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67. The solution of does not include the points on the line The solution of does include the
points on the line x 2 y 5 1.

x 2 y ≥ 1x 2 y 5 1.x 2 y > 1

69. On the real number line, the solution of is an unbounded interval. 

On a rectangular coordinate system, the solution of is a half-plane.x ≤ 3

x ≤ 3

63.

r

A

240

192

144

96

48

20 40 60 80 100

r A= 0.75(220 )−

r A= 220−

r 5 0.75s220 2 Ad 65. is a solution of a linear inequality in x and y means
the inequality is true when and are substituted for x
and y respectively.

y1x1

sx1, y1d

Section 7.3 Graphs of Quadratic Functions

1. (e)y 5 4 2 2x 3. (b)y 5 x2 2 3 5. (d)y 5 sx 2 2d2

7.

vertex s0, 2d

y 5 x2 1 2 5 sx 2 0d2 1 2 9.

vertex5 s2, 3d

 5 sx 2 2d2 1 3

 5 sx2 2 4x 1 4d 1 7 2 4

y 5 x2 2 4x 1 7 11.

vertex5 s23, 24d

y 5 sx 1 3d2 2 4

y 5 (x2 1 6x 1 9d 1 5 2 9

y 5 x2 1 6x 1 5

13.

vertex s3, 21d

y 5 21sx 2 3d2 2 1

y 5 21sx2 2 6x 1 9d 2 10 1 9

y 5 21sx2 2 6xd 2 10

y 5 2x2 1 6x 2 10 15.

vertex5 s1, 26d

 5 21sx 2 1d2 2 6

 5 21sx2 2 2x 1 1d 2 7 1 1

y 5 2x2 1 2x 2 7 17.

vertex5 12
3
2

, 2
5
22

 5 21x 1
3
22

2

2
5
2

 5 21x2 1 3x 1
9
42 1 2 2

9
2

 y 5 2x2 1 6x 1 2

19.

vertex5 s4, 21d

 5 21

 5 16 2 32 1 15

f12
b

2a2 5 42 2 8s4d 1 15

x 5
2b
2a

5
2s28d

2s1d 5 4

b 5 28a 5 1

f sxd 5 x2 2 8x 1 15 21.

vertex5 s21, 2d

 5 2

 5 21 1 2 1 1

g12b
2a 2 5 2s21d2 2 2s21d 1 1

x 5
2b
2a

5
2s22d
2s21d 5 21

b 5 22a 5 21

g sxd 5 2x2 2 2x 1 1 23.

vertex5 12
1
2

, 32
 5 3

 5 1 2 2 1 4

 5 411
42 2 2 1 4

 y 5 412
1
22

2

1 4121
22 1 4

x 5
2b
2a

5
24
2s4d 5

21
2

b 5 4a 5 4

y 5 4x2 1 4x 1 4
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25. opens upward

vertex5 s0, 2d

2 > 0 27. opens downward

vertex5 s10, 4d

21 < 0 29. opens upward

vertex5 s0, 26d

1 > 0

31. opens downward

vertex5 s3, 0d

21 < 0 33.

s0, 25d

 y 5 25

 y 5 25 2 02

 y 5 25 2 x2

s5, 0d, s25, 0d

 x 5 ±5

 x2 5 25

 0 5 25 2 x2

 y 5 25 2 x2 35.

s0, 0d

 y 5 0

 y 5 02 2 9s0d

 y 5 x2 2 9x

s0, 0d, s9, 0d

 0 5 xsx 2 9d

 0 5 x2 2 9x

 y 5 x2 2 9x

37.

s0, 9d

 y 5 9

 y 5 4s0d2 2 12s0d 1 9

 y 5 4x2 2 12x 1 9

13
2

, 02

 
3
2

5 x

 0 5 2x 2 3

 0 5 s2x 2 3d2

 0 5 4x2 2 12x 1 9

 y 5 4x2 2 12x 1 9 39.

no x-intercepts

s0, 3d

y 5 3

y 5 02 2 3s0d 1 3

y 5 x2 2 3x 1 3

 5
3 ± !23

2

 x 5
3 ± !9 2 12

2

 0 5 x2 2 3x 1 3

 y 5 x2 2 3x 1 3

41.

x-intercepts

vertex

s0, 24d

gsxd 5 sx 2 0d2 2 4

x 5 22 x 5 2

 0 5 sx 2 2dsx 1 2d

 0 5 x2 2 4
2 0

3

),
x

y

1

0

1

, )

3

( 2

2

3

4),0(

5

1

(

g sxd 5 x2 2 4 43.

x-intercepts

vertex

s0, 4d
fsxd 5 2sx 2 0d2 1 4

 x 5 ±2

 x2 5 4

 0 5 2x2 1 4

0, )

3
x

y

, )4
5

(0

(

2

1

1, 0)(3 2

3

2

f sxd 5 2x2 1 4
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49.

x-intercepts

vertex

s4, 0d

y 5 sx 2 4d2 1 0

4 5 x

0 5 x 2 4

0 5 sx 2 4d2

20
x

y

20

16

)(4, 0

161284

8

4

4
4

12

f sxd 5 sx 2 4d2

47.

x-intercepts

vertex

s3
2, 94d
 5 21sx 2

3
2d2

1
9
4

y 5 21sx2 2 3x 1
9
4d 1

9
4

x 5 30 5 x

0 5 2xsx 2 3d

0 5 2x2 1 3x

)0

4
x

4,
9

2
3

y

3

2

(3),0 0

1 2

1

1

( ,

f sxd 5 2x2 1 3x45.

x-intercepts

vertex

s3
2, 29

4d
f sxd 5 sx 2

3
2d2

2
9
4

f sxd 5 sx2 2 3x 1
9
4d 2

9
4

x 5 30 5 x

 0 5 xsx 2 3d

 0 5 x2 2 3x
0

4
x

),0

y

0

1 2

9
4,

3
2

1

1

3

2

(),( 3

f sxd 5 x2 2 3x

53.

x-intercepts

vertex

x
1

y

5

3

4
)43( ,

2

1
0, )

0),( 1
23

(

6 4

5

y 5 2sx 1 3d2 1 4

y 5 2sx2 1 6x 1 9d 2 5 1 9

x 5 2125 5 x

0 5 sx 1 5dsx 1 1d

0 5 x2 1 6x 1 5

f sxd 5 2sx2 1 6x 1 5d51.

x-intercepts

vertex

0),(5
x

6

y

5

3

4

)0,(3

)1,(4

532 4

2

1

1

2

1

 5 sx 2 4d2 2 1

y 5 sx2 2 8x 1 16d 1 15 2 16

x 5 35 5 x

0 5 sx 2 5dsx 2 3d

0 5 x2 2 8x 1 15

f sxd 5 x2 2 8x 1 15
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57.

vertex

x-intercepts

1
x

y

3

2

1
1

),2 0

3

3

), 2
2

(

, 0)4(

( 3

1

x 5 2224 5 x

 0 5 sx 1 4dsx 1 2d

 0 5 x2 1 6x 1 8

y 5 2sx 1 3d2 2 2

y 5 2sx2 1 6x 1 9d 1 16 2 18

f sxd 5 2sx2 1 6x 1 8d 59.

vertex

x-intercepts

4
x

y

3

2

0),(3

321

),(1 2

, 01 )(

2

3

1

x 5 213 5 x

 0 5 sx 2 3dsx 1 1d

 0 5 x2 2 2x 2 3

y 5
1
2 sx 2 1d2 2 2

y 5
1
2 sx2 2 2x 1 1d 2

3
2 2

1
2

f sxd 5
1
2sx2 2 2x 2 3d

55.

x-intercepts

x 5 23 ± !2

x 5
26 ± 2!2

2

x 5
26 ± !8

22

x 5
26 ± !36 2 28

22

x 5
26 ± !62 2 4s21ds27d

2s21d

0 5 2x2 1 6x 2 7

g sxd 5 2x2 1 6x 2 7 vertex

q sxd 5 2sx 2 3d2 1 2

q sxd 5 2sx2 2 6x 1 9d 1 9 2 7

q sxd 5 2sx2 2 6x 1 9 2 9d 2 7

q sxd 5 2sx2 2 6xd 2 7

q sxd 5 2x2 1 6x 2 7 0),2

5
x

3
23
(
),(

y

3

2

, 0)2
43

3(
21

1
1

3

2

1
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73.

Keystrokes:

1 6 2 8 11

vertex

−2

−8

10

10

5 s2, 0.5d

y 5
1
6s2x2 2 8x 1 11d

65.

Vertical shift 2 units up.

x

y

−2 −1−3 21 3

1

3

5

4

−1

h sxd 5 x2 1 2 67.

Horizontal shift 2 units left.

x

y

−2−4−5 −1−3 1

1

5

4

−1

h sxd 5 sx 1 2d2 69.

Horizontal shift 1 unit right.

Vertical shift 3 units up.

x

y

−2 −1 2 41 3

1

3

2

6

4

h sxd 5 sx 2 1d2 1 3

71.

Horizontal shift 3 units left.

Vertical shift 1 unit up.

x

y

−2−3 −1−4−5−6

4

2

1

5

3

−1

h sxd 5 sx 1 3d2 1 1

x xx x

2x 2X,T,u X,T,u5Y GRAPH14

61.

 < 5.83, 2.17

 x 5
24 ± !120

6
5

12 ± !30
3

 x 5
24 ± !576 2 456

6

 0 5 3x2 2 24x 1 38

 y 5
3
5

sx 2 4d2 2 2

 y 5
3
5

sx2 2 8x 1 16d 1
38
5

2
48
5

y 5
1
5

s3x2 2 24x 1 38d 63.

 x < 3.87, 23.87

 x 5 ±!15

 x2 5 15

 
1
3

x2 5 5

 0 5 2
1
3

x2 1 5

f sxd 5 2
1
3

sx 2 0d2 1 5

 f sxd 5 2
1
3

x2 1 5

f sxd 5 5 2
1
3

x2

, 0

0,
30

3

x

03
3

12
4

)4, 2

8

y

66

12

2

4

2

(
2

2

5),(0

x
,

6

051 )

2

(

66

4

2

,

26

)15 0(

4

6

2

y

75.

Keystrokes:

.7 2.7 2.3

vertex5 s21.9, 4.9d

−6

−10

6

8

y 5 20.7x2 2 2.7x 1 2.3

1x 2X,T, X,T,5Y GRAPHx2c x2cu u
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77. vertex point

 21 5 a

 24 5 4a

 0 5 4a 1 4

 0 5 as22 2 0d2 1 4

 y 5 asx 2 0d2 1 4

5 s22, 0d5 s0, 4d 79. vertex point

 1 5 a

 4 5 4a

 2 5 4a 2 2

 2 5 as0 1 2d2 2 2

 y 5 asx 1 2d2 2 2

 y 5 asx 2 s22dd2 1 s22d

5 s0, 2d5 s22, 2d

y 5 2x2 1 4

y 5 21sx 2 0d2 1 4

y 5 x2 1 4x 1 2

y 5 x2 1 4x 1 4 2 2

y 5 sx 1 2d2 2 2

y 5 1sx 1 2d2 2 2

81. vertex point

 22
4 5 a

 22 5 as4d

 4 5 as4d 1 6

 4 5 as0 2 2d2 1 6

 y 5 asx 2 2d2 1 6

5 s0, 4d5 s2, 6d 83. vertex

y 5 1sx 2 2d2 1 1 5 x2 2 4x 1 5

5 s2, 1d     a 5 1

 y 5 2
1
2 x2 1 2x 1 4

 y 5 2
1
2 x2 1 2x 2 2 1 6

 y 5 2
1
2sx2 2 4x 1 4d 1 6

 y 5 2
1
2 sx 2 2d2 1 6

85. vertex point

 y 5 1sx 2 2d2 2 4 5 x2 2 4x

 1 5 a

 4 5 as4d

 0 5 as0 2 2d2 2 4

5 s0, 0d5 s2, 24d 87. vertex point

 y 5
1
2 sx 2 3d2 1 2 5

1
2 x2 2 3x 1

13
2

 12 5 a

 2 5 as4d

 4 5 as1 2 3d2 1 2

5 s1, 4d5 s3, 2d

89. vertex point

24 5 a

 1 5 as1d 1 5

 1 5 as0 2 s21dd2 1 5

5 s0, 1d5 s21, 5d

91. Horizontal shift 3 units right

y 5 24x2 2 8x 1 1

y 5 24x2 2 8x 2 4 1 5

y 5 24sx2 1 2x 1 1d 1 5

y 5 24sx 1 1d2 1 5

93. Horizontal shift 2 units right

Vertical shift 3 units down

95.

(a)

(b)

Maximum height feet5 16

y 5 2
1
12

sx 2 12d2 1 16

y 5 2
1

12
sx2 2 24x 1 144d 1 4 1 12

y 5 2
1

12
x2 1 2x 1 4

y 5 4 feet

y 5 2
1

12
s0d2 1 2s0d 1 4

y 5 2
1

12
x2 1 2x 1 4

(c)

feet < 25.86

 x 5
24 ± !576 1 192

2

 0 5 x2 2 24x 2 48

 0 5 2
1

12
x2 1 2x 1 4



376 Chapter 7 Linear Models and Graphs of Nonlinear Models

97.

The maximum height of the diver is 14 ft.

 y 5 2
4
9 sx 2 3d2 1 14

 y 5 2
4
9 sx2 2 6x 1 9d 1 4 1 10

 y 5 2
4
9 sx2 2 6x 1 9 2 9d 1 10

 y 5 2
4
9 sx2 2 6xd 1 10

 y 5 2
4
9 x2 1

24
9 x 1 10 99. (a)

(b) vertex 1993, 110,800 reserves5 s3.65, 110, 810d

0
0

6

125

101. (a)

P 5 3000 1 15x 2
3
20 x2

P 5 3000 1 15x 2 0.15x2

P 5 3000 2 15x 1 30x 5 0.15x2

P 5 s100 1 xds30 2 0.15xd

P 5 s100 1 xdf90 2 xs0.15d 2 60g

P 5 s100 1 xdf90 2 xs0.15dg 2 s100 1 xd60

103.

Keystrokes:

2 100

when A is maximum

0

0

2000

100

x < 50

A 5
2
p

s100x 2 x2d 105.

 y 5
1

2500
x2

 y 5
1

2500
sx 2 0d2 1 0

 
1

2500
5 a

100
250,000

5 a

 100 5 as250,000d

 100 5 as500 2 0d2 1 0

(b)

vertex

order size for maximum profit

radiosP 5 100 1 50 5 150

5 s50, 3375d

P 5 2
3
20 sx 2 50d2 1 3375

P 5 2
3
20 sx2 2 100x 1 2500d 1 3000 1 375

P 5 2
3

20 x2 1 15x 1 3000

(c) Recommend pricing scheme if price reductions are restricted to orders between 100 and 150 orders.

107. The graph of the quadratic function is a parabola.f sxd 5 ax2 1 bx 1 c

109. To find any x-intercepts, set and solve the resulting equation for x.

To find the y-intercept, set and solve the resulting equation for y.x 5 0

y 5 0

111. The discriminant of a quadratic function tells how many x-intercepts the parabola has. If positive, there are 2 x-intercepts; if
zero, 1 x-intercept; and if negative, no x-intercepts.

113. Find the y-coordinate of the vertex. This is the maximum (or minimum) value of a quadratic function.

Mid-Chapter Quiz for Chapter 7

1. A 5 kr 2 2. z 5
kx
y2 3. Distance:

Distance varies jointly proportional
to rate and time.

d 5 rt

x xx x

2 x 2X,T, X,T,5Y GRAPH4 p u u


