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b) Forx-values from 5-to 2,-they-values decrease from 3 to
Chapter 2

1. Forx-values from 2-to 1, they-values decrease from 3
to 1. And forx-values from 3 to 5,

More on Functions

. they-values decrease from 2 to 1. Thus the function
Exercise Set 2.1

Forx-values from->5 to 1, they-values increase from
-3 to 3. Thus the function is increasing on the
interval (-5,1).

b) Forx-values from 3 to 5, they-values decrease from
3 to 1. Thus the function is decreasing on the inter-
val (3,5).

c) Forx-values from 1 to 3,yis 3. Thus the function
is constant on (1,3).

2.a) Forx-values from 1 to 3, they-values increase from 1
to 2. Thus, the function is increasing on the interval
(1,3).

b) Forx-values from 5-to 1, they-values decrease
from 4 to 1. Thus the function is decreasing on the
interval (=5,1).

c) Forx-values from 3 to 5,yis 2. Thus the function
is constant on (3,5).

3.a) Forx-values from 3-to %; they-values increase
from-4 to 4. Also, forx-values from 3 to 5, the y-
values increase from 2 to 6. Thus the function is
increasing on (-3,-1) and on (3,5).

b) Forx-values from 1 to 3, they-values decrease from

3 to 2. Thus the function is decreasing on the inter-
val (1,3).

c) Forx-values from-5 to-3,yis 1. Thus the func-
tion is constant on (-5,-3).

4.a) Forx-values from 1 to 2, they-values increase from 1
to 2. Thus the function is increasing on the interval
(1,2).
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is decreasing on (-5,-2), on (-2,1), and on (3,5).

c) Forx-values from 2 to 3,yis 2. Thus the
function isconstant on (2,3).

5.a) Forx-values from-eto—-8, they-values increase
from—eoto
2. Also, forx-values from-3 to-2, the y-values
increase from-2 to 3. Thus the function is
increasing on (—e,—8)and on (-3,-2).
b) Forx-values from-8 to—6, they-values decrease
from 2to-2. Thus the function is decreasing on
the interval (-8,-6).

c) Forx-values from-6 to-3yis—2. Also, forx-
values from—2 toee,yis 3. Thus the function is
constant on(—6,-3) and on(-2,).
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6.a) Forx-values from 1 to 4, they-values increase
from 2 to 11. Thus the function is increasing on
the interval (1,4).

b) Forx-values from-1 to 1, they-values
decrease from 6 to 2. Also, forx-values from
4 tooo, they- values decrease from 11 to—oe.
Thus the function is decreasing on (-1,1)
and on (4,).

c) Forx-values from—-eoto—1,yis 3. Thus the
func- tion is constant on(—ee,~1).

~.Thex-values extend from-5 to 5, so the domain is
[=5,5]. They-values extend from-3 to 3, so the range
is [-3,3].

8.Domain: [-5,5]; range: [1,4]

9.Thex-values extend from—5 to—1 and from 1 to 5,
so the domain is[-5,-1]U[1,5].

They-values extend from—4 to 6, so the range is [-4,6].
10.Domain: [-5,5]; range: [1,3]

11.Thex-values extend from—eotoeo, so the domain
is (—oo,00).

They-values extend from—eoto 3, so the range is (—,3].
12.Domain: (—ee,0); range: (—o<,11]

13. From the graph we see that a relative maximum value
of the function is 3.25. It occurs atx= 2.5. There is no
relative minimum value.

The graph starts rising, or increasing, from the left and
stops increasing at the relative maximum. From this
point, the graph decreases. Thus the function is
increasing on (—<<,2.5) and is decreasing on (2.5,%).

14. From the graph we see that a relative minimum value
of 2 occurs atx= 1. There is no relative maximum
value.

The graph starts falling, or decreasing, from the left and
stops decreasing at the relative minimum. From this
point, the graph increases. Thus the function is
increasing on (1,e°) and is decreasing on (—oo,1).

15. From the graph we see that a relative maximum value
ofthe function is 2.370. It occurs atx= 0.667. We
also see that a relative minimum value of 0 occurs
atx= 2.

The graph starts rising, or increasing, from the left and
stops increasing at the relative maximum. From this
point it decreases to the relative minimum and then
increases again. Thus the function is increasing on
(=20,—0.667) and on (2,). Itis decreasing on (-0.667,2).

16. From the graph we see that a relative maximum value
of 2.921 occurs atx= 3.601. A relative minimum value
0f 0.995 occurs atx= 0.103.
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17.

18.

19.

The graph starts decreasing from the left and stops de-
creasing at the relative minimum. From this point it in-
creases to the relative maximum and then decreases again.
Thus the function is increasing on (0.103,3.601) and is de-

creasing on (—o<,0.103) and on (3.601,).

The function is increasing on (0,22) and decreasing on
(~o0,0). We estimate that the minimum is 0 atx= 0.

There are nomaxima.

),

Increasing: (—e,0)
Decreasing: (0,%°)
Maximum: 4 atx= 0
Minima: none

SR =5—Ix]

The function is increasing on (—e,0) and decreasing on

12345

VL

(0,ck We estimate that the maximum is 5 atx= 0.

There are nominima.

20.

21.

22,

23.

Increasing: (—3,e0)
Decreasing: (—o0,—3)
Maxima: none

Minimum:-5 atx=-3

12345

1 .
B i
i f3f(x)=|x+3]—5
: 4 I
: 5 il

12345

C2f(x)=x2—6x+10

The function is decreasing on (—e<,3) and increasing on
(3,9k We estimate that the minimum is 1 atx= 3.

There are no maxima.

y

f(x)=—x2—8x—9

Increasing: (—eo,—4)
Decreasing: (—4,°)
Maximum: 7 atx=—4

Minima: none

246810 X

Beginning at the left side of the window, the graphfirst
Copyright © 2013 Pearson Education, Inc.



drops as we move to the right. We see that the function is
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decreasing on (—,1). We thenfind that the function is
increasing on (1,3) and decreasing again on (3, )eFhe
MAXIMUM and MINIMUM features also show that the
relative maximum is—4 atx= 3 and the relative minimum
is—8 atx=1.

T
N

Increasing: (—e0,—2.573), (3.239,)
Decreasing: (-2.573,3.239)

Relative maximum: 4.134 atx=—2.573
Relative minimum:-15.497 atx= 3.239

S

(WY,

25.

Wefind that the function is increasing on (-1.552,0) and
on (1.55200) and decreasing on e -1.552) and on
(0,1.552). The relative maximum is 4.07 atx= 0 and

the relative minima are 2.314 atx= 1-552 and 2.314
atx=1.552.

26.

Increasing: (=3,°)
Decreasing: (—o0,—3)
Relative maxima: none

Relative minimum: 9.78 atx=-3

27.a) y x2 300x 6
50,000

0 300

b) 22,506 ata= 150

c) The greatest number of baskets will be sold when
$150 thousand is spent on advertising. For that
amount, 22,506 baskets will be sold.

28.a) y880.1x281.2x 8 98.6
110

90

b) Using the MAXIMUM feature wefind that the rel-
ative maximum is 102.2 att= 6. Thus, we know
that the patient’s temperature was the highest at
t= 6, or 6 days after the onset of the illness and
that the highest temperature was 102.2°F.

8x
29. Graphy=

x2+1
Increasing: (-1,1)
Decreasing: (—e,—1), (1,)

x2+1

Increasing: (0,%°)

30. Graphy=

Decreasing: \/(—oo,O)

31. Graphy=x 4-x 2, for-2<x<2.
Increasing: (-1.414,1.414)
Decreasing: [—2,—1\./414), (1.414,2)

32.Graphy=—-0.8x  9-x 2, for—3<x<3.
Increasing: (-3,-2.121), (2.121,3)
Decreasing: (-2.121,2.121)

33. Ifx= the length of the rectangle, in meters, then the
480-2x
width is 2
lengthxwidth:
A(x) =x(240—x),or
A(x) = 240x—x 2

, or 240-x. We use the formula Area =

34. Leth= the height of the scarf, in inches. Then the length
of the base = 2h —7—.1

A(h) = 5(2h=7)(h)
A(h) =h2— h
2

35. Aftertminutes, the balloon has risen 120tft. We use the

Pythagorean theorem.
d(t)]? = (120t)% + 4002

d(t) = (1208)2+4002
We considered only the positive square root since distance
must be nonnegative.

36. Use the Pythagorean theorem.
[A(d)]? + (3700)2=d 2
[A(d)]?=d 2-3700 2

N T =
h(d)= d2 3700 2Taking the
positive square root
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37. Letw= the width of the rectangle. Then the
402w

length = , or 20-w. Divide the rectangle into

quadrants as shown below.

20—-w

w

In each quadrant there are two congruent triangles. One
triangle is part of the rhombus and both are part of the
rectangle. Thus, in each quadrant the area of the rhombus is
one-half the area of the rectangle. Then, in total, the area

of the rhombus is one-half the area of the rectangle.
1

AW) =, (20-w)(w)

2

w
A(w) = 10w- —

46-2
38. Letw= the width, in feet. Then the length = ) w ,

or 23-w.
A(w) = (23-w)w
A(w) = 23w-w2

39. We wil 1 use similar triangles, expressing all distances in
1
feet. 6 in.= 5 ft,sin. = 112 ft, anddyd = 3dft We

have

des) = 1.

N

40. The volume of the tank is the sum of the volume of a sphere
with radiusrand a right circular cylinder with radiusr
and height 6ft.

V(r)= Tmrs+ 612
3
41.a) If the length =xfeet, then the width = 30—xfeet.
A(x) =x(30—x)
A(x) =30x—x 2
b) The length of the rectangle must be positive and

less than 30 ft, so the domain of the function is
{x10< x <30}, or (0,30).

c) We see from the graph that the maximum value of
the area function on the interval (0,30) appears to
be 225 whenx= 15. Then the dimensions that yield
the maximum area are length = 15 ft and width
=30-15, or 15 ft.

42.3)  A(x) =x(360-3x), or 360x-3x 2
360
b) Thedomainis x O<x < —- ,or

{x10< x <120}, or (0,120).

¢) The maximum value occurs whenx= 60 so the
width of each corral should be 60 yd and the total
length of the two corrals should be 360 360, or
180 yd.

43.3) [fthe height of thefile isxinches, then the widthis
14-2xinches and the length is 8 in. We use the
formula Volume = length width height tofind
the volume ofthefile.

V(x) = 8(14-2x)x,0r
V(x) =112x-16x 2
b) The height of thefile must be positive and less than
half of the measure of the long si de of the pie ce of

14
plastic. Thus, the domain is x0<x< - or
{xl0< x <7}.

) y112x 16x2
250
0O 7

d) Using the MAXIMUM feature, wefind that the
maximum YRl oG Yo hans Brmctigp occurs when

44.a) When a square with sides of lengthxis cut from
each corner, the length of each of the remaining sides
of the piece of cardboard is 12-2x. Then the di-
mensions of the box arexby 12-2xby 12-2x. We

use the formula Volume = lengthxwidthxheight
tofind the volume of the box:
V(x) = (12-2x)(12-2x)(x)
V(x) = (144—48x+ 4x 2)(x)
V(x) = 144x—48x 2+ 4x3
This can also be expressed asV(x) = 4x(x—6) 2, or
V(x) = 4x(6—x) 2
b) The length of the sides of the square corners that
are cut out must be positive and less than half the
length of a side of the piece of cardboard. Thus, the
domain of the function is{x|0< x <6}, or (0,6).
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c) y84x(68x)?
200

0

d) Using the MAXIMUM feature, wefind that the
maximum value of the volume occurs whenx= 2.
Whenx= 2, 12-2x=12-2-2 = 8, so the dimen-
sions that yield the maximum volume are 8 cm by
8 cm by 2 cm.

45.a) The length of a diameter of the circle (and a di-
agonal of the rectangle) is 2-8, or 16 ft. Letl=

the length of the rectangle. Use the Pythagorean
theorem to writelas a function ofx.
x2 +l 2 =162

x2+l 2 =256
I2=256 x2
I= 256—x 2

Since the length must be positive, we considered
only the positive square root.

Use the formula Area = length width tofind the
area of the rectangle:

AX)=x 256—x?2

b) The width of the rectangle must be positive and less
than the diameter of the circle. Thus, the domain of
the function is{xl0< x <16}, or (0,16).

) Y8X\/56gx?

150

d) Using the MAXIMUM feature, wefind that the max-

imum are/a_occurs whenxis_about 11.314. Whenx~
11.314, 256—x 2 = 256—(11.314)2=11.313.

b) The length of the base must be positive, so the do-
main of the function is{xIx >0}, or (0,=°).

) .523200

X

NI

o Y20

1000

of ¥ T

d) Using the MIMIMUM feature, wefind that the
minimum cost occurs whenx=8.618. Thus, the
dimensions that minimize the cost are about

320
8.618 ft by 8.618 ft by , or about 4.309 ft.
(8.618)2

x+ 4,forx<1,
8—x,forx >1

Since—4<1,g(—4) =—4 +4=0.

47-g(x) =

Since 0<1,g(0) =0+ 4 = 4.
Since 1<1,g(1) =1+ 4 =5.
Since 3>1,g(3) =8-3 =5.

- 3,forx< -2,
48 = 1
2 x+ 6,forx >-2
f=5)=3
f-2)=3
1

f0)=,-0+6=6
1
f2)=52+6=7

—3x—18,forx <5,
49.h(x) = 1,for-5<x <1,
x+ 2,forx>1

Since-5 is in the interval [-5,1),h(-5) = 1.
Since 0 is in the interval [-5,1),h(0) = 1.

Thus, the dimensions that maximize the area are about 11.314 ft by 11.313 ft. (Answers may vary slightly due to rounding

differences.)
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64./09 =" [1)-2

This function can be defined by a piecewise function with
an infinite number of statements:

i

-[.2,f120r—15x <0,

_ 7 Zfor 051,
) = J—112f0r 1<x <2,

J-1,for 2<x <3,

H

[ h(x) g 2

2 2%%

[ &0
0

65.From the graph we see that the domain is (<) and
the range is (—o,0)U[3,2°).

66.Domain: (—eo,); range: (—5,2°)

67. From the graph we see that the domain is (—es,%) and
the range is[-1,).

68.Domain: (eo,); range: (—o,3)
69.From the graph we see that the domain is ( ) and

—o0o, oo
’

the range is{yly< —2or y=—1or y=2}.
70.Domain: (—oo,e°); range: (—eo,—3]U(-1,4]

71.From the graph we see that the domain is ( ) and
therangeis 524 9,00

{-—,—, }. An equation for the function is:
-2,forx <2,
flx)= -5forx=2,
4. forx >2

72.Domain: (—ee,e°); range:{yly=—30r y=0}

—3,forx <0,

X)=
9 x,forx=0

73.From the graph we see that the domain is (—eo,deand
the range is (—eo,1]U2s9. Finding the slope of each

segment and using the slope-intercept or point-slope for-
mula, wefind that an equation for the function is:

x forx< —1,
gx)= 2ford<xz
x,forx >2
This can also be expressed as follows:

74. Domain: (—eo,o3; range: y{y 26y 0 An}
equation for the function is:

x|, forx <3,
—2,forx>3
This can also be expressed as follows:

h(x) =

_x,forx<0,

h(x) = xfor O< x <3,
—2,forx>3

It can also be expressed as follows:

—x,forx <0,

h(x) = x,for 0<x <3,

—2,forx>3

75. From the graph we see that the domain is [ 5,3] and the
range is ( 3;5). Finding the slope of each segment and

using the slope-intercept or point-slope formula, wefind
that an equation for the function is:

x+ 8,for—5<x <-3,
h(x) = 3,for—3<x<1,
3x—6,for 1< x<3
76.Domain: [-4,%); range: [-2,4]

—2x—4,for-4<x<-1,
flx) = x-1(for-1<x<2,
2,forx>2

This can also be expressed as:
—2x—4,for-4<x <—1,

flx) = x-1for-1<x <2,
2,forx>2

77.f(x) =5x2-7

a) f[-3) =5(-3) 2-7 = 5-9-7 = 45-7 = 38

b) f(3) =5:32-7=5-9-7 =45-7 = 38

¢) fla) =5a2-7

d) fl-a) = 5(-a) 2-7 = 5a 2-7

78.f(x) = 4x 3 _5x
a) f[2) =4-23-5-2=4-8-5-2 =32-10 = 22
b) f{-2) = 4(-2) 3-5(-2) =4(-8)-5(-2) =—-32 +
10 =-22

c) fla) = 4a 3-5a
d) f(—a) = 4(—a) 3-5(—a) = 4(—a 3)-5(—a) =
—4a3 + 5a
79. Firstfind the slope of the given line.
8x-y=10
8x=y+ 10
8x-10 =y

The slope of the given line is 8. The slope of a line per-

Bendicuiar to this line is the opposite of the reciprocal of
, or .
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x forx< —1,
gx)= 2for-1<x<2,
x,forx=>2
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yy 1=m(x—x 1)
y 1= Hx-(-1)]
8

1
(x+1
y-1=- 8(X+ )

1 1
y-l=- gX° g
1 7
y=m g ¥t g -
80.2x9y+1=0
2x+1=9y

2 1
Slope: _y-intercept: 0,
9 9

81.Graphy=x 4+ 4x3-36x 2-160x+ 400
Increasing: (-5,-2), (4,>)
Decreasing: (—e,—5), (-2,4)
Relative maximum: 560 atx=—-2

Relative minima: 425 atx=-5,-304 atx= 4

82.Graphy=3.22x 5-5.208x 3-11
Increasing: (—o,—0.985), (0.985,)

Decreasing: (-0.985,0.985)
Relative maximum:-9.008 atx=-0.985

Relative minimum:—12.992 atx= 0.985

83.a) The functionC(t) can be defined piecewise.
2,for O< t <1,

4. for 1<t<2,

~ 6,for 2<t<3,
)= .

G-

We graph this function.

[

8 0
6 0
41 0

\\\\>
2 4¢

b) From the definition of the function in part (a),
we see that it can be written as

C(t) = 2[[t]] + 1,t >0.

84.1f [[x+ 2]] = 3,then 3 x+2< 2,0r
—_ —_ g —_

86.2) The distance fromAtoSis 4-x.
Using the Pythagorean theorem, wefind that the

distance fromStoCis 1 +x\/2.
ThenC(x) = 3Q00(4—x)+5000 ++x2, or 12,000-
3000x+5000 2

1+x72.

b) Use a graphirg calculator to graphy= 12,000—
3000x+5000 1 +x 2in a window such as
[0,5,10,000,20,000], Xscl =1, Yscl = 1000. Using
the MINIMUM feature, wefind that cost is mini-
mized whenx= 0.75, so the line should come to
shore 0.75 mi fromB.

87.a) We add labels to the drawing in the text.

A 6-r B

We write a proportion involving the lengths of the
sides of the similar trianglesBCDandACE. Then
we solve it forh.

h _10
6r 106
h="(6-1)= 2(6-r)
3605 3
— r
h=—""
303

Thus,h(r)= o7 .
3

b) V=1rr 2h
30-5r

V(r) =mr 2 Substituting forh

3
¢) Wefirst expressrin terms ofh.
30-5r
h:
3
3h= 30-5r
5r=30-3h
30-3h
r=
5
V=rrr 2h
30-3h 2

V(h) =1 h

Copyright © 2013 Pearson Education, Inc.



—5<x <—4. The possible inputs forxare Substituting forr
{x|—5=<x <—4}. 30-3h 2

85.1f [[x]] 2= 25, then [[x]}= 5 or [[x]] = 5. For WecanalowriteV) =mh
— < 5x < 4,[[x}} =5.Fors x <6, [[x]] = 5.

Thus, the possible inputs forxare
{x|—5=<x <—4o0r5=x <6}.

Copyright © 2013 Pearson Education, Inc.
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Exercise Set 2.2

1. (f+g9)(5) =A(5) +g(5)
=(52-3)+(2:5+1)

=25-3+10+1
=33
2. (f9)(0) =f(0):9(0)
= (02-3)(2:0+ 1)
—-3(1).=—3
3. () DA DG 1)
o
(1) -3)-2(-1)+ 1)
=2-(-1)=2+1
=1
4 (9)2) =2)9(2)

2-3)(2-2+1
s a2y

0

Since division by 0 is not defined, (f/g) — 2 -1

exist.

6. (f~9)(0) =f(0)-g(0)
= (02-3)—-(2:0 + 1)

=—3-1=-4
1 1 1
U -, o -, 9
12 1
:—_4~0:O
\/
VA3 -

does not

9. (g-N(-1) =g(-1)-A-1)
=[2(-1) + 1]-[(-1) *-3]
=(-2+1)-(1-3)
-1-(-2)
-1+2

- -3

0
—1
T4
=0

11.  (h-g)(-4) =h(-4)9(-49)

=(-4+4) 41
-

=0- -5

Since —5isnotareal number, (h—g)(—4) does not exist.

12. (gh)(10) =g(10)-h(10)
= \}H@}o +4)

= 9(14)
=314 =42
g(1)
H(1)
1-1
AN
0
% =
5

14. (/1) ="

g9(1)
1 +4

13- (9/M)(1) =

0

Since division by 0 is not defined, (h/g)(1) does not exist.
15. (g+h)(1) =g(11/+h(1)

:\/11+(1+4—)

Copyright © 2013 Pearson Education, Inc. -
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8. (9= 3)= m =00;5 5
= + =
(- 3312-3 16. (hg)(3)=h(3)g(3) ___
= ﬂ*ﬁ \/
203) + 1 =(3+4) 31
0 \/_
= ﬁi—z 0 =72
-23+1
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17.f(x) = 2x+ 3,g(x) = 3-5x

a) The domain offand ofgis the set of all real numbers,

or (—eo,c2). Then the domain off+g,f~g ff,

andfgis also (—es,%). Forf/gwe must exclude

sinceg 53 = 0. Then the domain off/gis

U ,eo .Forg/fwe must exclude
5

5 smcgf— 5= 0. The domain ofg/fis

—oo,— _U— _,oo.

b) (frg)(x) =Ax) +g(x) = (2x+ 3) + (3-5x) =
—-3x+ 6

(F9)(x) =f(x)—g(x) = (2x+ 3)—(3-5x) =
2x+ 3—-3 + 5x=7x

(fg) () =fx)-g(x) = (2x+ 3)(3-5x) =
6x—10x 2+ 9-15x=—10x2-9x+ 9

N =) flx) = (2x+ 3)(2x+ 3) =

4x2 + 12x+ 9 oxe 3
W) =70 =2
g(x) 3-5x
(9/n0 = = 35
Ax) 2x+3

18.f(x) =—x+ 1,9(x) = 4x-2
a) The domain off,g,f+Igf—gfg, andffis

(—oo, oo) SmcEg = 0, the domain off/gis
%mcef(l) = 0, the domainof

— oo,

2 2 ’
9/fis (—e2,1)U(1,50).
b) (frg)(x) = (—x+ 1) + (4x-2) = 3x-1

(F9)(x) = (—x+ 1)—(4x-2) =

—x+ 1-4x+ 2 =—5x+ 3 +6 2
(9) (%) = (~x+ 1)(4x-2) =—4x 2  x-
(FH () = (—x+ 1)(~x+ 1) =x 2—2x+ 1

==x+1
D=,
(02 ax2
9/fx —x+ 1
19.()= 3,()= +4
fx x- gx X

a) Any number can be an input inf, so the domain of
fis the set of all real numbers, or (—oo,).

3
5

The domain off/gis the set of all numbers in
the domains offandg, excluding those for which
g(x) = 0. Sinceg(—4) = 0, the domain off/gis
(—4,>°).
The domain ofg/fis the set of all numbers in

d fgand luding those fo h
ol sy et hoss S
[—4,3)U(3,°°) \/

b) (frg)(x) =flx) +g(x) =x-3 +

o705 75,

NE) = 1) = 3) 2=x

X+ 4

SRS

2—6x+9
Ax)  x=3
WD = 5= Vew 4
gx) —
(9/n() = ™ x3
N—
20.f(x) =x+2,g(x) = x-1

a) The domain offis (—e,e). The domain ofg
consists of all the values ofxfor whichx-1 is
nonnegative, or [1,0). Then the domain of

f+g.f~g, andfgis [1,e2). The domain offf
is {—oo ,2). Sinceg 51) = 0, the domain off; g
1,00). Sincef(-2) =0 and-2 is notin t

domain ofg, the domain ofg/fis [1,e°).
b) (frg)(x) =x+2+ x-1

N
ERWTEF 1
fg x x X—

(N = (x+ 2)(x+ 2) =x 2+ 4x+ 4

X+ 2

9 = Vx_v—l_
x=1

WNX) =557

21.f(x) =2x-1,g(x) =—2x 2

a) The domain offand ofgis (—es,e). Then the
domain off+g,f~g,fg, andffis (—oo,o°).

Forf/g, we must exclude 0 sinceg(0) = 0. The

dom%rhgt%gligo(g ef’ gol -)0 F’Pﬁ‘g/dcimam of
2 f 2
a/fis —eot U L.
2 2

The domain ofgconsists of all values ofxfor which x+4 is
nonnegative, so we havex+4>0, orx> —4.Thus, the domain
ofgis [~4,%0).
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The domain off+g,f g andfgis the set of all b) (f+g9)(x) =f(x) +g(x) = 2x-1)+ (-2x 2) =

numbers in the domains of bothfandg. This is —2x2 + 2x—1
[~4,%). (Fa)X) =f1x)-g(x) =(2x-1)—(2x  2)=
The domain offfis the domain off; or (—ee,). 2x2 + 2x-1
(f9)(x) =fx)g(x)= (2x-1)(—2x 2) =
—4x3 + 2x2
N =) fx) = (2x-1)(2x-1) =
4x2—4x+1
W) () Y = 2=
gx)  —2x?

C =9ﬂ= —2x2
a/f fx) 2x-1

Copyright © 2013 Pearson Education, Inc.
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22.f{x) =x2-1,g(x) = 2x+ 5

a) The domain offand ofgis the set of all real num-
bers, or (—eo,e). Then the domain off+ g,f-g,

5
fgandffis (—e=,%°). Sinceg s —5 5 =0, the

domain off/gis — oo— U= 5. Since
(1) = 0 andf{(-1) = 0, the domain ofg/fis
(—oo,—1)u(—1,1)u(1,°).
b) (f+g)(x) =x 2—1 + 2x+ 5 =x 2+ 2x+ 4
(fF9)(x) =x 2-1-(2x+5) =x 2-2x-6
(f9) (%) = (x2—1)(2x+5) = 2x3 +5x2-2x-5

(X)) =(x2-1)2=x4-2x2+1
x2—

e

(9/p(x) = 245

23.f(x) = x3gx)= x+3

a) Sincef{x) is nonnegative for values ofxin [3, )so
this is the domain off. Sinceg(x) is nonnegative
for values ofxin [-3,o0), this is the domain ofg.
The domain off+g,f~g, andfgis the intersection
of the domains offandg, or [3,o°). The domain

offfis the same as the domain off, or [3,%°). For
f/g, we must exclude-3 sinceg(-3) = 0. This is
not in [3, ¢rso the domain off/gis [3, ). Fes

9g/f, we must exclude 3 sincef{3) = 0. The domain

ofg/fis (3,°). N N
b) (frg) (x) =Alx) +g(x) = x—3+ X+3
v N
FHE =9 = 13- x4
v N

(9 () =x)-g(x) = \k__3— x;7_3£ 2 g
N =Ax) fx) = 3 3

v'
(/9 () = W

/N 4(:
\/

24.f(x)= xg9x)= 2—x
a) The domain offis [0, ). The domain ofgis
(—e=,2]. Then the domain off+g,f g, and
fgis [0,2]. The domain offfis the same as the
domain off, [0,k Sinceg(2) = 0, the domain of
1/gis [0,2). Sincef(0) = 0, the domain ofg/fis
(0,2]. -

b) v

25.f(x) =x+ 1,g9(x) =IxI
a) The domain offand ofgis (—es,e2). Then the
domain off+g,f~g,fg, andffis (—eo,o°).

Forf/g, we must exclude 0 sinceg(0) = 0. The
domain off/gis (—<,0)U(0,°). Forg/f, we

must exclude—1 sincef{(—1) = 0. The domain of
9/fis (=e==1)U(=1,%).
b) () (x) =fx) +g(x) =x+1 +Ix|
=9 x) =fx)—g(x) =x+ 1—IxI
() =fx)g(x) = (x+ 1) IxI
N —f(x) f(X) =(x+1)(x+1) =x 2+ 2x+ 1

(779 = N

(9/N) =X

x+1
26.f(x) = 4Ixl,g(x) = 1—x

a) The domain offand ofgis (~e=, 3 Then the

domain off+g,fg,fg, andffis (—e<,=} Since

g(1) =0, the domain off/gis (e 1)1, Jo
Sincef{0) = 0, the domain ofg/fis
(=2=,0)uU(0,°).
b) (frg)(x) = 4lxI+ 1—x
(f~9)(x) = 4lxI—(1—x) = 4IxI—1 +x

( J))=4 (1 )=4

f9 x x| —x IxI— xlxI
(fAX) = 4lx! 4lxI= 16x 2

41xl
G

1—x
(9/Nx) =-4lxI

27.f{x)=x gx)=2x +5x 3
3 2 -

a) Since any number can be an input for eitherforg,
the domain off,g,f+g,f~g.fg, andffis the set
of all real numbers, or (—oo,).

Sinceg(-3) =0 andg = 0, the domain off/g

2

—eo,— U -3 S U
Sincef{0) =0, the domain ofg/fis
(—==,0)U(0,=).
b) (f+g)(x) =f(x) +g(x) =x 3+ 2x2+ 5x-3

(F9)X) =f(x)—g(x) =x  3—(2x2+5x-3) =
x3—2x 2—-5x+3
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(Frg)(x) = x+ 2 x (f9) () =f(x)-g(x) =x 3(2x2+ 5x—3) =

FPNE= %, 2-x
P = * d—z:X—: Voe=x2 (ff)(%(ﬁssfwfé\’j £x 3-x3=x6
N— )= =

M=V~ _ x2=kx (o m T

—\/x ffgx g(x) 2x2+5x-3
() =N— (]t g(x) 2x2+5x-3

2 2=x a/fx)=  _ .
whHx)= X ) x

X
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28.5(;)() =x2-4,g(x) =x 3

The domain of and of is ( )- Then the

domain of + ,f ). Since

) g —00,00

f 9 f~g9f9, andffis (—ee,c°
g(0) =0, the domain off/gis (—o°,0)U(0,°°).

Sincef{—2) = 0 andf{2) = 0, the domain ofg/f

is (—e0,~2)U(~2,2)U(2,°).
D) )T e 4 X 20kt x2 4ax 2 -4

VAR Z 8 HBE D3 S8y 2 + 16

W) = 2
C )=
9/fx oz
4 1

29.f[x) = x+1.9(X)= -

a) Sincex+ 1 = 0 whenx=-1, we must exclude
—1 from the domain off. It is (—eo,—1)U(-1,°°).
Since 6—x= 0 whenx= 6, we must exclude 6 from
the domain ofg. It is (—o,6)U(6,2°). The domain

off+g.,f g andfgis the intersection of the

domains offandg, or (—eo,—1) [ 1,6) (6, =3
The domain offfis the same as the domain off,
or (—eo,1)f & ¥=Since there are no values

ofxfor whichg(x) = 0 orf(x) = 0, the domain of
f/gandg/ﬁs (—W,—l)U(—1,6)U(6,°°).

b) (F+g) () =fTx) +g(x) = Yo
x+1T 6—x

( 4 1
R =)-g(x¥)= x+1t 6-x
4 1 4

(D) =fx)gx)= x+1 6-x  (x+1)(6-x)
4 4 16

N =) fx) =

x+1 x+1_ (x+1)2,0r

16
X2 + Z2x+ 1

x4 4 6—x 4(6—x
) =" " 1= =

1 x1 1 x+1

6-x

g_—lx 1 x+1 1
/px) = X = _ _x+1

4 6-x a4  4(6-x)
x+1

b)

31./00 =1 g(x) =x 3

a)

b)

111
(FF9)(x)=2x2 —
+
2X—5
(F9)(x) = 2x 2—
x—5
2. 2 4x2

fea=2x - x5~

(fHA(x) =2x 2-2x 2= 4xa4

(/9) ) =22 22 22052 —x 5(x-5) =x 3-5x2

—2 2

X
P 2 1 1 1

@/Ne) =57 = :

Tx-5 2x2 xz(x—5)= x3-5x2

X
Sincef{0) is not defined, the domain offis

(=22,0)U(0,°°). The domain ofgis [g—oo,oo).
Then the domain off+g,f gfg, andffis
(—e=,0){0, & Sinceg(3) = 0, the domain of
f/gis (e=,0)(0,3)3, 3o There are no values
ofxfor whichf{x) = 0, so the domain ofg/fis
(=2=,0)u(0,2°).

1
(+9)(x) =f(x) +g(x)= *x3

X

1
(x3)= _x+3

(FF9)(x) =f(x)—g(x) =

3
() (¥) =Ax)-9(x) =L -(x=3) = =3 ,or1-=

bYs bYs bYs
e ) = =
X x x?
) 1
Woeo = -0 o=t b=t
X— x x3 x(x—-3)
(9/N(x) =% =% % =(x-3)- =x(x—3),or
fly 4 1
x2—3x

32.(x) = x+6g(x) = |

a)

The domain off{x) is [-6,%°). The domain ofg(x)
is (==,0)U(0,%°). Then the domain off+g,
f~g, andfgis [-6,0)U(0,e=). The domainofff
is [=6,2°). Since there are no valuesofxfor which
g(x) = 0,the domainoff/gis[—6,0)U(0,°). Since
f(—6) =0, the domain ofg/fis (—6,0)U(0,°).

2 b) (frg)(x) =
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v 1

X+ 6+

30.f[x)=2x 2,9
jS )l‘he domaln 0ff1"§"(5<>° o). Sincex—5 = 0 when
x= 5, the domain ofgis (—o,5)U(5,%°). Then the
domain off+g,f~g, andfgis (—<°,5)U(5,%°).

The domain offfis (—eo, J Since there are no
values ofxfor whichg(x) = 0, the domain off/g

is (—22,5)U(5,2°). Sincef(0) = 0, the domain of
9/fis (=2=,0)u(0,5)U(5,>°).

Vi 6=
FPE= X% o
) =y ~

X+ 6-

X X

fFAX)= x+6 x+6=lx+6l

\/

>
:
<

—x+-1

(79)(x) =

X =

Copyright © 2013 Pearson Education, Inc.
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1
@Hey=N* =ty !

X+ 6 X X+ 6 XXx+6

3 v
33/x) = gx) = x1 ——
x—2
a) Sincef(2) is not defined, the domain offis
(—e=,2)02, $=Sinceg(x) is nonnegative for val-
ues ofxin [1, ¢ethis is the domain ofg. The
domain off+g,f g-andfgis the intersection
of the domains offandg, or [1,2) (2} ).bhe
domain offfis the same as the domain off, or
(—eo,2)02, ¥Forf/g, we must exclude 1 since
g(1) =0, so the domain off/gis (1,2) (2u ). o
There are no values ofxfor whichf{x) = 0, so the
domain ofg/fis [1,2)U(2,°).

v
b) ()0 M) 490 = 5+ 51

\/
FPNE =AD-gX) = x2 — x-1 +

())=() )= > Do >*1

fg x fx-gx )§_2 X,
N =) Ax) =

a3
(79)(x) V-
g)(x)= =
9K N = e-2) -1
) g - X _ (x-2) *x-1
/% ) —3 3
2 X2
34.fx) = 9(x) =
4—x x-1

a) The domain offis (—e2,4)U(4,°°). The domain
ofgis (—e°,1)U(1,%°). The domain off+g,f-g,
andfgis (—°,1)u(1,4)U(4,>°). The domain of
ffis (—o2,4)U(4,°=). The domain off/gand of
9/fis (===, 1)U(1,4)U(4,).

5
NGOG R
- 12
4—x x—1 10
(f9)x) = =
4% x=] [4—{) (x-1)
N = : =
4-x 4-x (4—x) 2
2 2 1
X—
9 x) ===

35. From the graph we see that the domain ofFis [2,11] and
the domain ofGis [1,9]. The domain ofF+Gis the set

of numbers in the domains of bothFandG. This is [2,9].

36. The domain of F-GandFGis the set of numbers in the
domains of bothFandG. (See Exercise 33.) This is [2,9].

The domain ofF/Gis the set of numbers in the domains
of bothFandg, excluding those for whichG= 0. Since
G >0 for all values ofxin its domain, the domain of F/G
is [2,9].

37. The domain ofG/Fis the set of numbers in the domains of
bothFandG(See Exercise 33.), excluding those for which
F=0. SinceF(3) = 0, the domain ofG/Fis [2,3)U(3,9].

38.
y
8,
(=
i
- FG
2L
4 6 8 10 x
Z,
39. y
6L
4r GF
2L
L 2 4 \6 8 10 %
Z,
41
40.
Y
6l
r FG
4
2+ //
Ll 2 4/6 8 10 X
2
4L

41. From the graph, we see that the domain ofFis [0,9] and
the domain ofGis [3,10]. The domain ofF+Gis the set

of numbers in the domains of bothFandG. This is [3,9].

42. The domain ofF-GandFGis the set of numbers in the
domains of bothFandG. (See Exercise 39.) This is [3,9].

Copyright © 2013 Pearson Education, Inc.



x—1

5
(0/N0) =2 24X
2 2(x-1)

4—x

The domain ofF/Gis the set of numbers in the domains
of bothFandg, excluding those for whichG= 0. Since

G >0 for all values ofxin its domain, the domain ofF/G
is [3,9].

43. The domain ofG/Fis the set of numbers in the domains
of bothFandG(See Exercise 39.), excluding those for
whichF= 0. SinceF(6) = 0 andF(8) = 0, the domain
ofG/Fis [3,6)U(6,8)U(8,9].
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Exercise Set 2.2

113

44.(F+G)(x) =F(x) +G(x)

o
T T T T T T T T T T
1
(9}

TSN
2
\2\\‘\‘\6\\8\\1\0\§
45.
y
6+
J GB8F
2,
L 244 6 810x
82}
6.
4 y
41
2L FG
7\\\\\\\\\\
2 6 8,10 =«
2,
4

47.a) P(x) =R(x)-C(x) = 60x-0.4x 2—(3x+13)=
60x-0.4x 2—3x-13 =-0.4x 2+ 57x-13

b) R(100) = 60-100-0.4(100) 2= 6000-0.4(10,000) =

6000-4000 = 2000
€(100)=3-100 +13=300+13 =313

P(100) =R(100)-C(100) = 2000-313 = 1687

48.a) P(x) = 200x—x 2—(5000 + 8x) =
200x-x 2 -5000-8x=—x 2+ 192x-5000

b) R(175) = 200(175)-175 2= 4375

€(175) = 5000 + 8:175 = 6400
P(175) =R(175)-C(175) = 4375-6400 =—2025

(We could also use the function found in part (a) to
findP(175).)

49.f(x) = 3x-5
flx+h) = 3(x+h)-5 = 3x+ 3h-5
flx+h)—fx) _ 3x+3h—5-(3x=5)

h h
_ 3x+ 3h—-5-3x+ 5
h
h

50. f[x) = 4x-1
f(x+h]h—f(X) _4(x+h]—1—h(4x—1)

4x+ 4h—1-4x+1
h
51.f(x) = 6x+ 2
flx+h) = 6(x+h) + 2 = 6x+ 6h+ 2
flx+h)—f(x) _ 6x+ 6h+ 2—(6x+ 2)

h

h h
_ 6x+6h+ 2—6x—2
h
6h
=_ = 6
h

52.f(x) = 5x+ 3

flx+h)—f(x) _ 5(x+h) + 3—(5x+3) _
h h

5x+ 5h+ 3-5x-3 5h_
h = =5

5300 = T x+ 1

3 1 101

hy= _ (erh)+1=
flx+h) 3 3x+ 3h+1

101 1
flx+h)—flx) _ 3%+ gh+1- ox+1
h h
1 1 1
— §h+1— 3X—1
=3 h
_3" 1
h 3
54.f(x) == " x+7
2
1 1
fix+h)—f(x) 5 (x+h) +7— — X+ 7
h - h
1 1 1 1
X M7 7 —gh a1
h h 2
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114
55-ﬂx) _ 58.x) =
3x X
flx+h) =—2 _1 _ -1
3(x+h) 1 - 1 Sx+h)—f(x) x+h x  _
fix+h)—fx) _ 3(x+h) 3x_ 1xh 1 x+h h X x+h
h h Tx+h x  x x+h  x(x+h) @ x(x+h)
1 X 1 x+h = 17 =
X .3% xTh —x+x+h h
R AL XCerh)  _ X(x+h) hooo1 1
T — h h x(x+h) h ~ x(x+h)
_ 3x(x+h) 3x(x+h)
- h 59.f(x)=x 2+1
x—(x+h) x—x—h flx+h) = (x+h) 2+ 1 =x 2+ 2xh+h 2+ 1
_ _3x(x+h) _ 3x(x+h) x+h)—f[x) _x2+ 2xh+h 2+ 1—-(x 2+ 1)
- h - h =
h h
—=h _Xx2+2xh+h 2+ 1x2-1
_ 3x(x+h) _ =h 1
- h ~ 3x(x+h) h 2xh+h 2
_ —h _=1-h/ i ~—
3x(x+h)-h 3x(x+h)-h/ _ h(2x+h)
1o 1 .
3x(x+h) 3x(x+h) h 2x+h
1 = h_ — 1
56.f) =, = 2x+h
1 _1 1 x — 1x+h
flx+h)—f(x) _ 2x 2(x+h) x 2x x+h 60.f(x) =x2-3
h h - h - flx+h)—flx) _ (x+h) 2-3—(x 2-3) _
X x+h x—x—h —h - "
2xe+h) _Zaéeﬁh} 2x{x+h) 2xbe+h) x2+ 2xh+h 2-3-x 2+ 3 _ 2xh+h 2 _h(2x+h) _
h - h h h h h
~=h 1_ 1 2x+h
2x(x+h)  h 2x(x+h)’ 2x(x+h) 61.f(x) = 4-x 2
1
_— flx+h) = 4—(x+h) 2=4—(x2+2xh+h2)=
57-/(x) =
/) ax 1 4—x 2—2xh—h 2
Sfix+h) =— 4( +21 flx+h)—f(x) _ 4—x 2—2xh—h 2—(4—x 2)
X 1 l h
- - = _4x 2—2xh—hh2 —4 +x 2
X+ I X 4(x+h) 4x B
h _—2xh—h 2 _h/(=2x=h)
1 x _ 1 xh TR
4(x+h) x 4x  x+h — 2%h
- h 62.f[x)=2-x2
Tax(fen T SOckh)Alx) 2-(x+h) 2 ~(2-x 2)
) F(xFh = =
= h h h
—x+x+h h 2—x2-2xh—h 2-2 +x 2 _—2xh—h 2 _
_ Ax(x+h) _ 4x(x+h) h h
h h h(=2x=h) __,

Copyri
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h 1_ h/1 1 h
4x(x+h) h™ 4x(x+h)-h/_ 4x(x+h) 63.f(x) =3x 2-2x+ 1
Sflx+h) = 3(x+h) 2-2(x+h) + 1 =
3(x2+ 2xh+h 2)-2(x+h) + 1=
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3x2+ 6xh+ 3h 2—2x-2h+ 1
fx) =3x2-2x+1

fix+h)—f(x)
h —3

(3x2+ 6xh+ 3h 2—2x—2h+ 1)—(3x 2—2x+ 1)

h
3x2+6xh+3h2—-2x—2h+1-3x 2+ 2x-1 _
h

6xh+3ho—2h _h(6x+3h 2) _
h h1

h 6x+3h=2 _ ¢\ 3n2

h 1
64.f(x) =5x 2+4x

flx+h)—f(x) (5x2+10xh+5hp-+4x+4h)—(5p+4x) _

h h
10xh+5h2+4h =10x+ She 4
—_—

65.f(x) =4 +51x|
Sf(x+h) =4 + 5x+hl
flx+h)—flx) _ 4+5lx+hl—(4+5x])
h h

_ 4+ 5|x+h|—4-5|x]
B h

_ Slx+hl-=5Ix]
B h
66.f(x) = 2Ix|+ 3x
fix+h)—f(x) _ (2lx+hl+3x+3h)—(2|x|+3x)
h h
2|x+h|—=2Ix|+ 3h
h
67.f[x) =x 3
flx+h) = (x+h) 3=x 3+ 3x2h+ 3xh 2+h 3
flx) =x3
fix+h)—f(x) _ x3 + 3x2h+ 3xh 2+h 3—x 3 _

h h

3x2h+ 3xh 2 +h 3 _h(3x2 + 3xh+h 2) _
h h1

h 3x2+ 3xh+h 2 2 2

—. — =3x + 3xh+h

68. h()= 12
fx x3—Xx
fix+h)—f(x) _(x+h)3-2(x+h)—(x3-2x) _
h - h
x3+ 3x2h+ 3xh 2+h 3—-2x—2h—x3+2x
n
3x2h+3xh2 +h3—2h _ h(3x2+3xh+h 2—2) _

Copyright © 2013 Pearson Education;.
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x+h—4 x=4

T e Y,

(x+h—4)(x+ 3)—(x—4)(x+h+ 3)

x+h+ 3,
T

h(x+h+ 3)(x+ 3)
X2+ hx—4x+3x+3h—12—fx hx+3x—4x—4h—12)

het+h+3Ne+3
AH+H A+ H XS

)
J
x2 +hx—x+ 3h—12—-x 2 —hx+x+ 4h+ 12

h(x+h+ 3)(x+ 3)
7h h 7

h(x+h+ 3)(x+ 3) h (x+h+ 3)(x+ 3)

7

(x+h+ 3)(x+ 3)
X

70.f(x) =

2—x
x+h X

flx+h)—f(x) _ -

2—(x+h) 2—x _
h h =
(x+h)(2—x)—x(2—x—h)
(2—x—h)(2—x)
h
2Xx—x 2 + 2h—hx—2x+x 2 +hx
(2—x—h)(2—x)

h

2h
(2=x-h)(2-x) _

h

2h 1 2

(2-x-h)(2-x) h o (2-x-h)(2-x)

71.Graphy= 3x-1.

72,

Wefind some ordered pairs that are solutions of the equa-

tion, plot these points, and draw the graph.
Whenx=-1,y= 3(-1)-1 =—3-1 =—4.
Whenx=0,y=3-0-1 = 0-1 =—1.

Whenx=2,y=3-2-1=6-1= 5.

Y
x|y
_1 _4 4
0|-1 :
2 5 42 4 X
2

4l yBx 1

::PS

2

4l



69. ( h h
3x2 + 3xh+h 2 -2
)=x 4
fx x+3
x+h—4 x—4

flx+h)=flx) _ x+h+ 3  x+ 3 _
h h
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73.Graphx-3y= 3.
First wefind thex- andy-intercepts.
x-3-0=3
x=3
Thex-intercept is (3,0).
0-3y=3
-3y=3
y=-1
They-interceptis (0,-1).
Wefind a third point as a check. We letx= 3 and solve
fory.
-3-3y=3
-3y=6
y=2
Another point on the graph is (=3,-2). We plot the points

and draw the graph.
y

IS

21 x3y 3

74.

>

4.2, 24 X
2| g
x1
A
_ = _1
75. Answers may vary;f(x) = g —
x+7 x-3

76. The domain ofh+f,h—f, andhfconsists of all numbers
that are in the domain of bothhandf, or{-4,0,3}.

The domain ofh/fconsists of all numbers that are in the
domain of bothhandf, excluding any for which the value
offis 0, or{—4,0}.

7
77. The domain ofh(x) is xx = 3 and the domain ofg(x)

7
is{xlx =3}, s0 ; and 3 are not in the domain of (h/g)(x).

We must also exclude the value ofxfor whichg(x) = 0.
x4—1 -0
5x=15

x4a-1=0
x4 =1

Multiplying by 5x-15

x=*1

Exercise Set 2.3

1. (g)(-1) =flg(-1)) =A(-1) 2-2(-1)-6)=
fl1+2-6)=f-3)=3(-3)+1=-9+1=-8

2. (9°)(=2) =9(f(=2)) =g(3(-2) + 1) =g(-5) =
(-5)2-2(=5)-6 = 25 + 106 = 29

3. (h°f)(1) =h(f(1)) =h(3-1 + 1) =h(3 + 1) =

h(4) = 43 = 64
aigm 1 1 13 1 2
=9 h,=g 298~
12 1 11 399
8 28 °T64 4 T 6a

5. (9°A(5) =g9(f(5)) =9(3:5+ 1) =g(15 + 1) =
g(16) = 162-2-16-6 = 218

1 _ 1 _

6. (fog) 3 _f 9 § _f - -2
1 2 59 59 56
T9=3765~ g =3-g +1l=3

7. (FPR)(=3) =Ah(-3)) =A(-3) %) =-27)=

3(-27) +1=-81+1=-80

8. (h°g)(3) =h(g(3)) =h(3 2-2:3-6) =

h(9-6-6) =h(-3) = (-3) 3 =-27

9. (9°9)(-2) =g(g(-2)) =g((-2) 2 -2(-2)-6) =

g(4+4-6)=g(2) =2 2-2:2-6 = 4-4-6 =6

10. (9°9)(3)=g9(9(3)) =9(3 2-2-3-6) =g(9-6-6) =

g(-3)=(-3)2-2(-3)-6=9 +6-6=9
11.(h°h)(2) =h(h(2)) =h(2 3) =h(8)=83=512
12.(h°h)(-1) =h(h(-1))=h((-1) 3)=h(-1)=(-1)3=-1
13. (A4 =U-4)) =A3(-4) +1) =12+ 1) =

A-11)=3(-11) + 1=-33 + 1 =-32
14. (FA) =) =A3-1 + 1) =3+ 1) =f(4) =
34+1=12+1=13
15.(h°h)(x) =h(h(x)) =h(x 3) = (x3)3=x o

16. (PN (X) =f(x)) =A(3x+1) =3(3x+ 1) + 1 =

9x+3+1=9x+4
17. (f9)(x) =lg(x)) =fx-3) =x-3 + 3 =x
(9°N(x) =g(f1x)) =g(x+ 3) =x+3-3 =x
The domain offand ofgis (—es,%°), so the domain of
fegand ofgefis (—oe,%0).

5 45
18. (PRI =f gx=c -, x=x

Copyright © 2013 Pearson Education, Inc.



Then the7d0main of (h/g)(x) is 4 54

XX and x 3and x=—landx 1 , Or (g°H(x) =g 5 X = 4 X=X
3 77 The domain offand ofgis (—e,%°), so the domain of
(_ool_l)u(_lll)u 11 ; U 313_ U(3’oo)_ fogal’ld Ofg°ﬁS (—oo’oo).
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1 = 6 2x+1
19. (fog)(x) =f[g(x)) =f([3x 2—2x—1) =3x 2—2x-1+1 = 24. (fg)(x) =f 2 +1 1 -6 — =
3x2-2x X 2+1
of)(X)=g(fx))=g(x+1)=3(x+1) 2-2(x+1)-1= 6(2x+ 1),0r 12 X B
%Q(XQEZ?)H% 2()-1-1‘%(1; X 2 -I(-6X+:)3 2x 21(_=_) (g°N(x) =(gx+ éor X+f = 1 1 =
3x2+ 4x - 6 12 12 +
The domain of amd of isg( —co,co ), so the domain of X 2-,+1  x x X
+1
fegand ofgefis (—oo,00). X =X
20. (fog)(x) =flx 2+ 5) =3(x2+5)-2=3x2+15-2 = " 12 +x 12 +x
2 The domain offis{x|x = 0}and the domain ofg
3x +13 2 2 is 1
(9°N(x) =9(3x-2) =(3x-2)  +5=9x —12x+4+5= xx ==, .Consider the domain offog. Since
9x2—-12x+9 1 1
The domain offand ofgis (—0,%), so the domain of 5%@ Nov\j@ngqggmaéﬂeo&@.méﬁﬁmw domain
fegand ofgefis (—oo,%). 1
is never 0, so the domain offegis - , Or

21 () S DaldeD * 3=

(9N (=g (f(x))=g(x 2—3)=4(X 2—3)—3=

4x2-12-3 =4x 2-15
The domain offand ofgis (—ee,2°), so the domain of

fegand ofgefis (—oo,°).
22. (fog)(x) =f(2x-7) =4(2x-7) 2—-(2x-7)+10=

E%21738+ 496 & 7 F1P="16x 2-114x+ 213

G-A(x) =g(4x 2 —x+ 10) = 2(4x 2—x+ 10)-7 =

TRE ot B md®Edis €25, 43, so the domain of

fegand ofgefis (—oo,o0).

23. (FNC) AN =f = F -

X X
-4 x _4x
=4 =
x—
XA x-5 x-5
4 1
@N@=90TN=9 15 = , =
1-5x 1-5 1-5x
— T x
1 4 - 4
1
The domain offis X X and the domain ofgis

{x|lx 0}. Consider the domain offeg. Since 0 is not in

the domain ofg, 0 is not in the domain offeg. Since

is not in the domain off, we know thatg(x) cannot be

2 2

Now consider the domain of . Since 0 is not in the

o

domain of . o 9f .
1f, then 0 is not in the domain ofgef. Also,

since— 2 is not in the domain ofg, wefind the value(s) of

1
xfor whichf(x) =— 5
6 __1
x A
-12=x

Then the domain ofg-fis ex 12and x=0

(—o0,—12)U(—=12,0)U(0,52).

25. (f29)() =g(x)) =f "*37 =
3X*+7 -7 =x+ 7-7 =x
3 Bx 7NN+7
(9°N(¥) =g (X)) =g(3x-7) = P
3x
3 =X

The domain offand ofgis (—ee,%°), so the domain of
fegand ofgefis (—oo,00).

26. (ffg)(x) =f(1.5x+ 1.2) = %(1.5x+ 1.2)_ Si

4
x+ 0.8 =X

5

Copyright © 2013 Pearson Education, Inc.
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1

Wefind the value(s) ofxfor whichg(x) = 5
1 1
x5

5 =xMultiplying by 5x
Thus 5 is also not in the domain offeg. Then the domain
offegis{x|x = 0and x =5}, or (—e=,0)U(0,5)U(5,=).
Now consider the domain ofgef. Recall that lis notin

the domain off; so it is not in the domain ofgef Now

0
is not in the domain ofgbutf{x) is never 0, so the domain
1 11
ofgefis Xx g,or —w,gus,@-

27.

2 4 2 4
(goNx) =g —x= 7 =15 x +1.2=
3 5 3 5
x-1.2+1.2=x
The domain offand ofgis (—ee,2°), so the domain of
fegand ofgefis (—oo,00).
(fg)(x) =flg(x)) =A
(9°N(x) =g(f1x)) =g(2x+ 1) =
The domain offis (—e<,°) and the domain ofgis
{xIx=0}. Thus the domain offegis{x|x=0}, or
[0,00).

N
x¥)=2 x+1
x+ 1

Now consider the domain ofgef. There are no restrictions
on the domain off; but the domain ofgis{x|x=0}. Since

Copyright © 2013 Pearson Education, Inc.
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1

~,thedomain of j =
9"/15 -

2

f{)} %for >

[=5)

s [

N~

or —

N
28. (fg)(x)=A2-3x) = 2-3x
N N
(g _ _
AE)=g( x)=2-3 x
The domain offis{x|x=0/and the dfmain ofgis

(=oo,2°). Sinceg(x)=0 whenx< ,the domain offog

2

is — oo,

T b 2 el
ofgefis{x|x=0}, or [0,==).
29. (fg9)(x) =f9(x)) =/(0.05) = 20

(g°N(x) =g(f1x)) =g(20) = 0.05

The domain offand ofgis (—e,%), so the domain of

f(gand ongﬁs«ﬂ—oo o).

)(x) =( x)4 =x

(g°N) = y)?* =Ix|

The domain offis (—e, ) and the domain ofgis
{x|x=0}, so the domain off>gis{x|x=0}, or [0,=°).

Now consider the domain ofgef. There are no restrictions
on the domain offandf{x)>0 for all values ofx, so the
domain is (—oo,0).

31. (FY)IX)=9(X)) =fx 2-5)=

N N

x2—5+5 fj x2 =|x|
(g°N(x) =g(flx)) =g( x+5) =

\/
Xx+5) 2-5 =x+ 5-5 =x

L d(jrrg:}glcg Zé)é)for al? getsh%fdo %lgx0f91%> s

for all values ofxand the domain ofgefis (—oo, ).

Nowconsiderthedomain offeg. Thereare no restrictions
on the domain ofg, so the domain off>gis the same as
the domain off;{x|x= —5}, or [—5,°).

32. (foe)(x) = ( °*»x+23°—2=x+2—-2=x

"x5—2+2= "¥5=x

(9Ax) =

The domain offand ofgis (—e,%), so the domain of
fegand ofgefis (—oo,0).

N
33 (PO =) =T 3x)=( 3x)2+2=
3—x+2=5—x

0NE) =g(fx) =g(x 2+2)= 3-(x?+2)=

34. (fg)(x) = szﬁ]j 1—( sz -25)2 =
1-(x2-25)=1-x2+25=26-x2
@GN =g(1—x 2)= ([1-=x?)?-25 =

v v
1-2x2+x 4-25= x*-2x2-24

The domain offis (—e<,>°) and the domain ofgis
{x|x< —50r x=5}, so the domain off°gis

{x|x< —50r x=5}, or (—eo,—5]U[5,=°).

Now consider the domain ofgef. There are no re-
strictions on the domain offand the domain ofgis
{xIx< —50r x=5}, so wefind the values ofxfor

whichf(x)< g5 orf(x We see that 1-x 2< -5

whenx f<[ —) v6 rj)(([>)_‘§6 and 1-x 225 has no solution,
}4 Vs

so the ddmain ofgefis{xIx< — bor x= 6/, or

(_°°1_ 6]U[ 61°°)-

35. (fg)() =flgx) =f 1 -

1+x
1- 1 1+x—1
1+x
_1 = 1 =
1+x 1+x
x1+x =x
1 +x 1
—X

1 _ 1 _
1+ 1_y x+1 x—
— x
1
= 1-K:X
1 1

The domain offis{xIx  0}and the domain ofgis

{x|x —1}, so we know that—1 is not in the domain
offeg. Since 0 is not in the domain off, values ofx

for whichg(x) = 0 are not in the domain offeg. But
g(x) is never 0, so the domain offegis{x|x =—1}, or
(=o0,—1)U(1,2°).

Now consider the domain ofgef. Recall that 0 is not in

the domain off. Since—1 is not in the domain ofg, we
know thatg(x) cannot be-1. Wefind the value(s) ofx
for whichf{x) =—1.

1X_1_

X
1-x=—xMultiplying byx
1=0 False equation
We see that there are no values ofxfor whichf{(x) =—1

Copyright © 2013 Pearson Education, Inc.



so the domain ongﬁ)séirxﬁx 0/, qr (—=°,0)U(0,°°).

_ = 1-x2 .
The domairt oﬂig (2 = 1x gis
—oo,00) and the domain of _
{x1x<3}, so the domain offogis{x|x<3}, or (—e=,3]. 36. (g)(x) =f x X+ 2
Now consider the domain ofgef. There are no restrictions X —2
on the domain offand the domain ofgis{x/x<3}, so _ 1 _ 1
wefind the values ofxfor whichf(x)<3. We see that x+ 2—2x —x+2
x2 + 2<3 for-1<x<1, so the domain ofg-fis X - x
{x|—1=<x<1}, or [-1,1]. =1 X X ,ori
—x+ 2 —x+ 2 2—x
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119

1 +2
( J0= 1 _x2
gfx g4 1
x—2 X2

_2x-3 X2 =2x3

x—2 1
The domain offis{xIx  2}and the domain ofgis

{x|x 0}, so 0 is not in the domain offeg. Wefind the
value g,fjg(@r whichg(x) = 2.

=2
X
X+ 2 =2x

2 =x

Then the domain offegis (—e<,0)uU(0,2)U(2,°).

Now consider the domain ofgef. Since the domain off
is{x|x = 2}, we know that 2 is not in the domain ofgef-

Since the domain ofgis {x |x

0}, wefind the value ofx
for whichf{x) = 0.

We get a false equation, so there are no such values. Then
the domain ofgefis (—o<,2)U(2,°).
37. (fF9)(x) =flg(x)) =fx+ 1) =
(x+1)3-5(x+ 1) 2+3(x+ 1)+ 7 =
x3+ 3x2 + 3x+ 1-5x 2-10x-5+ 3x+3 + 7 =
X3—2X 2—4x+ 6

(9°N(x) =g(f(x)) =g(x 3-5x2+3x+7)=

x3—-5x2+3x+7+1=x3-5x2+3x+8

The domain offand ofgis (—e,%), so the domain of

fegand ofgefis (—oeo,00).
38. (9°)(x) =x3+ 2x2-3x-9-1=
x3+ 2x2—-3x-10
G HX) =13 +2(x1)2-3(x-1)9-=
x3—3x2+ 3x-1 + 2x2—4x+ 2-3x+ 3-9 =x3
-x 2—4x-5
The domain offand ofgis (—e,%), so the domain of
fegand ofgefis (—oo,0).
39.h(x)=(4+3x)°

This is 4 +3xto the 5th power. The most obvious answer
isf(x) =x sandg(x) = 4 + 3x.

1

42.f(x) = a%,g(x) =3x+7
x—1

43-f(x) = 9(x) =x 3
x+1

44.f1x) =lxl,gx) =9x 2—4
45. ()= °( y=2*x3

fx x gx %:x3

46.f(x)=x4g9g(x)= x-3
N x5

47 fx)= xg(x)= x+
48.f[x x,9(x X

)= I+ )= 1+

49.f(x) =x 3-5x 2+ 3x-1,g(x) =x+2
50.f[x) = 2x 5’3+ 5x2/3,g(x) =x—1, or
flx) = 2x 5+ 5x2,g(x) = (x-1) 173

51.a) Use the distance formula, distance =rate x
time. Substitute 3 fortherateandtfor time.

r(t) = 3t

b) Use the formula for the area of a circle.
A(r) =mr 2

c) (A°r)(t) =A(r(t))=A(3¢t) =m(3t) 2=97t2

This function gives the area of the ripple in terms
of timet.

52.a) =2
h r

S(r)=2mr(2r) + 211 2
S(r) =4rmr2+ 2112

S(r)y=6mr:2
h
b)r=""
2
h h?
S(h) =2m > h+ 21 2
Th2
S(h) =1th 2+ 2_
S(h)= _mh2
2

53.The manufacturer chargesm+ 2 per drill. The chain store
sells each drill for 150%(m+ 2), or 1.5(m+ 2), or 1.5m+ 3.
Thus, we haveP(m) = 1.5m+ 3.

54.f(x) = (tos)(x) =t(s(x)) =t(x—3) =x—3+4 =x+1
We havef{(x) =x+1.

55. Equations (a)—(f) are in the formy=mx+b, so we can

Copyright © 2013 Pearson Education, Inc.



40.f(%) = \3/;,9()() b8 read they-intercepts directly from the equations. Equa-

2
1 tions (g) and (h) can be written in this form asy= _§<—2

41.h(x)= (x-2)4 andy=-2x + 3, respectively. We see that only equa-

This is 1 divided by (x-2) to the 4th power. One obvious tion (c) hasy-intercept (0,1).

answer isf(x) = andg(x) =x-2. Another possibility 56. None (See Exercise 55.)

x4
isflx)= L andg(x) = (x-2) 4.
X
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57. If aline slopes down from left to right, its slope is negative.
The equationsy=mx+bfor whichmis negative are (b),

(d), (f), and (h). (See Exercise 55.)
58. The equation for which | m|is greatest is the equation with
the steepest slant. This is equation (b). (See Exercise 55.)
59. The only equation that has (0,0) as a solution is (a).

60.Equations (c) and (g) have the same slope. (See Exer-
cise 55.)

61. Only equations (c) and (g) have the same slope and differ-
enty-intercepts. They represent parallel lines.

62. The only equations for which the product of the slopes is
-1 are (a) and (f).

63. Only the composition (¢ p)(a) makes sense. It represents

the cost of the grass seed required to seed a lawn with area
a.

64. Answers msay vary. One example isf{x) = 2x+ 5 and
X—o

gx) = oE Other examples are found in Exercises 17,

18, 25, 26, 32 and 35.

Chapter 2 Mid-Chapter Mixed Review

1. The statement is true. See page 162 in the text.
2.The statement is false. See page 177 in the text.

3.The statement is true. See Example 2 on page 185 in the
text, for instance.

4.a) Forx-values from 2 to 4, they-values increase from 2
to 4. Thus the function is increasing on the interval
(2,4).

b) Forx-values from-5 to-3, they-values decrease
from 5 to 1. Also, forx-values from 4 to 5, they-
values decrease from 4 to—3. Thus the function is
decreasing on (-5,-3) and on (4,5).

¢) Forx-values from-3 to-1,yis 3. Thus the func-
tion is constant on (-3,-1).

5.From the graph we see that a relative maximum value of

6.30 occurs atx=-1.29. We also see that a relative
minimum value of-2.30 occurs atx= 1.29.

The graph starts rising, or increasing, from the left and stops
increasing at the relative maximum. From this point it
decreases to the relative minimum and then increases
again. Thus the function is increasing on (—e,—1.29)

and on (1.29,e). Itis decreasing on (-1.29,1.29).

6. Thex-valueélextend from-5 to—1 and from 2 to 5, so
the domaih is [-5,-1]U[2,5]. They-values extend from
-3 to 5, so the range is [-3,5].

7. A(h) =+ (h_2)h

x-5,forx< -3,
|J 2x+ 3,for—-3< x<0,

1

8.0)=
fx =

2 x,forx >0,

Since—-5<-3,f(—-5) ==5-5 =-10.
Since—3<-3,f(—3) =—3-5 =-8.
Since-3<-1<0,/(-1) =2(-1) +3=-2+3=1.
Since 6>0,/(6) = El 6= 3.

x+ 2,forx <—4,
9.9(x) =
—x,forx> —4

We create the graph in two parts. Graphg(x) =x+ 2 for
inputs less than—4. Then graphg(x) =-xfor inputs
greater than or equal to—4.

y
B
2
8482 2 4 X
/3' 82
84
N

10. (f+g)(-1) =f(-1) +g(-1)
=[3(-1)-1] + [(-1) 2+ 4]
=—3-1+1+4
=1
11. (f)(0) =(0):9(0)
= (3-:0-1)(0 2+4)
=—1-4

=—4
12, ( )3)=03) 3)
9g—f g —f
=(3%2+4)-(33-1)
=9 +4-(9-1)
=9+4-9+1
=5

=
«Q
SN

13. (9//) ;=

\,’
UJ"_\

=

A(h) == h2—h
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Copyright © 2013 Pearson Education, Inc.



Chapter 2 Mid-ChapterMixed Review 121
1 = 6—
Since division by 0 is not defined, (g/f) © _ does not exist. 17.f{x) = 6-x 2
3 flx+h)—flx) _ 6—(x+h) 2—(6—x 2) _
14.f(x) = 2x+ 5,9(x) =—x—4 h h
a) The domain offand ofgis the set of all real num- 6-(x 2 +2xh+h 2)-6+x 2 _ 6-Xx 2—2xh-h 2-6 +x 2 _
bers, or (=e,%2). Then the domain off+g,f-g, fg, h h
andffis also (—ee,0). —2xh—h 2 __h/(=2x-h) _ 5
h 1 Xh

Forf/gwe must exclude—4 sinceg(—4) = 0. Then
the domain off/gis (—oo,—4)U(—4,°°).

5 5
i =0.
Forg/fwe must exclude- - sincef ,
Then the domain ofg/fis
5 5
-, Um0
b) (

f+g)(x) =f(x)+g(x) =(2x+5)+(—x—4) =x+1
(Fe)(x) =fIx) gtx) = (2x+5) ( * 4) =

2xX+5 +x+4=3x+9

(fg)(x) =fTx)-g(x) = (2x+ 5)(—x—4) =
—2x2 —8x-5x-20 =—2x 2—13x-20

PRI 505

() x) =T = 225
gx) x4
_ﬁ[ll —x4

CL _ﬂx) 2x+5

N_
15.f(x) =x-1,g(x) = x+ 2
a) Any number can be an input forf, so the domain
offis the set of all real numbers, or (—ee,).

The domain ofgconsists of all values for whichx+2

is nonnegative, so we havex+ 220, orx> -2, or

[=2,00). Then the domain off+g,f~g, andfg

is [-2,00).

The domain offfis (—oo,°).

Sinceg(—2) = 0, the domain off/gis (=2,).

Sincef{1) = 0,the domainofg/fis[-2,1)U(1,°).

b) (frg)(x) =fx) +g(x) =x-1 + x+2

N

(F ) =Ax)—g(x) =x-1- X+ 2

(9)(x) =x)g(x)=(x-1) 'x+2
N =Ax)fx) = (x-1)(x-1) =

x2 —x—x+1=x 2-2x+1
Jib x—1
= _ =AxxZ
I x) 4
(@/NE)= = x+2
) x-1

16.f(x) = 4x-3

fx+h)—f(x) _ 4(x+h)—3—(4x—3)
h

h
4x+ 4h—3-4x+ 3 4h

18.(f9)(1) =flg(1)) =M1 +1) =1 +1)=f(2) =

52-4=10-4=6

19.(g°h)(2) =g(h(2))=g(2 ?-2:2+3)=g(4-4+3)=
g(3)=33+1=27+1=28

20.( )(0)=((0))=(504)=(4)=5(4)4=
rof fr fo- f-

~20-4=-24

21.(hof)(-1) =h(f-1)) =h(5(-1)-4) =h(-5-4) =
h(=9) = (-9)2-2(-9) + 3 =81+ 18 + 3 = 102

22.(fg)(x) =fg(x)) =f(6x+ 4) = _(6x+4)=3x+2

2
1 1
(9°N(x) =9(x)) =g ,ZX =6 _2X+ 4=3x+4
The domain offandgis (  , fog
—co ), so the domain of
andgefis (—oo,°).
23.0 )= ((N=( " )=31s2
F"g X" fgx— f x X

(9°NX) =g(f(x)) =g(3x+ 2) = 3x+ 2
The domain offis (—e<,°) and the domain ofgis [0,).
Consider the domain offeg. Since any number can be an

input forf, the domain offegis the same as the domain
ofg, [0,e°).

Now consider the domain ofg-f. Since the inputs ofg
must be nonnegative, we must have 3x+220, orx> - 2 3
Thus the domain ofg-fis - 3%,00 .
24. The graph ofy= (h g (x) will be the same as the graph
ofy=h(x) moved downbunits.

25. Under the given conditions, (f+g)(x) and (f/g)(x) have
different domains ifg(x) = 0 for one or more real numbers
X.

26. Iffandgare linear functions, then any real number can
be an input for each function. Thus, the domain offog=

27. T‘ﬁ}g gr%rrlgé%holfg Ol&)t(;;iﬁ.)COnsider Exercise 23 on page

4
188 in the text, for example. Since (f°g)(x) =& » x=5

an examination of only this composed function would lead
to the incorrect conclusion that the domain offegis
(=22,5)U(5,%°). However, we must also exclude from the
domain offegthose values ofxthat are not in the domain
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ofg. Thus, the domain offogis (—e<,0)U(0,5)U(5,°).
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If the graph were rotated 180, the resulting graph would
coincide with the original graph, so it is symmetric with
respect to the origin.

Exercise Set 2.4

1. If the graph were folded on thex-axis, the parts above and a
below thex-axis would not coincide, so the graph is not
symmetric with respect to thex-axis.

y

If the graph were folded on they-axis, the parts to the left
and right of they-axis would coincide, so the graph is
symmetric with respect to they-axis.

BN ow Ao

If the graph were rotated 180°, the resulting graph would
not coincide with the original graph, so it is not symmetric
with respect to the origin.

—5 4 727712345 X
CyEX[=2E

2.1f the graph were folded on thex-axis, the parts above and
below thex-axis would not coincide, so the graph is not

symmetric with respect to thex-axis. The graph is symmetric with respect to they-axis. It is

not symmetric with respect to thex-axis or the origin.
If the graph were folded on they-axis, the parts to the left

and right of they-axis would coincide, so the graph is
symmetric with respect to they-axis.

Test algebraically for symmetry with respect to thex-axis:

y=Ix|—2 Original equation

If the graph were rotated 180°, the resulting graph would —y=IxI—2 Replacingyby—y
not coincide with the original graph, so it is not symmetric

with respect to the origin.

y=—IxI+2 Simplifying
The last equation is not equivalent to the original equation,

3.If the graph were folded on thex-axis, the parts above and so the graph is not symmetric with respect to thex-axis.

below thex-axis would coincide, so the graph is symmetric
with respect tothex-axis.

If the graph were folded on they-axis, the parts to the left
and right of they-axis would not coincide, so the graph is
not symmetric with respect to they-axis.

If the graph were rotated 180°, the resulting graph would
not coincide with the original graph, so it is not symmetric
with respect to the origin.

4.1f the graph were folded on thex-axis, the parts above and

below thex-axis would not coincide, so the graph is not

Test algebraically for symmetry with respect to they-axis:
y=Ix1—2 Original equation

y=I|—xI—2 Replacingxby—x

Simplifying

The last equation is equivalent to the original equation, so

the graph is symmetric with respect to they-axis.

y=Ix1—2

Test algebraically for symmetry with respect to the origin:
y=Ix1—2 Original equation

—y=I—x|—2 Replacingxby—xand

symmetric with respect to thex-axis. yby-y
If the graph were folded on they-axis, the parts to the left —y=lx=2 Simplifying
and right of they-axis would not coincide, so the graph is y=—lIxl+2

not symmetric with respect to they-axis.

If the graph were rotated 180°, the resulting graph would
coincide with the original graph, so it is symmetric with
respect to the origin.

5.1f the graph were folded on thex-axis, the parts above and

below thex-axis would not coincide, so the graph is not
symmetric with respect to thex-axis.

If the graph were folded on they-axis, the parts to the left
and right of they-axis would not coincide, so the graph is
not symmetric with respect to they-axis.

If the graph were rotated 180°, the resulting graph would
coincide with the original graph, so it is symmetric with
respect to the origin.

6.1f the graph were folded on thex-axis, the parts above and

below thex-axis would coincide, so the graph is symmetric
with respect tothex-axis.

If the graph were folded on they-axis, the partsto the left
and right of they-axis would coincide, so the graph is
symmetric with respect to they-axis.

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.

The graph is not symmetric with respect to thex-axis, the
y-axis, or the origin.

Test algebraically for symmetry with respect to thex-axis:
y=Ix+ 5|O0riginal equation
—y=Ix+ 5|Replacingyby—y
y=—Ix+ 5I/Simplifying
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The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.

Test algebraically for symmetry with respect to they-axis:
y=Ix+ 5|0riginal equation
y=I—x+ 5|Replacingxby—x
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to they-axis.

Test algebraically for symmetry with respect to the origin:
y=Ix+ 5|0riginal equation
—y=I|—x+ 5IReplacingxby—xandyby—y
y=—I—x+ 5ISimplifying

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.

—5—4-—-3-2+1 12345 X

The graph is not symmetric with respect to thex-axis, the
y-axis, or the origin.

Test algebraically for symmetry with respect to thex-axis:

S5y= 4x+5 Original equation
5(-y) = 4x+5 Replacingyby—y
—5y= 4x+ 5 Simplifying
5y=—4x-5

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.

Test algebraically for symmetry with respect to they-axis:

Sy= 4x+5 Original equation
5y=4(—x) + 5 Replacingxby—x
5y=—4x+5 Simplifying

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to they-axis.

Test algebraically for symmetry with respect to the origin:

5y= 4x+5 Original equation
5(-y) =4(—x) + 5 Replacingxby-x
and
yby-y
—5y=—4x+ 5  Simplifying
5y= 4x-5

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.

10.

11.

Yi
5

4 2X — 5 =3y b

]

I

—5-4-3-2-1 12345 X

A

The graph is not symmetric with respect to thex-axis, the
y-axis, or the origin.

Testalgebraically for symmetry withrespectto thex-axis:
2x-5 = 3yOriginal equation
2x-5 = 3(—y) Replacingyby-y
—2x+ 5 = 3ySimplifying

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.

Testalgebraically for symmetrywithrespect to they-axis:
2x-5 = 3yOriginal equation
2(—x)-5 = 3yReplacingxby—x
—2x-5 = 3ySimplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to they-axis.

Testalgebraically for symmetry with respect to theorigin:
2x-5 = 3yOriginal equation
2(—x)-5 = 3(—y) Replacingxby—xand
yby-y
—2x-5 =—3ySimplifying
2x+5=3y

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.

y
L L /l
]
3 /
7
2 it
1 /
—5-—4-—3>a.la 12345 x
ig5y=2x2-3
R |

The graph is symmetric with respect to they-axis. It is
not symmetric with respect to thex-axis or the origin.

Test algebraically for symmetry with respect to thex-axis:

Sy=2x2-3 Original equation
5(-yv) =2x2-3 Replacingyby—y
—5y= 2x2-3 Simplifying
S5y=—2x2+3

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.
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Test algebraically for symmetry with respect to they-axis:
S5y= 2x 2 -3 Original equation
5y= 2(—x) 2 -3 Replacingxby-x

5y=2x2-3
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to they-axis.

Test algebraically for symmetry with respect to the origin:

S5y= 2x 2-3 Original equation
5(-y) = 2(-x)2 -3 Replacingxby—xand
yby-y
_5§';=—2§)§ ;i 3 Simplifying

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.

12,

The graph is symmetric with respect to they-axis. It is
not symmetric with respect to thex-axis or the origin.

Test algebraically for symmetry with respect to thex-axis:
x2 + 4 = 3yOriginal equation
x2 + 4 = 3(—y) Replacingyby—-y

—x2 —4 = 3ySimplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.

Test algebraically for symmetry with respect to they-axis:

x2 + 4 = 3yOriginal equation

(—x)2 + 4 = 3yReplacingxby—x
x2+4 =3y

The last equation is equivalent to the original equation, so
the graph is symmetric with respect to they-axis.
Test algebraically for symmetry with respect to the origin:

x2 + 4 = 3yOriginal equation

(—x)2 + 4 = 3(-y) Replacingxby—xand
yby-y
x2 + 4=-3ySimplifying
—x2—4 =3y

The last equation is not equivalent to the original equation,

13. ,
A
'Y
Dl
.
1
Y=< L3
2of i
AN
,,,,, i,
V=3 T 12345 x
N i
Ao

‘s

The graph is not symmetric with respect to the  -axis or

X
they -axis. It is symmetric with respect to the origin.

Test algebraically for symmetry with respect to the -axis:
X

1
y= Original equation

_ X

= Replacingyby-y

__ _ Simplifying
Y= %

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.
Test algebraically for symmetry with respect to they-axis:

y= 1 Original equation

X
1
Y= = Replacingxby—x
Simplifyin,
y=— = plitying

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to they-axis.

Test algebraically for symmetry with respect to the origin:

1
y= . Original equation
1
_y= Replacingxby—xandyby-y
—X
1

y= _ Simplifying
X

not symmetric with respect to the origin.

W = oo 09 O S T o v
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The last equation is not equivalent to the original equation,

Test algebraically for symmetry with respect to thex-axis:
y=— Original equation so the graph is not symmetric with respect to thex-axis.
X Test for symmetry with respect to they-axis:
4
- : 6x+ 7y= 0 Original equation
—y=— Replacingyby-y 84 g q
Y x 6(—x) + 7y= 0 Replacingxby—x
4
Y= y  Simplifying 6x-7y= 0 Simplifying

The last equation is not equivalent to the original equation,

so the graph is not symmetric with respect to thex-axis.
Test for symmetry with respect to the origin:

Test algebraically for symmetry with respect to they-axis:

A_} Original equation

y==
b 6(—x) + 7(-y) = 0 Replacingxby—xand
4 _
y=— Replacingxby—x yby-y
4 6x+ 7y=0 Simplifying
y=" Simplifying The last equation is equivalent to the original equation, so
X the graph is symmetric with respect to the origin.
The last equation is not equivalent to the original equation,
17.Test for symmetry with respect to thex-axis:

so the graph is not symmetric with respect to they-axis.
Test algebraically for symmetry with respect to the origin:

Original equation

y=_
X
4
—y=— — Replacingxby—xandyby—y
I the graph is symmetric with respect to thex-axis.
Simplifying
y=" %

The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

15. Test for symmetry with respect to thex-axis:
5x—5y= 0 Original equation
5x-5(-y) = 0 Replacingyby—-y
5x+ 5y= 0 Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.
Test for symmetry with respect to they-axis:
5x-5y= 0 Original equation
5(—x)-5y= 0 Replacingxby—x
=5x-5y= 0 Simplifying
5x+5y=0
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to they-axis.
Test for symmetry with respect to the origin:
5x-5y= 0 Original equation
5(=x)-5(-y) = 0 Replacingxby—xand
yby-y
=5x+ 5y= 0 Simplifying
5x-5y=0
The last equation is equivalent to the original equation, so

the graph is symmetric with respect to the origin.
Copyright © 2013 Pearson Education, Inc.

6x+ 7y= 0 Original equation

3x2—-2y 2 =3 Original equation

3x2-2(-y) 2= 3 Replacingyby-y

3x2-2y 2 =3 Simplifying

Test for symmetry with respect to they-axis:

16. Test for symmetry with respect to thex-axis:
6x+ 7y=0 Original equation
6x+ 7(-y) = 0 Replacingyby-y
6x—7y= 0 Simplifying

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to they-axis.

The last equation is equivalent to the original equation, so



3x2-2y 2 = 3 Original equation
3(—x)2-2y 2 = 3 Replacingxby—x
3x2-2y 2 = 3 Simplifying
The last equation is equivalent to the original equation,
sothe graph is symmetric with respect to they-axis.
Test for symmetry with respect to the
origin:3x2—2y 2= 3 Original
equation
3(—x)2-2(—y) 2= 3 Replacingxby—x
andyby-y
3x2-2y 2=3
Simplifying
The last equation is equivalent to the original equation,
sothe graph is symmetric with respect to the origin.

18. Test for symmetry with respect to thex-
axis:5y=7x 2-2x0riginal equation
5(~y) =7x2
—2xReplacingyby—y
5y=—7x 2 + 2xSimplifying
The last equation is not equivalent to the original
equation,so the graph is not symmetric with respect to
thex-axis.
Test for symmetry with respect to they-
axis:5y= 7x 2—2x0Original equation
Sy=7(-x) 2 -2(=x)
Replacingxby—x5y= 7x 2 +
2xSimplifying
The last equation is not equivalent to the original

equation,so the graph is not symmetric with respect to
they-axis.
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Test for symmetry with respect to the origin:
5y= 7x 2—2x0riginal equation
5(-y) = 7(—x)? —2(—x) Replacingxby—x
andyby-y
—5y=7x 2+ 2xSimplifying
S5y=-7x2-2x
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.
19.  Test for symmetry with respect to thex-axis:
y=I2x|0riginal equation
—y=I2x|Replacingyby—y
y=—12xISimplifying

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.

Test for symmetry with respect to they-axis:
y=I2xI0riginal equation
y=I2(—x)IReplacingxby—x
y=I—2xISimplifying
y=I2x

The last equation is equivalent to the original equation, so
the graph is symmetric with respect to they-axis.

Test for symmetry with respect to the origin:
y=I2x|0riginal equation
—y=I2(—x)IReplacingxby—xandyby—y
—y=I—2xISimplifying
—y=I2x|
y=—I2x]
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.

20. Test for symmetry with respect to thex-axis:

y3 = 2x2 Original equation
()3 = 2x2 Replacingyby-y
—y3 = 2x2 Simplifying
y3=—2x2

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.
Test for symmetry with respect to they-axis:

y3 = 2x2 Original equation

y3=2(—x)? Replacingxby—xys

= 2x2 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to they-axis.

Test for symmetry with respect to the origin:

y3 = 2x2 Original equation
(=)3 = 2(—x)? Replacingxby—xand
yby-y
—y3 = 2x2 Simplifying
y3=—2x2

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.

21. Testfor symmetry with respect to thex-axis:
2x4 +3=y 2 Original equation
2x4+ 3 = (=y)2 Replacingyby—y
2x4 +3=y 2 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to thex-axis.
Test for symmetry with respect to they-axis:
2x4+ 3 =y 2Original equation
2(—x)* + 3 =y 2 Replacingxby—x
2x4+ 3 =y 2 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to they-axis.

Test for symmetry with respect to the origin:

2x4 +3 =y 2 Original equation
2(—x)* + 3 = (-v)? Replacingxby—x
andyby-y
2x4 +3 =y 2 Simplifying

The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

22, Test for symmetry with respect to thex-axis:
2y2 = 5x2+ 12 Original equation
2(-y)? = 5x2 + 12 Replacingyby—y
2y2=5x2+ 12 Simplifying

The last equation is equivalent to the original equation, so
the graph is symmetric with respect to thex-axis.

Testfor symmetry with respect to they-axis:

2y2 = 5x2+12 Original equation
2y2 = 5(—x)2 + 12 Replacingxby—x
2y2 =5x2+12 Simplifying

The last equation is equivalent to the original equation, so
the graph is symmetric with respect to they-axis.

Test for symmetry with respect to the origin:

2y2 =5x2 +12 Original equation
2(—y)2 = 5(—x)2 + 12 Replacingxby—x
andyby-y
2y2 = 5x2+12 Simplifying

The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

23. Test for symmetry with respect to thex-axis:

3y3 =4x3 + 2 Original equation
3(-y)® =4x3+2  Replacingyby—y
—3y3 =4x3 + 2 Simplifying
3y3=—4x 3-2

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.
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Testfor symmetry with respect to they-axis:
3y3 =4x3+2 Original equation
3y3 = 4(—x)3 + 2 Replacingxby—x
3y3 =—4x 3+ 2  Simplifying

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to they-axis.

Test for symmetry with respect to the origin:
3y3 =4x3 + 2 Original equation

3(—)® = 4(-x)® + 2 Replacingxby-x

andyby-y

—3y3 =—4x3 + 2 Simplifying

3y3=4x3-2

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.
24. Test for symmetry with respect to thex-axis:
3x=lylOriginal equation
3x=|—ylReplacingyby—y
3x=ly|Simplifying

The last equation is equivalent to the original equation, so
the graph is symmetric with respect to thex-axis.

Test for symmetry with respect to they-axis:
3x=lylOriginal equation
3(—x) =lylReplacingxby—x
—3x=IylSimplifying

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to they-axis.

Test for symmetry with respect to the origin:

3x=lylOriginal equation
3(—x) =l—ylReplacingxby—xandyby—y

—3x=|ylSimplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.

25. Test for symmetry with respect to thex-axis:

xy=12 Original equation
x(-y) = 12 Replacingyby-y
—xy= 12 Simplifying
xy=—12

The last equation is not equivalent to the original equation,

so the graph is not symmetric with respect to thex-axis.
Test for symmetry with respect to they-axis:

xy= 12 Original equation
-xy= 12 Replacingxby—x

xy=—12 Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to they-axis.

The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

26.Test for symmetry with respect to thex-axis:
xy-x 2=3 Original equation
x(=y)—x 2=3 Replacingyby-y
xy+x 2=-3 Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.
Test for symmetry with respect to they-axis:

Xy-x 2= 3 Original equation
—-xy—(—x) =3 Replacingxby—x

xy+x 2=-3 Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to they-axis.
Test for symmetry with respect to the origin:

xy—x 2 = 3 Original equation

—x(—y)—(—x) 2 = 3 Replacingxby—xand
yby-y

xy—x 2= 3 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

27.x-axis: Replaceywith-y; (=5,-6)
y-axis: Replacexwith—x; (5,6)
Origin: Replacexwith—xandywith-y; (5,-6)

7
28.x-axis: Replaceywith-y; ,0
2
. . 7
y-axis: Replacexwith-x; -5 ,0
7
Origin: Replacexwith-xandywith-y; —5 ,0
29.x-axis: Replaceywith-y; (-10,7)
y-axis: Replacexwith—x; (10,-7)
Origin: Replacexwith-xandywith-y; (10,7)
30.x-axis: Replaceywith-y; 1,-3
8
3
y-axis: Replacexwith—x; -1, g
Test for symmetry with respect to the origin: Orig
xy=12 Original equation in:
Repl
acex
with
—xan
dyw
ith—
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31.x-axis: Replaceywith-y; (0,4)

y-axis: Replacexwith—x; (0,—4)

Origin: Replacexwith—xandywith-y; (0,4)
32.x-axis: Replaceywith-y; (8,3)

y-axis: Replacexwith—x; (-8,-3)

Origin: Replacexwith-xandywith-y; (=8,3)

—x(-y) = 12 Replacingxby-xandyby-y 33. The graph is symmetric with respect to they-axis, so the
xy= 12 Simplifying function is even.
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34. The graph is symmetric with respect to they-axis, so the
function is even.

35. The graph is symmetric with respect to the origin, so the
function is odd.

36. The graph is not symmetric with respect to either they-

axis or the origin, so the function is neither even nor odd.

37. The graph is not symmetric with respect to either they-

axis or the origin, so the function is neither even nor odd.

38. The graph is not symmetric with respect to either they-

axis or the origin, so the function is neither even nor odd.

39. f[x)=—3x3+ 2x
A—x) =—3(—x) 3 + 2(—x) = 3x3—2x
—f(x) =—(—3x 3+ 2x) = 3x3—-2x
f(—x) =—f(x), sofis odd.
40. f(x) =7x3+4x-2
%) = 7(—x) 3 + 4(—x)—2 =—7x 3—4x-2
—f(x) =—(7x 3+ 4x—2) =—7x3—4x+ 2

flx) f(—x), sofis not even.
f(=x) —f(x), sofis not odd.

Thus,f(x) = 7x 3+ 4x-2 is neither even nor odd.
41. f(x)=5x2+ 2x4—-1
f—=x) =5(—x) 2+ 2(—x)*-1=5x 2+ 2x4—1
fIx) =f(—x), sofis even.
42. flx) =x+ 1

1 1

f(—X) =—X+ _x =—X— x
1 1
—f(x) =— x+ 3z =X %

f(—x) =—f(x), sofis odd.
43. f(x)=x17
=x)=(x)"=x17
—f(x) =—x 17
(=) =—f[)\(/), sofis odd.
44. fIx) = *x

N N
fiox) = 2 x== X
—f(x) =— \j);
f(—x) =—f(x), sofis odd.
45. f(x) =x—IxI

S(—x) = (—x)—I(—x)|=—x—IxI

46. fx)

f=x) oz x2
f(x) =f(—x), sofis even.
47. f(x) =8
flx) =8
fx) =f(—x\), sofis even.
8. fl)= wmT

A)=(x)2+1= x?+1
f(x) =f(—x), sofis even.

49. "
4 /
T o

o

. . Let = the price of a ticket to the closing
Familiarize t
ceremonies. Thent+ 325 = the price of a ticket to the
opening ceremonies. Together, the two tickets cost
t+ (t+ 325) = 2t+ 325.
Translate. The total cost of the two tickets is $1875, so
we have the following equation.

2t+325=1875
Carry out. We solve the equation.
2t+325=1875

50

2t= 1550
t=775

Thent+ 325 =775+ 325=1100.

Check. $1100 is $325 more than $775 and $775 +$1100 =
$1875, so the answer checks.

State. A ticket to the opening ceremonies cost $1100, and
a ticket to th\(? closing ceremonies cost $775.

51. fl)=x Tox?
Sf(—=x) =X +0——=x)2=x

VlO—xz

—f(x)=—x 10-x?2

Sincef{—x) =—f(x),fis odd.

52. x2+1
fx) = x3+1
(—x)2+1 x2 +1
N = S5+ 1 S8+1
x2+1
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—f(x) =—(x—IxI) =—x+IxI —X)=— =31

fx) f=x), sofis noteven. Sincef(x) =f(—x),fis not even.
fT=x) —f(x), sofis not odd. Sincef(-x) —f(x),fis not odd.
Thus,f{x) =x—|xlis neither even nor odd. x2+1
Thus f(x) = Tl is neither even nor odd.
X
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53. If the graph were folded on thex-axis, the parts above and

below thex-axis would coincide, so the graph is symmetric
with respect tothex-axis.

If the graph were folded on they-axis, the parts to the left
and right of they-axis would not coincide, so the graph is
not symmetric with respect to they-axis.

If the graph were rotated 180, the resulting graph would
not coincide with the original graph, so it is not symmetric
with respect to the origin.

54. If the graph were folded on thex-axis, the parts above and

below thex-axis would not coincide, so the graph is not
symmetric with respect to thex-axis.

If the graph were folded on they-axis, the parts to the left
and right of they-axis would not coincide, so the graph is
not symmetric with respect to they-axis.

If the graph were rotated 180°, the resulting graph would
coincide with the original graph, so it is symmetric with
respect to the origin.

55. See the answer section in the text.

56.0(-x) = ff—x)—ffz—(—xﬂ _ f(—x];f(x)’
X)) —A—x) _A=x)—-fx)
-0(x) =— = . Thus,

2 2

O(—x) =—0(x) andOis odd.

57.a),b) See the answer section in the text.

58.Letf(x) =g(x) =x. Nowfandgare odd functions, but

(f9)(x) =x 2= (fg) ( x}~Thus, the product is even, so
the statement is false.

59. Letf(x) andg(x) be even functions. Then by definition,

AX) =f(29 andg(x) =g( 2 Thus, (f+g)(x) =
fx) +g(x) =29 +g (9= (f+g) ( x) andf+gis

even. The statement is true.

60. Letf(x) be an even function, and letg(x) be an odd func-

tion. By definitionf{x) =f{ x-andg( x}= g(>
org(x) =g( 2. Thenfg(x) =f(x) g(x) =A x)— -
[[9(=)] = A Xg( x> = fg€ x),~andfyis odd.
The statement is true.

Exercise Set 2.5

1. Shift the graphoff(x) =x 2right 3 units.

y
A 1
4
\ /
N/
42 2.4 x
2
4| flx) (x3)2

5. Reflect the graph ofh(x) =
A

1
2. Shift the graph ofg(x) =x 2up _unit
2

24X

3. Shift the graph ofg(x) =xdown 3 units.

42 2.4 X

gx)x3

4. Reflect the graph ofg(x) =xacross thex-axis and then

shift it down 2 units.

o

42 24X

b
gx)x2

xacross thex-axis.

"o
/7
4 )
2
42 2 4 X o
p) s A, 8(x) x 1
4

6. Shift the graph ofg(x) =

ESSS
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xright 1 unit.
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1 :
7. Shift the graph ofh(x)= = up 4 units.

X
Y
t
ll
Al
O T
1
X hx) 4
42 2.4 X

1
8. Shift the graphofg(x) =  right 2 units.
X

9.First stretch the graph ofh(x) =xvertically by multi-
plying eachy-coordinate by 3. Then reflect it across the x-
axis and shift it up 3 units.

y

h(x) 3x 3

10. First stretch the graph off{x) =xvertically by multiply-
ing eachy-coordinate by 2. Then shift it up 1 unit.

flx) 2x1

11.First shrink the graph ofh(x) =Ix|vertically by multiply-

1
ing eachy -coordinate by P Then shift it down 2 units.

kN

hx) ' 2

N

12.Reflect the graph ofg(x) = X across thex-axis and shift
it up 2 units.

13. Shift the graph ofg(x) =x 3right 2 units and reflect it
across thex-axis.

y

gx) (x2)3

N
—

42 N 4 *

N

\
\
\
)
14. 1 e gra oIf|x) =x 3le unit.

Shift the graph of] left 1 unit

flo) (@ 1)3
15. Shift the graph ofg(x) =x 2left 1 unit and down 1 unit.

Yy

7
—

42 2.4 X

48(x) (x1)21
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16. Reflect the graph ofh(x) =x 2 across thex-axis and down y.
4 units. ¢
Z X
2
4
)k
. Y- .
21. Shift the graph off(x) = ®xdown 2 units.
h(x) x 24
Yy
17. First shrink the graph ofg(i() =x 3vertically by multiply-
ing eachy-coordinate by 3 Then shift it up 2 units. 4 fl) 2
2
y 42 —
2
4 / — 4
2
/
4 2.4 X N
III j (i) 29 22. Shift the graph ofh(x) =  *Xxleft 1 unit.
‘ Y
iy
18. Reflect the graph ofh(x) =x 3across they-axis. R
Y X
e 5
4
hix) ¥ x 1
23. Think of the graph off{x) =IxI. Since
: g(x) =f(3x), the graph ofg(x) =I3xlis the graph
h(x) (x)3 off(x) =IxIshrunk horizontally by dividing eachx-

N
19. Shift the graph off(x) =  xleft 2 units.

y

S

—
2/
42 2.4 X
2
df) N x 2

v_
First shift the graph off(x) =  xright 1 unit. Shrink it
20. 1
vertically by multiplying eachy-coordinate by = and then

reflect it across thex-axis. 2

coordinate by 3 or multiplying eachx-coordinate by 3
\3/ i = L (x), the
24. Think of the graph ofg(x)= - Sincef(x) =, 9,

1y N
_ " xis the graph ofg(x) = 3 xshrunk
2 1

graph off(x) =

vertically by multiplying eachy-coordinate by 5

1
25. Think of the graph off(x) = Since(Ax2() Fx
2 x 1
the graph ofh(x) = _is the graph off(x) = stretched
b'e X
vertically by multiplying eachy-coordinate by 2.
26. Think of the graph ofg(x) =lxI. Sincef{x) =g(x—3)—4,
the graph off{x) =Ix—3|—4 is the graph ofg(x) =IxI

shifted right 3 units and dowr\1/4 units.
27. Think of the graph of &) = xSince f3=3 §3 5,
the graph off(x? =3 x75isthegraph ofg(x) = X
inate by 3

stretched vertically by multiplying eachy-coor
and then shifted down 5 units.
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1 ..
28. Think of the graphofg(x) = , - Sincef(x) = 5-g(x), or
1

fx) =—g(x) +5, the graph off(x) =5— isthe graph
ofg(x) = 1 —reflected across thex-axis and then shifted up

5 units.

29. Think of the graph off{x) =IxI. Sinceg(x) =

1 1
f3 x —4, the graph ofg(x) = 3X —4s the graph of

f(x) =« stretched horizontally by multiplying eachx-

coordinate by 3 and then shifted down 4 units.
30. Think of the graph ofg(x) =x 3. Since

2 2
flx) = ~ g(x)-4, the graphoff(x) = ~x3—4 is the
3

graph ofg(x) =x 3 shrunk vertically by multiplying each
2

y-coordinate by 3—and then shifted down 4 units.
1

31. Think of the graph ofg(ix) =x 2. Sincef{x) =— QEX—5)'

the graph off(x) =— 4 (x=5) 2is the graph ofg(x) =x 2
shifted right 5 units, shrunk vertically by multiplying each
1

y-coordinate byq_ , and reflected across thex-axis.
32. Think of the graph ofg(x) =x 3. Sincef(x) =g(—x)- 5,

the graph off(x) = (235 isthe graph ofg(x) =x 3

reflected across they-axis and shifted down 5 units.

1
33. Think of the graph ofg(x) = %" Sincef(x) =

1

X+

g(x+ 3) + 2, the graph off(x) =
1

3 * 2 is the graph

ofg(x)= shifted left 3 units and up 2 units.
x

N
34. Think of the graph ¢fif ) =  x Sinceg(x) =f(—x) + 5,

Ny _~
rhp@rap R rhey x+ 5 is the graph off(x) = Vx
-axis and shifted up 5 units.

35.Think of the graph off(x) =x 2. Sinceh(x) =—f(x —3)+

5, the graph ofh(x) =x—3) 2+ 5 is the graph off(x) =
x2 shifted right 3 units, reflected across thex-axis, and
shifted up 5 units.

36.Think of the graph ofg(x) =x 2. Sincef(x) = 3g(x+ 4)-
3, the graph off(x) = 3(x+4) 2-3 is the graph ofg(x) =x 2
shifted left 4 units, stretched vertically by multiplying each
y-coordinate by 3, and then shifted down 3 units.

37- T{le graph ofy=g(x) is the graph ofy=f(x) shrunk
vertically by a factor of . Multiply they-

coordinate by

40.The graph ofy=g(x) is the graph ofy=f{x) shrunk
horizontally. Thex-coordinates ofy=g(x) are the

correspondingx-coordinates ofy=f(x 4

), so we divide the
ST 1
x-coordinate by 4 Or multiply it by } 3.4,

41. The graph ofy=g(x) is the graph ofy=f(x) shifted
down 2 units. Subtract 2 from they-coordinate: (-12,2).

42. The graph ofy=g(x) is the graph ofy=f(x) stretched
horizontally. Thex-coordinates ofy=g(x) are twice the
correspondingx-coordinates ofy=f(x), so we multiply

1
thex-coordinate by 2 ordivideitby {24-4).

43.The graph ofy=g(x) is the graph ofy=f(x) stretched
vertically by a factor of 4. Multiply they-coordinate by 4:

(-12,16).

44.The graph ofy=g(x) is the graphy=f(x) reflected
across thex-axis. Reflect the point across thex-axis:

(-12,-4).

45.9(x) =x 2 + 4 is the functionf(x) =x 2 + 3 shifted up
1 unit, sog(x) =f(x) + 1. Answer B is correct.

46. If we substitute 3xforxinf, we get 9x 2+ 3,50

g(x) =f(3x). Answer D is correct.

47. If we substitutex—2 forxinf, we get (x-2) 3+3,s0

g(x) =f(x-2). Answer A is correct.

48. If we multiplyx 2 +3 by 2, we get 2x2 +6, sog(x) = 2f(x).
Answer C is correct.

49.Shape:h(x)=x 2

Turnh(x) upside-down (that is, reflect it across thex-
axis):g(x) =—h(x) ==x 2

Shiftg(x) right 8 units:f(x) =g(x-8) =—(x-8) 2

50.Shape, ) = \/x

N
Shifth(x) left 6 units:g(x) =h(x+6) = )?7-_6_
Shiftg(x) down 5 units:f(x) =g(x)-5 =

51.Shape:h(x) =IxI
Shifth(x) left 7 units:g(x) =h(x+ 7) =Ix+ 7|

x+ 6-5

Shiftg(x) up 2 units;f(x) =g(x) + 2 =Ix+ 7[+ 2
52.Shape:h(x)=x 3

Turnh(x) upside-down (that is, reflect it across thex-
axis):g(x) =—h(x) =—x 3

Shiftg(x) right 5 units:f(x) =g(x-5) =—(x-5) E
53.Shape:h(x) =
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;: (12,2).
38.The graph ofy=g(x) is the graph ofy=f(x) shifted

right 2 units. Add 2 to thex-coordinate: (-10,4).
39.The graph ofy=g(x) is the graph ofy=f(x) reflected

across they-axis, so we reflect the point across they-axis:

(12,4).

Shrink X 1

h(x) vertically by a factor of

multiply each function value by 1
1 11 1
x
gx) = 2h(x) =500 5

Shiftg(x) down 3 units:f(x) =g(x)-3 =

Copyright © 2013 Pearson Education, Inc.
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54.Shape:h(x)=x 2
Shifth(x) right 6 units:g(x) =h(x-6) = (x-6) 2

Shiftg(x) up 2 units:f{x) =g(x) + 2 = (x-6) 242
55.Shape:m(x) =x 2

Turnm(x) upside-down (that is, reflect it across thex-

axis):h(x) ==m(x) ==x 2

Shifth(x) right 3 units:g(x) =h(x-3) =—(x-3) 2

Shiftg(x) up 4 units:f{x) =g(x) + 4 =—(x-3) 2+4

56.Shape:h(x) =Ix|

Stretchﬁ x) horizontally by a factor of 2 that is, multiply
1 1
eachx-value by 1 ;g(x) =h 5X = X
2 2 2 1
Shiftg(x) down 5 units:f{x) =g(x)-5 = - X -5
N
57.Shapem(x)= *
Reflectm(x) across they-axis:h(x) =m(—x) = X
Shifth(x) left 2 units:g(x) =h(x+ 2) = W
Shiftg(x) down 1 unit:f{x) =g(x)-1 =
—(x+ 2)-1
58.Shape:h(x)=
x 1
Reflecth(x) across thex-axis:g(x) =—h(x) =—
1
Shiftg(x) up 1 unitf{x) =g(x)+1=— _*+1
X

59. Eachy-coordinate is multiplied by—2. We plot and con-
nect (-4,0), (-3,4), (-1,4), (2,-6), and (5,0).

1,4 7]
(83, 4) \4: g(x) 8 82f(x)
(&@E& (5,0)

82
84

86

1
60. Eachy-coordinate is multipliedby ~ . We plot andconnect

2
(-4,0), (-3,-1), (-1,-1), (2,1.5), and (5,0).

212, 1.5)

(47 0) [ (57 0)
w@%

. 2244y
(3 1 HL1

4 g(x) aftx)

61. The graph is reflected across they-axis and stretched hor-

%%ﬁl%l},e laybayfactor of 2. That is, each1x-coordinate is

- or divided by- _ . We plot and con-
nect (8,0), (6,-2), (2,-2), (—4,3), and (-10,0).

yr

7 &/ﬂhﬂ 4 X) 8 18 axi
10,0 ™o

| 282810888684 x

8212, 82) (6, 82)
84

62. The graph is shrunk horizontally by a factor of 2. That
is, eachx-coordinate is divided by 2 or multiplied by 1

We plot and connect ( 2,0, (-1.5,-2), (~0.5,-2), (1 3)2
and (2.5,0).

g(x) f(2x)

63. The graph is shifted right 1 unit so eachx-coordinate is
increased by 1. The graph is also reflected across thex-
axis, shrunk vertically by a factor of 2, and shifted up 3

1
units, Thus, eachy-coordinate is multiplied by- " and
then increased by 3. We plot and connect (=3,3), ( 2 ,4),
-2

(0,4), (3,1.5),and (6,3).

y
6l
(82, 4) ;(0, 4)
A N3 6,3
83,3)2 +
L1 7\(3\’\1'5)\ |
28284 6 x
82
L g(x)88af(x81)83
84

64. The graph is shifted left 1 unit so eachx-coordinate is
decreased by 1. The graph is also reflected across the x-
axis, stretched vertically by a factor of 3, and shifted down
4 units. Thus, eachy-coordinate is multiplied by-3 and
then decreased by 4. We plot and connect (-5,-4), (—4,2),
(=2,2), (1,-13), and (4,-4).
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8(x) 3f(x 1) 4

65.  The graph is reflected across they-axis so each
x-coordinate is replaced by its opposite.

y
(2,3) 4 @) f(x)
2L
(5,0) - (4,0
4 6%
2r 3,2)
(1,2

66.  The graph is reflected across thex-axis so each
y-coordinate is replaced by its opposite.

( ‘3j’2§> 2) fx) R
2

4,0/ \ (5,0
462 N 2

6 x

67. The graph is shifted left 2 units so eachx-coordinate is
decreased by 2. It is also reflected across thex-axis so each
y-coordinate is replaced with its opposite. In addition, the
graph is shifted up 1 unit, so eachy-coordinate is then
increased by 1.

h(x) g(x2) 1

68. The graph is reflected across they-axis so each
x-coordinate is replaced with its opposite. It is also shrunk

vertically by a factor of _, so eachy-coordinate is multi-
2

1
plied by 2—(or divided by 2).

(0,0
1B2 65,2
(7,0)
2 6 48
1
(Y
hix) 7 gl x)

69.The graph is shrunk horizontally. Thex-coordinates of
y=h(x) are one-half the correspondingx-coordinates of

y=g(x).

<
\\\\\\}.>
=
&3
S8
N
=
Rab

(
[0, 0)

70.The graph is shifted right 1 unit, so eachx-coordinate is
increased by 1. It is also stretched vertically by a factor
of 2, so eachy-coordinate is multiplied by 2  or divided

1
In addition, the graph is shifted down 3 units, so
eac%ly coordinate is decreased by 3.

y

" h(x) 29(x 1) 3

89

(1,5)\6

(45)
4

0,12
(6,3) 4l

=]

6,7

T T T T A=~
=
w

71.9(x) =f(-x) + 3
The graph ofg(x) is the graph off{(x) reflected across the
y-axis and shifted up 3 units. This is graph (f).

72.9(x) =fx) + 3
The graph ofg(x) is the graph off{x) shifted up 3 units.
This is graph (h).

73-.9(x) =f(x) +3
The graph ofg(x) is the graph off{(x) reflected across the
x-axis and shifted up 3 units. This is graph (f).

74.9(x) =f(-x)
The graph ofg(x) is the graph off{(x) reflected across the
x-axis and they-axis. This is graph (a).

1
75-9(x) = 3ﬂx—2)

The graph ofg(x) is the graph off{x) shrunk vertically
by a factor of 3 that is, eachy-coordinate is multiplied

1
by _and then shifted right 2 units. This is graph (d).
3
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76.90) = lgf(X)—3

The graph ofg(x) is the graph off{x) shrunk vertically
by a factor of 3 that is, eachy-coordinate is multiplied

by 3 and then shifted down 3 units. This is graph (e).

1
77-9(x) = 3 flx+ 2)

The graph ofg(x) is the graph off(x) shrunk vertically
by a factor of 3 that is, eachy-coordinate is multiplied

by 1_and then shifted left 2 units. This is graph (c).
3

78.9(x) =f(x+2)
The graph ofg(x) is the graphf{x) reflected across the
x-axis and shifted left 2 units. This is graph (b).

79./1-x) = 2(—x) 4-35(-x) ® + 3(-x)-5 =
2x4+ 35x3-3x-5 =g(x)

8o0.f—x 1 —Xx)4 1 -x)481(—x) -17 =

)= ( +
4 5
T x4— " x3-81x 2-17 g(x)
4 5

81. The graph off(x) =x 3-3x 2is shifted up 2 units. A

formula for the transformed function isg(x) =f(x) +2,
org(x) =x3-3x 2+ 2.

82.Eachy-coordinate of the graphoff(x) =x  33x2is mul-

tiplied by __. A formula f{)r the transformed function is
h(x) == f[x), orh(x) =~ (x3—3x 2).
2 2

83.The graph off(x) =x  3-3x 2is shifted left 1 unit. A
formulafor the transformed function isk(x) =f{x+1),
ork(x) = (x+ 1) 3-3(x+ 1) 2

84.The graph off(x) =x 3 3x 2 is shifted right 2 units and
up 1 unit. A formula for the transformed function is
t(x) =f(x-2) + 1, ort(x) = (x-2) 3-3(x-2)2+1.

85.Test for symmetry with respect to thex-axis.

y=3x 4-3 Original equation
—-y= 3x4-3 Replacingyby-y
y=-3x 4+ 3 Simplifying

The last equation is not equivalent to the original equation,

so the graph is not symmetric with respect to thex-axis.

Test for symmetry with respect to they-axis.
y=3x 4-3 Original equation
y=3(—x) 4-3 Replacingxby—x
y=3x 4-3 Simplifying

The last equation is equivalent to the original equation, so

the graph is symmetric with respect to they-axis.

Test for symmetry with respect to the origin:

y=3x4-3
—y= 3(—x) 4 -3 Replacingxby—xand
yby-y

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.
86.Test for symmetry with respect to thex-axis.
y2 =x0riginal equation

(—v)? =xReplacingyby-y
y2=xSimplifying
The last equation is equivalent to the original equation, so

the graph is symmetric with respect to thex-axis.
Test for symmetry with respect to they-axis:
y2 =xOriginal equation
y2 =—xReplacingxby—x
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to they-axis.

Test for symmetry with respect to the origin:
y2=x0Original equation
(-y)? =—xReplacingxby—xand
yby-y
y2 =—xSimplifying

The last equation is not equivalent to the original equation,

so the graph is not symmetric with respect to the origin.
87.Test for symmetry with respect to the -axis:
be

2x-5y= 0 Original equation
2x—-5(-y) = 0 Replacingyby-y
2x+ 5y=0 Simplifying

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to thex-axis.
Test for symmetry with respect to they-axis:

2 5=00Original equation

—y=3x4-3
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x-y
2(—x)—-5y= 0 Replacingxby—x
—2x-5y= 0 Simplifying
The last equation is not equivalent to the original

equation,so the graph is not symmetric with respect to
they-axis.

Test for symmetry with respect to the
origin:2x-5y= 0 Original

equation
2(=x)-5(-y) = 0 Replacingxby—xand
yby-y
—2x+5y=0

y=-3x 4 +3  Simplifying

2x-5y=0 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.
88. Letm= the number of Madden games sold, in millions.
Then 3m-1 = the number of Wii Fit games sold.
Solve: 3m-1=3.5
m= 1.5 million games

89. Familiarize. Letg= the total amount spent on gift cards,
in billions ofdollars.

Translate.
$5 billion is 6% of total amount spent
p 5300 s
5 = 0.06-g
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Carry out. We solve the equation.

5=0.06-g
_5 _

0.06

83.3~g

Check. 6% of $83.3 billion is 0.06($83.3 billion) =
$4.998 billion~$5 billion. (Remember that we rounded
the value ofg.) The answer checks.

State. About $83.3 billion was spent on gift cards.

90. Letn= the number of tax returns e-filed in 2005, in mil-
lions.

Solve:n+ 0.439n=98.3

n=68.3 mllion returns

91. Each point for whichf{x)<0 is reflected across thex-axis.

y
4
(1,2),,2 “2)
2— X
4 )]

92. The graph ofy=f{ x) consists of the points ofy=f(x)
for whichx 8 along with their reflections across the y-
axis.

y

1,2) \ 4T
(4 2() ) \2:(1,2)

93. The graph ofy=g( xI) consists of the points ofy=g(x)
for whichx % along with their reflections across the y-

axis.

Y
L A
4|

(2,12} @2,1)

(4, 0 [ 4,0

42 7 4 *
2,
4 sl

94. Each point for whichg(x)<0 is reflected across thex-axis.

Y
4
(2,12

@,

(4,0 A1
12

2

4,

2

1)
NS 0)
4 x

g ()l

95. Think of the graph ofg(x) = int(x). Since

) =g x_ 21 , the graph off(x) =int x_

1
2 isthe

1
graph ofg(x) =int(x) shifted right = unit. The domain

is the set of all real numbers; the F'a Nge js the set of all

integers.

96. This function can be defined piecewise as follows:

—_ (=x—1),for 0=x <1,

fx) ="~
.

x—1,forx>1,

N

Think of the graph ofg(x) = x. First shift it down
1 unit. Then reflect across thex-axis the portion of the
graph for which 0< x <1. The domain and range are
both the set of nonnegative real numbers, or [0,%).

97. On the graph ofy= 2f(x) eachy-coordinate ofy=f(x) is
multiplied by 2, so (3,4 -2), or (3,8) is on the transformed

graph.

On the graph ofy= 2+f{x), eachy-coordinate ofy=f(x)
is increased by 2 (shifted up 2 units), so (3,4 + 2), or (3,6)
is on the transformed graph.
On the graph ofy=f{2x), eachx-coordinate ofy=

1

1
x) is multiplied by 5-(or divided by 2),s0 ‘3,4
2

5 ,or

73,4 is on the transformed graph.
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k
98. Using a graphing calculator wefind that the zeros are 7 y= _
-2.582,0,and 2.582. %
The graph ofy=f(x 3) is the graph ofy=f(x) shifted 32 =_1
right 3 units. Thus we shift each of the zeros off{x) 3 units 8
right tofind the zeros off{x 3} They are 2.582 + 3, 1
or0.418; 0 + 3, or 3; and 2.582 + 3, or 5.582. g 32=k
The graph ofy=f{x+ 8) is the graph ofy=f(x) shifted 4 =k
8 units left. Thus we shift each of the zeros off{x) 8 units The Xariation constant is 4. The equation of variation is
left tofind the zeros off(x+ 8). They are-2.582-8, or y= _.
-10.582; 0-8, or—8; and 2.582-8, or-5.418. X
8 y=kx
Exercise Set 2.6 3=k33
1
1. y=kx _=kVariation constant
54 =k-12 1 1
54 =kork= 9 Equation of variation;y= 1%
12 2 9 9. Y=kx
The variation constantis , or 4.5. The equation of vari- 3 k2
2 =k
9 13
ation isy= ¥, oty= 4.5x.
2,  y=kx 2 ,;l =k
0.1 =k(0.2) =k
2 =kVariation constant 8 3
1 The variation constant is g The equation of variation is
Equation of variation:y= x, ory=0.5x. 3
2 y=4X
—_ k —_
3 y= X 10. Y7 x
k
3=
12 1_k_
5 35
36 _k. . . . . 7 =kVariation constant 7
The variation constant is 36. The equation of variation is Equation of variation:y=
_36 -
y="".
x X
k k
= 11. =
4.y % y=,
k
12 = k 1.8=_
5 0.3
60 =kVariation constant 0.54 =k
Equation of variation:y= ~ — The \(/)aé'ilation constant is 0.54. The equation of variation
X isy=——
5. y=kx
1 12.  y=kx
1=k 0.9 =k(0.4)
4 =k _” =kVariation constant
The variation constant is 4. The equation of variation is 4 9
y=4x. Equation of variation:y= =~ x, ory= 2.25x
k 4
- _ k
6. y= = 0.1=
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0.5 13.  LetS= the sales tax andp= the purchase price.
0.05 =kVariation constant . .
0.05 S=kp Svaries directly asp.

Equation of variationyy= "~ 17.50 =k-260 Substituting
X
0.067=kVariation constant
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5= 0.067pEquation of variation 18. N=kP
$=0.067(21) Substituting 29=k-19,011,000 Substituting
S~1.41 9 =kVariation constant
The sales tax is $1.41. 19,011,000
29
14.LetW= th Kkly all da= the child’ . N= _______p
4.Le e weekly allowance anda= the child’s age 15,011,000
W=ka 29
4.50 =k-6 N= 19,011,000 ,418,000 Substituting
0.75=k N=7
Colorado has 7 representatives.
W=0.75 k
a 19. T=— Tvaries inversely asP.
W=0.75(11) £
15, w= $8-2k5 5= 7 Substituting
W= T Whvaries inversely asL. 35 =kVariation constant
k
1200 = N 35
g Substituting 7= Equation of variation

9600 =kVariation constant

9600
w= Equation of variation
9600
w= Substituting
14
W=686

A 14-m beam can support about 686 kg.
16. k

t= —
r
5 __k
80
400 =r
400
t=
r
400
= 70
t= ﬂ’,orSS_hr
7 7

17. LetF= the number of grams of fat andw= the weight.
F=kw Fvaries directly asw.
60 =k-120 Substituting

60 =kor  Solving fork
120

1
_ =kVariation constant
2

1

F= 2 wEquation of variation

1

20.

21.

T= Substituting
10

T=3.5

It will take 10 bricklayers 3.5 hr to complete the job.

t= k_
K
45="
600
27,000 =k
27,000
t=
r
27,000
t=
t= 27 min

d=km dvaries directly asm.
40 =k-3 Substituting

40
;:kVariation constant
40
d= 3 mEquation of variation
d= 40 .5_ 200 gyptituting
3 3
F= 2 -180 Substituting
The
maximum
daily fat
intake for a
person

SO Il T
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weighing 1801b is 90 g. e 66 2
=66

2
A 5-kg mass will stretch the spring 66  ¢m,
3

22, f=kF
6.3 =k-150
0.042 =k
f= 0.042F
f=0.042(80)
f=3.36
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23. P= Pvaries inversely asW.

>~ =

330=__ Substituting

1056 =kVariation constant

1056
P= Equation of variation
1056
550 = W Substituting

550W= 1056 Multiplying byW

1056
W=

550
W=1.92

Dividing by 550
Simplifying

A tone with a pitch of 550 vibrations per second has a

wavelength of 1.92 ft.
24. M=kKE Mvaries directly asE.
38 =k'95  Substituting
_ =kVariation constant
5
2
M= 5 EEquation of variation
2
M= 5 <100 Substituting
M= 40
A 100-Ib person would weigh 40 1b on Mars.
k
25. y=
X2
_k -
0.15 = Substituting
(0.1)2
k
0.15="_
0.01
0.15(0.01) =k
0.0015=k
0.0015
The equation of variation isy= .
X2
26. y= k
2
6= s
32
54 =k
54
V= %y
27. y=kx 2

0.15 =k(0.1) 2 Substituting

28.

29,

30.

31

34.

y= _Xx2
3

y=kxz

56 =k-7-8 Substituting
56 = 56k

1=k

The equation of variation isy=xz.

kx
y:

KkZ

e v
4= 15

5=k

y= —
zZ

y=kxz 2

105 =k-14-5 2

Substituting

105 =350k

105 _

350

The equation ofvariation isy=

[O¥]
(a8
(o)}

28 30
1

The equation of variation isy=

y=k-

k

Xz
w2

_ Xxz2.
10
Xz
wp
310 e
7.8 Substituting
30
56
1 xz
or
5wp
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0.15=0.01k =k 163
0.15 _ 5 52
k
5
0.01 =k
15 =k 4
The equation of variation isy= 15x 2. y= SXZ or 5Xz
4w? 4w?
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140 Chapter 2: More on Functions
k kR
35- I= 39.E=
% !
90 = L Wefirstfindk.
Tz Substituting k93  Substituting
389=
90 = k_ 215.2
25 . 215.2
2250 =k 389 2152  =kMultiplying by 12
2250 93 93
The equation of variation is/= . 9~k
d2 9R
Substitute 40 for/andfindd. The equation of variation isE= _.
40 = 2250 Substitute 3.89 for and 238 for [
d2 9R E Iand solve forR
40d2=2250 3.89=
d2=56.25
3.89(238 238
_ (238) =RMultiplying by
=75 9 o
The distance from 5 m to 7.5 m is 7.5-5, or 2.5 m, so it is 103=R

2.5 m further to a point where the intensity is 40 W/m?.

36. D=kAv
222 =k-37.8-40

37
7
438 S1v

252

v=57.4 mph
37. d=kr 2

200 =k-60 2 Substituting

200 =3600k

200

3600
1

18 1
The equation of variation isd="r2.
18

=k

Substitute 72 fordandfindr.
72= 2
18
1296 =r 2
36 =r
A car can travel 36 mph and still stop in 72 ft.
38. W= —k
d2
220 =
(3978)2
3,481,386,480 =k

W= 3,481,386,480

dz2
w= 3,481,386,480

Bronson Arroyo would have given up about 103 earned
runs if he had pitched 238 innings.

40. _ kT

V=220 cm?3
41.parallel
42.zero
43.relative minimum
44.0dd function
45.inverse variation
46.a) 7xy= 14

=2

X
Inversely

b) x-2y=12

X
y= 2 -6
Neither

c) —2x+y=0
y=2x
Directly
3
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(3978 +200)?2 d) x= ¥
W=199 Ib 4
y= g%

Directly
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e ¥=2
Y
y= X
Directly

47.LetVrepresent the volume andprepresent the price of a
jar of peanut butter.

V=kp VWvaries directly asp.

2
T 23 (5) =k(2.89) Substituting
3.89m=kVariation constant
V= 3.89mpEquation of variation
m(1.625)%(5.5) = 3.89mpSubstituting
3.73=p

If cost is directly proportional to volume, the larger jar
should cost $3.73.

Now letWrepresent the weight andprepresent the price
of ajar of peanut butter.

W=kp

18 =k(2.89) Substituting
6.23~kVariation constant

W= 6.23pEquation of variation

28 = 6.23pSubstituting
4.49~p

If cost is directly proportional to weight, the larger jar
should cost $4.49. (Answers may vary slightly due to
rounding differences.)

kp?

48.0= —
Q e
Qvaries directly as the square ofpand inversely as the
cube ofg.

49.We are toldA=kd 2, and we knowA=17r 2s0 we have:
kd2=1r 2

d2
kd2=mr °© r=_d

2 2
Td2
kd2 = —
d2 1
m
k= T Variation constant

Chapter 2 Review Exercises

1. This statement is true by the definition of the greatest
integer function.

2.Thes statement is false. See Example 2(b) in Section 2.3
in the text.

3.The graph ofy=f(x &) is the graph ofy=f(x) shifted
rightdunits, so the statement is true.

5.a) Forx-values from—4 to-2, they-values increase

from 1 to 4. Thus the function is increasing on the
interval (—4,-2).

b) Forx-values from 2 to 5, they-values decrease from
4 to 3. Thus the function is decreasing on the inter-
val (2,5).

c) Forx-values from-2 to 2,yis 4. Thus the function
is constant on the interval (-2,2).

6.a) Forx-values from-1 to 0, they-values increase from

3 to 4. Also, forx-values from 2 toeo, they-values
increase from 0 toee. Thus the function is increas-
ing on the intervals (=1,0), and (2,%).

b) Forx-values from 0 to 2, they-values decrease from
4 to 0. Thus, the function is decreasing on the in-
terval (0,2).

c) Forx-values from—-eoto-1,yis 3. Thus the func-
tion is constant on the interval(—ee,~1).

7‘ y

BN ow s oG

54-3-2-1 \ 22345 X
2f(x)=x2—1
-3
-4
-5

The function is increasing on (0,o¢ and decreasing on
(—o==,0). We estimate that the minimum value is 1+ at

x= 0. There are no maxima.

f(x)=2—|xf

The function is increasing on (-c,0) and decreasing on

4. The graph ofy= f{x) is the reflection of the graph of
y=f(x) across thex-axis, so the statement is true.
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9.

(0,%0). We estimate that the maximum value is 2 atx= 0.

There are no minima.

Wefind that the function is increasing on (2, ) aad de-
creasing on (—eo, 2). The relative minimum is +atx= 2.

There are nomaxima.
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10. b) The length of the side parallel to the garagemust
be positive and less than 66 ft, so the domain of the

//-—"_\ function is{x|0< x <66}, or (0,66).

A x@33 Ji@
600

Increasing: (—e<,0.5)

Decreasing: (0.5,%°)

Relative maximum: 6.25 atx= 0.5 0 180

Relative minima: none

0

d) By observing the graph or using the MAXIMUM
feature, we see that the maximum value of the func-
tion occurs W%6£X= 33. Whenx= 33, then

33—12= 33~ =33-165 = 16.5. Thus the di-

11.

mensions that yield the maximum area are 33 ft by
16.5 ft.

16.a) Leth= the height of the box. Since the volume is
108 in3, wehave:

Wefind that the function is increasing on (—0,—1.155)

108 =x-x-h
and on (1.155,) and decreasing on (-1.155,1.155). The 108 _X Xh
relative maximum is 3.079 atx=—1.155 and the relative =Xz
minimum is-3.079 atx= 1.155. 108 _,
X2
12, Nowfind the surface area.
S=x2+4-xh
108
S(x) =x2+4 x
a2
432
Sx)=x2+
X
b)xmust be positive, so the domain is (0,e).
Wefind that the function is increasing on ( 1.455,1.155) ¢) From the graph, we see that the minimum value of
and decreasing on (—oo,-1.155) and on (1.155, »<The the function occurs whenx= 6 in. For this value
relative maximum is 1.540 atx= 1.155 and the relative ofx,
minimum is—1.540 atx=—1.155. h= 1%: 10j= 123 = 3 in.
2 2
13. Ifl= the length of the tablecloth, then the width is X 6 36
C
20-21 =
,or 10—1. We use the formula Area = lengthx — x—
.2 Xor X —4,
wid“th. 17.() = 1
A(I) =I(10-I),0r S = xe Lforxo—4
A(D =10I-1 2 We create the graph in two parts. Graphf{x) =xfor
14. The length of the rectangle is 2 . The width is the second inputs less than or equal to—4. Then graphf(x) = L1yt
X 2
coordinate of the point (x,)) on the circle. The circle has for inputs greater than—4.
center (04)) and radius 2, so its equation isx 2 +y 2 = 4
andy= 4—xj 2. Thus the area of the rectangle is given » y
byA(x) =2x 4—x 2. R o
.a) Ifth th of the sid lel to t i L
15-3) Jreof 118§§, then e e e Shabage s o W
3 Il é \2 Il Il i \2 Il \4 Il Il |x
—X X r
two sides is ,or 33~ . We use the formula a
2 2 H
Area = lengthxwidth.

X

Copyright © 2013 Pearson Education, Inc.



A(x) =x 33— o /0T
x2

A(x) =33x— 5
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x3,forx <—2,

x|, for—2<x<2,

V

x—1,forx >2

18.f(x) =

M M

We create the graph in three parts. Graphf{x) =x 3 for
inputs less than—2. Then graphf{x) =IxIfor inputs
greater than or equal\fo—2 and less than or equal to 2.

Finally graphf(x) = x—1 for inputs greater than 2.

y
NS
4444LL47;L%44M%F>
2L
4
oL
cl
100
12
- x2—1
19. )= JSforx -1,
f()g - >t
3,forx=—1

x2
We create the graph in two parts. Graphf(x) = x4+ 1

for all inputs except—1. Then graphf{x) = 3 forx=-1.

2244 x

20. .

f(x) = [[x]]- See Example 9 on page 166 of the text.

PRI d.
§ 52 2 &
-0 -
.-
o -3 fix)= [«

21.f(x) = [[x-3]]

This function could be defined by a piecewise function with

an infinite number of statements.

im LM R

4, for 1 x <0,
_3,for O<x <1,

2,fol x <2,
1,for 2-x<3,

)= _

YA
Fofix) =[x—31
i

t
2}
v -0
S D WY W W S W PSP W S
4 2 ;
S F e X
-2 =0
:
*”0 |

- x3,forx <-2,
[xl,for—2<x<2,

22,f(x) =

x—1,forx >2
Since—1 is in the interval [—2,2],/{—1) =I—1I=1.

Since 5>2f(5) = 5-1= 4= 2.
Since—2 is in the interval [—2,2],/{—2) =I—2I= 2.

Since-3<-2,(-3) = (-3) 3 =-27.
x2—-1 ¢
23. = Jforx =—1,
3 X() C
T 3,forx=—1
Since 2= 1, 5y (271 471l 2.3
-2+ —1_ -1
Sincex=-1, we havef(o—zl) =3.
Since 0= 1, (0) = ==z 1,
-/ Brr 14
Since 4= 1, (4) = =—=*_15_ 3
B +1 5 5
24. (f-9)(6) =ﬂ6)—VaL6)
= 6-2-(62-1)
N
= 4-(36-1)
=2-35
=-33
25. (fg)(2) =ﬂ2\}gﬂ)
= 2-2-(22-1)
=0-(4-1)
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20 P TG 1y 2y
= -3+ (1_1)

Since -3isnotarealnumber,(f+g)(-1) doesnotexist.

27.f(x) =

a) Division by zero is undefined, so the domain offis
{x|x =0}, or (—e==,0)U(0,o=). The domain ofgis
the set of all real numbers, or (—ee,).

_4)5_9 (x)=3 2x

The domain off+g,f~gandfgis{x|x =0},
or (—==,0)U(0,%). Sinceg 3 =0, thedomain

2
off/gis xx=0and x= 3 ,or
B 33 ?
(—oo,O)U 0, 2 U 2:°°
4 4
b)(+ )( )= 2 + (3 2x)= x2+3 2x
4 4
(F~9)(x) = = —(3-2x) = 23+ 2x
4 12 8
W= ,(B-29= » 4
4
X2 _ 4
WO = 539"~ Gy

28.a) The domain off,g,f+g,/~g, andfgis all real

numbers, or (—ee,). Sinceg 1 -~ 0, the domain

1 1 1

off/gis XX=_2 ,0r — oo 2_U2‘o<>
b) (f+g)(x) = (3x 2+ 4x) + (2x-1) = 3x 2+ 6x-1
(fF9)(x) = (Bx2+ 4x)—(2x-1) =3x2+ 2x+ 1

(fg)(x) = (3x2+ 4x)(2x—1) = 6x 3+ 5x2—4x
3x2 + 4x

(79)(x) = 2x—1

29. P(x) =R(x)-C(x)
(120x-0.5x 2)—(15x+ 6)

120x-0.5x 2—-15x-6
—0.5x 2+ 105x-6

30.f([x) = 2x+7

fix+h)—f(x) _ 2(x+h) + 7-(2x+ 7) _

h h

2x+ 2h+7-2x-7 _2h _,

flx+h)—f(x) _ 3-x 2 —-2xh—h 2—(3—x 2)
h h
_3—x2-2xh-h 2-3 +x 2

h
_ —2xh—h 2 _h(=2x-h)
h h
h —2x—h
=n 1 =—2x—h
4
32fx) =
4 4 4

flx+h)—f(x) x+h X

h h
4x=4(,h) 4x—y 4h —4p
x(x+h) _ _ Xx(x+h) _x(x+h) _
h h h
-4h 1 _ _ —4h/ 4
. x(x+h)h = xgg(-‘l-gh)}@7 x(x+h) O x(x+h)

33. (F9)(1) =flg(1)) =f(1 2+ 4) =f(1 + 4) =f(5) =
2:5-1=10-1=9

34- (g°N(1) =g(f(1)) =9(2-1-1) =g(2-1) =g(1) =

12+4=1+4=
35- ( )(2)=((

5
2)=(2(2) 1=

hef — hf— h

h(-4-1) =h(-5)=3—(-5) 3=3-(-125)=
3+125=128
36. (g°h)(3)=g(h(3))=g(3-3 3)=g(3-27) =

g(—24) = (-24)2+ 4 =576 + 4 = 580

3
37. (PM(-1) =h(-1)) =/3-(-1) )=
fB-(-1)) =fAA3+1) =f[4) =2:4-1=8-1=7
38. (hog)(2) =h(g(2)) =h(2 2+ 4) =h(4 + 4)
h(8) = 3-83=3-512 =-509
39-(PA) =/ Ux) =A(2x-1) = 2(2x-1)-1 =

4x—2—-1=4x-3

40. (hoh)(x) =h(h(x)) =h(3-x

3—(27-27x 3+ 9x6—x9) =3-27 +27x3-9x 6 +x 9=

—24 + 27x3-9x 6+Xx 9

3)=3-(3—x3)%=

ama) ; (V=06 2)= ——
gx f-x (3-2x) 2
4 4 8
9°fx) =g = =3-2 2 T3
h h

31.f[x)=3—x2
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b) The domain offis{x|x = 0}and

the domain ofg

flx+h) = 3—(x+h)

2 2
-x —2xh—h

2=3—(x 2+2xh+h 2) =

is the set of all real numbers. Tofind the domain
offeg, wefind the values ofxfgr whichg(x) = 0.

Since 3-2x= 0 whenx= =, the domain offeg
. 3 2
1S 3 3

xXx=, , or —oo,ZUZ,oo.Sinceany

real number can be an input forg, the domain of
gofis the same as the domain off;{x|x = 0}, a
(—M,O)U(O,‘X’).
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42.2) fog(x) =f2x-1)
=3(2x-1) 2+ 4(2x-1)
= 3(4x2 —4x+ 1) + 4(2x-1)
=12x2—-12x+ 3 + 8x—4
=12x2—4x-1
(9N (x) =g(3x 2+ 4x)
=2(3x2+ 4x)-1
= 6x2+ 8x—1
b) Domain off= domain ofg= all real numbers, so

domain offog= domain ofgef= all real numbers,
or (—oo,00).

43.f(x) = x,g(x) = 5x+ 2. Answers may vary.
44.f(x) = 4x 2+ 9,g(x) = 5x-1. Answers may vary.

45.x2+y 2=4

The graph is symmetric with respect to thex-axis, the
y-axis, and the origin.
Replaceywithysto test algebraically for symmetry with
respect to thex-axis.
x2+ ()2 =4
x2+y2=4

The resulting equation is equivalent to the original equa-

tion, so the.%I;aph is symmetric with respect to thex-axis.
Repiace wi to test algebraically for symmetry with
X —X

respect tothey-axis.
()% +y2 =4
x2+y2=4
The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to they-axis.
Replacexandxandywith y#to test for symmetry
with respect to the origin.
(x)2+ (5)2=4
X2 +y 2 =4
The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to the origin.

46.y2=x2+3

The graph is symmetric with respect to thex-axis, the
y-axis, and the origin.

Replaceywithy/to test algebraically for symmetry with
respect to thex-axis.
()2 =x2+3
y2 =x2+3
The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to thex-axis.

Replacexwithto test algebraically for symmetry with
respect to they-axis.

y2=(=x)?+3

y2=x2+3
The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to they-axis.

Replacexand xandywith y#o test for symmetry
with respect to the origin.

()%= (2)2+3
y2=x2+3
The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to the origin.

47.x+y=13

The graph is not symmetric with respect to thex-axis, the
y-axis, or the origin.

Replaceywiths/to test algebraically for symmetry with
respect to thex-axis.

x—y=3
The resulting equation is not equivalent to the original

equation, so the graph is not symmetric with respect to
thex-axis.
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Replacexwithxto test algebraically for symmetry with
respect to they-axis.

—x+y=3
The resulting equation is not equivalent to the original

equation, so the graph is not symmetric with respect to
they-axis.

Replacexand—xandywith 3to test for symmetry
with respect to the origin.

—x-y=3
x+y=—3
The resulting equation is not equivalent to the original

equation, so the graph is not symmetric with respect to the
origin.

48. y=x 2

The graph is symmetric with respect to they-axis. It is
not symmetric with respect to thex-axis or the origin.

Replaceywithysto test algebraically for symmetry with
respect to thex-axis.
—y=Xx2
y=x2
The resulting equation is not equivalent to the original

equation, so the graph is not symmetric with respect to
thex-axis.

Replacexwith-xto test algebraically for symmetry with
respect to they-axis.

y=(=x)?

y=x2
The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to they-axis.

Replacexand xandywith y#o test for symmetry
with respect to the origin.
v=(=x)?
—y=x2
y=x2
The resulting equation is not equivalent to the original

equation, so the graph is not symmetric with respect to the
origin.

49.y=x 3

The graph is symmetric with respect to the origin. It is
not symmetric with respect to thex-axis or they-axis.

Replaceywithy/to test algebraically for symmetry with
respect to thex-axis.
—y=X 3
y=X3
The resulting equation is not equivalent to the original

equation, so the graph is not symmetric with respect to
thex-axis.

Replacexwith-xto test algebraically for symmetry with
respect to they-axis.

y=(=x)3

y=-Xx3
The resulting equation is not equivalent to the original
equation, so the graph is not symmetric with respect to
they-axis.
Replacexand—xandywith 3to test for symmetry
with respect to the origin.

»=(=x)3

—y=-—X 3

y=x3

The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to the origin.

50.y=X 4—X 2

The graph is symmetric with respect to they-axis. It is
not symmetric with respect to thex-axis or the origin.

Replaceywiths/to test algebraically for symmetry with
respect to thex-axis.
—y=X 4—-X2
Y=—X4+X?2
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The resulting equation is not equivalent to the original
equation, so the graph is not symmetric with respect to

thex-axis. | . .
Replacexwith- to test algebraically for symmetry with

respecttothe X
y-axis.

y= (242

V=X4-X2
The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to they-axis.

Replacexand-xandywith-yto test for symmetry
with respect to the origin.
b= () 4 ()7

—Y=X4-X2
V=—X4+X 2

The resulting equation is not equivalent to the original
equation, so the graph is not symmetric with respect to the
origin.

51. The graph is symmetric with respect to they-axis, so the

function is even.

52.The graph is symmetric with respect to they-axis, so the
function is even.

53.The graph is symmetric with respect to the origin, so the
function is odd.

54.The graph is symmetric with respect to they-axis, so the
function is even.
55.f[x) =9—x2
f(x)=9—-(=x2)=9—x2
f(x) =f(—x),sofis even.
56. f(x) =x 3-2x+ 4
AX)=(x)3-2(—x) + 4 =—x 3+ 2x+ 4

x) j(—x),sojs‘is not even.
—f(x) =—(x —2x+ 4) =—x
f(—x) —f(x),sofis not odd.

Thus,f(x) =x 3-2x+ 4 is neither even or odd.

+ 2x—4

57.-f[x)=x7-x5
f=X)=(x)7-(=x)5=x7+x5
f(x) f{—x),sofis not even.
—f(x) =—(x7-x5)==x7+x5
f(—x) =—f(x),sofis odd.

58. Ax) =lx

S(—x) =l—xI=IxI
f(x) =f(\7x),soﬁs even.

60. fx) = 10X

x2+1
10(=x) 10x
fE) = 9Z+1 == ¥ +1

f(x) fl—x),sof(x) is not even.
10x
S = e
f(—x) =—f(x),sofis odd.
61.Shape:g(x) =x 2
Shiftg(x) left 3\1/mits:f(x) =g(x+3)=(x+3) 2

62.Shape:t(x)= x
Turnt(x) upside down (that is, reflect it across thex-axis):

‘\/ —
h(x) =—t(x) =— x.
Shifth(x) right 3 units:g(x) =h(x-3) =— X -
Shiftg(x) up 4 units:f{x) =g(x) + 4 =— x=3 + 4.
63.Shape:h(x) =IxI
Stretchh(x) vertically by a factor of 2 (that is, multiply
each function value by 2):g(x) = 2h(x) = 2IxI.
Shiftg(x) right 3 units:f{x) =g(x—3) = 2Ix—3I.
64. The graph is shifted right 1 unit so eachx-coordinate is
increased by 1. We plot and connect (-4,3), (-2,0), (1,1)
and (5,-2).

65. The graph is shrunk horizontally by a factor of 2. That
is, eachx-coordinate is divided by 2. We plotand connect

5,3 30 (0,1) and (22
_Z—i y -2 ,(,)an (, ).

—4f y=f(2x)
66. Each -coordinate is multiplied by =~ 2. We plot and con-
y —
nect (-5,-6), (-3,0), (0,-2) and (4,4).




59. f[x)= 16-x 2 \/7
=) =16-(=x39= 16—x?2
f(x) =f(—x),sofis even.
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. - kxz2
67. Eachy-coordinate is increased by 3. We plot and connect 73. Y= —
(-5,6),(-3,3),(0,4) and (4,1). w L2
o k(16) ,
y 2=
1 0.2
o y=3+fix) 1
. k(16) i
0.2
= 5 _ 4k
-2 0.2
2=20k
_ =k
68. y=kx 10
100 = 25x 1 xz2
4 =x Y= ow
Equation of variation:y= 4x k
74. t=
69. y=kx I{
6 = 9x 35=__
2 . 800
5 =xVariation constant 28,000 =k
Equation of variation: = t= 28,000
y 3X r
28,000
70. y= 5 1400
*% t= 20 min
100 = o 75. N=
25 ka
2500 =k 87 =k-29
. - 500
Equation of variation;y= 3=k
x
N=3a
71. _k
Y x N=3-25
6= N=75
_ 9 o Ellen’s score would have been 75 if she had answered 25
54 =kVariation constant e questions correctly.
Equation of variation;y= ~ 76.  P=kC 2
k 180 =k-62
72 Y= % 5 =kVariation constant
12 = P=5C 2 Variation equation
22 P=5-102
48 =k4_8 P=500 watts
y_ — —
x2 77X) =x+1,g(x)=  x

The domain offis (—e,o0), and the domain ofgis [0,°).
Tofind the domain of (g°f)(x), wefind the values ofx
for whichf{x)=0.

x+ 1=0
x=-1
Thus the domain of (g f{x) is [ 1, }-Arswer A is
correct.

78. Forb >0, the graph ofy=f{x)+bis the graph ofy=f{x)
shifted upbunits. Answer Cis correct.
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79. The graph ofg(x) =— lf(x) + 1 is the graph ofy=f(x)
2

1
shrunk vertically by a factor of —, then reflected across the

2
x-axis, and shifted up 1 unit. The correct graph is B.

80. Letf(x) andg(x) be odd functions. Then by definition,
A=) = f&x), orfix) = f{ %), andg( x) =g(x),—
org(x) =g(=). Thus (f+g)(x) =f(x) +g(x) =
=) + [ g€} = [f(2) +g( Q)] =tf+9)(x) -
andf+gis odd.

81. Reflect the graph ofy=f(x) across thex-axis and then
across they-axis.

82.f[x) =4x3-2x+7
a)f(x) +2=4x3-2x+7+2=4x3-2x+9
b) flx+ 2) = 4(x+2)3-2(x+2) + 7
=4(x3+ 6x2+ 12x+ 8)-2(x+ 2) + 7
=4x3 + 24x2 + 48x+ 32-2x—4+7
=4x3+ 24x2 + 46x+ 35

C) flx) +(2) = 4x3-2x+7 + 4:23-2:2+7
=4x3-2x+7 +32-4+7
=4x3-2x+ 42

f(x) + 2 adds 2 to each function value;f{x+ 2) adds 2 to
each input before the function value is found;f{x) +f{(2)
adds the output for 2 to the output forx.

83. In the graph ofy=f{cx), the constantcstretches or
shrinks the graph ofy=f(x) horizontally. The constant
ciny=cf(x) stretches or shrinks the graph ofy=f(x)
vertically. Fory=f{cx), thex-coordinates ofy=f{x) are

divided byc; fory=cf(x), they-coordinates ofy=f(x)
are multiplied byc.

84. The graph off(x) = 0 is symmetric with respect to the x-
axis, they-axis, and the origin. This function is both even
and odd.

85. If all of the exponents are even numbers, thenf{x) is an
even function. Ifa 0= 0 and all of the exponents are odd

numbers, thenf(x) is an odd function.

86.Lety(x) =kx 2. Theny(2x) =k(2x) 2=k-4x 2=4'kx 2=
4-y(x). Thus, doublingxcausesyto be quadrupled.

k2 k2 kik2
87.Lety=k xandx= ~ .Theny=k

1 .
z 1

Z,or)’— z

soyvaries inversely asz.

Chapter 2 Test

1.a) Forx-values from-5 to-2, they-values increase
from—4 to 3. Thus the function is increasing on
the interval (-5,-2).

b) Forx-values from 2 to 5, they-values decrease from
2 to—1. Thus the function is decreasing on the

interval (2,5).

The function is increasing on (—,0) and decreasing on
(0,ch The relative maximum is 2 atx= 0. There are no
minima.

AN
/

Wefind that the function is increasing on—(eco,—2.667)
and on (0,) and decreasing on (-2.667,0). The relative
maximum is 9.481 at-2.667 and the relative minimum is
0 atx=0.

3.

4.1fb= the length of the base, in inches, then the height =
4b—6.1We use the formula for the area of a triangle,

A= 2—bh.

A(b) = 1b(4b 6),0r

2
A(b) = 2b2-3b

[ x2,forx <—1,
5./1x) = - x|, for—1<x<1,

x—1,forx >1

27/
“117.1111

42 2—4 X

6.Since—1<- 7 <1f - == 7 7
8 8\»/ 8 8
Since 5>1,(5)= 5=-1= 4=2.
Since-4<-1,/[-4) = (-4) 2=16.
7. (9)(=6) =f-6) +g(=6) =
(-6)2 —4(-6) +3 + —(-6) =

¢) Forx-values from-2 to 2yis 2. Thus the

Copyright © 2013 Pearson Education, Inc.



functionis constant on the interval (-2,2). 36+24+3+ 3 9-63+3=66
T+6=63+ "
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8. (F9)(-1) =A-1)g(-1) = 22.f{x) = 2x 2-x+ 3
(-1)2-4(-1)+3- 3—(=1) = fx+h)=2(x+h)?—(x+h)+3=2(x2+2xh+h2)—x—h+3=
N
1+4+3- 3+1=8- -2=6 2x2 + 4xh+ 2h 2—x—h+3
4=8

9. (f9)(2) =A2)-9(2) = (22-4-2 + 3)( 3-2) = flx+h)-flx) _ 2x2+4xh+2h2—x—h+ 3—(2x 2—x+ 3)

NE
(4-8+3)( 1)=-11=-1 h h
10.(f/g)(1)= A1) q12-41+3 _1-443 _Q =0 _ 2x2 +4xh+2h2-Xyh+3-2x 2 +x-3
= —\/ \/2
g(1) 3-1 2 4xh+ 2h 2—-h

11. Any real number can be an input forf{(x) =x 2, so the = h

domain is the set of r\c/aal numbers, or (—eo,0). ) h/(4x+2h 1)
12. Thedomain ofg(x) = x—3isthe setofrealnumbers for h/

whichx—3=0, orx=3. Thus the domain is{xIx=3}, =4x+ 2h—-1

or [3,e°).

23. (g°h)(2)=g(h(2)) =g(3-2 2+22+4)=
g34+4+4)=g(12+4+4)=g(20) =420+ 3 =
80+3=83

13. The domain off+gis the intersection of the domains of
fandg. This is{x|x=3}, or [3,=°).

14. The domain off-gis the intersection of the domains of
fandg. This is{x|x=3}, or [3,o0). 24. (F9)1) =flg(-1)) =AA4(-1) + 3) =f(-=4 + 3) =
A1 =(-1)2-1=1-1=0
15. The domain offgis the intersection of the domains off
andg. This is{xIx=3}, or [3,o°). 25. (h°)(1) =h(f(1)) =h(1 2-1) =h(1-1) =h(0) =

02+ 2- = -
16. The domain off/gis the intersection of the domains of” 30°+2:0+4=0+0+4=4

andg, excluding thosex-values for whichg(x) = 0. Since 26. (g°g)(x) =9(g9(x)) =g(4x+ 3) = 4(4x+3) +3 =
x—3 = 0 whenx= 3, the domain is (3,%).

16x+ 12 +3 =16x+15 N
17.(f+g9)(x) =f(x) +g(x) =x 2+ x-3- 27.( JO)=(0(N=( 2+1)= _+15=
~ /fjg x fgx fx x2 -
18.(F9) () =f(x)—g(x)=x 2— x3 XZ—4
v v v
19.(f9)(x) =f(x).g(x) =x 2 x-3 (@ NX) =g(flx))=g( x5)J=( x5J2+1=
X) X2 x-5+1=x—4

20.(/9) 0= ;og= Vg

28. The inputs forf{x) must be such thatx-5>0, orx>5.

1 Then for (fog)(x) we musthaveg(x)=5, orx 2+12>5, or
21.f(x) = _ X+ 4 x2>4. Then the domain of (fog)(x) is (—oo,—2]U[2,°).
2 1 1 1 Since we can substitute any real number forxing, the
flx+h) = 2 fx+h) + 4 = 32Xt 5 h+4 domain of (gof)(x) is the same as the domain off{x),
1 1 [5,2°).
SX+ - h+d— _Xx+4
fixth)-flx) _ 2 2 2 29. Answers may vary.f(x) =x 4,g(x) = 2x-7
h h
1 1 1 30.y=x4-2x 2
X+ o h+4— 2 x—4 Replaceywithy/to test for symmetry with respect to
= A thex-axis.
1, —y=X 4—2X 2
:'2—_:l l:l h:l y=_X4+2X2
h 2 h- h 2 h 2 The resulting equation is not equivalent to the original
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equation, so the graph is not symmetric with respect to
thex-axis.

Replacexwith-xto test for symmetry with respect to
they-axis.

y=(04-2() 2

y=X4—2Xx2
The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to they-axis.
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Replacexwithxandywith y#o test for symmetry
with respect to the origin.

= (0 4-2(x) 2
—y=x 4—2Xx 2
y=—X 4+ 2x2
The resulting equation is not equivalent to the original

equation, so the graph is not symmetric with respect to
the origin.

2
BL0= aip
— = _(_)_2 —X — A
S )(—x)2+1 x2+1
f(x) =f(—x), sofis not even.
2x

) == x2+1
f(—x) =—f(x), sofis odd.
32.Shape:h(x) =x 2
Shifth(x) right 2 units:g(x) =h(x-2) = (x-2) 2
Shiftg(x) down 1 unit:f{x) = (x-2) 2-1
33.Shape:h(x) =x 2
Shifth(x) left 2 units:g(x) =h(x+ 2) = (x+ 2) 2
Shiftg(x) down 3 units:f(x) =(x+2) 2-3

34. Eachy-coordinate is multiplied by— 2 We plot and con-
nect (-5,1), (-3,-2), (1,2) and (4,-1).

30 =kVariation constant

. . 30
Equation of variation;y=
X
36. y=kx
60 =k12

5 =kVariation constant
Equation of variation:;y= 5x
kxz2
37. y=
w
_k(0.1)(10)2
5

100
100=2k

50 =kVariation constant

38. d=kr 2
200 =k-60 2

1
__=kVariation constant
18

d= lrz

Equation of variation
18 q

1

- 302
d= 18

d=50 ft
39. The graph ofg(x) = 2f(x)-1 is the graph ofy=f(x)

stretched vertically by a factor of 2 and shifted down 1 unit.
The correct graph s C.

40.Eachx-coordinate on the graph ofy=f(x) is dividedsby

3 0n the graph ofy=f(3x). Thus the point 3 21 or
(=1,1) is on the graph off(3x).
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