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Chapter P Basic Concepts of Algebra

P.1 The Real Numbers and Their 9. a. (3_2)+3+3=1+3+3=%

Properties
P.1 Practice Problems b. 7- - =7+ 1 = 22
B3] 3 3
1. a. True 39
b. True 10. oC=?+4=13+4:17°C
¢. True 11. Since replacing x with -2 results in a

2. A= {_3’ -1,0,1, 3}, B= {_4’ -2,0,2, 4} denominator of 0, -2 is not in the domain.
Thus, the domain is (—oo, - 2) U (—2, oo).

ANB={0},
AUB={-4,-3,-2,-1,0,1,2,3, 4} P.1 A Exercises: Basic Skills and Concepts
3. A= {L 2,451, 8} 1. Whole numbers are formed by adding the
number zero to the set of natural numbers.
4.a. |-10/=10
2. The number -3 is an integer, but it is also a
b. |3 _ 4| — |_ 1| =1 rational number and a real number.
3. Ifa<b,then a is to the left of b on the
c. |2(—3) + 7| =[i|=1 number line.
f 7 units {<2 units > 4. If a real number is not a rational number, it is
5. o1 1 I 1 1 1 1 1 4 an irrational number.
7 -6 -5 -4 -3 =2 -1 0 1 2
7 +2 =9 units 5. True
d(-7,2)=-7-2|=1-9|=9 _
( ) | | | | 6. False. 75 = —2%
6. a. (—3)-5+20=—15+20=5
b, 7-2.327-6=1 7. 03, repeating
9_1 8 8. 06, repeating
c¢. —-5-7=—-5-7=2-35=-33 ..
4 4 9. -0.8, terminating
1 10. -0.25, terminating
7.a. 2 b. —— o
7 11. 0.27, repeating
8.a. L4214, 3 17 12. 03 ti
. —t—=—+—=— . 0.3, repeatin,
478 8 8 8 peating
) 8 2 40 6 34 13. 3.16, repeating
35 15 15 15 14. 2.73, repeating
31 15. rational 16. rational
97 4 71 3
c. 23" E ) ? D) 17. rational 18. rational
2 1 19. rational 20. rational
5 12 21. irrational 22. irrational
. 1578 16 81 X /1/5/ 3 . rationa . rationa
1 3 25. 3>-2 26. -3<-2
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2 Chapter P Basic Concepts of Algebra
1_1 | 5 units |
27. —=>— 28. x<x+1 U >
272 69. : ' ' ' ‘
29. 5<2x 30. x-1>2 ’ s
3. x>0 32. x<0 d(3.8)=[3-8=[-5|=5
33, 2x+7<14 34, 2x+3<5 ; 12 units >
_ 70. ) G S Y Iy
35. = 36. < 5 1
37. < 38. = d2,14)=2-14|=|-12| =12
39. {1,2,3} 40. {1,2,3,4,5}  6units 9 units X
71. G I I
41. {3,4,5.6,7} 42. {8,9,10, 11} i o )
43. {-3,-2,-1} 44. {0, 1,2, 3,4} d(-6,9) =|-6-9|=|-15|=15
45. AUB={-4,-3,-2,0,1,2,3,4} < 12 units J Bunits
72. G I I
46. ANB={0, 2, 4} “12 0 3
47. A’ ={-3-11,3} d(-12,3)=|-12-3|=|-15|=15
48. C’' = {1, 3, 4} < 14 units .
73. I I I By ' ¢
49. (BNC)={-3, 0,2} -20 -6
A'U(BNC)=1-3.-1.0.1. 2.3} d(-20,-6) = |-20 - (=6)| = |14 = 14
50. B'= {_4’ -2, _1} 5 13 units N
ANB ={-4,-2} 4. i Lol 1 i
’ -14 -1
51. (AUB) ={-1}
d(-14,-D) =|-14-(-D|=|-13|=13
52. (ANB) ={-4,-3,-2,-1,1,3} 26 units
I{ 7 \I
53. (AUB)NC={-4,-3,-2,0,2} 75, < 4Ll g
4 0 7 14 2
54. (AUB)UC={-4,-3,-2,-1,0,1,2,3, 4} 77 7 7 7
55. 20 56. 12 d(é _ij_‘g_(_ij‘_é‘_ﬁ
57. -4 58. -17 1T ! T
19 units
s9. 2 60. > < > >
7 76. T O I A
3 0 5 10 16
61. 5-2 62. 5-2 55 5 5 H
63. 1 64. -1 d(E —EJ—E—(—EJ—Q‘—Q
65. 12 66. 2 5°5) 5 5) |15 5
67. 3 68. 3 77. F | | ]
1 4
1<x<4
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Section P.1 The Real Numbers and Their Properties 3

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.
90.
91.

= =

93.

14 <x<28

I Y
R

94.

[SIEVS N

o~

96.

97.
98.

et d

99.
100.

—-6<x<-2

SR =4

101.
102.
103.

104.
105.

orm

N et

109.

110.

111.

|

Bl AN

|

|
AN
=
N

| o

Ao

112.

113.

—3<x<—l
2

dx+1)=4dx+4

(-3)2-x)=-6+3x

S(x=y+1)=5x-5y+5

wl—=

114.

115.

116.

92,

95.

106.
107.
108.

2(3x+5-y)=6x+10-2y

. . 1
additive inverse: —5 ; reciprocal: g

o 2 . 3
additive inverse: —; reciprocal: ——
additive inverse: O ; no reciprocal

e . 10
additive inverse: —1.7 ; reciprocal: 1—

additive inverse

additive inverse

multiplicative identity

multiplicative identity

associative property of multiplication
associative property of multiplication
multiplicative inverse

multiplicative inverse

additive identity

additive identity

associative property of addition

commutative, associative property of addition

3,429,202

5 3 15 15 15

7 3 14 15 29
—t=—t =

10 4 20 20 20

6 5 42 25 67

5 7 35 35 35
9,334,559

2 12 12 12 12
5,325, 9 3.1
6 10 30 30 30 15
8,2_24,10_34

I5 9 45 45 45

5 9 25 36 11

8 10 40 40 40

71358 2
8 5 40 40 40

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



4 Chapter P Basic Concepts of Algebra
7, 3_7.55 63 8 133, 3|x|-2[y|=33|-2]-5=33)-20)
9 11 99 99 99 =9-10=-1
s, 3.7 _15 14 _1 134, 7|x—y|=7]3-(=5)|=7|8|]=7(8) =56
T8 12 24 24 24 ; 33
135, 272V 4= 3235 +3(=5)
21 4 5 1
1 5737070 1o 3-(15)
I =——+(-15)
1 1 3 2 1 18
120. S~ o0 = +(-19)=9+(-15)=6
38 2 +3 -5+3
21 = 136. yx —y =539
-2 43
9 14 2 == (-15)=—
122, = —==
7 27 3 3 3
2(1-2x 2(1-2(3
S 137 22y 2020 ()
5
123, ==—+—=—. = _
16 5 15 516 2 :M—IS:Z—IS
15 13
S 32-x) 32-3)
g 65,1556 1 138, S (- ) = = = (1-3(5))
156 6 615 3 3(__1)
6 === (-(-19)
7 3 6 T
g 7 21 716 2 5 5
S T T TR
16 1“1 141
139, x 2_3 2 _314_62
3 -y (=5 65 15
e 4 8 4 8
15 —+— +=
P i ) 3=(i+§).(_3)
127. Sy 3. 1.2, Y -5 53 5
10 2 2 2 2 2 2
7 3 14 3 11 _2.(_2)__%
128, 2 ——==—-==— 150 5 75
2.2 2 2 2
21 21 6 5 1 141. The denominator cannot equal 0 =
129. 'E_Ezg_gzg_gzg x—1#0= x#1, so the domain is
(meo, ) U (1,00) .
130, 2.2.3.10.3_20 9 11
) 32 3 2 6 6 6 142. The denominator cannot equal 0 =
131, 2(x+y)—=3y =23+ (=5))-3(=5) 1-x#0= x#1, sothe domain is
=2(-2)-(-15)=-4+15=11 (=eo, ) U (1,00) .
132, 2(x+y)+5y=-23B+(-5)+5(-5) 143. The denominator cannot equal O = the

—2(-2) + (-25)
4+(=25)=-21

domain is (—eo,0) U (0,00).

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



Section P.1 The Real Numbers and Their Properties 5

144.

145.

146.

147.

148.

149.

150.

151.

152.

The denominator cannot equal 0 =
x+7#0= x# -7, sothe domain is
(=00, =T) U (=T7,00) .

The denominator cannot equal 0 =
x#0,x+1#0= x# -1 so the domain is
(=, =D U (=1,0) L (0,20).

The denominator cannot equal 0 =
x#0,x—5#0= x#5 so the domain is
(=2,0) U (0,5) U (5,0).

The denominator cannot equal 0 =
(x=-D(x+2)#0= x#1,x# -2 so the
domain is (—eo,-2) U (-2,1) U (1, o).

The denominator cannot equal 0 =
x(x+3)#0= x#0,x# -3 so the domain is
(=20,-3) U (=3,0) U (0,20).

The denominator cannot equal 0 =
x#0,2—x#0= x#2 so the domain is
(=2,0) U (0,2) U (2,0).

The denominator cannot equal 0 =
x—=3#0or3—x#0= x#3 so the domain
is (=20,3) U (3,0).

There are no real numbers for which

x2+1= 0, so the domain is (—oo,c0).

There are no real numbers for which

x2+2= 0, so the domain is (—oo, o).

P.1 B Exercises: Applying the Concepts

153.

154.

a. people who own either MP3 players or
people who own DVD players.

b. people who own both MP3 players and
DVD players.

a. A= {2005 Lexus SC 430}

b. B = {2005 Lexus SC 430, 2005 Lincoln
Town Car}

c. C={2005 Lexus SC 430, 2005 Lincoln
Town Car, 2009 Audi A3}

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

d. AN B = {2005 Lexus SC 430}

e. BN C = {2005 Lexus SC 430, 2005
Lincoln Town Car}

f. AuUB = {2005 Lexus SC 430, 2005
Lincoln Town Car}

g. AuUC ={2005 Lexus SC 430, 2005
Lincoln Town Car, 2009 Audi A3}

119.5<x <1345
| ] L]

r
L

1
119.5 1345
30<x<107
L | L l | ]
L 1
30 107

a. [124-120/=4

b. [137-120|=17

c. [114-120|=]-6|=6

a. [15-14|=1

b. |17.5-15]=25

c. [15-15=0

The pressure cannot be a negative number, so
the domain is [0, o).

The height must be more than zero, so the
domain is (0, o).

Five feet = 60 inches and five feet, 10 inches =
70 inches, so the domain is [60,70].

The worker works between 0 and 40 hours per
week, so the domain is [0,40].

Let x = the number of calories from broccoli.
Then we have
522.5-55x=0=>5225=55x=9.5=x
The number of grams of broccoli is

9.5 x 100 = 950 grams.

Let x = the number of orders of french fries.
The number of calories lost from broccoli is

6 x 55 =330. Then we have
165x—-330=0=165x=330=> x=2

So, Carmen will have to eat 2 orders of french
fries.

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



6 Chapter P Basic Concepts of Algebra

P.2 Integer Exponents and Scientific . (xy2)3 = 13y20) 2 4306
Notation
. . _ -3 oy _ x6
P.2 Practice Exercises d. (x Zy) = (DD 3 :7
3 _
l.a. 27 =8 . (1)2_12_1
b. (3a)’ =(3a)(3a) = 94> " 3) 329
(1)4_1_1.1.1_L b (E)(l)Lﬁ
2 2222 16 7 10 102 100
2.a. 27 g (24)72 (1)2 1
== a X = =—
2 2xt 4x8
0
b (i} =1 x? (—y)g —x2y3 1
5 = -
(xy2 )3 By o
-2 2
31 _(2) 24
“12) 7\3) 7o 9. 732,000=732x10°
2 4.7 _2.9 10
3.a. x7-3x7 =3y 10. % ~0.433%10? = $43 per person
1 3x10
b e 4% =16
P.2 A Exercises: Basic Skills and Concepts
3 240 _ o4
4.a 30 3T =3 =81 1. In the expression 72, the number 2 is called
the exponent.
b, > =52 =5 =125
To572 2. In the expression —37, the base is 3.
3 3-(—4 7
c. 2x = PR ™ = 2x 3. The number % simplifies to be the positive
3x7 3 3 4
integer 16.
0
S.a 775) =70 =702 4. The power-of-a-product rule allows us to

rewrite (Sa)3 as 5°a°.

5. False. (—11)"" =11

(
b. (70)_5 =709 70—y
(

8
x*l) — L D®) (8

3
x 6. False. When (xz) is simplified, the
d. (x_2)75 = x(F2E) Z 410 expression becomes x°.

7. Exponent: 3, base: 17

LY oyt (1) 2
6. a. (—x) = (—j (x) = 2(—) =— 8. Exponent: 2, base: 10

2 2 X X

Exponent: 0, base: 9
2 2
b. (Sx_l) =52 (x_l) =52, 10. Exponent: 0, base: -2
=252 = 25 11. Exponent: 5, base: -5
2
X

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



Section P.2 Integer Exponents and Scientific Notation

12.
13.
14.
15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

Exponent: 2, base: —99
Exponent: 3, base: 10
Exponent: 7, base: -3
Exponent: 2, base: a

Exponent: 3, base: —b
6'=6

3% =3x3x3x3=81

3 3
5 =(5) =(35) 2
52) “\25) 15,625

3 3
(5—1)3: l —_ l :L
5 5 125
47)-@) =47 =42 =16
394+10° =1+1=2

50-9%=1-1=0

2 2 2
3_2+ l) = l +(l :l+l
3 3 3 9 9

RORORO e

2 _,01-10) 5l _y

210

3 _qew_ g2 11
8 - T R2

3 39

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

49.

50.

534 52
512 = ST =1

(95)2 910
o8 o8

9(10—8) — 92 =381

5 32
23 =204 3(2-(-3) ol 3l _ g

2%.37

-2 g3
4757 _ 423 567D
4735

=4'.52 =4.25=100

Sl a1, 2
.
2 5 25 25
U SN S §
3712 49 49

(2) I )
7 1y 121121

)

(2) L _ 1. 2
5 13 169 169
2
iy =yt = o
x—1y0=l.1=l
X X
_ 1
aly=—y=2
X X
2
x2y72=x2-i2=x—2
y y
—8x_1——8-l——§
X X
_ 1
B
(—8x) »

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



8 Chapter P Basic Concepts of Algebra

51. xilyfzzL2 67 —3x2y ( -3)3 %% 5 243x10 3
xy : 5 5
x X x
52, x 3y - 1 =-243x1075y5 = _243x%
=y 2)? 3,333 36
A | 68 (—ny J (-2)"x _8x7y
-3 -12 . =
53. (x ) =X =71 y y3 y3
* 8x3y 8x3y3
s\ _ -0 1
54, (x ) =X =7 1 1
* 3x)7 () 9,2 g2 25
69. (—xj ) A ) Sl
55, (x11y? = 1D 2 (3 5 52 1 1 92
—4\-12 4)-(-12) _ 48 » o
56. (x ) = xR -
1 1 1
—4 _ _ 1T 4
57. 3(xy)’ = -3x7y° 0. [ 6D vyt st oyt 625yt
U3 3 1
58. —8(xy)® =-8x%y¢ 34 81
81
12 Z 4y2y 2 4x° " 625"
59. 4y =4ty =" y
y
- 42 Y T e o4
60. 6(x y) —6x_3 3_ )’3 : xy5 x3y5'3 x3y15 x9y15
X
5 2. 25.25.5 10,5 10
1 N5 _a (~1):(=5) -5 _ 3x7 3x"y | 3 x7y 243x _ 243x
61. 3(x y)~ =3x V= 72. ( 3 J = 33 15 =0
y y y y y
6 3.-3 5
62, —5(xy )0 = —5x Oy (D6 _ 5L6 73, %:x3—(—2)y—3—1 _ Sy :x_4
* x 7y y
o2 X o a1 2" 3
63. ) =3 _XT_x =X _x—4 4. i*lyy 2-(-1) , —2-2 x3y—4:%
2 2 2
X X X 20 L 27x73y° 3 _ _ x
64. IR I B TY 75. F=n 4yy7 =3xS 23yl 2 —7
3,333 3.3
20y ) _2°x7y” 8xTyT 3.6 3 15x7y72 7 e _ 5
65. (x—z) =T T 6 =8x""y 76. —3x7y73 50077y — 5 Zylzx—y
—8x3y3 8)’3 o
e g7, 28 bc” g 2-ap1-(-3) 22
T4, 302
Sy )t statyteasaty 24 o 5b*
66. | — | = = =625x"" =54"0p% 1=
(xs) 34 2 y =5a"°b"1 S
e g4 625y°
=625x"y _x—8 73 (—3)2a5(bc)2 _ 9a°b%c? _ 9 322324
© 3234 o234 g?
(-2)’a"b’c 8a“b’c
8bc?
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Section P.3 Polynomials 9
3 2\3 3 (<3)(=3) _(<2)(=3) 95. | Celestial Equatorial Scientific
79. [%J - xz); y Z3 S Body | Diameter (km) Notation
Xy 22y 363) Earth 12700 1.27 x 10* km
-3.9_6
X yz Moon 3480 3.48 x 10’ km
-6_12_-9
X yrz Sun 1,390,000 1.39 x 10° km
— x737(76)y9712Z67(79) - S
3 s Jupiter 134,000 1.34 x 10° km
=2y = Mercury 4800 4.8x 10° km
y
» 96. 37,600,000,000,000,000,000,000 =
80 [xyzzlJ N ENED g2l 3.76 x 1072 atoms
: 5. -8 T (D -1 (8- T .5.-1_8
x vz x y oz 3x y oz 97.  602,000,000,000,000,000,000 =
20
=y 15y2 D 18 _ 6.3, z : 6.02x10°" atoms
rz 98.  0.0000000000000000000266 =
81. 125=125x102 2.66x1072° kg
82, 247 =247 %10 99.  0.00000000000000000000167 =

1.67x107%! kg
83. 850,000=8.5%x10°
380,000,000 = 3.8 x10% m
5,980,000, 000, 000, 000, 000,000, 000 =
5.98x10%* kg

100.

84. 205,000 =2.05x10°
101.

85. 0.007=7x10"°

86. 0.0019=1.9x107
P.3 Polynomials
87. 0.00000275=2.75x107°
P.3 Practice Problems
88. 0.0000038=3.8x107°
1. 16(7)° +15(7)=889 ft
P.2 B Exercises: Applying the Concepts

2. (7x3 +2x2 —5)+(—2x3 +3x2+2x+ 1)

89. 135 ft’ x2° =1080 ft’ s
=5x"+5x"+2x-4

90. 675 in.° x3>=18,225 in.’

3. (3x4 —5x3 4242 +7) - (—2x4 +3x2 4 x— 5)
91.a. (2x)? =4x’ =4A=2°A x5 2 xi12
b. Gx)?=9x>=94=3%4 4. 247 (4x2 +2x—5) = 8x° —4x* +10x°
2 2 2 2
=5x2(—2x2+x—7)+2x(—2x2+x—7)
2 2 2 T 3 2 4.3 2 _
b, ﬂ(g) =9”(ij =9”(ij _324 = 10x4+5)3c 35;; 4x° +2x” — 14x
2 2 2 =—10x" +x° —33x° —14x
93. F=Sw?®=25,00000.25)* =1562.5 Ib 6.a. (4x—1)(x+7)=4x> +28x—x-7

. ) =4x? +27x-7
d 1.5
94, F = S”(E) = 10,000(3.14)(7)
~17,662.5 Ibs.

b. (3x-2)(2x-5)=6x" —15x—4x+10
=6x>—19x+10

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



10 Chapter P Basic Concepts of Algebra

7.

8.

9.

(3x+2)* = (3x)” +2(3x)(2) + 2
=9x% +12x+4

(1-2x)(1+2x) = 1-4x*

xz(y+x)=x2y+x3

P.3 A Exercises: Basic Skills and Concepts

1.

10.
11.

12.

13.

14.

15.

16.

17.

The polynomial —3x” +2x? —9x+4 has
leading coefficient =3 and degree 7.

When a polynomial is written so that the
exponents in each term decrease from left to
right, it is said to be in standard form.

When a polynomial in x of degree 3 is added
to a polynomial in x of degree 4, the resulting
polynomial has degree 4.

When a polynomial in x of degree 3 is
multiplied by a polynomial in x of degree 4,
the resulting polynomial has degree 7.

True

True. This is true if A or B or both are zero.
a polynomial, x2+2x+1

not a polynomial

not a polynomial

a polynomial; x +3x° +3x* - 2x+1

degree: 1; terms: 7x, 3

degree: 2; terms: —3x2,7
degree: 4; terms: —x4,x2,2x,—9
degree: 7; terms: 9x7,2x3,x,— 21

(x3 +2x2—5x+3)+(—x3+2x—4)
= (o (%)) # 267 # (=54 20) + (3-4)
=2x%-3x-1

P =3x+ D+ —x*+x-3)
=+ )P+ (Bx+ )+ (1-3)
=2x° —x*-2x-2

(2x3—x2+x—5)—(x3—4x+3)
=(2x° = x*) = X2+ (x = (~4x) + (-5-3)
=x>—x?+5x-8

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

(x> +2x—4) - (P +3x* - Tx+2)
= (x> = x)=3x + 2x = (-7x)) + (4 -2)
=-2x" -3x2 +9x-6

(—2)c4 +3x% - 7x)— (8x4 +6x° —9x% - 17)
= (—2)64 - 8x4) —Tx-6x°
+(3x2 = (=9x%)) = (-17)
=—10x* - 6x> +12x% = 7x+17

3(x% = 2x+2)+2(5x> —x+4)
=3x> —6x+6+10x> —2x+8
=13x> -8x+14

“203x% +x+1)+6(=3x>-2x-2)
=—6x>—2x-2-18x>-12x—12
=—24x* —14x-14

25x2 = x+3)—4G3x> +7x+1)
=10x% - 2x+6—12x> —28x—4
=-2x%-30x+2

By -4y +2)+Q2y+D-( -y’ +4)
=3y’ —4y+2+2y+1-y> +y> -4
=2y  +y?—2y-1

(5y> +3y=1)= (3" =2y +3)+Q2y7 +y+5)
=5y243y—1-y? +2y-3+2y> + y+5
=6y? +6y+1

6x(2x +3)=12x> +18x
7x(3x—4) =21x> - 28x

(x+D(x% +2x+2)
=x(x>+2x+2) +1(x% +2x+2)
=x>+2x2 +2x+x2 +2x+2
=x> +3x% +4x+2

(x=5)2x%> =3x+1)
= x(2x% =3x+1)=52x> =3x+1)
=2x> =3x> + x—10x> +15x =5
=2x3 -13x% +16x-5

Bx=2)(x>—x+1)
=3x(x2 —x+D)=2(x* = x+1)
=3x> =3x2 +3x—2x2+2x-2
=3x>-5x2 +5x-2

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



Section P.3 Polynomials 11

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

Qx+1D)(x*>=3x+4)
=2x(x =3x+4) +1(x* =3x+4)
=2x° —6x> +8x+x>—3x+4
=2x3—5x> +5x+4

(x+D(x+2)=x(x+2)+1(x+2)
=x2+2x+x+2=x>+3x+2

(x+2)(x+3)=x(x+3)+2(x+3)
=x>+3x+2x+6
=x?+5x+6

GBx+2)3x+1)=9x% +3x+6x+2
=9x? +9x+2

(x+3)2x+5)=2x> +5x+6x+15
=2x2 +11x+15

(—4x+5)(x+3)=—4x> = 12x+5x+15
=—4x? —7x+15

(2x+D)(x=5)=—-2x>+10x+x-5
=2x>+11x-5

Bx=2)2x—-1)=6x>—3x—4x+2
=6x2—Tx+2

(x=DGx=3)=5x>-3x—5x+3
=5x2—8x+3

(2x = 3a)(2x +5a) = 4x* +10ax — 6ax — 154>
=4x> + dax —154°

(5x = 2a)(x +5a) = 5x% + 25ax — 2ax —10a>
=5x% +23ax —10a’

(x+2)2—x2=x2+4x+4—x2=4x+4
()c—3)2—)c2 =x>—6x+9—x>=—6x+9

()c-+-3)3—)c3 =x+9x2+27x+27-x°
=9x? +27x+27

()c—2)3—)c3 =x0—6x7+12x-8-x>
= —6x> +12x-8

(4x+1)% =16x% +8x+1

GBx+2)2 =9x> +12x+4

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Gx+1)3 =32 +3360)% 1) +33x)(1%) +1°
=27x> +27x% +9x +1

x+3)° = (2% +320)2(3) +3(2x)(3%) + 3°
=8x> +36x° +54x +27

(5-2x)(5+2x) = 25— 4x>

(B—4x)3+4x)=9-16x>

i i)

(2x=3)(x>=3x+5)
=2x(x% =3x+5)-3(x>=3x+5)
=2x° —6x2 +10x—3x> +9x—15
=2x3—9x? +19x—15

(x=2)(x*—4x-3)
=x(x? —4x-3)-2(x* - 4x-13)
=x>—4x?-3x-2x> +8x+6
=x —6x>+5x+6

L+ )=y +y?)
=1(1-y+y)+yl-y+y?)
=l-y+y +y-yi+y’
=y3+1

(y+4)(y* -4y +16)
=y(y2—4y+16)+4(y* —4y+16)
=y’ —4y? +16y+4y> 16y +64
=y +64

(x—6)(x> + 6x+36)
= x(x? +6x+36)— 6(x> +6x +36)
= x> +6x> +36x—6x%—36x—-216
=x*-216

(x-D(xZ+x+1)

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

=X +x2+x—-x>—x-1=x"-1

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



12 Chapter P Basic Concepts of Algebra
_ 2 2 _ 3 2 2 3
59. (x+2y)(Bx+5y)=3x"+5xy+6xy+10y =2x(8x” +12x"y+6xy”" +y”)
=3x2 +11xy +10y? - y@xP +12x%y +6xy% + %)
) ) =16x4+24)c3y+12)62yz+2xy3
60. (2x+y)(Tx+2y)=14x"+4xy+Txy+2y 3 2.2 3 4
14?4 1L 202 —-8x7y—12x"y" —6xy” =y
=14x"+1lxy +2y =16x* +16x3y —4xy? - y*
61. (2x—y)3x+7y)=6x>+14xy—3xy—7y> ] )
622 + 11y — Ty P.3 B Exercises: Applying the Concepts
2 _ .
62. (x—3y)(2x+5y)=2x% + 51y~ 6xy—15y2 69. —0.025(6%)+0.44(6) +4.28 = $6.02 in 2003
—0y2_ Xy— 15y2 (six years after 1997)
70.  0.035(4%)+0.15(4) +5.17 = 6.33
63. (x—y)*(x+y)” =(x—y)(x-yE+y)x+y)
= [ = )+ M= Y)(x + )] In 1997 (four years after 1993), theater
) Y N 2y ) Y Y grosses were 6.33 billion dollars.
=" =y)xT=y7)
= xt o ox2y2 gy 71, 0.1(40%) + 40 + 50 = $250.00
64. (2x+ )2 (2x—y)> 72. (15-10) +5(15) =5 +75
=2x+y)2x+ y)2x—y)2x—y) =25+75=$100.00
=[2x=y)2x+ YI2x-y)(2x+ y)] »
73, d =16(5%)+20(5) = 16(25) +100 = 500 feet
= (422 = y)(ax? = y2) (57)+20(5) =16(25)
4 2.2 4
=16x" —8x"y" +y 74. d=16(2%)+10(2) = 16(4) + 20 = 84 feet
65. (x+y)(x—2y)% = (x+ y)(x> —dxy+4y?) 75.a. —x+22.50
2 2 2 2
= xgx - ‘;’W +4y 2) + yz(x - 4";/ + 4y3 ) b. (30)(22.5) +10x(22.5 - x)
= 4x2y + 4)‘2 txTy—dxyt+dy =30(22.5) + 22.5(10x) — 10x2
=x"-3xy+4dy = 675+225x —10x°
_ 2
66. (x_y)(x+2y)2 = (x— y)(x2 +4xy + 4y?) =-10x" +225x+ 675
= x(x? +4xy +4yH) — y(x* +4xy +4y?) 76. a. 10n+250
3 2 2 2 2 3
=x" +4x"y+4xy” —x"y—4xy” -4y b. (50-2n)10n+250)
=xd+3x%y—4y3 =50(10n) + 50(250) —
. 2n(10n) — 2n(250)
67. (x=2y)7(x+2y) =500n +12,500 — 20n2 — 5001

= (7 435 (22)) +3x(=2))" + (2)°)
o(x+2y)
= ()c3 —6)62)/+12xy2 —8y3)(x+2y)
= )c()c3 - 6x2y + 12xy2 - 8y3)
+ 2y()c3 - 6x2y + 12)cy2 —8y3)
=x* —6)c3y+12xzy2 —Sch3
+ 2x3y - 12)62)12 + 24xy3 —16y4
=x* —4x3y +16)cy3 - 16y4

68. (2x+y)’(2x—y)

=((20)° +32x)% y +32x0)y* + y)(2x— y)
= (8)(33 +12x2y + 6xy2 + y3)(2x— y)

P.4

=-20n> +12,500

Factoring Polynomials

P.4 Practice Exercises

1.

a. 6x° +14x° =247 (3x2 +7)

b, 7x% +21x* +35x% = 7x2 (x3 +3x2 ¢ 5)

2.a x2+6x+8=(x+4)(x+2)

b. x*-3x-10=(x-5)(x+2)

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



Section P.4 Factoring Polynomials 13

. a. )62+4x+4=(x+2)2
b. 9x2—6x+1=(3x-1)’

4)(x+4)

b. 4x*-25=(2x-5)(2x+5)

La. x> -16= (

x*-81= (x2 —9)(x2 +9)
= (x=3)(x+3)(x? +9)
ca. 2% —125=(x=5)(x +5x+25)

b. 27x° +8=(3x+2)(9x% ~ 6x+4)

Following the reasoning in Example 7, in four
years, the company will have invested the
intial 12 million dollars, plus an additional 4
million dollars. Thus, the total investment is
16 million dollars. To find the profit or loss
with 16 million dollars invested, let x = 16 in
the profit-loss polynomial:

(0.012)(x~14)(x* +14x+196)
= (0.012)(16-14)(16? +14-16+196)

=16.224
The company will have made a profit of
16.224 million dollars in four years.

5x% +11x+2=(5x+1)(x+2)
b. 9x -9x+2=(3x-2)(3x-1)
x3+3x2+x+3=x2(x+3)+l(x+3)

= (x+3)(x2 +1)

—20x% - 7x+5
4x* (7x=5)=(7x-5)
(7x )(4x —1)
(7x

)(2x+ 1)(2x - 1)

b. 28x°

c. x2—y2—2y—1:x2—(y2+2y+1)
= (v+1)?

E y+1)(x+(y+l))

-D(x+y+1)

P.4 A Exercises: Basic Skills and Concepts

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The polynomials x + 2 and x — 2 are called

factors of the polynomial x> —4.

The polynomial 3y is the greatest common

monomial factor of the polynomial 3 y2 +6y.

The GCF of the polynomial 10x> +30x>
10x°.

A polynomial that cannot be factored as a
product of two polynomials (excluding
constant polynomials *1) is said to be

irreducible.

True

True

8x—24=8(x-3)
5x+25=5(x+5)

—6x% +12x = —6x(x—2)
“3x2+21=-3(x%-7)

7x?2 +14x° = 7221+ 2%)

9x> —18x* =9x3(1-2x)
o+ x?= )62()62 +2x+1)
=53 4742 = xz(x2 -5x+7)
3t —x?= x2(3x— 1)

20 +2x% = 2x2(x +1)

8ax® +dax® = 4ax2(2x+ 1)

ax* =2ax* +ax = ax(x3 —-2x+1)

X +3x2+x+3=x2(x+3)+1(x+3)
= (x+3)(x> +1)

¥ +5x2+x+5=x2(x+5)+1(x+5)
=(x+5)(x*+1)

¥ —5x2+x—5=x2(x—5)+1(x—5)
=(x=5)(x*+1)
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22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.
42,

43.

BTt x-T=x (=D +1(x-7)
=(x=7(x*+1)

6x° +4x% +3x+2=2x>Gx+2)+13x+2)
=(Bx+2)2x% +1)

3t +6x2 +x+2=3x2(x+2) +1(x+2)
=(x+2)3x>+1)

12x7 +4x° +3x* + x2

=4 GBx2 + D)+ x23x% +1)
=3x% +D)Ex’° +x%)
=x2@x2+ D)3 +1)

3 430 +xt 412 =30 (2 D+ 22+ D)
= (x> +D)3x +x%)
= x> +D)3x° +1)

X2+ Tx+12=(x+3)(x+4)
xZ +8x+15=(x+3)(x+5)
x2—6x+8=(x—4)(x—-2)
x2—9x+14=(x=T)(x-2)
x2=3x—4=(x—4)(x+1)

x2=5x—6=(x-6)(x+1)
irreducible

irreducible

2x2 +x-36=(2x+9)(x—4)
2x2 +3x-27 = (2x+9)(x-3)
6x% +17x+12=(2x+3)(3x+4)
8x% —10x—3=(2x-3)(4x+1)
3x2—1lx—4=CGx+1)(x—-4)

5x2+7x+2=(G5x+2)(x+1)

irreducible

irreducible

x2+6)c+9=(x+3)2

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

X2 +8x+16=(x+4)°

9x2 +6x+1=(3x+1)?
36x% +12x+1=(6x+1)2
25x% = 20x+4 = (5x-2)2
64x% +32x+4 = (8x+2)?
49x% +42x+9 = (Tx+3)?
9x2 +24x+16 = (3x+4)>
x2—64=(x—8)(x+8)

X2 —121=(x—11)(x+11)
4x? - 1=2x-1)2x+1)
9x2 —1=Bx-1)Bx+1)
16x% —9 = (4x —3)(4x +3)
25x% =49 = 5x=7)(5x+7)
A ol= (- DEP D) = (- D+ D2+ 1)

x=81=(x?-9)(x*+9)
=(x=3)(x+3)(x>+9)

20x* —=5=504x* - 1) =52x% - DQ2x% +1)
=5R2x - D(\2x+1)(2x% +1)

12x* =75 =3(4x* - 25) =3(2x% = 5)(2x% +5)

=3(V2x +5)(v2x-5) (24 +5)
X +64=x>+4% = (x+ D> - 4x+16)
X 4125=x3 45 = (x+5)(x% - 5x+25)
X =27=x3-3 = (x=3)(x* +3x+9)
x> =216= x> -6 = (x— 6)(x* + 6x+36)
8- =22 =2-0@+2x+x?)
27-x=3 - =(3-x)9+3x+x%)

8x®—27=02x)°%-3% = 2x-3)@x* +6x+9)
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68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

8x>—125=(2x)% -5°
= (2x—5)(4x* +10x + 25)

40x3 +5=58x3+1)= 5((2x)3 n 13)
=5Q2x+1D)(@x*> —2x+1)

733 +56=7(x> +8) =7(x> +2°)
=T(x+2)(x* —2x+4)

1-16x2 = (1+4x)(1 - 4x)
4-25x% = (2-5x)(2+5%)
x2—6x+9=(x-23)?
x?—8x+16=(x—4)°
4x% +4x+1=(2x+1)2
16x2 +8x+1=(4x+1)?

2x% —8x—10=2(x> - 4x-5)
=2(x=5)(x+1)

5x2 —10x—40=5(x> - 2x—8)
=5(x—4)(x+2)

2x% +3x=20=(2x=5)(x +4)
2x2 = 7x-30=(2x+5)(x—6)
x2 —24x+36 is irreducible.

%2 =20x+25 is irreducible.

30 +12x* +12x% =33 (2 +4x+ 4)
=3x3(x+ 2)2

250 +16x* +32x% = 223 (2% +8x+16)
=2x7(x+4)?

9x2 —1=Bx=1)Bx+1)
16x2 =25 = (4x —5)(4x+5)

16x% +24x+9 = (4x +3)?

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

4x% +20x+25=(2x+5)>

x2 +15 is irreducible.
x% +24 is irreducible.

45x% +8x% — 4x = x(45x% +8x - 4)
= x(5x+2)(9x—-2)

25x% +40x2 = 9x = x(25x2 + 40x - 9)
= x(5x+9)(5x—1)

ax? —=7a*x-8a°> = a()c2 —7ax—8a2)
=a(x—8a)(x+a)

ax? —=10a’x-24a> = a(x2 —10ax - 24a2)
=a(x—12a)(x+ 2a)

x2 =164 +8x+16 = (x* +8x+16) — 164>
= (x+4)* —16a”
=(x+4-4a)(x+4+4a)

x2 =364’ +6x+9=(x>+6x+9)—36a’>
=(x+3)> -36a>
=(x+3-6a)(x+3+6a)

30 +12x Yy +12:7y? = 3.7 (2% +day + 4y %)
=33 (x+ 2y)2

4x° + 24x4y + 36)c3y2 =43+ 6xy +9y2)
= 4x (x+3y)?

x?=25a% +4x+4= (x> +4x+4)- 254>
=(x+2)?-254°
=(x+2-5a)(x+2+5a)

x2-16a* +4x+4=(x>+4x+4)—16a°
=(x+2)% -164>
=(x+2-4a)x+2+4a)

18x° +12x5y + 2)c4y2 = 2)c4(9x2 +6xy + y2)
= 2x4(3x+ y)2

12x° + 12x5y +3x4y2 = 3x4(4x2 +4xy + yz)
=3x4(2x+ y)2
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16 Chapter P Basic Concepts of Algebra

P.4 B Exercises: Applying the Concepts

103. 8—x
X X
8—x
If one side of the garden is x feet, and the
perimeter is 16 feet, then 16— 2x =8—x
gives the other dimension of the rectangle. So,
the area of the garden is x(8 — x).

104. If one side of the tray is x inches, and the
perimeter is 42 inches, then 42-2x =21-x
gives the other dimension of the tray. So, the
area of the tray is x(21—x).

21 —x < 36 >
|l«——36 — 2x——>
I . I
b e 16| 7 1616 —2x |
|
21 -x
Exercise 104 Exercises 105-106

105. If x = the length of the cut corner, then
36 — 2x = the length of the box, and
16 — 2x = the width of the box. The height of the
box is x. So,
v=x(36-2x)16—-2x)=x(2(18 - x))(2(8 — x))

=4x(18 - x)(8 — x)
106. S.A.=36-2x)(16—-2x)+2x(36-2x)
+2x(16 - 2x)
=576 —104x + 4x* +72x — 4x* +32x — 4x°
=576—4x> = 4(144 - x?)
=4(12-x)(12+x)
107. The area of the outside circle = 477cm?. The

2em?. So the

area of the disk = area of outside circle — area

area of the inside circle = 7rx

of inside circle = 477 — 7x? = (44— xz) =

(2= x)(2+ x)cm?>.

108.

109.

110.

The volume of the inside
cylinder is 3%7-8= 727 ft>,
and the volume of the outside
cylinder is

x*z-8=8zx*ft. So the
volume between the cylinders
is

87x> =727 =87m(x> -9) =

877(x —3)(x +3)ft>.

Pl i N

N——

If one side of the fence is x feet, and the
rancher needs a total of 2800 feet of fencing,
then the width of the fence is 2800 — 2x. So,
the area of the pen is

x(2800 — 2x) = 2800x — 2x> =
2x(1400 — x) ft>.
2800 — 2x

S — A T

The area of the figure = the area of the
rectangle plus the area of the circle. Find the
length of the rectangle as follows: The

circumference of the circle = 27 (%) =7x.
The perimeter of the figure is 48, so the length
48 —7x

of the rectangle is . The area of the

2
. . TTX )
circle is 4 and the area of the rectangle is

2
x(24 - Hj =24x— ”i. So the area of the
2 2
figure is

2 2
LA VNS S P 7 N
4 2 | 4

%x(96 - zx)in.?
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P.5 Rational Expressions

P.5 Practice Problems

0.05(1-0.1)
0.95(0.1)+(0.05)(1-0.1)

The likelihood that a student who tests
positive is a nonuser when the test that is used
is 95% accurate is about 32%.

=0.32

2 +8x% 207 (x+4) 2

2. a. =
3x2412x  3x(x+4) 3
p 4 _(-2)(x+2) _x-2
T oxrtdx+4 (x+2)2 x+2
x> —2x-3
3 7x3+28x2_x2_2x_3; 4x+4
) 4x+4 7x° +28x%  2x* +8x°
2x* +8x°
_x2—2x—3'2x4+8x3
73 428x%  4dx+d
_(x—3)(x+1) 2x3(x+4)
7x2(x+4) 4(x+1)
_x(x—3)
14
5x+22 2(x+10) Sx+22+2x+20
4.a. — +—5 = 5
x“=36 x"-36 x“ =36
_Tx+42
x*-36
B 7(x+6) 7
_(x—6)(x+6)_x—6
b 4x+1  3x+4 _(4x+1)—(3x+4)
o2 ex-12 2x-12 P +x-12
. x-3
¥ +x-12
_ x-3
(x+4)(x—3)
1
x+4
5.a 2x + 3%
x+2 x-5

2x(x—5) + 3x(x+2)
(x+2)(x—5) (x+2)(x—5)

_ 2x2—10x+3x2+6x_ 5x2 —4x

(x+2)(x—5) (x+2)(x—5)
B x(5x—4)
_(x+2)(x—5)
b S5x  2x
T ox—4 x+3
~ 5x(x+3) B 2x(x—4)
_(x—4)(x+3) (x—4)(x+3)
_5x% +15x-2x% +8x
(x—4)(x+3)
_ 37 +23x _ x(3x+23)
(x—4)(x+3) (x—4)(x+3)
x% +3x 4x% +1
2 (x+2)° (x-2) 3x(x-2)°
LCD =3x7 (x+2)° (x—-2)
b, 2x-l 3-74
Cox?-257 X2 44x-5
x2—25=(x—5)(x+5)
x2+4x—5=(x—1)(x+5)
LCD=(x—1)(x—5)(x+5)
7.a. — 4 + 2x
x“—4x+4 x° -4
_ 4 + X
(x-2)° (x=2)(x+2)
_ 4(x+2) N x(x—2)
(x=2)>(x+2) (x-2)°(x+2)
:(4x+8)+(x2—2x): 2 +2x+8
(x-2)"(x+2)  (x-2)*(x+2)
2x 6x
> 3(x-5) 2(x*-5x)
2x 6x

3(x-5)? 2x(x-9)

2x(2x) B 6x(3)(x—5)
D 3.2x(x-5)?% 3-2x(x-5)
_4x? —18x% +90x  —14x% +90x
- 6x(x—5)2 B 6x(x—5)2
B 2x(—7x+45) —Tx+45

6x(x=5)>  3(x-5)
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18 Chapter P Basic Concepts of Algebra

5,1 (5+1).3x
3x 3 _\3x 3 _ 5+x

x2 =25 (XZ_sz T x2_25
-3x

3x 3x
x+5 1

(x—S)(x+5) x=5

5x _ 5x 5x 5x
3x— 4 3x—i 3x—4 E 3 —2
1 5 5 5
2_7 -
3 3
5x-5 25x

(3x_152j.5 15x—12

P.5 A Exercises: Basic Skills and Concepts

1.

10.

The least common denominator for two
rational expressions is the polynomial of least
degree that contains each denominator as a
factor.

The first step in finding the LCD for two
rational expressions is to factor the
denominators completely.

If the denominators for two rational
expressions are x2+2x and x%—x— 2, then
the LCD is x(x + 2) (x - 2) (x + 1).

A rational expression that contains another
rational expression in its numerator or
denominator is called a complex rational
expression or (complex fraction.)

False
True

2x+2 2(x+1) 2

2 = 2= x# -1
x“42x+1 (x+D° x+1
23)6—6 =?>()c—22)= 3 %2
x“—4x+4 (x-2) x=2
3x+3= 3(x+1) _ 3 xt—Lx#l
21 (x=Dx+D)  x-1
10-5x  52-x) 5
4-x2 Q2-xQ2+x) 2+x’
X#-2,x#2

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

2x—-6  2(x-3) -2(3-x)

9_22 (B-0G+x) (G-xG+x

=— 2 L X#E-3,x#3

3+x

15+3x  35+x) 3
x2-25 (x=5x+95) x-5
xX#=5x#5

2x—1:—1(1—2x):_1’x¢l
1-2x 1-2x 2
2—5x=—1(5x—2)=_1’x¢g
5x-2 5x-2 5

2 —6x+9  (x-3)* x-3

= = ,LX#3
4x—-12 4(x-3) 4

x?-10x+25 (x-5)% x-5

= = ,X#5
3x—-15 3(x-5) 3

7x*+7x  Tx(x+1)  Tx

> = 7 = ,X#—1
X“+2x+1 (x+1) x+1
4x% +12x CA4x(x+3)  4x

3 = > = ,X#=3
X“+6x+9  (x+3) x+3

XX —1x+10 _ (x=10)(x—1)  x-10
2+6x-7 (x+Dx-1D  x+7°
x#z-T,x#1

2 42x-15  (x+5)(x—3)  x+5

X2 —7x+12 (x—4)(x-3) x-4
x#3,x#4

6xt +14x° +4x 207 (Bx2+7x+2)
6x* —10x> —4x?  2x*(3x*-5x-2)

22 (Bx+1)(x+2)
2x2GBx+D)(x=-2)
:—x+2,x¢—l,x¢0,x¢2
x—2 3
3+ 12 _ x2(3x+1)
3t o1 —4x? K23xP-11x-9)
_ x2(3x+1)
2GBx+1)(x—4)
1
x—4’

xi—%,xio,x¢4
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

x—3_10x+20_ x-3 .10(x+2)_1

2x+4 5x—15 2(x+2) 5(x-3)

6x+4 x-4 203x+2) x-4 1

2%-8 9x+6 2(x—4) 33x+2) 3

2x+6_x2+x—6_

4x -8 x2—9
20x+3) (x+3)(x=2) _ x+3
4x=2) (x+3)(x-3) 2(x-3)

25x2-9 4-x°

4-2x 10x-6
_(5x+3)(5x—3) (2-0)(2+x)
T 22-x0 2(5x-3)
 (5x+3)(2+x)
o)

2 -7x x*-1

2 —6x-7 x°

o ox(x=T) '(x+1)(x—1)_x—1
C(x+D)(x-7) ¥2 Cx
x> -9 5x-15

x2—6x+9 x+3
_=dHd) 56-3)

T (x-3)(x-3) x+3

-x-6 x*-1

x2+3x+2‘x2—9
_ (x—3)(x+2)' (x-Dx+1)  x-1

(x+D(x+2) (x-3)(x+3) x+3

2 +2x-8 x2-16

¥ +x—20 x> +5x+4
_(x=2)(x+4) (x-H(x+4)
T x4 (x+5) (x+D)(x+4)
_(x=2)(x+4)
C (x+1)(x+5)

2—x x2+3x+2

x+1' x2—4
B —1(x—2).(x+1)(x+2) _
ox+l (x-2)(x+2)

3—x'x2+8x+15

x+5 x2—9
_-l(x=3) (x+3)(x+5)
T xX+5  (x-3)(x+3)

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

x+2;4x+8_x+2 9 3

6 9 6 4(x+2) 8
x+3;4x+12_x+3. 9 _i
20 9 20 4(x+3) 80

X*-9 2x+6_ (x=3)(x+3) 5x°

X 552 X 2(x+3)
_Sx(x-3)
==

=1 Tx=T7 _(x=D+D) x(x+D)
3x  Zax  3x T(x—=1)
_(x+D)?
21

x> +2x-3 Cox—1

2 +8x+16 3x+12
(=D +3) 3 +4) 3+

(x+4)° x—1 x+4

x2+5x+6; x2+3x+42

2 46x+9 xE+Tx+12
_ (x+2)(x+3)_(x+3)(x+4) _x+4

T (x+3)(x+3) (x+D(x+2)  x+1

x2—9; x+3 ( 1 j
248 ot -x-2 \xr-1

_ (=343 (P -Dhx+2)
(x+2)(x> - 2x+4) x+3
) 1 _ x=3
xX -1 x>-2x+4

[ X2 =25 ;x2+3x—10j(x—2j
2-3x-4  xP-1 x=5
_(x=5x+5 (x-Dx+1D) x-2 x-1
T =M+ (x+5)(x-2) x-5 x-4

x 3 x+3
4=
5 5

x N 4 _x+4
2x+1 2x+1 2x+1

2x + x  3x
7x-3 7x-3 7Tx-3
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20 Chapter P Basic Concepts of Algebra

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

x? _x2—1_x2—(x2—1)_ 1

x+1  x+1 x+1 T ox+1

2x+7_ x=2 (2x+7)-(x-2) x+9

3x+2 3x+2 3x+2 S 3x+2

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

-2 2-x 2 2—x

5x 2x  Tx

+ =
¥+l x2+1 x4+l

X + 3x _ dx _ 2x
2= 2(x-D? 2(x-D% (x-1)2

Tx + X & 4x
2(x-3) 2(x-3) 2(x-3) x-3

4x 8x 12x 3x

4(x +5)? * 4(x+5)? - 4(x+5)? B (x+5)?

X 2 x—=2 1

24 -4 (x-D(x+2) x+2

S5x : 5 5x-5

21 o1 (x=Dx+1D)
. 5(x-1) 5
S (x=D(x+1D)  x+1

x—2 X
2x+1 2x-1
_ (x=2)2x-1D  x(2x+1)

T 2x+DRx-1) Qx+DRx-1)
C2x?-5x+2) - (2x% +x)

- Qx+DQ2x—-1)

_ —6x+2 . 2(1-3x)

T Qx+DQ2x-1)  Q2x+D2x-1)

2x—1 2x

4x+1_4x—1
_@Cx-DEx-1)

x4+ D@x-1)

2x(4x+1)
(Ax+D(4x-1

57.

58.

_ (8x? —6x+1)— (8x% +2x)
a (dx+D(dx—1)

_ 1-8x

C Ax+D@x-1)

-x  x-2 X
x+2+ X _x—2
o —x*(x-2) +(x—2)2(x+2)
x(x+2)(x—-2) x(x+2)(x—-2)
K2 (x+2)
Cx(x+2)(x—2)

(x> —2x2 —4x+8)
x(x+2)(x—-2)
—(x3+2x2)

x(x+2)(x—-2)

_ x> =2x*—4x+8 _ O 42x?+4x-8
T x(x+2)(x-2) x(x+2)(x-2)

(= +2x%)
T x(x+2)(x=2)

3x x+1  2x
+

x—1 X x+1
O 3x(x+1) +(x+1)2(x—1)
x(x—=D(x+1) x(x—-D(x+1
2x%(x-1)
x(x—=1D(x+1)
X +x?-x-1
x(x=D(x+1
2x3 —2x2
Cx(x—1)(x+1)

B 3% 4322
x(x=D(x+1

B 2x° +6x7 —x—1
x(x—=D(x+1)

In exercises 59-66, to find the LCD, first factor each
denominator and then multiply each prime factor the
greatest number of times it appears as a factor.

59.

60.

61.

62.

3x—6=3(x—2) and 4x—8=4(x—2) =
LCD = 3-d(x—2) = 12(x—2)

7+21x=7(1+3x) and 3+ 9x = 3(1+ 3x) =
LCD = 7-3(1+3x) = 21(1+3x)

4x? -1=(2x+1)(2x—-1) and

Qx+D%= 2x+D)2x+1) =

LCD = 2x-D(2x+1)?
Gx-12=CBx-1)Bx-1) and 9x>-1=
GBx-1DBx+1)=LCD = Bx-1>Bx+1)
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63.

64.

65.

66.

67.

68.

69.

xZ43x+2=(x+1)(x+2) and x> —1=
x-D(x+D)=LCD=(x-D(x+D(x+2)

x2—x—6=(x-3)(x+2) and x> -9=
(x=3)(x+3)= LCD = (x=3)(x +3)(x + 2)

x?—5x+4=(x-1)(x—4) and x> +x-2=
x-D(x+2)=LCD=(x-D(x-4)(x+2)

x?=2x-3=(x-3)(x+1) and

K2 43x+2= (x+D(x+2) =
LCD = (x = 3)(x + 1)(x+2)
5 2x
+
x-3 x*-9
5 + 2x
x-3 (x-3)(x+3)
__ 5@ty 2x
S (x-3)(x+3) (x-3)(x+3)
_5x+15+2x_ Tx+15
T (x=3)(x+3) (x=3)(x+3)

3x X
+
x-1 x2-1
_ 3x X
x=1 (x=-D(x+1
3x(x+1) N X

T (x=Dx+D)  (x=D(x+1)
_3x2+3x+x_ 3x% +4x
S (x=D(x+D)  (x=D(x+1)
_ x(3x+4)

T (x=D(x+D

2x X

_x2—4 x+2
B 2x X
C(x=2)(x+2) x+2
B 2x x(x—2)
T (=2)(x+2) (x+2)(x-2)
_2x—(x2—2x)_ —x%+4x
T (x=2)(x+2)  (x=2)(x+2)
. x(4-x)
C(x=2)(x+2)

3x-1 2x+1

2-16 x-4

_ 3x—1 _2x+1

S (x—4)(x+4) x-4

o 3x-1 (2x+1)(x+4)
T=dx+4) (x—4)(x+4)

70.

C3x—1-(2x*+9x+4) —2x*—6x-5

x—-4H(x+4)
207 +6x+5
(x=d(x+4)

x—2 x+3
2 _ t3 _
x“4+3x-10 x“+x-6
_ x—2 + x+3
(x=2)(x+5) (x-2)(x+3)
1 1
+
x+5 x-2
_ x—2 + x+5
x+5)x-2) (x+5(x-2)
. 2x+3
(x=2)(x+5)

71.

7. x+3 N x—1

¥ —x-2 x2+2x+1
x+3 x—1

T (x=2)(x+1D)  (x+D(x+1D)
_ (x+3)(x+]D)
C(x=2)(x+D(x+1)

(x=1)(x-2)

x+D(x+D(x-2)

(P H4x+3)+(x? -3x+2)
T (x=2(x+D(x+1)
_ 2x2+x+5
C(x=2)(x+D(x+1)

2x-3 4dx -1
2 + 2
9x“ -1 (Bx-1
_ 2x—3 + 4x-1
BGx-DGBx+1)  (GBx-1)2
_ @x-3)QBx-D)  (4x-DBx+D)
Gx+DBx-1%  GBx+1)Bx-1)>
_(6x2—11x+3)+(12x% +x-1)
Gx+1D)GBx—1)2
182 -10x+2  2(9x% -5x+1)

73.

(= 4)(x+4)

T Bx+DBx-12  Gx+DBx—1)2
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3x+1 x+3
P
2x+1D)° 4x° -1
. 3x+1 x+3
Qx+D? Qx-D2x+1)
_ Gx+tD2x-D + (x+3)2x+1)

Cx+D22x—-1)  Q2x—D2x+1)>

C(6x% —x—1)+(2x* +7x+3)

- Qx—-1)(2x+1)>
8x2+6x+2  2(4x?+3x+1)

B 2x-D2x+D?>  Q2x—-1)2x+1)>2

x—3 3 x—-3

x2 =25 x2+9x+20

_ x-3 3 x-3

C(x=5)(x+5) (x+4)(x+5)

s

T (x=5)(x+5)(x+4)
(x=3)(x-5)

(x+4)(x+5)(x—=5)

C(xr+x-12) - (x* —8x+15)

T (=5 (x+5)(x+4)

B 9x—-27

(=5 (x+5)(x+4)

_ 9(x—-13)

T (x=5)(x+5)(x+4)

75.

2x 3 2x-17

2 =16 x*-7x+12

B 2x 3 2x—17

(=D +4)  (x—4)(x-3)

_ 2x(x=3) B

C(x—d)(x+H(x=3)
2x-7(x+4)
(x—Dx+4)(x-3)

_(2x% —6x) - (2x% + x - 28)
T (= Hx+hH(x-3)
_ —Tx+28
T (x—d)(x+d)(x=3)
B -7(x—4)
(=D (x+H(x=3)
7
T (x+H(x-3)

76.

3 + 1 3 1
x2—4 2-x 2+4x
_ 3 11
4-—x2 2—-x 24x
~ 3 R
2-x)2+x) 2-x 2+x
_ -3 L l@+x
2-02+x) 2-x)(2+x)
_12-w)
2+x)(2—-x)
B3+ (2+x0)-(2-x) _ 2x-3
O 2-02+x) (2-02+x)

77.

2 5 7
+ +
54x x2-25 5-x
2 5 7
= - +
54x 25—x% 5-x
_2 5 L7
C54x 5-0)G+x) 5-x
_25-0 5
SG+x)05-x) G-x06+x)
7(5+ x)
BG-x)(5+x)
_(10-2x)-5+(35+7x)
B 5+x)(5-x)
_5x+40 5(x+8)
T 5+06-x) G+x)G-x)

78.

x+3a x+5a

x—5 x-3a
_ (x+3a)(x—3a) : (x+5a)(x—5a)

(x=5a)(x—3a) (x—3a)x—5a)
~ (x?=9a%) - (x? - 254%)
B (x—=5a)(x—3a)
B 16a°
 (x=5a)(x-3a)

79.

3x—a _2x+a

2x—a 3x+a
_Bx-a)Bx+a) (C2x+a)2x-a)

C @2x-a)3x+a) (Bx+a)2x—a)
_Ox*—a?)-(4x* -a?)
 (2x—-a)3x+a)

_ 5x2

- 2x—a)B3x+a)

80.
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Section P.5 Rational Expressions 23

81 11 x  Ux+h)
" ox+h x x(x+h) x(x+h)
_x=(&+h)_ h
x(x+h) x(x+h)
% [ T S (€23 )%
) (x+h)2 %2 xz(x+h)2 xz()c+h)2
_)cz—()c+h)2
xz(x+h)2
_xr = (2 + 2xh+ hY)
x2(x+h)?
_ =2xh—h> _ hQx+h)
)cz()c-i-h)2 )cz()H-h)2
2
83. izg.ﬁ=2_x
3 x 3 3
2
- .
84 Lz__6.x_=_3x2
T2 x 2
x3
1
85, —X =l+@—1J=l+(x"g
1_1 X x) x X
X
_lx 1
x x—-1 x-1
1
2 1 (1 1 (1-x7
x- 0 2.
e 1 (xz lj x? £x2 J
2

We use Method 2 for exercises 87— 90.

1_1 (l—ljx
87. X _ X _l_x

L= =
T (1+1jx I+x
X X

88.

89.

90.

91.

92.

93.

2—2 (2—2 X
X x) 2x-2 2(x-1)

> =
142 (1+2jx x+2 x+2

X X

2 2
_ 2x _x(2x+1)_ 2x
2x+1 2x+1 2x+1
_2x2+x—2x_2x2—x
2x+1 2x+1
_x(2x-1)
2x+1

X

+ Xt x4 2
o T T B (R
X+— =

2 2

2x _x(2x+1)+ 2x
2x+1 2x+1 2x+1
_ 2x% + x+2x _ 2x% +3x

2x+1  2x+1
_x(2x+3)

2x+1

=x+

1 1

x+h_x=( 1 —l)+/’l
h x+h x

B X  x+h ah
- x(x+h) x(x+h) .

:x—(x+h)+h: —-h ah
x(x+h) x(x+h)
—h 1 1

XG4l b x(xth)
x#-h,x#0,h#0
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24 Chapter P Basic Concepts of Algebra
[ 13.5-2(1.5%) _13.5-2(225) 13.5-45
oq (xtW> 6(1.5) 9.0 9.0
h = 2.0 =1 foot
_ ( 1 1 ] h 9.0
- 2 2|7
(x+h)” x 99.a.Originally the citrus extract is 3 out of 100
2 2
+h
=|— ol 5= (2x ) 5 |+h gallons or i When x gallons of water
x“(x+h)*” x“(x+h) 100
X2 —(x+h)? are added to the mixture, the total number
=—5———+h of gallons in the mixture is 100 + x. There
x“(x+h) are still 3 gallons of citrus extract, so the
x2—(x>+2xh+h%) 1 o
= 3 3 -— fraction is .
x“(x+h) h +x
_ 2xh—h> 1 _-hQx+h) 1 3
Cx+h)? b 2x+h)? h b. If x =50, then 100+x=ﬁ=0'02=2%
2x+h)
=- Zaaam?’ x#=h,x#0,h#0 100. a. The reservoir is 0.75% acid, so if the
x"(x+h) reservoir is half-full, there are 0.0075 x
1 1 200,000 = 1500 gallons of acid. When x
+ gallons are water are added, there are 1500
95. % gallons of acid out of 200,000 + x gallons
B of water, or __1500
¥-a xta > 200,000+ x °
(L Lt
X—a x+a ’ X—a x+a 1500
=(x+a)+(x—a)+(x+a)—(x—a) b. If x=100,000, then m=
(x—a)x+a) (x—a)x+a) 1500 1500
2x (x—a)x+a) x =
= : =—, 200,000 +100,000 300,000
(x—a)(x+a) 2a a ~0.005=05%
X#a,x#—a ’ )
| | 101. a. The volume of a cylinder is given by
0 t—a xta V:120:7zr2h:>h:lzg.Thecostof
T Y a4 r
X—a - X+a each base = 5(7zx2) ; since there are two
= ( 1 + 1 j_( X __4a j bases, the total cost of the bases is 107zx2 .
x—a xta Xx—a xta The cost of the side is given by 27zrh ;
_(x+a)+(x—a);x(x+a)—a(x—a) 20
(x—a)x+a)  (x—a)x+a) since r = x and h:?,this gives
_(x+a)+()c—a);x2+ax—ax+a2 120 240
(x—a)(x+a) j (x—a)(x+a) 2ﬁx(ﬁ) = - So the total cost for
= 2x -a)xta) | 2x the container is
(x-a)x+a)  x’+a>  x+a 240 107x° +240
107x? + 52 = —2 T2
X X
P.5 B Exercises: Applying the Concepts
10(3.14)(2%) + 240
b. =~ 245.6 cents or $2.46

97.

d =4 = r =2. Substituting 2 for r in the
125.6 1256
(3.14)(2%) 1256

formula gives 10 cm

2
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Section P.6 Rational Exponents and Radicals 25

102. a. The area of the base = x2 . The height of leaving the water tower is
225 0.240)? Y
the box is given by ——-, so the total area R= ﬂ'(Tj (52,819 n.’ /mm)
X
of the sides of the container = ~ 2389 in.3 / min X 0.004 gal/ in.?
225) 9 o ~ 9.6 gal/min
4){ 2 ) Ty The cost of the container is The initial rate at which water flows from the
3 punctured hole is approximately 9.6 gallons
40(x2 + 2} = 40x7 +360 . per minute.
X X
ha 1.7 _ W2 12 12
3 . . —_— = = = =
b. w=%=330 cents = $3.30 8 2V2 22v2 22 4
L3 3(1447)  3(1447)
P.6 Rational Exponents and I=VT (1-47)(1+47) 17
Radicals _3(1+ﬁ)__1+ﬁ
P.6 Practice Problems o 2
X x(\/; + 3) x(\/; + 3)
/ — 172 = c. = =
l.a. V144 =+12° =12 Jx -3 (\/;_3)(\/;_1_3) x-9

1 (1)2 1 xJx +3x
b (=== | =2 ==
49 7 7 x=9
5 > 5.a. ¥8=-2 b 3YP2=2
O R (Ej 221
" Vo4 |32 8§) 8 4 c. #B1=3

2.a. J20=+4-5=+/4/5=25 d. Y4 is not a real number
b. Vo8 =68=A8 =163 6.a. Y72=38.9=38-Y9=239
=Vi6V3 =443 b, 184> =416-30% = 245342
c. m:\'4'3"“2:ﬁ\/§‘/x_2:2|x|*/§ 7.a. 3W12+73=34-3+743
o 5 =6\3+73=133
\/27)(2:\/27)62: o322 b. 23/@—3«3/%7:23/@—33’/@
Ry 2l B

Vo3 33

3. Using Bernoulli’s equation, the velocity of the

water is =22.3° =o72
v=‘/2gh-«\/2(10m/sz)(25 m) N

~2236m/s % a. (Z) V173

=~ (22.36m/s)(39.37 in./m)(60 s/min)

~ 52,819 in,/min b. (125)° =3125=5
The area of the hole made by the bullet is

0.240 e (-32)°=Y32=2

2
E(T) sq. in., so the rate of the water
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26 Chapter P Basic Concepts of Algebra

10. . (25)7° =352 =354 =535

b. 3672 = —(\/%)3 = —(6)* =-216
RS B B

(‘/E)S 45 1024
d. (-36)"7 =1

V=36

Not a real number
11, a. 4x"2 3515 = 12xV2HV5 = 12, 7/10

b 25x 4 =5y VA3 _ g -T2 5

s BT 2

¢ (x 2/3)_1/5 =2 = 21/15
X

1/2 1/2

12, x(x+3)777+(x+3)

= —(x :;)1/2 +(x+3)

_ o« +(x+3)1/2(x+3)1/2
(x+3)" (x+3)"2
_x+(x+3)  2x+3
(x+3)?  (x+3)"?
(2x+3)(x+3)"2  (2x+3)(x+3)

1/2

1/2

T3P (437 a3

6 3
13. a. x* =x4/6=x2/3= %2

b. 42545 =525 =5%4 512 =512 512 _ 5

e W = = < ()

P.6 A Exercises: Basic Skills and Concepts

1. Any positive number has two square roots.

2. To rationalize the denominator of an
expression with denominator 245, multiply

the numerator and denominator by ﬁ .

3. Radicals that have the same index and the
same radicand are called like radicals.

4. The radical notation for 7" is ﬁ .

11.

12.

13.

14.

16.

17.

18.

19.

21.

22,

23.
24,

25.

26.

27.

28.

29.

False. For all real x, \/)T2 =|x|.

True
Jo4 =/8% =38
J100 =102 =10
Vo4 =/4° = 4 10. ¥125=35 =5
V27 =Y3)° =-
Y216 =(=6)* =6
L (1)_
8 2
27 J(3Y) 3
3/%:3&) = s J=32 =9 =3
There is no real number x such that x* =—16.

There is no real number x such that x® = —64.

=31’ =—n=1
Y=T=Yen7 =1

Jo -

-
V32 =162 =116V2 =42
I35 = (3555 3545 =545

V182 = \[9:2:2 = 0242 =302
V27:2 249327 = OBYA? = 3143
Vox? =937 x = JOx? Vx = 3ux
V83 = 42042

= a2 i x = 2x42x

J6x3x = 18x% = /9.2 12
=\/§\/§\/x72=3x\/§

~(-4)=4
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27

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42,

43.

J5x10x = V5022 = /25222
= \/E\/E\/XT =5x2

J1533x% =523 = \J9.5.22 x
= 052 x = 3x5x

V2x2 V18x =362 = 3647 -x 46.

=\/%\/x72\/_=6x\/;

47.
I_gx3 = Q/__gg/)T3 =-2x 48.
Joax? = Yoaily® = ax 49.
36 =2 50.
3 —27x% =342 31
T 5 52.
32 V32 (Jl62 42 53.
_5E o
422 8
54.
3 3 33
50 50 V252 52
AN 55.
5242 10
8 _B _2
x3_3x3_x
I [ ] s6.
X 3/ 3 2x
J2 i
i J_ e x J_f xf
B \/_\/x— _\/2x _\/2x
T R 57.
5 _
16x° é/16x5 %é/;
¥ %
Wxt iy 2l
S
2X%W 236‘\1/3674 2x?
Vi® =xt = 12

44.

45.

4x* _ \/4x4 _2x2
25,6 5y°

\/9?_\/9?_3;9
B
23+53=73
WV2-V2=62
635 -5 +4/5 =95
5T +3V7 - 247 =647
V98x —/32x = 7\2x - 4/2x = 3\2x
V45x +4/20x = 33/5x +24/5x = 55x
V24 -B1=3B3-3273
- 233343
P54 +016=27-2+38-2
=32+232=5%2

JBx —2324x +3375x
=3/3x —23/8-3x +3/125-3x
=3Bx - 238 3 3x +3125+3x
=3Bx-2-233x+5Y3x
=33x —433x +533x = 233x

«3/@+3§/%—«3/§
=38-2x +3327-2x - 32x
=38 R2x +33273 2x - Y2x
=232x +3-332x - 2x
=232x +932x - 2x =1032x

V2x% = 532x + 41843

=V2x*x =516 2x ++/9-2x%x
= x2\2x = 5-4J2x +3x/2x
= x2\2x = 203/2x +3x2x

2x (x2 +3x - 20)
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28 Chapter P Basic Concepts of Algebra

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

2450x° +72x% —3472x
= 2425-2x%x + TV 2x2x - 3,362
=2-5x22x + 7x/2x = 3-6:/2x
=10x22x + 7x+/2x —182x

= 2x(10x2+7x—18)

\/48x5y - 4y\/3x3y + y\/3xy3
= \[16'3x4xy —4y\/3x2xy + y\/3xy2y
= 4x2\/@—4xy\/@+ yz\/%

= By (427 —day +37) = By @x - y)°

x\/%+4\/2xy3 —\118x5y
= x4 2xy + 4\/2xy2y - \/9‘2x4xy
=2x+2xy + 4y, 2xy —3x2\/2xy

= 2xy(2x+4y-3x%)
2 223 23

B BB 3

10 10v5 105
Fhs s P
7 W5 s
NERNTN TR

338 322 62 32

V& BB 8 8 1
1 1(\/5—)6) _\/E—x
\/§+x_(\/§+x)(\/§—x)_ 2—x?

R s IR
Vs+2x (V5+2x)(V5-21) 5-4?
30 3(2+43)  3(2+43)
2-\3 (2-\B)(2+43) 22- 37
3(2+3
:_(4_3 ) 3 4i)
5 s(+2) -s(1+42)
1-V2 (1-2)(1+42) 27
=w:5(1+\/§)

69.

70.

71.

72.

73.

1 1(V3-2)
V3442 (V3+42)(V3-12)
_A3-2 3-2
B 32
=32
6 6(/5+3
V543 (V5-43)(V5+43)
6(V5+43) 6(v5+43)
NN
6( 52+J§)= S5 44)

Fi_ ()

V5442 (V5 +42)(V5-42)
52 10+427  7-2410
-3

JT+43  (NT+B)(NT+3)

V7-V3 (V7-43)(V7 +3)
:\/72+2«/ﬁ+\/§2
V73’
_10+2321 _5++21

4 2

x+h+\/_

(Vi i —7) (57 - )
( x+ x)( x+h—x/;)
( x+ ) —2&\/x+h+\/;2
x/x-i—h)z—\/;z
_x+h=2{x(x+h)+x
B x+h+x
:2x+h—2 x(x+h)

h

B

=

><
=

A]]]
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Section P.6 Rational Exponents and Radicals

29

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

8s.

86.

87.

88.

avx+3 (a\/;+3)(a\/;+3)

ax/;—3_(ax/;—3)(a x+3)
_a2 x2+6a\/;+9
- 2
(ax/;) -9
_a2x+6a\/;+9
a’x-9
252 =25 =5
1442 =144 =12

(-8)/3 =38 ==

(23 =327==3

g2/3 _ 32 = 3232 Y6 -2y
1632 =16% = J(42)3 = 4% =43 — 64

s 1 1
25 __253/2__ 3__ 2.3
257 {52
S S S
Js¢ 5P 125
_3/2 1 _ 1
9 _93/2 TS
1 1 1 1

213
(Lj _ 723 _ 372 3 )2

x1/2_x2/5 — x1/2+2/5 — x9/10

x3/5 _5x2/3 — 5x3/5+2/3 — 5x19/15

x3/5 _x—1/2 — x3/5—1/2 — xl/lO

x5/3 _x—3/4 — x5/3—3/4 — x11/12

89.

90.

91.

92,

93.

9.

95.

96.

97.

98.

99.

100.

101.

102.

2/3
(62/3)

PR 2/3=82/3 62/3) _ (53
o4

1/2
(16x3) 2162 ,3(172) _ 4,372

-2/3
(27x6y3) _ 2772/3x6(72/3)y3(72/3)
_ 33(72/3))66(72/3)))3(72/3)

—32,4y2
B 1 1
32542 T gpty2

(16x4y6)73/2 16732 47312 ,6312)
= 42(53/2) (4(-3/2)  6(-312)
436,

R |
T 4%x%%  64x0y°

3/2
15x _
:5x3/2 1/4 :5x5/4
1/4
3x

5/2
20x _
= 5,5/272/3 _5,11/6
4,273
X

-12
(X—IMJ ~ K CVH(12) _ 3
-2/3 T (2/3)(-12) T .8
y y( )(=12) y

(27x5/2 Jm 27-1/3 (5/2)=1/3)
= 3(-1/3
y ( )

(33)*”3 516

y
~ 3—1x5/6 5/6

3y
32 _ 5214 _ 3102
52 _52/4 512

3
ONCTE B

312 1273 _ 4

0y = (673973 _ 12,3

%/8x3y12 _ %/23x3y12 _ 23(1/3))63(1/3)y12(1/3)

= 2xy4
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30 Chapter P Basic Concepts of Algebra

103. 4043 =432 3 =32/4 312

:31/2'31/2 :31/2+1/2 :31 =3

104. %ﬁzé/?ﬁzﬁ/yﬂ/z=71/2‘71/2

:71/2+1/2 :71 =7

105. W:W:(xm/g)

— x(10/3)(1/2) — x5/3

106. \/%/64x6 :\/g/43x6 N FOENCENN P

_ 41/2(x2)”2 — 0 21/2) _ oy
107. 3233 =325 333 21321927
=1532.27 = Y364
108. ¥3-42="034 V2% =191

=12/81-8 =14648

109. x> 4 =3[ 4%4/ RERRF
12x8 X _1\/_ \2/12—
x 12 'l\/x—= x%/x_
110. ?/x_z'z/x—5=5',7/(x2)7 .5~7/(x5)5
=34 3,25 sy 1e 25
RS JECINE T JEER
39,35 -3\5/x_4=x3\5/x_4
11 Yom?n Ysm’n?
= 4}3[(21712}1)3 '1W

3
—12 23 (le) n3 ‘12[5m5n2
= 1\218m6n3 -SmSn2

= 1\2/4Om6+5n3+2 = 1\2/40m11n5
112, \f3xy-39x%y?
Zm 2.3 9x2y2 2
=\/33x‘y -§/34x y

1/2

6333334 4y
_ ?/33+4x3+4y3+4 _ §/37 xy7
=3xy§Bxy.

:5-6/(x4y3)6 ,5~€/(x3y5)
A0 A )
30[x24y18 30/x15y25

3\/ 24 18 15 25 3%(24+15y18+25

3\/ 39 43 3\/ 30+9,,30+13
3o/xzox9y30y13 xy3° [KNE
114. J3a*p? -N74%°
=2 (3a"?)” 107
~19/32 (a4)2 (bz)z 107,256
_ 19/9a8b4 1425 = 19/63a8+2b6+4

=W634"b" = ab'Y63

P.6 B Exercises: Applying the Concepts

115. Substituting 692 for A in 44 gives
V3

4692) _ [2768
= =+/1600 = 40 cm.
.73 \1.73 cm

116. Substituting $1,210,000 for P and $1,411,344

for S in r=\/E—1 gives
P

1,411,344
————— —1=4/1.1664 -1=1.08 -1
1,210,000

=0.08 = 8%.

117. Substituting 6 for win V = /% gives

=,[%=x/z=2cm/sec.
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118.

119.

120.

121.

122.

P.7

Substituting 2 for m, 18 for r, and 49 for F in

Vzﬁgmv: [a8)49) _ [882
m 2 2

=+/441 =21 m/sec.
Substituting 1058 for W and 2 for R in

I=\/¥ gives [ = @=\/52 = 23 amp.

2

1/3
Substituting 2.19x10" for Vin r = (4—)
T

gives

3%2.19x10" | 1o\1/3
=l z(0.5228><10 )
JT

~ (5.23 x 1018)”3 =5.23"3 x10°
~1.74x10° m

Substituting 16.25 for & in

P =14.7(0.5)""3% gives

P =14.7(0.5)'0%/325 =147(0.5)° =
14.7(0.03125) = 0.46 1b/sq in.

Substituting 3 for rin F = 42,32

F=42(3%2)=42(5.2) =~ 218 1b.

gives

Topics in Geometry

P.7 Practice Problems

1.

Use the Pythagorean Theorem, c?=a’+b?
to find the length of the hypotenuse.
?=8+6"=c*=64+36=100=c=10
The hypotenuse has length 10.

4

" 6 ft n
Ground

c?=a’+b*=c*=82+62=64+36=100=

c=10
A 10-foot ladder is required.

To determine if the triangle is a right triangle,
see if the lengths of the sides make

c?> =a® +b? true. The longest side has length

6,s0c=06.
62227 +52

36=4+25
36 #29
Therefore, the triangle is not a right triangle.

P.7 A Exercises: Basic Skills and Concepts

1.

5.
6.

A triangle with two sides of equal length is an
isosceles triangle.

A triangle with all three sides of equal length
is an equilateral triangle.

Two triangles are similar if and only if they
have equal corresponding angles and their
corresponding sides are proportional.

Two triangles are congruent if and only if they
have equal corresponding angles and sides.

True

True

In exercises 7—-16, use the Pythagorean Theorem,

2

7.

10.

11.

12.

13.

c? =a® +b? to find the length of the missing side.

2 =7"+24>=49+576=625=

c=625=25
2 =524122=25+144=169 =
c=4/169 =13
c?=92+122=81+144=225=
c=+225=15

c?=10%+24%2 =100+ 576 = 676 =

c=+/676 =26

c?=3%2+3%=9+9=18>

c=+18=3V2

c?=22+47=4+16=20>

c=\/%=2\/§

172 =152 +b> =289 =225+b> =
64=b>=8=b
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14. 377 =352 +bh>=1369=1225+b> =
144=b>=12=b

15. 50% =142 +b? = 2500=196 + b> =
2304 =h> = 48=bh

16. 262 =102 +b*> = 676=100+b> =
576 =b>=24=b

In exercises 17-20, the formula for the area of a
rectangle with length / and width wis A =1Iw. The
formula for the perimeter is P=2(l+w) .

17. A=3(5)=15,P=2(3+5)=2(8) =16

18. A=4(3)=12,P=23+4)=2(7)=14

19. A= IO(lj =5P= 2(10+lj = Z(EJ =21
2 2 2

20 A=16[L)=4p=2(164+1 =2(E _»
4 4 4) 2

In exercises 21-24, the formula for the area of a

triangle with base b and height his A= %bh .
1
21. A= 5(3)(4) =6

1
2. A=-©O®1=3

1(1
23. A= E(5)(12) =3

4. A=l l) Z):L
204 )3)7 12

In exercises 25-28, the formula for the area of a

circle with radius 7 is A = 77> . The formula for the
circumference is C =27zr .

25. A=3.14(1%)=3.14,C = 2(3.14)(1) = 6.28

26. A=3.14(3%)=3.14(9) = 28.26,
C =2(3.14)(3) = 18.84

1)? 1
27. A= 3.14(—) - 3.14(—) =0.785,
2 4

C= 2(3.14)6) =3.14

3)? 9
28. A=3.14(—) =3.14(—j=1.76625,
4 16

C=23.14) (%) =471
In exercises 29-32, the formula for the volume of a
box with length /, width w, and height his V = Iwh.
29. V=DMD(®B)=5
30. V=2)7(4)=56

3. V= (%) 10)3) =15

1\(3
32 V= (EJ (7) 14)=2

P.7 B Exercises: Applying the Concepts

33. To find the length of the garden, use the
Pythagorean theorem: 202=122+1’=
I =16 feet. A=12(16) =192 sq ft

34. To find the length of the mural, use the
Pythagorean theorem: 102=6>+1>=
[ =8 feet. P =2(6+8) = 28 feet.

35. To find the height of the monitor, use the
Pythagorean theorem: 152=122+n* =
h =9 inches.

36. The distance from home plate to second base
is the diagonal of the square: d? =90% +90?
=16,200 = d = /16,200 = 902 = 127 feet.

37.

25 ft !

1\
10 ft

The ladder is the hypotenuse of the right
triangle formed by the side of the house and
the ground, so use the Pythagorean theorem to

find its length:
12=252+10>=725=1=+/725
=529 =27 ft.
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38. The ramp is the hypotenuse of the right Chapter P: Review Exercises
triangle formed by the floor and the truck, so
use the Pythagorean theorem to find its length: L.a {4}
1>=4%+82 =80 = [ =/80 =4/5 ~8.94 ft
b. {0,4}
39. P=2(120+53)=346yd
40. Letw = the width of the pool. Then w + 1860 ¢. {-5.0.4}
= the length of the pool. Using the formula for 1
perimeter of a rectangle, we have d. {—5,0, 0.2,03 1,—,4}
4400 = 2(w + 1860 + w) = 2
4400 = 2(2w +1860) = 4400 = 4w+ 3720
( w ) = w = e {\/7’ \/ﬁ}
680 = 4w = w=170 ft. So the length = 170
+ 1860 = 2030 ft. The area 1
= (170)(2030) = 345,100 square feet. f. {—5,0, 02,031, -, V7,12, 4}
4l C=27zr=7nd =3.14(787) ~ 2471 feet 2. commutative property of addition
42. C=2nr=rnd = 3.14(26) = 81.64 inches 3. distributive property
43. The width of the border is 4 +2(1.5) =7 feet 4. commutative property of multiplication
and the length of the border is 6 +2(1.5) =9 5. multiplicative identity
feet. The area of the border = the total area — 6. —2<x<3 r \
the area of the fishpond. ) - ,5 3
{15k 7. x<I1 |
1.5ft S 4 ft 1
8. [L4) — )
6 ft 1 4
9. (0.0 €
0
10 =12 -12 6
The total area = (7)(9) = 63 square feet; the . ﬂ Ty T
area of the fishpond = (4)(6) = 24 square feet.
So the area of the border = 63 — 24 = 39 sq ft. 11. |2 — |_3|| = |2 - 3| = |_1| =1

44.

45.
46.

To find the length of the garden, use the

Pythagorean theorem: 132=52+1>= 12. |_5 B |_7|| - |_5 B 7| - |_12| =12
2

144=12 = 12=1. 13 1= Ji5| =I5 -1

The perimeter = 2(12 + 5) = 34 feet.

0
V =2(2.5)3) =15 ft® 14. 5"=-1
The radius of the semicircular regions = 185/2 15. (—4)° =-64
=92.5 ft. So, the total area of the two 8
semicircles = 16, 2_—ol8-17 _5l _p
7(92.5%) = 3.14(8556.25) = 26,867 ft2 . The 2l

width of the rectangular region = 740 — 185 =
555 ft. So, the area of the rectangular region =

(555)(185) =102,675 ft>. The total area =
102,675 ft> + 26,867 ft> = 129,542 ft>.

17. 2%-5¢32=16-5.9=16-45=-29

18. (23)2 82 =64
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34 Chapter P Basic Concepts of Algebra
19. —25Y2=_5 -2 302
36. (i) —163/2 :(42)
1 1/4 14 1 1 1 1o 2(3/2) 3
20. (E) = 1614 = (24)1/4 T T, =4 =47 =64
Ly
3270 27
4/3 == - . =
21 843 =(2%) 7 =23 2t 26 T IR
18
2. (277 =(-3)° M (e
. =\=37) =3 38. 4(3+7)+2(4)=4(10) +8 = 48
=(-3)*=9
30, 276V4_2-6@2) _2-12_-10_ 5
25\ 32 13632 (62)3/2 ) 8 8 8 4
= (2] -(%) -
36 25 2)3/2 6 |-3
(5 ) 40. U+u=§+i=1+(—l)=0
_62(3/2) 6 216 6 -3 6 -3
T2G/2) 3 198
5 53 125 41, 16-V2 = 16}/2 _i
4. 81777 = 81i/z - 213/2 - 92(;2) X
(9?) 42, Eoox o0
1t *
93 729 43, (xfz)‘5 = (D) 10
25. 2:5°=2.125=250 R
44. 22
26. 3%2.25=9.32=288 y2ox
- 21x10° _ 7 _oq i )7 R
3x107 10 ) Ty T2
28. 4/10,000 = 310* =10 N2 a6
2 46. (WTJ = x5(7y2) o= xf10y )
29, 52 =5 Fy) o Py 0y
30. \J(-9)2 =81 =9 =Yy =Sy ==
3195 — 3/(_5\3 — _ 3/2
31. 125 =4/(-5) 5 47, (16x72/3y74/3)
3 31/2 .271/2 :31/2.(33)1/2 :31/2 .33/2 — 163/2x(f2/3)(3/2)y(*4/3)(3/2)
4o 4 e
_3l/24312 32 _g =420/2) 471y 2:_2:_2
1 1 1 v
33 6473 — == -3/2
64173 (43)1/3 4 48. (49x74/3y2/3)
— 72(73/2) x(74/3)(73/Z)y(2/3)(73/2)
34. 5420 =+5/4-5=-/5-25 2 2
=7 3x2y71 — — X
=2/55=2125=2-5=10 73y 343y
2
35. (V3+2)(V3-2)=(V3) -2 =3-4=-1
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49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.

61.

-3

-2/3
64y—9/2 ~ 43(—2/3)y(—9/2)(—2/3)
X

3C203)

2.3 3 3
47y y

%2 42x%  16x>

(2627)(5:774) =10x2/343% = 104712

1/4 372\ _ 1/443/2 _ Hq.7/4
(7x )(3x )—21x =21x

32x%3 (2/3)=(1/4) 5/12
14 =4x =4x

8x

x5(2)c)3 B )c5(23)x3 g3

= =283 =2x°
4x° 4x° 4x3

64x*v* 12 172 _4(1/2) . 4(1/2)
(64xy*) " _garr2ytaray
4y2 4y2

2
6
(x2y4/3j ~
1/3 -
Xy

— x1272

_ 8x2y

= =242
4y2

x2(6)y(4/3)(6) B x12y8

x(1/3)(6)y6 - x2y6
8-6 _ _10.2
= y

y X

73 + 375 =743 +3,/25+3
=7J3 +3J253
=73 4306513
=73 +15V3 = 2243
Jo4 8

Vo4 o 8 sVil sl
N TR TR TEN TR T

\/180x2 =\/36-5x2 Zﬁx/g\/x_zz6x\/§

76 - 3324 =76 —3,/4-6
=76 - 3J4J6 = 7J6 - 3(2)\6
=76 - 66 =6

7354 +3128 = 73272 + Y642
=732732 + Y6432
=73R2 +432
=212 +432=25%2

@J{zmstﬁxz
= Va3 =203

62

63

64.

65.

66.

68.

69.

70.

71.

V7552 = [3:25x% = BY25vx2 =543
V100x®  [100x°
Jax

=+25x% =5x
4x

5v2x = 248x = 5V2x - 2/4-2x
=52x - 24/4+/2x
=5V2x - 22V 2x
=52x —42x =\2x

43135 +3/40 =4327-5+ 385
= 432735 +3BY5
=43)Y5+235
=1235+235=1435

y3/56x —3189xy> = y3)8-7x — 327 7xy°
= Zyﬁ - 3y3’/ﬂ

=-7x
1B 1
NERRNENCIE
4 4(9+6) 36+4/6

T N O G RN
_36+4J6  36+4J6
~ 81-6 75
1—\/§Z(l—~5)(1—\5):1—2\/§+3
1433 (1443)(1-43) 12_(\/5)2
20543 (2V5+3)(3+45)
3-45  (3-445)(3+445)
_6V5+40+9+12V5 _49+185

2
3 (45) 9-80
_49+18J5  49+18Y5
71 71

3.7%(6.23%x10'%) =23.051x10'?
=2.3051x10"
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36 Chapter P Basic Concepts of Algebra

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

3.19x107°

YT =159.5%x107"
U2 X )

=159.5x107% = 0.0001595
(=622 + 4x-2)+ (357 - 6x7 + 5x-4)
=4x° —12x* +9x -6
(1027 +8x? = 7x-3)— (527 = x? + 4x-9)

=10x> +8x> = 7x-3-5x> + x*> —4x+9
=5x> +9x> —11x+6

(4x4 +3x% —5x% 4 9) + (5x4 +8x3 —7x2 + 5)
=ox* +11x° —12x° +14

(8x4 1434327+ 5) (70t #3074 807 - 3)
=15x* +70° #1167 42

(x—12)(x=3)=x>=3x—12x+36
=x?-15x+36

x=72=(x=-Tx-T)=x>=Tx=Tx+49
= x? —14x+49

(xs —2)(x5 +2) = (x5)2 —22=410_4
(4x=3)(4x+3) = (4x)* - 32
=42x* —9=16x"-9

(2x+5)3x=11)=6x> —22x+15x—55
=6x>—-7x-55

GBx-6)(x> +2x+4)
=3x> +6x%2 +12x—6x> —12x— 24
=3x3-24

x2=3x-10=(x=5)(x+2)
X2 +10x+9 = (x+1)(x+9)
24x% —38x—11=(6x—11)(4x+1)

15x2 +33x +18 =3(5x> +11x +6)
=35x+6)(x+1)

x(x+1D)+5(x+1) =(x+11)(x+5)

88.

89.

90.

91.

92.

93.

9.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Box?rx-2=x+2x-x2-2

=x(x> +2)-1(x* +2)
=(x? +2)(x—1)

e TIx-T=x - =7

=x(x*+7)-1(:> +7)
=3+ D(x=1)

9x2 +24x+16 = (3x+4)>

10x% +23x+12 = (5x+4)(2x +3)

8x% +18x+9 = (4x+3)(2x+3)

12x% +7x—12 = (4x - 3)(3x +4)
—ax? =27 - =P (x-2)(x+2)
4x* —49=2x-T)2x+7)

16x> =81 = (4x—9)(4x+9)

X2 +12+36 = (x+6)°

x> —10x+100 is irreducible

64x2 +48x+9 = (8x +3)>

8xP —1=(2x=1)(4x> +2x+1)

8x3 +27 = (2x+3)(dx%> - 6x+9)
7x>=7=7(x>-1)=T(x=D(x> +x+1)

x° +5x% —16x—80
=x>—16x+5x> =80
= x(x2 -16)+5(x% - 16)
=2 =16)(x+5) = (x—D(x + D (x +5)

x> +6x% —9x—54
= x> —9x+6x%-54
= x(x2 - 9)+6(x> - 9)
=(x2=9)(x+6) = (x=3)(x=3)(x+6)

4_10_4+10_14
x—-9 9-x x-9 x-9 x-9
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106. 2 + 6

¥ =3x+2 x*-1
_ 2 . 6
(x=2)(x=1) (x=D(x+1)
_ 2(x+1)
(=) (x=1)(x+1)
6(x—2)
(x=2)(x=D(x+1)
. 2x+2+6x-12
C(x=2)(x=1)(x+1)
_ 8x—10
C(x=2)(x-D(x+1)
B 2(4x-5)
T (x=2)(x—-1(x+1)

3x+5 _ 3x-2

¥ +14x+48 x> +10x+16
3x+5 3 3x-2

T (x+6)(x+8) (x+2)(x+8)
_ (Bx+5)(x+2)
T (x+6)(x+8)(x+2)
_ (Bx=2)(x+6)
(x+2)(x+6)(x+8)
_3x +11x+10- (3x% +16x—12)

(x+2)(x+6)(x+38)
—Sx+22

T+ +6)(x+8)

107.

x+7 3 5-3x
x2-7x+6 x*-2x-24

_ x+7 5-3x

T (x=D(x=6) (x—6)(x+4)

o (x+t D+

C(x=D(x—6)(x+4)

BG-3x)(x-1

C(x=D(x—6)(x+4)

Cx% +11x+ 28— (5x—5-3x% +3x)

- (x—=D(x—6)(x+4)

_ 4x?+3x+33

C(x=D(x—6)(x+4)

108.

_ _1\2 2
109. X 1_x+1_ (x-1) 3 (x+1)

x+1 x—-1 (x+D(x-1D) (x+D(x-1)
Cx? = 2x+1- (6% +2x+1)
B (x+D(x-1)
dx
S (x+D(x=1)

110.

111.

112.

113.

114.

115.

116.

-1 6x+6
3x2 -3 x2+x+1
_(x—l)(x2+x+l)‘ 6(x+1)
- 3(x -1 2+ x+1
D) GTEwal) 60D
T T, el

x—1 4x> -9

2x-3 2x*—x-1

=L e+3)(2r<3)  2x+3
"3 Qx+Dh=l  2x+1

2 42x-8 242 (=2 (0Rd) T2

W +5x+6 1+4 M(x+3) Tl

x+3
x* -4 2x*-3x
4x2—9 2x+4
_ =Ry x(2x<3)
T x=<3)(2x+3) 200R
_x(x—2)
C2(2x+3)

3x2—17x+10 x2+3x+2

W2 —dx-5 xP4x-

_Gx-2~§) Nm
QR R (-
_3x-2
Cox-1
1 1-x°
x—z—x: X2 :1—x3‘ x? :1—x3
i+x 1+x° 21+ 14X
x? x2

:(l—x)(l+x+x2)
1+ x)(1-x+x%)

by x x+x(x—2) 5 5
x—=2 __ x-2 _ X -xx" -4
1 1 T x-2 1

2_4 2

x(x 1)
(x+2)
M M

=x(x—-D(x+2)
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38 Chapter P Basic Concepts of Algebra

117.

118.

119.

120.

121.

122.

X x x+x(x—3)

x—3 __ x-3
X x—x(3-x)
-x
3—x 3—x
_x2—2x. 3—x
x-3 x?-2x
_x2—2x_[_ x-3 )__1
x=3 X2 —2x
18 18 j
_ x+2- x—5
e

2 - 12
—1- _1— _
X 5 (x 1 . Sj(x 5)

_x(x=5)+2(x-5)-18
x(x=5-1(x-5-12
_x?—5x+2x-10-18
x?=5x—x+5-12
_ x?—3x-28
xr—6x-17
_(x=-Dx+4) x+4
(x=7(x+1) x+1

Using the Pythagorean Theorem, we have
2=202+212 5 c? =841=¢=29
Let x = the length of the other leg. Then x + 1

= the length of the hypotenuse. Using the
Pythagorean Theorem, we have

(x-i—l)2 =52+x’=>
P +2x+1=52+x2 = 2x+1=25=
2x=24=x=12
So the length of the other leg is 12 in., and the
length of the hypotenuse is 13 in.

First, find the length of the missing leg:
202 =122+ x2 = 400 =144 + x> =

256=x>=16=x. Area = %bh:

A= %(12)(1 6) =96 . Perimeter = the sum of
the sides = P=12+16+20=48.

V= %(7)(60) =140

Copyright © 2011 Pearson Education Inc.

123.

124.

125.

126.

127.

128.

First, find the length of the missing side:
10 =6 +x? =100=36+ x> =

64 = x> = 8 =x . So the area = (6)(8) = 48
square feet.
42(2) 8.4

=—=1.05 grams
10-2 8

\7920(0.7) +0.7% = /5544 +0.49

= 74.46 miles

2% of 1,000,000 is 20,000. So there are
20,000 gallons of arsenic to start. If x gallons
of water are added, then the percent of arsenic

20,000

in the water is —— .
1,000,000 + x

36-3(2%) 36-3(4) 36-12 _24
8(2) 16 16 6

16(9%) +25(9) = 16(81) + 225
=1296 + 225 = 1521 feet

Chapter P: Practice Test

1.

[}

»

=)

<

7|3 =73 =[4| = 4
V2 - 100]=100-+2

273 | 5y =2F2 15
O3 =T - 15=-8

X#-9,x#23=(-0,-9)U(-9,3) U(3,>)

3
(—3x2yJ _ (P 9740)°

X x3 x3

= —27x6_3y3 = —27x3y3
Y=8x® = (=232 = 242

NT5x —27x =4J3-25x —/3-9x
=5V3x —33x = 23x

1 1

1632 __(42)3/2
1 1 1

16732 = _
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Chapter P: Practice Test 39

9.

10.

11.

12.

13.

14.

2y -1/2
(25x3y3J

5 a\72 sz (32,32

:(25); y4J = (xg;l/)z(yg)))l/)z

Xy
5,372,312 o ~
Xy 5x(3/2) ( 1)y(3/2) 2

x71y2

5/2
- 5x
5 512 1/2

_ 5x5/2y1/2
y1/2 y

s 5(1+43)
1-V3 (1-43)(1+43)
_5+53 _ 5453

1-3 2

4(x? =3x+2)+35x> = 2x+1)
=4x? —12x+8+15x> —6x+3
=19x> —18x+11

(x=2)Gx=1)=5x>-11x+2

2
(x2 +3y2) =x* +6)c2y2 +9y4

4

VA

The total area is 7x> square feet. The area of
the rug is 257 square feet. So the area of the
border = the total area — the area of the rug =

x> =257 = 1(x* = 25) = m(x - 5)(x +5).

15. x*>=5x+6=(x-3)(x-2)
16. 9x*>+12x+4=(3x+2)>

17. 8x3=27=(2x-3)4x’ +6x+9)

18, 62—3x_ 12
x“—4 2x+4
_ 6—3x 3 12
T (x-2)(x+2) 2(x+2)
_2(6-3x) 12(x-2)
T2(x-2)(x+2) 2(x-2)(x+2)
C12-6x-(12x—-24)  —18x+36
2 =2)(x+2)  2(x=2)(x+2)
_ -18x-2) 9
C2(x-2)(x+2) x+2
1 1
o, a2 1
g_ L 9x*-1 x* Gx-DBx+D)
x? 2

1
C Bx=D@Bx+1)

20. ¢2=352+122=¢2=1369= c=37
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1.1

Chapter 1 Equations and Inequalities

Linear Equations in One
Variable

1.1 Practice Problems

1. a.

40

Both sides of the equation %— 7=35 are

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

=4 is

The left side of the equation
-X

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

the domain is (—eo, 2)U(2, o).

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

the domain is [1, oo).
2 3 1 7

To clear the fractions, multiply both sides of
the equation by the LCD, 6.
4-9x=1-14x
4-9x+14x=1-14x+14x
4+5x=1
4+5x-4=1-4
Sx=-3
50_3
5 5

x=-=

5
. 3
Solution set: {— 3

3x—[2x-6(x+1)]=-1
3x—(2x—6x—6)=—1
3x—(—4x—6):—1

3x+4x+6=-1
Tx+6=-1
Tx+6-6=—-1-6
Tx=-17
Tx_-1
77
x=-1

Solution set: {—1}

4.

2(3x-6)+5=12—-(x+5)
6x—-12+5=12-x-5
6x-T7=T7-x
6x—T+x=T—x+x
Tx=17=17
Tx=T+T7=T7+7
Tx=14
Tx_14_
77
Solution set: {2}
31 7 3
—_——— =t —
x 2x 2 4x
To clear the fractions, multiply both sides of
the equation by the LCD, 4x.
12-2=14x+3
10=14x+3
10-3=14x+3-3
7=14x
7  14x

——=
14 14

1
2

. 1
Solution set: {E}

11 _ 4
x=2 x+2 ,2_4
To clear the fractions, multiply both sides of
the equation by the LCD, (x — 2)(x + 2).
(x+2)—(x—2)=4=>4=4
The equation 4 = 4 is equivalent to the
original equation and is always true for all
values of x in its domain. The domain of x is
all real numbers except —2 and 2. Therefore,
the original equation is an identity.
Solution set: (—eo, —2)U(-2, 2)U(2, )

x=2

t 4
PRI
To clear the fractions, multiply both sides of
the equation by the LCD, ¢ — 4.
1-4=8(t-4)
t—4=8t-32
t—44+4=8t-32+4
1=8r—-28
t—8t=8—-28-8¢
=Tt =-28
<7t _-28

t=4
B E

(continued on next page)

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



Section 1.1 Linear Equations in One Variable 41

(continued from page 40)

10.

Check:

4 4 g4 4 o

4-4 4-4 0 0

Since dividing by zero is undefined, reject 4
as an extraneous solution. Therefore, there is
no number ¢ that satisfies the equation, and the
equation is inconsistent.

Solution set: &

9
F== 2
5C+3
9
50 = gC +32
50—32=%c+32—32
9
18==C
5
5 59
18.2=2.2
8 9 95 ¢
10=C
Thus, 50°F converts to 10°C.
P=20+2w
Subtract 2/ from both sides.
P-2l=2w
Now, divide both sides by 2.
p-20_
2

Following the reasoning in example 10, we

have x + 2x = 3x is the maximum extended

length (in feet) of the cord.
3x+7+10=120

3x+17 =120
3x+17-17=120-17
3x =103
x_103_
3= 3 = x=34.3

The cord should be no longer than 34.3 feet.

1.1 A Exercises: Basic Skills and Concepts

1.

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

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

Two equations with the same solution sets are
called equivalent.

A conditional equation is one that is not true
for some values of the variables.

True

6. True

7. a.

10. a.

Substitute O for x in the equation
x—2=5x+6:
0-2=50)+6=-2+6

So, 0 is not a solution of the equation.

Substitute —2 for x in the equation
x—2=5x+6:
-2-2=5-2)+6=>-4=-10+6=>
—4=-4

So, -2 is a solution of the equation.

Substitute —1 for x in the equation

8x+3=14x-1:

8-N+3=14(-)-1=-84+3=-14-1=>

-5#-15

So, —1 is not a solution of the equation.

Substitute 2/3 for x in the equation

8x+3=14x-1:

8(g)+3:14 2 —1:&+3:§—1:>
3 3 3 3

25

3 3
So, 2/3 is a solution of the equation.

Substitute 4 for x in the equation

2 1 1

==+ :

x 3 x+2

2 1 1 1 1 1 1 l

St — s> =t —=
4 3 442 2 3 6 2 2

So, 4 is a solution of the equation.

Substitute 1 for x in the equation

2 1 1

=+ :

x 3 x+2

CIRE S RN R VIR Y
I 3 1+2 33 3

So, 1 is not a solution of the equation.

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

1o

-5#0
So, 1/ 2 is not a solution of the equation.

Substitute 3 for x in the equation
(x-3)2x+1)=0:
(3-3)(2:3+1)=0=(0(7)=0=0=0

So, 3 is a solution of the equation.
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11. a. The equation 2x+ 3x = 5x is an identity, collected, the equation becomes
so every real number is a solution of the 3x+4=3x+4, which is an identity.
equat%on. Th}ls 157 is a solution of the 19. When the terms on the left side of the
equation. This can be checked by
substituting 157 for x in the equation: equation 1 + 1 = 2+x are collected, the
2(157)+3(157)=5(157) = x 2 x
314+471="785="785="1785 . 2+x 2+x L
equation becomes =y which is an
b. The equation 2x+3x = 5x is an identity, . . . *
. . identity.
so every real number is a solution of the
equation. Thus —2046 is a solution of the . . . 1 1.
equation. This can be checked by 20. The right side of the equation 73 + 3 is
substituting ~2046 for x in the equation: not defined for x =0, while the left side is
2(-2046) +3(-2046) = 5(-20406) defined for x = 0. Therefore, the equation is
_409% 1_ 0653 f :}8’ %gg not an identity.
. . In exercises 2146, solve the equations using the
12. Both sides of the equation ) procedures listed on page 86: eliminate fractions,
(2=x)—4x=7=3(x+4) are defined for all simplify, isolate the variable term, combine terms,
real numbers, so the domain is (—oo,0) . isolate the variable term, and check the solution.
y 3 21. 3x+5=14
13. The left side of the equation = is 3x+5-5=14-5
y=1 y+2 3x=9
not defined if y =1, and the right side of the 3x 9
equation is not defined if y = -2 . The domain 3 3
1S (—o0,—2)U (=2, hu(l, ). x=3
Solution set: {3}
. .1 .
14. The left side of the equation —=2+,/y is 22, 2x-17=17
y 2x=17+17=7+17
not defined if y = 0. The right side of the 2x=24
equation is not defined if y <0, so the 2x = 24
domain is (0, o). 2x = 1%
15. The left side of the equation Solution set: {12}
3x . . . 23. -10x+12=32
—————=2x+9 is not defined if x=3 ~10x4+12-12=32-12
(x=3)(x—4) -10x=20
or x =4 . The right side is defined for all real -10x _ 20
numbers. So, the domain is 10 —10
10 10
(=2, 3)UE, HU 4, o). x=-2
Solution set: {-2}
1
16. The left side of the equation —= = x?-1is 24, —2x+5=6
Jx 2x+5-5=6-5
not defined if x < 0. The right side of the —2x=1
equation is defined for all real numbers. So “2x_ 1 = x= _1
the domain is (0, o) . -2 2 2
. 1
17. Substitute O for x in 2x+3 =5x+1. Because Solution set: {_E}
3 #1, the equation is not an identity.
. . . 25. 3—y=—4
18. When the like terms on the right side of the 3—y-3=-4-3
equation 3x+4=6x+2-3x-2) are —y=-T=y=17

Solution set: {7}
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Solution set: {-3}

27. Tx+7=2(x+1)
Tx+7=2x+2
Tx+7-T=2x+2-17
Tx=2x-5
Tx—2x=2x—-5-2x
5x=-5
5x -5
5 5
Solution set: {—1}

28. 3(x+2)=4-x
3x+6=4—x
3x+6+x=4-x+x

4x+6=4
4x+6-6=4-6
4x=-2
4x 2
—_— = Xx=——
2

4 4
. 1
Solution set: {——}
2

= x=-1

29. 32-y)+5y=3y

6-3y+5y=3y

6+2y=3y
6+2y-2y=3y-2y=6=Yy

Solution set: {6}

30. 9y-3(y-D=6+y
9y-3y+3=6+y
6y+3=6+y
6y+3—y=6+y—y
5y+3=6
5y+3-3=6-3
S5y=3
5y 3
L=l ==
5 5 775
. 3
Solution set: {g}

31. 4y-3y+7-y=2-(T-y)
Distribute —1 to clear the parentheses.
T7=2-T+y
T=-5+y
T+5=-5+y+5=12=y

Solution set: {12}

32. 3(y-1)=6y—4+2y—4y
3y—-3=4y-4
3y-3+3=4y-4+3
3y=4y-1
3y—4y=4y—-1-4y

—-y=-l=y=1

Solution set: {1}

33. 3(x-2)+23-x)=1
3x-6+6-2x=1=>x=1
Solution set: {1}

34, 2x-3-(3x-1)=6
Distribute —1 to clear the parentheses.
2x-3-3x+1=6
-x—2=6
—x—2+2=6+2
—-x=8=>x=-8
Solution set: {-8}

35. 2x+3(x—-4)=7x+10

2x+3x—-12=7x+10

5x—12=T7x+10
S5x—124+12=T7x+10+12

Sx=Tx+22
Sx=Tx=Tx+22-T7x
2x=22
-2
X2
-2 =2

Solution set: {—11}

36. 3(2-3x)—-4x=3x-10
6-9x—-4x=3x-10
6—13x=3x-10
6—13x-6=3x-10-6
—-13x=3x-16
—13x-3x=3x-16-3x
—-16x=-16
-16x -16

-16 16
Solution set: {1}

37. 4dx+2B-x)]=2x+1

=x=1

Distribute 2 to clear the inner parentheses.

Ax+6—-2x]=2x+1

Combine like terms within the brackets.

46— x]=2x+1
Distribute 4 to clear the brackets.
24 —-4x=2x+1
24 —4x-24=2x+1-24
—4x=2x-23
—A4x—-2x=-23
—6x=-23
—6x 23 23
— ==X
-6 -6 6
Solution set: {2—63}
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38. 3-[x-3(x+2)]=4 S5x-6+6=3x-24+6
Distribute — 3 to clear the parentheses. Sx=3x+4
3—-[x-3x-6]=4 5x—3x=3x+4-3x
Combine like terms in the brackets. 2x=4
3-[2x-6]=4 2_x:£:>x:2
Distribute —1 to clear the brackets. 2 2
3+42x+6=4 Solution set: {2}
2x+9=4
2x+9—0=4_9 42, 5(x-3)-6(x—-4)=-5
2y =5 Distribute 5 to clear the first set of
2x -5 parentheses. Distribute — 6 to clear
— == Xx=—= the second set of parentheses.
22 2 5x—15—6x+24=-5
Solution set: {—é} —x+9=-5
2 -x+9-9=-5-9
39, 3dy-3)=4[y—(4y-3)] —x=-ld=x=ld

Distribute 3 on the left side and —1 on Solution set: {14}

the right side to clear parentheses. 2x+1 x+4
12y-9=4y—4y+3] 43. 9 6 !
Combine like terms in the brackets. To clear the fractions, multiply both
12y -9 =4[-3y+3] sides of the equation by the least
Distribute 4 to clear the brackets. common denominator, 36.
12y-9=-12y+12 2x+1 x+4
12y-9+9=-12y+12+9 36( 5 )=36(l)
12y =-12y +21 42x+1) - 6(x+4) =36
12y +12y =-12y+21+12y 8x+4—6x-24=36
24y =21 2x-20=36
ﬂ:g:yzgzz 2x—20+20=36+20
24 24 24 8 2x =56
Solution set: {Z} 2x_36 = x=28
8 2
Solution set: {28}
40. 5-(6y+9)+2y=2(y+1)
Distribute —1 on the left and 2 on the 4. ﬁ + x_—l = 3_x
right to clear the parentheses. 7 3 T
5-6y-9+2y=2y+2 To clear the fractllons, multiply both
—4—dy=2y+2 sides of the equation by the least
d—dy+d=2y+2+4 common denominator, 21.
4y=2y+6 21(ﬂ+x_—‘)=21(3_x)
—4y-2y=2y+6-2y 7 3 7
-6y=6 3(2-3x)+7(x—1) =33x)
-6y 6 6-9x+7x—-T7=9x
—_6 - —_6 -1-2x=9x
y=-1 —1-2x+2x=9x+2x
Solution set: {—1} —I=11x
-1 1lx 1
41. 2x=-32-x)=(x-3)+2x+1 H=F:>x=_ﬁ
Distribute — 3 on the left to clear
. 1
the parentheses. Solution set: {——}
2x—6+3x=x-3+2x+1 11
Sx-6=3x-2
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45 I-x Sx+l_, 2+D)
4 2 8

To clear the fractions, multiply both
sides by the least common denominator, 8.

8(1—x+5x+1j=8( : 2(x+1)j
4 2 8

Distribute the 8 on both sides.

8(1—_x)+8(5x+1) _ 8(3)—8(2(x+1))
4 2 8

21-x)+4(5x+1)=83)-2(x+1)
Simplify by collecting like terms and
combining constants.

2-2x+20x+4=24-2x-2

18x+6=22-2x
18x+6+2x=22-2x+2x
20x+6=22
20x+6-6=22-6
20x =16
20x 16
20 20
16 4
x=—=2"
20 5

Solution set: {g}

46. x+4+2x_l=3x+2

3 2 6
To clear the fractions, multiply both

sides of the equation by the least
common denominator, 6.

6(x+4+2x_1)=6(3x+2)
3 2 6

Distribute the 6 on both sides.

6(x+4j+6(2x)—6(1J=6(3x+2)
3 2 6
2x+4)+12x-3=3x+2

Simplify by collecting like terms and
combining constants.
2x+8+12x-3=3x+2
14x+5=3x+2
14x+5-3x=3x+2-3x
1lx+5=2
11x+5-5=2-5
11x=-3
I1x -3
oD =2
11 11 11

Solution set: {—i}
11

In exercises 47—64, be sure to check each exercise for
extraneous solutions. We will show the checks only
for those exercises with extraneous solutions.
47. 2.3=2
X X
Multiply both sides of the equation by the
LCD, x.
2-3x=5
2-3x-2=5-2
-3x=3
=3x = 3 = x=-1
-3 3
Solution set: {—1}

8. 44310
X X
Multiply both sides of the equation by the
LCD, x.
4+3x=10
4+3x-4=10-4
3x=6
3x _6
3 -3 =x=2
Solution set: {2}
49. ! + 1 =
x 3
Multiply both sides of the equation by the
LCD, 3x.
3+x=12x
3+x—x=12x—x
3=11x
3 1lx 3

—= =x
11 11 11
. 3
Solution set: < —
11

50. g—3=l
X 2

Multiply both sides of the equation by the
LCD, 2x.
4—6x=x
4—6x+6x=x+06x
4="x
4 x

77

=S B

Solution set: {;}
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51. 1+)c:l_|_1 2(x+1)=3(x—1)

X X 2x+2=3x-3
Multiply both sides of the equation by the 2x+2-2x=3x-3-2x
LCD, x. 2=x-3
I+x=1+x=0=0 2+3=x-3+3
The equation 0 = 0 is equivalent to the 5=x
original equation and is always true for all Solution set: {5}
values of x in its domain. The domain of x is
all real numbers except 0. 56. 3 - 4
Solution set: (—eo, 0)U(0, o) y+2 y-1

Multiply both sides of the equation by the
x-1 1 LCD, y +2)(y - 1).
52. -1=
-2 x-2 3(y-1)=4(y+2)
Multiply both sides of the equation by the 3y-3=4y+8
LCD, x - 2. 3y—-3-3y=4y+8-3y
x—l—(x—2)=1:>1=1 -3=y+8
The equation 1 = 1 is equivalent to the —3-8=y+8-8
original equation and is always true for all —l=y
values of x in its domain. The domain of x is Solution set: {-11}
all real numbers except 2.
Soluti t: 2)U(2 57 L + T
olution set: (—eo, 2)UJ(2, ) S —
1 1 11 Multiply both sides of the equation by the
53, —t+—=——— LCD, 3 - m)(2m + 3).
3x 2x 6 «x ) 3N +7(3 -0
Multiply both sides of the equation by the ( mt )+ ( B m) -
LCD, 6x. 2m+3+4+21-Tm=0
24+3=x-6 —Sm+24=0
5=x-6 -Sm=-24
5+6=x-6+6 a2t
11=x
i : 24
Solution set: {11} Solution set: {?}
59, > _4_3 2
2x 7 14 «x t 2
Multiply both sides of the equation by the 58. -2 = 3
LCD, 14x. Multiply both sides of the equation by the
35‘8x=3x‘§8 LCD, 3( - 2).
35-8x+8x=3x—-28+8x St:_Z(t_Z)
35=11x-28 Y= rid
35+28=11x-28+28 B
3t+2t=-2t+4+2¢
63=11x S
63 1lx 63 h
— == Xx=— 4
11 11 11 r=—
63 >
Solution set: 1 — . 4
11 Solution set: 3
55. L = 3
x=1 x+1

Multiply both sides of the equation by the
LCD, (x — I)(x + 1).
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59.

60.

61.

62.

2 8

x+1 x+1
Multiply both sides of the equation by the
LCD, x + 1.
2+3(x+1)=8

2+3x+3=8

5+3x=8
5+3x-5=8-5
3x=3=x=1

Solution set: {1}

3 5

X+2 x+2
Multiply both sides of the equation by the
LCD, x + 2.

3=5-4(x+2)

3=5-4x-8

3=-3-4x
3+43=-3-4x+3

6=-4x

6 —4x 6 3
— = X=——=—=
-4 -4 4 2

Solution set: {—E}
2

Sx _ 5 +3
x=1 x-1
Multiply both sides of the equation by the
LCD, x - 1.

5x=5+3(x—1)
5x=54+3x-3
Sx=2+3x
S5x—3x=2+3x-3x
2x=2
x=1
Check:
ﬂ:i+3:>§:§+3
1-1 1-1 0 O

Since dividing by zero is undefined, reject 1
as an extraneous solution. Therefore, there is

no number x that satisfies the equation.
Solution set: &

3x N 3
2 (x + 1)
Multiply both sides of the equation by the
LCD, 2(x + 1).
2(3x)-3-2(x+1)+3=0
6x—6x—6+3=0
-3=0
Since the last equation is false, there is no
solution. Solution set: &

x+1_

63.

64.

65.

66.

67.

2 3 1 5
+ ==+
x—2 2x-4 3 6x-12
Factor the denominators to find the LCD:

2x — 4 =2(x—2) and 6x — 12 = 6(x — 2). The

LCD is 6(x — 2).
6<x—z)(é]%(x—z)[z(f—z)]
PR ——

6(2)+3(3)=2(x-2)+5
124+9=2x-4+5
21=2x+1
21-1=2x+1-1
20=2x
10=x
Solution set: {10}

1 +l_i_ 1
2x+2 6 18 3x+3
Factor the denominators to find the LCD:
2x+2=2(x+1),3x+3=3(x+1),and
18=2-3-3.The LCDis 18(x + 1).

18(”1)(ﬁj+18(“1)(%)
_ 18(x+1)(%)—18(x+1)[3(x1+1)]

9+3(x+1)=5(x+1)-6
94+3x+3=5x+5-6
12+3x=5x-1
124+3x-3x=5x-1-3x
12=2x-1
12+1=2x-1+1

13=2x=>£=x
2

1
Solution set: {?3}

To solve d =rt for r, divide both sides of the

. d
equation by 7. r = T

To solve F =ma for a, divide both sides of

. F
the equation by m. a =—.
m

To solve C =2xr forr, divide both sides of

. C
the equation by 27 . r=—.
27
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68. To solve A = 27rx+ 7zr> for x, subtract 777> 1) 1 1
i Juv| — | = fuv| — |+ fuv| —
from both sides. f u v
A-zr® =2zrx+nr’ —7r? Simplify.
A-7r? =27rx uv = fv+ fu
Divide both sides by 27 Subtract fu from both sides.
A-7r? 2mrx uv = fu= fot fu = fu
- = = uv — fu= fv
2zr 5 2zr Factor the left side.
A-mrt u(v=f)=fv
27r Divide both sides by v — f.
. wo=f)_ fr
69. Tosolvel = n for R, multiply both sides by R. v—f v—f v—f

E
RI:R(E):}Rle 74. To solve l=L+L for R,,
. . R R R
Divide both sides by I.

clear the fractions by multiplying
RI_E —R= E both sides by the least common
I 1 1 denominator, ReR; * R,.
70. To solve A = P(1+ rt) for ¢,distribute P. R-R-R, g R-R, 1.1
A=P+ Prt R R R
Subtract P from both sides. 1 1
A-P=P+Prt-P R-Rl-Rz(Ej=R-Rl-Rz I
A-P="Prt ! |
Divide both sides by Pr. +ReR+Ry| —
A-P _Prt R,
Pr_ Pr Simplify.
A_P—t RiR, = RR, + RR,
Pr Subtract RR, from both sides.
71. Tosolve A= for A, multiply both R\R, — RR, = RR,
sides by 2. Factor the left side.
2A=(a+b)h R,(R,—R)=RR,
Divide both sides by (a +b). Divide both sides by (R, — R).
R, (R —R RR RR
24 _(a+bh _ 2A _, 2 (R =R) _ LR, - 1
a+b a+b a+b (Ri-R) (R -R) (R, —-R)
72. Tosolve T =a+(n—1)d for d, subtract a 75. To solve y = mx + b for m,subtract b from
from both sides. both sides.
T-a=a+(n-ld-a y-b=mx+b-b= y—-b=mx
T-a=(n-d Divide both sides by x.
Divide both sides by (n —1). y—b mx y-b
T—az(n—l)d:>T—a=d T
n—1 n—1 n—1

76. To solve ax + by = c for y,subtract ax from

73. To solve l = l + l for u, clear the fractions both sides.
u v ax+by—ax=c—ax=by=c—ax
by multiplying both sides by the least common Divide both sides by b.
denominator, fuv. by c—ax c—ax
1 1 1 b b b
Suv| — |= fuv| —+—
f u v
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1.1 B Exercises: Applying the Concepts

77. The formula for volume is V = Iwh.
Substitute 2808 for V, 18 for /, and 12 for A.

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

pool is 13 ft.

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

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

|
|
1
| 168 21k
! 168 _ 21n
|
|

21 21

8=h

/ The hole must be 8 ft
4 deep.

79. The formula for circumference of a circle is

C =2zr . Substitute 114 for C. Solve for r.

7= 27r = A2 270 oy,
2 27

The radius is 57 cm.

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

28 =21+2(5)
28=2/+10
28-10=2/+10-10

18=2/
18 2]
2 2
9=1
The length is 9 m.

81. The formula for surface area of a cylinder is

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

D 677 = 2x(h+27(1%)
u _

6 =27h+2r
62w =2nwh+2mr—-21w

h 4 =2rh
Am _2mh _ ,_,
/’—‘1\\ 272’ 272’

L The height is 2 m.

82. The formula for volume of a cylinder is
V = zr?h . Substitute 1487 for V and 2 for r.

Solve for h.
Ty wsr=z2
1487 = 4rxh
1487 47zh
h 4r 4m
37=h
- -3 The height of the can is

Ll 37 cm.

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

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

66-9=9+3b, -9

57=3b,
57 3b,
33
19=0b,

The length of the second base is 19 ft.

(=
=g

84. The formula for area of a trapezoid is
1
A= Eh (by +b,). Substitute 35 for A, 9 for
b, and 11 for b,. Solve for h.

9cm 1
| 35=—h(9+11)
2
L 1
| 35=5h(20)
1T em 35=10h
33 _10h 55y,
10 10

The height of the trapezoid is 3.5 cm.

85. Substitute 920 for A, 500 for P and 0.06 for r
into the formula A = P+ Prt . Solve for t.
920 =500+ 500-0.06¢
920 =500+ 30¢
920 - 500 =500+ 307 — 500

420 =30t
203 4oy
30 30

It will take 14 years until the amount of money
available is $920.

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



50 Chapter 1 Equations and Inequalities
86. Substitute 2482 for A, 10 for ¢ and 0.07 for r 240,000
into the formula A = P+ Prt . Solve for P. 200P, = P, P
= . . 2
2482 =P+ P-0.07-10 200P, = 240,000
2482 =P+0.7P 200P.  240.000
2482 =1.7P 2= 5 P, =1200
2482 1.7P 200 200
F = ? = 1460=P The new pressure, P, , is 1200 millimeters of
$1460 was invested. mercury.
87. Substitute 427 for M and 302 for b into the 91. Substitute 950 for V, 100,000 for R;, and 100
-b
formula M = mT . Solve for m. for R, into the formula V = aﬁ . Solve for
2
Iy i 302 .
M. 950:a100,000
4(427)=4 (—J 100
4 100 950_a(100,000j 100
1708 = m — 302 100,000 100 {100,000
1708 +302 =m—302+302 = 2010=m 0.95=
The gross monthly income must be $2010. The current gain, « , is 0.95.
88. Substitute 67,181 for S and 8 for b into the 92. Substitute 37’000 for Q, 1500 for L, and 3200
formula § =48,917 +1080b +1604a . Solve AT
for a. for I into the formula Q = 5 Solve for A.
67181=48917 +1080(8) + 1604a A—3200
67181=48917 + 8640+ 1604a 37,000 =———
67181= 57557 +1604a B 00
67181-57557 =1604a 1500(37,000) = 1500(—)
9624 = 1604a 1500
9624 _160da_, 55,500,000 + 3200 — 4 3200+ 3200
1604 1604 WUR T T oA = A7 220 F
She worked 6 years after receiving her degree 35,503,200=4
y & gree. The current assets are $55,503,200.
89. Substitute 170 for P into the fi 1
spstite | for - into the formua 93. Substitute 1247.65 for P, 0.1391 for r, and
P =200-0.02¢ . Solve for g. )
567/365 for t into the formula A= P+ Prt.
170 =200 - 0.02¢q
170 =200 = 200 — 0.024 — 200 Solve for A. Note that the formula calls for 7 to
T = AU be given in years while the problem gives 7 in
-30=-0.02¢q days.
=30 -0.02g 3
002 oo > PW=4 A=1247.65+1247.65-0.1391 -%
Note that the solution must fall between 100 A=1517.24
and 2000 cameras. 1500 cameras must be The amount resulting will be $1517.24.
ordered.
94. Substitute 3264 for A, 2400 for P and 4 for ¢
90. Substitute 200 for V, , 600 for V; , and 400 for into the formula A = P + Prt . Solve for r.

P
B into the formula V, = % . Solve for V.
2

600400

2
240,000

P

200 =

200 =

3264 = 2400 +2400- 4r
3264 = 2400 + 9600r
3264 — 2400 = 2400 +9600r — 2400
864 = 9600r
864  9600r

9600 9600
The interest rate is 0.09 or 9%.

=0.09=r
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95.

96.

.. . . .
Joe can run g mile in one minute, while Dick

| .
can run E mile in one minute. Let x = the

number of minutes until Joe will lead Dick by
exactly one lap (one mile). Then,

1 X = L x=1.

8 12

Multiply both sides of the equation by the
LCD, 24.

3x-2x=24=x=24

Joe will lead Dick by exactly one lap (one
mile) in 24 minutes.

.. . . .
Joe can run g mile in one minute, while Dick

| .
can run E mile in one minute. Let x = the
number of minutes until Joe and Dick meet.
1 1
Then, —x+—x=1

Multiply both sides of the equation by the
LCD, 24.
3x+2x=24
Sx=24=x=4.8
They will meet in 4.8 seconds.

1.1 C Exercises: Beyond the Basics

In exercises 97—106, be sure to check each exercise
for extraneous solutions. We will show the checks
only for those exercises with extraneous solutions.

97.

98.

x 1
x-2 x+2
Multiply both sides of the equation by the
LCD, (x — 2)(x + 2).
x(x+2)—1(x—2) = (x+2)(x—2)
X2 +2x—x+2=x>-4

1

x+2=-4

x=-6
Solution set: {6}
4 2-x 5x+3
x+1  x+2

Multiply both sides of the equation by the
LCD, (x + 1)(x + 2).

4(x+1)(x+2)—(2—x)(x+2)
= (5x+3)(x+1)

4(x2+3x+2)—(4—x2)=5x2+8x+3
4x% +12x+8 -4+ x> =5x> +8x+3

5x2 +12x+4=5x> +8x+3
12x+4=8x+3

}

14 6
x=3 x43 x2-9
Multiply both sides of the equation by the
LCD, (x—3)(x+3)=x*-9.
(x+3)-4(x-3)=6
x+3-4x+12=6

4x=—1=>x=—l
4

Solution set: {—

A=

99.

-3x+15=6
-3x=-9
x=3
Check:
1 4 6 1 4 6

— = = ———=

3-3 343 32-9 0 6 0

Since dividing by zero is undefined, reject 3
as an extraneous solution. Therefore, there is
no number x that satisfies the equation.
Solution set: &

I+x 1-x 1
l—x_1+x: 1— x2
Multiply both sides of the equation by the
LCD, (1-x)(1+x)=1-x?
(1+x)(1+x)—(1—x)(l—x)
x? -i—2x+1—()c2 —2x+1)=

100.

Solution set: {l}
4

5 8 _ 4
x+2 x2 —x—-6 x-3
Multiply both sides of the equation by the
LCD, (x+ 2)(x—3) =x>—x-6.

5(x—3)—8=4(x+2)
S5x—15-8=4x+8
5x—23=4x+8
Sx=4x+31
x=31
Solution set: {31}

101.
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_ 2 1 1 1 1
102, 2x 1+x+1:x +3x+1 105. B _ _
x+2 2—x -4 x—4 x-3 x-2 x-1
Multiply both sides of the equation by the Multiply both sides of the equation by the
LCD, —(x+2)(2 )= 24 LCD (x = D(x =2)(x = 3)(x — 4).
’ (x=1)(x=2)(x=3)=(x=1)(x=2)(x—4)
—(2x=1)(2-x)+[-(x+1)(x+2)] = (x=1)(x=3)(x=4) - (x—2)(x—3)(x—4)
=x"+3x+1 (x3—6x2+11x—6)—(x3—7x2+14x—8)
2 2 _ 2
(Zx —5x+2)+(—x —3x—2)—x +3x+1 =(x3—8x2+19x—12)—(x3—9x2+26x—24)
x2—8x=x?+3x+1 2 2
—8x=3x+1 X°=3x+2=x"-Tx+12
1 4x+2=12
xz—ﬁ 4x=10
10 5
. 1 y=—==
Solution set: {——} 4 2
11 5
s Solution set: {E}
103. x+3 5 _Xx —-3x+11
x—=1 x+1 X2 -1 2 4 1
Multiply both sides of tile equation by the 106. 1 + 21 = 1
LCD, (x-1)(x+1)=x"-1. Multiply both sides of the equation by the
(x+3)(x+1)=5(x=1)=x* =3x+11 LCD, (x+1)(x—1)=x*-1
P +dx+3-5x+5=x7 -3x+11 2(x—1)+4=1(x+1)
X —x+8=x%—3x+11 2x-2+4=x+1
—x+8=-3x+11 2x+2=x+1
2x+8=11 x+2=1
2x=3 x=-l
3 Check:
Y 2 4 1 2 4 1
=+ = - —4+—=—
3 -1+1 (_1)2+1 -1-1 0 2 =2
Solution set: {— ) ‘ )
2 Since dividing by zero is undefined, reject —1
as an extraneous solution. Therefore, there is
104 x x2-2 1 no number x that satisfies the equation.

x-3 9_,2 - x+3
Multiply both sides of the equation by the
LCD, —(x—3)(x+3)=9-x%.

—x(x+3)+x2—2=—(x—3)
x> -3x+x>-2=—x+3

—3x—-2=—-x+3
3x=-x+5
—2x=5

5
x=—-—
2

Solution set: {—%}

Solution set: &

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

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

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

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

The solution set of x> —1=x-1is {0, 1},
while the solution set of x =0 is {0}.
Therefore, the equations are not equivalent.
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. X 2 . Factor both sides. The right side is the
d. The equation = is an .
x=2 x-2 difference of two squares.
inconsistent equation, so is solution set is x(a+b)=(b-a)b+a)
& . The solution set of x =2 is {2}. Divide both sides by (a + b).
Therefore, the equations are not equivalent. x(a+b) (b-a)b+a)
108. 1In the division step, there is division by zero (a+b) (a+b)
because x =1. The remainder of the argument x=b-a

is invalid due to the division by zero. 2 )
114. Tosolve 9+a“x—ax =6x+a” for x, subtract

109. First, solve 7x+2 =16. Subtracting 2 from 6x from both sides.
both sides, we have 7x =14 . Then divide
both sides by 7; we obtain x =2 . Now
substitute 2 for x in 3x —1 =k . This becomes
32)-1=k,s0 k=5.

9+a’x—ax—6x=6x+a’ —6x
9+a’x—ax—6x=a’
Subtract 9 from both sides.

9+a’x—ax—6x-9=a>-9

110. Substitute 9 for y in the equation x—ax—6x=a’-9
5 _ 6 and then solve for k. Factor out xzthe left side. .
y-4 y+k x(a“—a-6)=a" -9
5 _ 6 Divide both sides by (a> —a —6).
9-4 9481« xa*-a-6)  a’-9
1= 2 N2
o+ k (a“—a-6) (a 2a 6)
9k19k(6j P
+ =9+ - P
O+h=O+k)| 5 @ a6
9+k=6 Factor the numerator and denominator on
9+k-9=6-9=k=-3 the right side to simplify the fraction.
. (a+3)(a-3)
111. If k =-2 then the equation becomes X=—""—""+
3 4 (a+2)a-3)
——— =—— which is inconsistent. Note _a+3
y=2 y-2 * a+?2
that two fractions with the same denominator
t 1if th t t 1. 2
are not equal if the numerators are not equa 115. To solve ax  bx _ (a+b) for x. multiply
112. Because the numerators are the same, we can . a ab .
set the denominators equal to each other in both sides by the common denominator, ab.
order to create an identity. ab ( ax b_x j = ab (a+ b)2
x?-9= (x—3)(x + k) . When the left side is a ab
factored, it becomes (x—3)(x+3),s0 k=3. a’x-bix= (a+ b)2
Factor the left side.
113. To solve a(a + x) = b* — bx for x, distribute a x(a®-b2)=(a+b)?

on the left side of the equation.

.. . 2 32
2 tax=b>—bx Divide both sides by (a” —b7).

Add bx to both sides. x(a; - b;) _ (az+ b)j ye (az+ b)j
a’+ax+bx=b>—bx+bx (a®=b7) (a”=b") (a”=b")
a2+ ax+bx=b> Factor the numerator and denominator

on the right side. Then simplify.
= (a+b)a+b)
5 (a—b)a+b)
ax+bx=b"-a a+b

X =
a—b

Subtract a? from both sides.

a’>+ax+bx—a’=b*-a’
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116.

117.

x 2x+b 6b>+a’

To solve E_ —— =0 for
3 3b 2a 6ab
x, multiply both sides by the common
denominator, 6ab.
2, 2
6ab| 2 - L 2D O a7 |60
3 3b 2a 6ab

4ab - 2ax—3b(2x+b)+6b> +a> =0
4ab —2ax —6bx —3b> +6b> +a> =0
4ab - 2ax—6bx+3b* +a*> =0
Subtract (a® + 4ab + 3b%) from both sides.
4ab - 2ax — 6bx +3b* + a*
—(4ab+3b* +a*)
=0—(a’ +4ab+3b*)
—2ax—6bx =—(a’ + 4ab +3b?)
Factor both sides.
—2x(a+3b)=—(a+3b)a+b)
Divide both sides by —2(a +3b)
and simplify.
~2x(a+3b) _—(a+3b)a+b)

—2(a +3b) —2(a+3b)
a+b
x =
2
To solve bbx -1 - al+ax) =1 for x,

a b
multiply both sides by the common

denominator, ab.

ab(b(bx—l) 3 a(1+ax)): ab(l)
a

b(b(bx—1))—a(a(l1+ ax)) = ab
b2(bx-1)—a’(+ax) = ab
b3 x-b*-a*-a’x=ab
Add b* +a® to both sides.
bx-b>-a®-a*x+b*+a?
=ab+b%+a
b x—a’x=a’+ab+b*
Factor both sides.
x(b-a)b* +ab+a’)=a* +ab+b*
Divide both sides by (b — a)(b” + ab +a*)
and then simplify.
x(b—a)(b* +ab+a*)
(b-a)b* +ab+a?)
a’+ab+b?
(b-a)b®+ab+a®)
1
b—a

2

X =

118.

—2a_§_b—x

2 2a
both sides by the common denominator, 2ab.

Zab(x_ 24 —Ej = 2ab(b_x +l)

b 2 2a 2
Distribute and collect like terms.

2a(x—2a)—ab(3) = b(b—x)+ab(1)
2ax —4a’ —3ab = b* —bx+ab

Add bx to both sides.

2ax—4a” —3ab+bx =b* —bx + ab + bx
2ax+bx—4a® —3ab =b> +ab
Add 4a® +3ab to both sides.
2ax + bx — 4a’ - 3ab

+4a® +3ab=b> +ab+4a” +3ab

2ax +bx = b* + 4ab + 4a>
Factor both sides.
x(2a+b) = (b+2a)b+2a)
Divide both sides by 2a + b.
x(2a+b) (b+2a)(b+2a)

2a+b 2a+b
x=2a+b

1
To solve + > for x, multiply

1.1 Critical Thinking

119.

120.

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

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

y =554.44 . Together the two watches cost

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

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

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

used in July, which is a decrease of 4%. The
answer is (D).
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1.2 Applications of Linear Equations
1.2 Practice Problems

1. Let w = the width of the rectangle. Then 2w + 5 = the length of the rectangle.
P =2[+ 2w, so we have
28 =22w+5)+2w
28=4w+10+2w
28=6w+10
18 =6w
3=w
The width of the rectangle is 3 m and the length is 2(3) + 5=11m
2. Let x = the amount invested in stocks. Then 15,000 — x = the amount invested in bonds.
x= 3(15, 000 — x)
x =45,000-3x
4x =45,000
x=11,250
Tyrick invested $11,250 in stocks and $15,000 — $11,250 = $3,750 in bonds.

. X . X .
3. Let x = the amount of capital. Then — = the amount invested at 5%, g = the amount invested at 8%, and

xX— s + 2= 19_x = the amount invested at 10%.
5 6 30
Principal Rate Time Interest
Ed 0.05 1 0.05 (f)
5 5
d 0.08 1 0.08 (f)
6 6
Dx 0.1 1 0.1 (19_x)

The total interest is $130, so

0.05 (f) +0.08 (f) + 0.1(19—x) =130
5 6 30
03x+0.4x+1.9x=3900  Multiply by the LCD, 30.
2.6x = 3900
x=1500

The total capital is $1500.
4. Let x = the length of the bridge. Then x + 130 = the distance the train travels.

rt=d, 5o 25(21) = x+130 = 525= x+130 = 395 = x

The bridge is 395 m long.
5. The initial separation between the ship and the 32t +350t =955
aircraft is 955 miles. 382t =955
Let ¢ = time elapsed when ship and aircraft t=25
meet. Then 32¢ = the distance the ship traveled The aircraft and ship meet after 2.5 hours.

and 350 = distance the aircraft traveled.
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6. Let x = the amount of time they worked 5
1 7. 0.065x 8. —x
together to complete the job. Then Ex = the 6
229.50-172

portion of the job done by Jim and %x = the 9. $22,000-x 10. X
portion of the job done by Anita. ¢ ¢

11. a. Natasha: — b. Natasha’s brother: —
—x+—x=1 4 5
45 30

5x=90 3 2
x=18
It took them 18 minutes to wash the car 13.a. 10—~ b 4.60x
together. c. 7.40(10-x)
7. Letx = the amount of 40% sulfuric acid. 14. 2. 15—x b. 625015 x)
Acid Amognt % acid Amount.of e 550x
of acid pure acid

15.a. 8+x b. 08+x
40% by 0.4 0.4x
20%| s0-x | 02 | 0260-x 16.a. 14x b. (1£ « 100) %
25% 50 0.25 0.25(50) i

0.4x +0.2(50 — x) = 0.25(50)
0.4x+10-02x=12.5
02x+10=12.5
02x=25
x=12.5
12.5 gallons of 40% sulfuric acid solution
should be added.

1.2 A Exercises: Basic Skills and Concepts

1.

If the sides of a rectangle are a and b units, the
perimeter of the rectangle is 2a + 2b units.

The formula for simple interest is I = Prt,
where P = dollars borrowed (the principal),
r = the interest rate per year, and ¢ = the

number of years.

The distance d traveled by an object moving at
rate r for time ¢ is given by d = rt.

The portion of a job completed per unit of
time is called the rate of work.

False. The interest I = (100)(0.05)(3).

False. Since the rate is given in feet per
second, the time must also be converted to
seconds. 15 minutes = 15(60) = 900 seconds
Therefore, d = 60(900) feet.

1.2 B Exercises: Applying the Concepts

17.

18.

19.

Let x = one number. Then 3x = the other number.
x+3x=28=4x=28=x=7,3x=3(7)=21
The numbers are 7 and 21.

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

3x+6=42

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

The numbers are 12, 14, and 16.

Let w = the width of the rectangle.
Then 2w — 5 = the length of the rectangle.
2w+2(2w—-5)=80
2w+4w—-10=280
6w—-10=80
6w =90
w=15,2w-5=25
The width of the rectangle is 15 ft and its
length is 25 feet.
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20.

21.

22,

23.

24.

25.

Let / = the length of the rectangle.

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

2l+2(3+%lj=36

2l+6+1=36
31+6=36
31=30

l=10,3+ll=8
2

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

Let x = the cost of the less expensive land.
Then x + 23,000 = the cost of the more
expensive land. Together they cost $147,000,
o)
x+(x+23,000) =147,000
2x+ 23,000 =147,000
2x =124,000 = x = 62,000
The less expensive piece of land costs $62,000
and the more expensive piece of land costs

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

Let x = the amount the assistant manager

earns. Then x + 450 = the amount the

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

manager earns $1625 + $450 = $2075.

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

Let x = Jan’s commission in March. Then
15 4+ 0.5x = Jan’s commission in February.
She earned a total of $633, so
x+(15+0.5x) =633
1.5x+15=633=1.5x=618= x =412
Jan’s commission was $412 in March and
15 + 0.5(412) = $221 in February.

Let x = the amount the younger son receives.
Then 4x = the amount the older son receives.
Together they receive $225,000, so

x+4x=225,000= 5x =225,000 =
x =45,000
The younger son will received $45,000, and

the older son will receive
4($45,000) = $180,000.

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

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

x+2+X 2735000
24

4(x+i+i) = 4(735,000)
2 4

4x+2x+ x = 2,940,000
7x =2,940,000 = x = 420,000
Kevin kept $420,000 for himself. He gave
$420,000/2 = $210,000 to his daughter and

$420,000/4 = $105,000 to his dad.

27. a. Letx = the number of points needed to
average 75.
87+59+73+x _ 75

4
219+ x =300
x =81
You need to score 81 in order to average
75.

87+59J5r73+2x 75
219+ 2x =375
2x =156
x=78
You need to score 78 in order to average 75
if the final carries double weight.

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

Investment | Principal | Rate | Time Interest

Real estate X 0.15 1 0.15x

Savings 4200-x [ 0.08 | 1 |0.08(4200 —x)

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

0.15x+336—-0.08x = 448

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

So, the real estate agent invested $1600 in real
estate and 4200 — 1600 = $2600 in a savings
and loan.
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29.

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

Investment | Principal | Rate | Time

Interest

Tax shelter X 0.09 1

0.09x

Bank

7000 -x [0.06| 1 |0.06(7000 —x)

30.

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

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

Principal | Rate | Time Interest

X 0.06 1 0.06x

4900 —x | 0.08 1 0.08(4900 — x)

31.

The amount of interest for each investment is
equal, so

0.06x = 0.08(4900 — x)

0.06x =392 —-0.08x

0.14x =392 = x = 2800

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

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

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

32.

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

0.06(5000 + x) = 250+ 0.08x

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

So, $2500 must be invested at 8%.

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

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

33.

34.

35.

36.

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

They must sell 35,000 shaving sets.
Let x = Angelina’s rate in meters per minute.

Then 15 + x = Harry’s rate in meters per
minute.

Rate Distance Time
1
Angelina X 100 100
X
150
Ha 15+ 150
Ty * 15+ x
The times are equal, so
@ _ 150
X 15+x

100(15 + x) = 150x

1500 +100x =150x

1500=50x=30=x
So, Angelina jogged at 30 meters per minute.
Harry biked at 15 + 30 = 45 meters per
minute.

Let x = the time the second car travels.
Then 1 + x = the time the first car travels. So,
Rate Time Distance
First 50 L4 501+ x)
car
Second | 4 x 70x
car
The distances are equal, so
501+ x)=70x
50+ 50x=70x
50=20x=>25=x
So, it will take the second car 2.5 hours to
overtake the first car.
Let x = the time the planes travel. So,
Rate Time Distance
First 470 . 470
plane
Second | 45 x 430x
plane

The planes are 2250 km apart, so

470x +430x = 2250 = 900x = 2250 = x = 2.5
So, the planes will be 2250 km apart at 2.5
hours.
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37. At 20 miles per hour, it will take Lucas two
minutes to bike the remaining 2/3 of a mile.

(20ml _ 20mi _ Tmi ) So his brother

lhr 60 min 3 min
will have to bike 1 mile in 2 minutes:
Imi  30mi _ 30mi

2min 60 min 1hr

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

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

39. Let x = the rate the slower car travels. Then
x + 7 = the rate the faster car travels. So,

Rate Time Distance
First car X 3 3x
Secondcar | x+7 3 3(x+7)

The planes are 621 miles apart, so
3x+3(x+7)=621
3x+3x+21=621
6x+21=621= 6x=600= x=100
One car is traveling at 100 miles per hour, and

the other car is traveling at 107 miles per hour.

40. Letx = the distance to Aya’s friend’s house.

Rate Distance Time
X
16 —
£0 * 16
return 80 X i
80
She traveled for a total of 3 hours, so
i + i — 3
16 80
80l X+ X |=80(3)
16 80

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

41. Letx = the amount of time it takes both
pumps to drain the pool together. The old
pump drains 1/6 of the pool in one hour, so it
will drain x/6 of the pool. The new pump

drains 1/4 of the pool in one hour, so it will
drain x/4 of the pool. So,

42,

43.

44.

i_f_ﬁ:l
6 4
X X
12| —+— (=121
-
2x+3x=12

5x=12=>x=%=2.4

It will take the two pumps 2.4 hours or 2
hours and 24 minutes to drain the pool
working together.

Let x = the time needed for the pool to drain.
Then x/3 = the time needed for the first drain
to empty the pool alone, and x/7 = the time
needed for the second drain to empty the pool
alone. So,

X X

—+==1
3 7
X X
21| =+= =210
(2+2)-210
Tx+3x=21

10x=21=x=2.1
It will take 2.1 hours or 2 hours and 6 minutes
to empty the pool using the two drains
together.

Let x = the amount of time it takes both
blowers to fill the blimp together. The first
blower fills 1/6 of the blimp in one hour, so it
will fill x/6 of the blimp. The second blower

fills 1/9 of the blimp in one hour, so it will
fill x/9 of the blimp. So,

ﬁ"l‘ﬁ:l
6 9
36(f+1j=36(1)
6 9
6x+4x=36

10x=36=x=3.6
It will take the two blowers 3.6 hours or 3
hours and 36 minutes to fill the blimp working
together.

The first shredder completes 5/9 of the job in
10 hours, so it will take 9/5 x 10 = 18 hours to
complete the entire job. When the second
shredder is added, there is still 4/9 of the job
to be completed. If x = the number of hours
the second shredder takes to complete the
entire job, then 3/x = the portion of the job
that the second shredder can complete in three
hours. The first shredder can complete 3/18 =
1/6 of the job in 3 hours. So,

(continued on next page)
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1 3 4

— =

6 x 9
18x(1+§j=18x(i)

6 x 9

3x+54=8x

54=5x=108=x
The second shredder takes 10.8 hours or 10 hours and 48 minutes to complete the entire job alone.

45. Let x = the time for the new sorter to complete the job alone. Then 2x = the time for the old sorter to
complete the job alone.. So, 8/x is the portion of the job done by the new sorter and 8/(2x) =4/x is the
portion of the job done by the old sorter.

8 4
—+—=1
X X

x(§+ij = x(1)
X X

8+4=x=12=x
It will take 12 hours for the new sorter to complete the job working alone.

46. Letx = the time needed for the son to work by himself. So 6/x = the amount of the field the son can plow by
himself in 6 days. The farmer can plow 6/15 of the field by himself in 6 days.

6 6
—+—=1
x 15
15x(9+£j:15x(1)
x 15
90+ 6x =15x
90=9x=10=x

It will take the son 10 days to plow the field by himself.

47. Letx = the amount of time they worked together to complete the job. Then x/9 = the portion of the job done
by a professor and x/6 = the portion of the job done by a student.

{iAi-

—+==1

3 3
2x=3
x=1.5

The job will take 1.5 hours.

48. Letx = the number of quarts of milk to be drained. Then also x = number of quarts of buttermilk to be

added.

Amount (in __ | Amount (in _ | Amount (in quarts) n Amount (in
quarts) of " | quarts) of of buttermilk quarts) of
buttermilk in buttermilk in drained from buttermilk
final mixture original mixture original mixture added.

(Note that two gallons equals 8 quarts.)
0.05(8) =0.02(8) — 0.02x + x
0.4=0.16+0.98x
0.24=0.98x:>%=2=x
098 49
So, 12/ 49 of a quart of buttermilk must be added.
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49. Letx = the number of grams of pure gold to be added. Then 120 + x = the number of grams in the new alloy.

_ | Number of 4
grams of gold in

the original alloy

Number of
grams of gold in
the new alloy

Number of grams of
pure gold added.

50.

51.

0.8(120+ x) = 0.75120) + x =96+ 0.8x =90+ x = 6+ 08x=x=6=02x=30=x

So, 30 grams of pure gold must be added.

Let x = the amount (in kg) of coffee with 35%

chicory. Then 500 — x = the amount (in kg) of
coffee with 15% chicory. We can use the
following table to organize the information.

Coffee | Amount % chicor Amount of
Type | of coffee ? y chicory
35% |y 0.35 0.35x

chicory
15% 1 's00-x | 015 | 0.15(500-x)

chicory
18%

chicory 500 0.18 0.18(500)

blend

The amount of chicory in the final mixture is
equal to the sum of the chicory in the two
ingredients, so
0.35x + 0.15(500 — x) = 0.18(500)
0.35x+75-0.15x =90
0.20x+75=90
020x=15=x=75

So, there are 75 kg of 35% chicory coffee and
500—75 =425 kg of the 15% chicory coffee.

Let x = the amount of 60-40 solder to be
added.
Solder | Amount | g i | Amount of tin
of solder
60-40 X 0.6 0.6x
40-60 | 600 — x 04 0.4(600 — x)
55-45 600 0.55 0.55(600)

0.6x +0.4(600 — x) = 0.55(600)
0.6x+240—-0.4x =330
0.2x+ 240 =330
0.2x =90
x =450
450 g of 60-40 solder must be added to 150 g
of 40-60 solder.

52. Letx = the amount of 90 proof whiskey.

Amount Amount of
Whiskey of % alcohol
. alcohol
whiskey
90 proof X 0.45 0.45x
70 proof | 36 —x 0.35 0.35(36 — x)
85 proof 36 0.425 0.425(36)

0.45x+0.35(36 — x) = 0.425(36)
0.45x+12.6-0.35x=15.3
0.1x+12.6 =15.3
0.Ix=2T7=x=27
27 gallons of 90 proof whiskey must be mixed
with 9 gallons of 70 proof whiskey.

53. Let x = the amount of 60% boric acid

. Amount % boric Amount of
Solution of . . .
. acid boric acid
solution
60% X 0.6 0.6x
8% 7.5 0.08 0.08(7.5)
20% x+7.5 0.2 0.2(x+7.5)

0.6x + 0.08(7.5) = O.Z(x + 7.5)
0.6x+0.6=0.2x+1.5
04x=09= x=2.25
2.25 liters of 60% boric acid solution are
needed.

54. Let x = the number of pounds of cashews.
Then 3x = the number of pounds of almonds,
and 100 — 4x = the number of pounds of
pecans. We can use the following table to
organize the information.

Price

Type of | Number per Total cost
Nut of pounds

pound
Cashews by 1.00 by
Almonds 3x 0.50 0.50(3x)

Pecans | 100—4x | 0.75 | 0.75(100-4x)

Mixture 100 0.70 0.70(100)

(continued on next page)
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55.

The cost of the mixture equals the sum of the
total cost of each of the nuts, so
x+0.50(3x) + 0.75(100 — 4x) = 0.70(100)
x+1.5x+75-3x=70
-0.5x+75=70
-05x=-5=x=10
So, there are 10 1bs of cashews, 30 1bs of
almonds and 60 1bs of pecans.

Let x = the number of dimes. Then 3x = the
number of nickels, and 4x = the number of
quarters.

Number Value
Coin . of each Total
of coins .
coin
Nickels 3x 0.05 0.15x
Dimes X 0.10 0.10x
Quarters 4x 0.25 X

56.

0.15x+0.10x + x =96.25
1.25x=96.25= x=177
So, there are 77 dimes, 3(77) = 231 nickels,
and 4(77) = 308 quarters.

Let x = the total number of gumdrops. Then

12 +§ = the number of red gumdrops, and

19+ %(12 + %J =the number of green

gumdrops. So,

(12+fj+ 19+1(12+1) =x
2 2 2
=x

(12+£j+(19+6+f

2 4
(12+fj+(25+£)=x

2 4
37+3—x=x

4

4[37 +3—x) = 4x
4

148+3x=4x=148=x
There are 148 gumdrops in total. There are

12+ % =86 red gumdrops and

19+ % =62 green gumdrops.

Let x = Eric’s grandfather’s age now. Then
x =57 = Eric’s age now. x + 5 = Eric’s
grandfather’s age five years from now, and
(x—=57) +5 =x—-52 =Eric’s age five years
from now. So,

x+5=4(x-52)

x+5=4x-208
x+213=4x=213=3x="7l=x
Eric’s grandfather is 71 years old now.

Let x = the total acreage bought. Then,
7200/ x = the cost per acre, and

7200/x +30 = the selling price per acre. So,
3x ( 7200

X

+ 30) =7200

5400 + 9?Tx =7200

4 (5400 + 9?Tx) = 4(7200)

21,600+ 90x = 28,800
90x =7200= x =80
The real estate agent bought 80 acres and sold

%(80) =60 acres.

Let x = the length of the tin rectangle. Then
x — 2 = the length of the box.

The formula for volume is V = Ilwh, so
(x-2)DHM)=2=x-2=2=x=4
The length of the tin rectangle is 4 m.

Suppose Mr. Kaplan invests P dollars at x%
and 0.5P at 2x%.

Principal | Rate | Time Interest
P I Px
100 100
osp | 2= | 1 L
100 100
1.5P 0.08 1 0.08(1.5P)

(continued on next page)
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(continued from page 62)

L B .0801.5P)
100 100
2Px_ 0.12P
100

2Px=12P=x=6
So, the interest rates are 6% and 12%.

1.2 C Exercises: Beyond the Basics

61. Letx = the average speed for the second half

of the trip.
Rate Distance Time
D
1* half 75 D —
75
D
2" half X D —
X
Whole trip 60 2D 2D
60
So,
D D 2D
_— =
75 x 60

300x (2 + 2) =300x (Z—Dj
75 x 60

4Dx +300D = 5x(2D)
4Dx +300D =10Dx
300D =6Dx = 50=x
The average speed for the second half of the
drive is 50 mph.

62. First we need to compute how much time it
will take for Davinder and Mikhael to meet.
Let ¢ = the time it will take for them to meet.

So,
Rate Time Distancee
Davinder 3.7 t 3.7t
Mikhail 4.3 t 4.3t

37t+43t=2=8t=2=1t=0.25
They will be walking for 0.25 hour until they
meet.

The dog starts with Davinder. Let 7, = the
amount of time it takes for the dog to meet

Mikhail. So,
Rate Time Distance
dog 6 i 61,
Mikhail 43 ta 4.3ty

63.

6ty +4.3t;,=2
103t =2
t=0.19

The dog meets Mikhail for the first time when
they have walked for 0.19 hour. The dog will
have traveled 1.14 mi.
While the dog has been running towards
Mikhail, Davinder has continued to walk.
During the 0.19 hour, he walked 0.70 mi, so
now he and the dog are 1.14 — 0.70 = 0.44 mi
apart. Let 7, = the time it takes the dog to

meet Davinder.

Rate Time Distance
dog 6 o 61,5
Davinder 3.7 o 3.7ty
t=0.05

So, the dog meets Davinder when they have
walked for another 0.05 hour. The dog will
have traveled 0.3 mi.

They have now walked for 0.19 + 0.05 = 0.24
hr. Since Davinder and Mikhail don’t meet
until they have walked for 0.25 hours, the dog
must walk for 0.01 hr more. In that time, the
dog will travel 0.06 mi. So in total the dog
will travel 1.14 + 0.3 + 0.06 = 1.5 mi.

Let x = the number of liters of water in the
original mixture. Then 5x = the number of
liters of alcohol in the original mixture, and
6x = the total number of liters in the original
mixture.

X + 5 = the number of liters of water in the
new mixture. Then 6x + 5 = the total number
of liters in the new mixture. Since the ratio of
alcohol to water in the new mixture is 5:2,
then the amount of alcohol in the new mixture

is 5/7 of the total mixture or %(6x +5) . There

was no alcohol added, so the amount of
alcohol in the original mixture equals the
amount of alcohol in the new mixture. This
gives

%(6x+5) =5x

5(6x+5)=35x
30x+25=35x=>25=5x=>5=x
So, there were 5 liters of water in the original
mixture and 25 liters of alcohol.

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



64

Chapter 1 Equations and Inequalities

64. Letx = the amount of each alloy. There are 13

65.

66.

parts in the first alloy and 8 parts in the second
alloy. We can use the following table to
organize the information:

Total Zinc Copper
Alloy 1 X 5x 8x
13 13
Alloy 2 X 5x 3%
8 8
Total 2x 5x 5% 8x,3x
13 8 13 8

The amount of zinc in the new mixture is
5x 5x 105x .
— +— =——, and the amount of copper in
13 8 104

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

13 8
So, the ratio of zinc to copper in the new

105x ) 103x
104 104

mixture is or 105:103.

Let x = Democratus’ age now. Then x/6 =
the number of years as a boy, x/8 = the
number of years as a youth, and x/2 = the

number of years as a man. He has spent 15
years as a mature adult. So,

NS LET:
6 8 2

24(f+f+f+15j=24x
6 8 2

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

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

Democratus is 72 years old.

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

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

3x—119 years old, she was

years

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

67.

68.

(Br-119)- 2" _y19 5
6x—238—-3x+119=238—-4x
3x-119=238-4x
Tx—-119=238
7x=357T=x=51

So the man is now 51 years old.

Check by verifying the facts in the problem.

When she is 51 years old, he will be 119 — 51

= 68 years old. The difference in their ages is

68 —51 =17 years. So she is 51 — 17 =34

years old now. When he was 34 years old, she

was 17 years old, which is 1/2 of 34.

There are 180 minutes from 3 p.m. to 6 p.m.
So, the number of minutes before 6 p.m. plus
50 minutes plus 4 x the number of minutes
before 6 p.m. equals 180 minutes. Let x = the
number of minutes before 6 p.m. So,
x+504+4x=180= 5x+50=180=
5x=130=x=26

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

Let x = the number of minutes pipe B is open.
Pipe A is open for 18 minutes, so it fills 18/24

or 3/4 of the tank. Pipe B fills x/32 of the tank.
So, 2+ X 1533 X o =
4 32 4 32

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

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

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

Rate Distance Time
to 140 x x/140
from 160 x x/160
2+ L1
140 160

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

The plane flew 112 miles before turning
back.
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b. The plane traveled 224 miles in 1.5 hours,
so the average speed is % =149.33 mph.

70. Letx = the airspeed of the plane. Because of
the wind, the actual speed of the plane
between airports A and B is x + 15. The actual
speed of the plane between airports B and C is
x=20.

W ——) T
652.5 mi 705 mi

ch720mph 1;3 x+ 15 mph 1}4

Rate Distance | Time
AtoB x+15 705 705

x+15

Bto C x—-20 652.5 652.5

x—20

The times are the same, so we have

705  652.5
x+15 x-20

705(x —20) = 652.5(x +15)
705x 14,100 = 652.5x +9787.5
52.5x-14,100=9787.5
52.5x =123887.5
x =455
The airspeed of the plane is 455 mph.

71. The ends of the trains are 440 feet apart when
the trains first meet. Because the speed is in
miles per hour, but the distance is measured in
feet, convert the speed to feet per hour. The
distance is relatively short, so we need to
convert the feet per hour to feet per second.
50mi 5280ft 1hr 1Imin 220

- — - = ——feet
hr mi 60 min 60 sec 3
per second.
60mi 5280ft 1hr 1min
. — — - = 88 feet per
hr mi 60 min 60 sec
second.
Rate Time | Distance
Train A @ t —220t
3 3
Train B 88 t 88t
| 230 ft | 210 ft |
50 mph 60 mph
2—§0 ftsec 88 fusec

The total distance is 440 feet, so we have

72.

% + 88t =440
220t + 264t =1320
484t =1320

t=27
The ends of the trains will pass each other
after 2.7 seconds.

Call the distance between the two points D.
The speed to go from point A to point B is x.
Then the time needed to go from point A to

point B is D/x . Similarly, we have the time
needed to go from point B to point Ais D/y .
The total distance traveled is 2D and the total

... D D )
time is —+—. So the average speed is

Xy
2D 2D 2Dxy
D D Dy+Dx Dix+y)
Xy Xy
_2xy 2
- 11
x+y L1
Xy

To extend this, we know that each distance is
the same, D. Using the same reasoning as
before, we have that the times are D/x, D]y,

and D/z, respectively. The total distance

traveled is 3D. So the total time traveled is

2+—+2 and the average speed is
x y z

3D . 3xyz
1 B xX+y+z
Z

_ 3
D D D 1 1
—F—+— —+—+
Xy z x Yy

1.2 Critical Thinking

73.

74.

In one day, 1.5 men can do 1 job. Let x = the
amount of time it takes one man to do the job.
Then 1+2=1=15=2x

X x
It takes one man 1.5 days to do the job.

Let x = the amount of time Chris takes to do

the job alone. Then
3.3,3

—+=+==1=12x+9x+72=24x=>
6 8 x

2Ix+72=24x=T72=3x=>24=x
It would take Chris 24 hours to do the job
alone. Therefore, in three hours, he did 1/ 8 of

the job and earned $100.

Copyright © 2011 Pearson Education Inc. Publishing as Addison-Wesley.



66 Chapter 1 Equations and Inequalities
1.3 Complex Numbers 7 4 2 -2 14i_ 242 2+2i
TTUl=i 1-i 140 -2 1+1
1.3 Practice Problems _2+2
l.a. —-1+2i
real part: —1, imaginary part: 2 -3 _ -3 _ -3 4-5i
! 4+~/-25 445 4+5i 4-5i
b. —3-6i _—12i+15i% _ —15-12i
1 16 —25i2 16+ 25
real part: ~3 imaginary part: —6 _—-15-12i _ -15 12
T4 T 41 41
c. 8=8+0i ] )
real part: 8, imaginary part: 0 8 __ 47y _ (1+2i)(2-3i)
. t + . EY)
2. Letz=(1—-2a)+3iandletw=>5—(2b - 5)i. Zi+Zy (1+2i)+(2-30)

Then
Re(z)=Re(w) and Im(z)=Im(w)

1-2a=5 3=-(2b-5)
—2a=4 3=-2b+5
a=-2 -2=-2b
1=b

(1-4i)+(3+2i)=4-2i

b. (4+3i)—-(5-i)=-1+4i

¢ (3-+-9)-(5--64)=(3-3i)-(5-8i)

=-2+5i

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

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

(—3>+«/Z)2 = (-3+2i)
= (-3) +2(-3)(2i) +(2i)°

=9-12i+4i>=9-12i—-4
=5-12i

b (5+-2)(4+=8)=(5+iv2)(4+2iN2)

=20+10iv/2 + 4i\2 + 4i®
=20+14ix2 -4
=16+ 14iv2

z=1+6i=7=1-6i
Z = (1+6i)(1-6i)=1-36i> =1+36 =37

b. z=2i=>7=2i

7 =(-2i)(2i)=—4i* =4

_2-3i+4i—6i° _2+i+6_8+i

3-i 3-i  3-i
_8+i 3+i_ 24+8i+3i+i°
T 3—i 3+i 9_;2
_2441li-1_23+11i_23 11,
9+1 10 10 10

1.3 A Exercises: Basic Skills and Concepts

1. We define i = \/—71, so that i% = -1

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

3. For b>0, V—b = irb.

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

5. True
6. True

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

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

equation becomes x—4i =2+ yi.
x=2and y=—4.

10. 3+yi=x-+-25.+-25=5i,so the
equation becomes 3+ yi =x—5i.
x=3and y=-5.

11. 6+20)+B+)=05+3)+2+1)i=8+3i
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12.
13.

14.

15.

16.

17.
18.
19.
20.

21.

22,

23.

24.

25.

26.

27.

G+ +A+2D)=6+D)+A+2)i=7+3i

(4-3i)—(5+3i)=(4-5)+(-3-23)i
=—1-6i

B-5))—-(B+2))=3-3)+(-5-2)i=-Ti
(2-3)+(-3-2i)=[-2+(-3)]+(-3-2)i
=-5i-5i

(=5-30)+(2—i) = (=5+2) + (=3 - 1)i
=-3-4

3(5+2i) =3(5)+3(2i) = 15+ 6i

43+ 5i) = 4(3) + 4(5i) =12+ 20i
—4(2-3i) = —4(2) - 4(-3i) = -8 +12i
~7(3— 4i) = =7(3) - T(~4i) = 21+ 28i

3i(5+i) =3i(5) +3i(i)) =15i + 3i% . Because
i?=-1, 3% =-3.

So, 15i+3i> =15i—3 = -3 +15i.

2i(4+3i) = 2i(4) + 2i(3i) = 8i + 6i* . Because
i2=-1, 6i>=-6.S0 8i+6i> =—6+8i.

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

=3i(5-2i) =-3i(5) - 3i(-2i) = —-15i + 6i2.
Because i = -1, 6i’=-6.

So, —15i+6i%> =—15i—6=-6—15i .

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

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

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

(2-30)(2+3i)
=2-242:3i +(=3i)-2+(-3i)-3i
=4+ 6i—6i—9i°
=4-9(-1)=4+9=13

28.

29.

30.

31.

32.

33.

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

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

(=24 3i)(=3+10i)
=(-2)-(-3)+(-2)-(10i)

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

(V3-12i)
= (V3-12i)(v3-12i)
=33 +43-(-12i)
—12i 3+ (-12i)-(-12i)
=3-124/3i = 12/3i + 144i>
=3 - 24+3i +144(-1)
=3-243i - 144
=—141-24-/3i

(-5 —131')2
= (~V5-13i)(~5 -13i)
R85

- 13i-(—x/§)+(—13i)~(—13i)

=5+13/5i +13/5i + 1692
=5+26+/5i +169(-1)
=5+26+/5i—169
= —164+ 26+/5i

(2—\/—16)(3+5i)
=(2-4i)(3+5i)
=2.3+2.5i—4i-3—4i-5i
=6+10i —12i — 20i>
=6-2i-20(-1)
=6-2i+20
=26-2i
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34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

(5—2i)(3+\/—25)
=(5-2i)(3+5i)
=5-3+5-5i—2i-3-2i-5i
=15+ 25i — 6i — 10>
=15+19i —10(-1)
=15+19i +10
=25+19i

If z=2-3i then 7=2+3i, and
Z=02-3)2+3)=4-9i>=4+9=13.

If z=4+5i then 7 =4-5i, and
Z=(4+5)(4-50)=16-25{=16+25=41.

If z=l—2i then Z=l+2i,and
2 2

Zz=(l—2i)(l+2ij=l—4i2 L
2 7 )\2

If z:%+li then Z:%—li,and
3 2 3 2

_ (2 1.}(2 1,) 4 1, 4 1 25

Z=lo—Zi||oHDi|l=m——i"=—+—=—
3 20037 2)79 4 "9 4 3

If 7=+/2-3i then 7=+/2 +3i, and

7 =(V2-3i)(V2+3i)=2-9i? =249 =11.

If z=+/5++/3i then z7=+/5-+/3i, and
Z = (V5 +3i) (V5 -3i) = 5 - 32

=5+3=8

The denominator is —i , so its conjugate is .

Multiply the numerator and denominator by i.
5 50 5 .

Z=—==Zas

=i =i 1

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

Multiply the numerator and denominator by 3i.
2 23) 6i 2.

333 9 3

The denominator is 1+, so its conjugate is

1—i. Multiply the numerator and

denominator by 1—i.

-1 -1a-i) -1+
1+i (A+HA-i) 1+1
-1+ 1 1,
= =——+—=i
2 2 2

44.

45.

46.

47.

48.

49.

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

I 12+ 240 2+i
2—-i (2-D@2+i) 4+1 5
2 1,
=—+—i
55

The denominator is 2 +1i, so its conjugate is
2 —i. Multiply the numerator and denominator
by 2-i.
50 5i2-i) _ 10i-5i°
240 Q+)2-i)  4+1
_10i+5

=1+2i

The denominator is 2 —1i, so its conjugate is
2 +i . Multiply the numerator and denominator
by 2+i.
3 3i2+i)  6i+3i
2-i (2-)Q2+i) 4+1
_—3+6i
5 55

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

243 (2+3i)(1—i)  2-2i+3i-3i’

1+i  (1+)1-10) 1+1
24+i+3 5+4+i 5 1.

= = =—4—1

2 2 2 2

The denominator is 4 +1i, so its conjugate is
4 —i . Multiply the numerator and denominator
by 4—i.
3+50  (3+50)(4-i) 12 - 3i +20i - 5i°
4+i  (A+DE-i0) 16+1
12+17i+5 17+17i
= = =1+
17 17

The denominator is 4 —7i, so its conjugate is

4 +7i . Multiply the numerator and

denominator by 4 +7i.

2-5i  (2-5i)(4+7i) 8+14i—20i—35i

4-7i  (4-TA4+7i) 16+ 49
_8-6i+35 43-6i 43 6 .
65 65

T 65 65
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50.

51.

52,

53.

54.

The denominator is 1—3i, so its conjugate is
1+ 3i . Multiply the numerator and
denominator by 1+3i.

3+5i  (3+5)(1+3i0) _3+9i+5i+15i2

1-3i  (1-3)1+3i) 1+9
_3414i-15 124140 _ 6, 7.
10 10 55

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

2444 _(2+2i) _(2+20)(1-i)

1+i A+ (A+id—i)
2-2i+2i-2i* 2-2i% 2+2 _,
1+1 2 2

The denominator is 3+ 2i , so its conjugate is
3 —2i . Multiply the numerator and
denominator by 3—2i .
5-7-9  5-3i  (5-3)(3-2i)
342 342 (3+2)(3-20)
_15-10i=9i+6i* _15-19i + 6i°

9+4 13
15-19i-6_9-19 9 19,

13 3 13 13

The denominator is 2 —3i , so its conjugate is
2 +3i . Multiply the numerator and
denominator by 2+3i .

2+~-25 2450 (-2+50)(2+3i)
2-3i 2-3i  (2-3)(2+3i)
_ —4-6i+10i +15i°

4+9
_ A+4i-15 -19+4i

13 13
19 4 .

i
13 13

The denominator simplifies to 5—3i, so its
conjugate is 5+ 3i . Multiply the numerator
and denominator by 5+3i .
54 —5-2i (=5-2i)5+3i)
5-4=9  5-3i  (5-3i)(5+30)
2515 —10i - 6i°

25+9
_ 25-25i+6 —19-25i
34 34
__ B2,
34 34

1.3 B Exercises: Applying the Concepts

55. Zy=4+3iand Z,=5-2i.
So, Zi+Z, =(4+3))+(5-2i)=9+i.

s6. = Z\Zy _ _(4+3i)5-20)
Z\+Zy, (4+30)+(5-2i0)
_20-8i+15i—-6i° 20+7i+6 _26+7i
- 9+i 940 9+
Now simplify the fraction by multiplying the
numerator and denominator by 9—i .
26+7i  (26+7i)(9-1i)
9+i  (9+i)9—1i)
 234-26i+63i - 7i"

81+1
_234+37i+7 241+37i
82 82
241 37 .
=4+ —i
82 82

57. Z=¥, I=7+5i,V =35+70i. Then,

7= 35+70i .
7+5i
multiplying the numerator and denominator
by 7-5i.
35+70i  (35+70i)(7 - 5i)
7+5i (74507 -50)
_245-175i + 490i — 350

Simplify the fraction by

49 +25
_ 245+315i+350 595+ 315i
74 74
595 315
==+
74 74

58. Zz%, I=T7+4i,V =45+88i. Then,

7= B8 plify the fraction by

T+ 4i
multiplying the numerator and denominator
by 7—-4i.

45488  (45+88i)(7 - 4i)

T+4i  (T+4i)(T - 4)

_ 315-180i +616i —352i*
49+16

315+436i +352 667 +436i
- 65 65
667 436,
=——+—1i
65 65
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59. Zz%, Z=5-7Ti, I =2+5i. Then,

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

60. Zzz, Z=7-8i, I:l+li.Then,
I 3 6

V:ZI:(7—8i)(l+liJ
36

. 8 .2
=—t—i——i——i
36 3 6
7 7. 16, 4
=—4—i-——i+—
36 6 3
0o, 13,
36 3 2
Vv ; .
61. Z=7,V=12+101,Z=12+61.Then,
_Y = 12+10: . Simplify the fraction by
Z 12+6i
multiplying the numerator and denominator
by 12-6i.

12+10i _ (12 +10i)(12 - 6i)
12+6i  (12+6i)(12 - 6i)
144 —72i +120i - 60i°

144 + 36
_ 144+ 48i + 60

180
204448 17 4

180 15 15

62. z=L
i

, V=29+18i, Z=25+6i. Then,
V. 29+18i
T Z  25+6i

multiplying the numerator and denominator

by 25-6i.

29+18i (29 +18i)(25— 6i)

25460 (25+6i)(25—6i)
725174 +450i - 108i2

625 +36
7254276 +108

661
_ 833+276i _ 833 276

—+
661 661 661

. Simplify the fraction by

1.3 C Exercises: Beyond the Basics

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

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

remainder is 1, so iT=il=i.

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

remainder is 1, so P =il=i.

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

divide 7 by 4. The remainder is 3, so L7 = i3 .
it
Simplify the fraction by multiplying the
numerator and denominator by i.
1 i i

—e—=—=

20t

S . o 1
To find i 2* , first rewrite it as -7 Then
i

divide 24 by 4. The remainder is 0, so

1 1
—=—=1.
i24 iO

To find i'°, first divide 10 by 4. The
remainder is 2, so i'%=i2=-1.%0
i"+7=-1+7=6.

i*=—i,509+i°>=9—i.

To find i’ , first divide 5 by 4. The remainder
is 1, so i>=i.So0 3i°=3i. i3:—i,so
~2i* =2i . Then, 3i° - 2i° =3i+2i=5i.

To find i®, first divide 6 by 4. The remainder
is2,80 i%=i>=-1.805°=-5.i*=1, 50
—3i* = 3. Then, 5i° -3i* =-5-3=-8.

id=—i, s02i°==2i.i*=1,s0 1+i*

=1+1=2.Then 2i3(1+i*)=-2i(2) = 4 .

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

i’ —i=—i—i=-2i.Then,

519G — i) =5i(=2i)=-10i> =10.
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73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

1 Ila-bi a—bi a b

= = = — l
a+bi (a+bia-bi) a?+b> a’+b> a’+b?

2tz (a+bi)+(a—bi) 2a

=a+bi,so R =a. —=a=R .

z=a+bi,so Re(z)=a 5 5 5~ 4 e(z)

z=a+bi,so Im(z)=>b. Z_,Z =(a+bl)_.(a_bl)=2_b.l=b=1m(z)'
2i 2i 2i

( z ) a+bi a+bi (a+bi)[(a+c)—(b+d)i]
Re =Re] ——————— |=Re =Re
Z+w (a+bi)+(c+di) (a+c)+ B +d)i [(a+o)+ b+ d)i][(a+c)— b+ d)i]
_alatc)-bilb+d)i ala+c)+bb+d)
(a+c)>+(b+d)?  (a+c)*+(b+d)?
Note that when we simplify the fraction, in the numerator we multiply only the first and last terms because we
need only the real terms. Multiplying the inside and outside terms give the imaginary terms

Re(w):Re( c+di ):Re( c+di j:Re( (c+di)[(a+c)—(b+d)i] J
Z+w (a+bi)+(c+di) (a+c)+ B +d)i [(a+o)+ b+ d)i][(a+c)- b+ d)i]
_clatco)—dib+d)i _clatc)+db+d)
C@+r+brd)? (a+o)l+(b+d)?

So Re( z j+Re( w ):a(a+c)+b(b+d)+c(a+c)+d(b+d):(a+c)2+(b+d)2:1
o lztw 2+w) (a+o)’ +(b+d)?  (a+o) +(b+d)?  (a+c)+(b+d)?

2z = (a+bi)a - bi) = a* + b* 2-3i _2-3i 9+7i _18+14i—27i-21i’
2, .2 - . _ 9-7i 9-7i 9+7i 81— 49;2
a”+b —01.fandonly1fa—0andb—0. :18_13i+21:39_13i:i_Li
So, z=0+0i=0. 81+49 130 10 10
. . ) 1-2i _ 3 1. 2-3 _ 1-2 _2-3i
7+y=3+i=>7=i=>x=i = x=-1 and 5-5i 10 100 9-7i 5-5i 9-7i
y=3. 5
g3, LHi, 240 _14i 1420 14+2i+i+2i
Y _ . C1-i 1420 1-i 2+i 24i_2i_;2
oy Tl _143i-2 _—143i
R T S _ 2—i+1  3-i
A y=AT =S y=s y=d _ 1430 34i_ —3-i+9i+3i
) 3—i 3+i 9_;2
2N 5 s x+yi=i(5-7i) _3+8i-3_—6+8i __3 4.
i 9+1 10 55
=x+yi=T7+5i=x=7,y=5.
5x+ yi . . . . 84. (1+3i)z+(2+4i)=7-3i
S T 2= Sxtyi=(2+02-0) (143i)2=7-3i —(2+4i)=5-7i
=5x+yi=5=x=1y=0. Z=5_7i=5_7i-1_3i
1430 143 1-3i
o1& .2
1-2i _1-2i 5+5i _5+5i—10i—10i> =3 15; ;f;ﬂ’
5-5i 5-5i 5+5i 251252 ~ .—_l .
_5-5i+10 _15-5i_3 1. =3 12?:9 21_ 1610221
25+25 50 10 10
_8_11,
55
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85. z=2-3i, w=1+2i 1.4 Quadratic Equations

a. (aw)=((2-3i)(1+ 2i)) = (2 +4i-3i— 6i2) 1.4 Practice Problems

1. x2 +25x=-84

2 +25x+84=0

8+i)=8-
(Z)(w)= (+ )(1 2i)=2-4i+3i-6i*
8- (x+4)(x+21)=0

b 2 _2-3i_2-3i 1-2i x+4=0 | x+21=0
w1420 1420 1-2i x=—4 x=-21
. . .2
_2-4i-3i+6i° Solution set: {21, —4}
1-4i*
:—4—71':_&_11- 2. 2m? =5m
5 5 3 2m* ~5m=0
-1, m(2m=3)=0
wio30S m=0|2m-5=0
Z_2+43i _2+43i 1+2i 2m=35
w 1-2i 1-2i 1+2i 5
_ 244i+3i+6i° )
=
4 +17;il_ 4 . 7 i Solution set: {0, %}
5
3. xP-6x=-9
1.3 Critical Thinking Y2 —6x+9=0
86. a. True. Every real number a can be written as (x- 3) =0
a complex number a + 0i . x=3=0

x=3

b. False. Solution set: {3}

c. False. A complex number with the form

2
a+0i does not have an imaginary 4. (x+2)" =5
component. x+2=1/5
d. True x=-2%+/5

Solution set: {—2 - \/g, -2+ \/g}

e. True. (a+bi)a—bi)=a’+b*. There is

no imaginary component.
ginaty comp 5. x2—6x+7=0

f. True 2 —6x=-7
1.3 Group Project x*=6x+ 2 =749
(x=3)"=
If i =0, then i> =0> = —1=0, whichisa x-3=12
contradiction. If i < 0, then i-i>0-i (since i is x=3+42
negative) = i 250=-1> 0, a contradiction. Solution set: {3 - ﬁ, 3+ \/5}

Ifi>0,then i-i>0-i=i>>0=-1>0, a
contradiction. Thus, the set of complex numbers does
not have the ordering properties of the set of real
numbers.
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6.

8. a.

4x% =24x+25=0

4x* —24x=-25
2 e _25
x“—6x= 1
x2—6x+9=—%+9
2 _11
(x_3) - 4\/_
11 11
+N-2 =3+~
-3=% > =x=3% >
Solution set: { £ 3+%
6x>—x—2=0
a=6,b=-1,c=-2
—b +\b?% - dac
2a
2
_ (DY) -4(6)(-2)
2(6)
_1xV49 17 _6_ 1 8 2
12 1 2 2 12 3

. L) .3.3.
Solution set: { 21, 21}

x? =4x-13
x2—4x+13=0
—(-4)£(-4)* -4 (1) (13)
X =
2(1)
_ 41\2/—36 _ 41;61' i3

Solution set: {2 — 3i, 2 + 3i)

9x2 —6x+1=0=0a=9,b=—6,c=1
So, D =(-6)>—4(9)(1)=36-36=0.
Therefore, there is one real root.
x*-5x+3=0=a=1b=-5c=3
So, D=(-5)%-4()(3)=25-12=13>0

Therefore, there are two unequal real roots.

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

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

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

x(5x—45)=2100
5x% —45x=2100
5x2 —45x-2100=0
a=5,b=-45¢=-2100
| —(=45) % /(-45)2 - 4(5)(-2100)
B 2(5)
_45+./44,025
e
Reject the negative solution.
5x=5-25.482=127.41

The building is approximately 25.48 ft by
127.41 ft.

—16.48 or 25.48

1+\/7 X

_ length X
“Width 2 36

x= 36(#] = 18+18/5 = 58.25 ft

1.4 A Exercises: Basic Skills and Concepts

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

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

3. If you complete the square in the quadratic

equation ax* +bx+c=0, you get the
quadratic formula for the solutions:

_~b*Vb® —dac

2a

4. If b> —4ac <0, the quadratic equation has
two nonreal complex solutions; if

b% —4ac = 0, the equation has one real

solution; if b% —4ac > 0, the equation has two
unequal real solutions.

5. True
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6. False. We form a perfect square by adding 18. Y2 _5x+4=0
&)2 (x—4)(x-1)=0
2) x—4=0o0orx—-1=0=>x=4orx=1
7. (=6)>+4(=6)—12=36-24-12=0, 50 -6 is 19. P +5x=14
a solution of the equation. x> +5x-14=0
(x+7)(x-2)=0
8. 92-8(9)-9=81-72-9=0,s09isa x+7=00rx—2=0
solution of the equation. x=-Torx=2
2 2
20. -1lx=12
9, 3(3) +7(3)—6=3(f)+5—6 , 7
3 3 9) 3 x“-11x-12=0
4 14 (x-12)(x+1)=0
=§+?—6:O,502/3isasoluti0n0fthe x—12=00rx+1=0
. x=12orx=-1
equation.
2 _
1)2 1 1 5 21. . x“=5x+6
10. 2 —E -5 —E -3=2 Z +E—3 x°=5x—-6=0
| s (x=6)(x+1)=0
=—+4+=-3=0, so—-1/2 is a solution of the x-6=0o0rx+1=0
2 2 x=6orx=-1
equation.
) 22, x=x>-12
1. (2-43) -4(2-+B)+1= 0=x%—x—12
B . 0=(x—-4)(x+3)
(4-43+3)-8+43+1=0,50 2-3 is A= Oorra3e o
a solution of the equation. x=4orx=-3
2 2
12. (3+242) -6(3+2v2)+1= 23 2x"+5x-3=0
2x-D(x+3)=0
1741242 - 18- 1242 +1=0,50 3+2v/2 is 2x-1=00rx+3=0
a solution of the equation. 1
x=—orx=-3
13. 42+3i)2-8(2+3i)+13=
A(=5+12i)—16-24i +13 24. 2x>-9x+10=0
=-20+48i—16-24i +13=-23+24i 20, s0 (2x=-5(x=-2)=0
2+ 3i is not a solution of the equation. 2x=5=00rx-2=0
= — :2
14. (5-20)2-6(5-2i)+13= e o
25—2Qi+4i2—30-!-12i+13:—8i-.|-4¢0,so 25, 3y +5y42=0
5—2i is not a solution of the equation. Gy+2)(y+1)=0
15. k()2 +1-3=0=k-2=0=k=2 3y+2=0(2’ry+1=0
) y=—§ ory=-1
16. k(N7) +7-3=0=7k+7-3=0=
2
3-7 26. 6x°“+11x+4=0
Tk=3-JT=k= - BGx+4)2x+1) =0
3x+4=0o0r2x+1=0
17. x?-5x=0=x(x-5)=0= U U
x=0orx-5=0=x=0o0rx=5 3 2
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27.

28.

29.

30.

31.

32,

33.

5x2+12x+4=0
5x+2)(x+2)=0
S5x+2=0o0orx+2=0

x=——orx=-2

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

x=—orx=-1

2x% +x=15
2x2+x-15=0
2x-5)(x+3)=0

2x—5=00rx+3=0=>x=% orx=-3

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

X=—orx=-——

3 2
12x% -10x =12
12x2-10x-12=0
2(6x2=5x-6)=0
6x>-5x—6=0
Bx+2)(2x-3)=0

3x+2=0o0r2x-3=0

X=——orx=—
3 2

—x2+10x+1200=0
xZ=10x-1200=0
(x—40)(x +30)=0

x—40=00rx+30)=0
x=40orx=-30

18x% —45x =7
18x2 —45x+7=0
Bx-7)6x-1)=0
1

3x—7=00r6x—1=0:>x:z orx=—
3 6

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

18x% +57x+45=0
3(6x% +19x+15)=0
6x2+19x+15=0
(Bx+5)(2x+3)=0
3x+5=00r2x+3=0
5 3

X=——orx=——

3 2

4x* -10x-750=0
2(2x2 =5x-375)=0
2x2=5x-375=0
(2x+25)(x—15)=0
2x+25=0o0rx—-15=0

x=—2—5 orx=15
2

12x% +43x+36=0
Gx+4)(4x+9)=0
3x+4=00r4x+9=0

X=——0rx=——

3 4
3xt=48=x’=16=>x=14
2x2=50= x* =25= x =45
X +l=5=x=4=x=142

2x2-1=17=2x>=18=
x2=9:>x=i3

W +5=1= x2=—4= x=42i

4x249=0
4x* =9
x? 2—2:>x=i§i
4 2

(x-1>=16
x—-1=—4orx—-1=4=x=-3o0rx=5

(2x-3)%=25=
2x—3=-S5Sor2x-3=5=x=-lorx=4

Bx-2)2+16=0
(Bx-2)2=-16
3x—2=—4ior3x—2=4i
3x=2—-4ior3x=2+4i
2 4, 2 4,
X=———10rx=—+—1
3 33

3
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46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

(2x+3)2+25=0
(2x+3)? =-25
2x+3=-5ior 2x+3="5i
2x=-3-5ior2x=-3+5i
5

X=————iorx=——+—i

2 2 2 2

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

square the answer. 22 =4,

To complete the square, find 1/2 of the
coefficient of the y-term, 10/ 2 =15, and then

square the answer. 52=25.

To complete the square, find 1/2 of the
coefficient of the x-term, 6/ 2 =73, and then

square the answer. 32=9.

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

square the answer. 42 =16.

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

(7)2 49
answer. | — =—.
2 4

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

(3)2 ;
answer. | — =—.
2) 4

To complete the square, find 1/2 of the

coefficient of the x-term, and then

ri_1
23 6
1

1)2
square the answer. | — | =—.
6 36
To complete the square, find 1/2 of the
coefficient of the x-term, l-é = E and then

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

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

answer. (d/2)2 =a’/4.

56.

57.

58.

59.

60.

61.

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

1 2a
23 3

(z)z _a
3 9’

¥ +2x-5=0
x2+2x=5

Now, complete the square.

X2 +2x+1=5+1
(x+1)>=6

x+1=+J6 = x=-1+/6

X% +6x=-7

Now, complete the square.

x2+6x+9=-7+9

a
=—, and then square the answer.

(x+3)2=2= x+3=+t2= x=-3+2

x2=3x-1=0
x2—3x:1

Now, complete the square.

3 413
x—2=+37
2 2
3 J13 3+13
x=—+—=
27 2 2

¥ —x-3=0

¥ -x=3

Now, complete the square.
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62.  3k*-5k+1=0

3k% -5k =-1
k2—§k=—l
3 3

Now, complete the square.
JEIEPRNE NI
3 36 3 36

k—§=i E:i—\/E
36 6
=343 52V
6 6 6

63. z°-2z+2=0
22-27=-2
Now, complete the square.
2P -2z+1=-2+1
(z-1) =-1=z-1=%i=z=1%i

64. x’-6x+11=0
x2—6x=-11
Now, complete the square.
x2—6x+9=-11+9
(x=3)* =2
x=3=%iV2 = x=3+i2

65. 2x*—20x+49=-7
2x% - 20x = 56
x> —10x=-28
Now, complete the square.
x% —10x+25=-28+25
(x—=5)"=-3
x—5=ii\/§=>x=5iix/§
66. 4y*+4y+5=0
4y? +4y=-5
yi+y= -2
4
Now, complete the square.

5 15 1
yoHy+—=—+4—

4 4 4
2
1
[e3) =
y+%=ii:>y=—%ii

67. 5x2—6x=4x>+6x-3
x> —12x=-3
Now, complete the square.
x> —12x+36=-3+36
(x—6)> =33

x—6=i\/§=>x=6i\/§

68. 2 +7x-5=x-x>

2x> +6x-5=0
2x> +6x=5
x2+3x=§

2

Now, complete the square.
59

69. 5y°+10y+4=2y2+3y+1
3y2+7y=-3
2 7o
Yy 3 y
Now, complete the square.

2 7,49 49
37736 36

7,13 _ 74413
6~ 6 6
70. 3x2—1=5x>-3x-5
4=2x>-3x
2=x2—§x

Now, complete the square.

(continued on next page)
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41 3 .43
t—=x——=>t—=x——
16 4 4 4
NI
4= 4 4
In exercises 71-86, use the quadratic formula
e ~b+\b* —4ac
- 2a )

7. ¥’ +2x-4=0=a=1b=2,c=—4

. 24422 —4()(—4) _24/4+16
2(1) 2

2+ 2+
2_2\/%: 2_22x/§:_1i\5

72. m?+3m+2=0=a=1,hb=3,c=2

. 34032 -4(1)2) -3+9-8

2(1) 2

_3#V1 . -3+#1
2 2
-3+1 -2
= =—=-lor
2 2
m=—l A,
2 2

73. 6x>=Tx+5=6x>-Tx-5=0=
a=6,b=-7,c=-5

L TEDENED? - 46)(-5)

2(6)
74494120 744169 7413

12 12 12
7+13 20 5
=—=—=— 0r
12 12 3
7-13_-6_ 1

12 12 2

74. 2+ T7=dt=>1t>-4+7=0=>
a=1,b=-4,c=17

. (-t \/(—4)2 =47
2(1)
_4+416-28  4+-12
- 2 )
_ 4i2l\/§ _ 2ii\/§

2

Copyright © 2011 Pearson Education Inc.

75. 372-27=7=372-27-7=0=
a=3,b=-2,c=-7

= —(=2) £(-2)* - 43)(-7)

203)
244484 22488 24222
6 6 6
12422
3

76. 6y>+11y=10=6y>+11y-10=0=
a=6,b=11,c=-10

—11+4/117 = 4(6)(-10)

2(6)
1144121240 ~11%4/361
12 12
11419
12
B2 s
TR T3 T T,

77. 3p’+8p+4=0=a=3,b=8,c=4

e —8+4/8%2 —4(3)(4)

203)

_ -8+.64-48 -8++16 -8+4
6 6 6

e N A

Pme =37

78. 8(x’-x)=x>-3=8x>-8x=x>-3=
7x>-8x+3=0=a=7,b=-8,c=3

R GUEN GO QO

2(7)

_8+/64-84  8+-20

14 14
C8+2i5 4xi5
14 7

J5

. 4 :
X=—+—10rx=———-1
77 7 7
79. x*=5(x-1)=>x?=5x-5=

x*=5x+5=0=a=1b=-5c=5

I G (G R U C)

2(1)
_5+425-20 5445

2

2
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