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CHAPTER P
Prerequisites

Section P.1 Real Numbers

1. rationd 16. {2.3030030003..., 0.7575, —4.63,
2. lrrationa V10, -2, 03 8
. (@ Natura number: 8
3. prime (b) Whole number: 8
4. variables, constants (c) Integers: -2, 8
(d) Rational numbers: 0.7575, —4.63, -2, 0.3, 8
5. terms

(e) Irrational numbers: 2.3030030003..., +/10
6. Yes |5-2/=[2-5=[3=|-3=3

17. {-z, -4, %, 42, -75, -2,3 -3
7. (¢) Commutative Property of Addition: a+b=b+a o

(@) Natura numbers: 2 (sinceit equals2), 3

3

8. (d) Associative Property of Multiplication: (b) Whole numbers: ¢, 3
(ab)c=a(be) (c) Integers: &, -2, 3 -3
9. () AdditiveInverse Property: a+(-a)=0 (d) Rational numbers: -1, &, —7.5, -2, 3, -3
' g 1
10. (b) Distributive Property: a(b+c)=ab+ac (€) Irrational numbers: —7, 2\/5
11. (f) Associative Property of Addition: 18. {25’ -17, -2, V9, 3.12, 37 6, -4, 18}
(atb)+c=a+(b+c) (@ Natural numbers: 25, /9 =3, 6, 18

12. (a) Multiplicative Identity Property: a-1=a (b) Wholenumbers: 25, V9=3, 6, 18
(©) Integers: 25, —17, /9, 6, —4, 18
13. {—9, -1,52,42,01 -4, —1} (d) Rational numbers:
(@ Natural numbers: 5, 1 25 -17, -2,9,312, 6, - 4,18
(b) Whole numbers: 5, 0, 1 (e) Irrational number: 17

(©) Integers. -9, 5, 0,1 -4, -1
(d) Rationa numbers: -9, —%, 5, £, 0,1, -4, -1

o

19. £=03125

(e) Irrational number: /2 20. Z=425

14. {5, -7, -1,0,312 ¢, -2, -8, 3 21, 4-0123
(@ Natura number: 3
(b) Whole numbers: 0, 3 22. 2=0.428571
(c) Integers. -7,0, -2, -8, 3 _
(d) Rational numbers: 23. —®=-909

v o

(e) Irrational number: /5

-7, -1,0,312 5, -2, -83 _
24, —Z5-_660

15. {2.01, 0.666..., —13, 0.010110111..., 25. 6.4 = 6i _ e _%
1 10, 20 10 10 5
(& Natural numbers: 1, 20 5 75 15
(b) Whole numbers: 1, 20 26. -75 = _7f0 “ 10 2
(c) Integers:—13, 1, —10, 20
Rational numbers:
@ 2%1? glselé..?erfls, 1, -10, 20 27, 123 = _12% B _%

(e) Irrational number: 0.010110111...
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28.

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

1.87 = 18l = 187
100 100

-1<25

-6<-25
—-4<2

—+— 10>
-5 -4 -3 -2 -1 0 1 2
-35<1

-3.5
——+——+——+—+—eo—
-4 -3 -2 -1 0 1

3 7
2772

(@ Theinequdity x<5 istheset of al real numbers
less than or equal to 5.

o L

(b) o 1 2 3 4

(c) Theinterval is unbounded.

6

(8 Theineguality x>—3 istheset of all real numbers
greater than — 3.

(b) ¢

Ly t t
-3 -2 -1 0 1 2 3

(c) Theinterva is unbounded.

(@ Theinequaity x<0 isthe set of al negativerea
numbers.

(b) —

0

-2 -1

t } X
1 2

(c) Theinterval is unbounded.

41.

42.

45.

46.

47.

49.

50.

51.

52.

53.

55.

56.

Section P.1 " Real Numbers 3

(@ Theinequality x > 4isthe set of al real numbers
greater than or equal to 4.

(b)1111[“x

0 1 2 3 4 5 6

(c) Theinterval is unbounded.

(@ Theinequaity —2< x< 2 isthe set of all real
numbers greater than —2 and lessthan 2.

7 X

(b) -1 0 1 2

(c) Theinterva is bounded.

9~

(@ Theinequaity 0< x<5 isthe set of all real
numbers greater than or equal to zero and less than
or equal to 5.

(b) —E

0 1 2 3 4

o L

(c) Theinterva is bounded.

(@ Theinequaity —1< x< 0 isthe set of al negative
real numbers greater than or equal to —1.

(b) E ) g

-1 0

(c) Theinterval is bounded.

(@) Theinequality -9 < x < —6istheset of all real
numbers greater than —9 and then less than or equal
to —6.

(c) Theinterval isbounded.
X< 0; (—ee, 0)

y>0; [0, )

2210, [10, )

y< 25, (—oo, 25]
9<t<24; 9, 24]
-1<k<3 [-1 3)
0<mc<5or (0,5
25%<r <5%; [ 0.025, 0.05]
-3<x<8or[-3, 8)
-4<x<4or (-4, 4]
[-a, a+4]

(-c+2, c+1)
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4 Chapter P Prerequisites

57. Theinterval (-6, =) consistsof all real numbers greater 63. —3—|—3|=—3—3=—6
than —6.
_ _ 64. |-1-[-2
58. Theinterval (—eo, 4] consists of all real numbers less
than or equal to 4. 65. ‘:—:‘ = _?5 =-1
59. Theinterval (—oo, 2] consists of all real numbers less
than or equal to 2. 66. _3‘_3‘ =-3(3) = -9
60. Theinterval (1, «) consistsof all real numbers greater
than 1.
61 |-10/=-(-10)=10
62. [0|=0
67. (@ If x > 1:>x+l>0then‘x+1‘ X+1:1.
x+1 x+1
(b) If x < 1:>x+1<0then‘x+1‘ Ll)
X+1 X+1
68. @ If x>2=> x—2>0,then‘X;2‘:X;2:1.
X-2 X-2
) If x<2= x—250then X2 =2 _ 4
X-2 X—-2
69. |y-4x =|-3-4(2)| 77. -|-1| < ~(-Dsince -1 < 1.
=|-3-g=|-14=11 78. —(-2)>-|2 since —(-2)=2.
70 |x-2]y=[-2-2]-4=2-2(1)=0 79. d(126, 75)=|75-126 =51
S [3xr2y]_[3(4)+2(1) 80. d(-126, —75)=|-126—(~75)|
| 4| —|-126+ 75
12+2( 14 7
= : == =|-51 =51
L [3X-2y|_|3-2-2(-4) 8L d(-3.9) =|8 - (-3)|=[¥]=I7=7
. | 2x+y| 2(—2)+(—4)| & d(i E)zi_g
) 4 4 4 4
:ﬁzﬂzl :|_£|:£:§
(-4)+(-4)| |-8| 4 sz
73. |-3>-|-3 since3>-3. 8. d(% %)=|%-5=%
74. |-4|=|4 since|-4|=4 and |4/ = 4. 84. d(-3.) = ‘% ‘ =5 =15 = 2
75. —5=—|5| since—5=-5. 85. d(x, 5)=|x—5 andd(x, 5)<3
Thus, |x—5|£3.

76. —|-6|<|-6| since |-6| =6 and
~-|-6/=—(6)=-6.
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Section P.I""Real Numbers 5
86. d(x, —10):|x—(—10)|:|x+10|, and 88. d(y, a)=|y-a andd(y, a)<3, So, |[y-a/<3.
d(x, —10)>6. So, |x+10| 6.

87. d(y, 0)=|y—0|=|y| andd(y, 0)=6
Thus, |y|26.

Receipts Expenditures | Receipts — Expenditures|

89. 1992 $1091.2 billion $1381.5 hillion $290.3 hillion
90. 1996 $1453.1hillion $1560.5 billion $107.4 billion
91. 2000 $2025.2 billion $1789.0 hillion $236.2 hillion
92. 2004 $1880.1hillion $2292.8 hillion $412.7 billion
93. 2008 $2524.0 billion $2982.5 hillion $458.5 billion
94. 2012 $2450.2 billion $3537.1billion $1086.9 hillion

95. Budgeted Expense, b Actual Expense, a [a—b| 0.05b
$112,700 $113,356 $656 $5635

The actual expense differenceis greater than $500 (but is less than 5% of the budget) so it does not pass the “ budget variance
test.”

96. Budgeted Expense, b Actual Expense, a |a—b| 0.05b
$9400 $9772 $372  0.05($9400) = $470

Because the difference between the actual expenses and the budget is less than $500 and less than 5% of the budgeted amount,
there is compliance with the “budget variance test.”

97. Budgeted Expense, b Actual Expense, a |a—b| 0.05b
$37,600 $37,335 $265 $1880

Because the difference between the actual expenses and the budget is less than $500 and less than 5% of the budgeted amount,
there is compliance with the “budget variance test.”

98. Budgeted Expense, b  Actual Expense, a |a — b 0.05b
$25,800 $25,263 $537 0.05(25,800) = $1290
The actual expense differenceis greater than $500 (but is less than 5% of the budget) so it does not meet the “budget variance
test.”
99. 7x+4 s X
Terms: 7x, 4 103. 4x +E_5
Coefficient of 7x: 7 s X
Terms. 4x°, E -5
100. 2x-9
Terms: 2X. — 9 Coefficient of 4x°: 4
Coefficient of 2x: 2 Coefficient of g: %
101. +/3x*-8x-11 oy
X
Terms: +/3x%, —8x, —11 104. 3x* + -
Coefficient of \/3x%: /3 5
Terms: 3x*, =x°
Coefficient of —-8x: -8 s
102 7\/gX2+3 Coefficient of 3x*: 3
Terms, 74/5%2, 3 Coefficient of %xS: %

Coefficient of 7y/5x2: 7./5
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6

105.

106.

107.

108.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Chapter P Prerequisites

2x-5
(8 2(4)-5=8-5=3
(b) 2(-%)-5=-1-5=-6

4-3X
(8 4-3(2)=4-6=-2
(b) 4-3(-2)=4+L=4+5=2

X’ -4
2

@ (2)°-4=4-4=0
(0) (-2)° -4=4-4=0

X

X+4

@ D1t
?+4 1+4 5

2

-4

(b) ( ) =E, undefined
-4+4 0

Division by zero is undefined.

1(7-12)=(%-7)12 Associative Property of Multiplication

=1.12 Multiplicative Inverse Property
=12 Multiplicative Identity Property

13 _ 60 4, 12 _ 13 _ 59

6
1 '3 6 66 66 66 66

X 8 x 1 X
ns_ 114 4
X 4 x 3 3x
(3+4)-(4-9)=(24)-%=5-2
-1 _15__14__7
10 10 10 5
(5+3)-(6-5)=(23)-(3)
=1_3-1_1L__u
5 5 5 5

d(57, 236)=|236- 57
=179 miles

109.

110.

111.

112.

113.

126.

127.

128.

129.

130.

131.

2(x+3)=2x+6
Distributive Property

(z-2)+0=2z-2
Additive Identity Property

X+9=9+x
Commutative Property of Addition

(h+6)(h+6):], hz-6

Multiplicative Inverse Property

-y+(y+10)=(-y+y)+10=10
Associative Property of Addition

|60° - 23°| = 37° change

False. The number O is nonnegative but positive.

Fase If a>0andb <0, thenab<0.

False. For example, 3>2, but 1 < 2.

@

n 1 0.5 0.01 | 0.0001 | 0.000001

5n | 5 10 500 50,000 | 5,000,000

(b) Asnapproaches 0, 5/n approachesinfinity (so).
That is, 5/n increases without bound.

(& —Aisnegative, —A<0, because A> 0.

(b) —Cispositive, —C >0 because C< 0.

(c) B-Aisnegative, B— A<0, because B<0 and
-A<O.

(d) A-Cispositive, A—C >0 because -C >0 and
A>0.
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132. (&) Matches graph (ii).

(b) Matches graph (i).

A range of prices can only include zero and positive
numbers with at most two decimal places. So, arange

of prices can be represented by whole numbers and some
noninteger positive fractions.

A range of lengths can only include positive numbers.
So, arange of lengths can be represented by positive

real numbers.

Section P. 2 Exponents and Radicals

7.

8.

9.

10.

11.

12.

13.

1
2
3
4.
5
6

. exponent, base
. sguare root

. principal nth root

index, radicand

. rationalizing

. power, index

The conjugate of 2+3\/§ is 2—3\/5.
An expression involving radicalsisin simplest form
when the following conditions are satisfied:

1. All possible factors have been removed from the
radical.

2. All fractions have radical-free denominators.
3. Theindex of theradical is reduced.

No, —10.767x10° is not written in scientific notation. It
should be —1.0767x10*

64 is both a perfect square (8” = 64) and a perfect cube
(4°=64).

@ 3-3=3=81
@ g—zzslzs
(b) 447 = 4 = 256
@ (@) =4 -1

6

133.

134.

14.

15.

16.

17.

18.

19.

20.

21.

Section P.2. Exponents and Radicals 7

When u and v have the same sign,

|u+V|=|u[+|v|. For exampleif

u=2 and v=1, then |2+JJ=|2|+|]4,or if
u=-2andv=-1, then |—2+(—1)| =|-2/+|-1.

If uand v have different signs, then |u+v| < |u| +|v|.
For exampleif u=2andv=-1, |2+(—1)|<|2|+|—]4.

Finally, [u+V| +|u[+|v|, no matter the signs of uand v.

a<O0; If theorigina value of aisnegative, then |a|

resultsin a positive number. Because a is negative, the
expression |a = a statesthat |a| is equal to anegative
number, which can never happen. So, if aisoriginaly
negative, |a| must equal —a, which isapositive value.

24 24 3

-5 _ - 2
@ 24-2)° = (_2)5 Y 4
() -7° = -1
@ (4-3° =12% =1728

® (-%) = (-9° = -729

@ (2°-3) = (8-9° = (72 = 5184

5% 5 25

b 2] =2 =22

() [8) 8 64
(a) 2_1+3_1:1+1:§+E:§
2 3 6 6 6

b (31) =3=27

AR N S
: HE - 91 9o 3

() 3—1+2-2:%+%=41+23:£

When x=-3,

2x*=2(-3)’ =2(-27)=-54.
When x=2, -3x*=-3(2)" =-3(16) = -48.

When x = 4,5-x)° = 5(-4)° = 5() = 5.
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8 Chapter P Prerequisites

22. When x=7, ) ) 1 7
o . . 23. When x=2, 7x° =7(27)=7| 5 |=—
6x° — (6x)° =6(7)° — (6-7)° =6(1) ~1=5. 2) 4
24. When X = =5, 20x + x* = 20(-5)° + (-5)" = 20(i] fL1-2.1.3
%) 5 5 5 5
25. (@ Xa(X2)=X5 36. ﬁ:%:1,405
¢ 729
(b) x*(3x°)=3x°
3 —
37. Lf =3'(64-1)=(81)(63)=5103
2. (3 47'(-22’)=-87 3
3 2\ _ 5 2 _
(b) —5x°(4x*)=-20x s 3°2_9-2_ 7 cag
4#-3 16-3 13
2
27 — 2 2= 2
@ (3 . Fx=9x 39. 973.50 = 9.735x10?
() (&) =1x#0
40. 28,022.2 = 2.80222x10"
4
28. (3 67(27) =67(162°)=967" 41, 10,252.484=1.0252484x10°
3 2
(B (3x°) (2x") =(27x")(4x") =108x" 42. 525,252,118 = 5.25252118x 10°
2 _ 3
2. @ 7% TR 43. -1110.25=-1.11025x10
X X
2 44, —57222145=—5222145x10°
12(x+y) 4 3
(b)) ————=—(x+Y) .
9(x+y) 3 45. 0.0002485 = 2.485% 10
4 2
=§(X+ y) x+y#0 46. 0.0000025=2.5x10"°
5o 47. —~0.0000025 = —2.5x10°
0. @ ==
r-r 48. -0.000125005 = —1.25005x10™
3X2y4 3X2y4 y2
b = = X#0,y#0 .
(0) 5P 15¢¢ 5 y 49. 57,300,000 = 5.73x 107 square miles
e 2 50. 9,460,000,000,000 = 9.46x 10" kilometers
3. (3 [(Xzy’z) } =Xy =25, x%0
y 51. 0.0000899 =8.99x10™° gram per cm®
a?)(b) b b b
®) [F](g] PRI 52. 0.000003281 foot = 3.281 x 10°° foot
4 _
v @ (4j3[3j4 ) [64}[&] 5184 53. 1.08x10" =10,800
y)ly y Lyt y’' 54, —4.816x10° = —481,600,000
2.6\3(Ey26\3 _
() (5%°2°)(5%°2°) " =1 x#0,z#0 55. —7.65x 107 = —0.000000765
33. (-4)°(5°)=(-64)(25) 56. 5008 x 10 — 0,0000000005098
= 1600
57. 5.14x10? = 514
34. (8)(10°)~0.244
58. 1.5x10” =15,000,000 degrees Celsius
P 729
2 12 15 5 _
Ve 59. 9.0x10°° = 0.00009 meter
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60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

1.6022x10™
= 0.00000000000000000016022 coulomb

(2.0><107)(3.0><10’3) =6.0x10" = 60,000

(14x10%)(5.2x107) = (1.4)(5.2) x10°
=7.28x10° =7280

5
L0 _ 79 108 —1.75x10° 175,000,000
40x10° 40

3
30107 _ 30, 10~ 05x10° =50x10°
60x10° 6.0

= 0.000005

J25%x10° = ,[5° ><(104)2 =5x10* = 50,000

3f8x10° = 322 x (105)3

=2x10°
= 200,000

@ (93x 106)3(6.1><10’4) ~ 4.907x107

(2414x10°)’

~1.479
(1.68x10°)’

800
@ 750(1+%] ~954.448

67,000,000 + 93,000,000
0.0052
= 30,769,230,769.2 = 3.077x10"

(@ /45x10° = 67,082.039

)

(b)

(b) (7.3x10*)" ~ 9.390

(@ (265x10)"° = 0.064

(b) 4/9.9x10° ~ 56.093

V121 =417 =11

J-49 isnot possible. Not areal number.
68 =—{(-4)" =—(-4)=4

125 = 5

4/-625 is not possible. Not areal number.

—[-128.= +(=2).=2
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77.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Section P.2. Exponents and Radicals

Y45 ~12.651

=27 =(-27)*° = —7.225
(6.1)™° ~0.005

(34)*° = 21316

4/90 - (4.13)\/§ ~ —281.088
(1.2*2)\/% +34/8 =~14.499

ﬂ ~0.149
5
3/_
-68+4 _0817
0.1
314 35~ 2700
T
@ - r° =-8.605
25

(2.8)” +1.01x10° ~ 1,010,000.128

2.12x1072 ++/15 ~ 3.894

(3 20)3 =20

Y(=39" = 3|
V12.4/3=4/36=6

3 5 5
/40X _ 3 40X ~ Be = 2x
3/5x2 5x2

@ /45 =+/9-5=3/5

[ea (2.22)° | 4
(b) b2 = b2 = 2 b2
@ sa=¥32=342

© 32X =2 2% (y7) = 4n?V2x




10 Chapter P Prerequisites

97. () ¥Y16x5 = 8- 2. - x = 23/ 2% 106. /32 +42 =/9+16 =/25=5
.3.x%2  5x</3
b) Sy = |2 ; X Xy;/— So, 5=F + 4 -
1_1 43 3
% (@ 43y =|x4/3y° BB B
5 8,4 _ 5 B .5 . x3. 74 _ 9y5/Ey34
(b) \/160xz _\/32 5.x-x°- 2" = 2x/5x°z 108 i:i,ﬂzwzﬁﬁ
T3 3 3
99. (3) 2/50 +124/8 =225-2 +12/4-2 V2 294 2
=2(5J§)+12(2J§) 09 5 __ 5 N14+2
=10v2 + 2442 Vi4-2 14-2 a2
—342 =5(\/ﬁ+2)
(b) 10432 618 =10y16-2 — 692 14-4
=10(4v2) - 6(342) _ 5(v14+2)
10
=402 -18/2 i +2
=222 T2
100. (8) 5Vx -3Jx=2x 110 3 3 J5-6
(b) —2/9y +10y =2,/ -y +10,/y " J5+v6 J5+6 5-6
=-6,/y +10,/y =4,Jy  3(v5-6)
~ 5-6
101. (8 3Vx+1+10yx+1=13Jx+1 :3(\/5—\/5)
(b) 7+/80x — 24/125x = 7+/16 - 5x — 24/25- 5x
=7(4)/5% - 2(5)/5x w Y2 _2B_ g BB 3
=28./5x —10y/5x T2 2 143 3
=18./5x
343 3 1
112 X2 Mo =~
102. (8) 5V10x2 —y/90x? =5J10x2 —4/32-10- X 3 V3 33 3
=5y10x" —3v10x s J5+13 _5+43 V5-13
=2y10x* =2|x|+/10 -3 3 'J5-43
_ 5-3
(b) 8%/27x -1 36ax =8(3- %) ~1(#*-x)” 3(v5-3)
=24xY° - 2x"° ~ 2
= 22%"% = 223x 3(£ -3 )
103.\/E=£ 114 V7-3_\7-3 V743
1 Ju C T4 4 J7+3
104. /5++/3 ~3.968 and \/5+3 =+/8 ~ 2.828 S
4(ﬁ+3) 2(ﬁ+3)
Thus, \/§+\/§>\/5+3. 1
T 2J7+6
105. 3 +22 =9+ 4 =+/13 ~3.606
Thus, 5>/3% + 22.
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115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

136.

(@ Y3 =3"=3"7=3
(o) 6(x+1)4:(x+1)4/6:(x+1)2/3

=3(x+1)°
(@ ¥ =x3=x2=1x
(b 4(3x¢) =3x

Radical Form Rational Exponent Form

364 Given 64Y° Answer
/144 Answer —(144"*) Given
1 Y5 .
5/— Answer (1/32)* Given

32
3614125 Given  (614.125)"° Answer
Y243 Answer  (-243)"° Given
3216 Given (-216)" Answer
{81° Given 81¥* Answer
Y16° Answer 16¥* Given
(2e)” _22(e)” g
Moyt T Wyt iyd
—D¥2Y2y 34 _ oly-1 i
X
X4/3y2/3 _ x4/3y2/3 _ X(4/3)7(1/3)y(2/3)—(1/3)
(Xy)J/B X1/3y1/3
=xy”®, x£0,y=0

Y128ab = [(128a7b)1/3T/2

= (128a")"°

127.

128.

129.

130.

131

132.

133.

134.

135.

Section P.2. Exponents and Radicals

X2 Xl/2 _ XJ/2 - X _ X(yz)+17(3/2)73
X2 . x T x32. 53
=x3 =i3, x>0
5¥2.5x92  5Y2.5x%2 X
(5x)3/2 =g - 5'==,x>0
_ 1 1 1 1
32795 = 75 = s=——m==
oV _(aV"_4r _2
4 9 92 3

(&) =-(129)"

=—(125%) = ~(5)" =625
A3 = (3599 = 35 = /3B
F:( x)'* " 2x) =§/2x

") -
x+1 ([243 x+1J )1/2
(

= 8/128a°b = /64 -2 a°

-a-b = 2a%2ab

11
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12 Chapter P Prerequisites

137, Bragils 219X 10% 109 % 10° 142. False. For example, let a = 5and b = 4.
2.01x 1(?:; (a+b)’ = (5+4)° = 9 = 81, whereas
. 183x 102 .
Canadat 3 a6 x 107 ~ >22x 10 (5)° + (4)° = 25 + 16 = 41.
359 x 102
Germany: 1 - 443 x 10 143. True.
2 _ L, 1 1
India M:lMXlW Xteyt=Z4=
1.22 x 10 Xy
412 x 104 y . X
Irann. ———— =516x10° ==+ —
7.99 x 107 Xy Xy
1 + X
reand: 222107 _ 4655100 =Y
478 x 10 Xy
2
Mexicor =33X10% _ 1 15 5 10¢ - Xty
1.19 x 108 xy
138.  Paper:  0.274(251x 10°

~ 6.8774 x 107 tons 144. Thelength of aside of package A is about 8 inches

8 = 512), and the length of a side of package B i
Metds  0.089(251x 10F) ~ 22339 x 107 tons ( ). and the length of aside of package B is
about 6.3 inches (6.3° ~ 250). Twice the length of a

Glass:  0.046(2.51x 10°) ~ 1.1546 x 10’ tons

side of package B is about 2(6.3) = 12.6 inches, and

~ 3.1877 x 10" t . .
% ons 8 < 12.6. So, the length x of a side of package A isless

Plastics: 0.127(2.51 x 108

)
)
)
)
)
)

Yard waste: 0.135(2.51 x 10°) = 3.3885 x 107 tons than twice the length of a side of package B.
Other:  0.329(251x 10°) = 8.2579 x 107 tons a at
145. For a#0, 1=—=—=a""=a".
a a

139. For h=7, Thus, a° =1.
t=003]12% - (12-7)"* | ~0.08[ 12 - 5]

146. Consider x* = n, x apositive integer.

Unit digit of x Unit digit of n=x*

K+1 k+1 1

140. True. For x #0, X =x.
X

~13.288 seconds.

141. Fase. For example, let a=2, n=3 andk=2. Then
(a”)k =(23)2 —8 =64, whereas a") = 2% =22 =512

© 00 N O O WN
P M O O 01 O © b B

0 0
Therefore, the possible digitsare 0, 1, 4, 5, 6, and 9 thus
/5233 isnot an integer because its unit digit is 3.

147. No. Rationalizing the denominator produces a number equivalent to the original fraction; squaring does not.

5 5 3 5/3

HER R
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Section P.3 Polynomials and Factoring

1

10.

11

12.

13.

14.

15.

16.

17.

18.

35.

36.

2
3
4.
5

n a,

. monomial

. First, Outer, Inner, Last

prime

. A polynomial is completely factorial when each of its

factors are prime.

. Four guidelines for factoring polynomials are as follows:

(1) Factor out any common factors using the Distributive
Property.

(2) Factor according to one of the special polynomial
forms.

(3) Factor as ax® +bx+c=(mx+r)(nx+s).
(4) Factor by grouping.

. 7isapolynomial of degree zero. Matches (d).

. —3x*+2x*+x isatrinomial of degree5.

Matches (€).

. —4x%+1 isabinomial with leading coefficient

—4. Matches (b).
6x isamonomial of positive degree. Matches (a).

2 x*+x* +14 isatrinomial with leading coefficient 2.
Matches (f).

x® +2x? — 4x+1 isathird-degree polynomial
with leading coefficient 1. Matches ().

—2x% + 4x isone possible answer.

8x° +14 isone possible answer.

-15x* + 2xisone possible answer.

8x® +3x+14 isone possible answer.
3x+4x% +2=4x* +3x+2 Standard form
Degree: 2

Leading coefficient: 4

x> —4-3x* = -3x* + x* - 4 Standard form
Degree: 4

Leading coefficient: —3

(13.6w4 - 14w - 17.4) — (16.9w* — 9.2w + 13)

= 13.6W* — 14w — 17.4 — 16.9w* + 9.2w — 13
= 3.3w* - 4.8w - 304

57(z — 8) = 5z° — 40z

(% # Y22 )= 2

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

37.

Section*P.3/.Polynomialsand Factoring 13

-8+ x” = x” —8 Standard form
Degree: 7
Leading coefficient: 1

23— x® =—x*+23 Standard form

Degree: 3

Leading coefficient: —1

1- x+6x* —2x° =-2x° + 6x* — x+1 Standard form
Degree: 5

Leading coefficient: —2

X +5-4x° + ¢ = —x® — 4x® + x® + 5 Standard
form

Degree: 6

Leading coefficient: — 1

Thisisapolynomial: —8y?+2y.

is not a polynomial.

5x* —2x? +i2
X

\x?=x* isnot apolynomial.

X+2x-3 1., 1 1. )
—————==-X"+=Xx—— isapolynomial.
6 6 3 2

(4x+1) + (-x+9) =3x+10
(t*-3)+(6t" —4t) = 7t* -4t -3
(8x+5)—(6x—12) =8x+5-6x+12=2x+17

(x2—5)—(2x2—3x)=x2—5—2x2+3x
=—x*+3x-5
(2x3 —ox? — 20) + (—2x3 +10x2) =x*-20
(¥ —6y+3)+(5y° -2y +y-10)
=6y’ -2y -5y—7

(15x2 - 6) - (—8.lx3 —14.7% - 17)
=15x> -6+8.0C +14.7x* +17

=8.1¢ +29.7x* +11
(5-2v ) 49)=)-a9)-( v )49
=6y?= 20y
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38.

39.

41.

42.

45.

46.

47.

49.

50.

51.

52.

53.

55.

Chapter P Prerequisites
—7x(4 - x3) = -28x + 7x*
= 7x* — 28x
3x(x2 —2x+1)=3x(x2)+3x(—2x)+3x(1)
=3x*-6x% +3x

- ¥*(4y*+2y-3)=—y*(4y*) - ¥*(2y) - ¥*(-3)
=—4y*-2y*+3y°
(x+3)(x+4)=x*+4x+3x+12 FOIL

=x2+7x+12

(x=5)(x+10) = x* +10x—5x—-50 FOIL
= x?+5x—50

(3x—5)(2x+1)=6x*+3x—-10x-5 FOIL
=6x*—7x-5

(7x—2)(4x—3)=28x* —21x—8x+6 FOIL
=28x*—29%x+6

(4y + 7)° = 16y? + 56y + 49

(3a-3)” =9a® -18a + 9

(2-5x)° = 4-2(2)(5x) +25¢°
=4 - 20x + 25%°

=25x*> —20x+4

(5x+ 8y)2 =25x’ +2(5x)(8y) + 64y
= 25%% + 80xy + 64y?

(x-9)(x+9)=x"-9*=x*-81
(5x+6)(5x—6) = (5x)" — 6% = 25x* ~ 36
(x+2y)(x-2y)= x2—(2y)2 = X2 —4y?
(2r2-5)(2r% +5) = (2r?) ~5? = 4r* ~ 25

(x+1)3:x*°’+3x2(1)+3x(12)+13
=x3+3x%+3x+1

(y—4)3 =y’ -3y*(4) +3y(4)2 -4
=y* —12y* + 48y — 64

(2x— y)3 = (2x)3 —3(2x)2 y+3(2x)y* —y*
=8x% 12X’y + 6xy* — y*

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

(3x+ 2y)3 :(3x)3 +3(3x)2(2y) +3(3x)(2y)2 +(2y)3
= 27X +54x°y + 36%y° + 8y
(x-3)(+x+3) :(%x)2 -F=1x*-9

16

1.5y + 0.6)(L5y — 0.6) = 2.25y*> — 0.36
1.5y )(1.5y ) y

2
(§x+3) - D 15049
2 4

(18y-5)" = (L8y) +2(L8y)(-5)+(-5)°
=3.24y* —18y+25

- X 4+ x — 5
3 + 4x + 1
- X+ x - 5
- 4 + 4x* - 20x
- 3x* + 3x* - 15%
- 3x' - xX* - 12x¥* - 1% - 5

Answer: —3x* —x®—12x* -19x -5

x> + 33X + 2
2x - X + 4
4x> + 12x + 8

- X - 3 - 2x
2 + 66X +  4X°

2x* + 5x8 + 5x* + 10x + 8

[(x+z)+5}[(x+ z)—5}:(x+z)2—52
=X’ +2xz+2°-25
[(x—3y)+z][(x—3y)—z]
=(x-3y)’' -2
= x2 —2x(3y) +(3y)* - 2
=X’ —6xy+9y* -7
[(x—3)+yJ2 :(x—3)2+2y(x—3)+y2
= X2 —6X+ 9+ 2xy -6y + y?
=X+ 2xy+y* —6x—6y+9
[(x+1)—y}2 :(x+1)2 +2(x+1)(—y)+(—y)2
=X+ 2X+1-2xy— 2y + ¥
=x2 - 2xy+ Yy +2x-2y+1

5x—40=5(x—8)

4y+20=4(y+5)
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69.

70.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

86.

2x% —6x = 2x(x2 —3)

37 - 622 + 9z = 32(23 -2z + 3)

2x(x +3) = 3x(x + 3)° = (x + 3)[2x - 3x(x + 3)]
= (x+3)(2x - 3x* - 9x)
= (x+3)(-3¢ - 7x)

= —x(x+ 3)(3x + 7)
x? - 36 = (x + 6)(x — 6)
x*—81=(x+9)(x-9)

a8y’ - 27=3(16y* - 9) = 3((4y)2 - 32)
=3(4y+3)(4y-3)

50- 987" = 2(25-497')

2(52 )

=2(5+7z)(5-72)

=-2(7z+5)(7z-5)

4= (2 - (4 =(2x+§)2x-3)

By -49=(3y) -7 =(3y+7)(2y-7)

(x-1)" ~a=[(x-1)+2][(x-1)-2]
(x+1)< 3)

25-(2+5)" =5 —(z+5)°
=(5-(z+5))(5+(z+5))
=(5-2z-5)(5+2z+5)
=-2(z+10)

X2 —4x+4=x2-2(2)x+2? :(x—2)2
*2 +10x+25= x* +2(5)(x) + 52 = (x+5)°
x2+x+%:x2+2(%)x+(%)2 :(x+§)2

2

K e g = -2(F)er () = (x-3)

[=YIS

71.

72.

73.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Section*P.3/..Polynomialsand Factoring 15

3x(x—5)+8(x—5)=(3x+8)(x-5)

Bx+1) -x(x+1) = (x+1(5-x)
—(x +(x - 5)
(5x—4)" +(5x—4) = (5x—4)[ (5x—4) +1]

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

42 ~12x+9=(2x)" —2(2x)(3)+ 3
=(2x-3)’

257 ~10z+1=(5z)° - 2(52)(1) +1
= (52—1)2

¥ -8=(x"-(2°
= (x - 2)(x2 +2X + 4)

y* - 125 = (y)° - (5)°
=(y - 5)(y2 + 5y + 25)

Z2+1=(2"+ @’
=(z+1(Z -2+

= (3 + (4

= (x + 4)(X* - 4x + 16)
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96.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Chapter P Prerequisites

2wt o (1j3 97. 1257 - 1= (5v)° - (1)°
e ° ? = (5v - 1)(25v* + 5v + 1)
= W—lj[w2 +1x+1]

= (7a + 2)(49a° - 14a + 4)

Y+ - = (y+ 1 - (x’
=[(y+1 —x][y+1 +x(y+1)+x}

(Y= x+D(y>* +2y +1+xy + x + X)

= (-x+ Y+ + Yy +xy+x+2y+1)

(2x - 2)° +125y° = (2x - 2)° + (5Y)°
=[(2x-2 +5y][2x— 2)? —5y(2x—z)+25y}
= (2x + 5y — 7)(4X* - 4xz + Z° — 10xy + 5yz + 25y°)
= (2x + 5y — 7)(4X* + 25y* + 22 — 10xy — 4xz + 52

X +x-2=(x+2)(x-1) 113, 1P -dEx-£=

X +6x+8=(x+4)(x+2)

S =55+6=(s=3)(s-2) 114, 4% +2x-8=%[x* +18x648]
?—t—6=t2+2t—3t—6=(t+2)(t-3) =31(x—18)(x+36)
= ($x-2)(5x+4)

20-y-y*=(5+y)(4-y)
=—(y+5)(y-4) 115. x°—x*+2x-2=x*(x-1)+2(x-1)

24+57—7 =24+82-3z2-7 =(X_1)(X2+2)

=(8-7)(3+2) 116. x°+5%° —5x—25=Xx*(x+5)—5(x+5)
3x* +13x-10=(3x—2)(x+5) =(x+5)(x*-5)
2x% —x-21=(2x-7)(x+3) 117. x*-5x’+x-5=%*(x—5)+(x-5)

5x? + 26X+ 5= (5x+1)(x+5) :<X2+1)(X_5)

118. x°—x*+3x—3=x*(x-1)+3(x-1)

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

8x* —45x—18=(x—6)(8x+3)

-5u” ~13u+6=—(5u° +13u-6)

——(5u-2)(u+3) 119. x>+ x—20 = x> +5x — 4x - 20
—(2-5u)(u+3) = X(Xx+5) - 4x +5)
= (x+ 5)(x — 4)
-6x° +23x+4=—(6x" - 23x - 4)
=—(X—4)(6X+1) 120. b> - 11b +18 = b?> -9 — 2b + 18
= (4-x)(6x+1) =bb-9) -2b-9
= (b-9)(b-2)
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121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

6X°+Xx—2

a=6, c=-2, ac=-12=4(-3), and

4-3=1=h.

Thus, 6X*+X—2=6X"+4x—3X—2
=2x(3x+2)—(3x+2)
=(2x-1)(3x+2).

a=3,¢=8 ac=24=6(4),and

6+4=10=h.

Thus, 3x? +10x+8=3x* + 4x+6x+8
=X(3x+4)+2(3x+4)
=(x+2)(3x+4).

10x* - 40=10(X* - 4) =10(x+2)(x~2)
77 -63=7(Z -9)=7(z+3)(z-3)

Y -y=y(¥’ 1) =y(y+1)(y-1)

X3 —9x% = x*(x-9)

X2 —2x+1=(x-1)’

9x? —6x+1:(3x—1)2

1-4x+4x% = (1-2x)" =(2x-1)°

16 -6x—X? :—(x2+6x—16)

=—(x+8)(x-2)
=(x+8)(2-x)
2x% + 6x — 2x° = —2x% + 2x% + 6X
= -2x(x* - x - 3)
7y* +15y-2y° = -y(2y’ - 7y-15)

=-y(2y+3)(y-5)
9%? +10x +1=(9x+1)(x+1)

13x+6+5%> =5x* +13x+6
=5x"+10x+3x+6
=(5x+3)(x+2)
3% + X2 +15x+5=x*(3x+1)+5(3x+1)
=(3x+1)(X* +5)

136.

137.

138.

139.

140.

141.

142.

143.

144.

145,

146.

Section"P.3/..Polynomials and Factoring

5-x+5x* - x*=1(5-x)+x*(5-X)
=(5—x)(1+ x2)

3u-2u+6-u*=—u*-2u>+3u+6
=—U’(u+2)+3(u+2)
=(3-v)(u+2)

X' =4+ %% —4x=x*(x—4)+ x(x—4)
:(x3+x)(x—4)

= x(x2+1)(x—4)

2% + X2 —8x—4=x*(2x+1) - 4(2x+1)
=(x* -4)(2x+1)
=(x+2)(x-2)(2x+1)

3% +X° - 27x—9=x*(3x+1)-9(3x+1)
=(x*-9)(3x+1)

=(x+3)(x—3)(3x+1)

[N}

(x2+1)2 —4x :[(x2 +1)+2x}[(x2 +1)—2x}

:(x2+2x+1)(x2 —2x+1)

(x+1)2(x—1)2

(x2 +8)2 —36x2 = (X2 + ) x)2

X" —6x+8)(X* +6x+8)
2)(x+4)(x+2)

X—4)(x—
3t°+24=3(t +8) =3(t+2)(t* -2t +4)

4x3—32=4(x3—8):4(x—2)(x2+2x+ 4)

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

5(3—4x)" -8(3-4x)(5x-1)
(3-4x)[5(3-4x)-8(5x-1)]
(3—4x)[ 15— 20x— 40X + 8]
(3—4x)(23—-60x)

(x+

[(x2+8 }[ x* +8) +6x}
( e

(

17
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18 Chapter P Prerequisites

147. 2(x+1)(x—3) -3(x+1)"(x-3) 148. 7(3x+2)" (1-x)" +(3x+2)(1-x)°
(x+1)(x—3)[2(x—3)—3(x+1)} +2)(1-x)"| 7(3x+2) +(1- X)]
(x+1)(x—3)[2x-6-3x-3]
(x+1)(x-3)(-x-9)
=—(x+1)(x-3)(x+9)

2

2

(3x

(3x
(3x+2)(1-x
=5(3x+2)(1-x)"(4x+3)

K
+2)(1- x)2(21x+14+1 X)
2) )" (20x+15)

149. () 1000(1+r?)=1000(1+2r +r1°)
=1000r? + 2000r + 1000

b
® r 1% 119% | 2% | 2i% 3%

1000(1+r)° | 102010 | 1030.23 | 1040.40 | 1050.63 | 1060.90

(c) Theamount increases asr increases.

150. V =1-w-h=(26-2x)(18-2x)(x) 155. x*+3x+2=(x+2)(x+1)
=2(13-x)(2)(9-x)(x) s
= 4x(-1)(x-13)(-1)(x-9) :
=4x(x-13)(x-9) 1
When x=1:V =4(1)(-12)(-8) =384 cubicinches. "} &
When x=2:V =4(2)(-11)(-7) =616 cubicinches.
When x=3:V =4(3)(-10)(-6) = 720 cubic inches.

156. X*+4x+3=(x+3)(x+1)
151. (8 T=R+B=1.1x+(0.0475x" - 0.001x+0.23)

=0.0475x” +1.099x + 0.23

O i /hr 30 40 55

1
Tfeet | 7595 | 12019 | 204.36 }HH H =

(c) Asthe speed x increases, the total stopping distance l<£
increases. T T=I T

152. (a) Estimateswill vary. Actual safe loads for 157. 3x2 +7x+2=(3x+1)(x+2)
x=12:

s =(006(12)" - 242(12) + 38.71)2
=335.2561(using a calculator)

5, = (0.08(12)° - 330(12) +51.93] j H H H H . } H o

=568.8225(using a calculator) |

Difference in safe loads = 568.8225— 335.2561
=~ 233.6 pounds

(b) The differencein safeloads decreases in magnitude
as the span increases.

153. a’-b’=(a+b)(a-b)
Matches model (a).

154. ab+a+b+1=(a+1)(b+1)
Matches model (b).
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Section*P.3/.Polynomialsand Factoring 19
161, x*(4)(2x+1)°(2x) +(2x+1)"(4x°)
=4x3(2x+1)3[2x +(2x+1)]

3

=4x°(2x +1) (2x +2x+1)

0+ (¢+1) (3¢)

162. x°(3)(xX’ +1) (

—3x X2 +1

158. 2x* +7x+3=(2x+1)(x+3)
X X
S TS T T S
xi|x x| x| x| x .\"|:| |:> *
1<i
111
1o 10 10

159. A=z(r+2)° -z

=7Z'[(I’ +2)2—r2]

2X
[Zx + X +1}
=3x? (x +1)2(3x +1)

4 2

163. (2x-5)"(3)(5x—4)’(5)+(5x—4)’(4)(2x-5)’(2)

( (
=’ +4r+4—r° |=x(4r +4 s )
=4£(r+1) J=n(ar+4) = (2x-5)"(5x—4)"[ 15(2x—5)+8(5x—4)|
=(2x~5)’(5x—4)°[ 30x— 75+ 40x~32]
160. Area=3(x+3)(3)(x+3)-3(5)(4) — (2x-5)° (5x—4)’(70x~107)
=2(xX* +6x+9)-10 . i ,
(¢ +6xr0-2) 164. (X -5) (2)(4x+3)(4)+(4x+3)"(3)(x -5) ()
= 5(x +6x+9-16) =(x2—5)2(4x+3)[8(x2—5)+3x2(4x+3)J
=§(x2+6x—7) :(x2—5)2(4x+3)(12x3+17x2—40)
=3(x+7)(x-1)
165, H2x+ 3"~ (4x - D(Q(2x +3)2) _ 42x+3[(2x+ 3 - (4x -]
' (2x +3)° (2x +3)°
_A(2x + 3)[-2x + 4]
- (2x + 3)°
_ —8(2x + 3)(x - 2)
- (2x + 3)°
_ -8(x - 2)
(2x + 3)°
165, A5%- 1)° - (3 + Y(3(5x - D°(5) _ 3% -~ [(5x - 1) - (53 + 1]
' (5x - 1)° (5x - 1)°
_ 35x—1)’°[5x—1-15x — 5]
(5%~ 1
_ 3(5x - 1)*(~10x — 6)
- (5x - 1)°
-6(5x — 1)°(5x + 3)
o x-1°
6(5x + 3)
- (5x - 1)°
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20 Chapter P Prerequisites

167. For x*+bx—15=(x+m)(x+n) tobe
factorable, b must equal m+n where mn=-15.

169. For x*+bx+50=(x+m)(x+n) tobe

factorable, b must equal m+n where mn =50.

Factorsof —15 | Sum of factors Factorsof 50 | Sum of factors
(15)(-1) 15+ (-1) =14 (50)(1) 51
(-15)(1) _15+1=-14 (-50)(-1) 51
(3)(-5) 3+(-5)=-2 (25)(2) 27
(-3)(5) 345-2 (-25)(-2) -27
The possible b-value are14, —14, —2, or 2. (10) (5) 15
168. For x*+bx—12 to befactorable, b must equal (-10)(-5) -15

m+n where mn=-12.

Factorsof —12

Sum of factors

(1(-12)

1-12=-11

(-1)(12)

-1+12=11

-3+4=1

The possible b-values are
11, -11,4, -4,1,0r -1
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The possible b-values are
51, -51,27, —27, 15, or —15.

170. For x*+bx+ 24 to befactorable, b must be

equa tom+n wheremn = 24.

Factors of 24

Sum of factors

(24)(9)

25

(-24)(-1)

-25

(12)(2)

14

(-12)(-2)

-14

11

-11

10

(-6)(-4)

-10

The possible b-values are
25, —25,14, -14,11, -11, 10, or —10.




Section"P.3/..Polynomials and Factoring

171. For X2 + X + cto be factorable, the factors of ¢ must add up to 1.

Possible c-values c Factors of c that add up to 1
-2 -2 (2)(-) =-2and 2+ (-1) =1
-6 -6 (3)(-2) = -6and 3+ (-2) = 1
-20 -20 (5)(-4) = —20and 5+ (-4) = 1

These are afew possible c-values. There are many correct answers.
fc=-2x+x-2=(x+2)(x-1

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

If c =-20: xX* + x— 20 = (X + 5)(x — 4)

172. For x? — 9x + cto be factorable, the factors of ¢ must add up to —9.

Possible c-values c Factors of c that add upto —9
8 8 (-1)(-8) = 8and -1+ (-8) = -9
14 14 (—2)(—7) =14and -2 + (—7) =-9
18 18 (-3)(-6) = 18and -3 + (-6) = -9

These are afew possible c-values. There are many correct answers.
Ifc=8x"-9x+8=(x-1(x-8

If c=14: x* —9x + 14 = (x - 2)(x = 7)

If c =18 x* — 9x + 18 = (x — 3)(x — 6)

173. For 2x* + 5x + ¢ to be factorable, the factors of 2c must add up to 5.

CPC\):SL; 2c Factors of 2c that add up to 5
2 4 (1)(4)=4and1+4=5
3 6 (2)(3)=6and2+3=5
-3 -6 (6)(-1)=—-6and6+(-1)=5
-7 -14 | (7)(-2)=-14and7+ (-2)=5
-12 24 | (8)(-3)=-24and8+ (-3)=5

These are afew possible c-values. There are many correct answers.
If c=2: 2 +5x+2=(2x+1)(x+2)

If c=3: 2x* +5x+3=(2x+3)(x+1)
If c=-3: 2x* +5x—3=(2x-1)(x+3)
If c=-7:2x*+5x-7=(2x+7)(x-1)
If c=-12: 2x* +5x—-12=(2x-3)(x+4)

21
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174. For 3x®-10x+c to befactorable, of 3¢ must add up to —10.

175.

176.

177.

178.

179.

180.

181.

Chapter P Prerequisites

E?,S;l?; 3c |Factorsof 3c that must add upto —10
3 9 (-9)(-1)=9 and -9-1=-10
7 21 | (-3)(-7)=21and -3-7=-10
8 24 | (-4)(-6)=24and —4-6=-10
-8 —24 | (2)(-12)=-24and -12+2=-10

Other c-values are possible. The above valuesyield the following factorizations.

There are many correct answers.
If c=3: 3x*-10x+3=(3x-1)(x-3)

If c=7: 3x*-10x+7=(3x-7)(x-1)
If c=8: 3x* -10x+8=(3x—4)(x~-2)
If c=-8: 3x* —~10x—8=(3x+2)(x—4)

V = zR’h—zr’h
@ Vv =7rh[Rz—r2J=7zh(R—r)(R+r)

R+r

(b) The averageradiusis . The thickness

of theshell is R—r. Therefore,
R+r
2

V=7rh(R+r)(R—r)=27r[

J(R—r)h

= 27 (average radius)(thickness)h.
kQx — k¢ = kx(Q—X)

False. The product of the two binomialsis not
always a second-degree polynomial. For instance,

(x2 + 2)(x2 —3) =x* - x2 -6 isafourth-degree
polynomial.

False. The product of the two binomialsis not
always atrinomial. For example,

(x+2)(x-2)=x*-4.
False. For example,
(x2 -3 + l) + (—x2 + X - 2) = —2x — L whichisa

first-degree polynomial.

False. The sum of athird-degree polynomial and a
fourth-degree polynomial will always be a fourth-degree
polynomial.

False. (3x — 6)(x + 1) = 3(x — 2)(x + 1)

182.

183.

184.

185.

186.

187.

(&) The box could have been created by cutting squares
of length x from the corners of the piece of
cardboard. The original dimensions of the cardboard
are 52 inches x 42 inches.

(b) The degreeis 3 because the volumeis
length x width x height,
and each dimension contains an x.

(©) x(52 - 2x)(42 — 2x) = 4x(26 - x)(21 - x)

The possiblevaluesof xare 0 < x < 21.

If two polynomials have degree m and n, then
their product is degree m+n.

(x+ y)2 # X% + y? because you cannot just distribute the
squares. Y ou have to use the FOIL Method.
(x+y)2 =X +2xy+ Y =X +Y

To cube abinomial difference, cube the first

term. Next, subtract 3 times the square of the first
term times the second term. Next, add 3 times the
first term times the square of the second term.
Finally, subtract the cube of the second term.

(x—y)3 =x* -3’y +3xy’ - y*

A polynomial isin factored form when each of its
factorsis prime (it cannot be factored any
further using integer coefficients).

9x? —9x—54=9(x2 —x—6)=9(x+ 2)(x-3)
The error in the problem in the book was that 3 was

factored out of the first binomial but not out of the
second binomial.

(3x+6)(3x—9) =3(x+2)(3)(x—3) =9(x+2)(x—3)
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188.

189.

Answerswill vary. Sample answer: x> — 3

X2 — y2n — (Xn + yn)(xn _ yn)

Section P.4 Rational Expressions

10.

11

12.

13.

14.

1
2
3.
4
5

. domain

. rational expression

complex fractions

. lesser

. A rational expression isin simplest form when its

numerator and denominator have no common
factors aside from +1.

. Values that make the denominator equal to zero are

excluded from the domain of arational expression.

. The domain of the polynomial x? + 7x — 3isthe set of

al real numbers.

The domain of the polynomial 6x2 — x — 10isthe set of
all real numbers.

The domain of the polynomial 5x? + 1, x > 0, isthe set
of all positive real numbers.

The domain of the polynomia 9x — 4, x < 0, isthe set
of all negative real numbers.

X
X+ 2

numbers except X = —2, which would result in division

by zero, which is undefined.

The domain of the expression isthe set of al red

X isthe set of all real

The domain of the expression ‘11

numbers except x = 4, which would result in division
by zero, which is undefined.

The domain of the expression
X2 +3x _ X(x+3

5 = > istheset of al real
X< + 14x + 49 (x+7)

numbers except X = —7, which would result in division
by zero, which is undefined.

The domain of the expression

2 _ _

X% + 2x 8:(X+4)(X 2):X+4,x¢2,isthe
xX* -4 (x+2)(x-2) x+2

set of all real numbers except X = £2, which would
result in division by zero, which is undefined.

190.

15.

16.

17.

18.

19.

20.

21.

22.

Section.P.4 Rational Expressions 23

X3 4 y3n — (Xn + yn)(XZn _ Xnyn + y2n)

The domain of the expression
2 _ oy _ —
X o x =3 (X0 e o of all rea
9x% — 1 (3x +(3x — 1)

numbers except x = J_r%, which would result in division

by zero, which is undefined.

The domain of the expression

_(x+ 3)2

2
X+ ox+9 _isthe set of all real

x2—10x+25_(x_5)

numbers except x = 5, which would result in division
by zero, which is undefined.

The domain of the radical expression ~/ X + 10 isthe set
of all real numbers greater than or equal to —10, because

the square root of a negative number is not areal
number.

The domain of the radical expression ~/x — 7 isthe set
of all real numbers greater than or equal to 7 because the
sguare root of a negative number is not areal number.

Because 12 - 3x > 0 = x < 4, thedomain of the

radical expression ~/12 — 3x isthe set of all real
numbers less than or equal to 4.

Because 6 — 4x > 0 = x < g,thedomainof the

radical expression /6 — 4x isthe set of all real

numbers less than or equal to g

Because X +1 > 0 = x > -1, the domain of the

radical expression isthe set of all real numbers

1
Vx+1

greater than —1.

Because x — 5 > 0 = x > 5, thedomain of the radical

expression

1
isthe set of al real numbers greater
VX -5 g

than 5.

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.
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23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

2x (2x)(3x)  6x*

Chapter P Prerequisites

5 5(3x) _5(3x)

Xx#0
Missing factor: 3x

2 2(¢) 2(¥)
2 orllx] x|
Missing factor: x2
3_3(x+1)

4 4(x+1)’
Missing factor: (x+1)

2 2(x-3)
—=—— X%
5 5(x-3)
Missing factor: x—3

x=1 __(x=1)(x+2)
4(x+2) 4(x+2)(x+2)
_Ax)x+2)
(x+2)

Missing factor: x+2

X+3 (x+3)(x-1)

2(x-1)  2(x-1)(x-1)
:w X;tl
2(x-1)°

Missing factor: x—1

152 5%(3x) 3x
= =—,xz0
10x  5x(2) 2°

18y _ 6y’(3) _ 3
60y° 6y’(10y*) 10y*

y#0

3xy xy  _ 3y

Xy +x2 X3y +1)  xy+)

2%y _ V(ZXZ) 2x2

= ,y#0
xy-y y(x-1) x-1
4y-8y* _4y(1-2y)
10y-5  5(2y-1)
A1) 4y 1

5(2y-1) 5772
9x* +9x 9x(x+1) _9x

= =—,xz-1
2x+2  2(x+1) 2
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35.

36.

37.

38.

39.

41.

42.

46.

X-5 X-5 1
= =—=—,X#5
10-2x  -2(x-5) 2
12-4x _—4 x—3):_4, %3
X-3 X—-3
2_ 4)(y-4
y-16_(y+4=4) _ 4.,
y+4 y+4
2 —
=25 (x+5)(x 5)=—(x+5),x;t5
5-x -1(x-5)
X +5x +6x _ X(x+2)(x+3)
x> -4 (x+2)(x-2)
(x+3)
- ox=2 '

x? +8x—20 (X+10)( 2)
2 +11x+10 (x+10)(x+1)

:X—2 x #-10
x+1’

y'-7y+12 (y-3)(y-4) y-4

y>+3y—-18 (y+6)(y-3)

-10-x _ —(x+10)
X2 +11x+10 (x+10)(x+1)

=—i, x#-10
X+1

2-x+2¢ X (2-x)+x*(2-x)

,Y#3
+6y

X—2 - -(2-x)
_ (2-x)(1+x%)

~(2-x)

=—(1+ xz), X#2
-9  x-9
XC+x2-9x-9 (x2—9)(x+1)
=i X#£3
x+1’

7-8 (2-2)(Z+2z+4)

Z+2z+4 Z+2z+4
y' -2y’ -3y _ y(y-38)(y+1)
Yy +1 (y+1)(y' -y+1)
=3
y —y+1



47.

49.

50.

51.

52.

53.

Section.P.4 Rational Expressions 25
X -4 -3 -2 -11|0 1 2
2 _
X231 4| 0| 1] 2|3]|unde|s
x-1
x+3 1] o0 | 1] 23| 4 |s
2 _ _
The expressions are equivalent except at x = 1. Infact, X J)r(le 3 = (x +X3)(X1 Y =X+3x=1
X ol1|2| 3 |4|5]6 55, S0HY) xry _S(x+y) 2 8 .
3 1 1 1 1 1 1 | 4 2 4 X*y 2’
X2 22 2 |undef.| = | = | =
X*-x-612|31|4 6|78 5 2x-y _ 3y-6x _2x-y y*-6y+5
1 1111 1]1/1 " y-1 y?-6y+5 y-1 —6x+3y
xt2 | 2|3 |4 | 5 |6]|7]8 22—y (y-5)(y-1)
The expressions are equivalent except at x = 3. y-1 -32x-y)
_ _ -5
In fact, 2X s = x—3 :i,x¢3 =—yT,y¢],5,2x
X —x-6 (x=3)(x+2) x+2
_ a? om? or
> xt 1 57. T T2
x-1 25(x-2) 5(x-2) (2r) 4
2
x+13 -X(X_3): x+13 ~X(X_3) 58. Areaof shaded portion: (—X+5j2:(x+5)
x*(3-x) 5 xX*(x-3)(-1) 5 2 4
_ x;123=_ x5+13’ £3 Areaof total figure: (2x+3)(x+5)
X X Ratio: (x+5)2/4 _(x+5)/4
S N SR LT " (2x+3)(x+5)  (2x+3)
1-r r2-1 r-1 r? __X+5 o
_ o r (r+yr-yg 4(2x+3)’
or-1 r2
r+1 59 5 X :5+x:x+5
i -1l x—1 x-1 x-1 x-1
2x-1 1-x 2x-1-1+x 3x-2
dy-16 4-y =4(y—4).2(y+3) 0. X+3 x+3  x+3  x43
5y+15 2y+6 5(y+3) —(y-4)
8 8 .4 oL 6 X :6(x+3)—x(2x+1)
TR A 2x+1 x+3  (2x+1)(x+3)
6Xx+18-2x* — X
tz—t—6 ' t+3 _ (t—3)(t+2)(t+3) Zm
+6t+9 7 -4 (143)(t+2)(t-2) >
3 =—2x +5x+18
= >  tz-2 2x+1 3
((+3(-2) # (2x+1)(x+3)
__ 2x*-5x-18
y3—8. 4y _(y—2)(y2+2y+4). 4y (2X+1)(X+3)
2 y-by+6 2y (y-2)(y-3
2y +2y+4
:M’y;{;z
Y(y-3
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26  Chapter P Prerequisites

& 3 . 5x _3(3x+4)+5x(x—1)

" ox-1 3x+4 (x—1)(3x+4)
_ 5x% + 4x+12
(x—1)(3x+4)

63. 3+5 3 5 2

1 X 1 X
¥—x—2 X -5x+6 (x=2)(x+1) (x=2)(x-3)
(x=3)—x(x+1)
(x+1)(x—2)(x-3)
-3
(x+1)(x=2)(x-3)
X +3
(x+1)(x—2)(x-3)

65.

2 10 2 10

O 2 i (- (xiD) (A (x=2)

2(x+4)
(x=2)(x+1)(x+4)
. 10(x+1)
(x=2)(x+1)(x+4)
2x+8+10x+10
(x=2)(x+1)(x+4)
12x+18
(x=2)(x+1)(x+4)
6(2x+3)
(x=2)(x+1)(x+4)

3 X 2 3 X B
x-3 (x-3)(x+3

2
3x(x + 3) — x(x) — 2(x + 3)(x — 3)

X(x - 3)(x + 3)
3P+ 9x— x? - 2x* +18
X(x - 3)(x + 3)
_ 9x + 18
X(x = 3)(x + 3

2 2 1 _2 2 1
x+1 x-1 x*-1 x+1 x-1 (x+1)(x-1)
2(x-1) 2(x+1) 1

G D)(x-1) | (x+D)(x-1) © (x+1)(x-1)
_ 2X—2+2x+2+1

(x+1)(x-1)
_ 4x+1
(x+1)(x-1)
g 1,2 1 =_(X2+1)+ x 1
X X+1 xX+x x(x2+l) x(x2+l) x(x2+1)

X -14+2x-1
x(x* +1)
X =2%+2
x(x* +1)
60 -0y - L __ %, 5
XX+ x x x+1 xx+1) x* x+1
X — 6(x + 1) + 5x?
X3(x + 1)
X — 6X — 6 + 5%
X3(X + 1)
5x* — 5X — 6
X3(X + 1)
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75. L =L 2.

xz—(x+h)2

hxz(x+h)2

X — (X +2xh+h°)

- hxz(x+h)2
—h(2x+h)

B hxz(x+h)2

2x+h

=——XFN_hzo
X*(x+h)

76.

77.

Section.P.4 Rational Expressions

X+h X
x+h+1 x+1

h
[ (x+h)(x+1) ~ X(x+h+1) ]
(x+h+1)(x+1) (x+h+1)(x+1)

B h
1
:( (x+h)(x+1) - X(x+h+1) ]1
(x+h+1)(x+1) (x+h+1)(x+1) ) h

[ ¥ +x+hx+h-x*—xh—x| 1
(x+h+1)(x+1) h

h 1 1
")) h (eha(xey 0

(g (o) o

Jx Yo 2dx
_2x-1
2Xx

, x>0

) [

79.

80.

81.

82.

83.

J12 t2 -1
t2 t2
1
_A/t2-1
= =
-t 1
Jiz-1 B
_ 1
t2/t?2 -1
X' =2
5 2 _ y2( 7 _
X°=2X° =X (x —2)_ v
5 3 3[8 _x-=5
X =5x" =X (x —5)— v

(% +l)_5 -(x +l)41 =(x +1)_5[x2 -(x +1)J
(x2+1)5

2x(x-5)" —4¢(x-5) " =2x(x~5) (x-5-2x)
2x(-x-5) _ —2X(x+5)
(5 (5

2¢(x-1)"* ~5(x-1) " =(x-1)**(2¢(x~1)-5)
2¢-2¢-5
("

27
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84, 4x*(2x-1)"" - 2x(2x-1) ™ =2x(2x-1) ¥ (2 (2x-1)° -1

2x(2x-1) (22 (4x* - ax+1) -1)
e

(
( 2
2x(2x-1) " (8x* - 8x* +2x* ~1)
2x(8x" —8x* +2x* ~1)

(2x-1)"
x¥2 _x V2 x(2x-1) o1
85. X sz = (Xz )= ))((5/2
Xo(xH2) = BP(XP) K2 32
86. = -
~ x¥2(1-3x)
=
. 3x-1
-2 (x2 +1)_1/2 + 2x(x2 +1)_3/2 X(X2 +1)73/2[—x(x2 +1) + 2}
87. N = N
_(x2+1)73/2[—x3—x+2] x4 2
- X B xz(x2 +1)3/2
~ (x—l)(x2+x+2)
- xz(x2+1)3%2
X(AxV2) =3P (8xY?) gy gy AxP(x*-2) 4(x-2)
88. XG = X6 = Xs = X11/2
(e )3 2023 [ 45)x(axr3)
. (x2+5)2 - (x2+5)2
~ 2(-3x* —3x+5)
- (x2+5)2\/4x+3
~ 2(3x* +3x-5)
- (x2+5)2\/4x+3
oo (2417 3(x=5)"~(x=5)"(3)(2x+1)*(2) _ (x-5)"(2x+1) "[3(2x+1) - (x-9)]
' 2x+1 - 2x+1
_(x—5)2(6x+3—x+5)
- (2x+1)3/2
_(x—5)2(5x+8)
- (2x+1)3/2
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o XFA-x _ SxEh-Jx

4 4
(x+4)-(x)

4(M+\/;)

Vx+ 44X
X+ 4 +Ux

4
4(M+\/§)

1
X+ 4+ X

o NZ3-\2_z3-z i3+
3 3 Jz-3+4z
-3

(z-3)-z _ _ -1

_3(JZTB+JE) 3( z—3+\/E) Jz-3+4z

Section.P.4 Rational Expressions

os VK22 _Jx32-2 Jx32+42 o5 YI-X-1_I-x-1 i-x+1
' x X Ix+2+42 ' X - X Ji-x+1
__(x+2)-2 A-x9-@
_x(\/x+2+\/§) - x(\/l— x+1)
N S - —x
- x(\/x+2 +\/§) x(\/l— X + 1)
:;,x;&o - ,X#0
Jx+2+42 JI-x+1
os VX755 _x+5-\5 Jx+5+.5 o5 NATX-2 _NArx-2 JArx+2
' X B X Jx+5++/5 ' X - X A+ x+2
B (x+5)-5 :M
_x(\/x+5+\/§) x(\/4+x+2)
X _ X
:x(\/x+5+\/§) - x(\/4+ x+2)
1 _ 1
RN TN e T Taixi2 70
o7 I:)robabimyzAreashadedrec:tanglez X(x/2) _ x2 2_  x

Arealarge rectangle

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

29
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30 Chapter P Prerequisites
. ——(X+2)(x+x+4
98. Probability = (area"f;raoezo'd) -2x 2
Total area —(x+4)[(x+2)+—(x+2)}
(areaof triangle) 2 X
4(x+2)(2x+4) 4-2(x+2)’

(x+ 4)(xf2)(1+ij i (x+4)(xj2)[l+g

8(x+2)2_

=8(x+2)

(x+4)2

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

r=

I'n Exercises 99 and 100, use the formula
|:24(NM - P)}
P+
9. (8 N=(4)(12)=48
M = $475
24((48)(475) - 20,000)
48
r =~ 0.0639= 6.39%

r

N
o)
P = $20,000
(20, 000+ (48)(475)]
12

[24(NM—P):| 24(NM - P)
() r= N =N
o, NM 12P + NM
12 12
_24(NM-P) 12 283(NM-P)

N 12P+NM  N(12P+NM)

283(48- 475 20,000)

r= = 0.0639 = 6.39%
48(12- 20,000+ 48- 475)

100. (8 N=(5)(12)=60
M =$525
P =$28,000

{24((60)( 525) - 28,000)

60
r =0.0457 = 4.57%

|

r =

[28,000+ (60)1(;25)J

{24(NM—P)} 24(NM — P)
(b) r= N =N
P+M 12P + NM
12 12
_24(NM-P) 12 283(NM-P)

N 12P+NM  N(12P+NM)
_288(60- 525 28,000)

r= =0.0457 = 4.57%
60(12- 28,000+ 60- 525)

50 pages
1 minute

101. Copy rate=

(8 Thetimerequired to copy one pageis %mi nute.
(b) Thetime required to copy x pagesis x[%)
X .
=—minutes.
50

(c) Thetime required to copy
120 pagesis 120(%} =%minutesor 24 minutes.
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1
102.@ R=g—73—1
R R R
_ 1
RR+RR+RR
RRR;
____RRR
RR;+RR;+RR,
O ()
(4)(12) +(6)(12) +(6)(4)
:@:ZOth
144
103. (@ Y ear 2005 | 2006 | 2007 | 2008
Births (in millions) | 4.152 | 4.266 | 4.341 | 4.265
Population 2959 | 2985 | 301.2 | 303.8
(in millions)
Y ear 2009 | 2010 | 2011 | 2012
Births (inmillions) | 4.125 | 4.027 | 3.971 | 3.939
Population 3065 | 300.1 | 3117 | 314.4
(in millions)

(b) The models are closeto the actual data.

Section.P.4 Rational Expressions

(c) Theratio of the number of births B to the number of people P is given by
0.06815t% — 0.9865t + 3.948

B _  0.01753t> — 0.2530t + 1

P 2.64t

+ 2827

0.06815t> — 0.9865t + 3.948

(0.01753t? - 0.2530t + 1)(2.64t + 282.7)

@ | vear | 2005

2006

2007

2008

Ratio | 0.0140

0.0143

0.0144

0.0140

Year | 2009

2010

2011

2012

Ratio | 0.0135

0.0130

0.0127

0.0125

Theratio has remained fairly constant over time.

_ 0.06815t? — 0.9865t + 3.948 ' 1
0.01753t> — 0.2530t + 1

2.64t + 282.7

31
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32 Chapter P Prerequisites

104. (a)
t 0 2 4 6 8 10
T 75 55.9 48.3 45 | 433 | 423
t 12 14 16 18 20 22
T 417 | 41.3 | 411 | 409 | 40.7 | 40.6

) T- 10[ 4% +16t + 75
t2+4t+10
(x+h)2—X2 X%+ 2xh+h? -2
B h
h(2x+h)
h
=2x+h, h=0

X +3x%h+3xh? +h*— X
- h
h(3x* +3xh+h?)

h
=3x*+3xh+h?% h=0

105.

h)’ -
106. (X+ )

1 1
x+h)2 S ~ xz—(x+h)2
- hxz(x+h)2
X = (% +2xh+h?)
) hxz(x+h)2
_ —2xh-K
- hxz(x+h)2
-2x—h

=—X70 hzo
x*(x+h)

107. (

1 1
x+h) 2x 2x-2(x+h
100, % h) :h(2x)2((x+h))
~ —2h
hax(x+h)
-1

-1 _n
2x(x+h)’ #0

109 f{n(n+1)(2n+1)}+2n[£j: 2(n+1)(2n+1) 8
‘n 6 n 3

N

2(2 +3n+1)+24
——
_ 4’ +6n+26 N

—s

#0

} appears to be approaching 40.

110. 9[%][%] ~ n( gj

_9(n+1)(2n+1)_3
2

9(2n*+3n+1)-6
2

_18n°+27n+3

2

=§(6n2+9n+1), nz0

111. False. For n odd, the domain of (in —1)/(x” —1) isall
x #1, unlike the domain of the right-hand side.

112. False. The domain of the left-hand sideisall x#1,
unlike the domain of the right-hand side, which isall
real numbers x.

g XTR-JK _JXTR-V% JX7R 44X
' h B h Jx+h +4/x

X+h-x

(Ve X
h

(VX

1
CUx+h+x

However, the expression still has aradical in the
denominator, so the expression is not in simplest form.

114, No. &= b is undefined for values of a, b, and x such
that b=ax.
3 3
115 5x 5x

" 2xi+4 - 2(x3+2)
There are no common factors, so this expressionisin

reduced form. In this case, factors of terms were
incorrectly cancelled.

116. The negative signin front of the second fraction was not
distributed through the numerator before the fractionswere
added.

117. Answerswill vary. For example, let x=y=1:
1 1 1 1
——=—F—+==2
1+1 2 1 1
118. Answerswill vary. Sample answer: When t = 0, the

percent is 100%. After one week, the percent drops by
one-half and then starts to increase as the time increases,
slowly approaching 100% again.

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



or
27 —x* Xt 2x-1
1 x* x*
Answerswill vary.

Section P.5 The Cartesian Plane

1
2
3
4

)]

~

10

11
12.

. Cartesian

. Distance Formula

. Midpoint Formula

' (x—h)2 +(y- k)2 =r?, center, radius

. Thex-axisisthe horizontal real number line.
Matches (c).

. They-axisisthe vertical real number line.
Matches (f).

. The origin isthe point of intersection of the vertical and
horizontal axes.
Matches (a).

. The quadrants are four regions of the coordinate plane.
Matches (d).

. An x-coordinate is the directed distance from the y-axis.
Matches (€).

. A y-coordinate is the directed distance from the x-axis.
Matches (b).

A:(2, 6),B:(-6, —2), C:(4,
A:(2, -4); B:(

-4),D:(-3 2)
0, -2); C:(-3 %); D:(-6, 0)

3

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

Section.P.5 TheCartesian Plane 33

8+ ®(3,8)
il
ol
5]
T2 ave T hsn
T 626
-6 o
_sd
(2]
o 27/ ol ,
1 .(E’l)
S | e s
()
—-2+ -
-3+  (3,-3e
(-5 4)
(2 -9
(0. -6)
(11 0)
Xx>0= Thepoint liesin Quadrant | or in Quadrant IV.

y<0= Thepoint liesin Quadrant 11l or in Quadrant IV.
x>0andy<0=(x,y) liesin Quadrant IV.

If x<0andy<O0then (X y) isin Quadrant III.

Xx=-4= X isnegative = Thepointliesin
Quadrant 11 or in Quadrant I11.

y>0= Thepoint liesin Quadrant | or Quadrant I1.
x=-4andy>0=>(x,y) liesin Quadrant II.

If x>2andy=3then (x, 3) isin Quadrant I.

y<-5=vy isnegative = Thepoint liesin either
Quadrant 11 or Quadrant IV.
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34

26.

27.

28.

29.

30.

31

37.

38.

39.

41.

Chapter P Prerequisites

If x> 4 then (x, y) isin Quadrant | or IV. 32.

If —y>0, then y<0.

X< 0= Thepoint liesin Quadrant Il or in Quadrant I1I.
y<0= Thepoint liesin Quadrant 1l orin
Quadrant IV.

x<0andy<0=(x, y) liesin Quadrant III.

If (—x, y) isin Quadrant IV, then (x, y) must bein

Quadrant I11. 3.

If xy >0, then either x and y are both positive, or
both negative. Hence, (X, y) liesin either Quadrant | or

Quadrant I11. 34
If xy<O0, then x andy have opposite signs. This
happens in Quadrants | and V.
~ 180,000+ ° 35.
2 150000+ o
S
= 120,000
R °
& & 90000
ﬁé 60,000+ o
= 30,000 o®
g 7" o®
’\,’—’—Z—?—I—H—l—é—l—H* 36.
Year
(2.6). (-5

(-3-7), (1-15)

Recorded low temperature (°F)

Month (1 <> January)

(6. -3). (6.9)

d:\/(6—6)2+(5—(—3))2 =0 +8 =64 =8

(1% 4), (-1 4)

d =\/(—1—(—11))2 +(4-4) =107 + 07
=100 =10

~2,6), (3 -6)

( ,
d =\/ 3-(-2)) +(-6-6)" =[5 +(-12)’

=+/25+144 =+/169 =13

(8 5), (0, 20)

d=./(0-8)"+(20-5)" = /& +15°

=/64+225 =+/289 =17

d = 1= (3] + [-15- (7] = @7 + (-8 = Va0 = 45

(3 4. 2 - 2

(4.2, 3.1), (-125, 4.8)

d=(-42+125) +(31-48)

=+/68.89+2.89
=y 71L78\="847

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

43.

(95,-26), (-3.9,8.2)

d=(95+3.9) +(-26-82)°

=+/179.56+116.64
=+296.2 =17.21

@ (L1, (459

(b) F+4°=9+16=25=5



=169 =13
(13, 5), (13, 0)
d=|5-0/=[5=5
(1 0), (13 0)
d=[1-13=|-12/=12
(b) 5°+12°=25+144=169=13

d= |—1— 9| = |—1o| =10

(b) 10 +3* =100+9=109= (\/109)2

46. (8 (15), (5 -2

=16+ 49 = /65

19, (1 -2)
d=[5-(-2)|=|5+2=[7]=7
(1 -2). (5 -2)

() #+7 =16+49=65=(\/%)2

47. Find the distances between pairs of points.

d, =(4-2)"+(0-1) =V4+1=15
d, =/(4+1)"+(0+5)° =4/25+ 25 = /50
d,=/(2+1)° +(1+5)" =\/9+36 = /45

() ] (30

Becaused,” + d,> = d,?, thetriangleisaright triangle.

48.

49.

50.

51.

52.

Section.P.5 TheCartesian Plane 35

Find the distances between pairs of points.
d,=/(3-(-) +(5-3)
=\16+4=420

Becaused,” + d,> = d,?, thetriangleisaright triangle.

Find the distances between pairs of points.

d, =/(1-3) +(-3-2)° =4+ 25=/29
d,=(3+2) +(2-4)" =\25+4 =29
dy=(1+2)" +(-3-4)" =9+ 49 =158

Because d, =d,, thetriangleis isosceles.

Find the distances between the pairs of points.
d, =+/(4-2)"+(9-3)’

=/36+4 =20 =210
A, =(-2-2) +(7-3

=16+16 =+/32 =42

Becaused, = d,, thetriangle is isosceles.

Find the distances between pairs of points.

d, =+/(0-2)° +(9-5)° =/4+16 =20 = 2,/5
d, =4(-2-0)" +(0-9)" =/4+8L=+/85
d,=[0-(-2))' +(-4-0 =a16 = V20 =2,5

d,=(0-2)" +(-4-5) =/a+81=185

Opposite sides have equal lengths of 25 and
/85, sothe figure is a parallelogram.

Find the distances between pairs of points

d,=(0-3 +(1-7)" =o+36 =2 =3/5

Opposite sides have equal lengths of 3/5and +/10. The
figure isa parallelogram.
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36 Chapter P Prerequisites

53. First show that the diagonals are equal in length.

d,=/0~(-3)" +(8-1)" =9+ 49=/58
d, :\/(2—(—5))2+(3—6)2 =/49+9 =158

Now use the Pythagorean Theorem to verify that at least
one angle is90° (and hence, they are dl right angles).

d,=(0-(-5)) +(8-6)" =VB+ 4=\
d,=(-3-(-5)) +(1-6) VA B =2

Thus, d,>+d,>=d>.

54. First show that the diagonals are equal in length.

d, =(3-2)" +(1-4)" =J1+9 =110
d, =(4-1)+(3-2)" =/9+1=410

Now use the Pythagorean Theorem to verify that at least
oneangleis 90°.

d,=(4-2)"+(3-4) =V4+1=15
d,=(2-1)"+(4-2)° =J1+4 =15

Thus, d,” +d,” =d>.

v

2.4

d
ds ‘(4, 3
la.2) Q'
N

3. D

IS
1

w
4
t

¥}

55. d= \/(45— 10)” +(40-15)" =+/38% + 282
=+/1850 =574 = 43 yards

125+

100 + (0, 90)

75+ -l

501 T~

Distance (in feet)
1
I

25

0.0 | ieeememmmmTTTTT

t + t + t + t + t + X
50 100 150 200 250 300

Distance (in feet)

Distance from (300, 25) to home plate:

d, = \/(300— 0)’ +(25-0)°

=4/90,625 = 301.0 feet

Distance from (300, 25) to third base:

d, = \/(300— 0)° +(25-90)"
= /94,225 ~ 307.0 feet

57. Let (0, 0) represent the point of departure, Naples,
and (120, 150) represent the destination, Rome.

d= \/(120—0)2 +(150-0)*
= /36,900 ~192.1km

58. Let (0, 0) represent the location of Oklahoma City,
(0, —360) represent the location of Austin, and (514, 0)
represent the location of Albuquerque.

d = \/(-514 - 0 + [0 - (-360)]"
= \/(~514)° + 360
= /39379 =~ 627.53mi
59. (@ !

8+0 6+0) (8 6)_
o (52505 3o
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Section.P.5 TheCartesian Plane 37

0. @ 64. @ b oes
12+ e (1,12) s ®
104 \\\ 64"
8 \\\ ///<
6+ \\\ /,/ 24
4 I A e
o1 . > Ll
%H—+—+—+:.(3—0)> x (-7, _4)0/ -4
-2 2 4 6 8 10
1+912+0 10 12 —7+2 -4+8 -5 4 5
=+ == =] = b | =, 2= 2 2 =2, 2
o (55250 =(35)- 60 o (T2 5233
61. (a) ¥ 65. (a) y
1 5,4 T
4 /‘,o (_i é) 2+
3 /,—”’ ff.-___ i (%1)
o1 e
L2 11
1 2
-1_1A 12 3 4 5 R !
—2+1 441) (-4/2 7/3
-1+5 2+4 4 6 b £z 3 = ,
(b) 2 R[22 )=(29) ()( 2 2 2 2
2 2 2' 2
;
62 @ ! ‘( - E)
(2, 10)
10+ l\\ 66 (a) Yy
8 \\
4 AN -é
24 Y
02 (LB
e
2410 10+2) (12 12 e M
+ + 6’ 2
o (20022 %69
© [(—1/3)—(1/6) (—1/3)—(1/2)}
63. (a) y 2 2
(-4, 10)
Q\ 10+ _ _]/2 _5/6 _ _1 _3
ol 2 2 4 12
S 67. (a)
S 8
T X ol (6.2,5.4)
—4+ \ *
—6 ® (4.-5) 41 ”/”
37,18 4"
o 2t
() 4-4 54100 (0 5) (4 5 o o
2 2 2’ 2 2 D 54 6
Ll
) 62-37 54+18)_(25 7.2
2 12 2" 2
=(1.25, 3.6)

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



38

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Chapter P Prerequisites

@ !

(-16.8, 12.3) 15+

t t t t
-20 -15 -10 -5 5
—54+

-16.8+56 12.3+4.9
(b) ( j
2 2

= (ﬁ EJ = (—5.6, 8.6)
2 2
Calculate the midpaint.
(2009 J2r 2013' 924 +21423j - (2011,1182.5)

The revenue for Texas Roadhouse was $1182.5 million

in 2011.

Calculate the midpoint.

(2009 + 2013 1106 + 1439
2 ’ 2

The revenue for Papa John’s Intl. was $1272.5 million

in 2011.

J = (2011,1272.5)

(x—0)2+(y—0)2 =5
x> +y*=25
(x—0)2+(y—0)2 =6
X +y* =36

r =\/(3_(-1))2 +(-2-1)° =16+9=5

(x=3) +(y+2) =52 =25

Center: [_4+4, _1+1J=(0, 0)
2 2

r:.l(4—0)2+(1—0)2 =17

X +y? =17

78.

79.

80.

81.

82.

r =%./(6—0)2+(8—0)2 =%Jﬁ=5

Center: [—0+6, —0+8J=(3, 4)
2 2

(x=3)"+(y—-4)' =25

Because the circle is tangent to the x-axis, the
radiusis 1.

(x+2)2 +(y—l)2 =1

Because the circle is tangent to the y-axis, the
radiusis 3.

(x—:-})2 +(y+ 2)2 =9

The center is the midpoint of one of the diagonals of
the sguare.

7+(-1) -2+(-10
Center:[ + ) + )Jz(S, -6)
2 2
Theradiusis one half the length of a side of the square.
) 1
Radius: =(7-(-1))=4
ius: 2( (-1))

Circle: (x—3)2 +(y+ 6)2 =16

24

T2 | 2 4 6 %
“1,-2) //—\ 7.-2)

(=1,-10)

(

(7,-10)

The center is the midpoint of one of the diagonals of the
square.

8+(-12) 10+(-10
+( )7 +( )]:(_2’ 0)
2 2
Theradiusis one half the length of aside of the
square.

Radius: %(8—(—12)) =10

Center: [

Circle: (x+ 2)2 +y? =100

12,100 12+ (8,10

(=12,-10) —-12 ¢ (8,-10)
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Section.P.5 TheCartesian Plane 39

83. From the graph, you can estimate the center to be 2 2N 16
_ : 89. [ X——| +|y+—=| =—
(2, 1) and theradiusto be 4. 3 9
x—2) + y+12=16 Y
( J v+ Center: (1, —Ej
L
84. From the graph, you can estimate the center to be (—3, 1) /"\

. 4 + t + t x
and the radius to be 5. Radius: 3 i) 1\ 2
(X+3)2+(y—1)2=25 !

85. x> +y?2=25

Center: (0, 0) t
Radius: 5 - 90. (x+45) + (y- 05 = 225
ﬁ\ Center: (-4.5, 0.5) 4
A\ j o Redius: 1.5 1
- ).
-6 NSRRI '
86. x? + y? =64 j:
Center: (0, 0) f o

Radius: 8 91. The x-coordinates are increased by 2, and the

Nl y-coordinates are increased by 5.
T Original vertex Shifted vertex

(-1 -1 (-1+2, -1+5)=(1, 4)
(-2, -4) (-2+2, —4+5)=(0, 1)
(2, -3) (2+2, -3+5)=(4, 2)

92. The x-coordinates are increased by 6, and the
y-coordinates are decreased by 3.

Center: (6, 0) Y Original vertex Shifted vertex
(-5 3) (-5+6, 3-3)=

87. (x-6°+y> =9

Radius: 3

93. The x-coordinates are decreased by 1, and the
y-coordinates are increased by 3.
Original vertex Shifted vertex

88. (x+1*+(y-3°=4 (0.2) (0-12+3)=(-15)
(39 (5-15+3-(40)
(-5, 2) (-5-1 2+3)=(-6, 5)
(-2 -1) (-2-1 -1+3)=(-3 2)

Center: (-1, 3) y
Radius: 2

94. The x-coordinates are decreased by 3, and the
y-coordinates are decreased by 2.
x Original vertex Shifted vertex

7 ‘ (1 -1) (1-3 -1-2)=(-2, -3)
(3 2) (3-3,2-2)=(0, 0
(1 -2) (1-3 -2-2)=(-2, -4)
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95. (a) Thepoint (65, 83) represents afinal exam score of 101, Midpoint of segment: (xl+x2‘ y1+y2j
83, given an entrance score of 65. 2 2
(b) No. There are many variablesthat will affect the Midpoint between
final exam score. (%, y,) and (Xlzxz yﬁ;Yzj:
96. Inthelast two years, six performers have been elected
to the Rock and Rock Hall of Fame. If this pattern xl+xl % y1+y1+y2 XXX Yty
continues, then there will be six performers elected , 2 |- 2 2
in 2015, 2 2 2 2
97. True. Thesidejoining (-8, 4) and (2, 11) has :(3(1+x2 3)/1+yzj
4 ' 4
length \/(—8—2)2 +(4-11)° =/149.
The sidejoining(2, 11) and (-5, 1) haslength Midpoint between
- > XtX% YitY, and (%, y,):
J(2+5)° +(11-1)" = V149, 2 ' 2 o
+ + +X,+ +y,+
98. False. The polygon could be arhombus. For example, X12X2+X2 y12y2+y2 A x222x2 % y222y2
consider the points (4, 0), (0, 6), (-4, 0), and (0, —6). 2 ' 2 [T 2 ' 2
99. They-coordinate of a point on the x-axisis 0. The 13 Y43y
x-coordinate of a point on the y-axisisO. =(X14 )/142J
100. Since xm=u and ym=u we have: 3 +x%, 3y+Yy,) [3(1)+4 3(-2)-1
2 2 @ : = ,
4 4 4 4
2%, =X + X, 2Y. =Y, +Y, S
S 2Yu =1 =Y, = Z, _Z
S0, (%1 ¥2) = (2% =% 2Yp—V1) K% ey (Led —2-1
(xzyz)(mex12ym %) 2 2 )22
=[2(4) )~(-2)]=(7. 0) _[E’ _§j
®) (% yz)=(2><m xl 2ym %) 2 2
=[2(2)~(-5), 2(4)-11]=(9, -3) x+3% y+3y,)_ (1434 -2+3-)
4 ' 4 4 ' 4
_(B 5
4’ 4
(b) X% 3ty 3(_2)+0 3(_3)+0
4 ' 4 4 ' 4
_(3 .9
2" 4
X+X% Y+Y¥, | (—2+0 -3+0
2 12 2 ' 2
3
{23
X+3% Yy, +3y,| (—2+0 -3+0
4 ' 4 4" 4
(13
2" 4
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102. x,<0,y,>0
@ %<0, -y,>0

(b)

©

(d)

So, (X, —Y,) isin Quadrant I11. Matches (ii).
-2%,>0,y,>0

So, (—2%,, ¥,) isin Quadrant I. Matches (iii).

X <0, 2y,>0

S0, (%, £Y,) isin Quadrant I1. Matches (iv).

—X,>0, -y, <0

S0, (=X —VY,) isin Quadrant IV. Matches (i).

Section P.6"yRepresenting Data Graphically 41

103.

Section P.6 Representing Data Graphically

Midpoint between (0, 0) and (a+b, c):
O+a+b 0+c)_(a+b c
2 2 2 "2
Midpoint between (a, 0) and (b, c):
a+b 0+c)_(a+b c
22 2 "2
Therefore, the diagonals of the parallelogram
intersect at their midpoints.

. Lineplots
. Linegraphs

. Line plot matches ().

12. Interva
[0, 1000)
[1000, 2000)
2000, 3000

Tally

JHT JHT JHT JHT JHT JHT JHT

JHT JHT
i

1
2
3
4,
5
6
7

Bar graph matches (d).

. Histogram matches (a).
. Line graph matches (b).
. (& The price $3.52 occurred with the greatest

frequency.
(b) Therange of pricesis $3.98—$3.42=$0.56.

(@) Theweight of 900 pounds occurred with the greatest

frequency (9).
(b) Theweights range from 600 to 1300 pounds. The
range of weightsis 1300 — 600 = 700 pounds.

10 12 14 16 18 20 22 24
Quiz Scores

The score of 15 occurred with the greatest frequency.

10. ° o
° ° ° ° °
o oo ° ° ° °
° o oo ee0ee o000 o e o

-+ttt

70 72 74 76 78 80 82 8 8 88 90 92 94 96 98 100

Exam Scores
The scores of 81 and 85 occurred with the greatest
frequency.

11. Interval Tdly

s
S

7,10 1l
[10,13) I Ml T m
[13.16) Juf pf f1 2

[16,19) M I |

(19, 22) |llI

Percent of individuals

living below the poverty level

7 10 13 16 19 22

13.

[ )
[3000, 4000)
[4000, 5000)
[5000, 6000) |
[

000
000
000

=
S
S
b

6000
7000

=3
S
S
=

[=9

Students enrolled in

public schools

S

7
1]
<=
Q
g
=
=
=
g
k=)
S
o
o

Answerswill vary. Sample answer: The amount of
precipitation decreases at afairly constant rate from
January to July, and then it startsto increase at afairly
constant rate until December.
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14.

15.

16.

17.

18.

Chapter P Prerequisites

120 T

Revenue
(in billions of dollars)

=N
. x
S &

2005

=N
S 2
S S
a a

— o
S o
a a

2001
2003

Year
Answerswill vary. Sample answer: As time progresses
from 1997 to 2013, the revenue of Costco Wholesale
increases at afairly constant rate.

Year 2008 2009 2010
Differencesintuition | ;5 e07 | 17 058 | 16,693
charges (in dollars)
Year 2011 2012 2013
leferenqes in tuition 17,110 | 17,201 | 18,044
charges (in dollars)
2008-2009 | 2009-2010 | 2010-2011
Public 221 239 325
Private 598 -126 742
2011-2012 2012-2013

Public 483 340
Private 664 1093

W2

P

WV r1r—"Tm
5 200 Y
52008 e

2007 .:I_|

2006 =, ‘ @ Men

2005 .,:I_| O Women

College enrollment (il’l—lho:sal'l—(is)
Philadelphia, PA 1] 2012
Houston, TX -E
= Chicago, IL -E
© Los Angeles, CA -E
New York, NY -EI
2 4 6 8 10

Population (in millions)

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

The price increased at afairly constant rate from 2005 to
2008.

The price decreased dramatically from 2008 to 2009.

In 2008, the price was about $3.50 and dropped to about
$3.05 in 2010, which is a decrease of
$3.50 — $3.05 _ $0.45 - 0129 = 12.9%.

$3.50 $3.50

In 2009, the price was about $2.60 and rose to about $3.90
in 2013, which is an increase of
$3.90 — $2.60 _ $1.30 — 050 = 50%.

$2.60 $2.60

In December, the price paid for one dozen Grade A large
eggs was approximately $2.03.

The highest price was $2.03 and the lowest price was
$1.83. The differenceis $2.03 — $1.83 = $0.20.

Because $2.03 — $1.92 = $0.11isthe greatest difference

between months, the greatest rate of increase occurred
from November to December.

Answerswill vary. Sample answer: The highest prices
seemed to occur in the winter months, while the lowest
prices seemed to occur in the summer months. According
to the data, a price of about $2.10 per dozen seems
reasonable. If the trend continues, the price should be
within $0.10 of the actual price in February 2014.

husbands (United States)

|

Percent of wives who
earned more than their

008
2010

2

2000
2002
2004
2006
20
012

Yo

@

ar

Answerswill vary. Sample answer: From 2000 to 2012,
the percent of wives who earned more income than their
husbands increases at afairly constant rate.

900

800
700
600
500

400
300
200
100

Trade deficit
(in billions of dollars)

2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

Year
Answerswill vary. Sample answer: From 2004 to 2008,
the trade deficit increased at afairly constant rate, then
dropped significantly in 2009, and then increased at a
fairly constant rate until 2013, when it dropped dlightly.
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29 4.5

1999 2014
0

30. =2

60 LE L 920
0

Answerswill vary. Sample answer: A histogram is best

because the data are percents within ayear that do not
relate to increasing or decreasing behavior.

31.

6000+ |0 Female athletes
@ Male athletes

~ 5000
g 4000+
] 3000 +
2000
1000 +

Number of athletes
(in thousands)

2004
2006
2008

2002
2010
2012

Answerswill vary. Sample answer: A double bar graphis
best because there are two different sets of datawithin

the same time interval that do not deal primarily with
increasing or decreasing behavior.

Chapter P Review

1 {11 -14, -% £ V6, 04

(@ Natural number: 11
(b) Whole number: 11
(c) Integers. 11, —-14

(d) Rational numbers: 11, -14, - %, 2, 0.4
(e) Irrational number: J6

2. {\15, -22 -2,0,52 3

(@) Natural numbers: none
(b) Whole number: 0
(c) Integers. —-22, 0

(d) Rational numbers: —22,
(e) Irrational number: J15

~1,0,52 2

7

3. (3 =08
() 1=0875
<%

32.

33.

35.

Chapter P Review 43

A histogram has a portion of the real number line asits
horizontal axis, and the bars are not separated by spaces.
A bar graph can be either horizontal or vertical. The
labels are not necessarily numbers, and the bars are
usually separated by spaces.

A line plot and a histogram both use a portion of the real
number line to order numbers. A line plot is especially
useful for ordering small sets of data, and recording the
frequency of each value; while a histogram is more useful
to organize large sets of data and then grouping the data
into intervals and plotting the frequency of the datain
each interval.

The second graph is misleading because the vertical
scaleistoo small which makes small changes ook
large. Answers will vary.

Answerswill vary. Line plots are useful for ordering
small sets of data. Histograms or bar graphs can be used
to organize larger sets. Line graphs are used to show
trends over time.

5. (8 Theinequdlity x = —6isthe set of all real numbers

greater than or equal to —6.

(c) Theinterval is unbounded.

6. () Theinequality x < listheset of al real numbers

lessthan 1.
(b) bt

-2 -1 0 2

(c) Theinterval isunbounded.
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10.

11

12.

13.

14.

15.

16.

17.

18.

Chapter P Prerequisites

(& Theinequality —4 < x < Oistheset of al real
numbers greater than or equal to —4 and less than or

(c) Theinterval isbounded.

(8 Theinequality 7 < x < 10 isthe set of all redl
numbers greater than or equal to 7and less than 10.

(b) —+——F o

C y A
5.6 7 8 9 10 11 12

(c) Theinterval isbounded.

d(a, b)=|48-(-74)|
=|48+ 74| =122

d(-123, -9)=|-9-(-123)
=114/ =114

|x-726

d(y, —30)=|y—(-30)|=|y+30| and
d(y, —30)<5, so [y+30|<5.

9x -2

(@ x=-1:9(-1)-2=-9-2=-11
(b) x=3:9(3)-2=27-2=25
X* —11x+24

@ x=-2:
(<2)" —11(-2)+24=4+22+24=50

(b) x=2: 22-11(2)+24=4-22+24=6

-2x+ 3
X
(@ x = 0: not defined
) x=6 —2O*S_-12+3 -9 _ 3
6 6 6 2
4x
x-1
4(-1) -4
x=-1, ———=—=
@ (-1~ 2

(b) x=1:not defined

2x + (3x —10) = (2x + 3x) — 10
Associative Property of Addition
At+2)=4-t+4.2
Distributive Property
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

0+(a-5)=a-5

Additive Identity Property
(t*+1)+3=3+(t"+1)
Commutative Property of Addition

2 'y+4
y+4 2

=lLy=#-4
Multiplicative Inverse Property
1-(3x+4)=3x+4
Multiplicative Identity Property

@ (-22)=(-2)’7F=-87
(b) (a’*)(3ab)=3a""b*? =3a’h’

3
4°) Ay
(a)( 2) == —6ayty 0
y y
® 40b - 3° 8
75b - 3°  15(b - 3)°
36Ul 36U Ayt
= =3u =
@ 12u~v 12
(b) F'm'n® 0’ 81 1
92mn?  Fmmn® 81 n?
_ 2 3
@ (aAb_3CO) la2 = & = b—

(a4b‘3c°) a2

“ (BRI
2z

=xy*, x#0,y=0

2,585,000,000 = 2.585x 10°
-3,250,000 = -3.25x 10°

-0.000000125 = -1.25 x 1077
0.00000008064 = 8.064 x 1078

1.28x10° =128,000

—4.002x10” =—-400.2
1.80x10°° =0.000018

-4.02x107? =-0.0402

2
2,4 _ 3



35.

36.

37.

38.

39.

41.

42.

46.

47.

49.

50.

51.

(478 =(78")" =78' =78

(5" = 5
8- Ya=32 {2 =220 =2% =2
I =[00]" = )" = g
J25a® =5 a2 - a =5aVa
o =3/(2x)(2x)° =22

|8t _ / 99 _9_3
144 \12.12 12 4
125 5 5

— =3[ — = —

V216 \e° 6

[75¢ _ [35 % 5 g
y* y* y

2x°
Y =3 = —

3
=3-4-\2+4.7-2
=402

8v/3x —5y/3x =3{3x

-11,/36y - 6,y =-11(6),/y - 6,fy

=72y
853 +/2x =+/2-22- x- X% +/2x
= 2%/2X ++/2X
=(2x+1)\/ﬂ
3V14x% —~/56x%° =3|x|\/ﬁ—2|x|\/ﬁ
=|x|«/ﬁ
1 _ 1 3+45
3-45 3-45 3+45
_3+\/§_3+\/§
S 9-5 4

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Chapter P Review

1 1 Jx+1 Jx+1
x-1 fx-1 JYx+1 x-1

—V11_V2-411 2+
3 3 J2+11

(2-11) -9

ElaraE

-3

V2 +411

6452 =(J§)S =8° =32,768

ga_ L 1 1.1
64% (64va)2 4 16
(-3x¥e)(—2x"?) = ex¥ox¥?
= Gy Y6+36
= 6x4°
=6x¥3, x %0

(x=1)" (x-1)"* = (x-2)" "
(x—l)mz, x#1

15x% - 2x° + 3 +5-x*

=-2x°-x*+3x+15x*+5  Standard form
Degree: 5
Leading coefficient: —2
“Ax* + x* -10 - x+ X°
=-4x* + X+ x> —x-10  Standard form

Degree: 4
Leading coefficient: —4

(3x2 + 2x) —(1-5x) =3x* + 2x—1+5x

=3x"+7x-1
(8y° +2y)+(3y—8) =8y’ +5y-8

(27 —5X° +10x—7) +(4x" ~7x~2)
=2x° -5 +4x° +10x—7x—7-2
=2x*—x*+3x-9

(6x" —4x° - x+3-20x") - (16 + 9x* ~11x°)
=6X* — 4x% - x+3-20x* —16— 9x* +11x*
=-3x*-4x®-9x* - x-13

45
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65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Chapter P Prerequisites

—Za(a2 +a- 3) =-2a%-2a’+6a

(v —4y)(y’)=y* - 4y*
(X+4)(x+9)=x>+9x+4x+36
=x?+13x+36

(z+1)(5z2-6) =57 -62+52-6
=57-72-6

(x+8)(x—8)=x*-8=x"-64

(7x = 4)* = (797 = 2A7X)(4) + (4)°

= 49x> — 56X + 16
()(—4)3 =x* —3x2(4)+3x(4)2 -4
=x>-12x* + 48x— 64

(2x +1)° = (2x)° + 3(29°(1) + 32%)(1)° + (1)°

=8x® +12x°> + 6x + 1

[(m—7)+nJ[(m—?)—n]:(m—?)z—

=nm’ —14m-n’+49

[(X‘y)—4J[(X—y)+4J:(X_y)2 o
=x*~2xy+y* ~16
(Xx+3)(x+5) =X(x+5)+3(x+5)

Distributive Property

2500(1+ r2) = 2500(1+ 2 + r2)
= 2500r 2 + 5000r + 2500

7x+35=7(x+5)

4b—12=4(b-3)

2x° +18X° — 4x = 2x(X* + 9x - 2)
—6X* —3x%+12x = —3x(2x3 +x°— 4)

X(x—=3)+4(x—3)=(x-3)(x+4)

82-y) -(2-y) ' =(2-yB-(2-Y)]
=(2-y(@B-2+ y)
=(2-y)6+Y)
=-(y-2(y+6)

X’ —169=(x+13)(x—-13)
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85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.
98.

99.

¢ -4 =(3x-1)(3x+1)
x2+6x+9:(x+3)(x+3):(x+3)2
43¢ —ax+1=(2x-1)(2x-1) = (2x-1)°
x*+216 = X* +6° = (x+6)( X’ —6x+36)

64x° - 27 = (4x)* -3
= (4x—3)(16x" +12x+9)

X —6x—27=(x-9)(x+3)

X* —9x+14=(x-2)(x-7)

2x% +21x+10=(2x+1)(x+10)

3x% +14x+8=(3x+2)(x+4)

X —4x* -3x+12=x*(x-4)-3(x-4)
=(x—4)(x2—3)

x*—6x* —x+6=x*(x-6)—(x—6)

=(x—6)(x2—1)

=(x—6)(x—1)(x+1)

2x* —x-15
a=2,c=-15 ac=-30=(-6)5and
—6+5=-1=b
So, 2x? —x—15=2x> —6x+5x-15
=2x(x—3)+5(x—3)
=(2x+5)(x-3).
6x° +x-12
a=6, c=-12, ac=-72=(-8)9 and
-8+9=1=b
Thus, 6x% + x—12 =6x> —8x+9x—12
=2x(3x—4)+3(3x-4)
=(2x+3)(3x—-4).

Domain: all real numbers x
Domain: all real numbers x<0

Domain: al real numbers except x=3



100. Domain: all real numbers x> -12

106.

2 2
101 4x 4x _ X

= = , x=0
453 + 28x 4x(x2+7) X +7

102, Y __ 6% % v+0

xy+2x_x(y+2):y+2’ 107.

103 X2 -x-30 (x-6)(x+5) x-
CoxX-25 -

6 X#-5
(x+5)(x-5) x-5

X -9x+18 (x—6)(x-3)
8x—48

104.

= 6
8(x—6) g "

105.

1,1 =(x—1)2(x+2)+(x—1)+(x+2)
x—1 (x+2)(x-1)
_(x2—2x+1)(x+2)+2x+1
(x+2)(x-1)
X =2X + x4+ 2X° — Ax+ 2+ (2x+1)
B (x+2)(x-1)
x*—x+3
(x+2)(x-1)

109.

3 1
2(x-4) 2(x+2)
X(2)(x—4)(x+2)+3(x+2)—(x—4)
2(x—4)(x+2)
4X(X* —2x—8)+3x+6-X+4
2(x—4)(x+2)
_4X°—8x* —32x+2x+10
2(x-4)(x+2)
_ 4x°-8x*—30x+10
2(x-4)(x+2)
2x3 — 4x* —15x+5
(x—4)(x+2)

110. 2x+

N

1y 1ox-1 _1(X2+1)—X(X—1) _ X4l x_ x+l
' x(x* +1) x(X*+1)  x(x*+1)

X xX2+1

Chapter P Review

108.

2x-1  ¥*-1 _2x-1 (x+1)(x-1)
Xx+1 2x°=7x+3 x+1 (2x-1)(x-3)
:X__lyx_—;ly -1
x-3 2
x*(5x—6)  5x  x*(5x—6) 2x+3
2x+3  2x+3  2x+3 5x
_X(5%6) Lo 8
2
4x-6  2xX’-3x _ 4x—6 X*+2x-3

(x—1)2 : x2+2x—3_(x_1)2. 2% —3x
=2(2x—3).(x+3)(x—1)

(x—1)2 X(2x-3)
2(x+3) 3
- x(x-1)’ X#-3 2

47
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48 Chapter P Prerequisites

112 1 1-X _x2+x+1+(1—x)(x—l)
T ox—1 X4+x+1 (x—l)(x2+x+l)
_ XA X+ X-1-X X 3x
(x—l)(x2+x+1) (x—l)(x2+x+1)
11 . . 11 (2x43)-(2x-9)
13 XY __Y°X. - xzy 114, 2x=3 2x+3 __(2x=3)(2x+3)
(¥-y) v (x=y)(x+y) (x+y) 11 (2x+3)—2x
2x  2x+3 2x(2x+3)
6
B (2x-3)(2x+3)
=
2x(2x+3)
~ 6 .2x(2x+3)
 (2x-3)(2x+3) 3
:i X¢_§ 0
2x-3’ 2

115. x~°’(2x2 + 1)_4 + x(2x2 + 1)_3 x(2x2 + 1)_4[x2 + (2x2 + 1)}

-4
= x(2x2 + 1) (3x2 + 1)
x(3x2 + 1)
= 4
(2x2 + 1)
2(5x792) — 23(x 119. y
X7(5x 2X°(x Y2 _ oy5/2
116. ( ) . ( ) _ 5x 32X ol
g g (510)
Y2(E _ 942
N ,
= 5_72)(2 24
XS/Z t t + + + + X
-6 -4 -2 2 4 6
117. M ol
1 Quadrant 11
e R
2T 120. Y
[ ]
-4 (8.-3) 51
l
6+
3L
—8+ 1
-10+ 1+ (6.5,0.5)
Quadrant 1V Sl 1234 s 6T
ol
118. ¥ 3l
S % 4 . Quadrant |
Ny
el
4,-9) ol

Quadrant 111
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@ (56,0). 0,42
£ 1400 125. (5.6, 0), (0, 4.2
S 1300 /

28 1200
S
;:) g Lo
.S 1,000
‘E 900
8
X DS = & on
S99 = = = =
[N =R - -
LS I o I o I S S B ]
Year

122. The revenues increased from 2008 to 2013.

123. (-3 8), (L 5) (b) dz\/(0—5.6) +(4.2-0)

2

=/(-56)" +(42)

@ ’
cas ] =\[31.36+17.64
=J49=7
AR 56+0 0+4.2
4T (c) Midpoint: ( : , : j=(2.8, 2.1)
2 2
2L
B [ 126. (38, 26), (-1.2, —94)
@ it
(b) d=J(1—(—3))2+(5—8)2 N S
= J#+(-3)° =/16+9 R ,” A
~V25-5 M
(©) Midpoint: (‘32”, 8%5]:[—1 1_23’} <—1»2,—9»4i>1.2’;
124. (-12,5), (4 -7) (b) d=\(-12-38) +(-9.4-26)
a "
@ ol =(-5)" +(-12)°
oYY —\/25+144 =/169 =13
. : . [38+ 12 2.6+(—94)]
=9 =6 > 36009 (c) Midpoaint: ,
S 2 2
-6+ \. 4, -7
M :(ﬁ, —_68]=(1.3, -34)
~12 2 2

127. Radius:
(o) +(amyy ~veara- e

Circle: (x—3)2+(y+1)2 =68

(b) d =\/(4—(—12))2 +(-=7-5)

= 167 +(-12)°

= /256 + 144
= /400 = 20 . 128. Center: (_4”0, 6;22]=(3v 2)
oo [ -12+4 5+(-7) )

(© Mldpomt.( > T ]—(—4' -1) Radius:

%\/(10+4)2+(—2—6)2 :%\/142 +(-8) =65

Circle: (x—3)2 +(y—2)2 =65
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50 Chapter P Prerequisites

129. The x-coordinates are decreased by 2, and the 133.
y-coordinates are decreased by 3. .
Original vertices Shifted vertices T 7
(4.8) (4-28-3)=(2 5)
o
(6. 8) (6-2,8-3)=(4 5) E
(4,3) (4-2,3-3)=(20)
( 3) (6— 2, 3- 3) = (4’ 0) Jan Feb Mar Apr May Jun
Month
130. The x-coordinates are increased by 4, and the
y-coordinates are increased by 5. e
Original vertices Shifted vertices |
(0,1) (0+4,1+5)=(4, 6) H 0.4__”/*/*‘
(3 3) (3+4,3+5)=(7, 8) £ |
(0, 5) (0+4, 5+5)=(4, 10) Eof
(-3.3) (-3+4,3+5)=(1 8) Togszacoon
131 : Year
o teooe o o8 o6 o see o o The price increased from 2004 to 2008, dropped dightly
e in 2009 and 2010, then stayed constant from 2011 to
60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100 2013
Running Shoe Prices )
The price of $100 occurs with the greatest frequency (4).
132. Interval Tally
[0.4) Ml |
[48) i
12+
(8.12) M £ 0
[12,16) 1l RS
S 61
[16,20) I 2.0 L
[20, 24) = 1
[24 28) 48 12 16 20 24 28 32
' Average number of
|:28, 32) | points per game
Chapter P Test
1 —£=~-33and —|-4/=-4, hence -2 > —|-4|. . @ 3_2'3_ 2 22 8
) g ' ) ¥ 729
. d=|-16-38/=|-54/=54
| =14 (b) V5-v125=1/5-5/5=25
= . . — 8
35 (1-%x-2=5-2-(1-% © 340 54 101 e

3x10° 3
(@ (3x10') =3°x(10')’
= 27x10% = 2.7x10°

Commutative Property of Multiplication
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Chapter P Test 51

. (@ 322(223)2:3224.26:1218 15. 2x*-3x-2x" = x*(2x° -3x - 2)
1 =x*(2x+1)(x-2)

O (-2 (-2 -2 -

16. x*+2x* —4x—-8=x*(x+2)-4(x+2)

(¢ [ng] :xfy?:?)yiz =(x+2)(x2—4)
=(x+2)(x+2)(x-2)
. (@ 928z - 327 =9z- 22z - 3z/2z =(x+2)2(x—2)
=152/2z
(b) -5/16y +10,y =-5-4fy +10,y 17. 8x-64=8(x"-8)
—-10fy -g[x'-(2)']

8(x—2)(X* +2x+4)

3
(© 3E=3 22 =Z§E
Vv Vv v
18. (a) Thedomain of therational expression

3-2C 43¢ -x* X*+3 ___ X*3 _isall red numbers
x> —16  (x + 4)(x - 4)
x except X = +4, because division by zerois

undefined.

=-2x° — x* +3x* + 3 Standard form
Degree: 5
Leading coefficient: —2
(b) The domain of the radical expression /7 — x isal

(X2+3)_[3X+<8_X2)}= X +3-3x-8+ X’ real numbersx such that x < 7, because the square

10.

11

12.

13.

14.

=2x2-3x-5 root of a negative number is not areal number.
/
(2x—5)(4x2+6)=8x3+12x—20x2—30 19. (a) 16 __16 _161 2
8x° — 20x +12x— 30 6 Jp2 227 2"
=8x’—20x° +12x—
=4.27° =434
8x 24 8x 24
+ = -
x-3 3-x x-3 x-3 () 6[: 6\/_.“://_5
ex—24 8(x-3) 1-3 1(— 3\/_1)+ 3
- x-3  x-3 6(1+v3
=8, x#3 “T 1.3 =_3(l+\/§)

(x-2)°=x-3x*(2) +3x(2*) - 2°

=x*-6x*+12x-8

[(X+Y)—ZJ[(X+ y)+ZJ=(x+y)2_zz
=X2+2xy+y2_22

© 1 x+2+42 _x+2+42
x+2-42 Ix+2+42  (x+2)-2

_Jxi2+47

X

20. Shaded region = (areabig triangle)
—(areasmall triangle)
=4(3%)(V3x) - 3(2x)(3+3x)
=13/3x* - 2/3%’
- (2-2)V3x =53¢
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52

21.

22.

23.

Chapter P Prerequisites

6+
(=2.5)
e 5+
~
~
~4
\\
3 \\\
2+ S
\\

T ~. (6,0)
——+— X
-2 -1 1 2 3 4 5 6

_2

Midpoint: _2+6, 5+0)_ 2, 5
2 2 2

d=./(-2-6) +(5-0)’
=/64+25=1/89 ~9.43
(8 Theendpoints of adiameter (-3, 4) and (1, —8)
shifted five unitsto the left are (-3 - 5, 4) = (-8, 4)
and (1 - 5,-8) = (-4, -8).
(b) Usethe midpoint of the diameter to find the center.

(h, ) [—8 +2(—4), 4 +2(—8)] - (-6-2)

Use the distance from the center to an endpoint of a diameter to find the radius.

d = \[-6- (8] + (-2 -4 = /(27 + (-6 = @

So, the equation of thecircleis (x + 6)° + (y + 2)* = 40.

Number of votes
(in millions)

1988
1992
1996
2000
2004
2008
2012

Year
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CHAPTER 1
Functionsand Their Graphs

Section 1.1 Graphs of Equations

1
2.

54

solution point

graph

Three common approaches that can be used to solve
problems mathematically are algebraic, graphical, and
numerical.

Steps sketching the graph of an equation by point-plotting
are:

1. If possible, rewrite the equation so that one of the
variablesisisolated on one side of the equation.

2. Makeatable of values showing several solution
points.

3. Plot these points on arectangular coordinate system.

4. Connect the points with a smooth curve or line.

y=+x+4

@ (Q2y22J0+4
222
2=2

Y es, the point is on the graph.

(b) (12.4): 4212+4
4216

4=4
Y es, the point is on the graph.

y=+/5-X
@ (1 2): 2=
22 4

2=2
Y es, the point is on the graph.

N

5-(3)

® (5 0):02
0240

0=0
Y es, the point is on the graph.

5-(5)

y=4-|x-2|

?
@ (15):5=4-|1-2|
5#£4-1
No, the point.is not.on the graph.
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8.

9.

10.

(b) (1232y3234—p2—4

?
32=4-|-08

?
32=4-08

?
3.2%32

Y es, the point is on the graph

y=|[x-1+2
@ @D:lgua—ﬂ+2
?
1=1+2
1+ 3

No, the point is not on the graph.
(b) (32,42):42 2 |(32) -1+ 2

?
42 = 22+ 2
42 = 42
Y es, the point is on the graph.
2x-y-3=0

@ (1 2):2(1)-2-320
-3#0
No, the point is not on the graph.
® (@ -1):2(1)-(-1)-320
0=0
Y es, the point is on the graph.

x> +y*=20
@ (3 -2):3+(-2220
?
9+4£20
13#20

No, the point is not on the graph.
(b) (-4, 2):(-4) +22220
?
16+4=20

20=20
Y es, the point is on the graph.



11. y=x2-3x+2

@ (33):

=) -4+ 2

25 _
4

_ 3

~ 4
Y es, the point is on the graph.

EN()
Nlw

15
2+2

o

Alw Blw

B (-2.8):82 (-2 -3(-2)+2
82 4+6+2
8 = 12

No, the point is not on the graph.

12. y=1ix*-2x

Y es, the point is on the graph.
(B (-3 9): 1(-3) -2(-3)’ 29
1(-27)-2(9)29

»
-9-18=9
—-27+9

No, the point is not on the graph.

13, 3x-2y=2=y=3x-1

Section'1.1 Graphs of Equations

55

X -2 0 z 1 2
y -4 -1 0 7 2
Solution point | (-2, —4) | (0, 1) | (2, 0) (% 1) | (2 2)

14 -4x+2y=10= y=2x+5
x -3 -3 0 1 2
y -1 0 5 7 9
Solution point (=3, ~1)|(-$, 0)|(0,5) | (L 7) (2 9)
X -1 0 1 2 3
y 3 0 -1 0 3
Solution point | (-1, 3) | (0, 0) | (L, -1) | (2. 0) | (3 3)
X -4 -3 -2 0 1
y 4 0 -2 0 4
Solution point | (-4, 4) |(-3, 0)|(-2, —=2){(0, 0) | (1, 4)

17.

Matches graph (b).

18.

Matches graph (d).

y=2\/§ has one intercept (0, 0).

y=4-x* hasintercepts (0, 4), (2,0),and (-2,0).
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19.

20.

21.

22.

23.

24.

25.

Chapter 1 Functions and Their Graphs

y=+9-x* hasintercepts (0, 3), (- 3,0), and (3, 0). 26. y=+1-x
Matches graph (c). ¥
y=|x| -3 hasintercepts (0, -3), (3,0), and (-3, 0).
Matches graph (a).

y = x* — 3x hasintercepts (—\/ﬁ, 0), (0,0), and \
(\/:—3‘ 0)' 4 -3 -2 -1 R
—14
Matches graph (e).
27. y=|x-2
x = 5 - y? hasintercepts (5, 0), (O, \/3) and
B
(0, —~/5) 51
Matches graph (f). 4T
51
y=2-x \2
y T
y o R EEEN A
i

28.

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



3L y=5-3x
Intercepts: (X2, 0), (0, 5)

32. y=§x—1

Intercepts: (0, —1), [g 0]

10

-10

3B y=|x+2]-3

Intercepts: (-5, 0), (1 0), (O,

34, y=—-|x-3+1

Intercepts: (2, 0), (4, 0), (0, —

10

-10 10
-
2X
35. =
y x-1
Intercept: (0, 0)
10
-
-10 10
-10
10
36. = =
y X2+ 2
Intercept: (0, 5)
10
-10 —"/\"— 10

37.

38.

39.

~1)

2)

41.

42.

Section'1.1 Graphs of Equations

y=XyXx+3

Intercepts: (0, 0), (-3, 0)

10

y=(6-x)'x
Intercepts: (0, 0), (6,0)

10

-10 \ 10

-10

y=3%x-8

Intercepts: (8, 0), (0, —2)

y=3x+1
Intercepts: (-1, 0), (0, 1)

y=x"—-4x+3
Intercepts: (3, 0), (1,0), (0, 3)

10

-10 b, / 10

-10

_ x2+2x-8
2
Intercepts: (2, 0), (—4,0), (0, —4)

\ 1/

-10

57

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



58 Chapter 1 Functions and Their Graphs

43, y=x*(x—4)+4x 49, y1=§[1o(x2_1)}

= x> —4x° + 4x y —2(X2—1)
Intercepts: (0, 0), (2,0) ’
Graphing these equations with a graphing utility shows

10 that the graphs are identical. The Associative Property of
) Multiplication is illustrated.
-10 10 1
50. y,=(x*+3)
%=(x+3) X +3
1 Y, =1
44, y=1-x° Graphing these equations with a graphing utility shows

that their graphs are identical. The Multiplicative Inverse

Intercepts: (0, 1), (1, 0) Property isillustrated.

10

51. y=+5-X
\ 4

-10 10
| ]
45. y=-10x+50 -2
Range/Window @ (3y)=(3 141
(b) (x 3)=(-43)
Xmin=-10
Xmax =10 52. y=x*(x-73)
Xscl =2 hi
Ymin=-50 )
Y max =100 - \j 6
Yscl =25

@ (-1y)=(-1-4)

46. y=+/x+2-1 B (x 6)=(349, 6)

Range/Window

Xmin=-5 53. y=x>-5x

Xmax =1 (@ (-05,y)=(-05, 2.47)

Xscl =1 (b) (x —2)=(-158 -2), (040 -2), (137, -2)
Ymin=-3

Ymax =1 :

Yscl =1 / ,

=

-6

47. vy, :;(x2 —8)

1
Y, =ix*-2

|2
Graphing these equations with a graphing utility shows 4. y= |X —6x+ 5|

that the graphs are identical. The Distributive Property is @ (2y)=(23)
illustrated.
(b) (x, 1.5)=(0.65 15), (1.42, 1.5)
—1
48. Yy =gx+(x+1) (458, 1.5), (5.35, 1.5)
Y, =3x+1

8

Graphing these equations with a graphing utility shows
that their graphs areidentical. The Associative Property
of Addition isillustrated.
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55. x*+y*=16
Yy =16-x2

y=1J16-x?

Usey, =v16—x* andy, = —/16 - x°.

6

an
S

-6
56. x*+y*=36
y>=36-x*

y=+y36-x

Usey, =v/36-x* andy, =—/36 - x.

©

T
N>

8

57. (x—l)2 +(y—2)2 =49

Section'1.1 Graphs of Equations 59

59. (x-1)+(y-2)"=25

@ (13):(1-1)+(3-2) 225
1£25
No

) (-2 6):(-2-1) +(6-2)"225
(-3)°+(4)'225

25=25
Yes

© (5 -1):(5-1) +(-1-2)°225
(4) +(-3)' 225

25=25
Yes

(@ (02+206): (0-1 +(2+2/6-2) 225
(' +(2fE) %25
25-25

Yes
60. (x+2)°+(y-3)'=25

@ (-2 3):(-2+2)"+(3-3)°=0%25 No

(b) (0,0):(0+2) +(0-3)"=4+9
=13#25 No

(© (L, -1):(1+2)° +(-1-3)°=9+16=25 Yes

(@ (-1 3-26):(-1+2)" +(3-26-3)
~1+24=25 Yes

61 (a) 500,000

0 9
0

(b) Using the value feature, when t = 5.8,

y = 227,400.

Algebraicaly, y = 500,000 — 47,000t
500,000 — 47,000(5.8)
227,400.

(c) Using the zoom and trace features, when
y = 156,000, t = 7.3.

Algebraicaly, y = 500,000 — 47,000t
156,000 = 500,000 — 47,000t
73 =t
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60 Chapter 1 Functions and Their Graphs

62. (a) 900

0 10
0

(b) Using the zoom and trace features, when
y = 554525t = 3.93.

Algebraically, y = 8250 — 680t
5545.25 = 8250 — 685t
393 = t.
(c) Using the value feature, when t = 5.5,
y = 4460.50.

Algebraicaly, y = 8250 — 689t
8250 — 689(5.5)
4460.50.

63. (a Y ear 2006 | 2007 | 2008 | 2009

(iﬁ?ﬁoﬂiﬁ) 4105 | 290.9 | 198.1 | 132.1

Year 2010 | 2011 | 2012 | 2013

(i':l]et\r’:,oﬁog?nszss) 930 | 80.7 | 953 | 136.7

The model fits the data well.

6 13
0

The model fits the data well.
(c) In2015, t = 15.

y = 13.42(15)* — 294.1(15) + 1692
= 30 = $300,000

In2017, t = 17.

y = 13.42(17)° — 294.1(17) + 1692
= 570.68 = $570,680

Y es, the answers seem reasonable. Answerswill vary.

(d) Using the zoom and trace features, there were
100,000 new houses during the years 2009 and 2012.

64. (a) 100

e

0 70
0

The model fits the data well.

6+ 0.97
(b) When t = 0,y = 36+ 0910 _ oo
1+ 0.010)

The y-intercept is 63.6, which represents the life
expectancy in 1940.

(c) Using the zoom and trace features, when y = 70.1,
t = 24.2. Algebraically,

63.6 + 0.97t
T T 1+o001
o1 636+ 097
1+ 001
70.1+ 0.701t = 63.6 + 0.97t
6.5 = 0.260t
242 ~ t

So, in the year 1964, the life expectancy was 70.1.
(d) Graphically, whent = 38,y = 72.8. Algebraicaly,
_ 636+ 097t
~ 1+001
_ 636+ 0.97(38)
~ 1+ 00139
= 728.
So, in the year 1978, the life expectancy was 72.8.

65. False. y=x’—1 hastwo x-intercepts, (1,0) and
(-1,0). Also, y=x*+1 hasno x-intercepts.

66. Fase. Theline y=0 hasan infinite number of
x-intercepts.
67. Option 1: w, = 3000+ 0.07x

Option 2: w, = 3400+ 0.05x
(xisamount of sales)
W, =W,
3000 + 0.07x = 3400 + 0.05x
0.02x = 400
x = 20,000
If sales equal $20,000, the options are equivalent. For

sales less than $20,000, choose option 2. For sales greater
than $20,000, choose option 1.

y

8000 +

6000 +| y = 3400 + 0.05x
4000 /

——————— X
20,000 40,000
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68. (@) |Xmin=-9
Xmax =9
Xscl =1
Ymin=-6
Ymax =6
Yscl=1

(b) x-intercepts: (-1, 0), (3, 0)
y-intercept: (0, —3)

Section 1.2 Linesin the Plane

g > W npoRE

(a) i (b) i (©v (d) i (e)iv
slope

paralel

They are perpendicular to each other.

Sincex=3isavertica line, al horizontal lines are
perpendicular and have slope m=0.

Sincetheline y — (-1) = %(x - 8) isin point-siope

form, the point (8, —1) liesontheline.

(& m= % Since the slopeis positive, the line rises.

Matches L,.

(b) mis undefined. Thelineis vertical. Matches L,.
(c) m=-2. Thelinefalls. Matches L,.

(@ m=0. Thelineishorizontal. Matches L,.

(b) m= —%. Because the dope is negative, the line

falls. Matches L,.

(c) m=1. Becausethe dopeispositive, theline rises.

Matches L,.

10. Theline appearsto go through (O, 8) and (2, 0).

Slope=——=-4
P 0-2

Section 1.2 Linesin the Plane

© (-41012[(-4-1] -4

?

1=25-4

121
No, the point is not on the graph.
(2-3 -32[(2) -1 -4

?

-3=1-14

-3=-3
Y es, the point is on the graph.

69. (9x—4)+(2x* —x+15)=2x" +8x+11

70. (3x2 - 5)(—x2 + 1) =-3x*+5x*+3x° -5

=-3x*+8x*-5

12. mis u{dcﬁnch Y

0-(-10) 10 _ 5

13. Slope=
-4-0 -4 2

4

(-4, 0)\
(0,-10)

-12

14. Slope= —4-4

61
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62 Chapter 1 Functions and Their Graphs

15. Slope = _4-1 §; slope is undefined. 26. m=-3,(-36)
-6-(-6) O y-6=-3x+3
6 -6=-3x-9
(=6,4) y=-3x-3
)
-10 2
L6, -1 CaeX 6
= y
12-9 3 R R
16 SO e = —— = — _w _\ _\ ; t “ X
P64 2 AV
13 —4
X(s, 12) »
4.9
1
27. m=-=,(2,-3)
-5 16 2

1
y-(-3)=-2(x-2)
17. Since m=0, y does not change. Three additional points

1
are (0,1, (3,1, and (-1 1). y+3= 5 xX+1
18. Since m=0, y does not change. Three additional points ——lx—z
are (0,-2), (1 -2), and(4,-2). =73
19. Since m is undefined, x does not change and the lineis ]
vertical. Three additiona pointsare (1, 1), (4, 2), and 1
3. EREEREE
20. Because mis undefined, x does not change. Three 2
additional pointsare (-4, 0), (-4, 3), and (-4, 5). 2.-3)
,3—— & =
21. Since m=-2, y decreases 2 for every unit increasein x. 4t
Three additiona pointsare (1, —11), (2, —13), and sl
(3, -15).
3
22. Since m = 4, yincreases 4 for every unit increasein x. 28. m=7 (-2, -9)
Three additional pointsare (-4, 8), (-3,12), and 3
(-2,16). y+5-= Z(X +2)
23. Since mzé, yincreases 1 for every increase of 2 units 5 3 3
y-5==-x+=
in x. Three additional pointsare (9, -1), (11, 0), and g 5
13 1). =—-X-—
(13.1) y= x5

! 1 .
24. Since m = ~3 y decreases 1 for every increase of

3unitsin x. Three additional pointsare (2, -7), (5, -8),
and (8,-9).

25. m=3, (0,-2)

y+2=3(x-0)
y=3x-2=3x-y-2=0
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29. misundefined, (6, —1)
X=6

vertical line

v

6+

— i > x
-4 -2 2 4 6,—1)

30. misundefined, (-10, 4)
x=10
vertical line

|
N
N
———+—

horizontal line

32. m=0, (23 -85)
y—(-8.5)=0(x-2.3)
y+85=0
y=-8.5 horizontal line

—8-6-4-2 | 2 4 6 8 10

—4+

(2.3,-8.5)

—104
nt
_1at
_16t

Section 1.2 Linesin the Plane 63

33. Beginby letting x = 7 correspond to 2007. Then using
the points (7,1.5) and (13,1.7), you have

_17-15_02 1

13- 7 6 30

y-15= l(x—7)

30
y—-15= 1x—1
30 30
_ L0
Y 30 15

When x =19: y = i(19) . $1.9 million
30 15
34. Beginby letting x = 4 correspond to 2004. Then using
the points(4, 348,000) and (13, 555,000), you have
m = 555,000 — 348,000 _ 207,000
13-4

= 23,000

y — 348,000 = 23,000(x — 4)

y — 348,000 = 23,000x — 92,000
y = 23,000x + 256,000

When x = 19:

y = 23,000(19) + 256,000 = $693,000

35.2x-3y =9
-3y =-2x+9
2
=—-Xx-3
y 3
2
Slope: =
P 3

y-intercept: (0, -3)

The line passes through (0, —3) and rises 2 units for each
horizontal increase of 3 units.

36. 3x+4y=1
4y=-3x+1

4" " a

3
Slope: ——
P 4

y-intercept: (O, %)

The line passes through (O, %) and falls 3 units for each

horizontal increase of 4 units.

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



64 Chapter 1 Functions and Their Graphs

37. 2x-5y+10=0 43. 5x-y+3=0
—By=-2x-10 y=5x+3
y:EX+2 (@ Slope: m=5
y-intercept: (0, 3)

Siope: 2 ()

5 5
y-intercept: (O, 2) 4
The line passes through (0, 2) and rises 2 units for each .3
horizontal increase of 5 units.

38. 4x-3y-9=0 o S > x
-4 -3 -2 -1 1 2
—-3y=-4x+9 / #
_4 X—3
y=3 44. 2x+3y-9=0

4 3y=-2x+9
Slope: —

3 2

y=——x+3

y-intercept: (0, —3) s
The line passes through (0, —3) and rises 4 units for (3 Slope m= _%

each horizontal increase of 3 units.
y-intercept: (0, 3)

(b) f

39. x=-6
Slope is undefined; no y-intercept.
Thelineisvertical and passes through (-6, 0).
40. y=12

Slope: 0
y-intercept: (0,12)

Thelineis horizontal and passes through (0, 12).

41. 3y+2=0
y=-2 45. 5x-2=0
yo2 o2
3 5
Slope: 0 (@ Slope: undefined
2 No y-intercept
-intercept: | 0, ——
y P ( 3) (b) y
2 2T
Thelineis horizontal and passes through [O, —gj
.l
42. 2x-5=0 4 RS
2x=5 a4
5
X=—= el
2

Slope is undefined; no y-intercept.

Thelineis vertical and passes through (g Oj.
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46. 3x+7=0

@

(b)

@

(b)

7
X=——
3

Slope: undefined
No y-intercept

Slope: m=0

y-intercept: (O, —gj

48. —11-4y =0

@

(b)

-4y =11
g 1
4
Slopee m =0
. 11
y-intercept: (O. _Zj

Section 1.2 Linesin the Plane

49. Theslopeis_?’_—(_n:iz
1-(-1) 2
y-(=3)=2(x-1)
y+3=2x-2
y=2x-5
4.3 5 L
50. Theslopeis =—2-_=
4-(-) 5 2
1
-()=-=(x-4
y-(-1 2( )
1
+1=-—=X+2
Y 2
1
=——x+1
y 2

51. (5,-1), (-5,5)

5+1
+1= X-5
y+l=——(x=9
3
=——(x-5)-1
y=-¢(x-9
3
=——X+2
y 5
3

L~

-1

52. (4,3), (-4,-4)
-4-3
vy (x-4)

y-3=~(x-2

y-3=

=—X——
Y 8 2

4

yd

—4

53. (8,1, (-8 7)

65

Since both points have an x-coordinate of -8, the slopeis

undefined and the line is vertical.
x+8=0
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54. (-16).(56) 57 [_i 31 (8 .9
6-6 ' 10° 5)\10" 5
-6 = X—(-1
y _(_( (-D) KR
~6=0x+1 +2=—32 Slyp—
( ) 1( 10}
-b6= 10 10
y==6 6 1
Y+—=——| X+—
7 5 57 10
_ 6,18
5° 25
-6 6 6
- \
-9 9
55 (2 1] (L2
2) (24
5.1 B
4 2
= X—2
y 2 1_2( ) 58 E,E' _i,Z
2 4'2 34
1 1 7 3
=——(x-2)+—= ——=
1.3 2 _4_ 30 4
y==ox+3 3 4
, 3 3 3
PR
T 3 3 9
y——=——X+—
> . 2 25" 100
3 159
1 y:—— + —
25" 100
56. (1), (6,—Ej ’
3 -\_\_\_\_\_\'_‘_‘—‘——._
2 1
1-—3 (x-1) b :
1= X —
y 6-1 -
y-1=-1(x-1)
3 59. (1,0.6), (-2, —0.6)
_1..1 -0.6-06
>’—1——3x+3 y_o,ezﬁ(x_l)
y=—1x+£ y=0.4(x-1)+0.6
3 3 y=0.4x+0.2
5
2
‘\-\.\_\_E-H
-6 6 -3 /3
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60.

61.

62.

5 13
!

(-8,0.6), (2, —2.4)

-24-0.6
-06=——(x+8
y >y **9
y—0.6=-0.3(x+8)
y=-0.3x-1.8
3
-6 6
h-\-\-""‘-\_._\k_\_
-5
4
-1 =39
-5
4
-5 =3 10
___,__-o-"'
-3
5
-5 ==5( 10
_,-'-"'_'_'_'_

-5

The first graph does not show both intercepts. The third
graph is best because it shows both intercepts and gives
the most accurate view of the slope by using a square
setting.

-80

-2
The second graph does not give a good view of the
intercepts. Thethird graph is best because it gives
the most accurate view of the slope by using a square
setting:

Section 1.2 Linesin the Plane

63. L, (0,-1), (59

_9+1_,
5-0
L,: (0,3), (41
1-3 11
™ a0 2 Tm

L, and L, are perpendicular.

64. L;:(-2,-1, (L5
5-(-1) 6
T1-(2) 3
L (X3, (5 -9
_5-3_-8_,

5-1 4
Thelines are neither parallel nor perpendicular.

65. L, (3,6), (~6,0)
0-6 2

™6 3

7
L: (0, -1, (5, 5)
Z+1
5-0 3
L, andL, are parallel.

N

66. L,: (4,8), (-4, 2)

_2-8 -6 _3
T _4-4 8 4
BICEENEE
C(/3)—-(-5) 16/3 4
T 1-3 -4 3
Thelines are perpendicular.

67. 4x-2y=3
3
=2X——
y 2

Slope: m=2
(@) Parallel dope: m=2
y—-1=2(x-2)
y=2x-3

(b) Perpendicular slope: m= _%

67
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68 Chapter 1 Functions and Their Graphs

y=—X+7 Gy~ _6x 19
Slope: m=-1 . :
(a) Parallel slope: m=-1 y = _gx + g
y—2=-1(x+3) | >
y=-x-1 Slope: m = T
(b) Perpendicular siope: m=1 @ Parald sope: m - 6
y—-2=1(x+3) :
y=X+5 y+1.4:_g(x+3.9)
69. 3x+4y=7 °
3+t y+14=-2x- 468
B 5
y=——X+—
47 4 °
3 y = ——Xx-6.08
Slope: m=_Z c

3 (b) Perpendicular ope: m = >
(@) Parallel slope: m=- 6
y+14= g(x +39)

y+14 = 2x+ 3.25

4
8 y = §x +1.85
(b) Perpendicular dope: m=— 6
y_Z_ﬂ X+E 72. 5x+4y=1 i .
8 3 3 y=—Sx+=
4 4
4 127
y=—X+— 5
3 72 Slope: m=—Z=—1.25
70. 3x-2y=6
3 ) 5
y:EX_G (8 Peralle sope: mz—z
3 5
" m=— —-24=——(x+12
Slope: m 5 y 4( )
3 y=-1.25x+0.9
(@) Parallel dope: m=—
2 (b) Perpendicular Sope: m=0.8
y+1=§[x_gj y—2.4=08(x+12)
5 y=0.8x+3.36
3.8
y=-X-— o
2 5 73. X—4=0 verticd line

(b) Perpendicular dope: m= —% Slope is undefined.

(8 x-—3=0 passesthrough (3, —2) andisvertical.

2 2
y+1:_§(x_gJ (b) y=-2 passesthrough (3, —2) and ishorizontal.
y:_gx_g 74. y-2=0
3 15 y=2 horizontal line

Slope: m=0

(@ y=-1 passesthrough (3, —1) and ishorizontal.
(b) x—3=0passesthrough (3, —1) and is vertical.
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75.

76.

7.

78.

79.

80.

81.

y+2=0
y=-2 horizontal line

Slope: m=0

(@ y=1passesthrough (-5, 1) and is horizontal.
(b) x+ 5 = 0 passesthrough (-5, 1) andisvertical.

x+5=0 vertica line
Slope is undefined.

(@ x+2=0 passesthrough (-2, 4) andisvertical.
(b) y=4 passesthrough (-2, 4) and is horizontal.

Thedopeis2and (-1, —1) lieson theline. Hence,

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

Thedopeis -2 and (-1, 1) liesontheline. Hence,

y-1=-2(x-(-1))
y—-1=-2(x+1)
y=-2x-1.

The slope of the given lineis 2. Then y, has sope —%.

Hence,

1
-2=—=(x—-(-2
y 2( (-2)
1
-2=—=(x+2

y 2( )
1
=—=Xx+1
y 2

The dope of the given lineis 3. Then y, has slope —%.

Hence,

y—5:—§<x—(—3))

1
—5=——(x+3
y 3( )

1
=—=—X+4.

y 3

Thelines y = —4xand y = %x are perpendicular.

-15 [f’f 15

\

-10

82.

83.

85.

86.

Section 1.2 Linesin the Plane 69

Thelines y:%x and y:§x+2areparallel. Both are

perpendicular to y= —g X.

y=Zx+2
sl 3
-9 9
y=-3x

Thelines y:—%x and y:—%x+3 are parallel. Both

are perpendicular toy = 2x— 4.

Thelines y=x-8 and y=x+1 are parallel. Both are
perpendicular to y=—-x+3.

4 16

4x=48

x=12
The maximum height in the attic is 12 feet.

—12 _ -2000
100  x
~12x = (~2000)(100)

X= 16,666§ft =~ 3.16 miles
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87. (a)

(b)

©
(d)

88. (a)

(b)

Years Slope

20052006 | 24.088 — 23.104 = 0.984

2006—-2007 | 28.857 — 24.088 = 4.769

2007-2008 | 31.944 — 28.857 = 3.087

2008-2009 | 30.990 — 31.944 = -0.954

2009-2010 | 35.123 — 30.990 = 4.133

2010-2011 | 46.554 — 35.123 = 11431

2011-2012 | 48.017 — 46.554 = 1.463

The greatest increase was $11.431 billion from 2010
to 2011.

The greatest decrease was $954 million from 2008 to
20009.

Using the points (5, 23.104) and (12, 48.017), the

slopeis m = 48.017 - 23104 _ 3.559.
12-5
Then y — 23.104 = 3.559(x — 5)
y — 23.104 = 3.559x — 17.795
y = 3.559x + 5.309

There was an average increase in sales of about
$3.559 hillion per year from 2005 to 2012.

When x = 17: y = 3.559(17) + 5.309
y = $65.812 billion
Answerswill vary.

75+
601 °

45T

Sales
[ ]

301 °

7 8 9 10 11 12 13
Year (7 <> 2007)

Years Slope

2007-2008 | 244 —-19.7 = 4.7

2008-2009 | 30.7 — 244 =63

2009-2010 | 384 -30.7 =77

2010-2011 | 50.4 — 384 =120

2011-2012 | 57.3-504 = 6.9

2012-2013 | 71.6 - 57.3 = 14.3

The greatest increase was $14.3 million from 2012
to 2013.

Theleast increase was $4.7 million from 2007 to
2008.

(c) Usingthe points (7,19.7) and (13, 71.6), the slopeis
716197
- 13-7
Then y —19.7 = 8.65(x — 7)
y —19.7 = 8.65x — 60.55
y = 8.65x — 40.85

(d) Therewas an average increase in profit of
approximately $8.65 million per year from 2007
to 2013.

() When x=17, y =8.6517) — 40.85 = $106.2 million.

Answerswill vary.

= 8.65.

For Exercises89-92, t = 15 correspondsto 2015.

89. (15,2540), m = 125
V - 2540 = 125(t - 15)
V - 2540 = 125t — 1875
V = 125 + 665

90. (15,156), m = 550
V - 156 = 5.50(t — 15)
V - 156 = 55t — 825
V = 55t + 735

91. (15 20,400), m = —2000
V - 20,400 = —2000(t — 15)
V - 20,400 = —2000t + 30,000
V = —2000t + 50,400

92. (15, 245,000), m = —5600
V — 245,000 = -5600(t — 15)
V — 245,000 = ~5600t + 84,000
V = —5600t + 329,000

93. (& (0,25,000), (10,2000)
V — 25,000 = M(t -0)
10-0
V — 25,000 = —2300t

V =-2300t + 25,000

(b) 25000

0 10

0
t 0 1 2 3 4 5
V 25,000 | 22,700 | 20,400 | 18,100 | 15,800 | 13,500
t 6 7 8 9 10
V | 11,200 | 8900 | 6600 | 4300 | 2000

(© t=0:V =-2300(0)+ 25,000 = 25,000
t =1V =—2300(1) + 25,000 = 22, 700
etc)
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94. (a) Usingthe points (0, 32) and (100, 212), you have 95. (@ C = 36,500 + 11.25t + 19.50t

_212-32 180 9 C = 36,500 + 30.75t

~100-0 100 5 (b) R = tp (t hoursat $p per hour)
F-32=2(C-0) R = 1(80)
g R = 80t
F=cC+32 (© P=R-C
P =80t - (36,500 + 30.75’[)
9
(b) F :EC +32 P = 49.25t — 36,500
9 (d P=0:
F=0% 0=gC+32 49.25t — 36,500 = 0
-9 49.25t = 36,500
5 t = 741.1h
-17.8=C
o 9. (a) (580,50), (625,47)
C=10° F=—=(10)+32 _
5( ) X—50=47—50(p—580)
F=18+32 625580
-1
F =50 X—-50=—(p—580
T (p )
9 1 266
F =90°: == X=——p+—
90 20 5C +32 15 p 3
s8=2c ®
5
322=C
o. 9
C=-10>: F =§(—10) +32 ol 1500
F=-18+32 If p=655, X =45 units.
F=14
Algebraically, x = ——= (655)+ 220 45,
9
F=68"  68=-C+32 15 3
c) If p=595, x =49 units.
36= %C © P
20=C Algebraicaly, x:—i(595)+@:49.
15 3
o. 9
C=177% F= 3(177) +32 97. (@ Using the points (1994, 73500) and (2013, 98,097),
F=3186+32 the slopeiis
F =350.6 o 98097 ~ 73500 _ 24,597 _ o0
2013 — 1994 19
Cl 178 | —10° 10° 20° 32 20 177° The average annual increase in enrollment was about
1295 students per year.
F 0° 14° 50° 68° 90° 350.6°

(b) 1996: 73500 + 2(1,295) = 76,090 students
2006: 73,500 + 12(1,295) = 89,040 students
2011: 73500 + 17(1,295) = 95515 students
(©) Using m = 1295 and letting x = 4 correspond to
1994, y — 73500 = 1295(x — 4)
y — 73500 = 1295x — 5180
y = 1295x + 68,320

The slopeis 1295 and it determines the average
increase.in enrollment per year from 1994 to 2013.
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98. Answerswill vary. Sample answer: Slopeis the rate of 103. 2
change over an interval; average rate of changeisthe
slope of the line passing through the first and last points -1 5
of aplot. 1

99. False. The slopes are different: -2

4-2 _2 X, Y 4
-1+8 7 4 2
Jra_ 1 3
-7-0 7 “Sx+4y=—"-
100. False. —2x+12y=-8

The equation of thelinejoining (10, —3) and (2, -9) is
-9+3

aand b are the x- and y-intercepts.

+3= x-10
y _10( ) 104. 9
3
+3=—(x-10
y 4( ) \
_3.,.a - N—
4 2 ~
Forx=—12,y=§(—12)—E X, Y_1
4 2 T+g—
=-195 2
=37 1 5
£ 5X+—y=—
2 2Y73
=-185 10x+y=5
101. : aand b are the x- and y-intercepts.
-3 9
105. Xid g
T 2 9
5 9X+2y-18=0
X y Xy
—+ 2 =1 — ==
-t 3 106. a+b 1
-3x+7y+21=0 X, Y4
aand b are the x- and y-intercepts. 5 4
4x+5y+20=0
102. 6
107. X 4 Y 1
L -1/6 -2/3
_ 3
8 N —-6x-—-y=1
2)’
N 12x+3y+2=0
Xy
—+==1
6 2 108. XY
a b
=2 1+5 X
y 6 _+L:1
3/4 4/5
X
y:_+2 ix+§ :E
3 5 4y 5
aand b are the x- and y-intercepts. 16x+15y-12=0
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109.

110.

111.

112.

113.
114.

115.

116.

The dope is positive and the y-intercept is positive.
Matches (a).

The slope is negative and the y-intercept is negative.
Matches (b).

Both lines have positive slope, but their y-intercepts
differ in sign. Matches (c).

Thelinesintersect in the first quadrant at a point (X, Y)
where x < y. Matches (a).

No. Theline y =2 does not have an x-intercept.

No. x=1cannot be written in slope-intercept form
because the dope is undefined.

Yes. Once aparallel lineis established to the given line,
there are an infinite number of distances away from that
line, and thus an infinite number of parallel lines.

(@ Thedopeis m = —10. Thisrepresentsthe decrease
in the amount of the loan each week. Matches
graph (ii).

(b) They-intercept is 13.5 and thedlopeis m = 2,
which represents the increase in hourly wage per
unit produced. Matches graph (iii).

Section 1.3 Functions

1
2.

domain, range, function
independent, dependent

No. Theinput element x =3 cannot be assigned to more
than exactly one output element.

Tofind g(x+21) for g(x)=3x-2, substitute x with the
quantity x+1.

gx+D)=3(x+1)-2
=3x+3-2
=3x+1

No. The domain of the function f(x)=+/1+ x is[-1, )
which does not include x=-2.

The domain of a piece-wise function must be explicitly
described, so that it can determine which equation is used
to evaluate the function.

Y es. Each domain value is matched with only one range
value.

No. The domain value of —1 is matched with two output
values.

117.

118.

119.

120.
121.
122.

123.

124.

125.

126.

127.

10.

11.

12.

13.

14.

15.

Section1.3 Functions 73

() Thedopeis m = 0.5.Thisrepresentstheincreasein
travel cost for each mile driven. Matches graph (i).

(d) They-intercept is 600 and the dopeis m = —100,

which represents the decrease in the value of the
computer each year. Matches graph (iv).

Yes. x+20

Yes, 3x—10x* +1=-10x* + 3x+1

No. Theterm x* :% causes the expression to not be a
polynomial.

Yes. 22— 2x* =3 +2 =—2x* - X3+ 2X2 +4/2

No. This expression is not defined for x=+3.

No.

X® —6Xx—27 =(x—9)(x+3)

X2 + 11X + 28 = (X + 4)(x + 7)
2x% +11x— 40 = (2x - 5)(x +8)
3x? —16x+5=(3x-1)(x-5)

Answerswill vary.

No. The Nationa Football Conference, an element in the
domain, is assigned to three elementsin the range, the
Giants, the Saints, and the Seahawks; The American
Football Conference, an element in the domain, isaso
assigned to three elements in the range, the Patriots, the
Ravens, and the Steelers.

Y es. Each element, or state, in the domain is assigned to
exactly one element, or electoral votes, in the range.

Y es, the table represents y as a function of x. Each domain
value is matched with only one range value.

No, the table does not represent a function. The input
values of 0 and 1 are each matched with two different
output values.

No, the graph does not represent a function. The input
values 1, 2, and 3 are each matched with two outputs.

Y es, the graph represents a function. Each input valueis
matched with one output value.

() Each element of A is matched with exactly one
element of B, so it does represent a function.

(b) Theelement 1in A is matched with two elements,
—2 and 1 of B, so it does not represent a function.

(c) Each element of A is matched with exactly one
element of B, so it does represent a function.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Chapter 1 Functions and Their Graphs

(& Theeement cinAismatched with two elements,
2 and 3 of B, soitisnot afunction.

(b) Each element of A is matched with exactly one
element of B, so it does represent a function.

(c) Thisisnot afunction from Ato B (it represents a
function from B to A instead).

Both are functions. For each year thereis exactly one and
only one average price of a name brand prescription and
average price of ageneric prescription.

Since b(t) represents the average price of a name brand
prescription, b(2009) ~ $151. Since g(t) represents the
average price of ageneric prescription, g(2006) =~ $31.

X +y=4=y=+J4-%

Thus, y isnot afunction of x. For instance, the values
y=2 and y=-2 both correspond to x=0.

x=y*+1
y=+4Jx-1

Thisis not afunction of x. For example, the values y=2
and y=-2 both correspondto x=5.

y=vx-1
Thisisafunction of x.
y=/x+5
Thisisafunction of x.
2x+3y=4=> y=%(4—2x)
Thus, y isafunction of x.
X=-y+5=y=-X+5

Thisisafunction of x.

y=x-1=y=+Jx* -1

Thus, y is not afunction of x. For instance, the values
y= V3 and y= —/3 both correspond to X = 2.

X+y?=3=y=+/3-X

Thus, y isnot afunction of x.

y=[4-x

Thisisafunction of x.
ly|=3-2x=y=3-2xor y=—(3- 2%
Thus, y is not afunction of x.

X =—7 does not represent y as a function of x. All values
of y correspond to x=—7.

y =8 isafunction of x, aconstant function.
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31

32.

33.

35.

36.

37.

f(t)=3t+1

@ f(@=32)+1=7
(b) f(-4)=3(-4)+1=-11
© f(t+2)=3(t+2)+1=3t+7

gy)=7-3y
@ 90)=7-30)=7
7 7
® o373
(© 9(s+5 =7-3(s+5)
=7-3-15=-3s-8

h(t) = t2 — 2t
(@ h(2=22-22)=0

() h(15) = (L5)* - 2(15) = —0.75

© h(x-4)=(x-4)°-2x-4)
=x>-8X+16-2x+8
= x> -10x + 24
4
V(r)=—nr?
(r) 3”7

@ Vv@= %7[(3)3 =367

®) V(éjzi,,[zjlﬁﬂﬂﬂ
2) 3 \2 3 8 2

32718

R

(© V(2r):%ﬂ(2r)3:
f(y)=3-4y

@ f(4=3-V4=1
(b) f(0.25)=3-+/025=25

© f(#)=3-4x =3-2x
f(X)=vx+8+2

@ f(-4)=+v-4+8+2=4

(b) f(8)=/8+8+2=6

(© f(x-8)=x-8+8+2=1x+2

109=——
_+ 11 i
@ Q(—3)—(_3)2_9—9_9 0 undefined
1 1 1
® =Gy s a9 5
© daly+3-= !

(y+3)2—9: y2+6y+9—9: y* + 6y



Division by zero is undefined.

38, q(t):#
_2(2°+3_8+3_11
@ a@= o 4 a
2(0*+3
b) q0)=
(b) q(0) O
@ qo=20 13 243
(-x) X
39. f(x):M

X

@ f(9):H:1
9

o feg-do_
® f9=F=-1

1 t>0

© f(t)=m={
-1 t<O

t
f(0) isundefined.
40. f(x)=|x+4

@ f(B=[5+4=9
(b) f(-5)=|-5+4=9
© f=[f+4

2x+1, x<0

. f(X)z{zxu X >0

@ f(-)=2-1H+1=-1
(b) f(0)=2(0)+2=2
© f(2=2(2)+2=6
2Xx+5 x<0

2-% x>0

2. f(x) ={

@ f(-2)=2-2)+5=1
(b) f(0)=20)+5=5
© f=2-1=1

X*+2, x<1

2¢+2, x >1

43. f(x):{

(@ f(-2=(-2+2=6
() f()=07*+2=3
© f(2)=2(2%+2=10

44,

45.

46.

47.

49.

50.

Section1.3 Functions

X2 — 4, <
f(x):{ ,
1-2x%, x >0

(@ f(-2)=(-22?-4=4-4=0
(o) f0)=0°-4=-4
© f@O=1-2")=1-2=-1

X+2 X<0
f(x) =44, 0<x<2

X¥+1 x>2
@ f(-2)=(-2)+2=0
(b) f(0) =4

© f(2=(2"+1=5

5, 0<x<1
4x+1 x=>1

f(x) =

{52X, x<0

@ f(-4)=5-2-4)=13

(b) f(0)=5

© fH)=41+1=5

F() = (x- 1
{-2.9).(-14).(0,).(10). (2D}
f(x)=x*~3

{21, (-1 -2, (0, -3), L -2), (2 D}
f(x)=|x+2

[(-2.4), (-1 3), (0, 2), (1. 3), (2, 4)}

o9 =|x+1

{(_21 1)1 (_:L 0)1 (01 1)v (1' 2)v (2‘ 3)}

75
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76 Chapter 1 Functions and Their Graphs

1 9x - 4
51. h(t)==t+3 55. f(x) = =0
©=3t+3 () =~5
1 L 1 9x-4=0
h(-5)==|-5+3==|-2==(2) =1 =
(-5=2[-5+3=2]-2=5( 9x = 4
4
1 1 1 1 x =2
h(-4)==|-4+3==-1==(D==
(-=2-4+3=7-1=20=3 5
h(—3)=£|—3+3|=£|0|=0 2x-3
2 2 56. f(x)= - =0
1 1 1 1 2x—-3=0
h(-2)==-2+3=Zj==@) ==
1 1 1 3
h(-1)==|-1+3==|2|==(2) =1 X=—
(-D=2-1+3-32- 5@ =
t 5| 4| 383|224 57. f(x)=5x"+2x-1
1 1 Since f(x) isapolynomid, the domainisall real
h(t) 1 — 0 - 1 numbers Xx.
2 2
58. g(x)=1-2x*
|S—2| Because g(x) isapolynomial, the domainisall real
52. f(s)=—— b
s-2 numbers x.
4
-2 =_
fo 21042 50. h(t)=~
0-2 -2
fa) = |:i:_1 Domain: all real numbers except t=0
1-2 -1 3y
3 | 1 60. s(y)=——r
—— = y+5
(31212 _1_2 _ 4
2 §_2 _1_ y+5¢0
2 2 y#-5
5 2—2 1 Domain: all real numbers except y=-5
£l 2= =2_1
(ZJ 5 5, 1 61 f(x)=3x—4
2 2
‘@ _|4_2|_2_1 Domain: all real numbers x
4-2 2 62. f(x)=3x*+3x
3 5 x> +3x=X(x+3)>0
S 0 1 - = 4
2 2 Domain: X<-3 or x>0
fis) | -1 -1 | -1 1 1
S -
X X+2
53. f(x)=15-3x=0 Domain: all real numbers except x=0, x=-2
3x=15
10
64. h(x) =
x=5 9 X2 —2X
54. f(x)=5x+1=0 x*—2x#0
5x=-1 X(x-=2)#0
X= _% Domain: all real numbers except x =0,x =2
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65.

66.

67.

68.

69.

70.

=2
W=7

y-10>0
y>10

Domain: al y>10

JX+6

6+ X

f(x)=

X+ 62> 0for numerator and x # —6 for denominator.

Domain: all Xx>-6

f(x) = V16 -
N
Domain: [—4, 4]
Range: [0, 4]
f(x)=vx*+1

9

N

-3

Domain: all real numbers
Range: 1<y

9(x) =[2x+3|

6

LM

-2

Domain: (—oo, )

Range: [0, )
g(x) =[3x -5
7
-4 8

-1
Domain: all real numbers
Range: y-= 0

Section1.3 Functions 77

71. A=axr? C=2xr

72.

73.

r

A

A

_<
2

cY c
=7 — | =—
r 4

:%bh, in an equilateral triangle b=s and:

(b) 1200

©

(d) 1200

From the table, the maximum volume seemsto be
1024 cm®, corresponding to x = 4.

Yes, Visafunction of x.

V = lengthx widthx height
=(24-2x)(24 - 2x)x
= X(24—2x)* = 4x(12 — x)*

Domain: 0<x<12

0

The function isagood fit. Answerswill vary.
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78

74.

75.

76.

77.

Chapter 1 Functions and Their Graphs

A= %(base)(hei ght) = % Xy.

Since (0, y), (2, 1), and (x, 0) all lie onthe sameline,

the slopes between any pair of points are equal.

2
Therefore, Azlxyzlx A PR S
2 2 \x-2) 2x-4

Thedomainis x> 2, since A>0.

A=1-w=(2x)y=2xy

But y:\/ﬂ, 0 A=2X\/ﬂ, O<x<®6.
(@ V =(length)(width)(height) = yx*

But, y+4x=108, or y=108—4x.

Thus, V = (108 — 4x)x°.

Since y=108-4x>0

4x <108
X< 27.

Domain: 0< x< 27

(o) 1200

0

(c) The highest point on the graph occurs at X =18.
The dimensions that maximize the volume are
18x18x 36 inches.
(& Tota cost = Variable costs + Fixed costs
C = 68.75x + 248,000
(o) Revenue = Sdling price x Units sold
R = 99.99x
(c) SinceP=R-C

P = 99.99x — (68.75x + 248,000)
P = 31.24x — 248,000.

78.

79.

80.

81.

(& Theindependent variable isx and represents the
month. The dependent variable isy and represents
the monthly revenue.

-1.97x+ 26.3, 7<x<12

(b) f(x= 2

0.505x“ -1.47x+6.3, 1<x<6
Answerswill vary.

(c) f(5)=11.575, and representstherevenuein May:
$11,575.

(d) f(11)=4.63, and representstherevenuein
November: $4630.

(e) The values obtained from the model are close
approximations to the actual data.

(@ Theindependent variableist and represents the year.
The dependent variable is n and represents the
numbers of miles traveled.

®) t 0 1 2 3 4 5

nt) | 3.95 | 396 | 398 | 3.99 | 400 | 402
t 6 7 8 9 10 11
n(t) | 403 | 404 | 405 | 407 | 408 | 4.09

(c) Themodsd fitsthe datawell.

(d) Sample answer: No. The function may not accurately
model other years

(@ F(y)=149.76\10y"'?

y 5 10 20 30 40
F(y) | 26,474 | 149,760 | 847,170 | 2,334,527 | 4,792,320
(Answerswill vary.)
F increases very rapidly asy increases.
(b)  s.000.000
Xmin=0
Xmax = 50
XSCI =10
Ymin =0
ol 50 Y max = 5,000,000
Y & = 500,000

(c) Fromthetable, y= 22 ft (dightly above 20). You
could obtain a better approximation by completing
the table for values of y between 20 and 30.

(d) By graphing F(y) together with the horizontal line

Yy, =1,000,000, you obtain y~21.37 feet.

Yes If x = 30, y = —~0.030)° + 3(30) + 6

y = 6 feet

Since the child trying to catch the throw is holding the
glove at aheight of 5 feet, the ball will fly over the glove.
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f(2013) - f(2005)

82. (a 013 — 2005 $525 million/year
This represents the increase in sales per year from
2005 to 2013.
() t 5 6 7 8 9
St) | 217.3 | 1369 | 237.4 | 5188 | 981.1
t 10 11 12 13
S(t) | 1624.2 | 2448.2 | 3453.1 | 4638.9

The model approximates the data well.

83. f(x)=2x
f(x+c)—f(x) _2(x+c)-2x
c c
=£=2, cz0
c

84. g(x)=3x-1

g(x+h)=3(x+h)-1=3x+3h-1
g(x+h)—g(x)=Bx+3h-1)-(3x-1)=3h

)90 3 g g

85. f(x)=x*—x+11(2)=3

f2+h)-f(2) (2+h?-(@2+h)+1-3
h h
_4+4h+h*-2-h+1-3
h

2
h ;3h=h+3,h¢0

86. f(x)=x*+x

f(x+h)=(x+h)>+(x+h)=x>+3x*h+3xh* + h* + x+h
f(x+h)— f(x) =(x®+3x*h+3xh* + h* + x+ h) = (X + X)

=3x*h+3xh*+h*+h
=h(3x* +3xh+h? +1)
Frh) =100 M@ +Bheh D) o oo
h h

87. False. Therangeof f(x) is (-1, ).

88. True. Thefirst number in each ordered pair corresponds
to exactly one second number.

Section1.3 Functions 79

89. f(X)=+/x+2
Domain: [0, «) or x=0

Range: [2, ) or y>2
90. f(x)=+/x+3

Domain: [-3, =) or Xx=-3

Range: [0, ) or y>0

91. No.f isnot the independent variable. Because the value
of f depends on the value of x, x is the independent
variable and f is the dependent variable.

92. (@) Theheight hisafunction of t because for each value
of t thereis exactly one corresponding value of h for

0<t< 26

(b) The height after 0.5 second is about 20 feet. The
height after 1.25 seconds is about 28 feet.
(c) Fromthegraph, thedomainis 0 <t < 2.6.

(d) Thetimetisnot afunction of h because some values
of h correspond to more than one value of t.

4 12(x+2)-4 12x+20

93. 12- =
X+2 X+2 X+2

3 4 2X
X2+ x-20 x2+4x-5

_ 3 2X
_(x+5)(x—4)+(x+5)(x—1)

Ix-1 2x(x — 4)
(x+5)(x-4)(x=12 (x+5)(x-1(x-4)
03X -3+ 2x% - 8x
_(x+5)(x—4)(x—1)

. 2x*-5x-3
_(x+5)(x—4)(x—1)

94.

2¢+1¢-6x  x+10  x(2X° +11x—6)(x+10)
5x 2@ +5x—3  Bx(2x-1)(x+3

_ (2x=1)(x+6)(x+10)
© 5(2x-1)(x+3)

_ (x+6)(x+10)
B 5(x+3)

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

95.

, X0, 1
2

X#9
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Chapter 1 Functions and Their Graphs

Section 1.4 Graphsof Functions

10.

11.

decreasing
even
Domain:1< x<4or [1, 4]

No. If avertical line intersects the graph more than once,
then it does not represent y as a function of x.

If f(2)>f(2) foradlxin (0, 3), then (2, f(2)) isa
relative maximum of f.

Since f(x)=]x]=n, where n isaninteger and N<x,

the input value of x needs to be greater than or equal
to 5 but less than 6 in order to produce an output
value of 5. So theinterval [5, 6) would yield afunction

value of 5.

Domain: all real numbers, (—eo, o)
Range: (-, 1]

f(0)=1

Domain: all real numbers, (—eo, o)
Range: all real numbers, (—co, )

f(0)=2

Domain: [ -4, 4]

Range: [0, 4]

f(0)=4

Domain: all real numbers, (—eo, o)
Range: [-3, =)

f(0)=-3

f(x) = -2x2 +3

4

L

12.

14.

15.

f(x) = x* -1

O

[\
o

X+ 2
X > -2

Domain: [-2, =)

Range: [0, =)
h(t)=v4-t*

4-t*>0=>t?<4

3

R

3 3
=
Domain: [-2, 2]
Range: [0, 2]
f(x)=|x+3
7
9 3

-1
Domain: (—oo, )

Range: [0, =)
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17.

18.

-6

Domain: (—oo, )

Range: (—e, Q]

@
(b)
(©
(d)

C
®

©)

(h)

0]

@
(b)
(©
(d)

(e
()
(9)
(h)

0)

Domain: (—eco, )
Range: [-2, «)
f(x)=0 a x=-1 and x=3.

Thevauesof x=-1 and x=3 arethe
x-intercepts of the graph of f.

f(0)=-1

Thevalueof y=-1 isthey-intercept of the graph
of f.

Thevalueof fat x=1is f(1)=-2.

The coordinates of the point are (1, - 2). 23,

Thevaueof fat x=-1is f(-1)=0.

The coordinates of the point are (-1, 0). 24.

The coordinates of the point are (-3, f(-3)) or
(-3,2).

Domain: (—oo, o) 25.

Range: (—eo, 4]
f(x)=0 a Xx=—4 and x=2.

Thevaluesof X=—4 and x=2 arethe 26.

x-intercepts of the graph of f.
f(0)=4

Thevaueof y=4 isthey-intercept of the graph of f. 27.

Thevaueof fat x=1is f(1)=3.

The coordinates of the point are (1, 3).
Thevaueof fat x=-1is f(-1)=3.
The coordinates of the point are (-1, 3).

The coordinates of the point are (-3, f(-3)) or
(-3, 1.

19.

20.

21.

22.

Section'1.4 Graphs of Functions 81

1.,
==X
y 2
A vertical line intersects the graph just once, soyisa

function of x. Graphy, = %xz.

X—y =1=y=+x-1

yisnot afunction of x. The vertical line X =2 intersects
the graph twice. Graph y, =+/x-1 and y, =—/x-1.

0.25x% + y? = 25

X ry?r=1

A vertical line intersects the graph more than once, soy is
not afunction of x. Graph the circle as

Vi = %\/4— X and y, = —%\/25— X2

x> =2xy—1

A vertical line intersects the graph just once, soyisa

. X2 +1
function of x. Solve for y and graph Y, = TV

3
f(X)==Xx
() >
fisincreasing on (—eo, ).
f(x) = x* - 4x

The graph is decreasing on (-, 2) and increasing on
(2, o).

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

f isincreasing on (—eo, 0) and (2, o).
f isdecreasing on (0, 2).

f(x) =X -1

The graph isdecreasing on (-, —1) and increasing on
(1, ).

f(x)=3
@ 6

-2

(b) fisconstant on (—eo, o).
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82 Chapter 1 Functions and Their Graphs

28. f(x)=x 33 () =|x+1+|x-1
€) 4 €) \6/
(b) Increasing on (—co, ) (b) Increasing on (1, =), constant on (-1, 1),

decreasing on (—e, —1)
29. f(x)=x**

@ . 34. f(x):—|x+4|—|x+1|

@ !

-10 5

-6 6
-2

-9

(b) Increasingon (0, )
(b) Increasing on (-, —4), constant on (-4, —1),

Decreasing on (-, 0) decreasing on (=1, )

30. f(x)=-x** 35, f(X)=x*-6x
(@ ! 2

-5

(b) Decreasingon (0, )

-10

Relative minimum: (3, —9)

3L f(X)=x/x+3 36. f(x)=3x*-2x-5
@ 0 ‘
I
e — o
= T
(b) Increasing on (-2, «) Relative minimum: (0.33, —5.33)

Decreasingon (-3, —2) 37y = -2 — X + 14x

32, f(x) = x+/3-x 20

@) 4 . \ /7 .
] 6 Y

-20

o Relative minimum: (~1.70, —16.86)

(b) - Increasing on (~<-, 2) Relative maximum: (1.37,12.16)

Decreasing on (2, 3)
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38. y=x*-6x*+15

18

[HIAY

-18

Relative minimum: (4, —17)
Relative maximum: (0O, 15)

39. h(x)=(x-D/x

/

-1 — 5

-1
Relative minimum: (0.33, —0.38)

(0, 0) isnot arelative maximum because it occurs at the
endpoint of the domain [0, ).

40. g(x)=xv4—x

4

-2
Relative maximum: (2.67, 3.08)

41. f(x)=x"—-4x-5

2

-6 ll' 'll 12

-10
Relative minimum: (2, -9)

42. f(x)=3x*-12x

3

Relative minimum: (2, -12)

45.

46.

47.

Section 1.4 Graphs of Functions

f(x)=x>-3x

Relative minimum: (1, —2)
Relative maximum: (-1, 2)

f(x)=—x®+3x

6

IR

'|

-2
Relative minimum: (0, 0)
Relative maximum: (2, 4)

f(x)=3x* —6x+1

5

T
L/

-3

Relative minimum: (1, —-2)

f(X) =8x—4x?

5

-
|

Relative maximum: (1, 4)

-3

f(x)=[x]+2

83
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84 Chapter 1 Functions and Their Graphs

. f(x)=[[x]]—3 53. s(x)=2[1x—ﬂixﬂ]
: 4 4

e e R

-9

-4
Domain: (—oo, o)
Range: [0, 2)

49. Sawtooth pattern

1 [ Y
54. g(x)= Z[Zx - |,Z X]D

8

A A R

-9

-4
Domain: (—oo, )
Range: [0, 2)

50.

Sawtooth pattern

2x+3, x<0
3-%x, x=20

5fm{

51.

52.
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57.

58.

59.

60.

JX+4, x<0
f(x) =
4-X, x>0

y

54

-4 -3 -2 -1 12 3 4

fx)= 1-(x-17% x<2
- VX-2, X>2

X+3, x<0
f(x)=43, O0<x<2
2X-1 x>2

X+5 x<-3
g(x) = 45, -3<x<1
bx -4, x2>1

6
[lo Smmm—
4
34
sl
14
e
—4-3-2-1 | 1 2 3 4

61.

65.

66.

Section 1.4 Graphs of Functions

£(x) 2X+1, x<-1
X) =
x2-2, x>-1

—4

f(x)=-9 iseven.

1

-1

f(x) =3x—2 isneither even nor odd.

/|

—9 7

6

-6
f(x) = 4 — 5x isneither even nor odd.

14

85
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67.

68.

69.

70.

71.

72.

73.

Chapter 1 Functions and Their Graphs

h(x) = x* + 6iseven.

11

-22

f(x) =+/1- x isneither even nor odd.

3

N

-1

g(t) =3/t -1 isneither even nor odd.

4

.,—o—"‘""'-j

f(x)=|x+2] is neither even nor odd.

3

1

f(x) =—|x—15| is neither even nor odd.

6

(& If fiseven, another pointis (—g 4].

(b) If fisodd, another point is (—g —4).

74.

75.

76.

77.

78.

79.

80.

3
3
(@ If f iseven, another pointis (g —7).

(b) If f isodd, another point is (g 7].

(-2.-9)
(8 If fiseven, another pointis (2, —9).

(b) If fisodd, another point is (2, 9).

(51 _1)

(& If fiseven, another pointis (-5, —1).
(b) If fisodd, another pointis (-5, 1).
(x, -y)

(& |If fiseven, another pointis(—x, —y).
(b) If fisodd, another pointis (-x, y).

(2a, 2¢)

(& If fiseven, another pointis (-2a, 2c).
(b) If fisodd, another pointis (—2a, —2c).

@ f(-t)=(t°+2(-t)-3
=t*-2t-3
zf@t)=-1(t)

f is neither even nor odd.

(b) 3

S
N

-6

The graph is neither symmetric with respect to the
origin nor with respect to the y-axis. So, f is neither
even nor odd.

(c) Tableswill vary. fis neither even nor odd.
@ f(=x=(=%"-2(-x)*+3
=x*-2x*+3
=f(x)
fiseven.

(b) 30

-5
The graph is symmetric with respect to the y-axis.
So, fiseven.
(c)r Tableswill vary=fis even:
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81.

82.

83.

@

(b)

(©

(b)

©
@

(b)

(©

9(-x) = (-x)° = 5(-x)
=-x*+5x
=—(x*-5x)
=-9(x)

gisodd.

6

Lo
/

-6

The graph is symmetric with respect to the origin.

So, gisodd.

Tableswill vary. gis odd.
(%" - 4%’
—x° + 4x°

= —(x5 - 4x3)

= -h(x)

=
T

X
X

I

The graph is symmetric with respect to the origin.

So, hisodd.
Tableswill vary. his odd.

f(=%) = ()1~ (-x)?
=-f(x)
fisodd.

-1

The graph is symmetric with respect to the origin.

So, f is odd.
Tableswill vary. fisodd.

Section'1.4 Graphs of Functions 87

84 (@ f(=X)=(=Xy(=x)+5

85.

86.

(b)

(©

(b)

(©
@

(©

=—XJ-X+5
#zf(X)=-f(X)
f is neither even nor odd.

5

-5

The graph is neither symmetric with respect to the
origin nor with respect to the y-axis. So, f is neither
even nor odd.

Tableswill vary. f is neither even nor odd.
9(-9) = 4(-9)”°

4(i]

=4s"°

=9(s)
giseven.

B

-2

The graph is symmetric with respect to the y-axis.
So, giseven.

Tableswill vary. giseven.

35
f(=s) = 4-9)
= —4s¥°
= -1(9
fisodd.
10

-10

The graph is symmetric with respect to the origin.
So, fis odd.

Tableswill vary. fis odd.
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88 Chapter 1 Functions and Their Graphs

87. f(x)=4-x20

f(x)=0

x> —4x>0

4>x X(x-4)=0
(e 4] (==, 0], [4, =)

88. f(x) =4x+38

8 SO on.
(b) s

, _____

RN SRR T
00 12
f(x) 20
dx+ 850 Cy(7 + &) = Cy(7.167)
4x > -8 = 1.00 - 0.50[-(7.167 - 1)]
X = -2 = 450

[-2, o) The cost for parking for 7 hours and 10 minutesis

89. f(x)=x*-920

90.

91.

92.

f(x)=x"—4x

(8 C, istheappropriate model.

The cost of the first hour is $1.00 and the cost
increases $0.50 when the next hour begins, and

$4.50.

C=2820+2x], x>0

C

50
45
40
35
30
25
20
15

Cost of overnight
delivery (in dollars)

X
12345678910
Package weight
(in pounds)

93. h=top—bottom
=(-xX*+4x-1)-2
=—x*+4x-3,1<x<3

94. h=top—bottom
=3-(4x-x%)
=3-4x+x%,0<x<1
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95. () e

\_ "~

10L - - 413
450

(b) The number of cooperative homes and condos was
decreasing from 2010 to early 2011 and increasing
from early 2011 to 2013.

(c) The minimum number of cooperative homes and
condos was about 480.8 thousand or 480,800 in

early 2011.
9. Interval | Intake Pipe | Drain Pipe 1 | Drain Pipe 2

[0, 5] Open Closed Closed
[5, 10] Open Open Closed
[10,20] | Closed Closed Closed
[20, 30] Closed Closed Open
[30, 40] Open Open Open
[40, 45] Open Closed Open
[45, 50] Open Open Open
[50, 60] Open Open Closed

97. False. Thedomain of f(x)=+/x* istheset of al rea
numbers.

98. False. The domain must be symmetric about the y-axis.
9. ¢
100. d
101. b
102. e
103. a
104. f

105. No. Each y-value corresponds to two distinct x-values
when y > 0.

106. No. Each y-vaue corresponds to two distinct x-values
when -5 <y < 5.

-1, -1<x<0
107. Yes, f(x)=40, 0<x<1
1 1 <x<2

Section'1.4 Graphs of Functions 89

108. The graph of the greatest integer function is a series of
steps with a closed circle at the left end and an open
circle at theright end. The graph of aline with aslope
of zero is one continuous horizontal line with no steps.

109. fisaneven function.
(@ g(x) = —f(x) iseven because
9(=x) = ~f(=x) = ~f(x) = 9()
(b) 9(x) = f(—x) iseven because
) = f(=(-¥) = (x) = 1(-) = g(x)
x) = f(x) — 2 iseven because
-x) = f(-x) -2 = f(x) - 2 = g(x).

f
x) = —f(x + 3) isneither even nor odd because

«Q

© g
9

d g
9(-x) = —f(-x+3) = —f(-(x - 3))
= —f(x - 3) = g(x) nor —g(x).

(
(
(
(
(
(

110. (&) 1000

N

1) | ——] )
0

(b) Using the graph from part (a), the domain
iS (—eo, =) and therangeis (—eo, oo).

(c) Using the graph from part (a), you can see that the
graphisincreasingon —1< x <1, andthegraphis
decreasingon x<-1 and x>1.

(d) Using the graph from part (a), thereisarelative
minimum at (-1, —2) and arelative maximum at
1 2).

111, f(X)=a,, X" +a,, X"+ +ax +ax
F(=%) = 80,y ()" By 4 (-X)7" 4  + By (=) + ()
== 8 X =y, X - — A —ax = —f(X)
Therefore, f(x) isodd.

2n+1

112, f(X)=a, X" +a,, X" 2+ +a,x +3,
f(=X) = a,, (—X)" + 8y, _,(—X)""? + -+ + a,(—X)* + &,

=a, X" +a, X"+ +axi+a, = f(x)
f(—=x) = f(x); thus, f(x) iseven.

2n-2

113. -2x%> +11x + 3
Terms: —2x2,11x, 3
Coefficients: —2,11

114. 10+3x

Terms: 3x,10
Coefficient: 3
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90 Chapter 1 Functions and Their Graphs

115. 2 5x2 4 %3
3
X 2 3
Terms: 5,—5x , X

Coefficients: é -51

116. 7x* + V2% - x
Terms: 7x4, /2%%, —x

Coefficients: 7,~/2, -1

117. f(X)=-x*-x+3
@ f(4)=—(4)?-4+3=-17
(b) f(=5)=—(-5)-(-5)+3=12
(© f(x=2)=—(x-2-(x-2)+3
=—(X*—4x+4)—x+2+3

=—x*+3x+1

118.

119.

120.

f(x)=xJx-3
@ f(3=3J3-3=0
(b) f(12)=12\12-3
=129 =12(3) =36

(c) f(6)=66-3=613

f(x)=x*—2x+9

f(3+h)=(B3+h)*-2(3+h)+9=9+6h+h’-6-2h+9
=h?>+4h+12

f(3=3*-2(3)+9=12

f@+h)- (3 (h*+4h+12)-12 h(h+4)

h h h
=h+4,h#0

f(X)=5+6x—x°
f(6+h)=5+6(6+h)—(6+h)?
=5+ 36+ 6h— (36 +12h + h?)
=-h*-6h+5
f(6)=5+6(6)—62=5
f(h+6)— f(8) (-h’-6h+5)—5 h(-h—6)

h h h
=-h-6,h=z0

Section 1.5 Shifting, Reflecting, and Stretching Graphs

1. Horizonta shifts, vertical shifts, and reflections arerigid

transformations.

2. @ ii
(©) iv
© iii
@ i

3. —f(x), f(=x)

4, c¢>1 0<c<1

7.

v g f(0)
\

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Section 1,5 ~Shifting, Reflecting, and Stretching Graphs 91

10. 16.
11. 17.
12. 18.
13. 19. (a) yy=f(X)+2
14.

(b)
15.
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92 Chapter 1 Functions and Their Graphs

(0 y=f(x-2) 20. (& y=f(x-1

- o W A
4 N 4 1
t t t t

(d)
(b)
(~4,4) il
4 -3 -2 -1_10\:(1’2_1)
(e)
() y=f(x-1)
()
(d)
(9) Let g(x)= f(£x). Then from the graph, ©
g(0) = f(£(0))= f(0) =
9(2) = f(%( )=f(1)=0
g(6)=f(3(6))= f(3) =1
9@ =f(+(®)=f(@=2

y

2 3 456 78
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21

22

23.

24,

25.

2

(<]

27.

28.

29.

30.

31

Section 1,5 ~Shifting, Reflecting, and Stretching Graphs 93

(g) Let g(x)= f(2x). Then from the graph,
9-D=f2(-D)=f(-2)=4
9(0) = f(2(0))= f(0)=3
9(3)=(2(3)) = fw =0
o(2)=1(2(3)= 1@=-1

. Thegraph of f(x)= xshould have been shifted
one unit to the | eft instead of one unit to the right.

. Thegraph of f(x)= x?should have been shifted
one unit to the right instead of one unit downward.

y=Xx+2is f(x)=+/x shifted vertically upward
two units.
1 _. 1. . . )
y=—-5is f(x)=— shifted verticaly five units
X X
downward.

y=(x-4)%is f(x)=x®shifted horizontally four units
to theright.

. y=|x+5is f(x)=|x shifted horizontally five units to
the | eft.

y=x>—-2is f(x)=x?shifted vertically two units
downward.

y=+x-2 is f(x)= Jx shifted horizontally two units
to theright.

Horizontal shift three unitsto left of y=x:y=x+3
(or vertical shift three units upward)

Horizontal shift two unitsto the left of y=

x| =

y= 1
ox+2

. Vertical shift three units downward of y=x*
y=x"-3

32.

33.

35.

36.

37.

38.

39.

4]1.

42.

46.

Horizontal shift two units to the left of 'y =|X:
y=|x+2
Reflection in the x-axis and a vertical shift one unit

upward of y=+/x: y=1-+/x

Reflection in the x-axis and a vertical shift one unit
upward of y=x* y=1-x°
y = =X is f(x) reflected in the x-axis.

y=|-X isareflectionin they-axis. In fact
y=|-X=|x|, thereforey=|-x| isidentical toy=|].
y=(-x)* isareflection in the y-axis. In fact,

y=(-x)? = x?, therefore y=(—x)? isidentical to
y=x.

y=-x* isareflection of f(x)=x’inthex-axis.
However, since y = —x° = (—x)*, either areflectionin
the x-axis or areflection in the y-axis produces the
same graph.

y:i is areflection of 1‘(x):1 inthe y-axis.
X

. 1 1 . L
However, sincey =— =——, either areflection in the
X

y-axis or areflection in the x-axis produces the
same graph.

y=—l isareflection of f(x):1 in the x-axis.
X X

. 1 1 . L
However, since y=—-—=—, either areflectionin the
X =X

x-axis or areflection in the y-axis produces the
same graph.

y=4|x| isavertical stretch of f(x)=|].

p(x):%x2 isavertical shrink of f(x):XT_l.

g(x) = %x3 isavertical shrink of f(x)=x".

y=2/x isavertical stretch of f(x)=+/x.

f(X) =+/4x isahorizontal shrink of f(x)=~/x.
However, since f(x):\/H:Z\/;, it also can be
described asa vertical stretch of f(x) =+/X.

1
— X
2

=1|x| isavertical shrink of f(x)=|x.

y= 5
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47.

49.

50.

Chapter 1 Functions and Their Graphs

f(x)=x>-3x?

L
[N

—4

4

g(x) = f(x+2) = (x+2)°® —3(x+2)* isahorizontal
shift two units to the left.

h(x) =% f(x) :%(x3 —3x%) isavertical shrink.

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

4

-4

g(x)= f(x=1) =(x-1)°*-3(x-1)* +2 isahorizontal
shift one unit to the right.

h(x) = f(3x) = (3x)* —3(3x)* + 2 isahorizontal shrink.

f(x)=x*-3%

JAA
W\

—4

a(x) = —é f(x)= —%(x3 —3x?) isareflectionin the

x-axis and a vertical shrink.

h(x) = f(-X) = (-X)° —=3(-x)’ isareflectionin the
y-axis.

f(X)=x*-3x*+2
é\(l o f
-6 6

—4

g(x) =—f(x) =—(x*—3x* + 2) isareflectioninthe
X-axis.

h(x) = f(2x) = (2x)* —3(2x)* + 2 isahorizontal
shrink.

51.

52.

53.

@
(b)

(©

(d)
@
(b)

(©

(d)
@
(b)

(©

(d)

f(x) = x?

g(x) =2—(x+5)® isobtained fromf by a
horizontal shift to the left five units, areflection
in the x-axis, and a vertical shift upward two units.

o
3
4t
54
—6t
74

g(x)=2-f(x+5)
f(x) = x?
9(X) = (x — 10)° + Sisobtained fromf by a

horizontal shift 10 unitsto the right and a vertical
shift 5 units upward.

18+
16+
14+
12+
10+

gt

Twoso
PR
——

-2 1 2 46 81012141618

g(x) = f(x-10)+5

f(x)=x

g(x) = 3+ 2(x—4)? isobtained fromf by a
horizontal shift four unitsto the right, avertica
stretch of 2, and avertical shift upward three units.

y

L I B SV Y- NN
T T S S
—t—t—t—+—+

X

t "ttt
-1 123 45 6 7

g(x)=3+2f(x-4)

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



54. (a)
(b)

©

55. (a)

(b)

(©

(d)
56. (a)

(b)

©

(d)

Section 1,5 ~Shifting, Reflecting, and Stretching Graphs 95

f(x)=x

g(x) = —%(x+ 2)2 -2 isobtained from f by

a horizontal shift two unitsto the left, a vertical
shrink of % areflection in the x-axis, and a

vertical shift two units downward.

9(x) = 1(x - 2)° isobtained from f by a
horizontal shift two units to the right followed by
avertical shrink of .

v

9(x) = (x +1)° isobtained fromf by a
horizontal shift one unit to the left and a vertical
shrink of %

v

57.

58.

59.

@
(b)

(©

(d)

(b)

©

(d)

(b)

(©

(d)

f(x)=x°
g(x) = (x—1)%+2 isobtained fromf by a

horizontal shift one unit to the right and a vertical
shift upward two units.

v

- N W R ow

x

+—+—+ —t—t——
32]/%]2345

gx)=f(x-1)+2

f(x)=x*
g(x) =—(x+3)*-10 isobtained fromf by a

horizontal shift 3 unitsto the left, areflection in the
x-axis, and a vertical shift 10 units downward.

v

\ T
> x

"ttt
-12-10 -8 -6 |-4 -2 2

g(x)=-f(x+3)-10
f(x):1
X

9(x) :L—Q isobtained from f by a
X+8

horizontal shift eight unitsto the left and a vertical
shift nine units downward.

g(x)=f(x+8)-9
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60.

61.

62.

Chapter 1 Functions and Their Graphs

@

(b)

(©

(d

(b)

©

©

f(x):%

a(x) =i7+4 isobtained from f by a
X_

horizontal shift seven unitsto theright and a
vertical shift four units upward.
10+

8+
6+

B

[
I
1
1
1
1
|
P U
-2 ] 2 4 6f8 1012 14

gx)=f(x=7)+4
f(x)=|x
g(x):—2|x—]4—4 is obtained fromf by a

horizontal shift one unit to the right, a vertical
stretch of 2, areflection in the x-axis, and a vertical
shift downward four units.

g(x)=-2f(x-1) -4
f(x)=|x

1 . .
g(x)=z|x—2|—3 is obtained from f by a

horizontal shift two unitsto theright, avertical
shrink, and avertical shift three units downward.

o) g(x)=—§f(x—2)—3

63. (a)
(b)

©

(d)

(b)

(©

(d)

65. (a)

(b)

©

f() =+/x
a(x) =—%\/x+3 —1 isobtained fromf by a

horizontal shift three units to the left, a vertical
shrink, areflection in the x-axis, and a vertical shift
one unit downward.

v

5T
4t
34
2
1t
——————————>x
-5-4 'Q 12345
—_—
st
_at
sl

g(x):—%f(x+3)—1

f(x) = /x

g(x) = =3v/x + 1 — 6isobtained fromf by a

horizontal shift one unit to the left, areflection in
the x-axis, avertical stretch of 3, and avertical
shift six units downward.

F—t——t—t—>x
1 246810

14+

—16+

g(x) = -3f(x+1) -6

N(t) isahorizontal shift of 26.17 unitsto the

right, avertical shift of 126.5 units upward, a
reflection in the t-axis (horizonta axis), and a
vertical shrink of 0.03.

150

,.u--l--"-"'""""'“-'-n_'_

@
—
—
—
]

N(t +9)

~003(t + 9) - 26.17]" + 1265

= ~0.03(t - 17.17)° + 1265

To make a horizontal shift 9 years backward
(9 unitsleft), add 9to t.
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66.

67.

68.

69.
70.
71.
72.
73.

74.

Section 1.6 Combinations of Functions

1
2.

(@ D(t)isahorizontal shift of 3.7 unitsto the left and
avertical stretch of 1.9.
(b) s

i

0

(c) Let D(t) = 6 and solvefort.

19Vt + 3.7 = 60
Nt + 37 = @
19
t+37 = 00
361
{ = 3600 _ o
361

t = 6.27 (or year 2015)

In the year 2015, the depreciation of assetswill be
approximately $6 million.

(d) G(t) = D(t + 2) =19/(t + 2) + 3.7
= 1.9Vt + 5.7

To make a horizontal shift 2 years backward
(2 unitsleft), add 2 to t.

False. y= f(-x) isareflection in the y-axis.

True. y=|x +6 and y=|-x/+6 areidentical becausea
reflectionin they-axis of y=|x|+6 will beidentical to
itself. Additionally it isan even function.

y= f(-x) isareflectionin they-axis, so the
x-interceptsare Xx=-2 and x=3.

y=2f(x) isavertical stretch, so the x-intercepts are the
same: x=2, —3.

y=f(x)+2 isavertical shift, so you cannot determine
the x-intercepts.

y = f(x-3) isahorizonta shift 3 unitsto theright, so
the x-interceptsare Xx=5 and x=0.

The vertex is approximately at (2,1) and the graph
opens upward. Matches (c).

Thedomainis [0, —) and (0, —4) isapproximately
on the graph, and f(x) <0. Matches (a) and (b).

addition, subtraction, multiplication, division

composition

Section*l.6 ..Combinations of Functions 97

75. Thevertex isapproximately (2, —4) and the graph

76

77
78

79

80.

81.

82

83.

85.

86.

opens upward. Matches (c).

. Thegraph of f isy = x® shifted to the | eft approximately
four units, reflected in the x-axis, and shifted upward
approximately two units. Matches (b) and (d).

. Answerswill vary.

. Since y= f(x+2) -1 isahorizontal shift of two units
to the left and avertical shift one unit downward, the
point (0, 1) will shiftto (-2, 0), (1, 2) will shift to
(-1, 1), and (2, 3) will shiftto (0, 2).

. (@ Since 0<a<1, g(x)=ax* will beavertical

shrink of f(x) = x%.
(b) Since a>1, g(x) =ax* will beavertical
stretch of f(x) = x2.

(@ Increasing ontheinterval (—2,1) and decreasing

ontheintervals (—eo, —2) and (1, <)

(b) Increasing ontheintervals (—eo, —2) and (1, o),

and decreasing on theinterval (-2, 1)
(¢) Increasing on theintervals (—ee, —1) and (2, =),

and decreasing on theinterval (-1, 2)

Slo L1:10+2:3
2+2
9-3 3
Slope L, :——=—
Pt 31172
Neither parallel nor perpendicular
3-(-7) 10
. Slopel,;: =—=2
L) s
gopeLz:ﬂ:__lz:4
-2-1 -3

Neither parallel nor perpendicular
Domain: All x#9

VX-5

x—7

Domain: X225 and x#7

f(x) =

Domain:
100-x*>20= x* <100=-10< x<10

f(x) = 316 — X

Domain: all real numbers

a(x)

inner, outer
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5. Since (fg)(x)=2x(x*+1) and f(x)=x*+1 g(x)=2x, 12, f(x)=2x-5 g(x)=1-x
and (fg)(x) = (gf)(x) = (2x) f (x). @ (f+g)(X)=2x-5+1—x=x—4
6. Since (fog)(¥)=f(g(x)) and (fog)(x)= (¢ +1), O
) =2x-5-1+x
g(x) mustequal x°+1. —3x-6
7. y (© (fg)(x)=(2x-5)(1-x)
at =2x—2x* —5+5x
3N =-2x*+7x-5
| @ (ij(x): X5
g 1-x
BT Domain: 1-x=0
27 xX#1
8. '
4 13.  f(x) = 3x? g(x) = 6 — 5x
\2 / @ (f +9)(x) = f(x)+g9(x
—— 1] — = 3x* + (6 - 5x)
—4—3—2—1:l 1 2 3 4 =3X2_5x+6
5 ®) (f —g)(x) = F(x) - 9(x)
h = 3x® - (6 — 5)
9. y =32 +5x-6
© (fg)(x) = f(x)- g(x)
= 3x%(6 — 5X)
= 18x2 - 15x°
) = —-15x% + 18x?
I I R R R R g = f)_ 3¢
! @ [gj(x) S g0 6-5x
10. \ Domain: all x # 2
4t 5
/T"\. 4. f(x)=2x+509(x)=x*-9
_‘4_2/_}7]” I (a (f+g)(x)=(2x+5)+(x2—9)
27 =x+2x-4
() (f-9)x) =(2x+5~(x-9
=-x>+2x+14

11, f(x)=x+3,9(x)=x-3

© (fg)(x) = (2x + 5)(x* - 9)
@ (F+a) ()= f(x)+0(x) = (x+3)+(x—3) = 2x

() (f-9)(¥)="f(x)-g(x)=(x+3)-(x-3)=6 = 2¢ +5¢ - 18« - 45
© (19)00= (g0 = (x+3)(x-3=x -9 @ (fj(x) _ 245
@ F oo f00 _ x+3 9 X =9

E ( )_M‘ﬁ Domain: all X # £3

Domain: all x#3
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15. f(x)=x*+5, g(x)=+/1-X

16.

17.

@ (F+o)(X)=x*+5+/1-x
) (F-g)(x)=x*+5-1-x
© (fg)(x)=(X*+5)}1-x

@ [1](x)= X +5
g

i~

Domain: x<1

F() = =4, g0) =

x2+1
@ (f+0)()=V¥-4+—
X +1
® (F-gW=VX-4-—
X +1
© (fg)(x>=(dx2—4)[ X }=X2 xod
X“+1 X“+1
o) [ij(xwxz— N
g X +1
_ (C+)Vx2 -4
XZ

Domain; X*—42>0 and x#0
X>20rx<-2

f=2 g =2
X X
@ (Frgr=_+ =Xt
X X X
b (f-gr=1-L1-X1
X X X
© (fg=11-1
X X X

1
) [l](x)=izx, x#0
g 1

2

x

Domain: x#0

18.

10.

20.

21.

22.

23.

24.

Section™1.6 ..Combinations of Functions

X 1
f(X)_x+1’g(x)_F
1 4 1
@ (f+g)():xil+§zxx3(+x11)
1 P ox-1
(b) (f_g)():xil_gzxﬁ(x)il)
1 1
© (fg)()zxil‘ﬁ_xz(x+l)
f X ;i
@ [t
_ox %
Tox+1 1
Cox+1

Domain: X # 0, X # -1

(f+9)(3)=f(3)+9()
=(F-1)+(3-2)
=8+1=9

(f-9)(-2)= f(-2) - 9(-2)
=((-2°-1-(-2-2
=3-(-4)=7

(f-9)(0) = f(0)-9(0)
=(0-1)-(0-2)
=1

(f+9@®=1fD+9®
=(-)+(1-2)
=0+(-1)
=-1

(f9)(-6) = f(-6)9(-6)

99
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100 Chapter 1 Functions and Their Graphs

za[iyéhiti

g 9(-5)
_(-5?*-1
T 5-2
24
7

2. [i]m) -0

27. (f —9)t+1)

ft+1) -g(t+1
(t+9* -1 -(t+1 -2

=(P+2+1-9-(t-1

=t2+t+1
28 (f+9g)t-3) =f(t-3)+g(t-3
=(t-9"-9+(-3-2
=(tP-6t+9-1)+(t-5
=t?-5+3
29. (fg)(-5t) = f(~5t)g(-5t)
=((-5t)* —1)(-5t-2)

=(25t% —1)(-5t-2)
=125t — 50t% + 5t + 2
30. (fg)(3t*)= f(3t*)g(3t?)
=((3*)*-1(3t*-2)
=(9t* -1)(3t*-2)
=27t —18t* - 3t2 + 2

3L [;](t - 4)

(t-4°-1

t-4-2

t2 — 8t + 15
t-6

2 (Lo 102
g g(t+2)

_(t+2-1
(t+2)-2
_t+4t+3
——

t£0

33.

35.

37.

38.

3 3

f(x) =3x%, g(x) =—I—O, (f +g)(x)=3x—x—

miv|
20

For 0<x<2, f(x) contributes more to the magnitude.

For x>6, g(x) contributes more to the magnitude.

f(x)=§. 9(x) =X,

(F+0)09 =7 +x

g(x) contributes more to the magnitude of the sum for
0< x<2. f(x) contributes more to the magnitude of the
sumfor X>6.
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Section*1.6 ..Combinations of Functions 101

39. f(X)=3x+2, g(X)=—/X+5, 43 f(x)=3x+5 g(x)=5-x
(1 +0)09 =3¢+ 2-x+5 @ (fog)()="1(g(x))=f(5-X)=35-x)+5=20-3x
}fﬂ; (0) (g f)()=g(f(x))=0(3x+5)=5-(3x+5)=-3x
0 © (feg)(0)=20

-9

= 4. 109=%, 9=

f(x) contributes more to the magnitude in both intervals. 1
@ (feg)(x)= f(g(x)): f(;}:(

40. f(x)=x2 —%, g(x)=-3x* -1,

1 3 ® (a°1)(x)=0(f(x))=g(¢) =%
(f +g)(X)=(X2—EJ+(—3X2—1)=—2X2—E (C) (f og)(O) is not defined.
4 45. (&) Domainoff:x—-72>00r x>7
\ /‘ (b) Domain of g: al real numbers
-6 - 6 . _ _ 2\ _ 7
f'+g4\é © (fog)(x) = f(g(x) = f(4) =ax* -7
- Domain: all real xg—ﬂuxzﬁ
g(x) contributes more to the magnitude on both 2 2
intervals. 46. (8 Domainoff: x+32>20= x2>-3
41 f(x) = 23, 9(X) = x + 4 (b) Domainof g: al real numbers
@ (f =00 = f(alx) © (foa)= (5] =[5+
= f(x+4)
=2(x+4)2 Domain:é+320:x2—6
= 2¢ +16x + 32 47. (@) Domain of f: al real numbers
© (9° )% = g(f(x) (b) Domainof g: al x>0
= g(2x?) © (feg)(x)="(g(x)= f(\/;)
=(2x2)+4 :(\/;)2+l:x+l x=0
=2x* + 4 .
, Domain: x=0
@ (T-0)0)=20+4 =32 48. () Domainoff: x>0
2 f(x)-= Ix1 9= +1 (b) Domain of g: al real numbers »
© (feg)(x)=f(g(x)=1(x')=(x') "=x
@ (fe0)(x)=f(g9(x)
=f(x*+1) Domain: all real numbers
:3/(x3+1)—1 49. (8) Domainof f:al x # 0
=§/§=x (b) Domainof g:al x # 3
(b) (go F)(x) =g(f(x)) 1 1
(© fogX=f( j=7=x+3
:g(sl—x_l) ( 1 X+3 1
, X+ 3
=(3X_l) +1 Domain: al X # —3
=(x-D+1=x

(© (f-9)(0)=0
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102 Chapter 1 Functions and Their Graphs

50. (@) Domainof f:al x=#0 56. (a) (fog)(x)zf(g(x))zf(XS—l)
(b) Domainof g:al x#0

Domain: all real numbers

© (fog)(x):f[z—lxj:ZX,x;tO

Domain: all x#0

o = = 3
51. (a) Domain of f: al real numbers (9= F)(x) g(f(x)) g( X+1)
(b) Domain of g: all real numbers =[MT—1
© (fog)(x)="(g(x))="(3-x) (x4 D)-1=x
:|(3—x)—4|:|—x—1|=|x+1| ®) \
Domain: all real numbers fogmgof
52. (@) Domainoff:al x # 0 6 6
(b) Domain of g: al real numbers
> -4
© (feog)(x) = f(g(x) = f(x-5) = x-5 They are equal.
Domain: al x # 5 57. (@ (fog)(x)="f(g(x))="f(3x+9)
53. (@ Domain of f: al real numbers :£(3x+9)—3: X
3
(b) Domainof g:al x#+2
Domain: all real numbers
_ Y R 1
© (f 9)(><)—f(g(X))—f[xz_4j—xz_4+2 (gof)(x)zg(f(x))zg[gx—SJ
Domain: x #+2 =3(1X_3j+gzx
3
54. (@) Domainof f: all x=#=+1 () ]
(b) Domain of g: al real numbers
3
fo =f lj=———
© (120)()=1(c+D)= oy S S
3 _ 3
X2 +2x  X(X+2) -6
Domain: all x#0, —2 They areequal.
55. (@) (fog)(x)="f(g(x))=1(x*)=vx*+4 58. (8 (fog)(x)=(g°f)(x)=yx =x"*
Domain: all real numbers Domain: al x>0
2
(90 1)(x)=9(f(x)) =g(Vx+ 4)=(vx+4) ®
=X+4,x>-4 fog=gof
(b) : o 5
/ N
s fes They are equal.
-6 6
0
They are not equal.
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Section1.6 ..Combinations of Functions 103

50. (8) (fog)(x)="f(a(x))=1(x)=(x)"=x" 62. (3 (fog)(x)=f(4x+1)=%[(4x+l)—1]=%[4x]=
Domain: all real numbers . (go f)(x)=g(l(x—1)j=4{l(x—l)}+l=(x—1)+1=x
(go f)(X)=g(f(X))=g(X2/3)=(X2/3) — x4 4 4
(®) 3 (b)They are equal because x = x.
\ } @ Ix] 1o | a(to0)
b Fogtaor| | — -1
B 0 0 0
They are equal. 1 1 .
@0 @ (f-0)(=1(900)= (- +1)=]x+1 R
Domain: all real numbers 3 3 3
(ge F)(x)=(f(x))=g(jx)=-|x+1 63. (a)
=1-%' (fo)() = F(g00) = F(¢ =5 =¥ ~5)+6 =/ +1
® 4 f (gof)(x)=g(f(x»=g(Jx+6)=(Jx+e‘)2_5
6 \/\/ : 6 =(Xx+6)-5=x+1 x>-6
go// \ (b) They are not equal because v/x* +1 # x+1.
They are not equal. © x| f(g()) | a(f(x)
6L @ (19X = f(9(x) o] 1 | 1
= f(&(x - 4) 2| 5 -1
= 5(3(x — 4)) + 4 3 | Jo 4
=X-4+4
= X 3
64. (@ (fog)(x)=f(¥x+10)=|¥x+10| -4
(g (%) = (f(x) ($x+10) =[x+ 10
= g(5x + 4) =(x+10)-4=x+6
= 3((5x + 4) - 4) (9o ) =0g(x* -4 =3¢ -4 +10 =Ix* +6
= 3(5x) (b) They arenot equal because x+6 = 3/x° +6.
(b) They areequ_al because x = X © x | f(g0x)) | a(f(x)
(© | x 0| 1| 2| 3 —2 4 -2
o |2[2|F| o s | %
(feag)x)| O] 2] 2| 3
1 7 37
X 0|1| 2|3
f(x) 419]14{19 2 8 4
(9o f)x)|0]1]2]3 3 9 Y33
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104 Chapter 1 Functions and Their Graphs

65. (@ (fog)(x)=f(g(x)="f(2x°) =|2x3|
(ge F)(x)=g(f(x) = g(|X|) = 2|x|3
(b) They are equal because |2x3| = 2|x|3.

© 1« | t@on | atoo
-1 2 2
0 0 0
1 2 2
2 16 16

66. (a)

(fog)(x) = F(g(x) = F-x) = = 6

3-x)-5 -3x-5

6 6 6
(g0 f)(x):g(sx—sj:_[sx-sjz 3x-5

6 -6
b) They are not equal because —— # .
() 4 = -3x-5 3x-5
C
© 1| faey | gt
s | s
5 5
1 —E 3
4
2| & %
11
o3 | s
7 2

67. @ (f+9)Q=1f(3)+g(=2+1=3

f f(2 0
b |—|@=—L===0
® (9]() g2 2

68. @ (f-g9@=FfOQ-9g@)=2-3=-1
(b) (fg)(4)=1(4)-9(4)=4-0=0

69. (& (fog)3="f(9(3)="Ff@1=2
® (g9° )2 =9(f(2) = g(0) = 4

70. @ (foo)@)="f(g®)=f@)=2
(b) (g )P =09(f(3))=9()=2

71. Let f(x)=x* and g(x)=2x+1,

then (f o g)(x) =h(x). Thisisnot aunique solution.
Another possibility is f(x)=(x+1)*and g(x)=2x.

72.

73.

74.

75.

76.

77.

78.

79.

Let g(x)=1—x and f(x)=x%, then (f o g)(x) =h(x).
This answer is not unique. Ancther possibility is
f(X)=(x+1)>*and g(x)=—x.

Let f(x)=%x and g(x)=x*—4,

then (f o g)(x) = h(x). Thisanswer isnot unique.
Other possibilities are

f(x)=3x—-4 and g(x) = x* or

f(x)=3~x and g(x) = 4— x or

f(x)=¥x and g(x) = (* - 4)°.

Let g(x)=9-x and f(x) = /X,

then (f o g)(x) =h(x). Thisanswer isnot unique.
Another possibility is f(x) =49+ x and g(x) =-x.

Let f(x):land g(x)=x+2,
X
then (f o g)(x) =h(x). Thisis not a unique solution.

Other possibilities are

f(X) =—— and g(x) = xor f (x) =—— and
X+2 X+1

g(x) =x+1.
Let g(x)=5x+2 and f(x)=iz,then (f o g)(x) =h(x).
X
This answer is not unique. Ancther possibility is
f(x)zi and g(x) = (5x+ 2)%.
X

Let f(X) = 2+ 2x and g(x) = x + 4, then (f o g)(x) = h(x).
This answer is not unique. Another possibility isf(x) = x
and g(x) = (x + 4)% + 2(x + 4).

Let g(x)=x+3 and f(x)=x¥?+4x¥2

then (f o g)(x) =h(x). Thisanswer isnot unique.
Another possibility is f(x) = (x+1)¥ +4(x+1)"? and
g(x) =x+2.

_ 31
@ TX=RX)+B(x)= 4x+15x
(b) 300

0

(c) B(x) contributesmoreto T(x) at higher speeds.
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80. (a)

83. (3 SinceT =§+S, T=(973+137)+ (349 + 72.4)

(b)

Year | 2002 | 2003 | 2004 | 2005

yi | 22292 | 23852 | 252.88 | 266

Y, |1115.36 [1222.46 | 1325.84 | 14255
y; | 14412 | 151.82 | 159.28 | 1665

Year | 2006 | 2007 | 2008 | 2009
y, |277.88 | 28852 | 297.92 | 306.08
Y, |1521.44 [1613.66 | 1702.16 | 1786.94
ys | 17348 [180.22 | 186.72 | 192.98
Year [ 2010 | 2011 | 2012

y, | 313 | 31868 | 323.12

y, | 1868 |1945.34 | 2018.96

ys | 199 | 204.78 | 210.32

The models are a good fit for the data. The variation

of the model from the actual datais small in
comparison to the sizes of the numbers.

T =13? + 724t + 1322

3000

81.

82.

Section1.6 ..Combinations of Functions 105

(b) =000

@

(b)
(©

e

DJIRE]

0 13
0

yr representsthetotal out-of-pocket payments,

insurance premiums, and other types of paymentsin
billions of dollars spent on health consumption
expendituresin the United States and Puerto Rico
for each year t.

X
r(x)=—
() >
Ar) = zr?
(Aer)(x) = Ar(x))
X x) 1
=Al—|=x| — :—ﬂ'xz
UG
Aor representsthe area of the circular base of the

tank with radius g

(Aer)(t) = Ar(t)

= A(0.6t)
= 7(0.6t)* = 0.36t>

(Aor)(t) givesthe areaof thecircle asafunction of time.

84. (@ Since P=R-C, P=(341+32) - (254 - Ot + L1t?) - (341 + 3.20)

(b)

P = -11t% +12.2t

450

———_r

0

+ 87
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106 Chapter 1 Functions and Their Graphs

85. (a)

86.

87.

88. (a)

(N = T)(t) = N(T(1))

N(2t + 1)

10(2t + 1)° - 20(2t + 1) + 600
40t> + 590

N o T represents the number of bacteria after
t hours outside the refrigerator.

(b) (N o T)(12) = 10(25%) — 20(25) + 600 = 6350

There are 6350 bacteriain arefrigerated food
product after 12 hours outside the refrigerator.

(c) 40t% + 590 = 1200

40t? = 610
t? = 15.25
t =139

N = 1200when t = 3.9 hours.

€) Area=zr?, r(t) =5.25\t. Hence
(Aor)(t) =] 525Vt | =27.5625t, 120
(b) (Aor)(36)=27.56257(36) = 992.257

=~ 3117 square meters
(c) A=6250=27.56257t =t ~72.2 hours

First, write the distance each plane is from point P.

The plane that is 200 miles from point P istraveling at
450 miles per hour. Its distanceis 200 —450t. Similarly,
the other plane is 150 — 450t from point P.

So, the distance between the planes s(t) can be found

using the distance formula (or the Pythagorean Theorem):

S(t) = /(200 - 450t)? + (150 — 450t)°
S(t) = 507162t — 126t + 25

R(p) = p — 2000

(b) S(p) = 0.91p

© (R S)(p) = 091p — 2000

Thisisthe cost if the discount is taken before the
rebate.
(S R)(p) = 0.91(p — 2000)
Thisisthe cost if the rebate is taken before the
discount.
(d) (Ro S)(24,795) = $20,563.45
(S o R)(24,795) = $20,743.45
The discount first yields alower cost because the

discount is applied to the full amount and then the
rebate istaken.

89. False. g(x)=x-3

90.

91.

92.

93.

94.

95.

True. (fog)(x)=f(g(x)) isonly defined when g(x)
isin the domain of f.

@ If f(x)=x* and g(x):Xle, then

(1Y 1
L e e e )
o) If f(x)=XT12 and g(x) = 2, then
F(G0) =— 5 #h(x).

(¢) If f(x)=% and g(x) = (x—2)?, then

f(g(x))=ﬁ: h(x).

Let f(x) and g(x) be odd functions, and define
h(x) = f(x)g(x). Then
h(=x) = f(-x)g(-x)
=[-f(X)][-9(x)] sincef and g are both odd
= f(3)9(x) = h(x).

Thus, hiseven.

Let f(x) and g(x) beeven functions, and define
h(x) = f(x)g(x). Then
h(=x) = f(-x)9(-x)
= f(x)g(x) sincef and g are both even
=h(x).
Thus, hiseven.

The product of an odd function and an even function is
odd. Let f be odd and g even.

Then (fg)(=x) = f(=x)g(=x) =—f(x)9(x) = ~(fg)(x).
Thus, fg isodd.

Let A, B, and C be the three siblings, in decreasing age.

Then A=2Band B=%C+6.
@ A:28:2(%C+6j:€+12
(b) If A=16,then B=8and C=4.

From Exercise 94, A= 2B and B:%C+6.

(& 2(B-6)=Cand B:%A Hence,

C =2(%A—6]= A-12.

(b) If C=2,then B=7and A=14.

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Section 1.7

96. () Matches L, because each Svalueishalf the 97. Three points on the graph of y=-x*>+Xx-5
p-value. are (0, -5), (1, —5), and (2, - 7).
(b) Matches L, because each Svalueis5 lessthan the
p-value. 98. Three points on the graph of y= % XX —4x*+1

(c) Matches L, because (g o f)(p) represents
subtracting $5 after applying a 50% discount.
(d) Matches L; because (f o g)(p) represents

subtracting $5 from the price and then taking a
50% discount.

are (0,1, (1, —2.8), and (-1, —-3.2).

99. Three pointson the graph of x? + y? = 49 are
(7,0), (-7, 0), and (0, 7).

100. Three points on the graph of y=

x> -5

are (0, 0), (l, —%) and (—1, %)

Inverse Functions 107

Section 1.7 Inverse Functions
1. inverse, f 10. f(x) = x+3
2. range, domain f(x) = x-3
3 y=x f(f(x) = f(x-3) = (x-3) +3=x
4 oneto-one f2(f(x) = f(x+3) = (x+3) -3=x
5. If afunction is one-to-one, no two x-values in the domain X —1
can correspond to the same y-value in the range. 11. f(x) = 2
Therefore, a horizontal line can intersect the graph at a
most once. fH(x) = 2x+1
6. No. If both the points (1, 4) and (2, 4) lieonthe graph f(f’l(x)) = f(2x+1) = 2 +21_ 1_ %X =
of afunction, then the function is not one-to-one; it would
not pass the Horizontal Line Test. f—l(f(x)) _ f-{x - 1j _ Z(X 1) i1
¢ 2 2
7. (x) =6x Cx—1+1= x
f(x)==x
12. f(x) = 4x-1)
f(1(0) = 1 §x)=o] 3x)-x 09 = 4 1
f(fi(x) = f(3x+1) =4(3x+1 -1
£(£(x)) = £ (6x) == (6%) = x (170) (1“ )= A1) -
L = 439 = x
8. f(x):gx fHf(x) = FH4x-1) =3(4x-1)+1
f(x)=3x =x-1+1=xX
_ 1
f(f 1(x))=f(3x)=§(3x):x 13 f(x)=%x
(1) = 1 3= 2] =x (0=
F£7(x))=f(x°) =% =x
9. f = 11
(x) = x+ f’l(f(x))zf’l(i‘/;)=(§/§)3=x
f(x) = x-11
f(f(x) = f(x—11) = (x - 1) + 11 = x
f2(f(x) = fH(x+11) = (x+11) =11 = x
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108 Chapter 1 Functions and Their Graphs

14.

15.

16.

17.

18.

10.

20.

Theinverseisalinethrough (-1, 0). Matches

graph (c).

Theinverseisalinethrough (0, 6) and (6, 0). Matches
graph (b).

Theinverseis half aparabolastarting at (1, 0). Matches
graph (a).

Theinverseisareflectionin y=x of athird-degree
equation through (0, 0). Matches graph (d).

The graphs are the same.

22.

23.

0 15

Reflectionsintheline y=x

f(x)=9-x% x>0
g(x):\/m, Xx<9
f(g(x)): f(\/ﬁ):Q—( 9—x)

=9-(9-x)=x

o(1(9) <9[0 = (9-(5- ) =< =

2

15

Reflectionsintheline y=x
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0 6

Reflectionsin theline y = x

2X+6
- @ f(g(X))=f[- 2 ] 2. (a) f(g(x)):f(4x+9)=w=x
=_Z(_2X+6J_3=X X—9 x—9
5 7 g(f(X))=g(T]:4[T]+9:X
a(1(9) =g ~7x-3) © /
:_2(‘%"—7‘5”)*6:)( 9*;{9
(b) : =
f
8
IR\ © v=22° X % |
s 177 S
Y, =4X+9 i e
= 1 1 1
Y, =Yi(Y,) 5 5 5
© le_gx_s Y, =Y,(Y) 9 9 9
2X +6 3
Y, =-= 27. (@ f(g(x))zf(é/x—5)=(3x—5) +5=X
s =Yi(Y,) 9(f(x))=g(x* +5) = (x* +5)-5=x
Y, =Y,(Y)
() 8
X Y Y, /'
-4 -4 -4 _7 [ f”fﬂ_gpn
2| 2| =2 —t
0 0 N
Y, =YX-5 -2 —2 —2
Y3:Y1(Y2) -1 -1 -1
B 0 0 0
Y =Y,(0) o0
4 4 4
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0 @ tiow-i(m)- L2 0 @ (o)

(
o(f(x)) = g[%}—#@: x

Il
—
N

x
IS
w |+
=
o
~—

=4l3[ 0]—1O—xx>0
(b) ; 9(f(x) = g(¢/3x-10
% 4 4
. . (¥3x-10) +10 3¢ 10410
N =X X2 10
X3 3
© Y=2 x v [V o
2 2 | 2 | -2 s
=X2X o] 0o o
Y =Yi(Y,) 2 2 2 ﬁ____f_
Y, =Y,(Y,) 4 4 4 -1 14
4 2\ 1 6 6 6 =
20. (8 f(g(¥)=f(8+x%) © Y, =%3x-10
4
= JB+x)-8 v, = X ;:10,X o
— 2 _ () —
=\ =—(-x)=x, x<0 Y, = Y,
9(f(x)) = 9(-vx—-8) Y = V(%)
=8+ (—/x-8)? -
=8+(x-8)=x, x28 X5 45| 7 |10
() 24 Y;| 0|42 |45 |¢11 |¥/20
‘ X |0 |42 45|41 Y20
Y, | 2| 4 5 7 10
-9 36
f
s )
1. & fgx)="f|=
© Y-8 T T @ f@0) (Zj
Y,=8+x",x=0 8 8 8 _2( J—
Y, =Y,(Y,) 9 9 9 2
Y, =Y,(Y) 12 | 12 | 12 9(f(x)=09(2%)
15| 15 | 15 ox
20| 20 | 20 =5 =X
(b) 4
i
8
64 6
—4
© Y=2x x v, |y,
v, =2 4 |4 |4
2 2 [ 2 | -2
Y, =Y,(Y,) 00 o
2 2 2
Y, =Y, (Y,
>(Y) R B
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Section 1.7 Inverse Functions 111
X—-5 X-5 2x+3
2. f(g(x)) = f| - =-3- +5 34. f(g(x))=f
2. @ f(9(x) ( 3j 3[ 3] @ () (X_lj
=X-5+5=xX (2X+3j+3 5x
-3x+5 -5 _ o a1
of(4) = g-3x -5 = "X+ T WA R
3 2x+3 5
3x 1% X
= ? =X X
X+3
g(f(x) = g[—}
(b) 4 X—
h
\-\ o X*3) 3 5x
- ¢ X— X=2
= = =X, X#2
\f x+3) 4 5
) X—2 xX-2
(© Y,=-3%+5 (b) 8 —
Y2 = —X —5 8 \“‘-\_._ii
3 ~10 B 1
Y; = Yi(Y2) T
Y, = Yo(Yy) -
X+3
x|-5]-3[o| 4] 10 © Yi="— X | % |V
Y; {20 |14 |5|-7|-25 2%+3 2| -2 | -2
Y, = 1 -1 ] -1 ] -1
X[20[14[5]-7]-25 y _YX(;) o] o o
Y,|-5]-3]0] 4 | 10 B2 1 1 1
Y4:Y2(Y1) 3 3 3
B.@  fgi)=f _5x+1 35. Yes. No two elements, number of cans, in the domain
' x—1 correspond to the same element, price, in the range.
[_ 5X+1J_1 6X 36. No. Both elements, % hour and 1 hour, in the domain
_ 5x—ll _ Xgl —x x#1 correspond to the same element, $40, in the range.
X+
(_ x—1 )+5 x—1 37. No. Both x-va_llua —3 and 0O, in the domain correspond to
1 the y-value 6 in the range.
X_
9(f(x) = 9( r 5] 38. Yes. No two x-valuesin the domain correspond to the
same y-value in the range.
Xx-1 6X
st = 39. Not afunction
X+5 _x x#-5
( x—lj_1 6 ’ 40. It isthe graph of afunction, but not one-to-one.
X+5
X+5 41. Itisthe graph of a one-to-one function.
(0 A ° 42. ltisthe graph of aone-to-one function.
;,_,-f'. f
-12 = 12 43. ltisthe graph of aone-to-one function.
EF g .
v 44. Not afunction
-10 . 1
45. f(x)=3-=x
y-X1 x|y |v 2
© Y= X+5 3 4 f is one-to-one because a horizontal line will intersect the
-2 | 2 -2 graph at most once.
v, __5x+1 = 1 )
x-1 0] o | o
Y, =Y,(Y,) 1 1 1 ‘H‘x\
Y, =Y,(Y,) 2 | 2 2 . .
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112 Chapter 1 Functions and Their Graphs

46.

47.

49.

50.

f(x) =2x°+5

f does pass the Horizontal Line Test, so f is one-to-one.

10

K_/_/_o—'_'_'_’

Py

-2

X2

h(x) =
() x2+1

h is not one-to-one because some horizontal lines
intersect the graph twice.

3

-1

4-X
X) =
900 ="

g does not pass the Horizontal Line Test, so g is not
one-to-one.

6

|

-2

h(x) =16 - x?

h is not one-to-one because some horizontal lines
intersect the graph twice.

6

an

-2

f(X) = —2x/16 — x*

f is not one-to-one because it does not pass the Horizontal
Line Test.

16

i

51.

52.

53.

55.

f(x)=10

f is not one-to-one because the horizontal line y=10
intersects the graph at every point on the graph.

14

-2
f(x)=—-0.65

f is not one-to-one because it does not pass the
Horizontal Line Test.

2

-2

90 = (x+5°

g is one-to-one because a horizontal line will intersect the
graph at most once.

4

R
[

f(X)=x*-7

f is one-to-one because it passes the Horizontal Line Test.

10

f

-10

h(x) =[x|~[x -4

h is not one-to-one because some horizontal lines
intersect the graph more than once.

8
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x—9 3x+4
56. f(x)= —| | 61. f(x)= 6
|x+7] /
; - . 3x+4
f is not one-to-one because it does not pass the Horizontal y= -0 o
Line Test. 5
1 x=y+4 —~
5
- __/\/\_h ° 5x=3y+4
5x—-4=3y
5x—-4
-3 =
3
57. y —
£1(x) = 5x-4
NI 3

58.

59.

60.

The graph of the function passes the Horizontal Line Test

and does have an inverse function.

y

The graph of the function does not pass the Horizontal
Line Test and does not have an inverse function.

f(x)=x*

f is not one-to-one.
For example, f(2)=f(-2)=16.

5

-4 4

1

g(x) =x*-x*
g is not one-to-one.
For example, g(1) =g(-1) =0.

1

-4 4

f is one-to-one and has an inverse function.

62. f(x)=3x+5 1

y=3x+5 ® —
X=3y+5
X—-5=3y
X-=5 -7
T—y
o x—5
f (X)_T

f is one-to-one and has an inverse function.

63. f(x)= iz is not one-to-one.
X

For example, f(1) = f(-1)=1.

5

-4 4

4 .
64. h(x)=—; isnot one-to-one.
X

For example, h() =h(-1) =4.

7

-1

65. f(X)=(x+3)% x=-3,y=0 5

y=(x+3)% x=2-3, y>0 /
x=(y+3)% y=-3 x=0 a

\/;:y+3, y>-3 x>0

y:\/;—S, x=0,y>-3

f is one-to-one and has an inverse function.

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.




114 Chapter 1 Functions and Their Graphs

— N ~Y 2
66. 90 =(x-5) . 70. f(x) = ZX Xz 0 isone-to-one.
y=(x-5)?, x<5 X+
2
x=(y-5)%, y<5 f(x) = 2X ,Xx20,0<y<1
~ x“+1
_\/;zy_slyss 2 10
-1 X2
y=—VX+5 y ==
. . . x“+1
g is one-to-one and has an inverse function. )
y
X =
2
67. f(x)=\/2x+3:>x2—§,y20 y"+1
3 Xy +1) =y
y=+/2X+3, XZ_E’ y=0 X2+ X = Y2
2 _ 2 _ _
x=«/2y+3,y2—§,x20 e -y X
2 , y?(x = 1) = —x
x2:2y+3,x20,y2—5 > X
y =
W _3 1-x
y= , X220, y=>2—— X
2 y = 1 ,0<x<lLy=>20
- X

. f’?%Lffﬁg

L

-2

68. f(x):ﬁ:xzz,yzo
y:m,xzzyzo
X=4Y-2,y22,x20
X¥=y-2,x20,y>2

XX+2=y,x20,y=2
f is one-to-one and has an inverse function.

7

/

-

69. f(x)=|x-2,x<2 y20

f(x) = /%,0Sx<],y20

f does have an inverse.

2

0 3
0
71 f(x) =4x-9
y=4x-9
X=4y -9 o
X+ 9 =4y
x+9_y
4
X+9
f(x) =
(="

Reflectionsintheline y = x

y=[x-2|

x:|y—2|, y<2, x>0

x=—(y—-2) since y—2<0.
X=-y+2
y=—X+2,x20,y<2

f is one-to-one and has an inverse function.

o 72. f(x)=3x 4
y=3X f F!
0 X=3y -6
X 4
! 37 -
a X
=3

Reflectionsintheline y=x
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Il

|
x
AL
o

B f=x - 9. (%)
-1
y=x° / 7

x=y° ° y =
y=%x ‘/ﬁ
(%) =¥x

Reflectionsintheline y=x

74 f()=x*+1 4
y=x>+1 jf f! y =3

x=y'+1 - j )
- = 3/—
X—1=y? -//L f(x) i 0

Yx-1=y N Reflectionsintheline y = x

f(x)=¥x-1

Reflectionsin theline y = x 80. f(x)=

75 f(x)=x,x<0y=0 6 y=

y=x4 f&
-9 9

x =y — X=
_4x = y f
fix) = —/xx20y<0 -6 2 =
Reflectionsintheline y = x

y
76. f(x)=x% x=0 4 y=%,x>0
:X2 1

Y / . 36
X=y? f7(X)=—, x>0

X
Ix=y .
(%) =X °
Reflectionsintheline y=x 81. Ifyoulet f(x)=(x—2)% x=2, thenfhasaninverse

function. [Note: You could also let X< 2.]
_ 2
77.  f(X)=+4-x°,0<x<2 3 y=(x=2)

y=va-x s x=(y-2
x=14-y? N Yx=y-2

Reflectionsintheline y=x

X2 =4y 0 4 Jx+2=y
0
y'=4-x° fx)=vx+2
y=v4-x* Domain of f: x>2  Rangeof f:y>0
f(x)=v4-x*, 0<x<2 Domain of f*: x>0 Range of f*:y>2
The graphs are the same.

78 f(X)=+16—x2, —4<x<0 4
y=v16-x f”f
x:\/m, -4<y<0
x*=16-Vy* -
Yy =16-x
y=—16-x

f(x) = 16— x?, 0< x< 4

Reflectionsintheliney=x
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82. Ifyoulet f(x) = x* + 1, x = 0, then f hasaninverse 86. If youlet f(x)=(x—4)?, x>4,thenfhasaninverse
function. [Note: You could alsolet x < 0.] function. [Note: You could also let x<4.]
y=x*+1 y=(x-4)
Xx=vy"+1 x=(y—4)
x-1=y* \/;=Y—4
Yx-1=y y=~/x+4
() = ¥x-1 Foo=Vx+4
Domainoff:x > 0 Rangeoff:y >1 Domain of f:x>4  Range of f :y>0
Domainof f 1:x > 1 Rangeof f 'y >0 Domain of f*:x20 Range of f":y>4
83. Ifyoulet f(X)=|x+2), x=-2, thenfhasaninverse 87. Ifyoulet f(x) = -2x* — 5,x > O,then f hasan
function. [Note: You could also let X< -2 inverse function. [Note: You could also let X < 0.]
y=X+2 y=-2x2-5
X=y+2 x=-2y*-5
X-2=y X+ 5= -2y?
f(x) = x—2 _XES e
2
Domain of f: x> -2
X+ 5
i A =Y
Domainof f x>0 2
- X+5
Rangeof f:y>0 F4(%) = /- >
Rangeof fty>-2 Domainof f:x > 0 Rangeoff:y < -5

_ Domainof f1:x < -5 Rangeoff 11y >0
84. If youlet f(x)=|x—2], x>2, thenfhasaninverse

ion. : <2
function. [Note: You could dlsolet x< 2] 88. Ifyoulet f(x) = %xz + 1, x > 0, then f hasaninverse

=X-2
i—y—z function. [Note: You could asolet x < 0.]
X+2=y y = %xz +1
FHX)=x+2
1 2
X==-y +1
Domain of f: x> -2 Rangeof f:y>0 2
1
Domainof f :x>0  Rangeof f:y>-2 Xx-1= Ey2
85. If youlet f(x)=(x+3)? x=>-3 thenfhasaninverse 2x-1) =y?
function. [Note: You could also let x<-3.] 2Ax-1) =y
y=(x+3)° f(x) = /2(x - 1)
x=(y+3)° or
Px=y+3 f(x) =/2x -2
y=/x-3 .
Domainoff:x >0 Rangeoff:y >1
f(x)=y/x-3

Domainof f1:x >1 Rangeoff 1y > 0
Domain of f: x>-3 Range of f:y>0
Domain of f: x>0 Range of f™:y>-3
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89.

90.

91.

92.

93.

94.
95.

96.

97.

98.

99.

If you let f(x) =|x—4|+1, x4, thenf hasan inverse
function. [Note: You could also et x < 4.]
y:|x—4|+1
y=X-3 because x=>4
X=y-3
y=X+3
fH(x)=x+3

Domainof f: x>4
Domain of f™: x>1

Range of f:y>1
Range of ™ y>4

If youlet f(x)=—|x—1-2, x=1, thenfhasaninverse
function. [Note: You could also let X <1

y=—|x—1-2=~(x—1)- 2 because x>1

y=-x-1

x=-y-1
X+1l=-y

X)) =—x-1

Domain of f: x>1  Range of f: y<-2

Domain of f: x<-2 Range of f™ y>1

X | x | (%) A

—2| -4 4| -2 31

-1 2 2| -1 .l

1 2 2 1 1+

3| 3 L

31 8 Voot

Nl
.l

N
|
w
|
w
N

3|2 -2| 3
1] 0 0| -1
—2] 6 6| -2

f(~4) = 4because f(4) = —4.
97'(0) = -2 because g(-2) =0.
(foQ)(2)=1(3)=-2
9(f(-4)=9(4)=6
f(9(0)=f"(2)=0

(g7 N@=g"(-2)=-3

(9o F)(2)=9(0)=2

100.

101.

102.

103.

104.

Section 1.7 [Inverse Functions 117

(freg™)(6)=fH(g™(6) =f"(4)=—4
fO)=x3+x+1

(8) and (b)

() Thegraph of theinverserelationisaninverse
function since it satisfies the Vertical Line Test.

f(X)=xJ4-x°

(8) and (b)

R

-2
(c) Not aninverse function since it does not satisfy the
Vertical Line Test.

3x?

f(x)=
) x*+1

(8) and (b)

4

S

-4

The graph of the inverse relation is not an inverse
function since it does not satisfy the Vertical Line Test.

M
VX% +15

(8) and (b)

f(x) =

7!

-4

(c) Inversefunction sinceit satisfiesthe Vertica Line
Test.

In Exercises 105—110, f (x) = %x —3,f(x) = 8(x + 3),

g(x)=x%, g*(x) = ¥x.

105. (f1ogh)@) = fH(g7*() = fﬁl(%ﬁ)

=8(11+3)=8(1+3) =32
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118 Chapter 1 Functions and Their Graphs

106. (g o f1)(=3) =g ™(f *(-3)) = g (8(-3+3))
-g'(0)=30=0

107. (e f71)(-6) = f(f7(-6))

f(8[-6 + 3])

= f(-24) = §(-24 + 3) = -168

108. (g™ ° g*)(4) = g™(g7(4))

g(¥4)
=331 = ¥4

109. f(x) = §x + Jandgi(x) = ¥/x.

|
o]
-
2
x
+
R

110. g*(x) = ¥/x and () = §x + 3).

In Exercises 111-114, f(x)=x+4, f (x)=x—4,

o(x)= 2x—5, g (x) = X;5.

111 (gte F () =g (f (X))
=g (x-4)
_(x=4+5
T2
_ X+1

2

112. (frog™)(x) = f (g™ (X))

—ft X+5
2

113. (fog)(X) = f(g(x)) = f(2x—-5) =(2x-5) + 4=2x-1.
Now find the inverse function of (f o g)(x)=2x-1.
y=2x-1
x=2y-1
X+1=2y
_x+1

2
- XL
(feg) ()= >

Notethat (f o g)™(x)=(g™ o f)(x); see Exercise 111.

114.(g° F)(¥) = 9(f (X)) = 9(x+4) = 2(x+4) -5
=2x+8-5=2x+3.
Now find the inverse function of (go f)(x)=2x+3.
y=2x+3
X=2y+3
X—-3=2y
X-3

I y

(g0 )20 =222

2
Notethat (go f)™*=f"og™

115. (@) Yes, fisone-to-one. For each European shoe size,
thereis exactly one U.S. shoe size.

(b) f(12) = 44
(c) f7(43) = 10 because f(10) = 43.
(@ f(f*(41)
(@ f(f(12)

t(8) = 41

f(45) = 12

116. If two functions are inverse functions of each other, then
9(g7(x) = g(9(x)) = x. s0 g(g(6)) = 6.
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117. () CALL MELATER corresponds to numerical
values: 3112120135012120518. Using fto
encode,

f(3)=19
fO=9
f(12) =64
f(12) =64
f(0)=4
f(13) =69
f(5) =29
f(0)=4
f(12)=64
f@=9
f(20) =104
f(5) =29
f(18) =94

(b) For f(x)=5x+4, f*l(x)=X;4.

Using f* to decode, f(119) =23
f(a4)=8
f1(9) =1
£-(104) = 20
f(4)=0
£-1(104) = 20
£-(49)=9
f(69) =13
f-(29)= 5

Converting from numerical values to letters, the message
isSWHAT TIME.

118. (8 y = 12 + 0.55x

X =12 + 0.55y

X — 12 = 0.55y

Xx-12

0.55

So, y! = X 12, where y! isthe number of
0.55

units produced while x isthe hourly wage.

(b)
0 60

0
(c) When y* = 9, x = $16.95.
(d) When x = $21.35, y* = 17 units.

Section 1.7 [Inverse Functions 119

119. False. f(x)=x’ iseven, but f ™ does not exist.

120. True. If (O, b) isthe y-intercept of f, then (b, 0) isthe
x-intercept of 7.

121. Yes. Theinverse would give the time it took to complete
nmiles.

122. Thissituation could not be represented by a one-to-one
function. Since the population was the greatest in 2012,
it would have increased sometime from 2005 to 2012,
reached amaximum in 2012, and would have decreased
sometime from 2012 to 2015. Therefore, the graph would
not pass the Horizontal Line Test, and not be one-to-one.

123. No. The function oscillates.

124. This Situation could not be represented by a one-to-one
function because height remains constant after acertain age.

125, The graph of f*isareflection of the graph of f in the
line y=x.

126. If the domain of fis [0, 9] and therangeis [-3, 3], and

sincethe graphs of f and f can be described asif the
point (a, b) lies on the graph of f, then the point (b, a) lies
on the graph of f %, then the domain of f is [-3, 3] and
therangeis [0, 9].

127. (@) Thefunction f will have an inverse function because
no two temperatures in degrees Celsius will
correspond to the same temperature in degrees
Fahrenheit.

(o) f(50) would represent the temperature in degrees

Celsusfor atemperature of 50° Fahrenheit.

128. Yes. The function would pass the Horizontal Line Test
and therefore have an inverse function.

129. The constant function f(x)=c, whose graphisa
horizontal line, would never have an inverse function.

130. (& No, the graphs are not reflections of each other in the

line y=x.

(b) Yes, the graphs are reflections of each other in the
line y=x.

(c) Yes, the graphs are reflections of each other in the
line y=x.

(d) Yes, the graphs are reflections of each other in the
line y=x.

131. We will show that (f o g)™(x) = (g™ o f)(x) for dl xin
their domains.
Let y=(fog)"(x)=(fg)(y)=xthen
f(a(y))=x= () =g(y).
Hence,
(@ e F ) =g (F (X)) =g (ay) =y=(f 2 9)*(¥).
Thus, glo ft=(fog)™
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120 Chapter 1 Functions and Their Graphs

132. If fisone-to-one, then f *exists. If fisodd, then
f(=X)=—f(x). Consider f(x)=y<« f(y)=x. Then
f(-y) = £ (=F(X) = FH(F(-x)) =—x=-F"(y).

Thus, fisodd.

3
133, 237" —9x, x#20

XZ

5x2y2 + 25x%y  5X’y(y + 5)
Xy + 5x X(y + 5)

134. =5xy,x(y+5 #0

X*-36 _(X-6)(Xx+6) X+6 _
6-X —(x—6) o1

135. —X—6, X6

x*+3x—-40 (x—5)(x+8) x+8 «

136. — = )
x°=3x-10 (x=-5(x+2) x+2

#5

Chapter 1 Review

1 y=—3x+2
X -2 0 2 3 4
y 3 2 1 3 0

Solution point | (-2, 3) | (0, 2) |(2.1) | (3 %) | (4 0)

Solution point | (-1, 7) | (0, 0) |(3, —9)|(4, —8)| (6, 0)

x
8 10 12
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137. x=5. No, it does not pass the Vertical Line Test.
138. y-7=-3
y=4

Yes, y isafunction of x.

139. 2 +y =5
y=-x2+5

Yes, y isafunction of x.

140. x—y*=0
y =X

y=+Jx

No, y is not afunction of x.
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3. y=3ixt-9¢ 6. y=xJx+4

-90

-

Intercept: (O, 0)

7. y=17,500-1400t, 0<t<6

[\ / @ [Xmin=0
- ° X max =6
/ \/[ Xscl =1
e Y min = 9000
Intercepts: (0, 0), (+4, 0) imlax :Olci,)OOO
sl =
5. y=xy9-x° (b) 8%

6

-9 9 0 e e 6
U 9,000

() When y=$11,900, t = 4.

-6

Intercepts: (0, 0), (£3, 0)

8_ (a) 4000
0 15
0
(0) Y ear 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 2011 2012 2013
Revenue | 261.6 | 295.9 | 377.3 | 505.7 | 681.3 | 903.9 | 1173.6 | 1490.4 | 1854.2 | 2265.2

(©0 When R =1500,t = 6.96. So, 2007 isthefirst year that the revenues exceed $5 billion.

9 y 10. f
8+ 3+
)t
6+ 1+
4 x
(=3,2) (®,2) -4 -2 -1 12 4
‘ ‘ 3.-0 1 (3,-1)
4 22 > 4 6 8 -3+
-2+ 44
-4+ 54
o 272 _0 I e G N I
8-(-3 11 -3-3 6
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122 Chapter 1 Functions and Their Graphs

11 "
10+
59 |
6t
44
24
—150 —; —g (iS,il) ; *
ol
9 - (-1
= # = E; m is undefined.
5 (5
12. Y
41
2t 8.2)
n
MEERRETEN
Sl 8, —1)
sl
-4+
sl
2-(-1
m= 220D _ 3 s undefined.
8-8 0
13. 1
61
) (:3)
)
L X
/ 2 4 6
Y
o B2-1_32_3
5-(32 72 7
14. y
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15. y

m=_2°-6 _-8_ 30_
21-(-45) 66 66

16. "

18-(-63 _81 _,
0-(-27) 27

17. (d y+1=%(x—2)
vy + 4 =x-2
-X+4y+6=0

(b) Three additional points:
(2+4,-1+1) = (6,0)
(6+4,0+1) =(10,1)
(10 + 4,1+1) = (14,2)

(Other answers possible.)

18. (a) y—5:—g(x+3)
2y—-10=-3x-9
3Xx+2y-1=0

(b) Three additiona points:
(-83+2,5-3)=(-1 2
(-1+2,2-3)=(1 -2
(1+2 -1-3)=(3 -4)

(Other answers possible.)



19. (@

3
+5=—-——(x-0
y S(x=0)

3

+5=-=X

y 2

3
=—-——X-5

y 2

3xX+2y+10=0

(b) Three additiona points:

(0+2-5-3) =(2-8
(2+2,-8-3) = (4,-11)
(4+2,-11-3) = (6,-14)

(Other answers possible.)

4
20. (a) y—1=g(x—0)
4
-1=—=x
y 5
4
-——X+y-1=0
5 y

21.

22.

23.

4x -5y +5=0

(b) Three additional points:
(0-51-4) = (-5-3
(0+51+4)=(55)
(5+55+4) = (10,9

(Other answers possible.)

(@ y-6=0x+2)=0
y=6 (horizonta line)
y—6=0
(b) Three additional points:
(0.6), 1 6), (-1 6)
(Other answers possible.)
(@ y-8=0(x+8)=0
y=8 (horizontal line)
y—-8=0
(o) Three additional points: (0, 8), (1, 8), (2, 8)
(Other answers possible.)

2 -1, -1
Thelineis horizontal.
y-(-1)=0(x-2)
y=-1
1
-3 3

-3

24,

25.

26.

Chapter 1 Review

(0, 0), (0,10)
_10-0_10
0-0 0

The slope is undefined and the lineis vertical.
x=0

33— (=
L 3-( _4
5.5 0
6 6
The slope is undefined and the line is vertical
5
X ==
6
6
-6 6
s
3
4_4
m = 3 3 = 9 =0
9-7 2
Thelineis horizontal .
4
-—=0xx-7
y-5=0x-7)
gyt
3
2
-3 3

123
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124 Chapter 1 Functions and Their Graphs

27. (-1, 0

28. (16), (42

29. (3 -1), (-3 2)

m= = =
-3-3 -6 2
) L . 76\
—_(— = —— X_
y-(-1 2( )
1.1 -
y 2 2
SETI p—
ol o m
m=—~_ __J9_="
_§ 27

7
el

14 62
y="—X+—
27 27

3l. 5x-4y=8 = yzéx—z andm:E
4 4
(a) Paralel slope: m:%

y-(-2)=2(x-3)

4y +8=>5x-15
0=5x-4y-23
5 23

=—X—-—
=272
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32.

33.

35.

36.

(b) Perpendicular Slope: m= _%

4
—(-2)=—-=(x-3
y-(-2) 5(>< )
Sy+10=-4x+12

4x+5y-2=0

y 5 5

2

SN

LA

-6

2x+3y=5 = y:—§x+§ andm=-=

(@ Parald sope m:—%

2
y—3=—§(x+8)
3y-9=-2x-16
2Xx+3y+7=0
o2y 2
3 3

(b) Perpendicular slope: m :g

3
-3=—(x+8
y > (x+8)
2y—-6=3x+24
3x-2y+30=0
3
=>x+15
y 2X

30

—40 \/ 20

S

-10

(@ Not afunction. 20 is assigned two different values.

(b) Function

(@ Function

(b) Not afunction. w is assigned two different values

and u is unassigned.

16x* —y* = 0= y = +4x

No, y is not afunction of x. Some x-values correspond to

two y-values. For example, x =1 correspondsto
y=4andy=-4.

X +y =64=y=+/64-x°

No, yisnot afunction of x. Some x-values correspond to

two y-vaues. For example, X = 0 correspondsto
y=8andy=-8.
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y=2x-3 48. (@ t |5 6 7 8

Thisisafunction of x. n(t) 64 | 63.8|64.9 | 65.2

y=-2x+10

Thisisafunction of x. t 9 0] 1 |12
n(t) | 66.95 | 68 | 68.35 | 68

y=41-X

Thisisafunction of x. (b)

Thisisafunction of x.

5. . PP )
f(x)=x*+1 *
@ f (1) 2 41=2 2013: 66.95 million; 2014: 65.2 million;
) 2015: 62.75 million; 2016: 59.6 million;
(b) f(-3)=(-8) +1=10 2017: 55.75 million; Answers will vary.
2
© f(b3)=(b3) +1=b"+1 49. f(x)=2x"+3x-1
2
@ f(x=1)=(x-1) +1=x"-2x+2 f (x+h)=2(x+h)’ +3(x+h)-1
- =2x?+4xh+2h*+3x+3h-1
g(x)=vx"+1 f(x+h)— f(x)
@ o(-1)=y(-1) +1=1+1=v2 h
(2x +4xh+2h? +3x+3n-1) - (2x° +3x-1)
() 9(3)=VvF+1=1/9+1=410 -
(© g(3x)= (3x)2+1= ox* +1 :4xh+2h2+3h
h
(d g(x+2)= (x+2)2+1:\/x2+4x+4+1 —4x+2h+3 h#0
=Vx*+4x+5 50. f(x)=x"—3x+5
2
. Thedomainof f(x) =" isall real numbers x 2. Flxeh)=(x+h) =3(x+h)+5
X+2 =x?+2xh+h*-3x-3h+5
2 2 2_ _ _ 2_
. Thedomainof f(x)=—~— istheset of all resl numbers. f(xrh)-f(x) _ ¥ +2xh+h’ —3x—3n+5-(x'~3x+5)
X“+1 h h
2xh+h?>-3h
f(x)=v25-x* B
25-x*20 _h(2x+h-3)
(5+x)(5-x)=0 B h
The domainiis [ -5, 5. =2x+h-3 h=0
51. 4
f(x)=vx*-16
x2-162>0 -6 6
x*>16 / \
Thedomainis (—ee, —4]U[4, ). -4
Domain: all real numbers x
(@ C(x) = 17,500 + 5.25x Range: y<3
(b) P(x) = R(x) - C(x)

P = 8.43x — (5.25x — 17,500)
P = 3.18x - 17,500
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126 Chapter 1 Functions and Their Graphs

52.

53.

55.

56.

57.

-1

Domain: all real numbers x
Range: [ 5, =)

9

-5
Domain: |5, «)
Range: (—o, 2]

8

N

-4

Domain: 36—x*>0= x*<36=-6<x<6
Range: 0<y<6

8

-1

Domain: all real numbers x
Range: [2, )

58.

59.

60.

61.

62.

63.

-5

Domain: all real numbers x
Range: [ -3, «)

y—4x=x
A vertical line intersects the graph just once, soyisa
function of x. Solve for y and graph y, = X* + 4x.

3x+y* -2=0
A vertical line intersects the graph more than once, soy is
not afunction of x. Solve for y and graph y, = -3x+2

and y, =—/-3x+2.
f(x)=x>-3x
@ 6

(b) Increasingon (—ee, —1) and (1, o)

Decreasing on (-1, 1)

A

—4

(b) Increasing on(3, <)
Decreasing on (—eo, —3)

f(x)=xJ/x-6

(a) 14

0

(b) Increasingon (6, <)
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64. f(x)=|x+8| _ 1x+3 x<0
4-x% x=0

@ 8 y

-4

(b) Increasing on (-8, <)

Decreasing on (—ee, —8)

65. f(x)=(x’ —4)2

20

—4
Relative minima (-2, 0) and (2, 0)
Relative maximum: (0, 16)

66. f(x)=x"—4x"-1

4

-12 ll 12

-12
Relative maximum: (0, —1)

Relative minimum: (2.67, —10.48)

3X+5 x<0
X—4, x>0

67. f(x) :{

-2

The graph is symmetric with respect to the y-axis. So,
fiseven.
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128 Chapter 1 Functions and Their Graphs

72. f(—x)= (—x)2 —(=x)-1

73.

74.

=x?+x-1
= f(x)
and f(-x)#-f(x)
f is neither even nor odd.

5

A

-

-3

The graph is neither symmetric with respect to the origin
nor with respect to the y-axis. So, f is neither even nor
odd.

72

-8

The graph is symmetric with respect to the y-axis.
So, fiseven.

(%) = 2(-%° = (%)

|

|
N
x

W
+
x

|
|
—_
N
>
W
|
x
a2

I
|
—
—
x
=

and f(—x) = —f(x)
fisodd.

s

-2

The graph is symmetric with respect to the origin. So, fis
odd.

75. f(-x) = 3(-x)72 = f (x) and f(=x) = —f(X)

76.

77.

78.

f is neither even nor odd.
(Note that the domain of fis x>0.)

5

A

The graph is neither symmetric with respect to the origin
nor with respect to the y-axis. So, f is neither even nor
odd.

f(=x) =3(=x)%° =3x¥° = f (x)
fiseven.

7

7

-1

The graph is symmetric with respect to the y-axis.
So, fiseven.

f(=x) = 2(-x)/4 — (-x)°
= —ZXM
= (/2 - )
-f(x)

fisodd.

4

Ly
W

4

The graph is symmetric with respect to the origin. So,
fisodd.

f(=X) = (=X)y(=x)* -1 u
=—xyx?-1 s / o

=—f(x) /
fisodd. -4

The graph is symmetric with respect to the origin.
So, fisodd.
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79.

80.

81.

82.

83.

85.

86.

Horizontal shift three unitsto the right of
1

x-3

f(x)=%: y=

Horizontal shift two unitsto the right, followed by a
vertical shift one unit upward of

f(X)=x% y=(x-2)*+1

Vertical shift three units upward of (x)=|x: y=|x|+3

Horizontal shift three unitsto the right, followed by a
reflection in the x-axisof f(x) = Jx: y=—Jx-3

y= f(—x)isareflection in the y-axis.

y

— W R LU %o
PN S
1

34

—4+4

y=—f(X)isareflection in the x-axis.

y

24
-3+
4+
5+
—6+
74
8+
9+

y=f(x—=1) isahorizontal shift one unit to the right.

Chapter 1 Review 129

87. h(x)=——6
X

1
@ fx==
X
(b) Thegraph of hisavertical shift six units downward
of f.
©

B T S e | e e s
5-4-3-2-1 | 1 23 45

@ hx)=fx)-6

8. h(x) = - +3
X

@ f(x)= %

(b) The graph of hisareflectionin the x-axisand a
vertical shift three units upward of f.

(d) h(x) = —f(x)+3

89. h(x)=(x-2)*+5
@ fx=x°
(b) Thegraph of hisahorizontal shift of f two unitsto

the right, followed by a vertical shift five units
upward of f.

(© y

(d h(x)=(x-2)°+5=f(x-2)+5
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130 Chapter 1 Functions and Their Graphs

90. h(x) = (-x)* - 8

@ f(x)=x

(b) The graph of hisareflection in the y-axis, followed

by avertical shift eight units downward of f.

(d) h(x) = f(-x) -8
91. h(x) = —/x - 6
@ f(x) =x

(b) The graph of hisareflectionin the x-axisand a
vertical shift six units downward of f.

©

t "t
-2 2 4 6 8 10 12 14

(d)

92. h(X)=+x-1+4

@ f=vx
(b) Thegraph of hisahorizonta shift one unit to the
right and a vertical shift four units upward of f.

© f

/

t —t—t—t
—111234567

S R S -
P !
—t t

X

(dy h(x)=f(x-1)+4

93.

94.

95.

96.

97.

98.

99.

h(x) =|3x|+ 9
@ f(x) =|x|

(b) The graph of hisavertical shift nine units upward,
and a horizontal shrink of f.

(©

=|2x + 8-
=\2(x+4)\—1
@ f(x) =|x|

(b) hisahorizontal shift four unitsto the left, followed
by avertical shift one unit downward, and a
horizontal shrink of f.

y

\/x

t t
—121()86V2

¥}
=

4+

64+

) h(x) = f(2x+4)-1

(f-9@=1f#-94
=[3-24)]-V4
=-5-2
=-7

(f+h)(B)=f(B)+h(5
=—7+77
=70

(f +9)(25) = £(25) +9(25)
=—47+5
=42

(g-N@=90)-h)=1-5=-4

(fh)(@) = f()h(2) = (3-2(1))(3(1)’* +2)
=B =5

o 1

100'( j(l) ha 5
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101. (heg)(5) =h(g(5))
-=n[)

- 3(\/6 )2 +2=17
102. (g F)(-3) = g(f(-3))

=9(9)
=J9=3

103. f(x)=x g(X)=x+3

(fog)(x)=f(x+3)

=(x+3)* =h(x)
104. f(x)=x% g(x)=1-2x
(fog)(x)=f(1-2x)=(1- 2x)3 =h(x)
105. f(X)=+/X, g(X) =4x+2

(fog)(x)=f(4x+2)=+4x+2=h(x)

110. For 2017, t = 17.

Chapter 1 Review

106. f(X) =%, g(x) = (x+2)?
(feg)(x)=f((x+2))=3/(x+2)" =h(x)

107. f(x):% g(xX)=x+2
4 —
(feg)(x)=f(x+2)="7=h(
108. f(x)— , 9(X) =3x+1

6
(Feg)(x)=F(3x+1) = 5775 =0
1009. 3600

Y2

8
1400

Yo+ Yo = |-5824(17)° + 18205(17)° — 18328(17) + 7515 + [3398(17)" - 103.63(17)" + 1106.5(17) — 2543]

= 3,369.342 thousand students or 3,369,342 students

111. f(x)=6x

1
fi(x) ==x
) 6

= £ Ex =6 1x|=
f(f (x))_f[exj_(i(ex] X

F1(F(x) = £(6%) =%(6x) =X

112. f(x)=x+5
f(x)=x-5
f(f(x) = f(x=5)=(x—5)+5
f’l(f(x))zf’l(x+5)=(x+5) 5=xX

1

113. f(x)=5x+3
f1(X)=2(x-3)=2x—-6
F(F109) = f(2(x~3)

zl(z(x-s))+3=x—3+3:x

fH(f(x) = f‘1(2x+3j

Xx-4 4
114, £(x)=
0)=—o—
f(x)=5x+4
f(f‘l(x)):f(5x+4):5X+:_4:5—5)(:

4 _ g X=4
fA(F(X) = f [ c j

:S[X;4J+4=x—4+4:x

115, f(x)=3-4x g(x)=——X

4
(@ f(g(x))=3—4(3+4xj=3—(3—x)=x
3-(3-4x) 4
ofr() =25 = =

(b) -
76‘-\_\-\-\-\_\-\-\-\-\-\1\“ 6
b
(© Yv,=3-4X x |y, |y,
_3-X 2| 2 | 2
24 -1 -1 -1
Y3 =Y1(Y2) 0 0
Y27 Ya(Yy) 1 1 1
2 | 2

131
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132 Chapter 1 Functions and Their Graphs

116. f(x)=vx+1, g(X)=x*-1, x>0
@ f(@x)=0¢-D+1=1% =x
90T () = (Vx+1) ~1=x+1-1=x

4
() .
N
-6 '/./ 6
-4
© Y,=+/x+1 x |y |,
Y,= X2-1,X>0 0 0 0
1 1 1
Y3=Y1(Y2) 2 2 2
Y4=Y2 (Yl) 3 3 3
4 4 4
117. 6
-9 9

-6
f(x)= % X — 3 passes the Horizontal Line Test, and hence
is one-to-one and has an inverse function.

118. 6

. x/ .

-2

f(x) = (x—1)? does not pass the Horizontal Line Test, so
f is not one-to-one and does not have an inverse function.

119. 7

\/_,—
—11 1

-1

ht) = (t + 5)2/3 does not pass the Horizontal Line Test,

and hence is not one-to-one and does not have an inverse
function.

120. 4

N

N

—4

g(x) = % passes the Horizontal Line Test, and
X -

hence is one-to-one and has an inverse function.
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121. y==X-5

X+5==
2y
y=2(x+5)
f(x)=2x+10

122 f(x) =$

1
==—(7x+3
y 8( )

1
x==(7y+3
g(V+3)

8x=7y+3
8x-3=7y

f(x) = %(SX -3

123.  f(x) = -5x* -3

y=-5x-3
X = —-5y% - 3
X+ 3= -5y°
X+3 3
-5 =y
f’l(x):3X+3:—3X+3
-5 5

124, y=5x+2
X=5y>+2
Xx—2=5y*

x—2=y3

f,l(x)zg/x;Z

125. f(x)=+/x+10
y:\/m, x=2-10,y>0
x:\/m, y>-10, x>0
x> =y+10
x*-10=y
f1(x)=x*-10, x=0




126. f(x)=4/6-X, X<6,y=0
y=4/6-x
x=4\/m, y<6, x>0

x* =16(6—y) = 96— 16y
16y =96-x°
_9%6-x°
16
96— X
16

fH(x) = x>0

127. f(x):%xzﬂ, x>0

1.
=—Xx"+1
y 4

1.
X=—=y +1
4y

1
x-1==
il

4x-D=y°

X)) =4(x-1) =2yx-1

The positive square root is chosen as f ™ since the
domain of fis [0, ).

Chapter 1 Test

1 y=2x-1

-3 -2 -1 12 3 4

Intercepts: (0, 3), (3, 0)

Chapter 1 Test

128, f(x)= 5—%x2, X<0

1.

-9(x-5) =y’
f(X) =—-9(x=5) == 3/5-x

The negative square root is chosen as f ' since the

domain of fis (-, 0],

Intercepts: (0, 0), (2, 0)

4. y=x - X

y

Intercepts: (-1, 0), (0, 0), (1, 0)

133
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134 Chapter 1 Functions and Their Graphs

5, y=-xX¥+9

v

At
2\46

Intercepts: (-3, 0), (3, 0), (0, 9)

6. y=~/x-2

y

L " I SEEVAR-N
T T R S
——t—t—+

] ¥
-1 1 123456738

24
—34

Intercept: (2, 0)

7. 5x+2y=3
2y=-5x+3
2 2
5
Slope=——
P 2

(@ Parale line slope: _g

5

—4=——(x-0
y 2( )
5
=——Xx+4
y 2
5x+2y-8=0
. . 2
(b) Perpendicular line slope: 5
2
-4=—=(x-0
y 5( )
2
=—X+4
y 5
2x-5y+20=0
8. Slope:4_(_l):i:—l
-3-2 -5
y+1=-1(x-2)
y=—x+1

9. No. For some x there corresponds more than one value of

y. For instance, if x=1, y=ii.

NE

10. f(x)=|x+2-15
@ f(-8)=|]-8+2-15=6-15=-9
() f(14)=[14+2-15=16-15=1
© f(t-6)=|t-6+2-15=|t-4-15

11. 3—-x=>0=domanisal x<3.

12. Tota cost = Variable costs + Fixed costs
C = 24.60x + 25,000
Revenue = Price per unit x Number of units
R = 101.50x
Profit = Revenue — Cost
P = 101.50x — (24.60x + 25,000)
P = 76.90x — 25,000

13. f(—x) =2(—x)*-3(-x)
=-2x3+3x=-1(x)
Odd
14. f(=x)=3(=x)* +5(=x)?
=3x* +5x° = f(x)
Even

15. h(x):%x“—sz =%x2(x2 —8)

By graphing h, you see that the graph isincreasing on
(=2, 0) and (2, =) and decreasing on (—, —2) and
©, 2).

16. g(t)=|t+2|-|t-2]

By graphing g, you see that the graph isincreasing on
(-2, 2), and constant on (—eo, —2) and (2, ).

17. 13

L

1l

-7

Relative minimum: (-3.33, —6.52)
Relative maximum: (0, 12)

18. [\B\f

—4

Relative minimum: (1.34,1.10)

Relative maximum: (—1.34, 6.90)
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19. (a8 f(x)=x°
(b) Thegraph of gisahorizonta shift five unitsto the
right, avertical stretch of 2, areflection in the x-axis,
and avertical shift three units upward of f.

© f

t t t t + x
-2 2 4 8 10
24
44

20. g(x) = -7x—-14
= J-7(x+2)
@ f(x)=~/x

(b) Thegraph of gisareflectioninthey-axis, a
horizontal shrink, and a horizontal shift two unitsto
the left.

©

— W B » oo
P T St
—t—t—+—+—

21. (@ f(=¥

(b) gisobtained fromf by avertical stretch of 4
followed by avertical shift seven units downward.

©

22. (@ (f —g)(x):xz—\/ﬂ

Domain: x<2

f X2
® [E](X):m
Domain: x<2
© (feg)(x)=f(v2-x)=2-x
Domain: x<2
@ (g¢f)(x)=g(x)=V2-x

Domain; =2 x <2

Chapter 1 Test 135

23. f(x)=x+8
Yes, f is one-to-one and has an inverse function.
y=x+8
x=y*+8
x-8=y°
Ix-8=y
f1(x)=3x-8

24. f(x)=x*+6
No, f is not one-to-one, and does not have an inverse
function.

Sx\/;
8
Yes, f is one-to-one and has an inverse function.

25. f(x)=

yzgxm, x>0,y>0
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