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CHAPTER 3
Graphs and Functions

Section 3.1 The Rectangular Coordinate System

Solutions to Even-Numbered Exercises
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10. Point Position

A 3 left, 2 above
B 4right, 1 below
c 1 left, —2 below

Coordinates

(=32

(41 -

(_

(—2,5) is 2 units to the left of the vertical axis and
5 units above the horizontal axis.

(=2, —5) is 2 units to the left of the vertical axis and
5 units below the horizontal axis.

(3, 5) is 3 units to the right of the vertical axis and 5 units
above the horizontal axis.

(0, 4) is O units right or left of the vertical axis and 4 units
above the horizontal axis.

(0, 0) isthe origin.

(3, 0) is 3 units to the right of the vertical axis and O units
above or below the horizontal axis.

(%, 3) is% units to the left of the vertical axis and 3 units
above the horizontal axis.

(%1, —;51) is%1 units to the right of the vertical axis and % units
below the horizontal axis.

(— 5, —%) is 5 units to the left of the vertical axis and % units
below the horizontal axis.

(—3, —5) is 3 units to the left of the vertical axis and

5 units below the horizonta axis.

(%, %) isf’1 units to the right of the vertical axis and % units
above the horizontal axis.

(3, —2) is3 units to the right of the vertical axis and
2 units below the horizontal axis.

12. Point Position Coordinates
A L left, 2 below (-2 -2)
B 5 right, 1 above 5,1
C O right or left, (0,4
4 gbove

61



62 Chapter 3  Graphs and Functions
14. 16.
8T 6.7
6+ (4,6)
ol
24
(CX]
R e
20. Y 22. Point 10 units right of y-axis and 24. Point 4 units right of y-axis and 6
‘ (0,0) 4 units below x-axis = (10, —4). units above x-axis = (4, 6).
-3 7'2 -1 8
(-2,-1)
Ll
(-1,-2)
-3+
(=3,-3)
26. Coordinates of point are equal in magnitude and opposite 28. Point is on negative y-axis 5 units from the
in sign and point is 7 units right of y-axis = (7, — 7). origin = (0, —5).
30. (4, —2) isin Quadrant V. 32. (3, 2) isin Quadrant I. 34. (—6.2,8.05) isin Quadrant II.
36. (X, y),x >0,y > 0isin 38. (10, y) isin Quadrant | or IV. 40. (x, —6) isin Quadrant Il or IV.
Quadrant |.
42. (x,y), xy < Oisin Quadrant Il or IV. 44,
g
K]
73
25
E
FESFE
Time (in years)
46. 48. (—3, 5) shifted 6 units right and 3 units down = (3, 2)
gé (—1, 2) shifted 6 units right and 3 units down = (5, — 1)
[=2]
% % (=3, —1) shifted 6 units right and 3 units down = (3, —4)
B g (=5, 2) shifted 6 units right and 3 units down = (1, —1)

50 55 60 65 70
Speed (in miles per hour)

The relationship between x and y is as the value of x
increases the value of y decreases.
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50. ) 52.
X -6 | -3 1|0 2|10 X -2 0 214 |6
=5x—-1| —-11| —-1|9| 19| 29
y=%-3|-%|-%|-3|3| y
y
y
30T ® (6,29)
16 (10,13) 2541
[ ]
2r 20+ o (4,19)
8+ 15+
‘L&Y o e
(_3 _'E). \(O'—%l) o 3-2-1 ](0,-1) 4567 §
25; ° (-2,-11)
( 6 —3) ° -8 ° a8
54.
X =210 2 4 6
y=4&+x—-2|12 | —2| 16 | 66 | 148
Keystrokes: 4 (XT.0)2)(®)(X..0)(=) 2 (GRAPH]
56. y? —4x =8
@ (0,6) (b) (4,2 © (-1,3 (d) (7,6
2 2 2 2
62 — 4(0) = 8 22— 4—-4) =8 FP-4-1)=8 6% — 47) =8
2 2 2 2
36-0=8 4+16=8 9+4=28 36—-28=8
36 # 8 20# 8 13+# 8 8=28
Not a solution Not a solution Not a solution Solution

58. 5x — 2y + 50 = 0
@ (~10,0)
5(—10) — 2(0) + 50 2 0
—-50 -0+ 50 z 0
0=0
Solution
(©) (0,25)
5(0) — 2(25) + 50 2 0
0 - 50+ 50 Z 0
0=0
Solution

(b) (5,5
5(~5) — 2(5) + 50 2 0
~25-10+5020
15 # 0
Not a solution
(d) (20, —2)
5(20) — 2(~2) + 50 2 0
100+4+5020
154 # 0

Not a solution
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60. y = §X -2
(@ (0,0 (b) (8,3
25 254 _
o—g(o)fz 3—8(8) 2
? ?
0=0-2 3=5-2
0+ -2 3=3
Not a solution Solution
(C) (16, _7) (d) (—g, 3)
7 25 6) — 2 °
“7= 416 - ? 5( 8>
3=—|—=)—-2
? 8\ 5
-7£10-2 R
748 3=-1-2
Not a solution 83# -3
Not a solution

62. d=|1— §| 64. d = |130 — (—120)| 66. d = |[—10 — 1|
= |-7 = |130 + 120] = |-11|
=7 = |250] =1

Y = 250 Y
289 @ y 2 .,(%1) .
E 6 14 < E 1 2
: 4 -150 —5:0 50 150 X -4 E
: 1 -6+ !
b S . B
-2,1)e -120, -2 130, -2 !
—t X ( = ( ) -10 ¢ (% —10)
-6 -4 -2 2 4l
Vertical line 5t Vertical line
Horizontal line
68. d=|% - X
sl
=[5 ol
-5 3t
. . 2"(1,1) (g 1)
Horizontal line AL 28
:1 2 3 4:1 5 6 *

70. d= V(5- 8?2+ (2 — 32 72.d= V(15 - 32 + (5 — 10)? 74.d=J(0-22+[-5- (-9
= V(=37 + (17 = V(127 + (-57 = V(=27 + (3P
- J9r1 = /144 + 25 =V4+9
= /10 = /169 = /13

=13
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76. d= J[10 — (—5)]2 + (-3 — 42 78.d—\/<§—;>2+(2—1)2
= /(10 + 52+ (-3 - 42 >z
= Vg + (77 VAR,
- VBB = /I+1
= V274 =2
80. |} L =V0-22+(9-22=J4+49= 53

d
d=V(2-92+(2-42=J49+4= 53
ds (0— 92+ (9 — 42= /8L + 25= /106
©9 (vB3)" + (VB3)" = (v108)°
53 + 53=? 106
10 106 = 106

ol

d=V(-4-32+(3-52=J49+4= /53
d=V@-52+[5- (2P =V4+49= 53
dy= V(-4 -52+[3- (-2P = V8L +25= /106
(V&) + (vB3)* £ (108
53 + 53 2 106
106 = 106

By Pythagorean Theorem, it is aright triangle.

84. d=V(-1-22+(6-42=V(-32+22=/9+4= /13
d=V[-3-(-D)P+ (1-62=V(-22+(-52= 4+ 25= 29
d=V(-3-22+ (1 -42=V(-52+(-3?2=/25+9= /34
V13 + /29 # /34 Not collinear

86. d=v(1 - 22+ (1—-42=V(-12+ (-32=J/1+9= /10
d=+V(0—-12+(-2—-12=V(-1?2+ (-32=V1+9= /10
d=V(0-22+(-2-42=V(-2?%+(-6?2= V4 + 36 = /40 =2/10
V10 + /10 = 2/10 Collinear

88. d=V[-1—-(-5P+[4—- (2P = V4 +62= /16 + 36 = /52 = 2./13
d=V[3-(-D)P+(-1-42=V&#+ (-52= /16 +25= /41
d=V[B-(-5P+[-1-(-2P=Ve+12= 64+ 1= .65
P=2/13 + V41 + /65~ 2168
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_(=3+7 -2+2\_[(40)|_ 2+97+(—1)>_(£6)_<£>
0. - (77252 (49 g oo~ (250 7F ) (1) u
y y
61 10+
4 @2 8+ (27)
21 64
4—0—7.4¢—>x 2l
-4 ./2 (200 6 8 .1
(=3,-2]
el
94,
X 0 1 2 3 4
y = 15x + 600 | 600 | 615 | 630 | 645 | 660
y = 15(0) + 600 y = 15(1) + 600 y = 15(2) + 600 y = 15(3) + 600 y = 15(4) + 600
= 0 + 600 = 15 + 600 = 30 + 600 = 45 + 600 = 60 + 600
= 600 = 615 = 630 = 645 = 660

The employee’s weekly pay is at least $600, and increases $15 for every overtime hour.

9. d= V= x)+ (Y, = y,)?
let (x5, y,) = (12, 18) and (x,, ¥,) = (50, 42)
d= (50 — 12)2 + (42 — 18)2
Y
= /1444 + 576
= /2020 = 2./505 ~ 44.94 yards

100. let (x4, y;) = (2000, $12,494) and
(2002, $19,597)
Y1 YZ)

(in yz) =
, t X2

Midpoint = (

<2000 + 2002

<4O
2
= (2001, 16,045.5)
Revenue in 2001 is $16,045.5 million.

12,494 + 19,597)
2

32, 091>

104. (—3, 4) isnot asolution point of y = 4x + 15 because

4+ 4-3)+ 15
4+3

98.

102.

There is a strong relationship between the temperature
outside and the amount of natural gas used. The relation-
ship is the lower the temperature the more natural gas
used. A family can expect to use about 500 cubic feet of
natural gasif the tempertaure is 45°.

The x-coordinate measures the distance from the y-axis
to the point. The y-coordinate measures the distance
from the x-axis to the point.

106. The Pythagorean Theorem states that, for aright triangle
with hypotenuse ¢ and sides a and b, a2 + b? = ¢
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108. Y When the sign of the y-coordinate is changed, the point
8t is on the opposite side of the x-axis as the original point.
(-35 e j: @3
ey °
Staz | e46 b
L& e
3-5e | (7.-3)
_8..
Section 3.2  Graphs of Equations
2.y=2+x 4. y=x?
Matches graph (b) Matches graph (a)
8 X -2 -1 0 1 2
y=-2x| 4 2 0 -2 —4
Solution | (=2,4) | (-1,2) | (0,0) | (1, —2) | (2,—4)

10. X -2 -1 0 1 2
y=x—-7] -9 -8 -7 -6 -5
Solution (=2,-9) | (-1,-8) | (0,=7) | (1,-6) | (2,—5)

12. x—y= -2

—y=-3&-2

y=3x+2
X -2 -1 0 1 2
y=3+2| -4 -1 2 5 8
Solution (=2,-4) | (-1,-1) | 0,2) | (1,5 | (2,98

14. 2y +5x =6

2y=-5x+6

y= fgx + 3
X -2 -1 0 1 2
y=-+3|8 55 3 05 -2
Solution (-2,8) | (-1,55) | (0,3) | (1,05) | (2,-2)

6.y =[x
Matches graph (c)

Graphs of Equations
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16. X -2 -1 0 1 2
s
y =X 4 1 0 1 4 4t
Solution | (-2,4) | (-1,1) | (0,0) | (1, 1) | (2,4) °T
51
i
g —;
oy
18.
X -2 -1 0 1 2 o1
y=4—-x2|0 3 4 3 0
Solution (=2,0) | (-1,3) | 0,4) | (1,3) | (2,0)
20. X +x+y=0
y: X2 — X 5T
a1
X -2 -1 0 1 2 T
21
y=x2—-Xx|6 2 0 0 2
Solution (-2,6) | (-=1,2) | 0,0) | (1,0) | (2,2 P —
oy
2. R%+3x-y=4
—y=-x-3+4
y=x2+3-4
X -2 -1 0 1 2
y=x+3—-4| -6 -6 -4 0 6
Solution (-2,-6) | (-1,-6) | (0,—4) | (1LLO) | (2,6)
24 X -2 -1 0 1 2
51
y=—Ix | -2 -1 0 -1 -2 14
Solution | (-2,-2) | (-1,-1) | 0,0 | (1,-1) | (2,-2) P
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Section 3.2
y
26. X -2 -1 0 1 2
y=1|x-1]1 0 -1 0 1
Solution (-2,1) | (=10 | (0,-1) | (1L,O | (21
24
34
y
28. X -2 -1 0 1 2
ol
y=1[x—-1|3 2 1 0 1 31
Solution (-23 | (-1,2 | 0,1 | 10 | 21 U
— X
-2 -1 1 2 4
717
24
30. y
X -2 -1 0 1 2
y=—-x3|8 1 0 -1 -8
Solution | (—2,8) | (-1,1) | (0,0) | (1,-1) | (2, —8)
32.y=4-3x 3. y=3x+15
y-intercept: y = 4 — 3(0) y-intercept: y = 3(0) + 15
y=4 (0,4 y =15 (0, 15)
x-intercept: 0= 4 — 3x x-intercept: 0 =3x + 15
—4=—-3x (g,o> ~15 = i
—4 —20=X (—20,0)
— =X
-3
2 _x
3

36. 3 — 2y = 12
y-intercept: 3(0) — 2y = 12

0-2y=12
—2y=12
y=-6
x-intercept: 3x — 2(0) = 12
x—-0=12
x=-12
X=—4

(0, —6)

(=4,0)

38.2x+3 —-8=0
y-intercept: 2(0) + 3y —8=10

(4,0
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40. y=|x + 4
y-intercept: y = [0| + 4
y=4 (04
x-intercept: 0= |x| + 4
4=

None

4. y=|x+3 -1
y-intercept: y = [0+ 3| — 1
y=3-1
y=2 (0,2

x-intercept: 0= |[x+ 3] -1

1=|x+ 3
1=x+3 or

—-2=X

46. 3x—y+9=0
Estimate: y-intercept = 9

x-intercept = —3

48. y = —x% + 4x
Estimate: y-intercept =~ 0
x-intercepts = 0, 4

50. x=3
Estimate: no y-intercept

x-intercept = 3

42. y=|x — 4
y-intercept: y = |0 — 4|
y=4 (04
x-intercept: 0 = |x — 4]
0=x—-4
4=x (4,0

x+3=-1
x=-4 (-20,(-40

Check: 3(0) —y+9=0

y=9 0,9
3X—0+9=0
3x=-9

x=-3 (—=3,0

Check: y= —0%+ 4(0)
=0 (0,0)
0= —x2+ 4x
0= —x(x—4)
0=—x x—4=0
0=x x=4
(0,0, (4,0

Check: x# 0
x=3 (3,0
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52.

56.

58.

y=5x—20

Keystrokes: 5 (=) 20 (GRAPH
Estimate: y-intercept = — 20, x-intercept =~ 4
Check: y = 5(0) — 20

y=-20

Check: 0=5x—-20

20 = 5x
4 =X

Ly=Kx+2(x-23
Keystrokes: [Y=]) (0 XT.0) (712 ) (Q XT.6) (&) 3 0) (GRAPH
Estimate: y-intercept =~ — 6, x-intercepts =~ —2, 3

Check: y=(0+ 2)(0-23)

y=-6

Check: 0= (x+ 2)(x — 3)
X=-2 x=3
(=2,0),(3,0

y=|2x—-4+1

Keystrokes: [Y=] (ABS 2 (XT.0) (&) 4 1 [GRAPH
Estimate: y-intercept = 5, no x-intercepts
Check: y = |2(0) — 4| + 1

y=4+1

y=5 (059
Check: O0=|2x—4|+1
—1=|2x - 4|

None

y=x—3
y=0-3
y=-3 (0-3
0=x-3

3=x (3,0
y=1-3
y=-2 (1-2

60.

24

12

-8

16

12

y=—-4+38
0=—-4x+38
4x =

x=2 (20
y=—-40 +8
y=0+8
y=8 (0,9
y=—-41) + 8
y=-4+38

y=4 (14

-4

NOA O ®
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62. y-—2x=—4

0—2x=-4
—2x= —4
X=2
y—20) =—-4
y—-0=-4
y=—4
y—2(1)=-4
y—2=-4
y=-2

66. 5x—y=10

50) —y=10
0-y=10
-y=10
y=—-10
5x — (0) = 10
5x = 10
X=2
51) —y=10
5-y=10
—y=5
y=-5
70.y=x2-4
y=0-4
=-4 (0,—9
y=x2-4
0=x2—-4
4=x2
+2=X

(2,0
(0, —4)
(1’ _2)
y
it e,
5 4 =2 4 6 8
2
“Tda-5
Tlfa
(0, —10) .
-0 (0, -10)
=12,
(2,0
(17 - 5)

0,-4)
54

64. 3x+ 4y =12
3(0) + 4y =12
0+4y=12
4y = 12
y=3

3x + 4(0) = 12
X+ 0=12
X =12
X=4

31 +4y =12
3+4y=12
4 =9
y=2 (13

(4,0

68. y=9—-x
0=9-x
x=9
x=3 or
y=9-0
y=9

X=-3

72. y = —x(x + 4)

y=—(0)(0+4)
y=0

0= —x(x+ 4
x=0 or x=—-4
y=-(-2(-2+4
y =202

y=4

(3,0) or (—3,0)

©,9

(0,0

(0,0),(—4,0

(=2,4)
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74.

78.

82.

y=I[x +2
y=|-1+2
y=1+2
y=3 (=13
y=10] +2
y=0+2
y=2 (0,2
y=1[1 +2
y=1+2
y=3 (13
y=1[X+|x-2

y=10] + [0 - 2|

y=0+|-2|
y=0+2
y=2 (0,2
y=1[1+1-2|
y=1+|-1
y=1+1
y=2 (12
y=1[3[+3-2|
y=3+|1]
y=3+1
y=4 (34
0<ts<10

(0, 55,000), (10, 10,000)

- _ 55,000 — 10,000 _ 45,000 _

©.2)

@2

(CXD)

+ +
-2 -1

-1+

0-10
y = —4500t + 55,000

y

Value (in dollars)
g8 88
Q Q 9 9
8 8 8 8

5 B
S 9
8 8

2 4 6 8 10
Time (in years)

—10

= —4500

76.

80.

84.

y=|x—3|
0=|x—3
x=3 (30
y=10-3|
y=1-3|
y=3 (03
y=16-3
y = 3]
y=3 (69
y = 20,000 — 3000t y
y = 20,000 — 3000(0) o 20000
©
y=20000 (0,20000) g B
y = 20,000 — 3000(6) g 0%
y = 2000 (6, 2000) S 00
1 2 3 45 6 !
Time (in years)
€) 2
g 1200
E ;ﬁ 1100
=)
= 3F o0

t
3456780910

Year (3 — 1993)

(b) The model is a good representation of the data
because the data points differ only dlightly from
the model.

(©) A= 402t + 775
A = 40.2(15) + 775
A = 603 + 775
A = $1378 billion
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88. There are an infinite number of solution points that make

86. y
‘/ up thegraphof y = 2x — 1.
3+

X

B IR

When the expression for y is
multiplied by — 1, the graph
is reflected in the x-axis.

Additional Example: y = x?
andy = —x2

90. To find the x-intercepts, let y = 0 and solve the equation for x. To find the y-intercepts, let X = 0 and solve the equation for y.

Example: xX—y=4
2Xx—0=4 20)—y=14
2xX=4 -y=4
x=2 (20 y=—4(0,—4)
x-intercept y-intercept

Section 3.3  Slope and Graphs of Linear Equations

2. (0,5) and (4, 3) 4. (2,0)and (3,4)
_3-5_-2_-1 :74_0:424
4-0 4 2 3-2 1

6. (0,5) and (3, 5) 8.(@m=-30 L,

5-5 0 (b) misundefined O L,
Mm=3-073 °
(om=20 L,
-4-0_-4_4 . ~1-0 1 .
10.m—_3_0—_—3—3 Linerises. 12.m—_2_0—_2 Linefalls.
y y
4l
0,0
+ + X 3+
-4 3 =2 -1 1
2
21
i
-2 L NU009
4 -4 3 2 -1 -2
(-3,-4) 1t
-4+ Py




Section 3.3 Slope and Graphs of Linear Equations 75

-5—-1 -6 L 2—-2 0 S .
14. m= e —_3—2 Linerises. 16. m7—9—27—1170 Lineis horizontal.
y y
1 7,1 T
1 - .( y oI
12 3 458 f71 0 T
41 (9,2 41 9.2
2T R RS
-3 o | 4 s
-4 -4 4
(4,-5) 1
sl
84
-6 1 J
84 4 . o Z-(-1) 6 4+6 10 2
18. m= ———= = — = undefined Lineisvertical. =8 .= = === i i
—3-(-3 0 20. m 3_% 6 18-3 15 3 Line rises.
y y
10 34
(-3.8)¢ 8+ 2l

6T 1+ (:Ty
(-3,4) 4+ bt bt X

— —+— x 22 (% '])
-8 -6 -4 |2 2 4
24 -3
i-(-3) 144 1 1 8 1-0 1
2. m=: S =2 Z-_ -, =+=- Linerises 24. m=———— == = undefined Lineisvertical.
§-(-3) §+3 3+% ¥ W 84-34 0
y y
2 3+
24
1 (5 Y 1 G4
82 . . Jeao
4)7’/ BN IR G
4 -2
(_%’_%) -1+ -34
26. 4
X -1 0 1
34
/ y=3&+2| -1 2 5
240,2)
| Solution (-1,-1) | (0,2) | (1,5
S .
1,-1¢ -14
5—-2 3
m=1_—0-1 3
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28.

32.

38.

X -1 0 1
y=x—5| -5 -5 —4
Solution | (—1,-53) | (0, -5) | (1, —43)

1-0

Let x = O, solvefory:

=y—i—5
2 1

2=y+5
(01_3)

_ & (-5 17 20

4

3
4 4

y — 20
y—20

-30=y—-20
-10=y

Let x = 1, solvefory:

_y+5
2="73

4=y+5
_1:y
1 -1

T 2-(-3

30. Y

X -1 0 1
y=x-4|-5 —4 -2
Solution | (—=1,-5%) | (0,-4) | (1, —2})
X—2y=28
—2y=-3x+38
3
y=x-4
“%-(-4_ 5 .8_3
1-0 2 2 2
y—3 . .
36. X—(=4) is not possible.
x+4=0
Vertical line:
(=4,1),(-4,2),(—4,3)
Any point with an x-coordinate of —4.
_3__Y—6
40. -3 x— (=2
Let x = —1, solvefory: Let x = 0O, solvefory:
_4_Y—6 _3_Y—6
3= 3 2
-3=y—-6 -6=y—-6
3=y 0=y
(-1,3) (0,0
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42.

46.

50.

58.

3 y—-1

4 x+1

Let x = 3, solvefory:

_3_y-1
4 4
-3=y-1
_2:y
(3!_2)
3x—2y=-10
—2y=-3x-10
y:gx+5
a3y 2
2773
6x = -9y + 4
9y =—6x+ 4
¥ _ x4
9 9 9
2 4
-
Ix + 8y = -1
8y=—-4x-1
y=-—3
y=-X-3
m=-%(0,-3)
X—y—5=0
-y=-x+5
y=x—-5

slope = 1 y-intercept = —

Let x = 7, solvefor y:

_3_y-1
4 8
-6=y—-1
_5:y
(7,-5

44. 2x + 4y = 16

4y = —-2x+ 16
y=—%x+4
y=—3x+4

48. 8x—6y+1=0

—6y=-8&-1
y=5+3
52. y=4—-2x
m= -2
(0,4)

56. By — 5x + 18 = 0

6y = 5x — 18
y=¢x—3
m= g (0 -3)
60. x—y=0
—y=—x
y =X

slope = 1 y-intercept = 0
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62. x—2y—2=0
—2y=-—-x+2
y=%x—1

slope = % y-intercept = —1

66. 0.5x + 0.6y —3 =0
0.6y = —05x + 3

y=fgx+5

5
slope = 5

y-intercept = 5

@2

X

T
Locate a second point with the slope of 0.

Lineis horizontal.

64. 8x+6y—3=0

6y = —8x + 3
8 3
Y776 6
.
=732

do e——ﬂ -interc t—1

68.

Locate a second point with the slope of g

3 _ changeiny
2 changeinx

72. 3X+5y+15=0
300)+5y+15=0
5y = —15
y=-3 (0,-3
3x—-50) —-15=0
3x=-15
x=-5 (=50
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74, 3x—5y—-15=0
3000 -5y—15=0
—by=15

y=-3 (0,-3
3x—50) —15=0

3x =15
x=5 (5, 0)
y
24
Sl

B : 5
24
©,-3)

AT

78. Li:y= —%x— 5

L, y=§x+1

2 3
mlz—éandmzzi

m, -+ m, = — 1 so the lines are perpendicular.

—2-2_-4_

82. L m =031~

1

m=_-1-0_-1__
Limy=—o—p =7 = -1

m, - m, = —1 so the lines are perpendicular.

86.

80. Li: m =

76. L:y=3x—2

Lyy=3+1
m, =3andm,=3
m, = m, so thelines are parallel.

3-4 -1 1

-2-3 -5 5

-1-(-3 2
Lim =5 27!

m, # m,nor m; - m, = — 1 so the lines are neither
paralel nor perpendicular.

1_4
"10 X
X = 40 feet

c= V4% + 40? = /1616 = 4/101 =~ 40.2 feet
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88. (@) y = 8000 + 600(0) y = 8000 + 600(1) y = 8000 + 600(2)
= 8000 + O — 8000 + 600 — 8000 + 1200
= $8,000 = $8,600 = $9,200

y = 8000 + 600(3) y = 8000 + 600(4) y = 8000 + 600(5)
— 8000 + 1800 — 8000 + 2400 — 8000 + 3000
= $9,800 — $10,400 = $11,000

t|o 1 2 3 4 5

y | $8,000 | $8,600 | $9,200 | $9,800 | $10,400 | $11,000

® | ~ $11,000 — $8,000
g 1400 (c) averagerate of change = 50
§ g 12,000 3,000
‘% g 10,000 = ?
< = $600
1 2 3 45 k
Time (in years)

90. Yes, any pair of points on aline can be used to calculate the slope of the line. When different pairs of points are selected,
the change in y and the change in x are the lengths of the sides of similar triangles. Corresponding sides of similar triangles

are proportional.

92. Theline with slope — 3 is steeper. There is a vertical change of 3 units for each 1 unit change in x. The slope 3/2 means that
there is a vertical change of 3 units for every 2 unit changein x.

94. The x-coordinate of the x-intercept is the same as the solution of the equation wheny = 0.

Section 3.4  Equations of Lines

2.y:§x—2 4. y=-3x+2
Matches graph (d) Matches graph (c)
4 Y—5 2_y-9 1 _y=-@/2
6 4_x—(—l) 8 3 x-—6 10. 6 x— (-2
—4x+1)=y—-5 2x—6)=3(y—9 X+2=—6<y—g>
_Ax—4=y—5 2x — 12 = 3y — 27
_ X+2=-6y+9
“xtl=y 2x—3y:—150ry:§x+5 17
x+6y=7ory=—éx+g
12.y - 0=1x—0) 14,y — 5=2(x - 0) 16.y — (—8) = 5(x - 0)
y = X y — 5= 2x y+8=2x

y=2x+5 y=5%x-8
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—(-1) =3(x — 2
18y — (-1 = 3(x — 4) 20y~ (-8 = ~5x—6) 22.y—<—§):1(x—1)
y+1=3x—-4)
2
y+1=23x—-12 y+8=—§(x—6) y+g=1(x—1)
y=3x— 13 )
=-= 5
y+8= 3x+4 y=x-2
y:—gx—4
24.y—5=—Fx— (-3 26.y—5=0x+8 or
y-3=—8x+3) y-5=0
y_%:_%x_l y:5
y=—5-z
- 2078 _0-(-2 _2_
BM=30 "3 o.m=2"t2_2_
y_oz_%(x_o) y— (-2 =1x-0
y+2=Xx
y:—gX X_y_2:O
3y = —5X
5x + 3y =0
_1-6__5 (-8 -(-3 -6+3 -3
SR EE I FMT Ty (2T ar2 2
S 3
y-6=-5x-2 =3
> 3
y=6= X *5 y = (-3 =[x~ (-2
2y — 12 = —5x + 10 y+3=%x+3
5K+ 2y —22=0
2y +6=3x+6
X—-2y=0
I_1 6 2 3 5
3”8 _3_2 -E-f -2 -1 4
36. m s 3 __3_ 38 m=~-5 5 __"5 _—4_ %
4mn s s G I R S ST
Ly 3 4
Y=g =g (7] y—g= X~ (=4
_1_2 .2 3 4 16
Y73TE T Y757 19" 19
15y — 5= 6x + 6 95y — 57 = —20x — 80

6x — 15y + 11 =0 20x + 95y + 23 =0
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23—-(—8) 103 103 —-34-06 -4 1
e 2. m=—"—"—=—=-=
40.m=""g""> 4~ 40 3-(-5 8 2
103 N
y - (_8)_TO(X_2) y—06= 2[X (=5)]
103x _ 103 6 _ 1
VP8 "0 "0 TR L
40y + 320 = 103x — 206 3_ 15
103x — 40y — 526 = 0 5 2 2
3 1 5
10<y - 5) = 10(—2x - 2)

10y — 6= —5x — 25
5% + 10y + 19 = 0

~0-10 -10 _3-(-3 _3+3_6_3
“m=Fg—5="5 ~ 2 M= e 4+6 10 5
y=10=-2(x—0) y73:g(x74)
y— 10 = —2x
3 1
y=—-2x+10 y—3 A
=343
Y=g "5

48. x = 2 because every
x-coordinate is 2.

50. y = 6 because every
y-coordinate is 6.

54. x + 6y = 12
By = —x+ 12

—lx + 2 dope= 1

Y= 7% 6

@y-4=-3x+3)

101
y—4——6X—§
- L7
Y= 76872
24 dope— -3 (@ y—(—4) = —(x— 6)
56. 3x + 10y = 24 ope——E 10
10y = —3x + 24 _ 3.9
y+4 10X+5
_ 3 . u
Y= 710" 10 yo—3x42
10" "5
3 1n
yo -3, 4

52. y = 4 because both points
have a y-coordinate of 4.

(byy—4=6(x+23
y—4=6x+18

y =6x+ 22
10
(b) y— (-4 =Z(x—6)
y+4=1f3?x720
20 10
5 y—gx—24
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58. 2x + 5y — 12 =10

By = —2x + 12
=—gx+1—2 sloe=—g
y="gXtg Sop 5
2 5
@y~ (~10) = ~2x ~ (-] ® y - (-10) = 3[x— (-5)]
2 5
y+10=—g(x+5) y+10=§(x+5)
y+10:—§X—2 y+1O:gx+2—25
2 5 25 20
y:—gx—lz y=§x+7—?
5 5
y:§X+E
60. —5x+4y =0
5 5
Zx—y slope—z
9 5/ 5 9 4 5
@y-3-5x-3 ®y-3--gx-3)
9.5 2 9_ a1
Y7474 Y7427 7573
5 25 72 4 2 9
=242 = —2x+Z4+ 3
Y= " R
- 4.4
Y= "3 Y=75%"7
62. x— 10 =0

x =10 The dopeis undefined because the lineis vertical.

@ x=3 © y=-4
x—3=0 y+4=0
X Y _ IR
64 —c+5=1 66._§+74 1
X y 3
_6+§:1
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10-5 5
68.m—ﬂ—§ 70. m

_ 250,002 - ;50,000 _ 10°é°°° — 50,000

S — 250,000 = 50,000(t — 5)

S
5 205
C-5= 9F ~ 9
5 205 45
C=gF "9ty
5 160
C=9F "7
5 160
C 9(72) 9
160
C =140 - 9
C= 222
159 — 142 17
72. m77100*50 7%70.34
C — 142 = 0.34(x — 50)
C — 142 = 0.34x — 17
C =0.34x + 125
The sales representative is reimbursed $0.34 per mile.
74. (a) C = 0.35x + 150
(b) 3 C = 0.35(230) + 150
C =805+ 150
C = $230.50
0
150
estimate = $230.50
(c) estimate 143 miles 200 = 0.35x + 150
50 = 0.35x
50 _
0.35
142.857 = x
143 = xmiles

76. (a) (0, $27,500) (5, $12,000)

12,000 — 27,500 ~ —15500
= o = & = 3100

V — 27,500 = —3100(t — 0)
V = —3100t + 27,500

— 250,000 = 50,000t — 250,000

S = 50,000t
S = 50,000(6)
S = $300,000

(b) V = —3100(2) + 27,500
V = —6200 + 27,500
V = $21,300
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78. (a) (0.80, 6000) (1, 4000)

6000 — 4000 2000
= 080100  —o0z20 1000

X — 4000 = —10,000(p — 1)
X — 4000 = —10,000p + 10,000

(©

x = —10,000p + 14,000

x = —10,000(0.90) + 14,000

= —9000 + 14,000

x = 5000

Thus, if the price is $0.90, the demand will be 5000 cans.

80. (a) and (b) y

100
80 e

60

Average test score

20

X
4 8 12 16 20

Average quiz score

(d) y=4(17) + 19 = 68 + 19 = 87

2—-6 -4 1
M= 0" 12" 3
y-6= 360
y—6:—%x
3y —18= —x
y+x—18=0
(@ 6 —6=—2x (b) 5—-6=—2x
0=—§X —1=—§X
0=x 3=x
1 1
(d)3—6——§ (e)2—6——§x
1
—3——§x —4——§x
9 =X 12 =x

(b) x = —10,000(1.10) + 14,000
x = —11,000 + 14,000
X = 3000

Thus, if the price is $1.10, the demand
will be 3000 cans.

(c) Answerswill vary.
Two points taken from the “best-fitting” line
sketched in part (b) are (12, 67) and (20, 99).

_99-67_32_

M=%2-12"8
y — 67 = 4(x — 12)
y — 67 =4x — 48

y=4x+ 19

Distance from
the tall end

Heightof block | 6 | 5| 4| 3| 2

() 4—6=—3x
—2=—%x
6=x

84. Yes. When different pairs of points are selected, the change in y and the change in x are the lengths of the sides of similar
triangles. Corresponding sides of similar triangles are proportional .

86. Intheequationy = 3x + 5, 3isthe dope and 5 is the y-intercept.
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Section 3.5 Graphsof Linear Inequalities

2.x+y<3
"
@0+6<3
6«3

(0, 6) is not a solution.

©0+ (-2 23
-2<3

(0, —2) isasolution.

4, —3x+ 5y =26
@ —3(2) + 58 26
—6+40%6
4>6
(2, 8) isasolution.
(© —3(0) + 5(0) 2 6
0+0%6
0#6

(0, 0) is not a solution.

6. y<35x+7
@52 —35(1) +7
52 _35+7
5435

(1, 5) is not a solution.

2
(© 4 < —35-1) +7
2
4 < —-35+7
4 < 105

(—1, 4) isasolution.

8. y=|x— 3
2
(@ 03 [0- 3
?
02 |-3
023

(0, 0) is not a solution.

?
(© 10 2 |4 - 3|
?
10 £ |1
1021

(4, 10) is a solution.

b 4+023
4 ¢ 3

(4, 0) is not a solution.
d1+1 Z 3
2<3

(1, 1) isasolution.

m)—a—m)+a—$§6
30— 15 ; 6
1526
(—10, —3) isasolution.
d —3(-3) +503) %6
-9+ 15 g 6
6=>6

(3, 3) isasolution.

(b) —12 —356) +7
-1 Z =175+ 7
-1+« —105
(5, —1) is not a solution.

@ %2 350 +7

<7

0, %) is asolution.

4
3
5
340+7
4
3
?
(b) 22 |1- 3]
2
23 |-2
2=22
(1, 2) isasolution.
?
d -131[5-3
?
-12 |2
122

(5, —1) is not a solution.
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10. x < —2;(a)
16. x < —3
y
1
| 2r
1 W1
1
S
1 19
1 Ll
1
2. y>x+6
y
8-.
6
e
7
7
’
/ 27
4
-8 ,-. -4 -2
28.3x+y<9
ys —=3&+9
y
10
8
6
4
2

34. 0.25x — 0.75y > 6
25x — 75y > 600

—75y > —25x + 600

1
y<=-x—28
3
y
10
54
. N
et
-5 5 .- >
51 -
-
e
-
P
-15
504

12. 3x — 2y > 0; ()

14. x+y< 4 ()

18.y>2 20. y < 2x
y y
4T 2
3+ 4
N L T s
S 1 s s
14 -2
24, y<1-—x

30. 3x+ 5y < 15

32.2x—2y=28+2

Sy < —3x + 15
y< —3x+3
y
6
54
w.
2-
q4k
T
-2-1 | 123 45
=24
2
B.y—-2< —é(x—S)
2
_ = —=x +
y—2 3x 2
2
= x+4
y
8+
~
N 64
~
NL
~
2+ N
1 I\I 1
-4 -2 2 4 6~
2l .
—l

—4y > —2x+ 8
y<ix—2
y
i
} ——+ /. x
-1 1 2 4 5
1l
-
X L
st
Xy
38. > + 62 1
3X+y=6
yz—-3x+6
y
\
4
24
B e
X 2T
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40. y < 9 - 3x 42 y=ix+3
Keystrokes: Keystrokes:
(OrRAW] 7 ([0 —10,9 (&) 1.5 X.T,6) 0] [ENTER Y=1XT6) (]4(+)3
10 (DRAW] 7 (J [Y-VARS] 1 1 (:J10 (O] [ENTER]

10
-10 l 10
-10

4. 2x + 4y —3<0 46. x—3y+9=20
dy< —2x+3 —3y=-x—-9
y< —3x+3 y<ix+3
V=10 X1 =234 (0RAW) 7 (O — 10, (X.1,6) () 3(*) 3 0] [ENTER)
(ORAW] 7 (J (<)) 10 (J [\-VARS] 1 1 (O] [ENTER] 0

10

%.m:%=%=1 50. X < 2 52.m=_11__00=_i1=—1
y—-2<1x—-0) y—-0< —1x—-0)
y—2<Xx y < —X

y<x+2 X+y<0
-X+y<?2
54. P=2x + 2y 56. 15x + 6y < 2000
2x + 2y = 100 6y < —15x + 2000
x+ y= 50 ys—%er%
y = —X + 50 y< —3x+ 190
(Note: x and y cannot be negative.) (Note: x and y cannot be negative.)
Keystrokes: y
(=) (=) (XT.0) (+)50 %;‘j‘;:
[DRAW) 7 [(J (Y-VARS]1 1 (-] 100 (O] [ENTER] £ -
i
E ¢
z X

75 150 225 300
Number of desks
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Cost of Cost for Cost for
58. (a) Verbal Model: cheese | + | extra |+ | oo | <48
pizzas toppings
Labels: Cost of cheese pizzas = 3(9) = $27

Cost for extratoppings = 1.00x (dollars)
Cost for drinks = 1.50y (dollars)
Inequality: 27 + 1.00x + 1.50y < 48
1.00x + 1.50y < 21
Xx+1lby< 21
(Note: x and y cannot be negative.)

(b) ! (© (6,8

IN]
a

2
6+ 15(8) <21

Maximum heart rate

% 20 )
5 15 6+12<21
% 10 18 < 21 yes
2 s
5 10 15 20 25
Number of toppings
60. (a) 30x + 20y = 300 62. 6x + 5y = 120
(Note: x and y cannot be negative.) 5y = —6x + 120
20y = —30x + 300 y= —&+ 24

y 2 f%x+15

<

Units of food Y
vrooBREEES

X
2 4 6 8101214161820
Units of food X

xy): (2,12), (4,9), (8,3)

64. r = 0.75(220 — A)

r

240
192
144

%

(in beats per minute)

20 40 60 80 100
Age (inyears)

(Note: x and y cannot be negative.)

Here are some examples of ordered pairs that are solu-
tions. Note that there are other correct answers.

(5, 18), (10, 12), (15, 16)

y

(in hours)
5 &5 8 B

Time providing childcare
(9]

5 10 15 20 25

Time at candy store
(in hours)

. (X, yy) isasolution of alinear inequality in x and y means

the inequality is true when x,; and y, are substituted for x
and y respectively.
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68. Thesolution of x — y > 1 does not include the points on the line x — y = 1. The solution of x — y = 1 does include the
pointsonthelinex —y = 1.

70. On the real number line, the solution of x < 3 is an unbounded interval.

On arectangular coordinate system, the solution of x < 3 isahalf-plane.

Section 3.6 Relations and Functions

2. Domain = {3, 4,6, 8} 4. Domain = {—3}
Range = {—2, 3,5, 10} Range = {2, 5, 6}
y y
10+ e (3,10) (-3,6)e@ 6+
8T (-3,5) e 5+
6 s
ol e (4,5 5
2 *63 (3,2 @ 2+
t —t—t—t—t X 1t
-2 2 4 6 8 10 o §
6-2° 6 5 -4 3 2 -1

6. (8, 480), (10, 600), (7.5, 450), (4, 240) 8. (—1,-1),(0,0),(1,1),(28),(3,27), (4,64

10. (1981, Reagan), (1985, Reagan), (1989, G. Bush), (1993, Clinton), (1997, Clinton), (2001, G.W. Bush)

12. Yes, thisrelation is afunction because each element in the 14. No, thisrelation is not a function as 100 in the domain
domain is assigned exactly one element in the range. is paired with two numbers in the range (25 and 30).

16. Yes, thisrelation is a function as each number in the 18. Yes, thisrelation is a function because each element in the
domain is paired with exactly one number in the range. domain is assigned exactly one element in the range.

20. No, thisrelation is not afunction as 0 in the domain 22. Yes, thisrelation is afunction as each number in the
is paired with two numbers in the range (1 and 20) domain is paired with exactly one number in the range.

asis1(8and 15).

24. (3 No (b) Yes (c) No (d) Yes

26. X2 + 4y? = 16 28. ly—2|=x
? ?
02 + 4(2)2 < 16 |4—2/£2
16 = 16 2=2
? ?
0+ 4(—2)2 < 16 0-2[=2
16 = 16 2=2
Both (0, 2) and (0, —2) are solutions of X% + 4y? = 16 Both (2, 4) and (2, 0) are solutions of |y — 2| = x
which impliesy is not a function of x. which impliesy is not a function of x.

30. y = 3 — 8xrepresents y as afunction of x because there is one value of y associated with each value of x.

32. x — 9y + 3 = Orepresents y as a function of x because there is one value of y associated with each value of x.
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34. y = (x + 2)2 + 3represents y as a function of x because there is one value of y associated with each value of x.

36. f(x) = 6 — 2x 38. f(x) = V/x+ 8
(@ fR=6-28=6-6=0 (@ f(1)=/1+8=.9=3
(b) (-4 =6—-2—4)=6+8=14 (b) f(—4)=/-4+8=/4=2
(©) f(n)=6—2n (© f(hy=/h+8
(d fh-2=6—-2Nn—2)=6-2n+4=10—-2n (d fh-8=/h—-8+8=/h
2X
40. f(x)=x_7
_229 _ 4
@ f2)=5_"5=-¢
_2=-3 _ -6 _3
e e
2t
(© f(t):ﬁ
@ f(t+5):2(t+5) _2t+10

t+5-7 t—2

42. f(x) =3 —7x
@ f(-)=3-7-1)=3+7=10

TR REREAE

© fO +f(-2)=3—-71) +3—-7(-2)=3—-7t+3+14=—T7t+20
d) f(2t—3)=3—7(2t—3) =3 — 14t + 21 = 24 — 14t

44, h(x) = x2 — 2X
@ h2=2-22=4—-4=0
(b) h(0) =02 —-2(0) =0
© h1) —h(-4)=[12-21)]-[(-4?—2(-4)]=1-2-16—-8=-25
(d) h(4t) = (4t)2 — 2(4t) = 16t2 — 8t

46. h(x) = V/2x — 3
(8 h4) = V2@ = 3= /5
(b) h2) = V2(2) -3=JV1=1
(©) h(4n) = /2(4n) — 3= /8n— 3
(d) hin+2) =V2n+2) —3=/2n+4-3=/2n+1




92  Chapter 3 ~ Graphs and Functions

48. g(x) = 2Ix + 1| — 2

@ g(2):2|2+1|—2:2|3|—2:6—2:4

b g-1) =2-1+1 -2=2/0-2=0—-2= -2

(©) g(—4):2|—4+1|—2:2|—3|—2:6—2:4

(d) g3 +9(-5) =(23+1 -2 +(2]-5+1] -2
=24 -2+ (2]-4 -2
=8-2+8-2
=12

50. f(x) =

X+ 2
x—3

@ 1(-9=—3-3="75=5

30
(b)f<_§)= 2 " 2_-3+4_ 1
2 3 2 —-3-6 9
44+2 8+2 6 10
© f4) +1@) =, —5+g-3=7T5=-6+2=8
x—5+2 x-—3
@ f(X_5)_x—5—3_x—8
—X ifx<0
52 f(x)_{G—Sx,ifx> 0
@ f(0)=-0=0

3 3 3
o f(-3)--(-3)-3
(© f(4)=6-34)=6-12=—6
(d) f(=2) +f(25)=—(-2)+6—-325)=2+6—75=—67

X2 ifx <1
54. f(X)_{X2_3X+2,ifx2 1

(@ f()=12-31 +2=1-3+2=0

(b) f(-1)=(-172=1

(© f@Q=022-32+2=4-6+2=0

d f(=3)+f(3) =(—-32+1B)?-33)+2=9+9-9+2=11

56. f(x) =3x+ 4
fx+1) —f(1) _3x+1)+4-[31)+4] _3x+3+4-3-4 3

@ X X X YZS
by (x=5) —1(5) _3x—5 +4-[35) +4] _3x-15+4-19 330
®) X B X B X X

58. The domain of f(x) = 3x?2 — xisall real numbers x.
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60.

62.

66.

68.

72.

76.

80.

88.

s—2
(s— 6)(s— 10)
ands# 6ands — 10 # Oand s # 10.

The domain if g(s) =

isall rea numbers s such that s # 6, 10 because (s — 6)(s — 10) # O meanss — 6 # 0

The domain of f(x) = /2 — xisall rea numbers x such that x < 2 because2 — x > Omeans —x = —2and x < 2.

The domain of f(x) = |x + 3| isal real numbers x.

Domain: {—3,—1,2,5}
Range: {0, 3,4}

Domain: all real numbers suchthat s > 0

Range: all real numbers such that A > 0

Verbal Model: | Surface | = 6 -

Length of edge z

Labels: Surface = Sx)
Length of edge = x

Function: S(x) = 6x2

Verbal Model: | Distance| = | Rate| - | Time|

Labels: Distance = d(t)
Rate = 230
Time =t

Function: d(t) = 230t

. Verbal Model: | Distance| = | Rate| - [ Time]

Labels: Distance = d(s)
Rate = s
Time = 8
Function: d(s) = 8s

d(35) = 8(35) = 280 miles

(a) P(1600) = 50./1600 — 0.5(1600) — 500
= 50(40) — 800 — 500
= 2000 — 800 — 500
= $700

(b) P(2500) = 50./2500 — 0.5(2500) — 500
= 50(50) — 1250 — 500
= 2500 — 1250 — 500
= $750

. The domain of G(x) = /8 — 3xisall real numbers x such that x <

70.

74.

78.

82.

86.

90.

gbecause8 —3x=0means —3x = —8and x < %
Domain: {3, 1,3}
Range: {4,5,6, 7}
Domain: all real numberssuchthatr > 0
Range: al real numberssuchthat V > 0

.| Lengthof | Length of
Verbal Model: | jorona | = V2" | sice

Labels: Length of diagonal = L(x)
Length of side = x

Function: L = </2x

Verbal Model: | Distance| = | Rate| - | Time|

Labels: Distance = d(s)
Rate = s
Time = 4
Function: d(s) = 4s
Verbal Model: | Area | = | Side |- | Side |

Label:  Area= A(X)

Function: A(x) = (32 — 2x)(32 — 2x) = (32 — 2x)?
=2(16 — x) - 2(16 — X)
= 4(16 — X)?

W) = 12h, 0<hs40
18(h — 40) + 480,  h> 40

(8) W(30) = 12(30) = $360
W(40) = 12(40) = $480
W(45) = 18(45 — 40) + 480 = 90 + 480 = $570

W(50) = 18(50 — 40) + 480 = 180 + 480 = $660

(b) No. h < Oisnotinthedomain of W.



94  Chapter 3 Graphs and Functions

92. (1999) = 57,000,000 94. A relation is any set of ordered pairs. A function isa
relation in which no two ordered pairs have the same
57,000,000 students first component and different second components.
96. The domain is the set of inputs of the function and the 98. You can name the function (f, g, etc.), which is conve-
range is the set of outputs of the function. nient when more than one function is used in solving a

problem. The values of the independent and the depen-
dent variables are easily seen in function notation.

100. (a) Thisisnot a correct mathematical use of the word function.

(b) Thisis a correct mathematical use of the word function.

Section 3.7  Graphs of Functions

: : : :
— FA\A——x ‘3‘2\/3 !

2 4 1 \2 3 _— x
-1t ol %6 5 -4 -3 2 -1

Domain: —oo < X < oo Domain: —oo < X < X Domain: —oo < X < oo
Range. —oo <y < oo Range: [—1,00) or —1 <y < oo Range: [3,00) or 3 <y < oo
8 Y 10. 4 12 Y
4 44
6-
/ 2\ i
e —+—> X at
-4 3f2 - 1 2 2T
a4
Ll 1+ ——
44 14 -2 2 4 6
Domain: —oo < X < o0 Domain: 0 < x < oo Domain: (—oo, 4] or —co < x < 4
Range: [—0,2) or —co <y <2 Range. —co <y < 4 or (—oo, 4] Range: [0,00) or 0 <y < oo

14. Y 16. ¥ 18. Y

Domain: —co < X < oo Domain: —co < X < oo Domain; —co < X < oo

Range: y = —4 Rangel —oo <y < oo Range: 0 <y < oo or [0, c0)
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20.

26.

30.

38.

Domain: —co <t < oo

Range: (—oo0,1] or —co <y <1

.
-

—24

Doman: —co < X < oo

Range (—oo0,6] or —c0o <y < 6

Keystrokes:

(v=] 3 (XT.0) (1] 3 (=) 4 (GRAPH)
Domain: —co < X < oo

Ranges —co <y < o0

1

]

. Yes, y = X2 — 2x passes the Vertical Line Test and
isafunction of x.

—

3 6 9 12

-3+

Domain: 6 < x < 12 or [6, 12]
Range O <y< 2 or [0,2]

24. Y

Domain: 0 < x < 6 or [0, 6]

Range: 0 <y < 9 or [0.9]

Domain: —co < X < oo

Range: —oo <y < o0

32. Keystrokes:

=) (J @ 4 & X189 2 () (GRAPH

Domain: [-2,2] or —2 < Xx< 2

Range: [0,2] or 0y < 2

10

-10

No, y is not a function of x by the Vertical Line Test.

3 2 -

y isafunction of x.

36. No, yisnot afunction of x by the Vertical Line Test.

24

1 2 3 4

y isnot afunction of x.
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44. (d) graph matches f(x) = (x — 2)?

48. (a) Vertical shift 3 units upward

46. (c) graph matches f(x) = |x + 2|

(b) Vertica shift 5 units downward

(© (d) Horizontal shift 2 units to the left
y
—t—+—> X
1 2
(e) Reflection in the x-axis followed by a horizontal (f) Reflection in the x-axis

shift 1 unit to the right followed by a vertical

shift 2 units upward

Horizontal shift 3 units to the left

52.

N Do ®
I 1
—t——

R EREE

Reflection in the x-axis and

Reflection in the y-axis vertical shift 5 units upward
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56. Graph is shifted 3 units upward

58. Graph isreflected in the x-axis and

60. Graph isreflected in the x-axis and

shifted 1 unit upward shifted 3 units downward
h(x) = x2 + 3
h(x) = —x2 + 1 h(x) = —x2 — 3
62. h(x) = /x+ 1 64. h(x) = V/x— 3 66. h(x) = /1 — x

Graph is shifted 1 unit upward

68. f(x) = V/x+3
Keystrokes:
XT.0) (] 3
(b) fx) = Vx+3-5
Keystrokes:
30 s
d fx) = Vx+3-2=x+1

Keystrokes:
ly=) (X.T.6 1 0] (GRAPH

70. Basic function: y = ||
Transformation: Vertical shift 3 units upward

Equation of graphed function: y = |x| + 3

74. Basic function: y = x®

Graph is shifted 3 units right

Graph is shifted 1 unit right and
reflected across the y-axis

@ fx)=Vx+3+3=Ux+6
Keystrokes:
XT6) ) 6 O) (GRAPH)
(© f=Vx+3+1
Keystrokes:
XT6) (+) 3 0J 1 [GRAPH)

72. Basic function: y = ¢, where c is any constant
Transformation: Vertical shift 7 units upward
Equation of graphed function: y = 7

Transformation: Reflection in the x- or y-axis and a vertical shift 1 unit upward

Equation of graphed function: y = —x® + lory = (—x3+ 1

76. @ y=1f(x) -1

y
(2.3

X

. Kl)a
i
Ll (3,-2)

—CONTINUED—

(b) y="f(x+1)

(-39
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76. —CONTINUED—
(©y=fx-1)

y
(14

<

3

. \%9
-1 12N 4
(e y="~f(=x ) y="1fx +2
y y
@9
44
©.3)
Lo
71": ) 1 2
3-n T
78. Keystrokes:

Y=) .47 XxT.6) & 100 (&) 0
(X.T.9) 1000 GRAPH

(@ = (b) 0= 047x — 100
100 = 0.47x
213 = x
(c) 300 = 0.47x — 100
0 1000

0 400 = 0.47x
851 = x
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80. (8) Verbal Model: | Perimeter | = 2| Length | + 2| Width | + 8

Labels: Perimeter = P(x)
Length = 40 ft
Width = 30 ft

Width of walkway = x
Function: P(x) = 2(40) + 2(30) + 8x
=80 + 60 + 8x

P(x) = 140 + 8x
(b) Keystrokes: [Y=] 140 (] 8 (X.T.0

300

(c) Slope = 8 so for each 1-foot increase in the width of the walkway
the perimeter increases by 8 feet.

82. (a) Tisafunction of t because to each timet there corresponds one and only one temperature T.

(b) T(4) = 60°, T(15) = 72°

(c) If the thermostat were reprogrammed to produce a temperature H where H(t) = T(t — 1), al the temperature changes

would occur 1 hour later.

(d) If the thermostat were reprogrammed to produce a temperature H(t) = T(t) — 1, the temperature would be decreased by

1 degree.

84. Usethe Vertical Line Test to determine if an equation represents y as a function of x. If the graph of an equation has the property
that no vertical line intersects the graph at two (or more) points, the equation represents y as a function of x.

86. g(x) = —f(x) isareflection in the x-axis of the 88. g(x) = f(x — 2) isahorizonta shift 2 unitsto the
graph of f(x). right of the graph of f(x).

Review Exercises for Chapter 3

(5, 10)
[ )

6. Quadrant 111 8. Quadrant | or Il

3 45 6 7 8
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? ?
10. (8 (3, 10) 3(3) — 2(10) + 18 =10 (b (0,9 30 —29 +18=0
?
9—20+1820 0-18+18=0
7+ 0no 0=0 yes
? ?
© (=43 3(-49-23+18=0 (d) (—8,0 3(—8 — 20 +18=0
? ?
-12-6+18=0 -24-0+18=0
0=0 yes —6+# 0 no
12.d=V(6-22+[-5—-(-5)P=V&R+02=/16=4 !
24+
i
RS I Ar I N A
2l
sl
AT (-5 (6,-5)
-5+ *------ -
6l
14.d=V[3— (-2 + (-2 — 102 = V25 + 144 = /169 = 13 y
12+
. -4
(-2.10)\ |
6\\"
4

16. let A= (-5,7,B=(-1,2),C = (3, —4)
AB=(-5- -1+ (7T-27=V(-47+ (52 = V16 + 5= /4l
BC=V(-1-3+[2- (9P = V(42 + (62 = /16 + 36 = /52
AC=V(-5-32+[(7 - (-49P = V(-87 + (112 = V64 + 121 = /185
V41 + /52 + /185 not collinear
18. Midpoint = (_1; 53 er 5) - (g g) = (2,4 20. Midpoint = <
2. y=3%-2 Y
0=3x-2 T
2= % 59"

3.-2)
1+66+1)_<zz>
2 2 ) \22
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24, 3x+4y+12=0
3+ 4(0) +12=0

XxX=—-12
x=—-4 (-4,0
30) +4y+12=0

4y = —12 -4t

y=-3 (0,-3

26. y=(x— 2)7?
y=0-2?=4 (04
0=(x—2)?
0=x-2
2=x (2,0

28. y=|x— 3
y=10-3|
=3 0,3
0=|x—3
0=x-3
3=x (3,0

30. y=3x+9

y-intercept: y = 3(0) + 9
=9 (0,9
x-intercept: 0=3x+ 9
-9 =3x
-3=x (=3,0

32. 5x + 4y =10
y-intercept: 5(0) + 4y = 10
4y = 10
y="%
y=3 (03
x-intercept: 5x + 4(0) = 10
5x = 10
X=2 (2,0

(0,-3)
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4. y=|x +4
y-intercept: y = [0| + 4
=4 (0,49
x-intercept: 0= |x| + 4

—4= x|
None
3. y=1]3—-6x —15 15=3-6x or —15=3-6x
y-intercept: y = |3 — 6(0)| — 15 12 = —6x —18 = —6x
=3-15 —2=X 3=x
=-12 (0,-12 (=20, 30
x-intercepts; 0 = |3 — 6x| — 15
15 = |3 — 6x|

38. Keystrokes: [Y=] (0 1 (=) 4 0 (O (xXT8) & 2 OJ () 3 (GRAPH)

4

/]

-

(2,0),(0, -2

40. Keystrokes: [Y=]3 (5 X160 (5 3 GRAPH

4

. ¢ (0,0), (6, 0)

42. Keystrokes: XT,0) (5 2 (GRAPH

6

(0,0), (4,0
N N °
-2
44. (a) let A= (0,20,000) B = (6,20000  (b) y (0) y-intercept = (0, 20,000)

24,000

— 2000 — 20,000 2 20000 The y-intercept represents the
6-0 5 1600 initial purchase price.

—18,000 < 1200

= 6 = 8000

> 4,000

= —3,000 123456I

Time (in years)

y = —3000t + 20,000
0<st<6
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-8-5 13
46.m—3_7(_2)——€ 48.
1
_y-0)
52.2= " 54.
Y3
X+ 4

323

There are many solutions to

this problem.
bal Modl: Rise | | Rise
58. Verbal Model: Run | = | Run
L 9 _ —1500
Proportion: 100~ «x
—1500(100)
X=— "
-9
2
X = 16,666§ feet
62.y—6=0
y=6
y
8+
pun
24
+ + X
-4 -2 2 4
68. L;: 4x+3y—6=0
y=—-4x+6
y = —%x +2

_ _4
m = -3

8—-—2 6. .
m—ﬁ—ysundeﬂned.

o363

50. m=9-0-5_12
5—0 3 7
_y—(=2
56. 0= ——
_y+2
O_x—7

0,-2),(-3,-2

There are many solutions to

There are many solutions to this problem.
this problem.
60. x—3y—6=0
—3y=-x+6
y= %x -2

64. L:y=2x—-5

Lyy=2x+3
m=2m=2

m, = m, so the lines are parallel

L,y 3x—4y—-8=0

70. let (t,, ¢;) = (1990, 5.45) and (t,, c,) = (2000, 6.82)

GG

average rate of change =

t,—t, 2000 — 1990 10

_4y=—3X+8
y=ix—2
m =]
6.82 = 545 _ 137 _ (137 $0.14

66. L: y=-03x—2
Ly y=03x+1
m, = —-03,m,=0.3
m #m,m-m#—1
s0 the lines are neither

m-my=-1
so the lines are perpendicular
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72 y-(-5=3x-(-5)]
y+5=3x+5)
y+5=3x+15

AX—-y+10=0
76 y- (=3 =3x-(-2]
y+5=30x+2)
y+3 2x+3

6(y + %) = 6(3x + 3)
6y + 8 =9x + 18
X —6y+10=0

8-10 2 1
8.Mm=%6"0""6" "3
y—10= —=
y=—-5x+10
5-0 5 5
HMTs 1742
2 2 2
5 1
y-0=x-3)
5.5
Y=2%"4
90. 2x + 4y = 1
dy = —2x+ 1
I S |
y=72X"} 2

82. m=4
- (=7
y +
86. x= -2
@ y—5=—3x—(-1)]
1
y-5=-5Kx+1)
1 1
y—SZ—EX—E

- (=2 = -2(x—5)
y+2=-2x+10
2Xx+y—8=0

78.

y—8=-3x-7

3 21
y—8=-5x+%

Sy — 40 = —3x + 21

5y +3—-61=0

—r=-2 __9
- (-10) 14
9
=—ax=9
9 18
7——ﬂx+7
9 18 49
Y=ty
-9 3
Y= 7
88. y=8
(b) y—5=2x-(-1)]
y—5=2(x+1)
y—-5=2x+2
0O=2x—-y+7



Review Exercises for Chapter 3

105

92. 4x — 3y = 12
—3y = —4x+ 12

4 4
y—gx—zl m=3
4 3
@ y-3=g¢

4 1
y_37§X—§

6y — 3) = 6<gx - %)

6y —18=8x—3
0=8x—6y+ 15

94. (d) R= 525+ 55(t — 8) t corresponds to 1998

(0 2001 R=525+ 5511 — 8)

— 1998 = $690

+ 8
11

96. 2x + 4y — 14 < 0
@ 200) + 40 — 14 2 0
0+0-14<0

-14 <0 yes
© 2(1) + 43) — 14 20
2+12-14<0

0«40 no

98. x<5

3 3

(0) v-3=-3x-3
3 9

y=3= Xt 3

3 9
32(y -3 = 32<—ZX + i)

32y — 96 = —24x + 9
24x + 32y — 105 = 0

() 2007 R=525+ 5517 — 8)

— 1998 = $1020
9

+ 8

17

(b) 23) + 42 — 14 2 0
6+8—-14<0
0<£0 no
(d) 2(—4) + 41) - 14 2 0
—8+4-14<0

—18 <0 yes

100. y +3<0
y< -3
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102. 3x — 4y > 2
—4y > —3x+ 2

3, 1
y<aX—3

106. y < 3x + 1

Keystrokes:
v=]d1(=J3 1
(DRAW] 7 ((=)) 10 (-] (Y-VARS] 1 1 (O] [ENTER

3

110. (a) 7x + 10y = 200 or
10y = —7x + 200
y 2 —%x + 20

(Note: x and y cannot be negative.)

104. (y—3) = 2(x — 5)

108. 4x — 3y = 2
—3y > —4x+ 2
y<ax—3
Keystrokes:

v=][04E 30 XL EH 02 30]
[DRAW] 7 (@) 10 (-] [Y-VARS) 11 (] [ENTER)

4

(b) (8,15), (10, 13), (14, 11)

y

(in hours)
K & R 8

Time mowing lawns
(o2}

6 12 18 24 30
Time at grocery store
(in hours)

112. Domain: {—2, —1,0, 1, 2}

Range: {0, 1, 4}

24
11 @
e 1+ ©

24
°

iy

3 -2 -1 |\

1 2
-1+ (0,0

114. Yes, thisrelation is a function

because each number in the
domain is paired to only one
number in the range.

116. No, thisrelation is not a function

because the 6 in the domain is
paired to two numbers (3 and 12)
in the range.
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118. h(x) = x(x — 8)
(8 h(8) = 8(8 — 8) = 8(0) = 0
(b) h(10) = 10(10 — 8) = 10(2) = 20
© h(=3) + h(4) = [-3(-3 — 8)] + [4(4 — 8)] = (—3)(—11) + (4)(—4) = 33— 16 = 17
(d) h(4t) = (4t)(4t — 8) = 1612 — 32t or 16t(t — 2)

120. g(x) = [x + 4
@ g0 =[0+4] =14 =4
(b) g(—8) =|-8+ 4| =|-4/ =4
(© 92 —g(-5=]2+4 —-|-5+4=16-|-1=6—-1=5
(d) gx—2) =[x =2+ 4] =[x+ 2

X3, ifxs< 1

122. h(x) = {(X —12+1, ifx>1

@h2=2-12+1=12+1=2
1 1\3 1

n(-3)- (-3 -5

(© h(0=0=0

(d h@ —h@) =[(4-12+1]-[B-12+1]=3+1-2-1=9-4=5

124. f(x) = 7x + 10
f(x+1)—f(1):7(x+1)+10—[7(1)+10]:7x+7+10—7—10:7x

@ X X X 7:7
f(x—5 —f(5) 7x—5 +10—[75) +10] 7x—35+10—-35—-10 7x— 70
(®) X - X - X - X
126. s—1+#0 s+5#0 128. Domain: all real values of x.
s#1 s# —5 —00 < X < 00

Domain: (—oo, =5) U (—=5,1) U (1, co) Or
—oo<S< -5 -5<s<1l1l<s<o

130. Verbal Model: | Perimeter | = 2| Length | + 2| Width Verbal Model: | Area | = | Length | - | Width
100 = 2 Length + 2x Labels:  Area = A(X)
1002— 2x _ Length Length = 50 — x
Width = x
50 — x = Length

Function: A(x) = x(50 — x)
O0<x<25
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132. Domain: —oco < X < co
Range: —co <y < 9or (—o0, 9]

y

Now A O
h N f )
t t t t

134. Domain: 2 < t < oo Or [2, o0)

Range: 0 < y < oo [0, c0)

136. Domain: —co < X < oo

Range: —2 <y < co Or [—2, o0)

T

138. Domain: 0 < x < 4 or [0, 4]

Range: 0 < y < 4 or [0, 4]

142. f(x) = |x] =3 (o) 144. f(x) = (x— 2)° (f)

148. Yes, yisafunction of x, because y passes the Vertical 150.
Line Test.

152. h(x) = Vx + 3 154,

Vertical shift 3 units upward

y

156. y = (x — 1)?
Horizontal shift 1 unit to the right

140.

158.

Domain: —co < X < oo

Range: —oo <y < 0,1 <y < ocoor(—oo,0]U(l,c0)

146. f(x) = x (b)

No, y is not afunction of x, because y does not pass the
Vertical Line Test.

hx) =1- J/x+ 4

Reflection in the x-axis, horizontal shift 4 units to the
left, and a vertical shift 1 unit upward

y=-x+1

Reflection in the x-axis and a vertical shift 1 unit upward





