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PROLOGUE: Principles of Problem Solving

. distance 1 1
1. Letr be the rate of the descent. We use the formula time O ; the ascent takes I h, the descent takes c h, and the
total trip should take 3 0 i h. Thus we have i O E O i O ED 0, which is impossible. So the car cannot go
30 15 15 r 15 r

fast enough to average 30 mi/h for the 2-mile trip.

2. Let us start with a given price P. After a discount of 40%, the price decreases to 006P. After a discount of 20%, the price
decreases to 0008 P, and after another 20% discount, it becomes 008 J0OJ8P 1 0 0064P. Since 006P 00 0064P, a 40%
discount is better.

3. We continue the pattern. Three parallel cuts produce 10 pieces. Thus, each new cut produces an additional 3 pieces. Since
the first cut produces 4 pieces, we get the formula f On0O 0403 0n 010,n O 1. Since f 01420 040301410 O
427, we see that 142 parallel cuts produce 427 pieces.

4. By placing two amoebas into the vessel, we skip the first simple division which took 3 minutes. Thus when we place two
amoebas into the vessel, it will take 60 O 3 O 57 minutes for the vessel to be full of amoebas.

5. The statement is false. Here is one particular counterexample:

Player A Player B
First half 1 hit in 99 at-bats: average [ &g 0 hit in 1 at-bat: average 0 ¢
Second half 1 hitin 1 at-bat: average 0 } 98 hits in 99 at-bats: average [J 35

Entire season 2 hits in 100 at-bats: average [J 10L0 99 hits in 100 at-bats: average [ %

6. Method 1: After the exchanges, the volume of liquid in the pitcher and in the cup is the same as it was to begin with. Thus,
any coffee in the pitcher of cream must be replacing an equal amount of cream that has ended up in the coffee cup.

Method 2: Alternatively, look at the drawing of the spoonful of coffee and cream cream
mixture being returned to the pitcher of cream. Suppose it is possible to separate the
cream and the coffee, as shown. Then you can see that the coffee going into the coffee

cream occupies the same volume as the cream that was left in the coffee.

Method 3 (an algebraic approach): Suppose the cup of coffee has y spoonfuls of coffee. When one spoonful of cream

. . . . . cream 1 coffee
is added to the coffee cup, the resulting mixture has the following ratios: — and — oY .
mixture yO1 mixture yOo1
1
So, when we remove a spoonful of the mixture and put it into the pitcher of cream, we are really removing yo1 of a

y
spoonful of cream and yo1 spoonful of coffee. Thus the amount of cream left in the mixture (cream in the coffee) is

1 v .
10 m O y é 1 of a spoonful. This is the same as the amount of coffee we added to the cream.

7. Let r be the radius of the earth in feet. Then the circumference (length of the ribbon) is 20r. When we increase the radius
by 1 foot, the new radius is r O 1, so the new circumference is 200 Or O 10. Thus you need 20 Or U 10 0O 20r O 20
extra feet of ribbon.
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Principles of Problem Solving

8. The north pole is such a point. And there are others: Consider a point a; near the south pole such that the parallel passing

through a; forms a circle C1 with circumference exactly one mile. Any point P; exactly one mile north of the circle Cq
along a meridian is a point satisfying the conditions in the problem: starting at P; she walks one mile south to the point a;
on the circle Cq, then one mile east along C; returning to the point a;, then north for one mile to P;. That’s not all. If a
point a, (or ag, a4, as, 0 O 0) is chosen near the south pole so that the parallel passing through it forms a circle C, (Cs,
C4,

Cs, 0 0 1) with a circumference of exactly 1 mile (1 mi, 2 mi, 1 mi, 0 0 0), then the point P, (P3, P4, Ps, 0 0 ) one
mile north 3 3 7 5

of a, (a3, a4, as, 0 0 ) along a meridian satisfies the conditions of the problem: she walks one mile south from P, (P3,
P4, Ps, O 0 0O) arriving at ap ( ag, ag, as, 0 O O) along the circle C, (C3, C4, Cs, O O 0O), walks east along the circle for
one mile thus traversing the circle twice (three times, four times, five times, O O O) returning to ay (as, a4, as, 0 0 0), and
then walks north one mile to P, ( P3, P4, P5, O 0O D).



P PREREQUISITES

P1

MODELING THE REAL WORLD WITH ALGEBRA

o OB~ W DN

N

175

.voorhoo 32

50— 0GDO
(b) 250 —

7. @MO S | 2;;'0 0 30 miles/gallon
175
0 7 gallons
5 g
d d
0 38

9. (8) V 09055 0905 4km3

km3

(b) 19km3 09055 0 S O 2 km3

11. ()
Depth (ft) Pressure (Ib/in2)
0 0045000 0 1407 O
10 1407
20 0045 0100 O 1407 O
1902
30
0045 0200 0 1407 O
40 2307
50 00145 13000 0 1407 O
60 2802
12. (a)
Population Water use (gal)
0] 0
1000 40010000 O
2000 40,000
40 020000 O
3000 80,000
4000
400030000 O
5000 120,000

13. The number N of cents in q quartersis N O 25¢.

. al
14. The average A of two numbers, a and b, is A O —5

. Using this model, we find that if S 0 12, L 00 4S 0 40120 O 48. Thus, 12 sheep have 48 legs.
. If each gallon of gas costs $30150, then x gallons of gas costs $3005x. Thus, C O 305X.

Ifx O0$120and T O 0006x, then T 0 0006 01200 O 702. The sales tax is $7020.

. Ifx 062,000 and T 0 00005x, then T 0 00005 0J62,00000 O 310. The wage tax is $310.
Lf0070,t0 3%5, %nd d O Ot, thend O 70 O 305 O 245. The car has traveled 245 miles.

050 0450 O 14104 in3

8.(a) T 070 000003h O 70 0 00I003 015000 O
6505 F

(b) 64 O 70 0 00J003h 0 00I003h O 6 O h 0 2000 ft

O O
10. (a) P 0 0006s3 0 0006 123 [ 10307 hp
(b) 705 0 000653 0s3 0 12550 s O 5 knots

(b) We know that P 00 30 and we want to find d, so we solve the

equation 30 O O 015030 0045d O

1407 0045d
1503 _ . -
dO 005 U 34010. Thus, if the pressure is 30 Ib/in4, the depth
is 34 ft.

(b) We solve the equation 40x 00 120,000 O

120,000 L
[0 3000. Thus, the population is about 3000.

15. The cost C of purchasing x gallons of gas at $30J50 a gallon is C O 305x.
16. The amount T of a 15% tip on a restaurant bill of x dollars is T 0 00J15x.
17. The distance d in miles that a car travels in t hours at 60 mi/h isd O 60t.
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18. The speed r of a boat that travels d miles in 3 hoursisr O g

19. (a) $12030%$10 0 $12 0 %3 U $15

(b) The cost C, in dollars, of a pizza with n toppings is C 0 12 0 n.

(c) Usingthe model C 0 12 O nwithC 0 16, we get 16 0 12 O n O n 0 4. So the pizza has four toppings.
20. (a) 30300 O 2D80 000100 190 O %8 DD$118

0
daily days cost miles

(b) The cost is . . ,50C 0 30n O00O1m.
rental rented per mile driven

(c) We have C 0O 140 and n O 3. Substituting, we get 140 0 30 J30 0 001m 0140 0 90 0 001m 050 O 001m O
m O 500. So the rental was driven 500 miles.
21. (@) (i) For an all-electric car, the energy cost of driving x miles is Ce 0 00J04x.
(ii) For an average gasoline powered car, the energy cost of driving x miles is Cg 0 00J12x.
(b) (i) The cost of driving 10,000 miles with an all-electric car is Ce [0 00004 (110,00000 [J $400.
(i) The cost of driving 10,000 miles with a gasoline powered car is Cg 0 0012 1010,0000 O $1200.

22. (a) If the width is 20, then the length is 40, so the volume is 20 [0 20 0 40 OJ 16,000 in3.
(b) In terms of width, V 0 x O x O 2x O 2x3.

4a03b02c01dOOF 0 4a03b02c0Od

23. (8) The GPAIs — = a O 1 adbdcOdof

(b) Usinga 0 20306,b04,c030309,andd O f T 0 in the formula from part (a), we find the GPA to be
406030402 54

79 20184,

— [ =0
60409 19

P2 THE REAL NUMBERS

1. (a) The natural numbersare (102030 00 O0O.

(b) The numbers 00O 0 O 0 030 020 010 00 are integers but not natural numbers.

P with q 0 1 is rational but is not an integer. Examples: 3, 0 5 , 1729,

q 2 12 23

g_o
(d) Any number which cannot be expressed as a ratio ap of two integers is irrational. Examplesare 2, 3,0, ande.

(c) Any irreducible fraction

2. (a) ab O ba; Commutative Property of Multiplication

(b) a0 Ob OcO O Da ObO O c; Associative Property of Addition
(c) aOb OcO O ab O ac; Distributive Property

3. The set of numbers between but not including 2 and 7 can be written as (a) Ox 0 2 O x O 70 in interval notation, or (b)
02070

in interval notation.
4. The symbol Ox O stands for the absolute value of the number x. If x is not 0, then the sign of Ox O is always positive.

5. The distance between a and b on the real line isd Ja0O b0 O Ob O ald. So the distance between 05 and 2 is 02 O 00500
o7.

. adubc.

6. () Yes, the sum of two rational numbers is rational: bd

oe
d

o o

(b) No, the sum of two irrational numbers can be irrational (O O O O 20) or rational (OO O O O 0).
7. (@ No:aObOOObOaO Ob Oa ingeneral.
(b) No; by the Distributive Property, 02 Ja 050 0 02a 0 02 0050 O 02a 010 O TJ2a O 10.

8. (a) Yes, absolute values (such as the distance between two different numbers) are always positive.
(b) Yes, Ob Oal O Da O b0.
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9. (a) Natural number: 100
(b) Integers: 0, 100, 08

(c) Rational numbers: 0105, 0,,°, 20071, 30114, 100,
08

o_
(d) Irrational numbers: 7, OO

11. Commutative Property of addition
13. Associative Property of addition

15. Distributive Property
17. Commutative Property of multiplication

19. xO03030x
X

21. ADAOBO D4AD4B
yO

23.30x 0y0O 0O3x O3y

8b

25. 4%2mD 004020m O08m
006

5 5
21. 0° D2x 04y0 O H2x0  D4yO O O5x O 10y

2 2 2
2. 30*0%p8&nl
™ - 3 30 N
olod o440
7 5 W W/ W

3. (@)% 60°% D2p0602%20%0401
03

3 2 3 3 2
d od g o od

O
(b)1335l 104 o ®2gl 5p4 pB8d
O

i 5 4 4 5 § 4 5 20

33 (@20306and20 7 07,5030

2 2
(b) 06 O 07

(c) 305 0y’
35. (a) False
(b) True

SECTIONP2  The Real Numbers

O_
10. (a) Natural number: 16 00 40

0
. T8 20
(b) Integers: 0500, 16, 0400 040

(c) Rational numbers: 103, 103333 0 O [0, 50034, DSBOO, 1
2

OU_—
16, 246’ 0 20

579 T 0
(d) Irrational number: 5

12. Commutative Property of multiplication
14. Distributive Property

16. Distributive Property
18. Distributive Property

20.703x0 0 07030
22.5x 05y 050x O

24.0a0b08 080y 08y

0
26. *0o6yn O 04

3 3

28.03a00b 0cO2d0 O 3ab O 3ac O 6ad

30.20%op0pgspgl
3 _5 15 15 15

8 6 24 24 24 24

5

2 2
32. (a 3 3 2 1- 1 9 1 8
@ _ g0 oe @8 o8 o
2 2 2 3 2 3 3 3 3
2 1 2 1 2 1
. 502  s5HU2 10 a5 9
(b) =—2 0 —— [ 02, O, 03
T3 U171 U1 0 B2 Us

wls wls wUs
34.(a)30 2 02and3 00067 0 20001, so 2 [ 00167

3 3
(b) § 0 00067

(c) 000670 O OO0O670
O_
36. (a) False: 3 01073205 0O 1007325.
(b) False
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37. (a) True (b) False
39. (@x0O0 (b)yto4
(c0aOO @dos0x03

(e) OpO3005

41. (a) A0 B 0 0102030405060 7080
(b) ADB O 0204060

SECTIONP2  The Real Numbers

38. (a) True (b) True
40.(a) y OO (byzo1
(cbO8 (ooooi7

() Oyoooo?2

42. (@) BOC 0 0204060 708090100
(b) BOC O 080
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43. () ADC 0O 010203040506070 44. () ADBOC 0O 0102030405060 708090100
8090100
(b) AODBOCO®
(b)y ADC O 70
46.(a) ADC ODOxODO10x 050
45, (@) BOC O Ox O x 050
() ADBODOx O 020x 040
(b) BOC O DX DO O10x 040
48.0208] 0 x 020 x 080
47. 003000 0 Ox O O3 0O x 00O

o
O

o0

23

2 8
0 0o o 0
49. 2080 0 Ox 02 0 x 080 50. 600 O xOO60x 00
0 > 7
2 8
6 5
51 20000 0x Ox O 52. 000010 0 Ox O x 0 10
20
> 1
2
53. x 010x 000001] 54.1 0 x 02 0x 0[1612]
1 1 2
55. 02 0x 010x 000201] 56.x 0 050 x O [050 00
2 1 5 "
57. x 0 010 x 0 0010 58. 05 0 x 02 0x 0 005020
00 o o
o > 5 2
1
59. (a) [030 5] (b) 003015] 60. (a) [001 200 (b) 002010]
61. 002000 0 001010 O 0020 62. 002000 0 00100 0O 001000
10
2 1 -
63. [0406] 0 [00 80 0 [0 6] 64. [04016] 0 [00 80 {04080
0 6 4 8

65. 00000400400 o
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66. JO0O06] O 020100 O 020 6]
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67. (a) 01000 O
100

(b) 00730 O
73

69. () DOD60 0 OO400 U U6 040
opo2002

b FoFom
7 {8120 0 60 0

Fhio T -
O s
d

73. 00020030 0005005

& @ 0170200

(b) 021000300 0021030 O

0240 0 24
0 O 0 O
@) 3 11 5% 67 67
12
0—0 — — —
o _ D 00O O
D

IO g, 004 040 000,00

SECTIONP2  The Real Numbers 9

Ug 0 Ug 0 D_D 0
68,(@ 505700 505 050 5,since50 5.

(b) 010 0 OO O 100 O, since 10 O O.

70. (a) 020 001200 0 020120 0 00100 0 10

(b 100100000001 001010 0010000
001

O 0 O O
(b) G, 00 D050 0001001

74. 0020501050 0 00400 4
U U oo O u b

5] 54 18
4!
0 .o o0 O0-0 O
6@ 50 0 S asPis U1 Uoss
0 — o, 0— —0 B 0-0 B

35
(b) D038 0 005700 O 00380570 0O 0190 O 19.

(0006100810800 0 00206 01080 [

77. (@) Letx 00077700 0. So10x O 707777000 0x 0007777000 09x U % Thus, x [ 7
(b) Letx 0 002888 0 0 0. So 100x [ 2808888 0 0 0 0 10x [ 208888 0 0 1 0 90x 1 26gThugex 0 26 0 13,
(c) Letx 000575757 0 0 0. So 100x 0 57015757 0 0 0 O x 0 005757 0 0 0 0 99 [ ShgThugex 0 %7 0 19,

78. (a) Letx 05023230 0 0. So 100x [J 523002323 0 0 0 [ 1x 05002323 0 0 0 0 99x 0 518gghus, x 0 518,
(b) Letx 0103777 00 0. So 100x (1 13707777 00 0 0 10x 0 1307777 00 0 0 90x 0 124gghusgg O 124 0 62,
(O)1gf x 1) 20113535 111 1. S0 1000x [ 2135013635 11 [ 1) [ 10x 0 21073635 1 1) 1) 1) 990 [ 2114. Thus, w214

79.003,s0 @ 8 UM 30

8l.alb,sodalb0d0d0a0dbOdb0Oa.

83. (a) Da is negative because a is positive.

990 495
_ % o d pd
80. 201,s0010 200 20

1

82.alb00adbO0JadbObOad?2b
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(b) bc is positive because the product of two negative numbers is positive.

(c) a Oba O O00Ob0O is positive because it is the sum of two positive numbers.

(d) ab O ac is negative: each summand is the product of a positive number and a negative number, and the sum of two
negative numbers is negative.

84. (a) Ob is positive because b is negative.
(b) a O bc is positive because it is the sum of two positive numbers.
(¢) ¢ Oa Oc O 0O0al is negative because ¢ and Ua are both

negative. (d) ab? is positive because both a and b? are positive.

85. Distributive Property
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86.

87.

88.

89.

90.

CHAPTER P Prerequisites SECTIONP2  The Real Numbers

Day To | Tg | ToOTg | OTo OTg
Sunday 68 | 77 a9 9
Monday 72 | 75 03 3
Tuesday 74 | 74 0 0
Wednesday | 80 | 75 5 5
Thursday 77 | 69 8 8
Friday 71 | 70 1 1
Saturday 70 | 71 01 1

To O T gives more information because it tells us which city had the higher temperature.

(@ WhenL 060, x 08,andy O6,wehave LO020x Oyd 0600208060 060028 0 88. Because 88 I 108
the post office will accept this package.
When L 048, x 0 24,andy 0 24, wehave L 020x Oyd 048 020240240 U 48 096 O 144, and since
144 11 108, the post office will not accept this package.

(b) fx Oy0O9,thenL 020909001080 L 0360108 0L O 72. So the length can be as long as 72 in. 0 6 ft.

m m : m m miny 0 mon
let x 0 — andy O —2 be rational numbers, Then x Oy 0 — 0 —2 [ 27271
n n n n nn
1 2 1 2 12
mi ma miny 0 mong mi mop mimao
xOy0O 0 0 ,andx Oy On O . This shows that the sum, difference, and product
ni N ninz 1 N2 ngng
0

of two rational numbersDare a%e_lin rational numbers. However the product of two irrational numbers is not necessarily
irrational; for examHe, Z_DD 2 0O 2, which is rational. Also, the sum of two irrational numbers is not necessarily irrational;
0 0

for example, 20 2 [ 0which is rational.
O -
0o_ 0 g o . L
L' 2is irrational. If it were rational, then by Exercise 6(a), the sum o2 0 ' 0 Zwouldbe rational, but
0
2 2 2

this is not the case.
Similarly, 3 0 2 is irrational.

(a) Following the hint, suppose that r Ot O g, a rational number. Then by Exercise 6(a), the sum of the two rational
numbers r 0t and Or is rational. But Or O t0 O O0OrOd O t, which we know to be irrational. This is a contradiction,
and hence our original premise—that r O t is rational—was false.

(b) risrational, sor O E for some integers a and b. Let us assume that rt O g, a rational number. Then by definition,

qQo % for some integers c and d. Butthenrt 0 g O biat | dE’ whencet O a% implying that t is rational. Once again
we have arrived at a contradiction, and we conclude that the product of a rational number and an irrational number is
irrational.

1|2 | 10 | 100 | 1000

1 1 1 1 1
2 10 100 1000

X | X

As x gets large, the fraction 10x gets small. Mathematically, we say that 100x goes to zero.

1| 005 001 0001 001001
1| ¢hs 02| gy D10| ofpy 0100| e 01000

X~ | X

As x gets small, the fraction 10x gets large. Mathematically, we say that 101x goes to infinity.
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U_
91. (@) Construct the number 2 on the number line by transferring
the length of the hypotenuse of a right triangle with legs of f
length 1 and 1.

1 0 1712 2 3
(b) Construct a right triangle with legs of length 1 and 2. By the =
Pythagorean Theorem, the length of the hypotenuse is 15 1: \\
Uo____ _ 0o_ \
12022 0 5. Then transfer the length of the hypotenuse ; , ' M
1 0 1 215 3

to the number line. -

o_
(c) Construct a right triangle with legs of length 2 and 2
U_
[construct 2 as in part (a)]. By the Pythagorean Theorem,

0
- Opg Oy 0
the length of the hypotenuse is 2 0220 6. Then ‘

transfer the length of the hypotenuse to the number line.

92. (a) Subtraction is not commutative. For example, 501 01 05.
(b) Division is not commutative. For example, 501 0 105.
(c) Putting on your socks and putting on your shoes are not commutative. If you put on your socks first, then your shoes,
the result is not the same as if you proceed the other way around.
(d) Putting on your hat and putting on your coat are commutative. They can be done in either order, with the same result.
(e) Washing laundry and drying it are not commutative.
(f) Answers will vary.
(9) Answers will vary.
93. Answers will vary.
94. (@) Ifx O 2andy O 3,thenOx OyD 0 02030 0 050 O05and Ox0O 0 0Oy0d 0 020 0 030 O 5.
Ifx O 02andy O 03,then Ox 0O yD 0O 0050 O 5and OxO O Oyd O 5.
Ifx OO02andy O 3,then Ox O0yO 0 002030 O1and OxO 0O OyOd O5.
Ineach case, Ox 0 yO O OxO O OJyO and the Triangle Inequality is satisfied.
(b) Case 0: If either x or y is O, the result is equality, triviaEy.

0
0 . w0
. x U if X and y are positive
Case 1: If x and y have the same sign, then Ox O yO i y yarep 0 OxO O Oy0.
O0x OyO ifxandy are .
negative

Case 2: If x and y have opposite signs, then suppose without loss of generality that x 0 O and y O 0. Then
Ox OyD O O0Ox Oy0 O OxO O Oy,

P3  INTEGER EXPONENTS AND SCIENTIFIC NOTATION

. Using exponential notation we can write the product 505050505 O 5 as 5.
. Yes, there is a difference: 00504 0 0050 0050 0050 0050 O 625, while 054 0 0050505 050 O [1625.
. In the expression 3%, the number 3 is called the base and the number 4 is called the exponent.

A W N

. When we multiply two powers with the same base, we add the exponents. So 34 0 3% 0 39,

- . 3°
5. When we divide two powers with the same base, we subtract the exponents. So 32 0 33,

0 O,
6. When we raise a power to a new power, we multiply the exponents. So  3* [ 38.
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N| =

7. (a) 2

()23

0,0
02

|
NI -

©

SECTIONP3  Integer Exponents and Scientific Notation

1
(d)Z—BDZSDS

10

8. Scientists express very large or very small numbers using scientific notation. In scientific notation, 8,300,000 is 803 0 108

and 000000327 is 3027 0 10 -3,
0,05 0.0,

3 9.
. n o 3 o
9. (@) No, 3 2 4D 4D
5
10. (a) No, x8.
0 Og | U3
x2 x23 ox4

11. (a) 028 0 D64
©

12. (@) 0O50°% 0 0125
0o0502 O

0_0Og .

13. (a) p2tt 03

wl o

14. (@) 0298 o op200 oh ot
O
23 8

. @ 52 0505% 0625
22
16. (a) 3% 0 3% O 313 01,594,323

o g
54

17. (@) 5* 0592 052 025

(b)

11
03 01 [y T
18. (@) 373 03 03 0 1 o7

19. (@) x2x3 O x2B oxd
20. (a) y5 0 y2 0 y5E|2 0 y7

1
21 () xHP o3 oxPBE ox2 05
X

leyO

100007 |3

(c) oy y

y7
1

22. (a) y2 01 y75 0 y205 [ y 3 ay3

(b) Yes, 00504 O 625 and 054

(b) No,

(b) 00208 0 64

(b) 052 0 0125

283 1
(b)_Dz_3

gL
30 8

Ebg 023 00020 0023 0 08

C

0)3203°03209

b)e° D606

107 3
o7 © 10° = 1000

54
(b) & o 53 125
3
O O

(b) _x2 0 o0103x203 0 ox8

(b) 08x 02 0 82x2 [ 64x2

(b) DDZDD4D5 O DD2D4D5 O DDl O

1

(b) 252D3ZD4 0 25D3D4 0 Z 0

0 0625.
0
3 12
g2 Os 0 8x+<.
o x
0.0
;2555353 L o2l
5 0p3;3 25
52
o, 0; 2 2
2 00502 02
£ —2_ T4
© 5 T
0,00z
( = 042 016
4
0
0 08 33 27
== 0 oo=
3 00203 8
3
() 028064
(¢ 2 U5° 0390625
2 1 1
(C)QD?D§
72 1 1
— 0 =0 —
©F 533

(c) x*x 13 O x*28 O x

1

x8 1
6 10

22 (C)mux [

x4
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a% 2 O 0o 0

ad 2.4 3
90201 [ 46 a’a* 0 O O O " [af08g4l8
23. (@) a Ua Oa (b) 3 208 3 6
o O
(c) D2x02 5x8 [0 22x2 05x% O 20x2856 O 20x8
2,4 204 46 O oo 4 0 4
2.0 55 0735 0502892024 (b) 22%2 D O 0O 0O 02450 g16a?0
YAV z z 4 23.3 2a5
0 O
() 82 . Z@E§D3 273 547883 549
3
n & 0o 0O o0 0o
O 00 O
25. (3) 3x2y 2x3 D302x203y 0O6xdy
O oo O

(b) 2a2btl  3aP2p? g 203a202pbl02 gep

11
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0 0o
(©) 4y2 x4 O4y>x4F2 D4ax8y?F2 0 4x8y4
) y2
y
0 oo 0
26. () 4x3y?  7y>  O407x3y290 Oo2sxdy’
0 oo 0
(b) 9ybU2z2  3y37 [O9p3yl2U3;201 [ 7ys3
0 0o 7y2 2 7 7y2
8x 2- [0 8x 32x
© ax7y2  1x3 y , Y_ 3x70By202 g5y
y
y
0 —— O 0 0
2 2:x3y 2 ﬁsmzyz x6y2
O O,
27. (@) 2x2y8 022x22 g g 12x4y7?
03y0 y302 3y ;
X
XZy[]] 7
(b) s 0 X2DDD5DyD1 0 X7yDl 0
0, O
© Xy T x2[3y3  46y3
3 33 27
O O
28. (a) 5x"4y3 O5xHBy3 0 05 82xE808y3 [ 320x2y3
0o O, 82x32
8x3
02, 1
OF 23 0573
0 y‘z yz
a3p02 abp™@ g6
© b3 b6 pl0
0
1
29. (a) X3 0 33
O X7y
y3 6
a U
(o) a20C2 0 b 2CT3,30112 [ 5 66 6 [ 2L
a3D 2 220305 O al2
0, On20_ 03
© X 2y [ x20020 000200020 [ 93y 03030, 02030 1 y04y04 [ gy 09y 06 [ gy mmfzmgmg 0
y 2 %2 x10y13
0 H v = «2 . «6
30. (@) x[2 0o = 0 = I
X y
Ors y
y4 9
0 Omp0 0O
(b) y2 2x y4 0 y[ZZ y4 I3 o
x C3CI3C] O 8y
0 0030 0
2a b 1

12
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© = — O
b2 2a? Zaﬂmqmzzm%m@ma:&abfi
2
3XEI2y5 xy3 |
- - D _Z
31 (a) oxM3y2 ~ 3
0 O D
2x3y 2x3 32 6
R Vo 2an a0
2
0 ,0mD O .
() — = Dﬂﬂmqmmﬂqusmzm Xy
D020
y 0
02 V2 _ o
32. (a) * Yo, morrsm AOAT 12 03
2a05p01 — 2 b Dsab O ap3

O

13
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33.

34.

35.

37.

39.

mi

40.

41.

42.

CHAPTER P Prerequisites

0 05 O 0O, O 0O
x2y 5x4 . 5x2 . 25x4
® 5z U i3 5 Sz
X Xy y y
0 010 0, O_0Op0
© 2y01; y 2 2 351 y2
2 ; U Y 3% U a3
z 3z yz 9z 18z
0 0
3a @ b3
1, CDp (30100
@ 300, 20
0 O
q I (g2 r (5 OB $3
®) ~rrEgTE s Da AT o
r—sq q—r s -4 psonoiog100020 q'r
Dsztmmm
25t10
@) — uszmmqmmm%ﬁzﬁ?ﬂ
nymzmmt3 x3y15
(b) 0 XE3EI 3
x2y3z 04 y (2CI3CTBOIE0 (303 LI LT3 Ty z
(a) 69,300,000 00 60193 O 107 36. (a) 129,540,00

(b) 7,200,000,000,000 0 702 O
1012 () 00000028536 O 2018536 [
1055 (d) 000001213 0 10213 O

SECTIONP3  Integer Exponents and Scientific Notation

0 0 102954 [ 108

(b) 7,259,000,000 O 70259 O 10°
(c) 000000000014 O 104 0 1079
(d) 000007029 [1 700029 [ 104

104 38. (@) 701 00 10%4 0 710,000,000,000,000
() 30119 01 10° [1 319,000 (b) 6 01 1012 [J 6,000,000,000,000

(b) 20721 0108 0 272,100,000 (c) 80155 [ 1073 (1 0100855

(c) 20670 0 1058 [ 000000002670 (d) 60257 01 10710 (1 00000000006257

(d) 901999 [1 1079 [1 01000000009999

(a) 5,900,000,000,000 miCl 5019 [ 1012

(b) 000000000000004 cm O 4 0 1018 ¢cm

(c) 33 billion billion molecules O 33 0 10° 0 10° 00 303 O 1019 molecules
(a) 93,000,000 mi 0 903 0 107 mi

(b) 00000000000000000000000053 g [ 503 0 10523 g

(DC) 5,970,000,%0%ooo,ooo,ooo,oooéooo kg O 5097 O 1024 kg

7020108% 10806 010712 0702 010806 O 1079 010512 0130

0 oo 0
10062 01024 80610 101° [10062 08061 01024 01019 09014

101295643 0 10129564 o 17 6

[

10 Y 00014290

43. O 0 00 0
30610 107 0108 20511 10

0
O 20511 30610

001092 0103010820
01043
19 19

010429 010

14
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= =4 0o O O
5194621 [ 108 508 01003 5094621 0 508

D D
073010 1063410 070310100 1063410
4. 1o
10%8 10% O
D
000000000019 10901070
001000016201 1062 010° 105820
00158201 10
(1594621000
0000580

0704010004

7030
T 106341

109

1062 O
10582

SECTIONP3  Integer Exponents and Scientific Notation

10102800090 [ 603 0 1038

100520853 o7 10H2

O

O

15
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d d

9
30542, 1008 535542510@1D 87747009

46, > 0 79 5 5 0 10954848 3019 0 1074 0 109102 g 3019 0 100106

D5%05 O 05005 O 10 275103767010
12
104 0

e 010 ?o 0 ,E{Nhereas 010 ?0 0 olool1oo9n 010 .So10 iscloserto10 than
10

100 100 100 50 10 50
T 1010 .

0 50 1
0
0 . 0

10190 js to 10101,
48. (a) b® is negative since a negative number raised to an odd power is negative.
(b) b10 is positive since a negative number raised to an even power is positive.
(c) ab?c® we have Opositive ] CnegativeJ2 Cnegative1® [ Opositived Cpositived Onegativel which is negative.
(d) Since b O a is negative, Ob 0 a0® O OnegativeDd3 which is negative.
(e) Since b O a is negative, Ob 0 ad* O Onegatived* which is positive.

3¢3 itive3 . )
a‘c”  Upositivell Opositivel negative . )
i i [0 ——— which is negative.
M o ; Onegative® - DnegativeD positive /1en Is negative
Onegative 1® Dpositivel
[negative1® Olpositiver]

49. Since oné light year is 509 O 10%2 miles, Centauri is about 403 0 509 0 1012 O 2054 O 10%3 miles away or
25,400,000,000,000 miles away.

i 9030
50. 9003 010 mi 011860088 st 107 s 0 500's O 83 min.

s 1860
000
- g U . 103 liters . )
51. Volume [ Claverage depthi] Careal] [ 307 010°m 3060 ——— 010330 1021 liters
104 m2
. national debt ~ 10674 0
52. Each person’s share is equal to ———— 113 0 $52,900.
population
30164 O
108
53. The number of molecules is equal to
0 0 0 0 0 0
liters molecules DD 6002 0 102 27
3
OvolumeO O— 0 ———— 0050100300 ————— 04003010
2204 10 0O 220
m3 liters 4
. . W

Person | Weight Height BMI O 703m Result
54. (a)

Brian | 2951Ib | 5ft10in. O 70 in. 4203 obese

Linda | 1051b 5ft6in. 0 66 in. 16009 underweight

Larry | 2201b 6ft4in. O 76 in. 26007 overweight

o
Helen | 1101b 5ft2in. O 62 in. 2001 normal
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(b) Answers will vary.

55.

56. Since 106 0 108 O 103 it would take 1000 days O 20174 years to spend the million dollars.
Since 109 0 103 O 108 it would take 108 O 1,000,000 days O 2739072 years to spend the billion dollars.
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Us

185 Y18
57.(a)9—5D 5 025032

(b) 20% 0 Doos508 0 020 000508 0108 O 1,000,000

i am . .
58. (a) We wish to prove that — O a™"" for positive integers m O n. By definition,
a

m factors
-
K am ala O )
a* DaladO0O00O0O0a. — O 0 . Becausem O n,mOn O 0, sowe can write
Th 5, an Oda
-0 alJaOd0OO
k fact
actors J:\EDD.&D.
n factors

n factors mn factors e factors

oo 0L O 0o 0
a" 0d Ja UO0O00Oa Ja —a Oa 0O00a
Oa gbda E———
2 00 oo
— O O
a alad0O0O 1
LBhan
n
n factors
0,00
(b) We wish to prove that ; 0 bn for positive integers m 0O n. By definition,
n factors 0
Hatn a O, —a a"
- = a Q0UOO0OO
= d
o, 0o oooo ES—EI— — 0
b b me @DgﬁbDDDDDb bn
n factors n factors
Da bn
%9.@(&1) We wish to prove that = —  —. By definition, and using the result from Exercise 58(b),
0
b an
0 é 0 m 1 bn
1
y 05 I—0
an
b
an pm aqtn E 1 pM pm
(b) We wish to prove that pCm O an By definition, pOm O 1 O an o 0O an”
bm 1

P4 RATIONAL EXPONENTS AND RADICALS

1. Using exponential notation we can write s 5as503,

2. Using radicals we can write 5172 as 5.
0 0O m2 g 2 2 0
3. No. 520 52 15291020 1 5.and

18
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0
5 0 51[2 0O 5[|1D2D2 05, .
0 U3 U1
4, 42 728 3 T TDesdO8
08; / -
- . D— . - D— 1 3 3
5. Because the denominator is of the form a, we multiply numerator and denominator by a: = D—Jga Q? 0 ==
0
6. 5103 05208 o5l o5
7. No. If a is negative, then 4aZ O H2a. . .
8. No. For example, ifa 0 02, then a204 0 802 2 butad200.
L 102 s 23
0. Qg o3™ 0. 7 07
L— O— 0 gue— o1 1
11. 2820 #0°16 12.105372 o 1038 o0
1032 . 103
13. °53 g 5305 14. 02 D800
ZEJJES 2

19
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15. 4208 0 ° a2

17. %y_“ 0 y40s
O

0_ O_
19. (@ 160 4204

[ —
[
(b) *T60 2402
O
I |npmny]
T, 1% 1

5

21. @)3°T603 2025006°%

4 22 2

oo o [
23. (@) 7 280 70280 196 014

DLg DE .
(b)-EI?D < 0 16 0 4

(c)&‘2_4&‘5_4u&‘24m54_g‘129656
-
D2T6 D216 0
25.(a)—EIE—D &0 3606
) °2°37 . *6a 04
O_0__ O__
T 1 1 1 1
4 4_4_ __
© 4 @ Bm S
27.£‘x_4D
Ox0
29. g332y6 0 g"25y6 Dz%ﬁm 2y5

SECTION P4 Rational Exponents and Radicals

0 0
20.(a) 640 8208

L

(b) “Tea 0 004k 004
[

E— s 5
() 0320 002 002
0
0 0
—

22.(@)2%8102 303306°3

Yo sz 2
(b) =22 1 O
25 S

_ L
O

D18 2 32 2
© =g = p= _

5
O

™ - 1 T

0o 0O O O 0
24.(a) 12 240 120240 2880

O_ O
0
(b)—EI%D %D 9.3

15

0
20122012 2

(c)%15%75D %15575 “TIE 0 STBT 05°9
o 9
26.(&)5;5; 51 ;
0 o O
-0 —=0
8 2 322
Iy
(b)egglzsm 64012
. O O
4 4,4 41 1 1
g pd_p4—n=
O5g" 1" 7 573
%_ O
10 2
28. " X 105 O x
0% L
§

30. 8a° 0 2%a3a2p2a a?

—_
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31.

33.

35.

37.

39.
40.
41.

42.

43.
44,

45.

46.

CHAPTER P Prerequisites

SECTION P4 Rational Exponents and Radicals

E‘—16)(8ug‘z'f‘—'5“x 0 2x2 32.%x3y6 x3 0 xy2
Uics
y6
B o i3 B_ 0 0 12
x$Byo x3 yiBoxsy 4. xWA o x* 0 x2y?2
4
y
O Ug—— _
36r2f 0 _6rt?? 06orot? “4gaTbt 01 ¢ tatpd 3 02 ¢ 3ad
O
36. DabO
fo— OO 0 O
0013 : !
64x6 O @X3D BZDXD 38. “x4y2z2 x4 %y2z2 O OxO *y2z2
0 O
0o_ 0O_ O__ 0O__ o _ _0 _0 O
320 180 16020 9020 SZDZDA’ 203 207 2
O 0_ O 0 N N 0
50 480 25030 16030 52030 420305 304 309 3
o__ o_ 0 a 0 ) )
250 450 25050 QDSDDSZ_DSD _%QDSQS 503 502 5
5 b

O

U 0

U 0_ 0O
930 a0 SZaZDaDD‘aDSa an 5DDSaDmDa

O O 0
6x0O x>0 42x0

5 5

Bx_4D 8X L %x3x

[

60 2033 “28p0203°202%20 %2

0 0o_
Dx22xD4 xOx2 x0

23xDx%x D2%xD

O

x2 04 X

020 B_x

0
["2_%55275 %ZyDy3D%'2§/D E*’27 WDBZVD DyDng'Zy
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0 0

- _— g0 O
81x20810 8L x201 O 81 x20109

47. x201

O

o _ —F O__0 0
48. 36x2036y20 3P x20y2 O 36 x20y206 x20y2

49. (a) 16104 02 (b)-0125108 0 05

50. (a) 27173 03 (b) 0O8013 O o2

g
51. (a) 322195 O 2 0, 04012
O 0 02204 OF . 3
30108 2 oo 0=
9 4
0 0_0Os
25 5 125
203 2 2 1eo
52. (a) 125 05025 (b)D3 0 5 0
64
= L
53 (a) 52D3 D 51D3 D 52D3D1D3 D 51 D 5 - D 33D5D2D5 D 3

3208

(b)

2
7?8 sl

207 1207 20701207 2
54. (a) 3207 031207 3 03209 o

(b)

55.
[ O

0 0 0 o__
Whenx 03, yO04,z001lwehave x20y?20 3320420 90160 2505,

.

56.
57.

When x O 3,y O 4,z O 01 we have
When x O 3,y O 4,z O 01 we have a

2C
Oox02P3 0 m2ym23 0208 ppop3m2t8no2p4n2B3 g -

0 0
o128 g 38
03202201090401 014,

58.

59. (a) X3@X5D4 0 X3EI4D5D4 0 X2 (b) y2D3y4D3 0 y2D3D4D3 0 y2
60. (a) rl I:GrSDG 0 rlEIGEISDG Or (b) a3D5a3D10 0 asmsmsmo 0 a9 10
3
D4ED2E3 320301 ®5@ 0 .
61. (a) s—— 4 8§07 —opdmm——  H2Easn
103 a od (b) 104 02a 0 8a
a P
32 2y4 yEZ
62. (a) X [0 30407040504 7 504 0 4y8D3D2D3D7D3 0 4yD1D3 QA'_
' 74 -
X (b)
<54 y/L3 ’ y
63. () g g253,6 2322030 6 8302 3rI1gE3I8EIC) 9 12

836p3 2

x3014y 02z 0 “33 014040020010 ol

O

D
0 7

SECTION P4 Rational Exponents and Radicals

1 1
0102 2
(©9 VIR 0 3
D1 0 Dl
©0, 4 2
8
0 0, 0Og
1
34 3 27
81

(c) 270403, 308, 81

D%D

-3
(€ 4 "04PIBO3 4

0. O
%6 u6mz5zmg:i

© 36

o 4

0o10tts

When x 03,y 04,z 0 O1we have Oxy0% 0 03040200010 019020 1,

17

27056020 “81 3403



18  CHAPTERP Prerequisites

O b O4a b
0
64. (a)
. O23 o 0 16a*b?
64a5p3 6420356 23HY3A]
3]
65. (a) 1
O UOog Og8k2L3 O v
8y3 y3 20307
3
5 X
66. ( x 3 O y CIC3CII3 X
ylo2 x BB E GO y
o 012
() 4r8t Eﬂgﬂzm 152 3R
32t
04 r t
0 0oQ
x 0203 x 2
Uics

67. () —s —
yl[Z yE3

SECTION P4 Rational Exponents and Radicals 18

(b) D4a b 04 a b O8a b

b
(D) Oarg _ 1630H8EAMAG A0 g16,9(8
16018732 . 30

1

0 0
0 46 th 6 I3
U4032

o 3 g4 a3y s

g o
IS (8R4 rmin 40104 1 104 40 4

0320 O2rt , t Ort Or

1

0 XD2D3DDD2DD1D6D yDlDZDDD3DDfD6D 0O
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5 x102y2 Ha D4xuzym
(b) 04 2 0 x 01020040 y2D4D2DlD4DyDDlD4DD4D41D2XD2D1D2D ymmq’m@g
2yI3 V2
4
[ x2y8204y 01y 01y 02y 01 [ o CACT,2 C1y8O10201 [ %
0 Ut
x8y04 2y4C3
68. Q) —— 0 16 AT, 8 LA
16y43 y040010400403001040 x2
S 34 304 2
I3 L
(b) o8y 0 008t 304001030030 01030, 060 01030 y

O__
69. x3 [ x302

71. E’§5 0 x°09

D% 0o B— 0
73. VS y2 0 y5D6 0 y2D3 0 y5D6D2D3 0 y3

74.

Or 001 O
75. 55—x 24 x  [0502x1080104 [ 10x7 (12
0 g oUr

2 a

7. X0 T o
. JT_:; X
O O
79 16u30 16u2 _ 4u
©oups g4 — 02
O

Xl@l

A LT EF =

O 16:| O [
81. gmxy X y 0

_ 103
83. %YQED 0 yg302001030 1 102
yioicz 84, s

9 9 234 g%g

© 45 U 51 Bgra B

O
70. x5 [0 x5C2

1 1
72. x (308
%;g a X3D5 a

le_gmb_ 0 p3040102 [ 54

O
760 332 [ 251020203 [ 94708

502
8x 20+ CIc2 1000 96 7
78.—97—D2x3 0 D2x6 02°x

O g
5 54x2y% 5 27y3 3y

80. — 0 —=
2x3y x3 X
"3
LN Yo Yo F Y T B T
L | 0
82. Ma3b2 a b Oa
= — 12
$0 g ns°Ha
S [ -
_ . o—
12 —3 123 U
86.(a) 0 00O OO O 04 3
@ 3 3 3 3
O O O O O
12 12 5 60 2 15
(b) 0 o0_00_O O
5 5 5 5 5
8 513 g°5



20  CHAPTERP Prerequisites

Oo__ 0
1 1 5x 5x

5x 5x 5x 5x

89. (a) 41 JS?D_QTZ 0—-

1 1 ES)T %7
PR

1 1%x7r BXT

Oz rEi R U

88. (a)

a
b)§

[

1
© 375

1

oo bOOo
t 3t

SECTION P4  Rational Exporrents and Radicals

0 0
S 3t

3t

0
3st

O
3t

a p?E ap?S

d d

O

plE=E p23 b

1 28
35 2
O

1 Bx—

208

20
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91. (a) Since 0 §,2102 02153,

DlDl
2

(b)

92. () We find a common root: 7104 0 73912 0

O
022 nd 1
Uiz

2
1cm2

O
020108 Since 0! 0 0!, we have !
Ui

O

O
1

E 34§lD12; 41D3 0 44D12 0

Ui

1cm2

SECTION P4 Rational Exponents and Radicals

21

0 2561012, 50 7104 7 4103,

73 44
. 108 O 108
(b) We find a common root: *5 00 5173 0 5206 0 25108, 3,0 3102 0 38306 g 27106 5
52 33
- O-
50 3 1 mile
93. First convert 1135 feet to miles. This gives 1135 ft 0 1135 0————— [ 00215 mi. Thus the distance you can see is given
g =580 feet y 9

O

by D O D2rh Oh2 0 2039600 0002150 O 00021502 O Dl702D8 O 4103 miles.
94. (a) Using f O 004 and substituting d O 65, we obtains O 30fd O Dmﬁ 0 28 mi/h.
(b) Using f O 005 and substituting s O 50, we findd. This gives s O D?To_f_d 0500 Dmm d 050 D_D_15d 0
2500 0 15d 0 d O %917 167 feet.
95. (a) Substituting, we get 0030 0600 00038 03400017203 06500102 0 1800038 058031003 080660 O
180220116025098 O 14018.
Since this value is less than 16, the sailboat qualifies for the race.
(b) Solve for A when L O 65and V O 600. Substituting, we get 0030 0650 0 0038A122 0 306000158 0 16 O
1905 0 0038AH2 0 25030 O 16 0 0038A1Y2 05080 O 16 0 0038A02 0 21080 0 AlP2 O 57038 0 A
O 329200. Thus, the largest possible sail is 3292 ft2.

203 7 000501 2
6— -
2401213

NniNnan

96. (a) Substituting the given values we get V [ 1D7 0 170707 ft/s.

(b) Since the volume of the flow is V O A, the canal discharge is 170707 O 75 O 132800 ft30s.
97. (a)

n 1 2 5 10 100
21@ 101 02 21D2 0 21D5 0 21D10 0 21D100 0
So when n getslarge12-UN decreases toward 1. — — —
(b)
n 1 2 5 10 100
H Himn ululm u_lultz U_lultﬁ Ulul U1U1EJJOO
5 5 0oo5| 5 000707 5 ooos7L| 000933 5 0 00993
O D1Dn

So when n gets large, 21 increases toward 1.

P5  ALGEBRAIC EXPRESSIONS

O_
1. () 2x3 O %x O 3isapolynomial. (The constant term is not an integer, but all exponents are integers.)
o_ . . . .
(b) x2 O % 03 XxOx20 % 0 3x1P2 js not a polynomial because the exponent% is not an integer.

(©

—— = isnot a polynomial. (It is the reciprocal of the polynomial x2 0 4x O 7.
2 04x 07 poly ( p poly )
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(d) x° 0 7x2 O x O 100 is a polynomial.

(e) " 8x® 05x3 O 7x O 3is nota polynomial. (It is the cube root of the polynomial 8x8 0 5x3 0 7x 0 3.)

a_ o_
(/) 3x* O 5x2 O 15x is a polynomial. (Some coefficients are not integers, but all exponents are integers.)
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2. Eo add polynomiDaIs v&e add like tern&s. So
3x?02x04 0O 8%0x01 003080x2002010x004010 011x?0x O5.
3. Eo subtract polynomial& we 5ubtract like terms. SDO
2309x?0x010 0O x30x?06x08 002010x3009010x2001060x 0010080 0x308x2 0
5x O 2.

4. We use FOIL to multiply two polynomials:Ox 020 0x 030 Ox OxOx03020x 02030 x2 05x O 6.
5. The Special Product Formula for the “square of a sum” is DAOBOZ2 0 A2 0 2AB 0 B2, So
02x 0302 0 02x02 02 02x0 030 032 04x2 012x 0 9.
6. The Special Product Formula for the “product of the sum and difference of terms” is AU BOOA O BO O A? 0 B2, So
050x0 05 0x0 052 0x%0250x2,
7. (@) No, Ox 0502 0 x2 010x 025 0 x2 0 25.
(b) Yes, ifa 00, then Ox 0 ad2 0 x2 0 2ax 0 a2.
8. (@) Yes, Ox 050 0x 050 O x205x 05x 0250 x2025.
(b) Yes,ifa 00, then Ox DadOx Dal O x%2 Oax Oax Ja2 0 x2 0 a?.

9. Binomial, terms 5x3 and 6, degree 3 10. Trinomial, terms 02x2, 5x, and O3, degree 2
11. Monomial, term 8, degree 0 12. Monomial, term x’, degree 7
O O
13. Four terms, terms x, Ox2, x3, and Ox*4, degree 4 14. Binomial, terms  2xand O 3, degree 1

15. 06x 030003 070006x03x0 00030700904
16. 0307x00 011 04x0 0 007x04x000301100011x08
O o g o 0O O

17. 2x?05x O x208x03 O 2x20x% D[O5x 0 008x0] 0 0030 O x2 O 3x
03

0 0o 0 0 0
18. ﬁ(zmsxm O 3x205x04 0O 2x203x2 0D003x0O5x00010400x202x03

O O
10.30x010040x02003x0304x0807x0O5
20. 802x 050 070x 090 0 16x 0400 7x 063 0 9x 0103
O o o O O O

21, 5x304x203x 0O x207x02 0530 4x20x%2 0003x0O7x00205x303x2010x 02
0 O O 0
22.4 x203x05 03 x202x01 04x2012x02003x206x 030 x206x 017

23. 2x Ox 010 0 2x2 0 2x 24,3y 02y 050 0 6y2 0 15y
0 0

25. x2 Ox 030 O x3 0 3x2 26.0y y202 OOy3O2y
27.2020500t0t0100 04010t 0t2 010t Ot2 04 28.503t 040 02t Ot 030 0 02t2 021t 1020

0 0
20.r r209 O3r202r0100r309r06r3 0 30.03 00 0900202020200 0 040503 0402
3r2

O7r303r200r

0 0 0 0

31.x2 2x20x01 O2x40x3 0x2 32.3x3 x404x205 0O 3x7 012x5 015x3

33. Ox 0300x 050 0x205x 03x 0150 x202x 015 34.040x0020x00804x 02x Ox2 0 x206x 0
8

35 Os 060025 030 0252 03s 0125018 02520155018 36. 02t 0300t 010022202t 03t 030220t 03

37. 03t 02007t 040 0 21t2 012t 014t 08 0 21t2 026t 08 38. O4s 010 02s 050 082 018505
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39. 03x 050 02x 010 0 6x2010x 03x 05 06x207x 05 40. 07y 030 02y 010 0 14y2 013y 03
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41. Ox 03yOdO2x OyO O 2x2 O 5xy O 3y? 42. 04x 05y0 03x O yO O 12x2 0 19xy O 5y2
43. 02r 0550 03r 0250 0 6r2 0 19rs 0 10s? 44.06u 0500 0u 0200 0 6u? 0 7ud 01002
45. 05x 0102 025x2 010x O 1 46.0207y02 049y2 028y 04
47. 03y 0102 0 03yD2 0203y0 010012 09y2 06y 01 48. 02y 0502 0 02y02 0202y0 050 052 0
4y2 020y 025
49. D2u0 002 D4u2 D4uD 002 50. Ox ,3y02 O x? 0 6xy 0 9y?
51. 02x O 3y02 O 4x2 O 12xy O 9y2 52. Or 02502 O r2 O 4rs O 4s2
O 3 O O
53. x201 Ox*D2x2D1 54, 20y3 DybD4y3O4
55. Ox 060 Ox 060 0 x2 036 56. 05 0y 05 0 yO 0 25 0 y2
57. 03x 040 03x 040 0 03x02 042 0 9x% 016 58. 02y 050 02y 050 0 4y2 125
59. Ox 0 3yD Ox 03yd O x2 0 03yn?2 0 x2 0 9y? 60. D2u 0 00 02u 000 04u? 002
61. DD‘xDzDDﬂxDzDDxm ez.EDyimzm—DDyimzmmymz

0 0
63. Oy 0203 0y303y2 02003y 22 n22oydoey?012y0s

64. Ox 0303 0 x303x2 DSDD 03x 00302033 0x309x2027x 027

65. 01 02r0° 01303 12 O2r00301002r02002r03 0083 012r2 06r 01

0 0
66. 0302yn® 03303 32 m2yn 03030 02y02 0 02y0® 0 8y8 036y2 O 54y 027
0
67. Ox 020 x202x03 Ox302x203x02x204x060x304x207x 06
0 0
68. Ox 010 2x20x01 O2x30x20x02x20x0102x30x201
0 0
69. 02x 050 x20x01 D2x302x202x05x205x0502x307x207x 05
0 0
70. 0102x0 x203x01 Ox203x0102x306x202x 02x305x20x 01

o_0d g 1 og o 0 00
71 X xO X Ox xO ~x 20X x0Ox 72. x302

0o
xO0I0 x Ox20x
0 0 0 0 .
73, yl03 208 (7503 7 y10302003 [ 1030503 [ y2 7 y 74 ¥104 94304 (14104 2y ] Ty

B 0,2 uo,2
75. x20y2 0 x*2 "0 y? " 02x?y?2 0 x4 0 y4 02x2y2

1 1
76. cO0= [0 0c202
C (;2
0o 0 0 0o 0
77. x20a? x20a2 oOx*oat 78. xlDZDy1D2 xlDZDy1D2 Ox0Oy
O . 000 O o 0o .
79. “aOb adb OaOb? 80. h2p101 h20101 Oh2
0 0o 0
8l. 10x203  10x283 pg1pox4ms 82.010b02010b02 0b%* 0202 01
! 0o 0
2 2 2 252 4 42
szDme DxDlDDx Oox01020 Ox202x010x*0o0x*0x202x01
O O 0oo O 0o
84. x0O 20x2 xO 20x2 0O0Ox403x204

85. 02x Dy O3002x DyO30002x0y0203204x2 04xy0y2 09

21
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86. Ox DyDzOOxOyOzoOx20Oy20z202yz
D D 0o 0o D D
87.(@ RHSU 3 tanbo?0 a20b? 51 a?0b?02ab Da?0b% O ! 02ab0 Oab O LHS

2 o 2 5 2 B 2 0o, o .
0

(byLHS O a2 [ O a20b2 0 a2 0O b2 0222020 a2 O b2 D2a2b? O4a2b2 O RHS
b2

0 00 0
88. LHS 0 a?0b?2 c¢20d? 0a2c? 0ad? 0b%c? O b2d?
0 0O 0
O a2c20b2d2 02abed O a2d2 O0b2¢2 O2abed O Dac 0 bd0? 0 Oad O be02 O RHS

89. (a) The height of the box is x, its width is 6 O 2x, and its length is 10 O 2x. Since Volume O height O width O length, we
have VDD x 06 0 2x0 D%O 0 2x0.
(b) V O x 60032x 04x2 [60x O 32x2 0 4x3, degree 3.
o g o g
(c) When x O 1, the volume is V 0 60010 032 12 04 13 [ 32, and when x O 2, the volume is
o g o g
vioeon2ono32 22 o4 28 oo2a
90. (a) The width is the width of the lot minus the setbacks of 10 feet each. Thus width 00 x 0 20 and length 0O y 00 20. Since
Area O width O length, we get A O Ox 0 200 Oy O 200.
(b) A0 Ox 0200 Oy 0200 O xy O 20x 0 20y [J 400
(c) For the 100 [J 400 lot, the building envelope has A 0 1100 [J 2000 1400 00 2000 0O 80 138001 [J 30,400. For the 200 [
200, lot the building envelope has A 0 0200 0 2000 10200 0 200 O 180 01800 O 32,400. The 200 [ 200 lot has a
larger building envelope.

0
91. (@) AD2000010r03 02000 103rO03r20r3  [O2000 06000r O 6000r2 O 2000r3, degree 3.
(b) Remember that % means divide by 100, so 2% 0O 00102.

Interest rate r 2% 3% 405% 6% 10%

Amount A $2122042| $2185045| $22820133| $23820J03| $26621100

O O O u]
92. (@) POROC O 50x00005x2 O 50030x 0001x2 O 50x 00D05x2 050 030x 0001x2 O 0005x2 O 20X

[ 50.
O O
(b) The profit on 10 calculators is P 0O 0005 102 0200100 050 O $155. The profit on 20 calculators is
O O
P 00005 202 [200200 050 O $370.

93. (@) Whenx 01, 0x 05020010502 036andx? 025012 025 [ 26.
(b) Ox 0502 0 x2010x 025
94. (a) The degree of the product is the sum of the degrees of the original polynomials.
(b) The degree of the sum could be lower than either of the degrees of the original polynomials, but is at most the largest of
the degreeDs of the original polynomials.

(e) Broduct: 2x3 0 x O 230x07 Doaboaxtn1axdo22x*0x207x06x3 03x 021
3

0 04x8 04x4 020x3 0x2 0 10x 0 21
0 0 0

sum: 2x30x03 O 230x07 D4
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P6  FACTORING

13.

14.
15.

17.

19.

21.
22.

23.

25.

217.

29.
30.

31

33.

35.

37.

39.

. The polynomial 2x° O 6x# O 4x3 has three terms: 2x°, 6x*, and 4x3D.

O

. The factor 2x3 is common to each term, so 2x°® O 6x4 0 4x3 02x3 x203x 02

[In fact, the polynomial can be factored further as 2x30x 0200x O 10]

. To factor the trinomial x2 O 7x O 10 we look for two integers whose product is 10 and whose sum is 7. These integers are 5

and 2, so the trinomial factors as Ox 0 50 Ox O 20.

. The greatest common factor in the expression 4 Ox O 102 O x Ox 0102 is Ox 0102, and the expression factors as

40x 0102 0x0x 0102 0 0Ox 010204 0 x0.

. The Special Factoring Formula for the “difference of squares” is A2 0 B2 0 ODAOBOOAOBO. So

4x2 025 0 02x 050 02x 050,

. The Special Factoring Formula for a “perfect square” is A2 0 2AB 0 B2 0 OA 0 BO2. So x? 0 10x 0 25 O Ox 0502

.hald20050a 040 8.03b0120030b 040 0300b0O40
0 0 0 0
L0233 0x00x 2x201 10.3x* O6x3 Ox2 Ox% 3x206x 01
. 2x2y 0 6xy? 0 3xy O xy 02x 0 6y 030 12. 07x%y? 0 14xy® 0 21xy* 0O 7xy? 0
Lx3 02y O3y2
yOy 060090y 0600 Oy D600y 090

DZDZDZDSDZDZDDDZDZD[DZDZDDS]DDZDZDDZDBD

x208x 070 0x0700x 010 16.x2 04x 05 0 Ox 050 0x 010
x2 02x 015 0 Ox 050 Ox 030 18.2x2 05x 07 0 Ox 010 02x 070
3x2 016x 05 0 03x 010 0x 050 20.5x% 0 7x 06 0 05x 030 Ox 020
03x 02020803x 020 012 0 [03x 020 02][03x 020 06] 0 03x 040 03x 080

20a0b02050a0b0030([0alb003][20a0b001] 0 DalbO3002a 02b 010

x2 025 0 Ox 050 Ox 050 24.90y20030y0030y0

49 0472 0 0702z0 07 0220 26.9a% 016 0 03a 040 03a 0 40

16y2 072 0 04y O z0 D4y O z0 28.a% 0 36b? 0 Da 0 6b0 Da O 6b0]
, 5, O 00 O

OxO0O300y¢0 OxO300y Ox 0300y OOxOyO300x0OyO30

2 , O oo O
xcO0OyOs50c0 x0O0OyObs0O xOOyO50 OOxOyOs500x0Oy0Os0

x2 0 10x 025 0 Ox 0502 32.906y0y2 0030 y0?
72 012z 036 0 Oz 0 602 34.02 0160 064 0 00 0802
4t2 020t 025 0 02t 0502 36.16a% 0 24a 09 0 D4a [0 302
u206ud 0020 03uD 002 38.x2 0 10xy 0 25y2 O Ox O 5y0?

O O O O
x302700x030 x203x09 40.y3 06400y D040 y204y016
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O O O O
41.8a%01002a010 4a?02a01 42.80270°% 0020300 4060 0902

0 0 0 0
43.27x30y3 0 O3x OyOd 9x2 O 3xy Oy2 44.101000y% O 01 010y0 10O 10y O 100y2

L. - 00 D 00 D
4008 0udo 0 uo® puouD2o 46.8r3064t6 0 2r 04> 4r2 Dert? 016tt

02 04

0 0
47. x304x2 0x 04 0Xx20x040010x 0400 0x 040 x201

0 0
48.3x3 0x206x020x203x 010 0203x 0100 03x 010 x2 02

0 0
49. 53 0x205x 01 0x205x 0100 05x 010 0 x201 05x 010

O O
50. 18x309x202x 01 09x202x 0100 02x 0100 9x201 02x 010

0 0
51 x30x20x010x20x010010x01000x010 x201

0 0
52 x°0x40x010x40x010010x01000x010 x401

0 0
0
53. x°02 0 x102 0y102 201 g xOx 0100x 010

0O U O
54, 3xP102 [ 4x102 0 x302 0102 3 g4x O x2 Q% 030 x0010x0

55. Start by factoring out the power of x with the smallest exponent, that is, x 7372, So

0 4P

O
XD3D2 0 2XD1D2 0 XlDZ 0 XEI3D2 102x 0 XZ 302
X

O

O O
56. Ox 010792 0pox 010892 o Oox 0182 x 010201 0O Ox010822[0x01001)

[Ox 010 01]

0 Ox 010892 0x 0 20 OxO 12
0 0 0
57, Start by factoring out the power of x2 01 with the smallest exponent, that is, x2 0 . So
1
0 _ 0 e O 00 0 0,273
201 02 x201 Xl 201 o2 2e=2
102 0 0 0 x201
2x 01
58, xU102 gy 010182 g x102 gy g 10H102 g kP02 gy 0 102 [Ox O HHEE——
x]0 0 O X x0O1

59. 2x1H8 Ox 0 20208 m5x48 Ox 0 20108 g x1B8 Ox g 2018 2 ox D20 05x] O xMP8 ox 0208198 O2x 04 O
5x0

003x 040 %'x

OxBoxo20Boosxn ———
400 X2

1C 1c t
0 Bl 0 0 O oo 0 0
60. 3xU102 x2 1" T ox302 x2pg1 pOxP1P2 y201 0 3 x2p1 oOx2ol
O ; 0 0
1024 XZDl 2X2D3

104
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d d d d d
P2 x2 0 3x2030x? 0xP2 x2p 2x2 03

1

O O
61. 12x3 0 18x O 6x 2x2 03

63. 6y* 015y 0 3y3 02y 050

65. x2 02x 08 0 Ox 040 0x 020

SECTION P6  Factoring

O

1 O

62.30x3 0 15x* 0 15x3 02 0 xO

64. 5ab 0 8abc O ab (05 0 8¢

66. x2 [ 14x 048 0 Ox 080 Ox 0 60

O

X

24
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67. y2 08y 0150 Oy 0300y 050

69. 2x2 05x 03 0 02x 030 0x 010

0 0
71.9x2036x 04509 x204x 05 090x 050 0x 010

73. 6x2 05x 06 0 03x 020 02x 030
75. x2 036 0 Ox 060 Ox 060

77. 49 0 4y2 0 07 02y0 07 O 2y0
79. t2 06t 09 0 Ot 03072

81. 4x2 0 4xy O y? 0 02x 0 yO?
O O
t?0t01

0 0
84. x30270x303300x030 x203x09

0
85. 8x3 01125 0 02x13 053 0 02x 0 50

O

83. 30100t 010

86. 125 0 27y3 0 5% 0 03yn® 0 0503y0d 52 0503y0 O O3y02

0 0
87.x302x20x0Ox x202x01 OxOx0O102

0 0
88.3x3027x 03x x209 0O 3x0Ox 0300x 030

89. x4 0 2x3 0 3x2 O x2

2x02 0 02x0 050 0 52

SECTION P6  Factoring

68.z2 06z 016 0 Oz 020 Oz 0 80
70.2x2 07x 04 0 02x 010 Ox O 40
72.8x2 010x 03 0 D4x 030 02x 010
74.6 05t 06t2 0 03 02t0 020 3t0
76.4x2 025 0 02x 050 02x 050
78.4t2 0 9s2 0 D2t 0 3s0 02t 0 3500
80.x2 0 10x 0 25 O Ox 0502

82.r2 06rs 09s? 0 Or 0 3s02

0 0 0
0 02x 050 4x2010x 025

O O O
003y 050 9y2 015y 025

0
x202x03 0Ox20x0100x 030

0 0
90. 30° 05040208 003 30205002 00303001000 020

0 0
91 x*y3 Ox2y> O x2y3 x20Oy?

92. 18y3x2 00 2xy* 0 2xy® 09x O yO

Ox2y30x OyDOx 0yO

25

O iy 0
3 2 o = ==
93. x0 o8yl O Opy® 0 x20  x2 "0 x2 02y00 0 x202y x4 02x2y 0 4y2
x2 2y 02y0?
3 H P o
0O O
=
94. 7a30b° 0D 03a0®0 0 3a0b? plag?003an b2 O 0 3a0b? 9a2 [ 3ab? (b?
b2 b2
O O O
95. y3O3y?04y012 0O yiO3y? 0OOD4y01200y20y030000400y03000y030 y2o4

0O Oy 0300y 0200y 020 (factor by grouping)
O O
9%.y30y?0yO010y20y010010y0100 y201 Oyo1o
O 0o O O O O
97.3x30x2012x 04033 012x 0x20403x x204 0O x204 003010 x204 003 0100x 020
Ox 020

(factor by grouping)

0 0
98. 9x3018x2 Ox 0209x20x 020 00x 0200 9x2 01 Ox 020 0 03x 01003x 010 0x 020

99. Da0b0? 0 0a0b0d2 0 [Da0b0 0 0adbd][0a0bl00a0bd] 0 02b002a0 O 4ab
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100. 10 010 0o 10 010 10 0 10

0O 10-010- 10 010 O 020 O
X X X X X X

0 0o o 0 0 0o 0
101. x2 x201 09 x201 O x201 x209 0DO0Ox0100x 010 0x 0300x 030

0 0 0 0 0 0o 0
102, a201 b204 a201 0O a201 b204 00Da0100a0100b0200b0 20

103. DXDlDDXDZDZDDXDlDZDXDZDDDXDlDDXDZD[DXDZDDDXDlD]DSDXDlDDXDZD

O O
104. Ox 0103x 020x 0102x20x30x 010 Ox OxD10 x0102020x010x0x2 OxOx 010[0x 0100

x]?
O xOx 0100102 O x Ox
010

0 0 0 0
105. y* Oy D208 0yPoyo204 0y*oyo20® Di00yOyO20 Oy*oyoe20® y2o2y01 Oy*oyo2od
Oy 0102

106. nOx OyOOOn0O100yOxOOnOxOyOOOnO1O0OxOyoOOxOyO[mOooOnOolOlOxOy

107. Start by factoring y2 0 7y [ 10, and then substitute a2 O 1 for y. This gives

0 , O 0 0o 0O 000 O 0 0O 00 0
@0 “07 a?01 0100 a?01 D02 a201 05 0O a201 a204 Opadlppadlopan

1 20 0a 020

0 3 O 0 0o 0 000 0o o0 0 0o 0
108. a?02a 02 a’02a 030 a202a 03 a202a 01 0O a202a03 a?02a01

0 Da 010 0a 030 0a 0102
109. 3x2 04x 01202 0 x3 020 O4x 0120 040 O x2 04x 0120 [3 04x 0 120 0 x 020 040] 0 4x2 Ox 0 30 012x 0 36
0 8x0

0 4x2 Ox 030 020x 0360 0 16x2 Ox 0 30 05x 0 90
0

O 4 O 0, O 0o o
110.5 x?0  02x00x02040 x2 (p4oox 020302 x2 0Ox020® pspooxoox0200 x204 (02
O O O
4 04 04 4
4
O O O o 0O O
02 x204 mx020° 5x2010x02x2 08 02 x20 Ox 0208 7x2 010x O
4 8
0 0 O
1113 E2x 0102 0200x 030192 go2x 0108 1 oxo3oPiB2 gpo2x 01020x 0308192 eOx 0300 O02x O
1
10 Vi 2
O O
g o2x 032 0x 0307102 exn180x 0t 0 o2x 0102 ox 0 3ntiH2
7XD35 7 -

1D1t2>'mlm%]m 607283 m2x 0302 0 pox D60t m2nn2x 030 020 0 1 ox 0605203 m2x 030 [m2x 030 0 030 0x



27  CHAPTERP Prerequisites SECTION P6  Factoring 27

3 3
1 1
0 5 Bx 060 02x 030[2x03012x072] 0 5 Ox O 02x 030 014x 0O
60 690
0 ho 0 0 oo o 0 0 0 0 14203
113. x203 2y2 y2 3 2 x313 0-%20 x20: Ax2py 3%
Tlacs 0 %533 U .
0 0
0
3 3 3 x 0343

114. 1y P102 13y 0 4ptH2 0 3x102 O3x g 4pPio2 g 1x0102 03k 0400102 [03x D40 03x] 0 1x 22 03x O
405%< 06x J40 7 Vi 7

0 xP102 03y 0402 03x
020
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115. The volume of the shell is the difference between the volumes of the outside cylinder (with radius R) and the inside cylinder

RO OhooROrD, The

0 0
(with radius r). ThusV 0 OR2h0D0r2h 00 R20r2 hOOOROrOOROroh O
20 0

0 0
r and 20 R 5 ' is the average circumference (length of the rectangular box), h is the height, and

O

. . R
average radius is

ROr

R O is the thickness of the rectangular box. ThusV 0O O R2h O Or2h 020 5 OhOOR Or0 O 20 O Daverage
0

radiusC) O
OheightD O OthicknessO

length

—>

¢ i ‘/thickness

116. (a) Mowed portion O field O habitat

(b) Using the difference of squares, we get b2 0 Ob 0 2x02 O [b 0 Ob O 2x0][b 0 Ob 0 x0] O 2x 02b O 2xO O 4x
Ob O xO.

117. (a) 5282 05272 0 0528 0 5270 0528 [ 5270 0 1010550 0 1055
(b) 1222 01202 O 0122 0 1200 0122 0 1200 O 2 02420 [ 484
(c) 10202 010102 0 01020 0 10100 01020 0 101001 [ 10 0203001 0 20,300

118. (a) 501 0499 0 0500 0 10 0500 010 05002 01 0 250,000 0 1 0 249,999
(b) 79061 0 070 090 070 090 0 702 0 92 [0 4900 [ 81 [ 4819
(c) 2007 01993 0 02000 0 70 02000 0 70 0 20002 0 72 0 4,000,000 O 49 O 3,999,951

0 0o 0 0 0
119. (8) A*0B* 0 A20B2 A20B?2 OOAOBOOAODBO A20B2
O od O
AOBS O A3OB3  A3OB3 (difference of squares)
0 0 0 0
ODOADBDO A20ABOB2Z OAOBO A20AB O B2 (difference and sum of cubes)

(b) 124 074 0 20,736 O 2,401 O 18,335; 125 DD76 (12,985,984 [0 117,649 [ 2,868,335

(c) 183350124074 0012070012070 122072 050190 0144 0490 0 50190 01930
0 00 0
2868335 0126 078 0012070012070 122012070072 12201207000 72

0501900144084 04900144084 0490 050190
02770 01090

120. (a) DADlDBADlDDADZDADADlDAZDl
OAD10 A20AD01 OASOA20AO0A20AD10A301L

0 0
OAD10 ASOAZ0AO1 OA'ODASOAZO0ADASDOAZOADL
0 0
(b) We conjecture that A 01 0 DAD10 A*OA3OA20AD1 . Expanding the right-hand side, we have

0 0
OAD10 A'OASOA20ADL ODAOA'OASOAZO0ADAYDASOAZOADL DAY O, verifying
0 0
our conjecture. Generally, A" 01 0 0AD10 Ao A2p00000ADL  forany positive integer n.
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121. (a) AD1 A2O0AD1 AADOA20AD1
O AD1 O AD1 O AD1
OA D1 OA20AD1 OABOA20AD1
A2 0 A A3 O AZOA AMOADADA
A2 01 A3 01 AY 01

(b) Based on the pattern in part (a), we suspect that ASO100AD1L0 DA4 ODASOA20AD 1D. Check:
AMOADODADADL
O AO1
OA* DA DO A20ADL
AoaAtDADADA
AS 01

O O
The general patternis A" 01 0 DAD10 A"l gA'"™@2 00000 A20ADL |, wheren is a positive integer.

P.7 RATIONAL EXPRESSIONS

1. (a)

3X . . .
7 is a rational expression.
)ﬁ 01

is not a rational expression. A rational expression must be a polynomial divided by a polynomial, and the

xO1
() 2x 03

U . . .
numerator of the expression is  x [J 1, which is not a polynomial.

xOx2 010 x3 0x

C is a rational expression.
© x 03 xd3 P

2. To simplify a rational expression we cancel factors that are common to the numerator and denominator. So, the expression

Ox 0100x020 . .. xO1
_— simplifiesto— — ™.
Ox O300x O x U3
20
3. To multiply two rational expressions we multiply their numerators together and multiply their denominators together. So
2 X . 21X 2x
is the same as | .
xO1 xO Ox01000x  x204x03
3 030
1 2 X
-0
4. (a) ~ 0 Ox O O %0 has three terms.
10 102

(b) The least common denominator of all the terms is x Ox O 102,

(c)%D 2 x DX2D 2x Ox [ X Ox 0102 02x Ox 010 0 x2
x OxO ~oOxo i o 1o g X0 x Ox 0102
10 102 x Ox O Ux O Ox O
102 10 102

x202x0102x202x 0x2  02x201

2 E 2
x Ox 010 x Ox 010
x Ox 010 X
——

5. (a) Yes. Cancelling x O 1, we have 5 U—
Ox0 10 xQo1l
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[l [l
(b) No; Ox 0502 0x2010x 025 0x2 025, so0x 050 x2010x 0250 x2 0 25.

30a 3 a a
- =p=010=.
6. (a) Yes, 3 O 3D3 3

(b) No. We cannot “separate” the denominator in this way; only the numerator, as in part (a). (See also Exercise 101.)

7. The domain of 4x2 0 10x O 3 is all real numbers. 8. The domain of Ox# 0 x3 0 9x is all real numbers.

28



29

9. Since x 03 O 0we have x O 3. Domain: Ox O x 0 30

020
11. Sincex 03 00, x O 03. Domain; Ox O x O O30 12.Sincex 01 00, x O 1. Domain; Ox O x O 10
13.XZDXDZDDXDMDXDZDDODXDDlor2,sothedomainisDxDxDDlDZD.
14.2xDOandelDODxDOandeDl,sothedomainisDxDx%OD.
, -
50x03002x 0 50x 03002x O 2x 01 4 x201 40x 010 Ox O x 01
15. 16.
10 10
0 0 0 0
100x O 50x030020x 20x 0 120x 0200x O 120x 0200x O 30x 020
3012 030 30 10 10
17 x 02 x02 1 1szmxmz OxD0200x0 x0O2
"x204 DxDZEDxDZDxDZ %201 10 xO1
Ox 010 0x 010
x2056x06 Ox0O200x0 x0O2 x20x012 0Ox0400x0 x0O4
19, ——— — 3 20, ———— 3
X2 08x 015 o x 05 x205x U6 o x02
Ox 050 Ox 0301 Ox 020 Ox 030
y2 0Oy yOy O y y2O03yOd18 OyDe600y0 _ yO6
2l = 10 Vo1 2. S>——— 30 .
yeOlpg - y0Ol 2y207y03 30 T 2y01
Oy 0150y 010 - 02y 0100y 0
30
5 2
2x30x206x - X 2X°Ox06 ypoxp300x0  x02x 030
23. 0 0 51
0
2x207x 06 02x 0300x O 02x 0300x 0O 2x 03
20 20
2
oq 10X . DlDﬁ(DDleDD DDXElDDleH 00x 010
x301 oOxO x20x01 OxO x20x01 x20x 01
25 2 4D><D2 Ox 0200 DDXDZ D4DxD
X4 0 X X
16x 20 16x 20
26 x2025 x0O4 OxO500x0 xO4 _ x0O5
"x2016 x05 %Y xO5 x04
0 Ox D4f0x 0
40
x202x015 x0O5 OxO500x0300x  x0O3
27.
x2 25 X 02 050 x 02
U Ox 050 0150 Ox O
20
28 x202x03 30x OxO0300x0O 0O0x0O Oo0x0Od OxO1 10X
"x202x03 30x iU U o 10 xO1 10«
. Ox 030 0x 0 x 03 x 01
10
to3_tOo3 Ot 0300t 030
29. O 5| n
0 0——

CHAPTER P Prerequisites
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10. Since 3t 06 O Owe havet O 02. Domain: Ot Ot O

29



30

30.

31.

32.

33.

34.

35.

36.

CHAPTER P Prerequisites

t209 t2009 t209 Ot0300t0  t209

30
x20x06  x30x2 Ox 0300x O x20x [
x202x  x202x03 20 o 10 X
U x Ox O 20 DXDSHDXD
10

x207x012 x205x06 0Ox0O300x0 Ox0O200x 0
x203x 02 x206x09 [ 40 30
U OxO1g0Ox 0 Oxf300x 0

20 30

x04

X

O

1

x202xyOy2 2x20xyOy2 OxOyOdDOxO Ox DyDo2x 0

x2 0 y2 x2 Oxy 02y2 g yU yU
DnyHDxD Ox O02y00Ox O
yO yu
x 03 x2 07x 012 x03 _2x207x 015 x 03
4x209  2x207x 015 4x209 x207x 012 02x 03 D2x 30
30

SECTIONP7 Rational Expressions

Ox 05002x O xO5

30

O02x 030 0x 040

Ox O0300x0

x 02

2x 01 D6X2DXD2 2x 01 x 03
2x2 O x 015 x 03 Ox 0 38-H2xH—H2x010 03x 02x 050 03x 020
x3 50 020
3 2 3
X x“0O2x0O1  x°OxO0100x O
xI 1 p D 0x20x 010
o le X 10
x202x 01 Ox 010
2x203x 02 , X
2
x2 01 2x O3x0O2 x Ox0O2 Ox 02002x 0 Ox0100x 0O
10 20

0 0
2x2 5% 002 ﬁZDl 2x205x 02 OxO0100x 010

x20Ox 02

0 0
Ox 020 02x 010 xO1
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37

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

50.

CHAPTER P Prerequisites

SECTIONP7 Rational Expressions

3xO7

0oL o
yz y z
X yz
—oxoYoXt X
yd z y y
z
10 1 x 03 1 x4
xO03 x0O3 xO3 x0O3
3x 02 3x 02 20x 0 3xO202x 02 x4
xO1 xO1 10 xO1 xO1
xO1
1 2 xd3 20x 0 x0302x 010
x05  xDO3 OxO500x0p oy Ox 0500x O
1 1 30 DXD5E Ox 030 30
xO1 xO1lOx0O1
xO1

xDlemlmemlmmeD

DxDlDDxDD

DxDlDDxDD

Ox O500x 0
30
2X

Ox 0100x 010

3 . 1 10 10 10 2x 05
xO01 x0o2 30x 020 x 01 sxrrexo—Ux Uil bx 2y
OxO0100x 0O Ox 0100x O OxO0100x O

20 20 20

X_ 4 3 x Ox 00 60 030x O x2 [0 6x 03x 012 x2 03x 012

x04  x06 OxD400x0p 40 Ox 0400x DO Ox 040 Ox O 60
60 DXD4EDXD6D 60

5 . 3 502x O 3 DleD15D3 1OXD18D2DSXD9D

2x03 020 30 02x 0 02x 0307~ 02x 0 02x 0302
302 b2x b 3p2 302
302

X 2 X 20x 0O xgd2x 2 3x 2

0Ox O xO1  0Ox0O 10 0Ox O Ox 0102

102 102 DxDlHDxDlD 102

u OuO0100u O u v2Oo2u010u _u203u0l
ud1lD 0 0
uld1l 10 uD1 ul1l ul1
ugd1l

. 3 . 2b2 . 3ab _ 4a2 _ 2b2 03ab 0O 4a?
a2 ab b2  a2p2  aZp?  a2p? a2p?
1 1 1 1 x0O1 X 2x 01

49, -0 ——— 0 =
x2 ~x20x X2 xDéDlD X20x 010 x20x 010 x20x 0O
N N
10

lmlmlmxzmxmlmxzmxml
X x2  x3  x x3 ~ x3 x3

2 O 1 X2 O 7x O 0 2 O 1 20x 040
x O3 12 xO3 OxO0300x 040 Ox0O300x 040

51.

31
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52.

53.

54, 0J 0 O
x20x0O2 x205x04 OxO0O100x0O

55.

56.

CHAPTER P Prerequisites

01
2x 0801

SECTIONP7 Rational Expressions 32

0—
Ox 030 0x 040
2x 07

O O
Ox 0300x 040

Ox 0300x 040

X 1 0 X 1 X xd2
x2 04 xQg2 DXDZEDXDZDXDZ Ox 020 0x 0O Ox 020 0x 020
20
2x 02 20x 010

O O
Ox 0200x 020
1 1 1 0 1

Ox 0200x 020

x 3 1 xd2

x 03 XZDQDxms Ox 0300x O
X 2 30

DxDSEDxDSDDxDBDDXD

Ox 030 0x 030
30

X

02

Ox 0100x 040

20
x Ox 040 02 0x O x204x 02x 04 x2 16x 04
20
0 H H H
Ox 0100x 020 0x 040 Ox 010 0x 020 0x 040 Ox 010 0x 020 0x 040 Ox O
100x 020 0Ox 040
gD 3 0 4 DgD 3 0 4 20x 010 3X 04 ng2D3xD4 5x 06
X xDO01 x20x Xx x0O1 )ﬁDxDlD ﬁDXDlD ﬁDXDlD x Ox O XEXDID x Ox O
10 10
X 1 0 2 X 01 0 a2
x2O0x0O6 xO02 x0O3 DXD3EDXD2DXD2 x 03
X O10x O 020x 0O xOxO302x 04 02x 01
30 20
0 H H 0
DXDSHDXDZD Ox O0300x 020 Ox 030 Ox O0300x 020 Ox 030 0x

Ox 020

020
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. 1 1 1 1
"x203x02 x202x03 DxDZHDXDlDDxDSDDXD
10
x0O3 O0Ox O xO30x0O2 a5
20
0 | | |
Ox0300x0200x 010 Ox0O300x0200x 010  Ox0300x0200x 010 0Ox O
30 0x 020 0x 010
58 1 2 3 1 a2 3
"x0O1 0OxO x201 xO01 0OxO Ox 0100x 010
102 102
Ox 0100x O 020x O 30x 010
10 10
1 1
Ox 0100x 0102 0Ox0100x 0102 Ox0100x 0102
x201 02x 02 3x 03 x20102x0203x03 x20x 04
0 O O O
Ox 0100x 0102  Ox0100x 0102 Ox 010 Ox 010 0x 0102 Ox 0 10 Ox
Ox 0102 0102
o 0
10l x 10g x 01
59. X O
T
B,
102 vy 10O
60. y 0 y yoz2
. 0 —O 0o
VD]' y 301 30y
y
0 , 0
10t OxO 10
61 X w2 20 O quHDDxDZDD%xDS
0
1 1
10 Ox O 1. Ox 0200 x0O1
X L2 2] x 02 1
1DC11 c
()
62. T c0101°¢co32
10 - -
cul cO101
— —4— J 1 1 o
63 XO1 x03 Ox D10 O38=7 {93 Ox 0300 Ox O 20x 010
- 10
0 0
x 01 Ox 010 Ox 030 0x 010 Ox 010 0x 0100x 030  Ox0100x 010 0x O
30
—
0
Ox 010 Ox O
x03 x02 30 o 0
x2 2x 3 x2 2x 8
w04 " x01  Ox0300x01000x 020 U ok U u 5
64. Ox O 40
0
x 03 Ox 0400x 030 0x 010 Ox 0400x 0300x O

EXD4DDXD3DDXD1D
10
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0 0
X xy x0O X
x4~ v 2 2
65. vy 0 0 0 Xy 0 x 0 X 010
—v Y 2 Oy
2
y O Xy ny Xy Oy y Ox 010
ad d ad g
y y
= xyxOz 2 2 0 x?
x N X xcyQdy y'y
6. 0O O 00 0 0
X X xy20x2 ~— x  Oy?2
yo  xy yo2 y noY
y y X
Xy x2 0 y?
- = 22 22
H x O X X
67. X Xy y y X Xy. An alternative method is to multiply the
0 g g od
1 1 y2 0 x2 ¥ y2 0 x2 01
— [ —
X2 y2 x2y2
numerator and %enominaﬁor by the common denominator of both the numerator and denominator, in this case x2y2:
X X g 0
X Yy X ¥ s
- Q0=
y O x yoXx Xzyz x3y 0 xy3 Xy x Oy .

og

08 00 O
T 1 1 1 2y2 Y2 Ox2 y2 0 x2
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35

0
2
0
y y Xy xy?2 X HX xy2 x3 0 xy? O xy? x3
y2
68'XDX_YDXDX mDXyDXDX2 9 9 5 0 5 2D 9 2 0 9 9
_0- _O- Oy x Oy x Oy x Oy x Oy
y X y X
1 1 y2 x2
] ]
xP2 oy xr—y2 xyE—xyr y*ox* —xy— OyOxOO0yOxO yOx
69. g 0 0 0 0
xdlgyolt — 11 y X x2y2 "~ yOx x2y2 Oy O Xy
u x [
- 0- — 0O
Xy Xy Xy
0 0
1D 1
xH2 0y2 X2 T yZ x%y?2 y20x2 Qyoxooyo  yox
X
Alternatively, O Dl 1D 0 O O O .
x2 gyt =g= x2y2  xy2 0 x2y xy Oy O x0 Xy
Xy
1D1 1D1
xHl oy X Yy o Xy xyOxO  yOxOydOxOxD
oxoyo= 1 1 5 yo yo
x Oy xOy  xyOxoyo Xy
L
Xy [ v2 2 2 2 Ox 0O
0 yOysOx nyDx D2xyDyD 5
Xy Xy yO
Xy
1 X x 010x 1
— 010 I
71'1D1D; x 01 xO1 10X
X
1 10x x01 x0O20x01 2x0O3
. 010 010 0 0
721D1 1 01 xo 1 x 02 x 02 x 02
C10x 0
1 1
73 lmxmhmlmx UlO0xOO0l10x0OhO 1
0 =
h hOlOxOO1Ox OhO 0l10xO0010x0hO
74. In calculus it is necessary to eliminatethe h in the denominator, and we do this by rationalizing the numerator:
1 1
H=——10 Oo__ 0O 0 0
oF % X0 xOh xO xOh x 0 Ox O _ 1
hO
0 —B-H 0=4—=~ 0—8-H Og—Ho 0 0GR og—— o
h h X xOh xO xOh h x xOh x0O x0Oh X xOh xO x0Oh
1 1 9 DZ
Ox O h02 x200x 0 2 XZ@ x“02xh D 2x Oh
2 hO h
0
hx2 Ox 0 h02 hx2 Ox 0 hO? x2 Ox 0 h0?2
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0
3 3
7 DXDDhD O70x0h00O x°0 DX3D3x2hD3xh2Dh3D7xD7th3D7x 3x2h 03xh2 0 h3 O 7h
X

h 0 h
h 3x203xh0h207

0 - 03x203xh0h2 07

O

0 0 0 d 0
: X 2 x2 10U x2 x2 1 1
77.-10 B=—— 0 10 5 U 5 0 5 U >0 &
10x2 10x 10x 10x 10x 10 x2

T 1 72 - 23 1 T - 1
78. 10 x30— 0 1o0x020—_p 1o0xbo0do—no x6odop—
4x3 4x3 ~ 16x6 2" 16x6 27 16x6

36
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9. Ox 0 30

Ox O
304

30x 0202 0x 0302 0 0x 0203020 .

SECTIONP7 Rational Expressions

Ox 0202 0x 030 [30x 030 0 Ox 020 020]
Ox 0304

Ox 020203x0902x 0 Ox02020x 0

- 47 130
- Ox 0303 Ox O
O 3
30
0 0
3 2
sozxmxmem“mx?mmmxm gém LZ&DXDGDD D2x2D12xD4x2D12xD2x2D2xD6DxD
' 603 O Ox 0 60° Ox O Ox 0 60°
Ox O Ox 0608 6015
608
o1 201 0x01P2 0x 010 010x09182 201 0 xO x 02
' xOH2 o 0xl 01 0x03t2
10x 10x
[
0 0 0 0 0 0
10 Ox2 10x2 1 10x20x2 1
82. 251[2 ZDEJ] O
X X u
0
10x2 10x2 1 (2302
0
. 3010x0' 8 oxo10 01 0x0"7298 301 0x0 5 _2x03
' xO 203 0x] 010 x0403
010 010 x0203
XDZEE -
7
0
102 7333
y 0703x072 0 3x 070 = X 70 3x
. =2 X _
3xU 0 703x 070 3x 032
7 0 3x — _
SDD_ 5553 5553
85 _‘o-g_ o O 2 g 0
50 3 50 3 50 3 2503 22
0 o
20 5 3 £ o_
8. —o=po— oo oppdP350psnss
0 0
20 5 20 5 20 5 405
C o Oo po Og opH Og o_U
[ [
2 2 QZDQZ 2 20 7 Z 210 [4 Z (0 2
87 0 00 0O 00 0O O 0 0
20 7 20 7 20 7 207 05 5
1 1 Nso1 01
88, b=— 0 o=— o0& X
Xx0O1 xo1 x 01 xQO1

37
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38  CHAPTERP Prerequisites
0 0 0 0
0= o O - O
Ly _y 3oy Y 30V yzoyy
89. O oo oo 0 0
3DDy 3DDy EDDy 30y 30y
2 0 2 0 Uit 20x 0vy0O 0
BEN0 B0 X0y 00 0 0 nonon
90. ——— 0O 0O 0o 0 ’ DZD 0 DDZ a2
. — X
xO "y xDDy xDDy xOy X y y
1DD5 1DD5 1DD§ _155 04
91. — 5= 0 —H 4 0—H =
_ 0 0
3 3 ro 5 31p 5 310 5
O_ _ 0 0
30 5 30 5 30 5 305 02 uk!
92. g D- 00 0g g0 Op g 000 O
2 2 3005 2 30 5 2 30 5 30 5
o_ o0o_ o_ O0_ o0
rog 2 rg 2 rod 2 rg2
93 H - 0O 0o O DD 0
5 S rb 2 5 g 2
Oo_ 0O 0 O 0 0
xO x0Oh xO x0Oh xO x0Oh x O OxOhO
9. = 0 —4—+H o= 0 =—+H E=4—4 £
h x xOh h x xOh Xx xOh h x xOh xO xOh
0
. Oh . 01
0 —g—>= Og—o 0 0-p—H Og—0 O
h x xOh xO x0Oh x xOh xO x0Oh
o 0
o 2 2 2 2
95, x2O1Oxn D LOXy X O10Xx o x7010x7 o5 1
1 x2010x x2 010X x2010x

38
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o [ — 0o_
xO1lO X xOd10 x xO010x _ 1
Oo___ 0O_ - - - -
96. x0O10 x0O
1 xO010 x xO10 X xO10 X
0
1 1 R1R2 R1R2
97. @ RO ———— 0O d d
@) 1 1 1 1 R1 R, O Rq

SECTIONP7 Rational Expressions

39

0100 200
0200 —
(b) Substituting Ry O 10 ohms and Ry O 20 ohms gives R O — 0 O 0607 ohms.
0200 30
2
98. (a) The average cost A O Lt_ w.

number of shirts X
(b)

X 10 20 50 100 200 500 1000

Average cost | $560010| $31[J20| $160J50| $120100| $100J50| $120100| $160150
99.
X 20180 2090| 20195| 2099| 2(1999| 3 | 30001| 30101| 30105 30J10| 30120
=9

50080| 50J90| 509dH9199| 500999| ? | 60J001| 60101| 60J05| 60J10| 60120

From the table, ¥ve sbe that the|expression 5 approaches 6 as [x_approaches 3. [We simplify the expregsion:
2
x< 09 Ox O300Ox 0O . . .
03 " 30 x 03, x O 3. Clearly as x approaches 3, x 0 3 approaches 6. This explains the result in the
0

table. x0O3

2
100. No, squaring H— changes its value by a factor of 0—
X X

101. Answers will vary.

Algebraic Error

Counterexample

1 1 1
_ - ] —_—
a b aOb
DaObd20a20
 I—

a20b20a0b

T 1 1
272572
HI_DSD2D12D32
2012205012
206

06
2
1

g
101 !
ke
32

amm gy,
gl
alb b
aTDamE
102. (a) 5EaD%D%DlD%,sothesta\tementistrue.

xO1

501

o>
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(b) This statement is false. For example, take x 0 5and y O 2. Then LHS O yT1 O o1 O 3 0 2, while

RHSO X 02 and2 00 2.
y 2 2
(c) This statement is false. For example, take x 0 Oand y O 1. Then LHS O b é d Bl 0 0, while
y
RHso —+ 01 51 adonl
10y 101 2 2

40
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0 1 0
(d) This statement is false. For example, take x O 1andy O 1. Then LHS O 2 ‘:u 02 7 02 while
RHS O i—z 0 ; O1,and2 0 1.
Da - 1 5 0,0 OaU a
(e) This statement is true: 0O a0~ 0O 10 Daé o 1o - =.
— 0 0 0 0 0 0 od
b b b b b
Thi is false. F le, tak 2. Then LHS D2D2D1 hile
(f) This statement is ase._orexampe, take x 0 2. Then 0 0% 05 % 30 Whi
RHsO:o20t0203adlod
2 x 2 2 2 3 2
103. (a)
1 9 99 999 9999
X 1) 3 2 [10 100 1000 10,000
I
x O m 2 | 30J333| 205| 20J011| 2010001| 2[J000001| 2100000001
It appears that the smallest possible value of x [ )%is 2.
d d

1 1
(b) Because x 0O 0, we can multiply both sides by x and preserve the inequality: x O M 020x x0O " 02x O

x20102x0x202x 01000 0x 0102 00. The last statement is true for all x 0 0, and because each step is

reversible, we have shown that x O )% O 2forall x OO0.

P8 SOLVING BASIC EQUATIONS

1.
2.

6.
7.

. (@

Substituting x O 3 in the equation 4x 0 2 O 10 makes the equation true, so the number 3 is a solution of the equation.
Subtracting 4 from both sides of the given equation, 3x 0 4 0 10, we obtain 3x 04 0 4 0 10 04 O 3x O 6. Multiplying

by 1, wehave 1 03x0 O 1 D62D O x O 2, so the solution is x O
3 3 3 :

0 2x O 10 is equivalent to gx 010 O 0, so it is a linear equation.

(b)

XN N X

0 2x O 1is not linear because it contains the term 5 multiple of the reciprocal of the variable.

(c) xO70503x04x0200,soitis linear.

. (a) xOx 010 060 x2 0x O 6 s not linear because it contains the square of the variable.

(b) x 02 0O x is not linear because it contains the square root of x 0 2.
(c) 3x2 02x 01 O 0is not linear because it contains a multiple of the square of the variable.

. (@) Thisistrue: Ifa O b,thena Ox O b Ox.

(b) This is false, because the number could be zero. However, it is true that multiplying each side of an equation by a
nonzero number always gives an equivalent equation.

(c) This is false. For example, 05 O 5 is false, but 10502 O 52 is true.

To solve the equation x3 [ 125 we take the cube root of each side. So the solution is x O 5 125 05.

(@ Whenx 0 02,LHS 040020070 0807 0 01andRHS 09002003 0 018103 O 121, Since LHS O

RHS,

8.

x 0O 02 is not a solution.

(b) Whenx 02, LHS 040020070807 0 15andRHS 09020 03 0 1803 [ 15. Since LHS 0 RHS, x 0 2
is a solution.

(@ Whenx 001, LHSO2050010020507and RHS 080 0010 O 7. Since LHS O RHS, x O Olisa

solution.

(b) Whenx 01, LHS 0205010 02050 03and RHS 08 0 010 O 9. Since LHS O RHS, x 0 1 is not a solution.
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9. (@) Whenx 02, LHS 010[200300200]010[201]010100andRHS 040200060 020008080

0. Since
LHS O RHS, x O 2 is a solution.

(b) Whenx 0 4LHS 01020030 0400]010[200010] 0103 0 02and RHS 0 4040 006 0 0400 0 16

010 O 6.

Since LHS O RHS, x O 4 is not a solution.

10. () Whenx 02, LHS 01 1 2

2 204 2
1

(b) When x O 4 the expression TTa

olp

1

01010 1andRHS O 1. Since LHS 0O RHS, x O 2 is a solution.
02 2 2

is not defined, so x w 4 is not a solution.

11. (@) Whenx 0 01, LHS 02001093 03 02001003 0 0203 O O5. Since LHS O 1, x O 01 is not a solution.
(b) Whenx 0 8LHS 02080178 0302020030403 01 0RHS. Sox O 8isa solution.

302 3
12. (@) When x 0 4,LHS O % 0 é 0 Di 0 04 and RHS 0O 040 08 O U4. Since LHS 0 RHS, x 0 4 is a solution.
302 23 o2
(b) Whenx O 8, LHS O 576 O — ad ) 02 andRHS O 08008 00.Since LHS 0 RHS, x O 8isnota
solution. —
0O0a Oa a
13. (@) Whenx JO0,LHSO —— 0 — O = 0O RHS. So x O 0 is a solution.
@ 00D " Th b
bOa bOa
(b) Whenx O b, LHS O 506 O 5 is not defined, so x O b is not a solution.
b b et oy, w2 w2 w2 b
14. () Whenx O _,LHS O Ob — O O 00 ORHS.Sox O _ isasolution.
@ 2 2 2 H 4b H 4 2 4 2
0o 0 o,.0 2
1 12 1, 1 b 1
(b) WhenxDb,LHSD b Ob b D4b Dbzmlm 4,SOXub|snotasqut|on.

15.5x06 014 05x 020 0x 04
17.702x01502x D 080 x 0 04
19. 3x07030% 0040x 008

21. 03x03056x030008 Ox0O0

23.7x010402x 0% 030x0 1y

25. Ox0304x0305x 0x 0 3g

16.3x040703x030x01
18.4x 09501 04x 096 0 x O 24
202010040 10 060X 0018

22.2x030502x04x020x 0 %

3
24.1DxDxD4DD3D2xDxDD2

26.2x 030703 05x040x 0 4%

27.
28.

29.
30.

X010%x070x0305x02104x 0 0240x 006

Ex 010 $x0304x01003x 1300 x 040
2010x0030102x0050202x0306x050202x0806x 00608 0x 0L,
50x030090020x0200105x015090 02x 0401 056x 0240 02x 030 7x 0 0210 x 0 03
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31

32.

33.
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.4 yDz1 DyDGDSDyDD4yD2DyD3OD6yD3yD2D3OD6yD9yD32DyD392-

rd3

.2yoloyoso
3z
Oy 03

yOol

4

rd2[10302r040]0610r 0201 06r 0120 061 0r02006r 0110061 0r 012r 022 061 0 13r O 39

x 0 3x 0 3x 05000 6x 02x 03x 030 00 (multiply both sides by 6) 0 x O 30

0O8yD060yd30030y01008y06y01803y03014y 018 03y03 011y 021



37

35.

36.

37.
38.
39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54
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2xD§DXDlDexszmzxmxmmz4xD7xmmz4xmm7xmxD17:
3xD57XDXglD%D18xD15xD2DxD1DD1D3xD2xD1DxDl
Ox0100x 020 00x0200x0300x20x020x205x060x02005x0606x080%0 4

xOx 0100 0x03020x20x0x206x090x 06x09005x090x 0 &
Ox 010 04x 050 0 02x 0302 04x2 0x 05042 012x090x 050 012x 090 13x 0 14 O x i 14
Ot0402 00Ot 04020R 0120801601208t 0160320 016t 0320t 0 02

%D%D1D3D4D3x(multiplybothsidesbytheLCD,3x)DDlDSxDxDD3l
2 6
L0850 2040205x 0604x 00409 04 #x
2x01 _ 2 29
XXDZDEDBDZXDIDD4DXD2DDleD5D4XD8D6xDl3DXD—61—3
2x07 -
O 002x07030202x 040 (crossmultiply) D6x 021 04x0802x 0290 x O
2x04 8 2
3 . .
20— 020010030t 060 [multiply both sides by the LCD, 0t 0 10 0t 0 60] 0 2t 02 0 3t 018 0 020

td6 tDlDt

6 5
- 0 —
060x040050x03006x02405x0150x 0039
xO03 x0O4
3 Dlm HSDGDDD3XD3DD2[multiplyb0thsidesbyGDxDlD]D18D3xD3D2DD3xD15D2

xO1 2 3x03

13
O03x 0 0O130x O T

12x 05
6x O3

5
0 2D§ 0012x 050x 0 2x06x 030 0506x 030 0 12x2 05x 0 12x2 0 6x 0 30x 015 O
15
12x205x 0 12x2 024x 015019 0 015 0 x 0 06—

1 1 1 10

-0—-0—0—[0100z010050z2010 020z 010 0O 10010z0 [multiply both sides by 10z 0z 0 100]
z 21 5z leD

3DzD1DDlOOzD3zD3D1002D3D97zD§7Dz
1 5.4 15

0 000030t004030t001500030t01204t015000 03t030 000 03t 0 030
30t 30t 9[pt2

Ooto10
X

2X L4

1 . .
DmeD2D2xD4D 0 2 [multiply both sidesby 2 Ox 020] Ox 04x 08 020 03x 006 0 x O 2.

But substituting x O 2 into the original equation does not work, since we cannot divide by 0. Thus there is no solution.
! 0 > 0 2 O00OxO03005020x0300x0202x060x 004
xO03 x209  x0O3

3 1 6x012
;D

<O O 030x0 0O Ox 040 0 6x O 12 (multiply both sides by x Ox 040] 0 3x O 7x U 16 0 04x O

2
xc04x 16
0 x O 0O4. But substituting x O 04 into the original equation does not work, since we cannot divide by 0. Thus, there is

no solution. 0
1 0 2 1 2x2 0 x

x 2x01
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01002 0101 identity forx 0 0and x O O,, so the solutions are 1

OxO 01 Thisisan -
a2x

all real numbers except 0 and O 12
55. x2 0250 x 005

56. 3x2D48DX2D16DXDD4D
57.5x20150x2030x 00 3
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[ p— [ —
58. x2 01000 0x OO 1000 0 010 10 . .

50. 8x2 064 000x208000x2080x00 8002 2

O O
60. 5x2 0125 0005 x?025 000x20250x 005
61. x2 116 0 0 0 x2 0 016 which has no real solution.
62. 6x2 0100 00 0 6x? 0 0100 0 x?> s 3%-which has no real solution.

0
63. Ox 0302 050x030050x030 5 .

O O 40 7

64. 03x 0402 0703x0400703x 040 70x0

65. x3 0270x 0271883 0 3

5 5 105
66. X DSZDODﬁ DDS%EXDDEZ DDDZD
67.00x40160 x204 x204 0O x204 DOx0200x 020 0x204 00 hasno real solution. If x 02 00, then
x O 2.
If x 02 00, then x O 0O2. The solutions are (2.
O a_
27 2716 3
2

27
6 6 —— 00
68. 64x° 027 0x° 0 Uyrg O D641m

— UOxoob —
64 64

69. x4 064 00 0 x* O 064 which has no real solution.
70. Ox 010308000 0x 0103008 0x 01000808 no20x 0 01

D
104
7Logx020f0810000x0204 081 xO © 0o8t?Ox02003 Sox 0203, thenx O 1. If
204
x 02 0 03, then x 0 05. The solutions are 005 and 1.

72. Ox 0104016 000 Ox 0104 O 016, which has no real solution.
73. SDxD3D3537SDDxmsm3mlzsmmxmmem5125153ESDXD35558
74 40x020°0100x 02054t ox0207oxo020 1t

75. °X 05 0% 058 0125
3 o 3 0 Uica
7. x4 B oenooxtP 0160240 024 p2Roxfp22oxop 212 0028008

403
X 1089

0
B gesnon2ax®B ooe4ox®B 0 o320x 000320885 0 25 000208 008

0
32 H 32
78. 6x353 0216 00 0 6x273 0216 0 x2H3 036 0 DO602 [ O Ox 000603 00216
x23 00602
9044

79. 3002x 1048 10092 3002x 9044
3013 0 0 0 0 0 0,500

1061

80. 80036 0 0095x 0 9097 O 00O95x O 1061 0 —— O 01069
X [ 0oa9
5

508
2

81. 2015x 04063 O x 01019 0 1015x 05082 O X_Q_1D19 0 5006
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1095
82. 30951 xO 2032x 2000 1m95 332K SEXFE O 0059
83. 3016 Ox 040630 040190x 070240 0O 3016x 014063 0 4019x 030034 0 44097 O
1003x O x O 44097 0 430166
1003

84. 2014 Ox 040060 0 2027 00011x O 2014x 0806684 00 2027 0 0011x O 2025x 0 1009584 O x 00 408704 O
4087

0026x 01094

85. X — =~ 176 0 0026x (1 1094 [ 1076 03003 0 2044x 0] [ 00026x 0 1094 [ 5033 [ 40129 [ 40155x [
30030 7m27 00
2044x%
702
e
x O 01060
40155
073X 11081 01073k 0 1051 02012 0 x0 0 1073x 03020 0 1051x 00022 0 322
86. 5517 o 0 140055

30200 x O 0012

2
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g7.r02omn 2 88.0d L, rTH L To 28
M r rH
PV mM Fr2
89. PV ONRT OR O — 90.FOG — _
— - Om 0 &

P02l

91. PO2D200200PO200 0

92. % | Ri 0 Ri O R1Ry O RRy O RRy(multiply both sides by the LCD, RR1R5). Thus RiRy O RRy O RRy O
1 2

RR;

RiOR, OROORRy OR1 O .
1 2 2 1 RZDDR

3V 3V
93. VO i0r?hor?0 —Oro0 =
Oh Oh

O
mM P mM mM

94. FOG , r oG E Or00Q0 G

O
3V 5 3V
95.vOgordordo 40 0r O
a0
96.a20b20c20b20c20a20b00 c¢20a? - - -
0 P 0 . . U . 0 O
i A i i A i A A

7. A0P 10— O O 10 010 0o O o010 01 0O 0100 0100
o 100 P 100 100 - 100 p!

0 0 0 0
98. a?2x DDa0l0 0 DaD1l0x0a?x00a01l0x 0 00a0100 a20 xODaDl0O a20dadl xODaOol

Da 10

OaO1l

Ox 4 ——
X a2 Da0O1 2d0b

ax b

99. c O20ax0b020cx0d00axOb0d2cx02d DaxO2cx 02d0b00ad2cOx O02d0bOx O a

x Od 02c

aldl all bO1
100. . 0 ——0— DaCa0l10 Dabda0l00b0b0l00a20a0Da20anb?0b02a 0b20b0
0 0
adl b20b

0003202500 O 8. 205
205 10,000
10,000

O 00J00055. So the beam shrinks

101. (a) The shrinkage factor when O O 250is S O

0000055 0 1200025 O 000007 m, so when it dries it will be 1200025 0 00007 O 120J018 m long.

000320 O
(b) Substituting S 00 00000050 we get 0100050 10.000 05 0000320 0205 0 705 O 000320 O
0 )
705 3
oo 30032 0 2340375. So the water content should be 2340375
kg/m . 3150

102. Substituting C 0 3600 we get 3600 0 450 0 3075x 00 3150 O 3075x O x O 3075 0 840. So the toy manufacturer can
manufacture 840 toy trucks.

103. (a) Solving for O when P O 10,000 we get 10,000 0 150603 0 03 0 641002 0 O O 806 km/h.
(b) Solving for O when P O 50,000 we get 50,000 O 150603 0 03 03205013 0 O O 1407 km/h.
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104. Substituting F 0 300 we get 300 0 003x324 01000 O 10° O x374 0 x174 0 10 O x O 10* O 10,000 Ib.
105. (a) 3000 0Kk O50k0O000KkO10kO500k0102k060k O3
(b) 3010 0kO50k0100k0O1030k0O50k0O0k010k02010k0O3
(c) 30200k0O50k0200k01060k0O502k0k010k0O10kDO1. xO2isasolution for every value of k.
That is, x O 2 is a solution to every member of this family of equations.
106. When we multiplied by x, we introduced x O 0 as a solution. When we divided by x O 1, we are really dividing by 0, since
xO010Ox0O100.
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P9 MODELING WITH EQUATIONS

o N

10.

11.

12.

13.
14.
15.

16.

17.

18.
19.

20.

. Solvingd O rtforr,wefindt— O T Or O t—.SoIvingd O rt for t, we find ; O . ot0d

. An equation modeling a real-world situation can be used to help us understand a real-world problem using mathematical

methods. We translate real-world ideas into the language of algebra to construct our model, and translate our mathematical
results back into real-world ideas in order to interpret our findings.

. Inthe formula | O Prt for simple interest, P stands for principal, r for interest rate, and t for time (in years).

. (@) A square of side x hasarea A O x2.

(b) A rectangle of length | and width O hasarea A O 1 0.
(c) Acircle of radius r has area A O Or2.

. Balsamic vinegar contains 5% acetic acid, so a 32 ounce bottle of balsamic vinegar contains 32 0 5% O 32 oo O 1006 ounces

of acetic acid.

. . . . L. . lwall 1
. A painter paints a wall in x hours, so the fraction of the wall she paints in one hour is X hours 0 3
d rt d ¢ rt o

r

. If n is the first integer, then n 0 1 is the middle integer, and n O 2 is the third integer. So the sum of the three consecutive

integersisn 0 On01000n02003n03.

. If n is the middle integer, then n 0 1 is the first integer, and n 0 1 is the third integer. So the sum of the three consecutive

integersisOn 010 0On O 0On 010 0O 3n.

. If n is the first even integer, then n O 2 is the second even integer and n [J 4 is the third. So the sum of three consecutive

even integersisn 0 On 020 0 0On 040 O 3n O 6.
If n is the first integer, theﬁ the next inte%er isn O 1. The sum of their squares is

n200n01020n20 n202n01 O2n202n 01

If s is the third test score, then since the other test scores are 78 and 82, the average of the three test scores is
780820s 0 160 Os
3 3

If g is the fourth quiz score, then since the other quiz scores are 8, 8, and 8, the average of the four quiz scores is
808080q 0 2400q
4 4 -

If x dollars are invested at 2;2% simple interest, then the first year you will receive 000025x dollars in interest.
If n is the number of months the apartment is rented, and each month the rent is $795, then the total rent paid is 795n.
Since O is the width of the rectangle, the length is four times the width, or 40. Then
area O length O width 0 40 0 O O 402 ft?
Since U is the width of the rectangle, the length is O O 4. Then
perimeter 0 2 O length D2 Owidth 0200 04002000 O 040 080 ft

distance 0 i

rate 55

If d is the given distance, in miles, and distance O rate I time, we have time O

Since distance O rate[] time we have distance O s O 045 minﬂ%min D343 mi.

If x is the quantity of pure water added, the mixture will contain 25 oz of salt and 3 O x gallons of water. Thus the

tration i 25
concentration is =——-

If p is the number of pennies in the purse, then the number of nickels is 2p, the number of dimes is 4 O 2p, and
the number of quarters is 02p0 O 04 02p0 O 4p O 4. Thus the value (in cents) of the change in the purse
is
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10p0502p01000402p0 0250 04p 040 O p 010p 040 020p 0100p 0100 O 131p O 140.
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21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31
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If d is the number of days and m the number of miles, then the cost of a rental is C 0 65d 0 00J20m. In thiscase,d 0 3

and C O 275, so we solve form: 275 0 65 03 00020m 0 275 0 1950 002m 0 002m 0O 80 O m E8£0D2 0 400.
Thus,

Michael drove 400 miles.

If m is the number of messages, then a monthly cell phone bill (above $10) is B [ 10 J 0010 Om [J 10000J. In this case,

B 0 3805 and we solve for m: 38005 0 10 0 0010 Om 0 10000 0O 0010 Om 0 10000 O 28005 O m D28£D5 02850

1000 0 001

m O 1285. Thus, Miriam sent 1285 text messages in June.

If x is Linh’s score on her final exam, then because the final counts twice as much as each midterm, her average score

82075071 02x 228D2XD114DX For her t 80% th 114 00 X
301000 O 200 500 250+ Or her to average 80%, we must have — o

0 80% 0O 008 O

114 O x 0 250 00080 O 200 O x O 86. So Linh scored 86% on her final exam.

Six students scored 100 and three students scored 60. Let x be the average score of the remaining 25 0 6 0 3 O 16 students.
611000 [J 30600 [

Because the overall average is 84% O 00184, we oK 00084 0780 0 16x 0 00184 1250000 O
have 25 11000

2100

0 16x 01320 O x O 133017 82005. Thus, the remaining 16 students’ average score was 8205%.

Let m be the amount invested at 4%%. Then 12,000 O m is the amount invested at 4%.

Since the total interest is equal to the interest earned at 412% plus the interest earned at 4%, we have

525 00 00045m 0 00004 012,000 O mO 0O 525 O 00J045m 480 0 00J04m O 45 O 0J005m O mﬂg_omoos 0 9000.
Thus

$9000 is invested at 4%%, and $12,000 0 9000 O $3000 is invested at 4%.

Let m be the amount invested at 5%%. Then 4000 [ m is the total amount invested. Thus

4%% of the total investment O interest earned at 4% [ interest earned at 52l%

S0 001045 14000 [ m{ [ 00104 (140000 0 0C1055m [ 180 0 001045m (1 160 0 001055m [ 20 0 0001m—2%m 0 001
0 2000,

Thus $2,000 needs to be invested at 5%%.

26205
Using the formula I O Prt and solving for r, we get 2620500 35000r 1 [r Dﬁ)o 0 000075 or 7005%.
d d

If $1000 is invested at an interest rate a%, then 2000 is invested at a O % %, so, remembering that a is expressed as a

1
. . a all . .
percentage, the total interest is I [ 1000 DTOO 010 T 002 01 0 10a 020a 010 O 30a O 10. Since the total interest

2000 O

is $190, we have 190 0 30a 0 10 0 180 [0 30a O a O 6. Thus, the $1000 is invested at 6% interest.

Let x be her monthly salary. Since her annual salary O 12 O Omonthly salaryd O OChristmas bonusC we have
97,300 00 12x [J1 8,500 (1 88,800 (I 12x [ x (I 7,400. Her monthly salary is $7,400.

Let s be the hushand’s annual salary. Then her annual salary is 1015s. Since husband’s annual

salary Owife’s annual salary O total annual income, we have s 0 1015s 0 69,875 00 2015s 0 69,875 0O s 0 32,500. Thus
the husband’s annual salary is $32,500.

Let x be the overtime hours Helen works. Since gross pay O regular salary 0 overtime pay, we obtain the equation
352050 0 7050 035 07050 O 105 0O x 0 352050 O 2620050 0 11025x 0190 O 110025x El—g)gg 0 8. Thus

11025
Helen

worked 8 hours of overtime.
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32. Let x be the hours the assistant worked. Then 2x is the hours the plumber worked. Since the labor charge is equal to the
plumber’s labor plus the assistant’s labor, we have 4025 0O 45 02x0 0 25x 0 4025 0 90x 0 25x 00 4025 O 115x O

x 0 ‘% 0 35. Thus the assistant works for 35 hours, and the plumber works for 2 0 35 0O 70 hours.
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,
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All ages are in terms of the daughter’s age 7 years ago. Let y be age of the daughter 7 years ago. Then 11y is the age of
the movie star 7 years ago. Today, the daughter is y O 7, and the movie star is 11y O 7. But the movie star is also 4 times
his daughter’s age today. So4 Oy 070 011y 0704y 028 011y 07 021 O 7y Oy O 3. Thus the movie star’s age
today is 11 030 O 7 O 40 years.

Let h be number of home runs Babe Ruth hit. Then h O 41 is the number of home runs that Hank Aaron hit. So

1469 O h Oh 041 01428 O 2h O h O 714. Thus Babe Ruth hit 714 home runs.

Let p be the number of pennies. Then p is the number of nickels and p is the number of dimes. So the value of

the coins in the purse is the value of the pennies plus the value of the nickels plus the value of the dimes. Thus

1044 0 0001p 00D05p 00010p O 1044 0 0016p Ogpf! 174 00 9. So the purse contains 9 pennies, 9 nickels, and 9
dimes.

Let g be the number of quarters. Then 2q is the number of dimes, and 2q 0 5 is the number of nickels. Thus 3000 O value
of the nickelsO value of the dimes value of the quarters. So

3000 0 0005 02q 050 00010 0290 0 0025q 0 3000 0 0010q 0 0025 0 0020 0 0025q 0 2075 0 §2E5q 0 q
0 2075 0 5. -

Thus Mary has 5 quarters, 2 050 0 10 dimes, and 2 050 0O 5 O 15 nickels.

Let | be the length of the garden. Since area [J width [J length, we obtain the equation 1125 00 251 O | O %%5 0 45 ft. So
the garden is 45 feet long.

Let O be the width of the pasture. Then the length of the pasture is 200. Since areal lengthO width we have
115,200 0 O 0200 0202 0 02 057,600 O O O 0240. Thus the width of the pasture is 240 feet.

Let x be the length of a side of the square plot. As shown in the figure, X
area of the plot O area of the building O area of the parking lot. Thus,

x2 0600400 O 12,000 O 2,400 00 12,000 0O 14,400 O x O 0J120. So the plot of
land measures 120 feet by 120 feet.

60

70

Let O be the width of the building lot. Then the length of the building lot is 50. Since a half-acre is 12D 43,560 0O 21,780

and area is length times width, we have 21,780 0 O 0500 O 5020020 4,356 0 0 O 066. Thus the width of the
building lot is 66 feet and the length of the building lot is 50660 O 330 feet.

. . . . . baseq O base . L ..
The figure is a trapezoid, so its area is lfz OheightT. Putting in the known quantities, we have

y D2y 32 2 . H_ .
120 O 9 OyoO,y O 08 0y0O0O 80004 5. Since length is positive, y [0 4 5 [1 8194 inches.
y
First we write a formula for the area of the figure in terms of x. Region A has X
dimensions 10 cm and x cm and region B has dimensions 6 cm and x cm. So the
shaded region has area 110 [0 X0 0 06 [ X0 [ 16x cm2. We are given that this is Wem| A | oo
equal to 144 cm?, 50 144 [ 16x [ 4] 144 qgem. =

Let x be the width of the strip. Then the length of the mat is 20 O 2x, and the width of the mat is 15 T 2x. Now the
perimeter is twice the length plus twice the width, so 102 0 2020 0 2x0 02015 0 2x0 0 102 0 40 0 4x 0 30 O 4x
g

102 0 70 0 8x 1032 00 8x T x O 4. Thus the strip of mat is 4 inches wide.

Let x be the width of the strip. Then the width of the poster is 100 00 2x and its length is 140 0O 2x. The perimeter of the

printed area is 2 01000 O 2 01400 O 480, and the perimeter of the poster is 2 0100 0 2x0 0 2 U140 O 2x0. Now we
use the

IlaS% tgat the perimeter of the poster is 11 times the perimeter of the printed area: 2 0100 0 2x0J 020140 0 2x0 O 3p
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2 2
480 0 8x 0 720 0 8x T 240 T x O 30. The blank strip is thus 30 cm wide.



45

45.

46.

47.

48.

49.

50.

CHAPTER P Prerequisites SECTION P9 Modeling with Equations 45

. . . . 100
Let x be the length of the man’s shadow, in meters. Using similar triangles,

ngzomzxm6xm4xmzom

x 0O 5. Thus the man’s shadow is 5 meters long.

Let x be the height of the tall tree. Here we use the property that corresponding
sides in similar triangles are proportional. The base of the similar triangles starts at

. . xDO5 _ 150 x-5
eye level of the woodcutter, 5 feet. Thus we obtain the proportion =T | - |
250x 050 01501500 0 25x 0 125 0 2250 0 25x O 2375 O x 0 95. Thus the +_' 25 ' 125 "L
15
tree is 95 feet tall. N ,

Let x be the amount (in mL) of 60% acid solution to be used. Then 300 O x mL of 30% solution would have to be used to
yield a total of 300 mL of solution.

60% acid 30% acid Mixture
mL X 300 O x 300
Rate (% acid) 00160 003 005
Value 0060x | 00130 DASOO 0 0D_€3(_3

Thus the total amount of pure acid used is 0060x [0 00030 0300 O xO 0 0050 03000 0O 003x 090 O 150 [_;6_96 O
0 200.

S0 200 mL of 60% acid solution must be mixed with 100 mL of 30% solution to get 300 mL of 50% acid solution.

003

The amount of pure acid in the original solution is 300 050%0 [0 150. Let x be the number of mL of pure acid added. Then
150 O x
300 Lix

[0 60% J 006 O

the final volume of solution is 300 [0 x. Because its concentration is to be 60%, we must have
30
1500x 00060300 0x0 0150 0 x O 1800 006x O 004x O 30 O x-Q-OD

be
added.

4 0 75. Thus, 75 mL of pure acid must

Let x be the number of grams of silver added. The weight of the rings is 5 0 18 g O 90 g.

5 rings Pure silver Mixture
Grams 90 X 90 O x
Rate (% gold) 0090 0 007
Value 00190 0x 0075 FDQO 0

So 00190 09001 0 0x 0 0075090 0 xO 0 81 0 6705 0 0075x 0 0075x O 1305%8xx O 375 [0 18. Thus 18 grams
of silver B

must be added to get the required mixture.

Let x be the number of liters of water to be boiled off. The result will contain 6 O x liters.

Original | Water Final
Liters 6 Ox 6 0 x
Concentration 120 0 200
Amount 120 060 0 20006 O
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S0120060 00 020006 0O x0 O 720 0 1200 O 200x O 200x 0 480 O x U 204, Thus 204 liters need to be boiled off.
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51. Let x be the number of liters of coolant removed and replaced by water.

52.

53.

54.

55.

56.

SECTION P9 Modeling with Equations

60% antifreeze | 60% antifreeze (removed) | Water | Mixture
Liters 30 X 30
Rate (% antifreeze) 006 006 0050
Value 0060 0ooeo 0x 0050
So 006003060 0060x (Ox 00500L/306L 2016 QW6x 108, Qu6x. -9H36 [ 0016. Thus 0016 liters
o036
0006

must be removed and replaced by water.

Let x be the number of gallons of 2% bleach removed from the tank. This is also the number of gallons of pure bleach

added to make the 5% mixture.

Original 2% Pure bleach | 5% mixture
Gallons 100 O x X 100
Concentration 000 1 000
Bleach 01102 1200 (1 1x 00105 O 100

a7

S0 0002 0100 O x0J O x 000050100 02 00002x O x 0500098x O3 0 x O 3006. Thus 30106 gallons need to
removed and replaced with pure bleach.

Let ¢ be the concentration of fruit juice in the cheaper brand. The new mixture that Jill makes will consist of 650 mL of the
original fruit punch and 100 mL of the cheaper fruit punch.

Original Fruit Punch | Cheaper Fruit Punch Mixture
mL 650 100 750
Concentration 005 c 00148
Juice 0050 0 650 100¢ 0048 [0

So 0050 0 650 0 100c 0 00048 0 750 0 325 0 100c U 360 0 100c O 35 O ¢ O 0035. Thus the cheaper brand is only
35% fruit juice.
Let x be the number of ounces of $3000000z tea Then 80 O x is the number of ounces of $207500z tea.

$30000tea| $20175tea Mixture
Pounds X 80 O x 80
Rate (cost per ounce) 3000 207 2090
Value 3000x 2D75580 0O | 2090

So 3000x 02075080 0 xO 0 2090 0800 0 3000x 0220 0 2075x 0 232 0 0025x O 12 O x O 48. The mixture
uses

48 ounces of $300000z tea and 80 [0 48 I 32 ounces of $2(17500z tea.

Let t be the time in minutes it would take Candy and Tim if they work together. Candy delivers the papers at a rate of
7% of the job per minute, while Tim delivers the paper at a rate of 8%01‘ the job per minute. The sum of the fractions of the
job that each can do individually in one minute equals the fraction of the job they can do working together. So we have

% 0 710 0 8% (560 0 8t 07t 0560 015t 0t 037, finutes. Since 3 &f a minute is 20 seconds, it would take them

37 minutes 20 seconds if they worked together.
Let t be the time, in minutes, it takes Hilda to mow the lawn. Since Hilda is twice as fast as Stan, it takes Stan 2t minutes to

mow the lawn by himself. Thus 40 D}t 040 iZt 010400200t 0t 060. So it would take Stan 2 0600 0O 120
minutes

to mow the lawn.
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Let t be the time, in hours, it takes Karen to paint a house alone. Then working together, Karen and Betty cangainta house
1 1 3
1 1

in 2t hours. The sum of their individual rates equals their rate working together, so =

2
.0~ 0 0O d d
3 6
t 5t t 2t

60t 090t O3. Thus it would take Karen 3 hours to paint a house alone.

Let h be the time, in hours, to fill the swimming pool using Jim’s hose alone. Since Bob’s hose takes 20% less time, it uses

only 80% of the time, or 008h. Thus 18 ﬁ O 18-@1_0D8h 010180008018 0 008h 01404 018 0O 008h O 32004
0 008h

h

0O h O 4005. Jim’s hose takes 40015 hours, and Bob’s hose takes 32004 hours to fill the pool alone.

Let t be the time in hours that Wendy spent on the train. Then 1—%— 0 t is the time in hours that Wendy spent on the bus. We
construct a table:

Rate | Time Distance
By train | 40 —t 40t

11 S,
By bus 60 | 3 0t |60 0Ot

g g
The total distance traveled is the sum of the distances traveled by bus and by train, so 300 O 40t [J 60 121- ot 0O

300 [ 40t (330 060t 0 1130 0 1120t 0 t 0 3% 1005 hours. So the time spent on the train is 505 0 1005 [ 4 hours.

Let r be the speed of the slower cyclist, in mi/h. Then the speed of the faster cyclist is 2r.

Rate | Time | Distance

Slower cyclist r 2 2r

Faster cyclist 2r 2 4r

When they meet, they will have traveled a total of 90 miles, so 2r O 4r 0 90 O 6r 0O 90 O r O 15. The speed of the
slower cyclist is 15 mi/h, while the speed of the faster cyclist is 2 0150 00 30 mi/h.

Let r be the speed of the plane from Montreal to Los Angeles. Then r 0 0020r O 1020r is the speed of the plane from Los
Angeles to Montreal.

Rate | Time | Distance
2500
Montreal to L.A. r . 2500
L.A. to Montreal | 102r @ 2500
1uzr

2500 0 2500 0 55 0 2500 0 2500

: : : 1 o &=/ fahtd i b I
The total time is the sum of the times each way, so 9% - Toor 6 , Toor

550 102r 02500 0 6 01012 12500 0 6 0 66r [ 18,000 0 15,000 0 66r 0 33,000 0 #2917 500. Thus the plane
flew
at a speed of 500 mi/h on the trip from Montreal to Los Angeles.

Let x be the speed of the car in mi/h. Since a mile contains 5280 ft and an hour contains 3600 s, 1 mi/h O 523%%0&3 O 2%ft/s.

The truck is traveling at 50 D82 0-420 fus. So in 6 seconds, the truck travels 6 55220 [ 440 feet. Thus the back end

of the car must travel the length of the car, the length of the truck, and the 440 feet in 6 seconds, so its speed must be

140300240 _ 242 . . . 242 15 .
——¢—— 0 —5 ft/s. Converting to mi/h, we have that the speed of the car is —- [, 0 55 mi/h.

Let x be the distance from the fulcrum to where the mother sits. Then substituting the known values into the formula given,
we have 100 080 00 125x O 800 O 125x 0O x O 60J4. So the mother should sit 614 feet from the fulcrum.

Let O be the largest weight that can be hung. In this exercise, the edge of the building acts as the fulcrum, so the 240 Ib
man is sitting 25 feet from the fulcrum. Then substituting the known values into the formula given in Exercise 43, we have
240 0250 0O 50 06000 O 50 O O O 1200. Therefore, 1200 pounds is the largest weight that can be hung.
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Let | be the length of the lot in feet. Then the length of the diagonal is | O 10. We I
apply the Pythagorean Theorem with the hypotenuse as the diagonal. So

120502 001 01002 012 02500 O 12 0201 0100 0201 0 2400 O | 0 120.
Thus the length of the lot is 120 feet.

50 +10

Let r be the radius of the running track. The running track consists of two semicircles and two straight sections 110 yards

long, so we get the equation 20r 0220 0 440 0 20r 0220 Or O 11—05—4] 35003. Thus the radius of the semicircle is
about 35 yards.

Let h be the height in feet of the structure. The structure is composed of a right cylinder with radius 10 and height Z’Qh and a
cone with base radius 10 and hDeightD%h. Using the foDrmuIDas for the volume of a cylinder and that of a cone, we obtain the

equation 14000 0 001002 2h 0 lpo1002 1h 014000 0 2908 | g 100K 1126 0 6h O h (multiply both
sides 303 3 = T

9 . .
by TO'O_D) 0126 0 7h O h O 18. Thus the height of the structure is 18 feet.

Let h be the height of the break, in feet. Then the portion of the bamboo above the

break is 10 (I h. Applying the Pythagorean Theorem, we obtain

h? 032 0 010 0hO? 0h? 090100 020h Oh? 0091 O 020h O h
h O % 0 4055. Thus the break is 4055 ft above the ground.

Pythagoras was born about 569 BC in Samos, lonia and died about 475 BcC.
Euclid was born about 325 B¢ and died about 265 BC in Alexandria, Egypt.
Archimedes was born in 287 BC in Syracuse, Sicily and died in 212 B¢ in Syracuse.

Answers will vary.

CHAPTER P REVIEW

1.

(a) Since there are initially 250 tablets and she takes 2 tablets per day, the number of tablets T that are left in the bottle
after she has been taking the tablets for x daysis T O 250 O 2x.

(b) After 30 days, there are 250 0 2 0300 O 190 tablets left.

(c) WesetT O0Oandsolve: T 0250 02x 00 0250 0 2x 0O x O 125. She will run out after 125 days.

. (@) The total cost is $2 per calzone plus the $3 delivery charge, so C [J 2x [0 3.

(b) 4 calzones would be 2 040 0 3 O $11.
(c) WesolveC 0 2x 03 01502x 012 0 x O 6. You can order six calzones.

. (a) 16isrational. It is an integer, and more precisely, a natural number.

(b) 016 is rational. It is an integer, but because it is negative, it is not a natural number.
(c) Dl_ﬁ 0 4 is rational. It is an integer, and more precisely, a natural number.

(d) 2isirrational.

(e) :8; is rational, but is neither a natural number nor an integer.

()] D% O D4 is rational. It is an integer, but because it is negative, it is not a natural number.

. (a) O5isrational. It is an integer, but not a natural number.

(b) O 265 is rational, but is neither an integer nor a natural number.

() 25 O 5is rational, a natural number, and an integer.
(d) 30 is irrational.
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(e) %g‘ O % is rational, but is neither a natural number nor an integer.

(f) 102 is rational, a natural number, and an integer.

5. Commutative Property of addition.

7. Distributive Property.

9. (a)§DZD§D‘_"D

| ©

nd

2

-0

ol oo
wl N w
ol o1 o
ol b~ o
ol o

(b)

15 12 150 303
§05 201
2

11. (a)

15 12 150 D§

50
—~0g=
®) 3 552 2 2
80 80
12 4

13. x 0 [02060 (1 O21X [16 o

15. x 0 00004 0x 04

17. x 050x O [5000

51;? 010x050x 00010

Y

O

0
21. () AOB O moglmmzm

304
o3
(b) ADB O 010

23. (3 ADC O 010

20
d d

1
()BODO F01

25. 0701000003003

1 1 N
27. 21028102 4 o 0780 1604
1 1 1

6. Commutative Property of multiplication.

8. Distributive Property.

10.(a)1DED§D§DDi

10 15 30 30 30

ool 2 2 43
® B33 " 30
30 12 300 505 _ 25
Rl R 02-2p*<
12.(3) 7 B35 102 2
70
12
30 12 300 60 72
(b) = 0= O
7 D12 D12 49
35 70 70
35 7

14.x 0 000 10] 0.0 Ox 110

16.x 0O [02000 0 02 O x

\ 4

18.x 0 030x U 000oo3y

Q

0 0
20.00x0Yoxo oot

2 2
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(b) C 0D O 00O 1]
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O O

1
(b)BOCO 01

26.030 00800 030900006006

28.2D3D3D2 Eél %1 D729 B723 D721

23

46



47  CHAPTERP Prerequisites

2161[3D _B_?H‘)':D 6

29. 216153 0

o_ o— _
242 242 O

3. O O 0O 121011
2 2

33. () 0503000200
2

(b) 005030 0 0080
08

CHAPTERP  Review

30.64°73 0 042016
43

00O O

32. 2 500 100010

4. 0400000040 D4

(b) 004040 00080 08

47



48  CHAPTERP Prerequisites

CHAPTERP  Review

35. (a) 570710 36. (a) g5_7D 5703
_ 0p 03
(b) 7 0 7478 0 5 05l ng
— o H . Mim
37. (a) [Bx5 0 x5H0 38.(a y3O y° @ Oy32
_ 9 2
oo g 0
B x O 0 x92 (b) s g 0 ylos
12 2
X y yl-8
O 0,0 0 Op30 O,
39. 2x3y  3x™ 0ax8y203x p4 3x6CIy202 40, a2 ab Da®fd pgpl2
0 y2 0 0 O abp?
y2 b3
0 12x5y* ] g 060642012 [ 14
4 4 2,403 128
X x4 0 res ri2g
40203 3 12024806 (1042
41, O3x02  9x2 0 9x 0 9x 42, 103, 0 1756 or S Or+s
X3 3 _
90302 beam b :
43. ° x3y “ O °xby4y2 O °x6y6 O x2y2 44, x2y4 0 x2 0 OxOy?
vt 452 2§
8rit2s N
- 0102000020 0304 502,07
45 or 254 0 4r S 04r>=cs-" 01
2.03 " 2y, (4.6 4.6
ah“c a b7 o 0200060040806 [ anbn012.6 22°C
46 m S 2 a b C 0 43. b c W
47. 78,250,000,000 O 71825 [ 1010
08
48. 2008 0 10-° O 0D000%)00208 0 DGD 0
000000002930 10582 O 20093010 10582 O
49. a_b 0 Eﬂ4% 2090 [ 1006412
ot 10 I a7
0 0
c 218064 O 2018064 O 218064
10t2 1012
0 1065 001032
times 60 minutes 24 hours 365 days 94
50. 80 ﬁ-l-mﬁe 4%9&!— day O Vear 00 90 years 0 30J8 (I 10° times

51. 2x2y O 6xy2 0 2xy Ox O 3yO

52. 12x2y4 O 3xy5 O 9x3y2 O 3xy2 4xy2 O y3 0 3x2

53. x205x 014 0 Ox 070 0x 020
0
2
B4 ¥t Ox2 020 Ox2020 x202
2
X

55. 3x2 02x 010 03x 010 0x 010
56. 6x2 0 x 012 0 03x 040 02x O 30

oo 0
x201 O

0
x202 0Ox0O100x 010

48



49

57.
58.

59.

60.

61.

62.

63.

64.

CHAPTER P Prerequisites

M2 013t 012 0 04t 030 0t 040

d
4 2 2 2 2 2 2
x*02x-010 xc01 O[0OxO0100xO010)° 0 0Ox010c0x 010

O

0
1604204 4012 D040t0200t 020

0
2y6D32y2D2y2 y4D16 D2y2 y2D4

d g

x8010 x301 x301 DOx010 x20x01 OxO010 x20x01

O

O

O O
a%b? Dab® 0 ab? ad obd

O

d g d
d d
d d

Oab?0a0bd a2 0ab0b?
0

x302700x030 x203x09

ydoeixd o3 y3oonxd

O

0
030y O3x0 y2 O3xy 09x?2

O

O

O O
y204 0O2y2 y204 OyO200y020

O

CHAPTERP  Review

49



50

65.

66.

67.

68.
69.

70.

71.

72.

73.
74.

75.

76.

77.

78.

79.

80.

81.

CHAPTER P Prerequisites CHAPTERP  Review

0 0
4x308x203x 06 04x20x 020030x 0200 4x203 Ox 020

0 0
3 02x2 018x 012 0x203x 020 0603x 020 0 03x 020 x2 06

g oo g
DnyD2D7DnyDD6D OxOyOooO6 OxOyOD1l OOxOyOe600xOdyO10

Da0b02030a0b00100 DadbO500a0b 020

02y 070 02y 070 O 4y2 0049
O

0
010x0020x00030x0030x0020x0x20 90x2 020x0x2090x20070x

0 0
x20x0200x0x 0202 0x302x20x x204x 04 Ox302x20x304x2 04x 0 2x3 06x2 0 4x

0 _
X3D2X2D3X X XZDZXD3 2
ad Oxc02x 03

X X
D)TDDR 0 1D D2Dx 0 1D 0 Dx D_DXD_DZDX 0 1D D_ZXDX Ox0O2x0 Dx D_ZXDX Ox0d Dx
O2x 010% 0 O2x08 0302x02 01003 02x0 0102 00103 0o8xd o12x2 O6x 01
x202x 03 Ox0300x0 o x03

2x205x 03 o 10 2x 03
02x 0300x 0O
10
0 .
301 Ot t20t01 20¢01
nm 0
0
t201 Ot0100t 0 to1
10
x202x 03 Ox0300x 0 30x 0 30x 030
— 3x012 I 45

0 -
x208x016 x0O1 Ox0400x0 OxO010 x0O4

0 0
. 40

x202x015  x20x012 DOxDO500x0 OxO100xO x0O1

0
x206x 05 x201 g 30 10 x 04
DXD5HDXD Dx%4DDxD
10 30
- 1 xOx 01 1 x20x01
xO1 xO1 xO1 xO1
1 X — x¢o1 xox o x2010x20x x 01

0 0 0 0 = 0 = 0 0 0
xO1  x2pg1  oxO  x201 OxO x201 OxO 0 x201 OxO 0 x2o1

O 10 0 10 0 10
10
20x 0
%D 1 3 5 x Ox O 3X
x x02 oxo 20 0 24 X Ox O
202 x Ox O x Ox O 2072
2012 202

O

O
2 2
2 x00a04 Ox2O2x03X g2 ngeggox2 02x03x 320708

X 00X 0202 1 1 ﬁDxDZDZ

50



2

51

82.

83.

84.

CHAPTER P Prerequisites

CHAPTERP  Review

x Ox 0202
0 0 0 0
x 2 XZD4DXZD><DZ x02 Ox0O200x0  OxO0200x 010
20
Ox0200x 010 x0O1 20x 020
0 O O
Ox0200x0100x 020 0Ox0O200x0100x020  Ox 0200x 010
Ox 020
x20x020x0102x04 x202x 05
0
Ox 0200x 0100x 020 Ox 020 0x 010 0x 020
11 2 x .
Oy - 20 1 D1ox 020 1 01
X 2X  2X X X
0 0 0— 0 0
x 02 xQd2 %( x02 2X XxT2 2X
1D 1 1D 1
X x0O1 X " xpg1 xOxO Ox 010 0x 1
10
0 O 0 0
1 1 1 1 xOx 010 OxO100x 2x0O1
-0 -0

51



52

85.

86.

87.

88.

89.

90.

9L

92.

93.

94.

95.

96.

97.

CHAPTER P Prerequisites CHAPTERP  Review 52

0
30x0h02050x 0h0 0 3x2 0
DX X X [ BE06xh 032 05K O5h 032 15x  6xh 0302 115
5x
0
h h h
h 06x 0 3h O
— g
0 ; 06x03h 05
0 O_ O O_ O O_
xUOhO x xOhO X xOhO x OxOhOOx _ h _ 1
0 00 O 0—oo 00 0—9a 50 0o —
h h xOhDO x h XOhO X h xohO X XOhO X
O_ 0O_
1 1 11 1
O 00 00 _
11 11 1 11
o 0 h
3 3 6 36 6
00000 O 0
6 6 6 6 2
0 0
10 10 201 10010 2 -0
_—
0o 00 010010 2
201 201 201 201
0 _
0 0 0
14 14 30 2 42014 2 42014 2 O
0O 0 0 0O O—— O 0602 2
30 2 30 2 30 2 3ZDEU2—2 7
0
0 0 0o
X_ X 20 X 2x O x X X x 02
5=0 o- g =g — 0
20 X 28 x 20 x 2 — xO4
& o,
X
0_ 0 0 0
x02 x 02 x02 x04 x0O4
- 0o pii=
x 02 xO2 x0O2 x 04
0

5
is defined whenever x J 10 O 0 O x O 010, so itsdomain is Ox O x O 0100.

x 010
is defined whenever x2 09 0 0 0 x2 0 9 O x 0 03, so its domain is Ox 0 x O O3 and x 0 300,
X209
Uz O
X . ) _. .
20304 is defined whenever x 0 0 (so that ~ x is defined) and x203x 040 0x0100x 040 000 x O 01 and

X DD4. Thus, itsdomainis Ox O x 0 0and x O 40.

x O3
x2 04x 04
Ox O x O30, _

This statement is false. For example, take x 0 1and y 0 1. Then LHS 0 Ox Oy0® 0 010108 0 23 0 8, while
RHSDX3Dy3D13D13D1D1DD2,and8DD2. .
10 a 10 a 10 a 10a 1

is defined whenever x 13 000 x O3andx2 04x 04 0 Ox 0202 00 0 x O 02. Thus, its domain is
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98.

99.

100.

101.

102.

103.
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i i [ 0 0 H = 0
This statement is true fora O 1 103 T0a 0 DUlD T a DlD a
0
a an O
. . 120 12 12
This statement is true: y 0o=0 Yp=p 1.
y y 'y y

-
This statement is false. _For example, takea 0 1and b O 1. Then LHS O %a Ob O %1 010 2, while
RHS O E*'aD bO°10°1010102,and °202.

o —-—— &l
This statement is false. For example, takea O O1. Then LHS O a2 O 00102 O 1 O 1, which does not equal
Oo__
a O O1. The true statementis a2 O Dal.
. . 1 .
This statement is false. For example, take x 00 1. Then LHS [0 L d L 0 =, while RHS O 1 O 1 O } O E O §,
x04 104 5 x 4 1 4 4

Bl O

1
— 0
and5

3x01202403x0120x 04 104.5x0704205x 049 0x 0 % =
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105. 7x 06 04x0903x 0150x 05 106.802x 0140x 0 0O3x O060x 002
107. $x030202x0301202x0150x 0 B
108. $x 020 t02x010x0903030x040x 006 0x 008 903 4

109. 20x 030 040x 050 0805x 02x 06 04x (120 018 05x 0 02x (126 08 05x 03x 0 018 0 x 0 16

X055 2x05 15 gy ns00202x050 0503k 01504x 010 050 Ox 030 0 x 0 030

110.

2 3 6

xO1 2x 01
111, —— 0O O0x01002x010002x0100x 010 02x203x0102x203x0106x000x 00

xO1 2x 01

X 1 z
112 — 030 ——0x030x020010x03x0601002x070x00

x 02 xd2 2

xO1 3x ) X

O 2 2 H

113'XD1 X6 EDxDZD XDZDDXDlDDXDZDDXDXDlDDx OxO0O20x40x00200. Since

this

last equation is never true, there is no real solution to the original equation.

114. Ox 0202 0 Ox 0402 0 0Ox 0202 00x 0402 0 00 [Ox02000x 040][0x02000x040] 0 00O
[xO20OxO4][x020x04]0602x0200002x02000x O 1.

115. x2 0 144 O x O 012

116. 4x2 049 0x2 0 %0x L Iy

117. x3027000x30270x O3.

118. 6x* 015 00 0 6x* 0 015 U x* O 0, 2Since x * must be nonnegative, there is no real solution.

119. Ox 0103 0064 0x 010 040x 00104 005,
0 0
120. Ox 0202020000x0202020x020 200x 0020 2.

121. 550 03 0x 0 00308 0027,
2

2. x3¥ 04000 D40x1P8 gp20x 008
x13

123. 4x304 0500 0 0 0 4x374 0500 O x3M4 0125 O x 0 125403 0 54 O 625.

124, ox 0205 020x020250320x 02032 034,
125.ADX§yD2ADXDyDXD2ADy.

V O xz
lZG.VnyDyszzDVDnyDzDszDVszDyDXDzDDyW.
d

1 1 1 1 1 1 T

127. Multiply throughbyt: J 0 -0 — 0 —0tJ 010 -0 -0 — Ot0O __,J 00.
t 2t 3t 2 3 6 6J

0
4192 2 0192 g192

128. F Ok , Or Ok e OrQ0Q0 k - (In real-world applications, r represents distance, so we would take the
r

positive root.)
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129. Let x be the number of pounds of raisins. Then the number of pounds of nuts is 50 O x.

Raisins Nuts Mixture
Pounds X 50 0 x 50
Rate (cost per pound) 3020 2040 20072

CHAPTERP  Review

S03020x 02040050 U x0O 0 2072 0500 0 3020x 0 120 0 2040x O 136 0 008x U 16 U x O 20. Thus the

mixture uses
20 pounds of raisins and 50 0 20 O 30 pounds of nuts.

55
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130.

131.

132.

133.

134.
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Let t be the number of hours that Anthony drives. Then Helen drives fort O 1z[hours.

Rate | Time Distance

Anth 45
nthony thy | 40437
Helen 40

f 0
When they pass each other, they will have traveled a total of 160 miles. So 45t 040 t O 21[ 0 160 0 45t 040t 010 O 160

085t 0 170 Ot O 2. Since Anthony leaves at 2:00 p.M. and travels for 2 hours, they pass each other at 4:00 p.Mm.

Let x be the amount invested in the account earning 1005% interest. Then the amount invested in the account earning 2015%
is

7000 O x.
105% Account| 205% Account Total
Amount invested X 7000 [ x 7000
Interest earned 00J015x 00002507000 0 | 1200025

From the table, we see that 000015x 0000025 (07000 O x O 00 120025 0 00015x 0 175000025x O 120025 00 54075 O
0001x O

x [ 5475. Thus, Luc invested $5475 in the account earning 1015% interest and $1525 in the account earning 2(15% interest.
The amount of interest Shania is currently earning is 6000 000030 [J $180. If she wishes to earn a total of $300, she
must earn another $120 in interest at a rate of 1[125% per year. If the additional amount invested is x, we have the
equation

00J0125x 00 120 00 x [ 9600. Thus, Shania must invest an additional $9600 at 1(125% simple interest to earn a total of
$300 interest per year.

Let t be the time it would take Abbie to paint a living room if she works alone. It would take Beth 2t hours to paint the

living room alone, and it would take 3t hours for Cathie to paint the living room. Thus Abbie does % of the job per hour,

1 . . 1 . 1 1 1
Beth does o7 Of the job per hour, and Cathie does o of the job per hour. So = 0 = 0 = 1106030206t [J

6t 0110t 0 1—%—. So it would Abbie 1 hour 50 minutes to paint the living room alone.

Let O be width of the pool. Then the length of the pool is 2[J, and its volume is 8 000 0200 0O 8464 O 1602 0 8464 [
02 0529 0 O 0O 023. Since 0 0 0, we reject the negative value. The pool is 23 feet wide, 2 12301 0 46 feet long, and
8 feet deep.

CHAPTER P TEST

1.

2.

3.

4.

(@) ThecostisC 090 105x.
(b) There are four extra toppings, so x 0 4and C 0 9 0 105 040 O $15.
@) %is rational. It is an integer, and more precisely, a natural number.

(b) S5isirrational.

(c) D% O O3 is rational, and it is an integer.

(d) 01,000,000 is rational, and it is an integer.

(@ ADBO EODlDSD

(b) ADBO 2000101030507
O
2

O

@)

Q
A,

[D40 [oo
20 3]
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(b)

0

[04020 0 [00 3]

(c) 004020 0 ooen 0020
06

5. (a) 026 O 064

0.0z 0,02 5
3 2 4 32
2 o f o= ikl
O 3 s O =%

6. (a) 186,000,000,000 O 1086 O 1011

ash? a2
@y
0 3 y4
b) _2x 0 —
([)ZDEZ 4x6
y
0 0o
@) D2X1D2y2 3X1[@
yo X

2
d

(b) 0=20° O 64

NN
]
T

A

|

CHAPTERP  Test

4 3
[0D4020 0[003] O [0403]

1 1 710 1
NS
(c)Dz 5—26 O & (d) 7 - [
32
3B/ 32 9 ot !
© * a 0w P M g1mM4 g 3t L3083

(b) 0110000003965 (1 3[1965 (1102

02 D% E]]E]]yZEZDD] [ 18x

0o_ O O__. [0_2 0o —a ul
(d) 200 1250 4050 250502 505 5003 5

SO OXEOX T
DyZD

g
(e) 18x3y* [

0 Oy
2x2y
x[3yli2

®

yDZDD1D2DDD2D

U
0 3xys 2x

[ 2 2y 2 CI2CI3 CIrr2 0]

O

1
4x10y

8. (d 30x0600402xI5003x01808x 0200 11x 02
(b) Ox 030 04x 050 04x205x 012x 015 04x2 07x 015

Hin
€, nabl b ald b 0O ~a
b

U

_ 2
d OalOb

(d) D2x 0302 0 02x02 0202x0 030 00302 04x2 012x 09
(e) Ox 0208 0 oxo® D3DXDD2 020 [ 3 0x[ 020200208 Ox306x2012x 08

(f) x20x0300x0300x%2 x209 Ox* 09x?

9. (@) 4x2 0250 02x 050 02x 0 50
(b) 2x2 05x 012 0 02x 030 0x O

40

d d

() x303x204x0120x20x030040x03000x030 x204 0 Ox0300x0200x 020

d d

O

O

(d) x*027x 0x x3027 OxOx030 x203x09

() D2x 0DyD2 0 10002 0 y0 0250 02x 0 y02 02050 02x 0yd 052 0 02x Oy 0502

(j] x3yD4xnyy x2 04 OxyOx 0200x 020

Ox O0100x O
20

DXDlEDXDZD

x203x 02

10- @ x20x02

x02
xd2

52
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x20Oxno1 x0O3 02x 0100x O XD3DXDI

(b) —%2g9 01 g 10 2x01 x03
0 DXDBHDXD
30
© x2 x01 x2 x 01 x2 O0x 010 0x 020
X204 x0O2 DxDZEDxDZDxDZ Ox 020 0x O Ox 020 0x 020
20
2 DZ
XDD x¢Ox O X [2 1
2

— L]
Ox 020 0x 020 Ox 0200x 020 xQO2

53
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YDX yDX

sHe TUs 2 2

X y X y Xy y< Ox OyOxodyd UOxdydoyOdo
(d) — <1 X0 Oy x0O

0 0 0 0 oo O

111 1L xy xOy x Oy xOdy

-0- -0O-

y X y X

6 6 6 %i gi -

1. L 0L 0O _ 0L 0 03 2
@5,06,05,04,0,
0 0

[__ [ DO— U0

10 ‘10 502 10 502 p_ o_ o_ O
b) 00 00 0 5002 1005 202 10
() 502 502 502 504

1 1 10x 10
(c) B=0 H= —H—=0

10 x 10 x 10 x 10x

12. (a) 4x0302x0704x02x 0700030 02x 0100x O5.
(b)8x35512553W35B 12502x0050x 2.
D \_1\_12

2003 2003 302 302 3
) x*Boeanoox*Boe4n 064302 0 x 0 83 0512,
<203

X x 3 2 2
d) m——== U ;——=0x02x01000x03002x05002x“0x 02x“05x 06x 0150 0x O0x 015 02x O

2x 05 2xD115

ox 0%

z o_ 0
(€) 30x 0102018 00030x 01020180 0x 010206 0x01060x 00 601
0
0

E E . . - L.
13. EOmc2 O - Oc2OcO m’ (We take the positive root because c represents the speed of light, which is positive.)

14. Letd be the distance in km, between Bedingfield and Portsmouth.

Direction Distance | Rate | Time
d
Bedingfield 0 Portsmouth d 100 ]
1wy
o d 75 d
Portsmouth O Bedingfield
. 75
distance
We have used time O to fill in the time column of the table. We are given that the sum of the times is 3005
hours. rate
d d . . 1050
ion — 0 — — 0= 0O 03050 O 04d O 1 0 —_— .
Thus we get the equation 00 " 75 0 305 0300 007 3000305 3d 04d 0500d 7 0 150 km
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FOCUS ON MODELING = Making the Best Decisions

g o 0O oo g o oo g
cost of maintenance number copy number

1. (a) The total cost is U - ugd oo upd oo U, Each month
copier cost of months cost of months

the copy cost is 8000 0 00103 [ 240. Thus we get C4 00 5800 0 25n [ 240n 0 5800 [ 265n.
0 00 15 D0 0

rental number copy number

(b) In this case the cost is U oo Upd oo U, Each month the copy cost is
cost of months cost of months

8000 J 00006 O 480. Thus we get C, [ 95a--480R-5-5/5h-
Years | n | Purchase | Rental

©
1 | 12| 8980 | 6900

24 | 12,160 | 13,800
36 | 15,340 | 20,700
18,520 | 27,600
60 | 21,700 | 34,500
72 | 24,880 | 41,400

o OB~ W N
N
[ee)

(d) The cost is the same when C; O C, are equal. So 5800 U 265n 0 575n [ 5800 O 310n O n O 18071 months.

0 O O 00 0
daily cost per number
2. (a) ThecostofPlan1is3 0 U Upo ) oo U 0 306500015x O 195 [0 0015x.
cost mile of miles
ad O
daily
The cost of Plan 2 is 3 [ U 030900 270.
0 cost

(b) When x [0 400, Plan 1 costs 195 (1 00115 (040001 [0 $255 and Plan 2 costs $270, so Plan 1 is cheaper. When x [J
800, Plan 1 costs 195 (0 00115 (180001 [J $315 and Plan 2 costs $270, so Plan 2 is cheaper.

(c) The cost is the same when 195 [0 00J15x [J 270 0 00015 O 75x O x O 500. So both plans cost $270 when the
businessman drives 500 miles.

0 o 0O oo 0
setup cost per number
3. (a) The total cost is U Upd oo ) U. So C [1 8000 [122x.
cost tire of tires
0 oo 0

o0 Priceper number

(b) The revenue i U. So R [ 49x.

tire of tires

(c) Profit 0 Revenue O Cost. So P 0O R 0 C 00 49x 0 J8000 0 22x 1 O 27x I 8000.
(d) Break even is when profit is zero. Thus 27x 10 8000 00 0 0 27x 0 8000 0O x O 29603. So they need to sell at least
297 tires to break even.
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4. (a) Option 1hln this optiorhthe width is constant at 100. Let x be the increase in length. Then the additional area is

width 0 U INCrease o 0 100x. The cost is the sum of the costs of moving the old fence, and of installing the
in length

new one. The cost of moving is $6 (1 100 [J $600 and the cost of installation is 2 (1 10 00 x 00 20x, so the total cost is
C 0600

" Substituting in the area

C 0O 20x 0 600. Solving for x, we get C 0 20x 0 600 0 20x O C 0600 O x O

O O
C 0600

we have A1 O 100 0 50C 06000 O5C O 3,000.

Option Z:Dln this optiorbthe length is constant at 180. Let y be the increase in the width. Then the additional area is

length O U Increase o 0 180y. The cost of moving the old fence is 6 [ 180 [J $1080 and the cost of installing the new
in width

oneis2 110 0y [ 20x, so the total cost is C [J 20y [J 1080. Sé?lving for y e get C J 20y [J 1080 0 20y [0 C (11080

Oy 0O %). Substituting in the area we have Ay 1180 CD2—(1)080 090C 010800 O 9C 1 9,720.
(b)
Cost, C | Areagain A; from Option 1 | Area gain A, from Option 2
$1100 2,500 ft? 180 ft?
$1200 3,000 ft2 1,080 ft2
$1500 4,500 ft2 3,780 ft2
$2000 7,000 ft2 8,280 ft?
$2500 9,500 ft? 12,780 ft2
$3000 12,000 ft2 17,280 ft2

(c) If the farmer has only $1200, Option 1 gives him the greatest gain. If the farmer has only $2000, Option 2 gives him the
greatest gain.
5. (a) Design 1 is a square and the perimeter of a square is four times the length of a side. 24 O 4x, so each side is x O 6 feet
long. Thus the area is 62 O 36 ft2.

12 .
Design 2 is a circle with perimeter 20r and area Or2. Thus we must solve 20r 0 24 O r O T Thus, the area is

o, .0
1272 144 5 .
T T 0 4508 ft«. Design 2 gives the largest area.

g
(b) In Design 1, the cost is $3 times the perimeter p, so 120 [J 3p and the perimeter is 40 feet. By part (), each side is then
40 1010 feet long. So the area is 102 0 100 ft?.

In Design 2, the cost is $4 times the pErimeDter p. Because the perimeter is 20r, we get 120 O 4 0J20r 0 so
120 15 ) 152 225 5

rd0— 0O —.TheareaisOr 00O — 0O — 07106 ft . Design 1 gives the largest area.
80 g g g

6. (@) Plan 1: Tomatoes every year. Profit O acres O ORevenue 0J costd) 0O 100 01600 00 30000 O 130,000. Then for n years
the profitis P; O 130,000n.
(b) %I%n 2: SoybeaDns foDIIowed by toDmDatoes. The profit for two years is Profit O acres O

soybean tomato

oo oot U0 0 100 01200 0 16000 [ 280,000. Remember that no fertilizer is
revenue revenue

needed in this plan. Then for 2k years, the profitis P, 00 280,000k.

(c) Whenn O 10, P, 0 130,000 0100 O 1,300,000. Since 2k 0 10 when k 0 5, P, 0 280,000 050 O 1,400,000. So Plan
B



is more profitable.
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7. (a)

Data (GB) Plan A Plan B PlanC

1 $25 $40 $60
10 25 (15 (1200007 1 40 05 010500 60 0151100007
7 2511 10 1200007 17 400101110500 0 $55 | 60 11 10 01100001 0
20 2571 150200000 [ 40 015 0100500 0 60 D 15 110000 O
[ [ md g e EN ae7E

3 2511 20 112010001 [ 401120 010500 0 $70 | 60 020 010000 O
30 257125020000 0 | 40 0 25 1105000 O $77050| 60 1125 1100007 [
y ?EED 300200001 0 40 030 1100500 [ §8:D 30010000 0

(b) For Plan A: Ca 0 250 2010x 0100 O 20x U 5. For Plan B: Cg O 40 0 105010x 0 100 O 15x O 25.

©

For Plan C: Cc U 60 01 010x U100 O 10x O 50. Note that these equations are valid only for x O 1.

If Gwendolyn uses 2012 GB, Plan A costs 25 [1 12 02 [J $49, Plan B costs 40 [J 12 01050 O $58, and Plan C costs
60 012 010 O $72.

If she uses 307 GB, Plan A costs 25 00 27 020 0O $79, Plan B costs 40 0 27 01050 O $80050, and Plan C costs
60 027 010 O $87.

If she uses 4009 GB, Plan A costs 25 10 39 020 O $103, Plan B costs 40 0 39 01050 O $980150, and Plan C costs
60 0 39 010 O $99.

(d) (i) WesetCpa 0OCg 020x 050 15x 0250 5x 020 0 x O 4. Plans A and B cost the same when 4 GB are used.

8. (a)

(if) WesetCp O Cc 020x 050 10x 050 O 10x O 45 O x O 405. Plans A and C cost the same when 405 GB are
used.

(iif) We set Cg U Cc U 15x 025 0 10x 050 0O 5x O 25 O x O 5. Plans B and C cost the same when 5 GB are
used.

In this plan, Company A gets $3002 million and Company B gets $3J2 million. Company A’s investment is $104

million, so they make a profitof 302 0 104 0 $108 million. Company B’s investment is $2006 million, so they make

a profit of

302 0206 O $006 million. So Company A makes three times the profit that Company B does, which is not fair.

(b) The original investment is 104 0 2006 0 $4 million. So after giving the original investment back, they then share the

(©

profit of $2004 million. So each gets an additional $1002 million. So Company A gets a total of 104 0 102 0 $20J6
million and Company B gets 2006 (1 1002 [J $308 million. So even though Company B invests more, they make the
same profit as Company A, which is not fair.

The original investment is $4 million, so Company A gets 1745—4 0 604 O $20J24 million and Company B gets
24—[ 0604 O $40J16 million. This seems the fairest.



1 EQUATIONS AND GRAPHS

1.1 THE COORDINATE PLANE

1. The point that is 2 units to the left of the y-axis and 4 units above the x-axis has coordinates 0020 410.

2. If x is positive and y is negative, then the point Ox 0 yO is in Quadrant IV.

3. The distance between the points Dal b0 and OcO  BeB-aB32-5-8d-2b02. So the distance between 010 20 and 070
dOis 100 is

0

__ L
0701020010020%0 620820 0640 100 O 10.
aldc bOd

4. The point midway between DJalJ b and OcOl 9 O . So the point midway between 0010 200 and 070 100 is
dois

D1D7 2D10D D§ 12D

TD— O ZD_ 0 04060.

2 2

5. A05010,B01020,C 002060, DO06020, EOO40 010, FODO2000, G 0010030, H 020 020

6. Points A and B lie in Quadrant 1 and points E and G lie in Quadrant 3.

7. 06050,101000, 0010 020, %%%ED 00, 02000, 02060 01030, and 002050
and 102
23
y
¢(0,5)
(1)0) 1| (12.2/3)
(1. _2) . .
L
9. OOxOyOD Ox O 10. OOxODyD Oy 020
20
YA
YA
5] 5

57
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11. OOxOyD Ox O 12. 0OxOyO Oy O 30

040 VA

o

(5]

xY
. |

13. OOxOyO 0 O3 0x 14.00x0yO0 000y O20

030 VA

5

ol ‘
x
o
(5]
x

15. OOxOyO O xy O 00O 16. OOxOyO O xy O 00O
O00xOyOOxOO0andy OOorx JOandy O00xOyOOx O0andy O0orx JOandy
000 000

17. DOxOyD Ox Olandy 18. 0O0xODyD Ox 02andy O 10
030

<
: l

[N
-
x
x
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19. OOxOyO 001 0x[01and 020y
020

SECTION 1.1  The Coordinate Plane

20.00x0yO 0O O030x03and 010y 010

y

21. The two pﬁ)ints are 000 20 and 030 00. .
0
(@d0 03000200000020020 320220 9040 13

P3poon2” H, O
(b) midpoint: > 5 0 5B
N

22. The two Eoints are 0020 010 and 020 20.

5 , -0 D
(@dOd 002020200010 004020003020 16090 2505
202 O

mn2” O
2 0
oo
2 1 Dz

o 202
(b) midpoint:

23. The two %)ints are 003030 and 050 ESD.

0 0
(@) d 0 00305020030 008020620 640360 100010
003002 0

DDSDS 300030
2 O
U

(b) midpoint: 0 01000

2

24. The two %)ints are 0020 030 and 040 ElD.

() d 0 002040200030
001002 O

Yo204 p3o0m10
5 - 0 010 020

D —_—
2

(b) midpoint:

25. (a) y 26. ()

(6,16)

T
[T TTT]
1
1

0 O 0
006020002020 36040 5002 10

(2.9
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¢ (0,8)

N

1

(b)d O CoO6020 0801602
—— _ _Nn
0 006020008020 100 O
10

g g
006 8016
(c) Midpoint: — > 0 030

i 120

® SEC

1 (10, 0)
2 * X

(b)d 0 00201002 0050002

— . _0
0 00120200502 0 169 013

DDZDlO 500

(c) Midpoint:
O [

o

ION'1.1 The Coordinate Plane

60
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27. (a) y

(49

L
(3.2

(b)d O p30004002 0002
0502

-, o L
0O 720007020 490490 980
0
72

0 0
0403 502 4 3"
(c) Midpoint: ) 0— 0 050
2

29. (a) y

(0, Z)

6._2 X

(b)yd 0 D600O600200020
202 O —  DOD4;2

o—__ __ 0O_ 0O
0O 1440160 16004 10

d d
606 0202

122 O

SECTION 1.1  The Coordinate Plane

28. (a) y

\
T
Ravl

(0)d O 00100060020 010003002

U 0
0O 520420 4]

Yoot pep1” 0, O

(c) Midpoint: ’ O 0 0,001
2
A
30. (a) y
1 5,0)
X
(,_6)

P — 0 0
0O 520006020 250360 61

Jou5 Leuo” J, O

(c) Midpoint: —— 00— o 3

61
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(c) Midpoint: ) 0 0 ooo 2 2 o, 0
00
2
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31. dJAOBO 0105020030 00402 0
O 302 O 4,
0 o
dOADCO 0101020030 0602 O 6.
0 003002 O So
theareais4 06 O
24,
Ya
A B
1
1 X
C D

33. From the graph, the quadrilateral ABC D has a pair of

parallel sides, so ABCD is a trapezoid. The area is

O g
g
u h. From the graph we see that

2

= 1]
by 0dOADBO 0105020000002 0 42
0 4;

0 O
b, 0dOCODO 04020200303020 2202

O and

h is the difference in y-coordinates is 03 0 00 O 3.
Thus

d d
402

the area of the trapezoid is ) XD 9.

y

Ha/ B

-
XY

35.d 000 AD O

SECTION 1.1  The Coordinate Plane 63

32. The area of a parallelogram is its base times its height.

Since two sides are parallel to the x-axis, we use the length

of one of these as the base. Thus, the base is

d d
ggAD . O ED EDZZ 4DDz
d d o 0 ad d

4. The
0
height is the change in the y coordinates, thus, the height

is6 0 2 O 4. So the area of the parallelogram is
base O height 0 4 0 4 O 16.

y

34. The point S must be located at 100 040. To find the

area, we find the length of one side and square it. This
gives
g

d0QURO 0050 2001060
0 00

O

O 00502000502

O o__
O 250250 5

U0y

So the area is 50 0O 50.

YA
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O 0 0
0600020070002 0 620720 360490  85.

5 o o
dOJ0OBO DO500020080 005020820 250640 89.
O 002 O

Thus point A 060 70 is closer to the origin.
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36.

O

38.

39.

40.

41.

CHAPTER 1  Equationsand Graphs SECTION 1.1 The Coordinate Plane 65

o o
dOEOCO 00600020020030 004020220 16040 20.

'IV_\? —
i

0 0
dOEODO 0300020020000 520001020 25010 26.
0 102 O

Thus point C is closer to point E.

O O O
.dOPORO OmiOo302pon010 004020002020 16040 2002 5.

102 0 0 _
0 _ _

0
dOQDRO 001000100200010 0000402 0 16 O 4. Thuspoint Q D010 30 is closer to point R.
O 302 0

[

0 O O
(a) The distance from 07030 to the origin 07 0002003000240 720320 49090  58. The distance from

O

0 O O
03070 to the 03000200700020 320720 90490 58. So the points are the same distance
origin is the origin. ~ from

0 O
(b) The distance from Dad b0 to the origin  Ja 0002 0 Ob 0002 O a2 0 b2. The distance from Ob0 all to the
is origin is
O

[l [l
ODbO00200a00020 b20a?2 0 a2 Ob2. Sothe points are the same distance from the origin.

Since we do not know which pair are isosceles, we find the length of all three sides.

0. 0 _0
dDADBO.0O03000200010 003020003020 9090 1803 2
O 202 0 .

0

5 —E_ —0
dOCOBOD 0O3000400200010 2120004020 10160 17.
O 3020

O O
dJADOCDO 0000040020020 420001020 16010 17. Sosides AC and CB have the same length.
O 3020

Since the side AB is parallel to the x-axis, we use this as the base in the formula area U 12Dbase O heightO. The height is

the change in the y-coordinates. Thus, the base is 102 [0 40 [ 6 and the height is 04 0 10 O 3. So the-area is loeo
30 09.

(a) Herewe have A 0 02020, B 0 030 010,and C O 0030 0J30. So

o o
dOAOBD 03020200010 1200030201090 10;

O 2020
0

U 0 0 0
dOoCOBO 0300030020001 00030020 620220 36040 4002 10;
O
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- O O O
dOADCO 003020200030 00502000502 0 250250 5005 2.
O 2020

Since [d JAOBO]? O[d OCO BOJ? O [d DAD COJ?, we conclude that the triangle is a right triangle.
— L 0
(b) The area of the triangleis 3 0d DCOBO Od DAZBO D 1 0 1002 10 O 10.

= , 0 _ 0
42. d UAOBDO A1 F60283FR3FEA7002 O 52042 [0 25016 O 41
: S 2

mi]

2 2 2 L -
dOAOCO 0O D206040002000700 00402052 O 16025 O 41;
0 O
o -

0 0
dOBOCO 020110200020 0p9020120 81010 82
0 003002 0

Since [d DAL BDD]Z O [d DAOCO]J? O [d OBOCO]?, we conclude that the triangle is a right triangle. The area is
3 4o 4 M.
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43. We show that all sides are the same length (its a rhombus) and then show that the diagonals are equal. Here we have
A0 002090,B 0 04060,C 0 01000, and D O 0OO5030. So

| (.
dJADBO 0400020020060 620003020 36090 45

O CISONS

- ) = 0 0
dOBOCO 0104020000 0Oo3020006020 90360 45
U 602 O O

O

— O O

dOcODO 00501020030 0D602 0003020 36090 45
O 002 0 —_—

O

U O O
dODOAD 002000500200903020 320620 90360 45, So the points form a
0

— o o il
rhombus. Alsod DAOCO 0100020020060 3320009020 90810 9003 10,

0 902 O . —
U O
O O o _
andd OBO DO 00504020030 00902 000302 0 81090 9003 10. Since the diagonals are
O 602 0 equak—— — -

the rhombus is a square.

U 0 0 0
44. d DAOBD 0300010020011 030%2 0 408 0O 16064 O 80 O 4 5.
O —

0 o _0 _0
050302001501102 0O 22042 0O 4016 O 20 O 2 5.

dOoBOCO O
O

0 0 0 0
dOADCO D50001002001503020 6201220 3601440 18006 5 Sod JAOBO OdOBOCO O
0 dOAOCO,

and the points are collinear.

45. Let P 0 00O yO be such a point. Setting the distances equal we get

ooos50200y 0 00010200y D102 O
005002 O

O O
250y2010y 0250 10y202y010y2010y 0500 y202y 02012y 0 048 0y O O4. Thus, the point
is P 0 000 040, Check: -

i d
00050200040 00502012 025010 26

V_\V_\I_V_\V_\y —
I o J o o

0 0
00010200040 001020005020 25010 26,
1020
0
L ) 103 006" ) —0 0
46. The midpoint of AB is CHO —5— —— [ 02030. So the length of the median CC cocb O
0 isd

O
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0 0
D —
020030202 0 37. The midpoint of AC is B O 1o8 o002 901 . So the length of the median BB =
[l
0 Oo__ 0 0
. 0 2 109 308 602 0 B
isd_ BO @ 0010602 . The midpoint of BC is A=0 O 0 304 . Sothe
BY D 713 N 0 :
0 .2 145
I T
0 0
of the median AA” isd AL 3 00400020
AP O
47. As indicated by Example 3, we must find a point S Oxq 0 y1 O such that the midpoints y
of PR and of QS are the saer1e. Thus .
40 20 0040 x101 yp01
0010 R
Q
0 O O . Setting the x-coordinates equal,
2 2 2 _—
A0 o x01l 2 1
|y g 2
weget , O 04010x1 01 0x; O 20Setting the P .
X

200040 % 01

5 02040y, 010y 003

y-coordinates equal, we get

Thus S O 020 0J30.
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20x ) . L 20U X Lo
48. We solve the equation 6  —— to find the x coordinate of B. This gives 6 O % 012020x 0x O 10. Likewise,
30y
8DTD16D3DyDyD13.Thus,BDDlOD
0207 0107 n5
49. (a) YA c (b) The midpoint of AC is 9 0 0 ,03 ,the midpoint
2
0
a1 204" =
of BD is — —— U Pos3 .
g 2
D// /
7 /Z (c) Since the they have the same midpoint, we conclude that the
A e I diagonals bisect each other.
0 o0 0
a0 bOoO ab
50. We have M 0 ’ O O 9 O . Thus,
2 2
L
0 = = 0 O
a 2 b 2 az b2 a2 b? _
oo O
oo 0o -po O O O ;
dDDCD MO 2 2 4 4 2
O O _ O 0
2 é “p 2 . aDD2 b2 a2 2 a2 b2
Da 0 -00 O O, O - O —O-—0O -
QOATME 2 2 2 PR 2
O O O 0
2 D2 “p 2 DaDDZ Ttz 2 g2 a2 b2
00 O -Ob O _ OO O —O—0O =
dDDBD MO 2 2 2 2 4 4 2

51. (@) The point 05030 is shifted to 05 0303 020 O 080 50.
(b) The point Dad b0 is shifted to Ja 0 30 b O 20.

(c) Let OxO yO be the point that is shifted to 030 40. Then Ux 030y 020 O 03040, Setting the x-coordinates
equal, we get

x 03 03 0x 0O0. Setting the y-coordinates equal, wegety 02 0 4 0Oy O 20So the point is 000 20.
(dy ADOOO50010,s0 A" 0 DD503001020 0002010;B 0 003020,s0BY 00030302020 0 000
40;and C 0 02010,s0CY 0020301020 0 05030.

52. (@) The point 030 70 is reflected to the point D030 70.
(b) The point Dad b0 is reflected to the point D OJad bO.
(c) Since the point D0a0 b0 is the reflection of Jal b, the point 0040 010 is the reflection of 040 O10.
(d) AD D3030,s0 AY 0 003030; B 0 06010,50 BY 0 006010;andC O 010 040, so CY 0 0010 D4D.

I n
53. () d DADBO O 320420 25065.
(b) We want the distances from C O 04020 to D O 0110 260. The walking distance is
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0401100 020260 07 024 0O 31 blocks. Straight-line distance is

0o
04011020020260%20 7202420 625 O 25 blocks.

(c) The two points are on the same avenue or the same street.

O
3027 7D17D

2
U

54. (@) The midpoint is at 0 0150 120, which is at the intersection of 15th Street and 12th Avenue.

(b) They each mustwalk 015030 0 012 070 012 05 O 17 blocks.

55. The midpoint of the line segment is 06601 4501. The pressure experienced by an ocean diver at a depth of 66 feet is 45 Ib/in?.



65  CHAPTER1 Equationsand Graphs SECTION 1.2 Graphs of Equations in Two Variables: Circles 65

Ox 20X
to find the x coordinate of B: 6 [1 —

30y
coordinate of B, we have 8 [ ’ 016 030y 0Oy O13. Thus B O 0100 130.

012 02 0x Ox O10. Likewise, for the y

2
56. We solve the equation 6 O

57. We need to find a point S Ox1 0 y1 0 such that P QRS is a parallelogram. As y
indicated by Example 3, this will be the case if the diagonals PR and QS bisect
each other. So the midpDoints of PR and 88 are the same. Thus

0 0 R
005 0303 x1 02 y102 Q
—
— 0 i _ H _—
> > > O . Setting the x-coordinates equal, we get ) /I
005 x;02 2 / X
—— 0——00050x 020X 08 P
. . 0303 02
Setting the y-coordinates equal, we get 4" 3 3 y 2
0 oo o o .0 O

2 2
y1 O 02. Thus S 0 030
020.

1.2 GRAPHS OF EQUATIONS IN TWO VARIABLES: CIRCLES

1. If the point 020 30 is on the graph of an equation in x and y, then the equation is satisfied when we replace x by 2 and y by
3.

We check whether 2 130.° 2w 6 () 3. Thisis false, so the point 020 30 is not on the graph of the equation O x O 1.
1 2y

; £ 1 1 1
To complete the table, \neexxp 55))/ Trterms o ))(/.Dd Ox010y0 50x010 05 x Oy
o2 | o ape!l
01 0 1
ol 1| oo /
2
nod e
I 01 X
2 5 5 1

2. To find the x-intercept(s) of the graph of an equation we set y equal to 0 in the equation and solve for x: 2000 O x 010
x O 01, so the x-intercept of 2y 0O x O 1is 0O1.

3. To find the y-intercept(s) of the graph of an equation we set x equal to 0 in the equation and solve fory: 2y 0001 0O
y O %, so the y-intercept of 2y 0 x O Lis 3.

- O
4. The graph of the equation Ux O 1020 Oy O 202 0 9 s a circle with center 010 20 and radius 9 O 3.

5. (a) Ifagraph is symmetric with respect to the x-axis and OJalJ b0 is on the graph, then Jal0 UbO is also on the
graph. (b) If a graph is symmetric with respect to the y-axis and Ja b0 is on the graph, then O0a0 b0 is also
on the graph. (c) If a graph is symmetric about the origin and JalJ b is on the graph, then D Oal Ob O is also on
the graph.

6. (@) The x-intercepts are 3 and 3 and the y-intercepts are 001 and 2.
(b) The graph is symmetric about the y-axis.
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7. Yes, this is true. If for every point Ox 0 yO on the graph, O0Ox 0 yO and Ox O Oy0O are also on the graph, then O00Ox 0 OyO
must be on the graph as well, and so it is symmetric about the origin.

8. No, this is not necessarily the case. For example, the graph of y O x is symmetric about the origin, but not about either axis.
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9. y 0 30 4x. For the point 000 30: 3 0304000 03 0 3. Yes. For 04060: 0 03 04040 00 0 013. No. For
010 010:

010304010 0 0170 01, Yes.
So the points 000 30 and 010 010 are on the graph of this equation.

o____ . 9 A1 PR A 2 0
10. yO 10x.Forthepoint02010:10 102010 %O%OigquDSDZD:ZD 100030020 4. Yes. For
0 :

o O
10 100. Yes.
So the points 0030 20 and D00 10 are on the graph of this equation.

11. x 02y 01 0 0. For the point 00 00: 002000 111 00 0 F11 0 0. No. For 01000: 10200001000 8101 0
0. Yes.

For 0010 010: 0010020019 01000010201 00. Yes.
So the points 01000 and 0010 010 are on the graph of this equation.

0 0 0 0 0 .00.00 0
12,y x201 0L Forthepoint D1010: D10 10401 013102001 No.For 10! @ 1, 10201 ,01
01m2h o1 0 5 5 O -

0 00 o0 , O )
Yes. For 101! @ ! mp201 D10t 1 ves.
T 0 0
7?8 O 2

Sothepoints 101 and 1071 are on the graph of this equation.
2 0 >

13. x2 0 2xy 0 y2 0 1. For the point 000 10: 02 02 000 010°012 0 01 0 1. Yes. For 020 010 22 02020 0010
ooo102 01

040401510101 Yes. For 002030: 0202 020020030032 0104012090701 0 1. Yes.
So the points 000 10, 020 010, and 0020 30 are on the graph of this equation.

14, 00010: 0002 00102 0100000701 00, Yes.
0 0 o o

01 1 0yl , L 2 11 ?
Q?D—QZ:—QZ ad Ez oi1o00,0,0100. Yes.
EREC R :
—E—D- , 0, piooodcloroo. ves
0 0 Z_Dé 0
So the points (100 108 1 agd y 301 areon the graph of this equation.
15. y O 3x 16.y O O2x
X y X y
03 | 09 =1 e
a2 06 a2 4
01 | O3 01 2
0 0 0 0
a2
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17. y020x 18. y O2xH-3
X y
04 | O5
X y 02 | 01
04| 6 3
02 4
0 2 1
0
4 | 02
19. Solvefory: 2x Oy 06 Oy O 2x O 6. 20. Solveforx: x 04y 080U x U4y 0O8.
X y
x | Y 04 | O3
02 | 010 02 D%
0 06 0| 02
2 02 2 D%
4 4| 01
6 6 6| 03
8 0
10| 3
21.yDO10Ox? 22.yO0x202
X y y y
03 | 08 x 1Y
02 | 03 b3 |11
01 0 02 6
0 /N o3 '
1 0 X 0 2 1 X
2 | o3 13
3| 08 216
3|11
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23. yOx?02 24.y 0 Ox2 014
X y
03 | O5
X y 02 0
03 7 01 3
o2 | 2 0| a4
01| o1 1 3
0| 02 2 0
1| 01 3| 05
2 2
3 7
25. 9y O x2. To make a table, we rewrite the equation as 26. 4y O Ox2.
y O §x2. y p
X y
X 1Y y 04 | 04
2| 01
03 | 1 ol o -
0 2| 01 X
1 4| 04
9
1
2 X
27. x 0y2 0 4. 28.xyD2DyDX—2.
Y y
X y N y
012 | 04 4 D%
0S| U3 Te—— 02 | o1
i IR == e 1
L DQ_ 04 1 X
Al o _—"] 0l | os
3 1 i 8
0] 2 3| a4
05 3 1 2
012 4 2 1
M
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o_
29. y O X

O | B |IN|PFP|N=O | X

[
(o)}

y y
0
1
2
1 —
= 1/
1 X
2
4

o _
31. y ., . 90x2. Since the radicand (the expression inside

the square root) cannot be negative, we must have

90x2000x20900x003.

33.yOO
Ox0O.

06

06

04

04

02

02

02

04

oI N|O

06

SECTION 1.2 Graphs of Equations in Two Variables: Circles 69

0
30.yo020 x.
y
X y
0 2
1 3
22072
4 4 s
9 5 £
1 X
0
32.y0 90x2

Since the radicand (the expression inside the square root)

cannot be negative, we must have 9 0 x2 0 0 0 x2 0 9

0 0x0 03

X y
03| o
o_

02 5
0

012 2
3

X 2D2
L
) 5
3| 0

34.x O Oy0O. Inthe table below, we insert values of y and find

the corresponding value of x.

W N PO PN

02

w N - O
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35.yOd40O
OxO.
X y
06 | 02
04 0
02 2
0 4
2 2
4 0
6 | 02

37. x O y3. Since x O y3 is solved for x in terms of y, we
insert values for y and find the corresponding values of x

in the table below.

X y
o8 | 02
01 | o1

0| o

1

8| 2

27| 3

39. y O x4,

X |y
03 | 81
02 | 16
01| 1

0| O

1] 1

2|16

3|81

SECTION 1.2 Graphs of Equations in Two Variables: Circles

36.y O 040 x0.

>
<

06
04
02

=
o

10

o o B~ N O
D A N O N B O

38.yOx301.
X y
03 | 028
02 | 09
01| 02
0| 01
1 1
2 7
3| 26
40.y 016 O x4,
X y
O3 | 065
02 0
01 15
0| 16
1] 15
2 0
3 | 065

70
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41. y 00[p01x3 O x2 O 5; [01000 150] by [020000 42.y 00p03x¢ 0 107x O 3; [11000-50] by [3500 100]
2000]
2000 T 100
1000 \\/
1 1 1 ] 50
-100 50 50 100 150 B
-1000 | \/ -100 -50 50
-2000 ~ -50
O 0o _
43. y 0 12x017;,[01010] by [01D) 44.y O #256 0 x2; [0200 20] by [020 6]
20]
20T 6T
10 1 )1
.gn -10 1‘n QI()
e e BT 2
45. y 0 —> : [0500150] by [000120 46.y 0 x4 [0 4x3; [04016] by [[15001 100]
X2 025 ODZ]
\ 100 T |
0.2
0.1 50
2I 4I T T \l/ 1
4 -2 2 4 6
50

47. y O x 0 6. To find x-intercepts, set y 0 0. Thisgives0 O x 0 6 O x O U6, so the x-intercept is 6.
To find y-intercepts, set x 0 0. Thisgivesy 00 06 Oy 0 6, so the y-intercept is 6.

48. 2x 0 5y O 40. To find x-intercepts, set y U 0. This gives 2x 05000 0 40 0O 2x 0 40 O x O 20, and the x-intercept is 20.
To find y-intercepts, set x 00 0. This gives 2 000 O 5y 00 40 O y O 08, so the y-intercept is (8.

U 0
49. y 0 x2 0'5. To find x-intercepts, set y 0 0. Thisgives0 0 x2 050 x2 05 0x 0O 5,50 the x-intercepts are O 5.
To find y-intercepts, set x 0 0. This gives y 0 02 05 O 05, so the y-intercept is O5.

50. y2 0 9 O x2. To find x-intercepts, set y 0 0. This gives 02 0 9 0 x2 0 x2 09 O x O 03, so the x-intercepts are 03.
To find y-intercepts, set x 0 0. This gives y2 0 9002 09 Oy O O3, so the y-intercepts are 03.

51. y O 2xy 0 2x O 1. To find x-intercepts, sety 0 0. Thisgives002x 000 02x 0102x 010X O % so the x-intercept
is 3.
To find y-intercepts, set x 0 0. Thisgivesy 02000y 02000 0O 10y O 1, so the y-intercept is 1.
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52.
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x2 Oxy Oy O 1. To find x-intercepts, set y 0 0. This gives x2 Ox D00 0000 010 x2 01 0x O 01, so the x-
intercepts are 01 and 1.
To find y-intercepts, set x 0 0. This gives y O 0002 0 ooo yOyO10y 01, sothe y-intercept is 1.

53. y O x O 1. To find x-intercepts, sety 0 0. TDhIS gives0 O xO1000x010x 0O 01, so the x-intercept is 01.

54.

55.

56.

57.

58.

59.

60.

61.

To find y-intercepts, set x 0 0. Thisgivesy 0 001 0Oy O 1, so the y-intercept is 1.

xy O 5. To find x-intercepts, set y 0 0. This gives x 000 0 5 0 0 O 5, which is impossible, so there is no x-intercept.
To find y-intercepts, set x 0 0. This gives 000y O 5 0 0 O 5, which is again impossible, so there is no y-intercept.

4x2 0 25y2 0 100. To find x-intercepts, set y O 0. This gives 4x2 0 250002 0 100 O x2 0 25 O x O 05, so the
X-intercepts are 05 and 5.

To find y-intercepts, set x O 0. This gives 4 0002 0 25y2 0100 0 y2 0 4 Oy O 02, so the y-intercepts are 02 and 2.

25x2 0 y2 [ 100. To find x-intercepts, set y O 0. This gives 25x2 002 0 100 0 x2 0 4 O x O 02, so the x-intercepts
are 02 and 2.

To find y-intercepts, set x O 0. This gives 25 0002 0 y2 0 100 O y2 O 0100, which has no solution, so there is no
y-intercept.

y O 4x O x2. To find x-intercepts, sety 0 0. Thisgives0 0 4x Ox2 00 0 xO040x0 00 O x or x O 4, so the
x-intercepts are 0 and 4.
To find y-intercepts, set x 0 0. This givesy 0 4000 O 02 0 y 0 0, so the y-intercept is 0.

x2 _y2 2 2 2

X 0 X
r 0 T 0 1. To find x-intercepts, set y 00 0. This gives ry 0 T 010 9 010x2090x 0 03,50 the

x-intercepts are [J3 and 3.

02 2 w2
To find y-intercepts, set x 0 0. This gives ) O yT 010 {1 010y 2040x 002 so0the y-intercepts are 02 and 2.

x* 0y2 O xy O 16. To find x-intercepts, set y 0 0. This gives x* 002 0x 000 0 16 0 x* 0 16 0 x O 02. So the
X-intercepts are J2 and 2.

To find y-intercepts, set x 0 0. This gives 0* 0 y2 0 000y 016 0 y2 0 16 0y O 4. So the y-intercepts are 04 and 4.

x2 0y3 0 x2y2 0 64. To find x-intercepts, set y [ 0. This gives x2 0 0% 0 x2 0002 064 0 x2 0 64 0 x 0 08. So the
X-intercepts are 08 and 8.

To find y-intercepts, set x [ 0. This gives 0 0 y3 0 0002y2 064 0y3 064 0y O 4. So the y-intercept is 4.

(@) y Ox30x2;[0202] by [0101] (b) From the graph, it appears that the x-intercepts are 0

and 1 and the y-intercept is 0.
10T
(c) To find x-intercepts, set y O 0. This gives

057 00x30x20x20x010000x 00orl. So
| , , the x-intercepts are 0 and 1.
-2 -1 1 2 To find y-intercepts, set x O 0. This gives

057 y 003002 0 0. So the y-intercept is 0.

-1.0 —
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62. (a) y O x% O 2x3; [0203] by [0D30 3]

3T
2+
1+

-1+
241

3L

63. () yO O

2 ;dDSD 5] by [030

01

64. (3) y 0 — 150151 by [1120
01

-2
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(b) From the graph, it appears that the x-intercepts are 0
and 2 and the y-intercept is 0.

(c) To find x-intercepts, set y O 0. This gives

00x*02x30x30x020000x 000r2. So
the x-intercepts are 0 and 2.

To find y-intercepts, set X O 0. This gives
y 0 0% 020008 00. So the y-intercept is 0.

(b) From the graph, it appears that there is no x-intercept

and the y-intercept is 2.

(c) To find x-intercepts, set y (1 0. This gives

o000

2 i . i
SISER which has no solution. So there is no

x-intercept.

To find y-intercepts, set x O 0. This gives

2 . .
y O Dm 0 02. So the y-intercept is 02.

(b) From the graph, it appears that the x- and
y-intercepts are 0.

(c) To find x-intercepts, set y 0 0. This gives
X

00
x2 01

0 x O 0. So the x-intercept is 0.

To find y-intercepts, set x O 0. This gives
0

y O OZ—Dl 0 0. So the y-intercept is 0.

(b) From the graph, it appears that and the x- and
y-intercepts are 0.

(c) To find x-intercepts, set y 00 0. This gives 0 O 5 X

0O x O 0. So the x-intercept is 0.
To find y-intercepts, set x 00 0. This gives

yO 3 0 O 0. So the y-intercept is 0.
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J
66. (a) y O °[L OxZ; [0505] by [050 (b) From the graph, it appears that the x-intercepts are
3] 01 and 1 and the y-intercept is 1.

(c) To find x-intercepts, set y O 0. This gives

; ; 00 10x2010x2000x 001, Sothe
2 4 x-intercepts are 01 and 1.
To find y-intercepts, set x 0 0. This gives

1 y O 1002 0 1. Sothe y-intercept is 1.

4
o
67. x2 0 y2 O 9 has center 000 00 and radius 68. x2 0 y2 0 5 has center J00 0O and radius 5.
3 y
y
7o "/
KJ X 1 X
69. Cx 0302 0 y2 [ 16 has center (30 001 and 70. x2 0 Oy 0202 0 4 has center 000 200 and radius 2.
radius 4.
y
y
| 1
1 X 1 X

71. Ox 0302 0 Oy 0402 0 25 has center 003040 and  72. Ox 0102 0 Oy 0 202 0 36 has center 0010
radius 5. 020 and radius 6.

' I\
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73. Usingh 0 O3,k 02,andr 05, weget Ox 0 00300200y 0202 052 00x 030200y 0202 0 25.
74. Usingh O 01,k 0 O03,andr 0 3,weget Ox 0 00100200y 0 003002032 00x010200y0302009.

75. The equation of a circle centered at the origin is x2 0 y2 O r2. Using the point 040 70 we solve for r2. This gives
0402 0 0702 Or2 016 049 0 65 O r2. Thus, the equation of the circle is x2 O y2 O 65.
76. Usingh O Olandk O 5 we get Ox 0 001002 0 0y 0502 0 r? 0 Ox 0102 0 Oy 0502 O r2. Next, using the
point
0040 060, we solve for r2. This gives 004 0102 0 006 0502 0 r2 0130 O r2. Thus, an equation of the circle is
Ox 0102 0 0y 0502 O 130.
o 0105 1009 5

77. The center is at the midpoint of the line segment, which is > —— [ 02050. The radius is one half the
0 0 diameter,
4 d
sor 01 D%}DSDZD 0109020 3606401 10005. Thus, an equation of the circle is DXDZDZDDyDSD2
2z O ) 2

0 0Ox 020200y 0502 025.

O O
0107 3005

78. The center is at the midpoint of the line segment, which is 9 O 0 030 010. The radius is one half the
O

2

d
diameter, sor 0 5 0010702003 0005002 (4 2. Thus, an equation of the circle is Ox 0302 0 [y [ 102 [
32.
79. Since the circle is tangent to the x-axis, it must contain the point 070 00, so the radius is the change in the y-coordinates.

Thatis, r 0 003 000 O 3. So the equation of the circle is Ox 0 702 0 Oy 0 003002 0 32, whichis Ox 0 7020 Dy
0302 oo

80. Since the circle with r O 5 lies in the first quadrant and is tangent to both the x-axis and the y-axis, the center of the circle
is at 0500 500, Therefore, the equation of the circle is Ox 0502 0 Oy 0502 0 25.
81. From the figure, the center of the circle is at 020 20. The radius is the change in the y-coordinates, sor O 02 000 O

Thus the equation of the circle is Ox 0 002002 O Oy 0202 0 22, whichis Ox 0202 0 Oy 0202 0 4.

82. From the figure, the center of the circle is at D010 10. The radius is the distance from the center to the point 020 00J.
Thus

_n__ .0
r0 001020200100020 9010 10, and the equation of the circle is Ox 0102 O Oy 0102 O 10.
0O O A

_ _ oo 2 -, 2 “mp 2 H,H2
83. Completing the square gives x? Jy2 02x 04y 01 000x202x0 % gy204y0 5 HOLO 5° 0O 5

Ox202x010y204y0400101040 Ox 01020 0y 0202 O 4. Thus, the center is 010 020, and the radius
is 2.
_ _ 0,2 “p 2 “p2_ H M2
84. Completing the square gives x? D y? O2x 02y 020x?02x 0 2% gy?02y0 - H20 - 0O 5

Ox202x010y202y0102010100x 01020 0y 0102 0 4. Thus, the center is 010 10, and the radius is 2.
_ _ 0,02 ~10 2 42 HH2
85. Completing the square gives x2 0y?04x 010y013 000 x204x0 %3 gy?010y0 % HUOBO0 5 O &

Ox204x040y2010y0250 013040250 0x 020200y 05020

16. Thus, the center is 020 050, and the radius is 4.
. R S 2.2 He 2 621,242
86. Completing the square gives x~ Oy“ 06y 02 000x“0y-06y0 5 QgO20 5, Ox“0y"D6y090 0209
Ox20 Oy O 30207, Thus, the circle has center 000 030 and radius

O
7. 2
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0o 0O 0
. . 1 1
87. Completing the square gives x2 0y2 Ox 000 x20x0 L Oy o 1 Ox2oxoltoy?2oto
2 2 4 4
0 0
X Dz_l 0y2 0 L. Thus, the circle has center 100 andradius !,
0
2 4 _p 2

0o o 0 0
2 2
88. Completing the square gives x? D y? 02x Dy 01 000x>02x0 % “gy?’0yD 4 001010 170

o, 0 0
ﬁZD2xD1Dy2DyD1D1DDxD1D2D yO Y 0 Thus, thecircle hascenter 1001  and radius 1.
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0. 0 0., 0 0
89. Completing the square gives x2 0y2 0 1x0ly 0 P ox2oixpy 2202 Hyzmlym 02 lD ez D
2 2
0 o 0
2 2 B 2 2 2 2 8 2 2
1, 1 1, 1 i U 2 5 12
Ox20 _XD_DyZD_yD—D1D1D1 Byl 1 0 yod 0= Thus, the circle has center
Oo-0-0 xOo- -
2 16 2 16 8 16 16 8 4 4 4 4
11 ,
703 and radius 3.
4 2 2 2 2
- 0 0 0 0o 0
90. Completing the square gives x20y20ix 02y 0L goox2oixn ™2 gy2o2yo 2 p 2 . 2
— od—0o —
2 16 2 2 2 6 2 2
0 0
0, 1
0 xO%Y 00y0102 01 Thus, the circle has 0,0  and radius 1.
center 01 )

91. Completing the square gives x2 0 y2 0 4x 0 10y 0 21 [
2 4?2 ~ o1 2 w42
04O 5 Hy 0Oll0oyo == {210 5 U

0
=10 gpoxp 2p00y0 2021040250 50.
22 20 50

| _
Tﬂus, the circle has center 0020 50 and radius 50 O

5 2

\Y

93. Completing the square gives x2 0 y2 06x 012y 04500 94.x20y2016x 012y 1200000

00x 030200y 0602 004509036 00. Thus,
the center is D030 60, and the radius is 0. This is a
degenerate

92. First divide by 4, then complete the square. This gives

HE0ay202x 000X Oy U,ax000x% 03x]
0, 0O, O
_oy2oonx? odxo 42 Oy? 372
O O
) =
0 0 0- D

x [0 1:1 O y2 O 1_16' Thus, the circle has center D41D 0

and radius .

g DZD
x2 [ 16x 0, ¥ py?pg1ay0 #
0 = 2 2
2 2

Ox 08020 Oy 0602 0 02000 64 036 0 0100. Since

completing the square gives r2 0 0100, this is not the
equation of a circle. There is no graph.
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95.

96.
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x-axis symmetry: DOyO O x% Ox2 Oy O Ox?* O x2, which is not the same as y O x* O x2, so the graph is not symmetric
with respect to the x-axis.

y-axis symmetry: y O 0O0x0% 0 0O0x02 O x4 0 x2, so the graph is symmetric with respect to the y-axis.

Origin symmetry: DOyD O 00x0* 0 00x02 O Oy O x# O x2, which is not the same as y 0 x* O x2, so the graph

is not symmetric with respect to the origin.

x-axis symmetry: x 0 O0y0* 0 00y02 O y* O y2, so the graph is symmetric with respect to the x-axis.

y-axis symmetry: 00x0O O y4 O y2, which is not the same as x O y4 O y2, so the graph is not symmetric with respect to the
y-axis.

Origin symmetry: OOx0 O 00y0* 0 00y02 0 Ox O y* O y2, which is not the same as x 0 y* O y2, so the graph

is not symmetric with respect to the origin.
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97. x-axis symmetry: OOyO O x3 0 10x Oy O Ox3 O 10x, which is not the same as y O x3 0 10x, so the graph is not
symmetric with respect to the x-axis.
y-axis symmetry: y O 0Ox0% 01000x0 Oy O Ox3 O 10x, which is not the same as y O x3 O 10x, so the graph is not
symmetric with respect to the y-axis.
Origin symmetry: 00y0 O 0Ox0° 01000x0 0 Oy O Ox3 010x Oy O x3 0 10x, so the graph is symmetric with
respect to the origin.

98. x-axis symmetry: 00y0 O x2 0 OxO Oy O Ox2 O Ox O, which is not the same as y 0 x2 0 Ox 0, so the graph is not
symmetric with respect to the x-axis.
y-axis symmetry: y O 00X 02 000x0 0 y O x2 0 Ox O, so the graph is symmetric with respect to the y-axis. Note
that
00x0O O Ox0O.
Origin symmetry: 00yD 0 O0x02 0 00x0 O Oy Ox2 0 0x0 Oy O Ox2 0 OxO, which is not the same as y O x2
0 Ox0, so the graph is not symmetric with respect to the origin.

99. x-axis symmetry: x* O00y04 0 x2 00y02 010 x*y* 0 x%y2 O 1, so the graph is symmetric with respect to the x-
axis. y-axis symmetry: 00x 0% y4 0 00x02y2 010 x*y*0 x2y2 0 1, so the graph is symmetric with respect to the
y-axis. Origin symmetry: 00x04 00y04 0 00x02 00y02 0 1 0 x*y* 0 x2y2 0 1, so the graph is symmetric with
respect to the origin.

100. x-axis symmetry: x2 00y 02 0 x OOy0 0 1 0 x2y2 O xy O 1, which is not the same as x2y2 0 xy [ 1, so the graph is
not symmetric with respect to the x-axis.
y-axis symmetry: 0Ox02y2 0 0O0xOy O 10 x2y2 O xy O 1, which is not the same as x2y2 0 xy O 1, so the graph is
not
symmetric with respect to the y-axis.
Origin symmetry: 00x02 O0y02 0 00OxO 00y0 01 0x2y2 O xy O 1, so the graph is symmetric with respect to the

origin.
101. Symmetric with respect to the y-axis. 102. Symmetric with respect to the x-axis.
y y
0 X —
0 X
103. Symmetric with respect to the origin. 104. Symmetric with respect to the origin.
y y
0 X
0 X
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0 0 0 0
105. [xOyO Ox20y2 01 . Thisis the set of points 106. [xOyD O x20y2 04 . Thisis the set of points outside
inside the circle x2 0 y2 O 4.
(and on) the circle x2 0 y2 [ 1. y
y
2
/—1 >~
\
X %
/
T~ —

107. Completing the square gives x2 O y2 04y 012 00 108. This is the top quarter of the circle of radius 3. Thus, the

H a2 U P2 areais 1 D900 0 97,
0 x20y?o4y0 2 D120 0 -
2 4 4 y

x2 0 Oy 0202 0 16. Thus, the center is 000 200, and

the radius is 4. So the circle x2 [ y2 [0 4, with center ' o

00000 bt 3

and radius 207 sits completely inside the larger circle. Thus, B k=

the area is (142 [ 122 [ 160 0 40) 0 1200. v 15 .
k
3l s .

109. (a) The point 05030 is shifted to 05 0303 020 O 08050.
(b) The point Dald b is shifted to Ja 0 30 b 0 20.
(c) Let OxO yO be the point that is shifted to 030 40. Then Ux O30y 020 O 03040. Setting the x-coordinates
equal, we get
x 03 03 0x O0. Setting the y-coordinates equal, weget y 02 [0 4 0y 0 20So the point is 000 2.
(dy A0 OO50010,s0 A" 0 DD503001020 0002010;B 0 003020,s0BY 00030302020 0 000
40;and C 0 02010,s0CY 0020301020 0 05030.

110. (a) Symmetric about the x-axis. (b) Symmetric about the y-axis. (c) Symmetric about the origin.

111. (a) In 1980 inflation was 14%; in 1990, it was 6%; in 1999, it was 2%.
(b) Inflation exceeded 6% from 1975 to 1976 and from 1978 to 1982.
(c) Between 1980 and 1985 the inflation rate generally decreased. Between 1987 and 1992 the inflation rate generally
increased.
(d) The highest rate was about 14% in 1980. The lowest was about 1% in 2002.

112. (@) Closest: 2 Mm. Farthest: 8 Mm.
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Ox 0302 22 Ox 0302 Ox 0302 2 75
- 2 ) . %
b) Wheny O 2 we have O 010 0,010 0,00x0O O , . Taking the square
(b) y 25 16 5 4 25 4= 4+ 1EKINdINe S
30
0__ O - O O |
75 53 53 53 53
root of both sideswe getx 013 0 0 - 0 O—— DX DHSD ——.Sox 030 , DO1033orx O3 , 07033

-
=

0
The distance from CJ010330 200 to the center 000001 0010330002 0020002 0 507689 O 2040. The

isd O distance
0

0
from 070330 20 to the center 10000 0703300020 020002 0 5707307 O 7060.

isd O
0 02 HpH2 Oa  pt2
i i 212 2 a 2 b a b
113. Completing the square gives x< 0 y- Oax Oby Oc O 00 x* Oax O » Oy ObyO 9 0 OcO 0, | )
2
0 0 DZ 2 2 2 2
x 20 y O 22 0 OcO a” b . This equation represents a circle only when Oc O a”lib 0 0. This
U2
o o, a2 0 b2 a2 02
equation represents a point when Cc O 4 0 0, and this equation represents the empty set when Oc O 0 0.
£ U
0
0 0
a b az b2 1D 2 2

- 0
When the equation represents a circle, the centeris U 5 U0 ,andtheradiusis OcO 4 O, a b b 0O 4ac.

2

114. () (i) Ox 0202 0 Oy 0102 [T°9, the center is at 02010, and the radius is 3. Ox 0602 0
Oy 0402 [ 16, the center is at 0601400, and the radius is 4. The distance between centers is

0 0 ) i )
0206020010 004020003020 16090 2505, Since 5 0 3 0 4, these circles intersect.
402 0

(i) X2 0 Oy 0202 O 4, the centerisat 507200, and the radius is 2. Ox 0502 0 Oy O
1402 0O 9, the center is at 050 140, and the radius is 3. The distance between centers

is —

0 0
000502 00201402 005020001202 0 250144 0 169 O 13.-Since 13 0 2 0 3,
0

these circles do not intersect.

(iii) Ox O 3D2DDy 0102 O 1, the centeris at 030 010, and the radius is 1. Ox O ZDZDDy 0202 0 25, the center

isat 020 20,
0

O
and the radius is 5. The distance between centersis 3 gD 01 202 0 1 9 10.
302

R . . 0o 0 0o 2 0
Since 10 O 1 0O 5, these circles intersect. 0 0oron DD 0o O
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(b) If the distance d between the centers of the circles is greater than the sum ry O rp of their radii, then the circles do
not intersect, as shown in the firstdiagram. If d O rq O rp, then the circles intersect at a single point, as shown in the
second diagram. Ifd O r wthe circles intersect at twgpointsas shown in the third diagrass

Casel dOry0ry Case2 dOry0ry Case3 dOry0ry

1.3 LINES

1. We find the “steepness” or slope of a line passing through two points by dividing the difference in the y-coordinates of these

. . . . . . . 01
points by the difference in the x-coordinates. So the line passing through the points 000 100 and 020 500 has > 5
slope

20

02.

2. (a) The line with equation y [J 3x [0 2 has slope 3.
(b) Any line parallel to this line has slope 3.
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(c) Any line perpendicular to this line has slope O %

. The point-slope form of the equation of the line with slope 3 passing through the point 01020 isy 02 0 30x 0O 10.
. For the linear equation 2x 0 3y 0 12 O 0, the x-intercept is 6 and the y-intercept is 4. The equation in slope-intercept form

is y 0 0£x O 4. The slope of the graph of this equation is O 2.

5. The slope of a horizontal line is 0. The equation of the horizontal line passing through 02030 isy O 3.

6. The slope of a vertical line is undefined. The equation of the vertical line passing through 02030 isx O 2.

. (@) Yes, the graph of y O 03 is a horizontal line 3 units below the x-axis.

(b) Yes, the graph of x 0O 003 is a vertical line 3 units to the left of the y-axis.
(¢) No, aline perpendicular to a horizontal line is vertical and has undefined slope.
(d) Yes, a line perpendicular to a vertical line is horizontal and has slope 0.

8. y Yes, the graphs of y 0 03 and x O 03 are perpendicular lines.
5
xX=_3
0 5 X
y=_3
y2Dy1 002 a2 y2Dy1 g10do0 01 ;
9. m0O d 0 02 10.m O d d oo
X X 0 010 -
o0 1 oo 1 Xo U X1 300 3 3
y2Dy1 plDDDZD y2Dy1 0201 03 ;
11 m oo O . O 0 DO
“xoOx O 702 s 1m0, ox Y soooso 8
8
yoOy, 404 yo Oyq 0103 04 4
13. m L oo 14.mO 0—0=10
“x20xg 0uU5 xoOxy 104 03 3
yo Oyq Us 03 3 yo Oy 0200020
15.m o L O O 16.m O oo
x2 0 X1 6010 04 4 X2 0 X1 603
Y20y1 200
17. For 01, we find two points, 001020 and 00O 00 that lie on the line. Thus the slope of U is mﬂ] 0 0 02.
x2 Uxq oi10o
20y 302
For O, we find two points 000 20 and 020 30. Thus, the slope of Oy i)% DX U 0 O ,. For O3 we find the points
2Ux1 o
yo O y1 100020
020 020 and 030 10. Thus, the slope of (3 is;(m—ElX— - O 3. For Oy, we find the points 0020 010 and
g
20 w
y Oy 0200010 01 1
020 0J20. Thus, the slope of (4 ism O oo
o “ peot=at 2 O 20
X ,0 1 0o 4 4
18. (a) (b) y  m=3

y m=2 m=1
/// _



82

CHAPTER 1

Equations and Graphs

m=0

m=__

1

SECTION 1.3 Lines

82



83  CHAPTER1 Equationsand Graphs SECTION 1.3 Lines 83

19. First we find two points 000 40 and 040 00 that lie on the line. So the slope |s%—g' 0 O1. Since the y-intercept is 4,
0
0

the equation of the lineisy Omx Ob 0 Ulx U4. Soy O Ox U4, orx Dy 04 00.

g
20. We find two points on the graph, 000 40 and 0020 00. So the slope is oc4

O 2. Since the y-intercept is 4, the

equation of the lineisy Omx Ob O2x O4,soy O2x 04 02x Oy 04 00.

. . . 00003 . . .
21. We choose the two intercepts as points, 100 030 and 020 00. So the slope |sﬁDD 2.3S|nce the y-intercept is 03,
m O [

the equation of the lineisy Omx Ob O %x 03,0r3x 02y 06 00.

. .00 . . .
22. We choose the two intercepts, 0L 40 and U301 00. So the slope is 4 U D%. Since the y-intercept is 04, the

m U 7300

equation of the lineisy Omx Ob 0 Ofx 04 04x 03y 012 00.
23. Usingy Omx Ob,wehavey 03x O 00200r3x Oy 0200.
24. Usingy O mx O b, we havey O %—x 0402x 05y 020 00.

25. Using theequationy Oy OmOx Ox10,wegety 03 050x 0200 05x 0y 0 0705x 0y 07 00.
26. Using theequationy Oy OmOx Ox10,wegety 040 010x 0002000y 0400x020x0y0200.

27. Using the equation y Oy O mOx Ox10, wegety 07 DQZDXDID O3yd2l02x02002x 03y 0190
2x 03y0O1900.

28. Using the equationy Oy1 O m Ox O x10, wegety 0 0050 DZDZ Ox 00O030002y0100 07x02107x02y031
0o.

yo Oyq 601 5

29. First we find the slope, which ism L 0O 05. Substituting into y O y1 O m Ox O x1 0, we get

U O
x2 [ X1 102 01

yoeo o50x0100y06005x0505 0y01100.
y2Dy1 300020 5

30. First we find the slope, which ism O 0 5 U 1. Substituting into y Uy 0 m Ox 0 x10, we get

X X D4 O 10
20 1 OO0
yO3010x0400y030x040x0y0O100.

yo O yq 0305 08

. . . X N
. . 0 0 .
31. We are given two points, 002050 and 0010 030. Thus, the slope is n12 H %1 " 0100020 0 0O8. Substituting

1

intoyJy, OmOx Ox0,wegety 050 08[x 0002010y O D8xD110r8quyD11D0.
y2Uyr 707

32. We are given two points, 01070 and 040 70. Thus, the slope is L —— [ 0. Substituting into
m O X2 O X1 4 1

yOyr OmOxOxq0,wegety07000x 0100y O70ryOd700.
yo Oy1 0300 O3

33. We are given two points, 010 00 and 000 0O30. Thus, the slope is;(m—ElT 001 O 01 0 3. Using the y-intercept,
0

201
wehavey O03x 0 0O030o0ry O03x0J30r3x JyO300. - -

yo Oy 600

6 3
34. We are given two points, 0080 00 and 000 6. Thus, the slope is+a O O g O 4. Using the y-intercept
O X 0 0 80

X
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35.
36.
37.
38.
39.

40.
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,O0; OO
we have y 0 3x 06 0 3x 04y 024 00.

Since the equation of a line with slope 0 passing through DaO b0 is y O b, the equation of this lineisy O 3.

Since the equation of a line with undefined slope passing through OaO b0 is x O a, the equation of this line is x 0O 0O1.
Since the equation of a line with undefined slope passing through OaO b0 is x O a, the equation of this line is x O 2.
Since the equation of a line with slope 0 passing through DaO b0 is y O b, the equation of this lineisy O 1.

Any line parallel to y 0 3x 05 has slope 3. The desired line passes through 010 207, so substituting into y 0y; O m Ox O
x10,wegety 02 030x 0100y 0O3x0O1lor3xOyOd100.

Any line perpendiculartoy 0O O ’12x 0 7 has slope O DlLDZ 0 2. The desired line passes through 0030 20, so substituting

intoyOJy, OmOx Ox0,wegety0202[x00030]0y0O2x08or2x0y0800.
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41. Since the equation of a horizontal line passing through Oal b0 is y O b, the equation of the horizontal line passing through
0405010sy O 5.

42. Any line parallel to the y-axis has undefined slope and an equation of the form x O a. Since the graph of the line passes
through the point 040 50, the equation of the line is x 0 4.

43. SincexJ2y 0602y O OxO60Yy O Dzi 0 3, the slope of this line is DZ.lThus, the line we seek is given by
yoooeo 0glox0l002y01200x010x02y 01100,

44. Since2x 03y 04 0003y 0 02x 040y O 4% 0 5 Athe slope of this line is m 0 0 5 2Substituting m 00 0, &nd
b O 6 into the slope-intercept formula, the line we seek is given by y O O %x 0602x03y018 00.

45. Any line parallel to x O 5 has undefined slope and an equation of the form x 0 a. Thus, an equation of the line is x 0O 0O1.

46. Any line perpendicular to y [ 1 has undefined slope and an equation of the form x [0 a. Since the graph of the line passes
through the point 020 60J, an equation of the lineis x O 2.

47. First find the slope of 2x 05y 08 0 0. Thisgives 2x 05y 08 0005y 0 02x 08 0y 0 0% 0 . £So the

slope of the line that is perpendicular to 2x 05y 018 0 Oism [ Dm 0 g The equation of the line we seek is

y 0 0020 @5DXDDD1DDD2yD4D5XD5D5XD2yDlDO.

48. First find the slope of the line 4x 08y O 1. Thisgives4x 08y 010 08y U U4x 10y O 1)§D 1§SO the slope of the
h ’ 0 0

1
line that is perpendicularto 4x 08y O 1ism 0 O TaF 0 02. The equation of the line we seekisy . Oz 002 x5

2
OyO5002x0106x03yd100. —a

105 0 .
49. First find the slope of the line passing through 02050 and 0020 10. This givesm 0 04 “ 1, and so the equation
m O

of the lineweseekisy 07 010x 010 0x 0y 06 00.
101 02 1

0. First find the slope of the line passing through 010 10 and W50 10. This gives f—— O 4 0 O,, and so the slope
501

of the line that is perpendicular ism 0O DL 0O 2. Thus the equation of the line we seek isy 0 11 0 20x 020 O

0102
2x0y0700.
51. (a) y 52. (a) y
(2,1/
1 X \
1
1 X
(4,_1)
(b)yD1030x0 0020002y 02030x 0 (b)yOODIOOD20x 0400y 01002x080
200 2x0y0700.

2y0203x0603x02y0800.
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s 2 N
w AN

8 b=1
b=0

y O 02x Ob,b 00, 01, 03, U6. They have the same
slope, so they are parallel.

m=15

m=0.75

» m=0.25

m=_0.75

m=_15

y OmOx 030, m 00, 00025, 00075, 0105. Each
of the lines contains the point 030 00 because the point

03000

satisfies each equation y O m Ox O 30. Since 030 00

ison

the x-axis, we could also say that they all have the same

X-intercept.

57. y 03 0x 0O Ox O 3. So the slope is 01 and the

y-intercept is 3.

SECTION 1.3 Lines 86

m=1.5

m=0.75

m=0.25
m=0
m=_0.2
5

m=_0.75

m=_15
y Omx 03, m 00, 00025, 00075, 0105. Each of the
lines contains the point 000 030 because the point 000
030 satisfies each equation y 0O mx O 3. Since 00O
030 ison
the y-axis, they all have the same y-intercept.

56. m=6

yd20Om 030,mo,
Ox 0 goas,

01, 02, 06. Each of

the lines contains the point 0030 20 because the point

| %D 2[7] satisfies each % m 30.
egua ony X
o o 0

58.y O 2x [ 2. So the slope is 2 and the y-intercept is (2.
3 3

y
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59. 02x Oy 070y 0O 2x O7. So the slope is 2 and the 60.2x 05y 00005y 0 02x Oy O Zg. So the slope is

y-intercept is 7. £ and the y-intercept is 0.

61. 4x 05y 01005y 0 04x 0100y 0 04 02.So 62.3x 04y 012004y 0 03x 0120y 0 3% 03. So
the slope is 0 and the y-intercept is 2. the slope is 2 and the y-intercept is 3. -

y y

1 1/
1 X X

63. y O 4 can also be expressed as y [0 Ox [ 4. So the slopeis  64. x O 05 cannot be expressed in the formy O mx O b. So
0 and the y-intercept is 4. the slope is undefined, and there is no y-intercept. Thisis a
y vertical line.
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65. x O 3 cannot be expressed in the formy O mx O b. So the

slope is undefined, and there is no y-intercept. This is a
vertical line.

SECTION 1.3 Lines 88

66.y O 02 can also be expressed as y 00 0x 0 2. So the slope
is 0 and the y-intercept is 0J2.

y

67. 5x 02y 010 O 0. To find x-intercepts, we set y [1 0 and 68. 6x 0 7y [0 42 O 0. To find x-intercepts, we set y 0 0 and

solveforx: 5x 02000 010 0005x 0100 x O 2,s0
the x-intercept is 2.

To find y-intercepts, we set x 0 0 and solve for y:
500002y 0100002y 0100y 05,s0the
y-intercept is 5.

solveforx: 6x 07000 0420006x0420x 07,50
the x-intercept is 7.

To find y-intercepts, we set x T 0 and solve for y:

600007y 0420007y O 0420y O 086, so the
y-intercept is 6.

P
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69.

71.
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1x 0 ly 0100 Tofind x-intercepts, wesety 0 Oand  70. 1x 0 1y 02 0 0. To find x-intercepts, we set y 0 0 and

Z 3 3 5
solveforx: 1x 0l 00001000 xD010x 002, solveforx: Ix 0100002000 1x020x 06,50
2 3 2 3 5 3
so the x-intercept is 2. the x-intercept is 6. -
To find y-intercepts, we set x 0 0 and solve for y: To find y-intercepts, we set x 0 0 and solve for y:
1 1 1 1 1 1
50003 ,y01000-,y 010y 03, sothe 5, 0000,y02000,y 0020y 0 D10, so the
y-intercept is 3. y-intercept is 0J10.
y yA
1 > 2 >
: X 2 X

y O 6x O 4. To find x-intercepts, we sety 0 Oand solve ~ 72.y O O4x 0 10. To find x-intercepts, we set y 0 0 and

forx: 0 0 6x 04 06x 0 040x 0 02gs0the solveforx: 0 0 04x 010 04x 0010 0x 0 05, s0
x-intercept is [1%. the x-intercept is 02, 2

To find y-intercept32we set x O 0 and solve for y:

To find y-intercepts, we set x 0 0 and solve for y:
y 0 04000 010 O 010, so the y-intercept is 010.

y 06000 04 0O 4, so the y-intercept is 4.
y

y

N\ 2

73. To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation y T 2x O 3 has slope 2.

The line with equation2y 04x 050002y 04x 050y O2x O 52also has slope 2, and so the lines are parallel.

74. To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation y O 12x 0 4 has slope lz

75.

The line with equation 2x 04y 0104y 0 02x 010y 0 0,40, hasslope 0,41 0, -3+ and so the lines are neither

parallel nor perpendicular.

To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 03x 0 4y 0 4 O

4y 03x040y0O 3x O 1 has slope 3 The line with equation4x 03y 0503y 0 04x 050y LA 0% has
i i 3 3

slope 01§ O [0 5L, and so the lines are perpendicular.

76. To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 2x 0O 3y O 10 O

3yd2xJ100y O 239( O l%—has slope 23 The line with equation3y 02x 070003y 02x 070y O 2x3D 7 aso

has slope % and so the lines are parallel.



90  CHAPTER1 Equationsand Graphs SECTION 1.3 Lines 90

77. To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 7x 0 3y 0O 2 O
3yO7x020y 0 "xO2hasslope 7. Theline withequation 9y 021x 0109y 0 021x 010y 01  has
3 3 3 3 3

slope D% oo 71?3 and so the lines are neither parallel nor perpendicular.

78. To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 6y 0 2x 0 5 0
6y 02x 050y O Lx O 5hasslope 5 The line with equation 2y D 6x 0102y 0 06x 010y 0 03x O L hps

slope 003 0 [ &, and so the lines are perpendicular.

79. We first plot the points to find the pairs of points that determine each side. Next we y
find the slopes of opposite sides. The slope of AB is 0O 0O ,andthe

o010

C
slope of DC is 50 0 6 0 5 Since these slope are equal, these two sides <

are parallel. The slope of AD is | 0 03, and the slope of BC is B

1004 6 . .
3. Since these slope are equal, these two sides are parallel. 1

—— 0—=00
507 02 . .

Hence ABCD is a parallelogram.

80. We first plot the points to determine the perpendicular sides. Next find the slopes of y

the sides. The slope of ABis ————_ [0 0O _, and the slope of AC is C
300030 3

6

8 U 0010 3 o

. Since >
9
_ oo

a—
090 o030 06 2

Bstope of ABO O Oslope of ACO 2 23 [ 010 the sides are perpendicular,

3 U
and ABC is aright triangle. 1 X

81. Wk first plot the points to find the pairs of points that determine each side. Next we y
find the slopes of opposite sides. The slope of AB is 0 — O andthe C

08 02 1 .. .
0 — O =. Since these slope are equal, these two sides

slope of DC is

601 5 B
001 01 1

308 05 . . 1
0 D5. Since these slope are equal, these two sides are parallel. g

- O —
11010 1

Since Dslope of ABO [0 Oslope of AD Tz 1 0 ooso o o4, the first two
sides are each perpendicular to the second two sides. So the sides form a

rectangle.
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82. (a) The slope of the line passing through 010 10 and 030 % O % O 4. The slope of the line passing through 010 10
90is
3
and 060 E O @ O 4. Since the slopes are equal, the points are collinear.
2101is 601 5
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[

{;B i'ls'he slope of the line passing through 001030 and 010 YLD\?lD
: 00 2

0 2. The slope of the line passing through

1503 12

%]11] 30 and 040
is 10

4

. Since the slopes are not equal, the points are not collinear.

m
g g
107 402
83. We need the slope and the midpoint of the line AB. The midpoint of AB is ’ O 0 040 10, and the slope of

0204 06 01

. . . . 01 .
ABism [J =51 0 5 0 01. The slope of the perpendicular bisector will have slope — O 0 0 1. Using the

point-slope form, the equation of the perpendicular bisectorisy 01 0 10x 040 orx Oy 03 00.

84. We find the intercepts (the length of the sides). When x [0 0, we have 2y 03000 06 00 02y 06 0y O 3, and when
y0O0,wehave2 000 03x 06 000 3x 060X O 2. Thus, the area of the triangle is% 030020 O 3.

85. (a) We start with the two points Jal0 00 and 00O b0O. The slope of the line that contains b0 00 f. So the equation
L
them is
0

b

of the line containing them isy [0 0 5X 0 b (using the slope-intercept form). Dividing by b (since b [ 0) gives
YopgX Xn ¥
bDDaDlDanDl.

. X
(b) Settinga [ 6and b [ Ds,wegetgmDlgmmxmsymmmmsymzmo.

86. (a) The line tangent at 030 040 will be perpendicular to the line passing through the points D00 00 and 030 0J40. The
slope of

this line is nano 0 é. Thus, the slope of the tangent line will be ! . Then the equation of the tangent

O
300 3 oo4030 4

Ol

lineisy 0 0040 §3DXD3D 040y040030x03003x04y02500.
(b) Since diametrically opposite points on the circle have parallel tangent lines, the other point is 0030 40.

87. (a) The slope represents an increase of 00102 C every year. The T -intercept is the average surface temperature in 1950, or
157 C.

(b) In2050,t 0O 2050 001950 00 100, so T 0 0000201000 O 15 0O 17 degrees Celsius.

88. (a) The slope is 000417D 0O 0000417 02000 O 80134. It represents the increase in dosage for each one-year increase
in the child’s age.

(b) Whena 00,c 0803400010 U 8034 mg.

89. (@) y (b) The slope, 04, represents the decline in number of spaces sold for
each $1 increase in rent. The y-intercept is the number of spaces at
the flea market, 200, and the x-intercept is the cost per space when the
\ manager rents no spaces, $50.

100 \

200
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XY
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90. (a) y (b) The slope is the cost per toaster oven, $6. The y-intercept, $3000, is
the monthly fixed cost—the cost that is incurred no matter how many
10,000 toaster ovens are produced.
5000
500 1000 x
91. (a) (b) Substituting a for both F and C, we have
C | 030~ D20~ 010~ o~} 104 20 30
F | 0229 04a=) 147 32 50— 68— 86 a Pga03200a0320
a 0 20~ Thus both scales agree at
040!

tr,dt 80070 10 5 .
2 _1 U —. So the linear

92. (a) Using n in place of x and t in place of y, we find that the slope is np On; 1680120 "7

equation ist 1 80 0 57 (In 01681 0t 1180 Ly N 035 0 t [ 55 1 [ 45.
(b) When n 0 150, the temperature is approximately given by t 0 37001500 0 45 00 76025 F 00 76" F.

93. (a) Using t in place of x and V in place of y, we find the slope of the line  (b) y
using the points 000 40000 and 040 2000. Thus, the slope is 4000
m u 70 O 7 00 0950. Using the V -intercept, the 3000
2000
(c) The slope represents a decrease of $950 each year in the value of the
computer. The V -intercept represents the cost of the computer. 1000
V 0 0950 030 04000 [ ooz A
1150.
. i - 0 — . Usi
94. (a) We are given 10 feet change in depih 0 fDorOD434 Using P by vy
pressure and d for depth, and using the point P 0O 15 when d O 0, we 60
have P 15 [0 001434 (O0d 0 00 0 P [ 001434d [ 15. 5p
(c) The slope represents the increase in pressure per foot of descent. The 40
y-intercept represents the pressure at the surface. 30
20
. . 10
d 0 19509 ft. Thus the pressure is 100 Ib/in3 at a depth
of approximately 196 ft. 10720 130 [ 40 [ 50 | 60 X

95. The temperature is increasing at a constant rate when the slope is positive, decreasing at a constant rate when the slope is
negative, and constant when the slope is 0.
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96.
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We label the three points A, B, and C. If the slope of the line segment ABis equal to the slope of the line segment BC,
then the points A, B, and C are collinear. Using the distance formula, we find the distance between A and B, between B
and C, and between A and C. If the sum of the two smaller distances equals the largest distance, the points A, B, and C are
collinear.

Another method: Find an equation for the line through A and B. Then check if C satisfies the equation. If so, the points are
collinear.

1.4 SOLVING QUADRATIC EQUATIONS

© o N o u

10.
11.
12.
13.
14.

15.

. (a) The Quadratic Formula states that x [

[
ObO b2 0O4ac
2a '
(b) In the equationéx2 OxD400a0 3, b0 01 andc O D4, So, the solution of the equation is

Dooi0 D01 04, 1 L3
m milln “ O O2or4.
x [0 2 1

2 3

. (a) To solve the equation x2 0 4x 0 5 O 0 by factoring, we write X2 0 4x 05 0 Ox 050 Ox 010 O 0 and use the

Zero-Product Property to get x 0 5or x O 0O1.

g g

4 ? ,
to both sides to get

(b) To solve by completing the square, we add 5 to both sides to get x2 [0 4x O 5, and then add
Uy

x204x04050400x0202090x020030x 050rx O 01,
(c) To solve using che Quadratic Formula, we substitute a 0 1, b 0O 04, and ¢ O 05, obtaining

00040 00402 04010 40 Dge
x 0 —n 050 O >— 02030x050rx 0 0L

2010

. For the quadratic equation ax2 O bx O ¢ O 0 the discriminant is D O b2 O 4ac. If D O 0, the equation has two real

solutions; if D O 0, the equation has one real solution; and if D O 0, the equation has no real solution.

. There are many possibilities. For example, x2 O 1 has two solutions, x2 O 0 has one solution, and x2 O 01 has no

solution.

.x208x0150000x0300x050000x03000rx0500.Thus,x 03orx O5.
. x205x 06000 0x 0300x 020 000x0O300o0rx0200. Thus,x O O3 orx O O2.

x20x060x20x060000x0200x030000x02000rx0300. Thus,x 0 02orx 0 3.

X2 04x 021 0x204x0210000x0300x070000x03000rx 07 00. Thus,x 0 O3 orx O 7.
. 5x209x 02000 05x 0100x 020 DODSXDIDOOrxDZDO.Thus,xDglorxD2.

6x20x 01200003 04002x0300003x04000r2x0300. Thus,x D& 0orx 2.

22 055030252055 0300002s0100s030 0002501 000rs0300.Thus,s 02, ors 03,

4y 09y 02804y 09y 128 000 D4y 0700y 040 0004y 07 000ry0400. Thus,y 037 ory 0 4.
1222 1442 1014501272 0442 04500006z 150022 090 000 6205000r22 090 0. Thus,z 0 2, orz (2,

402 040030402040030000200100200300002001000r200300.1f20 01 0 0, then
000%;if200300,then 0 0 3.

x2 050x 01000 0x% 05x 0500 0x205x 0500000 0x 02500x 0200 000 x025000rx 02000,

Thus,

16.
0.

x O 25o0rx O 020.
6xOx 010 021 0x 06x206x 021 0x 06x205x 021000 02x 03003x 070 0002x03000r3x070

If2x 0300, thenx 0 03;if3x 0700, thenx O £.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.
30.
31.
32.

33.

34.

35.

36.
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0 O
x2D8xD1DODx2D8xDDle2D8xD16DDlDlGDDxD4D2D15DxD4DDD 15DXD4DD 15.

x206x02000x206x020x206x09020900x03020110x0300 110x0030 11

O _ o _
x206x011000x206x0110x206x090110900x03020200x03002 50x0302 5.
O 0o
x203x07’000x203x0’'0x203xo0?0’0%0 xo3d 0, 040x0 ,0020x00 020
7 7 7 3 3 2 T 7 Vi
7
x 0 3orx 00y

0 0
2
XZDxD3DODXZDxD§Dx25x5153mlm xO0! “D1oxolooloxoo 1ol So

7 4 s T 7 2 2 2
1 3 1 1
xDDzmlmmzorxDDleDE.

_
0 0
x205x01000x205x0010x205x02 0010250 x0°5- 2Ly 5 21 —et

il
x030—5.

x2022x021000x202x 0021 0x2022x 0112 00210112 0 0210121 0 Ox 01102 0 100 O
x011 00100 x 0 011 010. Thus, x O Ol orx O 0O21.

x2018x 0190 x2018x 000902 019000902 019081 00x 0902 0100 0x 09 0 0100 x 09010, 50
x 0 Olorx O19.

o
5x2u10xu7uq$(_)ux2u2xu fuou x4 20 & x2 22 L & L ox 10?2 50w d g
2 T
Ox D010~
5 2 5 2 27
2x2016x05000x208x0°000x208 00 Ox D8 01600 01600x040 O O
2 2 2 2
O0__ o
27 36
x0400 = 0OxO0040 5, .
- N O 02
2207x04000x20x02000x2070020x20 76,085 020%g x07 7 0 g
= &
7 17 7017 —
*ooo — o¥foo- _
4 16 4 4 -
O o, 15
4x?05x08000x20°%02000x%205%5% 020x%0%5%0%®E20%8 x0°d - 153 5 S
0—0Ox1-00 —
4 4 4 64 64 8 64 8 64
5. 317
Ox 0020 gt

x208x 012000 0x0200x 060 000X 02orx O6.
x203x 018000 0x 0300x 06000 0x 0 030rx 06,
x208x 020000 0x 01000x 020 000x O 0100rx O 2.
10x209x 07000 05x 070 02x 010 DoOxOf orx & .
2x20x030000x01002x030000x01000r2x0300. IfxO0100,thenx O1;if2x O3 0O 0, then
x 003

2.

3x2D7xD4DODD3xD4DDxD1DDODSXD4D00rxD1DO.Thus,xD{g“orxDDl.
O—
3x206x05000x202x0%000x202x0°%°px202x010°%g100x0102080x0100 84

[ —
x 0010458,

x2 06x 01 O 0 O
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D D O D
bo bZ04ac HUM6U HU6 LADID 60 3604 60 32 604 2 D
D
x O D D D D D302 2
2a 2010 2 2
2

37.x203x 040002 012x0400003x0202000x 0 4
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0 5 D—2 O__ [
060 6404040 060 52
ObO b D4acD . DD3u 13.

oo1o

38. 2x203x 0l Don4ax2oex01 000X O

2 2a 2040 8 4

39.4x°016x 09000 02x 01002x 090 0002x01000r2x 09 00. If2x01 00, thenx 3 L;if2x 09 00,
then -

x 003,
4.0 0O x2 0 4 0O 1 05 0 O —_—
D—z 00040 Qo442 Q4010 - 5 o O
bo b204ac H H H{Y 40 1604 40 12 402 3
0
X0 — [ 0 0 0 020 3.
2a 2010 2 2
2 —
0 —
2 0 0
00300 %ESD 04010 3 9 12 3 3
41. 020300010002 DDD 29 g0 N Since the
. 03003000 .
2 -2z 2

discriminant is less than 0, the equation has no real solution. 010
g

. 0050 55254515 5 Hig’
4 305,02 000,0 o0 bfldac o050 25012 050 13
O 0O D30
O
2a 2010 2 2
43.10y2 016y 05000 .

o
b0 b2D04ac HUHI6O

O
x O O
2a

0 O 0
016 %45105 160 2560200 160 56 80 14

=105 O O —

20 20 10
7

44.25x2 070x 049 000 05x 0702 0005x 07 0005x O O7 X [0 [

0
0 — 0 0
bO b204ac HZD sz Ef§3m 20 2024 g20d 20
0 O O O .
45.3x202x02000x O 0 O O . Since the
2a 2 6 6
030

discriminant is less than 0, the equation has no real solution. _ —

0
0
b0 b204ac AO70 Hmﬁgétdjsm 70 490100 70 51
0

0
46. 5x207x050x O 0 0 0
2a 2 10 10

050

Since the discriminant is less than 0, the equation has no real solution.

47. x2 000011x O 001064 00 17

00000
000000110 000001102 04010 00010 0010001210 0001 0 071506
XU —g 00000640 . T 2 00256 0 1 2 ’
2010

00011 0US0) ) jy5g o O0LL: 0US06) 111540

2
U

Thus, x O
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48. x2 0 20450x O 10500 000

0 00204500 002045002 04 010 20145 0 D650025 O 2045 20450 A
x U ] 0105000 . 0 6 0 0 000025 0 0 00050 - Thus,
2010 2 2 2

. 2545% 009050, 1 1250 or w% 101200,

49. x2 01 20450x O 10501 00 0

0 0
EDZD45OD E?ﬁ&ﬁ?gmz 04010 glo45 5 60002 Q000  g045 000015
O 0 0 o 0O
x O 0 0
2 2 2
010

Thus, there is no real solution.
50. x2 0 100800x O 00830000

O
000108000 001080002 04 010 1080 [ 0 10800 0
x 0 — 0008100 . 0 D3D24 3024 . 0 0 001900. Thus the only
2010 2 2

solution is x O
00900.
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51.h 0O 3gt2 0 Ogt O 19t2 0 Ogt O h O 0. Using the Quadratic Formula,

= = D—
2 1
D000 000204 g 000 [ 0 2gh

0 00hO
2 _
tQd 00O 0
79 g
nbn0Od 2 2
e —
52. S O % 025 O n On0On n02S 0O 0. Using the Quadratic Formula,
2 O
010 01004010 010 108S
nb 25T . ) :
2010

53. A O 2x2 O 4xh O 2x2 0 4xh O A O 0. Using the Quadratic Formula,

0 _ 0 D—EI—2 0
004hD  04h02 04020 04h 0 16hZ08A 4hD 4 4heD 04h 02 2hZ 0 2A
x 0 i AT U 2K
0 0
2020 4 4 4
0
o
R T D
02h 0 4h202A  [oh [ 4h2 02A
0 0
4 2

54, A O 20r2 DDZDrh O 20r2 0 20rh O A O O—WYsing—the Quadratic Formula,
0 0
002000 020h0% 040200 020h0 402h2080A  OOhO 02h2020A

ro OOAD 0
0
20200 40 20
1 1 1
55, EDEDEDCDSDbDDCDSDaDDDsDaDDsDbD OcsObcOcs DacOs? DasObs Dab O

s200a0bO2cOs O OabOacObed OO. Using the Quadratic Formula,
O
O0a0b02c0 DaObD2c02 04010 Oab Oac O bed

s 0 = 2010

0
O0OaObO2c00 a2 0b2 04c2 0 2ab 04ac O 4bc O 4ab 0 4ac O 4be

0
2
0
. O0aObO2c00 a2 0b204c? 02ab
2
12 4 Y , U Byt
56, —0—— 0 —0r2p10r0=-0—<— 0r2010r — Or0l0r002204010r00r0r202r2 040
r 10r 2 r 10r r2
0 4r
Q—Z 0o O_
_ _ 0 050 050404010 050 25016 , 050 41
0r2 05r 04 0 0. Using the Quadratic Formula, r 01— A O > O R

2010

57. D O b% 04ac 0 00602 04010 010 O 32. Since D is positive, this equation has two real solutions.

58. x2 06x 090 x206x09,50D 0b?O4ac 000602 04010090 036036 0 0. Since D O 0, this equation has
one real solution.
59. D O b2 O4ac 0 0202002 04010 010210 0 4084 0 4084 0 0. Since D O 0, this equation has one real solution.
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60. D O b? O4ac 0 0202102 04010 010210 O 408841 0 4084 O 000441. Since D O 0, this equation has two real

solutions.
o o

61. D Ob% O4ac 0 050204 04t 13 go25026 0 01. Since D is negative, this equation has no real solution.

62. D Ob? O4ac O Or02 04010 0O0sO O r? O 4s. Since D is positive, this equation has two real solutions.

1

63. a2x2p2axnl1pn0p Daxy B © ax b 0.Soax (1 Othenaxpg M1 Oxy A

64. aXZDDZamlmeDaDmDOD[axDDaDlD]DxDlDDODaxDDaDlDDOorxDlDO. Ifax D0 0a0
10 00,

thenxDaTDl;ifxmlmo,thenxml.
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We want to find the values of k that make the discriminant 0. Thus k2 0 4 040 0250 0 0 O k2 0 400 Ok O 0200

We want to find the values of k that make the discriminant 0. Thus D [0 362 04 DkD Ok 0 0 [0 4k% 0 362 02k 0 036 O
k O 018.

Let n be one number. Then the other number must be 55 O nOsince n O 0550 n0 O 55.

Because the product is 684, we have OnO 055 0n0 O 684 O 55n O n O 684 O n? 0 55n O
684 0O 0O
O =i
S5 (e (AN 55 3025 2736 55 280 55 17 55 17 72

O

n 0 2010 i 5 o0o-—-5—0 5 .SonO
D e

550 17 - 38 -

n o == O

- 019.1n either case, the two numbers are 19 and 36.

Let n be one even number. Then the next even number i%n 0 2. Thus w%get the equation n? 0 On 0202 0 1252 O
n20n204n 0401252000202 04n 01248 02 n202n 0624 0200024000 0260.Son 0 240rn 0
026.

Thus the consecutive even integers are 24 and 26 or [126 and [124.

Let O be the width of the garden in feet. Then the length is 0 0 10. Thus 875 0 0 00 0100 0 020100 087500 O
00035000 0250 0 0. So 0 035 00 inwhich case O 0O 0350 which is not possible, or 0 025 0 0 and so O
0 25. Thus the width is 25 feet and the length is 35 feet.

Let O be the width of the bedroom. Then its length is O O 7. Since area is length times width, we have

228 0000700 00207000%20700280000001900001200000019000r001200.
Thus

0 0 019 or O O 12. Since the width must be positive, the width is 12 feet.

Let I be the width of the garden in feet. We use the perimeter to express the length | of the garden in terms of width. Since
the perimeter is twice the width plus twice the length, we have 200 0 20 021 021 0200020 O 1 O 100 O O. Using
the formula for area, we have 2400 0 0 0100 0 OO O 1000 O 02 00201000 02400 000 00 0400 00 O 600
00.So00J400000040,or0060 0000060 If0O 0O 40, thenl T 100040 O 60. And if O O 60, then
|1 0 100 U 60 O 40. So the length is 60 feet and the width is 40 feet.

First we write a formula for the area of the figure in terms of x. Region A has X

dimensions 14 in. and x in. and region B has dimensions 013 O xO in. and x in. )

So the area of the figureis 014 0 x0 0 [013 0 x0x] 0 14x 013x 0 x2 0 x2 0 A 14”1'_

27x. We are given that this is equal to 160 in%, so 160 O x2 0 27x O x2 0 27x O Blgml .
160 0 O

00x 0320 0x 050 0x O 032o0rx O 5. x must be positive, so x 00 5 in.

The shaded area is the sum of the area of a rectangle and the area of a triangle. So A 0 y 010 O 1 OyOoOyd O 1 y2Oy.
2 2

are given that the area is 1200 cm?, s0 1200 O }zyz Oy O y2 02y 02400 000 Oy 0500 Oy 0480 O 0. v is positive,
so

y O 48 cm.
Setting P O 1250 and solving for x, we have 12D50 0 4% 0300 0 x0 O 30x Oyt x2 Oqg x2 0 30x 01250 0 0.

T T

Oop3o0 o0300204 1

3ODD900"D"SUU 30020

Using the Quadratic Formula, x 0 O 012500 1 Thus
oo 0 2 002
1
2 19
30020 30020
_ x O O500rx O

002
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002 0 250. Since he must have 0 O x O 200, he should make 50 ovens per week.

75. Let x be the length of one side of the cardboard, so we start with a piece of cardboard x by x. When 4 inches are
removed from each side, the base of the box is x 0 8 by x 0O 8. Since the volume is 100 in3, we get4 0x O 802 0100 0
x2016x 0640250 x2016x 039 000 Ox 030 0x 0130 00.Sox 0 3orx O 13. Butx O 3 is not possible,
since
then the length of the base would be 3 0 8 O 050 and all lengths must be positive. Thus x 0 13, and the piece of cardboard
is 13 inches by 13 inches.
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Let r be the radius of the can. Now using the formula V O Or2h with V 0 400 cm3 and h 0 10, we solve for r. Thus
400 0 Or20100 04 0r2 O O 02. Sincer represents radius, r 0 0. Thus r O 2, and the diameter is 4 cm.

Let O be the width of the lot in feet. Then the length is O O 6. Using the Pythagorean Theorem, we have

02 000 060% 0017402 0 0% 0 02 0120 036 030,276 0202 0120 030240 00 0 0% 060 015120 0 0 0
00 01260 00 01200 O 0. So either 0 0 126 O 0 in which case O O 01260 which is not possible, or 0 0 120 O

0 in which case O 0O 120. Thus the width is 120 feet and the length is 126 feet.

Let h be the height of the flagpole, in feet. Then the length of each guy wire is h O 5. Since the distance
between the points where the wires are fixed to the ground is equal to one guy wire, the triangle is equilateral,
and the flagpole is the perpendicular bisector of the base. Thus from the Pythagorean Theorem, we get

g

1 29 2 o R2 2 2 2
F0h0  Oh? 0 0hO50% 0h? 0100 0250 4h% O 4h% 040h 0200 O h? 030h 075 00O
50 N

[ [ [
(3000 (30130401000 39 900 300 30 1200 30 20 3 30 20 3
h O 2000 o,=2 0 5, 0 Y, .sinceh 0 M, 00, werejectit. Thus
0

= d
the heightish 0 30220 3 (115 (110 3 [ 320032 ft 0 32 ft 4 in. -

Let x be the rate, in mi/h, at which the salesman drove between Ajax and Barrington.

Direction Distance Rate Time
. . 120
Ajax O Barrington 120 X —
150 | x010 120
Barri 0 Colli
idhggian 0 Collins X 0 10
We have used the equation time O rate to fill in the “Time” column of the table. Since the second part of the trip
. . . . 120 1 150
took 6 minutes (or S hour) more than the first, we can use the time column to get the equation __ _
10 o, 0O O
X 10 x0O10

120 0100 Ox 0100 O x Ox 0 100 0-456-510x5-5-1260x (-12:080-5x2 0 10x 0 1500x O x? 0 290x 0 12,000 O 0
O

=
- -
— 2900 b 290 CACACICIN2, 290 84,100 48000 290 36,100
x O . o ° ,H o U ) 0 290[2190 0 145 0 95. Hence, the salesman

drove either 50 mi/h or 240 mi/h between Ajax and Barrington. (The first choice seems more likely!)

Let x be the rate, in mi/h, at which Kiran drove from Tortula to Cactus.

Direction Distance Rate Time
250
Tortula O Cactus 250 X =
360 x 010 X
. 360
. Cactus 00 Dry Junction
distangce x 010

We have used time O ate to fill in the time column of the table. We are given that the sum of

360
x 010

the times is 11 hours. Thus we get the equation @ O 0O 11 0 250 0x 0100 O 360x O

11x Ox 0 100 DDZSOX 0 2500 0 360x 0 11x2 O 110x 0 11x% 0 500x 0 2500 O 0 O
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0005000 0050002 040110 - 500 H250,000 T 110,000 - 500 H360,000 , 500 1600
x U —5 025000 7 7 22 - Hence,

20110

Kiran drove either 04054 mi/h (impossible) or 50 mi/h between Tortula and Cactus.
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Let r be the rowing rate in km/h of the crew in still water. Then their rate upstream was r O 3 km/h, and their rate
downstream was r [ 3 km/h.

Direction Distance | Rate | Time
6
Upstream 6 ro3 | —
P ro3
6
Downstream 6 ro3 | —
ro3
Since the time to row upstream plus the time to row downstream was 2 hours 40 minutes O 83hour, we get the equation

6 6 8

3
—3D—3D§D g
ro ro 0 0

0082036r07204 2r209r018 0402r0300r 060 02r 030 00rr 0600, If2r 1300, thenr 5 0

92D 0OO0r0J30060300r 030 0 80r0300r 030 0 18r (54 (1 18r (154 [ 8r2 [

which is impossible because the rowing rate is positive. If r 0 6 0 0, then r [0 6. So the rate of the rowing crew in still
water is 6 km/h.

Let r be the speed of the southbound boat. Then r O 3 is the speed of the eastbound boat. In two hours the southbound boat
has traveled 2r miles and the eastbound boat has traveled 2 Or [0 300 O 2r 0 6 miles. Since they are traveling is directions
with are 90" apart, we can use the Pythagorean Theorem to get [2r 02 0 02r 0 602 0 302 [ 4r2 0 4r2 0 24r 036 O
900 0 0

08r2024r 08640008 r203rJ108 00D 80r01200r 090 0 0. Sor O O12orr O 9. Since speed is
positive, the speed of the southbound boat is 9 mi/h.

Using hg O 288, we solve 0 [ mgtz 0288 fort 0. So0 O DJ16t2 0288 0 16t2 0288 0t2 0 18 O

t00 18 003 2. Thusittakes3 2 [0 40124 seconds for the ball the hit the ground.

(a) Using BQ 0 96, half the distancEis 48, so we solve the equation 48 [ D16t2 096 0 048 0 016t2 03 0 t2 O

tO00O 3.Sincet 0JO0,ittakes 3 0 10732s. .

(b) The ball hits the groqu when h O 0, so we solve the equation 0 [ O16t2 096 0 16t2 096 0t2 060t 00 6.
Sincet 0O, ittakes 6 O 201449 s.

We are given O 0 40 ft/s. 0 0

(a) Setting h O 24, we have 24 0 O16t2 040t 016t2 040t 0240008 2t205t03 000802t 0300t0100

0

OtO1lort O 112 Therefore, the ball reaches 24 feet in 1 second (ascending) and again after llzseconds
(descending).
(b) Setting hDD 48, we have 43 D D162 040t 0 16t2 040t 048 0 002205t 06 0 0 O
50 25048 50 D23

t O 7 g 7 . However, since the discriminant D O 0, there is no real solution, and hence the ball

never reaches a height of 48 feet.

(c) The greatest height h is reached only once. So h 0 016t2 0 40t O 16t2 0 40t O h O 0 has only one solution. Thus
D 0 004002040160 0h0 0001600 064h 00 O h O 25. So the greatest height reached by the ball is 25 feet.

(d) Setting h 00 25, we have 25 [J [116t? [0 40t [J 16t 040t 025 0 0 0 04t 0502 00 0t O 1% Thus the ball
reaches the highest point of its path after 111 seconds.

(e) Setting h 0 0 (ground level), we have 0 0 D016t 040t 0 2t? 05t 00 0t02t 050 000t 00 (start)ort 0 2%
So the ball hits the ground in 2% s.

If the maximum height is 100 feet, then the discriminant of the equation, 16t2 0 DOt 0 100 O 0, must equal zero. So

0 0b? O4ac 0 000,02 04016001005 O 02 06400 O O, O 080. Since O, 0 080 does not make sense, we must
have
Oo 080 ft/s.
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g g
(a) The fish population on January 1, 2002 correspondstot (0 0,s0 F 0 1000 300 17 000 O 0002 0 300000. To

find

88.

89.

90.

91.

when the popuI%tion will again ﬁeach this value, we set F 0 3001 000, giving
30000 (011000 30 0017t 0t2  [J 30000 CJ 17000t [J 1000t2 [ 0 [J 17000t [J 1000t2 [ 1000t 017 O1t0 Ot 0 0 or
t O 17. Thus the fish population will ag%in be the same é? years later, that is, on January 1, 2019.

(b) Setting F 0 0, we have 0 0 1006— 30017t 0t2 0 t2 017t 030 O 0 O

P 0
170 2890120 170 409 170 .
d = ad = 200122 . Thust O 010612 ort O 180612. Since

2

t O 0 is inadmissible, it follows that the fish in the lake will have died out 181612 years after January 1, 2002, that is on
August 12, 2020.

Let y be the circumference of the circle, so 360 [ y is the perimeter of the square. Use the circumeerence to find the
radius, r, interms of y: y O 20r O r O yO 0200. Thus the area of the circle is O yO 0200 2q y2D 0400.

Now if the
O 0
perimeter of the square is 360 [ y, the length of each side is 1 0360 0 yO O and the area of the square is 1 0360 0’y

7 !

O 02 0og O T
Setting these areas equal, we obtain y2[] 04010 Uy Ynseo o yo 2 DD' 0 % (0360 O yO O 2y [ 360 DD O DDy
0yo

d 00 L L o 0 Lo .
0 20 0O vy 0360 0. Therefore,y 0360 OO 20 0O 016901 Thus one wire is 169011 in. long and the

other is
19009 in. long.

Let O be the uniform width of the lawn. With O cut off each end, the area of the factory is 0240 0 200 0180 O 20 0.
Since the lawn and the factory are equal in size this areg, is 1 72400 180. So 21,600 O 43,200 O 4800 O 3600 O
402 g

0 0
0040208400 021,600 04 0202100 05400 0400 030000 0180000 0300r 0 O 180. Since 180 ft is

too
wide, the width of the lawn is 30 ft, and the factory is 120 ft by 180 ft.

0 O, o O
Let h be the height the ladder reaches (in feet). Using the Pythagorean Theorem we have 7% Oh2 L 1921 L

o

2 a o O
4 oh2 e oD BAOZ 0180 (54 S0h 0 324 0 18 feet,
0 Oh2p 2 2

7 07 0 - O

Let t be the time, in hours it takes Irene to wash all the windows. Then it takes Henry t O 32 hours to wash all
the windows, and the sum of the fraction of the job per hour they can do individually equals the fraction of the

. . . 1 1 1

job they can do together. Since 1 hour 48 minutes 0 10 % 0 10 ¢ O 2, we have TO0—5 05
to>50

2 5

O

1 2 5 ) ,
2ot o2 g2t 18t 27 18t 10t2 15t 10t2 21t 27 O

—0—=0450 o 0 0 0o 0 O O O 0 0 0 0 0

t 2t03

0
0 00210 002102 040100 . 210 44101080 o 24039 21039 9

oto - 27T 2 o otE 5 B

20100
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ort O 21;039 0 3. Since t O 0 is impossible, all the windows are washed by Irene alone in 3 hours and by Henry alone in

303 043 hours.

Let t be the time, in hours, it takes Kay to deliver all the flyers alone. Then it takes Lynn t 0 1 hours to deliver all the flyers

. . 1 1
alone, and it takes the group 0014t hours to do it together. ThuszluT Di O i 1 U 7 0004t L 0od4td O

to1 t
uo 1
0014t DOD4tDDt

4t
DtD4Dt—EthDtDtDlDD4DtD1DD4tDlODtDlDZDtD4tD4D4tDlOtDlODtZ oto6enond
01

0t0300t020 00.Sot 0 3ort O 02, Sincet 0 02 is impossible, it takes Kay 3 hours to deliver all the flyers alone.
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93. Let x be the distance from the center of the earth to the dead spot (in thousands of miles). Now setting

& 00012K 00012K 2 2
FDO,WehaveODD—ZD—ZD—ZD—DKDBQD 0 00012Kx O
X 0239u xO X 02390 xO
2
(=T

57121 [0 478x O x2 0 00012x2 0 00988x2 0 478x 0 57121 O 0. Using the Quadratic Formula, we obtain

[ I
EI%ZWS [} %%ﬁ 40009883 478 228484 22574219 478 274180 478 52362

O
O 0O S 0 {g7g 024109030

x 1 ZTI0TT9881] 976
- 6 261499

So either x 0 2410903 0 2600499 00 268 or x 0 24101903 [0 2611499 0 215. Since 268 is greater than the distance from
the earth to the moon, we reject it; thus x [ 215,000 miles.
94. Ifwehave x209x 020 0 Ox 040 Ox 050 0 0,thenx O 4orx 0 5,50 tT1e roots are 4 and 5. The productis4 05 O 20,
and
thesumis4 05 0 9. Ifwehave x2 02x 08 0 Ox 040 Ox 020 O 0, then x O 4 or x O 02, so the roots are 4 and 02.
The productis40 0020 O 08, and the sumis 40 0020 O 2. Lastly, if we have x204x02 0 0, then using the Quadratic

Formula,
a__ O_ 0_
40 4204010 040 8 D402 2 0 0_ 0
DDZD _ _
we have x 0 > O > O > 0020 2. Therootsare 020 2and 020 2. The
010
0 0 U o U 0 o4 O o U

productis 20 2 0O 20 2 040202 andthesumis 20 2 0O 20 2 004 Ingeneral,ifx Orp
0 0 0 0

and x O ry are roots, then x20bx Oc O 0Ox O rnd0OxOrp00 x2 0 rix Orox Orqrp O x2 0 Org Orp0x Orqro.
Equating the coefficients,we getc O rirpandb 0O 0 0Orp O ra0.

95. Let x equal the original length of the reed in cubits. Then x O 1 is the piece that fits 60 times along the length
of the field, that is, the length is 60 Ox U 10. The width is 30x. Then converting cubits to ninda, we have

375 060 0x 010 030k 0 $x0x 010030 0% Ox 0 0x 030000 0x0600x 05000 Sox 6
ot or

x O 0O5. Since x must be positive, the original length of the reed is 6 cubits.

1.5  COMPLEX NUMBERS

1. The imaginary number i has the property thati2 O 01.
2. For the complex number 3 O 4i the real part is 3 and the imaginary part is 4.
. (@) The complex conjugate of 3 0 4i is3 T 4i O 3 0 4i.
R
(b) D304i0 304i 032042025

w

. If 3 0 4i is a solution of a quadratic equation with real coefficients, then 3 0 4i 0 3 O 4i is also a solution of the equation.
. Yes, every real number a is a complex number of the forma 0 Oi.

. Yes. For any complex numberz,z 0Z 0O OaObid 0O Ja 0Obi0 Oa Obi Oa Obi O 2a, which is a real number.

~N o 01 b~

. 507i: real part 5, imaginary part O7. 8. 06 U 4i: real part 06, imaginary part 4.
O Oz O 5i: real part O, imaginary part O 5. 10. TD 20 ,i: real part 2, imaginary part ,.

11. 3: real part 3, imaginary part 0. 12. O ’12: real part O 12 imaginary part 0.
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O_ o _
13. D%i: real part 0, imaginary part O % 14.i 3:real part 0, imaginary part 3.

o O 0O_ o . . 0 o o 0
15. 30 D4D 30 2i: real part 3, imaginary part 2. 16.20 D5D2D| 5: real part 2, imaginary part 0 5.

17. 0302005 030020501 0307i 18.3i0 020300 020[300030]i O 020 6i

19. 0503000040700 0504000030701 010100 20.00304i000205i00 003020040
005011 0 0509

0 -0 -
21. 0066000900 0 0060900060101 0305 22.03 Smlﬁ 0030 201 ion2o7i
0200 500
0 3 0 3 3
0 O 0 0
23 70 0 s50% opo7roso O 0202
O 1 -

3
7 7 Uy 3
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26.
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31.
32.
33.
34.
35.
36.

37.

38.

39.

40.

41.

43.

44,

45,

=
[o»

SECTION 1.5 Complex Numbers

OD40i000205i0 00401020561 0004020001050i1 00606i
0012080 00704i0 001208 0704i 000120700 080401 001904
6i0040iI006I040iI 000400060101 004071

40010200 0408i 28.020304i0 0 060 8i

070i00402i0 028014i D4i 022 00280200014 0400 030 0 10i
0503i0010i0 050510310320 050300050301 0802i

060510 02030 012018 010i 01512 0 012 0150 0 0018 0 100§ O 27 O 8i
0020i00307i0006014i 03i07i2000607000140300 01017i
0205002050 022005102 040250010 029

0307i00307i0 03200702058

0205102 022005102 020200510 040250200 0 0210 20i

0307i02 0320070202030 07i0 O 040 O 42i
10 i i .
OZ0F0 =0 — 00i

i2 01

—_ ] =

0 0 11
. 0 o o

10i 10§ 10§ 10i2 101 2 2 2

1 1 100 100 100 100 4 4

- - - - - .2 -
2D3|D2D3| D1D2|D2D4|D3|D6| EDZiDGDDD4D D8mlor§D1|
O
102 102 102i 104i2 104 5 5 5
500 50 D3D4iD15D20iD3iD4i2 015040000200 11023 4 3,
301 0 0
0
304i 304i 304 9 7 16i2 9016 25 %2
10i , _10i 102 10i 020i2 _ 020 O 10i 50040 040
102 102 10 10 4i2 104 _ 20
2i 5
_ 1 1 03 203i 203 _ 203i 3.
. 020309 0 3 0 0 02 0i
203i 203i 20 4092 409 13 B-13
3i
406i 4060 3i 12i 018i2 01801121 018 _ 12, 4
T g2 0 O 0—0==
3 3 012 09 o9 - mg! D203

3i 2

03 O 5i 0305 15i 045i O 75i 075 O 45i o75 045 B

— O — 0 0 0 0,0
15i 15i 15i 2252 0225 0225 0225 375
l_D 1_D l_DIDID 1,D1DI 1D_| 1D_ID1DIDD1DIDDi

10i 100 10§ 10 10§ 10 1062 1042 2 2
i 2 i 2

01020030 300060 02i 505i 201 1005i 010i O5i 010050 0 00501001

_ O _ O O . ) 0
2010 20i 200 ~20i 402 5
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O, p_00pg g 0 Og  B0pgp g0 p 0O o .o
30 4 60 8 O 302 _602_2 0O 1802 602 604i2 2
0 o
- E-0O O g O 0 0

O 0 O O
0 3204 20 026026 i00_204i_6
O 0O O

o 0 .
20 8 202 2 21002

__0—=F=0 S— 02
10 2 100 2 100 2
. 6i it ol O
o 08 g8 g2 A2l 20,
02 09 i 20 i 2 i 2 22 01
3i

x2049000x2 00490 x O O7i
—
3xzmlmom3xzmmmxzmm3laxmm3-i§

0 T S—— 0
b b2 4ac Qo10 HDlZEﬁl 10 10 7 =
0 o -
Xx20x02000x0 2 O O 030 i
2a 2 2
o— 010 e
20 m2r204010 2 T4 g 2 a2 i
) O oo O 00 O 00 )
xc02x02000x 0O 0 0 0 oo10i
2 2 2 2
010 — _
)
0 —_— - —
30 3204010 030 19 5
070 _
0
2 .
xO03xO07000x0 > 0 ’ DDZD L
010
0
2 U 0 .
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O —
[ O [ O [
EDE?ED FpAA60  1p 144 168 12 24 12 2i 6 12 2 6 6
O 0 O O 0o 0O 0 = .
X0 Z060 SR T B OO 0010
72.x203x01000
oo o O 0
Dl_ L gymio 11 1 15 1101 —
2 U O - - - = _
0oz
50 z04 050 115
2D 3 Z 4 ,
O, 0,i
x [ O O 00,0 4 i
0 2010 2 2 2

73.Z7000304i050210304i0502 0802i
747000304 0502108021 0802i

75. 2Tz 0 0304i00304i0032042025

76. 700 00304i00502i0 0 1506i 020i 08i2 0230 14

77. LHSOZOUOUaUbiDUOOcOdiDODaUbiOcOdi D0DalcOO00bOdOI D DabOcOOUbOdOI.

RHSOzOODOaObiDOOcOdiDD ODalOcOOObOdOIi D OabcOO
Ob OdOi. Since LHS 0O RHS, this proves the statement.

78. LHSOZO O DaObiOOcOdiO ODacOadi Obci ObdiZ 0 Dac ObdO O Oad ObcOi O Dac O bdO O Dad O

bcOi.
RHSOZOU DJalbi DcOdi 0 DaObidOcOdid OacJadi Obci Obdi2 0 Dac0bdd O Dad
O bcOi. Since LHS O RHS, this proves the statement.

101
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79.
bi O

80.
81.
82.
83.
84.

85.

86.
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0 , 0 0
LHS O 7z02 0 Da0 -0 0a0hbi0n? 0ad2abi 0b%i20 a20b% 0 2abi.
0

RHS 072 0 Ua 0 biD2 O a2 U 2abi 0 b2i2 [ Da2 O bZD O 2abi O Da2 O bZD O 2abi.

Since LHS O RHS, this proves the statement.

ZUOaObiDaObi JaDbi Oz

z0Z0Da0Obid00a0bi0d OaObi Oadbi O 2a, which is a real number.
z0Z00a0biD00a0bi0Dadbi 00aDbi0 0 a0bi Dadbi O 2bi, which isapure imaginary number.
zTzODadbidODaObidD Dadbid O Oadbid O a2 0b2i2 0 a2 0b2, which is a real number.
Suppose z 0 Z. Thenwe have Ja O bild O DaObid Dalbi Dadbi 000D 02bi Ob 0 0,s0zisreal. Now if z is
real, then z O a O Oi (where a is real). Sihce z 0 a 0 0i, we haveZ O z.

Ob0O b2 04ac

2a

5 2 I P
. Ob 4ac O be | .

we have b2 0 4ac 0 0 0 4ac O b2 0 0, so the solutions are x [ % d o i, where 4ac b2 is a real number.

Using the Quadratic Formula, the solutions to the equation are x [J . Since both solutions are imaginary,

Thus the solutions are complex conjugates of each other.

i, iPo0ito0ioiiPoidoini; i200,i%0if0i2 000 0id0i?2 o ooy
Bonii‘oitoidooi,iloidoidooi; ifonidoitoi‘ogi2oidoitoL

Because i# O 1, we have i" O i", where r is the remainder when n is divided by 4, that is, n O 4 O k O r, where k is an
integer and 0 O r O 4. Since 4446 0 4 0 1111 O 2, we must have i4446 0 i2 0 O1.

1.6 SOLVING OTHER TYPES OF EQUATIONS

Note: In cases where both sides of an equation are squared, the implication symbol O is sometimes used loosely. For example,

O_— 0o o . . . . L )
XxOoxol<0” X 200x0102is valid only for positive x. In these cases, inadmissible solutions are identified later in

the solution.

1.

(a) To solve the equation x3 0 4x2 O 0 we factor the left-hand side: x2 Ox 0 40 O 0, as above.
(b) The solutions of the equation x20x 040 00arex DJO0andx O 4.

— o_
. (a) Isolating the radical in 2x O x O 0, we obtain 2x O 0X.

Up__0p
(b) Now square both sides: 2x O >2<D O2x O x2.
an

(c) Solving the resulting quadratic equation, we find 2x 0O x2 0 x202x O xOx 020 00, so the solutions are x O 0 and
x O 2. 0
(d) %Vﬂbstitute these possible solutions into the original equation: 20000 O 0, so x O 0 is a solution, but
202020400,s0x 0O 2isnot asolution. The only real solution is x O 0.

. The equation Ox 0102 050x 010 06 0 0 s of quadratic type. To solve the equation we set W [ x [ 1. The resulting

quadraticequationisWZDSWDGDOD OWO30OW o020 000W O20rWO30Ox01020rx0d1030
x O 1orx O 2. You can verify that these are both solutions to the original equation.

. The equation x8 0 7x3 0 8 0 0 is of quadratic type. To solve the equation we set W 0 x3. The resulting quadratic equation

isW20O7w D0800.

5. x20x000x0x010000x O0orx 01 00. Thus, the two real solutions are 0 and 1.
6. 3x306x20003x20x 0 20100 x [J0orx 020 0. Thus, the two real solutions are 0 and 2.

x3025x0x3025x000x x2025 000x0OxO500x050000x 000rx 05000rx 050 0. The three

real solutions are 05, 0, and 5.
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. . O-
8. x°05x30x°05x3000x3 x205 00O0xO0o0rx20500. Thesolutions are 0 and 0 5.
O O
9.x°03x2000x%2 x303 DODXDOorx3DSDO.ThesqutionsareOand%37
O O O oo O
10. 6x°024x 00D06x x404 00O06x x202 x202 00. Thus,x 00, orx2 02 O 0 (which has no solution), or

O
x2 02 00. The solutions are 0 and 0 2.
U 1 O

11. 0042501022 0222 22805 . 1f222 00,thenz 0 0. 1f22° 0500, then 228 050z 0 * 3. The solutions are 0
[ —
35
and ° 3.
0 0 . -
1200125t o2t" o’ 1256302 L Ift’ DO, thent 0 0. 1f125t3 02 00, thent O 313 0 —2. The solutions are 0

3 -

2
and .
5 0 0 0 0
13.00x°08x20x2 x308 Ox20x020 x202x04 Ox200,x0200,0rx202x0400. Ifx2 00,
then

x O 0; ifxDZDODthenx DDDZ,andxzD2xD4D0hasnorealso|ution. Thus the solutions are x T 0 and x O 02.
14.00x*064x Ox x3064 OxD00orx306400. 1fx306400,then x3 0 064 0 x O 04. The solutions are 0
and 4. . .
15,0 0x305x206x Ox x205x06 OxOxD200x0300x00,x0200,0rx0300. Thusx 00, 0rx 02,
or
x 0 3. ThesolutionsarexDDO,xD2,aﬂdxDS.

16.00x40x306x20x2 x2O0x 06 O x20x0300x 020. Thus either x2 0 0,s0x O 0,0rx 03, 0rx O 02.

The
solutions are 0, 3, and 02. 0
17.00x*04x302x2 0x2 x204x 02 . Soeither x>0 00 x 00, or using the Quadratic Formula on x204x 0200,
[ — -
407 4T 16TE 418 5452:|2‘ -
424200 . .
(] .

we havDe x O oo 5 O 2 O 2 0 020 2. Thesolutionsare 0, 02 0 2, and
020 2. —

0 0
18.00y°08y404y3 Dy3 y208yO4 .Ify3 00, theny OO0. Ify208y 04 00, then using the Quadratic Formula, we
O

0
0o8n O HESDZD4D1D 8 48 0 O_ O
0
havey O 5 d ) 0402 3. Thus, the three solutionsare 0,402 3,and402 3.
010

19. D%XDSD‘ED D3xD5D3DD 0. Lety O 3x 05 The equation becomes yv*oyl ooo
y y301 OyDyD10 y?0yO1 00.1fy D0, then3x 05000 x 030 . 1fyD100,then3x 050100

ODx 0 0g Ify2 Oy01 00, then 03x O 25253XD5551 000  [33x 031 0 0. The discriminant is
50 9x

b2 O4dac 0332 040900310 0 027 O 0, so this case gives no real solution. The solutions are x D§D3 and x Di‘DS.
20. Ox 0504 016 0x 0502 0 0. Lety O x 0 5. The equation becomes y* 0 16y2 0 y2 Oy 040 0y 040 00, If y2 O
0, then
xO0500andx O0O5. Ify0400,thenx 0504 00andx O 01, Ify0400,thenx 0504 0 0and x O 09. Thus,
the solutions are 09, 05, and O1. 0 .

21.00x305x202x0100x20x050020x 050 00x050 x202 . I1fxO0500,thenx O5. Ifx2020

0, then
0 0
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x2020x00 2 Thesolutionsare5and O 2.

0 0
22,0023 0x2018x 09 0x202x 0100902x 010 0 02x 010 x209 [0 02x 0100x 030 0x O 30. The

solutions are

D%,B,andDE.

0 0

23.x30x20x010x201000x302x20x020x20x02000x02000x020 x201 .Sincex20100
has

no real solution, the only solution comes fromx 02 000 x O 2.
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24.
oo

25.

26.

27.

28.

29.

30.

31.

32.
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0 0
7x30x010x303x20x0006x303x202x0103x202x 010 002x 010 0 02x 010 3x201 DO2x01

Oo_
or3x2 0100 If2x 0100, thenx O L. 1F3x2 0100, then3x2010x2 0 0ox oo 1. The solutions are 1
Vi 3 3 2
Oo_
1
and O 3
4 O 4 O
z0 ——0300z010 z — 00z010030007,0403z203022 02201000020 200, The
201 z01 2 10
O

solution is z O 1. We must check the original equation to make sure this value of z does not result in a zero denominator.

0 0
10 10
— _[01503m00m0 —— 015 0O0OmO5003m0 010015m 075 03m2 015m 03m2 0850 00
mD55D mO5
O__
85

m 0 0 . Verifying that neither of these values of m results in a zero denominator in the original equation, we see that
0 d

85 85
the solutions are O - and 3

O O u_0o

! O ! ad §D4DXD1DDXD —1D 0 40x0100x 0O
20 20

x 01 x 02 4 xO1l x0O2

2 g
4

40x020040x010 050x0100x 020 04x 080 4xE42-5x205x 010 05x2 03x 014 0 0 O
O5x 0700x 020 00. If5x 07 00, then x EZDS;ifxDZDO,thenx o2 Thesolutionsart,;DsandZ.

0 0
10 12 10 12
— 0 04 000x0Ox0O —U0——=04 D0D0O00OxO3010012x 04x0OxO30 00O
X XDS3D X x0O3

10x 030 O 12xDD 4x2 0 12x O 0 O 4x2 0 14x 0 30 O 0. Using the Quadratic Formula, we have

O O
000140 001402 04040 140 19601480 140 676 | 14(126

0 0 . So the solutions are 5 and 0 3.
X | o300 3 8 7
2040
2
—XDlOO 050 0 x2 0500x 01000 O 50x 05000 O x2 0 50x 1015000 00 0 Ox 01000 Ox 0500 00 0 x 0100 O

0

or x 050 0J0. Thus x 0 100 or x O 050. The solutions are 100 and [J50.

2X L . _ .
10 2x0 20 10 %0 2 Ox 4O 0,5 1. This is indeed a solution to the original equation.
o1 gl0 O 0 10 O 20 1O X O a X g q

1
10 ! O 2 O O0xO0100x02001020x02000x0203x020102x040x01
Ox EDX 20 1 x 2 100X

0 o* 0 0

]
Ox202000x00 2. We verify that these are both solutions to the original equation.

X 2

0 1M y2 2 ; ;
03 " x03 X2D9DxDxD3DD2DXD3DD1Dx O03x 02x06010x°05x 05 0O 0. Using the Quadratic

00050 0050204010 2 5035
Formula, x O — o050 . 2
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. We that both  solutions to the original equation.
verify are
X xO1l 2 2 2
33. ———=0—=010x0x03000x01002x070002x0700x0300x“03x02x“09x 07 02x°0
2x07 x0O3 13x ] 21

03x?019x 028 000 03x 070 Ox 040 0 0. Thus either 3x 07 00,50 x O Z15, 0r x O 04, The solutions are &
and 04.

1 2
34.XD1D—2DODXZDZDxDlDDODXZDZXDZDOD
o
0 O—
2
HDZD %Eﬁm 04010 2 4 8 2 4
0 0 0 o o ) . ) . . .
x O 3 O 5 O > . Since the radicand is negative, there is no real solution.

010
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0 5 0
x 02 XU X x202 ) ) ) )
35. = 0O5x 0O 2 U——05x0Ox40205x03x0400xc02015x020x 000 14xc020x 02
30 ;‘ 30 X 3xO4
X
- — - -
2 O O O O
0 0200 0200°040140 0200 400 0112 0200 512 020016 2 0504 2
Ox O T520 0 0
0 0
2 DJD4D 28 28 28 The
7 .
. 0504 2
solutions are —
0 0
3pl o Dosptl 0 o
36.2D§Dxmx 20 % 25‘% Ox 20, x03x0102x204x [2x207x 01 0 0. Using the Quadratic
X 5
O O—
_ 00070 0070204020 7() 57 o _ 7. 57
Formula, we find x 0 —¢ OO O VR Both are admissible, so the solutions are —z—

37.

38.

39.

40.

41.

42.

43.

44,

2020

o — [
50 4x0305%0 ~ i 03 2025 04x0304x0280x 07 is a potential solution. Substituting into the

. . O . . .12 o
original equation, we get5 [ 4TI700J3 05 [0 25, which is true, so the solution is x [ 7.
R 00— _ ., 5 L o ,
8x 01030 8x 01" 03 08x 010 90x O . Substituting into the original equation, we get
[
0o 0 _
8 7 01030 903, which is true, so the solution is x 0 .
[b O
0

O
5

d d oo —02 T - .
2x010 3x0O50 2x01 3x 0 " 0O2x0103x 050 x O 4. Substituting into the original equation,

0 O 0 0
weget 2040010 040050 70 7,whichistrue, so the solution is x O 4.
e Dz— L2 T, H: 2 2
30x 0 xc 010 3U0x "0 x*01 030x0Oxc010x0x020000x0100x020000
o— i

0 o0
x 0 01 orx O 2. Substituting into the original equation, we get 3 TT I 00102010 20 2, whichis true,
d

0O o__
aDnd 3020 DZS 0 1, which is also true. So the solutions are x 0 01 and x O 2.
XT20x0 X022 0x20x020x20x20x020 0x0100x020 000x 0 Olorx 02, Substituting

. . . 0 L o o 0_ o
into the original equation, we get OOI0 02 0 010 10 01, whichisfalse,and 202 020 4 0O 2, which is
true. So x O 2 is the only real solution.

U= =1 2 2 oy
406x O 2x O 406x "0 0O2x0c0406x 04xc02x“03x 020 0x02002x010000x O 02

orx O % Substituting into the original equation, we get Dmm 020020 Dﬂ16 0 04, which is false, and
=] g 0o

406 21 o2 21 0 101, whichistrue. So x D’Zl is the only real solution.
o TTO10x0 XTI Xx0102x010 0x 0102 02x 010 x202x 0100 0 x2 04x 0 x Ox 0400,
Potential solutions are x 0 0 and x 0 4 0 x 0O 4. These are only potential solutions since squaring is not a reversible
operation. We mu%t check each potential solution in the original equation.
Checking x 0 0: Dml 0100000 Dl 010 0is false.
Checkingx 04: 2040010100400 90104030104 istrue. The only solution is x O 4.
x O Dm 00O0xO DQWD x20903x000x203x 09, U%g the Quadratic Formula to find the potential

30 3¢ 04010 030 45 0303 5
0090
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solutions, we have x [ = O 0 ———. Substituting each of these solutions into the
2010 2 2
=] - 1
—— —_—
original equation, we see that x O is asolution, but x O 55 S isnot. Thusx O 5 5 jsthe only solution.

2
0 o_ , OO
4%XD x01030x030 xU0O100xO30c0 x O Ox206x090x010x207x010000
1

Ox 0200x 050 O 0. Potential solutions are x 0 2 and x 0 5. We must check each potential solution in the original
equation. Checking x 0 2: 20 Z 0TI O 3, which is false, so x O 2 is not a solution. Checkingx 05:50 501103
05 02 0 3, which is true, so x O 5 is the only solution.
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o P T 2 2 2 i
46. 3U0x02010x 0 30x0010 x0O 3Ux "00010x0030x0x02x010x-03x0200. Using

0 R — 0
30 ¥040100020 O30 17

0
the Quadratic Formula to find the potential solutions, we have x 0 3 O 3 . Substituting
L 1o L
—_—
3 17

each of these solutions into the original equation, we see that x 0 === is a solution, but x O S8 17 s not. Thus

x O D—3Dﬁistheonlysolution.
0 0 oo b O [ — o _—
47, 3x0d1020 x0O10O x0O01 "0 20 xO 2D3XD].D4D4 xO010O0x0102x0404 xO10

O
1

2
O , 0o ., )
x202 x01T00x020%0 2 x0 0x204x04040x0100x*08x 000x0x080 00010
1

or x O 8. Substituting each of these solutions into the original equation, we see that x [J 0 is not a solution but x 0 8 is a
solution. Thus, x 0 8 is the only solution.

D_ D_ Ny — u_DZ 2 D J:l_
48. 10x 0 10x 020 10x 0O 10X 02 0010x00010x002 10x 10x O 40

o___n____ O _ 0o _ )
202 10x 10x040 10x 1TOx010010x0010x001010x2 0+5%2 00,50 x O 0. We verify
that this is a solution to the original equation.

49. x* 04x2 03 0 0. Lety O x2. Then the equation becomes y2 04y 03 000 Oy 0100y 030 00,s0y Olory O 3.
If

0
yOlthenx? 010x 001, andify 03,thenx? 030x 00 3.

50. x* 05x2 06 OO0. Lety O x2.Ihentheequationbecomesy2 O5y060000y0d200y03000,s0y J2ory03.
If

0 0
yO2thenx?020x 00 2andify03,thenx?2030x 00 3.

51. 2x4 04x2 01 0 0. The LHS is the sum of two nonnegative numbers and a positive number, so 2x4 04x2 0101 O 0.
This equation has no real solution.

0o 0
52.00x8502x3030 x303 x301 .1fx30300,thenx3030x O Lf3,orifx3D 010x 0 01. Thus x O %5
or x 00 01. The solutions are B§amd 01.
0 oo 0

53.00x85026x3 0270 x3027 x301 .1fx3027000x3027,s0x03. 1fx301000x3 001, s0x O 01

The solutions are 3 and 1.
oo

0 0
54. x8015x4 016000 x8 015x4 0160 x4016 x4 01 . Ifx4 016 OO0, then x4 O 116 which is impossible

(for real numbers). If x4 01 000 x* O 1, s0 x O O1. The solutions are 1 and O1.

55.0 0 Ox 0502 030x 050010 0 [Ox O5005][0x 05002] 0x0Ox 070 0x 0O 0orx O 0O7. The solutions are
0 and

o7.

O 0, O O
xO1
04 xd1

DO3becomes0 0 0204003 00001000 030. NowifOoO1

xO1
56. Let 0 O —~ Then0 U
0o,

xO1

xO1 1 xO1
then g1000 TDDleDlDDXDXDDZ;andifDDSDO,then o3000 TDD3

Ox01003x Ox 0 0,4Thesolutionsare 0, 4nd 0,2
o O, O . O 1

1 1
02 ——— 080 0becomes 02
xd1 xOd1

1
57. LetO O o1 Then
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02008 00040 00.So0 0

goo ooo20 400 3 _
DDD4,andDD2D0DDDDZ.WhenDD4,wehavexﬁD4D1D4xD4DD3D4xDxDD4.When

0 0 02, we have xélD 0201002x0203002x 0x O 0,. Solutions are 0, &d 0,2

0 Oy

X 4x .
O——DO4becomes 02 04004000 02 040040 00028 . Now if
xQg2 x 02

X X

X
58. Let O O 102 Then

0 02 00,then g2000 020x O2x 04 0 x O 04, The solution is 04.
xO2 x 02
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59. Letu O x203, Then 0 0 x#53 0 5x253 16 becomes u2 05u 06 000 Dud300ud20000ud3000ru020
0.

0
Ifu0300,th XZD3D3D0DXZDSE_3DXDDQ33DZDDB 3 fud200 thenx?PBo2000x2B 020
x 0 02382 02 2. The solutionsare 03 3and 02 2.
_ 0_ _
60. Letu O L‘x;thenO ad xD3L‘xD4D w03uD0400uD400uD10. Sou 04 DJ4XD4 DODJ"X 040
X 04% 025, 0orudl0 L‘x_Dl 0oono L‘X_D 01. However, L‘sz the positive fourth root, so this cannot equal 01.

The only solution is 256.
0 0

0
61. 40x 010102 nsox0103P2 0 oxo1PP2 0 0O xO1 4050x01000x0102 0 00
o O 0 o O 0 o
XO1 405x050x202x01 000 x0O1 x203x 000 x010x0OxO030000x0O0lorx O0or

x O 3. The solutions are 01, 0, and 3.

62. Letu O x O4:then0 020x 04078 0ox 0404 0 ox 04018 gau™B outPB o ul®® g ulBogun100u
010. So

uDxD4DODxD4,or2uD1D2DxD4DD1D2xD7DOD2xD7DXDZz,oruD1DDxD4DD1DxD5DO

0 x O 5. The solutions are 4, zand 5.
0 0
63. x392 0 10x102 g5k U2 g o kP02 w2 m10x 025 000 xPE2 gox 0502 0 0. Now x 252 (7 0, so the

only solution is x [ 5. q q
64. x102 0 xP102 [ ex[M302 0o 0 xT802 2 x g6 000x73P2 0x 020 Ox 030 0 0. Now x F2 00, and
furthermore
the original equation cannot have a negative solution. Thus, the only solution is x O 3.
65. Letu O x1096. (We choose the exponent ¢ because the LCD of 2, 3, and 6 is 6.) Then x152 10 3x153 [ 3x196 7 g DD
X3D;D3XZDG 03x178 09 0udn3u? 03un9000ud03u?03u090u?0un030030uD3000uD30 u?
03 .Soud3000ru20300. Ifud300,thenxP603000x6 030x 036072 1fu20300,

then
x1B3 03 000xP3 03 0x 033 027 The solutions are 729 and 27.

O_ 0o_ 1]
66. Iietu O x.Then0Ox0Ob5 xDGbgcomesuZDSU_DGD Oud300ub02000. fud300,then xO3000
X030Ox09. Ifud200,then x0O2000 x O20Ox O4. The solutions are 9 and 4.

67. %DizDé 000104x04x2 00001 02x02 0001 02x 000 2x 001 0x O 0,2XThe solutionis 0,2
X X X
x4
68. 0 0 4x4 0 16x52 0 4. Multiplyingby 2 weget,0 010 4x2 o X+, Substituting u O X2, we get0 0 104u D u2, and
[
= T [ R T 423 0
using the Quadratic Formula, we get u [ 201 7, Po 0,20 020 3 Substituting
0
9 Oo_ . O_ o_ . Lo 0 L0 [1
back, we have x< 0 20 3,andsince2 0 3and2 0 _3are both positivewehavex 00O 20 3orx OO 20 3.
0O 0oo m O m 0
Thus the solutionsare 0 20 3, 20 3,0 20 3,and 20 3.

i . i [ [ i . .
69. x 05 0x O 5. Squaring both sides, weget x 050x 0250 x 05 0O 25 0 x. Squaring both sides again, we

getx 050 0250x02 0x 05 0625050x 0 x2 000 x2051x 0620 0 Ox 0200 Ox O 310. Potential solutions
are

x 020 and x O 31. We must check each potential solution in the original equation.

Checking x O 20: 2005020050 25020050 5020 0 5, which is true, and hence x 0 20 is a
solution. 0 0 0
Checking x O 31: 031005031050 36 031050 37 05, which is false, and hence x 0 31 is not a

solution. The only real solution is x O 20.

L——— ) 3 3 ) DZ 0 x Ox 0202, So x
70. 4x204x Ox 0 4x°04x O0x3 000 x304x°04x 0Ox x“04x04 O
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OO0orx 0O2
The

solutions are 0 and 2.
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U 302 o — 302 n_ OO 2D o D2 H
71.)& x O30 0Ox 030 O00Oxs xO300Ox 030 ood x0O3 Xx¢ OOk O0O xO3 xc0Ox0O3

03 _I:I_

If Ox 030192 00, thenx 03000 x O O3. If x2 O x 03 O 0, then using the Quadratic Formula x DLZB. The
| E—
solutions are 3 and 1213,

[ o 2
72. Letu O 11 O x2. By definition of u we require it to be nonnegative. Now 11 0 x2 O E—IZ—_ 010ul —-p1.

11 0 x2 u
Multiplying both sides by u we obtainu? 02 Du 00 O0u2 Du D02 0 Du 020 0u 010. Sou O 2oru O O1. But since
u
0

muDs be nonnegative, weonlyhaveu 020 110x2020110x2040x2070x 00 7. The solutions are

OO
~

n| _ _ O O _ . ) .
73. x0O x 020 2. Squaring both sides, wegetx 0 x 02 040 x 02 040 x. Squaring both sides again, we get

x020040x0201608x0x2000x209x0140000x0700x020.1fx 0700, thenx O7.1fx 02

0 0, then x 0 2. So x 0 2 is asolution but x [ 7 is not, since it does not satisfy-the-ariginal equation.
d

U_ 0O U 0 O
74, 10 xO 2ZXUTI O 50 x: We square both sidestoget 1 0 x0O 2x0O1 O 50 x0O

O _ 0O [0y ul o o_ . . : .
xO 2x010 40 x 01608 x0Ox0O 2x0O1 01608 Xx. Again, squaring both sides, we obtain

ad -0 = - . . . .
2x010 1608 x 2 [12560256 x [64x [ [J62x [ 255 (1 256 x. We could continue squaring both sides until
we found possible solutions; however, consider the last equation. Since we are working with real numbers, for x to be

. . O . .
defined, we must have x 00 0. Then 0J62x O 255 O 0 while 256 x O 0, so there is no solution.
O ood O
0
75.00x%05ax204a2 0 aOx? 4a0x? . Sinceaispositive,adx2 000x2 Da0x O a. Again, since a is

O
positive, 4a [1x2 10 0 x2 [ 4a [ x 0 02 a. Thus the four solutions are [J Da‘and DZD a.

O O b
76.0 0 a3x3 003 0 paxObo a2x20abxOb2 . SoaxOb 0D 0Dax O ObOx O @ or
O oo a
O—
Hoabo  OpAbL2 O 4722 g 32202 b
O 0o o o . -
x O O > , but this gives no real solution. Thus, the solution is x O O
2 2a a
0o .o
a2

o o 0o
77. x0Oa DD xOa H 2 xO % Squaring both sides, we have
O [l REN O 1 RN
xgaDZ xJa xOa OxOaO20x0d6002x0 x Ua xOa 0O2x012072 x Ja x O
a 012
ud oo O . . .
O xOa Xx Oa [ 6. Squaring both sides again we have Dx DaOOx Dad 036 0x20a2 036 0x2 0 a2 [
36
[ ] o . o
OxO0 a? D%G. Checking these answers, we see that x 0 O a2 O 36 is not a solution (for example, try substituting

a08),butx O a2 036 isasolution.

78. Let 0 00 x176, Then x1P3 0 02 and X172 0 03, and so .

0
00 030al?0b00ab 00200 0a00b000a0@20b 00 0add XO XOa .So‘L’YDaDOD
O 00y
b

a0 5X0x O ab is one solution. Setting the first factor equal to zero, we have 5xTDb00D0 3 xT0b0Ox0 O,
However, the original equation includes the term b% X, and we cannot take the sixth root of a negative number, so this is not
a solution. The only solution is x O a®.

900
79. Let x be the number of people originally intended to take the trip. Then originally, the cost of the trip is ~ After 5 people
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900 H 900 5 4500

cancel, there are now x 0 5 people, each paying 7 02. Thus900 O Ox O y 02 0900 090002x O y 010
50

4500
goo2xg100 —~ 00 0 2x2 [J10x 04500 O 02x O 1000 Ox O 450, Thus either 2x 0 100 0 0,so x O 50, or

x 045 00, x O 045. Since the number of people on the trip must be positive, originally 50 people intended to take the trip.
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0
. If one person joins the group, then there would

80. Letn be the number of people in the group, so each person now pays

120,000 " 120,000 :
be n O 1 members in the group, and each person would pay N 00 6000. So On O N 06000 0O 120,000
10
g g
g g g g
0o 120,000 n 2
n
— 06000 OnO10 —— 1200000 0200n00n010020n 0  019n0200 20n O
6000 n 0 6000 n

00n20n02000On 04000050 Thusn O 4orn O 05. Since n must be positive, there are now 4 friends in the
group.

d- d-
81. We want to solve for t when P [0 500. Lettingu 0O t and substiﬁuting, we have 500 0 3t 010 t 0140 O

o_
500 [ 3u2 (110U (1140 00 0 3u2 D100 1360 D 1 110 Dg 1% Sinceu 0, we must have u 0 0. So
0 0501 1105
toud ——3—— 090414 0t 00 88162. So it will take 89 days for the fish population to reach 500.

82. Let d be the distance from the lens to the object. Then the distance from the lens to the image is d O 4. So substituting

F 0408, x O0d,andy O d O 4, and then solving for x, we have%DS D%d E-I%. Now we multiply by the
d

LCD, 408d Ud 040, togetd Od 040 O 4080d 040 U 408d O d? 04d 0 906d 01902 00 O d? 0 1306d O
1902 0

1306 0 100 . . L
dno T.%o d 0106 ord O 12. Since d U 4 must also be positive, the object is 12 cm from the lens.

83. Let x be the height of the pile in feet. Then the diameter is 3x and the radius is %x feet. Since the volume of the cone is
0,0 [
0 3x 0x3 4000 4000
1000 3, we have x 1000 22X 000 ¢ 20y 2R gng) e

= - d d d d d o o d
3 2 4 30 30

84. Letr be the radius of the tank, in feet. The volume of the spherical tank is 43D r3 and is also 750 0 001337 O 1000275. So
40r3 010000275 0130 230938 O r [ 20188 feet.

0 0
85. Let r be the radius of the larger sphere, in mm. Equating the volumes, we have 40r8 0 40 23033048 O
r30230330440r3 099071 O 5 99 0 4063. Therefore, the radius of the larger sphere is about 4063 mm.

86. We have that the volume is 180 ft2, so x Ix [J 40 0x 0 9CL 0 180 x3 [0 5x2 036x 0 180 0 x3 [0 5x2 0 36x 1180 [0 0
Ox20x0500360x0500000x050 x2036 0000x0O500x0600x 060 000x 0 6isthe only
positive
solution. So the box is 2 feet by 6 feet by 15 feet.
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87. Let x be the length, in miles, of the abandone% road to be used. Then the length of the abandoned road not used
is 40 O x, and the length of the new road is 102 0 040 O x 02 miles, by the Pythagorean Theorem. Since the

0
costDof the road is cost per mile O number of miles, we have 100,000x 0 200,000 x2 00 80x 0 1700 O 6,800,000

02 x2080x 01700 O 68 [ X. Sguaring both sides, we get 4x2 [ 320x 0 6800 [ 4624 O 136x O x2 [

3x20184x 02176 0 0 O x [ 184[|+ U Ox O %ﬁ orx 0 16. Since 45% is longer than the existing

o
road, 16 miles of the abandoned road should be used. A completely new road would have length 102 0402 (let x 0 0)
and would cost 1700 0O 200,000 TJ 8133 million dollars. So no, it would not be cheaper.
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88. Let x be the distance, in feet, that he goes on the boardwalk before veering off onto the sand.

89.

90.

The distance along éhe boardwalk from where he started to the point on the boardwalk closest
to the umbrella is 7502 02102 0 720 ft. Thus the distance that he walks on the sand is

_ 1 [
0720 0 x02 02102 0 518,400 O 1440x 0 x2 044,100 0 x2 O 1440x 0 562,500.

Distance Rate Time
X
Along boardwalk X 4 .
0 Y 5 3
Across sand x2 0 1440x 0 562,500 | 2 X 14402X 562,500

Since 4 minutes 45 seconds [0 285 sSconds, we equate the time it takes to walk along the boardwalk and across the sand

x2 0 1440x O 562,500
2

g
to the total time to get 285 [J % 0 01140 0x 02 » O 1440x 0 562,500. Squaring both

0 0
sides, we get 01140 O x 02 0 4 x2 [0 1440x [ 562,500 [ 1,299,600 [ 2280x O x2 O 4x2 [ 5760x O 2,250,000
0 0
00 O 3x2 [0 3480x [ 950,400 0 3 x2 01160x 0316,800 [ 30x 07200 0x 04400. Sox 0720 0 0

Ox O 720, and x 0440 O 0 O x O 440. Checking x 0O 720, the distance across the sand is

210 feet. So 7_? 0 E;E 0 180 0 105 O 285 seconds. Checking x O 440, the distance across the sand is
d

(1720 0 44002 0 2102 O 350 feet. Se40 3220 0110 0 175 O 285 seconds. Since both solutions are less than or equal
to 720 feet, we have two solutions: he walks 440 feet down the boardwalk and then heads towards his umbrella, or he walks
720 feet down the boardwalk and then heads toward his umbrella.

Let x be the length of the hypotenuse of the triangle, in feet. Then one of the other
sides has length x 00 7 feet, and since the perimeter is 392 feet, the remaining side
must have length 392 O x U Ox O 70 O 399 O 2x. From the Pythagorean x-7

Theorem, we get Ox 0 702 0 0399 O 2x02 O x2 O 4x2 0 1610x O 159250 O 0.
Using the
Quadratic Formula, we get

O
X O 16103

[
16107 LA[4[T159250 16101 44100 1610810, and so x 0 22705 or x 0 175. But if x O 22705, then the

[
%'EEI

side of length x 00 7 combined with the hypotenuse already exceeds the perimeter of 392 feet, and so we must have x 0 175.
Thus the other sides have length 175 0 7 0 168 and 399 0 2 01750 O 49. The lot has sides of length 49 feet, 168 feet, and
175 feet.

Let h be the height of the screens in inches. The width of the smaller sDcreen ish O 7 inches, and the width of the bigger

screen is 1008h inches. The diagonal measure of the smaller screen h2 0 Oh 0702, and the diagonal measure of the
is

g g g
S — D —
larger screenis  h2 0 0108h 0 4024h20 2006h. Thus h2 0 g7020 O O h2o0hO O 03.
02 Oh 3 2006h 702 2006h

Squaring both sides gives h? 0 h? O 14h 0 49 0 4024h% 0 12036h O 9-8-0-8-2E824k2- 0 260136h 0 40. Applying

2613600 CI26CBABAUT) g5 osstoag 260136 (1320145
6 SE—

L v —

the Quadratic Formula, we obtain h [ - Y s aag - SO
260136 [ 320145 . .
h O T T 0 13013. Thus, tge screens-are approximately 13001 inches high.
4 d O_

101 2 1 21
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91. Since the total time is 3 s, we have 3 O 4 ad 1090° Letting 0 O d,wehave3 O 24004109000 D 19900 0,00300

545 005910054

0 . U
02020545006540 000 0 0 .Since 0 00,wehave d OO 0O11051,sod O 132056. The

is 132006 ft deep. well
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92. (a)

(b)

1.7
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Method 1: Letu O Dx_,s,ouZ Ox. Thusx O X012 O 0becomesu? JuD20000u0200u01000.Sou O
2oru 0O 0L Ifu O2, then E}x g 20 x O 4. Ifu O 01, then D)? 0010x 01 So theDQossibIe solutions are 4 and
1. Checkingx O 4wehave4d T 40204020200.Checkingx O1wehavel 10201010200. The
only solution is 4.

Method 2: x 0 "X 02 000X 020 XT1x204x 04 0x 0x205x 04000 Ox 040 0x 010 0 0. So the
possible solutions are 4 and 1. Checking will result in the same solution.

1 ) 1 12 10 .
. Thus L 01 O 0 becomes 12u?
Methodl.LetuDXD3,sou 0 7302 550 3 0 10u 01 O 0. Using
0x 372 — — —
0 e
1051(5][112@3 o952 1oz 13 _[SEDIlS 050 13
the Quadratic Formula, we have u O —2_[]'72— 24 O 24 O p -fud 12
O _
0_ u .
1 050 13 U— 12 os0 13 0 0
then O oxosg P ge 1, 0050 13.Sox 0020 13.
N I
x 03 12 (80113 (8113
0 o
O U_ o J—
— 1 050 13 _ _ 12 050 13 O
(30113 1 050
Iful =52, then —— O Ox030 % o™t 13 2 DOO50 13 So
0 O 12 (50113 050 13
xO0oO20 13
. 0_
The solutions are 02 0 13. 0 0
Method 2: Multiplying by the LCD, Ox O 302, we get Ox O % O x1D03 01 0000x0O3020
302 X
30

12D10DXD3DDDXD3D2DODlZDleDSODx DGXDQDOD X2 04x 09 00. Using the Quadratic
40 42@@[1151195 @ w42 3 —

0 0
Formula, we have u O f ad 2 ad 2 0020 13. Thesolutionsare 020 13.

SOLVING INEQUALITIES

1. (@) IfxO5,thenx 03 05030x0302.
(b) Ifx O5,then30x 03 0503x O15.
(¢) Ifx 02,then 03 0x 003020 03x O 06.
(d) Ifx O 02, then Ox O 2.
. . .o x0O1
2. To solve the nonlinear inequality 02 00 we
first observe that the numbers 01 and 2 are zeros Interval i boio | 020
. Signofx 01 O O O
of the numerator and denominator. These .
numbers divide the real line into the three Signofx 02 0 0 0
intervals 0000 010, 0010 2D,and Slgn of Ox 0100 0Ox O 0 0 0
H2n oo, 101 201
. - . . O . . . .
The endpoint .1 satisfies the inequality, because i3 00 O 0, but 2 fails to satisfy the inequality because 302 is not

defined.
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Thus, referring to the table, we see that the solution of the inequality is [010 20.

3. (@) No. For example, if x 0 02,thenx Ox 010 0 020010 02 00.
(b) No. For example, if x 0 2,then x Ox 0 10 0 2030 0 6.

4. (a) Tosolve 3x O 7, start by dividing both sides of the inequality by 3.
(b) Tosolve 5x 002 O 1, start by adding 2 to both sides of the inequality.

111
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5 6.
x |[0203x 0 % X 101 2x 0 5x
05| 017 0 §;no 05 11 0 025; yes
01| 050 3;no 01 30 05; yes
0 02 00;no 0 10 0; yes
1
2 003;n0 2 0% 04;no
S| 303%vyes 2 02 0%;no
1 103 yes it 01 05; no
1.
5 4D;e§ ; 5 | 03047 0 11018; no
3 70 g; yes 3 05 0 15; no
P z. 5 09 U25,m0 |
The elements 3, 1,—5:5; ahar 5 sati¥EP the inequality. The elements U5, L1, and 0 """“fD‘/%h" ineqliality.
7 8.
X 102x0407 X 02030x 02
05 (10014 07;no 05 020802;n0
01 100607 no 01 020402;n0
0 100407 no 0 020302;n0
£ | 1008070 2 020§ 02no
5
3 100407n0 g 0208 020
D1 100207, n0 Dl 020202;n0
5| 10004707, 5| 020007602
3 no 3 yes
5 10207, yes 5 02000 2; yes
The elements 3 and 5 satisfy the inequality. The elements 5, 3, and 5 satisfy the inequality.
S + 10. 20204
] L x| X
05 D% Dé;yes g5 | 2704;no
01| . 010 %;yes 01 3 04, yes
o | & isundefined; no 0 2 04;yes
2 3040 2 | F 04 yes
5 0iino 2 | S o4yes
1D1;n0 1 3 04, yes
1 2 1 0
Ds 00450 +; 5| 704;n0
— ye§
3 141 3 11 04;no
303 yes
. 5 27 0 4;no
5 lo_  todiyes -
The elements 035,51, —5;-3and-5Satisfy-the inequality. The elements 001, 0, 4, ®, and 1 satisfy the inequality.
. 306
11. 5x 06 0x 0 8. Interval: ob 12.2x 0 8 O x O 4. Interval: [40 00O

5 U s

Y

Graph:

Graph:
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13.

15.

17.

19.

21.

23.

25.

CHAPTER 1 Equations and Graphs

2x050302x080x04
Interval: 040 OO

Graph:

\ 4

203x0803x0J2080x O 02
Interval: 0OO0O 020

Graph:

2

2x010002x0010x00Y,

0
Interval: go 1

00 4

o

Graph: 1
2

104x0502x06x040x 0 %

0
Interval: g2
00 5
Graph: 2
3
xg2p20lxp8oxole
2 3 2 3 3
1
0
16

Interval: = 00

Y

Graph: 16

403x 0001080 0403x 00108 O5x 005
Ox0O0D1
Interval: 0000 O1]

Graph:

20x05040030x001
Interval: [030 010

Graph:

Q

14.

16.

18.

20.

22.

24.

26.

SECTION 1.7 Solving Inequalities

3xU0110503x0060x 002
Interval: OO0OO 020

Graph: o

l10502x02x05010x02
Interval: OO0O0O 20

Graph:

00502x02x050x0 %

0 0
Interval: 0s

oo,
Graph: .
2

1

503x 0209 06x 0 030X 00,
0 -0

Interval: ool
oo,

Graph: 1

2
20 1x 01 0gx (multiply both sides by 6) O

3 2 6
-1

4D3xD1D6xD3D9xD3Dx

0 0
Interval: -1
[ 3

Graph: 1
3

207x030012x016014x 06 012x 0160
2x 0220x 011
Interval: 0000 11]

Graph:

1

503x040140903x018030x06
Interval: [30 6]

Graph:

113
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27.0603x07080103x0150 1,0x05 28.0805x040500405x09 wogOxO2
d d d
Interval: 10 Interval: 409
5
3 U5 5
Graph: 1 = Graph: 4 9
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29. 020802x0010010002x009050x 09 30.0303x 0751 0010 03x B

Z Z I
9 10 13
DZ—DXDS D?DXDDB
0 0
Interval: 20 Interval: 10013
5
2 Uy %
Graph: 9 ‘5 Graph: 10 13
2 =3 —6
31. % 2X1§ 3 O % 08 0 2x 03 02 (multiply each 32. D% O 40 3x O % O (multiply each expression by 20)
expressmnbylZ)DllDZxDSDllDxms 010040403x0050010016012x 050
2 2
mterval-D5D“ m6ooix001no Boxodooxo B
27 Dll 13D
Interval: 5 5
Graph: 5 11
2 2 Graph: N 1

12 6

33. Ox 020 0x O30 O 0. The expression on the left of the inequality changes sign where x O 02 and where x O 3. Thus we
must check the intervals in the following table.

From the table, the solution set is

Interval b0 D020 | 080 Ox 0 02 0 x 0 30. Interval: 0020300,
Signofx 02 O O O

Signofx 03 0 0 0 Graph: 52 %

Sign of Ox 020 Ox O O 0 0 -

34. Ox 050 0x 040 O 0. The expression on the left of the inequality changes sign when x 0 5and x O 04. Thus we
must check the intervals in the following table.

From the table, the solution set is

Interval 0000 0040 | 050 Ox O x O 0O4or5 0 x0.
Signofx 05 0 0 0 Interval: 0O0DO 04] O [50
Signofx 0 4 O O O oo.

Signof Ox 050 Ox O O O O Graph: > . >

35. x 02x O 70 O 0. The expression on the left of the inequality changes sign where x 0 0 and where x O %7. Thus we
must check the intervals in the following table.

From the table, the solution set is

Interval oo 5 750 0oo - -
2 7 565 xOxOF,or00x .
Sign of x O O O
. 0 g
Signof 2x 017 H H - Interval: OO0 ET—Z O [oooo.
Sign of x 02x O O O O

\ 4

Graph: -
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36. x 02 0 3x0 O 0. The expression on the left of the inequality changes sign when x 0 0 and x D32. Thus we must check the
intervals in the following table.

Erom the table, the sol%tion set is

2 2
Interval ooog 00 < 10

3 3 x Ox 0002 OX
Sign of x | | 0 3 Dz
Sign of 2 0 3x 0 0 0 =
g Interval: 0000010 00 .
Signofx 02 0 O

\ 4

Graph: 5 s
3

37. x203x 018 00 O Ox 030 Ox 060 O 0. The expression on the left of the inequality changes sign where x O 6 and
where

x O 03. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval 0ooo 0030 | 060 Ox O 03 O0x O60. Interval: [J30 6].
Signofx 03 0 0 0

Sign of x 0 6 0 0 O Graph: 5 .

Sign of Ox 030 Ox [ 0 0 -

38.x205x 06 000 0x0300x 020 00. The expression on the left of the inequality changes sign when x O 03 and
x 0O 02. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval gooo 0030 0020 Ox Ox O 0O30or 020 x0O.

Signofx O3 O 0 0 Interval: 0000 030 0O 0020

Signof x O 2 O O O oo.

Signof Ox 030 0x O O O O Graph! —o0————— 0—p
3 2

30. 2x20x 0102x20x010000x01002x 010 00. The expression on the left of the inequality changes sign
where

x 0 01 and where x O % Thus we must check the intervals in the following table.

From the table, the solu%on set is

Interval 0000 ooj | 400 1
. 5| xOx ODOlow™ OXx
Signofx 01 O O O Dl
i -
Signof2x 01 O | |
g Interval: 0000010 ,00 .
Signof Ox 010 02x O O O O
Graph: A —>
- 2

40. x2 0x020x20x 02000 0x 010 Ox 020 O 0. The expression on the left of the inequality changes sign when
x 0O Oland x O 2. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval Hooo bo10 | B20 Ox 0 01 0 x 0 20, Interval: 0010200,
Signofx 01 O O

Signofx 02 0 0 0 Graph: o 3

Signof Ox 010 0x O O O O




118  CHAPTER1 Equationsand Graphs SECTION 1.7 Solving Inequalities 118

41.3x203x 02x2040x%203x 04000 Ox 010 Ox 040 O0. The expression on the left of the inequality changes
sign where x O 01 and where x O 4. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval —— 0010 | 040 Ox 0 01 0 x 0 40, Interval: 0010 400,
Signofx 01 O O O

Signofx 04 O 0 0 Graph: o 31

Signof Ox 010 0x O O 0

42.5x203x 03x20202x203x 02000 02x 010 0x 020 O 0. The expression on the left of the inequality
changes sign when x O 1 and x O D2. Thus we must check the intervals in the following table.

From the table, the solu%on set is

Interval oooog BD% %DD 1
——— O xOx 00206 OX
Signof2x 01 O O O Dl
: -0
Signofx 0 2 0 0 0
g Interval: 00000210 ,00 .
Signof 02x 010 0Ox O | | 0

\ 4

Graph:

43. x2030x 060 0x203x 018 000 Ox 030 0x 060 O 0. The expression on the left of the inequality changes
sign where x O 6 and where x O 03. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval oood o030 0ed Ox O x O 0O30r6 0 x00.

Signofx 03 O 0 0 Interval: 0000 030 O 060

Signofx 06 O O O oo.

Signof Ox 030 0x O O O O Graph: =—o0————0—>
3 6

44. x202x 030x202x 03000 Ox 0300x 010 O 0. The expression on the left of the inequality changes sign when
x O O3 and x O 1. Thus we must check the intervals in the following table.
From the table, the solution set is

Interval oooo 0030 | 010 Ox O x 0 030or10x0O.

Signofx 03 O 0 0 Interval: 0000 030 0 010

Signofx 01 O O O oo.

Sign of Ox 030 Ox O O O O Graph: =—o0———0—>
3 1

45. x2040x204000 0x 0200x 020 00. The expression on the left of the inequality changes sign where x O 002
and where x O 2. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval e 0020 | 020 Ox 0 02 0 x 0 20, Interval: 0020 200,
Signofx 02 O O O

Signofx 02 0 0 Graph: o %

Signof Ox 020 0x O d O O
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46. x2090x2090000x0300x 030 00. The expression on the left of the inequality changes sigh when x O 03
and

x O 3. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval 0oo0- 0030 | 030 Ox O x O 0O3o0r3 0 x0.
Signof x 0 3 0 | O Interval: 0000 03] O[30
Signofx 03 O O O oo.

Signof Ox 030 0x O O O O Graph: >
- 3 3

47. Ox 020 0Ox 010 0x 030 O 0. The expression on the left of the inequality changes sign when x O 02, x 0 1,and x O
3.

Thus we must check the intervals in the following table.

Interval 0000 0020 | 010 | 030
Signofx 02 O O O O
Signofx 01 O O O O
Signofx 03 O O O O
Sign of Ox 020 Ox 010 Ox 0 0 0 0

From the table, the solution setis Ox O x O 02 or1 0 x O 30. Interval: D000 02]0[10 3]. Graphe
2

48. Ox 050 0x 020 Ox 010 O 0. The expression on the left of the inequality changes sign when x 0 5, x 0 2, and x O
01.

Thus we must check the intervals in the following table.

Interval gooo o010 020 050
Signofx 05 O O O O
Signofx 02 O O O O
Signofx 01 O O O O
Sign of Ox 050 Ox 0 20 Ox O O O O
From the table, the solution setis Ox 0O 01 O x O 2or5 O x0O. Interval: 0010200050 DD.Gr?ph:—g—g—>

49. DOx 040 0Ox 0202 00. Note that Ox 0 202 00 forall x O 02, so the expression on the left of the original inequality
changes sign only when x O 4. We check the intervals in the following table.

From the table, the solution set is

Interval 0ooo 0020 | 040 Ox O x 0 02and x 0 40. We exclude the
Signof x 0 4 0 0 0 endpoint 02 since the original expression cannot
Sign of Ox 0 202 O O O be 0. Interval: 0000 020 O 0020 40.
Signof Ox 040 Ox O O O O Graph: o

2 4
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50. Ox 0302 Ox 010 O 0. Note that Ox 0302 O 0forall x O 03, so the expression on the left of the original inequality
changes sign only when x O 01. We check the intervals in the following table.

From the table, the solution setis Ox O x O

Interval — nosn SRS 010. (The endpoint O3 is already excluded.)
Sign of 0x 0 30° . . . Interval: DO 100 0.

Signofx 01 0 0 0

Sign of Ox 0302 0x O 0 0 O Graph: o >

51. Ox 0202 0x 030 Ox 010 O 0. Note that Ox 0202 O 0 for all X, so the expression on the left of the original
inequality changes sign only when x 0O 01 and x O 3. We check the intervals in the following table.

Interval oooo 0010 020 030
Sign of Ox 0 202 O O O 0
Signofx 03 0 0 0 0
Signofx 01 0 0 0 0
Sign of Ox 0202 Ox 030 Ox 0 0 0 O

From the table, the solution setis Ox O 01 O x O 30. Interval: [010 3].
Graph: 1 3

O O
52. x2 x201 000Ox20x0100x 010 O 0. The expression on the left of the inequality changes sign when x 0 01

and

x 0O 0. Thus we must check the intervals in the following table.

Interval oooo o010 | Do | 01D
Sign of x2 0 0 O O
Signofx 01 O O O O
Signofx 01 O O O O
Signofx2 x201 O O O O

From the table, the solution setis Ox 0 x O 01, x 0 0, or 1 0 xO. (The endpoint 0 is included since the original expression

is allowed to be 0.) Interval: 0000 01] O 000 O [10 O0. Graph:—o—:)—o—>
1 1

0 0
53.x304x 000x x204 000x0Ox 0200x 020 O 0. The expression on the left of the inequality changes sign

where

x 00, x O 02 and where x 0O 4. Thus we must check the intervals in the following table.

Interval good 0020 0ono 020
Sign of x O O O O
Signofx 02 O O O O
Signofx 02 O O O O
Signof x Ox 020 0x O O O O O

From the table, the solution setis Ox 0 02 0O x O 0orx O 20. Interval: 0020000020 O0.-Greph—o—— 00—
2 0 2
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0 0
54.16x Ox3000x3016x Ox x2016 O x Ox 040 Ox O 40. The expression on the left of the inequality changes

sign

when x O 04, x 00, and x O 4. Thus we must check the intervals in the following table.

Interval oooog 0040 | 00O | 040
Signofx 04 O O O O
Sign of x O O O O
Signofx 04 O O O O
Signof x Ox 040 0x O O O O O
From the table, the solution setis Ox 0O 04 O x O 0or4 O xO. Interval: [0400]0[40 OO. Grapl?l:—a—z—>
x 03 . . . . 1
55. w1 0 0. The expression on the left of the inequality changes sign where x [0 003 and where X O %. Thus we must

check the intervals in the following table.

7 From the table, the solution set is
Interval 0000 30 % no O o _
o x Ox O0O3orx & . Since the denominator
Signofx 03 O O O )
Signof2x 01 0 0 0
1
Sian of x03 O ad ad
01
cannot equal 0, x O 5.
Interval: 0000 03] 05 100 .
Graph: —¢— >
3 H
40X . . . .
56. 04 0 0. The expression on the left of the inequality changes sign when x O 04 and x O 4. Thus we must check the
intervals in the following table.
From the table, the solution set is
Ox Ox O 0O4orx O40.
Interval nooo bo4d | 04d Interval: 0000 040 O 040
Signof 4 O x O O O oo.
Signofx 0 4 O O O
40 x Graph! —o0——— 0y
i J— 0 0 0
Sign of oy 4 4

40x . . . . . .
57. 04 0 0. The expression on the left of the inequality changes sign where x T 04. Thus we must check the intervals in

the following table.

From the table, the solution set is
Ox Ox O040rx O40.

Interval booo 0040 | 040 Interval: 0000 040 0 040
Signof 4 O x O O O oo.
Signofx 0 4 O O O
. 40x Graph; =—o0———o0—>»
Sign of O O O 4 4
x4
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xO1 xO1 xO1 %DDXD 3x 05

5. 020 —— 000 —— 02000 g oono 0 i i i
<03 0 <03 200 « 03 03 0 13 The expression on the left of the inequality

changes sign when x O % and x O 3. Thus we must check the intervals in the following table.

Erom the table, the solution sDet is

5
Interval oo % 413 030
3 3 XxOxF2o0r30x0
Signof3x 05 O O O 3 U
Signof x 03 O O O u 5D
Interval: oot 0 03000.
. 3x 05
Sian of O O a
x O3
Graph: ° —>
3 3
2x 01 2x 01 2x 01 gDDXD Ox [ 16
59. 030 03000 0 ——— 000 ———— [ 0. The expression on the left of the inequality
x5 x5 x5 xQd5 xO5

changes sign where x 0 16 and where x 00 5. Thus we must check the intervals in the following table.

From the table, the solution set is
Ox O x O5o0rx 0O 160. Since the

Interval 0ooo | 050 0160 denominator cannot equal 0, we must have x
Sign of Ox O 16 O O O 0 5.
Signofx 05 0 0 0 Interval: 000050 O [160 O0O.
. Ox 016
Sign of O O O Graph: >
16
30x 30x 30x 30x 2X
60. 010 o1000 O 000 0 0. The expression on the left of the inequality changes
30X 30x 30x 30x 30X P qualtty g

sign when x 0 0 and x [ 3. Thus we must check the intervals in the following table.

Interval oooo | ood | 030 Since the denominator cannot equal 0, we must
Sign of 3 [1 x 0 0 U have x O 3. The solution setis Ox 0 0 O x O
Sign of 2x O O O 30.
. 2X Interval: [00 30
Sign of ad d O : :
g 30X
Graph: o
P 3
4 4 4 x0O 40 x2 020x0020 .
61.§DXD liDOD ;XB—XDOD 2 oono X0 O 0. The expression on the left of the

X

inequality changes sign where x 0 0, where x 0 02, and where x 00 2. Thus we must check the intervals in the following

table.

Interval good 0020 0ono 020
Signof2 0 x O O O O
Sign of x O

Signof21x O

. 020x0020

Sign of X O | 0 0
X
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From the table, the solution setis Ox 0 02 0O x 0 0or2 O xO. Interval: 002000 0 020 0 0.-Grephi——o———0—p
2 0 2



120

CHAPTER 1 Equations and Graphs

3x Ox O

02x 0 3x2

X X X
62. —— O03x 0 -—03x 000 —

xO1

xO1 xDlD

10

xO1
2

xO1

SECTION 1.7 Solving Inequalities

Ox 020
3x0O

xO1

120

0 0. The expression on

the left of the inequality changes sign whenx 0 0, x O O, and x O 1. Thus we must check the intervals in the following

table.
Interval oooo 01004 0,00 00O
Sign of Ox O O O O
Sign of 2 0 3x O O
Signofx 01 O O
Sign of O O O O
x [
O O O
Fram the table, the solution setis x Ox O Olor D2 0x 00 . Interval: 0000010 200
O
3 Uz
Graph: = o
_3
2 2 2 2 xOx 010  2x 20x O x2OxO2x02x 02
. o=010 0=
631Dx 1 x x 01 XDO xOx 010 xOx 010 10 Hon X Ox O Hou
x Ox O 10
10
2
xc0Ox0O2 Ox O200x O . . . .
XOx 01D 00 ——— 00 The expression on the left of the inequality changes sign where x O 02, where
x Ox O
10
x 0 01, where x 0 0, and where x O 1. Thus we must check the intervals in the following table.
Interval oood o020 o010 goo 010
Signofx 02 O O O O O
Signofx 01 O O O O O
Sign of x O O O O O
Sign of x [0 1 0 0 0 o 0
Sign of Bxp20mxn O O O O O
10

Since x O U1 and x O 0 yield undefined expressions, we cannot include them in the solution. From the table, the solution

setisOx 0 02 0x O 01or00x O10. Interval: [020 010 O 000 1].

Graph:
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3 4 3 4 3x 40x 010 x0Ox O 3x 04x 04 0x20x
64.XD1D;D1DmD;D1DOD)ﬁDXmlD xxo1o 10 noo x Ox 010 nono

xOx O
10

40x2 020x0020 ) ) _ _

Tox O 10 00 —7—— 0 00 The expression on the left of the inequality changes sign when x 0 2, x O D2,

x Ox O
10

x 00, and x O 1. Thus we must check the intervals in the following table.

Interval good o020 0oo 010 020
Signof2 O x 7 7 O ' O 7 O O
Signof2 O x O O O O O
Sign of x 0 0 0 0 0
Signofx 01 0 0 0 0 0
SiDgnof—DZDXD nzo O O 0 O O
X

Since x 00 0 and x O 1 give undefined expressions, we cannot include them in the solution. From the table, the solution set

isOx 0020x00or10x O20. Interval: [02000 U 010 2]. —e——0—o0—e—>

Graph: 0o 1 2
2
6 6 6 6 6X 60x 010 x0Ox 0O
o= - 0=
65'XD1 xDleDl xDlDODﬁDxDID ﬁDXDlD 10 Hom
xOx O
10
2 2 OOx 0300x 0
6x O6x 06 0xc0X 00 0x DXDGDOD 3 00, The
x Ox 010 x Ox O 20
10 x Ox O
10

expression on the left of the inequality changes sign where x O 3, where x O 02, where x 0 0, and where x O 1. Thus we

must check the intervals in the following table.

Interval godd 0020 0ono 010 030
Signof Ox O3 O O O O O
Signof x O 2 O O O O O
Sign of x O O O O O
SignofxTOL O O O O O
giDgnofDDxDBDDXD 0 0 0 0 0

From the table, the solution setis Ox 0 02 O x O00or1 O x O 30. The points x 00 0and x O 1 are excluded from the
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solution set because they make the denominator zero. Interval: [020 00 O 010 3]. Graphie————o0—o0———>
2 0 1 3
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66.

67.

CHAPTER 1 Equations and Graphs
X X 5 x Ox O 20
0 — 0 ——
2 XD1D4D2 XD1D4DOD-1—D . 5
20x 0
10
x2 07x 018 00 Ox 090 0x O
20x 010 20
20x 0
10

4020 0x O

U

ZDéDlD 20x 0O

10

and x O 01. Thus we must check the intervals in the following table.

oo0no

SECTION 1.7 Solving Inequalities

x20x01008x 08

20x 0O
10

Interval gooo 0020 o010 090
Signofx 09 O O O O
Signofx 02 0 0

Signofx 01 0 0

sign of DX 0 90 BX D 0 0 O O
20

From the table, the solution setis [x [ 02 0 x O D1 or9 0 x 0. The point x O 01 is excluded from the solution set

because

it makes the expression undefined. Interval: [020 010 O [90 O0O.

Graph:

xDZDxmlD XDZDXDIDOD Ox 0O200x 0

x03 xO02 x0O3 x0O2 200 0
Ox O0300x 0
20

2 2 02x 01
x¢040xc02x03 000

Ox 0O300x 0 Ox 0O300x 0
20 L 20

OxO100x O

Ox 0O200x O
30

oo0no

0 0. The expression on the left of the inequality

123

oono

0 0. The expression on the left of the inequality changes sign when x 00 9, x 0 02,

changes sign where x 0 0 5, where x O 03, and where x 0 2. Thus we must check the intervals in the following table.

Interval 0ooo o30o, | 0,02 020
Signof 02x O 1 O O
Signofx 03 O O
Signofx 02 O O

. —O2xot—
Sign of O O O O

g Ox 030 0x 020

0 0 0
Interval: 300! 0 02000,

Erom the table, the solution set is x 0 03 0 x O olor20x
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68 1 0 1 qJ00 x 02 0 xO1 q00 xDZDxDlDOD 2x 03 00, Th
x0O1 x 02 OxO100x O OxO100x O Ox0100x O Ox 0100x 0 ' €
20 20 . 20 20

expression on the left of the inequality changes sign when x 0 O, x 0 01, and x 0 D2. Thus we must check the intervals

in the following table.

Interval ooog 020 L 0,0 01 0010
Signof2x 03 O O O O
Signofx 01 O O O O
Signofx 02 O O O O
. 2x 03
Sign of —— ™ 0 0 0 0
g UXo1oo0x 21

0 0
From the table, the solution setis x O x O 02 or Dz3 Ox 001 . The points x 0 02 and x O 01 are

excluded from the solution because the expression is undefined at those values. Interval: 0000 020 O oot

Ha
Graph: ™ 3 ©
2 s 1
Ox 0100x O O . L . .
g% ——— 0. Note that 0 0 for all x. The expression on the left of the original inequality changes sign
0x 202
Ax 0202

when x O 02 and x O 1. We check the intervals in the following table.

Interval good 0020 010 020
Signofx 01 O O O O
Signofx 02 O
Sign of Ox [ 202 O
ginofDXDlDDXD 0 0 0 0

From the table, and recalling that the point x O 2 is excluded from the solution because the expression is
undefined at those values, the solution setis Ox O x O 02 orx O 1and x 0 20. Interval: 0000 02] U [1020 O
020 00.

Graph: —e———————¢—o0—>
2 1 2



126  CHAPTER1 Equationsand Graphs SECTION 1.7 Solving Inequalities 126

02x 010 Ox 02 . ) . .
70. D el xXe 0 0. Notethat 0302 0 0forall O 3. The expression on the left of the inequality changes sign

30 Ox X
x4

when x O % and x 0 4. We check the intervals in the following table.

Interval 000~ —2D3 030 040
Signof2x 01 O O O O
Sign of Ox 0302 O
Signofx 0 4 O

. 02x 010 Ox 02
Sigh of —mM8M8M8m ¥ — O O O O
30

0 0
From the table, the solution setis x Ox O3 andzl 0O x 04 . We exclude the endpoint 3 because the original expression

O O
cannot be 0. Interval: 03 [0 03040, Graph:? o—o
2

0 0
7L.x*0x20x*0x2000x%2 x201 00O0x20x0100x 010 O0. The expression on the left of the
inequality changes sign where x [0 0, where x 0 1, and where x 00 0J1. Thus we must check the intervals in the

following table.

Interval oooo 0010 | oo | 010
Sign of x2 0 0 O O
Signofx 01 O O O O
Signofx 01 O O O O
Sign of x2 Ox 0 10 Ox 0 0 0 0 O
From the table, the solution setis Ox 0 x 0 Ol or1 O xO. Interval: 0000 010 0 010 0O0. Greph———o—>
1 1
d d d d
72.x°0x20x°0x2000x% x301 00O0x20x010 x20xO1 00, The expression on the left of the inequality
o
10, 0102 04010 010 . Dag
changes sign when x 0 0 and x O 1. But the solution of x2 O x 01 O Oare x O > —
01d

Since these are not real solutions. The expression x2 O x O 1 does not change signs, so we must check the intervals in the
following table.

Interval oooo 0oo | 010
Sign of x2 O O O
Signofx 01 O O O
SignofoDxDI O O O
Signof x2 Ox 010 x2 0 x O O O O

Y

From the table, the solution setis Ox O 1 O x0O. Interval: 010 O0. Graph:
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74.

75.

76.

77.
O

78.
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g
For 16 O 9x2 to be defined as a real number we must have 16 0 9x2 0 0 0 04 0 3x0 04 0 3x0 0 0. The expression in
the inequality changes sign at x4 4 and x., 3 4,
4
Interval 00004 Ogl, a0C
Sign of 4 O 3x O
Sign of 4 O 3x | |
Signof 04 0 3x0 040 | |

4 4
Thus O3 O x O 3.
0
For 3x2 05x 0 2 to be defined as a real number] we must have 3x2 0 5x 02 [0 0 0 03x 0 20 Ox 0 10 0 0.

The expression on the left of the inequality changes sign whenx»[ 2 and x O 1. Thus we must check the intervals in
the
following table.

Interval 000+ s01 | 010
Signof 3x 0 2 0 0 0
Signofx 01 O O
Signof 03x 020 0Ox O O
Thus x O %orl O X.
For ———— 2 to be defined as a real number we must have x2 05x 014 00 0 Ox 0700x 020 0 0. The
x2 05x 014

expression in the inequality changes sign at x 0 7 and x 0 0O2.

Interval oooo 0020 | 070
Signofx O 7 O O O
Signof x O 2 O O

Signof Ox 070 0x O O O O

Thus x O 02 or 7 O X, and the solution set is 0000 020 O O70 00O,

X . 10x
=—— to be defined as a real number we must have
20X 20x

For41D

0 0. The expression on the left of the inequality changes

sign when x O 1 and x O 02. Thus we must check the intervals in the following table.

Interval oooo 0020 010
Signof 1 O x O O O
Sign of 2 0 x O O O
10x
i - g g g
Sign of 5T x —

Thus 02 O x O 1. Note that x 0 02 has been excluded from the solution set because the expression is undefined at that

value.
0 0
bc bc 1 bc c c c ¢
aUbx OcO O bc (wherea,b,c00)O0bx Oc Obx O OcOx0O Oc O-0 Ox0O O
a a b a a b a b
auc 2alc
Wehavea O bx Oc O 2a,whereab,c000a0dcObxJ2a0cO Ux o

b b
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79.

80.

81.

82.

83.

84.

85.

86.

. 000004
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Inserting the relationship C 0 3 OF 0320, wehave 20 0 C 030020 Oy OF 0320 030036 0 FO32 0540
68 (1 F [ 86.

Inserting the relationship F 0 $C 032, wehave 50 0 F 0950500 % 032095018 0 °¢ 0630100 C O 35.

Let x be the average number of miles driven per day. Each day the cost of Plan A is 30 O 0010x, and the cost of Plan B is
50. Plan B saves money when 50 0 30 0 00J10x 0 20 O 001x 0 200 O x. So Plan B saves money when you average more
than 200 miles a day.

Let m be the number of minutes of long-distance calls placed per month. Then under Plan A, the cost will be

25 0 0005m, and under Plan B, the cost will be 5 0 0012m. To determine when Plan B is advantageous, we must solve
2500005m O 500012m 020 O 0007m O 28507 O m. So Plan B is advantageous if a person places fewer than
286 minutes of long-distance calls during a month.

We need to solve 6400 O 00035m [0 2200 O 7100 for m. So 6400 00 00035m 0 2200 00 7100 O 4200 O 00J35m O 4900
0

12,000 O m O 14,000. She plans on driving between 12,000 and 14,000 miles.

@ TO200 % where T is the temperature in 7 C, and h is the height in meters.

(b) Solving the expression in part (a) for h, we geth 0 100020 0O T. So0 0 h J 5000 0 0 J 100 020 O T O 00 5000
g

002007 05000200 0T 030020 0T O 030. Thus the range of temperature is from 208 C down to
030” c.

(@) Let x be the number of $3 increases. Then the number of seats sold is 120 O x. So P 0 200 [J 3x
O03x OPO2000x O 135P [0 2000. Substituting for x we have that the number of seats sold is
120 0x 01200 Lop o200, o, tp 560,

3 3 3
(b) QODD%PDQSQD115D270D360DPD200D345D270DDPD560D345DD290DDPDD215D

290 O P [0 215. Putting this into standard order, we have 215 [0 P [0 290. So the ticket prices are between $215 and
$290.

If the customer buys x pounds of coffee at $6(150 per pound, then his cost ¢ will be 60150x. Thus x B%SDS' Since the

scale’s accuracy is 00003 Ib, and the scale shows 3 Ib, we have 3 0 00003 O x 0 3 00003 O 2D97—§‘|— 605 0 3003 0O

0605002097 0O ¢ O 0605003003 0 1900305 O ¢ O 1901695. Since the customer paid $190150, he could have been
over- or

undercharged by as much as 1905 cents.

4,000,000
d2

0 0001. Since® O 0andd O 0, we can multiply each expression by d2 to obtain
000004d2 O 4,000,000 0 0001d2. Solving each pair, we have 000004d? O 4,000,000 O d2 O 10,000,000,000
O d O 100,000 (recall that d represents distance, so it is always nonnegative). Solving 4,000,000 0 0001d2 O
400,000,000 O d2 0 20,000 O d. Putting these together, we have 20,000 O d O 100,000.
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600,000 . .
- 20300 ) 590 0 600,000 O 500 x2 0300 (Note that x2 0 300 O 300 O 0, so we can multiply both sides by the
denominator and not worry that we might be multiplying both sides by a negative number or by zero.) 1200 O x2 0 300 O

00 x%20900 00 0 Ox 0300 0x 0300. The expression in the inequality changes sign at x 0 30 and x O 030.
However, since x represents distance, we must have x 0 0.

Interval ooo 0300
Signof x 030 ”D O
Signof x 030 O O
Signof Ox 0300 Ox O O O

So x 0 30 and you must stand at least 30 meters from the center of the fire.

0 0
89. 128 016t 0 16t2 0320 016t2 016t 096 000 016 t20t06 [ 00 0160t 030 Ot 020 O 0. The expression

on the left of the inequality changes sign at x [0 J2,att [ 3,and att [0 02. However, t 0 0, so the only endpointist O 3.

Interval 0oo | 030
Sign of (116 0 0
Signoft 03 O O
Signoft 02 O O
Signof 016 0t 0300t O 0 0

So00OtOa3.

90. Solve 30 [0 10 0 0090 0000102 for 10 O O O 75. We have 30 0 10 0 0090 0 000102 0 000102 00090 O 20
000
00010 04000010 O50 O 0. The possible endpointsare 0010 040000010 0400 U40and0010 0500
00010 05

00O O 50.
Interval 0100 0400 0500
Signof 0010 O 4 O O O
Signof 0010 O 5 O O O
Sign of 00010 040 g 0 0

Thus he must drive between 40 and 50 mi/h.
2
0 1 2 0 1 0
91.240 0 O D?O Up0 000240000 5003000800 O 0. The expression in the inequality changes sign at

0 0O 60and O O 080. However, since O represents the speed, we must have 0 0 0.

_Interval 0oo 0600
Sign of %OD 03 O O
Signof O 0 80 O O
Signof 1003 OODO 0 O

So Kerry must drive between 0 and 60 mi/h.
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g g
92. Solve 2400 0 20x 0 2000 O 8x [ 0010025x% [ 2400 [ 20x 0 2000 0 8x [ 000025x? [ 000025x2 [ 12x 0 4400 0

0

0 0000025x 0O 10 Ox 044000 O 0. The expression on the left of the inequality changes sign whenx O 400 and x O
4400. Since the manufacturer can only sell positive units, we check the intervals in the following table.

Interval ooo 04000 044000
Sign of 000025x O 1 O O O
Sign of x 0O 4400 O O O
Sign of 0000025x O 10 Ox O O O O

So the manufacturer must sell between 400 and 4400 units to enjoy a profit of at least $2400.
93. Let x be the length of the garden and O its width. Using the fact that the perimeter is 120 ft, we must have 2x 0 20 0O 120
0 O O 60 O x. Now since the area must be at least 800 ft?, we have 800 [ x 160 0 xJ 0 800 O 60x 0 x? O

x2 0 60x 0800 0 00 Ox 0200 Ox 0400 O 0. The expression in the inequality changes sign at x 0 20 and x O
40. However, since x represents length, we must have x 0 0.

Interval 0od 0200 0400
Sign of x 0 20 0 0 0
Sign of x 0 40 0 0 0
Sign of Ox 0200 Ox O | | 0

The length of the garden should be between 20 and 40 feet.

94. Casel:a0b 00 Wehaveada Jalb,sinceal10,andbCallb0Ob,sinceb10.S0a20allb0b?,
thatisa O b 00O a2 O b2 Continuing, we havea O a2 0 a O b2, sincea O 0and b2 O a O b2 O b, since b2
00. Soad Dab?2 0b3. ThusaObOo0Oa30b3 SoadbO0Oa Ob",ifniseven, anda” O b, if n is odd.

Case2:00aldb WehavealaOdaOb,sincead0,andb0adb0b,sinceb 00 Soa2 0alb0b? Thus
00

a b Oa? b2 Likewise, a2 la D a20bandbOa? 0 b0b? thusad 0b3. So0 DadbOan ob", forall
positive integers n.
Case3:a000b Ifnisodd,thena” O b", because a" is negative and b" is positive. If n is even, then we could have
either a" 0 b" or a" O b". For example, 01 0 2 and 00102 0 22, but 03 0 2 and 00302 O 22.

95. The rule we want to apply hereis“a O b Jac Obcifc O00anda O b O ac O bcifc 00 Thus we cannot simply

multiply by x, since we don’t yet know if x is positive or negative, so in solving 1 O 3 we must consider two cases.

Case1: x 00 Multiplying both sides by x, we have x 0 3. Together with our initial condition, we have 0 O x O 3.
Case 2: x 0 0  Multiplying both sides by x, we have x 0 3. But x 0 0 and x O 3 have no elements in common, so this
gives no additional solution.
Hence, the only solutions are 0 O x O 3.

96. a Ob,sobyRulel,a0c 0b Oc. Using Rule 1 again, b O ¢ O b 0 d, and so by transitivity,a O c O b Od.

97. % 0 g so by Rule 3, d% 0dé o ad O c. Adding a to both sides, we have %

q b Oa O ¢ O a. Rewriting the left-hand

. ad ab aObO . . a _aOcT
5|deas_b_ -5 - d0 and dividing both sides by b O d gives b O bOd
b

ch ctbO alc c
d.a P
d

OcO ) 0

Similarly,a Oc O bOd q
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1.8 SOLVING ABSOLUTE VALUE EQUATIONS AND INEQUALITIES

© 0O N o o

10.
11.
12.
13.

14.

15.
01;

16.

18.

19.

20.

21.

22.
01

23.

. The equation OxO O 3 has the two solutions 03 and 3.
. (8) The solution of the inequality Ox 0O O 3 is the interval [030 3].

(b) The solution of the inequality Ox 0 O 3 is a union of two intervals D000 03] O [30 OO,

. (a) The set of all points on the real line whose distance from zero is less than 3 can be described by the absolute value

inequality Ox0O O 3.

(b) The set of all points on the real line whose distance from zero is greater than 3 can be described by the absolute value
inequality Ox0O O 3.

. (8) 02x 0 10 O 5is equivalent to the two equations 2x 01 0 5and 2x 0O 1 O 0O5.

(b) 03x 020 O 8isequivalentto 08 0 3x 02 I 8.

. 05x0 020 05x 0 020 0x O O4.

. DD3x0 010 0 03x 0 010 0 xu 1.

. 50x003028050x0 0250 0x0 050x 005
Ctoxop7025x0090 0x0 0180 x O 018,

. Ox 030 0 2isequivalenttox 030 020x03020x Olorx O5.

02x 030 0O 7isequivalenttoeither2x 03 0 702x 0100 x O 5;0r2x 03 0 07 0 2x O 04 O x O U2. The two
solutions are x O 5and x O O2.

Ox 040 0005 isequivalenttox 04 0 00050 x 0 0400050 x O 04050r x O O305.
Ox 040 O 03. Since the absolute value is always nonnegative, there is no solution.

02x 030 O 1lisequivalenttoeither2x 13 011 02x 014 0x O 7;0r2x 03 0 011 02x 0 080 x O 04, The
two solutions are x 00 7 and x O 4.

02 O x0O O 11 isequivalentto either2 O x 011 0O x 0 09;0or2 0 x 0 011 0 x O 13. The two solutions are x 0 (09 and
x 0O 13.

4003x 0600100030600 030 03x 060 O 3, whichisequivalenttoeither3x 06 03 03x 0 030x O

or3x 06 0 0303x 009 0x O O3. The two solutionsare x 00 Ol and x O O3.
0502x0 06 014 0 050 2x0 O 8 which is equivalent to either 50 2x 08 0 02x 030X D@?’;orSDZx goso

02x 00130 x O 18 The two solutionsare x 00 Sandx O 13
VA 2 Vi

.30x 05006 015030x 050 090 Ox 050 O 3, which is equivalentto eitherx 0503 0x O 02;0orx 050 03

x O 08. The two solutions are x 0 02 and x O 8.
200 02x 040 0150 02x 040 O 05. Sinﬁf} the absglute value is always nonnegative, there is no solution.
1 5 1 5 1 5 _
80 5D_3%D_6D 03305138 6DEE 250 D@x 0 GD 0 5, which is equivalent to either 1x 0 ° 050 1xg0 ¥ O
25 35

x 0 3 1 5 1 25 25

. 'Z';DO"EX Us DDDS O 3—XDD OsOx0O0 2—.Thetwoso|utionsarex oo Z—and X o,

3Ex 025 81 04 mE%x 0270 © which is equivalent to either 3x 0247 © £1 3x 51 5 Ox %% ¢ 3x 0208 D

2 2 2 65
3 13 65

sx 00> 0Ox00 6—.Thetwoso|utionsarex O s and x O O 6

3
Ox 010 O 03x 020, which is equivalent to either x 01 0 3x 02 0 02x 0 3 0 X O-0,,0orx010 0030200

xO01003x0204x 0010x 00 ,4The two solutions are x 0 O, 4ndx 0 0,2
Ox 030 0 02x O 10isequivalenttoeitherx 03 02x 010 0x 0 020x 0 2;0orx03 0 002x 010 0x 03 O 02x

03x 0 04 0x 0 044The two solutions are x [ 2and x [0 [ 52
OxO 050 050 x 0O5. Interval: [O505].
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24, 02x0 020 0 020 0 2x 020 0 010 0 x 0 10. Interval: [01007 10].
25. 02x0 O 7isequivalentto2x 07 0x 0 7;or2x 0070x 00 . Inteval: 007 0 ‘00 .

7 7 N

26. % OxO 010 0xO O 2isequivalenttox O 2 orx O 02, Interval: 0O00 02] 0 [20 O0O.

27. Ox 040 O 10isequivalentto 010 O x 04 010 0 U6 O x O 14. Interval: [060 14].

28. Ox 030 O 9isequivalenttox 03 0 090 x 0 U6;0orx 0309 0x 012. Interval: 0000 060 O 0120 O0.

29. Ox 010 0O lisequivalenttox 01 010x 00;orx 010 010x O 02 Interval: DOO0O 0U2] O [00 DO.

30. Ox 040 O Oisequivalentto Ox 040 000 x 04 00O x O 04, The only solution is x 0 04,

31. 02x 010 O 3isequivalentto2x 01 0 03 02x 0 040 x O 0J2;0r2x 01 03 02x 02 0x O 1. Interval:
ooooo2]o[looo.

32. SSX 020 DD 7isequivalentto3x 02 0 07 03x D 0O50x O E§5;or3x 020703 090x O 3. Interval:
DO000; 003000

33. 02x 030 00040000402x030004020602x 030401030 XDD 107. IDntervaI: [1030107].

4 8 4 8
34. O5x 020 06 0 06 05X 2D6DD4D5XD8DD5DXDB.IntervaI: Ugl-g .

0
ox o2 xO2
d d
35. O30 020020 020060x02060040x 08, Interval: D040 80.
3
d d
x0O1 . D

3.

L§4D S0 @4D1DXD1DD4D Ox 010 O 8 which is equivalent to either x 011 0 8 O x O 7; or
Sl

x010080x 009 Interval: 0000 O9] 0 [7000.

37. Ox 060 000001 O 000001 O x 06 000001 0 060001 O x O 1050999. Interval: 00600010 J5019990.

3. O0xDal00dO0OdOxOJDalOdOaOd Ox Oadd. Interval: JaOdOaOdd0O.
39.40x02003013040x02001600x020040040x02040060x 02. Interval: OO60 20.

40.3002x 040 010002x 040 0 020 02x 040 O 2 which isequivalenttoeither2x 0402 02x D 020x O
01; or

2x0400202x 006 0x 003, Interval: 0000 03] 0 [010 OO,

41.8DD2XDD1D DDGDDDZXDMDDzmmzxmm5255252x515255152xm3§52Dx§D ’

Interval: 103 . -
Uz 2
42. 70x0200504070x02000100x020-00 L Since the absolute value is always nonnegative, the
inequality is true for all real numbers. In interval notation, we have DO 00 O0.

g g g d
1 1 5 1 5 \which is equi ; 175 o4 1. 1 5
43. 5 B x ak H 3°0 H4(? BSD  which is equivalent to either 4x [ * [ > D 4x [ * O x G *; or 4x D3 0Do3 0

0 0o 0 -
4x 002 0x 0 0L, Interval: ool o oo,
7 I _
a 0 0 0 0
o1 0 . 0 -7 0 q
44.2 X037 0305102 x03- 0480 xO3 02400240 0302400270 1x 0210054 0x 042
%‘2 %2 ) 0 2 2

Interval: [0540 42]. - -

45. 1 0 0Ox0O O 4. Ifx 00, then this is equivalentto 1 0 x 0 4. If x 0 0, thenthisisequivalentto1 0 Ox 040010 x O
04

004 0x O 0O1. Interval: [040 01] O [104].
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46. 00 Ox 050 0 1. Forx O 5, thisis equivalentto 01 Ox 050 1 0% 0x 0 1. Since x O 5 is excluded, the solution

S5 0 o b3 2 2 2 2
9
—11
,5 0 500,
! - 1 1 15 13
47. %2D1D2DxD7D(xDD7)DDXD7DD1D OxO70 OO0 0Ox0O00O andx OO7.
2 2 2 2 2
DxD?DD N . 3
Interval: DDD7 d EDD

O o~
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4. 1 05010 02x030, since 02x 030 0 0, provided 2x 03 0 00 x O 3. Now for x O 3, we have

02x 0 30 - 2 2
5 1 16 8 1 14 7
1

g O U2x O30 isequivalenttoeither ; 02x 03 & O02x 0 0 x;0r2x03 0 0, 02x 0 5 Ox O 5.

O
O O _
Interval: o’ o 8oo .
U s &
49, OxO O3 50. OxO O 2 51.0x 07005 52.0x 02004
53. OxO O2 54.0x0 01 55.0x0 O3 56. Ox0 O 4

57. (@) Let x be the thickness of the laminate. Then Ox 0 0000200 0O 00J003.
(b) Ox 0000200 000003 0 000003 [ x [J 00020 J 00003 0 001017 O x 0 00J023.
|

hog - h 068012
68012
58. j—5z—H 020020 (200508 0 h (16802 05008 [1 62004 0 h [ 7400. Thus 95% of the adult males
are
9 9

between 6204 in and 7400 in.

59. Ox 010 is the distance between x and 1; Ox O 30 is the distance between x and 3. So Ox 010 O Ox O 30
represents those points closer to 1 than to 3, and the solution is x O 2, since 2 is the point halfway between 1 and 3. If
a O b, then the

solutionto Ox Jald O Ox ObO is;aeB—b 9

1.9 SOLVING EQUATIONS AND INEQUALITIES GRAPHICALLY

1. The solutions of the equation x2 02x 03 0 0arethe x-intercepts of the graph of y O x202x 03.

2. The solutions of the inequality x2 0 2x O 3 O 0 are the x-coordinates of the points on the graph of y O x2 O 2x O 3 that lie
above the x-axis.

3. (a) From the graph, it appears that the graph of y 0 x* 0 3x3 0 x2 0 3x has x-intercepts [11, 0, 1, and 3, so the solutions
to the equation x4 03x3 Ox203x D Oarex 0 01, x 00, x O 1,and x O 3.
(b) From the graph, we see that where 01 0O x 0 0 or 1 O x O 3, the graph lies below the x-axis. Thus, the inequality
x4 03x30x%203x O0issatisfiedfor Ix 0 01 Ox 00orl0x 030 0[0100]0
[103].
4. (a) Thegraphsof y 0O 5x O x2 and y O 4intersectat x 0 1and at x O 4, so the equation 5x O x2 [ 4 has solutions x 0 1
and x O 4.
(b) The graph of y O 5x O x2 lies strictly above the graph of y 0 4 when 1 O x O 4, so the inequality 5x 0 x2 O 4 is
satisfied for those values of x, thatis, for Ox 0 1 0 x 0 40 O 010 40.

5. Algebraically: x 014 0 5x 012 0 016 O 4x O x O 04, 6. Algebraically: ;x 030602x0090 32x 0Ox 0O 6.
Graphically: We graph the two equations y; U x 0 4 and Graphically: We graph the two equations y; U $x 03and

0 5x 0 12 in the viewing rectangle [0604] b
y2 d gl 1by y2 6 12 in the viewing rectangle [ 1001 5] by

[01002]. Zo onisx O 04.

[0100 5]. Zooming in, we see that the solution is x O 06.

Y
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0 0
7. Algebraically: ; 0 % 0702x ; 0 % 5725( 8. Algebraically: % 0 % 0 %‘
. 0 4 6 0 0 5 0
0401014x0x 0 gEDxD mﬂg ZDDZXDXD x4 U
2 1

Graphically: We graph the two equations y; 0 [ ZDX 040 0 Ox D20 060 0 x 050 [ 8x [ 6x [J12 [ 5x

and y, O 7 in the viewing rectangle [020 2] by [020 01203x 004 OX.

8]. Graphically: We graph the two equations
ggosrgmg in, we see that the solution is x O Vi 4 6 and y; in the viewing
0——0—=— 0—-
\ x02  2x 2x 04

rectangle [(0501 5] by [[J100) 10]. Zooming in, we see that
5 there is only one solution at x [J (4.

0
9. Algebraically: x2 032 000x2 0320 10. Algebraically: x3 016 000 x3 0 016 O x O 02 2._

0 0
xdo 32004 2 Graphically: We graph the equation y 0 x3 [0 16 and

Graphically: We graph the equation y; 0 x2 0 32 and determine where this curve intersects the x-axis. We use

determine where this curve intersects the x-axis. We use the viewing rectangle [050 5] by [050 5]. Zooming in,
the viewing rectangle [0100 10] by [050 5]. Zooming we

in L
. ' see that the solution is x 0 02052,
we see that solutions are x 0 5066 and x 00 05066.

11.

4+t 4T
2+ 2T
1 1 1 1
L n 1 1 T T T T
T T 1
20 B 7 10 A2, 208
21
-4
4

Algebraically: x2 09 00 O x2 0 09, which hasno real ~ 12. Algebraically: XD2 0302xO0x202x03000

solution.

Graphically: We graph the equation y [ x2 [ 9 and see

that this curve does not intersect the x-axis. We use the
viewing rectangle [050 5] by [050 30].

30

20

000200 HBR0204010 20 Y08

XD 2010 2010
0

4 2 2 4
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Because the discriminant is negative, there is no real
solution.

Graphically: We graph the two equations y; O x2 0 3 and
yo O 2x in the viewing rectangle [J40 6] by [060 12],
and see that the two curves do not intersect.

SECTION 1.9 Solving Equations and Inequalities Graphically 135
10 T
5__
472 T 2 4 6
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o 625
13. Algebraically: 16x* 0 625 0 x* 0 %30

17.

5
X5 0
0205.

Graphically: We graph the two equations y; O 16x# and

yo 0 625 in the viewing rectangle [J50 5] by [6100
640].

Zooming in, we see that solutions are x 0 0205.

640 T

630 T

620 T

=% =2 6 2 %

. Algebraically: (x 0504080000 0x 0504 080

4 " 4

5O0x0502%s,

x0O5 0 0780002

Graphically: We graph the equation y; 0 Ox O 504080
and determine where this curve intersects the x-axis. \We
use the viewing rectangle [J10 9] by [050 5]. Zooming
in,

we see that solutions are x [0 20001 and x O 7099.

2+
4+

We graphy O x2 07x 012 in the viewing rectangle [00
6] by [00010001]. The solutions appear to be exactly x
O3andx 0 4. [Infactx? 07x 012 0 Ox 030 0Ox O

40]

SECTION 1.9 Solving Equations and Inequalities Graphically 136
=z
14. Algebraically: 2x5 0243 000 2x5 02430 x5 0 243
o
Oy 5243 356
2 Ho

Graphically: We graph the equation y 0 2x°® [ 243 and

determine where this curve intersects the x-axis. We use
the viewing rectangle [050 10] by [050 5].

Zooming in, we see that the solution is x 0 20J61.

4+
2+

16. Algebraically: 6 0x 0205 064 0 Ox 0205 0 % 0 32

6 3

2t

8_1DXDD2D2—%8T

3 3

Graphically: We graph the two equations y; 0 6 Ox O 20°
and y, O 64 in the viewing rectangle [050 5] by [500 70].
Zooming in, we see that the solution is x 0 000390

70T

no
D
no
'S

18. Wegraphy O x2 0 0075x 000125 in the viewing
rectangle [020 2] by [00010 001]. The solutions
are x 0 0025and x O 0050.

0.1
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19. We graph y O x3 0 6x2 O 11x O 6 in the viewing 20.Since 16x3 016x2 0 x 01 016x3016x20x 0100,
rectangle [J10 4] by [00010 0011]. The solutions we graph y O 16x3 0 16x2 O x O 1 in the viewing
are x 0 1000, x 0 2000,and x O 3000. rectangle [020 2] by [J0010 001]. The solutions are:

i

x 0 01000, x O 00025, and x 0 0025.

1 i
0.1

z ol

= 4
N

o____
21. Wefirstgraphy O x O x 01 in the viewing rectangle [[J10 5] by [D0010001]

find that the solution is near 10J6. Zooming in, we see that solutions is x [J

o O0—_
22.10 x0O 10x20

0 O nl 1 0.01
10 X0 10x2 000Since x is only defined
for x O 0, we start with the viewing rectangle . N . .
[0105] by [O101]. In this rectangle, there '1 i '1 é\[} é 0.0 i 2_' 2 2_'34
-0.01

appears to be an exact solution at x 0 0 and

another solution between x 0 2 and x O 205. -1
We then use the viewing rectangle [2030 2035]

by

-2 -r i
-0.1!
01T
and l
1062. } T } } {
-1 1 2 3 4 5
-0.1

[0000100001], and isolate the second solution

as

x [ 200314. Thus the solutions are x 0 0 and

x 02031,

23. We graph y O x93 O x in the viewing rectangle [030 3] by [010 1]. The

solutions are x 0 01, x 0 0, and x O 1, as can be verified by substitution. \ ! I\

24. Since x102 is defined only for x O 0, we start by
- . - 1 0.01
graphing y O x182 0 x183 0 x in the viewing
rectangle [010 5] by [010 1] OWe see a
solution at x [ 0 and another one between x 0 3 1 1 2 3N\ 5 0.00 335 3.40
and
x 0 305. We then use the viewing rectangle 1 001

[3030304] by [00001000101], and isolate the

second solution as x 0 3031. Thus, the solutions

are
x O0and x O 3031.
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[
25. Wegraphy 0 2x 01 01andy O X in the viewing rectangle [J30 6] by [00 6]

26.

217.

28.

29.

30.

and see that the only solution to the equation
be verified by substitution.

2X01010xisx O4,whichcan

[
Wegraphy 0O 30x O2andy O 10x inthe viewing rectangle [070 4] by
[l
[020 8] and see that the only solution to the equation 3T x 02 010X is

x 0 03056, which can be verified by substitution.

We graph y O 2x# O 4x2 O 1 in the viewing rectangle [020 2] by [050 40] and
see that the equation 2x4 0 4x2 0 1 O 0 has no solution.

We graph y O x8 0 2x3 O 3 in the viewing rectangle [0J20 2] by [050 15] and see

that the equation x® 0 2x3 0 3 O 0 has solutions x O 01 and x O 1044, which can

be verified by substitution.

x3 02x20x 0100, so we start by graphing

the function y 0 x3 0 2x2 0 x 0 1 in the viewing

rectangle [0100 10] by [[01000 100]. There
appear to be two solutions, one near x 0 0 and

another one between x 0 2 and x O 3. We then

grs% the viewing rectangle [010 5] by [010 1]

zoom in on the only solution, x O 2[55.

x4 08x2 02 O 0. We start by graphing the

function y O x4 08x2 0 2inthe viewing
rectangle [0100 10] by [0100 10]. There
appear to be four solutions between x 0 03 and
x 0O 3. We then use the viewing rectangle [050
5] by [010 1], and zoom to find the four
solutions

x 0 02078, x O 00051, x 0 0051, and x O
2078.

6
4
2
2 0 2 4 6
o
R
6 -4 -2 \\4

: :100[ / | : T —— I: ——
-10 54| 5 10 -1_ 1 2(3 4 5
—— Ol , —— : ‘: 1”‘ :’ :
10 5 |\ 5 10 4 | -2 |\ 2| 4

139
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31 x Ox D10 0x 0200 1x O /
10 1
x Ox 010 0x 0260 1x 0 0. We start by - f.
graphing the function y 0 x Ox [ 1D6Dx 0200 . L / l\/
1 in the viewing rectangle [(501 5] by [(1100 -4 2 2 4 2 -1 12
10]. There appear to be three solutions. We then
use the viewing rectangle [02050 205] by [010

1] and

zoom into the solutions at x 00 02005, x O
0000,

and x O 1005.

32. x4 0 16 O x3. We start by graphing the functions y; O x% and y, O 16 O x3 in the viewing rectangle [J100 10] by
[O5040]. There appears to be two solutions, one near x [0 02 and another one near x [ 2. We then use the viewing
rectangle [02040 0202] by [270 29], and zoom in to find the solution at x 00 J20031. We then use the viewing

rectang € [1D7D 1D8] by [GDSD 165 ._J], and reom-into-find-thesotutionat>x 0 1079-
0 29 10.4 N\
0 10.2 /N
28 10.0 /
9.8 /
1 7
9.6 7
A ' ' " 21 '
10 -5 5 10 24 23 -2.2 170 175 1.80
33. Wegraph y O x2 and y O 3x O 10 in the viewing rectangle [J40 7] by [050 30]. U
The solution to the inequality is [J20 5].
20
1
i ————
4 2 1 2 4 6
34. Since 005x2 0 00875x O 0025 O 005x2 0 00875x 0 0025 O 0, we graph
s

y 0 005x2 0 00875x O 00125 in the viewing rectangle [J30 1] by [050 5]

. . L 2T
Thus the solution to the inequality is [[J20 00J25]. > :|
302 1,1 1

4+

35. Since x3 O 11x 0 6x2 06 0 x3 06x2 011x 06 O 0, we graph

y O x3 0 6x2 0 11x O 6 in the viewing rectangle [001 5] by [150 5]. The
solution setis DO 0D 100] U [2000 300].
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36. Since 16x3 0124x2 0 O9x 01 [
16x3 0 24x2 0 9x 01 O 0, we graph
y O 16x3 O 24x2 0 9x O 1 in the viewing

37.

39.

41.

rectangle [030 1] by [050 5]. From this rectangle,
we see that x O 01 is an x-intercept, but it is
unclear what is occurring between x O 0005 and

x 0 0. We then use the viewing rectangle [J10 0] by [J000100001]. Itshows y O 0 at x O 0J00O25. Thus in interval
notation, the solution is 0010 000250 0O 0000250 O0O.

SECTION 1.9

O

Solving Equations and Inequalities Graphically

‘|V 0.01

0.00

-1.0 -0.5

-0.01

0

141

Sincex!P3 Ox Ox!™3 O0x 00, wegraphy O x1B3 0x 38.Since 005x2 01 020x0 0 005x2 01 020x0 0

in the viewing rectangle [030 3] by [0 10 1]. From this, we
find that the solution setis 001000 O 010 O0.

AN

-3

NG

-1

Since Ox 0102 0 0x 0102 00x 0102 00x 0102  40.

00,wegraphy 0 Ox O 102 0 Ox 0102 inthe
viewing rectangle [020 2] by [050 5]. The solution set is

oooooon.

0, we

graphy O DOD5x2 0102 0x0 in the viewing rectangle
[0101] by [010 1]. We locate the x-intercepts at

x 0 000535. Thus in interval notation, the solution
is approximately 0000 000535] 0 [005350 O101.

1

-1%).5

AN
i o.%\l.o

-1

Since Ox 01102 0 x3 0 Ox 0102 0 x3 00, we graph

y O Ox 0102 0 x3 in the viewing rectangle [040 4]
by [0101]. The x-intercept is close to x 0 2. Using a
trace function, we obtain x 0 20148. Thus the solution

is [201480 O 0.

We graph the equations y 0 3x2 0 3x and y O 2x2 [ 4 in the viewing rectangle
[020 6] by [O50 50]. We see that the two curves intersect at x 0 01 and at x 0 4,
and that the first curve is lower than the second for 01 O x O 4. Thus, we see that

the inequality 3x2 0 3x O 2x2 O 4 has the solution set D010 40.

4G

20 T




142

42.

43.

44,

45.

46. Graphingy O x3 06x2 09xandy O

CHAPTER 1 Equations and Graphs

We graph the equations y 0 5x2 [0 3x and y O 3x2 O 2 in the viewing rectangle
[O30 2] by [0500 20]. We see that the two curves intersect at x 0 02 and at X [ e
which can be verified by substitution. The first curve is larger than the second for

x 0 D2 and for x 0 3, so the solution set of the inequality 5x2 0 3x [0 3x2 0 2 is
o d
ooooo2lo, oo,

We graph the equation y O 0Ox O 2020x 0300x 010 inthe viewing rectangle

[0204] by [0150 5] and see that the inequality Ox O 202 0x 030 0x 010 O 0 hag

the solution set [010 3].

g g
We graph the equation y 0 x2 x2 01 in the viewing rectangle [020 2]

by
O O
[010 1] and see that the inequality X2 x2 01 O 0 has the solution
set

0000 01] 0 000 O[1000.

To solve 5 0 3x O 8x O 20 by drawing the graph of a single equation, we isolate
all terms on the left-hand side: 50 3x 0 8x 020 O
503x08x02008x 0120 08x 0200 0U11x 025 0 0or1lx 0250 0.
We graph y O 11x 0O 25, and see that the solution is x 0 20027, as in Example 2.

Elx in the viewing rectangle [J00010
0002]
by [J00050002], we see that x 0 0 and x 0 00J01 are solutions of the equation

O_
x306x209x 0 .

SECTION 1.9 Solving Equations and Inequalities Graphically

20

-1 1 2 3
-1
0.2
0.1
-0.01 0.01 0.02

142
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47. (a) We graph the equation (c) We graph the equations y O 15,000 and
y 0 10x 0005x2 0 00001x3 0 5000 in the y 0 10x 0 005x2 0 00001x3 O 5000 in the viewing
viewing rectangle [00 600] by [[73000001 20000]. rectangle [25001 450] by [1100001 17000]. We use a
zoom or trace function on a graphing calculator, and
20000 find that the company’s profits are greater than $15,000
0 for
200 400 \600 279 O x O 400.

-20000
16000 | /\
14000 - /

(b) From the graph it appears that 12000
0 0 10x 0 0005x2 0 001001x3 0 5000 for 300 400
100 O x 00 500, and so 101 cooktops must be produced
to begin to make a profit.

48. (a) 5 (b) Using a zoom or trace function, we find that y 0 10 for x 0 6607. We
. T U, u
10 could estimate this since if x 0 100, then s> [ 0000036. So for
u L DZ L U
5 / T x [J 100 we have }D5x Ugsgg ~0 105x. Solving 105x O 10 we
0 get 105 0 100 or x 020 [ 6607 mi.
5} 56 166 1c

49. Answers will vary.

50. Calculators perform operations in the following order: exponents are applied before division and division is applied before

1

X X o . . - )
addition. Therefore, Y 1=x~1/3 is interpreted as y [ 3 0 3 which is the equation of a line. Likewise, Y 2=x/x+4 is

X

interpreted as y [ " 04 0104 065. Instead, enter the following: Y 1=x"(1/3),Y 2=x/(x+4).

1.10  MODELING VARIATION

1. If the quantities x and y are related by the equation y 0 3x then we say that y is directly proportional to x, and the constant
of proportionality is 3.

2. If the quantities x and y are related by the equation y O thhen we say that y is inversely proportional to x, and the constant
of proportionality is 3.

3. If the quantities x, y, and z are related by the equation z O 33 then we say that z is directly proportional to x and inversely
proportional to y.

4. Because z is jointly proportional to x and y, we must have z O kxy. Substituting the given values, we get
10 0 k 040 050 0 20k O k41 1. Thus, x, y, and z are related by the equation z §1 xy.

5. (@) Inthe equation y O 3x, y is directly proportional to x.
(b) Inthe equation y 00 3x O 1, y is not proportional to x.

6. (a) Inthe equationy O x_gl y is not proportional to x.

3
(b) Inthe equationy O < y is inversely proportional to x.
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7

9

11

13.

15

17.

19.
20.

21.
22.

23.

24.
25.

26.

27.

29.

30.

31

32.

. T O kx, where k is constant. 8. P O kO, where k is constant.
.0 DEZ , where Kk is constant. 10. O O kmn, where k is constant.
ks . k .
YO0+ where k is constant. 12.P L T where k is constant.
0 . kx?2 .
z O k ¥, where k is constant. 14. A0 = where K is constant.
.V O klOh, where k is constant. 16. S 0 kr202, where k is constant.
kP22 . O__ )
RO 03 , Where k is constant. 18. A O k ~Xy, where k is constant.
Since y is directly proportional to x, y 0O kx. Since y 0 42 when x 00 6, wehave 42 0 k060 Ok O7.Soy O 7x.
.. . k . k 24
0 is inversely proportional to t, so O [ T Since J O 3whent O 8, we have 3 3 OkDO24,s00 0 =
L. k . k 21
A varies inversely asr, so A [J = Since AO 7whenr O 3,wehave 7 O 3 OkO21.SoA O =

P is directly proportional to T, so P [ kT. Since P 1 20 when T [ 300, we have 20 [J k 03000 O k 012 . So P 04 T.

. - . . . kx .
Since A is directly proportional to x and inversely proportional to t, A O T Since A 0 42whenx O 7andt O 3, we

have 42 O %DD k O 18. Therefore, A O 1?_x

S O kpg. Since S 1 180 when p O 4and q O 5, we have 180 [0 k 040 (0500 01180 0 20k O k 0 9. So S I 9pq.
Since W is inversely proportional to the square of r, W [ r; Since W 0O 10 whenr O 6, we have 10 0 D%Z 0 k O 360.

SoWw O @
r

Xy 020030 Xy

tDkT.Sincet O025whenx 02,y 03,andr 012, we have 25 0 k 12 Ok O050.Sot 050 P

Since C is jointly proportional to I, 00, and h, we have C O klOh. Since C 0 128 when| O 0O O h O 2, we have
128 O k 020 020 020 0 128 0O 8k O k O 16. Therefore, C O 1610h.

0
. H OkI202. Since H O036when| 02and 0 O 1, we have 36 0 k 0202 360 4 Ok 0 8L So H [ 8LI2012,

3 3 9

k k k 2705

R O B=. Since RO 205whenx 0 121,205 3= 0O— 0Ok 0O2705. Thus,R 0O .
X 121 11 X

M DkaTbC.SinceM DlZSwhenaDdandbDcD2,wehave128Dk%DD?DD4kaDSZ.SOM 032 aé)c.
a
x3
(a) ZDk—2
y
g g
O3x 27 x3 27

g
(b) If we replace x with 3x and y with 2y, then z O k Tl O— ky , 50 z changes by a factor of .
y

4

2
X
@ szy—4
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d d
O03x0?2 9 x? 9

b) If we replace x with 3x and y with 2y, thenz 0k ——, O— k— , so z changes by a factor of . ..
( ) p y y DZyD4 y4 9 y 16

16
33. (@ zO kx3y5

(b) If we replace x with 3x and y with 2y, then z O k 03x 03 02y0° O 864kx3y®, so z changes by a factor of 864.
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34.

35.

36.

37.

38.

39.
then

40.

41.

42.

43.

CHAPTER 1 Equations and Graphs SECTION1.10  Modeling Variation 141

k
a) zU0 —-—
@ 20 73

k k
O3x02 m2ym3 — 72x2y3’

(b) If we replace x with 3x and y with 2y, then z O s0 z changes by a factor-&f 72+

(a) The force F needed is F O kx.

(b) Since F 0O 30 N when x O 9 cm and the spring’s natural length is 5 cm, we have 30 0 k 09 050 O k O 705.
(c) From part (b), we have F O 705x. Substitutingx 0 11 05 0 6 into F O 705x gives F 0 705060 0 45 N.
(@ C Okpm

(b) Since C O 60,000 when p [ 120 and m [J 4000, we get 60,000 [J k 01200 0400000 O Kk gl 1l socC g 1 pm.
(c) Substituting p 0 92 and m 0O 5000, we get C O %DQZD 050000 O $57,500.

(@) P Oks3.
(b) Since P 0 96 when s O 20, we get 96 O k 0 20% 0 k 0 00012. So P 0 00101253,
(c) Substituting x O 30, we get P 0 00012 O 303 O 324 watts.

(a) The power P is directly proportional to the cube of the speed s, so P O ks3.
(b) Because P 0 80 when's 0 10, we have 80 0 k 0100° 0 k 023 O .2 0 00I08.

(c) Substitutingk O 4 and s 0 15, we have P 0 %5 0150° 0 270 hp.

D 0 ks2. Since D 0 150 when s 0 40, we have 150 (0 k 04002, so k 0 00109375. Thus, D 0 00109375s2. If D [ 200,

200 0 000937552 O s2 0 213303, s0 s O 46 mi/h (for safety reasons we round down).
0 0

L O ks2A. Since L 0 1700 when's 0 50 and A O 500, we have 1700 0 k 50% 050000 0 k O 00J00136. Thus
g 0O

L 0 0000136s2A. When A 00 600 and s O 40 we get the lift is L 0 00000136 402 06000 O 130506 Ib.

F O kAs2. Since F 0 220 when A 0 40 and s O 5. Solving for k we have 220 O k 0400 0502 0 220 O 1000k O

k 0 0022. Now when A 0 28 and F O 175 we get 175 0 000220 0280 2 [128014090 0 s?sos 0 28014090 [ 50133
mi/h.

(@) T2 O kd3

U 3
(b) Substituting T 0 365andd 0 93 0108 weget3652 Ok O 930 Ok 0106601059
0

106
0 3
(c) 2 D1066 0107° 20790 03060 010° O T 06000 O 10%. Hence the period of Neptune is 6.00010%
10°
daysO 164 years.
kT
(@ PO v

k 0400
100

(b) Substituting P [0 33002, T J 400, and V [ 100, we get 33012 DD k 0O 803. Thus k O 803 and the equation is
g

803T

PuT.

803

(c) Substituting T 00 500 and V O 80, we have P [ 00 510875 kPa. Hence the pressure of the sample of gas is

80
about 5109
kPa.

052
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44, (a) F O kT
(b) For the first car we have 01 O 1600 and s; O 60 and for the second car we have 0, O 2500. Since the forces are equal

1600 (1602 2500 s 16 01602
r r

k
we have k o5

053,508, O 48 mi/h.
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45, (a) The loudness L is inversely proportional to the square of the distanced, so L O d%
(b) Substitutingd 00 10 and L O 70, we have 70 O Lz 0 k O 7000.
k k 5
(c) Substituting 2d for d, we have L O Tod 2 D;L 2 , 50 the loudness is changed by a factor of le-
4
0 K 0
(d) Substituting %d ford, we have L O _E,k_ ! 2 , 50 the loudness is changed by a factor of 4.
0%
‘Zd

46. (@) The power P is jointly proportional to the area A and tﬁ]e cuge of the velocity O, so P O kAD3.

(b) Substituting 201 for 0 and 1A for A, wehave P Ok 1A D2003 O 4kAD3, so the power is changed by a factor of
4. 2 2

0 —
(¢l Substituting 1 0 for 0 and 3A for A, we have P [0 k D3AR EEVVG: , S0 the power is changed by a factor of 3 .
O

2 2 8 8

KL
47.@ RO 2

(b) Since R 0] 140 when L 0 102 and d [ 00005, we get 140 25 202 a7 1 ongv29ie.

000005012

N 7 3 4375
o 5 oo have R O 3 0137 0.
(c) Substituting 3and d 0 00008, we have 2200 32

0
00000812

kO3LO  3kL 3

(d) If we substitute 2d ford and 3L for L, then R 0 ——, O ——,, so the resistance is changed by a factor of- .
02d0 4d

48. Let S be the final size of the cabbage, in pounds, let N be the amount of nutrients it receives, in ounces, and let ¢ be the

5
number of other cabbages around it. Then S O kcﬂ. When N 00 20 and ¢ O 12, we have S O 30, so substituting, we have

_ 0o 0O
SODk%—ngDlB.ThusSDm %.WhenN 010 and ¢ O 5, the final size is S 0 18 0 036in.

E 4 0
49. (a) Forthesun, Eg O k6000* and for earth Eg O k300%. Thus S k6000 6000
EE k3004 . g

300

0 204 O 160,000. So the sun

produces 160,000 times the radiation energy per unit area than the Earth.
(b) The surface area of the sun is 400 D435,OOOD2 and the surface area of the Earth is 40 D3,96OD2. So the sun has
401 1435,00002 435,000 2
40 3,96002 3,960

times the surface area of the Earth. Thus the total radiation emitted by the sun is

0 0,
435,000
3,960

160,000 O 00 1,930,670,340 times the total radiation emitted by the Earth.

50. Let V be the value of a building lot on Galiano Island, A the area of the lot, and g the quantity of the water produced. Since
V is jointly proportional to the area and water quantity, we have V 0O kAg. When A 00 200 O 300 O 60,000 and q U 10, we
have V 0 $4801 000, so 48,000 [J k (60,0000 0100 O k 0 0008. Thus V O 00008 Ag. Now when A [J 400 (J 400 O

160,000 and q O 4, the value is V 0 0008 J160,0000 040 O $51,200. .
51. (a) Let T and | be the period and the length of the pendulum, respectively. Then T Ok I
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2 02T 2
0. T Lo . T
() TOk I0T20K2I 010 5 If the period is doubled, the new length is 2 O 4W 0 41. So we would
k2

quadruple the length | to double the period T.
52. Let H be the heat experienced by a hiker at a campfire, let A be the amount of wood, and let d be the distance from

campfire. So H O kd%' When the hiker is 20 feet from the fire, the heat experienced is H O k20i3’ and when the amount

2A A 2A 4 .

of wood is doubled, the heat experienced is H 0 k ek So km O kTS Od 0160000 0d 020 2 0O 2502 feet.
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53. (a) Since f is inversely proportional to L, we have f O LE where K is a positive constant.

k
(b) If we replace L by 2L we have ETH O % D5 0 % f. So the frequency of the vibration is cut in half.

L

54. (a) Sincer is jointly proportional to x and P U x, we have r 0O kx OP 0O xJ, where k is a positive constant.
(b) When 10 people are infected the rate is r 0 k10 05000 0 100 O 49,900k. When 1000 people are infected the rate is
r O k 01000 O 05000 0 100000 O 4,000,000k. So the rate is much higher when 1000 people are infected. Comparing
1000 people infected _ 4,000,000k

these rates, we find that -
10 people infected 49,900k

0 80. So the infection rate when 1000 people are infected

is about 80 times as large as when 10 people are infected.

(c) When the entire population is infected the rate is r 0 k 050000 05000 00 500000 O 0. This makes sense since there are
no more people who can be infected.

L 26 19 2050 :I.OZE 14
55. Using B [ k—2 withk 0 00080,L 02050 ,andd 02040 , we have B ., 00080 Oy 030470109
d 10 O 204 111019

10 :

The star’s apparent brightness is about 3047 0 1014 wom?2.

L L L . " o
56. First, we solve B [ kd—2 ford: d2 Ok B 0d0o k(E because d is positive. Substituting k 0 00080, L 0 508 0 30, and
1

O

50 [ 1030
B 0802010716 we findd 8D08_8—0 0 2hD38 111022, so the star is approximately 2138 [1 1022 m from
O earth.

802 0 1016
57. Examples include radioactive decay and exponential growth in biology.

CHAPTER 1 REVIEW

T (@) o Y (o) The distance from P 10 % IS

dOPOQO 0 0O5020200120002

0 o___
0 4901440 193

0 —0 O 0
0502 1200 3

(c) The midpoint is » O 0o 0O 9 06 .

(e) The radius of this circle was found in part (b). It is

1 Oo__
« rddOPO O 193. So an equation is
QU __2
2 2 212
(d) The line has slope m O 1200 O D¥, and has Eﬁlmggg e 0 Ox 0207 0y" 0193
12 12 24

equationy 000 D—0Ox 0200y 0 G- x 0—
D12x07y02400.

o ||
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2. (a) y
1
P
X
g
Q
1101 010
. d
(d) The line has slope m w g7 O 05 02,and
itsequationisy 011 0 20x 020
d
y01102x 040y O 2x 0 15.
y
1
X
P
Q
/
3. (a) y
p® 4
4 X
[ ]
Q
2000140 8
H— —
i oo
(d) The line has slope m O 0604 O 110 5

8

and equationy 02 0 O Ox 060 O
8 48 8 38
yb200gx0 g OyDOOgxO 5.

y

CHAPTER1  Review

(b) The distance from P to Q is
g

dOPOQO D20702000110102

o O O
0 2501000 12505 5

0 O O 0
207 01101 9

(c) The midpoint is 9 O O

oo6 .
2

(e) The radius of this circle was found in part (b). It is

O_
r 0dOP, QO 5 5. Soan equation is

0O

U 0Op
ox /0g 0O L 55
0o 2 gy 102

Ox 070200y 0102 0125,

y

(b) The distanceﬂfrom PtoQis

dOPOQO O 0O604020[20 0014002

[

(c) The midpoint is 0

0O 0010 O60.

N

(e) The radius of this circle was found in part (b). It is

11
r0dOPOQO 02 89. Soan equation is

O O
2 2 2

Depp B OyD20 2780 O

Ox 0602 0 Oy 0202 O 356.

sasea sy

145
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4. (a) y (b) The distanceDfrom PtoQis
dOPOQO O [5000301%0[020 0o60)?
2 0 640160 8004 5
" 2 e, X
(c) The midpoint is 9 O 0 010 040.
2

@M’ﬂeline has slope m H2n 04 1,and

“Sooosn 8 (e) The radius of this circle was found in part (b). It is
2 O U
has equation y 01 001201 1 1 0x 01501 roduPoQE 5. Soan equation is
O
1,5 1,9 2 1 b o e
yo20*x0°0y0d*x0O°. DXDSED y O 4 5
oo20 2
7 2 7 7
y Ox 05020 0y 0202 0 80.
y
2 TN
2 X
il i
N
5. Y 6. 00xO0yOOx O4ory 20
y
X
X
- - 0
7.d0A0CO 0400010020040 0401020040302 O__ 74 and
O 003002 O
O O
O .
dOBOCO 0500010020030 050102 0 030302 0 72. Therefore, B is closer to C.
O 0o3on? O

2

|
8, Th circle with center at 020 050 and radius~ 2 has equation 0x [ 20200y050%0 goxo20200y05020
2 2.

9. The center is C g 0050 010, and the pomt P O 00000 is on the C|rcle The radius of the circle is

r0dOPOCO 0000050020000 0005020000102 O 26'ﬂwsﬂmewﬂmndtMcwdew
u ooloo2=
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Ox050200y0102 0

26. O O
201 1 11
308 0o =0 , and the radius isl of the distance from P to Q, or

10. The midpoint of segment PQ is .
2 2 2 2 2
0 0 O
{0 l0doP,QuO %215 0010020030802 0201020030802 Or O 134, Thus the equation is

0 2 g 0 2p 2 2
1 11 17
xOy 0O yOs &
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0 o o 0
11. (@) X2 0y?02x06y09000 x?02x O y206y 0090 (b) The circle has center 0010 30

and radius 1.
Ox 0102 0 Oy 0302 O 1, an equation of a circle.

Y

©

12. (@) 2x202y202x08y 0t ox2oxoy2o4yol o

O O
(b) The circle has center 1002
. 0og 2 7 . 2
x20x07 0 y?04y04 Flgloao and radius 22
O
x 04 00y 0202 39, an equation of a circle.
O
P EERN
/ \
/ 1 \ X
| |
\ )
\ /
N\ /
\\‘ '//
O O O O
13. (@) X2 Oy?O072012x 0 x2012x

Oy?2 00720 x2012x036 Oy?0 0720360 Ox 06020 y2 O 036.
Since the left side of this equation must be greater than or equal to zero, this equation has no graph.

14. (8) x20y206x010y034000x206x 0y2 010y 0 0340 (b) This is the equation of the point

Ox 0302 0 Oy 0502 0 0, an equation of a point.




150  CHAPTER1 Equationsand Graphs CHAPTER1  Review 150

15.y 0203 16.2x 0y01000y02x 01
y y
X y X y
02 | 8 02 | 03
012 0
2o 03| o
1 - 1
X 1 X
X Yy 7 X y
0 - Q0=
17.2 7D1DyD =07 18.4 5DOD5xD4yDO
y y
X y
X
02 | 014 Y
04 5
0 a7
0 2
i 4 | 05 t
2 X X
19. y 016 O x2 20.8x O y2 00 Oy2 O O8x
y y
X y X y
03 7 08 | U8
01| 15 02 | 04
0| 16 0 0
15 L
1 X
3| 7 >
0 0
21.x0 ¥ 2.y 10x2
y [y y
X |y X y
olo 01 0 !
1|1 i o2
2|4 1 0 01 1
319 1 X 1 0 X
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23. y090x2
(a) x-axis symmetry: replacing y by Oy gives Oy O 9 O x2, which is not the same as the original equation, so the graph is
not symmetric about the x-axis.
y-axis symmetry: replacing x by Ox givesy 0 90 O OxD02 0 9 O x2, which is the same as the original equation, so the
graph is symmetric about the y-axis.
Origin symmetry: replacing x by Ox and y by Oy gives Oy 0 9 0 O0x 02 o yooo9n x2, which is not the same
as the original equation, so the graph is not symmetric about the origin.
(b) To find x-intercepts, we set y 0 0 and solve for x: 0 0 9 0 x2 0 x2 09 O x O O3, so the x-intercepts are 03 and 3.
To find y-intercepts, we set x 00 0 and solve fory: y 09 O 02 09, sothe y-intercept is 9.
24. 6x 0 y? 036
(a) x-axis symmetry: replacing y by Oy gives 6x O DDyD2 036 06x0 y2 0 36, which is the same as the original
equation, so the graph is symmetric about the x-axis.
y-axis symmetry: replacing x by Ox gives 6 O0Ox 0 O y2 0360 06x 0 y2 0 36, which is not the same as the original
equation, so the graph is not symmetric about the y-axis.
Origin symmetry: replacing x by Ox and y by Oy gives 6 O0Ox 0O O DDyD2 036 0 06x O y2 0 36, which is not
the same as the original equation, so the graph is not symmetric about the origin.
(b) To find x-intercepts, we set y O 0 and solve for x: 6x 0 02 0 36 O x O 6, so the x-intercept is 6.
To find y-intercepts, we set x 0 0 and solve for y: 6 000 O y2 036 Oy O 06, so the y-intercepts are (16 and 6.
25. x200y010%201 . .
(a) x-axis symmetry: replacing y by Oy gives x> 0 00y0 01 2010x2 00y 0102 0 1, so the graph is not
symmetric
about the x-axis.
y-axis symmetry: replacing x by Ox gives 00x 02 0 Oy 0102 010 x? 0 Oy 0102 0 1, so the graph is
symmetric about the y-axis.
Origin symmetry: replacing x by Ox and y by Oy gives JOx[02 O DDDyD 0 1DZ 0D10x200y 0102 01, so the
graph
is not symmetric about the origin.
(b) To find x-intercepts, we set y J 0 and solve for x: x2 000010201 0x%2 00, sothe x-intercept is 0.
To find y-intercepts, we set x 0 0 and solve for y: 020 Oy 0O 102010 yd1 0010y 0OO0or2,sothe y-intercepts
are 0 and 2.
26. x4 0160y
(a) x-axis symmetry: replacing y by Oy gives x* 01600 OyO O x4 0160 y, so the graph is not symmetric about the
X-axis.
y-axis symmetry: replacing x by Ox gives O0x 040160 y O x4 0160 y, so the graph is symmetric about the y-axis.
Origin symmetry: replacing x by Ox and y by Oy gives 0o0x04 0160 OoOyo O x4 0160 y, so the graph is not
symmetric about the origin.
(b) To find x-intercepts, we set y 0 0 and solve for x: x* 016 00 O x4 0 16 O x O 02, so the x-intercepts are 02 and
2.
To find y-intercepts, we set x [ 0 and solve for y: 0* 016 0y 0y 0 [116, so the y-intercept is [116.
27. 9x? 0 16y? [ 144
(a) x-axis symmetry: replacing y by Oy gives 9x2 0 16 00y02 [ 144 0 9x2 [ 16y2 [ 144, so the graph is symmetric
about the x-axis.
y-axis symmetry: replacing x by Ox gives 9 JOx 02 O 16y2 O 144 O 9x2 O 16y2 O 144, so the graph is symmetric
about the y-axis.
Origin symmetry: replacing x by Ox and y by [y gives 9 00x 02 016 D0y02 0 144 0 9x2 0 16y2 [ 144, s0
the graph is symmetric about the origin.
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(b) To find x-intercepts, we set y 00 0 and solve for x: 9x2 016 0002 0 144 0 9x2 0 144 O x O 04, so the x-intercepts
are 04 and 4.

To find y-intercepts, we set x O 0 and solve for y: 9 0002 O 16y2 O 144 O 16y2 O 0144, so there is no y-intercept.

28 yo 4

X
(a) x-axis symmetry: replacing y by Oy gives Oy 0 xﬂ which is different from the original equation, so the graph is not
symmetric about the x-axis.

y-axis symmetry: replacing x by Ox gives y 0 %, which is different from the original equation, so the graph is not

symmetric about the y-axis.

Origin symmetry: replacing x by Ox and y by Oy gives Oy O % Oy0O f so the graph is symmetric about the

origin.

(b) To find x-intercepts, we set y [0 0 and solve for x: 0 [ 3 has no solution, so there is no x-intercept.

To find y-intercepts, we set x 0 0 and solve for y. But we cannot substitute x [J 0, so there is no y-intercept.

29. x2 D4xyDy2 01

(a) x-axis symmetry: replacing y by Oy gives x2 04x O Oyooo DyD2 0 1, which is different from the original equation,
so the graph is not symmetric about the x-axis.
y-axis symmetry: replacing x by 0x gives [ Ox02 0400x0 y O y2 0 1, which is different from the original
equation,
so the graph is not symmetric about the y-axis.
Origin symmetry: replacing x by Ox and y by Oy gives 00x02 0400x0 O00yo O DDyD2 010x20 4xy O y2
0 1, so the graph is symmetric about the origin.

(b) To find x-intercepts, we set y 0 0 and solve for x: x204x000002010x2010x 0 01,0 the X-intercepts are
Oland 1.
To find y-intercepts, we set x O 0 and solve for y: 02 04000 y O y2 o110 y2 010y O 01, so the y-intercepts are
Oland 1.

30. x30xy2 05
(a) x-axis symmetry: replacing y by Oy gives x3 0 x DDyD2 050x30 xy2 0 5, so the graph is symmetric about the
X-axis.
y-axis symmetry: replacing x by Ox gives 00X 0% 0 ooxo y2 0 5, which is different from the original equation, so
the graph is not symmetric about the y-axis.

Origin symmetry: replacing x by Ox and y by Oy gives O0x 0¥ 0ooxO O DyD2 0 5, which is different from the
original
equation, so the graph is not symmetric about the origin.

(b) To find x-intercepts, we set y 0 0 and solve for x: x3 Ox 0002 050x3 050 O 53, so the x-intercept is s 5.
To find y-intercepts, we set x 0 0 and solve for y: 03 O Oy2 0 5 has no solution, so there is no y-intercept.
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31. (a) We graph y O x2 0 6x in the viewing rectangle
[0100 10] by [0100 10].

(b) From the graph, we see that the x-intercepts are 0
and 6 and the y-intercept is 0.

33. (a) We graph y O x3 0 4x2 [0 5x in the viewing
rectangle [J40 8] by [03001 20].

20

]
4 /i;{\<i\j/ 6 8

(b) From the graph, we see that the x-intercepts are 1,

0, and 5 and the y-intercept is 0.

CHAPTER1  Review 150
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32. (@) We graph y O 5 O x in the viewing rectangle
[0100 6] by [010 5].

(b) From the graph, we see that the x-intercept is 5 and
the y-intercept is approximately 2[124.

x2 x2
34. (2) We graph —- 0y2010y2010 70
0

X2

yOOo 10 : in the viewing rectangle [030 3] by

[0202).

e
N

3 -2 -1 1 2 3
1L

-2

(b) From the graph, we see that the x-intercepts are 02
and 2 and the y-intercepts are 01 and 1.

35. (a) The line that has slope 2 and y-intercept 6 has the slope-intercept equation  (c)

y O2x O6.

(b) An equation of the line in general formis2x Oy 06 O 0.
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36. (a) The line that has slope O 12 and passes through the point 060 030 (c)

has

equationy 0 D030 0 &, ox 060 0yo30io, ox060 0y & O,x.

(b) 03x030yD30x06002y060x 02y 0.

37. (a) The line that passes through the points 0010 060 and 020 040 has (©)
slope

40 02,s0y0 006002 [x00010]0y060 2x 0 2
0060
m 0
200010 3 3 3
3
Oyo2x0o16,
3 07

(b)yo4x0¥03yo2x01602x03y016 00

38. (a) The line that has x-intercept 4 and y-intercept 12 passes through the points  (c)
1200

04000 and 00O 1207,

0 03 and the equation is
som O 0 4

()

yo0OO0O30x 0400y 0O 0O3x 012

(b)yOO3xO1203x Oy 1200.

39. (a) The vertical line that passes through the point 030 020 has equation x O (C)
3.

(b)yx O30Ox0O300.
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40. (a) The horizontal line with y-intercept 5 has equation y 0 5.

(b)y 050y 0500,

41. (@) 2x 05y 01005y O 2x0J10 0y O Zg 02, so the given line has slope
m O %— Thus, an equation of the line passing through 010 107 parallel to

thislineisy 0+0 2 Ox 010 0y 0 2x 0 3.
5 5 5
(b)yO éxn205y02x0302x 05y 0300,

42. (a) The line containing 02040 and 040 040 has
slope

hat4 O D—S 0 04, and the line passing through the origin with

o—--=
M-ZF2 ~ 2

this slope has equation y 00 004x.

(b)yOO4x O4x Oy OO0.

43. (a) Theliney O 1x 010 has slope 1, so a line perpendicular to this one has
2 2

slope O 11_[ 0O 02. In particular, the line passing through the origin

perpendicular to the given line has equation y 0 0J2x.

(b)yyooO2xo2xOy0oo.

CHAPTER1  Review 152
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44,

45.

46.

47.

CHAPTER 1 Equations and Graphs CHAPTER1  Review 153

(@) xO3y016 0003y Ox 0160y O 1x 018 sothe given line has ©
3 3

slope % The line passing through 010 70 perpendicular to the given line has

equationyD?DDﬁDxDlDDyD?DD3DxD1DDyDD3xD10. )

(b)y0OO3x01003x OyO10 0J0.

The line with equation y O O x O 1 has slope O 4. The line with equation 9y 0 3x 03 0 0 09y 0 03x 03 [

y 0 0%x 0 % also has slope [ 4, so the lines are parallel.

The line with equation 5x [18y 0 3 08y 0 5x 03 0y 0 20 2 hasslope ° gThe line with equation 10y [ 16x [ 1 [
10y 0 016x 010y 0 0 O jghas slope 0800 0 =, so the lines are perpendicular.

(@) The slope represents a stretch of 0013 inches for each one-pound increase in weight. The s-intercept represents the length
of the unstretched spring.
(b) When 0O 05,5 0003050 0205 0105 0205 O 400 inches.

48. (@) We use the information to find two points, (J00J 600001 and (0301 7050001. Then the

49.
50.
51.

52.
53.

or

54.
55.

56.

57.

slope is
70,500 [J 60,000 10,500

m O 0 3,500. So S O 3,500t O 60,000.
3,0 3

(b) The slope represents an annual salary increase of $3500, and the S-intercept represents her initial salary.

() Whent [ 12, her salary will be S 01 3500 J12(J [J 60,000 [J 42,000 [J 60,000 [ $102,000.
x209x0140000x0700x020000x07o0rx O2.

x2024x 0144000 0x 01202 000x 012000 x O 012,
220x0102x20x0100002x0100x 010 00. Soeither2x010002x 01 0x Oyxt;orx 01000
x O 0O1.

SXZDSXDZDODDD:%xDlDDDXDZD 000Ox& Lorx O D2.

004x3025x Ox 4x2025 0O x02x 05002x 050 O 0. So either x O 00 or2x 05000 2x 050 %0 5.

2x050002x D050x 0 0%
0 o

O_
x302x205x010000x20x020050x0200000x020 x205 00O0xO2orx 00 5.

3x204x01000 —

o I 0 g O
Dznﬁ[nj o [ T Y u D 2 020 7 T
« [ BT b dac MACI16012 | (AC128 | (AC2 7 o 020 7
2a 2D:| 8 06 — 6 36 _ 3
d 2 O O
Elf[a[ﬂj 0030404010090
x203x 09000 x 0 LD tac 1 03836, 3L which are not real numbers.
There is no real solution. O
1
<057 0300x010020x0 0 30x00x 010 0x 0102« 03x203x0003x206x 010
O o 0o g O
i B CTA 204 (3] u o 230 6 -
X O BJ b ac 613612 60 24 602 6 30 ©
2a . yancim| 6 b g U g U ¢ O 3.

X 1 8 O
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58. O O OxOx02000x020080x202x0x02080x203x 010000 Ox 020 Ox 050
xO2 x0O2 x2D4DO

O x O 2orx O 0O5. However, since x 00 2 makes the expression undefined, we reject this solution. Hence the only
solution is x O 05.
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0 0o 0 0 0
50, x408x209000 x209 x201 0000xO300x030 x201 000x0O3000x03,0orx0300

O

x O 03, however x2 O 1 O 0 has no real solution. The solutions are x 0 O3.

O_ O_
60. x 04 X 032. LetuD X. Thenu?O04u 0320u?204uD032 000 OuDd800u 040 00SoeitheruD8 I0o0r
ud400 IfuO80O0,thenud80 XxUO80Ox 1I64 Ifull4 00, thenu 0040 x [O04, which has no real
solution. So the only solution is x 0 64.

O O
. N
61. xP102 ox102 302 oo kP02 1goxox?2 o000 xPH2010x02 0o0. Since xP182 010 x is never

0, the only solution comes from 01 O x0200010x000x O 1.

0O oo, 0 00 N . 2
62. 10 x “02 10 x 0O1500.Letu 010 x,then the equation becomesu“ 02u 015 000 Ou 050 Ou O 30
0o

0o _ o _
Dug_SDOoruDD_SDO.IquSDO,thenuDSDlD x50 xD40x016.1ful300,thenu 0 O30
10 Xx 0O 030 x 0O 04, which has no real solution. So the only solution is x [0 16.

63. OxO70040x070040x0704,s0x 011orx O3.

5009
64. 02x 050 O 9isequivalentto2x 050 09 02x 05090 x DT.SOX O002o0rx O7.

65. (1) U203i000104i00020100003040i10301

(b) 020i0030200604i03i022060i0208
Oi

66. (a) DSDD6iDDDD6D4iDD3D6iD6D4iDD3D6DDDD6D4DiDD3D2i
(b) 4i 2041 0802208 020208
4p2i 402 DZDiD8D8iD2i2D8D8iD2 608 ¢ g
O 0 O
2010 200 28i 4002 401 5 5 5

67. (a)

0 000 0 _ _ R,
() 10 O 10 1 0010i0010i0010i0i02010102

O O

803i i 403i i i2 i i
68. (a) D8D3ID D32D12ID9| D32D12|D9D41D12l 4 12

4031 43 453 — 16009i2 1609 25 %25
O

_ O O )
(b) TI0OO 400§ 1002 10 O20i2 O 020
O O

69. x2 016 000 x2 0016 0 x O D4i

O___ 0
70.x200120x 00 D12002 3i

o d 0
) ObO b2D04ac = 060 6204010 _ 060 36040 _
71 x*06x010000x O 3 0 0 3 0030
a 0100
2
010 -

- . .
00302 04020
00300 {53 3 7 3 7
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0 o 0O
2 e——0 0O—i
72. 2xc03x02000x 0 7 7 4 4|
020
0 oo 0

73.x40256 000 x2016 x2016 0O00x O O4orx O 04

0 0
74 x302x204x 08000 0x 020 x204 OxDO2orx 0 02i
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75. Letr be the rate the woman runs in mi/h. Then she cycles at r O 8 mi/h.

Rate | Time | Distance
Cycle | r08 4 4
rus
2005
Run r — 20
4 " on
Since the total time of the workout is 1 hour, we have 08 .5 0 1. Multiplying by 2r Or 0O 80, we
[
r

get 402r[0J 0 205020 Or 080 0 2r Oy 180 78r 0 5r (40 0 2r2016r 00 O 2r2 0 3r 040 O
O

(] 1
é}?ﬁmmmﬂmom 3 9 320 3 329
o

r o ViRViR O T 7— Since r O 0, we reject the negative value. She runs at
O

r 0 252 1 3078 mifh.

2
76. Substituting 75 for d, we have 75 [0 x [J ;(—0 01500 0 20x Ox 20 x 2020x 01500 00 O Ox 0300 Ox 0500 OO0.
So

x [ 30 or x O 0050. The speed of the car was 30 mi/h.
77. Let x be the length of one side in cm. Then 28 O x is the length of the other side. Using the %ﬂhagorean Theorﬁm, we
have x2 0 028 0 x02 0202 0 x2 0784 0156x 0 x2 01400 0 2x2 056x 0384 0002 x2028x 0192 000

20x 0120 0x 0160 0 0. Sox 0 12 or x 0 16. If x O 12, then the other side is 28 [0 12 [J 16. Similarly, if x 0 16,
then the other side is 12. The sides are 12 cm and 16 cm.

78. Let | be length of each garden plot. The width of each plot is then 8|—0 and the total amount of fencing material is
Hgo" 480 - -
40100 — 088 Thusd4l O — 08804120480 0881 0412 088104800004 1202210120 00D

6 I

4010100010120 00.Sol 0 100r! 0 12. If1 O 10 ft, then the width of each plotgg 80 0 8 ft. If 1 0 12 ft, then the
width of each plot is 381% 0 6067 ft. Both solutions are possible.

79.3x 020011 03x 0 090x O O3. 80.12DXD7XD12D8XD324]X.

Interval: 0O30 O0O. H 3D
Interval: L

Graph: o >
-3
Graph: 5
2
81.30x02x 07010 03x 0 1%0x 82.0102x050300602x0020030x 001
. 10 . Interval: 0030 O1].
Interval: = [,
Graph: o
: . > P 3 1
Graph: 1 > - _

3

83. x204x 012000 Ox 0200x 060 00. The expression on the left of the inequality changes sign where x O 2 and
where

x 0O 06. Thus we must check the intervals in the following table.
Interval: 0000 060 0O 020000

Interval 0oo0- oo6e0 | 020
Signofx 02 O O 0 Graph: —%—3—>
Signofx 06 O O O
Signof Ox 020 0x O O O O
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84.x2010x2010000x0100x01000. The expression on the left of the inequality changes sigh when x O 01
and

x O 1. Thus we must check the intervals in the following table.
Interval: [010 1]

Interval ooog o010 | 010
Sign of x 1 O 0 0 Graph: 1
Signofx 01 O O
Signof Ox 010 0x O O O
85. ZXXDDlS 010 ZXXDDlS og1o00o % U i—gi oon i S;‘ 0 0. The expression on the left of the inequality

changes sign where x 0 001 and where x O 04. Thus we must check the intervals in the following table.
We exclude x 0O 001, since the expression is not

Interval booo bD40 | 0010 defined at this value. Thus the solution is
Signofx 0 4 0 0 0 [040 O10.
Signofx 01 0 0 0 A
Graph: o
. xO4 4 1
— 0 0 0 - —
Sign of X1

86. 2x2 O0x0302x20x 03000 02x0300x 010 00. The expression on the left of the inequality changes sign when

01 and % Thus we must check the intervals in the following table. . .

Interval: D000 0110 400

Interval oooo 010, %3 0
Signof 2x 0 3 ad ad d Graph: >
Signofx 01 O O O 1 3
= 2
Signof 02x 0 300x O O O
x 04 x 04 . . . .
87. —— 000 0 0. The expression on the left of the inequality changes sign where x O 02, where x 0 2,
x204 Ox 0200x O
20
and where x O 4. Thus wemustcheck the-intervatsin-the-fottowing-tabte;
Interval ooou 0020 | 020 | 040
Signofx 04 O O O O
Signofx 02 O
Signofx 02 O
. x 04
Signof —————— O O O O
N xT20 o2
ox

Since the expression is not defined when x 0 020we exclude these values and the solution is 0000 020 O 020 4].

Graph: —o o
2 2 4
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5 5 E 5
88. oono ooo ooon 0 0. The

x30x204x 04 x20x010040x 0 OxO x204 Ox 010 Ox 020 Ox 0 20
10 10

expression on the left of the inequality changes sign when 020 10and 2. Thus we must check the intervals in the
following table.

Interval 0000 0020 | 010 | 020
Signofx 01 O O O O
Signofx 02 O O O O
Sign of x T2 O O O O
5
i 0
Signof 1, H1pox D20 0x 020 . . .

Interval: 0000 020 0 01020

Graph: —o O
2 1 2
89. OxO50030030x0503020x0 90. Ox 040 00002 0 00002 O x 04 000020
8. 3098 0 x [ 40102
Interval: [20 8] Interval: 03098040020
Graph:
2 8 Graph:

3.98 4.02

91. 02x 010 O lisequivalentto2x 01 J1or2x 01 0 01. Case1:2x 0101 02x 000 x 00. Case2:2x 010 01

02x 0 020x 0 0O1. Interval: 0000 01] O [00 O0. Graph >

92. Ox O 10 is the distance between x and 1 on the number line, and Ox O 30 is the distance between x and 3. We want
those points that are closer to 1 than to 3. Since 2 is midway between 1 and 3, we get x 0 OOO00 20 as the solution.
Graph:

Q

[
93. (a) For 24 0 x O 3x2 to define areal number, we must have 24 O x 03x2 000 08 03x0 030 xO O 0. The

expression
on the left of the inequality changes signwhere 8 03x 000 0U3x 0 08 U x O 8;30r where x O 03. Thus we must

check the intervals in the following table. 0 0

8
Interval: D3D‘3 .

Interval 0ooo 030 S0
v 3 3 Graph:
Sign of 8 0 3x O O O
Signof 30 x O O
Signof U8 U3xT 030 | 0 0 3 8
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94.

95.

96.

97.

98.

99.

100.

101.
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1 g g
(b) For +——— to define a real number we musthave x Lx* 000 x 10 oooxolO 10x0 oo.
4% Ox%
X g x g
x3 x2
The expreﬁsion on the left of tﬁnequality changes sign where x O 0; or where x 0 1; or where 1 O x O x2 0 0 0
O
12T Ao
x 0 %m 10 o1 .z Which is imaginary. We check the intervals in the following table.
O
g Interval: 000
Interval 0ooo ooo | 010 10. Graph:
Sign of x O O O
Signof 1 O x | | | 8 i
Signof 1 O x O x2 0 0 O
SignofxJ10OxO 10x0 O O O
] 6 9 .6 9 s s
Wehave8D43Dr3D12DEDr3DED3EDrD3E.Thuer $ &
o "0
From the graph, we see that the graphs of y [0 x2 0 4x and y O x 0 6 intersect at x 0 01 and x [ 6, so these are the

solutions of the equation x2 0 4x O x O 6.

From the graph, we see that the graph of y O x2 O 4x crosses the x-axis at x 0 0 and x O 4, so these are the solutions of
the equation x2 0 4x 0 0.

From the graph, we see that the graph of y O x2 O 4x lies below the graph of y O x 0 6 for 01 O x O 6, so the inequality
x2 04x O x O 6 is satisfied on the interval [J10 6].

From the graph, we see that the graph of y 0 x2 O 4x lies above the graphof y D x D6for D00 O x O land6 O x O O,
so the inequality x2 [ 4x [0 x [ 6 is satisfied on the intervals D000 01] and [60 00,

From the graph, we see that the graph of y O x2 O 4x lies above the x-axis for x 0 0 and for x O 4, so the inequality
x2 0 4x O 0 is satisfied on the intervals 0000 0] and [40 O0O.

From the graph, we see that the graph of y O x2 0 4x lies below the x-axis for 0 0 x O 4, so the inequality x204x 0 0is
satisfied on the interval [0 4].

[ — [ p—
x2 0 4x O 2x O 7. We graph the equations y; O x2 0 4x 102. x 04 O x2 O 5. We graph the equationsy; O x 0 4

and y, 0 2x U 7 in the viewing rectangle [[100 10] and y, O x2 O 5 in the viewing rectangle [040 5]
by [050 25]. Using a zoom or trace function, we get by [00 10]. Using a zoom or trace function, we get
the solutions x [ Oland x [ 7. the solutions x [ 02050 and x [ 20176.

20 \ - f

1
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103. x* 0 9x2 O x O 9. We graph the equations y; 0 x4 0 9x2104. O00x 030 050 O 2. We graph the equations

105.

107.

and yo O x 0 9 in the viewing rectangle [050 5] by
[0250 10]. Using a zoom or trace function, we get the
solutions x O 02072, x O 01015, x 0 1000, and x O
2087.

f\?mf |4

l_l [ T T

4x 0 3 O x2. We graph the equations y; O 4x O 3 and

y> O x2 in the viewing rectangle [050 5] by [00 15].
Using a zoom or trace function, we find the points of
intersection

areatx [11and x 0 3. Since we want 4x [0 3 [ x2, the
solution is the interval [100 3].

15

10

x404x20 Ix 01 We graph the equations
2

y1 O x* 04x2 and y7 szx 0 1 in the viewing rectangle

[O505] by [050 5]. We find the points of intersection
areat x 0 01085, x O 00060, x 0 0045, and x U
2000. Since

wewant x4 04x2 0 1x O 1, the solution is

2

0010850 000600 O
000450 20000.

|
L

want 16

y1 0 OOx 030 050 and yp O 2 in the viewing

rectangle [02001 20] by [00 10]. Using Zoom and/or
Trace, we get the solutions x 0 010, x O 06, x 0 0, and x
O 4.

106. x3 0 4x2 0 5x O 2. We graph the equations

y1 0 x3 0 4x2 [15x and y, [ 2 in the viewing rectangle
[0100 10] by [O0501 5]. We find that the point of
intersection is at x 0 5007. Since we want x3 O 4x2 O 5x
0 2, the solution is the interval 050070 OO.

10 -5 10

O O

108. sz O IGE 010 O 0. We graph the equation

O O

2
y \_AEX O 16LD 0 10 in the viewing rectangle [0100 10] by

[0100 10]. Using a zoom or trace function, we find that the
x-intercepts arer 0 05010 and x O 02045. Since we

. 0 0, the solution is approximately

X2 0o wldu

0000 05010t o fo20450 204510 {50300 O0.

10T
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100. HereDthe center is at 00000, and the circle passes through the point 0050120, so the radius is

2 2 e L ; ; is v 2 2 2
r 0 0050000012000 0 250144 O 169 O 13. The equation of the circle is x4 O y< 0O 13- O

x2 0 y2 0 169. The line shown is the tangent that passes through the point 0050 1207, so it is perpendicular to the line

through the points D00 00 and 0050 120. This line has slope éZSDD% O D%. The slope of the line we seek is
mp O

1 1 5

5 5 25
mo 0 00— O ——. Thus, an equation of the tangent lineisy 0 12 O OxO500y0120 ,,x 0O O
2 m, 01205 12 g g y 12 y 12X 5 12

y 0 x 01 05x 012y 0169 00.
110. Because the circle is tangent to the x-axis at the point 050 00 and tangent to the y-axis at the point 00O 50J, the center
is at

05050 and the radius is 5. Thus an equation is Ox 0502 0 Oy 0502 052 0 Ox 05020 Oy 0502 0 25. The
slope of
. ; . . 501 4 4 : . .
the line passing through the points 080 10 and 05050 is mD_8 0 3 | Dg, S0 an equation of the line we seek is
d
5

yO10040x08004x 03y 03500.

111. Since M varies directly as z we have M O kz. Substituting M O 120 when z O 15, we find 120 O k 0150 O k O 8.
Therefore, M 0 8z.

112. Since z is inversely proportional to y, we have z [ ; Substituting z 0 12 when y 0 16, we find 12 0 l%D k O 192.

Therefore z O 1792

. . L . k
113. (a) The intensity | varies inversely as the square of the distance d, so | O 7z

(b) Substituting 1 0 1000 when d O 8, we get 1000 O m%z 0 k O 64,000.

64,000 64,000

. Substituting d 0 20, we get | O , 1160 candles.
0200

(c) From parts (a) and (b), we have | O 42

114. Let f be the frequency of the string and | be the length of the string. Since the frequency is inversely proportiomatto the
5280

F
| or

length, we have f O IE Substituting | O 12 when k O 440, we find 440 O 1% Ok O 5280. Therefore f O

280

5
f [ 660, we must have 660 [} —— oro 5626%9 [ 8. So the string needs to be shortened to 8 inches.

115. Let O be the terminal velocity of the parachutist in mi/h and O be his weight in pounds. Since the terminal velocity is
g(i)rﬁ%tly proportional to the square root of the weight, we have 0 O k O. Substituting O O 9 when O O 160, we

L [ 9 O— ) I
for k. Thisgives9 Ok 160 Ok 0 BF— ED%EZHZ' Thus O O 0. When O O 240, the terminal velocity is

160

o
0 ooo7i2 240 011
mi/h.

116. Let r be the maximum range of the baseball and O be the velocity of the baseball. Since the maximum range is directly
proportional to the square of the velocity, we have r O 02, Substituting O O 60 and r O 242, we find 242 O k 06002
0Ok O 000672. If O O 70, then we have a maximum range of r 0 0000672 07002 0 32904 feet.



161  CHAPTER1 Equationsand Graphs CHAPTER1  Test 161

CHAPTER 1 TEST

1. (a) y There are several ways to determine the coordinates of S. The diagonals of a

and has length is 6 units, so the diagonal QS is vertical and also has length 6.

. Thus, the coordinates of S are 030 601.
. 0 0
(b) The lengthof PQis 00O 3020030 18 03 2. Sothe area of
0.0, 002 [

PQRSis 3 2 o

18.

(b) The x-intercept occurs wheny 0 0,500 0 x2 04 Ox2 04 0x O 02. The
y-intercept occurs when x [0 0,soy 0 [J4.

2. (@

~<

(c) x-axis symmetry: OOy O x2 04 0y O Ox2 04, which is not the same as
the original equation, so the graph is hot symmetric with respect to the x-axis.

y-axis symmetry: y 0 00x02 04 0y O x2 O 4, which is the same as

the original equation, so the graph is symmetric with respect to the y-axis.

Origin symmetry: 00yO O 0O0x02040 Oy 0O x2 O 4, which is not the same
as the original equation, so the graph is not symmetric with respect to the origin.

3. (a) 7 (b) The distanceDbetween P and Q is

0 —£
dOPOQDD DO305020010602 0640250 89.

305 106 0

(c) The midpoint is >
1 o —

~NOooO O
N
NS

106 . 05
0305  0O8

O
oo (o1

x (d) The slope of the line is

g g
(e) The perpendicular bisector of P Q contains the midpoint, 1[&7 , and it slope is

the negative reciprocal of . Thus the slope is 0 - [ [—. Hence the equation

3 508 5
8 8 8 1 8 5l
isyD7DDExD1DDyDD x O OO0 xO . Thatis,
2 5 5 5 2 5 10
8 51
y O OeX O qm.
0 BD o %— 4
(f) The center of the circle is the midpoint, 1527 , and the length of the radius ig 1289 . Thus the equation of the circle

2 o 2 P
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0 0 0 0
whose diameter is PQis Ox 01020 yg ' O, 89 Dox01020 yo! 0%
1
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4. (@) X2 Oy?2 025052 hascenter 00000 (b) Ox 0202 00y0102090 (c)x206x0y202y06000
32 has

Y y U o U D402%has
Cix 302 oy 102

1 1
1 X 1 X

center 0030 10 and radius 2.

y

TR

5 (@ xO40 y2. To test for symmetry about the x-axis, we replace y with Oy: y

x 040 00y02 0x 040y2 so the graph is symmetric about the x-
axis. To test for symmetry about the y-axis, we replace x with x:

symmetric about the y-axis. > >
For symmetry about the origin, we replace x with Ox and y with Oy: /

Ox 040 00y02 0 0x O40y2, which is different from the
original equation, so the graph is not symmetric about the origin.

To find x-intercepts, we set y 0 0 and solve for x: x 0 4 0 02 O 4, so the
x-intercept is 4.

To find y-intercepts, we set x 0 0 and solve for y:: 0 0 40 y2 O y2 O 4
0Oy O 02, so the y-intercepts are 02 and 2.

(b) y O Ox O 20. To test for symmetry about the x-axis, we replace y with Oy: y
Oy O Ox O 20 is different from the original equation, so the graph is
not symmetric about the x-axis.

graph is not symmetric about the y-axis.

To test for symmetry about the origin, we replace x with Ox and y with
Oy: Oy 0 0O0Ox 020 Oy O O0Ox O 20, which is different from the
original equation, so the graph is not symmetric about the origin.

To find x-intercepts, we set y 00 0 and solve for x: 0 O Ox 0 20 O
x 02 000x 0O 02, so the x-intercept is 2.

To find y-intercepts, we set x 0 0 and solve for y:

y 000020 0O 0020 O 2, so the y-intercept is 2.
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6. (a) To find the x-intercept, we set y 0 0 and solve for x: 3x 05000 O (b) Y
15

03x 0150 x 05, so the x-intercept is 5.

To find the y-intercept, we set x 00 0 and solve for y: 3000 O 5y O
15

(€)3x D5y 01505y 03x 0150y 0 3% 03, 1 «
(d) From part (c), the slope is %
(e) The slope of any line perpendicular to the given line is the negative
reciprocal of its slope, that is, (I ng oo i
;. (@ 3xOyOd10 000y O 0O3x 110, so the slope of the line we seek is (3. Using the point-slope, y 00060 0 03 0Ox O
d

OyO6003x0903x0OyO300.

(b) Using the intercept form we get % 0 % 0102x03y01202x 03y 012 00.
8. (a) When x [1 100 we have T 1 0008 010000 04 08114 (I 4, s0 (b) T
the temperature at one meter is 47 C.
(c) The slope represents an increase of 0008 C for each one-centimeter 5

increase in depth, the x-intercept is the depth at which the temperature
is 0Y C, and the T -intercept is the temperature at ground level.

20 497 60 80 100 120 x

9.(a)XZDXD].ZDODDXD4DDXD3DDO.SOXD40I’XD_I;L3._ - -

O O d O
040 4204020 DD4D 16D8DD4D SDD4D22DD2D 2
010 4 4 4 2 '

2020 2

(b) 2x2 04x 01000 x O

O 0o 2 (I 2
(%SD xO030Ox030x 0O xO30030x040 30 Oxc06x09030x0O
X

x205x 060 Ox 020 0x 030 00. Thus, x 0 2and x O 3 are potential solutions. Checking in the original
equation, we see that only x O 3 is valid.

(d) x}102 03x1P84 g2 0o, Letu O x274, thenwe haveu? D3u 02 000 Ou 020 0u 010 0 0. Soeitheru D2 00
or

uO100. fuD200, thenuD20x04020x 024016 1fuD100,thenu010x1P4010x01.So
x Olorx O16. . a0 . L
() x403x202000 x201 x202 00.Sox201000x001orx202000x 00 2 Thusthe

0 0
solutionsarex 0 01, x 01, x 00 Zandx O 2.
10 10 10 2

() 30x04001000030x04001000x0453 00 0x048 0x 040 . Sox 040 5 O 4or
U3
x 04010 022 Thysthe solutions are x 0 2 and x 0 22,

3 3 3 3
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10. (@) 03020004030 03040002 0300704

() 030200040300 030400002 0300 0105

() 0302i00403i003040303i 0204020310120 08 06i20120i060010 01801
302 302 403 120171062 _ 12017i06 _ 6 _ 17

0 d 0 0—0=i
@ 753 705 a0 U T moez 1609 25 25

24 3i

) 8 O 0 0010?01
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U Pl o0 o 0 0 0 o .
M 20 2 B0 2 43 2080 200200 00208 2 4 2 4i b 6 2

D —_—
0 0 _— 0 o o 0 oo o 0O
0 - 0 —
40 4204020030 D40 8 5
0 0
11. Using the Quadratic Formula, 2x204x03000x 0 5 ad 7} oolo 9 i
020

12. Let O be the width of the parcel of land. Then O O 70 is the length of the parcel of land. Then 02 O OO O 7002 O 1302 O

02 0 02 01400 04900 0 16,900 0 2002 01400 012,000 00 0 02 0700 06000 0 0 0 00 0500 00 0 1200 O
0.So O O 500r O O 0120. Since O O 0, the width is O 0 50 ft and the length is O O 70 O 120 ft.

13. (@ 04 0503x 017009 U 0O3x 012 03 O x O U4, Expressing in standard form we have: 04 O x O 3.

Interval: [040 30. Graph: 33
4

(b) x Ox O 100x 020 O 0. The expression on the left of the inequality changes sign when x 0 0, x O 1,and x O 0O2.
Thus we must check the intervals in the following table.

Interval goog 0020 ood 010
Sign of x ) 0 ) 0 VD 0
Signofx 01 O O O O
Signof x O 2 O O O O
Signof x Ox 010 0x O O O O O

From the table, the solution set is Ox 0 02 O x O 0or1 O xO. Interval: 002000 O 010 00.

Graph; —o——o0—0——>
P 2 0 1

(c) Ox 040 O 3isequivalentto 13 0 x 040301 0 x O7. Interval: 010 70. Graph—o o

1 7

2x 03 2x 03 2x03 _x0O1 x4 . . .
010 ol1000 O 000 01 0 0. The expression on the left of the inequality

d 2 npl—=
()xD1 x0O1 xO1 x0O1 x O

changes sign where x 0 04 and where x 0 0J1. Thus we must check the intervals in the following table.

Interval oooo 0010 | 040
Signofx 04 O O O
Signofx 01 O O O
Sign of E O O O
xO1
Since x O 01 makes the expression in the inequality undefined, we exclude this value. Interval: D010 4].

Graph: o >
1 4

14.50 g OF0320 010090 FO32018 041 O F O 50. Thus the medicine is to be stored at a temperature between
417 Fand 507 F.
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0
15. For 6x O x2 to be defined as a real number 6x 0 x2 0 0 0 x 06 O xO O 0. The expression on the left of the inequality

changes sign when x 00 0 and x O 6. Thus we must check the intervals in the following table.

Interval oooo 0oo | 060

Sign of x O O O

Signof 6 O x O

Signof x 06 O O O O

[
From the table, we see that  6x 0 x2 is defined when 0 O x O 6.
16. (a) x3 0 9x 01 O 0. We graph the equation (b)x2 01 0 Ox O10. We graph the equations

y O x3 0 9x O 1 in the viewing rectangle [050 y1 Ox201andy, O Ox 010 in the viewing
5] by [0100 10]. We find that the points of rectangle [(050 5] by [(0501 10]. We find that the
intersection occur at x 0 02094, 00011, 3005. points of intersection occur at x 0 U1 and x O 2.

Since we want x2 0 1 O Ox O 100, the solution

0
[ / is the interval [010 2].
1 1 1 1 10 —_

-4 2 2 4
5L
(1h?

040
o 0 2
2 el

(b) Substituting 0 0 4,h 06,L O 12,and M O 4800, we have 4800 O k 7 0O k O 400. Thus M O 400 L
O O

030 102

(c) Now if L 0 10,0 O 3,and h O 10, then M [0 400 10 00 12,000. So the beam can support 12,000 pounds.

FOCUS ON MODELING  Fitting Lines to Data

1. (a) y (b) Using a graphing calculator, we obtain the regression
liney 0 108807x [0 82J165.

180

(c) Using x O 58 in the equation y O 0 82065,
108807x

we get y 0 1008807 0580 0 820065 0 1910J7 cm.

[Meight (e

40 50 X

Femur length (cm)
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2. (a) y (b) Using a graphing calculator, we obtain the regression

8004 liney O 160J4163x U 621083.

(c) Using x O 95 in the equation

2 6004 y 0 16004163x [1 621183, we get
E: y 0 16004163 09501 0 621183 [J 938 cans.
?
£ 400
2
I : : : :
50 60 70 80 90 X
High temperature (°F)
3. (a) YA (b) Using a graphing calculator, we obtain the regression
100 line y 0 60451x 0 001523.
80 (c) Using x O 18 in the equation y 0 60451x [
& o 001523, we get y [ 60451 0180 [ 001523 O
1
o 116 years.
2 a0
20
>
0 2 4 6 8 10 12 14 16 18 20 X
Diameter (in.)
4. (a) v (b) Letting x O 0 correspond to 1990, we obtain the
4001 regression line y 0 1008446x 0 35202.
é 3901 (c) Using x O 21 in the equation y 00 1(08446x [J 352012,
= 3801 we get y 00 1008446 0210 0 35202 00 390009 ppm
Ei 3704 COy, slightly lower than the measured value.
5 360/
350

1990 1995 2000 2005 2010 X
Year
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5. (a)

6. (a)

7. (a)

8. (a)

Chirping rate (chirps/min}

Mosgquito positive rate (%)

Pl T smvre 47500

y

N
o
o

100

50 60 70 80 90 X

Temperature (°F)

Sem e extent (million I.;||1"}

T T T T T T T T T T T T T

0 10 20 x
Years since 1986

0 20 40 60 80 100 X

Flow rate (%)

100 -

50

0 —1- T T T T
80 90 100 110 X

Noise level (dB)

Fitting Lines to Data 167

(b) Using a graphing calculator, we obtain the regression
liney O 40857x J 2200197.

(c) Using x O 100" F in the equation

y 0 40857x 0 2200097, we get y O 265 chirps
per minute.

(b) Using a graphing calculator, we obtain the regression
liney O 0001275x O 70929.

(c) Using x O 30 in the regression line equation, we get

y 0 00012750300 O 70929 0O 4010 million
km2.

(b) Using a graphing calculator, we obtain the regression
liney 0O 000J168x O 190189.

(c) Using the regression line equation
y O 000168x 190189, we get y 0 81113% when
x 0 70%.

(b) Using a graphing calculator, we obtain
y O 0309018x 00 419017.

(c) The correlation coefficientis r O 00098, so
linear model is appropriate for x between 80 dB
and
104 dB.

(d) Substituting x T 94 into the regression equation, we
gety 0 0309018 0940 041907 O 53. So the
intelligibility is about 53%.
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9. (a) y
o
:
.
1920 1940 1960 1980
Year
10. (a) Year | x | Height(m)
1972 | o| 506
1976 | 4| 506
1980 | 8| 507
1984 | 12 | 507
1988 | 16 | 509
1992 | 20 | 508
1996 | 24 | 509
2000 | 28 | 509
2004 | 32 | 509
2008 | 36 | 509

(b) Using a graphing calculator, we obtain the regression

line y 0 500664 00 00J00929x.

2000

X

(b)

(©

(d)

©)

(d)

Fitting Lines to Data 168

Using a graphing calculator, we obtain

y 0 0027083x (1 462(19.

We substitute x [0 2006 in the model

y 0 00J27083x 0 462019 to get y 0 80014, that is, a
life expectancy of 80014 years.

The life expectancy of a child born in the US in 2006
was 7707 years, considerably less than our estimate
in part (b).

g
=
E
Ed
S T
] . . .
0 10 20 30 X

Years since 1972
The regression line provides a good model.

The regression line predicts the winning pole vault
height in 2012 to be

y 0 00000929 O O [J 6104 meters.
02012 19720 50J664

11. Students should find a fairly strong correlation between shoe size and height.

12. Results will depend on student surveys in each class.



2 FUNCTIONS

2.1 FUNCTIONS

1. If f Ox0 0 x3 0 1, then
() thevalueof f atx 0 Olis f 0010 0 0010801 00.
(b) the value of f atx 0 2is f 020 023 0109.
(c) the net change in the value of f betweenx O Olandx O 2is f 0200 f 0010 09000 9.

2. For a function f, the set of all possible inputs is called the domain of f, and the set of all possible outputs is called the
range of f.
05

3. (d) fOxO O x203xandg

. have 5 in their domain because they are defined when x [0 5. However,
OxO O

hOx0 O x 010 is undefinedwhen x O 5because 5010 O 5,505 is not in the domain of h.

0
(b) 050 05203050 0250150 10and g ¥ 0 % 0o.
050 O
4. (a) Verbal: “Subtract 4, then square and add 3.”

(b) Numerical:

x| f

0 19

2 7

4

6

5. A function f is a rule that assigns to each element x in a set A exactly one element called f Ox [ in a set B. Table (i) defines

y as a function of x, but table (ii) does not, because f 010 is not uniquely
defined.

6. (@) Yes, itispossiblethat f 010 O f 020 O 5. [For instance, let f Ox0O O 5 for all x.]
(b) No, it is not possible to have f 010 O 5and f 010 O 6. A function assigns each value of x in its domain exactly
one value of f Ox0O.

7. Multiplying x by 3 gives 3x, then subtracting 5 gives f OxO O 3x O 5.
8. Squaring x gives x2, then adding two gives f Ox0 O x2 02

9. Subtracting 1 gives x [ 1, then squaring gives f Ox 0 O Ox 0 102

g
U—— x 1
10. Adding 1 gives x O 1, taking the square root gives x U 1, then dividing by 6 gives f Ox0O 5
D L
x 02
11. f Ox0O O 2x O 3: Multiply by 2, then add 3. 12. ¢ 3 Add 2, then divide by 3.
OxOd O
x2 4
L - e
3 : Square, then subtract 4, then divide by 3.

13. h Ox0O O 5 0x 0 10: Add 1, then multiply by 5. 14. k 169
UxOd
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- - D_ H 1 3
15. Machine diagram for f OxO O x O 16. Machine diagram for f Ox0 X032
1. O
~ subtract 1, _
1% then fake N 0 ~ | subtract2, | _
/L—sqt:aﬁmm—J\ 3_»  take reciprocal, —» 3
= subtract 1, _ ﬁ Sl 2 ]
2 sg:g:et?ﬁ?)t Q! 1> take reciprocal, — > 1
—] multiply by 3 [~
- subtract 1, _ [_ il 2 ]
5—> sg:g:et?ﬁ?)t 22 1—> " take reciprocal, —> 3
™ = ey
17. fOx0 020x 0O 18.9 Ox0O O 02x O30
102
X g
X f 03 | 020030030
01 | 20010102 0 02 03
0 8 o | 020020030
1 200102 0 1 o1
5 2 gJ2000030
3
20101020 o3
3 0

19. fOxO O x2 06, fO030 0 0030206090603 fO30 03206090603 fO00 002060

06;
-0 0O,
1 g 1

f

2

N
N
N

20. fOx0 O x302x; fO0020 0 00208020020 0 0804 0 012; f0010 0 00103 020010 O 0102

0 os;
004 00

Eq@jmo%zmommo;f ' o°p2 * olpioo.

7 2 7 B 8 .
1
102x 102 102 5 U, 1b2g 102a
R BE2e— O 4 ——
21. f Ox0O ; £ 020 0 01, f oo20 o ;f O 0o; fOaD O ;
0 3 3 3 3 2 3 3
0
10200a0 102a 1020a010, 302a
f D0a0 a4 . f Dal) 10 i . x
. 3 3 3 3
x2 04 2204 8 00202 04 a’%4 0ox020 x204
8 4
22. h OxO -h020 0 _;h0020 0 _;hoadl hOOx0 O ;
N s 5 5 5 5 5 5
0 0
o55— o
Da020°0 a?O4a08 O x O x04
4 - 4
00
hbaD20 ——— o 5 X 5 5

O



171 CHAPTER2 Functions SECTION2.1  Functions 171

23 fOxOOx202x: OO0 00202000 00; O30 032020300906 015 f0030 0 00302 020030
0906083
0,0 0,0, 0,0

1 2
foaD Da2020a00a%02a; f 0OxO 0D OOx020200x0 0 = O 02 = D_im-
2 . a a a a a
x< 02x; f
1 1 pos P11 5
24.hOxO0 O x 3 ;hD010 0 00480 4, 001010 02h020023, O- O Dlmzmzmz,
h X 2 2
2N
1 0y 11 1
hOx01l0OxO13—-h = L =Z0XZ0=0x
y 01 X X 1 X
X
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0 0
Oo,0 40 A1
10x 10020 O1 10 1~ 12 1
— — e L B
. ;g 020 0O 00,;90010 . which i ined: 0o o_;
25. g OxO DlDX g 10020 3 g 10 which is undefined; g 2 10 1 D§ 3
3 0010 T 2 “
72
10 10a 100a0  10a01 20a 9, U 1Ox Ol opy2
Dal 10
Dal B—— ;g0a010 0——0—g x ul O 0 00
g O0ad 10ay 100a0 " 1oaoi- a 9Pt Pypteng X2
1 0 10
to2 0202 202 0012 a2
26. gOt0 O——; g0020 ——— 0 0; g 020 ———, which is undefined; g 000 —— O 01; g 0Oald ;
g 9 o202 5 Y 202h g 0og2g 9 a2
02
t —
O 0 .2 2
2 acpg202 as | agdl102 _aOd3
a2 0 ;g0adl0 O ,
: 20202 al04p an1o2 all
0

27. kOxO0 0O Ox202x03: k000 0002020000303, k020 002202020030 05 k0020 0 00020202

002003 03;
Oph Ug O, 0Op O 0
k 2 00 Z 02 7 030102 2;k0ad20 0 00a0202020a02003 0 0a206a0s5;

00 0
kOOxO 0000x020200x003 0 0x2 02x 03; k ux2 02 x2 030 0x402x203.
0 0
X2

[

28. kOxO 0 2x303x%; k000 020003030002 0 0; k030 020308030302 027; k0030 020030303

00302 0 081;
0O O D3 O 0 O O 3 2
K NV tE 1 gplk a a a 4 Dga-kaxDDszxD3D3DDxDZDDZX3D
0 253 HP) Bx2:
O O O

2
7 2 2 7 2 2 32 7
o U 3 2
K x3 D2 535 ~D2x?03x8.
X3 X3

29.£D5D DDZDX 10; fDDDZD 0 2002010 O 2030 0O 6, fOOO O 200010 O 2010 O 2
1

f 1 2 101 D2l gyp:fo20 0202010 02010 0 2; fOx010 0 200x010010 O 2
M
D@ O ? oo ZDD o -
0 0 0 2 . 2
f x202 O x202 OO 0OR x201- 02x202(sincex20100).
X0 0020 — 2 ooio 1
0 ) )
30. fOxO O— ; fO020FH- O O 01, fooDio o d 0O 0O1; f Ox0O is not defined at x O 0;
X 02 02 01 01
0o o DD)%DD ot
050 5 ) 1
fO50 O— o Olsincex200,x00; f = DDlDDi.
> 0 X¥ant 2 0— 1 X XD Hxd
5oL = U5z 10x
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31. Since 02 O 0, we have f 0020 O 00202 O 4. Since 01 O 0, we have f 0010 O 00102 O 1. Since 0 O 0, we
have

fOOO OJO0OD101.Sincel00,wehave f J10 010102 Since200,wehave f 020 02010 3.
32. Since 03 0O 2, we have f 0030 O 5. Since 0 O 2, we have f 00O O 5. Since 2 O 2, we have f 020 O 5. Since 3 O
2,wehave f 030 0203003 03.Since502,wehave f 050 020500307.

33. Since 04 O 01, we have f 0040 0 DD402 020040 0 1608 0 8. 5 O 01, we have
Since 03

o 0 0, 0O O
g 3 3 3 2

O O Oy 02 D3 H@lHSDD .Since 01 0 01, we have f 0010 O ghnZCQDIDDlDZDDl.
2 Z Z
010001, wehave f 00O O 0. Since 25 O 1, we have f 0250 O O1.

34, Since U5 0 0, we have f 0050 0 30050 0 015. Since0 000 2, wehave f J0OO D001 0J1.Since0 0102, we
have

f0Ol10O010102. Since0 0202, wehave f 020 0201 0 3.Since5 0 2, we have f 050 O 050202 0 9.

35 fOx020 0 0x 020201 0x204x04010x204x05 fOx00 f 020 0x20100202010x2010401
0 x2086.

36. fEZXEDSD2XDD1D6XD1;21‘DXDD2D3xD1D 06x 02

0 0
37. f x2 Ox204; fOxO 20[x 042 0x208x 016.
0 0

X f 6x 018 _ 302xu 6
38 f 2 6 X 018020 £ U = o 302X St oy men
O O 18; 3

0 3
3 3

39. fOxOO3x0O2,s0 fOlO0O030100201and f 050 0305002 0O 13. Thus, the net changeis f 0500 f 010 O
13010 12.

40. fOx0O O 405x,s0 fO30 0405030 0O O1land fO50 O 405050 O 021. Thus, the net change is
f 0500 f 030 0 021000110 O 010.
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41. gOt0 010t sog0020 01000202 0104 0 O3 and g050 O 1052 O 024, Thus, the net change is
gO050 090020 0 024 0 0030 O 021,
42. hOtO Ot205,s0h 0030 0 0030205 O 14and h 060 O 6205 O 41. Thus, the net change ish 060 0h 0030 O
41014 0 27.
43. f0ad 0O 5 02a fOaOhD O 5020a0h0 O 50 2a 0 2h;
foaohoO f 502a02h00502a0 502a02h 05028 _ w2h
u| 0o — 002
DaO h h h
h

2 . 2 2 2 .
44. f Ual O 3a DZ,fDDaDhD D3DaDhDDD2DD3a DSahD3h 02;

3a206ah 03h2 02 O 3a202 g 2
fDESDhDDf oGahush 2 o
e h
h
foaohoo f 5.5
45. f0a0 05; f Da0hO Dag ~> 0o,
h
a5; 0
h
1 1
46.fDaDE—I—;DfDaDhD aOhO1
01
a -
1 1 adl adhO1l

0O
fOaDhoO f aghmmammmammmamhmm Da0100a0

Oadl . h h 010
h Oh h
Dabl00a0OhO 01
10
0 0
h Dab0100a0OhO10
a alh
cfl0a0hl) ——:
47. f Dad B— a T0hoT
a 01
alOh a DaUJhOOaOd alaOhO10
10
0 0
fOaOhDOf alhO1 aDlD DabOhO100a 010 OaOh 010
Dall 0 h Oa 010
h h
DaOhODaDl00abaOh Dz 0
10 a20a0ah0hO a?0ah0a
DadhO100a 0
10
0 0
h hODaOhO1l00Oa 010
1
0 —
DabOhO100a 010
2a 20a0h0
48. f Jald Q—,Df DaOhO a—Dmy
01
a
20a0h0O O2a02h00ad 2a0a0h 010
2a 10

fOaOhOoO f Dan
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d
aDthDaD]_D ODaOUOh0O100a 010 DaOhO10

h Da 010
h

20a0h00a01002a0a0h
010

Da0OhOl00ad
10
d
h

02h 2

O [
hODaOhDO1lO0Da 010 DaOhDO100a 010
49. f Dad 030 5a 0 4a2;

2a2 0 2ah 0 2a 02h 0 2a% 02ah 0 2a
hDaOhDOlODOaO10

O

0 0
foaDho0O3050a0h0o040a0h0?20305a05h 04 a2 02ah 0h2

0 30 5a 05h 04a2 0 8ah [ 4h?;
0

0O 0 0
foanhoof 305a05h04a2 08ah 04h? O 30 5a04a?
Dald . -
h 30 5a05h 04a2 (08ah 04h2 03 05a04a?2 _ 05h O 8ah [ 4h?
0 h h
h 4h
hi 5 8 A0, o g, gn,

0 h

175
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w.Hhmma%fDaDBDDDaDmﬁDa3D§%§3@ZDM;

fOadhoO f a®03a?h 03ah?20h3 O a® 35 2gan 2p 3
Dall 0
— 0 0o h h
h 3a2[03ah 0h?
2 2
O 03a O03ah0Oh .

51. f Ox0O O 3x. Since there is no restriction, the domain is all real numbers, 0000 O0. Since every real number y is
three times the real nurgber 1 y, the range is all real numbers DO0O0 OO.

52. f OxDO O 5x2 0 4. Since there is no restriction, the domain is all real numbers, D000 O0. Since 5x2 O 0 for all x,
5x2 0 4 O 4 for all x, so the range is [40 OO,

53. f OxO O 3x, 02 O x O 6. Thedomainis [020 6], f 0020 030020 O U6, and f 060 0O 3060 O 18, so the range is
[O6018].

54. f OxO O05x2 04,0 0 x O 2. The domainis [002], f 000 05000204 04, and f 020 0 50202 04 0 24, so the
range is
[40 24].

55. f OXx0O gé_3. Since the denominator cannot equal 0 we have x 03 0 0 0 x 0 3. Thus the domain is Ox 0 x 0 30. In
X

interval notation, the domain is D000 30 O O30 O0O.

1 . . . .
56. f OxO Bﬁ. Since the denominator cannot equal O, we have 3x 06 0 0 0 3x [0 6 O x [ 2. In interval notation, the

3x

domain is 0O0O020 0 020 0O0.
57. f OxO Elimz1 Since the denominator cannot equal 0 we have x201000x2010x 0 01. Thus the domain is
x2

Ox O x O O010. In interval notation, the domainis OO0 010 0 001010 0 010 O0.

4

X
58. f OxO Bﬁ Since the denominator cannot equal 0, x2 0x060000x0300x020000x 0 030rx O
X
2.

In interval notation, the domain is 0000 030 O 003020 O 020 00.

]

59. fOxO O xO1. Wemusthavex 01 000 x O O1. Thus, the domain is [010 O0.

F

60. g OxO O x2 0 9. The argument of the square root is positive for all x, so the domain is D000 00O,
61. f OtO O °t O 1. Since the odd root is defined for all real numbers, the domain is the set of real numbers, D OO0 O0O.

kEl

62. %DXD DD 7 0 3x. For the square root to be defined, we musthave 7 03x 0007 0O 3x O BZ O X. Thus the domain is
0ooy

o
63. f OxO O 10 2x. Since the square root is defined as a real number only for nonnegative numBers, we require that

DO2x 000 x O L. Sothe domainis Ox O x O 1 0. Ininterval notation, the domainis 0 1

7 7 oy o

|

64. gOxO0 O x204. We must have x2 04 000 Ox 020 0x 020 0 0. We make a table:

0000020 | 0020 020
Signofx 02 O O O
Signofx 02 O O O

Signof Ox 020 0x O O O O
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Thus the domain is OO0 02] O [20 O0O.
20X
30x

65. g Ox O . We require 2 0 x O 0, and the denominator cannot equal 0. Now2 0 x 000 x O 0J2,and30x 00
g

0 x O 3. Thus the domainis Ox O x 0 02 and x 0 30, which can be expressed in interval notation as [J20 30 O 030
oo,
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[
X

178

66. g OxO G—rxrt. We must have x [ 0 for the numerator and 2x2 (1 x (11 [ O for the denominator. So 2x2 Ox 0100

2x2

d o o-

002x0100x0100002x01000rx01000x Gt orx 0 0L Thusthedomainis 611 & 100 .

0
67. g OxO “x2 0 6x. Since the input to an even root must be nonnegative, we have x2 0 6x [ 0 0 x Ox [0 60 0 0. We make

0
a table:

0ooooo | doo 060
Sign of x O 7 O O
Signofx 06 O
Signof x Ox O O

Thus the domain is OO0 0] O [60 DO.

o
68. gOxO O x202x O8. We must have x2 0 2x 08 00 0 Ox 040 Ox 0 20 0 0. We make a table:

0000020 | 0020 040
Signofx 0 4 O O O
Signof x O 2 O O
Signof Ox 040 Ox O d d d

Thus the domain is 0O00 02] O [40 O0O.
69. f Ox0O D—%. Since the input to an even root must be nonnegative and the denominator cannot equal 0, we have
X
x 04 000x O 4. Thus the domain is 040 OO.

2
70. f OxO D—§D= Since the input to an even root must be nonnegative and the denominator cannot equal 0, we have
X

6 0x 0006 Ox. Thus the domain is 0000 60.

2
71. f OxO BDX—DD11D Since the input to an even root must be nonnegative and the denominator cannot equal 0, we have
0 g
2X

d
2x01000x 0 % Thus the domainis 300 .

X . . . .
72. f OxO B—F Since the input to an even root must be nonnegative and the denominator cannot equal 0, we have
Ox2

90x2 000 030x0030x0 0 0. We make a table:

Interval oooo 0030 | 030
Signof 30 x O O
Signof 30 x O O
Signof Ox 040 0x O O O

Thus the domain is 0030 30.
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73. To evaluate f Ox [, divide the input by 3 and adg 2 to the result.
(@) f OxO ég% © y
3 /
b x | f°
(b) Ox0O
4 3
2 1
8
3 1 X
8| 1

74. To evaluate g [Ox [0, subtract 4 from the input and multiply the result by 3,

gh%mxmmmx 04003 03 0x © y
7 7
(b)
X |9 _
Ox0

: e
et

75. Let T Ox 0O be the amount of sales tax charged in Lemon County on a purchase of x dollars. To find the tax, take 8% of the
purchase price.

w Nw O

(@ ToOxoo (c) y
00J08x
(b)
2 | 0016 1
4 | 0032
6 | 0048
8 | 0064
1 X

76. Let V 0d O be the volume of a sphere of diameter d. To find the volume, take the cube of the diameter, then multiply by O
and divide by 6.

(a) vV 0dO 0 d® 0 D060 (©) y
Dd3
(b)
X f Ox0O
2 | A D402
4 | 337 03305
6 | 360 0113
g | %Y 0268 P
1 X
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0

U1 if x is rational . . ) o .
77. f Ox0O O ifuwiciom: The domain of f is all real numbers, since every real number is either rational or
0 5 if x is irrational

irrational; and the range of f is 010

50.
U1 ifxis rational . . . - )
78. f OxO o The domain of f is all real numbers, since every real number is either rational or
O U sx if x is irrational

irrational. If x is irrational, then 5x is also irrational, and so the range of f is Ox 0 x O 1 or X is irrational O.

= 2 = 2
79. (@) V00D 050 15 g50andV 0200050 1542 o, ©
X V Ox0O
(b) V 000 O 50 represents the volume of the full tank at time t 0 0, and 50
V 0200 O 0 represents the volume of the empty tank twenty minutes 5 | 280]125
later. 10 | 12005
(d) The net change in V as t changes from 0 minutes to 20 minutes is 15 30125
V 0200 0V 000 00050 O 050 gallons. 201 0

80. (a) SO20 040 0202 0160 050027, S 030 O 40 0302 0 360
0 113010.

(b) S O20 represents the surface area of a sphere of radius 2, and S-=-3H+represents the surface area of a sphere of radius
3.

a O
2 00075¢02
81. (a) L O0OO5ScO O 10 1DOC§5CDD 80066 m, L J00O75cO O 10 2 0 6061 m, and
. i0
e 2
J009c
L0009 010 1— DD 4036 m.
0 C
(b) It will apé)ear to get shorter.D X R
1307 20 1 2
01p00t4 10 | 1066
82. () RO10 —m 0 2mm, b 100 1048
0 @ 10401004 5 (b)
0 200 1044
_ 500 1041
. 1000 | 1039

1307010004

R 0100 ————n 0 1066 mm, and
0 1 40100

[

o
(0!
R 01000 m 0 1048 mm.
0 1., 401000094
. . b) They tell us that the blood
(c) The net change in R as x changes from 10 to 100 is 1£| o)ws mﬁch faster (about
R 01000 O R U100 0O 1048 0 1066 0O JOC118 mm. 2075 times faster)
0 0
83. (a) 0 000101 0 18500 00125000112 [ 4440, ?hzi ggf?%nftrzincfﬁéer
. . edge.

0 00040 018500 0025 00042 [ 1665.
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(d) The net change in V as r changes from 001 cm to 005 cm is
V 00050 0V 00010 O 0 04440 O 04440 cm(s.

84. (a) DOODL0D 20139600 00010 0 000102 0 7920001 O 28011 miles
O o

2039600 00020 0 000207 0 1584004 O 3908 miles

D 00020
d

SECTION2.1  Functions

udr

001
002
003
004
005

4625
4440
3885
2960
1665

181
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85.

86.

88.

89.

90.

91.

. (@ T OxO

CHAPTER 2 Functions SECTION2.1  Functions 182
(b) 1135 feet 0 £332 miles 0 001215 miles. D 2039600 0002150 0 00021502 O 17020846 0 4103
goo20gp — miles

0
() DO70 2039600 070 0 07020 55489 O 235016 miles
0

(d) The net change in D as h changes from 1135 ft (or 00215 mi)to 7 miis D 0700 D 0002150 O 2350604103 O

19403 miles.

(a) Since 0 O 5,000 O 10,000 we have T 05,0000 O 0. Since 10,000 O 12,000 O 20,000 we have

T 012,0000 0O 0008 012,000 O 960. Since 20,000 O 25,000 we have T 025,0000 O 1600 O 0015 025,000

0 5350.
(b) There is no tax on $5000, a tax of $960 on $12,000 income, and a tax of $5350 on $25,000.

(@ CO750 075015 0$90; C 09001 0 90 O 15 0 $105; C 010000 O $100; and C 10501 (1 $105.
(b) The totalﬁrice of the books purchased, including shipping.

H 75x if00x 02

U150 050 0x D020 ifx 02

(b) TO20 O 75020 0 150; T 030 015005003 020 00 200; and T 50 0 150 150 05 0 201 1 300.
(c) The total cost of the lodgings.

0
150400 xO if0Ox 040

(@) FOxO oo if40 O x 0 65

U 1s50x 0650 ifx 065

(b) FO300 015040 0100 0150 10 O $150; F 0500 0 $0; and F 0750 0 15075 0 650 15 0 10 O $150.
(c) The fines for violating the speed limits on the freeway.

(s

We assume the grass grows linearly.

60 |

504
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92. paA
1000 ¢

900

Population 1
(x1000) 200

700 +

600 {

0‘ 1980 1990 2000 2010 !
Year

93. Answers will vary.
94. Answers will vary.

95. Answers will vary.

2.2 GRAPHS OF FUNCTIONS

SECTION2.1  Functions

183

1. To graph the function f we plot the points OxO f OxO0O

in a coordinate plane. To graph f OxO O x? 0 2, we X f OxOyD
plot the 2 2 PEZD
NP b, D | D1 o | oo
%omts xOx4 02 .So,thepoint 30302 0O O3070is -
0 02 0on
mnr
) 01 010
on the graph of f. The height of the graph of f above the ma
. . 2 2 02020
x-axiswhen x 00 3is 7.
2. If f 040 O 10 then the point 040 100 is on the graph of f.
3. If the point 030 700 is on the graph of f, then f O30 O 7.
4. (@) fOxOO x2isa power function with an even exponent. It has graph IV.
(b) fOxO O x3isa power function with an odd exponent. It has graph I1.
(c) f OxO O xisaroot function. It has graph I.
(d) f OxO O Ox0O is an absolute value function. It has graph III.
x | fOxODOxDO Y x |foOxoo40
06 04 02 8
04 02 01 6
02 0 1 0 4
0 2 1 X 1 2
2 4 2 0
4 6 3 02
6 8 4 04




179

11.

13.

CHAPTER 2 Functions

10.

X fOxOOOxO
3
m 6
02 5
0 3
1 2
2 1
3 0
x | fOxO DO
04 016
03 09
02 04
01 01
0 0
x |gOx0000xD
05 016
03 04
02 01
01 0
0 01
04
3 016
X |rOx0Ood
03 ‘243
02 48
01
0 0
1
2 48
3 243

100

1X

12.

14.

y f OxO X3
By

0 010

1 5

9 01

3 ng

4 0

° nn

x |foOxOooOx20O

05 21

04 12

03

02

01 03

0 04

SECTION2.2  Graphs of Functions 179
y
-
r///’
LA
1
1X

<

x |gOx0 Ox202x 0 \
05 16
03 4
02 1
01 0
0 1
4
3 16

X |[rOxO0010
03 ‘ 080
02 015
01 0

0 1

1 0

2 015

3 080

-
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15. 16. 10 /
x [gOx00x30

. A
3 . X |gOxO 0 0Ox O 1
02 16 02 027
o1 9 5 01 08
0 8 : 0 01
1 07 ! 0
2 0 2
3 19 / 3 8
4 27
17. 18.
x |koOxo o3 y . y
027 3 x |koxa
08 ) ) 027 3 !
- 1 ; 08 2 ;
0 0 - 01 1 -
1 01 L 0 0 L
8 02 ! 01
27 03 8 b2
27 03
A
T
— x | fOxO O _x0
x | fox0010 y
0
0 1
1
1 2 1
4 3 2 Sy T
0
1 3 2 10 X
9 4 1
18 4
16 5
10 20 X 27 5
25 6
38 6
21. 22. y
T
cOoto
X @tllz X EDtD 0 ‘/)
1 1
01 1 02 1 9
03 4 03 2
0il 16 01 0
0 0 t ‘ 03 02
i 16 0 01
1
2 4 1 0%
1 1 2 D%
2 1
7
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23.

25.

CHAPTER 2 Functions

1X

X |HOxOO
os| 10
04 8
03 6
02 4
01 2
0 0
x |G OxO O Ox0O
05 0
02 0
0 0
1 2
2 4
5 10
x | fOxO0O0O2x O
05 12
02 8
0 2
1 0
2 2
5 8

1X

29. f Ox0O 0 8x Ox2

(
5

]

a) [0505] by [O50

24.

26.

X |HOxO OOxO
05 7 4
04 3
03 2
02 1
01 0
0 1
1 2
x |G Ox0O O OxO
05 10
02 4
01 2
0 0
1 0
3 0
x | f 0 %(
Oy 1 Il
03 01
02 01
01 01
0| undefined
1 1
2 1
3 1

SECTION2.2  Graphs of Functions

181

(b) [0100 10] by [0100 10]

-10
T

-10

L\
\
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(c) [02010] by [O50 (d) [010D 1(L] by [01000 100]
20]
20 100 {
10 I T T 1
100 -5 5 \10
- -100
The viewing rectangle in part (c) produces the most appropriate graph of the equation.
30. gOxO Ox20x 020
(@) [0202] by [O50 (b) [01001 10] by [011000 10]
5]
4 10
A 3 10
4 0
(c) [O70 7] by [0250 (d) [0100 10] by [[11000J 100]
20]
100
-100
The viewing rectangle in part (c) produces the most appropriate graph of the equation.
3L hOxO O x305x 04
(@) [0202] by [D20 (b) [030 3] by [1001 10]
2]
2 10
1 }
2Nl 1 2 B2
I _l T 1
[\
(c) [0303]by [0100 (d) [0100 10] by [D11000 10]
5]

10

%%

-10

182
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The viewing rectangle in part (c) produces the most appropriate graph of the equation.
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32. kOxO @yt x4 0x? 0
2

@ [ 1by [ (b) [D2002] by [0201 2]
a) [0101] by [O10O

1

(c) [0505] by [050 (d) [0100 10] by [010C 10]
5]

The view'ﬁwg rectangle in part (d) produces the most appropriate graph of ttbe equation.

Jo ifx 02 04 ifx 01
33. f Ox0O 01 34. f Ox0O .
0 1 ifx02 0 UxO1 ifxO1
y y
[} S
2—.
1 X 1 X
0 0
O3 ifx 02 U1ox ifx 002
35. f OxO . 36. f OxO i
- UxO1l ifxo2 - Us ifx 002

y y

184
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O

O x ifxJo0

%7' FOXO Oy 1 ifx 0o

y

g 01 ifx 001
39. f OxO 1 ifuloux ol
O Uo1 ifx o1
y
2.
——e >
0
U2 ifx ool
41.fDxDD 5
O x4 ifx 001
y
1
1
O
Oo ifoxono
43.fDXD2
0 .
U3 ifoxono
2

SECTION2.2  Graphs of Functions

0O
Uoxn3 ifx ool

38.FUXU D3y ifx 001

O
y
\
f
1
1 X
EDI ifx 001
40. f Ox0O x ifuluxul
D U1 ifx o1
y
1
T X

J1ox2 ifxo2
42. f Ox0O = .
0 0 x ifx 02

Ux2 ifoxo o1
0 U1 ifoxool

185
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|:| )
4 |fXD‘—‘2 EDX
2 -
45, foxo ¥ ifO20x D2 46. f OxO 9L x
O OxO6 ifx 02 O DxD3
y
1
1
0
Uxp2 ifx 001
47.fDxDD 9 .
0 X ifx 001 5
%2 2 4 6

Sox0x? ifx 01
48. f Ox0O 3
0 Uox o103 ifx O

1

of this function is also shown, and its difference from the graphing device’s version should be noted.

SECTION2.2  Graphs of Functions

ifxdo
ifOOx u3
ifxO3

186

The first graph shows the output of a typical graphing device. However, the actual graph

N

/12

_%_

3

A 02 ifx ooz
49. f OxO X ifu2 ux w2
O Uy ifxo2

y

SN

50. f OxO
d

O

O

1
10x
02

a

ifx 001
ifO0l0Ox0O2
ifxd2

51. The curves in parts (a) and (c) are graphs of a function of x, by the Vertical Line Test.

52. The curves in parts (b) and (c) are graphs of functions of x, by the Vertical Line Test.

53. The given curve is the graph of a function of x, by the Vertical Line Test. Domain: [J30 2]. Range: [020 2].

54. No, the given curve is not the graph of a function of x, by the Vertical Line Test.

55. No, the given curve is not the graph of a function of x, by the Vertical Line Test.

56. The given curve is the graph of a function of x, by the Vertical Line Test. Domain: [J30 2]. Range: 0020 O 000 3].

57. Solving for y interms of x gives3x 05y 07 0y O 33( O 75 This defines y as a function of x.

58. Solving for y in terms of x gives 3x2 0 yod50y0O 3x2 [ 5. This defines y as a function of x.

. . . L . . .
59. Solving for y in terms of x gives x 0 y2 0y 0 0 X. The last equation gives two values of y for a given value of x. Thus,

this equation does not define y as a function of x.



187  CHAPTER2 Functions SECTION2.2  Graphs of Functions 187

0 0
60. Solving for y intermsof x givesx2 0 0Oy 0102 0400y 0102 040x20y 0L o 40x20y01  40x2

The last equation gives two values of y for a given value of x. Thus, this equation does not define y as a function of x.

61. Solving for y in terms of x gives 2x O 4y2 030 4y2 0D2x030y00, E2x 0 3. The last equation gives two values
of y for a given value of x. Thus, this equation does not define y as a function of x.

62. Solving for y in terms of x gives 2x*> 0 4y? 0304y 0 2x> 030y 0 0, E2x2 0 3. The last equation gives two
values of y for a given value of x. Thus, this equation does not define y as a function of x.

63. Solving for y in ﬁerms of x using the Quadratic Formula gives 2xy 05y2 0 4 05y2 02xy 04 0 00
— 0

o .
0002x0  DOO02x02 04050  2x 0 4x20080  xO x20120 o
yU —s 041 O ) O z . The last equation gives two values of y for a

2050

given value of x. Thus, this equation does not define y as a function of x.
64. Solving for y in terms of x gives DYD 50 x Oy O Ox 0502, This defines y as a function of x.
65. Solving for y in terms of x gives 2 OxJ Oy 0 0 Oy O 02 Ox 0. This defines y as a function of x.

66. Solving for y in terms of x gives 2x 0 Oy 0O 0 O OyO O 02x. Since Dal) 00 O0al, the last equation gives two values
of y for a given value of x. Thus, this equation does not define y as a function of x.

67. Solving for y in terms of x gives x 0 y3 Oy O 5 X. This defines y as a function of x.
68. Solving for y in terms of x gives x 0 y* 0'y 0 0 *X. The last equation gives two values of y for any positive value of x.

Thus, this equation does not define y as a function of x.

69. (a) fOxO Ox20Oc, forcO0,2, 4, and6. (b) f OxO O x2Oc, forc 00,02, 04, and 06.

c=4 \ v/ c=2 c=_2 \ v/ c=_4

\/

c=0

%/ ‘

(c) The graphs in part (a) are obtained by shifting the graph of f OxO O x2 upward c units, ¢ 0 0. The graphs in part (b)
are obtained by shifting the graph of f Ox0O O x2 downward c units.

IS
N
o & A bo
N
~
IS
= =
o & & A Yo IR =]
L2 S L DL RS

70. (@) f OxO O Ox OcO? forc00,1,2, (b) f OxO O Ox O cO?, forc 00, 01, 02, and 03.
and 3. E—
c=0 c=1
pivj
\; c=2 c=_1 c=0
107
c=2
4 —
c=3 o
c=_3 4
4 2 g 2 4 B 23
4 ‘ , 0 2 2
) 4 2 2
8 4
-10 61
-84
-104

(c) The graphs in part (a) are obtained by shifting the graph of y O x2 to the right 1, 2, and 3 units, while the graphs in
part (b) are obtained by shifting the graph of y O x2 to the left 1, 2, and 3 units.
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71. (@) f Ox0O 0O Ox Ocn®, forc 00,2, 4, (b) f OxO O Ox Oc¢0®, forc 00, 02, 04, and 06.
and 6. P
8
6 c= 4 c¢c=0
4
2 8
6
-8 -4 A 4 8 4
-4
-6 -8 -4 4 8
-8
c=0 c=4

c=_6 c=_2 ’

(c) The graphs in part (a) are obtained by shifting the graph of f Ox0O O x3 to the right ¢ units, ¢ 0 0. The graphsin part (b)
are obtained by shifting the graph of f OxO O xS to the left OcO units, ¢ O 0.

72. (@) fOx0 Oex? forc 01y 1,2 and (b) f OxO Ocx2,forc 01, 01, 0%, and O2.
4 _
2
c=l c=4 10 c=2

8

6 Czé

4

2

4 2 5 2 4

4

%

8

c=4 c=2

o
o

(c) As OcO increases, the graph of f OxO O cx? is stretched vertically. As OcO decreases, the graph of f is flattened.
When

¢ 00, the graph is reflected about the x-axis.

73. (@) foxgoOxC forcol, 1 and? (b) fOxO OxC,forcO1, 1 and L.
3 7 2 5 3 5
c=4 5 c=1
2 1 c=1
=4 o 3
c= ! - C_EL—
1 -6 o
o
1 0 1 2 3 4

e
= — ——.—74' "1
i /
#

=2

- Oo_ L. _ .
(c) Graphs of even roots are similarto y O X, graphs of odd roots are similarto y O 5 X. As ¢ increases, the graph of
y O © X becomes steeper near x [ 0 and flatter when x O 1.

74. (a) f OxO Ell—n,forn 0 1and (b) f OxO E—ll—n,forn 0 2and 4.
X X

3. 3
\ :

3

, &\ !

1 n=1 -1
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(c) As n increases, the graphs of y 0 10x" go to zero faster for x large. Also, as n increases and x goes to 0, the graphs of
y O 10x" go to infinity faster. The graphs of y O 10x" for n odd are similar to each other. Likewise, the graphs for n
even are similar to each other.

7D56 ghle slope of the line segment joining the points O 2010 and 040 60 istA——— O D%. Using the point-slope form,
g g g

40
0020

wehavey 01 0 0f0x 0200y O Bgx 0Ly 010y O O4x 04, Thus the function is f Ox0 0 & ¢x @ 5 for

02 0x 0O 4.
. - . . 02 05 g5 . . .
76. The slope of the line containing the points O (30,20 and 060 30 ism—— O 9 O g- Using the point-slope equation
03

0306

5

%fthe line, we have y 03 0 ®x060 0y O °x 00 03 “x 01 Thusthe functionis f ox O °x O 1, for

9 3 3 9 3 9 3
030x0O6.

o
77. First solve the circle for y: x20y2090y209 H x2 0y L w90x2. Since we seek the top half of the circle, we
choose y O 9 O x2. Sothe functionis f OxO O 90x2, 030 x O 3.

[
78. First solve the circle for y: x20y2090y2090x2 Hy ©wo90 x2. Since we seek the bottom half of the circle,
we choose y 0 0 90 xZ. So the functionis f OxO0 OO 90x2, 030 x O 3.

005
79. We graph T Or 3— for10 r 100. Asthe 80. We %raph POOODO for1 0 O O 10. As wind speed
O .2 balloon O 14010

is inflated, the skin gets thinner, as we would expect. Increases, so does power output, as expected.

p
. 20,000 1
0.004
0.003 1 ]
0002 10,000
0.001 |
© 50 * 0 5 10
0
81. (a) E OxDO . (b) Ea
0 U 360100 0 0006 Ox 03000 if 300 O x 60
50
40
30
20
10

0 100 200 300 400 500 600 X
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0 2000

2020
101

82. C OxO

0 2040
O 102

4000

0O 0049
0070

83. P OxO

0O 0091
H 1012

if0oOx0O1
ifl10x 0O

if101 0x O

if1090x 0O

ifoOx 01
ifl10x02
if20x03
if 30 x 0305

4.00

3.00

SECTION2.2  Graphs of Functions 190

84. The graph of x O y2 is not the graph of a function because both 01010 and 0010 10 satisfy the equation x O y2. The
graph of x O y2 is the graph of a function because x O y3 0 xX53 O y. If n is even, then both 010 10 and 0010 10
satisfies the equation x O y", so the graph of x O y" is not the graph of a function. When n is odd, y 0 x8" is defined
for all real numbers, and since y 0 x25" [0 x O y", the graph of x T y" is the graph of a function.

85. Answers will vary. Some examples are almost anything we purchase based on weight, volume, length, or time, for example
gasoline. Although the amount delivered by the pump is continuous, the amount we pay is rounded to the penny. An
example involving time would be the cost of a telephone call.

86.

ox0 o [x]

y
1 -cw
1
gOxO O
[2x1
1

The graph of k Ox O O [[nx]] is a step function whose steps are each-n wide.
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0g
87. (a) The graphs of f OxO0 O x2 0 x O 6and g OxO O @2 Ox0O 6D are shown in the viewing rectangle [J100 10] by
[0100
10].
10 10
- - 0
-10 -10

For those values of x where f OxO O 0, the graphs of f and g coincide, and for those values of x where f Ox0O 0 0,
the graph of g is obtained from that of f by reflec%ng the partDbeIow the x-axis about the x-axis.

&lga The graphs of f Ox0 O x* 0 6x2 and g OxO O g“ 06x2  are shown in the viewing rectangle [050 5] by [0100

10 10

i 2], 4 4 W2 2N, 4
VAV ol

For those values of x where f OxO O 0, the graphs of f and g coincide, and for those values of x where f Ox0O 0 0,
the graph of g is obtained from that of f by reflecting the part below the x-axis above the x-axis.

(¢) Ingeneral, if g OxO O O f OxO0, then for those values of x where f Ox 0 O 0, the graphs of f and g coincide, and
for those values of x where f OxO O 0, the graph of g is obtained from that of f by reflecting the part below the x-axis
above the
X-axis.

y y

NN B VA VANV
/| V

y O flOx0 y O'g Ox0O

2.3 GETTING INFORMATION FROM THE GRAPH OF A FUNCTION

1. To find a function value f a0 from the graph of f we find the height of the graph above the x-axis at x O a. From the
graph of f weseethat f 030 O 4and f 010 0 0. The net change in f betweenx O l1andx O 3is f 030 0 f 010 O
40004.

2. The domain of the function f is all the x-values of the points on the graph, and the range is all the corresponding y-values.
From the graph of f we see that the domain of f is the interval 0O 00 OO and the range of f is the interval 0000
7].
3. (a) If f isincreasing on an interval, then the y-values of the points on the graph rise as the x-values increase. From the
graph of f we see that f is increasing on the intervals 0000 20 and 040 500.
(b) If f is decreasing on an interval, then y-values of the points on the graph fall as the x-values increase. From the graph
of f we see that f is decreasing on the intervals 02040 and 050 00,
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4. (a) A function value f OaO is a local maximum value of f if f Jal is the largest value of f on some interval
containing a. From the graph of f we see that there are two local maximum values of f: one maximum is 7, and it
occurs when x 0O 2; the other maximum is 6, and it occurs when x O 5.

(b) A function value f TJa0O is a local minimum value of f if f Ja0 is the smallest value of f on some interval containing
a.

From the graph of f we see that there is one local minimum value of f. The minimum value is 2, and it occurs when
x O 4.

5. The solutions of the equation f Ox 0 0 0 are the x-intercepts of the graph of f. The solution of the inequality f Ox0O O 0
is the set of x-values at which the graph of f is on or above the x-axis. From the graph of f we find that the solutions of the
equation f OxO O Oarex O 1and x O 7, and the solution of the inequality f OxO O 0 is the interval [10 7].

6. (@) To solve the equation 2x 01 O Ox O 4 graphically we graph the y
functions f Ox0O O 2x O1and g OxO O Ox O 4 on the same set of
axes and determine the values of x at which the graphs of f and g
/
(b) To solve the inequality 2x [0 1 O Ox O 4 graphically we graph the functions f Ox0 0O 2x Oland g Ox0 O Ox 04
on the same set of axes and find the values of x at which the graph of g is higher than the graph of f. From the graphs
in part (a) we see that the solution of the inequality is OO0 10.

7. (@ hODO20 01,h 000 O 0O1,h 020 O 3,andh 030 O 4.
(b) Domain: [0304]. Range: [0104].
(c) hoD3o O3, h02003,andh 040 03,soh0Ox0 0 3whenx 0 03, x 0 2,0orx 04.
(d) The graph of h lies below or on the horizontal liney 0O 3when 03 O x O 2 or x 0O 4,s0 h Ox0O O 3 for those values of x.
(e) The net change in h betweenx 0 O3 andx 03ish030 0Oh0030 04030 1.

8. (d gUD40 03,gU020 02,9000 O U2,g020 O 1,andg 040 O 0.
(b) Domain: [0404]. Range: [020 3].
(c) 0040 O 3. [Note that g 020 0 1 not 3.]
(d) Itappearsthatg Ox0O 00 for 01 O x O 108 and for x O 4; thatis, for Ox O 01 O x 0 1080 O 040.
() 90010 O00and g 020 O 1, so the net change between x 0 Oland x 02is100 O 1.

9. (@ fOOD 033! 0g000. So f OO is larger.
(b) f 0030 0010205 090030. Sog 0030 is larger.
(c) fOxO OgOxOforx O 02andx O 2.
(d) fOxOOgOxOfor 04 0 x O 02and2 O x O 3; that is, on the intervals [040 02] and [200 3].
(e) f OxO OgOx0Ofor02 O x O 2; thatis, on the interval 0020 201.

10. (a) The graph of g is higher than the graph of f atx 0 6, so g 060 is larger.
(b) The graph of f is higher than the graph of g at x O 3, so f 030 is larger.
(c) The graphs of f and g intersectatx 0 2,x O 5,and x 0 7,s0 f Ox0O O g Ox0O for these values of x.
(d) fOxO 0Og0OxOforl O x O 2 and approximately 5 O x O 7; that is, on [10 2] and [50 7].
(e) f OxO O gOxOfor2 Ox 05 and approximately 7 O x O 8; that is, on [2050 and 070 8].
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11. (a)
y
/2
o 1
(b) Domain: JOMO O0; Range: 0000
ao
13. (&)

e
/|

(b) DAmain: [[120] 5]; Range [040

A/

(b) omain: [DSD ]; Range: [J10
8]

15. (a)

17. (8)
10T

51

/

y

(b) Domain: DO0O0 OO; Range: [010
ao

12. ()

SECTION 2.3 Getting Information from the Graph of a Function

(b) Domai

14. (a)

in: 0000 00; Range 0DOOO OO

N\

(b) Domai

16. (a)

1 X

n: J1040; Range 0040 20

(b

~

18. (a)

(b) Domain:

Domain: [J303]; Range [0600 3]

0000 00; Range: 0UO0O0O 2]

192
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19. (a)

(b) Domain: [10 O0O; Range: [00
aog

21. (@)

(b) Domain: [J40 4]; Range: [00
4]

23. y

(a) From the graph, we see that x 02 0 4 O x when
x O 3.

(b) From the graph, we see x 02 04 O x when x O 3.

SECTION 2.3 Getting Information from the Graph of a Function 193

20. (a)
_/

B

(b) Domain: [020 O0; Range: [00 OO

22. (a)

N N
-8-6\-&2 6 8

5

(b) Domain: [050 5]; Range: [C050 0]

24, y

_2x+3

1 3x—7

(a) From the graph, we see that 02x 0 3 O 3x O 7 when
x 02

(b) From the graph, we see that 02x 0 3 00 3x 00 7 when
x 02
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25. y

=xf

y=2—X

1 X
(a) From the graph, we see that x2 D?E‘rx when
x O 02o0rx O1.

(b) From the graph, we see that x2 0 2 O x when
020x 01

217.

(a) We graph y O x3 O 3x2 (black) and
y O Ox2 0 3x O 7 (gray). From the graph, we see
that the graphs intersectat x 0 04032, x 0 01012,
and x 0O 1044.

(b) From the graph, we see that

x3 0 3x2 O Ox2 O 3x O 7 on approximately

[040320  01012]  and
[10440 00,

29.

A

(3) We graph y O 16x3 0 16x2 (black)and y 0 x O 1
(gray). From the graph, we see that the graphs

intersectat x 0 01, x O D%,and X O %.

(b) From the graph, we see that 16x3 0 16x2 O x 0 1 on

o 1 . 1
010 and i
O 7 Dzr

SECTION 2.3 Getting Information from the Graph of a Function 194

26. ¥ \

y=3-4x

(a) From the graph, we see that Ox2 O 3 O 4x when
xOlorx O3

(b) From the graph, we see that Ox2 O 3 O 4x when
10x03.

28.

(a) We graph y O 5x2 O x3 (black) and
y O Ox2 O 3x O 4 (gray). From the graph, we see
that the graphs intersect at x 0 00058, x O 1029,
and x 0 5029.

(b) From the graph, we see that

5x2 0 x3 O Ox2 O 3x O 4 on approximately
[0100580) 1029] and [50290) 0100,

30.
4
3
2
-1 0 1 2 3 4 5
O_ [
(@) Wegraphy 010 X (black)andy 0 x2 01

(gray). From the graph, we see that the solutions are
x O0andx 02031

o= 2
(b) From the graph, we seethat1 0 x O x O1on

approximately 000 20310.
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31. (@) The domain is [J10 4] and the range is [010 3].

SECTION 2.3 Getting Information from the Graph of a Function 195

(b) The function is increasing on 0010 10 and 020 40 and decreasing on 010 200.

32. (@) The domain is [J20 3] and the range is [020 3].

(b) The function is increasing on 000 10 and decreasing on 0020 00 and 010 300.

33. (@) The domain is [030 3] and the range is [020 2].

(b) The function is increasing on 0020 010 and 01020 and decreasing on 0030 020, 001010, and 020 300.

34. (a) The domain is [020 2] and the range is [020 2].

(b) The function is increasing on 0010 10 and decreasing on 0020 010 and 010 20.

35. (@) fOxO O x2 0 5x is graphed in the viewing
rectangle

[0207] by [0100 10].

10T

D

H

(b) The domain is 0000 00 and the range is
[060250 O0.

(c) The function is increasing on 02050 OO,
It is decreasing on 0O 00 2050.

37. (@ fOxO0O 2x3 03x2 0 12x is graphed in the
viewing rectangle [030 5] by [0250 20].

(b) The domain and range are OO0 OO.

(c) The function is increasing on 0000 010 and 020
0.

It is decreasing on 0010 20.

36.(a) f OxO O x3 0 4x is graphed in the viewing rectangle
[010010] by [0100J 10].

10

-10

(b) The domain and range are OO0 O0O.

(c) The function is increasing on 0000 010150 and

010150 0O0. It is decreasing on 0010150
10150.

38.(a) f OxO O x* O 16x2 is graphed in the
viewing rectangle [J100 10] by [D700 10].

R
o
.
[$3]
o T

10

(b) The domain is OO0 OO and the range is [0640 O0.

(c) The function is increasing on 0020830 00 and
020830 O0. Itis decreasing on 0000 020830 and
000 20830.
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39. (a) f OxO O x3 0 2x2 O x O 2 is graphed in the 40. () f OxO O x* 0 4x3 02x2 O 4x O 3 is graphed in
viewing rectangle [050 5] by [030 3]. the viewing rectangle [030 5] by [050 5].
2+ 4T
2 —
——\ ——t : : :
4 |2 \j 2 4 5 \%//\/ 4
-2 a1
(b) The domain and range are OO0 O0O. (b) The domain is 0000 OO0 and the range is [040
go.
(c) The function is increasing on 0000 010550
and (c) The function is increasing on 000040 10 and 02040
0012201 00 It is decreasing on (10101550 oo.
00220. It is decreasing on 0000 00040 and 010 2040,
41. () f OxO O x29% is graphed in the viewing 42. (a) f OxO O 4 0 x293 s graphed in the viewing
rectangle rectangle
[0100 10] by [O50 5]. [010010] by [0100J 10].
4+ 10
2 ——
-0, - 5, 10 -
T T i) T 1
41 -10
(b) The domain is 0000 OO and the range is [00 O0O. (b) The domain is OO0 OO and the range is 0000 4].
(c) The function is increasing on 000 O0. Itis (c) The function is increasing on DO OO 00. It
decreasing on OO OO0 00. is decreasing on 000 O O.

43. (a) Local maximum: 2 at x 00 0. Local minimum: Ol atx O 02 and 0 atx O 2.
(b) The function is increasing on 002000 and 020 OO and decreasing on O000 020 and 000 20.
44. (a) Local maximum: 2 atx 0 02 and 1 atx 0O 2. Local minimum: 01 at x O 0.
(b) The function is increasing on 0000 020 and 00O 20 and decreasing on 0020 00 and 020 OO.
45. (a) Local maximum: Oatx 0 Oand1atx O 3. Local minimum: 02 atx 0 02 and Olatx O 1.
(b) The function is increasing on 002000 and 010 30 and decreasing on 0000 020, 00010, and 030 O0O.
46. (a) Local maximum: 3atx 0 02and?2atx O 1. Local minimum: Oatx O Ol and Ol atx O 2.
(b) The function is increasing on 0000 020, 001010, and 020 00 and decreasing on 0020 010 and 010 20.

47. (a) Inthe firstgraph, we see that f Ox0O O x3 0 x has a local minimum and a local maximum. Smaller x- and y-ranges
show that f Ox O has a local maximum of about 00038 when x 0O J0U58 and a local minimum of about 00038 when x

0 0058.
5 05 0.50 055 0.60
-0.3 : |
. . 0.4
5 s -0.4
r T T 0.3
5 060  -055  -0.50 05

(b) The function is increasing on 0000 000580 and 000580 0O and decreasing on 000580 00J5801.
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48. (a) Inthe firstgraph, we see that f Ox0 030 x O x2 10 x3 has a local minimum and a local maximum. Smaller x- and
y-ranges show that f Ox O has a local maximum of about 40000 when x 00 1000 and a local minimum of about 20081

when
x O 00033.
29 4.1
4
-—
r T T I
2.7 3.9
=2 © 2 =046 =0-35 =0-36 0.9 1.0 1.1

(b) The function is increasing on 0000330 10000 and decreasing on 0000 000330 and 010000 OO,

49. (a) In the firstgraph, we see that g Ox 0 O x4 0 2x3 O 11x2 has two local minimums and a local maximum. The
local maximum is g OxO O 0 when x O 0. Smaller x- and y-ranges show that local minima are g Ox 0 O

013061 when
x 0 01071and g Ox0O O 073032 when x-5-352%-
5 \ I ] 5 -1.75 -1.70 -1.65 3.1 3.2 3.3
-50 -13.6 =735
-100 -138 =740

(b) The function is increasing on 0010710 00 and 030210 OO and decreasing on D000 010710 and 000 30210.

50. (a) In the first graph, we see that g Ox0 O x® 0 8x3 0 20x has two local minimums and two local maximums. The local
maximums are g Ox 0 0 07087 when x 0 01093 and g Ox [0 O 13002 when x 0 10004. Smaller x- and y-ranges
show that local minimums are g OxJ O 013002 when x O 01004 and g Ox 0 O 7087 when x O 1093. Notice that
since g Ox 0O is odd,

the logatmeaximaandmimimaare retaged. .
20 =20 -8 3T
t - -7.8
' ' 13.0
_5 5 _7.9 T 1
12.9
-20 -8.0 1.0 1.2
=12 =10 7-90 /L
7.85
-13.0
7.80 T
-13.2 1.90 1.95 2.00
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(b) The function is increasing on 0000 010930, 001004010040, and 010930 00 and decreasing on 0010930
010040 and

010040 10930.
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[ —
51. (a) In the first graph, we see that U Ox 0 0O x 6 O x has only a local maximum. Smaller x- and y-ranges show that U

Oxd
has a local maximum of about 50066 when x 0 40100.

10 5.70
5 5.65 [ —
5.60 T {
5 3.9 40 41
(b) The function is increasing on [J10101 4010001 and ldecreasing on

04000060.

o
52. (a) In the first viewing rectangle below, we see that U Ox0 O x x O x2 has only a local maximum. Smaller x- and
y-ranges show that U 0x [ has a local maximum of about 00132 when x [0 00J75.

1.0 0.40
0.5 0.35
/-\
) |
0.0 0.30 T
0.0 Q.5 1.0 0.7 0.8 0.9

(b) The function is increasing on J0C 000750 and decreasing on 000750 100.

0 x2

3 has a local minimum and a local maximum. Smaller x- and y-ranges
X

53. (a) In the firstgraph, we see that V 0Ox [
g

show that V Ox [ has a local maximum of about 00038 when x 0 01073 and a local minimum of about (J0[138

when _—
x 01073
2 0.40 16 1.7 1.8
-0.30 t } i
5 —" -0.35
T T T 0.30
i -18 17 -16 -0.40

(b) The function is increasing on 0000 010730 and 010730 OO and decreasing on 001073000 and 000 10730.

N 1 .
54. (a) In the first viewing rectangle below, we see that V 0x [ Dm has only a local maximum. Smaller x- and

X2

y-ranges show that V 0Ox 0O has a local maximum of about 1033 when x O 00050.

2

(b) The function is increasing-eA-HHH0-HQO500-anAd decreasing on [ [BOE50H-HH-
55. (a) At6 A.™m. the graph shows that the power consumption is about 500 megawatts. Since t T 18 represents 6 p.M., the
graph shows that the power consumption at 6 p.M. is about 725 megawatts.
(b) The power consumption is lowest between 3 A.M. and 4 A.M..
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(c) The power consumption is highest just before 12 noon.
(d) The net change in power consumption from 9 A.m. to 7 p.M. is P 0190 O P 090 0 690 O 790 O 0100 megawatts.

56. (@) The first noticeable movements occurred at time t O 5 seconds.
(b) It seemed to end at time t O 30 seconds.
(c) Maximum intensity was reached att 0 17 seconds.

57. (a) This person appears to be gaining weight steadily until the age of 21 when this person’s weight gain slows down. The
person continues to gain weight until the age of 30, at which point this person experiences a sudden weight loss. Weight
gain resumes around the age of 32, and the person dies at about age 68. Thus, the person’s weight W is increasing on

000 300 and (0320 680 and decreasing on
0300 320.

(b) The sudden weight loss could be due to a number of reasons, among them major illness, a weight loss program, etc.
(c) The net change in the person’s weight from age 10 to age 20 isW 0200 O W 0100 0O 150 050 0O 100 Ib.

58. (a) Measuring in hours since midnight, the salesman’s distance from home D is increasing on 80 901, (11001 12(J, and
0150170, constant on 090 100, 0120 130, and 0170 1817, and decreasing on 0130 150 and 01801 1901.

(b) The salesman travels away from home and stops to make a sales call between 9 A.mM. and 10 A.m., and then travels
further from home for a sales call between 12 noon and 1 p.M. Next he travels along a route that takes him closer to
home before taking him further away from home. He then makes a final sales call between 5 p.m. and 6 p.M. and then
returns home.

(c) The net change in the distance D from noon to 1 p.M. is D 01 p.m.0 O D OnoonO O 0.

59. (a) The function W is increasing on JOCJ 15000 and (03000 O and decreasing on (15001 30001.
(b) W has a local maximum at x 0 150 and a local minimum at x O 300.
(c) The net change in the depth W from 100 days to 300 days is W 03000 O W 01000 0 25 0 75 O 50 ft.

60. (@) The function P is increasing on OO 250 and decreasing on 0250 5001.
(b) The maximum population was 50,000, and it was attained at x O 25 years, which represents the year 1975.

(c) The net change in the population P from 1970 to 1990 is P 0400 0O P 0200 040 040 O 0.

61. Runner A won the race. All runners finished the race. Runner B fell, but got up and finished the race.

62. (a) F 63. (a) :
70 400
60 300 {
50 |
40 200 {
30 1
20 100 |
10
(b) As the distanceox increased, the éraﬁitaﬁoﬁal 9 10 X (b) As the temperature T increases, the energy E

attraction F decreases. The rate of decrease is rapid increases. The rate of increase gets larger as the

. . . temperature increases.
at first, and slows as the distance increases. P
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64. In the firstgraph, we see the general location of the minimum of V 0 999087 0 0006426T O 000085043T2 [
0000006797 3
isaround T O 4. In the second graph, we isolate the minimum, and from this graph, we see that the minimum volume of

1 kg of water occurs at T 0 3096 C.

1005 999.76 T
1000 -—/ 999.75
_LFA
|
995 999.74
Q 20 3.5 4.0 45

65. In the first graph, we see the general location of the minimum of E 00 0O O 1_05 In the second graph, we isolate the
207303 0

minimum, and from this graph, we see that energy is minimized when O 0O 705 mi/h.

10000 4700
4650
5000 T T 1
4600 T {
6 8 10 7.4 75 7.6

66. In the first graph, we see the general location of the maximum of 0 Or0 0 30201 0r0O r2 isaround r 0 007 cm. In the
second graph, we isolate the maximum, and from this graph we see that at the maximum velocity is approximately 00047

when
r 0 0067 cm.
1.0 0.50
05 0.48
0.46
0.0 T T T T I
0.6 0.8 1.0 0.60 0.65 0.70
67. (a) f OxO isalways increasing, and f Ox0O O 0 for (b) f OxO is always decreasing, and f OxO O 0 for all
all x. X.
y y
——/ \
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(c) f Ox0O isalways increasing, and f Ox0O O 0 for
all x.

68. Numerous answers are possible.

69. (a) If x O ais alocal maximum of f OxO then

f Da0 O f OxO O 0 forall x around x O a.

So
0 0, O O,
gUad ~ O gOxO “andthusgOad

0gOxO.

Similarly, if x O b is a local minimum of f Ox0,

SECTION2.4  Average Rate of Change of a Function 201

(d) f OxO is always decreasing, and f OxO O 0 for all
X.

(c) Let f OxO O x* O x2 0 6x 0 9. From the graph,
we see that f Ox0 hasa minimum at x O 1. Thus g
Ox 0O also has a minimum at x O 1 and this
minimum 2

0 0
valueisg 010 1401 0601009 5.

then 0 0
f OxO O f ObO O 0forall x around x O b. So 10
0 0, 0O 0,
gOxO “0 gObO “andthusgOxO Og
Ob0O. 5
(b) Using the distance formula, | .
2 0 2
- 0 0
ngDDDDxDi%DZD X200 0
O x40x206x09
2.4 AVERAGE RATE OF CHANGE OF A FUNCTION
TO0 miles

1. If you travel 100 miles in two hours then your average speed for the trip is average speed [ > hours

0 50 mi/h.
f ObDO O f Dad

2. The average rate of change of a function f between x [0 a and x O b is average rate of change 0 —pTa

3. The average rate of change of the function f OxO O x2 between x O 1 and x O 5

IS

average rate of change o
o ) 4

501

fO500 f 52012 2501
L 0

— O 6.

4. (a) The average rate of change of a function f between x 0 a and x O b is the slope of the secant line between Dall f

Oandd
and ObO f ObOO.

(b) The average rate of change of the linear function f Ox 0 0O 3x O 5 between any two points is 3.
5. (a) Yes, the average rate of change of a function between x T a and x O b is the slope of the secant line through JaO f

UabOd
f ObO O f Dad

and ObO f ObOO; —5T0a
that is, =

(b) Yes, the average rate of change of a linear function y O mx O b is the same (namely m) for all intervals.

6. (@) No, the average rate of change of an increasing function is positive over any interval.
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(b) No, just because the average rate of change of a function between x 0 a and x O b is negative, it does not follow

that the function is decreasing on that interval. For example, f Ox0O O x2 has negative average rate of change
between x 0 02 and x O 1, but f isincreasing for0 O x O 1.

7. (@) Thenetchangeis f 0400 f 010 0503 02,

(b) We use the points 010 30 and 040 50, so the average rate of S%i’ 0

w N

change is
9 4
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8. (@) Thenetchangeis f 0500 f 010 0204 0

02. 204 02 1
(b) We use the points 01040 and 050 20, so the average rate of 1 O T O DZ'
change is

5
9. (@) Thenetchangeis f 0500 f 000 0206 O 04,
(b) We use the points 000 60 and 050 201, so the average rate of % O %4
change is
g 5
10. (@) Thenetchangeis f 0500 f 0010 0400 O 4. 400 4 2
é% We use the points 0010 00 and 050 47, so the average rate of — 0O O
nge is 0 10
0o 6 3
11. (a) Thenetchangeis f 0300 f 020 U[303002]0[8302002] 07040 3.
. fO300f 3
(b) The average rate of change is — T 0 1 0 3.
302
o_
1%{a) Thenetchangeisr 060 0r 0300 300 30! 0102001
030
g o
d
3 3 -
ged Or0d 1
(b) The average rate of change is r(S—r:bDD .=
603 3
0 0
13;(a) Thenetchangeish 010 0hom40 0% o0 oo4nod ololoos
d
o 5 O 7 2 2
hd100Oh ‘EIE
(b) The average rate of change is 040 0 01.
10
0040
d
14, (a) The net change is g 20 [ g 00300 O 2020 202 0 0400
o030
5
o g 0
2 10
3 3 3 3
gn20 0900300
(b) The average rate of change is ——— 1 —— go . ©
20 5 3
o030
0 o 0O 0
15. (@) Thenetchangeish 060 OhO30 0 2060206 O 2030203 066015 0 51.
. hO600h0O30
(b) The average rate of change is 5q 0 17.
Dt [
603 3
0 o 0O 0

16. (a) Thenetchangeis f 0000 f 00200 1030002 0O 10300202 01000110 012
(b) The average rate of change is

203
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foooof DDZDD 12

g6 —
000020 2

0 0 oo 0O 0O 0o
17. (a) Thenetchangeis f 01000 fO00O O 10204 102 O 004 02 060000 O 600.

. fowoof D6OO
(b) The average rate of change is o0 —— [ 60.

10
1000

O 0o o O
18. (a) Thenetchangeisg 020 ODgO020 0 24023022 (0 02040 0020%3000202 0120280 O16.

0200 016
(b) The average rate of change is g—DDZD_g 0 e 0 D4.

20
0020

O O O O
19. (3) Thenetchangeis f 030hD D f 0300 5030h02 O 50302 0 45030h 05h2 045 0 5h2 O 30h.

fO30hOOf _ 5h2030h

(b) The average rate of change is 30 0 h 0 5h O 30.
030h00
3
0 0o 0 0
20. (ayyThenetchangeis f 02 0hODf 0200 103020h02 0O 103 3h2012h 011 000110 O 03h?
0202 O 012h.
0
_ fO20h00f _ 03h2012h
(b) The average rate of change is oy O n 0 03h 012
020h0 0

2
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21. (@) Thenetchangeisg 0ald Og DlD;D a%] 11 Ja
0

an o aldl albaC a’
(bi The average rate of change is 9tabi g
glo

aldl 2h

2
22. Th tch isg0h0 0 g000——
(a) The netchange is g g D1D0D1DDhD1
Dh 2h

0
(b) The average rate of change is %ESD Dg ;_ hut 5 020 g 2

" hoo h hh O hio1
10
2
p 0= 0 0—atr—

2D3' (@) Thenetchangeis f Da O hO O f Ja0d
a

O a alaOhO
(b) The average rate of change is

2h

fOaOhOoO f DaDaDhD —2h— 2
Oall

oad oad
EaDhDDa h ahOa Oh+ alaOhO

. - 0
24. (@) Thenetchangeis f JaOhO0O fDad0 0 aOhO a.
(b) The average rate of change is

0o__ DO
fOaOhOOf aldhO a aldhO a DaOhO0Oa h _
Ual

0o o o 0o o oo oo 0
EaDhDDa h _ a0hO a h aOhO a

25. (@) The average rate of chﬁpge is 0 o 0
1 1

[N

foaghoot  glabhons ,ans 10T 1
Hal

=

5h
2
= 0 _.
Dh 2

. 2aDZhDSDZaDG}
DE ; h h

(b) The slope of the line f Ox0O 3 xo3 is 1 which is also the average rate of change.

26. (a) The average rate of change is

ghaOhOOg [D40a0hO002]0[04a 0 O4a04h0204a 02 Udh 4
Da0 2] — )

0 0 oad
EaDhDDa h h

(b) The slope of the line g Ox 0O O O4x O 2 is 04, which is also the average rate of change.

205

Oooad 0
h a0OhO a a0OhO a
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27. The function f has a greater average rate of change between x 0 0 and x O 1. The function g has a greater average rate of
change between x 00 1 and x O 2. The functions f and g have the same average rate of change between x 0 0 and x O 105.

28.

29.

30.

31.

The average rate of change of f is constant, that of g increases, and that of h decreases.

H te of ch . W 02000 OW . 50075 DDZSDD;ﬁ/d
e average rate of change is 000 2000100 100 4 fuday.
200 0 100
PDO4000P 40040 0
. 40040 - O
(a) The average rate of change is 200 200720 ° 20 0o0.

40020

(b) The population increased and decreased the same amount during the 20 years.
1,591 O 856 735

op e 109101856 735
(a) The average rate of change of population is 2001 [ 1998 3 0 245 persons/yr.

(b) The average rate of change of population is ?ég o1 O 5257 0 032805 persons/yr.

2004 0 2002

(c) The population was increasing from 1997 to 2001.
(d) The population was decreasing from 2001 to 2006.
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32. (@) The average speed is M U @ U @ 04076 m/s.
152 0 68 84 21
. 1,600 01,200 _ 400
(b) The average speed is ~ A0 O 129 0 2068 mis.
(©)
Lap | Lengthoftimetorunlap | Average speed of lap.
1 32 6025 m/s
2 36 5056 m/s
3 40 5000 m/s
4 44 4055 m/s
5 51 3092 m/s
6 60 3033 m/s
7 72 2078 m/s
8 77 2060 m/s
The man is slowing down throughout the run.
33. (@) The average rate of change of sales is % O % O 14 players/yr.
513 0 495 18
(b) The average rate of change of sales is 2004 0 2003 O 1 0 18 players/yr.
(c) The average rate of change of sales is 233(5) E 2334 E 1103 0 0103 players/yr.
(d)
Year | DVD players sold | Change in sales from previous year
2003 495 —
2004 513 18
2005 410 0103
2006 402 08
2007 520 118
2008 580 60
2009 631 51
2010 719 88
2011 624 095
2012 582 042
2013 635 53

Sales increased most quickly between 2006 and 2007, and decreased most quickly between 2004 and 2005.
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34.

35.

36.

37.

38.

CHAPTER 2 Functions SECTION2.4  Average Rate of Change of a Function 208

Year | Number of books
1980 420
1981 460
1982 500
1985 620
1990 820
1992 900
1995 1020
1997 1100
1998 1140
1999 1180
2000 1220

The average rate of change of the temperature of the soup over the first 20 minutes is

TooooT 119 0 200 b1 40052 F/min.  Over the next 20 minutes, it is

0oo
0 o — 0 0
2000 2000 20
EZDOLEOD 0T 890119 i) 105" F/min. The first 20 minutes had a higher average rate of change of
[ oo oo
40020 40020 20
temperature (in absolute value).
(018900 O 4570 01 2040 .
(a) (i) Between 1860 and 1890, the average rate of change was y y o pRf-_2 0O 84, a gain of
(118600 30
about 84 farms per year. 1890 [ 1860
. 0 2780 [ 5390
(ii) Between 1950 and 1970, the average rate of change was y 010700 0y %0 0 0131, aloss of
about 131 farms per year. 119500

1970 O 1950

(b) From the graph, it appears that the steepest rate of decline was during the period from 1950 to 1960.

dOo1000d 100
(a) For all three skiers, the average rate of change is oo 0 0 0 10.

1000

(b) Skier A gets a great start, but slows at the end of the race. Skier B maintains a steady pace. Runner C is slow at the
beginning, but accelerates down the hill.

(a) Skater B won the race, because he travels 500 meters before Skater A.
ADTI000 A 20000

(b) Skater A’s average speed during the first 10 seconds is O ) 0 20 mOs.
0oo
10000
1000 0 0 10 mOs.
. . _BO1000B 10
Skater B’s average speed during the first 10 seconds is ——
0od
1000
, _— . Skater e during his last 15
(c) Skater A’s average speed during his last 15 seconds is B’s spee seconds is

averag d
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A 0400 O ADO250 500 O 395 0
O — ——— O 7mAs—
40025 15 '
B 0350 O B 0200 500 O 200

g>reer
35020 15 U 26-mts:
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39.
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fOpO O T
tOa | tOb Average Speed 0 T
16 030502 0 16
3 305
oo 0 104
3 301 16 030102 0 16
o) > D2 9706
16 030010 0116 03Q
0 96016
3 3001 3000 3
16 03000102 O 16 5352
960016
3 30001 35000 3
2 2
3 3010001 16D3§D@O§é)é;ﬁ§lﬁm3

210

From the table it appears that the average speed approaches 96 fts as the time intervals get smaller and smaller. It seems

reasonable to say that the speed of the object is 96 ft[Is at the instantt [J 3.

2.5 LINEAR FUNCTIONS AND MODELS

13.
14.

. fOxO

. fOxO

. If f is a function with constant rate of change, then

(a) f isalinear function of the form f Ox0O O ax O b.
(b) The graph of f isa line.

L If £ Ox0O 0 O5x 07, then

(a) The rate of change of f is O5.
(b) The graph of f is a line with slope 05 and y-intercept 7.

. From the graph, we see that yO020O 0O 50 and yJOO 0O 20, so the slope of the graph is

EDZD Oy 50020
00

m 570 O > 0 15 galOmin.

. From Exercise 3, we see that the pool is being filled at the rate of 15 gallons per minute.

. If alinear function has positive rate of change, its graph slopes upward.

rate of change) is 0.
fOx0 033 x glxO3islinearwitha 3 andb O 3.
fOxO 0O204x O 04x O 2is linear witha O J4and b O 2.

f Ox0O O x 04 0x0 O 4x O x2 is not of the form f Ox 0 O ax O b for constants a and b, so it is not linear.
0 . .
. fOxO 0 x O1isnot linear.

xO1

1 1ic i ; 1 1
Dex0s is linear witha O 5andb O s

2x 03

3. .
020 = isnot linear.
X

f Ox0O O Ox 0102 0 x2 02x O 1 is not of the form f Ox 0 O ax O b for constants a and b, so it is not linear.

fOx0 1 03x 0100 3%0 1 is linear with ay00 % andb,» 1.

. £ Ox0O O 3is a linear function because it is of the form f OxO O ax O b, witha O 0and b O 3. Its slope (and hence its
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15. y
X fOxOO2x 0O
o1 07 2
0 05 o 1 x
1 03
2 01
4 3 7

The slope of the graph of f Ox0 0 2x O5is 2.

16. y
X gOxO 040
01 6
0 4
1 2 5
2 0
0 1 >
3 02 \
4 04
The slope of the graph of g Ox0 04 0 2x 0 02x O 4 is 02.
17. y
t | rot008e%to
01 2016
7
2
0 2

103
3

006
7

The slope of the graph of r 0t0 0 25t 0 21is 2 5.

y
t |hotozles
02 2
01 1002 .
0

A W N B O

18.

5

00
5

ooo2
5

0
1
2
3

The slope of the graph of h 0t 0 5 & 3 3tis 3.
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19. (a)

(b) The graph of f Ox ' O 2x 06 has slope
2.

(c) f Ox0O O 2x O 6 has rate of change 2.

21. (®)

(b) The graph of h Ot0 O 0005t O 2 has slope
0oos.

(c) hOtO O 0005t O 2 has rate of change 0005

23. (a)

10

2 0
10

(b) The graph of 0 OtD 04 , t 0 20 has slope 22
5

(¢) O 0t0 048 5 t 020 has rate of change 48
3

SECTION2.5  Linear Functions and Models 208

20. (a)

ol » <

_10
(b) The graphof g 0zO 0 03z 09 hgope 03.

(c) g 0zO O U3z U 9 has rate of change 3.

22. (a)

10 0

(b) The graph of s 000 0O 00020 O 6 has slope 0J002.

(c) sO00O O 00020 O 6 has rate of change 0J002.

24. (a)

(b) The graph of A0r 0 O & 4r 01 has slope 2 5.

(c) ADr0 O &4r O 1 has rate of change 2 5.
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25. (a) 26. (a)
g
1
0 1
1 .
(b) The graph of f 0t0 0 & ,t 0 2 has slope &, (b) The graph of g Ox 0 (2 ,x [ 10 has slopé ,.
(c) f Ot O &,t 02 has rate of change & , (¢) 9 Ox0 2 4x O 10 has rate of chang€ , .

27. The linear function f with rate of change 3 and initial value (71 has equation f Ox O 3x O 1.

28. The linear function g with rate of change 012 and initial value 100 has equation g Ox 0O O 012x O 100.

29. The linear function h with slope 12and y-intercept 3 has equation h Ox O Dzlx 03.
4
30. The linear function k with slope [ i— and y-intercept 02 has equationk Ox0 O [§ x 0 2.

209

31. (a) From the table, we see that for every increase of 2 in the value of x, f Ux 0 increases by 3. Thus, the rate of change of f

3
is 3.
(b) When x 00, f Ox0 0 7,s0b O 7. From part (a), a 5,3, and so f Ox057 3x 07,

32. (a) From the table, we see that f 0030 O 11 and f 00O O 2. Thus, when x increases by 3, f OxO decreases by 9, and

so the rate of change of f is O3.
(b) Whenx 0O, f OxO 0O2,s0b O 2. From part (a),a 0 03,and so f OxO O 03x O 2.

33. (@) From the graph, we see that f 000 O 3and f 010 O 4, so the rate of change of f% 0 1.
is
1
(b) Frompart(a),a O 1,and f 000 Ob 03,50 f OxO O x O 3.

34. (a) From the graph, we see that f 000 U 4 and f 020 O 0, so the rate of change of fOTDé 0 o2.
is
2

(b) Frompart (a),a 0 02,and f 000 O b 0O 4,s0 f OxO O 02x O 4.

002 5pd
=0 2

35. (a) From the graph, we see that f 000 O 2 and f 040 O 0, so the rate of change of f

is
4

(b) Frompart (a),a O 04, and f 000 Ob 02,50 f OxO O,x 02

000010
1

200

36. (a) From the graph, we see that f 000 O Ol and f 020 O 0, so the rate of change of f
is

(b) Frompart(@),a 0 L, and f 000 O b O O1,s0 f OxO-0 1x O1.

2 2

37. T Increasing the value of a makes the graph of f steeper. In other words, it

increases the rate of change of f.
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b
38. Increasing the value of b moves the graph of f upward, but does not affect
the rate of change of f.
1 —
/
‘%‘
39. (a) T (b) The slope of T OxO O 150x O 32,000 is the value of a, 150.
38,000
(c) The amount of trash is changing at a rate equal to the slope of the graph,
36,000 150 thousand tons per year.
34,000
32,000
0 10 20 30 x
40. (a) f (b) The slope of the graph of f OxO O 200 O 32x is 32.
900
800 (c) Ore is being produced at a rate equal to the slope of the graph, 32 thousand
700 tons per year.
600
500
400
300
200
100

0 5 10 15 20 25 ¢

41. (a) LetV Ot0 O at O b represent the volume of hydrogen. The balloon is being filled at the rate of 0015 ft30s, so a [
005, and initially it contains 2 ft3, so b 0 2. Thus, V 0Ot0 0 005t 0 2.
(b) Wesolve V Ot0 0150005t 02 0150005t O 13 0t O 26. Thus, it takes 26 seconds to fill the balloon.

42. (a) LetV Ot0O O at O b represent the volume of water. The pool is being filled at the rate of 10 galOJmin, so a O 10,
and initially it contains 300 gal, so b [0 300. Thus, V 0Ot0 0O 10t O 300.

(b) We solve V Ot 00 1300 0 10t J 300 J 1300 00 10t 0 1000 O t O 100. Thus, it takes 100 minutes to fill the pool.
43. (a) Let H Ox0O O ax O b represent the height of the ramp. The maximum rise is 1 inch per 12 inches, so a Dl‘% . The ramp
starts on the ground, so b [ 0. Thus, H Ox 0 O x.
(b) We find H 01500 Ei—zl 01500 O 1205. Thus, the ramp reaches a height of 12005

inches.

11200 grDO75, 705%.
44. Meilin descends 1200 vertical feet over 15,000 feet, so the grade of her road is oo O
15,000
. . . 500
Brianna descends 500 vertical feet over 10,000 feet, so the grade of her road is 8 rD 05, 5%.
oad 0

10,000

45. (a) From the graph, we see that the slope of Jari’s trip is steeper than that of Jade. Thus, Jari is traveling faster.
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700

I~
II

(b) The points 00000 and 060 70 are on Jari’s graph, so her 05 O . miles per minute or 60

6 O 70 midh,

6
speed is
P 6

. 16 010
The points 000 100 and 060 1607 are on Jade’s graph, so her speed

0 60 millh.
is 60 [ 6.0

(c) t is measured in minutes, so Jade’s speed is 60 milh g hOmin O 1 mi/min and Jari’s speed is
1

ZO miDh GLs hOmin O 7 mi/min. Thus, Jade’s distance is modeled by f 0t0 0 10t 000 010 O t O 10 and Jari’s

B
distance is modeled by g 0t0 G / Ot 000 O 050 t.

46. (a) Letd OtO represent the distance traveled. Whent 0 0,d OO 0, and (b) da
when

4000 110

t 0 50, d O 40. Thus, the slope of the graph is ——— ) 90
p grap SODODODS The pos

y-intercept is 0, sod Jt(] [ 0CI8t. 10

(c) Jacqueline’s speed is equal to the slope of the graph of d, that is, 30
0018 miDmin or 008 600 [ 48 milJh. 20

0l 20 40 60 80 100 120 t

47. Let x be the horizontal distance and y the elevation. The slope is O IGUGr so if we take 00O 00 as the starting point, the
elevationisy 0 O RGR)X- We have descended 1000 ft, so we substitute y 0 11000 and solve for x: 11000 00 O 1%0x O

x [0 16,667 ft. Converting to miles, the horizontal distance is 52130 16,6670 O 3016 mi.

48. (a) DA (b) The slope of the graph of D Ox 0 O 20 0 0024x is 00J24.
30 (c) The rate of sedimentation is equal to the slope of the graph, 00024 cmOyr or
204
20 mmOyr.
10
o 10 20 3 4 50 x

49. (a) Let C OxO O ax O b be the cost of driving x miles. In May Lynn drove (b) cA

480 miles at a cost of $380, and in June she drove 800 miles at a cost of 600

$460. Thus, the points 04800138001 and (180001 46001 are on the graph, 500
so the

4600380 1 400

| isa ] ——— . W the point 04800 3800 to find
slope is a 800D480D4 le use the poin o fin -
the
100
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value of b: 380 0 § 04800 O'b O'b 0 260. Thus, C Ox 4 1x O 260.

(c) The rate at which her cost increases is equal to the slope of the line, that is

41. So her cost increases by $00125 for every additional mile she drives.

SECTION2.5  Linear Functions and Models 212

200

200 400 600 800 100012001400 X
The slope of the graph of
C OxO § 1x 0260 is the value of az L.
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50. (@) Let C Ox0O O ax O b be the cost of producing x chairs in one day. The first (b) €

day, it cost $2200 to produce 100 chairs, and the other day it cost $4800 to 109’888

produce 300 chairs.. Thus, the points 010000 22000 and 0030001 48000 8000

are on 7000

4800 00 2200 o

i 2~ [ 13. We use the point 5000

the graph, so the slopeisa O 300 100 p 2000

3000

2000

(11000 22000 to find the value of b: 2200 0 13 01000 O b 0O b O 900. 1000

Thus, .

C Ox0O 0O 13x [ 900.
(c) The rate at which the factory’s cost increases is equal to the slope of the 100 200 300 400 500 600 X

line, that is $130chair. The slope of the graph of

C Ox 0O O 13x 0900 is the value of a, 13.

fOx,0 0 f Oxq0 ESXZ ObOODOaxy O axp O axl.

51. (a) By definition, the average rate of change between x4 and x; is 0 |
X2 O X1 Xo U X1 X2 O X1

axo Oaxy abxpO
xpOxg gXxd
Xo U X1

(b) Factoring the numerator and cancelling, the average rate of change is O a.

f OxO O f DaOd
52. (a) The rate of change between any two points is c. In particular, between a and x, the rate of change is Oc.

xOa
(b) Multiplying the equation in part (a) by x 0 a, we obtain f Ox0 O f Dal O ¢ Ox O a0. Rearranging and adding f
Oa0 to both sides, we have f Ox0 0O cx O O f Jad O cal, as desired. Because this equation is of the form f Ox O
0 Ax O B with constants A O cand B O f Oal O ca, it represents a linear function with slope ¢ and y-intercept f
Dal O ca.

2.6 TRANSFORMATIONS OF FUNCTIONS

1. (@) Thegraphofy O f Ox0O O 3 is obtained from the graph of y O f Ox O by shifting upward 3 units.
(b) The graph of y O f Ox O 30 is obtained from the graph of y 0 f Ox 0O by shifting left 3 units.

2. (@) Thegraphof y O f OxO O 3 is obtained from the graph of y O f Ox 0O by shifting downward 3 units.
(b) The graph of y O f Ox O 30 is obtained from the graph of y O f Ox 0O by shifting right 3 units.

3. (@) Thegraphof y O Of OxO is obtained from the graph of y O f Ox 0O by reflecting in the x-axis.

(b) The graph of y O f OOx 0O is obtained from the graph of y O f Ox Oby reflecting in the y-axis.

4. (a) The graph of f Ox0O O 2 is obtained from that of y O f Ox O by shifting upward 2 units, so it has graph I1.
(b) The graph of f Ox 0 30 is obtained from that of y O f Ox 0 by shifting to the left 3 units, so it has graph 1.
(c) Thegraphof f Ox O 20 is obtained from that of y O f Ox O by shifting to the right 2 units, so it has graph 111.
(d) The graph of f Ox0O O 4 is obtained from that of y O f Ox 0O by shifting downward 4 units, so it has graph IV.

5. If f isan even function, then f OOx0O O f Ox0O and the graph of f is symmetric about the y-axis.

6. If f isan odd function, then f O0Ox0O O O f Ox0O and the graph of f is symmetric about the origin.

7. (a) Thegraphof y O f OxO O 1 can be obtained by shifting the graph of y O f Ox O downward 1 unit.

(b) The graph of y O f Ox O 20 can be obtained by shifting the graph of y O f Ox O to the right 2 units.

8. (@) Thegraph of y O f Ox 040 can be obtained by shifting the graph of y O f Ox O to the left 5 units.
(b) The graph of y O f Ox0O O 4 can be obtained by shifting the graph of y O f Ox O upward 4 units.

9. (@) Thegraph of y O f O0Ox can be obtained by reflecting the graph of y O f Ox O in the y-axis.

(b) The graph of y 0O 3f Ox O can be obtained by stretching the graph of y O f Ox O vertically by a factor of 3.
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10. (@) Thegraph of y O O f Ox O can be obtained by reflecting the graph of y O f Ox 0 about the x-axis.
(b) The graphofy O %f Ox O can be obtained by shrinking the graph of y O f Ox O vertically by a factor-of 1
11. (@) Thegraphof y O f Ox 050 O 2 can be obtained by shifting the graph of y O f 0Ox0O to the right 5 units and upward
2 units.
(b) The graph of y O f Ox 0 10 O 1 can be obtained by shifting the graph of y O f 0OxO to the left 1 unit and downward
1 unit.
12. (@) Thegraphof y O f Ox 030 O 2 can be obtained by shifting the graph of y O f 0Ox 0O to the left 3 units and upward
2 units.
(b) The graph of y O f Ox O 70 O 3 can be obtained by shifting the graph of y O f Ox 0O to the right 7 units and
downward
3 units.
13. (a) Thegraph of y O Of Ox0O O 5 can be obtained by reflecting the graph of y O f Ox 0O in the x-axis, then shifting
the resulting graph upward 5 units.
(b) The graph of y 0 3f Ox 0 0O 5 can be obtained by stretching the graph of y O f Ox O vertically by a factor of 3,
then shifting the resulting graph downward 5 units.
14. (a) Thegraphofy 001 0 f O0Ox0O can be obtained by reflect the graph of y 0O f Ox [ about the x-axis, then reflecting
about the y-axis, then shifting upward 1 unit.
(b) The graphofy 0 20 115f OxO can be obtained by shrinking the graph of y O f Ox O vertically by a factor gf 1 then
reflecting about the x-axis, then shifting upward 2 units.
15. (a) Thegraph of y O 2f Ox U 50 O 1 can be obtained by shifting the graph of y O f OUx0O to the left 5 units,
stretching vertically by a factor of 2, then shifting downward 1 unit.
(b) The graph of y O 21[f Ox 030 O 5 can be obtained by shifting the graph of y O f 0Ox 0O to the right 3 units,
shrinking vertically by afactor of 1 then shifting upward 5 units.
16. (@) The graphofy O %f Ox 020 O 5 can be obtained by shifting the graph of y O f Ox0 to the right 2 units,
shrinking vertically by afactor of 1 then shifting upward 5 units.
(b) The graph of y O 4f OUx O 10 O 3 can be obtained by shifting the graph of y O f OxO to the left 1 unit,
stretching vertically by a factor of 4, then shifting upward 3 units.
17. (a) The graph of y O f D4x0 can be obtained by shrinking the graph of y O f Ox O horizontally by a factor pf 1
g o
(b) The graphofy O f le can be obtained by stretching the graph of y O f Ox 0O horizontally by a factor of 4.
18. (a) Thegraphof y 0 f 02x0 O 1 can be obtained by shrinking the graph of y 0 f Ox O horizontally by a factor f L then
shifting it downward 1Dunit.D
(b) Thegraphofy O 2f le can be obtained by stretching the graph of y O f Ox 0O horizontally by a factor of 2 and
stretching it vertically by a factor of 2.
19. (a) The graph of g Ox O Ox O 202 is obtained by shifting the graph of f Ox [ to the left 2 units.
(b) The graph of g OxO O x2 [0 2 is obtained by shifting the graph of f Ox O upward 2 units.
20. (@) Thegraphof g Ox0O O Ox O 403 is obtained by shifting the graph of f Ox 0O to the right 4
units.
(b) The graph of g OxO O x3 0 4 is obtained by shifting the graph of f Ox O downward 4 units.
21. (a) The graph of g OxO O Ox 0 20 O 2 is obtained by shifting the graph of f Ox 0 to the left 2 units and downward 2
units.

(b) The graph of g OxO 0O g OxO O Ox O 20 0 2 is obtained from by shifting the graph of f Ox O to the right 2 units and
upward

2 units.



214  CHAPTER2 Functions SECTION2.6  Transformations of Functions 214

0_
22. (a) The graph of g Ox0O O Ox O 1 is obtained by reflecting the graph of f Ox 0 in the x-axis, then shifting the resulting
graph upward 1 unit.

(b) The grapg of g Ox0O O 'Ox O 1 is obtained by reflecting the graph of f Ox 0 in the y-axis, then shifting the resulting

graph upward 1 unit.

23. (a) y \% (b)
y
\\/ Ly
(©) y (d) ,
\/ —1)i+3
y=xi
1
1
24. (a) , (b)

25. The graph of y O Ox O 10 is obtained from that of y O Ox O by shifting to the left 1 unit, so it has graph I1.
26. y O Ox 010 is obtained from that of y O Ox O by shifting to the right 1 unit, so it has graph IV.
27. Thegraph of y O Ox0 O 1 is obtained from that of y O Ox O by shifting downward 1 unit, so it has graph I.


mailto:x@+1
mailto:@+3
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28. The graph of y O O Ox 0O is obtained from that of y 0O Ox 0 by reflecting in the x-axis, so it has graph Ill.

29. f OxO O x2 O 3. Shift the graph of y O x2 upward 3 30. f OxO O x2 O 4. Shift the graph of y O x2 downward
units. y 4 units.
y:
1
0
. I . ad .
31. f OxO O Ox0O O 1. Shiftthe graph of y O Ox 0 32. f OxO0 O xO1. Shiftthegraphof y O  x upward 1 unit.
downward -
1 unit.
y .
y y=
y
1
1
1 1
1

33. f OxO O Ox O502. Shift the graph of y O x2 to the 34. f OxO O Ox O 102. Shift the graph of y O x2 to the left
right 1 unit.
5 units.

—5)i +Ni
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i — . d .
35. f OxO O Ox O 20. Shift the graph of y O Ox O to 36. f OxO O x O4. Shift the graph of y O x to the right
the left 4 units.
2 units.
y
’ y=Ix+2|
1
y=Ix|
1
1 X
37. f OxO O Ox3. Reflect the graph of y O x3 in the x- 38. f OxO O O OxO. Reflectthe graph of y 0 Ox O in the
axis. X-axis. ,
y
1
y:x#‘ 1
2
1 X
y=_x¢
y
J— [ — J—
39.yO ‘ OX. Reflectthe graph of y O # x in the y-axis. 40.y O 5 0x. Refle ragh of y O Eix in the y-axis.
g 2
y=1x

10 X
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o_ g
41. y O 1x2. Shrink the graph of y O x2 vertically by a 42.y 0 05 X. Stretch the graph of y O x vertically by a
7

y . .
1 factor of 5, then reflect it in the x-axis.
factor of 7.
y=Tx
2
\
y 1
y=xi
y=ﬁ><>3
1
1 X
43. y 0O 3 0x0. Stretch the graph of y O Ox 0O vertically 44.y O % Ox0O. Shrink the graph of y O Ox O vertically by a
by a factor of 3. factor of % _
y y
y=3|x]|
y
L~
1
y=Ix :
1 X
2 : 2 U—onrn . 0_
45. y O Ox O 30% O 5. Shift the graph of y O x“ to the 46.y 0 x O403. Shiftthe graphofy O x to the left
right 4 units and downward 3 units.
3 units and upward 5 units. y
y=Tx
y !
1
=xi
1
/ — 1
y=Tx+4—:
5
5
1
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47.y 030 Ox 0102, Shift the graph of y [ x? to the

right one unit, shrink vertically by a fact%r of 1, reflectin

the
x-axis, then shift upward 3 units.

y

y= _z(x_ 1)@

49. y O Ox 020 O 2. Shift the graph of y 0O Ox [ to the
left

2 units and upward 2 units.

y=[x|

0 o_ .
51. y O % x 04 0 3. Shrink the graph of y O  x vertically

by a factor of 1, then shift the result to the left 4 units and
downward 3 units.

y

i

53.y O f OxO 03. When f Ox0 0O x2,y 0 x203.

-0 -
55. yO fOxO20.When fOxO O x,yO xO2.

57.yO fOx 020 05. When f OxO O OxO,y O 0Ox O2005.

SECTION2.6  Transformations of Functions 218

0 0_
48.y 020 x O1. Shiftthegraphofy O x to the left
1 unit, reflect the result in the x-axis, then shift upward
2 units.

y=Tx

\

y=2—Tx+1

50.y 02 0 OxO. Reflect the graph of y 0 0Ox 0 in the x-axis,
then shift upward 2 units.

52.y 00302 0x 0102 Stretch the graph of y 0 x2
vertically by a factor of 2, reflect the result in the x-axis,
then shift the result to the right 1 unit and upward 3 units.

54.y O f OxO 05 When f Ox0 O x3,y O x305.
56.y O fDxDlD.WhenfDxiDBx,yDéxDl.

58.y O Of Ox 040 03. When f Ox0 0 Ox[J,
y 0 00x 04003,
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59. y O f 0OxO O 1. When f Ox0O O
[

D4

[4 —
X,y UOx0O1.

61. y O2f Ox 030 02 When f OxO O x2,

yO20x 030202

63. gOxO O fOx02000x 0202 0x204x 04

65. g0x0 0 fOx0100O200x01002

[
67.g0xO00OfOxO200x02

d 04x 03

69. (a) y O f Ox 040 is graph
#3.(b)y O f OxO O 3is
graph #1. (c) y O 2f Ox 0 60
isgraph#2. (d) y O Of 02x0O
is graph #4.

71. (@) yO f Ox 020
y

SN

dyyoofoxoo3
y

72. (@) yOgOx 010

y

_MS_,

(b)y O fOxOO

2
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60.y O Of Ox 020. When f Ox0 0 x2, y 0 00Ox 0202,

62.y 0 3f Ox 010 03. When f Ox0 0 Ox0,

yO 30x01003.

64.g0x0 0 fOxO0DO30x303

66.g0Ox0 0 2f OxO O20x0

68.g0x0 0 O0fOx02001000x 020201 0 Ox2

70. @ y O %f Ox O is graph #2.
(b) y O Of Ox 040 is graph #3.
(c)y O f Ox 050 O3 isgraph #1.
(d) y O f OOx0O is graph #4.

(c)y O 2f
Oxd

(e)y O f OOxO

N
P

fHyolfoxoio

y 2 y

(b)y O gO0OxO

(coyOgOx 020

y y
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(d) yOgOxo 2 (e) y O Og OxO (fHy 0,29 0OxO

Yy y Yy

AN T

o 0O
73. (@) yOg GyDg 'x
02x0 2
y
y
! ! 1
N/ X 1 X
o o
74. (a) y O hO3xO (byyoh Ix
y -
y
T ; T
y=h(x) y=h(x)
W\ wﬂ@)
0 0
75. y O [2x] y 76.y 0 4x y
1 -:‘ 1 ‘_D‘—ﬂ
a1 X 42 X
7. 8 - For part (b), shift the graph in (a) to the left 5 units; for part (c), shift the graph
L
@ in (a) to the left 5 units, and stretch it vertically by a factor of 2; for part (d), shift
4 (© the graph in (a) to the left 5 units, stretch it vertically by a factor of 2, and then shift
/ - -
(0) it upward 4 units.
I
? —a
8 6 4 20 2 4 6 8
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78.

79.

80.

81.
x2

82.
x2
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For (b), reflect the graph in (a) in the x-axis; for (c), stretch the graph in (a)

@ 4 vertically by a factor of 3 and reflect in the x-axis; for (d), shift the graph in (a) to
2 the right 5 units, stretch it vertically by a factor of 3, and reflect it in the x-axis. The
5 %6 4 2 > aNe 8 order in which each operation is applied to the graph in (a) is not important to
Y obtain the graphs in part (c) and (d).
®  ©,
=l ©) (d)
4 @ For part (b), shrink the graph in (a) vertically by a factor of L for part (c), shrink
1 @] (b) 3
2] the graph in (a) vertically by a factor of ; and reflect it in the x-axis; for part (d),
] shift the graph in (a) to the right 4 units, shrink vertically by a factor of 1 and then
4 2 4 6 reflect it in the x-axis
1@ (@ '
_27
4
4 For (b), shift the graph in (a) to the left 3 units; for (c), shift the graph in (a) to the
left 3 units and shrink it vertically by a factor of ; for (d), shift the graph in (a) to
— —_— 2
6 4 i 2 4 6 3ynits. The order in which each operation is applied to the graph in (a) is not
2 important to sketch (c), while it is important in (d).
@
-4
0 0 o, O D—al—a—al—za
a) yo foOxoo 2x0O O f0o2x0 202x01 0O cyof X 2 =x O--Xx
@y (b)y 22Xy (D )y
2 2 2
d d
O 4x [ 4x2 1
— 0 xOgx2
LAY 4 4—
2 2
I AT A
f f f Y
4 -2_2‘ 2 4 4 -2_2T 2 4 4 '2-2Jr 2 4
-4 4 — 4 —

The graph in part (b) is obtained by horizontally shrinking the graph in part (a) by a factor of l’z(so the graph is half as
wide). The graph in part (c) is obtained by horizontally stretching the graph in part (a) by a factor of 2 (so the graph is twice
as wide).

o » o
(@) yO fOxO0DO 2xO (b)y O fODOxO 200x00 (©OyODOfDxmMO 2 M KOO O
O 00x 02 X [12
_ 0 D _
_ O] D2x 0x2 00| 02x O x2
LAY A N | 40
2] 21 71
4 2, 2 4 4 2.1 2 4 4 2.1 2 a4
=Z =Z
-4 -4
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T — 0o 0 0 0,
(d) y O fooxo  2HH2xe 0 @yof tx 0 2 & o Ix
- U, p p
00 02x0x2 0 [4x 04x2 1 B
0 DXDZXZ

The graph in part (b) is obtained by reflecting the graph in part (a) in the y-axis. The graph in part (c) is obtained by rotating
the graph in part (a) through 1805 about the origin [or by reflecting the graph in part (a) first in the x-axis and then in the
y-axis]. The graph in part (d) is obtained by reflecting the graph in part (a) in the y-axis and then horizontally shrinking the
graph by a factor of ,12 (so the graph is half as wide). The graph in part () is obtained by reflecting the graph in part (a) in
the y-axis and then horizontally stretching the graph by a factor of 2 (so the graph is twice as wide).

83. f OxO Ox% fO0x0 0 O0Ox0% 0x4 0 f OxO. 84. f OxO O x3. f00x0D 0 00x03 0 0Ox3 0 0f OxO.
Thus f OxO Thus
is even. f Ox 0O is odd.
y
y
2
1 X

85. fOx0 Ox20x. fO0x0 0 00x02000x0 0x20 86, f OxO O x40

x. Thusf O0OxO O f Ox0O. Also, f O0OxO O Of Ox0O, 4x2.
so f Ox O is neither odd nor even. fO0Ox0 0 00x0% 0400x02 0x* 04x2 0 f Ox0.
y Thus
f Ox0O is even.
y
1 1
1 X
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87. fOx0 Ox3 0 88. f OxO 033 02x2 0 1.

X. 3 2 3 2
fO00x0 0 0O0Ox03 000xO O foOxo O3 02 01003 0O2x 01
Ox3 0 x goxd goxo

C 0
OO0 x30x O0Of Thus f OOxO O f OxO. Also f OOx0O O Of Ox0O,so f
Ox0. Ox0Ois

neither odd nor even.

y
1 1 X
1 X
89. f OxO DlDI’x. fOOxOO10O éDDxD 010 Ex. 90. f Ox0O O x O 10x.
Thus fOOxDO 0O 0OO0OxO001000x0 0 0Ox O010x
f OOxO O f Ox0O. Also f OOxO O Of Ox0O, so
f Ox0O is neither odd nor even.
y .
Thus f Ox0O is odd.
y
N
X
1
1 X
91. (a) Even (b) Odd
y y
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92. (a) Even (b) Odd

98. Since f OxO Ox? 04 00, for 02 0x 0 2,thegraph  94.g OxO I x40 4x2%

y O g Ox0O is found by sketching the graph of y O f Ox O for

y
x 0 02 and x O 2, then reflecting in the x-axis the part of :
thegraphof y O f OxO for 02 0 x O 2. 4
2
3 1 1 3 ;
0 |
983. (@) fOxOO4x0O (b)fDxD%EH xD%
Y y
1
L X 1 X
o d
98. (@) fOxO DO (b)ngEED g
Y y
! 1
1 X

224
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97. (a) Luisa drops to a height of 200 feet, bounces up and down, then settles at (b) ym
350 feet. 500
(c) To obtain the graph of H from that of h, we shift downward 100 feet. \/\/\/\/\ o~
Thus, H Ot0 O h OtO O 100. B | |
9 4 t(s)
98. (a) Miyuki swims two and a half laps, slowing down with each successive lap. (b) 80
In the first 30 seconds she swims 50 meters, so her average speed is 60
35 01067 mus. 20
(c) Here Miyuki swims 60 meters in 30 seconds, so her average speed is 20
% 0 2mls. 0 00 200 ¢

This graph is obtained by
stretching the original graph
vertically by a factor of 102.
99. (a) The trip to the park corresponds to the first piece of the graph. The class travels 800 feet in 10 minutes, so their average
speed is % 0 80 ftOmin. The second (horizontal) piece of the graph stretches fromt [0 10 tot O 30, so the class
spends 20 minutes at the park. The park is 800 feet from the school.

(b) y © y
6001 10004
1 8001
400 600
200 400+
] 2001
o " 20 ' 4 6ot 0 20 40 60t
The new graph is obtained by shrinking the original This graph is obtained by shifting the original graph
graph vertically by a factor of 0050. The new to the right 10 minutes. The class leaves ten minutes
average speed is 40 ftOOmin, and the new park is 400 later than it did in the original scenario.

ft from the school.

100. To obtain the graph of g Ox0 O Ox O 202 0 5 from that of f Ox0 O Ox O 202, we shift to the right 4 units and upward 5
units.

101. To obtain the graph of g Ox 0O from that of f OUx 0, we reflect the graph about the y-axis, then reflect about the x-axis, then
shift upward 6 units.
102. f even implies f OOx0O O f OxO O g even implies g O0OxO O g OxO; f odd implies f 00OxO O Of OxO O and g
odd implies
g 00x0 0O Og Ox0O

If f and g arebotheven,then Of OgOO0OxO O fOOxODO0OgUOOxO O fOxODO0OgOxOOOf OgOOxOand f Og
is even.

If f and g arebothodd,then Of OgUO OOxO O f O0OxOD OgUOxO O OfOxOOgOxO O OOf 0Og0OOxO
and f Ogisodd. If f oddandgeven,then Of OgO0O0Ox0 0O fOOxO0OgOOx0O O Of OxO O gOxO, which is
neither odd nor even.

103. f even implies f OOx0O O f OxO; g even implies g O00Ox0 O g OxJ; f odd implies f OOxO O O f Ox0O; and g odd
implies
gO0Ox0O O Og OxO.
If f and g are both even, then O fgO O0Ox0O O f OOxO 0O gOOxO O f UOx0O OgOxO O OfgO OxO. Thus fg is even.
If f and g are both odd, then OfgO O0Ox0O O f OOxO OgOOxO0 O Of OxO 0O 0O0gOxO00 O fOxO0OgOxO O
OfgO OxO. Thus fg is even
If fifoddandgiseven, then O0fgO0 O0Ox0 O f 0OxO O0gUOxO O fOxO O 0O0OgOxOO O OfOxOO0OgOxO OO
OfgO OxO. Thus fg is odd.
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104, f OxO O x" is even when n is an even integer and f Ox O O x" is odd when n is an odd integer.
These names were chosen because polynomials with only terms with odd powers are odd functions, and polynomials with
only terms with even powers are even functions.

2.1 COMBINING FUNCTIONS

1. From the graphs of f and g in the figure, we find Of OgO 020 O f 020 DDg D&D 0O 305 0 8,
f fo20 3

Of 0go0D200 f 0200902003050 02, 0fg0020 0 f 0209020 O T p200 -0 _.
305 015, and g go20 5

2. By definition, f 0 g Ox0O O f OgOx0O0. So, ifg 020 O 5and f 050 O 12,then f 0 g 020 0O f Og 0200 O f 050
0 12.

3. If the rule of the function f is “add one” and the rule of the function g is “multiply by 2" then the rule of f O g is “multiply
by 2, then add one” and the rule of g O f is “add one, then multiply by 2.”

4. We can express the functions in Exercise 3 algebraically as f Ox0 O x 01, g0Ox0 0 2x, Of O0gO0OxO O 2x 01,
and

OgO fO0OxOO20x 0O10.
5. (a) The function O f 0O g0 Ox 0O is defined for all values of x that are in the domains of both f and g.
(b) The function O fgO Ox 0O is defined for all values of x that are in the domains of both f and g.

(c) The function O fOgO Ox O is defined for all values of x that are in the domains of both f and g, and g Ox O is not equal
to 0.

6. The composition O f 0 g0 Ox0O is defined for all values of x for which x is in the domain of g and g Ox T is in the domain
of f.

7. f OxO O x has domain 0000 O0. g OxO O 2x has domain 0000 OO, The intersection of the domains of f and g
is

oooo od.
Of 0g0O0Ox0O O x O2x 0O 3x, and thedomainis 0000 00. Of O0g0OxO O x O2x O Ox, and the domain is 0000
0.

DfD 1
ngD OxO 0O xO2x0 0O 2X2’and the domain is —_ DXD—é— 0 E,and the domain is 0O0OO00 O 000 OO.
0000 oo. 9 ~

2X

g
8. f OxOU O x hasdomairt0 000 0OO. g OxO O x has domain [00 O0O. The intersection of the domains of f and g is [00

go.
d d
Of O0gO0OxO Ox O x, and the domain is [0 DE. %f OgO00OxO0O x O x, and the domain is [00 O 0.

_0O f O
Ofg0OxO0 OX x O x392, and the domain is [00 g oxo2 g X, and the domain is 000 OO,

oo. 0
X

9. fOxO Ox20xand gOxO O x2 each have domain 0000 0. The intersection of the domains of f and gisoooo

O,
Of 0goOoOxO0O 2x2 0 x, and the domain is 0000 00. Of O g0 OxO O x, and the domain is 0000 O0.
0o, 0
L f x2 0 x 1 L
OfgO DXDDX4DX3,andthedoma|n|s goog a Ox0O > DlD;,andthedomalnls 0oooooo o ooo
oo. U X oo

10. f OxO 03 0x2and gOxO O x2 [0 4 each have domain 0000 0. The intersection of the domains of f and gisJooo
go.

Of 0g0O0Ox0O O 01, and thedomain is DOOO 00, Of OgO0OxO O 02x2 0 7, and the domain is OO0 OO.

Ofg0 0 Dmmsm 2DD2D4DDD4D72D12 d the domain i DfDDD?’DXZ 30x2
. - o - ane e fomain s 2 0a Oxo200x0

g
0000 00. and the domain is OO0 020 0 002020 O 020 O0. . 20
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11. fOxO O50xandgOx0 0O x2 0 3x each have domain D000 O0O. The intersection of the domains of f and gis0000
0.
0

O
Of Dgoox0 O O50x00 x203x  Ox204x 05, and the domain is 0000 0.
O O
Of Dg0DOx0DDOO050x00 x203x O Ox202x 05, and the domain is 0OOD O0.
O O
OfgDOxO 0 050x0 x203x O Ox308x2 015x, and the domain is 0000 OO,

0.0
f 50 50x L
— DOxO O , and the domain is 000000 O 00030 O O30 O0O.
g x x Ox O

x2 [ 3x 30
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12. f OxO O x2 0 2x has domain 0000 OO. gOxO O 3x2 0 1 has domain DOOO0 OO. The intersection of the domains of
f and

gis 000000,

0 0
Of OgDOx0DOx202x0 3x201 O4x202x 01, and the domain is 0000 O0.

O O
Of OgOOxOOx202x0 3x201 O 02x2 02x O 1, and the domain is 0000 OO
O 00 O -

OfgDOxO0O0 x202x  3x201 DO3x406x3 0x2 02x, and the domain is 0000 OO,

0,0
2 0o O o O
f x“02x 3 3

a DxDBﬁ,sx 01000x 00 5= andthedomainis x Ox 00 4

3x2

13. fOxO O 250 x2, has domain [0505]. g OxO T X O 3, has domain [030 OO. The intersection of the domains of f
and g

is [030 5].

Of O0g0OxO DO 250x20 x O3, and the domain is [030 5]
X X X , an € domain IS .

g _p® X

DngDDﬁ(DD 250 x2 [T x 03, and the domain is [0305].

e
OfgO 250 %2~ Ox O 30, and the domain is [J30 5].
OxOd O
g

g, g

0 x2
i Ox0O 25 X , and the domain is [, 30 5].
g xO3
U

14, f OxO O 16 O x2 has domain [0404]. g OxO O x2 0 1 has domain 0000 01] O [10 O0O. The intersection of the
domains

of fandgis [D4Dﬂ]l] O[10 4&[
Of DguOx0 0 160 x2 0 ﬂx2 0 1, and the domain is [040 01] O [10 4].
Of Og0O 0D 16 0x2 0 x2 01, and the domain is [040 01] O [10 4].

F——85—0
OfgO 16 0x2 x201 ,and the domain is [040 D1] O [104].
OxO O
Hel D16 x2
— [ro — ", and the domain is [040 010 O 010 4].
g

x2 01

15. f OxO DZ—X has domain x 0 0. g OxO

O
X

é 7 has domain x O 04. The intersection of the domains of f and g is

2

Ox O x O 00 J40; in interval notation, thisis 0000 040 0O 004000 O 000 O0O.
of O 0o X 0 X
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2 2 03x
4 04 o andthe
X Dx XDXDdO i
o000 o4
04 40 0 004000
oooooo.
x_f‘.D 20x , and the domain is 1000 040 0 004000 0 000 OO,
04 x Ox O
40

8 L.
O ,and the domain is 0000 040 0O 004000 O 00O OO.

x0O4 x Ox O
2 40
0. 0O
f X xO4 .
a Ox0O 4 O o ,and thedomainis (00 O 4000 400000 00O 0O.
0

228
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2 . X . . ) . .
16. f Ox0 G— %as domain x [0 01. g Ox0O = has domain x 0 0100 The intersection of the domains of f and g is
X 01
Ox O x O 010; in interval notation, thisis D000 010 0 0010 O0O.
2 X xd2 -
Of 0gO0Ox0O O ad ,and thedomain is 0000 010 0 0010 0O0.
0 01 xOo1 x0O1
X 2 X 20X L
0 0 ——, and thedomain is D000 010 0 0010 00,

Of Dgooxo—21 x0o1  x0O1

0
X
OfgO OxG 2 X O Gad ,and the domain is D000 010 0 0010 OO.
0 Hl xOd1 Ox O
0.0 2 )
a OxO Xixl D;,soxDOasweII.ThusthedomainisDDDDDlDDDDlDODDDODDD.
0

xO1

In| oL ) o . N N ) .
17. fOxO O x 0O 30Xx. Thedomain of x is[00 00O, and the domain of 3 0 x is 000D 3]. Thus, the domain of f is
000D 3] O [00 OO &6 3].

0 0_—
10x

Ux

I U
18. fOxO O x0O4 . The domain of x 04 is[040 OO, and the domain x is 000000 O 000 1]. Thus,
0 of the

domain of f is [040 00 0 0000000 0 0001]0 O [J4000 0 0001

1 . . .
19. hOxO O Ox O oo Since 104 is an even root and the denominator can notequal 0, x 03 00 0 x O 30
0104
30 0 3D1m

So the domain is 030 OO.

0
. o_—_. . 1 . . .
20. k OxO 3.Thed0ma|n0f x 0 3is[030 00, and the domain isx 01 Sincex O1is000010 0010
0 U1 of x01 0,
the domain is [J30 00 0 0000010 0 010000 0O [03010 0 01000.
21. YA 22. yT 23. 4
f+g
N ;JV\ , s
\ /
N
~_ F+c ) 0 g X
~
0 ~N X 4 2o Va2 g4
f
24. |5, 25. 26. 3]
f+g 40 f+g
4’ f+g
g
3 20
f fi
2 f
4 2 2 4
! g -20 g
0 1 2 =l 2 0 7 Z

27. f Ox0 0 2x 0 3and gx[] D4%x2.
(@) fOgooOO O f 400002 O fO040020400305
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() g0 f 0000 0902000030 090030 04000302005
28.(a) 10f 02000 f 020200300 f 01002010030 01
(b g0g3000g 4032 OgOO50 040005020021
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d d
29. (@) Of ODgUOO200 fOgOo200 0 f 4000202 0 f0000200003003

(b) OgO fOOD20 OgOf 00200 0 gU20020 030 0gUO70 04000702 0 045
30. (@ Of O fOODIOD DO fOfOODLIOOO fDDZDDlD DD3D 0O f 0050 020050030 013

(b 0g0 g0 001009090000 0g 4000102 OgO3004032005
O o o O
31.(a) Of OgOOxO O fOgOxOO O f 40x%2 02 40x?2 030802x2030502x2
O O
(b) Oy 0 fODOXO OgOfOxOD OgO2x03004002x0302040 4x2012x09 D D04x2012x05

32. (@ Df O fOOxO O fOfOXxDO D fO3x0O500303x0500509x0150509x 020

O O O O
2
() Og g0 Ox0 0 gOgOx000g 20x2 020 020 404x%0x* 0Ox*04x2 02
20 x2
33. fOgOe0O O fOs004 34. f 000 00,s0g0f 00000 gO00 O 3.
35. 090 fO0D040 OgOf 0400 0gO02005 36.g000 03,s00f 0gdO00 0 f O30 0O.
37. Og 0900020 0 gOg00200 0 g010 O 4 38. fO40 02,50 0f O fOO40 O f 020 O 02

39. From the table, g 020 O 5and f 050 0 6,s0 f Og 0200 0 6.
40. From the table, f 020 0 3andg 030 0 6,so0g 0 f 0200 O 6.
41. Fromthe table, f 010 O 2and f 020 0 3,s0 f Of 0100 O 3.
42. From the table, g 020 O 5and g 050 U 1,509 0g U200 O 1.

43. From the table, g 060 O 4and f 040 O 1,s0 Of O g0 060 O 1.
44. From the table, f 020 0 3andg 030 0 6,s0 Og O fO 020 O 6.
45. From the table, f 050 O 6and f 060 0 3,so0f O fO 050 O 3.
46. From the table, g 020 O 5and g 050 0O 1,s0 Og 0 g0 050 O 1.

47. f Ox0O O 2x 0 3, hasdomain 0000 00; g Ox0O O 4x 0 1, hasdomain 0000 O0O.
Of 0go0OxO0O fO4x 010 0204x 010 03 0 8x 01, and the domain is DO00 OO,
OgO fOOxOOgO2x 030 0402x 03001 08x 011, and the domain is 0OO0 O0.
Of 0fO00OxO0 fO2x0300202x0300304x09,andthedomainis D000 O0O.
OgU0gU0OxOUOgO4x 010 0404x 010 01 0 16x 05, and the domainis DOO O O0O.

48. f Ox0O O 6x U5 hasdomain OO0O0 OO. ngﬁ O 9 has domain OO0 0O O0O.

00 . 00
0f 0g0OxO Dgf %6 (050 3x 05, and the domain is D000 00,
6x 05

Og 0O fOOxO OgO6x O DSXDg,andthedomainisDDDDDD.

50 0

Of OfOOxOO fO6x 050 0606x 05005 0 36x 035, and the domain is DOO0 OO,
X

.
0g7 gUOND %D , and the domain is 0000 00,

Bl <

49, f OxO O x2, has domain 0000 00; g OxO O x 0 1, has domain DO0O0 OO,
Of O0gOOxO O fDDx 0100 Ox 0102 0 x2 02x O 1, and the domain is 0000 00,

OgOfooxaoOg x2 O x2 010x201,and the domain is 0000 O0.
0.0,
gfgfooxoof x2 07 0 x4 and the domain is 0000 D00,

%2

OgO0g0OxO00OgOx0O10 0 0Ox 010010 x 02, and the domainis 0000 O0O.
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50. f OxO O x3 0 2 has domain 0000 OO. gOxO O %xhasdomain oooooon.
0 0 0 0
DngDDxDD’r‘D%x T Bx 3DZDxD2,andthedomainisDDDDDD.

o
D90 fOOx0 Dg x3 0 *x3 02 and the domainis D000 OO,
2 O

0 O O

ofofooxonof x302 O X§D2DX9D6x6D12x3D8D2Dx9D6x6D12x3DlO,andthedomainis
0
02

gooooo.

L 103
3%XD

5 L= 109 i
Ao Uge OxO 0§ x O 0 x~—*, and the domain is OO0 O0.

x103

51. f Ox0O @X,hasdomain Ox O x 000; gOxO O 2x 04, hasdomain 0000 0O0.

Of OgOOxO O fO2x0O
40 O

1 . . -
7 Of 0gO0Ox0O is defined for 2x 04 O 0 0 x O 02. So the domain is

Ox Ox O DZDd] %DDDDDZ% 0oo2000.

Ngofooxo = 02 1 D4D§D4,thedomainisDxDXDODDDDDDODDDODDD.
X X

ug

D1D 1
of 0fooxg = O J;ITQ O x. Of O fO0Ox0O is defined whenever both f Ox0O and f O f OxOO are defined;
O f X that is;

X
whenever Ox 0 x 000 0 000000 0O 000 OO.
OgU0gOOxO0OgO2x 040 0202x 04004 04x 0804 U 4x U12, and the domain is 0000 O0O.

__ 11
52. f Ox0 O x2 has domain 0000 00, g Ox0 O x O 3 has domain [30 00,
nini 0_——
E&DgDﬂ]xD of x03 O 2 0 x O 3, and the domain is [30) OO,
x03

g 0O . U_
OgOfOOxOOg x2 O x203. Forthe domain we musthave x2 0 3 0 x OO 3or 3. Thus the domain is

x O

0 g0 Og O

oooo 3 0 300.

o o o
gfEfooxo0f x2 O 0x* and the domain is 0000 000,

X2

0o 0——g . 0
OgO0gOdOxOOg x0O3 0O x 03 0 3. Forthe domainwe musthave x 03 030x03090x 012,50

the
domain is [120 O 0.
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53. f Ox0O O Ox0, has domain 0000 00; g Ox0O O 2x O 3, has domain
goodoo

Of 0go0OxO 0O fO2x 040 0O 02x O30, and the domain is 0000 O0.

Og O fOOxO O0gUOOxOO O 20x0 O3, and the domain is 0000 OO,

Of 0 fOOxO 0O fOOxODO 0O 0OOxO0O O OxO, and the domain is 0000 O0O.
OgO0glOx00gO2x0300202x 03003 04x 0603 04x 09. Domainis 0000 O0O.

54. f OxO O x 04 has domain 0000 00. g OxO O Ox 040 has domain 0000 O0.
Of 0g0O0OxO0O fO0Ox 0400 0O Ox 040 04, and the domain is 0000 O0O.
OgO fOOxOOgOx 0400 O0Ox 040 040 O Ox0O, and the domain is 0O0O0 OO,
Of 0fOOxO0O fOxO0O40 0 0Ox 040 04 O x 08, and the domainis OOO0 O0O.

OgU0gU0OxO0OgOOx 0400 0 00x 040040 0 Ox 04004 (Ox 040 O 4 is always positive). The domain is
gooooo.
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55. f Ox0 G‘é’I has domain Ox O x O 010; g Ox0O O 2x O 1, has domain D000 OO

X

2x 01 2x 01
DngDDxDDfDZxDLQﬁD ox ,andthedomainis Ox O x 000 O OOOO00O O 00O OO.
0
a2x 10
0 « 0 0 « 2
X .
OgO0fOOxODOg— 02 — 010 —— 01,andthedomainisOx O x 0 010 0 00000100 0010
x0O1 xO1 xDlDD
X
5 X H xO1 xO1 X X
Of OfOoOxd 0 —x L O O . Of f0O0Ox0O is defined whenever both f Ox0O
O f x0o1 D1 XUl xOx01l  2x_oand o
Xul

0 0o 0

t 1
fDfDXDDaredefined;thatis,wheneverxDDland2xD1DODxD—Dz,whichisDDDD lDlDDZ 0 0,00 .
g100

OgU0gU0OxO00gO2x0100202x 01001 04x 0201 04x O3, andthe domain is 0000 O0.

1 . .
56. f Ox0O E—I—EX hasdomain Ox O x 0000 g 2 [ 4x has domain 0000 O0.

Ox0O O x
0 1
OHOgooxo O f x20 0O . Of O g0 Ox0O is defined whenever 0 0 x? 0 4x O x Ox O 40. The product of
a0 x2 0 4X two

57.

numbers is positive either when both numbers are negative or when both numbers are positive. So the domain of f 0 g is
Ox Ox O0andx 0400 0x Ox O0andx 040 whichis 000000 O 040 00.
o,0 89,0 0,0 o,

OgO fOOxO Og= O Q? 04 DX O « O D;. Og O f O OxO is defined whenever both f OxO and g O f

DX UxO0O are

defined, that is, vxﬁenev&r x O 0. So the domainof g O f is 000 OO.

Ofofooxa 9= O
0f X

}1‘:.' Of O fODxO is defined whenever both f OxO and f Of Ox0O0 are

X" defined, that is,

[

whenever x 0 0. So the domainof f 0O f is D00 OO.
0 0 0 0

2
DggooxoOg x204x O x2°04 x204x DOx*08x®016x% D4x? 0 16x O x* 08x3 0 12x% 0 16x,
0 4x

and the domain is OO0 OO.

X . 1 .
f OxO @——, hasdomain Ox O x O 0O10;4g = has domain Ox O x 0O 0.
DleD 0 X
H 1D 1 1
Of Og0O0OxO 1 0o —8 oo COf gD Ox 0O is defined whenever both g Ox0 and f Og
o f T X 1 x  OxODare
- 0O T 1
X 1
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defined, so the d%main isDDx Ox O 010o00.

X 1 xO01 . .
%g O fOOxO D;(g—l — . Og fO0Ox0O is defined whenever both f OxO and g O f OxO0O are
0 pym|

O de;ined, solthe

domainis Ox O x O O1000.
0 O X
Of O fOOxO XX 0 X2 O £ 00O X . 0f. fooxo is defined whenever both f Ox O

5 =
0 f 01 xor Pl oxo1o ;o1 e jand

[
d d

f Of OxOO are defined, so the domainis x 0 x 0 BLOO?Y
o,o

Og OgOOxO L O

Og X

0 x. 0g O g0 Ox0O is defined whenever both g Ox 0 and g Og Ox 00 are defined, so the
domain is

<l |

Ox Ox O00.
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X

has domain Ox O x O 0O20.
02

58. f OxO ﬁx has domain Ox O x 0 00; g
Ox0O 0O
X

g g
X 2 2x 04 . ]
Of 0gO0Ox0O 02 U — . Of g0O0Ox0O is defined whenever both g Ox 0O and f Og Ox0O0 are

ot x02 O def)i(ned;thatD

is, whenever x O Oand x O 02. So the domainis Ox O x 000 020,

oo
Og O fO0Ox0O O 5 X_ o 5 22x 0 I 1Xd§ﬁ1Led;fD Ox0O is defined whenever both f OxOJ and g O f Ox0O0O are

0o =

>IN

02 0 0
X
that is, Wheneverﬁ( DDO and x O 01. So the domainis Ox O x 0O 00 010.
2 2
Of OfOOxd X O Vi Ox. Of O fOOx0O is defined whenever both f OxO and f O f OxO0O are defined; that is,
Of ; whenever

x 0 0. So the domainis Ox O x O 00.

0 0 X
X X 2 X X . .
Og 090 OxO O-g— O O .0 0 Ox0 is defined whenever both g Ox O
go- 9 X _2 X 2 x D2020 30O and ’
xtb2 Ox 4

d
g g Ox0O0 are defined; that is WhenevHx 0 D2and x [3 0%, So the domainx O x [0 DZD{Q“ .

IS

R ANINE.
59. 0f OgOhODOxO O fOgUOhOxODOO D fOgOx 0100 DO f x O
o o
1 0 xO101
3

D 0 o
60. g DhoOxDOg x202 O x2 O0x80ex*D12x208.

02 -

0
OgohooxoOf x606x4012x2 0 )
SEHDQ x8 06x4 012x2 018

_ . 0D0onb0_ 0o 0O 0o O
61. Of OgOhOOxOD D fOg0OhDOxOOODO f g x Of x05 O xO05 "01

0
- %Y o E*x o sx
_0p O - '
62. OgOhOOxOOg XB—_EI—.DngDhDDXD E_ g_
. X 1Df xO1 xO1
0 0

For Exercises 63-72, many answers are possible.
63. FOxO 0 Ox 090% Let f Ox0 O x®and gOx0 0 x 09, then FOxO 0O Of OgOOxO.

g
64. FDXDDDXDI. IffOxODOxOlandgOxO DO x,then FOxO O Of OgOOxO.
2

X X
65. G OxO-H— . Let f OxD and g OxO 02, then G Ox0 O Of O g0 OxO.
04 DxD4
X
X2
1 1
66. G Oxd F—— DIfo andgOxO Ox0O3,thenGUOxO O Of Og0OxO.
03 X ~x
X 0

O
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67. HOx0 M1 03", Let f Ox0 0 Ox0 and g Ox0 01 0 x3, then H Ox 0 0 0 f 0 gi Dx [0,
0o n_ 0O
68. HOxO O 10 x. IffOxO0 10xandgOxO O x,then HOxO O Of 090 Ox0O.

1 1
69. F OxO EI—-DLEI f Ox0O i,ngD Ox01,andhOx0O 2, then FOxO O Of OgOhOOx0O.
x?2 01 0Ox

%-EI— _ 0 _ 0 _
70. FOxO O xO1l Ifg0Ox0 OxOland hOxO O x,then Og OhOOxO O xDl,andiffDxDD%x,

then
FOxOOOf OgOhOOx0O.

0 g _
71. GOxO O 4D%x 9.LethxDng,ngDD4Dx,anthxDD %x,thenGDxDDDngDhDDxD.

O_ 0-— 2
72. G OxU O——. IfgOx0 0 30x and h X, then Og O hOOxO O x, and if f OxO 2 then

2
D3 U X "oxoo 30 0

GOxO OOf OgOhOOxO.
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73.

74.

75.

76.

77.

78.

79.

80.

81.

82.
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Yes. If f OxO O mqx Obqand g OXxO O mpx O by, then

Of OgO0OxO 0O fOmax Obo0 O mg Omax Obp0 0 by O mymax O maby O by, which is a linear function, because it
is of the form y O mx O b. The slope is mym5.

gOxOO2x Olandh Ox0 0 4x2 04x O 7.

Method 1: Notice that 02x 0102 O 4x2 O 4x O 1. We see that adding 6 to this quantity gives

02x 010206 0 4x204x 0106 O 4x2 04x 07, which is hOx0. So let f OxO O x2 0 6, and we have
Of 0goOOxO0O 02x 010206 0 h Ox0O.

Method 2: Since g Ox O is linear and h Ox O is a second degree polynomial, f Ox O must be a second degree

polynomial, that is, f Ox0O O ax2 0O bx O ¢ for some a,b,andc. Thus f OgOxO0O O f 02x 010 O ad2x O 102
Ob0O2x 010 0Oc O

4ax? D4ax DaO2bx ObOc O4ax? 0 04a 02b0x 0 OaObOcO O 4x2 O4x O 7. Comparing this with f Og
Oxdd, we

have 4a [ 4 (the x2 coefficients), 4a 0 2b O 4 (the x coefficients),and a O b O ¢ O 7 (the constant terms) 0 a O 1 and
2a0b02andaUb0OcO070a01,b0O00c O6. Thus f OxO 0 x206.
f Ox0 0 3x O5andh Ox0 0 3x2 0 3x [0 2.

Note since f Ox is linear and h Ox O is quadratic, g Ox 0 must also be quadratic. We can then use trial and error to find
g Ox 0. Another method is the following: We wish to find g so that O f 0 g0 Ox0O O h OxO. Thus f OgOxO0 O

3x203x 020

30g0x000503x203x 02030g0x00 03x203x030g0x0 Ox20x 01,

The price per sticker is 0015 O 00J000002x and the number sold is x, so the revenue is
R OxO O 00015 000000002x 0 x O 0015x 0 00000002x2.

As found in Exercise 75, the revenue is R DXDD 0 0015x O ODOOOOOszmand the cost is 001095x [J 00J0000005x2, so the

profitis P Ox [ [0 0015x [ 00J000002x% [ 00J095x [ 0010000005x? [ 001055x [1 010000015x 2.
(a) Because the ripple travels at a speed of 60 cm/s, the distance traveled in t seconds is the radius, so g Ot O 60t.
(b) The areaof a circle is Or2,so f Or0 O Or2.

(c) f0gO0ODOgDot00? 00 060t02 O 36000t2 cm?2. This function represents the area of the ripple as a function of
time.

(a) Let f OtO be the radius of the spherical balloon in centimeters. Since the radius is increasing at a rate of 1 cm/s,
the radius is f Ot0 O t after t seconds.
(b) The volume of the balloon can be written as g Or 0 4 0rS.

(€ g0 f Oz00t0% g 403 g O f represents the volume as a function of time.
Let r be the radius of the spherical balloon in centimeters. Since the radius is increasing at a rate of 2 cm/s, theDradiuDs isr 02t

after t seconds. Therefore, the surface area of the balloon can be written as S 0 40r2 0 40 02t02 0 40 4t2 0O 160t2.

(a) f OxO O00O80x
(b) g OxO O x 050

(c) Of DgODOxO O fOx 0500 O 00800x 0500 0 0080x (0140. f O g represents applying the $50 coupon, then
the

20% discount. Og O f O OxO 0O g00080x0 0 0080x 1 50. g O f represents applying the 20% discount,
then the $50 coupon. So applying the 20% discount, then the $50 coupon gives the lower price.

(a) f OxO O0090x

(b) g OxO O x 0100

(c) Of DgOOxDO O f Ox 01000 O 0090 Ox 01000 00 0090x [0 90. f OO g represents applying the $100 coupon,
then the

10% discount. O0g O fO Ox0O O g 00090x0 0 0090x 00 100. g O f represents applying the 10% discount,
then the

$100 coupon. So applying the 10% discount, then the $100 coupon gives the lower price.
Let t be the time since the plane flew over the radar station.
(a) Lets be the distance in miles between the plane and the radar station, and let d be the horizontal distance that the plane

has flown. Using the Pythagorean theorem, s [0 f Od0 0 1 01 d2.
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(b) Since distance O rate O time, we hDave d O gOtO O 350t.

_— 0
() sOtoDOfOgooton f 100350t02 0 10 122,500t2.
0350t0 O

83. AOxO 0O 1005x0 DAODADOOxO O AOAOxOD O AO1005x0 O 1005

01005x0 O DlDOSDDZX. . .

DADADADDXxD O AODAONOxoO O A, 100502x O 1005 100502
x U 010050 %.
0 0 0 0
DAODADOADADDOXO O ADAOADADXODO DA 100503x 01005 100503x 0O O100504x. A
represents the amount in S

the account after 1 year; A O A represents the amount in the account after 2 years; A O A O A represents the amount in the
account after 3 years; and A 0 A0 A O A represents the amount in the account after 4 years. We can see that if we

compose n copies of A, we get 1100507 x.
84. IfgOxOiseven,thenh UOx0O O f OgO0Ox0O0 O f Og OxOO O h OxO. So yes, h is always an even function.
If g Ox 0 is odd, then h is not necessarily an odd fun&tionD. For example, if we let f Ox0 O x O 1and g Ox0 O x3, g is

an odd function, buth Ox0 0 Of OgOOxO O f x3 0 x3 0 1is not an odd function.

If gOxO is odd and f is also odd, then

hOOxO O Of 0g0O0O0OxO 0O fOg0O0OxO0 0O fO0OgOxOO O OfOgOxOO O OOf 0g0O0OxO O OhOxO.
So in this case, h is also an odd function.

IfgOxOisoddand fiseven, thenh OOxO O Of O0gOO0OxO O f OgO0OxO00 O f 00g0Ox00 O f OgOxO0 O
Of Og0OxO O hOx0O, so in this case, h is an even function.

2.8 ONE-TO-ONE FUNCTIONS AND THEIR INVERSES

1. A function f is one-to-one if different inputs produce different outputs. You can tell from the graph that a function is
one-to-one by using the Horizontal Line Test.
2. (a) For afunction to have an inverse, it must be one-to-one. f Ox0O O x2 is not one-to-one, so it does not have an inverse.
However g Ox0 O x3 is one-to-one, so it has an inverse.
(b) The inverse of g OxO O x3 is gP1 Ox O Thx.
3. (a) Proceeding backward through the description of f, we can describe =1 as follows: “Take the third root, subtract 5,
then divide by 3.7
5 X5
T

(b) fOxO O O3x O50%and f 2
Ox0 O

4. Yes, the graph of f is one-to-one, so f has an inverse. Because f 040 O 1, f9l 010 o 4, and because f 050 O 3,
fO0l 030 06,
5. If the point 03040 is on the graph of f, then the point 040 30 is on the graph of f oL [This is another way of saying
that
fo3oo40 fP9 040 03]

6. (a) False. For instance, if f OxO O x, then f™1 Ox0 O x, —— 2 o 9 ok,
but f OxO
X
(b) This is true, by definition.
7. By the Horizontal Line Test, f is not one-to-one. 8. By the Horizontal Line Test, f is one-to-one.
9. By the Horizontal Line Test, f is one-to-one. 10. By the Horizontal Line Test, f is not one-to-one.

11. By the Horizontal Line Test, f is not one-to-one. 12. By the Horizontal Line Test, f is one-to-one.
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13. f OxO O 02x O 4. If xq O xp, then 02x1 O 02xp and U2x1 04 O 02x, U 4. So f is a one-to-one function.
14. f OxO O3x 02. Ifxg O X, then 3xg 0 3xp and 3xg 02 O 3xp U 2. So f is a one-to-one function.
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15. g Ox0O O Dx. If X1 O xp, then DT(l | D‘xz because two different numbers cannot have the same square root. Therefore, g is
a one-to-one function.

16. g Ox0O O Ox0O. Because every number and its negative have the same absolute value (for example, 1010 0O 1 O 010),
g is not a one-to-one function.

17. h OxO 0O x2 0 2x. Because h 000 0 Oand h 020 0 020 0 2020 0 0 we have h 000 O h 020. So f is not a one-to-
one function.

18. hOxD O x3 0 8. If xg O xp, thenx3 Ox3 andx® 08 O3 0 8. So f is a one-to-one function.

19. f OxO O x* O5. Every nonzero number and its negative have the same fourth power. For example, 00104 01 0 0104,
SO

f 0010 O f 010. Thus f is not a one-to-one function.

20. fOx0 Ox405,00x 02 1fxg O Xy, thenx* 0x* because two different positive numbers cannot have the same fourth
power. Thus, X 05 0 x4 05. So f is a one-to-one function.

2L rOt00t8 03,00t 05, Ifty by, theqt6 E&tG because two different positive numbers cannot have the same sixth power.
Thus, t? 03 0t§ 0 3. Sor is aone-to-one function.

22. r OtO O t* O 1. Every nonzero number and its negative have the same fourth power. For example, 00104 0 1 0 0104,
50

r 0010 O r 0O10. Thus r is not a one-to-one function.

O1 DL,SO

1 . .
23. fOxO B— 2 Every nonzero number and its negative have the same square. For example;
X

0 0102

f 0010 O f O10. Thus f is not a one-to-one
function.

1 1 . .
24. f OxO dx' If X1 O Xp, ther— O o So f is a one-to-one function.
1 2

25. (a) f 020 O 7. Since f is one-to-one, 1 070 0 2.
(b) f91 030 O O1. Since f is one-to-one, f D010 O 3.

26. (a) f 050 O 18. Since f is one-to-one, f51 0180 O'5.
(b) f91 040 O 2. Since f is one-to-one, f 020 0 4.

27. f Ox0 O 50 2x. Since f is one-to-one and f 010 0502010 O 3, then f71 030 O 1. (Find 1 by solving the

equation
502x 03)

28. To find g"1 050, we find the x value such that g Ox [ [ 5; that is, we solve the equation g Ox 0 x2 0 4x O 5. Now
x204x050x204x050000x0100x 05000 0x O1orx O O5. Since the domain of g is [020 00, x O 1
is the only value where g Ox0 O 5. Therefore, ng 050 O 1.

29. (a) Because f 060 02, fP102006.  (b)Because f 020 05, fPlOos0 02, (c) Because f 000 O 6, fU1
oen o o.

30. () Because g 040 02,91 020 04.  (b)Becauseg 070 05,¢g"1 050 07.  (c) Because g 080 O 6, g1
0ed o 8.

31. From the table, f 040 0 5,s0 51 050 0 4. 32. From the table, f 050 0 0,s0 fE1 000 O5.
O =
33. fllofoioool 34.f fOlpgeo 06

0o
35. Fromthe table, f 060 01,50 fP1 010 0 6. Also, f 020 06,50 f71 060 0 1. Thus, 51 f0 f91 060 0 1.

01
010
o OfPlosooa

36. From the table, f 050 00,s0 91 000 O 5. Also, f 040 05,50 f91 050 0 4. Thus, 91 f
01
0og
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37. fO0gOxO0O 0O fOxO6000Ox 06006 0O x forall x.
gofOxOO0Og EXE 60 E DDX 060 06 O x forall x. Thus f and g are inverses of each other.
38. f g Ox00] Dg ) D§3 " DO xforallx.
3X

gofoOxooOdg = Oxforall x. Thus f and g are inverses of each other.
03x0 O 3
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O O O O

x4 03 x4

39. f Og Ox0O0O 3 3 040x04040xforallx.
of

03xw 40 .
gOfOxODOgO3x0O O3 48 AD x for all x. Thus f and g are inverses of each other.
g

3
d
40 0 20 x

0
20X

40. f Og OxO0O 5 0205 5 020020x0 0 x forall x.
o f

gOfOxO0OgOo20 MDD 5 O x forall x. Thus f and g are inverses of each other.

5x0 0 ° 5

g,o

41. f OgOx0O0O X Dlli O x forall x O 0. Since f OxO O g Ox0, wealso have g O f OxOO O x forall x O 0.

o f Thus f and

g are inverses of each other.
0 L g
42. fOgOxO0O O f X

DD%

Us
x ~ Oxforall x.
%D fDDxD O00g gx_5 0 x for all x. Thus f and g are inverses of each other.

x> 0

L0 Ol
43. fO0gOxO f oux o9 U x090x09090x forall x O O9.

d
9 2

. O_Hg——n _ O _
gOfOxOOOg x209 O  x209 090 x2Oxforallx O0. Thus f and g are inverses of each other.

0 0 0D O
44h1fdig OxO0 O f xDlDlD3DD x0 010x01010x forall x.

d o O

3
goOfxOOOg x301 (0 x0O 010x01010xforall x. Thus f and g are inverses of each other.
1pits

d d
45. f Og Ox0O0O _1D1 00 1D 0 x forall x O 0.
0f X 1
01 01
d d X
1 1
gOf OxO0O CO1 0o 1 O00100x010010x forall x O 1. Thus f and g are inverses of each other.
ug
x 01
g
(] I p—
oo 09 i}

464fogoxoo 0 f 40 40 40x2 O 4040x20 x20Ox, forall0 O x O 2. (Note that the last
2
X g

equality is possible since x 0 8.)
i U L
gf Ox0D0g 40 40 40x2° 0 4040x20 x20x,forall0 O x O 2. (Again, the last equality
2
X 0

is possible since x 0 0.) Thus f and g are inverses of each other.

0 0
axn2- 2202 oxp2020x010  4x
_ T 47. fOgOx000 f
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a a — [IX
2X 02 20x O 4

xO1
w2 0o 0 for all
= x 1 0o x0O1.
0 0 5 LZD
x02° 2 ¥t U2 o2pxpeno2ox020  4x
Of OxOO d L O x forall x O 2. Thus f and g are inverses of
Ly X 02 X2y x0201 D20 g
Oox U
each other. 5 X
0 0
5 [0 4x 103x U5 gXDD4XD5DlD 19x 1

O Oxforallx O 3

. fOgOxOd o 0O a 0
48. T g Ox 103x 3 54X 4 30504x0040103x0
3x

O f 3
19 —
0 0 5 5
xOs5 - 504 503x040040x0  19x 4
X2 e T -
Of Ox0O0O O g ! 00 forall x O O,. Thus f and g are inverses
4 3 4 X5 &x3 5D 3 g
0 0 0 o 0 19
103 34

of each other.
49. fOxO D3x 05 y03x0503x0y050x04 0y050 5 tyg S SofIloxgo 10 S.
1 7 01 1 7

%0. f OxO D?DSX.yD?DSXDSXD?DnyD1D7DyDDD y .Sof OxOOO xO
5 5 5 5 5
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51.

52.

53.

54.

55.

56.

58.

59.

60.

61.
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O O
fOx0 05043 y0504304x3050y0x304050y00x0 $1050y0.So foOx04 1 o50x0.
O

foxoo3x3o8.yn3axdo8n3axdoynsnxdodyndoxo *iyod sofPloxo o §toxosn.

1 1 1 1 1 1
fOXL — .y ——0Ox020 —-Ox0O 02S fHOx00 o2
x 02 x 02 y y
X
x 02 x02
fOXh —= .\ OyOxO200x020xy0O2yO0x020xyOx 00202y 0x0y0100 020y0
x 02 X021
29y 0 1 020x 010
nxo - So f HOx0 ——=—
U Tyor 0T ¢ Txot
X X 4y
fOXWL — . OyOxO40 O0xOxyO4y OxOxOxy D4y Ox010yO D4y Ox O . So
x4 wxD4 y y y y y y y 10y
£01 g X
10x
fDxDB3—X yu 3 OyOxO02003x OxyOd2y03x OxyO3x 02y Ox0Oy03002y0x O 2y So
02 X002 y yuzy y y y y yo3
2X
01
f DXDXDS'
O
2x 05 2x 05
. fOxO xD7'yum TyOxO7002x050xy07y02x050xy02x 07y050x0y02007y05
7y 05 1 7x 05
- O
Ox O yDZ.Sof BxD x02"
4x 02 4x 02
fDXDDS)@l .)b3Xm1DyDSxDlDD4xD2D3xyDyD4xD2D4xD3xyDyD2DxD4D3yDDyDZ
yo2 1 x 02
O
DxD4D—3y.Sof BXD o
2x 03 2x 03
f OxL . OyOl05x002x030y0Obxy02x0302x0O5xy0DyO0O30x0205y0 0y 0
TTT5x MlDSx y 5 30y 0Ob5xy 3 5xy OyQO3 5y yO3
yOo3 1 x O3
(] _
DXDSW'SOf BXD Ex 2"
3 04x 3 04x yOo3
fDXDDBEl .)ugxmlByDSxDlDD3D4xD8xyDyD3D4xD4xD2yD1DDyD3Dx 4D2y1%'
01 x0O3
SDOf X0 e o1

o
fOXxOO040x2,x00.y040x20x2040y0x 0 40y.So fPlOx0 0~ 40x, x O 4. [Note thatx 0 0 O
f Ox0 0 4]

O O o, 1 O ) O ) .
foxoox2o0x 0 x2oxg! g8l'o xo' @i xoo.yo xotb 3 oyolo
- o-o0 xoi
4 4 2 4 2 0 o
- 1 1
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4 2 4 ) )
xo0l'o yoloxo yololyoo . sof Ax0 xO01lol xODO . (Notethatx O O , so that
2 7 7 2 7 7 2 4 2
) O 0 0,
O ~ 1 1
Woloo,andhence xof Oyotoxofo yot Alsosincex 00 ,yd xoO!t DlDD so that
2 2 4 2 4 2 2 4 4
O

y 0% 00,andhence y O & is defined.)

63. f OxO O x5, x 00.y 0 x8 0 x 0 5y forx 00. The range of f is Oy 0 y 000, so 21 OxT E"x,x 0 o.

1

64. f OxO Dl_xz,xDO.yDl D2D§DXD E%TherangeoffisDyDyDOD,so flOxO D_lgx,xDO.
O

X2
X
20x3 20x8 —
65. f OxDO 5X.yD £ 05y 020x30x30205y0x0 B?DSy.Thus,fEﬂDxD %ZDSX.
0 0
7 7 _ _ 0oL _ U
0 0 0

66, fOxo O x506 .yO x50 Dgy_Dx5D6Dx5DgyD6DXD5 yO06. Thus, {21 Ox0 0  xO6.
6 5
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o . . N
67. fOxO O 50 8x. Note that the range of f (and thus the domain of f21)is[0000. y O 508x 0y2 0508x O

2 2

a5 xc 05
y . Thus, 151 OxO
O

8x 0y2050x 0

,x O0.

o__ . O o 2
68. fOxO O20 30x. Therangeof fis[2000. y 020 30x0yOd20 30x00yOd20c030x0
x 00yO020203. Thus, fPlOxooox 020203, x 0 2.

69. f OxO Dzm%’x.ymzm[fxmymzmBRDxDDymzm?Thus,fDleDDmxmzm3.

J I I
70. fOxO O 4Dx2,DODxDZ.Therangeoffis[ODZ].yD 40x20y2040x20x2040y20x0 402
Thus, Pl Ox0 0 40x2,00x 02,

71. (a), (b) fOxO O3x 06 72.(a),(b) fOxO D16 0x2,x00
y
f y
1)
1 \
i X f
4 fo!
2
Bk
() fOxDDO3xD6.yO3xD603xDyHd60 (© fOxOD160x%,x00.yd160x2 0
x 0 toyoen.$erf 2t ox0 0 ! Ox x2 .
3 3 O160yUx 0 160y.So

o b
f-*0OxO00 160x,x 016. (Note: x 00O
f OxO 0 16 O x2 0 16.)

L 3
73. (@), (b) fOxOO xUO 74.(a), (b) fOxODDOx°0O1
1 y
y f
L
A
//1J
f ' *
Bz X
I — o 3 3 3
(¢ fOxODDO x0O1,x001l.yOd x0O1,y0O o fOxOOx°010y0Ox°010x°0y01
0 Dngy_Dl.SomeXDD%xDl.

DyzmeIDnyZDIandyDO.So
fOloxoox?01,x 0o0.
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75. f Ox0 O x3 O x. Using a graphing device and the
Horizontal Line Test, we see that f is not a one-to-one
function. For example, f 0O 00 O f O010.

77. f Ox0O ﬁ(D—lg. Using a graphing device and the

X
O

Horizontal Line Test, we see that f is a one-to-one
function.

_

79. f OxO O OxO O Ox O 60. Using a graphing device
and the Horizontal Line Test, we see that f is not a one-

to-one function. For example f 000 O 06 O f
oo20.

0 ] / 10

-10

% @yOfoOxooD20xOxOy0O2.

floxooxo2

(b)

SECTION2.8  One-to-One Functions and Their Inverses 242

76. f OxO O x3 O x. Using a graphing device and the
Horizontal Line Test, we see that f is a ane-to-one

function.

O
78. f OxO
O

-2 2

x3 0 4x O 1. Using a graphing device and the

Horizontal Line Test, we see that f is not a one-to-one
function. For example, f 000 01 0 f 0200.

™

™

80. f OxO O x O Ox0O. Using a graphing device and
the Horizontal Line Test, we see that f is a one-to-

one function.

So fX0

Ox0
(b)

20

82.(@yDd foxooz20ixolxo20yox 0402y.

2 2
040 2x.
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o__
83. () yDgOxO O x03,yD00x030y2,yd0 84 (ayODgOxDOx201,x000x20y01,x000
O o
Ox0Oy203,y00.Sog"loxoox203,x O xO yOILSog®loxoo xO1

> (b)
(b) 10

85. If we restrict the domain of f Ox0 to [00 00, theny 04 O x20x2 040 yOx DO Dﬁy (since x O 0, we take
the positive square root). So f™1 Ox0 T 40 x.
If we restrict the domain of f OxJ to OO0 0], theny D40x20x2 040y Ox O DDWy (since x O 0, we take the
negative square root). So f 91 Oxi o Dﬁx.

86. If we restrict the domain of g Ox 0 to [10 00, theny 0 Ox 0102 0x 010 Dy (since x O 1 we take the positive
_ 0
square root) 0 x 0T 0 Dy, Sogll 0x0 (T1 0 x.

If we restrict the domain of g Ox0 to 0000 1], theny O Ox 0102 0x 01 HV (since x O 1 we take the negative square
g

L
rooty Dx 010 DyTSo gl oxoo1o .

. . g . ..
87. If we restrict the domain of h Ox 0 to [0J20 00, theny 0O Ox O 2020x020 y (since x O 02, we take the positive
O _ 0
square root) 0 x O OZ0O y. So hloxoo D20 «x.

If we restrict the domain of h Ox 0 to 0000 02], theny O Ox O 2020x 02 tFV (since x O 02, we take the negative
d

O_
square root) 0 x 0 020 DyTSo hHlOxOo D020 X

0
Upoxo30 ifx0300 0 x03

88. kOxO O Ox O 0 X

300 x0O3 ifxd0300 0O x0O3

If we restrict the domain of k Ox O to [30 OO, theny Ox 03 Ox 03 0Yy. So kPloxoo3ox.
If we restrict the domain of k Ox O to DOOO 3], theny D O Ox 0300y O OxO0O30x 030Y. Sok™ox0 030x.
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y
91. (a) y 92. (a)
| 1
~_ | ~

0

0

(b) Yes, the graph is unchanged upon reflection about (b) Yes, the graph is unchanged upon reflection about
the liney O x. the liney O x.

1 1

4 1 —1 1 X3
©yDO-0Ox0O Ssof Ox0O -
X y X

(c)yDXmIDnyDlDDxD3D
yOo3
nyDlDDyD3DxDm.Thus,

x O3

o1 -
f=2Ox00, 44

93. (a) The price of a pizza with no toppings (corresponding to the y-intercept) is $16, and the cost of each additional topping
(the rate of change of cost with respect to number of toppings) is $1050. Thus, f On 0 16 0 105n.

(b) p O fOnO 01601050 O leGDlDSnDr}DtZ_DpoD.Thus,n 0 f8lopo 0 20p 0160, This
L@CIOI’]

3
represents the number of toppings on a pizza that costs x dollars.

(c) fHln250 (3 20250 160 2 1901 0 6. Thus, a $25 pizza has 6 toppings.

94. (a) f Ox0O 05000

80x. p [ 500 1 poso0

(b) pO fOxO O500080x. p0500080x 080x O pO5000x O

80

.Sox u fH CfY
0 X BpD 80

represents the number of hours the investigator spends on a case for x dollars.

1220 0 500 _ 720

(c) f91 012200 a0 0 0 0 9. If the investigator charges $1220, he spent 9 hours investigating the case.
g

O t DZ O t Dz I O Dz - 0—

9. (@ VO fOtODO 10 ,00t040.VO100 10 O 0o 10 010 0O O
100() 40 40 100 40 40 100

O_
t \% o_ ad
o 010 o OtD04004 V.Sincet 040, wemusthavet O f = 0vVDO 0400 V. f& represents time that
4
has elapsed since the tank started to leak.
(b) fU1 0150 040 04 15 O 2405 minutes. In 2405 minutes the tank has drained to just 15 gallons of water.

0 0 0 0
96. (3) 0 OgOrD 018500 00250r2 . O 018500 00250r2 O O 046250 18,500r2 O 18,500r2 0 4625 0 [
0

0 0
ZD4GZSDDD 262500 4625 0 O

————_ Since r represents a distance, r 1 0,s0g™2 000 ———. gl 000
18,500 18500 - P g 185500 " 9



242  CHAPTER2 Functions SECTION2.8  One-to-One Functions and Their Inverses 242

represents the radial distance from the center of the vein at which the blood has velocity 0.
46251030

b g[I1 0300 ———— [ 00498 cm. The velocity is 30 cm{s at a distance of 001498 cm from the center of the artery
18,500
D 1

or vein.
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%7DEa) DO fOpDOO3p0150. DO DO3p 0150 03p 01500D 0 pO05001D.So fPlppbnosoo ip. £01
3 3
represents the price that is associated with demand D.

(b) 910300 050 31 0300 O 40. So when the demand is 30 units, the price per unit is $40.

98, &a) FOgocoo?9O32 FO% 03209 0FO0320CO°%pgFO0320.S ¢ 0Fn O °0F 0320, gtt
OF 5 5 5 g g
represents the Celsius temperature that corresponds to the Fahrenheit temperature of F.

b) FOL 08601 & ° 186 1 320050 ° 11540 O 30. So 86T Fahrenheit is the same as 307 Celsius.
i)

99. (a) flOUD O 1002396U.

(b) U O f OxO 0009766x. U 0 009766x O x O 100240U. So f21 0UD O 100240U. f210UD represents the
value of

U US dollars in Canadian dollars.

(c) £U1 012,2500 0 100240 012,25000 [ 12,5430152. So $12,250 in US currency is worth $12,543[0152 in Canadian
currency.

0

0 .
01 fooxO2

100. (a) f OxO 0m1x, if 0 O x 0 20,000
0 2000 0002 Ox 020,0000 if x 0 20,000

(b) We will find the inverse of each piece of the function f.

fy Ox0 0004x. T 0 001x Ox 010T. Sp 21 0T 0 0 10T.
f, Ox0J 0 2000 0 0012 Ox [0 20,0000 0 002x 02000. T 0 002x 02000 0 002x 0 T 02000 0 x 0 5T 0
10,000. So

£, 0T 0 0 5T [10,000.
g

O .
. 10T, if0 0 T O 2000 .
Since f 00O O Oand f 020,0000 O 2000 we have {91 0T O This represents the

U 5T 010,000 if T O 2000

taxpayer’s income.

(c) 01 §10,0000 O 5 010,0000 O 10,000 O 60,000. The required income is 1J60,000.

101. (a) f Ox0O O 00O85x.
(b) g OxO O x O 1000.
(c) HOxO O Of OgOx O f Ox 010000 00085 0Ox 10000 O 00J85x (1 850.
(d) P O HOxO O 0085x 1850. P O 00085x 0850 00 0U85x O P 0850 O x T 10176P 1 1000. So
HY1OPD O 10176P O 1000. The function H! represents the original sticker price for a given discounted price P.
(e) HU1 (013,0000 00 10176 [J13,00000 (1 1000 [J 16,288. So the original price of the car is $16,288 when the
discounted price ($1000 rebate, then 15% off) is $13,000.

102. f OxO O mx Ob. Notice that f Ox10 O f OxoO Omxq Ob O mxp Ob O mxq O mxy. We can conclude that xq O xo if
and only if m O 0. Therefore f isone-to-oneifandonly ifm J0O0. fm 00, fOxOOmxObOyOmxObOmx Oy
Ob
yOdb 1 xOb

Ox O .So, fOx0 O
m m

2x 01

103. (a) f OxO 5 is “multiply by 2, add 1, and then divide by 5 ”. So the reverse is “multiply by 5, subtract 1, and then
. H 5x 01 H
2 01

5x 01 D5xD1D 2 5x 0101 _ 5x

: 01 0 O 0=—a0d
. Check: fOf-*0Ox0O0O > 5 5 5 X

divide by 27 or "1 Ox O
O f

0 0
2x 01
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0 0o 5 Ul 2xp0101 _ 2x
2x 01 5 il I [t
and fP1 0 foxo O f 0 - 2 D2Dx.

plh 5 2
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(b) fOxO O3 é y u71 O 3 is “take the negative reciprocal and add 3 . Since the reverse of “take the negative
g

reciprocal” is “take the negative reciprocal , &Dl Ox [ is “subtract 3 and take the negatiﬁe reciprocal ”, that is,

01 1 x0O3
o1 — . Check: fOfPloxon — 030— 030 1
oo X103} X003 = 01

030x 03 0xand

xO3
X

[y

0 0
10 il
fOlofoxoo £01 Sé 0o — 0 0010— Ox.
0

X 01

30 03 O

X ||
X ||

J I — 3
() fOxO O x302is “cube, add 2, and then take the square rogt”. S0’ theD reverse is “square, subtract 2, then take

the cube root ” or 51 Ox0 *x2 0 2. Domain for f Ox s, 20 ; domain for f51 Ox0 is [00 DO. Check:
0O [

O
fofloxoof, O -0 I _ _
Or x202 O X202 020 x202020 %2 0 x (on the appropriate domain) and

2
Sln 0on 0 u 0
fOlofoxgo £ x302 x302 pg20 x302020 x3 O x (on the appropriate domain).

O

3—

(d) f OxO O 0O2x O 503 is “double, subtract 5, and then cube”. So the reverse is “take the cube root, add

5, and divide by 2” or f21 OxO ® Domain for both f OxO and f7L 0x0 is 0000 OO, Check:

|:| p—
0oL _ 0 0
BXD5 DDngSD 3 - = -
0 0 0 0
fofloxoof 2 0 2 ) 05 0O %xD5D53D gx3 x3 0 x and
[ 0
X
01 DlD 02x 0503 0 02 05005
fOlofoxoof x0 @ —s—— 0 X.
3 X 2X
508 O . 0

O
2 2 2
In a function like f Ox O O 3x O 2, the variable occurs only once and it easy to see how to reverse the operations step by

step. Butin f Ox0 O x3 0 2x O 6, you apply two different operations to the variable x (cubing and multiplying by 2)
and then add 6, so it is not possible to reverse the operations step by step.
104. f O1 OxO0O O f OxO;therefore f O 1 O f. 1 Of OxOO O f OxO; therefore | O f O f.
By definition, f O 91 0Ox0 O x O 1 OxO; therefore f 0 f91 0 1. Similarly, {71 0 f OxD O x O 1 OxO;

therefore
folofol.
105. (a) We find U1 OxO: y O 2x DD1 0 2x DDy 010 XDD 21DyDD 1DD.1 So gt Ox0,0 Y Ox 010, Thus
2 X
fox00hog™oxomph Poxou ;X0 1 w4 50 [ 070x202x0102x02070x206.
O - 1
0 1

(b) fogohofPlofogo fflonologo P2 0hO0g O £91 Oh. Note that we compose with f U2 on the
left on each side of the equation. We find f91: yO03x0503x 0y050x 2 1 Oyos0. So f91oxo o T ox
050.
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go

O O o O
ThusgOxO O fPOhoOx0 O f91 3x203xo2 Ol 3x2o03x0d2 o5 Ot

01, 3

CHAPTER 2 REVIEW

3

3
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8n

0
3x203x 03 Ox20x

1. “Square, then subtract 5” can be represented by the function f OxO O x2 05.
2. “Divide by 2, then add 9” can be represented by the function g Ox O Eﬁz 0o.

3. f Ox0O 0O 30x 0100: “Add 10, then multiply by 3.7

o .
4. fOxO O 6x 010: “Multiply by 6, then subtract 10, then take the square root.”
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5.g0OxO0Ox20 6.hOxO O03x202x 05
4x
X g X h
01 5 02 3
0 0 01 04
1 03 0 05
2 04 1 0
3 03 2 11

7. C OxD 0 5000 0 30x 0 00001x2

10.

11.

12.

(a) C 0100001 [0 5000 0 30 010000 0 00001 0100002 [ $34,000 and
C 010,000 0 5000 0 30 [110,00001 0 001001 010,000 1 $205,000.

(b) From part (), we see that the total cost of printing 1000 copies of the book is $34,000 and the total cost of printing
10,000 copies is $205,000.

(c) C 000 05000 (130 00 10001 0002 [ $5000. This represents the fixed costs associated with getting the print run
ready.

(d) The net change in C as x changes from 1000 to 10,000 is C (110,000 (0 C (J10000J [J 205,000 (1 34,000 (I $171,000,
and
C 10,0000 0C 171,000

the average rate of change is 110000] 5000~

0 $190copy.

. E Ox0O O 400 O 0003x 10,000 O 1000

(a) E 0200000 O 400 000003 020000 O $460 and E (01501 0000) 0 400 J 00J03 15,0000 [ $850.

(b) From part (a), we see that if Reynalda sells $2000 worth of goods, she makes $460, and if she sells $15,000 worth of
goods, she makes $850.

(c) E 00D 0400 00003000 O $400 is Reynalda’s base weekly salary.

(d) The net change in E as x changes from 2000 to 15,000 is E (15,0000 OO E (1200000 00 850 [J 460 [J $390, and the
average

. E 01500000 E 390
rate of change is 720000 O 13.000 [0 $00J03 per dollar.

15,000 OJ 2000

(e) Because the value of goods sold x is multiplied by 00003 or 3%, we see that Reynalda earns a percentage of 3% on the
goods that she sells.

fOxO0 O x204x 06 fO00 O 00020400006 O 6 fO20 O 02020402006 O 2

f 0020 0 0020204002006 0 18; f Dal 0 Dal2040a0 06 Da204a06; f 00al O D0a020400a00
6 0a24a06:

fOx01000x0102040x 01006 0x202x0104x0406 0 x202x03; f 02x0 0 02x0204 02x006 O
4x218x 06.
o _ 0 _0
fOxO O 40 3x06 fO50 0 40 1506 O L food 0 4T 2706 040 2L
O o

o L 0 -
fad20 040 3a0606040 3a, fOOxO0 D40 300x00O604 3x0O6; f x2 040 3x206.
g
g
By the Vertical Line Test, figures (b) and (c) are graphs of functions. By the Horizontal Line Test, figure (c) is the graph of a
one-to-one function.

(@) f 0020 0 0land f 020 0 2.

(b) The net change in f from 02to 2is f 020 O f 0020 0O 2 0 0010 O 3, and the average rate of change is
foe00foo2g, 3
200020 4
(c) The domain of f is [0J40 5] and the range of f is [040 4].

(d) fisincreasingon 0040 020 and 001040; f is decreasing on 0020 010 and 04050,
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(e) f has local maximum values of 01 (at x 0 02) and 4 (at x O 4).
(f) f isnotaone-to-one, for example, f 0020 0O 01 O f 000. There are many more examples.
13. Domain: We must have x 0 3 0 0 O x O 0O3. In interval notation, tEe domain is [030 O0.
Range: For x in the domain of f,wehavex 0 03 0x 03000 xD0T3 000 foxOd OO0. So the range is [00 O 0.
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d d

14. FOtOOt202t050 t202t01 05010 Ot 01020 4. Therefore F Ot0 0 4 for all t. Since there are no

restrictions

on t, the domain of F is 0000 00, and the range is [40
o,

15. f Ox0O O 7x O 15. The domain is all real numbers, OO OO OO,
2x 01 1 . =

16. f Ox0O %.TheanDlDODxDZ.Sothedomainoffis xOxO, .

2X

o
17. fOxO O x 0O4. Werequirex 04 00 0O x O 04. Thus the domain is [040 00O

CHAPTER 2

Review

18. f Ox0O O 3x Q—% The domain of f is the set of x where x 01 00 O x O 0O1. So the domain is 0010 O0O.

1 1 . L
19. f OxO éx B—0 "EL The denominators cannot equal 0, therefore the domain is Ox U x 0 00 010 020.

01

2x2 5% L 3 2x205x 03
2x2 05x 03 O2x 0100x O
30

20. g Ox 0L,

0 0
domainisOx O02x 01 00andx O3 000 O xDx%ande3 .

og

The domain of g is the set of all x where the denominator is not 0. So the

247

21. hOxO O 40x 0 x201. We require the expression inside the radicals be nonnegative. So 4 0 x 0 004 [ x; also

x2010000x 0100x 010 O 0. We make a table:

Interval oooo oo1o | 010
Signofx 01 O O O
Signofx 01 O O O
Signof Ox 0 10 Ox O O O O

Thus the domain is J0004] 0 00000 01] 0 [10 D00 0 0000 01] 0 [104].

B2xD1

22. fOxO %ﬁ Since we have an odd root, the domain is the set of all x where the denominator is not 0. Now
0 X

o

B2_xDZDOD B2x_D 02 02x 0 08 0 x O D4. Thus the domain of f is Ox O x 0 D40.
23 fOx0 0 102x 24. fOx0 3 10Ox050,20x08
y y
1 X 1./
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25, fOxO O

26. f Ox0O 0 01x2 Y
3x2

27. fOx0 02x2 0

28. f OxO O O Ox 0104
1

Y
29. fOxoo1oO™
DX

0
0. fOxOO10O x0O2

T
31 foOxO 3!
«3

32. fOxO O BDx
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33. fOxO OO
Ox0d

35. f Ox0 04

X2

0
U10x ifx 00

37. f OxO ]
0 01 ifx 00

CHAPTER2  Review

3. fOxO O Ox0O10

1
36. f Ox0 B———
Ox 0108

D -
DDx ifxdo0

38.fOxO O x2 if00x0O2
O

U1 ifxno2

[
30. xO0y20140y20140x 0y 00 140X, so the original equation does not define y as a function of x.

40. 3x O DV 080 Dy‘D 3x 08 Oy [0 03x 0802, so the original equation defines y as a function of x.

O
41. x3poydoz2roy3ox3o2royno x3o27

root function is one-to-one).

42.2x Oy 016 0y4 0 2x 016 0y 0 0% 2x [ 16, so the original equation does not define y as a function of x.

249

, 50 the original equation defines y as a function of x (since the cube
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43. f Ox0 0 6x3 0 15x2 0 4x O

1
(i) [D202]by [0202]

|
™~

]

o

-2
(iii) [0404] by [01200
12]
10
.
14 -

CHAPTER2  Review

(i) [080 8] by [080 8]

i
D1
-

(iv) [01000 100] by [01000 100]

100

-1p0, ——100

-100

From the graphs, we see that the viewing rectangle in (iii) produces the most appropriate graph.

o
44, fOx0O O 100 O x3

(i) [0404] by [040
4

4 2 2 4
(iii) [7100 10] by [100)
40]
40 -
20
o 10

(ii) [0100 10] by [0100 10]

(iv) [010000 ]

) H
_1n ko
_1o|

001 by [0 100100}

| \[
-106 100
-100 i

From the graphs, we see that the viewing rectangle in (iii) produces the most appropriate graph of f.

250
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0
45. (a) Wegraph f OxO O 9 O x2 in the viewing

rectangle

[0404] by [010
4].

-4

(b) From the graph, the domain of f is [030 3] and
the range of f is [001 3].

|
47. (@) Wegraph f OxO O x3 04x O 1inthe

viewing rectangle [050 5] by [0105].

5 5
[

(b) From the graph, the domain of f is approximately
[0201100025] O [10860 OO0 and the range of
fis[00 ODO.

Atahgia D O x3 0 4x? is graphed in the viewing

[O505] by [0200 10]. f Ox O is increasing on D000
00 and

020670 OO0 1t is decreasing on [1001 2167,

CHAPTER2  Review 251

46. (a) We graph f Ox0 O 02 0 3in the viewing

rectangle [050 5] by [0601].

5+

(b) From the graph, the domain of f is
0000 01073] 0 [20730 00O and the range of f is
0oooo).

48. (a) We graph f OxO O x4 Ox30x203x 06in
the viewing rectangle [(J30J 4] by [[0200 100].

100 T

50+

(b) From the graph, the domain of f is 0000 00O
and the range of f is approximately [070100
go.

g g
50. f OxO [%4)( O 164 is graphed in the viewing rectangle

[O0505] by [05020]. f OxO is increasing on 002000
and

020 O0. ltis decreasing on 0000 020 and 000 20.
} { / { 20
5 5 10
-20 _5 l 5
. f 080 0O f 040 04
51. The netchangeis f 080 O f 040 O 8 0 12 U U4 and the average rate of — 0 O O1.

change is

52. The net change is g 0300 0 g 0100 O 30 O OO50 O 35 and the average rate o

change is

5%. The net change is f 020 O f 0010 O 6 O 2 O 4 and the average rate of
change’is

804 4

ngSODDgDmD DS—SD
30010 20

BN

f 0200 f OO10 é‘;
2 0 10
o0 3
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54. The netchangeis f 030 0O f 010 O 01 05 O U6 and the average rate of f DM O D_6 0 03.

change is 301 2
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0 0
55. The net change is f 040 0 f 010 O 42 0p ] 120201 0 800010 O 9 and the average rate of change is

04

fD4DDfDJDD

9
=
401 3 8

56. The net change is g Ja 0hO O gDad O DaOh 0102 0 Da 0102 O 2ah O 2h O h? and the average rate of change
is

gOaOhOOg  2ah 02h Oh?
DaO I
alhOa

O2a020h.

57. f OxO 0 02 03x02 09x2 O 12x O 4 is net linear. It cannot be expressed in the form f Ox 0O O ax O b with constant a
and b. -

%8. g OxDO % 0 ix 0 3islinearwitha O andb O 2.

60. (a)
59. (a)
y y
1
1
0
0
(b) The slope'of the graph is the value of &' in the (b) The slope'of the graph is the value of & in the
equation f OxO O ax Ob 0 3x O 2; that is, equation f OxO Oax Ob O &,x 03;thatis, & ,.
3.

(c) The rate of change is the slope of the graph, O 1
(c) The rate of change is the slope of the graph, 3.

2.
61. The linear function with rate of change 02 and initial value 3hasa 0 02 andb 0 3,s0 f OxO O 02x O 3.
62. The linear function whose graph has slope lzand y-intercept 01 hasa O liand b O 01,50 f OxO Dzlx 01.
f 010 O f 00O 503
63. Between x 00 0 and x O 1, the rate of change is 100 ad 1 02 Atx 00, f OxO O 3. Thus, an equation is
f OxO DO 2x O3.
fO200f000 50506 1
64. Between x O 0 and x O 2, the rate of change is 200 ad 5 d DZ. Atx 00, f OxO O 6. Thus, an equation
is f Ox0 O glx06.
004 1
65. The points 000 40 and 080 00 lie on the graph, so the rate of 5 00 % Atx 00,y O 4. Thus, an equation is
change is -
g g
y 0 D03x 04,

00
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66. The points 000 040 and 020001 lie on the graph, so the rate of 0 2. Atx 00,y O D4. Thus, an equation
change is 2 0

isy 02x 04,
67. P Ot0 03000 0 200t [ 0012

() P 0100 0 3000 02000100 O 001 01002 O 5010 represents the population in its 10th year (that is, in 1995), and

P 0200 O 3000 O 200 0200 0 0011 02002 O 7040 represents its population in its 20th year (in 2005).

. PO20CDOP 7040 0 5010 _ 2030
(b) The average rate of change is 7100 0 O )

20010

0 203 peopleOyear. This represents the

average yearly change in population between 1995 and 2005.
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68. D OtO O 3500 0 15t2

252

(2) DOOO 03500015 0002 0 $3500 represents the amount deposited in 1995 and D 0150 O 3500 O 15 01502 O

$6875 represents the amount deposited in 2010.

(b) Solving the equation D 0t0 O 17,000, we get 17,000 O 3500 O 15t2 O 15t2 O 13,500 O t2 O

t O 30, so thirty years after 1995 (that is, in the year 2025) she will deposit $17,000.

DO150 0D 0 6875 O 3500
0od 15
1500

(c) The average rate of change is

increase in contributions between 1995 and 2010.

69. fOxO 3 1x 06
(a) The average rate oﬁchange ofﬂ begveen x 0 %and x O2is

1
fo200 f 202006 ,B000 g5
0o o 6 0060
g g g
200 2 2 2
and x O 50 s
Dl g o d
f 05001 17 f #0500 06 581500 19,3
0150 0 6 '
d d d
50 015 35 35 2
(b) The rates of change are the same.
(c) Yes, f isa linear function with rate of change %
70. fOxO0 O8O
3x fo200 f 803020]0[803
RoF Ho—
(a) The average rate of change of f betweenx 0 Oand x O 21is 200 O 2

and the average rate of change of f between x 00 15 and x O 50 is

f 0500 O f [8030500]0[803 0142 0 00370
0150 0150] E—

g g oo
50 015 35 35

(b) The rates of change are the same.
(c) Yes, f isa linear function with rate of change 0J3.

71. (@) y O f Ox0O O 8. Shift the graph of f Ox 0O upward 8
units.

(b) y O f Ox O 80. Shift the graph of f Ox 0O to the left 8 units.

(c) yO10O2f Ox0O. Stretch the graph of f Ox O vertically by a factor of 2, then shift it upward 1 unit.
(d) y O f Ox 020 O 2. Shift the graph of f Ox O to the right 2 units, then downward 2 units.

(e) y O f 0DDOx0O. Reflect the graph of f Ox 0 about the y-axis.

() y O Of OOx0O. Reflectthe graph of f Ox O first about the y-axis, then reflect about the x-axis.

(9) y O Of OxDO. Reflectthe graph of f Ox O about the x-axis.
(h) yO U1 OxO. Reflect the graph of f Ox O about the line y O x.

72. (@) yO f Ox 020 (b)y O Of OxO (c)yOo30 f OxO

y y

——— 0900 O
15

0 $2250year. This represents the average annual

;, and the average rate of change of f between x O 15

0 03,
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(d)yDo3foxoO (eyOdf (Hy O f OOxO

1 OxOd
\

g ’ y\\

S~

73.(a) fOxOO2x°03x2 02 fOOxD D 200x0°0300x02 020 02x° 03x2 02 Since f OxO O f 0Ox0O, fis
not even.

Of Ox0 0 02x5 03x2 02. Since Of Ox0 O f 00Ox0, f isnot odd.

&b) foxQ0 x3Ox’. f 00x0 0 0DoOx0® 0 ooxo’ 0 0 f Ox0O, hence f is odd.
x3Ox’
10x? 10 10x?
OOxXO
c) fOxOO . fO0OxO O O f Ox0O. Since f OxO O f OOx0O, f iseven.
© 10x2 10 10x2
10 00x02 1 1
1 L
(d) f OxO O——. f OOxO O .OfOxO000 . Since f OxO O f O0OxO, f isnot even, and
5 Oo0x00  20x since
X 02 2 5

f OOx0O O Of OxO, f isnot
odd.

74. (a) This function is odd.
(b) This function is neither even nor odd.
(c) This function is even.
(d) This function is neither even nor odd.

0 0 0 0
75.90x002x204x 0502 x202x 0502 x202x01 O0502020x 0102 07. So the local minimum

value 07 when x O 0O1.
0 . 0 0,
76 fOx0D010x0x5 o x20 0100 x*0x0% 010200 x0?! ~ 02 Sothe local maximum value is 2
X

when x 0 3.

77. f OxO O 303 0 106x O 205x3. In the first viewing rectangle, [020 2] by [J40 8], we see that f Ox 0 has a local
maximum and a local minimum. In the next viewing rectangle, [0040 005] by [30780 30180], we isolate the local
maximum value as approximately 30079 when x 0 0046. In the last viewing rectangle, [J0050 0004] by [20800
2082], we isolate the local minimum value as 20181 when x O JO[46.

3.80
/—\ 379
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2.82

CHAPTER 2 Functions

3.78
0.40
0.50

CHAPTER2  Review

2.81

2.80
0.45 -0.50 -0.45 -¢.40

255



256

78.

79.

80.

83.

84.

CHAPTER 2 Functions CHAPTER2  Review 256

f Ox0 O x293 06 O x 013, In the first viewing rectangle, [J100 10] by [0100 10], we see that f Ox O has a local
maximum and a local minimum. The local minimum is 0 at x 0 0 (and is easily verified). In the next viewing rectangle,
[309500 40005] by [30160 30118], we isolate the local maximum value as approximately 30175 when x O 4000.

10 3.181
3.17
-10 10 _
3.16 |
-10 3.95 4.00 4.05

O O O O
thDDD16t2D48tD32DD16 203t 0320016 203t ° 032036

0 0
016 t2D3tD9 nes0 016 t0 % 068

Z 2

The stone reaches a maximum height of 68 feet. . .

POxO O [D1500 O 12x O 00J0004x2 O 0000004 x2 030,000 O
g g
1500 [ 000004 x2 [130,000x [1225,000,000 [J 1500 (1 90,000 [1 (1010004 [x [ 15,000012 (1 88,500

The maximum profit occurs when 15,000 units are sold, and the maximum profit is $88,500.

. fOx0Ox02,9g0x00 82. fOxO Ox201,g0x0030x2

5 \ ST /
f OxO Ox?03x O2gnd g Ox0 O 4 0 3x.

(@) Of 0g0OxO0 D0 x203x02 00403x00x20
6x 06

0 0
(b) Of DgODOxO O x203x02 00403x00x20
2

0 0
(c) OfgDOxO0 O x203x02 0403x004x2012x0803x309x206x 0 03x3 013x2 018x 08
0.0 ,
xc03x 02 4

Ox0O ,x 0
4 1 3x 3

(d)

Q| —-

(e)DngDDXDDfDD4D3XDDE4D3XD2DD3D4D3X%DZD16D24XD9X2D12D9XD2D9X2D15XD6
() DgOfOOxDOg x203x 02 0403 x203x02 003x209x 02

.
f OxO0 0 10x%and g Ox0 O XDD 1. (Remember that the proper domains must apply.)
@bDfD@DDXDDf xO1 010 2DlDXDle
x0O1

0 I = —
(by g0 fOOxD Og 10x2 0O 10x2 010 x200xD

0o O )

(c) Of0gDo200 fogo200 0 f 02001 Ofolo0i1o0010202
O O

(d)0fo0foo00fOf02000 f 100202 0O fO5001005020026.
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() Of 0gO fODOxO O fOOgO fOOXxOO O fO0OxOO 010 00x002 010x2. Notethat Og 0 fOOx0 O
Ox0O by part (b).

R g
() OgO fOgOOxOOgOOf OgOOxOO O gOxO O x O1. Notethat Of O g0 OxO O x by part (a).
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85. f 0x0 D 3x OlandgOx0 02x O x2.
oo 0 O
Of OgDoOxOOf 2xD0Ox2 03 2xOx2 010 03x206x 01, and the domain is 1000 0.
OgO0fOOxO0 O gO3x 010 0203x010003x 0102 06x 0209%206x 010 09x2 012x 03, and the
domain is
000000
Of O foOxOO fDD3xDlDDDSDDSXDmDD1DD9xD4,andthedomainis gooooo.
2
OgHg00x0 0g 2xO0x%2 02 2x0x%2 0 2x 04x 02x2 04x2 04x3 0 x4 0 0x4 0 4x3 0 6x2 0 4x, and
O x?2
domainis OOO0O OO.

O _ 2 )
86. f Ox0 O x, has domain [x [0 x 0 00. g —g. hasdomain Ox [ x [ 40.

Ox0O O
X
d o 0

Of O0gO0Ox0O 0 . Of Og0O0Ox0O is defined whenever both g OxO and f Og Ox0O0 are defined,;

x 04 x 04 ;
Of that is,

2
2

whenever x 0 4 and T oo. Nowm 000x04000x O4. Sothe domainof f O gis 040 O0O.

_oo o L ) ) . .
OgOofoOxO0OQg  Y—e——-: Eg f 0 Ox 0O is defined whenever both f OxJ and g O f Ox 00 are defined; that is,

enever

0o n_9

0_ o_ . .
x O0and xD4DO.DNow Xx[004000x O 16. So thedomainof g O f is [00 160 0 0160 O0.

0o o-to 104 -
gfofooxoo ¥ x O X O X . Of O fO OxOd is defined whenever both f OxO and f O f OxO0O are

defined; that is,
whenever x O O.DSo the %omain of f O fis[0OOO.

2 2 20x O x4
%g OgO0Ox0O D;(g—4 40 0 9D—2xD Og O gOd OxO is defined whenever both g Ox [
g
2, 2040x0 and
40
g
x 04

g Og DXED are defined;chat is, whenever x 0 4and902x 0O0. Now9O2x 0002x 090X 3 9 S0 the domain of
gOagis xDx99D4

I — 2 _ 0O
87. fOxO O 10x,g0x0010x*andhOx0010 X.

0 0O- 0 00 U o oo, _ o o O 00
Of OgOohOOxODOfOgohoxgooof g 10 x  OF 10 5D X Of 10 102 xOx
0 0_0 0L g -8t
Of uxO02 X 0O 10 OxO02 x O 102 xOx 10 x 2010«

O

O _ 0oo_ O
88. IFhOxO O xand gOxO O 10x,then OgOhOOxO O g x 010 x If Bl?,then

fOxO O

d o0
Of 0gohoDOxODDO f TO X—_é_—_&l:lm = _OTDxO.
X

89. f OxO 030 x3. Ifxg O xp, thenx® 0.x3 (unequal numbers have unequal cubes), and therefore 3 0 x3 0 3 0 %3, Thus f

is a one-to-one function.
g g
90.ngDD2D2xDx2D x202x 01 DlDDxDlDZDLSincegDODD2DgDZD,asistrueforallpairsof

numbers equidistant from 1, g is not a one-to-one function.
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91. h OxO i4. Since the fourth powers of a number and its negative are equal, h is not one-to-one. For example,
X
g

1 1
hoo10o G_EE“ Oland hO010 — 0O 1,soh 0010 O hDO10.

0
0 0104

o [ — [ — [N — [ —
92. rOXxO 020 x0O3.1fxg Oxp, thenxy O30 xp 03,50 x1 030 xpUO3and20 X 03020 xp U3.Thusr
is one-to-one.
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93. p OxO O 303 0 106x O 205x3. Using a graphing
device and the Horizontal Line Test, we see that p is not a

one-to-one
function.

to-one

CHAPTER2  Test 255

94.q OxO O 303 0 106x O 205x3. Using a graphing
device and the Horizontal Line Test, we see that g is a one-

function.

95.
2x 01 2x 01
96. f Ox0O O
Do g BY g
O f

97.

98. ST

X

fDxDDlexDZ. yo1lno

fPloxo o020 0x 0108,

J20y010

bD2x0103yO2xtd3yblbox0O,03yd100 So

10

-5

10i

fOxOD3xD020y03x0203x0y020x 0 30y020. S f9oxogn P oxo2o.

1
Ox0 0 , 03x 010,

1 01

fDxDDDXD1D3DyDDXD1D3DXD1DByDXEFByDl.SOmeXD'D%xDl.
SXT20x02 0 OyO010° Ox 020 0y010°% So

99. The graph passes the Horizontal Line Test, so f has an inverse. Because f 010 00 O, 91 goo O 1, and because f 030 O

9l 0an o3

100. The graph fails the Horizontal Line Test, so f does not have an inverse.

101. (a), (b) f OxO O x2 04, x O
0

y

1

102.  (a)

L (). ©)

/

P [
Oxc0yO40x 0 yO4. So

o
fPloxo 0 x0O4, x O 04

CHAPTER 2 TEST

(mfmxmmim

A

If x1 O X, then L‘)GD L‘xz, and so
10 E‘HD 10 L‘)GTherefore, fisa
one-to-one function.

y

1 X

x.yDlDE‘YDL‘YDyml

OxO00yo10% So f¥oxoooxoio?,
x O 1. Note that the domain of f is[00 00, so
Ll fDl is

y 010 *x O 1. Hence, the domain of

[10
O,
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1. By the Vertical Line Test, figures (a) and (b) are graphs of functions. By the Horizontal Line Test, only figure (a) is the
graph of a one-to-one function.
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O_ O_ 0o_ 0 0
0 2 2 ald? all2
2. (d) f0O00 O— : — 0 ; f0a 020 O .
@ BO’fDZD 201 3 ad201 an3
01 0
0 o_
X

(b) f OxDO DTl Our restrictions are that the input to the radical is nonnegative and that the denominator must not be 0.

X

Thus,x O00andx 01 000 x O O1. (The second restriction is made irrelevant by the first.) In interval notation, the
domain is [00O O0O.

O__ O_
10 0 2 0_ 0_
. fowoof 1001 201 3 10011 2
c) The average rate of change is .
1002
y
3. (a) “Subtract 2, then cube the result” can be expressed (©)
algebraically as f Ox 0 O Ox O 202
2
(b)
X f
01 027
0 08
1 01
2 0
3 1
4 8

(d) We know that f has an inverse because it passes the Horizontal Line Test. A verbal description for f U1 is, “Take the
cube root, then add 2.”

() yO Ox02030 Ty 0 x 020 x 0 33 02 Thus, aformulafor £ 2% is 9% 0x0 0 Sx 02,

4. (a) f hasalocal minimum value of 04 at x O 01 and local maximum values of 01 atx O O4and 4 at x O 3.
(b) f isincreasingon 0000 040 and 0010 30 and decreasing on 0040 010 and 030 O0O.

5. R Ox0 O 0500x2 0 3000x

(2) R 020 O 0500 0202 03000 020 O $4000 represents their (b) R
total sales revenue when their price is $2 per bar and 5000
R 040 O 0500 0402 013000 040 0 $4000 represents their 4000
total sales revenue when their price is $4 per bar 3000
(c) The maximum revenue is $4500, and it is achieved at a price 2000

1000

O 0O O O O O
6. Thenetchangeis f D20 hO 0 fo2080 20h0202 [0 2202020 40h204h0402h 000 2h Oh?
O

020h0O

f020h0O 20h02

and the average rate of change is 0 f 020
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2
D2hDh

h 020h.
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7. (a) f OxO O Ox 0502 O x2 010x O 25 is not linear because it (b)
cannot be expressed in the form f Ox 0O O ax O b for constants a and y=9(x)
b.
gOxO O105xis

linear.

(c) g Ox O has rate of change
0s.

8. (@ foxooOx3

(b) g OxO O Ox O 102 O 2. To obtain the graph
of g, shift the graph of f to the right 1 unit and
downward 2 units.

e

9. (@) y O f Ox 030 O 2. Shift the graph of f Ox 0O to the right 3 units, then shift the graph upward 2 units.

(b) y O f OOx0O. Reflect the graph of f Ox O about the y-axis.

10. (@) fOO200100020010203 (since 02 0
1).

fOloOO010100(incel 0 1).

1. fOx00x?0x014;g0x00x08. 0

(b) g

(@ Of0g0OxO O fOXxODOgOxOD O x20x01 0OxO0O30O0x202x02

d d

(by 0f OgDOxO O fOxOOgOxO O x20x01 00Ox0O300x204

(c) Of0gDOx0 D fOgOxO0 0 fOx03000x030200x030010x206x090x 0301 0x205x

o7
d o O

(d) OgO fOOxOOgOfOxODOg x?0x01 O x20xO01 030x20x02

(e) fOgD200 0O fOOLOO 0o102000100101. [We have used the fact that g 020 02 03 O 01.]
() gOf 0200 09070 U703 0 4. [We have used the fact that f 020 0220201 07l]
(9) DgUgUOgOOxO OgUgUOgOXxOO0O 0 gOgOx 0300 0 g0Ox 060 0 0OxOJ60030x09. [We have used

the fact that
gOx 030 00x030030x06.]
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12. (@) f OxO O x3 O 1 is one-to-one because each real number has a unique cube.
(b) g OxO O Ox O 10 is not one-to-one because, for example, g 0020 0O g 00O O 1.

13.ngDxDD—Q—Ql—DleforaIIxDO,anngf LDZDxDZDZDxforaIIxDDZ.Thus,by
g 1 Ox00o O L
-02 02 -
X X x0d2
the Inverse Function Property, f and g are inverse functions.
x O3 x O3 5y03
. - 002x050y 0xO030x02y 010 0 05x030x O 0O
1D4. f OxO 2% 5 y X5 y y 2\y_1 . Thus,
1
5x 03 —_—
01 0O
f== 0OxM 1
o [ 0 01 ?
15. (@) fOxOO 30x,x030y0 30x0 (b) fOXxOO 30x,x03and f-*0xO O 30x4,
y2030x Ox 030y2 Thus x 00
fOloxo D30x% x 0o. A

«

1X

16. The domain of f is [00 6], and the range of f is [107].

17. The graph passes through the points 000 100 and 04030, so f 000 O 1and f
040 0O 3.

18. The graph of f Ox O 20 can be obtained by shifting the graph of f Ox 0O to the
right

2 units. The graph of f Ox 0O O 2 can be obtained by shifting the graph of f
Oxd

upward 2 units.

// =f(x—2)
f
1

19. The net change of f between x 0 2and x 0 6is f 060 O f 020 O 7 02 O 5 and the average rate of change is
foeoofozn 5
602 4

X

20. Because f 000 0 1, 81 010 0 0. Because f 040 0 3, {21 030 0 4.
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22. (a) f OxO O3x* 0 14x2 O 5x O 3. The graph is shown in the viewing i | , !
rectangle \}
[012000 10] by [013000 10]. 10 0
-20

(b) No, by the Horizontal Line Test.

(c) The local maximum is approximately 020155 when x 00 00118, as shown in the first viewing rectangle [00150
0025] by [02060 0205]. One local minimum is approximately 027018 when x O 001061, as shown in the
second viewing rectangle [010650 01055] by [027050 027]. The other local minimum is approximately
011093 when x O 1043, as shown is the viewing rectangle [L040 105] by [0120 0J1109].

0.15 0.20 165  -160  -1.55 140 145 150
0.25 -27.0 11.90
-2.50 1 : |
—_
255 T-272 -11.95
274
-Z.0U -1Z.0U

(d) Using the graph in part (a) and the local minimum, 0270118, found in part (c), we see that the range is [J270180 0O 0.

(e) Using the information from part (c) and the graph in part (a), f Ox O is increasing on the intervals 0010610 00180
and

010430 00 and decreasing on the intervals 0000 010610 and 000180 10430.

FOCUS ON MODELING ~ Modeling with Functions

. Let O be the width of the building lot. Then the length of the lot is 30. So the area of the building lot is ATOO O 302,

ooo.

. Let O be the width of the poster. Then the length of the poster is O 0O 10. So the area of the poster is

ADDD 00000100 002 0100.

. Let O be the width of the base of the rectangle. Then the height of the rectangle is 12D. Thus the volume of the box is given

by the function V 000 5 103, 0 D 0.

. Let r be the radius of the cylinder. Then the height of the cylinder is 4r. Since for a cylinder V O Or2h, the volume of the

cylinder is given by the function V Or 0 0 Or2 04r 0 0 40r3.

. Let P be the perimeter of the rectangle and y be the length of the other side. Since P 0 2x 0 2y and the perimeter is 20, we

have2x 02y 0200 x Oy 0100y O 100 x. Since areais A 0 xy, substituting gives AOXxD 0O x 010 U xO O 10x O

X2,

and since A must be positive, the domain is 0 O x O 10.

16 L .
. Let A be the area and y be the length of the other side. Then AO xy 016 Oy O = Substituting into P O 2x O 2y gives

PO2x0O2 lTGDZXD?;(—Z,Whel’EXDO.
0
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7. Let h be the height of an altitude of the equilateral triangle whose side has length x,
as shown in the diagram. Thus the area is given by A O 12xh. By the Pythagorean
0 0
Theorem, h? oy Ox20h20ix2ox?ohn? 0320ho SX.
D zx
.4

1 Substituting into the area of a triangle, we get
ix g area of 2 na g g z

Aoxo D xhnolx  3x . %2 x O 0.

2z 2 7 =z

8. Let d represent the length of any side of a cube. Then the surface area is S O 6d2, and the volumeisV 0 d3 0 d O 5 V.

O
Substituting for d gives S 1V [ 0 6 Vo 6v203 v O 0.

U__
A A
9. We solve for r in the formula for the area of a circle. This gives A 0 Or2 0 r2 0 E Or O E, so the model is
u__
A
r OAD 0’ AOO.

O

10. Let r be the radius of a circle. Then the area is A 0 0r2, and the circumference is C 0 20r O r O Ik Substituting for r

0 0O,
. C
givesAOCO O — O
20

O

CZ

4D,CDO.

60
11. Let h be the height of the box in feet. The volume of the box is V O 60. Then x2h 0 60 O h O 2

The surface area, S, (H theDbox is the sum of the area of the 4 sides and the area of the base and top. Thus

240 . 240
S 0 4xh 02x2 0 4x 2 02x2 0 — 0 2x2, so the model is S Ox [ — 02x2, x 0 0.

O

12. By similar triangles, E 0 % 050L0d0012L05d 07L 0L O % The model is L 0d0 (3 d.

13. de Let dq be the distance traveled south by the first ship and dy be the distance
traveled east by the second ship. The first ship travels south for t hours at 5 mi/h, so
dq O 15t and, similarly, do O 20t. Since the ships are traveling at right angles to

D each other, we can apply-thePythagerean Theorem to get

= - 0
DOtO O d20d20 015t02 0 020t02 0 225t2 (1 400t2 [ 25¢.
1 2

14. Let n be one of the numbers. Then the other number is 60 O n, so the product is given by the function

P On0 O n 060000 O 60n On?,
15. Let b be the length of the base, | be the length of the equal sides, and h be the

height in centimeters. Since the perimeter is8,2l Db 08021 080b O
g
2
| 0 1 080b0. Bythe Pythagorean Theorem, h2 0 1~ 012 0

Z 2

h O 12 0 1b2. Therefore the area of the triangle is

AOlOboholobp 1200202 Togobo? e tp2

7 2

(=2
O
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4 4
7 O O
0, 64016b0b Ob Df BFUTEEC 0 F06Cb 406

4

(=2

) o
sothemodelis AObO Ob 40b,00b O 4.



261

16.

17.
h2

18.

19.

20.

FOCUS ON MODELING Modeling with Functions 261

Let x be the length of the shorter leg of the right trlangle Then the length of the other triangle is 2x. Since it is a right
triangle, the length of the hypotenuse is x2 0 0 5x2 0 5 X (since x O 0). Thus the perimeter of the triangle is

D O p0O  poxp?
POxpoOxO2xOd 5x0 30 5 x.

Let O be the length of the rectangle. By the Pythagorean Theorem, g 102 — h2 107

0 0 0
0204 1000h2 0002 100 0h2 (since O 0 0). Therefore, the area of the rectangle is A 0 Th 0 2h 100 0 h2,

o
so the model is AChD 0 2h 100 0 h2,0 0 h O 10.

Using the formula for the volume of a cone, V [ $0r2h, we substitute V [ 100 and solve for h. Thus 100 0 40r2h O

hOrO Q@
Or2

(a) We complete the table. (b) Let x be one number: then 19 O x is the other
- number, and so the product, p, is

First number | Second number | Product )
1 18 18 prDDxDIQDxDDDIQXDx.D
2 17 34 (©) pOxO DﬁQxszuu Dx2D19xD -
3 16 48 00 01k e 04t
4 15 60
5 14 70 z
6 13 78
7 12 84 0 0 Ox 090502 0900125
8 1 88 So the product is maximized when the numbers
9 10 90 are both 9015.
10 90
11 88

From the table we conclude that the numbers is
still increasing, the numbers whose product is a

maximum should both be 905.

Let the positive numbers be x and y. Since their sum is 100, we have x Oy 0 100 O y 0 100 O x. We wish to minimize
the sum of squares, which is S O x2 0 y2 0 x2 00100 0x02 So SOxO O x2 00100 0 x02 O x2 O 10,000 O
200x O

0 0 0 0
x2 0 2x2 0200x 010,000 02 x20100x 010,000 02 x20100x 02500 [ 10,000 05000 O 2 Ox O 5002 O
5000.

Thus the minimum sum of squares occurs when x 00 50. Then 'y 00 100 0 50 0O 50. Therefore both numbers are 50.
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21. (a) Let x be the width of the field (in feet) and | be the length of the field (in feet). Since the farmer has 2400 ft of fencing
we must have 2x O | O 2400.

2000

400 Width | Length Area
200 2000 | 400,000
300 1800 | 540,000

200 | | 200
Area=—2000(200)=400,000

1000 1000 1000 400 1600 | 640,000

500 | 1400 | 700,000

700 700 600 1200 | 720,000
Area=400(1000)=400,000 | 700 | 1000 | 700,000

Area=1000(700)=700,000 800 800 640,000

It appears that the field of largest area is about 600 ft 0 1200 ft.

(b) Let x be the width of the field (in feet) and | be the length of the field (in feet). Since the farmer has 2400 ft
of fencing we must have 2x 01 0O 2400 O 1 0O 2400 O 2x.DThe area of rﬂe fenced-in field is given by
ADxO 010 x 0 02400 0 2x0 x 0 02x2 [12400x [0 02 x2 [J1200x

0 o 0 O
(c) Theareais AOXxD O 02 x201200x 06002 D2 6002 O 020x 060002 0 720,000. So the maximum area

occurs when x O 600 feet and | O 2400 O 2 06000 O 1200 feet.

22. (a) Let O be the width of the rectangular area (in feet) and | be the length of the field (in feet). Since the farmer has 750
feet of fencing, we must have 50 021 0750 021 O 750 050 01 O 5@150 0O O0. Thus the total area of the four

. 5
%enDSISADDDDIDD 0%001500 00 02701500 .

2 2
5 0 0 S_D 0 DSD 5
(b) We complete the square to get ADDD 0 8 0201500 00, 02015000752 O 5 07520 (T, 00 07502
2
O

1406205. Therefore, the largest possible total area of the four pens is 14,0625 square feet.

23. (a) Let x be the length of the fence along the road. If the area is 1200, we have 1200 O x O width, so the width of the garden

. 1200 o . 1200 7200
is ——. Then the cost of the fence is given by the function C OxO O 50x0 x 02 — 0O8x O w
03 0 X
(b) We graph the function y O C Ox U in the viewing (c) We graph the functiony O C Ox 0O and y O 600
rectangle [00 75] O [00 800]. From this we get in the viewing rectangle [100 65] O [4500 650].
the cost is minimized when x 0 30 ft. Then the From this we get that the cost is at most $600
width is %89 0 40 ft. So the length is 30 ft and when 15 0O x O 60. So the range of lengths he
the width is 40 ft. can fence along the road is 15 feet to 60 feet.
\ /
500
0 T T
15} 56 20 40 60
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24. (a) Let x be the length of wire in cm that is bent into a square. So 10 O x is the length of wire in

. . . X
cm that is bent into the second square. The width of each square is i and 100 X, and the area
g g
Uy x2 10u X 2 1000 20x [ x2 .
@‘Zeach square is and —— . Thus the sum of the areas is
_ 0 — 0
4 16 4 16

x2100020x0x?  100020x02x* 1 5 5 25

ADxOE—  — [ 0.x 0,x0,.

16 16 16 A
0 - — - - 25

d d d d
le complete the square. X X X X X X X
b) Wk lete th ADXD G tx2 0 °x 0,2 g1 x? 010 2 gl x2010x025 O

25 1 2 25 25 2
+ OgOxO O Sotheminimumareais g cm when each piece is 5 cm long.
50

25. (a) Let h be the height in feet of the straight portion of the window. The circumference of the semicircle
isC O %Dx. Since the perimeter of the window is 30 feet, we have x 0 2h O %Dx O 30.

Solving for h, we get 2h 0 30 O x 0 30x O h 0 150 Lx O Lx. The area of the window is
0 0

2
AmxOOxholo Yox 150ixolox olox2oisxoix?oloxd
X
7 2 L 8 2 g -
1 120
Eb)ADxDDlemlmDMDx?DQDDD x2 0 X _ -
3 3 =04
0 D_D2@D4 0 Uy
1 , 120 60 450 1 60 450
X u——=Xu O X 0
U bgtbd no4 oo4 noa D HeBED 004 004
40 40
60 1

The area is maximized when x [0 904 0 8040, and hence h O 15 D_Z 080400 O ! 080400 O 4020.

26. (a) The height of the box is x, the width of (b) We graph the function y O V Ox 0O in the viewing rectangle
the box is 12 O 2x, and the length of the [00 6] O [20001 270].
box is 20 O 2x. Therefore, the volume of
the box is
250
V OxO 0O x01202x0 020 0 2x0
0 4x3 064x% 0 240,00 x 0 6
200 -
0 5

(c) From the graph, the volume of the box
with the largest volume is 2620682 in3
when x 0 200427.

From the calculator we get that the volume of the box is

greater than 200 in3 for 10174 O x O 301898 (accurate

to3
decimal places).
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27. (a) Let x be the length of one side of the base and let h be the height of the box in feet. Since the volume of
the box is V 0 x2h O 12, we have x2h 0 12 0 h O % The surface area, A, of the box is sum of the

area of the four sides an%the ﬁrea of the base. Thus the surface area of the box is given by the formula

12 48
ADOxD O4xh Ox2 0 = DXZD7DX2,XDO.

ax
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(b) The function y O A Ox 0O is shown in the first viewing rectangle below. In the second viewing rectangle, we isolate
the minimum, and we see that the amount of material is minimized when x (the length and width) is 20088 ft. Then

the

heightis h [ == (ot
X

50

Modeling with Functions

26

24

265

28. Let A, B, C, and D be the vertices of a rectangle with base AB on the x-axis and its other two vertices C and D above the
x-axis and lying on the parabola y [ 8 0 x2. Let C have the coordinates Ox [y, x [ 0. By symmetry, the coordinates
of D must be OOx0O yO. So the width of the rectangle is 2x, and the length isy 0O 8 O x2. Thus the area of the rectangle

29. (a) Let O be the width of the pen and | be the length in meters. We use the area to establish a relationship between

IS

d
0 16x 0 2x3. The graphs of A Ox 0 below show that the area is maximized

AOx0 O length O width 0 2x 8 0 x2

when

x 0 1063. Hence the maximum area occurs when the width is 30026 and the length is 5033.

=8 —xi

X

[~ ] 8

10

17
16

15

. . 100 . .
O and I. Since the area is 100 m2, wehave | OO 010001 O = So the amount of fencing used is

a a
100
FOz2002002 E

0200

()

200 202

O

(b) Using a graphing device, we first graph F in the viewing rectangle [00 40] by [00 100], and locate the approximate
location of the minimum value. In the second viewing rectangle, [80 12] by [390 41], we see that the minimum value

of F occurs when O O 10. Therefore the pen should be a square with side 10 m.

100

50
0

20

4o

41

40
39
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30. (a) Lettq represent the time, in hours, spent walking, and let t, represent (b) We graph y O T Ux0. Using the

the time spent rowing. Since the distance walked is x and the walking zoom function, we see that T is

speed is 5 mi/h, the time spent walking is t; O %-x. By the minimized
when x 0 6013. He should land at a point

Pythagorean Theorem, the distance rowed is
o 6013 miles from point B.

0
dO 220070x020 x2014x 053, and so the time spent
.
rowingisty 0 5 0 x2 0 14x O 53. Thus the total time is

oo
Tox03 ! x?014x 0535 x.

[
31. (a) Let x be the distance from point B to C, in milea. Then the distance from Ato C is  x2 O 25, and the energy used in
flying from Ato C then C to Dis f Ox[0 0 14 x2 025010012 0 x[O.
(b) By using a graphing device, the energy expenditure is minimized when the distance from B to C is about 5001 miles.

200 169.1
100 169.0 |_ _
|
0 168.9 T
0 5 10 5.0 5.1 5.2

o___
32. (a) Using the P}ﬁthagorean Theorem, we have that the height of the upper trian%es is 25 0 x2 and the height of the lower
triangles is 144 0 xD2 So the area of the each of the upper triangles is 12x 25 0 x2, and the area of the each of the

lower triangles is 1x 1440 xZ. Since there are two upper trlangles and two lower triangles, we get that the total area
B0 0 0 00 0 0
isAOxD D23 Ix 250x2 030 Ix 144DX2 Ox 250x%20 1440x2
Un il d
(b) The functiony O AOxO Ox  250x20 144 0x2  is shown in the first viewing rectangle below. In the second

viewing rectangle, we isolate the maximum, and we see that the area of the kite is maximized when x 0 40615.
So the length of the horizontal crosspiece must be 2 0 40615 O 9023. The length of the vertical crosspiece is

52 D4D615D2 122 0 04061502 0 13000.

O
100 60.1
50 60.0 —I—
0 59.9
4 4.60 4.62 4.64




