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(1,2).
Chapter 2 b) For x-values from-5 to 2; the y-values decrease from

3 to 1. For x-values from-2 to 1, the y-valuesdecrease
from 3 to 1. And for x-values from 3 to 5,

More on Functions

Exercise Set 2.1

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

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

¢) For x-values from 1to 3, y is 3. Thus the function
is constant on (1, 3).

2. a) Forx-values from 1to 3, the y-values increase from 1
to 2. Thus, the function is increasing on the interval
1 3).
b) For x-values from-5 to 1, the y-values decrease
from 4 to 1. Thus the function is decreasing on the
interval (-5, 1).

¢) For x-values from 3 to 5, y is 2. Thus the function
is constant on (3, 5).

3. a) For x-values from—3 to 4; the y-values increase
from 4 to 4. Also, for x-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) For x-values from 1 to 3, the y-values decrease from
3 to 2. Thus the function is decreasing on the inter-
val (1,3).

¢) For x-values from -5 to -3, y is 1. Thus the func-
tion is constant on (-5, —3).

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

¢) For x-values from 2 to 3, y is 2. Thus the
function isconstant on (2, 3).

. a) For x-values from — to -8, the y-values increase
from
—oo 10 2. Also, for x-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) For x-values from -8 to —6, the y-values decrease
from 2to —2. Thus the function is decreasing on
the interval(-8, -6).

¢) For x-values from -6 to -3, y is —2. Also, for x- values
from —2 to o, y is 3. Thus the function is constant
on (-6, —3) and on (-2, ).
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6. a) For x-values from 1 to 4, the y-values increase
from 2 to 11. Thus the function is increasing
on the interval (3, 4).

b) For x-values from -1 to 1, the y-values
decrease from 6 to 2. Also, for x-values from 4
to oo, the y- values decrease from 11 to —oo.
Thus the function is decreasing on (-1, 1) and
on (4, *).

¢) For x-values from — to -1, y is 3. Thus the
func- tion is constant on (—o, —1).

7. The x-values extend from -5 to 5, so the domain is
[—5, 5]. The y-values extend from —3 to 3, so the
range is [—3, 3].

8. Domain: [—5, 5]; range: [1, 4]

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

The y-values extend from —4 to 6, so the range is [—4,
6].

10. Domain: [—5, 5]; range: [1, 3]

11. The x-values extend from — to e, so the domain
is (—oo, ).
The y-values extend from —ee to 3, so the range is
—°o, 3]'

12. Domain: (—eo, o0); range: (—eo, 11]

13. From the graph we see that a relative maximum
value of the function is 3.25. It occurs at x = 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 at x = 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, «) and is decreasing on (-, 1).

15. From the graph we see that a relative maximum
value of the function is 2.370. It occurs at x =
0.667. We also see that a relative minimum value
of 0 occurs at x = 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 (-, —0.667) and on (2, «). It is
decreasing on (-0.667, 2).

16. From the graph we see that a relative maximum
value of 2.921 occurs at x = 3.601. A relative
minimum value of 0.995 occurs at x = 0.103.
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Chapter 2: More on Functions

The graph starts decreasing from the left and stops de- 20.
creasing at the relative minimum. From this point it in- v
creases to the relative maximum and then decreases again.

. .« . o . i 5
Thus the function is increasing on (0.103,3.601) and is de- 4
creasing on (-, 0.103) and on (3.601, ). 3
P2
N

Yi T 5 4 32 711712345

H D=2
) \ Ciaf(x)=|x+3]—5
3 -4
\ ~ f(x)=x? 5 |

Increasing: (—3,%°)

Decreasing: (—ee, —3)

-4 Maxima: none

Minimum: -5 atx = -3

The function is increasing on (0, ~) and decreasing on 21. vy
(5=0). We estimate that the minimum is 0 at x = o. s
There are no maxima. 4 -
L _
Vi 2 .
) - -
5 Piid
i F(x)=4—x2 fL32 | 12345 X
- 2l (x)=x2—6x+1p
2
-3
1 \ 4
i i P X 5
-2
3 The function is decreasing on (s 3) and increasing on
- (3, r We estimate that the minimum is 1 at x = 3.
7 N There are no maxima.
Increasing: (-, 0) 22.

Decreasing: (0, =)

Maximum: 4 atx =0

- 6
Minima: none s e
2
.
y -10 -8 754722 246810 X
s f(x)=5—|x|
-10!
-4 -3-2 -1 12345 X 1 .
§o4 s X Increasing: (-, —4)
Dot —2 Decreasing: (—4, =)
) O OO O Maximum: 7 at x = —4
-, ..
Minima: none

The function is increasing on 0 0) and decreasing on 3.

(0,29 We estimate that the maximum is 5 at x = o.
There are no minima.

Beginning at the left side of the window, the graph first
drops as we move to the right. We see that the function is
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24.

25.

26.

27. a)

decreasing on {s<1). We then find that the function is
increasing on (1, 3) and decreasing again on (8 ). The
MAXIMUM and MINIMUM features also show that the
relative maximum is —4 at x = 3 and the relative minimum
is-8atx =1.

A
N

Increasing: (-0, —2.573), (3.239, =)

Decreasing: (-2.573, 3.239)
Relative maximum: 4.134 at x = -2.573

Relative minimum: —-15.497 at x = 3.239

/1
VARY

We find that the function is increasing on (-1.552, 0) and

on (1.552,09 and decreasing on (op -1.552) and on

(0, 1.552). The relative maximum is 4.07 at x = 0 and
the relative minima are- 2.314 at x = -1.552 and -2.314

atx =1.552.

Increasing: (-3, «)
Decreasing: (—e, —3)
Relative maxima: none

Relative minimum: 9.78 at x = -3

y x°300x 6
50,900

00 300

b) 22, 506 ata = 150

¢) The greatest number of fruit trees will be sold when

28.

29.

30.

31.

32.

33.

34.

35.

36.

a) y0.1x’>1.2x98.6

90

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

8

Graph y = X

x2+1

Increasing: (-1, 1)

Decreasing: (—e, —1), (1, )

Graph y 4

x2+1

Increasing: (0, =)

Decreasing: (\Tx,' 0)

Graphy =x 4—x2,for-2<x< 2.
Increasing: (-1.414, 1.414)
Decreasing: (-2, —\}.414), (1414, 2)

Graphy =-0.8x 9 — x2, for -3 <x<3.
Increasing: (-3, —2.121), (2.121, 3)

Decreasing: (—2.121, 2.121)

If x = the length of the rectangle, in meters, then the
480 —2x

widthis 2

length x width:
A(x) = x(240 — x), or
A(x) = 240x — x2

, Or 240 — x. We use the formula Area=

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

Ah) = 5 (2h = ()
7

_h
2

A(Ch) = h2—

Weuse the Pythagorean theorem.
[h(d)]? + 35002 =d2
2 2
[h(d)] = @2— 3500
h(d) =

We considered only the positive square root since distance
must be nonnegative.

d?— 35002

After t minutes, the balloon has risen 120t ft. We use the
Pythagorean theorem.

[d()]?2 = (120t)2 + 4002
d(t) = (12087 + 40072

$150 thousand is spent on advertising. For that
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amount, 22,506 fruit trees will be sold. We considered only the positive square root since distance
must be nonnegative.
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Chapter 2: More on Functions

37. Let w = the width of the rectangle. Then the

0-2 . .
length = u, or 20 -w. Divide the rectangle into

2
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
Alw) = 2—(20 - w)(w)
w2
A(w) = 10w Y

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

or 23 — w.
Alw) = (23 - ww
A(w) = 23w — w2

39. We will use simjlar triangles, expressing all distanc es in

feet. 61in.= = ft, sin. = = ft, and dyd=3d ft We
2 12
have
1
3d _ 2
A
12
S 1
12°30=7",
sd_7
4 2
47
d :S—‘ 2—, SO
14
d(is)= .
s

40. Thevolume ofthe tankis the sum of the volume of a sphere
with radius rand a right circular cylinder with radius rand
height 6 ft.

V()= 4 rs + 67r2

3
41. a) After 4 pieces of float line, each of length x ft, are
used for the sides perpendicular to the beach, there
remains (240—4x) ft of float line for the side parallel
to the beach. Thus we have a rectangle with length

b) The length of the sides labeled x must be positive
and their total length must be less than 240 ft, so
4x< 240, or x< 60. Thus the domain is
{xlo < x < 60}, or (0, 60).

¢) We see from the graph that the maximum value of
the area function on the interval (o, 60) appears to
be 3600 when x = 30. Thus the dimensions that
yield the maximum area are 30 ft by 240-4- 30, or
240 - 120, or 120 ft.

42, a) If the length = x feet, then the width = 24 — x feet.
Ax) = x(24 — x)
Ax) = 24x — x2
b) The length of the rectangle must be positive and
less than 24 ft, so the domain of the function is
{xlo < x < 24}, or (0, 24).
¢) We see from the graph that the maximum value of
the area function on the interval (0, 24) appears to
be 144 when x = 12. Then the dimensions that yield
the maximum area are length = 12 ft and width =
24 - 12, or 12 ft.

43. a) When a square with sides of length x is cut from

each corner, thelength of each of the remaining sides

of the piece of cardboard is 12 2x. Then the di-
mensions of the box are x by 12 2x by 12 2x. We
use the formula Volume = lengthx widthx height
to find the volume of the box:

V) =>02-2x)(12 - 2x)(x)
V (x) = (144 — 48x + 4x2)(x)
V (x) = 144x — 48x2 + 4x3

This can also be expressed as V (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 {xlo < x < 64, or (0, 6).

c)  y4x (6 x)
200

0

d) Using the MAXIMUM feature, we find that the
maximum value of the volume occurs when x = 2.
When x = 2, 122x = 122 2 = 8, so the dimen-

240-4x and width x. Then the total area of thethree
swimming areas is
A(x) = (240 — 4x)x, or 240X — 4x2.
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sions that yield the maximum volume are 8 cm by
8 cm by 2 cm.

44. a) If the height of the file is x inches, then the
widthis 14-2x inches and the length is 8 in.
We use the formula Volume = length
widthx height to find the volume of the file.
V (x) = 8(14 — 2x)x, or
V (x) = 112x — 16x2
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b) The height of the file must be positive and less than
half of the measure of the long si de of the pie ce of

14

X O <x< __ ,or

plastic. Thus, the domain is 5

{xlo <x < 7L
¢ y112x16x

250

d) Using the MAXIMUM feature, we find that the
maximum value of the volume function occurswhen
x = 3.5, so the file should be 3.5 in. tall.

45. a) The length of a diameter of the circle (and a di-
agonal of the rectangle) is2 - 8, or 16 ft. Let ] =the
length of the rectangle. Use the Pythagorean
theorem to write I as a function of x.

x2 + 2 =162

x2+ 2 =256
I2=256 — x2
I = 256-x2

Since the length must be positive, we considered

only the positive square root.

Use the formula Area = length x width to find the
area of the re\(]'tangle:

Ax)=x 256—x2

46. a) Let h(x) = the height of the box.
320 =x - x - h(x)

329~ o

X2
Area of the bottom: x2

Areaofeachside:x ___ ,or
x2 X
Area of the top: x2
320
C(x) = 1.5x2 + +4(2.5)

3200

X

+1 - x2

C(x) = 2.5x2 +

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

c) 3200

0 .20
0

d) Using the MIMIMUM feature, we find that the
minimum cost occurswhen x= 8.618. Thus, the

dimensions that minimize the cost are about

8.618 ft by 8.618ftby S0

(8.618)%’

or about 4.309 ft.

47. g(X) - XxX+t4 forx <1,

“8-—x forx>1

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

Exercise Set
2.1
When x 5, the denominator of (x2 - 25)/(x — 5) is

nonzero so we can simplify:

xX2—25 _ (x+5)(x~—

x—5 x—5 =X+ 5.

Thus, f(x) =x + 5, for x = 5.

Since —4 < 17g(-4P=—4+4 = O.

Since 0 < 1, g(0>2 0 + 4 = 4.
*—o
| I S | I I
6
*—O |_
4
2
4 2 4 x
fx)2x
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can also be expressed as:

67.

68.
69.

70.
71.

72.

73.

From the graph we see that the domain is (-, ) and the
range is [—1, =°).

Domain: (e, «); range: (-, 3)

From the graph we see that the domain is ( ) and
the range is {yly <—2ory =—1ory = 2}.

Domain: (—ee, e0); range: (-, —3] U (-1, 4]

From the graph we see that the domain is ( ) and

therangeis 5 24 —oo,
{—, —, }. An equation for the function is:
-2, for x< 2,
— 5, forx = 2,

4, forx>2

f&x) =

Domain: (—ee, =o); range: {yly = —3 ory =0}

-3, for x< o,

909 = x, forx=o

From the graph we see that the domain is—(e,0 ) and the
range is € H [2) )eo Finding the slope of each
segment and using the slope-intercept or point-slope for-
mula, we find that an equation for the function is:

x, forx<-1,
gx)= 2, for-1<x <2,

x, forx> 2
This can also be expressed as follows:

x, for x < 1,

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

gx) =

—2x — 4, for -4 < x< —1,
xX—1, for—-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
o) f (a) = 5a2- 7
D f(-a) = 5(-a)2-7 =5a2-7

78. f (%) = 4)?— 5X

a)f(2)=4-23-5-2=4-8-5-2=32-10 =22

b) f-2) = 4(-2)* - 5(-2) = 4(-8) - 5(-2) = —32 +
10 = —22

¢) f (a) = 4a3— 5a

d £ (-a) = 4(-a)® - 5(-a) = 4(-a3) - 5(-a) =
—-4a3 + 5a

79. First find the slope of the given line.

8-y =10
8x =y +10
8x-10=y

The slope of the given line is 8. The slope of a line per-
pendicqlar to this line is the opposite of the reciprocal of
8,or -.

8
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81

y-—yi=m(x—x1)
1
y-1=-glx-(1]l

1
y—1=—8(x+1)

1 1
yol=tgitg
1
y=—8—x+é-7
80.2x-9gy +1=0
2Xx +1=09y
2, ,.1_
9x+9 y
2

Slope: _; y-intercept: o,
P 9 Y P 9

81. Graph y = x4 + 4x3— 36x2— 160x + 400
Increasing: (-5, —2), (4, «)
Decreasing: (=, -5), (-2, 4)
Relative maximum: 560 at x = —2
Relative minima: 425 at x = -5, -304 atx = 4
82. Graph y = 3.22x5— 5.208x3— 11
Increasing: (-, —0.985), (0.985, =)
Decreasing: (-0.985, 0.985)
Relative maximum: —9.008 at x = -0.985

Relative minimum: -12.992 at x = 0.985

83. a) The function C(t) can be defined piecewise.

G
$12 -0
9j 0
6 oo
300
i

b) From the definition of the function in part (a),

we see that it can be written as
C(t) = 3[ltl]+ 1, t> o.

84.If [[x + 2]] = —3,then -3 < x +2 < —2, or
-5 < x< —4. The possible inputs for x are
{x|—5 < x< —4].

85. If [[x]]2 = 25, then [[x]] = -5 or [[x]] = 5. For
-5<x< —4, [[x]] =-5. For5<x< 6,[[x]]=5.
Thus, the possible inputs for x are
{x|-5<x< —4 or 5<x< 6}.
86. a) The distance from A to S is 4 — x.
Using the Pythagorean theorem, we find that the

distance from Sto Cis 1+ x2.

Then C(x) = 3900(4—X)+5000 1+ x2, or 12, 000—

3000x + 5000 1+ X2.

b) Use a graphirg_calculator to graph y = 12,000 —
3000x + 5000 1+ x2in a window such as
[0, 5, 10, 000, 20, 000], Xscl =1, Yscl = 1000. Using
the MINIMUM feature, we find that cost is mini-
mized when x = 0.75, so the line should come to
shore 0.75 mi from B.

87. a) Weadd labels to the drawing in the text.

E

h=6%6—r)=3{6—r)

h = 30=5r
3
Thus, h(r) = 30—_5£.
3
b) V =mnr2h
30-5r
V (r)=nr2 3 Substituting for h
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¢) Wefirst express r in terms of h.

p = 30-5r
3
3h=30-5r
5r=30-3h
,=30- 3h
5
V = mr2h
30-3h 2
V(h)= h
(W)=m 5
Substituting for r
30-23h?

We can also write V (h) = wh

Exercise Set 2.2

1. (f+9)(5) = f(5) + g(5)
=(52-3)+(2-5+1)

=25 - 3+ 10+1
=33

2. (fg)(0) = f(O) g(0)

(02-3)(2- 0+ 1)

=-3(1=-3
3. (f—9)(1) = f-1) —g(-1)

= ((-1)?2-3) —(2(-1)+1)
=-—2—-(-1) =—2+1
=-1

4. (fg)(2) = f(2) - g(2)
=(22-3)(2 2+ 1)

(-3)2-3

"o 03)+1

2B+
1) -f )

= [2(
-1+ 1] -[(-1) -3]
=(—=2+1)-00-3)

9.g-N1) =g

-1-(-2)

—1+2

=1

11. (h — g)(—4) = h_(—4) - g(—j)
=(4+4)- =3-1
_\/7

Since V- =0—- _5

5 is not a real number, (

12. (gh)(10) = g(\}o) h(10)
= 10-1(10 + 4)

’\/ -
= 9(14)
5

h@)

N

1—1

-

13. (g/m() =

Copyright €- 2017 Pearson Education, Inc. o
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- o4

5
Since division by 0 is not defined, (/) - = doesnot =-=0
. 2 14.( R
exist. h/g)(1) = 9(1)
6. (f— g)(0) = flo) - g(0) 1+4
= (02-3)-(2-0+ 1) =~__
=-3-1=—4 _5
0
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83

Since division by o0 is not defined, (h/g)(1) does not exist.

15. (g + (@) = g(\}) + h(1)
1_1{1+ 4)

= &5
=0+5=5
16. (hg)(3) = h(3) 9(3)4
= (?\>/+_ 4) 3_1

=72
17. f(x) = 2x + 3, g(x) = 3 — 5x

a) The domain of fandof g is the set ofallrealnumbers,

or (—eo, oo) Then the domain of f+ g, f— g,ff?L
and fg is also (—es, ). For f/g we must exclude

sinceg 53 = 0. Then the domain of f/g is

— oo, 53’ 3U oo . For g/f we must exclude
3 3
b since f — 5= 0. The domain of g/fis
3 3
T T YT
b) (f +g)(x) = [0+ () = (2x+3)+ (3-59) =
—-3x +6

F-9)x) = fix)—gx) = (2x+3) - (3 -5%) =
2X +3 — 3+ 5x = 7X

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

@) = ) - flx) = (2x+ 3)(2x+ 3) =

4X2 + 12X +9
()G = T _2x+3

gg& zr))
9/ = 375X

fx) 2x+3
18.

égx)l‘ﬁe_go-;n}fig (gf) f:, %),( f_ +2 g, f— 9, fg, and ffis

(oo, ). Sinceg ; =0, the domain of f/g is
—oo, 1y , % Since f(1) = 0, the domain of
2 2 -
9/f

is (=5, ) U (1, ).
b) (Ff+g)(x) = (x+1)+ (4x—2) = 3x—1
- =(x+1)-(4x-2)=

—X+1 —4x+2 = —-5Xx+3

N
19. (x) =x—-3,9x) = x +4
a) Any number can be an input in f, so the domain of
f is the set of all real numbers, or (—ee, ).

The domain of g consists of all values of x for which
X+4 is nonnegative, so we have x+4 > 0, or x > —4.

Thus, the domain of g is [—4, o).
o fomain Of /38 Gaibd o BT JSathf SeRkal

[_4/ °°)

The domain of ffis the domain of f, or (—eo, ).
The domain of f/g is the set of all numbers in the

domains of fand g, excluding those for which
gx) = 0. Since g(-4) = 0, the domain of f/g is
(=4, =).

The domain of g/f is the set of all numbers in
the domains of g and f, excluding those for which

f(x) = o. Since f (3) = 0, the domain of g/f is
[—4,3)U (3, ). _

\/
b) (F+ g =)+ gx)=x-3+ x+4

N
AT e RTe. A I

) =f(X) 2= (x —3)%2=x2— 6x +9

) &3
9 =
(9/f )x )-% Xﬁ”‘
fx) xX—3
\/_

20. f)=x+2,gx)= x—-1
a) The domain of f is (-, «). The domain of g

consists of all the values of x for which x - 11s

nonnegative, or [1, ). Then the domain of

f+g,f—g,and fg is [1, ). The domain of ff
is (oo, o). Since g(1) = 0, the domain of f/g

is (1, =). Since f (-2) = 0 and —2 is not in the
domain of g, the domain of g/f is [1, ).

N
b) F+rgo)x)=x+2+ =1
F-g9)xX)=x+2 - x+1

%%?(5()— (z’g +-;)2(3( -5—2_9-1= X, + 4x +4
( X +2
H9)x) = 1//
x—1
x—1
@/P® =7,
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(g)() = (x + 1)(4x — 2) = —4x2+ 6x — 2 21. f (x) = 2x — 1, g(x) = —2x2
N =(x+1)(x +1) = x2— 2x +1 a) The domain of f and of g is—(cs, ). Then the

) =~ domain of f+g, f- g, fg, and fF is {3 o).
- For f/g, we must exclude 0 since g(0) = 0. The
( )X )Hy= 4x =2 domain of f/g is (—e, 0) U (0, ==). For g/f , we
g/f x —x +1 must exclude * singe ! _ 6. The domain of
9/fis 2, 2
—oo, JU oo
2 2
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b) (F+ g)(x) = )+ gx) = (2x— 1)+ (—2x2) =
—2x2+4+ 2x — 1

(fF—g)(x) = fix) —g(x) = (2x—1) — (—2x2) =

2x2 + 2x—1
(f9)x) = fl) - g(x) = (2x — 1)(-2x2) =

—4X3 + 2x2

W) = fix) - flx) = (2x —1)(2x — 1) =
4X2— 4x +1

(g)G) =P8 _ ==t

9/ = 983 =2

fx) 2x-1
22. f(x) =x2—1,g(x) =2x +5
a) The domain of fand of g is the set of all real num-
bers, or (—eo, ). Then the domai n of f+ g, f—g,
fg and ff is (—o=, «). Since g - 5 5 O, the

domain of f/g is — oo, —25 u- o .Since

f (1) =0 and f (-1) = 0, the domain of g/f is
(oo, —D U (-1, DU, ).

b) fF+9)x)=x2 -1+ 2x +5 =x2+ 2x + 4
F-gx)=x2-1-(2x+5)=x2—-2x-6
() (x) = (x2—1)(2x+5) = 2x3 +5x2-2x-5
Hx) = (xz— 1)2= xa— 2x2 +1
« o="""1

1/g x 2x+5

(g/f)00 =573

23. filx) = \/x——g, gx) = Vm

a) Since f (x) is nonnegative for values of x in [3»),
this is the domain of f. Since g(x) is nonnegative

for values of x in-f 3»), this is the domain of g.
The domain of f +g, f-g, and fg is the intersection

of the domains of fand g, or [3,e). The domain of
ff is the same as the domain of £, or [8» ). For f/g,
we must exclude-3 since g(-3) = 0. This is not in
[3,e), sothe domain of f/g is [3,0). For g/f, we
must exclude 3 since f{3) = 0. The domain

of g/fis (3, ). N N
DY (f+ @) = O+ g0) = x 3+ x 43
-9 =fx)-gx)= x-3—- x+3
NN \
(X)) =fx)- gx) = x-3- x+3= x2-9

N
24. f([x) = \/xfg(x) = 2-—Xx
a) The domain of fis [0,0). The domain of gis
(—s2]. Then the domain of f+g, f —g, and

fo is [o, 2] The domain of ff is the same as the
h f
;1 mal Slnce) fsd n§e g(22he (c)lotmgl(rllotl)l% ?}1 (i)s

b)(°<2+]‘ y(y= Y —

fogx ~Nx vk
(f_g)(x)\/: XNo 2= ¥ax — x2
(fg)(x) = X. _ \/ _

M@ =Y Voo = ixl

a< \ﬁ

H9)x) = J =
\/2
9/N@) = C‘
25.f(x)—x+1,g(x)— x| .
a) dbgdemain of f and of g ig(goo =) Fhen thy

For f 9f-9fa Sff e,
f/g, we must exclude o since g(0) = 0. The

X

domain of f/g is (==, 0) U (0, ). For g/f , we
must exclude -1 since f(-1) = 0. The domain of
g/fis (=e2, ~1) U (-1, ).
b) (fF+g)x) =fx)+ gx) =x+1+ Ix|
F-g9)x) =fx)-gx)=x+1 —Ix|
() = fx) - g(x) = (x + 1)IxI

D)= f x)f ()=(x+1)(x+1) = x2+ 2x +1
() =

[x1

[x|
@/ ==
X +1
26. f(x) =4lxl,gx)=1-x
a) The domain of fand of g is—(es, ). Then the
domain of f +g, £ g, fg, and ff isHes, o). Since

g(1) =o,thedomainof /g is(, 1Hap ). U oo
Since f(0) = 0, the domain of g/fis
(=e2,0) U (0, ).
b) (f+ g)(x) = 41x] +1—x
F-g9@=4lxI-1-x)=4lxl1-1+x

(f)(x) =41x1(1 - x) = 41xI-gx|x|
) =41x1-41x| =16x2

41x|
P& =

1—X
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N N _
) = ix) - f(x) = x-3- x-3= Ix—3l 9/ = %

N -3 41x|
e =V 27. f(x) = x3, () = 232+ 5x - 3
8 a) Since any number can be an input for either for g,
X+3 the domain of f, g, f+ g, f—9, fg, and ff is the set of
(9/f )0 =\IT——3 all real numbers, or (—eo, oo).
1

Sinceg(-3) =o0and g 5 =0, the domain of f/g
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Since f{o) = 0, the domain of g/fis 4 _ _
(=, 0) U (0, ). W= L=t o=x_alo=x
b) (F+ g)(x) = Ax)+ g(x) = x3+ 2x2 + 5x— 3 —1 x+1 1 x+1
(f -~ 9@ = fl)-g() = x3—(2x2 +5x-3) = 6-x
x ! 1 x+1 x+1
3— 2x2— 5X +3 (A y)y=6=x% _
() = flx) - g(x) = x3(2x2 + 5x —3) = g/fIQ ) 4 6—x 6-x)
2x5 + 5x4— 3X3 X+1 x 4
) = fix) - flx) = x3 - x3 = X6 30. f (%) = 2x2, g(x) —A
fx) X3
2 g(x)_ 2xZ2+5x—3 2) ;Iie 5?,(% e 1(r)1faj1criso% gﬁs?lm,s“}u&, oo§ Tgevﬁht Itle

gx) 2x2+5x-3
GO
28.f(x) =x2— 4,9(x) = x3
a) The domain of fand of g is (-, =). Then the

domain of f +g, f-g, fg, and ffis (=, ). Since
g(0) = 0, the domain of f/g is (-, 0) U (0, =°).

Since f(—2) = 0 and f (2) = 0, the domain of g/f
is (e, —2) U (-2, 2) U (2, =0).
b) (f+9)(x) =x2— 4+ x3 or x3+ x2— 4

(f-9)(x)=x2—4—x3, 0r—x3+x2—4
U8 = 2 B 8 1 16

H) = 27

GO
4 1
29.f()= ,g(x) =

X +1 6 —Xx

a) Since x +1 = 0 when x =— 1, we must exclude
—1from the domain of . Itis (—eo,— 1) (=4, ).
Since 6-x = 0 when x = 6, we must exclude 6 from
the domain of g. It is (—e, 6)U (6, ). The domain
of f+ g, £ g,andfyg isthe intersection of the
domains of fand g, or (—eo,— D)uU(-1, 6)U(6,00).
The domain of ff is the same as the domain of f,

(—1,_). Since there are no values

or (zeo, —1) U
})/f g Efl(g V\gl/ljglll S:q{x) 0 %r f E ) =g :th(e don)l'aln of

- - 4 1
b) (F+9)x) =f )+ glx) = +

F-9XD=fX-gx)= -

X+1 6 —x

domain of f + g, f — g, and fg is (==, 5) U (5, ).
The domain of ff1s (—e<,%0). Since there are no
values of x for which g(x) = 0, the domain of f/g

is (—eo, 5) U (5, ). Since f (0) = 0, the domain of
g/fis (===, 0) U (0, 5) U (5, =).

b) (f+g)(x)=2x2+
x—5

2
F-@) =2x27, -

OC =22 2 _4x2

(;f)(x) = 2§2 2’5(2 2 4x4 75

C JO)= =22 X—-5 2 5)=352
f/g9 x 3 X, =x G- xX— x
X=5
2
=5 2 1 1 1
@/N)= = —
1 2x2 x-5 2x2 xz(x—5) X3 —5x2

3L.f(x)= ,9x)=x-3

X
a) Since f (0) is not defined, the domain of fis

(,0) (o, ). The domain of ng ( ) Then
thgdoncizm of f + 9. f 919 and. ff 1s( 0)
(o, ) Since g(3) = 0, the domain off/g is (

0) (0, 3) (3, ). There are no values of x

fE(lI; Yfrgl}c&lt%'(é)fuo, so the domain of g/f is
b) (f+9)) = fl+ g) =+ +x-3

x
1 1
« —(x-3)= x —X+3
x

-9 =f (X)—g(IX)

G9)09= 00 9= (_y -3 or1 3

X X

1 1 1
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4 1
(f9)x)=f (X)-g(X):X+1 :

D= f ) f )=——3— —2 _

X +1

— 4 W) =f)-fR) =~ =%
6-x (x+1)(6-x) 1
16 o H9)x) A
(x +1)2 g%gl) X_fg—s xx —K3 x(x—3)
(g/Nx)= = 1 =&=3)- =x(x=3), or
X2— 3X
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32.f(x) = \/x—+—6; gx) = 1_
X

a) The domain of f(x) is [—6, =). The domain of g(x)
is (—e=, 0) U (0, ==). Then the domain of f +g,
f—g, and fg is [—6, 0) U (0, ==). The domain of ff

is [—6, ==). Since there are no values of x for which
g(x) = 0,the domain of f/g is [—6, 0)U(0, ==). Since

b)(}‘ﬁ@(&gthei@n@inlo)f( 9/f is (=6, 0) U (0, «).
- PR =xF6-

N 1 X +6

(fg)(x): X+6 - =
VT x

(ff)(x)=x+\6/-x+6=\/|x+6xl J

( ble

FH = | =x+6- =x **°
X

(g/f)(x)=s.LX1_= 1oy ——v 1

xX+6 X X +6

\/

3B =3 ,gG)="—r0

o x—1

a) Since f (2) is not defined, the domain of fis
(—=2) (2, 9 Since g(x) is nonnegative for val-
ues of x in [1,:0), this is the domain of g. The
domain of f+ g, f—g, and fg is the intersection
of the domains of f and g, or [1,2) (20 ). The
domain of ffis the same as the domain of f, or
(—s2) (@, 9= For f/g, we must exclude 1 since
g(1) = o, so the domain of f/g is (1, 2) (2,00).
There are no values of x for which f (x) = 0, so the
domain of g/f is[1, 2) U (2, ). N

b) (f + 9)(X) = flx)+ gl) = + x—1

X _2 \/
(f-9)x) = fix) —gx) —3 _ Y
xX—2 \/

()X = () - g(x) == ( x —2), or 35—

x-2 X -2
D =F) - o) =3 3 —2—
X—2 x—2 (X—2)2

fx) x=2 3

Fe = =N =
gx) ¥ 1 (x- 2)\/x -1
/N =9 - 31 _ (x=2) x-1
f&x 3 3

xX—2

Copyright €- 2017 Pearson Education,
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3. [0 = 2 Lg00=

35.

36.

37.

38.

39.

5

4-x x—1

a) The domain of fis (-, 4) U (4, ). The domain of
g is (—o0,1)U(1, o). The domain of f+g, f—g,and
fg is (==, 1) U (1, 4) U (4, ). The domain of ff is

PO i o e of

B g+ ) =2, x4

4-x x-1

() = = 10
( 45 x xz1 (450K -1)
N = . =
45 x 4-x  (4-x)
4-x 2(x-1)
P = =
5 5(4-x)
xX—1
_5 54 x)
P =*1t=
2(x —1)
4—x

From the graph we see that the domain of Fis [2, 11] and
the domain of G is [1, 9]. The domain of F + G is the set
of numbers in the domains of both F and G. This is [2,9].

The domain of F-& and FG is the set of numbers in the
domains of both F and G. (See Exercise 33.) Thisis [2,9].

The domain of F/G is the set of numbers in the domains
of both F and G, excluding those for which G = 0. Since
G> o for all values of x in its domain, the domain of F/G
is[2, 9].

The domain of G/F is the set of numbers in the domains of

both F and G (See Exercise 33.), excluding those for which
F = 0. Since F(3) = 0, the domain of G/F is [2,3)u(3,9].

6
4

2

=TT T T T

2
4

LI —
[}
~
=)
oo
54
=
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40.

FG

~
LIS R

41. From the graph, we see that the domain of Fis [0, 9] and
the domain of G is [3, 10]. The domain of F + G is the set of
numbers in the domains of both F and G. This is [3,9].

42. The domain of F — G and FG is the set of numbers in the
domains of both F and G. (See Exercise 39.) This is [3,9].

The domain of F/G is the set of numbers in the domains
of both F and G, excluding those for which G = 0. Since

G> o for all values of x in its domain, the domain of F/G
is[3, 9]

43. The domain of G/F is the set of numbers in the domains
of both F and G (See Exercise 39.), excluding those for
which F = o. Since F (6) = 0 and F (8) = 0, the domain
of G/F is [3,6)u(6,8)uU(8,9].

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

=
LIS S A B B B
1
Q

4
" Nee
2
‘2“1‘6‘8“16‘;
45.
y
6,
[ GE
of
A d0y
2,
46.
Y
4,
L EG
r
\\\\\\\\\\
2 6 g8 _10 x

47.a) P (x) = R(x) — C(x) = 60x — 0.4x2— (3x + 13) =

60x— 0.4x2—3x—13 = —0.4x2 + 57x— 13

b) R(100)=60-100-0.4(100)?=6000-0.4(10,000) =
6000 —4000 = 2000
C(100) =3-100 + 13 = 300 + 13 = 313
P (100) = R(100) — C(100) = 2000 — 313 = 1687
48. a) P (x) = 200x — x2— (5000 + 8x) =
200X — x2— 5000 — 8x = —x2 + 192x — 5000
b) R(175) = 200(175) - 1752 = 4375
C(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
find P (175).)
49. (Ax= 3 x5

fix+h)=3x+h)-5=3x+3h-5
fix + h)— fix) _3x+3h—-5-(3x—5)

h h
_3x+3h-5-3x+5
N h
=3_=3
h

50. f(x) =4x—-1

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

h h
6x + 6h +2 - 6x—2
- h
:6h:6
h

52.f(x) = 5x +3

fix + h) - Ax) _5(x+h)+3 - (5x+3) _

h h
t;x+t;h+2—:,x—q=5h=5
h h
53.f(x)=ix+1
3 1 1 1
fx+h)=—x+h)+1=-x+—-h+1
3 1 31
X+ h+1— x+1
fx+h)-fx) _ 3 3 3
h h
1 1 1
*+ -h+1—-x—1
=3
h
1
_h
_3 _1
=h =3
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1 1
54. ix)=—"x +7 57. f(x) =—-7
2 4x
1 1 1
ﬁ(x+h)—ﬂx)__2{x+h)+7_ X7 f(x+h)=—m)
h - h - -
1 1 1 1 fx+h) - flx) _ 4(X71|-h) -1
—=x—-~h+7+ =-7 —-h 1 4x
2 2 2 = 2- h h
h h 2 1 X 1 x+h
1 B
55. f(x)=__ a(x +h) x 4x x+h
3x 1 - h
fix+h) = 3x+ h) . X L X +h
1 1 = 4x(x+h) 4x(x +h)
+ h)— - h
= h X = 3(x+h) 3x X +x+h h
1 'x_1.x+h _4x(x + h) _ 4x(x + h)
_3(x+h) x 3x x+h h h
= h ___h 1 -1 1
x  xwh T 4x(x+h)h T ax(x+h)- ) = 4x(x+h)
_3x(x+h) 3x(x+h) 1
h 58. f(x)z—x
x—(x+h) X—Xx—h 1 1
_3x(x+h) _3x(x+h) fix+ N-flx) _ x+h “ 5
h h h b =
—h 1 X 1 x+h X x+h
3x(x + h) —h 1 x+h x x x+h x(x+h) th)
T h 3x(x+h) h . - ; _
_ —h _ —1-} X +x+h h
3x(x+h)-h 3x(x+h)-f x(x+h) _ x(x +h) _ h 1 _ 1
—=1  or —1 h h  x(x+h)
) 3x(x + h) 3x(x + h) 59. F(x) = x2 +1
56.f(x)=__ filx +h) =(x +h)2+1=x2+ 2xh + h2 +1
2x _ _
1 1 1 x 1 x+h flx + h) - fix) _x2+2xh + ha+1— (x2+1)
Ax+h)—f(x) 2&+h)_2x  2(x+h) x_2x x+h h h
h = h = h = _Xx2+2xh + h2+1—-x2—-1
X _ x+h x—x—h —h h
2x(x +h) 2x(x + h) _2x(x +h) _2x(x + h) _ _2xh + h2
h h h - h - - h
~h 1 _ -1 or — 1 _h(2x + h)
2x(x +h) h 2x(x + hJ 2x(x + h) - h
_h 2x+h
h 1
=2x+h

60.f (x) =x2—3
flx + h) - fix) _ (x + h)2- 3 - (x2— 3) _

Copyright €- 2017 Pearson Education, Inc.




h h
x2+2xh + h2—3-x2+3 _ 2xh +hz=h(2x+h)=
h h h

2x + h
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61.f(x) = 4—x2
fix +h)=4-(x+h)2=4- (x2+ 2xh + h2) =
4 — x2— 2xh — h2

flx+ h) - flx) _ 4—x2—2xh—h2—(4—x2)
h _ 4—x2—2xh—hh2—4+ X2
h
_ —2xh — h2 _ f(—=2x—h)
h I
=-2x—h

62. f(x)=2-x2

flx + h) —flx) _ 2-(x+h)?2-(2-x2) _
h h
2—-x2—2xh—h2—2+ x2 _ —2xh — h2 _
h h
M_z,f—_m:‘”‘h

63.f(x) =3x2—2x +1
fix+h)=3kx+h)2-2x+h)+1 =

3(x2 +2xh+ h2) —2(x+ h)+1 =

3x2 + 6xh + 3h? —2x—2h +1

flx) = 3x2— 2x +1
fix+h)-flx)
h
(3x2 + 6xh + 3h2—2x—2h + 1)—(3x2 —2x + 1) _
h

3x2 + 6xh + 3h2 —2x—2h +1 —3x2 + 2x -1 _

h
6xh + 3h2—2h _ h(6x + 3h — 2) _

h h-1
hé6x +3h -2
h 1 =6x+3h-2

64. f (x) = 5x2+ 4x

flx+h)-f(x) _ (5x2+10xh+5h2+4x+4h)-(5x2+4X) _

h h
10xh + 5h2 + 4h =10y 4 5h +4
h

65. flx) =4+ 5lxI
flx+h)=4+5lx+hl

fix+ h)—fx) _ 4+ 5lx+hl-(4+ 51x1)
h

66. flx)=2Ix| +3x

67. f (x) =x3

flx+ h) = (x+ h)® = x3+ 3x2h + 3xh2 + h3
fx) = x3
f(x+ h) — fix)

X3+ 3x2h + 3xh2 + hs—x3

3x2h+ ’éxh2+ ha _ h(3x2+ 3xﬁ + h2) _
h B h-1 -
h 3x2+ 3xh + h2 =3x + 3xh+ h?

hn 1 2
68. f(x) = x3— 2x
f (x+h)=f (x) _ (x+h)3 —2(x+h)—(x3 —2x) _
h h
X3 + 3x2h + 3xh2 + h3—2x — 2h—x3+2x _
h

3x2h+3xh2 + ha—2h _ h(3x2+3xh + h2—-2) _
h - h -

3x2+ 3xh + h2— 2
69. f(X)=X__4
X+3

XxX+h—-4 x-4

Sfx+h)—flx) _ ubigw_

h h
X+h—4_ x-4
x+h+3 x+3 (x+h+3)(x+23)
I "x+h+3)(x+3)

x+h-A)x+3)-(x—a4)(x+h+3)
hix +h +3)x +3) =

x2+ hx-4x+3x+3h-12-%x +hx+3x—-4x-4h—-12)
h(x+h+3)(x+3)

X2+ hx —x+3h—12—x2— 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

70. )=
2-x
x+h x
fix + h) = flx) _ 2—(x+h)_2—x_

h h

x+h)(2-x)—x(2—-—x—h)
h

_ 4+ 5lx+hl-4-5lx|
h
:5|x+h|—5lx|
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(2—x—h)(2

X + 2h — hx — 2x + x2 + hx
-x) _ - (2—x—h)(2—x)
h X h -
2 2 2h
[Ix+h)—f(x) (2lx+hl+3x+3h)—(2]xI+3x) e—x—hmE2—x) _
h B h B h B
2lx +hl-21x| +3h 2h 1 _ 2
h (2-x-m)(2-x) h (2-x-h)(2-%)
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71. Graphy = 3x —1. 74.

SENERN S )
We find some ordered pairs that are solutions of the equa- 4
tion, plot these points, and draw the graph. Nl 7
Whenx=-1,y=3(-1)-1=-3-1=—4. I sax >
Whenx =0,y=3-0-1=0-1=-1. e i2 T
o
Whenx=2,y=3-2-1=6-1=5. e ,4y~ i
y 1 1
X1y 75. Answers may vary; fix) = ,9(x) =
-1|—4 4 X +7 x—3
o | -1 2 76. The domain of h+ f, h—f, and hf consists of all numbers
that are in the domain of both h and f, or {-4, 0, 3/.
21 5 42 b X . . .
9 The domain of h/f consists of all numbers that are in the
ANEE 3 domain of both h and f, excluding any for which the value
. . of fis 0, or {—4, 0.
72. 77. The domain of h(x) isx x ° 7 g

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

42, We must also exclude the value of x for which g(x) = o.
: x4—1
=0
5x—15
x4 —1=0 Multiplying by 5x —15
xa=1
73.Graph x — 3y = 3. X =+1 )
First we find the x- and y-intercepts. Then the domain of (h/g)(x) is
x-3-0=3 7

x=3 xx0=30ndx=3andx —%gnd)m:l,or

The x-intercept is (3, 0). (=eo, - U (=L, DU 3933 U (3, =)

0-3y=3 .
Exercise Set 2.3
¥y =3
or= 1L (fog)(-1) = g(-1) = AC-1? - 2(-1) - 6) =
The y-intercept is (0, —1). f1+2-6)=f(-3)=3(-3)+1 =—9+1 = -8
We find a third point as a check. We let x = -3 and solve 2 ( 2= (02)= @ 2+1)=( 5=
for y. g°of — gf-— g - g -
-3-3y=3 (-5)2-2(-5) - 6 = 25+ 10 — 6 = 29
-3y =6 3.(h>f))=h(f(1))=h(3-1+1)=h(3+1) =
y=-2 h(4) = 43 =64
Another point on the graph is 3,-2). We plot the points 1 1 13 1
and draw the graph. o _ _ =9 _ = -
p grap 4.( g h)2__g h 5 5 =0 g
4 12 1 11 399
) X33 8 28 %% 6;74 %765
7 T 5.(g°f)5B)=g(f(5) =93 5+1) =g(15+1) =
) 9(16) =162—-2-16 - 6 = 218
4 1 12 1
6-(fog),=fg, =f » -2, —6=
3 3 3 3
12 59 59 56
fomg=0=/"g =B 4 =3

7. (fem)(=3) =f(h(=3)) =f((=3)3) =f(-27) =
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3(-27)+1=-81+1=-80
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8.(h°g9)(3) =h(g(3))=h(32-2-3-6)=
h(9 - 6 — 6) = h(-3) = (-3)3 = -27

9-(9°9)(-2)=9g(-2)) =9((-2)?- 2(-2)-6) =
gh+4-6)=g(2)=22-2-2-6=4-4-6=-6

10.(g°9)(3)=9(g(3))=9(32-2-3-6)=g(9-6-6) =
g(-3)=(-3)2-2(-3)-6=9+6-6=9

11. (h > h)(2) = h(h(2)) = h(23) = h(8) = 83 = 512

12, (heh)(=1)=h(h(-1))=h((-1)3)=h(-1)=(-1)° = -1

13. (A=) =B(4) + 1)=A-12+1) =
f(-11)=3(-11)+1=-33+1=-32

14. (f-NHM) =) =f(3-1+1) =f(3+1) =f(4) =

3

4+1=12+1=13
(h h)=h(h(x)=h(3)=(33 x 9

o X x)=
16. (f (X)) =f(f1x)) =fBx+1) =3(3x+1) +1 =

9 +3+1=9x +4
17. (fe ) =flgx)) =fx-3)=x-3+3=x

15

G-l =g(f(x))=g(x+3)=x+3-3 =x

The domain of f and of g is (—o°, =), so the domain of

fegandofg e fis (—oo, o).
5 5

4
18. (f° 9)(x) =f4x=5-4x—rx
4 54
(o)) =g cx=, s x=x

The domain of f and of g is (—ee, =), so the domain of

feogandofg e fis (—oo, o).
19. (£29) (¥)=f[g(x))=f(3x2-2x-1)=3x2—2x—1+1=

2— 2x

(g°N ()= g(x))=g(x+1) =3(x+1)>-2(x+1)-1=
3(x2 +2x+1)-2(x+1)-1 = 3x2 +6x+3-2x-2-1=

3x2+ 4x
The domain of f and of g is (—e°, =), so the domain of
fegandof g o fis (—oo, o°).

20. (fog)(x)=f(x2+5)=3(x2+5)-2=3x2+15-2 =

3x2+ 13

22. (fog)X)=f(2x-7)=42x-7)2-(2x-7)+10 =
4(4x2—28x +49)- (2x-7)+ 10 =
16x2—-112x+196-2x+7+10=16x2—-114x+ 213
(g°flx) =g(@x2—x+10) =2(4x2—x+10) -7 =
8x2—-2x+20-7=8x2-2x+13

The domain of f and of g is (—ee, %), so the domain of
feogandofg o fis (—oo, o).

4
23.( )0= (V= .1 4 = -
fegx fgx ST =—-1 —s
X
4 1—5X 1—X
=4 X = 4x
x¥=5 x=5 x-5
X
G- NE=9(x)) =g 1 =
1-5x 4
1-5x 1-5x 1- 5x
1. =
4 4
1

The domain of f is xx 5 and the domain of g is

{xIx =0}. Consider the domain of > g. Since 0 is notin

1
the domain of g, 0 is not in the domain of f > g. Since = 5

1
is not in the domain of f, we know that g(x -

) cannot be

1
We find the value(s) of x for which g(xy = g
1 1
x="5
5=x Multiplying by 5x
Thus 5 is also not in the domain of f° g. Then the domain

of fegis {xIx =0 and x =5}, or (—e=, 0)U(0, 5)U(5, ==).
1

Now consider the domain of g ° f . Recall that ; isnot in

the domain of f, so it is not in the domain of g f. Now 0
isnotin the domain of g but f{x) is never 0, so the domain

ofg - fis 1.,0r —°, 11 ,°°.
—_ U —
5 5 5
1 - 6 2x+1
24. (fog)X)=f 2 +1 1

X

2x +1
6(2x+1), 0or12x+6
1 1

G-A=g 2= —& T2 —= 1 _
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(9°N(x)= 9g(3x—2)=(3x—2)2 +5=9x2 —12x+4+5=
9x2—12x +9
The domain of f and of g is (—ee, =), so the domain of

feog andof g o fis (—oo, o).

21.  (fg)()=fg(x))=f4x-3)=(4x-3)>-3=
16x2— 24x +9 -3 =16x2— 24x + 63)
(9° NX)=g(f1)) =g(x2-3)=4(x2— 3=
4x2-12-3 =4x2 -15
The domain of f and of g is (—ee, ), so the domain of
feogandofg o fis (—oo, o).

2. +1 +1
x Xx X X

1. =
C 12+ x. {1% +Xx
The domain of f is {xIx 0/ and the domain of g

is xx = 1 .Since
1 - Consider the domlain of fog
—Z—is not in the domain of g, —Zfis not in the domain

of fog. Now 0 is not in the domain of fbut g(x)

isnever 0, so the domain of f° g is 1
—_ ,or
L _1 y 1 X X 2
7 2 —2,°°.

Now consider the domain of g © f. Since 0 is not in the
domain of f, then 0 is not in the domain of g ° f. Also,
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1
since = is notin the domain of g, we find the value(s) of

2
1
x for which f(x) = o
6_ 1
X 2
-12=x

Then the domain ofg°fis xx
(=oo, —12) U (=12, 0) U (0, <=).

—-12andx=0, or

X+7
25. (f- )W) =f @GN =f , =
3)L7 —7=x+7-7=x
3 (Bx-7)+7
(9N =9(f(x) =9(Bx-7) = 3 =
3x
3 =x

The domain of f and of g is (—ee, =), so the domain of
fegandofg c fis (—oo, o).

26. (f° g)(x) =f{1.5x + 1.2) = 2(1.5x + 1.2) - %

3 5
4
x+0.8—5 X
2 4 2 4
X — _ +1.2=
@NX=g 555151855 5

The domain of f and of g is (—ee, =), so the domain of

fegandofg e fis (=, 7). ~
27. (feg)X)=f )N =f(x)=2 x+1

(g°Nx) =g(fI)) =g(2x+1) = \/2X—+1_
The domain of fis (—eo, ) and the domain of g is
{x|x = 0}. Thus the domain of f o g is {xIx = 0}, or
[0, *).
Nowconsiderthedomain of gof. Thereare no restrictions
on the domain of £, tl)ut the domain of g is {xIx = 0}. Sinlce

f(x)210forx>——2,thedomainofgOfisxxz— ,
or
28. ( 75, N
feg)x)=f(2=3x)=2=3x

\/
@- N =g(=2- 3

N
30. (feg)(x) = ("% =x

¥
(g NX) = "x4 = Ix

The domain of f is (—ee, =) and the domain of g is

{x|x =0}, so the domain of f° g is {xIx =0}, or [0, ==).
Nowconsiderthedomain of gef. Thereare no restrictions
on the domain of f and f(x) = 0 for all values of x, so the
domain is (—ee, o).

31. (f° g)(x) = Ag(x)) = f(x2¥ 5) =

x2—5+5= x2=|xI

N
G-NE) =g(x)) =g(x+5) =
J
(x+5)2-5=x+5-5=x

The domain of f is {xIx = —5} and the domain of g is
(—oe, e°). Since x2 > 0 for all values of x, then x2—-5 >-5

for all values of x and the domain of g © fis (—ee, ).

Nowconsiderthedomain of fog. Thereare no restrictions
on the domain of g, so the domain of f° g is the same as
the domain of £, {xIx = —5}, or [-5, ==).

N
32, (feg)x) = ("x+2)°—2=x+2—2=x

N
(G HX) = °x5—2+2="x5=x

The domain of f and of g is (—o°, =), so the domain of

33f(}g and of g ° f'is (—oo,Qc). N e
°g)(x) =flg(x)) =f{3-x) =(3-x)
3-x+2=5-x%x
G- NE=g9((x)) =gfk2+2) = 3-(x>+2)=

3—x2—-2= 1-—x2

The domain off is (—es, e) and the domain of g is

{xIx < 3}, so the domain of fog is {x|x < 3}, or (—es, 3].

Nowconsiderthedomain of gof. Thereare no restrictions
on the domain of f and the domain of g is {xIx < 3}, so
we find the values of x for which f (x) £ 3. We see that
x2+ 2<3for-1<x<1,sothedomainofg ° fis
{xl-1<x< 1}(/or [-1, 1].

\/
34- (feg)®) =f( x2=25)=1-( x2=25)2=

1- (x2—25)—1 x2+ 25=26—x2

The domain of f is {xIlx = 0} ang the domain of g is
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The domain of f is (oo, =) and the domain of g is

(=oo, =°). Since g(x) = 0 when x < , the domain of f°g

3
) 2
s —eo, .
Now consider the domain of . Since the domain of f

g°f

is {xIx = 0} and the domain of g is (—eo, ==), the domain

of go flis {xIx =0}, or [0, ==).

29. (f>g)(x) = flg(x)) =f0.05) = 20

(g°NX) = g(fx)) =g(20) = 0.05
The domain of f and of g is (—o°, =), so the domain of
feogandofg e fis (—eo, =0).

{xIx <—5 or x=15}, so the domain of f°gis
ﬂfﬁ%gc&l%ic%r )&% Sébﬁlragﬁogf ESJ 5" [S’I‘oﬁgfe are no re-

strictions on the domain of f and the domain of g is
{xIx < —5 or x = 5}, so we find the values of x for

which f{x) 5§ =5 or fy) = 5. We see that 1 —x2 < —5
whenx <—-6o0orx=6and1 - x2=>;/5 has no solvution,

so the dgmaingf g° fis {xIlx <— 6 or x= 6}, 0or

(—oo’ - 6] U [6, °°)
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35- (f )X =f (9 =f L, =

_ —1 1+x-1
1+x _ 1+x _
1 B 1 -
1+x 1+x
X 1+x
1+x° 1 1%%x
G-NX=9(x)N=g9g , =
1 1
1-x x+1-x
1+
X X
1
_=1.)_(_X
1
1
X

The domain of f is {xIx = 0} and the domain of g is

{x|x —1}, so we know that —1 is not in the domain
of f o g. Since 0 is not in the domain of f, values of x
for which g(x) = 0 are not in the domain of f ° g. But
g(x) is never 0, so the domain of feogis {xlx = —1}, a
(=o=,~1) U (=1, ).

Now consider the domain of g ° f. Recall that 0 is not in
the domain of f. Since —1 is not in the domain of g, we

know that g(x) cannot be —1. We find the value(s) of x
for which f (x) =-1.
1-x_,

X

1 — x = —x Multiplying by x
1=0 False equation

We see that there are no values of x for which f{x) =-1,
so the domain of g ° f'is {xIx = 0}, or (—e=, 0) U (0, ==).

xX+2 1
36. (fog)() =S =x
+2
X -2
X
1 1
=x+2—2x= =X+ 2
X X
X X X
=1 =x+2 =x=¥2 " 2—x
+2
1
G- NXx)=g
X —2 1
+

93
x+2=2
X
X+2=2x
2=x

Then the domain of f o g is (=, 0) U (0, 2) U (2, o).
Now consider the domain of g ° f. Since the domain of f
is {x|x = 2}, we know that 2 is not in the domain of g f.

Since the domain of g is & X = 0 ,ive find the value of x
for which f (x) = 0.

1

x—2
1=0

=0

Wegetafalseequation, so thereareno suchvalues. Then
the domain of g © fis (—eo, 2) U (2, ).

37- (fc9)X)=fgx)) =f(x+1) =

(x+1)P 7 5x+1)2+3x+1)+7=

x3+ 3x2+ 3x+1—-—5x2—10x—-5+3x+3+7=

X3— 2x2—4x +6
G-I =9(f(x))=9g(x —5% +3x+7)=
x3— 5x2+3x+7+1=x3—5x2+3x+8

The domain of f and of g is (—ee, =), so the domain of
feog and of g o fis (—oo, o).
38.° ( 3 2

geHx)=x+2x-3x-9-1-=
x3+ 2x2— 3x— 10

GeNX)=(x—-1)PB+2(x-1)2-3(x-1)-9=
x3—3x2 +3x—1+2x2 —-4x+2—-3x+3-9=
xX3—x2—4x— 5

The domain of f and of g is (—ee, =), so the domain of
fegandofg e fis (—oe, =0).

39. h(x) = (4 + 3x)5
This is 4 + 3x to the 5th power. The most obvious answer

is f (x) =xsand g(x) =4 + 3x.
40. f(x) = \3/*, gx)=x2—18

1
41. h(x) =
(x—
This is 1 divided by (x — 2) to the 4th power. One obvious

answer is f(x) = ~
x4

and g(x) = x—2. Another possibility

2x—4
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1
— - s
2x-3 f
(
X
)
1
a
n
d
g
(
X
)
(
b
2
)
4
. _
1
42 o
-f
)
N
X
q(
x)
3x
+7
1 1
- N 43-f(x) = »g(x) = x3
x—2 x —2 x+1
=2X—3-X_2=2x—3 44. fx) = Ixl, g(x) =9x2—4
x—2 1 2 +x3
The domain of £ is {xIx = 2} and the domain of g is 45. f(x) =x6,9(x) =
{x|x =0}, so 0 is not in the domain of f > g. We find the 2 —x83
: _ \/
value of x for which g(x) = 2. 46. f([x) =x4,g(x) = x— 3
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47 00 = Y g = X5

N
48. f(xX) = 1+xgx)= 1+x

X+ 2
N

49.f(x)=x3—5x2+3x—-1,g(x) =x+2

50. f(x) = 2x5/3 + 5x2/3,g(x) =x — 1, or
f(x) =2x5+5x2,g(x) =(x—1)1R

51. a) Use the distance formula, distance = rate
time. Substitute 3 for the rate and t x

r(t) = 3t for time.

b) Use the formula for the area of a circle.
A(r) =nr2

c) (A - r)(t) = A(r(t)) = A(3t) = m(3t)2 = 9nt2
This function gives the area of the ripple in terms
of time t.

52. a) h =2r

S(r) =2nr(2r) + 2nr2
S(r) =4nr2+ 2nr2

S(r) = 6nr2
b)r=h
2
h h+2m h 2
Sh)y=2mr 2 5

h2
S(h) =mh2 + 7
S(h) = 3_7Th2
2

53.f(x)=(tes)(X)=t(sx))=t(x—-3)=x-3+4=x+1
Wehave f (x) = x+ 1.

54. The manufacturer charges m+6 per drill. The chain store
sells each drill for 150%(m+6), or 1.5(m+6), or 1.5m+9.
Thus, we have P (m) = 1.5m +9.

55. Equations (a)-f) are in the form y = mx+ b, so we can
read the y-intercepts directly from the equations. ,Equa-

tions (g) and (h) can be written in this formasy = 3 x—2

and y = —2x + 3, respectively. We see that only equa-
tion () has y-intercept (0, 1).

56. None (See Exercise55.)

57. Ifaline slopes down from left to right, its slope is negative.
The equations y = mx + b for which m is negative are (b),
(d), (f), and (h). (See Exercise 55.)

58. The equation for whichm 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).

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

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

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

64. Answers mgy vary. One example is f (x) = 2x + 5 and
X=9

gx) = 2 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 96 in the text.
2. The statement is false. See page 110 in the text.

3. The statementis true. See Examples 1 and 2 in Section
2.3.

4. a) For x-values from 2 to 4, the y-values increase from 2
to 4. Thus the function is increasing on the interval
(2,4).

b) For x-values from-5 to 3 the y-values decrease
from 5 to 1. Also, for x-values from 4 to 5, the y-

values decrease from 4 to —3. Thus the function is
decreasing on (-5, —=3) and on (4, 5).

c) For x-values from -3 to —1, y is 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 at x = -1.29. We also see that a relative
minimum value of —=2.30 occurs at x = 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 (-eo, —=1.29) and
on (1.29, «). It is decreasing on (-1.29, 1.29).

6. The x-values extend from -5 to -1 and from 2 to 5, so
the domain is [-5, —1] U [2,5]. The y-values extend from

-3to5, scithe range is [-3, 5].

7. A(h)=, (h+4)h

h2
A(h) = 5+ 2h

x— 5, forx<-3,

r2x+3, for _3<x 0,
S.f(x) = 1

5%
L2 forx >0,

60. Equations (c) and (g) have the same slope. (See
Exer-cise 55.)
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61. Only equations (c) and (g) have the same slope and differ- Since-5<-3,f(-5) =-5-5=-10.
ent y-intercepts. They represent parallel lines. Since—3<-3,f(-3)=-3-5=-8
Since-3<-1<0,f-1)=2(-1)+3=-2+3=1.
1

Since6>0,f(6)=2-6=3.
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95

x+2, forx< 4,
9.9(x) =
—X, forx>—4

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

N

10. (f+g)(-1) =f(-1) +g(-1)
= [BCD -1+ [(-1)? +4]
=—3-1+1+4
=1

11. (fg)(0) =£(0) - g(0)

=(3:0-1)- (02 + 4)

12.(g-f)(3)=g9(3)-f(3)
=(32+4)—(3'3_1)
=9+4—(9—1)

9+4-9+1
5

13- @) 3 "y

37
16. f(x) =4x -3

1
Since division by 0 is not defined, (g/f) does not exist.

14. f(x)=2x+5,gx)=—x-4
a) The domain of f and of g is the set of all real num-

bers, or (—eo, ). Then the domain of f + g, f — g,

fg, and ff is also (—os, o).

For f/g we must exclude —4 since g(—4) = 0. Then

the domain of f/g is (—e°, —4) U (-4, o).

For g/f we must exclude — 2 since f — 2 =0.
2

Then the domain of g/f is
5 5

—°°,_2— U _Z’oo.

b) (f +9)(x) = f (xX)+g(x) = (2x+5)+(—x—4) =x+1
(f-9)X) =fT)-gx)=(2x+5)- (-x— 4) =
2x+5+x+4=3x+9
(fg)() =fx) - g(x) =(2x +5)(x - 4) =
—2x2—8x —5x—20=-2x2—13x - 20

N =f () f (x)=(2x +5)-(2x +5) =
4x2+ 10x +10x + 25 =54x2+ 20x + 25

o)) =12 = 254>
Jgx) —x-4
(/f)0) = 4 o =x =4
%) 2x +5

15. f(x) =x—-1,9g(x) = \/m

a) Any number can be an input for f, so the domain
of f is the set of all real numbers, or (—es, o).

Thedomain of g consists of all values for which x+2
is nonnegative, so we have x+2 >0, or x>-2, or
[-2, e). Then the domain of f + g, f — g, and fg
is [-2, o0).

The domain of ff is (—oo, o).

Since g(-2) = 0, the domain of f/g is (=2, ).
Since (1) =0, the domain of is[ 21) (1 ).
f a/f g-Y.=

b) (f+g)(x) =flx) +g(x) =x—1+
F-9)x)=fIx)-gx) =x-1= x+2
N
=) - gx)=(x—-1) x+2

D) = Ax) - fx) = (x = D(x — 1) =

xX2—x—X+1=x2—2x+1

A x-1
WD = g =Y, 2
WN@=""=____

flx + h) —f(x) _ 4(x+h)—3—(4x—3) _

h h
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17. f(x) = 6 —x2
flx+h)—flx) _ 6—(x+h)>—(6—x2) _
h h
6—(x2 +2xh+h2)—6+x2 _ 6—x2 —2xh—h2 -6 + Xx2

h h
—2xh — h2 _ H(=2x—h) - 2
h Jo1 —x—h

18. (fe M) =f M) =f(BP+D=fA+1)=f(2)=
5:-2-4=10-4=6

19. (g- h)(2) =g(h(2)) = g(2% -
g(3)=33+1=27+1=28

20. (£2/)(0) = fI10)) = fI5-0~4) = f[-4) = 5(-4)~4 =
-20-4 =-24

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

2.2+3)=g(4-4+3)=

22. (f° g)(x) = flg(x)) = fl6x + 4) = (& + 4) = 3x+ 2
1 1
(@° ) =gf (N =g5x =6 yx+4=3x+4

The domain of f and g is (—ee, =), so the domain of fog
and g ° fis (—oe, =°). N N

23. (PN =fU)=f(x)=3"x+2
G-I =g(f(x)=9(Bx+2)="3x+2
The domain of f is (—e, e) and the domain of g is [0, o).
Considerthedomainof f°g. Since anynumbercan be an
input for f, the domain of f°g is the same as the domain
of g, [0, =°).

Now consider the domain of g f. Since the inputs of;g
must be nonnegative, we must have 3x+2 > 0, or x

>
-3
Thus the domain of g° fis _— 3% oo .
24. The graph ofy = (h—g)(x) will be the same as the graph
of y = h(x) moved down b units.

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

26. If fand g are linear functions, then any real number can
be an input for each function. Thus, the domain of fog =
the domain of g © f = (—oo, o).

27. This approach is not valid. Consider Exercise 23 on page

4
120 in the text, for example. Since (f ° g)(x) = X

an examination of only this composed functionwould lead
to the incorrect conclusion that the domain of f° g is
(==2,5)U(5, ==). However, we mustalso exclude fromthe
domainoffcg thosevaluesofxthatarenot inthedomain
of g. Thus, the domain of fog is (—e, 0) U(0, 5)U (5, *=).

Exercise Set 2.4

1. K thsprarhagss fRMied Abthectictiee the RAESLARpKe @bt

[

symmetric with respect to the x-axis.
If the graph were folded on the y-axis, the parts to the

left and right of the y-axis would coincide, so the graph is

symmetric with respect to the y-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.

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

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

If the graph were folded on the x-axis, the parts above and
below the x-axis would coincide, so the graph is symmetric
with respect to the x-axis.

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

If the graph were folded on the x-axis, the parts above and
below the x-axis would not coincide, so the graph is not

symmetric with respect to the x-axis.

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

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

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

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

If the graph were folded on the x-axis, the parts above and
below the x-axis would coincide, so the graph is symmetric
with respect to the x-axis.

If the graph were folded on the y-axis, the parts to the left
and right of the y-axis would coincide, so the graph is
symmetric with respect to the y-axis.
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If the graph were rotated 180, the resulting graph would
coincide with the original graph, so it is symmetric with

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

respect to the origin.

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

7. y y=Ilx+5I Original equation
. y=I|-x+5I Replacing x by —x
b4 The last equation is not equivalent to the original equation,
8 so the graph is not symmetric with respect to the y-axis.
2
N Test algebraically for symmetry with respect to the origin:
TEATKE S eses X y=1x+5I Original equation
— , -y = |-x+ 5| Replacing x by —x and y by -y
yEiki-2 y=—-|—x+5I Simplifying
- The last equation is not equivalent to the original equation,
The graph is symmetric with respect to the y-axis. It is so the graph is not symmetric with respect to the origin.
not symmetric with respect to the x-axis or the origin.
y
Test algebraically for symmetry with respect to the x-axis: >
y=lxI-2 Original equation i
-y = IxI-2  Replacingy by -y 5y = 4x +53
: N
y =—IxI| + 2 Simplifying 1
The last equation is not equivalent to the original equation, =~ 5 4.3 2[1 12345 | X
so the graph is not symmetric with respect to the x-axis. B
Test algebraically for symmetry with respect to the y-axis: e —
y=lxI-2 Original equation .
y =1- xI—- 2 Replacing x by —x
. e The graph is not symmetric with respect to the x-axis, the
y=Ilxl-2 Simplifying ; o
y-axis, or the origin.
The last equation is equivalent to the original equation, so Testaleebraicallv f . ith ttoth .
the graph is symmetric with respect to the y-axis. estalgebraically tor symmetry with respect to the x-axis:
Test algebraically for symmetry with respect to the origin: Sy =4x +5 Original equation
y=lxl-2 Original equation 5(¥)=4x+5  Replacingy by -y
-y = |-x|- 2 Replacing x by —x and —Sy =4x+5  Simplifying
yby-y 5y =—4x -5
-y =IxI-2 Simplifying The last equation is not equivalent to the original equation,
y=—lxl +2 so the graph is not symmetric with respect to the x-axis.
The last equation is not equivalent to the original equation, Testalgebraically for symmetry with respect to the y-axis:
so the graph is not symmetric with respect to the origin. 5y =4x +5 Original equation
8. y 5y =4(—x) + 5 Replacing x by —x
i
- 5y = —4x+5 Simplifying
8 The last equation is not equivalent to the original equation,
. g so the graph is not symmetric with respect to the y-axis.
g W — y=|x+5]|

Testalgebraically for symmetry with respect to theorigin:

1078 76 14 12| Dy 5y =4x +5 Original equation
5(-y) =4(—x) +5 Replacing x by —x
] and
y yby-y
-5y =—4x+5  Simplifying
The graph is not symmetric with respect to the x-axis, the 5y =4x -5

y-axis, or the origin.

Test algebraically for symmetry with respect to the x-axis:
y=Ilx+5I Original equation

Replacing y by -y

y =—Ix+5I Simplifying

-y = Ix+5I

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.
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10.

11.

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

Testalgebraically for symmetry with respect to the x-axis:

2x-5=3y Original equation
2x — 5 =3(—y) Replacing y by -y
—-2x +5=3y Simplifying

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

Testalgebraically for symmetry with respectto the y-axis:
2x — 5 = 3y Original equation
2(—x) — 5 =3y Replacing x by —x
—2x — 5 = 3y Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the y-axis.

Testalgebraically for symmetry with respect to theorigin:

2x-5=13y Original equation
2(—x) — 5 = 3(—y) Replacing x by —x and
yby-y
—2x—5=-3y Simplifying
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
\. 5 '(‘ >
\l 4 ." i
N g 7
\ /
\ 2 7
' 4
. 7
—5-4-39.11”7 12345 X
' —1
— 45y =2x2-3
—4
Ea

The graph is symmetric with respect to the y-axis. It is
not symmetric with respect to the x-axis or the origin.

Testalgebraically for symmetry with respect to the x-axis:

5y =2x2-3 Original equation
5(-y) = 2x2-3 Replacing y by -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 the x-axis.

12,

Testalgebraically for symmetry with respect to the y-axis:

5y =2x2-3 Original equation
5y = 2(—x)2- 3 Replacing x by —x
5y =2x2—-3

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

Testalgebraically for symmetry with respect to theorigin:

5y =2x2-3 Original equation
5(-y) = 2(—x)2 - 3 Replacing x by —x and
yby-y
-5y =2x2-3 Simplifying
5y =-2x2+ 3

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

The graph is symmetric with respect to the y-axis. It is
not symmetric with respect to the x-axis or the origin.

Testalgebraically for symmetry with respect to the x-axis:
x2 +4 =3y Original equation
x2+ 4 = 3(—y) Replacing y by -y
—-x2— 4 = 3y Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the x-axis.
Testalgebraically for symmetry with respect to the y-axis:
x2+ 4 =3y Original equation
(—x)2 + 4 = 3y Replacing x by —x
x2+4 =3y
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the y-axis.

Test algebraically for symmetry with respect to the origin:

x2 +4=3y Original equation
(—x)2 + 4 = 3(—y) Replacing x by —xand
yby-y
x2+4 =-3y Simplifying
—x2—4 =3y

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

The graph is not symmetric with respect to the x-axis or
the y-axis. It is symmetric with respect to the origin.

Testalgebraically for symmetry with respect to the x-axis:

1
y= Original equation

o]

1

V= Replacingy by -y
1
y=-5 Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the x-axis.

Test algeb{aically for symmetry with respect to the y-axis:
y=" Original equation

Y= Replacing x by x

1
y= Simplifying
- X
The last equation is not equivalent to the original equation,

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

Test algebraically for symmetry with respect to the origin:

1
— Original equation

<
I

X
1

-y = __ Replacing x by —x and y by -y
-X
1
y=_ Simplifying
X
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

14. y

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

4
y=-5 Original equation
4
-y = —— Replacingy by -y
4
y = _  Simplifying
X

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

Test algebraically for symmetry with respect to the y-axis:
y=-z Original equation
4
y=-= Replacing x by —x

y=_ Simplifying
be

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

Test algebraically for symmetry with respect to the origin:

4
y==5 Original equation
4
= " —x Replacing x by —x and y by -y
y= 4 Simplifying
T x

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

15. Testfor symmetry with respect to the x-axis:

5x — 5y = 0 Original equation
5x — 5(-y) = 0 Replacing y by -y
5x + 5y = 0 Simplifying

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

Test for symmetry with respect to the y-axis:

The graph is not symmetric with respect to the x-axis orthe y-axis. It is
symmetric with respect to the origin.
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5 0 Simplifying
X 5x +5y =0
— The last equation is not equivalent to the

5 original equation,so the graph is not symmetric
% with respect to the y-axis.

= Test for symmetry with respect
0 to the origin:5x — 5y =0
0 Original equation
I 5(—x)— 5(—y) = 0 Replacing x by —x and
i yby-y
g —-5x+5y=0
Simplifying
5x -5y =0
The last equation is equivalent to the original

equation, sothe graph is symmetric with
respect to the origin.

—-

Test for symmetry with respect
to the x-axis:6x + 7y =0
Original equation

-+ o a0 — o 5

6x + 7(-y) = 0 Replacing y by -y
6x — 7y = 0 Simplifying

| m u1 3 ©

— x

0w —g o o Il< u |

| < o X @m@ s =

o]

o

< wu
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17.

18.

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

Test for symmetry with respect to the y-axis:

6x + 7y =0 Original equation

6(—x) + 7y = 0 Replacing x by —x

6x — 7y = 0 Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the y-axis.
Test for symmetry with respect to the origin:

6x + 7y =0 Original equation

6(—x) + 7(—y) = 0 Replacing x by —x and
yby-y

6x + 7y = 0 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

Test for symmetry with respect to the x-axis:
3x2— 2y2 = 3 Original equation
3x2— 2(—y)2= 3 Replacing y by -y
3x2— 2y2= 3 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the x-axis.
Test for symmetry with respect to the y-axis:
3x2— 2y2 = 3 Original equation
3(—x)2 - 2y2 = 3 Replacing x by —x
3x2— 2y2= 3 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the y-axis.
Test for symmetry with respect to the origin:
3x2— 2y2 = 3 Original equation
3(—x)2 - 2(—y)? = 3 Replacing x by —x
andy by -y
3x2— 2y2= 3 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

Test for symmetry with respect to the x-axis:
5y =7x2 - 2x Original equation
5(-y) = 7x2 - 2x Replacing y by -y
5y =—-7x2 + 2x Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the x-axis.
Testfor symmetry with respect to the y-axis:
5y =7x2 - 2x Original equation
5y = 7(—x)? — 2(—x) Replacing x by —x
5y = 7x2 + 2x Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the y-axis.

19.

20.

Test for symmetry with respect to the origin:

S5y =7x2 - 2x Original equation
5(=y) = 7(—x)2 - 2(—x) Replacing x by —x
andy by -y
—5y = 7x2+ 2x Simplifying

5y =-7x2- 2x
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.

Test for symmetry with respect to the x-axis:

y=12x| Original equation
Replacing y by -y

y =—12x| Simplifying

-y = |12x|

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

Test for symmetry with respect to the y-axis:

y=12x| Original equation
y = 12(—x)| Replacing x by —x
y=1-2x1 Simplifying
y=12x|

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

Test for symmetry with respect to the origin:

y=12x| Original equation
—y = [2(—x)I Replacing x by —x and y by —y
-y = |- 2x|  Simplifying
-y =|2x]|

y=—12xI|

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

Test for symmetry with respect to the x-axis:

y3 = 2x2 Original equation
()3 = 2x2 Replacingy by -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 x-axis.

Test for symmetry with respect to the y-axis:
y3 = 2x2 Original equation
y3=2(—x)2 Replacing x by —x
y3 =2x2 Simplifying

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

Test for symmetry with respect to the origin:

y3 = 2x2 Original equation
()3 = 2(—x)? Replacing x by —x and
y by-y
—y3 = 2x2 Simplifying
y3=—2x2

Copyright C 2017 Pearson Education, Inc.



Exercise Set 2.4

101

21.

22.

23.

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

Test for symmetry with respect to the x-axis:
2x4 +3 =y2 Original equation
2x4+ 3 = (-y)? Replacing y by —y
2x4 +3 =y2 Simplifying

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

Test for symmetry with respect to the y-axis:
2x4+ 3 =y2Original equation

2(—x)* + 3 = y2 Replacing x by —x
2x4+ 3 = y2 Simplifying

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

Test for symmetry with respect to the origin:

2x4 +3 =2 Original equation
2(—x)* + 3 = (-y)2 Replacing x by —x
and y by -y
2x4 + 3=y2 Simplifying

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

Test for symmetry with respect to the x-axis:
2y2 =5x2+ 12 Original equation
2(-y)?= 5x2+ 12 Replacing y by -y
2y2 = 5x2 + 12 Simplifying

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

Test for symmetry with respect to the y-axis:

2y2 = 5x2 + 12 Original equation
2y2=5(-x)2 + 12 Replacing x by —x
2y2 = 5x2 + 12 Simplifying

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

Test for symmetry with respect to the origin:

2y2 =5x2 +12 Original equation
2(—y)2 = 5(—x)2 + 12 Replacing x by —x
and y by -y
2y2 =5x2+12 Simplifying

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

Test for symmetry with respect to the x-axis:

3y3 =4x3 +2 Original equation
3(—y)3 =4x3+2  Replacingy by -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 x-axis.

24.

25.

Test for symmetry with respect to the y-axis:
3y3 =4x3+2 Original equation
3y3 = 4(—x)% + 2 Replacing x by —x
3y3 = —4x3 + 2 Simplifying

The last equation is not equivalent to the original equation,

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

Testfor symmetry with respect to the origin:

3y3 =4x3 + 2 Original equation
3(-y)3 = 4(—x)® + 2 Replacing x by —x
andy by -y
—3ys =—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.
Test for symmetry with respect to the x-axis:

3x =yl Original equation
3x = |-yl Replacing y by -y
3x=lyl Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the x-axis.

Test for symmetry with respect to the y-axis:
3x = |yl Original equation
3(—x) = |yl Replacing x by —x
-3x = |yl Simplifying

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

3x = lyl Original equation
3(—x) = |-y! Replacing x by —x and y by —y

-3x= 1yl Simplifying

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

Test for symmetry with respect to the x-axis:

xy =12 Original equation
x(~y) =12 Replacingy by —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 the x-axis.
Test for symmetry with respect to the y-axis:

xy =12 Original equation
—xy =12 Replacing x by —x

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

Test for symmetry with respect to the origin:
xy =12 Original equation
—x(-y) = 12 Replacing x by —x and y by -y
xy = 12 Simplifying
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26.

27.

28.

29.

30.

31.

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

Test for symmetry with respect to the x-axis:

xy —x2=3 Original equation
Replacing y by -y
xy + x2 =-3 Simplifying

x(=y)—x2 =3

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

Original equation

Replacing x by —x

xy —x2=3
Xy~ (x)2= 3

xy + x2=-3 Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the y-axis.
Test for symmetry with respect to the origin:
xy — x2= 3 Original equation
—x(-y) — (—x)2 = 3 Replacing x by —x and
yby-y

xy — x2 = 3 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

x-axis: Replace y with —y; (=5, —6)
y-axis: Replace x with —x; (5, 6)
Origin: Replace x with —x and y with —-y; (5, —6)

x-axis: Replace y with —y; 21, 0
7

y-axis: Replace x with —x; 0

ey

Origin: Replace x with —x and y with -y; - 7,0
2

x-axis: Replace y with —y; (10, 7)

y-axis: Replace x with —x; (10, —=7)

Origin: Replace x with —x and y with —y; (10, 7)

x-axis: Replace y with —y; 1’_3

y-axis: Replace x with —x;

(08}

Origin: Replace x with —x and y with —y; —1,-

x-axis: Replace y with —y; (0, 4)
y-axis: Replace x with —x; (0, —4)

Origin: Replace x with —x and y with —y; (0, 4)

34. The graph is symmetric with respect to the y-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 the y-
axis or the origin, so the function is neither even nor odd.

37. The graph is not symmetric with respect to either the y-
axis or the origin, so the function is neither even nor odd.

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

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

x) =—-3x + 2x
f—x) = -3(—x)3+ 2(—x) = 3x3— 2x
—f(x) = —(—3x3 + 2x) = 3x3— 2x
f(—x) =—f (x), so fis odd.
40. f(x) =7x3+4x—2
f(x)=7(x)3+4(—x)—2 =—7x3—4x — 2
—f(x) =—(7x3+4x—2)=—-7x3—4x + 2

f(x) = f(—x), so fis not even.
f(—x) —f(x), so fisnotodd.

Thus, f (x) = 7x3+ 4x — 2 is neither even nor odd.
41. f(x) =5x2+ 2xa—-1
A—=x) =5(—x)2+ 2(—x)*— 1 =5x2+ 2xa— 1
f(x) =f(—x), so fis even.

1
2. S =x,_

x
f(x)=—=x+ =-x— 1

! 1

—f(x)=—x+x =X

f(—x) =—f (x), so fis odd.
43. f(x) =x17
(=)= ()" = —x17

—f(x) = —=x17
S (=x) =—£[x), so fis odd.
44. f(x) = 3*
NI
fx) =°=x=—%x
Y,

f(—x) =—f(x),so fis odd.
45. f(x) = x— IxI

32. x-axis: Replace y with —y; (8, 3)

Copyright C 2017 Pearson Education, Inc.



y-axis: Replace x with —x; (-8, —3) S(—x) = (%) — (%) = —x— Ix]

—f(x) =—(x—Ix) =—x+IxI f
33. The graph is symmetric with respect to the y-axis, so the (x) == f (=x), so fis not even.
function is even. f(—x) —f (x), so fisnot odd.

Thus, f{x) = x — x| is neither even nor odd.

Origin: Replace x with —x and y with —y; (-8, 3)
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6. foo="
;
1 4

f(—X) = (—x)2 = x2

fx) = f(—x), so f is even.
47. flx)=8
fx)=8

fx) =f(—)9, so f is even.

B )= T

f(x)=(=x)?2+1= x2+1

f(x) =f(—x), so fis even.

49.

o

50. Let v = the number of volunteers from the University of
Wisconsin - Madison. Then v + 464 = the number of
volunteers from the University of California - Berkeley.

Solve: v + (v + 464) = 6688

v = 3112, so there were 3112 volunteers from the Uni-
versity of Wisconsin - Madison and 3112 + 464, or 3576
volunteers f{})m the University of California - Berkeley.

51. f(x)=x H—x% N

S==x) =— —==x)2=—x 10 —x2
—f(x) = —xyﬂz

Since f (—x) =—f (x), f is odd.

52 f ) =2t
x3+1
(—x)2+1 x2 +1
S = ()3 +1 Tx3+1
x2+1
) =—=71

Since f (x) +=f (—x), f is not even.

SincefE— ) %= A (%), fis not odd.
Thus, f (x) = is neither even nor odd.

x3 41
53. If the graph were folded on the x-axis, the parts above and
below the x-axis would coincide, so the graph is symmetric
with respect to the x-axis.

If the graph were folded on the y-axis, the parts to the left

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

If the graph were folded on the y-axis, the parts to the left

and right of the y-axis would not coincide, so the graph is
not symmetric with respect to the y-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. O( x) = f=x)—A=(=x)) _ fA=x) — f(x)

2 2

fx) = A=x) _ f=x) = flx)
2 2
O(—x) =-0(x) and O is odd.

-0(x) = — . Thus,

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

58. Let f (x) = g(x) = x. Now fand g are odd functions, but
(fg)(x) = x2 = (fg)( ®. Thus, the product is even, so
the statement is false.

59. Letf{x) and g(x) be even functions. Then by definition,
fx)=f(=x) and g(x) = g(-x). Thus, (f+g)(x) =
f(X)+g(x) =fE) +g(%) =(f+g)(x)and f+g is

even. The statement is true.

60. Letf(x) be an evenfunction, and let g(x) be an oddfunc-
tion. By definition f(x) = f€ x) and gfx) = —g(x),
or g(x) = —g(= x). Then fg(x) = f (x) - g(x) =f (%)
[96X)] = —~f %) gEx) = —fg (), and fg is odd.
The statement is true.

Exercise Set 2.5

1. Shiftthe graph of f (x) = x2right 3 units.

\
2N

42 2...4 X

2
| f@ @sy

2. Shift the graph of g(x) =x up 1 ynit.

and right of the y-axis would not coincide, so the

graph is not symmetric with respect to the y-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.
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3. Shift the graph of g(x) = x down 3 units.

y

g§(x3

4. Reflect the graph of g(x) = x across the x-axis and then
shift it down 2 units.

h gx)x 2
5. Reflect the graph of h(x) = x across the x-axis.

Yy

o~

h(x) \x

N
6. Shift the graph of g(x) = x right 1 unit.

Y
il

s Nxo 1

1
7. Shift the graph of h(x) =~ _ up 4 units.
X

o
——

L (ILC)

42 2.4 X

. 1
8. Shift the graph of g(x) = _ right 2 units.
X

9. First stretch the graph of h(x) = x vertically by multi-
plying each y-coordinate by 3. Then reflect it across the
x-axis and shift it up 3 units.

Yy

h (x) 3x 3

10. First stretch the graph of f (x) = x vertically by multiply-
ing each y-coordinate by 2. Then shift it up 1 unit.

FO0)2x 1
11. First shrink the graph of h(x) = | x| vertically by multiply-
1

ing each y-coordinate by2 . Then shift it down 2 units.

y

o~

heo g2
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12. Reflect the graph of g(x) = | x| across the x-axis and shift
itup 2 units.

g()x2

13. Shift the graph of g(x) = x3right 2 units and reflect it
across the x-axis.

Yy

h
4 \\ g (x2)’

42 4 x

\
¢ |
!

14. Shift the graph of f (x) = x3left 1 unit.

FG) @ D)
15. Shift the graph of g(x) = x2left 1 unit and down 1 unit.
y
\
4
\ Y/

42 204 X
2
A8 @ (1)1

16. Reflect the graph of h(x) = x2 across the x-axis and down
4 units.

h(x)x’4

17. First shrink the graph of g(x) = x3vertically by multiply-
1

ingeachy _coordinate byg . Then shift it up 2 units.

y
4./
o/
/
4 2.4 x
| 2
[z s

18. Reflect the graph of h(x) = x3across the y-axis.

h(x) (x)
N
19. Shift the graph of f{x) = x left 2 units.

Y
4
g
2
4.2 2 4 x
2 —
4 f Nx 2

N
20. First shift the graph of f (x) = x right 1 unit. Shrink it

1
vertically by multiplying each y-coordinate by N and then
reflect it across the x-axis.

Y
[y

YA
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Yo
21. Shift the graph of f(x) = ®Xx down 2 units.

Yy

fay 2

hx) x 1
23. Think of the graph of f(x) = IxI. Since
g(x) =f(3x), the graph of g(x) = |3x| is the graph
of f (x) = |x| shrunk horizontally by dividing each x- 1

coordinate by 3 or multiplying eachy-coordinate by _
3

N
24. Think of the graph of g(x) = ®x. Since f(x) = 1g(x), the

1V V2
graph of f(x) = 3 x is the graph of g(x) = °x shrunk

2

1
vertically by multiplying each y-coordinate by—2 .
1
25. Think of the graph ofj(x) - Since h(x) = 2f (x),
2 X 1

the graph of h(x) = - is the graph of f (x) = + stretched

vertically by multiplying each y-coordinate by 2.

26. Think of the graph of g(x) £ k . Since f (x) = g&x 3) 4,
the graph of f (x) E x> 314 is the graph of g(x) =l
shifted right 3 units and down 4 units.

N
27. Think of the graph off(x) = x. Sincef(x) =% &3 5,

the graph of f(x) =3 x 5 is the graph of
stretgche% Vertlj::(allg/ by multiplying egchg)/-coor%l
and then shifted down 5 units. 1

x)= Xx
i(na)te by 3

28. Think of the graph of g(x) = . Since f{x) =5—
X 1 g(x), or

f(x) =—g(x) +5, the graph of f(x) =5—- isthegraph

1 bl
of g(x) = _ reflected across the x-axis and then shifted up

5 units.

30. Think of the graph of g(x) = x3. Since
fx) = ;g(x) — 4, the graph of f(x) = ;x%— 4 is the
graphofg(x) = x% shrunk vertically bymultiplying each
y-coordinate by Band then shifted down 4 units.

31. Think of the graph of g(x) = x. Sincef[x):—lg(x— 5),
4
1 .
the graph of f (x) = — 4 (x —5)2is the graph of g(x) = x2

shifted right 5 unilts, shrunk vertically by multiplying each
y-coordinate byZ_ , and reflected across the x-axis.

32. Think of the graph of g(x) = x3. Since f (x) = g(- x)_5,
the graph of f (x) =- x)3-5 is the graph of g(x) = x3
reflected across the yaxis and shifted down 5 units.

1
33. Think of the graph of g(x) =, - Since f (x) =

g(x + 3) + 2, the graph of f (x) = 4 3+ 2 is the graph

of g(x) = xshifted left 3 units and up 2 units.

34. Think of the graph of £ = \/Y. Sincgy k) =f(—x)+ 5

the graph of g(x) = X + Sisthe graphof f(x) = x
reﬂegcteg acrosgs(th)e y-axis and shifted%p Eunit{ (x)

35. Think of the graph of f (x) = §( .Since h(x) =F (x3)+

5, th hof h(x) = —(x—= 3)2+ 5is th h of =
X2 sk?if%ggprig%t &Xl)mits,();eﬂe)cted eluscrosesgtlila}epx-gx{;,(a)nd

shifted up 5 units.

36. Think of the graph of g(x) = x2. Since f (x) = 3g(x + 4)—

3, the graph of f(x) = 3(x+4)2-3 is the graph of g(x) = x2
shifted left 4 units, stretched vertically by multiplying each
y-coordinate by 3, and then shifted down 3 units.

37. The graph of y = g(x) is the graph of y = f (x) shrunk

1
\iertically by a factor of 5 Multiply the y-coordinate by

PR (=12, 2).

38. The graph of y = g(x) is the graph of y = f (x) shifted
right 2 units. Add 2 to the x-coordinate: (=10, 4).

39. The graph of y = g(x) is the graph of y = f (x) reflected
across the y-axis, so we reflect the point across the y-axis:
(12, 4).

40. The graph of y = g(x) is the graph of y = f (x) shrunk
1 h
horizs%%%aA%XgThe x-coordinateP o=f¥ =g(x)are t 2
y

corre X-coordmates [}

fx), so we divide the
1

x-coordinate by 4 or multiply it by 4_ 1 (-3, 4).
41. The graph of y = g(x) is the graph of y = f (x) shifted
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dow units. ct2 y-coordinate: (-12,2).

n?2 Subtra from the
29. 'Ihink of the graph of f{x) = ‘);l' Since g(x) = 42. Thg graphof y = g(x) is the graphof y = f (x) strgtched
- Fyx- i the graph Dol The R SralFS 90y A e e
of g(x) = — 4 is the graph of
f (x) = IxI stretched horizontally by multiplying each x- the 1 (24 4).
coordinate by 3 and then shifted down 4 units. x-coordinate by 2 or divide it by 2
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43. The graph of y = g(x) is the graph of y = f(x) stretched
vertically by a factor of 4. Multiply the y-coordinate by 4:

(-12, 16).
44. The graph of y = g(x) is the graph y = f (x) reflected

across the x-axis. Reflect the point across the x-axis:
(=12, -4).

45. g(x) = x2 + 4 is the function f (x) = x2 + 3 shifted up
1 unit, so g(x) = f (x) + 1. Answer B iscorrect.

46. If we substitute 3x for x in f, we get 9x2 + 3,s0
g(x) =f(3x). Answer D is correct.

47. If we substitute x — 2 for x in f, we get (x — 2)3 + 3, so
g(x) =f(x— 2). Answer Ais correct.

48. If we multiply x +3 by 2, we get 2x +6, so g(x) = 2f(x).

2 2
Answer C is correct.

49. Shape: h(x) =x2

Turn h(x) upside-down (that is, reflect it across the x-
axis): g(x) = —h(x) = —x2
Shift g(x) righ:/S units: f{x) =g(x — 8) = —(x — 8)2

50. Shape: h(x) =x
v
Shift h(x) left 6 units: g(x) = h(x+6)= x +6

N
Shift g(x) down 5 units: f{x) =g(x)—-5= x+6-5
51. Shape: h XI) = x|
Shift h(x) left 7 units: g(x) = h(x +7) = IX +7 |
Shiftg(x) up 2 units: f(x) =gx)+2=I1x+71 +2
52. Shape: h(x) =x3
Turn h(x) upside-down (that is, reflect it across the x-
axis): g(x) = —h(x) = —x3
Shift g(x) right 5 units: f{x) =g(x — 5) = —(x — 5)3

53. Shape: h(x) = 1_

X 1
Shrink () vertically by a factor of ~ thatis,

h x 1 2
multiply each function value by -
1 11 1 2

g(X)=Zh(X)=Z-;,or2—X
1

Shift g(x) down 3 units: f{x) =g(x) —3=" -3

2x
54. Shape: h(x) =x2
Shift () right 6 units: () = ( 6) =( 6)2
h x gx hx- X —

Shift g(x) up 2 units: f{x) =g(x) +2=(x - 6)2+ 2
55. Shape: m(x) = x2

Turn m(x) upside-down (that is, reflect it across the x-

56. Shape: h(x) = x|
Stretch h(x) horizontally by a factor of 2  that is, multiply

1 1 1
eachx-valueby 5 :g(x)=h x = "x

2 2
1
Shift g(x) down 5 units: f (x) =g(x) - 5= 2%~ 5
57. Shape: m(x) = x

Reflect m(x) across the y-axis: h(x) = m(—x)= —x

Shift h(x) left 2 units: g(x) =h(x+2)= —(x+2)
Shift g(x) down 1 unit: f (x)=g(x)-1 =
-x+2)-1

58. Shape: h(x) =

X
Reflect h(x) across the x-axis: g(x) = —h(x) =— 1
X
Shiftg(x) up 1 unit: f(x)=gx)+ 1 = 1 +1
X

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

y
(14
(3.4 P4

8@) 2f(x)
(5,0

(4,0
2

(2,6)

1
60. Each y-coordinate is multiplied byé . We plot and connect

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

y
)12, 1.5)
(\4’0) [ 7\ [ 5’0)
Nool 2 4 %
(3,1 ECLD
4800 af ()

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

izontally by a factor of 2. That is, eacl ).(W%O}g linate is. -

multiplied by
—2 or divided by — 2
axis): h(x) = -m(x) = —x2
Shift h(x) right 3 unlits: g(x) = h(x — 3) = —(x — 3)2
ﬁlift g() upt4nity: A& [ axl=—(x-3)2+4

(\J(\h\\\\\\\z’\\\\\\\\\
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nect (8, 0), (6, -2), (2, —2), (-4, 3),and (=10, 0).
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62. The graph is shrunk horizontally by a factor of 2. That
1

is, each x-coordinate is divided by 2 ©T multiplied by 7
We plotand connect (2, 0), ( 15, 2} 0.5-2), (% 3),

and (2.5, 0).
y
AL (1, 3)
2,
(2,0 (2.3, 0)
7 P R
(15,2) (4%5, 2
F &) f (2x)

63. The graph is shifted right 1 unit so each x-coordinate is
increased by 1. The graph is also reflected across the x-
axis, shrunk vertically by a factor of 2, and shiftedlup 3

units. Thus, each y-coordinate is multiplied by - . and

then increased by 3. We plot and connect ( 3;-3), ( 2,4),
(0, 4), (3, 1.5), and (6, 3).

y

6,
(2,49 049
SN G
(3,32
I 7\(3\’J'5\)\ |
42 2 4 6x

oL
s g agf(x D)3

64. The graph is shifted left 1 unit so each x-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, each y-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).

y

(2,2)

| 4
(4’2)\/\\\'\\ i

(5,4 !
(L4
12

8) 3fx 1) 4

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

y
(2,3) 4 g@f(x)
o[
(5,0 C 4,0
6472 A 4 6x
2 (3,2
1,2

66. The graph is reflected across the x-axis so each

y-coordinate is replaced by its opposite.

(L2 8@) f (x)

‘(50L>
6 X

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

h(x) g (x2) 1 4

P G

68. The graph is reflected across the y-axis so each
x-coordinate is replaced with its opposite. It is also shrunk
1

vertically by a factor of 57 50 each y-coordinate is multi-
1
plied by 2—(or divided by 2).

y
411 (0,0)
(73 22 2/(2,2)

(G
(7,0)
X
1

)

(5.1
(11,

2

69. The graph is shrunk horizontally. The x-coordinates of
y = h(x) are one-half the corresponding x-coordinates of
Yy =9(x).

y
gk P g @x)
(L4 6 90,6
5 4
( ,24) 4: :
7 N\ G
( 72(\))\ | — 1 L1 |
47 4 X
AN
2\ G
0.0

70. The graph is shifted right 1 unit, so each x-coordinate is
increased by 1.1t is also stretched vertically by a factor
of 2, so each y-coordinate is multiplied by 2 or divided
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71.

72.

73.

74.

75.

76.

1
by .Inaddition, the graph is shifted down 3 units, so

eacR y-coordinate is decreased by 3.

1y07 h(x)2g (x 1) 3
i (8,9)

(LI

(4,5 r 3,5
4

Il 6\ il Il Il Il Il Il L Il I\ Il L
/‘(O, 1o
(6,3) 4

\WL(Z l)
a

©.7
9g&x) = f(=x)+3

The graph of g(x) is the graph of f (x) reflected across the
y-axis and shifted up 3 units. This is graph (f).

gx) = f(x)+3

The graph of g(x) is the graph of f (x) shifted up 3 units.
This is graph (h).

9(x) = -fAx)+3

The graph of g(x) is the graph of f (x) reflected across the
x-axis and shifted up 3 units. This is graph (f).

JOENNE.

The graph of g(x) is the graph of f (x) reflected across the
x-axis and the y-axis. This is graph (a).

} flx —2)

3
The graph of g(x) is the graph of f (x) shrunk vertically

gx) =

by a factor of 3 that is, each y-coordinate is multiplied
1

by = and then shifted right 2 units. This is graph (d).
3

1
gx) = §ﬂx) -3
The graph of g(x) is the graph of f (x) shrunk vertically
by a factor of 3 that is, each y-coordinate is multiplied

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

77.9() = f(x + 2)

3
The graph of g(x) is the graph of f (x) shrunk vertically
by f factor of 3 that is, each y-coordinate is multiplied

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

78.9(x) =—f (x + 2)

The graph of g(x) is the graph f (x) reflected across the
x-axis and shifted left 2 units. This is graph (b).

80.

81.

82.

83.

84.

85.

86.

109
( 1 4 1 3 8i1( )2 17 =
-x)= (- 4+ (—x — - —
}; X) 14_( x) 5( 2
2 x4— = x3— 81x2— 17 x= g(x)
The graph of f (x) = x3.3x2 is shifted up 2 units. A

formula for the transformed function is g(x) = fix) + 2,
org(x) =x3— 3x2+ 2.

Each y-coordinate of the graph of f (x) = x3 __ 3x2is mul-
tiplied by iA formula for the transformed function is

h() =2 Ry or h(0) =+ (xa— 3x2).
2 2

The graph of f (x) = xs3x2 is shifted left 1 unit. A
formula for the transformed function is k(x) = flx + 1),

or k(x) = (x + 1)3- 3(x +1)2.
The graph of f (x) = x3_3x2 is shifted right 2 units and
up 1 unit. A formula for the transformed function is
tx) =fix—2)+ 1,ort(x) = (x—2)3-3(x—2)2+ 1.
Test for symmetry with respect to the x-axis.

y =3x4 —3 Original equation

-y = 3x4—3 Replacing y by—y

y =—3x4+ 3 Simplifying
Thelast equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the x-axis.
Test for symmetry with respect to the y-axis.

y=3x4-3 Original equation
y = 3(=x)*- 3 Replacing x by —x
Yy =3x4-3 Simplifying

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

Test for symmetry with respect to the origin:

y=3%-3
-y = 3(-x)* - 3 Replacing x by —x and
yby-y
yV=3x4—3
y = -3x4+3 Simplifying

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

Test for symmetry with respect to the x-axis.
y2=x Original equation
()2 = x Replacing y by -y
y2=x Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the x-axis.

79.f(=x) = 2(-20)* - 35(=x)3 + 3(-x) - 5 =
2x4+ 35x3—3x— 5 =g(x)
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Test for symmetry with respect to the y-

axis:y2 = x Original equation

y2=-x Replacing x by —x
Thelast equation is not equivalent to the original
equation,so the graph is not symmetric with respect to
the y-axis.
Test for symmetry with respect to the origin:
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y2 =x Original equation
(-y)2= —x Replacing x by —xand
yby-y
y2=—x Simplifying
Thelast 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 x-axis:
2x — 5y = 0 Original equation
2x — 5(-y) = 0 Replacing y by -y
2x + 5y = 0 Simplifying

Thelast equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the x-axis.

Test for symmetry with respect to the y-axis:
2x - 5y = 0 Original equation
2(—x) — 5y = 0 Replacing x by —x
—2x — 5y = 0 Simplifying
Thelast equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the y-axis.

Test for symmetry with respect to the origin:
2x - 5y = 0 Original equation
2(—x) — 5(-y) = 0 Replacing x by —x and
yby-y
—-2X +5/ =0
2x — 5y = 0 Simplifying
The last equation is equivalent to the original equation, so

the graph is symmetric with respect to the origin.

88. Let w = the average annual wages of a 64-year-old person
with only a high school diploma.

Solve: w + 0.537w = 67, 735
w = $44, 070

89. Familiarize. Let c =the cost ofkneereplacement surgery
in India in 2014.

Translate.
Cost in tiora . chsdim
US. was $4000 four times
O —
— I a0 = [ IR
34,000 = 4000 + 4 . c

Carry out. We solve the equation.
34, 000 =4000+4 ¢
30, 000 =4c
7500 =¢

Check. $4000 more than 4 times $7500 is
$4000+4-$7500 = $4000+$30, 000 = $34,000. The answer
checks.

State. In 2014, the cost of knee replacement surgery in
India was $7500.

90. Let ¢ =the number of students Canada sent to the U.S. to
study in universities in 2013-2014. Then ¢ + 25, 615 = the
number of students Saudi Arabia sent.

Solve: ¢ + (¢ + 25, 615) = 82, 223
¢ =28, 304 students, and ¢ + 25, 615 = 53, 919 students.

91. Each point for which f{x) < 0 is reflected across the x-axis.

y
a2
(1,2) 4 |
4 P42
( ’OM\ [ >
! -2 4 X
2
4 If (o)l

92. The graph of y = f (Ix ) consists of the points of y = f (x)
for which x o=along with their reflections across the y-
axis.

—
o
=
RS
L T T T T
—
=
5%}
=

F (i)

93. The graph of y = g(Ix ) consists of the points of y = g(x)
for which x eralong with their reflections across the y-
axis.

y

4

(2D2F @D
(L0 AN
42 vV 2 4 X
2
N {C)

94. Each point for which g(x) < o is reflected across the x-axis.

y

4

(2D2F QD
(4 QAT NN Q)

42 2 4 X

2

4 18l

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

f)=g x—1 ,thegraphoff(x)=int x—1 isthe
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1, .
graph of g(x) = int(x) shifted right ~ unit. The domain
2
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is the set of all real numbers; the range is the set of all
integers.

96. This funetionycan be defined piecewise as follows:

—( x—1), foro<x<1,
r; -
(X) _
C'x—1, for x >+,
Think of the graph of g(x) = . First shift it down

1 unit. Then reflect across the x-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 of y = 2f (x) each y-coordinate of y = f(x) is

multiplied by 2, so (3, 4-2), or (3, 8) is on the transformed
graph.

On the graph of y = 2+f(x), each y-coordinate of y = f{x)
is increased by 2 (shifted up 2 units), so (3,4+2), or (3,6)

58 ?h%l grtggﬁs(g?rznag%,%g&hicoordinate of =

y, fx x v
f (x) is multiplied by 5 (or divided by 2),s0 1 534 ,0r

3

54 is on the transformed graph.

98. Using a graphing calculator we find that the zeros are

-2.582, 0, and 2.582.

The graph of y = f(x-3) is the graph of y = f (x) shifted
right 3 units. Thus we shift each of the zeros of f{x) 3 units
right to find the zeros of f (x- 3). They are -2.582 + 3,
or 0.418; 0 + 3, or 3; and 2.582+ 3, or 5.582.

The graph of y = f (x + 8) is the graph of y = f(x) shifted
8 units left. Thus we shift each of the zeros of f(x) 8 units
left to find the zeros of f (x + 8). They are —2.582 - 8, or
-10.582; 0 — 8, or -8; and 2.582 - 8, or —5.418.

Exercise Set 2.6

y=kx
54=k-12

The variation constant is 50T 4.5. The equation of vari-
ationisy = 94(, ory = 4.5x.
2

y = kx
o.1 =k(0.2)

1 .
> = k Variation constant

. _ 1
Equation of variation: y = x, ory = 0.5x.

2
k
y=_
X
k.
3:
12

60 = k Variation constant

. - 60
Equation of variation: y = _~

X
y=kx
1=k-l
4
4=k

The variation constant is 4. The equation of variation is
Y =4x.

k
Y= _
01=K"_
0.5 . .
0.05 = k Variation constant
Equation of variation: y = 0.05
X
k
y=-
X
_k
32=
1 8
g 32= k
4=k
The variation constant is 4. The equation of variation is
4
54 9
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vy =kx
=k ork=
12 2

3=k-33
1 N
~ = k Variation constant
11

Equation of variation: y =

Copyright C 2017 Pearson Education, Inc.
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9 y=kx
§=k-2
4
1.3
24
3:
8 k

- .3
The \éarlatlon constantis , . The equation of variation is

8
y=gx
10. y=k
X
1_k
5 35
7 =k Variation constant

Equation of variation: y = Z

X
1. y=K
K
1.8=
0.3
0.54=k
The variation constant is 0.54. The equation of variation
oy = 0:54
isy = .
X
12. y=kx
0.9 = k(0.4)
= k Variation constant
4

Equation of variation: y = 9x, ory = 2.25x

13. Let W = the weekly allowance and a = the child’s age.

W = ka
550=k-6
gk
12
11
= —X
12
w=1.9
12
W = $8.25

14. Let S =the sales tax and p = the purchase price.
S =kp S varies directly as p.
7.14 = k - 119 Substituting

5. =K
v
5= _
400 =r
t = 400
r
t = 400
70
40 5
t=_5or5_hr
7 57
16. W= _I% W varies inversely as L.
1200 = 3 Substituting

8
9600 =k Variation constant

9600
W= —— [Equation of variation
9600 b
=— S tituti
W= ubstituting
W= 686

A 14-m beam can support about 686 kg.

17. Let F = the number of grams of fat and w = the weight.
F = kw
60 = k - 120 Substituting

60

F varies directly as w.

___ =k or Solving for k

120
1 Variation constant
=k
2
1
F=_w Equation of variation

F=; 180 Substituting
F=90
The maximum daily fat intake for a person weighing 180
Ibisgo g.
18. N = kP
53 =k-38,333,000 Substituting

_ 58 k Variation constant
38,333,000
0.06 =k Variation constant
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53 N=37

N = P JE——
38, 33;?;) 000 Texas has 37 representatives.

N = 38, 333, 000 26, 448, 000 Substituting

S =0.06p Equation of variation 19 k o

S = 0.06(21) Substituting . T _]1; T varies inversely as P .

S~1.26 5= " Substituting

The sales tax is $1.26.
35 = k  Variation constant
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T = LE Equation of variation
P
35 o

T = o Substituting

T=35

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

20. Lk
r
_k
457 600
27, 000 =k
27, 000
t=
e
27, 000
¢ = 2200¢
1000
t = 27 min
21. d = km d varies directly as m.
40 =k - 3 Substituting
40
F k  Variation constant
40
d= gm Equation of variation
d=40.5- 200 gypstituting
3 3
d=66>
3 2
A 5-kg mass will stretch the spring 66 cm.
3
22. f=kF
6.3=k-150
0.042 =k
f = 0.042F
f =0.042(80)
f=336
_k .o
23. P = W P varies inversely as W .
0= k
330 = Substituting
1056 = k Variation constant
1056
P = Equation of variation
550 = &I?Vg Substituting

24. M = KkE M varies directly as E.
359 =k-95 Substituting
0.378 =k Variation constant
M = 0.378E Equation of variation
M = 0.378 - 100 Substituting
M =37.8
A 100-1b person would weigh about 37.8 1b on Mars.
25. V-
X2
0.15 = o
(012 Substituting
o15= K
0.01
0.15(0.01) =k
0.0015 =k
The equation of variation is y = 00015
X2
26. y-= IL
2
6=~
32
54 =k
y="24
X2
27. vy = kx2
0.15 = k(0.1)2  Substituting
0.15 = 0.01k
015 _
0.01
15=k
The equation of variation is y = 15x2.
28. y=kx2
6=k-32
Z-k
3
2
y=_x2
3
29. y=kxz

56 = k - 7- 8 Substituting
56 = 56k
1=k

The equation of variation is y = xz.
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550W =1056 Multiplying by W 30. y ="
zZ
w =155 Dividing by 550 goko12
550 15
W =192 Simplifying 5=k
A tone with a pitch of 550 vibrations per second has a y= oX
wavelength of 1.92 ft. z
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31. Vv = kxz2
105 = k - 14- 52 Substituting

105 = 350k
105
356~

3 _x

10

The equation of variation is y = Exzz.

10
Xz
32. y=k- W
3_ k-2:3
2 4
1=k
XZ
Y=w
33 XZ
. Y= wp
-10
3 310 Substituting
28 78
3= 32
28 56
3 56
. =k
28 30
Tk
5 1xz
The equation of variation is y = , or
%z S5wp
34 y=k- Wz
12_, 16:3
%5 52
_=k
4
5xz
= or®”
4w 4w?
35. I="
2
905; Substituting
k
90 = __
25
2250 =k
2250
The equation of variation is I =
d2

XZ

5wp

36. D = kAv
222=k-37.8 40
37 _k
252
37
D= _—Av

®°

430=""
252 5

v = 57.4 mph
37. d = kr2

200 = k- 602 Substituting

200 = 3600k
200 _
3600
1_ &
18 1
The equation of variation is d = _ro.
18
Substitute 72 for d and find r.
72 = 1,
18
1296 = 2
36=r
A car can travel 36 mph and still stop in 72 ft.
38. w = k_
42
220 =
(3978)2

3, 481, 386, 480 =k

_ 348%386:480
3,/; 3 4814386, 480
(3978 +200)
W=1991b
39. kR
E = Ii
We first find k.
177 = k-39 Substituting
198.1
198.1 C .
177 9 - k Multiplying by

Substitute 40 for I and find d.
40 = 2250
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dz

40d2 = 2250
d2=56.25
d=175

The distance from 5 m to 7.5 m is 7.5-5, or 2.5 m, so it is

2.5 m further to a point where the intensity is 40 W/m2.

9=k
The equation of variation is E = 9R_
1
Substitute 1.77 for E and 220 for I and solve for R.
177 = 9_
220
177(220) _ R Multiplying byfO
9 9
43~R

Clayton Kershaw would have given up about 43 earned
runs if he had pitched 220 innings.

Copyright C 2017 Pearson Education, Inc.



Chapter 2 Review Exercises

115

4.y _KT
P
231 = k-42
20
110=k
110T
V=
——
y 11030
15
V =220 cm3

41. parallel

42. zero

43. relativeminimum
44. odd function
45. inverse variation
46. a) 7xy = 14
2
y=_
X
Inversely
b)x-2y =12
X
y=,-6

Neither

c)-2x+y=0

y=2x
Directly
d x= 3 y
4
4
y= S*X
Directly
e) f =92
Yo
y=5%
Directly

47. Let V represent the volume and p represent the price of a
jar of peanut butter.

V =kp V varies directly as p.
2
37 (5) = k(2.89) Substituting
2
3.89r =k Variation constant

V =3.89np Equation of variation
m(1.625)%(5.5) = 3.89mp  Substituting

Now let W represent the weight and p represent the price
of a jar of peanut butter.

W =kp
18 = k(2.89) Substituting
6.23 =k Variation constant
W =6.23p  Equation of variation
28 =6.23p  Substituting
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.)

_ kp2

=

Q varies directly as the square of p and inversely as the
cube of g.

48. @

49. We are told A = kd2, and we know A = mr2 so we have:

kd2 = mr2
kd2 dz r=g
:7'[2— >
kda = T2
4
k:

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 thetext.

3. The graph of y = f(x -d) is the graph of y = f(x) shifted
right d units, so the statement is true.

4. The graph ofy = —-f{x) is the reflection of the graph of
y = f (x) across the x-axis, so the statement is true.

5. a) For x-values from —4 to -2, the y-values increase

from 1to 4. Thus the function is increasing on the

3.73=p
If cost is directly proportional to volume, the larger jar
should cost $3.73.
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interval (—4, —2).

b) For x-values from 2 to 5, the y-values decrease
from4 to 3. Thus the function is decreasing on
the inter-val (2,5).

¢) For x-values from -2 to 2, y is 4. Thus the
function is constant on the interval (-2, 2).

. a) For x-values from -1 to o, the y-values increase
from3 to 4. Also, for x-values from 2 to , the y-
values increase from 0 to . Thus the function is
increas- ing on the intervals (-1, 0), and (2, ).

b) For x-values from o to 2, the y-values decrease
fromg4 to o. Thus, the function is decreasing on
the in- terval (o, 2).

¢) For x-values from —e to -1, y is 3. Thus the func-
tion is constant on the interval (—eo, —1).
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10.

The function is increasing on (0, « ) and decreasing on
We estimate that the minimum value is — 1 at

(o0, 0).
X =0. There are no maxima.

fg(x)=2—\§x|

=<

The function is increasing on so0) and decreasing on
(0, 9= We estimate that the maximum value is 2 at x = 0.
There are no minima.

5"-

the function is indfeasing on (2, =) and de-

WE find tha

creasing on (—oo, 2). The relative minimum is-1 at x = 2.
There are no maxima.

A

Increasing: (e, 0.5)
Decreasing: (0.5, «)
Relative maximum: 6.25 at x = 0.5

Relative minima: none

11.

12.

13.

14.

15.

We find that the function is increasing on (-, -1.155)
and on (1.155, =) and decreasing on (-1.155, 1.155). The
relative maximum is 3.079 at x = -1.155 and the relative
minimum is -3.079 atx = 1.155.

We find that the function is increasing on (-1.155, 1.155)
and decreasing on—es, +.155) and on (1.155,09. The
relative maximum is 1.540 at x = 1.155 and the relative
minimum is -1.540 at x = -1.155.

If two sides of the patio are each x feet, then the remaining
side will be (48 — 2x) ft. Weuse the formula Area =
length x width.

A(x) = x(48 — 2x), or 48x — 2x2

The length of the rectangle is 2x. The width is the second
coordinate of the point (x, y) on the circle. The circle has
center (0.9) and radius 2, so its equation is x2 + y2 = 4

and y = 4-—=¥2. Thus the area of the rectangle is given
by A(x) = 2x 4 — x2.

I fhs eyl parleian e dnd

twosidesis , Or 33— K2. We use the formula
Area = length ~ width.
>

X

Ax) =x 33 5 ,or
x2
A(x) =33x —

b) The length of the side parallel to the garage must be
positive and less than 66 ft, so the domain of the
function is {xlo < x < 66}, or (0, 66).

¢ yix33 * 2
600

1180
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d) By observing the graph or using the MAXIMUM y
feature, we see that the maximum value of the func- i
g 2
tion o)gcurs when x = 33. When x = 33, then D / o‘(y
33—-"=33—-""=33-16.5 =16.5. Thus the di- 42 b2 4 x
2 2 -
mensions that yield the maximum area are 33 ft by i:
16.5 ft. L
6
16. a) Let h = the height of the box. Since the volume is gj
108 in3, we have: o
108=x-x"-h o
108 = x2h 12y
ﬁ=h 19. ( - X2—=1forx -1,
r L"' 1’
Now find the surface area. fx)="-3
S=x2+4-x-h for x =-1
108 x2—1
S(X) =x2+4 X — We create the graph in two parts. Graph f (x) = 41
_ x? for all inputs except —1. Then graph flx) = 3 for x = -1.
S(x) = x2+ 432
X y
b) x must be positive, so the domain is (0, ). A 4
¢) From the graph, we see that the minimum value of SN
the function occurs when x = 6 in. For this value of i ~
% 108 108 108 . 42 L2 o4x
= = =" =g3in. ol
2 62 36 gl
C
C—x for x <—4,
17. f (x) = . 1x + 1, for x> —4 20. f (x) = [[x]]. See Example 9 on page 166 of the text.
2

We create the graph in two parts. Graph f(x) = -x for

1

inputs less than or equal to —4. Then graph f(x) = ;x +1

for inputs greater than —4.

N y
e 4:
2,

Il éz\ Il Il i Il 2\ Il 4 1 IX
2[
4,
o3
X, for x< -2,
18. f(x) = Ix1, for-2<x<2,

r\/x— 1, for x> 2

We create the graph in three parts. Graph f (x) = x3 for

inputs less than -2. Then graph f(x) = Ix| for inputs
greater than or equal{fo —2 and less than or equal to 2.

Finally graph fix) = x-1 for inputs greater than 2.

yA

4 -0
-0
2 -—0
-~ =0
L I G B R
P G >
*-—0 -

H:"m -k fa) =14
21. flx) = [[x - 31

Thisfunction could be defined by a piecewise function with
an infinite number of statements.

_ 4, for_1<x< o,
-3, foro<x<u,

= 5 for1<x< 2,
-1, for2<x< 3,
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¥4
Eofix) =Ix— 3]
it

'
2t

I "0
e e e T o
S R R _l
—2k -0
-
-
”0 )
£
X3, for x <—2,
22. f(x) = Ix1, for 2< x <2,
C
) x—1, forx> 2
Since —1 is in the interval [—2,2], f(—1) = | -1l = 1.

Since 5 > 2, £ (5) =V5

—1=4=2.

Since —2 is in the interval [—2, 2], f(—2) = | — 2| = 2.
Since -3 < -2, f(-3) = (-3)3= —27.
.

o x2—1
23.( +1 , for x -1,
fx)= C X
3, for x(=>32 _ _
Since_2=1,f_(2)=(2} 1=4—1=3=_3.
—S+1
. 1 -1
Since x = -1, we hgve fi(—1);= 3.
Since o =1, (0) = = =1.
- S OFT 1.
-1 16-1 1
L="""1="=g
Since4=- f 4+1 5 5
24. (F - 9)(6) = f6) = g(6),
= 6-2-(6 —1)
\/,
= 4-(36-1)
=2-35
=-33

25. (fg)(2) = f gg)_ a(2)
2

= 2-2-(2 —1)
=0-(4-1)
=0
26. (f + g)(-1) =_f\(—1) +g(-1)
- L2+ ((-1) —-1)
Jy— = —3+(-1)

Since  gisnotareal number,( +)( 1) does not exist.

_4— fg-
27.f(x)=",gx) =3 —2x

D(Fro= 2 +B-29=" 1530

4
F-9D@) = F -B-20=0-3+2«x
12 8

= 4 =
{ /9t 3 ):(sz) x2(34— 2x)

28. a) The domainof f, g, f +g, f —g,and fg is all real

1
numbers, or (-, «<). Since g 5 =0, the domain

. 1 1
off/gis xx =" ,a0 1 1
2 2 2

b) (f + 9)(x) = (3x2 + 4x)+ (2x —1) = 3x2 + 6x — 1
F-9x)=(@x2+4x)—(2x—-1) = 3x2 + 2x +1

(fg)(x) = (3x2 + 4x)(2x — 1) = 6X3 + 5x2 — 4X

3X2 + 4X
D) = =x=T1

29. PO < RO s o

=120Xx — 0.5x2— 15x — 6

=-0.5x2+ 105x— 6

30. f(x) =2x +7

fix + h) - fIx) _2x+hM+7 —(2x+7) _

h h
2x + 2h +7—-2x-7 2h

= =2
h h
31. ix) =3 — x2

fix+h)=3—-(x+h)2=3—- (x2+ 2xh + h2) =
3—x2—2xh — h2

fix+h)—flx) _ 3—x2—2xh—h2-(3-x2)

h h
_3—x2—2xXh — h2— 3+ x2
B h
_—2xh —h2_h(=2x-—-h
T—h— = h

32. f(x) = 47

Copyright C 2017 Pearson Education, Inc.



x2 _ X x h
a) Division by zero is undefined, so the domain of f is

{x|x = 0}, or (—e==,0) U (0, ==). The domain of g is fx+h)—~) _x+p x_ x+h—=xpx=x+h _
the set of all real numbers, or (—es, ). ax—4(x+ h) 4x—4x— 4h —4h
The domain of £+ g, f—g and fg is {x|x = 0}, x(x+h) _ _x(x+h) _ x(x+h) _
or (—s=, 0) U (0, ). Sinceg 3 =0, the domain h h h
32 —4h . 1=_ —4f =__—4 _ or — 4
XX =0and x x x(x+h)h x(x+h)# x(x+h) x(x + h)
of f/g is =, sor
33 33. (fog)() =fg() =f(2+ 4 =f(+ 4)=f(5) =
(=2, O)U 0,,U,, =. 2.5-1=10-1=9
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34. (g N =g(fW)=g(2-1-1)=g(2-1)=g1) =
1244 =1+4 =5
35. (h > f)(=2) = h(f (-2)) = h(2(-2) - 1) =
h(-4-1)=h(-5)=3-(-5)3¥=3-(-125) =
3+ 125 = 128
36.(g > h)(3) =g(h(3)) =g(3-3%)=9(3-27) =
9(=24) = (-24)? +4 = 576+4 = 580
37.(f> h)(—1) = Ah(-1)) = A3 —(-1)3) =
f@B-C)=f@B+1D=f4)=2-4-1=8-1=7
38. (h ° g)(2) = h(g(2)) = h(22 + 4) = h(4+ 4)
h(8) =3-8%=3- 512 =-509
39. e P = Af () =A2x-1) =2(2x—1)— 1 =
4x—2—-1=4x—- 3
40. (h > h)(x) = h(h(x)) = h(3-x9 =3 — (3 —x3)%=
3—(27—-27x3 + 9X6 —X9)=3 — 27+ 27X3 — QX6 + X9 =
—24 + 27x3— OX6 + X9 1

41. a) ()= @06 2)=
fegx f —x (3 - 2x)2
- = - 8
9 fW=gz4=3-2 4 =3-8

b) The domain of f is {x Ix = o}and the domain of g
is the set of all real numbers. To find the domain

of f o g, we find the values Of3X for which g(x) = o.

Since 3 — 2x = owhen x _ she domain of feg

3 3 3

iISx x — ,0r —oo, —U ,o0 . Since an;
2’ I2 2/— y

real number can be an input for g, the domain of
g © f is the same as the domain of £, {xIx = 0}, or
(_oof 0) U (OI °°)

42.2) fo g(x) = f(2x — 1)
=3(2x - 1)2+ 4(2x - 1)
=3(4x2- 4x + 1)+ 4(2x - 1)
=12x2—12x +3+ 8x— 4
=12x2—-4x—1
(g°NX) = g(3x2 + 4%)
=2(3x +4x)—1
=6x2+8x—-1

b) Domain of f = domain of g = all real numbers, so
domain of fog = domain of gof = all real numbers,
or (—eo, o).

43. flx) = \/x, g(x) = 5x + 2. Answers may vary.

4 fx)=4x2+9, g(x) = 5x—1. Answers may vary.

45.x2+y2=4

I

5
4.
30 x2+y2=4

H e :
HE : | I
" 54 ls i fiaass =

o=
-3
-4
-5

The graph is symmetric with respect to the x-axis, the
y-axis, and the origin.

Replace y with 3~ to test algebraically for symmetry with
respect to the x-axis.

x2+ ()% =4
X2 +y2 =4

The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to the x-axis.

Replace x with —x to test algebraically for symmetry with

respect to the y-axis.
(x)?+y2=4

xX2+y2=4

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

Replace x and —x and y with -y to test for symmetry
with respect to the origin.
(X2 + ()2 =4

xX2+y2=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 tothe ~ x-axis, the
y-axis, and the origin.

Replace y with 3y to test algebraically for symmetry with
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respect to the x-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 the x-axis.
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Replace x with xto test algebraically for symmetry with
respect to the y-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 the y-axis.

Replace x and -x and y with —y to test for symmetry
with respect to the origin.

(=)2=(=x)?+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 =3

The graph is not symmetric with respect to the x-axis, the
y-axis, or the origin.
Replace y with 3 to test algebraically for symmetry with
respect to the x-axis.

X-y=3
The resulting equation is not equivalent to the original

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

Replace x with- to test algebraically for symmetry with
respect to the y-axis.

X+y=3
The resulting equation is not equivalent to the original

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

Replace x and x and y with y—to 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 = x2

49.

The graph is symmetric with respect to the y-axis. It is not
symmetric with respect to the x-axis or the origin.

Replace y withy to test algebraically for symmetry with
respect to the x-axis.
-y = x2
y=-x2
The resulting equation is not equivalent to the original

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

Replace x withx to test algebraically for symmetry with
respect to the y-axis.

y =(=x)?

y=x2
The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to the y-axis.

Replace x and » and y with y—to test for symmetry
with respect to the origin.

v =(x)?
Yy = X2
y =-X2

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

Yy =x3

The graph is symmetric with respect to the origin. It is
not symmetric with respect to the x-axis or the y-axis.

Replace y withy to test algebraically for symmetry with
respect to the x-axis.
-y = X3
y =-x3
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The resulting equation is not equivalent to the original
equation, so the graph is not symmetric with respect to
the x-axis.

Replace x with-x to test algebraically for symmetry with
respect to the y-axis.

y=(x)?

Y =-x3
The resulting equation is not equivalent to the original

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

Replace x and * and y with y—to test for symmetry
with respect to the origin.

v =(=2)3
-y =—Xx3
y = X3

The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to the origin.

50.y = x4— x2

L P N O

75432\'**%1"2345—7

y=x4-x2
The graph is symmetric with respect to the y-axis. It is

not symmetric with respect to the x-axis or the origin.

Replace y with 3 to test algebraically for symmetry with
respect to the x-axis.

—y =X4— X2

Y =—X4+ X2

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

Replace x with x»to test algebraically for symmetry with
respect to the y-axis.

Y = (0= (02
Y =Xxa—Xx2
The resulting equation is equivalent to the original equa-

tion, so the gr: dph is symmetrlc with respect to the y-axis.
Replace x and —x and y with —y to test for symmetry

with respect to the origin.

¥ = (04— (-x)2

—y = X4— X2
Y =-—Xx4+ x2

51. The graph is symmetric with respect to the y-axis, so the
function is even.

52. The graph is symmetric with respect to the y-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 the y-axis, so the
function is even.

55.f(x)=9—x2
fA=x)=9-(=x2)=9-x2
fx) = f-x), so fis even.

56.f(x) =x3—2x +4

f(=x) = (x)3— 2(—x)+4 = —x3 + 2x +4
f(x) x= f (-x), so fis not even.
—fx) =—(x3—2x +4) = x3+2x — 4
f (=x) x=—f (x), so f is not odd.
Thus, f (x) = x3— 2x + 4 is neither even or odd.
57. ix) = x7— x5
S=x) = (x)7 = (—x)5= —x7 + x5

flx)  f(—x), so fis not even.

—f(x) = —(x7— x5) = —Xx7 + X5

f(=x) = —f (%), so fis odd.
58. f(x) = IxI

f(=x)=1-xI = IxI

f) =1/‘(1),_sofis even.
59. flx)= 16 —x2

J
f=x) = —(—x2)= 16—x2
f(X) = f(—x), so fis even.

60. f (x) = 10x

X2F1
10(=x 10x
feex) = (—02+1  x2+1
fx)  f(=x), so f(x) is not even.
10x
S ="

f(=x) =—f(x), so fis odd.
61. Shape: g(x) =x2
Shift g(x) left 3 units: f (x) = gx + 3) = (x + 3)?
62. Shape: t(x) = x
Turn t(x) upside down (that is, reflect it across the x-axis):

h(x) = —t(x)= —\é"- N

The resulting equation is not equivalent to the original
equation, so the graph is not symmetric with respect to the
origin.
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gglgﬁégexsi%%tfu%%s A R P
Shape: h(x) = | x|

Stretch h(x) vertically by a factor of 2 (that is,
multiplyeach function value by 2): g(x) = 2h(x) =
2lxl.

Shift g(x) right 3 units: f(x) = g(x - 3) = 21x - 31.
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64. The graph is shifted right 1 unit so each x-coordinate is 69. y =kx
increased by 1. We plot and connect (=4, 3), (-2, 0), (1, 1) 6 =
= 9X
and (5, —2).
2 -
— =Xx Variation constant
VA 3
’ . . 2
F Equation of variation: y =~ x

3

65. The graph is shrunk horizontally by a factor of 2. That

. - 2500
Equation of variation: y= 5
is, each x-co ordinate is divided by 2. Weplot and connect

x
> 5 (o, 1) and ( ) 71 k
__ - 50 ,(0,1)and (2 —2). . _
2’ 3, o y= }
k
yA 6=_
F 9
| 54 = k Variation constant
. Equation of variation: y = >4
= - X
k
72. y="
2
12 = E
66. Each y-coordinate is multiplied by —2. We plot and con- g = k22
nect (-5, -6), (-3, 0), (0, -2) and (4, 4). s
Y=z
kxz2
73. y-=
v 2
1
. k(16) 5
—o.2—
k(16) 1
(16) n
2=_
67. Each y-coordinate is increased by 3. We plot and connect 0.2
(=5 6), (=3 3), (0, 4) and (4,1). 5 = 4K
. 0.2
i - 2 =20k
6~ y=3+ fix) =k
10
1x72
L Y low
4§ -2 ? 4 %
-2 74. e=K
r
35= k
68. y=kx 300
100 =25x 28, 000 = k
- 2
4=x . 8,000
Equation of variation: y = 4x 23’r 000
~ 1400
t =20 min
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75.

76.

N =ka
87=k-29
3=k
N =3a
N =325
N =75

Sam’s score would have been 75 if he had answered 25
questions correctly.

P =kC2

180 =k - 62
5=k Variation constant
P = 5(2 Variation equation
P=5-102

P = 500 watts

77.f(x)=x+1,g(x)=\Lx

78.

79.

80.

81.

82.

Thedomain of fis(—ee, ), and the domainof g is[0,).
To find the domain of (g ° f)(x), we find the values of x
for which f (x) >o.
X+1=0
X =-1

Thus the domain of (¢ f )(x) is + ). Answer A is
correct.

For b> 0, the graph of y = f{lx)+b is the graph of y = Ax)

shifted up b units. Answer C is correct.

The graph of g(x) = 1 Ax) + 1 is the graph of y = f(x)
2

shrunk vertically by a factor of — , then reflected across the

x-axis, and shifted up 1 unit. The correct graph is B.

Let f (x) and g(x) be odd functions. Then by definition,
[fEx)=—f ), or f(x) =—f x),and g& x) = g(x),
or g(x) = g Thus (f + g)(x) = f (x) + g(x) =

~f (=) + [-g(=x)] =-[f (=)+ g(=x)] =-(f + g)(—x)
and f + g is odd.

Reflect the graph of y = f(x) across the x-axis and then
across the y-axis.

f(x)=4x3—2x +7

5
A :
3 f(x)=2-x ..
2

1

14

a) flx)+2 =4x3—-2x +7+2 = 4x3— 2Xx +9

b) f(x + 2) = 4(x + 2)3 - 2(x + 2)+7
= 4(x3+ 6x2+ 12x + 8) — 2(x + 2)+7
=4Xx3+ 24x2+ 48x + 32— 2x — 4+7

83.

84.

85.

In the graph of y = f(cx), the constant c stretches or
shrinks the graph of y = f(x) horizontally. The constant
ciny = ¢f (x) stretches or shrinks the graph of y = f{x)
vertically. Fory = flcx), the x-coordinates of y = f{x) are
divided by c; for y = ¢f (x), the y-coordinates of y = f(x)
are multiplied by c.

The graph of f(x) = 0 is symmetric with respect to the x-
axis, the y-axis, and the origin. This function is botheven
and odd.

If all of the exponents are even numbers, then f (x) is an
even function. If ao = 0 and all of the exponents are odd
numbers, then f (x) is an odd function.

86. Let y(x) = kx2. Then y(2x) = k(2x)2 =k - 4x2 = 4 - kx2 =

k
87.Lety =k x andx = 2. Theny =k
1

4 - y(x). Thus, doubling x causes y to be quadrupled.
k2 kik2

, Ory = >

. . VA 1 Z A
SOy varies anersely as“Zz.

Chapter 2 Test

= 4x3 + 24x2 + 46x + 35
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1. a) For x-values from -5 to —2, the y-values increase
from —4 to 3. Thus the function is increasing on the
interval (-5, —2).

b) Forx-values from 2 to 5, the y-values decrease from
2 to + Thus the function is decreasing on the
interval (2, 5).

¢) For x-values from -2 to 2, y is 2. Thus the function
is constant on the interval (-2, 2).

y

The function is increasing on (-, 0) and decreasing on
(0, «). The relative maximdm is 2 at x = 0. There are no

AfX+ f(2)=4g4x3—2x+7+4-28-2-2+7

=4Xx3— 2X +7+ 32 — 4+7

=4x3— 2X + 42
flx) + 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
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output for 2 to the output for x. minima.

AN
/

We find that the function is increasing on—(e, —2.667)
and on (0,0 and decreasing on (-2.667, 0). The relative

maximum is 9.481 at-2.667 and the relative minimum is
oatx = o.
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4. If b = the length of the base, in inches, then the height =

4b— 6. Weuse the formula for the area of a triangle,

1
A= _bh.
2

1
A(b) = 5 b(4b — 6), or

A(b) =2b2—3b
1

X2, for x< —1,
_C _
5. f(x) =" IxL for-1<x<1,
c~
x—1 forx>1
y
4:
i
7 R R
oL
A
6. Since —1 z 1,f—:Z A z
=g —s _ 878

_ VoW
Since 5>1,f(5) = 5~ 1= 4=0.
Since -4 < -1, f (—4) = (—4)? = 16.
7. (f+9)(=6) = f(-6) +g(=6) =
(-6)2-4(-6) +3%— 3~ (76) =
36+ 24+3+ 3+6=63+ 9=63+3=066

8. (f—g)(-1) = fl-1) —g(=1) =
(—1)2—4(-D+3— 3—(-1)=
NG T N T
1+4+3—- 3+1=8- 4=8-2=6

\/
9. (f(2) =f(2)- g(2)—(22—4 2+3)(3-2)=

4-8+3(D=g 1=-1

10. (/g)(1) =/(1) =1 _4.143 1-4+3

91) —~—— 2 2

11. Any real number can be3nihput for () = 2,50 the

[ x X
domain is the set of real numbers, or (—oo, ).

12. The domain of g(x) = x - 31is the set of real numbers for

which x — 3= 0, or x = 3. Thus the domain is {xIx = 3},

=V0 =0

\/
18. (f — 9)() = flx) — g(x) =2~ x—3
19. (f)(xX) = f () - g(x) =x2 x =3

fx) x2

20. (f/g)(X) = g(X) = \/X -3

21f(x)— X +4
2 11

f(x+h)=2(x+h)+4=
ix+h+4—x+4

2x+2h +4

fix+h)—fx) _ 2 2 2
h - h
1 1 1
=2x+ h+4—- x—4
h
1h
5 1 1 1 h 1

22.f(x) =2x2—x +3
f(x+h)=2(x+h§ —(x+h)+3=2(x +oxh+h )>-x—h+3=

2x2 + 4xh + 2h2—x — h +3

fix+h)—f(x)  2x2+4xh+2h2—x—h+ 3—(2x2-x + 3)
h h
_2x2 +4xh+2h2—x—h+3—2x2 +x-3
h

_4xh + 2h2— h
- h

_ M4ax+2h—1)

=4x + 22 -1
23. (g > B)(2) = g(h(2)) = g(3 - 22+2 - 2+ 4) =

9(3 - 4+4+ 4) = g(12+4+ 4) = g(20) =4 - 20+3 =

80+3=83
24. (fo (D) =f (@) =fU4CD+3)=f(-4+3) =

f(-1)=(1)2-1=1-1=0
25. (h » f)(1) = h(f (1)) = h(12- 1) = h(1 - 1) = h(0) =

3:02+2- 0+4 = 0+0+4 = 4
26. (g > 9)() = g(gx) = g(4x +3) =4(4x + 3)+3 =

or [3, ). 13. The domain of f
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+ g is the intersection of the domains of
fand g. This is {xIx = 3}, or [3, ==).

14. The domain of f—g is the intersection of the domains of
fand g. This is {xIx = 3}, or [3, ==).

15. The domain of fg is the intersection of the domains of f
and g. This is {x|x = 3}, or [3, ==).
16. The domain of _ is the intersection of the domains of

g .
and g, excluding those x-values for which § x) = 0. Since
x—3 =0 when x = 3, the domaii is (3, «).
17. ( + ) )= ()+ ()= 2+___ 3

f g9 x fx gx x X -

16x + 12+3 = 16x + 15

J
27. (fea)x) = flgx)) = flxa+ 1) = xZ+1 -5 =

28.

Ve g N
G NX=g(f)=9g( x-5)=( x-5)2+1 =

X—5+1=x—4

The inputs for f{x) must be such that x—5 >0, or x> 5.
Then for (fog)(x) wemust have g(x) >5, or x2+1 > 5, or

x2> 4. Then the domain of (f °g)(x) is (—es, —2]U[2, <°).

Since we can substitute any real number for x in g, the
domain of (g ° f)(x) is the same as the domain of f{x),

[5, ).
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29. Answers may vary. f (x) = x4, g(x) = 2x -7
30.y = x4— 2x2
Replace y with -y to test for symmetry with respect to
the x-axis.
Yy =X4— 2Xx2
Y = —X4+ 2x2

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

Replace x with —x to test for symmetry with respect to
the y-axis.

¥ = (x4 2(xp2

y =Xx4— 2x2
The resulting equation is equivalent to the original equa-
tion, so the graph is symmetric with respect to the y-axis.

Replace x with —x and y with —y to test for symmetry

with respect to the origin.
¥ = (0 - 2(0)2

—y = X4— 2Xx2
Y =-—X4+ 2x2

The resulting equation is not equivalent to the original
equation, so the graph is not symmetric with respect to

the origin.

2

3L f(x) = _—
X2 +1
2(—x) 2x
f=x) = (—=x)2 +1 T X241
fx)  fl-x), so fis not even.
2x

) = - x2+1

A—x) = —f(x), so fis odd.

32. Shape: h(x) = x2
Shift h(x) right 2 units: g(x) = h(x - 2) = (x — 2)2
Shift g(x) down 1 unit: f (x) = (x - 2)2-1

33. Shape: h(x) =x2
Shift h(x) left 2 units: g(x) = h(x + 2) = (x + 2)?
Shift g(x) down 3 units: f (x) = (x + 2)2- 3

34. Each y-coordinate is multiplied by 1owe plot and con-
2
nect (-5, 1), (-3, —2), (1, 2) and (4,-1).

35. y=

30 = k Variation constant
30

X

Equation of variation: y =

60=k-12
5=k Variation constant

Equation of variation: y = 5x

37, = kxz2
w
2
100 = k(0.1)(10)
5
100 = 2k
50 =k Variation constant
50xz2
y=_, Equation of variation
38 d = kr2
200 =k - 602
1 -
T =k Variation constant
1 . ..
= 8 r2 Equation of variation
1
d= 1892
d =50 ft

39. The graph of g(x) = 2f(x) — 1is the graph of y = f(x)
stretched vertically by a factor of 2 and shifted down 1 unit.
The correct graph is C.

40. Each x-coordinate on the graph of y = f (x) is divided by

-3
3 on the graph of y = f (3x). Thus the point 3 1 ,o0r

(-1, 1) is on the graph of f (3x).

Copyright C 2017 Pearson Education, Inc.



bittinger
beecher
ellenbogen
penna

Section R.2
college algebra

graphs and models

Integer Exponents,
Scientific Notation, and
Order of Operations

ALWAYS LEARNING Copyright © 2017, 2013, 2009 Pearson Education, Inc. P EA RSO N




R.2
Integer Exponents, Scientific
Notation, and Order of Operations

« Simplify expressions with integer exponents.
« Solve problems using scientific notation.
o Use the rules for order of operations.



Integers as Exponents

When a positive integer Is used as an exponent, it
Indicates the number of times a factor appears in a
product. For example, 7°means 7-7-7 and 5! means 5.

For any positive integer n,

1 =a234201.43.

base n factors

where a Is the base and n is the exponent.

For any nonzero real number a and any integer m, a®=1
and gm _ }n .
a

ALWAYS LEARNING
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‘ Properties of Exponents

Product rule Raising a product to a power
am.a" =am*" (ab)m = ampm
Quotient rule Raising a quotient to a power
am :am_n (a¢0) ( ) :bl (biO)
o \ )
Power rule
(am)n —_ amn
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‘ Examples

Simply each of the following.

a) y ey d)  (252)5=25(s2)5
y (5+3)=y 2 =32s*%0r 32
SlO
b) 48 x12 _ 48 X12_4 8 3 3
16x* 16 =3X e) (4SX‘4y2 _
Y] (sxy?)
\ )\ )
:5—3X12y—6
c) (t3)° =t-35=t15 or_1 z*
1
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Scientific Notation

Use scientific notation to name very large and very
small positive numbers and to perform computations.

Scientific notation for a number is an expression of

the type
N x 10™M,
where 1 <N < 10, N is in decimal notation, and m Is an

integer.
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‘Example

Views of a Video. In the first two months after having
been uploaded to a popular video-sharing Web site, a
video showing a baby laughing hysterically at ripping
paper received approximately 12,630,000 views. Convert
the number 12,630,000 to scientific notation.

Solution We want the decimal point to be positioned
between the 1 and the 2, so we move it 7 places to the
left. Since the number to be converted Is greater than 10,
the exponent must be positive. Thus we have

12,630,000 = 1.263 x10°
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Rules for Order of Operations

1. Do all calculations within grouping symbols before

operations outside. When nested grouping symbols

are present, work from the inside out.

Evaluate all exponential expressions.

3. Do all multiplications and divisions in order from left
to right.

4. Do all additions and subtractions in order from left to
right.

N
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‘ Examples

a) 8(5 — 3)3— 20 = 8(2)3 - 20

= 8(8) — 20
= 64 — 20
= 44

b) 10:(8-6)+9:4 10+2+9.4

2° + 3? 32 +8
_o+36 —ﬂ—l
41 41
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