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63. Guidelines for solving word problems:
(a) Write a verbal model that will describe what you need to know.
(b) Assign labels to each part of the verbal model—numbers to the known quantities and letters to the variable quantities.
(c) Use the labels to write an algebraic model based on the verbal model.

(d) Solve the resulting algebraic equation and check your solution.

65. Unit Analysis

9dollars
= (20 beurs) = 180 dollars
67. An example of a quadratic equation that has only one repeated solution &2 = 0. Any equation of the form

(x — ¢)2 = 0, wherec is a constant will have only one repeated solution.

Section 6.5 Quadratic and Rational Inequalities

1. x2x—-5 =0 3.4x2-81=0 5. xx+3)—5x+3 =0
x=0 2x-5=0 x2=8 (x—5)(x+3) =0
x:g x=¢§ XxX=5 x=-3
Critical numbers= 0, 3 Critical numbers:%, —% Critical numbers: 5;-3
7. xX*—4+3=0 9.4x> - 20x+ 25=0
x=—3)x—1) =0 (2x—52=0
x=3 x=1 2X—-5=0
Critical numbers= 3,1 = %

Critical number:3

11. Negative: (—oo, 4) 13. Negative: (6, co)
Positive: (4, oo) Positive: (— o, 6)
T A
: X SR X
Choose a test value from each interval. Choose a test value from each interval.
(-0, 4 0 x=00 0—4=-4<0 (—0,6) 0 x=00 3-30=3>0
(4,00) 0 x=50 5-4=1>0 (6,00) 0 x=80 3-38=-1<0

15. Positive: (— oo, 0)
Negative: (0, 4)
Positive: (4, oo)

1 1
1 1
+ 1 - o+
1 1
- X

0 4
Choose a test value from each interval.

(—00,00 0 x=-10 2(-1)(-1-4=10>0
040 x=10 2)1—-4=-6<0
(4,00) O x=50 25)(5—4)=10> 0
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17.4 — x> =(2—x(2 + x) 19. (x — 5)(x+ 1)
Negative: (—oo, —2) U (2, c0) Positive: (—oo, —1)
Positive: (—2, 2) Negative: (—1, 5)

Positive: (5, co)

|
I

- +
I
4
t

|
1
i

T — X
2

-2 o - it
Choose a test value from each interval. : _:1 — 5 '
(o0, -2) 0 x=-30 (2-3)2+ -3y =-5<0 Choose a test value from each interval.
(-2220 x=00 2-0(2+0=4>0 (mo0, =)0 x=-20 (-2-5)(-2+1)=7>0
(2,00) 0 x=30O (2-3)(2+3) =-5<0 (-1,5 0 x=00 (0-50+1)=-5<0

(5,00) 0 x=60 (6-56+1)=7>0

21.2(x+3) =0 23, —gx+6<0 25.3x(x—2) < 0
Critical number:x = —3 Critical number:x = 0, 2

Critical number:x = 8

Test intervals: Test intervals:

Negative: (— oo, — 3] Test intervals:

Positive: (— oo, 0)
Negative: (0, 2)

Positive: (2, oo)

Positive: [— 3, o0) Negative: (8, oo)

Solution: [—3, co) Positive: (— oo, 8)

Solution: (8, c0)

— x Solution: (0, 2)
-4 -3 -2 -1 0 , L . . M
' 8 ——f————x
7 8 9 10 1 0 1 5 3
27.3x(2-x =20 29. X2 > 4 31.x2+3x—-10<0
Critical numbers:x = 0, 2 XX —4>0 x+5x-2<0
Test intervals: x—2(x+2 >0 Critical number:x = —5, 2
Negative: (— oo, 0] Critical numbers:x = 2, —2 Test intervals:
Positive: [0, 2] Test intervals: Positive: (—oo, — 5]
Negative:[2, o) Positive: (— oo, 2) Negative:[—5, 2]
Solution: [0, 2] Negative: (— 2, 2) Positive: [2, oo)
. }——x Positive: (2, oo) Solution: [—5, 2]
Lot 2d Solution: (—oo, —2) U (2, o0) -5 :
\ . rp—  -x
F——f—t—x -6 -4 2 0 2 4
-4 -2 0 2 4
35.x%+4x+5<0
Bwr¥+2u-2>1 37. x+ 1)2=0
w+2u—-3>0 X = w (x + 1)2 = Ofor all real numbers
u+3)u-1>0 B Solution: (— oo, o)
Critical numbers.u = —3,1 No critical numbers D

Test intervals: X2 + 4x + 5is not less than zero 3 -2 -1 0 1 2 3

Positive: (—oo, —3) for any value ok.

Negative: (—3, 1)
Positive: (1, oo)

Solution: none

Solution: (—oo, —3) U (1, oo)

) | | | L
7 t t t Ly
-4 -3 -2 -1 0 1

u
2
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39.

43.

47.

XX —4x+2>0

X_4¢Jm—8
B 2

:41J§:412ﬁ
2 2

=2+ /2
Critical numbers:x = 2 + /2,2 — /2

Test intervals:

Positive: (—o0, 2 — /2)

Negative: (2 — /2,2 + /2)

Positive: (2 + /2, o0)

Solution: (—o0,2 — V2) U (2 + /2, o0)

wW—-10u+25<0
(u-5Wu-5<0
Critical number:u = 5
Test intervals:
Positive: (— oo, 5)
Positive: (5, co)

Solution: none

—6u2+ 19u — 10 > 0
6uZ—19u+ 10 < 0
Bu—2(2u—-5) <0

(Multiply by —1)
Critical numbers:u = %%
Test intervals:
Positive: (foo, %)
Negative: (% g)
Positive: (g oo)

Solution: (4, 3)

-~ wIN
~= olon

41.

45.

49.

X2—6x+9=20

x—32=0

(x — 3)? = 0 for all real numbers

X

-3 -2 -1 0 1 2 3

X +2x—-8<0
Bx—4x+2) <0
Critical numbers:x = 3, —2
Test intervals:

Positive: (— oo, —2]
Negative: [— 2, %]

Positive: [4, o)

Solution: [~2, §]

—
Rl (0]

DA S C M
2—7u—4>0
(u+1u-4>0
Critical numbers:u = —3, 4
Test intervals:

Positive: (— oo, —3)
Negative: (—3, 4)
Positive: (4, oo)

Solution: (— o0, —%) U (4, 0)

-4 -2
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51.4x> 4+ 28x+49< 0 53. (x — 5)2 > 0 for all real numbers except 5.

2x+7(2x+7) <0 Solution: none

Critical number:x = %7

Test intervals:

Positive: (— oo, —2)

Positive: (—% oo)
7
2

Solution: —

NI~

55.6 — (x2 — 10x + 25) < O 57. 16 < (u + 5)2
6-x2+10x—25<0 (u+ 52> 16
x2—10x + 19> 0 w+10u+25-16=0
leoim wW+10u+9=20
2 W+YUu+1) 20
= 10 12\/27, = 10 122‘/6 Critical numbers:x = —9, —1
5+ /6 Test intervals:

Critical numbers:x =5 + /6,5 — /6 Positive: (- oo, —9]
Test intervals: Negative: (-9, —1]
Positive: (— o0, 5 — /6)
Negative: (5 — /6,5 + /6)
Positive: (5 + /6, o)

Solution: (—o0,5 — /6) U (5 + /6, o)

Positive: [— 1, c0)
Solution: (—oo, —9]U[—1, c0)
-9 -1

-10 8 -6 -4 -2 0

5-V6 5+ V6
N W AR
—h)——+—(

¢ y
0o 2 4 6 8 10

59. x(x — 2)(x +2) > 0 61. Keystrokes:
Critical numbers:x = 0,2, —2 )6
Test intervals: (0, 6)
Negative: (—oo, —2) 10

Positive: (—2, 0) /
2 8

Negative: (0, 2)

Positive: (2, o)

Solution: (—2, 0) U (2, o)

-10

N 2R W SR
T \ T ’ T \ T
-3-2-1 0 1 2 3
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63. Keystrokes:
0.5(x1.9) 1.25(X.1.6) (-] JGRAPH

67.

69.

73.

7.

(oo, —4) U (%, oo)

5

o

-5

Keystrokes:

y: (Y= 9(F 02 (x1.9 & 20] (3

Y, 4 (GRAPH]
(—o0, =3)U(7,0)

Critical number:x = 3

x—3

Critical number:x = 3
Test intervals:
Negative: (— oo, 3)
Positive: (3, c0)

Solution: (3, c0)

WS -

x—3<0

Critical numbers:x = 0, 3
Test intervals:

Positive: (— o, 0)
Negative: (0, 3)

Positive: (3, co0)

Solution: (0, 3)

+

1 1
1 1
1 1
A A
—X 1
-1 0 1 2 3

AN VA

65. Keystrokes:

y; (V=) XT.0) 63 (1) 4 (XT.6) (+) 4 (ENTER)

Y, 9 (GRAPH)
(o0, =5]U[1, o0)

/

\
LA

14

71.

75.

79.

Critical numbers:x = 0, =5
——t—t—t—F——+—>X

5 -4 -3 -2 -1 0 1

-5
x—3

>0

Critical number:x = 3
Test intervals:
Positive: (— oo, 3)
Negative: (3, o)
Solution: (— oo, 3)

+

weaks -

X+ 3
x—4SO

Critical numbers:x = —3,4
Test intervals:
Positive: (— oo, —3]
Negative:[—3, 4)
Positive: (4, c0)
Solution: [—3, 4)
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y—3 X+ 2
y—4 83.>—— =20 85. <0
81.7y+6<0 y—11 4x + 6
y _ g 11 iy 3
Critical numbers:y = 4, —6 Critical numbers:y = 3, > Critical numbers:x = —2, >
Test intervals: Test intervals: Test intervals:
Positive: (~oo, —6) Positive: (— oo, 3] Positive: (— oo, —2]
Negative: (—6, 4)

s Negative: [3 E) Negative: [—2, —§>
Positive: (4, co) 172 2
Solution: (-6, 4) Positive: <% oo> Positive: <—% oo)

+ o0 - i + 3
- ———) Solution: (—oo, 3]U (E, oo) Solution: [72, ff)
2 2
-8 6 -4 2 0 2 4 6
+ o L +oi- 4+
. 1 -3
3 2 12
—1+—¢ y —0—H—0—0—>x
0 2 4 6 -3 -2 -1 0
87. 3u-3 <0 89. 6 ., Critical numbers:x = 7, 4
u+1 X— 4
Critical numbers:u = 3, -1 Testintervals:
4 2>0 Negative: (— oo, 4)
Test intervals: X gauve: ,
Positive: (— oo, —1) 6-2x—-4 Positive: (4, 7)
X—4 oo
Negative: (— 1, 3) Negative: (7, o)
6—2x+8 .
Positive: (3, o) -2 > 0 Solution: (4, 7)
Solution: (—1, 3) 14 — 2x oL
— >0 ' 7
+ o0 - o+ X—4 f f ( . ) f X
! ! =7+ %) o 2 4 6 8
————) -0
-2 -1 0 1 2 3 4 X — 4
91. x4 Critical numbers:x = —g, -2 93. X=1_ 5 Critical numbers:x = 53
X+ 2 5 Xx—3
ax Test intervals: x—1 Test intervals:
x+2+1<0 x—3_2SO Negative: (— oo, 3)
Positive: (— oo, —2) 9 ) ’
4x + E:(; 2) <0 — (72 72) x—1 —_2(;( -3 <0 Positive: (3, 5]
X 9 ' "5 X Negative:[5, oo)
X+2 4 . 2 XZ1=X+6_ 4 solution: (—o0,3) U[5, )
X+ 2 Positive: 5 x—3
-Xx+5 - -
Solution:(—z, _Z) X — 3 <0 —)
5 0 1 2 3 4 5 6

+

I
w 4+
N oy —— ===
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95. Keystrokes: 97. Keystrokes:
V=) 1 XT.9) () (XT.9) (GRAPH) =] (O XL H60] (=) (O XL #H 10] () 2(GRAPH)
Solution: (—oo, —1) U (0, 1) Solution: (—oo, —1) U (4, o)
4 4

LA I
[N ™

-4 -6

99. Keystrokes: 101. Keystrokes:
y: (=) [0 6 (X189 (=) 30] (=] (O (X.1.9) (+] 50 (ENTER) y; (V=) XT.8) (+] 1 (=] (X.1.6) (ENTER)
Y, 2 ¥> 3(GRAPH)
Solution: (—5, 3.25) Solution: (0, 0.382) U (2.618, co)
12 8
4
e r"’f . h = ’
| -
103. Keystrokes: 105. Keystrokes:
(V=) 3(xT.8) + (O X.1.0) (5] 2(GRAPH) (=) 2 (x1.9) (3 () (O X1.9) (x?) (+] 4 0] (GRAPH)
(a) Solution[0, 2) (a) Solution: (—oo, —2]U[2, o0)
(Look atx-axis and vertical asymptote= 2) (Graphy = 1 ag/, and find the intersection.)
(b) (2, 4] (b) Solution(— oo, oo)
(Graphy = 6 ag/, and find the intersection.) (Notice graph stays below line= 2. )

12 3

N

107. height > 240
—16t% + 128t > 240
—16t2 + 128t — 240 > O
?-8+15<0
t-3)(t—-5<0
Critical numbers:x = 3,5
Test intervals:
Positive: (— oo, 3)
Negative: (3, 5)
Positive: (5, o)

Solution: (3, 5)
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109.

1000(1 + r)2 > 1150

1000(1 + 2r + r?) > 1150

1000 + 2000r + 1000r2 > 1150
1000r2 + 2000r — 150 > O

20r2+ 40r —3>0
—-40 + /1840 —40 — /1840
40 ' 40

Critical numbers:r =

r cannot be negative.

Test intervals:

Negative: <0, W)

—40 + /1840 >
40 »

—40 + /1840 )
40 »

(0.0724, o0), 1 > 7.24%

Positive: <

Solution: (

111. Verbal model: > 1,650,000

113.

| Revenue| — | Cost| = Profit > 1,650,000

x(50 — 0.0002x) — [12x + 150,000] > 1,650,000
50x — 0.0002x2 — 12x — 150,000 > 1,650,000
—0.0002x2 + 38x — 150,000 > 1,650,000
0 > 0.0002x? — 38x + 1,800,000
0 > (0.0002x — 20)(x — 90,000)
Critical numbers:90,000, 100,000
Test intervals:
Positive: (0, 90,000)
Negative: (90,000, 100,000)
Positive: (100,000, co)
Solution: (90,000, 100,000)
90,000 < x < 100,000 units

Area > 240 115. (a) Keystrokes:
1(32 — 1) > 240
32 — 12 > 240

—12+ 321 - 240 > 0
2—-321 +240 < 0
(| - 20)(| - 12) <0 600

Critical numbers:| = 20, 12

Test intervals:

Positive: (— oo, 12)

Negative: (12, 20) -1

-10

Positive: (20, co)
Solution: (12, 20)

244.20(=) 13.23X.1.0) 0] (=) = .13
(X1.9) (+).005 (X.1.6)

(b) Lety, = 400 and find the intersection of the graphs.
Solution: [5.7,13.7], 5.7 < t < 13- 7

18



348 Chapter 6

Quadratic Equations and Inequalities

117. The direction of the inequality is reversed, when both sides are multiplied by a negative real number.

119. A polynomial can change signs only at thealues that make the polynomial zero. The zeros of the polynomial are called the

ciritical numbers, and they are used ro determine the test intervals in solving polynomial inequalities.

121. x> + 1 < Oiis one example of a quadratic inequality that has no real solution. Any inequality of the’férm < 0, ¢ any
positive constant o+x? — ¢ > 0, c any positive constant will not have a real solution.

Review Exercises for Chapter 6

1. x2+12x=0

X(x+12)=0
x=0 Xx+12=0
x=0 X=—12

7. 2x2—-2x—180=0
2x2—x—90) =0
2x— 10)(x+9) =0

Xx—10=0 Xx+9=0
x=10 Xx= -9
13.y2-12=0
y?2 =12
y==J/12
y=+2/3
19.y2 + 50 = 0
y? = —50
y=+.-50
y = +5/2i
23. x*-4x2-5=0
x2—-5x2+1)=0
x2+1=0
x2-5=0 x2=-1
x2=5 x=#+-1
x=%.5 X = #i

3. 4y2—-1=0 5 4y?+20y+25=0
(- D@y +1=0 (2y +5)2y +5 =0
2y-1=0 2y+1=0 2y+5=0 2y+5=0
y- y= -3 y=-5  zy=-
y=-3 y=-—
9. 6x2 — 12x = 4x%2 — 3x + 18 11. 4x2 = 10,000
2x> - 9x—18=0 x2 = 2500
(2x+ 3)(x — 6) =0 X = +./2500
x=—3 X=6 X = +50
15. (x — 16)% = 400 17. 2= -121
x — 16 = + /400 z==+/-121
x=16 + 20 z=+11i
X =36, —4
21. (y+4)2+18=0
(y+432=-18
y+4=+/-18
y=—4+3/2
X—4/x+3=0
(Vx=3)(Vx-1) =0
(Vx=3)=0 (Vx-—1)=0
Jx=3 Ux=1
(V) = 22 (V) =12
x=9 x=1
Check: Check:
9-4/9+320 1-4/1+320
9—12+320 1—4+320
0=0 0=0

Nio



