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State the quadvant in which each point lies.
Lo(1,=2),(-2,1),(3,4),(—5,—6)
2. (m,2),(3,~V2),(4,0).(-V3,V3)
Determine whether the given ordered pair is a solution of the given
equation. (See Example 2.)
3. (L-3%3x—y—-6=0
4 (2, =1;x*+ p? — 6x + 8y = —15
5 B4x-2+@p+2P=6

2
X
’ SIS e =l
6. (1, |),2+

Sketch the graph of each of these equations. ( See Example 3.)
7. 4y +3x=12 8. 2x+7y =14
9. 8x+3y=12 10. 9y —4x =12

1. x=2y+3 12. x -3y =0

List the x-intercepts and y-intercepts of each graph.

13, ¥

A

S (=L4

14. ¥

16. ¥

Find the x-intercepts and y-intercepts of the graph of each equation.
You need not sketch the graph. (See Example 4.)

17. 3x +4y =12 18. x-2y=35
19. 2x -3y =24 20, 3x +y=4
2. y=x*-9 2 y=x"+4

23. y=x2+x-120 U y=5x+6x+1
25 yp=22-5x+7 26. y =3x"+4x — 4

Sketch the graph of the equation. (See Examples 3-5.)

27, y = x* 28 py=xt+2

29, y=x2-13 30, y =27

3. y=x-6x+5 32 yp=x2+4+2x-3
33, y=4* M oy=x'-3

35 y=Vx+4 36. y=vVx-2

Sketch the graph of the information in the following tables. (See
Example 1.)

37. fllitary Construetion The following table gives the amount
of annual spending in the U.S. defense budget (in billions of dol-
lars) for military construction. Let x = 12 correspond to the year
2012. (Data from: U.S. Office of Management and Budget.)

Year ‘ 2012 ‘ 2013 } 2014 { 2015 IEOIG——-

Spending ‘ 11.4 | 8.1 ‘ 8.4 | 5.7 ’ 7.0
38. Milit ‘rocurament The following table gives the amount

of annual spending in the U.S. defense budget (in billions of dol-

= -2 : = larsy for military procurement. Let v = TZcorrespond to the vear
—5 = 2012. (Data from: U.S. Office of Management and Budget. )
Year [ 2012 ‘ 2013 l 2014 l 2015 2016 i
15. ¥ ;
Spending ‘ 118 ‘ 98 ‘ 100 I 103 ‘ 113

39. Coal Mine Fatalities The number of fatalities in coal mines
in the United States for recent years is given in the lollowing
table. Let x = 10 correspond to the year 2010, (Data from: US.
Mine Safety and Health Administration.)

Year ’ 2010 ‘ 2011 | 2012 | 2013 ’ 2014 1 2015 | 016
20‘20[20‘]6|l2[9

Number ‘ 48




#talities Thenumber of fatalities in all mining
1e Vhnited States for recent years is given in the
Hicorrespond fo thavesr 2010, (Data from: US.
nd Health Administration.)

1.
{2011 | 2
i :
[ 36 1 36 1 42

i

[ R S S S [ N
2005 2007 2609 2001 2013 2045
Year

9 2001 2003

vhirt year were noncustorer and out-of-nelwork fées almost
sane amonnt?

hich vear was ‘the Tast year that the average noncustonier fee
Delow §2.507

liich year marked the frst time that the average fotal fees rose

ove ST

Exercises 353-62,

2.1 Graphs 73

‘Owing to competitive pressure, phone prices camnotr be
mereased. so revenua remaing the same. Under-thess new cir-
¢ cumstanees, find the approximate pmﬁt from mﬁnufucturmg:

the "1\«en number of phones,
(a) 20,000 () 36,000 (¢y 40,000

Businiess The graph below gives the anmial per-person retail avail-.

-wbility of beef, ciiicleen; and poik; (in pounds) from 2007 to 2014, Ure

the grapli ta answer-the folloving questions, ( Date_from: US, Depurt-
ment of Agriendtnre.)

W07 2008 2009 Q10 201 2012 2013 2014
Yeur

49, Whit is the approximate annual per-person retail dvallablhtv of
cef, chicken, and porkin 20122

50, Inwhat year was annual availability of beef the highest?

31, In whatvear was anl availability of chicken the lowest?

52, How much.did the annual availability of beef decrease from
2007 to 20147

Mettlix and Apple Stock Prices The graph below shows the
-opening shave prices {in doliars ) fm Netfliv, Tie., aumd A pple Ine. for
the 21 rrmlmg days in December 2016, Use rma graph ta answer

130

125.

S w) 20,000

Find the approximate revesme from selling the given number of
phones,

{b} 36,000 (€) 48,000

{a) 12,000 {b) 24,000 {c) 36,000

Find the approximate profit from manufacturing the given num-
‘ber of phones.

{a) 20,000 (b)- 28,000 {v) 36,000

The company must replace 1ty aging machinery with better, but

prives incredse, so thal monthly cosis go up by $250,000,

much more expensive; machines. In addition, raw material

‘Bhate price .
. o
=

th

Day

53, What is thie approximate share price of Apple stack on day 107

54. What is the approximate share price of Netflix stock co day 87
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55, On whicl days.is the share price 'of Netflix stock above 51257 15, S by =10
56, Un which daysis the share price of Apple stock below. 51157 %6, V-3t x—1=0

57, On what doy wis the Apple share price at ity higliest, and wliat
“was the value?

o .

§ L o . weokpoint Answers
58. Onwhat.day was the Netflix share price at its highest, and what
was the value? 1. ¥

59. On what day was the Netflix share price at its Jowest, and what
was the value?

60. On what day was the Apple shars price at its lowest, and:what
was the vélue?

61, Qver the.course of the month, what was the gain in share price
for Netfhx?

o o i o ot e hat was. ain in Shire pric o
62. Over the course of the month, what was-the gain in share price 2. (ajand(c)
for Apple?

. . . . cr 3, ¥
Use & graphing caleulator to find the giuph of the equation. (Sée '
Example 8.)

G v=xT4+x+1

64, ji=2— x - i7

.
65 o= (x =3P
66, r= '+ 2% 42

4. {a)y x-intercept 4, y-intercept 3
(b) >-inrercept 8,3, y-intercept —4

Use & graphing calenlaror for Exercises 6970, 5. The highest was 2272 on Day 9

69, Graphp = &% = 2x? + v i & witidow with -3 % x = 3. 13 The lowest was 219§ on Days 1 and 2
the “faf® part.of the graphl nesr & = 1 feilly a horizontal line o .
sagment? {Hinr: Use the race feature to move long the “fat™ 6. .(g} Abbut'-Sl,QQQ,OOO. (rounded) o
part anct wawch the v-coordinuzes. Da they rematn the same [us {by About —~S300.000 (that is,a losg of $200,000)
they shouid on & hosizontal seenentd?)

T (2) 18
0. () Graph p = a* — 25 4 2v in the standurd windew (the one”
with =10 = & = 10and ~10 £ y= 10). Use the trace fea-
ture (o approximate the coprdinates of the lowest point on Y Y CRSSIVIN PN SN MW PT 1
the graph.
(b} Usea miniinom finder to obtain 4n accutate approxination E
e @ £ Hie JoOWESE - pOINT: -How- ks this -COMPAre- With-yOUz- s rooms e T g T T e e

answer in part {a)?

: {b) 2

- Use u gruphing caleilator to.approximate all veal soltions of theegna- ! ]

tion. { See Exanple 9.) \

TR IR T E D =3 ; 18

72 x—1=0 ya

; L

73 2t -t by~ 3= 0 ~28

T4 Guf - St b 3w e 2= ) 8. x = —2.330050

é

’ Straight lines, which are the simplest graphs, play an important rolein a wide varie
of applications. They are considered here from both a geomelric and an algebra
point of view,

é’




since 26‘0?’ ﬂmr oot uz:l bv r.-’:e fa!!m:rmg
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Find an vquation of the lne satisfiing the given conditions,

i

3. Through the origin with slope 5

g
P

Through the origin and horizontal

55. “Thraugh (6, B} and vertical

36, Through {7, 9) and pwallel to y = &

57. Throughi (3, 4pand parallel tody — 2jpr= 3

38. Through (6, 8).and perpendicular fo » = v — 3

39, x-intercept 6: y-intercept ~§

68, Through {5, 2).and paralie! o the linethvough (1, 2) and (4, 3)

61. Through (~{, 3) and perpendicular to the line through (0, I}
and (2, 3)

62. y-intercept 3 and perpendicular to.2x — y + § = 0

Begreciation The lost value of equipmient over a period-of thne is
ealled deprecintipn. The simplest inethod  for calentnting deps eciation iy

‘Straight-fine depreciation, The amnual straight-line r(ep: ecintion D of

an item that cost x dollavs with iv nsefid fife of nyearsis.D = (1 Imx,
Find the depreciation for Heis with the given chavacreiistics.

03. Cost: 815,965; life 12 yr
64. Cost: $541,762; Tife 15 yr
B3, Cost: S201.457: fife 30 vr

66. Ral Corp, has an incentive compensation plan. under which a
bravech manager receives 10% of the branch’s icome after
deduction ol the bonas, but befoie diduction of income tax.
The inceme of &y 1r£1{.1_zmr Dranch befofe the Bonus and inconte
tax was 5163000, The tax rate was 30%. What was the amonnt
of thebonus?

Light Bear Sales Datu from The Wall Strect Journad findicate thar
the peveent change in beer shipments sinee the year 2007 for Miller Lite
beer can be upproximated by

y=-389x 4 273,

wiedre x = 7 corvesponds to the your 2007, Find the percent ehange

LS.

70]0 68. "014

Assunre the wiodel vemiting wccivate, wad find the fivst full vear in which
the percent chunge reaches the following values.

77, Lwany HandBags Michael Kors now aonﬁnate:. the hand-

Assume the model remains accirate, and ﬁmf the first full year it
which the nambér of global mundaria cases Der year achigves the follow-
i values.

73, 150 million 74, 175 million

Riympis 5006-Maters Theaccompuing eruph shows the win-
ning. time (i minntes ) ut the Olpymipic Games from 1952 to 7016 Jor
the men's 3060-meter vun, together with a-lincur approxinution af
these dute. (Data froni: The World dlnanac and Bopk of Facis:

2007,

Time {minuies)
o =] =

el
4

&
i

r_‘.
e
or

S S S e ;
1940 1550 1960 1970 1980 190 3000 0 2020

Year

The eguation for the linear approximation is y = — 0135y + 40.32,

where a7 is the actial year,

75. What does the linear dpproximation predict for the winning
time for the 2016 Olyripics fr this eveni? The actual time way
13.06 minvies. How close was the matheomiatical model’s:
estinare? :

76, What does the siope of the liné ripresent? Why is it negative?

haix market.in North America. In 2011, the company had 3% of
the market; in 2015, it had 23%. [D’ltd from: The Wab’ Sr; ear -
Jourdal)

'(n) Write 4 linear equation expressing the perceritage of the

~tuxury-handbag-market - that-Michael Kors had ¥ yeus
after 2000.

(b) What was the percentage bf the markét that Michael Ko
bad in 20137 '

({" If the trend copiinyg EETA shateonllobactha ﬁrﬁ"'l:ﬂ'}

. 33 0. {14

Sinbad Mislnris Dases Date fiom The Wall Street Jow snal indicire
the number of global malaviy cases has risen shurply since the Jear
2000 The equation

y = 5.6x +-

h

2,

approxipités the-amnher of global malarie cases y {in miilions),
wheve x = 0 copresponds to.the yeny 2000, Find the namber of globil
maliwede eases fn the folloving yiirs.

1, 2007 72,2013

e ruu L=l 71

which \dlchaei Kors had 30% of the marker?.

78 Gaena Produstion 5 2005, global cocoa bean productic
was appm\umtclv 3.3 million metvic tous, In 2013, productic
was approximately 4.1 million. mewic tons. (Data from: 7
Wall Street Jowrnal,)

{a} Write-alineitr equation expressing ¢ocoa bean praduction
fv terms of thenumber of yens x after 2000,
(b) What was the cocoa bean production in. 20127

() If the trend continues, what will be the first full ye
which cocoa beun production exceeds 5 million metric 108




saith fosts [ the vear 2010, the.average
mpovers Tof employer farily health coverage
aly $3300, T 2053, thay amount was approxi-
Yoilit from: The Wedl Siveet Jovrnal.)

aF cojuaion expressing the avérage dnhual cost
w5 terins of the nimber of years x after 2000,

15 execed $60007

Jealth Coste Io the vear 2010, the average annual
overs for employer family health coverage was
v $10,000. In 2015, that amount was approxi-

{b) L

2.3 linear Models a7

. B g

T =2 E
Tie averige sl costin 20047
I continues, what will be the first Full vear in
L F

(¢} The lnsger the Sopé in absohue value the more stéeply the
line falls From Telt 1o right.

(s, it frome The Wall Street Journal.) 5. (@ v (t)
fiponr equation expressing the average-annual cost 4
feers ¢ intgrms of the numberof years:x afier 2000
s the average annual cost in 20127
te tiend. continues, what will be the first. fuil year in £
Gl osts excecd $25,0007
kpoint Answers
_ 6. (a} Perpendicular (b) Neither {1 lmlic‘
) ~9/2 .
. _ 3. 3
: 3 Foofa)y v+2=——(x—5y=-—_x+L
o3 {b},w:n—:x—_.hi« 3 -3
- PN S
Hpe -1 fdt yeintercept 3/2 By 8= g(* =&y = ER 6
e 3 -.a -intercept —1/72 ) & 47
.. et oo/ 8. (@) y ‘—“'“",1-7-.\"3“ 4 M ¥ = RETRENETY
Sioperof £ = —3slopeof F= —~Lslopeof G = -2 =
Slope of H = =5, 9. (2} p=10.1x—~ 79.9 (i 1221 milfion

e

nesr Minosis

A

Eam

In business and science, it is often necessary to make judgments on the basis of data from
the past. For instance, a stock analyst might use a tompany’s profits in previous years to
estimate the next year's profits. Or a life insurance compeany might look at life expeciancies
..of peaple born in various years to predict how much money it shouid expect 1o pay out in
the next year.
In such.situations, the dvailable data is used to construct a mathematical model, such a8
an equafion or a grapli; which is used to approximate the likely outcome:in cases where
commplete data is not available. In this section, we consider applications i which the data
can be modeled by a linear equation.
The simplest way to construct a lincar fodel is to use the line. détermined by two of the

data points, as illustrated in the _fellowzng example.

ol 'i~'§ b ?m,ts t; Membem lhe numbel of [ull~11me fac,ulty
members at four-year cohenes and universities (in thousands) in selected years is shown in-
the foljowing table, (Data from: U.S. National Center for Education Statistics.)

2011 1 2013

2Ai0s 1 007 2009 il
L TS 153

_Y.e_ur_
917 \ 000 i

|
Nunther of Facilty ¥Meobers i




studenis.

800
678.3

A

I

bl

Thus, the model predicts thit a state with'a pepulation of 1 5,073,333
800,000 in higher education..

2.3 lLinear Models. a3

Therefore, the estimated higher education enrollment for Michigan would be 567,070

{e) According to this model, what i$ the staté population that weuld predict 2 higher eda-
cation enrollmént of 800 thousand students?
Solution Let y = 800 and solve the regression equation for a1

045x + 1217
045y

15073.333.

has an enroliment of

_ The valia r2 séeri on the Tl calculator output is known as the coefficient of deter
ination. Itis simply the valie of the correlation cosificiert squeredand 0 = % = 1.0ne
interpretation of its valus is that it describes the proportion of variation in the y-veriabie that
i5. explained by variation in the xvariabls. ' '

Elsiag temiperatures:

| N
beeoheit | 32 | o5 | 104 | a0 | 1767|202
. I 1 [

ds | 0|20 40| 60| 80500

gse any twe data points and wse them tir construct a-
equation that models the data, with » being
lirenhett and v being Celsius,

e the model in pait {a) to find the Celsiug temperature
mpondmL to

50° Fatirenheit and 75° Fahrenheit:
IS _Use the finear equation derived in Exercise I to work
fug problems.
snvert each temperature.
~88°F 1o Celsius (b) 50°C to Falirenheil
TLI0Cto Fahrenbelt

cording to the World dfmanac and Book of Fiiets, 2008,
Venus is the hottest planet. with a surface iemperature of 867°
- IFahrenheit. What'is this temperature in degrees Celsius?

6. Tax Feturns The approsimate tumber {in millions) of fadi-
vidual electionically filed tax returns filed with the Internal
Revenus Servide {TRSY in the vear 2003 wis 68,5, gnd it was
123.7 i 2016, Let x = ¥ correspond to the year 2003, and
estirnate {he mumber of electronically filed returns in 2010 and
2014, Him: Round slope to twe décimal places. (Data from:
.S, Internal Revenus Service.}

7. Educetional Sarvises The number (in millions) of cmploy-
ees working in educational services was 12,310 2003 and 13.3.04
2014. Let & = 5-correspond to the year 2005, and estimate the
number of employees in 2012. Hint: Round slope to two deci-
mal places (Data from: U8, Census Burcau.)

8 fLelsure and Hospiality The number {in millions) of
employees working in the iéisure:and hospitality industries was
12.1i0 2005 and 13.5 in 2014, Let x =5 correspond io the year
2005, and estimate the number of employees in 2013,
Hint: Round slope to two- decimal places. (Data from: U.S.
Census Burean.)

@y rFio Celstus T T 9 Bagelall Supposé 4 baseball I3 thEown at 83 miles per Rodr.”T T

The balt will travel 320 feet when hit by a bat swung at 50-miles
per hour and will trave] 440 feet when hif by a bat swung at
80 mitles per hour Let p be the sinnber 6f feet traveled by the ball
when it by-a bat swing st x: miles per hour, (Note; The preced-

“Find thetemperature at which Celsius and Fahrenheit tempera-
itk arg numericatly equal.

ach af the next set of problews, assmme it the datw cioe be mod-
il b a seeadzhe e and thar die trend eontinues idefinitely, Usé twa
it points to find siedt a Hue and diten éstimate the peglresied (i
v (See Example 1.)

SR The Consumer Price Tndex (CPD), which measures the
cost of 8 typical package of consumer goods, was 2249 in the
year 2011 and 24002016, Tel & = 11 correspond to the vear
20171 anid estéimate the CRI fn 2012 and 2015, {Data from: U.S:
Butean of Liabor Statistics.)

ing data are valid for 50 = x = 90, where the bat is 35 inches
lang, weighs 32 onnces, and strikes a waist-bigh pitch so that the
place of the swing les at 10° [rom the dingonal). {Data {rom:
Raobert K. Adaty, The Physics of Buseball (HarperCollins, 19901,
How much farther will a ball travél for each mile-per-hour
increase in the speed of the bat?

10, Zkiing Ski resorts require large amoomts of water il otderio
niake snow, Snéwmass Ski Area in Colorado plans to pump at
Jeast 1120 gallous of water pat minute for at least 12 hours g day
from Snowniass Crsek batween mud-October and latg December,
Epvironmentalists are concerned about the effects on the eco-
system. Find the minimum amount of water pumped in 30 days.
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{Hing Let i be the fotal aumberof ‘gattons puraped & days after
punping beging: Note that (0, 0} is on the graph of-the equa-
tigr.] (Data loni: York Snow, Inc}

In each of the next two problems, two linear models. are given Sor tie

duia. Far each model,

n). find the vestdiils and theiv s

(B)  find the s of the squares of the restduals;

(6) decide which model is the bereer fir. (See Example 2.)

11. Tiseo Ssles The following table shows the estimated sales
{in billionis of dollars) in China for Cisco Systeins, Inc. for sev-
eral years.

. | | '
Year | 2006 ‘ 2008 | 2010 ; 2012 ! 2014
Sales I i { 122 t 1.5 ! 202 ! 1.81

(W]

Let x = 6 correspond to the yéar 2006, Two cquations that
model these data are y = .07x + 83 and y = 2x — 38 (Data
from:; The Wall Street Journal,)

12. International Trade The following table shows South.

Korea's pct;rochemical exports to China (in billions of dollars)
for several years.

3 | 2014

i

Year | 2040 2

|
!
zsi

| 1

! B

; [

. , ! :
Petrochemidal exporis ‘ 14 JI 3

Ter v i correspond to the vear 20, Two eguations that

model these data are ¢ = 1350 + 25 and 1= 2y — 3 {Datd
frome The Wall Streer Jmmial.}

neach-af the following problems, detersming » hether o sorght Hneds u
¢ good mr;del Jor the data. Do this visteally By plattirig the dara poinfs

i dn Exéreises 1318 find the regnived fnear model nsing learisqnares
iregression. ( See Examples 3-6.}

15; Oracit Undons Use the-data on-the number of fedesal credit
unions.in Biercise 13,

() Find a linear model for these data with x =1l
_corresponding to the year 2011,

) Assuming the trénd continues, estimiate the number of
Federal credit unions in the year 2018.

16. Htucent Loans The accompanying table shows:the approxi-
mite amwount (in Billions of dollars) of student foans in repay-
ment in various quarters of 2015 and 2016. Let x = |
correspond to the fiest quarter of 2015, (Data from: The. Wall
Streer Journak))

Quarier l i ! 2
]

Loans in repayment { 510

(a) Finda lineat medel for these data,

(by Assuming the trend continues, estimate the amount of
foans in vepayment in quarter 8,

17. ioggie Ad Revenue The accompaaying table shows the
apptoximate amount (i billions of:dallars) of Google.advertis-
ing fevenue By various quarters of 2015 and 2016, Lot v = |
correspond to the first quarter of 2015, (D4t from: The Huf

Street Journady
. ; i s ] | . b
Quakter ¢ 1 | 2 | 3 ;4§ 3 16 Ei o 8
] : — : T
Ad revenue | 3.1 [ 16.2 ‘ 1659 \ 18.0 [ 17.5 1 18.0 l 19.2 i 224

() Find & linee model Or these dagi:

; and b‘l.‘ ﬁmbug .Ifl'& corvelution. coefficient fur the laist-sgiases kegros- (1) Assuraing the trend continues, estimate the amount of ad

sion line, (See Examples 5 amd 6.) revenue jo the third quanter of 087

f 13. Cradit Uptons The following table shows the number of 18, Biond Prassure Researchers wish to determine i a relation-

: operating féderal credit unions in the United States for several ship exists between-age and systolic blood pressure (SBP). The
_ ( _ yn.are _ a‘_companvnw l’tble gzves tht: a“a aml systoltc biood DIESSUEe ter

Yesr 2011 | 2012 | 2013 | 2014 | 2015

; - ) i | | : ;

Sumber of federal | 4244 | 4268 Lo | 3924 3762 Agefr) | 35 37 LA A8 3 ST 6 P ERE e

crédit Liions. ‘ l ‘ ' - — = 7 R

! SOPOY |02 1127} 120 | 131 1261 137 | 140 | 130 148 | 147

} Let v = [l correspond io the year 2011, (Data from: Credit . ) _

Lnion Nationa) Associstion,) (a) Find alinear model for these data using age (v) to predic

: syslolic bload pressure {y). :

1, {iag Prices Thed : tem 4l - i :

s 14, {3as Peices The fpllowing tabies shows the dverage price lin (b) Use tie results from part (a) to predict the systolic blood

daTl'zzx} fur-a galjon of repylar nnleaded gasoline on the Grst
weeliday of selocied moriths in the year 2013, Let x = 1 corre-
spond to the month of January, x = 3 gorrespond to. the month
of Muich, and so on. (Data from: U.S. Energy Information
Administrtion. )

| '
Maonth E [ELATY E'\/i‘ud Wy | Judy ESﬁpftmberEprz_tﬁber

234 E S2.17
i
|

Prive per ‘
gillon ]

! H¥ark these problems,

19, Biraar aac Highway Sonstrociion The ol amount

pressure for & person who is42-years-old, 53-3_"ears.-old\ aid
69-years-old. How well. do the actuai data agres with 1
predicted values?

(&) Use the resilts from part {3) to predict the systolic bloc
predsure for a pessod who iy 45-years-old and 70-years-ol

construction spending on highways and.streets {in billions
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fie secompanving table for the first six L
pamyme ° Life Expectancy
f [ _ i Birth Year Men Women
_bﬂ.lw'y | March 1 April ! May éfunf_: 1970 7.1 74,7
> i U} 89 HH . ] s
B P e s 1975 68 | 766
squares regression Ying that models thesé o Y i
Eroresponding to January 2016, 1083 A 782
e trepd f‘:_-'.‘lf_lr_m_ues. -estintate the amount of 1990 713 768
acember 2016, :
) ) o - 1993 725 8.9
thars The number of basic cable television — foons
niitfions) Is shown i the following table for vari- 2000 s, 7.3
4 from: ProQuest Statistical Abstéact of the. 2005 734 6.
RENEN ] =
210 0.2 ®1.0
i I T
1 2005 | 2008 | 2010 | 2012 | 2014 2015 L7 81.7
'; t 13
Poaxk 45 5 57g b o544 _ _ .
I 6.8 [ 6.8 i 61.3 ‘ 373 ! 44 {8) Find the Jeast-souares regression line for the men's data,
o i . with x = 70 corresponding to 1970,
e least-sguares regression line that models these data ) ; . L . L
- fcorresponding to the vear 2006 ' ' {b) Find the least-squates regression life for the women's dat,
- O . 1 . . : e . . . . :
_ PROMAIRE 19 e year AR08 with x = 70 cortesponding to 1970,
‘the number'of subscribers for the vear 2013: o iy g e
- R . . . {c} :Suppose lite expectancy conlinues 1o increase us predieed
¢ trend cohtinues indefinitely, determilsic the fivst full by the equacioss in parts (a) and (b), Will men’s life
when there will be at least 50 milion subseribers: expectancy ever be higher than women's? If so, in what

the correfation coefficient. pirth year will this occwr?

gre Fublishers The revenue. per quarier for the soft-
thlishing industry(in-billiens of doilars) for the 8 quar- {Z}'_}Q{;gggmi Anmwors
2053 and 2016 is displayed in the accompanying table.
i correspond 16 the first quarter of 2015. (Data Fromy: 1. » = 3023x + 76375
s Bureau.) )
: 2. (a) 30,29.3 6, -3

(0 2747
{c) Yes. because the sum of the squares of the résiduals is,
Tower,
Find the least-squares regression line that models these data. 3. (@) ~64, 7.1, 4.4, 13.1, -0.4.
1F the trend continués indefinitely, find the revenue for the {(h) 3707
:.iec_und quagier of 2017. _ _ (¢} It fits the data best because the sum of the-sqnaresof its
If ‘the trend continues indefinitely, what is the first full residuals is smallest.

quurter when revenue axcecds $52 billion?

I Fifid e cofeRtion oeisient T
: . : . L= 87x + 18,

Life Expoetaney The following table shows men's and wom- 5 () »= 8 ?

en’s life expectancy at bixth {in years) for selecied birth years in (’l) B 988

the United States: (Data from: (U8, Center for. National Health (¢) M fitsreasonably well because || isvery close to | and the

Srmistics) PRTTERE 18 Tigar

‘An Inequalify is a statement that one mathematical expression is greaier than (or less than)
another, Inequalities are very important in applications. For example, 2 compsany wants
revenue to be greater than cosfs and must usé ne piore than the total amount of capifal or
labor available.

Inequaliues may be solved by algebraic ot geometric methods. In this section,. we shall
concentrate on algebraic methods for solving linear inequalities, such as

4—-3x =T+ 2y and -2 <5+ 3m <20,
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Solve each part separately:

Chackpoint &
Solve each inequality. Graph each
solution.
(a)y |p—2>53
) 3k—-1=2
@ [2+354-4=1

Checlpoint 8
Sotve egeh ineqhality,
(a) [5m -3l = ~10
(B {6 + Saf < ~9
(&) 18 + 24 =0

3 — x|
inequality [3 — 7} -

LI
2.8 bxereises

-Tm < =7 or —~Tm > 3

3
i1 > or << e

-

. R . L TP R ; it
The solution, all numbers in (uw,.m-}-) or (1, #3) 1% graphed in Figure 2.52. ?’w—

S i
..... - ¥
R
7 g
Figure 2.52 3

Solve 3 - TA[

Solution The absclute value of a number is always nonnegative, Therefore; :
= —8 1§ always true; so the solution is the set of all real numbers. Note that ‘the
# —8has no soluuon because the absolute value of a quantity-can 3
never be less:than 4 negative number. 4{? g

£% 1. Bxplinfiow to determine whether 2 pareathesis or & bracket is
used when graphing the solution of a finear inequality,

2, The three-part mcthw P < x < g means “pds less than x

and x is less than g.” Which one of the g given inaqualitics is not
satisfied by any real number x? Explain why.

(8 ~3<y=i
&y -7 <

) IO
K =10 () ~3. <0y -2
Solve eqch ineguality aud graph each sobution; {See Examplis 1-3.)
3, Bh=1 4 —dg = 36
5 >0 G 6~ 0650

9. .._5 —

=
Y
Tak

0 5-3=-—4

T Ty = 5 < 2+ g 12, 6x—2=>4x~ 10

given grapli.

§ -

e _.3.. Ty o+ I ___1 FTRn e
&3 3 {..p + 3} = I (_5}) T 1)
H 3 _(._ - 4} . B ( -t ]

It the following exerveises, write u Eneur inegualily that deseribes the -

.279 -

LN ] F
oL 1
4 2

I
~&

Browp-Tyan Polat Tn Exeseises 31-36, find wil vedies af x for which

F 0% CU F ik 73 B e I THEFIVer pradneis Will af least reak even, { See Exemples 5.amid 6.)
M. 2p - (3~ p)=—~Tp =2 3h = 30y + 6000; R = 65,

‘ 15 =203 ~ §) = 5{dp - 2) 32 = 100x + 6000; B = 500y.

1 16. _ﬁ-; R S s 33, C= 85x + 1000 R = 105

1 P70 3y~ [ < 6p + 2p ~ 1Y 34, C= TOx + 300; R = 60x

: 18, o & S+ 1) 2 42 — x) + x 35 €= 1000y + 3000; & = 900x

1. 0. B<mrb<a 36, €= 25000x + 21.700,000; R = 102,500x

. 21, 2 6 < - 33 Sofve coch inequality. _G'J'ffpﬁ-ﬂ:mﬁ solution, { See Examples 7-10. ).
3 Sy +.2 ol >7 3l <2

25, 24, - = ASMB-.___ = 4 0 =3 0 i< o




Miami. Florida

; Boise, Klaho

11 Flagstafl, Arizona
2 Anchorage, Alaska

ent at Work According to the polling organjzs-
ftup.cont, 33.3% of American workets are meaningfully
gork, Tiking inte account the maggin of error, we
big result ag {2 ~ 35.5) = 3, where P is the percent-
werdedn workers engaged at work. Find the range of
e f

eiened When adiministering & sturdard intelligence
103) ost, we expect about-one-third of the scoies tobe
1 52 eairs above 100 or more than 12.umits below 100,
1his situdtion by writing.an absolute vaiug inequality.

Sctence A Guilup-poll found that among Americans

' years who consume alcohal, from 33% to 43% prefer
ho prefer beer. Write thé precedifig information as an
ity (Dara frony: Gallup.conn)

il Science A Gallup poll in January 2017 found that.

13.1% (o 15.1% of Ameéricans considered themselves
emploved (vorking pact-time or not working &t sl buf.

eremployed workers, Write the preceding information as an
ality, {Duta from: Gallup.com.y

56..

1. fa) —24 < 442 > 7

it B represent the percentage of American aléoiiol con- 2.

fing to work fulldime). Lel & represent the percenlage of 5

5 TablE SHGWs 1he 2017 federal

2.4 LUinear Inegualities 101

Lat x denote the taxable Incoma, Wiite each of fhe seten incomic
rangés in the 1wble a5 8 {nequality.

funome Ty The Tollowing table shows the 2016 New York
staie income tax for a single person. {Data [rom: wwwtax-
brackets.org. )

Tf Taxable lncome | Bub-Not | Tax Rate

£ Over Over 1s

56 §8430 1 4009

58430 S11,650 | A450%

511,650 $13,830 |  5.2%%

$13,850 521,300 5.90%

821300 580,150 G435

§80,150 $214,000 6.65%

5214.,000 SLOTOSS0 | 68T

SLOTO.A50 No Limit 5820

Let x denote the taxable income. Write zach of the etghit income
ranges in the Lable as.an ipequality:

Checkpolnt Answers

®) 18z —-§ 45 =20

(€ 1 =<3~-9<—7

(M -<3 k=4
__«..M:____,. _4__?;.#“__“

{c} y=—4

(@) 1= -2 oy r> 1

come 1ax for a single person. (Data fromn: Internal Revenue 4. (@) 4 <k=<3 by ~S=z=4
¢ + —F !
9 8 -3 ¢
Ff Taxable Income | Buf Not | Tax Rate Lt o
Is 0_!’(‘.‘1‘ Over s Py pivs i iy o i e g
50 59325 0% 6. (x) {~1.1]
9328 $37.950 | 13% N R 1 - ﬁ_l'
537,950 s ; 5, - ) .
S31.930. 91,900 1 25 ) All numbers in (—2, ~3] or [3, )
$97.900 $191,650 28% - .
51916350 S416.700- | 3 = 3
$416,700 SA5400° | 35% (a} (7,1} ) [-3;4]
SR AND No Limit | 30.6% -«-—W—r— *—E—-m-—«-—-:w—»
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6 values of xthat make the mimerator and deneminator 0 {namely, ¥ = 1 and x = —4}. Then
: A .
F 1T —X . ' . .
[ graph YT Figure 2.62 shows that the graph is above the x-axis when itls. hetween the
) § {amit : et 8 vertical agymptote at x = ~4-and the xintercept at x = 1.-So the selution of the inequality
! } ‘s the interval (4,11, When the values that make the numerator and denorninator O can-
- not be found algebraically, as they were here, you can use: the root finder tb approximate
-8 them,)
Figure 2.62
: e -
% L{e;} 4‘,..,“ ‘{.L..}_g é\'r:} E}
o _ : .5 12 X —d
: Solve each of these ynadratic fnequadities. Graph the solutions on the 35, P > 1 36. >
atmber line, (See Examples 2.aml 3.) £ o *
_ B SN
(crHE-HS0 2 G- LEFH>0 7 22X 04y
. ' X
3 P4 A>3 4, 2% 6> ~8 L o .
_ _ 38, Determine whether x -+ 4 i§ positive or negative-when
5 o4t Tm—2s0 6. 6= 1lp+3 =0
a H it P £ . (:‘l) '.\'_? __4; (b} x <=4,
T 4t 3~ 130 8 3t -Sx>2 e , R
_ (¢} If yoit multiply both sides of the inequality T =0 by:
0, x* =36 10, =9 o
¥ ST x+ 4, should you cliange.the direction of the inequali
! 1. pPA—16p >0 22— <0 sign? If so, when?
Solve these fupqualities, (See Exiuple 4.) (1) Explain how you can iise parts {a)-{c) o sobve — ; =0
13, ¥ =9y =0 W, P 25ps correctly,
15, fx = Tix = 2{x ~ 2 =0 Uise a graphing caleulator to solve these inequalities. Yon may have t
N N approximate the roots of the mpserators or denoniiat o,
i 16. (v + Hixt— 9 =0 '
s  EEl g
7. fx o+ St - 2w B <0 o E s
; ¥ 1l e Y I e 4L . .
18 x 2% 3 o= 0 19, 6% S 4k Fropen le + 3x— 29
} . . 40, - - =3
i 2. 2w+ Tor = Am 7
i 21, A studert solved the ineguality 5 << 16 by taking the square 41, Profit An analyst hag found that hér company’s pmixts, i by
: _root of both sides to get p < 4. She wrote the solution’ as dreds-of thousands of doflars, are given by £ = 2x° ~ [Ix — 3
I { =, 4}, Is her sclution correct? whers x i§ the suviount, n hundreds of clol]am,_ spent.on advertisin
: _ Forwhat values of x does the company make 4 profii?
i Usea graphingcaleniuatorto sofve theseineqialitios. (See EXanple.So) oy o i :
: T _ 3 prEERL TRE coninioditiey MAtket i Highly dnstabler moneyed
! 22, Gy + T 23 Sy - l2e <2 ba made ot lost quickly on investments in soybeans. wheot. ot
; - . : o oF ¥
E 24, 3057 - Tdx +323 0 50 on. Supposk that an investor kept twack of his total pmhi i
i o timie 7, in months, after- he bigan-investing, and he found th
Bt — e T B P = 42— 307 + 14, Find the time intervals during which |
L ; 4 Ttas been ahend.
36, x* - 6x' + 2P L5~ 2 - o _
i 2 I P — i e . S . ; h
27 2 h___‘_ P 43. Frofit The man.agulr of a 200-unit apartiment complex X
e ) ' ' found that the profit s given by
; : oS W I | ;
S P 2+ 300 — 18,000,
: Solve these rational inegnalities: (Sex Examples 7 and 8.} where ¥ {s the itvnber of apariménts tented. Far what valu
g 4 a6 x doés the complex produce a profit?
: 29, ——— = { ., = = b _ » o . S
- 244 44, Frofit A door-to-door knife salesman finds that his week
profitcan be.modeled by the equalion
i a2 I l - :
: 31, <~ 3% el . .
: a5 ~5 3 P o=t 5 530
| .
a3 A < 1 34 LA wheré x is the number ol pitches he makes ina weekl; For wha
Tp—-2 03 U2 Tk +2 ues af x does the salesman need 1o make i order to eam a p



