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GRAPHS AND FUNCTIONS

Section 2.1 Rectangular Coordinates 12. P(-4,3), Q@2 -5)

and Graphs (@ d(P.Q)=\2- (4P +(5-3)
[ 2 2
1. False. (-1, 3) lies in Quadrant I1. ='6 +(-8) :%:10
2. False. The expression should be (b) The midpoint M of the segment joining
2 2 points P and Q has coordinates
2t 2 —4+2 3+(5)| |2 =2
3. True. The origin has coordinates (0,0). So, 2 2 =( i ’S

the distance from (0,0) to (a,b) is

d = \(a-0)? + (b -0 = a2 +b’ 13. P8 2), Q@ 5)J—

2 2
4. True. The midpoint has coordinates (@ d(P,Q)=VB-8)"+(5-2)

/a+3a b+—3b|\ (Lla —2[)) = (—5]2+32
2 ' 2 /‘:2’2 = 25+9= 34
= (2a,-D). (b) The midpoint M of the segment joining
5. True. When x =0,y = 2(0) + 4 = 4, so the points P and hfs coorginates
y-intercept is 4. Wheny =0,0=2x + 4 = 8+3 2451 _[11 7
X = -2, so the x-intercept is —2. 2 ' 2 2'2°
6. Answers will vary. 14. P(8,4),Q(3,-9)

2

7. Any three of the following:

(2.-5),(~1,7).(3,-9). (5, -17). (6. -21) @ A= 3-18)] +{->-4)

= J112 + (-9)2 = V121+81

8. Any three of the following:
=202
(3.3),(-5,-21), (8.18).(4.6), (0, ~6) 0
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10.

11.

166

. Any three of the following: (1997, 36),

(1999, 35), (2001, 29), (2003, 22), (2005, 23),
(2007, 20)

Any three of the following:
(1998, 90.0), (2000,88.5), (2002,86.8),
(2004, 89.8), (2006, 90.7), (2008, 97.4),

(2010, 106.5)

P(-5,-7), Q(-13, 1)

@ d(P,Q)= [FIB3-(B+I-(NI
= J(-8)* +8 = /128 =82

(b) The midpoint M of the segment joining
Toints P and Q has \:oordinates \

5+(-13) —7+1] [-18 -6
2 2 2 2
=(-9,-3)

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

—8+3 4+(-5) )zk_Q 1

2 2 2 2

15. P(-6,-5), Q(6, 10)
(@ d(P.Q)= [B-(-B)]*+[10- (5

=12% +15% = \[144 + 225
= /369 =341

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

—6+6 —-5+10 5 <§ )
, =\ _, . 1=10,_/.
2 2 2 2 2
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16. P(6,-2), Q(4, 6)
(@ d(P,Q)= 4—6Y+f6—2F

= J(2)? +82
=4 +64 =/68 =217

(b) The midpoint M of the segment joining
;{oints P and haf coord‘nates
M'—2+6 _ Q’é :(5'2)

2 2

2 2
NEENA NERNA
17. P(s 2.4 5], Q[ 2.5

(@ d(P.Q)

= 8+125= 133

(b) The midpoint M of the segment joining
;(oints P and Q has coord %\ates

3J§+\/5,4\5+(— 5@}

Tz ssl | | ssl
ERENY Y
18 p(V7.6%)0(6"7,- 3]
@ d(P Q)

= [5V7 - D + (/3 -843)°
= J(6J7)? + (-943)? = /252 + 243

S
= 495=3 55

(b) The midpoint M of the segment joining
p/()ints P and Q has coordiné\tes

/7 +5\/7,8\/§ +(=~B)

2 2

Section 2.1 Rectangular Coordinates and Graphs

20.

21.

22.

167

d(A, C) = 10— (-6)F +[8— (4]’

=V(4)? +12? =16 +144 = /160
J

Since [ 40)2+[ o i[ 200)2, triangle

ABC is a right triangle.

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- (-2 +[-4— (-8)]
=V221 42 = J4+16 =20

d(B, C) = /(- 4-002 +[-7- (4]
=V +(3)2 =V16+9

= 25=5

d(A C) = A +H7—

={(2)?+1% =Ja+1=15

Since (*G)2 + (JE)2 =5+20=25=5%
triangle ABC is a right triangle.

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

d(A, B)=\/I‘17(?ff)1_-rf47ﬁ

=52 +3% =/25+9 =34

d(B,C)= (-6-1)%+(-1-4)

=)+ (5)? =49+ 25 =74

d(A C) = [-6-(-4)]? +(-1-1? T
[ 2 2 /

= (-2)+(2) =—4+4= 8
ST

Since (/8)2+( 34)2 #( 74)? because

8 +34 =42 # 74, triangle ABC is not a right
triangle.

Label the points A(-2, -5), B(1, 7), and

Copyright © 2013 Pearson Education, Inc.



19.

g 2l L, 52l

PR

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.

d(A,B)= [0 (B2 +f 2 2

=62 +22 =36 +4 = /40

d(B,C)= JEWO= 0 +[8—(2)T

= /(~10)? +10% =+/100 + 100
= /200

(@3, 15).
d(A, B) = [1- (-2)F +[7 - (-5)
3?4122 —g 140 = V153

d(B, C) = /(3-1)% + (15-7)°
=V2%48% = V4+64=J£

d(A C)= [B—(-2)P+[15-(-5)}*

= /52 +20% = /25 + 400 = /425

Since

(/68)% + (153)° # (\/ﬁ)z because

68 +153 = 221 # 425, triangle ABC is not a
right triangle.

Copyright © 2013 Pearson Education, Inc.
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23.

24,

25.

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

2 2
d(A B)= [2-(4) +(5-3)

\Y J < J\/7
=\6%+27 =\[36+4 = 40

d(B,C)=\/-1—2 +(-6-5)
(-3)% + (-11)?

—

=V9+121=

d(A C) = J[“ (4 +(—o-s)2

Since (m]z + (\/%]2 = (\/1370]2 triangle

j

ABC is a right triangle.

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

d(A B)= [6-(7) +(-2-4)

d(B C)=\/ = -15-(-2)
= V(o) + (-aey
= 36+169 = 205

[ ra N

d(A C) = \/[U —{7 +{-15- 4)2

= |72+ (-19)° = \/49+361 = \/410

Since (\/ﬁ]z + (%)2 = (\/mr 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.

2 2

26.

217.

d(A, C) = /(20 +[-15- (-7)]°

= “22 (-8) —Qﬂ\/;

+ =

Si\A; d(A, B)+d/(;, C)=d(B, C) or

317 + 2\/1—1 =5 17, the points are collinear.

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)= \/[2 (1) *+(-2-
Ve ot -

2 2

dB,C)= [1-(-2)] +[1a-(~0T

=\/i32 +15%2 = 234=3 26

d(A €)= [1- (1) * fTa-4)°
= 22+\}9— \/\};4 2\/;

Because 26 +2 26 =3 26, the points are
collinear.

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

4

d(A B) = 2 2

=(-3)* + (-16)* = /9 + 256

279

]

2

= 2

(o2
o1

x1

o

JaR V) [ N
2=(=3) =+ 1o={=7}]
52 + 262 = /25 + 676

\/_

701 ~ 26.476

2

d(B, C) =

<
=T

d(A C)= [2-0)+(19-

V2% +10% = /4 +100

104 ~10.198
Since d(A, B) ytA, C) #d(B, C)
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v

fg;a)_o_k;(;z)], or 265+ 104# 701

T 16.279 +10.198 # 26.476,
=V9+144 26.477 # 26.476,
the three given points are not collinear. (Note,
2 however, that these points are very close to
e lying on a straight line and may appear to lie
- /255400 on a straight line when graphed.)

Copyright © 2013 Pearson Education, Inc.



28. Label the points A(-1, —3), B(-5, 12), and

29.

c(1, -11).
[ 2 [ 2
d(A, B)=\/[757[—1J F[12-(3
- (_4)2 +15% =16 + 225
= 241 ~155242
2 2

2 4 (-23)* = /36 +529

= 565~ 23.7697
2 2

+[11-(3)

= 22 +(-8) =J4+64

= 68 ~8.2462
Since d(A, B) + d(A, C) # d(B, C)

or /241 +./68 = /565

15.5242 + 8.2462 # 23.7697

d(A C) = [1—(—1)

<

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.)

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

C(-1,1).
[ (N2 o \2
d(A B) = \/lbfl*’J +{=2-4)
= 13% + (-6)° =+/169 + 36
= 205 ~14.3178
2 2

d(B,C)= (-1-6) +[1-(-2)

Section 2.1 Rectangular Coordinates and Graphs

30. Label the given points A(-4, 3), B(2, 5), and

31.

32.

33.

C(-1, 4). Find the distance between each pair
of points.

2

(o)

d(A B) \/[z_ 4l 53
=62 +22 =/36+4

=40 = 210

d(B,C)= (-1-2)%+(4-5)2 g
J
:./(-3] +(-1) = 9+1= 10

d(AC)= [-1-(-4) “+(a-3
\/ 2 2 v
=43 +1 =49+1= 10
Since d(B, C)+d(A, C)=d(A, B) or
V10 +4/10 = 210, the points are collinear.

Midpoint (5, 8), endpoint (13, 10)

—13+X=5 and 104y =8
2 2

13+x=10 and 10+y=16
x=-3 and y = 6.

The other endpoint has coordinates (-3, 6).
Midpoint (-7, 6), endpoint (-9, 9)

2 4 and 9—+M=6
2 2

9+x=-14 and 9+y=12
x=-5 and y=3.

The other endpoint has coordinates (-5, 3).
Midpoint (12, 6), endpoint (19, 16)

16 +y
19+ =12 and 6+ =6
2 2

19+x=24 and 16+y=12

Copyright © 2013 Pearson Education, Inc.
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x=5 and y=-4.

2 2
d(A C) = \/[—1— (—7)] +(1-4) The other endpoint has coordinates (5, —4).
- 62+ (73)2 -J36+9 34. Midpoint (-9, 8), endpoint (-16, 9)
e
= 45 ~6.7082 A0 X_ g ang Y og
Since d(B, C) + d(A, C) # d(A, B) or 2 2
’ ’ ’ ~16+x=-18 and 9+y=16
/58 + /45 # /205
7.6158 + 6.7082 # 14.3178 x=-2 and y=7
14.3240 # 14.3178, The other endpoint has coordinates (-2, 7).
the three given points are not collinear. (Note, 35. Midpoint (a, b), endpoint (p, q)
however, that these points are very close to p+X q+y
lying on a straight line and may appear to lie 5 -2 and 5 = b
on a straight line when graphed.)

p+Xx=2a and gq+y=2b
x=2a-p and y=2b-q

The other endpoint has coordinates
(Za_ vab_q) '

Copyright © 2013 Pearson Education, Inc.



170 Chapter 2 Graphs and Functions

36. Midpoint | &2 <9 onincint (b, d)

2 2
b+x a+b ., d+y _c+d

2 2 2 2
b+x=a+b and d+y=c+d
X=a and y=c¢

The other endpoint has coordinates (a, ¢).

37. The endpoints of the segment are
(1990, 21.3) and (20086, 29.4).

\ o | 1990+2008 21.3+29.4
2 2
= (1999, 25.35)

The estimate is 25.35%. This is close to the
actual figure of 25.2%.

38. The endpoints are (2000, 354) and
(2008, 620)

M = / 2000 +2008 354 +620\\

2 2
= (2004, 487)
The average payment to families in 2004 was

$487.

39. The points to use would be (2004, 19,307) and
(2008, 22,025). Their midpoint is

/ 2004 +2008 19,307 +22, 025\

2 2
= (2006, 20666).

In 2006, the poverty level cutoff was

approximately $20,666.

40. (a) To estimate the enrollment for 2002,
use the points (2000, 11,753) and
(2004, 12,980)

/ 2000 +2004 11,753 +12, 980\\

2 2

41. The midpoint M has coordinates

4 X NtYs
2 2

d(P,M) 2

P

/ | !
=\/|X1+X2_ﬁ|‘+'y1+)’z_ﬁ
2 2 2 2
/ \ [ \‘
[x x [ [y -y |
I
\/\ 2 U 2 ]
i rx _X\Z (12
=\/ 2 1 + 2 1
4 4
N
- 4

Copyright © 2013 Pearson Education, Inc.



= (2002, 12366.5)

The enrollment for 2002 was about

12,366.5 thousand.

(b) To estimate the enrollment for 2006, use the
points (2004, 12,980) and (2008, 13,972)

/ 2004 +2008 12,980 +13, 972\

M =
2 2

= (2006, 13,476)

The enrollment for 2006 was about 13,476
thousand.

42,

d(P,Q) = (Xz - Xl] + (yz - yl]

since 2 (x -x )V +(y -y)
> [ 2 1 2 1

l\/(xz—xl] +(y2‘y1)
o orce oy

= X=X *t Y=y,

this shows d(P,M)+d(M,Q) =d(P,Q) and

d(P,M)=d(M,Q).

The distance formula,
2 2

d= \/(xz —¥%) +(Y,—V;) , canbe written

as d =[(x —%)* + (y, - y)° T2

Copyright © 2013 Pearson Education, Inc.



In exercises 43—54, other ordered pairs are possible.

y
-2 y-intercept:
x=0=
y=3(0)-2=-2
0 x-intercept:
y=0=
0=1x-2=

_1 _
2-2x=>4-x

—1 additional point

y

43. (a) X
0
4
2
(b)
44. (@) _ X
0
3
1
(b)

3 y-intercept:
x=0=
y=-0+3=>y=3

0 x-intercept:
y=0=
0=-x+3>
-3=-Xx=>x=3

2  additional point

Section 2.1 Rectangular Coordinates and Graphs
45. (a) X y

0

N o

(b)

y-intercept:
x=0=
2(0)+3y=5=
3y=5=y=2

wlo

0 x-intercept:
y=0=>
2x+3(0)=5=
2x=5= x=2

—1 additional point

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

=3 y-intercept:
x=0=
3(0)-2y=6=
-2y=6=>y=-3

0 x-intercept:

y=0=>
3x-2(0)=6=
3X=6=>x=2

3 additional point

47. (a) X y
0 0 Xx-and y-intercept:
0=0°
1 1 additional point
-2 4  additional point

Copyright © 2013 Pearson Education, Inc.
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172 Chapter 2 Graphs and Functions

(b)

48. (a)

(b)

49. (a)

(b)

y

2 0]
X y
0 2 y-intercept:
x=0=>
y= 02+2=
y=0+2=>y=2
-1 3 additional point
2 6 additional point

no x-intercept:

y=0=0=x

242>

2=x*= +J-2=x

X y

3 0 x-intercept:
y=0=>
0=Vx-3=
0=x-3=>3=x

4 1 additional point

7 2 additional point

no y-intercept:

Xx=0=> y:ﬂﬁ y:ﬁ

(o]

e
(%)

50. (a) _ X

(b)

y

-3 y-intercept:
x=0=
y = Jo-3=

y=0-3=>y=-3
—1 additional point

0 x-intercept:
y=0=>

0=x-3=

3=\/§:>9=x

2 y-intercept:
x=0=
y=[0-2|=
y=|-2=y=2

0 x-intercept:
y=0=>
0=|x-2|=
0=x-2=>2=x
additional point

2 additional point

Copyright © 2013 Pearson Education, Inc.



52. (a) _X y
-2 —2 additional point
—4 0 x-intercept:

y=0=
0=-|x+4=
0=|x+4=

0=x+4=> -4=x
0 —4  y-intercept:

x=0=
y=-[0+4=
y=-[4=>y=-4

(b)

53. (@)
0 x-and y-intercept:
0=0°
-1 —1 additional point
2 8 additional point

(b)

54. (a)
5 x- and y-intercept:
0=-0°
1 —1 additional point
2 —8 additional point

(b) Y

Section 2.1 Rectangular Coordinates and Graphs 173
55. Points on the x-axis have y-coordinates equal

56.

57.

58.

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).

Since (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 I11. (—a, b) will have a positive
x-coordinate and a positive y-coordinate
and will lie in quadrant I. Also, (—a, — b) will
have a positive x-coordinate and a negative
y-coordinate and will lie in quadrant IV.
Finally, (b, a) will have a positive
x-coordinate and a negative y-coordinate
and will lie in quadrant IV.

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

each side.
d(AB) = [[13-(-2)] + @0 - 2
=/15% + 8% = /225 + 64

=289 =17
(na ac)2 ¢ 12
d(B,C) = [2t=13) +(-5-10]
= /8% +(-15)" = 64 +225

= 225+64 = 289 =17

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

d(D, A) =

N
N
N

=/(-8)" +15°
= 64+225=1/289 =17

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

59. To determine which points form sides of the

quadrilateral (as opposed to diagonals), plot

the points.

=}
T T |

Use the distance formula to find the length of

each side.

d(AB)= [5=1)+(2-
JE P = et

d(B,C)= [3-5)°+(4-2)

N
N

-2+ (2 i = R

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

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

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(AB)=+/(6-4) +(8-5)
VPP

:\/2 +3 = 4+9= 13

g
d(B,C) = V(8-6)° +(11-8)

= 2243 = 4+9= 13

d(C,D) = J{LO—BJ—(—L 14-11)

=V22+3% =J4+9 =13

d(A,D) = W

= /6% +92 = /36 + 81

=117 = J9(13) = 3*/5
d(A, B), d(B, C), and d(C, D) all have the same
measure and
d(A,D) = d(A,\I?.)_+ d()B,_C) +d(C, D) since
3/13=13+ 13+ 13.

Section 2.2  Circles
1. (a) Center (0, 0), radius 6

.

(x-0) +(y-0) =6

(x-0)" +(y-0)° =62 = x®+y? =36
(b) y

0.0

60. 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

Copyright © 2013 Pearson Education, Inc.



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 2. (a) Center (0, 0), radius 9

B(4 +2,5+3) or B(6, 8). 2 2

Adding 2 and 3 to the x- and y- coordinates of \/(X B O) * [y B O) =9

point B, respectively, we obtain (x- 0]2 +(y- 0]2 =9 = x2+y? =81
C(6 + 2,8+ 3) or C(8, 11). The desired points

are B(6, 8) and C(8, 11). (b) ¥

Copyright © 2013 Pearson Education, Inc.



Section 2.2 Circles 175
3. (a) Center (2, 0), radius 6 (b)

-2 +(y-0f =8
(X—2]2+(y—0)2=62 T
(x—2)? +y? =36

(b)

x2+(y+3)2=49
* 7. (a) Center (-2, 5), radius 4

(=

\/[X—(—Z) 2+(y—5)2 =4

{_,(_2)2_'_}‘2:3() [Xf(fz)]2 +(y75)2 = 42
(x+2)*+(y-5)" =16
(b)

4. (a) Center (3, 0), radius 3

Y-8 +y-0) =3

(x-3)°+y?=9

(b)

(x+22+(y-5)2=16
8. (a) Center (4, 3), radius 5

\/(X—4)2+(y—3]2 =5(X

(-3 +y2=9 ~4) +(y-3) =5%(x
5. (a) Center (0, 4), radius 4 - 4)2 +(y- 3)2 =25
Jx=0F +(y-4) =4 (b)

X2 +(y-4) =16

2

ST T

(x -4+ (y-3)2=25

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

Cry-4’ =16

2 2 _
6. (a) Center (0,-3), radius 7 \/(X_S) +[y—(—4]] =7
(x=5) +[y- (4 =7
Jieor (97 UL
2 2

(x-0) + y-(-3) =7

X2+ (y+3)% =49

Copyright © 2013 Pearson Education, Inc.



176 Chapter 2 Graphs and Functions
b (b)

(x+3Y P+ (y+\3) =3
13. (a) The center of the circle is located at the

10. (a) ((lfe_nSt)eerr(L%Ti;),:Flaqdius 6 midpoint of the diameter determined by
9 2 the points (1, 1) and (5, 1). Using the
\/[X -(-3) + y-(-2) =6 midpfint formula, we have
2 2
[x-(-3) 2+ y-(-2) =62 c='142 LT 39) The radius is

2 2
one-half the length of the diameter:

(b) _1 2 (1P -
r=5 (5-1)"+(1-1)" =2

The equation of the circle is

(59 D) : (-3 +(y-17 =4

w; (b) Expand (x-3)° +(y-1)° = 4 tofind the

equation of the circle in general form;
(x=3) +(y-1)" =4
2 2
XT=-6Xx+9+y -2y+1=4
11. (a) Center (x/i,\/g),radius V2 X2 +y% -6x-2y+6=0
2 2

[x- 2] «[y- 2] = 2 14. (a) The center of the circle is located at the
T PR 7 midpoint of the diameter determined by
NG
2
(x-+2]

+ [y - ﬁ)z =2 the points (—1, 1) and (-1, —5).
Usin? the midpoint formula, we have

(x+ 32+ (y+2)2=36

(b) y C = -1_+(—_1)71_+(—_5) - (-1-2).
2 2
The radius is one-half the length of the

diameter:
1 2 2
r=§\/[—1—(—1) +(—5—1) :3

The equation of the circle is
(x +1]2 +(y+ 2)2 =9

(x=\2)*+(y=~2)’ =2

12. (a) Center (-+3,-+3), radius 3 (b) Expand (x+1)> +(y+2)° =9 to find the

equation of the circle in general form:

e (T, (gl - e circle in

(A ) - 1) +(y+2) =9

[X_(_\/g)]ZJr[y_(_ 3]12:( 3)2 x2 +22X+21+ y2+4y+4=9
Copyright © 2013 Pearson Education, Inc.



X +y +2x+4y-4=0
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15.

16.

17.

(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
midpf)int formula, we\\have

ool 22D 4501,
2 2

The radius is one-half the length of the

diameter:

2

1 2
r=;\/[—2—(—2] +(4-0) =2

The equation of the circle is

(X+2]2+(y—2]2 =4

(b) Expand (x+2)° +(y-2)° =4 tofind the
equation of the circle in general form;
(X+2)2 +(y—2)2 =4
X2 44X+ 4+ yi -4y +4=4

X2 +y? +4x-4y+4=0

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

o086 BB g
2 2

The radius is one-half the length of the

diameter:

r= %\/(6—0)2+[—3—(—3) =3

The equation of the circle is
(X—3)2 +(y+3)2 =9

(b) Expand (x - 3)2 +(y+ 3)2 =9 to find the
equation of the circle in general form:
(x-3) +(y+3) =9
X2 -6x+9+y’+6y+9=9
x? +y2 -6x+6y+9=0

Since the center (-3, 5) is in quadrant I,
choice B is the correct graph.

18. Answers will vary. If m >0, the graphis a

circle. If m =0, the graph is a point. If m <0,
the graph does not exist.

19.

20.

21.

22.

23.

Section 2.2 Circles 177
X2 +y? +6x+8y+9=0
Complete the square on x and y separately.
[x2 + GX) + (yz + 8y] =9
[x2 +6x+9)+(y2 +8y+16)=79+9+16

(x+3)* +(y+4)* =16

Yes, it is a circle. The circle has its center at
(=3, —4) and radius 4.

X2 +y>+8x—6y+16=0

Complete the square on x and y separately.

(Xz +8x] + (yz —6y) =-16

(xz +8x+16]+ (y2 —6y+9] =_16+16+9
(e a) +(y-3) =9

Yes, it is a circle. The circle has its center at

(-4, 3) and radius 3.

X2 +y? - 4x+12y = -4

Complete the square on x and y separately.
(Xz —4x] + [y2 +12y) =-4

(xz —4x+4]+[y2 +12y+36]= —4+4+36

[X—2]2 +[y+6)2 =36

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

X2 +y? —12x+10y = -25
Complete the square on x and y separately.

(Xz 712X) + [y2 +10y) =-25
(Xz —12x + 36) + (yz +10y + 25) =
—-25+36+25
(X—6]2 +[y+5)2 =36
Yes, it is a circle. The circle has its center at
(6, -5) and radius 6.
4x% + 4y® +4x-16y -19=0
Complete the square on x and y separately.
4(x2 +x)+ 4(y? - 4y) =19
4(x2 +x+%)+4(y2—4y+4):
19-+4(4)+4(4)

4(x+%)2 +4[y—2)2 =36
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(x+3) +(y-2 =9
Yes, it is a circle with center (— —é , 2] and
radius 3.
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24. 9x? +9y? +12x-18y—23=0

Complete the square on x and y separately.

9(x2+§x)+9(y2—2y)=23
9 x +3x+9)+9(y272y+1)=

23+9(4)+9(1)

9(x+§)2 +9(y—1)2 =36

[x+§]2 +(y71)2 =4

Yes, it is a circle with center (— % , 1) and

radius 2.

25. X>+y?+2x-6y+14=0

Complete the square on x and y separately.

(xz +2x]+[y2 _6y) - _14
(xz +2x+1)+(y2 —6y+9)=—14+1+9

(x+1)2 +(y—3)2 =—4

The graph is nonexistent.

26. x> +y?+4x-8y+32=0

Complete the square on x and y separately.

(xz +4x]+[y2_8y) =32
(Xz +4X+4] +[y2 -8y +16) =

-32+4+16

(x+ 2)2 + [y—4]2 =-12

The graph is nonexistent.

27. x> +y?-6x-6y+18=0

Complete the square on x and y separately.

(xz —6x]+(y2—6y)= -18
[x2-6x+9]+(y2-6y+9)=—18+9+9

29. 9x? +9y? -6x+6y-23=0
Complete the square on x and y separately.
(9x? - 6x) + (9y? + 6y) = 23
2 2 2 2 —
9[x —gx]+9[y +§y)— 23
2

X2 Zx+l 4 y2a2ysl -2y

R O

l2

. (x=a) +ly+a) = o =(d)

Yes, it is a circle with center (l , - 1] and

radius 2.

30, 4x%+4y2 +4x-4y-T=0
Complete the square on x and y separately.

4(x2 +x)+4[y2 - y]=7
(

LS.

AP x+ X 4y? oyt =

2 2
Yes, it is a circle with center (— 1 l] and

3

radius 5 -

31. T}fe midpoint M hﬁs cTordinaﬁes

145 3+(-0)1 [4 -6

\2 2 }=\2,2/=(2,3)_

32. Use points C(2, -3) and P(-1, 3).

2 2
d(C, P>=Jea~za+kf&k
= J(-3) +62 = 9+36

=45 =35

r
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(x _3)2 +(y- 3)2 -0 The radiusis 3 5.

The graph is the point (3, 3). 33. Use points C(2, -3) and Q(5, -9).
2 pA
28. x2+y?+4x+4y+8=0 d(C, Q)=\/(5—2) +[—9—(—3)
Complete the square on x and y separately. [ 2 —
=3 +|-8] = 9+36
(x2+4x]+(y2+4y]=—8 )
= 45=35

(X2+4X+4]+(y2+4y+4 =-8+4+4

(2 +(y+2) =0
The graph is the point (=2, —2).

The radius is 3+/5.
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34. Use the points P(-1, 3) and Q(5, -9).

2 2
J[s 9 ey
= |62 +(-12)° =/36+144 = 180

- 645 the radius is d(P, Q). Thus
2

Since d(P, Q) =

r= 2 [6V5)=3/5.

2

35. The center-radius form for this circle is

(x=2)*+(y+3)* = (3/5)°* =

(x—2)2 +(y +3)% = 45,

36. Label the endpoints of the diameter
P(3, -5) and Q(-7, 3). The midpoint M of the

gment joining T and Q has ioordinates
$+0) D31 14 21, g
2 2 2 2

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

ac, P)=y[3-(2) [ 5 (1) ?

- 52+(4)2 =/25+16 = /41

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

d(C, Q)=

%

+42 J25+16 =

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.
4P, Q)= f=7=8f+13—{5}
= (-10)" + 82 = \100 + 64
T
= 164 =2 41

38.

Section 2.2 Circles 179

The center is C (5, %] To find the radius, we
can use points C (5, 79] and P(—1, 2).

dc, Py = [5-(9]*+ (2-2)

N

We could also use points C (5, 3] and
Q(11,7).

d(c, Q):\/[5—11]2+(29—7177

2 4 2

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

d(P,Q)= \/(—1—11)2 +(2-7)

- (12) +(-9
= 169 =
0P Q)= ,09)=

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

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

gment joining P a\wd 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>=st-az—*f4-}ﬁ

=473 =25 =5
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37.

24P, Q) = 5(2/21) =VAL

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

[x— 2P +[y- D) = (V41)?
(x+2)* +(y+1)* =41
Label the endpoints of the diameter
P(-1, 2) and Q(11, 7). The midpoint M of the

s(égmentjoinin% P fnd Q\has coordinates
1411 247 | 1 9

2 2 2

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

4(C, Q) = ﬁl—(—aﬂ +[1-(2)]

= 42+3%= 25=5

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

d(P.Q)=y[5-(-3)] +[4-(-2)]
= V8% +6% = /100 =10

1 L
Sd(P, Q)—z[lo)—S

(continued on next page)
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(continued)

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

(x —1)2 + (y—l)2 =5°
(x —1)2 + (y—l)2 =25
39. Label the endpoints of the diameter

P(1, 4) and Q(5, 1). The midpoint M of the
gmentjoin\\ng P and Q has coordinates

o ek

The center is C (3, g)
The length of the diameter PQ is

V-9 + (a0 = (-4 37 = V25 =5

The length of the radius is 1 (5) = 5.

2 2
The center-radius form of the equation of the

circle is
(x-3) +(y' 2] =(2]

(=3P +(y-5) =%

40. Label the endpoints of the diameter

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

gment joining P and Q has coordinates

-3+5 10+(-5) =(1 ég
2 2 C 7

The center is C (1, %]
The length of the diameter PQ is

J3-5) +[10-(-5) * = [-8)" +15°
= /289 =17.

The length of the radius is £ (17) =

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

(-0 +(y-3) = (5)

2 512 _ 289
(X_l) +(y_2] =
41. The equations of the three circles are
(x-7)2 +(y-4)? =25,
(x +9)% + (y +4)? =169, and

(x+37+(y-97%=100

Check algebraically:
(x-7)2+(y-4)*>=25
(3-7)%+(1-4)2=25
4% +3%* =25= 25=25
(x +9)2 + (y +4)? =169

(3+9)? +(1+4)2 =169
2 2
12 +5 =169 = 169 =169
(x+3)? +(y-9)? =100
(3+3)% +(1-9)°> =100
2 2
6 +(-8) =100= 100 =100

(3, 1) satisfies all three equations, so the
epicenter is at (3, 1).

42. The three equations are (x -3)° +(y-1)2 =5,
(x-5)% +(y+4)? =36, and
(x +1)? + (y - 4)® = 40. From the graph of the

three circles, it appears that the epicenter is
located at (5, 2).

(=37 +(-1)7*=5

Check algebraically:

(x=3)°+(y-1°=5
(5-3)°+(2-1)%=5
(x+3)? + (y -9)% =100. From the

graph of the three circles, it appears that
the epicenter is located at (3, 1).
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22412 =5= 5=5(x-5)?
+(y+4)° =36
(5-5)2+(2+4)% =36
62 =36 = 36 = 36 (x +1)*
+(y-4)° =40
(5+1)%+(2-4)%=40
6% +(-2)* =40 = 40=40
(5, 2) satisfies all three equations, so the
epicenter is at (5, 2).
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43. From the graph of the three circles, it appears

that the epicenter is |
y

2 2 87
(x+2)"+(y=2)y"=16 7

T
Check algebraically:

(x-2)% +(y-1)°
(-2-2)% +(-2-1)°
(-4)? + (-3)?

25

ocated at (-2, —2).

(x—22+(y—1Y¥=25

- D2+ (v+2)72=9

=25
=25
=25
=25

(x+2)% +(y-2)* =16

(-2+2)2+(-2-2)?=16

0% +(-4)? =16
16=16
(x-D*+(y+2)*=9
(-2-1)%+(-2+2)%=9
(-3)2+0%=9
9=9
(-2, —2) satisfies all three equations, so the
epicenter is at (=2, —2).

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

¥

10+
(x— 12+ (y+3)72=25/1

=18-14£10 -6

—18+4

L (=2 + (y—4)2 =25

Check algebraically:
(x-2)*+(y-4)*=

(5-2)2+(0-4)? =
3%+ (-4)2 =
25=

25

25

25
25

(x-1)? +(y+3)? =25
(5-1)%+(0+3)2=25

42 +3% =
25=

25
25

45.

46.

47,

Section 2.2 Circles 181
(x +3)? + (y +6)2 =100
(5+3)? + (0 +6)* =100
82 + 62 =100
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,sor=2.

(x-3+(y-2?=2"=>
(x=3)°+(y-2)*=4

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

r=y[5- (4" +©6-3)
'92 +52 =%

The equation of the circle is
2 2 2

[x—(-4)] +(y-3) =( 106) =
(x+4)? + (y-3)° =106

Label the points P(x, y) and Q(1, 3).
If d(P,Q) =4, J(1-x)*+(3-y)* =4=>

(1- x]2 +(3- y]2 =16.
If x =y, then we can either substitute x for y or

y for x. Substituting x for y we solve the
following:

(1- x]2 +(3- x)2 =16
1-2x+ x> +9-6x+x° =16
2x? -8x+10 =16
2x* -8x-6=0
x? -4x-3=0

To solve this equation, we can use the

quadratic formula witha=1, b =-4, and
c=-3.

~(-4)+y(-4)" -4 (0 (-3)

2(1)
_ 4x/16+12 _ 4 $8
2 2
Since x =y, the points are
(v ) (v V)

2+ 7,2+ 7 and 2—- 7,2- T7°.
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182 Chapter 2 Graphs and Functions
48. Let P(-2, 3) be a point which is 8 units from
Q(x, ¥). We have

d(P, Q) = \/(-2- X)) +(3-y) =8=
(-2-x)*+(3-y)* = 64.

Since x +y =0, x = —y. We can either
substitute —x fory or —y for x. Substituting

-x fory we solve the following:

(—2—x)2 +[3-(-x) * ed

(-2-x)*+(3+x)* =64
4+4X+X2+9+6X+ X% =64
2x% +10x +13 = 64
2x% +10x-51=0
To solve this equation, use the quadratic
formula with a =2, b =10, and ¢ = -51.

_-10+,10% - 4(2)(-51)
T
~10 ++100 +408

4

_10+4/508 10+ ./4(127)

4 4
-10+2.427 -5+ 427

4 2
Since y = -x the points are

(—5—\/17,5+ﬁ\ and

b,

2 2

49. Let P(x, y) be a point whose distance from

A(1, 0) is +/10 and whose distance from

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

Ja-x?2+(0-y)? =10 =

50.

51.

Substitute 5 — x for y in the equation
(1-x)? + y? =10 and solve for x.
1-x)?+(B-x?%=10=>

2

2
1-2x+x +25-10x+x =10

2x2 -12x+26=10= 2x2 -12x+16 =0
2

X -6x+8=0=> (x-2)(x-4)=0=>
Xx-2=0 or x-4=0

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

ill be M, the ﬁ‘idp

{bint: \
14(-3) 4421 | =2
* 221 122 81 1y

’\2 2 2 2

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

d(M, A) = JIL- (-D] + (4-3)2
=22 +12 =J4+1=.5

The equation of the circle is
2 2 f 2
[X—[—l] +(y—3) =( 5) =

(x+1) +(y-3) =>

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

J(-2-3)+(9-y) =12
L7z

(-5) +(9-y) =12

(-5)% +(9- y)?* =122

25+81-18y + y2 =144
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y -18y-38=0

(1-x)?+y®=10. d(P, B)= 10,50 Solve this equation by using the quadratic

\/(5 TX)2(4-y) =0 > formula witha =1, b =-18, and ¢ = -38:
- 18+, -182-41 -38
(5-x)% +(4-y)? =10. Thus, (Y () 0 )
- +y? =(5-x)°+(4-y)’ y= 2(1)
1-2x+x2+y?=
=18t\2§24+152 18+ 4f76
2(1 2
25-10x+ x2 +16 -8y + y? v
1-2x=41-10x -8y 18+ ,/4(119) 18+2/119
8y = 40 - 8x = 5 = 5 =9+./119
y=5-x

The values of y are 9 ++/119 and 9-+/119 .
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52. Since the center is in the third quadrant, the

53.

54,

55.

radius is /2 , and the circle is tangent to both
axes, the center must be at (-2, - +/2).

Using the center-radius of the equation of a
circle, we have

[x— —\/§]2+[ ——\/§]2= 22=>
-y (- (g
[X+\/§)2+(y+\/§J2=2.

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:

x? -16x+y* -14y +88=0
X2 16X + 64 + y2 —14y + 49 =
-88+64+49
(x-8)%+(y-7)?=25
So, the center is (8, 7) and the radius is 5.
v

1432 — 16x+ y*— 14y +88=0

.

Tl A
+ 2 4 6 8 101214
d(C, O) = /8% + 72 = {113 . Since the length

of the radius is 5, d(P,0) =113 -5.

The equation of the circle centered at

(3, 0) with radius 2 is (x -3)? +y? = 4. Lety
=1 and solve for x:

(x-3)?+1°=4> (x-3)*=3=>

f
x—3=t\/§=> x=3+\/§orx=3— 3

So the coordinates of the points of intersection

are (3+\/§,1] and (3—\/5,1).

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.

Copyright © 2013 Pearson Educ
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Wickenburg Phoenix

Functions

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

LU

{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

L)

{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
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10.

11.

12.

13.

Chapter 2 Graphs and Functions
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

(2} y-values

Two sets of ordered pairs, namely (1, 1) and
(1, 1) as well 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]}

LAY

{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}

x-values

14.

15.

16.

17.

18.

19.

20.

21.

22.

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: {2005, 2006, 2007, 2008}

range: {63.5, 60.4, 62.3, 61.2}

The relation is a function because for each
basketball season, there is only one number
for attendance.

domain: {2006, 2007, 2008, 20095}

range: {10,878,322, 11,120,822, 11,160,293,
11,134,738}

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: (-oo, )

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

domain: (-0, ); range: (-oo,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,e); range: (-c0, o)

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: (o0, ); 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]
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23. y=x? represents a function since y is always

24,

25.

found by squaring x. Thus, each value of x
corresponds to just one value of y. x can be
any real number. Since the square of any real
number is not negative, the range would be
zero or greater.

v

domain: (*,); range: [0, o)

y= X represents a function since 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. Since the cube of any real
number could be negative, positive, or zero,
the range would be any real number.

y

domairt; (+0,0); range: (-co, )

The ordered pairs (1, 1) and (1, —1) both
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.

y

domain: [0, ) range: (-, )

Section 2.3 Functions 185

26. The ordered pairs (1, 1) and (1, —1) both

27.

28.

satisfy x = y*. 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.

y

domain: [8, ) range: (-0, )

y = 2x -5 represents a function since 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. Since y is twice x, less 5, y
also may be any real number, and so the range
is also all real numbers.

¥y

domain%iomoo); range: [‘°°1°°)

y = —6x + 4 represents a function since 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. Since y is —6 times x, plus
4, y also may be any real number, and so the
range is also all real numbers.

y

domain: (o0, ); range: (-oo,)
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29. By definition, y is a function of x if every

30.

31.

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 (0, 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.

¥

domain: (oo, ); range: (-oo, )

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.
y

domain: (o0, ); range: (-, )

For any choice of x in the domain of y = Jx,

there is exactly one corresponding value of y,
so this equation defines a function. Since 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.

32.

33.

domain: [0,); range: [0, )

For any choice of x in the domain of
y = —J/x, there is exactly one corresponding

value of y, so this equation defines a function.
Since the quantity under the square root
cannot be negative, we have x =2 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.

A

domain: [0,); range: (-c,0]

Since xy =2 can be rewrittenas y = 2 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.

y

domain: (-o,0) U (0,);
range: (-o,0) U (0,)
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34. Since xy =—6 can be rewritten as y = ‘76 , we

35.

36.

Section 2.3 Functions 187

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: [—oo, %] range: [0, o)

¥

37. Given any value in the domain of y = X—fs we

+ v=—6 find y by subtracting 3, then dividing into 2.
..... | I 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

domain: (-o0,0) U (0,); never zero. Therefore, the range will be all

range: (_oo 0) U (0 Oo) real numbers except zero.

For any choice of x in the domain of |

y =+/4x+1 there is exactly one

corresponding value of y, so this equation

defines a function. Since the quantity under .

the square root cannot be negative, we have

4x+120= 4x>-1= x=- ;. Because the

radical is nonnegative, the range is also zero

or greater. domain: (-0,3) U (3,);

y range: (-o0,0) U (0, )
38. Given any value in the domain of y = =, we

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.

domain: [ 1 Oo). range: [O ) Values of y can be negative or positive, but

4 never zero. Therefore, the range will be all
For any choice of x in the domain of real numbers except zero.

y =/7-2x there is exactly one

corresponding value of y, so this equation

defines a function. Since the quantity under
the square root cannot be negative, we have
7-2x20> -2x2-7= x< Lorxst,

2 2 Because the radical is nonnegative, the

range is also zero or greater.
Copyright © 2013 Pearson Education, Inc.
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domain: (-00,5) U (5,0);
range: (-o0,0) U (0, )
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39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

Chapter 2 Graphs and Functions
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.

f(x)=-3x+4

f(0)=-3-0+4=0+4=4
f(x)=-3x+4

f(-3)=-3(-3)+4=9+4=13

g(x)=-x*+4x+1
g(-2)=-(-2) +4(-2) 1

=-4+(-8)+1=-11

g(x)=-x*+4x+1
g(10) = -10*+4-10+1
=-100+40+1=-59

f(x)=-3x+4

= -1e1=-
f(x)=-3x+4
f(p)=-3p+4

f(x)=-3x+4

f(—x) —3(—x)+4=3x+4
(x)
)

g -x2 +4x+1
g(-x

—(—X)Z + 4(—XJ +1

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

f[x+2]=—3[x+2)+4

f[a+4)=—3(a+4)+4

f(x)=-3x+4

=-3Xx-6+4=-3x-2

f(x)=-3x+4

=-3a-12+4=-3a-8

f(x)=-3x+4
f(2m-3)=-3(2m-3)+4
=-6m+9+4=-6m+13

f (x

f(3t-2)=-3(3t-2)+4

)=-3x+4

=-9t+6+4=-9t+10

@ f=2 () f(-1=3
@ f(2)=5 (® f(-1=1n
@ f(2)=15 (@ f(-1)=10
@ f@=1 () f(1=7
@ f(2)=3 () f(-1)=-3
@ f(2)=-3 (0 f(-1=2
(@) x+3y=12
3y =-x+12
_ =X+12
~ 3
y:—éX+4=>f()=__X+4
() T()=-3(3)ra=-1+4=3
x-4y=8
@) X=8+4y
x-8=4y
X=8 _
, =Y
y=ix-2= f(x)=1x-2
(b) f(S)zi[S)_Z: —53:4_;3=§4
_ +1
X
2
4
X
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65. y+2x®=3-x
(@) y=-2x*-x+3
f(x)=-2x*-x+3

f(3)=-2(3) -3+3
= -2-9-3+3=-18

~ o
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66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

(a) y-3x2=2+x
y=3x%+x+2
f(x)=3x*+x+2

(b) f(3)=3(3) +3+2
=3-9+3+2=32

(a) 4x-3y=8
4x=3y+8

0 f()=50)-5=%-9=1

(@ -2x+5y=9

Since f(0.2)=0.22+3(0.2)+1= 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.

Since the area of a rectangle is base times

height, the area of this rectangle is 0.1(1.64) =

0.164 square unit.

f (3) is the y-component of the coordinate,
which is —4.

f (-2) is the y-component of the coordinate,

which is —3.
@) 76. (a) f f(-2)=5
© (©) g f)=2
= f —2 =
(a) - g )
© f o f@)=o0
(@) ®
= f(-2)=3
© S (1)=3

77.

78.

79.

80.

81.

82.

83.

84.

@)
©
(@)
©
(@)
©

@)
©

@)
©

(@)
©

(@)
(b)
(©

(d)

©

)

(@)

(b)

(b) (d)
(b) (d)
(b) (d)
(b) (d)

Section 2.3 Functions 189

o) ®) (-]
[_194]

(] O [4%)

[1,4]

(-0, 4] (b) [4,0)

none

none (b) (-0,

none

none (0) (-,-2]; [3,0)
(729 3)

B=) B (-3
(7393]

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 A.M.

f (12) = 2000; At 12 noon, electricity
use is 2000 megawatts.

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

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
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© = 4

oo >+
S —/a - 000

aa 56 feet at 3 seconds.

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

Sf 85. (@) Att=12andt=20,y=55fromthe
Ot graph. Therefore, after about 12 noon
Oh until about 8 P.M. the temperature was
g over 55°.

w—
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86.

Section 2.4

Chapter 2 Graphs and Functions

(b)

(©

(d)

(b)

(©

(d)

()

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°. Since 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.

Att =38, y=24from 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.

When the drug is administered, the level
is 0 units. The level begins to rise quickly
for 2 hours until it reaches a maximum of
64 units. The level then begins to
decrease gradually until it reaches a level
of 12 units, 12 hours after it was
administered.

6. D; f(x)=x? isa function that is not linear.

7. f(Xx)=x-4; Use the intercepts.
f(0)=0-4 =—-4: y-intercept
0=x-4= x=4: x-intercept
Graph the line through (0, —4) and (4, 0).

¥

fx)=x-4

The domain and range are both (-o0, ).

8. f(x)=-x+4; Use the intercepts.

f(0) =-0+4=4: y-intercept
0=-x+4= x=4: x-intercept
Graph the line through (0, 4) and (4, 0).

Y

The domain and range are both (-0, ).

9. f(x)=1
f(0)=7(0)—6=-6: y-intercept

0=1x-6=6=,x= x=12: x-intercept
Graph the line through (0, —6) and

X — 6; Use the intercepts.

Linear Functions

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

y-intercept 6.

H; x =9 is a vertical line.

C; f(x) =-8isaconstant function.

G;2x—y=-4ory=2x+4isalinear

equation with x-intercept —2 and y-intercept 4.

A; f(x) =5xis a linear function whose graph

passes through the origin, (0, 0).
f(0) =2(0) = 0.

(12, 0).

y

The domain and range are both (-oo, o).
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10.

11.

12.

13.

f(x) = 2 x +2; Use the intercepts.
2
3

f(0)=2(0)+2=2: y-intercept

0=2x+2= -2=2x= x=-3:x-intercept
Graph the line through (0, 2) and (-3, 0).

y

The domain and range are both (oo, o).

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).

v

filx)=3x

The domain and range are both (-oo, »).

y = -2X

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).

v

\i Flo=-2x
I

(3, -6)

The domain and range are both (oo, ).
f (x) = —4 is a constant function.
The graph of f(x) =-4 isa horizontal line

with a y-intercept of —4.

14,

15.

16.

Section 2.4 Linear Functions 191

LI I B |

T

TN T T N T T
T

floy=-4

domain: (-o0,0); range: {-4}

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

=

K
I

w
Py
T

domain: (-oo,); range: {3}

-4x+3y =12

Use the intercepts.
-4(0)+3y=12=3y=12=

y = 4: y-intercept

-4x+3(0)=12> -4x=12=

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.
2(0)+5y=10=>5y=10=

y = 2: y-intercept

2x+5(0)=10= 2x=10=

X =5 x-intercept

Graph the line through (0, 2) and (5, 0):
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17.

18.

Chapter 2 Graphs and Functions

- 2x+5y=10

YA
/

The domain and range are both (oo, ).

3y - 4x =0; Use the intercepts.
3y-4(0)=0= 3y =0= y=0: y-intercept
3(0)-4x=0= -4x=0= x = 0: x-intercept
The graph has just one intercept. Choose an
additional value, say 3, for x.
3y-4(3)=0=3y-12=0

3y=12=y=4
Graph the line through (0, 0) and (3, 4):

¥y

3y-4x=0
Th&domain and range are both (-oo0, ).

3x +2y =0; Use the intercepts.
3(0)+2y=0= 2y =0= y =0: y-intercept
3x+2(0)=0= 3x=0= x=0: x-intercept

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

3(2)+2y=0=>6+2y=0=
2y=-6=>y=-3
Graph the line through (0, 0) and (2, —3):

Yy

3x+2y=0

The domain and range are both (-0, ).

19.

20.

21.

22.

x =3 isavertical line, intersecting the
x-axis at (3, 0).

¥

I

LI N

]

T T T T

domain: {3}; range: (-, )

x =—4 is a vertical line intersecting the
x-axis at (4, 0).

L |

domain: {~4}; range: (-oo, »}

2x+4=0 = 2x=-4> x=-2 isavertical
line intersecting the x-axis at (-2, 0).

v

il
O
U

=

1}, range: (—oo, oo)

_A
4

domain:

-3x+6=0=> -3x=-6= x=2 isavertical

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

L

domain: {2}; range: (-, )
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23. -x+5=0= x=5 isavertical line

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

v

domain: {5}; range: (-, )

24. 3+x=0= x=-3 isavertical line
intersecting the x-axis at [—3, O).

R T
T
[
+
-

1]
(=]

domain: {~3}; range: (oo, )

25. y =5s a horizontal line with y-intercept 5.

Choice A resembles this.

26. y=-5is ahorizontal line with y-intercept -5.

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

Choice D resembles this.
28. x=-5isa vertical line with x-intercept
—5. Choice B resembles this.

29. y=3x+4;Use Y, =3X +4.

y=3x+4
10

Nl
7

-10

-10

30. y=-2x+3;Use Y; =-2X+3

y=-2x+3
10

I
TN

31.

32.

33.

34.

35.

36.
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3x + 4y = 6; Solve fory.

3Xx+4y =6
4y = -3x+6
y=—gx+3

UseY, = (-3/4)X +(3/2)
orY; =-3/4X+3/2.

3x+4y=06
10

o

-10 "L-.\ 10

-10
-2x+5y =10; Solve fory.
-2x+5y =10
5y =2x+10
y=2x+2
Use Y, =(2/5)X+2o0rY, =2/5X +2
-2x+5y=10
10
-10 ____—*”""/L/ 10
-10
The rise is 2.5 feet while the run is 10 feet so

25 - 95250 =1 S0 A=0.25,

the slope is ;5 2

C=2% D=25%,and E =1 areall
10 4
expressions of the slope.

The pitch or slope is %l If the rise is 4 feet

then 1 S Ise 4 or x = 16 feet. So 16 feet in
4 run X

the horizontal direction corresponds to a rise
of 4 feet.

Through (2, -1) and (-3, -3)
Let x, =2, y; =-1 X, =-3, and y, =-3.

Then rise = Ay = -3—(-1) = -2 and
run = Ax =-3-2=-5.
rise Ay -2 2

Theslopeis m=— = =
run Ax -5 5

Through (-3, 4) and (2, —8)
Let x, =-3, y; =4, x, =2, andy, =-8.

Then rise = Ay =-8-4=-12 and
run = Ax =2—(-3) =5.
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rise Ay -12 12
run  Ax

The slope is m = = =-

5 5
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37.

38.

39.

40.

41.

42,

43.

44,

45,

Chapter 2 Graphs and Functions
Through (5, 8) and (3, 12)

Let Xl =5, yl =8, X2 =3, andyz =12.

Then rise=Ay =12-8=4 and

run=Ax=3-5=-2.

The slope is m = fise _ Ay =A=_2.
run  Ax -2

Through (5, -3) and (1, -7)

Letx, =5y, =-3 X, =1 and y, = 7.

Then rise= Ay = —7—-(-3)=-4 and

run=Ax=1-5=-4,

The slope is m =
Ax -4
Through (5, 9) and (-2, 9)

_Ay _y,-yp _9-9 0 0

AX X, -X% —2-5 7

Through (-2, 4) and (6, 4)
m = Ay =u =& Q O

AX  X,-X% 6-(-2) 8

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.

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

(@ y=3x+5

Find two ordered pairs that are solutions
to the equation.

Ifx=0,then y=3(0)+5= y=5.

If x=-1, then

Copyright © 2013 Pearson Education, |

(b)

y=2x-4
Find two ordered pairs that are solutions to the
equation. If x =0, then y=2(0)-4=

y=-4.1f x=1 then y=2(1)-4=

y=2-4= y=-2. Thus two ordered pairs
are (0,-4) and (1,-2).

rise y -y =2-(-4] 2

2y = -3x
Find two ordered pairs that are solutions to the
equation. If x =0, then 2y =0= y =0.

If y=-3, then 2(-3)=-3x= -6=-3x =

x = 2. Thus two ordered pairs are (0,0) and




y=3(-1)+5= y=-3+5= y=2.
Thus two ordered pairs are (0, 5) and
(-1,2)

mzrii Yo% _2-5 _ -3

run  x,-% -1-0 -1
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48. -4y =5x
Find two ordered pairs that are solutions to the
equation. If x=0, then -4y =0= y =0.

If x =4, then -4y =5(4)= -4y =20

= y =-5. Thus two ordered pairs are (0,0)
and (4,-5).

_fise_y,-y =50 _ 5

run  X,-x 4-0 4

(b) Y

(4.-5)

49. 5x -2y =10
Find two ordered pairs that are solutions to the
equation. If x =0, then 5(0) -2y =10=

= y=-5 1f y=0, then 5x-2(0) =10 =

5x=10 = x=2.

Thus two ordered pairs are (0,-5) and (2,0).
=ﬁi=l;:yl= 0-[=5 =§

run X, - X 2-0 2

(0.-5) S5x-2y=10

50. 4x+3y=12
Find two ordered pairs that are solutions to the
equation. If x =0, then 4(0)+3y =12 =
3y=12 = y=4. If y=0, then

4x+3(0)=12= 4x=12 = x =3. Thus two
ordered pairs are (0,4) and (3,0).
_rise _y,-y; _0-4 4

run X, -x% 3-0 3
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(b)

(0.4)

51. Through (-1, 3), m=
First locate the point (-1, 3). Since the slope is
% , @ 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.

52. Through (-2, 8), m = 2. Since the slope is 2,

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).

¥

53. Through (3, —4),m = —i . First locate the point

3, —4). Since the slope is — ¥, a change of 3
p g

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.
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(continued)

54. Through (-2, -3), m= —f . Since the slope is

3 _-3 . .
—+4 =7 achange 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.

v

55. Through [—% 4), m=0.
The graph is the horizontal line through

=5.9T 6.4

T T T =1 N

56. Through (% 2), m=0.
The graph is the horizontal line through

£ 2)

57. Through [ 2 L
-, 3 ,undefined slope. The slope

is undefined, so the line is vertical,
intersecting the x-axis at (— % , O].

A

58. Through [% , 2) , undefined slope. The slope is
undefined, so the line is vertical, intersecting
the x-axis at (9 ]

59. m= 1 matches graph D because the line rises
3

gradually as x increases.

60. m = -3 matches graph C because the line falls
rapidly as x increases.

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

62. m= —% matches graph F because the line falls

gradually as x increases.

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

64. mis undefined for graph B because vertical
lines have undefined slopes.

65. The average rate of change is m = %
20-4 -16
0-4- 4 ° $4 (thousand) per year. The

value of the machine is decreasing $4000 each
year during these years.
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66.

67.

68.

69.

70.

71.

The average rate of change is m = ﬁi
200-0 200 _

=40 " 4" $50 per month. The

amount saved is increasing $50 each month

during these months.

. A
The average rate of change is m = Zﬁ

33 = 0 = 0% per year. The percent of pay
4-0 4
raise is not changing - it is 3% each year.

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
shown.

For a constant function, the average rate of
change is zero.

() The slope of —0.0193 indicates that the

average rate of change of the winning

time for the 5000 m run is 0.0193 min
less (faster). It is negative because the

times are generally decreasing as time
progresses.

(b) The Olympics were not held during
World Wars | (1914-1919) and 11
(1939-1945).

(¢) y=-0.0193(1996)+51.73 ~13.21 min

The times differ by 13.21 — 13.13 = 0.08

min.

(a) Answers will vary.

m = 13,977 -2773 11,204

(b) ~196.6

2007 -1950 57
This means that the average rate of
change in the number of radio stations per

year is an increase of about 196.6

stations.
Change in subscribers
—_— (in thousands)
2004-2005 207,896 — 182,140 = 25,756
2005-2006 233,041 - 207,896 = 25,145
SYSNNC DSNN7 NECE 2°%02 D299 NA1 — DD DCC

73.

74.

75.

76.
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(b) The change in successive years is not the
same. An approximately straight line
could not be drawn through the points if
they were plotted.

y -y 525-3383
me_2 1_—
@ X, - % _ 2009 -1999
-285.8
= o =-2858

The average rate of change was —28.58
thousand mobile homes per year.

(b) The negative slope means that the number
of mobile homes decreased by an average
of 28.58 thousand each year from 1999 to
2009.

y -y 13.1-14.6 -15
(a) m= 2 1 = =
X, —% 1996-1912 84
~ -0.0179 min per year. The winning
time decreased an average of 0.0179 min
each event year from 1912 to 1996.
y -y 13.0-14.6
b m= 2 1 =
() X, =% 2008-1912
= %66 ~ —-0.0167 min per year
The winning time decreased an average
of 0.0167 min each event year from 1912
to 2008.
e 3118-5212  -2094

X,-% 2008-1980 28

= -74.8 thousand per year

The number of high school dropouts decreased
by an average of 74.8 thousand per year.

m_yZ‘yl_M

X, - % 2009 - 2006
_ 2305 _

~ -$798.33

72. (a) To find the change in subscribers, we need to

subtract the number of subscribers in
consecutive years.

earson Education, Inc.



Sales of plasma flat-panel TVs decreased by
an average of $798.ee million per year from
2006 to

2009.

77. The first two points are A(0, —6) and B(1, -3).

78.

79.

_8-(6) _3_

m="1"¢ =173

The second and third points are B(1, —3) and
C(2, 0).

If we use any two points on a line to find its
slope, we find that the slope is the same in all
cases.
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80.

81.

82.

83.

84.

85.

86.

87.

Chapter 2 Graphs and Functions
The first two points are A(0, —6) and B(Z1, -3).

d(A B)= (1-0)*+[-3-(=6)]

=J12+3% = 1+9 =10

The second and fourth points are B(1, —3) and
D3, 3).

d(B, D) = \/(5—1)’ 3=

=+2% +62 = /4+36
=40 = 2410

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

d(A D)= (3-0)2+[3- (=)

=32 +92 =9+81

=90 =310
V10 + 2410 = 3410; The sum is 3+10, which
is equal to the answer in Exercise 82.

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.

The midpoint of the segment joining
A(0, —6) and G(6, 12) has coordinates
(%“5%?) = (%29] = (3,3). The midpoint is

M(3, 3), which is the same as the middle entry
in the table.

The midpoint of the segment joining E(4, 6)
and F(5, 9) has coordinates
(@ M) (g g]

s p =y, =(45,75). Ifthe

x-value 4.5 were in the table, the
corresponding y-value would be 7.5.

(@)

(b) 88. (a) (b)
(c)

(d)

(©

(d)

89. (a)

(b)

(©

(d)

C(x)=
10x +
500

R(x)=

35x

P(x) =

R(x)-

c(x)

P(x)=R(x)-C(x]

= 280x - (150x + 2700)

= 280x -150x - 2700
=130x - 2700

Cc(x)=R(x)

150x + 2700 = 280x
2700 =130x

20.77 = x or 21 units
21 units; produce

C (x) = 400x + 1650

R(x) = 305x

P(x)=R(xJ-C(x]
= 305x - (400x +1650)
= 305x - 400x - 1650
= -95x - 1650

C(x)=R(x)
400x +1650 = 305x
95x +1650 =0
95x = -1650
X = =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
Y; = 400X +1650 and Y, =305X on

the same screen or solving the inequality
305x < 400x +1650 will show that

R(x) < C(x] for all positive values of x

(in fact whenever x is greater than —17.4).

Do not produce the product since it is
impossible to make a profit.

= 35x - (10x + 500)
= 35x -10x - 500 = 25x — 500
Cc(x)=R(x)
10x + 500 = 35x
500 = 25x
20=x
20 units; do not produce

C(x) =150x + 2700

R(x) = 280x
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y=400x + 1650 y=305x
20000

¥

-70 70

90. (a) (b) C(x)=11x+180
©) R(x) = 20x
P(x)=R(xJ-C(x]

= 20x - (11x + 180)
= 20x -11x - 180 = 9x - 180
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92.

(d) Cc(x)=R(x)

11x +180 = 20x

180 = 9x
20 =x

20 units; produce
C(x)=R(x) = 200x +1000 = 240x =
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

C(x) = R(x) = 220x +1000 = 240x =
1000 = 20x = 50 = x

Section 2.5 Equations of Lines and Linear Models 199

9 2x2+y2=16
X“+y -4x+8y+3=0

Complete the square on x and y separately.
(X2 -4x+4)+(y? +8y +16) = -3+ 4 +16 =
(x=2)+(y+4)° =17

The break-even point is 50 units instead of 25

units. The manager is not better off because The radius is V17 and the midpoint of the

twice as many units must be sold before circle s (2, -4).

beginning to show a profit. 6. From the graph, f(—1) is 2.
Chapter 2 Quiz 7. Domain: (-, ) ; range: [0, «)
(Sections 2.1-2.4) 8. (@) The largest interval over which f is

decreasing is (-0, -3].

Lod(aB)= [[x,-x)"+(y,- v
=[-8~ (-4)" + (-3-2)
= (—4)2 + (—5)2 =4/16+25 = \/H (©

2. To find an estimate for 2002, find the midpoint

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

There is no interval over which the

function is constant.

of (2000, 5.95) and (2004, 6.55\: 11-5 6 3
M < | 2000 +2004'5.95+6.55 9. @ m=._,=,%,
2 ? 4-4 0
= (2002, 6.25) () m=—"——=2=-0
The estimated enrollment for 2002 was 6.25 -1-(-7) 6
million. _4-12 -16
To find an estimate for 2006, find the (0 M=, . =, = theslopeis
mldprTlnt of (2004, 6.55) and (2?08, 6.97): 6-6 0
|y _ | 20042008 6554697 undefined.
2 2 10. The points to use are (2005, 17,445) and
= [2006, 6.76) (2009, 10,601). The average rate of change is
The estimated enrollment for 2006 was 6.76 10.601-17.445 6844 -1711
million. 2009 - 2005 4

The average rate of change was —1711 thousand
cars per year. This means that the number of new
motor vehicles sold in the United States decreased
by an average of 1711 thousand per year from
2004 to 20009.

Section 2.5 Equations of Lines and
Linear Models

1. y=1x+2 isgraphedin D.
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1

Theslopeis ;.4 the y-intercept is 2.
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10.

11.

12.

Chapter 2 Graphs and Functions

. 4x+3y=120r3y=-4x+12 ory:_éx+4

is graphed in B. The slope is —35 and the
y-intercept is 4.

y—(-1)=2(x-1) is graphed in C. The slope

3

is 5 and a point on the graph is (1, -1).

y =4 is graphed in A. y = 4 is a horizontal line
with y-intercept 4.

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

y-y=m(x-x)=y-3=-2(x-1)
Then, change to standard form.

y-3=-2X+2=2x+y=5

. Through (2,4), m=-1

Write the equation in point-slope form.
y-yi=m(x-x)=y-4=-1(x-2]
Then, change to standard form.
y—4=-X+2=> X+y=6

Through (-5, 4), m= -3
Write the equation in point-slope form.
y-4= -fq[x-(—S)]
Change to standard form.
2(y—4)=-3(x+5)
2y -8=-3x-15
3x+2y=-7

Through (-4,3),m =2

Write the equation in point-slope form.

y—3=f[x—(—4)

Change to standard form.
4(y-3)=3(x+4)
4y -12 =3x+12

-3x+4y =24 or 3x-4y=-24

Through (-8, 4), undefined slope

Since undefined slope indicates a vertical line,
the equation will have the form x = a. 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

13. 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=1(x-3)
4
4y-16=x-3

-X+4y =13
X-4y=-13

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

m = =" ="

the equation isy = 12,
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15.

16.

17.

18.

Use either point and the point-slope form.

y-3=1(x-2)
3y-9=x-2
-Xx+3y=7
x=3y=-7

x-intercept 3, y-intercept —2
The line passes through (3, 0) and (0, —2). Use
these points to find m.

_2-0_2

- 0-3 3
Using slope-intercept form we have
y=2x-2.

x-intercept —4, y-intercept 3
The line passes through the points (-4, 0) and
(0, 3). Use these points to find m.

3-0 3

T 0-(4) 4
Using slope-intercept form we have
y=3x+3.

Vertical, through (-6, 4)

The equation of a vertical line has an equation
of the form x = a. Since the line passes
through (-6, 4), the equation is

X = —6. (Since 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. Since the line passes
through (2, 7), the equation is

X = 2. (Since the slope of a vertical line is
undefined, this equation cannot be written in
slope-intercept form.)
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19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

Horizontal, through (-7, 4)

The equation of a horizontal line has an
equation of the formy = b. Since 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 formy = b. Since the line
passes through (-8, —2), the equation is
y=-2.

m=5b=15

Using slope-intercept form, we have

y =5x+15.

m=-2,b=12

Using slope-intercept form, we have
y =-2x+12.

Through (-2, 5), slope = 4
y-5=-4(x-(-2))

y-5=-4(x+2)
y-5=-4x-8
y=-4x-3

Through (4, —7), slope = -2

y-(-7)=-2(x-4)
y+7=-2x+8
y=-2x+1

slope 0, y-intercept

These represent m=0and b = 53 Using

slope-intercept form, we have
3 3

y=0x+2:>y:2.

slope 0, y-intercept - 2

These represent m=0and b = - f Using
slope-intercept form, we have

5
y = 0)<(—)4-5_L>y=—4.

The line x + 2 = 0 has x-intercept —2. It does
not have a y-intercept. The slope of this line is
undefined.

The line 4y = 2 has y-intercept % . 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.

Section 2.5 Equations of Lines and Linear Models

29.

30.

31.

32.

201

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

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

(d) 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
the slope-intercept
form,y =mx + b.

slope: 3; ‘
y-intercept: —1 1

y=3x-1

y=-2x+7 Y
slope: -2;
y-intercept: 7

dx-y=7

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

—y=—4Xx+7= y=4x-7

slope: 4; y-intercept: —7

A}

i
'
'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=-2x+16= y=—2x+1

slope: —32; y-intercept: 13—6

(continued on next page)
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(continued)

33.

34.

35.

y

|_ xchanges 3 units

4y=-3x=>y=-3xory=-3x+0

slope: - 2; y-intercept 0

v

T 4y=-3x

x changes 4 units

!
!
1 vchanges 3 units
i

(4.-3)

2y=x=y= xo0ry=1x+0
slope is i; y-intercept: 0

v

2y-x=07

Taen
0,00 v changes 1 unit
X
y— x changes 2 units

X+2y=-4
Solve the equation for y to write the equation
in slope-intercept form.

2y=-x-4=>y=-7x-2

slope: — ; y-intercept: —2

v

y changes 1 unit

x changes 2 units

36.

37.

38.

39.

v changes | unit ! .

Xx+3y=-9
Solve the equation for y to write the equation
in slope-intercept form.

3y=-x-9=y=-1x-3

slope: —z; y-intercept: 3

x changes 3 units

y-3x-1=0

Solve the equation for y to write the equation
in slope-intercept form.
y-3x-1=0=>y=23x+1

slope: 2 ; y-intercept: 1

y- %x -1=0
(&) Use the first two points in the table,
A(-2,-11) and B(-1, -8).
8-(-11) 3

m="1"(2 "1°°

(b) Whenx =0,y =-5. The y-intercept
is 5.

(c) Substitute 3 for m and -5 for b in the
slope-intercept form.
y=mx+b=y=3x-5

(a) The line falls 2 units each time the x
value 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 (% ,O) , SO the y-intercept is 1
and the x-intercept is 1 .

(b) The equation defining fisy = —2x + 1.
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40. (a) The line rises 2 units each time the x

41.

42.

43.

44,

45,

(b)
(@)

(b)

(b)

(b)

(@)

(b)

value 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 (% ,O) , 50 the y-intercept is —1

and the x-intercept is 3 .

The equation defining fisy = 2x — 1.

The line falls 1 unit each time the x value
increases by 3 units. Therefore the slope
is —% . The graph intersects the y-axis at
the point (0, 2), so the y-intercept is 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.

The equation defining fis y = -2 x+2.

The line rises 3 units each time the x
value increases by 4 units. Therefore the

slope is 43 . The graph intersects the
y-axis at the point (0, —3) and intersects

the x-axis at (4, 0), so the y-intercept is —3
and the x-intercept is 4.

The equation defining fis y = 3x-3.

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 (% ,0] , SO the y-intercept is

300 and the x-intercept is .

The equation defining f is
y =—200x + 300.

The line rises 100 units each time the x
value increases by 5 units. Therefore the
slope is 20. The graph intersects the
y-axis at the point (0, —50) and intersects

the x-axis at (g ,0) , S0 the y-intercept is
5

=50 and the x-intercept is .

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

through (-1, 4), parallel tox + 3y =5

Section 2.5 Equations of Lines and Linear Models

(b)

46. (a)

(b)
47. (a)

203

1

Since the lines are parallel, - = is also

3
the slope of the line whose equation is to
be found. Substitute m = -2, x = -1,

and y; =4 into the point-slope form.
y -y =m{x-x)
y-4= —1[x7(71)]
al |

y-4=-1(x+1)
3y-12=-x-1= x+3y =11

Solve fory.
3y=—x+11= y=—%x+1—3l
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.

2X—y=5=>-y=-2x+5=

y=2x-5

The slope is 2. Since the lines are parallel,
the slope of the line whose equation is to
be found is also 2. Substitute m = 2,

X, =3, and y; = -2 into the point-slope
form.

Yy =m(x-x) =
y+2=2(x-3]= y+2=2x-6=
-2X+y=-8 or 2x—-y=8

Solve fory.y =2x -8

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.
3x+5y=1= 5y =-3x+1=

y=— 53 X + %
This line has a slope of - % . The slope of
any line perpendicular to this line is

2, since - g[g) = -1. Substitute m = 2,

X =1, and y; =6 into the point-slope
form.

Copyright © 2013 Pearson Education, Inc.



Find the slope of the line x + 3y =5 by
writing this equation in slope-intercept
form.

X+3y=5=>3y=-x+5>

-_1 5
y= 3X+3

The slope is - .

y76= 3(X71)
3(y-6)=5(x-1)
3y-18=5x-5
-13=5x—-3y or 5x—3y =-13

(b) Solve fory.
3y=5x+13=> y=2x+3
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48. (a)

(b)

49. (a)

(b)

50. (a)

(b)
51. (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=-8x+7=>
y=5x-3
This line has a slope of 2. The slope of
any line perpendicular to this line is - %
since & (— 3] =-1.

3 8

Substitute m= -3, x, =-2, and y; = 0

into the point-slope form.

y-O:—g(X+2)
8y=—3(X+2)
8y=-3x—6=3x+8y=-6
Solve fory.

8y=-3x-6=>y=-3x-5=

—_3y_3
y=-%5X=3

through (4, 1), parallel toy = -5
Since y = -5 is a horizontal line, any line

parallel to this line will be horizontal and
have an equation of the form y = b. Since

the line passes through (4, 1), the

equationisy = 1.
The slope-intercept formisy = 1.

through (-2,-2), parallelto y =3
Since y =3 isa horizontal line, any line

parallel to this line will be horizontal and
have an equation of the form y =b.

Since the line passes through (-2,-2),

the equation is y = -2,

The slope-intercept formisy = -2

through (-5, 6), perpendicular to

X=-2.

Since x = -2 is a vertical line, any line
perpendicular to this line will be
horizontal and have an equation of the
formy = b. Since the line passes through

(b) The slope-intercept form isy = —4.

53. (a)

(b)

54. (a)

Find the slope of the line 3y + 2x = 6.
3y+2x=6=>3y=-2x+6>
y=-2x+2

3

Thus, m=— 4. Aline parallel to
3

3y + 2x = 6 also has slope — 2.
Solve for k using the slope formula.

2-[-1 2
k -4 3
3 _ 2
EXINRIR
3(k-4) =—'=3(k-4) -2
k-4 3
9=-2(k-4)
9=-2k+8

2k=-1=>k=-1
Find the slope of the line 2y — 5x = 1.
2y -5x=1= 2y =5x+1=
y=3x+3
Thus, 2

m=,. Aline perpendicular to 2y
5

7£x 5 1 will have slope — 2, since

572):_1
Solve this equation for k.
3 _ 2
EaE
[ T B 2
5(k 4) T () .
15=-2(k-4)
15=-2k +8

_ - _7
2k——7=>k——2

Find the slope of the line 2x —3y = 4.
2X-3y=4= 3y=-2X+4=>
y=3x-3

2

Thus, m = 3 A line parallel to

2x — 3y = 4 also has slope ,f . Solve for r

using the slope formula.
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(b)
52. (a)

(-5, 6), the equation is y = 6. r-6 2 r-6 2
= = =

The slope-intercept form isy = 6. _4/_ 2 \3 f6\ 3

Through (4, —4), perpendicular to -6 % =-6 %

x=4 -

Since x = 4 is a vertical line, any line r-6=-4=r=2

perpendicular to this line will be
horizontal and have an equation of the
formy = b. Since the line passes through
(4, —4), the equation isy = —4.
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55.

56.

57.

(b) Find the slope of the line x + 2y = 1.
X+2y=1=2y=—x+1=
y=-yx+;

Thus, m = - % A line perpendicular to

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

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

formula.

r-6 =2 d=2=>

—-4-2 -6
r-6=-12=>r=-6

(0, 5492), (4, 7050)

7050 -5492 1558
=" 40 " 4 ° 389.5

The y-intercept is (0, 5492), so the equation is

y = 389.5x + 5492,

The year 2010 is represented by x = 5, so

y = 389.5(5) + 5492 ~ 7440.

This is $7605 — 7440 = $165 less than the

actual figure.

(1, 5804), (3, 6591)

6591-5804 787

= 3.1 - o ° 393.5
Now apply the point-slope form using either
point.
y -5804 =393.5(x -1
y - 5804 = 393.5x - 393.5
y =393.5x +5410.5

The year 2010 is represented by x = 5, so
y =393.5(5) +5410.5 ~ 7378
This is $7605 — 7378 = $227 less than the
actual figure.

(a) (0, 12881), (12, 22449)

_22,449-12,881 9568
- 12-0 Co12
From the point (0, 12881), the value of b
is 12,881. Therefore we have
f(x) ~ 797.3x +12,881.

f(x)=797.3x + 12,881
26,000

r—-""{ﬂ\"/

—4000
The average tuition increase is about
$875 per year for the period, because this
is the slope of the line.

~797.3

Section 2.5 Equations of Lines and Linear Models 205

(b) 2007 corresponds to x = 11.
f(11) ~ 797.3(11) +12,881 ~ $21,651
This is a fairly good approximation.

(c) From the calculator,
f(x) ~ 802.3x +12,432

SOOI
Ioesd 1
= 00
e RS
oD 4
[ LD L
LRl ST )
e L L |
o it | o8]
oy
[l gl
AT
o
on

58. (a) There appears to be a linear relationship
between the data. The farther the galaxy
is from Earth, the faster it is receding.

45,000

~100 600

-5000

(b) Using the points (520, 40,000) and (0, 0),

we obtain
40,000-0 40,000 -
T 520-0 ~ 520 76.9.

The equation of the line through these
two points isy = 76.9x.

¥ =769

N

45,000

600

-100

-5000

(c) 76.9x = 60,000
60,000

X = 76.9 = Xx=780

The galaxy Hydra is approximately 780
megaparsecs away.

11
d) A= 9.5x10
m 11
9.5x10
A 76.9
Using m = 76.9, we estimate that the age
of the universe is approximately 12.35
billion years.

~1.235x10'° ~12.35 x 10°
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() A= % =1.9x10" or 19 x10°

11
—9'51’520- =9.5x10°

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

A=

59. (a) The ordered pairs are (0, 32) and

(100, 212).
212-32 180 9

The slope is m = 100-0 :E:S

Use (%, y,)=(0,32) andm =2 inthe

point-slope form.
Y=y =m(X—x)
y-32=2(x-0)
9
y -32= é’X

y=32x+32=>F=2C+32

(o) F=2C+32
5F =9(C +32)
5F =9C +160 = 9C = 5F —160 =
9C =5(F -32)=> C = 2 (F-32)

(cf F=C=F=2(F-32)=
9F =5(F -32) > 9F =5F -160 =
4F =-160= F = -40
F = C when F is —40°.

60. (a) The ordered pairs are (0, 1) and

(100, 3.92).

The slope is

m = 392-1 292
~100-0 100

Using slope-intercept form we have
y =0.0292x +1 or p(x) =0.0292x +1.
(b) Letx=60.

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

61. (a) Since we are wanting to find C as a

function of I, use the points (9937, 8285)
and (12026, 10089), where the first
component represents the independent

variable, . First find the slope of the line.

8285-10089 1804
M= 9937 -12026 ~ 2089 ~ 0.8636
Now use either point, say (9937, 8285),
and the point-slope form to find the
equation.

=0.0292 and b =1.

62.

63.

64.

y — 8285 = 0.8636(x — 9937)
y — 8285 ~ 0.8636X — 8584.6

y = 0.8636x - 296.6
orC =0.86361 - 296.6

(b) Since the slope is 0.8636, the marginal
propensity to consume is 0.8636.

Write the equation as an equivalent equation
with 0 on one side; 2x+7-Xx=4x-2=>
2X+7-X-4x+2=0.Now graph
Y =2X+7-X-4X+2 tofind the
x-intercept:

Y=2X+7-X-4X+2

Solution set: {3}
Write the equation as an equivalent equation
with O ononeside: 7x-2x+4-5=3x+1=
7x-2x+4-5-3x-1=0.Now graph

Y =7X-2X+4-5-3X-1 to find the x-
intercept:

Y=7X-2X+4-5-3X-1

/

-
2EF o /
=1 V=i

Solution set: {1}

Write the equation as an equivalent equation
with 0 on one side: 3(2x+1)-2(x-2)=5=

3(2x+1)-2(x-2)-5=10. Now graph
Y =3(2X +1)-2(X - 2)-5 to find the
x-intercept:
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Solution set: {— l} or {-0.5}
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65. Write the equation as an equivalent equation
with O on one side:

4x-3(4-2x)=2(x-3)+6x+2=
4x-3(4-2x)-2(x-3)-6x-2=0.
Now graph

Y =4X-3(4-2X)-2(X-3)-6X-2to
find the x-intercept:
Y=4X73(472X\)72(X73)76X72

3

/

Solution set: {4}

66. D is the only possible answer, since the

x-intercept occurs when y =0, we can see
from the graph that the value of the x-intercept

exceeds 10.

67. (@) -2(x-5)=-x-2

-2X+10=-x-2
10=x-2
12 =x

Solution set: {12}

(b) Answers will vary. The largest value of x
that is displayed in the standard viewing
window is 10. As long as 12 is either a
minimum or a maximum, or between the
minimum and maximum, then the

solution will be seen.

68. Rewrite the equation as an equivalent equation
with 0 on one side.
-3(2x+6) = -4x+8- 2x
-6x-18-(-4x+8-2x)=0

Now graphy = —6x — 18 — (—4x + 8 —2x).
10

7
30
¥=-3(2x + 6) — (~4x + 8 — 2x)

Section 2.5 Equations of Lines and Linear Models
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69. d(O, P) =/(x —0)% + (mx, —0)?

N 15 1o

1.
= VX2 + m2x

70. d(O, Q)=\/(x =)+ (mx —0)°
2

71.

72.

73.

74.

75.

76.

22

_[2 2,, 2
=4/ X T MyX,

d(P, Q)=\/(x —x)2+(mx —mx)?
2 1 2 2 11

[d(0, P)* +[d(O, Q)F =[d(P, Q)]°

[m]z +[VX22 +m22X22 F
=[\/(x —x]2+[m X —mx )

al

2 2
=(x —x) +(mx —mx)
2 1 2 2 11
X2+ M2x2 + X2 + my2x,2
=x2-2x X +x%+m?x?
2 21 1 2 2

-2mm XX +m?x?
1 212 1 1
0 = _2X2X1 - 2m1m2X1X2 =
_Zmlmlex - 2X2X1 = 0
—2MyMy X X, — 2% %, =0
2% Xy (mm, +1) =0

—2% Xy (mym, +1) =0
Since x; # 0and x, # 0, we have
m;m, +1=0 implying that mym, = —1.

If two nonvertical lines are perpendicular, then
the product of the slopes of these lines is —1.

Label the points as follows:
A(-1,5), B(2,-4), and C(4,-10).
-4-5 -9

ForAand B: m = = =-3
2-(-1) 3
-10-(-4) -6
ForBand C, m= 4-2 o =-3
-10-5 -15
ForAandC, m=— , = —_ =-3
or A an m 4_(_1) c

The graph is a horizontal line that does
not intersect the x-axis. Therefore, the
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solution set is @ . We can verify this Since all three slopes are the same, the points
algebraically. are collinear.
-3(2x +6) = -4x +8-2x
-6x-18=-6x+8= 0=26
Since this is a false statement, the solution set
is @.
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77.

78.

79.

80.

Chapter 2 Graphs and Functions
A(_ll 4)1 B(_2| _1)1 C(ll 14)
ForAand B, m= 14 = =5

-2-(-1) -1

14-(-1) 15 _,
1-(-2) 3~

ForBand C, m=

ForAandC, m=—2=4_10_;

1-(-1) 2
Since all three slopes are the same, the points
are collinear.

A(0, -7), B(-3, 5), C(2, —15)

ForAandB, m= -n_12__,

(6]

-3-0 -3
-15-5 -20
ForBand C, m= = =-4
2-(-3 5
-15-(-7) _ -8 __,
2-0 2

~

ForAand C, m=

Since all three slopes are the same, the points
are collinear.

A(-1, -3), B(-5, 12), C(1, —11)

12 (-3 15
ForAand B, m= =-"
-5-(-1) 4
For B and C, m=ﬂ=—§
1-(-5) 6
ForAand C, m= -11-(=3 =—§=—4
1-(-1 2

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

A0, 9), B(-3,-7), C(2, 19)

ForAandB,m=ﬂ=ﬁ=E
-3-0 -3 3
19-(-7) 26

ForBand C, m= 2-(3) " 5
19-9 10

ForAandC, m= 9 0- 12"

Since all three slopes are not the same, the

points are not collinear.

Summary Exercises on Graphs, Circles,
Functions, and Equations

1.

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

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

2 0 o] |

(c) Firstfindm: m= L:S=__8=8

Use either point and the point-slope form.
y-5=8(x-3)

Change to slope-intercept form.
y-5=8x-24= y=8x-19

P(-1,0), Q(4,-2)

@ d(P,Q)=[4—CDP +(-2-0)?

= 5% + (-2)?
=J25+4 =29

(b) The midpoint M of the segment joining
L{oints Pand Q ?Xas foordinﬁites
A+4 0+(=2) 113 =2

N

(c) First find m: m=ﬁ= =2__2

4-(-1) 5 5

Use either point and the point-slope form.
y-0=-2]x-(-3)]
Change to slope-intercept form.

5y =-2(x+1)
5y=-2x-2
y=-2x-2

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

(8 d(P,Q)=y[B-(-2] +(2-2)
=52 402 =/25+0=~/25 =5

LY
ra

(b) The midpoint M of the segment joining
pTints P and ('% ha7/ coord‘ina{es \)
-+3 2421 11 4 1

2 0 2 T 227 2%

2-2 :Q:O

(c) Firstfindm: m=
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3-(-2) 5
All lines that have a slope of 0 are

(@) d(P,Q)=1/(2-3)2 +(-3-5)

= (_1)2 + (—8)2 horizontal lines. The equation of a
horizontal line has an equation of the
=V1+64 = \/%

formy = b. Since the line passes through
(3, 2), the equation isy = 2.
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@) d(P,Q)= Vo o'y +3
f f

g
=( 2)+22]

= 2+8=

(b) The midpoint M of the segment joining
prﬁints P and Q has coo

3[2+/2 2430

2

P

e

(c) Firstfindm: m=

Use either point and the point-slope form.

ao-$ 24
g v
2-22 -2

y -2 = -2(x- 2.2

Change to slope-intercept form.

y_\/_:—2x+4\/§: y:—2X+5\/§

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

(b) The midpoint M of the segment joining

7oints P and
5+56 -1+

2 2
(c) First find m.
1-(-1

m=
5-5

All lines that have an undefined slope are
vertical lines. The equation of a vertical

inates

|

(5-5)2 41— (-1]?
7 C AY 73X

(@) d(P, Q)=\/\
=02 +22 =J0+4=+J4=2

haS/coord Tates

2

0

10 0
2'2

= undefined

=(5,0).

(b) The midpoint M of the segment joining

©

points P and Q has coordinates

i ) (24

SR N

Firstfind m: m = 31" _4=1

Use either point and the point-slope form.
y-1=1(x-1)

Change to slope-intercept form.
y-1l=x-1=y=xX

NN

7. P[z 3,3 5),Q(6 3,3 5]

(@ d(P, Q)=\/(6\/§—2\/§)2+[3\/§_3\/§)2

N,

(4 3] +0%= 48=4 3

(b) The midpoint M of the segment joining

©

;{oints P and Q has coordiwates

2J3+6y3 3/5+3/5

2 ’ 2

&@, @E} = [4J§, 3J§].

2 2
First find m: m = 3V5-35 -0
6/3-2J3 43

All lines that have a slope of 0 are

horizontal lines. The equation of a
horizontal line has an equation of the
formy = b. Since the line passes through

v o
(2 3,3 5],theequat|on is y=3 5.

8. P(0,-4),0@3,1)
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6.

line has an equation of the form x = a.

Since the line passes through (5, 1), the
equation is x = 5. (Since the slope of a

vertical line is undefined, this equation
cannot be written in slope-intercept

form.)

P 1), Q(-3-3)

(@ d(P, Q)= J(—o—l;’ F=3=1°

-

—\'16+16=‘/£=4\/§

@)

(b)

©

d(P, Q)=\/(3—9)2—4{4—(—4é¥2

=32 +5% =9+ 25 =34

The midpoint M of the segment joining
points P and Q has [oordir\ates
/M —4+1 /g g\
\ 2 2 ) \2 2 / \2 2/

First find m: m = L[il =5

3-0 3
Using slope-intercept form we have

3 =8

y: ?rX—4
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9. Through (-2,1)and (4,-1)
-1-1 =2 1

4-(2) 6 3
Use either point and the point-slope form.
y~(-)=-3 (x4

Change to slope-intercept form.

First find m: m =

3(y+1)=-(x-4)=>3y+3=-x+4=>
3y=-x+l=y=-1x+7

4.-1)

10. the horizontal line through (2, 3)
The equation of a horizontal line has an
equation of the formy = b. Since the line
passes through (2, 3), the equationisy = 3.

T (2,3)

1+

11. the circle with center (2, —1) and radius 3
(x-2%+[y- (-] =&

(x—2)2+(y+1)?=9

y

A2\

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

X-axis
The distance from the center of the circle to

the x-axisis 2,sor = 2.
(x—0)2 +(y—2)2=22=> x*+(y-2)?°=4

13.

14.

15.

the line through (3, - 5) with slope -2
Write the equation in point-slope form.
y-(-5)=-1(x-9

Change to standard form.
6(y+5)=-5(x-3)= 6y+30=-5x+15

6y=-5x-156= y=-2x-=

y = - 5 X - 8
¥
(=3,0) T xchanges 6 units
%"HH—H x
N E v changes 5 units
\3 5

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.
X-4y=2> -4y=-3x+2>
y=ix-i=y=ix-;

This line has a slope of f The slope of any
line perpendicular to this line is

- 4. since - 4 (4] = -1. Using slope-intercept
4 4 3
formwe have y=-2x+0o0ry=-7x.

x changes 3 units

N
T X

|

|

'
1 y changes 4 units
]

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.

2x+3y=6=3y=-2x+6= y:—§x+2

The slope is - 2. Since the lines are parallel,
2 3

- 5 isalso the slope of the line whose

equation is to be found. Substitute m = - % :
X, =-3,and y; =2 into the point-slope form.

(continued on next page)
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(continued)
y-y=m(x—x)=y-2=-2[x-(-3]>
3(y-2)=-2(x+3)=>3y-6=-2x-6=

3

3y=-2x=y=-2x

x ::hungcj.x 3 Iunilx
X
'

'

v changes 2 units

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

y

—
1
&
U
[ |
T

17. X2 -4x+y?+2y=4
Complete the square on x and y separately.

[x2 —4x] + (yz + Zy) =4
(Xz —4X+4]+[y2+2y+1)=4+4+1
(X—Z)Z +(y+1]2 =9
Yes, it is a circle. The circle has its center at

(2, 1) and radius 3.

18. x*+6x+y?+10y+36=0

Complete the square on x and y separately.
(Xz + GX] + (yz +10y] =-36

(xz+6x+9]+(y2+1Oy+25)=736+9+25

[x+3)2 +(y+5]2 =-2
No, it is not a circle.

19. x?-12x+y*+20=0
Complete the square on x and y separately.

20. x*+2x+y® +16y=-61
Complete the square on x and y separately.
(Xz + ZX] + (yz +16y) = -61

x?+2x+1 + y? +16y+64 = 61+1+64

(1) + (y 8] =4
Yes, it is a circle. The circle has its center at
(-1, —8) and radius 2.

21, x*-2x+y?+10=0
Complete the square on x and y separately.
[x2 - 2x) +y2=-10
[x2 —2x+1)+ y2=-10+1
(x-1)°+y?=-9
No, it is not a circle.
22. x*+y?-8y-9=0
Complete the square on x and y separately.
X2 + (yz —8y) =9
x> +(y? -8y +16)=9+16
x2+(y-4) =25

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

23. The equation of the circle is
(x-4)% +(y -5)? = 4% . Lety = 2 and solve
forx: (x-4)2+(2-5°=4=
(x-4)2+(-3)2 =42 (x-4)*=7=>
x—4=t\/;=> X=4i\/;
J

The e}aints of intersection are [4 + 7, 2) and
(4- 7.2

24. Write the equation in center-radius form by
completing the square on x and y separately:
x? +y? -10x - 24y +144=0

[x2 ~10x + ]+[y2 -24y+144]=0

(x? —10x + 25) + (y? - 24y +144) = 25

(xz —12x) +y?=-20
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( )2 +(y-12)2 =25 distance from the center (5, 12) to the origin:

The ceftter of the circle is (5, 12)
and theradius is 5.
Now uge the distance formula to find the

(x* -12x+36)+ y* = 20+ 36 d= f=xY~fr—=v7}
\/ 2 1 2 1
(X—6)2+y2 =16 =\/(5_0)2+(12_0)2= /25+144:13
Yes, it is a circle. The circle has its center at
(6, 0) and radius 4. (continued on next page)
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(continued)

Since the radius is 5, the shortest distance from

the origin to the graph of the circle is

13-5=8.

TN T T T Y Y T
246 8101214161820

25. (a) The equation can be rewritten as

1 6 1 3
-dy=-X-6=>y= X+, Y=, X+

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

all real numbers.
domain: (-, o); range: (oo, )
(b) Each value of x corresponds to just one

value ofy. x -4y = -6 represents a
function.

26. (a) The equation can be rewritten as

y2 -5=x. ycan be any real number.

Since the square of any real number is not
negative, y? is never negative. Taking

the constant term into consideration,

domain would be [-5, ).
domain: [-5,); range: (-c0, )

(b) Since (—4, 1) and (—4, —1) both satisfy the

relation, function.

2"

28. (a) The equation can be rewritten as

2y=-x*+3=>y=2x2-3, xcanbe

any real number. Since the square of any

2 2
real number is not negative, 1 x? is never

2
negative. Taking the constant term into

consideration, range would be [— 3, oo).
domain: (o, 0); range: [—g,oo]

(b) Each value of x corresponds to just one
value of y. X2 - 2y =3 represents a
function.

y=ix2—§: f(x)=zlx2—g3

Section 2.6 Graphs of Basic Functions

1. Theequation y = x*> matches graph E. The

domain is (-0, ).

. The equation of y = |x| matches graph G. The

function is increasing on [0, ).

. The equation y = x> matches graph A. The

range is (-0, ).

. Graph C is not the graph of a function. Its

equation is x = y?.

. Graph F is the graph of the identity function.

Its equation isy = x.

. The equation y =axh matches graph B.

y=4al.5h=1

. The equation y = 3/x matches graph H. No,

y? - x =5 does not represent a
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there is no

interval over

27. (a)

(b)

which the function is
decreasing.

(x+ 2)2 +y? =25 isacircle centered at

(=2, 0) with a radius of 5. The domain
will start 5 units to the left of —2 and end

5 units to the right of —2. The domain will
be [-2 —5,2+ 5] =[-7, 3]. The range
will start 5 units below 0 and end 5 units
above 0. The range will be [0 — 5, 0 + 5]
=[5, 5].

Since (-2, 5) and (=2, —5) both satisfy the
relation, (x + 2)2 +y? =25 does not
represent a function.

8.

9.

10.

The equation of y = +/x matches graph D.
The domain is [0, o).

The graph in B is discontinuous at many points.
Assuming the graph continues, the range would
be{.,-3,-2,-1,0,1,2,3,...}.

The graphs in E and G decrease over part of
the domain and increase over part of the

domain. They both decrease over (-,0] and
increase over [0, ).
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11.

12.

13.

14.

15.

16.

17.

18.

19.

The function is continuous over the entire
domain of real numbers (-, o).

The function is continuous over the entire
domain of real numbers (o, o).

The function is continuous over the interval
[0, 00).

The function is continuous over the interval
(-00, O].

The function has a point of discontinuity at
(3, 1). Itis continuous over the interval

(-0,3) and the interval (3, o).

The function has a point of discontinuity at

x = 1. It is continuous over the interval (-o,1)
and the interval (1, o).

f(x)={2x ifx<-1

(a) Xx—1ifx>-1

o [69=29=-10

f(-1)=2(-1)=-2
) f0)=0-1=-1
d) f3)=3-1=2

x—2ifx<3
f(X)_{S—xifXZB

@) f(5)=-5-2=-7
(b) f(-1)=-1-2=-3

© f(0)=0-2=-2
(d) f3)=5-3=2
(24xifx<—4

f(x) = |fx if —4<x<2
t3x ifx>2

(@ f(-5)=2+(5)=-3
(b) f(-1)=-(-1)=1
() f(0)=-0=0

d) f(3)=33=9

(—Zx ifx<-3

Section 2.6 Graphs of Basic Functions 213
(b) f(-1)=3(-1)-1=-3-1=-4

() f(0)=3(0)-1=0-1=-1
(d) f(3)=-4(3)=-12

x—1ifx<3
21 f(x)={2 if x >3

Draw the graph of y = x — 1 to the left of x = 3,
including the endpoint at x = 3. Draw the
graph of y = 2 to the right of x = 3, and note
that the endpoint at x = 3 coincides with the
endpoint of the other ray.

K

{3 ifx >3

22. 1(x= 6-x ifx<3

Graph the line y = 6 — x to the left of x = 3,
including the endpoint. Draw y = 3 to the right
of x = 3. Note that the endpointat x = 3
coincides with the endpoint of the other ray.

_Jo-xifx<3
S {3 ifx>3

23, f(X)= 4-x ifx<2

1+2xifx =2

Draw the graph of y = 4 — x to the left of
x = 2, but do not include the endpoint. Draw
the graph of y = 1 + 2x to the right of x = 2,

including the endpoint.
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20. f(x)z%Sx—lif ~3<xs2
—4x ifx>2

(a) f(-5)=-2(-5)=10
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214

24.

25.

26.

217.

Chapter 2 Graphs and Functions
f(x):{2X+llf x>0

X 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.

ifx<1
ifx>1

f(x) = {f

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

T /0= {-3 ifx<1

2] —lifx>1

—0—0—0—06—:—0—0—0—-4

—
-2 ifxsl

) ‘{2 ifx>1

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.

¥

2l o—s
IHII(LIEHI“V
—

{2+xifx<74
f(x)=|-x if —4<x<5

3X ifx>5

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
y = 3x to the right of 5, but do not include the
endpoint at x = 5.

28.

29.

18

3

>

[2x ifx <3

f(x)=|3x-1if —3<sx=<2

—4x ifx>2

Graph the line y = -2x to the left of x = -3, but
do not include the endpoint. Drawy = 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.

x°+2 ifx<?2

f(x)={1

2

X ifx>2
Graph the curve y = - x* +2 to the left of

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

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

-Lxi2ifrs2
flx) = -
X ifx>2

al—
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30.

31.

X3 +5

f(x)=
(9 -x?>  ifx>0

ifx<0

Graph the curve y = x® +5 to the left of
x =0, including the endpoint at (0, 5). Graph
the line y = -x? to the right of x = 0, but do

not include the endpoint at (0, 0). Notice that
the endpoints of the pieces do not coincide.

¥

(0.5)

00 = {¥3 +35ifx<0

X% ifx>0

(2x if -5<x<-1
f(x)=[—2 if —-1<x<0
x?-2 if0sx<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 = x? -2 fromx=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 ends
atx=-5and x = 2.

-10
2x if-5<xy<-1
{2 if-1<x<0
xr-2if 0<x<2

32.

33.

Section 2.6 Graphs of Basic Functions 215

bsﬁ if —4<x<-2
f(x)=1[x if —2<x<2
X2 -4 if 2<x<4

Graph the curve y = 0.5x? 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 = x*> -4 fromx=2tox =4,

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

y

S if-4<x<-2
flxy=4x if-2<x<?2

X-4if2<x<4

X’ +3
f(x)=]x+3

}4+x—x2 if 1<x<3

if —-2<x<0
if 0<x<1

Graph the curve y = x3 +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

y=4+x-x° fromx=1tox =3, including
the endpoints at (1, 4) and (3, —2). The graph
endsatx=—-2and x = 3.

B+3 if-2<x<20
f(x)=4x+3 if 0<x<1
4+x-x2if 1€x<3
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34.

35.

36.

37.

Chapter 2 Graphs and Functions

{—2x if —-3<x<-1

f(x)= x*+1

L
|

if —-1<x<2

N

Ly341 if 2<x<3

Graph the curve y = —2x to fromx = -3 to

x = —1, including the endpoint (-3, 6), but not
including the endpoint (-1, 2). Graph the

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

Graph the curve y = % x3+1 fromx =2 to

x = 3, including the endpoint (3, 14.5) but not
including the endpoint (2, 5). Since the
endpoints that are not included coincide with
endpoints that are included, we use closed dots
on the graph.

y

-3 -1

-2x if-3<x<-1
fy=<4x2+1 if-1<x<2
-é,r3+ 1if2<x<3

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

—1ifx<0
FOI=%"ifx>0.

domain: (-oo,); 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
1ifx#0
F)=10ifx=o.

domain: (-, 0); range: {0, 1}

The graph is made up of parts of two

38.

39.

40.

41.

42,

We see thaty =1 when x < -1 and thaty = -1

when x > 2. We can write the function as

{—1 if x> 2.

f(x)= 1lifxs-1

domain: (- o0, -1JU (2, ); range: {-1, 1}

For x <0, that piece of the graph goes
through the points (-1, —1) and (0, 0). The

slope is 1, so the equation of this piece is

y = 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(")‘{2ifx>o

domain: (-, ») range: (-o,0]U{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 = VX . We can

-3 ifx<0
write the functionas f(x) = N ifxio

domain: (— oo, ) range: {-3}U[0, )

For x < 1, that piece of the graph is a curve
passes through (=8, —2), (=1, —1) and (1, 1), so

N

the equation of this piece is y = % x . The right

piece of the graph passes through (1, 2) and

(2,3). m= S =1, and the equation of the

lineis y-2=x-1= y=x+1. We can write

_{% ifx<1

. f x
the funct
e functionas (") e lifx>1

domain: (— oo, ) range: (-,1) U[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 isy = 2x —3. At x =
2, the graph is the point (2, 3). We can write

3ifx=2

the functionas f(x) = {2x 3ifxx2
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horizontal lines. The solid circle shows that domain: (- co, ) range: (-c0,1) U (1, )
the endpoint (0, 2) of the one on the left

belongs to the graph, while the open circle

shows that the endpoint (0, —1) of the one on

the right does not belong to the graph. The

function that fits this graph is

_[2ifx<0
f(")‘{—1ifx>1.

domain: (- o, 0]U (1, «); range: {-1, 2}
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43. f(x) = a-xb
Plot points.
X X f(x) = a-xb
-2 2 2
-1.5 15 1
-1 1 1
-0.5 0.5 0
0 0 0
0.5 -0.5 -1
1 -1 -1
15 -1.5 -2
2 -2 -2

More generally, to gety = 0, we need
0<—x<1=>0=2x>-1=>-1<x<0.
Togety=1,weneed 1<s-x<2=

-1>2x>-2 = 2<x<-1.

Follow this pattern to graph the step function.

domain: (Feo, oo PrT8nge: {...—2,-1,0,1,2,...}

44. f(x) = -axb
Plot points.
X axh | f(x) = -axh
-2 -2 2
-1.5 -2 2
-1 -1 1
-05 -1 1
0 0 0
0.5 0 0
1 1 -1
15 1 -1
2 2 -2

Follow this pattern to graph the step function.

45.

46.

Section 2.6 Graphs of Basic Functions 217

¥
T =1

2+ *=—0

domain: (-, ); range: {..,~2,-1,0,1,2,...}

f(x) = a2xh
Togety=0,weneed 0 <2x<1= Osx<2—1.
Togety=1,weneed 1<2x<2= '<x<l

Togety=2,weneed 2<2x<3= 1sx<—§.
Follow this pattern to graph the step function.

f0=[x]

domain: (-, ); range: {..,.-2,-1,0,1,2,...}

g(x) = a2x - 1h

To gety =0, we need
0<2x-1<1=1<2x<2= ;<x<Ll
Togety =1, we need

1<2x-1<2=>2<2x<3=> 1sx<§.
Follow this pattern to graph the step function.

._O.-Ig(x):[[lr— 1

domain: (-oo,);range: {..., 2,-1,0,1,2,..}
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47,

48.

49.

50.

Chapter 2 Graphs and Functions

The cost of mailing a letter that weighs more
than 1 ounce and less than 2 ounces is the

same as the cost of a 2-ounce letter, and the
cost of mailing a letter that weighs more than
2 ounces and less than 3 ounces is the same as
the cost of a 3-ounce letter, etc.

¥y

T

Number of Stamps
(=] (9]

Weight (in ounces)

The cost is the same for all cars parking
between % hour and 1-hour, between 1 hour

and 12l hours, etc.

¥y

94 O
84
T+ foa—
s
g
= 5+ o ]
244
3 Ol
2__
I,,
= a—
0 1 2
Hours
y
é: 100 (20, 100)
?ﬂ 80
R
= 40
5 20 (70, 0)
B = x
0 204060 80

Time (in minutes)
y
244(0.5, 20)

(2.5, 20)

Distance (in miles)
—_
o

0.5 152535
Time (in hours)

51. (@) For0sx<4,m=

52.

53.

54.

55.

39.2-42.8 _

-0.9,
4-0

S0 y=-09x+42.8.For 4<x<8,

32.7-39.2
m= 78—4 =-1.625, so the

equation is y -32.7 = -1.625(x - 8) =

y =-1.625x+45.7

(b) f(x):{ -0.9x+428if0<x<4

-1.625x +45.7 if 4 < x <8
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.

(8) The initial amount is 50,000 gallons. The
final amount is 30,000 gallons.

(b) The amount of water in the pool remained
constant during the first and fourth days.

(©) f(2)~45,000; f (4) = 40,000

(d) The slope of the segment between
(1, 50000) and (3, 40000) is —5000, so the
water was being drained at 5000 gallons
per day.

(&) There were 20 gallons of gas in the tank
atx =3.

(b) The slope is steepest between t = 1 and
t= 2.9, so that is when the car burned
gasoline at the fastest rate.

(a) Since there is no charge for additional
length, we use the greatest integer
function. The cost is based on multiples

of two feet, so f(x) = O.SClz‘g if
6<x<18.

(b) f(85)=085%%=08(4)=-$3.20

f(15.2) = 0.8°152f - 0.8(7) = $5.60
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6.5x if0sxs<4 (c) D; y=3—-x isareflectionof y=13x,
56. (a) f (X) = -55x+48 if4<x<6 over the y_axisl
-30x+195if6 <x<6.5 V3 ' _ é/’
Draw a graph of y = 6.5x between 0 and d) A y="x-4 isashiftof y="x,
4, including the endpoints. Draw the 4 units ft(the right.
graph of y = —-5.5x + 48 between 4 and 6,
including the endpoint at 6 but not the (€) B; y=°x-4isashiftof y="1x,
one at 4. Draw the graph of 4 units down.
y = -30x + 195, including the endpoint at v
6.5 but not the one at 6. Notice that the 3. (@) B; y=x*+2isashiftof y=x
endpoints of the three pieces coincide. 2 units upward.
y

28
P! (b) A; y=x*-2 isashiftof y=x?,
sg
S S 2 units downward.
2= 8
A , (€) G; y=(x+2) isashiftof y=x°,

omo s 4 6 !
Months 2 units to the left.

(d) C; y=(x-2)* isashiftof y=x?,

2 units to the right.
(b) From the graph, observe that the snow

depth, y, reaches its deepest level (26 in.) (e) F; y=2x? isavertical stretch of y = x?,
when x = 4, x = 4 represents 4 months f £
after the beginning of October, which is by a factor of 2.
the beginning of February. (f) D; y=-x? isareflection of y = x?,
(c) From the graph, the snow depthy is across the x-axis.
nonzero when x is between 0 and 6.5.
Snow begins at the beginning of October (@ H;y=(x-2)?+1isashiftof y=x?,
and ends 6.5 months later, in the middle 2 units to the right and 1 unit upward.
of April.

(h) E; y=(x+2)%+1isashiftof y=x?

Section 2.7 Graphing Techniques 2 units to the left and 1 unit upward.

1. (a) B; y=(x-7)? isashiftof y=x, (i) 1 y=(x+2)?-1isashiftof y=x%,

7 units to the right. 2 units to the left and 1 unit down.

(b) D; y=x?-7 isashiftof y=x2, 4. (@) G; y=+/x+3 isashiftof y=+x,
7 units downward. 3 units to the left.
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(©

(d)

©

2. (a)

(b)

E; y= 7x? is a vertical stretch of

y = x?, by a factor of 7.

A; y=(x+7)? isashiftof y=x?,
7 units to the left.

C: y=x?+7 isashiftof y=x?,
7 units upward.

E, y= 43x is a vertical stretch

of y = ¥/x, by a factor of 4.

e

C: y=-%Xx isareflection of y = 3x,

over the x-axis.

(b)

(©)

(d)

O

®

(9)

D; y:\/;—s is a shift of y:\/§,

3 units downward.

e

E; y=+x+3 isashiftof y= x,

3 units upward.

B; y= 3Jx is a vertical stretch of
J

y = X, by a factor of 3.

C: y = -/x isareflection of y = /x

across the x-axis.

J
A; y=+x-3 isashiftof y= x,
3 units to the right.
H; y=+/x-3+2 isashift of y=\/§,

3 units to the right and 2 units upward.

Copyright © 2013 Pearson Education, Inc.



220 Chapter 2 Graphs and Functions

(h)

0]

(b)

(©

(d)

()

)

(9)

(h)

(i)

6. (@)

F; y=+/x+3+2 isashift of y=\/&

3 units to the left and 2 units upward.

I; y=+/x-3-2 isashift of y=\/;,

3 units to the1 right and 2 units FTwnward.

F, y=|x-2 isashiftof y= x 2 units

to the right. |

C; y=|x|-2 isashift of y =[x 2 units

downwarfl.

H; y=|x +2 isashiftof y = x 2 units
upward.

D; y = 2|x| is a vertical stretch of y = |x|
by a factor of 2.

G; y = -|X is a reflection of

y = |x|across the x-axis.
A; y =|-x| is areflection of y = x|

across the y-axis.
E; y =-2|x| is a reflection of y = 2|x|
across the x-axis. y = 2|x| is a vertical

stretch of y = |x| by a factor of 2.
I; y=|x—2|+2 is a shift of y=|x| 2

units to the right and 2 units upward.
B; y =|x+2|-2 isashiftof y=|x| 2

units to the left and 2 units downward.

Answers will vary.
There are four possibilities for the
constant, c.

i) ¢>0 [c[>1 The graph of F(x) is

i) ¢>0 [c[<1 The graph of F(x) is shrunk

stretched vertically by a factor

of c.

vertically by a factor of c.

iii)c <0 [c[>1 The graph of F(x) is

Copyright © 2013 Pearson Educ

(b)

The graph of y =F (x+h) represents a
horizontal shift of the graph of

y=F(x). If h>0, itisa shift to the

left h units. If h <0, itisa shift to the
left —h units (h is negative). The graph

of y=F(x)+h is not the same as the

graphof y =F (x+h). The graph of

y = F (x)+h represents a vertical shift

of the graph of y = F (x).

7. y=3|x
x| y=[ | y=3
-2 2 6
-1 1 3
0 0 0
1 1 3
2 6
) v =3x|
— } }% i = x
8. y=4k|
X y =[x y = 4[|
-2 2 8
-1 1 4
0 0 0
1 1 4
2 2 8




stretched vertically by a factor
of —c and reflected over the x-
axis.

iv) ¢ <0 [c[<1 The graph of F(x) is shrunk
vertically by a factor of —c
and reflected over the x-axis.
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9. y=3I¥
x| y= | y=3
-3 3 2
-2 2 3
-1 1 2
0 0 0
1 1 z
2 2 3
3 3 2

; y=2hi
10. y=2|«
x| y=h | y=gi
-4 4 3
-3 3 :
-2 2 3
-1 1 2
0 0 0
1 1 3
2 2 3
3 3 2
4 4 3

Section 2.7 Graphing Techniques
11. y=2x?

12

13, y=1x
X y=x2 | y=1x?
-2 4 2
-1 1 :
0 0 0
1 1 :
2 4 2

221

(continued on next page)
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(continued)

14, y=3x 16. y=-1x2
o |yert | yepe |yt [venye
-3 9 3 -3 9 -3
-2 4 3 -2 4 -%
-1 1 3 -1 1 -3
0 0 0 0 0 0
1 ! 3 1 1 -1
2 4 3 2 4 -3
3 9 3 3 9 -3

15. y=-1x 17
2 _ 12
X y =X y=-1x
9
= T
2 4 22
1
-1 1 -4 )
0 0 0 +
2 _ 1,2
X y=X y=-1x )
1
1| o1 | -4
2 4 2
9
3| 9 |-
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18. y=-2|x|
X y= |x| y =-2[x|
-2 2 4
-1 1 )
0 0 0
1 1 -2
2 2 —4

2

S Rl RN
—4 4 2
-3 3 3
-2 2 1
-1 1 3

0 0 0

1 1 :

2 2 1

3 3 3

4 4 2

y
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20. y=-1x
[ o]
| 7o
o S
-3 3 1
-2 2 2
-1 1 3
0 0 0
1 1 :
2 2 2
3 3 1

-3 =0|
21. y=m
X | y=Jx | y=JAx=2Jx
0 0 0
1 1 2
2 | V2 242
3 | 3 23
4 2 4
v
4
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224 Chapter 2 Graphs and Functions

22. y=+/9x y

X yz\/; y: 9)(:3

2
-3
—4

25. (a) y=f(x+4) isahorizontal 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).

(b) y=f(x)+4 isavertical translation of f,

4 units up. The point that corresponds to
(8, 12) on this translated function would

be (8,12 + 4) = (8,16).

26. (a) ()

y=,fx is a vertical shrinking of f, by

a factor of by . The point that corresponds

to (8, 12) on this translated function
would be (8,%-12) = (8,3).

(b) y=4f(x) 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).

27. (a) y= f(4x) isahorizontal shrinking of f,

by a factor of 4. The point that
corresponds to (8, 12) on this translated

function is (8-2,12) = (2, 12).

by y=f* (% x) is a horizontal stretching of f,

by a factor of 4. The point that
corresponds to (8, 12) on this translated

24. y=-|-¥ function is (8-4, 12) = (32, 12).
X y=|-x | y=-|-x] 28. (a) The point that corresponds to (8, 12)
3 3 3 when reflected across the x-axis would be
(8, —12).
2 2 2 (b) The point that corresponds to (8, 12)
-1 1 -1 when reflected across the y-axis would be
0 0 0 (-8, 12).
1 1 -1 29. (a) The point that is symmgtric to (5, -3)
> > ”; with respect to the x-axis is (5, 3).
(b) The point that is symmetric to (5, —3)
3 3 -3 with respect to the y-axis is (-5, —3).
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(c) The point that is symmetric to (5, —3)
with respect to the origin is (-5, 3).

A}

30. (a) The point that is symmetric to (-6, 1)

with respect to the x-axis is (-6, —1).

(b) The point that is symmetric to (-6, 1)
with respect to the y-axis is (6, 1).

(c) The point that is symmetric to (-6, 1)

with respect to the origin is (6, —1).

31. (a) The point that is symmetric to (-4, —2)

with respect to the x-axis is (-4, 2).

(b) The point that is symmetric to (-4, -2)
with respect to the y-axis is (4, —2).

(c) The point that is symmetric to (-4, —2)
with respect to the origin is (4, 2).

¥

32. (a) The point that is symmetric to (-8, 0)

with respect to the x-axis is (-8, 0), since
this point lies on the x-axis.

(b) The point that is symmetric to the point
(-8, 0) with respect to the y-axis is (8, 0).

33.

34.

35.

36.

Section 2.7 Graphing Techniques 225
(c) The point that is symmetric to the point
(-8, 0) with respect to the origin is (8, 0).

10

h__
80 T
@ 27
el
-10 -6 212 6 10
64

~104
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.

2

y=Xx +5

Replace x with —x to obtain
y = (-x)? +5=x% +5. The result is the same

as the original equation, so the graph is
symmetric with respect to the y-axis. Since 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)?+2> -y=x*+2=> y=-x*-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.

y=2x*-3

Replace x with —x to obtain
y=2(-x)*-3=2x*-3

The result is the same as the original equation,
so the graph is symmetric with respect to the
y-axis. Since 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 = 2(-x)* -3= -y=2x*-3=>
y = -2x* + 3. 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.
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37.

38.

39.

Chapter 2 Graphs and Functions

X2 + y2 =12

Replace x with —x to obtain

(-x)2+y?=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

X2 +(-y)? =122 x2+y? =12

The result is the same as the original equation,
so the graph is symmetric with respect to the
x-axis. Since the graph is symmetric with
respect to the x-axis and y-axis, it is also
symmetric with respect to the origin.

y2-x*=6

Replace x with —x to obtain

y2-(-x)"=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)?-x*=6=y*-x*=6

The result is the same as the original equation,
so the graph is symmetric with respect to the
x-axis. Since 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 = -4x3 + x
Replace x with —x to obtain
y=-4-x)P2+(-x) =2 y=-4-x])-x=>

y=4x% - 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 = -4 +x= y=4x3 - 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(-x)*+(-X)=> -y = -4(-x}) - x =
—y =43 x> y= -4 +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.

40.

41.

42.

43.

y=x>-x

Replace x with —x to obtain
y=(-x)°-(-x)= y=-+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® - x = y = -x* + 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 = (-x)* - (-x) =2 -y =-x}+x =
y = x> - 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.

y=x>-x+8

Replace x with —x to obtain
y=(-X)2-(-x)+8= y=x2+x+8.The
result is not the same as the original

equation, so the graph is not symmetric with
respect to the y-axis. Since 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)* - (-x) +8 =
—y=x2+x+8=> y=—x2—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.

y=x+15

Replace x with —x to obtain

y=(-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. Since 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)+15= y=x-15. 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.

f(x)=-x>+2x

f(-x)=-(-x)" +2(-x)
=x*-2x= —(—x3+2x)=—f (x)

The function is odd.
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44, f(x)=x>-2x°
f(-x)= ()" -2(-x)"

=-x>+2x% = —(XS —2x3)=—f (x)
The function is odd.
45. f(x)=05x"-2x"+6
f(-x)= 0.5(—x)4 - 2(—x]2 +6
=0.5x* -2x* +6 = f (x)
The function is even.

46. f(x)=0.75x" +|x| + 4
f(-x) = 0.75(-x)" +|-x|+ 4
=0.75x* + x +4 = f (x)
The function is even.
47. f(x)=x>-x+9
f ()= (-2~ (-x)+9
=-x +x+9=—(x3—x—9)¢ - (x)
The function is neither.

48. f(x)=x*-5x+8

f(-x)= [—x)4 -5(-x)+8

=x*+5x+8# f(x)
The function is neither.

49. y=x*-1
This graph may be obtained by translating the

graph of y = x?, 1 unit downward.

y 2
y=x =1

o+

/ 1 -
\ L L

50. y=x°-2
This graph may be obtained by translating the
graph of y = x?, 2 units downward.

Section 2.7 Graphing Techniques 227

51. y=x"+2
This graph may be obtained by translating the

graph of y = x2, 2 units upward.

52. y=x*+3
This graph may be obtained by translating the

graph of, y = X%, 3 units upward.

53. y=(x- 4]2
This graph may be obtained by translating the

graph of y = x?, 4 units to the right.

y=(-4’

54. y=(x- 2]2
This graph may be obtained by translating the
graph of y = x?, 2 units to the right.

v = (-2)
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5. y=(x+2)
This graph may be obtained by translating the

graph of y = x?, 2 units to the left.

y
y=(x+2)

56. y=(x+ 3]2
This graph may be obtained by translating the

graph of y = x?, 3 units to the left.

y
v=(+3)

57. y=|x-1
The graph is obtained by translating the graph
of y =|x|, 1 unit downward.

v

-2 2
[ ov= a1

58. y=|x+3+2
This graph may be obtained by translating the

graph of y =|x|, 3 units to the leftand 2 units

upward.

yv=|x+3|+2

59. y=-(x+1
This graph may be obtained by translating the

graph of y = x3, 1 unit to the left. It is then

reflected across the x-axis.

60. y=-(x-1)°
This graph can be obtained by translating the
graph of y = x®, 1 unit to the right. It is then

reflected across the y-axis. (We may also
reflect the graph about the y-axis first and then
translate it 1 unit to the right.)

61.
This graph may be obtained by translating the

graph of y = x?, 1 unit down. It is then

v

stretcped vertically by a factor of 2.
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62. y=3x"-2
This graph may be obtained by stretching the
graph of y = x? vertically by a factor of 3,

then shifting the resulting graph down 2 units.

¥

3-.
2T fy=32-2
l._
—t—t t t t X
7372717\/1 23
-2
-3+

63. f(x)=2(x-2)"-4
This graph may be obtained by translating the

graphof y = x2, 2 units to the right and 4

units down. It is then stretched vertically by a
factor of 2.

) =2x-2) -4
64. f(x)=-3(x-2)"+1
This graph may be obtained by translating the
graph of y = x?, 2 units to the right and 1 unit

up. It is then stretched vertically by a factor of
3 and reflected over the x-axis.

65. f(x)=+vx+2

This graph may be obtained by translating the
graph of y = y/x two units to the left.

Section 2.7 Graphing Techniques 229

This graph may be obtained by translating the

graph of y = x three units to the right.

fwy =% =3

This graph may be obtained by reflecting the
graph of y = /x across the x-axis.

This graph may be obtained by translating the
graph of y =+/x two units down.

0 -
2 flx)=x -2

69. f(x)=2vx+1

This graph may be obtained by stretching the
graph of y = y/x vertically by a factor of two

and then translating the resulting graph one
unit up.
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70.

71.

72.

Chapter 2 Graphs and Functions
f(x)=3 x-2
This grap}(may be obtained by stretching the

graph of y = y/x vertically by a factor of

three and then translating the resulting graph
two units down.

0
24 f)=3x -2

y=;x-4 2
This graph may be obtained by stretching the
graph of y = x® vertically by a factor of 1,

then shifting the resulting graph down four
units.

y=2x"+2
This graph may be obtained by stretching the
graph of y = x® vertically by a factor of L

then shifting the resulting graph up two units.

y

73.

74.

75.

y=(x+ 3)°
This graph may be obtained by shifting the

graph of y = x® three units left.

3
y=(x-2)
This graph may be obtained by shifting the
graph of y = x® two units right.

¥

2
y=4%(x-2)
This graph may be obtained by translating the
graph of y = x? two units to the right, then

stretching the resulting graph vertically by a
factor of 2.
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76. Because g(x) = |-x| = |x|= f(x), the graphs
are the same.
7. (@) y=9(x)
The graph of g(x) is reflected across the
y-axis.

(b) y=g(x-2)
The graph of g(x) is translated to the right
2 units.

(€ y=-9()+2

The graph of g(x) is reflected across the
x-axis and translated 2 units up.

A

oy =—glx)+ 2

g o

78. (@) y=-f(x)
The graph of f(x) is reflected across the

X-axis.
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© y=f)

The graph of f(x) is reflected across the
y-axis.

79. Itis the graph of f (x)=|x| translated 1 unit to

the left, reflected across the x-axis, and
translated 3 units up. The equation is

y=-|x+1+3.
80. Itisthe graph of g(x)=+/x translated 4 units

to the left, reflected across the x-axis, and
transla\;@"ﬂmits up. The equation is

y=- X+4+2

81. Itisthe graphof f(x)=+/x translated one

unit right and then three units down. The
equationis y =+/x-1-3.
82. ltisthe graphof f (x)=|x| translated 2 units

to the right, shrunken vertically by a factor of

% , and translated 1 unit down. The equation

is y=2x-2-1.

83. Itisthe graphof g(x)= x translated 4 units

to the left, stretched vertically by a factor of 2,
and translated 4 units down. The equation is

y=2Jx+4 -4,
84. Itisthe graphof f (x)=|x| reflected across
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the x-axis and then shifted down two units.
The equationis y=-x - 2.

85. Since f(3) = 6, the point (3, 6) is on the graph.

(b) y=2f(x) Since _th_e graph ig symmetric_with respect to
The graph of f(x) is stretched vertically by the origin, the point (-3, —6) is on the graph.
a factor of 2. Therefore, f(-3) = 6.
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86.

87.

88.

89.

90.

91.

92.

93.

Chapter 2 Graphs and Functions
Since f(3) = 6, (3, 6) is a point on the graph.
Since the graph is symmetric with respect to
the y-axis, (-3, 6) is on the graph. Therefore,
f(-3) =6.
Since f(3) = 6, the point (3, 6) is on the graph.
Since the graph is symmetric with respect to
the line x = 6 and since the point (3, 6) is 3
units to the left of the line x = 6, the image
point of (3, 6), 3 units to the right of the line
X =6, is (9, 6). Therefore, f(9) = 6.
Since f(3) = 6 and since f(—x) = f(x),
f(-3) = f(3). Therefore, f(-3) = 6.
An odd function is a function whose graph is
symmetric with respect to the origin. Since
(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). Since
f(3) = 6 and f(—x) = —f(x), f(-3) = (3).
Therefore, f(-3) = -6.

f(x) = 2x + 5: Translate the graph of f(x) up
2 units to obtain the graph of
t(x) =(2x+5)+2=2x+7.

Now translate the graph of t(x) = 2x + 7 left 3
units to obtain the graph of
g(X)=2(x+3)+7=2x+6+7=2x+13.
(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) = (3- x) - 2 = —x +1. Now translate the
graph of t(x) = -x +1 right 3 units to obtain
the graph of

g(x) =-(Xx=-3)+1=-x+3+1=-x+4,
(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.)

(&) Since f(—x) = f(x), the graph is symmetric
with respect to the y-axis.

¥

42

NS

1. (a) First, find the slope: m =

(b) Since f(—x) = —f(x), the graph is
symmetric with respect to the origin.

¥

12

: =_-+/ix
7 N\

94. (a) f(x)isodd. An odd function has a graph

symmetric with respect to the origin.
Reflect the left half of the graph in the
origin.

i/rn]zl

(b) 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.

12

AP

Chapter 2 Quiz
(Sections 2.5-2.7)

9-5
-1-(-3)"
Choose either point, say, (=3, 5), to find
the equation of the line:
y-5=2(x-(-3))=> y=2(x+3)+5=>
y=2x+11.

2

(b) To find the x-intercept, let y = 0 and solve
forx: 0=2x+11= x=-1.The

. e 1
x-intercept is - .
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Chapter 2 Quiz (Sections 2.5-2.7) 233
. Write 3x — 2y = 6 in slope-intercept form to 8. f(x)=2x-1+3

- . ) _ _3 _
find its slope: 3x-2y=6= y=3x-3. Shift the fraph of f (x) = x| one unit right,

Then, the slope of the line perpendicular to stretch the resulting graph vertically by a
2

thisgraphis - 2. y-4=-2(x-(-6)) = factor df 2, then shift this graph three units up.

y=-2(x+6)+4=>y=-2x
. (@ x=-8 (b)y=5

. (a) Cubing function; domain; (-0, ) ;
range: (-, ) ; increasing over

fx)=2]x-1]+3

(-00, ) .

(b) Absolute value function; domain:
(-0, ) ; range: [0, ) ; decreasing over

(~00,0] ; increasing over [0, ) 9. This is the graph of f(x) =+/x , translated
four units to the left, reflected across the
(c) Cube root function: domain: (-co, ) ; x-axis, and then translated two units down.
range: (-oo,00) ; increasing over The equationis y=- x+4-2.
(—OO, OO) .

10. (@) f(x)=x*-7

f (x) = 0.40axb+0.75 Replace x with —x to obtain
f (5.5) = 0.4085.5h+0.75 f(-x)=(-x)?-7=
=0.40(5)+0.75=2.75 f(-x)=x*-7=f(x)

A 5.5-minute call costs $2.75.

F(x) = Jx o ifx=0

The result is the same as the original
function, so the function is even.

2x+3 ifx<0 () f(x)=x}-x-1
For values of x < 0, the graph is the line Replace x with —x to obtain
y = 2x + 3. Do not include the right endpoint _ 3
F=x)= (%"= (-x)-1

(0, 3). Graph the line y = +/x for values of

3
x > 0, including the left endpoint (0, 0). =-x +x-12f(x)

The result is not the same as the original
equation, so the function is not even.

Since f (-x)# -f(x), the function is

not odd. Therefore, the function is neither
even nor odd.

f__ .
) = {“ et © f(x)=x""-x*

2x+3 ifx<0
Replace x with —x to obtain

f(-x)= (3" - (-1”

f(x)=-x>+1 :_X101_[_X99]
Reflect the graph of f(x) = x® across the = (xml - x99]
x-axis, and then translate the resulting graph - _f [x]

one unit up. -

Since f(—x) = —f(x), the function is odd.
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Section 2.8 Function Operations and
Composition

In Exercises 1-8, f(x)=x?+3 and g(x) = -2x +6.

1. (f+9)B) =f(d)+9()
=[(3)° +3]+[-2(3) + 6]
=12+0=12

2. (f+g)(-5)=f(-5+g(-9)
=[(-5)? + 3] +[-2(-5) + 6]
=28+16=44

3. (f-g)(-1) = f(-1)-g(-1)
[(-2)* +3]-[-2(-1) + 6]
=4-8=-4

4. (f-9)4)="1(4)-9(4)

=[(4)* +3]-[-2(4) + 6]
=19-(-2)=21

5. (fg)(4) = f(4)-9(4)

[42 +3]-[-2(4) + 6]
19-(-2) = -38

6. (fg)(-3) = f(-3)-g(-3)
=[(-3)* +3]-[-2(-3) + 6]

=12-12 =144
f f(z1) (=D*+3 4 1

7. (—1): = = =
g g(-) -2(-)+6 8 2
f f(5) (5)%+3 28

ML P A TO BTG R A

9. f(x)=3x+4,g(x)=2x-5

) (f+9)x)=f(x)+9g(x)
=(3x+4)+(2x-5)=5x-1

i) (f-9)x)=f(x)-9(x)
=(Bx+4)-(2x-5)=x+9

ii) v)

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 % is the set of all real numbers for

which g (x) # 0. This is the set of all real

numbers except 2, which is written in

interval notation as (— 0, 25) U (25 oo].

10. f(X)=6-3x,g(Xx) =—4x+1

) (f+0)(x)=f(x)+9(x)
(6-3x)+(-4x+1)
=7X+7

i) (f-g)(x)=f(x)-9(x)
=(6-3x)-(-4x+1) =x+5

i) (fg)(x) = f(x)-g(x) = (6-3x)(-4x+1)
= —24x +6 +12x% - 3x

2
=12x -27x+6

. f _f(x) _6-3x

) (g)(x)- g(x)  -4x+1

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 (o0, ). The domain

f
of E is the set of all real numbers for

which g (x) # 0.

This is the set of all real numbers except

;ll, which is written in interval notation

11. f(x)=2x*-3x,9(x)= x* - x+3

i) (F+9)(x) = f(x)+g(x)
= (2x% - 3x) + (X% - x +3)

=3x% -4x+3
( f(X)-g(x)=Bx+4)(2x-5)
fg = 6x% - 15 +8x - 20

) /\ =6x%-7x-20
L(X)zﬂﬁzs)(—+4
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(f-g)(x)=f(x)-9(x)

= (2x% -3x) - (X* - x +3)
=2x%-3x-x?+x-3

=x*-2x-3
g g(x) 2x-5

i) (fg)(x) = f(x)-g(x)
= (2x% = 3x)(x? - x +3)
= 2x* - 2x® +6x% - 3x% +3x%? - 9x
= 2x* - 5x% + 9x% - 9x
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)

2 _
100 2x"=5x (900100 g _ i
iv) (x) = =, - = - = T Ty
g(x) x“-x+3
Tlt|1e d?mainks) of botht: agd gare thfefset of i) (fg)(x) = f(x)- g(/x)\
all real numbers, so the domains of f + g, 1 [Ax-1
\/7 =
f—g,and fg are all (o, ). The domain = 4x-1 K - x

of g—f is the set of all real numbers for

/i\ f(x) «4x-1 -
which g(x)#0. If x* -x+3=0, then ) X3 BT T ax-1
by the quadratic formula x = 281 The "

] ) 2 Since4x—120:>4x21:>x27i,the
equation has no real solutions. There are
no real numbers which make the domain of fis L% , oo). The domain of g

denominator zero. Thus, the domain of is (-oo,o] U [0,00). Considering the

Tt
g 1salso (-e,c0). intersection of the domains of f and g, the
domains of f + g, f— g, and fg are all
12, f(x) = 4x? +2x,g(x) = X* -3x + 2 |1 ~
_ [4, w . Since ¥ #0 for any value of x,
) (f+9)(x)=f(x)+9(x) r L4
= (452 +2%) + (X2 — 3%+ 2) the domain of " isalso | 1, oo].
=5x% - x+2 1

i) (f-9)(x)=f(x)-9g(x) 14 f(x)= 5x-4,9(0=-_

2 2
= (4X° +2X) = (X° = 3x+ 2) i) (f+9)(x) = f(x)+g( \
= 4x% +2x - x? +3x -2 1
2 = 5X-4+|-
=3x" +5x-2 X
1
i) (fg)(x) = f(x)-g(x) =\/5x—4—;
= (4x% +2X)(x* -3x + 2)
. v
= 4x* -12)x3 +8x% + 2x3 - 6x? + 4x i) (f-9)()=Fx=9(x)
= 4x* -10x® + 2x? + 4x - gy-4q-'_1
AR :
f f(x) _4x=+2x 1
i - [e—
iv) (x) = =, = 5x-4+
g g(x) x"-3x+2 X
The domains of both f and g are the set of iii fo)(x) = f(x)-q(x
all real numbers, so the domains of f + g, ) (19)() = T(x) o )/ \ v
N 5x -4
f—g, and fg are all (-o0,0). The domain =[ 5x—4] A
. X X
of . is the set of all real numbers x such / \
LR L TS Y v

that x* -=3x+2#0. Since
Copyright © 2013 Pearson Education, Inc.



X2 =3x+ 2 = (x-1)(x - 2), the numbers iv) gj 9(%) -1

; 4
which give this denominator a value of 0 Since 5x-420= 5x24= x 2=, the

are x =1 and x = 2. Therefore, the domain domain of fis |4 oo)' The domain of g
s

of " isthe set of all real numbers except )
9 is (-0,0) U (0,). Considering the

1 and 2, which is written in interval

. intersection of the domains of f and g, the
notation as (-, U (1, 2)U (2, ). domains of f + g, f— g, and fg are all
4 ince -1
13, (0 =BT g(x) = i |2 oo]. Since -1 #0 for any value of
9
Ls

x, the domain of < is also [i‘, oo).

i) (f+g)(x)=f(x)+g(x)=m+§
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In the responses to Exercises 15-16, numerical 24. (@) (f+0)0)=f(0)+g(0)=0+2=2
answers may vary.
(b) (f-9)-D=*f(-D-9(-1)
15. M (2004) ~ 260 and F (2004) ~ 400, thus - 2_1=-3
T (2004) = M (2004) + F (2004)
= 260 + 400 = 660 (thousand). © (fg@="f@)-9@)=2-1=2
16. M (2008) ~ 290 and F (2008) ~ 470, thus ) /i\ @=ta_4__
T (2008) = M (2008) + F (2008) 9 9(2) -2

=290 + 470 = 760 (thousand). 25. (@) (f+g)(-1)=f(-1)+g(-1)=0+3=3

17. Looking at the graphs of the functions, the

slopes of the line segments for the period (b) (f-09)-2)=1(-2)-9(-2)
20002004 are much steeper than the slopes =-1-4=-5
of the corresponding line segments for the B 4
period 2004—2008. Thus, the number of © (19)(0)=1(0)-g(0)=1-2=2
associate’s degrees increased more rapidly
during the period 2000-2004. (d) t (2) f2_3,_ undefined
_ 9 g(2) ©
18. If 2000 < k <2008, T (k) =r, and F(k) =,
then M(k) = r —s. 26. (a) (f+9))=fD)+g(l)=-3+1=-2
In the responses to Exercises 19-20, numerical (b) (f-9g)0)=f(0)-g(0)=-2-0=-2

answers may vary.

19. (T - 5)(2000) = T (2000) - S (2000) © ()= T(D-g(-1)=-3CD=3

:19—13:6 f f(l) _3
It represents the dollars in billions spent for (d |—|@®= T -3
general science in 2000. 9 9
20. (T -G)(2010) =T (2010) - G (2010) 21. @ (f+9)(2)=f(2)+g(2)=7+(-2)=5
~29-11=18
It represents the dollars in billions spent on () (f-9)4)=1(4)-9(4)=10-5=5
space and other technologies in 2010. © (f9)(=2) = £(-2)-g(~2)=0-6=0
21. In space and other technologies spending was
almost static in the years 1995-2000. / f \\ f(0) 5
(d) \—) (0) = —— = — = undefined
22. In space and other technologies spending 9 9(0) 0

increased the most during the years

2005-2010. 28. (@ (f+0)(2)=1(2)+g(2)=5+4=9
23. (@ (f+g)(2)=1(2)+g(2) (b) (f-9)4)=f(4-9(#=0-0=0
=4r()=2 © (fo)(-2)= £(-2)-9(-2) = -4-2= -8
0) (f-9)O=f0-g@)=1-(-3=4 ( )
floy=fO_8 __
© (19)0)= f(0)-9(0)=0(-4)=0 @ gl g0 "1

(d) /L\(1)=i@ _1_1
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29.

30.

31.

32.

33.

Section 2.8 Function Operations and Composition

f
x | 10 | el | (f+g)) | (F-9)0) | (fg)(x) H(XJ
-2 0 6 0+6=6 0-6=-6 06=0 2=0
0 5 0 5+0=5 5-0=5 5:0=0 2 = undefined
2 7 -2 7+(-2)=5 | 7-(-2)=9 | 7(-2)=-14 L=-35
41 10 5 10+5=15 10-5=5 10-5=50 Q=2
f
x| 1)) | el | (F+e)x) | (F-9)() (f9)(x) H(X)
2| -4 2 -4+2=-2 | -4-2=-6 -4.2=-8 F=-2
0 8 -1 8+(-1)=7 | 8-(-1)=9 8(-1)=-8 £=--8
2 5 4 5+4=9 5-4=1 5.-4=20 ;51:1.25
4 0 0 0+0=0 0-0=0 0:0=0 9 = undefined
ATTSWETS Withvary: © T(X+h)=T(X) _-h 1
_ C = = -
The difference quotient, f_[_x_+:l_fbg ___h b
represents the slope of the secant line which 35. f(x)=6x+2
passes through points (@) f(x+h)=6(x+h)+2=6x+6h+2
(x, f (x)) and (x+h, f (x +h)). The formula
. . . by f(x+h)-f(x)
is derived by applying the rule that slope (
represents a change in y to a change in x. = (6x+6h+2) - (6x +2)
_ _ = 6x +6h+2-6x -2 =6h
Answers will vary. The secant line PQ
represents the line that is formed between f(x+h)-f(x) 6h
points P and Q. This line exists when h is © —f— =78
positive. The tangent line at point P is created
when the difference in the x values between 36. f [x] =4x+11
points P and Q (namely h) becomes zero.
(@ f(x+h)=4(x+h)+11=4x+4h+11
f(x)=2-x
(b) f(x+h)-f(x)
(@ f(x+h)=2-(x+h)=2-x-h = (4x +4h +11) - (4x +11)
(b) f(x+h)=f(x)=(2x-h)-(2-x) = 4x+4h+11-4x-11=4h
=2-Xx-h-2+x=-h @ TEm-Te _sn_,
@ Loeh=fed _=h_ h h
h h 37. f(x)=-2x+5
f(x)=1-x @ f(x+h)=-2(x+h)+5
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(@ fOx+)=1-(x+h)=1-x-h =-2x-2h+5

) Foxrm-fx)=@-x-h)-@1-x) (b) f(x+h)-f(x)
=1-Xx-h-1+x=-h =(—2X—2h+5)—(—2X+5)
=-2x-2h+5+2x-5
=-2h
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fx+h)-f(x) _ =2h
©) f(x+h fx= 2h=_2
h h

38. f(x)=-4x+2

(@ f(x+h)=-4(x+h)+2
= —4x-4h+2

(b) f(x+h)-f(x)
= -4x-4h+2-(-4x+2)
=-4x-4h+2+4x-2

~4h
f(x+h)-f(x) -4h
(©) ALY

39. f(x)= i

@ f(x+h):ﬁ

(b) f(x+h)-f(x)

1 1 _ x-(x+h]
“x+h x x(x+h)
__-h
~x(x+h)
o () £ () _ sG] . __=h
h h  hx(x+h)
o
= x(x+h)
1
40. f(X):7
1
a) f(x+h)=———
(@) f( )(X+h)2

(o) f(x+h)-f(x)

f(x+h) -f(x) _ x (x+n) _ =2xh-h

(c)
h h hx?2 (x + h)z
h(=2x-h)
"0 (x + h)?
_ -2x-h
X2 (x + h)2
41, f(x)=x?

(@) f(x+h)=(x+h)?=x2+2xh+h?

() f(x+h)y-f(x)=x%+2xh+h?-x2
=2xh +h?

f(x+h)- f(x) _ 2xh+h?

(©
h
_ h(2x +h)
~h
=2x+h
42, f(x)=-x

2
(@ f(x+h)y=-(x+h)
:—[x2+2xh+h2)

2 2
=-x —-2xh-h

(b) f(x+h)=f(x)=-x?-2xh-h? -(-xZ]
=-x%2-2xh-h? + x*
= -2xh - h?

f(x+h)-f -2xh - h?
© (x z (x): 2xhh h

-h(2x +h)

h
=-2x-h

43. f(x)=1-x?
(@ f(x+h)=1-(x+h)?

=1-(x? +2xh + h?)
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X2 —(XZ +2xh +h?

~
X2 (x + h)z
-2xh - h?

X2 (x + h]z

l =1-x?-2xh-h?

() f(x+h)-f(x)
=(1-x*-2xh-h?)-(1-x?)
2 2 2

=1-x -2xh-h -1+x

= -2xh-h?
f(x+h)- f(x) -2xh-h?
© FoEm-fe
h h
_ h(=2x -h)
~ h
=-2x-h
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44, f(x)=1+2x° 47. Since g(x)=-x+3,g(4)=-4+3=-1.
(@) f(x+h)=1+2(x+h)? Therefore, (fDg)(4) = f [g (4) =1(-1
=1+2(x” + 2xh + h?) =2(-1)-3=-2-3=-5.

=1+ 2%? + 4xh + 2h?

() F(x+h)-f(x) 48. since g(x)=-x+3,g(2)=-2+3=1.

=(1+ 2x2 +4xh+2h2)_(1+zxz] Therefore, (fDg)(2) = f [g (2) =1(1
=1+ 2x? + 4xh + 2h? ~1- 2 =2(1)-3=2-3=-1.

= 4xh + 2h? :
49. Since g(x) __x,39 (2) _ (2 L3.5
© Foeh=T00 dxh2n? Therefore, (fDg)(-2) = f[g(-2) = f(5)
h  h(ax s2h) =2(5)-3=10-3=7.
Caxa 50. Since f(x)=2x-3,

f(3)=2(3)-3=6-3=3.
45. f(x)=x?+3x+1
Therefore, (gD f)(3)=g f(3)
(a) f(x+h)=(x+h)2+3(x+h)+1 ()
=g 3 =-3+3=0.
=x%+2xh+h? +3x+3h+1

(b) f(x+h)-f(x) 51. Since f(x)=2x-3,

=(X2+2Xh+h2+3x+3h+1) f[O):Z[O]—S:O—S:—S.

_[Xz +3x+1) Therefore, (gD f)(0)=g f[O)]
=x?+2xh+h? +3x+3h+1-x*-3x-1 =9(-3)=-(-3)+3=3+3=6.
=2xh+h®+3h 52. Since f (x)=2x-3,

@ Toeh=tea _2d +hZ-+3h f(-2)=2(-2)-3=-4-3=-7.

h h Therefore, (gD f)(-2)=g f(-2)
h(2x +h +3)

= g(7) (7 3 7 3 10

h = - ===+ = + =

=2x+h+3

53. Since f(x)=2x-3,

46. f(x)=x%-4x+2
f(2)22[2)—3:4—3:1.
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(@ f(x+h)=(x+h)?—4(x+h)+2 Therefore, (D )(2)= [ f (2]

=x% +2xh+h? - 4x-4h +2
(b) f(x+h)-f(x)

=f(1)=2(1)-3=2-3=-1

=(x2+2xh+h2—4x—4h+2] 54. Since g(x)=-x+3,g(-2)=-(-2)+3=5.

—[x2—4x+2) Therefore, (gDg)(-2) = g[g (—2)]
=x2+2xh+h?—4x-4h+2-x?+4x-2 =g(5)=-5+3=-2
= 2xh +h® - 4h 55. (fDg)(2) = flg(2)]= f(3) =1
O f(x+h) = f(x) _ 2xh+h? - 4h 56. (fDg)(7)=flg(M)]="f(6)=9
h h
_ h(2x+h-4) 57. (9D )3 =9g[fE)1=9@1)=9
Coxanta 58. (gD f)(6) = g[f (6)] = g(9) =12

59. (fDf)(4)=f[f(4)]=f(@3)=1
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60.

61.

62.

63.

64.

65.

Chapter 2 Graphs and Functions

(9Dg)@ =9lg®]=9(9) =12

(fDg)® = flgM1= f(9)
However, f(9) cannot be determined from the
table given.

(gD (fDg)(7) =9g(f(a(7))
=9(f(6)=9(9 =12

f(g(x)) = f(5x+7)
-6(5x+7)+9
=-30x-42+9=-30x-33
The domain and range of both f and g are
(=00, ) , so the domain of fDg is

(@ (fDg)(x)

(-0, 00) .

(b) (gD f)(x) = g(f(x)) =g(-6x+9)

=5(-6x+9)+7
=-30x+45+7 = -30x + 52

The domain of gD f is (-c0, ).

(@ (fDg)(x) = f(g(x) = f(3x-1)
=8(3x-1)+12
=24x-8+12=24x+4

The domain and range of both f and g are
(-0, ) , so the domain of fDg is

(-00, ).
(b) (gD f)(x) = g(f(x))=9g(Bx+12)

=3(8x +12) -1
= 24x +36 - 1= 24x + 35

The domain of gD f is (-0, ).

(@ (fDg)(x)=f(g(x))=f(x+3)=+vx+3

The domain and range of g are (-, ©),
however, the domain and range of f are
[0,00).S0, x+3=20= x=>-3.

Therefore, the domain of fDg is
[_3! OO) .

(b) (g0 F)(x) =g(f ()= g[(Vx]=x+3
The domain and range of g are (-0, ),
however, the domain and range of f are

[0, ) .Therefore, the domain of gD f is
[0, ).

(b) (g0 )00 =9(f () =g(Vx]=x -1

The domain and range g are (-, ),
however, the domain and range of f are
[0, ). Therefore, the domain of gD f is

[0, ).

67. (@) (fDg)(x)= f(g(x) = f(x?+3x-1)

= (x* +3x-1)°*
The domain and range of f and g are
(=00, ), so the domainof fDg is

(—oo, oo)_

(b) (gD F)(x) = g(f(x)=g(x*)
(43 3)
= (x ) +3[x ) 1
=x®+3x%-1
The domain and range of f and g are
(-0, o), so the domainof gD f is

(=00, ).

68. () (fD)()=f(g(x)=f(x*+x*-4)

=x‘+x*-4+2
=x*+x?-2
The domain and range of f and g are
(-o0, ), so the domainof fDg is

(-0, ).
(b) (gD F)(x)=g(f(x))=g(x+2)

=(x+2)*+(x+2)? -4
The domain and range of fand g are
(-00, ), so the domainof gD f is

(-0, ).

69. (@) (fDg)(x)= f(g(x))=f(3x)=+3x-1

The domain and range of g are (-, o),

however, the domain of fis [1, ), while
the range of f is [0, «). So,
3x-1>0= x = 1. Therefore, the
3
domainof fDg is [%oo]

(b) (gD F)(x)=g(f(x)=g(vx-1]
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66. (a) (fDg)(x)="f(g(x)="f(x-1)=~vx-1

The domain and range of g are (-, o),
however, the domain and range of f are

[0,0).S0, x-1=20= x=1. Therefore,
the domain of fDg is [1, ).

Copyright © 2013 Pearson Education, Inc.

=3Jx-1

The domain and range of g are (-o0, ),

however, the range of fis [0, ). So
Xx-120= x z1. Therefore, the domain

of gD f is [1,).



70. (a)

(b)

71. (@)

(b)

72. (a)

(b)

(fDg)(x) = f(g(x) = f(2x) = V2x -2

The domain and range of g are (-oo, ),
however, the domain of fis [2, «) . So,

2x-2=0= x=1. Therefore, the

domain of fDg is [Lw).
—
(9D ) =9(F () =g x-2]

=2X-2

The domain and range of g are (-co, ),
however, the range of fis [0, o). So
x-22=20= x=2. Therefore, the domain

of gD f is [2,).

(FD)(x) = F(g(x)) = f(x+1) =4
The domain and range of g are (-, ) ,

however, the domain of f is

(-0,0)U (0,0).S0, x+1#0= x=-1.
Therefore, the domain of fDg is

(=00, ~1) U (-1, 0) .

(gD F)(x) = g(f(x)) = g(?]=2+1
X X
The domain and range of f is
(-0,0) U (0, ), however, the domain

and range of g are (-0, ). So x#0.

Therefore, the domainof gD f is

(~00,0) U (0, 0) .

(fDg)(x) = f(g(x) = f(x+4) =1,
The domain and range of g are (-o0, ),

however, the domain of f is
(-00,0) U (0, ) . So,

X+4 0= x#-4. Therefore, the
domainof fDg is (-o0,-4)U (-4, ).

(gD 1)) =g(f(x)=g[4]=4+4
The domain and range of f is

(b)

74. (a)

(b)

75. (a)

Section 2.8 Function Operations and Composition 241

The domain and range of g

are (-0,0) U (0, ), however, the domain
offis [-2, ). S0, -2 +220=

x<0orxz>% (using test intervals).

Therefore, the domainof fDg is

)

(—oo,O)U[Z,oo .

(9D F)(x) = g(f(x) = g (Vx+2) = -

X+2

The domain of fis [-2, ») and its range is
[0, e0). The domain and range of g

are (-,0) U (0,). So
Xx+2>0= x>-2. Therefore, the domain
of gD f is (-2,0).

X
(Fg)(x) = f(g())=F(-2)= -2+4
The domain and range of g
are (-o0,0) U (0, ), however, the domain

of fis [-4,©).S0, -2+420=
X

x<0orxz? (using test intervals).

Therefore, the domainof fDg is
(-0, g u|4,).

(9D )0 = g(f () =g( x+4]=-—L
o

The domain of f is [-4, ) and its range is

[0, ). The domain and range of g

are (-o0,0) U (0,). So

X+4>0= x> -4. Therefore, the domain

of gD f is (-4,).
X+5

(FDg)x) = fam) = f ()=

X+5

(-90,0) U (0, ) , however, the domain
and range of g are (-, ) . So x#0.
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The inofgis (-o,-5)U (-5,), and The domain of fis [0, ) . Therefore, the

doma the range of g is (-0,0) U (0, ). domainof fDg is [—5, 00) .
— — _ 1
Therefore, the domain of gD f is (B) (gD 1)) =g(T () =g [\/’X] T x5
(-%0,0) U (0, ). The domain and range of f is [0, »). The

x A\ x domain of g is (-, -5) U (-5, «).

73. (@) (fDg)(x)=f(g(x)=f (‘l) = -t+2 Therefore, the domain of gD f is [0, ).
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76. (@ (fDg)(x)=f(g() =T ()=

X+6
The domain of g is (-, -6) U (-6, ),
and the range of g is (-,0) U (0, ).
The domain of fis [0, ). Therefore, the
domain of fDg is (-6, ).

() (g0 F)(x)=g(t() =g (vx)= 25

The domain and range of f is [0,). The
domain of g is (-, -6) U (-6, o).

Therefore, the domainof gD f is [0, »).

77. (a) (ng)(X):f(g(x))zf(l]z 1 x

X 1Ux-2  1-2x
The domain and range of g are
(-00,0) U (0, ). The domain of f is
(=00, -2) U (-2, =), and the range of f is

(-0,0)U (0,).S0, 15 <0=x<0

or O<x<2l or x>—; (using test

intervals). Thus, x # 0 and

X # % . Therefore, the domainof fDg is

o dulo ol )

X-2 1(x-2)

() (9D ) = g(f () = g(*+])=—2
=X-2
The domain and range of g are
(-0,0) U (0, ). The domain of f is
(-0, 2) U (2, ), and the range of fis
(-0,0) U (0, ). Therefore, the domain of

gD f is(-,2)U (2, ).

78. () (fDg)(x)=f(g(x) = f[‘l)z%
-1x+4
—1+X4x

The domain and range of g are
(-0,0) U (0, ). The domain of fis
(-o0,-4) U (-4, ), and the range of f is

X

(b) (gD ) =g(f(0)=g(*)=-—

X+4 1/(x+4)

=-X-4

The domain and range of g are

(-,0) U (0, ). The domain of f is

(=00, -4) U (-4, ), and the range of f is
(-0,0) U (0, ) . Therefore, the domain of

gDf is(-00,-4)U (-4, ).

79. g[f(2]=0®=2andg[f(3)]=9(2)=5

Sinceg[f(1)]=7and f(1)=3, g(3)=7.

x () 9(q | o[f(]
3
1
2

1 2
2 5
3 7

. Since f(x) is odd,

f(-)=-f@) =-(-2)=2. Since g(x) is
even, g(1) = g(-1) =2 and g(2) = g(-2) = 0.
Since (fDg)(-1) =1, f[g(-1)]=1 and

f(2) =1. Since f(x) is odd,
f(-2)=-f(2)=-1. Thus,

(fDg)(-2) = f[g(-2)] = £(0) =0 and

(fDo)®) = flog@®]= f(2)=1 and
(fDg)(2 = f[9(2)] = f(0)=0.

X -2 |1 0 1 2

f(x) -1 |2 |0 |-2 1

(x) o2 |1]2]°o0

g
(fDg)(x) o |1 |2 |1 0

81. Answers will vary. In general, composition of

functions is not commutative.

(fDg)(x)=f(2x-3)=3(2x-3)-2
=6x-9-2=6x-11

(9D f)(x)=g(3x-2)=2(3x-2)-3
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(-»,0)U (0,0). So, _,,, <0=x<0 =6Xx-4-3=6x-7

1 Thus, (f Dg)(x) is not equivalent to

or0<x<jor-l+4x<0= x>—f1

(using test intervals). Thus, x # 0 and (9 Df )(X) :

! . .
X # 3 . Therefore, the domain of fDg is 82. Answers will vary. To find f Dg, the function

(coo.du (O,l) U (l oo) . g must be substituted into the function f.
(f0g(x)=fo(x) =2(x*+3)-5

=2x%+6-5=2x*+1
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83 (ng)(x)zf[P(x)]J=4[i4(x—2ﬂJ+2 L (9 = fu+12
:(4.%)(x_2)+2 Let g(x) = 6x and f(x) = +/x +12.
=(x-2)+2=x-2+2=x (ng)(x)=f(6x)=J6:+12=h(x)
(gDf](x]:g[f[x]:i[(4x+2)—21
| 1 .l | 92. h(x)=22x+3-4

Let g(x) = 2x+3 and f(x) = ¥x - 4.
8a. (fng)(x)=fl (xﬂ\]_ -3(-1x) (fDg)(X) = (2x+3) = Y2X+3 -4 =h(x)

X=X 93. f(x) = 12x, g(x) = 5280x
(fDg)(x) = f[g(x)] = f(5280x)
(90 ) (x)=al f ()] = -4 (-3x) - 12(5280x) = 63, 360x
=|- % (-3)]X =X The function f Dg computes the number of
[ ] inches in x miles.
85. (fDy)(x)=f =anliy® 4 4 4
= -a+4 =35 =x
2 _2 =2
3 —
1y ° o4 (b) y=s :(x) _x
= = 5x+4]| -
(901) (=0 () =4[ 5x+4) I
:l(5x+4)_A:J+A_ 2
5 5- 5 '5 5 _6°_36_ ;
4 () y= 6-16" 2.25 square units
_ 5x _
= ?X =X \/7
86. (10)(x)=flo(x) =3(x-1+1 5. A() =2
3/,3 3/,3
= —1 1: =
B @ Ao @y )=V
3 a X) = X) = X )= X
(00f)(¥)=g f(x) =(¥x+1) -1 4 4
=Xx+1-1=x 2
(b) A(16) = A(2-8) = V/3(8)
In Exercises 87—92, we give only one of many =64 3 square units
possible ways.
96. (a) y; =0.04x
87. h(x)=(6x-2)?
Letg(x) =6x—2and f(x)=x?. (b) vz =0.025(x +500)
(fDg)(x) = f(6x-2) = (6x~2)* = h(x) (c) y +y represents the total annual
1 2

interest.

88. h(x) = (11x% +12x)?
(0= (X129 (@) (1 +y,)(250)

Let g(x)=11x? +12x and f (x) = x°.
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89.

90.

= ¥1(250) + y,(250)
(fDg)(x) = f(11x% +12x)
= (11x% +12x)? = h(x)

h(x) =Vx? -1
Let g(x) = x?> -1and f (x) = V.

(FDg)(x) = f(x2-1) = x*-1=h(x).
h(x) = (2x - 3)°

Let g(x) = 2x -3 and f (x) = x°.
(fDg)(x) = f(2x-3) = (2x-3)® = h(x)

= 0.04(250) + 0.025(250 + 500)
=10 +0.025(750) = 10 +18.75
= $28.75
97. (a) r(t)=4tand A(r) =mr?
(ADr)(t) = Alr(t)]
= A(4t) =T (4t)% = 16mt?

(b) (A Dr)(t) defines the area of the leak in
terms of the time t, in minutes.

(c) A(Q3) =16m(3)? = 144m ft?
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98. (@) (ADI)(t)=A[r®]
= A(2t) =T (2t)% = 4 t?

(b) It defines the area of the circular layer in

terms of the time t, in hours.
(©) (ADr)(4) = 4 (4)* = 64T mi?

99. Let x = the number of people less than 100
people that attend.

(a) x people fewer than 100 attend, so 100 — x
people do attend N(x) = 100 — x

(b) The cost per person starts at $20 and
increases by $5 for each of the x people

that do not attend. The total increase is
$5x, and the cost per person increases to

$20 + $5x. Thus, G(x) = 20 + 5x.

(c) C(x) = N(x)-G(x)=(100 - x)(20 + 5x)

(d) 1f 80 people attend, x = 100 — 80 = 20.
C (20) = (100 - 20)[ 20 + 5(20)]
= (80)(20 +100)
= (80)(120) = $9600

100. If the area of a square is x? 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 + 3and x — 1. Thus, the area of the

resulting rectangle is A(x) = (x + 3)(x — 1).

Chapter 2 Review Exercises
1. P(3,-1), Q(-4,5)

d(P, Q)=\/€rﬁr-ﬂ?2—*f5-w‘-ﬁ¥2

= J(-7)? +6% =49 +36 = \/85

2 2 2 2 2

I P A

4. Label the points A(5, 7), B(3, 9), and C(6, 8).

d(A, B)=\/t375)2—+—f9f7—ﬁ
= (-2 +22 =Va+4=1B

d(A C)= (6-5)° +j8“7)2\/‘

=\/]2:t]2 = 1+41= 2

d(B, C) =/(6-3)" +(8-9)°

=V32 + (-1)? =‘/;=*/1_0

Since [\/5]2 + [ﬁ)z = (Jl_o)z , triangle ABC

Vs vl |zl [ ul

is a right triangle with right angle at (5, 7).

y

2 4 6 8

5. Let B have coordinates (x, y). Using the

midpoint formula, we have

(8,2 _ —6+X’10+y N

2 2
—6+x=8 10+)(=2

2 2
-6+x=16 | 10+y=4
X =22 y=-6

The coordinates of B are (22, —6).

6. P(-2,-5), Q(1, 7), R(3, 15)

d(P, Q)= (-2-1°+(-5-7)*
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V
2. M(-8,2), N(3,-7) = [+ (-12)" = Jg+14a

d(M, N) = [3-(=8)]% + (=7 = 2)? = 153=3 17
= (112 + (-9)? = 121 +81 =202 dQ R =JE-n2+s-72 ¥ v
idpoine: | 853 2% 7\ /_5,_5\ 2 vg Vavoa- 68-2 17
2 2 2 2 d(P, R) = (_9_2)2+(_,;_1§)2
3. A(-6, 3), B(-6, 8) = J(=5)2 + (-20)? = \/25+ 400 = 5,17
d(A B)=\/{fﬁT(?®1LﬁfBﬁ7@ Since d(P, Q) +d(Q, R) = 317 + 2417
=W=\/E=5 =5\/1_7=d(P, R), these three points are

collinear.
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7. Center (-2, 3), radius 15
(x-h)? +(y-k)? =r?
[x- (-2) +(y -3)? =15°
(x+2)? +(y-3)%=225

8. Center (\/5, - /7), radius \/3

(=2 +(y=k)? = r?
2 2 2

() < gl -(

(x—\/§f+[y+‘/;)2=3

9. Center (-8, 1), passing through (0, 16)
The radius is the distance from the center to
any point on the circle. The distance between
(-8,1) and (0, 16) is

r=(-8-0)2 + 0-16) = ,/(-8)° + (-15)’

= /64 +225 = /289 =17.

The equation of the circle is
[x-(-8)° +(y-1?=17°

(x +8)% +(y-1)2 = 289

10. Center (3, —6), tangent to the x-axis

The point (3, —6) is 6 units directly below the
x-axis. Any segment joining a circle’s center to
a point on the circle must be a radius, so in this
case the length of the radius is 6 units.

(x-h)?2+(y-k)?=r?
(x-3)* +[y - (-6)]" = 67

(x-3)2+(y+6)2=36

11. The center of the circle is (0, 0). Use the
distance formula to find the radius:
r’=(3-02%+(5-0)°=9+25=34
The equation is x> + y? = 34.

12. The center of the circle is (0, 0). Use the
distance formula to find the radius:
r’=(-2-0+(3-02=4+9=13

15.

16.

17.

18.

Chapter 2 Review Exercises 245
X2 —4x+y?>+6y+12=0

Complete the square on x and y to put the
equation in center-radius form.

(XZ - 4x] + (yz + 6y) =-12

(xz—4x+4]+[y2+6y+9)=—12+4+9

(X—2]2+[y+3)2=1

The circle has center (2, —3) and radius 1.

X2 -6x+Yy2 -10y+30=0

Complete the square on x and y to put the

equation in center-radius form.

(X2 -6x+9) +(y> -10y +25) = =30 + 9+ 25
(x=3)*+(y-5)*=4

The circle has center (3, 5) and radius 2.

2x2 +14x+2y> +6y+2=0
X2 +7x+y?+3y+1=0
(X2+7X]+(y2+§y)=—1

[x2+7x+49)+2(y2+3y+9)=_1+49+9

perd (3 =

The circle has center (—% - %) and radius

N

v
54 54 96 _36
47 47 4 T 20

3x? +33x +3y? -15y =0

x2 +11x+y? -5y =0

[X2 +11X]+[y2 —5y)=()
[x2+11x+1—?]+[y2_5y+§]=0+@+§

4 4 4
2

o) o [y- ) -
The circle has center (— a4, g] and radius
J146

2 -
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13.

14.

The equation is x> + y? =13.

The center of the circle is (0, 3). Use the
distance formula to find the radius:
r2=(-2-0%+(6-3°=4+9=13
The equation is x2 + (y - 3)? =13.

The center of the circle is (5, 6). Use the
distance formula to find the radius:
r’=(4-5)2%+(9-6)%2=1+9=10

The equation is (x -5)? +(y - 6)* =10.

19.

Find all possible values of x so that the
distance between (x, —9) and (3, —5) is 6.

JE-x2+(-5+9) =6
JO-6x+x>+16 =6
Jx2 -6x+25 =6

x? - 6x + 25 = 36

X2 -6x-11=0

Apply the quadratic formula where a = 1,
b=-6,andc=-11.

(continued on next page)
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(continued)

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

E: B6-4()(-11) 6+ 3¢+44
2 2
_ 6£/80 _6+4.5 _2(3+2 3)
S22 2
x=3+2/50rx=3-25

This is not the graph of a function because a
vertical line can intersect it in two points.

domain: (-c0,); range: [0, )

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 the graph of a function. No vertical line
will intersect the graph in more than one point.
domain: (-c0,); range: [0, )

This is not the graph of a function because a
vertical line can intersect it in two points.
domain: (-o0,); range: (- oo, ~1JU[L, )
This is the graph of a function. No vertical line
will intersect the graph in more than one point.
domain: (o0, ); range: (-0, o)

This is not the graph of a function because a

vertical line can intersect it in two points.
domain: [O,oo); range: (o0, )

The equation x = 3l y2 does 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, 3) and (3, —3) satisfy the
relation. Thus, the relation would not be a
function.

y=6-x°
Each value of x corresponds to exactly one

value of y, so this equation defines a function.

The equation y = - 4 defines y as a function

X
of x because for every x in the domain, which

is (— o0, 0) U (0, ), there will be exactly one
value of y.

The equation y = +4/x -2 does not define y

as a function of x. For some values of x, there
will be more than one value of y. For example,

Copyright © 2013 Pearson Educ

30.

31.

32.

33.

34.

35.

36.

37.

38.

In the function f(x) = -4+ X , we may use

any real number for x. The domain is
(o0, ).

8 +X
f(x)= ;x

X can be any real number except 8, since this
will give a denominator of zero. Thus, the
domain is (-, 8) U (8, ).

y =+46-3x

In the function y = +/6 - 3x , we must have

6-3x=20.

6-3x20=>623x=>22x=> x<2

Thus, the domain is (-0, 2].

(&) Asx is getting larger on the interval
[2, oo], the value of y is increasing.

(b) Asx is getting larger on the interval
(—oo, —2], the value of y is decreasing.

(c) f(x)is constant on [-2, 2].

We need to consider the solid dot. Thus,
f (0)=0.

f[x]:—2x2+3x—6

f(3)=-2-3+3-3-6
=-2.9+3-3-6
=-18+9-6=-15

f(x)=-2x*+3x-6
f (-05)=-2(-05)" +3(-0.5)-6
= -2(0.25) +3(-0.5)- 6
=-05-15-6=-8

f(x)=-2x"+3x-6= f(k)=-2k” +3k -6

3X+7y=14=7y=-3x+14=> y=-3x+2

; ; ; 3
The graph is the line with slope of -3 and

y-intercept 2. It may also be graphed using
intercepts. To do this, locate the x-intercept by
settingy = 0:

14

3x+70 =14= x=14=x=,



ordered pairs (3, 1) and (3, —1) satisfy the
relation.
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39.

40.

41.

2x-5y=5= -5y =-2x+5= y=2x-1
5

The graph is the line with slope 2 and

y-intercept —1. It may also be graphed using
intercepts. To do this, locate the x-intercept:
x-intercept: y =0

2x-5(0)=5= 2x=5= x=2

y=x=> y=3%x

The graph is the line with slope 13 and

y-intercept 0, which means that it passes
through the origin. Use another point such as
(6, 2) to complete the graph.

y

3y=x

2

2x+5y=20=5y=-2x+20=> y=—§x+4

The graph is the line with slope of - % and
y-intercept 4. It may also be graphed using
intercepts. To do this, locate the x-intercept:

x-intercept: y=0

2x+5(0)=20= 2x=20= x =10

42,

43.

44,

45.

Chapter 2 Review Exercises 247

Xx-4y =8
-4y = -x+8
y=4x-2

The graph is the line with slope ; and
y-intercept —2. It may also be graphed using

intercepts. To do this, locate the x-intercept:
y=0=x-4(0)=8=x=8

v

k:\i'

f(x) =x

The graph is the line with slope 1 and
y-intercept 0, which means that it passes
through the origin. Use another point such as

(1, 1) to complete the graph.

fx)=3
The graph is the horizontal line through (0, 3).

y

|

X=-5
The graph is the vertical line through (-5, 0).

¥
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46.

47,

48.

49.

Chapter 2 Graphs and Functions
y+2=0=>y=-2
The graph is the horizontal line through
0, -2).

The equation of the line that lies along the
x-axisisy = 0.

Line through (2, -4), m =2
First locate the point (2, —4).
Since the slope is 2, a change of 4 units

4
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

X

r(6,-1)

H v changes 3 units
(2,-4)

x changes 4 units

Line through (0, 5), m = _§

__2_2=2
Note that m = 5= 3

Begin by locating the point (0, 5). Since the
slope is '?2 , @ change of 3 units horizontally
(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.

K

x changes 3 units

- S/
. wn

o~

Y /|

T
/

_' y changes 2 units

.x.r

3,3)

1
T

|

T

2
(

[

LI N

50.

51.

52.

53.

54.

55.

56.

57.

58.

through (8, 7) and [% - 2)

m=¥;ﬂ1:2_7 =__

X rx , +-8 -1

2[1\2 2
_gl_21_18_6
15 15 5

through (2, —2) and (3, —4)

m:Y2‘Y1:‘4_‘[‘_21:—_2:_2

XZ_X]. 3_2 1

through (5, 6) and (5, -2)

m=y2_yl=ﬁ=__8

X,-% 5-5 0

The slope is undefined.
through (0, —7) and (3, -7)

m- 21 0

3-0

Ox —4y =2.
Solve for y to put the equation in slope-
intercept form.

-4y =-9x+2=> y=7x-3
Thus, the slope is 2.

11x+2y =3

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

2y =-11x+3=> y=-Ux+3

Thus, the slope is - .

X -5y =0.
Solve for y to put the equation in slope-

intercept form.
1

DYy =-X=Yy=_.X
Thus, the slope is ¢.

X-2=0= x=2
The graph is a vertical line, through (2, 0). The
slope is undefined.

(a) This is the graph of a function since no
vertical line intersects the graph in more
than one point.

(b) The lowest point on the graph occurs in
December, so the most jobs lost occurred
in December. The highest point on the
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graph occurs in January, so the most jobs
gained occurred in January.
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59.

60.

61.

62.

(c) The number of jobs lost in December is
approximately 6000. The number of jobs
gained in January is approximately 2000.

(d) It shows a slight downward trend.

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.

We need to find the slope of a line that
passes between points (1980, 21000) and
(2008, 61500)

Y, -y 61,500-21,000

m

X, —%  2008-1980

= 40.500 ~ $1446 per year

28
The average rate of change was about $1446

per year.

(8) We need to first find the slope of a line
that passes between points (0, 30.7) and
(8,67.2)

Yo V1

67.2-30.7 36.5
m=————= =

— =x4.56
XZ_Xl 8_0 8

Now use the point-intercept form with

b =30.7 and m = 4.56.

y = 4.56x + 30.7

The slope, 4.56, indicates that the number
of e-filing taxpayers increased by 4.56%
each year from 2001 to 2009.

(b) For 2007, we evaluate the function for
x=6.y=4.56(6) +30.7 ~58.1
58.1% of the tax returns are predicted to
have been filed electronically.

(a) through (-2, 4) and (1, 3)
First find the slope.
m _3-4 -1
1-(-2) 3
Now use the point-slope form with
(%, Y1) =@ 3)andm=-1.

Y-y =m(x-x)

(b)

63. (a)

(b)

64. (a)

(b)

65. (a)

(b)

66. (a)

Chapter 2 Review Exercises 249
Standard form:

y=-ix+2=3y=-x+10=
x+3y =10

through (3, -5) with slope -2
Use the point-slope form.
Y=Y =m(X-X)
y-(=5)=-2(x-3)
y+5=-2(x-3)
y+5=-2x+6
y=-2x+1

Standard form: y = -2x+1= 2x+y=1

x-intercept —3, y-intercept 5

Two points of the line are (-3, 0) and

(0, 5). First, find the slope.

m = 5=0
0+3

o W o

The slope is , and the y-intercept is 5.

Write the eﬁuation in slope-intercept

form: y=3x+5

Standard form:
y=2x+5=>3y=5x+15=
-5x+3y =15= 5x-3y=-15

through (2, 1) parallel to 3x —y =1
Find the slope of 3x —y = 1.

X-y=1=> -y=-3x+1= y=3x-1

The slope of this line is 3. Since 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 form with
(x, V1) =(2, -)andm=3.

Y=Y =m(x-x)
y-(-1)=3(x-2)

y+1=3x-6= y=3x-7

Standard form:

y=3x-7= -3x+y=-7T=3x-y=7
through (0, 5), perpendicular to
8x+5y=3

Find the slope of 8x + 5y = 3.
8x+5y=3=>5y=-8x+3=

-_8 3
y= 5X+5

The slope of this line is —&. The slope
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y-3=- % (x-1) of any line perpendicular to this line is

3(y-3)=-1x-1) 2 since - £(2) = -1,

8
3y-9=-x+1 The equation in slope-intercept form with
3y=-x+10=> y=-1x+1

33 slope 2 and y-intercept 5is y = 2 x +5.
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67.

68.

69.

70.

71.

Chapter 2 Graphs and Functions

(b) Standard form:
5

y=gX+5=8y=5x+40=
-5x+8y =40= 5x-8y =-40

(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 formy = b. Since the line
passes through (2, —10), the equation of
the line isy =-10.

(b) Standard form:y =-10
(a) through (3, -5), parallel toy = 4
This will be a horizontal line through

(3, -5). Since y has the same value at all
points on the line, the equation isy = -5.

(b) Standard form:y=-5

(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. Since 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

f(x)=-|x
The graph of f(x) = -|x| is the reflection of

the graph of y = |x| about the x-axis.

fo=-|xl

f(x)=]x-3
The graph is the same as that of y = x|,

except that it is translated 3 units downward.

72.

73.

74.

f(x)=- x-2
The grapP/;f f(x) = —\/5 - 2 is the reflection

of the graph of y = /x about the x-axis,

translated down 2 units.

1+
—
14123 4

~

24 flx)=—x-2
A
4 4

f(x)=-(x+1)"+3

The graph of f (x) = -(x +1)2 +3isa

translation of the graph of y = x? to the left 1

unit, reflected over the x-axis and translated up
3 units.

f(x)=23x+1-2
The graph of f(x)=2%x+1-2 isa
translation of the graph of y = 3/x tothe left 1

unit, stretched vertically by a factor of 2, and
translated down 2 units.
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75.

76.

7.

f(x) =ax-3b

Togety=0,weneed 0<x-3<1=
3<x<4. Togety=1,we
needl<x-3<2= 4<x<5.

Follow this pattern to graph the step function.

SOy =[lx-3]]

2 .
f(x) = X +3 _Ifx<2
-Xx+4ifx=2

Graph the curve y = x? +3 to 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

Y

:_::N:: x
PN

o[ +3ifx<2
f(x)i{—.x+4ifx22

F(x) = -4x+2ifx<1
T 13x-5 ifx>1

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.

o —dx+2ifx<1
X)=
3x-5ifx>1

78.

79.

80.

81.

82.

84.

85.

Chapter 2 Review Exercises 251
F(x) = x| ifx<3
(6-xifx=3
Draw the graph of y = || to the left of 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.

|x\ ifx<3
6-xifx>3

flx) =

Since x represents an integer, axh = x.

Therefore, axh+ x = x + x = 2x.

The graph of a nonzero function cannot be
symmetric with respect to the x-axis. Such a
graph would fail the vertical line test, so the
statement is true.

The graph of an even function is symmetric
with respect to the y-axis. This statement is
true.

The graph of an odd function is symmetric
with respect to the origin. This statement is
true.

. If (a, b) is on the graph of an even function, so

is (a, —b). The statement is false. For example,

f(x) = x? is even, and (2, 4) is on the graph

but (2, —4) is not.

If (a, b) is on the graph of an odd function, so
is (—a, b). This statement is false. For example,

f(x) = x* is odd, and (2, 8) is on the graph
but (-2, 8) is not.

The constant function f [x] =0 is both even
and odd. Since f(-x)=0= f(x], the

function is even. Also since
f(-x)=0=-0=-f(x), the function is odd.
This statement is true.
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86.

87.

88.

Chapter 2 Graphs and Functions

5y? +5x% =30 89.

Replace x with —x to obtain

5y +5(-x)? =30 = 5y% +5x° = 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)? +5x2 = 30 = 5y% +5x° = 30.

The result is the same as the original equation,
so the graph is symmetric with respect to the x-
axis. Since the graph is symmetric with respect
to the y-axis and x-axis, it must also be
symmetric with respect to the origin. Note that

this equation is the same as y? + x> = 6,

which is a circle centered at the origin.

x+y% =10 90.

Replace x with —x to obtain (-x) + y? =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)? =10 = x + y? =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)? =10 = (-x) + y? =10.
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.

y2=x+4

9L

Replace x with —x to obtain y* = -x+4.

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+4=> -y} =x+4=

y3 = —x -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

-y =(-x)+1> -y} =-x+1= y* = x-1.
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.

X2 = y?
Replace x with —x to obtain

(-x)? = y* = x? = y®. 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 x* = (-y)® = x* = -y>. 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)? = (-y)® = x* = —y®. 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.

vl=-
Replace x with —x to obtain

y =-(-X) = y = x. The result is not the

same as the original equation, so the graph is
||’1Qot ymmetrl |th respect to the y-axis.

lace y wi h —y to obtain
-y =-X= Yy =-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

-y ==(-X)= y = 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
to the x-axis only.

6x+y=4
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 y
with —y to obtain 6x +(-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 x-axis. Replace x with —x and y
with -y to obtain 6(-x) +(-y)=4=

-6x -y = 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.
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92. |x=y|
Replace x with —x to obtain
=X == [x|=y].
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

x| =|-y|= |X| =|y|- The result is the same as

the original equation, so the graph is
symmetric with respect to the x-axis. Since 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.

93. y=1
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.

9. x*-y?=0
Replace x with —x to obtain

(-x)? - y?=0= x? - y? =0. 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

N (—y)2 =0= x°-y? =0. The result is
the same as the original equation, so the graph
is symmetric with respect to the x-axis. Since
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.

95. To obtain the graph of g(x) = - |x|, reflect the
graph of f(x) = x| across the x-axis.

96. To obtain the graph of h(x) = [x|- 2, translate
the graph of f (x) =|x| down 2 units.

97. To obtain the graph of k(x) = 2|x - 4],
translate the graph of f(x) = |x| to the right 4

units and stretch vertically by a factor of 2.

98. Ifthe graphof f(x)=3x-4 isreflected about

the x-axis, we obtain a graph whose equation

Chapter 2 Review Exercises 253

100. If the graph of f(x) = 3x -4 is reflected about

the origin, every point (x, y) will be replaced
by the point (—x, —y). The equation for the
graph will change from y =3x-4 to
-y=3(-x)-4= -y=-3x-4=
y =3x+4.

101. (a) Tograph y= f(x)+3, translate the

graph of y,= f(x), 3 units up.

(b) Tograph y = f(x-2), translate the
graph of‘y = f(x), 2 units to the right.

4 <

(=2, 0) : (10,0)
2 w

(c) Tograph y = f(x+3)-2, translate the

graph of y = f(x), 3 units to the left and 2
units down.

(5]

b
7'§ o 1
+ 2 _a(5-2)
(—7.-2) "

L (1. 4)

(d) Tograph y =|f(x)|, keep the graph of
y =f(x) asitis where y =0 and reflect

N

the graph about the x-axis where y < 0.
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is y=-(3x-4)=-3x+4.
99. If the graph of f(x) =3x -4 isreflected about

the y-axis, we obtain a graph whose equation
isy=f(-x)=3(-x)-4=-3x-4.
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For Exercises 102-110, f(x) =3x*—4 and

g(x) =x? -3x—4.

102. (f +g)(x) = f(x)+g(x)
= (3x% - 4) + (x* -3x - 4)

=4x? -3x-8

103. (fg)(x) = f(x)-9(x)
= (3x% - 4)(x* - 3x - 4)

=3x* —9x® —12x% - 4x® +12x +16
=3x% - 9x® -16x% +12x + 16

104. (f-9)(4) = f(4)-9(4)
=(3-4%-4)-(4°-3-4-4)
=(3-16-4)- (16-3-4-4)
= (48-4)-(16-12 - 4)
=44-0=144

105. (f +g)(-4) = f(-4)+g(-4)

=[3(-4)* - 4] +[(-4)* - 3(-4) - 4]
= [3(16) - 4] +[16 - 3(-4) - 4]
=[48-4]+[16 +12 - 4]
=44+ 24 = 68

106. (f +g)(2k) = f(2k) + g(2k)
= [3(2k)? - 4] +[(2K)? - 3(2k) - 4]
= [3(4)k? - 4] +[4k® - 3(2k) - 4]
= (12k? - 4) + (4k? - 6k - 4)

=16k? -6k -8
f f(3) _3.3%-4 3-9-4
1o g/@):g(3):32-3-3-4=9—3.3-4
_27-4 _23_ 23
9-9-4 -4 4
i 3(-1)*-4 3(1)-4
108. \ )(-1): -
g (<17 -3(-1)-4 1-3(-1)-4
= 13;{ N _—3 = undefined

109. The domain of (fg)(x) is the intersection of the

domain of f(x) and the domain of g(x). Both
have domain (-o0, ), so the domain of

Copyright © 2013 Pearson Education, Inc.

Thus, the expression is undefined if
(x+1)(x—4)=0, thatis, ifx=—1 or x = 4.
Thus, the domain is the set of all real numbers
exceptx =—1and x = 4, or

(~o0, =D U (-1, 4) U (4, ).

111, f(x) l,g(x) x? 1
_X = +
Since
1

(fDg)(x) = flg(x)] and (f Dg)(x) = 2
choices (C) and (D) are not equivalent to
(fDg)(x).

112. f(x)=2x+9
f(x+h)=2(x+h)+9=2x+2h+9
f(x+h)-f(x)=(2x+2h+9)-(2x+9)

=2x+2h+9-2x-9=2h
f(x+h)-f(x) ﬂ

Thus, h = =2.

+1'

113. f(x)=x*-5x+3

f(x+h) = (x+h)? -5(x+h)+3
= x? +2xh + h? =5x - 5h + 3

f(x+h)- f(x)
= (x? + 2xh + h? =5x - 5h + 3) - (x* - 5x + 3)
=x?+2xh+h? -5x-5h+3-x* +5x-3
= 2xh + h? -5h
f(x+h)y- f(x) 2xh+h?-5h

h h
h(2x + h-5)
= =2x+h-5
h X +
For Exercises 114-119,
f(x) =v/x-2 and g(x) = x°.
2 [ 2

114, (fDg)(X) = flg(X)]=f(x )= x -2

115. (9D F)(9) = ol f (] = g [Vx-2]

2

:[ x—2) =X-2

J



(fg)(x) is (-0, ). 116. Since g (x)=x% g (-6)=(-6)" = 36.

(1\ 3x2—4 IxL—4 Therefore, [f Dy [—6) = f[g( 6]] - f(36)
HO g (X):X2—3x—4=(x+1)(x—4) =436-2= 34.
Since both f (x) and g(x) have domain 117. Since f(x)=+/x-2, f(3)=y3-2=41=1.

(-oo, oo), we are concerned about values of x

Therefore, (gD f)(3)=g f(3) =g(1)
that make g (x) = 0.

=1% =1.
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118. (gD f)(-1)=g(f(-1))=gv-1-2=9v-3
Since /-3 is not a real number, (gD f)(-1)

is not defined.

119. To find the domain of f Dg, we must consider

the domain of g as well as the composed
function, f Dg. Since

(fog)(x)=f [g(x) =Jx? -2 we need to

determine when x? -2 > 0.
Step 1: Find the values of x that satisfy

x> -2=0.

X2 =2= x=%2

Step 2: The two numbers divide a number line
into three regions.

o, 2) H2N2) ()
e

22 (') o2
Step 3 Choose a test value to see if it satisfies

the inequality, x> -2 2 0.

Test Is x> -220
Interval/” Value true or false?
2
—d =2 ) (-2)"-220 2
[ %7{_ f] 2=0 True
[_ ) 2] 0 02-220?
’ -2>0 False
22-220 7
(\/E oo] 2 2>0 True

The domain of fDg is

(o] u[ie.).
120. (f+g)(1)=f(1)+g(1)=7+1=8
121. (f-9)3)=f(3)-9(3)=9-9=0
122. (fg)(-1) = f(-1)-g(-)=3(-2)=-6

= = = undefined

123, ' Llg-TOA_5

Chapter 2 Test 255
129. 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
(gD £)(x) = g[f(x)] =1760(36x) = 63,360x.
There are 63,360x inches in x miles

130. Use the definition for the perimeter of a
rectangle.

P = length + width + length + width

P(X) = 2X + X + 2X + X = 6X
This is a linear function.

131. If V(r) = é‘n r and if the radius is increased

by 3 inches, then the amount of volume gained
is given by

4 3 4 3
Vg(r) =V (r+3)-V(r)= ;n(r+3) - mr.

132. (@) V =mr’h

If d is the diameter of its top, thenh =d
d

and r=,. So,

v(d)=m(4) (@) :n(gz](d) _ m’

2 4 4

(b) S=2nr’+2nrh=

S(d):Zn(%)2+2n(%)(d)= nd? | g2
—md?, 2nd?_ 3md ?

2 2 2

Chapter 2 Test

1. (a) Thedomainof f (x)=+/x +3 occurs

when x = 0. In interval notation, this
correlates to the interval in D, [0, ).

(b) Therange of f(x)=+/x-3 isallreal

numbers greater than or equal to 0. In

interval notation, this correlates to the
interval in D, [0, ).

(c) Thedomainof f(x)=x*-3 isall real
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0 0
/g\ 9(0) numbers. In interval notation, this

correlates to the interval in C, (-0, ®].

124, ' g t@_2_4 (-0, )
3 9

g 96) (d) Therangeof f(x)=x*+3 isallreal

125. (gD f)(-2) = g[f(-2)]=9g@®) =2 numbers greater than or equal to 3. In

interval notation, this correlates to the

126. (fDg)(3) = fl9@3)]= f(-2) =1 interval in B, [3, ).

127. (fD9)(2) = f[g(9]= (=1

128. (gD F)@)=9[f(3)=9(4) =8
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Chapter 2 Graphs and Functions
(e) Thedomainof f (x)=3x-3 isall real

numbers. In interval notation, this
correlates to the interval in C, (-o0, ).

() Therange of f(x)=3¥x+3 isall real

numbers. In interval notation, this
correlates to the interval in C, (-, »).

(9) The domainof f (x)=|x|-3 isall real

numbers. In interval notation, this
correlates to the interval in C, (-oo, ).

(h) Therange of f(x)=|x+3 isall real

numbers greater than or equal to 0. In
interval notation, this correlates to the

interval in D, [0, ).

2

(i) The domainof x =y~ is x = 0 since

when you square any value of y, the
outcome will be nonnegative. In interval

notation, this correlates to the interval in
D, [O,oo].
(J) Therangeof x = y? is all real numbers.
In interval notation, this correlates to the
interval in C, (-0, ).

. Consider the points (-2,1) and (3,4).

no—4-1 3
" 3-(-2) 5

We label the points A (-2,1) and B (3,4).

d(A B) = JB Er+@=17°
=5°+3° =25+9 =34

T(He midpoint ?\as %oordir\\ates
243 1+4] |1
2 2 220

Use the point-slope form with
(%, y1) =(-21) andm= 2.
Y-y =m(X-x)
y-1= 2[x~(-2)]
y-1=3(x+2)=>5(y-1)=3(x+2) =
5y-5=3x+6= 5y =3x+11l=

6. Solve 3x —5y =-11 fory.

3x-5y=-11
-5y =-3x-11
y=gxes
Therefore, the linear function is
3 u

f(x)= o x+

. (@) The centerisat (0, 0) and the radius is 2,

so the equation of the circle is
x2+y?=4.

(b) The center is at (1, 4) and the radiusis 1,
so the equation of the circle is

(x-1D%+(y-4)>=1

X2 +y%+4x-10y +13=0
Complete the square on x and y to write the
equation in standard form:

X2+y2+4x—10y+13:O
(2 +ax+ )+(y?-10y+ )=-13
(¥* +ax+ 4]+ (y* -10y + 25) = -13+ 4+ 25

(X+2]2 +(y—5)2 =16
The circle has center (=2, 5) and radius 4.

¥

oy rdr-10y+13=0

9. (a) Thisis 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].
-3x+5y=11= 3x-5y=-11
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(b) This is the graph of a function because no
vertical line intersects the graph in more than
one point. The domain of the function is (— oo,
-1) U (-1, ). The
range is (— o0, 0) U (0, o). As X is getting
larger on the intervals (-o0,-1) and

(—1, oo), the value of y is decreasing, so the

function is decreasing on these
intervals. (The function is never
increasing or constant.)
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10. Point A has coordinates (5, —3).

(a) The equation of a vertical line through A
isx=5.

(b) The equation of a horizontal line through
Aisy=-3.

11. The slope of the graph of y =-3x+2 is-3.

(@) Aline parallel to the graph of

y = -3x+ 2 has a slope of -3.

Use the point-slope form with

(%, y1) =(2,3) and m = -3,

Y-y =m(X-x)
y-3=-3(x-2)
y-3=-3x+6=> y=-3x+9

(b) A line perpendicular to the graph of

y = -3x+2 hasaslope of 1 since

—3(%) = -1.

y-3=3;(x-2)
3(y-3)=x-2=3y-9=x-2=
By=x+7>y=1x+]

12. @) (-,-3)
(b) (4,
© [-34]
(A (-e0,-8); [-3.4]; (4,0)
(&) (-]
® (-=2)

13. Tograph y =[x - 2|-1, we translate the graph

of y =|x|, 2 unitsto the right and 1 unit down.

14. f(x)=ax+1h

Chapter 2 Test 257

fo =[x+ 11
{3 ifx < -2

15, f(x)=]
\2— , Xifx=-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 - 12

and a y-intercept of 2. Two points on this line
are (-2, 3) and (0, 2).

y

—
R x
2 o 4
L3 ifx<-2
m}_{ 2- Jxifx>-2

16. (a) Shiftf(x), 2 units vertically upward.

vy

(b) Shift f(x), 2 units horizontally to the left.

v

y=flx+12)

S

(=2,0) |
-/ (2,0

1Y
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To
get
y =

we
nee
do
<X
+1
<1

<X

<0.

To
get
y =

we
nee

IN

IN

EO__O'I'I

n ==~

ttern to graph the step function.
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(c) Reflect f(x), across the x-axis.

(1, 3)

(0,0) (4,0)

17. Answers will vary. Starting with y = JX, 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.

18. 3x°-y*=3
(a) Replace y with —y to obtain

32 -(-y)?=3=3x*-y?=3.
The result is the same as the original
equation, so the graph is symmetric with
respect to the x-axis.

(b) Replace x with —x to obtain
3(-x)? -y?=3=3x* -y? =3,
The result is the same as the original

equation, so the graph is symmetric with
respect to the y-axis.

(c) Since the graph is symmetric with respect
to the x-axis and with respect to the

19. f(x)=2x*-3x+2,g(x) = -2x+1

@ (f-9))="f(x)-9(x)
= (26 - 3x+ 2) - (-2x+1)
=2x% -3x+2+2x-1

=2x% - x+1
/i\ f(x); :x2—3x+2
(b) (x) = =
\g) g(x) -2x+1

(c) We must determine which values solve
the equation -2x +1=0.

“2X+1=0> -2x=-1= x:—;

Thus, % is excluded from the domain,

and the domain is (— o, %) U [% oo].

(d) f(x)=2x*-3x+2
f(x+h]=2(x+h]2—3(x+h)+2
=2(x2+2xh+h2]—3x—3h+2
=2x% +4xh +2h? - 3x -3h +2
f(x+h)-f(x)
= (2x? + 4xh + 2h? - 3x - 3h + 2)
-(2x* -3x+2)
= 2x% + 4xh + 2h? - 3x
-3h+2-2x?+3x-2
= 4xh + 2h? - 3h
f(x+h) - f(x) _ 4xh+2h*-3n

h h

_ h(4x+2h -3)
- h
=4x+2h-3

20. (a) (F+9)D= f(1)2+ g()

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

y  Iso be symmetric with
- respect to the origin.
a
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21,

22,

© g(x)=-2x+1= g(0)=-2(0)+1
=0+1=1. Therefore,

(109(0)= f[g(0)]
=f(1)=2-1°-3-1+2

=2.1-3-1+2
=2-3+2=1

(fpg)= f(g(x]]=f(2x—7)

= J(2x-7)+1=2x-6

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:
2Xx-62=0= x=3. So, the domain of fDgis

[3,).

(90 )=9(f ()= o (v+1)

=2Ux+1-7
The domain and range of g are (-o0, ®) , while
the domain of fis [0, ). We need to find the

values of x which fit the domain of f:
X+1>0= x=-1.So, the domainof gD f is

[_11 OO) .

Chapter 2 Test
f(x) = 0.75axh+1.5

f(7.5)=0.7537.5h+1.5
=0.75(7) +1.5 = $6.75

. (a) C(x)= 3300 + 4.50x

(b) R(x) =10.50x

(c) P(x)=R(x)-C(x)
=10.50x - (3300 + 4.50x)

=6.00x - 3300

(d) P(x)>0
6.00x -3300>0
6.00x > 3300
x > 550
She must produce and sell 551 items
before she earns a profit.
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