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PROLOGUE: Principles of Problem Solving

Let r be the rate of the descent. We use the formula time  distance -1 1

rate  ; the ascent takes 15 h, the descent takes r h, and the

2 1 1 1 = 1
total trip should take 30 ~ T5h. Thuswehave 5 15 T 0, which is impossible. So the car cannot go

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

Let us start with a given price P. After a discount of 40%, the price decreases to 0 6P. After a discount of 20%, the price
decreases to 0 8P, and after another 20% discount, it becomes 0 8 0 8P 0 64P. Since 0 6P 0 64P, a 40% discount is better.

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 formulafn 43 n 1, n 1. Since f 142 4 3 141 427, we see that 142 parallel cuts
produce 427 pieces.

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 3 57 minutes for the vessel to be full of amoebas.
The statement is false. Here is one particular counterexample:

Player A Player B
First half 1 hit in 99 at-bats: average 9_% 0 hlt_m _1 at-bat: average % 08
1 98 hits in 99 at-bats: average =
Second half 1 hitin1 at-bat: average 1 99
2 _

Entire season 2 hits in 100 at-bats: average 100

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 y

is added to the coffee cup, the resulting mixture has the following ratios:  mixture y 1 and mixture y 1
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So, when we remove a spoonful of the mixture and put it into the pitcher of cream, we are really removing Y Lofa

y

spoonful of cream and y 1 spoonful of coffee. Thus the amount of cream left in the mixture (cream in the coffee) is
y

y 1 y 1 of a spoonful. This is the same as the amount of coffee we added to the cream.

Let r be the radius of the earth in feet. Then the circumference (length of the ribbon) is 2 r . When we increase the radius
by 1 foot, the new radius is r 1, so the new circumference is2 r 1. Thus you need 2 r 1 2 r 2 extra feet of ribbon.



Principles of Problem Solving

The north pole is such a point. And there are others: Consider a point a1 near the south pole such that the parallel passing
through a1 forms a circle C1 with circumference exactly one mile. Any point P1 exactly one mile north of the circle C1
along a meridian is a point satisfying the conditions in the problem: starting at P1 she walks one mile south to the point a1
on the circle C1, then one mile east along C1 returning to the point a1, then north for one mile to P1. That’s not all. Ifa
point a2 (or a3, a4, a5, ) is chosen near the south pole so that the parallel passing through it forms a circle C2 (C3, C4, Cs5,

) with a circumference of exactly =2 mile (=3 mi, = =5 2 3 4 5 2
4mi, mi,), thenthepointP (P ,P ,P ,)one mile north ofa

(a3, a4, a5, ) along a meridian satisfies the conditions of the problem: she walks one mile south from P2 (P3, P4, P5,)
arriving at a2 ( a3, a4, a5, ) along the circle C2 (C3, C4, C5, ), walks east along the circle for one mile thus traversing the
circle twice (three times, four times, five times, ) returning to a2 (a3, a4, a5, ), and then walks north one mile to P2 ( P3,
P4, P5, ).



PREREQUISITES

P.1 MODELING THE REAL WORLD WITH ALGEBRA

Using this model, we find that if S 12, L 4S 412 48. Thus, 12 sheep have 48 legs.
If each gallon of gas costs $3 50, then x gallons of gas costs $3 5x. Thus, C 3 5x.
Ifx $120and T 006x,then T 006 120 7 2. The sales tax is $7 20.

Ifx 62,000and T 0 005x, then T 0005 62,000 310. The wage tax is $310.
I1f70,t 35,anddt,thend 70 35 245. The car has traveled 245 miles.

Vr2h32 5 451414 in3
N 240
7.Q)M G 7 8 30 miles/gallon 8.(@T 70 0003h 70 00031500 655 F
175 175
25 TG G 25 7 gallons (b)64 70 0003h 0003h 6 h 2000 ft
3
9.(@V 955 95 4km3 38 kms 10.(@)P 006s~ 006 123103 7 hp
3 M3 3 53
(b) 19km™ 955 S 2k (b)75 006 125s0s 5 knots
11. (a) Depth (ft) Pressure (Ib/in’) (b) We know that P 30 and we want to find d, so we solve the
equation 30 147 045d 153 045d
0 0450 147 147 153 2
| d 025 340. Thus, if the pressure is 30 Ib/in , the depth
10 04510 147 192 is 34 ft.
20 045 2 147 237
30 045 3 147 282
40 045 4 147 327
50 0455 147 372
. 60 0456 147 417
12. (a) We solve the equation 40x 120,000
. 120,000
| Population Water use (gal) x 3000. Thus, the population is about 3000,
0 0 40
1000 40 1000 40,000
2000 40 2000 80,000
3000 40 3000 120,000
4000 40 4000 160,000
5000 40 5000 200,000

The number N of cents in g quarters is N 25¢.

The average A of two numbers, a and b, is A a 7 .
The cost C of purchasing x gallons of gas at $3 50 a gallon is C 3 5x.

The amount T of a 15% tip on a restaurant bill of x dollarsis T 0 15x.
The distance d in miles that a car travels in t hours at 60 mi/h isd 60t.
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The speed r of a boat that travels d miles in 3 hours is r da.
(@) $12 33%1 $12 $3 $15
The cost C, in dollars, of a pizza with n toppingsis C 12 n.
Using the model C 12 nwith C 16,weget16 12 n n 4. Sothe pizza has four toppings.
(2)330 280010 90 28 $118
daily days cost miles

(b) The costis rental rented per mile driven ,so0C 30n 01m.

(c) Wehave C 140 andn 3. Substituting, we get 140 303 01m 140 90 O01m 50 01m
m 500. So the rental was driven 500 miles.
21. (a) (i) For an all-electric car, the energy cost of driving x miles is Ce 0 04x.
(ii) For an average gasoline powered car, the energy cost of driving x miles is Cg 0 12x.
(b) (i) The cost of driving 10,000 miles with an all-electric car is Ce 004 10,000 $400.

(ii) The cost of driving 10,000 miles with a gasoline powered car is Cg 012 10,000 $1200.
22. (a) If the width is 20, then the length is 40, so the volume is 20 20 40 16,000 in°.

(b) Interms of width, V. x x 2x 2x3.
4a 3b 2c 1d Of 4a 3b 2c d
23.(a) The GPAis abcdf abocdf.
(b)Usinga 23 6,b 4c 33 9,andd f 0intheformulafrom part (a), we find the GPA to be
463429 54
6 49 19 284

P.2 THE REAL NUMBERS

1. (a) The natural numbersare 12 3
(b) The numbers 3 2 10 areintegers but not natural numbers.

p

(c) Any irreducible fraction ¢~ with g 1 is rational but is not an integer. Examples: ?—’2 , e
12 23

p

(d) Any number which cannot be expressed as a ratio ¢ of two integers is irrational. Examples are 2, 3, ,ande.

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

(b)a b c a b c; Associative Property of Addition
(c)ab ¢ ab ac; Distributive Property

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

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

5. The distance between a and b on the real lineisd ab b a. So the distance between 5and2is?2 5 7.

c ad
6. (a) Yes, the sum of two rational numbers is rational: be.

No, the sum of two irrational numbers can be irratti)ona?(z ) orbrc;tional (0).

(@) No:a bb a b aingeneral.
No; by the Distributive Property, 2 a 52a2 52a 102a 10.

(a) Yes, absolute values (such as the distance between two different numbers) are always positive.
Yes,b aa b.



(a) Natural number: 100

Integers: 0, 100, 8

Rational numbers: 15, 0, 52 , 271,314,100, 8
Irrational numbers: 7,

A A
ommutative Property of addition
Associative Property of addition
Distributive Property
Commutative Property of multiplication
x 3 3 X
4AB 4A4B
3xy 3x 3y
42m4 2m 8m
S5, 0x a8 2x 55 4y sx 10y
3 _4 9 8 17
@i - 3P 30
1 1 5 4 9
4 520 20 20
31.(a): 6t - 413
N 2 3
3 2 3 3 2
1 ¢ 12 15 47 13113
(b)3 4 15 4 4 5 5 45 20

(@23 6and212 7,503 Z2

67

35 ZZ
(a) False

(b) True
37. (a) True (b) False

39.(a)x 0 ()t 4

do I~

(c)a (d) 5 x
p

35

(A B 12345678

SECTION P.2 The Real Numbers

(a) Natural number: 164

Integers: 500, 16,_2 —054 ‘

Rational numbers: 1 3,1 3333 , 534, 500, 1 23 ,
—246 ‘205

16, 248579, &
Irrational number: 5

Commutative Property of multiplication A

Distributive Property

Distributive Property

Distributive Property

7 3x7 3x

5x By 5x vy

24.a b8 B8a 8b

26. 43 6y 43 6 vy 8y

3ab ¢ 2d 3ab 3ac 6ad

A A
2.3 10 9 1
a)=3 5 T 1515 —15
5 18 22 15 4 35
178 24 =24— 24 —24
3 Zz 3 21 19 1 8
32.(@2 2 2 2 3 2 33 3 3 3
3 -
2 1 2 1 2 1
(b)j.—_-@ S 3522 1 s 23
- =2l - -+ e -+ 10 3
0 15 0 5 10 5
7 2
(@3 2and3 067 201,503 067
23067

AB 246

5



067067
(a) False: 3 173205 1 7325.

False
38.(a) True (b) True
40(a)y 0 bz 1
(©b 8 (d) 017
y2

(2)B C24678910
BC 8
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(a)A C12345678910 (@A B C12345678910
AC 7 ABCo
(@B Cxx 5 @ACx 1 x5
BC x 1 x 4 A B x 2 x4
30x 3 x0 28] x2 x 8
3 0 2 8
[28x 2 x 8 1 1
50.6 2 X 6 Xx2
2 8 6 1
[2x x 2 Ix x 1
2 ” 1
x 1 x1] 1 x 2 x [12]
1 . 2
2 x 1 x21] x5 x [5
2 1 5 ”
x1 x1 5 x 2 x52
1 i 5 2
59.(@)[ 35] (b) 35] 60. (@) [02 (b) 20]
201121 20110
2 1 1 0
[ 46] [08 [06] [46] [08 [48
0 6 4 8
44 66. 6] 210 26]
L — S s —




SECTION P.2 The Real Numbers

67.(a) 100 100 68.@ 5 5 5 555, since 5
() 73 73 (b) 10 ,since 10.
69.(a) 646 42 2 70. (3) 2122 1210 10
1
(b 1 111 (b) 1 111 1 11 01
(b) 1 15 5 5 T2 5
71.(a)2 6 12 12 72. (a) s 7 3
3 (®) 2, s 1 1
73. 2355 74.251544
75.(a) 17 2 15 %@ % o m m me =
(b) 21 3 21 3 24 24 (b) 38 38 57
3 11 12 55 67 67

© —_— flnien _— —_ —_— _— © 261626 1608 08

(@) Letx 0777 .So10x 7 7777x 077779x 7.Thus, X Zg.

Letx 02888 .So100x 28 888810x 2888890x 26. Thus, X &90 Q45.
Letx 0575757 .So0100x 57 5757x 0575799x 57. Thus, X ﬂgg 1—933.
(a) Letx 52323 .So100x 52323231x 5232399x 518. Thus, x ﬁ99.
Letx 13777 .So100x 137 777710x 13 777790x 124.Thus, x &90 tas
Letx 213535 .S01000x 2135 353510x 21 3535990x 2114. Thus, x 21Jggo @495.
79. 3, 5033. 80.2 1,s0 1 22 1.
8l.a b,soa ba b b a 822abababbaa?2b

(a) ais negative because a is positive.
bc is positive because the product of two negative numbers is positive.
a bab is positive because it is the sum of two positive numbers.
ab 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.

(a) b is positive because b is negative.
a bc is positive because it is the sum of two positive numbers.
c a ca isnegative because c and a are both negative.

ab2 is positive because both a and b2 are positive.

Distributive Property
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86.

88.

89.

90.

CHAPTER P Prerequisites SECTION P.3 Integer Exponents and Scientific Notation 10
Day To| Te To Tg| To TG
Sunday 68| 77 9 9
Monday 72| 75 3 3
Tuesday 741 74 0 0
Wednesday | 80| 75 5 5
Thursday 771 69 8 8
Friday 71| 70 1 1
Saturday 70| 71 1 1

TO TG gives more information because it tells us which city had the higher temperature.
(a) When L 60, x 8, and y 6, we have L 2 x y60 2 8 6 60 28 88. Because 88 108 the post office will accept this package.
When L 48, x 24, and y 24, we have L 2 x y 48 2 24 24 48 96 144, and since 144 108, the post office will not

accept this package.
Ifx y 9,thenL 29 9 108 L 36 108 L 72.So the length can be aslongas 72 in. 6 ft.

ml m2 m1 m2 min2 m2nl
Let x ng andy n2 be rational numbers. Thenx vy n1 n2 nin2 ,
y mi mz min2 mznl,andx y mi m2 mi 2.Th@owsthatthesum,difference, and product

N1 n2nin2ni n2nin2
of two rational numbers are again rational numbers. However the product of two irrational numbers is not necessarily
irrational; for example, 5 3 2, which is rational. Also, the sum of two irrational numbers is not necessarily irrational;

for example, 2 20 which is rational.

1 1
2 2is irrational. If it were rational, then by Exercise 6(a), the sum 2 2 2 2would be rational, but
this is not the case.

I—

. 1 L
Similarly, 2 2 is irrational.

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

. . a— . . I
risrational, sor | for some integers a and b. Let us assume that r t g, a rational number. Then by definition,

q dCTor some integers c and d. Butthenrtq ab t dc‘,-‘wherﬁe t adbc , 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.
X 1|12 |10 | 100 | 1000
111 1 1 1
X 2 10 100 1000

As x gets large, the fraction 1 x gets small. Mathematically, we say that 1 x goes to zero.

X 1105 01 001 0001
1

1 1 1 1
X 1| g52 oz 10 ooz 100 ooz 1000
As x gets small, the fraction 1 x gets large. Mathematically, we say that 1 x goes to infinity.
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(a) Construct the number 2 an the number line by transferring
the length of the hypotenuse of a right triangle with legs of 7]
length 1 and 1.

(b) Construct a right triangle with legs of length 1 and 2. By the

Pythagorean Theorem, the length of the hypotenuse is

12 22 5. Then transfer the length of the hypotenuse
to the number line.
(c) Construct a right triangle with legs of length 2 and 2

[construct 72 asin part (a)]. By the Pythagorean Theorem,

2

. [ ]
the length of the hypotenuse is 2 2 . Then

transfer the length of the hypotenuse to the number line.

(a) Subtraction is not commutative. For example,5 1 1 5.
Division is not commutative. For example,5 1 1 5.
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.
Putting on your hat and putting on your coat are commutative. They can be done in either order, with the same result.
Washing laundry and drying it are not commutative.
Answers will vary.
Answers will vary.
Answers will vary.
(@) Ifx 2andy 3,thenx y2 35 5andxy2 3 5.
Ifx2andy3,thenx y5 5andxy 5.
Ifx2andy 3,thenx y2 3 landxy 5.

In each case, x yxy and the Triangle Inequality is satisfied.
(b) Case 0: If either x or y is 0, the result is equality, trivially.

Case 1: If x and y have the same sign, then x y Xy if x and y are positive X y.
Xy if x and y are negative
without loss of generality that x

Case 2: If x and y have opposite signs, then suppose Oandy 0. Then
X oy X y X y.

P.3 INTEGER EXPONENTS AND SCIENTIFIC NOTATION

1. Using exponential notation we can write the product5 5 5 5 5 5as 56.

2. Yes, there is a difference: 54 5 5 5 5 625, while 54 5555 625.

3. In the expression 34, the number 3 is called the base and the number 4 is called the exponent.

4. When we multiply two powers with the same base, we add the exponents. So 34 35 39.

35

5. When we divide two powers with the same base, we subtract the exponents. So
32

6. When we raise a power to a new power, we multiply the exponents. So 34 2 38.
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7.@21 2

1

)23

8

2 @23 2° g

1

6

Scientists express very large or very small numbers using scientific notation. In scientific notation, 8,300,000 is 8 3 10

2
9.(2) No, 3

3 2
10.(a) No, x2 = x

11. (a) 2 64

3
12.(a) 5 125

4

(@)5° 5 57 625

8 .5

@3 3° 33

2 2

@5 52 52 25

3,1

18.@)3°3! 34

23 23 5
(@xx" X

2 52

5
@y y vy y

3 53

5
@x " x x
y10y0

10 0 7

© Yy

22.(a) y2y*® y2°

3 2

-

2

3
y

y

3

and 0 0000327 is 3 27 10 5.

1,594,323

= r

9

4.

[EEN

81

1
-
y

(b) 2 64
(b) 5°125 g
23 1 1
3 0
(b)2 2
20 2
®3 3 3 9
)60 6 6
1
3
(b) 20 10° 1000
s
y
= 3
(b) 5 5 125
3
() X2 1
(b)8x > 8% 64"

(b)z 452 451

(b)z5z 3z 4 253 4

4

(b) Yes, 54 625and 5 5 625.
No, 2xe > 23 xa 3 8x2.
2 3
12 3 1_3__ 27
© 5 3 52 25
2 2 2 22
© 5% s 52 4
12
3
3 2 3 3 27
28 ¢ 3 238
6
3
(c)22°2 64
2 8
()54 5 390,625
11
(© 29
% 3
& 1 _1
5
©: 7 343
236 35 35 2
X X ot t t t
X X
© 4.3 43 _
1
71 K 1
z 2 () X? X6 10 x4



9a_ 3 3

23.(2) —a "a921 g6 (b) azat a2 4 a6
(c) 2X2 5X622x2 5x6 20x2 6 20x8
_ZEZA_ 24 26 4 4
4
— 62 (b) 2asaz 2a3 2
z z

24.(@) 231 31 2

(c) 3223 27333 723 273 5476 3 5479
25.(a) X2y 2x33 2x23Yy 66Xy

(b) 2a2b 1 3a2b22 3a22b 12 6b

454
2a5 2 a

16a

20



2
© 4y2 xay 4y2)(42)/2 4x8 y2 2 4x8 4

26. (a) 4X3Yy2 7y547x3y25

y

28x3 y7

(b) 9y 2z2 3y3z9 3y 2372 17 227y23

7622
y

1 2 8x vy 22 8x7 v2 32x7 v2
(c) 8X7y2 X3y ix3y 2 X32y2 & y2 32x
2
X h Y X y
@ 2X2y3 2 3y ,222732 3y 47
X
2ylxz 5y 1 X7y 1 X7
—5
y
3 6.3
-2 X233 X\
2
28.(a) OX 4y3 8x3 5x 4y3 852 5 g% 4 6y3 320¢° y3
y23 y 1
0 y: Y&
6, 6
b2 2 2abs a
31 —
(@) Xy x37y3
azb 2 3 a3 2 a2 3P 23a3 23 6hea 6 bGE
5 ;
X 2 2y 33
30.(a) X2y4 X2 y4 ¥R
3 y_4 3 X 3 X
9
1 3 X
2
(b) y2 2x3y4 y©  23x33y43 gy
‘23_1‘ 3 bl o2
3X y5 xy3
_— T x
3
3L.(a) 7y 32y3. 2232 4xs
_3, 6
¥i 2 -3 2 y32 X
() X 2 y2 y11x2 132Xx32y22
yi 1 3x_3 2 X4ys
%— DL . 1 Q'Z

SECTION P.3 Integer Exponents and Scientific Notation

32X

11
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1 2 21a35p
41

4a2h 3

3

b
4b
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2 4 2 4

Xy 2 5 o 5x 2 25X
iy v — -2
(b) Sx 1 Xy y 2y 3
2y 1z y 2 2 1y y
- 2 - 3 3
(c) z 3z yz 9z lﬁZ_
3a 1 b3
33.(a) b3 3laths31 3a 3
qlris?2 1 —F-556-8— S
(by r5sqs qiris2 ( 8Lr5isi2 q'rt
sete 2 2520
(b)X2y3z 4 X323y233373343 23
Xy 223 3 X3 ){15
7 8
35. (a)69,300,000 693 10 36. (2)129,540,000 12954 10
(b) 7,200,000,000,000 7 2 1012 (b) 7,259,000,000 7 259 10°
(c)0 000028536 28536 10 > (c)0 0000000014 14 10 S
(d)0 0001213 1213 10 4 (d)0 0007029 7029 10 4
14
37. (a)S 19 105 319,000 38. (a)71 10 710,000,000,000,000
8 12
(b)2721 107 272,100,000 (b)6 10 6,000,000,000,000
8 3
(c)2670 10 © 000000002670 (c)855 10 ~ 000855
(d)9 999 10 9 0000000009999 (d)G 257 10 10 0 0000000006257
(a) 5,900,000,000,000 mi 59 1012 mi
0 0000000000004 cm 4 10 13 cm
33 billion billion molecules 33 109 109 33 1019 molecules
7
(a) 93,000,000 mi 93 10 mi
0 000000000000000000000053 g 53 10 23 g
5,970,000,000,000,000,000,000,000 kg 597 10° " kg
41. 72 109 1806 10 1272 1806 109 10 12 130 10 21 13 10 20
1 1062 1024 861 10391 062 861 102* 1019 914 10%3
1295643 10°—™-= 1295643 9 17 6 19 19
43, 7 511 1® 3610_ 2511 10 01429 10 1429 10
3610 10 2% 28
44, 73116341 10 710 19 1 731 16341 101 289 63
0 0000000019 1910 19
45, 00000162 001582 162 105 1582 102 _162 1582 105283 0074
594621000 0 00585 94621 10 sg 10 594621 58

74 10 14

1038

10 12
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69 9 54

3542 10 " " — 3542 10 87747 96 54 48 4 102 106
: C —_—m - 10 319 10 10 319 10
275103767 10
12
6 412 505 10
47,950 10 1n 50 _ lo19p 100 1 100 100 50 10 50

, whereas 101910 10 .S010 s closer to 10 thar

10100 s to 10101,
48. (a) b5 is negative since a negative number raised to an odd power is negative.
(b) b™" is positive since a negative number raised to an even power is positive.

(c) ab™c™ we have positive negative2 negative3 positive positive negative which is negative.

(d) Since b aisnegative,b a 3 negative 3 which is negative.
(e) Sinceb aisnegative,b a_ negative 4 which is positive.

a’c positive © negative positive negative negative

66 § 6
(f) be negative  negative positive positive positive which is negative.

49, Since one light year is59 1012 miles, Centauri isabout43 59 1012 254 1013 miles away or
25,400,000,000,000 miles away.
7 . mi 93 107 1 .
93 10 mi 186 000 ts t s 500s 8 =3 min.
5186 000 .
103 liters .
Volumeaverage depth area 3 7 103 m 3 6 1014 m2 133 1021 liters

ms3

national debt 1674 1013

- 3
52. Each person’s share is equal to  population 3164 107 $52,900.

The number of molecules is equal to

liters molecules 3 602 1023 27
volume ms3 22 4 liters 5103 10 224 403 10
54. (a)
W
Person | Weight [~ Height — [ BMI 703 Eg m Result |
Brian 295 Ib 5ft10in. 70in. 42 32 obese
Linda 105 Ib 5ft6in. 66 in. 16 95 underweight
Larry 220 Ib 6ft4din. 76in. 26 78 overweight
Helen 110 1b 5ft2in. 62in. 2012 normal
Answers will vary.
55.
Year | Total interest

1 $152 08

2 308 79

3 470 26

4 636 64

5 808 08

Since 106 103 103 it would take 1000 days 2 74 years to spend the million dollars.

Since 109 103 106 it would take 106 1,000,000 days 2739 72 years to spend the billion dollars.

13
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5
18 18 5

57.) 9 9 20 32

206 05 6 20 05 6 106 1,000,000

. am-—mn L -
(a) We wish to prove that @ for positive integers m n. By definition, gn

m factors
k am aa - T
a _a aa. Thus, e  ———_.Becausem n,mn 0, so we can write
k factors : S
Mfactors M Mfactors M nfactors
m — — — — — —
& aaaaag._ a a__aa mn
an B ‘ B °
n factors
S n
a n a
(b) We wish to prove that b BT for positive integers m n. By definition,
n factors
- n
an aa a aa a
19 1) D BB o
-
a n b
59. (@) We wish to prove that  bn a" . By definition, and using the result from Exercise 58(b),
a o 1 1 b
b 2 n an an —
b bn 1
m
an bm an - 1b bm
(b) Wewishto provethat pm  a' . By definition, pm 1 a1 & .
m
b

P.4 RATIONAL EXPONENTS AND RADICALS

. . . . 1
Using exponential notation we can write > 5:as 5 3

Using radicals we can write 51 2 as 5.
12

No. 5252 5212 5and 52 512 2 5122 5

412° 238, 43 6412 8

Because the denominator is of the form a;we multiply numerator and denominator by a:

513 523 51 5

No. If a is negative, then 4a_zfa.

No. For example, if a2, then 2> 48 2 2,buta 2 0. ~

o. 1 3l2
3

w

11.42342 16
5—3 ?5

13 5

m[

10. 3

12.1032
15

23

1032

32

1

3333

103

133,

[E

E






SECTION P.4 Rational Exponents and

Radicals15
5
azs’az —
a 1 1
37— 6. X
17.7y4  yas
x5 x52 92
1 1
(@) 164° 4— 18y °% _L —
bt — (a) 6482Y53 3
(b)"I6"24 2 g —
3 3 3
— 1401 (b)° 64 4 4
. _
(¢ 164 2 2 ©532 5 »5 )

(2)3°T6 3%2 23 6°2 o
22.(3)2%812%3 3 6°3

™ T 2 2° 3 s
(b) 81 81 93 —+2 32 23
—_— # p—
2733% 337 - (b) 25 5 S
4222 T -8 2 o5, — — -
(a) 7 267 28196 14 € 4 2. 7
48— -8 __ (a) 12 2412 242882 122 12 2
® 3~ 316 4 s— 51
Aatsa—4 5541296 6 () 6 69 3
26—  TI6 (C)315°75 21575 °1125 1259 5°9 -
5@ 636 6 T 1 T 1
35330364 4— 26.(2)5852 5 3272
T
o 11 (b)s26 128 %4 2
343_43111 -
(c) 4 44 644 25642564 -
4x7x 310810827°27 3 —

S — _ Sqixo 10y
32y65 25y6 2 5 y6 2ysy
4 %8as° 23a3a2 2a ’a?

Y16x8 24x8 2x2

— 13
3 X3 \6x3 y6 2
— 43 X3Y6x3 ¥/ Xy
3x3yx3 y13 X3y

—— 12
367206kt —6 k2 Xeyixtyt Ty

3 edEsxs 10 2x “48atht 444 3 3
“2ab 3a 2ab ‘3a

- - T T 54 316°233 %232 3%2 2% 2
- - -~ - Q9asa32a2 a a 3a a-a 3a 1 a
321816292422 32 423272 B ) )

7548253163523 423 534393 46X’;5= dx kx4 % oxox X

1254525595525 325553525




3.3 3 — _ _ _
X4° 8X X3X 323 X3 23% "X 2 X —— AT 4 —
“xayezd'xatyeze  x *yeze

Soyw2yioy ye 22y 22y ys s2y yL a2y -
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8Ix28181ix2 T8I x2 + 9x— 1
36x2 36y236 x2 y2 36 x2 y2 6 x2 Y2
1 1
14 3 —_ -
.16 % 5 (b) 12535 ©9'? o2
1 13 1
13 13 P}
50. (@) 27" 7 3 22 4 (b) 8- 2 4 ’ () 8 2 -
25 32 53 125 1
23 2 43 4 -
52.(a) 12577 57 25 (b) 64 8 512 (c)27 3 81
335 _ _ 3
53.(a) 523 513 52313 51 5 (b) 325 3352553 (c):4 4133 4
723 L _ 10 1
54, (a) 327 3127 327127 32 9 (b) 755 72353 7 (c)s6 615 10 el
When x 3,y 4,z1 we have x2 y232 429—1625 5—— [
3 3 4 _ _
Whenx 3,y 4,zlwehave4x 14y 2z 43 144 2 1427 56 2 481 43 3.
When x 3,y 4, z1we have
Ox232y23 223 9323 2423 123 38 23 2323 113
3222194114.
Whenx 3,y 4,z1we havexy22 3 42 1 12 2 1441. T
59. (a) X34X54 X34 54 X2 (b)y23y43 y2343 y2
60. (a) rL6rs6 ri656 r 53 (b)assas10 a35310 910 8al34
43 23 as4 2a34 3
8 ¥
2
62.(a) X2HXT4  x347454 X5 4 (b) 2yF3 —y 23 4y83 2373 4y 13 4
‘ : 73 - 3
63. (a) 8ach32 23 823a623h 32 234a4b (b) 4ashs 32 432a632h8328a9h12
23 . 34
64. (a) 64ash3 ~ ~ 6423a623h32316a4b2 (b) 16 8232~ 1634 834732 348 6298
23 1 13 =1 _
35 X3
66. (a) X 5y13 ,X535y13 35 s 32 15t54 1524t 14 21 t14 rato r4
12 15
67.(a) Y12y 3 X 23216y 12316 X ‘
X23  x2 16 1



SECTIONP.4 Rational Exponents and Radicals17
() X2y e 4xy ’

2y x124y242 14y 14 4412x 212y 412y 212
2 2 4 2 4 12
4
Xy
68.(a) 16y ° X2y82 4y 1 2X1y2y1 241x21y8121g
Xey £ ayis
(b)  ysz6 813y34133137613 2
8y34_ 13 ya4dzz
69. X X32 70. X° X52
97— 59 = 1. 35
71. | X 72.5 % x35 X
36 F 37 Y56 Y23 Y5623 Y32 74. 43 ,b3412 b54
75. 53¢ 24x 5 21314 104712 7. 2a a2 2al2 23 2476
4 = - 3
x4 4 B 23 12 16 6—
4”—)(3; . ) 2
79. — 80. fc P 3y
2 - R 3
3 .
16u u2 4u 54x 2y4 327y
- XTyIT -
81.4 16xy 16 14x12 14y12 14 2 82.4 3 . a@3234p1224
13 12
y112 ab s132
83.3y 7 _ys21sy12 84. s 3 — as4
' ' = "%
86.(a) 12 12, S
85.( ¥ T 6 - = 3 12 )
) 3 453
- -, _ _
3 _ > 2 52 - 2 5 60 15
© 9 9 234 9 © 8 g 513 8
87. 47 214 232 2 88. 352 523 513 5
S R G5 sz 3t 3t
(b) 55 e 5 (b) b2 b13 b23 b
X 5 _x a _a_ 3 aws
(©5x « 35x 25 X © @5 ¢35 @5 CC
1 _1_ x2; x28 1 — LC25 25
1 1 35— 3 X 1 1 3= ,[3-
90.(a) s 3 3 —_—
89.a) 3x 3% & X
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(@) Sincel,’g ;3,212 213.

(b) 2 2 12and 2 213 .since 2 3, We have 2 2

112 113 1 1 112 113

112 112

(@) We find a common root: 714 731273 343112413 4412 44 256112, S0 714 413,

We find a common root: s55:3 526 52 1° 2516: 3312 336 33 1° 2716, S0 35 3.

mile

First convert 1135 feet to miles. This gives 1135 ft 1135 5280 feet 0 215 mi. Thus the distance you can see is given by
D2rh h2 239600 2150215 2 1702 8 41 3 miles.
(a) Using f 0 4 and substituting d 65, we obtain s30 fd30 04 65 28 mi/h.

Using f 0 5 and substituting s 50, we find d. This gives s 30 fd 50 30 0 5 d 50 15d 2500 15d d =3 167 feet.

(a) Substituting, we get 0 30 60 0 38 3400 12 3650 13 180385831 38661822 16 2598 14 18. Since this value is less

than 16, the sailboat qualifies for the race.

Solve for Awhen L 65and V 600. Substituting, we get 03065 0 38Al 2 3600 13 16
A
12 12 12 12 . -
195 038A™ ~ 2530 16 038A™ ~ 580 16 038A™ ~ 2180 5738 A 32920. Thus, the largest possible sail is 3292
#2.
23 12
75 0050
96. (a) Substituting the given values we get V 1486 24123 0040 fus
(b) Since the volume of the flow is V A, the canal discharge is 17 707 75 13280 I‘t3 s.
97. (a)
T T 2 5 10 166
11 12 15 110 1100
2tn |2 2 |2 1414 |2 __1149 2 _lor2 |2 _ 1007
So when n gets large, 21 n decreases toward 1.
b)) - —_
n 1 2 5 10 100
1 1n 11 112 115 1110 1 1100

Sowheprﬂge%srla%ge,—; increases toward 1.
P.5 -ALGEBRAIC EXPRESSIONS

1 . . . . .
(a) 2x3 =2 x3 is a polynomial. (The constant term is not an integer, but all exponents are integers.)

x2 iz 3 % —xz lz 3x1 2 is not a polynomial because the exponent l2 is not an integer.
X X

2  isnota polynomial. (It is the reciprocal of the polynomial x2 4x 7))

4x 7

5 .2 . )
X~ 7x~ x 100 is a polynomial.
3,6 .3 . . . . 6 53

8x~ 5x 7x 3isnota polynomial. (It is the cube root of the polynomial 8 7x 3.)

3x45x2 15x is a polynomial. (Some coefficients are not integers, but all exponents are integers.)



SECTION P.5 Algebraic

Expressions19
2. To add polynomials we add like terms. So
3x2 2X 48x2 x 13 8x2 2 1x 41 11x2 X 5.
3. To subtract polynomials we subtract like terms. So
2x3 9x2 X 10x3 x2 6x 82 1x3 9 1x2 1 6x 10 8 x3 8x2 5x 2.
We use FOIL to multiply two polynomials: x 2 x 3 xx x3 2x 23 x2 5x 6.
2 2 2 2 2 2
5. The Special Product Formula for the “square of asum”is AB~ A" 2ABB .S02x3 2x 22x33
2
4x 12x9.
2.2 2.2

The Special Product Formula for the “product of the sum and difference of terms”is ABABA™B™.So05x5x5 x~ 25

2
X

(a) No, x 52 x2 10x 25 2 25.

X2 2

Yes, ifa 0, then x a2 X 2ax a .
2 2

(@) Yes,x 5x 5 x 5x 5x 25 x 25.
2 2
. 2 2
Yes,ifa 0,thenx a x a x ax ax a~ x a.

9. Binomial, terms 5x3 and 6, degree 3 10. Trinomial, terms 2x2, 5x, and 3, degree 2
17
11. Monomial, term 8, degree 0 12. Monomial, term X , degree 7

2 3 4 - -
13. Four terms, terms x, X ,x ,and x ,degree4 14.Binomial, terms  2x and 3, degree 1

6x 33x 76x 3x3 7 9x 4
3 7x11 4x7x 4x3 1111x 8

17,2X2 5xX2 8x 32X2 X2[ 5x8x 13 ><2 3 3

18.2X2 3x 13X2 5X 42X2 3x23x 5x1 4 x2 2x 3

3x 1 4x 2 3x 3 4x 8 7x 5
82x 5 7x 9 16x 40 7x 63 9x 103

21.5x3 4x2 3x X2 X 2 5xC 4x2 x23x 7x 2 5x3 3x2 10x 2
22.4%X2 3% 53 ) x2 2x 14x2 12x 20 3x2 6x 3 2 6x 17 ,
23.2xx 1 2x 2x 24.3y2y 5 6y 15y
X X
2 332
25 X~ x 3 26.Y y2 2y3 2y
27.22 5t tt 10 4 10t 2 10t 2 4 28.53t 4 2tt 32t2 21t 20X
2 2 3 3 2 3 2 432 t
29.rr 9 3r 2r 1 r 9r 6r 3r 30. 92 225 4
3 2
r 3r 9r
4 2
31.X22X2 X 12xX4 X3 X2 32,3x3 X 4X 53x7 12)>(<5 15 3
2 2 2 2

33.Xx 3x 5 x 5x 3x 15 X= 2x 15 34.4 x 2 x 8 4x 2x 6x 8



s 625 3 2% 3s 125 18 252 155 18 3620 3t 1 22 2 3t 3 22 t 3

2 2 2
37.3t 27t 4 21t 12t 14t 8 21t 26t 8 384s 1255 8 185 5



39.3X 52x 1 6X2 10x 3x 5 6 2 7 5
X 407y 32 2
y 32y 1 14y 13y 3



20

41

43.

45.

47.

49.

51.

53.

55.

57.

59.

63.

64.

65.

66.

67.

68.

69.

70.

71.

73.

75.

77.

CHAPTER P Prerequisites

X 3y 22Xy 22 5xy 3 2 42.4x 5y 3x y 128 19xy 5y2
2 y 2 2 2
2r 55 3r 2s 6r 19rs 10s 44.6u 5 u 26u 7u 10
5x 12 25x2 10x 1 46. 2 7y2 49y2 28y 4
2 2 2 2 2
2 2 2
3y 17 3y 23y1 1 9 6y 1 48.2y 5 2y 22y5 5 4y 20y 25
2 2
2u2 4u2 4u 2 50. X 3y2 X  6xy 9sy
r
2X 3y2 4x2 12xy 9y2 52.r 252 2 4rs 42
2 2
x2 1 @ 1 54.2 Y3 y6 4y3 4
2 2
X 6Xx 6 x 36 56.5 y5y 25y
y
3x 4 3x 43x2 42 9x2 16 58.2y 52y 5 42 25
x 3y x 3y _x2 3y2 x2 gy2 60.2u2u4u2 2
3 3 2 2 3 3 2 .
y 2 Yy 3y 232 2y 6y 12 8
3 2 2 3 3 2
x 33 x 3 333 3 x O 27x 27
3 3 2 2 3 3 2
12r 1 3 1 2r 312r 2r 8r 12r 6r 1
3 2 2 3 3 2
3 2y3 3 3 3 2y 332y 2y 8y 36y 54y 27
2 3 2 2 3 2
X 2X 2x 3x 2x 3x 2x 4x 6 x 4x 7Tx 6
2 3 2 2 3 2
X 12x x 12x x x 2x x 1 2x x 1
2 3 2 2 3 2
2x 5Xx x 12x 2x 2x 5x 5x 5 2x 7x 7x 5
2 2 3 2 3 2
1 2x x 3x 1x 3x 1 2x 6x 2x 2x 5x x 1
_ _ _ ) 32 _  _ 2
¥ X ¥ X ox X2 X XX 72.x X 1 Xx X X
y y
y y y y 74.x 2% X 2%X%
23 1353 2 14 34 14 -
X2 y2 X2 y2 2x2 y2 x4 y4 2x2 y2

X2 a2 X2 a2x4 a4 78.X12 y12 X12 y12x y




g81. 1 x23 1 x231 x43 2.1 b“1b" b 2b

2 2 44 2
X

g3. X Ixz x 1 xz X 12 x X© 2x 1 XX 2X

84. X2 X2 X 2 X2 X4 3x2 4

85. 2x y 3 2x y 32x y2 32 4x2 axy y2 9
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2 2 2
86.X Yy ZX Yy zZ X Yy 7 2yz
1

1 1 =

87.()RHS z @ b2az b2 ,az b2 2abaz b2 22ab ab LHS RHS

(o) LHse &

8. LHSa2 b2 c2 d2 a2c2 a2d2 b2cz bad2

a202 b2d2 Zatbcdazd2 b202 2abcdac bd2 ad bc2 RHS

(a) The height of the box is x, its width is 6 2x, and its length is 10 2x. Since Volume height width length, we
haveV x6 2x 10 2x.

60 32x 4x2 Xo X3
)V x 60x 32 © 4 ", degree 3.

3 .
(c)Whenx 1,thevolumeisV ~ 601 32 124 1732, and when x 2, the volume is

V 602 32 204 23 24,
(a) The width is the width of the lot minus the setbacks of 10 feet each. Thus width x 20 and length y 20. Since Area width

length, we get Ax 20y 20 .

A x 20y 20 xy 20x 20y 400

For the 100 400 lot, the building envelope has A 100 20 400 20 80 380 30,400. For the 200 200, lot the building
envelope has A 200 20 200 20 180 180 32,400. The 200 200 lot has a larger

buildiag envelope.

3 2 3 2 3
Yl.(@)A 20001 r 2000 1 3r 3r r 2000 6UUUr bUUUr 200Ur , degree 3.
Remember that % means divide by 100, so 2% 0 02.

Interest rate r 2% 3% 4 5% 6% 10%
Amount A $2122 42 | $218545| $228233| $238203| $2662 00
92.(a)P R C50 x 0 05x250 30x 0 1x250x 0 05x2 50 30x O 1x2 0 05x2 20x 50.
(b) The profit on 10 calculators is P 005 10220 10 50 $155. The profit on 20 calculators is

P 005 202 2020 50 $370.

(a) Whenx 1, x 52 1 52 36andx2 25 12 25 26.

2

2
X 5 X 10x 25

(a) The degree of the product is the sum of the degrees of the original polynomials.
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 degrees of the original polynomials.

3 2 3
(c) Product: 2x 3x 32x 3 x 74x62x 4 14 x4 X7 7x  6X° 3x 21

ax 4x 20 x  10x 21

Sum: 2x3 X 3 2X X 7 4,



22 CHAPTER P Prerequisites

P6 FACTORING

5 4 3 5 4 3
1. The polynomial 2x  6x  4x has three terms: 2x , 6x , and 4x .

2. The factor 2x3 is common to each term, so 2x5 6x4 4x3 2x3 x2 3x 2.

3

[In fact, the polynomial can be factored furtheras2x x 2 x 1.]
2

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

2, so the trinomial factorsas x5 x 2 . ) ) )
4. The greatest common factor in the expression4x 1~ x x 17 is x 1, and the expression factors as

4x 1% xx 1° x 1“4 x.

5. The Special Factoring Formula for the “difference of squares” is A2 BZA B A B. So
2

4x 25 2x 52x 5.

2 10x 25 x 52.
7.5a 20 5a 4 8.3b 123b 4 3 b 4
0. 2x3 XX 2x2 1 10_3x4 6x3 x2 x2 3x2 6x 1
y XqY y Y Yo X Yy
11,2x2y 6x 2 3xy xy2x 6y 3 12_74 2 14x 3 21x 4 X 273 2y 32

yy 6 9y 6y 6y 9

22252222[225]2223

15.X28x 7 x 7x 1 16.x2 4x 5 x 5x 1
2
17.X22x 15 X 5x 3 18.2x 5x 7 x 12x 7
2 2
19.3x~ 16x 5 3x 1x 5 20.5 7x 6 5x 3 x 2

3 22 83x 2 12 [3x 2 2][3x 2 6] 3x 4 3x 8

2ab25ab3[ab3][2ab1]ab32a2b1x

23.x225 X 5x 5 24.9y23y3y
2 2
25.49 4z° 7 227 2z 26.9a 16 3a 4 3a 4
27. 16y2 22 4y 7 4y z 28. a2 36b2 a 6ba 6b
2

x32yx3yx3yxy3xy3

x2y52xy5xy5xy5xy5

31.x210x 25 x 52 32.9 6y y2 3 y2

2 2 2 2

33.z 12z 36 z 6 34. 16648
2 2



35. 4t2 20t 25 2t 52 36. 16a 24a 9 ‘;a 3 ,

37, 9u2 6u23u2 38.x2 10xy 25y x by

3 2 %2
39.X°27 x 3x° 3x 9 40.y3 64 y 4 " 4y 16
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41. 8a3 1 2a 1 4a2 2a 1 42.8273 234692
43, 27x3 y3 33Xy 9x2 3xy y2 44.1 1000y3 1 10y 1 10y 100y2
3
45, U36 U32 uz u2 u2 46.8r3 64t62r 4t2 4r2 8rt2 164
47,x3 4x2x4x2x41x 4x 4 X2 1
3 2 2 2
48.3x X 6x 2 x 3x 1 23x 13x 1x 2
3 2 2 2
49.9X X 5x 1 x 5x 15x 1x 15x 1
3 2 2 2
50.18x  9x 2x 1 9x 2x 12x 19x 1 2x 1
3 2 2 2
51.X x x 1 x x 1 1x 1Ix 1x 1
52.X5 x4 x 1 x4x 1 1x 1x 1x4 1
53.X52 X12 X12 X2 1 ¥ x1x1
1
55. Start by factoring out the power of x with the smallest exponent, that is, x 3 2. So
2
32 12 12 32 2 1 x=
X 2X X X 1 2x X X32
56. X 172 X 132x 132 X 12 1x 132[x 1 1][x 1 1]
X 132 X 2 X
. 2 . . 12
57. Start by factoring out the power of X~ 1 with the smallest exponent,  thatis, X2 1 =~ . SO
2
12 12 12 3
x21772%1 % 1 X2 1 2%,
12 12 12 12 12 12 _2x 1
58. x X 1 X X 1 X X 1 [x 1 x]
¥ *x—21
2x13x 223 5x43x 2 13 xlsx 2 13[2x 2 5x] xlsx 2 132x 4 5x
13 3x FE——y
X 213 3x 4 SA X
3x2
54 14 14
0.3x12x2 177 x2x2 1 x12x2 173  xelxe 1 3«01 203
*
61. 12x3 18x 6x 2x2 3 62.30 3 15 4 15 3 2 x
X X X
4 3 .3
63.6y 15y 3y 2y 5 64.5ab 8abc ab5 8c

2

65.X 2x 8 x 4 x 2

2

66.x 14x 48 x 8 x 6
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67.y° 8 15 y 3y 5 6826016 2278
2 2
69. 2x~ 5x 3 2x 3 x 1 70.2X 7x 4 2x 1x 4
2 ) 2
71. 9x~ 36x 45 9 4x 59x 5x 1 72.8X 10x 3 4x 3 2x 1
2 2
73.6x 5x 6 3x 2 2x 3 74.6 5t 6t 3 2t 2 3t
2 2
75.x 36 x 6x 6 76. 4x 25 2x 52x 5
S
2 2 2
77.49 4y 7 2y 7 2 78.4t" 9 2t 3s 2t 3s
79. t2 6t 9 t 32 80.x2 10x 25 x 52
S
r
81. 4x2 4xy y2 2X y2 82. 2 6rs 92 r 332
83,t3 1t 1t2 t1
84.x3 27 x3 33 X 3x2 3x 9
3 3 3 2 2 2
85.8x 125 2x 5 2x 5 2x 2x 5 5 2x 54x 10x 25
3 .3 3 2 2
86. 125 27y~ 57 3y~ 5 3y 5° 53y3y 3y 5 9y2 15y 25
87. x3 2x2 X xx2 2X 1X X 12
88. 3x3 27x 3x x2 93xx 3 x 3
89. x4 2x3 3x2 x2 x2 2X 3x2 x 1x 3
90. 35542333252 331 2
43 25 232 223
Xy Xy Xy X yxy xyxy
18y3x2 2X y4 2X y3 ox y
3 2 b
X6 8y3x2 2y3  x2 E%/ X2 X2 2y 2y2 X2 2y x4 2x2y
94,2785 b8 323 p? 33a 3’ 3a 2 b2 2 3a b2 a°

3.2
95. ¥ 3y 4y 12

3 2 2

%6.Yy y yly y1llyly

2

y3 3y24y 12 y2y 34y 3y 3y2 4

y 3y 2y 2(factor by grouping)
2
ly1

4y2
3ab?

b4



97. 3x3 x2 12x 4 3x3 12x x2 4 3x x2 4x2 43x 1 x2 43x 1 x 2x 2

(factor by grouping)

gg.9x3 18x2 X 2 92x 2X 29X2 1x 23x 13x 1x 2

X

99.a b2 a b2 [a ba b][a ba b] 2b 2a 4ab



100.1 « 1

101 X2x2 19 X2 1x2

10282 1 b2 4 a2 la2

x1x22 x12x2x1x2[x2x1]3x1x2

104. x 13x 2X 12x2 x3x 1 X X 1 X 12 2x  1x 2 X X 1[x 1 x2

X X 112 xx 1

4 3 5 .4 4. .3 4 .3 2 4 .3 .2
yy2z yyz2 yy2 lyyzyy2y 2zylyyz2yl

nx yn 1y x nx yn 1 x yx y[n n 1] x y
Start by factoring y2 7y 10, and then substitute a2 1 fory. This gives
2

a21 7a2110 a212a215a21a24 a la la 2 a 2

2108.a22a2a22a3a22a3a22a1a22a3a22a1

ala 3a 12
3x24x122x324x124 24x12[34x12x24]42x312x368x42x320x3616x2x35x9
X X X
4 5 4
110.5X2 4 2X X 24x2 4 4x232 X2 4 x235xx2 X2 4 2
4 4
2%X24 X 235x210x2x282x2 4 x 23 7x2 10x 8
1132x 122 x 312 2 1° s 31?2 1?25 3 %6x 320 1 o L
1 3
2x12x3126x18x ? 2X l2x 3127 5
1 23 2 13 1 23
3x 6 2Xx 3 X 6 22x 323.%x_6_ _2x_ 3[2x_3 3_x_64]
l3x 6232x 3[2x 3 12x 72] l3x 623 2x 3 14x 69
1 2
2 1322 43 2 43 2 22 2 43 _12 3X_3
113. x 3 TxX x 3 X 3 x 3 3x X 3 3x 3 — 343

l2x123x 412 §2x12 3x 4 12 l2)(123x 4 12[3x 4 3X] l2x123x 4 12 6x 4

x123x 4123x2

1

X2

b2

'd )
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The volume of the shell is the difference between the volumes of the outside cylinder (with radius R) and the inside cylinder

(with radius r). Thus V R h rh R r h Rr Rr h2 ___nh R r.The
2 2 2 2 Rr
Rr Rr
average radius is 2 and2 2 isthe average circuszerencze (length ogthe rectangular box), h is the height, and
r
R r is the thickness of the rectangular box. Thus V R h rh 2 "2 h R 2 average radius
height thickness
i length
|
h | ) R — L/

/" thickness

(a) Mowed portion field habitat

Using the difference of squares, we get b2 b 2x2 [b b 2x][b b x] 2x2b 2x 4xb x.

(@) 5282 5272 528 527 528 527 11055 1055
2 2

122 120 122 120 122 120 2242 484

2
2
1020~ 1010 1020 1010 1020 1010 102030 20,300

(a) 501 499 500 1 500 1 5002 1 250,000 1 249,999

2
79 61 70 970 9 702 9 4900 81 4819

2007 1993 2000 7 2000 7 20002 72 4,000,000 49 3,999,951
(3)A4 B4A2 B2 A2 B2 A BA B A2 B2

A6 86 A3 83 A3 E3 (difference of squares)

A B A2 AB 82 A B A2 AB 82 (difference and sum of cubes)

(b) 124 74 20,736 2,401 18,335; 126 76 2,985984 117,649 2,868,335

(c) 18,335 124 74 12 7 12 7 122 72 519 144 49 519 193

2,868,335 126 76 127127 122 127 72 122 127 72 519144 84 49 144 84 495

19 277 109

120.@) A 1 A 1 A A A 1 A" 1

(b)WeconjecturethatA5 1 A 1 A A A" A 1.Expanding the right-hand side, we have

Al A4 A3 A2 A 1 A5 A4 A3 A2 A A4 A3 A2

1 A5 1, verifying our



conjecture. Generally,An 1 A1 A A A 1 forany positive integer n.



SECTIONP.7 Rational Expressions27

3.2
121. (a) Al AZa 1 A“A"AL
- A1 Al Al
Al A2A 1 A3A2A1
Ea A A ata3a%
A 1 A’ 1 At 1
. 5 4 3 ,2 .
(b) Based on the pattern in part (a), we suspect that A~ 1A 1 A A" A" A 1.Check:
A4 A3 A2A1
Al
ATAT AL
A5 A A3 A2 A
A’ 1
The general pattern is An 1 A1 An ! An 2 A2 A 1, wherenis a positive integer.

P.7 RATIONAL EXPRESSIONS

4 (o) A
(&) —oX

X2 1is arational expression.

is not a rational expression. A rational expression must be a polynomial divided by a polynomial, and the
2x 3

numerator of the expression is  x—%;, which is not a polynomial.

Xxx2 1, .. . .
*3 Xis a rational expression.

3x 3
To simplify a rational expression we cancel factors that are common to the numerator and denominator. So, the expression

X 1x 2  simplifiesto X1
X 3x 2 X 3
A A A A A A
o multiply two rational expressions we multiply their numerators together and multiply their denominators together. So
2 X 2 X 2X
x 1 X 3isthesameas x 1 x 3 x° 4x 3
1 2 X
4.(a) x x 1 xl2 has three terms.
The least common denominator of all the termsisx x 1.
1 2 X xl2 2xx 1 X X xl2 xx 1 %8
(c); x 1 x 1° xx 1° x 1 x 1% xx 1°
oo o 2 2 2
X2~ 2x—2x=x 2 1
XX 12 X X 12
xx 1 X
5 (a) Yes. Cancellingx 1, wehave x 1 x 1.
2 2 2 2 2
(o) No; x5 X 10x 25X 250X 5 X 10x 25 X~ 25.
_ - - - X
6. (@) Yes, 3 3 3 13.

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 10x  3isall real numbers. 8. The domain of x4 3 9x is all real numbers.
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9.Sincex 3 Owehavex 3.Domain: x x 3

11. Since x 3 0, x3. Domain; x x3

10. Since 3t 6 0 we have t2. Domain: t t2

12.Sincex 1 0,x 1.Domain;x x 1

13.x2 X 2 X 1x 2 0 xlor2,sothedomainisx x12.
14.2x Oandx 1 0 x Oandx1, sothedomainisx x 0. )
5x 32x 1 5x 32x 1 2x 1 4 x"1 4x 1 x 1 1
— 16. __
1,
10x 3 5.3 2 X , 2 X3 %2 X 2x1 X2 x 1 3 x2
x22 X 21 18.x° x 2 Xx 2x 1 X 2
17X = X Z X 2 X 2 x21 X I X 1 X 1
x25x6 X 2x 3 X 2 2 X 4x 3 X 4
20x_x12_
19.% 8 15 X 5% 3 X 5 - C e x2x3 X
2 2
yoy yy 1 y 22y 3y 18 y 6y 3
21.y21 yly 1 y 1 2y2 7y 3 2y 1y 3 2y 1
232x3 ) x X 2X2 X 6 X2X 3 X 2 x2x 3
e T 62 3x 220 3 x 224 3
1X2 1 x1 x x 11 X x 1
2.3 1 x 1 ¥ ox 1 x 1 X 1 ¥ X 1
4x X 2 4x X 2 1
25.x24 16x X 2Xx 2 16x 4x 2
x225x4 X 5x 5 x 4 X 5
26.x° 16 X 5 X 4x 4 X5 x4
x22x15x5 X 5x 3x 5 x 3
27.X225 X 2 X 5x 5x 2 X 2 x 1 1 x
X" 2x 33 X X 3x 1x 3 x 1
28.x% 2 3 3x x3x1 x 3 x 1 x 1 1 x
t3t3 t 3t 3 1
292 9 2 9 PZot3ts 29
X2 X 6 x3 X2 X 3 X 2 x2x 1
2 2
3O.X22X X~ 2x 3 X X 2 X 3x 1 X X 4
X~ 7x 12 x~ 5x 6 Xx 3x 4 x 2x 3
3L % 3 2 X% 6x 9 X 1x 2 X 3x 3 X 1
y
XZ_ZTY_V; xzxy 2 X YyX Yy XYy 2xy 2x—y
2 Z Z
32. x2y X Xy 2y X yXxy X 2y Xy X 2y
X 3 x27x212 x32x27x15 x 3 Xx 52x 3 X 5
33.4x° 9 2x‘£27x 15 4X2 9 x2 7x 12 2x 3 2x 3 X 3x 4 2x 3 x 4
2x 1 6x X 2 2x 1 x 3 1
——
34.2x x 15 X 3 X 32x 5 2x 1 3x 2 2x 5 3x 2
3 X
X —
x3 XZ 2x 1 3x 1x1 »
35 x 1 . X" X 1

y



2X

3x 2

X

X

1x

X 22x 1

x 1x 2

X



e

Bx 2x 1x 1x 22x 1x 1
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29

xy xxo
yz yz
y X2 Xz
yzxz 1ly
x 31x 4
1
X 3 x 3 x 3 x 3
3x 2 3 2 2x 1 33X 2 2x 2 X 4
40.x 1 2 x 1 x 1 x 1 x 1
1 2 X 3 2x 5 x 3 2x 10 3x 7
41.x 5 x 3 53— —Xx5x3— x 5x 3 - x5x 3
1 —1 x 1 x 1 "2 FVAR: E— 2X
42.x 1 x 1 X 1x 1  =—¢F3— x1x1 x 1x 1
3 1 3x 2 x 1 3x 6 x 1 2x 5
43.x 1 X 2 x 1x 2 Xx 1x 2 x.1x 2 x%xz
X 3 XX 6 3x 4 X~ 6x 3x 12 X~ 3x 12
44.x 4 X 6 X 4% 6 X 4% 6 X 4Xx 6 X 4% 6
5 3 52x 3 3 10x 15 3 10x 18 25x 9
45.2x 3 2x 3% 2 3% 2 3% 2 3%  2x 3% 2 3¢
X 2 X 2x 1 X 2X 2 33X 2
46.x 1° x 1 x 1° x 1x 1 x 1° x 1°
U1 u u lu_1 _u_ _u2 2u lu _u2-3u 1
47. u 1l u 1l u1l T Tur T T T T
2 3 4 2 3ab 4 2% 3ab 4 2
a
48.52- ab Ez-ab a“b a“b a“b
1 1 1 1 x 1 X 2x 1
S m— X X X
49.x_2_ X 2xxl 2Xl 2xl x 1
- X
11 1 ¥ X 1 ¥ x1
50.;(_“)(2 ;3_ X3 ;; X3 X3
2 1 2 1 2x 4 1
51. x 3 x27x12 X 3 X 3x 4 X 3x 4 X 3x 4
2x 8 1 2x 7
X 3 X 4 3 X 4
X 1 X 1 X X 2
52.x° 4 X 2 X 2 X 2 X 2 X 2 X 2 X 2 X 2
2X 2 2X 1
X ZX 2X 2 X 2
1 1 1 1 X 3 1 X 2
53x 3 XX 9 x 3 x 3X 3 X 3x 3 X 3x 3 X 3x 3
—- 2 —_— 2
54 X" x 2 x2—5x—4— Xx 1x 2 14 2 2
X X 4 2x 2 X 4x 2x 4 X~ 6x 4
X TX 2X 484X I X 2X 4X I X 2X 4X I X 2X 4
2 3 4 2 3 4 2x 1 3x 4 2x 2 3x 4 5X 6
55.; x 1 X X ; x 1 xx 1 xx 1 xx 1 xx 1 xx 1 xx 1
X 1 2 X 1 2
56.x° x 6 X 2 X3 X 3x 2 X 2 x 3
X 1x 3 2Xx 2 X X 3 2x 4 2x 1
X 3x 2 X 3x 2 X 3x 2 X 3x 2 Xx 3x 2
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1 1 1 1
57. x° 3x 2 X° 2x 3 X 2x 1 X 3x 1
x 3 X 2 X 3 x 2 5
Xx 3x 2x1 X 3x 2x1 x 3x 2x1 X 3x 2x1
1 2 3 1 2 3
58. x 1 x 1° 1 x 1 x 1° x 1x 1
x 1x 1 2x 1 3x 1
2 2 2
x1x1x1x 1x1x1 X
x21 2X 2 3x 3 x212x23x3 2x4
50, 1 X >1<1x12 . x 1x 12 x 1x 12 x 1x 12 x 1x 12
. M X
1 x 1 1
60.X2 X g 2 1 2x
13y 3 y y 2
2 y1 2
y1 yy 1 3yl
ol - e — X 2 b x 2 1 x 3
x 21y = ‘_X21x1‘
i1 P
1
621 c1 c 11 <
1 _1 c¢c11lc¢c?2
63.x ¢ 1 13 x1x3x1x3 X 3x 1 2x 1
1 — 1
x 1 Xx 1x3 x 1 x 1 x 1 x3 x 1 x1 X3
2
Xx TX 3
64. X 4 x 1 X 3x Ix 2x 4 X 22X 3 x 2x 8 5
X _x2 2 9
X 3 X X 3 X L X & X 3x 1 X X 3 x 1
X X
65
66. VX xyy x o Xy 'y, yx 1
X 2 2
- 2 y2 2
X_X Xy X x = XYy _ M
y ¥ Xyy 'y Xy X XXy
2
y Xy 2 2 22
Yy X Xy X VXV XV
oy X2 2 2 . . :
2y2 ﬁVZ— Xy y X 1  xy. Analternative method is to multiply the

. . . . . 2
numerator and denominator by the common denominator of both the numerator and denominator, in this case x
o . 2y : Al

Ky xy’ xy %y



<

[N

X2

y2

XV.



— S _L-
y Xy X Xy Xy Xy Xy Xy Xy
- - - 2
1 -+ y2 X
‘ R . 2
X2y2 — Y, X Xy Yy XYy XXy y X
%=y x2y2 x2y2
69. 1 1 1 1 y X 2 2 2 2
Xy - Xy y X XYy y X \ Xy
X y —X—*y
X2yz 1 1 X2V2 YZXZ y Xy X y X
2 2
Alternatively, — - x Ty - -
11 1 1 22 2 2
1 1 1 - 1
X1yl X Yy X__y Xyxy YX Y XX Y
70.><y1 1 1 XyX y Xy
Xy X 2 2 2
Xy y2 x)é Xy X 2xyy Xy
Xy Xy Xy
1 x 1 x 1
1.1 1 11 x 1 x 1 1 x
X
1 1 x x 1 X 2 x 1 2x 3
721 1 1 1 1 x1 Ix 2 X 2 X 2
1 x 1
1
73. IT”X_T T X 1l x1 x h 1 =
h hl x 1 x h 1 x 1 x h
In calculus it is necessary to eliminate the h in the denominator, and we do this by rationalizing the numerator:
11 _ _
= X_h _. X _h X _Xx _h 1
x h — _ _ - -
1h 1 h X X h x xh h x xh x xh x x h x xh
75.2 2 2 2 2 2
— - 2 2 2 2 .  _
X _h=—x X X h 7—X £ 2xh -h 2x
h hx x h hx x h X X h
3 3 3 2 2 3 3 2 2 3
76. X h  7x hx_7x X 3xh 3xh h 7x 7h x 7x 3xh 3xh h 7h
"h h h
h 3x2 3xh h2 7 2
’ T 3~ 3xnh h2 7
h
4
7. 1 X 1 _x__ 1 x X r . __1_
2 -2 - 2= v —_—
1 x 22 1x 1 x 1 x -
2 3 2 X

2
Xy Xy



X3 4x
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3x22x32x232x3 x22x3[3x3x22]
79.X 34 2 X 34 2
X2 _ _ 3x 9 2x 4 - X 2‘X13
x 3 X 33
80. 8 8 55
2X X 64 x24 X 63 X 63 2X X 64x2 2X2 12x 4x2 12x 2x2 2% 6 X
X 6 . - - X6  _ X 6 X
2 xl— x1 xl—z—— 1x¥[21x pd | X2
81. 1 x 1 x 1 XEZ
2 32
2 12 2 2 2
X 12 —12 1 —_—
1 x 2 1 X 1 x 1 x x -
: 2
82. 13 1 23 3 X 1x 2
2
31 X x1 x 1 x LB31 x_Xx] 2x_3
83. 1 x23 1 x23 1 x43
8. 1 3X .47 2 232
3 3
— a2 3 gp I 327 Tx 1% _
7 3x 7 3x 73
1 1573 5T 53~
85.5 k) 53 55 25 3 22
2.3 6 3 :
86. _3 — _— e 5 6 =35
2 5 252 5 45
o7 2. _ —-2 _ _2_7 Q- 1. 2.2 1 2T 2
2 7 2 27 27 5 5
1 1 vl 7 1
88. x% ¥ % ﬁi x 1
y y 3 ys y  y3y
89, — — _ —_— y
3 y s - y 3 y 3 y 3 y
90. « * y - -— y Xy 2x 2y
2x y 2 X y e _ 22X 3 P ,
1 ) 15 15 15 -
91, 3 3 5 31 5 31 5
3 5§ I _- 3 % 35 -_2 _1 _
92 2 2 3 5 2 3 5 2 3 5 3 5



93.

X

x 2

1

95.
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SECTION P.7
- - X1 T X 1 T x 1 x 1
96. X 1 x 1 x 1 * x 1 X X 1 X
1 o 0 1 0 0 Rl RZ Rl R2
9. @R L. 1. _1 1 RR RR
R1 R2 Rl R2 10 20 200
(b) Substituting R1 10 ohms and R2 20 ohms gives R 2010 30  67o0hms,
2
- Cost 200 6x 001x
98. (a) The average cost A number of shirts ~ x
(b)
il D
il “ 3 0 0
X D 0 0 y Y 500 1000
i i3 5 5
3 B il il
6 il P 0
il “ 0 5
Average cost [0 0 $16 50 y $1200 | $1650
99. 2
P P P P B ¢ 3
X ¢
8 0 ¢ 0 0 D il P
X D 0 b 0 ¢ 33001 | b 0 D
Z_
f( f 580|590 | 595 [ 599 | 5999 | ? | 6001 1601 6 05 610]| 620
2
From the table, we see that the expression X 9 approaches 6 as x approaches 3.  We simplify the expression:
2 x 3
x 9 X 3x 3 x 3,x 3.Clearly as x approaches 3, x 3 approaches 6. This explains the result in the
X 3 X 3
table.
2 2

100. No, squaring

101. Answers will vary.

102.(a) 5 a 5

¥changes its value by a factor of ; .

ATgebraic Error [Counterexample
b b ab ., 2 22
b2 a2 b2 1321232
a~ b a b 25 12 5 12
a b 2 6
2l 1 il
—_ - | —
A b b i 1
am 35
—  mn - 2
an Q& 32 o




5 5 51 T, so the statement is true.
x 1 51 6

y 1 21 3 2, while

(b) This statement is false. For example, take x 5andy 2. Then LHS
X 5 5
2

RHS y 2,and2 2.

0

This statement is false. For example, take x Oandy 1. Then LHS ¥ yo 1 0, white
1 1 1 1

RHS Ty T1I 2Zand0 7Z.
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a 1
(d) This statement is false. For example, take x landy 1.ThenLHS 2 b 2 IZ, while
2a 2
RHS =z 21l,and2 1.
This statement is true: aa 11 a 11 aa.
“bbbbb -
2 2 2 1
(f) This statement is false. For example, take x 2. ThenLHS 4 x 4 2 § 3 while

12 1 2 3 1 3

RHS 2 x 2 2 2,and3 2.

103. (a) o 7 7
_i__z 10 100 1000 io,m‘ |
- S B ’ - 200, LU
x X |2 | 3333] 25| 2011 | 20001 | 2000001 | 200000001
1
It appears that the smallest possible value of x Xis 2.
1 1
(b) Because x 0, we can multiply both sides by x and preserve the inequality: x X 2 X X X 2X

x2 1 2x x2 2x 1 0x 1 2 0. The last statement is true for all x 0, and because each step is

1

reversible, we have shown thatx  x 2 forall x 0.

P.8 SOLVING BASIC EQUATIONS

Substituting x 3 in the equation 4x 2 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 4 10, we obtain 3x 4 4 10 4 3x 6. Multiplying by l3 , we have l3

3x =3 6 x 2, so the solution is x 2.
X

3.(a) 2 2x 10 isequivalentto;_z§x 10 0,soitis a linear equation.

X~ —2x lisnot linear because it contains the term xz,multiple of the reciprocal of the variable.

X 7 5 3x 4x 2 0,soitis linear.

2 . . . . .
(@x x 1 6 x x 6isnotlinear because it contains the square of the variable.
X 2 Xisnot linear because it contains the square root of x 2.

3x2 2x 1 O0isnot linear because it contains a multiple of the square of the variable.
(a) Thisistrue: Ifa b,thena x b x.

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.

This is false. For example, 5 5 is false, but 5 2 52 is true.

To solve the equation x 125 we take the cube root of each side. So the solution is x 3125 s

(a) When x2, LHS 42787 1and RHS 92 318 3 21. Since LHS RHS, x 2 is not a solution.
When x 2, LHS 42787 15and RHS 9 2 3 18 3 15. Since LHS RHS, x 2 is a solution.

(@ Whenx1,LHS 2 5 1 2 5 7andRHS 81 7.Since LHS RHS, x1 is a solution.
Whenx 1,LHS 2 51 2 53andRHS 8 1 9.Since LHS RHS, x 1 is not a solution.
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(@) When x2,LHS1[232]1[21]110and RHS 426 288 0. Since LHS RHS, x 2 is a solution.

When x4 LHS1[234]1[21]132and RHS 4464 16 10 6. Since LHS RHS, x 4 is not a solution.
1l

=

L 1 i1

10. (&) When x 2, LHS ? 2.4 2 2 -2 2 1and RHS 1. Since LHS RHS, x 2 s a solution.
1

(b) When x 4 the expression 4 4 isnot defined, so x 4 is not a solution.
13

11. (&) Whenx 1,LHS 2 1 3 2 1 32 35.SinceLHS 1,x1isnotasolution.
(b) When x 8 LHS 2813 3 22 3 4 3 1 RHS Sox 8isasolution.
432 23 8
12. (a) When x4, LHS 76 2 T 24andRHS 4 84.Since LHS RHS, x 4 isa solution.

(b) When x 8, LHS 82 2332 202 2"2andRHS 8 8 0.Since LHS RHS, x 8isnota

solution. 86 2 2
O0a a a
13. (a) When x 0, LHS 0b b b RHS. So x 0 is a solution.
When x b, LHS bab ais not defined, so x b is not a solution.
b b0
b b 2 b lb22 — b P b
14.(3) Whenx 2,LHS 2 b 2 b 4 2 2‘4 0 RHS. So X 2 is a solution.
1 T, 1 1 b 1

(b) When x b, LHS b b b 4b2 "1 4 ,s0x b isnota solution.

15.5x 6 14 5x 20 x 4 16.3x 4 7 3x 3 x 1
17.7 2x 15 2x8 x#& 18.4x 95 1 4x 96 x 24
1 1 1 1
19., x 7 3 ;x4 x8 20. 23x4 3x6 x18
1
21.3x 3 5x 3 0 8 x O 22.2x 3 5 2x 4x 2 x P
1 3
23.7x 1 4 2x 9x 3 X 3 24,1 x x 43 2x x 2
3 4
25.x 3 4x 3 5x x 5 26.2x 3 7 3x 5x 4 x 5
s i3
27.3 1; X 7 x 3 5x 21 4x24 x6
2 3
28.5x 1 10X 3 4x 10 3x 30 x 40
3
20.21 x 31 2x 5 2 2x 3 6x 5 2 2x 8 6x6 8Xx X 7
30.5x 3 92x 2 1 5x 15 92x 4 1 bHx 242x 3 7x21 x3
L 2
3.4y 2 y 65 ydy 2 y 30 6y 3y 2 30 6y 9y 32 y 9
32.r 2[1 32r 4] 61 r 21 6r 12 61 r 2 6r 11 61 r 12r 22 61 13r 39
r 3
i
33.X '; X 2x 5 0 6x 2x 3x 30 O (multiply both sides by 6) x 30
21 vyl
343y 2y 3 8y 6 y3 3 y 18y 6y 18 3y 3 14y 18 3y 3 1ly 21

35
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X x 1 1

2X 6x 8x 2x x 1 24x 7x 1 24x 1 17x X
2417
5x x 1 1

36. 3x 2 3 6 18x 15x 2 x 1 13 2x 1 x1
2 X2 4
X 1x 2x 2x 3 x 2 5x 6 x 25x 6 6x 8 x —3
2 2
xx1x32 X X X 6x 9 x 6x 95X 9 X
2 2 14
x14x52x32 4x x 5 4x 12x 9 x 512x 9 13x 14 X 13
2
t 42 t 42 32 t2 8t 16 t 8t 16 3216t 32 t2
1 4 .
41.x  3x 1 3 4 3x(multiply both sides by the LCD, 3x)1 3x x 3
95 4 2 5x 6 4x4 9
XX B
2x 1 4 13
43. x 2 552x 1 4 x 2 10x 5 4x 8 6x 13 x 6
2x 7 22)( 73 22x 4(cross multiply) 6x 21 4x 8 2x 29 X 2
x4 2
2 3
451 6 t 12t 1 3t 6[multiply bothsides by the LCD,t 1t 6] 2t 2 3t 1820 t
5

X 3 X 4 6x 4 5x 36x 24 5x 15 x39

3.1 1
47.x 1 2 3 3 363x 3 2 [multiply both sidesby6x 1] 18 3x 3 23x 15 2
K]
3x13 X 3
12x 5 5 2 9
48. 6x 3 X 12x 5x 2x 6x 3 56x 3 12 5x  12x 6x 30x 15
1
1% 5x 12x% 24x 15 19x15 X =
1 1 1 10
49.7 2z 52 72110z 1 5z 1 2z 110 10z [multiply both sides by 102z 1]
3
3z 1 100z 3z 3 100z 3 97z v oz
1 4 15
50.3 t 3t 9 t° 03t 43t 15 0 3t 12 4t 15 03t 30 03t30
t 10
X 1
51.2x 4 2x 2 x 22x 4 2 [multiply both sides by 2 x 2] x 4x 8 23x6 x 2.

But substituting x 2 into the original equation does not work, since we cannot divide by 0. Thus there is no solution.

1 5 2
52.x 3 x° 9 X 3 Xx 35 2x 3x 2 2x 6 x4
1 6x 12

X 4 X X2 4x 3 x x 4 6x 12 (multiply both sides by x x 4 ] 3x 7x 16 4x 16 x 4. But substituting x 4 into the original
equation does not work, since we cannot divide by 0. Thus, there is no solution.

1 2 1
54.x 2x 1 2% x 2x 1 2x 1 1 1 Thisisan identity for x 0 and x

1
2, so the solutions are



all real numbers except 0 and .
x2 25 x5

3x2 48 x2 16 x4

2 2
5x 15 x 3 x3
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2 .
58.X 1000 x100010 10 . _ -

59.8x264 0 x 28 0 X 2,4, - -

60. 5x2 125 0 5 x2 250 x2 25 x5
2 2
61.X 16 0 x 16 whichhasno real solution.
2 2 2 _ .
62.6x~ 100 0 6x°100 X = w,vﬁQich has no real solution.
2 -
63.x 35 x 35 x 3 5 _
2 - - 4
64. 3x 4 7 3x 47 3x 4 7 X 3
65.X3 27 X 2713 3
5 5 15
66.Xx 320 x32 x32 2
67.0 x4 16x2 4 X2 4 X2 4x 2x 2 x2 4 0 has no real solution. If x 2 0,thenx 2.
Ifx 2 0,then x2. The solutions are 2.
27 27 16 2716 3
6 6 — —
68.64x~ 27 x 64 x 64 6416 2
4 4
X 64 0 x 64 which has no real solution.
x 1% 8 ox 1% x 181% x1.
71. x 24 81 O0x 2481x 2414 8114 x 23.S0x 2 3,thenx 1.If
x 23, then x 5. The solutions are 5 and 1.
X 14 16 0x 1416,WhiCh has no real solution.
3x 33 375 3% 125¢ 3 12513 5 x 3 5 8
ax 22 1x 22 4 x 2 5L 0 5L
3% 5 x 5° 125
3 3 14
X43 16 Ox43 16 24 X4 3 24 212 x4 212 X 212 23 8
53 53 53 35515 3
2X 64 0 2x 64 x 32 x32 2 2 8
32 32
6x23 216 06x23 216 x23 36 62 X23 62 X 63 216
944
79.302x 148 1092 302x 944 x 302 313
161
80.836 095x 997095x 161 X 095 169
582
81.215x 463 x 119 115x 582 x 119 506
195
82.395 x 232x 200 195 332x X 332 059
44 97
83.316x 463 419x 724316x 1463 419x 3034 4497 103x X 103 4366

214x 406 227 011x 214x 86684 227 01lx 225x 109584 x 48704 487
026x194

37

727
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o 176026x194176303244x026x 1945334 29x455x727303244x
X 455160
173x 320

86.212 x 151 173x 151212 x173x 320 151x 022x 320 X 022 1455

37
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12 12 d
87.r MM T 88.d rTH T ﬁz
PV mM Fr
89. PV nRT R nT WFG 2 m GM
P2I22P2IP2|2
1 1 1

92.R RL Rz RLR2 RR2 RR1(multiply both sides by the LCD, RR1 R2). ThusR1R2 RR1 RR2

RR?
R1 R2 RRR2 R1 R2 R .
L v _
93.V 3r2h 2 hr h
mM mM mM
— ) —
94.F G r2 "G F r GF
4 3Vs v
_3 3 — — —_—
95.V. 3r r 4 r 4 —
96. a2 b2 c2 b2 c2 a2 b _cz_a2
i 2 A i 2 i A i A A

100 P 100 110 P 100tp 1

gslazx a la 1x azx a lxa 1'512 a 1 xa 1a2 a lxal

al

X £ a1

ax b 2d b
99. cx_d 2 ax b 2cx d  ax b 2cx 2d ax 2cx 2d ba 2c x 2d b *a 2

a1 al b1 2 2 2 2
100. b a aa 1 aa 1bb 1 a a a ab b 2a b b

a 202D

0032 250 25 8 25

101. (@) The shrinkage factor when 2501is S 10,000 10,000 0 00055. So the beam shrinks

000055 12025 0007 m, so when it dries it will be 12 025 0007 12 018 m long.

003225
(b) Substituting S 0 00050 we get 0 00050 10,000 5 0032 25 75 0032
75

0032 234 375. So the water content should be 234 375 kg/ms.

3
1
5
0
102. Substituting C 3600 we get 3600 450 3 75x 3150 3 75x X 3 75 840. So the toy manufacturer can
manufacture 840 toy trucks.
103. (a) Solving for when P 10,000 we get 10,000 156 33 641 028 6 km/h.
33

(b) Solving for when P 50,000 we get 50,000 156 3205 1314 7 km/h.

104. Substituting F 300 we get 300 03x34 1000 103 x34 x14 10 x 104 10,000 Ib.

105.(a) 30 k 5 kO k 1 k 5k 1 2k 6 k 3



(b)y31 k 5kl k13 kb5%kk1k21KkS3
()32 k 5 k2 k16 k5 2k k1 k1 k 1.x 2isasolutionforevery value of k.
That is, x 2 is a solution to every member of this family of equations.
106. When we multiplied by x, we introduced x 0 as a solution. When we divided by x 1, we are really dividing by 0, since



x 1 x 10.
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P.9 MODELING WITH EQUATIONS

10.

12.

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.

In the formula | Pr t for simple interest, P stands for principal, r for interest rate, and t for time (in years).

(a) A square of side x has area A x2.
A rectangle of length | and width hasarea A | .
A circle of radius r has area Arz.

Balsamic vinegar contains 5% acetic acid, so a 32 ounce bottle of balsamic vinegar contains 32 5% 32 1005—1 6 ounces of
acetic acid.

1 wall 1
. A painter paints a wall in x hours, so the fraction of the wall she paints in one hour is x hours ~ x .
d rt d d rt d
.Solvingd rtforr,wefind t tr t.Solvingd rtfort,wefind v T t r.

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

integersisn n 1n 2 3n 3.

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

integersisn 1 n n 1 3n.

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

even integersisn n 2n 4 3n 6.
If n is the first integer, then the next integer is n 1. The sum of their squares is

n2 n 12 n2 n2 2n 1 2n2 2n 1.

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 78

8251605,
33

h;q ig the8fourth quziz score, then since the other quiz scores are 8, 8, and 8, the average of the four quiz scores is
q 4

44

If x dollars are invested at 2 ‘12 % simple interest, then the first year you will receive 0 025x 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 is the width of the rectangle, the length is four times the width, or 4 . Then

area length  width 4 4 2 ft2
Since is the width of the rectangle, the length is4. Then
perimeter 2 length 2 width 2 .4 d2 4 8 ft
. o o ) . _ distance
If d is the given distance, in miles, and distance rate time, we have time .
rate55
1h
18. Since distance rate time we have distance s 45 min 60 min  4smi.

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

20. If p is the number of pennies in the purse, then the number of nickels is 2p, the number of dimes is 4 2 p, and the

number of quartersis 2 p 4 2 p 4 p 4. Thus the value (in cents) of the change inthe purseis1 p52p1042p254p
4p 10 p 40 20 p 100 p 100 131 p 140.
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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 65d 0 20m. In this %aose, d 3
and C 275, so we solve for m: 275 65 3 0 20m 275 195 0 2m 0 2m 80 m () 2 400. Thus, Michael drove 400 miles.

22. If m is the number of messages, then a monthly cell phone bill (above $10) is B 100 10 m 1000 . In this case,
285

B 385andwesolve form:385 10 010 m 1000010 m 1000 285m 1000 01 285
m 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
82 75 71 2x 228 2x 114 x 114 x

is 3100 200 500 250 . For her to average 80%, we must have 250 80% 08
114 x 25008 200 x  86.So Linh scored 86% on her final exam.

24. Six students scored 100 and three students scored 60. Let x tg T&@VG?%(fcoi%g(f the remaining 25 6 3 16 students.

Because the overall average is 84% 0 84, we have 084 780 16x 0842500 2100
25100
1320 . ,
16x 1320 x 16 82 5. Thus, the remaining 16 students’ average score was 82 5%.

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

Since the total interest is equal to the interest earned at 4 =2 % plus the interest earned at 4%, we have
45

5250 045m 0 04 12,000 m 525 0 045m 480 0 04m 45 0 005m m ) Q05 9000. Thus $9000 is invested at 4 lg %, and
$12,000 9000 $3000 is invested at 4%.

Let m be the amount invested at 5‘12 %. Then 4000 m is the total amount invested. Thus

1 . .
4 =2 % of the total investment interest earned at 4% interest earned at 5 l2 %
20

S000454000 m 0 04 4000 0055m 180 0045m 160 0055m 20 00Im m (Q Q1 2000.

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

2625
27. Using the formula | Pr t and solving for r, we get

28. If $1000 is invested at an interest rate a%, then 2000 is invested at

a al

percentage, the total interest is 1 1000 100 1 2000 1002 1 10a 20a 10 30a 10. Since the total interest is $190, we have
190 30a 10 180 30a a 6. Thus, the $1000 is invested at 6% interest.
29. [Ghridimberbmnothiyesatary93j300 hexB)608188B0Y 12xmomnthd0sker monthly salary is $7,400.

30. Let s be the husband ’s annual salary. Then her annual salary is 1 15s. Since husband’s annual salary wife’s annual salary
total annual income, we have s 1 15s 69,875 2 15s 69,875 s 32,500. Thus the husband ’s annual salary is $32,500.

31. Let x be the overtime hours Helen works.  Since gross pay regular salary overtime pay, we obtain the equation 90
35250 750 35 750 15 x 35250 26250 1125x 90 1125x «x 1125 8. Thus Helen
worked 8 hours of overtime.

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 45 2x 25x 4025 90x 25x 4025 115x x M115 35. Thus the assistant

works for 35 hours, and the plumber works for 2 35 70 hours.

262 50 3500 r 1 r 3500—— 00750r75%.



a ‘lg_%, S0, remembering that_a_is expressed as a
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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 7, and the movie star is 11y 7. But the movie star is also 4 times his
daughter’s age today. So 4y 7 11y 7 4y 28 11y 7 21 7y y 3. Thus the movie star’s age today is 11 3 7 40 years.

Let h be number of home runs Babe Ruth hit. Then h 41 is the number of home runs that Hank Aaron hit. So 1469 h
h 41 1428 2h h 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

144 001p 005p 010p 144 016p p l0 4416 9-So0 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 5 is the number of nickels. Thus 3 00 value of the
nickels value of the dimes value of the quarters. So

300005295010290259300010qg025020q025q275055qq 20 7555 5. Thus Mary has 5 quarters, 2 510
dimes, and 2 5 5 15 nickels.

1125

Let | be the length of the garden. Since area width length, we obtain the equation 1125 251 | ===—25 45 ft. So the garden is
45 feet long.

Let be the width of the pasture. Then the length of the pasture is 2 . Since area length width we have 115,200 2 2

22

57,600 240. Thus the width of the pasture is 240 feet.

39. Let x be the length of a side of the square plot. As shown in the figure, X

41.

42.

area of the plot area of the building area of the parking lot. Thus,

x2 6040 12,000 2,400 12,000 14,400 x120. So the plot of X

land measures 120 feet by 120 feet.
60

40

Let be the width of the building lot. Then the length of the building lot is 5 . Since a half-acre is l2 43,560 21,780 and

area is length times width, we have 21,780 55 22 4,356 66. Thus the width of the building lot is 66 feet and the length of

the building lot is 5 66 330 feet.

The figure is a trapezoid, so its area is M height . Putting in the known quantities, we have
2
y 2y 32 2

120 2y 2y y 80 vy 804 5. Since length is positive,y 4 ., 8 94 inches.

First we write a formula for the area of the figure in terms of x. Region A has
dimensions 10 cm and x cm and region B has dimensions 6 cm and x cm. So the
shaded region has area 10 x6 x 16x cm2. We are given that this is equal 10em| A

9 144
to 144 cm,s0 144 16x X 16 9 cm.

Let x be the width of the strip. Then the length of the mat is 20 2x, and the width of the mat is 15 2x. Now the perimeter
is twice the length plus twice the width, so 102 2 20 2x 2 15 2x 102 40 4x 30 4x 102 70 8x 32 8x x 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 2x and its length is 140 2x. The perimeter of the printed

area is 2 100 2 140 480, and the perimeter of the poster is 2 100 2x 2 140 2x . Now we use the fact that the perimeter of the

poster is 1 l2 times the perimeter of the printed area: 2 100 2x 2 140 2x §2 480 480 8x 720 8x 240 x 30. The blank strip is

thus 30 cm wide.
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10 x x
Let x be the length of the man’s shadow, in meters. Using similar triangles, 20 2x 6x 4x 20

62

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
x5 150
eye level of the woodcutter, 5 feet. Thus we obtain the proportion %5
15 25
25 x5 15 150 25x 125 2250 25x 2375 x 95. Thus the tree is 95 feet tall. ‘ e 115 125

Let x be the amount (in mL) of 60% acid solution to be used. Then 300 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 x 300
Rate (% acid) 060 030 050
Value 0 60x 030300 x 0 50 300
60
Thus the total amount of pure acid used is 0 60x 030300 x0 50 3000 3x 90 150 «x 03 200.

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

48. The amount of pure acid in the original solution is 300 50% 150. Let x be the number of mL of pure acid added. Then

. o 150 x
X. Because its concentration is to be 60%, we must have ——60% 0 6 300 x
30

150 x 0 6 300 x 150 x 180 0 6x 0 4x 30 x Q 4 75. Thus, 75 mL of pure acid rTEt be added.

Let x be the number of grams of silver added. The weight of the ringsis5 189 90g.

5 rings Pure silver Mixture
Grams 90 X 90 x
Rate (% gold) 090 0 075
Value 090 90 0x 07590 x

1 . .
S0090900x07590x81675075x0 75x 135 x 30755 18. Thus 18 grams of silver-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 x liters.

Original | Water Final
Liters 6 X 6 X
Concentration 120 0 200
Amount 1206 0 2006 x

S01206 0 2006 x 720 1200 200x 200x 480 x 24.Thus?2 4 liters need to be boiled off.
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Let x be the number of liters of coolant removed and replaced by water.

SECTION P.9 Modeling with Equations

60% antifreeze |60% antifreeze (removed) | Water | Mixture
Liters 36 X X 36
Rate (% antifreeze) 060 060 0 050
_Value 060 36 0 60x __0x 050 36
036
So060 36 060x Ox 050 36 21606x 18 06x 036 06 0 6. Thus 0 6 liters

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% Purebleach | 5% mixture
Gallons 100 x X 100
Concentration 002 1 005
Bleach 002100 x 1x 005 100

43

S0 002100 xx 0051002 002xx5098x3x306. Thus 3 06 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 FruitPunch | Mixture
mL 650 100 750
Concentration 050 c 048
Juice 050 650 100c 048 750

S0 050 650 100c 0 48 750 325 100c 360 100c 35 ¢ 0 35. Thus the cheaper brand is only 35% fruit juice.

Let x be the number of ounces of $3 00 o0z tea Then 80 x is the number of ounces of $2 75 oz tea.

$3 00 tea $2 75 tea Mixture
Pounds X 80 x 80
Rate (cost per ounce) 300 275 290
Value 3 00x 27580 x 290 80

S0300x 2 7580 x 2 90 80 3 00x 220 2 75x 232 0 25x 12 x 48. The mixture uses 48 ounces of $3 00 oz tea and 80 48
32 ounces of $2 75 oz 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

701 of the job per minute, while Tim delivers the paper at a rate of—so1 of 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

1 1 560 8t 7t 560 15t t 372 minutes. Since * of a minute is 20 seconds, it would take them

£ 70 80 33 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
1 1

mow the lawn by himself. Thus40 t 40 2t 1 40 20 t t 60. So it would take Stan 2 60 120 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 can paint a house
1 1 1 3
7 = ' = 1 -
in 3t hours. The sum of their individual rates equals their rate working together,so ¢t 3 T t 6 2t
T
6 t 9 t 3.Thusitwouldtake 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

1 1
only 80% of the time, or 0 8h. Thus 18 h 18 08h 1 18 08 18 08h 144 18 08h 324 08h

h 405. Jim’s hose takes 40 5 hours, and Bob’s hose takes 32 4 hours to fill the pool alone.

. . 1 . S
Let t be the time in hours that Wendy spent on the train. Then =2 t is the time in hours that Wendy spenton the bus. We

construct a table:

Rate | Time Distance
By train 40 t 40t
i) 11
By bus 60 2t 0t
1
The total distance traveled is the sum of the distances traveled by bus and by train, so 300 40t 60 2t
300 40t 330 60t 30 20t t i)20 1 5 hours. So the time spent on the trainis55 15 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 4r 90 6r 90 r 15. The speed of the slower cyclist is 15
mi/h, while the speed of the faster cyclist is 2 15 30 mi/h.

Let r be the speed of the plane from Montreal to Los Angeles. Then r 0 20r 1 20r is the speed of the plane from Los
Angeles to Montreal.

Rats Time Dictanco

el 2500 aron

IVIUTTUTAln tU L.\ I r LJIUU

L.A. to Montreal |1 2r ZSﬂ 1 2500

| ror |
2500 2500 55 2500 2500
The total time is the sum of the times each way, so 9 r 12r 5 r 12r
33 000 500. Thus the plane flew at a speed of 500 mi/h on

551 2r 2500 6 1 2 2500 6 66r 18,000 15,000 66r 33,000 r ~ 66
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 m3600 ﬂ32—215 ft/s.

The truck is traveling at 50 215 m3 ft/s. So in 6 seconds, the truck travels 6 @3 440 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
14 30 440 242 ft/s. Converting to mi/h, we have that the speed of the car is 242 13 55mi/h.

6 3 3 2
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 8 125x 800 125x  x 6 4. So the mother should sit 6 4 feet from the fulcrum.

Let 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
255 6000 5 1200. Therefore, 1200 pounds is the largest weight that can be hung.
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65. Let | be the length of the lot in feet. Then the length of the diagonal is | 10. We I

apply the Pythagorean Theorem with the hypotenuse as the diagonal. So

50
” 50° 1 102 1 2500 1> 201 100 201 2400 | 120. 1o

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 2 r 2204402 r 220 r 110 35 03. 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 23 hand a
cone with base radius 10 and height ;h. Using the formulas for the volume of a cylinder and that of a cone, we obtain the

) 2 1 2 1 200 100
equation 140010 3h 310 3h1400 3 h 9 h 126 6h h (multiply both sides
2

9
by 100 ) 126 7h h 18. Thus the height of the structure is 18 feet.

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

break is 10 h. Applying the Pythagorean Theorem, we obtain
2 2 2

2 2 h 10-h
h 3 10 hh 9 100 20h  h 91 20h
91
h 20 455. Thus the break is 4 55 ft above the ground. 3

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

Answers will vary.

CHAPTER P REVIEW

(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 days is T 250 2x.

After 30 days, there are 250 230 190 tablets left.

WesetT Oandsolve: T 250 2x 0 250 2x x 125. She will run out after 125 days.
(a) The total cost is $2 per calzone plus the $3 delivery charge, so C 2x 3.

4 calzones would be 24 3 $11.

Wesolve C 2x 3 15 2x 12 x 6. You can order six calzones.
(a) 16 is rational. It is an integer, and more precisely, a natural number.

16 is rational. It is an integer, but because it is negative, it is not a natural number.

16 47srational. It is an integer, and more precisely, a natural number.

2 is irrational.

8. . . - .

=3 is rational, but is neither a natural number nor an integer.

§24 is rational. It is an integer, but because it is negative, it is not a natural number.
(a) 5isrational. It is an integer, but not a natural number.

25 . . L .

==6 is rational, but is neither an integer nor a natural number.

25 5is rational, a natural number, and an integer.

3 isirrational.
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g}@ 32 is rational, but is neither a natural number nor an integer.
20
10 isrational, a natural number, and an integer.
5. Commutative Property of addition. 6.Commutative Property of multiplication.
7. Distributive Property. 8.Distributive Property.
5 2 5 4 9 3 7 11 21 22 1
99@% 3 ® B § 7 100 15 30 30 i)
5 2 5 4 1 7 11 21 22 43
6 3 6 6 6 ()10 15 30 30 30
15 12 1512 33 9 30 12 386385 55 25
11.(a) 8 5 85 1 2 12.(a 7 35 712 12 2
1 12 15 55 2 (3 12 3012 612 72
8 5 812 84 32 7 35 735 77 49
13.x [ 262 x 6 14.x 010] 0 x 10
2 6 0 10
15.x 41 x 4 16.x [ 2 2 X
4 2 ”
x5 x [5 18. x 3 X 3
5 > _3
1 x 5 x15] 1

20.0 x l2 X 072

1 5 0 1
2
(@)C D12]
@A B10% 1 ()c D 01]
234 @A D 01
AB 1 1
BC=21
23.@A C 12 393966
(B D L 2332181”9 8 1
. 972 72 72
23
71033 642343 42 16
2128122 816 250160 10—
4 - (@) 4 04 4
29.21613 L ! 1
: —13s — ¢ (b) 4 48 8
216 216

247 —242

31.
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2
, 121 11

(@5
32
2

(b)
5

38
8
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35.(a)s7
5 45
4 -
37.(a)s = x56 9 38.(a 7 Y312 y32
2
) «~ 9 X12 X92 (b) gy2 Y18 Y14
3 2 3X12 4X6y2 3x 1y2 4 3x61y22 2 3 a3 2b3 4 a 6 ash2 b12
4
0

39.2x y y 5 4 . ab 6 62 12 14
4. O x3 12x y 42.rr 13 P’ a b b

x4 3x2 YA_EXZ 2543 6 ri2s8
43.3 *QVV ‘y4 3 x?‘y y2 3T yE X2 y2 44, xzy ;2_ y2 Xy

3 52

45 8 S 4r122534 45257 a

2rs S

2.3 2 2,4
ab“c ab*® 20a2 6b4sce 4adb 12c6 4a’c®
2a3b 42 2a s6bsbi2
10
47. 78,250,000,000 7825 10
48.208 10 8 0 0000000208
14 6 14

ab 000000293 1582 10 293 10 1582 10 Z93"T582 6 14 12

49. ¢ T2 2 2 8064 10
165 10 32

times 60 minutes 24 hours 365 days

80 90 years 38 109times

2minutehourdayyear
51.2x"y 6xy2 2xyx 3y

52. 1%x2 y4 3xy5 9x3 y2 3xy2 4xy2 y3 3X2
53.Xx 5x 14 x 7 x 2

2
54.><4X22X2 X22x2 2 x2 1 x2 2x 1x 1

3X2
2x 1 3x 1x 1

6x2 x 12 3x 4 2x 3
4t2 13t 12 4t 3t 4

x4 2x2 lx2 12 [x 1x 1]2 X 12x 12

59.16 4t2 44 2 4t 2t 2

60.2)/6 32y2 2y2y4 162y2 y2 4 y2 4 2y2y2 4y 2y 2



61.x6 1x3 1 x3 1 X 1 x2 x 1x 1x2 x 1

62.a°b> ab® ab’a3 blab2 a b az ab b2

3 2
63.X 27 Xx 3 X 3X 9



3 81,
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55,4x3 8x2 3x64x2x23x 24X23x2
3 2 2 2
66.3X 2X 18x 12 x 3x 2 63x 23x 2 X 6
257,,, Txy 6xy 6 xy lxy6xyl
68.a b3a b 10 a b 5a b 2
69.2y 7 2y 7 4dy= 49
701 x2 x3 x3 X 2xx29x22xx29x27x X
71.x2x2xx 22 x3 2x2xx2 4x 4x3 2x2 x3 4x2 4x 23624x
3 2 X
X . x . 3 3 2 _ _ _
73. 7 ¥ 1 2% 1 X T 2% 1 2X X X 2X X 2X XX X
74.2x .1 . 2X o 32x 1 32x1 1 8x.. 12x 6x. 1
x22x3 Xx 3x 1 x 3
75.2¢% 5x 3 2x 3x 1 2x 3
76..2 1 t1t2t 1 tot 1
3 )
t12 t1t4— t 1
X~ 2x 3.3x 12 X 3x 1 3x 4 3x 3
2
77X 8x 16 x 1 X 4x 4 x 1 x 4
¥ w15 K x 12 x5x3 x1x1 —  x1
78. x° 6X 5 x“ 1 X 5x 1 X 4 x 3 X 4
2
xx_1 1 X x 1
79.x x 1 x 1 x 1 x 1 2 2
1 ———— x2 1 xx 1 *—=t X —% x 1
80.x 1 x 1 =l%ﬁ=x X x 1 x21 x 1 x2 1 x 1x21
81'2 1 3 2x 2 x 2 3x
X X 2 X 2% Xx 2° X X 2% xx 2%
2 2
2 2 2
2 x_ 4x 4 X 2 _2x _3x 2X X‘LX_'X_X X
1 XX 2 1 XX 2 X X
1 2 1 2
82.x 2 x4 X" x2 X 2 X 2x 2 X 2x 1
x 2 x 1 x 1 2X 2
X 2x 1x 2 X 2x 1x 2 X 2x 1x 2
x2x2x12x4 x22x5
X X 2x 1x 2 X 2x 1x 2
I 1 2 __ |
o X—2 2 2x 1 _1x2 _1_ 1
X 2 X 2 2X X 2 2X X 2 2X
1 11 1
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85 3x h- 5x h3x_bx____ ___ 3X _6xh 3 5x 5h 3x_ Bx 6xh _3h _5h
T — T T - = — - ; e
_—hex3h S
h 6x 3h 5
g6 * h 7 X h 7 X s x h x h 1
1 h1 T = X h % h x h % h X h ¥ X h X
87. 11 T ix 11
36366 _ _
66862 ~ - o
10 10 2- 1 10102 - _
89.21212 - - 1 21 10 10 2
14 14 3 2 42 142 42 142 _
90. _ _ = -2 62 2
923 2 3 23 2 322 x7 4
X X 3 E A X % 4 X % 2
92, %—2%—2%—2 X 4
X 5isdefined whenever x 10 0 x10, so its domain is x x10.
10
2X
94.,2 9 is defined wheneverx2 90 x2 9 x3,so0itsdomainisx x3andx 3.
X 2

95.x° 3k "4 " is defined whenever x 0 (sothat  is defineg) and x

X 4. Thus, itsdomainisx x Oandx 4.

96.x~ 4x 4

XX 3.

is defined wheneverx 3 0 X 3 and x ax 4

97. This statement is false. For example, take x landy 1.

RHS x> y2 12 1% 1 1 2,and8 2.

1 T 1 1

»]

X

3 4x 1 x 4 0 xland

2

2 0 x2.Thus, its domain is

3

ThenLHSx y 1 1

[N |
[,

98. This statementistruefora 1: 1 a 1 a 1

12y12y12, —

Wy

This statement is true:

al

w |
N
W |

3

3
2

8, while

This statement is false. For example, take a 1 and b 1. Then LHS 8ab%113%2 whileRHS3a3bh%1%111 2, andg"—Z 2.

101. This statement is false. For example, take a

1. The true statement is a2 a.

1

102. This statement is false. For example, take x 1. Then LHS X 4
1 5
and 5 4 .

103.3x 12 24 3x 12 x 4

1. Then LHS a2

2
1 1 1, which does not equal
1 1 1 1 1
4 5 whileRHS x 4 1 1
4_9
5

104.5x 7 42 5x 49 x

1
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105.7x 6 4x 9 3x 15 x 5 106.8 2x 14 x3x 6 X2
1 1 15
107. 3 x 2 2 2x 3 12 2x 15 X 2
2 3 1 ) =3
108.7x 5 52x 10x 9 3 30x 40x6 x 40 20

109.2x 3 4x 5 8 5x 2x 6 4x 20 8 5x2x 26 8 5x 3x18 x6
Xx 5 2x 5 5

110. 2 3 6 3x 522x 5 5 3x 15 4x 10 5x 30 x30
x 1 2x 1 9 2
111. x 1 2x 1 x 1 2x 12x1 x 1 2x 3x 1 2x 3 1 6x 0 x O
X 1 7
112.x 2 3 X 2x 3x 21 x 3x 6 12x 7 X 2
2
113. x 1 3 _x _ _x Xx1x2 xx 14 X 2 x  x2 0.Since this
x 1~ 36 3 x2 X
last equation is never true, there is no real solution to the original equation.
2 2 2 2
114.x 2 X 4°x 2°x 4 O[x 2x 4][x 2x 4]0
[x 2 x 4[x 2 x 4 62x 2 0 2x 2 0 x 1.
x2 144 x12
4x2 49 x2 @4 X
3 3
X 27 0 x 27 x 3.
6x4 15 0 6x415 x4§2_. Since_x4_must be nonnegative, there is no real solution.
3
x 1764 x 14 x1 45.
x2220x222x22x22. -
33 x3 %27,
x23 4 Ox13 2 4 x132 X8.
4x34 500 0 4x34 500 x34 125 x 12543 54 625.
5
x2152x22 32 x 2 32 34.
XY
125. A 2 2A xy x 2A .
126.V xy yz xz V yx z Xz V Xz yx zy Y Xz
X
1 1 1 1 1 11 11
127. Multiply through by t: J ? 2_t atJ 1 -2 5 _6‘[ E ,J 0.
q1q2 2 4142 q192
128.F k £ r k F rk F . (Inreal-world applications, r represents distance, so we would take the
positive root.)
Let x be the number of pounds of raisins. Then the number of pounds of nuts is 50 x.
Raisins Nuts Mixture
Pounds X 50 x 50
Rate (cost per pound) 320 240 272




S0320x24050 x 272503 20x120 2 40x 136 0 8x 16 x 20. Thus the mixture uses 20 pounds of raisins and 50 20 30
pounds of nuts.
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Let t be the number of hours that Anthony drives. Then Helen drives for t l4 hours.

Rate | Time Distance
Anthony | 45 t 45t

1
Helen 40 t 7 | 40t 4

1
When they pass each other, they will have traveled a total of 160 miles. So 45t 40t 7160 45t 40t 10 160

85t 170 t 2. Since Anthony leaves at 2:00 p.Mm. and travels for 2 hours, they pass each other at 4:00 p.Mm.

Let x be the amount invested in the account earning 1 5% interest. Then the amount invested in the account earning 2 5%
is 7000 x. ' '

1 5% Account 2 5% Account Total

Amount invested X 7000 x 7000

Interest earned 0 015x 00257000 x 120 25
From the table, we see that 0 015x 00257000 X 12025 0015x 175 0025x 12025 5475 001x
x 5475. Thus, Luc invested $5475 in the account earning 1 5% interest and $1525 in the account earning 2 5% interest.

The amount of interest Shania is currently earning is 6000 0 03 $180. If she wishes to earn a total of $300, she must earn
another $120 in interest at a rate of 1 25% per year. If the additional amount invested is x, we have the equation

0 0125x 120 x 9600. Thus, Shania must invest an additional $9600 at 1 25% 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 2t of the job per hour, and Cathie does 3t of the job perhour.So t 2t 3t 1 6 3 2 6t
11
6t 11-t 6. So it would Abbie 1 hour 50 minutes to paint the living room alone.
Let be width of the pool. Then the length of the pool is 2 , and its volume is 828464 16 2 8464
2

529 23. Since 0, we reject the negative value. The pool is 23 feet wide, 2 23 46 feet long, and 8 feet deep.

CHAPTER P TEST

> >

(@) ThecostisC 9 15x.
There are four extra toppings,sox 4andC 9 154 $15.

(a) 5 is rational. It is an integer, and more precisely, a natural number.
5 is irrational.

933 is rational, and it is an integer.

1,000,000 is rational, and it is an integer.
(@A B 015
A 820121357
(@)
[42 [03]
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(b)

[ 42

4266
6
5.(a) 2 64 by 2 64

5 (a) 186,000,000,000 186 10

a3b2 a2

7.(8) —— —
@5 5
2x3y 2 2 Pl
2
(c) 2x12y2 3x14y 1 2 32Xx12214y221
2012545255 255535 — —_ - -

18x3y49 2 x2 x y2° 3xy2 2x

(c)2 6
2

4 38

(99 16

1

2664

w

4

18x

M <312 2 2x223 2y 2 12 2oy

2
22X ¥y _ 2

8.(Q)3x 6 42x 5 3x 18 8 20 1Ix

(b) x 34x 5 4 5x 12x 15 4 2 % 15
(c) a b a b a b 2ab

2 P X 2 2
(d) 2x 3 2x22x 334x  12x 9
@ x 23 x2 3x%2 3x22 23 © 6x2

0] x2 x 3 x 3 x2 x2 9x4 9x2
2

(a)24x 25 2x 52x 5

2x 5x 12 2x 3 x 4

(©) x3 3x2 4x 12 X2x 3 4x 3x 3

X
4 3 2
(d) X 27 X x 27xx 3 X 3 9

€ 2x y2 102x y 25 2x y? 25 2x y 52

2x y 5

()] X3y 4xy Xy x2 4xyx 2 x 2
x23x2 X 1x 2 X 2

10. (a) x‘2x2 X 1x 2 X 2

(b) ()

2

12x 8

24x3x2x2

(b) 0 0000003965 3965 10

4 3
[03] [02 [
42 [03 |
43]
1 @[ 72
712
9
6 (st 3
7

34

[~

27



Xx 1x 2

1 x 3x 3 2x 1 X
2 2
X 1 X
X 2 X 2 2 X 2 X 2
2
X X2 X 2 X 2
Z X Z X Z X Z

X 2X 2



CHAPTERP Test
y X y X
- - - = 2 2
Xy XYy Xy y X y XV X X VV X
(d + =z -+ 4 xy Xy Xy Xy y X
y X y X _
6 6 6 32 632 3
11. (@) 3432232232 . _ 2 32
(b) 10 _ 10 5.2 1052 50 210 5Z 270
525252 5 4
1 1 — 1x —
(c) 1x - Ixdx 1 x
(@) 4x 3 2x 7 4x 2x 732x 10 x 5.
8125 %8 2 175726 x
32
X23 64 Ox23 64  x23 6432 x 8 512.
X X 3
2 2
(d) x 5 1 * 2x 1 X3 2x5 2x X 2x 5x 6x 15x x 15 2x 15
15
X 2.
2 2 2 - -
3x 1 18 0 3x 1 181 6 x 16 x6 1
Em? B2 cE._(WE take the positive root because c represents the speed of light, which is positive.)
mm
14. Let d be the distance in km, between Bedingfield and Portsmouth.
Direction Distance | Rate | Time
d
Bedingfield Portsmouth d 100 ( 100
d
Portsmouth Bedingfield d 75 75
distance
We have used time rate  to fill in the time column of the table. We are given that the sum of the times is 3 5 hours.
o T o a 1050

53

Thus we get the equation 100 75 35 300 100 75300353d 4d 1050 d 7 150 km.
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FOCUS ON MODELING Making the Best Decisions

1. (a) The total cost is cost of maintenance number copy number . Each month
copier cost of months cost of months
the copy cost is 8000 003 240. Thus we get C1 5800 25n 240n 5800 265n.
, . rental
(b) In this case the cost is number copy number . Each month the copy cost is
cost of months cost of months

8000 0 06 480. Thusweget C2 95n 480n 575n.
(©

Years | n | Purchase | Rental
1 12 8,980 6,900

2 24 12,160 | 13,800

3 36 15,340 | 20,700

4 48 18,520 | 27,600

5

6

60 21,700 | 34,500
72 24,880 41,400

(d) The cost is the same when C1  C2 are equal. S0 5800 265n 575n 5800 310n n 1871 months.

(a) The cost of Plan 1 is cost per number 3 65 015x 195 0 15x.
dai mile of miles
3
y
cost 3 90 270.
daily

The cost of Plan 2 is 3
cost
When x 400, Plan 1 costs 195 0 15 400 $255 and Plan 2 costs $270, so Plan 1 is cheaper. When x 800, Plan 1 costs 195
015 800 $315 and Plan 2 costs $270, so Plan 2 is cheaper.
The cost is the same when 195 0 15x 270 0 15 75x x 500. So both plans cost $270 when the businessman drives
500 miles.

setupcost pernumber

() The total cost is .So C 8000 22x.

costtireof tires

price per  number

The revenue is .S0 R 49x.

tireof tires

Profit Revenue Cost. SoP R C 49x 8000 22x 27x 8000.
Break even is when profit is zero. Thus 27x 8000 0 27x 8000 x 296 3. So they need to sell at least 297 tires to break
even.
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(a) Option 1: In this option the width is constant at 100. Let x be the increase in length. Then the additional area is

increase
width in length 100x. The cost is the sum of the costs of moving the old fence, and of installing the

new one. The cost of moving is $6 100 $600 and the cost of installation is 2 10x 20x, so the total cost is

C 600
C 20x 600. Solving for x, we get C 20x 600 20x C 600 X 20 . Substituting in the area

C 600

we have A1 100 20 5C 600 5C 3,000.

Option 2: In this option the length is constant at 180. Let y be the increase in the width. Then the additional area is

length increase  180y. The cost of moving the old fence is 6 180 $1080 and the cost of installing the new
in width
oneis210 y 20x, so the total costisC 20y  1080. Solving fory, wegetC 20y 1080 20y C 1080
c1080 C 1080
y 20 . Substituting in the area we have A2 180 ‘ 20 9C 1080 9C 09,720.
(b)
| _Cost, C | Areagain A] from Option 1 Area gain A2 from Option 2
$1100 | 2,500 ft2 180 ft2
$1200 3,000 ft2 1,080 ft2
$1500 4,500 ft° 3,780 ft°
$2000 7,000 2 8,280 ft°
$2500 9,500 ft° 12,780 ft®
$3000 12,000 ft2 - 17,280 f®

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.

(a) Design 1 is a square and the perimeter of a square is four times the length of a side. 24 4x, so each side is x 6 feet long.
Thus the area is 6~ 36 ft2.

12 122144
Design 2 is a circle with perimeter 2 r and area r2. Thus we must solve 2 r 24 r = . Thus, the area is 2

458 ftz. Design 2 gives the largest area. -

(b) In Design 1, the cost is $3 times the perimeter p, so 120 3 p and the perimeter is 40 feet. By part (a), each side is then
@4 10 feet long. So the area is 102 100 ft2.

In Design 2, the cost is $4 times the perimeter p. Because the perimeter is 2 r, we get 120 42 rso
120 15 . The area is rz:l'5 2 225 71 6 ft2_ Design 1 gives the largest area.
= = —

(a) Plan 1: Tomatoes every year. Profit acres Revenue cost 100 1600 300 130,000. Then for n years the profit is P1
130,000n.
Plan 2: Soybeans followed by tomatoes. The profit for two years is Profitacres

soybean tomato

revenue revenue 100 1200 1600280,000. Remember that no fertilizer is

needed in this plan. Then for 2k years, the profitis P2 280,000k.
When n 10, P1 130,000 10 1,300,000. Since 2k 10 when k 5, P2 280,000 5 1,400,000. So Plan B is more profitable.
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7.(a)
Data (GB) Plan A Plan B Plan C
1 $25 $40 $60
15 25 5200 $35 40 5150 $4750 60 5100 $65
2 25 10200 $45 4010 150 $55 60 10100 $70
25 25 15200 $55 4015 150 $6250 60 15100 $75
3 25 20200 $65 4020 150 $70 60 20100 $80
35 25 25200 $75 40 25150 $7750 60 25100 $85
4 25 30200 $85 40 30150 $85 60 30100 $90

ForPlan A:CA 25 210x 1020x 5.ForPlanB:CB 40 1510x 1015x 25.

ForPlan C: CC 60 110x 10 10x 50. Note that these equations are valid only for x 1.
If Gwendolyn uses 2 2 GB, Plan A costs 25 12 2 $49, Plan B costs 40 12 1 5 $58, and Plan C costs 60 12 1 $72.

If she uses 3 7 GB, Plan A costs 25 27 2 $79, Plan B costs 40 27 1 5 $80 50, and Plan C costs 60 27 1 $87.

If she uses 4 9 GB, Plan A costs 25 39 2 $103, Plan B costs 40 39 1 5 $98 50, and Plan C costs 60 39 1 $99.

(i) WesetCA CB 20x 5 15x 25 5x 20 x 4.Plans A and B cost the same when 4 GB are used.
We set CA CC 20x 510x 50 10x 45 x 4 5. Plans A and C cost the same when 4 5 GB are used.

We set CB CC 15x 25 10x 50 5x 25 x 5. Plans B and C cost the same when 5 GB are used.

(a) In this plan, Company A gets $3 2 million and Company B gets $3 2 million. Company A’s investment is $1 4 million,
so they make a profit of 32 1 4 $1 8 million. Company B’s investment is $2 6 million, so they make a profitof 322 6
$0 6 million. So Company A makes three times the profit that Company B does, which is not fair.

The original investment is 1 4 2 6 $4 million. So after giving the original investment back, they then share the profit of $2
4 million. So each gets an additional $1 2 million. So Company A gets a total of 1 4 1 2 $2 6 million and Company B
gets 2 6 1 2 $3 8 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 14_14 64 $2 24 million and Company B gets

;46 64 $4 16 million. This seems the fairest.



EQUATIONS AND GRAPHS

1 . 1 THE COORDINATE PLANE

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

If x is positive and y is negative, then the point x y is in Quadrant IV.

The distance between the pointsabandcdisca 2 db 2. So the distance between 1 2and 7 10 is 7 12 10 22 62 82 36

64 100 10.
ac b d
4. The point midway between a b and ¢ d is — 2~ 2 . Sothe point midway between 12 and 710 is

—_— - _46.

17 2 10 8 12
A51,B12,C 26,D 62,E 4 1,F 20,G 1 3,H2 2

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

7.05, 10, 1 2,and 22 23 8. 50,20,26 13,and
y y A
40, 5)
L ]
(25,3.5)
(50 1 (2, 0)
(1,0) Te(12,213) . . o -
(121 " *26, 13)
v
9. Xy x 2 10. xy y 2
y
5 5

57

25
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11. xy x4 12. xy y 3

%

0 5 X

13. xy3 x 3 14. xy 0y 2

]

T

= T T 9

t

:

I

15. xy xy O 16. xy xy O

Xy X Oandy Oorx
OandyO Xy
X Oandy Oorx
Oandy0

yA

17. 18. xy
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19. xyl x land 2 y 2
y

EREY

1=

21. The two pointsare 02 and 30 .
2 2

(@d3 0~ 0 2 3
30 02 3
(b) midpoint: 2 2 2 1
22. The two pointsare 2 land22.
@@d2 241 2° 4°3°169255
22 1 2
1
(b) midpoint: 2 2 02

23. The two pointsare 33and5 3.
(@d3 5° 33°

(b) midpoint:32 23 10

24. The two pointsare 2 3and4 1.

(a)d2 4731 “6°2°36 450 2 10

(b)midpoint:22 43 2 1 12
25. (a) y
(6, 16)
¢(0.8)
2
1
(b) dO 62 8 162
) 2
678 100 10 -
0 68 16

(c) Midpoint: 2 2 312

SECTION 1.1 The Coordinate Plane

20. xy3 x 3and 1 y 1

82 6264 36100710 —

I A X
26. (a) y
(2.5)¢
1 (10, 0)
Z * X
(b)d2 10 2 52
2 2
12 5169 13
_ 21050 5
(c) Midpoint: 2 2 42

59
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SECTION 1.1 The Coordinate Plane

27. (a) y A 28. (a) g
(45 °
1 1.\. >
1
5 x 1 X
I L d
ted (6,_3)
4
(byd 3 225° (b) d 161 3?2
7?7 —— =7 - B
7 49 29 98 2 5 4 4
43 52 13 (© 131 T
Midpoint:
(c) Midpoint:2 2 2 2 2 2 2
30. (a)
1 5.0
29. (a) A X ’
(0, _6)
o (62 f
1
1 b4
6,_2) N
(b) d & 6 2 2 12 4 -
144 -16160—4 10— - 52 62 25 36 61
66 22 L5 _60 5
(c) Midpoint: 2 2 00 (c) Midpoint: 2 2 2 3

60
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31.d AB 1 5 3 3 4 4.

dACll2332626.Sotheareais4624.

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

parallel sides, so ABC D is a trapezoid. The area is

b1 b2
2 h. From the graph we see that

bl d ABL 52 004> 4—— —

b2 dCD4 22 3 3%2% 2:and

h is the difference in y-coordinatesis3 0 3. Thus

4 2

the area of the trapezoid is 2 309
y

.
5

d0A6 02 70262 72364985,

2 2 2 2

doB 5 0 8 0 5 8
Thus point A 6 7 is closer to the origin.

SECTION 1.1 The Coordinate Plane 61

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 thesg as the base. Thus, the bage is

d AB 152 2 42 4. The

22
height is the

is 6 2 4. So the area of the parallelogram is base
height 4 4 16.

The point S must be located at 0 4 . To find the area,
we find the length of one side and square it. This gives

d QR 5 0% 1 g2
5252
25 2556—— —
2
Sotheareais 50 50.
W
Q
R ] P
1 X
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CHAPTER 1 Equations and Graphs
3%.d EC 622317 42 ? 64 0
2 ——————— —
.2 2 22 - —
dED 32 25 1 %
01 51
Thus point C is closer to point E.
37.d PR 132112 422 64 202 =
112 2 2
d QR 16 4. Thus point Q 1 3is closer to point R.
13 04
(a) The distance from 7 3 to the originis 7 O 2 3 2 3749 958—Fhe-distancefrom- —
3 7 to the origin is 307707 9 49 s3. S0 the pointsare the same distance from

the origin.

2

(b) The distance from a b to the.originis a 0

2

b 0 aozb2 a2

2

a

O22 2

a~ b". Thedistance from b a to the origin is

b2. So the 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.

d AB 3 02 1 22 32
dCB 3 4 ° 1 1%
d AC 0 12 5 32 42 12

9 9 I8 3 2

T—1i6 17.

16 1 17. So sides AC and C B have the same length.

40. Since the side AB is parallel to the x-axis, we use this as the base in the formula area l2_base height . The height is the

change in the y-coordinates. Thus, the base is 2 4 6 and the height4s-4 1 3. So the area is l2 639.

41. (a) Herewe have A 22,B 3 1,andC3 3.So

2 -
12 19 10;
d C B33 213 %2 22 36 4 402
dAC 3 22 3 52 2 % 3 50 52
The area of the triangle is ;2 dCBdA Blz_lo 2 100 10. —
2,52 —
42.d AB 116 37 25 16 41
VA -2 Z ‘
d AC 26 27 16 25 41
2 2 2 —
2,2 2 .2
dBC 211723 9" 1 81 1 82.

Since [d elB][d AC]
- — 4

[d B C], we conclude that the triangle is a right triangle. The area is



SECTION 1.1 The Coordinate Plane
CHAPTER 1 Equations and Graphs

43. We show that all sides are the same length (its a rhombus) and then show that the diagonals are equal. Here we have

A29,B 46,C 10,andD53.So

2 2
d AB 427 6q32 _36 9 45;
2 222
14

dBC 06 36 93645;

2 222 -
dCD 51

30-6-3-36945;— -
d DA25 2 932 32 629 3645. So the points forma

2 2.2 2 _ _

rhombus. Also d A C12 6—9—3-9—9-8196—-3-10,

andd B D5 42 3 6 9 3 81 990 3 10. Since the diagonals-are-equal, — —

the rhombus is a square. 2 2
44.d AB 31 4" 8 16 64 80 4 5.
4 162025.
2 2 2
d AC51 153 6212736 144180 6 5.S0d AB d BC d AC,

and the points are collinear.

63

45. Let POy be such a point. Setting the distances equal we get
2 2 2 2
057 y5°01" y1
25 y2 10y 25 t y2 2y—t y2 10y 50 y2 2y 2 12y48 vyA. Thus, the point
isP 0 4. Check:
2222
05" 5 —
4 51 25126;
012412125225126. —
1306
46. The midpoint of AB is C 2 2 2 3. So the length of the median CC isdC C
2 2
18 02 9 1
P 109 ) 3g 62 u
isd B B 23 16 2 . The midpointof CisA 2 ) 2 4 .So the length
isd m 12 125,
47. As indicated by Example 3, we must find a point S x1 y1 such that the midpoints y
of P R and of Q S are the same. Thus
4 1 24 xt 1yt 1
2 2 2 2 . Setting the x-coordinates equal, Q//R
4 1 g1 1
we get 2 2 41x11 X1 2 Setting the /
24 yl1 1 4
y-coordinates equal, we get 2 2 2 4 y1 1 y13. p
ThusS 2 3.
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2 X 2 X
48. We sglve the equation 6 2 to find the x coordinate of B. This gives 6 2 12 2 x x 10. Likewise,
y
8 _2 16 3 yy 13. Thus, B 1013.
5
49. (a) y c (b) The midpoint of AC is 27 17 2~ 3, the midpoint
5 ofBDis 4 12 4 5 5
B (c) Since the they have the same midpoint, we conclude that the
/ X diagonals bisect each other.
a-0-b'o a
50. We have M —2 2 2 2 .Thus,
2 2 2
dCM a—g2—bep—2 &b ap b,
2 2
d AM T a2 bo—=2 a2 b & i a2 b2
_ , 2 2 2 —/2——2
d BM a 02 bp 2 az b a b a b

51.(a) Thepoint53isshiftedto5 33 285.
(b) The pointab isshiftedtoa 3b 2.
(c) Let xy be the point that is shiftedto 34 . Then x 3y 23 4. Setting the x-coordinates equal, we get
x 3 3 x 0. Setting the y-coordinates equal, we gety 2 4 y 2 So the pointis02.
(d) A5 1,s0A 531 221;B32,s0B 3 32 204;andC 21,

soC2 31 253.
52. (a) The point 3 7 is reflected to the point 37.

(b) The point a b is reflected to the point ab .
(c) Since the point a b is the reflection of a b, the point 4 1 isthe reflectionof4 1.

(d A 33,50A33;B 61,s0B 61l;andC 1 4,s50C1 4.
— %2 2,
53.(a) d AB 37 4725 5. 11 26 . The walking distance is

We want the
4 11 2 26 7 24 31blocks. Straight-line distance is

2 2 2 2
411 2 26 7247625 25Hlocks.

(c) Thetwo pointsare on the same avenue or the same street.
3 27 7 17
54.(a) The midpointisat —2— 2 15 12, whichis at the intersection of 15th Street and 12th Avenue.

(b) They each must walk 15 312 7 12 5 17 blocks.

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



CHAPTER 1 Equations and Graphs SECTION 1.2 Graphs of Equations in Two Variables: Circles 65

2 X, . . 2 X
We solve the equation 6 to find the x coordinate of B: 6 12 2 x x 10. Likewise, for the y

22
3y
coordinate of B, we have 8 2 16 3 y vy 13.ThusB 1013.
57. We need to find a point S x1 y1 such that P Q RS is a parallelogram. As y

indicated by Example 3,-this-will be the case if the diagonals P R and QS bisect
each other. So the midpoints of P R and QS are the same. Thus

0533 X1 22 (}g/‘
2 2 2 2 . Setting the x-coordinates equal, we get 1

2 2 05 1x1 2 x1 3

o
|
=
N
\\'_‘
x

33 vyl12 P
Setting the y-coordinates equal, we get 2 2 33y 2

y12. ThusS 3 2.

1 . 2 GRAPHS OF EQUATIONS IN TWO VARIABLES: CIRCLES

If the point 2 3 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 3216 3. This is false, so the point 2 3 is not on the graph of the equation 2y x 1.
1 1 1
To complete the table, we expressy intermsof x: 2y x 1 vy 2x 1 2X 2
I 1 1 1
X y Xy Y
T T |-
2 2 |2 2 1 =5
1| o 10 e
1 1 '
P
| o1t
3 3
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: 2 0 x 1

1, so the x-intercept of 2y x 1is 1.
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 0 1

l2 , SO the y-intercept of 2y x 1is l2 .

The graph of the equation x 1 2 y 2 2 9 is a circle with center 1 2 and radius 9 3.
(a) If a graph is symmetric with respect to the x-axis and a b is on the graph, then a b is also on the graph.
(b) If a graph is symmetric with respect to the y-axis and a b is on the graph, then a b is also on the graph.
(c) If a graph is symmetric about the origin and a b is on the graph, then a b is also on the graph.

(a) The x-intercepts are 3 and 3 and the y-intercepts are 1 and 2.

(b) The graph is symmetric about the y-axis.

Yes, this is true. If for every point x y on the graph, x y and x y are also on the graph, then x y must be on the graph as well,
and so it is symmetric about the origin.

No, this is not necessarily the case. For example, the graph of y x is symmetric about the origin, but not about either axis.



CHAPTER 1 Equations and Graphs SECTION 1.2 Graphs of Equations in Two Variables: Circles 66

9.y 3 4x. Forthepoint03:3 ' 3 403 3.Yes.For40:0 3440 13.No.For1l 1:
? ?
1 3 4111 Yes.

So the points 0 3and 1 1 are on the graph of this equation.

? 2 2 2
10.y 1 x. Forthepoint21:1 T2 1 — 1.No.For 32:2 ‘ 132 T 4.Yes.For01:
?

1 1 0. VYes.

So the points 32 and 0 1 are on the graph of this equation.

? ? ? ?
11.x 2y 1 0.Forthepoint00:0 20 10 1 0.No.For1 0:120 1 01 1 0. Yes.
? ?

For 1 1: 12110121 0. Yes.

So tge points10and 1 1 are on the graph of this equation.
12.y X~ 11.Forthepoint11: 1 12 1 1 12 1.No.For 121: 21121 1212 1.

? ? ? ?
Yes.Forl2l : = 21121121 2 1. Yes.
? ?
1 1

So the points 1 2 and 1 2 are on the graph of this equation.

2 2 . 2 22 ? 2 2 ?
13.x 2xy y 1. For the point01:0 20 1 1 11 1.Yes.For2 1:2 2 2 11 1
4 41 b1 1 ‘es.For 23: 2 2 2233 ,? 141291%
So the points01, 2 1,and 2 3are on the graph of this equation. 1. Yes.
2 .2 2
14.01:0° 1© 4 (?) 0 1 10. VYes.
L 2 u 2 ? - ?

227 .20 2 © 10z 1 0. Yes.

31 32 12 ? 3 1 ?

A

1 1L ’ ’
So ttle poirffts 0 1, .| |2,and 2 i 2are on the graph of this equatian.
15.y 3» ; 16. y2x
A
. Y >
X y // X y
3 9 // 3
2 6 / 4
1 3 ] J 11 1 2 1
7 7 I | X
0 0 0 0
3 1 2
2 6 2 4
3 9 3 6
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y 2 X 18.y 2x 3
A
b y
y X y 4
46 4 5
/
2| 4 2 1
2 . 0 3 ,/
2l 0 n * 2 7 1 g
7 T
4l 2 —4 1
/

Solvefory:2x y 6 y 2x 6.
20. Solve forx: x 4y 8 x 4y 8.

% y
X \ 1/ X y
2l 10 / 4l 3
A 5
0 6 -~ 2| 22 1 I
2 2 - ” 0 2
| 22
4 1
1
6| 2
8 0
10 Tl
21y 1 x2 yx2 2
y
X y \ /
y Y
3112 T/
3l s /
2 3 =0 25 LI I
1l o x 1 3
of 1| T 0 2 i "
il of 1 3
2| 3 2| 6 |
3 8 3l 11 \
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23.y X 2
X y A
3 7]
2 2|
1| 1
0 2|
1 1
2 2
3 7]

9y XZ. To make a table, we rewrite the equation as y

l9 x2L
X1y
9] 9
31
0f o
31
9] 9

X y2 4,
X y
12 4
5 3
0 2
3 1
4 0
3 1
0 2
5 3
12 4

SECTION 1.2 Graphs of Equations in Two Variables: Circles

24.yx- 4

P O P, N W
o O w A W O O

w N

B

4yx2.

4421

28.xy 2 'y 2

x
<

oA

T

AN P

ol e e
I|NI>—~|—\ NY DN 0 0 BN N = Nl
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Y%

X v

0l 0
1 1
a3 =
1| 1
2| 2
41 2
9 3
16 4

31.y9 x2. Since the radicand (the expression inside the
square root) cannot be negative, we must have

9 x2 x2
X y
3] 0 _
2 5
1] 22
1] 22
2
3 0
33y X.
X y
6 6
4 4
2 2
0 0
2 2
4 4
6 6

SECTION 1.2 Graphs of Equations in Two Variables: Circles 69

0y 2 1.
yA
X y
o| 2
1] 3
2 27
4|4 | 4
o| 5 | .
y9 X2.

Since the radicand (the expression inside the square root)

cannot be negative, we must have 9 x2 0 x2 9

x 3.

y
x|y
3 0
2l 5 1
11 22
0 3 1 X
1l 22
2l 5
3l o

xy . In the table below, we insert values of y and find the

corresponding value of x.

y
x| vy
N E
2| 2
1 g
0 0 1 X
1| 1
2| 2
3| 3
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3By 4 x.

D AN ON B O

N O N AN O DN

X y3. Since x 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.

27

0 B O Fr o

27

W NN P OF, N W

39.y  x.

81

16

16

WIN|FP,]|O|F~ |INd W

81

38.y

40.y

SECTION 1.2 Graphs of Equations in Two Variables: Circles

4 x.
y
6 10 4
8
26
0 4
2| 2
41 0
6 2
8 4
10 6
S
X y
3 28
2 9
1 2
0 1
1 1
2 7
3 26
16x {* y
3 65
2 0
1l 15
of 16
1l 15
2 0
3 65

70
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3 2 2
41.y 001x x 5;[ 100450] by [ 2000 2G00] 42.y 008x 7x 3;[ 100 50] by [ 60 100]
2000 100
: 5 | :
f f I\) {
-100 -5l 100 150
-1000 -100 -50 — 50
-2000 -50
4 |l ad 2 I 25€0 901 W | e W |
43.y12x 77 T 10Tby [ 1207 44.y " 256—x— 120261 by {26}
20 T 6T
10 T
20
0
X
4 3.
y e 46.y x_ 4x";[ 46]by[ 50 100]
45" X {5050 by —[0202]
i 1007
0.2
0.17, 501
- A 20 40 — s —
Al 4 2 | \/4 6
-0 2-- -50=

y x 6. To find x-intercepts, set y 0. This gives 0 x 6 x 6, so the x-intercept is 6. To find y-intercepts,
set x 0. This gives y 0 6 y 6, so the y-intercept is 6.

2x 5y 40. To find x-intercepts, sety 0. This gives 2x 5 0 40 2x 40 x 20, and the x-intercept is 20. To find y-intercepts, set x
0. This gives 2 0 5y 40 y 8, so the y-intercept is 8.

y x2 5. To find x-intercepts, set y 0. This gives 0 x2 5 x2 5 x 5, so the x-intercepts are 5. To find y-intercepts, set x 0. This

givesy O2 55, so the y-intercept is 5.

y2 9 x2. To find x-intercepts, set'y 0. This gives 02 9 x2 x2 9 x 3, so the x-intercepts are 3. To find y-intercepts, set x 0.

This gives y2 9 02 9y 3, so the y-intercepts are 3.
1 12
y 2xy 2x 1. To find x-intercepts, set y 0. This gives 0 2x02x 1 2x1x 2, so the x-interceptis = .  ~

To find y-intercepts, set x 0. Thisgivesy 20y 20 1 y 1, sothe y-interceptis 1.
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x2 xyy 1. To find x-intercepts, set y 0. This gives x2 x001 x2 1 x 1, so the x-intercepts are 1 and 1.

To find y-intercepts, set x 0. This givesy 0 2 Oy y 1 y 1,sothey-interceptis 1.
y x 1. Fe-find x-intercepts, set y 0. This gives 0 x 1 0 x 1 x 1, so-thex-intercept is 1. To find y-intercepts, set x 0. This
givesy 0 1y 1, so the y-intercept is 1. —

xy 5. To find x-intercepts, set y 0. This gives x 0 5 0 5, which is impossible, so there is no x-intercept. To find y-
intercepts, set x 0. This gives 0 y 5 0 5, which is again impossible, so there is no y-intercept.

55.4x2  25y2  100. To find x-intercepts, sety 0. This gives4x2 2502 100 X2
. 25
x-intercepts are 5 and 5. X5, 50 the

To find y-intercepts, setx 0. Thisgives402 25y2 100 y2 4 vy

2, so the y-intercepts are 2 and 2.

25x2 y2 100. To find x-intercepts, set y 0. This gives 25x2 02 100 x2 4 x 2, so the x-intercepts are 2 and 2.

To find y-intercepts, set x 0. This gives 25 0 2 y2 100 y2100, which has no solution, so there is no y-intercept.

57.Y 4X xz. To find x-intercepts, sety 0. This gives 0 4x x2 0 x4 x0 xorx 4,sothe
x-intercepts are 0 and 4.

T% find yéintercepts, setx 0. Thisgivesy 40 02 y 0,50 t2he y-igtercept is 0.

X y x 0
- - - — 2
58. 9 4 1 Tofind x-intercepts, sety 0. This gives 9 41 91 x7 9 x3,s0the
x-intercepts are 3 and 3. )
0

2 2
y y
To find y-intercepts, set x 0. Thisgives 9 4 4

1 1 y2 4 x2, so the y-intercepts are 2 and 2.

x4 y2 Xy 16. To find x-intercepts, set y 0. This gives x4 02 x 016 x4 16 x 2. So the x-intercepts are 2 and 2.

To find y-intercepts, set x 0. This gives 04 y2 Oy 16 16 y 4. So the y-intercepts
are4 and 4.

x2 y3 x2 y2 64. To find x-intercepts, set y 0. This gives x2 03 x2 0 2 64 x2 64 x 8. So the x-intercepts are 8 and 8.

To find y-intercepts, setx 0. ThisgivesO2 y3 0 2 64 y3 64 y 4.So the y-intercept is 4.

3 2
61. (a) y x° x;[22]by[ 11] (b) From the graph, it appears that the x-intercepts are 0
and 1 and the y-intercept is 0.

1.

(c) To find x-intercepts, sety 0. This gives
0 X X x x1 0 x Oorl. So
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SECTION 1.2 Graphs of Equations in Two Variables: Circles

2 .
the x-intercepts are 0 and 1.

To find y-intercepts, set x 0. This gives

y 0

3 O2 0. So the y-intercept is 0.

73
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62.(a) Y X

63.(a) Yx

64.(a) y

65.(a) ¥ °

4 3

2x ;[ 23]by[ 33]

:,'_‘ki\):

1 ;[ 55]by[31]

——. [ 55]by[ 22]

|

% [ 55]by[ 22]

SECTION 1.2 Graphs of Equations in Two Variables: Circles 73

(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, sety 0. This gives
0 x4 2x3 x X 2 0 x 0or2. So

the x-intercepts are 0 and 2.

To find y-intercepts, set x 0. This gives

y 04 20 3 0. 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, sety 0. This gives
2

0 X2 1, which has no solution. So there is no

x-intercept.
To find y-intercepts, set x 0. This gives
2

y 02 12. Sothe y-interceptis 2.

(b) From the graph, it appears that the x- and
y-intercepts are 0.

(c) To find x-intercepts, sety 0. This gives

X
0 x2 1—%_0 Sothe x-intercept is 0.

To find y-intercepts, set x 0. This gives
0

y 02 1 0.So the y-interceptis 0.

(b) From the graph, it appears that and the x- and
y-intercepts are 0.
(c) To find x-intercepts, sety 0. This gives 0 3x

x 0. So the x-intercept is 0.
To find y-intercepts, set x 0. This gives

y 3070. sothe y-intercept is 0.
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4 3

2 [ [
66. (a) y1 x ; 5 5]by 3]

I
!
[N
[N

67. x2 y2 9 has center 0 0 and radius 3.

y

N

@
2 2 .
69. x 37 y 16 has center 3 0 and radius 4.

yl

i
SSeddat

71. X 32 y 42 25 has center 3 4 and radius 5.

y
.
(_\1

SECTION 1.2 Graphs of Equations in Two Variables: Circles 74

Fromthe graph, it appears that the x-intercepts are
(b) 1and1and the y-interceptis 1.

(c) To find x-intercepts, sety 0. This gives
0 1 %% 1 x2 0 x1.Sothe

intercepts are 1 and 1.
X

To find y-intercepts, set x 0. This gives

y 31 02 1. So the y-intercept is 1.

68. x2 y2 5 has center 0 0 and radius 5.

Y/

(4
N

70. 2 y 22 4 has center 0 2 and radius 2.
X
y
1
1 X
2 2
72.x 1~ y 2~ 36hascenter 1 2and
radius 6.
y
1 X
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73.Using h3,k 2,and r 5, we get x3 2 y 22 52x 32 y 22 25.

74. Using hl, k3, and r 3, we get x1 2 y3 2 32x 12 y 32 9.

75. The equation of a circle centered at the origin is X2 y2 r2. Using the point 4 7 we solve for r2. This gives

2 2 2 2
2 2
4 7 r 16 49 65 r .Thus, the equation of the circleisx 'y 65.
76. Using hl and k 5, we get x1 2 y 52 r2x 12 y 52 r2. Next, using the point
r
2 . . 2 2 2 2 ‘ . Lo
4 6,wesolveforr™. Thisgives 4 176 5 r 130 . Thus, an equation of the circle is
X 12 y 52 130.
15 19
77. The center is at the midgoint of the line segment, whichis = 2 —2 2 5. The radius is one half the diameter,
L——v———- - .
1 2 2 —  _ . Lo 2 2 2
sor 1 5 19 2 36 64 7 100 5. Thus, an equation of the circle is x 2 y 575
X 2 y 5 25
. . . o 17 3
78. The center is at the midpoint of the line segment, which is 2 2 3 1. The radius is one half the
_ L 2 2 - _ . 2 2
diameter, sor 2 17 42. Thus, an equation of the circleisx 3° y 1° 32.
35
79. Since the circle is tangent to the x-axis, it must contain the point 7 0, so the radius is the change in the y-coordinates.

Thatis, r3 0 3. So the equation of the circle is x 72 y3 2 32,which is X 72 y 32 9.

80. Since the circle with r 5 lies in the first quadrant and is tangent to both the x-axis and the y-axis, the center of the circle
isat55 . Therefore, the equation of the circleis x 5 2 y 5 2 25.
81. From the figure, the center of the circle isat 2 2. The radius is the change in the y-coordinates,sor2 0 2.

Thus the equation of the circle is x2 2 y 22 22, whichisx 27 y 27 4,

82. From the figure, the center of the circle is at L1 . The radius is the distance from the center to the point 2 0. Thus

: 2 ‘ e
r 122 9 1 10, and the equation of the circleisx 1 2 y 1 2 10. _
10
2 2 ) 2 2 ) - — ‘
2 2 2 2
X 2x 1y 4y 41 1 4x 1y 2 4. Thus, the centeris 1 2, and the radius is 2.
84. 2 2 y 22222 X 222 y 2y 2 2
) ) 2 2.2 _22 2 2
Completing the square gives x 2 2 2
X 2x 1y 2y 121 1x1 y 1 4. Thus, the center is 1 1, and the radius is 2.
2 2 2 2
2 2 2 ‘ 2 0 & A
85. Completing the square givesx 'y  4x 10y 13 0 x 4x gzl y 10y 2 13, 2
x2 4x 4 y2 10y 25 13 4 25 x 2 2 y 5 2 16

Thus, the centeris2 5, and the radius is 4.

Completing the square gives x2 y2 6y20 x2 y2 6y§2_2_2—62_2 X _y2_6y_9 2 9_x2 y3 2 7. Thus, the circle has center 0 3

and radius 7.



87.

Completing the square gives x2

2
1 2 1

2

Completing the square gives x

2 2 11

2

y

2
y

2

4_. Thus, the circle has center 2

2

2xy 10 x

1

X 12 Y
7
!
0 and radius 2 .
2 2
_y_Yy
2X 2 2

[N

=

NG

NG

=



4l . Thus, the circle has center
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2 -
1 1 1 1 12 1 12 2 1 12 ¢ 12
89. Completing the square gives x2 ¥2 Tx 7Y T % 2X 2 2 y2 Ty2 3 E 2 ==
2 _2 1 1 1
1 1 4 4 4 T - ‘ .
T X 1Y 2Y 8 T8 18 16 § 4 X4 Yy o4 4. Thus, the circle has center
1 1 1
. 4andradius 2.
o o 2 2 2 2
thesquare givesx™ y~ 1x 2y L1 0 X tx 12 y 2y 2 2 41 122 2
90. Completing 2 2 16 2 2 PR 2 2
1 1
X 4- y 12 1. Thus, the circle has center .1 and radius 1.
2 ‘ ‘ -
91, Completing the square givesx™ y  4x 10y 2192, Firstdivide by 4, then complete the square. This gives
X2 4x £2y2 10y 10 2 2 42 4x 2 4y22x0x2y12 xO2 !
2 X 7
1
2
2 2 2 22 12 2 2 12
10 2
Ca x 22 y 52 21 4 25 50, — Y o x 2X 2 y 2
- _ 12 ) 4+ 1
Thus, the circle has center 25 and radius 50 5 2. X 4 y 16. Thus, the circle has center ;0
y and radiusl.
4
yT
1
2 X
1
. . 2 2 2 2
93. Completing the square givesx~ y~ 6x 12y 45 0 94.x" y~ 16x 12y -200-0
X 32 y 6245 9 36 0. Thus, the x2 16x 16 2 y2 12y 12 2
SEQEEQEJEHS.&?Mxhe?ﬂdzsthe radius is 0. This is a degenerate 2 2 . 2 2 5 2
16 12
I X 8 y 6 200 64 36100. Since
completing the square gives r2100, this is not the
equation of a circle. There is no graph.
1
1 X
. _ 4P 42 . . 4 2 . .
95. X-axis symmetry:-y--x-"XEyx-x=, which is not the same asy X X", so the graph is not symmetric
with respect to the x-axis.
. 42 4 2 . L .
y-axis symmetry: yx X~ x X, so the graph is symmetric with respect to the y-axis.
Origin symmetry: yx4x2y x4 x2, which is not the same as 'y x4 x2, so the graph is not
symmetric with respect to the origin.
. 42 4 2 . . .
06. X-axis symmetry: xy 'y~ y Yy, so the graph is symmetric with respect to the x-axis.

y-axis symmetry: xy4 y-axis. yz, which is not the same as x y4
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y , so the graph is not symmetric with respect to the
Origin symmetry: xy 4y 2x y4 y2, which is not the same as x y4 y~, so the graph is not
symmetric with respect to the origin.
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x-axis symmetry: y x3 10xy x3 10x, which is not the same as y x3 10x, so the graph is not symmetric with respect to

the x-axis.
3

y-axis symmetry: y x 3 10xy x3 10x, which is not the same asy X  10x, so the graph is not symmetric with respect to the
y-axis.

Origin symmetry: y x 3 10xy x3 10xy x3 10x, so the graph is symmetric with respect to the origin.

X-axis symmetry: y x2 Xy x2 X, which is not the same as y X2 X, S0 the graph is not symmetric with respect to the x-axis.

y-axis symmetry: yx 2xy x2 X, so the graph is symmetric with respect to the y-axis. Note that
XX.

Origin symmetry: y x 2 Xy x2 X yi<2 X, which is not the same as y x2 X, so the graph is not symmetric with respect to the
origin.
X-axis symmetry: x4 y 4 x2 y 2 1 x4 y4 x2 y2 1, so the graph is symmetric with respect to the x-axis.
y-axis symmetry: X 4 y4x 2 y2 X4 y4 X2 y2 1, so the graph is symmetric with respect to the y-axis.
4 422
Origin symmetry:x 'y X"y~ 1x y x y 1,so thegraph is symmetric with respect to the origin.

X

X-axis symmetry: x2 y 2 xyl x2 y2 x 'y 1, which is not the same as 2 y2 Xy 1, so the graph is not symmetric with respect
to the x-axis.
2 22 2 2

y-axis symmetry: x 2 y xylx y xy1l, whichisnotthesameasx y xy1,so thegraph is not symmetric with respect
to the y-axis.

Origin symmetry: x 2 y 2xy 1 x2 y2 Xy 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.
yA yA
0 1
0 X
Symmetric with respect to the origin. Symmetric with respect to the origin.
y A yA

=
~J AN
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Xy x2 y2 1. This is the set of points inside

(and on) the circle x2 y2 a L

107. Completing the square givesx2 y2 4 12 0 108

4 2

42y 42
2

2

X2 y2 4y

x2 y2 2 16. Thus, the center is 0 2, and the radius is 4. So
. 2 2 . . .
the circle x™ y~ 4, with center 0 0 and radius 2 sits

completely inside the larger circle. Thus, the area is 42 22
16412 .

(a) The point5 3 isshiftedto5 33 285.
The pointa b is shiftedtoa 3b 2.

SECTION 1.3 Lines81

Xy x2 y2 4 .yThis is the set of points outside

the circle x2

. This is the top quarter of the circle of radius 3. Thus, the

areais 41 934_.

Let x y be the point that is shifted to 34 . Then x 3y 23 4. Setting the x-coordinates equal, we get x 3 3 x 0. Setting

the y-coordinates equal, we gety 2 4 y 2 So the point is 0 2
A51,50A531221;B32,s50B332204;andC21

110. (a) Symmetric about the x-axis. (b) Symmetric about

,50C231253.

the y-axis.

Sym

z_

(a) In 1980 inflation was 14%; in 1990, it was 6%; in 1999, it was 2%.
Inflation exceeded 6% from 1975 to 1976 and from 1978 to 1982.
Between 1980 and 1985 the inflation rate generally decreased. Between 1987 and 1992 the inflation rate generally

increased.

The highest rate was about 14% in 1980. The lowest was about 1% in 2002.

(a) Closest: 2 Mm. Farthest: 8 Mm.
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X 3 2 22 x 3 2 X 3 2
- —_— 1 3 2 Ik
(b) Wheny 2 we have 25 161 - 25 4 1 25 4 X 3 4 . Taking the square
root of both sides we get x 3 B -4y 3 -2-9S0x 3---21330rx 3 - &3
7 33. The distance from 133 2tothe center00isd 133 0° 2 0 2—57689 240. The
distance
from 7 33 2 to the center 0 0 is d 733 0 2 2 0 2 57 7307 7 60.
. . a2 b 2 a -b
Completing the square givesx2 y2 ax by c¢ Ox2 ax y2 by c 2 2
2222 -
a 2 b 2 a2 b2 a2 b2
X 2y 2 c 4 . This equation represents a circle only when ¢ 4 0. This
a2 b2 a2 b2
equation represents a point when ¢ 4 0, and this equation represents the empty set when ¢ 4 0.
2
—_—
a b a~ b ] ——————
When the equation r%presents a circle, the center is 2 2 ,andtheradiusisc 4 , ab 4ac.
114. (@) (i) x 2%y 1 2
' y 92 the centerisat 2 1, and the radiusis 3. x 6
y 47 16, thecenterisat 64, and the radius is 4. The distance between centers is
2 2 22 - _ o
26 16 9 25 5.Since5 3 4, these circles intersect.
14 4 3
. 2 2 . Lo 2 2
(i) X7y 2 4,the centerisat 02, and theradiusis2. x 57y 14 9,
the centerisat 514, and the radius is 3. The distance between centers is
2..,2 2..2 :
057214 512 25 144 169 13. Since 13 2 3,
these circles dg not intzersect. ) )
@iii) x 37 y 17 1,thecenterisat3 1,andtheradiusis1l. x2~ y 2~ 25,thecenterisat22,
L . . 2 2 —_— —
and the radius is 5. The distance between centers is 32 19 10,

Since 16 1 5, these circles intersect. 122 123

If the distance d between the centers of the circles is greater than the sum r1 r2 of their radii, then the circles do not
intersect, as shown in the first diagram. If d r1 r2, then the circles intersect at a single point, as shown in the second
diagram. 1f d r1 r2, then th iQtersect at two points, as shown-athe third diagram.

@d

Casel d r1 r2 Case2 d r1 r2 Case3 d r1 r2

1 3 LINES
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1. We find the “steepness” or slope of a line passing through two points by dividing the difference in the y-coordinates of these
points by the difference in the x-coordinates. So the line passing through the points 0 1 and 2 5 has slope

() The line with equationy 3x 2 has slope 3.
Any line parallel to this line has slope 3.
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Any line perpendicular to this line has slope lg.
The point-slope form of the equation of the line with slope 3 passing through the point12isy 2 3x 1.

For the linear equation 2x 3y 12 0, the x-intercept is 6 and the y-intercept is 4. The equation in slope-intercept form is y 23

x 4. The slope of the graph of this equation is Z3 .
The slope of a horizontal line is 0. The equation of the horizontal line passing through2 3isy 3.

The slope of a vertical line is undefined. The equation of the vertical line passing through 2 3is x 2.
(a) Yes, the graph of y3 is a horizontal line 3 units below the x-axis.

Yes, the graph of x3 is a vertical line 3 units to the left of the y-axis.

No, a line perpendicular to a horizontal line is vertical and has undefined slope.

Yes, a line perpendicular to a vertical line is horizontal and has slope 0.

y

8. s Yes, the graphs of y3 and x3 are perpendicular lines.
x=_3
R |
V=3
y2 y1 0 2 2
m _ 10my2 v1 10 1 1
9. X2 X1 011 2
y2 y1 12 1 X2 x13 03 3
- y2y1 21 3 3
11.m_x2 x1 7 2 5 12.m
V2 yi 4 4 X2 X1 353
13 4 4
13.m%2x05_ 0 14, 22 :
X2 x11 4 33
15.m y2 y1 52 3 3 16. m y2 y122 0
X2 X1 6 10 4 4 X2 x1 6 3 y2 vyl 20
17. For 1,wefindtwopoints, 1 2 and 0 O0thatlie on the line. Thus the slope of 1ism x2 X1 102.
ey 32 1
: _ . — . —For ) _
For 2, wefindtwopoints 02 and 2 3. Thus, the slope of 21sm " X2 X12 02 3 we find the points
y2 Y1
ism ) .
2 2and 3 1. Thus, the slope of 3 X2 X1 32 3. For 4, we find the points 2 1 and
v2 vyl 21 1 !
2 2. Thus, the slope of 4ismx2 x1 22 4.
18. (a) y m=2 m=1 (b) y m=3
1
- 1
5 2 m=. i
1 1 3
m=0 5

+ X 1 X
B 1
3
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0 4
19. First we find two points0 4 and 4 0 that lie on the line. So the slope is m 40 1. Since the y-intercept is 4,
the equation of the lineisy mx blx 4. Soyx 4,orx y 4 0. -
20. We find two points on the graph, 04 and 20 . Sothe slope ism 20 2. Since the y-intercept is 4, the
equation of the lineisy mx b 2x 4,so0y 2x 4 2x y 4 0. w3
21. We choose the two intercepts as points, 0 3 and 20 . So the slope is m 2 0 , .Sincethey-interceptis 3,
the equation of the lineisy mx b §2_x 3,0r3x 2y 6 O
We choose the two intercepts,0 4 and 3 0. So the slope ism 0 4. Since the y-intercept is 4, the
300

equation of the lineisy mx b 43_x4 4x 3y 12 0.
Usingy mx b,wehavey 3x2or3x y 2 0.

Usingy mx b, we havey st 4 2x 5y 20 0.
Using the equationy y1 mx x1,wegety 3 5x 25x y7 5x y 7 O.
Using the equationy y1 mx x1,wegety 41x2y 4x 2 x y 2 0.

Using the equationy y1 m x x1 , we gety 7 Z3 x13y212x22x3y192x3y190.

Using the equationy y1 mx x1,we getyszz_x 3 2y 10 7x__ 21 7x__ 2y 31 0.
y2 y1 61 5

29. First we find the slope, whichism  x2 x1 12 "1 5. Substituting intoy y1 m X X1, weget
y 6 5x 1 'y 6 5 5 5x y 11 o

First we find the slope, which ismy2 1 325 1 SUbStltutlng |nt0 yyl mxx1l ,weget x2x141

5
y 31x 4y 3 x4 xy1lo y2 yl 35 8
31. Weare giventwopoints, 2 5 and 1 3. Thus, the slope ism x2 x1 12 "1 8. Substituting
intoy yl mx x1,wegety 58[x2] y8x 1lor8x y 11 0.
y2 y1 77
32. We are given two points, 1 7 and 4 7. Thus, the slope ism X2 x1 41 0. Substituting into

y ylI mx x1,wegety 7 O0x 1 y Tory 7 0.
We are given two points, 1 0 and 0 3. Thus, the slope is m y2 y13 03 3. Using the y-intercept,

x2 x10 11
we havey 3x3ory 3x 3or3x y 3 0. y2 vyl 6 0 6 3
34. We are given two points, 8 0and 0 6. Thus, theslopeism  x2 x1 08 8 ,.Usingthe y-intercept

we have y 34 X6 3x 4y 24 0.
Since the equation of a line with slope 0 passing through ab isy b, the equation of this lineisy 3.

Since the equation of a line with undefined slope passing through a b is x a, the equation of this line is x1.
Since the equation of a line with undefined slope passing through a b is x a, the equation of this line is x 2.
Since the equation of a line with slope 0 passing through abisy b, the equation of this lineisy 1.

Any line parallel to y 3x 5 has slope 3. The desired line passes through 1 2, so substituting into y y1 m x x1 , we gety 2 3 x
1y3x1lor3xylO.

40. Any line perpendicular to y . -'X 7 has slope 2. The desired line passes through 32, so
substituting
12



intoy y1 mx x1,wegety 2 2]x 3] y 2x 8or2x y 8 0.
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Since the equation of a horizontal line passing through a b is y b, the equation of the horizontal line passing through 4 5 is
y 5.

Any line parallel to the y-axis has undefined slope and an equation of the form x a. Since the graph of the line passes
through the point 4 5, the equation of the line is x 4.

1 1
43.Sincex 2y 6 2yx 6 y 7x 3, the slope of this line is 7. Thus, the line we seek is given by
1
y6 2X 12y 12x 1 x 2y 11 0.
2 4 7 2
44,Since2x 3y 4 0 3y2x 4 y 3X 3, the slope of this line is m 3. Substituting m 3 and
2

b 6 into the slope-intercept formula, the line we seek is given by y 3x 6 2x 3y 18 0.

Any line parallel to x 5 has undefined slope and an equation of the form x a. Thus, an equation of the line is x1.

Any line perpendicular to y 1 has undefined slope and an equation of the form x a. Since the graph of the line passes

through the point 2 6 , an equation of the line is x 2.

First find the slope of 2x 5y 8 0. Thisgives2x 5y 8 0 5y2x 8 y25.x—35.. Sothe

slope of the line that is perpendicularto 2x 5y 8 O0ism E The equation of the line we seek is

25

y 2 52_x 1 2y 4 5 5 5bx 2y 1 O

First find the slope of the line 4x 8y 1. Thisgives4x 8y 18ydx 1 y l2 X l8 . So the slope of the

2., L1 , , : , :

32 x 2 linethatisperpendicularto4x8ylism] 22.Theequationofthelineweseekisy
2
y 3 2x 1 6x 3y 1 O
15 4

49. First find the slope of the line passing through 2 5and 2 1. This givesm 2 2 4 1,andso the equation

of the linewe seekisy 7 1x 1x y 6 O.

11 2 1
50. First find the slope of the line passing through 1 land 5 1. This gives m 51 u %, and so the slope
1

of the line that is perpendicular is m 12 2. Thus the equation of the line we seek isy 11 2x 2

2x y 7 0.
51. (a) N 52. (a) A

(2,1 1

1 X
4, _1\

y 1 §2 X22y 2 3x 2 (b)y 1 2x 4 y 1 2x 8
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2y 2 3x 6 3x 2y 8 0. x oy 10
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53. b=_1 8

b=_6
\w\ . NI

=0
y2x bb 0, 1, 3, 6. They havz the same ymx 3, mO0, 025,075, 15. Each of the lines contains

slope, so they are parallel. the point 0 3 because the point 0 3 satisfies each

equation y mx 3. Since 0 3 is on the y-axis, they all have
the same y-intercept.

55.

- S L

m=_0.75

m=_1.5
mx3,m0,025,075,15. Each of the lines contains

2mx3,m0,05,1, 2, 6. Each of the lines contains

the point 3 0 because the point 3 0 satisfies each . . o
the point 3 2 because the point 3 2 satisfies each

equation y m x 3. Since 3 0 is on the x-axis, we could ]
equationy2mx3.
also say that they all have the same

-intercept.

y 3 x x 3. So the slope is 1 and the y-intercept is 58.y g3 X 2. So the slope is g3 and the y-intercept
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59. 2x y 7 y 2x 7.Sotheslope is 2 and the
y-intercept is 7.

4x5y 105y 4x 10y 45 x 2. So the slope is 45 and the y-

intercept is 2.

N

S

y 4 can also be expressed as y 0x 4. So the slope is 0 and
the y-intercept is 4.
y A

SECTION 1.3 Lines 90

60.2x 5y 05y2x y 5Zx. So the slope is

2 and the y-intercept is 0.
5

62.3x 4y 12 4y 3x 12y §4 x 3.So
the slope is 3 and the y-intercept is 3. -
4 Y
1 /
1 X

2

x 5 cannot be expressed in the form y mx b. So the slope is
undefined, and there is no y-intercept. This is a vertical
line.
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X 3 cannot be expressed in the formy mx b. Sothe 66. y2 can also be expressed asy 0x 2. So the slope

slope is undefined, and there is no y-intercept. This is a is 0 and the y-intercept is 2.
vertical line. ¥

5x 2y 10 0. To find x-intercepts, we sety Oand 68.6x 7y 42 0. To find x-intercepts, we sety 0 and
solve forx:5x 20 10 0 5x 10 x 2,50 solve forx:6x 70 42 0 6x 42 x 17,50

the x-intercept is 2. the x-intercept is 7.

To find y-intercepts, we set x 0 and solve for y: To find y-intercepts, we set x 0 and solve for y:

50 2y 10 0 2y 10 vy 5,sothe 60 7y 42 0 7y 42 y 6, so the
y-intercept is 5. y-intercept is 6.

A//;
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SECTION 1.3 Lines

“l;g X “13 y 1 0. To find x-intercepts, we sety 0and 70. l3 X. l5 y 2 0. To find x-intercepts, we sety 0 and

1 1
solve for x: %x 30 10 7x1 x2,

so the x-intercept is 2.
To find y-intercepts, we set x 0 and solve for y:

1 1
70 "3y 10 3 y 1y 3,sothe

y-intercept is 3.

y 6x 4. To find x-intercepts, we set'y' 0 and solve

3
for x: 0 6x 4 6x4 X g3 , 50 the x-intercept is 2 .

To find y-intercepts, we set x 0 and solve for y:
60 4 4,so they-interceptis 4.

y A

1 1 1
solveforx: 3x 350 2 O 3IX 2 X 6,50

the x-intercept is 6.
To find y-intercepts, we set x 0 and solve for y:

1 1
70 3y 2 0 5y2 y10,sothe

y-intercept is 10.

y 4x 10. To find x—interceré, we 'set y 0 and solve for x:

04x 10 4x 10 x 52 , S0 the x-intercept is 52 .

To find y-intercepts, we set x 0 and solve for y:
40 1010, so the y-intercept is 10.

YA

\ 2

\

92

To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation y 2x 3 has slope 2. The

line with equation 2y 4x 50 2y 4x 5y 2x 52 also has slope 2, and so the lines are parallel.

To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation y l2 X 4 has slope l2 .

The line with equation 2x 4y 14y 2x 1y l2 X l4 has slope l2 11‘2‘, 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 3x 4y 4

4y 3x4y 34 x 1 has slope 34 . The line with equation 4x 3y 5 3y 4x 5y 43 X 53 has slope é3 314 , and so the lines are

perpendicular. =

To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 2x 3y 10

3y2x 10y g3 X m3 has slope g3 . The line with equation 3y 2x 703y 2x 7 y 23 X Z3 also has slope 23 , and so the lines

are parallel.
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To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 7x 3y 2

- - —3. The line with equation 9y 21x 1 9y 21x 1 y— —9 has slope —3 13 , 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 6y 2x 5

6y 2x 5y l3x §6 hasslopel3.TheIinewith equation 2y 6x 1 2y6x 1 y3x l2 has

slope 3 173, 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 3 , and the C

107 3 1 7162 D
slope of DCis —— 516 2= 9ince these slope are equal, these two sides Y
are parallel. The slope of AD is 71 3, and the slope of BC is \/ B
10 4 6 112
5 7 23. Since these slope are equal, these two sides are parallel. 1A .

Hence ABC D 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 31 _4 _ ,andtheslopeof ACis c
81 | 9 3 3363
gz — - >
2.3 - -
slope of ABslope of AC 372 1 the sides are perpendicular, e f B
and ABC is a right triangle. 1 .
A
81. 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 _.—3.—1 2 Landthe C
111105
D
slopeof DCis _6 8 __2 1. Since these slope are equal, these two sides
0 10 10 5
—
T =T ' B
. 6 1 5 . — | \
are parallel. Slope of AD is =2—=.. —5 5, and the slope of BC is \
1
3 8 5 01 1 —% I X
— =
11 10 1 5. Since these slope are equal, these two sides are parallel. g
1
Since slope of ABslope of AD s 51, the first two sides are

each perpendicular to the second two sides. So the sides form a rectangle.
91 8

82. (a) The slope of the line passing through 1 1 and 3 9 is 3 1 2 4. The slope of the line passing through 1 1
2
1

1 20
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and 6 21is 6 1 5 4. Since the slopes are equal, the points are collinear.
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73 4
(b) The slope of the line passingisthgough12 1 3and 1 7is 11 22.The slope of the line passing through

1 3and 415 is 41 5. Since the slopes are not equal, the points are not collinear.
17 42

83. We need the slope and the midpoint of the line AB. The midpoint of AB is 2 24 1,
24 6 1 1
ABism 7 1 6 1. The slope of the perpendicular bisector will have slope m 1

and the slope of

1. Using the

point-slope form, the equation of the perpendicular bisectorisy 1 1x 4orx 'y 3 0.

84. We find the intercepts (the length of the sides). Whenx 0, we have2y 30 6 0 2y 6 'y 3andwhen
0,wehave20 3x 6 0 3x 6 x 2. Thus, the area of the triangle is l2 32 3

b 0 b
85. (a) We start with the two points a0 and 0b. The slope of the line that contains themis 0 a a. So the equation
b
of the line containing themisy T x b (using the slope-intercept form). Dividing by b (since b 0) gives

y X Xy

b a1l a b L
X

y
Setting a 6 and b8, we get 14x3y244x3y240.68

(a) The line tangent at 3 4 will be perpendicular to the line passing through the points 0 0 and 3 4 . The slope of
40 4 1 3

thislineis 3 0 3. Thus, the slope of the tangent line will be 43 4. Thenthe equation of the tangent

lineisy 4 §4_x3 4y 4 3x 3 3x 4y 25 0.
Since diametrically opposite points on the circle have parallel tangent lines, the other pointis 34 .

(a) The slope represents an increase of 0 02 C every year. The T -intercept is the average surface temperature in 1950, or
15 C.
In2050,t 2050 1950 100,s0 T 002100 15 17 degrees Celsius.

(a) The slope is 0 0417D 0 0417 200 8 34. It represents the increase in dosage for each one-year increase in the child’s
age.
Whena 0,c 8340 1 834mg.

89.(a) The slope, 4, 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

200
manager rents no spaces, $50.

100

200 40° 60 80' 100" «x
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90.(a) y
The slope is the cost per toaster oven, $6. The y-intercept, $3000, is
10,00 the monthly fixed cost—the cost that is incurred no matter how
many toaster ovens are produced.
5000
566 2000
91.(a) (b) Substituting a for both F and C, we have
C | 30 20 10 0] 10 20 30 a 5 a 325—a—32
F 122 4 14 321 30 68 | 86 a40 . Thus both scales agree at
40 .
2 1l 80 70 10 5
92. (a) Using n in place of x and t in place of y, we find that the slopeis n2 nl1 168 120 48 24 . Sothe linear

equationist 80 245—n 168t 80 245n 35 -t 245n 45, —

(b) When n 150, the temperature is approximately given by t 245— 150 45 7625 F 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 0 4000 and 4 200 . Thus, the slope is 400

200 4000 3800
m 4 0 4 950. Using the V -intercept, the 300

linear equation is V950t 4000.
(c) The slope represents a decrease of $950 each year in the value of the

200

1t — 06— & —5°

computer. The V -intercept represents the cost of the computer. 100
(d) When t 3, the value of the computer is given by !
1 2 3 4
V9503 4000 1150.
change in pressure 434
94. (a) We are given 10 feet change in depth 10 0 434. Using P for () Y
pressure and d for depth, and using the point P 15 whend 0, we 60
have P 15 0434d OP 0434d 15. 50
P
(c) The slope represents the increase in pressure per foot of descent. The 0 = i
y-intercept represents the pressure at the surface. 30 ,//
e
2 =
(d) When P 100, then 100 0434d 15 0434d 85 Ea
10
d 195 9 ft. Thus the pressure is 100 Ib/in3 at a depth of
approximately 196 ft. 10 [ 2030 |40 | 50 | 60 k

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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We label the three points A, B, and C. If the slope of the line segment AB'is 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

2

b _b_dac
1. (a) The Quadratic Forméjla states that x 2a .
(b) Inthe equation 1x x 4 0,a ', b1, and c4. So, the solution of the equation is
1
X '_ll'Z_T4_"2_4 13 2 or 4.
22 1
(a) To solve the equation x2 4x 5 0 by factoring, we write x2 4x 5x 5 x 1 0 and use the Zero-Product Property to get
x5orxl.
. . 2 4 2
(b) To solve by completing the square, we add 5 to both sides to get X™ 4y 5 and then add > tobothsidesto get
X 4x 4 5 4x 2 9 x 23 x 5orxl. _
To solve using the Quadratic Formula, wesubstitute a 1, b4, and ¢5, obtaining
442415 4735
X 21 2 2 3 x 5orxl.

2 2
For the quadratic equation ax bx c 0 the discriminantis D b 4ac. If D 0, the equation has two real solutions; if D 0,

the equation has one real solution; and if D 0, the equation has no r)e%al solution. X

There are many possibilities. For example, x2 1 has two solutions, 2 0 has one solution, and 2 1 has no solution.

x2 8x 15 0x 3 x 5 0 x 3 0orx 5 0.Thus,x 3orx 5.
x2 5x 6 Ox 3 x 2 0 x 3 0orx 2 0.Thus, x3orx2.

x2 X 6 x2 X 6 Ox 2x 3 0 x 2 Oorx 3 0.Thus,x2orx 3.

x2 4x 21 x2 4x 21 0x 3 x 7 0 x 3 Oorx 7 0.Thus,x3orx 7.

5x7 9x 2 05x 1 x 2 0 5%x 1 Oorx 2 0. Thus, xls_or_x_z. -

N

X 12 03x 42x 3 0 3x 4 Oor2x 3 0.Thus, x} or x—35..

5s 3 252 5s 3 02s 1 s 3 0 2s 1 Oors 3 0. Thus, slz_or s 3.

2

6X
2s

N NN

4y 9y 28 4y 9y 28 04y 7y 4 0 4y 7 Oory 4 0.Thus, yz4 or_y_4.

1272 447 45 122° 447 45 067 522 9 0 62 5 Oor2z 9 0. Thus, 2% or 7—2 .

42434‘2430212302100r230. If210,then12;if230,then§2.

x25x100x25x500x25x5000x25x200x2500rx200.Thus,x250rx20.
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6xx121x6x26x21x6x25x2102x33x702x300r3x70. If2x30,thenx§;_2;if3x70,thenx13.
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2 2 2 2

X~ 8 1 0 x~ 8xl x  8x 161 16x 4~ 15 x 415 x 415.

2 2 2 2 B B
X 6x 20 x 6x 2 x 6x 9 2 9x 3 11 x 311 x311L —_ —_
2 2 2 2

X 6x 11 0 x 6x 11 x 6x 9 11 9x 3 20 x 325 x 3 25

2 7 2 7 2 9 7 9 3 216 3 3
20. x 3x 4 0 x 3 4 x 3 4 4 4 X 2 44 X 2 2 X 2 2
l2or‘x71.
3 3 L3 1 1! : 1
2 0 2 - 2
21X X 4 X X XX, 44 X 2 1 x , 1 x 2 1.50
22 X 71 7 orx 71 7. 5,0 5 A, 5, 21
— -2 - J—
521, —
22 T
2 2 2 2 2 2
23.x 22x210x 22x21x 22x11 2111 21121x11 100x1110x1110.Thus, x1 orx 21.
2 2 2 2 2

X 18x19x 18x9 199 1981x9 100x910x910,s0x1orx19.

X
25. 5x2 00x. 7 O 2 2X Z5 0 x2 2X Z5 x2 2x 1 z5 1 X 12 25 X 1 12,
121 —
5
2 2 2 2 2 27
26.2x° 16x 50 x  8x S0 x 8 S 8x 16 *16x 4 =
- 2 - 2 2 2
2 2 2 7 2 7 49 49 7 17
27.2x  7x 4 0 x X 2 0 x ) X2 X 3 X m 2 8 X . 16
2 —2 ; 2 5 25 = 25 PR =
28.4x 5x 8 0 x T x20 x X2 X x 2 X . 2 X
| 4 4 4 64 64 8 64 8 64
S 3
x2 8 8
29.x° 8x 12 Ox 2x 6 0 x 2orx 6.
2
30.X2 3x 18 O0x 3x 6 0 x3o0rx 6. =
31X 8x 20 0x 10 x 2 0 x10orx 2.
2 1 1
32,10x 9x 7 05x 7 2x 1 0 X 5 0rx 2.
2
332X X 3 0x 12x 3 0 x 1 Oor2x 3 0.1fx 1 0,thenx 1;if2x 3 0, then
x 3
2 4
34.3x  7X 4 03x 4x 1 0 3x 4 Oorx 1 0.Thus, X 3 or x1. -
5 2 5 5 2 3 8
2 5 0 22X 0 X 2X x2 2x 1 1 X 1 1
35. 3x 6X X .3 3 3 3 X 3

x1 3 . —



36.x°  6x 1 0 6364 632 642 322

2a 1 2 2 2
4 4 2

37 7 0 0 92 12x 4 03x 220 x A
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2

2 1 2 b b 4ac 6 - v — 6 —_ 3 -

38.2x 3x 2 0 4x 6x 1 0 x 2a
2 i
4x  16x 9 02x 1 2x9—0-2x—1 0or2x9 0.1f2x 1 0,thenx 2;if2x 9 0, then

—

9,

40.0 X 4x 1 0

z 1T =
b 4~ 411 4
41.4 b'3—_—1—4ﬁ" —3 54 9] ¥ 10 4 ﬁ_& 3_3_%_;.;'Sincethe
: 2
2 2

2 —_—

discriminant is less than—O-theequaH@n—hasmneal solution.

365z 220 zbb 4ac552 41 3525 12513,

2a2 122

2

10y 16y 5 0 - —
2 2

bb 4acl6l6 410 516256 200 1656 814,

2a2 10202010

25x2 70x 49 05x 72 0 5x 7 0 5X7 X

X2 2x 2 0 xbb2 4.51(:222 43 224 24220  Since the
2a2 366
discriminant is less than 0, the equation has no real solution.

5%2 7X 5 xbb2 4ac77° 755779 100 751 EE— —

2a2 51010
nge the discriminant is less than 0, the equation has no real solution.
0011x 0064 O

00110 011 2 41 00640 0110000121 0256 0011 0506,

2122
0011 0506 0011 0506

Thus, x 2 0259 orx 2 0 248.
2 2450x 1500 0

2 —

2 450 2450 411500 2450 o 2450 - 2450 0050

X 21 2 2 2 . Thus,
2450 0050 2450 0050

X 2 1250 or x 2 1 200.
2 2450x 1501 0

24502 450 2 41 150124506 0025 6004 245000015,

2122

x2 1800x 0810 0

1 800 1800% 41 0810 1800 ‘ 1800=

X 21 2 2 0900. Thus the only
solutionis x 0 900.
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51 h _{gtz ot ;gtz Ot h 0. Usingthe Quadratic Formula,
t "o 2 002 2gh.
21
2 79 g
nn 1 2 2 . .
52.S - 2S n n n n 2S0. Using the Quadratic Formula,
2 -
no__ A 1°w2s _ 4TE
21 2
A 2x2 4xh 2x2 4xh A 0. Using the Quadratic Formula,
X ah amPaza______ 4h 16h®>  8A 4h 4 __aP—2A 4h 2 42 2A
22 4 4 4
2 2h % 2A 2h an? 2A
4 2z
2 2
54.A 2r 2rh 2r 2rhA 0. Using the Quadratic Formula,
2 ' — —
po2h_ _2h" 42A 2h 4%’ gA h 22 5 p
- SR Lo 4 ~
1 1 1 5
55.52a sb ccsbocsasas bes be cs ac as bs ab
s a b 2cs ab ac bc 0.Using the Quadratic Formula,
2
S ab 2c ab 2c” 41 ab ac bc
21
2 2 2
a b 2ca b 4c —2ab—4ac—4bc4ab4dac—4he
2
ab 2Ca2 b2 402 2ab
2
ir r221r ¢ 1 21 2 rir 2 41 rre? 22 44
1 2 4 r —2— 4
2 : ; 52414 5 16 11
r~ 5r 4 0.Usingthe Quadratic Formula,r —22 2 25 16 541
21 2 2
D b2 4a(:62 41 1 32.Since D is positive, this equation has two real solutions.

2 2

X~ 6x9 x2 6x9,s0D b2 4ac6 4193636 0.Since D 0, this equation has one real solution.

2 2 . . . .
D b~ 4ac 220~ 41121 484 484 0.Since D 0, thisequation has one real solution.
D b2 dac 221 2 41121 48841 484 00441.Since D 0, this equation has two real solutions.

D b2 4ac2 44 58 25 26 1.Since D is negative, this equation has no real solution.5

D b2 4ac r2 41 s r2 4s. Since D is positive, this equation has two real solutions.

azx2 2ax 1 Oax 12 0 ax 1 0.Soax 1 Othenaxl Xi'. -

2 a 1



a
ax 2alxalOfaxal]xlOaxalOorx10.IfaxalO0,thenx ;ifx 10, thenx 1.
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We want to find the values of k that make the discriminant 0. Thus k2 4425 0 2 400 k20

2
We want to find the values of k that make the discriminant 0. Thus D 362 4kk04k 36 2k36k18.

67. Let n be one number.  Then the other number must be 55 n since n55 n 55.  Because
. 2 2
the product is 684, we have n 55 n68455n n 684 N 55n 6840
55 55° 41684 55 305 2736 55789 55 17 55 17 72
n 21 2 2 2 .Son 2 -2 36 or

38

n 55217 2 19. In either case, the two numbers are 19 and 36. ) )

68. Let n be one even number. Then the next even numberisn 2. Thus we get the equationn n 2 1252

n2 n2 4n 4 1252 0 2n2 4n 1248 2 N2 2n 6242n 24 n 26.Son 24 orn26.

Let be the width of the garden in feet. Then the length is 10. Thus 875 10 2 10 875 0 35 25 0. So 35 0 in which case 35

which is not possible, or 25 0 and so 25. Thus the width is 25 feet and the length is 35 feet.

Let be the width of the bedroom. Then its length is7. Since area is length times width, we have

2287 2 7 2 72280191201900r 120. Thus 19 or 12. Since the width must be positive, the width is 12 feet.

Let 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 2 21 21 200 2 | 100 . Using

the formula for area, we have 2400 100 100 22 100 2400 0 40 60 0. So 40 0 40, or 60 0 60. If 40, then | 100 40 60. And if

60, then
100 60 40. So the length is 60 feet and the width is 40 feet.

72. 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 13 x in. and x in. So A [14in.
the area of the figureis 14 x [13 x x] 14x 13x x2 x2 27x. We 13in.
2 2 -
are given that this is equal to 160 in2, s0160 x 27x x 27x 160 O B .

X 32 x 5x32orx 5.x mustbe positive, sox 5 in.

The shaded area is the sum of the area of a rectangle and the area of a triangle. So Ay 1 l2 yy l2 y2 y. We are given that

the area is 1200 cm2, S0 1200 l2 y2 y y2 2y 24000y 50y 48 0. y is positive, so y 48 cm.

. . 2 2
74. Setting P 1250 and solving for x, we have 1250-%0x 300 x30x -1 10X L X 30x 1250 O.
30 30% 4 w1250 30 m—m 30 20
Using the Quadratic Formula, x 10 —_—.Thus
210 02 02

30 20 30 20

X 02 50o0rx 02 250. Since he musthave 0  x 200, he should make 50 ovens per week.
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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

, 2 1 6x64 25 X2

16x 390 x3x 13 0. So x 3 or x 13. But x 3 is not possible, since then the length of the base would be 3 8 5 and all lengths
must be positive. Thus x 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 r2h with V 40 cm3 and h 10, we solve for r. Thus 40 r2 104 r2 r

2. Since r represents radius, r 0. Thus r 2, and the diameter is 4 cm.

Let be the width of the lot in feet. Then the length is6. Using the Pythagorean Theorem, we have

2 62 1742 22 12 36 30,276 2 2 12 302400 2 615120 0 126 120 0. So either 126 0 in which case 126 which is not

possible, or 120 0 in which case 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 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

1

Sh 52 0% h5%2 10n 25 4n2 ah® 40h 100 h®° 30h 75 0
— —
30 30 41 75 30 900300 30 1200 30 203 30 203
h 7t 2 7 ‘ 2 .Sinceh ‘ 2 0, we reject it. Thus
30 203 -
the height is h 2 15 10 3 3232ft 32ft4in.
Let x be the rate, in mi/h, at which the salesman drove between Ajax and Barrington.
Direction Distance Rate Time
120
Ajax Barrington 120 X X
150
Barrington Collins 150 x 10 x 10
distance
We have used the equation time rate  to fill in the “Time” column of the table. Since the second part of the trip
120 _1 150
1 === = —_—

took 6 minutes (or 10 hour) more than the first, we can use the time column to get the equag;on X 10 x 10

2 2

12010 x 10 xx 10 150 10x 1200x 12,000 x 10x 1500x 290x 12,000 O
290 290 41 12,000 0028000 290 “TII0
X 7 790 84,2 ; 27 2902190 145 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 Cactus 250 X X
_ 360

Cactus Dry Junction 360 x 10 % 10

distance
We have used time tO fill in the time column of the table. We are given that the sum of rate
250 360
the times is 11 hours. Thus we get the equation x X 10 11250 x  10360x

11xx 10250x 2500 360X11X2 ZI.lOXlZI.X2 500x 2500 0
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2
x 500 500 411 250) 500 250,000 110.000 500 360.000 500 600 Hence,
211 22 22 22

Kiran drove either 4 54 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 3 km/h, and their rate
downstream was r 3 km/h.

Direction Distance | Rate | Time
6

Upstream 6 r 3 r 3
6

Downstream 6 r 3 r 3

Since the time to row upstream plus the time to row downstream was 2 hours 40 minutes §3_hour, we get the equation
6 6 8 2
r 3 r 3 3 63r 3 63r 38r 3r 318r 54 18r 54 8r 72

2 2
0 8 36r 72 4 2r 9r 1842r 3 r 62r 3 Oorr 6 O0.1f2r 3 O,thenr 7

which is impossible because the rowing rate is positive. If r 6 0, then r 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 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 r 3 2r 6 miles. Since they are traveling is directions

with are 90 apart, we can use the Pythagorean Theorem to get 2r 2 2500 6 2 3 4r2 4r2 24r 36
8r2 24r 86408 r2 3r10808r12r90.Sor12orr9. Since speed is positive, the speed of the southbound boat is 9
mi/h.
t t

Using hO 288, wesolve 016> 288, fort 0.S00162 288 162 288 > 18

t 183 2. Thusittakes3 2 4 24 seconds for the ball the hit the ground.
(@) Usinghg 96, half the distance is 48, so we solve the equation 48 16t 96 48 16t 3t

t 3.Sincet 0, ittakes 3 1732s.

t
The ball hits the ground when h 0, so we solve the equation 0 16t2 96 16t2 96 2 61t6. SincetO0, it takes 6 2 449 s.

85. We are given o 40 ft/s. 16t2 40t 16t2 40t 24 0 8 2t2 5t 3 0 82t 3t 1 O
(a) Settingh 24, we 1 1
t lort 1 = Therefore, the ball reaches 24 feet in 1 second (ascending) and again after 1 = seconds
descending).
( 9) , , )
(b) Setting h 48, we have 4816t  40t16t 40t 48 0 2t 5t 6 0

5 25 48 5 23
t 4 4 . However, since the discriminant D 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 16t2 40t 16t2 40t h 0 has only one solution. Thus D 40 2 416h0

1600 64h 0 h 25. So the greatest height reached by the ball is 25 feet.

(d) Setting h 25, we have 25 16t2 40t 16t2 40t2504t5 2 0t1 l4 . Thus the ball reaches the highest point of its path

after 1 l4 seconds.

0 (ground level), we have 0 16t2 40t 2t2 5t0t2t50t0 (start) ort2 1 . 2
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86. If the maximum height is 100 feet, then the discriminant of the equation, 16t2 ot 100 0O, must equal zero. So

0 b2 4ac o 2 416 100 02 6400 o 80. Since o 80 does not make sense, we must have o 80 ft/s.
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2 .
87. (a) The fish population on January 1, 2002 corresponds tot 0,so F 1000 30 1700 ~30000. To find
when the population will again reach this value, we set F 30 000, giving

30000 1000 30 17t t230000 17000t 1000t2 0 17000t 1000t2 1000t 17 tt Oor

t 17. Thus the fish population will again be the same 17 years later, that is, on January 1, 2019.

2.2
(b) Setting F 0, we have 01000 30 17ttt 17t 30 0
17 289 120 7 409 17 202
t 2 2 2 .Thustl6l2ort 18 612. Since

t 0 is inadmissible, it follows that the fish in the lake will have died out 18 612 years after January 1, 2002, that is on
August 12, 2020.

88. Let y be the circumference of the circle, so 360 y is the perimeter of the square. Use t

he circumference to find the
area of the circle is y 2 2 ¢
radius, r, intermsof y:y 2 rry 2 .Thusthe 1

y© 4 . Now if the

1 2

perimeter of the square is 360 y, the length of each sideis 72360 Y  and the area of the square is 4 360 y

2

Setting these areas equal, we obtainy 4 %- 360 y

y 2 2360 y2y 360 y

2 Ty 360  .Therefore,y 360 2

169 1. Thus one wire is 169 1 in. long and the other is
long.

89. Let be the uniform width of the lawn. With cut off each end, the area of the factory is240 2 180 2 . Since

the lawn and the factory are equal in size this area, is - 240 180. So 21,600 43,200 4803604 2
2

0 4 © 84021,600 4 2 2105400 43018030 or180. Since 180 ft is too
wide, the width of the lawn is 30 ft, and the factory is 120 ft by 180 ft.

the ladder reaches (in feet). Using the Pythagorean Theoremwe have 71 2 h 2 191 2
90. Let2h 2be the height 2 2 2
h2

e 4 2 ! 4 4 4 324.Soh324 18 feet.
15 £ 39 15 1521 225 1296 —

Let t be the time, in hours it takes Irene to wash all the windows. Then it takes Henry t 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
job they can do together. Since 1 hour 48 minutes 1 89 _4 9 Jwehaver T _
t 2 3
12 P 5
T 2t3 92t 3 2915t2t 318t 27 18t 10t° 15t 10t 21t 27 0
2 -
t 2L 21 4 _ 10 27 21 441 1080 21 39 got 2139 )
210 20 20 20 10
2139
ort 20  3.Sincet

0 is impossible, all the windows are washed by Irene alone in 3 hoursand by Henry alonein
3 §2 412 hours.

Let t be the time, in hours, it takes Kay to deliver all the flyers alone. Then it takes Lynn t 1 hours to deliver all the flyers

alone, and it takes the group 0 4t hoursto do it together. Thus 1 1 1 _1 104t loaw —L o4t 1
t t1 0 4t t t1
t 4 4t 10 tt 1 4t 1 4t 10t 1 2t 4t 4 4t 10t 10 2t 6 0
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t1t3t20.Sot3ort2. Sincet?2 isimpossible, it takes Kay 3 hours to deliver all the flyers alone.
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Let x be the distance from the center of the earth to the dead spot (in thousands of miles). Now setting

K 0012K K 0012K
— —— — —— 2
2

F 0, we have 0 x2 239 x 2 x2 239 x 2 K 239 x 0 012K x

2 2

2
57121 478x X 0012x 00988x 478x L7121 0 Using the Quadratic Formula, we obtain
478 478 40988 57121 478 228484 225742192 478 2741808 478 52 362

X 20988 1976 1976 1976 241903 26 499.

So either x 241 903 26 499 268 or x 241 903 26 499 215. Since 268 is greater than the distance from the earth to the
moon, we reject it; thus x 215,000 miles.

If we hzave x2 9x 20 x 4 x5 0, then x 4 or x 5, so the roots are 4 and 5. The product is 4 5 20, and the sum is 4 5 9. If we
have x 2x8 x4 x 20, then x 4 or x 2, so the roots are 4 and 2. The

2
productis4 2 8, and the sum is 4 2 2. Lastly, if we have x  4x 2 0, then using the Quadratic Formula,

- —

4 —— 4 - 42 _ -
we have x 21 2 2 2 2.Theroots are 2 2and 2 2. The
2 7 4 2 2,and thesumis 2 7 2 7 4. Ingeneral, ifx ¢
product is 2 22 2 2 1
and x r2 areroots,thenx bx ¢ x r1 x r2 X rix r2x rir2 x ri r2 x rir2. Equating
the coefficients, we getc rir2andb rt r2.

Let x equal the original length of the reed in cubits. Then x 1 is the piece that fits 60 times along the length

of the field, that is, the length is 60 x 1. The width is 30x. Then converting cubits to ninda, we have

375 60x 1 30x 1?12 2—52_xx1 30 x2 X x2 x 30 0 Xx 6 x 5 0.S0x 6or

5. Since x must be positive, the original length of the reed is 6 cubits.

1 . 5 COMPLEX NUMBERS

The imaginary number i has the property that i21.
For the complex number 3 4i the real part is 3 and the imaginary part is 4.

(a) The complex conjugate of 3 4iis3 4i 3 4i.
2

3 4i3 4i3% 25

If 3 4iis a solution of a quadratic equation with real coefficients, then 3~ 4i 3 4i is also a solution of the equation.
Yes, every real number a is a complex number of the forma 0i.

Yes. For any complex numberz,z 2 a bia bi a bi a bi 2a, which is a real number.

7.5 T7i:real part 5, imaginary part 7. 8.6 4i: real part 6, imaginary part 4.
2 5i 2 5 2 5 4 Ti 7 7
9. 3 3 3 ireal part?, imaginarypart 3 . 10. 2 2 2 i:real part 2, imaginary part2 .
N 1 1.
11. 3: real part 3, imaginary part 0. 12. 2:real part 3=, imaginary partO.
13. §- i real part 0_imaginary part % 14.i 3:real part O, imaginary part 3.
15. 3 4 3 2i:real part 3, imaginary part 2. 16.25 2 i 5:real part 2, imaginary part 5.

17.3 2i 51 3 2 5i 3 7i 18.3i 2 3i2 [33]i 2 6i



CHAPTER 1 Equations and Graphs

5 3i4 7i5 43 7i 1 10i 20. 3 4i 2 5i3 2 [45]i5 9i

21.6 6i9

i6 9

T

217 5

6

1i 3 5i
3

20 2 2i

22.3 2i5

SECTION 1.4 Solving Quadratic Equations

i3 52

wl~
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4 i2 5i4 i 2 5i4 21 5i6 6i
12 8i7 4i12 8i 7 4i12 78 4il19 4i
6i 4 i 6i 4 i46 1i4 T7i
27.4 1 2i 4 8i 28. 23 4i 6 8i

7 14 2i 28 l4i 4i 2i2 28 214 4i 30 10i

5310 55§ 3 3i° 535 30 8 2i
6 52 3i 12 18i 10i 151° 12 1518 100 27 8i
2 i3 7i6 14i 3i 7% 714 3i 1 17i
25125 22 51249251 29
37137 3° 7% 58
2 512 22 5i2 225 4 25 20021 20i
3 712 3% 7i% 23 7i0 42
1 1 0 i i
AT
1 1 1 10 i 1i 1 1
- - ~ VA = -,
38.1i 1 1 1 i 11 2 221
23 2.3 12 2.4i3 6% — 2 643i 8i 8 1
1
. . . 2 .
39.1 2i 12 12 1 4i 4 5 ors s5i
2 ) _
51 51 34 15 20i 3i 4i'15 420 3i T 23 T 23
5 Z
5 1 2
40.3 4i 3 4i 3 4i 9 16i 6 5 25 25i
10i 100 1 2i 10 20i 20 10i 5 4 2i
1
411 2i 12i 12 1 4° 4 5 4 2i
1 1 23 23 23 23 2 3
. 1
42. 2 3i 2.3 23 2 3i—42 49 13 ¥ 0w
4 6i 4 6i 3 12i 18 18 12i 18 12 4
o > =<
43 3i 3i 39 9 9 9 i 23 .
3 5 38 150 45 75 75 45i 75 5 1 1
5 _
, 2
44.15i 15 15i  225i 5 225  225i 4 si
1 1 1 1 1 1 1 19 10 1
451 i 1i1i1i21i1i1iZ 1 i 2 2 i
123 i 30 60 2 551 2 i 10 5i 10i 5 10 55 10i
. . 2
46.2 i 21 2 i 2 i 4 i 5
15 5i 15 5
5 5 5 i 3

a0 i ivie ° 1%



. 2. . 4 44
49.315 3512 "1 243 12i 243i 50.2i 0 271 161 16

. s
51 jtoogje 2 1250 4 52, jwezia < 2 1ip
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58, - 202 m —2i

324 3 F2 B

2i - 4di2 n

1 2 12 1i2_ _ _
3 T
6 6i 2 2 2i2 i2
60. 2 "9 i 7 3 iz i 7 2i2 1 i 2
2 2
61.X 49 0 x 49 Xx7i -
623x2 10 3x%1 X2 ‘ CUX o i
63, X 2 0 X s 2 21
2 _ -
b v dac 1 1 JES—"/ T S R 7 1
a— 21 2
2 _—
64x2 2x 2 0 2. 2412, 2.4 8 24 2 2i 1 i
65. x 21 2 2— 2 i2
2 __3 32‘ '417 3 19 3 l_g_:
2 .
66 4110 6 6 6 2i
66.x2 6x 10 0 X 36 40 4
21| 2 2
1 1 411 1 T 1 - 1 T
1
2 1 2 2 2 .
68.* 3x 3 0 -2 2
—_—
3 3 41 3 3 9 12 3 3 3 T3 -
=2 -
> .
1 2 2 2
69.2& 2x 1 0 x 2
-7z —
2 2 421 2 8 2 4 2 2i1
2
2 S4 4 4
3 3 3% 13 . _
. -
5 .
71.6x~ 12x 7 0 2%i
12 122 46 7 12 b — 12 24 12 2i 6 12
X T 26 12 12 - 12 C 12 12 1
2
72.X x T O
1 12 _— —_
— — . 15 —
2 2 411 -+ 1 a4 3 =




21 2 2
23 4i 5 2i 3 4i 5 2i 8 2i

23 4i 5 2i 8 2i 8 2i

zz 3 4i3 4i 32 42 25

23 4i5 2i 15 6i 20i 8i2 23 14i
LHSzabicdiabicdiacbdiacbdi.RHSzabicdiacbdiachbhdi.



Since LHS RHS, this proves the statement.

LHSza‘blgdlacadl bci bdi acbdadbmacbdadbm.RHSzablcdlablcdlacadlbubdlzacbdadbm.

Since LHS RHS, this proves the statement.
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79. LHS - e T 2 a bi 2 32 2abi b2i2a2 b2 2abi.
. - s s 2abia
. z ‘ 2y 2 2abi.
Since LHS  RHS, this proves the statement.
80.7 a bi . a bi—a—bi—z
8l.z za bhi a bi a bi a bi 2a,whichisa real number.
82.z za bhi a bl a bi a bi a bi a bi 2bi, whichisa pureimaginary number.
‘ i
83.z za hi a bi abiabi a b a2 bz,which is a real number.
84.Suppose z  z. Then we have a bi a bi a bi a bi 02bi b 0,sozisreal. Now if z is real,
thenz a Oi(whereaisreal). Since za O0i, wehavez Z'b
85. Using the Quadratic Formula, the solutions to the equation are x — & . Since both solutions are imaginary,
2 2 b s
we haveb 4ac 0 d4ac b 0, so the solutionsare x ~ _, __ 2a i, where 4ac b isareal number.
Thus the solutions are complex conjugates of each other.
5 4 98 2 6 2 108 2
86. i, i i i i il i 1, [ I
7 4 3 11 8 3 4 4 12 8 4
|3|,i i i i4 Li i i 1 i L
Because i4 1, we have in ir,where r is the remainder when n is divided by 4, thatis,n 4 k r, wherekisan

integerand 0 r 4. Since 4446 4 1111 2, we must have i

1 . 6 SOLVING OTHER TYPES OF EQUATIONS X

4446 i21.

Note: In cases where both sides of an equation are squared, the implication symbol is sometimes used loosely. For example, %

xI“”xle2

4x2
2

(a) To solve the equation x3 0 we factor the left-hand side:

The solutions of the equationx x 4 QOarex Oandx 4.

(a) Isolating the radical in 2x x 0, we obtain 2xx.

Now square both sides: 2x ZX—Z— 2X x2.

is valid only for positive x. In these cases, inadmissible solutions are identified later in the solution.

2 x 4 0, asabove.

Solving the resulting quadratic equation, we find 2x x2 x2 2x x x 2 0, so the solutions are x 0 and x 2.

We substitute these possible solutions into the original equation: 2 0 0 0, so x 0 is a solution, but222 4 0, so x 2

is not a solution. The only real solution is x 0.

The equation x 1 2

quadraticequationisW2 5W 6 0 w 3 W 2 0

W

2o0rwW

x lorx 2.You can verify that these are both solutions to the original equation.

X

5x 1 6 O0isof quadratic type. To solve the equation we set W x 1. The resulting

3 x 1 2o0orx 1 3



The equation x6 7x3 8 0 is of quadratic type. To solve the equation we set W 3. The resulting quadratic equation is W 2
7W 8 0.
2

X X 0 xx 1 0 x Oorx 1 0.Thus, the two real solutions are 0 and 1.

3x3 6x2 0 3x2 X 2 0 x Oorx 2 0.Thus, the two real solutions are 0 and 2.

3 32
X 25X X 25 0 xx 5 x 5 0 x 0Oorx 5 0orx 5 0.Thethree25x0xx

real solutions are 5, 0, and 5.
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x5 5x3 x5 5x3 0 x3 x2 50 x Oor 2 5 0. The solutions are 0 ands.
X

5 2 0 x2 x3 30 x Oorx3 3 0. The solutions areOand33.

X 3X
5 4 X2 2 % 2 . .
10.6x 24x 0 6x x 4 0 6x 20. Thus,x 0,0rx~ 2 0 (which has no solution), or
2
x 2 0. The solutions are 0 and2. -
11.0 42° 102 22 2 5.1f222 0,thenz 0.1723 5 0, then 23 5 2 3'2. The solutions are 0
ds5

0 125t 20 t7 125t 2. Iftr O, thent 0. If 125t 2 0. then t-1252°52—The-solutions are 02"°3

¥ 0,x 2 0,0rx2 2x 4 0.1fx% 0,then

B
13. :’md 5 ¥ aldx2 ¥2X 4
2
x 0;ifx 2 0,thenx2,andx 2x 4 0has no real solution. Thus the solutions are x 0 and x2.
4 3 3 3 3 .
14,0 X 64x X X~ 64x Oorx 64 0.1fx 64 0,thenx 64 x4.The solutions are 0
and 4.
3 _2 2
15,0 X 5X  6x X X 5x 6xx 2 x 3x 0,x 2 0,orx 3 0.Thusx 0,orx 2,or
x 3. Thesolutionsarex 0,x 2,andx 3.
16.OX4 X3 6X2 X2 X2 X 6 x2 X 3 X 2.Thuseitherx2 0,s0x 0,0rx 3,o0rx2.The
solytions are 023, %nd 2. Xy 5 X
17.0x° 4x° 2X° X 4x 2. So either 0 x O, orusing the Quadratic Formula on 4x 2 0,
y -
4 ¥ IF12 4 15T 4 7 42 9 -
we have x 2 2 2.The solutionsare 0, 2 2,and
T 2 2 2
2 2.
5.4 3 32 2 . .
18.0y 8y 4y y y 8y 4.If 0,theny 0.I1fy~ 8y 4 0, then using the Quadratic Formula, we
y
2 . - - —
havey __8 8414 ___  _8 48 4 2 3 Thus, thethree solutions are 0, 4 2 Band4 23
21 2
4. 3 X y4 y3
19.3x 5 3x 5 0. y Lety 3x 5. The equation becomes’ 0
4 2 2 2
X 3.1fy y 1 0O,then 3x 5 3x 510 9% 33x 31 0. The discriminant is
2
. . . . 5 4
b2 4ac 33 49 3127 0, so this case gives no real solution. The solutions are x y 7 and X 3,
4 2 . 4 2 2
20.x 5 16x 57 O0.Lety x 5.Theequation becomesy 16y y-y 4y 4 O.If 0, then

x 5 0and x5. Ify‘4 0,thenx 54 Oandxl.Ify 4 0,thenx 5 4 0and x9. Thus,

X

the solutions are 9, 5, and 1.
2.1fx 5 0,thenx 5. Ifx2 2 0, then

21.0X3 5x2 2x 10 2x 5 2x bx 5
2
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X 2 X 2. The solutions are 5 and 2.
22.0 28 2 18x 9 22X 1 92x 1 2X 1 9 2X 1x 3 X 3. The solutions are
1
-, 3,and 3.
23,x3 x2 x 1 x2 10 x3 2x2 X 2 xzx 2x 2x 2x2 1.Sincex2 1 Ohas

no real solution, the only solution comes fromx 2 0 x 2.



SECTION 1.6 Solving Other Types of Equations

103

24, 7X3 x 1 x3 3x2 x 0 6x3 3x2 2x 1 3x2 2x 12x 12x 1 3x2 12x 1 0
or3x2 1 0.1f2x 1 0,thenx 13 2 1 0,then3 2 1 2 1 x 1. The solutions are '
- 2 X X X 3 1 =
25and 8 71 322 z 4 323 22 2z 1 0z 12”0.The
4 4

solution is z 1. We must check the original equation to make sure this value of z does not result in a zero denominator.

1
0

26.m 5 15 3mm 5

ooI

5

10
m 5

15m 5

3m

m 3= . Verifying that neither of these values of m results in a zero denominator in the original equation, we see that
the solutions are B and T5.
2701 o B _ 4% 1x 2 4
1 -t 5 1 1 5
4x 2 4x 15x 1 x 24x84x45x2 5x 10 5x2 3x 14 0
7
I
28 5 7 x 2 0.Ifbx 7 0, then x 5;ifx 2 0,thenx 2. The solutions are Tand 2.
X x 3 40kx 3 x x34 0 x 310 12x 4x x 30
1
0 12 10 12
10x 30 12x 4x2 12x 04 2 14x 300. Using the Quadratic Formula, we have
14 1?2 -4z, — 14 9
X . — - —_— =216 480 14676 14 26 go the solutions are 5 and
) 24 8 8 8
X 50 x2 2
29.x 100 50x 100 50x 5000 x 50x 5000 Ox 100 x 50 O x 100 O
orx 50 0.Thusx 100 or x50. The solutions are 100 and 50.
2% X 1
30.x" 1 1 2x 2 2 2x 1 x 12 0,s0 x 1. This is indeed a solution to the origigal equation.
X
3.1 1 2 1 Xx 1x 21 2x 2x 1Ix 3x 21 2x 4x 1
x 1 x 2 x1 X 2
x2 20 x2.Weverifythat—theseare both solutions to the original equation.
X 2 1 2 5
32.X 3 X 3 X9 XX 3 2Xx 3 1 Xx” 3x 2x 61 X 5x 5 0.Using the Quadratic
2
Formula, x 2, o _— 2415 2 35 we verify that both are solutions to the original equation.
2 2
X x 1 2 2 2
33.2x 7 x 3 1 x 3 x 1 2x7 2Xx 7 x 3 X 3x 2x 9x 7 2X 13x 21
2 7 7

10 15m 75 3m2 15m 3m2 85 0

3x 19x2803x7x40. Thuseither 3x 70, so x 3, or x4. The solutions are 3 and 4.

3



L -2 2 2
34.x 1 2 0x 2 x 10x 2x20

22 412 .
222 24 8 24.Sincethe radicand is negative, there is no real solution.
2122




CHAPTER 1 Equations and Graphs SECTION 1.6 Solving Other Types of Equations 120

4 5% %2 2 5x3x 4% 2 15¢ 20x 0 14x% 20x 2

35.3 & bx 3 3x
2 2
- X —_—— X _2__2_
T 2 - _ _
X 20 20 4142 20 400 112 20512 2016 7 54 _2 The
2 2
214 8 288 7
. 5 4 2
solutions are = ———~ .
36. 2 x X X 7 2 4x x 2 ¢ x 3 1 2¢ 4x 2¢ 7x 1 0.Using the Quadratic
3 4L - 3 1 :
7241 ‘ i - 57
Formula, we find x 7 ] 757 Both are admissible, so the solutions are 157
22 4 4
37.5 X 3 52 x 3 2 25 4x 3 4x 28 x 7isapotential solution. Substituting into the

orfginatequation, we get 5 47 3 5 — Whichistrue, so the solutionisx 7.

5

5
38. & 1 3 8x1 ? 32 8& 1 9 x 5. Substituting into the original equation, we get
8 2 13 93, which is true, so the solution is x 4. -
39. & 1 x5 ‘ T2 x 522x 1 3x 5 x 4. Substituting into the original equation,
_— —_— _ _ Wwhich is true, so the solutionisx 4.

40. E—

x 1 or x 2. Substituting into the original equation, we get 311 2 12 2, which is true, and 3 2 22 1, which is also true. So
the solutions are x 1 and x 2.

X Z XX 22 x2 X Z x2 x2 X 2 x 1x 2 0 xlorx 2. Substituting

into the original equation, we get T 2T 11, which s false, and T2 2 2, which is

true. So x 2 is the only real solution.
292 23x2x22x10x2

42.56x  2X 4 6x 2X 4 6x 4x X
or X 1 Substituting into the original equation, we get 4 6 2 22
7. 16 4, which is false, and
1 1 1
46 2 2 2 1 1, which is true. So x 2 is the only real solution.
X
2 2 2
2x 1 0 4x xx 4.

43. X I 1 X X x 1 2x 1 x 1 2x 1 x

Potential solutions are x 0 and x 4 x 4. These are only potential solutions since squaring is not a reversible operation.
We must check each potential solution in the original equation.

Checking x 0: —— 1 0 = 10isfalse.
Checking x 4: T 1 4 ) 3 142 3 1 4istrue. The only solutionis x 4.

44, x g3x 0 X 93x X 9 3x 0 x 3x 9._Using the Quadratic Formula to find the potential




CHAPTER 1 Equations and Graphs SECTION 1.6 Solving Other Types of Equations 121

3 e 35 33 °
solutions, we have x 21 2 2 . Substituting each of these solutions into the
original equation, we see that x . LTE is a solution, but x 735 is not. Thus x ﬂ-s is the only solution.
2 2 2
2 2

xx13x3xlx32x12x 6x 9 x 1 x 7x 10 0

x 2 x5 0. Potential solutions are x 2 and x 5. We must check each potential solution in the original equation. Checking x

2:22 13, which is false, so x 2 is not a solution. Checking x 5: 551 3 5 2 3, which is true, so x 5 is the only solution.



48.

53.

54.

57.
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3%—=2 1x3 x1x3 x2—1—x—2 3 x x2 2X H& 3x 2 0.Using

3 Fn 3 7
the Quadratic Formula to find the potential solutions, we have x 21 2 . Substituting
each of these solutions into the original equation, we see that x 32 is a solution, but x 3 I is not. Thus
2 2

X 32ﬁ is the only solution.

3x12x13x122x123x12121x1x12x44xIx22x1x222x12x24x44x1x28x0xx80xoorx8.

Substituting each of these solutions into the original equation, we see that x 0 is not a solution but x 8 is a solution. Thus, x
8 is the only solution.

1 x1x 4 1 x1 x —
I— Tx 2 — m—2 2° 1 x1 X 2 1 1 4

2
2 2 1 1 x1 x1 1 X 1 X 0,s0x 0.Weverify
that this is a solution to the original equation.

x4 4x2 30. Lety x2. Then the equation becomes y2 4y30y1y30,soylory3.Ify1l,then x2 1x1,andify 3, then x2 3

X 3. -

x4 5x2 60. Lety x2. Then the equation becomes y2 5y60y2y30,soy2ory3.Ify2,then x2 2x2,and ify 3, then x2 3

x 3.
4 2 . . o 4 2 . .
2x 4x” 1 0. The LHS is the sum of two nonnegative numbers and a positive number, so 2x * 4x~ 1 1 0. This equation has

no real solution. X 3

X SX
0 28 33 3% 1.0fx° 3 0.then ° 3 x 33,0rif 01 xlThuX 3

or x1. The solutions are 3 Fand 1.

0 x6 26x3 27x3 27 x3 1.Ifx3 27 0 x3 27,50 x 3. Ifx3 10 x31, so x1.

The solutions are 3 and 1.

4 4
X 15 16 08 19é 16x* 16 * 1.16x* 16 0,thenx*16 which is impossible (for
real numbers). Ifx 1 0 x 1, so x1. The solutions are 1 and 1.
Ox523x510[x55] [x52] xx 7x 0 orx 7. The solutions are 0 and 7.

1
Let" * Theno * 12 4 X ! 3becomesO0 2 4 313.Nowifl 0,

XXX

x 1 x 1 1 x 1 x 1

then x 1 0 x 1 x1 X X 7,andif 3 0, then x 3 0 x 3

X 13x xl4_. The solutions areflz_and—lzl.

1 I 2 1

: 2
Let x 1 .Thenx 1 2 x 1 8 Obecomes = 28 042 0.So4 0
3

|b—‘
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4, and 2 02. When4, we have x 1 4 1 4x 43 4x X 4. When
—1 3 3 3
2, we have X 12 12x 2 32x X ; . Solutionsare 4and 2.
X X 2 4x
2 2
58. Let x 2.Then x 2 X 2 4 becomes 2 44 0 4 42 .Nowif

2 O,thenx 2 2 0 x 2 2 x 2x 4 x4.Thesolutionis 4.
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23 43 23 2 - 23 23 32
Letux .ThenOx 5x 6becomesu 5u60u3u20u300ru20.1fu3d30,thenx 30x 3x3 33.1fu2

0, then x2 3 20 x2_3 2X 23 2 2 2. The solutions are 3 3.and 2 2.

60.Letu  “xthend % 3% 4 X 3u 4 u 4u 1.Su 4 *s 4 0 “*x 4

44 256, orul 4 x10 4 x 1. HBwever, 4 X is thgpositive fourth root, 50 this cannot equal 1. The only solution is 256.

5 .
112 5x 13' X L52 0 X 14 5x 1 X 1Z 0

2 2
X 14 5x 5 X 2x 1 0 X 1x 3x 0 X 1 xx 3 0 x lorx Oor

61.4 x

3. The solutions are 1, 0, and 3.
62. Letu X 4;then0 2x 473 X 443 X 413 2u73 u43 u13 u132u 1 u 1.5

x40x4,or2u12x412x702x7xzz,oru1x41x50x5.Thesqutionsare4,12,and5.

63.X32 10x12 25x 12 0 x 12 x2 10x 250 x 12 X 52 0. Now x 12 0, so the only

solution is x 5.

64.X12 X 12 6x32 0 x32 x2 X 60 x32x 2x 3 O.Nowx12 0, and furthermore

the original equation cannot have a negative solution. Thus, the only solution is x 3.

13 16
65. Letu x16 .(Wezchoose the exponent . begause the L%D of2,3,and 6 isﬁG.) Then x12 23x 3x 9
1 1
u
16 3 2 3 2 2 2

X36 3X26 3 9 u” 3u"3u9 0uu 39 u 3 3y 3 U3u 3.

Sou 3 Ooru 3 0.Ifu 3 0,thenx ~ 30 x 3 x 3729.1fu 3 0, then

X133 0 x13 3 X 33 27. The solutions are 729 and 27.

Let UMWQM%MMBHM%—MMMW

Sand4-

-2 2 2 L .
67.X3 X2 X 0 14x 4~ 01 2>§1 01 2x 0 2x1 x 2 . Thesolution is2 .

X
4 2 _ 01 4 » * 2 2
I we get X .

0 4x 16x ~ 4. Multiplying b a— X . Substitutingu x ,weget0 1 4u u ,and

68. plying by 4 4y - ey LB _l_zg % > g L
411 —_— 7 2 23. Substituting

using the Quadratizc Formula, we get u 71 — -

back, we have x ) ; and since 2 sand 2~ 3 are both positive we have x 2  3o0rx 2 3.

Thus the solutions are2 3,2 3,2 3,and 2 3

% 5_x 5. Squaring both sides, we get x 5 x 25x 5 25 x. Squaringhath sides again, we

getx 5 25 x 2 x5 625 50x x 2 0x 2 51x 620 x 20 x 31 . Potential solutions are x 20 and x 31. We must check each

potential solution in the original equation.
Checking x 20: 20-5-20 5 25-20 5 5 20 5, which is true, and hence x 20 is a solution.

Checking x 31: 31-5-31 5-36-34-5 37 5, which is false, and hence x 31 is-not a solution. The only real solution is x 20.
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70. sdx2  4x X 4x2  4x X3 0 x3 4x2 4x x x2 4x 4 X X 22.S0X Oorx 2.The

solutions are 0 and 2.
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X2%3%x 332 0 x2 x 3—x%x—332 0 X 3—x% x 3 0 x 3 x»—x 3.

312 2 1 13

If x 0,thenx 3 0 X 3. If x X 3 0, then using the Quadratic Formula x = 27 The

solutions are  3and 2 13,

72. Letu 11 %2 By definition of u we require it to be nonnegative. Now 11 x* —-U-szl 1.
i . .2 2 . .
Multiplying both sides by u we obtainu™2u0Ou~u2u2ul.Sou2orul. Butsince u must be nonnegative, we only

haveu 2 11 x2 211 x2 4 x2 7 x 7. The solutions are

7. — —
73. X X 2 ) 2. Squaring both sides, we get x X 2 4 X 2 4 x. Squaring both sides again, we get
X 2 16 8 x 0 x 9% 14 0 x 7x 2.1fx 7 O0,thenx 7.1fx 2 0,

thenx 2.Sox 2isasolution but x 7 is not, since it does not satisfy the original equation.

74.1 X T 5 X . We square both sides to get 1 X XTI 5 X
2 ‘ . . . .
2x 14%—16-8x—x2x 1 16 8 x.Again, squaringboth sides, we obtain

2x 116 8 % 2 256 256 x 64x 62x 255 256 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 defined, we must have x 0. Then
62x 255 0 while 256 x 0, so there is no solution. -

4 2 2 2 2 2 2

75.0 X 5ax 4aa X 4a x .Sinceaispositive,a X 0 X a x _ % Again, since a is
N 2 2 -
76. positive, 4a x 0 x 4da x 2 a. Thus the four solutions are aand 2 a
b
ab ab® 2 b2 absa®? — b
X —= - — ___LaL— —_— —_— 23— , bt this gives no real solution. Thus, the solution is x
X -ax—a2 x -6-Squaring beth-sides, we have
Xaz2 X ax—axa2x62x2 x ax a 2x12 2 x ax—a—-12 —
X ax -a—B6. Squaring both sides again we have x a x a 36 x2 a2 36 x2 a2 36
X 16 2 36. Checkingzthese a?gwers, V\ée see that x a2 36 is not a solution (for example, try substituting
a 8),butx a 36 isasolution. _
78. Letx -Thenx  and x , and so ‘ b a 3X b X 3
3 2 2 2 - - -
3 6 a .S06x a 0
a XX a is one solution. Setting the first factor equal to zero, we have Xb 0 X b xb.

However, the original equation includes the term b 62, and we cannot take the sixth root of a negative number, so this is

not a solution. The only solution is x a6.

79. Let x be the number of people originally intended to take the trip. Then originally, the cost of the trip is 900 After 5 people
X
900 966 4500

cancel, there are now x5 people, each paying  x 2. Thus900 x 5 X 2900 900 2x X 10
4500
2

0 2x 10 X 0 2x 10x 4500 2x 100 x 45. Thus either 2x 100 0,so x 50, or
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x 45 0,x 45. Since the number of people on the trip must be positive, originally 50 people intended to take the trip.
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80. Let n be the number of peoplein the group, so each person now pays 120.000 if one person joins the group, then there would
n

84.

85.

86.

120,000 120,000
be n 1 members in the group, and each person would pay n 6000.Son 1 n__ 6000120,000
6000 n 6000 n 1 6000120,00020 n n 1 20nn? 19n 20 20n
n 120,000 n
20 n 4 n 5.Thusn 4o0rn 5. Since n must be positive, there are now 4 friends in the group.

We want to solve for t when P 500. Letting ut and substituting, we have 500 3t 10 t 140 -

5 1105 H
500 3> 10u 140 0 3u® 10u 360 u . Since t, we must

have u 0. So
—

- u51105
4—4—14 t 88 62. So it will take 89 days for the fish population to reach 500. 3

Let d be the distance from the lens to the object. Then the distance from the lens to the image is d 4. So substituting
1 1 1

F 48,x d,andy d 4,and then solving for x, we have 8 d d 4 . Now we multiply by the

LCD,48dd 4,togetdd 4 48d 4 48d d2 4d 96d 192 O d2 136d 192

136104

.Sod 16 ord 12. Since d 4 must also be positive, the object is 12 cm from the lens. 2

Let x be the height of the pile in feet. Then the diameter is 3x and the radius is 32 x feet. Since the volume of the cone is

4000 4000
1000 ft, we have > 2x 1000 > 10002 2220 x: 490 7 5 feet.

32433
4 3 .
Let r be the radius of the tank, in feet. The volume of the spherical tank is =" andisalso 750 01337 100 275. So

i3 3
r° 100275 r° 23938 r 288 feet.

4 4
Let r be the radius of the larger sphere,3 inmm. Equating the volumes, we have §r3 323 33 43

3.3.3 4 3 . .
r-2" 3 4 r 9r 99 4 63. Therefore, the radius of the larger sphere is about 4 63 mm.

We have that the volume is 180 ft3, soxx 4 x 9 180 x3 5x2 36x 180 x3 5x2 36x 180 0

xzx 5 36x 5 0x 5x2 360x 5 x 6 x 6 0 x 6istheonly positive

solution. So the box is 2 feet by 6 feet by 15 feet.

Let x be the length, in miles, of the abandoned road to be used. Then the length of the abandoned road not used

is 40 X, and the length of the new road is 102 40 X 2 miles, by the Pgthagorean Theorem. Since the
the road is cost per mile number of miles, we have 100,000x 200,000 6,800,000

——— e

cost of 2
2 T 80x 1700 68 x.Squaring both sides, we get 4x  320x 6800 4624 136X X

9 —_—
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3

6 6 3
road, 16 miles of the abandoned road should be used. A completely new road would have length 100 40° (letx 0)
and would cost T700 200,000 8 3 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.
The distance along the boardwalk from where he started to the point on the boardwalk closest

to the umbrella is distance that he walks on the sand is
2 2 750 210 720 ft. 2Thus the 2
720 x210 518,400 1440x X 44,100 x 1440x 562,500.
Distance Rate Time
Along boardwalk X 4 f
5 2 1440x 562,500
ACross Sand _ X 1440x 562.500 2 X_ 2

Since 4 minutes 45 seconds 285 seconds, we equate the time it takes to walk alongthe-bearewatianrd-across the sand
X X 1440x 562,500 - )

to the total timeto get 285 = 2 1140 x42 X~ 1440x 562,500. Squaring both
X X
. 2 2 2 2
sides, we get 1140 x~ 4 x~ 1440x 562,5001,299,600 2280x 5760x 2,250,000
2 2
0 3x 3480x 950,400 3 X 1160x 316,8003x 720 x 440. Sox 720 0

X720, and x 4400x440. Checking x720, the distance across the sand is

210 feet. So @4 AQZ 180 105 285 seconds. Checking x 440, the distance across the sand is

720 440 2 2102 350 feet. So m4 3—522 110 175 285 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 7 feet, and since the perimeter is 392 feet, the remaining side

must have length 392 x x 7 399 2x. From the Pythagorean Theorem, X1 X
we getx 7 2 399 2x 2 x2 4x2 1610x 159250 0. Using the
Quadratic Formula, we get
-
X 1610 1610 44 159250 1610 44100 1610 210, and SO X 221 50rx 175, BUt It x 221 5, then the
24 8 8

side of length x 7 combined with the hypotenuse already exceeds the perimeter of 392 feet, and so we must have x 175.
Thus the other sides have length 175 7 168 and 399 2 175 49. The lot has sides of length 49 feet, 168 feet, and

feet.
Let h be the height of the screens in inches. The width of the smaller screen is h 7 inches, and the width of the bigger

screen is 1 8h inches. The diagonal rheasure of the smaller screen is h2 h 7 2, and the diagonal measure of the
2 2

US  — 3

larger screenis h  18h2 2 424h 206h. 2 2
Squaring both sides givesh h 14h 49 424h _1236h 9 0 224h 26 36h 40. Applying
2636 2636% 4224 40 2636 oszzwe— 2636 3245
the Quadratic Formula, we obtain h 2224 448 . So
2636 3245 448

h 4738 13 13. Thus, the screens are approximately 13 1 inches high.
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91. Since the total time is 3 s, we have 3 4 1090. Letting d,wehave3 1090 1090 4 30

4 1054
2 5456540 0 545591 05 . Since 0, we have d 11 51, so d 132 56. The well 4

is 132 6 ft deep.
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(a) Method 1: Let u%g%%%%mza%u%%mu%%%m

Method 2: X% 2 0 X 2 % x2 4x 4 x x2 5x 40 x4 x 1 0. So the possible solutions are 4 and 1. Checking will result in the
same solution.
2

~10_1 0 becomes 10u 1 0. Using

(b) Method 1: Letu
12u

X 3=

5 13.1fu 5 13
12

10213
24

the Quadratic Formula, we have u

12 5 +18. So x 2 13. -

T o125

13 12 5 13 So

The solutions are 2 13,

Method 2: Multiplying by the LCD, x 3 2, we get X 2

10 x 3

3

2 2 2

12 10x 3x 3 0 12 10x 30 x° 6x 9 0 X

4x 9 0. Using the Quadratic

- 42

-

Formula, we have u

2

2 13. The solutions are 2

2 22

1 . 7 SOLVING INEQUALITIES

1. (a) If x
(b) If x
(c) Ifx
(d) If x

5, then x

5,then 3 x

2,then 3 x
2,then x

3 5 X
35 3x

32

3 3
15.

3x

2.

2.
x 1

2. To solve the nonlinear inequality x 2 0 we Interval 12

Signofx 1

first observe that the numbers 1 and 2 are zeros Sign of x 2

of the numerator and denominator. These
numbers divide the real line into the three

Signof x 1 x 2

intervalsl, 12,and 2.
1

The endpoint 1 satisfies the inequality, because - 1

.—0 0, but 2 fails to satisfy the inequality because -2 Llisnot

12 2 2

defined.
Thus, referring to the table, we see that the solution of the inequality is[ 1 2.

(a) No. For example, if x2, thenxx 12 1 2 0.
No. For example, if x 2,thenxx 1 23 6.

(a) To solve 3x 7, start by dividing both sides of the inequality by 3.
Tosolve 5x 2 1, start by adding 2 to both sides of the inequality.



g o o | X

17 »13; no
1
573;n0
2 0;no
3, no

]U'|

1
7; yes
3; yes
1

7 3,Yes

P o
PR )

~
Wl =
3|
w|l »

>

1 2x 47

HG)'U'IwNCJ = o

3

114 7; no

16 7; no

14 7; no
8

1 3 7;N0
7

1 3 7;no

12 7; no

1 047 7;no

1 27;yes

The elements 3land 5 katistydindided@Sliry

] 1 1
X % 1
- 1 1.
5 T 7;Yes
1
1 . 17, yes
0 7 is undefined; no
2 31
7 T 7;Nh0
5 6 1.
7 F 7,N0
1 1 % no
5 0 45% ; yes
3 % '; ;yes
5 | T, yes

The elements 5,

11.5x 6 X 5§.Interv

al: 5§

Graph:

[}

1, _5; 3, and 5 satisfy the inequality.

SECTION 1.7 Solving Inequalities

6.
1 2x 5x
51125; yes
1 35; yes
0 1 0;yes
2 1 10
2 5] LA
5 2 25
8 3 %,nho
1 5;no0
5 347 1118;n0
3 5 15;n0
[~ Q 2B nn
8.

2 3 x 2
5482;n01242;n0

02 [3 2; n§)
2 2; no
28 20
6

2 2 2;no5
- 2 076 2;yes
2 0 2;yes

22 2;yes
The elements |_5; 3, and 5 saxis& the inequality.

x X224

27 4;no
34, yes
2 4; yes

22

&= A" \mac
9

EI4 A \pc
36

Hmlm“’lm o [ERN (3]

34, yes

(3,1

7 4;no
3 11 4; no
5 |_274;n0

The elements 1,0, 23 96 , and 1 satisfy the inequality.

12.2x 8 x 4. Interval: [4

Graph:

Y

111



112 CHAPTER 1 Equations and Graphs

13.2x 5 3 2x 8 x 4
Interval: 4
Graph:

Y

23x83x28x2 Interval: 2

Graph:
2
2x 1 0 2x1 x
Graph: 1
19.1 4x 5 2x 6x 4 X %
2
Interval: 3
Graph: p
3
ik E 2 Ax Lb« :
16
16
Interval: 3
—>
Graph: % -
3
4 3x1 8x4 3x1 8x 5x5
x 1 Interval: 1]
Graph:
1
2x543x1lInterval: [31
Graph:
3 1
1
27.63x7813x1573x5
Interval: 13 s
Graph: 1 5

14.

18.

24.

28.

3x 11 5 3x 6 X 2
Interval: 2
Graph:
2
152x2x51x 2 Interval: 2
Graph:
2
2,
05 2x 2x 5 x =
2
Interval: 2
Graph:
2
5 3x 2 9 6x3 X,
Graph: ol

2, 1

=3 72X l@ x (multiply both sides by 6)

4 3x 1 6x 3 9% l3x

Interval::
Graph: 1 _
3
27x 3 12x 16 14x 6 12x
2x 22 x 1
Interval: 11]
Graph:

11

53x4 149 3x 18 3 x 6 Interval: [3 6]

Graph:

6
85x4545x9‘—15xQ5
Interval: 4%

Graph: 4 9

16



29. 2 8 2x1102x9 5 x

nol

9
2 X 5

lwo

Interval:

o
ol

Graph:

©

2 2 3 1

3.3 5 82x 3

=
N

2 (multiply each

expression by 12) 11 2x 5 I~

=

o I:\)lm

Interval: 2

Graph:

o

1

o
o

SECTION 1.7 Solving
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1 13
30. 3 3x 7 2 10 3x 2
10 13
3 X 6
10 13
Interval: 3
Graph: 4 43
_3 _6
1 4 3x 1
32. 2 5 % (multiply each expression by 20)

10 44 3x 510 16 12x 5
2612x11 6 4 X 12 Alz uX 6

Interval: 11 13

12 6
Graph: 11 13
12 6

x 2 x 3 0. The expression on the left of the inequality changes sign where x 2 and where x 3. Thus we must check the

intervals in the following table.

From the table, the solution set is

Interval 2 23 3 X 2 x 3.Interval: 23.
S!gn ofx 2 Graph: X
Signofx 3 2 3
Signofx 2 x 3

x5 x4 0. The expression on the left of the inequality changes sign when x 5 and x 4. Thus we must check the intervals

in the following table.

From the table, the solution set

Interval 4 45 5 isxx4or5x. Interval: 4] [5 .
Signofx 5

Signofx 4 Graph; 5
Signofx 5 x 4 4 5

X 2x 7 0. The expression on the left of the inequality changes sign where x 0 and where x Z2 . Thus we must check the

intervals in the following table.

From the table, the solution set is

7 7
Interval 7 70 0 7
Sign of x 72010 x.xx
Slgn Of 2x 7 Interval: z [0
2
Signof x2x 7
Graph: 7 »
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x 2 3x 0. The expression on the left of the inequality changes sign when x 0 and x 23 . Thus we must check the intervals in

the following table.

From the table, the solution set is
2

2
Interval 0 0 3 3
2 X
Sian of » R
Sign of 2 3x 2
— pEervaroy— 3
Signofx2 3x L - " >

3
x2 3x 18 0 x 3 x 6 0. The expression on the left of the inequality changes sign where x 6 and where x 3. Thus we must

check the intervals in the following table.
From the table, the solution set is x

Interval 3 36 6 3x6. Interval: [ 3 6].
si
!gn ofx 3 Graph:
Signofx 6 -
Signofx 3 x 6 -3 6
38. x2 5 6 0 X 3 x 2 0.Theexpression on the left of the inequality changes sign when x 3and

2. Thus we must check the intervals in the following table.
From the table, the solution set

Interval 3 3 2 2 isxx3or2x. Interval: 3 2.
Signofx 3

. Graph:
Signofx 2 —_—— >
Signofx 3 x 2 =2 -

2x2 x1 2x2 x 1 0x 12x10. The expression on the left of the inequality changes sign where x 1 and where x l2 . Thus we

must check the intervals in the following table.
From the table, the solution set is

T 1
Interval 1 17 2 x x1 or 1x,
Signofx 1
1
Signof2x 1 Interval:1] 2
Signofx 1 2x 1
Graph: —>

N

40. x2 X 2 x2 x 2 0 x 1 x 2 0.Theexpression on the left of the inequality changes sign when

land x 2. Thus we must check the intervals in the following table.
From the table, the solution set is

Interval 1 12 2 X 1 x 2.Interval: 12.
Signofx 1 Graph: R
Signofx 2 1 5
Signofx 1 x 2
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3x2 3x 2x2 4 x2 3x40x1x40. The expression on the left of the inequality changes sign where x 1 and where x 4. Thus

we must check the intervals in the following table.
From the table, the solution set is

Interval 1 14 4 X 1 x 4.Interval: 14.
S!gn ofx 1 Graph: R
Signofx 4 1 4
Signofx 1 x 4

5x2 3x 3x2 2 2x2 3x202x1x20. The expression on the left of the inequality changes sign when x l2 and x 2. Thus we

must check the intervals in the following table.
_Erom the table, the solution set is

1
Interval 2 22,2
. X20r=2 x.
Signof2x 1 ]
Signofx 2
Signof2x 1 x 2 Interval:21 1’) >
Graph: 1

2

x2 3x6 x2 3x 18 0 x 3 x 6 0. The expression on the left of the inequality changes sign where x 6 and where x 3. Thus we

must check the intervals in the following table.
From the table, the solution set is

Interval 3 36 § X X 3o0r6 X.
Signofx 3 Interval: 3 6
Signofx 6
Signofx 3 x 6 Graph: "3 6
44, x2 2x 3 2 2x 3 0 X 3 x 1 0.Theexpression on the left of the inequality changes sign when
X

3and x 1. Thus we must check the intervals in the following table.
From the table, the solution set is

Interval 3 31 1 X X 3orl x.
Signofx 3 Interval: 3 1
Signofx 1
Graph: - -
Signofx 3 x 1 P 3 1

x2 4 x2 40 x2x20. The expression on the left of the inequality changes sign where x 2 and where x 2. Thus we must

check the intervals in the following table.
From the table, the solution set is

Interval 2 22 2 X 2 x 2.Interval: 22.
S!gn ofx 2 Graph: ,
Signof x 2 2 2
Signofx 2 x 2
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x2 9 x2 9 0 x 3x 3 0. The expression on the left of the inequality changes sign when x 3 and x 3. Thus we must check the

intervals in the following table.
From the table, the solution set

Interval 3 33 3 isxx3or3x. Interval: 3] [3.
Signofx 3 Graph:

Signofx 3 >
Signofx 3 x 3 =3 s

x 2 x 1 x30. The expression on the left of the inequality changes sign when x 2, x 1, and x 3. Thus we must check the

intervals in the following table.

Interval 2 21 13 3
Sign of x

Sign of x

w = N

Sign of x

Sian-of x
1gn-0T-X

n
<
=
<

O8]

From the table, the solution setisx x2 or1 x 3. Interval:2] [1 3]. Graph: 2 1 3

x5 x2x10. The expression on the left of the inequality changes sign when x 5, x 2, and x 1. Thus we must check the
intervals in the following table.

Interval 1 12 25 5

Signofx 5
Signofx 2
Signofx 1

Signofx 5x 2 x 1

From the table, the solution set is x 1 X 2or5 X . Interval: 12 5 . Graph:
0 0

x4 x2 2 0. Note that x 2 2 0 for all x 2, so the expression on the left of the original inequality changes sign only when x 4.
We check the intervals in the following table.

From the table, the solution set is

Interval 2 24 4 x x 2 and x 4 . We exclude the endpoint 2 since
Signofx 4 the original expression cannot be 0. Interval: 2 2
Signofx 2 2 4.

Signofx 4 x 2 ‘ Graph: .
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x3 2 x 1 0. Note that x 3 2 0 for all x 3, so the expression on the left of the original inequality changes sign only when x 1.
We check the intervals in the following table.

From the table, the solution setisx x 1. (The

Interval 3 3 1 1 endpoint 3 is already excluded.) Interval: 1 .
Signofx 3 2

Signofx 1

Signofx 3 ‘ x 1 Graph: 1 >

X2 2 x 3 x10. Note that x 2 2 0 for all x, so the expression on the left of the original inequality changes sign only
when x 1 and x 3. We check the intervals in the following table.

Interval 1 12 23 3

Sign of x

Sign of x

2
Signofx 3
1
2

Sign of x

From the table, the solution setisx 1 x 3. Interval: [ 1 3]. Graph: 1 3

52. x2 x2 1 0 x2 x 1 x 1 0.Theexpression on the left of the inequality changes sign when x 1and

0. Thus we must check the intervals in the following table.

Interval 1 10 01 1
Sign of x2

Signofx 1
Signofx 1
Sign of x2 X2 1
From the table, the solution set is x x 1, x 0, or 1 x . (The endpoint 0 is included since the original expression is allowed to

be 0.) Interval: 1] 0 [1 . Graph: .

. o o >

53. x3 4 0 x x4 0 xx 2 x 2 0.Theexpression on the left of the inequality changes sign where

0, x2 and where x 4. Thus we must check the intervals in the following table.

Interval 2 20 02 2
Sign of x

Signofx 2
Signofx 2

ian-of x 2
HR-0HXX—Z

)}

From the table, the solution setisx 2 x Oorx 2.Interval: 20 2. Graph: 2 0 2
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54. 16x x3 0 x3 16x X x2 16 x x 4 x 4 . The expression on the left of the inequality changes sign when x 4, x 0, and x 4. Thus we

must check the intervals in the following table.

Interval 4 40 04 4
Signofx 4

Sign of x
Signofx 4

Signofx x4 x4
g0 X X—a4—Xx—4

Y

From the table, the solution setisx 4 x Oor4 x.Interval: [ 40] [4. Graph: 4 0 4
X 3 1
55.2x 1 0. The expression on the left of the inequality changes sign where x3 and where x 2. Thus we must

check the intervals in the following table.

From the table, the solution set is

T T
qsaly 3 3 32| 2 X3orx 2 . Since the denominator
Signof2x 1 cannot equal 0, x 21.
x 3
Signof 2x_1 _
1
Interval:3] 2~

Graph; ——9p—>
rap P i

2

4x 0. The expression on the left of the inequality changes sign when x4 and x 4. Thus we must check the x 4
intervals in the following table.

From the table, the solution set

Interval 4 44 4 isxx4orx4.
Signof4 x Interval: 4 4
Signofx 4
? Graph:
4 X —_—
Signof x 4 4 4

4 x ) ) . . . )
0. The expression on the left of the inequality changes sign where x4. Thus we must check the intervals in x 4
the following table.

From the table, the solution set is

Tnterval 4 44 4 X X 4orx 4.
Signof4 x Interval: 4 4
Signofx 4
Sign of * X Graph: 4 i >
X 4
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x 1 x 1 x 1 2x 3 3x 5

58. 2 X 3 0 X3 20 X3 ~x3 0 X 3 The expression on the left of the inequality

. 5 . . .
changes sign when x =3 _and_x 3. Thus we must check the intervals in the following table.
From the table, the solution set is

5 2
Interval 3_| 33 3 X X
Signof 3x 5 ors X
Signofx 3 3
3X 5 Interval: 5 3
Signof x 3 3

: —05—0—)
Graph i 3
3

2x 1 2x 1 2x 1 3x 5 x 16
59. x 5 3 x5 3 0 x 5 x5 0 x 5 0. The expression on the left of the inequality

changes sign where x 16 and where x5. Thus we must check the intervals in the following table.
From the table, the solution set is

Interval 5 516 16 X x5 0rx 16 . Since the denominator cannot
Sign of x 16 equal 0, we must have x 5. Interval: 5 [16 .
Signofx 5
x 16 Granh
. raph: >
Signof _x_5 16
3 x 3 x 3 x 3 x 2x
60.3 x 1 3 x 10 3 X 3 x 0 3 x 0. The expression on the left of the inequality changes

sign when x 0and x 3. Thus we must check the intervals in the following table.
Since the denominator cannot equal 0, we must

Interval 0 03 3 have x 3. The solution set is x 0 x 3.
1Signof3 x | | Interval: [0 3.
1Sian of 2x
2% Graph: o
Sign of ‘3 X ‘ 0 3
2
4 4 4 xXx 4 X 2 x2 X
61.x XX X 0 Xxx 0 X 0 X 0. The expression on the left of the

inequality changes sign where x 0, where x 2, and where x 2. Thus we must check the intervals in the following table.

Interval 2 20 02 2

Signof2 x
Sign of x
Signof2 x do— 5
2 x2 X
Sign of X

From the table, the solutionsetisx 2 x Oor2 x.Interval: 20 2. Graph: 2 0 2



CHAPTER 1 Equations and Graphs SECTION 1.7 Solving Inequaliies 121
2
3 4 3 4 3x 4x Ixx 1 3X 4x 4 X X
2
X X X xx 1 —2X_3X__ — X2 3x
62.x 1 3axx 1 3 0 x 1 x 1 0 x 1 0 x1 0. The expression on
2
the left of the inequality changes sign whenx 0, x s , and x1. Thus we must check the intervals in the following
table.
7 7
Interval _ 1 1 _ |1 3| 20 0
Sign of x
Signof2 3x
Signofx 1 —_—
2 X 2 X
Sign of X
2 2
From the table, the solution setis ~ x x1 or 3 x 0. Interval:13 0.

Graph: T 7

_3
2
2 2 2 2 xx 1 2x 2x 1 XT X 2X 2x 2
6312x1 X 1 x1 x 0 xx 1 XX 1 xx 1 0 xx 1 0

XX 2 “ x 2x1
xx 1 0 xx 1 0. The expression on the left of the inequality changes sign where x2, where
1, where x 0, and where x 1. Thus we must check the intervals in the following table.

Interval 2 21 10 01 1

Signofx 2

Signofx 1

Sign of x

Signofx 1

SignofXx-2x 1

—X x 1

Sincex landx 0 yield undefined expressions, we cannot include them in the solution. From the table, the solution
set is x 2 X lorO x 1.Interval:[ 2 1 o1} Grepn - .
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2
3 4 3 4 3x 4x 1xx 1 3x 4x 4 x X
64.x 1 x 1 XTI X 10 XxTI xx1 xx 1 0 Xxx 1 0
al 2 X2 X
xx 1 0 —x——t— 0 The expression on the left of the inequality changes sign when x 2, x2,

0, and x 1. Thus we must check the intervals in the following table.

Interval 2 20 01 12 2

Signof2 x
Signof2 x

Sign of x
Signofx 1

Signof2 X2 X
—xx1

Sincex 0Oandx 1 give undefined expressions, we cannot include them in the solution. From the table, the solution set
is X 2 x 0Oorl x 2.Interval:[ 20 1 2]. Graph:

2 0 1 2
6666x6 x 1xx 1
xlxixlxlo_xxlxxlxxl
2 2
6x 6Xx 6 X X X X 6 —x—3%—2—
xx 1 0 X x 1 0 xx 1 0. The

expression on the left of the inequality changes sign where x 3, where x 2, where x 0, and where x 1. Thus we must check

the intervals in the following table.

Interval 2 20 01 13 3

Signof x 3
Signofx 2
Sign of x

Signofx 1

Signof x 3 x_2
X x1

From the table, the solution set is x 2 x 0orl x 3.Thepointsx 0 and x 1 are excluded from the
solution set because they make the denominator zero. Interval: [ 2 0 1 3]. Graph: o o
2




CHAPTER 1 Equations and Graphs SECTION 1.7 Solving Inequaliies 121

2
3 4 3 4 3x 4x 1xx 1 3 4x 4 X X
2
X 5 X 5 xx 1 25 42 x 1 X~ x 10 8x 8
66.22x14 2 x1 4 02x 1 2x 1 2x 1 0 2x 1 0
X—l& 0 —X_,Q—X_Z—_ 0. The expression on the left of the inequality changes sign when x 9, x2,
2 x1 2 x1
and x1. Thus we must check the intervals in the following table.
Interval 2 21 19 9
Signofx 9
Signofx 2
| Signof x_1 —
Sign of X-9_
2X 2
From the table, the solution set is x 2 X lor9 x.The pointx 1 is excluded from the solution set because
1
it makes the expression undefined. Interval: [ 2 1 [9 . Graph: —am - >
2 9
X 2 x 1 x 2 x 1 X 2 X 2 Xx 1x 3
— ‘ 0
67.x 3 X 2 X 3Xx 2 X 3x 2x 2x 3
x24x22x3 2x 1
X 3x 2 0 X 3x 2 0. The expression on the left of the inequality

: 1 . . .
changes sign where x =2_,where_ x 3, and where x 2. Thus we must check the intervals in the following table.

T T
| Interval 3 3 2 72 2

Signof 2x 1
Signofx 3 |
Signofx 2

2 1

Signof x 3 x 2

1

From the table, the  solutionsetis x 3 Xx ,0r2 X. Interval: 3 22.

>
>

Graph:
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1 1 X 2 x 1 X 2 x1 2x 3
68.x T X 2Z 0 XIXZ X Ix 2 0 X I X 20 X IxXZ_ 0. The
3
expression on the left of the inequality changes sign when x 5 , X1, and x2. Thus we must check the intervals

in the following table.

o Kol

1 1

3
I

Interval 2 2 2

Signof2x 3

Signofx 1

Signofx 2
T2 3

Signof x 1 x 2

wl

From the table, the solution set is x x2 or 2 x1. The points x 2 and x1 are

excluded from the solution because the expression is undefined at those values. Interval:2 2 1.

h: . o) [y o) >
Grap >

-2

x 1x 20. Note that x 2 2 0 for all x. The expression on the left of the original inequality changes sign

X 2

when x 2andx 1. We check the intervals in the following table.

Interval 2 21 12 2

Signofx 1

Signofx 2

Signofx 2 2

x 1x 2

Sign of —_X_2°
From the table, and recalling that the point x 2 is excluded from the solution because the expression is
undefined at those values, the solution setis x X 2orx landx 2. Interval: 2] [12 2
Graph: .

2 1 2
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2x 1 x 3

70. ﬁ 0. Note that x 32 0 for all x 3. The expression on the left of the inequality changes sign

1

when x 2 and x 4. We check the intervals in the following table.

Interval
Signof2x 1

Signofx 3 2

Signofx 4

2x 1 x 3Z
Sign of x 4

From the table, the solution setis x x 3and 2 X 4. We exclude the endpoint 3 because the original expression

O >

cannot be 0. Interval: l2_3 34 . Graph:

71,x4 x2 x4 x2 0 x2 x2 10 x2 x 1 x 10. The expression on the left of the inequality

changes sign wherex 0, wherex 1, and where x1. Thus we must check the intervals in the following table.

Interval 1 10 01 1
Sign of x2

Signofx 1
Signofx 1

SignofXZ X 1x 1

From the table, the solution setisx x1or1 x. Interval:11. Graph:

v

! 1
72,x5 x2 x5 x2 0 x2 x3 10 x2 x 1 x2 x 10. The expression on the left of the inequality
- Z . ‘
2 i 1=All a3
changessignwhenx Oandx 1. Butthesolutionofx y 1 oQaex =~ =~ -~ 91 o,

2

Since these are not real solutions. The expression x ~ x 1 does not change signs, so we must check the intervals in the
following table.

Interval 0 01 1
Sign of x2
Signofx 1
Sign of X2 x 1

Signofx2 x 1 x2 x 1

From the table, the solution setisx 1  x. Interval: 1 . Graph:

Y
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For 16 9x 1o be defined as a real number we must have 16 9X2 04 3x 4 3x 0. Theexpression in the

inequality changes sign at x i3t'andx % . - - - -
Interval g i_é_ g
Signof4 3x
Signof4 3x
Signof4 3x 4 3x

Thus 43 X 4.

For 3x 5x 2 to be defined as a real number we must have 3x2 5x 2 0 3x 2 x 1 0. The expression on the left of the

inequality changes sign whenx Z3 and x 1. Thus we must check the intervals in the following table.

Interval ___32__321_ 1
Sign of 3x -

Sign of x 1

Signof3x 2 x 1

2
Thusx s orl x

1
75. Eor XZ 5x 14 12 tobe defined as a real number we must have X 5x 14 0x 7 x 20.The

expression in the inequality changes sign at x 7 and x2.

Interval 2 27 7

Signofx 7
Signofx 2

Signofx 7 x 2

Thus x2 or 7 x, and the solution set is27.
I—x 1 x
76. For ——= to be defined as a real number we must have ~——~ 0. The expression on the left of the inequality changes

signwhenx 1 and x2. Thus we must check the intervals in the following table.

Interval 2 21 1

Signofl x
Signof2_x__

1 X —-—
Signof 2 x
Thus 2 x 1. Note that x 2 has been excluded from the solution set because the expression is undefined at that value.

bc bc 1 bc c ¢ cc
77.abx ¢ bc(wherea,b,c 0) bx ¢ a bx ac x b ac a bx a b.
Wehavea bx ¢ 2a,whereab,c 0 a ¢ bx 2a ¢ ac X 2a c.

bb
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Inserting the relationship C §9F 32,wehave20 C 30 20 59 F 32 .30 36 F 32 54

F 86.

Inserting the relationship F g5C 32, we have 50 F 95 50 250 32.95 18 g50 63 10 C 35.

Let x be the average number of miles driven per day. Each day the cost of Plan A'is 30 0 10x, and the cost of Plan B is
Plan B saves money when 50 30 0 10x 20 0 1x 200 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

0 05m, and under Plan B, the cost will be 5 0 12m. To determine when Plan B is advantageous, we must solve
005m 5 012m 20 007m 2857 m. So Plan B is advantageous if a person places fewer than

minutes of long-distance calls during a month.

We need to solve 6400 0 35m 2200 7100 for m. So 6400 0 35m 2200 7100 4200 0 35m 4900 12,000 m 14,000. She plans
on driving between 12,000 and 14,000 miles.

h
(@ T 20 100— where T is the temperature in C, and h is the height in meters,

Solving the expression in part (a) for h, we get h 10020 T. So 0 h 5000 0 100 20 T 5000 020 T 50 20 T 3020 T 30.
Thus the range of temperature is from 20 C down to 30 C.

(a) Let x be the number of $3 increases. Then the number of seats sold is 120 x.SoP 200 3x3x P
200 x ls P 200 . Substituting for x we have that the number of seats sold is

120 x 120 l3_P_200—13_F’ 560,

90 lg P @3 115270 360 P 200 345 270 P 560 345 290 P 215 290 P 215. Putting this into standard order, we have 215

P 290. So the ticket prices are between $215 and $290.

If the customer buys x pounds of coffee at $6 50 per pound, then his cost ¢ will be 6 50x. Thus x 6C5 =Since the
c

scale’s accuracy is 0 03 Ib, and the scale shows 3 Ib, we have 3 003 x 3 003 297 65 303
650297 ¢ 65030319 305 c 19 695. Since the customer paid $19 50, he could have been over- or undercharged by

as much as 19 5 cents.

4,000,000
0 0004 dz 0 01. Since d2 0 and d0, we can multiply each expression by d2 to obtain

0 0004d2 4,000,000 0 01d2, Solving each pair, we have 0 0004d2 4,000,000 d2 10,000,000,000

2
d 100,000 (recall that d represents distance, so it is always nonnegative). Solving 4,000,000 0 01d 400,000,000

d2 20,000 d. Putting these together, we have 20,000 d 100,000.
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600,000
88. x2 300 500 600,000 500 X2 300 (Note that x2 300 300 0, sowe can multiply both sides by the
2
denominator and not worry that we might be multiplying both sides by a negative number or by zero.) 1200 x 300
2

0 x 900 0 x 30 x 30.Theexpression in the inequality changes signat x 30 and x30. However,
since x represents distance, we must have x 0.

Interval 030 30
Signofx 30
Sign of x_30

Sign of x 30 x 30
So x 30 and you must stand at least 30 meters from the center of the fire.

89. 128 16t 16t2 3216t2 16t 96 016 t2 t 6016t 3 t 2 0. The expression on
the left of the inequality changes sign at x2, at t 3, and at t2. However, t 0, so the only endpointist 3.
Interval 03 3
Sign of 16
Signoft 3
Signoft 2
Signof 16t 3t 2

So0 t 3.

Solve30 10 09 0012f0r1075.WehaV830 10 09 0012 0012 09 20 0O

0140150. The possible endpointsare014001440and 01500 15 50.

Interval 10 40 40 50 50 75

Signof01 4
Signof01 5

| Signof0l1 401_5
Thus he must drive between 40 and 50 mi/h.

2
-, 1
91. 240 20 20 2400 20 3800. The expression in the inequality changes sign at
60 and80. However, since represents the speed, we mluﬁc,%e%\é‘ao. 060 60
T
Sign of 203
Sign of 80

1
Sign of 20380
So Kerry must drive between 0 and 60 mi/h.

127
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92. Solve 2400  20x 2000 8x 00025X2 2400 20x 2000 8x 00025)(2 00025)(2 12x 4400 O

0 0025x 1 x 4400 0. The expression on the left of the inequality changes sign whenx 400 and x 4400. Since the
manufacturer can only sell positive units, we check the intervals in the following table.

Interval 0400 400 4400 4400
Sign of 0 0025x 1

Sign of x 4400

Sign of 00025x 1 x 4400
So the manufacturer must sell between 400 and 4400 units to enjoy a profit of at least $2400.

Let x be the length of the garden and its width. Using the fact that the perimeter is 120 ft, we must have 2x 2120

60 X. Now since the area must be at least 800 ft2, we have 800 x60 X 800  60x x2

x2 60x 800 O X 20 x 40 0. The expression in the inequality changes sign at x 20and x  40.

However, since x represents length, we must have x 0.

Interval 020 20 40 40

Signofx 20
Sign of x 40

Signofx 20 x 40

The length of the garden should be between 20 and 40 feet.

Case l:ab0OWehaveaaab,sincea0,andbabb,sinceb0. So a2 ab b2, thatisab 0 a2 b2, Continuing, we have a
a2 a bz, since a 0 and b2 a b2 b, since b2 0.So a3 ab2 b3. Thusab 0 a3 b3. Soab0 an bn , if nis even, and an b, ifn
is odd.

Case2:0abWehaveaaahb,sincea0,andbabb,since b 0. So a2 ab b2. ThusOab a2 b2. Likewise, a2 a a2 bandb

a2 b b2, thus a3 b3. So0ab an bn , for all positive integers n.

Case 3: a0b Ifnisodd, then an bn , because an is negative and bn is positive. If n is even, then we could have either an

2
bn or an bn . For example, 12 and 1 2 22, but32and 3 2 2.

The rule we want to apply here is “a b ac bc if c 0 and a b ac be if ¢ 0 . Thus we cannot simply multiply by x, since we

don’t yet know if x is positive or negative, so in solving 1 ~x , we must consider two cases. Case 1: x 0 Multiplying both

sides by x, we have x 3. Together with our initial condition, we have 0 x 3. Case 2: x 0 Multiplying both sides by x, we
have x 3. But x 0 and x 3 have no elements in common, so this gives no additional solution.

Hence, the only solutionsare 0 x 3.
a b,sobyRulel,a ¢ b c.UsingRulelagain,b ¢ b d,andso by transitivity,a ¢ b d.

a C a .
b d .sobyRule3,d@ p ddca—db c. Adding a to both sides, we have a—db a ¢ a.Rewriting the left-hand

sideas @ @b _ab d  anddividing both sidesby b d gives8 & €.

b b b b b d
Similarly,a ¢ b ¢ <bd p_ac ¢
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1 . 8 SOLVING ABSOLUTE VALUE EQUATIONS AND INEQUALITIES

The equation x 3 has the two solutions 3 and 3.
(a) The solution of the inequality x 3 is the interval [ 3 3].
The solution of the inequality x 3 is a union of two intervals3] [3.
(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 x 3.
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 x 3.
(@) 2x 1 5isequivalent to the two equations2x 1 5and 2x 15.
3x 2 8isequivalentto 8 3x 2 8.
5x 20 5x20 x4.
3x  103x10 xo;,
5x 3 28 5x 25x 5 x5.

l2x7212x 9x 18 x18.

x 3 2isequivalenttox 32 x 3 2 x lorx 5.
2x 3 7 is equivalent to either 2x 37 2x 10 x 5; or 2x 3 7 2x 4 x 2. The two solutions are x 5 and x 2.

X 4 05isequivalenttox 405 x4 05 x450rx35.
X 43. Since the absolute value is always nonnegative, there is no solution.
2x 3 11 is equivalent to either 2x 3 11 2x 14 x 7; or 2x 3 11 2x 8 x 4. The two solutions are x 7 and x 4.

2 x 11 is equivalent to either 2 x 11 x 9; or 2 x 11 x 13. The two solutions are x 9 and x 13.

4 3x 6 13x633x6 3, which is equivalent to either 3x 6 3 3x 3 x 1; or 3x 6 3 3x 9 x 3. The two solutions are x 1 and x 3.

5 2x 6 145 2x 8 which is equivalent to either 5 2x 8 2x 3 x §2 ;0r52x82x13x 1—32 . The two solutions are x §2 and x

13
23,

3x56 153 x59x5 3, which is equivalent to either x5 3 x 2; or x5 3 x 8. The two solutions are x 2 and x 8.

20 2x 4 152x 45. Since the absolute value is always nonnegative, there is no solution.

19.8 5 1x 5 33 51x 525 1 x 35, which is equivalent to either Ix 35 1x 3
2 3 3 6 2 2 2

x  2orlx S 5 -lx 2y 2 The two solutions are x Landx B
20. 3 x 2 1 4 3 x 2 2 whichisequivalent to either 3 x 22 3 x 5x 2D:-orx 22
5 2 6 6 6 ‘ ‘ ‘

3 13 85 22 55

X X . The two solutions are x and x
L . . 3

21.x 13x 2, which is equivalent to eitherx 1 3x 22x 3 x 7;0rx 13x 2

x 13x 2 4x1 xl4_. The two solutions are_x 3z_and_x 14_.

x 32x 1 is equivalent to either x 32x 1 x2x2; or x32x 1 x32x 1 3x 4 X é3 . The two solutions are x 2 and x ‘—13 .

x 55 x 5. Interval: [ 55].
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24.2x 2020 2x 2010 x 10. Interval: [ 10 10].

7 7 7
25.2x T7isequivalentto2x 7 x 2;0r2x7 X 2. Interval: 2

I\Jl\l

l2 X 1x 2isequivalentto x 2 orx2. Interval:2] [2.
4 10isequivalentto 10 x 4 106 x 14. Interval:[ 6 14].

3 9isequivalenttox 39 x6;orx 3 9 x 12.Interval:612.
1 lisequivalenttox 1 1 x 0;orx 11 x2.Interval:2] [O.
4 Oisequivalenttox 4 0 x 4 0 x4. The only solution is x4.

2x 1 3isequivalentto2x 13 2x4 x2;0r2x 1 3 2x 2 x 1. Interval:
2][1.

X
X
X
X

32. 3x 2 7 isequivalentto3x 2 7  3x 5 x 53_;0r3x2 7 3 9 X 3. Interval:

5

3 v 3 .
2x 3 0404 2x 3 04 26 2x 34 13 x 17.Interval:[1317].
4 5x 8é —x—8 . Interval:—4 -8 —.34.5x2665%26
5 5_ 5 5
X 2‘ X 2‘
35. 3 22 3 26 X 2 64 x 8. Interval: 48.
1 8 X 9. Interval: 9 [7

X 6 00010001 x 6 00016001 x5999. Interval: 6001 5999.

x add x adadx a dlInterval:a da d.

4x 2 3 13 4x 2 16x 2 44 x 2 46 x 2.Interval: 62.

32x4 12x422x42which is equivalent to either 2x 42 2x 2 x 1; or 2x4 2 2x 6 x 3. Interval: 3] [ 1.

41.8 2x 1 62x 122x 1 22 2x 1 21 2x 3 - -

13
Interval- 2 9

7x 2 5 4 7x 21x 211_. Since the absolute value is always nonnegative, the inequality is
true for all real numbers. In interval notation, we have

1

U O S - ) ) S
44, 2Lx 3 3 51 2 . ix 348 1 X 3 2424 _  lx 3 2427 -1 x 2154 x
42.

Interval: [ 54 42].
45.1 x 4.1fx 0,thenthisisequivalenttol x 4.Ifx O, then thisisequivalentto 1x 41 x4

4 x1.Interval: [ 4 1] [14].
460 X 5 1.Forx 5, thisisequivalentto ;x5 1 gX L . Sincex 5 isexcluded, the solution is

9 a

255 2

L BERE 1o JEE
47.x 7 2 1 2x T(XN)x 7 2 2 X 7 2 2 X 2 and x7.
15 13

Interval: 27 7 2.
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SECTION 1.9
_1 1 _3 ﬁ
48.2x 3 55 2x 3,since 2x 30, provided2x 3 0 X » .Nowforx 2 ,wehave
L 2x 3isequivalent to either 12x 3 16 2x 8 x;0or2x 3 lox 14 x
I 3
Interval: 5 5.
49.x 3 50.x 2 51.x 7 5 52.x 2 4
53.x 2 54.x 1 55.x 3 56. x 4
(a) Let x be the thickness of the laminate. Then x 0020 0 003.
x 0020 00030003 x 0020 0003 0017 x 0023.
h 682 22 h 682 258 h 682 58 624 h 740. Thus 95% of the adult males are
2929

between 62 4 in and 74 0 in.

x 1 is the distance between x and 1; x 3 is the distance between x and 3. So x 1 x 3 represents those points closer to 1

than to 3, and the solution is x 2, since 2 is the point halfway between 1 and 3. If a b, then the solution to x a x b is x

2b. N

1 . 9 SOLVING EQUATIONS AND INEQUALITIES GRAPHICALLY

The solutions of the equation x2
2

2x 3 0 are the x-intercepts of the graph of y x2

2x 3.
2

The solutions of the inequality x 2x 3 0 are the x-coordinates of the points on the graph of y x 2x 3 that lie above the x-

axis.

(a) From the graph, it appears that the graph of y x4 3x3 x2 3x has x-intercepts 1, 0, 1, and 3, so the solutions to the

equation x4 3x3 x2 3x0arex1,x0,x1, and x 3.

4 32

From the graph, we see that where 1 x 0 or 1 x 3, the graph lies below the x-axis. Thus, the inequality x 3x x 3xO0is

satisfied forx 1 x0or1x3[10][13].

(a) The graphs of y 5x x2 and y 4 intersect at x 1 and at x 4, so the equation 5x x2 4 has solutions x 1 and x 4.

The graph of y 5x x2 lies strictly above the graph of y 4 when 1 x 4, so the inequality 5x x2 4 is satisfied for those

values of x, that is, forx 1 x4 14 .

5. Algebraically: x 4 5x 1216 4x x4.

Graphically: We graph the two equationsyl x 4 and

y2 5x 12 in the viewing rectangle [ 6 4] by
[ 10 2]. Zooming in, we see that the solution is x4.

3

6. Algebraically: X 3 6 2x9 7 X X6.
Graphically: We graph the two equationsyl 1 x 3and
y2 6 2xin the viewing rectangle [ 10 5] by
[ 10 5]. Zooming in, we see that the solution is x 6.

5
-10 -5 5
-5

I~






2 1 2 1
7. Algebraically: x 2x 7 2x X X 2x7
5 J—
4 1 14x x 14 2 1

o

_Algebraically: x2
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Graphically: We graph the two equationsy1 x 2x — —

and y2 7 inthe viewing rectangle [ 22] by [ 2 8].

Zooming in, 0 36.

32 0 x2 32

X324 2

2
Graphically: We graph the equation y1 x 32 and

determine where this curve intersects the x-axis. We use
the viewing rectangle [ 10 10] by [ 5 5]. Zooming in, we
see that solutions are x 5 66 and x 5 66.

4__
21

5 of
7

-10

Algebraically: x2 90 x2 9, which has no real 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 [ 5 5] by [ 5 30].
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4 6 5

8. Algebraically: X 22x 2x 4
4 6 5

2XxX 2 X 2 2Xx 2X X 2 2x 4

2x4x 2 6 x58x 6x 12 5x
12 3x4 x.

Graphically: We graph the two equations
4 6 5

yi x 2 2xandy2 2x 4 in the viewing
rectangle [ 55] by [ 10 10]. Zooming in, we see that

there is only one solution at x4

10.Algebraically: x3 16 0 x316 x232. -

Graphically: We graph the equationy x 3 16 and

determine where this curve intersects the x-axis. We use

the viewing rectangle [ 5 5] by [ 5 5]. Zooming in, we see
that the solution is x 2 52.

32xx22x30
2

22 413 2 o
X 21 21

Algebraically: x2

Because the discriminant is negative, there is no
real solution.

Graphically: We graph the two equations y1 x2 3 and y2

2x in the viewing rectangle [ 4 6] by [ 6 12], and see that
the two curves do not intersect.
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Algebraically: 16x4 625 x4 @16

5

225.

4
Graphically: We graph the two equations y1 16x and

y2 625 in the viewing rectangle [ 5 5] by [610 640].
Zooming in, we see that solutions are x 2 5.

640
630 +
620 +
e —
4| -2 0 2 4
. . 4 4
Algebraically: x 5 80 0x 5 80

5%802%5%52%s5. Graphically: We graph the
equation y1 x5 4 80
and determine where this curve intersects the x-axis. We

use the viewing rectangle [ 1 9] by [ 5 5]. Zooming in, we
see that solutions are x 2 01 and x 7 99.

4__
2 +

o
I
o

2T
Lt

We graph y x2 7x 12 in the viewing rectangle [0 6] by [ 0

1 0 1]. The solutions appear to be exactly x 3 and x 4. [In
2

factx 7x12x3x4.]
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5 5

14. Algebraically: 2x5 243 0 2 243 X 23,

5243

X 2 35516

Graphically: We graph the equation y 2x5 243 and

determine where this curve intersects the x-axis. We use
the viewing rectangle [ 5 10] by [ 5 5].

Zooming in, we see that the solution is x 2 61.

i
2__
-5 _2_:_ 5 10
'4-,-
Algebraically: 6 x 25 64x 25 %6 32

3

825 23581 y2 3 Sg1x2®

5
Graphically: We graph the two equations y1 6 x 2 and

y2 64 in the viewing rectangle [ 5 5] by [50 70]. Zooming
in, we see that the solution is x 0 39

70 T

We graph vy x2 0 75x 0 125 in the viewing

rectangle [ 2 2] by [ 0 1 0 1]. The solutions are x 0
25and x 0 50.

-0.
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3.2 . - . 3,2 3,.2 3
We graph y x~ 6x~ 11x 6 in the viewing rectangle Since 16x~ 16x~ x116 ~ 16 ~x10,we graphy 16
2 X
. X X
[14] by [010 1]. The solutions are x 1 00, x 2 16x x 1 in the viewing rectangle [ 2 2] by [0 1 0 1]. The

00,and x 3 00. solutions are:

x1 00, x0 25, and x 0 25.

L

21. We first graphy  x X 1 inthe viewing rectangle [ 15] by [ 010 1] and 0.1

find that the solution is near 1 6. Zooming in, we see that solutionsis x 1 62. {

— — 2
22. 1x1 x2 1

1x 1 x 0 Since xisanly defined {\

forx 0, %\ 0.00 A+
[ 15] by [ 11].In this rectangle, there -1 1 2\3 45 ¢ 2-3& 2.34
appears to be an exact solution at x 0 and

another solution between x 2 and x 25. We -1 001
then use the viewing rectangle [2 3 2 35] by

[ 001 001], and isolate the second solution as
2 314. Thus the solutions are x 0 and
231

23. We graph y x1 3 X in the viewing rectangle [ 3 3] by [ 1 1]. The solutions

are x1,x 0,and x 1, as can be verified by substitution. \ k
iy T LI ' .

24. Since x1 2 is defined only for x 0, we start by 1 001
- 1Z 190 . . .
graphingy x X X in the viewing
rectangle [ 1 5] by [ 1 1] We see a solution at UL 0.00 L ,
X 0 and another one between x 3 and -1 1 2 3\ 4 3.35 3.40
x 3 5. We then use the viewing rectangle
[3334]by[ 001001], and isolate the second I -0.01

solution as x 3 31. Thus, the solutions are

x Oandx 331.
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We graph y 2x 1 1 and y x in the viewing rectangle [ 3 6] by [0 6] and see that the

only solution to the equation 2x 1 1 x is x 4, whieh-ean be verified by substitution.

We graph y 3 x2.and y 1 x in the viewing rectangle [ 7 4] by [ 2 8] and see
that the only solution to the equation 3 x 2 1 x is x 3 56, which can be verified

by substitution.

We graph y 2x4 4x2 1 in the viewing rectangle [ 2 2] by [ 5 40] and see that the

4 2
equation 2x 4x 10 has no solution.

We graph y x6 2x3 3 in the viewing rectangle [ 2 2] by [ 5 15] and see that the
6 3

equation x 2x 3 0 has solutions x 1 and x 1 44, which can be verified by

substitution.

x3 2x2 x 10, so we start by graphing the function 10 £
y x3 2x2 x 1 in the viewing rectangle [ 10 10] by [ ﬂ{
100 100]. There appear to be two solutions, one '_10‘ = ‘ o K 4 ool s 4 s
near x 0 and another one between x 2 and x 3. We 10
then use the viewing rectangle [ 1 5] by [ 1 1] and 10
zoom in on the only solution, x 2 55.
4 2 . .
X 8x~ 2 0. We start by graphing the function y " 1
x4 8x2 2 in the viewing rectangle [ 10 10] by [ ‘ I ’ l m ‘
10 10]. There appear to be four solutions 1t ] — ——t—
between x 3 and x 3. We then use the viewing -10 -5 5 10 41 -2 2| 4
rectangle [ 5 5] by [ 1 1], and zoom to find the
four solutions -1 -1

X2 78,x051,x 051,andx 278.
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|

xx 1x 2 l6x 0. We start by graphing

the function y x x 1 x 2 le X in the viewing

-1

rectangle [ 5 5] by [ 10 10]. There appear to be
three solutions. We then use the viewing -10
rectangle [ 252 5] by [ 1 1] and zoom into the
solutions at x 2 05, x 0 00, and x 1 05.

x4 16 x3. We start by graphing the functions y1 x4 and y2 16 x3 in the viewing rectangle [ 10 10] by [ 5 40]. There

appears to be two solutions, one near x 2 and another one near x 2. We then use the viewing rectangle [ 2 4 2 2] by [27
29], and zoom in to find the solution at x 2 31. We then use the viewing rectangle [1 7 1 8] by [9 5 10 5], and zoom in
to find the solution at x 1 79.

40 29
3 10.4
28 10.2
10.0
9.8
0 24— 423 227 96 f ; f t {
1.70 1.75 1.80

We graph y x2 and y 3x 10 in the viewing rectangle [ 4 7] by [ 5 30]. The

solution to the inequality is [ 2 5]. 3
2
4 -2 2 4 6
Since 0 5x2 0875x 025 0 5x2 0875x 025 O, we graph zr“-
2 1.
. - . 2T
y 05x 0875x 0 25 in the viewing rectangle [ 3 1] by [ 5 5]. Thus the solution to \ 1
I L I ~— 1 X ’“' 2 1
the inequality is [ 2 0 25]. 3 2 1 -2t 1
4t

4+
Since x3 11x 6x2 6 x3 6x2 11x 6 0, we graph i /
0 f\lw i
3 2 T 2 4
y X 6x 11x 6 in the viewing rectangle [0 5] by [ 5 5]. The solution set is 1 0] [2 2
030]. -4
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36. Since 16x3 24 2 x 1 Q/ l U {
X 9 : AN, S L ¥
3 2 47 0.01
16x~ 24x~ 9x 1 0, we graph T
3 2 2.
y 16x 24x 9x 1inthe viewing 0.00
rectangle [ 3 1] by [ 55]. From this rectangle, -3 -2 102 1 -1.0 -0.5
we see that x1 is an x-intercept, but it is -4
-0.01

unclear what is occurring between x0 5 and

x 0. We then use the viewing rectangle [ 1 0] by [ 001 0 01]. It shows y 0 at x0 25. Thus in interval notation,

the solutionis 1 0250 25.

Since x1 3 X x1 3 x 0, we graph y xl 3 X in the viewing

rectangle [ 3 3] by [ 1 1]. From this, we find that the
solution setis101.

Sincexlzx12x12x120,wegraphyx12x12in

the viewing rectangle [ 2 2] by [ 5 5]. The solution set is
0.

We graph the equations y 3x2 3xandy 2x2 4 in the viewing rectangle [ 2 6] by [ 5

50]. We see that the two curves intersect at x 1 and at x 4, and that the first curve

is lower than the second for 1 x 4. Thus, we see that the inequality 3x2 3x2x 4

has the solution set 1 4 .

*2 2 2
Since 05 “12x05x" 12x0,wegraphy05 ~12xin

the viewing rectangle [ 1 1] by [ 1 1]. We locate the x-
intercepts at

x 0 535. Thus in interval notation, the solution is
approximately 0 535] [0 535 .

Sincex12x3x12x30,wegraphyx12X3inthe

viewing rectangle [ 4 4] by [ 1 1]. The x-intercept is
close to x 2. Using a trace function, we obtain x 2 148.
Thus the solution is [2 148 .

2
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42. We graph the equations y 5 3xand y e 2inthe viewing rectangle B 20

[ 32] by [ 520]. We see that the two curves intersect at x2 and at x 2l

which can be verified by substitution. The first curve is larger than the second for o 'Tﬂ S
x2 and for x 27, so the solution set of the inequality 5x~ 3x 3x~ 2is

1
2]2=. 3 2 -1 1 2

We graph the equationy x 2 2 x 3 x lin the viewing rectangle

[ 2 4] by [ 15 5] and see that the inequality x 2 2 x 3 x10 has the solution set [ 1
3].

44. We graph the equation y x2 x2 1 in the viewing rectangle [ 2 2] by

[ 11]andseethatthe inequalityx2 x2 10 has the solution set

1]0[1.

45. Tosolve 5 3x 8x 20 by drawing the graph of a single equation, we isolate 1
all terms on the left-hand side: 5 3x 8x 20
5 3x 8x 20 8x 20 8x 2011x 25 Oorllx 25 O.

We graphy 11x 25, and see that the solution is x 2 27, as in Example 2. -1 123

and y x-in-the-viewing-rectangle{-0-01-0-62]-0-and

Graphing y x3 Gx2 9x by [0
*-0-01 are-solutions-of the eguation

05 0 2], we see that x x3 6x2

OX %.

| |

I 13 ¥ T 1
-0.01/1 001 002
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(a) We graph the equation We graph the equations y 15,000 and

2 3 . L
10x 0 5x~ 0 001x™ 5000 in the viewing y 10x 0 5x% 0 001X 5000 in the viewing rectangle

rectangle [0 600] by [ 30000 20000]. [250 450] by [11000 17000]. We use a zoom or trace

2000
company’s profits are greater than $15,000 for 279 x

400.

200 400 \600

-2000 16000° /-\
14000/

From the graph it appears that 12000F
2 3 300 400
0 10x 005x~ 0001x™ 5000 for
100 x 500, and so 101 cooktops must be produced to
begin to make a profit.
48. (a) Using a zoom or trace function, we find thaty 10 for x 66 7. We
15T
L 100, then —X_ 2 0 00036. So for
10 - could estimate this since if x y _2 5280
5[ o .
0» x 100 we have 1 5x 5280 15x . Solving 15x 10 we
i } } }
get15 1000rx 15 667 mi.

Answers will vary.

Calculators perform operations in the following order: exponents are applied before division and division is applied before
X1 X L . . . .

addition. Therefore, Y 1=x"1/3 is interpreted as y 1 , which is the equation of a line. Likewise,

— ¥ 2=x/x+4is3 3
X

interpretedasy x4 1 4 5. Instead, enter the following: Y 1=x"(1/3),Y 2=x/ (x+4).

1 . 10 MODELING VARIATION

If the quantities x and y are related by the equation y 3x then we say that y is directly proportional to x, and the constant of
proportionality is 3.

. . 3
If the quantities x and y are related by the equation y X~ then we say that y is inversely proportional to x, and the constant
of proportionality is 3.

If the quantities X, y, and z are related by the equation z 3 yihen 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 kxy. Substituting the given values, we get

10 k4 5 20k kL Thus_x_y.and z are related by the equation z————xy.

2 2
(a) In the equation y 3x, y is directly proportional to x.

In the equationy 3x 1,y is not proportional to x.

3
1 ,yisnot proportional to x.

6. (@) Inthe equationy

I wx
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(b) Intheequationy  x,yisinversely proportional to x.
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T kx, where k is constant. Pk , where k is constant.
kz , where k is constant. kmn, where k is constant.
ks _ _
y t, where k is constant. P T, where k is constant.
2

kx

z k vy, where k is constant.
14.A T3, where « is constant.

15.V kI h, where k is constant. 6.5 kr2 2, where K is
constant.
k P22 .
17.R bs , where Kk is constant. 18. A k  x¥, where k is constant.
19. Since y is directly proportional to x, y kx. Sincey 42 whenx 6, we have42 k6k 7.Soy 7x.
k k 24
20. is inversely proportional to t, so t.Since3whent 8, we have 3 8 k 24,s0 T
A varies inversely as r, so A k .Since A 7whenr 3, we have7 k k 21.SoA 21 . —
rar —
P is directly proportional to T, so P kT . Since P 20 when T 300, we have 20 k 300k 151 .SoP 151—T . —
kx
Since A is directly proportional to x and inversely proportional to t, A t.SinceA 42whenx 7andt 3,we
X7 18x
have 42 3 k 18. Therefore, A t .

S kpg.SinceS 180whenp 4andq 5, wehave 180 k4 5180 20k k 9.SoS 9 pag.

k k
25. Since W is inversely proportional to the square of r, W ©  .SinceW 10whenr 6, we have 10 62 Kk 360.
360
Sow r2
Xy 23 Xy
2.t k r.Sincet 25whenx 2, y 3,andr 12, wehave25 k 12 k 50.S0t 50 .

Since C is jointly proportional to I, , and h, we have C kI h. Since C 128 when | h 2, we have 128 k2 2 2 128 8k k 16.
Therefore, C 161 h.

H kI2 2. Since H 36 when | 2and13_, we have 367k_2_2—13—2736—49_k k__81. So_H_81I2 2,
k k k. 275
29.R x .SinceR 25whenx 121,25 121 11k 275.Thus, R % .
abc az2?2 abc
30.M k d .SinceM 128whena dandb c¢ 2, wehave 128 k a 4k k 32.SoM 32 d .
X3
25
3l.(@z k Y
3 3
3x 27 X 27

2
(b) If we replace x with 3x and y with 2y, thenz k 2y 4 k Y2 , so z changes by a factor of 4
X2
R.(a)z k y4

9
3x 2 9 X2 -

(b) If we replace x with 3x and y with 2y, thenz k 2y 4 16 k Y4 , so z changes by a factor of 16 .



(a)z kx3 y5

If we replace x with 3x and y with 2y, thenz k 3x 3 2y 5 864kx3 y5, so z changes by a factor of 864.
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k

3.(a) z xeys
k 1 _k

I~

2,3
(b) If we replace x with 3x and y with 2y, then z 33X 2y 72%2Yy3 , so z changes by a factor of72 .
35. (a) The force F needed is F kx.

(b) Since F 30 N when x 9 cm and the spring’s natural length is 5 cm, we have 30 k9 5k 75.
(c) From part (b), we have F 7 5x. Substitutingx 11 5 6intoF 75xgivesF 756 45N.
36.(a) C kpm | 1
(b) Since C 60,000 when p 120 and m 4000, we glet 60,000 k120 4000k 3 .SoCi pm.

(c) Substitutingp 92 and m 5000, we get C 8 92 5000 $57,500.
37.(a) P ks

(b) Since P 96 when's 20, we get 96 k 203 k 0012.SoP 0012 3.

3

(c) Substituting x 30, we getP 0012 30 324 watts.

38. (a) The power P is directly proportional to the cube of the speed s, so P ks3.

80 2
(b) Because P 80 whens 10, we have 80 k10 3 k 1000 25 0 08.
2 =2 3

(c) Suzbstituting k 25ands 15 wehaveP 25 125 270 hp. )
39.D ks .Since D 150 whens 40, we have 150 k40 ,sok 009375. Thus, D 009375s . If D 200, then

200 0 0937552 52 2133 3,s50s 46 mi/h (for safety reasons we round down).
40.L k52 A.Since L 1700 whens 50and A 500, we have 1700 k 502 500k 000136. Thus

LO 0013652 A.When A 600 and s 40 we get the liftisL 000136 402 600 13056 Ib.
41.F k Asz. Since F 220 when A 40 and s 5. Solving for k we have 220 k40 5 2 220 1000k

k 022. Nowwhen A 28and F 175 we get 175 022028 52 28 4090 52 50528 4090 5 33 mi/h.

@T? kd

(b) Substituting T 365andd 93 106, we get 3652 k 93 106 3 k 166 10 19.

T 2 16610 19 279 109 3 360 109 T600 104. Hence the period of Neptune is 6.00 104 days 164 years.

(@P kT’V—-

k 400

(b) Substituting P 332, T 400,and V 100, we get 33 2 100 k 83.Thusk 83andthe equation is
83T

P \
83 500
(c) Substituting T 500 and V 80, we have P 80 51 875 kPa. Hence the pressure of the sample of gas is
about 51 9 kPa.

@F k r>—
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1600 602 2500 52> 16 60% 2

we have k r k r 25 $2,50s2 48 mi/h.
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(a) The loudness L is inversely proportional to the square of the distance d, so L dka—.

k
(b) Substitutingd 10and L 70, we have 70 0% k 7000.

1
(c) Substituting 2d for d, we have L~ ~2d2 4 42, s0 the loudness is changed by a factor of 7 .

(d) Substituting 1d for d, we have L _,_l-‘_— 4 —k., so the loudness is changed by a factor of 4.

2d
46. (a) The power P is jointly proportional to the area A and the cube of the velocity ,soP k A 3.
L L 3 3 .
(b) Substituting 2 for and 2 Afor A, wehaveP k ; A 2~ 4k A", sothe power is changed by a factor of 4.
1 1 : 3 3 . 3
(c) Substituting 2 for and 3A for A, we have Pk 3A 2 g Ak, so the power is changed by a factor ofg.
kL
—
47.(a) R d
k12 . _
(b) SinceR 140 whenL 12andd 0 005, we get 140 m k 700 0 002916.
3 4375
Z
(c) Substituting L 3andd 0008, we have R 2400 0008 32 137 .
If we substitute 2d for d and 3L for L, then R K3lakL , SO the resistance is changed by a factor of 2.
242 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
N
number of other cabbages around it. Then S k T .WhenN 20andc 12, wehaveS 30, so substituting, we have
20 N B 10
30k 12k 18.ThusS 18 ¢c.When N 10 and ¢ 5, the final sizeis S 18 5 36 Ib.
Es k60004 6000 4
4 4 = —* —_— 4
49. (a) Forthesun, ES k6000 and for earth EE k300 . Thus E k300 300 20 160,000. So the sun
produces 160,000 times the radiation energy per unit area than the Earth.
2
4 435,000 435,000 2
4 3960° 3,960 times the surface area of the Earth. Thus the total radiation emitted by the sun is
435,000
160,000 1,930,670,340 times the total radiation emitted by the Earth.
3,960

Let V be the value of a building lot on Galiano Island, A the area of the lot, and q the quantity of the water produced. Since
V is jointly proportional to the area and water quantity, we have V k Ag. When A 200 300 60,000 and q 10, we have V $48
000, so 48,000 k 60,000 10 k 0 08. Thus V 0 08Ag. Now when A 400 400 160,000 and q 4, the value is V 0 08 160,000 4
$51,200.

(a) Let T and I be the period and the length of the pendulum, respectively. Then T k 1.

- 22 lg 2% 2

Tk 1T k 11 K2 . If the period is doubled, the new lengthis ~ k* 4 k* 4l. So we would

ol

quadruple the length | to double the period T .
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 k dAs—. When the hiker is 20 feet from the fire, the heat experienced is H k 2063—, and when the amount
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=
>
3

3 -

3 3
of wood is doubled, the heat experienced is H k d” . sok 8000k d  d 16000 d 20 2 252 feet.
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=

@)

Since f is inversely proportional to L, we have f L, where k is a positive constant.
k k :
(b) - == -

If wereplace L by 2L we have 2L 2 L 2 f.Sothefrequency of the vibration is cut in half.

(@) Since ris jointly proportional to xand P x,wehaver kx P x, where k is a positive constant.

(b) When 10 people are infected the rate isr k105000 10  49,900k. When 1000 people are infected the rate is

k 1000 5000 1000 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 80. So the infection rate when 1000 people are infected

is about 80 times as large as when 10 people are infected.
When the entire population is infected the rate is r k 5000 5000 5000 0. This makes sense since there are no more
people who can be infected.

L 26 19 2510 14
55. Using B kg2 withk 0080, L 25 10 ,andd 24 10", we have B 0080 19; 347 10 .
2
, . . 14
The star’s apparent brightness is about347 10 © Wm . 24 10
L L -T

-2 2 - - 30
56. First, wesolve B k d~ ford:d” k B d k B because d is positive. Substitutingk 0080,L 58 107", and

16 ) 58 103
B 8210 we find d0 080 238 10 |, so the star is approximately 238 10 m from earth.
22 22
' 82 10 16
Examples include radioactive decay and exponential growth in biology.
a) Thedistance fromPto Qs
0 2 2
d PQ 5 2 12 0
49 144193— —
52 12 0 3
() The midpoint is 2 2 26.
The radius of this circle was found in part (b). Itis rd P Q 193. So an
e equation is T
I 2 2.2 2—
The line has slope m 12 OQ, x 2° y 0719 x 2 y 19
and has
52

equationy01—27x2yg7x ‘ 2

g7 12x 7y 24 0.
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2. (a) v (b) The distance from P to Q is
1
1 e x d PQ2 7211 12
25 100125 5 5 -
2 7 111 9
(c) The midpointis 2 2 26
Q
11 10 (e) The radius of this circle was found in part (b). It is
(d) The line has slopem —2—7+— —5& 2, and r d P,Q 5 5.S0anequation is
its equation is y 11 2x 2 x 72 y 12 55 ,
y 11 2x 4 y 2x 15.
y X 72 y 12 125
1 / y
1 X
P
2
2 5 X

L@ % (b) The distance from P to Q is .
2
d PQ6 42 [214]
e 100 256356 2 89
4 X
o (c) The midpoint is62 42 2 141 6
214 16 8

(d) The line hasslopem 64— —

T05 (e) The radius of this cirele was found in part (b). It is
and equation y 25§ X. . 6

r d PQ 2 89.Soanequation is
2
y25§x @5 y 5§x @5. [x6]2 y 222 89

y X 62 y 22 356.

N A
Q SR B
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4.(a) y

2 X
*p

Qe

641 and 5382

The line has slope m2

CHAPTER 1 Review 145

(b) The distance from P to Q is
2
dP Q[53]2 [ 26]

64 1680 45.

(c) The midpoint is 5 2 3 226 1 4.

The radius of this circle was found in part (b). It is

rd P Q45. So an equation is
hasequationy212x5y212x52y N |
1.9 2 -
29x22, X 52y2 2 45
\ x 52 y 2 2 &
y
2
//Z*P/ x /o /\
/Q 20P X
Q
5 6. xy x 4dory 2
y A
1 X
7.d AC 41%43° 412432 74 and
2..2 2.2 -
d BC 51733 51733 72. Therefore, B is closer to C.
. . . . 2 2,2 2 2
The circle with center at 2 5 and radius 2 hasequationx 2~ y 572"x 27 y 5% 2,

9. ThecenterisC5 1,

r d2PC20 52 0 12 0
X 5 y 126.
21 38
10. The midpoint of segment P Q is 2 2
rz 2 2 -I—-A—TF“ s,
Laprg 2 3 82

and the point PO

O 1sonthecircle.  The radius of the circle is
2.2 - . . .
501 26. Thus, the equation of the circle is

1—11

1
2 2, and the radius is 2 of the distance from P to Q, or

. 2
2 1
4

2—2—1——r—-F—-|—L
1

3 8 34 Thus the equation is
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2 2 2 2 The circle has center 13 and
11.@x y 2x 6y 9 0x 2xy 6y 9 (b) radius 1.

x22x1lyz 6y 9 91 9

xl2 2 @

y 3~ 1, anequation of a circle.

1 X
(@) 2x2 2y2 2x 8y l2 2 2 4y l4 1
X
X i ‘
21 2 ly 1 (b) The circle has_center 2 2
Ay _ 4y 44 4 & 3.2
1 2 2 9 . . and radius ~ 2
X =2y 2 =2_,an equation of a circle. v A
1
—— %
// \\
13. (a)x2 y2 72 12xx2 12xy272x2 12x 36y272 36x 62 y236. / \)
Since the left side of this equation must be greater than or equal to zero, this equation has no graph. /
NS
2 2 2 2 —F - .
14. (@) x~ y~ 6x 10y 34 0 x~ 6x y 10y34 (b) This isithe equation ofithe point
2 2
X 6x 9y 10y 2534 9 25 35.

X 3 2 y 5 2 0, an equation of a point.
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5.y 2_3X . 16.2x y 1 0y 2x 1
y y
XY 3 ¥
218 2 3
gl 2 \ 0 1
2 0 1 1
3 X 2 O i X
X y X y
_ 7 _
-x 7 0 5x 4y 0
17. 2 71y 2 18. 4 5
y y
% ¥ X y
2 14 4 5
0 7 0 0
2 0 2 1
2 X 4 5 X
19.y 16 x2 20. 8x y2 0 y28x
y y
X V X y
3 7 8
1 15
0| 16 0 >
[ 15 1 X
3| 7 2 R
/ l \ |
21Xy _ 5
22,y 1 X
y y
y X y
0 0 1 0 1
1 -3
2 2
2| 4 s 0 1 1
el 1 X 0 X
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y 9 x2
x-axis symmetry: replacing y by y givesy 9 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 x gives y 9 x 2 9 x2, which is the same as the original equation, so the graph is
symmetric about the y-axis.

Origin symmetry: replacing x by x and y by y gives y 9 x 2 y9 x2, which is not the same as the original equation, so
the graph is not symmetric about the origin.

To find x-intercepts, we sety 0 and solve forx:0 9 x2 XZ 9 x3, so the x-intercepts are 3 and 3.
2

Tg find y-intercepts, we set x 0and solvefory:y 9 0 9, so the y-intercept is 9.

6x y 36

x-axis symmetry: replacing y by y gives 6x y 2 36 6x y2 36, which is the same as the original equation, so the graph is
symmetric about the x-axis.

. . . 2 2 L i .
y-axis symmetry: replacing x by x gives 6 xy~ 36 6xy~ 36, which is not the same as the original equation, so the

graph is not symmetric about the y-axis.
2

Origin symmetry: replacing x by x and y by y gives 6 x y 2 36 6xy 36, which is not the same as the original
equation, so the graph is not symmetric about the origin.

To find x-intercepts, we sety 0 and solve for x: 6x 02 36 x 6, so the x-intercept is 6.

) To fing y-intercepts, we set x 0 and solve fory: 6 0 y2 36 y6, so the y-intercepts are 6 and 6.

x y1l 1

2 2 2 2
x-axis symmetry: replacingy by ygivesx y1 1x y1 1, so thegraph isnot symmetric about the x-axis.

y-axis symmetry: replacing x by x gives x 2 y1l 2 1 x2 y1 2 1, so the graph is symmetric about the y-axis.

Origin symmetry: replacing x by x and y by y gives x 2 yl 2 1 x2 yl 2 1, so the graph is not symmetric about the
origin. X

To find x-intercepts, we sety 0 and solve for x: x2 01 2 1 2 0, so the x-intercept is 0.

To find y-intercepts, we set x 0 and solve for y: 02 yl 2 1y11yO0or2,sothey-intercepts are 0 and 2.

x4 16 y

x-axis symmetry: replacing y by y gives x4 16y x4 16y, so the graph is not symmetric about the x-axis.

4
y-axis symmetry: replacing x by x gives X 4 16 y x 16 vy, so the graph is symmetric about the y-axis.
4

Origin symmetry: replacing x by x and y by y gives x 4 16 yx 16, so the graph is not symmetric about the
origin.

To find x-intercepts, we set y 0 and solve for x: x4 160 x4 16 x 2, so the x-intercepts are 2 and 2.

To find y-intercepts, we set x 0 and solve for y: 04 16 y y16, so the y-intercept is 16.
2
9x~ 16y~ 144

2 2 2 2
x-axis symmetry: replacingy by y gives 9x 16y 144 9x 16y 144, so the graph is symmetric about the x-axis.



CHAPTER 1 Equations and Graphs CHAPTER 1 Review 150

y-axis symmetry: replacing x by x gives 9 x 2 16y2 144 9x2 16y2 144, so the graph is symmetric about the y-axis.

Origin symmetry: replacing x by x and y by y gives 9 x 2 16y 2 144 9x2 16y2 144, so the graph is symmetric about

the origin.
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(b) To find x-intercepts, we set y 0 and solve for x: 9x2 160 2 144 9x2 144 x 4, so the x-intercepts are 4 and 4.

y

To find y-intercepts, we set x 0 and solve fory: 90 2 16y2 144 16 2 144, so there is no y-intercept.

28y 4

_ _ _ 4
x-axis symmetry: replacing y by y gives y X , which is different from the original equation, so the graph is not
X

symmetric about the x-axis.

4
y-axis symmetry: replacing x by x givesy “x_, whichiis different from the original equation, so the graph is not

symmetric about the y-axis.

SIES

4
X , 50 the graph is symmetric about the

Origin symmetry: replacing x by x and y by y gives y y

origin.
o 4 . . .
To find x-intercepts, we sety 0 and solve for x: 0 X  has no solution, so there is no x-intercept.

To find y-intercepts, we set x 0 and solve for y. But wetannot substitute x 0, so there is no y-intercept.

x2 axy y2 1
x-axis symmetry: replacing y by y gives x2 Ixyy 2 1, which is different from the original equation, so the graph is not

symmetric about the x-axis.
2

y-axis symmetry: replacing x by x gives x 2 4xyy 1, which is different from the original equation, so the graph is
not symmetric about the y-axis.

Origin symmetry: replacing x by x and y by y gives x 2 4xyy 2 1 X2 axy y2 1, so the graph is symmetric about the
origin.

To find x-intercepts, we set y 0 and solve for x: x2 4x0 O2 1 x2 1 x1, so the x-intercepts are 1 and 1.

To find y-intercepts, we set x 0 and solve for y: O2 40y y2 1 y2 1y1, so the y-intercepts are 1 and 1.

x3 xy2 5

x-axis symmetry: replacing y by y gives x3 Xy 2 5 x3 X y2 5, so the graph is symmetric about the x-axis.
2

y-axis symmetry: replacing x by x gives x 3 Xy 5, which is different from the original equation, so the graph is not
symmetric about the y-axis.
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Origin symmetry: replacing x by x and y by y gives x 3 Xy 2 5, which is different from the original equation, so the

graph is not symmetric about the origin.

To find x-intercepts, we sety 0 and solve for x: x3 x0 2 x3 5 x ° 5, s0 the x-intercept is 3s

2

To find y-intercepts, we set x 0 and solve for y: O3 Oy 5 has no solution, so there is no y-intercept.
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2 (a) We graph y5 x in the viewing rectangle [ 10 6]
(a) We graph y x~ 6x in the viewing rectangle [ 10 by [ 15].

10] by [ 10 10].

|
-1 T T T T
From the graph;we-see-thatthex=interceptsare 0 -10 B l 5

and 6 and the y-intercept is 0. From the graph, we see that the x-intercept is 5 and

the y-intercept is approximately 2 24.

(a) We graph X2 y2 1 y2 1 X2

(a) We graph y x3 4x2 5x in the viewing 44 -

rectangle [ #8tby {36267 y 1 sz the vieWin
rectangle [ 3 3] gy 4

[ 22].

From the graph, we see that the x-intercepts are 1, 0, k'—/

and 5 and the y-intercept is 0. -

From the graph, we see that the x-intercepts are 2 and

2 and the y-intercepts are 1 and 1.

35. (a) The line that has slope 2 and y-intercept 6 has the slope-intercept equation  (c) VA
2x 6.

An equation of the line in general formis2x y 6 0.
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36. (@) The line that has slope zl‘and passes through the point 6 3 has (©) y
equation y32l x 6 y 3 2l X 6 y 2l X.
(b)zlx3y3x62y6x2y0. g
1
1 X
37.(a) The line that passes through the points 1 6 and 2 4 has slope (c) y4
46 2 2 2 .2
M213-%0Y 6 3[x1 ly6®é 3x 3 1 ~
2 .16, . . : x
y 37X 1—3- //
(b)y 32y 18y 3y 2x 16 2x 3y 16 0.
38. (a) The line that has x-intercept 4 fgd g-intercept 12 passes through the points (c) yA
A
40 and012,som 0 4 3and the equation is
\

y 03x 4y3x 12.

(b)

y3x 12 3x y 12 0.

(a) The vertical line that passes through the point 3 2 has equation x 3 ©
. (o

X 3 X

30
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40. (a) The horizontal line with y-intercept 5 has equationy 5.
y 5y 50.

41.(a)2x 5y 10 5y 2x 10 vy ;5_x_2, so the given line has slope__(c)

=5 . Thus, an equation of the line passing through 1 1 parallel to this

lineisy 1 25_x_1 y 25_x £

y 25x‘§5 Sy 2x 3 2x 5y 3 0.

42. (a) The line containing 2 4 and 4 4 has slope (©)
4 4 8

m 42 2 4, and the line passing through the origin with
this slope has equation y 4x.

y4x 4x y 0.

1 1
43.(a) Theliney  7x 10hasslope 7, so a line perpendicular to thisone has  (c)
1

slope 12 2. In particular, the line passing through the origin

CHAPTER 1 Review 155

perpendicular to the given line has equation y2x.
(b)y2x 2x y 0.
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16
44.(a)x 3y 16 0 3y x 16 y ';x “3 ,sothegivenlinehas (c) y 4
\
slope % . The line passing through 1 7 perpendicular to the given line has
1 \\
equationy 7 13 X 1y 73x 1y3x 10. \\
\ X
(b)y3x 10 3x y 10 O. \
\
1 \\ -
1N\
\
45. The line with equation y l3_x 1 has slope l3_. The line with equation9y 3x 3 0 9y 3x 3

l3 X lg also has slope l3 , 50 the lines are parallel.

The line with equation 5x 8y 38y 5x 3 y 58 X §8 has sIopF§8 . The line with equation 10y 16x 1 10y 16x 1y 55 X 101 has

slope §5 518 , 50 the lines are perpendicular.

(a) The slope represents a stretch of 0 3 inches for each one-pound increase in weight. The s-intercept represents the length
of the unstretched spring.

(b) When5,s 035 25 15 25 40inches.

(a) We use the information to find two points, 060000 and 3 70500 . Then the slope is

70.50060.000 10,500
m 30 3 3500.50S 3,500t 60,000,

The slope represents an annual salary increase of $3500, and the S-intercept represents her initial salary.
Whent 12, her salary will be S 3500 12 60,000 42,000 60,000 $102,000.

x2 9 14 Ox 7x 2 0 x 7orx 2.

x2 24x 144 0Ox 122 0 x 12 0 xi12.
51.2x2 x 1 2x2 x 1 0 2x 1 x 1 0.Soeither2x 1 0 2x 1 x l2_;or_x1 0

x1.
2 1
52.3x~ 5x 2 03x 1 x 2 0 x 3 orx2.
3 2 ) _ 3
53.0 4x™ 25x x 4x~ 25 5 Xx2x 52x 5 0.Soeitherx 0or2x 5 0 2x 5 x ) 0r
2x 5 0 2x5 x . ‘ -
54,x32 2x2 5x 10 0 xzx 2 5x 2 0Ox 2X2 50 x 2orx 5.
55. 3x 44 10 2 3 6 6 6 6 3
4 42 431 . - T 22 3
L b__dac Al— ‘AE; —2
b 3 32 _ 419 3 3
2 b? 4ac S 36 -_—
56.x 3x 9 0 x 2a 21 2 2 , whichare not real numbers.
There is no real solution. I
S 2 2
57. X x 1 3 x 1 2x3xx Ix 1 2x 3X  3x0 3x 6x 1
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b ‘b 4ac 62 . 6 i 626 i 3 6

58.x 2 x 2 X4 xx % 2 8 x 2X X 28 x 310 0x2x5 0
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CHAPOERSL HowatienssinceGrapimakes the expression undefined, we reject this solution. Hence the only solution is x
59. x 8X 9 O0Ox 9 X 1 0 x 3x 3 X 1 0 x 3 0 x 30x 30

x3, however x 1 0 has no real solution. The solutions are x3.

2
X4%32 Letux Thenu” 4uu40.1fu80, 35 24,3008 u40Soeither u8 0 or8x64. Ifudo, thenud x4,
then u 8 x solution. So the only solution iSX  which has no real
64.

2
61.x 12 2X12 x32 0 X112 1 2x X 0 x 121 X 0.Sincex 12 1 xisneverO0,the

only solution comes from 1 x 01 x 0 x 1

62.1*22Ix150. Letu1‘x,thentheequationbecome§u22u 150u5u30u500ru30.1fu50,thenu51x5x4x16. If

u 30, then u 31 x3 x4, which has no real solution. So the onlysolution is X 16.

63.x 7 4 x 74 x 7 4,s0x l1llorx 3.

59
64.2x 5 9isequivalentto 2x 59 2x 59 x 2 .Sox2orx 7.
65.(a) 23il 4i2 13 4i 3 i
Co2 )
(b)2i3 2 6 4i 3i 20 6028 i
66.(a) 36i6 4i 3 6i 6 4i 3 66 4i 3 2i
1
0l o .
(b)4i2 2 igi 21 8 22 8,
4 2i 4 2 2 i 8 8i 2i 8 8i 2 6 8i 6 )
67.(a) 21 21 21 4 11 5 5 i
L . i 2
(b) 1 11 11|1|1|2 i i~ 112
8 3i 8 3i 4 3i 32 12i 9i 32 12i 9 41 12i 41 12
68.(a) 4 31 431 4 31 T 16 o 16 9 25 25 25i
_ — - ,
(o) 10 40 i 10 2i 10 20i 20
x2 16 0 x216 X4i
2 N -
x 12 x122 3i
b2 4ace62 4-1-10636 4 .
X2 6x 10 Oxb2 652 03 i
2a2 12
332 42 237 3,7/ _
2x2 3x 2 Ox i o
22444
73.X4256 Ox2 16 X2 16 0 x4orxdi

74. x3 2x2 4x 8 Ox 2 x2 4x 2 orx2i
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Let r be the rate the woman runs in mi/h. Then she cycles at r 8 mi/h.

Rate | Time Distance
4
Cycle |r 8 r 8 4
Run r z5 25
AL |
4 25
Since the total time of the workout is 1 hour, we have r 8 T 1. Multiplying by 2rr 8, we
2 2
get42r252 r 8 2rr 8 8r  5r 402r 16r 02r 3r 40
3 ?41 40 39 320 —3 329

r 22 4 4 .Sincer 0, we reject the negative value. She runs at
r 34 30378 mih. )

X
L 2
76. Substituting 75 for d, we have 75 x 20 1500 20x x° X 20x 1500 Ox 30 x 50 0.So

x 30o0rx 50. The speed of the car was 30 mi/h.

77. Let x be the length of one side in cm. Then 28 x is the length of the other side. Using the Pythagorean Theorem, we
have x2 28 x2 202 x2 784 56X x2 400 2x2 56x 384 0 2 x2 28x 1920

2x 12 x 16 0.Sox 12orx 16.Ifx 12, then the other side is 28 12 16. Similarly, if x 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 —? and the total amount of fencing material is
80 480
a o 2 )
41 6 | 88. Thus 4l | 88 4l 480 88l 41~ 88l 480 0 4 221 120 0
80
41 101 12 0.Sol 10orl 12.Ifl 10 ft, then the width of each plot is 10 8 ft. If 1 12 ft, then the
80

width of each plot is 12 6 67 ft. Both solutions are possible.

79.3x 211 3x9 x3. 80.12 x 7x 12 8x % X.
Interval: 3 3
Interval: 2
Graph: >
3 Grapn: 2
2
3 2x 7 10 3 10
X X X 73 X 82.1 2x 5 36 2x23 x1
Interval: 3 1].
Interval: lgS

Graph:

Graph:

'S

x2 4x 12 0 x 2 x 6 0. The expression on the left of the inequality changes sign where x 2 and where x 6. Thus we must
check the intervals in the following table.
ofx 2x 6
Interval 6 62 2

Signofx 2

SQ —wm

Signofx 6
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Interval:62

Graph:
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x2 1 x2 10x1x10. The expression on the left of the inequality changes sign when x 1 and x 1. Thus we must check the

intervals in the following table.
Interval: [ 1 1]

Interval 1 11 1
- Graph:
Signofx 1 1 .
Signofx 1
Signofx 1 x 1
2X 5 2X 5 2x 5 x 1 x 4
85. x 1 1 x1 1 0 x 1 x1 0 X 1 0. The expression on the left of the inequality
changes sign where x 1 and where x 4. Thus we must check the intervals in the following table.
We exclude x 1, since the expression is not
Interval 4 41 1 defined at this value. Thus the solution is
Signofx 4 [41.
Sianof x_1 Graph:
X 4 _4 1
Signofy 1

2x2 X 3 2x2 X 3 02x 3 x 1 0.The expression on the left of the inequality changes sign when
3

land 2. Thuswe mustchecktheintervals in the following table.

Interval:1] 3
Interval 1 17 2
Sign of 2x 3 -
Signofx 1 Graph: "1 —
2
Signof2x 3 x 1
X 4 X 4
87.x° 4 0 X 2 x 2 0. Theexpression on the left of the inequality changes sign where x2, where x 2,
and where x 4. Thus we must check the intervals in the following table.
Interval 2 22 24 4
Signofx 4
Signofx 2
Signofx 2
X 4
Signof x 2 x 2
Since the expression is not defined when x 2 we exclude these values and the solution is 2 24].

Graph: —o
2 2 4
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5 5 5 5
88.x° x“ 4x 4 0 “x 1 4x 1 0 x 1xX° 4 0 x 1x 2x 2  0.The
expression on the left of the inequality changes sign when 2land 2.
table.
Interval 2 21 12 2
Signofx 1
Signofx 2
Signofx 2 _
)
Signofx 1 x 2x 2
Interval: 2 12
Graph: —o o—0
2 12
89.x 5 3 3 x 5 3 2 x 8. 90.x 4 002 002 x 4 002
Interval: [2 8] 398 x 402
Interval: 398 4 02
Graph:
2 8 Graph:

3.98 4.02

91. 2x 1 1lisequivalentto2x 1 lor2x 1 l.Casel:2x 1 1 2x 0 x O0.Case2:2x 1 1
2X 2 X 1. Interval: 1] [0 . Graph:

=t ® >

92.x 1is the distance between x and 1 on the number line, and x 3 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 x2 as the solution. Graph:

93. (&) For 24 x 3x to define a real number, we must have 24 x 3 2 08 3x 3 x 0. The expression

X

on the left of the inequality changes sign where 8 3x 03x8 x 3§ ; or where x3. Thus we must
check the intervals in the following table.

8 8 Interval: 33§.
Interval 3 33 3
Graph:
Sign of 8 3x
Signof3X 3 E
3

Signof8 3x 3 x
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1
(b) For #to define a real number we must have x x4 0 x1 x30 x1 x1 x x20.
The
X 1 1411 121 4 whichisimaginary. We check the intervals in the following table.
Interval: 01.
Interval 0 01 1 Graph:
Sign of x
Signofl x ) 0 1
Signof 1 X X
Signofxl X 1 x x2
94. We have 8 34 |3 12r3 r "Thusr .
6 9 36 39 36 3

From the graph, we see that the graphs of y x2 4x and y x 6 intersect at x 1 and x 6, so these are the solutions of the
2
equation X 4x x 6.

From the graph, we see that the graph of y x2 4x crosses the x-axis at x 0 and x 4, so these are the solutions of the equation
2

X 4x0.

From the graph, we see that the graph of y x2 4x lies below the graph ofy x 6for 1 x 6, so the inequality

2 4x x 6 is satisfied on the interval [ 1 6].

From the graph, we see that the graph of y x2 4x lies above the graph of y x 6 for x 1 and 6 x , so the inequality x2 4xX X6 is

satisfied on the intervals 1] and [6 .

From the graph, we see that the graph of y x2 4x lies above the x-axis for x 0 and for x 4, so the inequality

2 4x 0 is satisfied on the intervalsO] and [4.

From the graph, we see that the graph of y x2 4x lies below the x-axis for 0 x 4, so the inequality x2 4x 0 is satisfied on the
interval [0 4].

x2 4x 2x 7. We graph the equations y1 x2 4x102. x 4 x2 —5WWe graph the equations y1x 4 E—
andy2 2x 7 inthe viewing rectangle [ 10 10] by andy2 x2 5inthe viewing rectangle [ 4 5] by

[ 5 25]. Using a zoom or trace function, we get the [0 10]. Using a zoom or trace function, we get the
solutions x1 and x 7. solutions x 250andx 276.
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x4 9x2

x 9. We graph the equations y1 x4
andy2 x 9intheviewing rectangle [ 55] by

[ 25 10]. Using a zoom or trace function, we get the
solutions x 272, %

105.4x 3 x2. We graph the equationsy1 ~ 4x
2

y2 X in the viewing rectangle [ 5 5] by [0 15]. Using a

3 and

zoom or trace function, we find the points of intersection

are at x 1 and x 3. Since we want 4x 3 x2, the solution is
the interval [1 3].

15

x4 4x2 l2x 1. We graph the equations

VAl x4 4x2 and y2 12 x 1 in the viewing rectangle [ 5 5]

by [ 5 5]. We find the points of intersection are at x 1 85,
. 4 21

x 060, x 045, and x 2 00. Since we want X 4x~ =2 x 1,

the solution is
185 060045 200.

115.x  100.andx 287.

106. x 4x2 5x

CHAPTER 1 Review 159

9x2 104. x 3 5 2. We graph the equations

yl x 3 5andy2 2 inthe viewing rectangle
[ 20 20] by [0 10]. Using Zoom and/or Trace, we get the
solutions x 10, x 6,x 0,andx 4.
10T
N2 —t——
-20 -1C 0 10 20

3 2. We graph the equations

3 2
y1x 4x 5xandy2 2 in the viewing rectangle [ 10 10] by

[ 5 5]. We find ¥haf¥he point of intersection is at x 5 07.

Since we want 3 2 5x 2, the solution is the interval 5

07.

x2 16 10 0. We graph the equation

2
X 16 10 in the viewing rectangle [ 10 10] by

[ 10 10]. Using a zoom or trace function, we find that the
x-intercepts are x 5 10 and x 2 45. Since we

2
want x 16 10 0O, the solution is approximately 510] [

245 245] [510 .
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109. Here the center isat 00, and the circle passes through the point 512, so the radius is

r 250 120 25 144 169 13.  The equation of the circleisx vy 13

X y 169. The line shown is the tangent that passes through tflg pé)int 512 1520 it is perpendicular to the line

through the points 0 0 and ~ 512. Thislinehasslopem1 5 0 5. The slope of the line we seek is
. L 2%
m2 L —1—- 3 . Thus, an equation of the tangent line isy 12 ‘ﬁé x by 12 12 2 X

y IZSX&QSX 12y 169 O.

Because the circle is tangent to the x-axis at the point 5 0 and tangent to the y-axis at the point 0 5, the center isat 55

and the radius is 5. Thus an equation is x 5 2 y5 2 52 x5 2 y5 2 25. The slope of
51 4 4

the line passing through the points 81 and 5 5ism 58 3 3, s0 an equation of the line we seek is
153_x_8 4x__ 3y 35 0.

Since M varies directly as z we have M kz. Substituting M 120 when z 15, we find 120 k 15k 8.

Therefore, M 8z. K K
112. Since z is inversely proportional to y, we have z y . Substitutingz 12 wheny 16, we find 12 16k 192.
192

Therefore z y

k
113. (a) The intensity | varies inversely as the square of the distance d, so | T
k
(b) Substituting I 1000 whend 8, we get 1000 8 2 k 64,000.
64,000 64,000
(c) From parts (a) and (b), we have | d . Substituting d 20, we get | 20 2 160 candles.

Let f be the frequency of the string and | be the length of the string. Since the frequency is inversely proportional to the
k 5280
length, we have f T. Substituting I 12 when k 440, we find 440 12 k 5280. Therefore f I . For

5280 | 5280

660, we must have 660 8. So the string needs to be shortened to 8 inches.

1660
Let be the terminal velocity of the parachutist in mi/h and be his weight in pounds. Since the terminal velocity is
directly proportional to the square root of the weight, we have k . Substittting 9 when 160, we solve
e 9

for k. This gives 9 k 160 k T60 0712. Thus0 712 . When240, the terminal velocity is
0712 240 ttmi/h.

Let r be the maximum range of the baseball and be the velocity of the baseball. Since the maximum range is directly

proportional to the square of the velocity, we have r | 2. Substituting 60 and r 242, we find 242 k 60 2 k 0 0672. If 70,

then we have a maximum range of r 0 0672 70 2 329 4 feet.
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CHAPTER 1 TEST

1 (a) v There are several ways to determine the coordinates of S. The diagonals of a
Se square have equal length and are perpendicular. The diagonal P R is
= R horizontal and has length is 6 units, so the diagonal Q S is vertical and also
has length 6. Thus, the coordinates of Sare 36 .
1
e X . 2 2 — -
(b) The lengthof PQis 0 3 3 0 18 3 2.Sothe area of
2
PQRSis3 2 18.
2.(a) Y The x-intercept occurs when y 0, 50 0 X2 4% 4x2. The y-intercept occurs
when x 0, soy 4.
. 2 2 S . .
1 x-axis symmetry: yx~ 4y ~ 4, which is not the same as the original equation,
l X X
so the graph is not symmetric with respect to the x-axis.
y-axis symmetry: y x 2 4y x2 4, which is the same as the original equation, so
2
the graph is symmetric with respect to the y-axis. Origin symmetry: y x 2 4yx
4, which is not the same as the original equation, so the graph is not symmetric
with respect to the origin.
3.(a) % (b) The distance between P and Q is
! % dPQ3 52 1 6264 2589, -
3 516— 1
p® (c) The midpoint is2 2 127
1 (d) The slope of the lineis 1. 6~ __5 5,
X 3588
(e) The perpendicular bisector of P Q contains the midpoint, 1 2 ‘, and it slope is

the negative reciprocal of 85 . Thus the slope is 5185§_. Hence the equation
isy 215§x Ly 5§x 55i ! 5§x 10ﬂ.Thatis,

8 51
55X 710

The center of the circle is the midpoint, 1 Z2 , and the length of the radius is l2 89 . Thus the equation of the circle

whosediameterisPQisx12y12212892x12y122@4.
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(a)x2 y2 25 52hascenter00 (b) x 22 y 12 9 32 has (©) x2 6x 2 2y 6 0
; ; y
and radius 5. center2 1 and radius 3. X2 6x 9 y2 y 1 4
x32y12422hascenter31
and radius 2.
y A
1 X
AN
K 1 X
\-/ - ?
@x 4 y2. To test for symmetry about the x-axis, we replace y with y: Y

4y 2 x4 y2, so the graph is symmetric about the x-axis. To test for
symmetry about the y-axis, we replace x with x:

x4 y2 is different from the original equation, so the graph is not

symmetric about the y-axis. / 1

For symmetry about the origin, we replace x with x and y withy: x4y /
2

x4 y2, which is different from the original equation, so the graph is
not symmetric about the origin.

To find x-intercepts, we set y 0 and solve for x: x 4 O2 4, so the x-
intercept is 4.

To find y-intercepts, we set x ~ 0 and solve fory:: 0 4 y2 y 4
y2, so the y-intercepts are 2 and 2.

y x 2. To test for symmetry about the x-axis, we replace y with y: y x 2 is ’
different from the original equation, so the graph is not symmetric about
the x-axis.
To test for symmetry about the y-axis, we replace x with x: 1
y x 2 x 2 is different from the original equation, so the graph is not 1 x
symmetric about the y-axis.
To test for symmetry about the origin, we replace x with x and y with y: y x
2y x 2, which is different from the original equation, so the graph is not

symmetric about the origin.

To find x-intercepts, we set y 0 and solve for x: 0 x2x2 0 x 2, s0
the x-intercept is 2.

To find y-intercepts, we set x 0 and solve fory: y

022 2, so the y-intercept is 2.
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6. (a) To find the x-intercept, we sety 0 and solve forx:3x 50 15 (b)
3x 15 x 5, so the x-intercept is 5.
To find the y-intercept, we set x 0 and solve fory: 30 5y 15

5y 15 ya3, so the y-intercept is 3.
1

3
3x 5y 15 5y 3x 15 3.
(c) 3x 5y y 3 15y X s

(d) From part (c), the slope is 3 . /
5

(e) The slope of any line perpendicular to the given line is the

negative reciprocal of its slope, that is, 315 =3.

7.(@)3x y 10 0 y3x 10, so the slope of the line we seek is 3. Using the point-slope, y63 x 3
y 63x 9 3x y 3 0.

X y
(b) Using the intercept form we get 6 4 1 2x 3y 12 2x 3y 12 0.
8.(@) Whenx 100wehave T 008100 4 8 4 4,sothe (b) 1
temperature at one meter is 4 C.
5

(c) The slope represents an increase of 0 08 C for each one-centimeter
increase in depth, the x-intercept is the depth at which the temperature

is 0 C, and the T -intercept is the temperature at ground level.

)}40 60 80 100120 i

2
9.(@x" x 12 0x 4 x 3 0.Sox 4orx3. 4 [ 4 2
2,
2 LS 4471 il 16 8 43 422 22
-— 2 e —5— 2
(©3 X 3 x3 xx 33 x 3 X2 X~ 6x 9 3 x
2
X 5x6x2x30. Thus, x 2 and x 3 are potential solutions. Checking in the original equation, we see that only x 3 is
valid. X
x123x1420.Letux14,thenwehaveu23u20u2ulO.SoeitheruZOorulO.Ifu20,thenu2 142x2416.|fu
14
10,thenulx 1x1.Sox1lorx16.
X —
x4 3x2 2 Ox2 1 x2 20. So 2 10 x1 orx2 2 0 x2. Thusthe
solutions are x1, x 1, x2, and x - 2.
10 10 10 0 2
f3 x4 10 0 3x 4 10x 4 3 X 43x 4 3.50x 4 3 3or

N3

0 22 . 2 2
x4 3 3. Thus the solutionsarex 3 andx 3 .

NS

(@) 3 2i4 3i 3 42i 3i 7 i

3 2i4 3i3 42i 3il 5i

3243 3433 204203 12 9 8 6 12 i 6 1 18 i
32 32 43 12 170 62 12 17i 6 6 17

7 — —

(d 4 3 43 43 16 9i

16 9 25  25i
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(@) i 124 4
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(f) 2082 28 2 2 28 2 24 21 4i2 6 2i
. . 447 472 34817_ . -
Using the Quadratic Formula, 2x2 4x 3 0X 2], —
224°
12. Let be the width of the parcel of land. Then70 is the length of the parcel of land. Then 2702 1302
22 140 4900 16,900 2 2 140 12,000 0 2 70 6000 050120 O.

S050 0r120. Since0, the width is50 ft and the length is70 120 ft.

13. (a) 4 5 3x 1793x 12 3 x4.Expressing in standard form we have: 4 x 3.

Interval: [ 4 3. Graph: 4 3

(b)x x 1 x 2 0.Theexpression on the left of the inequality changes signwhenx 0,x 1, andx2. Thus
we must check the intervals in the following table.

Interval 2 20 01 1

Sign of x
Signofx 1
Signof x 2

Signofxx 1 x 2

From the table, the solution setis x 2 x Oorl x. Interval: 2 01.

Graph; —o0——o>—o>——»
2 0 1

(c) x 4 3isequivalentto 3 x 4 3 1 x 7.Interval: 17 . Graph: 1 7
2x 3 2x 3 2x 3 x1 x4
d x 1 1 x1 1 0 x 1 x 1 0 x 1 0. The expression on the left of the inequality
changes sign where x4 and where x1. Thus we must check the intervals in the following table.
Interval 1 14 4
Signofx 4
Signofx_1_
Signof” —_
x 1
Since x 1 makes the expression in the inequality undefined, we exclude this value. Interval: 14].

Graph:
1 4

5 59 F 32109 F 32 18 41 F 50. Thus the medicine is to be stored at a temperature between 41 F and 50 F.
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For 6x x2 to be defined as a real number 6x x2 0 x 6 x 0. The expression on the left of the inequality changes sign when x

0 and x 6. Thus we must check the intervals in the following table.

Interval 0 06

Sign of x
Signof6 x
— |=Signofx6 x

From the table, we see that 6x X2 is defined when 0 x 6.
2

3
16. (@) x 9x 1 0.We graph the equation
3
X 9x 1 in the viewing rectangle [ 5 5] by [

(b)x 1 x 1.Wegraph the equations

2
y1 x landy2x1inthe viewing rectangle [ 5 5]

10 10]. We find that the points of intersection by [ 5 10]. We find that the points of intersection
2

305 occur at x 1 and x 2. Sincewe wantx 1x 1, the
solution is the interval [ 1 2].

occur at x-294,96

h2
17.(@M k L
2
4 62. _h=
(b) Substituting 4,h 6,L 12,andM  4800,we have4800 k 12 k 400. ThusM 400 L

2
(c) Now if L 10, 3,andh 10,thenM 400 ﬂ' 12,000. So the beam can support 12,000 pounds.

FOCUS ON MODELING ~ Fitting Lines to Data

1. (a) , Using a graphing calculator, we obtain the
regression line y 1 8807x 82 65.
Using x 58 in the equation y 1 8807x 82 65, we get

y 18807 58 82 65191 7 cm.

lleight (¢cm)

D 40 50 X

Femur length (cm)
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2.(a) y Using a graphing calculator, we obtain the
i 800 1 regression line y 16 4163x 621 83.
E Using x 95 in the equation
g 600 y 164163x 621 83, we get
3 y 16416395 62183 938 cans.
k
€ 400/
Z
-
50 60 70 80 90 x
High temperature (°F)
3.(a) A Using a graphing calculator, we obtain the
100
. regression line y 6 451x 0 1523.
*
. 80 . Using x 18 in the equation y 6 451x 0 1523, we get
§ 60, y 6 451 18 0 1523 116 years.
) .
g .
=19]
2 a0
.
20
0 2 4 6 8 10 12 14 16 18 20y
Diameter (in.)
4.(a) A Letting x O correspond to 1990, we obtain the
400t
regression line y 1 8446x 352 2.
£ 390]
B Using x 21 in the equation y 1 8446x 352 2, we get
= 3801
I y 1 8446 21 352 2 390 9 ppm CO2, slightly lower
2 370!
< than the measured value.
O 360,
350}



5. (a)

6. (a)

7.(a)

8. (a)

(chirps/min)

Mosquito positive rate (%)

MRT score (%)

2004

100

50 60 70 80 90 X

Temperature (°F)

Sea ice extent (million km?)

L B s L B B E

10 20 X
Years since 1986

o

0 20 40 60 T |
Flow rate (%)

50

0 80 90 100 110 «
Noise level (dB)

Fitting Lines to Data 167

Using a graphing calculator, we obtain the

regression line'y 4 857x 220 97.

Using x 100 F in the equation
y 4 857x 220 97, we get y 265 chirps per minute.

Using a graphing calculator, we obtain the
regression line y 0 1275x 7 929.

Using x 30 in the regression line equation, we get y

01275307 929 4 10 million km2.

(b) Using a graphing calculator, we obtain the regression
line y0 168x 19 89.

(c) Using the regression line equation
y0 168x 19 89, we gety 8 13% when

x 70%.

Using a graphing calculator, we

obtain y 3 9018x 419 7.

The correlation coefficient is r 0 98, so linear
model is appropriate for x between 80 dB and
104 dB.

Substituting x 94 into the regression equation, we
gety 39018 94 419 7 53. So the intelligibility is
about 53%.
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9. (a) y

Life expectancy

.
%920

1940 1960 1980

Year

10. (a) Year x | Height (m)
1972 0 564
1976 4 564
1980 8 578
1984 12 575
1988 | 16 590
1992 | 20 587
1996 | 24 592
2000 | 28 590
2004 | 32 595
2008 | 36 596

Using a graphing calculator, we obtain the regression

line y 5 664 0 00929x.

Using a graphing calculator, we
obtain y 0 27083x 462 9.

We substitute x 2006 in the model
y 0 27083x 462 9 to get y 80 4, that is, a life

expectancy of 80 4 years.

The life expectancy of a child born in the US in
2006 was 77 7 years, considerably less than our
estimate in part (b).

Tﬁ. —— 70— 30 ‘
Years since 1972 1
The regression line provides a good model.

The regression line predicts the winning pole
vault height in 2012 to be
y 000929 2012 1972 5664 6 04 meters.

Students should find a fairly strong correlation between shoe size and height.

Results will depend on student surveys in each class.



