Precal culus A Right Triangle Approach 5th Edition Beecher Sol utions Manual

Chapter 2

More on Functions

Exercise Set 2.1

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

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

b) For z-values from —5 to 1, the y-values decrease
from 4 to 1. Thus the function is decreasing on the
interval (—5,1).

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

3. a) For z-values from —3 to —1, the y-values increase
from —4 to 4. Also, for z-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 z-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 z-values from —5 to —3, y is 1. Thus the func-
tion is constant on (=5, —3).

4. a) For a-values from 1 to 2, the y-values increase from 1
to 2. Thus the function is increasing on the interval
(1,2).

b) For z-values from —5 to —2, the y-values decrease
from 3 to 1. For z-values from —2 to 1, the y-values
decrease from 3 to 1. And for z-values from 3 to 5,
the y-values decrease from 2 to 1. Thus the function
is decreasing on (—5,—2), on (—2,1), and on (3,5).

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

5. a) For z-values from —oo to —8, the y-values increase
from —oo to 2. Also, for z-values from —3 to —2, the
y-values increase from —2 to 3. Thus the function
is increasing on (—oo, —8) and on (—3, —2).

b) For z-values from —8 to —6, the y-values decrease
from 2 to —2. Thus the function is decreasing on
the interval (—8, —6).

c¢) For z-values from —6 to —3, y is —2. Also, for z-
values from —2 to oo, y is 3. Thus the function is
constant on (—6,—3) and on (—2, c0).

6. a) For z-values from 1 to 4, the y-values increase from 2
to 11. Thus the function is increasing on the interval
(1,4).

b) For z-values from —1 to 1, the y-values decrease
from 6 to 2. Also, for z-values from 4 to oo, the y-
values decrease from 11 to —oo. Thus the function
is decreasing on (—1,1) and on (4, 00).

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

7. The z-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 z-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 z-values extend from —oo to oo, so the domain is
(—00,00).

The y-values extend from —oo to 3, so the range is (—o0, 3.
12. Domain: (—o0,00); range: (—oo,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
(—00,2.5) and is decreasing on (2.5, 00).

14. From the graph we see that a relative minimum value of 2
occurs at £ = 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
(1,00) and is decreasing on (—oo, 1).

15. From the graph we see that a relative maximum value of
the function is 2.370. It occurs at z = —0.667. We also
see that a relative minimum value of 0 occurs at = = 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 (—oo, —0.667)
and on (2,00). 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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17.

18.

19.

The graph starts decreasing from the left and stops de-
creasing at the relative minimum. From this point it in-
creases to the relative maximum and then decreases again.
Thus the function is increasing on (0.103, 3.601) and is de-
creasing on (—00,0.103) and on (3.601, c0).

-5 4 -3 -2 -1 1 23 45 X

The function is increasing on (0,00) and decreasing on
(—00,0). We estimate that the minimum is 0 at z = 0.
There are no maxima.

)
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Increasing: (—o0,0)
Decreasing: (0, c0)
Maximum: 4 at x =0

Minima: none
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The function is increasing on (—o0,0) and decreasing on
(0,00). We estimate that the maximum is 5 at x = 0.
There are no minima.

20.

21.

22.

23.

-5 4 -3 -2 -1 1,2 3 4 5 x

3t @) =[x +3]—

Increasing: (—3,00)
Decreasing: (—oo, —3)
Maxima: none

Minimum: —5 at x = —3

-5 4 -3 -2 -1 1

S
w
=
w
=

The function is decreasing on (—o0,3) and increasing on
(3,00). We estimate that the minimum is 1 at z = 3.
There are no maxima.

——
—

Increasing: (—oo, —4)
Decreasing: (—4,00)
Maximum: 7 at z = —4
Minima: none

If = the length of the rectangle, in meters, then the

width s 220 =22

length x width:
A(z) = z(240 — z), or
A(z) = 240z — 2?

, or 240 —z. We use the formula Area =
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24.

25.

26.

27.

28.

29.

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

A(h) = (2h—7)(h)

7
A(h) = h?—-h
2
We use the Pythagorean theorem.
[R(d)]? + 35002 = d2
[h(d)]? = d? — 35002
h(d) = v/d? — 35002
We considered only the positive square root since distance
must be nonnegative.

After ¢ minutes, the balloon has risen 120t ft. We use the
Pythagorean theorem.
[d(®)]? = (120t)2 + 4002
d(t) = /(120t)% + 4002
We considered only the positive square root since distance
must be nonnegative.

Let w = the width of the rectangle. Then the
40 — 2w

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

quadrants as shown below.

20-w

w

In each quadrant there are two congruent triangles. One

triangle is part of the rhombus and both are part of the

rectangle. Thus, in each quadrant the area of the rhombus

is one-half the area of the rectangle. Then, in total, the

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

Alw) = 5(20 — w)(w)
2
A(w) = 10w — il
2
46 — 2
Let w = the width, in feet. Then the length = 6 7 w7

or 23 —w.
A(w) = (23 — w)w
A(w) = 23w — w?
We will use similar triangles, expressing all distances in
1
feet. <6 in. = 2 ft, s in. = % ft, and d yd = 3d ft) We

have

1
3d 9
75
12
s 1
E~3d77 3
sd 7
4 2
4 7
d:g§, SO
14
d(s) = —.
() = =

30. The volume of the tank is the sum of the volume of a sphere
with radius r and a right circular cylinder with radius r

and height 6 ft.
4
Vir)= §7r7"3 + 6712

31. a) After 4 pieces of float line, each of length x ft, are
used for the sides perpendicular to the beach, there
remains (240—4z) ft of float line for the side parallel
to the beach. Thus we have a rectangle with length
240 — 4z and width z. Then the total area of the
three swimming areas is

A(z) = (240 — 4z)x, or 240x — 422

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

c) We see from the graph that the maximum value of
the area function on the interval (0,60) appears to
be 3600 when & = 30. Thus the dimensions that
yield the maximum area are 30 ft by 240 — 4 - 30, or
240 — 120, or 120 ft.

32. a) If the length = x feet, then the width = 24 — x feet.
A(z) = z(24 — x)
A(z) = 24z — 2?
b) The length of the rectangle must be positive and
less than 24 ft, so the domain of the function is
{z|0 < z < 24}, or (0,24).
c) 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.

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

each corner, the length of each of the remaining sides
of the piece of cardboard is 12 — 2z. Then the di-
mensions of the box are x by 12— 2z by 12—2x. We
use the formula Volume = length x width x height
to find the volume of the box:

V(z) = (12 — 2z)(12 — 2z)(x)

V(z) = (144 — 48z + 422)(x)

V(x) = 144z — 4822 + 423

2

This can also be expressed as V (z) = 4z(z — 6)?, or
V(z) = 42(6 — z)2.
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34.

35.

36.

37.

38.

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 {z|0 < z < 6}, or (0,6).

¢) We see from the graph that the maximum value of
the area function on the interval (0,6) appears to
be 128 when z = 2. When x = 2, then 12 — 2z =
12 — 2 -2 = 8, so the dimensions that yield the
maximum volume are 8 cm by 8 cm by 2 cm.

a) V(x) = 8z(14 — 2x), or 112z — 1622

14
b) The domain is { 2|0 < z < 7}, or
{z|0 <z < 7}, or (0,7).

¢) The maximum occurs when x = 3.5, so the file
should be 3.5 in. tall.

() = x+4, forx <1,

I =18- z, forz>1

Since —4 <1, g(—4)=—-4+4=0.

(
Since 0 <1, g(0) =0+4=4.
Since 1 <1,¢9(1)=1+4=5.
Since 3 > 1, g(3) =8 -3 =5.
3, for z < -2,
fl@)=191
51’4—6, for x > —2
J(-5)=3
f(-2)=3
1
f(O):§~0+6:6
1
f(2):§~2+6:7
—3z — 18, for x < —5,
h(:r)z{l, for -5 <z <1,
T+ 2, forz > 1

Since —5 is in the interval [—5,1), h(—5) = 1.
Since 0 is in the interval [-5,1), h(0) = 1.
Since 1 >1, h(1)=14+2=3.

Since 4 > 1, h(4) =4+ 2 = 6.

bz —8, forxz < -2,

. 1

flz) = 51’+5, for —2 <z <4,
10 — 2z, forxz >4

Since —4 < -2, f(—4) = —5(—4) -8 =12.

1
Since —2 is in the interval [-2, 4], f(—2) = 5(72) +5=4.

1
Since 4 is in the interval [—2,4], f(4) = 3 44+5=T.
Since 6 > 4, f(6) =10—2-6 = —2.

1

—x, for z < 0,
39. f(z)=< 2

r+3, forx>0

1
We create the graph in two parts. Graph f(x) = 3

x for

inputs x less than 0. Then graph f(x) = z + 3 for inputs

x greater than or equal to 0.

y
2,
\_\ \_\ Il 7\ é Il A\l Il >
72,
_al
1
——z+2, forz<O0,
40. f(z) = 3
T — 5, forz >0
y

/

—§x+2, for z < 4,
41. f(z)=<{ 4
-1, for x >4
We create the graph in two parts. Graph
flz) = _ZI+2 for inputs z less than 4. Then
f(z) = —1 for inputs x greater than or equal to 4.

2x — 1,
2—x,

for z < 2
for x > 2

42. h(z) = {
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r+1, forax < -3,

-1, for -3 <z <4

43. f(z) =
lx forx >4
2 9 -

We create the graph in three parts. Graph f(z) =z +1
for inputs x less than or equal to —3. Graph f(z) = —1
for inputs greater than —3 and less than 4. Then graph

f(=)

Phd for inputs greater than or equal to 4.

4, for z < -2,
44. f(:r):{erl, for 2<2<3
—x, forx >3

|
!

/

1

—zx—1, forz<0,
2

45. g(z) = 3, for0<z<1

—2x, forz > 1

1
We create the graph in three parts. Graph g(z) = 3%~ 1

for inputs less than 0. Graph g(x) = 3 for inputs greater
than or equal to 0 and less than or equal to 1. Then graph

g(xz) = —2x for inputs greater than 1.
y
4:
2,
—t -2 2z 4 %
72,
4\

2, for z =5,

z—95
When z # 5, the denominator of (z% — 25)/(x — 5) is
nonzero so we can simplify:
2 _ 25 _ K
x :(.T+5)(37 o):x+5‘
z—5 x—5
Thus, f(x) =2 + 5, for z # 5.
The graph of this part of the function consists of a line
with a “hole” at the point (5,10), indicated by an open
dot. At z = 5, we have f(5) = 2, so the point (5,2) is
plotted below the open dot.

, forx#5

48. f(z) = z+1
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_ 1
49. f(z) = [[]] 52. f(z) = S [[z]] -2
See Example 9 2
' This function can be defined by a piecewise function with
an infinite number of statements:
23, for —1<z <0,
-2, for0<zxz<1,
f(z) = —1%, forl <z <2,
-1, for2<z<3,
50. f(z) = 2[[x]]
This function can be defined by a piecewise function with
an infinite number of statements:
—4, for —2<zx< -1,
-2, for -1 <z <0,
flz) = 0, for0<z<1,
2, for1<z<2,
53. From the graph we see that the domain is (—o0, c0) and
the range is (—o0,0) U [3, 00).
y 54. Domain: (—o0,00); range: (—5,00)
6 *—O
i eo 55. From the graph we see that the domain is (—oo, c0) and
r the range is [—1,00).
21 0
Agﬁ—u:-oqz—t—;l—t% 56. Domain: (00,00); range: (—00,3)
L X
7 B 57. From the graph we see that the domain is (—oo, c0) and
o [ fl) =2 the range is {y|ly < -2 or y = -1 or y > 2}.
51. f(z) =1+ [[«]] 58. Domain: (—o0,00); range: (—oo, —3]U (—1,4]
This function can be defined by a piecewise function with 59. From the graph we see that the domain is (—o0o,00) and
an infinite number of statements: the range is {—5, —2,4}. An equation for the function is:
-2, forx <2,
flz) = { -5, forx =2,
4, forx>2
-1, for —2<z< -1, .
0, for—1<z<0, 60. Domain: (—o0,00); range: {yly =—3 or y >0}
f@) =91, foro<z<1, [ =3, forz<0,
2, forl1<z<2, g(w) = z, forz>0
61. From the graph we see that the domain is (—o0, c0) and
the range is (—oo0, —1] U [2,00). 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:
y | —o z, forz < -1,
4 eo g(x)={2, for -1 <x <2,
- *—0
2 oo x, forxz>2
- 1 R This can also be expressed as follows:
oo 2ol z, forxz<-—1,
o H — _
ol gw=1+[ g(sc)—{Z, for -1 <z <2,
+ x, foraxz>2
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62. Domain: (—o0,00); range: {yly = —2 or y > 0}. An
equation for the function is:
x|, forxz <3,
h(z) = { -2, forxz >3

This can also be expressed as follows:

—x, for x <0,
h(x)z{m, for 0 <z <3,
-2, forx>3
It can also be expressed as follows:

—xz, forx <0,
h(w)—{ z, for0<z<3,

-2, forx>3

63. From the graph we see that the domain is [—5, 3] and the

range is (—3,5). Finding the slope of each segment and
using the slope-intercept or point-slope formula, we find
that an equation for the function is:

r+8, for—-H<x< -3,
h(x)={3, for -3 <2 <1,

3r—6, forl<z<3

64. Domain: [—4,00); range: [—2,4]
r—1, for -1 <z <2,

2, for x > 2
This can also be expressed as:

—2r—4, for -4<z<-1,
- |

r—1, for -1 <z <2,

—2r —4, for -4<z<-1,
(z) {
2, for x > 2

65. f(x) =5x2 -7

a) f(—3)=5(-32—-7=5-9—7=45—-7=238
b) f(3)=5-32-7=5-9-7=45—-7=38
¢) f(a)=5a> -7
d) f(—a)=5(-a)> =7="5a> -7
66. f(r)=42% -5z

a) f(2)=4-25-5.2=4.8-5-2=232—10=22

b) £(=2) = 4(~2)° —5(~2) = 4(-8) —5(~2) = —32+
10 = —22

¢) f(a) = 4a® - 5a

d) f(~a) = 4(~a)* = 5(~a) = 4(~a®) — 5(~a) =
—4a® + 5a

67. First find the slope of the given line.

8r—y =10
8r =y+ 10
8r—10 =y

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

8, or ——.
or —¢

y—y1 =m(z —z1)

1
y—1=—gle—(-1)
y—lz—l(a:—i-l)

8
yo1o L1

8 8

1 7

V=57t g
68. 26 —9y+1=0
2z 4+1 =9y
2 1
gttty =Y

Slope: 25 y-intercept: (0, -
ope: 97y-ln ercept: 'S

69. a) The function C(¢) can be defined piecewise.

3, forO<t<1,

6, forl1<t<2,

9, for2<t<3,
Cc(t) =

We graph this function.

C
$12

!

9 eo
6 0

30—0

N N T NG

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

Ot) =3[[t]] + 1, ¢t > 0.

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

71. If [[z]]?> = 25, then [[z]] = =5 or [[z]] = 5. For
-5 <z < —4,[[z]] = =5. For 5 <z <6, [[z]] = 5.
Thus, the possible inputs for x are
{z| -5 <z<—-4orb<z<6}.

72. a) The distance from A to S is 4 — x.

Using the Pythagorean theorem, we find that the
distance from S to C' is V1 + z2.

Then C(z) = 3000(4 — z) + 50001 + 22, or
12,000 — 3000z + 5000v/1 + z2.

b) Use a graphing calculator to graph y = 12,000 —
3000z + 5000v/1 + 22 in 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 z = 0.75, so the line should come to
shore 0.75 mi from B.
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73. a) We add labels to the drawing in the text. 3. (f—9)(-1) = f(-1)—g(-1)

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

5 4. (f9)(2) = f(2)-9(2)
10 =(22-3)(2-2+1)
h =1-5=5
1
ny_f(-3)
A1 B e °© 5. (f/9>(—§):—1
6 g( - 5)
We write a proportion involving the lengths of the ( B 1)2 _3
sides of the similar triangles BC'D and ACE. Then _ 2
we solve it for h. 1
h 10 2( - 5) 1
6-r 6 [
10 5 _ 4
30 — 57 1
h = 3 —_4
Thus, h(r) = 30— or "
' 3 Since division by 0 is not defined, (f/g) ( — 1) does not
b))V =m2h . 2
exist.
V(r) = mr? (30 _ 57‘) Substituting for h 6. (f—g)(0) = £(0)—g(0)
¢) We first express r in terms of h. =(0°=3)—(2:0+1)
30 — 5r = 3-1=-4
=3
7 1 1 1
3h = 30 — br o -5)=s(-35) (-3
5r = 30 — 3h ,
“1(-2) ol (-2) ]
r= 2 2
V = 7r2h :—%-0:0
30 — 3\ ?
V(h) = h V3
w=(*5") . (1/n(-vh) = L
Substituting for r (—v3)? 3
2 — VY 79
We can also write V(h) = ﬂh(go ; 3h) . 2(*\53) +1
= —F—=0
-2V3+1
Exercise Set 2.2 9. (g—f)(=1) = g(-1) - f(-1)
=[2(-D+1-[(-1)*-3]
L (f+9)() = £(5) + (5) (C2e1)-(—3
=(2-3)+(2-5+1) — - (-2

=25-3+10+1 o

=33 .

2. (f9)(0) = f(0) - 9(0)
=(02-3)(2-0+1)
=-31)=-3
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~

/N /|
|

= Do =N =

1
10. (g/f) ( - 5) = —C 7% since f<f g) = 0. The domain of g/f is

(Foo-g)v(-5)

N N— [ ——

2( - 2)+1 '
_ 2
AR b) (f+9)(@) = f(z) + g(z) = 22 +3) + (3 — b2) =
( - 5) -3 —3x+6
0 (f —9)(@) = f(z) —g(x) = (22 +3) = (3 - 5x) =
11 20+3-3+5x="Tx
(fo)(x) = f(z) - g(z) = (22 + 3)(3 — bz) =
=0 6x — 1022 +9 — 152 = —102% — 9z + 9
11. (h—g)(—4) = h(—4) — g(—4) (ff)(wg = f(@)- f(z) = (22 +3)(2x +3) =
=(—4+4)—y/—4—1 4o° + 122+ 9
20 +3
=0V (/9 = 118 - 228
Since v/—5 is not a real number, (h—g)(—4) does not exist.
(o/)(w) = 20 - 3252
12. (gh)(10) = ¢(10) - h(10) g flz)  22+3
= /10— 1(10 +4) 18. f(z)=—-x+1, g(x) =42 —2
= a e domain of f, g, f+9, f — 9, fg, an is
V9(14) The d ff, g f f fg, and ff
=314 =142 (—o00,00). Since q<%) =0, the domain of f/g is
13. _ 9 o B u(t ~ _ ;
(g/h)(1) n() ( 00, 2) U (2,00). Since f(1) = 0, the domain of
1 1 Q/f is (*OO,l)U(l,OO)
T 144 b) (f4+9)(x)=(~x+1)+ (4 —2) =3z — 1
Vo (f=9)(x)=(-z+1) - (4o -2) =
5 —r+1—-4r+2=-5x+3
0 (fg)(x) = (—z + 1)(dx — 2) = —422 + 62 — 2
=5=0 (fH@)=(~z+1)(-z+1) =2> - 20 +1
h(1 _ -z +1
14 (hfg)1) = 1 (Flo)) = T
4 —2
144 _
SRESE 9/9)@) = =2
_ 5 19. f(x)=2—-3,g9(z) =Vax+4
0 a) Any number can be an input in f, so the domain of
Since division by 0 is not defined, (h/g)(1) does not exist. f is the set of all real numbers, or (—o00,0).

15. (g4 h)(1) = g(1) + k(1) The domain of g consists of all values of = for which
_ TTT4(1+4 r+4 is nonnegative, so we have x+4 > 0, or x > —4.
=vi-14+01+4) Thus, the domain of g is [—4, c0).
=+v0+5 . B .

The domain of f+ g, f — g, and fg is the set of all
=0+5=5 numbers in the domains of both f and ¢g. This is
—4,00).
16, (hg)(®) = h(3) 93 e
— (34431 e domain of ff is the domain of f, or (—oo, 00).
3 The domain of f/g is the set of all numbers in
=TV2 the domains of f and g, excluding those for which
V7. flx) = 20+ 8, glx) =3 — 5 glz) = 0. Since ~4) = 0, th domin f 1/ i
a) The domain of f and of g is the set of all real numbers, o) ) ) )
or (—00,00). Then the domain of f + g, f — g, [/, The domain of ¢g/f is the set of all numbers in
) the domains of g and f, excluding those for which
and fg is also (—o0,00). For f/g we must exclude 5 f(z) = 0. Since f(3) = 0, the domain of g/f is
[—4,3) U (3,00).

3
since g<g> = 0. Then the domain of f/g is

3 3
(f 00, 5) U (5, oo) For g/f we must exclude

Copyright @ 2016 Pearson Education, Inc.



66

Chapter 2: More on Functions

(f+9)(x)=f(z)+g@)=2-3+Vr+4
(f—g)(z)=fx) —glx)=2-3—-Va+14
(fg)(z) = f(z) - g(z) = (x = 3)Vz +4
(fH@) = [f@)]* = (z—3)2 =22 —62+9
_fl@) _ z-3
(f/9)(x) = o) —
- :M: T+ 4
(9/f)(x) OREEE

20. f(z)=x2+2, g(x)=vVax—1

a)

The domain of f is (—oo,00). The domain of g¢
consists of all the values of = for which x — 1 is
nonnegative, or [1,00). Then the domain of

f+g, f—g,and fgis [1,00). The domain of ff
is (—o0,00). Since g(1) = 0, the domain of f/g
is (1,00). Since f(—2) = 0 and —2 is not in the
domain of g, the domain of g/f is [1, 00).

f+g9)@)=z+2+Vo—1
(f-9@)=z+2—-vVz+1
(f9)(x) = (x +2)Va — 1
(fN)(z) = (@+2)(@+2) =2 + 4o +4
(Flo)o) = =

r—1
(9/)(@) ="

21. f(z) =22 -1, g(z) = —222

2)

b)

The domain of f and of g is (—o0,00). Then the
domain of f 4+ g, f — g, fg, and ff is (—00,00).
For f/g, we must exclude 0 since g(0) = 0. The
domain of f/g is (—o00,0) U (0,00). For g/f, we

1 1
must exclude 3 since f<§) =0. The domain of

s (- d) o (b

(f +9)(x) = f(x) +g(x) = (2x — 1) + (~22%) =
—222 42z —1
(f = 9)(x) = f(z) — g(x) = 2z — 1) - (-22%) =
22 + 22 —1
(f9)(x) = f(z) - g(z) = (20 — 1)(~227) =
—dz3 4 222
(@)= f(z) flz)=(2z-1)22—1) =
dx? — 4z +1
_flx)  2z-—1
_ g(=) _ —222

22. f(z)=a22—-1,g(x)=22+5

2)

The domain of f and of g is the set of all real num-
bers, or (—oo,c0). Then the domain of f+g, f —g,
2

fg and ff is (—o0,00). Since g(— %) =0, the

. . 5 5 .
domain of f/g is (— oo,—é) U (— é,oo). Since
f(1) = 0 and f(—1) = 0, the domain of g/f is

(—00,~1) U (~1,1) U (1, 00).

(f4+g)(x)=22—14+20+5=a22+220+4
(f—g)(@)=a?—1-(2z+5)=a?—22-6
(f9)(z) = (22 —1)(2z+5) = 22°+ 522 — 225
(fH)x) = (2 =1 =2 —22° +1

2 -1
(f/9)(x) = -
o/ 9)@) = 55

23. f(z)=vVzr—-3,g9(x)=vz+3

a)

Since f(z) is nonnegative for values of x in [3,00),
this is the domain of f. Since g(x) is nonnegative
for values of z in [—3, c0), 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 [3,00). The domain
of ff is the same as the domain of f, or [3,00). For
f/g, we must exclude —3 since g(—3) = 0. This is
not in [3,00), so the domain of f/g is [3,00). For
g/ f, we must exclude 3 since f(3) = 0. The domain
of g/f is (3,00).

(f+9)(z)=f(z)+g@)=vz-3+Vz+3

(f—9)(=) = f(z)—gz) =V -3 —-Vr+3

(fg)(z) = f(x) g(x) = Va—-3 Vo +3=vz?-9

(ff)(x) = f(z)- flx)=vV& —3-Vr — 3=z —3
r—3

(f/9)(x) = —

(9/)(w) = Y

24. f(z) =z, g(z) =V2 -z

a)

The domain of f is [0,00). The domain of g is
(—00,2]. Then the domain of f + g, f — g, and
fg is [0,2]. The domain of ff is the same as the
domain of f, [0,00). Since g(2) = 0, the domain of
f/g1s [0,2). Since f(0) = 0, the domain of g/f is

):\/E-ﬁ- 2—x
(f—9)@) = Va-VI—a
(f9)(x) = VT -2 —2 =21 — 22
(ff)(x):ﬁ w:\/sz
(f/9)(x) = ;/fx

2—x
(9/)(x) = 7

25. f(z) =z +1, g(z) = |2

a)

The domain of f and of g is (—00,00). Then the
domain of f 4+ g, f — g, fg, and ff is (—o0,0).
For f/g, we must exclude 0 since g(0) = 0. The
domain of f/g is (—o00,0) U (0,00). For g/f, we
must exclude —1 since f(—1) = 0. The domain of
g/f is (—oo0, —1) U (-1, 00).
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b)

(f+9)(&) = f(&) + 9(x) =2 + 1 + |z
(f=9)z)=f(x) —g(x) =z +1-|z|
(fo)(@) = (@) g(a) = (x + Dl
(F1)(@)=F@) f@) =+ )z +1)=a + 22+ 1
(o)) =

g
(9/)(w) = -5

26. f(z)=4|z|,9(z)=1—-=z

2)

b)

Then the
00). Since
(1, 00).

The domain of f and of g is (—o0, 00).
domain of f+g, f—g, fg,and ffis (—o0
g(1) = 0, the domain of f/g is (—o0,1) U
Since f(0) =0, the domain of g/f is
(=00,0) U (0, 0)

(f+9)(z)=4)z|+1—-=z
(f—g)(x)=4lz|—(1—z)=4z|-1+=z
(f9)(z) = 4|z|(1 — x) = 4|z| — 4z|z]
(ff)(x) = 4|z| - 4]z| = 162>

_ A=z
(f/9)z) = 1—

1—=x

(9/f)(x) = 1]

27. f(z) =23, g(x) =222 + 52— 3

2)

b)

Since any number can be an input for either f or g,
the domain of f, g, f+g, f —g, fg, and ff is the set
of all real numbers, or (—oo, 00).

Since g(—3) = 0 and g(%) =0, the domain of f/g

is (—o0,=3)U (—3,%) U <%,oo).
Since f(0) = 0, the domain of g/f is
(=00,0) U (0, 00).

(f+9)(x) = f(x) +g(z) =23+ 222 + 52— 3
(f =)&) = f(x) —g(x) = 2~ (2>+50-3) =
2% — 222 —5x +3
(f9)(z) = f(z) - g(z) = 2°

22% + 5x* — 328

(22% + 52 — 3) =

(fP)(x) = f(x)- f(x) =a® 2% =ab
_ fl@) z?
(f/9)(x) = O T
o) _ 204503

(9/N)(z) = @ = 23

28. f(z) =22 — 4, g(z) = 2

a) The domain of f and of g is (—oo, c0).

Then the
domain of f+g, f—g, fg, and ff is (—o0,00). Since
¢g(0) = 0, the domain of f/g is (—o0,0) U (0, 0).
Since f(—2) = 0 and f(2) = 0, the domain of g/f
is (=00, =2) U (—2,2) U (2, 00).

29. f(z) =

a) Since z +1 = 0 when z = —1, we must exclude

g(x) =

4

z+1 6—x

—1 from the domain of f. It is (—oo, —1)U(—1, 00).
Since 6 —x = 0 when z = 6, we must exclude 6 from
the domain of g. It is (—oo, 6) U (6, 00). The domain
of f+g, f— g, and fg is the intersection of the
domains of f and g, or (—oo, —1)U(—1,6) U (6, c0).
The domain of ff is the same as the domain of f,
or (—oo,—1) U (—1,00). Since there are no values
of z for which g(z) = 0 or f(z) = 0, the domain of

f/gand g/f is (—oo0,—1) U (=1,6) U (6, 00).
1
b) (f+g)($):f($)+9($)=m+m
4 1
(= 9)@) = 1(&) — gla) = 0 — 5
4 1 4
(fg)(w):f(ﬁ)'g(x):m'E:m
4 4 16
U@ =) S0 = =g
16
2+ 22+ 1
4
z+1 4 66—z 46—
(f/g)(m>*ifx+1' 1~ w1
6—x
1
—_r 1 z+1 z+1
R St i b (v
r+1
30. f(z) =222, g(z) = xi5

a) The domain of f is (—oo, 00). Since  —5 = 0 when

x =5, the domain of g is (—o0,5)U(5, 00). Then the
domain of f+g, f—g, and fgis (—o0,5) U (5, 00).
The domain of ff is (—0o,00). Since there are no
values of z for which g(z) = 0, the domain of f/g
is (—00,5) U (5,00). Since f(0) = 0, the domain of
g/fis (—00,0) U (0,5) U (5, 00).

b) (f+o)e) =27 +
(f =) =22~ 2
(fo)w) =227 — 2 = 2

(ff)(z) = 22% - 22% = 4a*
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(£/9)(a) = 2o 202 0 2 (p5)— a5
o
2
w5 2 1 1 1
(g/f)() 252 71,—75)'%7%2(33 5) 512
1

31. flz)=_,g(a)=2-3

a) Since f(0) is not defined, the domain of f is
(=00,0) U (0,00). The domain of g is (—o0,00).
Then the domain of f + g, f — g, fg, and ff is
(=00,0) U (0,00). Since ¢(3) = 0, the domain of
f/gis (—o0,0)U(0,3)U(3,00). There are no values
of z for which f(z) = 0, so the domain of g/f is
(—00,0) U (0, 00).

b) (f+9)(w)=f(w)+g(:r):%+x—3

(f=9)(w) = f(a)—g(x) =+ —~(a—3) =+~ +3

(f)()=F(@)-g(r) =1 (e-8)=""2, or1 -2
(FA)@) = f@) - fw) =+~ ==
1
fl@) 1t 1 1
Gl =TT = 2=t =g
(55) =3 z
(9/)(@)= f@) T—($*3) 1= z(z—3), o
x? — 3z ‘

32. f(z) =va+6, g(x) =

a) The domain of f(x) is [-6,00). The domain of g(z)
is (—00,0) U (0,00). Then the domain of f + g,
f—g,and fgis [-6,0)U(0,00). The domain of ff

[—6,00). Since there are no values of  for which
g(x) = 0, the domain of f/g is [-6,0)U(0, c0). Since
f(=6) =0, the domain of g/f is (—6,0) U (0, c0).

b) (f+a)@)=VETo+

SR

(f - 9)@)=VEts—

(fo)(a) = V¥ 6.5 = Y12

(fHx)=Vx+6-vVr+6=]|z+6

(/o)) = Y = Vv e T = avato
1

@/ = 2 =1 1 !

\/x+6:;.\/x+6:x\/x+6

3. [()= s glr) = Va1

a) Since f(2) is not defined, the domain of f is
(—00,2) U (2,00). Since g(z) is nonnegative for val-
ues of x in [1,00), this is the domain of g. The
domain of f 4+ g, f — g, and fg is the intersection
of the domains of f and g, or [1,2) U (2,00). The
domain of ff is the same as the domain of f, or
(—00,2)U(2,00). For f/g, we must exclude 1 since
g(1) = 0, so the domain of f/g is (1,2) U (2, 00).
There are no values of z for which f(z) = 0, so the
domain of g/f is [1,2) U (2, c0).

b) (f +9)(w) = f(a) +ge) = o + Va1
(f - 9)(x) = f(2) — g(x) =

r—2
(f9)(z) = f(x) - g(z) = ziz(mL or BE
1’—2.95—2‘(95_2)2

(fH)) = fz)- flz) =

3
_f(x)_ r—2 3
(f/9)( )*m* ’;x—li(x—Q) =1
(0/1)w) = 953 = ot - e
-2
34. f(r) = o glw) = =
a) The domain of f is (—00,4) U (4,00). The domain
of g is (—o0,1)U(1,00). The domain of f+g, f—g,
and fgis (—oo,1) U (1,4) U (4,00). The domain of
ffis (—00,4) U (4,00). The domain of f/g and of
g/ is (=00, 1) U (1,4) U (4, 00).
2 5
b) ( +9)a) = o+
(f = o)) = o — 2
2 5 10
(fg)(x)zll—x‘a:—l:(4—x)(x—1)
(ff)(x):4iazl43x:(4—4x)2
2
R
z—1
5
0/ = =5t = 3=
4—x

35. From the graph we see that the domain of F is [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].

36. The domain of F'— G and F'G is the set of numbers in the
domains of both F' and G. (See Exercise 35.) This is [2,9].
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37.

38.

39.

40.

41.

42,

43.

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 > 0 for all values of z 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 35.), excluding those for which
F = 0. Since F'(3) = 0, the domain of G/F is [2,3)U(3,9].

T
P
'S
(=
=3
S
=

|
I
T T T T
[SS]
~
(=)
o]
—_
(=]
®

From the graph, we see that the domain of F'is [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].

The domain of F'— G and F'G is the set of numbers in the
domains of both F and G. (See Exercise 41.) This is [3,9].

The domain of F/G is the set of numbers in the domains
of both I’ and G, excluding those for which G = 0. Since
G > 0 for all values of z in its domain, the domain of F//G
is [3,9].

The domain of G/F is the set of numbers in the domains
of both F' and G (See Exercise 41.), excluding those for
which F' = 0. Since F(6) = 0 and F(8) = 0, the domain
of G/F is [3,6) U (6,8) U (8,9].

44.

45.

46.

47.

48.

49.

(F+GQ)(z) = F(z) + G(x)

y

10~

.

6L F+G

‘I 0—/\0—0—0

2,

7\ I I I N I I |

2 4 6 8 10 7

y

6F

JL G-F

2,

7\ L1 I I |

L Zﬂ 6 8 10 %
72,

y

4+

r E=G

2,

7\ \.\\x\ T R
[ 2 6 8 10 x
72,

74,

a) P(x) = R(z) — C(x) = 60z — 0.422 — (3z + 13) =
60z — 0.42% — 3x — 13 = —0.422 + 57z — 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
a) P(z) = 200z — 22 — (5000 + 8z) =
200z — 22 — 5000 — 8z = —x2 + 1922 — 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).)
flx)=3z-5
flx+h)=3(xz+h)—5=3x+3h—-5
flx+h)—flx) 3x+3h—5—(3z—5)

h h
_3z+3h—-5-3x+5
o h
3h
_}_L_g
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50.

51.

52.

53.

54.

flx) =4z -1 55. f(z) = L
fle+h) —f@) Alax+h) —1-(Az—1) 3z ,
h h x4+ h)=
dz+4h—1—4dz+1 4k et = 5w
I =% =4 LI
flx+h)—f(x) 3x+h) 3z
flz) =6z +2 h = h
flz+h)=6(x+h)+2=>6x+ 6h+2 1 z 1 xz+h
fx+h)— flx)  6x+6h+2— (62+2) _3(x+h) = 3¢ x+h
h N h N h
6x 4+ 6h + 2 — 6x — 2 T z+h
- h ~ 3a(z+h) 3x(z+h)
6h - h
= — =6
h z— (x+h) r—x—h
flx) =52+3 _ 3z(x + h) :3x(x+h)
flx+h)— f(x)  5@+h)+3—(5x+3) h h
h - h - —h
51’+5h+3—5x—37%75 _Bx(@+h) _ —h 1
h T h h 3z(x+h) h
1 —h 1
f(a:):§m+1 :31(x+h)~h:3x(:c+h)~bf
f(x+h)=1(x+h)+1:1x+1h+1 S . S
3 3 3 3z(z+h)’ 3z(xz+ h)
11 1
f(a:+h>—f(w>,5“3"“‘(5“1) 56. [(2) = 5-
" ot SRS SRS B e
—x+-h+1—--z-1 flx+h)—f(x) 2(z+h) 2z 2(z+h) = 2z z+h
_3 '3 3 = = -
= W h h h
1 T x+h r—x—h —h
_§h_1 2x(x+h)_2x(x+h)_2:r(:v+h)_2:c(x+h)_
T h 3 h - h B h -
—h 1 -1 1
flo) = —go+7 2z +h) b 2w+ h) O 2a(z+h)
1 1
faan) - f@) _ —5@rW T (- ge4T) 57. f(a) = —
h = A = 4x X
7%1’7%h+7+%*7 —%h__l fe+h) =—105m
h ho 2 _#_( 1)
flx+h)—flx)  4(x+h) 4z
h - h
1 T 1 z+h
7_4(m+h).5_(_@).x+h
N h
T T+ h
_ dx(z + h) * 4dz(x + h)
- h
—xr4+z+h h
dz(x+h)  dx(x+h)
- h - h
ok 1 g1
" dz(z+h) b Ax(z+h)-B Ax(z+h)
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58. f(x):—é
1 1
fa+h) — fz) _ x+h‘(_5)_
h h

1 =z 1\ z+h x z+h

_aﬂr—h.;_(_z).erhiiz(z—ﬁ—h) z(x+h)
h N h B

—x+x+h h
z(w+h)  x(x+h) h 1 1

h N h “2zx+h) h z(z+h)

59. f(x) =a2+1
fl@+h)=(z+h)?
flat+h) = f=) _

+1=2a?+2zh+h*+1
22 +2zh+h? +1— (22 +

1))

h h
22+ 2ch+h2+1—-2% -1
- h
2xh + h?
==
h(2z + h)
)
h 2x+h
=3 =3
=2x+h
60. f(z)=22-3
flath) —fl@) (@+h?-3-(@*-3)
h h
224+ 2zh+h?—3—22+3 2zh+h?® h(2z+h)
h I
2c+h
61. f(x) =4 — 22
fla+h)=4—(x+h)?=4— (22 +2xh + h?) =

4 — 2% — 22h — h?

fla+h)— f(x) 4—2%—2zh—h?—(4—2?)
h B h
_ 4 — 2% —2xh —h?> —4+22
N h
—2zh —h? (22 —h)
= - = i
=—-2r—h
62. f(z) =2— 22
flx+h)—f(z) 2 —(z+h)?2— (222 B
h n h B
2 — 22 —2xh — h? — 24 22 _ —2xh — h? _
h B h B
7h(72z7h) =—-2x—-h

63.

64.

65.

66.

67.

68.

f(z) =322 -2z +1
flz+h)=3x+h)?-2@+h)+1=
322 +2xh+h?) —2(x+h)+1=
3z% + 6zh + 3h? — 2z — 2h + 1

f(z) =322 =22+ 1

@t h) —I@) _

h
(32% 4 6zh + 3h?—2x—2h + 1)—(32® — 2z + 1)
- =
322 + 6zh + 3h? — 22 —2h +1 — 322 + 22— 1 _
; =
6xh +3h* —2h  h(6x+3h—2)
h B h-1 B
BOEITE g h2

f(z) =52% + 4z
[ f()

h h
10;15h+;5Lh?+4h:109H5h+4
f(z) =4+ 5|z]
f(x+h)=4+5|x+ h
flz+h)—f(x) 4+5]z+h|— (44 5]z
h h
4+ 5|z + h| —4 — 5|z
- h
5|z + h| — 5|z|
- h

f(z) =2|z| + 3z

flz+h)—f(z) _ (2|z+h|+32+3h)— (2|z|+3z) _

h h
2|z + h| — 2|z| + 3R
h
HOEES
fx+h)=(z+h)3=2®+322h + 3zh? + A3
fla)=2®
fle+h)— f(x)  a®+432°h+3zh®> +h® —a®
h B h B
322h 4 3zh? + h*®  h(32% 4 3zh+h?)
h B h-1 B

h 3z + 3zh + h?
E.w:3x2+3mh+h2

1

flx) =23 — 22

floz4+h)—f(x) (x+h)2—2(z+h)—(2®—2z)

h h
23 + 32%h + 3xh? + h3—2x — 2h— 23+ 2z _
h

3z2h+3zh? + h3—2h  h(32®+3zh+ h*—2)
h h

322 + 3zh + h? -2
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r—4 72
69. = :
/(@) z+3
c+h—4 x-4
f@+h)—f=) _ z+h+3 a+3 _
h h
z+h—-4 x-4
t+h+3 x+3 @+h+3)(x+3)
h (x4 h+3)(z+3)
(x+h—4)(x+3)—(z—4)(x+h+3) 73. Graph x — 3y = 3.
h(z +h+3)(z+3) First we find the z- and y-intercepts.
a?+ha—4a+3a+3h—12—(x*+ha+3x—4x—4h—12) r—3-0=3
h(z+h+3)(x+3) B v =3

70.

71.

?+hr—x+3h—12—2> —hz+x+4h+12
h(z 4+ h+3)(x +3) B

Th _h 7 _
hWz+h+3)z+3) h (x+h+3)(z+3)
7
(x+h+3)(z+3)
f@)=5—
x+h o
f(x+h)—f(x):27(x+h) 2—-x _
h h
(x+h)2—2)—z(2—x—h)
2—z—-h)(2-2)
h

2¢ — 22 4+ 2h — ha — 2z + 2% + ho
2—-z—-h)(2—-2x)

h
2h
Q-c-hE—a) _
h
2h 2

1
2-—z-h)(2-2) h (2-z—-h)(2-x)
Graph y = 3z — 1.

We find some ordered pairs that are solutions of the equa-
tion, plot these points, and draw the graph.

Whenz=-1,y=3(-1)—-1=-3-1=—4.
Whenz=0,y=3-0—-1=0—-1=—1.
Whenz=2,y=3-2—-1=6-1=5.

y
x|y :
1| -4
-1
5 X

74.

75.

76.

7.

The z-intercept is (3,0).

0-3y=3
-3y =3
y=-1

The y-intercept is (0, —1).

We find a third point as a check. We let x = —3 and solve
for y.

—3-3y=3
-3y =26
y=-2

Another point on the graph is (—3, —2). We plot the points

and draw the graph.
y

ol x—=3y=3

/
| —7 4 *

1 () = 1

e+ I T3

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}.

The domain of h/f consists of all numbers that are in the
domain of both h and f, excluding any for which the value
of fis 0, or {—4,0}.

Answers may vary; f(z) =

The domain of h(z) is {z‘x # g}, and the domain of g(z)

is {z|z # 3}, so ; and 3 are not in the domain of (h/g)(z).

We must also exclude the value of z for which g(z) = 0.
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73

-1 _
5 — 15
x*—1=0 Multiplying by 52 — 15
=1
r ==+l

Then the domain of (h/g)(x) is

{x’x#%andﬂc#?)(mdx#—landx;él},or

(—o0, ~1)U(~1,1) U (1, g) U (53) U (3, 00).

Exercise Set 2.3

1.

10.

11.
12.
13.

14.

15.

16.

(fog)(=1) = f(g(-1)) =
F14+2-6)=f(-3)=3(-3)+1=-9+1=-8
(90 )(=2) = g(f(=2)) = g(3(=2) + 1) = g(-5) =
(—=5)2 —2(—5) — 6 =254 10 — 6 = 29

f((=1)?=2(-1) - 6) =

(ho Y1) =h(f(1)) =h(B-1+1)=h(3+1) =
h(4):43:64

Q)=o) o) )
(%)2_ (é) 6= 6_4___6: 36949

(g0 f)(5) =9(f(5)) =9(3-5+1)=g(15+1) =
9(16) =162 —2-16 — 6 = 218

ton(z)=1(s(3))=1((3)

(f o h)(=3) = f(h(=3)) = f((-3)*) = f(-27) =
3(—27)+1=—-81+1=-80

(hog)(3) =h(g(3)) =h(3>—2-3-6) =

h(9—6—6) = h(—3) = (—3)3 = —27

(909)(—2) = g(9(=2)) = g((-2)* = 2(-2) - 6) =
g(44+4—-6)=g(2)=22-2.2-6=4—-4—-6=—6
(909)3) =9(9(3)) =g(3* =2-3-6) =g(9—-6—6) =
g(=3)=(-32-2(-3)-6=9+6-6=9

(hoh)(2) = h(h(2)) = h(23) = h(8) = 83 = 512

(hoh)(=1)=h(h(=1))=h((-=1)*)=h(-1)=(-1)* = —1
(fo)=0)=f(f(-1))=fB(-) +)=f(-12+1) =
f(=11)=3(-11)+1= -33+1=—32

(fo ) =ff1)=fB-1+1)=f(3+1) = f(4)
3-441=12+1=13

(hoh)(z) = h(h(z)) = h(z®) = (z°)® = 2*
(fof)x)=f(f(z)=fBz+1)=3@r+1)+1=

9r+3+1=9x+14

17.

18.

19.

20.

21.

22.

23.

(fog)x) = flg(@)) = flx—3)=r—-3+3=u
(gof)(x) =g(f(x) =gz +3)=2+3-3==z
The domain of f and of g is (—00,0), so the domain of

fogandof gofis(—o0,00).
(f o 9)(a) :f(gx) :%-gx:x
(9 (@) :g(gm) ST

The domain of f and of g is (—o0,0), so the domain of

fogandofgo fis(—o0,00).

(f 0 9)() = F(g()) = (327 22— 1) =322~ 20 —1+1=
322 — 2z

(go f)(z)=g(f(z))=g(z+1)=3(z+1)*-2(z+1)—1=
(22 +22+1)—2(z+1)—1 = 322 +62+3—22—-2—1=
3z% 4+ 4z

The domain of f and of g is (—o0,00), so the domain of
fogandof go f is (—o0,00).

(fog)(x) = f(z?+5)=3(%+5)—2=322+15-2=
3z +13

(go f)(x)=g(3x—2)=(32—2)2+5=922-122+4+5=
922 — 122+ 9

The domain of f and of g is (—o0,0), so the domain of
fogandofgo fis (—oo,00).

(fog)(z)=f(g(x))=f(4z—3)=(42-3)*~3=

1602 — 242 4+ 9 — 3 = 162% — 242 + 6

(g0 f)(z)=g(f(x))=g(z*~3)=4(z*~3) 3=

42% — 12 — 3 =422 - 15
The domain of f and of g is (—o0, ), so the domain of
fogandof go fis(—o0,00).

(fog)(@) = F(20 —T) = 422 — T
4422 — 282 +49) — 2 —T7)+ 10 =
1622 — 1122 + 196 — 22 + 7 + 10 = 1622 — 114z + 213
(go f)(x) = g(42? — 2+ 10) = 2(42®> —z + 10) — 7 =
8x2 —2x+20 -7 =28z2 —2x + 13
The domain of f and of g is (—o0,0), so the domain of
fogandof go fis(—o0,00).

2z —-7)+10=

(fog)(x) =

1
The domain of f is {x‘x #* 5}

{z|z # 0}. Consider the domain of f og. Since 0 is not in

and the domain of g is

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

1
is not in the domain of f, we know that g(z) cannot be z

1
We find the value(s) of = for which g(x) = E
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74
1 1
z 5
5==x Multiplying by 5z

Thus 5 is also not in the domain of fog. Then the domain

of fogis{z|z # 0 and x # 5}, or (—oo,0)U(0, 5)U(5, 00).
1

Now consider the domain of g o f. Recall that — is not in

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

of go fis {m‘x#%},or (—oo,l)u(l,oo).

5 5
1 6 2¢ +1
24. (fog)(x):f<2x+1): =6 o
20 + 1
6(2¢+1), or 122 +6
6 1 1 1
(gof)(l‘) :g(_) = = 12 = 12 =
w0y 2y tr
x x

1 r oz
1242 12+
The domain of f is {z|z # 0} and the domain of g

1
is {x‘x #* —5} Consider the domain of f o g. Since

—— is not in the domain of g, ) is not in the domain

of fog.
1

is never 0, so the domain of f o g is {x’m #+ 75}, or

(-oe=5)u (- 50):

Now consider the domain of g o f. Since 0 is not in the
domain of f, then 0 is not in the domain of g o f. Also,

Now 0 is not in the domain of f but g(z)

since —3 is not in the domain of g, we find the value(s) of

1
z for which f(z) = —3
6

1
x 2

-12=x
Then the domain of go f is {x‘x # —12 and z # 0}, or
(—00, —12) U (=12,0) U (0, 0).

25, (fos)o) = flo) = (7 ) =

3
3(m;7)—7:x+7—7:x

(90 @) = g(f(@)) = g(32—7) = w _
3z
?—x

The domain of f and of g is (—o00,0), so the domain of
fogandof go fis (—o0,00).

26. (fog)(@) = F(L5x+1.2) = §(1.5x+ 1.2) —%

+0.38 1
z+08—-—-=2x
5

(go fi(z) = g(gw - %) = 1.5(;@ - g) +12=

r—124+12=x

27.

28.

29.

30.

31.

32.

The domain of f and of g is (—o0,0), so the domain of
fogandofgo fis (—oo,00).

(fog)x) = fg(x)) = f(Va) =2z +1

(go f)(@) =g(f(x) =9z +1) =22 +1
The domain of f is (—o0,00) and the domain of g is
{z|x > 0}. Thus the domain of f o g is {z|x > 0}, or
[0, c0).

Now consider the domain of go f. There are no restrictions
on the domain of f, but the domain of g is {z|z > 0}. Since

1 1
f(z) >0 for z > —g the domain of go f is {x’x > 75},

1
or [— 3 oo>,
(fog)(a) = /2~ 32) = V2~ 3
(g0 @) = g(va) =2~ 3y3
The domain of f is {z|z > 0} and the domain of g is
(=00, 00). Since g(x) > 0 when z < 3 the domain of fog

Now consider the domain of g o f. Since the domain of f
is {z|z > 0} and the domain of g is (—o0, 00), the domain
of go fis {z|z > 0}, or [0, 0).
(fog)(x) = flg(x)) = £(0.05) = 20
(9o f)(x) = g(f(x)) = 9(20) = 0.05
The domain of f and of g is (—o00,0), so the domain of
fogandof go fis(—o0,00).
(fog)(z) = (Va) ==
(9o f)(x) = Vat = z|
The domain of f is (—o0,00) and the domain of g is
{z|x > 0}, so the domain of f o g is {z|z > 0}, or [0, c0).
Now consider the domain of go f. There are no restrictions
on the domain of f and f(z) > 0 for all values of z, so the
domain is (—o00, 00).
(fog)(x) = flg(x)) = f(z* = 5) =
VI 5T =V = o
(9o fle) = g(f(z) = g(Ve +5) =
(Vz+5)?2—5=x+5—-5=x
The domain of f is {z|x > —5} and the domain of g is

(—00,00). Since 2 > 0 for all values of x, then 22—5 > —5
for all values of x and the domain of g o f is (—o0, 00).

Now consider the domain of fog. There are no restrictions
on the domain of g, so the domain of f o g is the same as
the domain of f, {z|z > —5}, or [-5,00).
(fog)(z)=(Va+2°-2=a+2-2=2z
(gof)(x) = Vad—2+2=Vad=x
The domain of f and of g is (—o0, ), so the domain of
fogandofgo fis(—o0,00).
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33. (fog)z)=fl9(2) =f(V3—2)=(V3-2)?+2= -z _
x
S-e+2=5-2 1—2 = —x Multiplying by =
(9o f)(z) = g(f(z)) :g(m2+2) =V3-(2?+2) = 1=0 False equation
29—/ _22
V3-a?-2=Vl-z We see that there are no values of x for which f(z) = —1,

34.

35.

The domain of f is (—o0,00) and the domain of g is

{z|z < 3}, so the domain of fogis {z|z < 3}, or (—o0, 3].
Now consider the domain of go f. There are no restrictions
on the domain of f and the domain of g is {z|z < 3}, so
we find the values of z for which f(z) < 3. We see that
22+ 2 < 3 for —1 < z < 1, so the domain of go f is
{z|-1<z <1}, or [-1,1].

(fog)(w)=f(Va? —25) =1 (Va2 —25)" =
1—(22—25)=1— 2%+ 25 = 26 — a2
(gof)(z) =g(1-a?)=/(1-a%)?-25=
V1=222 4+ 24 =25 =+z4 — 222 — 24
The domain of f is (—o0,o0) and the domain of g is
{z|z < -5 or x > 5}, so the domain of fog is
{z|z <=5 or x >5}, or (—oo, —5] U [5,00).
Now consider the domain of g o f. There are no re-
strictions on the domain of f and the domain of g is
{z|lz < =5 or =z > 5}, so we find the values of z for
which f(z) < —5 or f(z) > 5. We see that 1 — 2% < —5
when z < —v/6 or z > v/6 and 1 — 22 > 5 has no solution,
so the domain of go f is {z|x < —v/6 or z > 6}, or
(—o0, —v/6] U [v/6, 00).

(f 0 9)(@) = Flg(x)) = f(lix> _

17( 1 > 1+z—1
1+z) 142
1 = 1
1+2x 1+zx
T 1+x_
1+z 1 7
1—=x
(9o D)) = ats@) =g(*7) =
1 B 1 B
(17x) r+1—x
1+
x T
1 x
T

The domain of f is {z|z # 0} and the domain of g is
{z|x # —1}, so we know that —1 is not in the domain
of fog. Since 0 is not in the domain of f, values of x
for which g(z) = 0 are not in the domain of f o g. But
g(x) is never 0, so the domain of f o g is {z|z # —1}, or
(=00, —1) U (-1, 00).

Now consider the domain of g o 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(z) = -1.

36.

37.

so the domain of g o f is {z|z # 0}, or (—00,0) U (0, c0).

(fog)(w)=f(x+2>=x_+é_

T

2
T
1 1
T+2—21  —x+2
x T
T T T

1 — +2
o @) =g ;25 ) =3
r—2
1+2x—4 2r — 3
_ Tz —2 _r—2
1 1
r—2 r—2
20 —3 x—2
= ~—3 1 =2z -3

The domain of f is {z|z # 2} and the domain of g is
{z]x # 0}, so 0 is not in the domain of f o g. We find the
value of z for which g(x) = 2.

2
x + —9
x
r+2=22
2=z

Then the domain of f o g is (—o0,0) U (0,2) U (2, 00).
Now consider the domain of g o f. Since the domain of f
is {z|z # 2}, we know that 2 is not in the domain of go f.
Since the domain of g is {z|z # 0}, we find the value of z
for which f(z) = 0.
1 —
r—2
1=0

We get a false equation, so there are no such values. Then
the domain of go f is (—o0,2) U (2, 00).

(fog)(z)=flg(x)) = flz+1) =

(x4+1)3 =5(x+1)2+3x+1)+7=

2324322 +3x+1-522—-10c—5+3x+34+7=
23— 222 — 4z +6

(9o f)(x) = g(f(x)) = g(z* = 52% + 3z +7) =
23 =522 +3x+7+1=2a3—522+3x+8

The domain of f and of g is (—o0,0), so the domain of
fogandof go fis(—o0,00).
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38. (gof)(z)=a°+222—3z—9—1= byr= "

2%+ 227 — 3z — 10 2 ,

(90 N)w) = (x— 1P +2(z 1) =3z —1) — 9 = Sw)72w<g>h+2w<ﬁ)

23 =322 43 —1+222—42x+2—-3x+3—-9= Th2

22 —2?—4x -5 S(h)=7rh2+7

The domain of f gnd of g is (—00,00), so the domain of S(h) = §7rh2

fogandofgo fis (—o0,00). 2

39.

40.

41. h

42.

43.

44.

45.

46.

47.

48.
49.
50.

51.

52.

h(z) = (4 + 3z)°

This is 4 4 3z to the 5th power. The most obvious answer
is f(x) = 2% and g(z) = 4 + 3a.

f(@) = . gla) = a* -8
1
(.ZL’) - (1’ _ 2)4
This is 1 divided by (z —2) to the 4th power. One obvious
1
answer is f(z) = — and g(x) = ¥ —2. Another possibility
x

is f(z) = % and g(z) = (z — 2)*.

f(@) = = o(w) = 3247

f(x)::c+1’ (x) = 2®

f(z) =|z|, g(xz) =922 — 4
33‘3

f(@) = 2, g(a) = 2F

f@) = VE o) = S

f@)=Vituz, gl@)=Vita

fl@) =23 —522+3x -1, g(x) = +2

fz) = 2253 +52%/3 g(x) =z — 1, or

f(z) =225 + 522, g(z) = (x — 1)V/3

a) Use the distance formula, distance = rate x

time. Substitute 3 for the rate and ¢ for time.

r(t) =3t
b) Use the formula for the area of a circle.
A(r) = mr?

c) (Aor)(t) = A(r(t)) = A(3t) = n(3t)? = Int?
This function gives the area of the ripple in terms
of time t.

a) h=2r
S(r) = 2nr(2r) 4 27mr?
S(r) = 4mwr? + 2772

S(r) = 6mr?

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

64.

F(@) = (tos)(@) = t(s(a) =tz —3) =2 —3+4 =2 +1
We have f(z) =z + 1.
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.

Equations (a) — (f) are in the form y = max + b, so we can
read the y-intercepts directly from the equations. Equa-
tions (g) and (h) can be written in this form asy = —x — 2

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

None (See Exercise 55.)

If a line 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.)

The equation for which |m| is greatest is the equation with
the steepest slant. This is equation (b). (See Exercise 55.)

The only equation that has (0,0) as a solution is (a).

Equations (c) and (g) have the same slope.
cise 55.)

(See Exer-

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

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

Ounly the composition (cop)(a) makes sense. It represents
the cost of the grass seed required to seed a lawn with area
a.

Answers may vary. One example is f(z) = 2z + 5 and

x
g(z) = — Other examples are found in Exercises 17,

18, 25, 26, 32 and 35.

Chapter 2 Mid-Chapter Mixed Review

. The statement is true. See page 100 in the text.

. The statement is false. See page 113 in the text.

The statement is true. See Example 2 in Section 2.3 in the
text, for instance.

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

10.

11.

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

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

. 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 (—oo, —1.29)
and on (1.29,00). It is decreasing on (—1.29,1.29).

. The z-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
—3 to 5, so the range is [—3, 5].

1
A(h) = §(h+4)h
1., h?
A(h):§h + 2h, or7+2h
x—5, forx< -3,
2r+3, for -3 <z <0,
f@ =9
53:, for x > 0,
Since —5 < =3, f(-5)=-5-5=-10
Since —3 < -3, f(-3)=-3—-5=-8.
Since -3 < -1<0, f(-1)=2(-1)+3=-2+3=1
1
Since 6 > 0, f(6) = 3 -6=3.
(z) = r+2, forx< —4,
C 9= —x, forx > —4

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

Y
itas
(f+9)(=1) = f(=1) +g(-1)
=[B(=1) =1 +[(~=1)* +4]
=-3-1+1+4
=1

(f9)(0) = £(0) - g(0)
(3-0—1)-(0%+4)
=—-1-4

=4

12.

13.

14. f(z) =2z +5, g(z) =

(9—1HB3) =9B)—f(3)
=(32+4)-(3-3-1)
=9+4-(9-1)
=9+4-9+1
=5

win(3) - g<

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

—x—4

a) The domain of f and of ¢ is the set of all real num-
bers, or (—oo, 00). Then the domain of f+g, f —g,
fg,and ff is also (—oo, c0).

For f/g we must exclude —4 since g(—4) = 0. Then
the domain of f/g is (—oo, —4) U (—4, 00).

5 5
For g/f we must exclude ~3 since f( - —) =0.
Then the domain of g/f is

(~=2)u(-2)

b) (f+9)(x) = f(x)+g(z) = 22+5)+(-2—4) = z+1
(f—9)(@) = f(z) —g(z) = 2z +5) - (-z—4) =
20 +54+x+4=3x+9
(f9)(@) = f(x)-g(z) = 22 +5)(—2 —4) =

—22% — 8z — br — 20 = —222 — 13z — 20

(fN)(x)=f(z) f(z)=(22+5) (22 +5) =
422 4+ 10z + 10z + 25 = 422 + 20z + 25
B M _ 2z +5
G196 = 05 = —am
g(z)  —x—4
(g/f)(x) = m* 2r+5
15. f(x) =2 -1, g(z) =Va +2

a) Any number can be an input for f, so the domain

of f is the set of all real numbers, or (—oo, 00).

The domain of g consists of all values for which x+2
is nonnegative, so we have r +2 > 0, or x > —2, or
[-2,00). Then the domain of f + g, f — g, and fg
is [—2, 00).
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The domain of ff is (—o0,0). 24. The graph of y = (h — g)(x) will be the same as the graph
Since g(—2) = 0, the domain of f/g is (-2, c0). of y = h(x) moved down b units.
Since f(1) = 0, the domain of g/ f is [-2,1)U(1, 00). 25. Under the given conditions, (f + ¢)(z) and (f/g)(z) have
b) (f+9)(x)=f@)+gx)=z—1+Vz+2 different domains if g(z) = 0 for one or more real numbers
x.
(f=9)@)=flx) —g(@) =2 —-1-Vr+2
(fo)(z) = f(z)-g(z) = (x — 1)Vz +2 26. If f and g are linear functions, then any real number can
be an input for each function. Thus, the domain of fog =
(J;f)(a?) flz )~f(2x):(w—1)(x—1): the domain of g o f = (—o00,00).
¥ —r—zc+1l=2"-2z+1
f(x) r—1 27. This approach is not valid. Consider Exercise 23 in
(f/9)(z) = g(x) -z T2 Exercise Set 2.3 in the text, for example. Since
g(x) Z+2 (fog)(z) = , an examination of only this composed
(9/1)) = flz)  =z-1 function would lead to the incorrect conclusion that the
1 4 domain of fogis (—00,5)U(5,00). However, we must also
6. f(z) =4z -3 exclude from the domain of f o g those values of x that
fleth)—flz) 4lx+h)-3-(4x-3) are not in the domain of g. Thus, the domain of fo g is
h h (=00,0) U (0,5) U (5, 00).
dx+4h—3—-4z+3 _4h _ 4
h h Exercise Set 2.4
17. f(x) =6 — 22
flx+h)—f(x) 6—(x+h)?*—(6—2%) 1. If the graph were folded on the z-axis, the parts above and
h B h B below the z-axis would not coincide, so the graph is not
6— (22 +20h+h?)— 6422 622 —2zh—h2—6 + 22 symmetric with respect to the z-axis.
h = h = If the graph were folded on the y-axis, the parts to the
“osh—h? (22— h) left and %ight. of the y-axis would cqincide, so the graph is
Z = i = 922 —h symmetric with respect to the y-axis.
. If the graph were rotated 180°, the resulting graph would
18. (fog)(1) = f(g(1)) = f(13+1) = f1+1) = f(2) = not coincide with the original graph, so it is not symmetric
5.2-4=10—4=6 with respect to the origin.
19. (goh)(2) = g(h(2)) = g(22 —2-2+3) = g4 —4+3) 2. If the graph were folded on the z-axis, the parts above and

20.

21.

22,

23.

g(3)=334+1=27+1=28

—1)—4) = h(-5—4) =
+3=81+18+3 =102

(f 0 9)(x) = Fl9(x)) = f(6z +4) = 5(60+4) = 32+ 2
(90 1)) = g(f(@)) =g 50) =0+ o+ =30 44

The domain of f and g is (—o0, 00), so the domain of fog
and go f is (—o0, c0).

(fog)(x) = f(9(z)) = f(Vz) =3Vx +2

(go f)(z) =g(f(x)) =gBz+2)=3r+2

The domain of f is (—00, c0) and the domain of g is [0, 00).

Consider the domain of fog. Since any number can be an
input for f, the domain of f o g is the same as the domain
of g, [0,00).

Now consider the domain of g o f. Since the inputs of g

must be nonnegative, we must have 3z +2 > 0, or z > —3

2
Thus the domain of go f is {— 3’ oo).

below the z-axis would not coincide, so the graph is not
symmetric with respect to the z-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 z-axis, the parts above and

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

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

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

e VR Y

—5—4 3Nl /2 3 4 5 x

y=Ixl-2

L

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

Test algebraically for symmetry with respect to the x-axis:
y = |z| =2  Original equation
—y =|z|—2  Replacing y by —y
y = —|z|+2 Simplifying

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

Test algebraically for symmetry with respect to the y-axis:
y=l|z|—2 Original equation
y=|—x|—2 Replacing z by —z
y=lz|—2 Simplifying
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:

y=lz|]—2 Original equation
—y =|—x|—2 Replacing z by —x and
y by —y
—y=lz|-2 Simplifying
y=—l|+2

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

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

Test algebraically for symmetry with respect to the z-axis:
y=|z+5| Original equation
—y=|zr+5| Replacing y by —y
y = —|z+5| Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the z-axis.

Test algebraically for symmetry with respect to the y-axis:
y = |z +5 Original equation
y=|—x+5| Replacing z by —z
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:

y = |r+5| Original equation
—y = | —x + 5| Replacing x by —z and y by —y
y=—|—x+5| Simplifying

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

5y=4x+5

Now B L

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

Test algebraically for symmetry with respect to the x-axis:
S5y =4x+5 Original equation
5(—y) =4z +5  Replacing y by —y
—by =4x+5  Simplifying
5y = —4x —5

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the x-axis.
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Test algebraically for symmetry with respect to the y-axis: 11. ,
5y =4x+5 Original equation \ . 4
5y = 4(—z)+5 Replacing z by —x A 4 /
5y = —4x +5 Simplifying z
The last equation is not equivalent to the original equation, 1
so the graph is not symmetric with respect to the y-axis. —s—4—32-~LA 23 45 X
Test algebraically for symmetry with respect to the origin: 3+ 6y=2x2-3
5y =4x+5 Original equation B
5(—y) = 4(—z) +5 Replacing = by —=z -
and
y by —y The graph is symmetric with respect to the y-axis. It is
not symmetric with respect to the z-axis or the origin.
-5y = —4x+5 Simplifying . ) )
5 A 5 Test algebraically for symmetry with respect to the x-axis:
= xr —
4 o ) o ) 5y = 222 —3  Original equation
The last equation is not equivalent to the original equation, _ 92 Relaci b
so the graph is not symmetric with respect to the origin. 5(-y) =227 =3 eplacing y by —y
—5y =222 -3 Simplifying
10.
Y 5y = —222 4+ 3
s The last equation is not equivalent to the original equation,
42x=-5=3y so the graph is not symmetric with respect to the x-axis.
3
2 v Test algebraically for symmetry with respect to the y-axis:
' 5y = 222 — 3 Original equation
—5-—4-—3-—2—1 1 3 45 X
» 5y = 2(—z)% —3 Replacing = by —=x
4 5y = 222 — 3

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

Test algebraically 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 z-axis.

Test algebraically for symmetry with respect to the y-axis:
2r — 5 = 3y Original equation
2(—z) —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.

Test algebraically for symmetry with respect to the origin:

2r —5 =3y Original equation
2(—z) —5=3(—y) Replacing z by —x and
y by —y
—2r—5= -3y Simplifying
20 +5 =3y

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

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:

5y = 222 — 3 Original equation
5(—y) = 2(—x)?2 —3 Replacing x by —z and
y by —y
—5y =222 -3 Simplifying
5y = —2x2 43

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

12.

X2+ 4=3y

N A
\

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

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

22 +4 =3y Original equation
22 4+ 4 = 3(—y) Replacing y by —y
22 —4=3y Simplifying
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13.

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:
22 +4 = 3y Original equation
(—2)2 4+ 4 = 3y Replacing = by —=x
2244 =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:
22 +4=3y
(o) +4 = 3(~)

Original equation
Replacing x by —z and
y by —y
22 +4= -3y Simplifying

—z2 4= 3y
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.

+

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

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

1
y=— Original equation
x
1 .
-y = — Replacing y by —y
x
1 o
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:

1
y=— Original equation
x
1 .
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

y=— Original equation
T
1 .

—y = — Replacing x by —x and y by —y

—x
1 S

y=— Simplifying
T

14.

15.

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

Ly

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

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

4
y = —— Original equation
x
4 .
—y = —— Replacing y by —y
x
4 SR
y=— Simplifying
x

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

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

4
y=—— Original equation
x
4 .
y = ——— Replacing = by —z
—x
4 T
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:

4

y=—— Original equation
x
4 .

—y = —— Replacing = by —z and y by —y

-z
4 S e

y=—— Simplifying
x

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 z-axis:
5z — by = 0 Original equation
5¢ —5(—y) = 0 Replacing y by —y
5z + 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:
5z — 5y = 0 Original equation
5(—z) — 5y = 0 Replacing = by —z
—5z — b5y = 0 Simplifying
5z +5y =0

Copyright @ 2016 Pearson Education, Inc.



82 Chapter 2: More on Functions
The last equation is not equivalent to the original equation, 18. Test for symmetry with respect to the x-axis:
so the graph is not symmetric with respect to the y-axis. 5y = T2 — 2 Original equation
Test for symmetry with respect to the origin: 5(—y) = 722 —2¢  Replacing y by —y
5z — by = 0 Original equation 5y = —72% + 22 Simplifying
5(=x) =5(=y) = 0 Replacing by —z and The last equation is not equivalent to the original equation,
y by —y so the graph is not symmetric with respect to the x-axis.
—5z +5y =0 Simplifying Test for symmetry with respect to the y-axis:
5z —5y =0 5y = 72?2 — 2z Original equation
The last equation is equivalent to the original equation, so 5y = 7(—x)2 — 2(—z) Replacing z by —z
the graph is symmetric with respect to the origin. 5 . o
Sy = Tx* 4+ 2z Simplifying
16. Test for symmetry with respect to the z-axis: The last equation is not equivalent to the original equation,
6z + 7y = 0 Original equation so the graph is not symmetric with respect to the y-axis.
6x +7(—y) = 0 Replacing y by —y Test for symmetry with respect to the origin:
6x — 7y = 0 Simplifying 5y = 722 — 2% Original equation
The last equation is not equivalent to the original equation, 5(—y) = 7(—x)? — 2(—z) Replacing x by —z
so the graph is not symmetric with respect to the x-axis. and y by —y
Test for symmetry with respect to the y-axis: —5y = T2 + 2z Simplifying
6z 4+ 7Ty = 0 Original equation 5y = —Tx? — 2z
6(—z) + 7y = 0 Replacing z by —x The last equation is not equivalent to the original equation,
62— 7Ty =0 Simplifying so the graph is not symmetric with respect to the origin.
The last equation is not equivalent to the original equation, 19. Test for symmetry with respect to the x-axis:
so the graph is not symmetric with respect to the y-axis. y = |22 Original equation
Test for symmetry with respect to the origin: —y = |2z Replacing y by —y
6z + 7y = 0 Original equation y = —|2z| Simplifying
6(—z) +7(-y) =0 Replacing z by —z and The last equation is not equivalent to the original equation,
y by —y so the graph is not symmetric with respect to the xz-axis.
6z +7y =0  Simplifying Test for symmetry with respect to the y-axis:
The last equation is equivalent to the original equation, so y = |2z Original equation
the graph is symmetric with respect to the origin. .
y = |2(—=z)| Replacing x by —x
17. Test for symmetry with respect to the z-axis: y=|—2z| Simplifying
322 — 2y? = 3 Original equation y = |2z]

322 — 2(—y)2 =3 Replacing y by —y
322 —2y? = 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:
322 — 2y?> = 3 Original equation
3(—z)%2 — 242 =3 Replacing = by —=x
322 — 29?2 = 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:
322 —2y2 =3
3(—2)? —2(-y)* =3

Original equation
Replacing « by —z
and y by —y

3x2 — 2% =3
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

Simplifying

20.

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 = |2z] Original equation
—y = |2(—z)| Replacing z by —x and y by —y
—y =|—2z| Simplifying
—y = |2z|

y = —[2z]

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 z-axis:

y3 = 222 Original equation
(—y)® =22%  Replacing y by —y
—y3 =222 Simplifying
y3 — 721.2

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the z-axis.
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21.

22,

Test for symmetry with respect to the y-axis:

Y3 = 222 Original equation
y® = 2(—x)? Replacing x by —z
y3 = 222 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 = 222 Original equation
(—y)® = 2(—2)? Replacing = by —z and
y by —y
—y3 = 222 Simplifying
y3 — _2$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:

2z% + 3 = 92 Original equation
224 +3 = (—y)?> Replacing y by —y
274 + 3 = 2 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:

22z +3 =92 Original equation
2(—z)*+3 =y?> Replacing » by —x
224 4+ 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:
224 + 3 = 92
2(-2)'+3 = (-y)°

Original equation
Replacing = by —z
and y by —y

22% + 3 = 92
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

Simplifying

Test for symmetry with respect to the z-axis:
2y? = 522+ 12 Original equation
2(—y)? = 522 + 12 Replacing y by —y
2% =
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the x-axis.

522 +12 Simplifying

Test for symmetry with respect to the y-axis:
29% = 522 4+ 12
29y? = 5(—x)? +12 Replacing = by —=x
2y% = 522 4+ 12

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

Original equation
Simplifying
Test for symmetry with respect to the origin:

2y% = 522 412
2(—y)? = 5(—x)% + 12

Original equation
Replacing =z by —x
and y by —y

2y? = 522 4+ 12 Simplifying

23.

24.

25.

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 z-axis:

3yd =423+ 2 Original equation
3(—y)® =423 +2  Replacing y by —y
—3y3 =423 +2  Simplifying

3yd = —42% -2

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

Test for symmetry with respect to the y-axis:
3y3 =423 +2
3y® = 4(—)® +2 Replacing z by —z
3y% = —42% +2

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

Original equation

Simplifying

Test for symmetry with respect to the origin:

3y% = 43 42 Original equation
3(—y)® = 4(—z)> +2 Replacing x by —x
and y by —y
—3y3 = —42% +2 Simplifying

3y3 =423 -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 z-axis:

3z = |y Original equation
3z = | —y| Replacing y by —y
3z = |y Simplifying

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

Test for symmetry with respect to the y-axis:

3z = |y| Original equation
3(—z) = |y| Replacing x by —x
—3z = |y| 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:

3z = |yl Original equation
3(—z) = | —y| Replacing x by —z and y by —y
-3z = |y 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 z-axis:

zy =12 Original equation
z(—y) =12  Replacing y by —y
—xy =12 Simplifying
ry = —12

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the x-axis.
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26.

27.

28.

29.

30.

Test for symmetry with respect to the y-axis:
xy =12 Original equation
—xy =12 Replacing = by —z
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:
zy = 12 Original equation
—z(—y) =12

zy = 12 Simplifying

Replacing = by —z and y by —y

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 z-axis:
xy—2% =3 Original equation
z(—y) — 2% =3  Replacing y by —y
zy +2? = -3 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:
zy — 2% =3  Original equation
—zy—(—2)2 =3  Replacing z by —x
vy +2? = -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 — 22 = 3 Original equation
—x(—y) — (—x)?> =3 Replacing by —x and
y by —y
zy — 2% =3 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.
z-axis: Replace y with —y; (=5, —6)
y-axis: Replace z with —z; (5,6)
Origin: Replace z with —z and y with —y; (5, —6)
z-axis: Replace y with —y; (;0)
y-axis: Replace z with —zx; (— ;, 0)
Origin: Replace z with —x and y with —y; ( — g, 0>
z-axis: Replace y with —y; (—10,7)
y-axis: Replace z with —z; (10, —7)
Origin: Replace « with —z and y with —y; (10,7)
z-axis: Replace y with —y; (17 —g)
y-axis: Replace z with —zx; ( -1, %)

3
Origin: Replace z with —z and y with —y; ( -1, 77)

8

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

x-axis: Replace y with —y; (0,4)

y-axis: Replace x with —z; (0, —4)

Origin: Replace z with —z and y with —y; (0,4)
z-axis: Replace y with —y; (8, 3)

y-axis: Replace x with —z; (-8, —3)

Origin: Replace x with —z and y with —y; (-8, 3)

The graph is symmetric with respect to the y-axis, so the
function is even.

The graph is symmetric with respect to the y-axis, so the
function is even.

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

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

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

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

flx) = =323 + 22
f(=z) = =3(—2)% +2(—z) = 32% — 2z
—f(@) = —(=32% 4 22) = 32 — 22

f(=z) =—f(x), so f is odd.
flz) =723 + 42 -2
f(—2) =7(—2)3 +4(—2) —2=—Ta3 — 4o — 2
—f(z) = —(T2® + 42 —2) = -T2 —dz + 2
f(z) # f(—=x), so f is not even.
f(=z) # —f(x), so f is not odd.
Thus, f(z) = 72® + 42 — 2 is neither even nor odd.
flx) = ba? +22* -1
f(—=x) =5(—2)? +2(—x)* =1 =522 +22* — 1
f(z) = f(—=x), so f is even.

—fw) = *(x+%> RN

fla) = a7
f(fx) — 7I)17 _ x”
—fla) =~
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45.

46.

47.

48.

49.

50.

51.

f(@) =z —|z|
f(=2) = (=2) = [(=2)[ = —2 — |«|
—f(@) = —(z — |2]) = —x +[z]
f(z) # f(—=x), so f is not even.
f(=z) # —f(x), so f is not odd.
Thus, f(z) = x — |z| is neither even nor odd.
f#) =
1 1
f(fx) = (_I)Q = ?

f(z) = f(—x), so f is even.

flz) =8
fl-a) =8
f(x) = f(—=x), so f is even.
f@) = Va7 F1
fz) = ORPFT = VaT T T
f(z) = f(—=x), so [ is even.
y
af /
T
\_\4\_\2\7\5\4\}(:
72,
e

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 from the University of California - Berkeley.

f(z) = zv10 — 22

f(=z) = —2y/10 = (—2)%? = —zv/10 — 22
—f(z) = —zv10 — 22
Since f(—z) = —f(x), f is odd.
2
f@) = 5
C(—a)?4+1 2?41
=) = (—z)3+1  —ax3+1
2

Since f(z) # f(—=x), f is not even.

Since f(—z) # —f(x), f is not odd.

241

is neither even nor odd.
3+ 1

Thus, f(z) =

53.

54.

55.

56.

57.
58.

59.

60.

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

See the answer section in the text.

O-a) = LER=ICCR) _ 1) = 1),
—0(@) = LI JED )y

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

Let f(z) = g(z) = . Now f and g are odd functions, but
(fg)(z) = 22 = (fg)(—x). Thus, the product is even, so
the statement is false.

Let f(x) and g(x) be even functions. Then by definition,
f(z) = f(~z) and g(z) = g(—z). Thus, (f + g)(z) =
f(@)+g(@) = f(-2) +g(-2) = (f+g)(—) and [+ g is
even. The statement is true.

Let f(z) be an even function, and let g(z) be an odd func-
tion. By definition f(z) = f(—=z) and g(—z) = —g(z),
or g(x) = —g(~=). Then fo(z) = f(z) - gz) = f(—z)-
[—9(—2)] = —f(—z) - g(—x) = —fg(—z), and fg is odd.
The statement is true.

Exercise Set 2.5

1.

Shift the graph of f(x) = 22 right 3 units.

fx) = (x = 3)?
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1
2. Shift the graph of g(x) = 22 up 3 unit.

3. Shift the graph of g(z) = z down 3 units.

y

/ gx)=x-3

4. Reflect the graph of g(x) = = across the z-axis and then

shift it down 2 units.

y

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

g(;):\/x -1

1
7. Shift the graph of h(z) = ~ up 4 units.

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

y
“\h(x):73x+3
SN

10. First stretch the graph of f(x) = x vertically by multiply-
ing each y-coordinate by 2. Then shift it up 1 unit.
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11. First shrink the graph of h(z) = |z| vertically by multiply- 15. Shift the graph of g(x) = 22 left 1 unit and down 1 unit.
ing each y-coordinate by 3 Then shift it down 2 units. p
y ‘4
e 0
Akt = L -2 ’
H ) PRI, 2 4 X
\\%/ e <4)‘ *(+1)2 1
- x iy k) = (x =
<4

16. Reflect the graph of h(x) = 22 across the z-axis and down

4 units.
12. Reflect the graph of g(z) = |z| across the z-axis and shift

it up 2 units.

17. First shrink the graph of g(z) = 22 vertically by multiply-

. . 1 - .
13. Shift the graph of g(z) = ® right 2 units and reflect it ing each y-coordinate by 3 Then shift it up 2 units.
across the z-axis.

y

gx) = —(x —2)°

18. Reflect the graph of h(z) = x3 across the y-axis.

19. Shift the graph of f(z) = /x left 2 units.

y

L—"

-4 -2 2 4 *
=2
g ) =Ax +2
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20.

23.

24.

25.

26.

27.

First shift the graph of f(z) = /2 right 1 unit. Shrink it
1
vertically by multiplying each y-coordinate by 3 and then

reflect it across the z-axis.

y

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

1
coordinate by 3 (or multiplying each x-coordinate by g)

Think of the graph of g(x) = &/z. Since f(z) = %g(az), the
1
graph of f(x) = 5\3/5 is the graph of g(z) = ¥z shrunk

1
vertically by multiplying each y-coordinate by 3

Since h(x

)
2. 1
the graph of h(z) = s the graph of f(x) = - stretched
vertically by multiplying each y-coordinate by 2.

Think of the graph of g(z) = |z|. Since f(z) = g(x—3)—4,
the graph of f(z) = |z — 3| — 4 is the graph of g(z) = ||
shifted right 3 units and down 4 units.

Think of the graph of g(z) = v/z. Since f(z) = 3¢(z) — 5,
the graph of f(z) = 3y/z — 5 is the graph of g(z) = /z
stretched vertically by multiplying each y-coordinate by 3
and then shifted down 5 units.

1
Think of the graph of f(z) = —.
x

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

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

1
f(z) = —g(x) + 5, the graph of f(z) =5— - is the graph
) :
of g(z) = . reflected across the z-axis and then shifted up
5 units.

Think of the graph of f(z) = |z|. Since g(x) =

1 1
f(ga:) — 4, the graph of g(z) = 'gac — 4 is the graph of

f(z) = |z| stretched horizontally by multiplying each z-
coordinate by 3 and then shifted down 4 units.

Think of the graph of g(x) = x3. Since

f(z) = gg(x) —4, the graph of f(z) = §z3 —4 is the
graph of g(z) = 23 shrunk vertically by multiplying each
y-coordinate by % and then shifted down 4 units.

1
Think of the graph of g(x) = x2. Since f(x) :—Zg(m —-5),
1
the graph of f(z) = fz(r —5)2 is the graph of g(z) = 22
shifted right 5 units, shrunk vertically by multiplying each

y-coordinate by T and reflected across the z-axis.

Think of the graph of g(x) = x3. Since f(z) = g(—x) — 5,
the graph of f(x) = (—z)% — 5 is the graph of g(x) = 2
reflected across the y-axis and shifted down 5 units.

Think of the graph of g(z) =

SR

Since f(z) =
1
g(x + 3) 4+ 2, the graph of f(z) = o + 2 is the graph
x
1
of g(xz) = — shifted left 3 units and up 2 units.
x

Think of the graph of f(z) = v/z. Since g(z) = f(—z)+5,
the graph of g(x) = v/—x + 5 is the graph of f(z) = z
reflected across the y-axis and shifted up 5 units.

Think of the graph of f(z) = z%. Since h(z) = —f(z—3)+
5, the graph of h(x) = —(x—3)%+5 is the graph of f(z) =
22 shifted right 3 units, reflected across the z-axis, and
shifted up 5 units.

Think of the graph of g(x) = 22. Since f(x) = 3g(z +4)—
3, the graph of f(z) = 3(z+4)2—3 is the graph of g(z) = 2
shifted left 4 units, stretched vertically by multiplying each
y-coordinate by 3, and then shifted down 3 units.

The graph of y = g(x) is the graph of y = f(x) shrunk
vertically by a factor of 3 Multiply the y-coordinate by

1

—: (—12,2).
3 (12,2
The graph of y = g(x) is the graph of y = f(z) shifted
right 2 units. Add 2 to the z-coordinate: (—10,4).

The graph of y = g(x) is the graph of y = f(z) reflected
across the y-axis, so we reflect the point across the y-axis:
(12,4).
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40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

The graph of y = g(x) is the graph of y = f(x) shrunk
1

horizontally. The z-coordinates of y = g(x) are I the

corresponding z-coordinates of y = f(z), so we divide the

1
z-coordinate by 4 (or multiply it by 1) (—3,4).

The graph of y = g(x) is the graph of y = f(z) shifted
down 2 units. Subtract 2 from the y-coordinate: (—12,2).

The graph of y = g(x) is the graph of y = f(z) stretched
horizontally. The z-coordinates of y = g(x) are twice the
corresponding z-coordinates of y = f(z), so we multiply

1
the z-coordinate by 2 (or divide it by 5) (—24,4).
The graph of y = g(x) is the graph of y = f(z) stretched

vertically by a factor of 4. Multiply the y-coordinate by 4:
(—12,16).

The graph of y = g(x) is the graph y = f(z) reflected
across the z-axis. Reflect the point across the z-axis:
(=12, —4).

g(z) = 2% + 4 is the function f(z) = 22 + 3 shifted up
1 unit, so g(z) = f(x) + 1. Answer B is correct.

If we substitute 3z for = in f, we get 922 + 3, so

g(x) = f(3x). Answer D is correct.
If we substitute z — 2 for = in f, we get (z — 2)% + 3, so
g(x) = f(x —2). Answer A is correct.

If we multiply 2 +3 by 2, we get 22246, so g(z) = 2f(z).

Answer C is correct.

Shape: h(z) = 2?
Turn h(z) upside-down (that is, reflect it across the z-

axis): g(z) = —h(z) = —2?

Shift g(x) right 8 units: f(z) = g(z — 8) = —(x — 8)?
Shape: h(z) =z

Shift h(x) left 6 units: g(z) = h(z+6) =z +6

Shift g(z) down 5 units: f(z) =g(z)—-5=vVax+6-5
Shape: h(z) = |z]

Shift h(z) left 7 units: g(z) = h(z+7) = |z + 7|

Shift g(z) up 2 units: f(z) =

glx)+2=z+7+2
Shape: h(z) = z®

Turn h(z) upside-down (that is, reflect it across the -

axis): g(z) = —h(z) = —2®
Shift g(x) right 5 units: f(z) = g(z — 5) = —(x — 5)3
Shape: h(z) = 1

1
Shrink h(z) vertically by a factor of 3 (that is,

1
multiply each function value by 5)

1 11 1
g(x) = §h(:v) =5 2%
1
Shift g(z) down 3 units: f(z) = g(z) —3 = o
x

54.

55.

56.

57.

58.

59.

60.

Shape: h(z) = a?

Shift h(z) right 6 units: g(x) = h(z — 6) = (x — 6)2

Shift g(x) up 2 units: f(z) = g(z) +2 = (z — 6)% +2
Shape: m(z) =
Turn m(z) upmde down (that is, reflect it across the -

) =~
Shift h(z) right 3 units: g(x) = h(z — 3) = —(x — 3)?
Shift g(x) up 4 units: f(z) = g(z) +4 = —(x —3)? +4

axis): h(z) =

Shape: h(z) = |z|

Stretch h(x) horizontally by a factor of 2 ( that is, multiply

1 1
each z-value by 5) g(x) = h(éz) =

Shift g(x) down 5 units: f(z) = g(z) —5 = '%x -5
Shape: m(z) = +/z
Reflect m(x) across the y-axis: h(z) = m(—x) =+/—
Shift h(z) left 2 units: g(z) = h(z +2) = /—(z + 2)
Shift g(z) down 1 unit: f(z) =g(z) —1=
vV—(x+2)-1

1
Shape: h(z) = -

Reflect h(x) across the z-axis: g(z) = —h(x) = —

1
=g(@)+1=——+1
X

1
x
Shift g(x) up 1 unit: f(x)

Each y-coordinate is multiplied by —2. We plot and con-

nect (_47 0)7 (_374)7 (_174)7 (27_6)7 and (‘570)
(-19 "]
(=38 p—eal  g(x) = —2fw)
<—g@ 5,0
—4 =2

(2, -6)

1
Each y-coordinate is multiplied by 7 ‘We plot and connect

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

y
4:
L2 15)

(=4,0) i (5,0)

= NI R

(—3,—1)7(—1 -1
T4 gl = 2f(X)
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61.

62.

63.

64.

The graph is reflected across the y-axis and stretched hor-
izontally by a factor of 2. That is, each z-coordinate is

1
multiplied by —2 (or divided by f§> We plot and con-
nect (870)7 (67 _2)7 (27 _2)> (_47 3)7 and (_1070)

Yy
(43 4 g =/(~3
(-10,0) T (8,0)
N T A
20Ty 6, -2)
_4,

The graph is shrunk horizontally by a factor of 2. That
1
is, each x-coordinate is divided by 2 (or multiplied by 5)

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

Y
4 1,3)
2,

(72,0)1 \(25,0)
—4 [~ 20 4 &
(1.5, —2)4: (0.5, —2)

Fogx) = f(2x)

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

1
units. Thus, each y-coordinate is multiplied by —3 and

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

y
6,

(=2,4) ’/(0’ 4

SR (63

(=3,3) 2

TR 7\(3\’1\'5\)\ |

-4 -2 | 2 4 6
e = —a-n+3
4k

The graph is shifted left 1 unit so each z-coordinate is
decreased by 1. The graph is also reflected across the
z-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).

gx) = =3f(x+1) — 4

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

y
(—2,3) 4 &) = f(=x)
2,
(=5,0) L (4,0
6 —4 —2 6 x
—2 (3,-2)

—aF N1, -2

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

y
L\ 4k g = —fw)
(=3,2) r
(—4,0) = (5,0)
6 -1 —2 N 6
Ll
a0 2,-3)

67. The graph is shifted left 2 units so each z-coordinate is
decreased by 2. It is also reflected across the z-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) = —glx +2)+1

N (_3,0)

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

y
4

vertically by a factor of 2 so each y-coordinate is multi-

1
plied by g(or divided by 2).
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69. The graph is shrunk horizontally. The z-coordinates of
y = h(x) are one-half the corresponding z-coordinates of

y = g(z).

gl hlx) = g(2x)

(L4 4 (Z,6)
\4;(1,4) ’

. i (3.1
A
T\ (5,72)
(0,0)

70. The graph is shifted right 1 unit, so each z-coordinate is
increased by 1. It is also stretched vertically by a factor

of 2, so each y-coordinate is multiplied by 2 <0r divided

1
by 5) In addition, the graph is shifted down 3 units, so

each y-coordinate is decreased by 3.

Lok h(x) =2g(x —1)—3
r (8,9)
8,
(=L5\
6,
(—4,5) \ r (3,5)
\_é\_\\_é\i\\\i\é\é\
0, -1 i
F (2, -1)
(=6,-3) —4r (1,-3)
of
r (6, =7)
_8,

71. g(z) = f(—2)+3

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

72. g(z) = f(z)+3

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

73. g(x) = —f(z) +3

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

74. g(z) = —f(-=)
The graph of g(x) is the graph of f(z) reflected across the
z-axis and the y-axis. This is graph (a).
1
75, g(r) = 32— 2)
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

1
by g) and then shifted right 2 units. This is graph (d).

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

1
o) = £ fa) 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

1
by §) and then shifted down 3 units. This is graph (e).

1
o) = 3 (2 +2)
The graph of g(z) is the graph of f(z) shrunk vertically

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

1
by g) and then shifted left 2 units. This is graph (c).
g(@) = —f(z +2)

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

f(—z) =2(—2)* — 35(—x)3 + 3(—2) — 5 =
224 + 3523 — 3z — 5 = g(x)
1 1
flow) = 1) + H(~a)®  81(~a)* ~ 17 =
Ly 13 2
e S S |
2% T E% 81z 7# g(x)
The graph of f(x) = 2® — 32? is shifted up 2 units. A

formula for the transformed function is g(z) = f(z) + 2,

or g(r) = 2% — 322 + 2.

Each y-coordinate of the graph of f(z) = 23 — 322 is mul-

tiplied by 3 A formula for the transformed function is
1 1, .

h(z) = if(x), or h(z) = E(ac‘g —32?).

The graph of f(z) = 23 — 322 is shifted left 1 unit. A
formula for the transformed function is k(z) = f(z + 1),
or k(z) = (z+ 1) - 3(z + 1)%.

The graph of f(x) = 23 — 322 is shifted right 2 units and
up 1 unit. A formula for the transformed function is
tx)=fl—2)+ 1, ort(z) = (z —2)3 = 3(x — 2)2 + 1.
Test for symmetry with respect to the z-axis.
y = 3z*—3  Original equation
—y =32* -3 Replacing y by —y
y = —3z* +3 Simplifying
The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the z-axis.
Test for symmetry with respect to the y-axis.
y =3x* -3 Original equation
y = 3(—z)* — 3 Replacing z by —z
y=3z* -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 = 3t —3
—y = 3(—x)* — 3 Replacing z by —x and
y by —y
—y =32 -3

y = —3z* +3  Simplifying
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86.

87.

88.

89.

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 z-axis.

y?> = = Original equation

(—y)? = z Replacing y by —y

y? = = 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:
v =u

y?> = —z Replacing = by —z

Original equation

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:

y?> =  Original equation
(—y)? = —r Replacing z by —z and
y by —y
y?> = —x 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 z-axis:
2x — 5y = 0 Original equation
2x — 5(—y) = 0 Replacing y by —y
2z + 5y = 0 Simplifying

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

Test for symmetry with respect to the y-axis:
2z — 5y = 0 Original equation
2(—z) — by = 0 Replacing = by —x
—2z — by = 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:
2z — by = 0 Original equation
2(—z) — 5(—y) = 0 Replacing x by —z and

y by —y
—2z+5y =0
2z — 5y = 0 Simplifying
The last equation is equivalent to the original equation, so
the graph is symmetric with respect to the origin.

Let p = the number of pages of federal tax rules in 1995.
Then the number of pages in 2014 was p + 84.2% of p, or
1.842p.

Solve: 1.842p = 74,608
p = 40,504 pages

Familiarize. Let n = the number of guns that were found
with airline travelers in 2010.

90.

91.

92.

Translate.
Number of number of guns
guns found was twice . ot et less 418.
i 2013 found in 2010
—_—————
| S —
1828 = 2- n — 418
Solve.
1828 = 2n —418
2246 = 2n
1123 =n

Check. 2-1123 = 2246 and 2246 — 418 = 1828. This is
the number of guns found in 2013, so the answer checks.

State. In 2010, 1123 guns were found with airline travel-
ers.

Let a = the total number of acres of pumpkins harvested
in Michigan, Ohio, and Illinois in 2012.

Solve: 0.545a = 16,200

a ~ 29,700 acres

Each point for which f(z) < 0 is reflected across the z-axis.

The graph of y = f(]z|) consists of the points of y = f(z)
for which x > 0 along with their reflections across the
y-axis.

y

(-L2)\ 4
4 \27<1,2)

L Ve
—4 =2 2

-2

—4

UL
=
=

93. The graph of y = g(|z|) consists of the points of y = g(z)

for which > 0 along with their reflections across the
y-axis.

y

4

(=2,1)2
(—4,0)
RESON

-2

2,
S (4,0)

;

4 g(x))
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94.

95.

96.

Each point for which g(z) < 0 is reflected across the z-axis.

y

4

(_2v1)2 (2’1)

(—4,0) (4,0)

-2

:

g(x)]

—4

f2=3)=f(-1)=5,s0b=5.
(The graph of y = f(z — 3) is the graph of y = f(x)
shifted right 3 units, so the point (—1,5) on y = f(z) is
transformed to the point (—1+ 3,5), or (2,5) on
y=flz=3))
Call the transformed function g(z).

Then g(5) =4—f(=3)=4-f(5-8),

9(8) =4—f(0)=4-f(8-8),
and g(11) =4— f(3) =4— f(11-3).

Thus g(z) =4 — f(x —8), or g(x) =4 — |z —§|.

Exercise Set 2.6

y = kx

54 =k -12
E:k, ork':g
12 2

9
The variation constant is ok or 4.5. The equation of vari-

9
ation is y = Esc, or y = 4.5x.

y = kx
0.1 = k(0.2)
1

3 = k Variation constant

1
Equation of variation: y = 530, or y = 0.5x.

k
y="
x
_k
12
36 =k

Variation constant

Equation of variation: y = —
x

5.

10.

11.

y = kzx
1

1=k -
4

4=k

The variation constant is 4. The equation of variation is
y = 4dx.

k
y=—
T
k
01=—
0.5
0.05 = £ Variation constant
0.05
Equation of variation: y = —
k
y=—
T
k
32 = T
8
1
--32=k
8
4=k

The variation constant is 4. The equation of variation is
4
y=—.

x
y = kx
3=%k-33
1 .
o= k  Variation constant
Equation of variation: y = ﬁz
y = kx
3
-—=k-2
4
1 3
i
2 4
3
R
8

3
The variation constant is 3 The equation of variation is
3

k
y=-
x
1k
5 35
7 = k Variation constant

Equation of variation: y = —
x

k

y=-

T
k
1.8 =—
0.3

0.54 =k

The variation constant is 0.54. The equation of variation

0.54
isy=——.

x
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12. y = kx 17. Let F' = the number of grams of fat and w = the weight.
0.9 = £(0.4) F =kw F varies directly as w.
9 _ . s .
= E  Variation constant 60 = k-120 Substituting
9 60 =k, or  Solving for k
Equation of variation: y = Zw, or y = 2.25x 120
1 L
13. Let W = the weekly allowance and a = the child’s age. 9~ k Variation constant
W =ka 1
550 — k-6 F = iw Equation of variation
ok F =180 Substituting
F =90
11
W=—x
ﬁ The maximum daily fat intake for a person weighing 180
W=—.9 Ib is 90 g.
12
W = $8.25 18. N =kP
14. Let S = the sales tax and p = the purchase price. 53 53 = k- 38,040,000  Substituting
S =kp S varies directly as p. m =k Variation constant
7.14 = k- 119 Substituting
N = __ 58 P
0.06 =k Variation constant ~ 38,040,000
53
N=—"——.2 bstituti
S = 0.06p Equation of variation 38,040,000 6,060,000 Substituting
S = 0.06(21) Substituting N = 36
S ~ 1.26 Texas has 36 representatives.
The sales tax is §1.26. 19. T = P T varies inversely as P.
k k
15. t= o 5= 7 Substituting
5 — ﬁ 35 =k  Variation constant
80
400 = r 35
400 T = 52 Equation of variation
t=-—
r 35 _
400 T= 10 Substituting
70 T =35
t = ?, or 5; hr It will take 10 bricklayers 3.5 hr to complete the job.
k
16. W = T W varies inversely as L. 20. ‘o k
k Tor
1200 = 3 Substituting 45 — k
o "~ 600
9600 = k£ Variation constant 27,000 = k
9600 27,000
W = < Equation of variation t= Y
9600 o _ 27,000
W = 7S Substituting 1000
W ~ 686 t = 27 min
21. d = km d varies directly as m.

A 14-m beam can support about 686 kg.

40 = k- 3 Substituting
40
=k
3

Variation constant
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40
d= gm Equation of variation
d= 10 -5 = 200 Substituting
3 3
2
d = 66=
3

2
A 5-kg mass will stretch the spring 665 cm.

k
26, y= -
k
6 = ?
54 =k
54
T2
27. y = ka?
0.15 = k(0.1)2  Substituting
0.15 = 0.01%
0.15
=0k
0.01
15 =k

The equation of variation is y = 1522.

22. f=FkF
6.3 =Fk-150
0.042 = k
f = 0.042F
f =0.042(80)
f=3.36
k L
23. P= 7 P varies inversely as W.
330 = L2 Substitutin
T 32 &
1056 = k Variation constant
1
P = 1056 Equation of variation
w
1056
550 = T Substituting
550W = 1056  Multiplying by W
1
= % Dividing by 550
W =1.92 Simplifying

A tone with a pitch of 550 vibrations per second has a

wavelength of 1.92 ft.

24. M =kE M varies directly as E.

359=%F-95 Substituting
35.9
— =k Variation constant
95
M = %E Equation of variation
35.9
M = o5 100 Substituting
M ~ 37.8
A 100-1b person would weigh about 37.8 Ib on Mars.
k
25. y==
0.15 k Substitutin
T 01)2 &
k
0.15 = —
0.01
0.15(0.01) = k
0.0015 = k

0.0015
2

The equation of variation is y =

28. y = ka?
6=k 32
2
Sk
3
2
y= 512
29. y=kaxz
56 = k-7-8 Substituting
56 = 56k
1=k
The equation of variation is y = zz.
30, , - M
z
4 k-12
15
5=%F
S5z
Yy=—

31. y = kxz?
105 = k- 14-5%2  Substituting

105 = 350k
105
30 "

3

0= k

The equation of variation is y =

Tz
32. y=k-—
w
3 2-3
S k.22
2 4
1=k
Tz
y=—
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-k xz 1
33. y= wip The equation of variation is d = 1—87‘2.
-1 »
3 _ k:3 0 Substituting Substitute 72 for d and find .
28 7-8 79 ir2
330 gt
28 56 1296 = 12
3 56 i 36 =r
28 30 A car can travel 36 mph and still stop in 72 ft.
1 k
- =k 38. = —
5 w 42
1
The equation of variation is y = fﬂ, or ﬁ. 290 = k
5 wp 5wp (3978)2
34, y—k- % 3,481,386, 480 = k
12 16 -3 3,481, 386,480
- = k . — ) ) )
5 52 W d?
5y 3,481,386, 480
