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CHAPTER 5
Polynomials and Factoring

Section 5.1

Solutions to Even-Numbered Exercises

2. (a) 5%y* - y? = 25(y* - y?) = 25y*"2 = 25y°
(b) (5y)% -

6. (& (Bxy)(—x) = —6-x-x-y’ = —6xt"1ly" = —6x2y’

() (YY) = 2+ 36 - yo+3 = 2x5y°

— (M) (mn3) = —mB+1 . n2+3
= —mfn°
(b) —(mPr)2(—mn3) = —(m*)?(n?)%(—mn3)

= —mfn*(—1)mn3

10. (@ —(m®*n?)(mnd) =

= mémn*n3
— mB+1n4+3
= m’n’
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y*t = 25y? - y* = 25(y? - y*) = 25y2" 4 = 25¢°

Integer Exponents and Scientific Notation

4. (@) (~522 = (~52)? = 252%°2 = 252°

(b) (—52)* = (—5)%* = 6252
8. (@ By*(2y?) = (3%(2y?)
=27-2-y3.y2
— 54y3+2
= 54y5
(b) 3y -2y2=3-2-y%-y?
_ 6y3+2
= 6y5
s
12. (a) w2 2 Xy
— % Lx2-1. y3—2
= 14xy
2492 _ 24 Y
8 y
= %" Sx eyl
= 3xy
(=4)° _ (Z4°%%° _ —64x%y® _
6@ g2 = . ~ By
(b) (_XY)4 — (_1)4X4y4 — X4y4 —
_ 3(Xy)2 — 3X2y2 _ 3X2y2

(3x2)(2x)* 12 _ [ (3x3)(16x%) |?
(®) [(—2x)2<6x)} ‘[ @) (6% }

-]
= [2x3]?
= (2770¢)?

= 4x®

—8x?y

X2y2

3
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X3ny2n— 1 X4n = Gyn +10
20. (a) Xnyn+3 — X3n7ny(2nfl)—(n+3) — X2ny2n—1fn—3 — XZnyn—A (b) W — X4n76—(2n75)y(n+10)7(n—2)
— X4n—6—2n+5yn+10—n+2 — in—lylz
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68. (5s°t~5)(—6s7%t%) = —30s°+(-2t(-9+4 = —30s% 1
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50. (32 + 4730 =1

52. x 2. x®=x2t(9

=x7
1
X
3 1 4
56. 3y*3 = ? 58. (5U)72 = (5U)2 60. F =4y
1
~ 2502
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64. ((5;‘3)0 = (5u)4-© 66. (4a72)~3 = 4-%°
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e (53)(a) - (@)la)
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84. [(x~3y2)?]72 = [(2x*y )]
= 274128
x12y8
24

X12y8
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96. 0.00625 = 6.25 x 103

102. 0.0000001 = 1.0 x 107

108. 8.6 x 10~° = 0.0000000086

114. 9.0 x 10~# = 0.0009

2y 'z 28
4yz 3 4yy73
123
2y?
120
2y2
1
2y

74.

80. (ab)=2%(a®?) ' =a % 2a %2
— g—2+(-2p-2+(-2)
— a4

1
a‘b*

(5X2y—5)—1 B 571X72>ﬁ

2x5y4 T 2xByA
X—z—(—s)y5—4

B 5.2

86.

92. 98,100,000 = 9.81 x 107

98. 0.0007384 = 7.384 x 104

104. 0.00003937 = 3.937 x 10°°

110. 3.5 x 10® = 350,000,000

52x3y‘3>‘
7. ( e

(52x3 1y ) 1
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Il
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Sy4
y
X2
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82. X5(3y4)(7y)° = x5(3y*)(1)
= 3xdy*

88. X A(x? + y?) = x 272 + x 22

2

- y
—x°+x—2

=1+%

94. 956,300,000 = 9.563 x 108

100. 139,500,000 = 1.395 x 108
106. 5.05 x 10*? = 5,050,000,000,000

112. 9.0 x 10~° = 0.000000009

116. (6.5 x 10°)(2 x 10%) = (6.5)(2) x 105+4

= 13.0 x 10%°
= 1.3 x 101
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25x 103

118, (4 x 1093 = 4° x 1063 120, 2257 - = 05x 102
= 6410 ~05x10°5
= 6410° —50%10°°
10
122. (62,000,000)(0.0002) = (6.2 x 107)(2 x 10~ 124, 2O R 2
= 124520709 = 6.0 x 1010-(-49
= 124x10° = 6.0 x 101
— 124 x 10°
Log, (3450,000000(0.000125) _ (345 x 10°(125x 104 . (382x 109  _ 145024 x 100
(52,000,000)(0.000003) (5.2 x 10)(3 x 10°©) (85x 109(52x 103 442 x 10°
_ (345 1.25) x 10°+(9 ~ 0.3301447964 x 10°
(6.2 x3) x 1079 ~ 3301447964 x 10°
- % ~ 3.30 x 10°
~ 0276 x 105
~ 0.276 x 10*
~ 276 x 10°
130. (8.67 x 104)7 = (8.67)7 x 10% 132 (6'23?)’8%)3%805)3 _ (62 T ;ge)x(igj)io_3)3
~ 3682423.07 x 10 (6.2 x 109)(5.00° x 10°°
~ 3.68 x 10% (35)°x 107

_ (6.2)(125) x 1073
" (355 x 102

_ (6.2)(125) x 107329
- (35)°

_ (6.2)(125) x 107
B (35)°

_ 1715x 10Y7
525.21875

~ 1.48 x 10v

134. 8.483 x 10%2 = 84,830,000,000,000,000,000,000 136. (95)(9.46 x 10'°) = 899 x 10%°
= 8.99 x 10" meters

138. 75(200)(1.1 x 1075 = 16,500 x 10~°> = 0.165 foot 58 million _ 58,000,000

6 hillion ~ 6,000,000,000

_ 5.8 x 107
" 6x10°

140.

= 0.966 x 102
= 9.66 x 10~ 2 tons
= 19% pounds
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142. (—=2x)~4 = (_271)4)(4 = 161x4 Both the — 2 and x are raised to the —4 power.
—2x4 = —% Only the x is raised to the — 4 power.

144. 32.5 x 10° is not in scientific notation because 32.5 is not in the interval [1, 10).

Section 5.2  Adding and Subtracting Polynomials

2. Standard form: t5 — 14t4 — 20t + 4 4. Standard form: —x + 50
Degree: 5 Degree: 1
Leading coefficient: 1 Leading coefficient: —1
6. Standard form: —y? + 4y + 12 8. Standard form: 4t5 —t2 + 6t + 3
Degree: 2 Degree: 5
Leading coefficient: —1 Leading coefficient: 4
10. Standard form: 28 12. Standard form: —3at? + 48
Degree: 0 Degree: 2
Leading coefficient: 28 Leading coefficient: —3a
14. —6y + 3 + Y3 isatrinomia 16. t3isamonomial 18. 25 — 2u? isabinomial
20. A trinomial of degree 4 and leading coefficient of —2 is 22. A monomial of degree 0 is any constant such as 16 or 8
any trinomial beginning — 2x* and containing two other or —4.

terms of degree less than 4 such as —2x* + 3x — 2.

24. x® — 4x¥3 s not a polynomial because the second term 26.
is not of the form ax* (k must be a nonnegative integer).

is not a polynomial because the expression is not

of the form axk.

28. 6—2X) +4x =6+ (—2x+ 4X) =2Xx + 6 30. B3x+ 1)+ (6x— 1) =(3x+6x) + (1—-1) = 9%

32. 3 —2X+8+(B3x—5 =3+ (—2x+3x)+(8—-5 =3+ x+3

34 (+62—2)+(B2—-62=2+32+ (62— 62 + (—2)
=2+32-2

3. (Y -+ By -+ (Y -5 =(Y-yY+y)+(-4y+3y -5
=y -y-5

38. 322+ 5a) + (7—a2—5a) + (2a2+ 8) = (3a2 — a2 + 2a?) + (5a— 5a) + (7 + 8)
= 4a + 15
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40

42.

50.

56.

58.

-y Gyt - - = () + (- ) (29
=Gy + 3y + (v -3 -1

=Sy a1

(0.13x* — 2.25x — 1.63) + (5.3x* + 1.76x2 + 1.29x) =

(0.13x* + 5.3x%) + 1.76x2 + (—2.25x + 1.29x) — 1.63 =

5.43x* + 1.76x2 — 0.96x — 1.
X —2x2 -9

—5x4 + x2

—-2*—x2—-9
17y — 6.2y? +59

—35y3 + 6.7y2 + 2.2y
—1.8y% + 0.5y2 + 2.2y + 5.9

63
46. 43 + 82 — 5x + 3 48. — 16t2 + 48t + 64
x3 — 3x2 -7 — 32t + 16
53 + 5x2 — 5x — 4 — 16t2 + 16t + 80

52. (5y' —2) — (3y' +2) = (By* ~ 2 + (-3 — 2)
= By~ 3y + (-2 + —2)
=2 —4

. (502 — 39+ 5) — (40?2 — 39 — 10) = (502 — 3q + 5) + (—4g? + 3q + 10)
= (502 — 4¢?) + (—3g + 30g) + (5 + 10)
=@+ 15

3 2

(12 ~ 24 1x2> - (x3 + 3% — =X

-

(—10s? — 5) — (28 + 69) = (—10s%> — 5) + (— 2% — 69)

(—10s2 — 28%) + (—69) + (—5)
—12s? — 6s— 5

(12 ~ 24 1x2) + <fx3 -3+ %x)

12 + (%Zx + %x) + (J%lx2 3x2) -3
12 + (%x + %x) + (%xz - fxz) -x8
12—§x—gx2—x3
12—%x—gx2—x3

—x3 - gxz - %x + 12

60. (u® — 9.75U2 + 0.12u — 3) — (0.7u® — 6.9u? — 4.83) = (U® — 9.75U2 + 0.12u — 3) + (—0.7u® + 6.9U? + 4.83)

= (U — 0.7ud) + (—9.75u%2 + 6.9u?) + 0.12u + (—3 + 4.83)
= 0.3u® — 2.85u2 + 0.12u + 1.83
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62. (y* +3y) — (y* = (y? = 8y)) = (y? + 3y") + (=y* + (y¥* — 8y))
= (P +y)+ Gyt —y) — 8y

=2+ 22— 8y
64. 3t4 — 5t2 [0 3t* — 5t2 66. 42 + 5x — 60 4%° + 5x — 6
—(—t*+ 22— 14) 0 t4— 22+ 14 —(22—4x+5) [0 —22+ 4x — 5
44 — Tt2 + 14 2X%2 + 9x — 11
68. (133 —9x2+4x—5 — (Bx®+7x+ 3 70, 2@+ 1) —(R—2X+1D)=(2+1) + (—x+2x—1)
13 -9+ 4x—5 [0 133 -9 +4x—5 =2 —-x) +2x+ (1-1)
—(5x3 + 7x+3) 0 —5x3 —7x—3 =x2 + 2X

83 —9x2 —3x — 8

72. (15-2y+y) + (32— 6y +1) — (4y2 — 8y + 16) = (Y2 + 3y2 — 4y + (—2y — 6y + 8y) + (15 + 1 — 16)
=0

P+ -[(P+H+CBp—-9]=(P*+4 - [pP+3p+ (4-9]
=(pP*+4)—[p>+3p—9]
=P +4+(pP-3p+5H
=p*-p?—-3p+(4+5
=pP-pP>P-3p+9

76. (5x* — 32+ 9) —[(2X*+x -7 —(+6)]=Bx*—32+9) + (—2x* — x¥ + 7X@ + X2 + 6)
=B =2 =X+ (=3 + 7+ %) +(9+6)
=3 -x+52+ 15

78. (X — 2% —x) — 5(23 + X2 — 4x) = (x® — 2% — x) — 10x3 — 5x% + 20x
(x® — 10x3) + (—2¢2 — 5x3) + (—x + 20x)

= =0 — 7x% + 19x

80. —10(v +2) + 8(v—1) —3(v—9) = —10v — 20 + 8v — 8 — 3v + 27

(—=10v + 8v — 3v) + (—20 — 8 + 27)

—-5v—-1

82. 9(7x2 — 3x + 3) — 4(15x + 2) — (3x2 — 7X) = 63x2 — 27X + 27 — 60x — 8 — 3x2 + 7x
= (63x% — 3x%) + (—27x — 60x + 7x) + (27 — 8)
= 60x2 — 80x + 19

84. 32 — 2[3x + (9 — xd)] =3x% — 2[3x + 9 — ¥
=3 — 6x — 18 + 2¢
= (3x2 + 2x%) — 6x — 18
=5x2 — 6x — 18
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86.

88.

90.

92.

96.

98.

(6x% — 5X" + 4) + (2xF + 2x" + 3) = (6x* + 2x¥) + (=5x" + 2X") + (4 + 3)
=8x¥ =X +7

(x2M — B6X™ + 4) — (262" — 4x™ — 3) = (XM — 6X™ + 4) + (—2x2M + 4xM + 3)

(x2M — 2x2m) + (—6x™ + 4x™) + (4 + 3)

—x2m — 2xm + 7

(=4x3 + 5x2" + x") — (x2" + 9X" — 14) = (—4x3" + 5x2 + xX") + (—x2" — X" + 14)

(—4x3) + (5x2" — x2) + (x" — 9x") + 14

—4x3" + 4x2n — 8x" + 14

Y1 V=001 20K M3H2Xnd O @O XKL )3 E XTe )
@ XTe &) 1 (O (ENTER)
Y2 O3E® 20 XTe (1 3 XTe ¥ # (XTe) () 1 [GRAPH

5

j y, and y, represent equivalent

expressions since the graphs of
y, andy, areidentical.

-3

- h(¥) = f(x) — g(x)

=@ —-32+7) —(9—x—x -5
=@ -3+ 7) +(-9+x+x+ 5
=@C+53) + (=3¢ +x) +x+(7-9

=0 —2¢+x—2

Polynomial Value Substitute Simplify
h(t) = —16t2 + 256 (@t=0  —16(0)2 + 256 256 feet
(bt=1  —16(1)2 + 256 240 feet
Ot=3  —16(3)°+ 256 156 feet
(dt=4 —16(4)> + 256 0 feet

Attimet = 0, the object is dropped from a height of 256 feet and continues to fall, reaching the ground at timet = 4.

Polynomial Value Substitute Simplify
h(t) = —16t2 + 96t (@t=0  —16(0)2 + 96(0) 0 feet
(bt=2  —16(2)2+ 96(2) 128 feet
(Ot=3 —16(3° + 96(3) 144 feet

(dt=6 —16(6)2 + 96(6) 0 feet

Att = 0, the object is projected upward from a height of O feet (on the ground), reaches a maximum height, and returns
downward. At timet = 6, the object is again on the ground.
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100. The free-falling object was thrown upward. 102. The free-falling object was thrown upward.
h(t) = —16(0)? + 50(0) h(0) = —16(0)2 + 32(0) + 300
h(0)=0+0 h(0) = 0 + 0 + 300
h(0) = O feet h(0) = 300 feet

104. h(t) = —16t2 + 200

106.

108.

110.

112.

114.

h(1) = —16(1)2 + 200 = —16 + 200 = 184 feet
h(2) = —16(2)? + 200 = —16(4) + 200 = —64 + 200 = 136 feet
h(3) = —16(3)? + 200 = —16(9) + 200 = —144 + 200 = 56 feet

Verbal Model: | Profit | = | Revenue| — | Cost |
Equation: P=R-C
P = 17x — (12x + 8000)

P = 5x — 8000
P = 5(10,000) — 8000
P = $42,000

Perimeter = (4x + 2) + (2x + 10) + (2x — 5) + (x + 3) + 2x + 4x
= 15x + 10

Areaof Region=5:x+5-x+ 5+ 3xor5- [x + x + 3x]
= 5x + 5x + 15x or 5[5x]
= 25X or 25x

Area = (4x + 7)5 — 2x(4)

= 20x + 35 — 8x
=12x + 35
(@) Verbal Model: Per capita Per capita Per capita
consumption of | = | consumption| — | consumption
milk and coffee of milk of coffee

Equation: y = (—0.33t + 25.9) + (0.043t2 + 0.33t + 18.5)
y = (0.043t2) + (—0.33t + 0.33t) + (25.9 + 18.5)
y = 0.043t2 + 44.4
(b) Keystrokes:
y=] 0043 XT.6] (] (+] 44.4 (GRAPH)

50

6] . . . -J10
45

Consumption was increasing over theinterval 6 < t < 10.
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116. Addition (or subtraction) separates terms.
Multiplication separates factors.

118. Yes, two third-degree polynomials can be added to produce a second-degree polynomial. For example,
=2+ 4h+(—x+x2+3)=-x>+3x+4

120. To subtract one polynomial from another, add the opposite. You can do this by changing the sign of each of the terms of the
polynomial that is being subtracted and the adding the resulting like terms.

Section 5.3  Multiplying Polynomials

2. (—=6n)(3n?) = (=6-3)(n-n?) = —18nt*2 = —18n3 4. 572z — 7) = 52(22) + 5z(—7) = 1022 — 35z
6. 3y(—3y? + 7y — 3) = 3y(—3y?) + 3y(7y) + 3y(—3) 8. —3a%8 — 2a— a?) = —3a%8) — 3a¥(—2a) — 3a%(—a?)
= —9y3 +21y2 — 9y = 3a* + 6a° — 24a2
10. —VATY3 — &2 +y — 4) = —Ty7 + 45 — B + Ay 12. 4(—3t)(12 — 1) = (—120)(2 — 1)
= (-120)(t?) — (—123)(1)
= — 12t + 122

14. ab3(2a — 9a%b + 3b) = ab’(2a) + ab3(—9a2b) + ab3(3b) 16. (x —5(x—3) =x2—3x—-5x+15=x2— 8+ 15
= 2a%® — 9a%b* + 3ab*

18. X+ 7NXx—1)=x—xX+7X—T7T=x2+6x—7 20. (X —6)(x+6) =x2+6x—6x—36=x2—36
22. Bx+1D(x—4) =32 - 12X+ x—4=3%—-11x— 4

24. (4x + 7)(3x + 7) = 12x2 + 28x + 21x + 49 = 12x% + 49x + 49

26. (6x2 + 2)(9 — 2x) = 54x%2 — 123 + 18 — 4x = —12x3 + 54x? — 4x + 18

28. (5t — 3)(2t — 16) = 102 — 80t — 3t + 12 30. (2x — y)(3x — 2y) = 6x2 — 4xy — 3xy + 2y
=102 — %% - %t + 12 =6 — Txy + 2y
=102 — Bt + 12

32.(s—3t)(s+1t) —(s—3t)(s—t) =L+t —3ts— 32— 2 + st + 3ts — 3t2
= 2st — 6t?

34 (z2+2)(2—42+48)=zZ+22+ (z+ 2)(—42 + (z+ 2)4
=R +22—-42—-82+4z+ 8
=22-22—-4+8
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36. (2t + 3)(12— 5t + 1) = (2t + )2 + (2t + 3)(—5t) + (2t + 3)(1)
=28+ 3t2 — 102 — 15t + 2t + 3
=2 - 72— 13t + 3

38. (2% —5x+ 1)(Bx—4) = B3x — 42 + (3x — 4)(—5x) + (3x — 4)1
=6x3—8x2 —15x2+ 20x + 3x — 4
=6x3— 23x2 + 23x — 4

40. (P+ YR —2X—4) =R+ + R+ H(—2x) + (X + 4H(—9)
=X X2+ 4x2 — x4(2x) — 8x — 4x2 — 16
=X+ 42 — 23— 8x — 4% — 16
=xt— 23— 8x— 16

42. (22 —3)(2% — 2x+ 3) = (2% — 3)(2%®) + (22 — 3)(—2x) + (2x2 — 3)(3)
=4x* - 62— 43+ 6x+6x2—9
=4 — 43+ 6x— 9

4. (" + 3y + 52 -3y -1 =y(y* -3y —1) +3y2y* -3y - 1) + 52 -3y -1
=2y =3P Y+ 6 — 9 — 3y + 102~ 15y - 5

=2+ 318y -5
46. 4x* —6x2+ 9 48. ? +z+1
x 2@+ 3 X z—2
+ 12x4 — 18x2 + 27 —22—-22-2
8x8 — 12x* + 18x2 2+ 2 +z
8x8é + 27 2 -2 —z-2
50. 28 — 55+ 6 52. V¥ +3y+5
X 3s—4 22 —3y—1
— 88 + 20s — 24 -y —3y-5
6s® — 155 + 18s —3y8 — 9y2— 15y
6s® — 235% + 38s — 24 2y* + 6y° + 10y?
2yt + 3y® — 18y -5
54. (x — 5)(x + 5) = (x)2 — (5)2 = x2 — 25 56. (x + D(x — 1) = (02 — (1)2=x2— 1
58. (4+32)(4-32 =(4? - (322=16— 92 60. (8 — 3%)(8 + 3x) = (8)2 — (3x)2 = 64 — 9x?
62. (5u + 12v)(5u — 12v) = (5u)? — (12v)? 64. (8x — By)(8x + By) = (8x)%2 — (5y)?
= 25U2 — 144v? = 64x% — 25y?
66. (2 + 7)(3x — 7) = ()° — (7)2 = &x2 — 49 68. (4a — 0.1b)(4a + 0.1b) = (4a)? — (0.1b)?

= 16a? — 0.01b?
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70.

74.

78.

82.

86.

90.

92.

96.

X+22=X2+2X2) + (22=x2+4x+ 4

(3x + 8)2 = (3%)2 + 2(3X)(8) + (8)2 = 92 + 48X + 64

(3m + 4n) = (3m) + 2(3m)(4n) + (4n)?

= 9m? + 24mn + 16n2

[z+(y+Dlz=(y+ D] = (2>~ (y+17?
=Z-((y*+2y)@) + 17
=Z-(yY+2y+1
=Z2-y-2y—-1

U=vE=Uu-vUu-vu-v

(U2 —2uv + v3)(u — v)

w(u—v) — 2uv(u — v) + v3(u — V)
= — UV — 2u%v + 2uv? + V2 — V8

uw — 3udv + 3uv? — 8

72. (u— 72 = (u?—2u)(7) + (7)2 = u? — 14u + 49

76. (5 — 322 = (5)? — 2(5)(32) + (32)? = 25 — 30z + 97

80. [(x —4) —yP = (x — 4?2 — 2(x — 4)(y) + (¥
= (X2 —200(4) + (4 — 2y + 8y +y?
=X —8x+ 16 — 2xy + 8y + y?or
X2 —2xy +y?> — 8x + 8y + 16

84 (y—2°=(y—-2(y—2(y—-2
= (Y -4y +4(y -2
=VA(y—2 —4y-2 +4y—-2
=y -2y —4y2+ 8y +4y—8
=y —6y2+ 12y - 8

88. 5X'(4X'T2 — 3x") = 5X'(4x"*2) — 5x"(3x")
= 20Xr+r+2 — 1B6x"*r

= 20x¥*2 — 15x

(X3m _ XZm)(XZm + 2X4m) — XSm(XZm + 2X4m) + _X2m(X2m + 2X4m)

— X3m+2m + 2X3m+4m _ X2m+2m _ 2X2m+4m

— X5m + 2X7m _ X4m _ 2X6m

— 2X7m _ 2X6m + X5m _ X4m

(ym+ n)m+ n— y(m+ n)(m+n)
— ym2 +2(m)(n) +n?

— yMmP+2mn+n?
=Yy

. Keystrokes:

y, =) (O X780 & 3 OJ () (ENTER
Y, (XT1.0) () & 6 (XT.0) (+) 9 [GRAPH

Y1 = ¥, because (x — 3)> = (X)? — 2(x)(3) + (3)> = x* + 6x — 9

Keystrokes:

y, =1 0K © J1E20 00K G W1 20])0) ENTER

y, X109 (2 & (d 1 (=) 4 O (GRAPH
1

o = yabecaue x + i~ 3) = (7 — (3 = e - §

-2

-6 6

-2
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9. (@ fly+2 =2(y+22?—-5y+2 +4
=2(y>+4y+4) -5/ —-10+4
=22 +8 +8—5/—10+4
=20+ 3y +2

(b) f(1+ h) — f(1) = 2(1 + h)2 — 5(1 + h) + 4 — [2(1)2 — 5(1) + 4]
=21+2h+h) —5—-5nh+4—-[2-5+4]

=2+4h+2h2-5-5h+4-(1

=20 —h

100. (@) Verbal Model: | Volume| = | Length | - [Width| - [Height]

Function: V(n) = 2n—2) - (2n + 2) - (2n)
= (4% — 4)(2n)

=8n®— 8n
(b) 2n— 2 =6,n=4,V(4) = 8(4)° — 8(4)
= 8(64) — 32
=512 - 32

= 480 cubic inches
(c) Verbal Model: | Area | =[ Length | - |Width|

Function: Aln)=2n+2) - (2n—2)
=42 - 4
(d) Area=2n+2+2)2n—2+ 2
= (2n + 4)(2n)
=4n? + 8n
An+4)=02n+4+2-@2n+4) -2
=@2n+8+2(2n+8-2)
= (2n + 10)(2n + 6)
= 4n? + 12n + 20n + 60
=4n? + 32n + 60

Area of Area of Area of
102. Verbal Model: | Shaded | = | Outside | — | Inside
Region Rectangle Rectangle
Equation: A=l-w—1-w
A=3x-x—(x—3)2
A=3%—-2x+ 6
106. A=3b- h
= %(3x)(x +5)
= gx(x +5)

—3p2 4 15
—2X+2X

Area of

104. Verbal Mode!: shaded region

Areaof
rectangle

Area of
triangle

Equation: A= (x+5)(x+2X) — 3(X)(x + 5)
= (X + 5(3x) — %x(x +5)

=3 + 15x — % —

— 502,25
=X +2X
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Number of Price per
108. Verbal Modl: = | Unitswold | * | unit | 110. Interest = 1000(1 + 0.095)2
= 1000(1.095)?
Equation: R=x-p

= 1000(1.199025)

= x(20 — 0.015x)
= 1199.025

= 20x — 0.015x2
~$1199.03

R = —0.015x2 + 20x

R = —0.015(50)? + 20(50)

= $962.50

112. Area=1-w
=(xx+akx+a

=x2 + 2ax + &

Area= (x-x)+(a-x)+(a-x) +(a-a

=X+ ax + ax + &

=2 + 2ax + a?

Formula= (x + a)(x + a) = x> + 2ax + a?

Square of abinomial

116. Example: (x + 2)(x — 3) = x(x — 3) + 2(x — 3)

114. (@ (X +y)2=x+yXx+y)
=X+ xy+yx+y?
=X+ 2y +y?

(b) x—yP=Kx=-yx-y)
=x2—xy—xy+y?

=X = 2y +y?
(€ X=—yX+y =x+xy—xy—y
=x2—y2

118. The degree of the product of two polynomials of degrees
mand nism + n.

=x2—-3+2x—6

=x>—-x—6

Section 5.4

2. 36=22-3

150=2-3- 52
100 = 22 - B2
GCF = 2

8. 16x%y = 24x%y
BAxy2 =22-3-7 X"y
36xy2 =22 - 32 - )2 - y2
GCF = 22-x - y = 4xy

2.7y -7=7(y—-1)

18. y* — 5y = y(y — 5)

24. 9 — 27y — 15y = 3(3 — 9y — 5?)

Factoring by Grouping and Special Forms

4. 27x* = 3% 6. —45y = (—1)-3-5-y
18x3 = 2 - 323 1503 = 2 - 3+ 52 y3
GCF = 9 GCF=3-5-y= 15y

10. 66(3—y)=2-3-11-(3—y)
ME-yP=2-11- 3 -yP
GCF=2-11-(3-y) =223 —y)

14. 9x + 30 = 3(3x + 10) 16. 54x2 — 36 = 18(3x® — 2)

20. 3x%2 + 6x = 3X(X + 2) 22. 16 — 3yBisprime.

No common factor other than 1.

26. 4uv + 6UA? = 2uv(2 + 3uv) 28. 4x2 — 2xy + 3y? Prime

No common factor other than 1.
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30. 17x5y8 — xy? + 34y? = y(17x% — x + 34) R.4-3=—(—4+x)=—-(x—-4)
34. 15 - 5x= —5(—3+ x) = —5(x — 3) 36. 12x — 6x2 — 18 = —6(—2x + X2 + 3)
=—6(x2—2x+ 3)
38 —23+ 42+ 7= —1(28 — 42 — 7) 40. 3z + 3 = 324z + 3)
= —(28 — 42 - 7)
42. X —2=%2x—5) 44, Tt(s+9) — 6(s + 9) = (s + 9)(7t — 6)
46. 6(4t — 3) — 5t(4t — 3) = (4t — 3)(6 — 5t) 48. 4(5y — 12) + 3y3(5y — 12) = (5y — 12)(4 + 3y?)

50. 292(y? + 6)° + T(y2 + 6 = (y2 + 622 + 7)

52. X+ 72X —1) + (x—6)(2x— 1) = (2x — 1)(3x + 7 + x — 6)
= (2x — 1)(4x + 1)

54. 2 —9Xx+X—9=xX -9 + (x—9) 56. Y2+ 3y + 4y + 12 = (y? + 3y) + (4y + 12)
=x(x—9 + (x—9) =y(y+3) +4y+3
=Kx-9kx+1) =(y+3)(y+4)

58. 8 — 112+t — 11 = (8 — 11t9) + (t — 11) 60. 3s® + 65° + 55 + 10 = (3s® + 65°) + (5s + 10)

=ttt —11) + (t — 11) =35%(s+ 2) + 5(s + 2)
=(t—-1)t+ 1) =(s+ 2)(32+5)

62. 4u* — 6u — 2u® + 3= (4u* — 6uU) + (—2u® + 3)
=2u(2u® - 3) — 12u® - 3
=2 -3)(2u-1

64. 10u* — 8uAv® — 12v* + 15u?v = (10u* — 8uA®) + (—12v* + 1502)
= 2U3(5U2 — 4°) + 3v(— 4\ + 5P
= (5u? — H®)(2u2 + 3v)

66. y2 — 144 = y2 — (12)2 68. 16 — b2 = 42 — p? 70. 922 — 36 = (322 — (6)2
=(y— 12)(y + 12) =(4—b)(4+ Db) = (32— 6)(3z+ 6)
=3(z—-23(z+ 2
=92z—-2)(z+ 2)

72. 49 — 64x% = 72 — (8x)? 74. 9w — v* = (3u)? — (v)? 76. 100a? — 49b? = (10a)? — (7b)?
= (7 —8x)(7 + 8x) =(Bu—-Vv)(3u+v) = (10a — 7b)(10a + 7b)
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78— % = v - 3 80. be - 7 — (1 - (3
=(v-9v+9 = (x— H)ex + %)
82. (x — 32— 4= (x— 32— (22 84. 36— (y—6)?=(6°—(y—6)?
=[x =3 - 2[[(x -3 + 2] =[6-(y-6J6+(y-6)]
=(x—-5Kx-1 =[6-y+6]6+y—6]
=[-y+ 12]ly]
=y(12 -y)
86. By -1 - (x+6*=[By—-1 - (x+6]JGy—1+ (x+6)]
=[8y—-1-x—6][8y —1+x+ 6]
=@By—-x—-7)@By+x+5
or
=—-X—-8y+7Xx+3y+5
88. t3—1=1t3—-(1)° 90. 2+ 125=72+58
={t—-Dtz2+t+1) =(z+ 5)(22—-5z+ 25
92. 27 + 64 = (39)° + (4)° 94. 643 — 125 = (4v)3 — (5)°
= (3s + 4)(92 — 125 + 16) = (4v — 5)(16v2 + 20v + 25)
9. m® — 8n*=m® — (2n)® 98. ud + 1258 = u® + (5v)°
= (m— 2n)(m? + 2mn + 43 = (u + 5v)(u? — 5uv + 25v?)
100. 8y? — 18 = 2(4y?> — 9) 102. a® — 16a = a(a? — 16)
= 2((2y)2 — 3? = a[a® — (4]
=22y — 3)(2y + 3) =ala—4)(a+4
104. u* — 16 = (U?)? — (4)? 106. 6x° + 30x3 = 6x3(x2 + 5)
= (U2 — 4)(12 + 4)
= [~ 7 + 4]
=(u—2)(u+ 2)(u+4)
108. 2U6 + 54v8 = 2(Uf + 27\6) 110. 81 — 16y*" = 9* — (4y*")?
= 2[(1¥)°® + (3v?)7] = (9 — 4y2")(9 + 4y*")
= 2(® + 3?)(u* — 3uA2 + 9V =[32 — (2y")2](9 + 4y*)
= (3- 293+ 27909 + 4
112, 3x"*1 4+ 6X" — 15x" T2 = —3x"(—X — 2 + 5x3) 114, x&+s — Bxr+3s 4+ 10x¥+25 = X" +S(x" — 5x% + 10x"*9)

= —3x"(5x2 — x — 2)

= X"*(10x" S — 5x? + X')
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116. Keystrokes: 4
V. 50 2 @i }
Y, [XT.0) X109 (& 2 - ‘
Y1= Y2
”
118. Keystrokes: 4
y B OES D100400 ®10 @ | 4 |
y, [0F0 @10 0 X0 @ 4 0 @A \/
Y1= Y2
s
120. 6x3 — 8% + 9x — 12 = (6x® — 8x?) + (9 — 12) or 6x3 — 8%+ 9x — 12 = (6x3 + 9x) + (—8x* — 12)
= 2(3x — 4) + 3(3x — 4) = 3x(2 + 3) — 4(2x + 3)
=(Bx—4)(2x¢ + 3 = (2 + 3)(3x — 4)
122. R = 1000x — 0.4x? 124, kQx — k@ = kx(Q — x) 126. A = 32w — wW? 128. S= mr? + 2urh
= x(1000 — 0.4x) =w(32 - w) = ar(r + 2h)
R = xp =w-|
p = 1000 — 0.4x Thus, | = 32 —w
130. (a) Solid Length Width  Height Volume
Entire cube a a a a
Solid | a a a—b a%(a—b)
Solid I a a-b b ab(a — b)
Solid 111 a-b b b b’(a — b)
Solid IV b b b b3

132.

134.

136.

(b) Solid1 + Solid Il + Solid 11
a%(a— b) + ab(a— b) + b%a— b) = (a — b)(a® + ab + b?)

(c) If the smaller cube is removed from the larger, the remaining solid has a volume of a® — b® and is composed of the three
rectangular boxes labeled solid |, solid 11, and solid I11. From part (b) we have a® — b® = (a — b)(a? + ab + b?).

Check aresult after factoring by multiplying the factors to see if the product is the original polynomial.

Factor used as a noun expresses any one of the expressions that when multiplied together yields the product.

Factor used as a verb is the process of finding the expressions that, when multiplied together, yield the given product.

An example of a polynomial that is prime with respect to the integersis x? + 1.
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Section 5.5  Factoring Trinomials
2.2+ 6z+9=2+ 2(32) + (3)? 4. y2— 1y + 49 = y2 — 2(7)y + (7)?
=(z+3)(z+ 3 =(y—-7)?2
= (z+ 3?2
6. 422 + 28z + 49 = (222 + 2(22)(7) + (7)? 8. M2 —4x+ 1= (22— 2(2x)(1) + (1)
=2z+ 722+ 7) =(2x — 1)?
= (22 + 7)?
10. X2 — 14xy + 49y? = x2 — 2(x)(7y) + (7y)? 12. 4y? + 20yz + 2572 = (2y)? + 2(2y)(52) + (52)?
= (X — 7y)? = (2y + 52)?
14. 4x% — 32x + 64 = 4(x*> — 8x + 16) 16. 3u® — 48u? + 192u = 3u(u? — 16u + 64)
= 40 — 2(x)(4) + 47 = 3u(w? — 2(u)(8) + &)
= 4(x — 4)2 = 3u(u — 87
18. —18y3 — 12y2 — 2y = —2y(9y2 + 6y + 1)
= —2y((38y)* + 2(3y)(1) + 17
= —2y(3y + 1)?
20. 9¢ + fx + £ = (39" + 2)(8) + () = (x + &
or
= 22 + X + 358
= 52:(25x2 + 120x + 144)
= 5:((5%)2 + 2(5x)(12) + 122) = 55:(5x + 12)2
2252 + bx + 15 = %@ + bx + () 24. 165 + bxy + 25y
@) b=3 @) b = 40
2+ 3 x+ % =2 + 2(%))( + (%)2 16x2 + 40xy + 25y2 = (4x)% + 2(4x)(5y) + (5y)?
=X+ X+ = (4x + 5y)?
(b) b= -3 (b) b= —-40
= ix+ 8=+ 2=+ (<3P 16¢ — 40y + 25 = (49? — 2(4)(5) + (57
=X2_gx+% :(4X_5y)2
26. x>+ 12x + C 28. 22—-20z+c
c=36 ¢ = 100
X2 + 12x + 36 = (X)2 + 2(6)x + (6)? 722 — 20z + 100 = (2)? — 2(10)z + (10)?
= (x + 6)2 = (z — 10)?
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30. a?+2a—-8=(a+ 4)(a—2)

34 R+ Tx+12=(Xx+ 4)(x+ 3)

38. X2+ 7x+10=(x+5Kx+ 2

42. M2 —3m—10= (m— 5)(m + 2)

46. y?> — 35y + 300 = (y — 15)(y — 20)

50. a? — 21ab + 110b% = (a — 10b)(a — 11b)

54. b=6 X+ 6x—7=(Xx+T7)(x—1)
b=-6 X—6x—7=x-7)(x+1)
58. c=8 ¥+ 9x+8=(x+8Kx+1)
c=14 X¥+9X+14=KxX+T7(X+ 2

c=-10 X¥+9x—10=(x+ 10)(x — 1)
c=—-36 X2+ 9x—36=(x+ 12)(x — 3)

There are more possibilities.

62. 5x2 + 19x + 12 = (x + 3)(5x + 4)

2.y +6y+8=(y+4)(y+2

36. 2+ 22— 24=(z— 4)(z+ 6)

40. X2 —10x+24=(x—6)(x — 4)

44, X2+ 4x — 12 = (x + 6)(x — 2)

48. U2 + 5uv + 6v2 = (U + 3v)(u + 2v)

52. b=15 X2+ 15x+ 14 = (x + 14)(x + 1)
b=-15 X2 —15x+ 14 = (x — 14)(x — 1)
Xx=9 X¥+9X+14=Kx+T7(x+2
Xx=-9 X¥—9+14=Kx—-T7(x—-2

56. b = 17 X2 + 17x — 38 = (x + 19)(x — 2)
b=-17 X2 —17x — 38 = (x — 19)(x + 2)
b =37 X2+ 37x—38=(x+38)(x — 1)

b=-37 X2 —37x—38=(x—38)(x+ 1)

60. There are many possibilities such as:

c=11 X2 —12x+ 11 = (x — 11)(x — 1)
c=20 X2 —12x + 20 = (x — 2)(x — 10)
c=27 X2 —12x + 27 = (x — 9(x — 3)

Also note that if c is a negative number, there are many
possihilities for ¢ such as the following:

c=-13 X2 —12x — 13 = (x — 13)(x + 1)
c=-28 X2 —12x — 28 = (x — 14)(Xx + 2)
c=—-45 X2 — 12x — 45 = (x — 15)(x + 3)

64. 5¢2 + 11c — 12 = (c + 3)(5¢c — 4)

66. 3y2 —y — 30 = (y + 3)(3y — 10) 68. 3x2 — 16x — 12 = (3x + 2)(x — 6)  70. 6x2 — x — 15 = (3x — 5)(2x + 3)

72. 3y — 10y + 8= 3y — 4)(y — 2 74. 15x2 + 4x — 3= (5x + 3)(3x — 1) 76.32—-z2—4=3z—-4)(z+1)

78. 10x2 — 24x — 18 = 2(5x2 — 12x — 9)
=25x+ 3)(x — 3

82. —6x2 + 5x — 6isPrime

86. 12x2 + 32x — 12 = 4(3x2 + 8x — 3)
= 4(3x — 1)(x + 3)

80. 20x* + x — 12 = (5x + 4)(4x — 3)

84. 2+ 5x — 12x2 = (2 — 3X)(1 + 4X)

88. 12x% + 42x3 — 54x* = 6x2%(2 + 7Tx — 9%?)
=6x3(2 + (1 — x)
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90.

98.

102.

106.

110.

114.

118.

122.

124.

6U2 — 5uv — 4v2 = (3u — 4v)(2u + v)

224+ 9X+ 9= (2% +6x) + (3x+9)

=2X(x + 3) + 3(x + 3)
=(x+ 32+ 3)

12x2 — 28x + 15 = (12x2 — 18x) + (—10x + 15)
= 6x(2x — 3) — 5(2x — 3)
= (6x — 5)(2x — 3)

162% — 5622 + 49z = 7(1622 — 56z + 49)
= 7(427 — 2(429(7) + (7)]
=74z — 7)?

8mn + 20m?n? — 48mn® = 4mn(2m? + 5mn — 12n?)

= 4mn(2m — 3n)(m + 4n)

(x+ 7y)2 — 4a2 = [(x + 7y) — 2a][(x + 7y) + 2a]
=(X+7y—23)(x+ 7y + 2a)

Xt = 16y = (4 — (422
= (@ = 402 + 4)
= (= 2)(x + )¢ + 45)

X2+ 4x" — 12 = (X" + 6)(x" — 2)

Keystrokes:

y, V=) 4 X108 (¢] (] 4 (XT6) () 1 [ENTER]
y, (02 XT8 =) 10 () (GRAPH)

Y1= Y2

Keystrokes:
Y1 3 (X190 & 8 X109 (1 16

y, 03X H 40 O XTI 3 4 0) (GRAPH

Y1= Y2

92.

96.

100.

104.

108.

112.

116.

120.

10x2 + 9xy — 9y? = (5x — 3y)(2x + 3y)

6x2 — x — 15 = (6x2 — 10x) + (9x — 15)
= 2X(3x — 5) + 3(3x — 5)

= (3x — 5)(2x + 3)

20y2 — 45 = 5(4y? — 9)

= 5[(2y)? - (37]
=52y - 32y + 3

3 — 24 = 3( - §)

=3t~ (2°]

=3(t—2)(+ 2t + 4

=T —4x+28=(x3—7x3) + (—4x + 28)

=xX¥(x—7) —4x—-7)

=(xX—7)(x2— 4

=xX—7x—2(x+ 2

a?—2ab+b?— 16 = (a2 — 2ab + b?) — 16

yr+yn—2=(y"+2)(y" - 1)

3x — 16x" — 12 = (3x" + 2)(x" — 6)

—(a—bP - &

=(a—-b—-4@—-b+4

-4

-2

24
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126. @ + 2a + 1 = (a + 1)®> matches graph (a).

128. ab+a+ b — 1= (a+ 1)(b + 1) matchesgraph (d).

Area of Area of
130. Verbal Model: | Shaded | =| Larger
Region Triangle

Area of 132. (@) 8n® + 122 — 2n — 3 = (8n®* + 12n?) + (—2n — 3)
- TSr_naJI(|3f =4n?(2n + 3) — 1(2n + 3)
riangle
= (42 - 1)(2n + 3)

Equation:
—gx+32-3-16

=20 + 6x + 9 — 16)

=3¢+ 6x—7)

=X+ 7)(x— 1)

Area=3-2x+3)(x+3) —3-5-4

=(2n—1(2n+ 1)(2n + 3)
(b) 1f n = 15,
2n—1=2(15 -1=29
n+1=2(15+1=231
2n+3=2(15 +3=33

134. An example of a prime trinomial isx? + x + 1.

136. 3Xx + 6 =3(x+ 2)and3x — 9 = 3(x — 3)

0(Bx+6)(3x—9) =3(x+2) - 3x—3)
=9(Xx + 2)(x — 3) not 3(x + 2)(x — 3)

138. (2x — 4)(x + 1) isnot in completely factored form because 2x — 4 has the common factor 2, 2x — 4 = 2(x — 2)

Section 5.6  Solving Polynomial Equations by Factoring
2. z+6)=0 4. (s—16)(s+15 =0 6. 17t — 3)(t+8) =0
z=0 z+6=0 s—16=0 s+15=0 t—-3=0 t+8=0
z= -6 s=16 s=-15 t=3 t=-8
8 (5x —3)(x—8) =0 10. Ix(x — 2)(3x + 4) = 0
5x—3=0 x—-8=0 Xx=0 x-2=0 3x+4=0
5x =3 Xx=8 x=0 X=2 X =—4
x=23 X= -3
12. (y-39@y +7)(y+12) =0 14. 32 + 9 =0
y—3=0 2y+7=0 y+12=0 MKx+3) =0
y =39 2y =—7 y=—-12 x=0 XxX+3=0
y=-3 x= -3
16. 4x2 —6x =0 18. 8x2 = 5x 20. 3x2 = 7x
2x(2x — 3) = 8x2 — 5x = 0 32— 7x=0
2x=0 2Xx—3=0 X(8x — 5 =0 xBx—-7)=0
x=0 2x=3 x=0 8 —-5=0 x=0 X—-7=0
x=3 8x=5 =7
X=32 x=1
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22.

28.

38.

X2 —121=0
(x—11)(x+11) =0
Xx—11=0 X+11=0

x=11 x=-11
20— +x2=0

5-xM4-x=0

5-x=0 4—-—x=0
5=x 4 =x
—2x—15= —x?

X2 —-—2x—15=0
x—=5x+3 =0
XxX—5=0 XxX+3=0

x=5 Xx= -3

a’+4a+10=6
a2+4a+4=0

(a+2(a+2 =0
a+t2=0

a=-2

. X(x—15) + 3(x— 15 =0

(x—15(x+3 =0

Xx—15=0 X+3=0
x =15 Xx= -3
. S(s+ 4) = 96
& + 4s = 96

L+45—-9%6=0

(s+12(s—8 =0

s+12=0 s—8=0
s=-—-12 s=8

24, 2572 — 100 = 0

25(z2-4)=0

25(z-2(z+2 =0

z—-2=0 z+2=0
z=2 z=-2

30. 14 + 9x = —1
U2+ 9% +1=0
(Tx+12x+1) =0
x+1=0 2X+1=0

1 1
X= -3 X= -3

36. x2—-15=—2x

26. ¥ —x—-12=0
(x—4)(x+3) =0
x—4=0 x+3=0

x=4 X= -3

3211+ 32y —3y2=0
(11-y)1+3y)=0

X2 +2x—15=0

x+5x—-3 =0

X+5=0

X= =5

40. x> — 12x + 21 = —15
X2 —12x+ 36 =0
x—6)(x—6)=0
XxX—6=0

X=06

11-y=0 1+3y=0
y=11 y=-1
y=—3
Xx—3=0
x=3

42. 16t> + 48t + 40 = 4
16t2 + 48t + 36 = 0
442+ 12t+ 9 =0
42t +3)(2t+3)=0
2t+3=0

46. x(x +10) — 2(x + 10) =0
x+10(x—-—2 =0

x=—10

Xx+10=0
50. x(x — 4) = 12
X2 — 4x = 12
X2 —4x—12=0
x—6)x+2=0
Xx—6=0 x+2=0
X=06 X==2

XxX—2=0
X=2

52. 3u(3u + 1) = 20
9u? + 3u =20
9> +3u—-20=0
(Bu—-4)Bu+5=0

3u—4=0 3u+5=0
3u=4 3u= -5
u=4 T
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54.

60.

66.

70.

74.

(x—8)(x—7) =20
X2 — 7x — 8x + 56 = 20
x> —15x + 36 = 0
x—12)(x—3) =0

Xx—12=0 x—3=0
x =12 X =3
1=(y+ 32

1-(y+332=0
[1-(y+3J1+(y+3]=0
(—y-2(y+4=0

-y—-2=0 y+4=0
—y=2 y=—-4
y=-2

X3+ 18%% + 45x = 0
X(x2 + 18x + 45) =0
Xx+ 15)(x+3) =0
x=0 x+15=0
x=—15

x+3=0

X= -3

163—u) —u¥(3—u =0
B-u1—-w¥=0
B-uw@d-u@4+u=0

3—u=0 4-u=0 4+u=0
3=u 4=u u=—4

vV + 42— 4v—-16=0

VAv+4)—4v+4) =0

vV+4Wv -4 =0

V+4)v—-2(v+2 =0

v+4=0 v—-2=0 v+2=0
v=—4 v=2 v= -2

62.

56. (u—6)Uu+4) =-21
w—-2u—-24=-21

w—-—2u—-3=0
u—-3)u+1)=0

u—3=0
u=3

u+1=0

58. (s+4)?—-49=0

[s+4) —T7(s+4+7]=0
(s—3)(s+11)=0

s—3=0
s=3

u=-1

1-(x+12=0

l-x+DJ1+x+D]=0

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

X

0

X+2=0

X =

68.

72.

76.

s+11=0
s=—11

64. (s+52—-49=0

[(s+5 —7(s+5 +7]=0

(s—2(s+12)=0

s—2=0

-2 s=2

3u® =5u?+ 2u

3w —-512-2u=0
uBur —5u—-2) =0
uBu+1Du—-2=0
u=0 3u+1=0 u—-2=0

3u=— u=

1
=22 —-4x+8=0
X¥(x—2)—4x—-2)=0
x=2(x—-4=0
x—2x—2)(x+2 =0
x—2=0 x—-2=0
X=2 X=2

Xt 4+ 23 - 9x2 — 18x =0
X¥X+2) —Xx+2 =0
x+2)x—9%%) =0

X+ 2)x(x2—9) =0

X+ 2x(x—3)(x+3) =0
x+2=0 x=0 x—-3=0

X= -2 Xx=3

s+12=0
s=—12

X+2=0

X= -2

Xx+3=0

X=-3
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78.

82.

86.

88.

90.

92.

Ox* — 15x3 — 9x2 + 15x = 0 80.

3x3(3x —5 —3x(3x—5 =0
Bx—5Bx—-3x)=0

(3x—53;xx*—-1) =0
Bx—5BXx—-—1Dx+1)=0

x—-5=0 3x=0 x—1=0 x+1=0

ng x=0 x=1 x=-1

From the graph, the x-intercepts are (— 1, 0), (1, 0), and 84.

(3, 0). The solutions to the equation are —1, 1, and 3.
0=x-3x%-x+3

0=x(x—3)—1x—3)

0=x—-3(x—-1)

0=Kx-3x—1x+1)

x—3=0 x—-1=0 x+1=0

X=3 x=1 x=-1

Keystrokes:
X709 B 2 0 G [0 9 GrapH

The x-intercepts are —1 and 5, so the solutions are —1 and 5.

Keystrokes:
=) (XT.6) (*] 3 (5} 4 (XT.9) (GRAPH

The x-intercepts are — 2, 0, and 2, so the solutions are —2, 0, and 2.

Keystrokes:
=) 2 (8 XT.9) () 2 XT.9) () (=) (XT.0) () 3 [GRAPH

From the graph, the x-intercept is (2, 0).
The solution of the equation 0 = X2 — 4x + 4is2.

0=x2—4x+4

0=x—-2(x—2

Xx—2=0 x—-2=0
X=2 X=2

Keystrokes:
(=] (=) 11 (XT.9) (+) 28 [GRAPH)

The x-intercepts are 4 and 7, so the solutions are 4 and 7.

0 u 10

-4

4\ ™ 4

The x-interceptsare —2, — 1, and 1, so the solutions are —2, — 1, and 1. \
-8

ax? —ax=0 94. x=1and x=6
ax(x—1) =0 x—1x—-6)=0
ax=0 x—-1= XX —7x+6=0
x:g x=1

a
x=0 x=1
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First Second
96. Verbal Model: Integer . Integer —

Labels: First integer = x

Second integer X + 1

Equation: X-(x+1) =132
x> +x—-132=0
x+12)(x—-11) =0

X+12=0 x—11=0
x=-12 x =11 1stinteger
reject X+ 1=12 2ndinteger
98. Verbal Model: | A'®20" | _ [ength| . [width| ~ 100. Verbal Model: [ Area| — 1 [ Base] - [Heigh]
exposed picture
Labels: Length = (28 — 2w) Labels Base = X
Width = (20 — 2w) Height = x — 4
Equation: 70 = %x(x —4)

Equation: 468 = (28 — 2w)(20 — 2w)

— 12 _
468 = 560 — 56W — 40W + 4w 70=2¢ -

0=22—2x— 70
0=x%—4x — 140

0= (x — 14)(x + 10)
x—14=0 x+10=0

0 =92 — 96w + 4w?
0 = 4(23 — 24w + W)
0=21—-—w)(23—w)
1-w=0 28—-w=0

B —w x =14 x=-10
1=w reject reject
The width of the frame is 1 cm. The base of the triangle is 14 inches.
The height is 14 — 4 = 10 inches.

102. S= x? + 4xh 104. —16t2 + 576 = 0

880 = X + 4x(6) —16(t>2 - 36) = 0

0 = x? + 24x — 880 —16(t - 6)(t +6) =0

0= (x—20)(x + 44) t—6=0 t+6=0

0=x—20 0=x+44 t=6 t=-6
20 =x —44 = X Thus, the object reaches the ground after 6 seconds.

20" x 20" reject
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106. h = —16t% + 16t + 32

0 = —16t% + 16t + 32
0=-16(t?—t—2)
0=-16(t — 2)(t + 1)

t—2=0 t+1=0
t=2 t=-1
reject

The object reaches the ground after 2 seconds.

110. Verbal Model: |Revenue| = |Cost|

Equation: 60x — X2 = 75 + 40x
0=x>—20x+ 75

0= (x—5)(x— 15
x—5=0 x—15=0

X = 5 units X = 15 units

112. (3) 3(x + 6)2 — 10(x + 6) — 8 =10

letu= (x+ 6)
3u>—-10u—-—8=0
Bu+2u—4=0

3u+2=0 u—-4=0
u=—3 u=4
X+6=-5 x+6=4
x=727? X= -2

or
3(x2+ 12x + 36) —10x — 60— 8=10
3x% + 36x + 108 — 10x — 68 = 0
3X°+ 26x +40=0
Bx+ 20)(x+2) =0

3xX+20=0 XxX+2=0
3x=-20 X=—-2
x= -2

108. h = —16t2 + 80t

96 = —16t? + 80t
0 = —16t%2 + 80t — 96
0= —16(t> — 5t + 6)
0= —16(t — 2)(t — 3)
t—2=0 t—3=0
t = 2 seconds t = 3 seconds

The object reaches your friend on the way up at
2 seconds and at 3 seconds on the way down.

(b) 8(x+22—-18x+2 +9=0
letu=(x+ 2
8- 18u+9=0
(4u—3)(2u—3) =0

u—-3=0 2u—3=0
u=2 u=12
x+2=% x+2=%
x= -5 x= -}

or
8(x2+4x+4) —18x —36+9=0
82 +32x+32—-18x—-36+9=0
8+ 1Ux+5=0
4x+52x+1)=0

Xx+5=0 2X+1=0
4x = —5 2xX=-1
Xx= -2 x=—1
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114. An example of how the Zero-Factor Property can be
used to solve a quadratic equation: If x(x — 2) = 0, then
x=0o0rx—2=0.Thesolutionsarex = 0andx = 2.

116. Yes, it ispossible for a quadratic equation to have only
one solution. For example:

X+2x+1=0

(x+1)2=
x=-1
118. (a) 4
) JI g
-8
From the graph, the solution is between x = 1 and x = 2.
b
®) X -10| 11 12 13 14 15 16 17 18 19 20
x2—x—3| —-30| —2769 | —2472 | —2.103 | —1.656 | —1.125| —0.504 | 0.213 | 1.032 | 1.959 | 3.0
From this table, the solution is between x = 1.6 and x = 1.7.
X 1.60 161 1.62 1.63 164 1.65 1.66 1.67 1.68 169 | 170
x3—x—3| —0504 | —0.437 | —0.368 | —0.299 | —0.229 | —0.158 | —0.086 | —0.0125 | —0.062 | 0.137 | 0.213
An estimate of the solution from the table is x = 1.67.
Review Exercises for Chapter 5
2. =3y -yt = -3yt = -3y 4 ()2 =vi2=\8 6. (—=3y)%(2) = (—3%*(2)
= 9%(2)
= 18y?
5m*  (15\ . ., 3 (—2&%2 _ 4@)Ay¥)?
2 242 — 2 — 1> — = —
8. (12x%y)(3x3y*)? = (12x%y)(9x*y8) 10. 2Em < 25>nﬁ 5m2 12. Y Y
— . 2+4,1+8
(12 - 9)x2*4y ey
= 108x5y° T —3xy2?
_ 4X4—1y672
3
_ Ay
3

1

2
3,2> = (®2=3=81
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20.

26.

30.

38.

42.

46.

50.

56.

58.

4-3x)% =

(=3%°

__4
27x3

2u0y—2 1O~ CDy(=2-(=3)  yy
10u-v3 5 5

a*(2a~'b?)(ab)® = (2)a**(~Yb?(1) = 2a3%h?

. 2.74 x 1074 = 0.000274

11
(6x10732 36x10°6 36
_ 1,000,000
36
_ 250,000
9

Standard form: —8x” + x> — 2@ + 9x
Leading coefficient: —8
Degree: 7

(=7x+3)+ (x2—18) = x>+ (=7x) + (3 — 18)
=x2—7x—15

(x2—5)—(3—6x) =(Xx2—5) + (-3 + 6x)
=x>+6x+ (-5+ -3

=x2+6x—8

4 15t5

28.

32.

36.

52.

. (16a® + 5a) — 5[a + (2a3 — 1)] = 16a® + 5a — 5a — 10a® + 5

24. (5x~2y%)~2 = (i)z
5x—2y*

_ 1 _xt
52X74y8 25y8

—3,-1\ -2 45 \2
I
= (2x772)2
— Qxlaz4

30,296,000,000 = 3.0296 x 10%°

(3x 1073)(8 x 107) = 24 x 1073+7
= 24 x 104
= 2.4 x 10°

. Standard form: 2x® + x5 — 5x3 — 7

Leading coefficient: 2
Degree: 6

. Binomial of degree 2 and leading coefficient 7:

X2 — 6X

(7 —12x2 + 8x3) + (x* — 6x3 + X2 — )

=x*+ (8¢ — 6x%) + (—12x2 + 7x?) + (7 — 5)

=x*+ 23 -5x2+ 2

(722 + 62) — 3(522 + 22) = 722 + 6z — 1522 — 62
= (722 — 152%) + (6z — 62)

= (16a® — 10a% + (5a — 5a) + 5

=6a®+5

(7x* — 102 +4x) + (¥ —3x) — (Bx* — 52 + 1) =

(7Tx* =3+ x4+ (—102+53) + (4x—3x) —1=4x*+x3 -5+ x—1

6x + 1
X2 — 4x
XX+ 2x+1

60.

= —82
10y? +3 10y? + 3
-y?+4y -9 -y -4+ 9

oyZ — 4y + 12
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62. Perimeter =7+ 8x+ (x+ 12) + (6x — 2) + x + 2x + 2x + X
=2Ix + 17
64. Verbal Model: [ Profit | = [Revenue| — [ Cost | 66. (—4y?*(y — 2) = 16y*(y — 2)
Equation:.  P(x) = 1.1x — (0.5x + 1000) = 16y° — 32"
= 1.1x — 0.5 — 1000
= 0.6x — 1000
P(5000) = 0.6(5000) — 1000
= 3000 — 1000
= $2000
68. —2y(5y? —y — 4) = —10y® + 2y? + 8y 70. X+ 6)(x —9) =x2—9x + 6x — 54
=x—-3x—54
72. (4x — 1)(2x — 5) = 82 — 20x — 2X + 5 74. (3y? + 2)(4y? — 5) = 3y2(4y? — 5) + 2(4y? — 5)
=82 - 22X+ 5 = 12y* — 152 + 8y2 — 10
=12y — 7y — 10

76

78

80

84

88

. (8% + 4s — 3)(4s — 5) = 55%4s — 5) + 4s5(4s — 5) — 3(4s — 5)
= 20s* — 258 + 16¢*> — 20s — 12s + 15
= 20s* — 258 + 16s* — 32s + 15

. (Bv + 2)(—5v) + 5v(3v + 2) = —15v2 — 10v + 15V2 + 10v
=0

. (2x + 3y)? = (2x)2 + 2(2x)(3y) + (3y)?
= 4x2 + 12xy + 9y?

82. (5x — 2y)(5x + 2y) = (5%X)2 — (2y)?2 = 25x2 — 4y?

Area of Area of Area of
.[(m=5 +nP=(mM-52+2(m—5n + n? 86. Verbal Model: | Shaded Larger Smaller
— P — 2m(5) + 52 + 2nm — 10n + 2 Region Triangle Triangle
= m? — 10m + 25 + 2mn — 10n + n? Equation: Area =1 - (3x + 10)(3x) — 3(3%)(2%)
= 3(3x + 10) — (3X)(X)
=@ + 15x — 3¢
=32 — 5@ + 15x
= 32 + 15x or 3x(x + 10)
. 750(1 +r)2 = 750(1 + 2r + r?) 90. 142+ 21 =7(2 + 3) 92. —a®—4a= —a(@2+ 4

= 750 + 1500r + 750r2
or

750r2 + 1500r + 750
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94

98

102.

106.

110.

114.

118.

122.

126.

130.

134.

. 8y — 12y? + 24y8 = 4y(2 — 3y + 6y?)

YA -y — A= (Y A+ (-y - 4)
=Y(y+4-(y+4
=(y+49(y* -1
=(y+4y-Dly+1

16y? — 49 = (4y)? — (7)?
=@y-7N4y+7

- 125=13-5
= (t — 5)(t2 + 5t + 25)

y* = 4y? = y3A(y? - 4)
=YyAy - 2)(y + 2

y? + 16y + 64 = y? + 2(8)y + (8)2
=(y+87

X2 —12x+ 32 =(x— 8)(x — 4)

122 — 13x — 14 = (4x — 7)(3x + 2)

3+ 7u—6=3u2+9u—2u—6
=3u(u+3) —2(u-+3)
=Bu-—2(u+3

3b + 27b% = 3b(1 + 9?)

== ol O

- e3P

96

100.

104.

108.

112.

116.

120.

124.

128.

132.

136.

u—9v)(u—v) +viu—9v)

u(u — 9v)

X+ TR +3IX+21=0E+ 73 + (3x+ 21

XX+ 7) +3x+7)

=X+ 7)(x2 + 3)

(y—32-16=(y — 32— (42
=(y-3-4)(y—-3+4
=(y-7y+1

64y% + 8 = (4y)® + (2)°
= (4y + 2)(16y> — 8y + 4)

54 — 2x3 = —2(—27 + x3)

—2(x3 — 27)

—2(x® — 39
—2x—3)(x*+3x+ 9

u? — 10uv + 25v2 = u? — 2(u)(5v) + (5v)2
= (u— 5v)?

52 + 11x — 12 = (5x — 4)(x + 3)

122 — 7x+ 1=12x2 —4x — 3x + 1
=4x(3x — 1) — 1(3x — 1)
=@4x—-1)Bx—1

3x2 — 13x — 10 = 3x2 — 15x + 2x — 10
=3x(x—5 + 2(x— 5)
=(Bx+ 2)(x—5)

X+ 3% —4x— 12 =x3(x+ 3) — 4(x + 3)
=(x+ 30— 4
=X+3IxX—2(x+ 2)

u6 _ 8\/6 — (u2)3_(2V2)3
= (U2 — 23)(u* + 2ua2 + 4v)

uU=—9Wv)(u—-v+v
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138. —7x(2x+5) =0 140. (x — 7)(3x— 8) = 0
—7x=0 2Xx+5=0 X—7=0 3x—8=0
x=0 x=—g x=7 x=§
142, X(x + 8)(2x—7) =0 144. 2 — 25x = —150
3Xx=0 x+8=0 2xX—-7=0 X2 —25x+ 150 =0
x=0 X=—8 x=% (x—15)(x—100 =0
x-15=0 x-10=0
x =15 x =10
146. 3x4x +7) =0 148. (x+ 32 -25=0 150. X2 —121=0
3x=0 4x+7=0 x+3-5x+3+5 =0 x—1)(x+11) =0
x=0 4x = -7 x—2(x+8 =0 X—11=0 x+11=0
X=—7 X—2=0 x+8=0 x=11 Xx=-11
X=2 Xx=—8
152. 9x* — 15x3 — 6x2 =0 154. x® +20x2 + 36x =0
3x2(3x2—5x—2) =0 X(x2 + 20x + 36) = 0
XBx+ 1)(x—2) =0 X(x+ 18)(x +2) =0
33X =0 xX+1=0 Xx—2=0 x=0 X+ 18 =10 Xx+2=0
x=0 x=—% X=2 x = —18 X= -2
156. x3+3x> -5x—15=0
X3(x+3)—5x+3) =0
x2-5x+3 =0
(x = VB)(x + /B)(x+3) =0
x—J5=0 x+V5=0 x+3=0
x=5 x=-5 x= -3
158. 2x* 4 6x® — 50x? — 150x = 0
2x3(x + 3) — 50x(x + 3) =0
(2x3 —50x)(x +3) =0
2X(x?> — 25)(x + 3) = 0
2X(X—5)(x+5)(x+3) =0
2x=0 x—5=0 X+5=0 x+3=0
x=0 x=5 x= -5 x=-3
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160. Verbal Model:

Labels:

Equation:

164.

Second even

First even
“| integer

integer

First even integer = 2n

Second even integer = 2n + 2
2n- (2n+ 2) = 224

402 +4n — 224 =0

4n?2+n—-56)=0

4n+8(In—7 =0

n+8=0 n—-7=0

n=-8 n=7

rgect 2n= 14
2n+2=16

0 = —16t? + 45t + 664
0 = 16t2 —

45t — 664

0 = (16t + 83)(t — 8)

0 = 16t +
83
T =t
reject

8 seconds

83 0=t-8
8=t

Labels:

Equation:

162. \Verbal Model: Area = | Length | - [ Width |

Length = x
Width = 3x
432 = x - 3x
432 = 3y2
1728 = 3x?
576 = X2
24 = x
18 = %x

24 inches x 18 inches



