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Chapter 1
Equations and Inequalities
Section 1.1 14. 6x+18=0
o 6x+18—18=0-18
1. Distributive 6x=—18
2. Zero-Product 6x _-18
6 6
3. {x|x¢4} x=-3

The solution set is {—3}.
4. False. Multiplying both sides of an equation by

zero will not result in an equivalent equation. 15. 2x—-3=0
5. identity 2x-3+3=0+3
2x=3
6. linear; first-degree 2 3
g 2 2
7. False. The solution is —. 3
3 xX=—
2
8. True The solution set is {%}
9. b
10. d 16. 3x+4=0
3x+4-4=0-4
11. 7x=21 3x=-4
Ix_21 3x 4
77 33
x=3 4
The solution set is {3}. =73
12. 6x=-24 The solution set is {—i}
or_ 24 ’
6 6
x=-4 17. l)c = el
312

The solution set is {—4}.

(37)(5)
13. 3x+15=0 3 12

3x+15-15=0-15 x=2
3x=-15 4
3x _-15 The solution set is {2}
2 4
3003
x=-5

The solution set is {—5}.
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Section 1.1: Linear Equations

2 9 22. 5y+6=—18—-y
18 —X=—
3 2 59+6-6=-18—y—-6
6(£x):6(2j Sy=—y-24
3 2 S5p+y=—-y-24+y
4x =27 6y =-24
Ax _27 6y -24
4 4 6 6
x=Z y=-4
4 The solution set is {—4}.

The solution set is 2 .
4 23. 6—x=2x+9
6—x—6=2x+9-6
19. 3x+4=x

s doa A —x=2x+3
X _3 "“4 —x—2x=2x+3-2x
. x‘x_4 3x=3
xX—x=x—4—x R
2x=—4 3 3
2x_4 x=-1
22 The solution set is {—1}.
x=-2
The solution set is {—2}. 24, 3-2x=2-x
3-2x-3=2-x-3
20. 2x+9=>5x
—2x=—x-1

2x+9-9=5x-9
—2x+x=—x—-1+x

2x=5x-9
-x=-1
2x—-5x=5x-9-5x
=x_-1
—3x=-9 1 3
3 r=i
-3 3 The solution set is {1}.
x=3
The solution set is {3}. 25. 3+2n=4n+7
s 3+42n—-3=4n+7-3
1. , 2t—6=3—¢ 0= dn+d
t—6+26—3—f+6 2n—4n=4n+4—4n
, t‘g_t 2n=4
t+t=9—t+t n 4
3t=9 =5
3.2 n=-2
3 3 The solution set is {—2}.
t=3

The solution set is {3}.
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Chapter 1: Equations and Inequalities

26. 6—-2m=3m+1
6-2m—-6=3m+1-6
—2m=3m-5
—2m—=3m=3m—-5-3m
—S5m=-5
-Sm _ =5
5 =5
m=1
The solution set is {1}.

27. 2(3+2x)=3(x-4)
6+4x=3x—-12
6+4x—-6=3x-12-6
4x=3x—-18
4x—-3x=3x—-18-3x
x=-18
The solution set is {—18}.

28. 32-x)=2x-1
6-3x=2x—-1
6-3x—-6=2x-1-6
—3x=2x-17
—3x-2x=2x-7-2x
—Sx=-7
=5x -1
I
7

X=—

5
. .17
The solution set is g .

29. 8x—(3x+2)=3x-10
8x—-3x-2=3x-10
5x-2=3x-10
Sx—2+42=3x-10+2
S5x=3x-8
5x-3x=3x-8-3x
2x=-8
2x -8
2 2
x=-4
The solution set is {—4}.

30. 7-(2x-1)=10
7-2x+1=10
8—2x=10
8—2x—-8=10-8
—2x=2
-2x 2
)
x=-1
The solution set is {—1}.

31 —Xx+2=———x
2 2
2[§x+2j=2(l—lx)
2 2
3x+4=1-x
3x+4-4=1-x-4
3x=-3-x
3x+x=-3-x+x
4x=-3
4x 3
4 4
=2

The solution set is {—%}

32. lx=2—%x
3 3

3(lx) =3(2—gx]
3 3
x=6-2x
X+2x=6-2x+2x
3x=6
3x_6
3 3
x=2
The solution set is {2}.

Copyright © 2016 Pearson Education, Inc.



33. —x—5=§x
2 4

4(lx—5j=4(§xj
2 4
2x—-20=3x
2x—20-2x=3x—-2x
—20=x

x=-20
The solution set is {—20}.

34. l—lx=6
2

2(1—%xj=2(6)

2—-x=12
2—-x-2=12-2
—x=10
-x 10
-1 -1
x=-10
The solution set is {—10}.

2 1 1
35. Zp=—pi-
3P7oP73

2 1 1
o(37)-olar)
4p=3p+2
4p-3p=3p+2-3p

p=2
The solution set is {2}.

11 4
36 L-l,-2
P ERE

b8

3-2p=8

The solution set is {—g}

Section 1.1: Linear Equations

37. 09t=0.4+0.1¢

0.9t-0.1/=0.4+0.1r-0.1¢

0.8:=0.4
08¢ 04
08 08
t=0.5
The solution set is {0.5}.

38. 09t=1+¢
09t—t=1+¢t—t

~0.1¢=1

-0.1r 1

0.1 —0.1
t=-10

The solution set is {—10}.

39. XAl 2,
3 7

2{?il+x+2j=2u2)
3 7

T(x+1)+(3)(x+2)=42
Tx+T7+3x+6=42
10x+13=42

10x+13-13=42-13

10x =29
10x_29
10 10
29
xX=—
10

The solution set is {%}

2x+1

40. +16=3x

3(22+1+16j=3(3x)

2x+14+48=9x
2x+49 =9x
2x+49-2x=9x—-2x

49 ="Tx

49 Ix

77

x=17
The solution set is {7}.
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Chapter 1: Equations and Inequalities

n. 2435
y oy

2420
y.oy
2+4=3y

6=3y

6 3y

3 3

2=y
Since y = 2 does not cause a denominator to
equal zero, the solution set is {2}.

42, i_5:i
y 2y

ws)25)

8—10y=5
8—-10y—-8=5-8
-10y =-3
-10y -3
—10  -10

3

)’ZE

. 3 .
Since y = m does not cause a denominator to

. . |3
equal zero, the solution set is ol

_3

+Z=

4

4x l+E =4x 2

2 x 4

2x+8=3x
2x+8—-2x=3x—-2x

8=x

Since x = 8 does not cause any denominator to
equal zero, the solution set is {8}.

43.

| —
= |

52

44.

45.

46.

18—2x+2x=x+2x
18=3x
18 3x
3 3
6=x
Since x =6 does not cause a denominator to
equal zero, the solution set is {6}.

(x+7(x=1)=(x+1)
X 4+6x—T7=x"+2x+1
X 4+6x—T7—x"=x"+2x+1-x
6x—7=2x+1
6x—T7+7=2x+1+7
6x=2x+8
6x—2x=2x+8-2x
4x =8
4x 8

4 4
x=2
The solution set is {2}.

(x+2)(x=3)=(x+3)’
X —x—6=x>+6x+9
X —x—6-x"=x"+6x+9—-x
—-X—6=6x+9
—Xx—6+6=6x+94+6
—-x=6x+15
—x—6x=6x+15—-6x
-Tx=15
-7x 15
)
15
7

The solution set is {—175}
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47. x(2x-3)=2x+1)(x—4)
2xr =3x=2x*-T7x—4
2x? =3x—2x* =2x* —=Tx—4-2x"

=3x=-Tx-4
—3Bx+T7x=-Tx—4+7x
4x=-4
4x -4
4 4
x=-1

The solution set is {—1}.

48. x(1+2x)=2x-1)(x-2)
x+2x* =2x"—5x+2

X42x2=2x2 =2x* =5x+2-2x"

x=-5x+2
X+5x=-5x+2+5x

6x=2
6x_2
6 6

1
xX=—

3

The solution set is {é}

49. 2(z2+1)=3+7
2 4+z=3+7
P 4z-2=3+7" -7
z=3
The solution set is {3}.
50. wéd-w?)=8-w’
dw—w =8-—w’

4dw—w +w' =8—w +w’

4w=38
4w 8
4 4
w=2

The solution set is {2}.

Section 1.1: Linear Equations

51.

+
w
Il

=

|| =
[\S)
=

|
[\

(xi2+3j(x—2)

x+3(x-2)

x+3x—

I
7N\
=
[\S)
[\S]
N—
—_
=
|
[\S]
~—

N
=
[N
=
+
o
[ | TR
Aloo 0 N N NN
+
=

&5

x=2
Since x = 2 causes a denominator to equal zero,
we must discard it. Therefore the original
equation has no solution.

52. x _ 6,

x+3 x+3

(x2f3j(x+3)=(x_—+63—2j(x+3)

2x=—6—(2)(x+3)

2x=—6-2x-6
2x=-12-2x
2x+2x=-12-2x+2x
4x =-12
4x -12
44
x=-3

Since x = -3 causes a denominator to equal zero,
we must discard it. Therefore the original
equation has no solution.
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Chapter 1: Equations and Inequalities

2x 4 3
¥ -4 xX-4 x+2
2x 4 3

(x+2)(x—2) (x+2)(x—2) x+2
2x 4 3
((x+2)(x—2)J(x+2)(x_2)_((x+2)(x—2)_x+2j(x+2)(x_2)
2x=4-3(x-2)
2x=4-3x+6
2x=10-3x
2x+3x=10-3x+3x
5x=10
5x_10

53.

5 5
x=2
Since x = 2 causes a denominator to equal zero, we must discard it. Therefore the original equation has no solution.

b 4 3
2 + = 2
x=9 x+3 x -9
x4 3
(x+3)(x=3) x+3 (x+3)(x-3)
X 4 3
[(x+3)(x—3) +x+3J(x+3)(x—3) = [(x+3)(x_3)J(x+3)(x—3)
x+4(x-3)=3
x+4x-12=3
S5x—-12=3
Sx—-12+12=3+12
S5x=15
5x 15
5 5
x=3
Since x = 3 causes a denominator to equal zero, we must discard it. Therefore the original equation has no solution.

54.

55. x 3 56. 3T,
x+2 2 x—1
2(x42)[ 2 |=2(x2)[ 2 (3—x)(x—l)=2(x—l)
x+2 2 x—1
2x=3(x+2) 3x=2x-2
2% =3x+6 3x-2x=2x—-2-2x
2x—3x=3x+6-3x x==2
=6 Since x = -2 does not cause any denominator to
6 equal zero, the solution set is {—2}.
—x
-1 -1
x=-6

Since x =—6 does not cause any denominator to
equal zero, the solution set is {—6}.
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5 3
2x-3 x+5

( > J(2x—3)(x+5)=(

57.

2x-3 x+5J(2x—3)(x+5)

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

5x+25=6x-9
S5x+25-6x=6x—-9—-6x
25-x=-9
25-x-25=-9-25
—x=-34
-x 34
-1 -1
x=34

Since x = 34 does not cause any denominator to
equal zero, the solution is {34}.

59, 6r+7 _3t+8

4¢—-1 2t-4

6:+7 3t+38
2N 4-1)(2t—4) =| 222 (40 -1) (20 -4
g R CAE o) CRIIE

(61+7)(2t—4)=(3t+8)(4r-1)
12¢% —24¢+14t —28 =12¢* =3t +32¢ -8
12¢ —10t—28 =12¢> +29¢ -8
12¢% =10t —28—12¢* =12¢* +29¢t —8—12¢

~10:-28 =298
—10¢ —28—29¢ = 29¢ —8 - 29t
~28-391=-8
~28-391+28 =—8+28
~391=20
—39; 20
-39 39
;=20
39

Section 1.1: Linear Equations

58. —4 _ 3
x+4 x+6

(x_j4j(x+6)(x+4)=(x_+36j(x+6)(x+4)
~4(x+6)=-3(x+4)

—4x—-24=-3x-12
—4x—-24+4x=-3x—-12+4x

24=-12+x
24+12=-12+x+12
—-12=x

Since x =—12 does not cause any denominator to
equal zero, the solution set is {—12}.

. 20 . . . 20
Since ¢ = BT does not cause any denominator to equal zero, the solution set is o[
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Chapter 1: Equations and Inequalities

60. 8w+5 _ 4w-3
10w—-7  Sw+7
8w+5 4w—-3
(10W-7J(10w—7)(5w+7) =(5W+7j(10w—7)(5w+7)
(8w+5)(5w+7)=(4w-3)(10w-7)
40w* + 56w+ 25w+35 = 40w” —28w—30w+21
40w’ +81w+35=40w" —58w+21
40w* +81w+35—40w* = 40w* —58w+21—40w’
8lw+35=-58w+21
81w +35+58w=—-58w+21+58w
139w+35=21
139w+35-35=21-35
139w=-14
139w -14
139 139
14
RED)
Since w= —13—4 does not cause any denominator to equal zero, the solution set is {—%}
61. 3 !

-2 x+5 +()H—S)(x—2)
4 -3 7
(x_zj(x+5)(x—2)=(x+5+(x+5)(x_2))(x+5)(x—2)
4(x+5)=-3(x-2)+7
4x+20=-3x+6+7
4x+20=-3x+13
4x+20+4+3x=-3x+13+3x

Tx+20=13
7x4+20-20=13-20

Tx=-7

Tx =1

77

x=-1

Since x =-1 does not cause any denominator to equal zero, the solution set is {—1}.
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Section 1.1: Linear Equations

4 1 1
2x+3 x-1 (2x+3)(x-1)

[ 4 +Lj(2x+3)(x—l) =

2x+3 x-1

62.

1
((2x+3)(x—l)
—4(x-1)+1(2x+3) =1
—4x+4+2x+3=1
—2x+7=1
2x+7-7=1-17
—2x=-6
—2x -6
2 22
x=3
Since x =3 does not cause any denominator to equal zero, the solution set is {3}.

](2x+3)(x—1)

2 N 35
y+3 y—-4 y+6

e o[ erae-a0 )

y+3 y—-4
2(y—4)(y+6)+3(y+3)(y+6)=5(y+3)(y—4)
2(y* +6y—4y—24)+3(y" +6y+3y+18)=5(y" -4y +3y-12)

63.

2(y* +2y-24)+3(y" +9y+18)=5(y* -y -12)
2y +4y—48+3)y° +27y+54=5y" -5y 60
59" +31y+6=5y"-5y-60
5y +31y+6-5y° =5y> =5y —60-5)"
3ly+6=-5y-60
31y+6+5y=-5y—-60+5y

36y+6=-60
36y+6-6=—-60—6
36y =66
36y —66
36 36
1
6

. 11 . . . 11
Since y = s does not cause any denominator to equal zero, the solution set is it
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Chapter 1: Equations and Inequalities

64. > + 4 -3
5z—11 2z- 3 5-
(LJrij(sz—n)(zz 3)(5-z =[ jsz 11)(2z-3)(5-z2)
5z—11 2z-3
5(22—3)(5—z)+4(52—11)(5 z) 352 ll)(Zz 3)
5(10z-22" —15+3z)+4(25z -5z =55+11z) =—-3(102" =15z - 22z +33)
5(—22% +13z—15)+4(-52" +362-55) =—3(10z" =37z +33)
—10z* 4652z -75-20z> +144z-220=-30z" +111z - 99
—30z* +209z-295=-30z" +111z-99
—-30z° +209z —295+30z> = =30z> +111z =99+ 30z
209z-295=111z-99
209z-295-209z=1112-99-209z
-295=-982z-99
—295+99 =-982z-99+99
—196 =-98z
-196 118z
98 98
2=z
Since z =2 does not cause any denominator to equal zero, the solution set is {2}.
X x+3 -3
65. xz—l_xz—x=x2+x
X x+3 3
(x+1)( - (x— 1) x(x+1)

[(x+1)x x+3)J (x+1)( ( (;il)Jx(x+1)(x—l)

(x)=(x+3)(x+1)=-3(x-1)

(x2+x+3x+3) —3x+3
P (X7 +4x+3) = 3x+3
x'—x*—4x-3=-3x+3
—4x-3=-3x+3
—4x—-3+4x=-3x+3+4x
-3=3+x
-3-3=3+x-3
—-6=x
Since x =—6 does not cause any denominator to equal zero, the solution set is {—6}.
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Section 1.1: Linear Equations

66 x+1 _x+4 _ -3
) X +2x xX*+x XX +3x42
x+1 3 x+4 =3
x(x+2) x(x+1) (x+2)(x+1)
x+1 x+4 -3
- +2)(x+1)=| ———— +2)(x+1
[x(x+2) x(x+l))x(x J(x+1) ((x+2)(x+l)Jx(x J(x+1)
(x+1)(x+1)—(x+4)(x+2)=—3x
(x2+x+x+1)—(x2+2x+4x+8)=—3x
x2+2x+1—(x2+6x+8)=—3x
X +2x+1-x*—6x—-8=-3x
2x+1-6x—8=-3x
—4x—-T7=-3x
—4x—T+4x=-3x+4x
~T=x

Since x =—7 does not cause any denominator to equal zero, the solution set is {—7}.

67. 32x+ 213 =19.23
71
3914 213 213 ~1923— 21.3
65.871 65.871 65.871
32x=19.23- 213
65.871

(55 )620-(1928- 2535

x=|19.23- 213 3 1 =591
65.871)\3.2

The solution set is approximately {5.91}.

68. 6.2x L =0.195
83.72

191, 191 _ 1o, 191

8372 8372 83.72
19.1

83.72

(6—gj(6.2x) - [0.195 N ;;;J(éj

x= 0.195+£ L =0.07
83.72 )\ 6.2

The solution set is approximately {0.07}.

6.2x

6.2x=0.195+
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Chapter 1: Equations and Inequalities

69. 1472-21.58x =5 x42.4
211
1472-21.58x— 8 o 18 o4 18 )
2117 211 211

14.72—21.58x—ix =24
2.11
18
14.72-21.58x———x-14.72=2.4-14.72
2.11
—21.58x—ix =-12.32
2.11

—21.58—£ x=-12.32
2.11

_ —21.58—£ x=-12.32 _
18 2.11 138
-21.58——— -21.58———
2.11 2.11
1
x=-12.32 — 13 |- 0.41
-21.58———
2.11
The solution set is approximately {0.41}.
70. 18.63x—£=ix—20
2.6 232
18.63x—21’2— 14 x= 14 x—ZO—ix
2.6 232 2.32 2.32
18.63x— 21.2 —ix =-20
26 232
18.63x — 212 14 . 212 _ 20+ 21.2
26 232 2.6 2.6
18.63x — 14 X =- &
2.32 2.6
18.63 _ 14 x= —20+£
2.32 2.6
;14 (18.63—ijx:(—20+21'2) ! T
18.63 - ——— 2.32 26 )1 18.63-——
2.32 2.32
x=(—20+21'2) ! T =-0.94
26 )1 18.63——
2.32
The solution set is approximately {-0.94}.
60
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71.

72.

73.

74.

75.

ax—b=c, a#0
ax—b+b=c+b
ax=b+c

ax _b+c

a a
b+c

l—ax=b, a#0
l—ax—-1=b-1

—ax _b-1

X X
a

ab(£+£j=ab-c
a b

bx+ax = abc
(a+b)x =abc
(a+b)x _ abc
a+b  a+b
abc
a+b

x+2a=16+ax—06a, if x=4
4+2a=16+a(4)—6a
44+2a=16+4a—-6a
442a=16-2a

4a=12

da_12

a=3

_+Z=C’ a#0,b#0,a#-b

76.

717.

78.

79.

80.

Section 1.1: Linear Equations

x+2b=x—-4+2bx, for x=2

2+2b=2-442b(2)

242b=2-4+4b

242b=-2+4b
4=2b

4_,

2
b=

[\

+

| =

1,1
Rl RZ

1

RR, =RR, +RR,
RR,=R(R,+R)
RIRZ _ R(RZ +R1)

1

o)

RR/R, [%) = RRR, [%Jr—

R,+R R +R
RIRZ
R, +R,

=R

A=P(+r1)
A=P+Prt

A—P=Prt

A-P _Prt

Pt Pt

=r

Pt

PV =nRT
ﬂ_ nRT
nR nRk
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Chapter 1: Equations and Inequalities

81. S=—mo-

82. v=-gt+v,

83. Amount in bonds

Amount in CDs

Total

X

x-=3000

20,000

x+(x—3000) =20,000
2x—3000 = 20,000

2x =23,000

x=11,500

$11,500 will be invested in bonds and $8500

will be invested in CD's.
84. | Sean's Amount | George's Amount | Total
X x—3000 10,000

x+(x—3000) =10,000
2x-3000=10,000

2x =13,000
x=6500
Sean will receive $6500 and George will
receive $3500.
8s. Dollars | Hours | Money
per hour | worked | earned
Regular X 40 40x
wage
Overtime | 5 8 |81.5%)
wage

40x+8(1.5x) = 546
40x+12x = 546
52x =546

x= 46 =10.50
52

Sandra’s regular hourly wage is $10.50.

86. Dollars | Hours | Money
per hour | worked | earned
Regular x 40 40x
wage
Overtime | ) 5 6 | 6(1.5x)
wage
Sunday 2x 4 | 42y
wage

40x + 6(1 .Sx) + 4(2x) =627
40x+9x+8x =627
57x =627
627
X=—z=
57
Leigh’s regular hourly wage is $11.00.

11

87. Let x represent the score on the final exam.
80+83+71+61+95+x+x 30
7

390+2x
— =
390+ 2x =560
2x=170
x =285
Brooke needs a score of 85 on the final exam.

80

88. Let x represent the score on the final exam.
Note: since the final exam counts for two-thirds
of the overall grade, the average of the four test
scores count for one-third of the overall grade.
For a B, the average score must be 80.
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1[86+80+84+90J+2x=80

3 4
l(ﬂ}ﬁx:go

304 ) 3

85 2

—+—=x=80
3 3

3(8?5+§xj=3(80)

85+2x =240
2x =155

x=71.5
Mike needs a score of 78 to earn a B.

For an A, the average score must be 90.
1(86+80+84+90) 2
—|—————————|+=x=90

3 4
103401, 2 g0
304 )3

8—5+2x= 90
3 3
3(8—5+2xj=3(90)
3 3
85+2x =270
2x =185

x=92.5
Mike needs a score of 93 to earn an A.

89. Let x represent the original price of the house.
Then 0.15x represents the reduction in the price
of the house.

The new price of the home is $425,000.
original price — reduction = new price
x—0.15x = 425,000
0.85x =425,000
x =1500,000
The original price of the house was $500,000.

The amount of the reduction (i.e., the savings) is
0.15($500,000) = $75,000.

90. Let x represent the original price of the car.
Then 0.15x represents the reduction in the price
of the car.

The new price of the car is $8000.
list price — reduction = new price
x—0.15x=8000
0.85x =8000

x=9411.76

91.

92.

93.

94.

95.

Section 1.1: Linear Equations

The list price of the car was $9411.76.
The amount of the reduction (i.e., the savings) is
0.15($9411.76) = $1411.76 .

Let x represent the price the theater pays for the
candy.
Then 2.75x represents the markup on the candy.
The selling price of the candy is $3.00.
suppier price + markup = selling price
x+2.75x=3.00
3.75x=3.00

x=0.80
The theater paid $0.80 for the candy.

Let x represent selling price for the new car.
The dealer’s cost is 0.85($18,000) = $15,300.
The markup is $100.

selling price = dealer’s cost + markup
x=15,300+100 = §$15,400

At $100 over the dealer’s cost, the price of the
care is $15,400.

Tickets | Price per Money
sold ticket earned

Adults X 7.50 7.50x

Children | 5200—x 4.50 4.50(5200 —x)

7.50x+4.50(5200 - x) = 29,961
7.50x+23,400—-4.50x = 29,961
3.00x+23,400 = 29,961

3.00x = 6561

x=2187
There were 2187 adult patrons.

Let p represent the original price for the suit.
Then, 0.30p represents the discounted amount.
original price —discount = clearance price

p—030p =399
0.70 p = 399
» =570

The suit originally cost $570.

Let w represent the width of the rectangle.
Then w+8 is the length.
Perimeter is given by the formula P =2/+2w.
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Chapter 1: Equations and Inequalities

2(w+8)+2w=60
2w+16+2w =60
4w+16=060

4w =44

w=11

Now, 11 +8=19.

The width of the rectangle is 11 feet and the
length is 19 feet.

96. Let w represent the width of the rectangle.
Then 2w is the length.

Perimeter is given by the formula P =2/+2w.
22w)+2w=42
dw+2w=42
6w=42
w=7
Now, 2(7) = 14.
The width of the rectangle is 7 meters and the
length is 14 meters.

97. We will let B be the calories from breakfast, L
the calories from lunch and D the calories from
dinner. So we have the following equations:

B=L+125
D=2L-300
2025=B+L+D

Now we substitute the first two into the last one
and solve for L.
2025 =(L+125)+ L+(2L—-300)

2025=4L-175
2200=4L
L =550
Now we substitute L into the first two equations
to get B and D.
B=550+125=675
D =2(550)—300 =800
So Herschel took in 675 calories from breakfast,

550 calories from lunch and 800 calories from
dinner.

98. We will let B be the calories from breakfast, L
the calories from lunch, D the calories from
dinner and S the calories from snacks. So we
have the following equations:

64

L=05B D=B+200
S=B-120 E=700
1480=B+L+D—-F
Now we substitute the first four into the last one

and solve for B.
1480 = B+ 0.5B+ (B +200)+ (B —200)—700

1480=3.5B-620
2100=3.5B

B =600

Now we substitute B to get S.
S=B-120=600-120 =480

So Tyshira took in 480 calories from snacks.

Tom's Amount | Total

X 2x 18

99. | Judy's Amount

x+2x=18
3

éx=18
3

ng(IS)

x=10.80
Judy pays $10.80 and Tom pays $7.20.

100. To move from step (6) to step (7), we divided
both sides of the equation by the expression
x—2. From step (1), however, we know x =2,
so this means we divided both sides of the
equation by zero.

101-102. Answers will vary.

Section 1.2

1. x*=5x—6=(x—6)(x+1)

2. 2x7 —x-3=(2x-3)(x+1)

59

4. True
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10.

11.

12.

13.

14.

15.

Lg_3(5)_ 2
27 272

2
x2+5x+géz(x+§j
4 2

discriminant; negative

=T;x2+5x+

25

17.

False; a quadratic equation may have no real

solutions.

False; if the discriminant is positive, the equation

has two distinct real solutions.
b
d

x2-9x=0
x(x-9)=0
x=0 or x-9=0

x=0or x=9
The solution set is {0, 9}.

X’ +4x=0
x(x+4)=0
x=0 or x+4=0
x=0or x=-4

The solution set is {4, 0}.

xX*-25=0
(x+5)(x=5)=0
x+5=0
x=-=5 or x=5
The solution set is {5, 5}.

or x—5=0

x*=9=0

(x+3)(x-3)=0
x+3=0 or x-3=0
x=-3 or x=3

The solution set is {3, 3}.

22 4+z-6=0
(z+3)(z-2)=0
z+3=0 or z-2=0

z=-3 or z=2
The solution set is {3, 2}.

18.

19.

20.

21.

65

16.

Section 1.2: Quadratic Equations

vV +Tv+6=0
v+6)(v+1)=0
v+6=0

v=—6 or v=-1
The solution set is {—6,—1}

or v+1=0

2x* =5x=3=0

2x+1)(x-3)=0
2x+1=0 or x-3=0
x=—% or x=3

The solution set is {—%, 3}

3x% +5x+2=0
Bx+2)(x+1)=0

3x+2=0 or x+1=0

X=—= x=-1

3 or

The solution set is {—1,—%} .

312 -48=0

3(t2-16)=0
3(t+4)t-4)=0
t+4=0 or t-4=0

t=—4 or t=4

The solution set is {4, 4}.

2y*-50=0

2(y*=25)=0

2(y+5)(y-5=0
y+5=0 or y-5=0
y=-5 or y=5
The solution set is {5, 5}.

x(x—8)+12=0
x> —8x+12=0
(x=6)(x=2)=0
x—6=0 or x-2=0
x=6 or x=2
The solution set is {2, 6] .
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Chapter 1: Equations and Inequalities

22. +4)=12
Mt D 27. 6x—5=2
x* +4x-12=0 x
(r+6)(x=2)=0 (6x—5)x=(gjx
x+6=0 or x-2=0 X
x=—6 or x=2 6x> —5x=6
The solution set is {—6, 2} . 6x*—5x—6=0
(Bx+2)(2x-3)=0
23. 4x* +9=12x 3x+2=0 or 2x-3=0
4x* —12x+9=0 2 3
X=—— or x==
(2x-3)*=0 3 2
2320 Neither of these values causes a denominator to
- . [ 23
3 equal zero, so the solution set is {——, —} .
x== 3°2
2
The solution set is él 12
ZJ. 28. x+—=17
x
5 12
24. 25x° +16=40x x+— [x=T7x
x
25x% —40x+16 =
537~ 40x fo 2 +12=Tx
—4)? =
(st )4 8 X —Tx+12=0
T _4 (x=3)(x—4)=0
ng x=3=0 or x—-4=0
' ' 41 x=3 or x=4
The solution set is {g [ Neither of these values causes a denominator to
equal zero, so the solution set is {3, 4}.
25. 6(p*-1)=5p 2 4(x-2) 3 3
6p>—6=5p ) x=3 x x(x-3)
6p° —5p—-6=0 4(x=2 _
(x )+é x(x-3)= 3 x(x-3)
GBp+2)2p-3)=0 x-3 x x(x-3)
3p+2=0 or 2p-3=0 4x(x=2)+3(x-3)=-3
pz_gz or p:% 4x% —8x+3x—9 =3
5 3 4x* —5x-6=0
The solution setis {——, —¢. dx+3)(x=2)=0
372 (4x+3)(x-2)=

4x+3=0 or x-2=0
26. 2(2u* —4u)+3=0

X=—— or x=2
4u* —8u+3=0 _ 4 _
Neither of these values causes a denominator to
Qu-1)(2u-3)=0
. . 3
2u—1=0 or 2u-3=0 equal zero, so the solution set is {—Z, 2}.
3
u=— or u==
2 2
. |13
The solution setis {—, —¢.
22

66
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30.

31.

32.

33.

34.

5 3
=4
x+4 x—2

(—ELJ(x+4ﬂx—2):(4+;%3)(x+4ﬂx—2)

x+4

5(x—2)=4(x+4)(x—2)+3(x+4)
Sx—10=4(x" +2x-8)+3x+12
5x—10=4x" +8x—32+3x+12
0=4x>+6x—10
0=2(2x" +3x-5)
0=2(2x+5)(x—1)
2x+5=0 or x-1=0

xX=—— or x=1

2
Neither of these values causes a denominator to

equal zero, so the solution set is {—%, 1}.

The solution set is {-5, 5} .

x> =36
x=%/36
x=16
The solution set is {-6, 6} .

(x—1)’ =4
x—1=+/4
x—1=%2
x—1=2 or x—1=-2
x=3or x=-1
The solution set is {—1,3} .

(x+2)* =1
x+2=i\/1
x+2==%1
x+2=1 or x+2=-1

x=-1 or x=-3
The solution set is {-3, -1} .

67

Section 1.2: Quadratic Equations

35. (2x+3)° =9

36.

37.

38.

2x+3=+/9
2x+3=43
2x4+3=3 or 2x+3=-3
2x=0 or 2x=-6
x=0 or x=-3
The solution set is {-3, 0} .

(3x-2)* =4
3x—2=+/4
3x-2=%2
3x-2=2 or 3x-2=-2
3x=4 or 3x=0

x=§ or x=0

The solution set is { 0,%} .

X2 +4x=21
X’ +4x+4=21+4
(x+2)° =25
x+2=ix/g

x+2=15
x=-2%5

x=3 or x=-7
The solution set is {-7,3}.

x2—6x=13
X —6x+9=13+9
(x=3)° =22
x—3=+/22

x= 31@
The solution set is {3—@, 3+\/Z}.
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Chapter 1: Equations and Inequalities

2y 2 = 2, 4t
39. x Zx 6 0 41 3x" +x 0
2 1 3 2 1 1
—cx= +rx——=0
PR A3
o1 131 , 11
——Xt—=t— fox=—
T2 6716 16 AR
2 r 1 1
1 1 Tt —
(x‘zj =2 33676 36
2
1 7
LT LY
x-g =k =ty (x 6) 36
1,1 7
=—+— +—:i J—
=45 e T 36
3 1 N
x=> or x=—— PR
4 4 o 6
The solution set is {—l,é} _—1i\/7
4°4 x= 3
40 x2+§x—%:0 The solution set is {_1—6\/7’_12\/7}
2.2 1
33 42, 2x*-3x—1=0
2,2 1 11 2. 3.1
X +§x+§—§+§ X 2x 2
1\ 4 231
(X'Fg] 25 2 2
JEE SV WA
crlop[A_42 27716 216
3 9 3 3 2_1_7
r=_142 4) 16
3 3
3 17
x=% or x=-1 X—Zzi 6
N 1 3,7
The solution set is {—1,3}. by 1=
34417
x:
4
The solution set is {3 _jﬁ , 3 +;/ﬁ}

43. x*—4x+2=0
a=1, b=—4, ¢c=2

LTV -A0Q) _ 4x416-8
2(1) 2

4ix/§:4i§\/§:2i\/§

2
The solution set is {2—\/5, 2 +\/§}

68
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44. X*+4x+2=0
a=1, b=4, c=2

_ —4%4* —4()(2) -4+16-8

2(1) 2

—4+ —4+
_—4%8 4—22\5:—21\/5

2
The solution set is {—2—«/5, —2+\/§}.

45. x> —4x-1=0
a=1, b=-4, c=-1

. —(—4) £+/(=4)> —4(1)(-1) _4%16+4

2(1) 2

=4i;/%:4i§*/§=21ﬁ

The solution set is {2—\/5, 2+\/§}.

46. x*+6x+1=0
a=1, b=6, c=1

- —6£4/6>—4(1)(1) —6+-36—4

2() 2
-6+ -6+
_ 6_2@: 6_2462_%2\5

The solution set is {—3 - 2\/5, -3+ 2\/5}

47. 2x*-5x+3=0
a=2, b=-5 c¢=3

D9 400)

2(2)

_54425-24 5341541
4 4 4
~1

x—5—+1 or x=
4

(9]

or x =

ENJIEN
-‘;‘

or x=1

The solution set is {1, %}

48.

49.

50.

51.

Section 1.2: Quadratic Equations

2x% +5x+3=0
a=2, b=5 ¢=3

_-5 +./5% -4(2)(3)

X

2(2)
_—5+425-24 _ —5+41 _ 541
4 4 4
LSl 5]
4 4
=2 o x=2%
4 4
3
:—1 = ——
X or Xx 2

The solution set is {—%,—1}.

4y2—y+2=O
a=4, b=-1, ¢c=2

(=D E(-1)* - 4(4)(2)
r= 2(4)
12132 1+J-31
8 8
No real solution.

42 +1+1=0
a=4, b=1, c=1

—1£4/12 —4(4)(1)

2(4)

_—1£1-16 _ —1%+/-15

8 8
No real solution.

=

4x* =1-2x

4x* +2x-1=0
a=4, b=2, c=-1

o —244/2% —4(4)(-1)

2(4)
__2ix/m__2im
= . _ :
2425 1445
= - -
The solution set is {_1;\/5, —12\/5}
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Chapter 1: Equations and Inequalities

52.

53.

54.

5S.

56.

2x% =1-2x
2x* +2x-1=0
a=2, b=2, c=-1
o —24427—42)(-1) _-2+/4+8
B 2(2) B 4
2412 2423 —1+43
4 4 2
The solution set is _1_\6, ~1+\3 .
2 2
4x? =9x
4x* —9x =0
x(4x-9)=0

x=0 or 4x-9=0

x=0 or x=

ENJIN)

The solution set is {O, %}

5x=4x>
0 =4x* —5x
0=x(4x-5)

x=0 or 4x-5=0

x=0 or x=

Al

The solution set is {O, %}

9> —6t+1=0
a=9, b=-6, c=1

i LS (G 6)° —4(9)(1)

2(9)
_6%/36-36 _6+0 _1
18 18 3

The solution set is {%}

4> —6u+9=0
a=4, b=-6, ¢c=9

L _COEJ(6)° ~44)O)
- 2(4)
_ 6+/36-144 _ 6++/-108

8 8
No real solution.

70

58.

3
ZX —ZX—E—O
3, 1 1
41 =x"—=x—=|=4(0
(4 4 2) ( )
3xt—x-2=0

203)
_11\/1+24:11JE:1+5
6 6 6

_1+5 or x_1—5

6

=8 rx=?

6 6

2

=1 = ——

X or x 3

The solution set is {—%,1}.

%xz—x—3=0

3(%x2—x—3j=3(0)

2x*=3x-9=0
a=2, b=—3, c=-9

~(=3)£y(-3)* -4(2)(-9)

e 2(2)
3449472 3+481 3%9
B 4 4 4
=30 =322
4 4

x=12 o x==0

T4 T4

:3 = —_—

X or x )

The solution set is {—%,3}.
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{311
5x* —3x=1
5x*—3x-1=0

a=5 b=-3, c=-1

~(3)£4(=3) -4(5)(-1)

2(5)
:3ix/9+20:3i«/ﬁ
10 10
The solution set is 3_@, 3+@ .
10 10
60. %xz—xzé
{1
5 5
3x2 —5x=1
3x2 =5x-1=0

a=3’ b=—5, C=—1

_—(=5)£y(=5) - 4(3)(-])

: 2(3)
5425412 5+37
B 6 6
The solution set is {S_Zﬁ, 5+%/§}.

61. 2x(x+2)=3

2x% +4x-3=0
a=2, b=4, c=-3

_ —4+4 —42)(-3) —4+-16+24

2(2) B 4
4240 —4x2410  —2+10
== : 2

The solution set is {_2 _zm ’ -2 +2\/E }

Section 1.2: Quadratic Equations

3x(x+2)=1

3x2+6x—-1=0
a=3, b=6, c=-1

e —6+467 —43)(=1) —6+-/36+12

2(3) 6
_—6+/48  —6+43 3123
R

The solution set is _3_2\6’ —3+243 .
3 3
1 2
4———_= =0
X x2

C1£41432 14433

-8 8
Neither of these values causes a denominator to
equal zero, so the solution set is

{1—\/5 1+\/§}.

8 8
4+1—L2=0
X x
2 I 1) >
X (4+;—x—2)—x (0)

4x* +x-1=0
a=4, b=1 c=-1

—1£412 —4(4)(-1)

2(4)
_—1E1+16 _ —1+417
8 8

Neither of these values causes a denominator to
equal zero, so the solution set is

{—1—\/ﬁ —1+\/ﬁ}'

8 8
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65.

66.

67.

3x
x—2

( 3x +ljx(x—2)=4x(x—2)
x—=2 x

3x(x)+(x—2) =4x> —8x
3x2+x—2=4x*—8x

0=x>-9x+2
a=1, b=-9, ¢=2

Gk V(=9 —4(D)(2)

+l=4
X

2(1)
_9+81-8 _9%73
2 2

Neither of these values causes a denominator to
equal zero, so the solution set is

{9—@ 9+\/%}'

2 2

2x l
x=3 x

( 2x +ljx(x—3) =4x(x-3)

=4

x=-3 x
2x(x) +(x—3) =4x* —12x
2%t +x-3=4x*—12x

0=2x>-13x+3
a=2, b=-13, ¢=3

‘e —(—13)i\/(—13)2 -4(2)(3)

2(2)
_ 13416924 _ 13++/145
4 4

Neither of these values causes a denominator to
equal zero, so the solution set is

{13—\/145 13+\/145}

4 4

¥ —4.1x+22=0
a=1, b=-4.1, ¢=22

(41 £y (-4.1)* —4(1)(22)

xX=

2(1)
_4.1+1681-88 _4.1+8.01
2 2

x=3.47 or x=0.63
The solution set is {0.63, 3.47} .

68.

69.

70.

71.

x> 4+3.9x+1.8=0
a=1, =39, ¢c=1.8

394 (3.9)* —4(1)(1.8)

2(1)
3.9+/1521-72  -3.9%+/8.01
2 2

x=-0.53 or x=-3.37
The solution set is {-3.37,—-0.53} .

2 +Bx=3=0
a=1, b=\/§, c=-3

3+ (\/5)2 ~4(1)(-3)

2(1)
BB 3415
2 2

x=1.07 or x=-2.80
The solution set is {-2.80, 1.07}.

x2+\/§x—2=O
a=1, b=\/§, c=-2

2 (\/5)2 —4(1)(-2)

2(1)
_ 22248 _ 24410
2 2

x=0.87 or x=-2.29
The solution set is {-2.29, 0.87} .

axt—x-7=0
a=n, b=-1, c=-rx

(<) £y(-1)* —4(x)(7)
2(7)

:11\/1+47z2

2
x=1.17 or x=-0.85
The solution set is {-0.85, 1.17} .
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72.

73.

74.

75.

76.

77.

78.

x> +rx—2=0

a=xm, b=m, c=-2

el 4 (2)
2(x)
_ —mANT +87
2
x=0.44 or x=-1.44
The solution set is {—1.44, 0.44} .

X =

2x2—6x+7=0
a=2, b=-6, ¢c=7

b* —4ac = (—6)* —4(2)(7) =36-56 =20
Since the b* —4ac < 0, the equation has no real
solution.

x*+4x+7=0

a=1, b=4, c=17

b* —4ac = (4)* —4(1)(7) =16-28 =-12
Since the b* —4ac < 0, the equation has no real
solution.

9x* —30x+25=0

a=9, b=-30, ¢c=25

b* —4ac = (-30)* —4(9)(25) = 900-900 = 0
Since b* —4ac =0, the equation has one
repeated real solution.

25x° —20x+4=0

a=25 b=-20, c=4

b* —4ac = (-20)* —4(25)(4) = 400-400 =0
Since b* —4ac =0, the equation has one
repeated real solution.

3x* +5x-8=0

a=3, b=5 c¢=-8

b* —4ac =(5)" —4(3)(-8) =25+96 =121
Since b* —4ac > 0, the equation has two
unequal real solutions.

2x* =3x-7=0

a=2, b=-3, ¢c=-7

b* —4ac =(-3)" —4(2)(-7)=9+56 =65

Since b* —4ac >0, the equation has two
unequal real solutions.

73

79.

80.

81.

82.

83.

84.

Section 1.2: Quadratic Equations

¥r-5=0
xr=5

X = i-\/g
The solution set is {—\/g s \/g }

X =6=0
x* =6
xX= i\/g
The solution set is {_\/E ,\/g}

16x* —8x+1=0
(4x—1)(4x-1)=0
4x-1=0

1

X =

4
The solution set is {

|

N

9x* —12x+4=0
(3x—2)(3x—2) =0
3x=2=0

X =

W o

The solution set is {%}

10x> —=19x—15=0

(5x+3)(2x—5) =0

5x+3=0 or 2x-5=0
3

X=—— O0r X =

S

5 2

The solution set is {—g,i}
5°2

6x*+7x-20=0
(3x—4)(2x+5)=0
3x—4=0 or 2x+5=0

X== or x——é
3 2

. . 54
The solut tis (—=,=.
e solution se 15{ 2,3}
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Chapter 1: Equations and Inequalities

85. 2+z=62"
0=6z-z-2
O=(3Z-2)(22+1)

3z—-2=0 or 2z+1=0

z=—0r z=-
3

1
27

8
J

W =

The solution set is {—

86. 2=y+6)°
0=6y>+y-2
0=(3y+2)(2y-1)
3y+2=0 or 2y—-1=0

:—gor :l
Y=73 Y=3

1

. . 2
The solut tis < —=,—=;.
e solution se 15{ 33

87. x2+\/§x=%
x* +x/§x—%=0

2(x2+\/§x—%j=2(0)

22 +22x-1=0
a=2, b=2J2, c=-1
VD) £(2V2) 4 (1)
e 22)
_ 225848 _ 221416
4 4

_222+4 242
4 2
The solution set is —2-2 s —2+2
2 2
88. %xz =2x+1

%xz —2x-1=0

2(%%—\@—1):2(0)
x*-2\2x-2=0
a=1, b=-242, ¢=-2

~(2v2)£4J(-2V2) - 4(1)(-2)
X =
2()

_22+8+8 _ 22416
2 2
2244 242
T2 1

The solution set is {«/5— 2,«/5 + 2}.

89. 4+x=4

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

. —()£4J(1)> —4(1)(-4)

2(1)
_ —1+/1+16 B —1+17
= : 1%
The solution set is {_1_2m’_1+2ﬁ '

90. x’+x=1
4x-1=0
a=1, b=1, c=-1
o —() £ =4(1)(-1)
B 2(1)
o1+ 1+4  —1%45
a 2 2

The solution set is {_1 =t ’_1;\/5}

2 2
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Section 1.2: Quadratic Equations

x 2 Tx+1
91. + =
x—2 x+1 xz_x_z
X 2 Tx+1

x—2+x+1 - (x=2)(x+1)

X 2 _ Tx+1 _
e e =( gy Je e

x(x+D)+2(x-2)=Tx+1

X x+2x—4="Tx+l1
X +3x—4=Tx+1
x*—4x-5=0
(x+D)(x-5)=0
x+1=0 or x-5=0
x=-1 or x=5
The value x =—1 causes a denominator to equal zero, so we disregard it. Thus, the solution set is {5}.

3x 1 4—-7Tx

92. —+ =
x+2 x-1 xz +x=-2
3x + 1 4-Tx
x+2 x-1 (x+2)(x-1)
3x 1 4-Tx
+— [(x+2)(x—-D)=| ——————— [(x+2)(x—1
(x+2 x—l)(x =D [(x+2)(x—l))(x =1
3x(x—1D)+(x+2)=4-Tx
3x* —3x+x+2=4-Tx
3x* —2x+2=4-7x
3x* +5x-2=0
Bx-D(x+2)=0
3x—1=0 or x+2=0
1
=— = _2
x=7 or X
. . . . .1
The value x =—2 causes a denominator to equal zero, so we disregard it. Thus, the solution set is {g}
93. Since this is a right triangle then we can use the This means there are 2 possible that meet these
Pythagorean Theorem. So requirements. Substituting X into the given sides
Q2x+3)> =(2x=5 +(x+7)* gives:

When x =5: 5m, 12m, 13m
When x = 13: 20m, 21m, 29m
12x+9=x>—6x+74 Thus there are 2 solutions.

0=x’—-18x+65
0=(x-5)(x-13)
x=5=0 or x—-13=0

x=5 or x=13

45 +12x+9=4x> —20x+25+ x> +14x+49

75
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94.

95.

96.

97.

Since this is a right triangle then we can use the
Pythagorean Theorem. So

(4x+5)* = (3x+13)" +x°
16x% +40x +25 = 9x% + 78x +169 + x*
6x> —38x—144=0
2(3x* —19x-72)=0
2(3x+8)(x=9)=0
3x+8=0 or x—-9=0

x=—§ or x=9

This means there are 2 possible solutions that
meet these requirements. Substituting x into the
given sides gives:

When x =9: 41m, 40m, 9m

When x = —g at least one side of the triangle

has a negative measurement which is impossible.

Thus there is only 1 triangle possible

Let w represent the width of window.

Then [ =w+2 represents the length of the

window.

Since the area is 143 square feet, we have:
ww+2)=143

w2 +2w—143=0
(Ww+13)(w=11)=0

M or w=11

Discard the negative solution since width cannot
be negative. The width of the rectangular
window is 11 feet and the length is 13 feet.

Let w represent the width of window.
Then / = w+1 represents the length of the

window.
Since the area is 306 square centimeters, we

have: w(w+1) =306
w +w=306=0
(w+18)(w—17)=0

w=<I§ or w=17

Discard the negative solution since width cannot
be negative. The width of the rectangular
window is 17 centimeters and the length is 18
centimeters.

Let / represent the length of the rectangle.
Let w represent the width of the rectangle.
The perimeter is 26 meters and the area is 40

98.

99.

square meters.

20+2w=26
I+w=13 so w=13-1
Iw=40
I13-1)=40
131-17 =40
I>-131+40=0
(1-8)(1=5)=0
I=8 or /=5
w=5 w=8

The dimensions are 5 meters by 8 meters.

Let r represent the radius of the circle.

Since the field is a square with area 1250 square
feet, the length of a side of the square is

V1250 = 2572 feet. The length of the diagonal
is 2r.

Use the Pythagorean Theorem to solve for r:

(2r) =(25v2 )2 +(25v2 )2

4r? =1250+1250

47> =2500
r? =625
r=25

The shortest radius setting for the sprinkler is 25
feet.

Let x = length of side of original sheet in feet.
Length of box: x—2 feet

Width of box: x—2 feet

Height of box: 1 foot

V=I1wh
4=(x-2)(x-2)(1)
4=x"—4x+4
0=x>—4x
0=x(x—4)

x=0 or x=4

Discard x =0 since that is not a feasible length
for the original sheet. Therefore, the original
sheet should measure 4 feet on each side.
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100. Let x = width of original sheet in feet.

Length of sheet: 2x
Length of box: 2x—2 feet
Width of box: x—2 feet
Height of box: 1 foot
V=Iw-h
4=(2x-2)(x-2)(1)
4=2x"—6x+4
0=2x"—6x
0=x"-3x
0=x(x-3)
x=0 or x=3
Discard x =0 since that is not a feasible length

for the original sheet. Therefore, the original
sheet is 3 feet wide and 6 feet long.

101. a. When the ball strikes the ground, the

distance from the ground will be 0.
Therefore, we solve

96+80¢ —16¢° =0
—16£* +80¢+96 =0
£ =5t-6=0
(t—6)(t+1)=0
t=6 or t=-1
Discard the negative solution since the time

of flight must be positive. The ball will
strike the ground after 6 seconds.

b. When the ball passes the top of the building,
it will be 96 feet from the ground. Therefore,
we solve

96+80¢ —161° =96
~16t* +80t =0
t*=5t=0
1(t=5)=0
t=0 or =5
The ball is at the top of the building at time
t =0 when it is thrown. It will pass the top

of the building on the way down after 5
seconds.

Section 1.2: Quadratic Equations

102. a. To find when the object will be 15 meters

above the ground, we solve
~4.9¢ +20¢ =15

—4.92 +20t-15=0
a=-49, b=20, c=-15

~20+1/20° —4(~4.9)(~15)

=

2(-4.9)
_ 20+4/106 _ 20++/106
T 98 98

t=099 or ¢t=3.09

The object will be 15 meters above the
ground after about 0.99 seconds (on the way
up) and about 3.09 seconds (on the way
down).

b. The object will strike the ground when the

distance from the ground is 0. Therefore, we
solve

—4.9* +20t =0

1(~4.9t+20)=0

=0 or —49:+20=0
—4.91 =20

t=4.08
The object will strike the ground after about
4.08 seconds.

c. —4.9¢% +20t =100

—4.9¢% +20t—100 = 0
a=-49, b=20, c=-100
- 20,207 —4(-4.9)(~100)
2(—4.9)
_ —20%+/-1560
293

There is no real solution. The object never
reaches a height of 100 meters.

103. Let x represent the number of centimeters the

length and width should be reduced.

12 —x = the new length, 7—x = the new width.
The new volume is 90% of the old volume.
12-x)(7T-x)(3) =0.9(12)(7)(3)

3x2 —57x+252=226.8
3x2 —=57x+252=0
x2—19x+8.4=0
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Chapter 1: Equations and Inequalities

104.

105.

19197 -4MB4) _ 19413274

2(1) 2
x=045 or x=18.55

Since 18.55 exceeds the dimensions, it is
discarded. The dimensions of the new chocolate
bar are: 11.55 cm by 6.55 cm by 3 cm.

Let x represent the number of centimeters the
length and width should be reduced.

12— x =the new length, 7—x = the new width.

The new volume is 80% of the old volume.
(12 —=x)(7-x)(3) =0.8(12)(7)(3)

3x% —57x+252=201.6
3x* —57x+50.4=0
x* —19x+16.8=0
19197 ~4168) _ 1922938
2(1) 2
x=0.93 or x=18.07

Since 18.07 exceeds the dimensions, it is
discarded. The dimensions of the new chocolate
bar are: 11.07 cm by 6.07 cm by 3 cm.

Let x represent the width of the border
measured in feet. The radius of the pool is 5
feet. Then x+5 represents the radius of the
circle, including both the pool and the border.
The total area of the pool and border is

Ay =T(x+5)%.

The area of the pool is 4, = n(5)* =257
The area of the border is

Ay = Ay — Ap =m(x+5)* —25m.

Since the concrete is 3 inches or 0.25 feet thick,
the volume of the concrete in the border is

0.254, =0.25 (n(x+ 5)% - 25n)
Solving the volume equation:
0.25(m(x+5)* - 257) = 27
n(x* +10x+25-25)=108
e +10me—108 =0
107 £+/(10m)> — 4(T)(-108)
X =
2(m)

_ —31.42+100%” + 4321
B 6.28
x=2.71 or x=-12.71

Discard the negative solution. The width of the
border is roughly 2.71 feet.

78

106. Let x represent the width of the border
measured in feet. The radius of the pool is 5
feet. Then x+5 represents the radius of the
circle, including both the pool and the border.
The total area of the pool and border is

A =m(x+5)°.

The area of the pool is A4, = n(5)* =25m.
The area of the border is

Ay = Ay — Ap =(x+5)* —25m.

Since the concrete is 4 inches = % foot thick, the

volume of the concrete in the border is

%AB = %(Tt(x+ 5)* - 257)

Solving the volume equation:

%(n(x+5)2 —~25m) =27
n(x2 +10x+25—25) =381

e +10mx—81=0
~ —10ni\/(10n)2 —4(m)(-81)
o 2(m)

_ —31.42++/100%% + 3241
B 6.28
x=2.13 or x=-12.13

Discard the negative solution. The width of the
border is approximately 2.13 feet.

107. Let x represent the width of the border
measured in feet.
The total areais A, =(6+2x)(10+2x) .
The area of the garden is 4; =6-10=60.

The area of the border is
Ap = Ay — A =(6+2x)(10+2x)—-60.

Since the concrete is 3 inches or 0.25 feet thick,

the volume of the concrete in the border is
0.254, =0.25 ((6 +2x)(10+2x) - 60)

Solving the volume equation:
0.25((6+2x)(10+2x)—60) =27

60+32x+4x> —60 =108
4x* +32x-108 =0

x*+8x-27=0
—8+./8% —4(1)(-27) -8++/172
X = =
2(1) 2

x=2.56 or x=-10.56
Discard the negative solution. The width of the
border is approximately 2.56 feet.
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108.

109.

Let x = the width and 2x = the length of the
patio. The height is % foot and the concrete

available is 8(27) =216 cubic feet..
V=Iwh =x(2x)%= 216

%xz =216
x* =324
x==I8
The dimensions of the patio are 18 feet by 36
feet.

Let x = the length of a 9.7-inch iPad Air™ in a
4:3 format.

Then %x = the width of the iPad. The diagonal

of the 9.7-inch iPad is 9.7 inches, so by the

Pythagorean theorem we have:
2

Y+ Zx =972
4
x? +ix2 =94.09
16
2 9 2
16 x e =16(94.09)

16x? +9x% =1505.44
25x? =1505.44
x? =60.2176

x=1+/60.2176 =17.76
Since the length cannot be negative, the length of
the iPad is 7.76 inches and the width is

%(7.76) =5.82 inches. Thus, the area of the

iPad is (7.76)(5.85) = 45.1632 square inches.

Let y = the length of a 10-inch 16:10 format
Google Nexus 10™,

Then % y = the width of the Nexus.

The diagonal of a 10-inch Nexus is 10 inches, so
by the Pythagorean theorem we have:
2
10
2 2
+ — =10
Y 16 y
100
2 2
+—y~ =100
Y 256 Y

100
256 y*+—32 =256(100
Vv (100)

110.

Section 1.2: Quadratic Equations

256y +100y* = 25600

356y% = 25600
, 25600

356

V' 356

Since the length cannot be negative, the length of

25600

the Nexus is F =~ 8.48 inches and the width

is 10 /25600 =~ 5.30inches. Thus, the area of the
16V 356

10-inch 16:10 format Nexus is
\/25600 10 \/25600

356 16 V 356

= 44.94 square inches.

The iPad Air™ 4:3 format has the larger screen
since its area is larger.

Let x = the length of a 7.9-inch iPad Mini with
Retina™ in a 4:3 format.

Then %x = the width of the iPad. The diagonal

of the 7.9-inch iPad is 7.9 inches, so by the

Pythagorean theorem we have:
2

2+ £ =7.9°
4
x? +ix2 =62.41
16
2 9 2
16 x e =16(62.41)

16x* +9x% = 998.56
25x? =998.56
x? =39.9424

x =14/39.9424 = +6.32

Since the length cannot be negative, the length of
the iPad is 6.32 inches and the width is

3
4
iPad is (6.32)(4.74) = 29.9568 square inches.
Let y = the length of a 8-inch 16:9 format Dell

(6.32) = 4.74 inches. Thus, the area of the

Venue Pro™. Then % vy = the width of the

Dell. The diagonal of a 8-inch Dell is 8 inches,
so by the Pythagorean theorem we have:

Copyright © 2016 Pearson Education, Inc.



Chapter 1: Equations and Inequalities

2
9
2 2
+ — =38
Y 16)/

81
2 2
+—— 2 = 64
7 2567

81
256 y2+——3% =256(64
Y 567 (64)

256y% + 81y =16384
337y% =16384
, 16384

337

[16384
337

Since the length cannot be negative, the length of
the Nexus is 4/% =~ 6.97 inches and the width

is 2 16384 ~3.922 inches. Thus, the area of the
16V 337

8-inch 16:9 format Dell is
(6.97)(3.922) = 27.34 square inches.

The iPad Mini™ 4:3 format has the larger screen
since its area is larger.

111. Let x be 35. Then

h=-0.00025x> + 0.04x
=-0.00025(35)* +0.04(35)
~1.1ft

112. Since d is expressed in 1000’s we will set d = 15

and solve for x using the Quadratic Formula.
d =-0.002x> +0.319x+7.512

15=-0.002x% +0.319x+7.512
0=-0.002x> +0.319x — 7.488

0319+ \/(0.3 19)> — 4(~0.002)(—7.448)
x =
2(~0.002)
_ —0.319+~/0.042177
-0.004
x=284 or x=131.1

So the nearest year when the difference was
$15,000 occurred about 29 years after 1965 or
1994. The value 131.1 has no meaning since it is
in the future.

113. We will set g =2.97 and solve for h using the

Quadratic Formula.

80

114.

g =-0.0006x +0.015x+3.04
2.97 = —0.0006x” +0.015x +3.04
0 =—0.0006x> +0.015x+0.07

0,015+ \/(0.015)2 — 4(=0.0006)(0.07)
= 2(~0.0006)

_ —0.015£+/0.000393

—0.0012
x=29 or x=-4.02

So the estimated numbers of hours worked by a
student with a GPA of 2.97 is 29 hours. The
value -4.02 has no meaning since it is negative.

Let x be the numbers of members in the
fraternity and s be the share paid by each

member. Then s = ﬂ If there are 7
X

members who cannot contribute then the share
goes up by $5. So we have the following
equation:

1470

s+5= 5 or (s+5)(x—7)=1470

Solving these two equations together:

(5+5)(x=7)=1470 and s =121
—14x70+5 (x—7)=1470
1470—10290+5x—35=1470

e 1020

5x2 =35x-10290=0

5x% =35x—10290=0
x> —7x-2058=0
(x+42)(x—49)=0
x=-42 or x=49

Since x is the number of members, it must be
positive so the number of members is 49.
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Section 1.2: Quadratic Equations

115. ln (n+1)=703 118. The roots of a quadratic equation are
2 _ —b—b* —4dac d _ —b+~b* —4dac
n(n+1)=1406 hNETT e ET—

n’ +n—-1406=0 N —b—~b* —4ac || -b+~/b* —4ac
(n=37)(n+38)=0 b 2a 2a
n=37 or n=-38 2
Since the number of consecutive integers cannot (—b)2 - (\/ b - 4ac) 2 52

X . . b° =b" +4ac
be negative, we discard the negative value. We =

2 - 2
must add 37 consecutive integers, beginning at 1, (2a) 4a
in order to get a sum of 703. dac

1 - 4a*
116. Ef’l(l’l—3)265 _c
n(n-3)=130 “
n?—3n-130=0 119. In order to have one repeated solution, we need
(n-13)(n+10)=0 the d;crlznmangto be 0.
n=13 or n=-10 5 Trae=
Since the number of sides cannot be negative, we 1°—4(k)(k)=0
discard the negative value. A polygon with 65 2 _
. . . 1-4k° =0
diagonals will have 13 sides.
| 4k* =1
511(}1—3):80 kz_%
n(n-3)=160 1
n? —3n—-160=0 k:i\/;
a=1,b=-3,c=-160 1 1
> k== or k= )
n__3i¢(8) —4(1)(-160) 3+/646
2(1) 2 120. In order to have one repeated solution, we need

Neither solution is an integer, so there is no the discriminant to be 0.

polygon that has 80 diagonals. b* —4ac=0

2
117. The roots of a quadratic equation are (=k)"—4(1)(4)=0

L _—b=b’—dac . —b+b’—4ac k*=16=0
1 2a ’ 2a (k=4)(k+4)=0
—b—~/b* —4ac  —b+\b> —4ac k=4 or k=-4
X tx,= o + "
b-b? —dac —b+b? —4ac 121. For ax* +bx+c¢=0:
B 2a x _ —b—Ib* —4ac and x _ —b+~b* —4ac
_ =2 b 2a 2 24
oy
__b
a
81
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Chapter 1: Equations and Inequalities

For ax’ —bx+c¢=0:

. —(=b)=/(-b)" ~4ac

and

Xy, =

. b+ b*—4(c)(a) _ —b+~b* —4ac

X = 2a 2¢ 2¢
b2 — dac :—b+\/b2—4ac.—b— b —4ac
- 2a 2c —b—\/b2 —4ac
:_[—b+\/b2 —4ac] (b -dac) Aac
2a 20(—b— b2—4ac) 20(—b— b2—4ac)
-h 2a
and =
> ~b—~b* —4ac
o :—(—b)+ (-b)" —4ac B
2 2a T
1
_ b+~/b* —4ac
B 2a 123. a. x*=9 and x=3 are not equivalent
> because they do not have the same solution
—b—~\b" —4ac .
= —— set. In the first equation we can also have
2a x=-3.
=N b. x=+9 and x =3 are equivalent because

Jo=3.

122. For ax’+bx+c=0:

2
b —dac _h 4B — dac c. (x-1)(x-2)=(x—1)" and x—2=x—1 are
N = 2a and x, = 2a not equivalent because they do not have the

same solution set.

2 , : :
For ex” +bx+a=0: The first equation has the solution set {1}

. —b—\lbz —4(0)(0) _ —b—/b* —4ac

while the second equation has no solutions.

X1

2c 2c
124. Answers will vary. Methods may include the

_=b=v b* —dac —b+v b* —4ac quadratic formula, completing the square,

2c —b+~b% —4dac graphing, etc.

b’ - (b2 - 4ac) dac 125. Answers will vary. Knowing the discriminant
= = allows us to know how many real solutions the
2c(~b+fb? ~dac )| 2¢(-b+Vb? ~dac) equation will have.
2a

= = 126. Answers will vary. One possibility:
~b+b* —4ac Two distinct: x> —3x—18=0

_1 One repeated: x* —14x+49=0
2 Noreal: x*+x+4=0

127. Answers will vary.

Section 1.3

1. Integers: {-3,0}

Rationals: {—3, 0,él
5

82
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Section 1.3: Complex Numbers; Quadratic Equations in the Complex Number System

2. True; the set of real numbers consists of all
rational and irrational numbers.

3.3 243
243 2443 2-43
3(2-43)

3(2-43)

4-3

=3(2-+3)

4. real; imaginary; imaginary unit
5. False; the conjugate of 2+5i is 2—5i.

6. True; the set of real numbers is a subset of the set
of complex numbers.

7. False; if 2—3i is a solution of a quadratic
equation with real coefficients, then its
conjugate, 2+3i, is also a solution.

8. b

9. a

10. ¢
11. (2-3))+(6+8i))=(2+6)+(-3+8)i=8+5i

12, (4+450)+(—8+2i) = (4+(-8)) +(5+2)i
=—4+7i

13. (-34+2)—-(4-4i)=(-3-4)+2—-(-4))
=-7+6i

14, (3—4i)—(-3—4i)=(3=(=3))+(—4—(-4))i
=6+0i=6

15. (2-5i)—(8+6i)=(2—8)+(-5—6)i
=—6-11i

16. (-8+4i)—(2-2i)=(-8-2)+(4—-(-2))i
=-10+6i

17. 32-6i)=6-18i

18. —4(2+8i)=-8-32i

83

19.

20.

21.

22,

23.

24.

25.

26.

27.

2i(2—3i) = 4i—6i* =4i—6(~1) = 6+4i
3i(=3+4i) = —9i +12i* = —9i +12(-1) = —12-9i

(3—4i)(2+i)=6+3i —8i —4i°
=6—5i—4(-1)
=10-5i

(5+3i)(2—1i) =10—5i + 6i —3i*
=10+i-3(-1)
=13+i

(—6+i)(—6—i)=36+6i—6i—i°
=36—(-1)
=37

(=3+D)(3+i)=-9-3i+3i+i°
=9+(-1
=-10

10 10 3+4i  30+40i

3-4i 3-4i 3+4i 9412i—12i—16i
_ 30+40i _30+40i
9-16(-1) 25
_30 4,
25725

575!

13 _ 13 5+12

5-12i 5-12i 5+12i
B 65+156i
25+ 60i — 60i — 144>
_ 65+156i _ 65+156i
C25-144(-1) 169
:ﬁ-l-@i
169 169
=i+£i
13 13

24i _2+i —i _—2i-i’

i [
_=2i—(=1) _1-2i _

=Ton 1-2i
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Chapter 1: Equations and Inequalities

. .. .2 3
98, 2Ti_2-0 i 2i-i 39. i°-5=() -5=(-1’-5=-1-5=-6
20 200 _aP

_2-(h 142 1. 40. 4+ =4+i%i=4+(-1)i=4—i
-2(-1) 2 2

) 41. 6i° —4i° =i (6-4i%)
6-i 6-i 1—i 6-6i—i+i
LA =2 i(6—4(=1)) = —1-i(10) = —10i

29. = —_—=
I+i 140 1-i 1—j+i—4?

6-7i+(=1) _5-7i 5 7. 3 A2 2 . a2
= = === 42, 4P -2i% +1=4i* i -2 +1
1_(_1) 2 2 2l 1 1"+ 1 -1 1"+
=4(-1)i-2(-1)+1
30, 230 2430 14i_ 2+42i+3i+3” =—4i+2+1
=i =i 4P 14i-i—f? =3-4i
=2+5i+3(_1):_1+5i=—1+§i 3 . . . . .
1-(-1) 2 29 43. (1+i)” =1+)A+)A+)=1+2i+i")A+0)
= (142 =1)(1+i) = 2i(1+1)
2 _ . .2_ . _
a (L) Lo 13,3, =2+28° =2i42-1)
272 4 "(2)l27) 4 =—2+42i
1 B3 1 B,
=gt ity =g+ 44. (3i)*+1=81i" +1=81(1)+1=82
2 .7 2N T _ 7 _
“ ﬁ_li 3, B 1,1 45. 71+ =i"1+(-1)=i"(0)=0
12 2 4 2 \27) 4 P
46. 2i*(1+i%)=2()(1+(-1)=2(0)=0
3 43,1 1 3.
Sy gt sy
47. i6+i4+i2+l=(i2) +(i2) +it+1
33, (1+i) =142i+i* =142i+(-1)=2i = (=1’ + (=12 +(=1)+1
=—1+1-1+1
34. (1-i)? =1-2i+i* =1-2i+(-1)=-2i o
11
35. =" =) i=(-1)i=— 48. i7+i5+i3+i=(i2)3-i+(z‘2)2-i+i2-i+i
= (=1 i+ (=) i+ (=) i +i
a4 _ (2N _ T _
36. 1 =(7) =7 =-1 =—i+i—i+i
11 1 1 =0
37 it === =
l-15 l-14+1 l-14 'i (12)7 'i 49. \/1 _ 21
-y v _vi_i_ i _,
-7 - —ii -2 —(-D 50. -9 =3i
s 11 1 1 7 <
38. i “ETETTEL T T 51. -25=5i
1 v _ v i : 52. J-64=8i

84
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53

54

5S.

56.

57.

58.

59.

Section 1.3: Complex Numbers; Quadratic Equations in the Complex Number System

JG+4)(4i—3) =\12i—9+16i2 —12i

= J-25
=5
J@E130)Gi—4) =12i-16+92 —12i
_ [
=5
x*+4=0
x*=—4
x=+J-4
x=22i

The solution set is {-2i, 2i}.

x*—4=0
(x+2)(x—-2)=0
x=—2orx=2

The solution set is {2, 2}.

x*=16=0
(x+4)(x-4)=0

x=—-4 or x=4

The solution set is {—4, 4}.

x2+25=0
x2=-25
x=+/-25=45i

The solution set is {5, 5i}.

¥ —6x+13=0
a=1,b=-6,c=13,

b* —4ac = (-6)* —4(1)(13) =36—-52=-16

_—OEVT6 _6x4i
B 2(1) o2
The solution set is {3—2i,3+2i}.

3+2i

85

60.

61.

62.

63.

64.

2 +4x+8=0

a=1,b=4,c=8
b* —dac =4* —4(1)(8)=16-32=-16
—4+— —4+4;
e 4+4-16 _ Atdi_
2(1) 2

The solution set is {—2—2i, -2 +2i} .

x2—6x+10=0
a=1,b=-6,c=10

b? —4ac = (—6)* —4(1)(10) =36-40=—4
R SO L i = JEP
- 2(1) o2 T
The solution set is {3—i,3+i}.

X2 =2x+5=0
a=1,b=-2,¢c=5

b* —4ac =(-2)* —4(1)(5)=4-20=—-16
_—(E9)EJ-16 2440
B 2(1) 2

The solution set is {1—2i,1+2i} .

1+2§

8x2 —4x+1=0
a=8,b=—-4,c=1

b* —dac =(—4)* —4@8)(1)=16-32=-16

Lo —CHE16_4xdi 1
- 2(8) 16

The solution set is { %i,

ENGEE

10x> +6x+1=0
a=10,b=6,c=1

b* —4ac = 6> —4(10)(1) =36-40=—4
_—6+4 6420 3, 1.

200) 20 1010

. . 301 301
The sol - - —
esoutlonsetls{ 10 101, 1010

Copyright © 2016 Pearson Education, Inc.
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Chapter 1: Equations and Inequalities

65. 5x2 +1=2x a=1,b=2c=4
5x2 —2x+1=0 b* —dac=2* —4(1)(4)=4-16=—12
a=5b=-2,c=1 x=_2im=_2i2\/§i=_1i\/§i
b? —dac=(-2)" —4(5)(1)=4-20=-16 2(1) 2
_ —(-2)£-16 _2+4i =l+2i The solution set is {2,—1—\/§i,—1+\/§i}.
2(5) 10 575
70. x*+27=0

The solution set is {l—gi, l+gi}. )
5 5°5'5 (x+3)(x* =3x+9) =0

) x+3=0=>x=-3
66. 13x° +1=6x

13x2 —6x+1=0
a=13,b=-6,c=1

b* —4ac = (—6)* —4(13)(1) =36—52=-16
_—(=6)%4-16 _6+4i _3 y

or x> =3x+9=0
a=1,b=-3,¢c=9
b* —4ac = (-3)* —4(1)(9) =9-36=—-27

_ (32T 3434303 343,

- =2 4= 2(1) 2 2T
2(13) 26 13713 A 5
. . 3 33,3 33
3 2.3 2. The solution set is {—3,———,— —}
The solution set is {13 131,13+131}. 2 2 72 2
67. x*+x+1=0 7. x* =16
a=1,b=1c=1, x*-16=0
b —4ac =12 -4()(1)=1-4=-3 (x* —4)(x* +4)=0
I E Ve B EVET B SN (x=2)(x+2)(¥* +4) =0
2(1) 2 272
LA 1 x=2=0 or x+2=0 or x> +4=0
The solution set is {————i, ——+—i}. x=2 or x=-2 or x’=-4
2 2 202
x=2or x=-2 or x=i«/§=12i
68. x>—x+1=0 The solution set is {2, 2,-2i, 2i}.
a=1,b=-1,c=1
b? —dac=(-1)> —4(1)1)=1-4=-3 72. =1
=DV _1aEi 1, VB, o
T2 2 272 (x2—1)( ):o
The solution set is l—i l ﬁ (r= 1)(x+1)(x +1)
2 22" ,
x—1=0 or x+1=0 or x*+1=0
69. *—8=0 x=1or x=-1or x*=-1
(x—2)(x2+2x+4)=0 x=lor x=-lor x=+J-l=#i

The solution set is {—1,1,—, i}.
x-2=0=>x=2

or X2 +2x+4=0

86
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73.

74.

75.

76.

77.

78.

Section 1.3: Complex Numbers; Quadratic Equations in the Complex Number System

¥ +13x% +36=0
(x2 +9)(x2 +4):O

249=0 or x*+4=0

¥ =-9 or x=—4
x=%J/-9 or x=+/-4
x=23i or x =322

The solution set is {—3i, 3i,—2i, 2i}.

xt+3x7-4=0
(x2—l)(x2+4)=0
(x—l)(x+1)(x2+4)=O
x=1=0 or x+1=0 or x> +4=0
x=-1or x*=—4

x=lor x=-1or x=xv—4=22i
The solution set is {—1,1,-2i, 2i}.

x=1 or

3x* =3x+4=0

a=3,b=-3,c=4

b* —dac =(-3)* —4(3)(4)=9—48 =39

The equation has two complex solutions that are
conjugates of each other.

2x2 —4x+1=0
a=2,b=-4,c=1
b* —4ac = (-4)* —4(2)(1)=16-8=8

The equation has two unequal real number
solutions.

2x? +3x =4

2x* +3x—4=0
a=2,b=3,c=-4

b* —4ac=3*—4Q2)(—4)=9+32=41
The equation has two unequal real solutions.

¥ +6=2x

2 =2x+6=0
a=1,b=-2,c=6

b* —4ac = (=2)* —4(1)(6) =424 =20

87

79.

80.

81.

82.

83.

84.

85.

86.

87.

The equation has two complex solutions that are
conjugates of each other.

9x* —12x+4=0
a=9,b=-12,c=4

b* —4ac = (~12)* —4(9)(4) = 144-144=0
The equation has a repeated real solution.

452 +12x+9=0
a=4,b=12,c=9

b* —4ac =12% —4(4)(9) =144 -144=0

The equation has a repeated real solution.

The other solution is 2+3i =2—3i.

The other solution is 4—i =4+i.
z+z=3-4i+3-4i=3-4i+3+4i=6

w—»‘v=8+3z‘—(ﬁ)
=8+3i—(8-3i)
=8+3i—8+3i
=0+6i = 6i

z-7 = (3—4i)(3-4i)
= (3—4i)(3+4i)
=9+12i—12i —16i*
=9-16(-1)=25

Z—w=3—4i—(8+3i)
=3-4i-8-3i
=-5-7i
=-5+7i

Vo _18+i 18+i 3+4

I 3-4i 3-4i 3+4i
_ S4+72i+3i+4i"  54+75i-4

C9412i—12i 164 9+16
_S0+TSi_, o
25

The impedance is 2+3i ohms.
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Chapter 1: Equations and Inequalities

88.

89.

90.

91.

92.

93 —

1ot 11 (430 +(2+i)
Z 7, Z, 2+i 4-3i (2+i)(4-30)
B 6—2i _6-2 _ 6-2i
8—6i+4i—-3i> 8-2i+3 11-2i
So. 7 11-20 _11-2i 6+2i

6-2i 6-2i 6+2i
_66+22i—12i—4i>  66+10i+4

C36+12i—12i—4i°  36+4
704100 7 1.
= =—t—

4 4 4

The total impedance is %+ii ohms.

z+z =(a+bi)+(a+bi)

=a+bi+a-bi
=2a

z—Z=a+bi—(a+bi)
=a+bi—(a-bi)
=a+bi—a+bi
=2bi

z=a+bi=a-bi=a+bi=z

z+w=(a+bi)+(c+di)
=(a+c)+(b+d)i
=(a+c)—-(b+d)i
=(a-bi)+(c—di)

=a+bi+c+di

=z+w

z-w=(a+bi)-(c+di)

=ac+adi+bci+bdi’
= (ac—bd)+(ad +bc)i
=(ac—bd)—(ad +bc)i

z-w=a+bi-c+di
=(a-bi)c—di)
=ac—adi-bci+bdi’
=(ac—bd)—(ad +bc)i

95. Answers will vary.

96.

97.

Answers will vary. A complex number is the
sum or difference of two numbers (real and
imaginary parts of the complex number) just as a
binomial is the sum or difference of two
monomial terms. We multiply two binomials by
using the FOIL method, an approach we can also
use to multiply two complex numbers.

Although the set of real numbers is a subset of
the set of complex numbers, not all rules that
work in the real number system can be used in
the larger complex number system. The rule that
allows us to write the product of two square
roots as the square root of the product only
works in the real number system. That is,

\/; \/E = \/E only when \/; and \/Z are real

numbers. In the complex number system we
must first convert the radicals to complex form.

In this case this means we need to write /-9 as
v-1-9 = \/5 -J=1=3i. Then we can multiply to
get \-9-/-9=3i-3i =9 =9(~1)=-9.

Section 1.4

1.

2.

88

True
I-8=-2
6x° —2x* =2x7 (3x—1)

False; you can also use the Quadratic Formula or
completing the square.

quadratic in form
True
a
c

V2e-1=1
(V1) =1

2t—1=1
2t=2
t=1

Check: 2(1)-1=+1=1

The solution set is {1}.
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Section 1.4: Radical Equations; Equations Quadratic in Form; Factorable Equations

10.  V3t+4=2 15, AP +2x=-1
v Y 5
( 3t+4) =2 (\5/x2+2x) =(—1)5
3t+4=4 5
=0 x +2x=-1
(=0 X 42x+1=0
Check: f3(0)+4 =+/4 =2 (x+1)° =0
The solution set is {0}. x+1=0
New x=-1
1. Br+d=-6 o g— s
Since the principal square root is never negative, Check: J/(=1)"+2(-1) =¥1-2 = Y-1=-1
the equation has no real solution. The solution set is {—1}.
12. J5t+3=-2 W
Since the principal square root is never negative, 16. A 1? =5
the equation has no real solution. (4 2 +16) _ ( NG )4
13. J1-2x-3=0 X’ +16=25
J1-2x =3 x2=9
3 =43
(n-2x) =3’ x
2
l—2r =27 Check—3: {/(-3)° +16 =9 +16 =425 =/5
~2x=26 Check 3: {/(3)° +16 =9 +16 =425 =15
x=-13 The solution set is {-3,3}.
Check: J1-2(-13)-3=27-3=0
The solution set is {~13}. 17. x=8x
) 2
=(8x
14. J1-2x-1=0 (x)2 (8vx)
J1-2x =1 2 x* =64x
3 35 x°—=64x=0
(V1=2x) =1 x(x—64)=0
1-2x=1 x=0 or x=64
—2x=0 Check 0: 0=8/0  Check 64: 64 =864
x=0 0=0 64 =64
Check: J1-2(0)-1=1-1=0 The solution set is {0,64} .
The solution set is {0}.
18. x=3x
2
(o =047
x? =9x
x*=9x=0
x(x=9)=0

x=0 or x=9

89
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Chapter 1: Equations and Inequalities

Check 0: 0=3v/0  Check9: 9=39 22. x=2/-x—1
2
0=0 9=9 xzz(2m)
The solution set is {0,9] . 5
x =4(=x-1)
2 _
19.  I5-2x=x i X =—4x-4
2 x“+4x+4=0
(\/15—2x) =x° )
(x+2) =0
15-2x = x? x=-2
2 _
X" +2x-15=0 Check: —2=2J=(-2)—1
(x+5)(x-3)=0 222

x=-50r x=3
Check —5: f15-2(=5) =+/25 =5 %5
Check 3: J15-2(3)=/9=3=3 23. i —x—d=x+2

Disregard x = =5 as extraneous.
The solution set is {3}. (

The equation has no real solution.

2 : 2
x —x—4) =(x+2)

X’ —x—4=x>+4x+4

20. VI2—x=x —8=5x
(\/12—x)2 =x’ —§=x
5
12-x=x"

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

Q

=

<)

o

o3
_

|
W | oo
~—
LS}

|

|
| oo
~—

|

N

1l

|
W | oo
~—

+

\S)

x=—4or x=3 ﬁ+§_4:g
25 5 5
Check —4: \[12—(—4) =16 =4 = —4 o
Check3: 12-3=9=3=3 255
Disregard x = —4 as extraneous. 2_2
The solution set is {3}. 55
The solution set is {—§}
21. x=2vx-1 5
2
2
X =(2vx-1
( ) 24, 3-x+x?=x-2
x* =4(x—1) )2 5
2 —dy_4 (V3—x+x ) =(x-2)
X’ —4x+4=0 3—x+x’=x"—4x+4
(x=2)*=0 3x=1
x=2 x=l
Check: 2=2v2-1 3
_ 2
2,_2 , Check: 3—(lj+(l) :(l)—2
The solution set is {2}. 3 3 3
1 1 5
oo =2
39 3

Since the principal square root is always a non-
negative number; x =% does not check.

Therefore this equation has no real solution.

920
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Section 1.4: Radical Equations; Equations Quadratic in Form; Factorable Equations

25. 3+3x+1=x
V3x+1=x-3
2
(\/3x+1) =(x-3)
3x+1=x>—6x+9
0=x>-9x+8
0=(x—-D(x-8)

x=1or x=8

Check 1: 3+3()+1=3+/4=5=%1
Check 8: 3+./3(8)+1=3+25=8=8

Discard x =1 as extraneous.
The solution set is {8}.

26. 2++12-2x=x
NVI2-2x=x-2

(Vi2=2x) =(x-27

12-2x=x"—4x+4
0=x"—-2x-8

(x+2)(x-4)=0
x=-2 or x=4

Check —2: 2+J12=2(=2) =2+/16 =6 % -2
Check 4: 2+./12-2(4) =2+4 =4=4

Discard x =-2 as extraneous.
The solution set is {4}.

3(x+10)—4=x

LGri0)=x+4
(BEr10)) = (x+ 47

3x+30=x"+8x+16
0=x+5x—14
0=(x+7)(x—2)
x==7 or x=2
Check —7: \3(-7+10)—4=/9-4=—-1%-7
Check 2: \32+10)—4=36-4=2=2

Discard x = —7 as extraneous.
The solution set is {2}.

27.

91

28. Vl=x=-3=x+2

Vli-x=x+5
2
(Vi—x) =@x+5y

l1-x=x>+10x+25
0=x>+11x+24
0=(x+3)(x+8)
x=-3 or x=-8
Check -3 {JI-(-3)-3=-3+2—>-1=-1

Check -8:
Discard x = —8 as extraneous.
The solution set is {-3}.

29. 2x+3—-vx+1=1
2x+3 =1++/x+1

(B3 ~(1+ 5=

2x+3=1+2Vx+1+x+1

x+1=2vx+1
(x+1)2 =(2\/x+1)2

X2 +2x+1=4(x+1)
x*+2x+1=4x+4
x*—2x-3=0

(x+D)(x-3)=0
x=-1 or x=3

1-(-8)—3=-8+2—-0=—6

Check —1: 2(=1)+3 —+/~-1+1
=1-Jo=1-0=1=1

Check 3: m—m
=J9-J4=3-2=1=1

The solution set is {—1,3} .
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Chapter 1: Equations and Inequalities

30. V3x+7+Vx+2=1

x+7=1-x+2
(V3x+7) =(1-Vr+2)

3x+7=1-2\x+2+x+2

2x+4=-2Jx+2
—x—2=+x+2

2
(—x—2) =(\/x+2)
X +dx+4=x+2
X +3x+2=0
(x+D)(x+2)=0

x=-1or x=-2

Check —1: \3(=1)+7 ++/-1+2
=Ja+1=2+1=3%1
Check —2: \J3(=2)+7 +4/-2+2

=Vi+Jo=1+0=1=1

Discard x =—1 as extraneous.
The solution set is {—2}.

31, \Bx+l-x-1=2
V3x+1=2++x-1
(V3x+1) = (2+x-1)
3x+1=4+4/x—1+x-1
2x-2=4Jx-1
(2x-2) =(4\/ﬁ)2
4x* —8x+4=16(x-1)
x*—2x+1=4x—-4
X —6x+5=0

(x=1D(x-5)=0
x=1orx=5

Check 1: W-Jﬁ
=J4-J0=2-0=2=2

Check 5: \/3(5T—\/STl
=Ji6—J4=4-2=2=2

The solution set is {1,5} .

33.

32. V3x-5-x+7=2

Bx=5=2+/x+7
(53] =2+ 5]
3x—5=4+4\/m+x+7
2x-16=4Jx+7
(2x-16)* =(4\/m)2
4x* —64x+256 =16(x+7)
4x* —64x+256 =16x+112
4x* —80x+144 =0
x* —20x+36=0

(x=2)(x-18)=0
x=2 or x=18

Check 2: /3(2)-5—-~2+7
=J1-9=1-3=-2%2
Check 18: \3(18)—5-/18+7

=\J49-\25=7-5=2=2

Discard x =2 as extraneous.
The solution set is {18}.

V3-2x =x
(Va-2Vx) =(v=)
3-2Vx=x
2Jx=x-3
(-2Vx) = (x-3)"
4x=x>—6x+9
0=x"—10x+9
0=(x-1)(x-9)

x=1 or x=9

1=1
Discard x =9 as extraneous.
The solution set is {1}.
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Section 1.4: Radical Equations; Equations Quadratic in Form; Factorable Equations

34, 10+3Vx =+/x
2
(\/10+3\/}) =(J§)2
10+3Vx =x
3Jx =x-10
(3«/§)2 = (x-10)’
9x = x*> —20x+100
0=x*>-29x+100

0=(x—-4)(x—-25)

x=4 or x=25

Check 4: Check 25:
V10434 =-/4 10+34/25 =25
JI0+3-2=2 JI0+3:5=5
Ji6=2 J25=5
422 5=5

Discard x =4 as extraneous.
The solution set is {25}.

35 (3x+1)"7 =

2
((Gx+1)") =(4)?
3x+1=16
3x=15

x=5

4

Check: (3(5)+1)"" =167 =4

The solution set is {5}.

3.  (3x-5)"" =2
2
3x-5=4
3x=9
x=3
Check: (3(3)-5)"" =42 =2
The solution set is {3}.

37.

38.

39.

40.

3 _

(5x-2)"° =2

3
5x—2=8
5x=10
x=2
Check: (5(2)-2)"" =8 =2
The solution set is {2}.

(2x+1)"7 =—1
3
(2x+1)") = (1)’
2x+1=-1
2x=-2
x=-1

Check: (2(-1)+1)"" =(-1)"* =1

The solution set is {—1}.
1/2
(x2 + 9) =5

((x2 +9)”2)2 = (5)°

x2+9=25
x* =16
x=+16 =+4

1/2
Check —4: ((-4)7+9) ~=25"%=5

1/2
Check 4: ((4)7+9) " =25"=5

The solution set is {—4,4} .

(x2 —16)”2 =9
(#16) ) =00y
x> —-16=381
x? =97
xzi\/ﬁ

) 1/2
Check —/97 : ((—\/ﬁ) —16) =81"2=9

1/2

Check 97 5 ((57) 16| ~ =81 9
The solution set is {—«/ﬁ ,«/ﬁ } .
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41, 22352 =0 47. X470 -8=0
o (e +8)(-1)-0
%=0 or x-3=0 ¥ +8=0 orx’-1=0

x=0 or x=3 ¥=-8 or ¥ =1

Check 0: 0°'2-3-0"2=0-0=0
Check 3: 3?2-3.3"2=33-3/3=0
The solution set is {0,3} .

x=-2 or x=1
The solution set is {-2,1}.

o ol — 48.  x*-7x-8=0

3 3,1\ _
x1/4(x1/2—9):0 (x —8)(x +1)—0
A0 or x/2=9 x3—f§=0 orx3+1:0

x=0 x=81 x =8 or x =-1
Check 0: 0¥4-9.0"*=0-0=0 x=2 or x=-1
Check 81: 8134 —9.81V4 =27_27=0 The solution set is {—1,2}.

The solution set is {0,81]} . 9. (v+2) +7(x+2)+1220

43, xt=5x2+4=0 Let u=x+2, sothatu2=(x+2)2.
(x2_4)(x2_1)20 u' +Tu+12=0
x*=4=0 or x> —=1=0 (u+3)(u+4)=0
x=212 or x=1=I u+3=0 or u+4=0

The solution set is {-2,—1,1,2}. u=-3 or u=-4

+2=—- +2=-4
4. X102 +25=0 x 3 orx

x=-5 or x=-6
(x2 —5)(x2 _5) =0 The solution set is {—6,—5}.

xX*=5=0
x=+/5 50. (2x+5)" —(2x+5)-6=0
The solution set is {_\/ga\/g} Letu =2x+5 so that u? =(2x+5)2.

' —u—-6=0
(u-3)(u+2)=0
u—-3=0 or u+2=0

45. 3xt=2x*-1=0
(3x2+1)(x2—1 =0

3x2+1=0 or x>*—1=0

5 ) u=3 or u=-2
3x7=-lor x =l 2x+5=3 or 2x+5=-2
Notreal or x=%1 7

The solution set is {—1,1}. x=-1 or x==—5
46. 2x* —5x2-12=0 The solution set is {—%,—1}.

(22> +3)(x* -4) =0
521320 or 40 51. (3x+4)"-6(3x+4)+9=0
2%2=-3 or x*=4 Let u=3x+4 sothat u’ :(3x+4)2.
Notreal or x=12
The solution set is {-2,2}.
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W —6u+9=0 3u+2=0 or u+1=0
2
(u=3)"=0 u=-3 or  u=-l
u—3=0 2
l-y=—= or l-y=-1
3 y=-3 y
3x+4=3 y=§ or  y=2
1
=73 The solution set is {2,2}.
The solution set is {—%}
55. x—4x/x=0
52. (2-x)’+(2-x)-20=0 x(1-4x)=0
Let u=2-x so that u2=(2—x)2. x=0 or 1-4/x=0
ur +u—20=0 1=4x
(u+5)(u—-4)=0 1=k
ut5=0 or u-4=0 (1) =(V=)
u=-5 or u=4 1_y
2-x=-5 or 2-x=4 16
=7 or = Check:
The solution set is {-2,7}. x¥=0: 0_4(0)\/6=0
0=0
53. 2(s+1)° =5(s+1)=3 x=i (L)-4(L)E=0
Let u=s+1s0 that u® = (s+1)’. L-4(L)(4)=0
2u? —5u=3 %—%=0
2u* —5u—-3=0 0=0
(2u+1)(u-3)=0 The solution set is {0, L}
2+1=0 or u-3=0 16
u:_% or  u=3 56. x+8/x =0
1 8/x =—x
+l=—= or s+1=3
s 3 s (8\/;)2=(—x)2
SZ—% or s=2 64x = x2
. 03 0=x"—64x
The solution set is {—5,2}. 0=x(x—64)
, x=0 or x=64
54. 3(1-y) +5(1-y)+2=0 Check: x=0: 0+8/0=0
Let u=1—y so that uzz(l—y)z. 0=0
3l +5u+2=0 x=64: 64+8/64 =0
(Bu+2)(u+1)=0 64+64%0

The solution set is {0} .
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57. x++/x =20
Let u=\/; so that u? =x.
u® +u=20
u? +u—20=0
(u+5)(u—-4)=0

u+5=0 or u—4=0

u=-5 or u=4
Jx=-5 or Jx=4
not possible or x=16
Check: 16++/16 =20
16+4=20
The solution set is {16} .
58. x+/x=6
Let u=+/x so that u” =x.
' +u=6
u+u—6=0
(u+3)(u-2)=0
u+3=0 or u—-2=0
u=-3 or u=2
Jx==3 or x=2
not possible or x=4

Check: 4+4=6
44+2=06
The solution set is {4} .

59. /221" 41=0
Let u=¢"* sothat u®> =¢"2.
W =2u+1=0
(u-1)*=0
0

1
A4

u—1

u

t=1
1/4

Check: 1"*-2(1)"" +1=0
1-2+1=0
0=0

The solution set is {1} .

60. 24" +4=0

Let u=z"* sothat u? =22
u' —du+4=0
(u=2)" =0
u—-2=0
u=2
Zl/4:2
z=16

Check: 16'2-4(16)""* +4=0

4-8+4=0

0=0

The solution set is {16} .

61. 4x"2-9x"*14=0

Let u=x"* sothat u® =x"2.
4> —9u+4=0
DO’ (@) _ 9517
2(4) 8
(/4 =9i\/ﬁ
8
4
[91@]
x=|———
8
9+ 17 )
Check x=(+T] :

a4

IR

8 8

4[9“5}2—9[9“5}4:0

8 8

4

64

(o+17) —9{9+;/ﬁJ+4=0

64 4

(9+\/5)2_9(9+Jﬁ

64 8

]+4 =(0)(64)
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63.

Section 1.4: Radical Equations; Equations Quadratic in Form; Factorable Equations

2 _ .2
4(9+17) =72(9+17)+256 =0 0=u”~5u+6
0=(u-3)(u-2)
4(81+18V17 +17)=72(9++/17)+256 =0 V=3 o e
324+ 7217 + 68— 648 — 7217 + 256 = 0 =3 orxl=2
0240 x=+J3 or x=+/2
Check xz[ﬁj : Check:
2
ANTE NI x=—3:45(=3) —6==3
J(T)V | ol (01T L, (=)
8 8 B fs-6=-3
NCEENE
49—Jﬁ2_9 9-\17) ., _, _

3 g - x=\/§:45(\/§) —6=43
4(81-18V17+17)-72(9-17)+256 =0 5-6=43
324—7217 + 68— 648+ 72417 +256 =0 =13

0=0 V3=43
4 4 2
The solution set is {[9_g/ﬁj ,[9+g/ﬁJ } x=—2: 45(_\/5) —6==2
10-6=—2
23,4 Lo Y4 -2
Let u=x"* sothat u® =x"2. x=+2" 45(\/5)2—6= >
2
u*=3u+2=0
10-6 =2
(u-2)(u—-1)=0 )
u=2 or wu=1 Ya=12
=2 or XMt =1 \/§=\/§
x=16 or x=1 Thesolutionsetis{ 2,\/5}.
Check:
x=16:16"2-3(16)"* +2=0 64.  Ya_s5x2 =x
4-6+2=0 4
(\4/4—5x2) = x*
0=0
x=1:172-31)"+2=0 4-5x% = x*
1-3+2=0 0=x*+5x>-4
0=0 Let u=x" sothat u” =x*.
The solution set is {1,16} . 0=u’+5u—4
5452 —4(1)(—4) _ —5+/41
4 2 _ u= =
5x“—-6=x 2 2
({57 =6) = RN E2V]
2
2 _ 4
SxT—6=x s
0=x*-5x>+6 TR

Let u=x> sothat u® =x".
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. /—S—M. u=-3 or u=2
—_y — =t —
Since —5 x/ﬂ<0,x + 7 is not real. m=_3 or VD)
_ Not possible or 243y=4
Since x is a fourth root, x = - 5+—m is also ) ro
2 x“+3x-4=0
not real. Therefore, we have only one possible (x+4)(x-1)=0
solution to check: x:’,—5+—\/ﬂ: ¥=—4orx=1
2 Check x=—4
2 2
Check x— —5+\/ﬂ. (—4)" +3(-4)+4/(-4)" +3(-4) =6
CRX=\"T7 16-12+/16-12 =6
2 16—12+~/4 =6
sla—s5| + /_5"'—\/5 = —5+—\/ﬂ 6=6
2 2
T T Check x=1:
=5++/41 _ -5++41 2 2
‘{/4—5( > ]—\/ > ()" +3(1)+4/(1)" +3(1) =6
1+3+4143=6
4/8_5(_5*'\/5) _ [-5+4r 4+-4=6
2 2 6=06
i/33_5\/ﬂ _\/_5+\/ﬂ The solution set is {—4, 1}.
2 2
2 2
4{/66—10@:\/—5%@ 66. x* —3x—+/x*-3x=2
4 2 Let u=+/x* —3x sothat u” =x* —3x.
4{/25—10JH+41:\/—5+\/H W —u=2
4 2 u—u-2=0
2 u+1)(u—-2)=0
Jsed) s et B
7 = 3 u=-1 or u=
5441 5441 Vx?=3x=-1 or x?=3x=2
\/ 5 :\/ 3 Not possible or x> =3x=4
2
x"=3x-4=0
The solution set is { _5+T\/H} (x—4)(x+1)=0
x=4 or x=-1
, - Check x =4:
65. +3x+ +3x =6
TorETNT T (4)” =3(4)—/(4)’ =3(4) =16-12—/4
Let u =+/x*+3x sothat u? =x* +3x. —4_9=2
W +u=6 Check x=-1:
2
u +u—-6=0 2 2
(=1)* =3(=1)=y(=1* =3(=1) =1+3-4
(u+3)(u-2)=0 Cd4i0s

The solution set is {1, 4}.
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6. 1 - 1 s Chec3k: 1 1
(x1)” xH x=3 st =12
1 1Y (3-1) (3
Let u=—— so that u? =(—j .
x+1 x+1 1 1
— =12
ut=u+2 %) (_%)
W -u=2=0 16-4=12
(u+1)(u=2)=0 12=12
1“ or 1” x=%: ! 2-i-(41 )=12
1 1 4_1) (3-1
x+1 ! o x+1 2 (3 ) 3
l=—x-1or  1=2x+2 I
- - 1 + T =12
x==2 or —2x=1 (9) (3)
x:_% 9+3=12
12=12
Check: The solution set is {%,%}
1 1
x=-2 ——= +2
(2417 —2+1 69. 3x2-7x"'-6=0
1=—1+42 Let u=x" sothat u* =x7
1=1 3u* ~Tu-6=0
x=—%: 1 - 11 42 (Bu+2)(u-3)=0
(—%"‘1) (_§+1) u=—§ or u=3
4=2+2
* x_lz—g or x'=3
4=4 3
. . _ _l 1\l 2 -l i\l 1
Thesolutlonsetls{ 2, 2}. (x 1) :[_Ej or (xl) =(3)
3 1
68. — —+— =12 =T o 73
(x-1) x=1
, Check:
_ 1 (1 3 a3\ (3
Let u= = so that u —( _J. x= E_3( 7) 7( 7) 6=0
W =12 3(4)-7(-2)-6=0
u +u—12=0 414,
(u+4)(u-3)=0 33
u=-4 or u=3 0=0
-2 -1
1 1 L)y 4L e
p e =3 3(5) (5] oo
l=—4x+4 or 1=3x-3 3(9)—7(3)—6=0
4x=3 or 4=3x 27-21-6=0
3 4 _
_3 _4 0=0
X 4 or X 3

. . 31
The solut tis <—=,=1.
e solution se 15{ 2,3}
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) 1 _ 3
70. 2x 2 —3x 1—4_0 o Chock x= =3 \/H:
Let u=x sothat u” =x" 8
-2 -1
2u° —3u—4=0 2(-3-\/5] _3[—3-\@} Camo
(-3 E(-3)2 -4(2)(—4) 341 8 s
- 2(2) 4
5 64 _3[ 8 j_
:3+4JH or u:3‘jﬂ (_3_m)2 ~3-+/41
,1_3+\/H ,1_3—\/ﬂ 2
¥ = or  x==— 2(64)-3(8)(-3-41)-4(-3-+41) =
(x,,)-lz 34441 or (x,,)-lz (VTR 128+72+ 24741 - 4(9+ 6541 +41) =0
4 4
128+ 72+ 2441 -36-24/41-164 =0
_ 4 (3-a _ 4 (3+Va 0=0
3+/41(3-+/41 3-/41\3++/41 -
. [-3-+Ja1 3441
12— 441 12+ 4+/41 The solution set is , .
32 32
—3++/41 341
T3 =73 71, 2x*°P —5x17—3=0
_3+\/ﬂ Let u=x"3 sothat u® =x*">.
Check X=——g— 2 —5u—3=0
5 34441 ; 34441 420 (2u+1)(u=3)=0
8 B 8 o u=—l or u=3
2
1
64 _ 8 i oL or x?=3
2 . 3(_“@} 4=0 5
(—3+\/ﬂ) 1 3 3
: () =(5) o () =
2(64)-3(8)(-3+/41)-4(-3+/41) =0
1
128+ 722441 ~4(9- 6341 +41) =0 x=-g ~or  x=27
128+ 722441 -36+24/41-164 =0 . N NG
0=0 Check x=—g 2(—§j —5(——) -3=0
1
o3)-5(-2)30
15
E‘FE—?}—O
3-3=0
0=0
Check x=27: 2(27)"*-5(27)"" -3=0
2(9)-5(3)-3=0
18-15-3=0
3-3=0
0=0

The solution set is {—%,27} .
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72. 3x*345x23-2=0

2/3 4/3

Let u=x so that u? =x*3.
3l +5u—-2=0

(Bu—-1)(u+2)=0

u :% or u=-2
23 =% or JETE BN
3
(x2/3)3 :(%j or (x2/3)3 —(-2)

=
8]
Il
|i—‘
S
|
oo

=

Il

+ N

2

)
S

=]

S

—*

=

@

o

=N

4/3
Check: 3[1 — +5[i

1),5
3= |+5-2=0
(9 3
1.5
—+=-2=0
3°3
2-2=0
0=0

o| &

The solution set is {—

% . 2v
73. | — | + =8
v+1 v+1

2
V V
— | +2| —|=8
(v+1) (v+1)

2
Let u=L so that u? =| — .
v+1 v+1

74.

u> +2u=38

u> +2u—8=0
(u+4)(u-2)=0

u=-4 or u=2
Dy o o
v+1 v+1

v=—4v—-4 or yv=2v+2

4
V:_g or yv==2

_4
Check v=—i: S +
5 4
—§+l (— j+1

2V 2(=2
Check v=-2: 2 + ( ) =8
-2+1 (

The solution set is {—2,—i}.

) =)

2
Let u=L ) thatu2=[ilj .

y-1 y=
W =6u+7

W —6u-7=0
(u—7)(u+1)=0

u=-1 or u="7

%:—1 or ﬁ=7
y=-y+1 or y=Ty=17

2y =1 or —6y=-7

O

2 6
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75.

76.

1Y 1
Check y=—: [%J :6{12 ]+7
271 71
.
1_6 (_l)+7
4 2
1=6(—1)+7
1=1
7Y (7
Check y=—_: | =0 | =¢| =6 |47
6 1-1 Z—l
6 6
)&
i:6 i +7
i 1
36 6
49=42+7
49 =49
The solution set is {l Z}
2°6)°
¥ —9x=0
x(x*=9)=0

x(x=3)(x+3)=0

x=0 or x-3=0 x+3=0
x=3 x=-3

The solution set is {-3,0,3}.

4 2
x'—=x"=0

xz(xz—l)zo
xz(x—l)(x+l):0
x*=0 or x=1=0 or x+1=0

x=0 x=1 x=-1
The solution set is {-1,0,1} .

77.

78.

79.

80.

81.

4x® =3x°
4x* =3x* =0
x> (4x=3)=0
x2=0 or 4x-3=0
x=0 4x=3

3

JC:Z

The solution set is {0,%} .

x> =45
X —4x =0
X’ (x2 —4)20

X (x=2)(x+2)=0

=0 or x-=2=0 or x+2=0

x=0 x=2 x=-2
The solution set is {-2,0,2} .
¥ +x?-20x=0
x(x2+x—20)=0
x(x+5)(x—4)=0
x=0 or x+5=0 or x—4=0
x=-5 x=4
The solution set is {-5,0,4]} .
¥ +6x*=7x=0
x(x2+6x—7)=0
x(x+7)(x-1)=0
x=0 or x+7=0 or x-1=0
x=-7 x=1

The solution set is {-7,0,1} .

FC+xP—x-1=0
X (x+1)=1(x+1)=0
(x+1)(x2—1)=0
(x+1)(x=1)(x+1)=0
x+1=0 or x-1=0
x=-1 x=1
The solution set is {—1,1}.
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82.

83.

84.

8S.

Section 1.4: Radical Equations; Equations Quadratic in Form; Factorable Equations

X +4xt —x—4=0
X (x+4)-1(x+4)=0
(x+4)(x*-1)=0
(x+4)(x-1)(x+1)=0
x+4=0 or x—-1=0 or x+1=0

x=-4 x=1 x=-1
The solution set is {—4,—1,1} .

¥ =3x*—4x+12=0
x*(x=3)-4(x-3)=0
(x—3)(x2—4)=0
(x=3)(x=2)(x+2)=0
x=3=0 or x—2=0 or x+2=0
x=3 x=2 x=-2
The solution set is {-2,2,3} .

X =3x7—x+3=0
*(x=3)-1(x-3)=0
(x—3)(x2—1)=0
(x=3)(x=1)(x+1)=0
x—=3=0 or x—1=0 or x+1=0

x=3 x=1 x=-1
The solution set is {—1,1,3}.

2% +4=x>+8x
2% — x> —8x+4=0
X (2x=1)-4(2x-1)=0
(2x-1)(x* -4)=0
(2x—1)(x—2)(x+2)=0
2x—=1=0 or x—2=0 or x+2=0
2x =1 x=2 x=-2

xX=—

2
The solution set is {—2,%,2} .

86. 3%’ +4x? =27x+36
3%’ +4x* —27x-36=0
x> (3x+4)-9(3x+4)=0
(3x+4)(x*-9)=0
(3x+4)(x-3)(x+3)=0

3x+4=0 or x—3=0 or x+3=0

3x=—4 x=3
x=—2
3

The solution set is {—3,—%,3} .

87. 5x° +45x =2x" +18
5x° —2x% +45x—18=0
x* (5x-2)+9(5x-2)=0
(5x-2)(x*+9)=0
5x-2=0 or x*+9=0

S5x=2 X2 =-9
Y= 2 no real solutions
5

The solution set is {%} .

88. 3% +12x = 5x +20
3x° =5x* +12x-20=0
x> (3x-5)+4(3x-5)=0
(3x—5)(x*+4)=0
3x=5=0 or x*+4=0

3x=5 X =-4
Y= 5 no real solutions
3

The solution set is {%} .

4/3
=0

89. x(x2 —3)6)1/3 +2()c2 —3x)
(x2 —3x)1/3 [x-i—Z(xz —3x):| =0
(xz —3)6)1/3 ()c+2x2 —6x) =0

(x2 —3)6)1/3 (2x2 —Sx) =0
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(x2 —3:x)l/3 =0 or 2x°-5x=0

¥?=3x=0 or 2x*-5x=0

x(x=3)=0 or x(2x-5)=0

x=0or x=3 or x=0 or x:%
The solution set is {0, %, 3}.

90. 3x(+’ +2x)1/2 —2(x? +2x)3/2 =0

(¥ +2x) " [3x=2(x*+24) ] =0

0

(xz + 2)6)1/2 (3)6—2x2 —4x)
(x2 +2x)1/2 (—2x2 —x) =0
(¥ +2x) =0 or—2¢2-x=0

¥4+2x=0 or 2x2+x=0
x(x+2)=0 or x(2x+1)=0

x=0or x=-2 or x=0 or xz—%

Check x=0:
3-0(0? +2~0)”2 —2(0? +2~o)3/2 ~0
3.0(0)"2=2(0)"* =0
0=0
Check x=-2:

3-2(27+2(-2) —2((22 +2¢-2)) " =0

3(-2)(4-4)" —2(4-4)"
3(-2)(0)"? =2(0
3(-2)(0)-2(0) =

Il
S O© O (=]

)3/2

Check x = —%:

The solution set is {2, 0}.

104

91. x—4x"?+2=0

1/2 2

Let u=x so that u? =x2.
W —4u+2=0

. —(—4)£/(-4)* —4()(2)
2
4448 4izﬁ=2iﬁ

2 2
u:2+\/§ or u=2—x/§

=242 or x?=2-42
() =(2+42) or (¢2) =(2-2)
x:(2+x/§)2 or x:(z—\/g)z

2

Check x=(2+\/§)
(2+J§)2—4(2+ﬁ)+2=0

4442 +2-8-4/2+2=0
0=0
2.

Check x=(2—\/§)
(2—\/5)2—4(2—\/5)+2=0
4-4242-8+4/2+2=0

0=0
The solution set is

{(2—\/5)2, (2+J§)2}z{0.34, 11.66} .

92. x*3+4x"34+2=0

1/3 2/3

Let u=x"3 sothat u®=x*">.
u? +4u+2=0

447 —4(1)(2)

B 2(1)

—4+ —4+
_ 45J§: 4_2262_2i\/§

u:—2+\/§ or u:—Z—\/E
x”3=—2+\/§ or x1/3=—2—\/5
3 3
x:(—2+\/§) or x:(—Z—\/E)

3

Check x:(—2+\/§)

1/3

((—2+\/§)3)2/3+4((—2+ﬁ)3) +2=0
(—2+ﬁ)2+4(—2+ﬁ)+2=0

4-4242-8+4J2+2=0
0=0
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Check x = (—2—\/5)3 :

((4-&)3)% +4((—2—ﬁ)3)m +2=0
(—2—\/5)2+4(—2—\/5)+2=0

4442 +2-8-4/2+2=0
0=0

The solution set is

{(_z_ﬁ)3 , (_z+ﬁ)3} ~{-39.80, —0.20}.

93. x4+\/§x2—3=0
Let u=x? sothat u?=x*.

u2+\/§u—3:0
Gk (6)2—4(1)(—3)__ 34415
u= 2(1) S2
:M or MZM
B 2
x2=M or x2=M
B 2
NN —3-/5
:i\/; or xzi\/;
Not real
Check x= Mi

2

[,/—‘ﬁ;\EJ +\/§[1/—_\/§;*/EJ ~3=0

[—\B;\/EJ M( JMJ .

3_2\/§\/E+15+\/§(—\/§)+\/§\/E
4

-3=0
2

18-2V45  3+45
4 2 B
9—JE+—3+J4—5_ _

2 2
9-/45-3+/45

2

3=0
3-3=0
0=0

105

[—J@T +J§[—1/@]Q -3=0

(MT_HB[MJ_g,:O
2

3- 2\/_J_5+15 f( f)+ﬁ~/ﬁ

18— 2\/_ —3+x/_
9—\/E+—3+\/E_ _

2 2
9-/45-3+/45

2

-3=0

3=0
3-3=0

0=0
The solution set is

{_ \/-ﬁ;@ \/-ﬁ;m}

~{-1.03, 1.03}.

94, x*+2x2-2=0
4

Let u=x> sothat u?=x".

u2+\/§u—2=0

2+ (\/5)2—4(1)(—2)__ﬁim
2(1) 2
_masio 2410

2 2
»  —2++10 2 —2-+/10
x=—— or x’ =————

Not real

u=

2440,

2

[,/—_ﬁ;m]4+\/§[ —_\E;MT—z:o
SR
12—2m+—2+m_ _

4

2
6-v20-2+20

2

Check x =

-2=0

2=0
2-2=0
0=0
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_\/54.\/5 _ 2 2 _ 2
Checkx:_/T: L oVHar? | 1-Vl+dn

2r 2r
4 2
[—,/M] +\/§(—,/MJ —2=0 1-231+47% +1+47° 1-1+47
2 2 r =7+
4n? 2z
(MJ +[( \/_+\/_J 2-N1+47> +4x° 277 +1-+1+47
2 vy 27
12-220 24320 ,_, 1-V1+47% +27° _ 27% +1-\1+472°
2 2z 2z
6—@—2+m_2_0 The solution set is
2 - 2 / 2
2-2=0 {_Hl— 1+47x ’_1+1+ 1+47x }
2r 2r
0=0
The solution set is ~{-1.85, 0.17}.
_ 2o 2410 ~{-0.93, 0.93}. 2 _
2 2 96. z(1+r) =2+m(1+r)
Let u=1+r sothat u’ =(1+r)2.
Let u=1+¢ so that u® =(1+7)’. mu —gu-2=0
mut = +u = —(-m)2(-7)’ +4(7)(-2)
't —u—m=0 2(x)
2
_—(CDENED — 4@ () 11+ 47 =—”i\/g —8z
- 2(7) Y i
+ [ 2
T [+ an? 1+r:%
- 2
+ [ 2
1+V1+472 r:_1+m
t=-1+—-—— 2r
2r
[ 2 [ 2
Check t:_1+ﬂ; Check r:—l+w:
27 21
2 2
S 1eiear | 1144 o ENE ST | meNT 48
2 2 2 2
1+ 2314472 +1+47° 141+ 477 | TXNE ABRAT ABT | _ o, | ZENT 48T
7 - =T 4 2z
4r 2
27% + 27N’ +87 + 87 r+n’ +87
2+2\1+47° +4n° 2% +1++1+47x° ype =2+ 2
A 7 T+ +87 +4 _A+m+n +87
1+ 1+47% +270° 277 +1+1+47° 2 - 2
2r 2
/ 2
Check t:—l+ﬂ:

2r

106
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Section 1.4: Radical Equations; Equations Quadratic in Form; Factorable Equations

r—~n*+81

Check r=-1+

99. Solve the equation AL

Vs s

b 4 1100
Jiisz | Np= s s,
7[[7[_;:87[] =2+,{”_;”+8”J 1100+ 4 4=0
s s )
;{”2‘Z”V”2+8”+”2+8”]=2+”[’f— WJ (“00)(1100+T"4]‘(0)(“00)
4’ by 3
s+275\s —4400 =0
27[2_271'\/:-2 +87‘[+87‘[=2+ﬂ'—1/7§2+8ﬂ' Let MZ\/;, so that u2 =s.
T ) ~
r-Nr*+8x+4 A+x—~rnt+8x " +275u—4400=0
2 - 2 | —275+[275 ~ 4(1)(~4400)

The solution set is

{_Hﬂ—\/ﬂz +8r _lJr7z+\/7[2 +87z}
2 ’ 2

z{—1.44, 0.44}.
97. k*—k=12
k*—k-12=0
(k-4)(k+3)=0
k=4 or =-3 100.
x+3 x+3
x—3 of x-3
x+3=4x-12 or x+3=-3x+9
3x=15 or 4x =6
6
x=5 or x=Z=1.5

Neither of these values causes a denominator to
equal zero, so the solution set is {1.5, 5}.

98. k* =3k =28
k*-3k-28=0 101.
(k+4)(k-7)=0
k=—4 or k=17
x+3:_4 or x+3:
x—4 x—4
x+3=-4x+16 or x+3=T7x-28
5x=13 or —6x =-31
x=?=2.6 or x=%z5.17

Neither of these values causes a denominator to
equal zero, so the solution set is

13 31
{?,z}~{2.6,5.17}.

107

u=

2

_ —275+4/93,225
B 2
u~15.1638 or u ~-290.1638

Since u =+/s , it must be positive, so
s=u® ~(15.1638)" ~ 229.94

The distance to the water's surface is
approximately 229.94 feet.

- L
25

Let T=4 and H =10, and solve for L.
4= 4/ L00)?

25

4=34L
4

(4)" =(¥aL)
256 =4L

64=1L
The crushing load is 64 tons.

]
T=2z |
32

Let 7 =16.5 and solve for /.
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Chapter 1: Equations and Inequalities

/

16.5 =27, ——

32
165_ [T
2w 32

2
/= 32(16—'5j =220.7
2

The length was approximately 220.7 feet.

102. Answers will vary. One example:v/x+1=—1.

103. Answers will vary. One example: x—x-2=0.

104. Answers will vary.

105. Jane did not check her solutions and included the

extraneous solution, x =—-1.

\V2x+3-x=0
V2x+3=x
(\/2x+3)2 =x?
2x+3=x?
x*=2x-3=0
(x—3)(x+1) =0

x=3 or x=-1

Check:

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

Jo-3=0 Ji+1=0
3-3=0 1+1=0
0=0T 2#0
The solution set is {3} .
Section 1.5
1. x=>2-2
b ——t—t—t+ i
-2 0

2. False. =5 is to the left of —2 on the number line,

so —=5>-2.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

closed interval
multiplication properties (for inequalities)

True. This follows from the addition property
for inequalities.

True. This follows from the addition property
for inequalities.

True;. This follows from the multiplication
property for inequalities.

False. Since both sides of the inequality are
being divided by a negative number, the sense,
or direction, of the inequality must be reversed.

That is, 2>é.
c c

True

False; either or both endpoints could be any real
number.

b

C

Interval: [0,2]
Inequality: 0 <x <2

Interval: (—1,2)
Inequality: —1<x<2

Interval: [2,c0)
Inequality: x=>2

Interval: (—eo,0]
Inequality: x<0

Interval: [0,3)
Inequality: 0 <x<3

Interval: (—1,1]
Inequality: —1<x<1

a. 3<5
3+43<543

6<8

b. 3<5
3-5<5-5

-2<0
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20.

21.

22,

3<5
3(3)<3(5)
9«15
3<5
-2(3)>-2(5)
-6>-10

2>1
24+3>1+3
5>4
2>1
2-5>1-5
-3>-4
2>1
3(2)>3(1)
6>3
2>1
-2(2)<-2(1)
-4 <=2

4>-3
4+3>-3+3
7>0
4>-3
4-5>-3-5
-1>-8
4>-3
3(4)>3(-3)
12>-9
4>-3

2(4)<-2(-3)

-8<6

-3>-5
—3+3>-5+3
0>-2
-3>-5
-3-5>-5-5
-8>-10
-3>-5
3(-3)>3(-5)
-9>-15

23.

24,

25.

26.

27.

28.

109

Section 1.5: Solving Inequalities

-3>-5
—2(—3) <-2(-5)
6<10

2x+1<2
2x+14+3<2+43
2x+4<5
2x+1<2
2x+1-5<2-5
2x—4< -3
2x+1<2
3(2x+1)<3(2)
6x+3<6
2x+1<2
—2(2x+1)>-2(2)
—Ax-2>-4

1-2x>5
1-2x+3>5+3
4-2x>8
1-2x>5
1-2x-5>5-5
—4-2x>0
1-2x>5
3(1-2x)>3(5)
3—-6x>15
1-2x>5
“2(1-2x) <-2(5)
—2+4x<-10

o
g

A
[ 2

Hrm
O\

|
o A=
o
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Chapter 1: Equations and Inequalities

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

[4, ) 44,
% 8 —t+— E —t—tt> 45,
(—oo,S] 46.
— et —tt
0 5 47.
(—e0,—4) 48.
— S —t—t—)
-4 0 49.
(1, 00) 50.
ettt — >
0 1 51.
2<x<5 5)
| | | | | I 1 | | | :
T T T T | L I— | T T T
0 2 5
53.
l<x<?2
l l l | 1 L) | | |
T T T I L — I S l l
0 1 2 54.
3<x<-2
| | | L1l ) | | | | | 55.
I I I Ly T yJ T T T I I
-3 -2 0
0<x<l
| | | | - ! ) | | |
I I I L I I I J T T T
0 1
x=>4
———t—t— 1 56
0 4
x<2
—
0 2
x<-3
—t————t—t—t 57,
— 0
x>-8
>
-8 0
If x<5,thenx—5<0.

If x<—4,thenx+4<0.

Ifx>—-4,thenx+4>0.

110

If x>6,thenx—6>0.
If x>—4, then 3x >—12.
If x <3, then 2x <6.

If x>6,then —2x <—12.
Ifx>-2,then —4x<8.
If x>5, then —4x <-20.
If x<—4,then —3x>12.
If 2x > 6, then x > 3.

If 3x <12, then x < 4.

If —%xs3, then x > —6.

If —%x > 1, then x < —4.

x+1<5
x+1-1<5-1
x<4
{x| x<4} or (—oo, 4)

x—6<1
x—6+6<1+6

x<7
The solution set is {x|x<7} or (—oo, 7).
— ettt
0 7
1-2x<3
-2x<2
x=-1
The solution set is {x| X2 —1} or [—1, o).
———— Pttt
-1 0
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58.

59.

60.

61.

62.

63.

2-3x<5
-3x<3
x=-1
The solution set is {x| X2 —1} or [—1, o).
—t—t+———————
-1 0
3x-7>2
3x>9
x>3
The solution set is {x|x>3} or (3, ).
>t
0 3
2x+5>1
2x>—-4
x>=2

The solution set is {x| x> —2} or (—2,00).

ettt
-2 0
3x-123+x
2x =>4
x=2
The solution set is {x|x22} or[2, ).
—t—t—t—t+————
0 2
2x—-223+x
x=5
The solution set is {x|x25} or [5, ).
>
0 5
-2(x+3)<8
—-2x-6<8
—2x<14
x>-=7

The solution set is {x| x> —7} or (=7, 00).

ettt
=7 0

111

64.

65.

66.

67.

Section 1.5: Solving Inequalities

-3(1-x)<12
=3+3x<12
3x<15
x<3
The solution set is {x|x<5} or (=0, 5).
—
5

4-3(1-x)<3
4-34+3x<3
3x+1<3
3x<2

2

< =
=3

The solution set is {x

xS%} or (—oo, %}

8-4(2-x)<-2x
8§—8+4x<-2x
4x < -2x
6x<0
x<0
The solution set is {x| x< O} or (—ee, 0].

T —
0

%(x—4)>x+8
lx—2>x+8
2

—%x>10

x<=20
The solution set is {x| x< —20} or (—eo, —20).

-20 0
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73. -5<4-3x<2

1
68. 3x+4>§(x—2) 9 3r< 2
3x+4>lx—g 2
373 32x2§
Ox+12>x-2 5
Sx>_14 The solutionsetis{ —st3} or [3,3}
o ——+H ————~
4 0o 2 3

3

74. -3<3-2x<9

The solution set is {x|-3<x<3} or [-3,3].

oo

Hovcdlon
2 2

ettt -6<-2x<6
- -1 0 32x>-3
X X
69. S=1-7 — g :
2x=4—x -
3x>4 75. —3<2x4_1<0
4
x2§ -12<2x-1<0
4 4 -11<2x<1
The solution set is {x xZ—} or [—,oo]. 11 1
3 3 —5 <<
>
0 1 % The solution set is {x
X X 11 1
. 2242 =, =
70 3 2+6 ( ) 2)
2x212+x —
x>12 -5
The solution set is {x| x >12} or [12, ).
i > 76. 0<3X2 4
0 12
0<3x+2<8
71. 0<2x-6<4 —2<3x<6
6<2x<10 )
3<x<5 —3<x<2

The solution set is {x

—§<x<2} or (—%,2).

Attt
0 3 ——¢
2
72. 4<2x+2<10 3
2<2x<8
1<x<4
The solution set is {x| 1 st4} or [1,4].
| | | | - I | | ] | ]
1 1 [ I e e R R R —
0 1 4

112
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2
1 9x? —5x <9x? —6x+1
O<—§x<3 —Sx<—-6x+1
0>x>-6 or —6<x<0 x<1
The solution set is {x|—6<x<0} or (=6,0). The solution set is {x|x£1} or (—ee,1].
6 o 0 1
1 1 _x+1_3
_2 83, —<—<=
78. 0<l1 3x<1 > 3 <4
1 6<4x+4<9
-1<—=x<0
3 2<4x<5
3>x>0 or O<x<3 1 5
- : S<x<>
The solution set is {x| 0<x<3} or (0,3). 2 4
F | L)
—— 6 ro /’3 > Thesolutionsetis{x%Sx<%}or{%,%j.
AN I N N Y Y S S B R
79. (x+2)(x=3)>(x-D(x+1) T (‘) ' L L
r-x—6>x>-1 2 4
—-x—6>-1
4. Lo X1 2
-x>5 3 2 3
x<-5 2<3x+3<4
The solution set is {x|x<—5} or (—eo,—5). —1<3x<1
e ol
s 0 3533
. . 1 1 11
80. (x—-D(x+D>(x-3)(x+4) The solution set is x—§<xS§ or 33
-l>x2+x-12 T A S S T R R S
AN IR S N BN B B I R B
—-1>x-12 1 0 1
—x>-11 3 3
11 _
e 85. (4x+2)"' <0
The solution set is {x| x<11} or (—ee,11). )
e —————+—— a2 "0
0 11 4x+2<0
1
81. x(4x+3)<(2x+1)> Xx<-3
4x* +3x <4x? +4x+1 The soluti ) 1 1
Ay <drt] e solution set is xx<—5 or (—w,—E).
—x<1 —
x=>-1 0——; -1
The solution set is {x|x>—1} or [-1, ).
et >
-1 0

113
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86. (2x—1)" >0

87.

1
2x-1

>0

. 1
S
ince —

1>0,this means 2x—1>0.

Therefore,
2x-1>0

The solution set is {x

w>tlor[L o
2 2’ '

© = AR

-520
2-Tx

1-5(2-7x)
2—-Tx
-9+35x
2-Tx
The zeros and values where the expression is

undefined are x == and x =2

>0

=0

35 7
9 9 2 2

Interval (—00, E) 3507 (7 ,

Number 0 27 1

Chosen 100

9 45 _26

Value of -3 o 5
Conclusion | Negative | Positive | Negative

We want to know where f(x) =0, so the

solution set is { x| x> or x< %} or, using

interval notation, [

the solution set because £

of f.

The solution setis =

=35
9 2
35°7
2
7

9
352

is not in the domain

o
Nl

r
T
=
35

ENTISES =

Y

). Note that 2 is not in

114

88. 2(3x+5)'<-3

2

(Bx+5)

2+33Bx+5) <

2(3x+5)
17+9x <
(Bx+5)

The zeros and values where the expression is

+3<0

undefined are x = —% and x = —%
17 17 _5 5
(=00, =) | (=55—=3) | (=35,)

-2 -1.7 0

Interval

Number
Chosen

Value of f 1

Conclusion

—_

17 1z

Positive

Positive | Negative

We want to know where f(x) <0, so the
solution set is { x| x2-4 orx< —%} or,

using interval notation, [-%,—3). Note that

—% is not in the solution set because 2 is not in

7
the domain of .

The solution set is —%,—%) )

L AY -
| 7 i
1 _5
9 3
89. 0<£<§
x 5
O<g and 2<§
X x 5
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90.

91.

92.

4 2
x| — |<3x| =
(3= (3)

12<2x

6<x
The solution set is {x| x> 6} or (6, ).

0<

7 d 5 <3

L ) > 0, this means that 2x—-4>0.
Y—

Therefore,

Si
mce 5

1
2x—4
1

<

>—A[\)|>—A

2x-2) "2

2(x—2)[2(x1_2)j<2(x—2)(%j
l<x-2
3<x

The solution set is {x| x> 3} or (3,00).

WA

! and L<l
3x+6 3

Since > 0, this means that 3x+6>0 .

1
3x+6
Therefore,

115

93.

94.

95.

96.

97.

98.

Section 1.5: Solving Inequalities

1 1
< —
3x+6 3
1

1
3(x+2) 3

3(x+ 2)[—3 (x1+ 2)) <3(x+2) G]

1<x+2
—-l<x
The solution set is {x| x> —1} or (—1,e0).

et
-1 0

If —1<x<1, then

—-1+4<x+4<1+4
3<x+4<5

So,a=3and b =5.

If -3<x<2, then

-3-6<x-6<2-6
O<x-6<—4

So,a=-9 and b=-4.

If 2<x<3,then

—4(2) < —4(x) <—4(3)
—-12<-4x<-8

So,a=-12 and b=-8.

If -4<x<0,then
L(4)<2(x)<(0)
2 2 2
—2<%x<0
So,a=-2 and b=0.

If 0<x<4,then
2(0) <2(x) < 2(4)
0<2x<8
0+3<2x+3<8+43
3<2x+3<11
So,a=3 and b=11.

If -3 <x<3,then
=2(=3)>-2(x)>-2(3)
6>-2x>-6

6+1>-2x+1>-6+1
7>1-2x>-5
—5<1-2x<7
So,a=-5 and b=7.
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99.

100.

101.

102.

103.

104.

105.

If -3 <x<0, then
-3+4<x+4<0+4
l<x+4<4

If 2 < x <4, then
2-6<x—-6<4-6
—4<x—-6<-2

So, a =—% and b =—%.

If 6 <3x<12,then

6 3x 12

3 3 3
2<x<4

22 <x?<4?
4<x*<16
So,a=4 and b=16.

If 0<2x<6,then
0 2x 6
_<_ p—
2 2 2
0<x<3
0% < x? <3?
0<x’<9
So,a=0 and b=9.

\V3x+6

Weneed 3x+62>0
3x>-6
x=>-2

To the domain is {x|x>-2} or [-2, ).

V8+2x
Weneed 8+2x 20
2x2>-8
x=2-4

To the domain is {x|x > —4} or [—4, ).

21 <young adult's age < 30

106. 40 < middle-aged < 60

107. a. Letx=age at death.
x-30=519

x=81.9
Therefore, the average life expectancy for a
30-year-old male in 2014 will be greater
than or equal to 81.9 years.

b. Letx=age at death.
x-302=55.6

x=85.6
Therefore, the average life expectancy for a
30-year-old female in 2014 will be greater
than or equal to 85.6 years.

c. By the given information, a female can
expect to live 85.6—-81.9 =3.7 years
longer.

108. V' =20T
80°< T <120°

|4
80°< —<120°
20

1600 <V <2400
The volume ranges from 1600 to 2400 cubic
centimeters, inclusive.

109. Let P represent the selling price and C
represent the commission.

Calculating the commission:
C =45,000+0.25(P —900,000)

=45,000+0.25P—225,000
=0.25P-180,000
Calculate the commission range, given the price
range:
900,000 < P <1,100,000
0.25(900,000) < 0.25P <0.25(1,100,000)
225,000 <0.25P< 275,000
225,000-180,000 < 0.25P —-180,000 < 275,000 — 180,000
45,000 < C<95,000

The agent's commission ranges from $45,000 to
$95,000, inclusive.

45.000 _ 05 _ 50 1o _25:000
900,000 1,100,000
inclusive.
As a percent of selling price, the commission
ranges from 5% to 8.6%, inclusive.

=0.086 =8.6%,

110. Let C represent the commission.
Calculate the commission range:

116
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111.

112.

113.

114.

25+0.4(200) < C <25+0.4(3000)

105<C <1225
The commissions are at least $105 and at most
$1225.

Let W= weekly wages and T = tax withheld.
Calculating the withholding tax range, given the
range of weekly wages:

900 < W <1100
900—753 < W —753<1100—753
147 <W —753<347
0.25(147) < 0.25(W —753) < 0.25(347)
36.75< 0.25(W —753)< 86.75
36.75+97.75 < 0.25(W —753)+97.75 < 86.75+ 97.75
134.50 < T <184.50

The amount withheld varies from $134.50 to
$184.50, inclusive.

Let x represent the length of time Sue should
exercise on the seventh day.
200<40+45+0+50+25+35+x <300
200 <195+ x <300

5<x<105
Sue will stay within the ACSM guidelines by
exercising from 5 to 105 minutes.

Let K represent the monthly usage in kilowatt-
hours and let C represent the monthly customer
bill.
Calculating the bill: C =0.0821K +15.37
Calculating the range of kilowatt-hours, given
the range of bills:
72.84<(C<237.04
72.84<0.0821K +15.37<237.04
57.47<0.0821K <221.67
700.00 < K <2700.00
The usage varies from 700.00 kilowatt-hours to
2700.00 kilowatt-hours, inclusive.

Let W represent the amount of water used (in
thousands of gallons). Let C represent the
customer charge (in dollars).

Calculating the charge:
C=57.07+581(W -10)

=57.07+5.81W -58.10
=581 -1.03

Calculating the range of water usage, given the
range of charges:

117

115.

116.

117.
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97.74 < C <150.03

97.74<5.81W —-1.03<150.03

98.77 <5.81W <151.06
17<W<26

The range of water usage ranged from 17,000 to
26,000 gallons.

Let C represent the dealer's cost and M
represent the markup over dealer's cost.
If the price is $18,000, then
18,000=C+MC=C(1+M)
18,000
1+M
Calculating the range of dealer costs, given the
range of markups:
0.12<M <0.18
1121+ M <1.18
I I
.12 1+M 118

18,000 18,000 18,000

.12~ 1+M — 1.18

16,071.43> C >215,254.24
The dealer's cost varies from $15,254.24 to
$16,071.43, inclusive.

Solving for Cyields: C =

Let T represent the test scores of the people in
the top 2.5%.
T >1.96(12)+100=123.52

People in the top 2.5% will have test scores
greater than 123.52. Thatis, 7 >123.52 or

(123.52, <o)

a. Let T represent the score on the last test and
G represent the course grade.
Calculating the course grade and solving for
the last test:
G= 68+82+87+89+T

5G=326+T
T'=5G-326
Calculating the range of scores on the last
test, given the grade range:
80<G <90
400 <5G <450
74<5G-326<124
T4<T <124

To get a grade of B, you need at least a 74
on the fifth test.
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b. Let T represent the score on the last test and
G represent the course grade.
Calculating the course grade and solving for
the last test:

G= 68+82+87+89+2T
6

G:326+2T

6

163+T

G=

3
T=3G-163

Calculating the range of scores on the last
test, given the grade range:
80<G <90

240<3G <270
77<3G-163<107

77T <107
To get a grade of B, you need at least a 77
on the fifth test.

118. Let C represent the number of calories in a

serving of regular Miracle Whip®, and let F/
represent the grams of fat in a serving of regular
Miracle Whip®.

One possibility for a “light” classification is that
the 20 calories in a serving of Miracle Whip®
Light is less than or equal to one-third the
calories in regular Miracle Whip®. That is,

1
20-C.
3

The second possibility for a “light” classification
is that the 1.5 grams of fat in a serving of
Miracle Whip® Light is less than or equal to one-
half the grams of fat in regular Miracle Whip®.

That is, 1.5 S%F .

We have:
ZOS%C or I.SS%F

60<C or 3<F

A serving of regular Miracle Whip® either
contains at least 60 calories or at least 3 grams of
fat, or both.

119. Since a<b,

a b a b

—< = and —<=

2 2 2 2
a a _a b a b b b
—+—<—+— and —+-<—-+—-
2 2 2 2 2 2 2 2

a+b a+b
d <b
2 M

Thus, a<a—;b<b.

120.
d a+b :a+b_a:a+b—2a:b—a
2 2 2 2
a+b a+b 2b—a-b b-a
d(b, 7 j b— 7 = 5 == -

Therefore, ath

is equidistant from a and b.

121. If O0<a<b, then

ab>a*>0 and b*>>ab>0
(Vab) >a*  and 5> >(Vab)
x/%>a and b>\/E

Thus, a<~ab<b.

122. Show that ~ab < 2+2

a+b \/—_ (a 2\/_b+b)
:5(\/;—\/3)2>0, since a # b.

a+b

Therefore, \/_b <

1 1(1 1

123. —=—|—+=

3. ForO<a<b, h 2(a+j

l b+a
h

(b+a)

_ 2ab
a+b
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__ 2ab 4= 2ab—a(a+b) 127. Since x* >0, we have
a+h a+h 24120+
=2ab—az—ab=ab—a2 il
a+b a+b - ) 5
a(b—a) Therefore, the expression x~ +1 can never be
== i 0 less than —5.
Therefore, £ >a. 128 — 129. Answers will vary.
2ab  b(a+b)—2ab
b—-h=b- =
a+b a+b
_ab+b*—-2ab _b*—ab .
= uth i Section 1.6
_bema) L |-2|=2
a+b
Therefore, h< b, and we have a<h<b.
2. True
2
: 2 (ab 3. {-5,5)
124. Show that j = (&eometric mean)” _ (a)
arithmetic mean 1
(2(a+b)) 4. {x|-5<x<5}
From Problem 119, we know:
L1/l 1 5. True
o
h 2\a b 6. True
2_ l+l _b+a
K a b ab 7. d
ﬁ= ab 8. a
2 a+b
2 _
o (Vab) 9. |2x|=6
h:2'a+b: 1 2x=6 or 2x=-6
(S@+n)] t=3 or x=-3

The solution set is {-3, 3}.
125. Since O0<a<b,then a—b<0 and ab > 0.

L 10. |3x|=12
Therefore, a b <0. So, 3x=12 or 3x=-12
a b x=4 or x=-4
E_£<O The solution set is {4, 4}.
1 1
1o 11. |2x+3|=5
b a
1 1 2x+3=5 or 2x+3=-5
E<Z 2x=2 or 2x=-8
Now, since b >0, then l>0, so we have x=1 or. x.=—4
b The solution set is {4, 1}.
O<l<l
b a

126. Answers will vary. One possibility:
No solution: 4x+6<2(x—5)+2x

One solution: 3x+5<2(x+3)+1<3(x+2)-1

119
Copyright © 2016 Pearson Education, Inc.



Chapter 1: Equations and Inequalities

12.

13.

14.

15.

16.

17.

18.

[3x-1]=2 19. 2[x|=9
3x—1=2 or 3x—1=-2 3
3x=3 or 3x=-1 |x|=£
1 2
x=1 or x=—§ ng or xz—ﬂ
1 2 2
The solution set is {_g’ 1} ’ The solution set is {—2,2} .
272
|1-4t|+8=13 ;
|1_4,|=5 20. Z|x|:9
1-4t=5 or 1-4t=-5 |x|=12
—4t =4 or —4t=-6 x=12 or x=-12
f=—1 or t—3 The solution set is {—12, 12}.
- "2
x 2
The solution set is {—1, %} 21. §+§‘=2
£+g:2 or £+%:—2
|[1-2z]+6=9 3°5 3°5
|1—2z|=3 5x+6=30 or 5x+6=-30
1=2z=3 or 1-2z=-3 S5x=24 or 5x=-36
—2z=2 or —2z=-4 x:25—4 or x:—%
z=-1 or z=2
. . 36 24
The solution set is {-1, 2} . The solution set is {—?, ?} .
-25] -] el
|-2x|=38 1203
—-2x=8 or —-2x=-8 X 1_1 x 1
=== or =—==-1
x=-4 or x=4 23 2
The solution set is {4, 4}. 3x=2=6 or 3x-2=-6
3x=8 or 3x=-4
- =S xed
|-x|=1 3 3
—x=1 or —x=-1 The solution set is {—i,§}
The solution set is {1, 1}. 373
[2lx=4 23. |u-2|=-1
2x=4 2 .
) No solution, since absolute value always yields a
x=

) ) non-negative number.
The solution set is {2}.

24. [2-v|=-1
PBlx=9 o .
No solution, since absolute value always yields a
3x=9 non-negative number.
x=3

The solution set is {3}.
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4-[2x|=3 30. ‘x2+x‘=12
—|2x|=—1 P Hx=12 or Hx=-12
|2x|=1 2 _ 2 _
x“+x-12=0 or x"+x+12=0
2x=1 or 2x=-1
_1+1—
1 1 (x=3)(x+4)=0or p=TAEVIZA8
XZE or .X'Z—E 2
+ o/
. ) 1 1] x=3 or x=—4 or x=ﬂnorealsol.
The solution set is _E’EJ' 2
The solution set is {—4, 3} .
5 ! =3
BER 3. [ ¥ +x-1]=1
—‘lx - Hx-1=1 or xX*+x-1=-1
2 X 4+x=2=0 or x*+x=0
‘%x =2 (x=1)(x+2)=0 or x(x+1)=0
| | x=L,x=-2 or x=0,x=-1
Ex=2 or §x=—2 The solution set is {-2,—1,0,1} .
x=4 or x=-4
The solution set is {-4,4} . 32. ‘x2+3x—2‘=2
2 43x-2=2 or xX’+3x-2=-2
. ‘X2—9‘=0 2 2
x“+3x=4 or x"+3x=0
2
x*=9=0 X +3x-4=0 or x(x+3)=0
2
x =9 (x+4)(x-1)=0 or x=0,x=-3
x=i3' ' x=—4,x=1
The solution set is {~3, 3} The solution set is {-4,-3,0,1} .
2
x°=16|=0 _
| | 3. |2 2‘:2
x*=16=0 2x-3
=16 3x-2 —» or 3x-2 __
4 2x-3 2x-3
S , 3x-2=2(2x-3) or 3x-2=-2(2x-3)
The solution set is {—4, 4] .
3x—2=4x-6 or 3x-2=-4x+6
‘x2—2x‘—3 —-x=—4 or Tx=8
) 8
¥ -2x=3 or x2—2x=-3 x=4 or x—7
Y2 —2%-3=0 or x2-2x+3=0 Neither of these values cause the denominator to
(x—3)(x+1)=0 or 1o 211/3_12 equal zero, so the solution set is {%, 4}.
2++/-8
x=3 or x=-1 or x= > no real sol.

The solution set is {-1, 3} .
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2x+1| _ 39. [3x[>12
3x+4 3x<-12 or 3x>12
2x+1 _ or 2x+1 - x<—4 or x>4
Sx+4 x4 {x|x<—4 0rx>4} or (—eo,—4)U(4,00)
2x+1=1(3x+4) or  2x+1=-1(3x+4) .
——
2x+1=3x+4 or 2x+1=-3x-4 a 0 4
—x=3 or 5x=-5
x=-3 or x=-1 40. |2x|>6
Neither of these values cause the denominator to 2x<—6 or 2x>6
equal zero, so the solution set is {-3,—1}. x<—-3 or x>3
x|x <=3 orx>3{ or (—e,=3)U(3,)
3s. ‘x2+3x‘=‘x2—2x‘ { | . } P
HE—— 1ttt
x? +3x=x*-2x or x2+3x=—( x2—2x) -3 0 3
3x=-2x or X +3x=—x"+2x 41. |x-2]+2<3
5x=0 or 2x*+x=0 |x—2|<1
x=0 or x(2x+1)=0 -1<x-2<1
x=0 or x=0 or x=—l I<x<3
2 {x]1<x<3} or (13)
Thesolutionsetis{—%,O}. _
0 1 3
36. |x*=2x|=|x* +6x| 42. |x+4|+3<5
x*—2x=x"+6x or x2—2x=—(x2+6x) |x+4|<2
) 5 -2<x+4<2
—2x=06x or X" =2x=—-x"—6x —6< x< -2
— 2 —
—8x=0 or 2x"+4x=0 {x|—6<x<—2} or (—6,—2)
x=0 or 2x(x+2)=0
| [ e ) ) | ] ]
x=0 or x=0or x=-2 L L L
. . -6 -2 0
The solution set is {-2, 0}.
43. |3r-2|<4
37. |2x|<8 —4<3-2<4
-8<2x<8 —-2<3t<6
-4<x<4 2
—Z<t<
[x|-4<x<4] or (-44) 3=i=2
_—— =2<i<ol or [=22
-4 0 4 3 3
38, |3x| <15 —— 1
: 2 0 2
-15<3x<15 3
-5<x<5
{x|-5<x<5} or (-5.5)
| | [ A ) ) | 1 1
T T T L — T L 4 T T T
-5 0 5
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44.

46.

Section 1.6: Equations and Inequalities Involving Absolute Value

|2u+5|<7 48. |1-2x|-4<-1
-7<2u+5<7 |1-2x|<3
—-12<2u<?2 -3<1-2x<3
-6<u<l —4<-2x<2
{ul]-6<u<i} or [-6,1] —4 2
—>x>—
— 27
6 0 1 2>x>-1 or —-1<x<2
{x|-T<x<2} or (-12)
|2x-3|22 TP A |
T T T —C 1 I A 1
2x-3<-2 or 2x-32=2 -1 0 2
2x<1 or 2x 25
49. |1-2x|>3
<l >3
r=s5oor r=3 1-2x<-3 or 1-2x>3
1 5 1 2x<—-4 or —-2x>2
<= > —c0, =
X|x=g s or( ’2})[ x>2 or x<-1
—t—————— {x|x<=Torx>2} or (—ee,~1)U(2,0)
o1 2 _
-1 0 2
Bx+4|22
50. |2-3x|>1
3x+4<-2 or 3x+4=2
2-3x<-1 or 2-3x>1
3x<-6 or 3x=2-2
5 —3x<-3 or —-3x>-1
x<-=2 or x2—-= 1
x>1 or x<§
dlr<2orx2-2lor (—eo, 2] U —g,ooj 1 1
3 3 x|x<gorx>1por| ez U(1,e0)
_H: : ] I I I [ : :» | | Y (e |
- 2 0 +— it i ——t—t>>
3 0 l 1
3
|[1-4x|-7<-2
[1-4x|<5 51, |—4x|+|-5|<1
~5<l-4x<5 |-4x|+5<1
—6<—4x<4 |-4x| < —4
-6 oy 4 This is impossible since absolute value always
477 yields a non-negative number. The inequality
3 3 has no solution.
=>x>-1 or -—l<x<= ——t—t—t—t—t—t—t—t
0
3} 3
x|-l<x<=tor (-1,
{ ‘ 2 ( 2) 52. |-x|-|4|<2
—t—t— ettt |—x|—4£2
_ 0 3
2 |—x|£6
—-6<—x<6
6=2x2=2-6
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{x|-6<x<6} or [-6,6]

-_—
-6 0 6
53. |-2x|>|-3
|2x|>3
2x<-3 or 2x>3
x<—é or x>é
2 2
xx<——orx>1 or | —oo —é U] éoo
b 2 2’
—_—
_3 0 3
2 2

54. |-x-2|21

x=>-1 or x<-3

—
-3 -1 0
55. —|2x-1|>-3
|2x—1<3
-3<2x-1<3
-2<2x<4
-1<x<2

{x|-1<x<2} or [-1,2]

] l l ] | T | ] ] ]
T T T T | | p— | T T T
-1 0 2
56. —[1-2x|>-3
[I-2x|<3
-3<1-2x<3
—4<-2x<2
22x2-1
{x|-1<x<2} or [-1,2]
] ] ] ] | T | ] ] ]
T T T T | —| T T T
-1 0 2

57. [2x|<-1

This is impossible since absolute value always

yields a non-negative number. No solution.

| | | | | | | | | | |
I I I T T T T T T T T

0

124

58

59.

60.

61.

62.

[3x| =0

Absolute value yields a non-negative number, so
this inequality is true for all real numbers, (—oo, o).
— ettt (I) —t—t—t

|5x| > -1

Absolute value yields a non-negative number, so
this inequality is true for all real numbers, (—oo, o).
— (.) =ttt

|6x] < -2
This is impossible since absolute value always
yields a non-negative number. No solution.

| | | | | | | | | | |
I I I T T I T T T T T

0
2x+3_l 1
3 2
2x+3 1
-1< 3 —§<1

2x+3 1
6(—1)<6( ; —§j<6(1)
—6<2(2x+3)-3<6
—-6<4x+6-3<6

—-6<4x+3<6
—9<4x<3

5 5
x+1<—§ or x+1>=

2
)C<—z or )C>é
2 2
xx<—z orx>§ or | —oo 7 U 3 oo
2 2 > 2 2’
——-———————t
1 0 3
2 2
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64.

65.

66.

67.

Section 1.6: Equations and Inequalities Involving Absolute Value

Sfe-1]>
o—1[>-2
2

Absolute value yields a non-negative number, so
this inequality is true for all real numbers, (—oo, o).

— e —t—tt
2x-3 1
+—|>1
2 3
23l e 23,0
2 3 2 3

2x-3 1 2x-3 1
6( . +§j<6p4)or6( . +§j>60)

32x-3)+2<—6  or 3(2x-3)+2>6

6x—9+2<-6 or 6x—9+2>6
6x—7<-6 or 6x—7>6
6x<1 or 6x>13
x<— or )c>E
6 6
{xx<l.mx>lé}or(wolju(9.mj
6 6 > 6 6’
—f—
0ol 1 213
6 6

A temperature x that differs from 98.6° F by at
least 1.5°F .

x—98.6°|>1.5°
x—98.6°<-1.5° or x—98.6°>1.5°
x<97.1° or x=>100.1°

The temperatures that are considered unhealthy
are those that are less than 97.1°F or greater than
100.1°F, inclusive.

A voltage x that differs from 110 volts by at most
5 volts.

|x—110|<5
-5<x-110<5

105<x <115
The actual voltage is between 105 and 115 volts,
inclusive.

The true average number of books read x should
differ from 13.6 by less than 1.8 books.

|x—13.4]<1.35
-1.8<x-13.6<1.38
11.8<x<154

68.

69.

70.

71.

72.

Gallup is 99% confident that the actual average
number of books read per year is between 11.8
and 15.4 books.

The speed x varies from 707 mph by up to 55
mph.

a. [x—707|<55

b. -55<x-707<55
-55<x-707 <55
652<x<762
The speed of sound is between 652 and 762
miles per hour, depending on conditions.

x differs from 3 by less than % .

1
_3 < —
x-3] <
1 1
-——<x-3<=
2577753
Sex<l
2 2

s
x differs from —4 by less than 1
|x—(-4)|<1
|x+4|<1

-l<x+4<1

—5<x<-3
{x|—5<x<—3}

2cx<l
2 2

x differs from —3 by more than 2.

|x—(=3)|>2
|x+3|>2

x+3<-2 or x+3>2
x<-=5 or x>-1

{x|x<=50rx>-1}

x differs from 2 by more than 3.

|x-2]>3
x—2<-3 or x—-2>3
x<-1 or x>5

{x|x<-lorx>35]}
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73.

74.

75.

76.

77.

78.

|x—1]<3
—3<x-1<3

“3+5<(x-1)+5<3+5

2<x+4<8
a=2,b=8

|x+2|<5
—S5<x+2<5

S5—4<(x+2)—4<5-4

O<x-2<I1
a=-9, b=1

|x+4|<2
—2<x+4<2
—-6<x<-2
-12<2x<+4
-15<2x-3<-7
a=-15 b=-7

|x—ﬂ£1

—-1<x-3<1
2<x<4
6<3x<12
7<3x+1<13

a=7,b=13

|x—2|£7
-7<x-2<17
-5<x<9

—-15<x-10<-1
1 1

-2

2 >-1
15 x-10

|x+1<3
—3<x+1<L3
—4<x<2
1<x+5<7
1> ! Zl
x+5 7
1
x+5
1

=L opo
a=3

< <1

|-

79. Given that a >0, b >0, and ~Ja <+/b, show
that a <b.

Note that b—a=(x/3+\/g)(\/3—\/a).
Since «/2<«/Z means «/E—«/;>O,we have
b=a=(J5+a) (Vb —a)>0.

Therefore, b—a > 0 which means a < b.

80. Show that a < |a| .
We know 0 < |a| . Soif a <0, then we have
a<0< |a| which means a < |a|. . Now, if

a >0, then |a|=a.So aS|a|.

81. Prove |a+b| S|a|+|b| .
Note that a+b[" =|a+5|-|a+5].
Case 1: If a+b >0, then |a+b|=a+b,so
|la+b|-la+b|=(a+b)(a+b)
=a’ +2ab+b*
<laf +2la|-Jo[ +[5]
= (|a| +|b|)2 by problem 78
Thus, (ja+8])" <(|a|+]8])’
|a+b| <|a|+|b|.
Case 2: If a+b <0, then |a+b|=—(a+b),s0
|la+b|-|a+b|=(~(a+b))(~(a+b))
=(a+b)(a+b)
=a* +2ab+b*
<af" +2[al-o|+[5|
=(|a|+|b|)2 by problem 78
Thus, (|a+2])" <(|a|+|p])’
|a+b| <|a|+]b|

82. Prove |a—b| 2 |a|—|b| .
|a| = |(a -b) +b| <|a—b|+|b| by the Triangle
Inequality, so |a| < |a —b| +|b| which means

|a| —|b| < |a —b|. Therefore, |a —b| > |a| - |b|
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83.

84.

8s.

Section 1.6: Equations and Inequalities Involving Absolute Value

Given thata >0,
x’<a
2
x"—a<0

(v4+/a) (x—va)<0

Ifx<—x/;,then x++a <0 and
x—+a <—2«/; < 0. Therefore,

(x ++Ja ) ( x—+la ) > 0, which is a contradiction.

If—x/;<x<\/;,then 0<x+\/g<2\/5 and
—2\/E<x—\/2<0.
Therefore, (x+\/;)(x—\/;)<0.

Ifx>\/g,then x+x/2>2\/5>0 and
x—~/a >0 . Therefore, (x+x/;)(x—\/;)>0,

which is a contradiction. So the solution set for

xr<a is {x|—\/;<x<\/g}.

Given that a > 0,
x*>a.
x*—a>0
(x+\/g)(x—\/g)>0
If x<—/a , then x++/a <0 and
x—a<-2Ja<0.

Therefore, (x+«/2)(x—«/g)>0.
If —x/;<x<\/;,then 0<x+\/g<2\/5 and

2Ja<x—+Ja<0 ..Therefore,

(x ++/a ) (x —a ) < 0, which is a contradiction.

Ifx>\/g,then x++Ja>2Ja>0 and
x—~/a >0 . Therefore, (x+\/;)(x—\/;)>0.

So the solution set for x> >a is

{x|x<—x/; or x>\/5}.

x? <1
~N<x<1
-1<x<l1
The solution set is {x|—1 <x< 1}.

86.

87.

88.

89.

90.

91.

92.

93.

127

xr<4
~Ja<x< 4
2<x<?2
The solution set is {x|—2<x<2}.

x2>9
x<—J/9 or xZ\@
x<-3 orx=>3

The solution set is {x| x<-3 or x> 3} .

x2>1
x <=1 or xZ\/I
x<-1 or x2>1

The solution set is {x|x <-1orx2 1} .

x2 <16
16 <x<+/16
—-4<x<4
The solution set is {x| —4<x< 4} .

x*<9
—J9o<x< 9
-3<x<3
The solution set is {x| -3<x< 3} .

x2>4
x<—J/4 or x>\/Z
x<-2 orx>2

The solution set is {x| x<-2 or x> 2} .

x* 216
x<—/16 or xZ\/E
x<-4 orx=>4

The solution set is {x| x<—4 or x> 4} .

3x—|2x+1| =4
3x—[2x+1|=4 or 3x—|2x+1|=—4
3x—|2x+1|=4

3x—4=[2x+]|
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2x+1=3x-4 or 2x+1=—(3x—4)
—-x=-5 or 2x+1=-3x+4
x=5 or 5x=3

3
x=5 or ng
or
3x—|2x+1]=—4
3x+4=[2x+]|
2x+1=3x+4 or 2x+1=—(3x+4)
-x=3 or 2x+1=-3x-4
x=-3 or 5x=-5
x=-3 or x=-1

The only values that check in the original
equation are x=5 and x=-1.

The solution set is {1, 5} .

94. |x+[3x—2|=2
x+|3x—2|=2 or x+|3x—2|:—2
x+[3x-2|=2
|3x—2|=2—x
3x-2=2-x or 3x-2=-(2-x)
4x =4 or 3x-2=-2+x

x=1 or 2x=0
x=1 or x=0

or

x+[3x-2|=-2
Px—2[=-2-x

3x—=2=-2-x or 3x-2=—(-2-x)
4x=0 or 3x—-2=2+x
x=0 or 2x=4
x=0 or x=2

The only values that check in the original
equation are x =0 and x = 1.

The solution set is {0, 1} .

95 —97. Answers will vary.

Section 1.7
1. mathematical modeling
2. interest

3. uniform motion

10.

11.

12.

13.

14.

15.

16.

17.

18.

False; the amount charged for the use of
principal is the interest.

True; this is the uniform motion formula.
a
b
c

Let 4 represent the area of the circle and r the
radius. The area of a circle is the product of &

times the square of the radius: 4 =mr?

Let C represent the circumference of a circle
and r the radius. The circumference of a circle
is the product of & times twice the radius:
C=2nr

Let A represent the area of the square and s the
length of a side. The area of the square is the

square of the length of a side: 4 = s’

Let P represent the perimeter of a square and s
the length of a side. The perimeter of a square is
four times the length of a side: P =4s

Let F represent the force, m the mass, and a
the acceleration. Force equals the product of the
mass times the acceleration: F' =ma

Let P represent the pressure, F the force, and
A the area. Pressure is the force per unit area:
F

P=—
A

Let W represent the work, F the force, and d
the distance. Work equals force times distance:
W =Fd

Let K represent the kinetic energy, m the mass,
and v the velocity. Kinetic energy is one-half
the product of the mass and the square of the

velocity: K :%mv2

C = total variable cost in dollars, x = number
of dishwashers manufactured: C =150x

R = total revenue in dollars, x = number of
dishwashers sold: R =250x
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19.

20.

21.

22.

Section 1.7: Problem Solving: Interest, Mixture, Uniform Motion, and Constant Rate Job Applications

Let x represent the amount of money invested in
bonds. Then 50,000 — x represents the amount

of money invested in CD's. Since the total
interest is to be $6,000, we have:
0.15x+0.07(50,000 — x) = 6,000

(100)(0.15x+0.07(50,000 — x) ) = (6,000)(100)
15x+7(50,000 - x) = 600,000
15x+350,000 —7x = 600,000

8x +350,000 = 600,000
8x = 250,000
x=31,250

$31,250 should be invested in bonds at 15% and
$18,750 should be invested in CD's at 7%.

Let x represent the amount of money invested in
bonds. Then 50,000 — x represents the amount

of money invested in CD's. Since the total
interest is to be $7,000, we have:
0.15x+0.07(50,000 - x) = 7,000

(100)(0.15x+0.07(50,000 - x)) = (7,000)(100)
15x+7(50,000 - x) = 700,000
15x+350,000 — 7x = 700,000

8x +350,000 = 700,000
8x = 350,000
x=43,750

$43,750 should be invested in bonds at 15% and
$6,250 should be invested in CD's at 7%.

Let x represent the amount of money loaned at
8%. Then 12,000 —x represents the amount of

money loaned at 18%. Since the total interest is
to be $1,000, we have:
0.08x+0.18(12,000—x) =1,000

(100)(0.08x+0.18(12,000— x)) = (1,000)(100)
8x+18(12,000— x) =100,000
8x+216,000—18x =100,000

—10x+216,000 =100,000
—10x=-116,000
x=11,600

$11,600 is loaned at 8% and $400 is at 18%.

Let x represent the amount of money loaned at
16%. Then 1,000,000 —x represents the amount

of money loaned at 19%. Since the total interest
is to be $1,000,000(0.18), we have:

23.

24,

25.

26.

0.16x+0.19(1,000,000 — x) =1,000,000(0.18)
0.16x+190,000—0.19x = 180,000
—0.03x +190,000 = 180,000
—-0.03x =-10,000

e —-10,000
—0.03
x=$333,333.33

Wendy can lend $333,333.33 at 16%.

Let x represent the number of pounds of Earl
Gray tea. Then 100—x represents the number of
pounds of Orange Pekoe tea.
5x+3(100—-x) =4.50(100)
5x4+300—-3x =450
2x+300 =450
2x =150
x=175
75 pounds of Earl Gray tea must be blended with
25 pounds of Orange Pekoe.

Let x represent the number of pounds of the
first kind of coffee. Then 100 —x represents the
number of pounds of the second kind of coffee.
2.75x+5(100—x) =3.90(100)

2.75x+500-5x =390
—2.25x+500=390
—-2.25x=-110
x =489
Approximately 49 pounds of the first kind of

coffee must be blended with approximately 51
pounds of the second kind of coffee.

Let x represent the number of pounds of
cashews. Then x+ 60 represents the number of
pounds in the mixture.
9x +3.50(60) = 7.50(x + 60)
9x+210="7.50x+450
1.5x =240
x =160
160 pounds of cashews must be added to the 60
pounds of almonds.

Let x represent the number of caramels in the
box. Then 30— x represents the number of
cremes in the box.
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217.

28.

29.

Revenue — Cost = Profit
12.50—(0.25x+0.45(30— x)) =3.00
12.50—(0.25x+13.5-0.45x) =3.00

12.50—(13.5-0.20x) =3.00
12.50-13.50+0.20x = 3.00
—1.00+0.20x =3.00
0.20x =4.00
x=20
The box should contain 20 caramels and 10
cremes.

Let r represent the speed of the current.

Rate | Time | Distance
20 _ 1 16—r
Upstream |16—r ©0=3 3
15 _ 1 16+r
Downstream |16+ 7 w-2| 2
Since the distance is the same in each direction:
16—r 16+r
3 4
4(16-r)=3(16+r)
64 —4r =48 +3r
16="7r
16
=—=2.286
"3

The speed of the current is approximately 2.286
miles per hour.

Let r represent the speed of the motorboat.

Rate | Time | Distance
Upstream |r-3| 5 | 5(r-3)
Downstream | 7+3 | 2.5 |2.5(r+3)

The distance is the same in each direction:
5(r—3)=2.5(r+3)
Sr—15=2.5r+7.5
2.5r=22.5
r=9
The speed of the motorboat is 9 miles per hour.

Let r represent the speed of the current.

Rate | Time | Distance
Upstream |15-r 10 10
15—r
10
Downstream |15+ r 10
15+r

Since the total time is 1.5 hours, we have:

30.

31.

10 + 10 _ 1.5
15—-r 15+r
10(05+7)+10(15—-r)=1.515-r)(15+7r)
150+107 +150—10r =1.5(225 - r%)
300 =1.5(225-r%)
200 =225
1 -25=0
(r=5)(r+5=0
r=5orr=-5
Speed must be positive, so disregard » =-5.
The speed of the current is 5 miles per hour.

Let r represent the rate of the slower car. Then
r+10 represents the rate of the faster car.

Rate | Time | Distance

Slower car | r 3.5 3.5r
Fastercar [r+10| 3 [3(r+10)

3.5r=3(r+10)
3.57=3r+30
0.5r=30
r =60
The slower car travels at a rate of 60 miles per

hour. The faster car travels at a rate of 70 miles
per hour. The distance is (70)(3) =210 miles.

Let r represent Karen’s normal walking speed.
Rate | Time |Distance
. 50
With walk +2.5 50
ith walkway r Y
. 50
Against walkway | r—2.5 50
r—2.5
Since the total time is 40 seconds:
50, 50y
r+25 r-2.5

50(r —2.5)+50(r +2.5) = 40(r — 2.5)(r +2.5)
501 —125+50r +125 = 40(+* - 6.25)
1007 = 407 =250
0 = 407> —1007 — 250
0=4r>-10r-25
-(—1())J_r\/(—1())2 —4(4)(-25)
r =
2(4)
_10£+/500 _ 101045 _ 5255
8 8 4
r=4.05 or r=-1.55
Speed must be positive, so disregard » = —1.55 .

Karen’ normal walking speed is approximately
4.05 feet per second.
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33.

34.

Section 1.7: Problem Solving: Interest, Mixture, Uniform Motion, and Constant Rate Job Applications

Let r represent the speed of the airport walkway.

Rate | Time | Distance
Walking with | 1.5+ 7 280 280
1.5+~
Standing still r @ 280

Walking with the walkway takes 60 seconds less
time than standing still on the walkway:

280 280
5tr- o 90

2807 = 280(1.5+ ) — 60r(r +1.5)
2807 = 420+ 2807 — 60r* —90r
60> +90r —420=0
2rt +3r-14=0
@Qr+7)(r-2)=0
2r+7=0 or

Speed must be positive, so disregard » = —% .

The speed of the airport walkway is 2 meters per
second.

Let w represent the width of a regulation doubles
tennis court. Then 2w+ 6 represents the length.
The area is 2808 square feet:
w(2w+6) = 2808
2w” +6w = 2808
2w” +6w—2808=0
w? +3w—1404=0
w+39)(w-36)=0
w+39=0 or w-36=0
w=-39 or w=36
The width must be positive, so disregard w=-39.

The width of a regulation doubles tennis court is 36
feet and the length is 2(36) + 6 = 78 feet.

Let ¢ represent the time it takes the HP LaserJet
CP4025dn to complete the print job alone. Then
t+16 represents the time it takes the HP
LaserJet M451dw to complete the print job
alone.

Time to do job Part of job done
1n one minute
HP LJ 2420 t 1
1
HP LJ 1300 t+16 16
1
Together 15 15
1, _1
t t+16 15

15(¢+16)+15t =t(t +16)
15¢+240+15¢ = £* +16¢
0=1> —141—240
0= (r—24)(t+10)
1-24=0 or t+10=0

t=24 or t=-10
Time must be positive, so disregard ¢ =—10.
The HP LaserJet CP4025dn takes 24 minutes to

complete the job alone, printing % =35 pages

per minute. The HP LaserJet M451dw takes
24 + 16 = 40 minutes to complete the job alone,

printing % =21 pages per minute.

35. Let ¢ represent the time it takes to do the job

together.
Time to do job Part of job done
in one minute
1
Trent 30 30
i 1
Lois 20 20
Together t %
1 1 1
— ==
30 20 ¢
2t+3t =60
5t =60
t=12
Working together, the job can be done in 12
minutes.
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36. Let ¢ represent the time it takes April to do the
job working alone.

Time to do job Part of job done
in one hour
' L
Patrice 10 L
April ¢ %
Together 6 %
1 1 1
—t—=—
10 ¢+ 6
2t=30
t=15

April would take 15 hours to paint the rooms.

37. = length of the garden
w = width of the garden

a. The length of the garden is to be twice its
width. Thus, /=2w.
The dimensions of the fence are /+4 and
w+4.
The perimeter is 46 feet, so:

2(0+4)+2(w+4)=46
22w+4)+2(w+4) =46
4w+8+2w+8=46
6w+16=46
6w =30

w=>5

The dimensions of the garden are 5 feet by
10 feet.

b. Area =/-w=5-10=50 square feet

c. Ifthe dimensions of the garden are the same,
then the length and width of the fence are
also the same (/+4). The perimeter is 46

feet, so:
2(/+4)+2(I+4)=46
2[+8+2/+8=46
41+16=46
41 =30

=175
The dimensions of the garden are 7.5 feet by
7.5 feet.

d. Area =/-w=7.5(7.5)=56.25 square feet.

132

38. [ = length of the pond

w = width of the pond

a. The pond is to be a square. Thus, /=w.
The dimensions of the fenced area are w+6
on each side. The perimeter is 100 feet, so:
4(w+6) =100

4w+24 =100
4w=176

w=19
The dimensions of the pond are 19 feet by
19 feet.

b. The length of the pond is to be three times

the width. Thus, / =3w . The dimensions of
the fenced area are w+6 and /+6. The
perimeter is 100 feet, so:
2(w+6)+2(/+6)=100
2(w+6)+23w+6)=100
2w+12+6w+12=100
8w+24=100
8w =76
w=9.5
1=3(9.5)=28.5
The dimensions of the pond are 9.5 feet by
28.5 feet.

c. Ifthe pond is circular, the diameter is d and

the diameter of the circle with the pond and
the deck is d +6.

o a s
N

The perimeter is 100 feet, so:
n(d +6) =100
nd +6m =100

d =100—-67

d =@—6z 25.83
L

The diameter of the pond is 25.83 feet.

d. Areag,, =/-w=19(19)=361ft*.
Arearectangle =l-w= 285(95) =270.75 ftz .
2
Areacircle = Tcrz :n(252_83j =524 ftz .

The circular pond has the largest area.
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40.

41.

42,

Section 1.7: Problem Solving: Interest, Mixture, Uniform Motion, and Constant Rate Job Applications

Let ¢ represent the time it takes for the defensive
back to catch the tight end.

Time to run | o _
100 yards Time | Rate | Distance
Tight 100 _ 25| 25
End 12 sec t |1P=2 %
Def. 100 _
Back | 10sec t |50 =10 10z

Since the defensive back has to run 5 yards
farther, we have:

25
—t+5=10¢
3

25t +15=30¢
15=>5¢
t=3 - 10t =30

The defensive back will catch the tight end at the
45 yard line (15 + 30 = 45).

Let x represent the number of highway miles
traveled. Then 30,000 — x represents the number

of city miles traveled.

x 30,000—x
w07 s 00
x 30,000-x)

200 (4—0+2—5j =200(900)

5x+240,000 —8x =180,000
—3x+ 240,000 =180,000
-3x=-60,000

x=20,000

Therese is allowed to claim 20,000 miles as a
business expense.

Let x represent the number of gallons of pure
water. Then x+1 represents the number of
gallons in the 60% solution.
(%) (gallons)+(%)(gallons) = (%)(gallons)
0(x)+1(1) =0.60(x+1)
1=0.6x+0.6
0.4=0.6x
42
6 3

% gallon of pure water should be added.

Let x represent the number of liters to be
drained and replaced with pure antifreeze.

43.

44.

45.

46.

(%) (liters) + (%) (liters) = (%) (liters)
1(x)+0.40(15 - x) = 0.60(15)
x+6-0.40x=9
0.60x=3

x=5
5 liters should be drained and replaced with pure
antifreeze.

Let x represent the number of ounces of water

to be evaporated; the amount of salt remains the
same. Therefore, we get
0.04(32) =0.06(32 —x)
1.28=1.92-0.06x

0.06x =0.64

(2064 _64_32

006 6 3

10% =10.67 ounces of water need to be

—102
—10§

evaporated.

Let x represent the number of gallons of water
to be evaporated; the amount of salt remains the

same.
0.03(240) = 0.05(240 — x)

72=12-0.05x
0.05x=48
48
=25 _og6
=005

96 gallons of water need to be evaporated.

Let x represent the number of grams of pure
gold. Then 60— x represents the number of
grams of 12 karat gold to be used.

x+%(60—x)=%(60)

x+30-0.5x=40
0.5x=10

x=20
20 grams of pure gold should be mixed with 40
grams of 12 karat gold.

Let x represent the number of atoms of oxygen.
2x represents the number of atoms of hydrogen.
x+1 represents the number of atoms of carbon.
xX+2x+x+1=45

4x =44

x=11

There are 11 atoms of oxygen and 22 atoms of
hydrogen in the sugar molecule.
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47.

48.

49.

50.

51.

Let ¢ represent the time it takes for Mike to
catch up with Dan. Since the distances are the
same, we have:

1, 1

—t=—(t+1
G 9( )
3t=2t+2
t=2

Mike will pass Dan after 2 minutes, which is a

distance of 1 mile.

Let ¢ represent the time of flight with the wind.
The distance is the same in each direction:

330t =270(5-1)

330t =1350-270¢

6007 =1350

=225
The distance the plane can fly and still return
safely is 330(2.25) = 742.5 miles.

Let ¢ represent the time the auxiliary pump
needs to run. Since the two pumps are emptying
one tanker, we have:

3.t

—+—=1
49
27+4t =36
4t=9
9
t==-=225
4

The auxiliary pump must run for 2.25 hours. It
must be started at 9:45 a.m.

Let x represent the number of pounds of pure
cement. Then x+20 represents the number of
pounds in the 40% mixture.
x+0.25(20) = 0.40(x +20)

X+5=04x+8
0.6x=3
30
=_=5
=%

5 pounds of pure cement should be added.

Let ¢ represent the time for the tub to fill with
the faucets on and the stopper removed. Since
one tub is being filled, we have:

52.

53.

54.

LAY L
15 20)
4 -3t =60

t=60
60 minutes is required to fill the tub.

Let ¢ be the time the 5 horsepower pump needs

to run to finish emptying the pool. Since the two

pumps are emptying one pool, we have:
42,2

5 +§:1
42+1)+5=20
8+4t+5=20

4t =17
t=1.75

The 5 horsepower pump must run for an
additional 1.75 hours or 1 hour and 45 minutes to
empty the pool.

Let ¢ represent the time spent running. Then
5—t represents the time spent biking.

Rate | Time | Distance
Run| 6 t 6t
Bike | 25 | 5—t [ 25(5—-1%)
The total distance is 87 miles:
6t+25(5—-1)=87
6t+125-25t =87

—19¢+125=87
—19¢ =-38
t=2

The time spent running is 2 hours, so the
distance of the run is 6(2) =12 miles. The
distance of the bicycle race is 25(5—-2) =75
miles.

Let r represent the speed of the eastbound
cyclist. Then r+5 represents the speed of the
westbound cyclist.

Rate | Time | Distance
Eastbound | » 6 6r
Westbound | #+5| 6 6(r+5)
The total distance is 246 miles:
6r+6(r+5) =246

6r+6r+30=246

12r+30 =246
12r =216
r=18
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56.

57.

58.

59.

The speed of the eastbound cyclist is 18 miles
per hour, and the speed of the westbound cyclist
is 18+ 5 =23 miles per hour.

Burke's rate is % meters/sec. In 9.69 seconds,

Burke will run %(9.69) =80.75 meters. Bolt

would win by 19.25 meters.

A=2nr*+2nrh. Since A=188.5 square
inches and 4 =7 inches,
2nr? +2mr(7)=188.5

2nr? +147r—188.5=0

14t \J(14m)° —4(2m)(~188.5)
"= 2(2m) '
_ —14n£+/6671.9642
a 4m
r=3 or r==10

The radius of the coffee can is approximately 3
inches.

Let x be the original selling price of the shirt.
Profit = Revenue — Cost

4=x-0.40x-20 - 24 =0.60x — x =40
The original price should be $40 to ensure a
profit of $4 after the sale.

If the sale is 50% off, the profit is:
40-0.50(40)—-20=40-20-20=0
At 50% off there will be no profit.

Answers will vary.

It is impossible to mix two solutions with a
lower concentration and end up with a new
solution with a higher concentration.

Algebraic Solution:
Let x = the number of liters of 25% solution.

(%) (liters) + (%) (liters) = (%) liters)
0.25x+0.48(20) =0.58(20 +x)
0.25x+9.6=10.6+0.58x
-0.33x=1
x = =3.03 liters
(not possible)

Chapter 1 Review Exercises

60. Let # and ¢, represent the times for the two

61.

segments of the trip. Since Atlanta is halfway
between Chicago and Miami, the distances are
equal.

45t =55¢t,

4 :Etz
45

t =£t

1 9 2

Computing the average speed:
_ Distance _ 45t +55¢t,

Avg Speed = =
V8 Spee Time 4+t
11
45| —t, |+
B 5(9t2j >>h _ 551, +551,
%tﬁtz (11:2;912J
_ 1104, 9904,
(201, 20t
9
99

=5 = 49.5 miles per hour

The average speed for the trip from Chicago to
Miami is 49.5 miles per hour.

The time traveled with the tail wind was:
t= & ~1.67091 hours .
550

Since they were 20 minutes (% hour) early, the

time in still air would have been:
1.67091 hrs + 20 min = (1.67091+ 0.33333) hrs

=~ 2.00424 hrs
Thus, with no wind, the ground speed is
919
2.00424
550—-458.53=91.47 knots .

=~ 458.53 . Therefore, the tail wind is

Chapter 1 Review

1.

X
2-2=8
3

6—x=24
x=-18
The solution set is {—18}.
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Chapter 1: Equations and Inequalities

2. —2(5-3x)+8=4+5x
—-10+6x+8=4+5x
6x—2=4+5x
x=06
The solution set is {6}.
3x x 1

> 43T

I9x—-4x=1
Sx=1
1

X=—

5

The solution set is {%} .

X 6
7. —=—
x=1 5

S5x=6x—-06

6=x
Since x = 6 does not cause a denominator to
equal zero, the solution set is {6}.

5. x(1—-x)=6
x-x"=6
0=x"-x+6
b? —4ac =(~1)" —4(1)(6)
=1-24=-23
Therefore, there are no real solutions.
6. x(I+x)=6
x+x°=6
P +x-6=0
(x+3)(x-2)=0
x==-3 or x=2

The solution set is {-3,2} .
1 1 3 x
O R

e

136

10.

11.

1-3x x+6 1
= +

4 3 2

(12)(1_43’“) =(’”3r6 +%)(12)

31-3x)=4(x+6)+6
3-9x=4x+24+6
—13x=27
27
13

X =

The solution set is {— 27} .

13

(x-D(2x+3)=3
2x2+x-3=3
2x2+x-6=0

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

3
== ==2
X or x

The solution set is {—2,2} .

2
2x+3=4x7
0=4x*-2x-3
I ) N G B 0 )
2(4)
24452 242413 14413
8 8 4
The solution set is 1_\/6,14_\/6 .
4 4
Ix?-1=2
3
(x2-1) =(2)
x*-1=8
¥r=9
x=23
Checkx=-3: Checkx=3:
(=3 -1=2 I3 -1=2
Woi=2 Po-i=2
2=2 2=2

The solution set is {-3,3} .
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12.

13.

14.

15.

16.

1+x° =3

(Vi) =@y
1+x° =9
=8

x=%/§=2
1+(2)°

Jo
3
The solution set is {2} .

Check x=2:

3
3
3

x(x+1)+2=0
X 4Hx+2=0

o —1£J()2 —4()Q2)  —14/7

2(1) 2
No real solutions.

xt=5x>+4=0
(x2-4)(x2-1)=0
x*~4=0 or x*~1=0
x=12 or x==%1
The solution set is {-2,-1,1,2} .

m+x=3

m=3—x

2x—-3=9—6x+x*
x*—8x+12=0
(x=2)(x=6)=0
x=2o0orx=6
Checkx=2: 2(2)=3+2=~1+2=3
Check x=6: \[2(6)—3+6=~/9+6=9%3
The solution set is {2} .

Y2x+3=2

4
(«4/2x+3) =24
2x+3=16
2x=13

13

T3

17.

137

Chapter 1 Review Exercises

13
Check x=—:

CeCK X 2
2(%)+3:\4/13+3:\4/16:2

The solution set is {%} .

Vet +x—1=2x+1
(Var +4x=1) =(V2x+1)
x+1+24/xHx—1+x—-1=2x+1
2x+2x N x =1 =2x+1
WxHx-1=1
(zmmf:(l)z
4(x+1)(x-1)=1

4x* —4=1
4x* =5
ool
xzig
Check ng:

\/gﬂ +\/g—l =\/2[§j+1

1.79890743995 =1.79890743995

J5

Check x=—>:
eCK X 5

The second solution is not possible because it
makes the radicand negative.

J5

The solution set is {7} .
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18. 2x—1-+x=5=3 11y (1)’
Check —: |=| -7|=| —-8=64-56-8=0
=347 2 (2) 772
_ -6 3 B
(V2r=1) =(3+4x=3) Check —1: (=1) " =7(=1) " -8=1+7-8=0
2x—1=9+6Jx-5+x-5 The solution set is {—1,%}.
x=5=64x-5
()6—5)2 = (6\/)6—5)2 21. x> +m* = 2mx+(nx)2
x? —10x+25=36(x~5) X tm = 2mrtnE
- 2

x2=n*x* =2mx+m* =0

x> —10x+25=36x-180 (1_n2)x2_2mx+m2:0

x2 —46x+205=0
(x—41)(x=5)=0

- —(2m) £+f(2m)? - 4(1-n?) m?

2
x=41 or x=5 2(1-r*)
Check x =41 _ Zmi\/4m2 —4m?* +4m*n*
2
J2(41)=1-41-5 =81 -36 =9-6=3 2G-n")
2mENAm*n®  2m+2mn
Checkx=5: = 2(n?) = >(—n?)
-n -n
\/2(5)_1_\'5_5:\/6_\/6:3_023 _2m(1xn) m(1£n)
The solution set is {5,41} . C2(1—n?)  1-4?
m(1+n) m(1+n) m
12 _4_ = = =
19 2 1/23 0 RS (I+n)(1-n) 1-n
2x'° =3 or
(2x1/2)2 _32 m(1—n) m(l—n) m
xX= = =
4x=9 1—n? (1+n)(1—n) 1+n
ng The solution set is {ﬂ,i}, nzl, n#-1.
4 1-n 1+n
9. 2.2 2
Check x =7 22. 10a°x* —2abx-36b" =0
9 1/2 3 5a°x* —abx—18b> =0
2(2) _3:2(5)_3:3_320 (5ax+9b)(ax—2b)=0
9 Sax+9b =0 or ax—2b=0
The solution set is {Z} 5ax = —9b ax=2b
__% 2%
20. x°-7x7-8=0 Sa a
Letu=x" sothat u® =x"°. The solution set is {—%,Z—b}, a#0.
) 5a a
u —Tu—-8=0
(u—-8)(u+1)=0
u==8 or u=-1
X3 =8 or x3=-1
(9673)_1/3=(8)71/3 or ()c73)_”3=(—1)71/3
xzé or x=-1

138
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23. V2 +3x+7 —+x2 =3x+9+2=0
Vi +3x47 =4/x2 =3x+9-2
2 2
(\/x2+3x+7) =(\/x2—3x+9—2)
X2 4+3x+7=x>-3x+9-4Jx? -3x+9+4
6x—6=—4yx* —3x+9

(6(x-1)) =(-ayx* —3x+9)
36(x? —2x+1) =16(x> =3x+9)
36x% —72x+36 =16x" —48x +144
20x* —24x—-108 =0

5x2—6x-27=0
(5x+9)(x-3)=0

x:—% or x=3

Check x= 22 :
5

(T AT ()

= §l—zz+7— §l+21+9+2
25 5 2575
_\/81—135+175 _\/81+135+225+2
- 25 25
_ 2t 4, 1121,
25 \25 5 5
Check x =3:

JO+3(3)+7-y(3) -3(3)+9 +2
=J94+9+7-/9-9+9+2

=J25-J9+2=2+2

=4+0

The solution set is {—%}

24. |2x+3|=7
2x+3=7 or 2x+3=-7
2x=4 or 2x=-10
x=2 or x=-5
The solution set is {5, 2}.

25.

26.

28.

Chapter 1 Review Exercises

|2-3x|+2=9
|2-3x|=7
2-3x=17 or 2-3x=-7
-3x=5 or —3x=-9
5

= —— =3
X 3 or X

[SSARV)

,3

—_—

The solution set is {—

2x° =3x2
2x° =3x* =0
x*(2x=3)=0
x2=0 or 2x-3=0

3
=0 = —
X or X 2

The solution set is {0,%} .

2x° +5x* —8x—~20=0
x*(2x+5)-4(2x+5)=0
(2x+5)(x* —4)=0
2x+5=0 or x*’—4=0

2x=-5 or x2=4

5
=_= =12
X or X=I

N |

The solution set is {——,—2,2} .

2x-3

+2£1
2

2(2x—3)+10(2) < 5x

4x—-6+20<5x
14<x

x=>14

{x| x> 14} or [14,e0)

—p—>

14
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Chapter 1: Equations and Inequalities

2x+3
-4
36>2x+3>-28
33> 2x >-31

22 x 2—2
2 2

—ES x Sﬁ
2 2

X —ESXSE or [—ﬂ,g}
2 2 2 2

L

T 1
31 33
2 2

29. -9< <7

30. 2<

24<3-3x<72

21< —-3x <69

-7> x >-23
{x|-23<x<-7} or (-23,-7)

L hY >
kY x

=23 -7

31. |3x+4|<l
2

—l<3x+4<l
2 2

32. |2x-5|29
2x=5<-9 or 2x-5=29
2x<—-4 or 2x>14
x<-2 or x=7

{x|x<=20rx27} or (—w,—2]U[7,c)

L
L

7

I
[y =

33.

34.

3s.

36.

38.

39.

140

2+4[2-3x|<4
|2-3x|<2
-2<2-3x<2
—~4<-3x<0

4 20
3
OSxSi or[O,i}
3 3

s

L

r
0

[ESTEN N

1-|2-3x|<—4
—|2-3x|<-5
|2-3x|>5
2-3x<-5 or 2-3x>5

7<3x or —-3>3x

7
—<x or -—-1>x
3

7
x<-1 or x>-—
3

fs

x<—1 0rx>Z or (_m,_l)u[l,mj
3 3

r

-1

[FSIEN T, o

(6+3i)—(2—-4i)=(6-2)+(3—(-4))i=4+7i

4(3-i)+3(-5+2i)=12-4i—15+6i=-3+2i

3 3-i 9-3;
34+i 3+i 3—i 9-3i+3i—i%
_9—3122__1.
10 10 10

(2+3i) = (2+3i)* (2+3i)
= (4+12i+9i%)(2+3i)
= (=5+12i)(2+3i)

=—10—15i + 24i +36i°
=—46+9i
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40.

41.

42.

43.

44.

45.

X Hx+1=0
a=1,b=1c=1,
b* —4ac=1"-4(1)(1)=1-4=-3
I R e B E VLA S
2(1) 2 272
The solution set is {—l—ﬁi, —l+£z}.
2 2 2 2
237 +x-2=0

a=2,b=1,c=-2,
b* —dac=1"-4(2)(-2)=1+16=17

117 —1+17
2(2) 4
The solution set is _1_\/ﬁ, _l+\/ﬁ .
4 4

2 43=x
X —x+3=0

a=1,b=-1,¢c=3,
b? —dac =(-1)’ —4(1)(3) =1-12 =11
I G 2 L EXVTE RS BRITY

2(1) 2 2 2
The solution set is l—\/— S —+£z .
2 2 2 2

x(1-x)=6

X’ +x-6=0
a=-1,b=1c¢c=-6,
b* —4ac=1"-4(-1)(-6)=1-24=-23

S1#-23 12230 1, J_
2(-1) ) 2
The solution set is {l—ﬂz, \/_ }
2 2 2 2

¢ =50,000+95x

Let x represent the amount of money invested in
bonds. Then 70,000 — x represents the amount

of money invested in CD's.
Since the total interest is to be $5000, we have:

46.

47.

48.

Chapter 1 Review Exercises

0.08x +0.05(70,000 — x) = 5000
(100)(0.08x+0.05(70,000 — x)) = (5000)(100)
8x+350,000 - 5x = 500,000
3x+350,000 = 500,000
3x =150,000
x=50,000

$50,000 should be invested in bonds at 8% and
$20,000 should be invested in CD's at 5%.

Using s =v¢,wehave t=3 and v=1100.
Finding the distance s in feet:

s =1100(3) =3300

The storm is 3300 feet away.

1600 < 7 <3600

1600 < @ <3600

The range of distances is from 0.5 meters to 0.75
meters, inclusive.

Let s represent the distance the plane can travel.

With wind Against wind
Rate | 250+30=280|250-30=220

Time (s/2) (s/2)
280 220
; s K
Dist. > >

Since the total time is at most 5 hours, we have:
/2 /2
(5/2), (s/2)

280 220

S S
s
560 ' 440
115 +14s < 5(6160)
255 < 30,800
5 <1232

The plane can travel at most 1232 miles or 616
miles one way and return 616 miles.
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49. Let ¢ represent the time it takes the helicopter to

50.

51.

reach the raft.

Raft | Helicopter
Rate | 5 90
Time | ¢ t
Dist. | 5t 90t

Since the total distance is 150 miles, we have:
5t+90t =150

95t =150
t =1.58 hours = 1 hour and 35 minutes

The helicopter will reach the raft in about 1 hour

and 35 minutes.

Given that s =1280—32¢-16¢>,
a. The object hits the ground when s =0.
0=1280-32r 16>
> +2t-80=0

(t+10)(¢—8)=0

t=-10,t=8

The object hits the ground after 8 seconds.
b. After 4 seconds, the object’s height is

5 =1280-32(4)-16(4) =896 feet.

Let ¢ represent the time it takes Clarissa to
complete the job by herself.

Clarissa | Shawna

Time to do ; (45

job alone
Part of job 1 1
done in 1 day t t+5
Time on job

(days) ¢ ¢

Part of job 6 6
done by each — —
person ! t+5

Since the two people paint one house, we have:

6,6

t t+5
6(t+5)+6t=t(t+5)

6t +30+6f =12 +5¢

2 =7t-30=0
(t=10)(t+3)=0
t=10 or t=-3

It takes Clarissa 10 days to paint the house when

working by herself.

53.

52. Let ¢ represent the time it takes the smaller
pump to empty the tank.

Small Pump | Large Pump
Time to do ; (—4
job alone
Part of job 1 1
done in 1 hr t t—4
Time on job
(hrs) > >
Part of job 5 5
done by each = —
pump t t—4
Since the two pumps empty one tank, we have:
5 5
—+—=1
t t—4

5(t—4)+5t = t(t - 4)
5t—20+5t=1>—4¢

£ —14t+20=0
We can solve this equation for by using the
quadratic formula:

| —(—14)£4/(-14)> —4(1)(20)
B 2(1)
14+«/T

14+2\F

=7i@:7+5.385
t=12.385 or t=1.615 (not feasible)

It takes the small pump approximately 12.385
hours (12 hr 23 min) to empty the tank.

Let x represent the amount of water added.

% salt | Tot. amt. | amt. of salt
10% 64 (0.10)(64)
0% x (0.00)(x)
2% 64+ x (0.02)(64+x)

(0.10)(64)+(0.00)(x) = (0.02) (64 +x)
6.4=1.28+0.02x
5.12=0.02x

x =256
256 ounces of water must be added.
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54.

5s.

56.

Consider the diagram

10 W

w+2

By the Pythagorean Theorem we have
w? +(w+2)° =(10)
w'+w” +4w+4=100
2w +4w=96=0
w +2w—48=0
(w+8)(w-6)=0
w=-8 or w=6

The width is 6 inches and the lengthis 6 +2 =8
inches.

Let x represent the amount of the 15% solution
added.

% acid | tot. amt. | amt. of acid
40% 60 (0.40)(60)
15% X (0.15)(x)
25% | 60+x [(0.25)(60+x)

(0.40)(60)+(0.15)(x) = (0.25) (60 +x)

24+0.15x=15+0.25x
9=0.1x
x=90
90 cubic centimeters of the 15% solution must be

added, producing 150 cubic centimeters of the
25% solution.

a. Consider the following diagram:

4(s+6)=50 | IE
45+24 =50
45=26 o
$=6.5 B NE
3 )

The painting is 6.5 inches by 6.5 inches.
s+6=12.5, so the frame is 12.5 inches by
12.5 inches.

b. Consider the following diagram:

1 HE

2w

-

Chapter 1 Review Exercises

2(2w+6)+2(w+6)=50
4w+12+2w+12=50

6w =26
26 1
w=?=43
l=2w=8%

The painting is 82 inches by 41 inches.

The frame is 14% inches by 10% inches.

57. Letx represent the amount Scott receives. Then

3 . .
e represents the amount Alice receives and

1 .. .
5% represents the amount Tricia receives. The
total amount is $900,000, so we have:

x+%x+%x =900,000
3 1
4 x+Zx+§x =4(900,000)

4x+3x+2x=3,600,000
9x = 3,600,000
x =400,000

So, %x = %(400, 000) =300,000 and

%x _ %(400, 000) = 200,000 .

Scott receives $400,000, Alice receives
$300,000, and Tricia receives $200,000.

. Let ¢ represent the time it takes the older

machine to complete the job by itself.

Old copier | New copier

Time to do ; -1
job alone

Part of job 1 1
done in 1 hr t t—1
Time on job

(hrs) 1.2 1.2

Part of job
done by each 12 12
copier t -1

Since the two copiers complete one job, we have:
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59.

60.

1.2 1.2
R
t t—1
1.2(t=1)+1.2t = (¢ —1)
1.2t=12+1.2t =¢* ¢
£*-34t+12=0
56 -17t+6=0
(5t-2)(t-3)=0
t=04 or t=3
It takes the old copier 3 hours to do the job by
itself. (0.4 hour is impossible since together it
takes 1.2 hours.)

Let 7y represent Scott's rate and let 7; represent
Todd's rate. The time for Scott to run 95 meters
is the same as for Todd to run 100 meters.
95 100
5o
rg =0.957
dg=t-r, =1(0.95r;)=0.95d;
If Todd starts from 5 meters behind the start:
d; =105
dg =0.95d; =0.95(105) =99.75

The race does not end in a tie.

a
b. Todd wins the race.

e

Todd wins by 0.25 meters.

&

To end in a tie:
100 =0.95(100+ x)

100=95+0.95x
5=0.95x
x = 5.26 meters

e. 95=0.95(100) Therefore, the race ends in a
tie.

The effective speed of the train (i.e., relative to
the man) is 30 — 4 = 26 miles per hour. The time

is 5 sec=i min :i r :L hr
60 3600 720
s=vt
1
=26 —
(720)
:ﬁ miles
720
26
=——-5280=190.67 feet
720 e

The freight train is about 190.67 feet long.

144

Chapter 1 Test

1 2x_x_35
’ 3 212

The solution set is {%}

2. x(x=1)=6
X —x=6
¥ —x-6=0
(x=3)(x+2)=0
x—=3=0 or x+2=0
x=3 or x=-2
The solution set is {2, 3}.

3. xt-3x*-4=0
(x* —4)(x* +1)=0
X +1=0
xr=-1
x=12 or Not real
The solution set is {—2, 2}.

4. J2x-5+2=4
V2x-5=2

x*—4=0 or

=4 or
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Check: /2(%)—5 +2=4

Jo-5+2=4
J4+2=4
2+42=4
4=4

9l

The soluti tis (—1.
e solution set is {2J

. |2x=3]+7=10
|2x-3|=3

2x—-3=3 or 2x-3=-3
2x=6 or 2x=0
x=3 or x=0

The solutions set is {0, 3}.

3x° +2x° —12x-8=0
x> (3x+2)-4(3x+2)=0
(x* —4)(3x+2)=0
(x+2)(x-2)(3x+2)=0

x+2=0 or x—2=0 or 3x+2=0

x=-2 or x=2 or x=—%

The solution set is {—2,—%, 2}.

3x —x+1=0

L ~EDEED? -40) )
- 203)
= @ (Not real)

This equation has no real solutions.

10.

11.

12.

Chapter 1 Test

3x—4

-3< <6

2@3)32(3x;4j32(6)

-6<3x—-4<12
-2<3x<16

<x<—

fx

[x+4|<8
—8<3x+4<8
-12<3x<4
4

—4<x<—
*3

{x —4<x<%} or (—4, %)
L
\

4

[FSTESN 52

2+[2x-5[29

|2x-5|>7
2x—-5<-7 or 2x-527
2x<-2 or 2x 212
x<-1 or x=26

{x|x <-lorx2> 6} or (—oo,—1]U[6, ).

| L
| L

-1 6

2 _ 2 3+i_  —6-2i _ —6-2i

3-i 3-i 3+i 943i-3i— 9-(-1)
=—6—2i=—3—i= 3 1.

—=—=i

10 5 55
4x* —4x+5=0
xz—&ﬁid&ﬁz—«®6)

2(4)
_AEV-64 448 1
S8 8 27

This solution set is {%—i, %H}.
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13. Let x represent the amount of the $8-per-pound

coffee.
Amt. of coffee | Price
(pounds) ) Total $
20 4 (20) (4)
X 8 (8)(x)
20+ x 5 1(5)(20+x)

80+8x=(5)(20+x)
80+8x=100+5x
3x=20
20
=3 =
Add 6% pounds of $8/Ib coffee to get 263

pounds of $5/Ib coffee.

6

Wl

X

Chapter 1 Projects

Project 1

Internet Based Project

Project 11
1. T=——" 4=3.L=5M=1,C=02
Cnp+L+M
_ 3 3 1

02(3)p+5+1 0.6p+6 02p+2

2. All of the times given in problem 1 were in
seconds, so 7= 0.1 board per second needs to
used as the value for 7 in the equation found in
problem 1.

1

T 02p+2
(02p+2)(0.1) =1
0.02p+0.2=1
0.02p=0.8
p = 40 parts per board

0.1

146

3. T'=0.15 board per second
1

02p+2
(0.2p+2)(0.15)=1
0.03p+03=1
0.03p=0.7
p = 23.3 parts per board

0.15=

Thus, only 23 parts per board will work.

For problems 4 — 6, C is requested, so solve for C first:
n

T=—7-"
Cnp+L+M
(Cnp+L+M)T=n
CnopT+LT+MT =n
CnpT =n—LT-MT
n—LT-MT
npT

C=

4. T=0.06,n=3,p=100,M=1,L=5
_3-5(0.06)~1(0.06)

=0.147
3(100)(0.06) e

5. T=0.06,n=3,p=150,M=1,L=>5
~3-5(0.06)-1(0.06)
©3(150)(0.06)

=~ (.098 sec

6. T=0.06,n=3,p=200,M=1,L=5
_3-5(0.06)-1(0.06)

=~0.073
3(200)(0.06) e

7. As the number of parts per board increases, the
tact time decreases, if all the other factors remain
constant.
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