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DIAGNOSTIC TEST
Are you ready to study calculus?

Algebra is the language in which we express the ideas of calculus. Therefore, to un-
derstand calculus and express its ideas with precision, you need to know some algebra.

If you are comfortable with the algebra covered in the following problems, you are
ready to begin your study of calculus. If not, turn to the Algebra Appendix beginning
on page A.xxx and review the Complete Solutions to these problems, and continue
reading the other parts of the Appendix that cover anything that you do not know.

Problems Answers
1. True or False? % <=3 osTeq
2. Express {x| —4 <z <5} in interval notation. =)
3. What is the slope of the line through the points (6, —7) and (9,8)? G
4. On the line y = 3x + 4, what value of Ay corresponds toA x = 27 9
5. Which sketch shows the graph of the line y = 2x — 17 ®
a ]ié / b ; & { d %‘
Vi
6. True or False? <—> = = OILLT,
y x
7. Find the zeros of the function f(z) = 9z2% — 6x — 1 ;% =
8. Expand and simplify z(8 —z) — (3z + 7). L—2G+ T—
. . ZL‘Z —3xr+2 ¢ ‘o
9. What is the domain of f(z) = ———— 7 {c#2'0#2'¢— # z|r}

o342 —6x

10. For f(z) = 2? — 5z, find the difference quotient flw+ hZL — f(x) Y+G—1g

Diagnostic Test (in Front Matter)



Exercises 1.1

Chapter 1. Functions

EXERCISES 1.1

11.

13.

15.

{x|0< x <6}

0 6

{x|x<2}

2

a. Since Ax = 3 and m = 5, then Ay, the
changeiny, is
Ay=3em=3+5=15

b. Since Ax = -2 and m =5, then Ay, the
changeiny, is
Ay=-2em=-25=-10

For (2, 3) and (4, -1), the slope is
“1-3_-4_,
4-2 2

For (4, 0) and (2, 2), the slope is
2-0 _ 2 _2_1

2+4 6 3

2-(-4)

For (0, -1) and (4, 1), the slopeis
1-(D _-1+1_0_,
4-0 4 4

For (2,-1) and (2, 5), the slope is

% = % undefined

Sincey = 3x—4 isin slope-intercept form,
m = 3 and the y-intercept is (0, —4). Using the
slope m = 3, we see that the point 1 unit to the

right and 3 unitsup isalso ontheline.
y

t + + +
-1 _/ 2 3

=N Wk G
TR I N T
L S S |

X

10.

12.

14.

16.

a. Since Ax =5 and m = -2, then Ay, the
changeiny, is
Ay=5em=5¢(-2) =-10

b. Since Ax = —4 and m= -2, then Ay, the
changeiny, is
Ay=—4em=—-4+(-2)=8

For (3,-1) and (5, 7), the slope is
=D _7+1_8_4
5-3 2 2

For (-1, 4) and (5, 1), the slope is
1-4 _ 3 _-3__1

5-(-1) 5+1 6 2

For (—2, %) and (5, %) ,thedopeis

1.1
5-(-2) 5+2 7

For (6, —4) and (6, —3), the slopeis
_36_—(g4) = _354 undefined

Sincey = 2xisin slope-intercept form, m= 2 and
the y-intercept is (0, 0). Using m = 2, we see that
the point 1 to the right and 2 units up is also on
theline.
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17.

19.

21

23.

Sincey = —-%x isin slope-intercept form,

m= -4 and they-intercept is (0, 0). Using
m= -3, we seethat the point 2 unitsto the

right and 1 unit downisalso ontheline.

The equation y = 4 is the equation of the hori-
zontal line through all points with y-coordinate
4, Thus, m = 0 and the y-intercept is (0, 4).

The equation x = 4 is the equation of the
vertical line through al points with x-coordinate
4. Thus, mis not defined and thereis no y-
intercept.

First, solvefory:

2x-3y =12
-3y =-2x+12
2
=£x-4
y 3

Therefore, m= % and the y-intercept is (0, —4).

Chapter 1: Functions

18.  Sincey= —% X + 2 isin slope-intercept form,
m= -2 and the y-intercept is (0, 2). Using
m= —% , We see that the point 3 unitsto the right

and 1 unit down is also on theline.

20. Theequationy = -3 isthe equation of the hori-
zontal line through all points with y-coordinate
—3. Thus, m= 0 and the y-intercept is (0, =3).

22. Theequation x = -3 is the equation of the vertical
line through all points with x-coordinate —3. Thus,
mis not defined and there is no y-intercept.

24. Firgt, solvefory:

3x+2y=18
2y=-3x+18
-_3
y= 2x+9

Therefore, m= — g and the y-intercept is (0, 9).
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Exercises 1.1

25, First, solve for y:

26. First, solvefory:
X+y=0 X=2y+4
y=-X -2y=-X+4
Therefore, m = —1 and the y-intercept is (0, 0). y= J2_ X_ 2

Therefore, m= % and the y-intercept is (0, —2).

27. First, solvefor y:

28.  Firgt, put the equation in slope-intercept form:
x-y=0 y:%(x—S)
_y: —X
y=X y:%X_Z

Therefore, m = 1 and the y-intercept is (0, 0). Therefore, m= % and the y-intercept is (0, —2).

29. First, put the equation in slope-intercept form: 30. First, solvefory:
y= xt2 X, ¥ _4q
3 2737
_1..2
y=3%+3 ¥=-Tx+1
Therefore, m= £ and the y-intercept is (0, %) . y= _% X+3

Therefore, m= —-g and the y-intercept is (0, 3).
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31.

33.
35.

37.

39.

41.

43,

First, solvefory:
_.y:: 1

ooll\J H

y=-225x+3
- (-2)=5[x-(-1)]

y+2=5%x+5
y=5Xx+3

First, find the slope.

_=1=3_=4_
m=75-2-72
Then use the point-slope formula with this
slope and the point (5, 3).
y—3=-2(x-5)
y—3=-2x+10

y=-2x+13

First, find the slope.

Then use the point-slope formula with this
slope and the point (1,-1).
y=(-D)=0(x-1)

y+1=0

y=-1

32.

34.
36.

38.

40.

42.

Chapter 1: Functions

First, solvefory:

x+l, y+l
2 T2 71
X+1+y+1=2
x+y+2:2
y:
Therefore, m= —1 and the y-intercept is (0, 0).
4_
KL
2,,
1,,
TR
24
,3,,
_4_.
2
=£x-8
Y73
y-3=-1x-4)
y-3=-x+4
y=—-X+7
_3
=4
1
X==
2

EE
- 6-3 3

Then use the point-slope formula with this slope
and the p0| nt (6, 0).

O——(x 6)
yz%x—z

First, find the slope.
m===0-2  undefined
Since theslope of the line is undefined, the line

isavertica line. Because the x-coordinates of
the points are 2, the equation isx = 2.
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Exercises 1.1

45,

47.

49,

51.

52.

a. Firgt find the slope of theline 4y —3x =5.

Write the equation in slope-intercept form.

y-3xs5

4 4
The slope of the parallel lineis m =

:'blw

Next, use the point-slope form with t
point (12, 2):

Y-% :m(x—xl)
y—2=§(x—12)

00

y=3x-7

SN

b. Theslope of the line perpendicular to

y=§x+§. ism=-2.
4 4

Next, use the point-slope form with the

point (12, 2):
y—y1=m (X %)
y—2———(x 12)

4
=——=x+18
Y 3

The y-intercept of thelineis (0, 1), and Ay = -2

for Ax=1. Thus, m= % :‘TZ = —2. Now, use
the slope-intercept form of the line:

y=-2x+1.

The y-intercept is (0, —2), and Ay = 3 for
Ax=2.Thus, m= % =3 Now, use the slope-
intercept form of theline: y=3 x - 2

46.

48.

50.

a. Firgt find the Slope of theline x+3y =7.

Write the equation in slope-intercept form.
1,.7
=—=X+L.
y 3 3

The slope of the parallel lineis m =—%.

Next, use the point-slope form with the
point (6, 5):
y=Yy1=m(x-x)
y-5= —%(x +6)

1
=—-=X+3
y 3

b. Theslope of the line perpendicular to

1,.7
y 3 3

.ism=3.
Next, use the point-slope form with the
point (6, 5):
Y=Y =m(x-x)
y-5=3(x+6)
y=3x+23

The y-intercept of thelineis (0, —2), and Ay =3

for Ax=1. Thus, m= 2’—-—3 Now, use the

slope-intercept form of theline: y = 3x—2

They-intercept is (0, 1), and Ay = -2 for Ax = 3.
Ay -2

_A_—2_ 2
Thus, m= % == = —£. Now, use the slope-

intercept form of theline: y= —% X+1

5-
(o, 5) isthe y-intercept of thisline, use theslopemtercept form of theline y=—1x+50ry=—x+5.
Now consider the line through the points (5, 0) and (0, —5). The slope of thislineis m= =22 ==2=1. Since

(0,-5) isthe y-intercept of the line, use the dlope-intercept form of theline y=1x—-5ory
Next, consider the line through the points (0, —5) and (-5, 0). The slope of thislineis m=

Since (0, -5) is the y-intercept, use the slope-intercept form of theline: y =-1x-50ry=-x-5

Finally, consider the line through the points (=5, 0) and (0, 5). The slope of thislineis m= ==

=x-5
0-(5 _ 5 _
50 -5~ 1
0 _5_ :
(5 ~3 =1. Since

(O, 5) isthe y-intercept, use the slope-intercept form of theline: y=1x+50ory=x+5

The equation of the vertical line through (5, 0)
isx=5.

The equation of the vertical line through (-5, 0)
isx=-b.

The equation of the horizontal line through
(0,5)isy=5.

The equation of the horizontal line through
(0,-5)isy=-5.

53.

If the point (x,, y,) isthe y-intercept (0, b), then
substituting into the point-slope form of the line
gives
Y=Y, =m(x-x)
y—-b=m(x-0)
y—b =mx
y=mx+b
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Chapter 1: Functions

To find the x-intercept, substitute y = 0 into the 55. a
equation and solve for x:
L_FX — l
a b
L_f_g — 1
a b
ﬁ -1 on[-5, 5] by [-5, 5]
x=a Thus, (a, 0) isthe x-intercept.
To find the y-intercept, substitute x = 0 into the b.
equation and solve for y:
L_l’_l — 1
a b \
a
on[-5, 5] by [-5, 5
Yy [-5.5] by [-5, 5]
y=b Thus, (0, b) isthe y-intercept.
a b.
/ ) /
on [-5, 5] by [-5, 5] on [-5, 5] by [-5, 5]
Low demand: [0, 8); 58. A:[90, 100]; B: [80,90); C: [70, 80);
average demand: [8, 20); D: [60, 70); F: [0, 60)

high demand: [20, 40);
critical demand: [40, «)

a. The value of x corresponding to the year 2020 is x = 2020 — 1900 = 120. Substituting x = 120 into the
equation for the regression line gives
y=-0.356x+257.44
y =-0.356(120) + 257.44 =214.72 seconds
Since 3 minutes = 180 seconds, 214.72 = 3 minutes 34.72 seconds. Thus, the world record in the year
2020 will be 3 minutes 34.72 seconds.

b. To find the year when the record will be 3 minutes 30 seconds, first convert 3 minutes 30 seconds to

seconds: 3 minutes 30 seconds = 3 minutes ¢ t:SLOr:ie nC + 30 seconds = 210 seconds.

Now substitute y = 210 seconds into the equation for the regression line and solve for x.
y =-0.356x + 257.44
210 =-0.356x + 257.44
0.356x = 257.44-210
0.356x =47.44

x =244 133.26
0.356

Since x represents the number of years after 1900, the year corresponding to thisvalue of x is
1900 + 133.26 = 2033.26 ~2033. The world record will be 3 minutes 30 seconds in 2033.

For x = 720: For x = 722:
y =-0.356x+257.44 y =-0.356x+257.44
= —0.356(720)+257.44 —0.356(722)+257.44

=-256.32 + 257.44 =1.12 seconds
These are both unreasonable times for running 1 mile.

—257.744 + 257.44 = 0.408 second
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Exercises 1.1

61.

63.

65.

To find the linear equation, first find the
slope of the line containing these points.
146—-70 _ 76
m= 31 ~ 2" 38
Next, use the point-slope form with the
point (1, 70):
Y=Y =m(x-x)
y—70=38(x-1)
y =38x+32
Sales are increasing by 38 million units per
year.
The sales at theend of 2020 is
y = 38(10) + 32 = 412 million units.

First, find the slope of the line containing the
points.
212-32 _180_9
100-0 100 5
Next, use the point-slope form with the point
(0, 32):
y—y, =m(x-x)
y-32= %( x—0)

m=

9
==X+32
y 5
Substitute 20 into the equation.
y:% X+32
y=%(20)+32=36+32=68° F

Price = $50,000; useful lifetime = 20 years;
scrap value = $6000
V = 50,000 — ( 50 00(2)0— 6000

=50,000 -2200t 0<t<20

)t 0<t<20

Substitute t = 5 into the equation.
V = 50,000 — 2200t

= 50,000 — 2200(5)
= 50,000 —11,000 = $39, 000

on [0, 20] by [0, 50,000]

62.

64.

66.

First, find the slope of the line containing
the points.

42.8-38.6 _ 4.2
=="u-1 ~3° 14
Next, use the point-slope form with the
point (1, 38.6):

y—y,=m ( X— Xl)
y—38.6=1.4(x-1)
y=14x+37.2
PCPI increases by about $1400 (or $1.4
thousand) each year.
The value of x corresponding to 2020 is
x = 2020 — 2008 = 12. Substitute 12 into
the equation:
y = 1.4(12) + 37.2 = $54 thousand
or $54,000

m

First, find the slope of the line containing
the paints.
_89.8-748 _15_
=000 2 3.75
Next, use the point-slope form with the
point (O, 74.8):
Y-y, = m(x— X1)
y—74.8=3.75(x-0)
y =3.75x+74.8

m

Since 2021 is 12 years after 2009,

substitute 11 into the equation.

y=3.75x+74.8

y=3.75(12)+74.8=119.8 thousand dollars
or $119,800

Price = $800,000; useful lifetime = 20 yrs;
scrap value = $60,000

V = 800,000 _(Wj t

0<t<20
=800,000-37,000t 0<t<20

Substitute t = 10 into the equation.
V =800,000 - 37,000t

=800,000— 37,000(10)
=800,000 — 370, 000 = $430, 000

on [0, 20] by [0, 800,000]
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67.

69.

Substitutew = 10, r =5, C = 1000 into the
equation.
10L +5K =1000

Substitute each pair into the equation.
For (100, 0), 10(100)+5(0) =1000
For (75, 50), 10(75) +5(50) = 1000
For (20, 160), 10(20) +5(160) = 1000
For (0, 200), 10(0) +5(200) = 1000
Every pair gives 1000.

Median Marriage Age for
Men and Women

#

on [0, 30] by [0, 35]

The x-value corresponding to the year
2020 is x = 2020 — 2000 = 20. The
following screens are aresult of the
CALCULATE command with x = 20.

1=.18h+26.7

Median Age at Marriage  Median Age at Marriage
for Men in 2020 for Women in 2020.

So, the median marriage age for men in
2020 will be 30.3 years and for women it
will be 27.8 years.

The x-value corresponding to the year
2030 isx = 2030 — 2000 = 30. The
following screens are aresult of the
CALCULATE command with x = 30.

1=.1BR+i6.7

Median Age at Marriage  Median Age at Marriage

for Men in 2030 for Women in 2030.
So, the median marriage age for menin
2030 will be 32.1 years and for women it
will be 29.2 years.

68.

70.

Chapter 1: Functions

Substitutew = 8, r =6, C = 15,000 into the
equation.
8L +6K =15,000

Substitute each pair into the equation.

For (1875, 0), 8(1875)+6(0)=15,000
For (1200, 900), 8(1200)+6(900)=15,000
For (600, 1700), 8(600)+6(1700)=15,000
For (0, 2500), 8(0) +6(2500) = 15,000
Every pair gives 15,000.

Women’s Annual Earnings

as a Percent of Men’s

 ——

on [0, 30] by [0, 100]

The x-vaue corresponding to the year 2020
isx = 2020 — 2000 = 20. The following
screen isaresult of the CALCULATE

command with x = 20.
1= 28H8+77

Women’s Annual Earnings

as a Percent of Men’s

So, in the year 2020 women'’ s wages will
be about 84.2% of men’s wages.

The x-value corresponding to the year 2025
isx = 2025 —2000 = 25. The following
screen isaresult of the CALCULATE
command with x = 25,

Women’s Annual Earnings
as a Percent of Men’s

So in the year 2025 women's wages will be
about 86% of men’s wages.
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Exercises 1.1

71.

73.

75.

77.

on [0, 100] by [0, 50]
To find the probability that a person with
afamily income of $40,000 is a smoker,
substitute 40 into the equation

y =-0.31x+40

y =—0.31(40) + 40 = 27.6 or 28%.

The probability that a person with a

family income of $70,000 is a smoker is
y =—0.31(70) + 40 = 18.3 or 18%.

L1t =1

y =-0.094x+1.582

Cigarette consumption is declining by
about 94 cigarettes (from 0.094 thousand,
so about 5 packs) per person per year.

y =-0.094(13) +1.582 = 0.36 thousand
(360 cigarettes)

g=ax+h
a=2.13

b=5£5, 35
rE=, PHREEARSG S
=, 3951532763

Lzi=67, 1
y = 2.13x+65.35

The male life expectancy isincreasing by
2.13 years per decade, which is 0.213 years
(or about 2.6 months per year).

y =2.13(6.5) +65.35~ 79.2 years

TrsSminm
[ CNTNT AT
B
r
[}

WO
w0
on
gl

[l
=
[l |

Lzi=55. 4
y =-0.864x +75.46

Future longevity decreases by 0.864 (or
about 10.44 months) per year.

y = —0.864(25) + 75.46 ~53.9 years

It would not make sense to use the
regression line to predict future longevity a
age 90 because the line predicts —2.3 years
of life remaining.

72

74.

1nke3 76.

K] [ L= | Linkea
10 H'l."-l ______ w=axth 78.

11

To find the reported “ happiness’ of a
person with an income of $25,000,
substitute 25 into the equation

y =0.065x —0.613

y = 0.065(25) —0.613=1.0.

The reported “ happiness’ of a person with
an income of $35,000 is
y =0.065(35)-0.613=1.7.

The reported “happiness’ of a person with
an income of $45,000 is
y = 0.065(45) — 0.613 = 2.3.

inkea
g=gx+h
a=5.8
b=24,3

L1t =1

y =5.8x+24.5

Each year the usage increases by about 5.8
percentage points.

y =5.8(11) +24.5=88.3%

X
1

H 774 41

Z i b=v3.397

£ :EXC FE=.9323991517
____________ r=.96793551a1
Lzi=7rd,. 7

y =1.41x+73.97

The female life expectancy isincreasing by
1.41 years per decade, which is 0.141 years
(or about 1.7 months per year).

y =1.41(6.5) + 73.97 ~83.1 years

1 Lz ] 1|CinFeg

[T g=gx+h

& ik 8 H5=2.5

i i b=53

____________ FE=, QEITA75004

F=. 021822 P064

Liidi=]1

y =8.5x+53
Seat belt use increases by 8.5% each 5 years
(or about 1.7% per year).

y =8.5(5.4)+53=98.9%

It would not make sense to use the regressior
line to predict seat belt usein 2025 (x = 7)
because the line predicts 112.5%.
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79.

81.

83.

85.

87.

89.

91.

False: Infinity is not anumber.

m=Y2"Y for any two points (x, y;) and
X2 =X
(X, y1) onthelineor the slopeisthe amount

that the line rises when x increases by 1.

False: The slope of avertical lineis undefined.

True: Thedlopeis _Tf" and the y-intercept is

oo

False: It should be Y21
X2 =X

Drawing a picture of aright triangle.
x? +42 =52
x% +16 =25
x2 =9
Xx=3

Thedopeis m =% or —% if the ladder

slopes downward.

To find the x-intercept, substitute y = 0 into the
equation and solve for x:

y=mx+b

0=mx+b
-mx=D0b

x=—L

m
If m+ O, then asingle x-intercept exists. So

__b i is(-b
a= m.Thusthexmterceptls( m,O).

80.

82.

84.

86.

88.

90.

92.

Chapter 1: Functions

True: All negative numbers must be less than
zero, and all positive numbers are more than
zero. Therefore, al negative numbers are less
than all positive numbers.

“Slope” isthe answer to the first blank. The
second blank would be describing it as negative,
because the slope of aline slanting downward as
you go to theright isa“fall” over “run”.

False: The slope of avertical lineis undefined,
so avertical line does not have a slope.

True: x = c will always be avertical line because
the x values do not change.

False. A vertical line has no slope, so thereisno
mfor y=mx+Dh.

Drawing a picture of aright triangle.
X2 + y2 =5°

%: 0.75= y = 0.75x

x? +(0.75x)% =52
x? +0.5625x% = 25
1.5625x2 = 25
x> =16
x=4
y=0.75(4) =3
The upper end is 3 feet high.

i. To obtain the slope-intercept form of a
line, solve the equation for y:
ax+hy=c

by =-ax+c
a,, ¢
y b b

ii. Substitute O for b and solve for x:
ax+hy=c
ax+0-y=c
ax=c¢

X =

o o

© 2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.



Exercises 1.2

93. Consider R>1and 0<x<K 94.
X < K meansthat K —x > 0 and O<%<1.
Since K —x > 0, then

K —Xx+Rx>Rx
K+(R-1)x>Rx
K[1+(RK1)X}>RX
Therefore, K>¢=y
T
Additionally, since 0<%<1,
1+(R 1)( )<1+(R 1)1
Rx Rx Rx
%, = =—==X
y LR A)x BRDR
Wehavex<y<K.

EXERCISES 1.2

1. (22 2) _(22 21) (23) —26_64 2
4_1_1

-3 3

5. 1) (o1 3 6

HESEE
-1
7. (5) _8 8,
8 5
—2
9. 4—2-2—1:(22) .21 10.
_o4 »-1_o»5__1 __1
27-27=2 5T

11. (§)73:(2)3zizi 12.
2 3) @ 27

13, (l)'z_(l)_3:(§)2_ z)li_zi 14,
3 2 1 1/ 12 73

-9-8-1
A2 T(a ] (3y2 (2@ 2

SN R CIRC IR -
[3 } [2 2 3/ 3?9

17. 2512 _ o5 -5 18.

19. 2532 _(y25)° =53 _125 20.

21 16%4_(¥6a)° =238 22.

23 (-8)"*=(¥8)° =(2)%=4 24,

5
25 (-8)°*=(38) =(2)°=-32 26.

13

x> K meansthat K —x < 0 and %>1.

SinceK —x <0, then
K —=x+Rx<Rx
K+(R-1)x<Rx

K [1+(%) x}< Rx
Therefore, K <— X

— =Y
T

Additionally, since %>1,
14(R 1)( )>1+(R 1)1

_ Rx Rx _Rx_
S0, y_1+(R_1) “IT(R-D) R
K

WehaveK <y<x.

52 -4)2 :(52 22 )2 =(102 )2 ~10*=10,000

2723 =(327)" =3
(=212 = (¥=27)° = (-3)?

(—27)5% Z(¥=27)° = (=3)® = —243
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27.

29.

31.

33.

35.

37.

39.

41.

43.

45,

47.

49,
51.

53.

55.

57.

59.

61.

63.

65.

67.

69.

3
TR S
6 36 6/ g3 216 '
2
(27 )2/3: 3£ :(§)2:i 20
125 125 5) 25 '
2/5 2 2
1L =(;) 1
(32) ( 32) 2] 7% 32.
21 1 1 34.
4 41/2 \/Z 2
4-3/22%: 1 3:%:% 36.
7 (4a)° 2
8—2/3_%_ 12:%:% 38.
8 (g/g) 2
31 1 1.1
(-8) "= el et i 40.
3] -2 2
(-8 (8]
23_ 1 1 1 1
(-8) =L = 1 1 42,
2 _2) 4
(8" [§-9y7] 2
-1/2 12
25) 77 _(16)"° _( |16 |_4
(1) (25) ( 2 j 5 a4
(&)‘3/2:(&)3/2: 16 3:(5)3:6_4 .
16 25 5 5] "125
-5/3 5
(-%) / = (-27)"® =(3-27) =(-3)° =243 48.
7039 2214 50.
827 ~274.37 52.
0.1 0.1
[(00*]" ~o0s77 54,
1 —1000~
(1—m) ~2.720 5.
4 -5
—=4X
X5 58.
4 -4/3
/_Xs W IE il 60.
24 _ 24 _24 3,312
(2\/7)3 8X3/2 62.
9 3 -2
- =—=3X
2 64.
5x* _5x* g 242 g 302 66.
\/; 1/2
12\/_2 12x2’3 12,2324 4R 68.
3x2 3x2 3"
/36x _6x _6x"2 _6 v21_g 12 0.

2X 2X 2X 2

Chapter 1: Functions

|H
[$20(=2]
N—
w
I
—_
Njon ol
S —
w
|
u1|-l>
w| w
[E=Y
D
N
RS

~—
N
N
(S}

—_—
[EN
ot
a1
~—
N
-
w
I}
w
[ay
N
(S}
N—
N
Il
—_—

) 8-
(-3 = (-8 =(¥8) =(-2 =~
5047 ~2.13

539 £532.09

(L+gds) " ~2717
(1+10*6 )106 ~2.718

6 3 -3
——=—2=3X
2x3 x3

6 —3x3/2

\/? 2X3/2

18 _ 18 _o,-2/3
2 2/3
(33x)" O

8 _2 -2
—:—:Zx
2

Oﬁ

3f 3x]j2 21 _g, 112

10\/_ 10x1’2 _10 w23 _g 16

X B2
Yor? 232 2x2/3 _2,231_1 -
4x 4x 4 2
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Exercises 1.2

71.

73.

75.

77.

79.

81.

83.

85.

87.

89.

91.

93.

r 272 2
(<) } =(x) =
(3x%y52)% =3 x23y5373 = 27x6y15 72

(ww?)® _(w*)° _we W

wwoowtow

22
(59°) amy® v
25x3y3

S 25x3y3 X

(9xy3z)2 8%yt

3(xyz)2 T3y’
2,3\
(2u w ) _auVw 220
2 2,4
4(uw2) 4utw
Average body thickness
=0.4(hip-to-shoulder length)*/?
=0.4(16)%2
3
~0.4(+16)
~25.6 ft
c =x%c
=4°8c~23c

To quadruple the capacity costs about 2.3
times as much.

a. Given the unemployment rate of 2 percent,
theinflation rateis

y =9.638(2) 3%
~ 2.77 percent.

b.  Given the unemployment rate of 5 percent,
theinflation rateis

y =9.638(5) 3%
~ 0.12 percent.

—-0.900

—-0.900

(Heart rate) = 250 (weight) ~*

= 250(16) "
=125 beats per minute

72.

74.

76.

78.

80.

82.

84.

86.

88.

90.

92.

94,

15

M a3 3
(@ T4
(2x*yz0)4 =2% x4 764 _16x16 4724

ww')? (W) _wP_ s
3,2 5 .5
W W " wW

3 2
(4Y)" 16x0y? oyt
8x’y’?
2
(5x2y32) 2Bx4y622 5 ,
T 2 XY
5(xyz)” 5x7y°z
2
(U3VW2) ubvlw® _uveiw?

9(u2W)2 outw? 9

ey Y

Average body thickness
=0.4(hip-to-shoulder length)*/?
=0.4(14)%2
3
~0.4(+14)
~21.0ft
c =x%c
=3*c~10C

To triple the capacity costs about 1.9 times as
much

a. Given the unemployment rate of 3 percent,

theinflation rateis

y=45.4(3) 7 _1
~ 7.36 percent.

b.  Given the unemployment rate of 8 percent,

theinflationrateis

y=45.4(8) > _1
~ 0.85 percent.

(Heart rate) = 250 (weight) ~/*

= 250(625) '
=50 beats per minute

© 2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.
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95.

97.

99.

101.

103.

105.

107.

109.

(Time to build the 50th Boeing 707)
=150(50) 3%
~42.6 thousand work-hours

It took approximately 42,600 work-hours to
build the 50th Boeing 707.

Increase in energy = 3284
— 307:8-67
=321 ~ 45
The 1906 San Francisco earthquake had about

45 times more energy released than the 1994
Northridge earthquake.

K =3000(225) 2 = 200

_ 60,05
S= 11 X

60 0.5
= ﬁ(3281) ~ 312 mph

u—"'_‘-'-'_‘_'_'_‘_'_'_'_'_{

Interseckion
FER L B ki - e—

on [0, 100] by [0,4]

X ~ 18.2. Therefore, the land area must be
increased by afactor of more than 18 to
double the number of species.

y =9.4x 037

y =9.4(150) 37 = 60 miles per hour

The speed of acar that Ieft 150-foot skid
marks was 60 miles per hour.

Liifi=1

y =79.9x*1*® (rounded)
b. Foryear 2020, x = 10.

y =79.9(10)°** ~ $110 billion

wrke3a

g=akx"h
2=41.6171373
b=. 328230654
reE=, 997 I5R4 28
r=. 9939745357

by

Liif=1

y = 41.6x%938 (rounded)
b. Foryear 2020, x = 11.

y = 41.6(1)* %% ~ $45.7 million

96.

98.

100.

102.

104.

106.

108.

110.

Chapter 1: Functions

(Time to build the 250th Boeing 707)

=150(250) %3
~25.3 thousand work-hours

It took approximately 25,300 work-hours to
build the 250th Boeing 707.

Increase in energy = 3284
329.0—7.7

=324 ~01
The 2011 Japan earthquake had about 91 times
more energy released than the 2011 India
earthquake.

K =4000(125)"® =160

_ 60,05
S= 1 X

60 05
= ﬁ(1650) ~ 222 mph

Interseckion
B EI T I D e—

on [0, 100] by [0,4]

X =~ 99. Therefore, the land area must be
increased by almost 100 timesto triple the
number of species.

y =9.4(350) %% =82 miles per hour

The speed of acar that left 350-foot skid marks
was 82 miles per hour.

Liifi=1

y =607x%%8% (rounded)

b. Foryear 2020, x = 12

0.0866
)

y =607(12 ~$753

Liif=1

y =26.6x"1"® (rounded)

b. Foryear 2020, x = 12.

0.176
)

y =26.6(12)°"® ~$41.2 billion
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Exercises 1.3

111.

113.

115.

117.

3, since +/9 meansthe principal square foot.
(To get +3 you would have to write +J9 )

6
Fase 2 =54 _16 while 26/2-23_3g.
2 4

m
(The correct statement is X— = x ™" )
X

x 2 = {/x , so x must be nonnegative for the
expression to be defined.

x 1 :% , so all values of x except 0, because

you cannot divide by 0.

EXERCISES 1.3

1.
5.
9.

11.

13.

15.

17.

Yes 2. No
No 6. Yes

Domain={x|x<0orx>1}
Range={y|y>-1}

a  f(x)=+/x-1
f(10)=+10-1=9=3

b. Domain={x|x>1} since f(x)=+x-1
is defined for all values of x > 1.

c. Range={y|y>0}

ool

h(-5) =

1
-5+4
b. Domain={z|z#-4} since h(z)=51; is
defined for all values of z except z=—4.
c. Range={y|y#0}

a  h(x)=xY*
h(81) =81Y4 =481=3
b.  Domain={x|x>0} since h(x) =x* is

defined only for nonnegative values of x.
c. Range={y|y>0}

a. f(x)=x*3
f(-8)=(-8)'*=(38) =(-2=4
Domain= R

Range={y|y> 0}

112.

114.

116.

118.

10.

12.

14.

16.

18.

17

Fase: 22.2°=4.8=32,while 22°=2%-¢64.

(The correct statement is x ™ - x " = x ™"

2
Fase (23)°=82-64, while 23° =2% =512

n
(The correct statement is (x™) " = x ™"

x 3 =3/x , so all values of x. For example,
83 =2 and (-8)"3=—2.

If the exponent % isnot fully reduced, it will

indicate an even root of a negative number,
which is not defined in the real number set.

No 4, Yes
No 8. Yes

Domain={x|x<-1or x>0}
Range={y|y<1}

a  f(x)=vx-4
f (40)=/40-4 =+/36 =6

b. Domain={x|x>4} since f(x)=+x—4
is defined for all values of x > 4.

c. Range={y|y>0}

a  pz)=_1
(2) z+71
h(-8) = —1
-8) —-8+7
b. Domain={z|z#-7} since h(z) =51 is

defined for all values of z except z=—7.
c. Range={y|y#0}

a  h(x)=xY®
h(8l) =644 =864 =2

b. Domain={x|x>0} since h(x)=x¥® is
defined for nonnegative values of x.

c. Range={y|y=>0}

a. f(x)=x*°
f(-32)=(-32)"°=(¥32) =(-2)* =16
Domain= R

Range={y|y> 0}

© 2010 Brooks/Cole, Cengage Learning.
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19.

21.

23.

25.

27.

o

o

f(x)=v4-x2
f(0)=v4-02=4=2

f(x)=v4-x2 isdefined for values of x
suchthat 4 — x*>0. Thus,

4-x%2>0
—x2>-4
x2<4
—2<Xx<?2
Domain={x|-2<x<2}
Range={y|0<y<2}

f (x)=v—x
f (—25)=+/-(-25)=+/25=5
f (x)=+/-x isdefined only for values of

x such that —x > 0. Thusx < 0.
Domain={x|x< 0}
Range={y|y >0}

20.

22.

24,

26.

28.

Chapter 1: Functions

-1
M=%
-1_1
=72
Domain = {x|x> 0} since f(x)z% is
X

defined only for positive values of x.

Range={y|y> 0}

f(x)=—J=x
f (~100) = —/—(-100) = —/100 = —10
f (x) = —/—x isdefined only for values

of x such that —x > 0. Thus x<0.
Domain={x|x< 0}
Range={y|y<0}
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Exercises 1.3

29.

31.

33.

35.

37.

_—b_=(C4) g
2a 2(2) 2

To find the y-coordinate, evaluate f at

x = 20.

f(20)= (20)2 — 40(20) +500 =100

The vertex is (20, 100).

on [15, 25] by [100, 120]
_—b_-(-80)_80_
2a 2(-) -2 40
To find the y-coordinate, evaluate f at
x =-40.
f (-40) = —(—40)? —80(—40) —1800
=-200
The vertex is (40, —200).

on [—45, —35] by [-220, —200]

X2 —6x-7=0

(x-7Xx+1)=0
Equals 0 Equals 0
ax=7 ax=-1
x=7, x=-1

x2 +2x =15

x24+2x-15=0
(x+5)x-3)=0
Equals 0 Equals0
ax=-5ax=3
x=-5 x=3

30.

32.

34.

36.

38.

19

_=b_-40_-40_
X=2a=20)~ 2 ~ X

To find the y-coordinate, evaluate f at
x =-20.

f(-20)= (—20)2 +40(-20) + 500 =100
The vertex is (=20, 100).

on [-25, —15] by [100, 120]

_—b_ 80 _-80_

2a 2(-1) -2 40
To find the y-coordinate, evaluate f at
X = 40.

f (—40) = —(40)? +80(40) —1800
=-200

The vertex is (40, —200).

on [35, 45] by [-220, —200]

x2-x-20=0
(x-5)x+4)=0
Equals 0 Equals 0
ax=5 ax=-4
x=5, X=-4

x2 —3x=54

x2—3x—54=0
(x-9)x+6)=0
Equals 0 Equals 0
ax=9 ax=-6
X=9, X=-6
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39.

41.

43.

45,

47.

49.

51.

2x2 + 40 = 18x
2x2-18x+40=0
x2-9x+20=0
(x-4)x-5)=0
Equals 0 Equals 0
ax=4 ax=5

x=4, x=5
5x% — 50x =0
x° — 10x=0
x(x—10)= 0
Equals 0 Equals 0
at x=0 atx=10
x=0, x=10
2x2-50=0
x2-25=0
(x-5)x+5)=0

Equals 0 Equals 0
ax=5 ax=-5
x=5 x=-5

4%2 +24%+40=4
4x% +24x+36=0
X2 +6X+9=0
(x+3)?=0
Equals 0
at x=-3
—4x%2 +12x =8
~4x%+12x-8=0
X2 —3x+2=0
(x-2)x-1)=0
Equals 0 Equals 0
ax=2 ax=1
Xx=2, x=1

2x2-12x+20=0

X2 -6x+10=0
Use the quadratic formulawitha =1, b = -6,
and c = 10.

o ~(-O)£V(-6)° - 4()(10)

2(0)
_6++/36-40

2
:% Undefined

2x% —12x+ 20 =0 has no real solutions.

3x2+12=0
x> +4=0
x2=-4
x=+J—-4  Undefined
3x% +12 = 0 has no real solutions.

40.

42.

46.

48.

50.

52.

Chapter 1: Functions

3x2 +18 =15x
3x2-15x+18 =0
X2 -5x+6=0
(x-3)(x-2)=0
Equals 0 Equals0
ax=3 ax=2
X=3, X=2

3x2-36x =0

X2 —12x = 0

X(X = 12) =0
Equals 0 Equals 0
at x=0 atx=12
x=0, x=12

3x2-27=0

X2 -9=0

(x=3)x+3)=0
Equals 0 Equals 0
ax=3 ax=-3
Xx=3, Xx=-3

3x2—6x+9=6
3x2-6x+3=0
X% —2x+1=0
(x-1)%=0
Equals 0
at x=1
—3x% +6x =24
—3x2+6Xx+24=0
x2-2x-8=0
(x-4)(x+2)=0
Equals 0 Equals 0
ax=4 ax=-2
X=4, X=-2

2x%-8x+10=0

X2 —4x+5=0
Use the quadratic formulawitha =1, b =4,
andc=5.

N S E2 G R 1)

22)
_4+4/16-20

2
:# Undefined

2x2 —8x+10 = 0 hasno real solutions.

5x2+20=0
x°+4=0
X2 =—4
x=+J-4  Undefined
5x2 + 20 = 0 has no real solutions.
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Exercises 1.3

53.

55.

57.

59.

61.

63.

65.

\ /

NV

on [-5, 6] by [-22, 6]
X=-4,x=5

N

on[-1, 9] by [-10, 40Q]
X=4,x=5

\/

on[-7, 1] by [-2, 16]
x==3

\

on [-5, 3] by [-5, 30]
No real solutions

]/

on[—4, 3] by [-9, 15]
x=-264,x=114

Y1/
W/

on [-10, 10] by [-10, 10]

a. Their slopes are al 2, but they have
different y-intercepts.

b. The line 2 units below the line of the
equation y = 2x — 6 must have y-intercept
—8. Thus, the equation of thislineis

y=2x-8.

Let x = the number of board feet of wood. Then

C(x) =4x+ 20

56.

58.

60.

62.

64.

66.

y /

N

on [-6, 4] by [-20, 6]
X=-5Xx=

3
on [0, 5] by [-3, 15]

X=2,X=3

on[-2, 3] by [-2, 18]
x=1

U

on[-5, 3] by [-5, 30]
No real solutions

\ 1/
N

on [4, 3] by [-10, 10]
x=-257,x=0.91

.4
/1N

on [-10, 10] by [-10, 10]

21

a. The lines have the same y-intercept, but

their slopes are different.

b. y:%x+4

Let x = the number of bicycles. Then

C(x) = 55x + 900
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22

67.

69.

71.

73.

75.

77.

79.

Let x = the number of hours of overtime. Then
P(x) = 15x + 500

a.  p(d)=0.45d +15
p(6) = 0.45(6)+ 15
=17.7 pounds per square inch

b. p(d) = 0.45d +15
p(35,000) = 0.45(35, 000) + 15
=15,765 pounds per
squareinch
D(v)=0.055v? + 11v
D(40) = 0.055(40)? + 1.1(40) = 132 ft

a.  N(t)=200+50t

N (2)=200+50(2)?
=400 cells

b. N (t)=200+50t>

N (10)=200+50(10)>
=5200 cells

v(x):%\/;

v(1776) =%\/1776 ~230 mph

on [0, 5] by [0, 50]
The object hits the ground in about 2.92 seconds

a. Tofind the break-even points, set C(x)
equal to R(x) and solve the resulting
equation.

C(x)=R(x)
180x+16,000=—2x?+660x
2x? —480x+16,000=0
Use the quadratic formulawith a = 2,
b =-480 and ¢ = 16,000.

_ 480,/ (~480)° ~4(2)(16,000)
N 2(2)
. 480+,/102,400 _480.+320

4
x-800 o 160

4
x=200 or 40

The company will break even when it
makes either 40 devices or 200 devices.

68.

70.

72.

74,

76.

78.

Chapter 1: Functions

Let x = the total week's sales. Then
P(x) = 0.02x + 300

B(h) =-1.8h+ 212
98.6=-1.8h+ 212
18h=113.4
h = 63 thousand feet above sealevel

D(v)=0.55v2 +1.1v
D(60)=0.55(60)2+1.1(60) =264 ft

a.  T(h=05vh
T (4)=0.5«/Z=1 second
T(8)=0.5+/8~1.4 seconds

b. T(h)=05vh T(h)=0.5vh

2=05vh  3=05h

4=+h 6=vh

h=16 ft h=36 ft
s(d)=3.86vd

5(15,000) = 3.86+/15,000 ~ 473 mph

on [0, 5] by [0, 50]
The object hits the ground in about 2.6 seconds.

b. Tofind the number of devicesthat
maximizes profit, first find the profit
function, P(X) = R(X) — C(X).

P(x)=(-2x? +660x)—(180x+16,000)
=—2x%+480x-16,000

Since thisis a parabolathat opens

downward, the maximum profit is found

at the vertex.
=480 _ =480 _
X 2(2)" -4 =120

Thus, profit is maximized when 120

devices are produced per week. The

maximum profit is found by evaluating

P(120).

P(120)=-2(120)? +480(120)—16,000
=$12,800

Therefore, the maximum profit is

$12,800.

© 2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.



Exercises 1.3

80.

81.

82.

To find the break-even points, set C(x)
equal to R(x) and solve the resulting
equation.

C()=R(x)

420x+72,000=—3x%+1800x

3x?-1380x+72,000=0
Use the quadratic formulawitha = 3,
b =-1380 and ¢ = 72,000.

X_1380J_r\/(—1380)2 —4(3)(72,000)
- 2(3)

,_1380+/1,040,400 _1380+1020
- G

6
_2400 .. 360
X= 5 or 5
x=400 or 60
The store will break even when it sells
either 60 bicycles or 400 bicycles.

To find the break-even points, set C(x)
equal to R(x) and solve the resulting
equation.
C(x)=R(x)
100x+3200=—2x%+300x
2x*—200x+3200=0

Use the quadratic formulawitha = 2,
b =-200 and ¢ = 3200.

- 2004+(~1020)2 - 4(2)(3200)

2(2)
N 200++/14,400  200+120
_320 480 B
=g oy
x=80 or 20

The store will break even when it sells
either 20 exercise machines or 80 exercise
machines.

Since thisis a parabolathat opens downward,
the monthly price that maximizes visitsis
found at the vertex.

—0.56 _
~2(~0.004) $70

23

To find the number of bicycles that

maximizes profit, first find the profit

function, P(X) = R(X) — C(X).

P(x)=(-3x?+1800x)—(420x-+72,000)
=-3x?+1380x-72,000

Since thisis a parabolathat opens

downward, the maximum profit is found

at the vertex.

— —_— pr— —_— —

X = —33892(_3) _—1330_6 =230

Thus, profit is maximized when 230

bicycles are sold per month. The maximum

profit is found by evaluating P(230).

P(230)=—3(230)>+1380(230)—72,000
=$86,700
Therefore, the maximum profit is $86,700.

To find the number of exercise machines
that maximizes profit, first find the profit
function, P(x) = R(x) — C(X).
P(x) = (-2x2 +300x) — (100x + 3200)
= —2x? +200x — 3200

Since thisis a parabolathat opens
downward, the maximum profit is found
at the vertex.

 — Jp— p—
X= —200-2(_2) _—200_4 =50
Thus, profit is maximized when 50
exercise machines are sold per day. The
maximum profit is found by evauating
P(50).
P(50) = —2(50)2 +200(50)-3200

= $1800
Therefore, the maximum profit is $1800.

(w+a)(v+b)=c

v+b=—C—

W+a
__C

W+a
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84.

86.

88.

f(1)=-0.077(1)°~0.057 (1)+1 5.

=-0.077-0.057+1

=0.866
So a 65-year-old person has an 86.6%
chance of living another decade.

f (2)=-0.077(2)?-0.057(2)+1
=-0.308-0.114+1
=0.578
So a 65-year-old person has a 57.8%
chance of living two more decades.

f (3)=-0.077(3)°-0.057(3)+1
=-0.693-0.171+1
=0.136
So a 65-year-old person has a 13.6%
chance of living three more decades.

On [0, 20] by [0, 300].
2015-1995=20
y=09x?-3.9x+12.4

y =0.9(20) 2 —3.9(20) +12.4
y=294.4

So the global wind power generating
capacity in the year 2015 is about

294 thousand megawatts.
2020 — 1995 =25

y=0.9x2-3.9x+12.4
y =0.9(25) % —3.9(25) +12.4
y=477.4

So the global wind power generating
capacity in the year 2020 is about
477 thousand megawatts.

The upper limitis
f(x)=0.7(220—x) =154 -0.7x
The lower limit is
f(x) =0.5(220-x) =110-0.5x

87.

Chapter 1: Functions

_;_ﬁ_ﬂ__ﬂ-ﬂ"'

On [10, 16] by [0, 100].

y =0.831x 2 ~18.1x +137.3

y =0.831(12) 2 -18.1(12) +137.3

y =39.764

The probability that a high school graduate
smoker will quit is 40%.

y =0.831x > —18.1x +137.3

y =0.831(16) 2 —18.1(16) +137.3

y = 60.436

The probability that a college graduate
smoker will quit is 60%.

(100 x)x =100x —x 2 or —x2+100
f(x) =100x—x 2 or f(x)=-x2+100x

Since this function represents a parabola
opening downward (because a =-1), itis
maximized at its vertex, which isfound
using the vertex formula, x = ;—g , with

a=-1and b=100.

x =100 _ 50

She should charge $50 to maximize her
revenue.

The lower cardio limit for a 20-year old is
g(20) =110-0.5(20) =100 bpm

The upper cardio limit for a 20-year old is
f(20) =154 -0.7(20) =140 bpm

The lower cardio limit for a 60-year old is
g(60) =110-0.5(60) = 80 bpm

The upper cardio limit for a 60-year old is
f(60) =154 -0.7(60) =112 bpm
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Exercises 1.4

89.

91.

93.

95,

97.

a K] Lz |L3 H I FEREEE]
11,7 | - g=axithx+c
1 he 2=. 4341991342
£ g =-3.26HZ25974
i §g c=11,64 363636
£ B2 E=,95771EE214
Lzi=11.

y =0.434x? —3.26x+11.6
b. Foryear 2016, x = 8.6.

y =0.434(8.6)* —3.26(8.6) +11.6 ~15.7%

A function can have more than one x-intercept.
Many parabolas cross the x-axis twice. A

function cannot have more than one y-intercept
because that would violate the vertical line test.

Because the function islinear and 5 is halfway
between4and 6, f(5)=9 (halfway between

7 and 11).

mis blargs per prendle and % ,soXxisin
prendlesand y isin blargs.

No, that would violate the vertical line test.
Note: A parabola is ageometric shape and so
may open sideways, but a quadratic function,
being a function, must pass the vertical line
test.

EXERCISES 1.4

1.

Domain = {x|x <-4 or x>0}
Range={y|y<-2ory>0}

a. _ 1
f(x)_—X+14
=57

b. Domain={x|x#-4}
c. Range={y|y#0}

a f(X)Zm
2
(-G -

b. Domain={x|x#1}
c. Range={y|y<Oory>4}

90.

92.

96.

98.

25
a K] Lz L= H I FEREEE]
ﬁ'-_:l ______ g=axithx+o

: Tre ==, 15308357143

i REE b=.3116871423

c c3g Cc=.333

B 7.BE R2=,235205137

Lziir=, 75

y =0.153x% +0.312x +0.335

b. Foryear 2020, x=7.

y =0.153(7)% +0.312(7) + 0.335 ~ $10
For year 2030, x = 8.

y =0.153(8)* +0.312(8) +0.335 ~ $12.60

f(4) =9, (since the two given values show
that x increasing by 1 meansy increases by 2.).

Theunitsof f(x) iswidgetsand the units of

x are blivets, so the units of the slope would be
widgets per blivet.

If aisnegative, then it will have avertex that is
its highest value. If ais positive, then the
equation will have avertex that isits lowest
value.

Either by the symmetry of parabolas, or, better,
by taking the average of the two x-intercepts:
the + part of the quadratic formulawill cancel

S —b
out, leaving just —.
g ) a

Domain={x|x<0orx>3}
Range={y|y<-2ory>2}

a. f(X) _ 1

(-1-1)°
b. Domain={x|x+#1}
c. Range={y|y>0}

2
a  f(0)= X+2

22
F(2)=Emp=1

b. Domain={x]|x#2}
c. Range={y|y<-8ory>0}
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11.

13.

15.

17.

19.

F0)= x(}(i4)

(@=5517 -1

b. Domain={x|x#0,x#-4}
c. Range={y|y<-3ory>0}

o

a  g(x)=Ix+2
9(-5=|(-5)+2=-4=3

b. Doman=R

c. Range={y|y>0}

x5 +2x4-3x3=0
x3(x2 +2x—3):0
x3(x+3)x-1)=0
Equals 0 Equals0 Equals 0

ax=0 ax=-3 ax=1
x=0,x=-3,andx =1

5x3 —20x =0
5x(x2-4)=0
5x(x-2)(x+2)=0
Equals 0 Equals0 Equals 0
ax=0 ax=2ax=-2
Xx=0,x=2,andx =-2

2x° +18x =12x?
2x3-12x% +18x =0
2x(x2 —6x+9) =0
2x(x-3)%=0
Equals 0 Equals0

ax=0 ax=3
x=0and x=3

6x° = 30x*
6x° — 30x* =0
6x*(x-5)=0
Equals 0 Equals 0
ax=0 ax=5
x=0and x=5

3x5/2 _px3/2 = gyl/2
3x5/2 _6x3/2 _gyl/2 _
3x!/2(x2 —2x-3) =0
3xY2(x-3)(x+1) =0
Equals 0 Equals0 Equals 0
atx=0 atx=3 at x=<]
x=0, x=3 and Xx><]

Valid solutionsarex =0 and x = 3.

10.

12.

14.

16.

18.

20.

Chapter 1: Functions

& - x(>1£4)
f(4)=ﬁ§_4):%

b. Domain={x]|x#0,x#4}
c. Range={y|y<—-4ory>0}

a  g)=I4+2
o(-5)=|-9+2=5+2=7

b. Domain= R

c. Range={y|y>2}

x® - x5 -6x%=0

4,2
X (X" -x-6)0
4 ( )i
x*(x-3)x+2)=0
Equals 0 Equals0 Equals 0

ax=0 ax=3 ax=-2
Xx=0,x=3,andx=-2

2x° -50x3 =0
2x3(x2-25) =0
2x3(x=5)(x+5) =0
Equals 0 Equals0 Equas 0
ax=0 ax=5ax=-5
X=0,x=5andx=-5

3x3 +12x% =12x3
x*—12x3+12x% =0
3x2(x2—4x+4):0
3x%(x=2)2 =0
Equals 0 Equals0

ax=0 ax=2
x=0and x=2

5x4 = 20%3
5x* —20x3 =0
5x3(x—4)=0
Equals 0 Equals0

ax=0 ax=4
x=0and x=4

ox712 4 8x5/2 = 24x3/2
2x7'2 18x512 _24x%/2 =0
2x32(x2 +4x-12) =0
233/2(x+6)(x-2)=0
Equals 0 Equals0 EqualsO
atx=0 at x=<6 atx=2
x=0, X=< andx=2

Valid solutionsarex =0 and x = 2.
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Exercises 1.4

21.

23.

25.

27.

29.

31.

33.
35.
37.
39.

|/

on [0, 4] by [-5,25]
x=0andx=1

e f

Y

on [-3, 3] by [-25, 10]
X~-1.79,x=0,and x~ 2.79

on [-2, 10] by [-5, 5]
Polynomial
Piecewise linear function
Polynomial

Rational function

22

24,

26.

28.

30.

32.

34.
36.
38.
40.

27

on [0, 6] by [-300, 25]
x=0andx=6

/

on [-4,2] by [-25, 10]
X~ -3.45,x=0,and x~ 1.45

on [-2, 10] by [-5, 5]
Piecewise linear function
Polynomial
Piecewise linear function
Polynomial
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41.
43,
45,

47.

49.

51.

53.

55.

57.

Piecewise linear function
Polynomial
None of these

a. Y4

b. Y1

C.

on[-3, 3] by [0, 5]
d. (0, 1) because a® =1 for any constant
a=0.

& 1(9(0)=[g()T =(7x-2y
b g(f(x)=7[f(x)]-1
1

=7(x5) -
_7X5—1
; f(g(x)):ﬁ:leﬂ
b g(1(0)=[1 (0] +1=F1

a y :[g(x)]S‘l_(xz—x)S—l
"o0d) [90T+1 (x2-x)’+1
g ) = T 1 ()
:(x3—1)2_x3—1
B+l X341
2 1(s00)=2[o(0] 6
= (l+3)—6

42

46.
48.

50.

52.

56.

58.

Chapter 1: Functions

Rational function
None of these
Polynomial

on[-1, 1] by [0, 1]
The parabolaisinside and the semicircle is
outside.

a. f(g(x))z[g(x)]gz(2x+5)8

b g(f(x))=2[ f(x)]+5=2x%+5

a X :[g(x)]4+1_(x3+x) +1
f(g( )) [g(x)]4_1 (X3+X) _1
o (T =[F(XT+
:(x4+1)3+x4+1
x'-1  x'-1
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Exercises 1.4 29

59.  f(x+h)=5(x+h)*=5(x?+2hx+h?) 60.  f(x+h)=3(x+h)"=3(x+2hx+h?)
=5x2+10hx +5h? =3x2+6hx+3h?
61.  f(x+h)=2(x+h)?=5(x+h)+1 62.  f(x+h)=3(x+h)2—5(x+h)+2
=2x*+4xh+2h* -5x—-5h+1 =3x 2 +6hx+3h2 —5x—5h+2
63. f (x) =5x° 64. f(x) =3x2
f(x+h)— f(x) _5(x+h)*-5x> f(x+h)— f(x) _3(x+h)*-3x°
h h h h
_ 5(x* +2xh+h?) —5x? _3(x* +2xh+h?) -3x*
h h
_ 5x% +10xh + 5h? — 5x° _ 3x® + 6xh +3h? —3x?
h h
_ 10xh + 5h? _ 6xh+3h?
h h
_ h(@0x+5h) _ h(6x+3h)
h h
=10x +5h or 5(2x + h) =6x+3h or 3(2x +h)
65. f(x)=2x%-5x+1 66. f(x)=3x>—5x+2
f(x+h)—f(x) _2(x+h)2—5(x+h)+1—(2x> —5x+1) f(x+h)-f(x)
h N h h
_ 2(x%+2xh+h?)—5(x+h) +1—(2x? ~5x+1) _3(x+h)?=5(x+h)+2-(3x*~5x+2)
- - .
 2x% 4 4xh+2h% —5x—5h+1—2x2 +5x—1 :3(x2+2xh+h2)—5(x+h)+2—(3x2—5x+2)
- . A
axh+2h2 —5h :3x2+6xh+3h2—5x—5h+2—3x2 +5x-2
== h
h
_h(4x+2h-5) _6xh+3n°-5h
= o
dx+2h5 _h(6x+3h-5)
h
=6x+3h-5
67. f(x)=7x%—3x+2 68. f(x) =4x% —5x+3
f (x+h)—f(x) _ 7(x+h)2=3(x+h)+2—(7x%-3x+2) f(x+h)—f(x)
h - h h
_7(x%+2xh+h2)—3(x+h)+ 2 (7x% ~3x+2) _ 4(x+h)?—5(x-+h)+3-(4x° ~5x+3)
- - .
7x2 +14xh+7h? —3x—3h+2—7x? +3x—2 :4(x2+2xh+h2)—5(x+h)+3—(4x2—5x+3)
= ‘ A
14xh+7h%—3h :4x2 +8xh+4h%—5x—5h+3-4x%+5x—3
= h
h
_h(14x+7h-3) _8xh+4h?-5h
R .
~14x+7h-3 _h(8x+4h-5)
h
=8x+4h-5
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69. f(x)=x3

fx+h)—f(x) _ (x+h)®—x°
h h
_ x3 +3x%h +3xh? + h® - x®

_ 3x%h +3xh® + h*
h

_h(3x® +3xh +h?)
h

=3x% +3xh+h?

71. f (X) — g
X

\N
< N

fx+h) - f(x) _ x+
h

> |5

2 2
_x+h x X(x+h)
h X(x + h)
_2x=2(x+h)
hx(x + h)
_2x=2x-2h
hx(x + h)
—2h
hx(x +h)
-2
X(x+h)

8. f=L
X

1 1

fx+h) - () _ (x+h)? x2

h h
1 1

(x+h)? 2 ) x2(x + h)?
h x2(x + h)?

x2 — (x + h)?

hx?(x + h)?

x> —x% —2xh —h?

hx2(x + h)2

_ —2xh—h?

 hx(x+h)?

_ h(-2x-h)

" hx(x+h)?

—2x—=h or —2x—=h

- xz(x+h)2 xz(x2+2xh+h2)
-2x—h

or ———=0—
x4+ 2x3h + x°h?

Chapter 1: Functions

70. f(x)=x*
f(x+h)—f(x) _ (x+h)*-x*

h h
:x4+4x3h+6x2h2+4xh3+h4—x4
:4x3h+6x2h2+4xh3+h4

h
_h(4x®+6x°h+4xh?+h%)
h
=4x3+6x°h+4xh2+h®
72, f=3
X
3 _3
fx+h)-f(¥) _x+h x
h h
.3 3
_x+h x X(x+h)
h X(x + h)
:3x—3(x+h)
hx(x +h)
_3x=3x-3h
hx(x +h)
__ -3h
hx(x +h)
__ -3
X(x+h)
74, f()=x
f(x+h) = (0 _ Jxrh-vx
h h
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Exercises 1.4

75. a. 2.70481
b. 2.71815
C. 2.71828
d. Yes, 2.71828

77.  Thegraphof y=(x+3)? + 6 is the same shape as the

graph of y= x° but it is shifted left 3 units and up 6

units.
Check:

[

on [-10, 10] by [-10, 10]

7. P(x)=522(1.0053)"
P(50)=522(1.0053)*° ~680 million people in 1750

81. a. For x = 3000, use f(x) = 0.10x.
f(x)=0.10x
f(3000) = 0.10(3000) = $300
b. For x = 5000,
use f(x) = 0.10x.

f (x)=0.10x
f (5000)=0.10(5000)=$500
C. For x = 10,000,

use f(x) = 500 + 0.30(x — 5000).
f(x) = 500 + 0.30(x — 5000)

(10,000) = 500+ 0.30(10,000 —5000)
=500+ 0.30(5000)
= $2000

76.

31

X X
[13)
X

100 | 2.70481
10,000 | 2.71815

1,000,000 | 2.71828
10,000,000 | 2.71828

Yes, 2.71828

78.  Thegraphof y=—(x —4)2 + 8 isthe same
shape asthe graph of y=—x? but it is shifted
right 4 units and up 8 units.

Check:

[\
N

7

on [-10, 10] by [~10, 10]

80.  P(100)=522(1.0053

82. a

)100

~ 886 million people in 1800

For x = 3000, use f(x) = 0.15x.
f(x)=0.15x
f(3000) = 0.15(3000)= $450
For x = 6000,
use f(x) = 0.15x.
f (x)=0.15x
f (6000)=0.15(6000)=$900
For x = 10,000,
use f(x) = 900 + 0.40(x — 6000).
f(x) = 900 + 0.40(x — 6000)
f(10,000) = 900 + 0.40(10,000 — 6000)

— 900 + 0.40(4000)
— $2500
2500 -
2000 -
1500 -
1000 -
500 -

| | | .
T T T > X

3000 6000 9000
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83.

85.

87.

&  For x:%, use f(x)=10.5x.

f (x) =10.5x
2\ _ 2
f(s)_10'5(3)
=7 years
For x=%,use f(x) =10.5x..

f (x) =10.5x
4)_ 4
f(3)-1o0s(3)
=14 years
For x=4,use f(x)=21+4(x-2).
f(x)=21+4(x-2)
f(4)=21+4(4-2)
=21+4(2)
=29 years
For x=10,use f(x)=21+4(x-2).
f(x)=21+4(x-2)
f(10)=21+4(10-2)
=21+4(8)
=53 years
y

12345672829

Substitute K = 24- L into 3L+8K =48.
3L+8(24- L) = 48
3L+%:48
312 +192 = 48L
3L2-48L+192=0
3(L2-16L+64) =0
3(L-8)°=0
So, L=8.
And K=24~8‘1=%=3

Theintersection point is (8, 3).

First find the composition R(v(t)).
R(v(t))=2[v(t)]”
=2(60+3t)**
Then find R(v(10)).
R(v(10))=2(60+3(10))"* =2(90)"*
~ $7.714 million

X
10 “t+—t+—+++++++>

84.

86.

88.

Chapter 1: Functions

a. 2

For x:g,use f(x)=15x.

f (x) =15x

-ty

=10 years
For x:%,use f(X) =15+9(x-1).

f(x)=15+9(x-1)
4)_ 4_
f(4)-15+9(2-1)
=18 years
For x=4,use f(x)=15+9(x-1).
f(x)=15+9(x-1)
f(4)=15+9(4-1)
=15+9(3)
=32 years
For x=10,use f(x)=15+9(x-1).
f(x)=15+9(x-1)
f(10) =15+9(10-1)

=15+9(8)
=56 years
b. ¥

60

50

40

30

20

10

1234561789

Substitute K =180- L into 5L + 4K =120 .
5L +4(180- L) =120
5L+7—EO:120
512 +720 =120L
512 -120L+720=0
5(12 —24L+144) = 0
5(L-12)*=0
So, L=12.
And K =180-121 =%=15

Theintersection point is (12, 15).

We must find the composition R(p(t)).

R(p(t)=3[p(1)]"

=3(55+4t)"”

R(5)=3[55+4(5)] %
=3(75)%2° ~$8.8 million
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89. a  f(x)=4'"=1048576 cells
~1 million cells
b. (15 = 4% =1,073 741,824 cells
No, the mouse will not survive beyond
day 15.
9. a e
5=9.801 874805
=. 53474455395

==L 2998935613

Liif=1

e e b F = TR T

y =9-0.547" (rounded)

b. Foryear 2020, X = 6.
y =9-0.547% ~ 0.24 weeks
or lessthan 2 days

93. One will have “missing points’ at the
excluded x-values.

95, A slope of 1isatax of 100%. That means, all
dollarstaxed are paid as the tax.

9. T (f(x)=(f(x)+a
=(x+a)+a
=X+2a

99. f (x+10) isshifted to theleft by 10 units.

101 Faser f(x+h)=(x+h)2=x%+2xh+h?,

not x2+h?.

103. a —

on [-5, 5] by [-5, 5]
Note that each line segment in this graph
includes its left end-point, but excludes

its right endpoint. So it should be drawn
like &=,

b. Domain= R; range = the set of integers

105. &  f(g(x))=al[g(x)]+b=alcx+d)+b
=acx+ad +b

b. Yes

90.

92.

94.

96.

98.

100.

102.

104.

106.

33

The value 2020 — 2012 = 8 corresponds to the
year 2020. Substitute 8 for x.

f (8) = 226(1.11)® ~ $521 billion
There will be about $521 billion
of e-commerce in the year 2020.

Liida=1
y =19.04-1.096* (rounded)

b. Foryear 2020, x = 5.

y =19.04-1.096° ~ 30.1 million

x¥2 11 isnot apolynomial because the

exponent is not a non-negative integer.
FOf(x)=a(f(x)
=a(ax)
—a’x

f(x)+10 istranslated up by 10 units.

f(x+10)+10 isshifted up 10 unitsand left 10
units.

True: f(x+h)=m(x+h)+b
=mx+b+mh
= f(x)+mh

on [-10, 10] by [~10, 10]

b. Domain = R ; range = the set of even
integers.

a. f(g(X)):[g(X)}Z:(XZ)Z:XA
b. Y es, because the composition of two

polynomials involves raising integral
powersto integral powers.
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Chapter 1: Functions

REVIEW EXERCISESAND CHAPTER TEST FOR CHAPTER 1

1 {x|2<x

5. Hurricane: [74, «); storm: [55, 74);
gale: [38, 55); small craft warning: [21,38)

7. y—(=3)=2(x-1)
y+3=2x-2
y=2x-5

9. Since the vertical line passes through the
point with x-coordinate 2, the equation of the
lineisx=2.

11. First, calculate the slope from the two points.
-3-3 _-6
= ====-2
=2 (1) 3
Now use the point-slope formula with this
dope and the point (-1, 3).

y=3=-2[x—(-1)]
y—3=-2x-2
y=-2x+1

13. Since the y-intercept is (0, -1), b=-1. To
find the slope, use the slope formula with the
points (0, —1) and (1, 1).
I G
m=—5"= 2
Thus the equation of thelineisy = 2x—1.

15. a. Usethe straight-line depreciation

formula with price = 25,000, useful
lifetime = 8, and scrap value = 1000.

g price — scrap value

Value = price _( useful lifetime )
— 25, 000— ( 25,00%71000 )t
= 25,000 - (@)t

= 25,000 - 3000t
b.  Valueafter 4 years= 25 000 —3000(4)
= 25,000-12,000
= $13,000

2.

10.

12.

14.

16.

{x]-2<x<0}
TN T S N NI |
T T T T T
-3 -2 -1 0

{xIx<6)
S EEmpasmnes

4 5 6 7 g 9

(0, )
(=0, 0)
[0, )
(-0, 0]

y—6=-3x-(-1)]
y—6=-3x-3
y=-3X+3

coop

Since the horizontal line passes through the
point with y-coordinate 3, the equation of the
lineis

y=3.

First find the slope of theline x+2y =8.
Write the equation in slope-intercept form.

1
=—=X+4.
y 2

The slope of the perpendicular lineis m = 2.
Next, use the point-slope form with the
point (6, —1):
y=y1=m(x-x)
y+1=2(x-6)
y=2x-13

Since the y-intercept is (0, 1), b=1. To find the
slope, use the slope formula with the points (O,
1) and (2, 0).

m=91l-_1

20" 2
The equation of thelineis y :—%x+1

a. Usethe straight-line depreciation formula
with price = 78,000, useful lifetime = 15,
and scrap value = 3000.

price — scrap value)

Value = price _( useful lifetime

—78,000— (78’00;)§3000)t

= 78,000 (522}t

= 78,000 —-5000t
b.  Valueafter 8 years= 78 000 — 5000(8)
= 78000 — 40, 000
= $38, 000
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Review Exercises and Chapter Test for Chapter 1

17.

18.

20.

22.

24,

26.

28.

29.

30.

3L

a L1 Lz L: | RT:EE)
) [ JIE u=ax+h
z 77 a=5,684
i }%E b=-2.45
________ i =, 9995594215
=, 9993345971
Liir=1
y =5.04x—2.45

For the year 2020, x = 12
y =5.04(12) - 2.45=58.03
or about 58 thousand

2 2
-5

13.97

a  y=086x%%
y = 0.86(4000) %4’ =42.4

The weight for the top cold-blooded
meat-eating animalsin Hawaii is 42.4
Ibs.

a. y=1.7x0%%2
y =1.7(4000) %% =126.9

The weight for the top warm-blooded
plant-eating animals in Hawaii is 126.9
Ibs.

L1t =1

y = 4.55x*%4® (rounded)

a  f(11)=V11-7=+4=2

b. Domain = {x| x> 7} because vx—7
is defined only for al values of x> 7.
C. Range={y|y>0}

19.

21.

23.

25.

27.

32.

35

b.  Thenumber isincreasing by about 5000
3D screens per year.

1000Y2 = #1000 =10
3 3
100—s/z:(¢)3/2: 1) (1) _ 1
100 100 10 1000

)00 () -

112.32

b. y=0.86x%%
y = 0.86(9,400,000) *47 =1628.8

The weight for the top cold-blooded meat-
eating animalsin North Americais 1628.8
Ibs.

b. y=1.7x0%%2
y =1.7(9,400,000) *? = 7185.8
The weight for the top warm-blooded
plant-eating animals in Hawaii is 7185.8
Ibs.
b. Foryear 2020, x = 12.
y = 4.55(12)°% < $22.5 billion

a.
9(-1)= -11+3 :%

b. Domain={t|t#-3}

c. Range={y|y#0}
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33.

35.
37.

39.

41.

42.

& n(16)-16"" - (L] e =(

R

b. Domain={w]|w>0} becausethefourth
root is defined only for nonnegative
numbers and division by 0 is not
defined.

c. Range={y|y>0}

5oy
&l
N
w

B

1\ 2
a. 3x% +9x=0
X (x+3)=0
EqualsO EqualsO

ax=0 ax=-3
x=0andx=-3

a 2x%2-8x-10=0
2(x2-4x-5)=0
(x=5)(x+1)=0
Equals0 EqualsC
ax=5 ax=-1
x=5and x=-1

34. a
b.
C.
36. No
38.

Chapter 1: Functions

413 4
g4 _(1) "3l
w(8)=8 (8) ( 8)
-4
2 16
Domain={z|z+ 0} because division by 0
is not defined.

Range={y|y> 0}

40.

Use the quadratic formulawitha = 3,
b=9,andc=0

9+,9 2(—)4(3)(0) os A
2(3 6

-9+9

x=0andx=-3
Use the quadratic formulawith a = 2,
b=-8,andc=-10
~(-8)£4/(-8)> ~ 4(2)(-10)
2(2)
_8+£64+80
4
_8+12

4
=5-1

x=5andx=-1
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Review Exercises and Chapter Test for Chapter 1

43.

47.

49.

51.

a. 3x2+3x+5=11 44,

3x2+3x-6=0
3(x2+x-2)=0
(x+2)(x-1)=0

Equals0 EqualsQ
ax=-2 ax=1

x=-2and x=1
b.
343 -4(3)(-6) __35.9+72
2(3) 6
_ 3+.81
h 6
_ -39
6
=-21
Xx=—2andx=1
a. Use the vertex formulawith a = 1 and 46.
b =-10.
=h ﬂ 10 5

X=2a~"2@) T 27

To findy, evaluate f(5).

f (5)=(5)> -10(5)-25=-50
The vertex is (5, -50).

b.
on [-5, 15] by [-50, 50]
Let X = number of miles per day. 48.

C(x) =0.12x + 45

Let x = the dtitude in feet. 50.
—70__X_
T(x)=70 300

a. Tofindthe break even points, solve the 52.

equation C(x) = R(x) for x.
C(x)= R(x)
80X +1950 = —2x2 + 240X
2x% ~160x +1950= 0
x> — 80X +975= 0
(x-65)x-15)=0
EqualsO0 EquasC
ax=65 ax=15
Xx=65and x=15
The store breaks even at 15 receivers and
at 65 receivers.

37

x=landx=-1

a. Use the vertex formulawith a = 1 and

b=14.
_=h_=14_ _
X= 2a_2(1)_ 7

Tofindy, evaluate f(-7).
f(=7)= (-7)* +14(-7)- 15= —64
The vertex is (-7, —64)

b. \ /
\_/

on [-20, 10] by [-65, 65]

Use the interest formulawith P = 10,000 and
r =0.08.
I(t) = 10,000(0.08)t = 800t

Let t = the number of years after 2010.
C(t)=0.45t+20.3

25=0.45t+20.3
t ~10.4 years after 2010; in the year 2020

a. Tofindthe break even points, solve the
equation C(x) = R(x) for x.
C(x)=R(x)
220x + 202,500 = —3x% +2020x
3x% —1800x + 202,500 = 0
x? —600X + 67,500 = 0
(x—450)(x~150) =0
Equals0 Equals(
at x =450 at x =150
X =450 and x =150
The outlet breaks even at 150 units and 450
units.
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51.

53.

54.

56.

58.

60.

b. Tofind the number of receivers that
maximizes profit, first find the profit
function, P(x) = R(X) — C(X).

P(x) = (-2x? +240x) — (80x +1950)
=-2x2+160x —1950

Since thisis a parabolathat opens
downward, the maximum profit is found
at the vertex.

—b _ -160 _ -160

2a 2(-2) 4
Thus, profit is maximized when 40
receivers are installed per week. The
maximum profit is found by evaluating

P(40).
P(40)= —2(40)2 +160(40) —1950
=$1250
Therefore, the maximum profit is $1250.
a sckea
w=axE+hto
a=1.675
=, 435
c=21,625
RE=, 2993386469
Liifi=1
y =1.675x% +0.435x + 21.625 (rounded)
a 3.4

RRECTEER

b. Domain={x|x#0,x#2}

c. Range={y|y>0ory<-3}
a  g(-4)=|-4+2-2=2-2=0
b. Domain=%R

c. Range={y|y>0}

5x 4 +10x 3 =15x 2
5x 4 +10x3-15x2 =0
5x2(x2+2x-3)=0
x2(x+3)(x—l):0
EqualsO0 EqualsO0 Equals0

ax=0 ax=-3 ax=1
x=0, x=-3, andx=1

2x%2 —8x¥? =10x¥?
2x¥% —8x¥?2 ~10x¥2 =0
2x42(x? —4x-5)=0
xY2(x=5)(x+1) =0
Equals 0 Equals 0 Equals 0
atx=0 atx=5 at x=<1
x=0, x=5 and x=<1

Only x =0 and x=5 are solutions.

52.

55.

57.

59.

61.

Chapter 1: Functions

b. Tofind the number of unitsthat maximizes
profit, first find the profit function, P(x) =
R(X) — C(X).

P(x) = (-3x" +2020x ) - (220x + 202,500)
= —3x® +1800x — 202,500

Since thisis a parabolathat opens
downward, the maximum profit isfound at
the vertex.

—b _ —1800 _ —1800
X=--= = =300

2a 2(-3) -6
Thus, profit is maximized when 300 units are
installed per month. The maximum profit is
found by evaluating P(300).

P(300)=—3(300)2 +1800(300)-202,500
=$67,500
Therefore, the maximum profit is $67,500.

b. Foryear 2020, x = 12.

y =1.675(12)? +0.435(12) + 21.6
~ $268 billion

a. ) 16 _16_1
f(-8) (-8)(-8+4) 32 2
b. Domain={x|x#0, x#-4}

c. Range={y|y>0ory<-4}
a  9(-5)=(-5)-|-5=-5-5=-10
b. Doman=%9R

c. Range={y|y=>0}

4x° +8x* =32x3
4x5+8x4-32x3=0
4x3(x2+2x-8)=0
x3(x+4)(x—2):0
EqualsO0 EqualsO0 EqualsO

ax=0 ax=-4 ax=2
x=0, Xx=-4, andx =2

3xY2 +3x%2 =18xY?
3x¥2 +3x¥2 -18x¥2 =0
3xY2(x2 +x—6) =0
X2 (x+3)(x-2) =0
Equals0 Equals0 EqualsO
atx=0 at x><3 atx=2
x=0, X=><3 andx=2

Only x=0and x = 2 are solutions.
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Review Exercises and Chapter Test for Chapter 1

62. 1 63.

64. 65.

66. 67. a  f(g(x))=49(x)=+5x—4
b g(f(x))=5[ f(x)]-4=5Vx -4
68. 69. a  f(g(x)=|g(x)|=|x+2|
b g(f(x)=[f(x)]+2=|x|+2
70. f(x)=2x2-3x+1 71 f(x):§
f(x+h)— f(x) X e s
o , Fx+h) - () _x+h x
:2(x+h) =3(x+h)+1-(2x“—-3x+1) h h
h _5 _5
 2(x%+2xh+h?)-3(x+h) +1—(2x% —3x+1) _x+h x X(x+h)
- h h X(x +h)
_ 2x% +4xh+2h? ~3x—3h+1-2x% +3x~1 :%(X“Lh)h)
h X(X +
_4xh+2h2-3h =w
h
_h(4x+2h-3) - hx(—i 5
h
=4x+2h-3 = X(X—f o

© 2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.



40
72. Theadvertising budget A asafunction of tis 73.
the composition of A(p) and p(t).
A(p(1)=2[ p(t)]™*° =2(18+2t)*"
A(4)=2[18+2(4)]""° =2(26)*"
~ $3.26 million
74. a. X2 +2x%2-3x=0 75.

x(x2+2x-3)=0
x(x+3)(x-1)=0

Equas0 EqualsO0 Equals0
ax=0 ax=-3 ax=1
x=0, x=-3 and x=1

b. / j
|

on [-5, 5] by [-5, 5]

Chapter 1: Functions

x*=2x3=3x* =0

X2 (x2—2x—3)=0

X2 (x=3)(x+1) =0

Equals 0 Equals 0 Equals 0

atx=0 atx=3 atx=-1
x=0, x=3 andx=-1

\

1)

on [-5, 5] by [-5, 5]

Liti=]1

y =6.52-0.761"

For year 2020, x = 4.
y=6.52.0.761* ~ 2.2
2.2 crimes per 100,000
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