jon 10 solve the system
ps i Example 6,
mology 1o solve the

om line: Solye cach

g for o, graph both

ses on the seme screen,

: the mtersection finder.)

6.1 Systems of Two Linear Equations in Two Variables
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To find x and y we must solve this system of equations:

x+ y= 800
6x + 3y = 3102.

The system can rcadily be solved by hand or by using technology. See Checkpoint 6, which
shows that 234 adults and 566 students attended the game. /1

v
weLlea

o it
Sx+8y=-3
X+ 5y =-5

i to solve cach system. (See Example 1.)

1 4 x+ y= 1T
-9 x—=2y=-3
4 6. Sx—3y=-2
=] —x—=2y= 3

limination to solve each system. (See Examples 2-5.)

s — 2y = 5 8 3x— y=1
B =3 —x+2y=4
2 — 2y =12 10. 3x+2y= —4
=2+ 3r=10 4x — 2y = —10
e+ 3y = —1 12, 4x — 3y = -1
e - = 5 x+2y=19
13 2+ =15 14, 2x+ Sp= 8
v + 12y = 40 6x + 15y = 18
Iy — 8y=2 16. 3x—2y =4
- 12y =1 6x — 4y =8

20.

21,

given generation in year x, where x = 14 corresponds to the
year 2014. (Data from: Pew Research Center.)

10x + 13y = 1125
=2x + Tr= 495

Boomers:
Millennials:

Solve this system of equations. and interpret vour answer.

Generation X The size of generation X has been decreasing,
but the size of the baby boomer generation has been decreasing
even more rapidly, so the number of generation Xers is projected
to overtake the number of baby boomers. The population y (in
millions) of the given generation in year x is approximated by

10x + 13y = 1125
x+ 13y = 873,

Boomers:
Gen X:

where x = 14 corresponds to the year 2014. Solve this system
of equations, and interpret your answer. (Data from: Pew
Research Center.)

Slow Midwestern Growih According to U.S. Census
Bureau projections through the year 2030, the population y (in
millions) of the given state in year x is approximated by

Ohio: -x + 150y = 1710
North Carolina: —41x + 300y = 2430,
where x = 0 corresponds to the year 2000. In what year are the

two states projected to have the same population? Round your
answer to the nearest year.

- "|\
In Exercises 17 and 18, multiply both sides of each equation by a com-
 mon denominator to eliminate the fiactions. Then solve the system.

i : X b X
. . 18. —+3y=3l
] 17 5 + 3 8 5 ¥
v Yy Y _
? i ? =17 2x 3 = B

19, Miilenrials The number of baby boomers has been decreas-
ing, and the number of millennials has been increasing. Now
millennials have surpassed boomers in number. The following
equations approximate the population y (in millions) of the

£

o
i |

-
=1

P

22.

Booming Florida At the start of the millennium, New York
was the third most populous state in the country, followed by
Florida. Since that time, Florida has experienced faster growth.
The population y (in millions) of the given state in year x is
approximated by

Florida:
New York:

Tp—2x= 112
14y — x = 266,

where x = 0 corresponds to the year 2000. In what year did
Florida overtake New York in population? To the nearest mil-
lion, what was the population of these states at that time? (Data
from: U.S. Census Bureau.)

e P



Francigeo to Boston in 5 hours, with a taitwind all ike way,
The teturn-trip on the same route, now with a headwind,
takes & hours. Assuming both remain constant, find the
speed of the plane and the speed of the wind, [Hint; I xis
the plane's speed-and y the wind speed {in wph), then the

274  CHAPTER6 Systems of Linear Equations and Matrices

23. Google Tressds According to ‘Google Trends, popular inter- plane travels to Boston at x + ¥ mph becanse the plan
est. in lighi-emitting diode (LED) lightbuibs.has been soaring, the wind go in the same direction: on.the return trf)
while interest in compact florescent lightbutbs (CFLs) has been plane travels at x —~ » mph. (Why?) Then use the egy
dropping. The following equations approximate the Google distance = speed + time.]

Trends rati a scale | { o 100) in year x, where x-= . R, _ .

rends ’?“_‘“5_{“’“_ .Smle fr_on_z o __)I_n.'y AL, Where x 10 30, Physics] Seisnce A plane fiving into a headwind

corresponds to the vear 2010, {Datd from: wew.googlecom/ : . ) P

irerids) : 2200 'miles in 5 hours. The return Right along the sani

PR _ with a tailwind takes 4 hours, Find the wind spedd
LED: —-25x +6p= 20 plane’s speed (assuming bolh are constant). (See the i
CFL: I3y + 2p= 322 Exercise 29.).

Wi did interest in LED Tighting surpass CFL Tighting? Round #5331 (1) Find the equation of the siraight ling through {1,

your answey to the nearest year 3.4,

24, Heart Dissaso sad Cancer Bsathis The number of deaths {b) Find the cquation of the line Lhr_ou_gh L1 with
¥ {in thousands) iv year x for-diseases of the heart and malig- {¢) Find a point thatlies-an both of the linesin () and:
nant neoplasms (cancer) can beapproximated by £332. (2) Find an equation of the straight line through ¢

Heart disease: 100 + 13y = 9243 2, I
Cancer: —64x + 26y = 14,379, (b} Find an equation of the Slraight'liﬁc through (1
where x =0 corresponds to the yoar 2000. According to these ﬁi?pe - ) o
sodels, during what year did deaths from heart disease equal (¢} Find & point that lies oh both of the lines in (2) an
canicer deathis? (Data from: Cériters for Disease Control and
Provention.)

25 Workinres Participation for Women and Men On the N . _

' basis of projections for the year 2022, the number of women - Checkpoint Answiers
and men in the workfores {(in millfons can be estimated by L (5.1 2. (0,2)

\\"'OTTT%EHI' e 16)? = '1070 1. (l: _2)
Men: -3x - Iy = 739, v
whete x = 14 corresponds'to the year ?_D__.M. A'c_cor.d_ing to-these
models, will the number of women in the workforee equal the
number of men during the time period from 2014 to 2022 ¢that
is, 14 = x = 2237 (Data from! 118, Department of Labor.)

26, Weekly Barnings for Women and Men On the Basis of
data from the years 2000 through 2013, seasonally adjusted
median weekly earnings v in year x can be approximated for
woinen and men by

Women; ~T91x -+ 50y = 24850 4, Afl ordered puirs that satisfy. the equation 3x
where v = { corresponds to the year 2000 and y is‘in custent 5. No solution
dollars. 1f these equations remain valid fa the:future. will 2rn-
ings for women catch op with men within the nest decade?
{Pata from: Bureau of Labor Statistics,):

27, Thaster Tioksts A 200-seat t_heat_er charges 88 for adults and
$3 for children. IF all seats were filled and the total ticket income x
was $1433, how many adulis and how many children were in the
audience?

28, Concassion Ssies During i111_e1-n:§ssi;;i1,_-tﬁe- cash bar at »
theater sold 72 drinks and took in a total of 5663, 1 the theater e
sells beer for S7 cach and wine (ar $10 a gloss, how many serv- 0. () v =23 and )y = 566
ings-of each beverage were sold? (b) 8gg

29. Physival Stienca A plane flies 3000 iniles from San \,

1 I 1 ol = I -
Intarsection ’ aﬁﬁ
=B34

B

Y=5uB
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Row opcmuom were used o 1educe th ziuvmented matrix of a
system of three eqm‘hons in four vamables {x, ¥, 7, and w) to the teduced row echelon ¢
matsix in Fignre 6.12, Solve the system.

Seduztion First write out the sysiei represeated by the mratrix:

R Oy =2 —12
»- o 4
e Dy = 1,

L&t w be thi parameter. Solve the first equation for x, the second for y, and the third for =

x = —9w - 12; po= w4 =2+ 1,

The solutions are given by (9w — 12, w + 4, 2w+ 1, w), where w is any real number,

When thie systermselver 6n & T-86 produces an enor message,
the system might be iriconsistent {no solutions) or depeéndent linfinitely many solutions],
You must use RREF or manual methads 1o solve the systerm.

The T-84+ solver usually solves dependent systems directly; Figure 6.13 shows its solu-
+tions for Example 7When the message "no solution found” is dtspsayad 4s in Figuré 6.14, select
RRAEF at the bottom.of the screen to dispiay the reduced row acheion matix of the system, From
that, you can determine the solutions (if there are any} or that no. solutions arg possible.

®1E-15- 5K3

xo==12~2%3
¥r=R3 | NO SOLUTION FOUND g

Hh TR YFROE (SYEH | 510 YRREF 7 {HAININDRE [SYERIRRER]

Figure 6.13 Figure 6.14

n
Multiply the first equation by -—'31.

a

el .
_E‘A’._.,i__...ﬁy .

L
2 9x 4 Jz = 4
x— 8y + T2 =06 5. Replace the second equation by the sum of itsell and —2 times
Ay —dy +dz=3 “{hE Arst Squatio :
nigrcliange equations 1 and-3. Xx+p+2u =l
W— 4 z= =6 2 b it 3p o dw = )
W+ y+dz= 2 3x 4 potode + Swe= 2 {
x4+ p—-32z= 0 . . L . .
- 6. Replace the third equation by the sum of itsell and 1 times the

Multiply the fhird equation by 1/2. firsl equation.

X 2y 4D =3 ~dz = B
¥ +2u=0 yt oz= 1
Wy ®or=3 4 3k 52 = 10
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7. Reyplace the third eguation by theé sum of itself and ~2 tithes the
second équalion,

It

X+ 2y =Gz 44w =10
4 I owe= 4

dy 4 Spok dwe= ]

6y — 20 =3 = §

8. Replace the third pquation by ihe surt of iself and 3 times the
second equation.

Solve the system by back substitution. (See Example 1.}

9 x+3y—dz+dr= |

v}"{" Z— 1w

il
N

2z + 2w = =6

3 W= g

10, x + 5z 4 fw = 10
g3z - Zp= 4

T~ dip = 6
w4
1. 2x+ 2p~da+ w= —§

A
3p b4~ w= 0

18. Interchange R, and R;.

I & 3] -2
6 7 -9 3

18 1 8| ~4 ]

1
19. Replace .R_;-byZR}

25 1] =17
—4 0 4 6

L 6 0 8| —4]

o , 1
2. Replace Ry with, “gRlA

[—-6 3 -8 _12]
7 4 -517

21. Replace Rg_“b}’ ARy + Ry

4 -3 1 =112
8§ 25 ©ls
0 -2 9 45

In Exervises 23--28, the vediiced row cchelon forne of tie i

marvix af 8 system of etuations is given. Find the solwtions b
tem, { See Exqinple 3.) :

21— T = —6 2.1 0 00 |32
Sw = 13 o100 W
g ¢ 5 0 -5
A20 3 —2p — 42+ 2w = 6 000 0 | ol
pE S =B 7 ~ _
3+ dw= E R S 7
3y = 15 6 1.0 0 2
e et e e et e et et e e e 190 4.0 =3} . i .
Write the angmented maittix. af each of the given systems, Do not solve 0 . 0 G _1 3
the systems. {See Exianple 2.} 0 0 0 O 0
_ _ 0 6 0 o | 0]
13, 2x+ y+ z= 3 4. 3x +4p— 25— 3w =10
= SURINY, SRS T U B dppeeen 28 L e e e
T oy b oz 3 i 4 A f= ) 0 i 8 9
(0 0 o) 1
TFrite the systenr af equations associated with each of the given ang- B _
neentid matiices. D tot solve the spstems. .7t 0000 6-t
5. [2 5 8 [20 16, 3 2 6118 R e
_ '1 2 . n 2 5| 7 60 ¢ 1 0 ¢ 5
o 5 st o . 00 0 01 |2
Use the indicated vow apeition fo rrmrsfu_rm.eac.'-’i ‘matrix. {See 27. '_1 ¢t 0 1 12
Examnples 2 and 3.) 6 1 0 -3
17. Imterchange R, and Ry D 0 PO =3
_ D00 o |
30 -l P8
202 943 2%y 0 -7 10
1 T =343 Lo 1 3| 25




6.2 Larger Systems ¢f Linear nquakoe i .
j row operations on the angmented anrix 83, ~%x - 9p= 11 M, x+p=3 .
ormine whetlier the system is independent, 2y Mp= 2 Ix o+ 3y =4
{See Examples 6-8.) 1ox + 1y = —37 Ixtdy =l
' ' dy b Sy= 6
M ox+2y b =0 . _ . _
Fa =0 55 ,.x_"")y-i- =3 6, 2x+ ‘v‘:;
x4 op=z=0 2k y e T
" —2% 4 dy = 2 x ok 3y =4
32 oy 2n k3w :
’ ) ?\ ’ L3 L_‘I“ . 57, x+p—=o==20 58 4x +3p + =
: AR ,...,H,,_ i 2?;*:_1;-5-:'—': 1 wdx =~ y+2z=10
i Av 4 phdr b Jw= 2
59, x4+ oy A Qe )
-3 34, 2+ 2yt 2= b dx+3p+ z— w= =2
12 3:\: - 3}’ — 4z = -1 x+ ¥ R T ___5
3 kA oyt dz= 1l ey . A T A
matix of the spstem and use the matiix method 60, x+ yFed w=
o Examples 2 and 4.) ~xt Ay e 0
_ _ 2y~ 2= ]
& 36. AT+ =10 e h ]
T —x o Rp 2= 8
3 Xx+2p+3=2 : .
0 pAdyr =2 L. x+y-z =3 6 dx-2y- S= d
- 3x by +w Gy — Gy — 24z = ~2
= o 35 . . P 3
6 i I~ prriw=12 x- y+t =1
S—" 63. 2x+ 34 o= 9 64, w2y z- iy = 3
_ Ax 4+ y - 3z= =T —xt oyt oz = 2
P . : v 4 35 - G o= =2
200 40 by + 2 — s = ~F 4y + 3 on
- 500 Work these exdreises.
200 65. Bonuistion Growth The population ¥ in vear ¥ of the.
. 02 county listed is approximaied by:
. i Calhoun County, Ty x.+ 20y =112

Martin Cotinty, TX;  —~x + 10p = 38

Schley County, GA:

=5

where x = 10 orresponds to the year 2010 and y is in' thou-
sanids, Solve this system of equations, and interpret youranswer.
{Data from: U.S. Census Bureau.)

Torduit metiiod te solve each of the givew spstems of

Svamples 3-3.)

5 44, _ _ . e
- 66. Popuiation Growth The population y in year x of the
_ - greater metropolitan area listed s approximated by the given
-3 equation in which x = 10 cotresponds to the year. 2010 and y is
= 7 46 in thousands:
= —1 Cambtidge, MA; =22+ ¥ = )26
e o 48 Charlotte, NC:. = 73x + 2y = 3704,
) . E -Solve this sysiem ol equations, and intérpret your answer., {Data-
- "0 k3 . fromme US Conts Bﬁl"‘_‘l‘}}
o= ¥ dp oz =2
Use w graphing calenlutor to snlkve these probicms.
sstesn iy enp methotd, ¢1. Conesst Tickets A band concert is attended by x adults, ¥
- (4 50, x-— po=2 teenagers. auid = pretean children, These nunibers satisty the fol-
= 10 4 oA lowing equations:.
= 9 2y + Iy =9 x4+ 125y & 25z = 4575
= 4 3x-2 =6 x+ Lyt AT 394
52 Skt p- = O %16% + 348y +  Ar = 12972,

2
-
[
+
o
i
il
i
4

How shany adults, teenagers. and children were present?
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money on three separate credit card s: x dolfurs on Mastercard, -l 5
¥ dollars on"Visa, and z doilars on American Express. These W
amounts satisty the following equniiops: {v) 2 10

68. Credit Card Debt The ownerof 4 small businéss borrows L o1 -2:!

118+ 115y + 1095 = 11,244.25 o= -
3,54x ~ 35y + 2r= 378275 @ |-l ”]
06 + 05+ D3z= 41475, -

s 1

How much did {lie owner borrow pn each caid?

Work these problems. 4, (-1, 1,2)
269, Graph the eqUations in the given system, Then explain why the S @ 1 211
graphs show that the system is inconsistent: -4 I. ~ 8
2%+ 3p =3 5 Loy
x = op=4 ) M 2in
x4 Y=l 4Ry + R 0 9§ 36
i %7(}. ‘Explain why. the graphs of the- eguations in the given system BT A
i suggest that the system is independent: © =5R + &71 21 1
—y = [o 9o 3
' ~2x 4 o= O 0 -9 |36
x+p=3 (d) [ r.l 2 | 11
171 Find constants.a, b,.and ¢ st that thé points (2, 3), {(~1,0), 5 4 ! l 4
and {—2, 2) Hie orf the graph of the equation y = ax? + by + ¢ [_ =9 =36

3= (@) + B2 4 o that s, 4q + 2B + ¢ = 3. Similasly, the-
‘other two points lead to {wo more equations. Solve the resulting

(Hint: Sinee (2,3} Iy on the graph, we must have {0) —2R, + R;[l 0
system:for-a, b, and ¢}

s _— . ) ORy +RL O} 3
1372, Explainwhy a systemiwith more variables than equations can- ® * !

10t have & unique solution (that is, be an independent system). O 1|4
{(Hinr: "When you apply the elimination metfied to sucl a sys- 0 0 U_l
tem, what must happen?y @ (3,4
6. (4,2~}
7. (=54
o Lheckpoint Answers S T 7 W v 10 1t R
{a) (-1, 1) (h 3.1, -1 () (0,0
2@ 4 -2 31 47 by 2y — 2p = -2 (W) (—30,~-26,7)
3005 1| -7 x4+ y= 4 (b} (55,16, —14)
3 =141 61 3y 4+ Spw  § {e} (=40, —22,3)

There are no hard and [ast rules for solving applied problems, but it is usnatly
by 1umt1fymg, the unknown quantities and letting each be represented by o vy
ook at the given data to find one or more rélationships aniong the unknow

sections 16 solve the svsiem.
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Use systems of equations re work these applied problems. ( See Exans-
ples I-3.)

1. Lyft Bates Lyit charges cnstomers a fat fec por ride (which is

‘higher during rush hour trafli) plus charges for cach minute.

and each mile, (Data from: wwwlyft.com.) Suppose that, in a
“gertain nistropelitan arca duiviirg rush hour, the at-fee is 34,
the cost per minute i $.20. and the cogt per mile is $1.40; Ler x
be the number of ‘minittes apd s the nomber of miles. At'the
erd (_}i" a ride, the driver said that you owed §14 and remarked
4hat the number of minutes was three times the nuinber of

miles. Find the number of minutes and the number of miles for

this trip.

!\J

(which is higher during rush hous traffic) plus charges for
gach minute and each.mile. {Data fron: wwiw.uber.com.) For
acertain trip in Bivmingham, Alabama, in 2016, Uber charged
a $3.05 Hat fee plus $0.18 per mirute'and $1.20 per mile. Let x
be the number-of minutes and p the namber of miles. At the
end of the vide, the driver said that the bill was $10.85 and
vemarked that the numbar of minutes was twice the number
of miles. Find the number of minutes and the number of
miles for this trip.

3. Euro and Pounds Abigail Hendeérson has $1000 budgeted
forspending money on an upcoming {tip to Londen and Paris.
“The Buropean curreney is trading at $1.20 peit euro, and Biitish
pounds sterfing are trathing at $1.40 per pound, She plang to
spend more time in France, 5o she wants to have three times as
many ewros as pounds. Set-up and solve a systent of equations
to mode! this prablem, and explain what vour answer means in
practical terms.

4, Posos and Canadian Dollars Boma Henderson is plan-
ning & North American odyssey and has S1300. budgeted for
spending dioney. It costs $.60 to buy & poso and 8.75 to. by a
‘Canadian dollar. She expects lier adventures in Mexico to take

morg time, so she wants o have five times as many peses as.

Canadian dollars. Set up and solve a sysleém of -equations to

M"”"‘“ﬁfﬂd{fl' thiy proble; and explalin WhaD e dnswes means i

‘practical terms.

Stonk Portfolio You invested a total of $23,000 in Coca-
Colg Compuny and Intel Corporation. You purchused Coca-

L

Uber Hates lber charges customers a flat fee pet ride.

9,

.

13,

14.

anmval retirn on the Tnternational stock fund: wilf be

-are now needed?

“sport cctil and paid $30.40. Finally, |

of regular baskery mads {2 points each), and z the numk
baskets made from behind the thres-point line {3 p
each). Tlie player made a total of 12 baskets from tl
(2-point and 3-point shots) and 4 baskets from il
throw line,

(a) Set up asystem of three equations te model this siti

(b} Solve hesysten and interpret your answer.

Baseball Statistics Tn the final game of a bascball se
went to exira innings, the most vatuable player (MVP)
a total-of 12 bases. Let xbe the number of sihgles, y the:
of doubles, 7 the number of triples, and w the number ¢
runs bit. The MVD had { single and 4 hits Jor exr
ineluding 1'home rug,

(a} Setupasystem of four equations to model this situ
(b) Solve thesystem and interpret your dnsiver.

Truck Rentals The rent-a-truck company of E
learns that €ach. van now costs $25,000, each small trig
$30.000, and éach large truck costs §40,000. The comp,
needs twiceas many vans as smalf trucks and wants 1o
mhillion, bul it decides to buy only 175 vehicles. How
each kind should it buy?

Firranee Supposethat the investor in Example 2 find

Now how uch should she put in each investment?.

Livestock Dietary Requirements To méet
demand; the animal feed 1 Bxample 3 now Suppli(.
units of fa, How many units of comn, soybeans. and ¢

Dolivery Loglstics Supposs that the wholesaler in
finds 4 way o pack the EZ maodel in an fcubic-foot:
how many of each moedel should a futly londed van u

Dy Uleaning Mario took cloths to the cleaners't
laat month First; lie roughy 3 shirts snd 1 paic of

e brouvht 4
spotts coatand paid_-S_léi-,tb, How much was hg char
shirt, each pair of slacks, and each sports com?

Ontine Ra‘éai_sgag Shipping ¢harges at.an onlin

Cott-at-StSver-shme-and-Intchat-$3 2 pershyre-H-CooasCola

doubles In value und intel stock goes up by 50%, ydur portfo.

lio will be worth $42,000, How many shares of each stock do’

yoti awn?

6. Bond Portfollo You purchassd 2 total of $16,000 in- bond'
funds, The JP Morgan Emerping Markets bond fund costs 5100
per share, and. the Fidelity Conservative Income bond firid
costs S0 per share, If the emerging marckets fund goes up in
value by 3% and the conservative bond fund increases by 1%,
YoOur. portloi:o will be \mrth $10.600. How many shares of each
fund do you own?

7. Baskethsll Biatistips In s champlonship basketball game,
e center scoved a total of 31 poinzy. Let & be the number of
free-thvow basfess made (worth | goint-each), ¥ the iumber

15,

16.

lass thai the number with $6 charges. How nuin

AT SA 161 Oné Book, §6 [or twa Dopks, and 87 ToF
books. Last week, there were 6400 orders of i
books, and tota] sl_z'ipp_ing chiarges for these o
$33,600. The number of shipments with $7 churg

were made in eachi category (one book, two hooks, U
books)?

Loncert Tiskats "i'u:I,ets ioa bdud concert ¢ast S
83 -for teenagers, and $2 for preteens; There were §
ihe concert, and total ticket receipts were $1930, T
as iy feendagers as preieens attended. How man
agers, and pretéens attended?

Minor League Baseball A minor Jeague haschul
7000 Fasis in attendance, and total ticket receipts ¥



1d sedts cost-34. and bleachet seats
chetssold for boy seats was one-third
~sity sodd. how niany tickets of each

frrth réconunénds that a clientinvest
and B. The average yield on AAA
1ds 7%, and on B bends 10%%. The, client
s mmuch fn AAA bonds as in B bonds.
nvesied in each type of bond if’ the towal
and the investor wands an anoual return
> pvestments?

prowants to invest $30, 000 in corpprate
AA, A, and B, The lower rated ones pay
ose-u higher risk as well. The average vield
ids, 6% on.A bonds, and 10% on B bonds:
the Investor wints. to have tivice as much in
‘ponds. How much should she invest in edch
an interost income b $20007

stor plans to invest $70:000 in & wntual fund,
-and o {ast-food franchise. She plans to put
honds as'it the mutual find: On the basis of
.she expeets the mutual fund 10 pay 2 2% divi-
is 6“{: and the franchise 10%. She wonld like a
m ol $4800. How much should she put in cach of
nis?

via borrows $10,000, Somieis from her friend at
ergst, twice ag much as that frour her bank at 9%,
der from her insurance company.at 5%, She pays
} in interest for the first year. How much did she
ropy each source?

Buoipe Pretzels cost:$3 per pound, dried fruit 84
ind nuis $§ per pound, Héw many pouhds of each
used 1o produce 140 pounds of trail mix costing $6
~which there are mvice as many protzels (by weight)
ur?

anufagturing An auto mamifacturer sendscars from
[and 11, to dealerships 4 and B, located jn 2 mid-
y. Plant.1 has 2 total-of 28-cars to-send, and plant IT
dler A needs’ 20 cars, and dealer B ueeds 16, “Transpor-
mts based on the distance of each dea]ershlp frtom eacl:
re §220 from [ to A,-§300.from I to B, $400 from I to A,
80 fromn 11 t¢ B. The manufacturer wants {o'limit {rans-
a0 costs to 510,640, How mmy cars should be sent from
the two 7

mal Foed An animal brecder can buy four types-of tiger
1, Each cise of Brand A contains 75 units of fiber. 30 uaits
wotein, and 30 units of fat. Each case of Brand B contains
imits of fiber, 30 units.of protein, and 20 units of fat. Each

p = ax? + by, where x is the speed in mph. (Data from:

National Traffic Safety Institute.)

(1) Findihe vdlues of & and b.

{t Useyour answers {Tom part (a) to find the Sw_p;jing_distance
for & car traveling 33 mph.

Work these exercises: (See E\"ffugpfc 4) -

525, Femsle Population The table shows Census Bureau pro-
jections for'the female population of the United Siates {in

millions)..
. P b -
Year |oams |20 1 2040
Yemale Population | 163 } 187 1 192

(1) Find a quadraiic (unction. ftx) = o+ by 4 that.gives

the female population (in milfions) in year x, where x = 0
corresponds to the veor 2000

(b} Estimate the female population in the year 2020,

26, Mate Population The tuble shows Ceasns Boreau projections
for the-male population of the United States {in millions);

015 20335
138 I 143

L

Year

188

. !
Male Population i
i

(?) Find a quadratic function. f(x) = ax® -+ bx + ¢ that gives
the fnale populdtion {in mitlions) 1 year x, w herc: x =10
corresponds o the yeat 2000..

(1) Estimate the mate populationin the year 2020,

27, Fuel Consumption At a potiery factory, fuel consuniption
for heatingthe kilns varies with the size of the ovder being fired.

In the past. the company recorded the figures in the 1able.

x = Number-of Plajters ! ¥ = Fuel Cost per Platter

6 t $2.80
8 248
10 224

(.a) Find.an equation of the form y = ax® + bx -+ ¢ whose graph
contains the three pmnts couespondmg_to the data in the table,

minimize the fuel cost per pIntter" What i§ the minfrmum fuel
coit per platter?

28. Alzheimesr's Disease The number of Alzbeimer’s cases in

sc of Brand € containg 75 units-of fiber, 30 units of pratein,
d 20 units of fat, Each.case of Brand D_ comains 100 units of

“Physical Soistice The stoppiag distance for a car traveling
-23 mph is'61.7 feet, and for a-car uaveling 35.mph it is 106 feef.
The stopping distance ii feet can be deseribed by the equation.

propie 85 and-olderwis 2 niiffion fn- 2004 and-is projected o be

3 million in 2025 and § million in 2050. (Data from: Alzhéimer’s

Association.)y

(#) Let x = O correspond-1o 2000. Find: 2 quadratic function
that.models the given data.

() How many people 83 or older will have Aizheimer’s disease
2020 and in 20347

(c} Inthe year vou tisrn 835, how many people your age or older
are expected 1o have Alzheimer’s disense?
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‘A graphing caleylutor or other technology is recanimended for the fol- 2. {a) 1 1 1 160,000
lowing excreises. 025 935 05 .06 4000
28, Hesith The able shows the-calories, sodinm, and protein in 0 0 1 ~25 _ Y
one cug of various kinds of soup, 1 1. 0 0 80,000
- (b) Many sequences are possible, inctuding thus one;
ProgressoT™ Leafthy Camphslst™ . ) EH . B
. o : : 21l Ry by — )25 el :
Heirty | Choice™ Chanky _Rbpl_d_ce 2 by - 025R, + Ry
Chiclen Hearty Cliicken ‘Teplace Riby ~ Ry + Ry
Rotini Chicken Noodle {
— X replace Ry by ~—HRy;
Ciilories 100 130 HO ' R
Sodium (mg) 960 480 890 replace Ry by R; + Ry
' -1,
Protein (g) ! 7 o B replaceRaby 25
Hioww thany cups of each kind.of sonp shovld be. mixed together to © T I: 1 1 L 100,000
produee 18 servings of soup, each of which provides 171 caories, Polo2s 35 150,000
1158 miligrams of sodim, and 12.1 grams of protein? What is 0 0 1 —~125 0
‘the serving size (in-cups)? (Ffint: In 10 servings, there must be 171 0 0 0 1 32,000

-calories, 11,580 milligrarms of sodii, and 121 grams of protein.)

. _ . . . () 16 200 30 1800
30. Heaith The lable shows the calories, soditm, arid fat in 1 onnee 30020 40 2300
of various snack foods (all produced by PlaiitersT™ ), - ' -
- ' L2040 28 2200
Dry Kettle (b) Many sequences are possible, including this oh
Sweet N* Roasted ~Roasted 1
Croncky Honey Tloney BRQ Replace Ry by — Ry;
) Jrom . i1
Peanuts. Peanuts Teanuts
- _ . 1
Calorics 140 16t 180 replace. Ry by TR
Sadium {ing) 20 110 st o 1
\ réplace Ry by = R
Trat.(g) £ 13 13 : Tl

How many ounges of each kind of siack showld becombined 1o
produce [0 servings, each of which provides 284 calories. 93 il
grams of sodium. and 20,6 arams of fat? What fethe serving size?

' Cﬁeckgmm&mwerm

. 1
.replac_e Ri by '“FR_:,-‘_

replace Ry by =38, + Ry;
replade Ry by 4Ry + Ry

1
replace R, by " Ryt

12 3 B0
6 Z [i%)
0 0 1 403

‘Until now, we have used matrices only as-a convenient shorthand to salve S
tzonf; Hm\ LVGI, matmes are also 11npmtant m the ﬁc]ds of managenient,

mmgtuz a2 ?ﬁii'a“mfaﬂ Luring Ihe 7’ ere Comprin
sofas and armchairs in three moduls: A, B, and C. The' ‘company has regi

1in New York, Chic.aco. aind San Francisco, Inits August shipment, the cor
maodel A sofus; 12 mods] B sofas, 5 model Csofas, 15 model o chairs, 20
and ' riodel € chairs to each warehouse
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Find the size of each of the given maices, Jdenrify any square, col-
i, or row mateices, Give the négative (adiitive fnverse} of dach

atriv, (Se¢ Examples 2 anid 2.)

7 -8 4]

1|

Tl 139
o, 23}

2
| 5 6
f—30 Il

N G
L 5 -3 9

5[7] 6. -5
Tl » 9

7, If 438 25 % 3 matrix and 4 + B =4, what do you krow

about B?

8. I Cis a3 3 matrix and Dis a3 X 4 matrix, then €+ D is

Perforii the Indicated apevations wltere possible, (See Examples 3-7.}

9'12? “5"“3' Iz -3 57
s e 2 el L 2 004
1 7“1 l‘ 2 8"]
0.2 =3 = ¢ §1
i |
L3 74 L=t o9
a -1 -3 0} [4 4 «7}
L2234 Lto-1 2

20, 54 21, —44d + 3B 22, 34 — 104

32, Earpings for Collsge Graduates In

- T -2 2 -1
Lord = !: 4 .s]ﬂmf B = [0_ S-ji.]"ﬁ:d.a seirix

the given equation.

23 32X = 2d + 3B 24, 3X=4~38B

Using matrives

00 mon {rs e b
© _[0_ --OJ"P'”LJ q]’ = L u]’md“ -

verify that the statenents in Fxercises 25-29 are trae,
8. X+ Tisa2 X 2 matrix;
26. X+ T =T + X (commutative property of addition 0

27, X+ (T + P) = (X + Tp.+ P (associative property
of matrices).

28, X+ (-1} = O (inverse property of additiod of mal
29. P+ O = Plidentity property-of addition of matr

30. Which of the preceding properties ave valid for mat
not soiare?

Woik the foltowing exercises, (See Exunple 1.)

31, Concessions and Merchandise Whendeker)
attend, major league sports teams Tose the moni
would have spent on refreshments and mereland
cenfage of fans wha don't show up is 1699 In ba
hockey, 20% in football, and 18% in baseball, The
per fan is $18,20 i basketball, $18.25 i hockey. §
and $15.40 in baseball. The total anmual lost revé
million in basketball, $55.8 miflion in hockey, $31
fcotball and $96,3 miltion in baseball, Expressih
in mattix form; specify what the rows and mhim
(Data from: American Dtmoomphms)

CEs
carnings were 5493 for workers without o high ¢
_3)678 for high school graduates, and 81137 for. Al
earned a !Jachclc)rs degree. The Lmemploymum
for collagoagraduutes, b d%_fgr_h],&lug_hagl.*;

13 99— 17

L-5 -9 -1

RSN S SO SSETUL . S .
14 =1 ' 2

L3 9 D_,i L-3 6 84

o 1 . Buires i
; -[ F1 o9 -4 {rom; Bureau of Labor Statistics.}
.10 -3 -] L1 o

O B -

"3 - 07 [2-
w28 O

_-_'I G T 5_9 —d.

SRS Too 2 ..,
Letd = s 3 amd B = L R - Findl exich of the following.

(See Examplis§ and 9.)
17, 24 18, —38 19, ~4f

for those with less than a hizh school diploma, W
niation as a 3 X 2 matrix, labeling rows and ¢

33, Organ Transplents The shortage of organsio
-a continuing problem in the United Suates: In
4154 candidates waiting for a heart {ransp[al
transplant, 14,794 for.a Hver transplant. and |
‘ney trasisplant; Cortesponding figures for '?IJI(}
13,394, and ‘83,919, respectively. Bxpress. fius
matiix, labeling rows and colurus. (Data o
ment and Transplant Network.}

34, Household Debt In 2015 only 3854 of Amefic
had credit cord debt, but for houscholds who



nnoin of debit per houschold was 815,762,
seholds with othér-typss of debt intluded
loins. $45.172 in student loan, and 168,614 in
fie corresponding toia fignres for all consumers
tes are §733 billion, £1060 billion, $1230 billion,
, respectively, Wiite this information in a
beling 1ows and colimas. {Data from: Federal
Ky York.)

Btrres There-are three convenience stores in
ek, Store | sold 88 loaves of bread, 48 quarts
of peanut butter; and 112 pounds of cold cuts.
5 Joswes of bread, 72 quarts-of mitk, 21 jars of
nd 147 pounds of cold cuis. Store 111 sold 60
wl, 30 guaris ‘of milk, no peantit butter, and 30
d cuts,

.4 matrix to express the sales information for the
the following week, salés on these products at Store
at Store TII increased by 1050, Write the sales

for that week;
jmatrss that répresents total sales over the two-week

attainment a5 a percent of thé U.S. population 25
older in various vears. (Data from: LLS. Census

sed by 25%, sales at Store T increased by one-third.

nd Malg Gradustes The following table gives

MALE FEMALE
ars of | Four 'Ycars TFour Years of | Four Years
ehool | of College | High School | of Colluge
' or More ‘or Maore or More:
5.5% 26.3% 3.8%
14.1% 55.4% 8:2%
27.8% 84.0% 23.6%
31.9% £8.9% 30.0%

65 Matrix Pioducts-and Inverses 301

(a) Write 2 2 ¥ 4 matrix for the educationgl aitainment of
makds

() Wieite a 2 -4 matrix for the educational attaiument of
Temales.

{¢) Use the matrices from parts (a) and (b) o wiite.a matrix
showin g how meli more. {or lese) manles have renched edn-
cational attainment than females.

 Cheskpoint Answers
T 15
.12 20
5 8
2. (@) 2x4 (h) 33
o) [ -8 4]

{Other answers are passible.)

51 (.:). 2 5 [ -
J 1:8 4] [a 4]

4, {a) [_13 _s 9] {b} ‘Nok-possible
© {0 6 2
5 () 139 m 92 () 100,
62 1371
6.
o 5
5 | 1:1 () Not possible’
. {n 4 2 (h)y Not possible
@ -1 -4 4
o _ g 16 28
-1z 6 _
8. (a) ] v i3 8 4
L -3 15 L
20 28 12
. © 3 —1 3 3 -1 3
L@ g 3] ®) Ll 6 3]
(c} A+ (—B} 4B

To uriderstand the reasoning behind the definition of matr ix multlphcatlon look again at
the EZ Life Company. Suppose sofas and chairs of the same fnodet are often sold as sets,
“with matrix W showing the number of sach model set in each warelouse:

A
New Yorik e
Chicago 5

San Francisco [ 4

B C

7
9 = [V,
8

[ R LTS




310  CHAPTER6 Systems of Linear Equations and Matrices

The best way. to find matrix inverses on a grapling calculatér is Hlustrated 1
next example. '

Usc. a oraphme calcuhtor o ﬁnd the inverse oj Lhe follo
matrices (if they have inversesy:
6l

Solution Enter matfis A into the caloulator [Figure 6.25(z)]. Then use the x™ ke
ihe inverse matris, as in Figure 6.23(b}. (Using A and —1 for the inverse results in
message on most calevlators.) Note that Figure 6.25(b) agrees with the answer v
workiog by hand in Bxample 7.

[FER

1 1] 1
A=12 —~2 =1 and B = [
5 ) 0

:'::Checkpcint 9

!
P , . . Aj -
. Use:a graphing calculator to find [A] 1 8 AT (Al 5
? the inverses of these matrices (if 2 -2 *_1-] -.5& -.5 .3 ]
they exist). 5 0 @ 1 g -2
1 2 3
@ A=|4 -1 0
s 01 3 (a) _ {b)
. 7 3 _Figure 625
-1 4 Now entet matrix B into the calenlator and use the x™ key. The result is an-err

{Figure 6.26), which indicates that the mairix i$ singutar: it does not have an i
you were warking by’ h;md you would: have found that the appropriate systeny
tions Lias no solution.)

Racause of round-off emror, a

graphing calculstor may seme- ERA SINGULAR MAT

times display an “inverse” for a Blauit '

matrix that doesn't actually have 2:Gora

one. So ehways verily your fesults

by muitiplying A-.and A" i the

product is not the identity matrix,

thén A does Not have an invarse. Figure 6.26

Iy Exercises 1-6, the sizes of two inatyices A and B are given. Find the Find eueh of the following watrix products, if they exis

sizes of the product AB aird the pioditet BA whenever these products  ples 2and 3.)

erist. (See Example 1.} . )l '2-_“_"—]_1 o o
1. A2 x2end Bis2 X 2, T -
2 AisFXIand Bis3 K % T o 2 -6 3 1]
1]'- - . I "'"‘I bl ,1:2.
3 A3 3mmdBisIX & L3 0 I o i I3 0
1 A
4 Aigd X 3and B3 X6 T- 101§ TN
i [l Wl
5, Ais4 X 2and Bis3 X 4. l: TR L -
b AisT 3 tnd RIS X T 1o o]l 3 -5 7
. AlsT X 3and Bis2 X T 5.0 1 0 1:2 -
7. To fipd the product matrix A8, the number of e, OF Z-mASE 0 0 1y o -3 4
be the same as the pumber of of B "_g 9] _
L . : PRI
8, The product matrix AR hasthe same mimberof _____.as A aritl 16. | 3 4 I_ﬂ Lo
the samenmber of ‘a5 B, 1 B ]



WA — By ¥ A%~ B,

_where

Fr o o
D=|1 0 4
Lo 0 1

il
—
TS
L]
l'?J
%
A
~
1]
| ———
b S
=t
L

-ntenis in Exervedses 23-20 aie fine.

PX + PT (distributive property)
= kA F kT for any real numiber &

= kP 4 hPfor any real numbers band &

wher the griven mutrices ave inverses. of each ather by
cir product, (See Example 5.}

21 g [-—1
lj..mc 5
-‘ and L_

3

7
”I’ {'and ’_..I
T 7

2

4
3

VT (associative property of multiplication of

49, Groeery Delivery Several competing companies provide gro-

85 WMatrix Products and [nverses 311

Fiud the inverse, if it exists, for each af the given nuatrices, {See Exanr-

plesGand 7.)
M2 217

a3 ' 34. :
R 6:! R 1J
r ) - “ :

-1 .2_1 2 H

5 i :
S R R ENS
L2 m-z"l o3 -5
7. : " 38, i :
N N B¢ ol
1 -1 0 [0 1 -]
301~ 203 40 2 =2 -1
L1002 -1 1 ] ;

(1 -1 2 14 3] .

41, [0 1 3 42. 11 =3 -2
R 25 4 :
T2 6 10 -5
43, 3 -1 1z 44. 1¢ =T 3 ;
N L3 ~7 8] :
“Usé a graphing calenlator to find the inverse of euch matrix. .(See
Exemplie 8.)
1 2 3 2 2 “ﬂ 55
45 011 4 2 46. 2 & 0 :
01—l -3 -3 5 :
T4 g -2 01 101 0 2

_ L g : T z

47. 2 b2y 48. ?’ . :
3 —1 -2 -3 3003 2 =24 ;

2V I T T 121 r‘JJ

Work these gxercises. {See Example 4.}

cery home delivery services. You and your roommate agree 10
order together and are deciding between two local délivery com-
panies, Timesaver and Wheels, Muirix A shows the number of
frozen pizza and quarts of idé cream that you -each want to

order, and matrix B shows the prices for gach company. ;
Pizza lcecream

You ) 2 ﬂi !

- = A §

Reommate 1 3 A !

Pizza
Toworgam L

(2) Findihe matrix product A8,

Hihr 1A
|-

2 4
E 4 3

Aank 3 3 1
9J [3 ~£d
tor LS 5 =15
3 Bland| -1 0 1
2 1] L5 -5 5
5 47 - B
4 3 iandt ~3 & 2
302 7 i1 -3

{) What do the rows of 4 Breprésent?

() What do the columns of .48 represent?

{8} What would be the total cost (for you and your robnimate)
i you order from Timesaver? From Wheels?

50, Fulk Shipements Boxed.com isa company that ships grocery
items in butk. As the purchasing manager for a siart-up; you
decide to compare Boxed.com prices with your current supplier
for an order of Clarmin ieilet paper (30 count vlira soft) and
Botnty paper towsls {12 count doubte volls). Matrix 4 Shows
thie quantitics that the production and salés deparunents need
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to order, aind matreix 8 shows the prices {or.each supplier. (Data
-From: wwiboxed,cam.)

Charmin  Bounty

Production [ 15 25 ]; 4
Sales at 10 '
Boxed.coin  Current
Charmin [ $23 §24 }: 8
Bounty 520 518

(2} Find the matrix product A8
{b) What do the rows of 4B fepresent?
(¢) What do the colomns of 4B tepresent?
(d) What waould the-total cost be (for both departments) if you
arder from Boxed.com? From your current supplisr?
31, Food Truck A rvéstaurant bas.amain Jocation and a Lraveling
tood truck. The first matrix .4 shows: the number of managers.

and associates employed. The second matrix 8 shows the aver-
age annua) cost of salary and benefits (in thousands of dollars).

Managers  Associztes

Restaurant [ 5 25 }_ 4
Food Truck l 4
Salary  Benelits
Managers [ 41 a _
Assoeiates 20 2 '

(2} Find the matrixproduct 43.

(b) Gaplain what 4B represents.

{6) According tomatrix A48, what is the total cost of giilaries for
all employess (managers and dssociates) al the restaurant?
The food truck? What is the total cost of benefits for all
employees at the réstaurait? The food. truck?

52. Teacher Salaries The average anmudl wage (in thohsands of
doliars) for teachers.in the United Staies at various grade levels
is shown in matrix 7Y, (Data frow: Buvean of Labor Statistics.)
A small school district has both city schools and gounty schools;,
matrix N shows.the numbet of teachers in each,

Wage{thousands)

Price

Fruity 256

Creamy | 300 | =2

Cookie 35t '

Fruity Creamy Cookic

Texasg g 7 )
Kentucky 4 5 2 =
‘Alabama | 6 g 4

(=) Tsitpossible to find the nateiz product PSTIf g0, fi
explain its meaning.

() Tsit possible to find the matrix product SPIN 50, A
explain its meaning.

(c) What was thetotal revene from alk locations forth
everit?

54, Franchise Costs According to.Franchise Busines
the minimum investments {in thowusands) to lannch cer
chises are listed in matrix M below. The niymbers.of |
that your irivestment _group would like to start this yew
sylvania and Indiand are shown it matris N,

Cost
Deli Delicious 150 :
Taziki’s Mediterrapean Cafe | 313 | =
Your Ple {brick oven pizza) 400

Deli Tazikis Pie:

Tndiana [ 3 0 5]
Pyunsylvania 2 7 I J

() Isit possible 1o find the product MN? If 5o,
explain the meaning of vach entry.

() Is it possible to find the product NMY If ¢
exphiin the meanidg of each entry.

{6) What is the total dollar amount that your growy
for all lacations?

Use & graphing calewdator for Exercises 55 and 36,

55. Birth apd Death Bates Population estimat
tions (in millions) for the BRIC countries {Brazil.

e e - Preschool.and Kindergarten 4 34 7 Ching) and birth and death rates per million pe
Elementary.and Middle Schiool 61 l=w ~mregntiesare show in the-tables: {Data- froms-
Secondary Sehool 51 Population Fund.)

Preschool and flementary and  Secondary 2040 2020
—Findergarien Middle-School School Byazil 103 210

City | 23 60 40 X _
County 3 12 I A Russin | 143 | 14l
(1) Tind the matrix product N, Inifia 1225 3 1387
China 134 {38y

(b} Explain what AT} represents.

] Accordin '{.m-matrik NF, what js the total-cost of teacher
Ak} it J

wages bt city schodls? In county scheols? In (he entire school
distfict?

53, Gourmat Pops Siecl City Pops sells fruity, creamy, and

cookie pops ar Jocations in Tesas, Kentucky, and Alabama’

(wivivsteelditypops.com). Suppose that, for aspecial eveént, sales
{in hundreds of pops) and prices (in doilars per hundred) were
s shown inthe following matrices,

Births Death '.
Brazit 016 NG
Russia oit 014
India 023 Rt
China | 013 007
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Gz Arst-lable ag 2.2 % 41hatrix 4.

ip second table as a 4 7 2 mairix B..
fuduct A8,

1 represents,

wig A8, what wasthe fotal pumber of

Ciountries in 20107 Whﬂt total number of
ed Tor 20201

‘Ratos Populstion cstimates and projec~
or several regions of the world and. the
gath rites per million pcople for those
il the tables below. {Data from: United
1 Fund. )

| Latin North .. Checkpoint Answers
Enrope l America America L €710
738 530 343 Co |
’_ l 2, (a) No (M Yes;Z X [
l 744 1 652 374
s =] 0 7
' {-13 —12]
| Births | Deaths 4 @ 2%3 ) Norpossitle  ©
L0 007 5 (m) A = brand/vilamin; 5= vitamin/cost.
i ir o1 by .AB = br:and!_;::i):.;t..
 Anterica 619 006 {&) Not meaningful, aithough the product B4 can t?e found.
- - M3 ~27 s - ] _.
v Ameriea 124 003 1 = HIF | an = = A,
th Aumerie | 6ora=iy LA e A= 4

7, N hecaitse 4B #

he infornration in the irstteble asa 2 X 4 matrix A. o k
he nformation in the second table asa 4 X 2matrix B, §. RREF [B]is matris (6} in the exasiple.
9, {a) No inyerse
) Use the FRACkey (ifyou have one) to simplify the answer,
which is

‘the'matrix product AB.

inwhat 4B represents,

cording to matrix 48, whal was the. total number of .
{hs in these four regions combined in 20107 What total Bl = [‘V 1 -3/ ljl]_
berof deaths is projected for 20207 A1t 2/

]
et Mg,
¥ bk

Consider this system of linear equations: ;

2y —3y= 4

b

X +Ep =

Let




Ll = e T 1T

{2)] How many ways
-one other building?

from building 2 to building 3, Another v

ffom building

(¢} ‘Given any pair of buildings, how n
through exactly one other building?

Saiutlon The matrix A® shows the

AZ'

learsied in part (b)—that there.are
through exactly one other building,

e OB auy’.. A A23§'i{-"'é§"'ﬂfé'
litermediate buildin g %

the MAteix equation AY

il

YR

= Bfor X. (See Exaupie 1,

L]

A

I~
3 6]"3

Solitian From the diagram, we see th
(B} to building 2 { B2} withour passing
entered in row one, column two, and aga

Neote that-ihere are no pathways congectin geach building v itself, so the m
the matrix from ‘upper left 1o fower right consists etirely of zeros.

are there to go from building 1 to huyj lding 3 by

Solution This cap happen by going fro

)

140y ways are there to go between them by going

numiber of ways ro travel between any two buildfng_S
by going through exactly one other building,

We ignore the values down the main diagonal for travel from one building into itself We
notice that the eutry in row one, column three

thrée ways to go fiom building | to building 3 that go,

In the previous example, we could have also found the number of ways 1o walk o
any two buildings py passing through exactly two .Qt_hel:.bu_i1dings--by--eak_:n']a_li‘zi‘g'}ls.'"i&'ddi:-' ‘

ay is to go from building 1 1o butlding 4 and then
416 bu’ildiu_g__S. Thus, there are three total ways 1o go from building 1 to
building 3 by going through exactly-one other building.

6:8  Applications of Matrices 321

at there are two patlways connecting butlding |
through buildings 3, 4, or 5. This information is

in in Low two, column 0né of matrix
Bl B2 B3 B4 B3

Pl

1 0 1

0 1 0=y
oo i

0 1 ©

ain diagonal of
going through exactly ;

m building 1 to building 2 tWo ways, and thep

33 3 3

6 2 4 47
2.3 1 4
4 1 3 2
4426_! i

has-a value of 3. This coineides with what we

between

number of ways to walk between two buildings with st most one
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2 1 01 1

S5 d={=~4 =1 31 p=14
" 0

"3 -1 0 -'3]

6. A=10 1 2|, B=1 6]
9 8 3 :12._[

Use the invirse of the coifficient matiix to suive cach system af équa-
tious. (See Exaingle 1.)

7. x+2p+3z= 10 8 ~x+ y=~3z= 3
3 E2r= 6 IeFdy ~dz = 6
-y = Dy —dp = -] X+ oy dze ]
9, x4+dy43=-12 10, 5% +2:5=3
x=3y-2z= 0 2042y + z=4
x+ 4= 7 -3x+ p—- z=35
Al x % 2p+ 3= 4 12, 2x+ 2y —dz= |2
X+ 4p+2z= 8 2x + Gy = 16
W=z wd ~3x— 3y + 5r=-20
13, x+ y F2w=3 M. x =2 = 4
v~y oz @l x4 p+ 2t = -8
Sx 3yt iz -w= 5 -y 20~ 3w= 12
x+ 2yt oz =3 yrds+ w4

Write a system of equations, and wse the inverse of the coefficient
mateix 1o solve eacly systemt of eqnations. ( See Example 1.)

1

th

-Commarse Foronling store sales, the paymerit processing

174

service Square charges 1.9% of the 1otal sales plus §.30 pey
transaction. For yeur cmhne business, the'cost of using Sgare
last month was $251. A compatitor 10.Square charges 3% of
total sales plus 5.25 per transaction, and your bilt for the-same
month with that compauy would have been $295. Find the total
saled atacunt and the number of transactions, (Data from: wirw,
squareup.com.}

and Cniyst equal 400 giams. The diet should include ooe
s much of group 4 ds of group B, and the surm of the am
of’. ardup.4 and group Cshould-equal twicé the smount ol &
How many grams of each foed group should be inclirded

Gasuei Clothing A nationdl chain of casual clothing
recently sgnt shipments of jeans, jackats; swediers, dnd §
its stores in various gities. The number of items shipped (o
-city and their total wholesale cost are shown in the tibl
the wholesalz piice of one pair of jeans, onc jacket, one &
and one shirt,

__many of each species can be maintained in {

16 TEGeR Hental Budget Truck Rental charged $19.99 per day ™

plus $.59 per mile to rent a }2-foot - ‘moving iruek in Austin,
Texas, in 2016. Thatatal Bill for your move was$86. The rafes for
& local moving comparny were $10 per diy and $.95 per mile, and
the bl for ;;um__{npﬂ(aﬂm(‘ number of miles'in the.same number

City Jeans J_aukuts Sweaters | Shirts
Cleveland | 3000 | 3000 2200 4200
St.Louis | 2700 | 2500 2100 4300
Seastle | 3000 | 2000 1400- | 7300
Phoenix | 7000 | 1300 600 | 8000

Materlats Mixing A company produces three cot
of mixed vegetables, which sell in 1-kilogram packa
style-combines .3 kilogranof zucchini, .3 of broce
carrots, FrencH style combines .6 kilogram of b
of tarrots. California style combines .2 kilogram
3 of braccoli, and .3 of carvots. The' company hy
16,200 kilograms of zncchini, 41,400 kilogranns of |
29,400 Kilograms of carrots. How many packdge
should the company prepare in order to Use up iis «

Bacteris Snionies Thrée dpeécies of bacteri
fonds: 1, 1T, and HI. A bacterium of the first speci
1.3 upits each of foods T and IT and 2.3 units of &
day. A bacterium of ihe second spemes comsum
foad I, 2.4 units of tood 11, and 3.7 units of food ]
bacterfum of the third species consumes 8.1 units
of IT, and 5.1 units of 111 cach day. If 16,000 u
uitits of TE, and 44,000 wmits of 11 are supplied |

Assistsd Living A 100-bed assisted living
two levels of long-term care: regular-and maxini
‘each level have a cholce of a private room o
semiprivate room. The tables (on this page and th

-of days) would have been 39410 TTow many miles and how
maiy days was this trip? (Data ftom: wwwbudgettruck.com}

17, Furniurs Masufseturing A Colorado-based company
makes artisanal-dining room fuwtiture, A buffet requires 15 hours
For cuitinig, 20 hours for assenibly, and 5 hours for finishing. A
chair vequirss 3 hours for-cutting, & hours for assembly, and

hours for finisliing; A table requircﬁ 10 hours for cutting; 6
hours for assembly; and 6 hours for finishing. The cutting depart-
‘ment has 40003 houys of labor available each week, the assembly
depattment liag 6600 hours available, and the -ﬁmshmg depart-
ment has 3900 hoars available. 1Mow many pieces of eachtype of
furniture showld beprodueed each week if the factory is to run at
[ull capacity? '

18, Mutritinn A hospite) dieticlan 1S planning 4 special diet for 2
certain patient. The total amount per meat of food groups 4, B,

show the numbier of patients in each chregory
year, Thetotal daily costs for all patients were 8
$23,9261n April, $23,760 in July, and 824.042 i € ;
daily cost of each of the following: a private rooni
private room {maximum care), a semiprivite rogh
and a semiprivate room (maxinmum care).

REGULAR-CARE
NManth Semiprivate
Jaawary e
April 26
July 24
Qcteher- it




MAXIMUM-CARE PATIENTS
Semdprivate Private
&0 10
54 12
56 8.
62 8

s
IR

for 10 Exanple 6.

i Anajysie IT the.demand is changed to 690
“wheat and 920 metric tons of oil, how many wnits
1odity should bé produced?

gitpis Anelysis Change the input-outpul mairix so’
tigrion of 1 metric ton of wheat requires ; metric
1d vip wheatj and the production of 1 metric tos of
metric ton of wheat (and no 0il). To satisty the
4 matrix, how many units of cach commodity
iocfuced?

Biims. t8ee Exdmples 3-0.)

utput Anatysis A primitive econbmy depends on
i oods yamns and pork. The praductios of | bushel of
(uires { bushel-of yams ¢ and tof a pig. Te produce 1 pig
bmhci of yamis. Find the, cnnount of each commodity
1d be produced o gat

ihel of yams and 1 pig:
10 bushels off yams and 70 pigs.

ut-Gutput Analysis A two-segiment economy consists
nandfact uring and agriculture, To produce 1 unit of manu-
uring ouiputrequirg 40 unit of its own output dnd .20 unit
"1'1cuhura1 gutput,
(itires .30 unit of its-own output and .40-unii of munufactur-
& ontput. 1F there s a demand of 240 units of manufactuting
.90 units of agricdliure, what should be ihe output of each

o-produge | Tinit of REACHIRTFAN DGtpur ™
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Oué unit of manufactiring output teguires 4 unt of its Gwn
gutpit, .2 unit of agricultural output, and. .3 uiit of trans-
pmlatmn outpul, One unit of transportation cutpul requires
4 upit of jts own output, . unit-of agriciltural gutput, and
2-unit of manufaeruring output. There s demand. for 33 nnits
of aorzcultmal 90 units ‘'of manufacturing, and 20 units of
transportation owtgut. How many, wnits should each segment
of the economy pr wduce?

b Oput f‘—“mhm;% In his work Juput-Ouipis Econom:
iex, Leontief provides an example of & simplified economy with
just three sectors: d“‘I‘lC!.l}lulE, rianulactaring, and hou:acholds
{that is, the sector 61 the gconomy that produces fabor).” It has
the following input-otitpit matrix:

Agrieulture  Manufacturing. Houscholds
Nericutture rooos 40 433 7
Manufacturing A4 A2 .00

Households L 80 3.60- 133

(%) FHow any-units from e%h sector does the manufacturing
gector require to produce | unit?

() What productmn jevels are needed to meét 4 demand of
35 umts of agriculture, 38 baits of manufaciuring, and
A0 units of houseliolds?

(¢} How manyunits of agriculiare aze used up in the sconomy’s
pro'duc’lion- processt

32, npui-Output Analysis A much sunphfmd version of
Leontisf’s 42-sector analysis of the Aserican economy has
the following ingut—cuiput matrix:t

Agricutture  Manufacturing  Households
Agriculture R 5 02 05t 7
Manufaciuring 099 201 279 .
Housebolds 433 372 o1

{ay What mformatlon abaut the needs of agricuttural Jut aduc-
tion is.given by column 1 of the matrix?

-(b'}_ Suppose the-demand matrix (in bilkions-of dc:]dars) is
2.88 ‘\

D=]31451

Find the amount of cach commodity {hai should be produced,

input-Output Amalysis Ao mmi\ sis of the Israeli economy
is simplified here by arouping the econamy into thiree. sectors,

'riput—«(}:. wput Analysis A simplified economy has only two
imdustries: the electric company and the gas.company. Eachr dol-
Jar's worth of the electric company™s dutput requires 540 of § its
oW mztpm and-5.50 of the gas company’s output. Each dollar’s
worthof the gas company’s output requires-§.25 of itsown-output
and 3.60 of the checlyic company’s output. Whit should the pro-
" doction of electricity and gas-be (i dollars) if there is a $12 mil-
fion demand for gas and’ a 515 miflion demand for electricity?.

fpat-Output Gnelysis A simplified cconomy is based on
agriouliure; manufachuring, and transportasion. Each unil of
agricultural ontpuot requires .4 unit of its owar output, .3 wnit of
nmmffwmrmg autpit, dnd 2 umt of trallspa{tafmn outpm

with the follGWing IBput-ouipat it

Agriculture I\/Immfacmring Energy
Agriovliure C29 o ¢
Manufacturing 014 207 017
Energy 044 01D 216

¢a} How many units from each sector docs 1he energy sector
regiire to produce orie niit?

"Wassily Leomsied, J’er:r:;«ﬂ!}ar;:r;r Feoremicn, T ed. (Qxford Uniiersity Bizss, 1986) pp 1527,

i, pp. 62,
hids, pp.. 724173,
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() If the economys production {in thousands of Isracl
pounds) is 173,000 of agriculture, 22,000 of manufacturing,
“and 12,000 of energy, how miwch is available from sach see-
tor to satisfy the demand from consumers and others out-
side the production process?

(¢} The actual demand matrix is

138,213
D=1 173597 |
1786,

How much must each sector preduce to-meet this demiand?

input-Output Analysis The Chinese econpomy can be sim-
'pliﬁed to three sectors: dgriwltme mdustrv and comstruction,
and transportation and commeree, * The mput—output matrix is

Apri; Industry/Constr. Trans./Commerce

Agri 158 156 009
‘Industry/Constr. | .136 432 <071
Trans,/Commerée L, 013 041 011

The demand [in 100,000 rerdndi (RMBY, the unit of money-in
Chinaj is.
106,674 7
D= | 144739 I
| 26725 ]

{n) Find the amount each sector should produce.

(b). Interpret the economic value of an increasein demand of 1
RMB iir agricultare exports,

nput-Dutpuld Analysis The economy of the state of Wash-
ington has been simplfcd to four sectors: natural resource,
gl d(.lliilnj:, trade and services, and persondl consuniptian.
The input—output matsix is as Hliows:

o o
|5 A2
£ w =
=] -t )
= "
& = =
o 5 &
= g o
] = =
Z z B

far
s
[
o
=y
N
]
[+
=
o]
fary

Natural Réscurces | -1045 .04 . .rl
Marhufactriiing i()b"ﬁ 087 0584 0321

36,

Work these coding exercises: ( See Example 7 and S }

37. Encoding Encode the messags

38,

30,

=]

40,

{b) Suppose the demand (in' millions.of daoliars) is

message

fpput-Output Analysis The economy of the 3t
Neébraska has been condensed to six sectors] lives{ock

other, The inpu_l—-'cutpﬁtmatr’iﬁ-is as oHows:
W78 018 41 0 003
43018 088 0 .001
089 0 035 0060
Lot B10 012 063 007
Jd4b 252 088 089 402
188 .156 103 255 .00B

twa, colomn one, of this matrix.

Find the dollar amount sach sector should produc

Anire isfiome.

Break the message into groups.of two letters.and v

M3
M o= [2 7j|.

Engoding Use the matrix of Bxercise 37 1w

Hend for the hills!

Decoding Decode the following message, whic]
using the matrix M of Exercise 37:

Deeoding Decode the following message. whi
by using the matrix 37 of Exercise 37

Tradeand Services | .0867 {019 2032 3355 {
Pérsonal Consumption | 6233 3448 .6106 0798

Suppose the demand (i'n mitlionsof doHars) is

4350

300 |

125

100

TFind the amount each settor should praduge,

fnpu! Ohttpriat Tables af Cline, 1981, China Statistical Iniprmation and Consulisaty Service

Centrs, 1987, pe. £7-10,

*Rohert Chase, Mhilip Beurque, and Riciard Comvay, Jr, The ”Jﬁ'/ e,
Inplor=Quieprie Srady, Report 1 the Gridusts Schoot of Bu;mc
sity of Washingtan,. September 1993

rioi, Univar-

s S

Wosk these romting problems. { See Example .)

41.

[ 9.0] [39] }-EGJ [ 667 i I
207 7 Le7 b Lar i Lias e

Highway Metworls The matrix

Clty | City 2 Clty 3 Cig

Cityl [ 0 1 1 2
Ciyz | 1 0 i 0
City3 | 2 Poo0 !
Ciyd| 2 0 1 i

“F. Clarles Lamphear zad Thendore, Roasfor,
Abrisha Evoiinnis: u_.m_z Bunineys Hepor: Nao 1Y, Buvean of By
of Mebruska, Lincola,

; Nebrssh




. . 1 . P . o
ads between-various.cities, Find 4% then
Towing questions: How midiny ways afe

passing through exactly:one city?

passing through esactly ong city?

‘passing throngh at wiost one city?

v passing through at most one city?

Spks Fov matrix 4 in the previous exefeise,
y answer the following questions.

: are thére to travel between cities | and 4 by
il exactiy tvrg cities?

are fhere to travel between cities 1 and 4 by

10 figure shows a-food web, The arrows mdicale
of cach population.. For example, cats feed on

Dogs

 Rits

Mice

Tmattin C s whicli each tow-and corresponding col-
spresent a population 1n the food chain. Enter a |
‘the population in.a given row feeds: on-the population
riven.cofumn.

shate and interpret C2.

iWhine Routing The figure shiows four southern cities served
pErsouth Airfines.

Jackson

CHAPTER6 Summary dnd Review 325

a) Wiite o mairix to represent the number of noustop rouies.
between cities:

() Find the nunibet of oné-stop flights between Houston and
Jackson.

{(¢) Find the munber of fights between Houston dnd Shreve-
port that require at most one-stop.

(1) Find the number of -one-stojy-flights betvween New Orleans
and Houston.

COheckpoint Answers

L

2.

A=

Lo X=1 0 and B =
L=t 27 i

{3 — 1.5y, »}for all real numbers »

Elec. Water
Elec. [ % -j;‘ :t
Water |} 0
@ [ 9000 o " 6000 © l‘sooﬁ:l
. . C
1 12,000 " Las00 ] ? 17500
13 -1 2
. 2 4 - 2 -y
E D :
@ L {):l ®) L~ 1_]_
© [8- 6] b '6800]
£ . .
4 4 D 1 4100
bl
g1 L4
[ 54] [24]
1151125
@ [ ) 1a1+al® _
18 26 16 16 26 1 5 4 4 §
26 12 13 9 186 5 6 38 4 5
16 13 B 1§ 9 4 3 3 2 4
6. 9 16 B 13 4 4 2 38 3
SOOI =W OO N - WO -2 X N WUOUUNR OO RO A0 SO0 .4 A

- lingar equation dependent system
system of lingar eqiations
solution of a system

s ubstitulipn miethod

inconsistent system

5.2 equivdlent.systems
elementary opérations
elimination method
row

elimination method
independent system

colurin Guauss-Jordan méthod
matrix (matvices) reduged row echelon form
glement {entry) indepcndent system

inconsistent system
dependent system
parametér

augmented matrix
oW operations:
row echelon form




