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GRAPHS AND FUNCTIONS True

Section 2.1  Rectangular Coordinates
and Graphs

The point (-1, 3) lies in quadrant 11 in the
rectangular coordinate system.

y

4
-1,3) e

Quadrant IT Quadrant I

X

Quadrant III T Quadrant IV
The point (4, 6) lies on the graph of the equation y
= 3x — 6. Find the y-value by letting x = 4 and
solving for y.
3461266

Any point that lies on the x-axis has

y-coordinate equal to 0.

The y-intercept of the graph of y = -2x + 6
is (0, 6).

The x-intercept of the graph of 2x + 5y = 10 is
(5,0). Find the x-intercept by letting y = 0 and
solving for x.

2x50102x10 x 5
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The distance from the origin to the point (—
3, 4) is 5. Using the distance formula,
we have

d(P,Q (30)* (40)?



. False. The midpoint of the segment joining
(0,0)and (4, 4) is

40 40 4 4

— = -~ 22

2 2 2 2

False. The distance between the point (0, 0)
and (4, 4) is

d(P,Q/ (40 (40)° 4% 4

s Vara's

Any three of the following:
2,5,1,7,3,9,5,17,6,21

Any three of the following:
3,3,5,21,8,18,4,6,0, 6

Any three of the following: (1999, 35), (2001,
29), (2003, 22), (2005, 23), (2007, 20), (2009, 20)

Any three of the following:
2002, 86.8 , 2004, 89.8, 2006, 90.7,

2008, 97.4, 2010, 106.5, 2012,111 .4,
2014,111.5

P(-5,-6), Q(7,-1)



@ d(P,Q) [7-(5N° [L-(6)

Vo122 524169 13

The midpoint M of the segment
joining points P and Q has coordinates

=7 6(1) 2 1
2 2 2 2




P(-4, 3), Q(2,-5)

4(P.Q [ 3> (53

& 82 o010

The midpoint M of the segment joining
points P and Q has coordinates

42 3(5) 22

P(8, 2), Q(3,5)

d(P, Q) (j;&z—@;az—
5 32
2@9 ?:{1_

The midpoint M of the segment
joining points P and Q has coordinates

P (-8, 4),Q(3,-5)

(a) d(P,Q) 3\78 54

12 (92 V12181
b v

The midpoint M of the segment

joining points P and Q has coordinates

83 4(-5) 5.1,
2 2 2 2

P(-6, -5), Q(6, 10)

Section 2.1 Rectangular Coordinates and Graphs 171

21. P3 24 gQ 2-5
NARNE
d(P.Q) 2
232 2545
"I A
V[ZZ‘Z/_ 582
VA
8125 133

The midpoint I\él/gf the‘}sAngent
joining points R/and Q-+has coordinates

Wz s ses

2 2
I%E 2\/2_,3!,

2 \/2 2

The midpoint M of the segment
joining points P and Q has coordinates

ST gy
2 2
4k 73 71
T 21, T
2 2 2

Label the points A(-6, —4), B(0, —2), and
C(-10, 8). Use the distance formula to find
the length of each side of the triangle.

2 2
d(P, Q) W) 2017 Pearson Education, Inc.



AN L 4 (AB) o8] [2-( 4
7 ot o
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B & 6 2 364 40

2 2
The midpoint M of the segment joining d(B C) YT —
points P and Q has coordinates 410)2 102 100 100
Yo
66 =510 0 ,5 0,§ _ 200 J
2 2 22 2

d(AC) V10— (6)2[8— (- 4)
42122 J1p140 is0

P(6,-2), Q(4, 6)

a5 2 2 2
@ dP.Q @O [-(2r Lo v
2)2 82 Because 40 160 200 ,
——
464 68247 triangle ABC is a right triangle.

The midpoint M of the segment
joining points P and Q has coordinates
6426 10 ¢ o,

2 2 22

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions
Label the points A(-2, -8), B(0, —4), and
C(-4, 7). Use the distance formula to find

the length of each side of the triangle. d ( A,

B) [0-(-21°[-4-(-8)]°

£ 42 J416 D0

2 2

d(AC) \/H-H-H—H-H*H~
([2)212 Va1 o4

Because ()2 (20975 20 2552,
triangle ABC is a right triangle.

Label the points A(-4, 1), B(1, 4), and

C(-6, -1).
d(AB) M— )]qu)2
5232 259 34

g

d(B,C) J(-6-1)* (-1-4y
2 2 ¥ r
7)? (-5) 4925 74
d(AC) \l-6- (4% (-1-1)
p[z)z 22  aa gV
Because ( l)zl(-zl( 74)? because

834 42 74, triangle ABC is not a right
triangle.

Label the points A(-2, -5), B(1, 7), and
C(3, 15).

d (A B) W

312 9144 i3

d(8,C) \/12 265

3

9121 130

d(A C) \/ 14623 )

[ 39 JeE o

2 2 2

5

Because 40 90 130 , triangle

ABC is a right triangle.

Label the points A(-7, 4), B(6, —2), and
C(0, -15).

N

d (A B) \/6—7 24 )
1_1/32 62
169 36 205

d(B,C)\/OGZ 15-2

'

- —13J—

6
J 2 2
6 169 205

, 2 | \/_
d(AC) 07 154

2

7 19 49361 410

Because /205 2 205 2 419 2,

triangle ABC is a right triangle.

Label the given points A(0, -7), B(-3, 5), and
C(2, -15). Find the distance between each
pair of points.

d(AB) 3025--7,

-

\/—3 % 9144

Copyright © 2017 Pearson Education, Inc. 153 3 17



d(B,C) (31) 2 (157),

Copyright © 2017 Pearson Education, Inc. 153 3 17



y

«_(282 N
d(AC) \/[3 1% [156)°

$20: [ 2540 A%

Because ( I)2 ( .2| J4%5 because

68 153 221 425 , triangle ABC is not a

right triangle.

27. Label the points A(-4, 3), B(2, 5), and
C(-1, -6).

d(A,B)\é——4 253,

Vo222 3pa o

—
d(B,C) \/4—6 155,
2 2
J;zo o 20

425 517

d(AC) 20 153

2 g2

2 -8 68 2 17

Becaused (A,B)d (A,C) d(B,C)or
3.2 5 1|Jilhe points are collinear.

Copyright © 2017 Pearson Education, Inc.



Label the points A(-1, 4), B(-2, -1), and

C(1, 14). Apply the distance formula to
each pair of points.

d(A,B)\/ - -

o

2 2

d (B, C)\/l——z 141

2 152 V34 395
1 21A_A ’

1
d(AC) \/ v
102 Via2 2

Because #62 || 32Jihe pointsare

collinear.

Label the points A(0, 9), B(-3, —7), and
C(2, 19).

d (A, B) \gLs —0)° (-7-9)°
{32 162 Vos6
i

265 16.279

d(8,C)

2.9 10 7
o

——

52 262 25 676

J701 26.476

d(AC) 2-0%19_¢2

g2 102 4100
0198

Becaused (A,B)d (A, C) d(B,C)

or 265 104 70f

16.279 10.198 26.476
26.477 26.476,0(1’ —11).

Section 2.1 Rectangular Coordinates and Graphs 173
2
\/1— -1 - =11--5

d(AC) V v 2

2 g2

464

68 8.2462

Because d(A, B) + d(A, C) d(B, C)

or / 241] I 565

15.5242 8.2462 23.7697
23.7704 23.7697,
the three given points are not collinear. (Note,

however, that these points are very close to
lying on a straight line and may appear to lie
on a straight line when graphed.)

2
Label the points A(-7, 4), B(6,-2),
and C(-1,1).

d (A, B) \/6—7 24

f 2 2 _\/7

B 6 169 36

205 14.3178
\/ 2 2
d(B,C) \/-l—éil -2

58 7.6158
2 2
d(A,C)\/l——? 14
62 32 369
-
45 6.7082

Because d(B, C) + d(A, C) d(A, B) or

58 45 205

7.6158 6.7082 14.3178
14.3240 14.3178,

'32. Label the points A(-1, -3), B(-5, 12), and

the three given points are not GeiRefGhERNPIR17 Pearson Education, Inc.



however, that these points are very close to
Mn on a strai )ht line and may appear to lie

strarght line when graphetl.

Copyright © 2017 Pearson Education, Inc.



Label the given points A(-4, 3), B(2, 5), and
C(-1, 4). Find the distance between each
pair of points.

the three given points are not collinear. (Note,
however, that these points are very close to
lying on a straight line and may appear to lie on

a straight line when graphed.) \/ 2 2 N 77
d(A B
(A8 I~
51 12—3 d(AB) 2--4 53 6 2
‘/ 364 402 10
Ja? 152 V16 225 J 7 oy
155242 d(B,C) (12)” (45)
\} 2 2 N ‘/—
3 (1) 91 10
d(B,C)\/l 5 2 11 122 2 )
d(AC \/ 1-4 43
228 36520 (AC) o —
= [T o
565 23.7697 $ 1 91 10

-
Becaused (B,C)d (A, C)d(A,B)or
J 10./102 10, the points are collinear.

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions
Midpoint (5, 8), endpoint (13, 10)

13x 10y
5 and 8

2 2
13x10 and 10 y 16

x -3 and y 6.

The other endpoint has coordinates (-3, 6).

Midpoint (-7, 6), endpoint (-9, 9)

-9x -14 and 9yl12

X -5 and y 3.

The other endpoint has coordinates (-5, 3).

Midpoint (12, 6), endpoint (19, 16)

19x 16y
12 and 6

2 2
19x 24 and 16y12

x5 and y —4.

The other endpoint has coordinates (5, —4).

Midpoint (-9, 8), endpoint (-16, 9)

=16 X 9
- 9 and =g

2 2
-16x -18 and 9 y16

X =2 and y 7

The other endpoint has coordinates (-2, 7).
Midpoint (a, b), endpoint (p, q)

DX 4y
a and b
2 2
pXx 2a and qy 2b

X 2ap and y 2bq
The other endpoint has

coordinates (2a p, 2b q) .

The endpoints are (2006, 7505)

and (2012, 3335)

2006 2012 | 7505 3335
22

2009, 5420

According to the model, the average national
advertising revenue in 2009 was $5420
million. This is higher than the actual value of

$4424 million.

The points to use are (2011, 23021) and
(2013, 23834). Their midpoint is

2011 2013 23, 021 23,834

2 2
(2012, 23427.5).

In 2012, the poverty level cutoff
was approximately $23,428.

(&) To estimate the enroliment for 2003,

use the points (2000, 11,753) and
(20086, 13,180)

2000 200611, 753 13.180

l

2 2
2003, 12466.5
The enrollment for 2003 was
about 12,466.5 thousand.
To estimate the enrollment for 2009, use the
points (2006, 13,180) and (2012, 14,880)
2006 2012 | 13,180 14,880

2 2

2009, 14030

The enrollment for 2009 was about
14,030 thousand.

The midpoint M has
XX Yy

coordinates 1 2,2 1 2,2



Midpoint 6a, 6b , endpoint 3a, 5b
Copyright © 2017 Pearson Education, Inc.



d(P,M)
3ax
= aby ) 5
6a and 6b = N
2 2 1 2— X - 1 2 —y1 )
2 2
3ax12a and 5b y12b
2X 2
x 9a and y 7b — - Yy 2y
x1 2 - 1 1 2— 1
: . 2 2 2 2
The other endpoint has coordinates (9a, 7b).
2 2
The endpoints of the segment are XZ_X . MTV .
(1990, 21.3) and (2012, 30.1). . 2
M 1990 2012 ,21.3 30.9 LZ-_X _i_){]
2 2
4 4
2001, 26.1 < x 2y v 2
The estimate is 26.1%. This is very close 2 1 Y )2[ 1
to the actual figure of 26.2%. 4
1 2 2
=X Xy y
2 2 1 2 1

(continued on next page)

T e M e R o
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(continued)

M., Q)
2 2
X y
X - = y - =
2 2 z 2
2
X XX, 2y, ¥y, 2
2 2 2 2

4 4
¢ x4 yyd
\/2 1 2 1
4
1 2 2
= XXy y
2 2 1 2 1
d(P,Q) xx2y v
2 1 2 1
Because -
2 2 1 2 1

this shows d (P, M
d(P,M) d(M, Q).

d(M,Q) d(P,Q) and

The distance formula,
2 2

d (/xz —x1) (y2-y1), canbe written

2 21/2
asd [(x2—x1) (y2 -vy1)] .

In exercises 47-58, other ordered pairs are possible.

47. (a) X y
| —2 y-intercept:
x 0
y =02 2
2
4 0 x-intercept:
y 0
01x2
2

2 +x 4 x

o

Copyright © 2017 Pearson Education, Inc.
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(b)

4 0 x-intercept:
y 0

x1

2
1

2

2 1 additional point

(b)

49. (a) X y
0 I s y-intercept:
' x 0

203y 5

3y 5y
5 0 x-intercept:
2 y 0

2x305

2x 5 x 2 2

175



2

-1

2

additional point

Copyright © 2017 Pearson Education, Inc.

(b)

—1 additional point

T S S 1 1=
7



Chapter 2 Graphs and Functions

50. (a) X
0
2
4
(b)

51. (a) X
0
1
-2
(b)

y

-3 y-intercept:
x 0
302y 6
2y 6y3

0 x-intercept:
y 0
3x20 6
3X 6 x 2

3 additional point

3
/_ 3x—-2y=6

0 x-andy-intercept:

0 0
1 additional point
4 additional point

N e

52. (a) X |

-1
2

(S I

i e et o |

A

2 y-intercept:

x 0
y 022
yo02y?2
3 additional point
6 additional point

no x-intercept:
y00 x* 2

2 X2

2 X

(b)

54. (a)

(b)

4 1

no y-intercept:

—O—X-intercept:

y 0
0 J/x3

0 x33 x
additional point

2 additional point

X0y J03y 3

[}

S T I =~
w

X y
0 —3  y-intercept:
x 0
Vyos
y03y3
4 —1 additional point
0 x-intercept: y
0
e
0 x3
3 ¥9x

/I PO N I 1 |
A

Y G I [~
T

Copyright © 2017 Pearson Education, Inc.



55. (a) X y

0y_2 y-intercept:
— X 0

yo|l2 |

y 2|y|2

2] 0 x-intercept:

y 0

042 |
0x 22 x

—2| 4 additional point
4] 2 additional point

-2 —2 additional point
—4 0 x-intercept:

y 0

0 x4 |
0. 4|

0x 44x

0 —4 y-intercept:

x 0

y of4 |

y 4 M 4

0 0 x-and y-intercept:
0 0

-1 —1 additional point
2 8 additional point

Section 2.1

Rectangular Coordinates and Graphs 177
T
(b) .
(@) x| v
0 0 x-and y-intercept:
0 0s
1 —1 additional point
2 —8 additional point
e
(b)

Points on the x-axis have y-coordinates equal
to 0. The point on the x-axis will have the
same x-coordinate as point (4, 3). Therefore,
the line will intersect the x-axis at (4, 0).

Points on the y-axis have x-coordinates equal
to 0. The point on the y-axis will have the
same y-coordinate as point (4, 3). Therefore,
the line will intersect the y-axis at (0, 3).

Because (a, b) is in the second quadrant, a

is negative and b is positive. Therefore,

(a, — b) will have a negative x—coordinate

and a negative y-coordinate and will lie in
quadrant I1I.

(-a, b) will have a positive x-coordinate and a
positive y-coordinateand will lie in quadrant I.
(-a, — b) will have a positive x-coordinate and
a negative y-coordinate and will lie in
quadrant V.

(b, @) will have a positive x-coordinate and a
negative y-coordinate and will lie in quadrant
V.

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions

62. Label the points A(2,2), B(13,10),

C (21, 5), and D(6, 13). To determine
which points form sides of the quadrilateral
(as opposed to diagonals), plot the points.

y

Use the distance formula to find the length
of each side.
2

d(A,B)\/132 102
15282 J 22564
/289 17

{52 g2
22564 28917
J 2 2
d (D, A) \/—6—2 13
éZ 152

64 225 {289 17

Because all sides have equal length, the
four points form a rhombus.

To determine which points form sides of the

quadrilateral (as opposed to diagonals),
plot the points.

| PR EA B R

| A R B |

d(B,C) 35242

{22 Naverya
d (C, D)y/132 34

J42 12
NV

161 17
11

d(D,A)\/ —13

N, 22 s gl

Because d(A, B) =d(C, D) and

d(B, C) = d(D, A), the points are the vertices of
a parallelogram. Because d(A, B) # d(B, C), the
points are not the vertices of a rhombus.

For the points A(4, 5) and D(10, 14),
the difference of the x-coordinates is
10 — 4 = 6 and the difference of the

y-coordinates is 14 — 5 = 9. Dividing these
differences by 3, we obtain 2 and 3,

respectively. Adding 2 and 3 to the x and y
coordinates of point A, respectively, we
obtain B(4 + 2, 5 + 3) or B(6, 8).

Adding 2 and 3 to the x- and y- coordinates of

point B, respectively, we obtain

C(6 + 2,8+ 3) or C(8, 11). The desired
points are B(6, 8) and C(8, 11).

We check these by showing that
d(A, B) = d(B, C) = d(C, D) and that

d(A, D) = d(A, B) + d(B, C) + d(C, D).
2 2

d(A,B)\/—W 85—

‘éz 2 49 13
492
d(B,C) 862118
2?2 32 49 13
2 2

d(A D) 104° 1452

——— x Copyright © 2017 Pearson Education, Inc.



\
J 679 posi—
VT 3 3 45

d(A, B), d(B, C), and d(C, D) all have the
same measure and
d(A D) =d(A B+ diii c) + d(C, D)

Use the distance formula to find the length Because\B—. 1313 13,

of each side.
d (A, B) \/512_212_
212 NI/

Copyright © 2017 Pearson Education, Inc.



Section 2.2

10.

Circles

The circle with equation X2 y 249 has center

with coordinates (0, 0) and radius
equal to 7.

The circle with center (3, 6) and radius 4 has

equation x 3? y 6 16.

The graph of x 42 y 72 9 has center with

coordinates (4, -7).

The graph of X2 y 52 9 has center with

coordinates (0, 5).

This circle has center (3, 2) and radius 5.
This is graph B.

This circle has center (3, —2) and radius 5.
This is graph C.

This circle has center (-3, 2) and radius 5.
This is graph D.

This circle has center (-3, —2) and radius
5. This is graph A.

The graph of X2 y2 0 has center (0, 0) and

radius 0. This is the point (0, 0). Therefore,

there is one point on the graph.

/100 s not a real number, so there are no

points on the graph of X2 y2 100.
(a) Center (0, 0), radius 6
J 0?yo? 6
0% y0? 62 % y? 36

Ll

(0,0)

Ll
TTRT I T T Irrrrrgri

(b) 2+y2=36
(a) Center (0, 0), radius 9
J 0?yo? o
0? yO2 9% x2 y2 81

Section 2.2 Circles

(b) v2+y2 =81

(a) Center (2, 0), radius 6
J 22y0% s
2
x2 y0 6

(x—2)° y? 36

A A =] IR A VI

(b) (x—=2)2+y2=36
(a) Center (3, 0), radius 3

\/x3 2 y0 23
2

2 2
(b) (x=3)"+y =9

(a) Center (0, 4), radius 4
\/ 0% y4? 4
2 y42 18
(b) y

) bl
X +(y-4)"=16

179



Chapter 2 Graphs and Functions
16. (a) Center (0, -3), radius 7

JXOZ y3 72
2

x0 y3 7
x2 (y3)2 49
(b)

X2+ (y+3)2=49

17. (a) Center (-2, 5), radius 4

—

X2 y5 4
[x- (2P (y-5)° 4°
(x2)? (y-5)° 16
(b)

! o
A WELEEY AR

§

(S}

!
TrrT

(x+22+(y-52=16

18. (a) Center (4, 3), radius 5
42 y3® s
42 y32 52
42 y3% 25

[l
2\ _
A

0

(b)

(x—4)2+(y-3)2=25

(b)

(x=5)2+(y+4)2=49

20. (a) Center (-3, -2), radius 6

\/ x3%2 y2 6

2 2
X3 y2 6

(x3% (y2)? 36
(b) %

/S5 2D\
=,

(x+3)2+(y+2)2=36

21. (@) Center 2J-2 fcadius f’

X 22v 22 %/,
X J;Zy fzzz

(b)

AN

0

@-v2) +(y-V2)?=2

2

22. (a) Center 3 /3,radius /3




19. (a) Center (5, -4), radius 7

\/x52 y4 72

(x=5)%[y—(-4)]* 72
(x-5)? (y4)* 49



2

(x+v3) + (_\-+\"'_?}2 =3
(a) The center of the circle is located at the

midpoint of the diameter determined
by the points (1, 1) and (5, 1). Using
the midpoint formula, we have

15 11
C = = 3,1.Theradiusis

2 2
one-half the length of the diameter:

1
r V512 112

2
The equation of the circle is

x3 yl 4
Expandx32 y12 4 to find the

equation of the circle in general form:
x 32 y 12 4
X2 6x9 y2 2y14
X2 y 2 6x2 y60

(a) The center of the circle is located at the
midpoint of the diameter determined by

the points (-1, 1) and (-1, -5). Using
the midpoint formula, we have

1) 1(3)

C 1,2

2 2

The radius is one-half the length of
the diameter:

1\/ 2 2
r 11 51 3
2

The equation of the circle is
x12 y 229

(b) Expand x 12 y 22 9o find the equation

Section 2.2 Circles 181

(a) The center of the circle is located at the
midpoint of the diameter determined by
the points (=2, 4) and (-2, 0). Using the
midpoint formula, we have
c 22 40 5,

2 2
The radius is one-half the length of
the diameter:

122 %40 22
r 2
The equation of the circle is
22 y22 4

Expand x 22 y 22 4 to find the

equation of the circle in general form:

2

X4 X X2 y2 4
4y 4y 4 4

X2 y? ax4y4 0

(a) The center of the circle is located at the
midpoint of the diameter determined by
the points (0, —3) and (6, —3). Using the
midpoint formula, we have

06 3(3)
C 2’ 2 33.

The radius is one-half the length of
the diameter:

r \/60‘3 323
2

The equation of the circle is
x3 y3 9

Expand x 32 y 32 9 to find the

equation of the circle in general form:
2 2

X3 y3 9
x2 6x9 y2 6y99
Xx2y26x6y90

X 29
1
2

y



of the circle in general form:
Copyright © 2017 Pearson Education, Inc.



27.

x22x1y *4y49

2

ple
te
the
sq
ua
re
on

an
dy
se
pa
rat

ely

X2 6x9 y% 8y16 -9916
2

X3

-9

y4

2

16



x2 y? 2x4y40 Yes, it is a circle. The circle has its center at
(-3, -4) and radius 4.
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Chapter 2 Graphs and Functions

x2 v 8x—6y160
Complete the square on x and y separately.

x2 8x y276y 16
x2 8x16 y2—6y9 ~16169

42y 329
Yes, it is a circle. The circle has its center at
(-4, 3) and radius 3.

X2 y2 4x12y 4
Complete the square on x and y separately.

X2 — 4 x y2 12y -4
X —4x4 v 12y36 —4436

x—2 y6 36
Yes, it is a circle. The circle has its center at
(2, -6) and radius 6.
x2 y2 _12x10y —25
Complete the square on x and y separately.
X2 — 12x y2 10y -25
x2-12x36 y2 10y 25

253625
x — 62y 52 36

Yes, it is a circle. The circle has its center at
(6, -5) and radius 6.

4x2 4y2 4x-16y-190
Complete the square on x and y separately.

4x2 x4y2—4y19
4x2 xl 4y2—4y4
4

19 41 444
4x1? 4y 2236

Yes, it is a circle with center <+, 2 and

radius 3.

Yes, it is a circle with center . 1and

radius 2.

X2 y2 2x—-6y140
Complete the square on x and y separately.

X2 2x y2—6y -14

x> 2x1y2_6y9 1419
x1 y-3 -4

The graph is nonexistent.

x2 y2 4x-8y320

Complete the square on x and y separately.
X2 4 x y2—8y =32

x2 4x4 y2_8y16
32416

2 2
X 2 y—4 -12
The graph is nonexistent.

X2 y2 6x6y 180
Complete the square on x and y separately.

X2 6xy2 6y 18

X’ 6x9y>  6y9 1899
2 2

x3 y3 0

The graph is the point (3, 3).
X2 y2 4x4y80

Complete the square on x and y separately.

X2 4x y2 4y 8
2 2 844
X 4x4 y24y4d 2

X2 y2 o0

The graph is the point (-2, —2).

37. 9x° 9y? 6x6y230



32. 9x% 9 y 2 12x-18 y—-230 Complete the square on x and y separately.
Complete the square on x and y separately. 9x° 6x9 y2 6y 23
Copyright © 2017 Pearson Education, Inc. 3



9x° 4x39y2—2y 23

239491

Yes, itisacirclewithcenter 1 ;1 and

radius 3 .
3

Copyright © 2017 Pearson Education, Inc.
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42 4y% 4x4y7 0
Complete the square on x and y separately.

4% x4y2 y 7
4x2 x 14y? —y .

4 _f .
74, 4%
1 1
4x2-24y _229
x 12y-12¢
2 2

Yes, it is a circle with center 1 ,

NP

and
2

radius -
2
The equations of the three circles are (

x7)2 (y4)2 25,

(x9)° (y4)? 169, and

(x 3)2 (y 9)2 100 . From the graph of the three

circles, it appears that the epicenter
is located at (3, 1).

y

(x+3P+(-92%=1001

(x=TP+(-4?%=25
X(7,4)

(x+9P+(y+4) =169

Y(-9,-4) 204

Check algebraically:
(x7)% (y4)? 253
7)2 (14)2 25
42 32 25 25 25
(x9)2 (y4)? 169

(39)% (14)% 169
122 52 169 169 169
(x3)% (y9)? 100
(33)2 (19)2 100
62 (8)2 100 100 100
(3, 1) satisfies all three equations, so the

epicenter is at (3, 1).

The three equations are ( X 3)2 (y 1)2 5,
Pearson Education, Inc.

(x5),(y4),36, and

Section 2.2 Circles 183

Check algebraically:
(x3)? (y1)* 5
2 2
(53) (21) 5

22 12 555(x5)?
(y4)? 36
2

(55) (24) 36
62 36 36 36

(x1)? (y4?406
1) (24)? 40
6% (2)% 40 40 40
(5, 2) satisfies all three equations, so the
epicenter is at (5, 2).

From the graph of the three circles, it appears
that the epicenter is located at (-2, —2).

y

(+22+(y-22=16 T (x=2%+(y—-1?=25

(-2,2)

6+ -1+ +2>*=9

-8+

Check algebraically:
2

2
(x2) (y1) 25

22) 2 1% 25
2 2

4 @) 25

2525
2 2

(x2) (y2) 16

22 (22)° 16
2 2

0 (4 16

Copyright © 2017



(.x 1)2 .( y 4)2 40 . From the graph of the three D2 (v2e 216

circles, it appears that the epicenter ) (x )2 (y )2 g

is located at (5, 2). 1" (22)°9(3)° 09
99

(=2, —2) satisfies all three equations, so
the epicenter is at (-2, —2).

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions

From the graph of the three circles, it appears
that the epicenter is located at (5, 0).
y

F(x+3)%+ (y+6)> = 100

-18

Check algebraically:

(x2)? (y4?
25 (5
2)° (04)° 25
32 (4)? 25
25
(x1)? (y3)? 25
(51)? (03)* 25
42 3295
25
(x3)% (y6)° 100
(53)% (06)%2 100
82 62100

100 100
(5, 0) satisfies all three equations, so the

epicenter is at (5, 0).

The radius of this circle is the distance from the
center C(3, 2) to the x-axis. This distance

is2,so0r=2.
(x=3)? (y-2)? 22

(x-3)% (y-2) 4

The radius is the distance from the center
C(-4, 3) to the point P(5, 8).

[5- (41 ©-3)°

9 5 J06—
V
The equation of the circle is

[x-CaP (y-3% (106l
(x4)? (y-3)° 106

1x% 3x% 16
12xx2 96xx2 16
2x% 8x10 16
2x% 8x60

x? 4%30
To solve this equation, we can use the
quadratic formulawitha =1, b =-4, and

21
-
41612 428
2 2
21V, , [

Because x =y, the points are

r F o

2 7,2 T7and2- 7,2 7.

Let P(-2, 3) be a point which is 8 units from
Q(x, y). We have

d (P,\b)zx2 3y 2 s
2x2 3 y 2 64,
Because x +y = 0, x =—y. We can either

substitute x foryor y for x. Substituting

for y we solve the following:

2% 3x 2 64
2%% 32 64
2 2
4 4x X 96 XX 64
2
2x 10x1364
2x% 10x510

To solve this equation, use the quadratic
formulawitha=2,b =10, and ¢ =-51.

10410%42 51

X
2
10 190 408

4

Copyright © 2017 Pearson Education, Inc10. Il 10 4127
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Label the points P(x, y) and Q(1, 3).

Ifd (P, Q) 4, Ix°3y> 4

1x2 3y? 16.
If x =y, then we can either substitute x for y or

y for x. Substituting x for y we solve the

following:

4 4
102 127/ sy

4 2
Because y x the points are

5127/ 5127

2 2

s12 e v

2 2

and

Copyright © 2017 Pearson Education, Inc.



Let P(x, y) be a point whose distance from
A(L,0) is 10 and whose distance from

B(5,4) is 10 . d(P, A) = 10./so

JaxZoy? Vo

1x%y210. d@E.B) 0,50
4

LX) @ y) 10
(5%)2 (4y)? 10. Thus,

1% y? 65x? @4 y)?

12x X2 y2

2510x %% 168y y?
12x 4110x8y

8y 40 8x

y 5X
Substitute 5 — x for y in the equation

(1 x)2 y2 10 and solve for x.

1%)?2 (5x)°2 10
12xx% 2510xx% 10

2x2 12x 26102 x% 12x 16 0

X2 6x80 (x2)(x4)0
x20 or x40

X 2 or X 4

To find the corresponding values of y use the

equationy=5-x. Ifx=2,theny=5-2=3.

If x =4, theny=5—4=1. The points
satisfying the conditions are (2, 3) and (4, 1).
The circle of smallest radius that contains the
points A(1, 4) and B(-3, 2) within or on its
boundary will be the circle having points A
and B as endpoints of a diameter. The center
will be M, the midpoint:
13 42 2 b
(-1, 3).

2 2 2 2

The radius will be the distance from M to
either A or B:

dM,A) [LOF 43)

Section 2.2 Circles 185
Label the points A(3, y) and B(-2, 9).
If d(A, B) =12, then

\/2 3292 12

T

52 9y2 12

52 gy 2 122
2

258118y y 144
y2 18y 380

Solve this equation by using the quadratic
formulawitha=1,b =-18,and ¢ = -38:

18 \ _18%-4 138__

y 21
18 sy
21 2
18 119 182 119
— 22— 2| 9 V119

Thevaluesofyare9 V119 and9 V119.

Because the center is in the third quadrant, the
radius is ZJ_and the circle is tangent to both

axes, the center mustbeat( 2, 2).

Using the center-radius of the equation of
acircle, we have ./

Let P(x, y) be the point on the circle whose
distance from the origin is the shortest.
Complete the square on x and y separately to

write the equation in center-radius form:
2 2

X 16x y 14y 880

x2 16 x 64 y° 14y 49

88 64 49
(x8? (y7)® 25
Sd, t & ceMfter is(847) &hd the radius is 5.

10
8 C(8,7)
.

v

6 ’
s
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J
V2212 V41 50

The equation of the circleis

x1 2y32 5(_

2
x 12 y32 5.

d(C,0) Il l I V113 . Because the

length of the radius is 5, d (P, O) \/ﬂS 5.

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions

Using compasses, draw circles centered at
Wickenburg, Kingman, Phoenix, and Las
Vegas with scaled radii of 50, 75, 105, and
180 miles respectively. The four circles should

intersect at the location of Nothing.

Wickenburg Phoenix

The midpoint M has coordinates

-1+5 39 4 6
, , (2,-3).
2 2 2 2

Use points C(2, —3) and P(-1, 3).

The radius is 3
55. Use points C(2, -3) and Q(5, -9).
dc,Q) 522 9.3

2_g2 V936
% 34

The radius is 3 .
56. Use the points P(-1, 3) and Q(&:)/;Q).

Because d (P, Q)\/ 51 2 93 2

gZ _122 ¥ 36144 180

Label the endpoints of the diameter
P(3, -5) and Q(-7, 3). The midpoint M of
the segment joining P and Q has coordinates

3(=7) 53 422
2,2 2,2 (-2,-1).

The center is C(—2, —1). To find the radius,
we can use points C(-2, —1) and P(3, -5)

d(C,P)3——2 251 |

|

\/752_42\/ﬂ al

We could also use points C(-2, —
1).and Q(-7, 3).

— 2

23 1,

v N

d(C,Q) \/7
24 2516 41

We could also use points P(3, -5) and
Q(-7, 3) to find the length of the diameter. The

length of the radius is one-half the length of
the diameter.

d(P.Q |

e

NN

164 2 41

Lap.ot 2l I‘W—
2 2
The center-radius form of the equation of the
circle is
2
P y-cm? Il
(x2)% (y? 41
59. Label the endpoints of the diameter

P(-1,2) and Q(11, 7). The midpoint M of the
segment joining P and Q has coordinates

—

1 27 9,
2 2 2

9

ThecenterisC5,2 . To find the radius, we

Copyright © 2017 Pearson Education, Inc. 2
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1
Br,the radius is _ d (P, Q). Thus 2

1

r 653 5 v

The center-radius form for this circle is (

x-22%(y32@35)%2 v

(x—2)% (y3)245.

can use points C 5, £ and P(-1, 2).

d(C, P) \/ 51 28 22

o

6
: 5 [e 1
2 4 2
We could also use points C 5, £ and

Q(11, 7). :
9
d(C, Q) \/5 1? 272,

e =

(continued on next page)
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(continued)

60.

Using the points P and Q to find the length
of the diameter, we have

dp,Q [I1° 27

N 152 2
\/1](-313 >

dP,Q l13E

22

The center-radius form of the equation of
the circle is

X 5 yﬁz £ 2
2 2
2
X5% y 9 2169
2 4

Label the endpoints of the diameter
P(5, 4) and Q(—3, —2). The midpoint M of the

segment joining P and Q has
coordinates 5(3), 4(2) 1,1.

2 2

The center is C(1, 1). To find the radius, we
can use points C(1, 1) and P(5, 4).

d(C,P) 512 412

i232 \/E 5

We could also use points C(1, 1) and
Q(=3,-2).

d(c,Q)\/13 1-2

V4232 o5 5

Using the points P and Q to find the length of
the diameter, we have 2

dP, Q453 42

V8262 N10010

lae. g ! 105

Section 2.3

Section 2.3 Functions 187
The length of the diameter PQ is

V55

\/15‘ 41° \/ 4°3°

The length of the radius is A52
The center-radius form of the equation of
the circle is
x 32 y32 52

2
x3 2y322 25

7

Label the endpoints of the diameter
P(=3, 10) and Q(5, —5). The midpoint M of

the segment joining P and Q has coordinates

35 10(5)

, 1,5.
2

2 2

The centerCis], 52 .
The length of the diameter PQ is

| |

352 1052 82 152

J___17.

The length of the radius is 214710 2

The center-radius form of the equation of the

circle is

Functions

1. The domain of the relation

3,5,4,9,10,13is 3,4,10.

2. The range of the relation in Exercise 1 is
5,9,13.

3. The equation y = 4x — 6 defines a function with
x12 y12 52



2 2
The center-radius form of the equation of the
circle is Copyright © 2017 Pearson Education, Inc.



The function in Exercise 3 includes

independent variable x and dependent the ordered pair (6, 18).
variable y.
2 .2 5. For the function fx 4x2,
x1°y 1% 25
f2 4228210.
Label the endpoints of the diameter & F -
P(1, 4) and Q(5, 1). The midpoint M of the
6. For the function g x X, g9 9 3.
segment joining P and Q has coordinates
15 41 4
' C ; 7. The function in Exercise 6, g x X , has
2 2
domain 0, .

The center is C 3, 2,
2

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions
8. The function in Exercise 6, g x X, hag

range 0, .

For exercises 9 and 10, use this graph.

Il
-

The largest open interval over which the
function graphed here increases is , 3.

The largest open interval over which the
function graphed here decreases is 3, .

The relation is a function because for each

different x-value there is exactly one y-value.

This correspondence can be shown as
follows.

{5,3,4,7} x-values

L

{1,2,9,8} y-values

The relation is a function because for each

different x-value there is exactly one y-value.

This correspondence can be shown as
follows.

{8,5,9,3} x-values

N

{0,7,3,8} y-values

Two ordered pairs, namely (2, 4) and (2, 6),
have the same x-value paired with different
y-values, so the relation is not a function.

Two ordered pairs, namely (9, —2) and (9, 1),
have the same x-value paired with different y-
values, so the relation is not a function.

The relation is a function because for each
different x-value there is exactly one y-value.
This correspondence can be shown as follows.

{—3,4,-2} x-values

{1,7} y-values

The relation is a function because for each
different x-value there is exactly one y-value.
This correspondence can be shown as follows.

{—12,—-10, 8} x-values

{5,3} y-values

The relation is a function because for each
different x-value there is exactly one y-value.
This correspondence can be shown as follows.

{3,7,10} x-values

{—4} y-values

The relation is a function because for each
different x-value there is exactly one y-value.
This correspondence can be shown as follows.

{—4,0,4} x-values

(N2} y-values

Two sets of ordered pairs, namely (1, 1) and

(1, -1) aswell as (2, 4) and (2, —4), have the
same x-value paired with different y-values,

so the relation is not a function.

domain: {0, 1, 2}; range: {-4,-1,0, 1, 4}

The relation is not a function because the
x-value 3 corresponds to two y-values, 7
and 9. This correspondence can be shown
as follows.

{2,3,5} x-values

I

{5,7,9,11} y-values
domain: {2, 3, 5}; range: {5, 7, 9, 11}

The relation is a function because for each
different x-value there is exactly one y-
value.

domain: {2, 3,5, 11, 17}; range: {1, 7, 20}

The relation is a function because for each
different x-value there is exactly one y-
value.

domain: {1, 2, 3, 5}; range: {10, 15, 19, 27}

The relation is a function because for each
different x-value there is exactly one y-value.
This correspondence can be shown as
follows.

{0, -1, -2} x-values
{0, 1, 2} y-values
Domain: {0, —1, —2}; range: {0, 1, 2}

Copyright © 2017 Pearson Education, Inc.



The relation is a function because for each
different x-value there is exactly one y-value.

This correspondence can be shown as follows.

{0, 1, 2} x-values
{0,—1,-2} y-values

Domain: {0, 1, 2}; range: {0, -1, =2} The

relation is a function because for each
different year, there is exactly one number
for visitors.

domain: {2010, 2011, 2012, 2013}

range: {64.9, 63.0, 65.1, 63.5}

The relation is a function because for each
basketball season, there is only one
number for attendance.
domain; {2011, 2012, 2013, 2014}
range: {11,159,999, 11,210,832,
11,339,285, 11,181,735}

This graph represents a function. If you pass a
vertical line through the graph, one x-value
corresponds to only one y-value.

domain:, ; range: ,

This graph represents a function. If you pass a
vertical line through the graph, one x-value
corresponds to only one y-value.

domain:, ; range: , 4

This graph does not represent a function. If
you pass a vertical line through the graph,
there are places where one value of x
corresponds to two values of y.

domain: 3, ; range: ,

This graph does not represent a function. If

you pass a vertical line through the graph,
there are places where one value of x
corresponds to two values of y.

domain: [-4, 4]; range: [-3, 3]

This graph represents a function. If you pass a
vertical line through the graph, one x-value
corresponds to only one y-value.

domain: , ; range: ,

This graph represents a function. If you pass a
vertical line through the graph, one x-value
corresponds to only one y-value.
domain: [-2, 2]; range: [0, 4]

Section 2.3 Functions 189

y X2 represents a function because y is
always found by squaring x. Thus, each value
of x corresponds to just one value of y. x can
be any real number. Because the square of
any real number is not negative, the range
would be zero or greater.

)

) P e ! T |

domain: range: 0,

X3 represents a function because y is

always found by cubing x. Thus, each value of
X corresponds to just one value of y. x can be
any real number. Because the cube of any real
number could be negative, positive, or zero,
the range would be any real number.

y=x"

domain: , ; range: ,

The ordered pairs (1, 1) and (1, —1) both
6
satisfy x y . This equation does not

represent a function. Because x is equal to the
sixth power of y, the values of x are
nonnegative. Any real number can be raised
to the sixth power, so the range of the relation
is all real numbers.

domain: 0, range:,

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions
The ordered pairs (1, 1) and (1, —1) both

satisfy x y4 . This equation does not

represent a function. Because x is equal to the
fourth power of y, the values of x are
nonnegative. Any real number can be raised to
the fourth power, so the range of the relation
is all real numbers.

v

domain: 07 range: ,
2x 5 represents a function because y is

found by multiplying x by 2 and subtracting
5. Each value of x corresponds to just one
value of y. x can be any real number, so the
domain is all real numbers. Because y is twice
X, less 5, y also may be any real number, and
so the range is also all real numbers.

y=2x-5

domain:, ; range: ,

6x 4 represents a function because y is

found by multiplying x by —6 and adding 4.
Each value of x corresponds to just one value
of y. x can be any real number, so the domain
is all real numbers. Because y is —6 times X,
plus 4, y also may be any real number, and
so the range is also all real numbers.

y

y=—6x+4

domain: , ; range: ,

By definition, y is a function of x if every
value of x leads to exactly one value of y.
Substituting a particular value of x, say 1, into
X +y < 3 corresponds to many values of y.
The ordered pairs (1, -2), (1, 1), (1, 0), (1,
—1), and so on, all satisfy the inequality. Note
that the points on the graphed line do not
satisfy the inequality and only indicate the
boundary of the solution set. This does not
represent a function. Any number can be used
for x or for y, so the domain and range of this
relation are both all real numbers.

x+y<3

Ty 1

| [ s i |

domain:, ; range: ,

By definition, y is a function of x if every
value of x leads to exactly one value of y.
Substituting a particular value of x, say 1, into
X —Yy < 4 corresponds to many values of y.
The ordered pairs (1, —1), (1, 0), (1, 1), (1, 2),
and so on, all satisfy the inequality. Note that
the points on the graphed line do not satisfy
the inequality and only indicate the boundary
of the solution set. This does not represent a
function. Any number can be used for x or for
y, so the domain and range of this relation are
both all real numbers.

7’
s x—-y<4
7 ]

domain:, ; range: ,
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41. For any choice of x in the domainof y  x/

there is exactly one corresponding value of
y, so this equation defines a function.
Because the quantity under the square root
cannot be negative, we have x 0. Because the
radical is nonnegative, the range is also zero
or greater,

domain: Q); range: 0,

For any choice of x in the domain of
x|/there is exactly one corresponding

value of y, so this equation defines a
function. Because the quantity under the
square root cannot be negative, we have x 0.
The outcome of the radical is nonnegative,
when you change the sign (by multiplying by
—1), the range becomes nonpositive. Thus the
range is zero or less.

y

!
S [ R |

T=r=r=Tr==

domain: 0, ; range: , 0

2

43. Because Xy 2 can be rewrittenas y =

we can see that y can be found by dividing x
into 2. This process produces one value of y

for each value of x in the domain, so this
equation is a function. The domain includes all
real numbers except those that make the
denominator equal to zero, namely x = 0.
Values of y can be negative or positive, but
never zero. Therefore, the range will be all
real numbers except zero.

Section 2.3 Functions 191

domain: , 00, ;
range:, 0 O,

Because xy = —6 can be rewrittenas y & ,x

we can see that y can be found by dividing x
into —6. This process produces one value of y
for each value of x in the domain, so this
equation is a function. The domain includes all
real numbers except those that make the
denominator equal to zero, namely x = 0.
Values of y can be negative or positive, but
never zero. Therefore, the range will be all
real numbers except zero.

domain: , 00, ;
range:, 0/ O,

For any choice of x in the domain of

y 4x\]1—the¢e is exactly one

corresponding value of y, so this equation
defines a function. Because the quantity under

the square rogt cannot be negative, we have 4

x104x1x 1 . Because the radical is
4

nonnegative, the range is also
zero or greater.
y

domain: L, ;4 range: 0,
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Chapter 2 Graphs and Functions

For any choice of x in the domain of

J 2xthere is exactly one
corresponding value of y, so this equation
defines a function. Because the quantity under
the square root cannot be negative, we have

72x02x7x 1 or xa'.

2 2
Because the radical is nonnegative, the
range is also zero or greater.

domain: , = ; range: 0,

47. Given any value in the domain of y ‘2Y3, we

find y by subtracting 3, then dividing into 2.
This process produces one value of y for each

value of x in the domain, so this equation is a
function. The domain includes all real

numbers except those that make the
denominator equal to zero, namely x = 3.
Values of y can be negative or positive, but

never zero. Therefore, the range will be all

"
real numberg except zero.

domain:, 3 3,;

range:,0 O,

48. Given any value in the domain of

y= , we
x5

find y by subtracting 5, then dividing into —7.
This process produces one value of y for each
value of x in the domain, so this equation is a
function. The domain includes all real
numbers except those that make the
denominator equal to zero, namely x = 5.

Values of y can be negative or positive, but

never zero. Therefore, the range will be all
real numbers except zero.

51.

52.

53.

54.

55.

56.

57.

58.

59.

|

|

I

I

I

|

|

I

4.. ;
domain:, 5 5,
range:, 0 70,

B. The notation f(3) means the value of the
dependent variable when the independent
variable is 3.

Answers will vary. An example is: The cost of
gasoline depends on the number of gallons
used; so cost is a function of number of
gallons.

fx 3x 4

fo 304 044
fx 3x4

f 33349413

gx X2 4x1

2

g2 2 421
48111

g X G 4x 1

910 10% 4101
100 40 1 59

1. T 16
fx 3x 4
fp3p4d
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gxx24xlgkk2

4k 1
fx 3x4
X 3x43x4
gxx24x1
2
gx x 4x1
fx 3x4
fx2 3x24
3x643x2
fx 3x4
fad4 3a44
3al1243a8
fx 3x4
2m332m34
6m94 6m 13
fx 3x4
f3t2 33t24
9t649t10
67.(a) f22 (b)y f13
68. () f25 (b) f111f1
f215 10f17
69. (a) (b)
f21 f13
70.(@) ¢23 ®) f12

71.(a) f23f20 (b) fO4f4

f12 4f00
72. (a) (b)

f25 f44

73.(a) f12 ®) fo2
(c) f23 (d)
74. (a) (b)
© (d)
75. (a) (b)

Section 2.3 Functions

77. (@) x3y12

3yx12
x12
-3

1
Yy 3x4 fx 3x4

(b) .
f3 334143
(a) x4y 8
84yx
4y
8
4 y

2
79. (@) Y2X© 3x
y 2X X3

fx2x2 X3

(b) f 323% 33
293318
80. (a) y3x2 2 X
y 32 x2
fx 3x2 x 2

2
(b) f333° 32

393232

4x3y8
4x3y8
4x 83y

4x8

81. (a)

82. (a) 5y 2x9



(©

f10

(d)

f42
(b)
f 3
Copyright © 2017 Pearson Education, Inc.
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76. (a) f2 3 (b) fo 3 g3 f34
(©) fl1 3 (d) f4 3
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Chapter 2 Graphs and Functions
Because f0.20.22 3021

=0.04 + 0.6 + 1 = 1.64, the height of the
rectangle is 1.64 units. The base measures
0.3 —0.2 = 0.1 unit. Because the area of a
rectangle is base times height, the area of this
rectangle is 0.1(1.64) = 0.164 square unit.

f3is tr)le y-component of the coordinate, which
is —4.

whichzigs _t3he y-component of the coordinate,
87. (@) 2,0 (b) ,2

0,

88.(a) 3,1

© .3

(b) 1

89.(a) , 22,

(b) 2, 2 (c) none
90. (a) 3.3 b) 33
none
(@ 1,0;1,

1:0,1

none
(@,2;0,2(b)2,0; 2,
(c) none
(&) Yes, it is the graph of a function.
[0, 24]

When t = 8, y = 1200 from the graph. At
8 A.M., approximately 1200 megawatts
is being used.

The most electricity was used at 17 hr or
5 P.M. The least electricity was used at
4 AM.

f12 1900

At 12 noon, electricity use is about 1900
megawatts.

increasing from4 A.M.to 5 P.M.;
decreasing from midnight to 4 A.M.
and from 5 P.M. to midnight

(a) Att =2,y =240 from the graph.
Therefore, at 2 seconds, the ball is
240 feet high.

Aty =192, x=1and x =5 from the
graph. Therefore, the height will be 192
feet at 1 second and at 5 seconds.

The ball is going up from 0 to 3
seconds and down from 3 to 7 seconds.

The coordinate of the highest point is (3,
256). Therefore, it reaches a maximum
height of 256 feet at 3 seconds.

Atx =7,y =0. Therefore, at 7
seconds, the ball hits the ground.

(a) Att=12 and t = 20, y = 55 from the
graph. Therefore, after about 12 noon
until about 8 P.M. the temperature was
over 55°,

Att=6andt=22,y=40 from the graph.
Therefore, until about 6 A.M. and after
10 P.M. the temperature was below 40°.

The temperature at noon in Bratenahl,
Ohio was 55°. Because the temperature
in Greenville is 7° higher, we are looking
for the time at which Bratenahl, Ohio
was at or above 48°. This occurred at
approximately 10 A.M and 8:30 P.M.

The temperature is just below 40° from
midnight to 6 A.M., when it begins to rise
until it reaches a maximum of just below
65° at 4 P.M. It then begins to fall util it
reaches just under 40° again at midnight.

(a) Att =8,y =24 from the graph.
Therefore, there are 24 units of the drug
in the bloodstream at 8 hours.

The level increases between 0 and 2
hours after the drug is taken and
decreases between 2 and 12 hours
after the drug is taken.

The coordinates of the highest point are
(2, 64). Therefore, at 2 hours, the level
of the drug in the bloodstream reaches
its greatest value of 64 units.

After the peak, y =16 at t = 10.

10 hours — 2 hours = 8 hours after the
peak. 8 additional hours are required for
the level to drop to 16 units.
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Section 2.4 Linear Functions 195

When the drug is administered, the level f(x) —x4

is 0 units. The level begins to rise quickly Use the intercepts.

for 2 hours until it reaches a maximum of f(0) —04 4: y-intercept

64 units. The level then begins to 0 —x4 x 4: x-intercept

decrease gradually until it reaches a level Graph the line through (0, 4) and (4, 0).

of 12 units, 12 hours after it was
administered.

Section 2.4  Linear Functions

B; f(x)=3x+6 isa linear function with

. 0
y-intercept (0, 6). 4

H; x = 9 is a vertical line.

C; f(x)=-8is a constant function. The domain and range are both , .

G;2x—y=—4ory=2x+4isalinear 13. f(x) 1x-6
equation with x-intercept (-2, 0) and 2
y-intercept (0, 4). Use the intercepts.

1

A; f(x)=>5xisa linear function whose graph

f(0) 2 0 —6—6: y-intercept

passes through the origin, (0, 0). 12 66lxx%12: x-intercept
f(0) =5(0) = 0. Graph the line through (0, — 6) and
(12, 0).

6. D; f(x) x2 is a function that is not linear.

m -3 matches graph C because the line falls 1
rapidly as x increases. i

m = 0 matches graph A because horizontal
lines have slopes of 0.

m = 3 matches graph D because the line rises
rapidly as x increases.

m is undefined for graph B because vertical ’

lines have undefined slopes. The domain and range are both , .
F(x) x-4 14, f(x 2x2

Use the intercepts. 3

f(0) 0-4 —4: y-intercept Use the intercepts.

2 P
0 Xx—4 x 4: x-intercept F) 032 2: y-intercept

Graph the line through (0, — 4) and (4, 0). 02x2 -2 2x x 3: x-intercept

3 3
Graph the line through (0, 2) and (-3, 0).

fx)=x-4

The domain and range are both , .

The domain and range are both , .
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Chapter 2 Graphs and Functions

f(x) 3x
The x-intercept and the y-intercept are both zero.
This gives us only one point, (0, 0). If x =1,
y =3(1) =3 . Another point is (1, 3). Graph
the line through (0, 0) and (1, 3).

The domain and range are both , .

X =2 X
The x-intercept and the y-intercept are both zero. This
gives us only one point, (0, 0). If x = 3,
y =-2(3) = - 6, so another point is (3, — 6).
Graph the line through (0, 0) and (3, — 6).

f(x)=—2x

The domain and range are both , .

f(x) —4 is a constant function.

17.
The graph of f(x) 4 is a horizontal line

with a y-intercept of — 4.

¥

T T K== N T T N B
T
e

fx)=—4

domain:, ; range: {— 4}

f (x) 3 is a constant function whose graph is a
horizontal line with y-intercept of 3.

domain: , ; range: {3}

f (x) 0 is a constant function whose graph is
the x-axis.

domain: , ; range: {0}

fx 9x

The domain and range are both , .
4x3y12
Use the intercepts.

403y123y12
4 : y-intercept
4x30124x12
X 3 : x-intercept
Graph the line through (0, 4) and (-3, 0).

y

The domain and range are both , .

2x 5y 10; Use the intercepts.
205y105y10
2 : y-intercept
2x50102x10
X 5 : x-intercept
Graph the line through (0, 2) and (5, 0):

\: 2x+5y=10
——‘7
+—+—+—+—+——¥5§ X

5

(= = =

L L

The doma—in and range are both , .
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3y4x 0
Use the intercepts.

3y 4003y 0y 0:y-intercept
304x 04 x 0x0: x-intercept The graph
has just one intercept. Choose an additional

value, say 3, for x.

3y4303y120
3y12y 4

Graph the,line through (0, 0) and (3, 4):

3, 4)

3y-4x=0

The domain and range are both , .

3x2y 0
Use the intercepts.

302y 02y 0 y O: y-intercept

3x2003x0 x0:x-intercept

The graph has just one intercept. Choose an
additional value, say 2, for x.

322y 062y 0
2y 6y3

Graph the line through (0, 0) and (2, —3):

v

3x+2y=0

(TR T T N |
| PR B T PR

T |

T L
()

The doma—lin and range are both , .

x = 3 is a vertical line, intersecting the x-

axis at (3, 0).

R L

25

(V) T VS L

| O SO

domain: {3}; range: ,

28.

29.

Section 2.4 Linear Functions 197
x =—4is a vertical line intersecting
the x-axis at (- 4, 0).
BT
i
W v e o
41
domain: {—4}; range: ,
2x+4=02x4x2isavertical line
intersecting the x-axis at (-2, 0).
a+a=0| T
L
R S I S
=+ 1
domain:{{-2}; range: ,
3x60 -3x 6 x 2 _ .
is a vertical

line intersecting the x-axis at (2, 0).

I L
| P I

3x+6=0

T

| R T

11> X

domain: {2}; range: ,

x50 x

5

is a vertical line

intersecting the x-axis at (5, 0).

domain: {5}; range: ,
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Chapter 2 Graphs and Functions
3x0x3isavertical line

intersecting the x-axis at 3, 0.

domain: {—3}; range: ,

y =5 is a horizontal line with y-intercept 5.

Choice A resembles this.
y =-5 is a horizontal line with y-intercept -5.

Choice C resembles this.
x =5 is a vertical line with x-intercept 5.

Choice D resembles this.

x = -5 is a vertical line with x-intercept
-5. Choice B resembles this.

10 £ + 10

40. The pitch or slope is L \f the rise is 4 feet
4

then 1 rise_ 4 orx =16 feet. So 16 feetin
4  run X

the horizontal direction corresponds to a
rise of 4 feet.

Through (2, -1) and (-3, -3)
Letx1 2,y1 -1, x2 -3,and y2 -3.

Thenrise y -3-(-1) -2 and
run x -3-2 -5.
rise 'y -2 2

Theslopeism run x -5 5
Through (-3, 4) and (2, —8)

Letx1 3,vy1 4, x2 2,andy2 -8.

Thenrise y -8—4 —12and
run x 2—(3) 5.

rise Y =12 12

Theslopeism run X 5 5
Through (5, 8) and (3, 12)
Letx1 5,y1 8, x2 3,andy2 12.

Thenrise y 12 8 4 and

/ run x 352.
, 10 ) i
3% ( The slope ism lise y _4 2.
run X 2
y=-2x+3
10 / Through (5, -3) and (1, -7)
/ Letx1 5,y1 -3,x2 1,and Y2 7.
-10 X\ 10 Thenrise y -7—(-3) —-4and
\ run x1-5 —4.
. -10
36 The slope ism v 4 1.
37 3x+4y=6 x 4
/ 10
\/‘ 45. Through (5, 9) and (-2, 9)
~10 \\I() m ¥ y2vi 99 O_ 0
-10 X X
x 21 25 7
46. Through (-2, 4) and (6, 4)
38. ~2x + 5y = 10 m¥ ey 44 0
10
¢/ Copyright © 2017 Pearson Education, Inc.
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The rise is 2.5 feet while the run is 10 feet so

theslopeis 22 0.2525%1.So A=
10 4

025 C % D=25%and& areall

10 4
expressions of the slope.

Horizontal, through (5, 1)

The slope of every horizontal line is zero, so
m=0.

Horizontal, through (3, 5)

The slope of every horizontal line is zero, so
m=0.

Vertical, through (4, —7)

The slope of every vertical line is
undefined; m is undefined.
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Vertical, through (- 8, 5)
The slope of every vertical line is
undefined; m is undefined.

51. (@) y 3x5

Find two ordered pairs that are
solutions to the equation.

Ifx=0,theny 305y 5.

If x=-1, then
y 315y 35y 2

Thus two ordered pairs are (0, 5)
and (-1, 2)

rise yoy; 253

(b) )

o) > -
=1.2) y=3x+5

y 2x4
Etprtiun ofigr@l patfsethatare godutions to the

y
y 4.1fx 1, then © 51 4
2 4y 2. Thus two ordered pairs

are0,4and 1, 2.

riseyy 24 2
2.1 2.

runx2 X1 10 1
(b) )

]
o
|
»
T T |
T & T 1

2y 3x
Find two ordered pairs that are solutions to
the equation. If x 0, then 2y 0 y 0.
Ify 3, then233x 6 3x

Section 2.4 Linear Functions 199

(b)

(0,0)

4y 5x

Find two ordered pairs that are solutions to
the equation. If x 0, then 4y 0y 0.

Ifx 4,thendy 544y 20

5. Thus two ordered pairs are 0, 0 and
4,5.

rise %Yy 50 5
m run X2 X1 40 4
(b) y
il= 4y = 5x
T r(“.:“—_ P B X
: (4.-5)
5x 2y 10

Find two ordered pairs that are solutions to

the equation. 1f x 0, then50 2y 10

y5.1f Y 0,then5x 20 10

5x10 x 2.

Thus two ordered pairs are 0, 5 and 2, 0.

rse y v, 05 3

m run X

(b) y

>
N
o

N




x 2. Thus two ordered pairs are 0, 0 and
2,3.
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Chapter 2 Graphs and Functions
4x 3y 12

Find two ordered pairs that are solutions to the

equation. If x 0, then403y12

3y12 y 4. If y 0, then

4x30124x12x3. Thus two
ordered pairs are 0, 4 and 3, 0.

riseyy 04 4
—2 1

runx2 X1 30 3
(b) y
1().4:\

Through (-1, 3), m 3,
First locate the point (-1, 3). Because the slope

is 2§ , @ change of 2 units horizontally (2

units to the right) produces a change of 3
units vertically (3 units up). This gives a
second point, (1, 6), which can be used to
complete the graph.

v

58. Through (=2, 8), m 2 Because the slope is
5

Z5 , a change of 5 units horizontally (to the

right) produces a change of 2 units vertically
(2 units up). This gives a second point (3,

10), which can be used to complete the graph.

Alternatively, a change of 5 units to the left
produces a change of 2 units down. This
gives the point (-7, 6).

N

Through (3, -4), m ~L First locate the point

(3, — 4). Because the slopes is — 1 , a change of

3
3 units horizontally (3 units to the right)
produces a change of —1 unit vertically (1 unit

down). This gives a second point, (6, -5),
which can be used to complete the graph.

R B |
S L)

(6,-5)

%—H—H—k— '
of +
L. (3,4

Through (-2, -3), m - 3 4. Because the slope

is —34 4 J", a change of 4 units horizontally

(4 units to the right) produces a change of —

3 units vertically (3 units down). This gives

a second point (2, — 6), which can be used to
complete the graph.

y

Through 1 ,4,m=0.
The graph isthe horizontal line

through 2,41.
y y
1—j.4)~- (3,4)
T (-1 ’r:(':" 2)
1+ ]
%}%%(l_f%}%%\ s v
Exercise 61 Exercise 62
Through 37, 2,m=0.
The graph %is the horizontal line

through 2,32 .
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63. Through 5,3,undefined slope. The slope
2

is undefined, so the line is vertical,
intersecting the x-axis at 5 0.

Through 9 72, undefined slope. The slope is
undefined,4so the line is  vertical,
intersecting the x-axis at 9 4, 0.

(3.-2)

The average rate of change is

fbfa
m ba
204 16 $ 4 (thousand) per year. The
04 4

value of the machine is decreasing $4000
each year during these years.

The average rate of change is f bf

a—

ba

200

4
saved is increasing $50 each month during

o

200

4 $50 per month. The amount

o

these months.

67. The graph is a horizontal line, so the average

rate of change (slope) is 0. The percent of pay
raise is not changing—it is 3% each year.

68. The graph is a horizontal line, so the average

rate of change (slope) is 0. That means that the

number of named hurricanes remained the
same, 10, for the four consecutive years

Section 2.4 Linear Functions 201

fbfa 2562 5085 2523
69. m

ba 2012 1980 32
78.8 thousand per year
The number of high school dropouts decreased

by an average of 78.8 thousand per year from
1980 to 2012.

fbfa 1709 5302

70. m
ba 2013 2006

@7 $513.29

Sales of plasma flat-panel TVs decreased by an
average of $513.29 million per year from 2006
to 2013.

(a) The slope of —0.0167 indicates that the
average rate of change of the winning
time for the 5000 m run is 0.0167 min
less. It is negative because the times are
generally decreasing as time progresses.

The Olympics were not held

during World Wars | (1914-1919)
and Il %1939—1945%. )

y 0.0167 2000 46.45 13.05 min

The model predicts a winning time of
13.05 minutes. The times differ by
13.35 - 13.05 = 0.30 min.

(a) From the equation, the slope is 200.02.
This means that the number of radio
stations increased by an average of

200.02 per year.

The year 2018 is represented by x =
68.y 200.02 68 2727.7 16, 329.06

According to the model, there will be
about 16,329 radio stations in 2018.

f2013f 2008 335,652 270, 334
B E—

2013 2008 2013 2008
65, 318

5 13, 063.6

The average annual rate of change from 2008
through 2013 is about 13,064 thousand.

74 12014f2006  3.744.5:
2014 2006 2014 2006
0.79

5 0.099

The average annual rate of change from 2006
through 2014 is about —0.099.
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Chapter 2 Graphs and Functions
fbfa 56.3 138

75. (@) —m—

ba 2013 2003

81.7 8.17
10

The average rate of change was —8.17
thousand mobile homes per year.

The negative slope means that the number
of mobile homes decreased by an average
of 8.17 thousand each year from 2003 to
2013.

f2013f 1991 26.661.8

76.

2013 1991 20131991
35.2

1.6

22
There was an average decrease of 1.6 births
per thousand per year from 1991 through

2013.

(@) Cx10x500
R x 35x

Px RxCx
35x 10x 500
35x 10 x 500 25x 500

Cx Rx
10 x 500 35x

500 25x
X
20 units; do not produce
C x 150x 2700
R x 280x

@
Px RxCx

(b) 280x 150 x 2700
280 x 150 X 2700

() 130 x 2700

Cx Rx
150 x 2700 280x
2700 130 x

) 20.77 xor 21 units
21 units; produce

79. (a) C x 400x 1650

R x 305x
(b)

Px RxCx

305x 400x 1650
305x 400 x 1650
95x 1650

Cx Rx
400 x 1650 305x
95x 1650 0
95x 1650
17.37 units

This result indicates a negative “break-
even point,” but the number of units

produced must be a positive number.
A calculator graph of the lines

yl C x 400 x 1650 and

y2 R x 305x in the window

[0, 70] x [0, 20000] or solving the
inequality 305x 400 x 1650 will show

that R x Cx for all positive values of x

(in fact whenever x is greater than —17.4).
Do not produce the product because it is

impossible to make a profit.
A T I

Cx

Cx11x180

(@ Rx 20x

Px RxCx

20x 11x 180
20x 11x 180 9x 180

Cx Rx
11x 180 20 x

9x
20 x
20 units; produce

C x R x 200 x 1000 240 x

1000 40x 25 x

The break-even point is 25 units.

C (25) 200 25 1000 $6000 which is the
same as R(25) 240 25 $6000
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Chapter 2 Quiz (Sections 2.1-2.4)

C X R x 220 x 1000 240 X Chapter 2 Quiz
(Sections 2.1-2.4)

1000 20x 50 x
The break-even point is 50 units instead of 25
2 2

units. The manager is not better off because L d(A B)\/ Xz X 1y , y Ll

twice as many units must be sold 2 552

before beginning to show a profit. \/ 8(4)" 32
The first two points are A0, - 6) and B(L, -3). @)? (5)2 1625 41

m 3-(6) 3 3 To find an estimate for 2006, find the

1-0 1 midpoint of (2004, 6.55) and (2008, 6.97:

The second and third points are B(1, —3) and 20042008 ~6.556.97

C(2,0). M 2 5

0-(3)33 2006, 6.76
2-11 The estimated enrollment for 2006 was

If we use any two points on a line to find its 6.76 million. _

slope, we find that the slope is the same in To find an estimate for 2010, find the

all cases. midpoint of (2008, 6.97) and (2012, 7.50):
The first two points are A(0, — 6) and B(1, -3). 2008 2012 | 6.97 7.50

2 2
d (A B) a 2010, 7.235
I 0> 3o _
The estimated enrollment for 2006 was
1232 / 10 19 about 7.24 million.

The second and fourth points are B(1, -3) and 3.

D(@3, 3).
d(8,D) E-12 R (3P

2 2
2% 6% [~ 436
W 210

The first and fourth points are A(0, — 6) and
D@3, 3).

[ f\\2 [ o) L f‘\12
d(A, D)\/\O*U} =071
39 el 4
310
10711 3 e $um is 3 1[ihict/is equal

to the answer in Exercise 88.

If points A, B, and C lie on a line in that order,
then the distance between A and B added to
the distance between B and C is equal to the
distance between A and C.

91. The midpoint of the segment joining , A+ ¥=16
A(0, - 6) and G(6, 12) has coordinates 5. X y- 4x8y30
Complete the square on x and y separately.
2: SR 206, 33 The midpointis P a y separately
2 2 (x2 4x4)(y 2 8y16) 3416
M(3, 3), which is the same as the middle entry 2
in the table. (x2) “ (y 4)'F 17

Copyright © 2017 Pearson Education, Inc.
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92. The midpoint of the segment joining E(4, 6) The radius is 17 and the midpoint of the

and F(5, 9) has coordinates circle is (2, —4).

569 9 15 From the graph, f(-1) is 2.
2 2 2,2 =(45,75).Ifthe

x-value 4.5 were in the table, the Domain: (, ); range: [0, )

corresponding y-value would be 7.5.
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Chapter 2 Graphs and Functions
8.

(a) The largest open interval over which f is
decreasing is (, 3) .

(b) The largest open interval over which f
is increasing is 3, .

(c) There is no interval over which the

function is constant.

= the slope is
6 6 0
undefined.

The points to use are (2009, 10,602) and (2013,
15,884). The average rate of change is
15,884 10,602 5282

1320.5
2013 2009 4

The average rate of change was 1320.5 thousand
cars per year. This means that the number of new
motor vehicles sold in the United States

increased by an average of 1320.5 thousand per
year from 2009 to 2013.

Section 2.5 Equations of Lines and
Linear Models

The graph of the line y34x8 has

slope 4 and passes through the point (8, 3).

The graph of the line y 2x 7 has slope —2
and y-intercept (0, 7).

The \Qertical line through the point (-4, 8) has
equation x = —4.

The horizontal line through the point (-4, 8)
has equationy = 8.

For exercises 5 and 6,

X £
6x7y 07y 6xy 7

Any line parallel to the graph of 6 x 7 y

4x+3y=120r3y=—4x+120ry —%x4

3
is graphed in B. The slope is — 3% and the
y-intercept is (0, 4).

y-1 3x17%s graphed in C. The slope
2

is 2anda point on the graph is (1, -1).

y =4 is graphed in A.y = 4 is a horizontal line
with y-intercept (0, 4).

Through (1, 3), m=-2.
Write the equation in point-slope form.

y-yrmxx1 y-3 -2 x—1

Then, change to standard form.
3-2x22xy5
Through (2, 4), m=-1
Write the equation in point-slope form.
y—-yrmxxiy-4 -1x-2

Then, change to standard form.
y—4 -x2xy6

Through (-5, 4), m 3,

Write the equation in point-slope form.
y—4 3 x5

2
Change to standard form.
2y—4 -3x5

2y—-8 -3x-15

3x2y -7

4

Through (- 4, 3), m 3

Write the equation in point-slope form.
y-3 3x4
4

7.y 1x2is graphed in D.

0
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must have slope 6 7

Any line perpendicular to the graph of

6x 7 v 0 must have slope < .
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Change to standard form.

4y33x4
4y123x12
3x4y 24 or 3x4y 24

Through (-8, 4), undefined slope
Because undefined slope indicates a vertical
line, the equation will have the form x = a.

1

The slope is 4 and the y-intercept is (0, 2).

The equation of the line is x =-8.

Through (5, 1), undefined slope

This is a vertical line through (5, 1), so

the equation is x = 5.

Through (5, -8), m=0

This is a horizontal line through (5, —8), so
the equation isy = —8.

Through (=3, 12), m=0

This is a horizontal line through (-3, 12),
so the equationisy = 12.
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Through (-1, 3) and (3, 4)
First find m.
4-3 1
3—(-1) 4

Use either point and the point-slope form.

y—4 1x-3
4

4y13
4y 13

Through (2, 3) and (-1, 2)
First find m.
m 23 11

12 3 3

Use either point and the point-slope form.

313x—2
3y-9x2
3y 7
x3y 7

x-intercept (3, 0), y-intercept (0, —2)

The line passes through (3, 0) and (0, —2).

Use these points to find m.
=20 2
0-3 3
Using slope-intercept form we
havey < x — 2.
3

x-intercept (-4, 0), y-intercept (0, 3)
The line passes through the points (-4, 0)
and (0, 3). Use these points to find m.
30 3
U-(-4) 4
Using slope-intercept form we have
4—3x 3.

Vertical, through (- 6, 4)

The equation of a vertical line has an equation

of the form x = a. Because the line passes
through (- 6, 4), the equation is

= — 6. (Because the slope of a vertical line
is undefined, this equation cannot be written

in slope-intercept form.)
Vertical, through (2, 7)

The equation of a vertical line has an equation

of the form x = a. Because the line passes
through (2, 7), the equation is

x = 2. (Because the slope of a vertical line is
undefined, this equation cannot be written in

slope-intercept form.)

Section 2.5 Equations of Lines and Linear Models

Horizontal, through (-7, 4)
The equation of a horizontal line has an
equation of the formy = b. Because the
line passes through (-7, 4), the equation is
y=4.
Horizontal, through (=8, —2)
The equation of a horizontal line has an
equation of the form y = b. Because the line
passes through (=8, —2), the equation is
y=—2.
m=5b=15
Using slope-intercept form, we have

5x 15.

m=-2,b=12

Using slope-intercept form, we have
2x12.

Through (-2, 5), slope = —4
54x2
54x2

54x8
y 4x3

Through (4, —7), slope = -2
7 2x4

72x8
y2x1

slope 0, y-intercept 0, 3
2

These represent m 0 and b 3, 2 Using
slope-intercept form, we have

yOox3y 2 .
2 2

32. slope 0, y-intercept 0, =
These representm 0 and 4t 4

Using slope-intercept form, we have
2 2

0x4y4.

The line x + 2 = 0 has x-intercept (-2, 0).
It does not have a y-intercept. The slope of
his line is undefined. The line 4y = 2 has

y-intercept 0, l2. It -does not have an x-
intercept. The slope of this line is 0.

(a) The graph of y = 3x + 2 has a positive
slope and a positive y-intercept. These
conditions match graph D.
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Chapter 2 Graphs and Functions
The graph of y = -3x + 2 has a negative
slope and a positive y-intercept. These
conditions match graph B.

The graph of y = 3x — 2 has a positive
slope and a negative y-intercept.
These conditions match graph A.

The graph of y = —3x — 2 has a negative
slope and a negative y-intercept. These
conditions match graph C.

y=3x-1 y
This equation is in il
the slope-intercept y=3x-17
form,y =mx+b. T£02
Slope 3, y- = bo B E y c]hanlpv\l} units
intercept: (0, —1) S endl X
' / x changes 1 unit
y =-2x + 7 slope: — y
2, y—|ntercept (0, 0.7) \_fhungm 1 unit
7) ' v changes 2 units
R (1,5)
+—+ T \} t X
y==2x+7
4dx-y=7

Solve for y to write the equation in
slope-intercept form.
—y—4x7y4x -7 slope:

4; y-intercept: (0, —7)

(1-3)
)
! y changes 4 units

(0,-7)

x changes | unit

2x+3y =16
Solve the equation for y to write the
equation in slope-intercept form.

3y 2x16 y —3X 32 L

slope: — 2; y-intercept: 0, 16
3 3

39. 4y -3x y — 32 xoryz3x0
4

x changes 3 units

16 T
3

2x+3y=16

(A T (S ¢

\

slope: 3. y-intercept (0, 0)
i

40. 2y X ylxorzylxo 2

slope is 2l ; y-intercept: (0, 0)
(2.1)

y changes 1 unit
M i Y

| LS ™ G L

- x changes 2 units

X2y 4

Solve the equation for y to write the
equation in slope-intercept form.

2y — x4y - 1x22
slope: - P ; y-intercept: (0, —2)

1 x+2y=-+4
(-2, -1H
ST
v
ychanges | unit 0, =2)
v changes 2 units |
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x3y 9

Solve the equation for y to write the
equation in shope—intercePt form.
3y —x9 y —=x3slope: —=

3

; y-intercept: (0,—3)
3

ychanges 1 unit !

x changes 3 units

Section 2.5 Equations of Lines and Linear Models
(a) The line rises 2 units each time the x value

43.

ygxlO

2

207

increases by 1 unit. Therefore the slope is
2. The graph intersects the y-axis at the
point (0, —1) and intersects the
X-axis at 1—2, 0, so the y-intercept is
(0, —1) and the x-intercept is 1 , 0.

2

An equation defining fisy = 2x — 1.

(a) The line falls 1 unit each time the x value

increases by 3 units. Therefore the slope
is L The graph intersects the_y-axis at
3

the point (0, 2), so the y-intercept is (0, 2).
The graph passes through (3, 1) and will
fall 1 unit when the x value increases by 3,
so the x-intercept is (6, 0).

Solve the equation for y to write the
equation in slope-intercept form.

y zix 10y 2x1 3 (a) The line rises 3 units each time the x

slope: 2 : y-intercept: (0, 1) value |nc3reases by 4 units. Therefore the

(b) Anequation defining fis y 1x32.

slope is 4 . The graph intersects the

y-axis at the point (0, —3) and intersects
the x-axis at (4, 0), so the y-intercept is
(0, —3) and the x-intercept is 4.
(b) An equation defining fis y %x 3
4

(a) The line falls 200 units each time the x
value increases by 1 unit. Therefore the
slope is —200. The graph intersects the y-
axis at the point (0, 300) and intersects

the x-axis at 3 , 0, so the y-intercept is (O,

(a) Use the first two points in the table,

A(-2,-11) and B(-1, -8). 300) and the x-2interceptis , 0.
=8-(-11) 3 3 (b) An equation defining f is 2
-1-(-2)1 y = —200x + 300.
Whenx =0,y =-5.They- (a) The line rises 100 units each time the x
intercept is (0, -5). value increases by 5 units. Therefore the

. . slope is 20. The graph intersects the y-
tsribgltcl)tg;?iﬁtfe?tr:ép)tafg?r;s forbin axis at the point (0, —50) and intersects
y mxby 3x—5 ' the x-axis at 51 0, so the y-intercept is
2
(0, —50) and the x-intercept is s, 0. _
(a) The line falls 2 units each time the x value 2
increases by 1 unit. Therefore the slope is
—2. The graph intersects the y-axis at the
point (0, 1) and intersects the

An equation defining f is y = 20x — 50.

X-axis at Lz, 0, so the y-intercept is
(0, 1) and the x-intercept is 1 . 0.
2

An equation defining fisy = —2x + 1.
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51.

208 Chapter 2 Graphs and Functions
(a) through (-1, 4), parallel to x + 3y =5
Find the slope of the line x + 3y = 5 by
writing this equation in slope-intercept
form.

x3y 53y —x5

y —dxs

3

3
The slopeis 1 .
3

Because the lines are parallel, :, isalso

3

the slope of the line whose equation is to
be found. Substitutem 1, x -1,
31

and y1 4 into the point-slope form.
y—Yy1 mx—x1
y4 L x—-1
3
y—4 ix1

3y—-12 —x—-1x3y11

Solve fory.

3y —x11y - X
3 3

(a) through (3, —2), parallel to 2x —y =5 Find
the slope of the line 2x — y = 5 by
writing this equation in slope-

intercept form.
2Xx-y 5 -y -2x5
2X—5

The slope is 2. Because the lines are
parallel, the slope of the line whose
equation is to be found is also 2.

Substitutem =2, x1 3, and y1 2
into the point-slope form.

Y-yl mX-—-X1

y2 2x-3y22x-6
-2xy -8or2x-y8
(b) Solvefory.y=2x-8
53. (a) through (1, 6), perpendicular to

3x+5y=1

Find the slope of the line 3x + 5y = 1 by

writing this equation in slope-intercept

form.

3x5yl5y -3x1

y —3x 1
5 5

This line has a slope of 3. The slope of

y-62(x-1)
3
3(y-6)5(x-1)
3y-185x-5
-135x-3yor5x—-3y -13

(b) Solve fory.

Sy A3
3y 513y "x =, 3

(a) through (-2, 0), perpendicular to

8x—-3y=7
Find the slope of the line 8x — 3y = 7 by
writing the equation in slope-intercept

form.
8x—-3y 7 -3y -8x7
§X_Z
33

This line has a slope of §3 . The slope of

38
any line perpendicular to this lineis

8 3
1.
because 3 8

8 1
Substitute m 3—,_x 2,andinto y1 0
the point3—s|ope form.
y-0 —*(x2)
8y -3(x2)
8y -3x—-63x8y _g
Solve fory.

8y -3x-6y ix: *68

8
y 3—X_ 8*_3_4

(a) through (4, 1), parallel to y = —5 Because y
=—5 is a horizontal line, any line parallel
to this line will be horizontal

and have an equation of the formy = b.
Because the line passes through (4, 1), the
equationisy = 1.
(b) The slope-intercept formisy = 1.
56. (a) through 2,2, paralleltoy = 3.
Because y = 3 is a horizontal line, any
line parallel to this line will be horizontal

and have an equation of the formy = b.
Because the line passes through 2, 2,

the equation isy = —2.

(b) The slope-intercept form isy = —2



) ) 5 57. (a) throuzgh (-5, 6), perpendicular to
any line perpendicular to this line is & X X=-2.
because 25 1. Substitutem s Because x = -2 is a vertical line, any line

5 3 - 3 perpendicular to this line will be
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x1 1,and y1 6 into the point-slope

horizontal and have an equation of the
form.

TOrmy = p. Because tne 1ine passes
through (-5, 6), the equationis y = 6.
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The slope-intercept form is y = 6.
Thrgugh (4, — 4), perpendicular to
X=

Because x = 4 is a vertical line, any line
perpendicular to this line will be
horizontal and have an equation of the
formy = b. Because the line passes
through (4, — 4), the equationisy = — 4.

(@)

The slope-intercept formisy = — 4.
(a) Find the slope of the line 3y + 2x = 6.

3y2x 63y -2x6

—gx2
3

Thus, m —23. A line parallel to

3y + 2x =6 also has slope — 2
3

¢l 2

k4 3

3_ 2

k 4 3

3ka—2 3 4-2
kK 4 3

9 2k4

2k 8

2k 1kl »

Find the slope of the line 2y — 5x = 1.
2y5x12y 5x1

y5X 1
2

Thus, m = .2 A line perpendicular to 2y
2
—5x =1 will have slope —5 , because

2

% g 1

Solve this equation for k.
3 2
k 4 5

5k4"3' 5k 42

k 4 5

2k4
2k 8

2k 7 k L

Section 2.5 Equations of Lines and Linear Models 209
60. (a) Find the slope of the line2x—-3y 4.

2x—-3y 4 3y -2x4
y 2x— 4

3 3
Thus, m 2 .3 A line parallel to

2x — 3y = 4 also has slope 3Z . Solve for
r using the slope formula.

r-6 2 r-6 72

42 3 -6 3
-6 2
6 6
-6 3
rée 4r 2
Find the slope of the line x + 2y = 1.
x2y1l2y —-x1
y -1 xd

2 2
2

Thus, m <. Aline perpendicular to

the line x + 2y = 1 has slope 2, because

- 2l (2) —1. Solve for r using the
slope formula.

-6 r-6
2 2

—4-2 -6

r-6 -12r -6

(a) First find the slope using the points

(0, 6312) and (3, 7703).
77036312 1391

m 30 3 463.67

The y-intercept is (0, 6312), so
the equation of the line is
463.67 x 6312.

The value x = 4 corresponds to the
year 2013.

463.67 4 6312 8166.68

The model predicts that average tuition
and fees were $8166.68 in 2013. This
is $96.68 more than the actual amount.

(a) First find the slope using the points

(0, 6312) and (2, 7136).

- 11366312 824 .,

20 2

2 The y-intercept is (0, 6
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The value x = 4 corresponds to the
year 2013.

y 412 46312 7960

The model predicts that average tuition
and fees were $7960 in 2013. This is
$110 less than the actual amount.
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Chapter 2 Graphs and Functions
(a) First find the slope using the points (0,
22036) and (4, 24525).

24525 22036 2489 622.25
404
The y-intercept is (0, 22036), so the
equation of the line is
y 622.25x 22, 036.

f(x) = 622.25x + 22,036
32,000

|

0 5

THESIdpe of the line indicates that the
average tuition increase is about $622 per
year from 2009 through 2013.

(b) The year 2012 corresponds to x = 3.
y 622.25 322,036 23,902.75

According to the model, average tuition
and fees were $23,903 in 2012. This is

$443 more than the actual amount
$23,460.
(c) Using the linear regression feature, the

equation of the line of best fit is
y 653x 21, 634.

NORMAL FLOAT AUTO REAL RADIAN MP n

g=ax+b
a=653
b=17534

64. (a) See the graph in the answer to part
(b).There appears to be a linear

relationship between the data. The farther
the galaxy is from Earth, the faster it is

receding.
(b) Using the points (520, 40,000) and (0, 0),
we Obtain
40.000 -0 40.000
m 76.9.
520-0 520
The equation of the line through these
two points is y = 76.9x.

y = 76.9x
45,000

—100 600
—5000

(c) 76.9x 60,000

60,000

X =
76.9

According to the model, the galaxy Hydra

is approximately 780 megaparsecs away.

X 780

951011
d A -
95104 10 9
A - 6.9 1.23510 12.3510

Using m = 76.9, we estimate that the age
of the universe is approximately 12.35

billion years.
9510t 10 9
() A —™1910 o0orl1910
50

The range for the age of the universe is
between 9.5 billion and 19 billion years.

65. (a) The ordered pairs are (0, 32) and
(100, 212).

The slope is m 2= 32 180 2

100-0 100 5
Use(x,y) (0,32)andm 2 inthe
1 1 5

point-slope form.

y-y1 m(x—x1)
y—32 2(x-0)
y—32 35x

5

y 2x32 F ¥ C32

5 5
(b) FC32

5F 9C 32
5F 9C 160 9C 5F — 160
9C 5(F-32) C: (F-32)

9
©) FCF 2 (F;32)
9F 5(F-32) 9F 5F - 160
4F -160 F -40
F = C when F is — 40°,
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(a) The ordered pairs are (0, 1) and

(100, 3.92).

The slope is

m 3221 292 50590 andb1.
100-0 100

Using slope-intercept form we have
y 0.0292x1or p(x) 0.0292x1.

Let x = 60.

P(60) = 0.0292(60) + 1 = 2.752
The pressure at 60 feet is
approximately 2.75 atmospheres.

(a) Because we want to find C as a function of I,
use the points (12026, 10089) and (14167,
11484), where the first component
represents the independent variable, 1. First
find the slope of the line.

m 11484 10089 1395 0.6516

14167 12026 2141
Now use either point, say (12026,
10089), and the point-slope form to find
the equation.
C —10089 0.6516(1 — 12026)

C 10089 0.65161 — 7836
0.65161 2253

Because the slope is 0.6516, the marginal
propensity to consume is 0.6516.

D is the only possible answer, because the x-
intercept occurs when y = 0. We can see from
the graph that the value of the x-intercept
exceeds 10.

Write the equation as an equivalent equation
with O onone side: 2 x 7 x4 x 2
2Xx7x4x20.Now graph
y 2X 7 X 4x 2 in the window
[-5, 5] x [-5, 5] to find the x-intercept:

NORMAL FLOAT AUTO REAL RADIAN MP n
0

CALC ZER
Y1=2K+7-X-4X+2 \
Sobation set: {3},
Write the equation as an equivalent equation
with 0 onone side: 7x2x453x 1

7x2x453x10.Nowgraph
7x2x453x1inthe window

[-5, 5] % [-5, 5] to find the x-intercept:

Section 2.5 Equations of Lines and Linear Models

NORMAL FLOAT AUTO REAL RADIAN MP n
CALC ZERD
Y1=7X-2X+4-5-3X-1

/

0

ero

QAlikiam LE
Sotutton-set {1y

211

Write the equation as an equivalent equation

withOononeside:32x12x25
32x12x250. Now graph
32x12x25 inthe window

[-5, 5] % [-5, 5] to find the x-intercept:

NORMAL FLOAT AUTO REAL RADIAN MP n
CALC ZERD

Y1=3(2X+1)-2(X-2)-5

Solution set:

Write the equation as an equivalent
equation with 0 on one side:

4x342x 2x36x%2

4x342x2x36x20.Nowgraph
4x342x2x36x2inthe

window [-2, 8] x [-5, 5] to find

the x-intercept:

NORMAL FLOAT AUTO REAL RADIAN MP n
CALC ZERD
Y1=4X-3(4-2X)-2(X~-3)-6X-2

-/

Zero
R=4

Y=0
Solution set: {4}
73. (a) 2x5 x2
2x10 x2
X2
12 x

Solution set: {12}
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Chapter 2 Graphs and Functions
Answers will vary. Sample answer: The
solution does not appear in the standard
viewing window x-interval [10, —10].
The minimum and maximum values
must include 12.

Rewrite the equation as an equivalent equation
with 0 on one side.
32x6 4x 8 2x
6x 18 4x 8 2x 0
Now graphy = —6x — 18 — (—4x + 8 —2x)
in the window [-10, 10] x [-30, 10].

NORMAL FLOAT AUTO REAL RADIAN MP n

The graph is a horizontal line that does not
intersect the x-axis. Therefore, the solution set

is . We can verify this algebraically.

32x6 4x82x
6x186x80 26
Because this is a false statement, the

solution set is .

A(-1, 4), B(-2,-1), C(1, 14)

14 5
ForAandB,m =—  — 5

2(1) 1

ForBand C, m 14(1) 15 5
1(2) 3

144

IS

ForAand C, m 5
1 2

~—~

1
Since all three slopes are the same, the points

are collinear.

A(0, =7), B(-3, 5), C(2, —15)

5(7)12,

For Aand B, m

30 3

A(-1, -3), B(-5, 12), C(1, -11)
For A and B, m 120) 15

"5(1)” 4
ForBand C UL 3
orBand C, m 1(5) 6

1@3) 8
ForAand C, m 1(1) 4 5

Since all three slopes are not the same,
the points are not collinear.
A(O! 9)1 B(73| 77)1 C(Zl 19)

19 16 16
ForAandB, m -
30 3 3

19(7) 26
2(3) 5
199 10 ¢
20 2

Because all three slopes are not the same,
the points are not collinear.

ForBand C, m

ForAand C, m

79. d (O, P) (x —0)
(m>\</ 70)7

21sz12 1

11

d(0,Q) (f2-0)2 (m2x2-0) 2

2 2
x2 2 m2x,
81. 2 2
dP,Q (x —x)(mx —-mx)
2 1 22 11

[d (O, P)]? [d (O,ZQ)]Z [d (P, Q)12

—— —_— 2
X2mz2x2'X2mz2Xxz2
1 11 2 2 2

2 2

X2 —X1 m2 X2 —m1 X1



1 1 1 2
155 2 2

. . X
ForBand C, m 4 Copyright © 2017 Pearson Education, Inc. 2 2xx



23 5 2mm X X mzx2
121 2 11

15(7
ForAand C, m @8 4 0 2 x2X1 2mimzX1 X2
20 2 2mim2x1x2x2x1 0
Since all three slopes are the same, the points
are collinear. 83. —2mim2 X1 X2—-2X1X2 0

-2x1x2(mim2 1) 0

84, -2x1x2(mim2 1) 0
Because x1 0 and x2 0, we have

mim2 1 0implying thatmim2 —1.
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Summary Exercises on Graphs, Circles, Functions, and Equations
If two nonvertical lines are perpendicular, then the

product of the slopes of these lines is —1.

Summary Exercises on Graphs, Circles,

Functions, and Equations
P(3,5), Q(2,3)

d(P, Q237 (35
12 g2

Je4 657

The midpoint M of the segment
joining points P and Q has coordinates

258 5208
) , 1.
2 2 22 2
o 358
First find m: m 8
2-3 1

Use either point and the point-slope form.

-58x-3
Change to slope-intercept form.

58x 24 y8x 19
P(-1,0), Q(4,-2)

@ d(P,Q l4-C1I° 2-0°
2 (72)2

254 29\/—

The midpoint M of the segment
joining points P and Q has coordinates

-14,0(=2) 32

(c) First find m: mH 22

The midpoint M of the segment joining
points P and Q has coordinates
23 22 14 1,

2 2 22 2
pepgg o 222 0
(c) First find m: m 35,75 0

All lines that have a slope of 0 are
horizontal lines. The equation of a
horizontal line has an equation of the
formy = b. Because the line passes

Eywoyﬂh @3, Zz/me\e]\quation isy=2.

4. P2 2, 2,Q 2,3 2

2 2

213

@dP.Q B 28 Jad

o
'l
-2 2
28 10

The midpoint M of the segment joining
points P and Q has coordinates

24 2 23 &

2’ 2

J 32042 32
2

2,2 , 22 .

2

3 22 22 [
First find m:
(c)|rsmmm\/_\/_
2 22 2

Use either point and the point-slope form.

F

y-— \/2' 2 X—2 2
Change to slope-intercept form.

y—2 2x4 2 y2x5 2 o

5. P(5,-1),Q(5, 1)

@ dP.Q (-5°[1-(1P
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Use either point and the point-slope form. L L
The midpoint M of the segment joining

— 2 (—
y-0 X‘; ! points P and Q has coordinates
Change to slope-intercept form. 55 11 10 0
5y 2x1
5y 2x2 )
y 22 2,2 2 2 50
5 5

3. P(-2,2),0(3,2)

@dP.Q [B-C D222
9202 V50  Vos 5
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Chapter 2 Graphs and Functions
(c) First find m.

1-12

5-5
All lines that have an undefined slope
are vertical lines. The equation of a
vertical line has an equation of the form x
= a. The line passes through (5, 1), so the
equation is x =5 . (Because the slope
of a vertical line is undefined, this
equation cannot be written in slope-
intercept form.)

undefined
0

P(1,1),Q(3,3)

d(P.Q) G-HEE-17

7

16 324

The midpoint M of the segment
joining points P and Q has coordinates

131

[IS)
)

1,1.

3-1

First find m: m 1
3-1 4

Use either point and the point-slope form.

-11x-1
Change to slope-intercept form.

ylx1lyx

7. P2 d,_a.Qﬁ 3I 5y

(@) d(P,Q) 63-2 3 35-3 5

VN RN AN
3/ o J 48 443

The midpoint M of the segment
joining points P and Q has coordinates

N Y
2

2

3
(c) Firstfind m: m

msl

6 2 4 3

All lines that have a slope of 0 are
horizontal lines. The equation of a
horizontal line has an equation of the
formy = b. Because the line passes

through 2 -, 3jjijthe equation is
y3 g

P0,-4),Q(3,1)

d(P, Q) (&W

252 025 34

The midpoint M of the segment joining
points P and Q has coordinates
03 41 33 33,
2 2 2 2 22

. . 1-4 5
(¢) Firstfindm:m — =

30 3

Usigug slope-intercept form we have
-4
3

9. Through2,1and 4, 1

11 2 1

First find m: m 4_(_2) 6 3
Use either point and the point-slope form.

1

y—1 3 x-4
Change to slope-intercept form.
3yl x43y3 x4

X
3y xly 38 3

11

i,r

(4,-1)

| T T )
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Summary Exercises on Graphs, Circles, Functions, and Equations 215

the horizontal line through (2, 3)

The equation of a horizontal line has an
equation of the form y = b. Because the line
passes through (2, 3), the equationis y = 3.

T 2, 3)

R L

the circle with center (2, — 1) and radius 3 (
x-2)%y-(-1)73
C(x=27 (y1* 9

y

éﬂ )

the circle with center (0, 2) and tangent to the

X-axis
The distance from the center of the circle to
the x-axisis2,sor = 2.

(x—0)% (y-2)22% ¥ (y-2)%4

13. the line through (3, 5) with slope 2

Write the equation in point-slope form.
y-5 5—x_3 6
Change to standard form.
6y55x36y305x15

6y 5x15y ix L& A

y &x !

! y changes 5 units

the vertical line through (—4, 3)

The equation of a vertical line has an equation
of the form x = a. Because the line passes
through (—4, 3), the equation is x = —4.

y

(-4, 3)

I T T
B . P

_1
-
-

T T T B =

L S

a line through (-3, 2) and parallel to the line
2x+3y=6
First, find the slope of the line 2x + 3y = 6 by
writing this equation in slope-intercept form.
2x3y 63y 2x6y x2
3

Theslopeis 2. Because the lines are
3

parallel, 2 is also the slope of the line
3

whose equation is to be found. Substitute
m3, 2x1 3, and y1 2 into the point-slope
form.

2
y—yl1 mx—-x1 y2 -x3 3
3y2 2x33y6 2x-6

3y 2xy ix

x changes 3 units
e T Y
1 a1 1 J

!
! y changes 2 units

(3-2)

|
T T T T

a line through the origin and perpendicular to
the line 3x 4y 2

First, find the slope of the line 3x 4y 2 by

writing this equation in slope-intercept form.
3x4y 24y -3x2

32 31
y 4X 4 ¥ 4X 2
3
This line has a slope of 4 .The slope of any
line perpendicular to this line is *,Sbecause

43 9 Using slope-intercept form we

34
have y ¢ x0ory# x
3 3

(3.-5) Copyright © 2017 Pearson Education, Inc.



(continued on next page)
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216 Chapter 2 Graphs and Functions
(continued)

==l
| K o 7 |

x changes 3 units
———+ g a g v
(0,0) 4

+ v changes 4 units

X2 4x y2 2y 4
Complete the square on x and y separately.

X2 4x y2 2y 4

X2 4x4y? 2y1441
x 22 y 12 9
Yes, it is a circle. The circle has its center at

(2, -1) and radius 3.
x2 6x y2 10y 360

Complete the square on x and y separately.
X2 6 x y 2 10 y 36

x° 6x9y2 10y 25 36925
x 32 y52 2

No, it is not a circle.

19. x2 12x y% 200

Complete the square on x and y separately.

¥ 12 x y2 20

x2 12x36 y2 2036
x6%y2 16
Yes, it is a circle. The circle has its center at

(6, 0) and radius 4.

20. X2 2 x y2 16y 61
Complete the square on x and y separately.

x2 2x y2 16y 61

¥ 2x y? 100
Complete the square on x and y separately.
X2 2x y 210
x* 2x1y?-101
x 12 y 29
No, it is not a circle.
x2 y2_8y90

Complete the square on x and y separately.

x2 y2 -8y 9
x2y2_8y16916

X2 y—42 25
Yes, it is a circle. The circle has its center at

(0, 4) and radius 5.
The equation of the circle is

(x4)2 (y5)2 42

Lety = 2 and solve for x:

(x4)2 (25)% 42
2 2 2 2
(x4) B) 4 (x4) 7

xa  Jixa71

The points of intersection are 4 \/7_ 2and
b

4 7,2

24. Write the equation in center-radius form by
completing the square on x and y separately:

x? y2 10x 24y 1440

X2 10x y2 24y 1440
(x 210x25) (y2 24y 144) 25(x5) 2

(y12) : 25
The center of the circle is (5, 12) and the
rddiug 1562 y 2

pr use thegistange formula to find the o
distance from the center (5, 12) to the origin:

Copyright © 2017 Pearson Education, Inc.



2 2
2x1y% 16y 64 —611 64
XL exIy ey }/50) 21202 Y 2514413
x12 y82 4
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Yes, it is a circle. The circle has its center at ;I’he rar(]jius is 5, s0 thhe shorﬁes} dristaljcei .
(1. ~8) and radius 2. 1r3?_n%i8e origin to the graph of the circle is

(continued on next page)
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(continued)

y

(5,12)

13

e b e

)
246 8101214161820

(a) The equation can be rewritten as

1 6 1

4y X6y a4x 4 y 4x 2.

X can be any real number, so the
domain is all real numbers and the

range is also all real numbers.
domain:, ; range: ,
Each value of x corresponds to just one

value ofy. x4y 6 representsa
function.

l 3 I3
x f X
y42 X 42
1 ; _132
f2 4 2 2 22 21

() The equation can be rewritten as

y 25y, y can be any real number.

Because the square of any real number
is not negative, y 2 is never negative.

Taking the constant term into
consideration, domain would be 5,
. domain: 5, ; range: ,

Because (—4, 1) and (—4, —1) both

satisfy the relation, y 2 5 does not

represent a function.

27. (a) x 22 y2 25 is a circle centered at

Iw

Section 2.6

. fx
1. The equation X

. The equation of fx x

3. The equation fx

Section 2.6 Graphs of Basic Functions 217
(a) The equation can be rewritten as
2y X2 3y ix 23. xcanbe

2 2

any real number. Because the square of
any real number is not negative, 2 12is

never negative. Taking the constant term

into consideration, range would be
3

2,

domain:, ; range: & ,
2

Each value of x corresponds to just
one value of y. X2 2 y 3 represents a

functjon.
y 1xc3 fx ! X2 3
2 2 2 2
£ 422_3l4.3£.3£
2 2 2 2 2
Graphs of Basic Functions

2

The domainis, . |

The function is increasing on 0, .

x> matches graph A.

The range is, .

Graph C is not the graph of a
function. Its equation is x y2 .

Graph F is the graph of the identity
function. Its equation is f x x.

The equation fx X matches graph B.

f151

Copyright © 2017 Pearson Education, Inc.

matches graph E.

matches graph G.



fx xf

(-2, 0) with a radius of 5. The domain 7. The equation 3 matches graph H.
will start 5 units to the left of —2 and end

Copyright © 2017 Pearson Education, Inc.



No, there is no interval over which the

5 units to the right of —2. The domain will function is decreasing

be [-2—-5,2+5]=[-7, 3]. The range

will start 5 units below 0 and end 5 units 8. The equation of fx */X_ matches graph D.

above 0. The range will be [0 — 5, 0 + 5] The domainis 0, .

[-5, 5].

3 . . The graph in B is discontinuous at many
Because (-2, 5)2ang( 2, =5) both satisfy points. Assuming the graph continues, the
the relation, x 2° y © 25 does not range would be {...,-3,-2,-1,0,1,2,3, ...}.
represent a function.
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Chapter 2 Graphs and Functions

The graphs in E and G decrease over part of -2x ifx -3
the domain and increase over part of the fx3x—1if =3 x 2
domain. They both increase over 0, and —4x ifx 2
decrease over , 0. f(-5) =-2(-5) =10
The function is continuous over the entire f-1)=3(-1)-1=-3-1=+4
domain of real numbers, . f(0)=3(0)-1=0-1=-1
The function is continuous over the entire f(3) =-4(3) =12
domain of real numbers, . x —1ifx3
The function is continuous over the interval 21. (%) 2 ifx 3
0,. Draw the graph of y = x — 1 to the left of x =
L . . 3, including the endpoint at x = 3. Draw the
The function is continuous over the interval graph of y = 2 to the right of x = 3, and note
0. that the endpoint at x = 3 coincides with the

endpoint of the other ray.
The function has a point of discontinuity at y
(3, 1). It is continuous over the interval
3 and the interval 3, .

The function has a point of discontinuity at x

= 1. It is continuous over the interval ,1
and the interval 1, .

2 X
f(x) ifx —1 3 ifx3
17.
22. T(x) 6—Xifx3
x=1ifx -1(-
5) 2(-5) -10 Graph the line y = 6 — x to the left of x = 3,
(b) including the endpoint. Draw y = 3 to the
(1) 2(-1) -2 right of x = 3. Note that the endpointat x = 3
coincides with the endpoint of the other ray.
f0)=0-1=-1 i
f(3)=3-1=2 \( oy {8 623
Y TN 138 ifesa
f(X)x 2|fx35_
xifx3 L
f(-5)=-5-2=-7 M R
fcl)=-1-2=-3 23, f()()4—X ifx 2
_ _ 12xifx 2
f(0)=0-2=-2 Draw the graph of y = 4 — x to the left of
f(8)=5-3=2 x = 2, but do not include the endpoint.
. Draw the graph of y = 1 + 2x to the right of
2xifx -4 x = 2, including the endpoint.
19. f(x)— x if —4 x 2if A
3X X 2 B
Copyright © 2017 Pearson Educ r
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f(-5) =2+ (-5)=-3

fcl)=—(1)=1

f(0)=-0=0
f(3)339
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2x1ifx 0

fF(x)

26.

B
%I

ifx 0

Graph the line y = 2x + 1 to the right of x =
0, including the endpoint. Draw y = x to the
left of x = 0, but do not include the endpoint.

Graph the line y = =3 to the left of x = 1,
including the endpoint. Draw y = —1 to the right
of x = 1, but do not include the endpoint.

v

3 f) = -3 |‘t.,\ <1
L -1ifx>1
11

B e S U\

Ot o—>

bA—o

f(x)2 ifx1
2 ifx1

Graph the liney =—2 to the left of x = 1,
including the endpoint. Draw y = 2 to the

right of x = 1, but do not include the endpoint.

y

18

~

L L L L L L L L

N\ 4

N

Exercise 26 Exercise 27

27.

2xifx —4

f(x)- x if —4 x5if
3 x5

Draw the graph of y = 2 + x to the left of —4,
but do not include the endpoint at x = 4.

Draw the graph of y = —x between —4 and 5,
including both endpoints. Draw the graph of

29. 1(x) 1

Section 2.6 Graphs of Basic Functions 219

—-2x ifx -3

f(x)3x-1if-3 x 2
—4x ifx 2

Graph the line y = —2x to the left of x = -3, but
do not include the endpoint. Draw y = 3x— 1
between x = -3 and x = 2, and include both
endpoints. Draw y = —4x to the right of x = 2, but
do not include the endpoint. Notice that the
endpoints of the pieces do not coincide.

L
|

N
—

=T

3(2 +2 ifx 2
ifx 2

N ¢ oy

Graph the curve y 1—x22_2 to the left of

x = 2, including the endpoint at (2, 0). Graph
the line y Lxtothe right of x = 2, but do
2

not include the endpoint at (2, 1). Notice that
the endpoints of the pieces do not coincide.

fx

X if x
Graph the curve y x° 5 to the left of

x = 0, including the endpoint at (0, 5). Graph
the line y x2 to the right of x = 0, but do
not include the endpoint at (0, 0). Notice that

y

the endpoints of the pieces do not coincide.

B
f) = X 1+.1t\S0
-x=  ifx>0
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y = 3x to the right of 5, but do not include the
endpoint at x = 5.
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Chapter 2 Graphs and Functions

31.

32.

2xif 5 x1
f(x)2 if 1x 0
X2 2 if0 x 2

Graph the line y 2x between x =—5 and

x = —1, including the left endpoint at

(=5, —10), but not including the right endpoint
at (-1, —2). Graph the line y = —2 between
x=-1and x =0, including the left endpoint at
(=1, —2) and not including the right endpoint at
(0, —2). Note that (—1, —2) coincides with the
first two sections, so it is included. Graph

the curve y X2 2fromx=0tox =2,

including the endpoints at (0, —2) and (2, 2).
Note that (0, —2) coincides with the second
two sections, so it is included. The graph
endsatx=-5and x = 2.

104

Jl\ if-5<x<-1
fx) =<2 if-1<x<0
l\’ 2if 0<x<2

05x° if 4 x 2if 2
f(x) x X 2

X2 4 if 2x4

Graph the curve y 05x%  between x = —4

and x = =2, including the endpoints at

(-4, 8) and (-2, 2). Graph the line y x
between x = —2 and x = 2, but do not include the

endpoints at (-2, —2) and (2, 2). Graph the
curve y x2 4fromx=2tox=4,

including the endpoints at (2, 0) and (4, 12).
The graphends at x =—4 and x = 4.

Copyright © 2017 Pearson Educ {z\-
f(x)=

33.

34.

X3 if 2x0
f(x) x3 if 0x1
4xx2 ifl x3

Graph the curve y x2 3 between x = —2

and x = 0, including the endpoints at

(=2, -5) and (0, 3). Graph the liney =x+ 3
between x = 0 and x = 1, but do not include the
endpoints at (0, 3) and (1, 4). Graph the curve

4xx2fromx=1tox= 3, including the
endpoints at (1, 4) and (3, —2). The graph

ends atxifz and x = 3.

v +3  if-2<x<0
fx)=<x+3 if 0<x<l1
44x-—x%if 15x<3

2X if 3x1
f(x) x21 iflx2

2 131 if 2x3
Graph the curve y = —2x to from x=-3 to
=—1, including the endpoint (-3, 6), but
not including the endpoint (=1, 2). Graph the

curve y x? 1fromx=—-1tox= 2,
including the endpoints2 (-1,2) and (2, 5).

Graph the curve y 133 1fromx=2to

x = 3, including the endpoint (3, 14.5) but not
including the endpoint (2, 5). Because the
endpoints that are not included coincide with

endpoints that are included, we use closed
dots on the graph.

y

3 1% 23
if-3<x<-1
2+1 if-1<x<2
|

=x°+1if2<x<3



12
\z

X
-4 o2t 2 4

052 if-d=<x=-2
fix)=4x if-2<x<2
x2-4if2=x=4
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(continued)

(5,12)

13

e b e

)
246 8101214161820

(a) The equation can be rewritten as

1 6 1

4y X6y a4x 4 y 4x 2.

X can be any real number, so the
domain is all real numbers and the

range is also all real numbers.
domain:, ; range: ,
Each value of x corresponds to just one

value ofy. x4y 6 representsa
function.

l 3 I3
x f X
y42 X 42
1 ; _132
f2 4 2 2 22 21

() The equation can be rewritten as

y 25y, y can be any real number.

Because the square of any real number
is not negative, y 2 is never negative.

Taking the constant term into
consideration, domain would be 5,
. domain: 5, ; range: ,

Because (—4, 1) and (—4, —1) both

satisfy the relation, y 2 5 does not

represent a function.

27. (a) x 22 y2 25 is a circle centered at

Iw

Section 2.6 Graphs of Basic Functions 217
(a) The equation can be rewritten as
2y X2 3y ix 23. xcanbe

2 2

any real number. Because the square of

any real number is not negative, 2 12is
never negative. Taking the constant term

Section 2.6

. fx
1. The equation X

. The equation of fx x

3. The equation fx

into consideration, range would be
3

2,

domain:, ; range: & ,
2

Each value of x corresponds to just
one value of y. X2 2 y 3 represents a

functjon.
y 1xc3 fx ! X2 3
2 2 2 2
£ 422_3l4.3£.3£
2 2 2 2 2 2
Graphs of Basic Functions

2

The domainis, . |

The function is increasing on 0, .

x> matches graph A.

The range is, .

Graph C is not the graph of a
function. Its equation is x y2 .

Graph F is the graph of the identity
function. Its equation is f x x.

The equation fx X matches graph B.

f151

Copyright © 2017 Pearson Education, Inc.

matches graph E.

matches graph G.



fx xf

(-2, 0) with a radius of 5. The domain 7. The equation 3 matches graph H.
will start 5 units to the left of —2 and end

Copyright © 2017 Pearson Education, Inc.



No, there is no interval over which the

5 units to the right of —2. The domain will function is decreasing

be [-2—-5,2+5]=[-7, 3]. The range

will start 5 units below 0 and end 5 units 8. The equation of fx */X_ matches graph D.

above 0. The range will be [0 — 5, 0 + 5] The domainis 0, .

[-5, 5].

3 . . The graph in B is discontinuous at many
Because (-2, 5)2ang( 2, =5) both satisfy points. Assuming the graph continues, the
the relation, x 2° y © 25 does not range would be {...,-3,-2,-1,0,1,2,3, ...}.
represent a function.
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Chapter 2 Graphs and Functions

The graphs in E and G decrease over part of -2x ifx -3
the domain and increase over part of the fx3x—1if =3 x 2
domain. They both increase over 0, and —4x ifx 2
decrease over , 0. f(-5) =-2(-5) =10
The function is continuous over the entire f-1)=3(-1)-1=-3-1=+4
domain of real numbers, . f(0)=3(0)-1=0-1=-1
The function is continuous over the entire f(3) =-4(3) =12
domain of real numbers, . x —1ifx3
The function is continuous over the interval 21. (%) 2 ifx 3
0,. Draw the graph of y = x — 1 to the left of x =
L . . 3, including the endpoint at x = 3. Draw the
The function is continuous over the interval graph of y = 2 to the right of x = 3, and note
0. that the endpoint at x = 3 coincides with the

endpoint of the other ray.
The function has a point of discontinuity at y
(3, 1). It is continuous over the interval
3 and the interval 3, .

The function has a point of discontinuity at x

= 1. It is continuous over the interval ,1
and the interval 1, .

2 X
f(x) ifx —1 3 ifx3
17.
22. T(x) 6—Xifx3
x=1ifx -1(-
5) 2(-5) -10 Graph the line y = 6 — x to the left of x = 3,
(b) including the endpoint. Draw y = 3 to the
(1) 2(-1) -2 right of x = 3. Note that the endpointat x = 3
coincides with the endpoint of the other ray.
f0)=0-1=-1 i
f(3)=3-1=2 \( oy {8 623
Y TN 138 ifesa
f(X)x 2|fx35_
xifx3 L
f(-5)=-5-2=-7 M R
fcl)=-1-2=-3 23, f()()4—X ifx 2
_ _ 12xifx 2
f(0)=0-2=-2 Draw the graph of y = 4 — x to the left of
f(8)=5-3=2 x = 2, but do not include the endpoint.
. Draw the graph of y = 1 + 2x to the right of
2xifx -4 x = 2, including the endpoint.
19. f(x)— x if —4 x 2if A
3X X 2 B
Copyright © 2017 Pearson Educ r
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f(-5) =2+ (-5)=-3

fcl)=—(1)=1

f(0)=-0=0
f(3)339
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2x1ifx 0

fF(x)

26.

B
%I

ifx 0

Graph the line y = 2x + 1 to the right of x =
0, including the endpoint. Draw y = x to the
left of x = 0, but do not include the endpoint.

Graph the line y = =3 to the left of x = 1,
including the endpoint. Draw y = —1 to the right
of x = 1, but do not include the endpoint.

v

3 f) = -3 |‘t.,\ <1
L -1ifx>1
11

B e S U\

Ot o—>

bA—o

f(x)2 ifx1
2 ifx1

Graph the liney =—2 to the left of x = 1,
including the endpoint. Draw y = 2 to the

right of x = 1, but do not include the endpoint.

y

18

~

L L L L L L L L

N\ 4

N

Exercise 26 Exercise 27

27.

2xifx —4

f(x)- x if —4 x5if
3 x5

Draw the graph of y = 2 + x to the left of —4,
but do not include the endpoint at x = 4.

Draw the graph of y = —x between —4 and 5,
including both endpoints. Draw the graph of

29. 1(x) 1

Section 2.6 Graphs of Basic Functions 219

—-2x ifx -3

f(x)3x-1if-3 x 2
—4x ifx 2

Graph the line y = —2x to the left of x = -3, but
do not include the endpoint. Draw y = 3x— 1
between x = -3 and x = 2, and include both
endpoints. Draw y = —4x to the right of x = 2, but
do not include the endpoint. Notice that the
endpoints of the pieces do not coincide.

L
|

N
—

=T

3(2 +2 ifx 2
ifx 2

N ¢ oy

Graph the curve y 1—x22_2 to the left of

x = 2, including the endpoint at (2, 0). Graph
the line y Lxtothe right of x = 2, but do
2

not include the endpoint at (2, 1). Notice that
the endpoints of the pieces do not coincide.

fx

X if x
Graph the curve y x° 5 to the left of

x = 0, including the endpoint at (0, 5). Graph
the line y x2 to the right of x = 0, but do
not include the endpoint at (0, 0). Notice that

y

the endpoints of the pieces do not coincide.

B
f) = X 1+.1t\S0
-x=  ifx>0
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y = 3x to the right of 5, but do not include the
endpoint at x = 5.

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions

31.

32.

2xif 5 x1
f(x)2 if 1x 0
X2 2 if0 x 2

Graph the line y 2x between x =—5 and

x = —1, including the left endpoint at

(=5, —10), but not including the right endpoint
at (-1, —2). Graph the line y = —2 between
x=-1and x =0, including the left endpoint at
(=1, —2) and not including the right endpoint at
(0, —2). Note that (—1, —2) coincides with the
first two sections, so it is included. Graph

the curve y X2 2fromx=0tox =2,

including the endpoints at (0, —2) and (2, 2).
Note that (0, —2) coincides with the second
two sections, so it is included. The graph
endsatx=-5and x = 2.

104

Jl\ if-5<x<-1
fx) =<2 if-1<x<0
l\’ 2if 0<x<2

05x° if 4 x 2if 2
f(x) x X 2

X2 4 if 2x4

Graph the curve y 05x%  between x = —4

and x = =2, including the endpoints at

(-4, 8) and (-2, 2). Graph the line y x
between x = —2 and x = 2, but do not include the

endpoints at (-2, —2) and (2, 2). Graph the
curve y x2 4fromx=2tox=4,

including the endpoints at (2, 0) and (4, 12).
The graphends at x =—4 and x = 4.

Copyright © 2017 Pearson Educ {z\-
f(x)=

33.

34.

X3 if 2x0
f(x) x3 if 0x1
4xx2 ifl x3

Graph the curve y x2 3 between x = —2

and x = 0, including the endpoints at

(=2, -5) and (0, 3). Graph the liney =x+ 3
between x = 0 and x = 1, but do not include the
endpoints at (0, 3) and (1, 4). Graph the curve

4xx2fromx=1tox= 3, including the
endpoints at (1, 4) and (3, —2). The graph

ends atxifz and x = 3.

v +3  if-2<x<0
fx)=<x+3 if 0<x<l1
44x-—x%if 15x<3

2X if 3x1
f(x) x21 iflx2

2 131 if 2x3
Graph the curve y = —2x to from x=-3 to
=—1, including the endpoint (-3, 6), but
not including the endpoint (=1, 2). Graph the

curve y x? 1fromx=—-1tox= 2,
including the endpoints2 (-1,2) and (2, 5).

Graph the curve y 133 1fromx=2to

x = 3, including the endpoint (3, 14.5) but not
including the endpoint (2, 5). Because the
endpoints that are not included coincide with

endpoints that are included, we use closed
dots on the graph.

y

3 1% 23
if-3<x<-1
2+1 if-1<x<2
|

=x°+1if2<x<3



12
\z

X
-4 o2t 2 4

052 if-d=<x=-2
fix)=4x if-2<x<2
x2-4if2=x=4
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36.

The solid circle on the graph shows that the

endpoint (0, —1) is part of the graph, while the

open circle shows that the endpoint (0, 1) is not
part of the graph. The graph is made up of

parts of two horizontal lines. The function
which fits this graph is

f(x)-1ifx 0
if x 0.

domain:, ; range: {-1, 1}

We see that y = 1 for every value of x except
x =0, and that when x =0, y = 0. We can write
the function as
f ( X) lifx 0
0ifx 0.

domain:, ; range: {0, 1}

The graph is made up of parts of two

horizontal lines. The solid circle shows that
the endpoint (0, 2) of the one on the left
belongs to the graph, while the open circle

the right does not belong to the graph.
The function that fits this graph is

f(x) 2 %0

We see thaty =1 when x 1and thaty=-1

£(x) lifx -1

domain: -1 ifx 2.

(-,—-1]1(2,); range: {-1, 1}
through the points (=1, —1) and (0, 0). The
slope is 1, so the equation of this piece isy =
x. For x > 0, that piece of the graph is a
horizontal line passing through (2, 2), so its

equation is y = 2. We can write the function as
xifx 0

f(x)
2ifx 0
domain: (—, ) range: (, 0] {2}

For x < 0, that piece of the graph is a horizontal

line passing though (-3, —3), so the equation of
this piece isy = —=3. For x 0, the curve passes
through (1, 1) and (4, 2), so the

equation of this piece is y X . We can

Section 2.6 Graphs of Basic Functions 221

For x < 1, that piece of the graph is a curve
passes through (=8, —2), (-1, —1) and (1, 1), so

the equation of this piece is y 3Q;{_.The right

piece of the graph passes through (1, 2) and

(2,3). m 22 4 , and the equation of the
12

lineis y2 x1 y x1.We canwrite

3 i
the function as 1y X[~ ifxl

x1lifx1
domain: (—,) range: (1) - [2,)

For all values except x = 2, the graph is a line. It
passes through (0, —3) and (1, —1). The slope is
2, so the equation is y = 2x —3. At x = 2, the
graph is the point (2, 3). We can write

3ifx2

the function as f ( x) X 3ifx 2

domain: (—,) range: (,1) 1 (1,)

f(x)=x
Plot points.
—Xxf(x) = x- 0
-2 2 2
-15 15 1
-1 1 1
-05 0.5 0
0 0 0
0.5 -0.5 -1
1 -1 -1
15 -1.5 -2
2 -2 —2
More gendrally, to gety = 0, we

need0-x10x11x0.

Togety=1, weneed1-x 2
1x 2 -2 x 1.
y
I_:ollovv2 is pattern to graph the step function.
.'o—o fG) = [-x]

Copyright3ifx0 © 2017 Pearson Education, Inc.



write the functionas f(x) ifx 0 domain: , ; range: {....—2,-1,0,1,2,...}

domain: (-, ) range: {3} 1[0,)
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Chapter 2 Graphs and Functions

f(x)= x
Plot points.
X 00 f(x)= x
-2 ) 2
-1.5 -2 2
-1 -1 1 5
-0.5 -1 1 domain: , ; range: {..., 2-1,0,1,2,..}
0 0 0 The cost of mailing a letter that weighs more
0.5 0 0
1 1 -1 same as the cost of a 2-ounce letter, and the
15 1 1 cost of mailing a letter that weighs more than
: - 2 ounces and less than 3 ounces is the same as
2 2 -2 the cost of a 3-ounce letter, etc.
Follow this pattern to graph the step function. !
y " o=
oo 1/ =-lxI Z : =
:: 3 O
E2l o—e
z
1
% T 2 3 4 s
domain:, ; range: {...,.—2,-1,0,1,2,...} Weight (in ounces)
f(x)= 2% The cost is the same for all cars parking
Togety=0,weneed0 2x10 x - . , between 2% hour and 1-hour, between 1 hour
2
Togety=1,weneed12x 2L x1. and11 hours, etc.
2 )
Togety=2,weneed2 2x 31x - . i
Follow this pattern to graph the step function. :: .
N Oe®
y 5 61
351+ Oo—e
Ral
3 O
il
0 : : X
x 1 2

Hours

Sx) = [2x]]

2 ;
domain:, ; range: {...—2,-1,0,1,2,..} 49. 2 od o20.100
7 a0 3 80
g(x)=2x1- = 60
To gety =0, we need 5 40
s 20 (70, 0)
- P
0 204060 80
02x1112x 2 1 X 1 Time (in minutes)

Togety=1, we need

12x-1222x31x 2.
Follow this pattern to graph the step function.

3
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50. _ Y

05152535
Time (in hours)

2
51. (a) For0O x8, m ——:a 1.95,

y 1.95x 34.2. For 8 x 13,
92.249.8

0.48 , so the equation

138
is y52.2 0.48(x 13)
0.48x 45.96
by (g 195X342 if0 x8

U.48X40.90I1T8 X 13

When 0 x 3, the slope is 5, which means that
the inlet pipe is open, and the outlet pipe is
closed. When 3 x 5, the slope is 2, which
means that both pipes are open. When
5 x 8, the slope is 0, which means that both
pipes are closed. When 8 x 10, the slope is
-3, which means that the inlet pipe is closed,
and the outlet pipe is open.

(a) The initial amount is 50,000 gallons. The
final amount is 30,000 gallons.

The amount of water in the pool remained

constant during the first and fourth days.

f(2) 45,000; f (4) 40,000

The slope of the segment between
(1, 50000) and (3, 40000) is —5000, so the

water was being drained at 5000
gallons per day.

(a) There were 20 gallons of gas in the tank at
x=3.

The slope is steepest between t = 1 and

t= 2.9, so that is when the car burned

gasoline at the fastest rate.

55. (a) There is no charge for additional length,
S0 we use the greatest integer function.
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6.5x ifO x 4
56. (@) f(x)55x48if4 x 6

-30x195if6 x 6.5

Draw a graph of y = 6.5x between 0 and
4, including the endpoints. Draw the
graph of y = —5.5x + 48 between 4 and
6, including the endpoint at 6 but not the
one at 4. Draw the graph of

=-30x + 195, including the endpoint at
6.5 but not the one at 6. Notice that the
endpoints of the three pieces coincide.
28
24
20

16
12

8
4

Snow Depth
(in inches)

0 2 4 6
Months

From the graph, observe that the snow

depth, y, reaches its deepest level (26
in.) when x = 4, x = 4 represents 4
months after the beginning of October,
which is the beginning of February.

From the graph, the snow depth y is
nonzero when x is between 0 and 6.5.
Snow begins at the beginning of
October and ends 6.5 months later, in
the middle of April.

Section 2.7  Graphing Techniques

To graph the function f x x 2 3, shift the

graph of y x 2 down 3 units.

To graph the function fx x2 5, shift the

graphof y x 2 up 5 units.

f X
X 42 s obtained by

The graph of
shifting the graph of y x 2 tothe left 4 units.

4. The graphof fx x 72 is obtained by

shifting the graph of \3//7\](2 to the right 7

units.
f

Copyright © 2017 Pearson Education, Inc.
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The cost is based on multiples of two 5.The graphof fx x is a reflection of

X

feet,so f(x) 08 , if6 x18. the graph of fx X across the x-axis.
(b) =
, 08(4)$3.20 . .
f(85) 0.8 6. The graph of fx x is a reflection of
152 the graph of fx X across the y-axis.

f(152) 08, 0.8(7) $5.60
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Chapter 2 Graphs and Functions
To obtain the graph of fx x 2% 3, (c) Gy (x 2)2 is a shift of y x2 ,

2 units to the left.
shift the graph of y X3 2 units to the leftand 3

units down. (d C;y (x2)2 is a shift of y Xz,

To obtain the graph of fx x 3% 6, 2 units to the right.

2 2

shift the graph of y x° 3 units to the right Fy 2x isaverticalstretchof y x ,

and 6 units up. by a factor of 2.
2 2
9. The graphof fx x | | is the same as the D; y xis a reflection of y x , across
graphof y x| | because reflecting it across the x-axis.

the y-axis yields the same ordered pairs.
Y P (@ H:y (x2)*1isashiftof y %,

The graph of x y 2 i the same as the graph 2 units to the right and 1 unit upward.

ofxy2 because reflecting it across the (h) E;y (x2)2 lisashiftof vy Xz,

x-axis yields the same ordered pairs. 2 units to the leftand 1 unit upward.

() Iy (x2)? lisashiftof  y X2,

2 . . 2
11. B; X7 hift of X, . .
@ y (x7) Isashittot y 2 units to the left and 1 unit down.

7 units to the right.

Cu 2 7 ; 2 14. @) Gy x3 isashiftof y x
D; 7 hift of , . *
(b) y X 15 ashifto y X 3 units to the left.
7 units downward.

J
(b) DY  x 3isashiftof y x,

E;y7 x2 is a vertical stretch of 3 units downward.
2
y X“, by a factor of 7. (c) E;y Jx 3isashiftofy x
@ Ay (x 7)2 is a shift of y x2, 3 units upward.

7 units to the left. B;y 3 x ig'a vertical stretch of y x

(e) Cy x2 7 is a shift of y Y ,by‘é_factorof 3.

7 units upward.
(e) C;y x¥is a reflection of y X

12. (a) E; vy 4% is a vertical stretch across the x-axis.
f 3‘[b a factor of 4 - .
ofy ™%, by : J (f) A,y xB isashiftof y x,
| ——
(b) C;y 3xyis a reflection of y T X 3 units to the right.

Copyrlght'© 2017 Pearson Education, Inc.



(d)

(€)

13. (a)

(b)

over the x-axis.

D;y 3 xs a reflection of y 3x , over

the y-axis.

A;y3)l4 is a shiftof y 3X,

4 units to the right.

3

s

B y 3X 4 isashift of
4 units down.

B;y X2 2 is a shift of y X2,

2 units upward.

Ay x2 2 isashiftof vy X2,

2 units downward.

(9)

(h)

(i)

15. (a)

(b)

©

H;y Jx3 2 isashiftof y x,/

3 units to the right and 2 units upward.

Fiy /x3 2 isashiftof y x/

3 units to the left and 2 units upward.

Iy Jx3 2sashiftof y x,/

3 units to the rightand 2 units downward.

Fiy J|2 [isashiftof y x| |2 units
to theright.

C;y « Risashiftof y x | |2units

downward.

H; y x|isashiftof y x | |2 units

upward.
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Section 2.7 Graphing Techniques 225
D;y 2 x is a vertical stretch of y x by a

factor of E'

G,y x|is a reflection of

)1 a}cross the x-axis.
(f) A;y x | |isareflectionof y x

across the y-axis.

E:y 2xlisareflectionof y 2x | |

across the x-axis. y 2x| isa vertical ||

h
stretch of y x| by a facto} of 2. X XX fx 2 X3
I;quziszlishiftofyx2|unitsto -3 3 2
4
the right and 2 units upward. -2 2 3
_ 2
B; y x2 2ibashiftof y x 2 | ! . S
units to the left and 2 units downward. 0 0 o——
3 ] 1 1 3
16. The graphof fx 2x1° 6 is the graph
3 2 2 4
of f x x” stretched vertically by a factor
of 2, shifted left 1 unit and down 6 units. 3 3 2
fx3x | |
y
X hx x| | fx3 xl | A 2
) 2 6 = ?lxl
- 1 3 271
0f 0O 0 o> x
1 1 3 -3 57 3
2 2 6 3
20, fx = x4| |
18.
fx 4x
-2 2 8
-1 1 4
0 0 0
1 4
2 2 8 Copyright © 2017 Pearson Education, Inc.




o
o
o

3
1 1 ;
3
2 2 :
3 3 y
4 4 3

(continued on next page)
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Chapter 2 Graphs and Functions

(continued)

fx) = %IXI

fx 2x2
X hx x2 fx 2 x2
-2 4 8
-1 1 2
0 0 0
1 2
2 4 8

X hx x2 f x 3%
-2 4 12
-1 1
0 0
1
2 4 12

fx 1xe
2
X h x x2 fx 1x22
-2 4 2
1
-1 1 .
0 0 0
1
1 1 3
2 4 2
X h x x2 fx '1x23
-3 9 3
) 4 :
-1 1 :
0 0 0
1
1 1 3
2 4 3
3 9 3
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Section 2.7 Graphing Techniques

X lX2 2
x | hxx? fx 1 X2
. 2
-3 9 )
)
) 4 2
-1 1 L
2
0 0 0
1
1 1 ,
2 4 2
9
3 9 ,

fx 3x
|
X hx x| | fx 3x | |
-2 2 —6
-1 1 -3
0 0 0
1 _ -3
2 2 —6

X h x x2 fx T ox2
3
-3 9 -3
4
-2 4 3
1
-1 1 3
0 0 0
1
1 1 3
4
2 4 3
3 9 -3

—4 4 2
_ 3
3 3 >
-2 2 1
1
-1 1 3
0 0 0

Copyright © 2017 Pearson Education, Inc.
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Chapter 2 Graphs and Functions

(continued) X fx x| hx axkox
fx x hx 27 ' | 3 (V3 2 1
X Il 1 XX
[ =] 211 4 2 4
1] 1 3
2 2 1
3
3| 3 :
2
H e
1 X 1 X
| 211 3||
-3 3 1
2
2| 2 :
1
0 0 0
1
1] 1 3
2
2| 2 :
3 3 1
X fx x/ | hx dx 2 x
0 0
1 2
2| 2 2V 2
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38, XX
X hx x | | fx x | |
] 3 =3
-2 2 —— -2 =
-1 1 -1
0 0 0
1 1 -1
2 2 -2
3 3 -3
g

35. (@ y fx4isahorizontal translation of f,

4 units to the left. The point that
corresponds to (8, 12) on this translated
function would be 8 4,12 4,12.

f x 4 is a vertical translation of f,

4 units up. The Foint that corresponds to 38,
128 fg this translated function would be 8,12

4
L fx isavertical shrinking of f, by a
4
factor of L The point that corresponds
36. (a) to

(8, 12) on this translated
function would be 8, 1 412 8, 3.

4 fx isa vertical stretching of f, by a

factor of 4. The point that corresponds
to (8, 12) on this translated function
would be 8, 4 12 8, 48.

y F(4%)

by a factor of 4. The point that
corresponds to (8, 12) on this

translated function is 8 ,122,12.
4

f1 x is a horizontal stretching of f, by
a factor 4of 4. The point that
corresponds to (8, 12) on this translated

functionis 8 4, 12 32, 12.
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(a) The point that corresponds to (8, 12) when
reflected across the x-axis would be (8,
-12).

The point that corresponds to (8, 12)
when reflected across the y-axis would
be (-8, 12).

(a) The point that is symmetric to (5, —3)
with respect to the x-axis is (5, 3).
The point that is symmetric to (5, —3)
with respect to the y-axis is (-5, —3).

The point that is symmetric to (5, —3)
with respect to the origin is (-5, 3).

(a) The point that is symmetric to (-6, 1)
with respect to the x-axis is (-6, —1).
The point that is symmetric to (-6,
1) with respect to the y-axis is (6, 1).

The point that is symmetric to (-6, 1)
with respect to the origin is (6, -1).

(-6,1) » (b)

] l , l } l Il ] X

T T ‘ T I“ : 1 ‘ T T
(a) = e)

(a) The point that is symmetric to (-4, -2)
with respect to the x-axis is (-4, 2).
The point that is symmetric to (-4, -2)
with respect to the y-axis is (4, -2).

The point that is symmetric to (-4, —
2) with respect to the origin is (4, 2).
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Chapter 2 Graphs and Functions

(a) The point that is symmetric to (-8, 0)
with respect to the x-axis is (-8, 0)
because this point lies on the x-axis.

The point that is symmetric to the point

(-8, 0) with respect to the y-axis is (8, 0).

The point that is symmetric to the point (-
8, 0) with respect to the origin is (8, 0).

y

(-8,0)
(b)(c)

The graph of y = |x — 2| is symmetric with
respect to the line x = 2.

The graph of y = —|x + 1] is symmetric with
respect to the line x = —1.

y x2 5
Replace x with —x to obtain
( x)2 5 x° 5. The result is the same as the

original equation, so the graph is
symmetric with respect to the y-axis. Because y
is a function of x, the graph cannot be
symmetric with respect to the x-axis. Replace

with —x and y with —y to

obtainy(x)22yx22yx2 2.

The result is not the same as the original
equation, so the graph is not symmetric with

respect to the origin. Therefore, the graph is
symmetric with respect to the y-axis only.

2x* 3
Replace x with —x to obtain

2(x)* 32x* 3
The result is the same as the original equation,
so the graph is symmetric with respect to the y-

axis. Because y is a function of x, the graph
cannot be symmetric with respect to the

x-axis. Replace x with —x and y with -y to

0btain—y2(x)43y2x43y2x43.The
result is not the same as the original

X2 y2 12
Replace x with —x to obtain

(x)2 y2 12 X2 y2 12.

The result is the same as the original equation,
so the graph is symmetric with respect to the y-
axis. Replace y with —y to obtain

2 2 2 .2
XS (y)© 12 x° y© 12
The result is the same as the original equation,
so the graph is symmetric with respect to the x-
axis. Because the graph is symmetric with
respect to the x-axis and y-axis, it is also
symmetric with respect to the origin.

y 2426
Replace x with —x to obtain
y 2 %6 y2 x° 6
The result is the same as the original equation,

so the graph is symmetric with respect to the y-
axis. Replace y with —y to obtain

(y)2 x2 6 y2 x2 6

The result is the same as the original equation,
so the graph is symmetric with respect to the x-
axis. Because the graph is symmetric with
respect to the x-axis and y-axis, it is also
symmetric with respect to the origin. Therefore,
the graph is symmetric with respect to the x-
axis, the y-axis, and the origin.

y 453 x
Replace x with —x to obtain
3 3
y 4(x) (x) y 4(x)x
y ax3 x.

The result is not the same as the original
equation, so the graph is not symmetric with
respect to the y-axis. Replace y with -y to

3 3

obtain y 4x Xy 4x X.
The result is not the same as the original
equation, so the graph is not symmetric with

respect to the x-axis. Replace x with —x and y
with —y to obtain

y 4(0% (0 y 40S3) x

equation, so the graph is not symmetric with
respect to the origin. Therefore, the graph is

symmetric with respect to the y-axis only.
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3 3
y 4x Xy 4x X.

The result is the same as the original equation,
so the graph is symmetric with respect to the
origin. Therefore, the graph is symmetric with
respect to the origin only.
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51.

3

y x° X

Replace x with —x to obtain

(0% (0 y X x

The result is not the same as the original

equation, so the graph is not symmetric with
respect to the y-axis. Replace y with —y to

obtain y X3 X y x 3x. The result

is not the same as the original equation, so the
graph is not symmetric with respect to the
x-axis. Replace x with —x and y with -y to

obtain y (x)3 (x)y X3 Xy x3 x. The
result is the same as the original equation, so

the graph is symmetric
with respect to the origin. Therefore, the graph
is symmetric with respect to the origin only.

yx2x8

Replace x with —x to obtain
y (X)2 (xX)8 y x2 x8.

The result is not the same as the original
equation, so the graph is not symmetric with

respect to the y-axis. Because y is a function of
X, the graph cannot be symmetric with respect
to the x-axis. Replace x with —x and y with —y

to obtain y (x)z(x)8

y 2 x8 y X X 8.

The result is not the same as the original
equation, so the graph is not symmetric with
respect to the origin. Therefore, the graph has
none of the listed symmetries.

52. y=x+15

Replace x with —x to obtain

(x)15 y x 15.
The result is not the same as the original
equation, so the graph is not symmetric with
respect to the y-axis. Because y is a function of
X, the graph cannot be symmetric with respect
to the x-axis. Replace x with —x and y with —y
to obtainy (x) 15y x 15. The

rqosylt is not the same as the original equation,

so the graph is not symmetric with respect to
the origin. Therefore, the graph has none of

the listed symmetries.

55.

56.

57.

58.

59.

60.
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fx x° 2x3
5 3

fx x 2X

X 2X X 2x fx

5 3 5 3
The function is odd.

fx 0.5x* 2x2 6

fx 05x*2x° 6
05x* 2% 6 fx

The function is even.

fx 0.75% x 4

| 1
fx O.75x2 X 4 | L
0.75x2” 4 tx

The function is even.

fx x3x9

fx X3 X9

3 3

X X9 X X9 fx

The function is neither.

fx X4 5x 8

fx x45x8

x4 5x 8 fx

The function is neither.
fx x2 1

This graph may be obtained by translating the

2 .
raph ofyy X~ 1 ugit downward.
grap yyf(x)=x9_1




This graph may be obtained by translating the

N N X X —h

raph of
X 2 X The grap
3 function
fx x° 2x is odd.
X3 2 X X3 2 X fx
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Chapter 2 Graphs and Functions
fx x2 2
This graph may be obtained by translating

the graph of y x? 2 units upward.

¥

fxx23

This graph may be obtained by translating

the graph of y x2 3 units upward.

y

fx) = x2 +3

g XX 42
This graph may be obtained by translating

the graph of y x2 4 units to the right.

Y o) = (x—4)

g XX 22
This graph may be obtained by translating the

graphof y x? 2 units to the right.

Y () = (x - 2)

66.

gXxX 22
This graph may be obtained by translating

the graph of y x2 2 units to the left.

g = (x+27 3
9
6

X
5 204

g XX 32

This graph may be obtained by translating

the graph of y x2 3 units to the left.
g = x+37 ]

=5 =2
gx x 1
The graph is obtained by translating the graph

ofy x| 1 un;t downward.

gx x3 |2 ‘

This graph may be obtained by translating the
graph of y x 3 units to the left and 2 units
upward.

gx) =|x +3|+2
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hx (x1)°
This graph may be obtained by translating

the graph of y x2 1 unit to the left. It is then

reflected across the x-axis.
y

h(x) = —(x + 1)°

hx (x1)3

This graph can be obtained by translating the

graph of y x3 1 unit to the right. It is then

reflected across the x-axis. (We may also
reflect the graph about the x-axis first and
then translate it 1 unit to the right.)

hx 2x% 1
This graph may be obtained by translating

the graph of y x2 1 unit down. It is then

stretched vertically by a factor of 2.
y

h(x) = 2x% -1
X
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hx3x2 2
This graph may be obtained by stretching the

graph of y X2 vertically by a factor of 3, then

shifting the resulting graph down 2 units.

y

h(x) = 3x*-2

fx 2(x2)% 4
This graph may be obtained by translating the

graph of y x2 2 units to the right and 4 units
down. It is then stretched vertically by a factor

of 2.

0 X

-4
&) = 25 -2)" -4
fx 3(x2)° 1

This graph may be obtained by translating the
graph of y x? 2 units to the rightand 1 unit

up. It is then stretched vertically by a factor of
3 and reflected over the x-axis.

fx) =-3(x-2)%+1

. fx X2

—

This graph may be obtained by translating
the graph offy x two units to the left.
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76. fx X3

This grai/ be obtained by translating the

graphof y /x three units to the right.

flx) =vx-3

This graph may be obtained by reflecting the
graph of y x gtross the x-axis.

78. fx X 2

'

This graph may be obtained by translating
the graph of y4/x two units down.

0
2€fx) =\x -2

79. fx 2 X1

This graph may be obtained by stretching the
graph of y x yertically by a factor of two

and then translating the resulting graph one
unit up.

80. fx3 X 2

This grap?_may be obtained by stretching the

graphof y  x vertically by a factor of

three and then translating the resulting graph
two units down.

fx) =3Vx-2

g X 134

2
This graph may be obtained by stretching the

graphof y X3 vertically by a factor of :

I
2

then shifting the resulting graph down four
units.

82.gx * xi’ 2
This graph may be obtained by stretching the
graph of y X~ vertically by a factor of 1
2

then shifting the resulting graph up two units.

1
y gx) = 3x3+2
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g XX 33
This graph may be obtained by shifting the

graphof y x> three units left.
y

8

gx)=(x+3)°

fx x23
This graph may be obtained by shifting the

graph of y x3 two units right.

¥

fx) = (x-2)}

85. fx 2X 2:
This graph may be obtained by translating the

graphof y X2 two units to the right, then

stretching the resulting graph vertically by a

factor of 2,
y 3

fo = 2x-2)°

Because g (x) x x fl(X), thg graphs are the
same.

Section 2.7 Graphing Techniques 235

87. (a) y=g(¥) _
The graph of g(x) is reflected across
the y-axis.

v

A

y=8(=x)
2

y=g(x-2)
The graph of g(x) is translated to the
right 2 units.

v

A

[}

[

y =-9(x) _
The graph of g(x) is reflected across
the x-axis.

B/

A

> X

)

i
E 2 u

y=-gx)+2
The graph of g(x) is reflected across
the x-axis and translated 2 units up.
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88. (@) y fx

The graph of f(x) is reflected across
the x-axis.

y =—f(x)

y 2fx

The graph of f(x) is stretched vertically

by a factor of 2.

y

4
7 V= 2f(x)

./ '
1 3
A

y fx
The graph of f(x) is reflected across

the y-axis.

90.

91.

92.

97.

The graph of f(x) is compressed vertically

by a factor of 3 .

y
A

SEEE
1f+3

> X

It is the graph of fx xtrans|afed 1 unit to

98.

99.

100.

It is the graph of gx X translated 4 units

to the left, reflected acrom—the x-axis, and
translated two units up. The equation is

WK 2.

It is the graph of fx Jx translated one

unit right and then three units down. The
equation is y \/x 1 3.

Itis the graph of fx x | | translated 2 units

to the right, shrunken vertically by a factor of
-; , and translated one unit down. The
equationis y & X| 21

2

It is the graph of g x |I translated 4 units

to the left, stretched vertically by a factor of 2,
and translated four units down. The equation

is 'y 2yx4 4.

_ fx x
It is the graph of reflected across

the x-axis and then shiH&d two units down.
The equationis y x 2.

Because f (3) = 6, the point (3, 6) is on the
graph. Because the graph is symmetric with
respect to the origin, the point (-3, — 6) is
on the graph. Therefore, f (-3) = - 6.

Because f (3) = 6, (3, 6) is a point on the graph.
The graph is symmetric with respect to the y-
axis, so (-3, 6) is on the graph. Therefore,
f(-3) =6.

Because f (3) = 6, the point (3, 6) is on the
graph. The graph is symmetric with respect to
the line x = 6 and the point (3, 6) is 3 units to

the left of the line x = 6, so the image point of
(3, 6), 3 units to the right of the line x =6 is
(9, 6). Therefore, f (9) = 6.

Because f (3) =6 and f (-x) =f (x), f (-3) =f (3).
Therefore, f (-3) = 6.

Because (3, 6) is on the graph, (-3, — 6) must
also be on the graph. Therefore, f (-3) =—6.

If f is an odd function, f (~x) = —f (x). Because
f(3)=6andf (x) = (x), f (-3) = (3).
Therefore, f (-3) = - 6.
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the left, reflected across the x-axis, and
translated 3 units up. The equation is

y x]|3. |
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f(x)=2x+5
Translate the graph of f ( x) up 2 units to
obtain the graph of

t(x)(2x5)22x7.

Now translate the graph of t(x) = 2x + 7 left
3 units to obtain the graph of

g(x) 2(x3)7 2x67 2x13.

(Note that if the original graph is first
translated to the left 3 units and then up 2
units, the final result will be the same.)

f(x)=3-x

Translate the graph of f ( x) down 2 units to

obtain the graph of t (x) (3x) 2 x 1.
Now translate the graph of t x x 1 right
3 units to obtain the graph of

g(x) (x3)1 x31 x4.

(Note that if the original graph is first
translated to the right 3 units and then down
2 units, the final result will be the same.)

(a) Because f(—x) = f(x), the graph is
symmetric with respect to the y-axis.

\}

N L.

T T T

Because f(—x) = —f(x), the graph is
symmetric with respect to the origin.

!
T T T J T
7]

104. (a) f(x) is odd. An odd function has a graph

symmetric with respect to the origin.
Reflect the left half of the graph in the

origin.

Chapter 2 Quiz (Sections 2.5-2.7) 237

/
t t } f X
/ )

f(x) is even. An even function has a graph
symmetric with respect to the y-axis.
Reflect the left half of the graph in the y-
axis. |

! !

1
t T T T X
/ Ny

Chapter 2 Quiz
(Sections 2.5-2.7)

95
2

1(3
Choose either point, say, (-3, 5), to
find the equation of the line:

y52(x(3) y 2(x3)5
2x11.

1. (a) First, find the slope: m

To find the x-intercept, let y = 0 and solve
forx:02x11x 1L The 2 x-intercept is
1 20,

Write 3x — 2y = 6 in slope-intercept form to
find its slope: 3x2y 6 v 2x3.
Then, the slope of the line perpendicular to
this graph is 23 .y4 2 (x3(6))

y 2(x6)4y 2Zx
3

3.(a x38 (b)y 5

4. (a) Cubing function; domain: (,) ;
range: (, ) ; increasing over (, ) .
(b) Absolute value function; domain:
(,) ; range: [0, ) ; decreasing over
(, 0) ; increasing over (0, )
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Cube root function: domain: (, ) ;

range: (, ) ; increasing over

().

fx 040 x- 0.75

£5.5040 55 0.75
0405075 275

A 5.5-minute call costs $2.75.

6. (X X/ ifx 0
2x3 ifx 0
For values of x < 0, the graph is the line
y = 2x + 3. Do not include the right endpoint

(0, 3). Graph the liney  x faf values of

x>0, including the left endpoint (0, 0).

y

X ifx20
fx) = {\\ if x

2x+3 ifx<0

f(x) x° 1

3

Reflect the graph of f(x) x” across the

x-axis, and then translate the resulting graph
one unit up.

8. f(x 2x| 13|

Shiftthe graph of f(x) x| |one unit right,

stretch the resulting graph vertically by a
factor of 2, then shift this graph three units up.

fx)=2|x-1]+3

9. Thisisthe graphofg(x)  x, translated
s

four units to the left, reflected across the x-
axis, and then translated two units down.

—

The equation is y x42.

10. (@) fx X2 7
Replace x with —x to obtain
X (X)27 f
x X2 7 fx

The result is the same as the original
function, so the function is even.

fx xS x1
Replace x with —x to obtain

fx x3 x1

3 x1 fx
The result is not the same as the original
equation, so the function is not even.
Because fx fx, the functionis

not odd. Therefore, the function is
neither even nor odd.

fx XlOl X99
Replace x with —x to obtain
101 99
fx x X
X101 x99
X101 x99
fx

Because f(—x) = —f(x), the function is odd.

Section 2.8 Function Operations and
Composition

In exercises 1-10, fx xlandgx x 2.

1. f g2 f2g2
2
212 7
2.f g2f2g2
2122 1
3. fg2 f2g2
2122 12

. Copyright © 2017 Pearson Education, Inc.



f f221 3
~9 —-
4. 9 g2 2 4

5. f g2fg2f222215
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Section 2.8 Function Operations and Composition

6. g f2gf2g2121%29

f is defined for all real numbers, so its domain
is, .

g is defined for all real numbers, so its domain

is, .

f + g is defined for all real numbers, so its
domain s, .

f

10. g is defined for all real numbers except those

values that make g x 0, so its domain is
,0-0,.

In Exercises 11-18, f(x) x2 3 and

g(x) 2x6. 20.
(f9)3 f(39g@®)
2.32(3) 6
12012

(f 9)(5) f(5) g (5)
[5) 3] [2(5) 6]
28 16 44

(f9)D) fQ) g

[(1)? 3] [2(1) 6]
484
(f 9)(@ f(4) g (@)

[(4)? 3] [2(4) 6]
19(2) 21
(fg)(4) f(4) g ()

[42 3] [2(4) 6]
19 (2) 38

(19)@3) f(3) g (3)
[3) 3]1[2(3) 6]

12 12 144
f f1) @23 a1 _
17. (1)
g g(1) 2(1) 8 2
1 f(5)

239
(fg)X¥)fF(0g(x
(3x4) (2x5) x9
(fg)(N)F(x)g(x) (3x4)(2x5)
6 x2 15x 8x 20
6x 2 7x20

£ (X)+69 3x4

g(x) 2x5
The domains of both f and g are the set of all
real numbers, so the domains of f + g, f — g,

and fg are all , . The domain of fis theg set

of all real numbers for which

gx 0. This is the set of all real numbers

except % which is written in interval notation

as A0 ..

f(x)=6-3x,g(x)=—4x +
1(fg)(0fF(x)g(x)
(6 3x) (4x1)
X7

(f9)(x) f(x)g(x
(63x)(4x1) x5

(fg)()F () g(x) 63x(4x1)
2

24x612x 3x
12%% 27x6

f f(x) __63x
(X) g(x) 4x1

The domains of both f and g are the set of
all real numbers, so the domains of f + g,

f—g, and fg are all , . The domain of

‘gf is the set of all real numbers for which g

x 0. This is the set of all real numbers
1

except 4, which is written in interval notation
4 4

as—, 1 1

f(x)2x23x% g ()% x3(fg)(
x) f(x) g (x)
(2x2 3x)(x2 X 3)

3x 4x3
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(B3 28
2x23%) (X% x3)
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18.  (5) 7

g g 205)6 4 2x% 3xx® x3
2
19. f(x) 3x4,9(x) 2x5 X® 2x3
(f9)(x) (%) g(x) (continued on next page)

(3x4)(2x5) b5x1
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Chapter 2 Graphs and Functions
(continued)

23. f(x) JAXLg(X) 1;

(fg)(N)F(x) g (x)

(2 X2 3x)(x2 X 3)
2x4 2x3 6x2 f:’,x3 f:’,x2 9x
2x4 5x3 9x2 9x

f S002x __ 8

(%)

g(x) x2 x3

The domains of both f and g are the set of

all real numbers, so the domains of f + g,
f—g, and fg are all , . The domain of

@f is the set of all real numbers for which

gxO0.If x2x30 , then by the quadratic

formulax 1 ' 11 The equation

has no real solutions. There are no real
numbers which make the denominator zero.

Thus, the domain of f isalso, .

g

f(x)4x22x,g(x)x23x2(f
9)(X)f(x)g(x)

(4 X2 2X) (x2 3x 2)
5x2 X 2
(f g)(¥) f(x)a(x

4 X2 2X) (x2 3x 2)
4x2 2xx2 3x2

3x% 5x 2
(fg)(X)f(x)g(x)

(4 X 2 x)( x? 3x 2)
ax* 1253 8% 23 6x2 4x

ax* 10x32%% 4x

f f(x) 4x22x

(x)

g g9 X 3x2

The domains of both f and g are the set of all

24, f(x) SA,9(x) -

I CHCTICR .

(F)0 F(Ng(n  JaT=

X
(fg)(x) fF(x)g(x)
Jx1 1 AxT
X X
I(X)L(—X)' ﬂl X m
g g(x) -

4

Because4x 104 X«i X 4 , the domain

of fis l4 , - Theedomain of g is

00, . Considering the intersection of the
domains of f and g, the domains of f + g,

f-g,andfgareall L <
4,. Because x O
f

for any value of x, the domain of ; isaso

1
4 1

(f9)( f(x)g(x
J—

1
5x 4 5x 4

I—

(f9)(x) f(0g(x

1

5x 4 - 5x4l
X X
(fg)(x) F(x)g(x) F
\/_
y o1 _5x4
5x 4 -
X X
f o 1(x) 5x4 re
(%) X al

nu



mbers, so the domainsof f + g, f—g, x> 3x20 . Because and fg
areall, . The domain of s the set of ox 4

g
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X2 3x 2 (x1)(x2), the numbers which
give this denominator a value of 0 are

x =1 and x = 2. Therefore, the domain of = is

the set of all real numbers except 1 and 2,
which is written in interval notation as

(—,l)

(1,2) 1(2,).

g9

g g(x) =
Because 5x 4 0 5x 4 x 4 the dorsnain of

fis = ,.The dorEr)wain of gis
.00, . Considering the intersection
of the domains of f and g, the domains of f + g,

f-g,andfgareall 4 -
5, . x Oforany

g
value of x, so the domain of = isalso

IS
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M 2008 280 and F 2008 470, thus
T 2008 M 2008 F 2008
280 470 750 (thousand).

M 2012 390 and F 2012 630, thus T
2012 M 2012 F 2012

390 630 1020 (thousand).

Looking at the graphs of the functions, the
slopes of the line segments for the period
2008-2012 are much steeper than the slopes
of the corresponding line segments for the
period 2004—-2008. Thus, the number of
associate’s degrees increased more rapidly
during the period 2008—2012.

If 2004 k 2012, T (k) r, and F(k) = s,
then M(k) =r —s.

T S2000 T 2000 S 2000

19136

It represents the dollars in billions spent
for general science in 2000.

T G 2010 T 2010 G 2010

291118
It represents the dollars in billions spent on

space and other technologies in 2010.

Spending for space and other technologies
spending decreased in the years
1995-2000 and 2010-2015.

Total spending increased the most during the
years 2005—2010.

33. (8 f g2f2g2

422

(fg)2) f(W)g(@)1@) 4
(fg)(0) 1(0)9(0)0(4)0

f f(1 1 1
@ 'ttt

g g 3 3

Section 2.8 Function Operations and Composition
(@ (fg)0) f(0)g(©022

(b) (f 9)(@) f(1)g()
213

© (fg)D)f1)g(1)212

@ 4,

g 2
35.(@ (f g)1)f(M)g(1) 03 3

(b) (f9)2) f(A9(d
14 5

(© (fg)©0) f(O)g@©0)122

@ 1@

@ (@ f(2) 3 undefined
g g2 0

36. (@) (f g)1) f()g(@31 2
(f9)0) f(0)g(0) 202
(© (fg)@) f(M)g() 3(1)3

@ @ 3

(@ fg2f2g2725
(fg)4) f(4)g4) 1055
(fg)2) f(2)g (2060

undefined

f
@ O O3

g(0) 0
(a) fg2f2g2549

(fg)4) f(4)g4) 000

(fg)) f(2)g(2) 428

@ i (O)L(Ql_8 8

g g 1

241



Chapter 2 Graphs and Functions

39. X fx g X f f gx fgx f
9
21 o 6 066 066 060 L0
o| s 0 50 5 50 5 50 0 3 undefined
B S 729 7214 138
4| 10 5 | 10515 1055 105 50 )
X fx gx f gx f gx fg x Ty
40. g
2| -4 2 | 422 42 6 428 L2
0 8 -1 | 817 819 818 8 g
j
2 5 4 549 541 54 20 125
4 0 0 000 00 0 00 0 2 undefined
41.—AMSWers may vary. Sample answer: Botn the 15 Tx6%2

slope formula and the difference quotient

represent the ratio of the vertical change to the

horizontal change. The slope formula is stated

for a line while the difference quotient is

stated for a function f.

42. Answers may vary. Sample answer: As h

approaches 0, the slope of the secant line PQ
approaches the slope of the line tangent of the

curve at P.

43. fx 2 X

(@ f(xh) 2(xh) 2xh
(b) f(xh) f(x) (2xh)(2 x)

f(xhf(x) h
(©) 1
h
44, fx 1x

f(xh)1(xh)1xh

2xh2xh

f(xh)yf(x)(1xh)(1x)1x
h1lxh

f(xhf(x) h
(© h

46.

47,

(@ f(xh) 6(xh)2 6x6h2

(b) f(xh) f(x)
(6x6h2)(6x2)
6x6h26Xx26h

© f (xh)._fHxr6h 5
h h

fx 4x11

(a8 f(xh) 4(xh)114x4h11
f(xh) f(x)

b
() (4 x 4h 11) (4x 11)
4 X 4h 11 4x 11 4h

f(xh)f(x)3R
(© h 4h

fx 2x5

f(xh)2(xh)52x
2h5

f(xh) f(x)
(2 x2h 5) (2x 5)

2x 2h 52x5 2h
f(xhf(x) 2h



(©)



f(x) 4x2
f(xh)4(xh)2
4x 4h 2
f(xh) f(x)
4x4h24x2
4x4h24x2
4h
—_f(xh) f(x) _4h
© T h h4
1
49. f(x) x
1
(@ f(xh)
xh
f(xh) f(x)
xh
1 _—
h x
X xh
h
xxh

(c)
h hx x h
1
xh
1
50. f(x)
X2
-1
(@ f(xh)
X h2
(b) f(xh) f(x)
L 1 x2xp?
X h2 x2 x2 X h2
x2 X h2 X

2xh h

FOxME0) xxh 22hhe2— — -2

Section 2.8 Function Operations and Composition

52.

2

f(x) X2

f(xh) (xh)? x2 2xhh?
f(xh) f(x)x% 2xhh? x?
2

2xhh

f(xh)f(x) 2xhhz
(©) h h
h(2x h
h
2xh

f(x) X

f(xh) (xh)
2 2 xhh?
2 2xhh 2

(b) f(xh) f(x) x

x2 2 xh h2 x2

2 xh h?

f(xh) f(x)  2xhh?

©

h(2x h

2xh
53. f(x)1x
2

f(xh)1(xh)
1(x% 2xhh?)
1x 2 2xhh?

f(xh) f(x)

1 x% 2xhh?) @ x%)
2 2

1x 2xhh

2xh h?

1x

2 xh h?

22xhh 2x

2

© f(xh) 'f(x)
h

h(2 x h)

h

h

2xh

243
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(©)

f(x)12x2



hx2 x h? (@ f(xh)12(xh) 22 ,

2xh _ __ 12(x 2xhh)

X2x h? 12x 2 4xh2n?
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(b) f(xh) f(x)
12x% 4xh2h? 1252
12x% 4xh 2h? 125

4 xh 2h?
f(xh) f(x) 4xh2h?
(©)

h h
h(4x2h)

h

4 x2h

f(x) 2 3x 1

f(xhyxh% 3xh1

2 2xhh? 3x3h1

f(xh) f(x)
2 2xhh? 3x3h1

2 31
2 oxhh?3x3h1x23x12

xh h2 3h

f(xh) f(x) 2xhh? 3n

©) R ]

h(2xh3)

2xh3

56. f(x) X2 4x2
(@) f(xh)xh? 4xh2

x2 2xhh? 4x4h?2

f(xh) f(x)
2 2xh h? 4x 4h2

2 4x2
22xhh24x4h2x24x2
2 xh h? 4h

f(xh) f(x) 2xhh? 4h
h : h

(¢
h(2x h 4)
h

58.gx x3g2 231

flg2fg2 f1
213231

599xx392235

flg2fg2
2531037

60. fx 2x 3

g f3g f3

61. fx 2x3 0203033
g fog fo g

33336
62 fx 2x3f22237

g f2gf2 g7
737310

fx 2x3 2223431
63.

fif2f f2

64.9x x3 g2 235

992992

65 (f 9)(2) f[g(2]1f(3)1
66. (f o) (7) fLg (7] f(6)
67. (g £)(3) glf (3] 9(1)

f5

3

f3233633

93330

f12131

95532

9
9

2xh4
Copyright



68. (g f)(6) glf(6)] ¢
(9) 12

69. (f' f)@) f[f(4)] f
3)1

70. (g 9)(1)glg(D)] g (9)
12

71 (f 9)(@) fLg ()] £(9)
However, f (9) cannot be
determined from the
table given.

72. (g (f g 9(f(g
©)))

g (f(6))
g (9) 12

73. (@) (f 9)x f(g(x)
f(5x7)
© 2017 Pearson Education, Inc.



57. gx x3g4431 6(x7) 9

g4 fg4 fl 30x42930x 33

213235 The domain and range of both fand g
are (, ), so the domain of f g is

()
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(g £)(x) g(f(x) g(€x9)
5(6x9) 7
30x 457 30x 52
The domainofg ' f is(,).
74. (@) (f 9)(x) f(g(x)

8(3x 1) 12
24x 812 24x 4

f(3x1)

The domain and range of both f and g
are (,), so the domain ofif g is

OF

(g F)(X¥)g(f(x)g @
12) 3(8x 12) 1
24x36124x%35

The domainofg " f is(,).

75. (@) (f 9)(x) f(g(x) f(x3) VX3

The domain and range of g are (, ) ,
however, the domain and range of f are
[0,).S0,x30x3.

Therefore, the domain of f 1gis

[3.).
(b) (g H(¥) g(f(x)) g K K3

The domain and range of g are (, ),
however, the domain and range of f are
[0,) .Therefore, the domainof g ! fis

[0).
76. (@) (f 9)() f(g(x) f(x1) x1
The domain and range of g are (, ),

however, the domain and range of f are
[0,).S0,x10x1. Therefore,

the domain of f is[L,).

(b) (g HY) g(FN g x Jx1

The domain and range of g are (, ),

however, the domain and range of f are

Section 2.8 Function Operations and Composition 245
(g (¥ g(f(x) g(x*)

x32 3% 1

x6 3x3 1
The domain and range of fand g are
(,), sothedomainof g fis

()

8. @ (o)) F(x* P )

xx% 42
x4 %2 2
The domain of fand g is (, ), while

the range of fis (, ) and the range of

gis4,,sothedomainof f Igis

()
(b) (g £)(x) g(f(x) g(x2)

(x2)* (x2)% 4
The domain of fand g is (, ), while

the range of fis () and the range of

gis4,,sothedomainofg  fis(,

).

79. (a) (f g)(x) f(g(x) f(3x) 3x1

The domain and range of g are (, ) ,
however, the domain of f is [1, ), while
the range of fis [0, ). So,
3x10 x L. Theresfore, the

domain of f gis 1
3,.
(b)
(g H)(x) g(T(x) g /X1~
J1

The domain and range of g are (, ),
however, the range of fis [0, ) . So

x10 x 1. Therefore, the domair/
ofg fisp).



[0, ). Therefore, the domainCopyrifg ht f©is2017 Pearson Education, Inc.



0.) 80. () (f 9)() f(g(x) f(2x) 2x2

The domain and range of g are (, ) ,
77. (@) (f . f X FO52 3x1 however, the domain of fis [2,) .
@ (T79)6 2 (g?f ) ( ) So,2x20x1. Therefore, the
(x” 3x1) domain of f 'gis1
The domain and range of fand g are v
(,), so the domain of f Igis

()

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions
(b) (g £)(x) g(f(x) g x2

A2
The domain and range of g are (, ),
however, the range of fis [0, ) . So

x 2 0 x 2. Therefore, the domain

ofg  fis[2,).

x1

(8 (f g)(x) f(g(x) F(x1) *——

The domain and range of g are (, ) ,
however, the domain of f is
(,0)(0,).S0,x10 x 1.

Therefore, the domain of f g'is

(1) @).

(b) (g )0 g(f(x) ¢>= 21

X X
The domain and range of f is
(, 0) (0, ), however, the domain

and rangeofgare (,).Sox0.

Therefore, the domainof g ' fis

(.0) (0,) .

82. (a) (fig)(x)f(g(x)f(x4) -+

x4

The domain and range of g are (, ),
however, the domain of f is
(0)(0,).So,x40x4. Therefore,
the domain of f g'is

(4) @),
by (9D g g = ¢

The domain and range of f is
(; 0) (0, ), however, the domain

and range ofgare(,).Sox0.

Copyright © 2017 Pearson E%ug&ion, Inc.

() (g f)09(f(x) g  x2 %2

84. (a)

(b)

85. (a)

(b)

The domain of fis [2,) and its range is
[0,). The domain and range of g
are (,0)1(0,).Sox20 x 2.

Therefore, the domainof g 1 f is(2,).

(froWflgO) 2 24

X X
The domain and range of g
are (,0) 1(0,), however, the domain of f
is[4,).S0, 240 «

1

x 0orx 2 (using test intervals).

Therefore, the domain of f g is

2
(g )xa(f(X)) g x4 = 153
The domain of fis [4, ) and its range is
[0,). The domain and range [} lii

are (,0)(0,).Sox40x4.

Therefore, the domainofg ' f is(4,).

(f 9))f(g(x)fxs x5
The domainofgis(,5) (5,),

and the range of gis (, 0) (0,).The
domain of fis [0, ) . Therefore, the
domainof f gis5,.

(g £)(x) g(f(x)9 X x5

a

The domain‘and ratfge of f is [0, ). The
domainofgis(,5) (5,).

Therefore, the domainof g f is[0,).

Theref
ore, the



domainofg ' fis

(.0) (0,) .






83. (a)

(fig)) f(gO)) f+ = 2

The domain and range of g
are (,0) 1(0,), however, the domain of f

is[2,).S0, 1 20

X

x 0orx , = (using test intervals).

Therefore, the domain of f g is

1
10 Vil

(F0)00 F(g(0) Fxo v
The domain of g is (, 6) 1 (6, ), and the

rangeofgis(,0) (0,) . The domain of f
is [0, ) . Therefore, the

domainof f Igis®, .

a

b (0 H® g(fo) 9 *

X
The domain and range of fis [0, ) . The
domainofgis(,6) 1(6,).

Therefore, the domainofg ~ f is[0,).
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87. (a)

(b)

88. (a)

(b)

(fig)(x) f(g(x) f2 — *——

x  Ux212x
The domain and range of g are

(,0) 1(0,) . The domain of f is

(, 2) 1(2,), and the range of f is

(,O) (0,).S0,12x G—xO0or
ox! S or xl-g (using test intervals).

Thus, x 0andx L. Therefore, the
2

domainof f ' g is

11
0 02 2,.

(g1f)(x) g(f(x) g— —2—

x2  1{x2)
2
The domain and range of g are

(, 0)(0, ). The domain of fis (, 2) (2, ),
and the range of fis (, 0)/(0, ). Therefore,
the domain of

g fis(2) 1(2,).

(fig)(x) f(g(x) f —~A—

X
-———

14x

The domain and range of g are
(,0) 1(0,). The domain of fis

(,4) 1(4,), andtherange of fis

X
(l 0) (01 ) SOJ 14x O X O

or0x & ,orl4x0x %

(using test intervals). Thus, x # 0 and
x# L . Therefore, the domain of f g is
4

S
4

, 0 0, 4, .

x4 1(x4)

(g f)(x) g(f(x) g— ———

Section 2.8 Function Operations and Composition 247

92.

93.

f(x)isodd,so f(1) f(1) (2) 2.
Because g ( x) iseven, g (1) g (1) 2 and
92 9@ 0. (f 9)(1)1s0

fg(l)1and f(2)1. f(x) isodd,so

f(2) f(2) 1.Thus,
(f'g)@) fg(2@ f(0) Oand

(f o)1) fg(1)f(2)1land
(f1a)(2) f g(2) f(0) O.

X -2 -1 0 1 2
fx -1 2 0 -2 1
gx 0 2 1 2 0
foox 0 1] -2 1 0

Answers will vary. In general, composition of
functions is not commutative. Sample answer:

gx f2x332x32
6x926x11

g f x g3x2 23x2 3

6x436x7

Thus, f g xis not equivalent to
g fx.

f gxfgxf3x7 v

3/_7 ” 3
X7T7 x

g fx gfxgx3 7

e

X277 3xs X

f gx fgx 4 dx22
4




x4 42 %422
The domain and range of g are X22 x22 X

(,0)1(0,) . The domain of f is g fxgfx 14x22

Copyright © 2017 Pearson Education, Inc.

(,4) (4,),and the range of f is



(, 0)1(0,) . Therefore, the domain of

g fis(,4)

4.)

94. f ' gxfgx 3ly 3
gf(2)g(1)2andgf(3)g(2)5 Since 1
gf(l)7andf(1)3,9(3)7. 3=x X
3
X fx gx gf(x) g fng)(13_3x
1 3 7
2 1 2 33x X
3 2 5
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Chapter 2 Graphs and Functions

1 34
95. f gxfgxs5 X a——————
- 5 5

3X3 44 3X3 X

13 34

5x 4
-5 1)
15X4 + % 4 4

g fxg fx

L
2 x

5 5 5
96. f gxfgx 3\73'1—17
— '~

3X3 11 3X38 x

S
x1

5

3

g fxg fx 3 1

Xx11x

In Exercises 97-102, we give only one of
many possible answers.

h(x) (6 x 2)°

Letg(x) =6x -2 and
f(x) X2,

(f'g)(x) F(6x2) (6x2)* h()

h(x) (11x% 12 x)?

Let g (x) 11x% 12xand f (x) x2.

(f19)(X) f (11%° 12%)
(11x% 12 x)%h(x)

h(x) 2\

Let g (x) X2 land f(x) A

—

(f 9)x f(x2 1) %21 n

X).
h(x) (2x 3)°

fx3x,gx1760 x

fgx fgx f1760 x

31760 x 5280 x
g x compute the number of feet in x

miles.
g
(%) X2 4
s
—‘?_’ 2_§ 2 \/_2
(@) @2x) ~@x°Y (@x) vax
4 4

JF
b) (16) ARP 3(8)

64  3square units

106. (@) x 4s L s s L
4

X X
8- 36
(©) vy 2.25 square units
16 16

107. () r(t)4tand (r) r’
(N )]

@4t) (4t) 2 1612

Letg (x) 2x3and f(x) xS
(f g)(x)f(2x3)(2x3)3 h(x)

Copyright © 2017 Pearson Education, Inc.



( r)(t) defines the area of the leak in

terms of the time t, in minutes. It defines the area of the circular layer

in terms of the time t, in hours.
(3) 16 (3)° 144t

@ (' nE [r)] © (1 1)(4) 4(4)? 64mi
(@) @) 2 42
101. h(x) JBx12

Copyright © 2017 Pearson Education, Inc.



Let x = the number of people less than 100

Letg(x) 6xand f(x) (k12 people that attend.
sk x people fewer than 100 attend, so

)(()f 9)() F(6x) 6x12 h( 100 — x people do attend N(x) = 100 — x

The cost per person starts at $20 and
h(x) 3234 increases by $5 for each of the x people

that do not attend. The total increase is

Letg (x) 2x 3and f (X) 3y I (f $5x, and the cost per person increases

3 to $20 + $5x. Thus, G(x) = 20 + 5x.
g))f(2x3)°2x34 h(\&)

f(x) = 12x, g(x) = 5280x C(x) N(x) G(x) (100 x)(20 5x)

(f 'g)(x) f[g (x)] f (5280x)
12(5280 x) 63, 360x

The function f g computes the number of
inches in x miles.
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(d) If 80 people attend, x = 100 — 80 = 20. 3. A(-6,3),B(-6,8)

C 20100 20 20 5 20 d (A, B) \/[6—(6)]2—(&3)2;

8020100 Ny

80 120 $9600 Midpoint:
6(6) 38 12 11 U

110. (a) y1 0.02x

2 22 2 2
0.015( x 500
y2 (x500) Label the points A(5, 7), B(3, 9), and C(6, 8).
.y1 y2 represents the total annual d(A B) 352 972 &
Interest. \/7 \/—
2 52
22 2
(v1 y2)(250) 448
y1 (250) y2 (250) 65)% (87)°
0.02(250) 0.015(250 500) d(AC) \ 2) 2( J)_
50.015(750) 15 11.25 11 11 2
316.25 d(B,C) \/—eez—wz—f
1
= 2 .2 J
111. (@ gx x2 1 91 1/07
Va

Fx x 1 Because 82 \/_22 10 Z,triangle

ABC is a right triangle with right angle at
(5, 7).

11
fligx fgx f —x —x1 )
2 2 (3.9)

1 8
flg60 6012%$31

If the area of a square is X2 square inches, each
side must have a length of x inches. If 3 inches
is added to one dimension and 1 inch is
subtracted from the other, the new dimensions
will be x + 3 and x — 1. Thus, the area of the Let B have coordinates (X, y). Using
resulting rectangle is (x) = (x + 3)(x — 1). the midpoint formula, we have

)2 o ,M
Chapter 2  Review Exercises 2 2
P(3,-1), Q(-4,5) b g Ay,
2 2
d(P, Q) \/\4 5)7 {5 u)]? 6x16 10 |y 4
X 22 y 6

(? 62 J4936 8§



Midpoint:

Copyright © 2017 Pearson Education,

3(4)
Inc.

15



The coordinates of B are (22, —6).
2 2 2 2 2

M(-8, 2), N(3, -7)

dM,N) [3(8)2 (72)2

R

112 (9)2 12181 202
83 2(7) 5 5
Midpoint: =, ,
2 2 2 2

P(-2,-5), Q(1, 7), R(3, 15)

d (P, Q) \/(1 )2 (7 (5))°

B ? ows

153 317

J
d(QR V@12 sy, v
2 2

2 8 4 64 68217

d (P, R) Jeﬂaz—&'ﬁwz— N

J 52 02V 25400 5 17/

(continued on next page)
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Chapter 2 Graphs and Functions

(continued) The center of the circle is (5, 6). Use the
4P ’ R 3 1 ma distance formula to find the radius:
('.Q)I (IQ' ) r’ (452 9621910
dl(P.JR), so these three points are . 2 2
collinear. The equationis (x5)“ (y6) 10.
Center (-2, 3), radius 15 X2 4x y2 6y120
(x h)2 (yk )2 ;2 Complete the square on x and y to put the
2 2 .. equation in center-radius form.
[x(@)]° (y3)" 15
2 2
X2 4x4 y> 6y9 1249
A A 2 2
8. Center ( 7),radius 3
X2 31
(xh)? (yk)? r? Y
e 2 2 2 The circle has center (2, —3) and radius 1.
XV 5y 7 3
g o ,
2 2 X~ 6x y© 10y300
N
X I I y 7 3 Complete the square on x and y to put the
equation in center-radius form.
Center (-8, 1), passing through (0, 16) 2 2
The radius is the distance from the center to (x* 6x9) (y 102y 25) 3029 25
any point on the circle. The distance (x3) (y5) 4
between (-8, 1) and (0, 16) is The circle has center (3, 5) and radius 2.
4
r @®)2 (16 1) B2 152 2x° 14x2y2 6y2 0
64 225 289 17. 27xy23y10
The equation of the circle is W2 7y yz 3y 1
[x@®) (y1)? 17? 22
(x8)* (y1)> 289 X Tx y 3Y41 4
49 9 —49 -9
4
X12 y 32 4 49 9
Center (3, — 6), tangent to the x-axis 4 1
The point (3, — 6) is 6 units directly below the X12Y 32 5
x-axis. Any segment joining a circle’s center to ] 2 , 2 4 ]
a point on the circle must be a radius, so in this The circle has center L, 2 and radius

case the length of the radius is 6 units. 2 2

2 2 \/E REONEE G
(xh)* (yk)*r? ST

(x3)% [y (6)]262 4 4w 2
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) ) 2 2 15y 0
(x3)° (y6)° 36 18. 3x 33x3y
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The center of the circle is (0, 0). Use the
distance formula to find the radius:

r2 (30)2 (50)%2 92534

The equation is X2 y2 34.

The center of the circle is (0, 0). Use the
distance formula to find the radius:

r? (20)% (30)° 4913
The equation is x* y? 13.
The center of the circle is (0, 3). Use the
distance formula to find the radius:
r2 (20)? (63)% 4913
The equation is X2 (y 3)2 13.

X11x y25y 0
2

x21lxy 5y 0
X2 11x L21y2 Sy& 01 &
4

4 4
) 2y 52
2 2 4
The circle has center L& -2—and radius
2 2
2.

This is not the graph of a function because a
vertical line can intersect it in two points.
domain: [-6, 6]; range: [-6, 6]

This is not the graph of a function because a
vertical line can intersect it in two points.
domain: , ; range: 0,
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26.

This is not the graph of a function because a
vertical line can intersect it in two points.
domain:, ; range: (, 1] [1})

This is_the graph of a function. No vertical line
will intersect the graph in more than one point.

domain:, ; range: 0,

This is not the graph of a function because a
vertical line can intersect it in two points.

domain: O, ; range: ,

This is_the graph of a function. No vertical line
will intersect the graph in more than one point.

domain: , ; range: ,

y 6 X2
Each value of x corresponds to exactly one
value of y, so this equation defines a function.

The equation x 1 y 2 does not define yasa

3
function of x. For some values of x, there will

be more than one value of y. For example,
ordered pairs (3, 3) and (3, — 3) satisfy the

relation. Thus, the relation would not be

a function.

27. The equationy x 2 ddes not define y as a

function of x. For some values of x, there

will be more than one value of y. For
example, ordered pairs (3, 1) and (3, —1)
satisfy the relation.

The equationy 4x defines y as a function

of x because for every x in the domain, which is
(=, 0) (0, )], there will be exactly one

value of y.

29. Inthe function f(x) 4 x, We|may use

any real number for x. The domain is, .

30. f(x) 8x

8 x
X can be any real number except 8 because
this will give a denominator of zero. Thus, the
domainis (-, 8) (8,).

Copyright © 2017 Pearson Educe

Chapter 2 Review Exercises
(a) As x is getting larger on the interval 2,
, the value of y is increasing.

As x is getting larger on the interval ,
2 , the value of y is decreasing.

f(x) is constant on (-2, 2).

In exercises 33-36, fx 2 X2 3x 6.

£3232336
29336
189615

£0.52052 3056
20.2530.56
05156 8

35. f0 202 3066
36. Tk 2k? 3k 6

2

37.2x5y 55y 2x5y x1 5
5
The graph is the line with slope 2 and

y-intercept (0, -)1. It may also be graphed
using intercepts. To do this, locate the

x-intercept: y 0

T92x5x 2

2x501f 3 -

1 1 t\_%
T T T T

)

=

y

I

v

31. fx 6 3x

3x+7y=14

251



38.

3X7y147y 3x14y 3x2

.
The graph is the line with slope of 37 and
y-intercept (0, 2). It may also be graphed using
intercepts. To do this, locate the x-intercept by

settingy = 0: 1
3x70143x14 x =

Copyright © 2017 Pearson Education, Inc.



In the function y We must have
63x 0.

63x 063x 2 x x 2
Thus, the domain is , 2.
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39. 2x5y 205y 2x20 y x4

5
The graph is the line with slope of 2fsiand
y-intercept (0, 4). It may also be graphed
using intercepts. To do this, locate the x-
intercept: x-intercept: y 0

2x50 202x 20 x10

y

2x+5y=120

4 .3vxvix )

The graph is the line with slope 13 and

y-intercept (0, 0), which means that it passes
through the origin. Use another point such as
(6, 2) to complete the graph.

f(x) =x
The graph is the line with slope 1 and y-
intercept (0, 0), which means that it passes
through the origin. Use another point such as
(1, 1) to complete the graph.

y

Xx4y84yx

The graph is the line with slope l4 and

y-intercept (0, —2). It may also be graphed
using intercepts. To do this, locate the x-
intercept:

y 0 x408 x8

Copyright © 2017 Pearson Education, Inc.
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* L
9

11\
t
®

X=-5
The graph is the vertical line through (-5, 0).

e e e
L S

| pE e e |

f(xy=3
The graph is the horizontal line through (0, 3).

| TR L

y20y 2

The graph is the horizontal line
through (0, —2).

y

L S

-1

The equation of the line that lies along the
x-axisisy = 0.

Line through (0, 5), m 2 3
Notethatm 2.2 .
3 3

Begin by locating the point (0, 5). Because the
, a change of 3 units horizontally

slope is 3

(3 units to the right) produces a change of —
2 units vertically (2 units down). This gives
a second point, (3, 3), which can be used to
complete the graph.

(continued on next page)



(continued)

y changes 2 units

\; x changes 3 units
(0, 5) W

7
5

7(3“%)

L

T N T |

Line through (2, — 4), m 3,
First locate the point (2, — 4).

Because the slope is 4§ , a change of 4 units

horizontally (4 units to the right) produces a
change of 3 units vertically (3 units up). This
gives a second point, (6, —1), which can be
used to complete the graph.

y changes 3 units

0. Z4)
v changes 4 units
through (2, —2) and (3, — 4)
yy 422
2
X2 X1 32 1
through (8, 7) and 1 % 2

m¥y 212

15 15 5
through (0, —7) and (3, —7)
110

- 0
30 3

through (5, 6) and (5, -2)

m%&
X2 X1 55 0

The slope is undefined.

Solve for y to put the equation in slope-
intercept form.

11x2y 3

2y 11x3y 2 X ,
Thus, the slope is 4.

55.

Chapter 2 Review Exercises 253
Ox —4y = 2.
Solve for y to put the equation in
slope-intercept form.

4y 9x2 yixi

Thus, the slope is % .

x20 x 2

The graph is a vertical line, through (2, 0).
The slope is undefined.

x—5y=0.
Solve for y to put the equation in
slope-intercept form.
5y xy ix
5

Thus, the slopeis 1.

5
Initially, the car is at home. After traveling for
30 mph for 1 hr, the car is 30 mi away from
home. During the second hour the car travels
20 mph until it is 50 mi away. During the third
hour the car travels toward home at 30 mph
until it is 20 mi away. During the fourth hour
the car travels away from home at 40 mph
until it is 60 mi away from home. During the
last hour, the car travels 60 mi at 60 mph until
it arrived home.

(a) This is the graph of a function because no
vertical line intersects the graph in more
than one point.

The lowest point on the graph occurs in
December, so the most jobs lost occurred
in December. The highest point on the
graph occurs in January, so the most jobs

gained occurred in January.

The number of jobs lost in December is
approximately 6000. The number of jobs
gained in January is approximately 2000.

It shows a slight downward trend.

(a) We need to first find the slope of a line
that passes between points (0, 30.7)
and (12, 82.9)

o vavi 829307 522 , .

X2 X1 120 12

Now use the point-intercept form with
b =30.7 and m = 4.35.

y =4.35x + 30.7

The slope, 4.35, indicates that the number
of e-filing taxpayers increased by 4.35%
&hcn yar Trom ZUUL 10 ZUL3.



For 2009, we

evaluate the function

for x=8.y =4.35(8)
+30.7=65.5

65.5% of the tax returns
are predicted to have been
filed electronically.
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254 Chapter 2 Graphs and Functions
We need to find the slope of a line that
passes between points (1980, 21000)
and (2013, 63800)

my2y1 63,800 21, 000

X2 X1 2013 1980
42,800

————— $1297 per year

33
The average rate of change was about $1297

per year.
(a) through (3, —5) with slope -2

Use the point-slope form.

yl1 m(xx1)y
2(x3)y52(x
3)

52x6
2x1

Standard form: y 2x12x y1

(a) through (-2, 4) and (1, 3)
First find the slope.
341
"1 3
Now use the point-slope form with
(x,y) (1,3 andm L.
1 1

y y1 m(xx1)
y3 1(x1)
3

3(y3) 1(x1)
3y9 x1

3y x10 yix &

Standard form:
3X 1 3 3my x 10

x3y10

(a) through (2, 1) parallelto 3x —y =1
Find the slope of 3x -y = 1.
3xyly3xly3xl1
The slope of this line is 3. Because
parallel lines have the same slope, 3 is

also the slope of the line whose equation

is to be found. Now use the point-slope
formwith (x1,y1) (2,1) and m 3.

y1 m(xx1)
y (1) 3(x2)
y1l3x6y 3x7

(b) Standard form:
y 3X73xy 73xy7

(a) x-intercept (-3, 0), y-intercept (0, 5)
Two points of the line are (-3, 0)
and (0, 5). First, find the slope.

m 505

03 3
3

The slope is 3 and the y-intercept is
(0, 5). Write the equation in slope-

3
5
intercept form: y = x5

Standard form:

y 23(53y 5x 15
5x3y155x3y 15

(a) through (2, —10), perpendicular to a line
with an undefined slope
A line with an undefined slope is a
vertical line. Any line perpendicular to a
vertical line is a horizontal line, with an
equation of the form y = b. The line
passes through (2, —10), so the equation
of the line isy =-10.

Standard form: y =-10

(a) through (0, 5), perpendicular to
8x+5y=3
Find the slope of 8x + 5y = 3.
8x5y 35y 8x3
y 2x & s

85

Theslopeof thislineis . The slope

of any line perpendicular to this line is

8°  becauses®g® 1.

The e%uation in slope-intercept form with
slope = and y-intercept (0, 5) is
8

§x5.

Standard form:
y X 58y5x40
5x8y 405x 8y 40

(a) through (-7, 4), perpendiculartoy = 8
The line y = 8 is a horizontal line, so
any line perpendicular to it will be a
vertical line. Because x has the same
value at all points on the line, the
equation is x = —7. It is not possible to
write this in slope-intercept form.

(b) Standard form: x = -7

68. (a) through (3, -5), paralleltoy =4
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This will be a horizontal line through

(3, -5). Because y has the same value at

all points on the line, the equation is
=-b5.

Copyright © 2017 Pearson Education, Inc.



Standard form:y =-5
f(x) x 3| |
The graph is the same as that of y x|, |

except that it is translated 3 units downward.

f(x) x ‘ ’
The graph of f(x) x| is the reflection of

the graph of y x| about the x-axis.

fx)=— | .\'|

f(x) x12 3

The graph of f(x) x1% 3isa

translation of the graph of y x2 to the left 1

unit, reflected over the x-axis and translated
up 3 units.

A}

fx) =—(x+1)*+3

The graph of f (X) X 2 is the reflection

of the graph of y  x gbout the x-axis,

translated down 2 units.

Chapter 2 Review Exercises 255

i
s s s s e
1 2 3 4

29 fx)=—x-2
e _\
flx) x3 _

Togety=0,weneed0 x31
X 4. Togety=1, weneed 1
32 4 x5.
Follow this pattern to graph the step function.

f(x)23§LLL

The graph of f(x) 23x12isa

translation of the graph of y 3[ tothe left 1

unit, stretched vertically by a factor of 2, and
translated down 2 units.

. f(X) 4 x2ifx1

3x5 ifx1

Draw the graph of y = — 4x + 2 to the left of x
= 1, including the endpoint at x = 1. Draw the
graph of y = 3x — 5 to the right of x = 1, but
do not include the endpoint at x = 1.

Observe that the endpoints of the two
pieces coincide.

~“4x+2ifx<1

fx)= T
Copyright © 2017 Pearson Educe 3x-5ifx> 1



Chapter 2 Graphs and Functions

76. f(x) X* 3 ifx 2

77.

x4ifx 2

Graph the curve y x2 3to the left of x = 2,

and graph the line y = — x + 4 to the right of x
= 2. The graph has an open circle at (2, 7)

and a closed circle at (2, 2).

y

X

e

_!.\'Z +3ifx <2
lx+4ifx>2

X

) || ifx 3
6 xifx3

flx) =

Drawthe graphof y x| | to the leftof x = 3,

but do not include the endpoint. Draw
the graph of y = 6 — x to the right of x =
3, including the endpoint. Observe that
the endpoints of the two pieces coincide.

y

i
o e s e

%o«
1 3 o\

|\'| ifx<3

I T N B =

ey

f&x)= »
6-xifx>3

78. Because x represents an integer, x- x.

Therefore, X X XX 2X.

True. The graph of an even function is
symmetric with respect to the y-axis.

True. The graph of a nonzero function cannot
be symmetric with respect to the x-axis. Such

a graph would fail the vertical line test

81. False. For example, f(x) x2 s even and

(2, 4) is on the graph but (2, — 4) is not.

True. The graph of an odd function is
symmetric with respect to the origin.

True. The constant function fx 0 is both

False. For example, f ( x) x3 is odd, and
(2, 8) is on the graph but (-2, 8) is not.
X y2 10

Replace x with —x to obtain ( X) y2 10.

The result is not the same as the original
equation, so the graph is not symmetric with
respect to the y-axis. Replace y with —y to

obtain x ( y)2 10xy 2 10. The result is the
same as the original equation, so

the graph is symmetric with respect to
the x-axis. Replace x with —x and y with —
y to obtain ( X) (y)2 10(x)y 210.

The result is not the same as the original
equation, so the graph is not symmetric with

respect to the origin. The graph is
symmetric with respect to the x-axis only.

5y2 5x2 30

Replace x with —x to obtain

5y2 5(x)2 305y2 5x2 30.

The result is the same as the original equation,
so the graph is symmetric with respect to the y-
axis. Replace y with —y to obtain

5(y)? 5x° 305y 5x° 30.

The result is the same as the original equation,
so the graph is symmetric with respect to the
x-axis. The graph is symmetric with respect to
the y-axis and x-axis, so it must also be
symmetric with respect to the origin. Note

that this equation is the same as y 2426 ,

which is a circle centered at the origin.
X2 y3
Replace x with —x to obtain
(x)2 y3 X2 y3 . The result is the same as the
original equation, so the graph is
symmetric with respect to the y-axis. Replace
y with —y to obtain X2 ( y)3 X2 y3 .
The result is not the same as the original

equation, so the graph is not symmetric with
respect to the x-axis. Replace x with —x and y

with —y to obtain ( x)2 ( y)3 X2 3. The
result is not the same as the original
equation, so the graph is not symmetric with

Copyright © 2017 Pearson Education, Inc.



respect to the origin. Therefore, the graph is
symmetric with respect to the y-axis only.

Copyright © 2017 Pearson Education, Inc.



even and odd. Because fx 0 fx,

the function is even. Also
fx 00 fx, sothe function is odd.

Copyright © 2017 Pearson Education, Inc.



y® x4
Replace x with —x to obtain y3 x4.

The result is not the same as the original

equation, so the graph is not symmetric with

respect to the y-axis. Replace y with —y to obtain

(y)3 x4 y3 x4 y3 X4

The result is not the same as the original

equation, so the graph is not symmetric with
respect to the x-axis. Replace x with —x and y
with -y to obtain
(y)3 (x)4 y3 x4 y3 X 4.
The result is not the same as the original
equation, so the graph is not symmetric with
respect to the origin. Therefore, the graph
has none of the listed symmetries.

6Xy4
Replace x with —x to obtain 6(x) y 4
6x y 4. The result is not the same as the

original equation, so the graph is not

symmetric with respect to the y-axis. Replace
with -y to obtain

6x(y)46xy4. Theresultis notthe same

as the original equation, so the graph

is not symmetric with respect to the x-axis.

Replace x with —x and y with —y to obtain 6(

X) (y) 46 xy 4. This equation is not

equivalent to the original one,

so the graph is not symmetric with respect
to the origin. Therefore, the graph has none
of the listed symmetries.

Y ¥l

Replace x with —x to obtain

] (%) ly] x. The result is not the

same as the original equation, so the graph is

not symmetric with respect to the y-axis.
Replace y with —y to obtain
|y |x |y| X. The result is the same as

the original equation, so the graph is
symmetric with respect to the x-axis. Replace
X with —x and y with —y to obtain

ly J(x) ly] x. The result is not the
same as the original equation, so the graph is

not symmetric with respect to the origin.

Therefore, the graph is symmetric with respect

Chapter 2 Review Exercises 257

Xy

Repial:e 1( l:vith —X to obtain

X y X .

The result is the same as the original equation,
S0 thef graph is symmetric with respect to the

y-axis. Replace y with —y to obtain

x| y x| || y|. The result is the same as

the original equation, so the graph is
symmetric with respect to the x-axis. Because
the graph is symmetric with respect to the x-
axis and with respect to the y-axis, it must
also by symmetric with respect to the origin.

X2 y2 0

Replace x with —x to obtain

X2 y 20 x?2 y 2. The result is the same as
the original equation, so the graph is
symmetric with respect to the y-axis.
Replace y with —y to obtain

X2 y2 0x2 y 200, The result is the same as
the original equation, so the graph is
symmetric with respect to the x-axis.
Because the graph is symmetric with respect
to the x-axis and with respect to the y-axis, it
must also by symmetric with respect to the
origin.

X2 y 22 4
Replace x with —x to obtain

X2 y22 4 %2 y22 4,

The result is the same as the original equation,

so the graph is symmetric with respect to the y-
axis. Replace y with —y to obtain

X2 y 22 4. The result is not the same

as the original equation, so the graph is not

symmetric with respect to the x-axis. Replace
X with —x and y with —y to obtain

X2 y22 4 %2 y22 4,

which is not equivalent to the original
equation. Therefore, the graph is not

symmetric with respect to the origin.

95. To obtainthe graph|of g (x) x, reflect the

graph of f(x) x acrosstheH-aXiS-
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to the x-axis only. 96. To obtain the graph of h(x) x 2, translate

y=1 _ ) the graph of f(x) W down 2 units.
This is the graph of a horizontal line

through (0, 1). It is symmetric with respect
to the y-axis, but not symmetric with respect
to the x-axis and the origin.

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions

To obtain the graphof k (X) 2x4|, | Tography f(x), keep the graph ofy
translate the graph of f(x) ¥ to the right 4 =f(x) asitis wherey 0 and reflect the
units and stretch vertically by a factor of 2. graph about the x-axis where y < 0.

If the graph of f(x) 3x 4 is reflected

about the x-axis, we obtain a graph
whose equation isy (3x 4) 3x 4.

If the graph of f( x) 3x 4 is reflected 1
41 (4,2
about the y-axis, we obtain a graph (,@N—o—» X
whose equation is y f ( x) 3( x) 4 3x 4. 0 T @GO
If the graph of f (x) 3x 4 is reflected about -
the origin, every point (x, y) will be replaced 102. No. For example suppose fx X2 and
by the point (—x, —y). The equation for the gx 2x Then
. .
graph will change from y 3x 4 to
(f 9)(x) flg(x)  f(2x
y 3(x)4 y 3x4 2%2
3x 4.
The domain and range of g are (, ),
(a) To graph y f ( X) 3, translate the hOWeVer, the domain of f is [2, ) . SO,

. 2x20 x1.Therefore, the domain of
graph of y = f (x), 3 units up.

figisl,.Thedomainofg, (,),is

I not a subset of the domain of f 1,
e Yo &3 g

For Exercises 103-110, f (x) = 3x% -4 and
g(x):x273xf4.

(fg)(x) £(x)g(x)
(3x2 4)( X2 3x 4)
3 2,2
To graph y f ( x 2), translate the graph 3¢ 9% 12 4x° 12x16
3x* 9x® 16x° 12x 16
of y = f (x), 2 units to the right.
(fg)4) f(4)g@)
(342 4) (4% 34 4)
(316 4) (1634 4)
(484) (16 12 4)

o) 10, 0
2.0 /TN R 44044

6.-2) 105 (o)) f@Wo®
[3(4)7 4] [(4)" 3(4)4]
[3(16) 4][16 3(4) 4]
(c) Tograph y f(x3) 2, translate the [484] [16124]
Copyright © 2017 Pearson Education, Inc. 44 24 68
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graph of y = f (x), 3 units to the left and
2 units down. (f 9)(2k) f(2k)g(2k)

g [3(2k )2 4] [(2k )2 3(2k) 4]
L] [3(4)k 2 4] [4k 2 3(2k) 4]
i (12k 2 4) (4k 2 6k 4)

i 16k 2 6k 8
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2

I f3) 334 394
107y @) g@) 3%34 9334
274 B3
994 4 4
f 31 24 314
108. g0 12314 1314
34 1 .
undefined
134 0

109. The domain of (fg)(x) is the intersection of the
domain of f (x) and the domain of g(x). Both
have domain , , so the domain of

(fa)(x) is, .

2
f 3)(2 4 x4

110. g0 X% 3x4  (x1)(x4)

Because both fx andgx have domain
, , We are concerned about values of x

that make g x 0. Thus, the expression is

undefined if (x + 1)(x — 4) = 0, that is, if
X = -1 or x = 4. Thus, the domain is the set of
all real numbers except x =-1and x = 4, or

(_l _1) (_1! 4) (41 )

111. fx 2x 9

f(xh) 2(xh)9 2x2h9
f(xh) f(x)(2x2h9)(2x09)

2x2h92x9 2h
f(xh)f(x) 2h
Thus, 2.
h h
112. f(x) x° 5x3
f(xh) (xh)? 5(xh)3
x22xhh 25x5h 3

f(x) f(x)

(x? 2 xh h? 5x5h 3) (X% 5x3)

Chapter 2 Review Exercises 259

For Exercises 113-118,

f(x)

113.

114.

115.

116.

117.

118.

x2and g (x) x

—
(91 H)() alf(x)] g x2

X2 2 X2

2 2
(f 9))fLg()1f(x) X 2
fx x 2,50f3 32 11.
Therefore, )

3

g f3 g gl1 1.
gx x2,so 9662 36.

Therefore, f\/976 fg6 f 36
e
362 34.

g flgflg 129 3
g

Because 3isnotareal number,g f1

is not defined.

To find the domain of f f; ust

consider the domain of g as well as the

composed function, f ¢. Because
2
f gx fgx X" 2 we needto

determine when x2 2 0.

Step 1: Find the \(]rl'ues of x that satisfy
X2 20.

¥ 2 x 2

x2 2xhh 2 5x5h3x 2 5x3
2XAh% 5h
f(xh)f(x) 2xhhz5h

h
h(2x h 5)

s 2xh5
h
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St

NT

e two numbers divide a number line into
three regions.

Step 3 Choose a test value to see if it
satisfies the inequality, X220,

J
Interval Test Is x2 20
Value true or Talse?
2 ” 22 20 2
2/— 2 0 02 20°?
2 0—False—
The domain of fg i » 20 ?
2 ﬁ 2
. 2 20 True

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions
fglflgl718

(fg)® f(3)g(3990
(fg)@@) f()g@)326

122. — undefined

f ) L5

g@) o0
(9 )@ alf@1g() 2

124. (£ 9)3) f[g )] ()1
125. (f 19)(2) flg (] f(2) 1
(g f)®3) g[f(3)] g(4)8

Let x = number of yards.

f (x) = 36x, where f ( X) is the number of
inches. g(x) = 1760x, where g(x) is the
number of yards. Then

(g f)(x) gf(x)1760(36 x) 63, 360 x.

There are 63,360x inches in x miles

Use the definition for the perimeter of a
rectangle.

P = length + width + length + width

P(x) 2xx2xX 6x
This is a linear function.

129. 1fV (r) “-r® and if the radius is increased
3

by 3 inches, then the amount of volume
gained is given by

Vg(r)V(r3)V(r 3 (r 3) 3~

130. (@ V r2n

If d is the diameter of its top, thenh =d

d

andr 2. So,
o’ s’ g
V(d) 2 (d) d) 4

() S 2r2 2rh

(b) The range of fx x 3 is all real

numbers greater than [l to 0. In
interval notation, this correlates to the

interval in D, 0, .

The domain of fx x2 3isall real

numbers. In interval notation, this
correlates to the interval in C, , .

The range of fx x? 3 is all real

numbers greater than or equal to 3. In
interval notation, this correlates to the
interval in B, 3, .

The domain of fx 3 x 3'is all real

numbers. In interval notation, this
correlates to the interval in C, , .

Na

The range of fx 3x3isall real

numbers. In interval nota1trifn, this
correlates to the interval in C, ,

The domain of fx x 3isall real

numbers. In interval notation, this
correlates to the interval in C, , .

fx x3
(h) The range of | | is all real

numbers greater than or equal to 0. In
interval notation, this correlates to the

interval in D, O, .

The domain of x y2 is x 0 because

when you square any value of y, the
outcome will be nonnegative. In interval

notation, this correlates to the interval in

D, 0,.

(J) Therange of x y isall real numbers.
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S(d) 242 24 (d) £
2

= i

2 2 2

1N

Chapter 2 Test
JF

1. (@) The domainof fx x 3 occurs
when x 0. In interval notation, this

correlates to the interval in D, 0, .

In interval notation, this correlates to
the interval in C, , .

Consider the points 2,1 and 3, 4.
4 3

M 32 5

We label the points A 2,1 and B 3, 4.

d (A, B) \}3@42_44_927

J 523259 34
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The midpoint has coordinates
2314 15
2 2 2 2

Use the point-slope form with (
X1,y1) (2.1 andm?2 .5
Yy y1 m(XxXx1)

y13[xs ()]
y1=(x2)5y13(x2)
5y53x°65y 3x 11
3x5y113x5y 11

Solve 3x — 5y =11 fory.
3x5y11
5y 3x11

3x11
55

Therefore, the linear function is
11

f(X)5; 5.

(a) The center is at (0, 0) and the radius is 2, so
the equation of the circle is

2 y 2 4.
The center is at (1, 4) and the radius is
1, so the equation of the circle is

(x1)? (y4)? 1

x2 y? 4x10y 130

Complete the square on x and y to write
the equation in standard form:

x2y2 4x10y 130

X2 4 x y2 10y 13

X2 4x4 y% 10y2513425

22 y52 16

The circle has center (-2, 5) and radius 4.

v

X+ +4x-10y+13=0

Chapter 2 Test 261

This is the graph of a function because no
vertical line intersects the graph in more

than one point. The domain of the
functionis (—,—1) (-1,). The

range is (—, 0) (0,). As x is getting
larger on the intervals, 1 and
1, , the value of y is decreasing, so the

function is decreasing on these
intervals. (The function is never
increasing or constant.)

Point A has coordinates (5, —3).

The equation of a vertical line through
Aisx=5.

The equation of a horizontal line
through Alisy =-3.

The slope of the graph of y 3x 2 is 3.

A line parallel to the graph of
3x 2 has a slope of 3.

Use the point-slope form with
(x1,y1) (2,3)and m 3.

yrm(xx1)
y33(x2)
y33x6 y 3x9

A line perpendicular to the graph of

3x 2 has a slope of 13 pecause
3

32 1.
y3 1 (x2)
3

3y3 x23y9 x2

x & 1
3y x7y 38 3
12. (@) 2, (b) 0,2
(© .0 (d)
e . ® 1

To graph fx x [2 1, yve translate the
graph of y x, 2 units to the right and 1 unit

down. ||



) =|x-2|-1
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(a) This is not the graph of a function because
some vertical lines intersect it in more
than one point. The domain of the relation
is [0, 4]. The range is [- 4, 4].

Copyright © 2017 Pearson Education, Inc.



Chapter 2 Graphs and Functions

f(x) x1-
Togety=0,weneed0 x11
1x 0.Togety=1, we need

x 12 0 x 1. Follow this pattern to graph
the step function.

f) =[x+ 1] i

fx 2

f(x)21xifx2
2

For values of x with x < -2, we graph the
horizontal line y = 3. For values of x with

X 2, we graph the line with a slope of : )

and a y-intercept of (0, 2). Two points on
this line are (-2, 3) and (0, 2).

y

(&) Shiftf (x), 2 units vertically upward.

y

y=fx)+2

Shift f (x), 2 units horizontally to the left.

y

Reflect f (x), across the x-axis.

(T T

(0,0) 4
14

(0, 0)

starting with y ||, we shift it to the left 2

units and stretch it vertically by a factor of 2.
The graph is then reflected over the x-axis
and then shifted down 3 units.

% 2y2 3
Replace y with —y to obtain
3% 2(y)? 33x% 2y? 3.
The result is the same as the original

equation, so the graph is symmetric with
respect to the x-axis.

Replace x with —x to obtain
3( x)2 2 y2 33x% 2 y23.
The result is the same as the original

equation, so the graph is symmetric with
respect to the y-axis.

The graph is symmetric with respect to
the x-axis and with respect to the y-axis,
so it must also be symmetric with
respect to the origin.
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f(x) 2x2 3x2,0(x) 2x1

(fg)(x) f(x)g(x)
2x% 3x22x1
2% 3x22x1
2x2x1
e 28 32

() (X
g g(x) 2x1

We must determine which values solve
the equation 2 x 1 0.

2x102x 1x 2

Thus, 1 isexcluded fromthe
domainz,

2 2

and the domainis , £ 1% ,.

f(x)2x2 3x2
(d)
fxh 2xh%? 3xh2

2%x2 2xhh? 3x3h?2

2x% 4xh2h? 3x3h2

f(xh) f(x)
(2x? 4xh2h? 3x3h2)
2x% 3x2)
2x% 4 xh 2h? 3¢
3h22x2 3x2
4xh 2h? 3h
f(xh)f(x) 4xh2h23h
h h
h(4x2h 3)
4x2h2

(fg)1) f(1)g()
(212 312) (211)
(21312) (21 1)
(232)(21)
1(1) 0

6 (1)@ Q3@
222 322)(221)
(2432 2)(221)
(862)(41)

Chapter 2 Test 263
gx 2x1g0 201

01 1. Therefore,
flig0fgo

£1212 312
21312
2321

—

For exercises 20 and 21, X x1and
gx 2xT7.

21.

20. g fgx f2x7

LD =\4 a o

J J

The domain and range of g are (, ) , while

the domain of f is [0, ) . We need to find
the values of x which fit the domain of f:
2x6 0 x 3. So, the domainof f g is

[3.).

g fgfxg x1

2x17

The domain and range of g are (, ) , while the
domain of fis [0, ) . We need to find the
values of x which fit the domain of f:

x10x1.So,thedomainofg ' f
is[l,).

4(3) 12
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(@) C(x) =3300 + 4.50x
R(x) = 10.50x

P(x) R(x) C(x)
10.50 x
(3300 4.50 X)
6.00x 3300
P(x)0
6.00 x 33000
6.00x 3300
5
5
0

She must produce and
sell 551 items before
she earns a profit.
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Chapter 2

Graphs and Functions

Section 2.1  Rectangular Coordinates
and Graphs

Classroom Example 1 (page 184)

(transportation, $12,153)

(health care, $4917)

Classroom Example 2 (page 186)

d (P, Q) ‘13 , 85 2
35169 194

Classroom Example 3 (page 186)

o|(R,s)\/502 12 2
J259 34
d(R,Tq/402 32 2
Jies YA

d(s,T) \/452312

S 8

The longest side has lengthy/ 85

U a

344185

The triangle formed by the three points is not a
right triangle.

Classroom Example 4 (page 187)
The distance between P(2, 5) and Q(0, 3) is

\[20%532 N/VEN R
The distance between Q(0, 3) and R(8, 5)
J is 802537 Gi64

pes o

Classroom Example 5 (page 188)
The coordinates of M are

1) 513 8

2 2 2

Let (x, y) be the coordinates of Q. Use the
midpoint formula to find the coordinates:

i 20y,

2 2

X
F 48x8 x 0

2

20¥, 59 y 8 y12
2

The coordinates of Q are (0, 12).

Classroom Example 6 (page 188)

The year 2011 lies halfway between 2009 and
2013, so we must find the coordinates of the
midpoint of the segment that has endpoints (2009,
124.0) and (2013, 137.4)

2009 2013 | 124.0137.4

2 2

2011, 130.7

The estimate of $130.7 billion is $0.1 billion
more than the actual amount.

Classroom Example 7 (page 189)

Choose any real number for x, substitute the value in
the equation and then solve for y. Note that additional

answers are possible.

(@)
y=-2x+5

-1 y _2(1)57

0 y 2(0)55

3 y 23)51
Three ordered pairs that are solutions are (-1, 7),
(0, 5), and (3, —1). Other answers are possible.
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The distance between P(2, 5) and R(8, 5) is
55

\/28 : - /100100
J200 10 &

Because 28 2710 2./the points are collinear.

20 Copyright © 2017 Pearson Education, Inc



Section 2.2 Circles 21

Find a fourth point by letting x=—-2 and

(b) y x Sy solving for y:
- - ; 3
9 | x 3138 2 X/_123 y1l9y
— g : The points to be plotted are (0, —1), (1, 0), (2,
2 | x 31811/ 7), and (=2, —9). Note that (—1, —2) is also on
— - the graph.
-1 X ‘£ 1 30 GF y
| A==, A
7 x 371382 eyl
Ordered pairs that are solutions are (-2, -2 A% -
-9), (-1,-2), (0, -1), (1, 0) and (2, 7). .
Other answers are possible.
(©) X yx%1 VT

-2 y (2213

Lety =0 to find the x-intercept, and then let x
=0 to find the y-intercept:

-1 | vy @ 10
x211x21x21xy

2

0 y 0" 11
1 vy 2 10 0?11
2 y 22 13 _ S _
Find a third point by letting x = 2 and
solving fory: y 2213 . Find a fourth point
Ordered pairs that are solutions are by letting x = —2 and solving for v:
(-2,-3), (-1,0), (0,1), (1, 0) and (2, -3). T e
Other answers are possible. 2713
Classroom Example 8 (page 190) Elg)helg)o(lgts_t:(%)) baen%k()ftgdfg? (-1,0). (1,0,
Lety = 0 to find the x-intercept, and then let x y
=0 to find the y-intercept: A
02x5 x 2 HH
2 1
y 2005 y 5 . -
Find a third point on the graph by letting EFr 5 W
x=-—1andsolvingfory: y 2157. N
The three points are 52, 0,(0,5),and (-1, 7).
Note that (3, —1) is also on the graph. Section 2.2 Circles
) .
A Classroom Example 1 (page 195)
7 (h k) =(,-2)andr=3
5
y=-2x+5 x h? yk 2,2
PR3-
..... - i_:1 : X 12 y 2 2 32
Find a third point by letting x = 2 and solving
Lety = 0 to ] the x-intercept, and then let x fory:23y123y17y.
=0 to find the y-intercept:
Sh%11

03f10y1y1



x12y22 9
(h,k)=(0,0)and r =
x h? yk2 r2
0% yo0? 22

2y2

2

4



Chapter 2 Graphs and Functions
Classroom Example 2 (page 196)

x12y22 g
This is a circle with center (1, —2) and radius

(X—l)2+(y+2)2=9

x2 y24

This is a circle with center (0, 0) and radius 2.

x> +y2 =4
Classroom Example 3 (page 197)

Complete the square twice, once for x and once for y:
X2 4x y2 8y440
X2 4x4 y? 8y 16 44416

22 y42 64

Because ¢ = 64 and 64 > 0, the graph is a circle.
The center is (=2, 4) and the radius is 8.

Classroom Example 4 (page 198)

2x% 2y? 2x6y 45
Group the terms, factor out 2, and then complete
the square:

1 9

2x% x 2y23y_

4 4

45 2-1 22

4 4

Factor and then divide both sides by 2:

2 2

Because ¢ =25 and 25 > 0, the graphis a circle. The

1

13
centeris , and the radiusis 5.

2 2
Classroom Example 5 (page 198)

Complete the square twice, once for x and once for y:
X2 6 X y 29 y120
x2 6x9y2 2y11291
x 3° y 12 2
Because ¢ = -2 and —2 < 0, the graph is
nonexistent. Classroom Example 6 (page 199)

Determine the equation for each circle and
then substitute x=—-3 and y = 4.

Station A:
x12 y4? 42
312442 42
42 42
16 16
Station B:
2 2 2
X6 y0 5
2 2
x6 y 25
36 42 25
32 42 25
916 25
25 25
Station C:
X 52 y 22 102
x5 y2 100
352 422 100
2 2
8 6 100
64 36 100
100 100

Because (—3, 4) satisfies all three equations, we can
conclude that the epicenter is (=3, 4).



Section 2.3 Functions
Classroom Example 1 (page 204)

4,0,31,31
M is a function because each distinct x value
has exactly one y value.

2,3324554

N is a function because each distinct x value
has exactly one y value.

4,3,0,6,28,4,3

P is not a function because there are two y-values
for x = —4.

Classroom Example 2 (page 205)

Domain: {-4, -1, 1, 3}
Range: {-2, 0, 2, 5}
The relation is a function.

Domain: {1, 2, 3}
Range: {4, 5, 6, 7}
The relation is not a function because 2
maps to 5 and 6.

Domain: {-3, 0, 3, 5}
Range: {5}
The relation is a function.

Classroom Example 3 (page 206)

Domain: {2, 4}, range: {0, 3}
Domain: (, ) ; range: (,)
Domain: [-5, 5]; range: [-3, 3]
Domain: (, ) ; range: (, 4]

Classroom Example 4 (page 207)

—
% o

I 11

[
2, YA, 3)

(=2, H10-(4, 0)

(@)

Not a function

Section 2.3 Functions 23
(b) y

/.

Hotwi

2
3

\

y

Function

© ﬁ

wn
-

Not a function

(d) 4
A
4
A
f. _;.,‘.“. 12411 > X
J \
/
Function

Classroom Example 5 (page 208)

y 2x 5 represents a function because y is
always found by multiplying x by 2 and
subtracting 5. Each value of x corresponds to
just one value of y. x can be any real number,
so the domain is all real numbersor (, ) .

Because y is twice x, less 5, y also may be any
real number, and so the range is also all real
numbers, (, ) .




Chapter 2 Graphs and Functions
For any choice of x in the domain of

3
x? 3, there is exactly one corresponding (e) Fory x2,weseethaty canbe found by

dividing x + 2 into 3. This process produces

one value of y for each value of x in the

the domain is (, ) . The square of any domain. The domain includes all r_eal numbers

number is always positive, so the range is except those that n_wake the denominator equz_:ll

[3). to zero, namely x = —2. Therefore, the domain
' is(,2) (2,) . Values of y can be

y negative or positive, but never zero. Therefore
=X the range is (, 0) (0, ) .

value for y, so the equation defines a function.
The function is defined for all values of x, so

%%:%%(ﬁ:%%é%} X
For any choice of x in the domain of x y|, |

there are two possible values for y. Thus, the
equation does not define a function. The
domain is [0, ) while the range is (, ) .

Classroom Example 6 (page 210)
f(3) (3)° 6(3)413

f(r) r? 6ra
g(r2)3(r2)13r7

Classroom Example 7 (page 210)

By definition, y is a function of x if every value

f(1) 2(1)2 9 7
of x leads to exactly one value of y.

Substituting a particular value of x, say 1, f() 6f
into y x corresponds to many values of y. The

ordered pairs (0, 2) (1, 1) (L, 0) (3, —1) and so (1)51(1)
on, all satisfy the inequality. This does not 0

represent a function. Any number can be used

for x or for y, so the domain and range of
this relation are both all real numbers, (,) .

Classroom Example 8 (page 211)

f(x) X 2x3
£(5) (5)°> 2(5)3 12
ft)t? 2t3
2
(b) 2x3y6y~x2 4

2
f(x)3x2

TORNORES

ft) 2t2
3



Section 2.4 Linear Functions 25

Classroom Example 9 (page 213) Classroom Example 2 (page 220)
ﬂ f (X) 2 is a constant function. Its graphis a
horizontal line with a y-intercept of 2.
2 y
\ > X ﬁ
Ha T o
| _0,2F flx) = 2\
The function is increasing on (, 1), decreasing on ‘*"‘*‘*‘*“(f:-*-*"—*—'-*—’x
(-1, 1) and constanton (1, ). T

Domain: (, ), range: {2}
Classroom Example 10 (page 213)

The example refers to the following figure. Classroom Example 3 (page 221)

Swimming Pool x =5 is a vertical line intersecting the x-axis at (5, 0).
Water Level

B Y
y=g() /\
4000 &
xX=

3000 > x
-:z 2000 60
3 2

1000 4

Domain:{5}, range: (, )

Rl Classroom Example 4 (page 221)

Hours

3x 4y 0; Use the intercepts.

The water level is changing most rapidly from 0 304y 04y 0y 0:y-intercept

to 25 hours. ;
3x 4003x 0x 0:x-intercept The graph
The water level starts to decrease after 50 has just one intercept. Choose an
hours. additional value, say 4, for x.
After 75 hours, there are 2000 gallons of water 344y 0124y 0
in the pool. 4y 12y 3

. . . Graph the line through (0, 0) and (4, —3).
Section 2.4 Linear Functions

Classroom Example 1 (page 220)
f(x) 2 x6 ; Use the intercepts to graph the
2

function. f(0) *066: y-intercept
2

03x66 3x x 4:x-intercept
2 2

Domain: (, ), range: (, )

J@x)= %x+6

Domain: (, ), range: (, )



Chapter 2 Graphs and Functions

Classroom Example 5 (page 223)

@ m 4(6) 10 5
22 4 2
88 0
(b) m 5@3) 8 0
m 1010,, the slope is
4(4) 0
undefined.

Classroom Example 6 (page 224)
2x—5y =10
Solve the equation for y.
2x5y 10
5y 2x10
2

5 x2

2 -
The slope is —5 , the coefficient of x.

Classroom Example 7 (page 224)

First locate the point (—2, —3). Because the slope is

53 , @ change of 3 units horizontally (3 units to the

right) produces a change of 4 units vertically (4
units up). This gives a second point, (1, 1), which
can be used to complete the graph.

¥
A

NG

—_—
[
[

~

NG

Classroom Example 8 (page 225) The

average rate of change per year is
86589547 889 996 33 million
2013 2010 3

The graph confirms that the line through the ordered

pairs fall from left to right, and therefore has

negative slope. Thus, the amount spent by the federal
government on R&D for general science decreased
by an average of $296.33 million (or $296,330,000)

each year from 2010 to 2013.

Federal Spending
on R&D in
General Science

Yy

010,
9,500 4 )
™

9,000 NS

Dollars (in millions)

8’5°g<» {2013, 8658)
e X’
10 °11 "12 °13
Year

Classroom Example 9 (page 226)

(@ C(x)120x2400
(b)  R(x)150x

© PO RMC(Y
150 x (120 x 2400)
30 x 2400

@ P(X)030x24000 x80

At least 81 items must be sold to make a

profit.

Section 2.5 Equations of Lines and
Linear Models

Classroom Example 1 (page 234)

(5) 2(x3)
52x6
y2x1l
Classroom Example 2 (page 234)
N C o 3(1) 4
First find the slope: m A5 9
Now use either point for (x1,y1) :
y3 4[x (34)]
9(y3) 4(x4)
9y 27 4x16
9y 4x 11
4x9y11

Classroom Example 3 (page 235)

Write the equation in séope-intercept form:

3x4yl1l24y 3x12 y °x3
4

The slope is 42 , and the y-intercept is (0, —3).



Classroom Example 4 (page 236)
42 1

Firstfind the slope: m2 2 2

Now, substitute t for m and the coordinates of one
2

of the points (say, (2, 2)) for x and y into the
slope-intercept form y = mx + b, then solve for b:
1

22 b3b.Theequation is
ylx23.

Classroom Example 5 (page 236)
The example refers to the following figure:

The line rises 5 units each time the x-value

increases by 2 units. So the slope is 25 .

The y-intercept is (0, 5), and the x-intercept
is (2, 0).

(b)  Anequation defining fis f(x) £x5.
2

Classroom Example 6 (page 238)

Rewrite the equation 3x 2y 5 in slope-
intercept form to find the slope:
3

3x2y5y ,x ,& =2 Theslopeis,

2 2

The line parallel to the equation also has slope
3—2 . An equation of the line through (2, —4)

that is parallel to 3x 2y 5 is

3 3
y(@) 2(x 2) y42x3

y 23x 7or3x — 2y =14.

Section 2.6 Graphs of Basic Functions
The line perpendicular to the equation has

slope 2 An equation of the line through
(2, —4) that is perpendicularto 3x 2y 5is
3

3 4 3 3
y@d) = (x2)y4ix-
y -2x3J ; Or2x+3y=-8.
Classroom Example 7 (page 240)
First find the slope: m 7703 6695 504 3
1
Now use either point for ( x1,y1) :
6695 504( x 1)
6695 504 x 504
y 504 x 6191

The year 2015 is represented by x = 6.
504(6) 6191 9215

According to the model, average tuition and
fees for 4-year colleges in 2015 will be
about $9215.

Classroom Example 8 (page 242)

Write the equation as an equivalent equation with
0 on one side.

3x2(5x) 2x38
3x2(5x)2x380

Now graph the equation to find the x-intercept.
NuRHnL annT AUTO REAL RADIAN MP []
CALC 2

Y1- 3X+2(5 X)-2X-38

\ |
\

Zero
X=-

The solution set is {—4}.

Section 2.6 Graphs of Basic Functions

Classroom Example 1 (page 249)

The function is continuous over (,

0) (0,)
The function is continuous over its entire

domain (, ).

27



Chapter 2 Graphs and Functions
Classroom Example 2 (page 252)

Graph each interval of the domain separately. If x
<1, the graph of f(x) = 2x + 4 has an endpoint
at (1, 6), which is not included as part of the
graph. To find another point on this part of the
graph, choose x = 0, so y = 4. Draw the ray
starting at (1, 6) and extending through (0, 4).
Graph the function for x> 1, f(x) = 4 — x 1
similarly. This part of the graph has an JS(x) = [[_Tx a 2]]
endpoint at (1, 3), which is included as part of
the graph. Find another point, say (4, 0), and

Classroom Example 4 (page 254)

draw the ray starting at (1, 3) which extends For x in the interval (0, 2], y = 20. For x in (2, 3],

through (4, 0). y=20+2=22 Forxin (3, 4],y =22 +2=24. For
Xin (4,5],y = 24 + 2 = 26. For X in (5, 6], y = 26 + 2
=28.

Dollars

_J2x+4ifx<1
ﬂx"{4-x ifx>1

0" 123456
Graph each interval of the domain separately. If x Peiitids
<0, the graph of f(x) = —x — 2 has an endpoint . . .
at (0, —2), which is included as part of the Section 2.7 Graphing Techniques

graph. To find another point on this part of the
graph, choose x = -2, so y = 0. Draw the ray

starting at (0, —2) and extending through (-2, Use this table of values for parts (a)—(c)
0). Graph the function for x > 0,

Classroom Example 1 (page 260)

x| g(x) 2x ? 12 12
f(x) x° 2 similarly. This part of the graph -2 8 h(x) 22 k() 1x
has an endpoint at (0, —2), which is not - 2 1 1
included as part of the graph. Find another 2 4
point, say (2, 2), and draw the curve starting 0 0 0 0
at (0, —2) which extends through (2, 2). Note ; !
that the two endpoints coincide, so (0, —2) is 1 2 2 1
included as part of the graph.
y 2 8 2 1
2
(@ 9(x) 2x
y
—x-2ifx<0
ﬂﬂz{ﬂ-zwx>0 3T [ ex) =242
Classroom Example 3 (page 254) £ L) *
Create a table of sample ordered pairs:
x 6 -3 2 02 3 6
A ]




() h(x)ix
2

Y
4
h(x):%x2
%
20 2
2
1
A k(x) " x
2
Y kix) = (Lx)?
; I‘(X)‘(zx)
4
-4 0 4 *

Classroom Example 2 (page 262)
Use this table of values for parts (a) and (b)

X g() x| | h)o |
-2 -2 2
-1 -1 1
0 0 0
1 -1 1
2

(b) h(x) x|

Section 2.7 Graphing Techniques 29

Classroom Example 3 (page 263)

xy

Replace x with —x to obtain
X|y|. The result is not the same as the

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

ywith—ytoobtainx y x|y |The

result is the same as the original equation, so
the graph is symmetric with respect to the x-
axis. The graph is symmetric with respect to

the x-axis only.

x 3|
Replace x with —x to obtain y x| 3|

J g . The result is the same as the

original equation, so the graph is symmetric
with respect to the y-axis. Replace y with -y to
obtainy x 3 .|'I]he result is not the same as

the original equation, so the graph is not
symmetric with respect to the x-axis.
Therefore, the graph is symmetric with respect
to the y-axis only.

2Xy6

Replace x with —x to obtain 2( x) y 6

2 Xy 6. The result is not the same as the
original equation, so the graph is not
symmetric with respect to the y-axis. Replace
y with —y to obtain 2 x (y) 6

2x y 6. The result is not the same as the
original equation, so the graph is not
symmetric with respect to the x-axis.
Therefore, the graph is not symmetric

with respect to either axis.

X2 y2 25

Replace x with —x to obtain
(x)2 y 295 X2 y 2 25 . The result is

the same as the original equation, so the
graph is symmetric with respect to the y-axis.
Replace y with —y to obtain

X2 (y)2 25 X y2 25 . The result is

the same as the original equation, so the graph
is symmetric with respect to the x-axis.
Therefore, the graph is symmetric with respect
to both axes. Note that the graph is a circle of
radius 5, centered at the origin.



Chapter 2 Graphs and Functions
Classroom Example 4 (page 265)

y 2 x3
Replace x with —x and y with —y to obtain ( y)

2( x)3 y2 X3 y2 x3 . The result is the same as

the original equation, so the graph is

symmetric with respect to the

origin.

y 2x2
Replace x with —x and y with —y to obtain

(y) 2( x)2 y2X 2 y2 x2 . The result is not
the same as the original equation, so the
graph is not symmetric with

respect to the origin.

Classroom Example 5 (page 266)

g(x) x> 2x3 3x
Replace x with —x to obtain
9 (% (% 2(x® 3(%)
X2 2x3 3x
(x5 253 3X)g (%)
g(x) is an odd function.

h(x) 2x2 3
Replace x with —x to obtain
h(x) 2( x)2 32x°3 h(x) h(x) is an even
function.
k(x) x* 6x9
Replace x with —x to obtain
k() ()7 6(x)9
X2 6x 9 k (x) and k(x)
k(x) is neither even nor odd.

Classroom Example 6 (page 267)

Compare a table of values for g ( x) x2 with

f(x) x22 . The graph of f(x) is the same as the
graph of g(x) translated 2 units up.

x | g(x) X2 f(x) X2 2
-2 4 6
-1 1 3
0 0 2

1 3

2 4 6

fx) = x2+ 2
,2)

X
2.0 "2

Classroom Example 7 (page 268)
2

Compare a table of values for g (x) x with

f(x)(x 4)2 . The graph of f(x) is the same as
the graph of g(x) translated 4 units left.

x | g(x) %2 f(X) (x4)2
—7 49 9
-6 36 4
) 25 1
4 16 0
-3 1
-2 4
- 9

fo) =@+a?’y

(4,002 0
Classroom Example 8 (page 269)

f(x) (x1)? 4

This is the graph of g () X2 , translated one
unit to the right, reflected across the x-axis,
and then translated four units up.

x | g(x) %% | f(x) (x1)? 4
) 4 5
1 1 0

0 0 3

1 1 4

2 4 3

3 9 0

4 16 -5

(continued on next page)



(continued)

(b) ff((,\ri = —-(x:%— l) +4

This is the graph of g (x) x|, Franslated three

units to the left, reflected across the x-axis, and
then stretched vertically by a factor of two.

g0 x| | f(x2x|s |

Pad

g(x)=-2|x + 3|
© h(x)=,Jx23

This is the graph of g(x) /X, translated two

units to the left, shrunk vertically by a factor
of 2, and then translated 3 units down.

xlg(x) x| h(x) 12x23
—2| undefined -3
—1]| undefined \/_—2.5
0 0 » 23 23
[
ol "2 14 -
ol /‘
N [
6 6 24 5 83 16
7 f7 2.6 -1.5

Section 2.8 Function Operations and Composition 31

ClassroomiExample 1page 270)

The graphs in the exercises are based on
the following graph.

g(x) f(x)2
This is the graph of f(x) translated two units
down.

)

A

7 N0
-2
N\ 4

g(x) f(x) 2
h(x) f(x2)
This is the graph of f(x) translated two units
right.

y
A

R N8
Y
=

R 0 B

Ea
h(x)=f(x-2)




Chapter 2 Graphs and Functions

k(x) f(x1)2

This is the graph of f(x) translated one unit
left, and then translated two units up.

A

A57.an

ERERE) |V H RN

kx)=f(x+1)+2

F(x) f(x)

This is the graph of f(x) reflected across the
y-axis.

o

)

{ 4 b

F(x) = f(-x)

Section 2.8 Function Operations and

Composition
Classroom Example 1 (page 278)

For parts (a)—(d), f(x) 3x4and g (x) 2x° 1

f(0)3(0) 4 4 and

g(0) 20002 11, s0
(f g)(0) 415

(b)  f(4)3(4)48andg(4) 2(4)> 131,50 (f
q)(4) 83123
f(2)3(2) 4 10and

92 22)2%17,s0
(fg)(2) (10)(7) 70

(d) f(33@®)45andg(3) 2(3)° 117,50
5

O
17

Classroom Example 2 (page 279)

For parts (a)—(e), f(x) x2 3x and g (x) 4x5
(a) (b)

f

(fg)(x) (X% 3x)(4x5)
4x3 5x% 12 x% 15x
4%3 7x2 15x

(02 ¥
g4x 5

The domains of f and g are both (, ) . So, the
domains of f + g, f — g, and fg a{e the
intersection of the domains of fand g,

(,) . The domain of < includes those
g
real numbers in the intersection of the
domains of f and g for whichg (x) 4x50
5 o
X =4_. So the domain of —g—is

E s

4 4

Classroom Exyample 3 (page 280)
A

@ .
y=8x

> X

T
i

y =fx)
-

From the figure, we have f(1) = 3 and
g(1)=1,s0(f+g)(1)=3+1=4.
f(0)=4andg(0)=0,s0(f—g)(0)=4-0=4.
f(-1)=3andg(-1)=1,s0
fo)(-1)=(3)(1)=3

f(—2)=0and g(-2)=2,s0—(2) £ 0.

g 2
(b) X f(x) ax)
-2 =5 0
-1 -3 2
0 -1 4
1 1 6

From the table, we have f(1) = 1 and
g(1)=6,s0(f+g)(1)=1+6=7.
f(0) =—1and g(0) =4, so
(f-9)(1)=-1-4=-5.

f(-1) = -3 and g(-1) = 2,

so (fg)(-1) = (=3)(2) = -6

f(-2) =-5and g(-2) =0, so
0



(%)
3X)
(4x

x27
X5

5

g is
undefined.



(c) f(x)3x4,9 (x)x|Fr0m

the formulas, we have
f(1)3(1)47andg (1) 1 1,sq|
(f+0)1)=7+(-1)=6.

f(0)3(0)4 4andg(0) O 0,sp|
f-g9@)=4-0=4.

f(1)3(1)41andg (1) 11,s0 (f¢)(J[1)
=(1)(-1)=-1.

f(2)3(2)4 2and

9(2) 2 2,p t2)2 .

g 2
Classroom Example 4 (page 281)
Step 1: Find f(xh):

f(xh)3(xh)? 2(xh)4
3(x% 2xhh?) 2 x 2h 4
3x2 6xh3h? 2x2h4
Step 2: Find f(xh) f(x):

f(xh) f(x)
(3x% 6xh3h% 2x2h4) (3x% 2x 4)
6 xh 3h% 2h

Step 3: Find the difference quotient:

f(xmf(x) 6xh3h%2h
h h

Classroom Example 5 (page 283)

6x 3h 2

For parts (a) and (b), f(Xx) x/4 and g (x) f

2
Firstfind g(2):g(2) 21.Now find

JF
(f 9@ f(9(2) f() \j\l/'4 5

(b)  Firstfind f(5): f(5) 54 9 3.Now

Plotli Plot2z Plot3

\Y1B{X+4
\Y282/X
\Y3=

E\Y4=

B\Ys=
\Ys=

E\Y?=

B\Ys=
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Yi¥2(2).)

ing calculator
evaluates the expressions in this classroom
example.

Classroom Example 6 (page 283)

For parts (a) and (b), f(x) +/x1and
g(x) 2x5

J

@ (f9)x f(g(x) "@2x51 2x 4
The domain and range of g are both (, ) .
However, the domain of fis [1,) . Therefore,

g ( x) must be greater than or equal to 1:

2x51x 2. So, the domain of f g is
[2,).

—
(b) (g H)(x) g(f(x) 2 x15

The domain of fis [1, ) , while the range of f
is [0, ) . The domain of g is (, ) . Therefore,

the domain of (g ' f) is restricted
to that portion of the domain of g that

intersects with the domain of f, that is [1, ) .

Classroom Example 7 (page 284)
5 a
For parts (a) and (b), f(x) _x4 and g (x) y

(F1g)(x) (g (x)—2— —Z——
®) 2%4 24x

The domain and range of g are both all real
numbers except 0. The domain of f is all real
numbers except —4. Therefore, the

expression for g ( x) cannot equal —4. So,
2 _
- 4 x .So, Thedomainof f g
X
is the set of all real numbers except for 1,
2

and 0. This is written
1

22,00,
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The domain of f is all real numbers except —4,
while the range of f is all real numbers except

The domain and range of g are both all real
numbers except 0, which is not in the range of
f. So, the domain of g 7 f is the set of all real

numbers except for —4. This is written
14 41

Classroom Example 8 (page 285)

f(x) 2x5andg(x)3x2 x
(g f)(x) g(2x5)3(2x5)2 (2x5)
3(4x2 20x25)2x5
12 x2 58x 70
(f 9)X f(3x2 x) 2(3x2 X) 5
6x2 2x5
In general, 12x2 58x 70 6x2 2 x 5, so

(9 £)(%) (Flow.
Classroom Example 9 (page 286)

(f g)(x) 4(3x2)% 5(3x2) 8
Answers may vary. Sample answer:

f(x) 4x% 5x8andg (x)3x2.






