main diagonal is zero.)
Determine the products AB for several pairs of such moatri-
ces. Make a conjecture about a quick rule for such products.

. Exploration let i =/ —1 andlet

i 0 0 —i
JUN T P (e
(2) Find A2, A% and A% Identify any similarities with %,

i3, and i*.

(b) Find and identify B2,

Skills Review

In Exercises 85-90, solve the equation.

85,
86.
87.
88.
89.
9.

32 +20x—32=0

8x* — 10x—3=0

43 + 10— 3x =0

3x3 + 22— 45x =0
33 — 12x2 4+ 5x—20=0
%3 — 5x2 - 12x + 30 =0

in Exercises 91-94, solve the system of linear equations
both graphically and algebraically. :

91.

92,

93.

—x+4y=-9
5x—8y= 39

8x — 3y = —17
—6x +Tyv= 27

~x+2y=-3
3x— y=—8

{

04, [6x — 13y =11

ox + S5y =41
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[ 8.3 ] Exercises

VOCABULARY CHECK: Fill in the blanks. _
1. lna matrix, the number of rows equals the number of columns.
2. If there exists an # x n matrix A% such that A4~1 = I = A"1 A, then A™! is called the of A.

3. If a mairix A has an inverse, it is called inveriible or ; if it does not have an inverse, .
it is called

4, If A is an invertible matrix, the system of linear equations represented by AX = Bhas a
unique solution given by X =

PREREQUISITE SKILLS REVIEW: Practice and review algebra skills needed for this section at www.Eduspace.com,

in Exercises 1-10, show that B is the inverse of A. In Exercises 11-26, find the inverse of the matyy lit
- . exists). h%
La=[2 1| 3 -1 j i \
: 5 3 -5 2 2 0 2 ;
. . 1. 12,
- 0 3 3 7
1 =11, 2 1 L L
2. A= ,B - . i
-1 2 11 1 -2 -7 33
: 13. 14.
(1 2j| -2 1 12 3] 4 ~19]
A= ,B _ -
3 4 3 -4 1s. |~} i] EETH .
- 3 1 -2 1 -1 0]
1 -1 5 3 - 7 r
4. A= ],Bx } 2 4 2 3
SR N mls gl S E
2 -17 11 11 2 ) 5]
5.A=(-1 11 ~T|B={2 4 -3 o 2 7 1] 2. | 6 -1s
L0 3 -2 3 6 -5 -3 -9 2 0 ]
. r 1 1 3 - - -
-4 1 5 -2 3 11 1 12 2
6. A=|~1 2 4|B=| § -1 -4 2.3 5 4 2.1 3 7 9
AR A
201l B - N "24.03 0 0
7.4=| > 9 0 g4 9 =5 -6 2 5 5 2 5 s
‘ -1t 1 -2 1if 00 1 -1 -1 . L :
4 -1 1 ¢ 3 -5 3 3 "g (1) 6 0 1 g —i ga
=2 0 1 0 [~3 -3 1 -2 3.0 4 o 3 g 26. g 0 -2 1
1 -1 -3 0 12 14 -5 10
= = 0 0 0 -5 p 0 0 3
8.4=10 -1 o0 —2F7-5 -6 2 -4 - . -
L o 1 3 -1 =3 =4 1 =318 nExercises 27-38, use the matrix capabiiities of a graphing
-2 2 3 1 -4 -3 3 utility to find the inverse of the matrix (if it exists).
9.4=| 1 -1 O0B==|-4 -8 3 ) ] -
0 1 4 3l 2 o 12 -1 0 5 -7
- 27.1 3 7 -0 28. -5 1 4
-1 1 0 -l -5 =7 —15 32 -7
i1 -1 1 0 - . -
10. A=j : 11 2 3 2 1
1 1 2 0
0 -1 1 1 29, 3 1 0 30. 2 2 2
L - —4 4 3
3 1 1 -3 -2 0 3 L o
poll-3 -1 2 -3 TEE I o
3 001 10 3|1 o0 -} 2.0 § 2
-3 =2 1 0 ‘ i Ls
L 0 -1 7 | 1 -3 T




(0.6 o —03]
34, |07 -1 0.2
|1 o0 -09

0 4 & -7 14
4 2 5 —4 6
0 .1 2 1 =7
4 3 6 -5 10

0 1 -2 —1 =2
-1 3 -5 -2 -3

0 8| 5

1| . -1 4 4 1

jnExercises 39-44, use the formula on page 606 to find the
averseof the 2 x 2 matrix (if it exists). .

7 12
ol

—-12 .3
42.[ 5 _]
1 _3 : —
1 4 :
1 E} . . 44[
i3 ,

_ inExercises 45— 48, use the inverse matrix found in Exercise
Wto solve the system of linear equations.

n

[LE S
wolce B2
| |

ey

'45-{x—2yx‘ 5 46. { x~2y=0

-3y = 10 {2x—3y:3

41‘[""‘2)’:4 48. [ x—2y= 1
h-3y=2 {2x#3y=~*2

Eﬂ?rcises 49 and 50, use the inverse matrix found in
eitise 21 to solve the system of linear equations.

S [x+ v+ z=0 50.
W+5y+47=5
Wbyt sz=2

pron

i+ y+ z=-1
x + 5y + 4z 2
x+oy+5:= 0

I

) ; .
:élemses 51 and 52, use the inverse matrix found in
15¢ 38 to solve the system of linear equations,

G- oy — 2= 0
3.\',—5x2_2x3 - 3x,= 1
2Y1_5x2‘2x3 - 5%, =-—1
Th A x4 1l = 2
B S .
' 7'\_‘ 3, = 2wy — 3w, = —2
:3553‘2—2)%“* S5x,= 0
Yk 4y, + 4xy + 11x, = —3

X Exarc
L hergs . \ .
. miibie} t:‘; 53-60, use an inverse matrix to solve (if

L4 System of linear equations.
3t gy
by =2 54, {18;; + 12y =13

Mgy
W=y 30x + 2y = 23

55, {—O.4x + 08y =16
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56. {O.Zx - 0.6y = 24

- 4y=5 —x+ L4y = —88

57. [~ix+iy= 2 58. [2x— y=-20
33, = 4.1,
px +ay=—12 3% — 3y = —31
59, {4x — y+ z=—35 60, [4x — 2y +3z= -2
x+ 2y +3z= 10, 2x+ 2y +5z= 16
Sx — 2y +6éz= 1 x—-Sy—2r= 4

-2 =5 ﬂ"i, In Exercises 61-66, use the matrix capabilities of a graphing

utility to solve (if possible) the system of linear equations.

6. [5x—3y+2z= 2 62. (2x+3y 4+ 5z= 4
2x + 2y ~3z= 3 x+Sy+ 9= 7
x~Ty+8=—4 5x+ 9u+ 17z=13

63. Ix—2y+ z=-29
—dx +. y—3z= 37
S x— Syt z=—24
64, [~8x + 7y — 10z = —151

I2x+3y— 5z= 86
15c— 9+ 2z= 187
65. [ 7x—3y +aw= 4l
—2x+ ¥ - w=—13
dx +z—2w= 12
L —x+ Y - w= —8
66, [2x + 5y +ow= 11
x+ 4y +2z-2w=—7
Ix=-2y+52+ w= 3
{ x - 3w = —1

Investment Portfolio  In Exercises 67-70, consider a person
who invests in AAA-rated bonds, A-rated bonds,.and
B-rated bonds. The average yields are 6.5% onAAA bonds,
7% on A bonds, and 9% on B bonds. The person invests
twice as much in B bonds as in A honds. Let X, ¥, and z
represent the amounts invested in AAA, A, and B bonds,

respectively.

x + y+ z = (total investment)
0.065x + 0.07y + 0.09z = (annual retutn}
2y — z=10

Use the inverse of the coefficient matrix of this system to
find the amount invested in each type of bond.

Total Investment Annual Return
67. $10,000 §705
638, $10,000 5760
69. $12,000 $835
70. $300,000 $38,000
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71. Circuit Analysis Consider the circuit shown in the figure,
The currents f,, I, and I, in amperes, are the solution of
the system of linear equations

21, + 4L = E;

I +4I, =E,

L+L- L=0
where E; and E, are voltages, Use the inverse of the

coefficient matrix of this system to find the unknown
currents for the voltages.

(a) E, = 14 volts, E, = 28 volis
(b) E, = 24 volis, E, = 23 volts

~\

Modef [t

72. Data Analysis: Licensed Drivers The table shows
ﬁb the nombers y (in millions) of licensed drivers in the
"~ United States for selected years 1997 to 2001.

(Source: U.S. Federal Highway Administration)

A

(a) Use the technique demonstrated in Exercises
57-62 in Section 7.2 to create a system of linear
equations for the data. Let r represent the year, with
t = 7 commesponding to 1997.

(b) Use the matrix capabilities of a graphing utility to
find an inverse matrix to solve the system from part

(a) and find the least squares regression line
y=at+b5

(c) Use the result of part (b) to estimate the number of
licensed drivers in 2003.

(d) The actual number of licensed drivers in 2003 was
196.2 million. How does this value compare with |
your estimate from part (¢)?

Model Et (continuen

(e) Use the result "-Qf part (b) to estimate

number of Heensed drivers will reach 2 Wwhep p,

8 milfioy

Synthesis

True or False?  In Exercises 73 and 74, determine

; . wh
the statement is true or false. Justify your answer, et

73. Multiplication of an imvertible matrix and yg inverse ;
commutative. o

74. H you multiply two square matrices and obiain the id
matrix, you can assume that the matrices are inver
one another.

Emit}:
Seg of

. . _ja b ..
IfAisa2 x 2 matrix A = L d], then 4 is nverity,

if and only if ad — be # 0. ad — be # 0, veify thy g,
inverse is

1 d —b
B R
A ad — be [~c a}'

Exploration  Consider matrices of the form

ayy 0 0
0 ap
0

.

(a) Write a2 x 2 matrix and a 3 x 3 matrix in the form of
A. Find the inverse of gach,

(b) Use the result of part (a) to make a conjecture about the
inverses of matrices in the form of A.

Skills Review

In Exercises 77 and 78, solve the inequality and sketch the
solution on the real humber fine. '

77 4+ 22 o T8 -1 <3

In Exercises 79-82, solve the equation. Approximate the

result to three decimal places.

79, 3 = 315
81. log,x —2 =43

80. 2000e~*4 = 400
82. Inx + llx— 1) =0

I

83. Make a Decision To work an extended applical®
analyzing the number of U.S. households with cof
televisions from 1985 to 2005, visit this text’s WEbSIleffu
college.hmco.com. (Data  Source: Nielsen Mot

Research) s
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hould learn ‘ ‘ . 1
What you shOUIC e The Determinant of a 2 X 2 Matrix

ind the determinantsof 2 ¥ 2

atrices. ' Every square matrix can be associated with a real pumber called its determinant.

ind minors and cofactors of " - Determinants have many uses, and several will be discussed in this and the next

quare matrices. T . section, Historically, the use of determinants arose from special number patterns
: that occur when systems of linear equations are solved. For instance, the system

dthe determinants of - :
: {alx + by = ¢

quare matrices. -
ax + by = ¢

has a solution

_eiby Cohy _ 4Ly T 90y
ayb, — dazby a;b, — azby

provided that a;b, — a;b; # 0. Note that the denominators of the two fractions
are the same. This denominator is called the determinant of the coefficient matrix

of the system.

Coefficient Matrix Determinant
a b
A= [a: bj det{A) = a;b, — ayby

The determinant of the matrix A can also be denoted by vertical bars on both sides
of the matrix, as indicated in the following definition.

-
Definition of the Determinantofa2 x 2 Matrix
The. determinant of the matrix

1t by
A_L‘z bz]

is given by

-

w.

det(4) = |4] =

a b
! il = a1b2 - azbl.
a, b

>

Tn this text, det(4) and |A| are used interchangeably to represent the
determinant of A. Although vertical bars are also nsed to denote the absolute
value of a real number, the context will show which use is intended.

A convenient method for remembering the formula for the determinant of a

7 % 2 matrix is shown in the following diagram.

><i = a\b, — a,b

Note that the determinant is the difference of the products of the two diagonals of
the matrix.

det(A) =
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[ 8.4 } Exercises

VOCABULARY CHECK: Filt In the blanks.

. Both det(4) and |A] represent the of the matrix A.

. The M,; of the entry a;; is the determinant of the matrix obtained by deleting the ith row and jth

cohumn of the square matrix A.

. The C,; of the entry ay; of the square matrix A is given by (~1)/ M,

. The method of finding the determinant of a matrix of order 2 % 2 or greater is called by .
PREREQUISITE SKILLS REVIEW: Practice and review algebra skills needed for this section at www.Eduspace.com,

In Exercises 1-16, find the determinant of the matrix.

1. [5]

LV, T R g

e L3

B O

7 In Exercises 17-22, use the mattix capabilities of a graphing
utility to find the determinant of the matrix.

03 02 02 01 02 03
i7.] 02 02 02 18. |-03 02 0.2
—-04 04 03 05 04 04

09 07 0O 0.1 01 —43
19, | ~0.1 03 13 20. |7.5 62 0.7
~22 42 6l 03 06 -—12

1 4 -2 2z 3 1
2. 3. 6 - 2,160 5 -~
-2 1 4 0 0 -

In Exercises 23-30, find all {a) minors and (b) cofactors of
the matrix.

3 4 1
23. [2 s 24. [_3

301 ~6
25. [_2 4 26.[ ;

4 0 2
27.-3 2 1
1 -1 1 4 —6

3 -2 8 -2 9 4
2. 3 2 - 3.1 7 -6 ¢
-1 3 6 6 7 -
In Exetcises 31-36, find the determinant of the matrix by
the method. of expansion by cofactors. Expand using the

1 -1
28. |3 2

indicated row or column.
-3 2 i
31, 4 3 6
2 =3 1
{a) Row 1
(b) Column 2
5 0 -3

3.0 12 4
1 6 3

{a) Row 2
(b) Column 2
6 0 -3
4 13
-1 0
8 6

(a) Row 2
(b) Column 2

35,

-3 4 2
2.0 6 3 1
4 ~7 -

(a) Row 2
(b) Column 3
10 -5 3] .
34,930 0 10
: 0 10 1
(a) Row 3
(b} Column !

10 g 3
4 0o 5
o0 3 2
1 0 -3

(2) Row3

(b) Column 1

36.

-7
-0
I
2

in Exercises 37-52, find the determinant of the mairix.

Expand by-cofactors on the row or column that appe?

rsto

make the computations easiest.

2 -1 0
37.14 2 1
4 2 1

38.
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"In Exercises 61-68, find (a) |Al, (b} |B], (<) AB, and

(d) |AB|.
0 2
3]’ B _.[

il

bRy R O W
o UL
Lh b ks B W2

S -

§
h — O
[Saate——r
r
bW g W
it

- o o e
W SN Y O
| |
— b O Uh
|
D e

PN P

[
MW R D OO WS
|

[ N TR R W B~ N — TN
PO R

I
WL
- R W

oo o B
e

(=3

2 4
68. A=|1 13
3 -2 1

In Exercises 69-74, evaluate the determinant{s} to verify
the equation.

69.

76,
fﬂfxe.rFises 53~60, use the matrix capabilities of a graph-
Iig utility to evajuate the determinant. 71,

3 g —7

|

S o= W o =1 oo
~l oo

72,

N
N

5
9
—8

=)

3
—~2
i2
0

8
-4
=7

73, ¥ = (y — )z — 2z — ¥)
ZZ

+ b a a
4. | a a+b a \=bp3a+b)
a a a+b

i
[ —
~ DO e P

1

1

S O = 00

(=]

oo b O @
|

) P

—

=R

in Exercises 75-78, solve for x.

75.

!

O D W DN

76.

77.

I

78.

ONOOO OO W W
Ao OOCO DO

!
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In Exercises 79-84, evaluate the determinant in which the
entries are functions. Determinants of this type occur when
changes in variables are made in calculus.

_ 2 _ay2
79, 4u 1 80, 3x 3y

-1 2 1 1
e ¥ =% P
8L s 3o 82 | {1t — x)e™

x Inx x xIlnx

84. i+nx

8.1 1/x 1

Synthesis

True or False?  In Exercises 85 and 86, determine whether
the statement s true or false. Justify your answer.

85. If a square matrix has an entire row of zeros, the deterihi-
nant will always be zero.

86. If two colomns of a square matrix are the same, the
determinant of the matrix will be zero.

87. Exploration Find square matrices A and B to demonstrate
that |4 + B| # lA] + {B|.

88. Exploration Consider square matrices in which the
entries are consecutive integers. An example of such a
matrix is

4 5 6

7 g 9
¢ 11 12

& (a) Use a graphing utility to evaluate the determinants of
four matrices of this type. Make a conjecture based on
the results,

(b} Verify your conjecture.
89, Writing Write a brief paragraph explaining the differ-
ence between & square matrix and its determinant.

90, Think About It Tf A is & matrix of order 3 x 3 such that
|A| = 5, is it possible to find |2A|? Explain.

Properties of Determinants  In Exercises 91-93, a property
of determinants Is given (A and B are square matrices).
State how the property has been applied to the given
determinants and use a graphing utility to verify the
results,

91, If B is obtained from A by interchanging two rows of A or
interchanging two columns of A, then |Bf = —|A].

1 3 4 1 4

(a) =7 ~5| = —|=7 -5

2 2

3
pA
1
2
0
4

2
1
3
2
6

92, If B is obtained from A by adding a multip
A to another row of A or by adding a multiple of
of A to another column of A, then |B| = ] A colug,

(a)1—3£1—3
5 21 lo 17
5 4 21 |1 10 -¢
m2 -3 4=]2 -3 4
7 6 3 17 6 3

. H B is obtained from A by multiplying a row by 5 nog
e

constant ¢ or by multiplying a column by g gy,
oty

le of 4 Tow g

constant ¢, then |B| = c|A].

5 100 1 2
@ |p —3( - 5'2 .—3\

1 8 -3 1 2 -1
M) |3 ~12 6/=12(3 -3 2

7 4 3] 71 3

. Exploration A diagonal matrix is a square matrix iy,

all zero entries above and below its main diagona)
Evaluate the determinant of each diagonal matrix. Mke,
conjecture based on your results.

o -1 0 0

() 4(b>K050
0 0 2

©

0
0
1
0

Skills Review

In Exercises 95~100, find the domain of the function,
95. f(x) =2 — 2x 9. glx) = ¥x
3
97, hx) = /16 — &2 98. A() = ==

— x!
99, g(f) =nft — 1) 100, f{s) = 625¢70%
In Exetcises 101 and 102, sketch the graph of the soltition
of the system of inequalities.

101 j x+ys 102. [~x— y> ¢
x = -3 yg |
2—y< 5 Tx+ 4y < 10

in Exercises 103-106, find the inverse of the patrix (f &

exists).
i -5 *-8}

103.[ g - 1] 104.[ 3

9 —6

-7 2
105. | 2 -4 -6 106. i
3 5 2 -2
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Cramer’s Rule

systems of linear equations. . . So far, you have studied three methods for solving a system of linear equations:
Jse determinants to find the substitution, elimination with equations, and elimination with matrices. In this
reas of triangles. “oind gection, you will study one more method, Cramer’s Rule, named after Gabriel
Cramer {1704-1752). This rule uses determinants to write the solution of a
system of linear equations. To see how Cramer’s Rule works, take another look
at the solution described at the beginning of Section 8.4. There, it was pointed
out that the system
ax + by =¢
ax + by =
has a solution
cby — by _ 36y T a0
aby — axb, a b, ~ a.b,

provided that a;b, — a,b, # 0. Each numerator and denominator in this solution
can be expressed as a determinant, as follows.

o b NS |

_aby—ob 1% by _C T80 _ 1 S
ab, —aby ey By ayby —aby,  |lag By
a b a b

Relative to the original system, the denominator for x and y is simply the deter-
minant of the coefficient matrix of the system. This determinant is denoted by D.
The numerators for x and y are denoted by D, and D, respectively. They are
formed by using the column of constants as replacements for the coefficients of
x and y, as follows.

Coefficient
Matrix D D, D,

4 bl} a b e b a;
a, b, a, by ¢ by a o
For example, given the system
2x—5y=73
—4x + 3y=238
the coefficient matrix, D, D,, and D, are as follows.
‘Coefficient
Marrix D D, D,
[2—5} *2—51 3ﬂ~5] 123
—~4 3 —4 3 g 13 -4 §
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(8.5 Exercises

VOCABULARY CHECK: Fill in the blanks.
1. The method of using determinants to solve a system of linear equations is catled

2. Three points are if the points lie on the same line.
3. The area A of a triangle with vertices (%3, ¥ (%, ¥o)» and (x5, ¥4} is given by
4. A message written according 1o a secret code is called a

5. To encode a message, choose an invertible matrix A and multiply the Tow mairices
by A {on the right) to obtain TOW mAatrices.

PREREQUISITE SKILLS REVIEW: Practice and review algebra skills neaded for this section at www.Eduspace.com

in Exercises 1-10, use Cramer’s Rule to solve (if possible)

the system of equations.

1 {3x+4y= -2 2. [—dx—Ty= 47
{5x+3y-= 4 ‘ {_x+6y=—27

3. {3x+2y=-2 4. 6x— Sy = 17
{6x+4y= 4 {—13x+3yﬁ—76

5. [~04x + 08y = 1.6 6. [ 24x—13y= 1463
{ 0.2x + 03y = 2.2 {-— 4.6x + 0.5y = —11.51

7, {4x— y+ z=—3 8 [dx ~2y+3z=-12
2+ 2y+3z= 10 2+ 2+ 5z= 16
Sx~2y+6z= 1 8x — Sy —2z= 4

9 x+2y+3k= -3 10 Sx—dy+ z=-—14
—2x+ y- z= 6 —x+2y—-2= 10

3x—3y+2z=—-11 x4+ y+ z= 1

j‘g In Exercises 11-14, use a graphing utility and Cramer’s Rule
to solve (if possible) the system of equations.

1. {3x+3y+ S5z=1 12. x+2y— z=~7
3wt Sy+ 9z=2 2% — 2y — 2z = —8
Sx+ Gy +17z=4 —x+3y+dz= 8
ot yt2=6 2k 3y + Sz= 4 In Exercises 25 and 26, find a value of y such that the :

~x+2y—32=0 x+5y+ %z= 7 triangle with the given vertices has an area of 4 squt
I+ 2y— z=6 Sx+ 9y + 17z =13 units.

21 (-2, 4),(2,3),(-1,3)
22. (0, —2),(-1,4),3,5)
23. (—3,5), (2,6), (3, —5)
24. (~2,4),(1,5,3,-2)

In Exercises 15-24, use a determinant and the given 25. (=5,1,(0,2). (=2.5)
vertices of a triangle to find the area of the triangle. 26. (—4,2),(-3,5, (=13

5. ¥ 16. in Exercises 27 and 28, find a value of y such that the
51 w(l,5) 4, % triangle with the given vertices has an area of 6 squart
4+ units,

34 27, {‘_ 2, _3)1 (11 - 1)$ (-ﬁ 8’ y)

2~
Jooden 28. (1,0), (5, —3), (=3,

i ) i
T T ] T
1 2 3 4 5




Area of @ Region A large region of forest ‘has been
infested with gypsy moths. The region is roughly
granguiar, as shown in the figure. From the northernmost
vertex A of the region, the distances to the other vertices
are 25 miles south and 10 miles east (for vertex B), and 20
miles south and 28 miles east (for vertex (). Use a graph-
ing utility to spproximate the number of square miles in

-~ this region.
JINE

3.

b

v
p—

.

Area of @ Region  You own a trisngular tract of land, as
shown in the figure. To estimate the number of square feet
in the tract, you Sta.l;t at one vertex, walk 65 feet east and
30 feet north to the second vertex, and then walk 85 feet
west and 30 feet north fo the third vertex. Use a graphing

uiility to determine how many square feet there are in the
tract of land.

h ExercESeS 31

"36, u N .
ether the ol se a determinant to determine

nts are collinear.

g
_ﬁhgm-auzg 32, (=3, ~5), (6, 1), (10,2)
X ; {0‘2 ) (‘_4, 4), (6, —3) 34- (0’ 1), (4’ ___2), (_2, %)
_-)4L1@J—LL® 36. (2,3),(3,3.5),(~1,2)

-.E.XET(isES 3
tpli.ineﬁr‘

0

7 and 38, find y such that the points are

”ﬂd&ﬁ,@,_@ 38. (—6,2), (—5,y),(=3,5)

Section 8.5 Applications of Matrices and Determinants 629

In Exercises 39-44, use a determinant to find an equation
of the line passing through the points.

39. (Oa O): (Sa 3) 40, (01 0): ('——Q'a 2)

41. (—4,3),(2, 1) 42, (10,7}, (2, =7)

43' (_%’ 3)’ (%; 1) 44' (%5 4)9 (6= 12)

In Exercises 45 and 46, find the uncoded 1 x 3 row matrices
for the message. Then encode the message using the
encoding matrix.

Message Encoding Matrix

I -1 0
45, TROUBLE IN RIVER CITY [ i o - 1}
-6 2 3

4 2 1
-3 -3 -1
3 02 1

In Exercises 47-50, write a cryptogram for the message
using the matrix A.

T 2 2
A=1{ 3 7 9ol
-1 =4 =7

47, CALL AT NOON

48, ICEBERG DEAD AHEAD
49, HAPPY BIRTHDAY

50. OPERATION OVERLOAD

46, PLEASE SEND MONEY

in Exercises 51-54, use A~ to decode the cryptogram.

1 2
51 A = [3 5]

1T 21 64 112 25 50 29 353 23 46
40 75 55 92

5, AZ[wS 2]

=7 3

~136 58 -—-173 72 —120 51 —95 38
-178 73 -70 28 --z242 10t -—115 47
—90 36 -115 4% —-199 82

1 -1 0
$3.4=| 1 0 -1
-6 2 3

9 -1 -9 38 -19 —19 28 -9 —19 —80 25
41 —64 21 31 9 —5 —4

3 —4 2
S4, 4=[0 2 1
4 -5 3

112 —3140 83 19 25 13 72 -—-76 61 95
~1i8 71 20 21 38 35 -—23 36 42 —48 32
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In Exercises 55 and 56, decode the cryptogram by using the
inverse of the matrix A.

12 2
3 7 9
-1 -4 -7
s5.20 17 —15 -12 —-56 —104 1 -25 ~65
62 143 181

5. 13 ~9 —59 61 112 106 —17 —73 —131 11
24 29 65 144 172

57. The following cryptogram was encoded with a 22
matrix,
g 21 —15 —10 —-13 —13 5 10 § 25 5 19
-1 6 20 40 —18 —18 1 16

The last word of the message is _RON., What is the
message?

[ Model It )

s y

58, Data Analysis: Supreme Court The table shows the
numbers y of U.5. Supreme Coutt cases waiting to be
ted for the years 2000 through 2002. (Source:
Office of the Clerk, Supreme Court of the United States)

{a) Use the technique demonstrated in Exercises 67-70
in Section 7.3 to create a system of linear equations
for the data. Let ¢ represent the year, with =0
corresponding to 2000

(b) Use Cramer’s Rule to solve the system from part
(a) and find the least squares regression paraboia
y=af +bt+ec

52 (¢} Use a graphing utility to graph the parabola from

part (b).

f&, (d) Use the graph from part (c) to estimate when the
number of U.S. Supreme Court cases waiting to be
tried will reach 10,000.

—

Synthesis

True or False? InExercises 59-61,determine Wheth
statement is true or false. Justify your answer, €r the

59, In Cramer’s Rule, the numerator is the determiy ant
coefficient matrix, of ihe

60, You cannot use Cramer’s Rule when solving 4 ¢

X o . Stem g -
linear equations if the determinant of the coefﬁcieit I:n of
is zero. iy

In a system of linear equations, if the determingy e
coefficient matrix is zero, the system has no solutioy the

. Writing At this point in the text, you have learned guy, n
methods for solving systems of linear equations. Beep
describe which method(s) you find easiest 1o usean; ;
which method{s} you find most difficuit to use,

Skills Review

in Exercises 63-66, use any methad to solve the system of |
equations.
63. [—x—Ty= —22
{ Sx+ y= 26
64. [ 3x+ 8y= 1l
{—2;; + 12y =—16
65. [~x —3y+5z=-14
4+ 2y z= —1
Sx— 3y +2z=-11
66. [ 5x— y— z= 7
—2x+ 3y + z -5
4x + 10y — 5z =—37

In Exercises 67 and 68, sketch the region determined by the
constraints. Then find the minimum and maximum values
of the objective function and where they occur, subjectie
the constraints.

67. Objective fanction:
7= 60x + 4y
Constraints:

xz 0

yz 0

x+ 6y <30
6x + y =40

68. Objective function: *
z=6x+ Ty
Constraints:
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In Exercises 1-4, determine the order of the matrix.

3 -1 O
2 Lz 7 1
46 2 -5 0]

In Exercises 5 and 6, write the augmented matrix for the
system of linear eguations.
5, [3x — 10y =15 6.
5x+ dy=22

gx — Ty Fdz =12
ax -5y + 2z =20
5% 3y — 3z =26

In Exercises 7 and 8, write the system of linear equations
represented by the augmented matrix. (Use variables x, ¥,
z, and w, if applicable)

5 11 -9
7.4 2 O vo10
9 4 2 :

13 16
811 21 8 :
4 10 —4 i -1

In Exercises 9 and 10, write the matrb¢ in row-achelon form,
Remember that the row-echelon form of a matrix is not
unique.

0 1 4 g8 16
9 |1 2 3 1w 3 -1 2
2 2 2 -2 1w 12

in Exercises 11-14, write the system of linear equations
represented by the augmented matrix. Then use back-
substitution to solve the system. (Use vatiables x, y, and z.)
1 2 3 : 9

0 1 -2 : 2

0 0 1 : 0
i

0

3 -9

12.{ 1 -1
0

1 -3 4

13. {0 12

o 0 1

1 0

-1

1

0 1
-8
14. |0 1
0 0

11.

In Exercises 15-24, use matrices and Gaussian eliminan
with back-substitution to solve the system of Equatlln atlon
possible}. 1ons fi

15.{5x+4yr- 2 16. {zx-syzz
—x+ y=-22 3x—=Ty=1
17. [0.3x — 0.1y = —0.13
{O.Zx — 03y =—025
8. (02x — 0.1y =" 0.07
{D.4x — 05y =—001
19, {2x +3y + 2= 10
oy — 3y — 3z = 22
dx — 2y + 3 =2
20. [ 2x+3y+ 32=3
\6x+6y+122“13
2 +9%— z= 2
2. [2x+ y+26=4
2%+ 2y =5
ox— yt+oz=12
x+2y+ 6z= 1
&ZX%-Sy-Fliz*—“ 4
3+ y+ 3x=-6
¥yt oz = 6
—y+k— W= 9
3x + 3y—22—2w=—11
x + z+3w= 14
x+ 2y +w=3
=3y + 3z =0
dx + 4y ¥ z+2w=10
2x +z . =3

In Exercises 25-28, use matrices and Gauss-Jordan eliming
tion to solve the system of equations. :

28. [—x+ y+22 1
23yt z= 2
S5x 4+ 4y t+ 2z 4
26. x4+ 4y +dz=35
\4}:-2})‘81:1
S5+ 3y +8=06
o1, [2x— y+9z= —8
—x—3y+dzg=—15
Sx+2y - == 17
28, {—3x + y+ 7z =20
8x ~2y— 27 34
—x+ y+dz= -8
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29 and 30, use the matrix capabilities of a g —1 8 -0 —4
ing utility to reduce the augmented matrix corre- 4 - -2 4 121-5 3 -1 1

ing

ing to the system of equations, and solve the system. 0 -6 O 6 12 -8

[ y¥oe—2w=—4 a5 . .
Ny tde— W= 1 N In Exercises 43 and 44, use the matrix capabilities of a

P Ay = —15 graphing utility to evaluate the expression,

- z—8w= 5% {s -2 ] [4 -2 —3]
43. 3 +6
iy +22= 20 1 3 -1 2 7 6

ot Gyt z= 8 44, —5|7 —2|+4l 6 11

|-20- 10y - 22 = —10 g 2 1 3

In Exercises 3134, find x and y. In Exercises 45-48, solve for X in the equation given

12] -4 0 1 2
9 A= 1 —5 and B=|—2 11
-3 2 4 4

45. X =3A — 2B 46, 6X = 4A + 3B
47. 3X +24 =B 48, 24 ~ 5B = 3X

In Exercises 49-52, find AB, if possible.

2 2] . _[-3 10
I 49.A—[3 5], B-—[u 8]

%x -1 5 4 12
50, A=|—7 , B=|20 40

b brercises 35-38, if possible, find (a) A + B, (b) A — B, 1 15 30
44, and (d) A + 38B. 5

51 A=|—1 ' B:[Zg 12
i1

52,A=[6 -5 1T, B=
g

In Exercises 53-60, perform the matrix operations. if it is
not possible, explain why.

1 2
53,15 —4 [i - g]
6 0

5 6
0

4

0

-2
5405 4

1 Exapg ]

. ettlses 39-42, perform the matrix operations. Kitis

55. 3 g]
4
3

" possible, explain why,

~4

2
0
6
4
6
-2
8

0
3 2114 -3 2
56. |0 2 —4[i0 3 -1
0 o 0 2

7. [‘6‘] 6 —2]
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in Exercises 107-110, use Cramer’s Rule to solve (if
possible) the system of equations.
167. Sx—2y= 6 108, [3x+ 8y = ~7
[-"-Iix+3y= —23 {9}%*5)72 37
109, [—2x+ 3y —5z=—-11 0. [Sx—~ 29+ z =
4x— y+ z= -3 -3y — z
—x—4dy+o6z= 15 Zx— y—-Tz

In Exercises 111-114, use a determinant and the given ver-
tices of a triangle to find the area of the triangie.

111.

<

¥

8

In Exercises 115 and 116, use a determinant to determine
whether the points are collinear.

115' (— ]-’ 7)5 (3a —9)’ (__3: 15)

i16. (0, ~3), (—2, —6), {8, —1}

In Exercises 117-120, use a determinant to find an equa-
tien of the line passing through the points,

117, (—4,0),(4,.4) 118. (2.5), (6, 1)
119, (-5.3). G 1) 120. (—0.8,0.2), (0.7,32)

In Exercises 121 and 122, find the uncoded 1 x 3 row
matrices for the message. Then encode the message using
the encoding matrix.

Message Encoding Matrix

0
121, T.OOX OUT BELOW

122, RETURN TO BASE

In Exercises 123 and 124, decode the ¢

) :
the inverse of the matrix YPtogram by Using

-5 4 =3
A=]|10 -7 s|.
8 —6- 5

. -5 11 -2 370 -265 225
—15 20 245 —171 147

L1450 -105 9 264 188 160 g3 L,
1290 84 T8 -9 8 -5 159 _qpp 1006 I
—152 133 370 —265 205 105 84 g O

—37 4 IR

Synthesis

True or False? In Exercises 125 and 126,

detern;
whether the statement is true or false. lustify y e

OUF answey
125, It is possible to find the determinant of a4 x 5 Matr
an o Q3
126. dyy oy
ay toy dg o

Q33
gy ¢y
a;, ©oa 4y Gy dp
a1 Gpg| T |0y Gy ay
a3y €as € 6 o

127, Under what conditions does a matrix have an inverse?

128. Writing What is meant by, the cofactor of an entry af 3
matrix? How are cofactors used to find the determinant of
the matrix?

129. Three people were asked to solve & system of equations
using an augmented matrix. Each person reduced the
matrix o row-echelon form, The reduced matrices wese

1 2
1

2
0
Can all three be right? Explain.

130. Think About It Describe the row-cchelon form ql' i
augmented matrix that corresponds to a system of {inear
equations that has a unique sofution,

131, Solve the equation for A.
‘2 - A 5

3 —&-A

-0




