Username: Gregory WallsBook: College Algebra: Concepts and Contexts. No part of any book may be reproduced or transmitted in
permission. Use (other than pursuant to the qualified fair use privilege) in

any form by any means without the publisher's prior written
violation of the law or these Terms of Service is prohibited. Violators will be prosecuted to the full extent of the law.

i ,
' (O (¢ )‘l‘l o1
! ’ SECTION 7.3 = Using Matrices to Solve Systems of Linear Equations 599

7.3 Exercises

CQ“‘CESTS 8:1'3:1‘;3%123!5
1.

tite the augmented matrix of the following system of equations.
System Augmented matrix
x+ v— z= 1 P

X + 2z

2y — z

il

3

i

2. Write the system of equations that corresponds to the following augmented matrix.

Augmented matrix System
1 1 2 4
3 0 1 2 =
5 2 -1 =2 =

3. The matrix below is the augmented matrix of a system of linear equations in the
variables x, v, and z. (It is given in reduced row-echelon form.)

1 0 -1 3

01 2 5

0 0 (VNG
(a) The leading variables are and

{b) Is the system inconsistent or dependent?
(¢) The solution of the system is

X = _____ y=__ zZ=____

4. The augmented matrix of a system of linear equations is given in reduced row-echelon
form. Find the solution of the system.

1 0 0 2 i 01 2 1 0 0 2
@|0 1 0 1 lo 1 1t 1 ©io 1 0 1

0 0 1 3 0 0 0 0 0 0 0 3

X = X = X =

y= y= o B

z = z

5-10 = (a) State the dimensions of the matrix.

SKILLS () Find the (2. 1) entry of the matrix.
27 1 5 4 0 12
o -t 6’[ 2 0 %] 7 (34
5 -3 i L3>
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600 CHAPTER 7 = Systems of Equations and Data in Categories

11-14  The system of linear equations has a unigue solution. Find the solution using
clementary row operations, as in Example 2.

x—2y+ = x+ v+6:=3
+ 1L y+2:=5 12.4x+ y+3:=3

x+ y+3= x+2yt4z=1

x+ y+ =2 x+ y+ z= 4
i13-) -3y +2r=4 M. 3-x+2y+3:= 17

4x+ y—3:=1 2x— y =7

15-20 = Usc a graphing calculator to put the augmented matrix of the system into row-
echelon form. Then solve the system (as in Example 3).

x+3y—2:=-2 i+ y—z=4
15, ¢x + 4y — 3z =-3 16. 42x + 3y —z =35
x+3y— = 0 x+ y =1
x o+ oz= 1 x  —3:=-5
’@ 2x—-y+4:=-06 18. <x+ y—2:=—4
x—ytd4:=-6 X+ 2y =—1
x+ 2y —z1=-2 Zy+zz= 4
9.4 x z= 0 2004 x+ ¥ = 4
2x— y—z=-3 Ix+3y—z=10

21-24 = Use a graphing calculator to put the augmented matrix of the system into reduced
row-cchelon form. then solve the system (as in Example 4).

x+2yv— =9 2+ oy =7

@ 2x - == 2.8~ y+ =6

3x+5y+2:= 22 Ix -2y +4:=11
2x— 3y~ =13 10x + 10y — 20: = 60
23.{—x+2y—5z= 6 24, { 15x + 20y + 30z = —25
Sx— y— z=49 —5x + 30y — 10z = 45

25-30 - Usc a graphing calculator to put the augmented matrix of the system into reduced
row-echelon form. Determine whether the system is inconsistent or dependent. If
it is dependent, find the complete solution.

xty+ =2 x +3:=3
@ y—3:=1 26.42x+y—2:=
2x+y+5:=10 ~y+8=28
2x =3y — 9z=—3 x— 2v+ 5=
TE 219 x +3= 2 28, -2+ 6y — llz= 1
~3x+ y—4:=-3 3x — 16y — 20z = 26
~2x + 6y —2r=—12 y— 5z= 17
29. x—3+2-= 10 30, {3x + 2y = 12
~x+3y+2:= 6 3x -+ 10z = 80

@ 31-40 = Solve the system of linear equations.

-3y + 1=-8 -3y +5z= 14
3.4-2x+ y—3:=-4 32.{4x~ y~2:=-17
X - }+2::: 3 —x — y+ - = 3
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. x+ y+3z= 9 —4x — y+ 36z =24
@ —-X - 7= 10 34, x—2y+ 9= 3
Ix+ 2y~ = 4 ~2x+ v+ 6z2= 6
x+2v—3z= =3 { 3x+ y =12
38.{~2x —4y— 6= 10 36. {—4x +3y+z=4
3x+ Ty —2:=-13 x4+ 5y+z=0
~ fx— y+ 6= 8 3Ix- yt+2r=-1
$@ X + =5 3B lax—2y+ z=-7
x+ 3y~ 14z=—4 —x+ 3y —2z=-1
x=3y+2z+ w= -2 x+ y—z— w= 6
x— 2y - 2w =10 2x +z-3w= 8
¥ z+5w= 15 40. x— ¥ + 4w =—10
3x +224+ w= —3 3y + Sy —~z— w= 20

@Nutriﬁon A doctor recommends that a patient take 50 milligrams each of niacin,
riboflavin, and thiamin daily to alleviate a vitamin deficiency. In his medicine chest at
home the patient finds three brands of vitamin pills. The amounts of the relevant
vitamins per pill are given in the table. How many pills of each type should he take
every day to get 30 milligrams of each vitamin?

CONTEXTS

Vitamin (mg) | VitaMax | Vitron VitaPlus

Niacin 5 10 15
Riboilavin 15 20 0
Thiamin 10 10 10

42. Mixtures A chemist has three acid solutions at various concentrations. The first is
10% acid, the second is 20%, and the third is 40%. How many railliliters of each should
she use to make 100 milliliters of 18% solution if she has to use four times as much of
the 10% solution as the 40% solution?

43. Distance, Speed, and Time Amanda, Bryce, and Corey enter a race in which they
have to run, swim, and cycle over a marked course. Their average speeds are given in
the table. Corey finishes first with a total time of 1 hour, 45 minutes. Amanda comes in
second with a time of 2 hours, 30 minutes. Bryce finishes last with a time of 3 hours.
Find the distance in miles for each part of the race.

Average speed {(mi/h)

Contestant | Running | Swimming | Cycling

Amanda 10 4 20
Bryce 75 6 15
Corey 15 3 40

44. Classroom Use A small school has 100 students who occupy three classrooms: A, B,
and C. After the first period of the school day, half the students in room A move (o room
B, one-fifth of the students in room B move to room C, and one-third of the students in
room C move to room A. Nevertheless, the total number of students in each room is the
same for both periods. How many students occupy each room?
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SECTION 7.4 w Matrices and Data in Categories 607

An organic farmer sells produce at an open-air market three days a week: Thursdays,
Fridays, and Saturdays. He sell oranges, broccoli, and beans. Matrix A tabulates the
number of pounds of produce he sold in a certain week. Matrix C gives the prices per
pound (in dollars) he charged that week.

(a) Find the product AC.

(b) What was the total revenue on Friday?

(c) What was the total revenue for the week?

Produce
Oranges  Broceoli Beans
50 20 10 0.90
A=1T70 35 30 | e roun ray C = | 1.20 | « Broccoh  Produce
45 15 25§ Dendis 1.50 ] - s
Solution
(a) The entries in the product matrix are obtained as explained above.
, IREERE § RV IV SR VI, S I WERVY
AC=1]7n = wm 10| = | L0000 4 15010 4 20t A0 | = | 15000
1.50 L0904+ - 120+ e 10 96.00

(b) The (2, 1) entry of matrix AC is calculated as follows:

Pounds of Pounds of Pounds of
oranges broccoli beans
Price per Price per Price per
pound pound pound
T0X 090 + 35%x120 + 30x150 = 15000

This means that the (2, 1) entry of matrix AC is the sum of Friday’s revenue
from oranges, broccoli, and beans. So the total revenue on Friday was $150.00.

(c) We add the three entries in the column matrix AC to get the total revenue for

the week.
84.00 + 150.00 + 96.00 = 330.00

So the total revenue from all three days was $330.00.
0 NOW TRY EXERCISE 17 i
7.4 Exercises

rONMCEDTC

{—4 - Dectermine whether the data described is numerical or categorical data.
@ The height of each child in a third grade class.
2. The number of laundry items tabulated by color (white, pastel. dark).

3. The number of gulls seen at a beach on a given day, tabulated by species (California,
Western, Ring-billed) and maturity (immature, juvenile, adult).

4. The number of birds observed at a bird feeder each day.
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608 CHAPTER 7 = Systerns of Equations and Data in Categories

5-6 = Organize the given set of categorical data into a data matrix.

% JEducation and Income A women’s club takes a survey to determine the education
and income of its members. Of the women with no postsecondary education, 5 have a
yearly income below $50,000, 2 have an income between $50,000 and $100,000, and O
has an income above $100,000. Of the women with up to four years of postsecondary
education, 2 have a yearly income below $50,000, 10 have an income between $50,000
and $100,000, and 4 have an income above $100.000. Of the women with more than
four years of postsecondary education, 0 has a yearly income below $50,000, 3 have an
income between $50,000 and $100.000, and 2 have an income above $100,000.

€ Aol LAl 3 LU ARG

6. Exam Scores A physics class takes a survey of the number of hours the students slept
before the exam and the exam score. Of the students who slept less than four hours, six
students got a score below 60, three got a score between 60 and 80, and one got a score
above 80. Of the students who slept between four and seven hours, two students got a
score below 60, seven got a score between 60 and 80, and four got a score above 80. Of
the students who slept more than seven hours, three students got a score below 60, nine
got a score between 60 and 80, and six got a score above 80.

Hours of sleep

' I T T Y P T
Loss a4+ 47 More tan 7
' ) 1

seure
<« Above 83U

7. Service Ratings A Cincinnati car dealership conducted a customer satisfaction
survey, and the results are tabulated in the data matrix A.
(a) How many of the customers that had a bill of less than $50 gave a fair service
rating?
(b) How many customers had a bill above $100?
(¢) How many customers gave an excellent service rating?
(@) How many customers were surveyed?

Amaunt of hill

10 8 57 «- -
A= 5 7 61 < oo f‘uh".véi i
rafing
1 3 5 ¢ Fuair

8. Service Ratings An Akron car dealership conducted a customer satisfaction survey,
and the results are tabulated in the data matrix B.

{(a) How many of the customers who had a bill of more than $100 gave an excellent
service rating?

(b) How many customners had a bill less than $50?

(c) How many customers gave a good service rating?

(d) How many customers were surveyed?
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330 S0t {UR Stk

! ! !

9 15 12| < Excellent
B=|8 10 6| < Gaog ST

5 2 7

@ Health Insurance Residents of the small town of Springfield were surveyed to obtain
information on the type of health insurance and the number of emergency room visits
within the past year. The data are tabulated in matrix C.

(a) How many of those surveyed are members of an HMO and had four or more

emergency visits in the past year?
{b) How many of those surveyed had no health insurance?
(¢) How many of those surveyed had four or more emergency visits in the past year?
(d) How many people werc surveyed?

Type of insurance
HMO  Non HMO None
! ! I

W

LRI

8
c=135 6
2

~1
I\
I

ar more

10. Health Insurance Residents of a Chicago suburb were surveyed to obtain
information on the type of health insurance and the number of emergency room visits
within the past year. The data are tabulated in matrix D.

(2) How many of those surveyed are members of an HMO and had four or more
cmergency visits in the past year?

(b) How many of those surveyed had no health insurance?

(¢) How many of those surveyed had fewer than two emergency visits in the past year?

(d) How many people were surveyed?

76 82 541 < gt
D=|32 49 79
visits
21 32 871 < 4 ormore

11. Sales A tasting booth at Joe’s Specialty Foods offers pesto pizza on Monday, spinach
ravioli on Tuesday, and macaroni and cheese on Wednesday. The sales distribution for
these products is tabulated in matrix A.

(a) Express each entry in the mairix as a proportion of the column total. Call the
resulting matrix P.

(b) What does the (1, 3) entry in P represent? What about the (3, 3) entry?

! { !
50 20 15 | « Alcnday

A =140 75 20§ <« Tuexday Day
33 60 100 e
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12. Politics A history class makes a survey of the students in the class, and the results are
tabulated in matrix B.

(a) Express each entry in the matrix as a proportion of the column total. Call the
resulting matrix P.

(b) What does the (2, 2) entry in P represent? What about the (1, 3) entry?

B [7 9 3] e
§ 10 2] - Femute OemOCF

13} Service Ratings The following questions refer to matrices A and B from Exercises
7 and 8.

(a) Find a data matrix for the results of the survey in Exercise 7 combined with the
results of the survey in Exercise 8.

(b) What is the total number of customers (from both surveys) who had a bill between
$30 and $100 and gave an excellent service rating?

14. Health Insurance The following questions refer to matrices C and D from Exercises
9 and 10.

() Find a data matrix for the results of the survey in Exercise 9 combined with the
results of the survey in Exercise 10.
{b) What is the total number of those surveyed (from both surveys) that had no health
insurance and had four or more emergency visits in the past year?
15. Sales The following questions refer to matrix A in Exercise 11.
{a) Find the scalar product 4A.
(b) In this new data matrix, what proportion of the pesto pizza sales occurs on
Wednesday?
16. Politics The following questions refer to matrix B in Exercise 12.
(a) Find the scalar product 5B.
(b) In this new data matrix, what proportion of the female students are Republican?
@ Car-Manufacturing Profits A specialty car manufacturer has plants in Auburn,
Biloxi, and Chattanooga. Three models are produced, with daily production given in
matrix A. The profit (in dollars}) per car is tabulated by model in matrix C.
(a) Find the product matrix AC.

(b) Assuming that all cars produced are sold, what is the daily profit from the Biloxi
plant?

(¢) What is the total daily profit (from all three plants)?

LAy prUtuced Cavit ey

Model K Model R Maodel W

1 b &
12 10 0l < Aubwn
A= 4 4 20
8 9 12
Profit

1000 | < Moae i
C=12000] « MadalR
1500 ae e
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