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CHAPTER 1
Functions and Their Graphs

Section 1.1 Rectangular Coordinates

1. Cartesian 16. x < 0 and y < 0 in Quadrant III.
2. Midpoint Formula 17. x = =4 and y > 0 in Quadrant II.
3. The x-axis is the horizontal real number line. 18. x < 0 and y = 7 in Quadrant II.

Matches (c).
19. x + y =0,x # 0,y # 0 means
4. The y-axis is the vertical real number line.

x = —yor y = —x. This occurs in Quadrant II or [V.
Matches (f).

. . . . . 20. (x, y), > 0 means x and y have the same signs.
5. The origin is the point of intersection of the vertical (x. ). x o Y &

and horizontal axes. This occurs in Quadrant I or III.
Matches (a).

21. 7
6. The quadrants are four regions of the coordinate plane. 16.000F .
Matches (d). g 150007 .
% 14.000 1
b L]
7. An x-coordinate is the directed distance from the g :‘::z: .
: .p: 2, T °
y-axis. Matches (e). E o) e
8. A y-coordinate is the directed distance from the x-axis. 100t L
Matches (b). 2012 2013 2014 2015 2016 2017 2018
Year
9. A:(2,6), B:(—6,-2), C: (4, -4), D: (-3, 2) 2 \
250 +
(3 . B. el 5). n- z °
10. 4: (3, - 4), B: (0, -2); C: (-3, 5), D: (=6, 0) 5 & 0l
g3 .
1 \ é—‘; 150 + o
ER-E .
sl E E 100 . °
6+ Z 50+ e °
62 T *G9 A+ >
‘h 2 2011 2012 2013 2014 2015 2016 2017 2018
(=40 . Year
8-6-4-2 | 204 6 8
JERSY - -
:::(145.—3.5; 23. d = \/(x2 -x) +(n-»)
~1.-8) @+
o - JB-) + (o -6y
12. % = (5 + (-12)°
8
650.5,23) = /25 1 144
~2.4 -
i 4).;%/0(3.3) = 13 units
=8 6 o4 i 2468 5 5
_J[ 24, d=\/(x2—x1) +(»m - )
_)J_.(I -5)
-2 —7)0_:4 = \/(0 - 8)" +(20 - 5
2 2
= 4/(-8)" + (15)
13. (-3,4) )

= J64 + 225
14. (-12,0) - /239

15. x > 0 and y < 0 in Quadrant IV. = 17 units
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=36 + 25

= /61 units

=4+ 25

29 units

28. d = \/(xz —x) 4 (- n)

(-3.9 - 9.5)° + (82 - (-2.6))’

I
<

(-13.4)" + (10.8)’
= J179.56 + 116.64

296.2

29. (a) (1,0), (13,5)

Distance = \/(13 — 1)2 +(5- 0)2

=+/122 + 52 =169 =13

(13,5), (13, 0)

Distance =[5 - 0|=|5|=5
(1,0), (13,0)

Distance = |1 — 13| =|-12] =

(b) 5% + 122 =25+ 144 = 169 = 13

30.

31.

32.

33.

34.

35s.

Section 1.1 Rectangular Coordinates 3

(a) The distance between (—1,1) and (9,1) is 10.
The distance between (9,1) and (9, 4) is 3.

The distance between (—1,1) and (9, 4) is
\/(9 —(-1))" + (4= 1) =100 + 9 = ~/109.
(b) 10 +32 =109 = (\/109)2

QU
B
Il
e
[\)
|
|
[\)
)
=
=
(98]
|
~
=
-
(o))
+
X
(o))
Il
5
[\®)

(6,5)

©
.
o---1—-----o

(6.-3)

) d =~J(5-(3)* +(6-6)7=-/64 =8

6+6 5+ (-3
@[50

j= (6,1)
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4 Chapter 1 Functions and Their Graphs

36. (a)

)
N

24

-4+

b) d =G -4 +@-17 =49 =7

1+84+4 9
o (5522593

37. (a) v
12+
10+
8 ©.7)

2
6+ L
4+ ///
’ o’(/l.l)
2 5 4 6 s 10
) d=+J©O-1)+(7-1)7 =64+ 36

38. (a) )
12+ e(1,12)
\
10+
\
g+
\
64 \
\
4+ \\
\
2 d \
= \
\ (6,0)
N x
-2 2 4 6 8 10

(b) d =J(1-6) +(12-0)

1+612+0 7
o 54254 (39

39. (a) y

=25 +144 =

=10

13

(b) d=+/(5+1)" +(4-2)"+=-/36+4 =210

()( 2522412(2’3)

40. (a) >
(2, 10)
10+
8 - N
6 \\
\\
4+ N
\\
2 »
(10,2)
t + x
2 4 6 8 10

(©) (

41. (a)

(b) d = /(2 -10)" + (10 - 2
e 2] = (6,6)
2 2
20+
(-16.8,12.3) 15+
L
\\\10“
sT™sg
(5.6,4.9)
,2‘0 ~|J‘5 —I;) '; i x
,5._,

() d = \/(-1638  5.6)

+(12.3 - 4.9)°
= /501.76 + 54.76 = ~/556.52
16.8 + 5.6 123 + 4.9

(©) (‘

42. (a)

A ]:(—5.6,8.6)

RW D W
<

4
—
=
=

S
(8]

I

[SIE
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43. d = \/(42 —18)” + (50 - 12)°
/2020
24/505

~ 45

The pass is about 45 yards.

44. d = ~J120% + 1507

= /36,900
= 3041

192.09

N

The plane flies about 192 kilometers.

2 2
B [2016 + 2018 4859 + 514.4]

45. midpoint = [M uj

5

2 2
= (2017, 500.15)

In 2017, the sales were about $500.15 billion.

+ + .
%, %} In this problem, you

have [2017 ;’ 2019 6'16; yz] = (2018, 7.57).

46. midpoint = [

6.16 + ¥,

So, =757 = y, = 8.98.

In 2019, the earnings per share were about $8.98.

47. (<2 +2, -4 +5)=(0,1)
(2+2, -3+5)=(42)
(-1+2, —1+5)=(1,4)

58. The midpoint of the given line segment is ()C‘T, 5

+ X n +yz]

49.

50.

51.

52.

53.

54.

SS.

56.

57.

Section 1.1 Rectangular Coordinates 5

(<7 +4,-2 + 8) = (-3, 6)
(-2 + 4,2 +8) = (2,10)
(-2 +4,-4 +8) = (2,4)
(<7 +4,-4 +8) = (-3,4)

True. Because x < Oand y > 0, 2x < Oand
-3y < 0, which is located in Quadrant III.

False. The Midpoint Formula would be used 15 times.

True. Two sides of the triangle have lengths ~/149 and
the third side has a length of ~/18.

False. The polygon could be a rhombus. For example,
consider the points (4, 0), (0, 6), (=4, 0), and (0, —6).

The y-coordinate of a point on the x-axis is 0. The
x-coordinates of a point on the y-axis is 0.

The x- and y-coordinates are switched. For example,
(3, 2) should be (2, 3).

X+ x +
Because x,, = ——2 and y, = % we have:
2xm =X + X 2ym =N + V2
2xm - X =X 2ym - =N

SO» (x27 yZ) = (zxm - xlazym - yl)

X+ X Nt »
The midpoint between (x;, y;) and u,m is |t P Nt ) _ (3t x x2743y1 ua|
2 2 : 4 4
2 2
X+ X% N+
S + + .
The midpoint between HTH NT R and (x2, ) is > Ty (At 3x2, »n+3n .
2 2 5 > B 4 4

5

So, the three points are ,
4 2 2

3 +x 3y + y2j (xl +tXH Nt n

4

} and [xl + 3x2, »+ 3y2}

4 4
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6 Chapter 1

Functions and Their Graphs

59. Use the Midpoint Formula to prove the diagonals of the
parallelogram bisect each other.

(b+a c+0j_(a+bg)
27 2 2 72

(a+b+0 c+0]_[a+bgj
2 72 2 72

60. (a)

(b)

©

(d)

61. (a)

(b)

(©)

Because (xo, y,) lies in Quadrant II, (x, —y,)
must lie in Quadrant III. Matches (ii).

Because (x), y,) lies in Quadrant II, (—2x,, y)
must lie in Quadrant I. Matches (iii).

Because (x), yp) lies in Quadrant II, (xo, 1 yo) must
lie in Quadrant II. Matches (iv).

Because (xo, ) lies in Quadrant IT, (—x,, —y,)

must lie in Quadrant IV. Matches (i).

First Set
d(4,B) = J2 -2 +(3-6) =9 =3
d(B,C) = \/(2—6)2 +(6-3"=V16+9=5
d(4,C) =J2 -6 +(3-3) =~/T6 = 4

Because 3% + 4% = 5%, 4, B, and C are the
vertices of a right triangle.

Second Set
d(4,B) = 8 -5 +(3-2 =~/10
d(B,C) = J(5 -2 +(2-1) =0
d(4,C) = \/(8 2 +(3-1) =40

A, B, and C are the vertices of an isosceles triangle

or are collinear: \/E + \/E = 2\/1— = /40.

y

6 L]
P =
L] L]
24
t X
-2 2 4 6 8

First set: Not collinear
Second set: Collinear.

A set of three points is collinear when the sum of
two distances among the points is exactly equal to
the third distance.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

(a) distance = \/(xl - xl)2 +(n - y1)2
= (yz - y1)2 = ‘yz - yl‘

(b) distance = \/(xz - xl)2 +(n - y1)2

=4/ (x2 = x1)2 = ‘xz - xl‘

Answers will vary.

4x — 6

(@ 4-1)-6=-4-6=-10
(b) 40)-6=0-6=-6

9 - Tx

(@ 9-7(-3)=9+21=30

(b) 9-73)=9-21=-12

() When x = -3, 2x° = 2(-3)’ = 2(-27) = —54.

(b) When x

Il
o
N
=
s
Il
)
—~
=
-
o8
Il
o

(a) When x

0, 3x*=—= —%. Division by
0 is undefined.

(b) When x = -2, -3x™* = — = =

() —2=x>-2

(—x)3 - (—x)2 +2=-x-x*+2

-x* + (—x)2 =-x'+x*=0
=+ ( x)3+(—x)4—x4 =2 -2+t -t
= -2x°
(a P=R-C
= 135x — (93x + 35,000)
= 42x — 35,000

(b) P = 42(5000) — 35,000 = $175,000

. I .
(a) Time to copy one page: 0 min

(b) Time to copy x pages: % min

12 12

(c) Time to copy 120 pages: 120 = — = 24 min
50 5

(d) Time to copy 10,000 pages: 10’(())00 200 min
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Section 1.2 Graphs of Equations

10.

11.

L@ (2,0:(2° -302)+2=0

. solution or solution point
. graph
. intercepts

. y-axis

origin

numerical

. Two other approaches to solve problems mathematically

are algebraic and graphical.

Let (x, y) be any point on the circle. The distance

between the center (h, k) and (x, y) is the radius r.

So, \J(x =) + (v - k) = 1.

?

4-6+2=0
0=0
Yes, the point is on the graph.
(b) (-2,8):(-2)" =3(-2) +2=8

?

4+6+2=8
12 # 8

No, the point is not on the graph.

(a) (0,2):2=+/0+ 4
2=2
Yes, the point is on the graph.
(b) (53):3=~/5+4
3=4/9
3=3
Yes, the point is on the graph.
(@ (1L5):5=4-]1-2
5=4-1
5#3

No, the point is not on the graph.

(b) (6.0):0= 4|6 2]

0=4-4
0=0

Yes, the point is on the graph.

Section 1.2 Graphs of Equations

12. (a) (6,0):2(6)" + 5(0)* =8
2(36) + 5(0) = 8
72+0=8
72 # 8
No, the point is not on the graph.
(b) (0, 4): 2(0)° + 5(4)° =8
?
2(0) + 5(16) = 8

9

0+80 =8
80 # 8

No, the point is not on the graph.

13. y = -2x+5

x -1 0 1 2 >
y 7 5 3 1 0
(6y) | (L7 | (0.5) | (1L,3) | (1) | (3,0)

X -2 0 1 g 2
N E N EEN DR
(vy) | (2-3) =) | (L-3) | (5-9)] (23
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8 Chapter 1 Functions and Their Graphs

15. y = x* - 3x 2. y =5x—-6
Let y = 0.

X -1 0 1 2 3 e
0=5x-6

y 4 0 -2 -2 0 6 = 5x

() | (=14) ] (0,0) | (1,-2) | (2.-2) | (3,0) §-x.

x-intercept: (g, 0)

Let x = 0.

y=50)-6

y=0-6
x y =6

y-intercept: (0, —6)

22. y =8—-3x

Let y = 0.
X -2 -1 0 1 2 0=28—3x

y 1 4 5 4 1 3x =8
vy |2y | Ley | s | e | @y X =

w |co

y x-intercept: (%, 0)

Let x = 0.

y =8-3(0)

y=8-0
x y =28

y-intercept: (0, 8)

17. x-intercept: (-2, 0) 23, y=Jx+4
y-intercept: (0, 2) Let y = 0.
0=~x+4
18. x-intercept: (4, 0) 0= xt4d
y-intercepts: (0, +2) -4 = x

x-intercept: (—4, 0)
19. x-intercept: (3, 0)

y-intercept: (0, 9) Let x = 0.
y=~0+4
20. x-intercepts: (+2, 0) . Vi
y-intercept: (0, 16) y=2

y-intercept: (0, 2)
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25.

26.

y=+2x-1
Let y = 0.
0=+~2x-1
0=2x-1
1=2x
x=7

x-intercept: (%, 0)

Let x = 0.
y = 2(0)—1
y=~0-1

y=+-1

y-intercept: None

y=|3x—7|
Let y = 0.
0 =[3x -7
0=3x-7
7 = 3x
1=y

x-intercept: (%, 0)

Let x = 0.

y =[3(0) - 7|
y =[-7|
y=1

y-intercept: (0, 7)

y=—|x+10|
Let y = 0.
0 =—|x + 10|
0=x+10
-10 = x

x-intercept: (—10, O)

Let x = 0.
y = —|(0) + 10|
y = 10|
y =-10

y-intercept: (0, —10)

27.

28.

Section 1.2 Graphs of Equations

y = 2x° — 4x?
Let y = 0.

0 = 2x* — 4x?
0= 2x2(x—2

x=0 or x=2

x-intercepts: (0, 0), (2, 0)

Let x = 0.

y = 2(0)" - 4(0)°
y=0-0
y=0

y-intercept: (0, 0)

¥ =x+1
Let y = 0.
0=x+1
-1=x

x-intercept: (—1, 0)

Let x = 0.
y2=(0)+1
¥ =1
y = /1
y ==l

y-intercepts: (0, 1)
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10

29.

30.

31.

32.

33.

34.

3s.

Chapter 1 Functions and Their Graphs

¥ -y=0

(x)) =y =0= x> -y = 0 = y-axis symmetry
¥ = (-y) =0 = x* + y = 0 = No x-axis symmetry
2

(—x)2 - (_y) =0 = x4+ y = 0 = No origin symmetry

x—3y*=0

(-x) = »* = 0= —x - »* = 0 = No y-axis symmetry

x - (—y)2 =0 = x— > =0 = x-axis symmetry

(—x) - (_y)2 =0 = —x — y* = 0 = No origin symmetry
y=x

—x)3 = y = —x’ = No y-axis symmetry

<
Il
—

-y = x> = y = —x> = No x-axis symmetry

—y = (—x)3 = -y = —x = y = x> = Origin symmetry

y=x4—x2+3

y = (—x)4 - (—x)2 +3 =y =x'-x*+3 = y-axis symmetry
-y =x*-x*+3 =y =-x*+x* =3 = No x-axis symmetry

= (—x)' = (=x)* +3 = y = —x* + x> = 3 = No origin symmetry

|
~
|

y=—35—>=>y= 2—x = No y-axis symmetry
(=x)" +1 x*+1

X -X .
-y = = y = —0——— = No x-axis symmetry
x* +1

-X —X X ..
— -y == == = Origin symmetry
(—x)" +1 x* +1 x* +1

<&
I
U
|

—_— = y-axis symmetry
1+ (—x) 1+ x?
1

-1 .
-y = S =y = > = No x-axis symmetry
1+ x 1+ x

o, -
1+ (=x)° I+ x

= No origin symmetry

2

x? +10 =0
(=x)»* +10 = 0 = —xy* + 10 = 0 = No y-axis symmetry
x(—y)2 +10 =0 = xp? +10 = 0 = x-axis symmetry

(—x)(—y)2 +10 = 0 = —xp? + 10 = 0 = No origin symmetry
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37.

38.

40.

(-x)y = 4 = xy = -4 = No y-axis symmetry

=
i
<
S—"
I

(=x)(-») = 4 = xy = 4 = Origin symmetry

12 3 4

4 = xy = —4 = No x-axis symmetry

41.

42.

43.

Section 1.2 Graphs of Equations

y==-3x+1
x-intercept: (%, 0)

y-intercept: (0, 1)

No symmetry
y
5
4
0. 1) (1
5.0
—t—— l/l(3 !) X
-4-3-2-1 [\l 2 3 4 '
=3
-3
y=2x-3

x-intercept: (%, 0)
y-intercept: (0, —3)

No symmetry

y = x* - 2x
x-intercepts: (0, 0), (2, 0)
y-intercept: (0, 0)

No symmetry

x|-1{0]1 |2]3

yl3 [o]|-1]0]3
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12 Chapter 1 Functions and Their Graphs

4. y = —x> - 2x 47. yzm
x-intercepts: (-2, 0), (0, 0) x-intercept: (3, 0)
y-intercept: (0, 0) y-intercept: none
No symmetry No symmetry

Y x| 314|712

ylol1]2]3

4 (3V0)/
45. y = x> +3 — > x

x-intercept: (Q/—_3 N O)

y-intercept: (0, 3) 48. y =1 —-x

No symmetry x-intercept: (1, 0)
x| -2|-1]0]1]2 y-intercept: (0, 1)
y| =512 314111 No symmetry

Y
-4~3-z-|$|2
-1

49. y=‘x—6‘

— 3
46. y = x> -1 x-intercept: (6, 0)

x-intercept: (1, 0) y-intercept: (0, 6)

y-intercept: (0, —1) No symmetry

Mo symmetry 210(2]4]6|8]10
< | =

y|8 |6|4[2]0(2]|4
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50. y =1-|x|
x-intercepts: (1, 0), (-1, 0)
y-intercept: (0, 1)

y-axis symmetry

51 x = y? — 1
x-intercept: (-1, 0)
y-intercepts: (0, —1), (0, 1)

X-axis symmetry

x|-1]0 |3

y 1|0 +1 | £2

\

(-1.0)/7T0. D

0.-1)
,247

|
[S)
G
w
IS

52. x =32 -5

x-intercept: (-5, 0)
y-intercepts: (0, J5 ), (O, —\/g)

X-axis symmetry

53.

54.

5S.

56.

57.

Section 1.2 Graphs of Equations

=5_1
y=>5 X

10

‘--...._K
10 R“"-— 10

-10

Intercepts: (10, 0), (0, 5)

y=%x—1

/

-10

Intercepts: (0, —1), (%, 0)

y=x-4x+3

10

-10

Intercepts: (3, 0), (1, 0), (0, 3)

y=x+x-2

10

FERN/ANS

-10

Intercepts: (-2, 0), (1, 0), (0, —2)

\__

-10

Intercept: (0, 0)
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58.

59.

60.

61.

62.

Chapter 1 Functions and Their Graphs

-10

Intercept: (0, 4)

y=x+1

10

-10

Intercepts: (-1, 0), (0,1)

y=xJx+6

10

-10

Intercepts: (0, 0), (-6, 0)

y:‘x+3‘

10

N

-10

Intercepts: (-3, 0), (0, 3)

y=2—‘x‘

10

-10

Intercepts: (+2, 0), (0, 2)

63. Center: (0, 0); Radius: 3

32

(x—O)2 + (y—O)2

2 +3y2 =9

©2022 Cengage Learning, Inc. May not be scanned, copied or duplicated, or posted to a publicly accessible website,

64.

65.

66.

67.

68.

Center: (0, 0); Radius: 7

(x - 07 +(y -0 =7

2

Center: (-4, 5); Radius: 2

2

(x =)+ (v = k) =

P+ y? =49

}"2

-+ - =2

(x +4) +(y-5" =

4

Center: (1, —3); Radius: V11

(x = h) +(y - k)
(=17 + [y - (3]

(x = 1) + (v +3)

NiTh

11

Center: (3, 8); Solution point: (=9, 13)

Il
<:\‘ 2

(x=h+(y -k =r

(x=37+(y -8 =13

(x =3) +(y-8) =169

Center: (-2, —6); Solution point: (1, —10)

r =

(v = B + (= 4

Solutions Manual for Precalculus with Limits 5th Larson
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69. Endpoints of a diameter: (3, 2), (-9, —8)

r= %\/(—9 -3) + (-8 -2)
= % (-12)* + (-10)*

- %\/144 +100
- %\/244 - %(2)#61 = Jel

(h, k): [3 +2(‘9) 2+ (‘8)j _ [—6 =6

(x=h) + (k) =1
[x = (3] + [y = (3] = (Vo)
(x +3) + (v +3) =6l
70. Endpoints of a diameter: (11, -5), (3,15)
r = %\/(3 — 1) +[15 - (=5)]
= % (-8)* + (20’

= %\/64 + 400
= %\/464 = %(4)\/29 = 229

(h’k):(112+3 . —5;15) _ [g Qj _(9)

272
(x=h) + (v —k) =2
(x=7+ (v -5 = (2V29)
(x-77 +(y -5 =116

7. x* + y* =25
Center: (0, 0), Radius: 5

72.

73.

74.

Section 1.2 Graphs of Equations

x2 + 3y =36

Center: (0, 0), Radius: 6

(x-10"+(y+3" =9

Center: (1, —3), Radius: 3

(-1 =1

Center: (0, 1), Radius: 1

o

Center: (1 1), Radius:

(] [%)
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76.

77.

78.

79.

Chapter 1 Functions and Their Graphs

(x - 2)2 + (v + 3)2 = % 80. (a) 10
Center: (2, -3), Radius: % —e—e—o—o—0—*
1+ 0 o 70
— % < The model fits the data well.

-1 Each data value is close to the graph of the model.
-2 (b) Using the graph or the model (with r = 40),
The life expectancy is approximately 75.2 years.

-4T (c) The model and the line y = 70.1 intersect at

t = 11.1, corresponding to the year 1961.
- — <t <
y 1,209,000 80,0007, 0 < ¢ <10 68.0 + 0.33(11.1)

y Algebraically, — = = 7
g v 1+ 0.002(11.1)

1,200,000 -
2 1000000 (d) The y-intercept is (0, 68.0).In 1950 (¢ = 0), the life
?; 800,000 1 expectancy of a child (at birth) was 68.0 years.
§ ooy (e) Answers will va
§~ 400,000 1 b

200,000 1 81. False. The line y = xis symmetric with respect to the

IS A S A A origin.
Year

82. False. The line y = 0 has infinitely many x-intercepts.
y = 9500 —1000£,0 <7 <6

y 83. The test is for symmetry with respect to the x-axis. The
";;;; statement should read: The graph of x = 3y? s
2 30001 symmetric with respect to the x-axis because
g 7000
"é 6000
Z 0 84. x-axis symmetry: 2+ =1
S 30004 2
2 2000 X2 + (—y) =1
1000 4
' ' 2 2 _
T ¥4y =l
Year y-axis symmetry: X2+ =1
(a) (—x)2 +3y2 =1
y x2 + y2 =1
T Origin symmetry: X2+t =1
2 2
(b) 2x + 2y = % (=x) +(-y) =1
2y=%—2x X2+t =1
y = % —x So, the graph of the equation is symmetric with respect
to x-axis, y-axis, and origin.
A=xy= x(% - x)
(c) 8000

0 180
0

(d) When x = y = 862 yards, the area is a maximum

of 75114 square yards.

(e) A regulation NFL playing field is 120 yards long and
531 yards wide. The actual area is 6400 square yards.
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Section 1.3 Linear Equations in Two Variables 17

85. y = ax® + bx® 91. The least common denominator is 3(4) = 12.
2 3
@ y = a(-x)" + b(-x) 92. The least common denominator is 9.
= ax? - bx?

.. . 93. The least common denominator is x — 4.
To be symmetric with respect to the y-axis; a can be

any non-zero real number, b must be zero. 94. The least common denominator is

Sample answer: a = 1,b = 0 = 4= (x+2)(x-2)

(b) -y = a(—x)2 + b(—x)3
y s 95. 7/72 = 518 = 7/2-36 — 52 - 9
-y = ax” — bx
y = —ax? + bx® = 7(6)\/5 - 5(3)\/5
To be symmetric with respect to the origin; a must = (42 - 15 )\/5
be zero, b can be any non-zero real number. =272

Sample answer: a = 0,b =1
96. —10\/25y — [y = (-10)5)/y = /)
86. The line would rise from left to right, passing through

quadrants I, 11, and II1. = —SO(f - \/;)

y

= 51y
/ / 97. 7Y2 . 72 = 72412 = 77 = 823543

" 10'7/4
/ 98. o = 1074794 = 10"%* = 10° = 1000

99. (9x — 4) + (2x* — x +15)

2x2 + 8x + 11

87. 3(7x + 1) = 3(7x) + 3(1) = 21x + 3
100. 4x(11 — x4+ 3x2) = 44x — 4x* + 12x°

88. 5(x — 6) = 5(x) = 5(6) = 5x - 30 = 12x° — 4x? + 44x
89. 6(x —1)+4 =6(x)—6(1)=6x—-6+4=>6x-2 101. (2x + 9)(x — 7) = 2x* + 9x — 14x — 63
=2x% — 5x — 63

90. 4(x +2) — 12 = 4(x) + 4(2) = 4x + 8 - 12
= 4x — 4 102. (3x2 - 5)(—x2 + 1) = 3x* +5x* +3x2 -5

= 3x* +8x%* -5

Section 1.3 Linear Equations in Two Variables

1. linear 8. Y= = m(x — xl)
2. slope Y= n =my—my
mx; — yp = mx =y

3. point-slope 0=mx—y—mx+ y

0

4. parallel mx —y — (mxl - J’1)
5. rat te of ch . . o

rate or rate of change 9. (a) m = % Because the slope is positive, the line rises.
6. linear extrapolation Matches L,.

7. They are perpendicular to each other. (b) m is undefined. The line is vertical. Matches L.
(¢) m = =2.The line falls. Matches L,.
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18 Chapter 1 Functions and Their Graphs

10. (a) m = 0.The line is horizontal. Matches L,. 16. Slope:m = -1
by m = —%. Because the slope is negative, the line y-intercept: (0, — 10)

falls. Matches L. y

(c) m = 1. Because the slope is positive, the line rises.
Matches Ls.

17. yz—%x—l

Slope:m = —=

y-intercept: (0, —1)

Slope=7y2_y] =§
X, — X 4

13. Two points on the line: (0, 0) and (4, 6)
_3 18. y=2x+2
2 Slope:m = 2

14. The line appears to go through (0, 7) and (7, 0). y-intercept: (0, 2)

Slope = 2= _0=7 _ )
Xy — X 7-0

4+
15. p = 5x +3 (0.2)/

Slope: m=75 } } :/ } } X
6 -2 2 4
y-intercept: (0, 3) / ol

y 44
5—/
o
o - 19. y-5=0
y=>5
Slope:m = 0
— ——f>x
32 ‘/ L 23 y-intercept: (0, 5)
8—-
5T(.5)
oL
"_i 5_21 t 3 t X
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20. x+4=0
x =-4

Slope: undefined (vertical line)

y-intercept: none

I
(==}

21. 5x - 2
x = %, vertical line

Slope: undefined

y-intercept: none

v

(%)

22. 3y +5=0
3y =5
y=-3

Slope:m = 0

y-intercept: (0, —%)

Section 1.3 Linear Equations in Two Variables

23. 7x — 6y = 30
-6y = -7x + 30
y=%x—5

Slope:m = %

y-intercept: (0, —5)

24, 2x +3y =9

3y =-2x+9
y = —%x+3
Slope: m = -2

y-intercept: (0, 3)
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20 Chapter 1 Functions and Their Graphs

6-(2) 8 _4-(=D) _s
o) sl m=2TC0 "o

m is undefined.

9 (—6,4) 4+

1-(=1) 2 1
28 m = z(z)=7=_§ 0 - (-10
2.m= 02005
\ —4-0 2
5+ y
1
34 t —>x
24 -6 2 4
CONT L _
SO000 NG i s
—24(2,-1)
_3_,
_4.,
_5—»
(0,-10)
-1-(-7) 0
29. m=—2 =220
§-5 3 3om =023 IS gy
, —52-48 -10
4+ "
21 8T
s Y s 6 s w0 !
o 4t @48,3.0)
<44 (-5.2,1.6) T
6+ (5= BT 1
e S Y
-8+ -6 -4 -2 L 2 4 6
-10+ _2:
—44
3 3 1
WmsTsTn T
2 2

35. Point: (5, 7), Slope: m = 0

Because m = 0, y does not change. Three other points
are (-1, 7), (0, 7), and (4, 7).
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36.

37.

38.

39.

40.

41.

42.

43.

Point: (3, —2), Slope: m = 0

Because m = 0, y does not change. Three other points
are (1, -2), (10, -2), and (=6, —2).

Point: (-5, 4), Slope: m = 2

Becausem = 2 = 2, y increases by 2 for every one unit
increase in x. Three additional points are (—4, 6),

(-3, 8), and (-2, 10).

Point: (0, -9), Slope: m = -2

Because m = -2, y decreases by 2 for every one unit
increase in x. Three other points are (-2, —5),

(1,-11), and (3, -15).

Point: (4, 5), Slope:m = -1

— 1 3
Because m = —<, y decreases by 1 unit for every three

units increase in x. Three additional points are
(-2, 7). (0,—2),and (1, 6).
Point: (3, —4), Slope: m = +

Because m = -,y increases by 1 unit for every four unit

increase in x. Three additional points are
(-1,-5), (1, -11), and (3, — 15).
Point: (-4, 3), Slope is undefined.

Because m is undefined, x does not change. Three points
are(—4, 0), (-4, 5), and (-4, 2).

Point: (2, 14), Slope is undefined.

Because m is undefined, x does not change. Three other
points are (2, —3), (2, 0), and (2, 4).

Point: (0, -2);m = 3

y+2=3x-0)
y=3x-2

Section 1.3 Linear Equations in Two Variables

44. Point: (0,10); m = -1

y =10 = =1(x - 0)
y—10 = —x

y=-x+10

45. Point: (-3, 6); m = -2

y—6=-2(x+23)

46. Point: (0,0); m = 4

y—0=4(x-0)

y = 4x

47. Point: (4,0);m = —

wl—

y=0=—(x-4)
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22 Chapter 1

48. Point: (8,2);m = +

y—2=4%4x-3

4
y—2:ix—2
yo=qx

49. Point: (2, -3); m = —%

1
—(-3) = —(x -2
y=(3) = (-2
+3——lx+1
Y 2
1
= —x-2
y 2x

50. Point: (-2, -5);m = 2

y+5=%(x+2)
4y 420 = 3x + 6

4y =3x - 14
y=3x-1

Functions and Their Graphs

51. Point: (4, %),m =0

y=3=00x-4
y=5=0
y=3
5-
41 5
3 (+3)

8_..
it
Ll
8,2
| 3.2
2 4 6 8 10
_2_..
_47>
-6+
y
44
3—»
.t
. T
54 1 12 3

52. Point: (2, %), m=6

y-3=6(x-2)
y—%:6x—12
y:6x—%
n
e
S AN AR
2
4]

53. Point: (-5.1,1.8);m = 5

y —18

5(x = (5.1))

S5x + 273

54. Point: (-2.5,3.25);m = 0

y =325 = 0(x - (-2.9))

y-325=0
y =325

v

8+

6+

(-25,3.25) 41

xxxxx

&)
N

|||||

vvvvv

11111

55. (5.-1). (-5.5)

o
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Section 1.3 Linear Equations in Two Variables 23

56. (4,3), (-4, -4 v
(4.3).(4.-4) A 60. (1,1), (6,—%) -
-4 -3 6+ 41
y—3=_4_4( —4) oL ) 1 ,
2+ *3) _ _5 - 2+
y—3=z(x—4) I y-1= 6—1(x_1) pp g
8 2 4 6 ] | 7
77 y=l=-—(x-1 %ﬁ'
_3="x_-2L 14
TR . N (6-3)
_7,._1 y-l=-x+-
y=groy 3703
1 4
y=—-—=x+=
57. (-7,2),(-7,5) 3703
me_>—"2 _3 61. (1,0.6), (-2, -0.6)
7= 0 0.6 — 0.6
m is undefined. y-06= 21 (x=1)
/ y=04(x—1) + 0.6
ol
T y =04x+ 0.2
6+
(-7,5) - y
4+
L 3T
(-7,2) 2+ 21
""" 1—%
& [-6 -4 2 ‘
—t——+—>x
- zj?/ T
(-2,-06) T
58. (=6,-3), (2,-3) ol

-3 (-3
y—4-= ﬁ(x +6)

2 -(-6) 62. (-8,0.6), (2,-2.4) ,
y+3=0(x+6) 24 -06 o1
Y430 yo 06 =T et Al

y = -3 3 (-8,0.6) 2+
v y—06 = —E(x + 8) Tlo 8 e _\m} x
T 10y — 6 = =3(x + 8) 41
21 10y — 6 = —3x — 24 ol
e T T T R T 10y = -3x — 18

— 309
(=6,-3) -41(2,-3) y=—-—x—-—ory =-03x-138

el 10 5

8] | )

63. (2,-1),| = -1
@5
1\ (15 3
59. 12, -} | =~ -1 - (-1 &
[ 2) (2 4] 3t y+1=71 ( )(x—2) Nl
—_ -2 ‘ .

5 1 t t + t
1 4 2 —
y-o=120-2) T Y yri=0 RIS
277 — y=-l

1 1 = 1 N The line is horizontal.
=-——(x-2)+—= -1
Y 2( ) 2
LI
Y 2 2
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Chapter 1 Functions and Their Graphs

«[192)

65.

66.

67.

68.

1- ( 8) 9 .
m = = — and is undefined.
7T_7 0
3 3
7
X =—
3

¥

15

L
+—+ +—
-1 L1

)

w
IS
w
)
<
%

=24
-3+
oy |
=54
=64

BAR (E)

Liy=-3x-3
m o= -2
Ly:y=—-3x-1
my, = -2

The slopes are equal, so the lines are parallel.

L:iy=4x-1
m =4
Ly:y =4x+7
m, =4

The lines are neither parallel nor perpendicular.

Liy=14x-3

— 1
ml—i

Ly:y = —%x +1
m = -1
The lines are neither parallel nor perpendicular.
Liy=—-%x-5
m o= -
Ly:y = %x +1
m =3

The slopes are negative reciprocals, so the lines are
perpendicular.

m1=9 * 1 =2
-0
1(0,3),(4.1)
1-3 1
m, = —— = ——
4-0 2

The slopes are negative reciprocals, so the lines are

perpendicular.
70. L;:(-2, - ) (1,5)

A RE

2) 3

m =

L,:(1,3), (5,-5)
my= 3-8
5-1 4

The lines are neither parallel nor perpendicular.

1. L:(=6,-3),(2,-3)

_3-(3) _0_
ml—m—g—o
Ly:(3,-3).(6.-3)
S il w7

6-3 3

L, and L, are both horizontal lines, so they are parallel.

72. L2 (4,8), (-4, 2)
2-8 _-6_3
—4_-4 8§ 4

L:(3,-5), (—1, é]

m =

1 16

ER A
m, = = = ——

-1-3 -4 3

The slopes are negative reciprocals, so the lines are

perpendicular.
73. 4x -2y =3
y=2x-=
Slope: m = 2
(@ (2,1),m =2
y-1=2(x-2)
y=2x-3
® (21).m=-3
y-l=-3(x-2)
y = —%x +2
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74. x+y =7
y=-x+7
Slope:m = -1

(@ m=-1,(-3,2)
y—=2=-1x+3)
y—-2=-x-3

y=-x-1

(b)y m =1,(-3,2)
y=2=1x+3)

y=x+5

75. 3x +4y =7

y=org
Slope: m = —=
@ (5 2hm=3
y=3 =il -(9)
Y=oy

y=3 =iy -(3)
y=ix 5
76. 5x +3y =0
3y = —5x
y=—3x
Slope: m = —3
@ m=-1(3

24y — 18 = —40(x — 2)

24y — 18 = —40x + 35
24y = —40x + 53
y=-3x+3

® m =563

r-= -9

40y - 30 = 24(x - 1)
40y — 30 = 24x — 21
40y = 24x + 9
y=3x+5

Section 1.3 Linear Equations in Two Variables

77. y+5=0
y=-5
Slope: m = 0
(@ (-2,4),m=0
y=4
(b) (=2, 4), m is undefined.
x ==2
78. x—4=0
x =4

Slope: m is undefined.

(@) (3,-2), m is undefined.
x =3

(b) 3,-2),m=0

y=-2

79. x—y =4
y=x-4
Slope: m =1

(@ (2.5,68),m =1
y— 68 =1(x —2.5)
y=x+43
(b) (2.5,6.8),m = -1
y — 6.8 = (-1)(x — 2.5)
y=-x+93

80. 6x +2y =9

2y = =6x +9
y = —3x+%
Slope: m = -3

(@) (-3.9,-14),m = -3

y = (-14) = -3(x - (-3.9))
y+14=3x-117
y = -3x - 13.1

(b) (-3.9,-14),m =

y = (-14) = {x - (3.9)
y+14=1x+13

1

y:§x—0.1
81. Tidog
35
Xy
15) = + 2| =105
033 +2) = 109
S5x+3y—-15=0
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26  Chapter 1

Functions and Their Graphs

82. (-3,0),(0,4)

(—12)%3 + (-12)

x
-3

+

ENgA

Y
4

4x =3y +12 =

X

83.
-1/6

6x+3y

12x +3y + 2

2

Y

23

2

84. (g’ o), (0,-2)

X
— +
2/3

3x

y o
-2

Y _

2

2

3x—-y-2

88. (a) The slopes of each line segment are:
182.80 — 170.91

1l
(==}

14 - 13
233.72 - 182.80
15 -14
215.64 — 233.72
16 — 15

(-12) -1

=11.89

= 50.92 (greatest)

= —18.08 (least)

85. Z+¥=1c=20
c ¢
xX+y=c
1+42=c¢

3=c¢
x+y=
x+y-3=0

86. (d,0), (0, d), (-3, 4)

§+§=1
x+y=d
-3+4=d
1=d
x+y=1
x+y—-1=0

87. (a) m = 135. The sales are increasing 135 units per
year.

(b) m = 0. There is no change in sales during the year.

(¢) m = —40. The sales are decreasing 40 units per year.
229.23 — 215.64 _ 13.59
17 - 16
265.60 — 229.23 — 3637
18 — 17
260.17 — 265.60 _ 53

19 - 18

The sales increased the greatest between 2014 and 2015. The sales increased the least between 2015 to 2016.

(b) m

26017 — 17091 _ 89.26

19 -13
The slope of the line is about 14.88.
(c) Sales increased an average of about $14.88 billion per year between 2013 and 2019.

=~ 14.88

= 6 =50 — (=25 -2 1
N © ™= "0 (300) - Wg "2
¥ = 155(200) = 12 feet
¥~ (=50) = —(x - 600)
90. () and (b) 12
y+50 = —ix + 50
x | 300 | 600 | 900 | 1200 | 1500 | 1800 | 2100 12
1
y | 25| -50 | =75 | =100 | =125 | —150 | -175 y = —Ex
Horizontal measurements 1 .
600 1200 1800 2400 (d) Becausem = I for every change in the

Vertical measurements

horizontal measurement of 12 feet, the vertical
measurement decreases by 1 foot.

(e) é =~ 0.083 = 8.3% grade
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91. Using the points (0, 32) and (100, 212), where the first

92.

93.

coordinate represents a temperature in degrees Celsius
and the second coordinate represents a temperature in
degrees Fahrenheit, you have
_212-32 180 _ 9
100-0 100 5
Since the point (0, 32) is the F- intercept, b = 32, the
5 160

equationis F = 1.8C +32o0rC = §F 5

(a) Using the points (1, 970) and (3, 1270), you have

m = 1270 — 970 _ 300 _ 150.
3-1 2
Using the point-slope form withm = 150 and the

point (1, 970), you have

y—y1=m(t—f1)

y 970 = 150( - 1)
y =970 = 150t — 150
y = 150¢ + 820.

(b) The slope is m = 150. The slope tells you the

amount of increase in the weight of an average male

child’s brain each year.

(c) Lett = 2:
y =150(2) + 820
y = 300 + 820
y = 1120

The average brain weight at age 2 is 1120 grams.
(d) Answers will vary.

(e) Answers will vary. Sample answer: No. The brain
stops growing after reaching a certain age.

Using the points (0, 830) and (5, 0), where the first

coordinate represents the year ¢ and the second
coordinate represents the value ¥, you have

0 — 830

Vo= 0t+830=—166t+830,0£t£5.

94. Using the points (O, 24,000) and (1 0, 2000), where the

first coordinate represents the year ¢ and the second
coordinate represents the value V, you have

m = 2,000 — 24,000 _ —22,000 — 2200,
10-0 10

Since the point (0, 24,000) is the

V -intercept, b = 24,000, the equation is
V = -2200¢ + 24,000, 0 < ¢ < 10.

Section 1.3 Linear Equations in Two Variables 27
95. (a) Total Cost = cost for cost purchase
fuel and + for + cost
maintainance operator

96.

97.

98.

C = 9.5t +11.5¢ + 42,000
C = 21t + 42,000

(b) Revenue = Rate per hour - Hours
R = 45t
() P=R-C
P = 45t — (21t + 42,000)

P = 24t — 42,000

(d) Let P = 0,and solve for .
0 = 24t — 42,000
42,000 = 24¢

1750 = ¢

The equipment must be used 1750 hours to yield a
profit of 0 dollars.

@ T

10 m

15m
X

() y =2(15 + 2x) + 2(10 + 2x) = 8x + 50

Because m = 8, each 1-meter increase in x will

increase y by 8 meters.

(C) 150

/

0

False. The slope with the greatest magnitude corresponds
to the steepest line.

4-2 2

(_85 2) and (_1» 4):m1 = _1_7(_8) = ;
o _T1-(4) _ 11

(0,—4) and (-7,7):m, = 0

False. The lines are not parallel.
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99. Find the slope of the line segments between the points 4 and B, and B and C.

100.

101.

102.

B(3,7)

BT 4 2
3-7 -4

= )
e =S T3 T

Since the slopes are negative reciprocals, the line segments are perpendicular and therefore intersect to form a right angle.

So,

d,

the triangle is a right triangle.

X; — xl)z + (¥ - J/1)2 d, =

J Ji
\/(1_0)2"'(’”1—0)2 =\/(1—0)2+(m2—0)2

=1+ (m) = 1+ (m,)’

Using the Pythagorean Theorem:

(~/1 . (ml)zj2 + ( 1+ (m2)2)2

(@)
(b)

(dl)2 + (d2)2 = (distance between (1, m,), and (1, mz))2

(O i = my)

my — m1)

1+ (m)" + 1+ (my) =

Il
—_

(m,)’ + (my)° + 2 = (my)” = 2mmy + (m,)

2 = 2mm,
1
-— =m
nmy
0-(-1
The slope is y = l, not 2.
2-0

The y-intercept is (0, —3), not (0, 4).

(a) Matches graph (ii).

(b)

©

(d)

The slope is —20, which represents the decrease in the amount of the loan each week. The y-intercept is (0, 200),

which represents the original amount of the loan.

Matches graph (iii).

The slope is 2, which represents the increase in the hourly wage for each unit produced. The y-intercept is (0, 12.5),
which represents the hourly rate if the employee produces no units.

Matches graph (i).

The slope is 0.32, which represents the increase in travel cost for each mile driven. The y-intercept is (0, 32), which
represents the fixed cost of $30 per day for meals. This amount does not depend on the number of miles driven.

Matches graph (iv).

The slope is —100, which represents the amount by which the computer depreciates each year. The y-intercept is (0, 750),

which represents the original purchase price.
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103. The line y = 4x rises most quickly.

107.

108.

Section 1.3 Linear Equations in Two Variables

104. Because |—4| > ‘%

105. y=x*—x

106.y:x+5y:>4y:—x:>y:7x

slope of — 4. The slope with the greatest magnitude
corresponds to the steepest line.

Whenx = =2: y = (-2)" = (-2) =4 +2 =6
Whenx = 0: y = 02 -0
Whenx = 3:y =3> -3 =
Whenx = 6: y = 6> — 6

0

9-3=6

36 — 6 = 30

—(-2
(a) Whenx=—2:y_gzl
4 2
(b) Whenx:O:y:_—OZO
The greater the magnitude of the slope (the absolute 4
value of the slope), the faster the line rises or falls. (c) Whenx = 3: y = -3
(d) Whenx=6:y—_76=_—3
0-<)_ (-
2 = =
/ 5 =/ 10
T-(2) (7+38
(a)Whenx=—2:f=( )=(+)=E=§
10 10 10 2
b) Wh 0. p 00 7
(b) enx = 0: f = TR
(7-%) _(-27)_ -2
Wh = 3: = = = — = =
© e / 10 10 10
7-6) (1-216) -
(d)Whenx:6:f:( ) _ ) _ 209
10 10 10
g _ 2+x:>g—4\/m 109. 2x* —5x* —2x+5=0
4 3 3 ¥*2x-5-(2x-5=0
(a) Whenx:—Z:g:LiJ:#:() (xz—l)(zx—S)zo
x = *l, —
(b) Whenx = 0: g = LZ;O - #
4 _ 23 _ oy
_._4\/m_4\/§ 110. X 3x x—-2=1-2x
(c) Whenx—3.g—f_T P3P 320
WIT6 A8 2 Ylr-3)+x-3)=0
(d) Whenx = 6: g = = = \
3 3 3 (x +1)(x—3)=0
(x+1)(x2—x+1)(x—3 =0
x=-1,3
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30 Chapter 1 Functions and Their Graphs

111. X0 +4x -5 =

|
(=)
[\

115. x=41
3 3 —
(x +5)(x—13;?\3/§1 =24 x
’ X2-x-2=0
112. X o5 4 4=0 (x-2)x+1)=0
(2 -4 1) = 0 -2
(x+2)(x=2)x+1)(x-1) =0 3 1 x
X = £2, 41 116. x 2 4
1 x?
113. 3/x - 5/18 = 0 ST
3WVx = 532 12 - 2x = x?
Jx = 52 X +2x-12=0
x =25(2) = 50 L2t 22 - 4(-12)
2
U4 (x11y" —g=0 N
(x+17° =8 T2
(x+1) =87 =2 =32 =-1+/13
x =3 17 x+[x-9 =7
‘x—9‘=7—x

Ifx-92>20,thenx —-9=7-x= 2x =16 =
x = 8, which is extraneous.

If x -9 < 0,then—(x — 9) = 7 — x, which is
extraneous.

No real solution.
118. \3x—6\ =x>-4
If3x —6 > 0,then3x —6 =x> -4 = x> -3x-2=0
:>(x—2)(x—1)=0:>x=1,2
(x = 11is extraneous.)
If3x —6 < 0,then6 —3x = x> -4 = x> +3x-10=0
S (x+5)x-2)=0=>x=2-5

Solutions: x = 2, =5

(=1 +1] = (241 (@ —awe1a0)— (2 +1)

119. =
X X
_ 2x +1
- X
[(f+1)2—(f+1)—2}—(f2—1—2) (P+2t+1-1-1-2)— (2 -t-2)
120. =

¢ ¢
P +t-2-1>+1t+2
¢

2%
Z=21#0
t
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121.

4-x-3
Y X 4x+4

Section 1.4 Functions

4—x2—3+(x—1)(x2+x+4)

x -1

x -1

4—x2—3+(x3+x2+4x—x2—x—4)

x—1

4-x*-3+x+3x -4

x—1

X =x*+3x-3

x -1
FPx =1 +3(x-1)

x—1

(x - 1)(x2 + 3)

x—1
=x2+3, x=1

Alternate solution:

4-x-3
Y Y X 4x+4

(1= x)(1 + x)

x -1 x—1

+xr+x+4

=-l-x+x*+x+4x %1

=x2+3, x#1

-4 2x+2) 2x-2)

Section 1.4 Functions

2(x + x) = 5(x = 2) + 5(x + 2) + 4(x* - 4)

2(x* - 4)
2% +2x —5x + 10 + 5x + 10 + 4x> — 16
2(x* - 4)
20 +4x* +2x + 4
2(x* - 4)
X +2x2 +x+2

xt -4
Px+2)+(x+2)

x* -4
(x+2)(x2+1)
(x+2)(x-2)

2
X +1,x¢—2
x -2

31

1. independent; dependent
2. difference quotient

3. A relation is any set of ordered pairs. A function is a
relation in which no two ordered pairs have the same
first component and different second components.

4. For g(x) = 4x — 5, to find g(x + 2), substitute x + 2
for x, and simplify: g(x + 2) = 4(x + 2) - 5

= 4x + 3.

. The domain of a piece-wise function must be explicitly

described, so that it can determine which equation is
used to evaluate the function.

. The domain of y = ~/4 — x? is determined by solving

the inequality 4 — x? > 0.

. Yes, the relationship is a function. Each domain value is

matched with exactly one range value.

. No, the relationship is not a function. The domain value

of —1 is matched with two output values.
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32  Chapter 1 Functions and Their Graphs

9. No, it does not represent a function. The input values of 21. g(1) = 42 =3t + 5
10 and 7 are each matched with two output values.
(@) g(2) =42 -32)+5=16-6+5=15
10. Yes, the table does represent a function. Each input value

is matched with exactly one output value. (b) g(-1) = 4(—1)2 -3(-)+5=4+3+5=12
Input,x | 2|0 (2|46 © gt +2)=4+2)7 =3(+2)+5
Output,y | 1 |11 ]1]1 =4+ 4 +4)-3-6+5

=42 + 13t + 15
11. (a) Each element of 4 is matched with exactly one * *

element of B, so it (-10es represen-t a function. 2. V(r) = %7”’3
(b) Each element of 4 is matched with exactly one

element of B, so it does represent a function. @ V(3) = %77(3)3 _ %”(27) — 367
(c) The element 2 in 4 is not matched with an element s
of B, so the relation does not represent a function. b)) V (%) = %ﬂ'(%) = %72’(%) = %ﬂ'
12. (a) The element ¢ in 4 is matched with two elements, () V(2r) = %7[(21’)3 = %;;(8,»3) = %mﬁ
2 and 3 of B, so it is not a function.
(b) Each element of 4 is matched with exactly one 23. f(y) =3 - \/;
element of B, so it does represent a function.
(c) This is not a function from A4 to B (it represents a @ f(4)=3- Vi =1

function from B to 4 instead).

() £(0.25) =3 --/025 = 25
B. 2+ =4=py=2/4-% © f(4%) =3 -/4x? =3 -2[x]

No, v is not a function of x.

4. f(x) =/x+8+2

(@ f(-8)=+/(8)+8+2=2

14 x> -y=9=y=x*-9

Yes, y is a function of x.

5y - Ve F ® f)=JO)+8+2=5

Yes, y is a function of x. © S(x=8)=(x-8+8+2=x+2
16. y =x+5 25. ¢(x) = 21
Yes, y is a function of x. -9
1 1
17. y = 4 - |y @ a0 =G5 =5
Yes, y is a function of x. ® ¢(3) = S 1 s undefined.
18. |[y|=4-x=>y=4-x or y=—(4-x) 1 1
, © gy +3) = =
No, y is not a function of x. (y+3° -9 y +6y
19. y=-75 or y=-75+0x 202 43
Yes, y is a function of x. 2. 4(1) = £?
1= 202" +3
20. x -1 0 (a) q(2)= ()2+ :8+3:E
x=1 (2) 4 4
No, this is not a function of x. 2(0)2 +3
() q(0) = ———

Division by zero is undefined.
20-x)" +3 2% +3

(_X)Z x2

© q(-) =
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27. f(x)—‘i‘
X
2
@ f(2) 5 1
2
(b) f(2)-_2- 1
B ‘x—l‘ -1, ifx <1
© flx=1)=" 1, ifx > 1
28. f(x) =|x|+ 4
(@ f(2)=[2]+4=6
) f(-2)=|2[+4=6
© f(¥*) =[]+ 4=x"+4

29.

30.

31.

f(x):{2x+l’ x <0

2642, x20
@ f(-1)=2-)+1=-1
() £(0) = 2(0) + 2
© f(2)=2(22)+2

f(x) = [-3x -3, x < -1
x

2421, x>l
(@ f(-2)=-3-2)-3=3
®) f(-1) = (=) +2(-1) -1 = -2
© () =) +20)-1=2

f(x) =-x*+5
f(=2) = (-2 +5 =
SE) = () +5 =4
£(0)=-(0} +5=5
f)=-01}+5=4
f2)=-(2) +5=

X 2 1-1]10]1 2

33.

34.

3s.

36.

Section 1.4 Functions

h(t) = 4|t + 3|
h(=5) = 3|5 + 3| =

h(-4) = 3|-4 + 3| = 3

h(-3) = 3|3 +3|=0

W) =324 3]= 4
h(=1) = 3[-1+3|=

t S|4 |32
W) |1 | 4 | of 4|1

f(2) =32 +4=5
fE) =-3(-)+4=41=2
f(0) = -3(0) +4 =4
SM)=0-27=
f2)=@2-2"=0

x 2 -10]1]2

f(x)—{9—x2, X <
x—3 x2=3
) =9-01°"=8
f2)=9-02)° =5
fB)=(3)-3=0
fAH=4-3=1
f65)=(5-3=2

x 1{2(3]4]5

15-3x =0
3x =15
X =
f(x)=4x+6
4x +6 =0
4x = -6
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34  Chapter 1 Functions and Their Graphs

37. =4 _
5
3x—4=0
4
X =—
3
2
38, flx) = 227
8
2
12 — x -0
8
X2 =12

x=+J/12 = +2./3

39. f(x) = x* - 81

X2 -81=0
x? =81
x =219
40. f(x) =x*-6x-16

X —6x-16=0
(x=8)(x+2)=0
x—8=0=x=238
x+2=0=x=-2

41. X-x=0
x(x2—1)=0
x(x+1)(x—1)=0
x=0,x=-lLorx =1
42, S(x)=x=x* =3x+3

¥ -x*=-3x+3=0
P =1 =3x—1) =0
(x-1(x*-3)=0
x=-1=0=>x=1
x2—3=0:>x=i\/§

43. f(x)zg(x)
X =x+2
X2 -x-2=0

(x=2)x+1) =0

Il
[}

x—2=0 x+1

x =2 x =-1

44,

45.

46.

47.

48.

49.

50.

f(x) = gx)
X +2x+1=5x+19
¥ -3x-18=0
(x=6)(x+3)=0
x—6=0 x+3=0

x=6 x =-3

/()

x* - 2x? = 2x?
xt—4x2 =0

xz(x2 - 4) =

(x +2)(x - 2)

Il
oQ
—_

=
Nak

Il |
S (=}

xx=0=>x=0
x+2=0=>x=-2
x—=-2=0=>x=2
I(x) = gx)
Jx-4=2-x
X+Jx-6=0

(Vx +3)Vx-2) =0

\/; +3=0> \/; = -3, which is a contradiction,

since ~/ x represents the principal square root.

Vi-2=0=Jx=2=x=4

S(x) =5 +x -1
Because f/(x) is a polynomial, the domain is all real

numbers x.

S(x) =1-2x
Because f(x) is a polynomial, the domain is all real

numbers x.

g(y) =y +6

Domain: y + 6 2 0
y = -6

The domain is all real numbers y such that y = —6.

fle)y =3t +4
Because f(¢) is a cube root, the domain is all real

numbers ¢.
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Section 1.4 Functions 35

1 3 56. (a) The maximum profit is $3375.
51. g(x) = — -
x x+2 (b) P
The domain is all real numbers x exceptx = 0, x = 2.
6 -
52. h(x) = 3
(x) x? - 4x =
X2 —4x #0
x(x - 4) #0 Mo 1o 130 10
x#0 Order size
x—4#0=>x=#4 Yes, P is a function of x.
The domain is all real numbers x except x = 0, x = 4. (¢) Profit = Revenue — Cost
price number number
s = _ _ | = (cost) .
53. f(s) = 4 per unit )\ of units of units
Domain: s =1 >0 = s 21 and s # 4 = [90 - (x- 100)(0-15)])‘ = 60x, x > 100
The domain consists of all real numbers s, such that = (90 — 0.15x + 15)x — 60x
szlands # 4 = (105 — 0.15x)x — 60x
= 105x — 0.15x% — 60
54, f(x) = =2 ! oo
x—10 = 45x — 0.15x%, x > 100
x—10>0 .
_ 2
> 10 57. Y= 1% +3x+6
The domain is all real numbers x such that x > 10. ¥(25) = —%(25)2 +3(25) + 6 = 18.5 feet
55. (a) - If the child holds a glove at a height of 5 feet, then the
Height, x | Volume, V/ ball will be over the child’s head because it will be at a
1 484 height of 18.5 feet.
2 800 58.( V=I[w-h=x-y-x=x*y where
3 972 4x + y =108.So, y = 108 — 4x and
4 1024 V = x2(108 - 4x) = 108x2 - 4.x3.
5 980 Domain: 0 < x < 27
12,000
6 864 ®
The volume is maximum when x = 4 and
V' = 1024 cubic centimeters.
(b) Vv 0 5 30
1200r R (c) The dimensions that will maximize the volume of
] 1000 o ® Y the package are 18 x 18 x 36. From the graph, the
£ ::: ¢ maximum volume occurs when x = 18. To find the
> wl ® dimension for y, use the equation y = 108 — 4x.
200 - y =108 — 4x = 108 — 4(18) — 72 = 36
T 3 4 5 6
Height

V is a function of x.
(©) V = x(24 - 2x)°

Domain: 0 < x < 12
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36 Chapter 1 Functions and Their Graphs

59.A:%bh:lxy 60. A=1-w=(2x)y =2xp

2
Buty = /36 — x*,504 = 2x~/36 — x7.

Because (0, »), (2,1), and (x, 0) all lie on the same The domainis 0 < x < 6.

line, the slopes between any pair are equal.

y 1.76t + 583, 12 <t <16
-y _0-1 61.,;():{
27-0 x-2 440, ) 0.90¢ + 71.5, 16 <t <18
1-y - -1 For 2012 through 2015, use the first equation.
2 X R 2 2012: p(12) = 1.76(12) + 58.3 = 79.42%
y = c_2 +1 . 2013: p(13) = 1.76(13) + 58.3 = 81.18%
X ’ 2014: p(14) = 1.76(14) + 58.3 = 82.94%
y =
x=2 2015: p(15) = 1.76(15) + 58.3 = 84.70%
2
So, 4 = lx( X ] = X ) For 2016 through 2019, use the second equation.
2 \x -2 2(x - 2)

2016: p(16) = 0.90(16) + 71.5 = 85.90%
2017: p(17) = 0.90(17) + 71.5 = 86.80%
2018: p(18) = 0.90(18) + 71.5 = 87.70%

The domain of 4 includes x-values such that
xz/ [2(x - 2)] > 0. By solving this inequality, the

domainis x > 2.

4.011¢% — 76.89¢ + 586.7, 7<t<12
62. p(t) = 14.94¢ + 70.0, 12<t<17
—-4.263t% +152.04t —1030.4, 17 <t <19
For 2007 through 2011, use the first equation.
2007: p(7) = 4.011(7)2 — 76.89(7) + 586.7 = 245.009 = $245,009

? _ 76.89(8) + 586.7 = 228.284 = $228,284
2

(
2008: p(8) = 4.011(8)
(

(
2009: p(9) = 4.011(9)° — 76.89(9) + 586.7 = 219.581 = $219,581
2010: p(10) = 4.011(10)* — 76.89(10) + 586.7 = 218.900 = $218,900
2
(

2011: p(11) = 4.011(11)" — 76.89(11) + 586.7 = 226.241 = $226,241
For 2012 through 2016, use the second equation.

2012: p(12) = 14.94(12) + 70.0 = 249.28 = $249,280

2013: p(13) = 14.94(13) + 70.0 = 264.22 = $264,220

2014: p(14) = 14.94(14) + 70.0 = 279.16 = $279,160

2015: p(15) = 14.94(15) + 70.0 = 294.1 = $294,100

2016: p(16) = 14.94(16) + 70.0 = 309.04 = $309,040

For 2017 through 2019, use the third equation.
2017: p(17) = —4.263(17)2 +152.04(17) — 1030.4

322273 = $322,273
2018: p(18) = —4.263(18)" + 152.04(18) — 1030.4

325.108 = $325,108

2019: p(19) = —4.263(19)” + 152.04(19) — 1030.4 = 319.417 = $319,417
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