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Chapter P Basic Concepts of Algebra

P.1 The Real Numbers and Their

Properties

Practice Problems

1. Letx=2.132132132. ..
Then, 1000x = 2132.132132...
1000x = 2132.132132....

x=  2.132132...
999x = 2130

2130710

Y7999 " 333

2. a. Natural numbers: 2, 7
b. Whole numbers: 0, 2, 7

c. Integers: —6, —% =-3,0,2,7

d. Rational numbers:

_63 _2(= _3)9 _ls 09 is 29 7
7 2 3

e. Irrational numbers: /3 , J17
f. Real numbers: the set B
3.a. 2°=2.2.2=8

b. (3a)’ =(3a)(3a)= 94>

o (Ly-rrii_t
"l2) 2222 16
4. a. —-2<0 true because —2 is to the left of 0

on the number line.

b. 5<7 true because 5 is to the left of 7 on
the number line.

¢. —4> -1 false because —4 is to the left of
—1 on the number line.

5. A:{—3,—1, O, 1, 3},32{_49_2a Oa 2! 4}

ANB={0}
AUB:{_4,_3,_29_19 09 19 2: 3: 4}

6.a. I;Ul, = (oo, )
b. Ilnlz=[—2, 5)

7.a. |-10/=10

b. 3-4|=]-1=1

e [2(=3)+7]=]-6+7|=]1|=1

f 7 units }<2 units>|
8 <« I 11101
-7 -6 -5 -4 -3 -2 -1 0 1 2

7+ 2 =9 units

d(-7,2)=]-7-2|=]-9=9
9.a. (-3)-5+20=-15+20=5
b. 5-12+6:2=5-2-2=5-4=1
9-1 8

€. ——-5.7=°-5.7=2-35=-33
4 4
d. —3+(x—4)" forx=6
3+(6-4)" =-3+22=3+4=1

7,3.72.3 7243 _17
10.a. —+-=——+4+>= _17
4 8 4.2 8 3 g
p 8_2_85 23 _85-2-3 34
c 2.Z—ﬂ_3'/3/'/_2
EECENRTE I
5
o 8516 516 g2 2
15815 815 £.3.5 3
1
oo (-3 +3er=(-) 0343
I Ut
3 3
b, 7-t=7-Tho74i-22
EE

12. OC=?+4=13+4=17°C

Concepts and Vocabulary

1. Whole numbers are formed by adding the
number zero to the set of natural numbers.

2. The number —3 is an integer, but it is also a
rational number and a real number.

3. Ifa<b, then a is to the left of b on the
number line.
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2 Chapter P Basic Concepts of Algebra

4. If a real number is not a rational number, it is 24. 100x =142.3535
an irrational number. c= 14235
5. True 99x =140.93
5 1 14093 14,093
6. False. >=-2— Y7799 " 9900
2 2
25. Rational 26. Rational
7. True
27. Rational 28. Rational
8. False. An example is (2 + «/5) + (2 - \/E) =4, ) )
29. Rational 30. Rational
which is rational.
31. Irrational 32. Irrational

Bullding Skills Exercises 33-38 refer to the set

9. 03, repeating A:{—19, —%, ~-J3,0,2, \/E,l%,n}

10. 06 ti
> fepeating 33. Natural numbers: 2, 11

11. 0.8, terminating 34. Whole numbers: 0, 2, 11

12. -0.25, terminating 1
— . 35. Integers: —19, ——=-4, 0, 2, 11
13. 0.27, repeating 3

14. 0.3, repeating 36. Rational numbers: —19, —%, 0, 2, 177, 11
15. 3.16, repeating
_ 37. TIrrational numbers: \/5 , x/ﬁ
16. 2.73, repeating
38. Real numbers: All numbers in set 4 are real

17. 3.75= 375 = 15 numbers.
100 4 3
39. 10
18. —235= B354 base: 10; exponent: 3
100~ 20 10° =10-10-10 =1000
19. 10x=533 20. 10x=96.6 40. 5%
_x=53 _x=96 base: 5; exponent: 4
9x =48 9x =87 4_cog.c.5_
48 16 87 29 31=3:5:5:5=2625
X=—=— X=—=—
9 3 9 3 4l (2 T
53=-10 -3
3
2
— — base: —; exponent: 3
21. 100x=213.13 22. 100x=323.23 3
x= 213 x= 323 " 2 2 8
99x =211 99x =320 (g) 3337727
211 320
X =— X =— 4
99 99 5
42, 5
23. 100x =452.323
x= 4523 base: 2, exponent: 4
99x = 447.8

L4478 _ 4478 _ 2239

99

990 495
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Section P.1 The Real Numbers and Their Properties 3
3
3. (2) 61. 4=22 62. —5<-2
base: —2; exponent: 3 6
3
(-2)" =(-2)-(-2)-(-2)=-8 63. —4<0 64. _2:_41
2 2
4
44, (—%) 65. AUB={-4,-3,-2,0,12,3, 4}
base: —%; exponent: 4 66. ANB=10.2. 4}
(_lj4_(_lj(_l)(_l)(_l)_i 67. ANC={-4,-2, 0,2}
2 2)0 20 2)0 2) 16 68. BUC={-4,-3,-2,-1,0,1,2,3,4}
45. 2-3* 69. (BNC)UA={-3,0,2}U4
base: 3; exponent: 4 _ {_4’ ~3,-2,0,2, 4}
2-3*=2.3.3.3.3=2-81=162
X 70. (AUC)NB={-4,-3,-2,-1,0,2,4}NB
46. 5(%) ={-3,0,2,4}
| 71. (AUB)NC={-4,-3,-2,0,1,2,3,4NC
base: —; exponent: 3 :{_4 -3.-2.0 2}
3 b 2 b b
3
5(1) DS U O S R 72. (AUB)UC={-4,-3,-2,0,1,2,3,4}UC
3 333 727 27 ={-4,-3,-2,-1,0,1,2,3, 4}
47. 2.3 73. L UL =(-2,5); NI, =]l 3]
base: 3; exponent: 4
2.3*=-2.3.3.3.3=-2.81=-162 74. UL =[17]; 1N, =(3,5)
48. _3.(_2)4 75. 11U12=( 6,10), 11012 =0
base: —2; exponent: 4 76. LUI,=(—e0, ); [[NI,=D
-3-(-2)" = -3(-2)(-2)(-2)(-2)
=-3.16=—-48 77. [ ULy =(-, ) N1, =[2,5)
49. -3-(-2) 78. L ULy =(-2,); [;N1;=(0, )
base: —Z;Sexponent:S 79. 1,UI, =(—eo, o); 1,01, =[~1, 3)U[5. 7]
-3:(=2)" =-3(2)(-2)(-2)(-2)(-2)
= 3.(=32)=96 80. 1;U1, =(-, 2JU(6, ); 1;N 1, =[-3,0]
50. —5-(-3)° 81. |-4/=4 82. —|-17]=-
base: —3; exponent: 2 3
—5.(-3)* ==5(-3)(-3)=-5-9=—45 83. ‘ 84. ‘_=_
51 3>-2 52. —3<-2 8s. ‘5—\/§\=5—\E 86. N2-5/=5-2
1.1
8. 723 . x<atl 87. N3-2/=2-43 88. [p-n|=7-3
55. 5<2x 56. x—1>2
go. S -8, 90. S-8__
57. —x>0 58. x<0 -8 8 s 8
59. 2x+7<14 60. 2x+3<5
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4 Chapter P Basic Concepts of Algebra
9. |5-|-7|=|5-7|=]-2|= 102. f )
—6 -2
92. [4l-[7]=l4-7]=|-3/= —6<x<-2
|4 5 units % 103. [
93, <4 I . -
3 8 x=-3
d(3,8)=[3-8=|-5|= 104. [
0
| 12 units o ¥>0
94. S T O O N
5 14 105. ;
d(2,14)=[2-14|=|-12|=12
x<5
6 units 9 units
ke >i< > 106. :
95, <L L L 111y I
-6 0 9
x<-1
d(-6,9)=|-6-9|=|-15|=15
(=6.9)=| =119 107. € 5
| 12 units ‘_3 units‘I — % %
96. AT 9
-12 0 3 ——<x< Z
d(-12,3)=|-12-3|=|-15|=15 , .
108. 1y 7
| 14 units -3 _1
| >| 2
97. N T Y Y B .
-20 -6 -3<x< —5
d(-20,-6) = |20 - (=6)| =|-14| = 14
109. 4(x+1)=4x+4
| 13 units %
98. Sl 1y 110. (-3)(2-x)=-6+3x
-14 -1
111. S5(x—-y+1)=5x-5y+5
d(-14,-1) =|-14—(-1)| =|-13|=13 (r=y+h 4
) 112. 2(3x+5-y)=6x+10-2y
26 units
| 7 »| 1
99, 4|||||||||||||||||||||||||g 113. Additive inverse: —S;reciprocal:g
40 Z 14 22
7 7 7 7 3
114. Additive inverse: —; reciprocal: ——
(241 (o) o
d| —,—=|=|—-| =
7
115. Additive inverse: 0; no reciprocal
19 units 10
< > >| 116. Additive inverse: —1.7 ; reciprocal: —
100. O T O Y T 0 0 17
—% % % 1§0 1—56 117. Additive inverse
d(m 3)_‘16 ( 3)‘_ 19‘_19 118. Additive inverse
5°5) |5 5) sl s 119. Multiplicative identity
101. ¢ . ' ' ] 120. Multiplicative identity
- : 121. Associative property of multiplication
-3<x<1
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Section P.1 The Real Numbers and Their Properties

5

122.
123.
124.
125.
126.
127.
128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Associative property of multiplication
Multiplicative inverse

Multiplicative inverse

Additive identity

Additive identity

Associative property of addition

Commutative and associative properties of
addition

3,433,455 _9+20_2
53 -3 3-5 15 15
7,3_7-2 35 _14415_29
10 4 10-2 4-5 20 20
6:7 5-5_42+25_67

5-7 7-5 35 35

9 5 9.6 5 54+5 59

2 12 2.6 12 12 12
5,3 55,33 2549 34 17
6 10 6-5 10-3 30 30 15
8,2 83 .25 24+10_34
I5 9 153 9.5 45 45
5 9 55 9.4 25-36_ 11
8 10 &5 10-4 40 40
7175 18 35-8 27

&8 5 &5 58 40 40

5 7 511 79 55-63_ 8
9 11 9-11 11-9 99 99
5 753 72 15-14_ 1
8§ 12 8.3 12-2 24 24
2

5

I e

| w
| o0

3o

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

8
5 815 815 _g34 3
16 516 516 g-2-.8 2
15
5
6_56_56_ K6 1
15615 6-15 f.3-8 3
6
7
8 _716_716_7-2:% 2
21 821 821 f£.3.7 3
16
3
10_315_315_33-F_9
7710 7 107 2-8-7 14
15
31 8 3 1 31 2
___:_.———:———:—:1
10 2 1248 2 2 2 2
, 13 14 3.1
272 2 2
2132 1 F2 121
15 3 115 3 1.4.5 3 5 3

23 15 6 5 _1
53 3.5 15 15 15
5. 3.10.3_2_9_11
32 3 2 6 6 6
2(x+y)-3y=2(3+(=5)—-3(-5)
=2(-2)-(-15)=—4+15=11

2(x+y)+5y=-23+(-5)+5(-5)
=-2(-2)+(-25)
=4+ (-25)=-21

3x] - 2|y = 33| - 2|-5| = 3(3) - 2(5)
=9-10=-1

T|x=y|=73-(-5)|=7[8|=7(8) = 56

x=3y

3539
> +xy= > +3(-5)

:#4_(_15)

:%+(—15):9+(—15):—6
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6 Chapter P Basic Concepts of Algebra
156. y+3 =—5+3_3(_5) 171. d(P’M)=a+b_a=a+b—2a=—a+b|
X 2 2 2 |
—2 43 b| |2b-a+b| |p-d
= (15)="= d(0, M)=|p—4¥h|_Po=ath|_|b-a
3 3 (@, M) 2 | 2 2 |
2(1-2x 2(1-2(3 Since
157, 20=29_ (-x)y= 220D (=3)(=5) —a+b| |b-a :
-5 d(P,M)= =|—=d (0, M), Mis
2259 5o 15--13 : ’
T h h the midpoint of the line segment PQ.
_ _ 172. Answers may vary. Using the hint, we have
158. M—(1 —xy) = ElCht) (1-3(-5)) 4 40 7 70
=5 ——=———and — =——. Therefore,
3(-1) 13 130 13 130
=~ (=15 40 31 30
———l << 0 < e
3 7 130 130 130
=5 l6=-% 10 69 70
< —_— —_— cee —_— _—
130 130 130 130
41141
159, X 2_3 2 314_62 Applying the Concepts
v (=5 65 1
4 4 173. a. people who own either MP3 players or
people who own DVD players.
! + s ! + s b le wh both MP3 pl d
T T . people who own bot| players an
160, =¥ X_=(5 3_ (f+§)(—3) DVD players.
y =5 53 5
2 2 174. a. A= {Ford Bronco, Honda Accord}
= 2(_gj = _lo4 b. B = {Ford Bronco}
15 5 75
¢. C= {Ford Bronco, Honda Accord,
Audi A4
161, FXo 3w }
y 3 3y d. ANB = {Ford Bronco}
162, (x+2)(x+3)=x? +3x+2x+6=x" +5x+6 e. BN C = {Ford Bronco}
163. 5(x+3)=5x+5(3)=5x+15. f. AUB = {Ford Bronco, Honda Accord}
g. AUC = {Ford Bronco, Honda Accord,
164. (25x)(4x) =100x> Audi A4}
<x<
165. x—(3y+2)=x-3y-2 175. 119.5<x<134.5
[ ] L L ] ]
166. 2x—(4y-5)=2x—4y+5 119.5 134.5
N 176. 49<x<95
167. X2, [ ]
X X x X r 1
49 95
168, Y- X Y 177.a. [124-120|=4
X+z X+z X+z
169. (x+1)(y+D)=xy+x+y+1 b. |137_120|:17
1 c. [114-120/=]-6]=6
1
170. %=;%=§ 178. a. [72-56/=16 MB per hour
y

=3

. [700—-380|=320 MB per hour
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Section P.1 The Real Numbers and Their Properties 7

179. °C=%+4=14+4=18°C

180. 22:§+4=>18:§=>c:54

If the Celsius temperature is 22°, then 54
chirps will be counted.

181. 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.

182. 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.

Beyond the Basics
183. True 184.  True

185. a. False. For example, 0-v2=0.

b. The products of a nonzero rational number
and an irrational number is an irrational
number.

186. False. For example, V2\2=2.

187. False. For example, (2 + \/g) - (6 + \/g) =—4,

188. False. For example, @ =J4=2.

3
189. True 190. True

For exercises 191-192, use the following definition:
An integer P is even if p = 2n for some integer n. An
integer ¢ is odd if ¢ = 2k + 1 for some integer .

191. a. Ifaisodd, thena =2m + 1 for some
integer m.

a*=(2m+1)" = 2m+1)(2m+1)
=4m* +dm+1=4m(m+1)+1
=2(2m(m+1))+1,

which is of the format 2k +1. Therefore,

a’ is an odd integer.

b. Note that this statement is the
contrapositive of the statement in part (a).

That is, if the statement is “if p, then ¢”, the
contrapositive is “if not ¢, then not p.”

The contrapositive of “If an integer a is
odd, then a’? is also an odd integer” is “If
a? is not an odd integer (i.e., an even
integer), then a is also not an odd integer
(i.e., an even integer.” Logically, these two
statements are true. That means that the
original statement and its contrapositive are
either both true or both false. We already
know from part (a) that the original
statement is true. Therefore, the

contrapositive is also true. Thus, if b? is
even, then b is also an even integer.

192. 2q2 is even because it is of the form 2x, so it

follows that p2 is even. Then, from exercise

191(b), p is also even. Therefore, p = 2n, for
some integer 7. Substituting, we have

2q2 = p2 = (2n)2 = 2q2 =2.2n" =

q2 =2n2, and, thus, q is even using exercise
191 (b).

Getting Ready for the Next Section
GRl.a. a’-a’=a>

b. a*-a’ =a!

GR2.a. %:bi
b’ 4
b b—3=b*
bm m—n
C. b_"_

GR3.a. (a2)3 =al

GR4.a. (ab)’=a’b>
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8 Chapter P Basic Concepts of Algebra

. 2 2
Grs, L 3-7:2,3:3 1449 23 b (sx7!) =52(x7") =520
32 32 23 6 6
_osy2=2
- 2
Gre. >_2_3_22_3-4_ 1 x
6 3 6 32 6 6 .
2\ _ 3.23)_ 3.6
312 312 3-7.6 18 ¢ (xy) Yy Xy
GR7. —.—==2"<- -2
27 27 X7 7 5 6
d. (x_zy) =x(_2)(_3)y_3 .
312 315 315 Z3-8 3 y?
GRS, —_,,—e—t— == = —
515 512 512 £-4-4 4 .
6 a (1) 12
. . R Y 2 9o
P.2 Integer Exponents and Scientific 339
Notation ) (E)_z . (l)z . i w0
Practice Exercises 7 10 102 100
2
o1 4\2 ( 1 ) 1
l.a. 27'=— 7.8, (2x%) = — | =4
2 ( ) 2x* 458
0 2 3
- [5) - b SOL o
5 (xyZ) Xy xy

371 14 ]
5 :(3/2)2 :9/_425 8. 732,000=7.32x10
2.1x10'° 2.1 10 210
24,7 _ 1.9 =——X = x10
2.a. x"-3x' =3x 35%10%5 3.5 108 35
b. (szs)(4x‘3) — 43 4x 3 = 16373 ~0.60x10% = $60 per person
— 0 _ —
=16x"=16-1=16 Concepts and Vocabulary
3Y a0 a4
3. a 3_0 =37 " =3"=28l 1. In the expression 72, the number 2 is called
the exponent.
5 1-(-2) _ &3
b. STz =51 =53 =125 2. In the expression —37, the base is 3.
c 2x° B 23 B 2x7 3. The number 4% simplifies to be the positive
. 4 - =
3x 3 3 integer 16.
4. a (7 - )0 =700 Z 70 4. The power-of-a-product rule allows us to
rewrite (Sa)3 as 5°a°.
b. (70)_5 =709 =70 -
5. False. (-11)" =11
c. (x_l)8 = x(DE) = 8 =L N3 .
%8 6. False. When (x ) is simplified, the
d (x—z)’s — (D) (10 expression becomes x°.
7. True

5. a. Gx)_l =6)_1 (0" = G}% 8. False
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Section P.2 Integer Exponents and Scientific Notation

9

Building Skills

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

-2

32) _ 32(—2) —34 3 _ 811
-1

(72) =70 =77 - 712 - 419

(5%)3_( ) 15,1625
|

3 3 1
) = 5) ( ) 125
4" 3) (45) 40349 42 6

) 7(=243) _ 71 _ 7

0
ﬁ) +10°=1+1=2

(
(
()
(
(

\/5)0—9‘):1—1:0

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

2
9

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

43.

44,

REEOROETS
ST+ =l HD] Emto=
5 5 5) 25 25 25
_ 11
B R
228
11
32___ _—_=
329
) 1 1
(_3) = 2=§
(-3)
_3 1 1
(27 =51
(-2)
11
§T=2(11—10)=21=2
3 _jem_ g2 11
8 - T a2
3 3 9
4
') _s"
2
3 10
(998) :99_8:9(10—8):92:81
25
24 ;3 2(5=4) 3(2-(3) _ 5l 3l _ g
-2 23
4757 _ 42-(3) 567D
4735
=41.5224.25=100
S2_ L 1, 2
o1 52 25 25
USSR U S §
31 72 49 49
-1 -1
(2) :E 42. (l) =5
3 2 5
BREE
3 2 22 4
HEGE
2 3) 329
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10 Chapter P Basic Concepts of Algebra

17> 1 1 49 2 Xt X o, e 1
45. e = =T = 64. 4—W—T—x =X =0
7 1) 121 121 (x3) x>t x x
7 9
3 3.3 3 3.3
- 2xy 27x7y"  8x7y 3-6 3
(13) S 1 25 65. (—2) =5 =———=8"y
46. || =—g=—o=— x x x
5 (13) 169 169 L 8y
5 25 =8x "y =—
5 3
4.0_ 4 1_ 4
47. x'y =x"-1=x 5xy 4_54x4y4_625x4y4_ o 4
66. | TS = P =625x y
48 x71y0—11 ! ¥ ¥ x 4
: - T _ 625
Xy = 6258yt =227
1 X
49. x_lyz—-yzl 5
X X . (—3x2y) ~ (—3)5x2'5y5 B —243x10y5
2 ) X - i - °
50. xzy_zzxz-Lz:x—2 10-5_5 5.5
yoy =-243x"" "y  =-243x"y
I | 3 1 223 133523 _gy3,0
Sl x 'y T =—5 2. xy =75 68 [—xy]:(—)xy _TSXYy
x x . 3 3
34 y y y y
RV 1 = g3 673 g3,
53. (xz) :xn:T Xy Xy
X
1 1 1
20! o ()00 T a3
54. |x77) =x"" =—+ =] = = = ==
( ) 10 5 52 1 1 g2
25 25
ss. (x—n)‘3=x(—11)~(—3)=x33 O |
—4 -4 -4 4 4 4
_ =5 =5 5 625
s6. (x_4) 12=x(_4).(—12)=x48 70. ( 3y) _( )374}’ _ 13’ - ly
sl
57. —3(xy)’ =-3x"y° 8l
625y*
58. —8(xy)6=—8)c6y6
3
-2 323 -6
50, 4fx-! 2_4 5 _2_4x2 . 4x =4 X =64x1 _ 641
. (.Xy ) =4x"y —y—2 xy5 x3y5~3 X3y 5 x9y 5
5
1 \3 _ 61° 2 5255 105 10
60. 6(x'y) =6x7y =22 72. [“3) _3 r =243x15y =2431’f)
X y y y y
1 \S b s 3x° 3.-3 5
1 —3,D(=5 5 _ 24
61. 3(x y) =3x yo = i 3. xi e B :x_4
Xy y
_1\6 6 (<1)(- 5y° -
— 1 = 5,6 (-D-(=6) _ _2V 2,72 3
62. S(xy ) =-5x"y = 6 4. Xj/z =x2_(_1)y_2_2=x3y_4=x—4
Xy y
(x3)2 32 6 3.5
63 B ST S S S 0s, 21Xy 3 35T Z 3l 2 _3x
: S 25 10 4 B Y 2
(x ) x x x Xy y
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Section P.2 Integer Exponents and Scientific Notation 1

15x°y72 5-7. -2-(=3) 2.1_5y 3,2\
76. ———=5x"""y =5x""y =—= 2 -7 \4xyTz
3x7y73 X2 81. (4x3yzz) (x3y2z) ——( )
(%)
L 2\3 4 3 23\ -4_ -3(.6) 4 2 2
77. x—3(x ) X =x (x )x =x (x )x 42(x3) (yZ) 52
36— o 1 - 7 7
_ 36 4=x1=; (x3) (yZ) 7
16232222
78 (8 3b)—4 2_a 12—8_4 3(_4)b_4 212,412 - 2 7y27 7
P b) ¢ b 16x%y
X
4 _oxXxryz
_(~3 —12, -4 512 12,12 =
—(2 ) a b7-27ah x21y1427
= 93(-4) 124 512 12,12 =16x0721y 414,277
Z 912 912 12 12 ph -2 16y 15,710,
_p-12412 m12412 p-4-12 16
) B 1 T 15 105
_~0 0;-16 _;-16 _ 1 Xy oz
=20 =7 =
; £ (2)cyz)2 B 22x2y222 _ 4x2 252
3 » (_xyz) U3\, 1 3221 1 S
79 (Xyz)(zxy2 =1 (xy)(xz) R
4
(—2x2y2) 4x°y*2* 2-5 2-2_2-(-1)
. ; —1 =4x"yT 2
3 2 x’y°z
_ (x)(y) s 05 42
4 4 4 =4x" =—
(2" () (»*) eI
323 3.6
Xy Xy 27 2
Sa “bc D4, 1-(-3) 2—
16x24 5 16x8y8 83, WZS“ 2-4p1-(-3) ,2-2
a C
:_L(x3—8)(y6—8) o S
16 =5a"b" 1= —
s 1 a
- 16 - 5.2
16x"y gq (W’ _ 94’ 9 5503 0
~ 3254 ¢ 2,34 g
2V 23\ 3 412 (-2)’ab’c 8ab’c
(~x%y) > (<x7?)s%y ’
80. = -2 bl DL
(o) &y g sbe?
_1\2 -3
_ _x6y 1 o5 xy—3z—2 ~ x—3y(—3)(—3)z(—2)(—3)
)’ xzy—423 x2(—3)y(—4)(—3)z3(—3)
:(_xé—sy—l—s)’z B x_3y9z6
6 12_-9
2 2 X"y z
=(—xy 6 =(-x) (y 6) = 3 6)y9 12_6-(-9)
—6)(— 12 315
:x—Zy( 6)( 2) _ x—2y12 J’_2 _ x3y_3215 _ X"z
X y3
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12  Chapter P Basic Concepts of Algebra

=1 (=8)(=1)

-1
a2z 21 DED DD
86. e
XD T

x—1y2zl
_ _ x*lfSyZ—(—l)Zl—S

xSy—IZ8

3
-6.3_-7 Y
=X yz =—7F

4657

87. 125=1.25x10°

88. 247=247x10>

89. 850,000=8.5x10°

90. 205,000 = 2.05x10°

91. 0.007=7.0x10"°

92. 0.0019=19x10"°

93.  0.00000275=2.75x107°
94. 0.0000038=3.8x107°

Applying the Concepts

95. 135 ft> x2° =1080 ft>
1 3
96. 675 in.> x (3) =25 in.?

97.a. (2x)>=4x?=44=2%4

b. (Bx)?=9x2=94=3%4

2 2
98. a. n(%) :ﬂd2:4iz[%) =2%4

2 2 2
b. n(ﬁ) :97z(£) :97z[i) =3%4
2 2 2

99. F =Sw? =25,000(0.25)> =1562.5 Ib

2 2
100. F=Srx (%) =10,000(3.14) (175)
~17,662.5 Ibs.
101. 99 billion =99,000,000,000 =9.9x10'°
330 million = 330,000,000 =3.3x10%

99 billion _ 9.9x10" _99 10"
330 million  33x10% 3.3 108
=3x10% =300
The cost is about $300 per person.

102.

103.

104.

105.

106.

107.

108.

109.

110.
111.

112.

56 billion = 56,000,000,000 = 5.6 x10'°
330 million = 330,000,000 =3.3x10%

56 billion _ 95.6x10'" 5.6 10"

330 million  33x10° 3.3 10°
~1.7x10% =170
The cost is about $170 per person.

24hr 60 min 60 sec
X X ——

ay hr min
=365.25%24 x 60 x 60 sec
=31,557,600 sec

=3.15576x10" sec

365.25 days X

24 hr 60 min 60 sec
X X ——

ay hr min
=366 %24 x 60X 60 sec
=31,622,400 sec

=3.16224 %107 sec

366 days X

Celestial lij)quatorlal Scientific
Body lameter Notation
(km)
Earth 12,700 1.27 x 10* km
Moon 3480 3.48 x 103 km
Sun 1,390,000 1.39 x 10 km
Jupiter 134,000 1.34 x 10° km
Mercury 4800 4.8% 103 km

37,600,000,000,000, 000,000,000 =
3.76 x10%? atoms

602,000,000, 000, 000,000,000 =
6.02x10%° atoms

0.0000000000000000000266 =
2.66x1072° kg

0.00000000000000000000167 =
1.67x1072! kg
380,000,000 =3.8x10% m

5,980,000, 000,000, 000, 000,000,000 =
5.98x10%* kg

2,000,000, 000,000,000, 000, 000,000,000, 000
=2.0x10% kg
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Section P.3 Polynomials 13

Beyond the Basics

113. 2°=32
a. 272 =2%.22=32.4=128

b. 2% 1=2%.271 :32%:16

114. 3" =81

a. 31 =3".31=81.3=243
1) 1

b. 3X‘2=3X-3‘2=81-(—) =81-—=9
3 9

115. 5 =11
a. 551=5%.51=11.5=55

2
b. 5"‘2=5"~5‘2=11-(1) Lo
5 25 25

116. a*=b

a. a2 =a"-a’=b-a’>=a’

7. 33n = 3311
32—;1 .32(2n—2)
= 3311
_ 33':2 _7(3n-2)-3
3 n
_ 1
_12 —
=3"“= 32 9
2m+l '32m—n .5m+n+2 '6”
118.

6" '10n+1 .15™
_2m.pt.3rm3Trsmst 52 (2.3)"
ey )

2m.21‘32m‘3—n'5m'5n'52‘2n‘3n
om . 3m .2n+1 ‘5n+1 .3m  5m

:/2/./2/.32’”.3—".;/.;/.52.2"/.3"

,2}1/'3”1',2’{',2/‘%‘51‘3’”‘%
_3m.3m‘51 - 32m_51

119.

2y(x—z) )

2x(y—z) 2 z ~ DXy=xz ‘ ¥z
2_x - 2XV=yz N 9z

2%

2XZ 2)CZ
2w 9z

2%
DYz Xz

2)CZ ’ ZyZ -

Getting Ready for the Next Section

GRl.a. x> x> =x"P=x

(Zx) (—5x2 ) =-10x>

(207)(30°)(4°) = 24777 = 24510

GR2.a. 2x” +5x% =7x?

GRa3.

GR4.

GRS.

GRé6.

GR7.

GRS.

P.3

3x% —dx? =—x?

3x% =527 +11x° = 9x°
x(2x+5)=x(2x)+ x(5) = 2x* + 5x
2x(7-3x) = 2x(7) + 2x(-3x) = 14x — 6x7
=5x(x? +1) = (=5x)(x? )+ (=5x) (1)

=-5x° —5x

True. This is an example of the commutative
property of multiplication.

False. 5x and 3x> are not like terms, so they
cannot be combined.

2x2 (5x3 “3x+ 4) =10x2"3 — 6x2*1 1 82
=10x° — 6x> +8x?

Polynomials

Practice Problems

1.

16(7)% +15(7) =889 ft
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14  Chapter P Basic Concepts of Algebra

2. Using the horizontal method:
(70 + 207 = 5) (207 +3x7 + 2x+1)
= (7x3 —2x3)+(2x2 +3x2)+2x+(—5+1)
=5x% +5x% +2x— 4

3. To use the column method, first change the
sign in each term in the second polynomial
and then add.

(3x4 —5x° +2x2 + 7) - (—2x4 +3x2+x— 5)

3t =5 +2x2 + 7
+ 2x? -3 -x + 5
syt -5kt - X —x 412

(3x4 —5x3 +2x% + 7)— (—2x4 +3x% +x— 5)
=5x4 —5x3 —x2 -x+12
4. —2x° (4x2 +2x—5)
=2 (4x2) — 2% (Zx) —2x (—5)
=—8x° —4x* +10x3
5. (5x2 + Zx) (—2)c2 +x- 7)
= 5x2 (—2x2 +x— 7)+ 2x(—2x2 bx— 7)
=—10x* +5x3 = 35x% —4x® + 2x? —14x
=-10x* + x> =33x% —14x
6.a. (4x—1)(x+7)=4x>+28x—-x-7
= 4x% +27x—7
b. (3x-2)(2x-5)=6x*—15x—4x+10
=6x>—19x+10
7. (Bx+2)° =(3x)* +2(3x)(2)+22
=9x2 +12x+4

8. (1-2x)(1+2x) =12 = (2x)” =1-4x>
9.a. (x+2y)(x-2y)=x? —(2y)2 =x?—4y?

b. (2x - y)3
= (2)6)3 - 3(2)6)2 y+ 3(2)c)y2 - y3
=8x° —3(4x2)y+6xy2 —y3
=8x° - 12x2y + 6xy2 - y3
Concepts and Vocabulary

1. 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 4 or B or both are zero.

False. This is not a polynomial because the term

—34/x does not have an exponent that is either a
positive integer or zero.

8. True
Building Skills
9. Polynomial; x2+2x+1

10. Not a polynomial

11. Not a polynomial

12. A polynomial; x +3x% +3x* —2x+1

13. Not a polynomial

14. Not a polynomial

15. A polynomial; in standard form

16. A polynomial; in standard form

17. Degree: 1; terms: 7x, 3

18. Degree: 2; terms: —3x2, 7

19. Degree: 4; terms: —x4,x2,2x,—9

20. Degree: 7; terms: 9x7,2x3,x,— 21

21, (%7 4207 = 5w+ 3]+ (27 +2x - 4)
= (s (%)) 267 (=54 20) + (3-4)
=2x? -3x-1

22. (x3—3x+1)+(x3—x2+x—3)
= (x3 +x3)—x2 +(=3x+x)+(1-3)
=2x3—x?-2x-2

23. (2x3—x2+x—5)—(x3—4x+3)

= (2x3 - x3) —x2+ (x - (—4x)) + (—5 - 3)

=x - x?+5x-8
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24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

(—x3+2x—4)—(x3 +3x2—7x+2)
=(—x3 —x3)—3x2 +(2x—(—7x))+(—4—2)
=23 -3x+9x-6
(—2x4 +3x2 —7x)—(8x4 +6x3 —9x> —17)
= (—2)64 —8)c4)—7x—6x3
+(3x? = (~9x2)) - (-17)
=-10x* —6x3 +12x2 - 7x +17
3(x2 —2x+2)+2(5x2 —x+4)
=3x2 —6x+6+10x> —2x+8
=13x% - 8x +14
—2(3x2 +x+1)+6(—3x2 —2x—2)
=—6x2—2x-2-18x> - 12x—12
= 24x? —14x-14
2(5x2 —x+3)—4(3x2 +7x+1)
=10x% - 2x+6—12x> —28x— 4
=-2x2-30x+2
(30 —4y+2)+ (@y+1)- (' -»? +4)
=3y° —4y+2+2y+1-y° +y* -4
=2y3+y2—2y—1
(5y2 +3y—1)—(y2 —2y+3)+(2y2 +y+5)
=5y2+3y—1—y2+2y—3+2y2+y+5
=6y2+6y+1
6x(2x+3)=12x2 +18x
7x(3x—4) = 21x* — 28x

(x+1)(x2 +2x+2)
=x(x2 +2x+2)+1(x2 +2x+2)
= x> 4202 +2x+x% +2x+2
= x> +3x2 +4x+2
(x=5)(22% =3x +1)
= x(20% =3x +1)-5(247 = 3x+1)

=233 =3x2 +x—10x% +15x =5
=2x3 —13x% +16x-5

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

(3x—2)(x2 —x+1)
=3x(x2—x+l)—2(x2—x+l)
=3x® —3x? +3x-2x2 +2x -2
=3x° —5x? +5x-2

(2x+1)(x? -3x+4)
=2x(x2—3x+4)+1(x2—3x+4)
=2x> —6x2 +8x+x>—3x+4
=2x> —5x% +5x+4

(x+D(x+2)=x(x+2)+1(x+2)
=x242x+x+2=x>+3x+2

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

Bx+2)3x+1)=9x% +3x+6x+2
=9x2 +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+1)(x=5)==2x> +10x+x -5
=-2x2+11x-5

(Bx-2)2x—1)=6x> —3x—4x+2
=6x>—Tx+2

(x—=1)(5x—=3)=5x> —3x—5x+3
=5x2 —8x+3

(2x —3a)(2x + 5a) = 4x* +10ax — 6ax —15a°>
=4x” + dax —15a°

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

(x+2)2—x2 =x? +4x+4-x>=4x+4
(x-3)2—x>=x?—6x+9-x>=—6x+9
(4x+1)> =16x% +8x+1

(Bx+2)2 =9x> +12x+4
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16 Chapter P Basic Concepts of Algebra

2 2 3
(e ol L
4 4 = (2x)7 +3(2%)" (3) +3(2x) (3»)” +(3¥)
=x2+%x+% =8x” +36x7y + 54xy” +27y°
2
2, (2 22 65. (5+2x)(5-2x)=5%—(2x)" = 25— 4x?
52. X+§ =x"+2 g X+ g
2
, 4 4 66. (3—4x)(3+4x)=3%—(4x)" =9-16x"
=x"t+-x+—_—
5725

67. (2x+3y)(2x-3y)=(2x)" - (3y)’
53. (3x-4y)’ =(3x)" —2(3x)(4y)+ (4y)’ = 4x% - 9y?

=9x? — 24xy +16y°
ooy 68. (5x-2y)(5x+2y)=(5x)" -(2y)’

54. (2x+5y)" = (2x)" +2(2%)(5y) +(57)’ =25x —4y?
=4x% +20xy +25y°
X Xy y . . . (1 ) .
2 2 69. |xt—|lx-—=|=x"~|=| =x"-—
55. (x?+2) =(x?) +2(x?)(2)+2? x x x .
=x*+4x*+4 2 2
e IR
2\° _ 12 2 2 ¥ y y
56. (3—x ) =3 2(3)(x )+(x ) A

=9-6x2+x*=x*-6x2+9

x 2 2 X 2 x\[2 2 2
7. (53] =53] =5 )3+ 3) T (6432 3)= () -3 =t
—ﬁ+2+i——2+i+2
= 24 72. ( 2)(x3+2) ( )—22—x6—4
2 2 2 2
ss. (g_lj {gj _2(3](1}@) 73, (2x-3)(x” =3x+5)
y 3 y zy 3 3 —2x(x2 3x+5) (x —3x+5)
9 9
=S -2+ 3=+ =20 — 627 +10x 32 +9x - 15
Y Y =2x% —9x% +19x 15
59. (x+2)° =27 +3x%(2)+3x(2)* +2° 7. (v-2)(x* —4x-3)
=x>+6x> +12x+8
x(x2—4x 3) 2(x2—4x—3)
60. (2x-1)° = (2x)° =3(2x)* (1) +3(2x) (1) - 1° =x—4x? = 3x-2x2 +8x+6
=8x> —12x2 +6x—1 —x3—6x2+5x+6
61. (x+3)3—x3=x3+3xz(3)+3x(3)+33—x3 75. (1+y)(1_y+y2)
2
=9x°+27x+27 =1(1—y+y2)+y(l—y+y2)
62. (v—2)°—x® =23 -322(2)+3x(2)- 23 -3 =l-y+y+y=yP+y =) 41
=—6x> +12x-8

76. (y+4 (y2—4y+16)
63. (x+2y)3=x3+3x2(2y)+3x(2y)2+23
=x3+6x2y+12xy2+8
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7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

(x—6)(x? +6x+36)
=x(x%+6x+36)—6(x*+6x+36
( S )
=x% +6x% +36x—6x> —36x-216
_x3—216

(x—l)(x2+x+1)
=x(x2+x+1)—1(x2+x+1)

=X +x%+x-x2—x-1=x-1

(x+2y)Bx+5y)= 3x? +5xy+6xy+10y2
=3x2 +11xy +10y°

(2x + p)(Tx+2y) =14x? +4xy + Txy + 2>
=14x? +11xy +2y°

2x=y)3x+7y) = 6x> +14xy—3xy—7y2
=6x> +11xy—7y2

(x=3y)2x+5y)= 2x2 +5xy—6xy—15y2
=2x? —xy—lSy2

(=) (x+p)’ =(x-y)(x- )(X+y)(X+y)
[(x y x+y][(x y x+y)]

(=)

=x* - 2x? y +y
(2x+ )" (2x-»)’
:( +y)(2x+y)(2x y)(2x y)
=[ 2x+y][2x y(2x+y)]
for o)
=16x* —8x? y +y

(x- y)(x+2y) (x—y)(x2+4xy+4y2)
x(x +4xy+4y ) <x2+4xy+4y2)
= x> +4x? y+4xy —xy 4xy —4y
=x°+3x2 y— 4y

87. ( -2 ) (x+2y)
= +3x (20) #3x (2" + (29
-(x+2y)

x> —6x2y+12)cy2 —8y3)(x+2y)

x(x3—6x2y+l2xy2—8y3)
+ 2y(x3 —6)c2y+12)cy2 —8y3)
=x4—6x3y+12xzyz—8xy3
+ 2)63)/—12x2y2 +24)cy3 —l6y4
=)c4—4x3y+16xy3—16y4

88. (2x+y) (2x—y)
= [(2x)3 + 3(2x)2 y+3(2x) % + yﬂ
-(2x—y)
= (8x3 +12x2y+6xy2 +y3)(2x—y)
= 2x(8x3 +12x2y + 6xy2 +y3)
—y(8x3+12x2y+6xy2+y3)
=16x* + 24x3y +12x2y2 + ny3
- 8)c3y—12x2y2 —6)cy3 —y4
=16x4+16)c3y—4xy3—y4
For exercises 89—94, use
a’+b* = (a+b) —2ab=(a—b)2+2ab.
89. x+y=4,xy=3
2 2 _ 2
x“+y —(x+y) —2xy
=4%-2.3=16-6=10
90. x—y=3,xy=2
x2+y2=(x—y)2+2xy
=3242.2=9+4=13

1
x+—=3
x

91. a.

Leta=xand b=

o=

Then ab = x(l)z 1.

x
2
x? +L2=(x+l) —2){1)
x X x

=32-2=9-2=7
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18 Chapter P Basic Concepts of Algebra

Applying the Concepts
b. Let a=x> and b= Lz Using the result PPlying P
x

from part a, we have 95. 0.1 1(52) +0.02(5)+5.57 = $8.425 in 2015
2
five years after 2010
x4+L4:(x2+L2) _zxz(%j (five y )
X X X

96. 0.035(4%)+0.15(4)+5.17=6.33
In 2012 (four years after 2008), theater grosses

=77 -2=49-2=47

92. 2. 1 _5 were 6.33 billion dollars.
g | | 97. 0.1(40%)+40+50 = $250.00
Leta=xand b=—. Then ab=x(—)=1
X X
) 98. (15-10)°+5(15)=5%+75
x2+L2:(x_lj +2x(l) =25+75=$100.00
X X X
S S 99. d=16(5%)+20(5)=16(25)+100 = 500 feet
2 1 . 2
b. Let a=x” and b=—. Using the result 100. @ =16(27)+10(2) =16(4)+20 = 84 feet
X
from part a, we have 101. a. —x+22.50
2
x* +i4 = (xz +sz - 2x? (izj b. (30+10x)(22.50 - x)
X X X

=30(22.50) - 30x +225x — 10x*
=675+195x — 10x>
=—10x° +195x + 675

102. a. 10n+250

=6°-2=36-2=34
93. Leta=3xand b=2y. Then ab = 6xy.
9x? +4y% = (3x+2y)" —2(6xy)
=122-2.6-6=144-72=72

94. Letza =3x imd b= 7y Tilen ab= 21xy — 50(10”) + 50(250) _ 2}1(10}’!) _ 2]’!(250)
9x” +49y" =(3x—=T7y)" +2(21xp) = 500n +12,500 — 20n2 — 5001

=102 +2(21)(-1) =201 +12,500
=100-42 =58

b. (50—2n)(10n +250)

Beyond the Basics

103. (a+b+c)2 =(a+b+c)(a+b+c)
=a(a+b+c)+b(a+b+c)+c(a+b+c)
=a’+ab+ac+ab+b>+bc+ac+bc+c
=a’ +b%+c? +2ab+2bc + 2ac

2

104. (x2 +x+1)2 = (x2)2 +x2+12 +2xzx+2x(l)+2x2 (1)
=xtrx? #1420 +2x +2x2

=xt+203 +3x% +2x +1
105. (2x+y-z)7 =(2x)" + p2 +(=2)" +2(2x) y + 2y (-2) + 2(2x)(~2)
= 4x? +y2 +z2 +4xy—2yz—4xz

(2x—y+2)7 = (2x)" +(=p)” + 22 +2(2x)(—p) +2(-y) 2 +2(2x)z
= 4x2 +y2 + 22 —4xy—2yz+4xz

(continued on next page)
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(continued)

106.

107.

108.

109.

110.

111.

112.

(2x+y—z)2 —(2x—y+z)2 = (4x2 +y2 + 22 +4xy—2yz—4xz)—(4x2 +y2 + 22 —4xy—2yz+4xz)
=8xy —8xz
Alternatively, recognize the difference of two squares.

(2x+y—z)2—(2x—y+z)2 =[(2x+y—z)+(2x—y+z)][(2x+y—z)—(2x—y+z)]
= (4x)(2y —2z) =8xy — 8xz
a+b+c=8; ab+bc+ac=12

(a+b+c)2=a2+b2+02+2ab+2bc+2ac=a2+b2+02+2(ab+bc+ac)
82 =a? +b* +c* +2(12)
64=a’ +b> +c? +24
40=a’ +b% +c?
x+y+z=12; X?+y*+z% =44
2_2,.2,2 _2,.2,.2
(x+y+z) =x"+y +z"+2xp+2yz+2xz=x"+y  +z +2(xy+yz+xz)
122244+2(xy+yz+xz)
144=44+2(xy+yz+xz)
100=2(xy+yz+xz)
50=xy+yz+xz
x2+y2+z2=64; xy+yz+xz=18
( 2_ 2 2, .2 _ .2 2,2
x+y+z) =x"+y +z 4+ 2xy+2yz+2xz=x"+y  +z +2(xy+yz+xz)
(x+y+z)° =64+2(18)
(x+y+z)2=100
x+y+z=+100=10
(a+b+c)(a2+b2+cz—ab—bc—ac)
=a(a2+b2+cz—ab—bc—ac)+b(a2+b2+02—ab—bc—ac)+c(a2+b2+cz—ab—bc—ac)
=a’ +ab® +ac’ —a’b—abc—a’c+a’b+b> +bc? —ab? —b*c—abc +a’c+b’c+c —abe—be? — ac?
=a’+b>+c3 —3abe
From exercise 109,
(O)(a2+b2+c2—ab—bc—ac)=a3+b3+c3—3abc:0=a3+b3+c3—3abc=>a3+b3+c3=3abc

Leta=x-y,b=y-z,andc=z—x. Then a+b+c=(x-y)+(y—z)+(z—x)=0.

From exercise 110, if a+b+c¢ =0, then @+ + ¢ =3abe. So,

(k=2 +(y=2) +(z=x)’ =3(x =) (y-2)(z - ).
Leta=2x-3y,b=3y—5z,and ¢ =5z -3x. Then a+b+c=(2x-3y)+(3y—5z)+(5z-3x) =0.
From exercise 110, if a+b+c¢ =0, then a>+b> + ¢ =3abe. So,

(2x=3y)* +(3y-52) + (52— 2x)’ =3(2x - 3y)(3y - 52)(5z - 2x).
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113.

114.

Getting Ready for the Next Section

GR1.

GR2.

GRa3.

GR4.

GRS.
GRé.
GR7.
GRS.
GRO.

GR10.
GR11.
GR12.
GR13.
GR14.

From exercise 109, (a+b+c)(a2+b2 +c? —ab—bc—ac)za3 +b° + ¢ = 3abe.

If a+b+c=8 and ab+bc+ac=19, we have
(a+b+c)(a2+b2+cz—ab—bc—ac)=(a+b+c)(a2+b2+02—(ab+bc+ac))=a3+b3+c3—3abc=>
8(a2+b2+c2—19)=a3+b3+c3—3abc 1

From exercise 103,

(a+b+c)2 =a2+b2+c2+2ab+2bc+2ac=a2+b2+02+2(ab+bc+ac):>

82 =a’+b* +c* +2(19) = 64=a’ +b* +c* +38 = a” +b* +c? =26

Substituting into equation (1) gives us 8(26—19)=a’ +b> +¢* —3abc = 56 = a® +b> +¢* - 3abe.

From exercise 109, (a+b+c)(a2 +b? +¢? —ab—bc—ac)za3 +b% +¢* - 3abe.

If a+b+c=9 and ab+bc+ca=11, we have
(a+b+c)(a2+b2+cz—ab—bc—ac)=(a+b+c)(a2+b2+cz—(ab+bc+ac))=a3+b3+c3—3abc:
9(a2+b2+c2—11)=a3+b3+c3—3abc (1

From exercise 103,

(a+b+c)2 =a2+b2+c2+2ab+2bc+2ac=a2+b2+02+2(ab+bc+ac):>

9% =a?+b*+c*+2(11) = 81=a’ +b* +c* +22 = a> +bh* +c> =59

Substituting into equation (1) gives us 9(59—11)=a’ +b° +¢* —3abc = 432 =a> +b> + ¢ - 3abe.

P.4 Factoring Polynomials

x(2x+5)=x(2x)+x(5)=2x2+5x .
Practice Problems

2x(7-3x) = 2x(7) + 2x(-3x) = 14x — 6x>
x(7=3%) = 2x(7) + 2x(=3x) = 1x - b 1. a. 6x5+14x3=2x3(3x2+7)
—5x(x? +1)=-5x(x?) - 5x(1) = =5x> - 5x

( ) ( ) () b. 7x +21x* +35x% = 7x? (x3+3x2+5)
True. This is an example of the commutative

property for multiplication. c. 5x2 (x=y)+2(x—y)=(x- y)(5x2 + 2)
a b a+b ab 5
3 4 7 B 2.a x“+6x+8=(x+4)(x+2)
-3 S 2 =15 b x2—3x—10=(x—5)(x+2)
4 2 6 8
3 - 2 -15 3.a. P +dx+d=(x+2)
2 3 7 10
3 5 15 b. 9x%—6x+1=(3x~1)’
= ! 2 = 4. a. x2—16=(x—4)(x+4)
S =7 -2 -35
=2 3 -5 6 b. 4x*-25=(2x-5)(2x+5)
2 3 5 6

5. x*-81= (x2 —9)(x2 +9)
= (x=3)(x+3)(x? +9)
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6.a. x°—125= (x—S)(x2 +5x+25)

b. 27x°+8=(3x+2)(9x” ~ 6x+4)

7. Following the reasoning in Example 7, in four
years, the company will have invested the
initial 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)(167 +14-16+196)
=16.224
The company will have made a profit of
16.224 million dollars in four years.

8. a. x3+3x2+x+3=x2(x+3)+1(x+3)

= (x+3)(x? +1)

b. 28x® —20x* -7x+5
=4x? (7x-5)-(7x-5)
= (7x-5)(4x? -1)
=(7x-5)(2x+1)(2x-1)

c. x2—y2—2y—1:x2—(y2+2y+1)

x2 (y+1)
( y+l)(x+(y+1))
( —1)(x+y+1)

9. x*+5x2+9=x*+6x>-x2+9
=x*+6x7+9-x?
2
=(x2+3) - x°

= [(x2 + 3) + x}[(xz + 3) - x}

(x2+x+3)(x —x+3)

10. a. 5x2+11x+2=5x2+10x+x+2
= (567 +10x)+ (x+2)
=5x(x+2)+1(x+2)
=(5x+1)(x+2)

b. 4x?+x-3=4x+4x-3x-3
= (4x? +4x) - (3x +3)
=4x(x+1)-3(x+1)
=(4x—3)(x+1)

Concepts and Vocabulary

1.

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>
10x2.
A polynomial that cannot be factored as a

product of two polynomials (excluding
constant polynomials 1) is said to be

irreducible.
5. True
6. True
7. False. The polynomial x% —4 can be factored
as (x+2)(x—2). Therefore, it is not
irreducible.
8. True
Building Skills
9. 8x—-24=8(x-3)
10. 5x+25=5(x+5)
1. —6x% +12x = —6x(x - 2)
12. 3x2+21=-3(x>-7)
13. 7x%+14x = 7x2(1+2%)
14. 9x3 —18x* =9x3(1-2x)
15. x*+2x3 442 zxz(x2 +2x+1)
16. x*—5x°+7x% =x? (x2 —-5x+ 7)
17. 323 —x2=x*(3x-1)
18. 2xP +2x% =2x%(x+1)
19. 8ax® +4ax? = 4ax®(2x +1)
20. ax* -2ax? +ax=ax (x3 -2x+ 1)
21. x(x—y)+3(x—y) = (x—y)(x+3)
22. Za(a +1)—3(a+1) = (a +1)(2a —3)
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22  Chapter P Basic Concepts of Algebra
23. 3x(2x+y)+5y(2x+y)=(2x+y)(3x+5y) 36. 2a2x—b—bx+2a2=2a2x+2a2—(b+bx)
_n,2 _
24. 2x(5x=3y)+7y(5x-3y) —2a2(x+1) b(1+x)
=(5x-3y)(2x+7y) =2a" (x+1)=b(x+1)
=(x+1)(2a2—b)
25, (y+2)°-3(y+2)=(y+2)(y+2-3)
=(y+2)(y-1) 37, X2 HTx+12=(x+3)(x+4)
26. (y+1)>+(y+1)=(p+1)((y+1)+1) 38. X7 +8x+15=(x+3)(x+5)
=(y+1)(y+2
(r+1)(y+2) 39. x?—6x+8=(x—2)(x—4)
27. x3+3x2+x+3=x2(x+3)+1(x+3) )
) 40. x"-9x+14=(x-2)(x-7)
= (x+3)(x? +1)
41. X2 -3x—4=(x+1)(x-4)
28. x3+5x2+x+5=x2(x+5)+1(x+5)
:(x+5)(x2+1 42. x?-5x—6=(x+1)(x—6)
43. TIrreducible 44. Trreducible
29. x3—5x2+x—5=x2(x—5)+1(x—5)
=(x_5)(x2+1) 45. 2x2 +x-36=(2x+9)(x-4)
46. 2x*+3x-27=(2x+9)(x-3
30. P -7xl+x-T=x2(x=7)+1(x=7) Yo (@x+9)x=3)
=(x—7)(x2+1) 47. 6x2+17x+12 = (2x+3)(Gx +4)
31, 60 +4x2 +3x+2 =227 (3x+2)+1(3x +2) 48. 8x” —10x-3=(2x-3)(4x +1)
_ 2
= (3x+2)(227 +1) 49. 3x2 —1lx—4=Gx+1)(x—4)
32. 3x3+6x2+x+2=3x2(x+2)+1(x+2) 50. 5x2+7x+2=(5x+2)(x+1)
_ 2
—(x+2)(3x +1) 51. Irreducible 52. Irreducible
33. 12x7 +4x° +3x* +x7 53. x?—xy-20y% =(x+4y)(x-5y)
=45 (3x2 +1)+ X2 (3x2 +1) . .
54. 8p*-2pg-15¢> =(4p+59)(2p-3
(35 +1)(43° +%) P~ —2pq—15¢~ =(4p+5q)(2p —3q)
=x2(3x2+1)(4x3+1) 55. 15x% —28+x=15x2+x—28
=(3x—4)(5x+7)
34. 3x7+3x5+x4+x2:3x5(x2+1)+x2(x2+1 ) N
56. 24y+35+4y° - =4y° +24y+35
= (1) (327 +47) =2y +7)(2y+5)
=x?(x? +1)(3x° +1
x(x )(x ) 57. x> +6x+9=(x+3)°
3s. xy+ab+bx+ay=(xy+bx)+(ab+ay) 5 B 5
=x(y+b)+a(b+y) 58. X +8x+16—(x+4)
=x(y+b)+a(y+b) 59. Ox?+6x+1=(Bx+1)2
=(b+y)(x+a)
60. 36x>+12x+1=(6x+1)°
61. 25x>—20x+4=(5x-2)°
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

64x> +32x +4 = 4(16x> +8x+1)
=4(4x +1)?

49x% +42x+9 = (7x +3)?
9x? +24x+16 = (3x +4)>
x?—64=(x—-8)(x+3)
x2—121=(x—11)(x +11)
4x? —1=(2x-1)(2x+1)
9x? —1=(Bx-1)Bx+1)
16x2 =9 = (4x—3)(4x +3)
25x2 =49 =(5x=7)(5x+7)
xt 1= (1) (6 #1) = (e = 1) (x+1) (x +1)
x* = 81=(x? - 9)(x? +9)

= (x=3)(x+3)(x* +9)
20x* - 5= 5(4x* ~1) =5(227 =1) (247 +1)
12x* =75 =3(4x* - 25) =3(247 = 5) (27 +5)
x3+64=x3+43=(x+4)(x2—4x+16)
2 4125 =07 +57 = (x4 5)(x? - 5x+25)
3 =27 =57 =30 = (x-3)(x? +3x+9)

¥ =216=x° =67 = (x = 6)(x” +6x +36)

=(2—x)

27-x*=33-4%° =(3—x)(9+3x+x2)

g—x3=23-43

—

4+2x+x2)

8x7 =27 = (20)° -3 = (2 -3) (427 + 6x+9)

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

s(ee +r)

40x7 +5=5(8x" +1) =
=5(2x+1)(427 —2x+1)

84.

85.

86.

87.

88.

89.

7x° +56=7(x3 +8)=7(x3 +23)
=7(x+2)(x* ~2x+4)

¥+ x?+25=x* +10x2 —9x? +25
=(x +10x2 +25)—9x2

(+? +5) — 9>

|:x +5 +3xJ[x (x*+5)- 3x:|

(x +3x+5)(x —3x+5)
4

rrx?+1=xt v 2x? —x2 41

(x +2x2 +1) x2
:(x2+1)2—x2
|:(x2+l)+x:||:(x2+l)— }

(x +x+1)(x —x+1)

¥t +15x% +64 = x* +16x% - x? + 64
=(x +16x2 +64) x2

(x +8) —x?

[(x +8 +x]|: X +8

(x2+x+8)(x —x+8)

xt =702 49=x*—6x2 —-x2+9
<x4 6x> +9)
(

o -
(RE A

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

- x?+16=x*+8x2-9x% +16
(x +8x2 +16) 9x?

= x +4) —9x?

(x +3x+4)(x* -3x+4)
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90. x*—16x2+36=x*-12x%—4x>+36

(x2 6) —4x?

91. x*+4=x*+4x2-4x>+4
=(x4+4x2 +4)—4x2

x2 +2) — 45?2

(x +2x+2)(x2 —2x+2)

92. x*+64=x*+16x>-16x> +64
=(x4+16x2+64)—16x2

x2+8) —16x2

[ x +8 +4x][(x2+8)—

(x +4x+8)(x2 —4x+8)

93. 1-16x% = (1+4x)(1-4x)
94. 4-25x> =(2-5x)(2+5x)
95. x>—6x+9=(x-3)>
96. x> —8x+16=(x—4)>
97. 4x’+4x+1=2x+1)>
98. 16x” +8x+1=(4x+1)>

99, 2x2 —8x—10=2(x2 —4x—5)
= 2(x+1)(x - 5)

100. 5x> —10x—40=5(x2 —2x—8)
=5(x+2)(x—4)

101. 2x% +3x—20=(2x—5)(x +4)
102. 2x%-7x-30=(2x+5)(x—6)
103. x> —24x+36 is irreducible.

104. x?—20x+25 is irreducible.

(x4 —12x% + 36)— 4x2

[(x2 6) +2x:|[( 2 6)—24

= (x? +2x-6)(x? ~2x-6)

[ ) +2x}[(x2 +2)—2x}

4x}

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

3x° +12x* +12x° =323 (22 +4x+4)
=3x3(x+2)2

2x° +16x* +32x% =253 (x? +8x +16)
=2x°(x+4)°

9x2 —1=Bx+1)3Bx-1)
16x% =25 = (4x + 5)(4x = 5)
16x% +24x+9 = (4x +3)?
4x% +20x+25=(2x+5)>

x? +15 is irreducible.

x? +24 is irreducible.

4553 +8x% —4x = x(45x2 +8x— 4)
= x(Sx + 2)(9x - 2)

25x3 +40x% —9x = x(25x2 +40x — 9)
x(5x + 9) (Sx - 1)

2 _7a*x-8a —a(x2—7ax Sa)
(

=a(x+ )(x—8a)

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

x2 —16a% +8x+16 = (x> +8x+16)—16a2

(
(x+4)> —164>
(x+4+4a)(x+4—4a)

x2—36a2+6x+9=(x2+6x+9)—36a2

(x+3)° - 364>
(x+3+6a)(x+3—6a)

3% + 12x4y+12)c3y2 =3y (x2 +4xy +4y2)

=3x3 (x+ 2y)2

4x° + 24x4y + 36x3y2 =4x° (x2 +6xy+ 9y2)

=4x° (x + 3y)2

x2—25a2+4x+4=(x2+4x+4)—25a2

= (x+2)* - 254>
=(x+2+5a)(x+2-5a)
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122. x?-164> +4x+4=(x2+4x+4)—16a2

123. 18x%+ 12x5y + 2x4y2 =2x* (9x2 +6xy + yz)

124.

(x+2)* —16a>
(x+2+4a)(x+2—4a)

=2x* (3x + y)2

12x° +12xsy+3x4y2 =3x4 (4x2 +4xy+y2)
( 2

=3x*(2x + y)

Applying the Concepts

125.

126.

8—x

8—x

If one side of the garden is x feet, and the
16 —2x

perimeter is 16 feet, then =8-x

gives the other dimension of the rectangle. So,
the area of the garden is x(8 — x).

21 —x

21 —x

If one side of the tray is x inches, and the

42 -2x

perimeter is 42 inches, then =21-x

gives the other dimension of the tray. So, the
area of the tray is x(21—x).

127. a. Mateo will break even when the profit or

loss is 0, so we must determine in how
many months that will occur. Evaluate the
polynomial that represents Mateo’s profit
or loss for different values until the value
of the polynomial is 0. The number of
months is represented by x.

10x> = 30x% - 90x — 50 POIVy;?f;ﬁal
10(2)* -30(2)* —90(2)-50 | 270
10(3)° ~=30(3)* -90(3)-50 | —320
10(4)° =30(4)° —90(4)-50 | —250
10(5)’ =30(5)* =90(5)— 50 0

Mateo will break even in 5 months.

Evaluate the profit or loss after 10 months
by letting x = 10.

10(10)° =30(10)* = 90(10) - 50 = 6050
After 10 months, there is a profit of $6050.

The company will break even when the
profit or loss is 0, so we must determine in
how many months that will occur. Evaluate
the polynomial that represents the
company’s profit or loss for different
values until the value of the polynomial is
0. The number of months is represented

by x.

90" ~ 36027 +630x—2520 | L Oumoml
90(0)° ~360(0)> +630(0)—2520 | 2520
90(1)° —360(1)* +630(1) - 2520 2160

(2)° —=360(2)” +630(2)-2520 | —1980
90(3)° -360(3)* +630(3)-2520 | —1440
90(4)’ —360(4) +630(4) - 2520 0

Polynomial
x | 10x% =30x% ~90x - 50 o
0 | 10(0)* =30(0)* =90(0)-50 50
L | 1001’ =30(1)>=90(1)=50 | 160

The company will break even in 4 months.

Evaluate the profit or loss after 10 months

by letting x = 10.

90(10)’ —360(10)* +630(10) — 2520
=57,780

After 10 months, there is a profit of
$57,780.
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Use the figure below for exercises 129 and 130.

< 36 >
«—36-2x
X X
16|” |}16—2x 1
X X
L[ i ]

129. 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).

130. S.4.= (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)

2 em?. So, the area of the disk =

131. The area of the outside circle = 477 cm?. The area of the inside circle = 7zx
area of outside circle — area of inside circle = 47 — 7x° = (4- x?2 )=7m(2-x)2+x) cm?.

132. * The volume of the inside cylinder is 32z-8= 727 ft?, and the volume of

=¥

y the outside cylinder is x27-8=8xx’ ft.
So the volume between the cylinders is
87x? =727 =87m(x> —9) =87(x—3)(x +3)ft°.

>

133. 2800 — 2x 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>.
S — A

134. 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 = 277 (g) = zzx . The perimeter of the figure is 48, so the length

2

— X . . TX .
. The area of the circle is 4 and the area of the rectangle is

. 48
of the rectangle is

2
x(24 - %) = 24x - % So. the area of the figure is
2 2
2 2ax =P 2 L 96x— a2y = L (96 - 7x)in 2
4 2 4 4

Beyond the Basics

2

135. x3+y3+x+y=(x+y)(x —xy+y2)+x+y

=(x+y)(x2—xy+y2+l)

2
136. x*—11x2+1=x*—2x2 +1-9x2 =(x2—1) —9x?

= (¥ = 1-3x)(x? =14+ 3x) = (x* = 3w = 1) (x? + 3x 1)

Copyright © 2023 Pearson Education Inc.

Precalculus A Right Triangle Approach 5th edition Ratti Solutions Manual


https://testbank.online/books/9780137519415-solutions

Section P.4 Factoring Polynomials

27

137.

138.

139.

140.

141.

142.

143.

144.

145.

2
x4+y4+x2y2=x4+2x2y2+y4_x2y2=(xz+y2) _x2y2

= (xz +y? —xy)(x2 +y2 +xy)= (x2 —xy+y2)<x2 +xy+y2)

x2)2 —i—4x2y2 +(2yz)2 —4x2y2

x2+2y —2xy)(x +2y +2xy)

x2—2xy+2y )(x +2xy+2y )

x6—64=(x3) —§2 = (x —8)(x3+8)
=(x—2)(x+2x+4)(x+2)(x—2x+4)
=(x=2)(x+2)(x+2x+4)(x—2x+4)

30 =262 =27 = (x3 = 27)(x? +1) = (x = 3) (x? + 3x+9) (x + 1) (x? — x+1)

RSN [N

(x2 3x— 40)(x —3x+2)
(x=8)(x+5)(x—2)(x-1)
4x2—y2—22+2yz=4x2—(y2+zz—2yz)=4x2—(y2_2yz+zz)

—4x? —(y-2)? = (20— (y-2)) (2x+ (y-2))

=(2x—y+z)(2x+y—z)

(x2—3x) —38 x —3x 80

From exercise 109 in Section P.3, we have (a+b+ c)(a2 +b%+c? —ab—bc- ac) =a’+b> +c> —3abe.

Then, a3+b3+c3—3abc=(a+b+c)(a2+b2+c2—ab—bc—ac)
a+b+c) (a2+b2+c2—ab—bc—ac)

a+b+c (Za +2b% +2¢% = 2ab—2bc - 2ac)

I\)I'—*I\JI»—‘NI»—‘I\JI

=2
= )
=~ (a+b+c)((a® —2ab+b)+ (b2 ~2bc+c? )+ (c? ~2ca+a?))
= (a+b+c)|(a=b) +(b=c) +(c-a)’ ]

If @ + b3 + ¢ =3abe = 0, then cither a+b+c=0 or (a=b)" +(b—c)* +(c—a)’ =0=a=b=c.

See exercise 111 in section P.3.
(x=2) +(r=2) +(z=x) =3(x=y)(y—2)(z—x)

Let a=z(x—y)=xz—yz, b=x(y—z)=xy—xz, and ¢ = y(z—x)=yz—xy. Then

a+b+c=xz—yz+xy—xz+ yz—xy =0, and we can apply Section P.3 exercise 110.

D=y +23 (v-2) +33(z=x) =30z(x-»)(y - 2)(z - %)
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(x2 —yz)3 +(y2 —22)3 +(z2 —x2)3
(=2 +(r=2) + (=)’

In the numerator, let a = x> —yz, b= y2 —z%, and c=z? —x% Thena+b +c¢=0, and we can apply

146.

Section P.3 exercise 111. Use the result from exercise 144 above for the denominator.

R I L I e M et L e
(k=) + (-2 +(z-x) 3(x-y)(y-2)(z-x)
40 =p)p+2) (= 2)(z+2) (=)
(=) -2)-x)

=(x+y)(y+z)(z+x)

Getting Ready for the Next Section
GRI1. 3x” +9=3(x" +3)

GR2. 21x-7x*=7x(3-x)

GR3. x?+2x—15=(x+5)(x-3)

GR4. x> -5x+4=(x-4)(x-1)

GR. 2x _ 2x __x
4x+6 2(2x+3) 2x+3
2x% +3x X(2x2+3) 2x2+3
GR6. = =
x?+x x(x+1) x+1
2
GR7. x2+3x+2=(x+1)(x+2)=x+2
x?+4x+3 (x+1)(x+3) x+3
2 — —_
GRs. ~ —x—6:(x 3)(x+2):x 3
-4 (x-2)(x+2) x-2

P.5 Rational Expressions

Practice Problems

0.05(1-0.1)
0.95 (0.1) + (0.05)(1 - 0.1)
The likelihood that a student who tests

=0.32

positive is a nonuser when the test that is used

is 95% accurate is about 32%.

2. a. Note that x # 0, x # —4.

2x° +8x7 2xZM _2x

3412 34 (x4 3

b. Note that x # —2.
x> —4 B (x—2)(x+2)

x?+4x+4 (x+2)2

(-2

(x+2) (x7)  x+2

3. Notethat x#0, x # -4, x #—1

x2-2x-3

7x3 +28x2 _x2—2x—3; 4x+4
Ax+4 73 128 2xt48?
2xt +8x°

_x2—2x—3_2x4-i-8x3
73 428x2  4x+4
_(x—3)M‘Zx3M
- 7x2
(x+4) {M
_x(x-3)
14
4. a. Note that x # 6, x # —6.
5x+22+2(x+10)_5x+22+2x+20

x2-36 x*-36 x> =36
_ Tx+42

X236

_ TS g

(- 6) (6] x=6

b. Note that x # —4, x #3.

4x+1 3 3x+4 :(4x+1)—(3x+4)
X +x-12 x*+x-12 x2+x—12
_ x—3
x2+x—12
=m
1
Cx+4

Copyright © 2023 Pearson Education Inc.

Precalculus A Right Triangle Approach 5th edition Ratti Solutions Manual


https://testbank.online/books/9780137519415-solutions

Section P.5 Rational Expressions 29

. Note that x #-2, x # 5.

2x 3x

x+2+x—5

3 2x(x—5) N

_(x+2)(x—5) (x+2)(x—5)

=2x2—10x+3x2+6x= 5x2 —4x
(x+2)(x—5) (x+2)(x—5)
x(5x—4)

(x+2)(x—5)

3x(x + 2)

Note that x # 4, x # -3.

Sx 2x
x—4_x+3
5x(x+3) 2x(x—4)
B (x—4)(x+3) (x—4)(x+3)
B 5x2 +15x—2x% +8x B 3x? +23x

(x—4)(x+3) (x—4)(x+3)
_ x(3x+23)
B (x—4)(x+3)
x?2 43x 4x% +1

2 (x+2)° (x-2) 3x(x-2)°
LCD = 3x% (x+2)° (x-2)°

2x—1  3-7x°
x2-25" x?+4x-5
x?=25=(x=5)(x+5)
x2+4x—5=(x—1)(x+5)
LCD:(x—l)(x—S)(x+5)

. Note that x #2, x # 2.

4 4%
x> —4x+4 x*-4
4 X

The LCD is

4(x+2) x(x—2)
(x—2)2 (x+2) (x—2)2 (x+2)
(4x+8)+(x2—2x) B x?+2x+8

(x=2)"(x+2)  (x=2)*(x+2)

_(x_2)2+(x_2)(x+2) (x—2)2(x+2).

8.

9.

b. Note that x #0, x # 5.

2x 3 6x
3(x—5)2 2(x2 —Sx)
__2x _ 6x The LCD is
3(x=5)" 2x(x=5)  6x(x-3).
2x (2x) 3 6x (3) (x— 5)

- 3-2x(x—5)2 3-2x(x—5)2
4x% —18x% +90x  —14x? +90x

6x(x—5)2 - 6x(x—5)2
_2x(-Tx+45) —Tx+45
6x(x—5)2 3(x—5)2

Note that x #0, x # 5, x # —5.

i+l (5+1)3X
3x 3 _ 3x 3 _ 5+x
x2 =25 (xz—zsj x2-25
R 3x

3x 3x
_ ,VI-/§ 1
(x=3) (x#5) x5
4
Note that x;tg.
5x _5x 5x _ 5x
3x - 4 3')6—i 3x—4E 3x—E
1 5 5 5
2_7 s
3 3
5x-5 25x

Concepts and Vocabulary

1.

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

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

If the denominators of two rational
expressions are x?—=2x and x> —x—2, then
the LCD is x(x—2)(x+1).

A rational expression that contains another
rational expression in its numerator or
denominator is called a complex rational

expression.
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5. False 6. True

7. False 8. True

Building Skills

9. 22x+2 :2(x+12): 2 xEol
x“+2x+1 (x+1)° x+1

10. 23x—6 :3(x—22): 3 X2
x —4x+4 (x-2)° x-2

1. 3x+3: 3(x+1) _ 3 xE—Lx#l
¥2-1 (x=Dx+1) x-1

PR EE SR C k) R BN QR
4-x2 (2-x)(2+x) 2+x

13 2x-6 _ 2(x-3)  -2(3-x)

T 9-x2 (B3-03+x) (B-x3+x)
=- 2 ,X#-3,x#3
3+x

o, L5¥3_ 3G+w 3 L oo
x?=25 (x=5)(x+5) x-5

1. 2x—1:—1(1—2x):_1’x¢l
1-2x 1-2x 2

16. 2—5x=—1(5x—2)=_1’x¢g
S5x-2 S5x-2 5
2 2 _

17. X 6x+9=(x 3) _X 3,x¢3
4x-12  4(x-3) 4
x2-10x+25 (x-5)% x-5

18. = = ’x¢5
3x—-15 3(x-5) 3

2

19. 72x +7x :7x(x+;): 7x ot

x“+2x+1  (x+1) x+1
2

20. 42x +12x :4x(x+g): 4x x#-3
x“+6x+9  (x+3) x+3

)1 XX =1lx+10 _ (x—10)(x—1)

Coxrt6x-7 (x+7)(x—-1)
=x_—10,x¢—7,x¢1
x+7

2 2 +2x-15  (x+5)(x-3)

Tt Tx+12 (x—4)(x-3)
=x—+5,x¢3,x¢4
x—4

23.

24,

25.

26.

27.

28.

29.

30.

31.

6x* +14x° + 4x?

2 )

6x* —10x> —4x? 242 (3x2 —5x— 2)
( )

)

3% + x? B x2 (3x+1)

3t -1 -4’ 22 (32 - 11x- 4)
B x2(3x+1)
x? (3x+l)(x—4)
=L, xi—l,xio,x¢4
x—4 3

x=3 105420 x=3 10(x+2) _

2x+4 5x—-15  2(x+2) 5(x-3)

6x+4 x—4_2(3x+2)' x—4

1
2x—8 9x+6 2(x—4) 33x+2) 3

2x+6 x2+x—6_ 2(x+3)'(x+3)(x—2)

4x—8 x2_9  4x-2) (x+3)(x-3)

_x+3
T 2(x-3)
25x° -9 4-x
4-2x 10x-6
_(5x+3)(5x-3) (2-x)2+x)
T 2(2-x) 2(5x-3)
_(Ox+3)(x+2)
B 4
X2 —Tx _x2—1
x?—6x-7 x°
__x(x=7)  (x+Dx-D _ x-1
S (x+D(x-7) X2 X
x*-9  5x-15 _ (x=3)(x+3) 5(x-3)

2 —6x+9 x+3 (x=-3)(x-3) x+3
=5

¥ -x-6 x*-1

x2+3x+2‘x2—9
_ (x—3)(x+2)‘ (x-D(x+1) x-1
C(x+1D)(x+2) (x=3)(x+3) x+3
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32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

428 xP 16 (x-)(x+4) (x-Hx+4) _ (x-2(x+4)

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

x2+x-20 x> +5x+4

2—x.x2+3x+2 _ —1(x—2)‘(x+1)(x+2) _
x+1  x2-4 x+l (x=2)(x+2)

3-x x’+8x+15_ —l(x—3) (x+3)(x+5)
x+5 x2-9 x+5 (x=3)(x+3)

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° _ 5x(x—3)
' 2(x+3) 2

X 5x2 X

x2—1+7x—7 _(=D+D x(x+D) _ (x+D?

3 x2+4x  3x Tx-1) 21

x2+2x—3; x-1 _(x—l)(x+3).3(x+4)_3(x+3)
X2 4+8x+16 3x+12 (x+4)° x+4

x—1

X A5x+6 X7 43x+2  (x+2)(x+3) (x+3)(x+4) _x+4
X2 46x+9 x247x+12 (x+3)(x+3) (x+D(x+2) x+1

(x=3)(x+3)

(T -D(x+2)

I x-3

-9 x+3 ( 1 j_
48 P +2xt—x-2\x?-1) (x+2)(x?-2x+4) x+3

xz—l_x2—2x+4

x*=25  x*+3x-10 (x—Zj_(x—S)(x+5)‘(x—l)(x+1).x—2_x—1
x2-3x-4  x2-1 x=5) (x=4)(x+1) (x+5)(x=2) x—=5 x-4
3 x+3 4 2x 4 2x
—+== 49. + = +
5 5 5 3-x x-3 -1(x-3) x-3
. . _—4+2x  2(x-2)
L_X_ * x-3 x=3
4 4 4
X 4 x+4 50, 242X 2, 27X
el 2xrl 2xtl I-x x-1 1-x -1(1-x)
X+ X+ X+ ~ ) _2—x_—4+x
2x A 3x T 1-x 1-x l-x
7x-3 7x-3 7x-3 _x—4 o _x—4
1-x x-1
x? _xz—l_xz—(xz—l)_ 1 s 5 .
x+1  x+1 x+1 x+1 51. 2x + zx = 2x
x“+1 x7+1 x7+1
2x+7 x-2 (2x+7)-(x-2) x+9
- = = 3x 4x

3x+2 3x+2 3x+2 3x+2 52. X

2x
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53.

54.

5S.

56.

57.

58.

59.

60.

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

4x 8x 12x 3x
>t 2 2 2
4(x+5) 4(x+5) 4(x+5) (x+5)

X 2 x—2 1

o4 -4 (x-2)(x+2) x+2

S5x 5 5x-5  5(x-1) 5

21 21 D+l (x—Dx+l) x+l

x—=2 x _ (x=-2)2x-D)  x(2x+]1) =(2x2—5x+2)—(2x2+x)

2x+1 2x—l_(2x+l)(2x—l) 2x+D2x-1 2x+DH(2x-1D

o —6x+2  2(1-3¥)

C2x+D)2x=1)  2x+1)2x-1)
2x=1  2x _ (x-D@x-1)  2x(4x+1) _ Bx*-6x+D)-(8x*+2x) = 1-8x
4x+1 4x—1 (4x+D@x-1) (“Gx+1)@dx-1) (4x+1)(4x—1) C (dx+1)(4x—1)
-x x-2 x _ —x*(x-2) +(x—2)2(x+2)_ x2(x+2)

x+2+ X _x—2_x(x+2)(x—2) x(x+2)(x=2) x(x+2)(x-2)
(—x3+2x2) +(x3—2x2—4x+8)+ —(x3+2x2)
x(x+2)(x—-2) x(x+2)(x-2) x(x+2)(x—-2)
—x3—2x2—4x+8_ X +2x% +4x-8
x(x+2)(x=2)  x(x+2)(x-2)

3x  x+l 2x _ 3x2(x+1) +(x+1)2(x—1)_ 2x2(x-1)

x—1 x  x+1 x(x=-D(x+1) x(x—D(x+1) x(x—D(x+1)
B 3x% +3x2 X +xr-x-1 2x3 —2x? _2x3+6x2—x—1
Tx(x-Dx+l) x(x=Dx+1)  xx-Dx+1)  xx-I)(x+1)

In exercises 61-68, to find the LCD, first factor each denominator completely, form a product of the distinct
irreducible factors of each polynomial, and then attach to each factor in this product the greatest exponent that
appears on this factor in any of the factored denominators.

61.

62.

63.

64.

65.

66.

67.

The denominators are 3x—6=3(x—2) and 4x-8=4(x—2)= LCD= 3-4(x-2)=12(x—-2)

The denominators are 7 +21x =7(1+3x) and 3+9x=3(1+3x)= LCD= 7-3(14+3x)=21(1+3x)

The denominators are 4x> —1=(2x+1)(2x—1) and (2x+1)> = 2x+1)(2x+1)= LCD = (2x - 1)(2x +1)*
The denominators are (3x—1)? = (3x—1)(3x—1) and 9x> —1= Bx-1D(Bx+1)= LCD = 3x-1)’Bx+1)
The denominators are x> +3x+2=(x+1)(x+2) and x> -1= (x—1)(x+1) = LCD = (x - 1)(x + )(x +2)
The denominators are x> —x —6 = (x=3)(x+2) and x?-9= (x=3)(x+3)=>LCD=(x-3)(x+3)(x+2)

The denominators are x> —5x+4 = (x—=1)(x—4) and

x24+x-2=(x-1)(x+2)= LCD = (x - I)(x — 4)(x +2)
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68. The denominators are x> —2x—3= (x=3)(x+1) and

X% +3x+2= (x+1)(x+2)= LCD = (x = 3)(x + [)(x + 2)

For exercises 69-84, remember to find the LCD first, and then rewrite each rational expression as a rational
expression with the LCD as the denominator. Next add or subtract numerators, following the rules for order of
operations. Finally simplify the final rational expression. Leave your answer in factored form.

69.

70.

71.

72.

73.

74.

75.

76.

77.

5 + 2x _ 5 N 2x _ 5(x+3) N 2x =5x+15+2x= Tx+15
x=3 x2-9 x-3 (x-3)(x+3) (x-3)x+3) (x-3)x+3) (x-3)(x+3) (x-3)(x+3)
3x P S 3x 4 X o 3x(x+1) b _3x2+3x+x_ 3x% +4x
x=1 x2-1 x-1 (x=Dx+1D) (x=Dx+D) (x=-Dx+1D) (x=Dx+1D) (x=1(x+1)
_ x(B3x+4)
T (x=D(x+1)
2x  x 2x X 2x _ x(x=2)
24 x+2 (x=-2)(x+2) x+2 (x-2)(x+2) (x+2)(x-2)
_2x—(x2—2x)_ —x? +4x _ x(4-x)

C(x=2)(x+2) (x=2)(x+2) (x=2)(x+2)

3x—1 2x+1_ 3x-1 20+l 3x-1  (Qx+Dh(x+4)

216 x-4 (x—4)(x+4) x-4 (x-4)(x+4) (x—4)(x+4)
C3x—1-(2x? +9x+4)  2x*—6x-5  2x*+6x+5

(x-4)(x+4)  (x-DHx+4)  (x-d(x+4)
x=2 + x+3 x=2 x+3 1 + 1
2 43x=10 x2+x-6 (x=2)(x+5) (x=2)(x+3) x+5 x-2
x—=2 x+5 2x+3

T 15)(x-2)  (x15)(x-2) (x-2)(x+5)

x+3 4 x—1 x+3 N x-1 (et 3)(x+1) + (x-D(x-2)

x2—x-2 x2+2x+1:(x—2)(x+1) (x+1)(x+1)_(x—2)(x+1)(x+1) (x+D(x+D(x-2)
_ (P44 +(° -3x4+2)  2x7 +x45
(x=2)(x+D(x+1) (x=2)(x+1)2

2x-3  dx-l _ 2x-3 4r-1 _ (2x=3)Bx-1) , (4x-DGx+D)

9x2-1 GBx-12 Gx-DGBx+D) Gx-1)2 @Gx+DGx—-1)2 Gx+1)3x-1)2
:(6x2—11x+3)+(12x2+x—1): 18x% —10x +2 _ 209x% = 5x+1)
Bx+DGBx-1)? Gx+DBx-1?  Bx+1D)Bx-1)*

3w+l x#3 3w+l a43_ Gr#D@e-D | (r+3)Qx+D)
Qx+D)? 4x?-1 @x+D? Q@x-D@2x+1)  @2x+D)*Q2x-1) @2x-DQ2x+1)>
(X —x—D+2x% +7x+3)  8x+6x+2 2(4x7 +3x+1)

(2x —1)(2x +1)2 T 2x-D2x+1)? 2x-D2x+1)>
x-3 x=3 _ x=3 B x=3 _ (x=3)x+4)  (x-3)(x-5)
2 =25 x?49x+20 (x=5)(x+5) (x+H(x+5) (x-3)x+5)(x+4) (x+4)(x+5)(x-5)
(P Hx—12) - (x2 - 8x+15) 9x—27 ~ 9(x—3)
O (x=5)(x+5)(x+4) (x=5)(x+5)(x+4) (x-5)(x+5)(x+4)
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-8 2x  2x=T7 2x o 2x=T7 2x(x-3) _ @x=-ND(x+4)
Cox2o16 xP-Tx+12 (x=Hx+4) (x-4H(x-3) (r-HE+4)(x-3) (x-4)(x+4)(x-3)
C(2x?-6x)-(2x? +x-28) —7x+28

(x=H(x+4)(x-3) (x=4)(x+4)(x-3)
3 —T(x—-4) _ 7
(x—4)(x+4)(x-3) (x+4)(x-3)
79.3+1_1=_3+1_1=_ 3 +1_1
x2-4 2-x 2+x 4-x% 2-x 2+x 2-x2+x) 2-x 2+x
_ -3 N 12+x) 12-x) _B3+Q2+x)-2-x)_  2x-3
2-02+x) 2-x)2+x) Q2+x)(2-x) 2-x)2+x) 2-x)2+x)
2 5 7 2 5 7 2 5 7
54x x2-25 5-x S+x 25—x% S5-x S5+x (5-x05+x) 5-x
_206-x) 5 N 7(5+x)
G+x)5-x) S-005+x) G-x)05+x)
_(10-2x)-5+(35+7x)  5x+40  5(x+8)
S+x)(5-x) G+x)(5-x) GS+x)(5-x)
81 x+3a_x+5a_(x+3a)(x—3a)_(x+5a)(x—5a)_(x2—9a2)—(x2—25a2)_ 164>
" x—=5a x-3a (x-5a)(x-3a) (x—3a)(x->5a) (x=5a)(x—3a) (x—=5a)(x—3a)
% 3x—a 2x+a_(x-a)3x+a) (x+a)2x-a) (9x*-a’)-(4x’-a’) _ 5x2
" 2x—a 3x+a (x—-a)3x+a) Bx+a)2x—a) (2x-a)(3x+a) (2x—a)(Bx+a)
83 1 1 x 1(x+h) 87. Using Method 1:
" x+h x x(x+h) x(x+h) i1 1
Cx—(x+h)_ h x __x __x _1
x(x+h)  x(x+h) o box box=l e x-d
X x x b
g4, (R SO SO (2 L iz0n
x+h)?* x* Px+h)? x+h)? a
x2 = (x+h)? 88. Using Method 1:
= xz(x+h)2 LZ Lz 12 1 ,
_x? = (2 + 20k + h?) Ty Rty et ¥ *
= ) ) LI L_L 1-x x° 1-x
x“(x+h) 2 3 5 5
_ 2xh=h* _ hQx+h) * 5
xz(x+h)2 )62()C+h)2 _1—x2=(1—x)(1+x)’x¢_1’ 0,1
2 ’ 89. Using Method 2:
x 2 x° 2x
85. X ==._="2 1 1
3 x 3 3 —=1 |l
— X X 1-x
x2 1 = 1 =1+ ,x#0, x# -1
—+1 (+1jx o
-6 x X
- _ 3
86. L:_6.x_:_3x2
2 x 2
3
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