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CHAPTER 8

Quadratic Equations, Functions, and Inequalities

Section 8.1

2. X2+ 15x+44=0
x+1)x+4 =0
x=-11 x= -4

8. X2+ 60x + 900 =0
(x+ 30)(x+30) =0
x=-30 x=-30

14. 16x(x — 8) — 12(x — 8) =0
(x—8)(16x — 12) = 0
4x—8)(4x—-3) =0

XxX—8=0 4 —-3=0
X=8 4x =3

20. 2z+1)(2z2— 1) = —422—5z2+ 2
422 — 1= —422 - 52+ 2
82+52—-3=0
8z—3)(z+1) =0
82-3=0
8z=3

3
Z=3

z+1=0

z=-—-1

26. 922 = 121

o121

4, X2+ 2x—63=0
x+9x—-7=0

X=-9 X=7

10, 82— 10x+3=0
(4x—-3)(2x—1) =0

4 —-3=0 2X—1=0
4x = 3 x=1
x=2 x=1

16. 34 —x) —2X(4—x) =0
4-x@B3-2x)=0

4-x=0 3-2x=0
4=x 3=2x
I_x
22. 72 =144
z=+/144
z==+12
28 %2:24
X2 = 24(6)
X% =144
x = +./144
X = =12

Solving Quadratic Equations: Factoring and Special Forms

Solutions to Even-Numbered Exercises

6. X2 — 7x =18
X2—7x—18=0
x—9x+2 =0

X=9 X=-2

12. 25y2 — 75y =0

25y(y —3) =0
25y = 0 y-3=0
y=0 y=3

18. 6+ uw(l—u =10

6—-6u+u—u=10

6 —5u—u?>=10
O=uw+5u+4

O=Uu+4Hu+1

u+4=0 u+1=0
u= -4 u=-1
24. 5t2=5
t2=1
t==x1
30. 16y2 — 121 =0
16y? = 121
2 121
16
121
Y=*y 16
11
y==*4

287



288  Chapter 8 Quadratic Equations, Functions, and Inequalities

32. 16x2-1=0

16x2 =1
xzzl%
x=¢\/%
X = %3

38. (x + 8)2 =28

X+ 8=+.28
X+ 8=+2/7
x=—-8+2/7
44, x> = —16
X=+-16
X = +4i
50. (x+5)2=-81
(x+52+81=0
(x+52=-81
x+5==+./-81
X+ 5= =0
x=-5x09

56. 4(x — 4)> = —169

—169
— 42 = "
(x—4) 2
—169
X—4=x= 2
X—4= 11—23i
X=4i§i

34. (y—202=25

y—20=+./25
y—20=+5
y=20+£5

40. (3x — 5)2 = 48
3x — 5=+./48
X —5=143
3x

(2B o)

I+

55

x
Il

4
+4
3

46. y2+16 =0
y?=-16
v —16

4

I+

y:
y:

I+

52. 2y — 32 +25=0

(2y —3)2=-25

+/—25
i

+

2y

41

Nlw W

-3
2y

Nlon

y=5 i

58. (2x + 3)2 = —
2Xx+3=+./-54
2x + 3= +3.6i

2x = —3 + 3./6i

-3+ 3./6i

g = 3% 3VOl
2

-3 3.6.

=701

2 2

36. (x +2)2 =081
x+2=+./081
X+ 2=x09
x=-2+09
x=-29 x=-11

42. (5x + 11)2 — 300 = 0
(5x + 11)2 = 300
5x + 11 = +./300

5% + 11 = +10//3
5x = —11 + 10/3

—-11+10./3
X=—"""—
5
48. A2 +9=0
42 = -9
vzz—%
v=1J-3
v:i%i
54. (By — 52 = —8
6y —5=+./-8
By = 5 + 2i/2
_5x2J2
Y="%
_5, 2
Y=6* 3

60. (x —3)2+225=0

(x—3)2=-225
X—3=x/-225
x=3=+ 15



Section 8.1  Solving Quadratic Equations: Factoring and Special Forms 289
62. (u+g>2+% 0 64. (y—%)zz —g 66. 32+ 6t=0
(u+§>2 a9 5. 3t+2) =0
8 16 6 5 3t=0 t+2=0
u+§=i . y—§=iii t=0 t=-2
8 16 6 5
u+§:¢zi y=§tii
8 4 6 J5
u=—g¢£i yz%i%-%i
5 2.5
y=gt g |
68. 3x2+8x—16=0 70. y> - 225=0 72. y2+225=0
Bx—4)(x+4 =0 y? = 225 y2 = —225
3x—4=0 X+4=0 y = +.225 y=+./-225
x=4 Xx= -4 y =15 y = +£15i
K-
74. 1x2 = 4 76. (y + 12)2 — 400 = 0
X2 =12 (y + 12)2 = 400
X=+J12 y+ 12 =+20
x=+23 y=-12+20
y=-32 y=28
78. (y + 12)2 + 400 = 0 80. (x+22—-18=0
(y + 12)2 = —400 (x+2? =18
y + 12 = +20i x+2=+./18
y = —12 + 20i X=—-2+3/2
82. y=5x—x2 84. y =9 — 4(x — 3)?
Keystrokes: Keystrokes:
Y=)5XT.0) (5 (X.T.0) (x?) [GRAPH] =)o) 40 (XTe/(=) 30) 2 (GRAPH]
0=5x—x? 8 x-intercepts are 3 and 5. 10
0=x5-x 0=9—4(x— 3?2
0=x 5-x=0 /\ 4x—3)P2=9 {\
-6 12 -8 16
5=x \'. (x—3)2=% J \
x-intercepts are 0 and 5. -4 X—3= -_F\/% 6
(0,0, (5,0 X — 3 =3
x:3¢§
x=%  x=3



290 Chapter 8 Quadratic Equations, Functions, and Inequalities
86. y=4(x+ 1)?—-9 88. y=4x>—x—14
Keystrokes: Keystrokes:
(y=14(0 (XTe) (+) 10 (&) (&) 9 (GRAPH] (y=14(xT.6) () () (X1 (5] 14 (GRAPH]
x-intercepts are —3 and 3. ) x-intercepts are —% and 2. s
0=4x+12-9 - l' 0=4x2-x—-14 -8 AN 8
9 = 4(x + 1)? 0=(4x+T7x—-2
= (x+ 112 x=—4 x=2
+/2=x+1 5 ~70),(2,0) s
i% =x+1
—1+3=x
x=-%  x=1}
(-3.0).(z0)
90. y = 5x2 + 9x — 18 2. y=x2+5
Keystrokes: Keystrokes:
Y=] 5(XT.6) 2 (+) 9 (XT.6) (=] 18 [GRAPH) Y=1(XT.6) (2] (+) 5 (GRAPH]
x-intercepts are £ and — 3. 6 0=x>+5 10
0=5x2+9x — 18 -8 \ II —5=x2 \
0= (5x — 6)(x + 3) +/-5=x
X=¢ x= -3 +./5i = x -0
(-3,0), (% 0) -24 Not real, therefore, there -2
are no x-intercepts.
9% y=(Xx+22+3 96. Keystrokes:
Keystrokes: (=] ([J XT6) (=) 20 (x*) (+J 3(GRAPH]
(=] (Q X.T.6] () 2 0] (>3 () 3 [GRAPH) 0=(x—2?2+3 10
0=(x+22+3 1 —3=(x— 2?2
—-3=(x+ 272 \/ +/-3=x-2
+/-3=x+2 2+ J/3i=x 6 2
+/3i=x+2 0 Not real, therefore, there are
2+ /3 =x - no X-intercepts.

98.

Not real, therefore, there are no x-intercepts.

x2—y2=4 4
MR BN
y2=x2-4 -6
y==x/x2-4 / \
Keystrokes: 4

y;: =1 ([0 (XT.0 (x3 (= 4 OJ [ENTER
Yy, (@) (A [XTe 2 & 40) [GRAPH

100.

/
—
—

X—y?=0
_y2 = —X
y2=x B
y==Vx
Keystrokes: -

yy Y= ENTER
Yy X.T,0) (GRAPH
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102. x* — 10x2+ 25 =10 104. x* — 11x* + 30 =0
Letu = X2 Letu = x2
(x?2—10x2+ 25=0 (x32 - 11x2+30=0
w—10u+25=0 w—-1lu+30=0
(u-5@Wu-5=0 (u-5Wu-6)=0
u-5=0 u-5=0 u-5=0 u-6=0
u=>5 u=>5 u=>5 u==6
X2 =5 X2 =5 x2=5 x2=6
x==+.5 x==.5 x=+.5 x=+.6
106. (x2 — 12+ (x2—1) —6=0 108. x — /x—6=0
Letu=x2— 1. Letu= J/x.
(2—12+ (-1 —-6=0 (Vx) = /x—6=0
w+u—6=0 w—-—u—6=0
u+3u-2=0 u-3u+2=0
u+3=0 u—2=0 u=3 u= -2
u=— u=2 Ux=3 Vx= -2
SRR 12 (=3 (Af=(2r
X2 = =2 x* =3 Xx=9 X =4
x=+J-2 x=+3 Check: Check:
X = +./2 9-/9-620 4-J/i-620
9-3-620 4-2-620
0=0 ~4#0
110. x — 11/x + 24 =0
Letu= /x
(VX —11/x+24=0
wW—-1lu+24=0
u—8u—-3 =0
u=328 u=3 Check: Check:
Jx=18 Jx=3 64 — 11/64 + 24 2 0 9-11/9+2420
(VX)? = &2 (V¥ =22 64— 83+ 2420 9-33+2420
X = 64 Xx=9 0=0 0=0
112, X3+ 3x13-10=0 114. 33+ 83 +5=0
(X3 +5)(x¥/3—-2)=0 B3+ 5)(x¥*+1) =0
x/3 = —5 X3 =2 X3 +5=0 X3 = —1
x = (—5)3 x = 23 X3 = -2 x = (—1)3
x= —125 x=8 x=(-3° x=-1

= 727
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116. x5+ 5x/5 + 6 =0 118, 25+ 35+ 1=0
x5+ 3(x¥5+2) =0 (25 + 1)(x5+1) =0
x5 = -3 X5 = -2 X/5=—3 x5 = —1
x= (-3 x= (-2 x=(-3) x=(-1)°
X = —243 X=-32 X=—% x=-1
120. X34+ 2%Y/6-3=0 122, x¥2 -5xY4+6=0
(X6 + 3Y(x/6 — 1) =0 (x4 —3)(x/4 - 2)=0
X6 = -3 X6 =1 x4 =3 X4 =2
(x/6)6 = (—3)° (x1/6)6 = 18 (xt/4)* = 34 (x4 = 24
X = —729 x=1 x =81 x =16
Check: (—720)3 + 2(~729)%6 — 3 2 0 Check: (812 — 5(81)Y4 + 6 2 0
-9+ 2@3Bi)-3+#0 9—5(3)+620
Check: (1)¥2 + 2(1)¥6 — 3 2 0 0=0
1+2-320 Check: (162 — 5(16)Y4 + 6 2 0
0=0 4—5(2)+620
0=0
124, %—%—6=0 126. 2x 2 —x1—1=0
1 x— 62 =0 Letu=x1
6x2+x—1=0 A -u-1=0
(3x— D+ 1) =0 @u+Du-1)=0
1 1 u= 1 u=1
x=3 x= -3 2
x 1= —% xt=1
X= -2 x=1
2
128. (x2 — 6X)2 — 2(x2 — 6x) — 35 = 0 130. 9@1 g) - 6(§I 2) +1=0
Letu = (x2 — 6x). Letu:(x+2>.
w—-2u—-3=0 X+ 3

uU—7u+5=0

x—7x+1=0

u=7 u= -5
X2—6x=7 X2 —6x=—5
X2—-6x—7=0 X2—6x+5=0

x—5kx-1=0

X=7 x=-1 x=5 x=1

9> —-6u+1=0

Bu-1)Bu—-1 =0

st
3
x+2_1
x+3 3
X+6=x+3
2x= -3
3
x=—2
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132. S = 4qr? 134. s, =48 136. s, =500
900 0= —16t% + 48 0= —16t% + 500
= = 47r2
16t> = 48 16t% = 500
900 2 2 — 2 —
— = t2=3 t2 = 3125
wam)
oo t==+.3 t = /31.25 ~ 5590 sec
2 t = /3~ 1.732 seconds
25 _
77.2
L r = 4.77 inches
v
138. 7000 = x<120 - %x) 140. P = $5000, A = $5724.50
1 A=P(L+r)?
— _ =2
7000 = 120x = 5x 5724.50 = 5000(1 + )2
- 1, 572450 _ 5
2(7000) = (120x - EX )2 5000 @+
14,000 = 240x — x? 11449 = (1 +r)?
X2 — 240x + 14,000 = 0 V311449 =1 +r
(x — 100)(x — 140) = 0 107—1=r
x—100=0 Xx—140=0 0.7=r
x = 100 x = 140 % =r
You must sell 100 units to produce a revenue of $7000. If
you sell 140 units, you will also have a revenue of $7000.
142. 1200 = 4.43t% + 872 144. If a = 0, the equation would not 146. Yes. For the quadratic equation
. 02— .
308 — 4.43t2 be quadratic. _(x _1) 0, the only solution
isx=1.
ﬁ — t2
4.43
328 )
243 t=9; 1999

148. Write the equation in the form u? = d, where u is an algebraic expression and d is a positive constant.
Take the square roots of each side to obtain the solutionsu = + ./d.

Section 8.2 Completing the Square

2. X2+ 12x + 36 4, y2 -2y +1
12)? —2\?

|- (%] 1= (3]
121 4 4

2 - 2 _ —
10. y 11y + 2 12. y +3y+9

2- (]

o= (L]

49
2 -
8. u>+ 7u+ 2

Ealtil

6. x2 + 18x + 81

== (2]

14, x2 — gx + 2—95 16. %2 + 4.6s + 5.29
2
ERIG I ]
25 [\ 5)2
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18. x>+ 32x=10
@ x2+32x=0
X2 + 32x + 256 = 0 + 256
(X + 16)2 = 256
X+ 16 = +16
x=—16 + 16
x=0,—-32
(b) x2+32x=0
Xx+32)=0
x=0 Xx+32=0
Xx=—-32

2. 2—-09=0
@e-a+8=0+%

-9°-2

N

,_,,
|
NI NI©
I
I+
Nlio
E@

H
[
-
o
© Mo |t
I+
NI©

—
Il
o

() 2—9t=0

ttt—9 =0
t=0 t-9=0
t=09

26.22+3z-10=0
(@ z2+3z-10=0
72+ 3z2=10
2+32+3=10+3

e3P

3 _ .71
Z+ 5 =%3

_ 3,7

z 2%32

z=2,-5

(b) 2+3z—-10=0
(z+5((z—-2 =0
z+5=0 z—2=0

z= -5 z=2

20. - 10t=0
(@ t?— 10t + 25 = 25
(t—52=25
t—5=4+5
t=5+5
t=10,0
() t2—10t=0
t(t—10 =0
t=0,10

24, y2— 8y +12=0
@ y>?—8+12=0

y?—8y=-12
y?—8y+16=—-12+ 16
(y— 42 =4
y—4=x+/4
y—4=4+2
y=4+2
y=26,2
(b)y y?—-8+12=0
(y-6(y-2=0
y—-6=0 y—2=0
y= y=2

28. 2 —5t—36=0
(8 2—5—36=0

t? — 5t =36

25 25

2 -5+ =36+%
5\2 169
(t=3)7 =%

t-3= =%
t-§- 4%

5 13

t=5x7%

t=9 —4

(b) 2—5t—36=0
t—9t+4)=0

t—9=0 t+4=0

t=9 t=

—4
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30. 3x*-3x—-6=0
(@ 3x*-3—-6=0

X*—1x—2=0
X2—Ix+3=2+3
-3 =3
= 1= 43
x=1s3
X=2 -1
(b) 3xX2-3x—-6=0
33x2-x—2)=0
x—2(x+1)=0
X=2 x=-1
4. x>—-6x+7=0
X2 —6x=—7
X2 —6x+9=-7+9
(x =37 =
XxX—3=x.2
x=3% 2
X = 441,159

40. X2 —4x= -9
X2 —4x+4=-9+4

(x—2?= -
x-2==xJ/-5
x =2+ /5i

X =2+ 2.24i,2 — 2.24i

46. y>+6y+7=0
y2+6y+9=-7+9

(y+32=2
y+3=%2
y=-3+.2

y~ —159, —4.41

32.3x2-13x+12=0

@

X2 —

(b) 3x2
(3x

X =

36. x2+6x+7=0

x2+6x+9=-7+9

(x+3?2%=
X+3=+2
X=—-3= 2

x= —159, —4.41

42, x>+ 10x+9=0

X2+ 10x + 25 = -9+ 25

(x+5)2 =16
X+5==4
x=-5+4
Xx=-1-9
48. x2 + 23 = 10x
x2—10x + 25 = —23 + 25
(x—52=2
X—5=%.2
x=5=+ /2
X = 6.41, 3.59

32— 13x = —12
169

13 169 _
3X+T 3 = —4+ %
13\2 _ 25
(X_F) =3

3 _ .5
X— 6 =+¢

—13x+12=0
- 4)(x—-3)=0

% x=3

38. X2+ 8x=9
X2+ 8x+ 16 =9+ 16

x+42=25
X+ 4==5
X=—-4%£5
x=1-9

44, x2 —10x+ 24 =10
X2 —10x + 25 = —24 + 25

(x—52=1
X—5==1
x=5=+1
X=6,4

50. 22+ 122+ 25=0

72+ 122+ 36=—-25+ 36
(z+62=1
z+6=xJ/11
z=-6+ /11

z=~ —2.68,-9.32
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52.1-x—x2=0
0=x2+x—-1

1=x2+x

Ly 1
1+4—x +x+4

(o
4 2
5 1
+ Z—X+E
V51
2 2
x = 0.62, —1.62

2 1 1
2 _ = - - =
u 3u-i—9 5+9
(u_1>2:£+1
3 9 9
by
3 9
Gl /.
3 9
_1+2\/1l.
37 3
u= 0.33+ 2.21i
u=0.33—- 221

64. 422—-3z2+2=0

3 2
2 _2,_ _&
Tt Ty
22_§Z+3:_1+g
47 64 2 64
-2
8 64
,_3_, /.2
8 - 64
Z:§+ —-23
8~ 8
3 J23i
z=4 =
8 8
z~ 0.38 + 0.60i

z =~ 0.38 — 0.60i

54. y>+5/+9=0 56. x2+gx—1=0
25 25
sy =9ty x2+gx:l
5\2 —-36 25 4 4 4
+2] =—+= 24 X4 — = —
(y 2) 4 "2 XXt =1t
5\2  -11 g):@
<y+§> =4 <X+5 25
5 -1 +E:\/§
yto=2y/ "1 *T5T*V 25
y:§+\/ﬁi x+g::—29
2= 2 5 5
y ~ —250 + 1661 (= 2, Y2
5 5
y= 250~ 166 X = 0.68, —1.48
60. 3x2 —24x —5=0 62. 5x2 — 15x + 7= 0
5 7
2 _ _ 2 _ 2 _ - _1
X 8x 3 0 X 3X 5
5 9 7.9
2 _ —— 2 _ __r. 9
X 8x 3 X 3x+4 5+4
5 3\2 17
2 _ _ 2 _2) - =
X 8x + 16 3+16 <x 2) 20
53
(x— 42 == _3_ g
3 X727V 20
X—4=x= 3 X=§+V17
3 27 25
x:4¢—53 X:§+V85
V3 2710
X=4+ ;59 X:].Si\/%
10

<
U
[e0]
[N)
o
|
o
N
o
x
U
N
~
I\
o
[6)]
[e¢]

66. 7x2+ 4x+3=0

x2+ﬂx+i——§+i
7749 7 49
(X+z>z_,§+i
7 49 49
3=
7 49
x+2=x /-3
7" 49
x=_—2¢‘/17i
7 7

x = —0.29 + 0.59
x = —0.29 — 0.59i
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4
. + -] =
68 2x<x 3>
8
2+7 —
2X 3x 5
4 5
24 2,2
x+3x 5
4 4 5 4
24 = T_2. =
x-i—3x+9 2+9
3y -3
3 18

x

+
wl
1]

+

(o 2, /58
37 3.2
(o 2, /106
37 6
(o 4, /106
67 6
-4 + /106
X:
6
X =~ 1.05, —2.38
X 5
74. 54‘;—4
X b
2x[§+;]—(4)2x
x2 + 10 = 8x
x2 —8x=—10
X2 —8x+ 16 =—10 + 16
(x—4)2=6
x—4=+./6
x=4+.6

78 J/—-2=x-2
(Vax=2P=(x-2?
IX—2=x>—2x2) + 4
X—2=x2—-4x+4
0=x>—-7x+6
0=Kx-6(x-1)
x—1=0
X=06 x=1

X—6=0

Not a solution

70. 0.1x2 + 0.5x = —0.2
0.1x2+ 05x+ 02=0
X2+5x+2=0

x2+5x+§=72+

x = —0.44, —4.56

76.

X2+ 2
24

72. 0.02x*> + 0.10x — 0.05=0
2x>+10x—5=0

x2+5x—g=0
x2+5x=g

x2+5x+%:g+2745
g -3

x

+
N
1]

I+

w5, /35
2% 2
X~ 0.46, ~5.46

Xx—1
3

32+ 6=24x — 24
x> —24x+30=0

x2—8x+10=0
x2 —8x = —10

X2 —8x+16= —10 + 16

(x—42=6
x—4=2x.6
x=4+ /6
Check: V3-6-226-2
B-224
/1624
4=4
Check: V3-1-221-2
J3-22 1
Vid-1
1+ -1
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80. y=x2+6x—4 82.y=2x2—6x—5
Keystrokes: Keystrokes:
=] XT.6) (2 (+) 6 (X.T.0) (5] 4 (GRAPH Y= 2(XT.0) 3 @ 6 (XT.0) () 5GRAPH)
0=x>+6x—4 0=2x>—-6x—5
— y2
4 = x% + 6X O=x2—3x—g
4+9=x2+6x+9
13 = (x + 3)2 g=x2f3x
+/13=x+3
§+g_ 2_3 +§
-3+ /13 =X 2 47X X 2
x =~ 0.61, —6.61 19 < 3)2
?: X_E 10
(-3 + /13,0)
. 19 3
7 VaTETz
-18 12
3. V19
Sx-— =X
2 2 —
x = 3.68, —0.68
- <3¢Jm )
7]0
2
84. y=3x2—3x+1 86. y = VX — X+ 2
Keystrokes: Keystrokes:
y=]01=20] (5) 3(X.T.6) (+) 1(GRAPH v=] (3 (XT.0) (&) (X.T.6] (+) 2 (GRAPH)
0=3x2—3x+1 0=Vx—x+2
0=x>—-6x+2 X— 2= JX
—2=x%—6x x — 272 = (V%
-2+9=x>-6x+9 X2 — AX 4+ 4 =X
7=(x-37? X2 — Bx= —4
+/7=x-3 X2-5x+2=-4+2
32 V7=x (-3 =3
X ~ 5.65,0.35 x—3=2.2
(3+ 7.0 x—35 =12
X=4

/ X = 1
-2 \\_/ 8 Not a solution
?
Check: 0= J4—4+2

-5 ?
0£2-4+2 4

0=0

-1

?
Check: 0= V1 —-1+2

2
0=1-1+2

0+#2
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83. (a) Areaof square =3+ 3 =9 90. Verbal Mode!: | Area | = | Length | - | Width |

Area of vertical rectangle = 3x Labels: Length = x
Area of horizontal rectangle = 3x Width = %x +3
Total area = 9 + 3x + 3x = 9 + 6x Equations: 160 = x(3x + 3)

(b) Areaof small square = x - X = X2 160 = X2 + 3x
Total area = x2 + 6x + 9 0= x%+ 12x — 640

€ X+3)x+3)=x2+3x+3x+9 0= (x+ 32)(x — 20)

(x+32=x2+6x+9 X+32=0 XxX—20=0

x = 20 feet length
ix + 3 = 8feet width

92. Verbal Model: |Volume| = | Length| - |Width| - | Height | 94. Equation: 11,967.90 = x(100 — 35%)
Labels: Length = x + 4 11,967.90 = 100X — 152
Width = x 119,679 = 1000x — X2
Height = 6 X2 — 1000x + 119,679 = 0
Equation: 840 = (x + 4)(x)(6) x2 — 1000x = — 119,679
140 = x(x + 4) X2 — 1000x + 250,000 = — 119,679 + 250,000
140 = X2 + 4x (x — 500)2 = 130,321
0 = x2 + 4x — 140 X — 500 = +./130,321
0= (x + 14)(x — 10) X — 500 = +361
X+14=0 x—10=0 X = 500 + 361
x=—14 x =10 X = 861, 139

Not a solution Thus, 139 or 861 golf clubs must be sold.

Thus, the dimensions are: length = 10 + 4 = 14 inches,
width = x = 10 inches, height = 6 inches

96. 2. Divide the coefficient of the first-degree term by 2, 9. Yes. ¥ +1=0

and square the result to obtain (3)° = 2.

100. True. Given the solutions x = r, and x = r,, the quadratic 102. The student forgot to add 3? to the right side of the

equation can be written as (x — r,)(x — r,) = 0. equation. Correct solution:
x? + 6x = 13
2+ 6x + (57 = 13 + (§)?
(x+32=22
X+3=x/22
x=-3+ /22

Section 8.3  The Quadratic Formula

2. 7x2 + 15x =5 4, X(3x + 8) = 15
7X2 4+ 15x—5=0 3x2 + 8x = 15
32+ 8—15=0
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6. (@ xX*—12x+27=0 (b) x—9x—-3) =0
12 + /122 — 4(1)(27) X—9=0 x—3=0
X= 2(1)
xX=9 Xx=3
(- 12= /144 - 108
B 2
_ 12+ /36
2
= 12+ 6
2
x=93
8 (@ x*+9%+14=0 10. (@ X2+ 12x+4=0
X = -9+ /9% — 4(1)(14) = —-12 + /(12)? — 4(9)(4)
2(1) - 2(9)
X:—Qi\/81—56 x—_lZi‘/lM_lM
2 B 18
-9+ /25 -12+ 0
X=—— - -
2 18
X:—915 X__g__g
2 - 18 3
X==2,-7 () 3x+2)(3x+2 =0
(b) X+ 7)(x+2) =0 X+2=0 X+2=0
Xx+7=0 x+2=0 X_ig X_ig
X= =7 X= =2 3 3

12. (@ x> —30x +25=0
L - 30+ V(=307 4(9)(25
B 2(9)

30 + /900 — 900
18

X =

(b) Bx—5@Bx—-5 =0
3XxX—-5=0 3xX—-5=0
3x=5 =5

X = =

5 S
3 3

14. () 10x2 — 11x + 3=10
11 + /(—11)2 — 4(10)(3)
2(10)

11 + /121 — 120
20

X =

(b) Bx—3(2x—1) =0
5x —3=0 x -1
bx = 2X

[T
NIk B O

S
Il

x
Il
glw w

16. (@) x>+ 20x — 300 = 0

=20+ /207 — 4(1)(— 300)

X =

2(1)
X = —20 + /400 + 1200
2
_ —20 + /1600
2
=M =10, —30
2
(b) (x+30)(x—10) =0
x+30=0 x—10=0
x=-30 x =10
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18. x2-2x—6=0 20. y’+6y+4=0 2. x2+8—-4=0
X=21 (—2)2 — 4(1)(—6) _ —6x /67— 4(1)(4) X=*8i 82 — A(1)(—4)
2(1) Y 2(1) 2(1)
2+ JA4+ 24 -6+ /36 — 16 -8+ /64 + 16
X=——- y:— X=—"77/#94
2 2 2
2+ /28 -6+ /20 -8+ /80
2 2 2
2427 _—6+2/5 X_—8¢4\/§
-T2 y 2 -T2
21+ /7) _2(-3+ /5 2(—4+ 2/5)
X = y = X =
2 2 2
x=1+ J7 y=-3+ .5 x=—-4+2/5
24. 2 —12u+29=0 26. 2x2—x+1=0 28. 4x2+6x+1=0
U= 12 + J/(—12)2 — 4(1)(29) = 1+ /(=12 -42@1) ‘= -6+ /62 — 4(4)(1)
2(1) 2(2) 2(4)
u—lZi‘/lM_lle x_11\/1—8 x_—6iJ36—16
- 2 a 4 a 8
12 + /28 1+ /-7 -6+ 20
u= X = X=—" "+
2 4 8
12 + 2/7 1+ /7, -6+ 2.5
u= X = | X =
2 4 8
o262 V7 S/ (o A-325)
2 4 4 8
u=6=+ J7 -3+ /5
X:
4
30. 2x2+ 3x+3=0 32.82-8—-1=0 34. —5x2— 15x+ 10 =10

-3+ /32 - 4020
2(2)

-3+ J/9-24
4

-3+ /-15

X =

_ 8% /(=87—4@8)(-1
2(8)

8+ /64 + 32

15 + /(—15)? — 4(—5)(10)
2(=5)
15 + /225 + 200
—10

—15 + /425
10

—15 + 517
10

-5(3+ J/17)
10

-3+ J17
2

X =

X =
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36. 6x2+3x—9=0 38. —15x2 — 10x + 25 =0 (Divide by —5.)
=3+ /F - 46)(—9) X2+ 2x—5=0
= 2(6)
(o 2% 22 — 4(3)(—5)
«— -3+ /9 + 216 B 2(3)
12 X_—2¢‘/4+60
_ —3% /225 N 6
12 L _—2x U6
(_ —3=15 B 6
12 = —-2+8
_, 18 - s
12 1
x=1 -2 T8
2
x=1 -2
'3
40. 7x%2 = 3 — bx 42, X—Xx2=1-—6x2
7X2+5x—3=0 524+ x—1=0
(o 5= 52 — 4(7)(—3) (o —L= 12 — 4(5)(— 1)
2(7) 2(5)
-5+ /25 + 84 -1+ J/1+20
X=——" —"— Xx=———Y=1<
14 10
x=_5i‘/109 X:—li\/Zl
14 10
44. X2 + 0.6x — 041 =0 46. 0.09x2 — 0.12x — 026 = 0
(o —06= 0.62 — 4(1)(—0.41) 9x2 — 12x — 26 = 0
20 12 JCIF - 49(-29)
(. —06= J/0.36 + 1.64 2(9)
2 12+ Ji#+ 9%
(06 J/2.00 B 18
2 (o2 /1080
(o 06 J2 18
2 L _12+6/30
18
_6(2+./30) _2+ /30 _ 002+ ./0.003
18 3 0.03
8. x2+x—-1=0 50. b2 — 4ac = 52 — 4(10)(1) 52. b2 — dac = (—2)2 — 4(3)(=5)
b2 — dac = 12 — 4(1)(—1) =25 — 40 =4+ 60
=1+4 = -15 =64
=5 Two distinct complex solutions Two distinct rational solutions

Two distinct irrational solutions
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54. b? — 4ac = 10% — 4(2)(6) 56. b2 — 4ac = (—24)%2 — 4(9)(16) 58. t2 = 144
=100 — 48 = 576 — 576 t=+.144
=52 =0 t==+x12
Two distinct irrational solutions One (repeated) rational solution
60. 72+ 49u =0 62. 9(x+ 4)2+16=0 64. 4y(y +7) —5(y +7) =0
7uu+7 =0 Ix + 4)2=—-16 (y+7)(4y—-5=0
Tu = +7= — +7= — 5=
u=20 u 0 (x + 42 = 916 y+7=0 4 —-5=0
u=20 u= -7 y=—7 y=%
X+4== %16
X=—4=3
66. x2—3x—-4=0 68. y2+ 21y + 108 =0 70. 2x2 — 15x + 225 =0
x—4x+1=0 (y+12(y+9 =0 = —(—15) + /(—15)%> — 4(2)(225)
x—4=0 x+1=0 y+12=0 y+9=0 22)
X=4 X=—1 y:_lz y:_g lesi\/2i5_1800
= 15 + /—1575
- 4
_15, 157,
4 4
72. 14x2 4+ 11x — 40 =0 74. 5X(x — 1) — 7 = 4x(x — 2)
—11 = /112 — 4(14)(—40) 5x2 — bx — 7 = 4x%2 — 8x
x= 2(14)
X2+3x—-7=0
= —11 + \/2151 + 2240 . 3+ JF—ADT)
2(1)
St A ~3+ /9128
28 X=—F"—~
2
-3+ J37
X:
2
76. X=-2 x=3 78. X=3 Xx=9
XxX+2=0 x—3=0 x—3=0 XxX—9=0
x+2x—3) =0 x—3(x—-9 =0
X¥—x—6=0 X2 —12x+27=0
80. x=-3+.5 x=-3-.5
x—(—3+J§):O x—(—3—\/§):0

[x—(-3+ VB)][x— (-3~ VB)] =0
[(x+3) — B][(x+3) + V5] =0
x+ 32— (J5)°=0
X>+6x+9-5=0

x>+ 6x+4=0
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82. X =2 X=—2 X=—4 X=—4
x—2=0 x+2i=0 X+4=0 X+4=0
(x—2)(x+2)=0 (x+4(x+4) =0
X2 —4i2=0 X2+ 8+ 16=0
X2+4=0
86. y=x2+x+1 Ly =x2— 4x+ 3

90.

94.

Keystrokes:

Y=](X.T.6 (X.T.6) (+] 1 (GRAPH]

0=x2+x+1

_ (-1 = VP-4

X

2(1)
-1+ J/1—-4
X=——"]"—"—
2
-1+ /-3
X=———Y °
2
—1i\/§i -6
X=——— Y7

2

No x-intercepts

y = 15x? + 3x — 105
Keystrokes:

Y=]15(X,T,0 3(X.T,6] (=) 105 (GRAPH

-3+ /3 — 4(15)(— 105)

-1

200

2(15)
-3+ /9 + 6300
x— 2% v3+ 6300
30
(3% /6309
30
(3% 3./701
30
(231 J700) \
30 -
(o L= J/701
B 10
X ~ 2.55, —2.75

(2.55,0), (—2.75,0)

2> -x—-1=0
Keystrokes:

-200

y=]2 X.T.0) (3 (3] [X.T.6) (=) 1 [GRAPH

b2 — dac = (—1)2 — 4(2)(—= 1)
~1+8
-9

Two rea solutions

Keystrokes:

ly=] (=) 4 [X.1.6) (+) 3(GRAPH]

0=x2—4x+3

0=x-3x-1

Xx—3=0 x—1=0
x=3 x=1 "
(3,0,(1,0

.y =37x2 - 10.2x + 3.2

Keystrokes:

Vi

-2

37(XT.0 (5)10.2 (X.T,6) () 3.2

(- 102+ VZ1027 43732
2(3.7)
. 102+ /10404 — 47.36
7.4
10.2 + /56.68
X= """ """ 5
7.4
X ~ 2.40, 0.36

(2.40,0), (0.36, 0)
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9. 2x2 — 5x + 25 =0
Multiply by 3.
x2—15x+75=0
Keystrokes:

(Y=] (X.T.0) (X3 (=) 15 (X.T.6) (+] 75 (GRAPH

225 — 300 16

98. f(x) =2x2 — 7x + 5
0=2x2—-7x+5
0=(2x—-5kx—-1)

X = X=1

Niag

= =75

b? — 4ac = (—15)%2 — 4(1)(75)

No real solutions

20

100. h(x) = 6x2 + x + 10
—2=6x2+x+ 10
0=6x2+x+ 12

—1x JE— 4B
X= 2(6)

-1+ /1-— 288
12

-1+ /—287
12

X =

X =

No real values

104, J2x—3=x-2
(V2x=3) = (x - 22
2X—3=x2-2(x)(2) + 22
2X—3=x2—-4x+4
0=x2—-6x+7

6+ V& — 417
2(1)

6+ /36— 28

X =

x=3=% 2
x = 3 — /2 does not check.

x2—9x:x—1
6 2

2X2 —18x=6x — 6
22 —24x+6=0
X2—12x+3=0

_ —(=12) = V(=12 — 41)(3)
2(1)

102.

X

12 + /132
2 2

23+ V2) —323+ J2-2
\/6+2ﬁ—3=?1+ﬂ
‘/3+2\/§:?1+ﬁ

24142 = 2.4142

Check: -

23— v2)—323- J/2-2
J6-2/2-321- /3
3-2/221- 2
0.4142 # —0.4142

Check: -
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106. x2 —12x+c=0

@ b? —4ac > 0 (b) > —4ac=0 (© b? —4ac < 0
(—12)2 — 4(1)c > 0 (—12)2 — 4(1)c = 0 (—12)2 — 4(1)c < O
144 — 4c > 0 144 — 4c =0 144 — 4c < 0O
144 > 4c 144 = 4c 144 < 4c

36 >c 36=c B<cC

108. x2+2x+c=0

@ b>—4ac>0 (o) b?2—4ac=0
2 - 41c>0 22— 41c=0
4—4c>0 4—-4=0

4 > 4c 4 =4c

1>c l=c

110. Verbal Mode!: | Area | = | Length | | Width |

Labels: Length = x + 1.5
Width = x
Equation: 18.36 = (x + 1.5) - x

18.36 = x? + 1.5x
0= x%+ 1.5x — 18.36

(- —L15+ VIE — 4(1)(-1836)

2(1)
—15+ 225+ 73.44
X =
2
= —15+ /75.69 ~ 36
2
x = 3.6 inches
X + 1.5 = 5.1 inches
114. (a) 61 = —16t% + 36t + 61
0 = —16t2 + 36t
0= —4t(4t — 9)
0= —4t 4 —-9=0
9
0=t t:Z: 2.25 seconds

() b»—4ac<0
22— 41)c<0
4—-4<0

4 < 4c

l<c

112. h = —16t%> + 20t + 40
(d) 40 = —16t2 + 20t + 40

0 = —16t> + 20t

0 = —4t(4t — 5)
—4=0 4-5=0

5

t=0 t_Z
(b) 0 = —16t> + 20t + 40
0 = —4(4t2 — 5t — 10)

_ (=5 £ V(=5 — 44)(-10)
2(4)

5+ /25 + 160
8

5+ /185
t=""%

_5+ V18
8

= 1.25 seconds

t

t=

t =~ 2.325 seconds

reject 5-—- 8\/ 185

(b) 0= —16t2 + 36t + 61

. —36 + /36% — 4(—16)(61)
2(—16)

_ —36 + /1296 + 3904

B -32

36 + /5200
32

t = 3.38; —1.13 rgject

t

t=

t ~ 3.38 seconds
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116. (a) 42 = —16t2 + 30t + 42 (b) 0= —16t2 + 30t + 42

0=8t2— 15t — 21
(- 15+ J(-157 — 48)(=21)

0= —16t> + 30t
0= —2t(8t — 15)

0=-—-2t 8t —-15=0 28)
15 (.15 V225 + 672
0=t t= gseconds - 16
,_ 15+ /807
B 16

t = 2.81; —0.93 rgject

t = 2.81 seconds

118. (a) Keystrokes:
Y=11178.29(X.T, 0 (=) 2816.5(X.T,0) (¥) 17,457

150,000

4 .
25,000

(b) 1996
s = 44 million = 44,000,000 = 44,000 (in thousands)
44,000 = 1178.29t% — 2816.5t + 17,457
0 = 1178.29t% — 2816.5t — 26,543
_ 28165 + /(—2816.5) — 4(1178.29)(— 26,543)

2(1178.29)
t = 6; 1996
120. ax?> + bx +c=0 122. Compute —b plus or minus the square root of the
. quantity b squared minus 4ac. This quantity divided
Solutions are x, and X,. by the quantity 2a is the Quadratic Formula.
b c
X1+X2=—5, Xl'X2=a

124. The Quadratic Formulais derived by solving the general quadratic equation ax? + bx + ¢ = 0 by the method of
completing the square.

Section 8.4  Graphs of Quadratic Functions

2y=-x+1> () 4. y=-x2+3 (o) 6.y=2-(x-22 (@

8. y=x2+ 2X 10 y=x>+6x—5 12. y=x>—4x+5
y=0+2x+1 -1 y=(x+6x+9 —-5-9 y=(x2—-4x+4)+5-4
y=x+1?-1 y=(x+23?-14 y=Kx-2?2+1
vertex = (—1, —1) vertex = (=3, —14) vertex = (2, 1)
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14.

20.

26.

32.

36.

y=4-8-—x?
y=—(x2+8x —4)
y=—(x2+8x + 16 — 16 — 4)
y=—(x*>+8x+ 16) + 16 + 4
y=—(x+4)?+20

vertex = (—4, 20)

fX) =x2+4x+1
b=14

_—b_-@&__
X=%a =21 = ?

a=1,

f(;:) —(—27+4(-2) + 1

=4-8+1
=-3
vertex = (—2, —3)

y=-3x+52-3
—3 < 0 opens downward.

vertex = (—5, —3)

y = X2 — 6X

1 > 0 opens upward.
y = X% — 6x
y=x>-6x+9-9
y=(x-32-9

vertex = (3, —9)

y = x?— 49

0=x?-49

0=X—-7Kx+7)

XxX—7=0 X+7=0
xX=7 X=-=7

(7,0)and (-7, 0)

16.

22.

28.

y=—x?—10x + 10
= —(x2+ 10x) + 10

= —(x2+ 10x + 25 — 25) + 10
—(x2+ 10x + 25) + 25 + 10

—(x+52+35
vertex = (—5, 35)

h(x) = —x2 + 14x — 14

a=-1 b=14
x=7:=ﬁ=7
hF%=—ﬁ+m®—m
2a
=-49+98—14=35
vertex = (7, 35)

y=2(x—12?%+ 3
2 > 0 opens upward.

vertex = (12, 3)

.y=-x2-5

—1 < 0 opens downward.

vertex = (0, —5)

18.

24.

30.

y=3x>—3x—9

y=3x-x+3:-3-23
y=30-x+3-3-9
y- b33
y=3x-3)-%

y = 9x% — 12x

a=9 b=-12

_=h_ (-1 _12_2
2a 2(9) 18 3

y=—(x+ 1)?
—1 < 0 opens downward.

vertex = (—1,0)

38. y = X%+ 4x
0=x2+ 4x
0=x(x+4)
y=x%—49 x=0 X+4=0 y = X2 + 4x
y=0%-49 X=—4 y = 0%+ 4(0)
y=—49 (0,0) and (—4, 0) y=0
(0, —49) 0,0
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40. y=—x>+4x—-5

0=x2—4x+5

x=4i J16 — 20
2
4+ /-4
X2

No x-intercepts

44. y = x2 - 3x — 10
0=x>—3x—-10
0=(xX—-5Kx+2
Xx—5=0

X=5
(5,0) and (—2,0)

48. h(x) = x2 -9
x-intercepts:
0=x>-9
0=(x—23)(x+ 3
x—3=0

x=3
vertex:
h(x) = x2 —9
h(x) = (x— 0?2 -9

52. g(X) = x2 — 4x
x-intercepts:

0= x2— 4x

vertex:

y=(x2—4x+4) - 4

—(x-22-4

X+2=0

XxX+3=0

X= -3

y=-x2+4x-5
y=—02+40) -5
y=-5
(0, -5)

y=x?>—-3x—10
y=02- 30 — 10
y=-10
(0, —10)

42.

46.

50.

y=10—x— 2x?
0=10—-x—2x?
0=05+2X(2 - x)
5+2x=0

y=—4x2+ 6x—9
0=4x2—6x+9

6+ /36— 144
x=2% v~ 4%
8
6+ /—108
X=""—g

No x-intercepts

fx)=-x2+9
x-intercepts:
0=-x2+9
x2=9

X==3

vertex:

fx) =—(x—-02%2+9

Ly = —xX? + 4x
x-intercepts:
0= —x%+ 4x
0=—x(x—4)
-x=0 X—4=0
x=0 X=4
vertex:
y = —x%+ 4x
= —(x2 — 4x)

—(x2—4x+ 4 - 4)

—(x2—4x+4) + 4
=—-(x—22+4

2 —X

y=10 — x — 2x?
y=10 - 0 — 2(07?
y =10
(0, 10)

= —4x>+6x—9
—4(0)2+ 6(0) — 9
-9

0, —-9)
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56. y = —(x + 4)?

—t— <
x

x-intercepts: (-4,0) 4

0= —(x+ 4 S5 12 .
Xx+4=0
X=—4
vertex:

f(x) = —(x + 4)?

58. y =x2+ 4x + 2 60. y=—x>+2x+ 8
x-intercepts: x-intercepts:
0=x2+4x+2 0=-x>+2x+8
= —4x /4 - 41)(2) 0=—-(x2—2x—18)
21) 0= —(x - 4x +2)
X:_‘l%‘/m “1+0 x-4=0 x+2=0
xX=4 xX==-2
LT NE _
2 vertex: y
X_—4i2ﬁ y=—-(x2-2x) +8 o1 (L9
2 =—(@-22+1-1)+8
x=-2x2 =—(@-22+1)+1+8
vertex: =-(x—12+9
y=x2+4x + 2
=(+4x+4H+2-4
=(x+22-2
62. fT(X) =x2+4x+ 7 64 y=3x2—-6x+ 4 v
vertex: x-intercepts:
5
fx) =(2+4x+4)+7—-4 0=3x>—-6x+4 .
fx) =(x+ 22+ 3 = 6 + /(—6)? — 4(3)(4) 3
x-intercepts: 23) j
0=x2+4x+7 X=w —t Nl A
6 2 -1 1 2 3 2
—4+ JEZ—ADD)
x= "2 V¥ - 400 6 /D2
2(1) X =St
X = w No x-intercepts
T w2 1 2 vertex:
X = -4+ /-12 s
2 y=3x*—6x+4
No x-intercepts =3x*—2x) + 4

=3x2-2x+1-1)+14
=3x*-2x+1) —-3+4
=3kx-12+1
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66. y = —%(x2 —6X+ 7)

x-intercepts: vertex:
O:—l(x2—6x+7) 1
2 y:—E(x2—6x+7)
6 /6P 4D .
2(1) =f§(x276x+979+7)
K= 0 26_28 =—1(x2—6x+9)+g—Z
2 2 2
6+ 8
X = 1
2 = —5x—37+1
6+ 2.2
X =
2
x=3+ 2
1
68. y = §(2x2 —4x+7)
x-intercepts: vertex:
0= 22— 4x+7) 1
5 y=§(2x274x+7) v
4+ V16 - 42)(7) 2 7
- — L(y2 _ L
2(2) 5(x 2X) + 5
= 4+ /16 — 56 9 7
- — Z(yx2 — _ 2
4 5(x x+1-1)+ 5
X:L v —40 2 ) 2 7 . T ‘(l,ill.) )
4 :g(x—2X+1)—g+g B e
no x-intercepts 5
= E(X - 1)2 +1
1
70. f(x) = gxz -2 72. h(x) =x2— 4
x-intercepts: |
0= %xz -2 y b
ol
,_ X
3 N
6 =x? 11
5t
+/6 =X
Vertical shift 4 units down
vertex:

f(x) = %(xz) —2

f(x) = %(x —0p-2
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74. h(x) = (x — 4)? 76. h(x) = —x2— 6 78. h(x) = —(x — 3)2+ 2
y y y
10+ 3 2T
8+ i x 1+ /\
3 6 9
61 + + + + t + X
-1 1 2 3 4 5
44 -1+
2+ -2+
; x _3d
-2 2 4 6 8 10
ol _al
Horizontal shift 4 units right Vertical shift 6 units down Horizontal shift 3 units right

80.

82.

Reflection in the x-axis

y= ,%(4)(2 — 20x + 13)

Keystrokes:
Y=1J@1=40) (A 4(XT.6) (x?) (=) 20(X.T.6) (+] 130 [GRAPH

vertex = (g 3) 6

Check:
* , AN

13
= —x2+5x— —
y X% + 5x 2 \

a=-1 b=5 -5

w—_P_ =5 _5
2a 2(-1) 2

CRE
y 2 2) " 4
25,25 13 -25+50-13 12

st 4" 4 ~ 478

y = 0.75x%2 — 7.50x + 23.00

Keystrokes:

(v=].75(X.T.6) (@) (=) 7.5(X.T.6) (+) 23(GRAPH)

vertex = (5, 4.25) 2

Vertical shift 2 units down

12

Check:
y = 0.75x%2 — 7.50x + 23
a=07, b=-75

30

7;b77(—7.5)75 3
T 2a 2075

y = 0.75(5)2 — 7.5(5) + 23
= 1875 — 37.5 + 23

X

=425
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84.

88.

92.

96.

vertex = (2, 0); point = (0, 4)
4=2a0-2?+0 y=1x-22+0
4 = a(4) y=(x—2)?

l=a y=x2—4x+ 4

vertex = (—3, —3);a=1
y=alx—h?+k
y=1x - (=3)*+ (-3
y=(x+32—-3
y=x>+2x(3) +3# -3
y=x>+6x+9-3

y=x>+6x+6

vertex = (—1, —1); point = (0, 4)
y=a(x—h)2+k
y=ax - (=1)?+ (-1
y=ax+12-1
4=al0+12-1
4=a-1

5=a
y=5x+12-1
y=5x2+2x+1 -1
y=5+10x+5—-1
y =5x?+ 10x + 4

1 2
= ——Xx2+ 2X +
y 16x 2Xx+ 5

@ y= 35002+ 20 +5

= 5feet

86. vertex = (2, 6); point = (0, 4)

90.

94.

(b) y= 71716()(2 — 32x + 256) + 5 + 16

1 2
=——(x— +
g 162+ 21

Maximum height = 21 feet

y=ax—22+6
4=2a0—-2?+6

y=-3(x-22+6
y=—302—4x+4) +6

4=a4)+6 y=-3x+2x—-2+6
—2=a4) y=—3x2+2x+ 4
2_4

vertex = (—2, —4); point = (0, 0)

y =ax — h?+ k
y=alx— (~2)° + (-4
y=alx+2?-4

0=a0+22-4

0=4a-4
4=4a
a=1
y=(x+22-
y = X%+ 4x +

y = X% + 4x

vertex = (5, 2);

y = a(x — h)?
y = ax — 5)?

3=a1l0—-52+2

3=a(25) + 2
1= a(25)

1 _
%= a

4
4-4

point = (10, 3)

+k y=2(x—52+2

+2 y =32 — 10x + 25) + 2

y=2x2—&x+1+2

y=2x2—&x+3

1

(© 0=—-——x+2x+5

16
0=x2—-32x— 80

_ —(=32) + V(=322 — 4(1)(—80)
X= 2(0)
_ 32+ /1024 + 320
2
_ 3+ /1344 R +8/21
2 2

=16 + 4/21 = 34.3feet
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1.1 1,
98. y= 90x +5x+9 100. y = 70x +2X+ 2

102.

106.

@ y= 4502 + 20 + 9

y = 9feet

N 9
(b) y= 90(x 18x+81)+9+10
_ 1 _geio2
y = 90(x 9)+910

Maximum height = 91% feet

1.1
(c) 0= 90x +5x+9

0= x2— 18x — 810

«— —(-18) + /(—18)%? — 4(1)(—810)

2(1)

18 + /324 + 3240
2

18 + /3564
2

X =~ 38.8; —20.8 reject
X ~ 38.8 feet

X =

X =

_~4, 10
y = 3x+3><+10

y=%4<x2—§x+§>+10+§

2 16 12
_ ;4< _ §)2 145
Y=73\" 74 T2
Maximum height = % ~ 12.08 feet

P =230 + 20s — 3
Keystrokes:

=] 230 (] 20(X,.6) (5) .5(X.T,6) (x?) (GRAPH

P =230 + 205 — 3&?

P= -1+ 20s+ 230

P = —3(s? — 40s + 400) + 230 + 200
P=—3(s— 202 + 430

@ y= 5 (02 + 20) + 2

y = 2feet

(b) y= —7—10(x2 — 140x + 4900) + 2+ 70

1 2
= —=—(x— +
y 70(x 70)2 + 72
Maximum height = 72 feet
__ 1.
(c) 0= 7Ox +2x+ 2
0 = x2 — 140x — 140

- —(—140) + /(—140)> — 4(1)(— 140)

2(1)

140 + /19,600 + 560
X =
2
. _ 140+ /20,160
2

X ~ 140.99; —0.99 reject
X ~ 140.99 feet

104. A = g(100x - X3
T

Keystrokes:

=](J2=) (=) D] (Q100(XT.6) (=) (X.T.8) (x2) O] [GRAPH)

X = 50 when A is maximum.

2000

500

Amount of advertising that yields a maximum profit = $2000

Maximum profit = $430,000



Section 8.5  Applications of Quadratic Equations 315

108. 100 = a(500 — 0)2+ 0 110. To find the vertex of the graph of a quadratic function,
_ use the method of completing the square to write the
100 = a(250,000) function in standard form f(x) = a(x — h)2 + k. The

25%)?800 =a vertex islocated at point (h, k).
1
2500 — &

y = 350(x — 02 + 0

Y = 25X
112. The graph of a quadratic function f(x) = ax® + bx + ¢ 114. It isnot possible for the graph of a quadratic function to
opens upward if a > 0 and opens downward if a < O. have two y-intercepts. All functions must have only one

y-value for each x-value.

Section 8.5 Applications of Quadratic Equations

2 Verbal Modd!: Selling price | _ | Cost per n Profit per
per computer computer computer
27,000 27,000
Equation: = + 750
X x+ 3

27,000(x + 3) = 27,000x + 750x(x + 3)
27,000x + 81,000 = 27,000x + 750x2 + 2250x
0 = 750x? 4+ 2250x — 81,000
0= x%+ 3x — 108
0=(x+12)(x — 9)

x = —12 x = 9computers
Selling price = @ = $3000
. | Selling price Cost per Profit per
4, Verbal Model: =
per sweatshirt sweatshirt * sweatshirt
- 850 _ 850
Equation: x X+ 16 + 8

850(x + 16) = 850x + 8x(x + 16)
850x + 13600 = 850x + 8x? + 128x
0 = 8x? + 128x — 13600
0 = x2 + 16x — 1700
0= (x+ 50)(x — 34)
x= —50 x = 34 sweatshirts

reject Selling price = 8i3£ = $25
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6. Verbal Model: 2| Length | + 2| Width | = | Perimeter

Equation: 2(3.5w) + 2w = 60

7w + 2w = 60
9w = 60
w7
| = 35w=7%

Verbal Model: | Length | - | Width | = | Area |

Equation: %0 . %O =A

2 =1555m2 = A

10. Verbal Model: | Length | - | width | = | Area |

Equation: |- %I = 2700
312 = 2700
12 = 3600

| = 60

w=3l=45

Verbal Model: 2| Length | + 2| Width | = | Perimeter

Equation: 2(60) + 2(45) = P
210inches = P

14. Verbal Model: | Area | = | Length | - | Width |

Equation: 500=(w+5) - -w
500 = w? + 5w
0= w?+ 5w
0= (w + 25)(w — 20)
w=—25 w =20
reject l=w+5=25

Verbal Model: 2| Length | + 2| Width | = | Perimeter

Equation: 2(25) + 220) = P
9O feet = P

18. Verbal Model: | Length | - | width | = | Area |

Equation: (x + 20) - x = 25,500
X2 + 20x = 25,500
X2 + 20x — 25,500 = 0
(x — 150)(x + 170) = 0O
x—150=0 x+170=10
x = 150 x= —170
Thelot is150 + 20 = 170 feet x 150 feet.

8. \erbal Model: | Length | - | width | = | Area|

12.

16.

Equation:

Verbal Model:

Equation:

Verbal Model:

Equation:

Verbal Model:

Equation:

Verbal Model:
Labels:

Equation:

15w - w =216
1502 = 216
W2 = 144
w =12
| = 15w = 12
2| Length | + 2| Width | = | Perimeter

2(18) + 2(12) =P

60 centimeters = P

2| Length | + 2| Width | = | Perimeter

2l + 2(I — 6) = 108
2l + 21 — 12 = 108

4 =120
| =30
w=1-6=24

| Length | . | Width | = | Area|

30-24=A

720ft2 = A
|Area|=%-|Height|-|Base|
Height = x — 8

Base = X

192 = 3(x — 8)x

384 = x2 — 8x
0=x?>—-8x— 384
0= (x— 24)(x + 16)

X = 24inches regectx = —16

X — 8 = 16.inches
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20. (a) Verbal Model: | Area| = | Length | - | Width |

Equation: 630 = x + (50 — x)
630 = 50x — x?
x? — 50x + 630 = 0
_ —(=50) = V(=50)* — 4(1)(630)

X

2(1)
50 /2500 — 2520 _ 50+ /=20
2 2

Not real therefore cannot enclose a rectangular region.

(b) Verbal Model: | Area | = 7 - | Radius |’

2
Equation: A= 77(5—0)
o
PR
a
A= 2500
w

A = 796 square feet

Yes, can enclose acircular area

22. Verbal Model: | Length | - | Width | = | Area |

Labels: Length = 8 — 2x
Width = 6 — 2x
Equation: (8 — 20(6 — 2x) = 3(48)

48 — 28x + 4x2 = 24
4x2 —28x+24=0
X2 —7x+6=0
x—6x—-1=0
X=06 x=1
reject 2x = 2inches
Each side should be reduced by 2 inches.

24. A=P1+r)? 26. A=P1+r)?
3499.20 = 3000(1 + r)? 280.90 = 250.00(1 + r)?
. =(1+r)? .
11664 = (1 +1) ggg gg — (L4 1)
108=1+r '
— 2
0.08 = r or 8% 11236 = (1 +)
106 =1+r
006 =r

6% =r

w w
X
2x + 2w = 100
X+ w = 50
w= 50— x
C=2ar
100 = 27r
100
2y
2
50
—=r
T
28. A=P(1 +r)?

8421.41 = 8000.00(1 + r)?
1.052676 = (1 + r)?
10260 =1+r
0.0260 =~ r or 2.6%
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. | Cost per Number of
30. Verbal Model: . =
member members
Labels: Number of members = x
Number goingto game = x + 8

Equation: (%0 - 1) - (x + 8) = 240

(240 - X) (X + 8) = 240

(240 — x)(x + 8) = 240x

240x + 1920 — x? — 8x = 240x
—-x?—8x+ 1920 = 0
X2+ 8x — 1920 = 0
(x+ 48)(x — 40) = 0

X = —48 x =40
X+ 8 =148
. Investment per Investment per
32. Verbal Model: — =
person; current group person; new group
Labels: Number in current group = X

Number in new group = x + 3

80,000 80,000
X X+ 3

80,000 80,000
X X+ 3

Equation: = 6000

X(x + 3)( ) = (6000)x(x + 3)

80,000(x + 3) — 80,000x = 6000(x? + 3x)
80,000x + 240,000 — 80,000x = 6000x? + 18,000
0 = 6000x? + 18,000x — 240,000
0=x2+3x—40
0=(xx+8(Kx—-5)
x+8=0 x—5=0

Xx=><38 X = 5investors

34. Common formula: a2 + b? + ¢?
Equation: X2 + (100 — x)2 = 807
X2 + 10,000 — 200x + x? = 6400
2x2 — 200x + 3600 = 0
x? — 100x + 1800 = 0
o~ —(=100) + /(=100 — 4(1)(1800)
2(2)

o 100+ /10,000 — 7200 _ 100 + /2800
B 2 B 2

=~ 76.5yards, 23.5 yards
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36. (8) d = /1007 + h? 500
d = /10,000 + h?
(b) Keystrokes:
10,000 (+]) (X.T.0) (GRAPH)

0 400
(c) Whend = 200 feet h is approximately 173.2 feet. 0
@ h 0 100 200 | 300
d | 100 | 1414 | 2236 | 316.2
d = /10,000 + 0? d = /10,000 + 1007 d = /10,000 + 2007 d = /10,000 + 3007
= /10,000 = /20,000 = /10,000 + 40,000 = /10,000 + 90,000
= 100 ~ 1414 = /50,000 = /100,000
=~ 223.6 ~ 316.2

38. \erbal Model: | Work done by Person 1| + |Work done by Person 2| = | One complete job |

. 1 1 B 10 + /(—10)? - 4(1)(—12)
Equation: X(6) + v 2(6) =1 X = >
6,6 _ 10 + /100 + 48
X X+2 X = 2
x(x+2)[§+ 6 ]=x(x+2) 10 = /148
X XxX+2 x=%
6(x + 2) + 6Xx = X2 + 2x
10 + 2/37
6x + 12 + 6x = X% + 2x X=—"75 =5+ J/37=111, -11

12x + 12 = x? + 2x
0=x2—-10x — 12
Thus, it would take person one = 11.1 hours to complete the task alone and it would take person two 11.1 + 2 = 13.1 hours.

40. Verbal Model: | Rate Company A | + | Rate Company B | = | Rate together
Labels: Time Company A = x + 3
Time Company B = x
Equation: 1 + 1.1

X+ 3 T4

X
4x(x + 3)<X i 3 + %)

%>4x(x + 3)

4X + 4(x + 3) = x(x + 3)
4X 4+ 4x + 12 = x2 + 3X
0=x%2—5x—12

_ —(=5 + V(=57 - 41)(-12)
2(1)

5+ /25 + 48
2

5+ /73
X=""5—

X~ 6.8days Xx==I38
X + 3 = 9.8 days

X



320 Chapter 8 Quadratic Equations, Functions, and Inequalities

42. h = h, — 16t2 44, h = h, — 16t2 46. 4 =5+ 25t — 16t?
0 = 729 — 16t? 0 = 984 — 16t? 16t — 25t —1=0
16t2 = 729 16t2 = 984 t = 25 + /(—25)%2 — 4(16)(—1)
t2 = 45,5625 t?2 = 615 2(16)
t = 6.75 or 63 seconds t ~ 7.8 seconds = 2% V625164 3?225+64
(= 25 + /689
32
t~ 25 + 26.25
32
t= 16, —0.04
1.6 seconds will pass before you
hit the ball.
48. h= —16t2 + 21t + 5
(@ 11 = —16t2 + 21t + 5 (b) 0= —16t2 + 21t + 5
0= —16t2+ 21t — 6 —21 + /212 — 4(—16)(5)
t= 2(— 16)
oAz V212 = 4(—16)(— 6)
- 2(—16) (oA V441 + 320
(o2 441 — 384 -3
-32 (-2 /761
B -32
21+ /57
t= 2 ~ 0.42 second and 0.89 second t~—02lrgect t~ 152 seconds
—-21 21
© =518 " 2
21\2 21
h= —16<§) + 21(§> + 5= 11.89 feet
Maximum height is 11.89 feet.
. Even | | Even | _
50. Verbal Model: | Integer | - [ Integer | = [ Product | 52. Verbal Model: | ;|- | e |
ion: c(n+1) = .
Equation n-(n+1)= 1806 Equation: 2n(2n + 2) = 2808

n+n-— 1806 =0
(n+43)(n—42) =0

4n? + 4n = 2808
4n2 + 4n — 2808 = 0

n+43=0 n-42=0 A +n—702) =0
reject{ n=-a n=42 4n+27)(n—26) =0
n+1=-42 n+1=143 nt27=0 n_ 2 =0
n=<77 n=26
reject 2n = 52

2n+2=>54
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54. \erbal Mode!: irft):ger : irft)ggder - 56. \erbal Model: ngﬁ i Tg;‘r‘i orl=s
Equation: (2n + 1)(2n + 3) = 1443 Equation; @ N r1:’%55 _
4n? + 8n + 3 = 1443
42 + 8n — 1440 = 0 r(r - 5)[1?0 + rlfss] =5r(r = 5)
+2n-360=0 100(r — 5) + 135r = 5r2 — 25r
(n+20)(n - 18) = 0 100r — 500 + 1351 = 512 — 25¢
n+20=0 n-18=0 0 = 5r2 — 260r + 500
n=-20 n=18 0 = 5(r2 — 52r + 100)
reject 2n+1=37 0= 5(r — 50)(r — 2)
2n + 3 =39 r—50=0 r—2=0
The integers are 37 and 39. r = 50 r =2 reject
Thus, the average speed for the first part of the trip was
50 miles per hour.
58. d, = V(X — %)% + (v, — o) y
13 = J/(x, — 12 + (14 — 22 Cotd) sy Gold
160 = (x, — 1)2 + 144 N
25 = (x, — 12 dl\;x /%
+/25 = (%, — 1) Nz
1+5=x EEENEREE
X, =6 X, = —4
(6, 14) (—4,14)

60. S= 156.45t2 — 1035.5t + 6875
(@) Keystrokes:

[Y=)156.45(X.T, 6) (x?) (=) 1035.5(X.T, 6] (+) 6875 (GRAPH

16,000

10

62. The four strategies that can be used to solve a
quadratic equation are factoring, the Square Root
Property, completing the square and the Quadratic

Formula.

(b) Saleswere approximately $6.3 billion (6300 million) in
the year 1996.

6300 = 156.45t2 — 1035.5t + 6875
0 = 156.45t% — 1035.5t + 575

Use the Quadratic Formulato solve for t.

20feet 1 minute
" minute 60 seeends

+ (45 secends) = 15 feet
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Section 8.6  Quadratic and Rational Inequalities
2.5x(x—3) =0 4, 9?2 —16=0 6. y(y—4)—-3y—-4=0
5x =0 Xx—3=0 By—4@By+4=0 (y—4(y-3=0
x=0 x=3 3y—4=0 y+4=0 y—4=0 y—3=0
Critical numbers = 0, 3 y=4 y= -4 y=4 y=3
y=3 y=—3 Critical numbers: 3, 4
Critical numbers = 3, —3
8. 3IX-2x—-8=0 10. 4x> —4x—3=0 12. 3—x
Bx+4(x—2 =0 2x+1D@2x—-3)=0 Positive: (—oo, 3)
3X+4=0 x—2=0 2X+1=0 2Xx—3=0 Negative: (3, oo)
xX=—-4 X=2 2x=-1 2x=3
x= 4 x= -1 =3
Critical numbers = —3, 2 Critical numbers. —3,3
14. 2x — 8 16. 7X(3 — X) 18. X2 — 9= (x — 3)(x + 3)
Negative: (—oo, 12) Negative: (—oo, 0) Positive: (—oo, —3)
Positive: (12, o) Positive: (0, 3) Negative: (—3, 3)
Negative: (3, o) Positive: (3, o)
20. 2x2 — 4x — 3 22. 2X(x — 6) > 0
_4x /(=42 - 42)(-3 Critical numbers; x = 0, 6
X =
22) Test intervals:
4+ J16+ 24
X= 4 Positive: (— oo, 0)
= 4+ /40 Negative: (0, 6)
4 -
— /10 Positive: (6, o)
4+ 2/10 Positive: (—00,210>
X= 4 2 Solution: (— oo, 0) U (6, o)
X=2(2¢ J/10) Negative: (2—2\/E,2+2\/E> — e
4 -4 -2 0 2 4 6 8
_2x V10 Positive: (2 ha \/E, oo)
2 2
24. 2x(6 — ) > 0 26. 2<9
Critical numbers. 0, 6 Z2-9<0

Test intervals:
Negative: (— oo, 0)
Positive: (0, 6)

(z—3)(z+3) <0
Critical numbers; z= -3, 3
Test intervals:

Negative: (6, co)
Solution: (0, 6)

Positive: (—oo, —3) L

L
-3 2 -1 0 1 2

Negative: (—3, 3)
Positive: (3, oo)
Solution: [—3, 3]
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28.

40.

X2 +8x+7<0
x+7(x+1) <0
Critical numbers; x = -7, -1
Test intervals:
Positive: (—oo, —7)
Negative: (—7, —1)
Positive: (—1, o)
Solution: (=7, —1)

t?— 15t +50 <0
(t—10(t—-5<0
Critical numbers: 5, 10
Test intervals:

Positive: (—oo, 5)
Negative: (5, 10)
Positive: (10, oo)
Solution: (5, 10)

5
L

A}
7 u
10 12

—-x2+8—11<0
O0<sx2—-8+11

8+ J/(—82— 41D
X= 2(1)

30. xX2—5x=0

X(x—5 =0

Critical numbers; x = 0,5
Test intervals:

Positive: (— oo, 0)
Negative: (0, 5)

Positive: (5, oo)

Solution: (—oo, 0] U [5, c0)

X

o

———
-6-4-2 0 2 4 6 8

. X2+ 6x+10>0

L~ —6:x /36— 4(10)

2
-6+ /-4
X=—""—"
2
X:76i2i
2
XxX=-3=i

No critical numbers

x? + 6x + 10 is greater than O for
all values of x.

Solution: (— oo, co0)

-3 2 -1 0 1 2 3

Critical numbers: x =4 + /5
Test intervals:

Positive: (—oo,4 — /5)
Negative: (4 — /5,4 + /5)
Positive: (4 + /5, o)

32.

38.

Solution: (oo, 4 — /5U[4 + /5, 0)

4-\5 4+.5
M A
P A 3
-2 0 2 4 6 8 10

2 — 4t > 12
?—-4-12>0
t-6)@t+2 >0
Critical numbers: x = 6, —2
Test intervals:
Positive: (—oo, —2)
Negative: (—2, 6)
Positive: (6, o)
Solution: (—oo, —2) U (6, oo)

) | | | L
7 t t t Ly
-4 -2 0 2 4 6

t

8

y2-5y+6>0
(y=3(y-2>0
Critical numbers: y = 2,3
Test intervals:

Positive: (—oo, 2)
Negative: (2, 3)

Positive: (3, oo)

Solution: (—oo, 2) U (3, o)

l L
7 \
-1 0 1 2 3 4 5
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42. x2+8x+16<0 44. y2 + 16y + 64 <0 46. 22 —-3t—20=0
(x+4)2<0 (y+82<0 (2t+5@t—-4=0
(x + 4)?is not less than zero for Critical number: y = —8 Critical numbers: t = —g, 4
any value of x. Test intervals: Test intervals:
Solution: none Positive: (— oo, c0) Positive: (—oo, —%]
Solution: —8 Negative: [—%4]
— sy Positive: [4, oo)

-10 8 6 -4 -2 0 2

Solution: (—oo, —3] U[4, o0)

_5
2
1 R .
—T T
-6 -4 -2 0 2 4 6
48. 4x>—4x—-63 <0 50. —3x2—4x+4<0
(x+7(2x—-—9 <0 0<3x>+4x—4
Critical numbers: x = —%% 0<s (3x—2)(x+ 2
Test intervals: Critical numbers, x = —2,%
Positive: (—oo, —%) 7 9 Test intervals:
2 2
Negative: (—2%,3) Hpt F——x Positive: (—oo, —2) 2
6 -4 -2 0 2 4 6 ) . ;
Positive: (3, o0) Negative: (-2, 2) ]+t
-4 -3 -2 -1 0 1 2
Solution: (—2%,9) Positive: (2, o)

Solution: (—oo, —2] U3, o)

52. 9x2 — 24x + 16 = 0 54. (y+32=0
3x—4)2=0 (y + 3)2 = Ofor all rea numbers.
(3x — 4)? = Ofor al real numbers. Solution: (—oo, co)
Solution: (—o0, c0) by

-3 -2 -1 0 1 2 3
X

-3 -2 -1 0 1 2 3

56. (y+32-6=20 Critical numbers: x = —3 + /6
y?’+6y+9-620 Test intervals:
y?+6y+320 Positive: (—oo, =3 — /6)
y-—8% V6 — 41)(3) Negative: (-3 — /6, —3 + J/6)
2(1) .
Positive: (—3 + /6, =)
-6+ V36 — 12
y=—"""" Solution: (—o0, =3 — VB U[-3 + /6, 0)
-6+ V24 -3-v6 -3+.6
y= 2 : ] —t [ ' y
8 6 -4 2 0 2 4
_—6+2/6
y 2
2(-3+ /6)
y= 2
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58. 25 = (x — 3)? 60. x(x — 1D(x+4) <0

25=>x2—-6x+9 Critical numbers: —4,0, 1

0=x2—6x—16 Test intervals:

0= (x—8Kx+2 Negative: (—oo, —4) \ 1

Critical numbers. —2, 8 Positive: (—4, 0) _; —é E —:2 0 2 4 ’
Test intervals: Negative: (0, 1)

Positive: (—oo, —2) . . Positive: (1, oo)

62.

66.

70.

L
-4 -2 0 2 4 6

Negative: (—2, 8)
Positive: (8, co)
Solution: [—2, 8]

Keystrokes:
Y=]2(X.T,6] 3 (+) 5(X.T, 6) (TEST) 3 O[GRAPH)
2x2 + 5x > 0 6

x(2x +5) > 0

Critical numbers; x = —3,0 ~° o

Test intervals:

Positive: (—oo, —%) °
Negative: (—g 0)

Positive: (0, oo)

Solution: (—oo, —3) U (0, o)

Keystrokes:

Y=](X.T.6) (>3 (=) 6(X.T.6) (=) O(TEST) 5 16 (GRAPH]
x> —6x+9< 16
X2 —-6x—7<0

x-—7x+1 <0

Critical numbers; x = —1,7
Test intervals: 5

Positive: (—oo, —1)

Negative: (—1,7) - °
Positive: (7, oo)
Solution: (—1,7)

x+2=0
X= -2

Critical number: x = —2

68.

72.

Solution: (—oo, —4]U [0, 1]

. Keystrokes:
¥=](01(=J30J (XT.0) (x3) () 3[X.T. 0} [TEST/5 0 (GRAPH]
X2 —3x<0 6
IX(x—9) <0
Critica numbers: x=0,9 * o “
Test intervals:

Positive: (— oo, 0)

Negative: (0, 9)

Positive: (9, co)

Solution: (0, 9)

Keystrokes:

(v=)8(X.T, 0] (=) (X7, 0] (x?3) (TEST) 3 12 (GRAPH]
8 — x2 > 12

-x2+8x—-12>0
X2 -8 +12<0
x—6x—-2 <0
Critical numbers; x = 2,6 6

Test intervals:

Positive: (—oc, 2) - °

Negative: (2, 6)
Positive: (6, co)
Solution: (2, 6)

Xx—10=0
x =10

XxX—2=0 or
X=2

Critical numbers: x = 2, 10
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74

78.

82.

86.

Critical number: x = 4

Test intervals: ; } X
0O 1 2 3 4 5 6
Positive: (—oo, 4)
Negative: (4, o)
Solution: (—oo, 4)
2 -
—3 > -1 Critical numbers: x = 1,3 80.
Test intervals:
-3 +1=20 Positive: (—oo, 1]
2+x—3 >0 Negative: [1, 3)
x—3 Positive: (3, co0)
x—-1 >0 Solution: (—oo, 1] U (3, o)
x—3
il + X
] i A
-1 0 1 2 3 4
y+6
v T2 >0 84.
Critical numbers: y = —6, —2
Test intervals:
Positive: (—oo, —6]
Negative: [—6, —2) —

-10 -8 -6 -4 -2 0

Positive: (—2, o)
Solution: (—oo, —6]U (=2, c0)

u—=6
3u—-5

Critical numbers: u = 6,%
Test intervals:
Positive: (—oo,3)

Negative: (g 6]

" +—f—t———]—
Positive: [6, co) 12 3 4 5 & 7

Solution: (3, 6]

3
76.
.4_X>0

<0 88.

-3
4_X>O

Critical number: x = 4

Test intervals: }

Positive: (—oo, 4)
Negative: (4, o)
Solution: (4, oo)

x—5<
X+ 2

0

Critical numbers; x = —2,5
Test intervals:

Positive: (—co, —2)
Negative: (—2,5)

Positive: (5, oo) 4
Solution: (—2,5)

3x+4<
2x—1

0

Critical numbers, x = —

wih
NI

Test intervals:
R 4
Positive: ( 00, 3)
e (41
Negative: ( 3 2)

Positive: (1 oo)

~ Nl

([ 41 -3
Solutlon.( 3 2)

2(4 -1

4+t >0

Critical numbers: t = —4, 4
Test intervals:

Negative: (—oo, 4)
Positive: (—4, 4)

Negative: (4, co)

Solution: (—4, 4)

+——f—
-6 -4 -2

0
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1 6Xx

90. 32> "3 Critica numbers x = —%, ) 92, <5 Critical numbers: x = —20, 4
+3-0 Test intervals: 6x 5<0 Testintervals:
X+ 2 7 X—4 Positive: (—oo, —20)
1+3x+2) o0 <_°°' _3> 6x —5x—4) _ Negative: (—20,4)
x+2 Negative < 7 2) x—4 Positive: (4, o)
ive: | —, — _
1+3x+6 20 3 Gx - X+ 20 _ 0 Solution: (—20, 4)
X+ 2 " X—4
Positive: (—2, o0)
X+ 7 X+ 20 -20 4
0 0 >
X+ 2 g Solution: <—oo,—;>u(—2, o) xX—4 < Y6 -8 o 8
8 i ( 5 i
T
+ 1
94, i — ‘51 > 10 Critical numbers; x = 5,6 96. X 4<0
x+4 00 Test intervals: Keystrokes:
X—3 Negative: (oo, 5) (v=)1(=) (X.T.6) (5) 4(TEST) 5 O(GRAPH
X+ 4 —10(x — 5) >0 Positive: (5, 6] 1 1
X—5 Negative: [6, oo) M 4<0 Critical numbers. x = O’Z
L:LOSXW) >0 Solution: (5, 6] 1 4x <0 Test intervals:
X — - _
XX Positive: (—oo, 0)
—9x + 54
— >0 N L 1 N X 1— 4x
X—5 t t 1 t <0 L 1
4 5 6 7 X Negative: O,Z
L_S@ >0 m-1_ L
X X > Positive: <Z’ oo)
: 1
Solution: (—oo, 0) U (Z‘ oo)
-2 2
-6
98 Xt 3.0
X+ 2
Keystrokes:
=10 X6l (+) 1200 (=) (D (X.T.6) () 20J (=) 3(TEST) 4 O(GRAPH
+
xt+12 320 Critical numbers, x = —2,3
X+ 2
x+12 3x + 2) o Test intervals: 5
X+ 2 X+2 ° Positive: (—oo, —2)
X+12—-3x—6 >0 Negative: (—2, 3] -9 o
x+2 Positive: [3, oo)
X+ 6 0 Solution: (-2, 3] 76
X+ 2
2X— 6
<

X+2
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100.

102.

104.

X -4
X—4

< =5

Keystrokes:

y=][03XTe)(=)40]) = ([AXT.6) (=) 40) TEST 5(-) 5(GRAPH

33X -4
X—4
3x—4+5(x—4)
X—4 X—4

3X—4+5x—20

X—4
8x — 24
X—4
8(x — 3)
X—4
1
4*ﬁ>1
Keystrokes:

< =5

<0

<0

<0

<0

Critical numbers. x = 3,4

Test intervals: 6

Positive: (—oo, 3)
Negative: (3, 4) - °
Positive: (4, oo)
Solution: (3, 4)

Y=]4@ 13 XT.0) 3 (TEST) 3 1(GRAPH

4 — % >1 Critical numbers: x = —0.58, 0, 0.58
s 1 1 Test intervals: 6
e e e’ 0 Positive: (—oco, —0.58)
-1 Negative: (—0.58, 0), (0, 0.58) . 2
7 ° Positive: (0.58, o)
Solution: (— oo, —0.58) U (0.58, c0) °
2(x — 2)
Y=" 11 @y<0 (bhhy=8 106.y=x2Jr4 @y=1 (bhy=0
Keystrokes: Keystrokes:
¥=)(02(0XTe) (T 20 0] (=) ([J(XT.6) (+)10] (GRAPH] (v=)5(X.T.6) (=] (D (X.T.0) Le] (+] 4] (GRAPH)
Solution: Solution:
@ (=12 @ [1,4]
(Look at x-axis and vertical asymptote x = —1.) (Graph'y = 1 and find intersection.)
(b) [-2,-1) (b) [0, o)
(Graph'y = 8 and find intersection.) (Look at x-axis.)

12

_/

—_——

rl__/-"'

2

T




Section 8.6 Quadratic and Rational Inequalities
108. h = —16t2 + 88t 110. 500(1 + r)? > 550
height > 50 L+1)2> %
—16t2 + 88t > 50
—16t2 + 88t — 50 > 0 (1+r)2>%
8t2 —44t+ 25 < 0
=7 /=7 142+ 12> %
Critical numbers: t = —% +4 [P 74 LS 10
10 + 20r + 10r2 - 11 >0
Test intervals:
e 10r2 + 20r — 1> 0
o 11 - J71
Positive: ( 00, 2 > Critical numbers:  — —-10 J;O\/ 110’ -10 10\/ 110
. 11 - /71 11 + J71
Negative: ( 7 , 7 ) r cannot be negative.
oostive (11 + U7 oo) Test intervals:
i ' » -10+
4 Positive: (10 10 110, oo)
Solution: (ll — /71 11+ Jﬁ) e
: , 104+
4 4 Solution: (1010110 oo)
(0.64, 4.86)
(0.0488, ©), r > 4.88%
— 2 _
112, Area = 500 | = 50 A 53()1) 4(1)(500) Critical numbers: | = 25 + 5./5
—1) = Test intervals:
(50 — |) = 500 l_SOi =00 —3000 intervals:
501 — 12 > 500 - 2 Positive: [0, 25 — 5./5]
0212 - 50l + 500 | _ 50+ /500 Negative: [25 — 5./5,25 + 5./5)
2 Positive: [25 + 5./5, 50]
| = 50%10‘@ Solution: [25 — 5./5, 25 + 5./8]
- 2(25 + 5.5
2
| =25+5/5

114. Verbal Model: | Profit | = | Revenue | - | Cost |

Inequality:

P(x) = x(125 — 0.0005x) — (3.5x + 185,000)

125x — 0.0005x? — 3.5x — 185,000

—0.0005x? + 121.5x — 185,000
—0.0005x? + 121.5x — 185,000 = 6,000,000

—0.0005x? + 121.5x — 6,185,000 = O

Critical numbers. x = 72,590, 170,410

Test intervals:

Positive: (—oo, 72,590]
Negative: [72,590, 170,410]
Positive: [170,410, o]
Solution: [72,590, 170,410]

(121.5)? — 4(— 0.0005)(— 6,185,000)

= —1215 +
2(—0.0005)

X = 1215 + /1476.25 — 12,370 _ 1215 + /2392.25

0.001 0.001

X = 72,590; 170,410
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116. (8) Keystrokes:

(Y=) (02485 13.72(xT.0) D] = (J 1(=) .13

(b) Lety, = 400 and find the intersection of the graphs.

.005 (X.T.9) (GRAPH) 0

Solution: [5.6,13.5], 5.6 < t < 135

16

118. Thedirection of the inequality is reversed, when both sides are multiplied by a negative real number.

120. An algebraic expression can change signs only at the x-values that make the expression zero or undefined.
The zeros and undefined values make up the critical numbers of the expression, and they are used to determine
the test intervalsin solving quadratic and rational inequalities.

122. x? 4+ 1 < 0Oisone example of a quadratic inequality that has no real solution. Any inequality of the form
x? + ¢ < 0, ¢ any positive constant or —x? — ¢ > 0, ¢ any positive constant will not have a real solution.

Review Exercises for Chapter 8

2. W>—18u=0

uu—18 =0
u=0 u—18=0
u=18

8. 15x2 —30x —45=0
15(x2 — 2x — 3) = 0
15x —3)(x+1) =0

Xx—3 x+1=0

0
x=3 x=-1

14. y2 - 8 =

20. x2+48=0

4. 22-72=0
22— 36) =0
2z—-6)(z+6)=0
z—6=0 z+6=0
z=16 z=-6

10. 10x — 8 = 3x2 — 9x + 12
0=3x2—19% + 20
0=(3x—4)(x—5)

x—4=0 x—5=0
ng Xx=5
16. (x + 3)2 = 900
Xx+3=%30
x=-3%30
x=27,—33

22. (x—22+24=0

(x—22=-24
X—2==x/—-24
x=2+ 2./6i

6. x2+%x+%=0
X%+ 24x + 16 =0
(Bx+4)3Bx+4) =0
X+4=0

x=—3 X=-

12. 2x> = 98
x% =49
X=+49

X==7

18. = —-25

u= =5

24, x*—10x2+9=0
x2-9x2-1) =0
x2—-9=0

x2=9 x2=1

XxX+4=0

4
3
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26.

28.

30.

32.

38.

X+2/x-3=0
(Vx+3)(Vx—1)=0

Ux+3=0 Jx—1=0
Vx=-3 Jx=1
(VX =(=32 (WNX)P=122
Xx=9 x=1

Not a solution

(Vx—22+2(/x-2)-3=0
(Vx-2) +3(vx-2)-1) =0

(mmm9+2J§—330
9+6-320

12+0
(mmm1+2J1—330
1+2-320

0=0

Check: (Vi-22+2(/i-2)-320
1-22+20-2-320

(=1

Jx=2+3=0 Vx-2-1=0
Ux+1=0 Jx—-3=0
Vx=-1 Vx =3
(V) = (-272 (V%" = &
x=1 XxX=9
Not a solution
X5 + 4xY/5 + 3 =0
(X5 + 3)(x/5 + 1) = 0
x5+ 3=0 x5 +1=0
x5 = -3 x5 = —1
¥x=-3 x=-1
(¢%)° = (-3 (#)° = (-1
X = —243 Xx=-1
y? — 80y + 1600 34. X2+21X+%

(-2

X2+ 12x+6=0

-G

X2+ 12x+ 36 = —6+ 36

(x + 6)2 = 30
X+ 6=+.30
X=—-6+ 30

x= —052; —11.48

5
242(-1)-3<0

?
1-2-320
~4+0

Check: (VO —2)2+2(/8-2)-320
3-22+28-2-320

5
12+21)-3=0

s
1+2-3=0
0=0

3 9

2 _ =% -~

36. X 4X+64

w—-5u+6=0
(B-5u+2%)=-6+2
(o3 =1
u-3=2x.2
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42, t2+%t—1:0

1 1 1
2 4 = = el
P+t 36 1+16
(t+;)2_16+1
4) 16
(-3
4 16
trioL JY
4~V 16
1 J17
+ == +—
tha=%7
f= 1, v
4 4
-1+ J17
t:
4
t~0.78 —1.28

48. 3x2 + 12x+ 4 =0
(o —12x VI - 43@)

2(3)
_ 12+ /144 - 48
6
-12 + /96
y— 1% v
6
—12 + 46
X:
6
-6+ 2.6
X=73

54, 7x? +3x — 18 =0
b? — 4ac = 32 — 4(7)(—18)
=9+ 504
= 513

Two distinct irrational solutions

4. X2 —x—72=0 46.
(1= (—12 - 41)(—-72)
- 2(1)
(1= J1+ 288
2
1+ /289
B 2
(o 1=17
2
X=—8,9
50. y2 — 26y + 169 = 0 52.
b2 — 4ac = (—26)2 — 4(1)(169)
= 676 — 676
=0

One repeated rational solution

56. 92+ 1=0 58.
b? — 4ac = 02 — 4(9)(1)
= -36

Two distinct complex solutions

60. X=2+ 2 XxX=2- U2 62. X =3+ 4i
x—(2+V2)=0 x—(2-v2)=0 Xx—(3+4i)=0
x—2)—J2=0 x—2)+J2=0 x—3)—4i=0

[(x-2 - V2][x-2) + 2] =0
(x-22- (V2] =0
X2—4x+4—-2=0

xX2—4x+2=0

2X2—3x—20=0
3+ /(=32 - 4(2)(—20)

X =

2(2)
X=Si‘/9+160
4
3+ /169
X ="
4
X:3113
4
5
X——§,4

r2—56r—45=0

b? — 4ac = (—5)? — 4(1)(—45)
=25 + 180
= 205

Two distinct irrational solutions

x=-1 x =10
x+1=0 x—10=0
x+1(x—-10 =0
x2-9%—10=0
x=3—di
X—(3—-4)=0
(x—3)+4i=0

[(x—3) —4i][(x—3) +4i]=0
(x—3)2—(4i)2=0
X2 —-—6x+9+16=0

X2—-—6x+25=0
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64. gx) =x2+ 12x — 9 66. y=3x>+2x—6
= (x2+12x+36) — 9 — 36 — 3 +2x) - 6

= (x+6)*— 45 —3x2+2x+3)-6-1%
Vertex: (—6, —45) —3x+ 1L

Vertex: (—% —%9)

68. y = —x2 + 3x 70. y = x>+ 3x— 10 y

x-intercepts: x-intercepts:
0= —x2+ 3x 0=x>+3x—-10
0=—-x(x—23) ( . ) 0=(x+5Kx-2
-x=0 x—3=0 x=-=5 X=2

x=0 Xx=3 Vertex:
Vertex: y:(x2+3x—|r?1)—10—?1
y = —x2+ 3x =(x+3)-%
=0 -3x+3 +1 (-3 -9

= —(x=3+3
(3.2

72. Vertex: (—4,0) 74. Vertex: (—2,5)
y-intercept: (0, —6) Point: (0, 1)
y=a(x—h?2+k y=ax—h?+k
y=ax+42+0 y=ax—-(-2)>+5
—6=a(0 + 4)? y=alx+22+5
—%=a 1=a0+22+5
y=—3(x+ 47 1=4a+5
—4=14a
—-1=a

y=-(x+2?2?+5

76. (8) Keystrokes:
(y=]((=)66.36(X.T,6 1116.2(X.T,0) (=) 3259 [GRAPH

2000

T

0

—CONTINUED—
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76. —CONTINUED—
(b) Maximum number of bankruptcies = 1,435,000 occuring in the year 1998
N(8) = —66.36(8)2 + 1116.2(8) — 3259
1423.56 x 1000
~ 1,423,560

U

Maximum occurs whent = 8.

8. Verbal Modd!: Selling price | _ | Cost per n Profit per
per computer computer computer
Labels: Number computers sold = x

Number computers purchased = x + 5
27,000 _ 27,000

Equation: " x15 + 900
X(x + 5)<@) = (M + 900>x(x + 5)
X X+5

27,000(x + 5) = 27,000x + 900 x(x + 5)
27,000x + 135,000 = 27,000x + 900x? + 4500x
0 = 900x? + 4500x — 135,000
0 = x2 + 5x — 150
0= (x + 15)(x — 10)

x=—15 X = 10 computers
reject
Selling price of each computer = 27i(())00 = $2700
80. A= Pl +r)? 82. Formula: ¢ = a2 + b?
38,955.88 = 35,000(1 + r)? Labelss c¢=39 a+b=>51
1.113025143 = (1 + r)? a=x X+b=51
1.055=1+r b=51-x b=51-x
0.055 = r = 5.5% Equation: 39?2 = x2 + (51 — x)?
1521 = x? + 2601 — 102x + x?
0 = 2x? — 102x + 1080
0 = x2 — 51x + 540
0= (x— 15)(x — 36)
x=15 X = 36
51-x=36 51 —x=15
15 feet and 36 feet
84. (a) 256 = —16t> + 64t + 192 (b) 0 = —16t> + 64t + 192
0= —16t% + 64t — 64 0= —16(t? — 4t — 12)
0=t —4t+ 4 0= —16(t + 2)(t — 6)
0=(t—27? t+2=0 t—-6=0

t = 2 seconds discardt = —2 t = 6 seconds
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86.

90.

98.

5x(x — 13)
5x=0 Xx—13=0
x=0 x =13

Critical numbers. x = 0, 13

—2x(x—10) < 0
Critical numbers; x = 0, 10
Test intervals:

Negative: (—oo, 0]

J—+—+—+—+F

Positive: [0, 10]
Negative: [10, oo)
Solution: (—oo, 0] U[10, c0)

X —-2x—8>0
Bx+49x—-2 >0

Critical numbers, x = —g, 2
Test intervals:

R
Posmve.< o0, 3>

| | —
-2 0 2 4 6 8 10 12

e (2
Negative: < 3 2)

Positive: (2, oo)

ol

+ + t t +
-3 -2 -1 0 1 2 3

Solution: (—oo, —g) U (2, o0)

2Xx— 9
Xx—1

<0

Critical numbers; x = 1,

N[ ©

Test intervals:
Positive: (—oo, 1)

Negative: (1, g]

Positive: [g oo)

]

N ©

Solution: (1,

ddiol 0

X

88.

92.

96.

100.

22+ 11x+ 5
(2x+ 1)(x + 5)
2X+1=0 XxX+5=0

X=—3 X

-5

Critical numbers: x = —%, -5

(x—52-36>0
[(x—5 —6][(x—5 +6]>0
x—1)x+1) >0
Critical numbers; x = —1,11
Test intervals:
Positive: (—oo, —1) -1 1

. )
Negative: (—1, 11)

-2 0 2 4 6 8 10 12
Positive: (11, co)
Solution: (—oo, —1) U (11, oo)

33X+ 2

X_3>O

Critical numbers, x = —=, 3

wWIN

Test intervals:
2

Positive: (— oo, —§>

Negative: (f g 3) _

-, wn

W o~ W
<

Positive: (3, o) 2-1 0 1 2

Solution: (—oo, —%) U (3, o0)

o C _ 100,000 + 0.9x _ 100,000 409
X X X

100,000
X

+09<2

100000 _ 15 o

100,000 — 1.1x <
X

Critical numbers: x = 0, 90,909

0

Test intervals:

X must be positive.

Positive: (0, 90,909)

Negative: (90,909, co)

Solution: (90,909, co); X > 90,909



