1.1

Chapter 1 Equations and Inequalities

Linear Equations in One

Variable

1.1 Practice Problems

1. a.

Both sides of the equation %— 7=35 are

defined for all real numbers, so the domain
is (—oo0,0) .

=4 is

The left side of the equation
-x

not defined if x = 2. The right side of the
equation is defined for all real numbers, so

the domain is (—eo, 2)U(2, o).

The left side of the equation vx—1=0 is
not defined if x < 1. The right side of the
equation is defined for all real numbers, so

the domain is [1, oo).

2 3 1.7

To clear the fractions, multiply both sides of
the equation by the LCD, 6.

4-9x=1-14x
4-9x+14x=1-14x+14x
44+5x=1
4+5x—-4=1-4
5x=-3
S_-3
55

xX=-=

5
. 3
Solution set: {— 3

3x—[2x-6(x+1)]=7x-1
3x—(2x—6x—6)= Tx—1
3x—(—4x—6)= Tx—1
3x+4x+6=T7x—-1
Tx+6=Tx—-1
Tx+6-Tx=T7x—-1-T7x
6=-1
Since 6 = —1 is false, no number satisfies this
equation. Thus, the equation is inconsistent,
and the solution set is .
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2(3x—6)+5=12—(19-6x)
6x—12+5=12-19+6x

6x—7=-7+6x
6x—7—-6x=-7+6x—6x
-7=-7
=T+T7=-7+17
0=0

The equation 0 = 0 is always true. Therefore,
the original equation is an identity, and the

solution set is (—eo, o).

9
F== 2
5C+3
50 = %C 132
50—32=%c+32—32
9
18==
5
5.9
18 9=9'53 C
10=C
Thus, 50°F converts to 10°C.
P=2l+2w
Subtract 2/ from both sides.
P-2]=2w
Now, divide both sides by 2.
P-2 —

2

Let w = the width of the rectangle.
Then 2w + 5 = the length of the rectangle.
P =2]+ 2w, so we have
28=22w+5)+2w
28=4w+10+2w
28=6w+10
18 = 6w

3=w
The width of the rectangle is 3 m and the
lengthis 2(3)+5=11m

Let x = the amount invested in stocks. Then
15,000 — x = the amount invested in bonds.
x= 3(15,000— x)
x=45,000-3x
4x =45,000
x=11,250
Tyrick invested $11,250 in stocks and
$15,000 — $11,250 = $3,750 in bonds.
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42 Chapter 1 Equations and Inequalities
) X 4. A conditional equation is one that is not true
9. Letx = the amount of capital. Then 5 = the for some values of the variables.
amount invested at 5%, X the amount 5. False. The interest I = (100)(0.05)(3).
6 6. False. Since the rate is given in feet per
invested at 8%, and x — £+ A 19_x — the second, the time must also be converted to
5 6 30 seconds. 15 minutes = 15(60) = 900 seconds
amount invested at 10%. Therefore, d= 60(900) feet.
Principal Rate Time Interest 7. a. Substitute O for x in the equation
x—=2=5x+6:
x 0.05 . 005(1) 0-2=50)+6=—2#6
5 5 So, 0 is not a solution of the equation.
X 0.08 | 008> b. Substitute -2 for x in the equation
6 6 x—2=5x+6:
19 —2-2=5(-2)+6=>-4=-10+6=>
[E N A o.l(_xj 4
30 ) 30 So, -2 is a solution of the equation.
The total interest is $130, so 8. a. Substitute —1 for x in the equation
X X 19x 8x+3=14x-1:
Oﬂ5(§)+008(8j+01(§aj‘130 8(-1)+3=14(-)~1= -8+3=—14-1=
Multiply by the LCD, 30. —S#-15 ‘ ,
03x+0.4x+1.9x=3900 So, —1 is not a solution of the equation.
2.6x = 3900 b. Substitute 2/3 for x in the equation
x=1500
8x+3=14x-1:
The total capital is $1500. y 5 * 5 16 »8
10. Letx = the length of the bridge. 8(§)+ 3= 14(§j -1= ?+ 3= 3 1=
Then x + 130 = the distance the train travels.
rt=d, so 33
25(21) = x+130= 525 = x+130= 395 = x So, 2/3 is a solution of the equation.
The bridge is 395 m long.
9. a. Substitute 4 for x in the equation
11. Following the reasoning in example 10, we | 1
have x + 2x = 3x is the maximum extended —= 3 + ) :
length (in feet) of the cord. x et
3x+7+10=120 2, ¢t r 1 1t 1.1
3x+17 =120 4 3 4+2 2 3 6 2 2
3x+17-17=120-17 So, 4 is a solution of the equation.
3x=103 b. Substitute 1 for x in the equation
2P o =343 21,1
The cord should be no longer than 34.3 feet. X 3 x+2
2 1 1 1 1 2
=—+t—=22=—+—=2#—
1 3 142 33 3

1.1 Basic Concepts and Skills

1.

The domain of the variable in an equation is
the set of all real number for which both sides
of the equation are defined.

Standard form for a linear equation in x is of
the form ax + b = 0.

Two equations with the same solution sets are
called equivalent.

So, 1 is not a solution of the equation.

10. a. Substitute 1/2 for x in the equation

(x-3)2x+1)=0:

1t oel oo

=5#0
So, 1/2 is not a solution of the equation.
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Section 1.1 Linear Equations in One Variable 43

11.

12.

13.

14.

15.

16.

17.

b. Substitute 3 for x in the equation
(x-3)2x+1)=0:

(3—3)(2'3+1)=O:> O0)7H=0=0=0
So, 3 is a solution of the equation.

a. The equation 2x+3x =5x is an identity,
so every real number is a solution of the
equation. Thus 157 is a solution of the
equation. This can be checked by
substituting 157 for x in the equation:
2(157)+3(157)=5(157) =
314+471="785= 785="785

b. The equation 2x+3x = 5x is an identity,
so every real number is a solution of the
equation. Thus —2046 is a solution of the
equation. This can be checked by
substituting —2046 for x in the equation:
2(-2046) + 3(-2046) = 5(-2046)

-4092-6138 =-10,230
-10,230=-10,230

Both sides of the equation
(2—x)—4x=7-3(x+4) are defined for all
real numbers, so the domain is (—eo, o) .

. . y 3 .
The left side of the equation = is

y=1 y+2

not defined if y =1, and the right side of the
equation is not defined if y = -2 . The domain

is (=0,=2)U (=2, DU, ).

The left side of the equation 1 =2+,/y is
Yy

not defined if y = 0. The right side of the
equation is not defined if y <0, so the

domain is (0, o).

The left side of the equation
3x
(x=3)(x—-4)
or x =4 . The right side is defined for all real

numbers. So, the domain is

(==, UGB, HU A, o).

=2x+9 is not defined if x=73

1
The left side of the equation —= = x?-1is
Jx

not defined if x < 0. The right side of the
equation is defined for all real numbers. So
the domain is (0, o) .

Substitute 0 for x in 2x+3 =5x+1. Because
3 #1, the equation is not an identity.

18. When the like terms on the right side of the
equation 3x+4=6x+2-(3x—2) are
collected, the equation becomes
3x+4=3x+4, which is an identity.

19. When the terms on the left side of the

. 1 1 +x
equation —+—=—— are collected, the
X

X

. 2+x 2+x
equation becomes =
2x 2x

, which is an
identity.

1.
=—+—is
x+3 x 3
not defined for x = 0, while the left side is
defined for x = 0. Therefore, the equation is

not an identity.

20. The right side of the equation

In exercises 21-46, solve the equations using the
procedures listed on page 79 in your text: eliminate
fractions, simplify, isolate the variable term, combine
terms, isolate the variable term, and check the
solution.

21. 3x+5=14
3x+5-5=14-5
3x=9
3x 9
3 3
x=3
Solution set: {3}

22. 2x-17=7
2x-17+17=7+17

2x =24

2x 24

2 2
x=12
Solution set: {12}

23. —-10x+12=32
—-10x+12-12=32-12
-10x=20
-10x _ 20
-10  -10
x=—
Solution set: {-2}

24. —2x+5=6
—2x+5-5=6-5
2x=1
2x 1
e =

2 =2
. 1
Solution set: < ——
2
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44 Chapter 1 Equations and Inequalities

25. 3-y=-4 32, 3(y-1)=6y-4+2y-dy
3-y-3=-4-3 3y-3=4y-4
—y=-T=y=7 3y-3+3=4y-4+3
Soluti t: {7 3y=4y-1
olution set: {7} 3y—dy—dy—1-dy
26. 2-T7y=23 —-y=-1=y=1
2-7y-2=23-2 Solution set: {1}
-Ty=21
—7y_g:> _ 3 33. 3x-2)+23-x)=1
-7 7 - 3x-6+6-2x=1=>x=1
Solution set: {-3} Solution set: {1}
27. Tx+7=2(x+1) 34. 2x-3-Bx-1=6
Tx+7=2x+2 Distribute —1 to clear the parentheses.
Ix+7-7=2x+2-17 2x-3-3x+1=6
Tx=2x-5 -x-=2=0
Tx—-2x=2x-5-2x —Xx—2+2=6+2
5x=-5 —x=8=x=-8
5x -5 Solution set: {8}
—=—=x=-1
55 35, 2x+3(x—4)=7x+10
Solution set: {1} 2x+3x—12=T7x+10
S5x—-12=7x+10
28.  3(x+2)=4-x Sx—12+12=7x+10+12
3x+6=4—-x Sx=Tx+22
3x+0+x=4-x+x Sx—Tx=Tx+22—-7Tx
dx+6=4 D2x=22
4X+6—6:4—6 _2x 22
dx=-2 —=—=x=-11
Ax_2_ . .__1 2 2
4 4 2 Solution set: {—11}

36. 3(2-3x)—4x=3x-10
6-9x—4x=3x-10

29.

30.

31.

Solution set: {—l}
2

32-y)+5y=3y

6-3y+5y=3y

6+2y=3y
6+2y—-2y=3y-2y=6=y

Solution set: {6}

9y-3(y-D=6+y

9y-3y+3=6+y
6y+3=6+y
6y+3—y=6+y—y
5y+3=6
5y+3-3=6-3
Sy=3
5y 3
—_———_ =
5 y

5 5

Solution set: {%}

4y-3y+7-y=2-(T-y)

Distribute —1 to clear the parentheses.

T7=2-T+Yy
T=-5+y
T+5=-5+y+5=12=y

Solution set: {12}

37.

6—13x=3x-10
6-13x-6=3x-10-6

—13x=3x-16
—13x-3x=3x-16-3x
—-16x=-16
—-16x -16

-16  -16
Solution set: {1}

Ax+23-x)]=2x+1

=x=1

Distribute 2 to clear the inner parentheses.

4x+6-2x]=2x+1

Combine like terms within the brackets.

446 —-x]=2x+1
Distribute 4 to clear the brackets.
24 -4x=2x+1
24 —4x-24=2x+1-24

—4x=2x-23
—4x-2x=-23
—6x=-23
—6x 23 23
—=—=x
-6 -6 6

Solution set: {2—63}

Copyright © 2015 Pearson Education Inc.



Section 1.1 Linear Equations in One Variable

38. 3-[x-3(x+2)]=4 S5x-6+6=3x-2+6
Distribute — 3 to clear the parentheses. Sx=3x+4
3—-[x-3x-6]=4 Sx—-3x=3x+4-3x
Combine like terms in the brackets. 2x=4
3—-[2x—-6]=4 2_x:i:>x:2
Distribute —1 to clear the brackets. 2 2
3+2x+6=4 Solution set: {2}
2x+9=4 42, 5(x—-3)-6(x—4)=-5
2x+9-9=4-9 o .
Distribute 5 to clear the first set of
2x=-5 .
2% -5 5 parentheses. Distribute — 6 to clear
—=—=x=—= the second set of parentheses.
25 2 2 Sx—15—6x+24 =5
Solution set: {——} -x+9=-5
2 -x+9-9=-5-9

—x=-14=x=14

39. 3(4y-3)=4[y—(4y-3)] Solution set: {14}

Distribute 3 on the left side and — 1 on

the right side to clear parentheses. 2x+1 x+4
12y -9 =4[y —dy+3] 43. o e !
Combine like terms in the brackets. To clear the fractions, multiply both
12y -9=4[-3y+3] sides of the equation by the least
Distribute 4 to clear the brackets. common denominator, 36.
12y-9=-12y+12 2x+1 x+4
12y-9+9=—-12y+12+9 36( 5 j=36(l)
12y =-12y +21 4Q2x+1) - 6(x +4) =36
12y +12y =—-12y+21+12y 8x+4—6x—24=36
24y =21 2x-20=36
24y_2t . 27 2x—20+20=36+20
24 24 24 8 2x =56
Solution set: {z} 2x = 36 = x=28
8 2
Solution set: {28}
40. 5-(6y+9)+2y=2(y+1)
Distribute —1 on the left and 2 on the 44. 2-3x + x-1 - 3x
right to clear the parentheses. 7 37 .
5-6y-9+2y=2y+2 To clear the.fractlons, multiply both sides
—4—4y=2y+2 of the equation by the least common
—4—dy+4=2y+2+4 denominator, 21.
~4y=2y+6 21(2—3x+x_-1j=21(3_xj
—4y-2y=2y+6-2y 7 3 7
—-6y=6 3(2-3x)+7(x—1)=33x)
-6y 6 6-9x+7x—-7=9x
6 -6 -1-2x=9x
y=-1 —1-2x4+2x=9x+2x
Solution set: {—1} —-1=1Ix
-1 1lx 1
41. 2x-32-x)=(x-3)+2x+1 HZF:} :_H
Distribute — 3 on the left to clear 1
the parentheses. Solution set: {——}
2x-6+3x=x-3+2x+1 1
Sx-6=3x-2
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46 Chapter 1 Equations and Inequalities
45 I-x + Sx+1 3 2(x+1) 47. Tosolve d =rt for r, divide both sides of the
' 4 2 8 donbyr r=2
To clear the fractions, multiply both equation by f. r= P
sides by the least common denominator, 8.
l—x Sx+1 2x+1) 48. To solve F =ma for a, divide both sides of
o[
4 2 8 the equation by m. a = F .
Distribute the 8 on both sides. m
8(1 - x) + 8(5)‘ + 1) =8(3) - 8(2()‘ + 1)) 49. Tosolve C =2zr forr, divide both sides of
4 2 8 C
2(1-x)+4(5x+1)=8(3) = 2(x +1) the equation by 27z . r = EPe
Simplify by collecting like terms and
combining constants. 50. Tosolve A =27zrx+ zr> for x, subtract 7zr>
2-2x+20x+4=24-2x-2 from both sides.
18x+6=22-2x 2 2 2
A-rmr” =2nrx+7r° -7
18x +6+2x = 22— 2x + 2x T oA e
20x+6=22 A-7r® =27rx
20x+6—6=22—6 Divide both sides by 27r.
20x =16 A-7r? _ 27rx
20x _ 16 27r 27r
20 20 A-zr® _
20 5 E
. 4 51. To solve I = — for R, multiply both sides by R.
Solution set: g R
RI=R(£):>RI=E
46, It4 o L _3x+2 R
C Ty TS Divide both sides by 1.
To clear the fractions, multiply both sides of & _ E —~R= E
the equation by the least common I 1 1
d inat .
eno‘i“fa or, 6 | 342 52. To solve A = P(1+ 1) for 1, distribute P.
6(x +2x——J=6( a ) A=P+Prt
3 2 6 Subtract P from both sides.
Distribute the 6 on both sides. i_ IIZ = IIZ"' Prt—p
+4 1 3x+2 —r=rr
6(x 3 ) + 6(2x) — 6(5) = 6(—x6 ) Divide both sides by Pr.
2(x+4)+12x-3=3x+2 A-F_In
* rome Pr Pr
Simplify by collecting like terms and A-P
combining constants. Pr !
2x+8+12x-3=3x+2
l4x+5=3x+2 53. Tosolve A= ¢t b multiply both
14x+5-3x=3x+2-3x
11x+5=2 sides by 2.
1lx+5-5=2-5 2A=(a+b)h
11x = -3 Divide both sides by (a + b).
11x -3 3 2A _(a+b)h:> 2A

= = x=—-—

11 11 11
. 3
Solution set: < ——
11

=h
a+b

a+b  a+b

Copyright © 2015 Pearson Education Inc.



Section 1.1 Linear Equations in One Variable 47

54. Tosolve T =a+ (n—1)d for d, subtract a
from both sides.
T-a=a+(n-1d-a
T—-a=n-1d
Divide both sides by (n —1).
T—-a (n-1)d - T-a

n-1  n-1 n-1

d

55. To solve i = l + l for u, clear the fractions
u v

by multiplying both sides by the least common
denominator, fuv.

ol )l
ol (1))

Simplify.
uv = fv+ fu
Subtract fu from both sides.
wv—fu=fv+ fu— fu
uv— fu=fv
Factor the left side.
u(v—=f)=fv
Divide both sides by v — f.

uv=f)_ f fo

=u=

v—f v—f v—f

56. To solve i = L + L for R,,
R Ry
clear the fractions by multiplying
both sides by the least common

denominator, ReR; * R,.

1 1 1

R R, R,
R-R;-R (ij—R R, -R L
1772 R 1772 Rl

+ReR;*R, (Lj
R,
Simplify.

R|R, = RR, + RR,
Subtract RR, from both sides.
Factor the left side.
Divide both sides by (R; — R).
R,(R,— R RR
2 (R —R) _ _RR, SRy = RR,
R, —R R, —R R, —-R

57. To solve y = mx +b for m,subtract b from
both sides.
y=—b=mx+b-b=y—-b=mx
Divide both sides by x.
y-b_mx_ y-b

=m
X X X
58. To solve ax + by = ¢ for y,subtract ax from
both sides.
ax+by—-ax=c—ax=by=c—ax
Divide both sides by b.

by c—ax Cc—ax
= =)y=
b b b
5
59. 0.065x 60. >
61. $22,000-x 62 2072
X

1.1 Applying the Concepts

63. The formula for volume is V = lwh.
Substitute 2808 for V, 18 for [, and 12 for A.

Solve for w.
| 2808 =18-12-w
181/ 2808 = 216w
Ceee S 2808 _ 216w
216 216
| S 13=w
S The width of the

pool is 13 ft.

64. The formula for volume is V = lwh.
Substitute 168 for V, 7 for [, and 3 for w.
Solve for A.

3 ft 168=7-3-h
71t 168 =21h

|
|
1
| 168 21k
|
|
I

21 21
8=h
/ The hole must be 8 ft
4 deep.

65. Let w = the width of the rectangle.

Then 2w — 5 = the length of the rectangle.
2w+2(2w—-5)=80
2w+4w—-10=280
6w—-10=80
6w =90

w=15,2w-5=25
The width of the rectangle is 15 ft and its
length is 25 feet.
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48 Chapter 1 Equations and Inequalities

66. Let /= the length of the rectangle.

Then 3+ %l = the width of the rectangle.

2l+2(3+%lj:36

21+ 6+1=36
31+6=36
31=30

l=10,3+ll=8
2

The length of the rectangle is 10 ft and its
width is 8 ft.

67. The formula for circumference of a circle is

C =2zr . Substitute 114 for C. Solve for r.
11472’=2ﬂ'r=>w=m=>57=r

27 27
The radius is 57 cm.

68. The formula for perimeter of a rectangle is
P =2[+2w. Substitute 28 for P and 5 for w.
Solve for [.

28 =21+2(5)
28=2[+10
28-10=2[+10-10
18=21
18 2/
2 2
9=1
The length is 9 m.

69. The formula for surface area of a cylinder is

S =27rh+27r” . Substitute 677 for S and 1
for r. Solve for A.

O 67 = 22()h+27(1%)
6 =27wh+ 27
6 -2 =2mh+2x 27
h 4 =27h
dr_2h_,
/’—‘1\\ 27 27

\ J The height is 2 m.

70. The formula for volume of a cylinder is

V = 7zr*h . Substitute 1487 for V and 2 for r.
Solve for A.

1487 =7-2%h
1487 = 4rxh
1487 4mh
4 4z
37=h
The height of the can is
37 cm.

71. The formula for area of a trapezoid is
A= %h (by +b,). Substitute 66 for A, 6 for h,
and 3 for b; . Solve for b, .

3 ft 1
66=5-6(3+b2)
66=3(3+b,)
66 =9+3b,

66-9=9+3b, -9

57=3b,
57 3b,
33
19=b,

The length of the second base is 19 ft.

=)
=g

by

72. The formula for area of a trapezoid is
A= %h(bl +b, ). Substitute 35 for A, 9 for
b, and 11 for b,. Solve for h.

9cm 1
| 35=—h(9+11)
2
L 1
! 35=5h(2o)
11 om 35=10h
3B _10h _55_ )
10 10

The height of the trapezoid is 3.5 cm.

73. Letx = the cost of the less expensive land.
Then x + 23,000 = the cost of the more
expensive land. Together they cost $147,000,
o)

x+(x+23,000) =147,000
2x+ 23,000 =147,000
2x =124,000 = x = 62,000
The less expensive piece of land costs $62,000
and the more expensive piece of land costs

$62,000 + $23,000 = $85,000.

74. Let x = the amount the assistant manager

earns. Then x + 450 = the amount the
manager earns. Together they earn $3700, so
x+(x+450)=3700
2x+450=13700
2x =3250 = x=1625
The assistant manager earns $1625, and the

manager earns $1625 + $450 = $2075.
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Section 1.1 Linear Equations in One Variable 49

75.

76.

77.

78.

Let x = the lottery ticket sales in July. Then
1.10x = the lottery ticket sales in August.
A total of 1113 tickets were sold, so
x+1.10x=1113
2.10x=1113= x =530
530 tickets were sold in July, and
1.10(530) = 583 tickets were sold in August.

Let x = Jan’s commission in March. Then

15 4+ 0.5x = Jan’s commission in February.

She earned a total of $633, so
x+(15+0.5x) =633

1.5x+15=633=15x=618= x=412

Jan’s commission was $412 in March and
15 + 0.5(412) = $221 in February.

Let x = the amount the younger son receives.

Then 4x = the amount the older son receives.

Together they receive $225,000, so
x+4x=1225,000 = 5x = 225,000 =
x=45,000

The younger son will received $45,000, and

the older son will receive

4($45,000) = $180,000.

Let x = the amount Kevin kept for himself.
Then x/2 = the amount he gave his daughter,

and x/4 = the amount he gave his dad.
He won $735,000, so

x+ 2+ X 2735,000
24

4(x vy f) = 4(735,000)
2 4
4x+2x+ x=2,940,000
7x =2,940,000 = x = 420,000
Kevin kept $420,000 for himself. He gave
$420,000/2 = $210,000 to his daughter and
$420, 000/4 =$105,000 to his dad.

79. a. Let x = the number of points needed to

average 75.
87+59+73+
ST s
4
219 +x =300
x =381
You need to score 81 in order to average
75.

87+59+73+2x

b ————=75

5
219+ 2x =375

2x =156
x=178

You need to score 78 in order to average 75

if the final carries double weight.

80.

Let x = the amount invested in real estate.
Then 4200 — x = the amount invested in a
savings and loan.

Investment | Principal | Rate | Time

Interest

Real estate X 0.15 1

0.15x

Savings

4200-x [ 0.08 | 1 |0.08(4200 —x)

81.

The total income was $448, so
0.15x+ 0.08(4200 — x) = 448

0.15x+336 - 0.08x = 448

0.07x +336 =448
0.07x=112= x=1600

So, the real estate agent invested $1600 in real
estate and 4200 — 1600 = $2600 in a savings
and loan.

Let x = the amount invested in a tax shelter.
Then 7000 — x = the amount invested in a
bank.

Investment | Principal | Rate | Time

Interest

Tax shelter X 0.09 1

0.09x

Bank

7000 -x [0.06| 1 |0.06(7000 —x)

82.

The total interest was $540, so
0.09x +0.06(7000 — x) = 540
0.09x +420-0.06x = 540
0.03x + 420 =540
0.03x =120 = x = 4000
Mr. Mostafa invested $4000 in a tax shelter
and 7000 — 4000 = $3000 in a bank.

Let x = the amount invested at 6%. Then
4900 — x = the amount invested at 8%

Principal | Rate

Time Interest

X 0.06 1 0.06x

4900 —x | 0.08 1 0.08(4900 — x)

The amount of interest for each investment is
equal, so

0.06x = 0.08(4900 — x)

0.06x =392 -0.08x

0.14x =392 = x = 2800

Ms. Jordan invested $2800 at 6% and $2100
at 8%. The amount of interest she earned on
each investment is $168, so she earned $336
in all.

Copyright © 2015 Pearson Education Inc.



Chapter 1 Equations and Inequalities

Let x = the amount to be invested at 8§%.

Principal | Rate | Time Interest
5000 0.05 1 250
X 0.08 1 0.08x
5000 +x | 0.06 1 |0.06(5000 + x)

The amount of interest for the total investment
is the sum of the interest earned on the
individual investments, so

0.06(5000 + x) =250+ 0.08x

300+ 0.06x = 250+ 0.08x
50+ 0.06x = 0.08x
50=0.02x = 2500 = x

So, $2500 must be invested at 8%.

Let x = the selling price. Then x — 480 = the

profit. So x—480=0.2x= -480=-0.8x=
600 = x . The selling price is $600.

There is a profit of $2 on each shaving set.
They want to earn $40,000 + $30,000 =
$70,000. Let x = the number of shaving sets to
be sold. Then 2x = the amount of profit for x
shaving sets. So, 2x =70,000 = x = 35,000

They must sell 35,000 shaving sets.

Let t = the time each traveled.

Then @ = Angelina’s rate and @ =
! t

Harry’s rate.
Rate Time Distance
100
Angelina - t 100
150
Harry T 1t 150

Harry’s rate is 15 meters per minute faster
than Angelina’s, so we have

100 o150
t t
100 +15¢ =150
15t =50
10 .
t =— min
3
I 100
So, Angelina jogged at @ =30 meters per

1
minute. Harry biked at 150 =45 meters per
10/3

minute.

87.

88.

89.

90.

91.

Let x = the time the second car travels.
Then 1 + x = the time the first car travels. So,

Rate Time Distance

First
car

50 1+x 50(1+x)

Second
car

70 X T0x

The distances are equal, so
501+ x) =70x
50+ 50x =70x
50=20x=>25=x
So, it will take the second car 2.5 hours to
overtake the first car.

Let x = the time the planes travel. So,

Rate Time Distance

First

plane 470 X 470x

Second

plane 430 X 430x

The planes are 2250 km apart, so

470x + 430x = 2250 = 900x = 2250 = x = 2.5
So, the planes will be 2250 km apart at 2.5
hours.

At 20 miles per hour, it will take Lucas two

minutes to bike the remaining 2/3 of a mile.
20mi = 20 H%l = 1m.1 So his brother
lhr 60min 3 min

will have to bike 1 mile in 2 minutes:
Imi  30mi _ 30mi

2min 60 min 1hr

Driving at 40 miles per hour, it will take
Karen’s husband 45/40 hours or 1 hour and

7.5 minutes to get to the airport. Driving at 60
miles per hour, it will take Karen 45 minutes
to get to the airport. Her husband has already
driven for 15 minutes, so it will take him an
additional 52.5 minutes to get to the airport.
Karen will get there before he does.

Let x = the rate the slower car travels. Then
x + 5 = the rate the faster car travels. So,

Rate Time Distance
First car X 3 3x
Secondcar | x+5 3 3(x+5)

(continued on next page)
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(continued)

92,

93.

9.

9s.

The cars are 405 miles apart, so
3x+3(x+5) =405
3x+3x+15=405
6x+15=405= 6x=390= x=65
One car is traveling at 65 miles per hour, and
the other car is traveling at 70 miles per hour.

Let x = the distance to Aya’s friend’s house.
Rate Distance Time
X
(o 16 —
g ! 16
return 80 X X
80
She traveled for a total of 3 hours, so
i + i = 3
16 80
80[ =+ |=80(3)
16 80

Sx+x=240=6x=240= x=40
So, her friend lives 40 km away.

Substitute 170 for P into the formula
P =200-0.02¢ . Solve for g.

170 = 200 - 0.02¢
170 — 200 = 200 — 0.02¢ — 200

-30=-0.02g
30 _ =002 _ o0
—0.02  —0.02

Note that the solution must fall between 100
and 2000 cameras. 1500 cameras must be
ordered.

Substitute 37,000 for Q, 1500 for L, and 3200
for I into the formula Q = % . Solve for A.

A—3200
1500
1500(37,000) = 1500 (ﬂ)
1500

55,500,000 = A — 3200

55,500,000 + 3200 = A — 3200 + 3200
55,503,200 = A

The current assets are $55,503,200.

37,000 =

Let x = one number. Then 3x = the other number.

x+3x=28=4x=28=x=7,3x=3(7)=21
The numbers are 7 and 21.

96.

97.

98.

Let x = the first even integer. Then x + 2 = the
second even integer, and x + 4 = the third even
integer.
x+(x+2)+(x+4)=42

3x+6=42

3x=36=x=12
x+2=14, x+4=16

The numbers are 12, 14, and 16.

Let x = one number. Then 2x is the second
number.
2x—x=14
x=14
The numbers are 14 and 28.

Let x = one number. Then x + 5 = the second
number. Note that the second number is the
larger number.

x+2(x+5)=49

x+2x+10=49
3x+10=49
3x=39

x=13

The numbers are 13 and 18.

1.1 Beyond the Basics

99. a. The solution set of x> = x is {0,1} , while

100.

d. The equation r -

the solution set of x =1 is {1}. Therefore,
the equations are not equivalent.

b. The solution set of x> =9 is {-3,3}, while

the solution set of x =3 is {3}. Therefore,
the equations are not equivalent.

¢. The solution set of x> —1=x—1 is {0, 1},

while the solution set of x =0 is {0}.
Therefore, the equations are not equivalent.

is an
x—2 x-

inconsistent equation, so is solution set is
& . The solution set of x =2 is {2}.
Therefore, the equations are not equivalent.

First, solve 7x+2=16. Subtracting 2 from
both sides, we have 7x =14 . Then divide
both sides by 7; we obtain x =2 . Now
substitute 2 for x in 3x —1 =k . This becomes
32)-1=k,s0 k=5.
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101. Lfet }ic = t'he average speed for the second half Rate Time Distance
of the trip.
dOg 6 t d2 6td 2
Rate | Distance Time
D Davinder | 3.7 o 3.7ty
st
I half & b 75 615 +3.7t,, = 0.44
2" half X D —= 1=0.05
X So, the dog meets Davinder when they have
2D walked for another 0.05 hour. The dog will
Entire trip 60 2D 0 have traveled 0.3 mi. They have now walked
for 0.19 + 0.05 = 0.24 hr. Since Davinder and
D D 2D Mikhail don’t meet until they have walked for
75 + X 60 0.25 hours, the dog must walk for 0.01 hr
D D 2D more. In that time, the dog will travel 0.06 mi.
300x (% + ;) =300x (Ej So in total the dog will travel
4Dx +300D = 5x(2D) 1.14+0.3+0.06:1.5.ml. '
4Dx +300D = 10Dx 103. Lgt x= the. number of liters of water in the
300D = 6Dx = 50 = x quglnal mixture. Then 5).c = the n}lmber of
The average speed for the second half of the liters of alcohol in the orlglnalimlxturez qnd
drive is 50 mph. 6x. = the total number of liters in .the original
mixture. x + 5 = the number of liters of water
102.  First we need to compute how much time it in the new mixture. Then 6x + 5 = the total
will take for Davinder and Mikhael to meet. number of liters in the new mixture. Since the
Let 7 = the time it will take for them to meet. ratio of alcohol to water in the new mixture is
So, 5:2, then the amount of alcohol in the new
Rate Time Distancee mixture is 5/7 of the total mixture or

Davinder 3.7 t 3.7t %(6x +5).

Mikhail 4.3 t 4.3t There was no alcohol added, so the amount of
371+ 43 =2 =8 =2 = (=025 alcohol infthle ogi%i.nal;ﬁxture eguals tl"}il'
They will be walking for 0.25 hour until they amount otalcohol in the new mixture. This
meet. gives

5
The dog starts with Davinder. Let 7;; = the 7(6x +5)=5x
arr.loun't of time it takes for the dog to meet 5(6x+5) =35x
Mikhail. So, 30x+25=35x=25=5x=>5=x
Rate Time Distance So, there were 5 liters of water in the original
d P 6 mixture and 25 liters of alcohol.
og La1 d1
— 104. Let x = the amount of each alloy. There are 13
Mikhail 4.3 a1 4.3t parts in the first alloy and 8 parts in the second
61 1y +4.3,, =2 alloy..We can use the.following table to
1031, =2 organize the information:
Plar =
t=0.19 Total Zinc Copper
The dog meets Mikhail for the first time when 5x 8x
they have walked for 0.19 hour. The dog will Alloy 1 X T} e}
have traveled 1.14 mi. 3 3
While the dog has been running towards 5x 3x
Mikhail, Davinder has continued to walk. Alloy 2 X Y Ky
During the 0.19 hour, he walked 0.70 mi, so
now he and the dog are 1.14 —0.70 = 0.44 mi Total oy | X% 8x 3x
apart. Let 7, = the time it takes the dog to 13 8 13 8

meet Davinder.

(continued on next page)
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(continued)

105.

106.

The amount of zinc in the new mixture is
S_x 5_x _105x
13 8 104

, and the amount of copper in

. . 8x 3x 103x
the new mixture is —+—=——.
13 8 104

So, the ratio of zinc to copper in the new
105x 103x

: or 105:103.
104 104

mixture is

Let x = Democratus’ age now. Then x/6 =
the number of years as a boy, x/8 = the

number of years as a youth, and x/2 = the
number of years as a man. He has spent 15

years as a mature adult. So,

i Zi1s5=x
6 8

24 24242405 | =24x
6 8 2

4x+3x+12x+360=24x

19x+360 = 24x
360=5x=T72=x

Democratus is 72 years old.

Let x = the man’s age now. When the woman
is x years old, the man will be 119 — x years
old. So the difference in their ages is

(119 -x)—x=119-2x years. So the

woman’s age now is
x—(119-2x)=3x-119 . When the man was

3x—119 years old, she was ¥ years

old. Since the difference in their ages is
119-2x, we have

(3x-119)- 21 119 9,
6x—238—3x+119 =238 — 4x
3x—119 =238 - 4x
7x-119 =238
7x=357T=x=51

So the man is now 51 years old.

Check by verifying the facts in the problem.
When she is 51 years old, he will be

119 — 51 = 68 years old. The difference in
their ages is 68 — 51 = 17 years. So she is

51 — 17 = 34 years old now. When he was 34
years old, she was 17 years old, which is 1/2
of 34.

107.

108.

There are 180 minutes from 3 p.m. to 6 p.m.
So, the number of minutes before 6 p.m. plus
50 minutes plus 4 x the number of minutes
before 6 p.m. equals 180 minutes. Let x = the
number of minutes before 6 p.m. So,
x+50+4x=180= 5x+50=180=
5x=130=x=26

So it is 26 minutes before 6 p.m. or 5:34 p.m.
Check this by verifying that 26 + 50 =76
minutes before 6 p.m. is the same time as
4(26) = 104 minutes after 3 p.m. Seventy-six
minutes before 6 p.m. is 4:44 p.m., while 104
minutes after 3 p.m. is also 4:44 p.m.

Let x = the number of minutes pipe B is open.
Pipe A is open for 18 minutes, so it fills 18/24
or 3/4 of the tank. Pipe B fills x/32 of the tank.
So. 24X 215 32(§+ij =32()=

4 32 4 32
24+ x=32=x=8
Pipe B should be turned off after 8 minutes.

109. a. Because of the head wind, the plane flies at

140 mph from Atlanta to Washington and
160 mph from Washington to Atlanta. Let
x = the distance the plane flew before
turning back. So,

Rate Distance Time
to 140 x x/140
from 160 x x/160
AT
140 160

160x +140x = 1.5(140)(160)
300x = 33,600 = x =112

The plane flew 112 miles before turning
back.

The plane traveled 224 miles in 1.5 hours,

so the average speed is ?—2: =149.33 mph.
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110.

Let x = the airspeed of the plane. Because of
the wind, the actual speed of the plane
between airports A and B is x + 15. The actual
speed of the plane between airports B and C is
x = 20.
W ——) T
652.5 mi 705 mi

ICx720mph ? x+ 15 mph /I4

Rate Distance | Time
AtoB x+15 705 705

x+15

Bto C x—=20 652.5 652.5

x—=20

The times are the same, so we have

705 6525
x+15 x-20

705(x —20) = 652.5(x +15)
705x —14,100 = 652.5x +9787.5
52.5x—14,100 =9787.5
52.5x =23887.5
x =455
The airspeed of the plane is 455 mph.

1.1 Critical Thinking/Discussion/Writing

111.

112.

If x represents the amount the pawn shop
owner paid for the first watch and the owner
made a profit of 10%, then 1.1x =499, so

x =453.64 . If y represents the amount the
pawn shop owner paid for the second watch
and the owner lost 10%, then 0.9y =499, so

y =554.44 . Together the two watches cost

$453.64 + $554.44 = $1008.08. But the pawn
shop owner sold the two watches for $998, so
there was a loss. The amount of loss is

(1008.08 - 998)/1008.08 =10.08/1008.08 =
0.01 = 1%. The answer is (C).

Let x represent the amount of gasoline used in
July. Then 0.8x represents the amount of
gasoline used in August. Let y represent the
price of gasoline in July. Then 1.2y represents
the cost of gasoline in August. The cost of
gasoline used in July is xy (amount x price),
and the cost of gasoline used in August is
0.8x x 1.2y = 0.96xy . So the cost of gasoline
used in August is 96% of the cost of gasoline

used in July, which is a decrease of 4%. The
answer is (D).

1.1 Maintaining Skills

113.
114.
115.
116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

F=iZ=i1-22
NN BN NN
2 =i3=ii=23
JB5 =575 =045 = 3.5

2+23J§=2+32-2\/§=%+3-22x/§=1+3\5

3+3\/E=3+§\/§=%+3\3/§=1+\/§

15—5\/%:15—55\52%_5\5/523_\/5

35-14412 35-2-1443
7 7
=37_5_2'17;4‘/§=5_4\/§

x2+x=x(x+1)

2x% —4x=2x(x-2)
x?—4=(x-2)(x+2)
x?=25=(x=5)(x+5)
x2+4x+4:(x+2)2
x2—6x+9=(x-3)’

x? =8x+7=(x-1)(x-7)
x?+2x-15=(x=3)(x+5)
6x2 —x—1=(3x+1)(2x-1)
14x% +17x~ 6= (7x—2)(2x +3)

=Sx% +3x+2=(5x+2)(-x+1)
=(5x+2)(1-x)

1242 +9x+3=—3(4x2 —3x—1)
=—3(4x+1)(x—1)
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1.2 Quadratic Equations

1.2 Practice Problems

x? +25x=-84
x? +25x+84=0
(x+4)(x+21)=0
x+4=0 | x+21=0
x=—4 x=-21
Solution set: {-21, -4}

2m? =5m

2m?* —=5m=0

m(2m—5)=0
m=0|2m-5=0
2m

N[ o]k L

m

Solution set: {0,

x> —6x=-9
x> -6x+9=0
(x=3)"=0
x-3=0
x=3

Solution set: {3}

(x+2)° =5

x+2=%5
x=-2%+5

Solution set: {—2 - \/g, -2+ \/5}

x2—6x+7=0
x2—6x=-7
X —6x+9=-7+9
(x=3)" =2
x=3=12
x=3+2
Solution set: {3—x/§, 3+\/§}

4x> —24x+25=0
4x* —24x=-25
2 25

x —6x=—T
§+9

2 _ - _
x“—6x+9 1

(x—3)2=%
VTR T}
x—-3=% > = x=3% >
: CJa NI o NIT
Solution set: {3 > , 3+ > }
7. 6x>—x-2=0
a=6,b=-1,c=-2
_ —b+b? —4dac
a 2a
2
_ (DY) -4(6)(-2)
2(6)
_1+49 147 _-6_ 1 8 _2
12 1 12 2 12 3
12

Solution set: {—5, 3

}

Let x = the frontage of the building.
Then 5x = the depth of the building and
5x — 45 = the depth of the rear portion.

x(5x—45)=2100
5x2 —45x=2100
5x2 —45x-2100=0
a=5,b=-45 ¢c=-2100
(A9 £ (45) ~4(5)(-2100)
2(5)

+
_ $5£444.025 Vl‘g"ozs ~ —16.48 or 25.48
Reject the negative solution.
5x=5-25.482=127.41
The building is approximately 25.48 ft by

127.41 ft.
_length __ 1+4/5 _ X
% P=Tih 2 36

x= 36(#] — 1841845 = 58.25 ft

1.2 Basic Concepts and Skills

Any equation of the form ax> +bx+c=0
with a # 0, is called a quadratic equation.

1.

If P(x), D(x), and Q(x) are polynomials, and
P(x) = D(x)Q(x), then the solutions of P(x) =0
are the solutions of Q(x) = 0 together with the
solutions of D(x) = 0.

From the Square Root Property, we know that

if u? =5, then u=+/5.
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4. Ifyou complzete the square in the quadratic 16. & ( \/7)2+ T30 Tk 4T —3=0=
equation ax” +bx+c =0, you get the N
quadratic formula for the solutions: Tk=3-T =k = 3-N7
7
oo —btNb® —dac
2a 17. x*-5x=0=x(x-5)=0=
5. True x=0orx-5=0=x=0o0rx=5
6. False. We form a perfect square by adding 18.  x*-5x+4=0
2 (x=dH(x-1)=0
(E) . x=4=0o0orx-1=0=x=4o0rx=1
2 —
7. (—6)2+4(=6)—12=36-24-12=0 19. , Tix=14
—6 is a solution of the equation. XT45x-14=0
(x+7(x-2)=0
8. 97-8(9)-9=81-72-9=0 x+7=00rx-2=0
9 is a solution of the equation. x=—Torx=2
2 —
22 > 4\ 14 20. x“=1lx=12
9. 3 E +7 5 -6=3 5 +?—6 xz—llx—12=0
(x—12)(x+1)=0
4 14
=§+?_6=0 x—12=00rx+1=0
2/3 is a solution of the equation. x=12orx=-1
. X N s 21. x2=5x+6
2(——} —5(——)—3:2(—)+——3 x?=5x-6=0
10. 2 2 145 2 (x—6)(x+1)=0
=—4+2-3=0 x—6=0o0rx+1=0
) ) 2 2 x=6orx=-1
—1/2 is a solution of the equation.
5 22, x=x*-12
1L (2-43) -4(2-3)+1 0=x’—x-12
=(4-43+3)-8+43+1=0 0=(x=4)(x+3)
x—4=0o0rx+3=0
2—\/§ is a solution of the equation. x=4orx=-3
2
12. (3+242) -6(3+2v2)+1 23, 3x=48=x>=16= x=14
=17+12/2-18-1242+1=0 24. 2x2=50= x2 =25= x =45
3+24/2 is a solution of the equation.
25. x*+l=5=xt=4=x=12
2
13. 4(2++3) —8(2++/3|+13
(2+3) -8(2+5) 26. 2x°-1=17=2x"=18=
=4(7+43)-8(2++3)+13 2200 =43
=28+16v3-16-8/3+13=25+8J3 %0 )
2+3 is not a solution of th . 27. (x-1)°=16
++/3 is not a solution of the equation. —le—dorx—lod= x=—3orx=5
2
14. (5-42) -6(5-+2)+13 28, (2x-3)2 =25
=27—10\/§—30+6\/§+13=10—4\/§¢5 2x=3=-S5or2x—-3=5=x=-lorx=4
5-+/2 is not a solution of the equation. 29. To complete the square, find 1/2 of the
15. k(1)2 +1-320=k-2=0=k=2 coefficient of the x-term, 4/2:2, and then

square the answer. 22=4.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

To complete the square, find 1/2 of the
coefficient of the y-term, 10/ 2 =5, and then

square the answer. 52=25.

To complete the square, find 1/2 of the

coefficient of the x-term, 6/ 2 =13, and then
square the answer. 32=9.

To complete the square, find 1/2 of the
coefficient of the y-term, 8/ 2 =4, and then

square the answer. 4% =16.

To complete the square, find 1/2 of the
coefficient of the x-term and then square the

(7 )2 49
answer. | — =—.
2 4

To complete the square, find 1/2 of the
coefficient of the x-term and then square the

33
answer. | — | =—.
2 4

To complete the square, find 1/2 of the

5|

To complete the square, find 1/2 of the

coefficient of the x-term, l % = % and then

square the answer. (3/ 4)2 =9/16.

To complete the square, find 1/2 of the
coefficient of the x-term and then square the

answer. (a/Z)2 =a’[4.

To complete the square, find 1/2 of the
coefficient of the x-term,
1 2a a

—.—=—, and then square the answer.
23 3

(z)z _a

3 9"

X +2x-5=0=x*+2x=5
Now, complete the square.

H2x+1=5+1= (x+D) =6
x+1=i\/g=>x=—li\/€

40.

41.

42,

43.

44.

x*+6x=-7

Now, complete the square.

X2 +6x+9=-7+9

(x+3)% =22 x+3=+22x=-3£2

x?=3x-1=0
x?-3x=1
Now, complete the square.

3 13
x—2=+32
2 2
3 J13 3x413
x=—t—=
2 2 2
x*—x-3=0
¥ -x=3

Now, complete the square.

2
xz—x+—=3+l=>(x—l) B
4 2 4
B3 1
4 2 27 2
2r* +3r=9
P2edp22
272
2 3 .9 9 9
Frtor+—==—+
2" 16 2 16
( 3)2 81
+=| ==
4) 16
-3+
r+§=i2=>r=£=§0r—3
4 4 2
3k% -5k +1=0
3k?* —5k = -1
k2 Sp=_1
3 3

Now, complete the square.
k> —§k+§:—l+£
3 36 3 36

PE B IERRNE]
36 6
=343 _ 52413
6 6 6
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In exercises 45-50, use the quadratic formula

e —b+b? - dac

45.

46.

47.

48.

49.

2a

x?42x—4=0=a=1b=2,c=-4

L V22 -4)(-4) —2++4+16

2(1) 2
2+ 2+
_ 2_2\/%= 2‘22‘/§=—1H§

m?+3m+2=0=a=1,b=3,c=2

. 344032 -4(1)(2) -3+-9-8 _ 341

2(1) 2
-3+1 -2
m= =—=-lor
2 2
el
2 2

6x>=Tx+5=6x>-Tx-5=0=
a=6,b=-7,c=-5

Lo EDEY (=7)” = 4(6)(-5)

2(6)
C7EN49+120 74169 713

12 12 12
7+13 20 5
X=———=—=—o0r
12 12 3
St & s T

12 12 2

t2—T=dt =1 -4-7=0=>
a=1,b=—-4,c=-7

D 4D

2(1)
4416428 4+a4  4+2J11

2 2

2
=2+/11

322-27=7=372-2-7=0=>
a=3,b=-2,c=-7

(DD - 43)D)

23)
244484 2488 2+2V22
66 6
12422

3

50.

51.

52.

53.

54.

55.

6y2+11y=10=6y> +11y-10=0=
a=6,b=11,c=-10

. —11%4/11% = 4(6)(—10)

2(6)
1121214240 ~11£4/361
12 12
11419
12
8.2 ,,-30__5
VTR T T,
2x2 +5x-3=0

Cx-D(x+3)=0
2x—1=0o0rx+3=0

x=—orx=-3
2
2x2-9x+10=0

2x-5x-2)=0
2x=5=0o0rx—-2=0

x=§ orx=2

(3x—2)*=16=0
(3x-2)* =16
3x—2=+4
3x-2=-4 or 3x-2=4
3x=-2 3x=6
X=—— or x=2
3

(4x+1)>=25=0

(4x+1)° =25

4x+1=15
4x+1=-5 or 4x+1=5
4x=-6 4x =4

xX=—-— or x=1
2

5x% —6x=4x> +6x-3
x?-12x=-3
Now, complete the square.
x*~12x+36=-3+36
(x—6)> =33

x—6=i\/§=>x=6i\/§
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59

56.

57.

58.

59.

60.

61.

X2 +T7x-5=x-x>

2x>+6x-5=0
2x> +6x=5
x2+3x=§

2

Now, complete the square.
9 5 9

3p2+8p+4:0:>a:3,b:8,c:4

e —8++/82 —4(3)(4)

2(3)
_ 8+/64-48 —8+./16 —8+4
6 6
e e
P =376

=5x-)= x> =5x-5=

6

¥ =5x+5=0=a=1b=-5,c=5

I G (G R UC)

2()
_5+4/25-20 5445

2 2

3y2+5y+2:0
BGy+2)(y+1H =0
3y+2=0o0ry+1=0

-2 ory=-1
y 3 y

6x>+11x+4=0
Gx+4HQ2x+1)=0

3x+4=0o0r2x+1=0

4

X=——orx=-——
3

5x2+12x+4=0
5x+2)(x+2)=0
S5x+2=0Qorx+2=0

xX=——orx=-2
5

1
2

62.

63.

64.

65.

66.

3x2-2x-5=0
Bx=5x+D=0
3x=5=0o0rx+1=0

x=—orx=-1

5y2+10y+4=2y2+3y+1

3y2+7y=-3
7
2
+—y=-1
y 3y
Now, complete the square.
R .
TS 36

6 6 6

3x2—1=5x>-3x-5
4=2x%-3x
2=x2——x

Now, complete the square.

2+—=x2—§x+2
16 2716
41 3)2
HA_(,.3
16 4
41 3 Ja1 3
t|—=x——>=>t—=x——
16 4 4 4
3 41 3+441
x=—t—=
47 4 4
2x%+x=15
2x2+x—15=0

2x=5)(x+3)=0

2x—5=00rx+3=0=>x=% orx=-3

6x>=1—x
6x>+x-1=0
BGx-D2x+1)=0
3x—1=0o0r2x+1=0
1 1

X=—orx=——
2

3
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67. 12x> -10x =12 73. 2t2-5=0=a=2,b=0,c=-5
1242 ~10x-12=0 0+,02—4(2)(=5) _+/40
2(6x% = 5x—6) =0 = 22) =

6x>—5x—6=0 210 10
(Bx+2)2x-3)=0 =t i

3x+2=00r2x-3=0
B B 74, 3k>-48=0=a=3,b=0,c=-48
x——g orx=—

2 2 B
t:OiJO 4(3)(—48) :i 576:J_FEZJr4

68. —x>+10x+1200=0 2(3) 6 6
x2=10x-1200=0
(x—40)(x+30)=0

75.  4x*-10x-750=0

x—40=00rx+30=0 2(2x% ~5x-375)=0
x =40 or x = -30 2x2-5x-375=0
2x+25)(x-15)=0

69. (x+13)(x+5):—2:>x2+18x+65:—2:> 2%x+25=00rx—15=0

x> +18x+67=0=a=1,b=18,c =67

_ —18£4/18% - 4(1)(67)

x=—£ orx=15
2

2(1) 76. 12x> +43x+36=0
B —18+\/324—268 _ —18++/56 Gx+4)(4x+9)=0
a h 9 3x+4=0o0r4x+9=0
—18+2J— L RPN
— =-9+.14 x 3orx 2
70. 302 +1)=2x% +4x+1= 77. polength 145«
332 43=2:2 +dx+ 1= x2 —4x42=0= width 2 1472
a=lb=-4,c=2 _1472(”[j 23.82 in.
_—(HEy (—4)% - 4(1)(2)
2(1) length  1++5 «x
=4i\/16—8=4i«/§=412\/§ B =T 2 1363
2 2 2
242 —1863(1+I) 30.14 fi
71. 18x% —45x =7

length  1++/5 8.46
2 = > =
18x“ —45x+7=0 79. width 2 X

Bx=7)(6x-1)=0 ( J
x=8.46 523 cm
3x—7=00r6x—1=0=>x=%orx=é +5
length _ 1++/5 _ 4.68
2 _ _
72, 18x" +57x+45=0 80. ®=——r = ;
3(6x% +19x+15)=0
6x2+19x+15=0 x=4.68 +\f ~2.89 m
(Bx+5)2x+3)=0
3x+5=00r2e+3=0 1.2 Applying the Concepts
X=——orx=-—-—
3 2 81. Letx = the width of the plot. Then 3x = the

length of the plot. So, 3x2 =10,800 =

x2 =3600= x=60.
The plot is 60 ft by 180 ft.

Copyright © 2015 Pearson Education Inc.



Section 1.2 Quadratic Equations 61

82.

83.

84.

85.

86.

Let x = the length of the side of the square.
Then x + 4 = the length of the diagonal of the
square. Using the Pythagorean theorem, we
have

x4+ x? =(x+4)2 =2x2=x*+8x+16=

x> -8x-16=0.S0, a=1,b=-8,c=-16

[ o2
~(8) Y87 —4)(=16)

and x =
2(1)
8+/64+64 8§+/128
= s y=— =
2 2
+
x= 8‘8*/§=4i4ﬁ.

2
The length cannot be a negative number, so
eliminate the negative root. The length of the

square is 4 + 442 in.

Let x = the first integer. Then 28 — x = the
second integer. So, x(28 —x) =147 =

28x—x>=147=0=x>-28x+147=
O0=(x-7Nx-2)=>x=T7orx=21.
The sum of the two numbers is 28. So, the
numbers are 7 and 21.

Let x = the integer. Then 22 +x=55=
2x2+x—55:0:>(2x+11)(x—5):0:>

x=——orx=>5.

The problem calls for an integer, so we
eliminate —11/2 as a solution. Check that 5 is

the solution by verifying that 2(52) +5=155.
The integer is 5.

Let x = one number. Then 57 — x = the other
number.

x(57 - x) =782
—x2+57x=782
x> =57x=-782

x* =57x+782=0

(x— 23)(x—34) =0
x—=23=0or x-34=0
x=23 or x=34

Let w = the width of the rectangle. Since
perimeter = 2 X width + 2 X length, we have
82=2w+20=82-2w=2l=1=41-w.
The area is given by length X width, so

87.

88.

89.

(41— w)w =400
41w —w? =400
0=w? — 41w+ 400
0=(w—25)(w—16)
w—=25=0 or w—16=0
w=25 w=16
The dimensions of the rectangle are 25 ft by
16 ft.

Let x = the width of the rectangle. Then
x +5 = the length of the rectangle. So,
x(x+5) =500

= x? +5x=500= x* +5x-500=0=
(x+25)(x-20)=0=x=-250rx=20.
Since the length cannot be negative, we reject
that solution. x =20= x+5=25. So the
rectangle is 25 cm by 20 cm.

Let 3x = the length of the rectangle.
Then 2x = the width of the rectangle, and

(3x)(2x)=216.

So 6x% =216= x> =36 = x=16. Length
cannot be negative, so we reject —6 as a
solution. The dimensions of the rectangle are
3x=18cmand 2x =12 cm.

Let x = one piece of the wire. Then 16 —x =
the other piece of the wire. Each piece is bent
into a square, so the sides of the squares are

X 16—x .
1 and , respectively.
|
X I 16-x
16 —x
x 4
4

2 2
(3] e
4 4
x* 256-32+a o
16 16
X% +256-32x +x* =160
2x% =32x+96=0
x* —16x+48=0
x-12)(x-4)=0=x=120rx=4
If one piece of the wire is 12, then the other

piece is 16 — 12 = 4. So the pieces are 12 in.
and 4 in.
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90. Letx = one piece of the wire. Then Divide both sides by 2.
38 — x = the other piece of the wire. Each 35x — x2 =276
piece is bent into a square, so the sides of the 5
. —y 0=x"-35x+276
squares are — and ——— , respectively. 0=((x-12)(x—23)
4 ! x=12 orx=23
X ™ 38—x The dimensions of the patio are 12 ft by 23 ft.
] 93. Letx = the length of the piece of tin.
38— x Then x — 10 = the length of the box.
% 4 < x N x—10
2 N2 T — 10 /1
3(fj —(38 xj ~95.75 s T
4 4 s o | ) A
2 B 2 L x-10 1 /
30 X _M=95_75 ! ! 5,
16 16 lx-10 : g
3x — 1444+ 76x - x> =1532 I I
2x% +76x 2976 = 0 A |
x% +38x-1488=0 | !
(x+62)(x—24)=0 T
x=—62 orx =24 (x =10)(x =10)(5) = 480
The answer cannot be negative, so we reject S(x2 —20x+100) = 480
—62. If one piece of the wire is 24, then the 2 —20x+100=96
g;hie; [:I(:((i:elas iSI'IS —24 = 14. So the pieces are 2 20x+4=0
' ' Solve using the quadratic formula witha =1,
91. Let r = the radius of the can. Then b=-20,and c = 4.
327 =27mr(6)+ 27r? _—(220)% /(_20)2 —4(1)(4)
327 =127r+ 271> r= 2(1)
Divide both sides by 2z 20+ [400—16 20+ [384
16 = 6}" + r2 - 2 - 2
0=r>+6r-16 20+19.6  20-19.6
0= (r—2)(r +8) = 3 or 3 =19.8 or 0.18
r=2orr=-8 The length cannot be 0.18 inches, so we reject
The answer cannot be negative, so we reject that solution. The tin is 19.8 in. by 19.8 in.
—8. The radius of th is 2 inches.
© Taciis o The can 15 < Thches 94. Let x = the width of cardboard.
92. Let x = the length of the patio. Then Then, x + 4 = the length of the cardboard.

70-2x

= the width of the patio.

\
2
X

The height is 6 inches, while the length and
width are given in feet, so the height must be
converted to 1/2 feet.

22 )

70x — 2x2

N 172

=138
70x —2x% =552

|l x +4

< >

'_I_z__(zfj_“l:‘li{__ N
2

x(x—4)(2) =64
2(x% —4x) =64
x*—4x=32
x*—4x-32=0
x-8)(x+4)=0=x=8o0rx=—4
The length cannot be —4 inches, so we reject

that solution. Since x = 8, then x — 4 = 4. The
box is 4 in. wide by 8 in. long by 2 in. deep.
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9s.

96.

Let x = the time the buses travel. So the
distance the first bus travels = 52x mi, and the
distance the second bus travels = 39x mi.

390 mi 39x

52x Atlanta
Using the Pythagorean theorem, we have
(52x) + (39x)% = 3902
2704x2 +1521x% =152,100
4225x? =152,100
x?=36= x=16
Time cannot be negative, so we reject —6. The
buses will be 390 miles apart after 6 hours.

San
Francisco  3x

3(x +100)
2100

Let x = the speed of the plane traveling east.
Then x + 100 = the speed of the plane
traveling south. They each traveled for three
hours, so they traveled 3x and 3(x + 100) km,
respectively. Using the Pythagorean theorem,
we have

(3x)? + B(x +100))? = 21002
9x2 + (3x+300)? = 4,410,000
9x2 +9x2 +1800x + 90,000 = 4,410,000
18x2 +18002x + 90,000 = 4,410,000
18x2 +1800x — 4,320,000 = 0
x% +100x — 240,000 = 0
Solve using quadratic formula witha =1,
b =100, and ¢ = —240,000.

_ —100 /1002 - 4(1)(~240,000)

2D
_ =100+ /10,000 + 960,000
2
_ —100+4/970,000
2
_ —100+984.83 or —100-984.88
2 2

~ 442.44 or —542.44

97.

98.

We reject the negative answer, so the plane
flying east traveled at 442.44 km/h, and the
plane flying south traveled at 542.44 km/h.

Let x = the width of the border. Then length of
the garden with the border is 25 + 2x, and the
width of the garden with the border is 15 + 2x.
The area of the border = the area of the garden
with the border — the area of the garden.

25+ 2x

25
15+ 2x 15

Ay =624 =(25+2x)(15+2x) — (15)(25)
=375+80x +4x> —375
=80x + 4x°
624 = 80x + 4x°
0=4x> +80x—624
0=x%+20x-156
0=(x+26)(x—-06)
x=-26o0rx=6
We reject the negative solution. The width of
the border is 6 feet.

—16t% +5000 = 1000 = —16¢> = —4000 =

1 =250 =1 =+250 = t ~ +15.8
Reject the negative solution. The diver is in
free fall for 15.8 seconds.

99. a. h=-16(22)+112(2) = 160 feet

100. a

b. 96=-16t2+112t=16t> 112t +96 =0

=2 -Tt+6=0=(-D)(1-6)=0=
t=lort=6

The ball will be at a height of 96 feet at 1
second and at 6 seconds.

c. 0=—16:2+112r=>16t>-112t=0=

t2-7t=0=>1(t-7)=0=t=0or
t=17

The ball will return to the ground at 7
seconds.

, 1087420+273

~1145.01 ft/sec
16.25
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1087VT + 273

16.25
18687.5 =1087T +273

18687.5 T 1073

1087
(18687.5
1087

b. 1150 =

2
) =T+273

2
(18687.5) .
1087
22.56°C=T

101. . —161% +96¢ + 480 = 592
—161* +96r —112=0
a=-16,b=96,c=-112
—96+1/967 — 4(~16)(~112)
e 2(~16)
~1.50 or 4.41

The projectile will be at a height of 592 ft
at about 1.59 sec and 4.41 sec.

b. —16:2 +961 +480=0
a=-16,b=96, c =480
_ —96%4/96% — 4(16)(480)
e 2(-16)
= —3.24 (reject this) or 9.24

The projectile will crash on the ground after
approximately 9.24 seconds.

102. a. —16¢2 +112¢ + 480 = 592
—16:2 1121 —112=0
a=-16,b=112,c=-112
11241127 - 4(-16)(-112)
e 2(~16)

=1.21or 5.79
The projectile will be at a height of 592 ft
at about 1.21 sec and 5.79 sec.

b. —16:2+112t+480=0
a=-16,b=112, ¢ =480
—112+J112% - 4(~16)(480)
2(-16)
= =3 (reject this) or 10

The projectile will crash on the ground after
10 seconds.

X =

103. a. —1612 + 2567 + 480 = 592
—16t2 +256t-112=0
a=-16,b=256,c=-112
256+ /2567 — 4(~16)(~112)
*= 2(-16)
~0.45 or 15.55

The projectile will be at a height of 592 ft
at about 0.45 sec and 15.55 sec.

b. —16t%+256t +480 =0
a=-16,b =256, c=480
| 25642567 — 4(~16) (480)
e 2(~16)
= —1.70 (reject this) or 17.70

The projectile will crash on the ground after
17.70 seconds.

104. a. —1617 + 641 + 480 = 592
~161% +641-112=0
a=-16,b=64,c=-112
64 +,J64% — 4(~16)(~112)
e 2(~16)
_ —64£~-3072
=32
Since the solution is nonreal complex, the
projectile will never reach 592 feet.

b. —16t> +641+480=0
a=-16,b =64, c =480
| 64,64 - 4(~16)(480)
*= 2(-16)
= —3.83 (reject this) or 7.83

The projectile will crash on the ground after
7.83 seconds.

1.2 Beyond the Basics

In exercises 105—110, the equation has equal roots if

it can be written in the form (ax+5)” =0 or

(ax—b)” = 0. Then we equate the coefficients.

105. x? —ke+3=(x-b)" = x> = 2bx+b>
So, b2 =3=b=1+3.
Then, k=2b=2(i\/§)=i2x/§.
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106. x2+3kc+8= (x+ b)2 = 2 1 2bx 4 b2 111. Since r and s are roots of the equation, then

So, b2 =8= b =+/8 =422
Then, k =2b=2(i2ﬁ)=i4ﬁ.

ar’ +br+c=0=as>+bs+c=
ar’ +br+c—-c=as>+bs+c—c
ar® +br=as® +bs
ar’ —as® =bs—br
22
a(r~-—s")=b(s—r)
So, k =2b%. Then, k = —4b = 2b* = —4b = a(r’ =s%)=—b(r-ys)
b*+2b=0=b(b+2)=0=>b=00rb=-2. r?—s?

107, 2x% + ket k =2(x—b)" = 2x7 — 4bx + 2b*

b
=——=rt+s=——
r—s a a

To find r-s, first divide both sides of

Therefore, k =2(0)° =0 or k =2(-2)" =38.

108. kx® +2x+6=k(x+b)” = kn? +2kbx + kb> ar’ +br+c=0 by a. We have
So, 2=2kb:>k=%, and r2+§r+§:0.Nowuse the results from

the first part of the problem and substitute

2 _1 2 _
6=kb :>6_b b*=6=b. —(r+s) foré.Thisgives
a
1
Therefore, k =% P2 rrsr+$=0
a
109. x2+k2=2(k+l)x:> r2—r2—rs+£=O
a
x2 =20k +Dx+k% = (x=b)* = x> = 2bx+b> p
—=rs
So, k2 =b? = k = +b. a
2(k+1)=2b=k+1=b 112. Use the results from exercise 111.
If k = b, we have b + 1 = b, which is false, so 5 5
we disregard this solution. If k = — b, we have a. r+s=—§,rs=—§
—b+1:b:>1:2b:>b:l. Therefore, 7 1
2 b. r+s=—,rs=——
{ 3 3
k=5.
10 ke® +(k +3)x+4=k(x+b)’ V3 }
= kx? + 2kbx + kb> O S )
4 NE) 3
So, kb* =4 =k =—, and
b d r+s=—-— 2 _ \/E -1_\/5
k+3=2kb:>iz+3=2b(izj=> 1432 1432 1-42
b b _\/5—2_2_\5
4+43b>=8b=3b>-8b+4=0= T
(3b-2)(b-2)=0=b=2 orb=2 o TS _ 75 1-V2 5452
3 1442 1442 1-42 -1
b=2mk=—=9 =5-52
(%) Use the results from exercise 111 to solve exercises
4 113 and 114.
b=2=>k=2—2=1 k=3 3%—5
Thus, k= 1 or k= 9. 113. ——2 :—2 = —-k+3=3k-5=
Ak =-8=k=2
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_2k-3  2k+3
5

This is an identity, so the solution is all real

numbers, or (—oo, o).

114.

= 2k+3=-2k+3

115. From exercise 111, we have

b
r+s=——=b=-a(r+s) and
a

c .
rs = —=> ¢ = ars . Substitute these values
a

into the equation:

ax® +bx+c = ax* —a(r+s)x+ars
= cl(x2 —(r+s)x+rs)
= a(x2 —rx—sx+rs)
=alx(x—r)—s(x—r)]

=a(x—r)(x—ys)

116. a. Use the quadratic equation to solve

4x? +4x-5=0.
416480 _ —4x496 _ 4x46
8 8 8
__1,v6
27 2
So, we have
4x +4x-5

T
= (2x+1-6)(2x+1++/6)

b. Use the quadratic equation to solve
25x% +40x+11=0.

I 407 - 4(25)(11)

2(25)
_ 4044500 _ —40+105 4, 5
50 50 575

So, we have 25x> +40x+11=

L)
-2

(5x+4—\/§)(5x+4+\/§)

117. a.

Use the quadratic equation to solve
25x% —30x+14=0.

302 J(=30)% —4(25)(4)
2(25)
304500 _30%10V5 3, 5
S50 0 50 55
So, we have 25x% —30x+4 =

atal S
Al

= (5x-3-5)(5x-3++5)

Use the quadratic equation to solve
72x* +95x~1000=0.

L \/952 — 4(72)(—-1000)
B 2(72)

_ —95+4297,025 -95+545

144 144
_450 640 25 40

= or =— or
144 144 8 9

So, we have
72x% +95x - 1000

(-5
8 9
= 72(x—§j(x+ﬂJ
8 9
=8(x—§j-9(x+ﬂj
8 9
= (8x — 25)(9x + 40)
(- (3)Nx-4)=0= (x+3)(x-4)=0=
x2-x-12= 0
(x-5)(x-5)=0=x>-10x+25=0

(x=GB+V2)x-3-2)=0=
x2—3x—x\/§—3x+m/§+7=0=>
x2—6x+7=0
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118. a

b.

119.

. a=3,b=—4y,c=5—y2

AN EAY’ - 43)5 )
20)

4y +416y” —60+12y>

B 6

_4y+y28y7-60 4y +2y7y*-15
B 6 - 6

:2yi\/7y2—15

3

a=-1,b=-4x,c= 3x2+5
(40t \/ (—4x)% — 4(-D)(3x? +5)
y= 2-1)

_dxEN16x” +12x% +20
-2
_4xt28x2+20  4x+247x% +5
-2 -2
= 2x+\7x2+5

To show that a rectangle is a golden rectangle,
we need to show that the ratio of the longer
side to the shorter side equals the golden ratio,

1+5

@, or .
2

A X B E
X

1 T

I I
D M Cc F

Note that DM =CM = % Use the

Pythagorean theorem to find the length of MB:

2 2
MB? =cM? + BC? =(§) +x° =%+x2

=§x2:>MB=£x.
4 2

Then

DF = DM + MF = £+£x=1+\/§x, and

2 2 2

1+\/§ .

DF_\ 2 ) 145 _

AD x 2 '

So, AEFD is a golden rectangle.

120.

121.

122.

123.

By the quadratic formula, we know that

e —b++b? - dac or —b—+/b* —4dac

If
2a 2a
—b++/b* - 4dac 2a
= then
2a —b+b? - dac
—b++/b* —4dac 2a
= =
2a —b—Ib* - dac

(—b+ b2 —4ac)(—b—\/b2 —4ac) —4a® =

172—(172—4ac)=4a2 =dac=4a’=c=a
The answer is (ii).

Using the results from exercises 111 and 115,
if r, s, and ¢ are three distinct roots, we know
that rs = E,st = E,and rt = £. Then

a a a
rs=st=>r=s,andrs=rt = s=t. So,
r = s =t, which contradicts our assumption.

Therefore, there cannot be three distinct roots
of a quadratic equation.

Solve the equation using the quadratic
formula. b=—-(p+1)=—-p—1. So,

L —Cp=DEJEp-D?-4mp
2(1)
(p+Dtyp2+2p+1-4p
2

_ (p+1)i\/p2—2p+1

2
_(p+tDhHx(p-1

Because p is an integer greater than 1, there
are two unequal real roots. The answer is (iv).

Amar’s solutions of 8 and 2 give the equation
(x—8)(x—2)=x>—10x+16=0. Akbar’s
solutions of -9 and —1 give the equation
(x+9)(x+1) =x>+10x+9=0. We know

that Akbar misread the coefficient of the x
term, and that Amar misread the constant
term, so the correct equation must be

x> —10x+9=0. Anthony correctly solved
the equation:
x2-10x4+9=0= (x-9)(x—-1)=0=

x=9orx=1
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. 2 _5_ . -
124. C.Solving x“+4x—-5=0 gives . 133, 6+\/E:2+\/9 3:2_’_3\/5:2_'_\/5
(x+5)(x—1)=0=>x=—5,1. Solving 3 3 3
|x+2|=3 gives x+2=3=x=1 or 16-+100 16-10 6
x+2=-3= x=-5. Since the equations 134. 2 Ty a7 3
have the same solution set, the equations are
equivalent. 135, 18-V108 _18-136:3 _18-6y3 _3-13
125. B.If k > 4, then we have 12 12 12 2
xP+dx=—k 136. (3x+2)+(x—7)=4x-5
X +ax+4=—k+4 37 (5x_0) (6 3
. -9)+(6—x)=4x—
(x+2)° =k +4 (5x=9)+(6-x)=4x
x+2=%2-k+4 138. (9x+4)—(2x+12)=9x+4-2x-12
However, if k > 4, then —k + 4 is negative and =7x-8
— i <
k + 4 is not real. Therefore, k <4. 139. (6x—5)—(3x+4):6x—5—3x—4:3x—9
1.2 Critical Thinking/Discussion/Writing )
140. (3x+2)(x—9)=3x —-27x+2x-18
2
126. (x-a)(x-b)=k*>= =3x" -25x—18
2 2 _
X" —(at+b)x+ab-k"=0 141, (2x—5)(3x+4)= 62> +8x—15x 20
[-(a+b)] -4(1)(ab-&?) = 6x% ~7x~20
2 2 2
= a® +2ab +b* — 4ab + 4k 142. (x-3)(x+3)=22-9
=a’ -2ab+b* +4k*
=(a-b)* +4k>>0 143. (5x+2)(5x-2)=(5x)" 22 =25x2 -4
Thus, the solutions of the equation are real. Solve each equation in exercises 144—147 using the
127. ax(l—x)=1:>ax—ax2=1:> . —b++b? —4ac
2 quadratic formula, x = ———.
—ax“+ax—-1=0 2a

Examining the discriminant, we have
a’ - 4(—a)(—1) =a*—4q
a’>—da<0= ax(l—x)zl has no real

solutions for 0 < a < 4.

1.2 Maintaining Skills

128.

129.

130.

131

132.

(3+J§)(3—J§)=32—(\/§)2 =9-2=7
(1—2\/7)(1+2\/7)=12—(2ﬁ)2 =1-4.7

—1-28=-27

(2+J§)2 =22+2.2.ﬁ+(ﬁ)2
=4+4/5+5=9+45

(V2-+3) =(v2)" ~2-42- B+ ()
=2-2J6+3=5-26

@:H@:H\M-S:HZ\E

144.

145.

146.

X +4x+1=0
a=1,b=4,c=1

- 4442 —4.1.1  —4+12
2

2-1
-4+
_ 4_22\/5:—2i\/§

2 +5x+5=0
a=1,b=5,¢c=5

L_5EVST 415 5E45

2-1 2

5% +8x+2=0
a=5b=8,c=2

L 8EV8?-4.5.2 8y

2.5 10
_-8+2J6 416
10 5
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Section 1.3 Complex Numbers: Quadratic Equations with Complex Solutions 69

147. —2x%+5x-1=0
a=-2,b=5c=-1

_5+\57-4(=2)(-1) 5417

X = =
2(-2) 4
5+17
4

1.3 Complex Numbers: Quadratic
Equations with Complex
Solutions

1.3 Practice Problems

l.a. -1+2i
real part: —1, imaginary part: 2

b. —3-6i
real part: —% , imaginary part: —6

c. 8=8+0i
real part: 8, imaginary part: 0

2. Letz=(1-2a)+3iandletw=5-(2b-5)i.

Then
Re(z)=Re(w) and Im(z)=Im(w)
1-2a=5 3=—(2b-5)
~2a=4 3=-2b+5
a=-2 2=-2p

1=b
3.a. (1-4i)+(3+2i)=4-2i
b. (4+3i)—-(5-i)=-1+4i
¢ (3-7-9)=(5--64)=(3-3i)—(5-8i)
=-2+5i

4.a. (2-60)(1+4i)=2+8i-6i— 24
=2+2i+24=26+2i

b. -3i(7-5i)=-21i +15i* = -15-21li

5. a. (—3+J1)2 = (-3+2i)
= (-3)* +2(-3)(2i) + (2i)°

=9-12i+4i>=9-12i—4
=5-12i

b. (5+v=2)(4+=8)=(5+iv2)(4+2i2)
=20+ 103/2i + 4/2i + 442
=20+142i -4
=16+14/2i
6.a. z=1+6i=>7=1-6i
Z=(1+6i)(1-6i)=1-36i" =1+36 =37

b. z=-2i=7=2
7 =(=2i)(2i)=—4i* =4

7 a 2 -2 14i_ 242 2+2i
TTUl=i 1-i 140 -2 1+1
=2+21=1+i

=3 _ -3i _ -3i 4-5i

4+J25 4+5i 4+5i 4-5i
_—12i 4152 —15-12i

16 — 252 16 +25
-15-12i _ 15 12

41 41 41

g 7 - 4% _ (1+2i)(2-3i)
TN Zi+Zy (142)+(2-30)
_2-3i+4i-6i° _2+i+6 _8+i

3-i 3-i  3-i
_8+i 3+i_ 24+8i+3i+i’
T 3-i 3+i 9—;2
_24+10i-1_23+11i _23 11,
9+1 10 10 10

9.a. 4x>+9=0
4x* =9

2 9 / 9 3.
-2 -+ |-Z =42
X 4=>x S _21

Solution set: { 21, 21}

b. x2=4x-13
x2—4x+13=0
2
()2 (4)"-4(1)(13)
X =
2(1)
:4i\2/—36:4-|_é6i:2i3i

Solution set: {2 — 3i, 2 + 3i)

10.a. 9x°>—6x+1=0=a=9,b=-6,c=1

So, D =(-6)>—4(9)(1)=36-36=0.
Therefore, there is one real root.
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b.

x2-5x+3=0=a=1,b=-5c=3

So, D= (—5)2 -4(H(3)=25-12=13>0
Therefore, there are two unequal real roots.
2x2-3x+4=0=a=2,b=-3,c=4

So, D= (—3)2 -4(2)(4)=9-32=-23<0
Therefore, there are two nonreal complex
solutions.

1.3 Basic Concepts and Skills

5.
6.

We define i = \/—_1, so that i> = -1

A complex number in the form a + bi is said
to be in standard form.

For b>0,\/—_b=&.

The conjugate of a + bi is a — bi, and the
conjugate of a —biis a + bi.

True

True

In exercises 7-10, to find the real numbers x and y
that make the equation true, set the real parts of the
equation equal to each other and then set the
imaginary parts of the equation equal to each other.

7.
8.

9.

10.

11.
12.
13.

14.

15.

16.

2+xi=y+3i,s0 x=3 and y=2.
x—=2i=7+yi,s0 x=7 and y=-2.
x—~—16 =2+ yi. ~—-16 =4i, so the

equation becomes x —4i =2+ yi.

x=2and y=—4.

3+ yi=x—~-25. +-25=5i, so the
equation becomes 3+ yi = x—5i .
x=3 and y=-5.

G+20)+@B+i)=G+3)+2+Di=8+3i
G+H)+A+2D)=6+D)+A+2)i=7+3i

(4-3i)—(5+3i)=(4-5)+(-3-23)i
=-1-6i

(3-50) - (3+21) = 3=3) + (-5~ Di=Ti

(—2-30) + (-3=2i) = [2+ (-3)] + (-3-2)i
=-5-5i
(=5-3i)+ (2 —i) = (-5+2) + (-3— D)
=3-4i

17.

19.
20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

3(5+2i) =3(5)+3(2i) = 15+6i
4(3+5i) = 4(3) + 4(5i) = 12 + 20i
—4(2=3i) = —4(2) — 4(-3i) = -8 +12i

=13 —4i)=-7(3)—T7(-4i) =-21+28i

3i(5+1) = 3i(5) + 3i(i) = 15i + 3>
Because i = -1, 3i2=-3.
So, 15i+3i> =15i—3 =-3+15i.

2i(4+3i) = 2i(4) + 2i(3i) = 8i + 6i> . Because
i2=-1, 6i>=-6.50 8i+6i>=—6+8i.

4i(2 - 5i) = 4i(2) + 4i(=5i) = 8i — 20i> .
Because i2 = -1, —20i = (=20)(=1) = 20.
So, 8i—20i> =8i+20=20+8i.

—3i(5 - 2i) = =3i(5) - 3i(—2i) = —15i + 6i° .
Because i> = -1, 6i>=-6.
So, —15i+6i%> =—15i—6=-6—15i .

B+D)R2+3i)=3-2+3-3i+i-2+1i-3i
=6+9i +2i +3i>
=6+11i+3(-1)
=3+11

(4+30)2+50)=4-2+4-5i +3i-2+3i-5i

=8+ 20i + 6i +15i>
=8+26i+15(-1)=-7+26i

(2-30)(2 +30)
=2-2423i +(=3i)-2+(-3i)-3i
=4+ 6i—6i—9i°
=4-9(-1)=4+9=13

(4-3i)(4+3i)
=4-4+4-3i +(=30)-4 + (-3i)- 3i
=16+12i—12i - 9i>
=16-9(-1)=16+9 =25

(3 +4i)(4-3i)
=3-4+3-(=3i) +4i-4+ (4i) - (=3i)
=12-9i +16i —12i>
=12+7i—12(-1)
=12+7i+12=24+7i
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30.

31.

32,

33.

34.

35.

36.

37.

(=2 +3i)(=3 +10i)
=(-2)-(-3)+(-2)-(10i)
+ 3i-(=3) + (3i) - (10i)
=6-20i —9i + 30>
=6-129i +30(-1)
=6-129i—30=—-24-29i

(«/5—121')2
= (V3-12i)(v3-12i)
=33 +V3-(-12i)

—12i 43 + (=12i)-(—12i)
=3—12/3i —12/3i + 144>
=3—24/3i +144(-1) = 3 - 24-3i — 144
=—141-24+/3i

(—\/5—131')2
= (~V5-13i)(~5 -13i)
- () (5 i
— 13i-(=5) + (~130)-(~13i)
=5+13/5i +13/5i +169i>

=5+2645i +169(—1) = 5+ 26+/5i — 169
= 164+ 26+/5i

(2—\/—16)(3+5i)
=(2-4i)(3+5i)
=2-3+2-5i—4i-3—4i-5i
=6+10i —12i — 20i>
=6-2i-20(-1)
=6-2i+20
=26-"2i
(5—2i)(3+«/—25)
= (5-2i)(3 +5i)
=5-3+5-5i—2i-3-2i-5i
=15+ 25i— 6i —10i°
=15+19i —10(-1)
=15+19i+10=25+19i
If z=2-3i then 7=2+3i, and
Z=02-3)2+3i)=4-9>=4+9=13.

If z=4+5i then 7=4-5i, and

Z=(4+50)(4—-50)=16-25i> =16 +25=41.

If z=l—2i then Z=l+2i,and
2 2

2 2 4 4 4

38.

39.

40.

41.

42,

43.

44.

45.

46.

If z:z+li then Z:%—li,and
3 2 3 2

_21.21,)41,24125
Z=|-—Zil|lzotzi|l==—i"==+—=—
3 2 03°2°)79 4 "9 4 36
If z=~/2-3i then 7=~/2+3i,and
zE:(x/E—Si)(\/E+3i):2—9i2:2+9:11

If z=~/5++/3i then 7=+/5-+/3i, and
zE=(«/§+\/§i)(\/§—\/§i):5—3i2 —54+3=8

The denominator is —i , so its conjugate is i.
Multiply the numerator and denominator by i.
5 5 5i

_—= =—=5i

- —i-i 1

The denominator is —3i, so its conjugate is 3i.

Multiply the numerator and denominator by 3i.
2 23) 60 2.

= =

339 3

The denominator is 1+, so its conjugate is
1—1i. Multiply the numerator and
denominator by 1—i.

s (A S
1+i (A+dd-i) 1+1
-1+ 1 1,
= =——+—i
2 2 2

The denominator is 2 —i, so its conjugate is
2 +i . Multiply the numerator and
denominator by 2 +i .

1 _ 12+10) =2+i=2+i=g+l,~
2—-i (2-D2+i) 4+1 5 5 5

The denominator is 2+, so its conjugate is
2 —i. Multiply the numerator and denominator
by 2—i.
5i  5i2-i)  10i-5i*
24i  2+D)2-i)  4+1
10i +5 .
= =1+2i

The denominator is 2 —1i, so its conjugate is
2 +i . Multiply the numerator and denominator
by 2+i.
3 3i2+i)  6i+3i
2-i Q2-)2+i) 4+1
_3+46i _ 3 6.
=== i
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47. The denominator is 1+i, so its conjugate is 53. The denominator is 2 —3i, so its conjugate is
1—i. Multiply the numerator and denominator 2 +3i . Multiply the numerator and
by 1-i. denominator by 2+3i .
2+30  (2+3)1-i) 2-2i+3i-3i° —2++-25 -2+5i (-2+50)(2+3i)
1+i A+HA-i) 1+1 2-3i 2-3i (2-3)(2+30)
_2+i+3_5+i_5 1. —4—6i +10i +15i*
2 2 22 - 419
48. The denominator is 4+, so its conjugate is _TArdi-l> -19+4
4 —i . Multiply the numerator and denominator 19 13 4 13
by 4—i. =——+4+—i
; ; , , .22 1313
345 (B+5)4-i) 12-3i+20i—-5i
A1 = (4+i)4—1) = 16+1 54. The. deno@nator simpliﬂes to 5—3i,soits
12417i+5 17+17i conjugate is 5+ 3i . Multiply the numerator
= 17 T 1+i and denominator by 5+3i.
54 -5-2i (-5-2i)(5+3i
49. The denominator is 4 —7i, so its conjugate is 5_J0 = 5 3.1 = ((5 . 3;é n 3,;)
4 +7i . Multiply the numerator and Y oo 5 '
denominator by 4+7i. = —25-15i-10i - 6i
. ; . . . 2 25+9
2-5i (2-50)(4+7i) 8+14i—20i—35i 25-25i+6 —19—25i
4-T7i (4-TH4+T7i) 16+ 49 = 34 Y
_8—6i+35_43—6i_£_£i 19 25,
65 65 65 65 34 34
50. The denominator is 1-3i, so its conjugate is 2, e 2_ Y Sy
1+ 3i . Multiply the numerator and 3. aas=l=at =S st =2
d inator by 1+3i .
CHOMIRAOrBY 271 ) 56 4x2+9=0=dx’ =9 2= -2
3+50  (3+5)(1+3i)) 3+9i+5i+15i 4
1-3i  (1-3i)(1+30) 1+9 et 22243,
_3+14i—15_—12+14i__§+zi 4 2
10 10 55 2
57. z°-2z+2=0
51. The denominator is 1 i, so its conjugate is 1 — i. 22, =-2
Multiply the numerator and denominator by 1 — i.
Now, complete the square.
2+\/.—4=(2+2'i)=(2+2.i)(1—'i) 2o2r4l=—2+1
I 1+ (1+2l)(1_l) ) (2—1)2=—1=>z—1=ii=>z=lii
2-20+2i-2" 2-2" 242
1+1 2 2 58. x*-6x+11=0
52. The denominator is 3+ 2i , so its conjugate is 2 —6x=-11
3 —2i . Multiply the numerator and Now, complete the square.
denominator by 3—-2i . x> —6x+9=—-1149
5-4-9  5-3i (5-3)(3-2i) (x=3)* =2
342 3+2i (3+2)(3-20) x=3=4iV2 = x=31iV2
_15-10i=9i+6i* _15-19i + 6i° ,
- 9+4 - 13 59. 2x —20x+49=—7
_15-19i-6 _9-19i _9 19 2x% = 20x=-56
13 13 13 13 x* —10x=-28

Now, complete the square.
X2 —10x+25=-28+25= (x-5)* =3
x=5=+iB=x=5+i3
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60. 4y’ +4y+5=0

4y2+4y=—5
2 5
+y=-=
y Ty 4
Now, complete the square.
2pyelo 2,1
YOEYTYT YTy
2
+l =-1=
)
y+l=il
1
=—-—Zi
Y77

6l. 8(x’-x)=x>-3=8x>-8x=x’-3=
7x>-8x+3=0=a=7,b=-8,c=3
re —(=8) %+ (-8)2 - 4(7)(3)
2(7)
_8++/64-84 8++/-20

14 14
84215 4%iV5
14 7

: 4 5.
X=—+—iorx=———1|
77 7 7

62. t(t+D)=32+1=12+1=3"+1>
0=2t>—t+1=a=2b=-1c=1

L EDEJED? -4

22)

12\ 1-8 1447

4 4
REIN
4

V7,

7. 1
f=—+—~——iort=————i
4 4 4

63. 9%2+25=0=a=9,b=0,c=25
LE: V02 —4(9)(25)  +4-900
a 2(9) 18
30i

Sy,
18

64. 3k’>+4=0=>a=3,b=0,c=4

L 0£0% —4(3)(4) _ +/-48

203) 6
4i3 _ 23,
6 = 3

=t

1.3 Applying the Concepts

65. Z,=4+3i and Z,=5-2i.
So, Zi+Z, =(4+3i))+(5-20)=9+i.
66, I _ Z122 _ (4+3l)(5_2l)
Zi+Zy, (4+3)+(5-2i0)
_ 20— 8i +15i — 6i° _20+7i+6  26+7i
9+i 9+i 9+i
Now simplify the fraction by multiplying the
numerator and denominator by 9—i .
26+71  (26+7i)(9-1)
9+i (CERICE))
234 26i +63i — 7i°

81+1
_ 234+437i+7 241+37i
82 82
241 37 .
=t —i
82 82

67. Z=¥, I=7+5i,V =35+70i. Then,

Z:35+79i.

7+5i
multiplying the numerator and denominator
by 7-5i.
35+70i _ (35+70i)(7 - 5i)
T+5i  (7+5i)(7-5i)
245 -175i +490i — 350

Simplity the fraction by

49+25

245+315i+350 _ 595+315i
74 74

595 315,

===+

74 74

68. Zzg, I=T7+4i,V =45+88i. Then,

7= 45 + 88i '
T+4i
multiplying the numerator and denominator
by 7—-4i.
45+88i  (45+88i)(7—4i)
T+4i  (T+4i)T-4i)
_ 315-180i + 616i —352i°

Simplify the fraction by

49 +16
_ 315+436i+352 667 +436i
65 65
667 436 .
=——t——i
65 65
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69. Zz%, Z=5-7Ti, I =2+5i. Then,

V =21 =(5-T7i)2+5i)
=10+ 25i — 14i — 35i°
=10+11i +35=45+11i

70. Z:K, Z=T7-8i, I:l+li.Then,
1 3 6

V:ZI:(7—8i)(l+liJ
3 6

. L)
=—+—i——i——i
36 3 6
7 7. 16. 4
=—+—i——i+—
36 6 3
0o, 13,
36 3 2
Vv

71. Z=7, V=12+10i, Z=12+6i . Then,

V. 12+10i
Z 12+6i
multiplying the numerator and denominator
by 12-6i.

12+10i _ (12+10i)(12 - 67)

1246i  (12+6i)(12 - 6i)
144 -72i +120i - 60i°

144 +36
144+ 48i + 60

180
204+48i 17 4,

. Simplify the fraction by

180 15 15

72. Z=—,V =29+18i, Z=25+6i. Then,

14

I
V. 29+18i
T Z  25+6i

multiplying the numerator and denominator

by 25-6i .

29+18i (29 +18i)(25— 6i)

25460 (25+6i)(25— 6i)
725 174i +450i — 1082

625 +36
_ 725+276i+108

661
_ 833+276i 833 276,

661 661 661

. Simplify the fraction by

1.3 Beyond the Basics

73. To find i'7, first divide 17 by 4. The

remainder is 1, so iT=il=i.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

To find i'?® | first divide 125 by 4. The

remainder is 1, so P =il=i.

T . . 1
To find i~/ , first rewrite it as = Then
i

.. . . 1
divide 7 by 4. The remainder is 3, so =7
it
Simplify the fraction by multiplying the
numerator and denominator by i.
Li_i_;
it

. . .. 1
To find i~2* , first rewrite it as T Then
i

divide 24 by 4. The remainder is 0, so

11
o
1 l

To find i'°, first divide 10 by 4. The
remainder is 2, so i'=i>=-1.%0
i"+7=-1+7=6.

i*=—i,509+i°>=9-i.

To find i’ , first divide 5 by 4. The remainder
is 1, so i°=i.S0 3’ =3i. i3=—i,so
~2i* =2i . Then, 3i° - 2i° =3i+2i=5i.

To find i®, first divide 6 by 4. The remainder
is 2, so i®=i>=-1.S0 5i°=-5. i4=1,so
-3i* = -3 Then, 5i°-3i*=-5-3=-8.

i*=—i, s02i°==2i.i*=1,s0 1+i*

=14+1=2.Then 2i°(1+i*)=-2i(2)=—4i.

To find i° , first divide 5 by 4. The remainder
is 1, so i°=i.So0 5 =5i. i3=—i,so
i>—i=—i—i=-2i.Then,

509 (% —i) =5i(-2i)=-10i* =10.

1 Wa-bi)  a-bi
a+bi  (a+biNa-bi) a+b2
a b

= - i
a’+b®> a*+b?
z=a+bi,so Re(z)=a.

itz _(a+bt(a=b) _2a_  _p.
2 2 2
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85S.

86.

87.

88.

89.

90.

91.

92,

z=a+bi,so Im(z)=>b.
2=z _(a+bi)—(a—bi) 2bi
2i 2i 2i

=b=Im(z)

a+bi a+bi (a+bi)|(a+c)—(b+d)i] J

Re( S j:Re ——F  |=Re - |[=Re - -

z+w (a+bi)+(c+di) (a+c)+(b+d)i [(a+c)+(b+d)l][(a+c)—(b+d)t]
=a(a+c)—bi(b+d)i=a(a+c)+b(b+d)
(@+o)’+b+d)?  (a+0)?+(b+d)?

Note that when we simplify the fraction, in the numerator we multiply only the first and last terms because we
need only the real terms. Multiplying the inside and outside terms give the imaginary terms

c+di c+di (c+di)[(a+c)—(b+ad)i] J

Re( j:Re— =Re =Re
Z+w (a+bi)+(c+di) (a+c)+(b+d)i [(a+o)+ b+ d)i][(a+c)—(b+d)i]
_clatco)—dib+d)i _ cla+c)+db+d)

C@+)r+brd)? (a+o)l+(b+d)?
So Re( z j+Re( w ):a(a+c)+b(b+d)+c(a+c)+d(b+d):(a+c)2+(b+d)2:1
’ Z+w z+w) (a+o)’+b+d)? (a+0)’+B+d)? (a+c)*+(b+d)?

Z = (a+bi)a-bi) = a’ +b* o3, Lti, 2+i L4 1420 142i+i+2i°
. _. . . _. P . . .2
a®+b*=0ifand onlyifa=0and b=0. =i 1vai }+’3i_2;” [ himai
So, z=0+0i=0. T2Citl . 3-i
. . _—14+3i 3+i_ —3-i+9i+3i°
7+y=3+i:>7=i:>x=i2:>x=—l and T 3—i 3+i 9_;2
3 _3+8i-3_—6+8i _ 3 4.
y=o 9+1 10 575
x-Y=d4itl= x=1 94. (1+43i)z+(2+4i)=7-3i
! (143i)z=7-3i—(2+4i)=5-7i
s oy=4it s —y=—d= y=4 L _5=Ti_5-7i 1-3i
! 1+3i  1+3i 1-3i
~ 5-15i—7i +21i°
S 7im x4 yi=i(5-7i) =R
; _
=>x+yi=7+5i=>x=7,y=5. _5-22i-21_-16-22i
149 10
Sx+yi . . . . _8_ 11,
?—2+l:>5x+yl—(2+l)(2—l) 5 5
=5x+yi=5=x=1,y=0. 95. z=2-3i w=1+2i
. . . . . .2 e
1—21=1—2l.5+51=5+51—101—101 a (ZW)Z((2—3i)(1+2i))=(2+4i—3i—6i2)
5-5i 5-5i 5+5i 25252
_5-5i+10 _15-5i_3 1. =(8+i)=8-i
25+25 50 1010 (2) (W) = (2+3i) (1= 24) = 2 - 4i + 3i — 6i°
2-3i 2-3i 9+7i 18+14i—27i—21i° =8—i

9-7i 9-7i 9+7i 81— 49;2
_18-13i+21 _39-13i _3 1.
81+49 130 10 10
1-2i 3 1. 2-3i 1-2i 2-3i
- _

5.5 10 10 9-7;i '5-5 9-7

z _2-3i _2-3i 1-2i _2-4i-3i+6i"

wo o 1+2i 142 1-2i 1—4;2
_4-Ti__4 7.
5 55
2\__4.7
(w)_ 575!

(continued on next page)
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continue
( ? 0. 1
T _2+3i _2+3i 142 x-1x
Wo1-2i 1-2i 1+2i LCD = x(x 1)
_2+4i+3i+6i° _4+7i_ 4 7. 5
1-4i° 5 5°5 102. ,—
2—x x-2
1.3 Critical Thinking/Discussion/Writing Since x—2=—-(2-x), the LCD is x - 2.
96. a. True. Every real number a can be written as 103 15 2x+1
a complex number a +0i . T ox+3 x-3
b. False. LCD = (x+3)(x-3)
c. False. A complex number with the form 3x 9
a+0i does not have an imaginar 104. 2 ’
| ginary x*-25 5-x
component.
P Since x2-25=(x-5)(x+5) and
d. True ,
5—x=—(x-5), the LCD is x*-25.
e. True. (a+bi)a—bi)=a’+b*. There is
no imaginary component. 105. X+l 12
-3)(2-x)" (x=2)(x+1
o (=39C-1 -2)(+)
Note that x—2 = —(Z—x).
g7, LHi_IHiIHD TRl A, The LCD is (x—3)(x—2)(x+1)
1= 1= 1+ 2 2 et A A
f=l=n 06, —— -1
4x“ -1 2x-1 x

98. 1If i =0, then i* =0% = —1=0, whichis a 5
contradiction. If i < 0, then i-i>0-i (since i Note that 4x” —1=(2x~1) (2x + 1)'

is negative) = i >0=-1>0, a The LCD is x(2x—1)(2x+1).

contradiction.

2 107 272/3—(327)2—32—9
Ifi>0,then i-i>0-i=>i">0=-1>0, a . - - -
contradiction. Thus, the set of complex

numbers does not have the ordering properties 108. 843 = (%/g )4 =24-16
of the set of real numbers.
5/2 5 _ 5
1.3 Maintaining Skills 109. 477 = (\/Z) =2"=32
99. x* —x? =9x+9=(x* - 2?)- (9x-9) 110. 25¥% = (\/%)3 =5 =125
=x? (x—l)—9(x—l)
2

= (x*-9)(x-1) 111. (\/3+x2 =3+x°
z(x—3)(x+3)(x—1)

112, (1er1)] = (17T (143

100 —x® =27 + 250+ 50 == (x* + 247 ) + (25 + 50)

) =1+2dx+1+x+1
=—x" (x+2)+25(x+2) = x+2x+1+2
= (25-2)(x+2) .
=—(x?-25)(x+2) 113. ((3x2+7)1/3) =(3x2+7)(1/3)(3)=3x2+7

—(x—S)(x+5)(x+2)
4. ((5x-2)"° )5/3 = (5x-2)3P) 54
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1.4 Solving Other Types of
Equations

1.4 Practice Problems

1. X +2x2-x-2=0
xz(x+2)—(x+2)=0
(xz—l)(x+2)=0
(x—l)(x+1)(x+2)=0
x—1=0=x=1or x+1=0=x=-1 or

X+2=0=>x=-2
Solution set: {-2, -1, 1}

2. x* = 4x?
xt—4x?=0
x? (x2 —4) =0

xz(x—Z)(x-i-Z):O

x2=0=x=0 or x-2=0=x=2 or
x+2=0=>x=-2
Solution set: {-2, 0, 2}

3. x®—5x2 =4x-20
x> =5x2—4x+20=0
x*(x=5)-4(x-5)=0
(x> -4)(x-5)=0
(x—2)(x+2)(x—5)=0
x—-2=0=x=2or x+2=0=>x=-2 or

x=5=0=>x=5
Solution set: {-2, 2,5}

g, 112 __1
T ox 5x+10 5
1 _12 _1
x 5(x+2) 5

Multiply by the LCD, Sx(x + 2).
5(x+2)—12x=x(x+2)
5x+10-12x=x% +2x
0=x%+9x-10
0=(x+10)(x—1)
x4+10=0=x=-10 or x—-1=0=>x=1
Be sure to check the solutions in the original

equation.
Solution set: {-10, 1}

x 2 _ 4x
x=2 x+2 42_4
X 2 4x

-2 x+2 (x-2)(x+2)
Multiply by the common denominator
x=2)(x+2).
x(x+2)—2(x—2)=4x
x> +2x—2x+4=4x
x?—4x+4=0
(x=2)°=0=>x=2

is defined for

Since neither nor

X X
x=2 x> -4
x = 2, this is an extraneous solution.

Solution set: &

x=\/x3—6x
x? =(\/x3 —6)6)2 =x>—6x

O=x3—x2—6x=x(x2—x—6)
zx(x—3)(x+2)

x=0or x-3=0=>x=3 or

x+2=0=>x=-2

Now check to see if —2, 0, or 3 are extraneous
solutions. If x = =2, then

1/(_2)3 -6(-2)= J4=2#-2 so-2isan

extraneous solution. If x = 0, then

\O? - 6(0) = J0 =0, so 0 is a solution.
Ifx=3, then /3*-6(3) =9 =3, s03isa

solution.

Solution set: {0, 3}

Vox+4+2=x
Nox+4=x-2

(x/6x+4)2=(x—2)2
6x+4=x—4x+4
0=x*-10x=x(x-10)
x=0or x-10=0=x=10

Now check to see if 0 or 10 are extraneous
solutions. If x = 0, then

6(0)+4+2=~/4+2=2+2=4%0, 500 is
an extraneous solution. If x = 10, then

J6(10)+4 +2=+/64 +2=8+2=10, s0 10

is a solution.
Solution set: {10}
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8. Jx-5+/x=5 10. x*-7xB+6=0
Jx-5=5-x Let u = x>, Then the original equation
2 2
( x—S) =(5_\/;) becomes
o5=25-10vx +x u? -Tu+6=0=(u-1)(u-6)=0=
~30=—10Vx ;=1, 61 ]
ow solve for x:
3=Vx=9=x 3 _ 13 1/3\3
Now check to see if 9 is an extraneous 1=x"=1= (x ) =l=x
solution. 3 3 13\3
V=540 =4 +0=2+3=5, s09isa 6=x" =6 = (] = 216=x
solution. Be sure to check that both solutions satisfy the
Solution set: {9} original equation.
Solution set: {1,216}
35
9. a. 3(x—2)‘ +4=17 5
3(x-2)"" =3 11. (1+%) —6(1+%)+8=0
(x-2)¥ =1 |
5/3 Letu= (1 + —). Then the original equation
-2 :
=1 becomes
=3 u? —6u+8=0=u-2)(u-4)=0=u=24

Be sure to check that 3 satisfies the original
equation.
Solution set: {3}

x+1)¥-7=9

x+1)¥* =16

3/4
e+ ) [ =2 (167)
2x+1=18
2x+1=-8 |2x+1=8
2x=-9 2x=17
9

xX=-= x:z
2

2

(7+1)%2 =729
8) =729
16-7=9

. 9 7
lut t{—=, <
Solution se { > 2}

12.

Now solve for x:

1+%=2=>x+1=2x=>x=1

1+§=4:>x+1=4x:>1=3x:>%=x

Be sure to check that both solutions satisfy the
original equation.

Solution set: {%, 1}

2
to=1,1- "> 19 =20, 1=25
C

20=251-—=—=-=,/1-—=
C2 5 C2
16_ v _v2_  16_9
25 2 o2 25 25
%:%:v:Oﬁc

The spacecraft must have been traveling at
60% of the speed of light.

1.4 Basic Concepts and Skills

1.

If an apparent solution does not satisfy the
equation, it is called an extraneous solution.

When solving a rational equation, we multiply
both sides by the least common denominator

(LCD).
If x7* =8, then x=16.
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10.

11.

12.

13.

If x*3 =16, thenx=-8 or x = 8.

False
True
14.

x3=2x2=>x3—2x2=0=>x2(x—2)=0=>
x}=0orx—2=0=x=0o0rx=2
3x*-27x2 =0
Divide both sides by 3.
xt-9x? =0
x2(x2-9)=0
2

-3)(x+3)=0
x7(x=3)(x+3) 15.

x>=0orx—3=0o0rx+3=0
x=0orx=3o0rx=-3

(\/})3=\/}:>(\/})2\/_=\/}:>
x[zx/;:xﬁ—IZO:
Jx(x-1)=0=>+/x=00r (x-1)=0=
x=0orx=1

(JZ)5 =16vx = (\/;)4\/;=16\/;:>

Nx=16Vx = 2Jx-16Jx = 0=
i =16)= 0= Vx(x—-H(x+4) = 0=

Jx=0or (x—=4) or (x+4)=0= 16.

x=0orx=4orx=-4

We are looking for real roots only, so we
reject x =—4. Solution set: {0, 4}

P Hx=0=2x(x*+D)=0=

o>

x=0orx’+1=0= x=0orx
x=0o0rx=i
We are looking for real roots only, so we

reject x =i. Solution set: {0}

x> -1=0= x> =1= x=1. Note that

x> —=1=0 is the difference of two cubes and 17

can be factored into (x — 1)()c2 +x+1)=0.

3

1
Solving x2+x+1=0 gives x:—EiTi.

However, we are looking for the real roots
only, so we reject these roots.
Solution set: {1}

-t =xtox
xt=x—xt+x=0
Factor by grouping.

C-D-x(x=1)=0
x> —x)(x-1)=0

x(x2-D(x-1)=0
x(x+D(x-D(x-1)=0

x=0Qorx=-lorx=1

x® —36x=16(x—6)

x(x* =36) =16(x - 6)

x(x+6)(x—6)=16(x—6)
x(x+6)(x—6)-16(x—6)=0
(x—6)[x(x+6)—16]=0
(x=6)(x>+6x-16)=0
(x=6)(x+8)(x—-2)=0

x=6orx=—8orx=2

x*=27x
x-27x=0
x(x>=27)=0
3 3\ _
x(x°=3")=0

x(x=3) (x> +3x+9)=0
x=0orx=3o0rx>+3x+9=0
Solving x> +3x4+9=0 gives

3 33

x=—-—=%
22

the real roots only, so we reject these roots.
Solution set: {0, 3}

. However, we are looking for

3x* = 24x
3xt—24x=0
3x(x*-8)=0
3x(x* =23 =0

3x(x—2)(x2+2x+4)=0
x=0orx=2orx>+2x+4=0

Solving x> +2x+4=0 gives x=-1% i3 .
However, we are looking for the real roots

only, so we reject these roots.
Solution set: {0, 2}

x+1 5x-4

3x—2 3x+2
(x+DBx+2)=0Bx-4)Bx-2)

3x2 +5x+2=15x> - 22x+38
—12x2 +27x-6=0
—3(4x?-9x+2)=0
457 —9x+2=0= (4x—1)(x-2)=0

4x—1=00rx—2=0=>x=% orx=2
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X  3x+2 Solve using the quadratic formula.

18. =
2x+1 4x+3 L TEDEED? 4D

x(4x+3)=2x+1D)3Bx+2)

2
4x% +3x=6x> +7x+2 7+J3954 7+J53 7 33
2x% —4x-2=0 = 2 T =Ei 2
2(x2+2x+1) =0
22+ 2x+1=0 22. L

(x+1)>=0=>x+1=0= x=-1

x(x+1)(x+2)(l+i+ 3 _ Oj
X

1 5 x+1 x+2
19. ;+_x+1:1 (x+D(x+2)+2x(x+2)+3x(x+1)=0
1 2 X2 43x+242x% +4x+3x2 +3x=0
()(x+1) (;-f' mj = 0)(x+1(D) 6x> +10x+2=0
(x+D)+2x=x>+x 23x2 +5x+1)=0
3x+l=x>+x 3x2+5x+1=0
_ 2 A Solve using the quadratic formula.
O=x"-2x-1
Solve using the quadratic formula. -5+ \/52 -43)1)
x:
_ ()£ - 4D 20)
x= 5 L_T5EV25-12 5313 s VI3
x_Zix/4+4_2ix/§_2i2x/§_1+\/§ 6 6 6~ 6
2 2 2 h 1 1 7
o 23. —+ 3 3c_5
X X X x-— X—
2 ol 2 x| L+t =
x x+1 M =3)3x=3) ;+x—3_3x—5
(x+1)(x+2)( + ):
x+1 x+2 (x=3)Bx—-5+xBx-5)=7x(x-3)
(x+D(x+2)(1) 3x? —14x+15+3x% —5x=T7x* = 21x
x(x+2)+(x+1)(x+1)=x2+3x+2 6x2 —19x+15 = 7x2 — 21x
X2+ 2x+ x> +2x+1=x2 +3x+2 2 4+2x+15=0
2 _ .2
2x 2+4x+1—x +3x+2 _l(xz_zx_ls)zo
x"+x-1=0 2
x°=2x-15=0
Solve using the quadratic formula. (x-5)(x+3)=0=
x_—1i~/12—4(1)(—1) x-5=0orx+3=0=x=5orx=-3
2
L1+t —1++5 NG 24, x+3+x+4=8x+5
X = 2 = 2 =—5i7 x—1 x+1 x2—1
(2_1 x+3 x+4) o (8x+5
X =D ——+——|=G"=-D| =
21 6)6—7_L_5 x—1 x+1 x -1
) x x2 (x+D(x+3)+(x—1)(x+4)=8x+5
x2(6x_7—ij=5x2 xP+4x+3+x2+3x—4=8x+5
2 2
X X ) 2x°+Tx—1=8x+5
x(6x—7)—1=>5x 2 _ 6=
6x% —7x—1=5x 0
) 2x+3)(x-2)=0
x°=T7x-1=0

2x+3:Oorx—2:0:>x:—% orx=2
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s S 42D
x+1 2x+2 2x-1 18
5 4 + 2 13
x+1 2(x+1) 2x-1 18
18(x+1)(2x—1) > 4 + 2
x+1 2(x+1) 2x-1

=18(x+1)(2x—1) (%)

90(2x — 1) — 36(2x — 1) + 36(x +1)
=13(x+1D)(2x—-1)
180x —90 — 72x + 36+ 36x + 36
=13Q2x> +x-1)
144x-18=26x% +13x—13

0=26x>-131x+5
0=26x-1)(x-5)
26x—1=0o0rx—-5=0

x=L orx=35
26

6 1 2

26. - = +1
2x—=2 x+1 2x+2
3 1 1
- = +1
x—1 x+1 x+1
(x+1)(x—1)(i—L):
x—1 x+1
(x+1)(x—1)(L+lj
x+1
3x+)-(x=D=x—-1+x>-1
3x+3-x+l=x>+x-2
2x+4=x>+x-2
0=x’-x-6
0=(x-3)(x+2)
x—3=0o0rx+2=0
x=3orx=-2
27 X 5 _ 10x

X=5 x+5 ,2_05
x(x+5)—5(x—5)=10x
x? +5x—-5x+25=10x
x? =10x+25=0
(x=5)°=0=>x=5
Since x = 5 makes the denominator in the first

fraction equal zero, there is no solution.
Solution set: &

x 4 0 8

x—4 x+4 2_16
x(x+4)—4(x—4)=8x
x> +4x—4x+16=8x

28.

x?-8x+16=0
(x-4)°=0=x=4
Since x = 4 makes the denominator in the first

fraction equal zero, there is no solution.
Solution set: &

X 3 __6x

x=3 x+3 ,2_9

x(x+3)+3(x—3) =6x
x2+3x+3x-9=6x
x*-9=0

(x+3)(x—3)= 0=>x=-3,3
Since x = =3 makes the denominator in the
second fraction equal zero and x = 3 makes
the denominator in the first fraction equal

zero, there is no solution.
Solution set: &

29.

X 7 _ 14x
x+7 x-7 x2_49
x(x—7)+7(x+7)=14x
X2 —Tx+7x+49 =14x
x? —14x+49=0
(x—7)2=O:>x=7
Since x = 7 makes the denominator in the

second fraction equal zero, there is no
solution. Solution set: &

30.

1 I 4
x=1 x+3 x242x-3
1 IR 4
x=1 x+3 (x-1)(x+3)
(x+3)+x(x—l)=4
x+3+x7—x=4= x> =1= x=+1
If x = 1, then the denominator in the first

fraction equals zero, so 1 is an extraneous
solution. Solution set: {—1}

X 2 __ 10
x-2 x+3 Z4x—6
x_ 2 __ 10
x=2 x+3 (x+3)(x—2)
x(x+3)+2(x—2)=—10
X2 +3x+2x—4=-10
x> +5x+6=0
(x+2)(x+3)=0:>x=—2,—3
If x = =3, then the denominator in the second

fraction equals zero, so —3 is an extraneous
solution. Solution set: {-2}

31.

32,
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33, 2x __x _ 14 40. x—+6x+7=0
x+3 x-1 x2+2x—3 x=+6x+7
2x  x 14 ’ ——\2
x+3 x-1 (x+3)(x-1) . _( 6x+7)
2
2x(x—-1)-x(x+3)=14 . x“=6x+7
2_ _ 2_ _ X —6x—7=0
2x 22 Xt -3x=14 (x-T)x+1)=0=x=Torx=—1
x7=5x-14=0 Now check to see if 7 or —1 are extraneous
(x=7)(x+2)=0=x=7,-2 roots. If x=7, thenx—~/6x+7 =
Solution set: {2, 7} 7-J6(1)+7=7-J49=7-7=0. So7isa
- 2641 x _ 9 solution. If x= -1, then x—\/6x+7 =
x=2  x+l ,2_yx_2 —1-J6(-1)+7 =—1-1=-1-1=-2%0.
2(x+1)_ X _ 9 So -2 is extraneous. Solution set: {7}
x=2  x+l (x-2)(x+1) )
— _ 42 _ 2
2(x+1)2—x(x—2)=9 41. y+6—y:>(1/y+6) =y > y+6=y" =
232 +4x+2- x> +2x=9 0=y’ —y-6=0=(y-3)(y+2)=
y=3ory=-2
2 +6x-7=0 .
Now check to see if 3 or —2 are extraneous
(x+7)(x=1)=0=x=-7.1 roots. If y =3, then /y+6=y=
luti t: {-7, 1
Solution set: {~7, 1} J316=3=29=3=3=3.So3isa
35. J3x- =2:>(\3/3x—1)3:23:> solution. If y =2, then \/y+6 =y =
3x-1=8=3x=9=x=3 J2+6=2=J4=2=2%-2 So-2is
3 extraneous. Solution set: {3}
36. Y2x+3=3=(J2x+3) =3°
) x3 . :é x24) 12: 42. r+11=67r +3
x+3=271T=2x=24=x= 2
(r+11)* = (63 +3)
37. There is no solution for v/ x—1= -2 because 2 _
the square root is not negative. The solution d ) +22r+121=36(r+3)
setis . r°+22r+121=36r+108
r?—14r+13=0
38. There is no solution for +/3x+4 = —1 because F=13)(r-D=0=r=130rr=1
the square root is not negative. The solution Check to see if 13 or 1 are extraneous
set is &. roots. If r =13, thenr+11=6Jr+3 =
39. x+Jx+6=0=x=—Jx+6= 13+11=6/13+3 =24 =616 =

x? z(—\/x+6)2 S =x+6=

W -x-6=0= (x-3)(x+2)=0=
x=3o0orx=-2
Now check to see if 3 or —2 are extraneous

roots. If x=3, thenx+vVx+6=3++3+6 =

3+3#0. So 3isextraneous. If x=-2,

then x+/x+6 = —2+J-2+6=-2+-/4 =

—2+42=0. Solution set: {-2}

24 = 6(4) = 24 =24. So 13 is a solution.
Ifr=1thenr+11=6Jr+3=

1+11=6J1+3= 12=6/4 =
12=6(2) = 12=12. So 1 is a solution.
Solution set: {1, 13}
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43.

44.

45.

Joy—-11=2y-7
2 2
(Voy—11)" =(2y-7)
6y—11=4y> —28y+49
0=14y? —34y+60
0=2y2-17y+30
0=(2y—5)(y—6):>y:% ory=6

Now check to see if 5/2 or 6 are extraneous

roots. Ify=%, then \/6y—-11=2y-7=

6(%)—11 =2(%)—7=>x/15—1 =5-7T=

\/Z =-2=2#-2. So 5/2 is extraneous.
If y=6, then\/6y—-11=2y-7T=
J6(6)—11=2(6)-T=+36-11=12-7T=

\J25 =5=5=35. Solution set: {6}

N3y+l=y-1
2
(VBy+1) =-1?
3y+1=y2—2y+1
0=y2—5y
O=y(y-5=y=0o0ry=5
Now check to see if O or 5 are extraneous
roots. If y=0, then \3y+1=y-1=
BO)+1=0-1=V1=-1=1%-1.
So 0 is extraneous.
If y=5, then\3y+l=y—-1=
BO+1=5-1=15+1=4=16=4=

4=4,
Solution set: {5}

r—~3t+6=-
t+2=+/3t+6

(t+2)* =(\/m)2
PP +4r+4=31+6
?+1-2=0

t+2)(t—-1)=0=r=-"2o0rt=1

Now check to see if =2 or 1 are extraneous
roots. If t=-2, thent—+/3t+6 =-2=
2-J3(-2)+6="2=-2-+-6+6>=>
—2-0=-2. So -2 is a solution.

If t=1, thent—+3t+6=-2=
1-B3D+6=—2=1-9=2=

46.

47.

48.

1-3=-2= -2=-2. So 1 is a solution.
Solution set: {-2, 1}

5x2—10x+9 =2x—1
2
(\/5x2—10x+9) =2x-1)2

5x% —10x+9=4x> —4x+1
x2—6x+8=0
x=2)(x—-4)=0=>x=2o0rx=4
Now check to see if 2 or 4 are extraneous
roots.

If x=2, then V5x%> —=10x+9 =2x—1 =

{525 -102)+9=2(2)-1=
V20-204+49 =3= 3 =3. So 2 is a solution.
If x=4, then V5x%> —=10x+9 =2x—1 =

J5(4%)=104)+9 =2(4) - 1=

V80-40+9 =7=7="7. So 4 is a solution.
Solution set: {2, 4}

Vx—=3=42x-5-1
2 2
( x—3) 2(\/2x—5—1)
x=3=2x-5-2v2x-5+1
x—=3=2x-4-22x-5
2
2x/2x—5=x—1=>(2x/2x—5) =(x—1)2
42x-5)=x>-2x+1
8x—20=x>—2x+1
0=x>-10x+21
O=(x-7)(x-3)=x=T7o0rx=3
Now check to see if 3 or 7 are extraneous
roots. If x =3, then Vvx-3=+2x-5-1=
V3-3=423)-5-1=0=0. So3isa

solution.

Ifx=7, thenVx-3=+2x-5-1=
J1-3=27)-5-1=J4=0-1=

2=2. So 7 is a solution.
Solution set: {3, 7}

x+vx+1=5
Nx+l=5-x

2
(Vx+1) =(5-x)7
x+1=25-10x+ x>

0=x2—11x+24
0=(x-3)(x—-8)=>x=30rx=8

(continued on next page)
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(continued)

Now check to see if 3 or 8 are extraneous
roots. If x=3, thenx++/x+1=5=
3+\3+1=5=23+/4=523+2=5=
5=5. So 3 is a solution.

If x =8, then

X+tVx+1=5=8+8+1=5=
8+3=5=11#5. So 8 is extraneous.
Solution set: {3}

49. 2y+9=2+y+1
2 2
(1/2y+9) =(2+ y+1)
2y+9=4+4y+1+y+1
y+4=4y+1
) 2
(y+47 =(4y+1)
y2+8y+16=16(y+1)
y2+8y+16=16y+16
y*—8y=0
¥ (y—-8)=0=y=00ry=8
Now check to see if 0 or 8 are extraneous
roots. If y =0, then {2y +9 =2+ /y+1=
200+9=2+/0+1=+9=2+1=3=3.
So 0 is a solution. If y =8, then
2y +9=2+y+1=28)+9 =
2+/8+1=+/25=2+/9=5=5.So8isa
solution. Solution set: {0, 8}
50. Jm-1=m-5
2 2
(Vm=1)" =(Jm=5)
m—2\/E+l=m—5
—2Jm =6
Jm=3=m=9

Now check to see if 9 is an extraneous root.
Jo-1=y0-5=3-1=V4=2=2.
Solution set: {9}
51. 7z+1-+5z+4=1
NV1z+1=+5z+4+1
2 2
(V7z+1) =(Vsz+4+1)

Tz+1=5z+4+25z+4+1
27-4=2J5z+4

2
2z —4)2 = (2\/52 + 4)
472 -162+16=4(5z+4)
472 -162+16=207+16

472 -36z=0=4z(z-9)=0=
z=0o0rz=9
Now check to see if O or 9 are extraneous

roots. If z =0, thenm—\/m=1=>
J1IO) +1-50)+4=1=1-Va4=1=
1-2#1. So 0is extraneous. If z=9, then
V12415244 =1= J709)+1-/509) + 4
=1=/64-/49 =8-7=1=1=1. So9is
a solution. Solution set: {9}
52. fBg+l-\qg-1=2
(\Ba+1) =(Jg-1+2)
3g+l=g-1+4Jg—1+4

2q-2=4\g—-1
2g-2)> =(4«/q—1)2

4g* —8g+4=16(q—1)
4% —8q+4=164-16
4% -24g+20=0
4(g-1)(g-5=0=¢g=1lorg=5
Now check to see if 1 or 5 are extraneous
roots. If g =1, then \/3g+1—-\/g—-1=2=
Jiﬁ:_—JTr_=2=¢JZ—J6=2=:
2-0=2. So 1is asolution. If g =5, then
Sari-g-1=25 O F1-5-1=25
JI6 -4 =4-2=2=52=2. So5isa
solution. Solution set: {1, 5}

53. V2x+5+Jx+6=3
V2x+5=3-Jx+6
(\/2x+5)2 =(3_m)2

2x+5=9-6Jx+6+x+6
x—10=-6Jx+6
(x—10)2 :(—6M)2
x% —20x+100=36x+216
x? =56x-116=0
(x-58)(x+2)=0=>x=580rx=-2
Now check to see if 58 or —2 are extraneous

roots. If x =58, then V2x+5+x+6=3=

J258) +5 +/58+6 =3= 121 +/64 =3=
11+8 #3. So 58 is extraneous. If x = -2,

then V2x+5+Vx+6=3=,2(-2)+5+
J2+6=3=V1+J4=1+2=3.

So -2 is a solution. Solution set: {2}
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54.

55.

sx-9-Jx+4=1
V5x-9=1+/x+4
2 2
(\/Sx—9) =(1+\/x+4)
5x-9=1+2Vx+4+x+4
4x-14=2Vx+4
2
(4x—14)2=(2\/x+4)
16x2 = 112x+196 = 4(x + 4)
16x2 —=112x+196 = 4x+16
16x* —116x+180=0
4(4x% - 29x+45)=0

(4x—9)(x—5)=0=>x=% orx=>5

Check to see if 9/4 or 5 are extraneous roots.

If x=9/4, then /5x-9 —Vx+4=1=

HE o friam -

%—% =1=-1#1. So 9/4 is extraneous.

If x=5, thenV5x-9—-vVx+4=1=
55 -9-+4=1=16-/9=1=
4-3=1.
So 5 is a solution. Solution set: {5}
N2x—-5-+x-3=1
V2x-5=1++x-3
2 2
(V2x=5)"=(1+x-3)
2x—=5=1+2Jx-3+x-3
x—3=2Jx-3
2
(x=3)% =(2Vx-3)
x?—6x+9=4x-12
x?-10x+21=0
(x=7(x-3)=0

x=T7orx=3
Now check to see if 7 or 3 are extraneous

roots. If x =7, then m-m=1=>
L2 -5-V1-3=1=29-J4=1=
3—2=1. So 7is asolution. If x =3,

then V2x -5 -Jx-3=1=./23)-5 -
B-3=1=21-J0=1=1=1. So3isa

solution. Solution set: {3, 7}

56. 3x+5++6x+3=3
V3x+5=3-+6x+3

(\/Sx n 5)2 = (3 —J6x+ 3)2

3x+5=9-6v6x+3+6x+3
=3x-T7=-6J6x+3

(-3x-7)" = (-6v/6x + 3)2
9x% +42x + 49 = 36(6x +3)

9x? +42x+49 = 216x +108
9x2 —174x-59=0
1
(3x+1)(3x—59)=o:>x=—5 or ?

Now check to see if —1/3 or 59/3 are
extraneous roots.

Ifx=—%, then V3x+5++v6x+3=3=

1 1
3| == |+5+,/6| —=|+3=3=

3 3
\/Z+x/1=3:>2+1=3. So —% is a solution.
Ifx:%,then V3x+5+/6x+3=3=
J3(2j+5+\/6(2)+3:3:

3 3
J64 +4/121 =3= 8+11#3.

So ? is extraneous. Solution set: {—%}

57. (x-4)"? =27
2/3
[(x— 4)3/2} =27%3

x—4=9=x=13
Verify that 13 satisfies the original equation.
Solution set: {13}

58. (x+7)"% =64

[ s

x+7=16=x=9
Verify that 9 satisfies the original equation.
Solution set: {9}
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59. (5x-3)P-5=4 1=+/x = 1=x. Check to make sure that
P 23 9 neither solution is extraneous.
(5x- )32‘ Ifx=4,then 4-3J4 +2=0=
[(5x—3)2/3J/ = 4932 4-6+2=0=0=0.
If x =1, then
Sx-3=127 g
5y—3=-27 |5x—3=27 §_13t'1+2t.:01:;1—3+2:0:>0:0.
5x=-24 5x=30 olution set: {1, 4}
__ 24 x=6 63. Let u=./y.Then u” = y. So the equation
> becomes 2u’ —15u=-7=
If x=-24/5, then )
23 2u=15u+7=0=>QCu-Hu-7)=0=
24 2/3
(5(_?j_3J —5=(24-3)7" -5 u=%oru=7. Solvefory:%=\/;:>
_(_r7\23 _
=(-27) > l:y 0r7:\/;:>49:y. Now check to
=9(-1)P -5=4 4
’ make sure that neither solution is extraneous.
24, . .
SO x = 5 is a solution. Verify that 6 Ity = %’ then Z(ij_ 15\/% -7
satisfies the original equation.
24 LD o 9=
Solution set: {—?, 6} 5_7__ =—i==1
If y =49, then
60. (2x-6)7+9=13 2(49)— 1549 = —7 = 98— 105 = —7 =
2/3
(2)‘_ 6) =4 —7 =-7. Solution set: {%, 49}
—13/2
[(2x —6)* | = a2 i
i 6=48 64. Let u= \/; . Then u” = y. So the equation
2x-6=-8|2x-6=8 becomes u” +44 = 15u =
2x=-2| 2x=14 u? —15u+44=0= u-1)u-49=0=
x=-1 x=1 uzlloru:4.Nowsolvef0ry:11:\/;:>
Verify that —1 and 7 satisfy the original _ B B
equation. Solution set: {1, 7} 121=y or 4= \/; = 16=y. Now check to
make sure that neither solution is extraneous.
2 .
61. Let u=+/x.Then u’=x.So the equation If y =121, then 121+ 44 = 15y/121 =
becomes u” —5u+6=0= 165=15(11) =165 =165. If y =16, then
u—-3)u—-2)=0=u=3oru=2. Solve for 16+44=15\/Ez>60=15(4):>60=60.
x:3=x=x=9 or 2=+/x = 4= x. Check Solution set {16, 121}
to make sure that neither solution is
2 —
extraneous. Ifx=9,then9—5x/§+6=0=> 65. x2-x'-42=0
9-15+6=0=0=0. If x=4, then Let u = x~'. Then the equation becomes
4-54+6=0=4-10+6=0=0=0. uz—u—42=0=>(u—7)(u+6)=0=>
Solution set: {4, 9} u="17,—6. Now solve for x:
62. Let u=-~/x.Then u® = x. So the equation T=yls x=l; —6=x!= x=_l

becomes u> —3u+2=0=
u-2)u-1)=0=>u=2oru=1.

Now solve for x: 2=\/;=>4=x or

7 6
Be sure to check that neither of the solutions
are extraneous.

, 11
Solution set: { % 7}
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66.

67.

68.

69.

70.

2 43-axV? =0

12

Let u = x7~. Then the equation becomes

u+3—§=0:>u2+3u—4=0:>

(u+4)(u—1)=0=>u=—4,1

12

Now solve for x: -4 =x"“ = x is not a real

number. 1= xl/2 =x=1
Be sure to check that 1 is not an extraneous
solution. Solution set: {1}

x2/3—6x1/3+8=0

13

Let u = x/°. Then the equation becomes

u? —6x+8=0=(u-4)(u-2)=0=
u =4, 2. Now solve for x:
Pedasx=64xP=2=x=8

Be sure to check that neither of the solutions
are extraneous. Solution set: {8, 64}

Py o2=0

/5

Let u = x”~. Then the equation becomes

u +u-2=0=(u+2)(u-1)=0=
u=-2,1. Now solve for x:
Pz x=-3 =1 x=1

Be sure to check that neither of the solutions
are extraneous. Solution set: {-32, 1}

22 134 —2=0

1/4

Let u = x”/”. Then the equation becomes

2u? +3u-2=0=(2u-1)(u+2)=0=

u= %, —2. Now solve for x:

x1/4=l=>x= !

A Y4 ;
> 16,x 2 = xisnota

real number. Be sure to check that % is not

extraneous. Solution set: {%}

2x1/2—x1/4—1=0

1/4

Let u = x”/”. Then the equation becomes

2u? —u-1=0= 2u+1)(u-1)=0=
u=—%, 1. Now solve for x:

1/4

1 .
x/7 = 3 = x is not a real number.

71.

72.

73.

xl/4 =l=x=1.
Be sure to check that 1 is not extraneous.
Solution set: {1}
Let u = x>.Then x*=u>. So the equation
becomes u> —13u+36=0=
u-4Hwu-9=0=u=4oru=9. Now
solve forx: 4=x>=12=x or

9= x?> = 43 =x. Now check to make sure
that none of the solutions are extraneous.

If x = 42, then (£2)* —13(£2)* +36 = 0=
16-52+36=0=0=0. If x =3, then
#3)* -13(£3)2 +36=0=81-117+36=0
= 0 =0. The solutions are +2 and +3.

4

Let u=x>.Then x* =u?. The equation

becomes u> —Tu+12=0=
(u-3)u—-4)=0= u=3oru=4. Solve for

xv3=xl=>+B3=xord=x= 2=1x.
Check to make sure that none of the solutions
are extraneous. If x = i\/g , then

W) -713)2 +12=0=
9-21+12=0= 0=0. If x = 2, then
(#2)* -7(x2)* +12=0=
16-28+12=0= 0=0.

The solutions are +2 and i\/g .

Let u=1>. Then t* =u>. So the equation
becomes 2u’ +u—-1=0= Qu-Du+1)=0

=>u :% or u =—1. Now solve for ¢:

l=t2=>i\ﬁ=i£=z or -1=1>=
2 2 2

+i =t. Now check to make sure that none of
the solutions are extraneous.

4 2
Ift:i%,thenZ(i%) +(£J -1=0=>

2

L 0= 0=0. Ifx=+i then

2 2

2(ii)4+(ii)2—1:0:>2_1_1:0:>
V2

0 =0. The solutions are +i and iT.
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74. Let u= y2 . Then y4 =u?. So the equation If 1=0,
2
becomes 81u” +1=18u = 81u* —18u+1=0 (B+0+D7-33-0+D+2=0=
:>(9u—l)2 =0=>u=l/9. Now solve for y: 1-3+2=0=0=0, so0is a solution. If
2
1 1 1
é= = i%= y. Check to make sure that l=§, then (3(§)+1j —3(3(§)+1J+2 =0=
neither solution is extraneous. If y = +1/3, 4-6+2=0=0=0. So 1/3 is a solution.
N 1y Soluti o, L
then SI(igj +1= 18(15) = olution set: 1 0, -
1+1=2=2=2. 78. Let u=7z+5. Then the equation becomes
Solution set: {il} u2+2u—15=0=>(u+5)(u—3)=0=>
3 u=-5oru =3. Now solve for z:
10
75. Let u=+/p>—3. Then p?>—-3=u>. Sothe —5=Tz+5=z=-—or
equation becomes u?+4u-5=0=> 2
U+5)u—1)=0=u=-5oru=1. Now 3=Tz45=2=—2.
solve for p: 5=+ p? =3, which is not Ec;v;tgfgé(utso make sure that neither solution
possible, or 1=/ p? -3 = If z=-10/7, then
l=p"-3=l=p"-3=4=p"=%2=p. 7(—9}5 +2 7(—Qj+5 -15=0=
Now check to make sure that none of the 7 7
solutions are extraneous. If p =12, then 25-10-15=0=0=0. So —-10/7 is a
N AV 2
4-3+4v1-5=0=0=0. 7[-Z|+5| +2|7|-Z|+5|-15=0=
Solution set: {+2}. 7 7
9+6-15=0=0=0. So-2/7 is a solution.
76. Let u=~x*—-3. Then x> -3=u’. So the 5 10
equation becomes u” —4u—12=0= Solution sef: {_7’ _7}
u+2)(u—-6)=0=u=-2oru=6. Now
solve for x: 6= vxZ -3 = 36 = 12 — 3= 79. Lf;t u= \/; +5. Then the equation becomes
-u+20=0=w-5)wu-4)=0=
39=x> =+ 39 =x or -2=vx* -3, o (=) =)
S . u=>5oru=4. Now solve for y:
which is not possible. Now check to make
sure that none of the solutions are extraneous. 5={y+5=y=0o0r4= \/; +5=
If x= i@, then -1= \/; , which is not defined. Now check to
(i\/@)z _3_4 ,(i39)2 3_12=0= see if y =20 is extraneous.
39-3-436-12=0=0. (J6+5) —9(@+5)+20=0=>
Solution set: {i@} 25-45+20=0=0=0.
Solution set: {0}
77. Let u=3t+1. Then the equation becomes

u?-3u+2=0=w-2)u-1)=0=
u=2oru=1. Nowsolvefort: 2=3t+1=

%:t or 1=3t+1= 0=1t. Now check to

make sure that neither solution is extraneous.
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80.

81.

82.

Let u =24/t +1. Then the equation becomes
u?=2u-3=0=>w-3)u+)=0=u=3
or u=-1. Now solve for : 3=2r +1=
2=20i=1=\i=1r=lor

—1=2t +1= -2 =2t = -1=+/t, which
is not defined. Now check to see if r = 1 is

extraneous. (21 +D2-22V1+1)-3=0=
9-6-3=0=0=0.

Solution set: {1}.

Let u=x>—4.So the equation becomes

u -3u-4=0=u-Hu+)=0=
u=4oru=-1. Now solve for x:
4=x* 4= x=422 or

—1=x%-4= x=+3. Now check to make
sure that neither solution is extraneous. If

x= i2x/§, then
[@2v2)? -4 -3[@242) -4]-4=0=

16-12—-4=0=0=0. So +2/2 are
solutions.

If x= i\/g, then
[@3)2 4] ~3[@V3)? ~4]-4=0=

1+3-4=0=0=0. So i\/§ are solutions.
Solution set: {i 3, £ 2\/5}

Let u=x>+2.So the equation becomes

U -5u-6=0=U-6)u+)=0=u=6
or u=-1. Now solve for x:

6=x>+2= x=42 or

—1=x%+2 = x = +i/3. Check to make sure
that none of the solutions are extraneous. If
x =22, then

2
[(J_rz)z + 2] —5[@2)2 + 2]— 6=
36-30—-6=0. So 2 are solutions.
If x= i\/g, then

2 2 2
[(fﬁ) +2} —5[(:‘«/5) +2}—6:
(-3+2)2-5(-3+2)-6=1+5-6=0.
If x =—i/3, then

[(—iﬁ)z + 2}2 —5[(—1'6)2 + 2} -6

=(-3+2)2-5(-3+2)-6=1+5-6=0.

83.

84.

So ii\/§ are solutions.
Solution set: {i2, + z\/g}

Let u = x> —3x. So the equation becomes
u?-2u-8=0=u+2)u-49H=0=
u=-2 or u=4. Now solve for x:
2=x*-3x=x*-3x+2=0=
(x=2)(x-1)=0=x=2o0rx=1 or
4=x"-3x=>x*-3x-4=0>
x—-4Hx+D)=0=>x=4orx=-1.

Now check to make sure that none of the
solutions are extraneous. If x =2, then

(22 -32)? =202 -3(2))-8=0=
4—-(-4)-8=0=0=0. So 2 is a solution.
If x=1, then

12 =31)%-2(1>-3(1))-8=0=
44+4-8=0=0=0. So 1is asolution. If
x =4, then

(4% =3(4)* -2(4> -3(4)-8=0=
16—-8—-8=0=0=0. So 4 is a solution.
If x=-1, then

2
[(—1)2 - 3(—1)] - 2[(—1)2 - 3(—1)] _8=0>
16-8-8=0=0=0. So -1 is a solution.
Solution set: {-1, 1, 2, 4}.

Let u = x> —4x. So the equation becomes
WH+Tu+12=0=> w+3)u+4)=0=
u=-3 or u=—4. Now solve for x:
B=x?—4x=x—4x+3=0=
(x-3)(x-1)=0=>x=3o0rx=1 or
4=x?—4x=x?—dx+4=0>

(x— 2)2 =0= x =2. Now check to make
sure that none of the solutions are extraneous.
If x=1, then

(1% —4(1)? +70% -4(1) +12=0=
9+7(-3)+12=0=0=0. So, lisa
solution. If x =2, then

(22 -42)2+7(2?-4Q2) +12=0=
16-28+12=0=0=0. So, 2 is a solution.
If x=3, then

(32 -4(3)2 +7(3* -43) +12=0=
9+7(-3)+12=0=0=0. So,3isa

solution.
Solution set: {1, 2, 3}.
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1.4 Applying the Concepts 88.

85. Let x = the denominator. Then x — 2 = the
numerator.
25

x—=2 X
+ =
X x—2 12

2, % jlex(x—Z)(éj
x—2 12

12x(x—2) (x; +
X
12(x=2)% +12x? = 25x(x - 2)
24x% — 48x +48 = 25x% — 50x

0=x>—-2x—48
0=(x—8)(x+6)
x=8orx=-6

The solution must be positive. So the fraction

6

is —.
8

86. Let x = the denominator. Then x — 5 = the
numerator.

x—-5 2

5 H SR [Z_ZSJ

2(x—=5)2 +12x> =25x% —125x
2x% = 20x +50+12x% = 25x% —125x
14x% = 20x+50 = 25x> —125x

—11x% +105x+50 =0
~1(11x+5)(x—10)=0

X

2x(x—5){x—_5+6( al
X

xX—

x:—i orx=10
11

The numerator and denominator must be
integers, so the fraction is 5/10.

87. Let x = the number of shares of stock. Then
1800/x = the price of each share of stock.

(@—18)@-%5) =1800
X

18000x+5) _ 15 4+5)=1800

1800x i 9000
X
1800x +9000 — 18x% — 90x = 1800x
~18x? = 90x +9000 =0
~18(x* +5x-500)=0
(x=20)(x+25)=0
x=20o0rx=-25
The answer must be positive, so we reject —25.
a. Latasha bought 20 shares of stock.

—18x-90=1800

b. She paid 1800/20 = $90 for each share.

x‘5+6( x j=§ 89.

Let x = the number of people in the original
7

group. Then 375 = the cost per person in the
X

original group. x + 2 = the number of people

. 575

in the new group. —— = the cost per person

x+2

in the new group.
_ 575

x(x+2) (ﬁ - ZJ =x(x+2) (ﬂ)
by x+2
575(x+2)=2x(x+2)=575x
575x+1150 - 2x* — 4x = 575x
2(x*+2x-575)=0
(x+25(x-23)=0=
x=-25o0rx=23
The answer must be positive, so we reject —25.
There were 23 people in the original group.

Let d = the depth of the well and let #; = the
time it takes for the stone to hit the water.
Using Galileo’s formula, we have

d L
d= 16t12 = %= 1; . Let 1, = the time it

takes for the sound of the splash to return to

the top of the well. Then ¢, :i,and
1100
=Y, 4
PP 4 1100
1100 £+L =1100(4)
4 1100

275d +d = 4400
Now let u =~/d and u® =d . This gives

u? +275u = 4400 = u? +275u - 4400 =0 .
Now solve for u using the quadratic formula
witha =1, b =275, and ¢ =—4400:

275 +4/275% - 4(1)(~4400)
u =

2(1)

Note that only the positive answer has
meaning, SO we reject the negative

=15.2.

answer. u” = d =~ 230 . So the well is
approximately 230 feet deep.
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90.

91.

92,

Let x = the distance to the horizon.

Using the Pythagorean Theorem, we have

x2 +3960° =39622 = x? = 15844 =
x =125.87 miles.

Let x = the speed of the current. Then 10 + x =
the speed of the motorboat going downstream
and 10 — x = the speed of the motorboat going

upstream. = the time the boat took to

+Xx

go downstream and = the time the

- X
boat took to go upstream. So, we have
12 12 1

10-x 10+x 2

2(10+x)(10—x)(i=i+1)
10-x 10+x 2

240 + 24x = 240 — 24x +100 — x*
x> +48x-100=0
(x+50)(x—-2)=0=x=-500rx=2
Only the positive answer has meaning, so we
reject =50. The rate of the current was 2 mph.

Let x = the time of the express train took.

Then x +§ = the time of the freight train

took, @ = the speed of the express train,
X

d 300 600
x+(5/2) 2x+5
freight train. So, we have

= the speed of the

W00y,

X 2x+5

x(2x+5) (@) =x(2x+ 5)( 600 + 20) =
X 2x+5

600x + 1500 = 600x + 40x> +100x =
0=40x> +100x —1500 =
0=2x>+5x-75=0=x+15)(x—-5)

x=——orx=5

Only the positive answer has meaning, so we
reject —15/2. The express train took 5 hours

to travel 300 miles.

93. Let x = the time it took the wife to wash the

94.

9s.

car alone. Then x + 20 = the time it took the
husband to wash the car alone. So we have

1 1 1
—_—t =
x x+20 24
1 1 1
24x(x+20)| —+ =—
x x+20 24

24x +480 +24x = x* +20x
0=x” —28x—480
0=(x—40)(x+12)
x=40orx=-12
Only the positive answer has meaning, so we
reject —12. The wife took 40 minutes to wash
the car alone.

Let x = the time it takes the smaller hose to fill
the pool alone. Then x — 1 = the time it takes
the larger hose to fill the pool alone. It takes 1
hour and 12 minutes = 6/5 hour for the two

hoses to fill the pool together. € = % So we

6/5
have
1 I 5
x x-1 6

6x(x—1) (i + ﬁj =6x(x—1) (%) =

6x—6+6x=5x>-5x=0=5x>-17x+6=
O=(5x—2)(x—3):>x=% orx=3

If the smaller hose can fill the pool in 2/5 hour

alone, then the time it will take the larger hose
to fill the pool will be negative; so we reject
that answer. It will take the smaller hose 3
hours to fill the pool alone.

Let x = the length of the shorter side. Then
100 + x = the length of the longer side. Use the
Pythagorean theorem to find the length of the

diagonal = \Ixz +(x+ 100)2 . So we have
JxZ +(x+100)% + (x+100) = 3x =
JxZ +(x+100)% =2x—100=>

(sz +(x+100)2)2 = (2x-100)* =

x% +(x+100)% = 4x2 — 400x + 10,000 =

2x% +200x+10,000 = 4x* — 400x +10,000 =
0=2x%-600x = 0 =2x(x—300) =
x=0orx=300

The shorter side is 300 feet and the longer side is
400 feet. So the area is 120,000 square feet.
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96. Letx = the distance from B to C and 98. a. Let x = the number of shirts purchased.
130 — x = the length from C to the hospital. Then x — 8 = the number of shirts sold,
Use the Pythagorean theorem to find the 540 ) )
SR —— = the purchase price of each shirt, and
distance from A to C = ¥40~ + x~ . The time X
the boat takes to gets from point A to point C 540 +6= the selling price of cach shirt.
V407 +x? . X
1s T and the time it takes for the So we have
ambulance to get from the hospital to point C (x—8) (ﬂ + 6) =780
130-x . *

is . This gives (x—8)(540+ 6x) = 780x

— 6x7 +492x - 4320 = 780x

40"+ _130-x 6x2 —288x 4320 =0

40 80 6(x—-60)(x+12)=0
2407 + x* =130-x = x=600rx=-12
41600 + x2) = 16,900 — 260x + x> = Only the positive root is valid. So, 60 shirts

) 5 were bought initially.

4x” 46400 = x~ —260x +16,900 =
3x2 +260x —10.500 = 0 The purchase price of each shirt was
Solve for x using the Pythagorean theorem 540 =$9.
with a = 3, b =260, and ¢ =-10,500. 60

260+ \/2602 —4(3)(-10,500) 30 350 The selling price of each shirt was
X = = ,——

203 3 0 6=s1s.
Only the positive root is valid. So, BC = 30 km. 60
97. Use the Pythagorean theorem to find the 1.4 Beyond the Basics

lengths of AE and BE. AE =64 + x% and

BE =(18—x)>+25.

So we have AE + BE =23 or
Vo4+22 +4J18-02+25=23=

JA8=x)2+25=23-+64+x%* =
2 2
(\/(18—x)2+25) =(23— 64+x2) =

(18—x)2 +25=529— 4664+ x% + 64+ x> =
324 -36x+ x> +25=593- 46764 + x> + x> =
244 —36x = 46764 + x* =

2
(244 +36x)° = (46 64 + x> )

1296x +17,568x + 59,536 =
135,424+ 2116x>
—820x% +17,568x — 75,888 = 0
—4(205x% —4392x +18,972) = 0
(x—6)(205x—3162) = 0 =

x=6orx=wz15.4

Check for extraneous solutions. Neither is
extraneous, S0 CE = 6 mi or CE =~ 15.4 mi.

2 2\ 2
99, (x 3] —6{)‘ 3)+8=0
X X

2
X
Letu=

_3,sowehave
X
u—6bu+8-0= wu—-Hu-2)=0=
u=4oru=2.
Now solve for x.
2
S SR S SR

X
x?-4x-3=0=

x=2+27 (using the quadratic formula) or
x2-3

X

2 -2x-3=0=
(x-3)(x+1)=0=x=3o0rx=-1

Be sure to check to make sure that none of the
solutions are extraneous. None are extraneous.

Solution set: {—1, 24247, 3}.

=2=x’-3=2x>
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101.

102.

2
x+2) _s x+2 4620
3x+1 3x+1
—2, so we have
X+

W -5u+6=0= w-2)u-3)=0=
u=2oru=3.

Now solve for x.

x+2

3x+1
x+2

3x+1
Be sure to check to make sure that none of the

=2=>x+2=6x+2=>x=0o0r

=3:>x+2=9x+3=>x=—%

solutions are extraneous. None are extraneous.

Solution set: {O, - %}

JVBr—2+24x+1 =242
V3x—-2+2v4x+1=8
V3x—-2=8-2+4x+1
3x-2=64-324x+1+4(4x+1)
3x-2=16x+68—-32/4x+1
—13x-70=-32+4x+1
169x2 +1820x + 4900 = 4096.x + 1024
169x% —2276x +3876 = 0
Solve for x using the quadratic formula.
| 2276%2276” - 4(169)(3876)
*e 2(169)
x=2orx=1147
Check to make sure that neither solution is

extraneous. 11.47 is extraneous.
Solution set: {2}.

5 3x 9

x—1 x+l= -1

2 [ 383X \_ 2 9
(x 1)(x—l x+1) (x l)(xz—l)

S5(x+1)=3x(x—=1)=9
3x2 +8x+5=9

3x2—8x+4=0
Bx-2)(x-2)=0

x=—orx=2
3

Make sure that neither solution is extraneous.
Neither is extraneous.

Solution set: {%, 2}.

103.

104.

105.

x+2 2x+6 _ 1
X x2 +4x x+4
x(x+4)(x+2+ 22x+6 __ 1 )
X x“+4x x+4

x+4)(x+2)+2x+6=—x

X +9x+14=0
(x+7(x+2)=0
x=-Torx=-2
Solution set: {-7, -2}

(x2+i2J—7(x—lj+8=O
X X

1 1
Letu=x——, sou2:x2+—2—2:>
X X

1
u?+2=x> +—. Then we have
X

W +2-Tu+8=0=>u>-Tu+10=0=
u-5wu-2)=0=u=5oru=2.

Now solve for x :

Sex—t o syox? 1o x2—5x—1=0
X

Use the quadratic formula to solve for x:

L EE 4D 5 V29
2

2(1) 2
dmx-tox=a? 1o x?—2x-1=0
X
Using the quadratic formula again, we have:

(o + \/T
Lo ZEDENED? 4D L s
2(1)
Check that none of the roots are extraneous.

Solution set: {% + @ ,1£ \/5}

2
(Lj 2L _15=0
t+2 t+2

t
Let u = ——. This gives
t+2

u?+2u-15=0= (u+5w-3)=0=
u=-5oru=3.
Now solve for ¢.

—5=L=>—5t—10=z=>t=—§ or
t 3

3=;=>3l+6=t=>l=—3.
t+2

Be sure to check to make sure that neither
solution is extraneous. Neither is extraneous.

Solution set: {—3, —%}
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106. 6721775 +5=0 109. x*?-5x"31+6=0
Letu=1"""Sou”=17". Letu = x%3. The equation becomes
6u’ —17u+5=0= Bu-1DQ2u-5=0= u? —5u+6=0:>(u—2)(u—3)=0:>
1 5
MZEOI'MZE. u:2’3
23 _p 2/3 _
Now solve for t. x0T = x77 =3
1 s 1 1 11 2/3\¥2 32 23\¥2 32
R T LB JEP (+2)7 =2 (272) | () =£(377)
3 3 3 243 ¢
5_,us_S_1_ 3125 IS S x=1/8 x=1/27
2 2 Y t 3125° =422 =433
Be sure to check to make sure that neither Verify that none of the solutions are
solution is extragzous. Neither is extraneous. extraneous. Solution set: { 9 \/5’ +3 \/g}
Solution set: < ——, 243 .
3125 X x+3
110. 84/
107. 2x342x73-5=0
x+3
Letu=x"3So ~ L V3, Letu= Th
u
Ut 25202 P -5ut+2=0= 8u—;—2=>8u -1=2u=
u
Qu-Du-2)=0=u=1/2 oru=2. Su-2u-1=0= Gu+DQu—-1)=
Now solve for x: _ 1 1
X | s U= 2 oru= 5
_ 13 _ _ 113 _
E_x :>§—x0r2—x =8=x Now solve for x:
Make sure that neither solution is extraneous. 1 X 1 x B
Neither is extraneous. T4 \x+3 :E_ Y +3 :>§—x0r
Solution set: x = {1,8}. l= X :>l= X = x=1.
8 2 Vx+3 "4 x+3
43 23 Make sure that neither solution is extraneous.
108. x7° —4x7°+3=0

Letu= x2/3

. The equation becomes
u? —4u+3=0=u-1)(u-3)=0=
u=1,3

P=
() <o) (2 ()
x==1 x= _|_\/_

Verify that none of the solutions are
extraneous. Solution set: {il, t 3\/5 }

P =3

33

x = 1/5 is extraneous.
Solution set: {1}.

111. a. Rationalization method:

x+x—2=0=Vx=402-x>
x=1764—84x+ x> =

x? —85x+1764=0=
(x—36)(x—49)=0= x=36 or x =49.
Note that x = 49 is extraneous.

Solution set: {36}.

b. Substitution method:

Letu= \/; Then u? = x. So,

W Hu-42=0= u+NHu—-6)=0=

u =—7 or u = 6. Now solve for x.

7= \/;, which is not defines, or
6=+x=36=nx.

Be sure to check to make sure that x = 36 is
not extraneous. Solution set: {36}.
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112. a. Substitution method:
X 2 2x X
( )___s=o.Letu=_ﬁ
x+1 x+1 x+1
W -2u-8=0=>wu-Hu+2)=0=
u =4 oru =-2. Now solve for x :

4= a =>4x+4=x=>x=—ior
x+1 3
-2 = :>—2x—2=x:>x=—%.
x+1 3
Solution set: {—i, —g}
3 3

b. Multiply by LCD method:

2
( X _ 2x ~8=0
x+1 x+1
x? 2x

(x+D2 x+l
2
| -2 g
(x+1)? x+1
2= 2x(x+1)-8(x+1)% =0
x2-2x2—2x-8x>-16x-8=0
—9x2-18x—8=0
(~DBx+2)Bx+4)=0

8=0

X=——orx=-——
3 3

Be sure to check to make sure that neither
solution is extraneous. Neither is

. 4 2
extraneous. Solution set: —5, ——t.

3
113. x+b=x—5b
x—b 2x-5b
2x-5b)(x+b)=(x—b)(x—5b)
2x% = 3bx—5b> = x> — 6bx + 5b>
x% +3bx—106% =0
(x+5b)(x—-2b)=0
x==5borx=2b
Solution set: {-5b, 2b}
114. ! + ! = !
x+a x—-2a x-3a

(x+a)(x—2a)(x—3a)( ! + ! j
x+a x-2a
1

x—3a

=(x+a)(x—2a)x—-3a)

x> =5ax+6a’ + x> —2ax-3a’

=x?—ax—-2a’

2 _ax-2a®

2x* —Tax+3a® =x
x? —6ax+5a*>=0
(x=5a)(x—a)=0
x=S5aorx=a

Solution set: {a, Sa}

115. 3x—2a=+/a(3x—2a)
9x2 —12ax +4a” = 3ax—2a’
9x2 —15ax+6a° =0
33x—-2a)(x—a)=0

2a
xX=—orx=a
3

Solution set: {Z?a’ a}.

116. 3a—«/&=1/a(3x+a)
94> - 6a\/a+ax =3ax+a’
—6ax/a—=2ax—8a2
—3Jax = x—4a
9ax = x> —8ax+16a’
0=x?—17ax+16a*
0=(x—-16a)(x—a)

x=16aorx=a

1.4 Critical Thinking/Discussion/Writing

117. To find the value of x, we can let x =+/1+ x
because the square root contains a copy of
itself. Now solve the equation:

x=Vl+tx= x> =1+x=

x> —x—1=0. Now use the quadratic

1+\1+4 1445
2 2
The original expression is positive, so

1-+/5
X =

formula. x =

cannot be the solution.

1+\/§
5[

Solution set: {

118. To find the value of x, we can let x =~/20+ x
because the square root contains a copy of
itself. Now solve the equation:
x=v20+x=x*=20+x=

x% —x—20=0. Now use the quadratic
1£J1+80 1£9 -
2 2
or x = —4. The original expression is positive,
so x = —4 cannot be a solution.

Solution set: {5}.

x=5

formula. x =
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119. To find the value of x, we can let x =+/n+x 125 2x_ X
because the square root contains a copy of ) 3 2
itself. Now solve the equation: —2x X
) 6| — |[=6x+6[ =
x=\Jntx=x"=nt+x= 3 2
x% —x—n=0. Now use the quadratic —jx=gx+3x
—4x=9x
+
formula, x = 2 YL¥4n _ L, Vi+dn 0=13x=0=x
2 2 2 Solution set: {0}
The original expression is positive, so we
reject the negative root. 126 x—1 +£= 40
N+ an ) 35
Solution set: l—i— 1 dn . x—1 2x
2 2 15 3 +15 3 =15x+2(15)
S(x=1)+3(2x)=15x+30
120. Jx+2du—1+yx-2Jx—1=4 (r=1)+3(22)=
Sx=5+6x=15x+30
Note that x +2vx—1=(x—-1D)+1+2+x -1 1lx=5=15x+30
2
= (Vx=1+1)". Similarly, x— 2yx— 1= —4x=3535
2 =2
(x—l)—Zx/x—l-f—l:(x/x—l—l) . =T
Substitute these expressions into the original ) 35
L Solution set: {——
equation: 4
2 2
\/(”‘_1“) +\/(“x_1_1) =4= 127. 6x>-102=0
Vx=l1+l+Jx-1-1=4= 6x2 =102
WNx-1=4=\x-1=2=x-1=4= 2 =17
x=35.
:+
Solution set: {5} . _\/lj_
Soluti t: 117
1.4 Maintaining Skills oution se { }
121. 12x-4=28-4x 128. (x+5)° =27
16x=32 x+5= 427
x=2 x=-5+\27=-5%33

Solution set: {2}
Solution set: {—5 + 3\/5 }
122. 2(x—3)+17 =4x+1

2x-6+17=4x+1 129. 25x% +1=10x
2x+11=4x+1 25x2 —10x+1=0
—2x=-10 2
x=5 (5x-1)"=0
Solution set: {5} 5x-1=0
Sx=1
123. 2x+3(x—4)=7x+10 1
2x+3x-12=7x+10 x=§
5x—12=7x+10 1
—2x=22 Solution set: {—}
x=-11 5

Solution set: {—11} 130 2 10x+2520
. x"—=10x =

124. 2x-3-(3x-1)=6 (x—5)2:0
2x-3-3x+1=6 c—5=0
-x—-2=6 =5

-x=8=x=-8

Solution set: {-8} Solution set: {5}
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131.

132.

133.

134.

135.

136.

1.5

3x? +3x-8=10
3x2 +3x-18=0
3(x*+x-6)=0
x> +x-6=0
(x+3)(x—2)=0=>x=—3, 2
Solution set: {-3, 2}

5x> —6x=4x> +6x-3
x2—12x+3=O

_—(-12)+y(-12)* - 4(1)(3)
B 2(1)
=12i;/13_2=12i§\/§=6i\/§

Solution set: {6 + \/ﬁ }

5
i+3: +3(2x):5+6x
2x 2x 2x

5  6x(x=3)+5 6x>-18x+5
6x+ = =
x=3 x=3 x=3

3 _x—2_3(x+3)—(x+1)(x—2)
x+1 x+3 (x+1)(x+3)
_3x+9—(x2—x—2)
B (x+1)(x+3)

_—x? +4x+11
B (x+1)(x+3)

X x-=3

2 +6x+9 xZ+5x+6
X x-3

(x+3) (x+3)(x+2)
_ x(x+2)—(x—3)(x+3)
(x+3)* (x+2)
X +2x— x2—9) 2%49

(x+3)(x+2) (x+3)(x+2)

Inequalities

1.5 Practice Problems

1. a.

4x+9>2(x+6)+1=4x+9>2x+13=
2x>4=x>2
Solution set: (2, oo)

AN

b. 7-2x2-3=-2x>2-10= x<5
Solution set: (—oo, 5]

1
1
5

Let t = time elapsed since the plane went on
autopilot. Then 3407 = distance the plane has
flown in ¢ hours, and 185 + 340t = the plane’s
distance from Miami after ¢ hours.

1854340 21035= 340t 2850 =1 > 2.5
The tower will suspect trouble if the plane has
not arrived in 2.5 hours.

3. a. 2(4—x)+6x<4(x+1)+7

8—2x+6x<4x+4+7
8+4x<4x+11
0<3
The last inequality is always true, so the

solution set is (—eo, o).

b. 3(x-2)+527(x-1)-4(x-2)
3x-6+5=27x-7-4x+8
3x-123x+1=-121
The last inequality is always false, so the
solution set is .

3x=5>27 or 5-2x2>1
3x>212 or —2x=>-4
x>4 or x<2

Solution set: (oo, 2]U[4, )

2(3-x)-3<5 and 2(x-5)+7<3
6-2x-3<5 and 2x—10+7<3

3-2x<5 and 2x—-3<3
-2x<?2 and 2x<6
x>-1 and x<3

Solution set: (-1, 3]
| | (1 | |
-3-2—-1 0 1 2

(0

—6S4x—2<4:>—4£4x<6:>—1£x<%

Solution set: {—1, %)

r
L
-1

[\S][FSRN 5
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Start with the interval for x.
-3<x<2
3(-3)<3x<3(2)
—9<3x<6
—O9+5<3x+5<6+5
-4<3x+5<11
Therefore,a=—-4and b=11.

15<C<25
9 9 9
27<%C<45
27+32<%C+32<45+32

59<§c+32<77

The temperature range from 15°C to 25°C
corresponds to a range from 59°F to 77°F.

X +2<3x+6
x?-3x-4<0= (x+1)(x-4)<0
The factors equal 0 at x = —1 and x = 4.

1.5 Basic Concepts and Skills

1. < 2. < 3. > 4. >
5. < 6. < 7. > 8. <
9. <10. <
11. (_2’5) ( ] ] ] ] ] ] )
-2 5
12. [-5,0] [ e ]
-5 0
13. (0,4] ( . L ]
0 4
14. [L,7) [ . )
1 7
15. [-1,e0) [
-1
16. (2,) (
2
17. (—oo,-2] ]
-2
18. (—1,) (
-1

19. x+3<6=>x<3
(=,3)

W\

20. x—-2<3=>x<5
(=0,5)

[T 5%

2. 1-x<£4=—x<3=>x2>2-3

[=3,) F
-3

22. 7—-x>3=>-x>-4=x<4

(—oo, 4) )
4

23, 2x+5<9=2x<4=>x<2
(_0092) )

2

Interval Test Value of Result
point ¥2_3x—4
(-1.4) 0 - -
(4, o) 5 6 +
The solution set is (—1, 4).
10. 23
x—1
2x45 140
x—1
2x+5—x+1 <0 x+6 <0
x—1 x—1
x+6=0=>x=-6
x—1=0=x=1
The test points are —6 and 1.
Interval Test Value of Result
point x+6
x—1
3
(—°°, - 6) -9 i +
(-6, 1) 0 -6 -
(1, o) 2 8 +

Note that the expression is undefined for
x = 1. The solution set is [-6, 1).

24,

25.

26.

3x+227:>3x25:>x2§

5

3-3x>15=-3x>12=>x<-4

S ]

(_005_4) )

—4
8—4x212=-4x>24=>x<-1
(—oo,—l] ]

-1
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217.

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

3x+2)<2x+5=3x+6<2x+5=>x<-1

(=0, =1) 7)1

4x-1D)23x-1=4x-423x-1=>x23

[3,0) F
3

3x-3)<3-x=>3x-9<3-x>
4x<12=>x<3
(=0,3]

(0 b

—x—22x-10=822x=>42>x

(oo, 4] ]
4

6x+4>3x+10=23x>6=>x>2
(2,00)

[NV N

4(x-4)>3(x-5)=4x-16>3x-15=
x>1
(1,%0) (

1

8x—-1)—x<7x-12

8x—-8—x<Tx-12
Tx—-8<7x—12= -8<-12 False

The solution set is .

3(x+2)+2x=>5x+18
3x+6+2x>5x+18
5x+62>5x+18= 6=>18 False
The solution set is &.

5(x+2)<3(x+1)+10=
Sx+10<3x+3+10=5x+10<3x+13 =

2)cS3:>)cSi
2

|
8
N | W
| —
2 | 0 fd

x=4>2(x+8)=>x—-4>2x+16=
20> x

(o2, -20) )
-20

2(x+1)+322(x+2)-1
2x+24322x+4-1
2x+522x+3=523 True

(=00, =)

38.

39.

40.

41.

42,

43.

44.

45.

46.

5(2—x)+4x$12—x
10-5x+4x<12—-x
10-x<12—-x=10<12 True

(=00, =)

2(x+1)—2$3(2—x)+9
2x+2-2<6-3x+9
2x<15-3x
5x<15= x<3
(0, 3] y
3

4(1—x)+2x>5(2—x)+4x

4-4x+2x>10-5x+4x
4-2x>10-x=-6>x=>x<-6

(=0, —6) 3

-6

9x—-6 2%x+9
18x—-12=3x+18
15x230=x=>2
Solution set: [2, oo)

T 4 7r-3<6r-8=

x<-5
Solution set: (—oo, —5)

x-3

3
-18<x=>x>-18

Solution set: [—18, o)

<2+ 5 02x-6<1243x=

2’“4‘323—§=> 2x-3212-2x=

4x215:>x2%

Solution set: [%, oo)

3x+1 X
)

2 <X +2
3x+1<2x-2+x

3x+1<3x—2=1<-2 False
Solution set: &

2x—1 > x+l+i
3 4 12

8x—423x+3+x

8x—4=24x+3

|

dx2T=>x=>—

N

. . z -
Solution set: [ 1 )
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47. x;3z§+1 55, ZXFls i1 or 2o1s3
3x-922x+6=x215 2x+123x+3 or 3x-6>2x
Solution set: [15, <) o>y or 6> —x

_ x<-2 or 6<x=>x>6
48. 2x+1<x 1+l '
3 2 6 Solution set: (—oo, - 2] U (6, 00)
dx+2<3x-3+1
4x+2<3x-2=x<—4 56. x+2<£+1 or x—1>x+1
Solution set: (—eo, —4) 2 3 3 5
3x+6<2x+6 or 5x—-5>3x+3
49, S3xtl_x_x+2 x<0 or 2x>8=x>4
) 3 27 2 .
Solution set: (—e, 0)U (4, o
6x+2-3x<3x+6 ( ) ( )
3x+2<3x+6=2<6 True x—1_x 2x+5 _ x+1
. 57. >=—-1 or <
Solution set: (—oo, oo) 2 3 3 6
3x=3>2x—-6 or 4x+10<x+1
5o, *-lyx+lox, x x>-3  or 3x< 9= x<-3
3 0 4 o212 ,
Ax—4+3x+3<6x+x Solution set: (—eo, )
Tx-1<T7x=-1<0 True
2x+1 _ x 3—x_ x
Solution set: (—eo, o) 58. 3 SZ"‘I or 2 >§_1
51, 2x+5<1 of 24 x>4 8x+4<3x+12 or 9-3x>2x-6
dx <-4 or x>2 5x<8 or —5x>-15
x<=2 or xs§ or x<3
Solution set: (—eo, —2)U(2, o) >
Solution set: (—eo, 3)
52. 3x-2>7 or 2(1-x)>1
359 or 2-2ue] 59. 3-2x<7 and 2x-3<7
o3 or  —orool “2x<4 and  2x<10
1 x=>-2 and x<5
xX<—— i
2 Solution set: [-2, 5]
N 1
Solution sef: (“"’"EJU@’ *) 60. 6-x<3x+10 and 7x—14<3x+14
—4x<4 and 4x <28
53, 2x4—3$2 or 4—23x22 x=>-1 and x<7
Solution set: [—1, 7]
2x—-3<8 or 4-3x2>24
2x<1l or  —3x20 61. 2(x+1)+3>1 and 2(2-x)>-6
11 2x+2+43>1 and 4-2x>-6
xs— or x<0 2x+521 and  —2x>-10
2x>-4 and x<5

Solution set: (—00, % x=>-2

Solution set: [-2, 5)

| I

54. 5—3x21 or x_ISI
3 6 3 62. 3(x+1)-2>4 and 3(1-x)+13>4
10-6x21 or x-1s<3 3x+3-2>4 and  3-3x+13>4
—6x>-9 or x<4 3x+1=>4 and -3x+16>4
3 3x>3 and —-3x>-12
xSE x>1 and x<4
Solution set: (oo, 4] Solution set: [1, 4)
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63.

64.

65.

66.

67.
68.
69.
70.
71.

72.

73.

74.

75.

2(x+1)-3>7 and 3(2x+1)+1<10

2x+2-3>7 and 6x+3+1<10
2x—1>7 and 6x+4<10
2x>8 and 6x<6

x>4 and x<1

Since x cannot be less than 1 and greater than
4 at the same time, the solution set is &.

5(x+2)+7<2  and 2(5-3x)+1<17
5x+10+7<2 and 10-6x+1<17
Sx+17<2 and 11-6x<17
5x<-15 and —-6x<6

x<-3 and x>-1

Since x cannot be less than —3 and greater

than —1 at the same time, the solution set

is &.

5+3(x—-1)<3+3(x+1) and 3x-7<8
5+3x-3<3+3x+3 and 3x<15

2+3x<6+3x and x<5
2<6 True

Solution set: (—es, 5]

2x—3>11 and 5(2x+1)<3(4x+1)—2(x—1)

2x>14 and 10x+5<12x+3-2x+2
x>7 and 10x+5<10x+5
0< 0 False

Solution set: .
3<x+5<4=>-2<x<-lor(-2,-1)
9<x+7<12=2<x<50r([2,5]
—4<x-2<2=-2<x<4dor[-2,4)
-3<x+5<4=-8<x<-lor (-8,-1)

-9<2x+3<5=>-12<2x<L2>
—-6<x<lor[-6,1]

—2<3x+1L£7=>-353x<6=>
—1<x<2o0r[-12]

OS1—§<2:>OS3—x<6:>

-3<-x<3=3>x>-3o0r(-3,3]

O<5—§S3=>0<10—x£6=>

-10<-x<-4=10>x2>4or[4,10)

2x—-3

—1< <0=-5<2x-3<0=>

—2<2x£3z>—1<x£§ or (—1,3}
2 2

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

_4S5x—2

S0=-12<5x-2<0=

—10S5x£22>—2£x£§ or {—2,%}

5x<3x+1<4x-2=2x<1<x-2=

xS% and 3<x=>x>3

x cannot be less than or equal to % at the

same time that 3 is less than x, so the solution
set is .

3x+2<2x+3<4x-1=>
x+2<3<2x-1= x+2<3and
3<2x-1=x<land 4<2x=

x<land 2<x

x cannot be less than 1 at the same time that 2
is less than x, so the solution set is .

2<x<l=>2+7<x+7<1+7=
5<x+7<8=a=5b=8

l<x<5=2<2x<10=>
2+43<2x+3<10+3=5<2x+3<13=
a=5,b=13

—“I<x<l=2l>—x>-1=
241>2-x>2-1=23>2-x>1=
1<2—-x<3=a=1,b=3

3<x<7=-9>-3x>-21=
1-9>1-3x>1-21=
—8>1-3x>-20=>-20<1-3x<-8=
a=-20,b=-8

0<x<4=0<5x<20=>-1<5x-1<19=
a=-1,b=19

—4<x<0=>-12<3x< 0=
-8<3x+4<4=a=-8,b=4

x2+4x-12<0= (x+6)(x—2)<0.
Now solve the associated equation:
(x+6)(x-2)=0=>x=—-60rx=2.
So, the intervals are

(—o0,—6],[—6,2], and [2, ).

(continued on next page)
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(continued) Interval Test Value of Result
Interval |Test point| Value of |Result pornt 4x* -2x-2
xt+4x-12 (—o—1/2) | -1 4 +
(—oo, _6] _10 48 (_1/2’1) 0 _2 _
-6,2 _
: ] 0 12 (1,0) 2 10 +
2,00 3 9
2.=) The solution set is (—1/2,1).
The solution set is [-6,2].
89. (x+3)(x+D(x-1)=0.
86. x>-8x+7>0= (x=T)Y(x-1)>0. Now solve the associated equation:
Now solve the associated equation: x+3)x+DH(x-1H)=0=
x-7Nx-1)=0=>x=T7o0rx=1. x=-3,x=-lorx=1.
So, the intervals are The intervals are
(=co, 1), (1, 7).and (7,). (=e0,~31,[=3,~11,[< L1, and [1,0).
Interval Test Value of Result Interval Test Value of Result
point 2 _8x4+7 point | (x+3)(x+1)(x—1)
(—eo, 1) 0 7 + (===,=3] | -10 -693 _
-3,-1 —
(1’ 7) 2 5 B [ ] 2 3 +
[-11] 0 -3 -
(7,°0) 10 27 +
[1,00) 10 1287 +

The solution set is (—eo, 1)U(7,0).

87. 6x°+7x-320= GBx-1)(2x+3)=>0.
Now solve the associated equation:
Bx-D2x+3)=0=>x=1/30orx=-3/2.

88.

90.

The solution set is [-3, —1]U[L, o).

x+dH(x-D(x+2)<0.
Now solve the associated equation:
x+Hx-D(x+2)=0=>x=-4,x=1or

x=-2.

The intervals are (—oo, —3/2] s [—3/2,1/3] ,
The intervals are

wd [1/3.). (—o0, ~41,[~4,~2],[2,1], and [1, ).
Interval Te.st Value of Result Interval Test Value of Result
PO | 647 +7x-3 point | (x+4)(x - )(x+2)
(Ce32] | 2 ! * (=2, =41 | -10 _528 -
[-3/2.1/3] | 0 -3 - [-4,-2] | -3 4 N
[1/3.,) 1 10 + [-2.1] 0 3 _
The solution set is (—eo,—3/2]U[1/3,0). [1,°0) 10 1008 +

457 -2x-2<0=22x> —x- 1)< 0=
2(2x+1)(x—1) < 0. Now solve the associated
equation: 2Q2x+D(x-1)=0=

x=-1/2 orx=1. So, the intervals are

(—o0,~1/2),(~=1/2,1),and (1,e).

91.

The solution set is (—eo,—41U[-2,1].

x> —4x?-12x>0
Solve the associated equation
P —4x? —12x=0.
=4 - 12x=0= x(x? - 4x-12)=0=
x(x+2)(x—6)=0:>x=0, -2,6

(continued on next page)
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103

(continued)

92.

The intervals are (—oo, —2), (—2, 0), (0, 6),
and (6, o).

Interval Test

point

Value of
x—ax? —12x

Result

-10 -1280 -

0, 6) 1 -15 -

(
(-2, 0) -1 7 +
(
(

6, =) 10 480 +

The solution set is (—2, 0) U (6, oo).

o +8x2 +15x> 0
Solve the associated equation

x> +8x2 +15x=0.
x3+8x2+15x=0=>x(x2+8x+15)=0=>
x(x+3)(x+5)=0=>x=0,—3,—5

The intervals are (—eo, —5), (-5, —3),

(—3, 0), and (O, oo).

Interval Te.st Value of Result
PoInt | 3 4 8x? +15x

(=2, =5)| -10 -350 -

(-5.-3)| -4 4 +

(-3, 0) -1 -8 -

(0, ) 1 24 +

The solution set is (=5, —3)U(0, o).

93. x?+2x<-1=x? +2x+1<0.

Now solve the associated equation:
X242x+1=0= (x+1)>=0=> x=-1.
The intervals are (—oo,—1)and (—1,0).

Interval Test Value of Result

point x2+2x+1
(e0,—1) -2 1 +
(=1,00) 0 1 +

Neither interval has a negative solution, so the
solution set is .

94. 4x? +12x<-9= 4x? +12x+9<0. Now
solve the associated equation:

4x7 +12x+9=0= 2x+3)’ =0=>

9s.

x= —% . The intervals are

(—o0,—3/2)and (—3/2,0).

Interval Test Value of Result
pomt | 4,2 112x+9

(—oo, - 3/2) —2 1 +

(=3/2.) | 0 9 ¥

Neither interval has a negative solution, so the

solution set is .

2 -x2>0.

Now solve the associated equation:

3

x=0orx=1.

P-x?=0=xx-)=0=

The intervals are (—oo,0],[0,1] and [1, o).

Interval Test Value of Result
point 32
[0,1] 1 _1 _
2 8
[1,°0) 2 4 +
Note that O is a solution. The solution set is
{0} UIL, 00).
96. x>-9x2>0.
Now solve the associated equation:
-9’ =0= xz(x—9)=0=>
x=0orx=09.
The intervals are (—oo,0], [0,9] and [9, o).
Note that O is a solution.
Interval Test Value of Result
point 3 —0y2
(—o0,0] -1 -10 -
[0,9] 1 -8 -
[9,0) 10 100 +

The solution set is [9,)(J{0}.
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97. x’>1= x?-1>0. Interval Test Value of Result
Now solve the associated equation: point 248

2 _ 1= _ -
x“-1=0= (x=-Dx+1D= 0= (—o0,-2) ~10 992 _
x=-lorx=1.

The intervals are (—eo,—1],[—1,1], and [1, o). (=2,00) 10 1008 +
Interval Test Value of Result The solution set is (—eo,~2).
point 2
vl 100. x*>9=x*-9>0.
(=0, —1] -2 3 + Now solve the associated equation:
[—11] 0 ) B xP-9=0= (X2 -3)(x*+3)=0=>
2 —_ —_—
[1,°) 2 3 + (x=B)(xVB) (s +3) = 0= x= 5.
2
The solution set is (—oo, —1]1U[I, o). x=~3, orx”+3=0.
4 4 Solving x2+3=0 using the quadratic
< -16<
98. x"<16=x" 16 B 0. . formula gives x = +ix/3. We cannot use
Now solve the associated equation: . .

4 - 2 e a0 complex intervals, so the only intervals we
¥ -16=0=(x"-H(x"+4)=0= examine are (—oo,—«/g), (—\/5,\/5), or
(x=2)(x+2)(x>+4)=0=>x=2,x==2or

2 (\/5 oo)'
x“+4=0.

Solving x? +4 =0 using the quadratic Interval Test Value of Result
formula gives x = £2i. We cannot use point x* -9
complex intervals, so the only intervals we
examine are (—oo,—2], [-2,2], and [2, ). (_oo’ _\/37) -10 9991 +
Interval Test Value of Result (_\/5 3 ) 0 9 _
point .16
(—2,=2] | -10 9984 + (V3=) | 10 9991 *
[-2,2] 0 -16 - The solution set is (—oo, - \/5) U (\/5, oo).
2,00
[2,00) 10 9984 + 01 12 .
The solution set is [-2, 2]. Y x=5 <o
Now solve x+2=0= x=-2 and
99. }<-8=x+8<0. x—-5=0=x=5.
Now solve the associated equation: So the intervals are
P 48=0= (x+2)(x>-2x+4)=0= (—o0,=2),(=2,5), and (5,2°).
x=-2orx>-2x+4=0. Interval Test x+2 | Result
5 ) ) oint | Value of
Solve x“ —2x+4 =0 using the quadratic p X—
formula: (—oo’ _2) ~10 8/15 +
—(=2)£/(=2)? - 4(1)(4
M A e R OV PeN (-2.5) 0 -2/5 -
2(1)
We cannot use complex intervals, so the only (5.0 10 12/5 +

intervals we examine are (—oo,—2) and
(=2, 00).

Note that the fraction is undefined if x = 5.
The solution set is (=2, 5).
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105.

A PN Sl O I
x+2 x+2
x+1-3(x+2) <0 —2x-5

x+2 x+2
Now solve —2x—-5=0=> x=-5/2 and
x+2=0= x=-2.So the intervals are
(—oo, —5/2], [— 5/2, —-2), and (—2,0). The
original fraction is not defined if x = -2, so -2
is not included in the intervals.

<0.

Interval

Test
point

Value of
—2x-5
x+2

Result

(—oo’ - 5/2]

-3

-1

[-5/2,-2)

-9/4

2

102. x-3 >(0. Nowsolve x—3=0= x=3 and
x+1
x+1=0= x=-1.So the intervals are
(=o0,=1),(-1,3), and (3,0).
Interval Test | Value of > | Result
point x+
(=o,=1) | -10 13/9 R
(-1,3) 0 -3 -
(3,0) 10 7/ 11 +
Note that the fraction is undefined if x = —1.
The solution set is (—o0,—1) U (3, 0) .
103. oo
X
Solve x+4=0=x=—-4 and x=0.
The fraction is undefined if x =0. So the
intervals are (—eo,—4), (—4,0), and (0, ).
Interval Test Value of x+4 Result
point X
(—oo,—4) -10 3/5 +
(-4,0) -2 -1 -
(0,0) 2 3 +
The solution set is (-4, 0).
104. 2 _>o0.
x—2

Nowsolve x=0 and x-2=0= x=2.
So the intervals are (—e<,0),(0,2), and (2,<0).

Interval Test | Value of a Result
point X=
(—o°,0) -1 1/3 +
0,2) 1 -1 -
(2,00) 3 3 +

Note that the fraction is undefined if x =0.
The solution set is (—oo,0) U (2,0) .

106.

107.

(=2, ) 3 ~11/5 _

The solution set is (—eo, —5/2]U (=2, o0).

x=2 x—
Now solve —2x+5=0= x=5/2 and
x=2=0=>x=2.
So the intervals are (—eo,2), (2, 5/ 2], and
[5/ 2,00). The original fraction is not defined
if x =2, so 2 is not included in the intervals.
Test Value of Result
point -2x+5
x—=2
~2/5 _

Interval

(—==°,2) 0

(2,5/2] 9/4 2 +

[5/2,0) 3 -1 -
The solution set is (2,5/2].

(x—2)(x+2) 5 0.

X
Now we have x =0 and
x-2)(x+2)=0=>x=2andx=-2.
So the intervals are (—eo,-2),(—2,0),(0,2),
and (2,0) . Note that the original fraction is
not defined if x = 0, so 0 is not included in the

intervals.
(continued on next page)
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(continued)
Interval Test Value of Result
point | (x—2)(x+2)
X
(—0,-2) -3 -5/3 -
(=2,0) -1 3 +
0,2) 1 -3 -
(2,%0) 3 5/3 R

108.

109.

The solution setis (=2, 0)U (2, ).

(x—-D(x+3) <0

x=2
Now we have x—2=0= x=2 and
(x-D(x+3)=0=x=1and x=-3.
So the intervals are (—eo,-3),(=3,1), (1,2),
and (2,0) . Note that the original fraction is

not defined if x = 0, so 0 is not included in the
intervals.

Interval Test Value of Result
point | (x—1)(x+3)
x—2
(1,2) 3/ 2 - 9/ 2 _
(2,00) 3 12 +

The solution set is (—o0,=3)U (1, 2).

(x—2)(x+l) >0,

(x - 3) (x +5 )

Set the numerator and denominator equal to
zero and solve for x.

(x—2)(x+1)=0:>x=2, -1
(x—3)(x+5)=02>x=3, -5

-5). (5. -1,
-1 2], [2. 3), and (3, o).

The intervals are (—oo,

Interval Test Value of Result
point | (x-2)(x+1)
(x - 3) (x + 5)
(—oo, - 5) -6 40/9 +
(-5, -1] -2 -4/15 -

110.

111.

Interval Test Value of Result
point | (x-2)(x+1)
(x - 3) (x + 5)
[—1, 2] 0 2/15 +
[2, 3) 5/2 —5/15 -
(3, =) 5 9/10 +

The solution set is

(=0, =5)U[-1, 2]U(3, ).
(x—l)(x—3) >0

(x+2)(x+4) T

Set the numerator and denominator equal to
zero and solve for x.

(x—l)(x—3)=0=>x=l, 3
(x+2)(x+4)=0:> x=-2,-4

The intervals are (—eo, —4), (-4, —2),
(-2, 1], [1, 3], and [3, ).

Interval Test Value of Result
point | (x-1)(x-3)
(x + 2) (x + 4)
(—oo, - 4) -6 63/8 +
(-4, -2) -3 24 -
(—2, 1] 0 3/8 +
1, 3] 2 -1/24 -
[3. ) 5 8/63 +

The solution set is
(—oo, —4)U(=2, 1U[3, ).

x> -1

x4
Set the numerator and denominator equal to
zero and solve for x.

x2-1=0>x=2l; x> -4=0=>x=12
The intervals are (—oo, —2), (-2, 1],
[-1,1], [1, 2), and [2, ).

<0.

(continued on next page)
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(continued)
Interval Test Value of Result
point -1
x? -4
(—oo, — 2) -3 8/5 +
(—2, —1] —3/2 —5/7 -
[-1,1] 0 1/4 +
EIEEEE -
[2, 00) 3 8/5 +
The solution setis (-2,—1]U[L, 2).
2 —
112. )62—9 <0.
x°—64
Set the numerator and denominator equal to
zero and solve for x.
x2-9=0=x=43 x> -64=0= x=+8
The intervals are (—co, —8), (-8, —3],
[—3, 3], [3, 8), and (8, oo).
Interval Test Value of Result
point x2-9
x> —64
(—oo, - 8) -10 91/36 +
(-8, - 3] -5 -16/39 -
[—3, 3] 0 9/64 +
[3, 8) 5 - 16/ 39 —
[8, ) 10 91/36 +

113.

The solution set is (—8, - 3] U [3, 8).

x+4 TN x+4
3x-2 3x-2
x+4—3x+220:>—2x+62 -

3x-2 3x—-2
Now we have —2x+6=0= x=3 and
3x—-2=0= x=2/3. So the intervals are
(—=e,2/3), (2/3,3], and [3,0) . Note that the

original fraction is not defined if x = 2/ 3, s0

-120=

2/3 is not included in the intervals.

114.

115.

Interval Test Value of Result
point x+4
3x-2
(—==,2/3) 0 -3 -
(2/ 3,3] 1 4 +
[3,00) 4 -1/ -

The solution set is (2/3, 3].

2x-3 <l 2x-3

x+3 x+3
2x—-3-x-3 x—6£0.

x+3 x+3

Now we have x—6=0= x=6 and
x+3=0= x=-3. So the intervals are
(—=o0,=3),(=3,6], and [6, ). Note that the
original fraction is not defined if x=-3, so
—3 is not included in the intervals.

-150=

<0=

Test
point

Interval Value of
2x-3 -1

x+3

Result

(=o2,=3) -6 4 +

(=3,6] 0 -2 -

[6,%0) 9 1/4 N

The solution set is (-3, 6].

_2x+6_ 2x+6
2x+1  2x+1
2x+6-32x+1) >0 —4x+3 >0,
2x+1 2x+1
This gives —4x+3=0=> x=3/4 and
2x+1=0= x=-1/2. The intervals are
(—e0,—1/2),(~1/2,3/4], and [3/4,0) . The

original fraction is not defined if x=-1/2, so

-320=

—1/2 is not included in the intervals.

Test
point

Value of
2x+6 _3
2x+1

Interval Result

(—oo,—1/2) | -1 -7 -

-1/2,3/41] o 3 +

[3/4, ) 1 -3 -

The solution set is (—1/2, 3/4].
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x—2 x—2 x+1 X x+1 X

116. <-1= +1<0= 118. > = - >0=>
2x+1 2x+1 x-2 x-1 x-2 x-1
x—2+2x+1<0:>3x—1<0. (x+1)(x—1)—x(x—2)20=>
2x+1 2x+1 (x—l)(x—Z)
Now we have 3x—1=0= x=1/3 and (xz—l)—(xz—Zx) -
2x+1=0= x=-1/2. So the intervals are . 5 >0 ﬁZO
(=e0,—1/2), (=1/2,1/3), and (I/3,). Note (r=1)(x=2) (r=1)(x=2)

.. . ) . Set the numerator and the denominator equal
that the original fraction is not defined if ¢ d solve f 2x-1=0= x=1/2
x=-1/2,s0 —1/2 is not included in the 0 ZC10 and solve forx. ~x—=1= =
intervals. and (x—1)(x—2)=0=x=1orx=2.The

Interval Test Value of Result intervals are (e, 1/2], [1/2, 1), (1, 2), and
point x=2 +1 (2, =). Note that the original fractions are not
2x+1 defined if x=1orx =2, so 1 and 2 are not
(oo, —1/2) _1 4 + included in the intervals.
(-1 /2 1 /3) 0 1 _ Interval Te.st Value of Result
point x+l x
(1/3,0) 1 2/3 + x=2 x-1
The solution set is (—1/2, 1/3). (—eo, 1/2] 0 -1/2 -
7. x+22x—1:>x+2_x—120:> [1/2,1) 3/4 8/5 +
x-3 x+3 x-3 x+3
(x+2)(r+3)=(x=1)(x=3) _ (1,2) 3/2 -8 -
(x=3)(x+3) (2, =) 3 5/2 +
2 (2
(x +5x+ 6) (x Ax+ 3) >0= The solution set is [1/2, 1)U (2, ).
(x - 3) (x + 3)
9¢+3 0 119. x—lsx+2:>)c—1_x+2£0:>
(x—3)(x+3)_ x+1 x-3 x+1 x-3
Set the numerator and the denominator equal (x=1(x=3)=(x+2)(x+1) <0=
to zero and solve forx. 9x+3=0= x=-1/3 (x+1)(x=3)
and (x—3)(x+3)=0=> x=3 orx=-3. The (x? = 4x+3) = (x? +3x+2)
<0
intervals are (—eo, —3), (-3, —1/3], (x+1)(x=3) =
[—1/3, 3), and (3, e). Note that the original —Tx+1 0
fractions are not defined if x=-3 orx=3, so (x+1)(x=3) "
-3 and 3 are not included in the intervals. Set the numerator and the denominator equal
Interval Test Value of Result to zero and solve forx. -7x+1=0= x=1/7
point | x+2 x-1 and (x+1)(x=3)=0= x=-1orx=3. The
X-3 x+3 intervals are (—eo, —1), (-1, 1/7], [1/7, 3),
(e, —3) -6 -17/9 - and (3, «). Note that the original fractions
(-3, -1/3]1 | -1 3/4 + are not defined if x = -1 or x =3, so -1 and 3
are not included in the intervals.
[-1/3,3) 1 -3/2 -

(continued on next page)

(3,0) 6 19/9 +
The solution set is (=3, —1/3]U (3, ).
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(continued)
Interval Test Value of Result
point | x-1 x+2
x+1 x-3
(—oo, 1) -2 3 +
(— 1,1/ 7] 0 -1/3 -
[1/ 7, 3) 1 3/2 +
(3, o) 4 -27/5 -

The solution setis (=1, 1/7]U(3, ).
x-i—3S)c—1:>x+3_x—1S
x+1 x-2 x+1 x-2

(x+3)(x—2)—(x—1)(x+1)

120. 0

Gi)x-2) 07
(x2+x—6 —(xz—l) - x-5 -
(x+1)(x-2) B (x+1)(x-2)

Set the numerator and the denominator equal to
zero and solve forx. x—5=0= x=5 and

(x+1)(x-2)=0=x=-lorx=2.The
intervals are (oo, —1), (-1, 2), (2, 5], and
[5, oo). Note that the original fractions are not

defined if x = =1 or x =2, so —1 and 2 are not
included in the intervals.

Interval Test Value of Result
point
x+3 _x- 1
x+1 x-2
(ceo=1) |2 |-7/4 -
(— 1, 2) 0 5/ 2 +
(2, 5] 3 -1/2 _
[5, =) 7 1/20 +

The solution set is (—ee, —1)U(2, 5].

1.5 Applying the Concepts

121. Let x = the selling price of the refrigerator.
Then
1750+ 0.15(1750) < x <1750+ 0.20(1750) =
2012.50 < x <2100
The refrigerator’s selling price ranges from
$2012.50 to $2100.

122. Let r = the interest rate per year. Then
200 <50007 £275=0.04 < r<0.55
The interest rate ranges from 4% to 5.5%.

123. Letx = the amount of gasoline in the car at the
start of the trip. Then
300<40x<480=7.5<x<12
The car had between 7.5 gallons and 12
gallons of gas at the start of the trip.

124. Let x = Sean’s score on the fourth exam. Then
8SHTZHTTHX 5 00— 2344 x 2320 =

x =86

Sean needs to score between 86 and 100 on

the last exam to earn a B.

125. Let x = the amount of cream.
Then 270 — x = the amount of milk. So,
0.3x+0.03(270 — x) =2 0.045(270) =
03x+8.1-0.03x>12.15=
027x24.05= x =15
At least 15 quarts of cream must be added.

126. Let x = the number of pedometers to be sold.
Then 2x = the amount of profit per pedometer.
2x 24000 + 3000 = 2x = 7000 = x = 3500
At least 3500 pedometers must be sold.

127. Let x = the number of 4-door sedans.
Then 3x = the number of SUV’s and 2x = the
number of convertibles.
X+3x+2x248=6x>248= x =8
There are at least 8 four-door sedans.

128. Let C = degrees Celsius. Then
%(68—32)SCS§(86—32):> 20C <30
The range of temperatures is 20°C to 30°C.

129. 132t —12 23200 = —> +132t—3200> 0 =
12 —132t+3200< 0= (t—100)(r—-32)<0
Solving the associated equation gives ¢ = 100
or ¢t = 32. The intervals to be checked are
(—o=, 32],[32, 100], and [100,) . Checking a
number in each interval shows that the

temperature must fall in the range
[32°F, 100°F].
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130. —16r% +32r +1584 > 1200 = 134. 2x% +kx+2=0 has no real solutions if the
162 +32t+384>0= 2 —2t—-24<0 discriminant is less than zero. So
Solving the associated equation gives 7 = 6 or k2 —4(2)(2)<0=k>-16<0. Solving the
r= —4. The time c.an’t.be less than 0, so the associated equation gives k=—4 or k =4. The
time when the object is at least 1200 feet is intervals to be tested oo —4).(—4.4
from O seconds to 6 seconds. intervals to be tested are (~ee, ~4),(~4,4),
2 —_— —_—
131. Probability must be less than 1, so we have and (4,). k7 ~16 <0 for (=4,4).
05< 6;_& <l=> x2 +kx+k =0 has two real solutions if the
—x discriminant is greater than zero. So
05<202% g S2202x k2 — 4k > 0= k(k—4)> 0. Solving the
208 - x 208 - x ' J
Solving each inequality independently gives associated equation gives k = 0 or k = 4. The
05 < 64—02x o< 64—0.2x 05— intervals to be tested are (—oo,0),
’ 42082— X X 208 - x ' (0,4), and (4,00). k> —4k >0 for
0< 64-0. ;(;80.5( 08— x) - (<00.0) U (4, 9).
- X
0< —40+0.3x x% +kx+k =0 has no real solutions if the
208 - x discriminant is less than zero. So
Now we have —40+0.3x = 0= x = 400/3 K%~ 4k <0= k(k —4) < 0. Solving the
and 208 — x = 0= 208 = x . The original ted ] ] k-—O k=4 Th
fraction is not defined if x = 208, so 208 is not gss0c1ate equation gives k=0 or k= 4. The
in the solution set. So there need to be more intervals to be tested are (—<,0),
than 133 cards. (Note that the value of x is (0,4), and (4,00). k%> —4k <0 for (0,4).
rounded up to account for the partial value.)
64—0.2x§1:>64 0.2x_1§0=> X Zland ox 1
208 —x 208 — x 2x+1 4 4x-1 2
64—-0.2x—208 + x <0= 0.8x—144 <0= We will solve each inequality independently
208 — x - 208—x and then determine where the solution sets
0.8x—144<0=0.8x<144= x <180 intersect.
So, the likelihood that the next card dealt X 1 X 1
would be a jack, queen, king, or ace is greater z2—= -—20=
. 2x+1 4 2x+1 4
than 50% if more than 133 cards and less than dx— (2x + 1) -1
180 cards are dealt. w 20> Sr1d >0
X X
132. Let i = the height of the triangle.

Then h + 3 = the base of the triangle.
h(h+3) 2 2
TZS:Wl +3h210=h"+3h-1020
Solving the associated equation gives h =2 or

h =-5. We reject the negative answer. So the
height must be at least 2 cm.

1.5 Beyond the Basics

133.

2x? +kx+2=0 has two real solutions if the
discriminant is greater than zero. So

k2 -4(2)(2)> 0= k*—16 > 0. Solving the
associated equation gives k = —4 or k = 4. The
intervals to be tested are (—oo,—4),(—4,4),

and (4,00). k2 —16>0 for (—eo,—4) U (4,00).

Now, we have 2x—1=0=> x=1/2 and
8x+4=0= x=-1/2. Note that the original

X

fraction is not defined if x=-1/2, so

X+
the intervals to be tested are (—oo, — 1/ 2) s

(—1/2,1/2], and [1/2, o).

Interval Test Value of Result
point X 1
2x+1 4
(=-y2) | |y |
(—1/2, 1/2] 0 —1/4 —
[1/2, ) 1 1/12 +

(continued on next page)
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(continued)

138.

The solution set is (—eo, —1/2)U[1/2, oo).
6x 1 6x 1
=

—<—=s———<0=
4x-1 2 4x-1 2
12x—(4x-1
X (x ) 8x+1<0
2(4x-1) 8x—2
The original fractions bx and S+l are
x—1 8x—2

not defined if x =1/4. Also,

8x+1=0= x=—1/8. The intervals to be
tested are (—eo, —1/8), (~1/8, 1/4), and
(1/4, o).

Interval Test Value of Result
point 6x 1
4x-1 2
(—oo, —1/8) -1 7/10 +
(—1/8, 1/4) 0 —1/2 -
(1/4, =) 1 3/2 +

The solution set is (—1/8, 1/4).

The two solution sets do not intersect, so the

solution set of > l and ——< l is
2x+1 4 dx-1
J.
2l and 2205,
x— x—
We will solve each inequality independently
and then determine where the solution sets
intersect.
2x-1 >1= 2x_l—l>0:>
x—7 xX—
2x—1-(x-7
x—=7 x—7
Now, we have x+6=0= x=-6 and
x—7=0= x=7. The intervals to be tested
are (—oo, —6), (—6, 7), and (7, oo).
Interval Test Value of Result
point 2x—1 .
x—7
(o0, —6) -10 4017 +
(-6, 7) 0 -6/7 -
(7, ) 10 16/3 +

139.

The solution set is (—eo, —6)U(7, o).

x_10>2:>x_10—2>0:>

x—38 x—

(x—lO)—Z(x—8)> x+6>0
x—38 x—38

Now, we have —x+6=0= x=6 and
x—8=0= x=38. The intervals to be tested
are (—oo, 6), (6, 8), and (8, o).

Interval Test Value of Result
point x—10
-2
x—38
(—eo, 6) 0 -3/4 -
(6, 8) 7 1 +
(8, =) 10 -2 -

The solution set is (6, 8).
The two solution sets intersect at (7, 8), so
2x—1 x—10

>1 and
x=17 x—

the solution set of >2

is (7, 8).

Let x = one number. Then ¢ — x = the other
number. So we have

x(c—x)=36=>cx—x2 =36=>

x2—cx+36=0

x? —cx+36=0 has one or two real solutions

if the discriminant is greater than or equal to
zero. So

(~¢)* -4(1)(36)2 0= c* ~ 1442 0=
r>144=c2120rc<-12
Solution set: (—eo, —=12]U[12, o)
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140. Letx = one number. Then 12 — x = the other 1.5 Critical Thinking/Discussion/Writing
number. So we have
2o ( 12— x)z —c In Exercises 143 and 144, answers may vary. Sample
responses are given.
2 _ 2 _
Pl -2t =c 143. 2. (x+4)(x-5)<0
2x% = 24x+144=c
—6)<
2x2 —24x+144—c=0 b. (x+2)(x=6)<0
2x% —24x+144 — ¢ has one or two real c. x2>0 d. 2<0
solutions if the discriminant is greater than or
equal to zero. So e. (x-— 3)2 <0 f. (- 2)2 >0
(-24)> —4(2)(144-c)2 0=
x—4 x=3
576-1152+8c=0= -576+8c =0 144. a. <0 b. <0
x+2 x=5
8¢ >576=c272
Solution set: [72’ oo) c. ¥t is not‘ poss'ible to have a quadratic
inequality with solution set (2, 5]. If we try
141. Let x = the total number of radios imported. (x=2)(x=5) <0, then the solution set will
Then x —1000 = the number of radios subject be (2, 5). If we try (x—2)(x—5)<0, then
to the penalty tax. So we have the solution set will be [2, 5].
10x +0.05x(x —1000) < 640,000 o ]
10x + 0.05x2 — 50x < 640,000 1.5 Maintaining Skills
2
0.05x° —40x — 640, 000<0 145. |_3| =3 146. |3 _ 7| — |_4| =4
x* —800x —12,800,000 <0
(x — 4000)(x +3200) <0 147. [6-4|=]2|=2 148, |-2|=42
Solving the associated equation gives x =
4000 or x = -3200. Checking the intervals 149. |0| =0 150. |_15.g| =15.8
[0,4000] and [4000, <), we find that the
solution is in the range [0,4000]. So they can 151. d= |5 - (—2)| = |7| =7
import no more than 4000 radios.
. 152, d=|-8-(-15)|=|-7|=7
142. Let x = the number of bonus questions. Then
the number of questions answered correctly is 153. d= |5_7 _ 2'3| - |3'4| =34
x + 10, and the amount won for each correct
answer is 100 + 50x. So we have 154. d = |0_ (_5)| _ |5| _5
(x+10)(50x+100) = 3500
50x% +600x +1000 > 3500 155. |x—(-2)|=5o0r [x+2|=5
50x% +600x - 2500 > 0
241255020 156. |x|=3 157, |x-4|<2
Ljas\i/2g the quadratic formula to solve for x, we 158. |x| S5 159, |x B 5| <3
—1244/127 - 4(1)(- - _
M50 Lo ysa 160. |x—2|<|x-6|

2(1)
We reject the negative root, so there must
have been more than 3.3 bonus questions
answered correctly. Since there cannot be a
fraction of a question, we round up to 4.
Therefore the contestant must have answered
at least 14 questions correctly to have earned
more than $3500.
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1.6 Equations and Inequalities

Involving Absolute Value

1.6 Practice Problems

La |x-2/=0=>x-2=0=x=2
Solution set: {2}

b. |6x-3]-8=1

lox—3/=9

6x—3=9 or 6x-3=-9
6x=12 6x=-6
x=2 x=-1

Solution set: {—1, 2}
|x + 2| = |x - 3|

x+2=x-3 or x+2:—(x—3)
0=-5 False x+2=—x+3

1
2x=1 = —
X =X 3

. 1
lut t: (=
Solution se {2}

PBx—4|=2(x-1)
3x—4=2(x—1) or 3x—4=—2(x—1)
3x—4=2x-2 3x—4=-2x+2

x=2 5x=6:>x:g

Solution set: {g, 2}

Br+3<6=-6<3x+3<6=
-9<3x<3=-3<x<1
Solution set: [—3, 1]

] ] L

L ]
L |
3 1

Let x = the actual speed of the search plane, in
miles per hour. Then,
|x—115|<25=-25<x-115<25=
90<x<140

Thus, the actual speed of the plane is between
90 and 140 miles per hour. Since the plane
uses 10 gallons of fuel per hour and has 30
gallons of fuel, it can fly for 3 hours. The
actual number of miles the search plane can
fly is 3x:

3(90) <3x <3(140) = 270 < x < 420

The plane can fly between 270 miles and 420
miles.

6. [2x+3[=26=2x+3<-60r2x+326

2x+3<-6 |2x+32>26

2x<-9 2x2>3
xS—g xZg
2 2
Solution set: (—oo, —2}U{3, j
2 2
I 1af
1 r
_9 3
2 2

7.a. |5-9x>-3

Since absolute value is always nonnegative,
|5 - 9x| > =3 is true for all real numbers.

Solution set: (—oo, o)

b. |7x-4<-1

Since absolute value is always nonnegative,
|7x - 4| < -1 is false for all real numbers.

Solution set: &

x-2 <4=>—4<x_2<4
x+4 x+
0< 244 =2 _4<0
x+4 x+4
0<x—2+4@+4) x—2—4@+4)<0
x+4 x+4
x—=2+4x+16 x—2-4x-16
0< <0
x+4 x+4
O<5x+14 —3x—18<0
x+4 x+4

5x+14=0:>x=—%; x+4=0=>x=-4

-3x-18=0=>x=-6

Interval Test Value of Result
point 5x+14
x+4
(=0, =6) | -10 6 +
14
(~4-%)| -3 -1 -
1
(—?, °°) -1 3 +

Note that the expression is undefined for
x =—4. The solution set is for this part of the

original inequality is (—ee, —6)U (—%, °°)-

(continued on next page)
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(continued)
Interval Test Value of Result
point —3x-18
x+4
(<o, =6) | =7 -1 -
(-6, —4) -5 3 +
(=4, o) -1 -5 -

Note that the expression is undefined for
x =4. The solution set is for this part of the

original inequality is (—eo, —6)U(—4, ).

—— = +++ 0
L & 15 e 11
-7 -6 -5 -4 K2 -1 0

el e e
I N N N PR L

-7 -6 -5 -4 K2 -1 0

The figure shows that both inequalities are

true on (—oo, —6)U(—%, oo), so the

solution set is (—eo, —6)U(—%, °°J~

1.6 Basic Concepts and Skills

1.

o

10

The solution set of the equation |x| =a is
{-a.a}.

The solution set of the inequality |x| <a is
(=a. a).

The solution set of the inequality |x| >a is

(<. ~a]Ula. =)

The equation |u| = |v| ifu=yvoru=-y.
True
True

Bx=9=3x=90r3x=-9=
x=3orx=-3

l4x|=24 = 4x=24 or dx=-24 =
x=6orx=-6
|-2x|=6=-2x=60r —2x=-6=

x=-3orx=3

|—x|:3:>—x:30r —-x=-3=
x=-3orx=3

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

|x+3=2=x+3=20rx+3=2=
x=-lorx=-5

|x—4|=1=x-4=lorx-4=-1=
x=5orx=3
|6-2x=8=6-2x=80r6-2x=-8=
x=-lorx=7
|6-3x=9=6-3x=90r6-3x=-9=
x=-lorx=5
lox-2|=9=6x-2=90r6x-2=-9=
7

X=—orx=——

6 6
lox-3=9=6x-3=90r6x-3=-9=
x=2orx=-1

[2x+3-1=0=[2x+3|=1=2x+3=1
or2x+3=-1=x=-lorx=-2

[2x-3-1=0=[2x-3|=1=2x-3=1
or2x—-3=-1=x=2orx=1

%|x|:3:>|x|:6:>x:—60rx=6

§|x|=6=>|x|=10=>x=—100rx=10

lx+2 =3:>lx+2=—30r lx+2=3:>
4 4 4
x==-20o0rx=4
ix—l =3:>§x—1=—3 or g)c—1=3:>
2 2

4 8
X=——orx=—

3 3

6/l-2x|-8=10=6|l-2x|=18 =
[[-2x=3=1-2x=30r1-2x=-3=
x=-lorx=2
S[l-4x|+10=15=5|1-4x|=5=
[[-4x|=1=1-4x=lorl-4x=-1=

x=00rx=l
2

2Bx-4[+9=7T=23x-4=-2=
PBx—4|=-1

The solution set is & because an absolute
value cannot be negative.
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26.

27.

28.

29.

30.

31.

32,

33.

34.

Ix-3+2=-7T=92x-3=9=
[2x-3|=-1

The solution set is & because an absolute
value cannot be negative.

[2x+1=-1

The solution set is & because an absolute
value cannot be negative.

PBx+7)=-2

The solution set is & because an absolute
value cannot be negative.

‘x2—4‘=0=>x2—4=0=>x=i2
Solution set: {-2, 2}
9-x2=0=9-27=0= x=13
Solution set: {-3, 3}
[[-2x=3=1-2x=30r1-2x=-3=

x=—-lorx=2
Solution set: {—1, 2}

[4-3x=5=4-3x=50r4-3x=-5=

x=—% orx=3

Solution set: {—%, 3}

=2l 220l a2
37 737377393 3
X=—7 0rx=

Solution set: {—l, 1}

3

2 q=1is2 Ll 2o o1y
5 5°5 5 5 5
x:l orx:é

5 5

. 13
Solut t: =, =
olution se {5 5}

In exercises 35—44, be sure to check answers to
eliminate extraneous solutions.

35.

36.

|x+3|=|x+5|= x+3=x+5 (impossible)

orx+3=—(x+5=>x+3=-x-5=>x=-4

The solution set is {—4}.

|x+4|=|x—8/= x+4=x—8 (impossible)
orx+4=—-(x-8)=>x+4=—x+8=
x=2

The solution set is {2}.

37.

38.

39.

40.

41.

42,

Bx-2|=l6x+7|=3x-2=6x+7=
x=-3o0r3x-2=—(6x+7)=

3x—2=—6x—7=>x=—§
9
. . 5

The solution set is —3,—5 .

[2x-4|=|4x+6|=2x-4=4x+6=
x=-5o0r2x—-4=—(4x+6)=

2x—4=—4x—6:>x=—%
. . 1
The solution set is {—5,—5}.

Px-1=x+1=

2x—1=x+1 or 2x—-1=—(x+1)
x=2 2x—1=-x-1

3x=0=>x=0

Solution set: {0, 2}

Bx-4|=2(x-1)=

3x—4=2(x—1) or 3x—4=—2(x—1)

3x—-4=2x-2 3x—-4=-2x+2

x=2 5x=6:>x:g

Solution set: {g, 2}

[4-3x=x-1=
4-3x=x-1 or 4—3x=—(x—1)

S5=4x 4-3x=-x+1
S_ _ 3_
4—x 3—2x=>2—x
Solution set: {2, E}
42

[2-3x=2x-1=
2-3x=2x-1 or 2—3x=—(2x—1)

3=5x 2-3x=-2x+1
3_, I=x
5

Solution set: {%, 1}
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43. Bx+2/=2(x-1)= 52. |d+2>-7T=]x>-9
3x+2=2(x-1) or 3x+2=-2(x-1) Since absolute value is always nonnegative,
3x+2=2x-2 3x4+2=-2x+2 the inequality is true for all real numbers.
x=-4 S5x=0=>x=0 Solution set: (—oo, o)
If x = —4, then [3x + 2| = [3(=4) + 2| = |-10| =
10, while 2(x — 1) = 2(=4 — 1) = 2(=5) = —10. 53. [2x-3[<4=>-4<2x-3<4=>
Therefore, —4 is not a solution. <2r<T = _l <x< Z
If x = 0, then [3x + 2| = 3(0) + 2| = 2| = 2, 2 2
while 2(x — 1) =2(0 - 1) =2(-1) = -2. ) ) 17
Therefore, 0 is not a solution. The solution set is (—E,Ej
Solution set: &
4. |4x+7=x+1= 54. [4x-6|<6=-6<4x-6<6=
4x+7=x+1 or 4x+7=—(x+1) 0<dx<12=0=<x<3.
3 6 Art 7 | The solution set is [0,3].
x=- x+7=-x—
x=-2 Sy gos o 8 55. |5-2x>3=>5-2x<-30r5-2x>3=
5 x>4orx<l.
If x = -2, then [4x + 7| = [4(=2) + 7| = |-1| = 1, The solution set is (—o0,1) U (4, ).
while x + 1 = -2 + 1 =—1. Therefore, -2 is not
a solution. 56. [x-3215=3x-3<-150r3x-3215=
8 8 x<-4orx=6.
If x=——_, then [4x+7|=4| ——Z |+7|= . .
o 5 en | o | ‘ ( 5) The solution set is (—oo, —4]U[6,0).
3123 while x41=—>41=-2 57. [x+4/<19=-19<3x+4<19
g—g,Wle.X‘f‘l——g‘l'l——g. . |x+ |_ = -19<5x+4= =
8 —23S3x£15:>—££x£5.
Therefore, —g is not a solution. 3
Solution set: &J The solution set is {—?,5}.
45. 3x|<12=>-12<3x<12=>-4<x<4
, : 58. [9-7x<23=-23<9-7x<23=
The solution set is (-4, 4). 3
32<-Tx<l4d=—>x>-2.
46. [22)<6=—6<2xr<6=-3<x<3 reEE
The solution set is [3, 3]. The inequalities change direction due to
47. |4x| >16= 4dx<—16 or 4x>16 = division by —7. The solution set is (—2,37—2).
x<—-4orx>4.
The solution set is (—eo,—4) U (4,0). 59. |2x - 15| < 0. The solution set is & because an
48 |3x| 159> 3x < —15 or 35> 15 = absolute value cannot be negative.
x<-=5orx>5. 60. |x + 5| < 3. The solution set is & because an
The solution set is (=0, =5) U (5,°). absolute value cannot be negative.
49. |x+1|<3=-3<x+l<3=>-4<x<2 x=2 x-2
61. <l=-1< <1
The solution set is (—4,2). x+3 x+3
x=2 x=2
- - - 0< +1 -1<0
50. |x-4|<l=>-1<x-4<1=3<x<S5. 13 13
The solution set is (3, 5). 0< x—2+(;c+3) x—2—(;c+3) -0
x+ x+
51 |d+22-1= 423 028t -5
Since absolute value is always nonnegative, x+3 x+3

the inequality is true for all real numbers.
Solution set: (—oo,o0)

(continued on next page)
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(continued) Interval Test Value of Result
1 point 3x+1
2x+1=0=x=—-—; x+3=0=>x=-3 1
2 X
Interval Test Value of Result (_oo, —% -1 1 +
point 2x+1
x+3 (— 1 1) 0 1 _
(oo -3) | 7 * (1 5) 2 7 ;
1
3-3) | -2 -3 - (5) | s = ;
(—%, oo) 2 1 + Note that the expression is undefined for

Note that the expression is undefined for

x =—=3. The solution set is for this part of the
1

original inequality is (—oo, —3)U(—— oo)'

2 9’
Interval Test Value of Result
point -5
x+3
(—eo, =3) —4 5 +
1
IEIEEE
1
(-3 =) 2 -1 -

Note that the expression is undefined for
x = -3. The solution set is for this part of the

2°

original inequality is (—3, - %) U (—l oo).

Both inequalities are true on (—l oo

27

), so the

solution set is (—%, oo).
62. x+3 <2:>—2<x+3<2

X - x—1

0< 340 X3 50
x— x—
x+3+2(x—1) x+3—2(x—1)

0< <0

x—1 x—1

O<3x+1 —x+5<0

x—1 x—1

3x+1=0=>x=—%; x—1=0=>x=1

—x+5=0=>x=5

x = 1. The solution set is for this part of the
original inequality is

(o=, ~2)U(L 5)U(S. ).

Interval Test Value of Result
point —x+5
x—1
=] ] |-
By o] s |-
(1 5) 2 3 +
(5, =) 3 -5 -

Note that the expression is undefined for

x = 1. The solution set is for this part of the
original inequality is

(= ~u4 Ut ).
Both inequalities are true on

(—°°, —%) U(5, ), so the solution set is

(== =3)UG =)

kP FNE PP

x+1 x+1

02343 273 320
x+1 x+1

OSZx—3+%x+U 2x—3—%x+DSO

x+1 x+1

0<% =6 g

x+1 x+1

5x=0=x=0; x+1=0=>x=-1
—-x-6=0=x=-6
(continued on next page)
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(continued)
Interval Test Value of Result
point 5x
x+1
(=0, =6] | -11 i +
[-6, - 1) -2 10 +
(-1, 0] - -5 _
[0, o) 4 4 +

64.

Note that the expression is undefined for
x =—1. The solution set is for this part of the
original inequality is

(—oo, =6]U[-6, —1)U[0, ).

Interval Test Value of Result
point -x—6
x+1
1
(—00, - 6] -11 -3 -
[—6, - 1) -2 4 +
1
(-1, 0] -3 —11 _
[0, o) 4 -2 -

Note that the expression is undefined for

x =—1. The solution set is for this part of the
original inequality is

(=eo, =6]U(-1, 0]JU[O0, o).

Both inequalities are true on

(—00, - 6] U [O, oo) , so the solution set is

(—eo, —=6]UJ0, o).

2x—1 2x—1
<l=-1< <1
3x+2 3x+2
o<l 2=l 10
3x+2 3x+2
2x—1+(3x+2) 2x—1—(3x+2)
0< <0
3x+2 3x+2
Sx+1 -x-3
< <0
3x+2 3x+2

5x+1=0=>x=—%; 3x+2=0=>x=—%

-x=-3=0=x=-3

65.

Interval

Test
point

Value of
Sx+1

Result

3x+2

(==, =3] | -10

ENNIN]
+

|
A
|
1S
N
|
V)
Ao
+

|
W |—
3
~
(e
0 [—
+

Note that the expression is undefined for
x= —%. The solution set is for this part of the
original inequality is

(o, =3]U[3, - )U[ -1, =).

Interval Test Value of Result
point -x-3
3x+2
(w0, =3] | =10 -5 -
IR E
ey 3] e |-
IR

Note that the expression is undefined for
x= —%. The solution set is for this part of the
original inequality is
2 _1 1
(—°°, - 3] U (—g, —g] U [—g, °°)-
Both inequalities are true on

(—00, - 3] U [—%, oo), so the solution set is

)

Sk (R SN Sl A SO Sl Y
x+2 x+2 x+2
x—ls_2 x—l22
x+2 x+2
=1 a<o =1 550
x+2 x+2
x—1+2(x+2) x—1—2(x+2)
<0 >0
x+2 x+2
3x+3£0 —x—5Z
x+2 x+2

3x+3=0=2>x=-1, x+2=0=>x=-2
—x—-5=0=>x=-5

(continued on next page)
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(continued) Interval Test Value of Result
Interval Test Value of Result point 4x-3
point 3x+3 x=2
X+ 2 (—oo’ %] 0 % +
(—eo, = 5] -6 L +
4 3
[3.2) I -1 -
[-5.-2) | -3 6 +
(2. %] 3 9 +
3
(-2, -1] -2 -3 -
9
5 X 7 5 +
[-1, <) 1 2 + [2 )

66.

Note that the expression is undefined for
x =—2. The solution set is for this part of the

original inequality is (—2, - 1].

Interval Test Value of Result
point -x-5
x+2
1
(—oo, — 5] _6 _Z —
[—5, - 2) -3 2 +
3
(_2, - 1] —E —7 -
[1, o) 1 -2 -

Note that the expression is undefined for
x =—2. The solution set is for this part of the

original inequality is [—5, - 2). Since the

original inequality is an “or” inequality, the
solution set of the original inequality is the
union of the two solution sets.

The solution set is (—2, - 1] U [—5, - 2).

|x+3|23:3x+3g_30rx+323
h—2| x=2 x=2
x+3<_3 x+323
x=2 x—2
X¥3 3<q X3 350
x—2 x—2
x+3+3@—2)£0 x+3—3@—2)20
x—2 x—2
4x_3£0 —Qx+920
x=2 x—2
4x—3=0=$x=%;x—2=0=3x=2

2x+9=0=>x=

NSNIN=)

67.

Note that the expression is undefined for
x =—2. The solution set is for this part of the

original inequality is [3 2).

T
Interval Test Value of Result
point —2x+9
x—2

HIRNEENE
o) | 0 | 4 |-
(2. %] 3 3 +
IR

Note that the expression is undefined for
x =—2. The solution set is for this part of the

original inequality is (2

2

2 J Since the

original inequality is an “or” inequality, the
solution set of the original inequality is the
union of the two solution sets.

The solution set is [%, 2) U (2, %J
2x+1 >4:>2x+1<_4 or 2x+1>4
x—1 xX— x—1
2x+1<_4 2x+1>4
x—1 x—1
2x+1+4<0 2x+1_4>0
xX— x—1
2x+1+4(x—1) 2x+1—4(x—1)
<0 >0
x—1 x—1
6x—3<0 —2x+5>0
x—1 x—1
6x—3=0:>x:%; x—-1=0=>x=1

—2x+5=0=>x=§
2

(continued on next page)
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(continued)
Interval Test Value of Result
point 6x-3
x—1
HIEEEEE
EEEEEE
(1L3) 2 9 +
IR

Note that the expression is undefined for
x =—2. The solution set is for this part of the

original inequality is (%, 1).

Interval Test Value of Result
point —2x+5
x—1

IR

0 [—
—_
N
EN[Y)

—14 -

Note that the expression is undefined for
x =—2. The solution set is for this part of the

original inequality is (1, %) Since the original
inequality is an “or” inequality, the solution

set of the original inequality is the union of the
two solution sets. The solution set is

U3

6. |25 20l g o 22l
13x+2] 3x+2 3x+2
2x—1 2x—1
< - >5
3x+2 3x+2
2l sc0 2=l 550
3x+2 3x+2
2x—1+5(3x+2) 2x—1—5(3x+2)
—_— <) | ——=>0
3x+2 3x+2
17x+9<0 —13x—11>0
3x+2 3x+2

17x+9=0=>x=—2; 3x+2=0=>x=—%
17 3

11

-13x-11=0=>x=——

13

69.

Interval Test Value of Result
point 17x+9
3x+2
11
(- -4) | 1 8 +
1 _2 10 53
(_ [ER ?) 13 N +
(_ 2 _ 2) _1o0 _17
3’ 17 17 4 -
9 9
(5) | o 2 *

Note that the expression is undefined for
x =—2. The solution set is for this part of the

original inequality is (—%, - %)
Interval Test Value of Result
point —13x-11
3x+2
11
IR
1 _2 10 13
(_ 13 ?) K 4 +
(_ 2 _ 2) _lo _5 _
3017 17 4
9 11
(F=) | 0 i -

Note that the expression is undefined for
x =—2. The solution set is for this part of the

original inequality is (—%, —%) Since the

original inequality is an “or” inequality, the
solution set of the original inequality is the
union of the two solution sets. The solution set

o (1L 2 _2 _9
IS( 13 3)U( ER 17)'

|x—1|£2|2x—5|:>‘ <2=
<Xl o
2x-5
o<1 s =1 _,<0
2x-5 2x-5
Sx—l+2(2x—5) x—l—2(2x—5)£0
2x-5 2x-5
OSx—l+4x—10 x—l—4x+10S
2x-=5 2x-5
0S5x_11 —3x+9SO
2x-5 2x-5
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(continued) _
70. 20x-5|<2x-3= 202 <1
5x-11=0 1 or-s5=0 >
xX—1l=0=x=—; 2Xx—-J3=0=>x=— — -
5 2 x5 1 1 ox=5 1
-3x+9=0=>x=3 2x-3] 2 2 2x-3 2
Interval Test Value of Result _l < x=5
point 5x—11 2 2x-3
2x-5 o<, 1
2x-3 2
11 11 _ _
2(2x-3)
1 5 23 5
[?’5) = - - 0S2x—10+2x—3
5 4x-6
4x—-6
Note that the expression is undefined for -5 1
x= % The solution set is for this part of the 25—3 < E
.. . e = (oo 11 5 o x-=5 _ l
original inequality is S —( , SJU(2, ) %3 2 <0
Interval Test Value of Result 2(x-5)-(2x-3) <0
point —3x+9 2(2x-3)
2x=5 2x—10—2x+3<0
4x-6 -
5 9
(_oo’ 5) 0 s - =7 <
4x-6
(i 3] i 3 +
2’ 4 2 Neither expression is defined if x = %
[3, ) 5 -4 - 4x-13=0=x=1.
Note that the expression is undefined for Interval Test Value of Result
x= % The solution set is for this part of the point 4x-13
4x—
original inequality is S, = (—oo, %)U[3, o). x-6
oo, 3 13
+++++++++++++ 0+ +++++++ ( ’2) 0 6 +
s, | I e | |
s 3 BB -3 —
-1 0 25353 4 (2 N J 2 >
——————————————— +0-——————= 13 3
S, | L L | é | [7’ oo) 4 10 +
-1 0 2 23 4

The figure shows that both inequalities are

true on (—oo, %J U3, =), so the solution set

is (oo, L]U[3, ).

The solution set is for this part of the original

inequality is S = (—oo, %) U [%, oo).
Interval Test Value of Result
point -7
4x—-6
EIEEEEE
EIEEEEE

The solution set is for this part of the original

inequality is §, = (%, oo).
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(continued)

bbb oo 0++++
s, | L l . | |133 |

-1 0 152 32 4

SRR bbbt
s, L | | | | |

3
-1 0 152 3 4

The figure shows that both inequalities are

true on [E, oo), so the solution set is

4
%)
4> )

1.6 Applying the Concepts

71.

72.

74.

76.

77.

78.

79.

IT-75|=20=T-75=-20or
T-75=20=T=550rT=95

The temperatures in Tampa during December
are between 55°F and 95°F.

|x—1.14/<0.05 73. |x—700|< 50

|x— 480/ <90 75. |x-120/<6.75

Let x = the actual number of gallons of gas.
1 1 1
h-djsto Leacly
4 4 4
—1S4x—16£1:>££x££
4 4

The motorcycle has between 3.75 and 4.25
gallons of gas, so it can travel between

37(3.75) =138.75 miles and
37(6.25) =157.25 miles.

Let x = the number of people at a party. Then
[120-x|<15=-15<120-x<15=
-135<-x<-105=105< x<135. So,
between 105 and 135 people will be at the
party. The total spent on food will be between
48(105) = $5040 and 48(135) = $6480.

Let x = the number of bonuses actually given.
Then [60—x[<7=-7<60-x<7=
—67<—-x<-53= 672> x2>53. So, between
53 and 67 people will receive bonuses. The

total spent on bonuses will be between
1200(53) = $63,600 and 1200(67) = $80,400.

Let x = the actual weight of Sarah’s catch.
Then |32—x|§lﬁ—lﬁ32—xﬁl=>
2 2 2

—-1<64-2x<1=-65<-2x<-63=.
3252x2=315.

80.

So, her catch is between 31.5 pounds and 32.5
pounds. She will be paid between
0.60(31.5) = $18.90 and 0.60(32.5) = $19.50.

Let x = the actual number of tickets sold. Then
|460 - x| <25 = -25<460 - x <25 =

—485 < —x <-435= 485> x > 435. So there
were between 435 and 485 tickets sold. The
park might take in between

29.50(435) = $12,832.50 and

29.50(485) = $14,307.50.

1.6 Beyond the Basics

81. a. ‘x2—9‘=x—3:>x2—9:—(x—3) or

x*-9=x-3
x2—9=—(x—3):>x2—9=—x+3:>
P Hx-12=0= (x+4)(x-3)=0=
x=-4,3

-9=x-3=x’-x-6=0=

(x+2)(x—3)=0=> x=-2,3

Checking x = -4, x = -2, and x = 3 in the
original equation shows that x = —4 and
x = =2 are extraneous solutions.

The solution set is {3}.

b. ‘x2—8‘=—2x:>x2—8=—(—2x) or

x?—8=-2x
x2—8=—(—2x)=>x2—8=2x=>

K -2x48=0= (x+2)(x—4)=0=
x=-2,4

x2-8=-2x= x> +2x-8=0=
(x+4)(x—2)=0=> x=-4,2
Checkingx=-4,x=-2,x=2,and x=41in
the original equation shows that x = 2, and
x = 4 are extraneous solution.

The solution set is {—4, —2}.

c. ‘x2—5x‘=6:>x2—5x:—6 or

x2—5x=6
X —5x=-6=x>-5x+6=0=
(x—2)(x—3)=0=>x=2, 3

X2 =5x=6= x> -5x-6=0=
(x+1)(x—6)=0=>x=—1, 6
Checkingx=-1,x=2,x=3,and x=61n
the original equation shows that all values
are solutions.

The solution set is {-1, 2, 3, 6}.
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d. ‘x2+3x—2‘=2:>x2+3x—2:—2 or

x? +3x-2=2.If x> +3x—2=-2, then
x> +3x=0= x(x+3)=0=x=0or
x=-3.

If x> +3x-2=2, then x> +3x-4=0=
x+4d)(x-1D)=0= x=1lorx=-4.
Checkingx=-4,x=-3,x=0,and x=11in
the original equation shows that all values

are solutions.
The solution set is {-4, -3, 0, 1}.

82.a. [x?=7|=6x|= 27 -7 =6x or
x2-7=—6x

¥ -T=6x=x*-6x-7=0=
(x+1)(x—7)=0=>x=—1, 7

¥ -T=-6x=x*+6x-7=0=
(x+7)(x—1)=0=>x=—7,1
Checkingx=-7,x=-1,x=1,and x = -7

in the original equation shows that all
values are solutions.

The solution set is {1, £ 7}.

b. [x?-2x|=fsx-10]= x? ~2x=5x-10or
x2—2x=—(5x—10)
x> =2x=5x-10= x> -7x+10=0=
(x—2)(x—5)=0:>x=2, 5
x*—2x=~(5x-10)=
X2 —2x=-5x+10= x> +3x-10=0=
(x+5)(x—2)=0:>x=—5, 2

Checking x = -5, x =2, and x = 5 in the
original equation shows that all values are
solutions. The solution set is {2, t 5}.

c. ‘2x2 —3x+5‘=‘x2—4x+7‘=>
2x2—3x+5=—(x2—4x+7) or
2x% - 3x+5=x%—4x+7
2x2—3x+5=—(x2—4x+7)=>

2x% —3x+5=—x2+4x-T=
32— T7x+12=0=

_ (DY -4(3)(12)

2(3)
7449144 7+i95
6 6

These solutions are extraneous.

232 =3x+5=x"—dx+7>

P rx-2=0=(x+2)(x-1)=0=
x=-2,1

Solution set: {-2, 1}

d. ‘x2+x+3‘=‘x2+5x+1‘=>

x2+x+3=—(x2+5x+1) or

X+ x+3=x2+5x+1
x2+x+3=—(x2+5x+1):>

x2+x+3=—x2—5x—1:>

2x% +6x+4=0= x> +3x+2=0=
(x+2)(x+1)=0:>x=—2, -1

X +x+3=x> +5x+1=

—4x+2=0:>x=l
2

Checking x=-2, x=-1, and x = % in the

original equation shows that all values are

solutions. The solution set is {—2, -1, %}

83. |2x-3|+[x-2|=4

3
2

where the absolute value expressions equal
zero. Since these expressions must be negative
or positive for other x-values, then these points
divide the number line into intervals each of
which should be considered separately. Thus,

The points x == and x = 2 are the points

we will consider the intervals (—oo, %J,

(2.2], and (2,0).

Interval Test | Signof | Sign of
point | 2x-3 x=2

IR

G2 | § | + | -
(2,00) 3 + +

On the first interval, both absolute-value
expressions will have negative values, so
change the signs on both of them when taking
the bars off.

(continued on next page)
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(continued) On the first interval, both absolute-value
expressions will have negative values, so
-(2x-3)—-(x-2)=4 change the signs on both of them when taking
2x+3-x+2=4 the bars off.
—3x+5=4 -2(2x-3)+3(x-2)=5
—3x=—1=>x=l —4x+6+3x-6=5
3 —-x=5=>x=-5
Since x =% lies in the interval (—°°, %J, this Since x = -5 lies in the interval (—oo, %], this
is a valid solution. is a valid solution.
On the second interval, [2x — 3| is positive, so On the second interval, [2x — 3| is positive, so
just take the bars off. But [x - 2| is negative, just take the bars off. But [x — 2| is negative,
change the sign when taking the bars off. change the sign when taking the bars off.
(2x-3)-(x-2)=4 2(2x-3)+3(x-2)=5
2x-3-x+2=4 4x-6+3x—-6=5
x—1=4=x=5 Tx—-12=5
Since x = 5 does not lie in the interval (%, 2}, Tx=17 = x= H
it is not a valid solution of the original 7
equation. Since x = % does not lie in the interval
On the third interval, the arguments of both 3 L . .
absolute values expressions are positive, SO (5’ 2}’ itis not a valid solution of the
just remove the absolute value bars. original equation.
(2x - 3) + (x - 2) =4 On the third interval, the arguments of both
2x=34+x-2=4 absolute values expressions are positive, SO
3x—5=4 just remove the absolute value bars.
3x=9= x=3 2(2x-3)-3(x-2)=5
Since x = 3 lies in the interval (2,00) , the 4x-6-3x+6=5
solution is valid. Thus, the solution set for the x=5
.. . Since x = 5 lies in the interval (2,e°), the
original equation is {3, 3}. . . ]
solution is valid. Thus, the solution set for the
84. 2[2x-3-3x-2|=5 original equation is {£5}.

3
2

where the absolute value expressions equal
zero. Since these expressions must be negative
or positive for other x-values, then these points
divide the number line into intervals each of
which should be considered separately. Thus,

The points x == and x = 2 are the points

we will consider the intervals (—00, %J,

(2. 2], and (2,%0).

Interval Test | Signof | Sign of
point | 2x-3 x=2
3
(-=3] | o - -
G2 | 3] +« | -
(2,) 3 + +

85.

86.

Let u =|x. Then |x* —4[x/-7=5=
u?—du-7=5=u’-4u-12=0=
wM-6)(u+2)=0=>u=-2,6.

Now solve for x: -2 = |x| is not possible.
6:|x|:>x:60rx:—6

Solution set: {—6, 6}.

Let u=|x|. Then 2|x|2—|x|+8=11:>
2wl -u+8=11=2u’-u-3=0=
(2u—3)(u+1)=0:>u=%, ~1.

3 3 3
Now solve for x: §:|x|:> XZE orx:—E.

-1= |x| is not possible.

. 3 3
lut t.\—=, =
Solution se { > 2}
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87.

88.

89.

90.

O<a<b=>b—-a>0 and

0<c<d=d-c>0. The product of two
positive numbers is positive, so

(b-a)c>0&s be>ac (1) and
(d-c)a>0<= ad >ac (2). We know that
bc > ac and bd > ad, so

bd —bc > ad —ac = bd + ac > ad + bc.
Substituting (1) and (2) into the inequality, we
have bd + ac > ad + bc > ac + ac = bd > ac.

Use the results of Exercise 87 in order to show
that ae < bf <cg giventhat 0<a<b<c

and O<e< f<g.
ae<bf and bf <cg, so ae<bf <cg.

x2<a:>x2—a<O:>(x—\/;)(x+\/;)<0

(x—x/;)(x+\/5)<0=>
(x—JZ)>0and (x+JZ)<0=>

x>A+a andx<—«/5=>\/5<x<—\/5=>

\/E < —\/E , a contradiction
or

(x—x/g)<0and (x+x/£)>0=>
x>—+a andx<\/;:—\/;<x<\/2
Thus, the solution set is (—\/E s \/E ) .

x2 >a:>x2—a>O:>(x—\/;)(x+x/;)>0

(x—\/;)(x+\/2)>02>
(x—x/g)<0and (x+x/g)<0:>

x<Aa andx<—\/;:>x<—x/g
or

(x—x/g)>0and (x+x/g)>0:>

x>—-a andx>x/;:x>\/;
Thus, the solution set is

(el U(Va.=2).

In Exercises 91-102, answers may vary. Sample
responses are given.

91.

93.

95.

97.

|x—4|<3 92. [2x-11|<5
|x-4|<6 94. |x+4|<3
|x=7|>4 96. |x-2|>3
[2x-5|>15 98. |x+2|>1

99.

100.

101.

102.

104.

105.

106.

a+b| a+b

X - =2x—a-b|<a+b

|2x—c—d|£d—c
|2x—a—b|>b—a
[2x—c—d|zd-c 103. |x-39|<31

|x—1]<5and |x/>2

Solve each inequality and then determine
where the two solution sets intersect.

[r-1]<5=-5<x-1<5=-4<x<6
|x|22:>x£—20rx22

The intersection of the two solution set is

[—4, - 2] U [2, 6], so this is the solution set of
the original problem.
1<|x-2/<3=
1<£x-2<3 or
3<x<5

1<-(x-2)<3

1<—x+2<3
-1<-x<1

12x>2-1=-1<x<1
The union of the two solution sets is the
solution set of the original inequality.
Solution set: [—1, 1] U [3, 5]

|x—1+]x-2|<4

Solve the equation |x - 1| + |x - 2| =4 to find
the critical values for the inequality.

The points x = 1 and x = 2 are the points
where the absolute value expressions equal
zero. Since these expressions must be negative
or positive for other x-values, then these points
divide the number line into intervals each of
which should be considered separately. Thus,

we will consider the intervals (—oo, 1],

(1, 2], and (2,00).

Interval Test | Sign of
point x—1

Sign of
x=2

(me 1] ] 0 - -

(1, 2] 3 + -

(2,20) 3 + +

On the first interval, both absolute-value
expressions will have negative values, so
change the signs on both of them when taking
the bars off.

(continued on next page)
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(continued)

—(x-1)-(x-2)=4
—2x+3=4

—2x=1:>)c=—l
2

Since x = —% lies in the interval (—oo, 1],

x= —% is a valid solution.

On the second interval, x — 1 is positive, so
just take the bars off. But x — 2 is negative,
change the sign when taking the bars off.
(x—l)—(x—2)=4
1=4

Since this is a false statement, no values of x
in the interval (1, 2]are valid solutions of the
equation.
On the third interval, the arguments of both
absolute values expressions are positive, so
just remove the absolute value bars.
x—=1+x-2=4

2x-3=4

7
2x=T=>x=—
2
Since % lies in the interval (2,0), x=% isa
valid solution.

So x= —%, 1, 2, % are critical values. Test

values in the intervals (—oo, —ﬂ, (—%, IJ,

(1, 2], (2, %], and (%, oo) to see where the

original inequality is true.

S LR RN &

NS

Intersection™ | |Inkersection
n=-k =y =:.k =y

Interval Test Value of Value <4?

point | |x—1|+[x—2]

OO0

]| -1 5 No

0| —

, —

, 1} 0 3 Yes

0 [—=

[\S)
[SIEN]

J 3 3 Yes

s

(
(
(L 2] 3 1 Yes
(
(

o) 4 5 No

(SIS

Thus, the solution set is [—%, %J Verify this

by graphing Y; = |x— l| + |x— 2| and Y, =4.

107, |x—2|+|x—4]>8.

Solve the equation |x - 2| + |x - 4| =8 to find

the critical values for the inequality.

The points x = 2 and x = 4 are the points
where the absolute value expressions equal
zero. Since these expressions must be negative
or positive for other x-values, then these points
divide the number line into intervals each of
which should be considered separately. Thus,

we will consider the intervals (—oo, 2] s

(2, 4], and (4,00).

Interval Test Sign of | Sign of
point x=2 x—4
(~e=. 2] 0 - -
(2, 4] 3 + -
(4,00) 5 + +

On the first interval, both absolute-value
expressions will have negative values, so
change the signs on both of them when taking
the bars off.

—(x—2)+[—(x—4)] =8
—2x+6=38
2x=2=x=-1
Since x = —1 lies in the interval (—eo, 2],
x =—1 is a valid solution.
On the second interval, x — 2 is positive, so

just take the bars off. But x — 4 is negative,
change the sign when taking the bars off.

(x—2)+[—(x—4)]= 8
2=8
Since this is a false statement, no values of x
in the interval (2, 4] are valid solutions of the
equation.
On the third interval, the arguments of both
absolute values expressions are positive, so
just remove the absolute value bars.
x=24+x-4=8
2x-6=8
2x=14=x=7
Since 7 lies in the interval (2,00), x=7isa
valid solution.
(continued on next page)
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127

(continued)

Sox=-1, 2,4, and 7 are critical values. Test
values in the intervals (—eo, —1], [-1, 2],

[2, 4], [4, 7], and [7, =) to see where the
original inequality is true.

Interval Test Value of Value > 8?
point | |x—2|+|x—4]

(—eo, —1] -2 10 Yes

[-1, 2] 0 6 No

[2, 4] 3 2 No

[4, 7] 5 4 No

[7, =) 10 14 Yes

Thus, the solution set is (—eo, —1]U[7, ).

Verify this by graphing Y; = |x - 2| + |x - 4|
and Y, =8.

AN

;

™,

;

Inkgrseckion
n="1 L =

=8

N/

\_/

Inkirseckion
n=7 L =B

108. |x—1|+|x—2|+|x-3|<6

Solve the equation |x - 1| + |x - 2| + |x - 3| =6

On the first interval, all three absolute-value
expressions will have negative values, so
change the signs on both of them when taking
the bars off.

S+ [~ (- 2)]o[~(-3)]=6
-3x+6=6
3x=0=>x=0
On the second interval, x — 1 is positive, so just
take the bars off. But, x — 2 and x — 3 are both

negative, so change the sign when taking the
bars off.

(x=1)+[-(x=2)]+[-(x-3)]=6
-x+4=6
—x=2=>x=-2
On the third interval, x — 1 and x — 2 are both
positive, so just take the bars off; x — 3 is
negative, so change the sign when taking the
bars off.
(x=1)+(x=2)+[-(x=3)]=6=>x=6
On the last interval, the arguments of all three

absolute value expressions are positive, so just
remove the bars.

(x—1)+(x—2)+(x—3)= 6
3x-6=6
3x=12=>x=4
So, x=-2,0, 4, and 6 are critical values.
Test values in the intervals (—oo, - 2] s

[—2, O], [O, 4], [4, 6], and [6, oo) to see

where the original inequality is true.

to find the critical values for the inequality.
The points x = 1, x = 2 and x = 3 are the points
where the absolute value expressions equal
zero. Since these expressions must be negative
or positive for other x-values, then these points

divide the number line into intervals each of
which should be considered separately. Thus,

we will consider the intervals (—oo, 1],
(1, 2], (2, 3], and (3,e0).

Interval | Test Signof | Signof | Signof
point x—1 x=2 x=3

(—oo, 1] 0 — — —

3
(L 2] 3 + - -

5
(2, 3] 3 + + -
(3 °°) 5 + + +

Interval | Test Value of Value < 6?
point | |x— 1|+ |x—2|+|x-3|

(=0, =2] | -3 15 No

[-2, 0] -1 9 No

[0, 4] 2 2 Yes

[4, 6] 5 9 No

[6, =) 10 24 No

Thus, the solution set is [0, 4]. Verify this by

graphing Y| = |x - 1| + |x - 2| + |x - 3| and

/

/

Inkgrseckion
n=-z.ZBE"

E-i4 'Y=B

Inkgrseckion
n=h L V=B
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O it o P \-\
x+2 ——
The value of x — 1 changes from negative to H=t2
positive at x = 1, where it is 0. So, we will
consider two cases, gEre v=o

G=D-G+2) 0 oy
x+2

wzo ifx<l
x+2

Test the case for x > 1.

Go)=r2) Lo, 3 5y

x+2 x+2
x+2=0=>x=-2
Since this test case is for x > 1, it is only

necessary to test the interval [1, oo).

Interval Test Value of Result
point -3
x+2
3
[1, ) 2 % -

—% is not =1, so there is no solution in this

interval.
Now test the case x < 1.

—(x—l)—(x+2)>0:> —2x—1>0

x+2 B x+2

2x-1=0=x=-1;x+2=0=x=-2
The intervals to be tested are (—oo, —2),

(2. 4] ma [-4.1]

Interval Test Value of Result
point —2x-1
x+2
(—eo, —2) -3 -5 -
R
1
=51 | o - -

The only interval where the value of
—2x-1
x+2

>0 1is (—2, —ﬂ, so the solution set

is (—2, - %J Verify this by graphing

=|x—l|—(x+2)'

Yl
x+2

1.6 Critical Thinking/Discussion/Writing

110.

111.

112.

To find what values make +/(x — 3)2 =x-3

true, solve x—3=0= x =3, so we check the
intervals (—eo,3] and [3,) to see which
makes the equation true. The equation is true
for [3,0).

To find what values make

2
(x2 —6x+ 8) =x2—6x+8 true, solve

x2-6x+8=0= (x—=2)(x-4)=0=x=2
or x = 4. Then check the intervals (—eo,2],
[2,4], and [4,o0) to see which make the

equation true. The equation is true for
(—oo, 2] o [45 oo)

To solve |x =3 = 7|x—3|+10=0, let
u=|x-3[. Sowehave u® -Tu+10=0=
-5 w—-2)=0=u=5o0oru=2. Now
solve for x.
S=[x-3=>-5=x-3o0or5=x-3=
x=—2orx=8. 2=|x-3=-2=x-3 or

2=x-3= x=1orx=25. So the solution set
is {-2, 1, 5, 8}.

1.6 Maintaining Skills

113.

114.

117.

2+5_1_

35
2 2
-3+7 :izz
2 2
S=7_Z10_
2 2
(a—b)—(a+b)_ a—-b—a->b
2 B 2
2,
2
J5-2)7 +(3-7)% =32 +(-4)?
=J9+16=+25=5
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118 \/(—8+3)2+(—5—7)2 =\/(_5)2+(_12)2 5. 3x+8=3(x+2)+2=>3x+8=3x+8 This is
_ m_ @ an identity, so the solution set is (—oo, o).
=13 6. 3x+8=3(x+1)+4=3x+8=3x+7.Thisis

119 \/(2—5)2+(8—6)2 =\/(_3)2+22 =\/m not possible, so the solution set is &.

-3 7. x-Gx-2)=T(x-1)-2=
—4x+2=7x-9=-1lx=-11=x=1
2 2
120. \/(\/5—«/5) +(v2++8) 8. 7+4(3+y)=83y-D+3=
6
2 2 — _ — =
=\/(\/§_2J§) +(V2+242) 19+4y=24y-5=24=20y= =y
2 2
= (_\/5) +(3‘/§) =V3+9-2 9. i3=%:>2(11x—1)=5(x+3):>
X X—
=\3+18=421 2x-2=5x+15=17x=17= x =1
121. 2 +4x+ 4 =(x+2)°
X“Fax+ 4 (x+2) 10. 7 = 3 =7x-2)=3(x+2)=
x+2 x-2
122. x2-6x+ 9 =(x—3)2 Tx—14=3x+6=4x=20=> x=5

52 25 5)2 11. ys, y-l _Ty+3 4,
j =x—5x+ = =(x——j 2 3 8 3
_4 12(y+5)+8(y—-D)=3(7Ty+3)+8(4) =
20y+52=21y+41=11=y

123. x2-5x+

2 2
124. x*+7x+ Zj =x+7x+ hid =(x+z) y-3 y—4 1
2 4 2 2. =——-F —=——=
6 5 6
32 2 5(y=3)-6(y-4H=5-1)=
125. x2+§x+ 2z =x2+§x+ 3 —yt+9=-5=y=14
2 2 2 4
) 13. [2x-3|=j4x+5|=2x-3=4x+5=
:x2+§x+ 2 :(x+§) 2x=8=>x=-4
2 16 4 or2x-3=—(4x+5)=
2x—3=—4x—5:>6x=—2:>x=—1/3
4 (-4) 4 2)?
2 5 _ 2
126. «x —§x+ T =x —§x+(—gj The solution set is {—4,—%}-
) 4
=XxX"-——x+ — 7
5 25 14. |5x—3|=|x+4|:>5x—3=x+4:>x:Z
2
:(x_Z) or Sx—3=—(x+4)= Sx—3=—x—4=
5
x= —é . The solution set is {—%,%}
Chapter 1 Review Exercises
Basic C s and Skl 15. [2x—1|=]2x+7|
asic Loncepls and SKills 2x-1=2x+7 or 2x—1=—(2x+7)
1. Sx—4=11=5x=15=>x=3 —2=7False 2x—-1=-2x-7
2. 12x+7=31=12x=24= x=2 4x=_6=>x=_%
3. 32x-4)=9-(x+7)=>6x-12=2-x= ] 3
Ty=14= x=2 Solution set: {—5}
4. 4(x+7)=40+2x = 4x+28=40+2x =
2x=12=>x=6
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16. |x-1=2-x 27. (x-D?=2x"+3x-5=
x—1=2-x or x—-1=—(2-x) x?=2x+1=2x" +3x-5=
2x=3 x—1==2+x 0=x’+5x-6=0=(x+6)(x—-1)=
x=3/2 —1=-2 False x=—-6orx=1
Solution set: {%} 28, (x+2)2 = x(3x+2)=
X2 +dx+4=3x"+2x =
17. [3x-2|=2x+1 0=2x-2x-4=0=x"-x-2=
3x-2=2x+1 or 3x-2=—(2x+1) 0=(x-2)(x+)=x=2o0rx=-1
x=3 3x—2=-2x-1 42 5
S5x=1 29. T+x=Z=>x +4x=5=
x=1 2 44x—-5=0= (x+5)x-1)=0=
5 x=-S5orx=1
Solution set: {%, 3} 2 4
X 2
30 —+—=x=4x"+7=16x=>
18. [1-2x= 4,16
o =2xd=x+5 4x2-16x+7=0= 2x-1)(2x-7)=0=
1-2x=x+5 or 1-2x=—(x+5) 7
_3x=4 |—2x=—x-5 TRy
4
X=-3 6=x 31, 3x(x+D)=2x+2=3x2+3x=2x+2=
332 +x-2=0=GBx-2)(x+1)=0=
Solution set: {—%, 6} v Gx=2)x+D
x=—orx=-1
-k
19. p=k+gr=p-k=gt="——=g 32. x2-x=35-x)=>x’-x=15-3x=
2 _ —
20. RK=4+3K=RK-3K=4—= N +2x-15=0= (x+35)(x=-3)=0=
4 x=-S5orx=3
K(R-3)=4=>K=——
(R=3) = R-3 33. Use the quadratic formula to solve
>B x2-3x-1=0:
21, T=—"=TB-T=2B=TB-2B=T=
B-1 ‘e —(-3) (=3)% —4(1)(-1)
B(T—2)=T:>B=L 2(D)
T-2 343 _3 3
2 27 2
22. S= =55-Sr=a=>-Sr=a-S>=
1-r 34. Use the quadratic formula to solve
a-S S-a 2
yr=- S = S X +6x+2=0:
—6+4/62—4()(2) —6++/28
23, 2-7x=0=x(x-7)=0= x= 20 =7
x=0orx=7
-6+
2 _ 6_2ﬁ=—3i\/7
24, x"-32x=0=x(x-32)=0= 2
x=0orx=32 )
35. 2x%+x-1=0=Q2x-D(x+D)=0=
25. x2-3x-10=0= (x-5)(x+2)=0= IR R
x=5o0orx=-2
26. 2x2-9x—-18=0= (2x+3)(x—-6)=0=

x=—i orx==6
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36.

37.

38.

39.

40.

41.

Use the quadratic formula to solve
x> +4x+1=0:

E: 42 =41

2(1)
-4+ -4+
_ 4_2\/E= 4_22«E=_2i\/§

First factor 3 from 3x2 —12x—24=0 to get

x* —4x-8=0. Now use the quadratic
formula:

P G LY (=4)” - 4()(-8)

2(1)
+ +
=4_;/E=4_;\/§=2i2\/§

Use the quadratic formula to solve
2x% +4x-3=0:

= 42 —4(2)(-3)

2(2)
_—4V40 _4x2y10 _ Vio
4 4 )

Use the quadratic formula to solve
2x% —x-2=0:

P GDES (-1)* -42)(-2)

2(2)
_1#Vi7 1, T
4 44

Use the quadratic formula to solve
3x% = 5x+1=0:
o)k V(=5 —43)0)
2(3)
513 _5.\13
6 6 6

Use the quadratic formula to solve

¥ —x+1=0:

P GDES (-1)* -4

2(1)
=1i@=1iix/§=1+£i

2 2 272

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

Use the quadratic formula to solve

3x* +4x+3=0:
=t V42 -4(3)3)
2(3)
~4£-20 _4%2i5 2 45,
6 6 373
Use the quadratic formula to solve
x?—6x+13=0:
P G OE Y (=6)* —4(1)(13)
2(1)
+4- +4i
=6_ 16:6_4l=3i2i
2 2
Use the quadratic formula to solve
x*—8x+20=0:
Ok V(=8)% - 4(1)(20)
2()
+4/- +4i
_8+ 16:8_4l=4iZi
2 2
Use the quadratic formula to solve
4x* -8x+13=0:
Ok V(=8) —4(4)(13)
2(4)
_8x+-144 8+£12i 1+§i
8 8 2
Use the quadratic formula to solve
3x? —4x+2=0:
P G LY (9% -403)(2)
2(3)
_4xV8_4x2i2_2 2
6 6 373

The discriminant is (-1 1)2 —43)(6) =49 > 0,
so there are 2 real unequal roots.

The discriminant is (—14)2 -4(1)(49)=0, so
there is 1 real root.

The discriminant is 2% — 4(5)(1)=-16<0, so
there are 2 unequal complex roots.

The discriminant is (O)2 —4(9)(-25) =900, so
there are 2 real unequal roots.

W -16=0=x>-16=0=
(x+4)(x—4)=16= x=+4
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52.

53.

54.

5S.

56.

57.

Vxtb6=x=x+6=x>= 58.

x2-x-6=0=(x-3)(x+2)=0=
x=3orx=-2

We reject —2 because the square root is not
negative. So the solution set is {3}.

Ja-Tx=2x= 4-T7x=2x> =
2x24+7x-4=0= Q2x-D(x+4)=0=
x=l orx=-4

If x = —4, then the equation becomes

J4=7(=4) =\2(~4) = 32 = -4J/2 , which 59,

is not true, so we reject that root. The solution
.1
setis (<.
{2}

t—2\/;+1:0. Letu :\/;, so the equation
becomes u? —2u+1=0= (u-1)>=0=
uzl.Nowsolvefort.1:\/;:>1:t.

y—2\/;—3 =0.Letu= \/;, so the equation
becomes u” —2u-3=0=

u-3)u+D)=0=u=3oru=-1. 60.

Now solve for y. 3:\/§:>9:y or
-1= \/; (reject this). The solution set is {9}.

Bx+4-x-3=3
V3x+4=3+/x-3
3x+4=9+6Vx-3+x-3
3x+4=6+x+6\x-3

2x—=2=6Jx-3 61.

(2x-2)% = (6vx-3)?
4x? —8x+4=36(x—3)
4x% —8x+4=36x-108

4x% —44x+112=0
4(x*-11x+28)=0

x-7Nx-4)=0=>x=T7o0rx=4 62.

The solution set is {4,7}.

&—1:\/5+\/;.Letu:\/;. The equation
becomesu—1=\/m=>(u—l)2=5+u=>
u? - 2u+l=5S+u=u’>-3u-4=
u-4Hu+)=0=>u=4oru=-1.

Now solve for x.

4=\/;:>16=x0r —1=\/;

(not possible). The solution set is {16}.

17
(1-x)°
1-7(1-x)=-10(1-x)?
—6+7x=-10(1-2x+ x2)
—6+7x=—-10+20x—10x>
10x2 —13x+4=0

=-10
1-x

(5x—4)(2x—1)=0=>x=% orx=%

The solution set is {1/2,4/5}.

(Tx+5)2+2(7x+5)-15=0.Letu=Tx +5.
Then the equation becomes

u? +2u-15=0=
(u+5wu-3)=0=u=-5o0ru=3.

Now solve forx: —-5=7x+5= x= —g or

3=7x+5:>x=—g.

The solution set is {—10/7,-2/7}.

(2 =D =11(x* 1) +24 =0,

Letu = x> —1. Then the equation becomes
u? —1u+24=0= u-8)u-3)=0=
u=8oru=3. Now solve for x:
8=x’-1=9=x’=+3=xor

3=x’-1=4=x>=+2=x The
solution set is {-3,-2,2,3}.

x2343x3 —4=0.Letu =x". So the

equation becomes u+3u-4=0=
w+4d)wu—-1)=0=>u=-4oru=1. Now

1/3

solve foru: —4=x"7" = —64=x or

1=x"3

= 1= x. The solution set is {—64, 1}.
)c_z/3 +x_l/3 -6=0

Letu= x71/3

becomes

WHu-6=0= u+3)u-2)=0=
u=-3oru=2.

Now solve for u:

. Substituting, the equation

—3=x_1/3=>—%=x1/3=> S

2=x"1 :>l=x1/3
2

Solution set: —L, l .
27 8
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63.

64.

65.

66.

67.

68.

(\/Z+5)2 ~9(Jr+5)+20=0.

Let u =/t + 5, so the equation becomes

W -u+20=0= u-5u-4)=0=
u=>5oru=4 Now solve for . 5=/t +5=
0=t 01‘4=\/;+5=>—1=\/;. (reject this)
The solution set is {0}.

2
s(y—_lj —7(y—_1)= 0.Letu=2"1so
6 6 6

the equation becomes 3ut-Tu=0=
uBu—-7)=0=u :00ru:%.Now solve

-1 7 y-1
fory: 0= —:> =lor - =¥—=
YRR T 3

6
42=3y-3=15=y.
The solution set is {1, 15}.

4x* =37x* +9=0. Letu = x*. So the
equation becomes 4’ -3Tu+9=0=

(4u—1)(u—9):0:>u:i oru=9. Now
solveforx:i=x2=>x=i% or9=x>=

x = x3. The solution set is {—3,—%,%,3}.

l+ 1 :§:>6(x—1)+6x:5x(x—1):>
x x-1 6
12x—6=5x>-5x=5x>-17x+6=0=
(5x-2)(x-3)=0=x=2/5 orx=3

The solution set is {%,3}.

2x+1  x-1

2x—1 x+1
Cx+D(x+D)=2x-D(x-1

2x2 +3x+1=2x2 —3x+1
6x=0=>x=0
The solution set is {0}.

6—3= 4
x—1

6x(x—1)—-2(x— 1) 4x
6x% —6x—2x+2=4dx
6x2 —12x+2=0

69.

70.

71.

72.

Solve for x using the quadratic formula.

_ —(—12)i\[(—12)2 -4(6)(2) _ 12++/96

2(6) 12
146 _ o 6
12 3 3
The solution set is {1 — £ A+ \/3_}

.So

2
7x) Y L ):IS.Letu: T
x+1 x+1 x+1
the equation becomes u?-3u=18=

u?-3u-18=0= (u-6)u+3)=0=
u =06 oru=-3. Now solve for x :

—3=7—x=>—3x—3=7x=>x=—i or
x+1 10
6= — 6x+6=Tx= x=6
x+1

The solution set is {—i, 6}.
10

2
4x> -3 4x> -3
=1= =1=
X X

4x* -3=x=4x>-x-3 =0=
(4x+3)(x—1):0:>x:—% orx=1or
4x% -3

X

4x*+x-3=0= (4x-3)(x+1) =

=-1=4x>-3=-x=

x=—orx=-1.
4

The solution set is {—1,—

~lw

~lw
u»—a

—

)cz+2y)c—3y2 =0
(x+3y)(x—y)=0
x+3y=0=>x=-3y
x—y=0=x=y
Solution set: {3y, y}
x4 (y-22)x-2yz=0
x4+ xy—2x2-2yz=0
x(x+y)-2z(x+y)=0
(x=22)(x+y)=0
x—2z=0=>x=2z
x+y=0=>x=-y
Solution set: {-y, 2z}

Copyright © 2015 Pearson Education Inc.



134 Chapter 1 Equations and Inequalities
2 2 _

73 x4 (3-2y)x+y" -3y +2=0 80. 2x+1>22 "0 644355562 x>0
Use the quadratic formula with a = 1, ] )
b=3—2yandc:y2—3y+2. The solution set is [-9, o).

~(3-2)#,(3-2y)" - 4() (s> -3y +2) 8L > 5150030 = 1>8-6r =
X =
2(1) —7>—6x:>%<x
2y—3i\/4y2—12y+9—(4y2—12y+8) .
x= Solution set: [—, oo)
2 6
(2y—3)il 2y—4
= = = —2 —
2 2 YT 82. 253725 455(3-20) = 4>15-10x
2y-2_ 4 11
2 Y 11> -10x= {5 <x
Solution set: {y -2,y — 1}
. 11
) » Solution set: | —, o
74. x +(1—2y)x+y -y—-2=0 10
Use the quadratic formula with a = 1, x—3 x 1
—2< 4= -3)- <
b:1—2yandc=y2—y—2. 83. 3 2_6+2=>2(x 3) 2(6)_x+3=>
2x—6-12<x+3=>2x-18<x+3=>x<21
Y= (1 Zy)i\/(l Zy) 4(1)(y Y 2) Solution set: (—oo, 21]
2(1)
x+1 x 1
= 2(1) 2x+2-12<x+2=2x-10<x+2=
<12
(2y-1)=V9  (2y-1)%3 Y=
= 5 = 3 Solution set: (—ee, 12]
_2y-4 2y+2 _ _
= > _y—2 or > _y+] 85. 3 42x+1>x35
Solution set: {y—2,y+ 1} 3(3—2x)+12>4(x—5)

75. x+5<3=>x<-2 9—6x+12> 4x—20
The solution set is (—oo, —2). —6x+21>4x—20

76. 2x+1<9=2x<8=x<4 10x> 41— <M
The solution set is (—c<,4). 10

17 Solution set: [—oo, f—é)
77. 3(x—3)$8:>3x—9£8:>3x£17:>x$€
5-3x 2—x
The solution set is (—oo, %} 86. 5 —2> 3
3(5-3x)-2(15)>5(2-x)

78. x+5<19+43x=>-14<2x=-T7<x 15-9x-30>10-5x
The solution set is [—7, ). —9x—-15>10-5x

25

Ax>2 _£2

79. x+22§x—2x:>3x+622x—6x:> ¥> WS x<=g
. e _é
3x+62—4x:>62—7x:>—gﬁx SOI““(’“S“'[ ’ 4)

The solution set is {—g, ooj.
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87.

88.

89.

90.

91.

92.

93.

9.

9s.

3x—1<2 or 11-2x<5
3x<3 or —2x< -6
x<1 or x>3

Solution set: (—oo, 1) U (3, oo)

3—-2x>5 or 15-3x<6
—2x>2 or -3x<-9
x<-1 or x>3

Solution set: (—oo, - 1) U (3, oo)

4x—-5<7 and 7-3x<1
4x<12 and -3x<-6
x<3 and x>2

Solution set: (2, 3)

2x—1<3 and 4-3x>1
2x<4 and -3x>-3
x<2 and x<1

Solution set: (—oo, 1)

—3<2x+1<7=4<2x<6=-2<x<3
Solution set: [-2, 3)

| =

Hodcam1<o(x-4)< 24

S6x-8<24=9<6x<32=

stﬁ

3

. 3 16
lut t | =, —
Solution se [2, 3}

<

=

oW

—3<3-2x<97= -6<-2x<9%4=>
3>x2-47=-47<x<3
Solution set: [-47, 3)

1 4-3x _1
R < — — — <
5<—3 <37 3<2(4-3x)<3=
-3<8-6x<3=>-11<-6x<-5
11 5 5 11
> =< —
5 >x_6=>6_x< 5
. 5 11
Solut t | =, —
olution se [6 6)

P +x-620= (x+3)(x-2)>0
Solve the associated equation:
(x+3)(x-2)=0=>x=-3o0orx=2.

So, the intervals are (—eo, —3], [-3, 2], and
and [2,).

Interval Test Value of Result
point 2ir—6

(—eo, = 3] —4 6 +

[-3. 2] 0 -6 -

[2,00) 3 6 +

The solution set is (—oo, - 3] U [2,oo) .

96. x*-9x<0= x(x-3)(x+3)<0
Solve the associated equation:
x(x—3)(x+3) =0=x=0,x=30orx=-3.

So, the intervals are (—oo, —3], [—3, 0],
[0, 3], and [3,00).

Interval Test Value of Result
point 3 —0x

(w0, 3] | -4 -28 -

[-3, 0] -2 10 +

[0, 3] 1 -8 -

[3,e0) 4 28 +

The solution set is (—eo, —3]U[0, 3].

(x - 1) (x + 3) >

(x + 2) (x +5 )
Set the numerator and denominator equal to
zero and solve for x.

(x-1D)(x+3)=0=x=1-3
(x+2)(x+5)=0=>x=-2,-5

The intervals are (—eo, —5), (=5, - 3],
[-3,-2), (-2,1], and (1, ).

Interval Test Value of Result
point (x— 1)(x+3)
(x + 2) (x + 5)
(=e0, =5) -6 2 +
5
(-5, - 3] -4 ) -
5 7
[—3, - 2) -3 5 +

(continued on next page)
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(continued)
Interval Test Value of Result
point (x— 1)(x+3)
(x + 2) (x + 5)
3
(-2.1] 0 -3 -
(1, o) 2 = +

The solution set is

(=e0, =5)U[-3, —=2)U(L, ).

2
X +4)c+3<

98. 5 <0.
x“+6x+8

Set the numerator and denominator equal to

zero and solve for x.
P +4x+3=0= (x+1)(x+3)=0=

x=-1,x=-3
2 +6x+8=0= (x+2)(x+4)=0=
x=-2,x=-4

The intervals are (—eo, —4), (-4, =3],
[-3,-2). (-2, =1]. and [~1, o).

Interval Test Value of Result
point X% +4x+3
x2 +6x+8
(—oo, —4) -5 5 +
7 5
(_4’ -3 ] 2 3 -
[_37 - 2) _% 1 +
3 3
(_2’ - 1] 2 s -
[-1, =) 0 3 +

The solution set is (-4, —3]U(-2, —1].

99. [Bx+2|<7=-7<3x+2<7=

—9S3x£5:>—3£x£§
. . 5
The solution set is —3,5 .

100. |[x-4[>2=x-4<-20rx-422=
x<2o0rx26
The solution set is (—oo, 2]\ [6, o).

101.

102.

103.

104.

105.

4x-2[+8>12=4[x-2[>4=
r-2[>1=x-2<-lorx-2>1=
x<lorx>3

The solution set is (—oo,1) U (3, 0).

3r-1+4<10=3x-1|<6=
r-l]<2=>-2<x-1<2=>-1<x<3
The solution set is (—1,3).

|4—x| 4-x
| 5
4—x<-5=x29%90r4—-x25=>x<-1

The solution set is (—oo, —1]U[9, o).

4-—
>1=>"Y< qor >1=

1-x

1=>—1<1_Tx<1=>—6<1—x<6=>

T7>x>-5
The solution set is (=5, 7).

g 3 X7l

x+2 x+2

0<XLis =1 5.0
x+2 x+2
x—1+3(x+2) x—1—3(x+2)

0< <0

x+2 x+2

O<4x+5 —Qx—7<0

x+2 x+2

4x+5=0=>x=—%;x+2=0=>x=—2

Interval Test Value of Result
point 4x+5
x+2
11
(—°°, - 2) -4 o +
5 3
IR
5 5
[-5=) | 0 3 +

Note that the expression is undefined for

x =—2. The solution set is for this part of the
original inequality is (—oo, — 2)U[—%, oo).

—2x—7=0:>x=—1;x+2=O:>x=—2

(continued on next page)
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(continued)
Interval Test Value of Result
point —2x-7
x+2
7 1
(= -3]] 2 -
7
[-1.-2)| -3 1 +
(-2, =) 0 -7 -

106.

Note that the expression is undefined for
x =—2. The solution set is for this part of the

original inequality is (—oo, —%]U(—Z o).

Both inequalities are true on (—oo, - %J and

[—%, 00), so the solution set is

x+3 <4= 4<x+3<4

X — X —

0<X3 14 **3 _4<0
x-=5 x-=5

<x+3+4@—5) x+3—4@—5)<0

x-5 x-=5

O<5x—17 —3x+23<0

x-=5 x-=5

5x—17=0:>x=%;x—5=0:>x=5

Interval Test Value of Result
point 5x—17
x-=5
EIEREERE
5 5
1
(5, ) 6 13 +

Note that the expression is undefined for
x = 5. The solution set is for this part of the

original inequality is (—oo, %) U(5, ).

—3x+23=0=>x=§;x—5=0=>x=5

107.

Interval Test Value of Result
point —3x+23
x-=5
(—oo’ 5) 0 —% _
23
(5.2 6 5 +
23 7
(T s °°) 10 -5 -

Note that the expression is undefined for
x = 5. The solution set is for this part of the

original inequality is (—oo, S)U(%, °°).

Both inequalities are true on (—oo, 1?7) and

(?, 00), so the solution set is

(== FJUE ).

[P Nt P -y
x+2 x+ x+2
2x—3£_2 2x—322
x+2 x+2
2x73 a<o 2X73 550
x+2 x+2
2x—3+2(x+2) 2x—3—2(x+2)
<0 >0
x+2 x+2
4x+1SO -7 >0
x+2 x+2
4x+1=0=>x=—%;x+2=0=>x=—2
Interval Test Value of Result
point 4x+1
x+2
(—eo,=2) | =3 11 +
1
(2 -] = -3 -
_1 o 1
[ 4 ) 0 2 +

Note that the expression is undefined for
x =—2. The solution set is for this part of the

original inequality is (—2, —ﬂ.

(continued on next page)
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(continued)

Interval Test Value of Result
point -7
x+2
7
(= -2) | -3 : :
7
2= | o -3 -

Note that the expression is undefined for
x =—2. The solution set is for this part of the

original inequality is (—eo, —2). Since the

original inequality is an “or” inequality, the
solution set of the original inequality is the
union of the two solution sets.

The solution set is (—eo, —2)U (—2, —ﬂ.

|x+1| x+1
>3=
|2x 5| 2x-5
x+1
2x-5
X+l +3<0
X—
x+l+3(2x—5)<0
2x-5
Tx-14
2x-5

108.

<-3

<0

x+1

<=3 or >3
2x—5
x+1
>
2x—-5
x+1 ~350
2x-5
+1- -
x+1-3(2x 5)>0
2x-5
—5x+16>0
2x—-5

Tx-14=0=>x=2; 2x—5=0=>x=%

Interval Test Value of Result
point Tx—14
2x-5
(—e0, 2) 0 = +
5 9 _1
(2’ 2) 4 2 N
5

Note that the expression is undefined for

x= % The solution set is for this part of the

original inequality is (2, %)

—5x+16=0:>x=§;2x—5=0:>x=%

109.

110.

111.

112.

113.

114.

115.

116.

Interval Test Value of Result
point —5x+16
2x-5
5 16

(~=3) 0 s -
(i ﬁ) 3 1 +

2°5

16 _4 _
(=) | 4 3

Note that the expression is undefined for
x= % The solution set is for this part of the

5 16
275
inequality is an “or” inequality, the solution set
of the original inequality is the union of the two
solution sets.

The solution set is (2, %) U (%, 1?)

original inequality is ( ) Since the original

Applying the Concepts

C=2ﬂ'rﬁ22=2ﬂ'r=>2=r
V.4

The radius is 11/7 cm.

P=21+2w=18=2(5)+2w=4=w. The
width of the rectangle is 4 inches.

1 1
A= Eh(bl +by))=32= 5(8)(5 +by)=
32=405+b,)=>8=5+b, =3=b,
The other base is 3 meters.
I =prt =>35420=4(.07)p=>
354.2=0.28 p = 1265.
$1265 must be deposited.

V=wh=4212=27(12)h=13=h
The box is 13 cm high.

Let [ = the current liabilities. Then

27— 256,500 = 256,500

= [=95,000

The current liabilities are $95,000.

V=rr’h= 87507 =5’ 7h=350=h
The height is 350 cm.

Let x = the selling price. Then
x—0.15x=2210=0.85x =2210=
x =2600. The selling price is $2600.

Copyright © 2015 Pearson Education Inc.



Chapter 1 Review Exercises 139

117.

118.

119.

120.

121.

122.

123.

Let x = measure or the base angle.

Then 40 + 2x = the measure of the third angle.
So,

x+x4+40+2x=180=4x+40=180=
x=35.

The three angles are 35°, 35°, and 110°.

Let x = distance traveled across flat terrain.

Then 600 — x = distance traveled across hilly

terrain. The time for each is 6 hours. The rate

across the flat terrain is x/6 and the rate over

hilly terrain is (600 — x)/ 6. So, we have

600 —x
6

x =360. The distance traveled over flat terrain

is 360 miles at 60 mph, and the distance

traveled over hilly terrain is 240 miles at 40
mph.

=%—20:>600—x=x—120:>

Let x = amount invested at 6%.

Then 30,000 — x = amount invested at 8%. So,
we have 0.06x +0.08(30,000 — x) = 2160 =
—0.02x +2400=2160 = —-0.02x =240 =
x=12,000. $12,000 was invested at 6%, and
$18,000 was invested at 8%.

Let x = the monthly note for the 2 year lease.
Then 250 + x = the monthly note for the 1 1/2
year lease. The total income for the 2 year lease
is 24x. The total income for the 1 1/2 year lease
is 18(250 + x). So, we have

24x+18(250 + x) = 21,300 =

24x+4500+18x=21,300 =

42x =16,800 = x =400.

The note for the 2 year lease is $400, and the
note for the 1 1/2 year lease is $650.

Let x = amount of 4 1/2% solution.
Then 10 — x = the amount of 12% solution. So,
we have 0.045x+0.12(10 - x) = 0.06(10) =

—0.075x+1.2=0.6 = -0.075x=-0.6 =
x =8 . There are 8 liters of the 4 1/2% solution
and 2 liters of the 12% solution.

Let x = the speed of the first car.

Then 5 + x = the speed of the second car. So,
we have
3x+3(x+5)=495=6x+15=495=

6x =480 = x =80 . The first car traveled at 80
kph and the second car traveled at 85 kph.

Let x = the number of people at the party. Each
person shook x — 1 hands. So, there are x(x — 1)
handshakes. However, each handshake is
counted twice (if A shakes hands with B, that is
the same as B shaking hands with A).

124.

125.

126.

=28=x"—-x=5=

So, we have

x(x—1) P
2

2 —x=56=0= (x-8)(x+7)=0=

x =8 or x =-7. We reject the negative answer.
There were 8 people at the party.

Let x = the first number. Then x — 7 = the
second number.

x(x-7)=408 = x> = 7x—408=0=
(x—24)(x+17)= 0=x=24orx=-17
Reject —17 since the numbers are given to be
positive. Thus, the numbers are 24 and 17.

Let x = the number of shares that Lavina
bought. She spent $18,040 for the stock, or

18,040/ x per share.

She sold x — 20 shares at @ +18 per share

for a total of $20,000. Therefore,
(x- 20)(@+ 18) = 20,000

18,040 +18x _ 20,000

by x—20
(x—20)(18,040 +18x) = 20,000x

18x2 +17,680x — 360,800 = 20,000

18x2 — 2320x — 360,800 = 0
2(9x +820)(x—220) =0

9x+820=0=x= —83—0 (reject this)

x=220=0=x=220
Lavina bought 220 shares of stock.

Let x = Joann’s original speed.
Then x + 10 = her new speed. So,

Rate Distance Time
FI.I‘St part of . I5 15
trip X
Secqnd part 410 20 20
of trip x+10
The total time is 1 hour, so

15 20

—4—-=1

x x+10

15(x+10)+20x=x(x+10)

15x+150 +20x = x> +10x
x2-25x-150=0
(x+5)(x—30)=0=>x=—5 or x=230

Reject the negative solution. Therefore, Joann’s
original speed was 30 miles per hour.
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127. Let x = the number of horses in the herd. Then Chapter 1 Practice Test A
x/ 4 = the number of horses in the forest, and
2J/x = the number of horses in the mountains. L 5x=9=3x=5=2x=4=x=2
F2x+15=x = x4 85 +60=4r = 2 %:§+é:7:3x+4:x:1
— — = — 2
8vx =3x-60 = 64x =(3x-60)" = N R SR BT O
64x = 9x” —360x + 3600 = o 2T 12 22 T i+2
9x% - 424x+3600=0 = “Sx+11_ 1
(x=36)(9x—100) = 0= x =36 or x = 100/9 ’;‘211 “22 ,
Reject the fractional solution. There were 36 (=5x+ 2 x+2)=x-
horses in the herd. SxT+x+22=x-12
2 _ &2 _ _
128. Let x = the width of the path. T H24=0= 52" =24 =
30 +2x 2_24 _+ﬁ=+2@
X 5 N
A 30 ft >
4. Let x = the length of the rectangle.
16 ft 16 + 2x Then x — 3 = the width of the rectangle.
x(x-3)=54= x> -3x-54=0=
(x+6)(x-9)=0=x=-60rx=9
(30 + 2x)(16 + 2x) - (30)(16) =312 We reject the negative answer. The rectangle
5 is 9 cm by 6 cm.
480+92x+4x" —480=312
45?1925 —312=0 5. x*+36=-13x=x* +13x+36=0=
4(x—3)(x+26):0:> x=3or (.x+9)(x+4)=0=>.x=_9 orx=-4
x =—26 (reject this) 6. Letx = the amount to be invested at 8%.
The path is 3 feet wide. Then the total amount invested is x + 8200.
. . 0.06(8200) +0.08x = 0.07(8200 + x)
129. Let x = the original number of members going

on the trip. Then x + 4 = the final number of
members going on the trip. The cost per member
for the original number going on the trip was

324 7.

———, and the cost for the final number going on
X

the trip is % —0.9. Therefore,

324 _324 49

x+4 X
324x =324 (x + 4) —09x (x + 4)

324x =324x+1296—0.9x> —3.6x
0=-0.9x> —3.6x+1296
0=x2+4x—1440
0= (x—36)(x+40)=> x =36 or

x = —40 (reject this). Thus, 36 people originally
signed up for the trip, and 40 people went on the
trips.

492 +0.08x =574 +0.07x
0.01x =82 = x =8200
Fran must invest $8200 at 7%.
Let x = the width of the border. Then the
length of the border is 2x + 25, and the width
of the border is 2x + 11.
2x +25

X{
Bl 25
2x + 11 11

2x+25)2x+11)=351
4x% +72x +275=351
4x% +72x-76=0
A4x+19)(x-1D)=0=x=-19o0rx=1
The border is 1 inch wide.

—6x—15=(2x+5)2
—6x—15=4x> +20x +25
4x% +26x+40=0

2(2x+5)(x+4)=0=>x=—% orx=—4

The solution set is {—4,-5/2}.
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10.

11.

12.

13.

14.

15.

To find the constant term, find 1/2 of 2/3 = 1/3
and then square the answer: (1/3)* =1/9..

The trinomial is x> + %x + é , which factors

12
into (x+—j .
3

L ENE9)? - 43D

2(3)
_5+\37 5. 37
6 6 6

Let x = the length of the side of the original
piece of cardboard. Then x — 4 = the length of
the side of the box.

2x-4?=50=
(x-4%=25=
x—4=5=x=9
(Reject the negative
solution.) The side of the
original cardboard square
is 9 inches.

1240122 - 4(1)(33)
2(1)
_-l2sdin_-nias oo

2 2

3xt—75x2 = 0= 3x2(x* -25) = 0=
3x2(x=5)(x+5)=0=3x>=0=>x=0
orx—-5=0=>x=5

orx+5=0= x=-5

The solution set is {-5, 0, 5}.

Let u =~/x. The equation becomes
3u?-2-5u=0=3u’-5u-2=0=
(3u+1)(u—2)=0:>u=—% oru=2

Now solve forx: 2=+/x = x=4 (We reject
the negative solution). The solution set is {4}.

l)c-i-S = 2x+7 =>lx+5=gx+7
3 3 3 3
or lx+5:—(2x+7).
3 3
1

3

18.

—x+5=§x+7=>x+15=2x+21=>x=—6.

lx+5=— g)c+7 :>lx+5=—gx—7:>
3 3 3 3

x+15=-"2x-21=23x=-36=>x=-12
The solution set is {-12, —6}.

4x

16. %—52?=>9x—9028x=>x290

The solution set is [90, o).

17. -4<2x-3<4=-1<2x<7T=

1 7
——<x<—

2 2
The solution set is (—l, ZJ

22

gx—l —2>l=> gx—l >z=>
3 3 3 3
2 7 2 7
—x—-1l<——or =x-1>—
3 3 3 3
2 7
gx—1<—§=>2x—3<—7=>2x<—4=>
x<-2
2

—x—l>%=>2x—3>7=>2x>10=>x>5

The solution set is (—oo,—2) U (5, ).

2 13
19. Zy—13<-7+2
57 ( syj

2 13
23—
57 57
2y—65<-35-13y = 15y<30= y<2

The solution set is (—<o, 2].

20. OSSx—2S8:>2S5xS10:>§SxS2

The solution set is {%, 2}.

Chapter 1 Practice Test B

1. 2x—-2=5x+34= -3x=36= x=-12.
The answer is D.

2. §=21+35=>1=4z+70=>—3z=70=>

7= —?. The answer is D.
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1 1 -2t

—2 2 m-1_
24t -1) -t -2)4t -1 =-"2tQ)(t-2) >

8t—2—4t> +9r—2 =4 +8t =

9t—4=0=>9z=4=>z=g.

The answer is A.

Let w = the width of the rectangle.
Then w + 4 = the length of the rectangle.

ww+d) =71 = w> +4w-77=0=
w+1Dw-7)=0=>w=-1lorw=7

We reject the negative solution. The rectangle
is 7 cm by 11 cm. The answer is C.

X2+12=-Tx= x> +7x+12=0=
x+dH(x+3)=0=x=-4orx=-3
The answer is B.

Let x = the amount to be invested at 12%.
Then the total amount invested is 7500 + x.
0.07(7500) + 0.12x = 0.10(7500 + x)
525+0.12x=750+0.10x
0.02x=225= x=11,250
Rena must invest $11,250 at 12%.
The answer is A.

Let x = the width of the border. Then the
length of the border is 2x + 20, and the width
of the border is 2x + 13.

2x +20
X{
] 20

2x+13 | (13

(2x+20)(2x +13) = 368
4x% +66x + 260 = 368
4x% +66x—108 =0
22x-3)(x+18)=0= x=% orx=-18
The border is 1.5 inch wide. The answer is D.
—6x—2=03x+1)?
—6x—2=9x>+6x+1

9x% +12x+3=0
3x2 +4x+1=0

(3x+1)(x+1)=0:>x=—% orx=-1

The answer is D.

9.

10.

11.

12.

13.

14.

To find the constant term, find
1/2 of 1/6 = 1/12 and then square the answer:

(1/12)* =1/144 .

The trinomial is x2 + 4 x + L, which
6~ 144

2
factors into [x + é) . The answer is B.

_—10£4/102 - 4(7)(2)

2(7)
—10£444 _-10£2V11 5 Vi1
14 14 777

The answer is A.

Let x = the length
of the side of the
original piece of
cardboard. Then
x — 6 = the length
of the side of the
box.

3(x=6)2=675= (x—6)> =225=
x—6=15= x =21 (Note that we reject the
negative solution.) The side of the original

cardboard square is 21 inches.
The answer is B.

- —14+4/142 - 4(1)(38)

2(D)
_—14%+44 1412411
2 2
=711

The answer is D.

5x4 4532 = 0= 52 (x* -9)=0=
5x2(x-3)(x+3)=0=5x>=0=x=0
or x—3=0=>x=3

or x+3=0=>x=-3

The solution set is {-3, 0, 3}.
The answer is A.

Let u = /x. The equation becomes
u?—2048-32u=0=

u? —32u—-2048=0=
u—-64)u+32)=0=>u=64oru=-32

Now solve for x: 64 =/x = x=4096 (We
reject the negative solution). The answer is A.
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15. Pxs2=Pr-2oliia=352 18. 8+[1-3>10=[1-2>2=
2 2 4 2
or1x+2=—(§x—2j. I-2<2=-Z<35x>60r
2 4 2
X X
L 2=3 o ovi8=3r-85x=16 1-222=-S2l=x<-2
2 4
1 3 1 3 The solution set is (—o0,=2]U[6, ).
—Xx+2=—|—-x-2|=>-x+2=-—x+2= .
2 4 4 The answer is C.
2x+8=-3x+8=>5x=0=x=0 ) 5
The answer is D. 19. 5x—2<§x:>2x—6<5x:>—6<3x:>
x 1 _x -2<x
<= -2< -8<
16. 6 3_3+1:>x 252x46=-8<x The solution set is (—2,¢0). The answer is A.

The answer is D.

17. —13<-3x+2< 4= —-15<-3x<—6= 20. OS7x—1S13=>1S7xS14=>%SxS2

52x>2

The answer is B. The solution set is {%,2}. The answer is A.
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