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1T FUNDAMENTALS

1.1 REALNUMBERS

1. (a) The natural numbers are {1, 2, 3,...}.
(b) The numbers {. .., —3, —2, —1, 0} are integers but not natural numbers.
5 17

12> 23

A=

(¢) Any irreducible fraction L ith q # 1 is rational but is not an integer. Examples: %, —
q

(d) Any number which cannot be expressed as a ratio L of two integers is irrational. Examples are V2,3, w, and e.
q

2. (a) ab = ba; Commutative Property of Multiplication
(b) a+ (b +c) = (a + b) + c; Associative Property of Addition
(¢) a (b + ¢) = ab + ac; Distributive Property
3. (a) In set-builder notation: {x | =3 < x < 5} (c) As a graph:

(b) In interval notation: (-3, 5) -3 >

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 line is d (a, b) = |b — a|. So the distance between —5 and 2 is |2 — (=5)| = 7.

6. (a) If a < b, then any interval between a and b (whether or not it contains either endpoint) contains infinitely many
—a
2”

numbers—including, for example a + for every positive n. (If an interval extends to infinity in either or both

directions, then it obviously contains infinitely many numbers.)
(b) No, because (5, 6) does not include 5.
7. (@) No:a — b= —(b—a) # b — ain general.
(b) No; by the Distributive Property, —2 (¢ — 5) = —2a + —2 (=5) = —2a + 10 # —2a — 10.
8. (a) Yes, absolute values (such as the distance between two different numbers) are always positive.
(b) Yes, |b —a| =|a —b|.

9. (a) Natural number: 100 10. (a) Natural numbers: 2, /9 (= 3), 10
(b) Integers: 0, 100, —8 (b) Integers: 2, —% (= —50), +/9 (= 3), 10
(¢) Rational numbers: —1.5, 0, 3, 2.71, 3.1, 100, —8 (¢) Rational numbers: 4.5 (= 3), . 1.6666..... (= 3),
(d) Irrational numbers: /7, —7 2, _%’ V9 (=3),10

(d) Irrational numbers: V2,314

11. Commutative Property of addition 12. Commutative Property of multiplication
13. Associative Property of addition 14. Distributive Property

15. Distributive Property 16. Distributive Property

17. Commutative Property of multiplication 18. Distributive Property

19. x+3=3+x 20.7(Bx)=(7-3)x

21. 4(A+ B)=44+4B 22.5x +5y=5@x+y)
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2 CHAPTER 1 Fundamentals

23. —2(x +y) = —2x —2y 24. (a — b) (—=5) = —5a + 5b
25. 5(2xy) = (5-2)xy = 10xy 26.§(—6y)=[§(—6)]y=—8y
27. =3 2x —4y) = —3 (2x) + 3 (4y) = —5x + 10y 28. 3a) (b + ¢ — 2d) = 3ab + 3ac — 6ad
9. @2+3=H B2 0.@2-3=lo_15_ L
®H-§=%-n=n ®3-3+s=H-H+u=3%
2
31.(a)%(6—%):%~6—%~%:4—1:3 32.(a)%—%:2-%—§.%— —l=9-1-%
3
R [ R CE (R B S SE BN PUR VYR FURP
oHs TtE wHs
33. (a2 -3=6and2- 7 =7,503 < % 34.(a)3-%2 =2and3-0.67=2.01,50 2 < 0.67
®) 3> -1 (b) 3 > —0.67
(©35=17 (¢) 10.6] = |—0.6]|
35. (a) False 36. (a) False: v/3 ~ 1.73205 < 1.7325.
(b) True (b) False
37. (a) True (b) False 38. (a) True (b) True
39. (a) x > 0 (b)r <4 40.(a) y <0 (b)z>3
©a>mw @-5<x <% (©b<8 @O0 <w<17
@©B-pl <5 @©ly—ml=>2
41. (a) AUB ={1,2,3,4,5,6,7, 8} 42.(a) BUC ={2,4,6,7,8,9, 10}
(b) AN B =1{2,4,6} (b) BNC = {8}
43. (a) AUC ={1,2,3,4,5,6,7,8,9, 10} 44.(a) AUBUC =1{1,2,3,4,5,6,7,8,9, 10}
(b) ANC = {7} M ANBNC=0
45. () BUC ={x | x < 5} 46.(a) ANC ={x|—1<x <5}
b)BNC={x|—-1<x<4) M ANB={x|-2<x <4}
47. (-3,0)={x | =3 <x < 0} 48.(2,8] ={x |2 <x < 8}
=3 0 2 8
49.[2,8) ={x[2<x <8} s0.[-6, -] ={x1-6<x <-4}
2 8 e 1
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51. [2,00) = {x | x > 2}

53.x <loxe(—x,1]

Y

55. 2 <x<loexe(-21]

57. x > 1o x e (—1,0)

Y

52. (0o, 1) = {x | x < 1}

SECTION 1.1 Real Numbers

S4.1<x<2oxell,2]

56.x > =5 & x € [-5,00)

58. -5 <x <2oxe(-52)

\

3

59. (@) [-3,5] (b) (-3, 5] (¢) (=3, 00) 60. (a) [0, 2) (b) (=2,0] (¢) (=00, 0]
61. (=2,0)U(—1,1) = (=2, 1) 62.(—2,0)N (=1,) = (—1,0)
) —1 0
63. [—4,6]N [0, 8) = [0, 6] 64.[—4,6] U[0, 8) = [—4, 8)
0 —4 8
65. (—o0, —4) U (4, 00) 66. (—00, 61N (2, 10) = (2, 6]
—————————————————— O
—4 2 6
67. (a) |50] = 50 68.(a) [2—8| = |—6| =6
(b) [-13] =13 () 8—|=-2||=18=2]|=[6]=6
69. (a) ||—6] — |—4|| = [6 — 4] = 2| =2 70. (a) 2 — [—12]| = |2 — 12| = [-10] = 10
) == =-1 M —1—[1—[-1fj==1—]1-1]=—=1—]0]=—1
1. (@) |(=2) - 6] = |—12] = 12 72. (a) ’5—2( - '—H =1
(b) ’(—%) (—15)‘ =151=5 ®) | 5| = -3 =1-1=1

73.1(=2) = 3| =|-5| =5 74.1-2.5—15]=|-4] =4
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4 CHAPTER 1 Fundamentals

75 @ 7 =21=15 76. () ‘% - ( 211)’ = ‘105 +%‘ = ‘% = ’%‘ = %
() 21 = (=3)| =21 + 3| = |24| =24 (b) =38 — (=57)| = |-38 4+ 57| = 19| =
©|-4-%|=|-B-%|=-F|=% (©) [-2.6 — (—1.8)] = |-2.6 + 1.8 = |-0.8 = 0.8,

77. (@) Letx =0.777.... So 10x =7.7777... ©x =0.7777... & 9x = 7. Thus, x = %

(b) Letx =0.2888.... So 100x = 28.8888... < 10x = 2.8888... < 90x = 26. Thus, x = %—8 = %
(¢) Letx = 0.575757.... So 100x = 57.5757... & x =0.5757... & 99x = 57. Thus, x = % = %

78. (a) Letx =5.2323.... S0 100x = 523.2323 ... & 1x =5.2323... & 99x = 518. Thus, x = %
(b) Letx =1.3777.... So 100x = 137.7777... & 10x = 13.7777 ... & 90x = 124. Thus, x = 9%? = 2—.

5
(¢) Letx = 2.13535.... So 1000x = 2135.3535... & 10x = 21.3535... ¢ 990x = 2114. Thus, x = 3¢ = 1057,
79. w>3,s0|mw—3| =7 —3. 80.«/§>1,50’1—«/§’:«/§—
8l.a <bh,sola—bl=—(a—b)=b—a. 8.a+b+la—bl=a+b+b—a=2b

83. (a) —a is negative because a is positive.
(b) bc is positive because the product of two negative numbers is positive.
(¢) a — b = a + (—b) is positive because it is the sum of two positive numbers.
(d) 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.
84. (a) —b is positive because b is negative.
(b) a + bc is positive because it is the sum of two positive numbers.
(¢) ¢ —a = c+ (—a) is negative because ¢ and —a are both negative.
(@) ab?is positive because both ¢ and b2 are positive.
85. Distributive Property
86. (a) When L = 150, x = 20,and y = 15, we have L + 2 (x + y) = 150 + 2 (20 4 15) = 150 4 70 = 220. Because
220 < 274, the post office will accept this package.
When L = 120, x = 60, and y = 60, we have L + 2 (x 4+ y) = 120 4 2 (60 4+ 60) = 120 + 240 = 360, and since
360 £ 274, the post office will not accept this package.
(b) Ifx =y =225,then L +2(22.5+22.5) <274 < L +90 < 274 & L < 184. So the length can be as long as
184 cm = 1.84 m.

m m . m m miny +mon
87. Let x = — and y = ~2 be rational numbers. Then x + y = -t 2 T Tl
nj np nj np niny
m m miny, — mon my m mim . .
xX—y= i B M, andx -y = i e #, This shows that the sum, difference, and product
ni ny niny nyp  np niny

of two rational numbers are again rational numbers. However the product of two irrational numbers is not necessarily

irrational; for example, /2 - +/2 = 2, which is rational. Also, the sum of two irrational numbers is not necessarily irrational;

for example, v/2 + (—«/i) = 0 which is rational.

88. % + /2 is irrational. If it were rational, then by Exercise 6(a), the sum (% + «/E) + (—%) = +/2 would be rational, but

this is not the case.

Similarly, % - /2 is irrational.

(a) Following the hint, suppose that » + ¢ = ¢, a rational number. Then by Exercise 6(a), the sum of the two rational
numbers r + ¢ and —r is rational. But (» + ¢) + (—r) = ¢, which we know to be irrational. This is a contradiction, and
hence our original premise—that » + ¢ is rational—was false.
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SECTION 1.1 Real Numbers 5
. . a . .
(b) r is a nonzero rational number, so r = A for some nonzero integers @ and b. Let us assume that ¢ = ¢, a rational

: : b
number. Then by definition, g = 5 for some integers ¢ and d. But thenrt = ¢ & %t = 5, whence ¢ = —;, implying
a

that ¢ 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.

89.

x | 112 |10 | 100 [ 1000
1

o
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 | 1]05 0.1 0

o

1 0.001

1 1 _ 1 _ 1 _ 1 _
x| 1|l o35=2]| 57=10]| gor =100 | 557 = 1000

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

90. We can construct the number +/2 on the number line by
transferring the length of the hypotenuse of a right triangle 2
with legs of length 1 and 1.

|

—_

o4

—_ — - =
S

o4+

w

Similarly, to locate +/3, we construct a right triangle with legs

of length 1 and 2. By the Pythagorean Theorem, the length J5 n

of the hypotenuse is v/ 12 + 22 = /3. Then transfer the Lt
length of the hypotenuse to the number line. -1

C,A
_
ol

&
(98]

The square root of any rational number can be located on a

number line in this fashion.

The circle in the second figure in the text has circumference 7, so if we roll it along a number line one full rotation, we have
found 7v on the number line. Similarly, any rational multiple of 7 can be found this way.

atb+la—-bl a+bta-0>

91. (a) Suppose thata > b, so max (a,b) = a and |a — b| = a — b. Then

2 2
On the other hand, if b > a, then max (a,b) = b and |a —b| = —(a —b) = b — a. In this case,
at+b+la—-bl a+b+b—a —b
2 N 2 -

If a = b, then |a — b| = 0 and the result is trivial.

a+b—la—>bl a+b—(b—-a)
= =a

2 2
b—la—5b
Similarly, if b < a, then Hfla' = b; and if @ = b, the result is trivial.

(b) Ifa < b, then min (a, b) = a@ and |a — b| = b — a. In this case

92. Answers will vary.

93. (a) Subtraction is not commutative. For example, 5 — 1 # 1 — 5.
(b) 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.

(d) Putting on your hat and putting on your coat are commutative. They can be done in either order, with the same result.

(e) Washing laundry and drying it are not commutative.
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6 CHAPTER 1 Fundamentals

94. (a) Ifx =2andy =3, then|x +y| =2+ 3| =[5 =5and |x| + [y| = 2| + |3] = 5.
Ifx =—2and y = -3, then |[x + y| = |-5| =5 and |x| + |y| = 5.
Ifx=-2andy=3,then|x +y| =|-2+ 3| =1and |x| + [y| = 5.

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

. x+y if x and y are positive

Case 1: If x and y have the same sign, then |[x + y| = = |x| + ||
—(x+y) ifx and y are negative

Case 2: If x and y have opposite signs, then suppose without loss of generality that x < 0 and y > 0. Then

Ix +yl <l=x+yl=Ix|+ Iyl

1.2 EXPONENTS AND RADICALS

1. (a) Using exponential notation we can write the product5-5-5-5-5-5as 56.

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

2. (a) When we multiply two powers with the same base, we add the exponents. So 34.35 =39,

. , 33
(b) When we divide two powers with the same base, we subtract the exponents. So V) =33.
3. To move a number raised to a power from numerator to denominator or from denominator to numerator change the sign of
11 a=3 1 6a?
the exponent. So Ll_z = BRI = b2, - = =32’ and 3 = 6a2b3.
a® b~ b a°b b=

4. (a) Using exponential notation we can write 5 as 5173,
(b) Using radicals we can write 51/2 a5 /3.

() No. /52 = (52)1/2 =52(1/2) = 5and (ﬁ)z = (51/2)2 =50/22 _ 5

5. (41/2)3 =23 =3 (43)1/2 =641/2 =38

i i i - L1 3 _ 3
6. Because the denominator is of the form /&, we multiply numerator and denominator by /a: A=A BT
7.513.523 =51 =5
3
8. (a) Yes, (—5)* = 625, while —5% = — (54) — —625. (b) No, (xz) — x23 = x5,
3
(¢) No, (2x4) =23x43 = 8x12, (d) No; if @ is negative, then v 4a- = —2a.
9. (a) —26 = — (26) = —64 10. (a) (—5)3 = —125
(b) (-2)° =64 (b) =5 =— (53) =—125
2 =33 27 2. (2)?
1) (=33 = ==L ©(=5"(35) =4
©F) = =2 (3)
5\ _; 1 3 0 3
11. (a)(g) 27t =2 12. (a) =23 - (=2) _—(2)~1_—8
_ 1 1
273 1 1 b 23 ()P=-x 1=—=
b —_— T — T — 3
®) 3023 8 2 8

-3 3
N2 3\ 9 ‘_3) _F 13
© (5) - (5) =3 © ( 5 37 2
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SECTION 1.2 Exponents and Radicals 7

13. (@) 53 -5 =531 =625 14. (a) 38 - 35 =38+5 =313
4 -2 _ 542 _
(b) 5757 =5"""=125 (b 4 — 1074 = 1000
©(22) =2 =@ 10
© (35) — 354 320
15. (a) 33/% =3Y8-2=38Y2=632 16. (a) 2v/81 =227 -3 =23273 =63
f «/_ F 3f
(b ) — (W )
(c)/:——w_——Jf——N§ ()\/7 ﬁ N_
4 2 Ja 2
17. (a) V315 =/45=/9-5=35 18. (a) V1032 = N/320 =.64-5=285
V48 48 V54 54
b) — = /—=/16=4 b_= =
)5 =3 =V (b) Ve
(©) V2418 = Y24 18 =63 -2 =62 (© E/TJ__ Y1575 =53 .9=55
19. (a) 512 = 151t2 =7 20. (a) a*a® = ¢*t6 =410
2 3 3 8
3 _ 42 _ 3.2 _ -3 _ 3 (-3 _ -33 _
(b) (4z ) —4 (z ) — 16232 = 1626 (b) (—2b ) —(=2) (b ) =83 =35
(€) x 355 = 7315 = 32 (© —2y10p=11 = _p10+(-11) — _p—1 _ _2
y
1 1
21. (a) x7 3=y =2 = 22. (a) y2 .y =y2_5 =y_3 ==
x y
1
(b) vt =M =l = 2 ®) 25,7 3,—4 _ ;5-3-4 _ -2 _ i
w 22
16
X 16-10 _ .6 3730 _ _ 1
© 5 =x =x (© 25 = yTro-10_y 3=y_3
9,-2 2.4
23 (a) L _ 921 _ 46 24, () o = 22D
a z°z~
3 3 3 4 4 4
(b) (a2a4) = (a2+4) = (aG) =a%3 =48 (b) <2a3a2) =24 (a3+2) =16 (05) = 16420
x\3 6 x3.5x0 5x° _ 2\? 3) — (=133 .,23 .93 _ _54,9
(c)(i) (5,5)22_3=T (c)(3z)(22)_(3) 223023 = —542

25. (a)

2
o (2 ()=(5) €)= -2
z

4 2
26. (a) 8m_2n4) (%n_z) =8 %m_zn“_2 = Lz
m

2 -1
27. (a) % :x2—(—5)y—l _x
X
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8 CHAPTER 1 Fundamentals

—2_-3
y“z ¥y 1
28. (a) = = —
y=1 V223 3
-2
3,2 ) ) 8
X7y _[.3=(=3) —2—2] _( 6 —4) _ Y
b = [x = (x =
(b) x—3y2) Y Y )

u_102)2
—y—12-33,22-(=23 _ Y
)3 ull

30. (a)

5 3
2 3b2 19b
29. (a) (%) (ac3 ) — 25335423 ,-33 ac9
(

2
3.2 2 10
(2x y ) _ 2 a432,-5422.24(-32 _ X
3 = y =
z

x422
4y 4 yz4
3
()
(b) _3—(=3)2,23-22 _ 92

=,

8a’h~* 3-(=5), —4—5 _ 4d® Y N7 esie3)— ()3 3 _ 125
3. @) S =gz =4a =3p =5 (b)(sx—_z) =571 =2, =153

-3

Sxy > 1=(=1),—2—(=3 2 27" S5 1(=3)=2(=3) 3 (=3)(=3) _ @
2@ o =Sy sy 0 () =2ty - L
33. (a) Vx* = x| (b) V16x8 = V258 = 212

15 1/3

3. (@) Y =(x1°)/ =2 () 33y =(x3y6)/ = x?

35. (a) v/ 8x9y3 = ‘3/ 23 (x3)3y3 = 2x3y
(b) y8x6y2\4/2x2y2 = \4/8)«:6y2 2x2y? = \‘y16x8y4 = ,4/24 (x2)4y4 = 2x2 vl
36. (a) v16x%622 = /42 (x2)2 (13)? 22 = 4x2 |y[ I2| (b) V51250 = (512x9)1/9 — 2
37. @) V32+ V18 =16 2492 =V16V2+ /92 =42+ 32 =72
(b) V75+ V48 =25 3+16-3 = V253 + V163 =53 +4/3 =93
38. (a) V125 4+ /45 =4/25-549-5=5/5+3/3 =85
b)) V54— J16=Y2T-2-R2=Y212-I8S2 =2
39. (a) V943 + Va=+9a?-a+.Ja=3aJa+Ja=@Ba+1)Ja
(b) VT6x + Vx5 = VI6J/x + Vit /x = (x2+4)ﬁ
40. (1) VxP + Bx =V x+V2Px = (x +2) Ix
() 4185 +5v32505 =4,/(32-2) r (2 1) +5,/(422) (2 1) (1* 1) =4B) O V2T +5 () () (12) Vot

= (2Ort2 + 12;) V2t
41 (@) V362 1 3627 =\ [6222 (1 +x2) = 6xV/T 22 (0) VBLZ 18132 = /92 (22 4 12) = 9/x% 1,2
42. (a) V27a3 +63a% = /3242 Ba +7) =3aBa + 1 (b) V2512 + 10012 = V12512 = 5/5¢,1 > 0
43. V10 = 101/2 4. 6 =6'/5
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SECTION 1.2 Exponents and Radicals 9

1/5
45. 75 = (7%) P_yp 46652 L 1 __ 1
65/2 (65)1/2 65
1 1 1 1 1
47, —=——=5"1/2 48.5734 = — = — =
ﬁ 51/2 53/4 (‘/5_3 4/125
1 1 1
-1.5 _ =32 _ _L — . _ .23
49. y y \/J? 50. NeEE x
51. (a) 16!/4 = Y16 =2 ®) 813 =¥Yy=g=-2 ©971/2 = ig %
52. (a) 271/3 _ ﬁ—} M) ( 8)1/3 V- S | © 1 1/3 B 1 . 1
) - - - - 8 TR 2
3
2 4\~1/2 1 9 3 16\* (Y16 8
. 22/5 — (¥32) =22 =14 = - - /Z2=-Z = = =
53. @3 (V%) ®\3 a5 Vi~ 2 ©\& 1) T2
2
54. (a) 1252/3 = (3/125) —52=25
3
o (2 (V35 5\ 125
64 “\Vea] \8) " s12
1 11
(c) E/ﬁ)“ 3 =30
55. (a) 52/3.51/3 = 52/3)+1/3) =51 =5
3 3655 — 315 _
b) TR = 3 =315=33
3 3
© (3/1) - (41/3) —4(1/3)3 4l _4
56. (a) 32/7 . 312/7 — 32/7-‘1-12/7 — 32 =9
72/3 1
I _9@3)-6/3) —9-1 =
®) 5 =7 7 Z
58) 0 (61/5) 0 =10 g2 - L _ L
© ()= (@) = —er o L
57. (a) x3/4x5/4 — x3/4+5/4 =x2 58. (a) (4b)1/2 (8b1/4) —41/2. 8b1/2+1/4 16b3/4
(b) y?/3y4/3 = y2/3+4/3 = 2 (b) (303/4) (501/2) =32 5,6/ 2+(1/2) _ 45,2
4/3..2/3 —-2/3 1
w w
59. (a) 7 — WA/3+2/3-1/3 — ,5/3 60. (a) (8y3) — 8-2/3,3(=2/3) = e
(b) 1/2 1/3) _ 36x(l/2)6y(1/3)6 =30 — 729)63_)/2 (b) (1,[41)6)_1/3 _ u4(_1/3)1)6(_1/3) _ 41
u/3p2

(s
(

(b) (4a 4b6)3/2 =43/24—4G/Dp6G/2) = 84=6p9 =

61. (a) (8a 6173/2)2/3 = 82/346C/)pB/DC/3) = 44%p
8b°
o

62. (

v

JRVE

_ =3/5 e _ X
(x 5y1/3) = x=5(=3/9),(1/3)(=3/5) — X~
/3 1
(b) (uzvz) (16u602/3) 2 _ = 3(1/3)2(1/3) 161/2,,6(1/2), 2/3)(1/2) — 4442/3 30 1/3 = 4u*p
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63.

64.

65.

67.

69.

71.

73.

75.

77.

78.
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35174\ [ x-1\"? 322,10/ g l/24-12 g
@ 7 By = A T2 g2 A

y Yy y y
30173
() ( —
z

- 20173 2_
212 =

3—4,,(=1/3)(=4) 72,,(1/3)2
z—1(=4) S(1/2)2

w43 42/3 4yp*4/3)+2/3) 42
T814 2 T 8125 T 8128

(x1/2)?
— 33172 _ 32

5 6\ _ 615 6/5
(b)«/x_z(x) = x0(1/5) — 6/

@) S35 Y37 = y5/6. 213 = 5/6+42/3 — |32

(b) (53x) (2Yx) =5 - 2x1/3+1/4 = 10x7/12

() Vas3 5312 = 41/251/2+3/643/242/6 _ 5411/6
&7
(b) VAT ey
Vi3
1/3
@ vy = (y1+1/2) / — G20/ Z 12
®) 18450 _ % 3
2303\ 02 T w
1 1 V6 6
(a) —— == = —
6 6 6 6
3 32 J6
®3=V3i=7
9 B 9 23/4 3 9%
© 35 =28 3=
@) —— = Vax _ 5x
V5x ©V5x J5x T 5x
V3x

~~
=2
N’
m
I
m
W i
[
u“

—~~
o
~
W

le —
I

=

w

~

W

275
JTJT T 1
(a)\/; o0 V2.2 3
NG 5 1 2 V2
720 0 V8 Vie 4

4
12 ) TIET® T

1/2
(b) (251421)_4) / =251/242(1/2)y=4(1/2) — 51y|p~2 =

x_gye)m 2 () (28) ()09 ggen g

gl/3 (24)1/3 x

224/3 x2
1/2

66. (@) Vx5 = (x%) T = x50/ = 312

(b) V/x° = (x6)1/4 _ (6(1/4) — (32
68. (a) V3B = p3/4H1/2 = p5/4

(b) (2v/a) (VaZ) = 2412423 = 247/
70. (a) 332 "YxAyT6 = x3/5+4/10,,2/5+16/10 _ 12

J8x2

) — 81/352/3=1/2 _ 9, 1/6
X

72. (a) Vs/s3 = <s1+3/2)1/2 —_§5/4

54x2y4 2733 3
(O A, el
2x3y x3 x
12 12 /3 1243
74.(a) — = — . ~— =" —4/3
()\/§ VG 3
®) 2 [43[5 2J15
5V s5Vs™ 5
©-5 -8 513 8Y5
AT T RV
3t 3st
%6. (@) |~ = |2 [ZL_ VX
3t 3tV 3t 3t
(b) a _a 3bz_a3bz
TR IR b
1 1 As Y32

5ul

. .. . Su
——. Since u < 0, this is equivalent to ——-.

02 02
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SECTION 1.2 Exponents and Radicals 1

79. (a) ﬁ4y2 — y1/2y2/4 =y

1/2
(b) (81(‘/10828) 12 §11/205@/H(1/2,8/411/2) Z 9| |2 Since w > 0 and z < 0, this is equivalent to —9wz.

4
% 32\ 2 ~ (x3/2) e
@\ = )T T d s T 28y
y y ) M S S S

(b)( w? )1/2 w4(1/2) w2 =w3/2

Joi6) w220 T Juz Tz
81. (a) 69,300,000 = 6.93 x 107 82. (a) 129,540,000 = 1.2954 x 108
(b) 7,200,000,000,000 = 7.2 x 10!2 (b) 7,259,000,000 = 7.259 x 10°
(¢) 0.000028 536 = 2.8536 x 10> (¢) 0.0000000014 = 1.4 x 10~°
(d) 0.0001213 = 1213 x 1074 (d) 0.0007029 = 7.029 x 10~*
83. (a) 3.19 x 105 = 319,000 84. (a) 7.1 x 10" = 710,000,000,000,000
() 2.721 x 103 = 272,100,000 (®) 6 x 1012 = 6,000,000,000,000
() 2.670 x 10~8 = 0.000 000 026 70 () 8.55 x 1073 = 0.008 55
(d) 9.999 x 10~ = 0.000 000 009 999 (d) 6.257 x 10~10 = 0.000 000 000 625 7

85. (a) 9,460,000,000,000 km = 9.5 x 1012 km

(b) 0.0000000000004 cm =4 x 10~13 ecm

(¢) 33 billion billion molecules = 33 x 10° x 10° = 3.3 x 10!° molecules
86. (a) 150,000,000 km = 1.5 x 108 km

(b) 0.000 000 000 000 000000000053 g = 5.3 x 10723 g

(¢) 5,970,000,000,000,000,000,000,000 kg = 5.97 x 10%* kg

87. (7.2 x 10—9) (1.806 x 10—12) —72x1.806 x 102 x 10~12 ~ 13.0 x 1072! = 1.3 x 10~20

88. (1.062 x 1024) (8.61 x 1019) —1.062 x 8.61 x 1024 x 1019 ~ 9.14 x 1043

1.295643 x 10° 1.295643

= x 10911776 ~ 0.1429 x 10!° = 1.429 x 101°
(3.610 x 10~17) (2.511 x 10%) ~ 3.610 x 2.511

89.

28 28
(73.1) (16341 x 102) (731 10) (16341 x 10%°) 731 1 6341

90. = 101+28=(=9 ~ 6.3 x 1038
0.000000 0019 1.9 x 109 . 8
-5 -2
gy (00000162 (0.01582)  _ (1-62 x 10 )(1-582 x 10 ) _ L2158 s ks o o7ax 10-12
" (594,621,000) (0.0058)  (5.94621 x 10%) (5.8 x 1073)  5.94621 x 5.8 o
=74x10714

9
—6
(3'542 x 10 ) (35427 x 1075 87,747.96
(5.05x 10412 (5.05)!2 x 10% " 275,103,767.10

92, x 1079448 319 x 1074 x 107102 3,19 x 10~106

93. (a) b is negative since a negative number raised to an odd power is negative.
() b10 is positive since a negative number raised to an even power is positive.

(©) ab?c® we have (positive) (negative)2 (negative)3 = (positive) (positive) (negative) which is negative.
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(d) Since b — a is negative, (b — a)’ = (negative)3 which is negative.
(e) Since b — a is negative, (b — a)4 = (negative)4 which is positive.

a3c3 (positive)3 (negative)3 (positive) (negative)  negative
® HOc6 (negative)® (negative)® - (positive) (positive) - positive

which is negative.

94. (a) Since § > 1,21/2 > 2173,

(b) (%)1/2 —2-1/2 4nd (%)1/3 =271/3. Since = < —1, we have (%)1/2 3 (%)1/3.

1/12

1/12
(¢) We find a common root: 714 = 73/12 = (73) / =3431/12; 41/3 — 4%/12 = (44) =2561/12, 50 71/4 > 41/3,

1/6 1/6
(d) We find a common root: v/5 = 51/3 = 52/6 = (52) =251/6; /3 =31/2 =33/6 = (33) / =271/6. So
I3 < /3.
95. Since one light year is 9.5 x 1012 km, Centauri is about 4.3 x 9.5 x 1012 ~ 4.06 x 10!3 km, or 40,600,000,000,000 kilometers
away.
i 9.3 x 107
96. 9.3 x 107 mi = 186,000~ x 1 s & 1 = ﬁ s =500 = 81 min.

103 liters

97. Volume = (Average depth) (Area) = (3.7 x 103 m) (3.6 x 1014 mz) ( .
m

)w 1.33 x 10?! liters

National debt _ 2.670 x 10'3

— = ~ 8.0555 x 10* ~ $80,555.
Population 3.3145 x 108

98. Each person’s share is equal to

99. First, we estimate the total mass of the stars in the observable universe:

Number of stars

Total star mass = (Number of galaxies) ( ) (Mass of typical star) = (1.5-2-1.77) (1012 10 1030)

Galaxy
~ 531 x 107 kg

Thus, the number of hydrogen atoms in the observable universe is

Total star mass _ 531x 1033
Mass of a single hydrogen atom  1.67 x 10—27

~3.18 x 1080

1 kilometer
1000 meters

is given by D = v/2rh + h2 = \/2 (6340) (0.346) + (0.346)2 ~ /4387.4 ~ 66.2 kilometers.

100. First convert 346 meters to kilometers. This gives 346 m = 346 - = 0.346 km. Thus the distance you can see

101. (a) Using f = 0.4 and substituting d = 65, we obtain s = \/307d = /30 x 0.4 x 65 =~ 28 km/h.
(b) Using f = 0.5 and substituting s = 50, we find d. This gives s = 4/30fd < 50 = /30- (0.5)d © 50 = V/15d &
2500 = 15d & d = 3% ~ 167 m.

1/3
6.67 x 10-11 x 1.99 x 1030}/
472

102. Since 1 day = 86,400 s, 365.25 days = 31,557,600 s. Substituting, we obtain d = (

(3.15576 x 107)* ~ 1.5 x 101! m = 1.5 x 108 km.

103. Since 10° = 103 - 10° it would take 1000 days ~ 2.74 years to spend the million dollars.
Since 10° = 10% - 109 it would take 10® = 1,000,000 days & 2739.72 years to spend the billion dollars.
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104. (a)
n 1 2 5 10 100

aU/n | UL —o [ 212 = 1414 | 2V/5 =1.149 | 2V/10 — 1,072 | 21/100 — 1 007

So when n gets large, 21/1 decreases to 1.

(b)
n 1 2 5 10 100

(%)1/" (%)1/1 =05 (%)1/2 = 0.707 (%)1/5 = 0.871 (%)1/10 =0.933 (%)1/100 =0.993

1/n
So when n gets large, (%) increases to 1.

185 18)°
105. —==) =2°=3
@ 55 =(5)
(b) 20° - (0.5)° = (20 - 0.5)° = 10° = 1,000,000

m factors
e e

m
a T-a - ----a . )
106. (a) — = —— . Because m > n, we can cancel n factors of a from numerator and denominator and are left with
a a . a e e a

—
n factors
am
m — n factors of a in the numerator. Thus, — = a™ ",
a

n factors n factors
ax" ‘a a a a-a----- a a"
(=) =-.2.....2 =2~ " _=2_
()(b) b b b b-b-----b b"
—
n factors
a\—n 1 1 b" a " 1/a" 1 o™
R ) A ® = = = w " a

1.3 ALGEBRAIC EXPRESSIONS

1. The greatest common factor in the expression 18x3 4 30x is 6x, and the expression factors as 6x (3x2 + 5).

2. (a) The polynomial 2x3 4 3x2 + 10x has three terms: 2x3, 3x2, and 10x.
(b) The factor x is common to each term, so 2x3 + 3x% + 10x = x (2x2 +3x + 10).
3. To factor the trinomial x2 + 8x + 12 we look for two integers whose product is 12 and whose sum is 8. These integers are 6
and 2, so the trinomial factors as (x + 6) (x + 2).
4. The Special Product Formula for the “square of a sum” is (4 + B)2 = A2 + 24B + B%. So
(2x +3)2 = (2x)2 +2(2x) (3) + 32 = 4x2 + 12x + 9.
5. The Special Product Formula for the “product of the sum and difference of terms” is (4 + B) (4 — B) = 4% — B%. So
(6+x) (6 —x) = 6> —x2 =36 —x2.
6. The Special Factoring Formula for the “difference of squares” is A2 — B2 = (4=B)(A+B). So
49x2 — 9 = (7x — 3) (7x + 3).
7. The Special Factoring Formula for a “perfect square” is A2 +24B + B2 = (4 + B)%. So x% + 10x + 25 = (x + 5)%.
8. (a) No; (x + 5)2 =x2 +2(5x) + 25 # x2 + 25.
(b) Yes; (x + a)2 =x2 +2xa +ad>.
(¢) Yes; by a Special Product Formula, (x 4+ 5) (x — 5) = x2 —25.
(d) No,(x +a)(x —a) = x2— a2, by a Special Product Formula.
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9. Type: binomial. Terms: 5x3 and 6. Degree: 3.
10. Type: trinomial. Terms: —2x2, 5x, and —3. Degree: 2.
11. Type: monomial. Term: —8. Degree: 0.
12. Type: monomial. Terms: %x7. Degree: 7.
13. Type: four-term polynomial. Terms: x, —x2, x3, and —x*4. Degree: 4.
14. Type: binomial. Terms: /2x and —+/3. Degree: 1.
15. (12x = 7)) = (5x —12) =12x —=7—=5x+12=Tx +5
16. 5 —-3x)+(2x -8 =—x-3
17. (—2x2—3x+1) + 3x2+5x—4) =222 —3x+1+3x2+5x—4=x2+2r—3

18. (3x2+x+1)—(2x2—3x—5) =21 =22 +3x+5=x2+4x +6

19. (5x3+4x2—3x)—(x2+7x+2)=5x3+4x2—3x—x2—7x—2=5x3+3x2—10x—2
20.3(r— 1) +4(x+2) =3x —3+4x+8=Tx 45
21. 8(2x +5) =7 (x —9) = 16x 440 — 7x + 63 = 9x + 103

22. 4(x2—3x+5) —3(x2—2x+1) =4x2 —12x +20—3x2 + 6x =3 =x2 — 6x + 17

23, %3 (x2 +3x) —2x (x4 —3x2) =30 +3x% = 2x5 +6x3 = —x5 + 3x% + 633

24. 4x (1 —x3) + 3x3 (x3 —x) =4y —4x* +3x0 — 3x% = 3x0 — 734 + 4x

25, 4x(x—2)—2(x2—4x)+2x2(x— 1) = 4x2 — 8x — 2x2 + 8x + 2x3 — 2x% = 2x3

26. 6x3 (x2—1) —2x (2+3x2)+2(2x—4)=6x5—6x3—4x—6x3+4x—8=6x5—12x3—8
27. 3t —2) (7t —4) =212 — 12t — 14t +8 =212 =261 +8 28.(4s — 1) (25 +5) = 852 + 185 — 5

29. Bx+5)(2x — 1) =6x2 +10x —3x —=5=6x2+7x =5 30.(7y—3)Q2y —1) =14y — 13y + 3

31. (x +3y) @x — y) = 2x2 + 5xy — 3)2 32. (4x — 5y) Bx —y) = 12x% — 19xy + 5)2
33. (4x +3)2 = 16x2 +24x +9 34.2—7y)2 =49y — 28y + 4

35. (v —3x)% = 2 — 6xy + 9x2 36. (5x — y)2 = 25x2 — 10xy + 2

37. (2x +3y)% = 4x2 + 12xy + 912 38. (r — 25)2 =12 — drs + 4s?

39. (w+7) (w—7)=w?—49 40.5- ) (5+y)=25-)2

41. Bx—4) (Bx+4) =0Bx)2—-42=9x2—16 2.2y +5Qy -5 =42-25

B (J5+2) (V-2 =x—4 4. (+v2) (V- v2) =r-2

45. (y+2)3=y3+3y2(2)+3y(22)+23=y3+6y2+12y+8
46. (x —3)3 =x3 —9x2 4+ 27x =27
47. (x+2)(x2+2x+3) 322 43422 4 A4 6 =13 + 42 4 Tx + 6

48. (x+1)(2x2—x+1)=2x3+x2+1
49. (2x—5)(x2—x+1)=2x3—2x2+2x—5x2+5x—5=2x3—7x2+7x—5

50. (1+2x)(x2—3x+1)=2x3—5x2—x+1
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51, /% (x — /X) = xy/x — (V)2 = xJX —x 52.x3/2 (x — 1/JX) =x2 —x

53. y1/3 (yz/3 +y5/3) :y1/3+2/3 + pl/3+5/3 :y2+y 54, 1/4 (2x3/4_x1/4) —2x — /X

55. ( 12 _ 1/2) =x—2/FF+y 56.(\/54—%)2:144-24-%

57. (x2 ) (x2 +a2) e — 58. (x1/2 +y1/2) (x‘/2 —yl/z) —x—y
59. (\a —b) (Va+b) =a— b2 60. (VI + 1+1) (V2 +1-1) =12
61. (x—l)+x)((x—l)—xz)=(x—1)2—(x2)2=x2—2x+1—x4=—x4+x2—2x+1

62. ( (2+x )) (x—(z+x2)) — x4 324

63. 2x+y—3)2x+y+3)=Qx+»)? =32 =4x2 +4xy+12 -9
64. (x+y+z)(x—y—z)=x2—y2—22—2yz

65. 4x* — x2 = x2 (4x2 - 1) =x2Q2x+1)2x = 1)

66. 3x% — 63 —x? = x? (332~ 6x 1)

67. y(y—6)+9(r—6) = —6)(y +9)

68. z+22—50c+2)=(C+2)[z+2)=5]=(+2)(z—3)

69. 4x3y% — 6xy> + 8x2y* = 2x)? (2x2 —3y+4xy2)

70. —7x*y? + 14xy? + 21xy* = Txy? (—x3 +2y + 3y2)

L c+3)° G +22 -+ +23 =@+ 6 +22 [ +3) = (x +2)] = (x + 3)* (x +2)2

72. 3 (2x — 1)} (x2 + 1) @ —1? (xz + 1) —(x—1) (x2 + 1) [3 (xz + 1) —Qx— 1)]
—Qx =1y} (x2 + 1)3 (3x2 ot 4)

73.22-11z418=(z—-9) (z —2)

74 x2+4x —5=(x+5 (x—1)

75. 10x2 — 19x + 6 = (5x —2) (2x —3)

76. 6y2 + 11y —21 = (y +3) (6y — 7)

77. 3x2 —16x +5=(Gx — 1) (x = 5)

78. 5x2 —Tx — 6= (5x +3) (x —2)

79. B3x 4+2)2 +8Bx +2) 4+ 12 =[(B3x 4+ 2) + 2] [Bx +2) + 6] = (3x + 4) (3x + 8)

80. 2(a+b)2+5@+b)—3=[(a+b)+31[2@@+b)—11=(a+b+3)Q2a+2b—1)
81. 36a% — 49 = (6a + 7) (6a — 7)

82. (x+3)2 —4=(x4+32-22=[(x+3) =2 [(x +3)+2] = (x + 1) (x +5)

83. 27x3 43 = 3x)3 413 = Gx + ) [(3x)2—|—3xy+y2]=(3x+y) (9x2—3xy+y2)

84. a3 — b0 = ad — (b2)3 - (a - b2) [az +ab? + (bz)z] - (a - b2) (a2 ab? + b4)
85. 853 — 12503 = (25)% — (51)3 = (25 — 51) [(2s)2 + (25) (51) + (51) ] (s — 51) (4s2 + 107 + 25z2)

86. 1+ 10003 = 1 + (10y)3 = (1 + 10y) [1 — 10y + (1oy)2] = (1 + 10y) (1 — 10y + 1ooy2)

87. x2 +12x +36 = x2 + 2 (6x) + 6% = (x + 6)?
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88. 1622 — 24z + 9 = (42)2 — 2 (4z) (3) + 32 = (4z — 3)?
89. x3+4x2+x+4=x2(x+4)+1(x+4)=(x+4)(x2+1)

90. 3x3—x2+6x—2=x2(3x—1)+2(3x—1)=(3x—1)(x2+2)
o1. 5x3+x2+5x+1:x2(5x+1)+(5x+1):(x2+1)(5x+1)

92. 183 +9x2 4 2x + 1 =92 2x + 1) + 2x + 1) = (9x2+1) Qx+1)
93. x3+x2+x+1:xz(x+1)+1(x+1):(x+1)(x2+1)

94, x5+x4+x+1:x4(x+1)+1(x+1):(x+1)(x4+1)

95. Start by factoring out the power of x with the smallest exponent, that is, x2/3.
Thus, x2/3 4 3x5/3 = x2/3 (14 3x)

96. Start by factoring out the power of x with the smallest exponent, that is, x ™~
Thus, x3/4 — 5x~1/4 = x=1/4 (x — 5)

97. Start by factoring out the power of x with the smallest exponent, that is, x~
Thus,x_3/2 —x~12 +x1/2 =x—3/2 (1 —-X +x2) =x—3/2 (x2 —-x+ 1)

-1/3.

1/4.
32

98. Start by factoring out the power of x with the smallest exponent, that is, x

Thus, x3/3 4 x23 4 ox—13 = x=1/3 (x2 +x + 2)
. P . . 5 —-1/2
99. Start by factoring out the power of x~ + 1 with the smallest exponent, that is, (x + 1) .

thus, (2 +1) 2 (2 1) 2 (2 01) (24 1) +2) = (2 1) (2 3) = 2

x2+1
2x +1
100. x~ 2G4+ D2 4512 + )12 =512+ D) 121+ D+ x]=x" 2+ D) V200 + 1) = ————=
( ) ( ) ( ) ) +x] ( )T )ﬁm
101, 2x + 12x3 = 2x (1 + 6x2) 102. 12x2 4 3x3 =3x2 (4 4+ x)
103. x2 —2x —8=(x —4) (x +2) 104. x2 — 14x + 48 = (x — 8) (x — 6)
105. 2x2 +5x +3=2x +3)(x + 1) 106.2x2 +7x —4 = 2x — 1) (x + 4)

107. 9x2—36x—45:9(x2—4x—5) =9(x—5)(r+1) 108.8x2+10x +3 = (4x +3) 2x + 1)

109. 49 — 4y% = (7 —2y) (7 + 2y) 110. 42 — 952 = (2t — 3s) (2¢ + 3s)
111, 2 — 61+ 9 = (t — 3)2 112. x2 + 10x 4 25 = (x 4 5)2
113. 32 — 10yz 4 2522 = (y — 52)2 114. 72 — 6rs + 952 = (r — 35)2

115. (@ +b)2 — (@ —b)? =[(a+b) — (a — b)][(a + b) + (a — b)] = (2b) 2a) = 4ab
() =(=2) = [05) - (=0 +2) (=)
1me. (1+—-) —(1—=) =[(1+-=-)—-(1—-- I+—-)+(1-=
X X X X X X

1 1 1 1 2 4

=(1+——1+—)(1+—+1——)=(—)(2)=—

X X X X X X

2(2-1)=o(—1) = (2= 1) (P -9) = - DE+DE -3 +3)

18. (a2 =1) 6 -2 —4(a? = 1) = (= 1) [0 =27 - 4] = @+ D @= D[ =2 +2][(6 ~2) - 2]

=@+ D@-0)bb-4%

117.
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119. 8x3 — 125 = (2x)3 — 53 = 2x — 5) [(2x)2 +(20)(5) + 52] —(Qx—5) (4x2 +10x + 25)
120. x0 464 = x0 420 = (x2)3 + @) = (x2 + 4) [(x2)2 —4 (x2) + (4)2} = (x2 + 4) (x4 — 42 4 16)
121 23 +2x2 +x =x (x2+2x+ 1) =x(x+1)>2
122. 3x3 — 27x = 3x (x2 - 9) =3x(x —3)(x +3)
123. )c4y3 —xzy5 = xzy3 (xz —yz) = xzy3 x+y)x—y)

124. 18y3x2 — 2xy* = 2x)3 9x — y)
125. 3x3 —x2 — 12x + 4 = 3x (x2—4) - (x2—4) —(Bx—1) (x2—4) —Gr—DE+2)(x -2
126. 93 41832 —x —2=9x2 (x +2) — (x +2) = (9x2—1) (x+2)=Gx+1)GBx —1)(x +2)

127. Start by factoring out the power of x with the smallest exponent, that is, x73/2. 80

(1+x)2
x3/2

128. (x — )72 = (x = 1)3/2 = (x — 1)3/2 [(x —1)2 - 1] = =132 [ = 1) = 1][(x = 1) + 1]

x—3/2 +2x_1/2 +x1/2 =x3/2 (1 + 2x +x2) =x—3/2 (1 —}—x)2 =

=@ -1 x-2)
120 — D422 (=126 +2) == @ +)[+2) =G =D]=3x =D (x+2)
130. 0 +23 +° 0+ 2 =1y 0+ 23 [ +y 0 +2)] =1 +2)° (y2+2y+ 1) =y +23 G+ 1)?
131. Start by factoring y2 — 7y + 10, and then substitute a2 + 1 for y. This gives
(a2+1)2—7(a2+1)+10= [(a2+1) —2] [(a2+1) —5] - (az— 1) (a2—4) —@—-D@a+)@=2)(a+2)
132. (az —}—Za)2 -2 (a2 +2a) -3 = [(a2 +2a) - 3] [(a2 +2a) + 1] = (a2 +2a — 3) (a2 +2a + 1)
=(@—1)(a+3)(a+1)>?
133. (x2 + 3)2 1P @+ 12 =13 =@ —1) [(x2 + 3)2 —(dx+ 1)2]
—(r—1) [(x2+3) +@x+1) [(x2+3) - (4x+l)] = (x—1)3 (x2+4x+4) (x2 —4x+2)
=13 (x +2)? (x2 —4x +2
134, x+1D2(x4+2) — 6Gx+D)E+2) +
I9(x+2)=(x+2) [(x+ 1)2 —6(x+1)+9] =@ +)[x+1) =32 =(x+2) (x —2)?
135. 5 (x2 + 4)4 Qx) (x —2)* + (xz +4)5 @ x-2>%=2 (x2 + 4)4 (x —2)3 [(5) () (x —2) + (x2 +4) (2)]
=2 (xz + 4)4 (x —2)3 (5x2 —10x +2x2 + 8) =2 (x2 + 4)4 (x —2)3 (7x2 —10x + 8)
136. 3(2x — )2 (2) (x +3)1/2 + (2x — 1)} (%) G+3) 12 =x =12 4+3)" 12 [6 G+3)+Qx—1) (%)]

— Q=12 (x 4+3)"12 (6x +18+x - 1) = @ = D2 (r +3)712 (7x +%)

1.2
-1/3 —4/3 —4/3 —4/3 xx°+3
2 _2.2(,2 —(+2 2 _ 2.2 (42 1.2 _ 3 -
137. (x2 +3) 32 (32 43) 7 = (243) T [(243) - 3] = (2 +3) T (32 43) = RV
138. Ix 712 @Bx + 912 = 3x1206x + 4712 = LT 12 Gx 4+ 4712 [Bx +4) = 3x] = LT 12 B+ 4)71/2 (4

=212 @3x +4)71/2
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140.

141.

142.

143.

144.

145.

CHAPTER 1 Fundamentals

(7)== )+ =)

a>+ b2 —d? + b2) (az +02 +a? - bz) = (2b2) (2a2) = 4a2D?
LHS = (a2 + %) (2 + @) = a*? + ad? + b2? + D22,
RHS = (ac + bd)? + (ad — bc)? = a?c? + 2abed + b2d? + a?d? — 2abed + b2? = a2 + a?d? + b2c? + b2d2.
So LHS = RHS, that is, (a? +6%) (¢ +d?) = (ac + bd)? + (ad — bo)?.
4a2c? — (c2 ) +a2)2 — Qac)? — (c2 Sy a2)
- [(Zac) _ (c2 . az)] [(Zac) + (c2 - az)] (difference of squares)
- (2ac Sy - az) (Zac +c2 12 +a2)
- [bz - (c2 —2ac + az)] [(c2 +2ac+ az) - bz] (regrouping)
- [bz (- a)Z} [(c Fa)?— bz] (perfect squares)
=1[b—(c — @)][b+ (c — @)][(c +a) — b][(c +a) + b] (each factor is a difference of squares)
—(b-ct+a)(b+c—a)(c+a—b)(c+a+b)
—(@+b—c)(—a+b+c)@—b+c)(a+b+o)
@ x*yx2-2= (x2 - 1) (x2+2) —( =)@+ (x2+2)
) x* +2x2 49 = (x4 +6x2 4+ 9) _4x2 = (x2 + 3)2 )2 = [(x2 + 3) _ 2x] [(x2 + 3) +2x]
- (x2 —2x+3) (x2+2x+3)
© x* +4x2+16 = (x4 +8x2 4 16) —4x2 = (x2 +4)2 —@2x)?
- [(x2 +4) —2x] [(x2 +4) +2x] = (x2 —2x +4) (x2 +2x +4)
@ x* 20241 = (2 + 1)2

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

R
(with radius 7). Thus V = wR2h — wr2h = 7 (R2 —r2) h=m@R=r)(R+r)h=2m- % k- (R—r). The

R R
average radius is tr and 27 - tr is the average circumference (length of the rectangular box), /4 is the height, and
R
R —r is the thickness of the rectangular box. Thus V' = wR2h — wrth = 2w - tr h-(R —r) =2 - (average radius) -
(height) - (thickness)
‘b length J‘
h h
i i """"'"""""/*/thickness

(a) Moved portion = field — habitat
(b) Using the difference of squares, we get b —(b— 2)«:)2 =[b—((B-2x)][b+ (b—x)]=2x 2b—2x) =4x (b —x).
(a) The degree of the product is the sum of the degrees.
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(b) The degree of a sum is at most the largest of the degrees — it could be smaller than either. For example, the degree of
(x3) + (—x3 —l—x) =xisl.
146. (a) 528% — 5272 = (528 — 527) (528 + 527) = 1 (1055) = 1055
(b) 10202 — 10102 = (1020 — 1010) (1020 + 1010) = 10 (2030) = 20,300
() 501 -499 = (500 + 1) (500 — 1) = 500% — 12 = 250,000 — 1 = 249,999
(d) 1002 - 998 = (1000 + 2) (1000 — 2) = 10002 — 22 = 1,000,000 — 4 = 999,996

147. (a) 4+ 1 A2+ 441 A+ 42+ 441
X A -1 % A -1 % A -1
—4 -1 A2 — 4 -1 A3 — 42— 4-1
A% + 4 A+ 4>+ 4 AV + B+ A2+ 4
A2 -1 A3 -1 A4 -1

(b) Based on the pattern in part (a), we suspect that AH—1=A4- 1) (A4 + B3+ A2+ 4+ 1). Check:

A+ B+ A2+ 441
X A -1

—AY - 43— 42— 4 -1
A+ A4+ A+ 42+ 4
A° -1

The general pattern is 4” — 1 = (4 — 1) (A"_1 A" AP+ A 1), where 7 is a positive integer.
148. (a) (A—B)(A2+AB+BZ) = A3+ A2B+ AB2 — A2B — AB2 — B3 = 43 — B3

(b) (A+B)(A2—AB+BZ)=A3—A2B+ABZ+AZB—ABZ+B3=A3+B3

1.4 RATIONAL EXPRESSIONS

P
1. A rational expression has the form %, where P and Q are polynomials.
3x X
(€))

is a rational expression.

x2 -1

Vx4 1
2x +3
numerator of the expression is +/x + 1, which is not a polynomial.

x(x2=1) _x3—x

(b)

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

(c) = is a rational expression.
x+3 x+3
2. To simplify a rational expression we cancel factors that are common to the numerator and denominator. So, the expression
x+DEx+2) . . x+1
——— = simplifies to
x+3)(x+2) x+3
3. To multiply two rational expressions we multiply their numerators together and multiply their denominators together. So
2 x . th 2-x 2x
. is the same as = .
x+1 x+3 G+D-x+3) x24+4x+3
1 2
4. (a) — — - al has three terms.
x @+ (x+1)2

(b) The least common denominator of all the terms is x (x + 1)2.
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(c)l— 2 X :(x+1)2_2x(x—|—1)_ x (x) :(x+1)2—2x(x+1)—x2
X @D @402 xe+1DE @HD (1) x(x+1)7?
_x2+2x+1—2x2—2x—x2_—2x2—|—1
- x(x—{—l)2 _x(x+l)2

x(x+1) x
x+12  x+1

() No; (x +5)2 = x2 +10x +25 £ x2 + 25,50 x +5 = v/x2 + 10x + 25 # /x2 + 25.

5. (a) Yes. Cancelling x + 1, we have

34a 3 a a
6. (a) Yes,%=§+§=1+§,
(b) No. We cannot “separate” the denominator in this way; only the numerator, as in part (a). (See also Exercise 101.)
7. The domain of 4x2 — 10x + 3 is all real numbers. 8. The domain of —x# + x3 + 9x is all real numbers.
9. Since x — 3 # 0 we have x # 3. Domain: {x | x # 3} 10. Since 3¢ + 6 # 0 we have ¢t # —2. Domain: {¢ | t # —2}
11. Since x + 3 > 0, x > —3. Domain; {x | x > —3} 12.Sincex — 1 > 0, x > 1. Domain; {x | x > 1}

13. x2—x—2:(x+1)(x—2)7é0<:>x#—lorZ,sothedomainis{x|x7é—1,2}.

14. x2x_4: (x+2)x(x_2).(x+2)(x—2)7é0<:>x7é:|:2,sothedomainis{x|x;£iZ}.
15. ﬁ is defined for {x | x > 2, x # —3}, soits domain is {x | x > 2}.
16. \x/;—TQZ is defined for {x | x > 2, x # %3}, so its domain is {x | x > 2, x # 3}.
x=35E+5 G=-5+5 x3 —2x x(x2—2) x2 =2
e ) =376+ By T >arD 11
19.x—2= x=2 _ 1 20.)62—x—2=(x—2)(x~|-1)=x—2
x2—-4 (x=-2(x+2) x+2 x2—1 -+ x-1
)1 x2—7x—38 _G=8) @+ x+]
x2—10x+16 (x—-8(x—-2) x-2
22'xz—x—l2:(x—4)(x+3):x—4
xX245x4+6 (+2)(x+3) x+2
by YAy yo+h
yi-1 @-De+D y-1
oty 2(P-w-2) o9y yos
y3 =9y y(»*-9) yo+3)(y=3) y-3
2. 2x3—x2—6x=x(2x2_x_6)=x(2x—|—3)(x—2)=x(2x+3)
2x2—7x+6 (2x=3)(x-2) 2x —=3)(x —=2) 2x —3
26-1—x2: (I=-00+x)  —G@=D+x) _ —G+1D
x3-1 (x—l)(x2+x+l) (x—l)(x2+x+l) 24x+1
27, 4x .x+2: 4x .x+2: 1
x2—4 16x (x=2)(x+2) l6x 4(x —2)
28‘x2—25.x+4=(x—S)(x+5).x+4=x—5
x2—-16 x+5 (x—-4HGE+4) x+5 x—4
2. 24215 x=5 (+5)x-3)(x—-5 x-3

x2—25 x+42 (G+5x—=-5E+2) x+2
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x24+2x =3 3—x_(x—|—3)(x—l).—(x—3)_—(x—l)_—x+1 _1=x

2—2x—3 34+x (x-3)Gx+1) x+3 x+1  x+1  1+x

2043 2-3 Qt+3)@2r=3) 1
31. M = =
249 42-9 (24+9)Qr+3)Q2t=3) 249

3 32 4+ 9y =9  3y@+3)O0+3)-3) 3

y3 =9y .2y2+3y—9 _y(y2—9)(y+3)(2y—3) T2y -3
B3 —2?—8x x24+2x—24 x(+)G—-4HE—-4Hx+6) x—4

30.

33. : = =
x24+8x+12 x3 —16x @+ +)x(x+4H(x—-4) x+4
34 2x2—{—xy—y2.x2—2xy+y2 _ (2x—y)(x—{—y)(x—y)2 _x+y
TaxZ4ay =292 22 =3xy+)? - E+2)Qx—y)x—y) x+2y
15 x+3 ’x2+7x+12 _ x+3 2x2+7x—15_ x+3 (x+50@2x-3) x+5
T4x2—9 T 224 7x =15 4x2-9 xX247x+12  (2x—=3)Qx+3) x+3N@E+4  Qx+3)x+4
36, 2XH1 Cex2—x—2 2x +1 x+3 B 1
Ta24x—157  x+3 T x4+ -5 @x+1DBx—2) x=5@x-2)
x3
3 2 3
17, x4+1 _ X X +2x+1:x (x+1)(x+l):x2(x+1)
X x+1 x x+Dx
x24+2x +1
22 —3x =2
18 21 wr=3x-2 x24x-2 (x-2)Qx+1) @-DE+2) x-2
a2 4sx+2 0 x2-1 22 45x 42 (=D@E+1) G+2)Qx+1) x+1
x24x=2
1
39, Xy _x. 1 _x
z y z yz
40 X LY X Z_X
y/z z 1 vy
1 x+3 1 x+4
41. 1 = =
+x+3 x+3+x+3 x+3
0 3x =2 2_3x—2 2(x+1) 3x—-2-2x—-2 x-—4
Cx+1 T ox+1 x+1 x+1 Tx+1
3 1 n 2 x -3 2(x+5  x—=3+4+2x+10 3x+7
Tx4+5 x=3 x+5Ex-=-3) G+5Ex-3) G+3)Ex-3) x+5x-3)
1 1 x—1 x+1 x—14+x+1 2x
44, + = + = =
x+1 x—-1 G+DEx-1) x+DEx-1) @+DEx-1)) E+DHEE-1
45 3 1 3(x+2) Ix+1)  3x+6—-x—-1 2x +5
Tx4+1l x4+2 GHDE+2) @+FDE+2) G+FDE+2) G+HDE+2)
a6 3. x(x+6) “3(r—4)  xP4+6x—3x+12  x243x+12
"x—4 x46 (x=-HE+6) Gx-HE+6 < (Gx-HE+6)  (x—-4HE+6)
5 3 5Q2x —3) 3 10x —15—-3  10x—18 2(5x —9)
47. — = —_ = = =
2x—=3 (2x =32 (@x-3)?% (@x-3)2 (2x —3)? (2x =32 (2x —3)?
48 X 2 X 2x+1) x+2x+2  3x+2

+ = = =
G+D2 x+1 @+ GFEDEFHD @12 (x4 1)?
u W+ D+l) u _u2+2u+1+u u? +3u+1

49. 1 = = -
ut +u+1 u+1 u+1 u+1 u+1
2 3 4 26> 3ab  4a*  2b®—3ab+4a®

50. - — —+—= = — + =
a2 ab b2 a’h2 a’p? a’p? a’p?
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51.L+ 1 =L+ 1 _ x+1 n X _ 2x + 1
22 x24x 22 x4+ x2E4+1) x2E+D x2E4+1)
521+L+L=£+1+L=xz+7x+l
X x2 X3 x3 )C3 x3 X3
s 2 1 _ 2 1 __20@+4 -1
x+3 x24+7x+12 x4+3 @x+3)E+4H) GE+I)E+4D) G+ +49
2 +8-1 2 +7
T x4 +4) 3D E+4
54, X N 1 _ X n 1 _ X n x+2
x2—-4 x-2 (x-2)x+2) x—-2 xE-2)x+2) x-2)(x+2
o 2x+2 2(x+1D)
T x-2)(x+2) x-2)(x+2)
55.1+1=1+ 1 _ x—3 N 1 _ x—2
x+3 x2-9 x4+3 (-3)@x+3) x-3)Ex+3) @*x-3HEx+3) x-3)x+3)
56. . X _ 2 _ X + -2
x24x=2 x2-5x+4 (x-DE+2 G-DHx-4
3 x(x—4) —2(x+2) o x?—4x-2x—-4 x2—6x—4
T x=-DE+2)x -4 -DE+2x-4) c-DE+DEx-4 G-DE+2)(x-—4
2 3 4 2 3 4 20 —1) 3x —4 2x—2+43x—4  5x—6
57. — + - = -+ - = + = —
x x—1 x2—x x x—-1 x(x=1) x(x-=-1 x(x=1 xkx-=1 x(x—1) x(x—=1)
58, 313 + ;3"' 313= 32233+ 3x§3+ 3y§3=xz+3y§43_22
x°y°z  xy’z x2yz xy2z x2y°z x2y°z x2y°z
2
9. 21 T3 - 7t 3 - 2 = );(x+1)2 3 : 3t 3 1 2=X3+2x~|—21
x“(x+1) x2(x+1) x> (x+1) x> (x+1) x> (x+1) X3 (x+1) x3(x+1)
D
R
6. — ——= _y > L2
x4+l @+D2 x2-1 x+1 x+1)2 G-D@E+1)
G+ D=1 2@ -1 3+ 1)
S a=DGE+D? G-DE+D? k=D +1)2
x2—1 —2x +2 3x+3 x2—1—-2x4+243x+3 x24+x+4
T DGt GG Goher oD+ GoDet1?
61-1+}:x(1+%):x+1
xl_z x(%—Z) 1—2x
62. 13_% y(l_%):y—Z
y 1 y(%—l) 3-

1
1+ —

6 1+x+2_(x+ )( +x+2)_(x+2)+l_x+3
: = T -1
L (x+2)(1__) G+2)—1 x+1

x+2

x+2

] 1
64 +C_1_c—l+1_ c
oL e-1-1 -2

c—1
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1 1 1 1
. -DEx+3)H)|—+——
ey )(x—l x+3): G+ +E-1)  _ 20+D
x+1 x-DEx+3)Ex+1 x-DEx+DHEx+3) E-DE+1DHEx+3)
2
=D +3)
x—3 x+4+2 ) )
6 14 _xtl_G-)E+D-@+Da-4 7 -~ -3 (x —ZX‘S): 5
x+3 @=HE+3)E+1 x=—HE+3)E+1) x=—HEE+3)x+1
il ),
x——=  xylx—-—
67 Yy _ Y _xzy_xz_xz(y_l)
: y - ( .V)_xyZ_y2_y2(x_1)
y== xyly—-=
x x
y y 2
6 xy(x+x) _ Xy 47 _y(y+x)
.y+£_x ~|—£ _xy2+x2_x(x+y2)
¥ y\y ¥
x y x2_y2
; X Xy 2=yt x%? Xy . . .
69. = - 7 = ) 5 = —T = —Xx). An alternative method is to multiply the
11 Y xy o oyrexr -l
x2 y2 x2y2
numerator and denominator by the common denominator of both the numerator and denominator, in this case x2y2:
r_Y r_2 22
y x Yy ox x2y2 x3y—xy3 xy(x —y)
- . = = = —xy.
11 (1_i) 22 22 V2 _ 52 Y
2 )2 22
2 2
_— y :x_L.sz_ xy2 :x(x —l—y)_ xyz :x3+xy2—xy2: X3
2 T2 xy x2 42 x2 42 x2 4 y2 x2 4 y2 x2 42
y X y X
1 1 y2 x2
- el S S A o A A St S SR R0 Y U ) LA R
byt 11 Y x x2y2 y+x x2y? (y +x) xy
x oy Xy Xy

1 1
a2y (x_f_z) R et G et N R At

: Y
B B W TUs B
3
72'1—:—u+ ll:lj—u u—T—l:1
1+ —
u
1 X x—1—x 1
73'1_1__1_1_)(—1_ x—1 ~ 1—-x
x
1 14+x x+1 x+2+x+1 2x +3
74. 1+ =1+ =1+ = =
1+; (I+x)+1 x+2 x+2 x+2
14+x
1 1
g5, Ltx+h 1+x _ (40 —(4x+h) 1
h h(l+x)(14+x+h) A+x)(I+x+h)
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76. In calculus it is necessary to eliminate the 4 in the denominator, and we do this by rationalizing the numerator:
1 1

Jx +h ﬁ_\/_—«/x+h.ﬁ+«/x+h_ x—(x+h) . 1
h hx/x+h  Jx+Vx+h  hyxVx+h(Jx+vx+h) VINXFR (X + X+ )
1 1
- 2 2 2
GoE F 2w (P i) 2x +h
77- = = — —
h hx2 (x + h)? hx2 (x + h)? x2 (x 4 h)?
2 2 2 2 2
78, x+h)“+3x+h) —x 3x:x +h°+2xh+3x +3h —x 3x:h(h+2x+3):2X+h+3

h h h
2
79. |1+ —= —\/1+ i —\/1_x2+ ]
’ V1 =x2 N 1—x2 V1-x2 1-x2" 1—x2_1/1_x2
1\? 2x3 1 1 ]
80. [1+(x3— — :\/1+x6——+—:\/1+x6—l+—:\/x6+l+—
\/ ( 4x3) 4x3 " 16x6 27 16x6 27 16x6

1\? 1
— 3 —
= x4+ — =
(+55)

P E—
2= 45> =36+ @x-3? G-3)E+5RE+5H-3Gx=-3)] x-3(19-x)

43

81 (x +5)° (x +5)° (x +54
% 4)C3 (1 —X)3 —3(1 —x)2 (—1) (X4) _ x3 (l—x)2 [4(1 _x)+3x] _ X3 (4_x)
' (1—-x)° (1—-x)° (1—x)*
8 20402 —x(1+x)7V2  Q+x0)712R0+x)—x]  x+2

) 14+x B 1+x (1 +x)32

12 —-1/2 —-1/2

1— 52 2(1 - 42 1 — 2 1= 22442

o (127) T2 (1=2) 7 (1-2) P-4
1 —x2 1 —x2 (1—x2)3/2

%5 31+ —x(1+0)723  0+0)2BBA+x)—x]  2x+3

' (1+x)2/3 B (1+x)2/3 T (14x)¥3

(7=302 4+ 3 (=312 (0=30)71/2 (7—3x+%x) =
86. 7—3x - 7-3x T (7-3x)3?
§7. — _ - 310 :3‘m=m_3

3+4/10 (3+m)(3_m) 9-10

2+4/3)3

88, —> _ — ( ) =6+3ﬁ=—6—3ﬁ

25 (2443) (2-v5) 473

5 2(V3+v3) 2(V3+v3)

89. = = =V5+3

G- (o) (rvE) | 5
oo L Al -

a4l Al -1 x—1
o2 =y V) i

VB+yy o VBHyy 3-Up 3-y 3-y
9y, 2X=») _2(x—) ﬁ+ﬁ—2(x_y)(ﬁ+ﬁ)=2(ﬁ+ﬁ)=2ﬁ+2ﬁ

NN AN RN AN AN x—y
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03 2_ﬁ_(2—ﬁ)(2+ﬁ)_ 4-5 3 -1

R 5(2+ﬁ) _5(2+ﬁ)_5(2+ﬁ)

0 YV3EYS _ V345 V3-S5 3-5 -2 -l
22 VS a(VA-VE) 2(VE-E) VA
g5, YI+V2 _ N2 -2 r-2

. 5 5 f—ﬁ S(W_ﬁ)

o YEZVAER _ ST VAR JEHAER =@ +h)

hﬁﬁﬂ_%ﬁﬁﬂnﬁ+ﬁﬂ_wmﬂﬂﬁ+ﬁﬂ)
TR R (AT TR) i xFh (x4 x )

2 _ 2 2 2
\/xz——}—l—x—\/x +1—x \/x +1+4+x x“+1—-x

1
B 1 \/x2+1+x_\/x2+l+x_\/x2+1+x

97.

98, ViTT— Jx ViF+T—Jx JSx+14x x+1—x 1

. /X —Jx = . = —
1 X+ T+x ST+ ST+
B 1 B 1 RiRy  RiRy

9. (@) R = 1 I =1 L.RIRQ_Rz-i-Rl

RTR R R
(10)(20) 200

(b) Substituting Ry = 10 ohms and Ry = 20 ohms gives R = m =30 ~ 6.7 ohms.

Cost 500 + 6x +0.01x2
number of shirts x '

100. (a) The average cost 4 =
(b)

X 10 20 50 100 200 500 1000
Average cost | $56.10 | $31.20 | $16.50 | $12.00 | $10.50 | $12.00 | $16.50

101.

X 2.80 | 290 | 2951299 | 2999 | 3 | 3.001 | 3.01 | 3.05 | 3.10 | 3.20
x2—9
x—=3

580 | 590 | 595|599 | 5999 | ? | 6.001 | 6.01 | 6.05] 6.10 | 6.20

2
. X
From the table, we see that the expression
x

3 approaches 6 as x approaches 3. We simplify the expression:

2-9 (x=3)(x+3)
x—=3 x—3
table.

= x + 3, x # 3. Clearly as x approaches 3, x + 3 approaches 6. This explains the result in the

2 2
102. No, squaring — changes its value by a factor of —.
Jx Jx
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103. Answers will vary.

Algebraic Error Counterexample
1 " 1 ” 1 1 n 1 ” 1
a b a+b 2 27 242
(@a+b)?%#a2+b% | 1+3)2£12+32
Va2 +b2#a+b | V52412245412
b 246
a—+ £b L £6
a 2
a 1 1
- — #1
a+b 7 b 1+1 #
a 33 5/2
a_” # am/n 3_2 #3 /
5 5
104. (a) +a =3 + % =14 %, so the statement is true.
1 5+1
(b) This statement is false. For example, take x = 5 and y = 2. Then LHS = Xt = 2t = = = 2, while
y+1 2+1
x 5 5
RHS=—=—,and2 # —.
;= pad2As
0
(¢) This statement is false. For example, take x = 0 and y = 1. Then LHS = I 0, while
x+y 0+1
1 1 1 1
RHS= —— = —— =~ and 0 # —.
Ty 11 2073
1
(d) This statement is false. For example, take x = 1 and y = 1. Then LHS = 2 (%) =2 (T) = 2, while
2a 2
RHS= —=—-=1,and2 # 1.
2 =3 = hand2#
— 1 1
(e) This statement is true: Ta = (—a) (E) = (-1 (a) (Z) =(-1 (%) = —%.
2 2
1
(f) This statement is true: rxax =—+—-—+—=—+1+x
x X x X x
105. (a)
x 1 3 1 9 99 999 9999
2 10 100 1000 10,000
1
x+— 123333 | 25| 2011 | 2.0001 | 2.000001 | 2.00000001
X

1
It appears that the smallest possible value of x + — is 2.
X

1 1
(b) Because x > 0, we can multiply both sides by x and preserve the inequality: x + — > 2 & x (x + —) > s
x X

PHl>mwexl-2x+1>0 (x — 1)2 > 0. The last statement is true for all x > 0, and because each step is

1
reversible, we have shown that x + — > 2 for all x > 0.
X
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SECTION 1.5  Equations 27

1.5  EQUATIONS

1. (a) Yes. Ifa = b, then a + x = b + x, and vice versa.
(b) Yes. If a = b, then ma = mb for m # 0, and vice versa.
(¢) No. For example, —5 = 5, but (—=5)? = 52 = 25.
2. (a) Take positive and negative square roots of both sides: (x + 5)2 =64 x+5=18.
(b) Subtract 5 from both sides: (x + 5)2 4+ 5 = 64 & (x + 5)% = 59.
(¢) Subtract 2 from both sides: x2 +x =2 < x2+x —2=0.
3. (a) To solve the equation x2—6x—16=0 by factoring, we write x2—6x—16= (x — 8) (x+2)=0ifx =8orx = —-2.
(b) To solve by completing the square, we write —bx—l6=0xl-6x=16cx2—-6x+9=164+9<
(x-3)2=25cx—3=45<x=80rx = —2.

—(=6)+/(=62 —4(1) (=16) 6+ /T00

=3+5x=8
2() 2

(¢) To solve using the Quadratic Formula, we write x =

orx = —2.
4. (a) The Zero-Product Property says that if @ - b = 0 then either a or b must be 0.
(b) The solutions of the equation x2 (x—4)=0arex =0and x =4.
(¢) To solve the equation x> — 4x2 = 0 we factor the left-hand side: x2 (x — 4) = 0, as above.
5. (a) Isolating the radical in /2x + x = 0, we obtain +/2x = —x.

2
(b) Now square both sides: («/2x) = (—x)? = 2x =x2.

2= x2 —2x =x (x —2) = 0, so the solutions are x = 0 and

(¢) Solving the resulting quadratic equation, we find 2x = x
x=2.
(d) We substitute these possible solutions into the original equation: +/2 -0+ 0 = 0, so x = 0 is a solution, but
V2 2+2=4 # 0,50 x = 2 is not a solution. The only real solution is x = 0.
6. The equation (x + 1)2 —5(x 4+ 1)+ 6 = 0is of guadratic type. To solve the equation we set W = x + 1. The resulting
quadratic equationis W2 —5W +6=0= (W =3)(W —=2) =0=> W =20 W =3=x+1=20rx+1=3=
x = 1 orx = 2. You can verify that these are both solutions to the original equation.
5

7. To eliminate the denominators in the equation — + ) = 2, multiply each side by the lowest common denominator
X x

x (x + 2) to get the equivalent equation 3 (x 4 2) 4+ 5x = 2x (x + 2).

8. To eliminate the square root in the equation 2x + 1 = +/x + 1, square each side to get the equation (2x + 1)2 = x + 1. (But
don’t forget that squaring sometimes introduces extraneous solutions.)

9. (a) Whenx = —2, LHS =4(=2) +7= -8 +7 = —1 and RHS = 9 (—=2) — 3 = —18 — 3 = —21. Since LHS # RHS,

x = —2 is not a solution.
(b) Whenx =2,LHS =4(-2)+7=8+7=15andRHS=9(2) —3 =18 —3 = 15. Since LHS =RHS,x =2isa
solution.

10. (a) Whenx =2, LHS=1-[2-3—-@2))]=1-[2—-1]=1-1=0andRHS =4 (2) — (6 + (2)) =8 —8 = 0. Since
LHS = RHS, x = 2 is a solution.

(b) Whenx =4LHS=1-2-Q3-@4)]=1-[2—-(-1)]=1-3=—-2andRHS=4(4)—(6+ (4)) =16—10 = 6.

Since LHS # RHS, x = 4 is not a solution.

1 1 1 1

11. (@) Whenx =2, LHS = = — —— = = — — =

1
3 343" 33 = 1 and RHS = 1. Since LHS = RHS, x = 2 is a solution.

!
2
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1
(b) When x = 4 the expression 7

2 is not defined, so x = 4 is not a solution.

422 3 8
12. (a) Whenx =4, LHS = - 5-5° —4 and RHS = (4) — 8 = —4. Since LHS = RHS, x = 4 is a solution.

3\3/2
g3/2 (2 ) 29/2
——— ==~ == —27/2and RHS = (8) — 8 = 0. Since LHS## RHS, x = 8 isnot a

b) When x = 8, LHS = _
(b) When x 8—6 2 2

solution.
13.8x+13=58r=5-138=-8ox=-1
4 1-x=101-10=xx=-9
15 Ix-8=lolr=9cx=18
16.3+lx=5elr=20x=6
17. —x+3:4x<:>—x+3+x:4x+x<:>3:5x<:>x:%
18. 2x+3:7—3x<:>5x:4<:>x:%

5 s
19. —2:—x+7<:>3(§—2):3(§x+7)4:»):—6:5x+21<:>—27=4x<:>x:—%T7

X

3 3

20. 2x — 1= Gx +3©4x — 10 =3x +30 & x =40

21. 2(1—x)=3(1+2x)+5<:>2—2x=3+6x+5<:>2—2x=8+6x<:>—6=8x<:>x=—%

22. By+2)—-5Q2y—-1)=203-1»)+13y+2-10y+5=6-2y+ 1 -Ty+7=7-2y Ty =2y =y =0.
23, x — 4x — $x =5 =0 6x — 2x — 3x — 30 = 0 (multiply both sides by the LCD, 6) < x = 30

1
24.2x—%+x: —bx o8 —2rtx+l=2roTr+l=2bol=1Troxr=1
2X—1 4 13
25. =z=252-D)=4x+2)olx-5S=4&+8=13cx=7¢
x+2
3 5 1 3 1 5 4 5
26. = - = = 4 D=5x—-1)=4x+8=5x—5
x—1 x+2 x—1<:>x—1+x—l x+2<:>x—1 x—i—2<:> (x+2) x ) & dx + *
Sx =13
1 4
27. — = 3=+ 1= 3 =4+ 3x (multiply both sides by the LCD, 3x) & —1 = 3x & x = -1
X X
3 1 1
28. — = —— = 3(6) — (3x + 3) = 2 [multiply both sides by the LCD, 6 (x + 1)] © 18 - 3x -3 =2 &

x+1 2 3x+3
Sx+15=2e-x=-13ex=1

1 9 2F
29. Ezzml) :WI:U—2
30. F=G"M = B
T 72 m_GM
P -2
31.P=21+2w<:>2w=P—21<:>w=T
1 1 1
32. R = e + 2 < R1Ry = RRy 4+ RR| (multiply both sides by the LCD, RR|Ry). Thus R{Ry — RR| = RRy &
1 2
R (Ry— R) = RRy & R; = — X2
1 (R = RR, "
b 2d — b
33. ax + =2ax+b=2(x+d)oax+b=2cx+2d Sax —2cx =2d—-bs(a—-2c)x =2d-box =
cx +d a—2c

34.a-2[b—-3(c—x)]=6a—-2Mb—-3¢c+3x)=6a—-2b+6c—6x =6 —6x =6—a+2b—6c
_6—a+2b—6c  6—a+2b—6c

—6 6
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35.

36.

37.

38.

39.

40.

41.
42.
43.
44.
45.

46.

47.
48.
49.

50.

51.

52.

53.
54.
55.

56.

57.

58.

59.

60.

61.

SECTION 1.5  Equations 29

a2x+(a—1)=(a+1)x<:>a2x—(a+1)x=—(a—1)<:>(a2—(a+1))x=—a+1<:>(a2—a—1)x=—a+1
—a+1
a2 —a—1

I a—1 b+l
“‘; — @t ) mala—D bt e ta= —at+ B +be2a = +bo
a

=4

=

b
a=%(b2+b)
3 3V
V=1mrlher?= v

o=+
h g

W

wh

mM mM mM
F=G—or=0—=r=+/G—
rZ =24 F =7 F

P+ =Pebr=2-a?=b=%/c2-a2

a=prf1+-2 Q@A— 4 2:>1+ Y N R Y 100i100,/A
= 100 P 100 100 VP 7100 P P

Prrx=DRoxl4+x-12=0(x-3)(x+4)=0=x—-3=00rx+4=0. Thus, x =3 orx = —4.
24 =-20x2+9%4+20=0(x+4)(x+5)=0x+4=00rx+5=0. Thus, x = —4 orx = —5.
x2+13x—30=0<:>(x+15)(x—2)=0<:>x+15=00rx—2=0. Thus,x = —150rx = 2.
x2—13x—|—30=0<:>(x—10)(x—3)=0<:>x—10=00rx—3=0. Thus, x =3 or x = 10.

42 —4x—15=0 Qx +3)2x —5) =0 2x +3=00r2x — 5= 0. Thus,x = —3 orx = 3.

22 +7y+3=0(0+3)Q2y+ 1) =0y +3=00r2y +1=0.Thus,y = —3ory = —1.

=8 ixl=4ox =142

32 —27=0=x2=9cx =43
(2x—5)2:81<:>2x—5::|:9<:>2x:—40r2x:14<:>x:—20rx:7

—1+47
(5x+1)2+3=10@(5x+1)2=7<:>5x+1=iﬁ@5x=—1iﬁ@x=T*/—
Sx+52=l6c(x+52=20x+5=22x=-5+2

1+4/7
2Bx—12-3=1le2@3x -1’2 =ld4eBr—1) =Tekx-1=xt/Tox= 3‘/_

241x+2=0x2+10x =2 x24+10x+25= 2425 (x+5)2 =B ox+5=4/B o x = -5+/23
—dx42=0xl-dx="2oxl-dr+4="244(x-2)=2ox-2=+2x=2+2
2—bx—ll=0oxl—6x=11cx2—6x+9=11+9 (x-32=20=>x-3=42/5<x =3+25

7 2
x2+3x—%=0<:>x2+3x=Z<:>x2+3x+%=%+%<:>(x+%) =%=4:>x+%=:|:2<:>x=—%:t2<:>

[\SIEN]

orx = —

=
=

s 410 =1e5(P 1) =165 (P +atl)=1+5ea+) =foxti=%/fer=—1+20
Wotr-l=0ei —t=lel(P-u)=led-ntl=tilea-1P=tor-1=+/lc
=123
4x2—x:0<:>x(4x—1):0<:>x:00rx:%.
9

2
23l 2 3 12 3 __l. 3V ol
X _ZX_§<:>X —Zx_ 8<:>x 4x+64_ 8+64<:>(x 8) _64:>x

ool
I
H

341
©x=g5*3,50

oo —

-1 =1
X=50rx=g.

x2—2x—15=0(x+3)(x—5)=0&x+3=00rx —5=0.Thus, x = -3 orx = 5.
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62. X2 - 1Bx+2=0x-6(x—-7)=0x—-6=00rx —7=0. Thus,x =6orx =7.
63. 22 +x—-3=0=(x—-1)2x+3)=0x—1=00r2x +3=0. Ifx — 1 =0, then x = 1; if 2x + 3 = 0, then

=3
x=-3.

64. 3x2+7x+4=0<:>(3x+4)(x+1)=0<:>3x+4=00rx+1=0,Thus,x=—%0rx=—1.

—bEVb2 —4ac  —6+62—4(3)(=5) -6+ —3+2/6

65.3x2+6x—5=0x =

2a 2(3) 6 3
66. x2 — 6x + 1 = 0 =
b+ Vb2 —dac — (-6 E (=62 —4() (1) 6+36=4F 6432 6+442
a

67. 92+ 12x +4=0=(Gx+2)?> =0x = -3
68. 42 —dx +1=0 -1 =0ex=1
69. 4x2+16x:9<:>4x2+16x—9:0<:>(2x—1)(2x+9):0<:>2x—1:00r2x+9:0.1f2x—1:0,thenx:%;

if2x +9 =0, thenx = —2

3.
70.4x = x2 4+ 1 o x2 —4x +1 = 0 &
—b+ Vb2 —dac —(-HEJ(HP-4)() 4+ /T6-4 4+J12 4+23
X = = = = = :2:':\/5
2a 2(1) 2 2 2
—b+b2—4 (=) £ J(=2?-4(D @ 2+ F-112
T Tl =2k —4e> Tl —2x+4 =0 x = > ac _ 10 = 0
P —

there is no real solution.

N.z(z=-3)=522-3:-5=0z=

—b+ Vb2 —4ac _3E£/9-4) (=5 3+429
2a N 2 2
73. D =b% —4ac = (—6)2 —4 (1) (1) = 32. Since D is positive, this equation has two real solutions.

74.3x2 =6x — 9= 3x2 —6x +9 = 0. D = b* — 4ac = (—6)% —4(3) (9) = 36 — 108 = —72. Since D is negative, this
equation has no real solution.

75. D = b* — dac = (2.20)2 —4(1)(1.21) = 4.84 — 4.84 = 0. Since D = 0, this equation has one real solution.
76. D = b* — dac = (2.21)2 —4(1)(1.21) = 4.8841 — 4.84 = 0.0441. Since D # 0, this equation has two real solutions.

77. D =b% — 4ac = (5)2 —-44) (%) =25 —26 = —1. Since D is negative, this equation has no real solution.

78. D = b — 4ac = (r)2 — 4 (1) (=s) = r% + 4s. Since D is positive, this equation has two real solutions.

2
79. jloo:50=>x2:50(x+100):50x+5000<:>x2—50x—5000:0<:>(x—100)(x+50):0<:>x—100:0
x
orx + 50 = 0. Thus x = 100 or x = —50. The solutions are 100 and —50.
1 2
80. - = = 0ex2-206-1) = 0eoxX-2+2 = 0=
x—1 x2
— (D)t -4()QD) 2+/4-8 244 _ L . . ,
X = = = . Since the radicand is negative, there is no real solution.
2(1) 2 2
g, 2TL _ 2 DO+ =(P+1)@Q ey +3y+2=22 4262 -3y =0 3)=0
G =50+ D+ =+ Qe y +3y+2=2y'+ 26y =3y =02y -3)=0e
y +1  y+2
y=0or3.
3w+ 1 w—3 2 5 5
82. = 1<:>(3w—|—1)(u)—1)=w(w—3)<:>3w —2w—-1l=w -3we2w+tw—-1=0s
w w —

wW+DQuw—-1)=0w=—lor4.
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83.

84.

8s.
86.
87.

88.
89.

90.

91.

92.

93.

94.

9s.

96.

97.
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1 1 1 1 B 5
x_1+x+2 = Z<:>4(x—l)(x+2)(xj+m) = 4(x—1)(x+2)(z)<:>
A +2) +4Gx—-D=5c-DEx+) o dxr+8+4x—4=524+5x—-10o5x2-3xx-14=0c

Gx+7)(x—2)=0.1f5x +7 =0, thenx = —%; if x — 2 = 0, then x = 2. The solutions are —% and 2.

5 5
o + SE+2)E+5)=5x-2)+28x2+Tx+10=5x—10+28x2+2x -8 =0
x—2 x4+2 x2-4
x=2)x4+4)=0=x—-2=00rx+4=0<x =2orx = —4. However, x = 2 is inadmissible since we can’t divide

by 0 in the original equation, so the only solution is —4.

S=Var 3= =(Vir-3) o2 =4r-3ck=8cx=7
Vx—1=3=38x—-1=98=10x=
V2x—1=3x—52x—1=3x-5ox=4
VGrrx=vV2+led+x=xl+loxl-x-2=0@x+1)x—-2)=0cx=—lorx =2.

ViFl+l=xo/axtl=x—12x+l=@-1)22x+l=x2-2x+10=x2—4x =x (x — 4).
Potential solutions are x = 0 and x — 4 < x = 4. These are only potential solutions since squaring is not a reversible

Kl

operation. We must check each potential solution in the original equation. Checking x = 0: v/2(0) + 1 + 1 L 0) e
VI+120is false. Checkingx =4: /2@ + 1+1 2 @,9+1 2 4,3+1 2 4is true. Thus, the only solution is x = 4.
i+l =8 /rfl =8—2r=x+1=@0B-2x)2ox+1 =064—-32x +4?
0=4x2—33x +63 = (4x — 21) (x — 3). Potential solutions are x = % and x = 3. Substituting each of these solutions

into the original equation, we see that x = 3 is a solution, but x = % is not. Thus 3 is the only solution.

2
Let w = x2. Then x* — 13x2 + 40 = (xz) — 13x2 4 40 = 0 becomes w2 — 13w + 40 = 0 & (w — 5) (w — 8) = 0.
Sow—-5=0ssw=5andw—-8=0w=_8. Whenw:S,Wehavex2=5:>x=:i:\/§. When w = 8, we have
x2 =8 = x = £+/8 = £24/2. The solutions are ++/5 and £2+/2.
0=x0-2x3-3= (x3 —3) (x3 + 1). Let W=x3,so the equation becomes (W —3) (W + 1) = 0. If W = 3, then
W¥=3ox= \3/5, and if W = l,thenx3 =—1&x=—1. Thusx = /3 orx = —1. The solutions are </3 and —1.
G+ —5@+22+4=0e [(x-|—2)2—4] [(x+2)2—1] — 0. If(x4+2)2—4=0,then (x +2)2 = 4 &
x+2=42ox=00r—4. If (x +2)2 —1 =0, then (x +2)2 = 1 ©x +2 = +1 & x = —1 or —3. Thus, the solutions
arex = —4, -3, —1, and 0.

2x* + 4x2 41 = 0. The LHS is the sum of two nonnegative numbers and a positive number, so a4 4axZ41>1>0.
This equation has no real solution.

Letu = x2/3. Then 0 = x%3 —5x2/3 4 6 becomes u? —5u +6 =0 U —3) u—-2)=0=u—3=00ru—2=0.1f
u—3=0,thenx?? —3=0x23=3=x=2332 1fu-2=0,thenx?? —2=0x23 =2 = x = +23/2,
The solutions are £33/2 and :|:23/2; that is, x = 2+/2 and x = +34/3.

Let W = (x+ D2, Then4(x+ D2 =54+ 132+ c+1)2 = 04W —-5W3 4+ W’ =0 &
W(W4—5W2+4) -0 W(W2—4) (W2—1) 0 WW=2W+2W-1W+1) =0 W = -2,
—1,0,1,0r2. If W < 0,then W = \/x 4+ 1 has no solution. If W = 0,thenx = —1;if W =1, then/x+1=1x =1,
and if W = 2, then /x + 1 =2 < x = 3. The solutions are —1, 0, and 3.

1243712 2 10x 32 20 =x12 436712 —10x73/2 = x73/2 (x2 +3x — 10) =x"32(x —2)(x +5). Now

x73/2 never equals 0, and no solution can be negative, because we cannot take the square root of a negative number. Thus 2
is the only solution.
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98. Let u = /x. Then 0 = x — 5./x + 6 becomes u? —5u +6 = (u —3) (u—2) = 0. Ifu —3 =0, then /x —3 = 0 &
JX=3=x=9.1fu—2=0,then /x —2 =0& /x =2 = x = 4. The solutions are 9 and 4.

99. |3x+5|=1.So3x+5=1<:>3x=—4<:>x=—%0r3x+5=—1<:>3x=—6<:>x=—2.

100. 2x| =3.So2x =3 ox =3 or2x =3 ox=—3.

101. |[x —4| =0.01. Sox —4 =00l @x =4.0lorx —4 =—-0.01 ©x =3.99.

102. |x — 6] = —1. Since absolute value is never negative, this equation has no real solution.
103, 2v+ § = fx =34 (2 +) =4 (Jr-3) etrt2=r - 2o Tr=-ldox =2

104. x2—7x+12=0<:>(x—4)(x—3)=0<:>x—4=00rx—3=0. Thus, x =4 orx = 3.

4 —
105. 3 “2 =ao4—-a=aBa—-2)c4—-a=3d>-2a3d>—a—-4=0=(a+1)Ba—4) =0. Thus,a = —1 or

a_

_ 4

a_§.

3x -5
106. T=8<:>3x—5=8(x+5)<:>3x—5=8x+40<:>5x=—45<:>x=—9

X

1
107. %y+%(y—3):%<:>8y+6(y—3):3(y+1)<:>8y+6y—18:3y+3<:>14y—18:3y+3<:>11y:21
21

108. 6x(x—1)=21—x<:>6x2—6x=21—x<:>6x2—5x—21 =0o2x+3)B3x -7 =0=2x+3=00r3x—-7=0.
If2x +3 =0, thenx = —3;if 3x — 7 =0, thenx = .

109.x —/9—-3x = 0o x = V-3x=x> =9-3xreox*+3x -9 =0
—b+tb2—dac 3+/32-40)(-9) 3+£/9+36 —3+35 —3-35 .
X = = = = . However, ———— isnot a
2a 2(1) 2 2 2
-3 -34/5 -3 -34/5
solution because — V5 - 19-3 (72 \/_) is the sum of two negative nonzero numbers and hence is nonzero.
-3 +34/5
Thus, the only solution is x = +f
5

110. VBx + V12 = % & 3x 46 = x + 5 (multiply both sides by v/3) & 2x = —1 < x = —4

11. Letu = ¥x. Then0 = /¥ =343 -4 =u? —3u—4=u—-4)(u+1). Sou—-4=Yr-4=0 Y =4=
x =44 =256 0ru+1=4x+1=0¢ ¥ = —1. However, ¥x is the positive fourth root, so this cannot equal —1.
The only solution is 256.

112, %6 — 53 —6:0<:>(x3+2) (x3 —3) =0 x3 =—2o0rx> :3<:>x:—\3/§0r\3/§

113. |3x—10|:29<:>3x—10:290r3x—10:—29<:>3x:390r3x:—19<:>x:130rx:—%

114. Let u = x1/®. (We choose the exponent % because the LCD of 2, 3, and 6 is 6.) Then x1/2 —3x1/3 = 3x1/0 —9 &
x3/6—3x2/6=3x1/6—9<:>u3—3u2=3u—9<:>0=u3—3u2—3u—|—9=u2(u—3)—3(u—3)=(u—3)(u2—3).

Sou—3=0o0ru?—3=0.Ifu—-3=0,thenx/0 —3=0x/0 =3 x =3°=729 Ifu? —3 =0, then
x13 -3 =0 x!/3 =3 o x =33 =27. The solutions are 729 and 27.

115. - 12 =8c—1D+15=0[c—-1)=5][c=1)-3]=0=(z—6)(z—4) =0cz=40r6

116. (=42 =(+42+RN -4 —(+42=RNo[(-DH+E+D][(-H-(+dH)]=3N 16 =32
r=-2

117. ’3x2—1’—4:7c>'3x2—1':11<:>3x2—1:110r3x2—1:—10@3x2:12<:>x::l:2(since3x2—1:—10

has no real solution).
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119.

120.

121.

122.

123.

124.

125.

126.

127.

o
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2
) —e( )40 (—— —4) (- -2)=0e 2 4o 2 x=drtdor
x+1 x+1 x+1 x+1 x+1 x+1

x=2+2e3x=—dorx=-2ex=—20r—3

LA
X3 x2

1

4
+t-=0l+4x+42 =0 (1+2x)> =0 1+2r =06 2x = —1 & x = —J. The solution is —1.
X

4
0=4x"%—16x"2 +4. Multiplying by XT we get,0 =1— 4x2 4+ x4 Substituting u = xZ, we get0=1—4u + u?, and

—(—4)+,/ (-4 -4
(=H=x/(—4) @) _ 4i«/216—4 — 4:|:§/E — 4:|:%«/§ — 2:E\/§. Substituting

using the Quadratic Formula, we get u = 10

back, we have x2 =24 \/§, and since 2 + «/§ and 2 — \/5 are both positive we have x = +v/2 + «/§ orx ==+v2— \/§
Thus the solutions are —v/2 — V3, \/2 -3, —\/2 + /3, and \/2 + /3.

Va/x + 5+ x = 5. Squaring both sides, we get /x + 5+ x = 25 & 4/x +5 = 25 — x. Squaring both sides again, we
getx +5=(25—x)2 < x+5=0625—50x +x2 < 0 =x2 — 5lx 4+ 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: vV/4/20+ 5420 = 5 & V25420 = 5 & /5 + 20 = 5, which is true, and hence x = 20 is a

solution.

Checking x = 31: //B1) + 5431 =5 V+/36+31 =5 < +/37 = 5, which is false, and hence x = 31 is not a

solution. The only real solution is x = 20.

\3/4x2—4x=x<:>4x2—4x=x3<:>0=x3—4x2+4x=x(x2—4x+4) =x(x—2)2 Sox =0orx =2. The

solutions are 0 and 2.
2T =(x+3)3/2<:>0=x2«/x+3—(x—|—3)3/2<:>0=«/x+3[(x2)—(x+3)]<:>0=«/x+3 xz—x—3).

If (x —i—3)1/2 =0,thenx +3 =0 x = -3. Ifx2—x—-3= 0, then by the Quadratic Formula, x = liz 13 The

ﬁ

solutions are —3 and liz 13

2 2
Let u = /11 — x2. By definition of u we require it to be nonnegative. Now 11 —x2 - —— =1lou—- = =1.

V11 = x2 u

Multiplying both sides by u we obtain W -2=uc0=ut—u—-2=(u- 2)(u+1). Sou =2 oru = —1. Butsince u
must be nonnegative, we only haveu =2 < 11 —x* =2 < 11 — x2 =4 o x2 =7 x = +£4/7. The solutions are
/7.

0 =x*—5ax2 4+ 44> = (a - xz) (4a - xz). Since a is positive, a — P=0oxl=aox= Ja. Again, since a is

positive, 4 — x2 = 0 & x2 = 4a < x = £2./a. Thus the four solutions are +./a and £2./a.

b
0 = a3x3 + 83 = (ax+b)(a2x2—abx+b2). Soax+b =0 ax = b x = —— or
a
—(—ab) % \[(=ab? = 4(a?) (1) ap+ 322 . . - b
X = = , but this gives no real solution. Thus, the solution is x = ——.
2 (a2) 242 a

VX Fa+ /x —a =~/2/x + 6. Squaring both sides, we have
x+a+2(Vxta)(Vx—a)+x—a=2(x+6) o2 +2(Vx+a) (Vx—a) =2x+ 122 (Jx +a) (Vx —a) =12
& (VX +a) (v —a) = 6. Squaring both sides again we have (x +a) (x —a) = 36 & x? — a? = 36 & x> = a” + 36
ex = :I:\/m. Checking these answers, we see that x = —\/m is not a solution (for example, try substituting
a=2_8),butx = \/m is a solution.
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128. Let w = x1/®. Then x1/3 = w? and x!1/2 = w3, and so
O=w3—aw2+bw—ab=w2(w—a)+b(w—a)= (wz—i-b)(w—a):(x}/;"‘b) («%F—Q). Sox—a=0¢&

6 is one solution. Setting the first factor equal to zero, we have ¥/x +b =0 Jx = —b & x = —b°.

a=Yxeox=a
However, the original equation includes the term b.&/x, and we cannot take the sixth root of a negative number, so this is not

a solution. The only solution is x = a®.

129. ‘ Note: In the first printing of the text, the answer given for this exercise is incorrect. |

Using o = 88, we solve 0 = —4.8¢2 + 88, fort > 0. S0 0 = —4.82 + 88 < 4.812 = 88 < 12 ~ 18.33 & t ~ +4.28.
Thus it takes 4.28 seconds for the ball the hit the ground.
130. (a) Using kg =29, half the distance is 14.5, so we solve the equation 14.5 = —4.8¢/2 429 & —14.5 = —4.8:2 &

2 =13 ~ 3=~ +43. Sincet > 0, it takes +/3 ~ 1.732s.

(b) The ball hits the ground when & = 0, so we solve the equation 0 = —482 429482 =291 =6=1==+6.
Since ¢ > 0, it takes +/6 ~ 2.449 s.
131. We are given that vg = 12 m/s.
(a) Setting h = 7.2, we have 7.2 = —4.8/2 + 12t & 482 — 121 +72 = 0 & 2.4 (2:2 — 5t + 3) =0

242t -3)¢t—-1)=0st=1lort = 1%.Therefore, the ball reaches 7.2 meters in 1 second (ascending) and again

after 1% seconds (descending).
(b) Setting h = 14.4, we have 14.4 = —4.8/2 + 12t < 4.8t2 — 12t + 144 = 2.4 (2r2 —5¢ +6) = 0=

P 5+425-48 54423
- 4 - 4
never reaches a height of 14.4 meters.

(c) The greatest height /4 is reached only once. So 2 = —4.8t2 + 12t < 4.8:2 — 121 + h = 0 has only one solution. Thus
D = (—12)2 —4(4.8) (h) = 0 144 —19.2h = 0 &< h = 7.5. So the greatest height reached by the ball is 7.5 meters.
(d) Setting h = 7.5, we have 7.5 = —482 4+ 121 482 — 121+ 75=01 = 1%. Thus the ball reaches the highest

. However, since the discriminant D < 0, there is no real solution, and hence the ball

point of its path after 1% seconds.
() Setting 7 = 0 (ground level), we have 0 = —4.8¢2 + 12t & 212 =5t =0 ¢ (2t —5) =0 & ¢ = 0 (start) or £ = 23.
So the ball hits the ground in 2% s.

132. If the maximum height is 30 meters, then the discriminant of the equation 4.8¢2 — vot + 30 = 0 must equal zero. So
0 = b2 —dac = (—vg)* — 4 (4.8) 30) & vg = 576 = vy = £24. Since vy = —24 does not make sense, we must have
vy = 24 m/s.

0.032(250) —2.5 8-25

133. (a) The shrinkage factor when w = 250 is S = = 0.00055. So the beam shrinks

10,000 ~ 10,000
0.00055 x 12.025 ~ 0.007 m, so when it dries it will be 12.025 — 0.007 = 12.018 m long.
o 0.032w — 2.5
(b) Substituting S = 0.00050 we get 0.00050 = 0000 =5=0032w-25<75=0032w <
7.5
W= A 234.375. So the water content should be 234.375 kg/m3.
134. 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, and y = d — 4, and then solving for x, we have — = — + ——. Now we multiply by the

48  d  d—-4
LCD, 4.8d(d —4),to get d (d —4) = 4.8(d —4) +4.8d & d*> —4d = 9.6d — 192 & 0 = d? — 13.6d + 19.2 =
13.6 £ 10.4

=— Sod = 1.6 ord = 12. Since d — 4 must also be positive, the object is 12 cm from the lens.
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135. (a) C = % (1000) (22) + 1000 (9.81) (1) 4 200,000 = 211,810
(b) %pv2+pgh+P=C<:>P:C—%pv2—pgh.
If the height increases to 5 m, then P = 211,810 — % (1000) (22) — 1000 (9.81) (5) = 160,760 Pa.

Ifh =1mando = 4 m/s, then P = 211,810 — } (1000) (42) — 1000 (9.81) (1) = 194,000 Pa.

136. Setting P = 1250 and solving for x, we have 1250 = 7kx (300 — x) = 30x — 1532 & f5x2 = 30x + 1250 = 0. Using the

e a2 —af L
( 3O)i\/( 30) 4(10)(1250) 30+ yO00-300 _30£20 3020
— = usx = =

2( = ) B 0.2 02 0.2

quadratic formula, x =

30+ 20
orx =

= 250. Since he must have 0 < x < 200, he should make 50 ovens per week.

137. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

Let x be the distance from the center of the earth to the dead spot (in thousands of kilometers). Now setting /' = 0, we have

K 0.012K K 0.012K
X2 3R2-x)?2  x2 (382-x)

0.988x2 — 764x + 145,924 = 0. Using the Quadratic Formula, we obtain

—(=764) £ \/ (—764)% —4(0.988) (145,924) 764 + /383,696 — 576,691.643
X = —
2(0.988) 1.976
764+ /7004352 764 +83.692

1.976 1976
So either x & 386.64 + 42.35 ~ 429 or x & 386.64 — 42.35 ~ 344. Since 429,000 is greater than the distance from the

earth to the moon, we reject the first root; thus x =~ 344,000 kilometers.

Vd 1 1.2

d
138. Since the total time is 3 s, we have 3 = —— + ——. Letting w = Jd, we have 3 = STW + P &

221 332°
—150.23 £ 162.95
2

o K (382 — x)2 = 0.012Kx2 < 145,924 — 764x + x2 = 0.012x2 &

~ 386.64 £ 42.35

ﬁuﬂ + Tlﬂu) —3=0w?+15023wW—-99%6=0= w = . Since w > 0, we have «/3 =w ~ 6.36,

so d = 40.46. The well is 40.5 m deep.

139. @) 3(0)+k—5=k(0)—k+1lok-5=-k+12k=6=k=3
M3 +k=-5=k()—k+1e3+k-5=k—k+1lok-2=1k=3
©3Q)+k-5=kQ)—k+16+k—-5=2k—k+1<k+1=Fk+ 1. Since both sides of this equation are equal,
x = 2 is a solution for every value of k. That is, x = 2 is a solution to every member of this family of equations.

140. 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=1ex-1=0.

141. (a) -9 +20=0 (x —4)(x —=5) =0 x =4 orx = 5. The product of the solutions is 4 - 5 = 20, the constant
term in the original equation; and their sum is 4 + 5 = 9, the negative of the coefficient of x in the original equation.

—b+ Vb2 —4c an . —b— /b2 —4c
2 N 2 ’

(b) In general, the equation x2 + bx + ¢ = 0 has solutions ry = dr

_ /p2 _ —h— P2 — 2
Thus, riry = —2F zb de Zb Zb de _ % [(—b)2 - (\/b2 — 4c) } =1 (b2 y +4c) — cand
—b+Vb2—4c —b—+/b2—4c -2b
ry+r = 3 + 5 = ) = —b.
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b »\? b
142. (a) We make the substitution x :u—zz x2+bx+c:O<:>(u—E) +b(u—5)+c:0<:>

b? b? , [P
—bu+7+bu—7+c—0<:>u —\7 ¢ =0.

(b) Here b = 5 and ¢ = —6, so the substitution x = u — % results in the equation u? — (%75 + 6) =0ou? = T e

z

—— - _ 7
u—:l:2<:>x— 5

—%:—60rx=7—%=1.

143. (a) Method 1: Letu = /x,sou® =x. Thus x — /x —2 = O becomes u? —u —2 =0 (u—2) u+1)=0.Sou =2
oru=—1.1fu =2, then /x =2= x =4. Ifu = —1, then \/x = —1 = x = 1. So the possible solutions are 4 and
1. Checking x =4 we have 4 — /4 —2 =4 —2—2 =0. Checkingx = 1 wehave ] —+/1—=2=1—1—2 0. The
only solution is 4.
Method2: x — Jx —2=0=x—2=/x = x?—dx+4=xx2-5x+4=0& (x —4) (x — 1) = 0. So the
possible solutions are 4 and 1. Checking will result in the same solution.

1 1 12 10
(b) Method I: Letu = ——, sou? = 5. Thus 5+ + 1 = 0 becomes 12u? + 10u + 1 = 0. Using
x=3 (x=3) (x=3)7 x-=3
the quadratic formula, we have u = —10+y 102 4(12)(1 _IOi‘/— —IOjZ:A%«/ﬁ = _Sjlzz‘/ﬁ. Ifu= _STZ‘/E, then
1 —5-J13 T (—swﬁ)
—— = e =ty s =5+ VB Sox =2+ VD3,
5. VT3 1 =5+V13 . 12 53 _ (Vi)
Ifu= o ,thenx_3_ o Sx 3_—5+\/ﬁ Sy 7 =-5 13. So
x =-2—+/13.

The solutions are —2 £ +4/13.
12

(x—3)?
24+10x=3)+(x =32 =012+ 10x —30 +x2 — 6x + 9 = 0 & x2 + 4x — 9 = 0. Using the Quadratic

Formula, we have u = VL 4(1)( 9 _4i*/_ _4i2*/_ —2 + +/13. The solutions are —2 £ /13

10
Method 2: Multiplying by the LCD, (x — 3)2, we get (x — 3)2 ( gt 1) =0-x -3\’
T

1.6 COMPLEX NUMBERS

1. The imaginary number i has the property that i -1
2. For the complex number 3 + 4i the real part is 3 and the imaginary part is 4.
3. (a) The complex conjugate of 3 + 4i is 3 +4i =3 — 4i.

(b) 3+4i)(3+4i)=32+4>=25

4. If 3 + 4i is a solution of a quadratic equation with real coefficients, then 3 + 4i = 3 — 4i is also a solution of the equation.
5. Yes, every real number a is a complex number of the form a + 0i.
6. Yes. For any complex number z, z +z = (a + bi) + (a + bi) = a + bi + a — bi = 2a, which is a real number.
7. 3 — 8i: real part 3, imaginary part —8. 8. — (5 —i) = —5+i: real part —5, imaginary part 1.
—2—5i 4+7i
9. 3 L —% - gz real part —%, imaginary part —%. 10. —; - 2+ %i: real part 2, imaginary part %
11. 3: real part 3, imaginary part 0. 12. —%: real part -4 imaginary part 0.
13. —%i: real part 0, imaginary part —%. 14. +/3i: real part 0, imaginary part /3.
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15. /3 + /=4 = /3 + 2i: real part +/3, imaginary part 2. 16.2 — /=5 =2 — i+/5: real part 2, imaginary part —/5.
17. B4+2i)+5 =34+Q2+5)i=34+7i 18.3i —(2-3i) =-24+[3—-(=-3)]i =—-2+6i

19. 5-3)+(-4-7)=06-4H+(-3-7i=1-10i 20.(-3+4))—Q2—5i)=(-3—-2)+[4— (=5)]i =—-549i
2 (64+6)+O=)=(=6+9+6-i=3+5  2.6-20+(-5-4)=G-9+(-2-1)i=-2-

B (1-5) - (5+31) =7-9+ (-1 -3)i=2-2
2. (—44+i)—Q—-5)=—44i—2+5i=(—4-2)+ (1 +5i=—6+6i
25, (—12+48)— (T+4i)=—1248 —7—4i =(—12—=7)+ (8 —4)i = —19+4i
26. 6i —(4—i)=6i —4+i=(—4)+(6+1)i=—4+7i
27. 4(—1+42i) = —4+8i 28. —2(3 —4i) = —6+8i
29. 3—4)(Q2+5)=6+15 —8 —20i2 =6+7i —20(—1) =26 +7i
30. (=541i) (6 —2i) = =30+ 10i +6i —2i% = =30+ 16i —2(—1) = —28 + 16i
31. (64 5)(2—3i)=12—18i + 10i — 1512 = (12 + 15) + (=18 + 10)i =27 — 8i
3. (240)B3—-Ti)=—64+14i +3i =72 =(—6+T)+ (14+3)i =1+ 17i
33. 3-2)(3+2)=32—-2i)* =13
34, (10+i) (10 — i) = 102 —iZ2 = 101
35. 3-2)2=9—-12i+4(-1)=5—12i
36. (10 +i)% =100 4+ 20i — 1 = 99 + 20i

1 1 i i i

37.—=—~—=—:—=—A
T N l
8 1 1—i  1—i 1—i 1—i |
"T+i 1+i 1-i 1-2 1+1 2 277
39-1—3{:(1—31.)(1—21.):_54-51:_1_l_
14+2i ~ (1421 =2i) 5
40, 2—i.= (2—i?(1+3i? =5+5i=%+%i
1-3i  (1-3i)(1+3i) 10
Al 105.= 101".1—1—21::10i+29j2=—20+10i=5(—4+2i)=_4+2i
1—2i  1—=2i 1+2i 1 — 442 1+4 5
1 1 243i 243 243i 243i
42. 2-3)"! = LEIEL S e +l=%+%"

2-3 2-30 243 4-92 4+9 13
446/ A+6i 3 12i4+18% —184+12i —18 12

43. = == = =— 4+ —i=2-%;
3i 3 30 0:2 -9 ot 3!
—345i 345 15i —45i+752 —75-45i —75  —45 | .
44, N = N T = N = = + l=§+§l
15i 15i 15i 22542 —225 —225 225
0 11 1—i 1 d4i 1—i  A4i  1—i  —l—i
T+ 1= 1+i 1=i 1=i'14i 1-2 1-2772 2
46 (142))(3—i) 3—i+6i—2i> 5+5i 2—i 10=5i+10i —5i> (10+5)+(=5+10)i
) 2+i - 241 T 240 2—i 42 N 5
15+ 5i . .
=— =%+%l=3+1
5
47. 3 =% = —i 48.i10=(i2) — (=15 =—1
2
49. (3i)5 =3° (52) i =243 (=1)2i = 243i 50. 2i)* = 24% = 16 (1) = 16
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250 250
5171000 = (4) 77 = 1250 = 5201002 = (14) 72 = 112 = -1
53. /=25 = /25/=T = 5i 54, % — VAa/T=2i
55. V/—=4/=9 = (2i) (3i) = —6 56. \@J—n =J/16/=1 = 4i

57 2+ V=) (3= v=3) =6-2V3i +3i =3 =6+ 3+ (3-2V3)i

58. (f—m)(ﬁ—m): f_zi)(ﬁ_zﬁi):m_zﬁi_zﬁi+4ﬁi2
= (3v2 - 4v2) + (-2v6 - 2v6) i = —v2 - 4/6i

2+¢78_2+2ﬁi_2(1+ﬁf)_

1+4/=2  1+v2i 142

V=36 6 ZL.QZL@':@:_\@
V=29 V2i3i V2 V2 22 -l

61. x2 +25 =0 1% = —25 & x = £5i
62-2X2+5=O<:>x2:—%<:>x::|:@i

6+ /36 —4(13)
2

59.

60.

63. x> —6x+13=0x = =34 3/-16=3+2i

Or:x?—6x+13=0x2—-6x+9=—-1349(x -3’2 =-dox—3=+2icx=3+2

2+’ -4(D@  —2+4-8 2474 242

64. X2 42x +2=0=x = - _14j
X°+2x + =X 20) 5 2 3 i
2+ V/A=41Q)(5) 244736
2 _ _ _ _ 1 3.
65. 2x° —2x+5=0=>x = 0 = y =5+ 5i
12£,/(-122-4@®) () 12+ /=16
2 _ _ _ _ 3 1.
66. 8x“ — 12x +5=0=x = 10 = T _Zizl
—MEJD?=4MA) 1+ T=F 14/ 143
67. x2+x+1=0=x= ) ) ) ): = = fl:_%iéi
2(1) 2 2 2
—(=3)E/(=3)?=4(D)B) 3+£0-12 3+=3 343
68. x2 —3x+3=0=>x = ) = = = \/—l:%iﬁi
2(1) 2 2 2
4£,/(-42 -4 @ 4+.-128
2 _ _ _ ) 42 .
69. I —4dx+4=0x= 70 = B _§iTl

6 24+ /A4 (6) -24+/-20
70.t+2—|—?=0<:)t2+2t+6=0(:)z= > DION > =—14./5i

7. 6x2+12x+7=0=

o ZODE A HAOO) | 103 JTIETER _ 12400 _ —1202V60 _ =12 4 2J6i _ _y 4 /6,
2 =—Dn =" 1 = =

- 2(6) - 12 12

72.x2+%x+1:0:>

/@) 00 e e T yam

1
2(1) 2 2 2 4

3. Z4+W=3—4+5+2 =344 +5-2 =8+2i
4.z Fw=3—4+5+2i=8-2i=8+2i
75. 2. 2=(3—4i)3+4i)=324+42=25
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76.Z-W = (3 +4i) (5 —2i) = 15— 6i +20i — 82 =23 + 14i

7. LHS=z4+w=(a+bi)+(c+di)=a—-bi+c—di=(@a+c)+(-b—d)i=(a+c)—(b+d)i.
RHS=z+w=(a+bi)+(c+di)=(a+c)+b+d)i=(a+c)—(b+d)i.
Since LHS = RHS, this proves the statement.

78. LHS = Zw = (a + bi) (¢ + di) = ac + adi + bci + bdi2 = (ac — bd) + (ad + be) i = (ac — bd) — (ad + bc) i.
RHS=Z - W=a+0bi -c+di =(a—bi)(c—di)=ac—adi — bci + bdi® = (ac — bd) — (ad + bec) .
Since LHS = RHS, this proves the statement.

79. LHS = 2)? = ((a T b1)" = (a — bi)? = a® — 2abi + b*i2 = (a2 - bz) — Dabi.

RHS =22 = (@ + bi)? = a? + 2abi + b2 = (a? = ?) + 2abi = (a® = b?) = 2abi.
Since LHS = RHS, this proves the statement.

80.Z=a+bi=a—bi =a+bi=z.
81. z +z = (a+ bi) + (a + bi) = a + bi + a — bi = 2a, which is a real number.
82. z—Z=(a+bi)—(a+bi)=a+ bi — (a — bi) =a+ bi —a+ bi =2bi, which is a pure imaginary number.

83.z-Z=(a+bi)- @+ bi) = (a +bi) - (a — bi) = a® — b%i? = a® + b?, which is a real number.
84. Suppose z =Z. Then we have (¢ + bi) = (a + bi) = a+ bi =a —bi = 0= —2bi = b = 0, so z is real. Now if z is real,

then z = a + Oi(where a is real). Sincez = a — 0/, we have z = Z.

—b+Vb2 -4
85. Using the Quadratic Formula, the solutions to the equation are x = z—ac
a

—b  dac—b?

. Since both solutions are nonreal, we

have b2 — dac < 0 < dac — b? > 0, so the solutions are x = 2 + o i, where v/4ac — b? is a real number.
Thus the solutions are complex conjugates of each other.

86.i = i, i° =it i =i =8 i=i i2=-1,i%=i%.i2=—1,i0=;8.42 = _;
B=—i,i’=i* B3 =—i,il=8.3=—j; #=1,8=i44=1,i2=8./4=1.

Because i4 = 1, we have i” = i", where r is the remainder when # is divided by 4, that is, n = 4 - k 4+ r, where k is an
integer and 0 < » < 4. Since 4446 =4 - 1111 + 2, we must have 0 — 2 — .

1.7 MODELING WITH EQUATIONS

1. 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.

2. In the formula / = Prt for simple interest, P stands for principal, r for interest rate, and ¢t for time (in years).

3. (a) A square of side x has area 4 = x2.

(b) A rectangle of length / and width w has area 4 = [w.

(¢) A circle of radius » has area 4 = 2.

4. Balsamic vinegar contains 5% acetic acid, so a 960 mL bottle of balsamic vinegar contains
960 - 5% = 960 - ISW = 48 milliliters of acetic acid.

5. A painter paints a wall in x hours, so the fraction of the wall she paints in one hour is =—.
X

d t d d t d
6. Solvingd =rt forr,weﬁnd; = rT =Sr= e Solving d = rt for ¢, we find — = A
r r r

7. 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+ 1)+ (n+2) =3n+3.
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. 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

integersis (n — 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 +2) + (n +4) = 3n + 6.
If n is the first integer, then the next integer is # + 1. The sum of their squares is
n2+(n+l)2:n2+(n2+2n+l) =2n24+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
784+ 82+ 160 + s

3 3
If ¢ is the fourth quiz score, then since the other quiz scores are 8, 8, and 8, the average of the four quiz scores is
8+8+8+g 24+g¢
4 T4

If x dollars are invested at 2%% 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 $945, then the total rent paid is 945n.

Since w is the width of the rectangle, the length is four times the width, or 4w. Then

area = length x width = 4w x w = 4w? m?.

Since w is the width of the rectangle, the length is w + 6. The perimeter is
2 x length + 2 x width =2 (w + 6) + 2 (w) = 4w + 12
distance  d

If d is the given distance, in kilometers, and distance = rate x time, we have time = " =3
rate

lh
— = %s km.
60 min
If x is the quantity of pure water added, the mixture will contain 750 g of salt and 3 + x liters of water. Thus the

Since distance = ratex time we have distance = s x (45 min)

concentration is

~-
If p is the number of pennies in the purse, then the number of nickels is 2p, the number of dimes is 4 + 2p, and
the number of quarters is (2p) + (44 2p) = 4p + 4. Thus the value (in cents) of the change in the purse is
1-p+5-2p+10-(4+2p)+25-4p+4)=p+10p+40+420p + 100p 4+ 100 = 131p + 140.

Note: In the first printing of the text, the answer given for this exercise is incorrect.

If d is the number of days and m the number of kilometers, then the cost of a rental is C = 65d + 0.40m. In this case,d = 3

88
and C = 283, so we solve for m: 283 =65 -3+ 0.40m <283 =195+ 0.40m < 0.4m = 88 = m = 04= 220. Thus,
the truck was driven 220 kilometers.

. . . . 100 ifm <250 .
The cost of speaking for m minutes on this plan is C = In this case m > 250
100 4+ 0.25 (m — 250) if m > 250
and C = 120.50, so we solve 100 + 0.25 (m — 250) = 120.5 & 0.25 (m —250) =205 m —250 =4(20.5) =82 <
m = 250 + 82 = 332. Therefore, the tourist used 332 minutes of talk in the month of June.

If x is the student’s score on their final exam, then because the final counts twice as much as each midterm, the average
82+754+71+2 228+ 2 114 114
score is 3+( 10 0—):_ 23—0 T 5;;) T 25—:)_ Y For the average to be 80%, we must have X

114 + x = 250 (0.8) = 200 < x = 86. So the student scored 86% on their final exam.

Six students scored 100 and three students scored 60. Let x be the average score of the remaining 25 — 6 — 3 = 16 students.
6 (100) 4 3 (60) + 16x

Because the overall average is 84% = 0.84, we have 35 (100) =0.84 & 780 + 16x = 0.84 (2500) = 2100
1320

& 16x = 1320 <& x = 5= = 82.5. Thus, the remaining 16 students’ average score was 82.5%.

=80% =08«
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Let m be the amount invested at 2%%. Then 12,000 — m is the amount invested at 3%.

Since the total interest is equal to the interest earned at 2.5% plus the interest earned at 3%, we have

42
318 = 0.025m + 0.03 (12,000 — m) < 318 = 0.025m + 360 — 0.03m < 0.005m =42 & m = 0005 = 8400. Thus,

$8400 is invested at 2%% and 12,000 — 8400 = $3600 is invested at 3%.
Let m be the amount invested at 5%. Then 8000 + m is the total amount invested. Thus
4% of the total investment = interest earned at 3%% + interest earned at 5%

40
S0 0.04 (8000 + m) = 0.035 (8000) + 0.05m < 320 + 0.04m = 280 + 0.05m & m = YT 4000. Thus, $4000 must be

invested at 5%.
262.5

- = . . 9 .
3500 0.075 or 7.5%

Using the formula / = Prt and solving for r, we get 262.50 =3500-r - 1 &r =
If $3000 is invested at an interest rate a%, then $5000 is invested at (a + %) %, so, remembering that a is expressed as a

a+ %
100

is $265, we have 265 = 80a + 25 < 80a = 240 < a = 3. Thus, $3000 is invested at 3% interest.

Let x be the monthly salary. Since annual salary = 12 x (monthly salary) + (Christmas bonus), we have

180,100 = 12x + 7300 < 172,800 = 12x < x & 14,400. The monthly salary is $14,400.

Let s be the assistant’s annual salary. Then the foreman’s annual salary is 1.15s. Their total income is the sum of their

salaries, so s + 1.15s = 113,305 < 2.15s = 113,305 < s = 52,700. Thus, the assistant’s annual salary is $52,700.

Let x be the overtime hours worked. Since gross pay = regular salary + overtime pay, we obtain the equation
166.50
27.75

percentage, the total interest is / = 3000 - % - 145000 - -1 =30a + 50a + 25 = 80a + 25. Since the total interest

814 = 18.50-35418.50 - 1.5 - x < 814 = 647.50 + 27.75x < 166.50 = 27.75x & x =

= 6. Thus, the lab
technician worked 6 hours of overtime.

Let x be the number of hours worked by the plumber. Then the cabinet maker works for 9x hours. The total labor charge is
the sum of their charges, so 2610 = 150x 4+ 80 (9x) < 2610 = 150x 4+ 720x & x = % = 3. Thus, the plumber works
for 3 hours and the cabinet maker works for 3 - 9 = 27 hours.

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. So4 (y +7) =11y + 74y +28 =11y + 7<= 21 = 7y & y = 3. Thus, today the movie star is
11 (3) + 7 = 40 years old.

Let & be number of home runs Babe Ruth hit. Then 4 + 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 n be the number of nickels. Then there are also » dimes and n quarters. The total value of the coins in the purse is the
sum of the values of nickels, dimes, and quarters, so 2.80 = 0.057 4+ 0.10n + 0.25n 2.8 =04p & p = % = 7. So the
purse contains 7 nickels, 7 dimes, and 7 quarters.

Let g be the number of quarters. Then 2¢ is the number of dimes, and 2g + 5 is the number of nickels. Thus 3.00 = value
of nickels+ value of dimes+ value of quarters, so

3.00 = 0.05(2¢9 +5)+ 0.10 (29) + 0.25g < 3.00 = 0.10g + 0.25 4+ 0.20¢ + 0.25g < 2.75 =0.55g &g = % =35.
Thus you have 5 quarters, 2 (5) = 10 dimes, and 2 (5) + 5 = 15 nickels.

W

Let / be the length of the garden. Since area = width - length, we obtain the equation 1125 =25/ & = % =45m. So
the garden is 45 meters long.

Let w be the width of the pasture. Then the length of the pasture is 2w. Since area = length x width, we have
115,200 = w 2w) = 20? & w? = 1329 = 57,600 = w = £240. Thus the width of the pasture is 240 meters.
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39. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

Let w be the width of the building lot. Then the length of the building lot is Sw. Since a half-hectare is % - 10,000 = 5000

and area is length times width, we have 5000 = w (5w) = 5w? & w? = 1000 = w = +31.6. Thus the width of the
building lot is 31.6 meters and the length of the building lot is 5 (31.6) = 158 meters.

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

area of the plot = area of the building + area of the parking lot. Thus,
x2 = 60 (40) + 12,000 = 2,400 + 12,000 = 14,400 = x = £120. So the plot of

land measures 120 meters by 120 meters.

60

40

41. Let w be the width of the garden in meters. Then the length is w + 10. Thus 875 = w (w + 10) & w? + 10w — 875 =0
< (w+35) (w —25) = 0. If w + 35 = 0, then w = —35, which is impossible. Therefore w — 25 = 0, and so w = 25.
The garden is 25 meters wide and 35 meters long.

42. Let w be the width of the bedroom. Then its length is w + 4. Since area is length times width, we have
2l=w+dHw=w+4v o w+4w-21=0 (w+7) (w—3) =0 w =—7 or w = 3. Since the width must
be positive, the width is 3 meters.

43. Let w be the width of the garden in meters. 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 = 2w + 2/ < 2/ = 200 — 2w <
! =100 — w. Using the formula for area, we have 2400 = w (100 — w) = 100w — w? & w? — 100w + 2400 = 0 &
(w—40)(w—60)=0.Sow —40 =0 w =40,orw —60 =0 & w = 60. If w = 40, then / = 100 — 40 = 60. And if
w = 60, then/ = 100 — 60 = 40. So the length is 60 meters and the width is 40 meters.

44. Let w be the width of the lot in meters. Then the length is w + 6. Using the Pythagorean Theorem, we have
w2+ (w+6)2 = (1742 & w? + w? + 12w + 36 = 30276 < 2w? + 12w — 30240 = 0 & w2 + 6w — 15120 = 0 &
(w + 126) (w — 120) = 0. Since widths must be positive, the width is 120 meters and the length is 126 meters.

45. Let/ be the length of the lot in meters. Then the length of the diagonal is / 4 10. /
We apply the Pythagorean Theorem with the hypotenuse as the diagonal. So
12 4502 = (I + 10)2 & 12 4 2500 = 1% + 20 + 100 < 20/ = 2400 < [ = 120.
Thus the length of the lot is 120 meters.

30 [+10

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

long, so we get the equation 27t + 220 = 440 & 27r =220 ©r = % = 35.03. Thus the radius of the semicircle is
about 35 meters.
47. (a) First we write a formula for the area of the figure in terms of x. Region A4 has X

dimensions 10 cm and x ¢cm and region B has dimensions 6 cm and x cm. So the

shaded region has area (10 - x) + (6 - x) = 16x cm?. We are given that this is equal 10cm| A

to 144 cm?, s0 144 = 16x & x = 1 =9em.
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(b) First we write a formula for the area of the figure in terms of x. Region A4 has

dimensions 14 cm and x cm and region B has dimensions (13 + x) cm and x cm. A l4em
So the area of the figure is (14 - x) + [(13 +x) x] = 14x + 13x + x% = x2 + 27x. 13 em
We are given that this is equal to 160 cm?, 50 160 = x2 +27x & B x

x24+27x —160 =0 = (x +32) (x — 5) ©x = —32 orx = 5. x must be
positive, so x = 5 cm.

48. (a) The shaded area is the sum of the area of a square and the area of a triangle. So 4 = y2 + % ) = % y2,
We are given that the area is 120 cm?2, so 120 = %yz &2 =80 @y = £4/80 = £4./5. y is positive, so
y =445~ 894 cm.

(b) The shaded area is the sum of the area of a rectangle and the area of a triangle. So 4 = y (1) + % 0O = % ¥+ y.

We are given that the area is 1200 cm?, so 1200 = $3? + y & ¥ +2y — 2400 = 0 & (y + 50) (v — 48) = 0. y is
positive, so y = 48 cm.

49. Let x be the width of the strip. Then the length of the mat is 50 + 2x, and the width of the mat is 38 + 2x. Now the
perimeter is twice the length plus twice the width, so 256 = 2 (50 + 2x) + 2 (38 4+ 2x) < 256 = 100 + 4x + 76 + 4x &
256 = 176 + 8x < 80 = 8x < x = 10. Thus the strip of mat is 10 centimeters wide.

50. 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 % times the perimeter of the printed area: 2 (100 + 2x) 4+ 2 (140 4 2x) = % -480 &
480 + 8x = 720 < 8x = 240 < x = 30. The blank strip is thus 30 cm wide.

51. Let / be the height the ladder reaches (in meters). Using the Pythagorean Theorem we have (2.3)2 + 4% = (6)?
h? = (6)2 — (2.3)2 =36 — 5.29 ~ 30.71. So h = +/30.71 ~ 5.54 meters.

52. Let i be the height of the flagpole, in meters. Then the length of each guy wire is 2 + 1.5. 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

2
get[%(h+l.5)] +h2 = (h+152 o h2+3h+225+4h% =42 + 12h +9 = h2 —9h — 675 = 0 =

p = ZEOECN AT 04 BITTT _ 04yO8 _ 927V2 ginee 9=142
- - 2 - 2 - 2 - 2

20 < 0, we reject it. Thus the height is

h=02 x945m,
0+4+x

1
53. Let x be the length of the person’s shadow, in meters. Using similar triangles, ——

- :%<:>ZO+2x:6x<:>4x:2O

& x = 5. Thus the person’s shadow is 5 meters long.

54. 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

eye level of the woodcutter, 1.5 meters. Thus we obtain the proportion L3
—-15 45 \

al =—75x—-15)=45@5 =75x —11.25=2025 < 14.5
4.5 7.5 v 7.5 | 37.5

7.5x = 213.75 & x = 28.5. Thus the tree is 28.5 meters tall. LFS' ------------------------- !
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55. 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
Thus the total amount of pure acid used is 0.60x + 0.30 (300 — x) = 0.50 (300) © 0.3x +90 = 150 & x = 03 = 200.
So 200 mL of 60% acid solution must be mixed with 100 mL of 30% solution to get 300 mL of 50% acid solution.

56. 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

the final volume of solution is 300 4+ x. Because its concentration is to be 60%, we must have

30
1504+x =0.6(300+x) 150+ x =180+ 0.6x ©0.4x =30 = x = 04 75. Thus, 75 mL of pure acid must be

added.

60% acid 30% acid Mixture
mL X 300 — x 300
Rate (% acid) 0.60 0.30 0.50
Value 0.60x 0.30(300 —x) | 0.50(300)

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

S0 0.90 (90) + 0x = 0.75 (90 + x) < 81 = 67.5+ 0.75x < 0.75x = 13.5 & x = 32 =

5 rings Pure silver Mixture
Grams 90 X 90 4 x
Rate (% gold) 0.90 0.75
Value 0.90 (90) Ox 0.75 (90 + x)

must be added to get the required mixture.

0.

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

150 + x
300 +x

18. Thus 18 grams of silver

=60% =0.6

Original | Water Final
Liters 6 —X 6—x
Concentration 120 0 200
Amount 120 (6) 0 200 (6 — x)

So 120 (6) + 0 =200 (6 — x) & 720 = 1200 — 200x < 200x = 480 < x = 2.4. Thus 2.4 liters need to be boiled off.

59. Let x be the number of liters of coolant removed and replaced by water.

60% antifreeze | 60% antifreeze (removed) | Water | Mixture
Liters 3.6 X X 3.6
Rate (% antifreeze) 0.60 0.60 0.50
Value 0.60 (3.6) —0.60x Ox 0.50 (3.6)
—0.36
S0 0.60 (3.6) — 0.60x + 0x = 0.50(3.6) ©2.16 — 0.6x = 1.8 & —0.6x = 036 o x = o6 = 0.6. Thus 0.6 liters

must be removed and replaced by water.
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Let x be the number of liters of 2% bleach removed from the tank. This is also the number of liters of pure bleach added to

make the 5% mixture.

Original 2% Pure bleach | 5% mixture
Liters 100 — x X 100
Concentration 0.02 1 0.05
Bleach 0.02 (100 — x) Ix 0.05- 100

S00.02 (100 —x)+x =0.05-100 2 —-0.02x +x = 5 < 0.98x = 3 < x = 3.06. Thus 3.06 liters need to removed and
replaced with pure bleach.

61. Let c be the concentration of fruit juice in the cheaper brand. The new mixture consists of 650 mL of the original fruit punch
and 100 mL of the cheaper fruit punch.
Original Fruit Punch | Cheaper Fruit Punch | Mixture
mL 650 100 750
Concentration 0.50 c 0.48
Juice 0.50 - 650 100c¢ 0.48 - 750

S0 0.50 - 650 + 100c = 0.48 - 750 < 325 4 100c = 360 < 100c = 35 < ¢ = 0.35. Thus the cheaper brand is only
35% fruit juice.

62. Let x be the number of packets of $3.00/packet tea Then 80 — x is the number of packets of $2.75 /packet tea.
$3.00 tea $2.75 tea Mixture
Packets X 80 —x 80
Rate (cost per packet) 3.00 2.75 2.90
Value 3.00x 2.75(80 —x) | 2.90(80)

S0 3.00x + 2.75 (80 — x) = 2.90 (80) < 3.00x + 220 — 2.75x = 232 < 0.25x = 12 & x = 48. The mixture uses
48 packets of $3.00/packet tea and 80 — 48 = 32 packets of $2.75/packet tea.

63. Let ¢ be the time in minutes it would take to wash the car if the friends worked together. Friend 1 washes % of the car per

minute, while Friend 2 washes % of the car per minute. The sum of these fractions is equal to the fraction of the job they
L, L 875 875 875
35 t 25 35

1
can do working together, so we have — & 875 =35t+25t =60t ¢t = % o

t 25
t = 14% minutes, or 14 minutes 35 seconds

64. Let ¢ be the time, in minutes, it takes the landscaper to mow the lawn. Since the assistant is half as fast, it would take them

1 1 1 10+ 10 10¢

2t minutes to mow the lawn alone. Thus, — = -+ — & — = — + — &t = 10 + 5 = 15. Thus, it would the
10 ¢ 2t 10 t 2t

assistant 2 (15) = 30 minutes to mow the lawn alone.

65. Let ¢ be the number of hours it would take your friend to paint a house alone. Then working together, it takes %t hours.
3
1 1 14t 14¢ 14¢ 5 (14¢
Because it takes you 7 hours, we have 7 + T = -t =5 = Q S+ 14=21t= % Thus, it
3t 3t
3 3

would take your friend 3.5 h to paint a house alone.

66. Let /1 be the time, in hours, to fill the swimming pool using the smaller hose alone. Since the larger hose takes 20% less

1 1
time, it takes 0.8/ to fill the pool alone. Thus 16 - 7 + 16 - 08h = 116-084+16=08" <=128+416=08h <

28.8 — 36. Thus, the smaller hose takes 36 hours to fill the pool alone, and the larger hose takes 0.8 (36) = 28.8 hours.

h= %%
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67. Let ¢ be the time in hours that it takes you to wash all the windows. Then it takes your roommate ¢ + % hours to

wash all the windows, and the sum of the fractions of the job you can do individually per hour equals the fraction

1 1 1
of the job you can do together. Since 1 hour 48 minutes = 1 + % =1+ % = %, we have n +— =5
t+7. 3
1 2 s
T R

= 92t +3)+2(9%) =5t (2t +3) & 18 + 27 + 18t = 1062 + 15t & 102 =21t — 27 = 0

oo 22D \/(—21)2 —400 (=27 _ 214£441+1080 _ 21439 21-39 9
- 2(10) - 20 20 20 10
21439 . . . . . .
ort = 0 = 3. Since ¢ < 0 is impossible, you can wash the windows alone in 3 hours, and it takes your roommate

3+ % = 4% hours.
68. Let ¢ be the time, in hours, it takes your manager to deliver all the flyers alone. Then it takes the assistant # + 1

1 1 1
hours to deliver all the flyers alone, and it takes the group 0.4¢ hours to do it together. Thus 7 + 7 + P =

1 1 1 4¢
<:>Z(0.4t)+7(0.4t)+t+—1(0.4t):1<:>t+4+[+—1 =10tt+)+4¢+D)+4 =10t+1) &

Pt +4t+4+4=10t+102 -t —-6=0(t —3)(t+2)=0.Sor =3 ort = —2. Since t = —2 is impossible,
it takes your manager 3 hours to deliver all the flyers alone.
69. Let ¢ be the time in hours that the commuter spent on the train. Then % — ¢t is the time in hours that commuter spent on the

bus. We construct a table:

Rate Time Distance
By train | 64 t 64¢

11 11
Bybus | 96 | & -1 | 96(%—1)

The total distance traveled is the sum of the distances traveled by bus and by train, so 480 = 64t + 96 (% — t) =

480 =64t + 528 — 96t & —48 = 32t &t = :—g’g = 1.5 hours. So the time spent on the train is 5.5 — 1.5 = 4 hours.
70. Let r be the speed of the slower cyclist, in km/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 combined total of 90 kilometers, so 2r + 4r = 90 & 6r = 90 < r = 15. The
speed of the slower cyclist is 15 km/h, while the speed of the faster cyclist is 2 (15) = 30 km/h.

71. Let r be the speed of the plane from Montreal to Los Angeles. Then » + 0.20r = 1.20r is the speed of the plane from Los
Angeles to Montreal.

Rate | Time | Distance
4000
Montreal to L.A. r 4000
r
4000
L.A. to Montreal | 1.2r 4000
1.2r
4000 4000 55 4000 4000
The total time is the sum of the times each way, so 9% = + S — = +
r 1.2r 6 r 1.2r

55-1.2r = 4000 - 6 - 1.2+ 4000 - 6 < 66r = 28,800 + 24,000 < 661 = 52,800 < r = 22890 — 800, Thus the plane flew
at a speed of 800 km/h on the trip from Montreal to Los Angeles.
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72. Let x be the speed of the car in km/h. Since a kilometer contains 1000 m and an hour contains 3600 s,

1 km/h = 1306%%? = 1i8 m/s. The truck is traveling at 80 - % = % m/s. So in 6 seconds, the truck travels

6 - % ~ 133 meters. Thus the back end of the car must travel the length of the car, the length of the truck, and

the 133 meters in 6 seconds, so its speed must be wg—m = %7 m/s. Converting to km/h, the speed of the car is
14718 ~ 88.2 km/h.

73. Let x be the rate, in km/h, at which the salesperson drove between Ajax and Barrington.

Cities Distance Rate Time
192
Ajax — Barrington 192 x —
X
. . 240
Barrington — Collins 240 x+16
x4+ 16
. distance . . . .
We have used the equation time = to fill in the “Time” column of the table. Since the second part of the trip
. 1 . . 192 1 240
took 6 minutes (or 15 hour) more than the first, we can use the time column to get the equation — + 0= x+16 =
x X

192 (10) (x + 16) + x (x + 16) = 240 (10x) < 1920x + 30,720 + x2 + 16x = 2400x < x2 — 464x + 30,720 = 0 &

—(—464)+,/(—464)2—4(1)(30,720 /215,296—122,880 Ni
‘- ( ) \/( 2) (1)( ) _ 464 215,%96 122,830 _ 464+ 292,416 _ 464j2:3o4 — 232 4 152. Hence, the

salesman drove either 80 km/h or 384 km/h between Ajax and Barrington. (The former seems likelier.)

74. Let x be the rate, in km/h, at which the trucker drove from Tortula to Cactus.

Cities Distance Rate Time
400
Tortula — Cactus 400 x —
X
. 576
Cactus — Dry Junction 576 x+ 16
x+16
dist:
We have used time = 15 atnce to fill in the time column of the table. We are given that
rate
. . .40 576
the sum of the times is 11 hours. Thus we get the equation — + 16 =1l &
X X

400 (x + 16) + 576x = 11x (x + 16) & 400x 4 6400 + 576x = 11x? 4 176x < 11x? — 800x — 6400 = 0 =

_ —(=800) £ \/ (=800)% — 4 (11) (—6400) 800 + /640,000 + 281,600 _ 800 = /921,600 _ 800 = 960
- 2(11) - 22 B 22 -2
Hence, the trucker drove either —7.27 km/h (impossible) or 80 km/h between Tortula and Cactus.
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75. Let r be the rowing rate in km/h of the crew in still water. Then their rate upstream was » — 3 km/h, and their rate
downstream was » + 3 km/h.

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 = L hour, we get the equation
6 6
r—3 + r+3
0=82-36r—72=4 (Zrz —9r — 18) =4Q2r+3)(r—6).Since2r+3=0=r = —% is impossible, the solution is

8
=326+ +60)(=3) =8¢ =3)(+3) & 18 + 54+ 18 — 54 = 82 -7 e

r —6 =0 < r = 6. So the rate of the rowing crew in still water is 6 km/h.

76. Let r be the speed of the southbound boat. Then » + 3 is the speed of the eastbound boat. In two hours the southbound
boat has traveled 2r kilometers and the eastbound boat has traveled 2 (» + 3) = 2r + 6 kilometers. Since they are
traveling is directions with are 90° apart, we can use the Pythagorean Theorem to get (Zr)2 + 2r + 6)2 =30 o
4r2+4r2+24r+36:900<:>8r2+24r—864:0<:>8(r2+3r— 108) =080 +12)(r—9)=0.S0r =—12
or » = 9. Since speed is positive, the speed of the southbound boat is 9 km/h.

77. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

Let x be the distance from the fulcrum to where the 56-kg friend sits. Then substituting the known values into the formula
given, we have 45 (2) = 56x & 90 = 56x < x = 1.6. So the 56-kg friend should sit 1.6 meters from the fulcrum.

78. Let w be the largest weight that can be hung. In this exercise, the edge of the building acts as the fulcrum, so the 110-kg
man is sitting 7.5 meters from the fulcrum. Then substituting the known values into the formula given in Exercise 77, we
have 110 (7.5) = 1.5w < 825 = 1.5w & w = 550. Therefore, 550 kilograms is the largest weight that can be hung.

79. The volume is 180 m3, so x (x —4) (x +9) = 180 & x3 + 5x2 — 36x = 180 & x3 + 5x2 — 36x — 180 = 0 &
x2(x 4+5) — 36 (x +5) :O<:>(x+5)(x2—36) =0 (x+5)(x+6) (x —6) = 0 = x = 6 is the only positive

solution. So the box is 2 meters by 6 meters by 15 meters.

80. Let » be the radius of the larger sphere, in mm. Equating the volumes, we have %ﬂ'r3 = %ﬂ' (23 +33 4 43) =

P =243 44 o3 =99 r = 99 ~ 4.63. Therefore, the radius of the larger sphere is about 4.63 mm.

81. Let x be the length of one side of the cardboard, so we start with a piece of cardboard x by x. When 4 centimeters are
removed from each side, the base of the box is x — 8 by x — 8. Since the volume is 100 cm?, we get 4 (x — 8)% = 100 &
x2—16x+64=25x2—16x+39=0¢ (x —3) (x — 13) = 0.Sox = 3 orx = 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 centimeters by 13 centimeters.

82. Let r be the radius of the can. Now using the formula V' = 7r2h with ¥ = 407 cm3 and h = 10, we solve for . Thus

40w = 72 10) 4 = r2 = r = +2. Since r represents radius, 7 > 0. Thus » = 2, and the diameter is 4 cm.

83. Let r be the radius of the tank, in meters. The volume of the spherical tank is ‘3—“11'1’3 and is also 2840 x 0.001 = 2.84. So

$7mr3 =2.84 &3 = 0.678 & r = 0.88 meters.
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84. Let x be the length of the hypotenuse of the triangle, in meters. Then one of the
other sides has length x — 7 meters, and since the perimeter is 392 meters, the

remaining side must have length 392 — x — (x — 7) = 399 — 2x. From the
Pythagorean Theorem, we get (x — 7)2 + (399 — 2x)2 =xle
4x2 — 1610x + 159,250 = 0. Using the Quadratic Formula, we get

— 1610+ 161()22@?(4)(159’250 = l610i8V 44,100 _ 1610;'[210, and so x = 227.5 or x = 175. Butif x = 227.5, then
the side of length x — 7 combined with the hypotenuse already exceeds the perimeter of 392 meters, 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 meters,

168 meters, and 175 meters.

85. Let x be the length, in kilometers, 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 1/ 102 + (40 — x)? kilometers, by the Pythagorean Theorem. Since the cost of
the road is cost per kilometer x number of kilometers, we have 100,000x + 200,000\/m = 6,800,000
& 2¢/x2 — 80x + 1700 = 68 — x.Squaring both sides, we get 4x2 — 320x + 6800 = 4624 — 136x + x2 &
3x2 — 184x +2176 = 0 & x = 184iv33256_26“2 = 184388 Sx = % or x = 16. Since 45% is longer than the

existing road, 16 kilometers of the abandoned road should be used. A completely new road would have length /102 4 402
(let x = 0) and would cost +/1700 x 200,000 = 8.3 million dollars. So no, it would not be cheaper.

86. Let x be the distance, in meters, that you go on the boardwalk before veering off onto the sand. The distance along the

boardwalk from where you started to the point on the boardwalk closest to the umbrella is /2292 — 642 & 220 m. Thus the
distance you walk on the sand is y/ (220 — x)2 + 642 = /48,400 — 440x + x2 + 4096 = /x2 — 440x + 52,496.

Distance Rate Time
Along boardwalk X 1.2 %
2 _ 440x + 52,496
Across sand Jx2 — 440x + 52,49 | 0.6 v 0’; +o%

Since 4 minutes 45 seconds = 285 seconds, we equate the time it takes to walk along the boardwalk and across the sand to

2 _ 440x + 52,496
the total time to get 285 = % Vx 0); +52,

(B342-x)2 =4 (x2 — 440x + 52,496) & 116,964 — 684x + x2 = 4x2 — 1760x + 209,984 < 0 = 3x2 — 1076x + 93,020

& 342 —x = 2¢/x2 — 440x + 52,496. Squaring both sides, we get

& x &~ 213.3 or 145.4. Checking x = 213.3: The distance across the sand is 64 m, so % + % ~ 284.4 s. Checking

x = 145.4: The distance across the sand is \/ (220 — 145.4)> + 642 ~ 98.3 m, so 193 + 83 — 285.0 5. Since both
solutions are less than or equal to 220 m, we have two solutions: Either you walk 145.4 meters down the boardwalk and
then head towards the umbrella, or you walk 213.3 meters down the boardwalk and then head towards the umbrella.

87. Let x be the height of the pile in meters. Then the diameter is 3x and the radius is %x meters. Since the volume of the cone

3x\? 373 112 [112
is28m3,wehaveE ) x=28e T _2ge = ox= J2 ~ 228 meters.
3\ 2 4 3w 3w
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88. Let / be the height of the screens in centimeters. The width of the smaller screen is 4 + 17.5 centimeters,
and the width of the bigger screen is 1.8/ centimeters. The diagonal measure of the smaller screen is

Vh2 + (h +17.5)%, and the diagonal measure of the larger screen is /A2 + (1.8%)2 = /4.24h2 =~ 2.06h.
Thus /42 + (h +17.5)2 + 7.5 = 2.06h < /h? + (h 4+ 17.5)> = 2.06h — 7.5. Squaring both sides gives
h% + h2 4 35h 4 306.25 = 4.24h% — 30.9h 4 56.25 & 0 = 2.24h% — 65.9h — 362.5. Applying the Quadratic Formula,

. 65.9i\/(—65.9)2—4(2.24)(—362.5) 65.9:|:\/m ~ 65.9 £ 87.13  65.9487.13 .
we obtain 1 = 2029 = 4% ~ 143 .Soh ~ == A 34.16. Thus, the

screens are approximately 34.2 centimeters high.

89. Let 4 be the height in meters of the structure. The structure is composed of a right cylinder with radius 3 and height %h and
a cone with base radius 3 and height %h Using the formulas for the volume of a cylinder and that of a cone, we obtain
the equation 407 = 7r (3)? (%h) + 1w (3)2 (%h) & 40m = 6mh + mh < 40 = Th < h ~ 5.7. Thus the height of the

structure is 5.7 meters.

90. Let y be the circumference of the circle, so 360 — y is the perimeter of the square. Use the circumference to find the
radius, 7, in terms of y: y = 27r = r = y/ (27). Thus the area of the circle is 7 [y/ (2‘rr)]2 = yz/ (47). Now if the
2
perimeter of the square is 360 — y, the length of each side is % (360 — y), and the area of the square is [% (360 — y)] .
2
Setting these areas equal, we obtain y2/ (47) = [% (360 — y)] ey/ (27 = % (360 — y) & 2y = 360/7 — /7y

& (2+ /m) y = 360/7. Therefore, y = 360/7/ (2 + +/m) ~ 169.1. Thus one wire is 169.1 cm long and the other is
190.9 cm long.

91. Let & be the height of the break, in meters. Then the portion of the bamboo above
the break is 10 — 4. Applying the Pythagorean Theorem, we obtain

W 4+32=010-1)2<=h?+9=100—-20h+h? = —91 = —20h & h
h= g_(l) = 4.55. Thus the break is 4.55 m above the ground.

92. Answers will vary.

93. 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 =60(x—1)-30x-# =Xxr-De30=x>-xox’?-x-30=0(x—6)(x+5)=0.Sox =6or
x = —5. Since x must be positive, the original length of the reed is 6 cubits.

1.8 INEQUALITIES

1. (@) Ifx <5, thenx -3 <5-3=>x-3 <2.
(b) Ifx <5,then3.-x <3-5=3x < 15.
(¢) Ifx >2,then -3 -x < -3-2= —3x < —6.
(d) If x < =2, then —x > 2.
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1
2. To solve the nonlinear inequality X < 0we
X2 5 (=00, =) | (=1,2) | (2,00)
first observe that the numbers —1 and 2 are zeros Sign of x 4 1 - + +

of the numerator and denominator. These Signof x —2 - - +

numbers divide the real line into the three Signof (x + 1) / (x —2) 4 — +
intervals (—oo, —1), (-1, 2), and (2, ).

The endpoint —1 satisfies the inequality, because is not

defined.
Thus, referring to the table, we see that the solution of the inequality is [—1, 2).

1 241
+ 7= 0 < 0, but 2 fails to satisfy the inequality because 3 +

3. (a) The solution of the inequality |x| < 3 is the interval [—3, 3]. Any number

that lies inside this interval satisfies the inequality. -3 3

(b) The solution of the inequality |x| > 3 is the union of intervals

(—00, —3] U[3, 00). Any number that lie inside one of these intervals -3 3

satisfies the inequality.

4. (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.
(b) The set of all points on the real line whose distance from zero is greater than 3 can be described by the absolute value
inequality |x| > 3.

5. (a) No. For example, if x = =2, thenx (x + 1) = =2 (=1) =2 > 0, butx < 0.
(b) No. For example, ifx =2,thenx (x +1) =23) =6 > 5,butx < 5.

6. (a) To solve 3x < 7, start by dividing both sides of the inequality by 3.
(b) To solve 5x — 2 > 1, start by adding 2 to both sides of the inequality.
(c) To solve |3x + 2| < 8, start by using Property 2 of Absolute Value Inequalities to rewrite the inequality as

—8<3x+2<8.
7. 8

X —2—|—3x2% X 1—2x >5x

—5|-17 > %;no -5 11 > —25; yes
—-1] =-5> %;no -1 3 > -5; yes
0 —2 > 0;no 0 1 > 0; yes
P| 0 I
IERT Pl 3w
1 1 > 3;yes 1 —1>5;n0
V5| 47 > 4 yes V5 | =347 > 11.18;no
3 7> %;yes 3 —5>15;n0
5 13 > %;yes 5 —9 > 25;no

The elements %’ 1, /3, 3, and 5 satisfy the inequality. The elements —5, —1, and 0 satisfy the inequality.
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9 10.
X 1l<2x—-4<7 x —2<3—-x<2
51 1<-14<7;n0 -5 —2<8<2;no
—1 1 <—6<7;no0 -1 —2<4<2;no
0 1<—-4<7;n0 0 —2<3<2;n0
% 1<—§§7;n0 % —2§%<2;n0
% 1<—%§7;n0 % —2<l—63<2;n0
1 1 <—-2<7;n0 1 —2<2<2;no
ﬁ 1 <047 <7;n0 ﬁ —2 < 0.76 < 2; yes
3 1 <2<7;yes 3 -2 <0 <2;yes
5 1 <6 <7;yes 5 -2 < =2 < 2;yes
The elements 3 and 5 satisfy the inequality. The elements +/3, 3, and 5 satisfy the inequality.
11. 12.
X % < % X x2 +2<4
-5 _% < %;yes =51 27 <4;n0
-1 —1< %;yes -1 3 < 4;yes
0 % is undefined; no 0 2 < 4;yes
% %5%;no % %<4;yes
% gg%;no % %<4;yes
1 15%;n0 1 3 < 4;yes
NG 0.45 < %; yes V3 7 < 4;no
3 %5%;yes 3 11 < 4;no
5 %5%;yes 5 27 < 4;no
The elements —5, —1, 4/5, 3, and 5 satisfy the inequality. The elements —1, 0, %, %, and 1 satisfy the inequality.
13. 2x <7 x < % Interval: (—oo, %] 14. —4x > 10 x < —%. Interval: (—oo, —%]
Graph: > Graph: PN
2 2
15. 2x —-5>32x>8x >4 16.3x + 11 <53 x < —6x <=2
Interval: (4, 00). Graph: > Interval: (—oo, —2). Graph: 5
17. 7—-x>5e —x>-2&x<2 18.5-3x < —-1l6 = -3x<2lsx>7
Interval: (—o0,2]. Graph: : Interval: [7, 0c0). Graph: >
19.2x+1<0(:)2x<—1(:)x<—% 20,0 <4x —-8=0<x—-2x>2
Interval: (2, 00). Graph: >

Interval: (—oo, —%) Graph:

=
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2. 4x —7 <8+ Ix & —5x < 15 x > 3. 22.5-3x>8& -7 —-1llx>-12x < %
Interval: (—3, 00). Graph: >
: P -3 Interval: (—oo, %] Graph: 12
1
23.x—%>%x<:>%x>%<:>x>3 24.%x+1<%—2x<:>%x<—%<:>x<—%
Interval: (3, 00). Graph: > Interval: (—oo, _ % ) Graph: 1 >
73
B hrt2<lr-lelr<3ex<-18 26. 2 — 1x > L +x (multiply both sides by 6) &
Interval: 4-3x>1+6r e3> et >
(—o0, —18). Graph:
—18 Interval: (—oo, %] Graph: 1
3

27.4-3x<—-(14+8)e=4-3x<-1-8xe5x<-5 282(x-3)<I2x+1l614x-6<12x+ 16

Sx < —1 2x<2oex <11
Interval: (—oo, —1].  Graph: Interval: (—oo, 11].  Graph:
-1 11
29.2<x+5<4ee-3<x <-1 30. 8<x—-3<I2-5<x<15
Interval: [—3, —1). Graph: Interval: [—5, 15]. Graph: o -
-3 -1 =5 15
3l -1 <2x—-5<724<2x <1292 <x <6 3.1 <3x+4<l6e-3<3x<12o-1<x<4
Interval: (2, 6). Graph: S > Interval: (—1,4]. Graph:
-1 4
3B.2<8-Wr<-le-10<-<-9=5>x>3 M -3<h+i<le-10<kx<-Fo
©3<x<5 —Por< B
Interval: [%, 5). Graph: 9 5 Interval: [—%, —%] Graph 10 13
2 3 G
I 2x—13 2 ) 1 4-3x 1 . .
35. 3 < Tz < 3 <2 < 2x — 13 < 8 (multiply each 36. —3 < 3 < 7 < (multiply each expression by 20)
expression by 12) & 15 < 2x < 21 @% <x < % —10<4@-3x)<5e-10<16-12x <5
“6<-1x<-lleBsy>Dell <l
Interval: (%, 2]. Graph: i5 21
2 2 Interval: [%, %] Graph: 1 3
2 6
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37. (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 (=00,=2) | (=2,3) | B,0) {x | =2 < x < 3}. Interval: (=2, 3).
Sign of x 4+ 2 — + +
Sign of x — 3 - - + Graph: — °
Sign of (x +2) (x —3) + - +

38. (x —5) (x +4) > 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 is
Interval (—o0,—4) | (-4,5) | (5,00) [x|x<—4ors5<x}.
Signofx —5 - - + Interval: (—oo, —4] U [5, 00).
Sign of x + 4 — + +
Sign of (x — 5) (x 4 4) + - n Graph: — T
39. x 2x + 7) > 0. The expression on the left of the inequality changes sign where x = 0 and where x = —%. Thus we must
check the intervals in the following table.
- - From the table, the solution set is
Interval —00, —% —%,0 0,
nterva ( o 2) ( 2 ) (0, 00) [x|x§—%or0§x}.
Sign of x - — +
Sign of 2x + 7 — + + Interval: (—oo, —%] U [0, 00).
Sign of x 2x + 7) —+ — +
Graph: 7 0 >

40. x (2 — 3x) < 0. The expression on the left of the inequality changes sign when x = 0 and x = % Thus we must check the
intervals in the following table.

From the table, the solution set is
Interval (—00,0) (O, %) (%, oo) [x Ix<0or?< x}
Sign of x — + + - s=F
Sign of 2 — 3x + + - Interval: (—oo, 0] U [%, oo).
Sign of x (2 — 3x) — + —
Graph: 6 2 >
3

41. 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 (=00, =3) | (=3,6) | (6,00) {(x | =3 < x < 6}. Interval: [3, 6].
Sign of x + 3 - + +
i — — _ Graph:
Signofx — 6 + b e
Sign of (x +3) (x — 6) + - +
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42. x2 —8x+7>0& (x —7) (x — 1) > 0. The expression on the left of the inequality changes sign where x = 7 and where
x = 1. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval (zo0. 1) | L7) | (7,00) {x | x < 1orx > 7}. Interval: (—oo, 1) U (7, 00).
Signof x — 7 — — 4

Signofx — 1 — + + Graph: ; ° >

Signof (x —7) (x — 1) —+ - —+

43.3x2 +5x > 2 3x24+5x —2 > 0 (x +2) 3x — 1) > 0. The expression on the left of the inequality changes sign

where x = —2 and where x = % Thus we must check the intervals in the following table.
From the table, the solution set is
Interval (=00, —2) (—2, %) (%, oo) |
{x |x < —2o0rx > 3}.
Sign of x + 2 - + +
Sign of 3x — 1 - — + Interval: (—oo, —2]U [%, oo).
Signof (x +2) 3x — 1) + - +

\ 4

Graph:
rap -,

W=

M. 32 <x42exr-—x-2<0(x+ 1) (x —2) < 0. The expression on the left of the inequality changes sign when

x = —1 and x = 2. Thus we must check the intervals in the following table.
From the table, the solution set is
Interval (=00, =1) | (=1,2) | 2,00) {x | =1 <x < 2}. Interval: (—1,2).
Signofx + 1 - + +
Sign of x — 2 — — + Graph: 1 4
Sign of (x + 1) (x —2) + - +

45.3x2 —3x <22 +4ox?-3x -4 <0 (x + 1) (x —4) < 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.
From the table, the solution set is
Interval (=00, =1) | (=14 | (4,00 {x | =1 < x < 4}. Interval: (—1, 4).
Signofx + 1 - + +
Sign of x — 4 - - + Graph: - °
Signof (x + 1) (x — 4) + - +

46. 5x2 +3x >3x2 42 2 4+3x —2> 0 2x — 1) (x +2) > 0. The expression on the left of the inequality changes

sign when x = % and x = —2. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval —00, =2 -2, 1 1

2 TEDTEX] (e rord <)
Sign of 2x — 1 - - +

Sign of x + 2 - + + tntervl: (—o0, 2] U [}, 00).
Sign of (2x — 1) (x +2) + - +

Y

Graph:

=
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47. x2 > 3(x+6) = 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 (=00, =3) | (=3,6) | (6,00) {x|x <—=3o0r6 <x}.
Sign of x 43 - + + Interval: (—oo, —3) U (6, 00).
Signofx — 6 - - +
- Graph: —o0——————o0—>
Sign of (x + 3) (x — 6) + - + 3 6

48. x2 +2x >3 x2+2x —3 > 0 (x +3) (x — 1) > 0. The expression on the left of the inequality changes sign when

x = —3 and x = 1. Thus we must check the intervals in the following table.
From the table, the solution set is
Interval (—00,=3) | (-3,1) | (1,00) (x|x <=3orl <x).
Sign of x + 3 - + + Interval: (—oo, —3) U (1, 00).
Signofx — 1 - - +
Sign of (x +3) (x — 1) + - + Graph: I

49. x2 <4 x? -4 <0 (x +2) (x —2) < 0. 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 (=00, =2) | (=2,2) | 2,00) {x | =2 < x < 2}. Interval: (=2, 2).
Sign of x 4+ 2 — + +

: _ _ _ Graph:
Signofx —2 + 5 5
Signof (x +2) (x —2) + - +

50. x2>9x2-9>0 (x+ 3) (x — 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 is

Interval (=00,-3) | (=3,3) | (3,00) {x |x <—=3o0r3 <x}.
Sign of x + 3 - + + Interval: (—oo, —3] U [3, 00).
Signofx — 3 - - +

- Graph: >
Sign of (x + 3) (x — 3) + - + -3 3

51. (x +2)(x — 1) (x — 3) < 0. The expression on the left of the inequality changes sign whenx = —2,x = 1, and x = 3.
Thus we must check the intervals in the following table.

Interval (=00,=2) | (=2, | (1,3) | 3,00)
Sign of x 4+ 2 — + + +
Signofx — 1 - — + +
Sign of x — 3 - - - +
Signof (x +2) (x — 1) (x — 3) - + - +
From the table, the solution set is {x |x < —2or1 <x < 3}. Interval: (—oo, —2] U [1, 3].
Graph: —e.
-2 1 3
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52. (x —5)(x —2) (x + 1) > 0. The expression on the left of the inequality changes sign whenx = 5, x = 2, and x = —1.
Thus we must check the intervals in the following table.

Interval (—oo,—1) | (-=1,2) | (2,5 | (5,00)
Sign of x — 5 - - - +
Signof x — 2 - — + +
Signofx + 1 - + + +
Signof (x —5) (x =2) (x + 1) - + - +
From the table, the solution setis {x | =1 < x <2 or5 < x}. Interval: (—1, 2)U(5, 00). Graph: —ol—g—g—)

53. (x —4) (x +2)? < 0. Note that (x + 2)% > 0 forall 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 (=00,=2) | (=2,4) | (4,0) {x | x #—2and x < 4}. We exclude the
Signof x — 4 - - + endpoint —2 since the original expression cannot
Sign of (x + 2)2 + + + be 0. Interval: (—oo, —2) U (=2, 4).
Sign of (x — 4) (x + 2)2 - - +
Graph:
-2 4

54. (x —4) (x +2)% > 0. Note that (x + 2)% > 0 for all x # —2, so the expression on the left of the original inequality changes
sign only at x = 4. We check the intervals in the following table.

From the table, the solution set is {x | x > 4}.

Interval (£00.-2) | (£24) | 4,00 (The point —2 is already excluded.)
Sign of x — 4 - - + Interval: (4, c0).

Sign of (x + 2)2 + + +

Sign of (x + 3)2 x+1 - — + Graph: ; >

55. (x + 3)2 (x —2) (x +5) = 0. The left-hand side is 0 when x = —5, —3, or 2. We check the intervals in the following table.

Interval (=00, =5) | (=5,-3) | (-3,2) | (2,00)

Sign of (x + 3)? + + + +

Signof x 4+ 5 — + + +

Sign ofx —2 - - - +

Signof (x —2)2 (x —3) (x + 1) + - - +
When x = —3, the left-hand side is equal to 0 and the inequality is satisfied. Thus, the solution set is
{x | x < =5,x =—=3,0orx > 2}. Interval: (—oo, —5]U {=3}U [2, c0). Graph: —e—¢———————¢——>

-5 3 2
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56. 4x2 (xz - 9) < 0 4x2 (x 4+ 3) (x — 3) > 0. The expression on the left of the inequality changes sign when x = +3 and

x = 0. Thus we must check the intervals in the following table.

Interval (=00, =3) | (-=3,0) | (0,3) | (3,00)
Sign of 4x2 + + + +
Sign of x 4+ 3 - + + +
Signofx — 3 — - — +
Sign of 4x2 (xz - 9) + - — +

From the table, the solution set is {x | —3 < x < 3}. (The endpoint 0 is included since the original expression is allowed to

be 0.) Interval: [-3, 3]. Graph: —e -
-3

57.x3 —4x >0 x ( 2_ 4) > 0 x (x +2) (x —2) > 0. The expression on the left of the inequality changes sign where

x = 0,x = —2 and where x = 4. Thus we must check the intervals in the following table.
Interval (=00, =2) | (=2,0) | (0,2) | (2,00)
Sign of x — - + +
Sign of x 4+ 2 - + + +
Signofx — 2 — - - +
Signof x (x +2) (x —2) - + - +

From the table, the solution setis {x | =2 < x < 0 or x > 2}. Interval: (=2, 0)U(2, c0). Graph: —o——o0———o0—>
-2 0 2

58.9x < X3 = 0<x3—9x=x (xz - 9) = x (x — 3) (x + 3). The expression on the left of the inequality changes sign

when x = —3, x = 0, and x = 3. Thus we must check the intervals in the following table.
Interval (=00, =3) | (=3,0) | (0,3) | (3,00)
Sign of x 4+ 3 - + + +
Sign of x - - + +
Sign of x — 3 - - - +
Sign of x (x +3) (x — 3) - + - +
From the table, the solution setis {x | =3 < x < 0 or 3 < x}. Interval: [—3, 0]U[3, 00). Graph: — . . >
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59. x> x2 o xt —x2 > 0o 2 (xz — 1) > 0 x2(x — 1) (x + 1) > 0. The expression on the left of the inequality

changes sign where x = 0, where x = 1, and where x = —1. Thus we must check the intervals in the following table.
Interval (=00, =1) | (=1,0) | (0,1) | (1,00)
Sign of x2 + + + +
Sign of x — 1 — - - +
Sign of x + 1 — + + +
Signof x2 (x — 1) (x + 1) + - - +
From the table, the solution setis {x | x < —1 or 1 < x}. Interval: (—oo, —1)U (1, c0). Graph: o >

-1 1

60. x> > x2 o x’ —x? > 0o x? (x3 - 1) >0ex?(x— 1) (xz +x 4+ 1) > 0. The expression on the left of the inequality

—1£,/(1)2 =41 —1+3

changes sign when x = 0 and x = 1. But the solution of x2 +x + 1 = O are x = =

2(1) 2
Since these are not real solutions. The expression x2 + x + 1 does not changes signs, so we must check the intervals in the
following table.
Interval (=00,0) | (0,1) | (1,00)
Sign of x2 + + +
Sign of x — 1 - - +
Signofxz—{—x—{—l + + +
Sign of x2 (x — 1) (x2 fx+ 1) _ _ ¥
From the table, the solution set is {x | 1 < x}. Interval: (1, 00). Graph: >
61. al ; 1 > 0. The expression on the left of the inequality changes sign where x = —1 and where x = 3. Thus we must check
X

the intervals in the following table.

From the table, the solution set is

Interval (=00, =1) | (=1,3) | 3,00) {x | x < =1 orx < 3}. Since the denominator

Sign of x + 1 - + + cannot equal 0 we must have x # —1.

Signof x — 3 - - + Interval: (—oo, —1) U [3, 00).

x =3
Sign of -
1gn 0 T + + Graph: >
-1 3
2x 4+ 6 . . . .
62. 2 < 0. The expression on the left of the inequality changes sign when x = —3 and x = 2. Thus we must check the

x —

intervals in the following table.

From the table, the solution set is

Interval (=00, =3) | (=3,2) | (2,00) {x | =3 < x < 2}. Interval: (=3, 2).
Sign of 2x + 6 - + +
Signofx — 2 — — + Graph: 3 5
2x + 6
Sign of il + - +
x =2
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63.

5x—-2 —4 10 —2x+5
>5& ol -5>0&s T (x =2) >0 adas > 0(:)—x+ > 0. The expression on the left
x—=2 x—=2 x—=2 x—=2 x—2 x—=2

of the inequality changes sign when x = 2 and x = % Thus we must check the intervals in the following table.

- - From the table, the solution set is
Interval —00, 2 2,5 5,00
( ) ( 2) (2 ) {x |2 <x < %} Interval: (2, %)
Sign of —2x + 5 + + —
Sign of x — 2 — + +
: % I3 Graph: 4; 5
Sign of ———— — + - 5
x—2
-4 -4 —-4-5(Q2 1 —9x -9
64. > <5e -S5<0e x—(x—}—) <0 Y77 0. The expression on the left of the inequality
2x +1 2x +1 2x +1 2x +1
changes sign when x = —1 and x = —%. Thus we must check the intervals in the following table.
- - From the table, the solution set is
Interval —o00, —1 -1, —5 —5,00
( ) ( 2) ( 2 ) [x|x<—10r—%<x<oo].
Sign of —9x — 9 + — -
Sign of 2x + 1 — — + Interval: (—oo, —1) U (—%, oo)
—9x -9
Slgn of ;71 — + -
—_—————————————— O
Xt Graph: 4
2
2 1 2 1 2 I 3x-5 - 16
65. s <3& 1 3<0& 1 M <0& —x 0 < 0. The expression on the left of the inequality
x =5 x—=5 x—=5 x =5 x—5

changes sign where x = 16 and where x = 5. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval (=00,5) | (5, 16) | (16,0) {x | x < 5orx > 16}. Since the denominator

Sign of —x 4 16 + + - cannot equal 0, we must have x # 5.

Signofx — 5 - + + Interval: (—oo, 5) U[16, 00).

— 16
Sign of —*0 - + -
x—35 Graph: >
5 16
3 3 3 3- 2
66. X >le SEx >0 X il >0 al > 0. The expression on the left of the inequality changes

3—x 3—x 3—x 3—x 3—x

sign when x = 0 and x = 3. Thus we must check the intervals in the following table.

Since the denominator cannot equal 0, we must
Interval (=00,0) | (0,3) | B,0) have x # 3. The solution setis {x | 0 < x < 3}.
Sign of 3 —x + + - Interval: [0, 3).
Sign of 2x — + +
Sign of 2x _ N _ Graph: . °
3—x
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4 4 . 4 — x2 2-x)(2
67.—<x<:>——x<0<:>——u<0<:> al <O<:>( x) ( +x)<O.Theexpressionontheleftofthe

X X x X X X
inequality changes sign where x = 0, where x = —2, and where x = 2. Thus we must check the intervals in the following
table.

Interval (=00,=2) | (=2,0) | (0,2) [ (2,00)

Sign of 2 + x — + + +

Sign of x — — + +

Sign of 2 — x + + + -

2—-x)(2
Sign of M + — + —
X

From the table, the solution setis {x | =2 < x < 0 or2 < x}. Interval: (=2, 0)U(2, o0). Graph: —o——o0—0—>

-2 0 2
3 1 —2x — 3x2 -x (243
68. >3x(:)L—3x>0(:> o X+ )>0@#>0 M>O.Theexpressionon
x+1 x+1 x+1 x+1 x+1 x+1
the left of the inequality changes sign whenx = 0, x = —%, and x = —1. Thus we must check the intervals in the following
table.
2 2
Interval (=00, —1) (—1, _j) (—3, O) (0, 00)
Sign of —x + + + -
Sign of 2 + 3x — - + +
Sign of x 4 1 — + + +
2—-x)(2
Sign Of w + — + —
X

From the table, the solution set is [x |x < —lor — % <x < 0}. Interval: (—oo, —1) U (—%,O).

Graph: _jl i
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2 2 x(x+1) 2x 20+ 1) X4 x+2x—2x=2
69. 1+ < - + — =< - < <0
x+1 7" x x+1 x xx+1) x(x4+1) x@x+1 x(x+1)
2
-2 2)(x —1
rAx-l < w < 0. The expression on the left of the inequality changes sign where x = —2, where
x(x+1) x(x+1)
x = —1, where x = 0, and where x = 1. Thus we must check the intervals in the following table.
Interval (=00,=2) | (=2,-1) | (—=1,0) | (0,1) | (1,00)
Sign of x 4 2 - + + + +
Sign of x — 1 - — — — +
Sign of x - - - + +
Signofx + 1 - - + + +
. x+2)(x—1)
S f——m - -
1gn o Yot D) + + +
Since x = —1 and x = 0 yield undefined expressions, we cannot include them in the solution. From the table, the solution
setis{x | =2 <x < —1or0 < x < 1}. Interval: [-2, —1) U (0, 1]. Graph: :
= -1 1
_ _ _ 2
0. 3 _i_1® 3 _1_120<:> 3x _4(x 1)_x(x 1)20<:>3x 4x +4 x+x20<:>
x—1 x x—1 x xx—=1) x(x-1) x@x-1 x(x—1)
4 —x2 2—x)(2
T > M > 0. The expression on the left of the inequality changes sign when x = 2, x = -2,
x(x—1) x(x—1)
x=0,and x = 1.
Thus we must check the intervals in the following table.
Interval (=00,=2) | (=2,0) | (0,1) | (1,2) | (2,00)
Sign of 2 — x + + + + -
Sign of 2 4+ x - + + + +
Sign of x - — + + +
Signof x — 1 - — — + +
2—x)(2
Sign of M — + — + —
x(x—=1)

Since x = 0 and x = 1 give undefined expressions, we cannot include them in the solution. From the table, the solution set

is{x| =2 <x <0orl <x <2}. Interval: [-2, 0) U (1, 2]. Graph: ———o0—o0—o+—>
-2 0 1 2
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71.x+2<x—1<:>x+2_x—1 (x+2)(x—2)_(x—1)(x+3)<0<:>
x+3 x-2 x43 x-=-2 x+3)x=2) (x=2)(x+3)
2 2
x“—4—x"—-2x4+3 —2x —1
< 0& ———— < 0. The expression on the left of the inequalit
G +3)(x—2) x+3)(x—2) P quattty
changes sign where x = —%, where x = —3, and where x = 2. Thus we must check the intervals in the following table.
Interval (—00, —3) (—3, —%) (—%, 2) @, 00)
Sign of —2x — 1 + + - —
Sign of x + 3 — + + +
Sign of x —2 - - - +
—2x -1
Sign of ——— + - + -
& x+3)(x—=2)
From the table, the solution set is {x | -3 <x < —% or2 < x}. Interval: (—3, —%) U (2, 00).
Graph: 1
— -3 2
1 1 x+2 x+1 x+2+x+1 2x 43
2. — +——= <0 <0 <0& —————— <0. The
x+1 x+2 x+DHEx+2) x+DHE+2) x+DHEx+2) x+Dx+2)
expression on the left of the inequality changes sign when x = —%, x = —1,and x = —2. Thus we must check the intervals
in the following table.
Interval (—00, —2) (—2, —%) (—%, —1) (—1, 00)
Sign of 2x 43 - — + +
Sign of x + 1 - - - +
Sign of x + 2 - + + +
2x +3
Sign of —M8 —— - + - +
BTG 12
From the table, the solution set is {x |x < —=2o0r — % <x < —1] .The points x = —2 and x = —1 are

excluded from the solution because the expression is undefined at those values. Interval: (—oo, —2) U [—%, —1).

Graph: __02

T IS¢ <20 x| <4 =4 <x <4 Interval: (—4,4). T4 [16x] < 8 Ix| < § &= <x < L Interval: [ -5, 3]
Graph: —o o
4 4 Graph: ¢

ND[—4

1
2
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75.

77.

79.

81.

83.

85.

CHAPTER 1 Fundamentals

[2x| > 7 is equivalent to 2x > 7 & x > Lor2x <7

2’
7
x < -7
. 7 7
Interval: (—oo, —7) U (7, oo),
— O
Graph:

I

I
2 2

x=3]<10-10<x—-3<10&-7<x <13
Interval: [—7, 13].

Graph:

Bx+2 <4 4<3x4+2<d4e-6<3x <2

2
—2<x<§.

Interval: (—2, %)

Graph: 4°2

Wl

|3x—2|25<:>‘x—%‘zg,soeitherx—%zgg

x>

W

2 5
orx—§§—§<:>x§—1.

Interval: (—oo, —1]U [%, oo)

Y

Graph: ~ 7

x—2 X —

2
<2 -2< <25 -6<x-2<6

—4 <x <8.
Interval: (—4, 8).

Graph:

|x + 6] < 0.001 & —0.001 <x +6 <0.00]l &
—6.001 <x < —5.999.
Interval: (—6.001, —5.999).

Graph:

—6.001 —5.999

76.

78.

80.

82.

84.

86.

%lxl > 1o |x| > 2isequivalenttox >2orx < —2.

Interval: (—oo, —2] U [2, 00).

Graph:

Y

[x + 1] > lisequivalenttox +1 > 1 & x > 0; or
x+1<—-lsx < -2,
Interval: (—oo, —2] U [0, c0).

Graph:

Y

[5x =2 <8 8 <5x—-2<8-6<5x <10

6
-3 <x < 2.

Interval: (—g, 2).

Graph: 4_°§

I3x — 4] 25@‘;;—%‘ > 3, soeithery — 4 >3 &

4

x23orx—§ 2

§—§<:>XS—§.

—

Interval: (—oo, —%:I U [3, 00).

Y

Graph: !

x+1

24@’%(x+1)‘24<:>%|x+1|24<:>

|x 4+ 1] > 8 which is equivalent eithertox + 1 > 8§ &
x>T,ortox+1<-8s<x <-9.
Interval: (—oo, —9] U [7, 00).

Graph:

\ 4

3—2x+4|<lo—2x+4| <2 2x+4|>2
which is equivalent to either2x +4 > 2 & 2x > -2 &
x>—lLor2x4+4<-22x < —-6x < -3,
Interval: (—oo, —3] U [—1, 00).

Graph:

\ 4

-3 -1
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87.8—2x —1l|>6e—-|2x—-1|> 2o 2x—-1]|<2& 88.7x+2]/+5>4T7x+2]> -1 x+2]> —%.
2<2x—-1<2-1<2x<3&s —% <x< % Since the absolute value is always nonnegative, the
13 inequality is true for all real numbers. In interval notation,
Interval: [—7, 7]. o
this is (—o0, 00).

Graph: 1 3 Graph: >
2 2
89.0<5-2xe2x <5 <% 90.|x —5| <3 -3<x-5<3e2<x<8.
Interval: 2, 8].
Interval: (—oo, %) Graph: 5

) Graph:

91. l6x < 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 (—o0,—4) | (—4,0) | (0,4) | (4,00)
Sign of x + 4 - + + +
Sign of x - — + +
Sign of x — 4 — - - +
Signofx (x +4) (x — 4) - + - +

From the table, the solution setis {x | —4 < x < 0 or4 < x}. Interval: [—4, 0]U[4, c0). Graph:

\

—4 0 4
-1 -1
g2 & b o 8 S8 & 86=D xG&=D o,
x—1 x x — X xx—-1) xx-1) x@x-1)
6x—6x+6—x2+x7 —xz—l—x—i—6Z (_x+3)(x+2)20.The
x(x—1) x(x—1) x(x—1)
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 (=00,=2) | (=2,0) | (0, 1) | (1,3) | (3,00)
Sign of —x + 3 + + + + -
Sign of x + 2 - + + + +
Sign of x — — + + +
Sign of x — 1 — - — + +
—x+3 2
Sign of (x+3h@+2) — + - + —
x(x—=1)

From the table, the solution set is {x | =2 < x <0or 1 < x < 3}. The points x = 0 and x = 1 are excluded from the

solution set because they make the denominator zero. Interval: [—2, 0) U (1, 3]. Graph: o—o
-2

Precalculus Mathematics for Calculus International Metric Edition 8th edition Stewart Solutions Manual


https://testbank.online/books/9798214031811-solutions

66 CHAPTER 1 Fundamentals

93, x2 +5x+6 > 0 (x +3) (x +2) > 0. The expression on the left of the inequality changes sign when x = —3 and

x = —2. Thus we must check the intervals in the following table.
From the table, the solution set is
Interval (=00, =3) | (-3,-2) | (—2,0) [x|x <=3or —2 <x}.
Sign of x + 3 - + + Interval: (—oo, —3) U (-2, 00).
Sign of x + 2 - - +
. h: —_— O
Sign of (x +3) (x +2) + - + Grap pA =
94. 5<3x—-4<149<3x <183 <x <6. Interval: [3,6]. Graph: .

95. (x +3)% (x 4+ 1) > 0. Note that (x + 3)2 > 0 forall 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 set is {x | x > —1}.
Interval (=00,-3) | (=3, =D | (=1,00) (The endpoint —3 is already excluded.)
Sign of (x + 3)° + + + Interval: (—1, 00).
Sign of x 4+ 1 — - +
Sign of (x +3)2 (x + 1) _ _ I Graph: - >
3 1 —2x -3
9% — 3o 1 3.0 x+1) S0 =L > 0. The expression on the left of the inequality
x+1 x+1 x+1 x+1 x+1
changes sign when x = —% and x = —1. Thus we must check the intervals in the following table.
3 3 From the table, the solution set is
Interval —00, —5 -5, —1 -1,
( 2) ( 2 ) ( ) {xl—% <Xx <—1].Interva1: (—%,— )
Sign of —2x — 3 + — -
Sign of x + 1 - - +
5 —3 Graph: 4°§ 2
Sign of ——— - + - 2
x 41
97.1>3-2x > -5 -2>-2x > -8 1 <x <4. Interval: [1,4]. Graph: . .

98. |8x+3| > 128 +3 > 120r8 +3 < —12< 8 > 9or8x < —15&x > 9 orx < —L2. Intervals:

8 8
(—oo, —%) U (%, oo). Graph: _f% %
99. x| <3 100. |x| > 2 101. |x — 7| >5 102. |x —2| <4 103. |x| <2
104, |x| > 1 105. |x| > 3 106. |x| < 4 107. |x — 1] <3 108. |x + 2] > 1
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109. For v/x2 — 9 to be defined as a real number we must have x2 — 9 > 0 & (x + 3) (x —3) > 0. The expression in the

inequality changes sign at x = —3 and x = 3.
Interval (=00, =3) | (=3,3) | (3,0)
Sign of x 4+ 3 - + +
Signofx — 3 — — +
Sign of (x 4+ 3) (x — 3) + - +

Thusx < —3 orx > 3.

110. For v/x2 — 5x — 50 to be defined as a real number, we must have %2 —5x—50 >0 (x+5)(x —10) > 0. The

expression on the left of the inequality changes sign when x = —5 and x = 10. Thus we must check the intervals in the
following table.

Interval (=00, =5) | (=5,10) | (10, 00)

Signof x 4+ 5 - + +

Sign of x — 10 - - +

Sign of (x + 5) (x — 10) + - +

Thus x < —5orx > 10.

1 1/2
111. For (ﬁ) to be defined as a real number we must have x2 —3x — 10 > 0 & (x +2) (x —5) > 0. The
x* —3x —
expression in the last inequality changes sign at x = —2 and x = 5.

Interval (=00, =2) | (=2,5) | (5,00)
Sign of x +2 - + +
Sign of x — 5 - - +
Sign of (x +2) (x —5) + - +

Thus x < —2 or x > 5, and the solution set is (—oo, —2) U (5, 00).

1 - 1 —
112. For ¥ T al to be defined as a real number we must have T al > 0.The expression on the left of the inequality changes
X X

sign when x = 1 and x = —2. Thus we must check the intervals in the following table.
Interval (—00,=2) | (=2,1) | (1,00)
Signof 1 —x + + -
Sign of 2 + x - + +
Sign of — —~ -
ign of 5 +
Thus —2 < x < 1 and the solution set is (—2, 1]. Note that x = —2 has been excluded from the solution set because the

expression is undefined at that value.
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113.

114.

115.

116.

117.

118.

119.

120.

121.
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b b 1 (b
a (bx —c¢) > bc (where a, b,c > 0) & bx —c > —C<:>bx > —C+c<:>x > (—C +c) :£+%<:>x > E+ =
a

a b\ a a a

Sl o

cb+ca (a+b)c
X > = .

7)) ab
a—c 2a — ¢
We have a < bx +c¢ < 2a,wherea,b,c >0 a—c<bx <2a—c& b <x < 5
—d da —d 4a —d
albx —c|+d > 4a, where a, b,c > 0 & |bx —¢| > o —(bx —c¢) > 4 or bx —c¢ > a =
a

4a —d da —d ac—4a+d ac+4a—d

—bx > —corbx > +cox< ——orx > ———.
ab ab

b —5a% — 5q% —
xte >5a<:)—bx—c>5a20rbx+c>5a2(:)x<%orx> ab ¢
a

Inserting the relationship C = %(F —32),wehave 20 < C <30 <20 < %(F -32)<30©36< F-32<54 &

68 < F < 86.

Inserting the relationship F' = %C+32, wehave 50 < F <9550 < %C+32 <S5 =18< %C <63<10< C <35.

Note: In the first printing of the text, the answer given for this exercise is incorrect.

Let x be the average number of kilometers driven per day. Each day the cost of Plan A is 95 4 0.40x, and the cost of Plan B
is 135. Plan B saves money when 135 < 95 + 0.40x < 40 < 0.4x < 100 < x. So Plan B saves money when you average

more than 100 kilometers a day.

Let m be the number of minutes of international calls placed per month. Then under Plan A, the cost will be 25+ 0.05m, and
under Plan B, the cost will be 5+0.12m. To determine when Plan B is advantageous, we must solve 25+ 0.05m > 5+4-0.12m
<20 > 0.07m < 285.7 > m. So Plan B is advantageous if a person places fewer than 286 minutes of international calls

per 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.
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h
122. (a) T =20 — 100’ where 7 is the temperature in °C, and / is the height in meters.

(b) Solving the expression in part (a) for z, we get # = 100 (20 — 7). So 0 < 2 < 5000 < 0 < 100 (20 — T) < 5000 &
0<20-T7T <50 —-20 < —-T <3020 > T > —30. Thus the range of temperature is from 20° C down to
—30° C.

123. (a) Let x be the number of $3 increases. Then the number of seats sold is 120 — x. So P = 200 + 3x
©3x =P-200x = % (P —200). Substituting for x we have that the number of seats sold is

120 —x = 120 — § (P —200) = -1 P + 350,
() 90 < —3P 4+ 30 < 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.

124. If the customer buys x kilograms of coffee at $6.50 per kilograms, then their cost ¢ will be 6.50x. Thus x = % Since

the scale’s accuracy is +0.03 kg, and the scale shows 3 kg, we have 3 — 0.03 < x <3+ 0.03 297 < 66—5 <303

(6.50)2.97 < ¢ < (6.50)3.03 < 19.305 < ¢ < 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

D < 0.01. Since d> > 0 and d # 0, we can multiply each expression by d? to obtain

125. 0.0004 <

0.0004d? < 4,000,000 < 0.01d2. Solving each pair, we have 0.00044% < 4,000,000 < d? < 10,000,000,000
= d < 100,000 (recall that d represents distance, so it is always nonnegative). Solving 4,000,000 < 0.01d2 <

400,000,000 < d? = 20,000 < d. Putting these together, we have 20,000 < 4 < 100,000.

600,000
126. m < 500 < 600,000 < 500 (x2 + 300) (Note that x2 + 300 > 300 > 0, so we can multiply both sides by the
x

denominator and not worry that we might be multiplying both sides by a negative number or by zero.) 1200 < x2 + 300 <

0 <x2 =900 0 < (x —30) (x + 30). The expression in the inequality changes sign at x = 30 and x = —30. However,

since x represents distance, we must have x > 0.

Interval (0,30) | (30, 00)
Sign of x — 30 - +
Sign of x 4 30 + +
Sign of (x — 30) (x + 30) - +

So x > 30 and you must stand at least 30 meters from the center of the fire.

127. | Note: In the first printing of the text, the answer given for part (a) of this exercise is incorrect.

(a) We substitute d = 402 m and ¢ = 10 s into the given formula and find the value of a that results in a quarter-mile time
of exactly 10 s: 402 = %a (10)? = 402 = 50a < a = % = 8.04 m/s2. Thus, the quarter-mile time will be less than
10sifa > 8.04 m/s2.
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(b) We substitutea = g = 9.8 m/s2 and solve for 7: 402 = % 9.8) 2 o2

_2(402)
)

. Taking the positive root, we find

that the quarter-mile time for a (downward) quarter-mile under Earth’s gravity is % ~9.1s.

128.

Solve 13 < 4.2 4+ 0.40 — 0.00402 for 15 < v < 120. We have 13 < 4.2 + 0.40 — 0.00402 < 0.00402 — 0.40 + 8.8 < 0 &

0.004 (v — 67.32) (v — 32.68) < 0. The possible endpoints are v = 67.32 and v = 32.68.

Interval (15,32.68) | (32.68,67.32) | (67.32,120)
Sign of v — 32.68 - + +
Sign of v — 67.32 - - +
Sign of (v — 67.32) (v — 32.68) + - +

Thus, the condition is satisfied when the car is driven between roughly 33 and 67 km/h.

2
129. 70 > v + 2—5 o %1)2 +0-70<0& (3—151) - 1) (v + 70) < 0. The expression in the inequality changes sign at o = 35
and v = —70. However, since v represents the speed, we must have v > 0.
Interval (0,35) | (35,00)
Sign of %v -1 — +
Sign of v + 70 + +
Sign of (v —1) @ +70) | - +

So you must drive between 0 and 35 km/h.

130. Solve 2400 < 20x — (2000 + 8x + 0.0025x2) & 2400 < 20x — 2000 — 8x — 0.0025x2 &> 0.0025x% — 12x + 4400 < 0

< (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 (0,400) | (400,4400) | (4400, c0)
Sign of 0.0025x — 1 - + +
Sign of x — 4400 - - +
Sign of (0.0025x — 1) (x — 4400) + - +

So the manufacturer must sell between 400 and 4400 units to enjoy a profit of at least $2400.
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131. Let x be the length of the garden and w its width. Using the fact that the perimeter is 120 m, we must have 2x 4+ 2w = 120

& w = 60 — x. Now since the area must be at least 800 m?, we have 800 < x (60 — x) & 800 < 60x — x2

=
x2 = 60x 4+ 800 < 0 & (x —20) (x —40) < 0. The expression in the inequality changes sign at x = 20 and x = 40.

However, since x represents length, we must have x > 0.

Interval (0,20) | (20,40) | (40, 00)
Sign of x — 20 — + +
Sign of x — 40 - - +
Sign of (x — 20) (x — 40) + - +

The length of the garden should be between 20 and 40 meters.

132. (a) Let x be the thickness of the laminate. Then |x — 0.05] < 0.0075.
(b) |x —0.05] < 0.0075 & —0.0075 < x — 0.05 < 0.0075 < 0.0425 < x < 0.0575.

133.

h—170.5 h—170.5
’—‘ <2 -— — <2 -145<h—-170.5 < 14.5 < 156 < h < 185. Thus 95% of the adult males

<
7.25 - 125

are between 156 cm and 185 cm.

134. Case 1: a <b <0 Wehavea-a > a-b,sincea <0,andb-a > b-b,since b < 0. Soa2>a-b>b2,that

2

isa <b<0=a?> b2 Continuing, we have a - a* < a- b2, since a < 0 and b2 .a < b? - b, since b2 > 0. So

3

ad<ab? <b3. Thusa <b<0=a3> b Soa <b<0=a" > b",ifniseven, and a” < b, if n is odd.

Case2: 0 <a <b Wehavea-a <a-b,sincea > 0,andb-a < b -b,sinceb > 0. Soa? <a-b < b? Thus0 <

2.a<a’ - bandb-a? <b-b* thusa’ <b3.S00 <a <b=a" < b", for all positive

a < b= a? < b2. Likewise, a
integers 7.

Case3:a <0 <b Ifnisodd, then a” < b", because a” is negative and b” is positive. If n is even, then we could have
either a” < b" ora” > b". For example, —1 < 2 and (—1)% < 22, but —3 < 2 and (=3)2 > 22.

135. The rule we want to apply here is “a < b = ac < bcifc > 0anda < b = ac > bc 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 < —, we must consider two cases.
x

Case I: 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. Butx < 0 and x > 3 have no elements in common, so this

gives no additional solution. Hence, the only solutions are 0 < x < 3.

136. |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

. . a-+b
solutionto |x —al| < |x —b|isx < .

137. a < b,soby Rule 1, a + ¢ < b+ c. Using Rule 1 again, b + ¢ < b + d, and so by transitivity, a + ¢ < b + d.
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d d
138. % < 2, so by Rule 3, d% < ds = % < ¢. Adding a to both sides, we have % 4+ a < ¢ 4 a. Rewriting the left-hand

d b b+d
side as % + % = % and dividing both sides by b + d gives % < Z_’_;;.

Similarl +c < cb + cb+d SO atce < ¢
a+c<—+c=—-->= —.
¥ d d "b+d d

2

139. (a) Because x is nonnegative, x < y < x

x2 <y

< xy, and because y is nonnegative, x < y < xy < y2. Thus, by transitivity,

X+y _ a4y’

(b) By part (a), /Xy < S Sy s

x2 432 —2xy > 0 (x — y)? > 0. This is true for any x and y, so the original inequality is true for all nonnegative x
and y.

. Expanding, this becomes 4xy < (x 4+ y)? = x2 + 1% + 2xy &

1.9 THE COORDINATE PLANE; GRAPHS OF EQUATIONS; CIRCLES

1. (a) The point that is 3 units to the right of the y-axis and 5 units below the x-axis has coordinates (3, —5).

(b) The point (2, 7) is 2 units to the right of the y-axis and 7 units above the x-axis, so it is closer to the y-axis.

2. The distance between the points (a, b) and (c, d) is \/(c — a)? + (d — b)%. So the distance between (1, 2) and (7, 10) is

\/(7—1)2+(10—2)2=\/62+8 = /36 + 64 = /100 = 10.

b+d
a4 _2|_ C, %) So the point midway between (1, 2) and (7, 10) is

3. The point midway between (a, b) and (c, d) is (

1+7 2410 8 12
_— ==, — =4 .
( TS ) (2,2) (4,6

4. 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 (3) ) +16 2 3. This is false, so the point (2, 3) is not on the graph of the equation 2y = x + 1.
To complete the table, we express y interms of x: 2y =x + 1 &y = % x+1D= %x + %

y
x y x,»)
Y (—z,—%) 1:/
- 0| (=1,0 I LT ]
o 1] @) PR
1 1 (1, 1) 4
2| 3 (2,%)

5. (a) 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
& x = —1, so the x-intercept of 2y = x + 1is —1.
(b) To find the y-intercept(s) of the graph of an equation we set x equal to 0 in the equation and solve for y: 2y =0+ 1 &
y= %, so the y-intercept of 2y = x + 1 is %
6. (a) The graph of the equation (x — 1)2 + - 2)2 = 9 is a circle with center (1, 2) and radius ~/9 = 3.

(b) In order to just touch the y-axis, a circle centered at (3, 4) must have radius 3 and equation (x — 3)2 + (y —4)2 = 9. It
touches the y-axis at the point (0, 4).

7. (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.
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(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.
(¢) If a graph is symmetric about the origin and (a, ) is on the graph, then (—a, —b) is also on the graph.

. (a) The x-intercepts are —5 and 3, and the y-intercepts are +2.

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

. Yes. If (a, b) is on the graph, then by symmetry about the x-axis, the point (@, —b) is on the graph. Then by symmetry

about the y-axis, the point (—a, —b) is on the graph. Thus, the graph is symmetric with respect to the origin.

3

No, the graph is not necessarily symmetric with respect to either axis. For example, the graph of y = x~ is symmetric with

respect to the origin, but not with respect to either axis.

The points have coordinates 4 (5, 1), B (1,2), C (—2,6), D (—6,2), E (-4, —1), F (=2,0), G (-1, =3), and H (2, —-2).
A and B lie in Quadrant I and E and G lie in Quadrant III.
YA 14. Y
5 ;(0, 5) 5
| (-2.5,3.5),
(12
(-1,0) '.(i’ 3) (2,0)
0 5 X (_5, 0) 0 5 X
. *2.6,-1.3)
(-1,-2)
() y (b) y
5 5
0 5 x 0 5 X
(@ 74 (b) 74
5 5
""" of "5 X | 5 x
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17. (a)

18. (a)

19. (a)

20. (a)

21. The two points are (0, 2) and (3, 0).
@d=/G-02+0- (-2 =V3+2=0F4= D3

oo (340 0+2Y) 5
(b) midpoint: (T’ —) = (7, 1)

2
22. The two points are (—2, —1) and (2, 2).

@ d=/(-2-22+(-1-2)2 = (=4 + (-3)> = VT6F 0 = V5 = 5

oo (242 =142 1
(b) m1dp01nt.( ) )_(0,2)
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23. The two points are (—3, 3) and (5, —3).

SECTION 1.9 The Coordinate Plane; Graphs of Equations; Circles

@ d=/(-3-52+ 3= (=3)7 = /(=82 + 6 = VG F 36 = +/T00 = 10

(b) midpoint: (_32+ 03 (_3)) — (1,0

2

24. The two points are (—2, —3) and (4, —1).

@ d = /(2= 42 + (=3 = (=1))> = /(=6 + (=2)? = 36 74 = /30 = 210

(b) midpoint: (_2+4 S (_1)) =(1,-2)

2 2

25. (a) y

(6,16)@

®) d =/(0- 67 + (8 — 16)?

= /(=6)? + (=8) = V100 = 10

0+6 8+16
(¢) Midpoint: (% +T) =(3,12)

27. (a) y

'3-2)

) d = /(=3 = (=4)% + (=2 5)?

724+ (=72 = /49 +49 = /98 =72

S 443 5-2
M : —_ ") =(-
(¢) Midpoint ( 3 ) (

[\S1[o8)

)

Bo]—

Precalculus Mathematics for Calculus International Metric Edition 8th edition Stewart Solutions Manual

26. (a) v

(=2,5)e

1 (10, 0)

®) d = /(=2 =101 + (5 - 0)?

=/(=12)2 + (5)? = V169 = 13

oo (2410 540 5
() Mldpomt.( RN )_(4, 7)

28. (a) v

®) d = /(=1 = (=6)% + (1 — (=3))?

=524+42 =41
o (=6—1 =3+1\ /4
() Mldpomt.( ) )_( 5 1)

75
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29. (a) y

) d = /(6= (=6)% + (=2 —2)2 = /122 + (42
= /144116 = /160 = 410

6—-6 —2+2
(¢) Midpoint: (T, 2+ ) =(0,0)

31. d(4,B) = \/(1 —-524+3-3)?%= \/(—4)2 =4

d(4,0) = /(1 =12 + (3 = (=3)% = /(6)> =6. S0
the areais 4 - 6 = 24.

30. (a) v

©, _6)»

®) d = /(0= 52 + (—6 — 02
= /5% + (=6)* = V25436 = /61

o .. (0+5 =640 5
(¢) Midpoint: (T, 3 ) = (j, _3)

32. The area of a parallelogram is its base times its height.
Since two sides are parallel to the x-axis, we use the length
of one of these as the base. Thus, the base is
d4,B)=v/(1-=52+2-2)2=+/(-42 =4.The
height is the change in the y coordinates, thus, the height

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

y
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33. From the graph, the quadrilateral 4 BC D has a pair of 34. The point S must be located at (0, —4). To find the area,

parallel sides, so ABCD is a trapezoid. The area is we find the length of one side and square it. This gives
(#) h. From the graph we see that d(0,R) = \/(_5 —0)2 4 (1 - 6)2

by=d(4,B) =/(1=52+0—0? =& =4 = JCo2+ sy
by=d(C,D)=/(4=2)> + 3 —3)> = V22 = 2;and — /BT5B=V50

h is the difference in y-coordinates is |3 — 0] = 3. Thus 2
So the area is («/50) = 50.

442
the area of the trapezoid is (%) 3=0.
y

y

iI
S
=

35. d (0, 4) = /(6= 0)> + (7= 01 = V&2 + 72 = \/36 + 49 = /5.

d(0,B) = /(=5 =072 + (8 —0)> = /(-5 + 8 = VI5 T 64 = /0.
Thus point 4 (6, 7) is closer to the origin.

36. d(E,C) = /(=6 — (=2)> + 3 — )? = /(—4)> + 22 = V/T6 ¥4 = V20
d(E, D) =G (-2 + (01 = /52 + (—1)> = VBF1 = 2.

Thus point C is closer to point E.
37, d (P, R) = (=1 =37 + (=1 — 12 = /(=42 + (=2)? = V6 T4 = 20 = 2V5.

d(0,R) = \/(—1 — (=) +(-1-3)2 = \/0 + (—=4)2 = /16 = 4. Thus point O (—1, 3) is closer to point R.

38. (a) The distance from (7, 3) to the origin is \/(7 — 0)2 + @3- 0)2 = /7?2 +32 = /49 + 9 = \/58. The distance from

(3, 7) to the origin is \/(3 - O)2 + (7 - 0)2 =32 +72 = /9449 = /58. So the points are the same distance from

the origin.

(b) The distance from (a, b) to the origin is \/ (@ —0)2 + (b — 0)2 = Va2 + b2. The distance from (b, a) to the origin is

\/(b —0)2 4 (a—0)2 = Vb2 + a2 = a2 + b2. So the points are the same distance from the origin.
39. Since we do not know which pair are isosceles, we find the length of all three sides.
d(4,B) = /(=3 =02+ (-1 -2 = \/(-3)> + (-3 = VOF O = VI8 = 3,/2.
d(C,B) =\J(=3 = (—4) + (=1 =3 = /12 4 (—4)? = JTF 16 = VT7.

d(4,C) = J 0= (—4))2 + 2 = 3)> = /4 + (—1)? = VIE T T = y/T7. So sides AC and CB have the same length,
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40. Since the side 4B is parallel to the x-axis, we use this as the base in the formula area = % (base - height). The height is the
change in the y-coordinates. Thus, the base is |—2 — 4| = 6 and the height is |4 — 1| = 3. So the area is % (6-3)=09.
41. (a) Here we have 4 = (2,2), B = (3, —1),and C = (-3, —-3). So
d(A,B) =[G =22 +(—1-2% = /12 4+ (=3)> = yTF O = VIO;
d(C,B) = \/(3 —(=3))2 4 (=1 — (=3))? = V62 +22 = /36 + 4 = 40 = 2,/10;
d(4,0) = /(=3 =22 + (=3 -2 = \[(=5)> + (=5)> = VIS 25 = /30 = 51/2.
Since [d (4, B)]2 +[d (C, B)]2 =[d (4, C)]z, we conclude that the triangle is a right triangle.
(b) The area of the triangle is % -d(C,B)-d(4,B) = % -4/10 - 24/10 = 10.

$2.d4,8) = JM1-62+(=3—(=7)? = V212 = JBFI6 = i,
d(4,0) = Je-62+(2= (=7 = J(—42+% = JI6F25 = ViT;

d(B,C) =/ =112+ (=2= (=3)2 = /(<92 + 12 = \BTF 1 = V52
Since [d (4, B)]> + [d (4, C)]* = [d (B, C)]?, we conclude that the triangle is a right triangle. The area is

L(vat.var) =4,

43. We show that all sides are the same length (its a rhombus) and then show that the diagonals are equal. Here we have
A=(-2,9),B=(4,6),C=(1,0),and D = (-5, 3). So

(4, B) = /(4= (=2)2 + (6 - 9% = /62 + (=32 = /36 9 = Va5

d(8.C)= /(1 =92 + 0~ 6)? = /(=372 +(=6)? = I+ 36 = Va5,

d(C.D)=/(=5 = 1>+ (3 = 0% = \/(=6)% + (=3) = /36 + 0 = V/45;

d (D, 4) = /(=2 = (=5)% + 0 = 3)2 = /32 + 62 = /TF 36 = /4. So the points form a
thombus. Also d (4, C) = /(1 — (=2)) + (0 = 9) = /32 + (—9) = YT F 81 = /30 = 310,

and d (B, D) = /(=5 = 4)> + (3 — 6)> = \/(=9)? + (=3)? = VBT 79 = +/30 = 3,/T0. Since the diagonals are equal,

the rhombus is a square.

44. d(4,B) = \/(3—(—1))2+(11—3)2 = V#2482 = JI6+64 = /80 = 4.5
d(B,C) = \JG-32+(15-112 = V214 = JAF16 = 20 = 2.5

d(A,C):\/(5—(—1))2+(15—3)2=\/62+12 =./36+ 144 = /180 = 6/5. Sod (4, B)+d (B, C) = d (4, C),

and the points are collinear.

45. Let P = (0, y) be such a point. Setting the distances equal we get

JO=52 46— =92 =J0- D+ (-1
V25432 410y +25=/1+32 =2y + 1= y2 4+ 10y + 50 = y2 — 2y + 2 < 12y = —48 & y = —4. Thus, the point
is P = (0, —4). Check:

JO—92 1 (c4— (=52 = /(=52 + 12 = VBT 1= V2,
JO=12 4+ (4= 17 = (<172 + (=57 = V35 1= V5.
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143 0+6
46. The midpoint of 4B is C' = (%, %) = (2,3). So the length of the median CC’ is d (C, C’) =

B ) S . 1+8 0+2 9 ) ,

\/(2 —8)° + (3 —2)° = +/37. The midpoint of AC is B’ = 5 )= (5, 1). So the length of the median BB
2 ~/109 348 6+2
isd (B, B) = /(g - 3) +(1=6)% = *=—. The midpoint of BC is 4’ = (% %) - (12—1,4). So the length
2 A/ 145
of the median 44" is d (4, A') = \/(1—21 - 1) +@E=0? ==,
47. As indicated by Example 3, we must find a point S (x1, 1) such that the midpoints y
of PR and of QS are the same. Thus
44 (-1 2+ (-4 1 1
+( ), +(=4 (X + R it . Setting the x-coordinates equal,
2 2 2 2 R
4+ (-1 1 Q /
we get +2( ):xl; ©4—1=x| + 1 x| =2.Setting the ! /
1 i x
24 (—4 1
y-coordinates equal, we get +2( ) = yl; S2—-4=y+1sy =-3. / ¢
1%
Thus § = (2, =3). g
+x

2
48. We solve the equation 6 =

2
to find the x coordinate of B. This gives 6 = % & 12 =2+ x & x = 10. Likewise,

3
8:%@16:3—{—)}@)}:13.Thus,B:(10,13).

247 —1+47
49. (a) y c (b) The midpoint of ACis( 2+ , 2+ ): (%,3),the midpoint
C(4+1 2+4 5
D of BD is (T, T) = (7,3)
{ B (¢) Since the they have the same midpoint, we conclude that the
i > diagonals bisect each other.
A
0 b+0 b
50. We have M = (”er %) - (% E)' Thus,
a N2 (b N\ [a® B a? 42
a©,m=/(5-0) +(5‘°) Vatz=—2
= (G -a e (5-0) = (-5 4 (B) =54 5 = L,
V2 2 B 2 2) V4 4 2
d(B,M = /(5 o)2+ b _b) — (“)2+ i 2—\/“2+b2— Yo + 7
V2 2 V2 2) V4 4 2

51. (0,5):3(0) —5+520e0—5+5=0. Yes.
2,1):302)—14+5%06—1+5=0. No.

(=2, —1):3(=2) = (1) + 520 —64+1+5=0. Yes.
So (0, 5) and (—2, —1) are points on the graph of this equation.
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52. (1,1): (1) [(1)2 + 1] 2le12) 21, No.
(1L3): (B) [0 +1]21et@ 21 ves
(—1, %); (%) [(—1)2 ¥ 1] Ziel@dives

So both (1, %) and (—1, %) are points on the graph of this equation.

53. (0, =2): (0)2 + (0) (=2) + (=2)2 2 4 = 0+ 0+ 4 = 4. Yes.
(1,-2): (2 + (1) (=) + (=22 241244 =4 No.
2,-2): 22+ 2) (=) + (=22 L 44— 44424 Yes

So (0, —2) and (2, —2) are points on the graph of this equation.
2 2 ? ?
54. (0,1): (0)*+ () —1=0<0+1—-1=0. Yes.
2 2 9 9
A1) (L 1Y 1= 1.1 4L
(ﬁ’ﬁ)'(ﬁ) +(ﬁ) 120347 -1=0 Yes
2 2
(\/755%): (@) +(%) —120e3+1-120 ves.

So (0, 1), (L %), and (?, %) are all points on the graph of this equation.

ﬁ3
55.4x+5y=40<:>y=8—%x 56.2x—3y=12<:>y=%x—4
y y
X y x %
2| 96 -3 | -6 i
o| 8 -1 | —47
4| 48 > N 0 *
6| 32 3| o
8 N S 5 6| o ]
0| o 0 5 D 9
12 | -1.6 12
57. y=x2-3 58.y =3 — x2
Yy y
X y X y
> 3| -6 5
3| 6

= !/ of 3| T/ TN
= i )
| 2 | -1
N 3| -6
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5. y=1x|—1 60.y =[x +1]
Y4
X y x |y
5| 4 3 -5 |4
-3 =32
-1 0 —-1{0
0 -1 Y 50X 011 0 5%
1 0 ] 112
3 314
5 4 516
61. (a) Solvefory:2x —y =6y =2x — 6.
y=0=0=2x — 6 & x =3, so the x-intercept is 3, and y
¥ Y x=0= y=2(0) — 6 = —6, so the y-intercept is —6.
-2 ] 10 x-axis symmetry: 2x + y = 6, which is not the same as 1
-1] -8 2x — y = 6, so the graph is not symmetric with respect to the o 1 x
0 —6 X-axis.
1 4 y-axis symmetry: —2x — y = 6, which is not the same as
2 ) 2x — y = 6, so the graph is not symmetric with respect to the
3 y-axis.
4 Origin symmetry: —2x + y = 6, which is not the same as
2x — y = 6, so the graph is not symmetric with respect to the
origin.
b y=2(-17>
y=0:>0=2(x—1)2:>x= 1, so the x-intercept is 1, y
x 4 andx =0=y=2(0-— 1)2 = 2, so the y-intercept is 2.
—2| 18 x-axis symmetry: —y =2 (x — 1)2, which is not the same as
_(1) i y=2(x— 1)2, so the graph is not symmetric with respect to
the x-axis.
! 0 y-axis symmetry: y =2 (—x — 1)2, which is not the same as
§ z y=2(x— 1)2, so the graph is not symmetric with respect to 1
the y-axis. 1 *

Origin symmetry: —y =2 (—x — 1)2 &y = =2 (x + 1)2,
which is not the same as y = 2 (x — 1)2, so the graph is not

symmetric with respect to the origin.
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62. (a) Solve for y:x —4y =8 &y = tx —2.

y=0=0= %x — 2 & x = 8§, so the x-intercept is 8, and y
x2 ys x=0=>y= % (0) — 2 = —2, so the y-intercept is —2.
- 2 x-axis symmetry: —y = 2x — 6, which is not the same as 1
_32 ¥ = 2x — 6, so the graph is not symmetric with respect to the
2 X-axis. LR !
41 -1 y-axis symmetry: y = 2 (—x) — 6 © y = —2x — 6, which is
0 not the same as y = 2x — 6, so the graph is not symmetric ]
12 1 with respect to the y-axis.

Origin symmetry: —y = 2 (—x) — 6 < y = 2x + 6, which is
not the same as y = 2x — 6, so the graph is not symmetric

with respect to the origin.

y=0=>0= —x2 44 o x = 2, 50 the x-intercepts are Y
i Y +2,andx =0=> y = —0% + 4 = 4, so the y-intercept is 4.
= Xx-axis symmetry: —y = —x2 4 4, which is not the same as 1
:? (3) y = —x2 + 4, so the graph is not symmetric with respect to (UBRES *
0 4 the x-axis.
y-axis symmetry: y = — (—x)2 +4 = —x2 + 4, so the graph
! 3 is symmetric with respect to the y-axis.
j _(5) Origin symmetry: —y = —x2 4 4, which is not the same as
y= —x2 +4,s0the graph is not symmetric with respect to
the origin.

63. (a) y=/x+2

¥y =0= 0= .,/x + 2, so there is no x-intercept,andx =0 7
x Y = y =042 = 2, so the y-intercept is 2.
0 2
x-axis symmetry: —y = ,/x + 2, which is not the same as
1 3
R, ¥y = /% + 2, so the graph is not symmetric with respect to
the x-axis.
3| 1+V3 y-axis symmetry: y = /—x + 2, which is not the same as
4 3 ¥y = 4/x + 2, so the graph is not symmetric with respect to 1
6| 1++/6 the y-axis.
9 5 .. 0 1 X
Origin symmetry: —y = /—x+2 &y = —/—x =2,

which is not the same as y = 4/x + 2, so the graph is not

symmetric with respect to the origin.
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) y=—Ix|

y=0= —|x| = 0= x =0, so the x-intercept is 0, and y

* Y x =0= y = —|0] =0, so the y-intercept is 0.

=515 x-axis symmetry: —y = — |x| & y = |x|, which is not the
=31 -3 same as y = — |x|, so the graph is not symmetric with

-1 respect to the x-axis. 0

0 y-axis symmetry: y = — |—x| = — |x|, so the graph is

-3 Origin symmetry: —y = — |—x| & y = |x|, which is not the

1
0
1| =1 symmetric with respect to the y-axis.
3
5

—5 same as y = — |x|, so the graph is not symmetric with

respect to the origin.

64. (a) y=+/x—4
y=0=0=+/x —4 & x =4, so the x-intercept is 4, and Y

x = 0= y = +/0 — 4, so there is no y-intercept.
x-axis symmetry: —y = +/x — 4, which is not the same as
y = 4/x — 4, so the graph is not symmetric with respect to

the x-axis.

o o »n |

y-axis symmetry: y = «/—x — 4, which is not the same as

w oo W= o

y = 4/x — 4, so the graph is not symmetric with respect to

the y-axis. 0 1 x

Origin symmetry: —y = +/—x —4 &y = —/—x — 4,
which is not the same as y = +/x — 4, so the graph is not

symmetric with respect to the origin.
(b) x = |y|. Here y is not a function of x.

y=0= x =|0] =0, so the x-intercept is 0, and x = 0 = y

|yl = 0= y =0, so the y-intercept is 0.

x-axis symmetry: x = |—y| = |y|, which is the same as

x = |y, so the graph is symmetric with respect to the x-axis.

y-axis symmetry: —x = |y|, which is not the same, sothe ~  _ ./
graph is not symmetric with respect to the y-axis.
Origin symmetry: —x = |—y| = |y|, which is not the same,

so the graph is not symmetric with respect to the origin.

W o=, O~ N W=
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65. (a) y =4 —x2

y=0= 4 —x% =0 x = =2, so the x-intercepts are y
X
4 42, andx =0 = y = /4 — 02 = 2, s0 the y-intercept is 2.
21 0
1|3 x-axis symmetry: —y = v/4 — x2, which is not the same as
0 2 ¥ = V4 — x2, so the graph is not symmetric with respect to
1| V3 the x-axis. 0 2 ¥
210 y-axis symmetry: y = /4 — (—=x)? = /4 — x2, so the graph
is symmetric with respect to the y-axis.
Origin symmetry: —y = /4 — (—x)2 = V4 —x2 &
y = —V4 — x2, which is not the same as y = v/4 — x2, so
the graph is not symmetric with respect to the origin.
M) y=x3 —4x
y:0=>0:x3—4x:x(x2—4):x(x+2)(x—2),s0 Y
y X .
T s the x-intercepts are 0 and £2, and x = 0 =
y= 03 —4 (0) = 0, so the y-intercept is 0.
-2 0 10
_1 3 x-axis symmetry: (—y) = P y= —x3 + 4x, which i
0 0 is not the same as y = x3 —4x, so the graph is not symmetric 0 *
1 3 with respect to the x-axis.
2 0 y-axis symmetry: y = (=x)3 — 4 (—=x) = —x3 + 4x, which
31 15 is not the same as x = x3 — 4x, so the graph is not symmetric
with respect to the y-axis.
Origin symmetry: —y = (—x)3 — 4 (—x) & y = x> — 4x, so
the graph is symmetric with respect to the origin.
66. (a) y = —v/4 —x2
y=0= —v/4 —x2 =0 x = £2, so the x-intercepts are ¥y
il Y 42, and x = 0 = y = —/4 = —2, so the y-intercept is —2.
-2 0 2
1 NG x-axis symmetry: —y = —v/4 —x2 & y = /4 — x2, which
0 ) is not the same as y = —v/4 — x2, so the graph is not 3
1| =v3 symmetric with respect to the x-axis. | x
2 0 y-axis symmetry: y = —/4 — (—x)2 = —v/4 — x2, so the
graph is symmetric with respect to the y-axis.

Origin symmetry: —y = —/4 — (—x)? & y = V4 — x2,

which is not the same as y = —v/4 — x2, so the graph is not

symmetric with respect to the origin.
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b) x=)3oy=Yr

y=0= x =03 =0, so the x-intercept is 0, and x = 0 = y
J al 0 =y3 = y =0, so the y-intercept is 0.
:i —\3_/4%1 x-axis symmetry: x = (—y)3 = —y3, which is not the same
_q 1 asx = y3, so the graph is not symmetric with respect to the !
0 0 x-asz. | . . . 0) 0 x
y-axis symmetry: —x = y° < x = —y~, which is not the
i \3/;‘ same as x = y3 , so the graph is not symmetric with respect to
N ) the y-axis.

Origin symmetry: —x = (—y)3 < x = 3, so the graph is
symmetric with respect to the origin.

67. (a) To find x-intercepts, set y = 0. This gives 0 = x + 6 < x = —06, so the x-intercept is —6. To find y-intercepts, set
x = 0. This gives y = 0 4+ 6 = 6, so the y-intercept is 6.
(b) To find x-intercepts, set y = 0. This gives 0 = x2—5ox2 =5 x = +4/5,s0 the x-intercepts are ++/5. To find
y-intercepts, set x = 0. This gives y = 02 — 5= —5, 50 the y-intercept is —5.

68. (a) To find x-intercepts, set y = 0. This gives 4x2 425 (O)2 =100 & x2 =25 < x = 5, so the x-intercepts are £5. To
find y-intercepts, set x = 0. This gives 4 (0)2 + 25y2 = 100 < y? = 4 & y = £2, so the y-intercepts are +2.
(b) To find x-intercepts, set y = 0. This gives x2—x 0)+3(0)=1ex2=1ox ==+I1,sothe x-intercepts are £1. To
find y-intercepts, set x = 0. This gives 02 — 0y +3y =l &y = %, so the y-intercept is %

69. (a) To find x-intercepts, set y = 0. This gives 9x2 — 4 (O)2 =36 92 =36 ox2 =4 x =+2, 50 the x-intercepts
are 2. To find y-intercepts, set x = 0. This gives 9 (0)2 - 4y2 =36 y2 = —9, so there is no y-intercept.
(b) To find x-intercepts, set y = 0. This gives0 —2x (0) +4x = 1 & x = %, so the x-intercept is % To find y-intercepts,
set x = 0. This gives y — 2 (0) y + 4 (0) = 1, so the y-intercept is 1.

70. (a) To find x-intercepts, set y = 0. This gives 0 = \/m o x? =16 & x = +4, so the x-intercepts are +4. To find
y-intercepts, set x = 0. This gives y = \/m, so there is no y-intercept.
(b) To find x-intercepts, set y = 0. This gives 0 = v/64 — x3 < x3 = 64 < x = 4, so the x-intercept is 4. To find
y-intercepts, set x = 0. This gives y = \/m & y = 8§, so the y-intercept is 8.

71. To find x-intercepts, set y = 0. This gives 0 = 4x — 2e0=x4- x) & 0 =x orx =4, so the x-intercepts are 0 and
4. To find y-intercepts, set x = 0. This gives y = 4 (0) — 02 < y = 0, so the y-intercept is 0.

2 2 2
0
72. To find x-intercepts, set y = 0. This gives % + 7= le % =1 x? =9 x = 43, so the x-intercepts are —3 and 3.
02 y2 yz
To find y-intercepts, set x = 0. This gives ) + T= le T 1 <:>y2 =4 & x = %2, so the y-intercepts are —2 and 2.

73. To find x-intercepts, set y = 0. This gives x* 4+ 0% — x (0) = 16 < x* = 16 © x = £2. So the x-intercepts are —2 and 2.
To find y-intercepts, set x = 0. This gives 0* + y2 —0)y=16s y2 = 16 & y = 4. So the y-intercepts are —4 and 4.

74. To find x-intercepts, set y = 0. This gives x2 403 —x2 (0)2 = 64 & x2 = 64 & x = 8. So the x-intercepts are —8 and
8.

To find y-intercepts, set x = 0. This gives 0% + y3 - (0)2 y2 =64 & y3 = 64 & y = 4. So the y-intercept is 4.
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75. x2 + y2 = 9 has center (0, 0) and radius 3. 76. x2 + y2 = 5 has center (0, 0) and radius /5.

y y

Oy (Y
o .

77. (x — 2)2 + y2 = 9 has center (2, 0) and radius 3. 78.x2 + v+ 1)2 = 4 has center (0, —1) and radius 2.

YA y

79. (x +3)% 4 (y — 4)2 = 25 has center (-3, 4) and radius 5. 80. (x + 1)2 + (y + 2)2 = 36 has center (—1, —2) and

y radius 6.

81. Usingh = =3, k=1l andr =2, weget x — (=3) 2+ (=12 =22 s x+3)2+ (- 1) =4.
82. Usingh =2,k =—5,andr =3, weget(x —2)2 +(y — (-5))2 =32 = (x —22 4+ (y + 52 =09.

83. The equation of a circle centered at the origin is xZ + y2 = r2. Using the point (4, 7) we solve for 2. This gives
(4)2 + (7)2 =12 & 164 49 = 65 = 2. Thus, the equation of the circle is x2 —l—y2 = 65.

84. Usingh = —land k = 5, we get (x — (=1))2 + (y = 5)2 = r2 & (x + 1)2 + (y — 5)% = r2. Next, using the point
(—4, —6), we solve for 2. This gives (—4 + 1)2 + (=6 — 5)2 =r2 < 130 = r2. Thus, an equation of the circle is
(x+ 12+ (y — 52 = 130.
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—14+5 149
The center is at the midpoint of the line segment, which is ( 2+ R L) = (2,5). The radius is one half the

2

diameter, so r = %\/(—1 —524+(1-9)2 = 1 /36164 = 1/100 = 5. Thus, the equation of the circle is
x—=224+ @ -52=5%0r(x —2)2 + (y — 5)* =25.

—-14+7 3+-5
The center is at the midpoint of the line segment, which is ( 2+ ) +2

) = (3, —1). The radius is one half the

diameter, so r = %\/(—1 — 72 + (3 = (=5))%? = 44/2. Thus, an equation of the circle is (x — 3)2 + O+ 1)2 =32.

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.
That is, » = |3 — 0] = 3. So the equation of the circle is (x — 7)% + (y — (—3))? = 32, which is (x — 7)2 + (y + 3)2 = 9.
Since the circle with » = 5 lies in the first quadrant and is tangent to both the x-axis and the y-axis, the center of the circle
is at (5, 5). Therefore, the equation of the circle is (x — 5)2 + (- 5)2 =25.

From the figure, the center of the circle is at (—2, 2). The radius is the change in the y-coordinates, so r = |2 — 0] = 2.
Thus the equation of the circle is (x — (—2))2 + (- 2)2 = 22, which is (x+ 2)2 + (- 2)2 =4.

From the figure, the center of the circle is at (—1, 1). The radius is the distance from the center to the point (2, 0). Thus

r= \/(—1 —2)2 4+ (1 - 0)2 =/9+1 = /10, and the equation of the circle is (x + 1)2 + (- 1)2 =10.

2 2 2 2
Completing the square gives x2 +y2 +4x —6y+12=0 o x2+4x + (%) +y2 -6y + (g) =—-12+ (%) + (g)

ox2+ax+4+)y2—6y+9=—-12+449 < (x +2)2 + (y — 3)* = 1. Thus, the circle has center (—2, 3) and radius 1.

: s 2 4 2 2 8)2 . .2 8\ o, .2 2
Completing the square gives x“+y“+8x+5=0x +8x+(7) +y :—5+(7) Sx +8x+16+y-=-5+16
<:>(x—{—4)2—{—y2 = 11. Thus, the circle has center (—4, 0) and radius +/11.

() ()

1 L2 ] L2 _ 1 1)2 1\2 _ 1 ~
—3X+ 15tV +§y+16=§+16+E=g=Z@( _Z) +(y+z) = 7. Thus, the circle has center

2 2

Completing the square gives x% 4% — %x + %y = % ex?- %x + (%/2) +y2+ %y—i— (lzﬁ)
& x2
(%, —%) and radius %

: e x2 2 1 2.1 . (12) . 2 2)\? L, (12)2, (2)2
Completing the square gives x“ +y“+5x+2y+ 1 =0 x +7x+< 5 ) +y +2y+(7) = _E+( 5 ) +(7)

1)? 2
(x+i) +o+n?=1
Thus, the circle has center (—%, - 1) and radius 1.

2

Completing the square gives 2x2 + 2y — 3x = 0 & x2 + 2 — %x =0 (x - %) +y2 = (%
Thus, the circle has center (%, 0) and radius %

2
Completingthesquaregives3x2+3y2~|—6x—y =0(:)x2+y2~|—2x—%y=0(:)(x+1)2+(y— %) = 1~|—% =

b)|b)
0:\1

Thus, the circle has center (—l, %) and radius @ .

4 — x2, which is not the same as y= x* +x2, so0 the graph is not symmetric

x-axis symmetry: (—y) =x* +x2 oy = —x
with respect to the x-axis.

y-axis symmetry: y = (—x)4 + (—x)2 =x* +x2, so the graph is symmetric with respect to the y-axis.

Origin symmetry: (—y) = (—x)* + (—x)? & —y = x* + x2, which is not the same as y = x* + x2, so the graph is not
symmetric with respect to the origin.
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98. x-axis symmetry: x = (—y)4 - (—y)2 = y4 — yZ, so the graph is symmetric with respect to the x-axis.
y-axis symmetry: (—x) = y4 - y2, which is not the same as x = y4 - y2, so the graph is not symmetric with respect to the
y-axis.
Origin symmetry: (—x) = (—y)* — (—=y)? & —x = y* — y2, which is not the same as x = y* — 2, so the graph is not
symmetric with respect to the origin.

99, x-axis symmetry: x2 (—y)4 +x4 (—y)2 =2 x2y4 + )c4y2 = 2, so the graph is symmetric with respect to the x-axis.
y-axis symmetry: (—x)2 y4 + (—x)4 y2 =2&x2 y4 +x* y2 = 2, so the graph is symmetric with respect to the y-axis.
Origin symmetry: (—x)2 (—y)4 + (—x)4 (—y)2 =2 x2y4 + x4y2 = 2, so the graph is symmetric with respect to the
origin.

(Note that if a graph is symmetric with respect to each coordinate axis, it is symmetric with respect to the origin. The

converse is not true, as shown in the next exercise.)

100. x-axis symmetry: x3 (=) +x (—y)3 =l —x3y - xy3 =l x3y + xy3 = —1 # 1, so the graph is not symmetric
with respect to the x-axis.
y-axis symmetry: (—x)3 y+(=x)P=1le —x3y -l =le x3y —xy3 = —1 # 1, so the graph is not symmetric
with respect to the y-axis.

Origin symmetry: (—x)3 (=) + (—x) (—y)3 =l x3y + xy3 = 1, so the graph is symmetric with respect to the origin.

101. x-axis symmetry: (—y) = x3 + 10x < y = —x3 — 10x, which is not the same as y = x3 + 10x, so the graph is not
symmetric with respect to the x-axis.
y-axis symmetry: y = (—x)3 + 10 (—x) & y = —x> — 10x, which is not the same as y = x3 + 10x, so the graph is not
symmetric with respect to the y-axis.
Origin symmetry: (—y) = (—x)3 + 10 (—x) & —y = —x3 — 10x & y = x> + 10x, so the graph is symmetric with respect
to the origin.

102. x-axis symmetry: (—y) = 2+ x| e y= —x2 — |x|, which is not the same as y= x2 + |x|, so the graph is not symmetric
with respect to the x-axis.
y-axis symmetry: y = (—x)% + |—x| & y = x% + |x|, so the graph is symmetric with respect to the y-axis. Note that
|—x| = |x].
Origin symmetry: (—y) = (—x)2 +|—xle-—-y= x2 + x| Sy = —x2 — |x|, which is not the same asy = x2 + |x], so
the graph is not symmetric with respect to the origin.

103. Symmetric with respect to the y-axis. 104. Symmetric with respect to the x-axis.
y y
0 X
0 X
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105. Symmetric with respect to the origin. 106. Symmetric with respect to the origin.

y y

107. [(x, ») | x2 +y2 < 1]. This is the set of points inside 108. [(x, y) | x2 + y2 > 4]. This is the set of points outside

(and on) the circle x% + y2 = 1. the circle x2 4 y2 = 4.

y y

109. Completing the square gives x2 4+ y2 —4y — 12 =0

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

= x2+y2—4y+(_74)2= 12+(_74)2<:> areais%(%r):gTﬂ'.
y
x2 + (y — 2)2 = 16. Thus, the center is (0, 2), and the M| N ;!
radius is 4. So the circle x2 + y2 = 4, with center (0, 0) N Nl T
and radius 2, sits completely inside the larger circle. Thus, N
the area is 742 — w22 = 167 — 47w = 127, (/ \%
: x
\\ e ,

111. (a) The point (5, 3) is shifted to (5+ 3,3 +2) = (8, 5).

(b) The point (a, b) is shifted to (@ + 3, b + 2).

(¢) Let (x, y) be the point that is shifted to (3, 4). Then (x + 3, y + 2) = (3, 4). Setting the x-coordinates equal, we get
x 4+ 3 =3 & x = 0. Setting the y-coordinates equal, we get y + 2 = 4 & y = 2.So the point is (0, 2).

@@ A= (-5-1),s04" =(-5+3,-1+2)=(-2,1); B=(-3,2),s0 B = (=3 +3,2+2)=(0,4);and C = (2, 1),
soC'=Q2+3,1+2)=(5,3).

(a) The point (3, 7) is reflected to the point (-3, 7).

(b) The point (a, b) is reflected to the point (—a, b).

(¢) Since the point (—a, b) is the reflection of (a, b), the point (—4, —1) is the reflection of (4, —1).

112.
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() 4=3,3),50 4 =(=3,3); B=(6,1),50 B' = (=6, 1); and C = (1, —4), s0 C' = (—1, —4).

113. (a) Symmetric about the x-axis: (b) Symmetric about the y-axis: (¢) Symmetric about the origin:

114. (a) From the graph, it appears that the closest the satellite gets to the center of the moon is approximately 5 Mm and
farthest approximately 70 Mm.
—32.5)?
7()6 ) =l
1420
x - 32.5)2 = 1420 & x — 32.5 = /1420 =~ £37.7 & x & —5.2 or 70.2. Thus, the smallest and largest distances
are 5.2 Mm and 70.2 Mm.
-32.5)?2 10 —32.5)? 100
G325 10 &2 10 s 1420(%)
1420 213 1420 213
S x —32.5 &~ £4/753.33 & x & 5.05 or 59.95. The distances of these points from the center of the moon are

dy ~/(5.05)2 + (10)2 ~ 11.2 Mm and d5 =~ 1/ (59.95)% + (10)? ~ 60.8 Mm.

115. (a) d (4, B) = V32 +42 = /25 = 5.
(b) We want the distances from C = (4,2) to D = (11, 26). The walking distance is
[4 —11] 4+ |2 — 26] = 7 4+ 24 = 31 blocks. Straight-line distance is

J@ =112 + 2 =26 = /72 + 247 = /625 = 25 blocks.

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

Setting y = 0 in the equation (which obviously corresponds to the desired distances), we have

(b) Setting y = 10, we have

116. Let the area of the triangle be 4. As hinted, we draw a rectangle Y 1 a5 (7,5)
circumscribing the triangle. This rectangle is 7 — 1 = 6 units long and | 4
5 — 1 =4 units high, so its areais 4 = 6 - 4 = 24. The areas of the three ]
right triangles inside the rectangle but outside the original triangle are .2 A A
4,
Al=3(0-1)(5-2)=94,=34-1)2-1)=3,and Ty e @)
A3 = % (7 —4) (5 — 1) = 6. Since the area of the rectangle is the sum of 0 o
the areas of the right triangles and the original triangle, we have
— _ 3 _ 15
A=Ap—A1— Ay —A3=24-9—-5—-6=%.
2 b\2 2 b\
: : 24 .2 2 a 2 a
117. Completing the square gives x* + y“ +ax + by +¢c =0 x“ +ax + (E) +yc+by + (5) =—c+ (5) —+ (5)
N2 H\2 2 . . a? +b? .
= (x + 5) +{y+ 5) = —c+ YR This equation represents a circle only when —¢ + > 0. This
. . a? +b? . . a? +b?
equation represents a point when —c + = 0, and this equation represents the empty set when —c + 2 < 0.

2 4 2
118. Following the hint, we consider an equilateral triangle with side length 1 anywhere in the plane. Each of its vertices is

. . . a b . a? + b? | /5 55
When the equation represents a circle, the center is 575 ) and the radius is / —c¢ + = 5va* + b* —4ac.

either red or blue, and each is 1 unit away from the other two. So at least two have the same color and are exactly 1 unit
apart.
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1.10  LINES

1. We find the “steepness” or slope of a line passing through two points by dividing the difference in the y-coordinates of these

2-0

=2.

points by the difference in the x-coordinates. So the line passing through the points (0, 1) and (2, 5) has slope

2. (a) The line with equation y = 3x + 2 has slope 3.
(b) Any line parallel to this line has slope 3.

(¢) Any line perpendicular to this line has slope —%.
3. The point-slope form of the equation of the line with slope 3 passing through the point (1,2)is y —2 =3 (x — 1).

4. 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

isy= —%x + 4. The slope of the graph of this equation is —%.

5. The slope of a horizontal line is 0. The equation of the horizontal line passing through (2, 3) is y = 3.
6. The slope of a vertical line is undefined. The equation of the vertical line passing through (2, 3) is x = 2.
7. (a) Yes, the graph of y = —3 is a horizontal line 3 units below the x-axis.

(b) Yes, the graph of x = —3 is a vertical line 3 units to the left of the y-axis.

(¢) No, aline perpendicular to a horizontal line is vertical and has undefined slope.

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

8. y Yes, the graphs of y = —3 and x = —3 are perpendicular lines.
5
x=-3
0 35 X
y=-3
— 0-2 -2 - -1-0 -1 1
9. m=22"21_ == 10.m =222 ==
xp—x; 0—=(=1) 1 X2 — X1 3—-0 3 3
Mom=222_ 522 3 w2y 271 33
x)—x; 3—-(=3) 6 xp—x1 3—=(-5 8 8
— 4—-4 — -3 —-(-1 -2 1
Bom=22"2_ 277 dom=22"2 h_=2_1
xp—x; 0-=5 Xy — X1 -2-4 -6 3
- 5-3 2 - —2—(=-2
15om=22"0 277 2 16.m=2"2 _ =2 _,
Xy — X1 6—-8 2 Xy — X1 6—-3

— 2-0
17. For ¢, we find two points, (—1, 2) and (0, 0) that lie on the line. Thus the slope of {1 is m = 270

= -2.
Xy — X1 —-1-0

— 3-2
For ¢, we find two points (0, 2) and (2, 3). Thus, the slope of £, ism = 270 0= % For ¢3 we find the points
X2 — X1 -
— 1—(-2
(2, —2) and (3, 1). Thus, the slope of €3 ism = 27N _ 3 ( 3 ) = 3. For {4, we find the points (—2, —1) and
X2 — X1 -
ey =2—=(=1) -1 1

x—x1 2—-(=2) 4 4

(2, —2). Thus, the slope of £4 ism =
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18. (a) y m=2 (b) y m=3

m=1

I’Il=§

3
Il
W= =

m=-—1
. . . . . 0—4 . . .
19. First we find two points (0, 4) and (4, 0) that lie on the line. So the slope is m = 1-0°- —1. Since the y-intercept is 4,
the equation of the lineis y =mx + b= —1x+4.Soy = —x +4,orx +y—4=0.
-4
20. We find two points on the graph, (0, 4) and (—2, 0). So the slope is m = 70 = 2. Since the y-intercept is 4, the
equation of the lineisy =mx +b=2x+4,s0y=2x+42x —y+4=0.
0—(-3
21. We choose the two intercepts as points, (0, —3) and (2, 0). So the slope is m = # = % Since the y-intercept is —3,
the equation of the line is y = mx + b = %x —3,0r3x =2y —6=0.
0—(—4

22. We choose the two intercepts, (0, —4) and (—3, 0). So the slope is m = —%. Since the y-intercept is —4, the

-3-0
equation of the lineis y = mx + b = —%x — 44 +3y+12=0.

23. Using y = mx + b, wehave y =3x + (—=2)or3x —y —2 =0.

24. Usingy:mx+b,wehavey:%x+4<:>2x—5y+20:0.

25. Using the equationy — y; =m (x —x1),wegety— 1 =3(x—4) oy—-1=3x-123x—y—-11=0.

26. Using the equationy — y1 =m (x —x1),wegety —4=—-1x—-(-2)oy—4=—x-2x+y—-2=0.

27. Using the equation y — y; = m (x —x7), wegety —7 = %(x—l)(:)3y—21 =2x -2 -2x+3y =19
2x —3y+19=0.

28. Using the equation y — y; = m (x —x1), we gety — (—=5) = —% x—(CF))e2y+10=-Tx-21=7x+2y+31=0.

29. First we find the slope, which is m = % = % = il = —5. Substituting into y — y; = m (x — x1), we get
y—6=-5x-1Noy—6=-5x+5=5%+y—-11=0.

30. First we find the slope, which is m = 27n _ 3-(=2) = % = 1. Substituting into y — y; = m (x — x1), we get

Xy — X| 4— (=1

y=3=1x—4)eoy-3=x—-4ex—-y—-1=0.

— 1—(-5 6
31. We are given two points, (2, —5) and (5, 1). Thus, the slope is m = 270 _ 3 ( 7 ) =3= 2. Substituting into
Xy — X1 -

y—yr=m(x—xy),wegety —(=5)=2(x—-2)eoy=2x—-9o0r2x —y -9 =0.
-n _1-7

32. We are given two points, (1,7) and (4, 7). Thus, the slope is m =
Xy — X1 4—-1

= 0. Substituting into

y—yr1=m(x—xp),wegety—7=0x—-1)eoy=T0ory—7=0.

- -3-0 -3
33. We are given two points, (1, 0) and (0, —3). Thus, the slope is m = 270 o_1-_1° 3. Using the y-intercept,
X — X1 — —

wehave y =3x + (-3) oy =3x—-30r3x —y—-3=0.

- 6—0
34. We are given two points, (—8, 0) and (0, 6). Thus, the slope is m = 270 = % = % Using the y-intercept
Xy — X 0— (-8

we have y = 3x + 6 & 3x —4y +24 = 0.
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Since the equation of a line with slope 0 passing through (a, b) is y = b, the equation of this line is y = 3.
Since the equation of a line with undefined slope passing through (a, b) is x = a, the equation of this line is x = 3.
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 (a, b) is y = b, the equation of this line is y = 1.

Any line parallel to y = 2x+8 has slope 2. The desired line passes through (—1, 4), so substituting into y—y; = m (x — x1),
wegety—4=2[x —(—1)]oy=2x+60r2x —y+6=0.

1
Any line perpendicular to y = —%x + 7 has slope —W = 2. The desired line passes through (—3, 2), so substituting
intoy—y;=m(x —xp),wegety —2=2[x—(-3)]oy=2x+8o0r2x —y+8=0.

Since the equation of a horizontal line passing through (a, b) is y = b, the equation of the horizontal line passing through
4,5 isy =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.

Since3x +2y =42y =-3x+4oy= —%x + 2, the slope of this line is —%. Thus, the line we seek is given by
y=(H=-30-BNey+ti=-x-Jey=-x-Jeix+2+17=0.

Since2x +3y+4=03y=-2x -4y = —%x — %, the slope of this line is m = —%. Substituting m = —% and
b = 6 into the slope-intercept formula, the line we seek is given by y = —%x +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 x = —1.

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 3x +4y +7=04y =-3x-Toy = —%x - % Thus, the slope of any line perpendicular
to3x+4y+7=0ism = _f/“ = % Since it passes through (-2, 1), the equation of the line we seek is

y=1=%4G—(-2)e3y-3=4r+8e4x -3y +11=0.

First find the slope of the line 4x —8y = 1. This gives4x — 8y =1 8y =—4x+1 oy = %x - % So the slope of the

1
line that is perpendicular to 4x —8y = lism = —1—/2 = —2. The equation of the line we seek is y — (—%) =-2 (x - %)
Sy+i=-2+lebr+3y—1=0.

. . . . -5 —4 .
First find the slope of the line passing through (2, 5) and (-2, 1). This gives m = T == 1, and so the equation
ofthelineweseekisy—7=1(x—-—1)=x—y+6=0.

. . . 2-5 -3 1 .
First find the slope of the line passing through (-3, 5) and (6,2): m = m =5 ="3 and so the slope of the line
that is perpendicular is m = —ﬁ = 3. Thus an equation of the line we seekis y+ 10 =3 (x —4) ©3x —y —22 =0.
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51. (a) y 52. (a) y

1 X

1
1 x
(4,-1)

b y-1=3@-(-2)e2y-2=30+2) My—-(-H==2@-4Hey+l=-2+8c
2y —2=3x4+6=3x—2y+8=0. x+y-7=0.

W N
h=-6 .
AN 4
4 b=6
b=3
-8 b=1
th=0
y=—2x+b,b=0,+1,+3, +6. They have the same y=mx—=3,m=0,+},+3,+3. Each of the lines
slope, so they are parallel. contains 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.

56. mzé m=2

m=—6 m=-2

y=m(x—3),m=0,%1, £3,+£3. Each of the lines y=2+m(x+3),m=0,+1, £1,£2, +6. Each of the
contains the point (3, 0) because the point (3, 0) satisfies lines contains the point (—3, 2) because the point (—3, 2)
each equation y = m (x — 3). Since (3, 0) is on the x-axis, satisfies each equation y =2 +m (x + 3).

we could also say that they all have the same x-intercept.
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57. y = x — 4. So the slope is 1 and the y-intercept is —4. 58.y = —%x — 1. So the slope is —% and the y-intercept is

y —1.

il

-

=V

59. —2x +y =7 y = 2x + 7. So the slope is 2 and the 60.2x -5y =0 -Sy=-2x oy = %x. So the slope is

y-intercept is 7. % and the y-intercept is 0.

-

6l. 4x +5y =105y =—4dr+ 10y =—2x+2.50 623x—4y=126-4y=-3xr+12ey=3x—3.50
the slope is —% and the y-intercept is 2. the slope is % and the y-intercept is —3.

y y
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63. y = 4 can also be expressed as y = Ox + 4. So the slope is 64. x = —5 cannot be expressed in the form y = mx + b. So
0 and the y-intercept is 4. the slope is undefined, and there is no y-intercept. This is a

y vertical line.

65. x = 3 cannot be expressed in the form y = mx + b. Sothe 66. y = —2 can also be expressed as y = Ox — 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. y
y
1
1 1 x

67. 3x —2y — 6 = 0. To find x-intercepts, we set y = 0and  68. 6x — 7y — 42 = 0. To find x-intercepts, we set y = 0 and

solve forx:3x —2(0)—6=0<3x =6 x =2,s0 solve forx: 6x —7(0) —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:
3002y —6=02y=—-6<y=-3,s0the 6(0)—7y—42=07y=-42<y = —6,s0the
y-intercept is —3. y-intercept is —6.

y y

1 2

1 X 2 X

i
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71.

73.

74.

75.

76.
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x — gy + 1 = 0. To find x-intercepts, we set y = 0 and  70. x - gy 2 = 0. To find x-intercepts, we set y = 0 and
solve for x: 2x— (0)+l —0<:>2x =—-leox=-2, solve for x: 3x— (O) 2=0e 1 3x =2 x =6,50
so the x-intercept is —2. the x-intercept is 6.

To find y-intercepts, we set x = 0 and solve for y: To find y-intercepts, we set x = 0 and solve for y:
JO)-4y+1=0o1y=1ey=3s0the 10 -iy-2=0ely=-2ey=-10s0the
y-intercept is 3. y-intercept is —10.
y y
1 2
1 x 2 x
y = 6x + 4. To find x-intercepts, we set y = 0 and solve ~ 72. y = —4x — 10. To find x-intercepts, we set y = 0 and

forx:0=6x+4b6x=—-4x = —%, so the solveforx: 0 = —4x — 10 4x =—-10=x = —%, SO
x-intercept is —%. the x-intercept is —%.
To find y-intercepts, we set x = 0 and solve for y: To find y-intercepts, we set x = 0 and solve for y:
y = 6(0) + 4 = 4, so the y-intercept is 4. y = —4(0) — 10 = —10, so the y-intercept is —10.
y y

\ 2

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 equation2y —4x —5=02y =4x + 5y =2x + % 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 = %x + 4 has slope %

The line with equation2x +4y =1 <4y =-2x -l oy = ——x -7 ! has slope — 2 #* and so the lines are neither

__1
Wk
parallel nor perpendicular.

To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 2x — 5y = 8 &
5y =2x—8 <:>y = 2x — & has slope 2. The line with equation 10x +4y = 1 &4y = —10x + 1 & y = —3x + 1 has

slope —% = —7 and so the lines are perpendicular.

To determine if the lines are parallel or perpendicular we find their slopes. The line with equation 15x — 9y =2 &

9y =15x-2oy= 3x -5 Z has slope . The line with equation 3y —5x =53y =5x+5oy = 3x +3 2 has slope

3, and so the lines are parallel.

Precalculus Mathematics for Calculus International Metric Edition 8th edition Stewart Solutions Manual


https://testbank.online/books/9798214031811-solutions

98 CHAPTER 1 Fundamentals

77. To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 7x — 3y = 2 &
IJy=Tx-2y= %x — % has slope % The line with equation 9y +21x =1 &9y = -2Ix — 1 < y = —3 — g has

slope —% #* —7—}3, and so the lines are neither parallel nor perpendicular.

78. To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 6y — 2x = 5 &
6y=2x+5y= %x + % has slope % The line with equation2y +6x =12y = —6x — 1 &y = —3x — % has

slope —3 = —ﬁ, 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

4—-1 3 1
find the slopes of opposite sides. The slope of 4B is 18- and the

10-7 3

C
1
slope of DC is 57(1) =¢=7 Since these slope are equal, these two sides D< //\

7—-1 6
are parallel. The slope of AD is —1=-3- —3, and the slope of BC is

10—4 6
753 —3. Since these slope are equal, these two sides are parallel. 1A
- - 1

Hence ABCD is a parallelogram.

80. We first plot the points to determine the perpendicular sides. Next find the slopes of y
3—(=1) 4

the sides. The slope of 4B is 3-(3) 5

2
=3 and the slope of AC is C

8 —(—1 9 3
#— = ——. Since

—9—(=3) -6 2
(slope of AB) x (slope of AC) = (%) (—%) = —1, the sides are perpendicular, >B

and ABC is a right triangle. N 1 x

81. We first plot the points to find the pairs of points that determine each side. Next we y

3-1 2 1
find the slopes of opposite sides. The slope of 4B is T-1-10-53 and the C

6—38 -2 1
slope of DC is o—10-_10-3 Since these slope are equal, these two sides

6—1
are parallel. Slope of AD is 1= 1 —35, and the slope of BC is
- - 1

3-8 -5 1 >
0= 1 - —5. Since these slope are equal, these two sides are parallel. )

Since (slope of 4B) x (slope of AD) = % x (=5) = —1, the first two sides are

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

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

21—1 20
and (6, 21) is “-1-35° 4. Since the slopes are equal, the points are collinear.

9—-1
3_1-32° 4. The slope of the line passing through (1, 1)
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7-3 4
(b) The slope of the line passing through (—1, 3) and (1, 7) is l—(l) =5= 2. The slope of the line passing through

15-3 12
(—1,3) and (4, 15) is m =3 Since the slopes are not equal, the points are not collinear.
S . S (14+7 4=2
83. We need the slope and the midpoint of the line 4B. The midpoint of 4B is — 5 )= (4, 1), and the slope of
. -2—-4 -6 . . . -1 -1 .
ABism = 1 =% = —1. The slope of the perpendicular bisector will have slope — = == 1. Using the
— m _

point-slope form, the equation of the perpendicular bisectorisy — 1 =1(x —4)orx —y —3=0.

84. We find the intercepts (the length of the sides). When x = 0, we have 2y +3(0) —6 =0 < 2y = 6 & y = 3, and when
y =0,wehave2 (0) +3x — 6 =0 < 3x = 6 & x = 2. Thus, the area of the triangle is % 3)(2) =3.

85. (a) We start with the two points (a, 0) and (0, b). The slope of the line that contains them is

b
= ——. So the equation
a

b
of the line containing them is y = ——x + b (using the slope-intercept form). Dividing by b (since b # 0) gives
a

y_ x Xy

Lo T hielsdon

b a+ a+b
(b)Semnga=6andb=—8,weget%+18:1@4x—3y:24@4x—3y—24:0.

86. (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
—4-0 4 3
this line is 3 0 -3 Thus, the slope of the tangent line will be _(—T/3) =7 Then the equation of the tangent
1ineisy—(—4)=%(x—3)<:>4(y—|—4)=3(x—3)<:>3x—4y—25=0.

(b) Since diametrically opposite points on the circle have parallel tangent lines, the other point is (-3, 4).

87. Using the diagram provided, we calculate the coordinates of the midpoints: m has coordinates

0+a 0+b (1 1 . c+a O+b (1 1
( > ’T)_(fa’fb) and my has coordinates > T _(7(a+c),7b).

1 1

2 2

The line joining the midpoints thus has slope SR
5(@+c)—za

= 0, and so it is parallel to the third side (a segment of the

X-axis).

2 2
The line joining the midpoints has length \/ [% (a+c)— %a] —+ (% - %b) =,/ %c = %c, half the length of the third

side of the triangle; and so we have verified both conclusions of the theorem.

88. (a) The slope represents the increase in the average surface temperature in © C per year. The T -intercept is the average
surface temperature in 1950, or 15° C.

(b) In 2050, t = 2050 — 1950 = 100, so 7 = 0.02(100) + 15 = 17 degrees Celsius.

89. (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.
(b) Whena =0,c=28.34(0+1) =8.34mg.
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90. (a) y (b) 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
200 the flea market, 200, and the x-intercept is the cost per space when the
manager rents no spaces, $50.
100
20 40| 60 | 80 100 x
91. (a) y (b) The slope is the cost per toaster oven, $6. The y-intercept, $3000, is
the monthly fixed cost—the cost that is incurred no matter how many
10,000 toaster ovens are produced.
5000
500 1000[  x
92. (a) (b) Substituting a for both F and C, we have
—30° [ —20° | —10° | 0° | 10° | 20° | 30°
a=ta+Ne-ta=Ro
F | —22° | —4° 14° | 32° | 50° | 68° | 86°

a = —40°. Thus both scales agree at
—40°.

93. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

th—t 27 -21 6
(a) Using n in place of x and ¢ in place of y, we find that the slope is nz — nll = Te5—10 — 18

equationis —27 = § (n — 168) &t —27 = gn — 21 &t = gn +6.

= 3 So the linear

(b) When n = 150, the temperature is approximately given by ¢ = % (150) + 6 =24.75° C =~ 25° C.

94. (a) Using ¢ in place of x and ¥ in place of y, we find the slope of the line  (b)
using the points (0, 4000) and (4, 200). Thus, the slope is 4000
= 200 — 4000 = —3800 = —950. Using the V -intercept, the
4—0 4 3000
linear equation is V' = —950¢ + 4000.

2000
(¢) The slope represents a decrease in the value of the computer of $950
each year. The V' -intercept is the original price of the computer. 1000
(d) When ¢ = 3, the value of the computer is given by
V = —950 (3) + 4000 = 1150. bhiziisile s

Precalculus Mathematics for Calculus International Metric Edition 8th edition Stewart Solutions Manual


https://testbank.online/books/9798214031811-solutions

SECTION 1.11  Solving Equations and Inequalities Graphically 101

95. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

. change in pressure 29.9 .
(a) We are given - = —— =9.97. Using P for (b) y
3-meter change in depth 3 1200
pressure and d for depth, and using the point P = 103 whend = 0,
we have P — 103 = 9.97 (4 — 0) & P = 9.97d + 103. 1000
800
(¢) The slope represents the increase in pressure per meter of descent.
The y-intercept represents the pressure at the surface. 600
400
(d) When P = 690, we have 690 = 9.97d + 103 < 9.97d = 587 &
d = 58.9 m. Thus the pressure is 690 kPa at a depth of approximately 200
59 m. 20 40 60 | 80 100 120 x

96. Slope is the rate of change of one variable per unit change in another variable. So if the slope is positive, then the
temperature is rising. Likewise, if the slope is negative then the temperature is decreasing. If the slope is 0, then the
temperature is not changing.

97. We label the three points 4, B, and C. If the slope of the line segment 4B is equal to the slope of the line segment BC,
then the points 4, B, and C are collinear. Using the distance formula, we find the distance between 4 and B, between B
and C, and between 4 and C. If the sum of the two smaller distances equals the largest distance, the points A4, B, and C are
collinear.

Another method: Find an equation for the line through 4 and B. Then check if C satisfies the equation. If so, the points are
collinear.

1.17  SOLVING EQUATIONS AND INEQUALITIES GRAPHICALLY

2 _2x —3 =0 are the x-intercepts of the graph of y = x2—2x=3.

1. The solutions of the equation x
2. The solutions of the inequality x2 —2x — 3 > 0 are the x-coordinates of the points on the graph of y = x2 —2x — 3 that lie
above the x-axis.
3. (a) From the graph, it appears that the graph of y = x* — 3x3 — x2 4 3x has x-intercepts —1, 0, 1, and 3, so the solutions
to the equationx4 —3x3 —x2 43x =0arex = —1,x = 0,x =1,and x = 3.
(b) From the graph, we see that where —1 < x < O or 1 < x < 3, the graph lies below the x-axis. Thus, the inequality
x4 = 3x3 = x2 4+ 3x < Oissatisfied for {x | =1 <x <0orl <x <3} =[=1,0]U[L,3].
4. (a) The graphs of y = 5x — xZ and y = 4 intersect at x = 1 and at x = 4, so the equation 5x — x2 = 4 has solutions x = 1
and x = 4.
(b) The graph of y = 5x — x2 lies strictly above the graph of y = 4 when 1 < x < 4, so the inequality 5x — x2 > 4is
satisfied for those values of x, that is, for {x | | <x <4} =(1,4).

2=x2(x—1),s0y=0=

5. (a) (b) x-intercepts 0, 1; y-intercept 0. y = X3 —x
x=0orx=1landx =0y =0.

(¢) The graph is not symmetric with respect to either axis or the origin.

1+

y=x>—x%[-2,2]by [~1,1]
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6. (a) (b) x-intercepts 0, 2; y-intercept 0. y = xt—2x3=x3 x—2),s0y=0=
x=0orx=2;x=0=y=0.
(¢) The graph is not symmetric with respect to either axis or the origin.
7. (a) (b) No x-intercept; y-intercept —2. y = 0 has no solution; x = 0 =
1+
1 2 5
y=-1=-=
(¢) The graph is symmetric with respect to the y-axis:
2 . 2
1 (=02 +1 X241
3+
= 2. [-5,5]by [-3, 1]
y xz 1 9 b y

8. (a) T (b) x-intercepts %1, y-intercept 1. y = 0 = J1-x2=0=1-x2=0=>

;__\ x=2hx=0=y=v1-02 =1

=4 ' =2 ; ' i " | (¢) The graph is symmetric with respect to the y-axis:
24 I = (=x)2 = V1 =22,
4+
y=V1=x%[=5,5]by [-5,3]
9. Although the graphs of y = —3x2 4 6x — % and 10. Although the graphs of y = /49 — x2 and
y= [7_ 1—72x2 appear to intersect in the viewing ¥ = 3 (41 — 3x) appear to intersect in the viewing

rectangle [—4, 4] by [—1, 3], there is no point of rectangle [—8, 8] by [—1, 8], there is no point of
. . . . L int tion. Y ify thi ing in.
intersection. You can verify this by zooming in. intersection. You can verify this by zooming in

g -
6T
47
27

o —— + +
-4 -2 li i 4 8 -6-4-2"2 46 8
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11. The graphsof y = 6 — 4x — x2 and y = 3x + 18 appear to  12. The graphs of y = x3 —4x and y = x + 5 appear to have

have two points of intersection in the viewing rectangle
[—6, 2] by [—5, 20]. You can verify that x = —4 and

x = —3 are exact solutions.

13. Algebraically: 3x +2 =5x — 4 6 =2x ©x =3.
Graphically: We graph the two equations y; = 3x + 2 and
¥ = 5x — 4 in the viewing rectangle [1, 4] by [—1, 13].

Zooming in, we see that the solution is x = 3.

1

2 1 2
15. Algebraically: — + = 7 & 2x (— + 2—) =2x(7) 16.
X X x X

Sd+l=ldor=1.
1

2
Graphically: We graph the two equations y; = — + o™
X X

and yp = 7 in the viewing rectangle [—2, 2] by [—2, 8].
Zooming in, we see that the solution is x = 0.36.

4

one point of intersection in the viewing rectangle [—4, 4]
by [—15, 15]. The solution is x ~ 2.627.

5

14. Algebraically: 2x + 11 =1 —x & 3x = —10

x = —6.
Graphically: We graph the two equations y; = %x + 11
and yp = 1 — x in the viewing rectangle [—12, 2] by

[—2, 8]. Zooming in, we see that the solution is x = —6.

-12-10 -8 -6 -4 -2 ﬁ

4 6 5
Algebraically: —— — — =
ey 2 " 2x T 2x t 4

4 6 5

2@ —(x+2)O)=xS) o8 x—6x—12=5x &
—-12=3x —4=x.
Graphically: We graph the two equations

4 6 5
BE TS IR T v
rectangle [—5, 5] by [—10, 10]. Zooming in, we see that

=4

" in the viewing

there is only one solution at x = —4.
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17.

19.

21.
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Algebraically: 4x2 —8 =0 & x2 =2 = x = £/2.
Graphically: We graph the equation y; = 4x2 — 8 and
determine where this curve intersects the x-axis. We use
the viewing rectangle [—2, 2] by [—4, 4]. Zooming in, we
see that solutions are x &~ 1.41 and x &~ —1.41.

\
AEA

Algebraically: x2 4+ 9 = 0 & x2
solution.

—9, which has no real

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].

30 7

20

_ 256 _
=31 —X=

Algebraically: 81x% = 256 < x* :t%,
Graphically: We graph the two equations y; = 81x* and
yp = 256 in the viewing rectangle [—2, 2] by [250, 260].

Zooming in, we see that solutions are x ~ +1.33.

260 T

255 T

18. Algebraically: x3 +10x2 = 0 = x2 (x +10) = 0 =

20.

22,

x =0orx = —10.

Graphically: We graph the equation y = x3 4+ 10x2 and
determine where this curve intersects the x-axis. We use
the viewing rectangle [—12, 2] by [—5, 5]. We see that the
solutions are x = 0 and x = —10.

[12-f0 -8 6 -4 -2,

Algebraically: x2 +3=2x &x2 - 2x +3=0&

(D) EYE2 -4 2+

B 2(1) o2
Because the discriminant is negative, there is no real
solution.

Graphically: We graph the two equations y; = x2 4+ 3 and
y2 = 2x in the viewing rectangle [—4, 6] by [—6, 12], and
see that the two curves do not intersect.

_ 243

Algebraically: 2x° — 243 = 0 2x° =243 & x° = 233

ex =% =316

Graphically: We graph the equation y = 2x% — 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.
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23. Algebraically: (x —5)* =80 =0 & (x — 5)* =80 =
x—5=+v80 =425 x =5+25.
Graphically: We graph the equation y; = (x — 5)* — 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.

25. We graph y = x2 — 11x + 30 in the viewing rectangle
[2, 8] by [—0.1, 0.1]. The solutions appear to be exactly
x = 5and x = 6. [In fact

x2—11x +30=(x — 5) (x —6).]

27. We graph y = x3 —6x2 4 11x — 6 in the viewing
rectangle [—1, 4] by [—0.1, 0.1]. The solutions are
x = 1.00, x = 2.00,and x = 3.00.

0,1‘{

— + + + +—]
-1 * 4
-0.1

29. We first graph y = x — +/x + 1 in the viewing rectangle [—1, 5] by [—0.1, 0.1] and

find that the solution is near 1.6. Zooming in, we see that solutions is x ~ 1.62.
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24. Algebraically: 3(x +5)3 =72 & (x +5)° = 73—2 =24
Sx+5= 324<:>x:—5+«3/ﬁ.
Graphically: We graph the two equations y; = 3 (x + 5)°
and yp = 72 in the viewing rectangle [—3, —1] by
[65, 78]. Zooming in, we see that the solution is
x ~ —=2.12.

I t T t 65

26. We graph y = x2 —0.75x + 0.125 in the viewing
rectangle [—2, 2] by [—0.1, 0.1]. The solutions are
x =0.25 and x = 0.50.

0.1

28. Since 16x> + 16x2 = x + 1 & 16x3 +16x2 —x — 1 =0,
we graph y = 16x3 4+ 16x%2 — x — 1 in the viewing
rectangle [—2, 2] by [—0.1, 0.1]. The solutions are:

x = —1.00, x = —0.25, and x = 0.25.

0.1



https://testbank.online/books/9798214031811-solutions

106 CHAPTER 1 Fundamentals

30 1+ r=VI+x2 e

1 0.01
1+ /x —+/1+x2 = 0.Since 4/x is only defined ‘{\

for x > 0, we start with the viewing rectangle

0.00 _~——
[—1, 5] by [—1, 1]. In this rectangle, there -1 1 2 4 5 N2 234
appears to be an exact solution at x = 0 and

another solution between x = 2 and x = 2.5. We
then use the viewing rectangle [2.3, 2.35] by

[—0.01, 0.01], and isolate the second solution as

x ~ 2.314. Thus the solutions are x = 0 and
x ~2.31.

31. We graph y = x!/3 — x in the viewing rectangle [—3, 3] by [—1, 1]. The solutions

arex = —1,x = 0,and x = 1, as can be verified by substitution.

32. Since x!/2 is defined only for x > 0, we start by
graphing y = x!1/2 4 x1/3 — x in the viewing
rectangle [—1, 5] by [—1, 1].We see a solution at

x = 0 and another one between x = 3 and 1 1 2 3 5
x = 3.5. We then use the viewing rectangle
[3.3,3.4] by [—0.01, 0.01], and isolate the second -1

solution as x &~ 3.31. Thus, the solutions are
x =0and x ~ 3.31.

33. We graph y = +/2x — 1 and y = +/3x — 5 in the viewing rectangle [0, 9] by [0, 5]
and see that the only solution to the equation /2x — 1 = /3x — 5 is x = 4, which

can be verified by substitution.

34. We graph y = /3 + x and y = v/x2 + | in the viewing rectangle [—4, 4] by [0, 4]

4
and see that the equation /3 + x = v/x2 4 1 has solutions x = —1 and x = 2, 3
which can be verified by substitution. P
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35. We graph y = +/2x + 1 + 1 and y = x in the viewing rectangle [—1, 6] by [0, 6]
and see that the only solution to the equation /2x + 1 4+ 1 = x is x = 4, which can

36.

37.

38.

39.
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be verified by substitution.

We graph y = 2x 4+ 4/x + 1 and y = 8 in the viewing rectangle [—2, 6] by

[—2, 12] and see that the only solution to the equation 2x + +/x + 1 =8 isx =3,

which can be verified by substitution.

x3—2x2 —x —1=0, so we start by graphing
the function y = x> —2x2 — x — 1 in the viewing
rectangle [—10, 10] by [—100, 100]. There
appear to be two solutions, one near x = 0 and
another one between x = 2 and x = 3. We then
use the viewing rectangle [—1, 5] by [—1, 1] and

zoom in on the only solution, x &~ 2.55.

x* —8x2 +2 = 0. We start by graphing the
function y = x* —8x2 + 2 inthe viewing
rectangle [—10, 10] by [—10, 10]. There appear
to be four solutions between x = —3 and x = 3.
We then use the viewing rectangle [—5, 5] by
[—1, 1], and zoom to find the four solutions

x ~ =278, x ~ —0.51,x ~ 0.51, and x ~ 2.78.

-+ =ixe

xx—1Dx+2)— %x = 0. We start by graphing
the function y = x (x — 1) (x +2) — Lx in the
viewing rectangle [—5, 5] by [—10, 10]. There
appear to be three solutions. We then use the
viewing rectangle [—2.5, 2.5] by [—1, 1] and
zoom into the solutions at x &~ —2.05, x = 0.00,
and x =~ 1.05.

6
4
2
! f !
0 2 6
10 T
s+
f !
-2 6

100

4100

-10 -5 5 10

4 |2

10



https://testbank.online/books/9798214031811-solutions

108 CHAPTER 1 Fundamentals

40. x* = 16 — x3. We start by graphing the functions y; = x* and v =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.

0 29 10.4
0 10.2
o 28 10.0
| 9.8
} t } 27 96 1 t } t |
.10 -5 5 10 2.4 2.3 2.2 1.70 1.75 1.80

41. 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].

42. Since 0.5x% + 0.875x < 0.25 < 0.5x2 4 0.875x — 0.25 < 0, we graph

y = 0.5x2 + 0.875x — 0.25 in the viewing rectangle [—3, 1] by [—5, 5]. Thus the
solution to the inequality is [—2, 0.25].

43. Since x3 + 11x < 6x2 + 6 < x3 —6x2 4+ 11x — 6 < 0, we graph

4
y= x3 —6x2+ 11x — 6 in the viewing rectangle [0, 5] by [—5, 5]. The solution
2
set is (—oo, 1.00] U [2.00, 3.00].
0
2 4
2
4
44. Since 16x> +24x%2 > —9x — 1 &
3 2 4 0.01
16x° + 24x“ +9x + 1 > 0, we graph
2
y = 16x3 + 24x2 + 9x + 1 in the viewing X . ) |
' N T N N 1 T + T ' 0.00
rectangle [—3, 1] by [—5, 5]. From this rectangle, 3 2 1 5 1 -1.0 05
we see that x = —1 is an x-intercept, but it is i
-4
unclear what is occurring between x = —0.5 and -0.01

x = 0. We then use the viewing rectangle [—1, 0] by [—0.01, 0.01]. It shows y = 0 at x = —0.25. Thus in interval notation,
the solution is (—1, —0.25) U (—0.25, 00).
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—x <0,wegraphy =x1/3 —x  46.Since vV0.5x2 + 1 < 2|x| ©0.5x2 + 1 —2|x| < 0, we
in the viewing rectangle [—3, 3] by [—1, 1]. From this, we graph y = v/0.5x2 4+ 1 — 2 |x| in the viewing rectangle
find that the solution set is (—1, 0) U (1, 00). [—1, 1] by [—1, 1]. We locate the x-intercepts at

Another Method: As in Example 7, we graph y; = x!/3 x A #£0.535. Thus in interval notation, the solution is
and y; = x in the same viewing rectangle, and see that approximately (—oo, —0.535] U [0.535, 00).

45. Since x!/3 < x & x1/3

x!/3 < xfor—1 <x <Oandforl < x.

47. Since x + 1) < (x — 1?2 o @+ 1)2—(x—-1)2 <0, 48 Since (x + 1)2 <x3 & (x + 1)2 — x3 < 0, we graph
we graph y = (x + 1)2 — (x — )% in the viewing y=x+ 1)2 — x3 in the viewing rectangle [—4, 4] by
rectangle [—2, 2] by [—5, 5]. The solution set is (—o0, 0). [—1, 1]. The x-intercept is close to x = 2. Using a trace

function, we obtain x & 2.148. Thus the solution is
4 [2.148, c0).

49. We graph the equations y = 3x2 — 3x and y = 2x2 + 4 in the viewing rectangle

[—2, 6] by [—10, 50]. We see that the two curves intersect at x = —1 and at x = 4, 40 T

and that the first curve is lower than the second for —1 < x < 4. Thus, we see that 1

20 T

the inequality 3x2 — 3x < 2x2 + 4 has solution set (—1, 4). E |
2 2 4 6

50. We graph the equations y = 5x2 + 3x and y = 3x2 + 2 in the viewing rectangle

[—3, 2] by [—5, 25]. We see that the two curves intersect at x = —2 and at x = %,

which can be verified by substitution. The first curve is higher than the second for

x < —2and forx > %, so the solution set of the inequality 5x2 4+ 3x > 3x2 +21is

(=00, 2] U [%, oo)
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51. We graph the equation y = (x + 3)2 (x —2) (x 4+ 5) in the viewing rectangle
[—7, 3] by [—120, 20] and see that the inequality (x + 3)2 (x — 2) (x +5) > 0 has
the solution set (—oo, —5] U {—3} U[2, 00).

52. We graph the equation y = 4x2 (x2 - 9) in the viewing rectangle [—5, 5] by

100
[—100, 100] and see that the inequality 4x2 (x2 - 9) < 0 has the solution set ‘<|V
[-3,3]. — f— — f
-100

53. To solve 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 —8x4+20=8x—-20—-8x+20= —11lx +25=0o0r11lx —25=0.
We graph y = 11x — 25, and see that the solution is x &~ 2.27, as in Example 2. — " —t—— I
-1 1 2 3
-1

54. Graphing y = x3 — 6x2 + 9x and ¥y = 4/x in the viewing rectangle [—0.01, 0.02]
by [—0.05, 0.2], we see that x = 0 and x = 0.01 are solutions of the equation

x3 —6x2 +9x = /x. o1

L + + +
r t t T t 1
-0.01 /l 0.01  0.02

55. (a) We graph the equation (¢) We graph the equations y = 15,000 and
y = 10x + 0.5x2 — 0.001x3 — 5000 in the viewing y = 10x + 0.5x2 — 0.001x3 — 5000 in the viewing
rectangle [0, 450] by [—5000, 20000]. rectangle [250, 450] by [11000, 17000]. We use a zoom
or trace function on a graphing calculator, and find that
20000 the company’s profits are greater than $15,000 for
10000 279 < x < 400.
. 16000 + /-\
100 200 300 400 /
14000 7
(b) From the graph it appears that 12000 T
0 < 10x + 0.05x2 — 0.001x3 — 5000 for 300 400

100 < x < 500, and so 101 cooktops must be produced

to begin to make a profit.
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56. | Note: On page 123 of the first printing of the text, the displayed equation in this exercise should read

y=,/2.4x+ (ﬁ)z

and part (a) of the exercise should read as follows:

(a) Graph the equation for 0 < x < 160.

(a) T (b) Using a zoom or trace function, we find that y > 16 for x > 106.7. We
20 “ could estimate this since if x < 160, then (ﬁ)z < 0.0256. So for
T x < 160 we have \/2.4x + (1355)° & v/2-4x. Solving v24x > 16 we
0 —f——+—— get2.4x > 256 orx > 222 = 106.7 km.

0 50 100 150

57. Answers will vary.

58. Calculators perform operations in the following order: Exponents are applied before division, and division is applied before
1
addition. Therefore, ¥ 1=x"1/3 is interpreted as y = % = i, which is the equation of a line. Likewise, Y 2=x/x+4 is

interpreted as y = al +4 =1+4 = 5. Instead, enter the following: Y 1=x"(1/3),Y 2=x/(x+4).
x

1.12 MODELING VARIATION

1. If the quantities x and y are related by the equation y = 5x then we say that y is directly proportional to x, and the constant
of proportionality is 5.
5
2. If the quantities x and y are related by the equation y = — then we say that y is inversely proportional to x, and the constant
X
of proportionality is 5.
3. If the quantities x, y, and z are related by the equation z = 5 Y then we say that z is directly proportional to x and inversely
y
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=k@)(5) =20k k= % Thus, x, y, and z are related by the equation z = %xy.
5. (a) In the equation y = 3x, y is directly proportional to x.

(b) In the equation y = 3x + 1, y is not proportional to x.

3
6. (a) In the equation y = T y is not proportional to x.
x

3
(b) In the equation y = —, y is inversely proportional to x.
x

7. T = kx, where k is constant. 8. P = kw, where k is constant.
k . .
9. v = —, where £ is constant. 10. w = kmn, where k is constant.
z
ks . k .
11. y = - where £ is constant. 12. P = Il where £ is constant.
. kx? .
13. z = k,/y, where k is constant. 14. 4 = R where k is constant.
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15. V = klwh, where k is constant. 16. S = kr292, where £ is constant.
kP22 , .
17. R = , where k is constant. 18. A = k. /xy, where k is constant.
b3

19. Since y is directly proportional to x, y = kx. Since y = 32 whenx = 8, wehave 32 =k (8) ©@ k = 4. So y = 4x.

k k 24
20. w is inversely proportional to ¢, so w = e Since w = 3 when ¢t = 8, we have 3 = 3 Sk=24,s0w = R

k k 75
21. A varies inversely as 7, so 4 = —. Since 4 = 15 whenr =5, we have 15 = 3 Sk=75.S0A4=—.
r r

22. P is directly proportional to 7, so P = kT. Since P = 60 when T' = 72, we have 60 = k (72) & k = % So P = %T.

k
23. Since A4 is directly proportional to x and inversely proportional to ¢, 4 = Tx Since 4 = 42 whenx = 7 and ¢t = 3, we

k(7 18
have 42 = % < k = 18. Therefore, A = Tx

24. S = kpq. Since S = 350 when p = 7 and g = 20, we have 350 = k (7) (20) & 350 = 140k & k = % So§ = %pq.

k k
25. Since W is inversely proportional to the square of », W = —- Since W = 24 when r = 3, we have 24 = —(3)2 ok =216.
r

216
So W = -
r
Xy . 10-15 xy
26. t = k—. Since t = 125 when x = 10, y = 15, and » = 12, we have 125 = kT < k=10.Sot =10—.
r r
27. Since C is jointly proportional to /, w, and &, we have C = klwh. Since C = 128 when/ = w = h = 2, we have

128 =k (2) (2) (2) & 128 = 8k & k = 16. Therefore, C = 16/wh.

2,2 g 1 2 (1)? 4 2,2
28 H = kw2, Since H = 36 when = 2and w = §, we have 36 = k (2)2 (4) " & 36 = $k < k = 81. So # = 81207,

k k k 275
29. R=—.Since R=25whenx =121,2.5= — = — <k =27.5. Thus, R = —.
Jx J121 11 Jx
b 2) 2 b
30. M:k%. Since M — 128 whena = d and b — ¢ = 2, we have 128 = k2@ _ 41 1 = 32, SOM:32%.
a

3
3. @) z =k
y

3x) 27 X3
(b) If we replace x with 3x and y with 2y, then z = k% =— kx—2 , S0 z changes by a factor of %
ey 4\ vy

2
32 (@) 2=k
y

302 9 f x?
(b) If we replace x with 3x and y with 2y, then z = kﬂ =— kx— , so z changes by a factor of 2.
(2)/)4 16 y4 16
33. (@) z = kx3y®
(b) If we replace x with 3x and y with 2y, then z = k (3x)3 (2)° = 864kx3 ), so z changes by a factor of 864.

34. (a) z = o

k 1

= — , 50 z changes by a factor of .
Gl @) 7 = K

(b) If we replace x with 3x and y with 2y, then z =

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 = k£ (9 — 5) & k = 7.5 N/cm.
(¢) From part (b), we have F' = 7.5x. Substituting x = 11 — 5 = 6 into F = 7.5x gives F = 7.5 (6) =45 N.
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36. (a) C = kpm

(b) Since C = 60,000 when p = 120 and m = 4000, we get 60,000 = k (120) (4000) < k = L. So C = L pm.

ool —

(¢) Substituting p = 92 and m = 5000, we get C = % (92) (5000) = $57,500.

37. (a) P = ks3.
(b) Since P = 96 when s = 20, we get 96 = k - 20° < k = 0.012. So P = 0.012s3.
(¢) Substituting x = 30, we get P = 0.012 - 303 = 324 watts.

38. Let the amount of soluble CO; be x and the temperature of the water be 7. Because these quantities are inversely

k k
proportional, x = T We are given that when 7' = 273 K, x &~ 3 g, s0 3 =~ e <k~ 819. Thus, if T = 298, then

819
TN TV E

39. | Note: In the first printing of the text, the answer given for this exercise is incorrect. |

D = ks?. Since D = 45 when s = 60, we have 45 = k (60)2, so k = 0.0125. Thus, D = 0.0125s2. If D = 60, then
60 = 0.0125s% < s2 = 4800, so s ~ 69 km/h (for safety reasons we round down).

40. L = ks%4. Since L = 5950 when s = 80 and 4 = 46, we have 5950 = k (802) (46) & k = 0.02021. Thus

L = 0.02021s2 4. When 4 = 56 and s = 64, the lift is L = 0.02021 (642) (56) ~ 4635.7N.

41. | Note: In the first printing of the text, the answer given for this exercise is incorrect. |

F = kAs?. Since F = 980 when 4 = 4 and s = 8, we can solve for k: 980 = & 4) (8)2 < 980 = 256k < k = 3.83. Now
when 4 = 2.5 and F = 780 we get 780 = 3.83 (2.5) s2 & 81.4621 = 52, 505 = +/81.4621 ~ 9.03 km/h.

42. (a) T2 =kd®

3
(b) Substituting 7 = 365 and d = 149 x 10°, we get 3652 = k - (149 x 106) &k =403 x 10720,

3
(¢) T? = 4.03 x 10720 (4.46 x 109) = 3.58 x 10 = T = 5.98 x 10*. Hence the period of Neptune is
5.98 x 10* days ~ 164 years.

43. (a) P K
. (a =—.
V
o k (400) Lo
(b) Substituting P = 33.2, T = 400, and V' = 100, we get 33.2 = 100 & k = 8.3. Thus k£ = 8.3 and the equation is
8.3T
P=—.
14
o 8.3(500) .
(¢) Substituting 7 = 500 and V' = 80, we have P = 80 = 51.875 kPa. Hence the pressure of the sample of gas is

about 51.9 kPa.

2
44. @) F = k25
r

(b) For the first car we have w; = 768 and s; = 100 and for the second car we have wy = 1200. Since the forces are equal

7681002 1200-s3  16-1002
=k =

have k
we have p 5

= 53,5057 = 80 km/h.

k
45. (a) The loudness L is inversely proportional to the square of the distance d, so L = ik

k
(b) Substituting d = 10 and L = 70, we have 70 = 102 < k= 7000.
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k 1 [k
(¢) Substituting 2d for d, we have L = —— = — | — ], so the loudness is changed by a factor of 1
@Qd)? 4 \d? 4
k
2
1
(34)

46. (a) The power P is jointly proportional to the area 4 and the cube of the velocity v, so P = kAv3.

k
(d) Substituting %d for d, we have L = =4 (d—z), so the loudness is changed by a factor of 4.

(b) Substituting 2v for » and %A for A, we have P =k (%A) (20)3 = 4k 4v3, so the power is changed by a factor of 4.

3
(¢) Substituting %z) for v and 34 for 4, we have P = k (34) (%v) = %Akl)3, so the power is changed by a factor of %

47 R= kL
. (a) = ﬁ
. k(1.2) 7 -
(b) Since R = 140 when L = 1.2 and d = 0.005, we get 140 = ———— < k = 57 = 0.002916.
(0.005)2 2400
7 3 4375
(¢) Substituting L = 3 and d = 0.008, we have R = . = ~ 137 ohms.
2400 (0.008)2 32
k(L)  3kL

(d) If we substitute 2d for d and 3L for L, then R =

= — —, so the resistance is changed by a factor of 3
(2d)2 4 42 g y 4
48. Let S be the final size of the cabbage, in kilograms, let N be the amount of nutrients it receives, in grams, and let ¢ be the

N
number of other cabbages around it. Then S = k—. When N = 600 and ¢ = 12, we have S = 15, so substituting, we have
c

N
15 = kS ¢k =0.3. Thus § = 0.3~ When N =300 and ¢ = 5, the final size is § = 0.3 (32) = 18 ke,
c

49. | Note: In the first printing of the text, the answer given for part (b) of this exercise is incorrect. |

(a) For the sun, Eg = k6000* and for earth, Eg = k300*. Thus e = Tmoor — Lo

produces 160,000 times the radiation energy per unit area than the Earth.
(b) The surface area of the sun is 47 (696,000)2 and the surface area of the Earth is 47 (6340)2. So the sun has
47 (696,000)> 696,000
4m (6340)2 ( 6340

Eg  k6000% 4
S _ = (6000) = 20% = 160,000. So the sun

2
) times the surface area of the Earth. Thus the total radiation emitted by the sun is

696,000
6340

2
160,000 x ( ) = 1,928,234,931 times the total radiation emitted by the Earth.

50. (a) Let 7 and / be the period and the length of the pendulum, respectively. Then T = k+/1.

72 2T)2 72
O T=k/I=>T?=Kll= = If the period is doubled, the new length is ( kz) = 4k—2 = 4. So we would

quadruple the length / to double the period 7.

51. (a) Since f is inversely proportional to L, we have f = I where £ is a positive constant.

k 1k
(b) If we replace L by 2L we have =2
52. (a) Since r is jointly proportional to x and P — x, we have r = kx (P — x), where & is a positive constant.
(b) When 10 people are infected the rate is » = £10 (5000 — 10) = 49,900k. When 1000 people are infected the rate is
r =k - 1000 - (5000 — 1000) = 4,000,000%. So the rate is much higher when 1000 people are infected. Comparing
1000 people infected 4,000,000k
10 people infected - 49,900k
is about 80 times as large as when 10 people are infected.

= % f. So the frequency of the vibration is cut in half.

these rates, we find that 2 80. So the infection rate when 1000 people are infected
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(¢) When the entire population is infected the rate is » = £ (5000) (5000 — 5000) = 0. This makes sense since there are no
more people who can be infected.

0.2
53. We substitute e = 0.2 kWh/km and v = 100 kmv/h into the second given equation: 0.2 = k (100)2 < k = 02 = 2x1075.
Now, because the range is R = 500 km for these values of e and v, we can use the first equation to calculate the value of C:

C
500 = 02 < C = 100, so a full charge for this vehicle is 100 kWh.
Substituting e = kv? into the first given equation, we have R = o
v

100 100

So at 130 km/h, its range is R &~ 3 296 km; and at 80 km/h, its range is R & —— X = 781 km.
2 x 1073 (130)

2 x 1075 (80)2
54. (a) We are given that the mass flow rate is m = Agvgp. Because m is constant, we can equate the flow rates for the wider
and narrower sections of pipe: Agvgp = Avp < v = % The velocity of the fluid is indeed inversely proportional
to the cross-sectional area of the pipe.
Agvg ™o (0.6m)% (Sm/s)
A w2 (02m)?

(b) We substitute the given values into our expression for v: v = = 45 m/s. Thus,

the fluid flows through the constricted section of pipe at 45 m/s.
2.5 x 10%6

~ —14

L
55. Using B = kE with k = 0.080, L = 2.5 x 102, andd = 2.4 x 10'?, we have B = 0.080

The star’s apparent brightness is about 3.47 x 10~14 W/m?.
L L [ L
56. First, we solve B = kd_2 ford: d% = kE =d= kE because d is positive. Substituting £ = 0.080, L = 5.8 x 1030, and

5.8 x 1030
B=82x10"16 wefindd = 0.0SOm A2 2.38 x 10?2, so the star is approximately 2.38 x 1022 m from earth.
2%

57. Examples include radioactive decay and exponential growth in biology.

CHAPTER 1 REVIEW

1. Commutative Property for addition. 2. Commutative Property for multiplication.
3. Distributive Property. 4. Distributive Property.
5.[-2,6)={x | -2 <x <6} 6. (—00,4] ={x | x <4}
7.x >5ex €[5,00) 8. -l<x<5e&xe(-1,5]
5 g -1 5
9. [1—|-4|l=1-4]=|-3]=3 10.5—- 10— |-4||=5—-]10—-4|=5-6=—1
1/2@1/2 _ — — -3 -2 _1 1 _09 8 _ 1
11. 212812 = 2. /8 = V16 =4 12273 -32=4—f=2 -5 =5

3

! 1 14.642/3 = (43)2/ =42 =16

13. 216713 = =
216173 3216

N—
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V282
15 == P =Jni=1 16. +/24/50 = /100 = 10

-3 2 4
17. (a) (az) (a3b) (b3) = a6 . q0p2 . p12 = —6+6p2+12 _ 414

x4 (?ax)2 x4 . 9x2

18. (a) 3 = 3 = 9x4+2_3 = 9x3
X X
6
2,4/3 128
b) r2sY IS _,12-28-6 _ 102
r1/3s 1256

19. @) (3)° 34 = Va7 = Y60 = x%)2
(b) Vwdzl0 = V8. /210 = w? ER

1/2,-3 5/
20. (a) S5 4 (/=2 =3-4 _ gy 527 Y
2r=2g 57
-2
2,3 —2;-4 6 46
(b) ab“c _a b™"c — 92,2 (=6)—4=8 .6 _ 4,4p—12.6 _ 4a~c
2a3b4 2-24=6p8 pi2

21. 78,250,000,000 = 7.825 x 1010
22. 2.08 x 10~ = 0.000 000 020 8

—14 -6 —14
@b (0.00000293) (1.582 x 10 ) _ (2.93 x 10 )(1.582 x 10 ) 29858 o

¢ 2.8064 x 1012 2.8064 x 1012 T 2.8064
~ 1.65 x 10732

24. %0 times ) 60 minutes ) 24 hours . 365 days

- - 90 years ~ 3.8 x 10° times
minute hour day year

25. x2+5x—14=(x+7)(x —2)

26. 12x% + 10x — 8 =2(6x2+5x—4) =20x+4) 2x - 1)

2734 -4 1= (x2—1)2 =D+ D=0 =12 +1)?

28. 4223 +10)3z — 12522 = 2)%2 (222 +5y— 6y3z)

29. 16 — 412 :4(4-;2) =4Q-)Q+)=—4@1—-2)(t+2)

30. 2y0 — 322 =22 (y4 - 16) =2y? (y2 + 4) (y2 - 4) =27 (y2 +4) 0+2)(r-2)
31 x6—1=(x3—1) (x3+1) =(x—1)(x2+x+1)(x+1)(x2—x+1)

32. 16a*b% + 2ab’ = 2ab? (8a3 + b3) —2ab? (2a + b) (4a2 — 2ab + b2)

33, —3x~ 12 4 2x1/2 4 5x3/2 = x—1/2 (5x3 +2x2 - 3x) —x 125 —3) (x4 1)

34, 7x732 —8x~1/2 4 x1/2 = x 32 (x2 —8x2 7) =32 a1 =T

35. 503 +15x2 —x —3=5x2(x +3) — (x +3) = (5x2 - 1) ( +3)

36. w3 3w —4dw+12=wr(wW—-3)—4(w-3)= (11)2 - 4) (w—-3)=w-3)(w—-2)(w+2)

37. (a+b>%=3@+b)—10=(@+b—-5(a+b+2)
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38 Bx+2)2—(Gx+2)—6=[Gx+2) —3][Bx +2) +2] = Gx — 1) Bx + 4)
39. 2y —=T) Qv +7) =4y —49
40. (1+x)(2—x)—(3—x)(3+x):2+x—x2—(9—x2) —24x—x2—94x2=—T4x

41. xz(x—2)+x(x—2)2:x3—2x2+x(x2—4x+4) =x3 =22 403 —4x? 4 4x =2x3 —6x2 4+ 4x

42, X (V1) 2yx —1) = (x +Vx) 2yx —1) =2x/x —x +2x — Jx =223/ + x —x1/2
x2—4x =5 x2412x+36  (x—5(x+1) x+6>  x+1 x+6 x+6
x2 =25 2+7x+6  (@x+5KE-=5 x+6)(x+1) x+5 x+1 x+5
2= =15 xr—x—12 (x-5@E+3) x-DGE+1) x+1

2—6x+5  x2-1  (x=3@x-1) x—-4HEx+3) x—4

2 1 30 2(6x=2%  x(x-2) 3x

Bt =2t x-22? x(x-27? x(x-27 +x(x—2)2

2 2
2 (¥ — 4 +4) +2% —2x 4 3x 2% —8x 4+ 84+x2—2xr4+3x  3x2—Tx+8

43.

44.

x (x —2)2 x (x —2)? B x (x —2)?
46. 1 + 1 _ 2 _ 1 + 1 _ 2
x+2 x2—4 x2—x-2 x4+2 x=-2)x+2) xE-=-2)x+1
. x=2)(x+1) x+1 2(x+2)
T x=-2)(x+DE+2) (x—2)(x+1)(x+2)_(x—Z)(x+1)(x+2)
_xz—x—2+x+l—2x—4_ x2=2x -5
T =) +DGE+2) T =)+ D(E+2)
1 1 2 X
o X 2 _ & _2-x 1 _-l@=2) 1 -1
x—2 x—2 2x  x—2 2x x—2 2x
1 1 1 1
48, X ¥+l _x x41 x@+D _ G+D-x 1
1 1 1 1 x(x+1) G+D+x 2x+1
P S
49 ﬁ—Z_ﬁ—Ziﬁ—Z_x+4—4ﬁ
T+ LA 42 JSHx-2 x—4
s VXHA—VE _VAFh—Jx JxAh4JE o G4l -x h B 1
' h ST S+ vx h(xrh+vx) h(rh+vx)  Srrh+dx
o L _ 1 JT_JT
V1T Vi o Jinooo1
s, 3 _3 6 _36_ 6
6 6 6 6 2
53— = 5(1 ﬂ) =5_5ﬁ=5ﬁ—5
R I e B
S S It N N N BB

V3HNV2 BV2 32 32

55. Tx —6=4x+9=3x=15x=5

56. 8 —2x=144+x & -3x=6x =-2.

3x +6 3x P ) .. .
3 :?©(3x+6)(x+1):3x(x+3)<:>3x 4+ 9x + 6 = 3x“ 4+ 9x < 6 = 0. This is false, so there is no
X X

solution to the original equation.

57.
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58. x+2)? = -4 0 (42 - (-4 =0 [+ -Gx—-D[E+)+x—-4] = 0 &
[x+2—x+4][x+2+x—4]=602x—2)=02x —2=0cx = 1.

59. x2—9x+14=0(x—-7(x—-2)=0x=Torx =2.

60. X2 +24x + 144 =0 (x+12) =0x+12=0x = —12.

61. 2x2 +x =122 +x—1=02x— ) (x+1)=0. Socither2x — 1 =0 2xr =l &x = f;orx + 1 =0

x=-1
62. VJx—1=vVx2-3=x-1 :x2—3<:>x2—x—2:0<:>(x+1)(x—2):0<:>x = —1 orx = 2. However, x = —1
fails to satisfy the original equation because 4/ (—1)2 — 3 = +/—2, which is undefined. Thus, the only solution is x = 2.

63. 0=4x3—25x=x(4x2—25) — x(2x —5)(2x +5) = 0. Soeither x = 0;0r2x —5 = 0> 2r = S & x = 3; or

x+5=02x=-5x=—

({2

64. 33 —2x2 —5x +10 =0 x2 (x —2) = 5(x — 2) :O<:>(x—2)(x2—5) —0ox =2o0rx = +45.

65.3x2 +4x—1=0=

b /Podm |~ @ HOC) 4 e —any 4y AT a
2a - -6 - —6 - 6 - —6 - 3 .

= 2=3) =
1 2 5 2
66. — + T = 3eo@x-D4+2x) =30 x-Hex—142x =3x"-3xo0=3x"-6x+1=>
X x-
b _ —COR OO0 _ oo/ sevm _ seags _ 205V6) _ sivs
X = 24 = 20) =~ %6 ~"6 — "6 ~— 6 T3
1
67. 4+ = Sx(x+)+x—-2)=8x2+2x+xr—2=8x243x—10=0=(x -2)(x+5) =0
x—2 x+2 x2-4
< x = 2orx = —5. However, since x = 2 makes the expression undefined, we reject this solution. Hence the only
solution is x = —5.

68. x4—8x2—9=0<:>(x2—9) (x2+1)=O<:>(x—3)(x+3)(x2+l)=0:>x—3=0<:>x=3,0rx+3=0<:>
x = —3, however x2 + 1 = 0 has no real solution. The solutions are x = +3.

69. (x =32 -3(x—-3)—4=0[x-3)—4][x-3)+1]=0(x-TN(x—-2)=0cx=20rx =7.

70. 9x~1/2 —6x1/2 4 x32 =0 = x~1/2 (9—6x+x2) —0ox 12(x-32=0ox=3.

. |x =T =4 x—T=3d4<x=T7x4,sox =11orx =3.

72. |2x—5|:9isequivalentt02x—5::l:9<:>2x:5:l:9<:>x:%.Sox:—Zorsz

73. () Q-3+ (1+4)=QC+ D+ (-3+4i=3+i
®) Q+i)B3-2)=6—-4i+3i—22=6—-i+2=8—1i

74. (a) 3—6i))—(6—4)=C3—-6)+[-6—(—4)]i=-3-2i
(b) 4i(2—%i) =8 —2i2=8i+2=2+8i

442 A+2 240 8+8i+2% 848 -2 6+48i

75. = . = = - —648;
® S T3 oy 412 4+1 5 —s5ts
® (1-V-D)(1+V/=) ==+ =1+i—i—i?=1+1=2

2-3i (@2=3)1-=i) 2-5+3i% -—1-5i T

76. = = — __1_3s

® T T T ha=y -2 2 2772

(b) /=10 - /=40 = i/10 - 2i /10 = 20i2 = —20
77. 2 +16=0=x2 =16 =x = +4i
78. x2 = —12 @ x = £/—12 = £2/3i
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—b+Vb2—4ac  —6+/62—4(1)(10)  —6+36—40 _
- - - =

2460+ 10=0x= 34
x“+6x + ©x % 0] j
— (3£ (=3 -4QQ 3+4=T 3 7
.22 —3x42=0x= ) ) ) ): :—:I:£i
2(2) 4 47 4

.x4—256=04:)(x2—16) (x2+16) —0ex=+dorx = +4i

.x3—2x2+4x—8=0<:>(x—2)(x2+4)<:>x=20rx=:l:2i

. Let x be the number of kilograms of raisins. Then the number of kilograms of nuts is 50 — x.

Raisins Nuts Mixture
Weight X 50 —x 50
Cost per kilogram 3.20 2.40 2.72

S0 3.20x + 2.40 (50 — x) = 2.72 (50) < 3.20x + 120 — 2.40x = 136 < 0.8x = 16 < x = 20. Thus the mixture uses
20 kilograms of raisins and 50 — 20 = 30 kilograms of nuts.

Let ¢ be the number of hours that the district supervisor drives. Then the store manager drives for  — % hours.

Rate | Time Distance

Supervisor | 72 t 72t
Manager 64 t — % 64 (z - %)

When they pass each other, they will have traveled a total of 256 kilometers. So 72t + 64 (t - %) = 256 &

72t + 64t — 16 = 256 < 136t = 272 < ¢t = 2. Since the supervisor leaves at 2:00 P.M. and travels for 2 hours, they pass
each other at 4:00 P.M.

Let » be the athlete’s running speed, in mi/h. Then they cycle at » + 8 km/h.

Rate Time | Distance
Cycl +8 4 4
cle | »
Y r+38

2.5

Run r — 2.5
r

. . . 2.5 .
Since the total time of the workout is 1 hour, we have 3 4+ — = 1. Multiplying by 2r (» 4+ 8), we
r r

get 4(2r) +25Q) ¢ +8) = 2rr+8) & 8 + 5 +40 = 272 + 16r & 0 = 22 +3r — 40 =

_ 3O | 3457330 _ —3+/309
r= 20 = 7 = 4

speed is r = _3% V329 ~ 3.78 km/h.
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 — x)2 = 20% & x% + 784 — 56x + x2 = 400 < 2x2 — 56x + 384 = 0<:>2(x2—28x+ 192) =0

2(x —12)(x —16) = 0. Sox = 12 orx = 16. If x = 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.

. Since r > 0, we reject the negative value. The athlete’s running

Let ¢ be the time it would take the interior decorator to paint a living room if they work alone. It would take the assistant

1
2t hours alone, and it would take the apprentice 3¢ hours alone. Thus, the decorator does n of the job per hour, the assistant

1 1 1 1 1
does > of the job per hour, and the apprentice does 3 of the job per hour. So 7 + > + 3= 1l©6+34+2=0¢<

6t=11et= % Thus, it would take the decorator 1 hour 50 minutes to paint the living room alone.
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80
88. Let / be length of each garden plot. The width of each plot is then T and the total amount of fencing material is

80 480
4(1)+6(7) = 88. Thus41+T :88(:»412+480:881(:)412—881+480:0<:>4(12—221+120) =0

4(/—-10)(!—12) =0.Sol =10 0or/ = 12. If/ = 10 m, then the width of each plot is % = 8 m. If/ = 12 m, then the

width of each plot is % = 6.67 m. Both solutions are possible.

80.3x —2> -113x > -9 x > 3. 9. -7<3x—-1<-1-6<3x<0-2<x<0

Interval: (-3, 00). Interval: [—2, 0].

Graph:

Y

Graph: . . >
P 2

9. x2—7x—8> 0 (x — 8) (x + 1) > 0. The expression on the left of the inequality changes sign where x = 8 and where

x = —1. Thus we must check the intervals in the following table.
Interval: (—oo, —1) U (8, 00).
Interval (=00, —1) | (-1,8) | (8,00)
Sign of x — 8 - - + Graph: ; o >
Sign of x 4 1 — + +
Signof (x —8) (x + 1) + - +
9. x2<lex?2—1<0e (x—1)(x + 1) < 0. 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 (=00, —=1) | (=L, 1) | (1,00)
Sign of x — 1 - - + Graph: * "
Signof x + 1 - + +
Signof (x — 1) (x + 1) + - +
x—4 X — . . . .
93. <0 < 0. The expression on the left of the inequality changes sign where x = —2, where x = 2,
x2—4 (x=2)(x+2)
and where x = 4. Thus we must check the intervals in the following table.
Interval (—00,-2) | (-2,2) | 2,4) | (4, 00)
Sign of x — 4 - - - +
Sign of x — 2 — — + +
Sign of x 42 - + + +
x—4
Sign of ————— - + - +
B ) +2)

Since the expression is not defined when x = £2,we exclude these values and the solution is (—oo, —2) U (2, 4].

Graph: —o
-2
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5 5 5 5
94, IO B Ry < O@xz(x—l)—4(x—1) < O@W <0 DG -DG T2 < 0. The
expression on the left of the inequality changes sign when —2, 1,and 2. Thus we must check the intervals in the following
table.
Interval (=00, =2) | (=2, | (1,2) | (2,00)

Sign of x — 1 — - + +

Signofx — 2 — — - +

Sign of x 4+ 2 - + + +

. 5
e G T ha-narn | S I

Interval: (—oo, —2) U (1,2)

Graph: —o o—o0
-2 1 2
95. [x =5| <3 -3<x-5<3e2<x<8 96. |x —4| <002 -0.02 <x-4<0.02 =
Interval: [2, 8] 398 <x <4.02
Interval: (3.98, 4.02)
Graph:
8 Graph:
3.98 4.02
97. (a) 0 Y (b) The distance from P to Q is
(2
d(P,0) = /(=5 =2)* + (12— 0)?
=49+ 144 = /193
.. 542 1240 3
The midpoint —)=(-=,6).
(c) emlpomls( 7 3 ) (2,)
! P
1 X
. 12-0 12 . . . .
(d) The line has slope m = s, =1 and has (e) The radius of this circle was found in part (b). It is
equation y — 0 = _1_72 (x—2) r =d (P, Q) = +/193. So an equation is
2
y= =Ry BTy —2a—0, (x =22+ (=072 = (VI%) & =22 +12 =193,
y y
Y Y

5o

[3S
=
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98. (a) y

Q

—11+1 -10
2-7 T =5
and its equationis y + 11 =2 (x —2) &
y+11=2x -4 y=2x—-15.

(d) The line has slope m =

,
! /

P

99. {(x,y) |x >4ory>2}

y

(b) The distance from P to Q is

d(P, Q) :\/(2—7)2+(—11+1)2

247 —-11-1 9
The midpointis { ——, —— ) ==, —6).
(¢) The midpoin 15( > 3 ) (2 )

(e) The radius of this circle was found in part (b). It is
r=d (P, Q) = 5+/5. So an equation is

=72+ (4 1) = (5¢§)2@

=72+ @+ 1? =125

y

0

100. {(x, y) | |x] < 1and |y| < 4}

y

101. d(4,C) = \/(4—(—1))2+(4—(—3))2 = \/(4+1)2+(4+3)2 = /74 and

d(B,C)= \/(5 —(=D)24+@=(=3)? = \/(5 + 1)2 4+ (3 + 3)? = /72. Therefore, B is closer to C.

2
102. The circle with center (—3, 4) and radius +/6 has equation (x + 3)2 + (- 4)2 = («/6) S+ 3)2 + (- 4)2 =6.
103. The center is C = (-5, —1), and the point P = (0,0) is on the circle. The radius of the circle is

r=d(P,C) = \/ (0 —(=5)2+(0— (—1))2:\/ (04 5)2 + (0 + 1)2 = +/26. Thus, the equation of the circle is

(x+52%+ @+ D? =26
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2—-1 3+8 1 11
104. The midpoint of segment P Q is (?, %) = (5’ ?), and the radius is % of the distance from P to Q, or

r= % -d(P,Q) = %\/(2 —(=D)24+(3-8)2 = %\/(2 +1)24+3-82r = %«/34. Thus the equation is
2 2
1 11 17
(x - 7) + ( - 7) =7

105. (@) 2+ 12 —8x+2y+ 13 =0 (x2 _ 8x) + (y2 + 2y) - Be (b) The circle has center (4, —1) and

radius 2.
(x2—8x+16) + (y2+2y+1) =-13+16+1c

(x — 4)2 + O+ 1)2 = 4, an equation of a circle.

106. (a) 2x2 +2y% —2x + 8y = % ox2—x+1yr+4y= % o (b) The circle has center (%, —2)
<x2—x+%)+(y2+4y+4):%_{_%4_4,{:} andradius¥.
2
( - %) +(+2)?2= %, an equation of a circle. y
7 I ™ X
/ N\
/ \
[ |
\ /
\ /
\ /
N ]

107. (a) x2+y2+72:12x<:)(x2—12x)+y2:—72<:)(x2—12x+36)+y2=—72+36<:)(x—6)2+y2=—36.

Since the left side of this equation must be greater than or equal to zero, this equation has no graph.
108. (a) x2+ 2 —6x — 10y +34=0x2 —6x+ 2 — 10y = -34 & (b) This is the equation of the point
(x2—6x+9)+(y2—10y+25):—34+9+25<:> G,5).

(x — 3)2 + (- 5)2 = 0, an equation of a point.
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109. y =2 — 3x 110.2x —y+1 =0y =2x+1
y
x |y x|y
-2 2| -3
0|2 o 1
2 1
2o -3l o

111. y = 16 — x2

112.8x—|—y2=0<:>y2=—8x

X Y X Y
-3 7 -8 | £8
-1 15 -2 | 4

0] 16 0 0

/

1
\
1] 15 ! <

2
3 7 / 1 X

113. x = /y 114. y = —/1 —x2
Y y
x|y X y
0o -1 0 !
1 V3
Ll 2 | 772
2| 4 1 0| -1 i
3 9 1 X 1 0 X

115. x = 16 — 2

(a) x-axis symmetry: replacing y by —y gives x = 16 — (—y)2 =16 — y2, which is the same as the original equation, so
the graph is symmetric about the x-axis.
y-axis symmetry: replacing x by —x gives —x = 16 — y2 Sx = y2 — 16, which is not the same as 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 = 16 — (—y)2 Sx=-16— y2, which is not the same as
the original equation, so the graph is not symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: x = 16 — 0% = 16, so the x-intercept is 16.

To find y-intercepts, we set x = 0 and solve for y: 0 = 16 — y2 < y = 14, so the y-intercept are 4 and —4.
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116. x> + 4y =9

(a) x-axis symmetry: replacing y by —y gives x2 + 4 (—y)2 = 9 < x2 + 4y% = 9, which is the same as the original
equation, so the graph is symmetric about the x-axis.
y-axis symmetry: replacing x by —x gives (—x)2 + 4 (—y)? = 9 & x2 + 4y% = 9, 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 (—x)2 4+ 4 (—=y)2 = 9 & x2 4+ 4y2 = 9, the same as the
original equation, so the graph is symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: x2+4(0)2 =9 < x =43, 50 the x-intercepts are 3 and —3.
To find y-intercepts, we set x = 0 and solve for y: 02 + 4y2 =90 y= :I:%, so the y-intercepts are % and —%.

117. x2 =9y =9

(a) x-axis symmetry: replacing y by —y gives x2 — 9 (—y) = 9 & x2 4+ 9y = 9, so the graph is not symmetric about the
X-axis.
y-axis symmetry: replacing x by —x gives (—x)2 -9y=9& xZ— 9y =9, so the graph is symmetric about the y-axis.
Origin symmetry: replacing x by —x and y by —y gives (—x)? —9(—y) = 9 & x2 4+ 9y =9, so the graph is not
symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: x2 -9 (0) =9 & x = 13, so the x-intercepts are 3 and —3.
To find y-intercepts, we set x = 0 and solve for y: 02 — 9y =9 < y = —1, so the y-intercept is —1.

118. (x + )2 +y2 =4

(a) x-axis symmetry: replacing y by —y gives (x + 1)2 +(—)l=do @x+ 1)2 + y2 = 4, so the graph is symmetric
about the x-axis.
y-axis symmetry: replacing x by —x gives (—x + 1)2 + y2 =4 (1-x)2%+ y2 = 4, so the graph is not symmetric
about the y-axis.
Origin symmetry: replacing x by —x and y by —y gives (—x + 1)> 4+ (—y)? = 4 & (1 — x)? + y? = 4, 50 the graph is
not symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: (x + 1)2 +0 =4 (x+ 1)2 =4 x = —3orl,sothe
x-intercepts are —3 and 1.
To find y-intercepts, we set x = 0 and solve for y: (0 + 1?2 + y2 =4 y2 =3 & y = £4/3, so the y-intercepts are

«/§and —«/§.

119. x2 +4xy +12 =1

(a) x-axis symmetry: replacing y by —y gives x2 + 4x (—y) + (—y)? = 1, which is different from the original equation, so
the graph is not symmetric about the x-axis.
y-axis symmetry: replacing x by —x gives (—x)% + 4 (—x) y 4+ y2 = 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 +4(—x) (—y)+ (—y)2 =lex?+ 4xy + y2 =1,s0
the graph is symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: x2 + 4x ) + 02=1ox2=1ox==l,so0the x-intercepts are
—land 1.
To find y-intercepts, we set x = 0 and solve for y: 02 +4 )y + yz =l yz =1 & y = =1, so the y-intercepts are
—landl.
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120. x3 +xy% =5

(a) x-axis symmetry: replacing y by —y gives x3 + x (—=y)2 = 5 < x3 + xy? = 5, s0 the graph is symmetric about the
X-axis.
y-axis symmetry: replacing x by —x gives (—x)> + (—x) y? = 5, 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)3 + (—x) (—y)2 = 5, which is different from the original
equation, so the graph is not symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: x> + x (0)2 =5ox3 =5ox=5,s0the x-intercept is 5.

To find y-intercepts, we set x = 0 and solve for y: 03 + 0y2 = 5 has no solution, so there is no y-intercept.

121. (a) We graph y = x2 — 6x in the viewing rectangle 122. (a) We graph y = /5 — x in the viewing rectangle
[—10, 10] by [—10, 10]. [—-10, 6] by [—1, 5].

-10 -5 M 10
-10 -10 -5 5
(b) From the graph, we see that the x-intercepts are 0 (b) From the graph, we see that the x-intercept is 5 and
and 6 and the y-intercept is 0. the y-intercept is approximately 2.24.
x2 x2
123. (a) We graph y = x3 —4x2 — 5x inthe viewing 124. (a) We graph oy —I—y2 =1 (:)yz =1- T =

rectangle [—4, 8] by [—30, 20].

2
20 y=%/1- % in the viewing rectangle [—3, 3] by
-{ / [-2,2].

(b) From the graph, we see that the x-intercepts are —1, )

0, and 5 and the y-intercept is 0. 2=

(b) From the graph, we see that the x-intercepts are —2

and 2 and the y-intercepts are —1 and 1.
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125. (a) The line that has slope 2 and y-intercept 6 has the slope-intercept equation  (c) VA
y=2x+6.

(b) An equation of the line in general form is 2x — y + 6 = 0.

[N

126. (a) The line that has slope —% and passes through the point (6, —3) has (©) V4

equation y — (-3) = -1 (x —6) @y +3=-Lx -6 oy =—1Ix

b) -dx+3=y+3ex—6=-2y-6ox+2y=0.

=V

127. (a) The line that passes through the points (—3, —2) and (1, 4) has slope (c) ra

4— (-2 3
m= 17E3; =5 so, using the second point for convenience, an

equation of the lineis y — 4 = % x-Dey= %x —+ %

iy

(b)yz%x+%<:>2y=3x+5<:>3x—2y+5=0. >

128. (a) The line that has x-intercept 4 and y-intercept 12 passes through the points  (c) VA
12-0
(4,0) and (0, 12),so0m = o= - —3 and the equation is

y=—0=-3x—-4)oy=-3x+12.

b)y=-3x+123x+y—12=0.

=V
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129. (a) The vertical line that passes through the point (3, —2) has equation x = 3.  (c) VA

b)x=3x—-3=0.

[N

=V

130. (a) The horizontal line with y-intercept 5 has equation y = 5. (©) V4

b)y=5cy—5=0.

=V

131. (a) The line containing (2, 4) and (4, —4) has slope (c) YA
—4-4 =8
m=——— == —4, and the line passing through the origin with
this slope has equation y = —4x.

=

b)y=—4x<4x+y=0.

132. (a) The line with equationx —4y +7 =04y =x+7 <y = %x + % has () y4
slope %, so any line perpendicular to it has slope —1—}4 = —4. Since the \
desired line passes through (2, 3), it has equation y —3 = —4 (x — 2) & \
y=—4x+11. \

(b)y=—4x+11edx+y—11=0. \
} \
\

133. (a) The slope, 0.3, represents the increase in length of the spring for each unit increase in weight w. The s-intercept is the
resting or natural length of the spring.

(b) Whenw =5,5 =0.3(5) +2.5=1.5+ 2.5 = 4.0 centimeters.
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134. (a) We use the information to find two points, (0, 60000) and (3, 70500). Then the slope is
70,500 — 60,000 10,500
"TTT320 T3
(b) The slope represents the accountant’s annual increase in salary, $3500, and the S-intercept represents the accountant’s
initial salary, $60,000.

(¢) When ¢ = 12, the accountant’s salary will be S = 3500 (12) + 60,000 = 42,000 + 60,000 = $102,000.

= 3,500. So § = 3,500z + 60,000.

135. From the graph, we see that the graphs of y = xZ — 4x and y = x + 6 intersect at x = —1 and x = 6, so these are the

solutions of the equation x2—4x =x +6.

136. 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 x2 —4x =0.

137. From the graph, we see that the graph of y = x2 — 4x lies below the graph of y = x 4+ 6 for —1 < x < 6, so the inequality

x2 — 4x < x + 6 is satisfied on the interval [—1, 6].

138. From the graph, we see that the graph of y = x2 — 4x lies above the graphof y =x + 6 for —oo <x < land6 < x < oo,

so the inequality x2 — 4x > x + 6 is satisfied on the intervals (—oo, —1] and [6, o0).

139. From the graph, we see that the graph of y = xZ — 4x lies above the x-axis for x < 0 and for x > 4, so the inequality

x2 — 4x > 0 s satisfied on the intervals (=00, 0] and [4, 0).

140. 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].

141. x2 — 4x = 2x + 7. We graph the equations y; = x2 — 4x 142. v/x + 4 = x2 — 5. We graph the equations y; = +/x + 4

and yp = 2x + 7 in the viewing rectangle [—10, 10] by and y» = x2 — 5 in the 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 x = —l andx = 7. solutions x & —2.50 and x ~ 2.76.
0
1
-10 5 10

143. x* —9x2 = x —9. We graph the equations y; = x*—9x2 144. ||x + 3| = 5| = 2. We graph the equations

and yp = x — 9 in the viewing rectangle [—5, 5] by y1 = ||x 4+ 3| — 5] and yp = 2 in the viewing rectangle
[—25, 10]. Using a zoom or trace function, we get the [—20, 20] by [0, 10]. Using Zoom and/or Trace, we get the
solutions x ~ —2.72, x ~ —1.15, x = 1.00, and x ~ 2.87. solutions x = —10, x = —6,x = 0, and x = 4.
10 10+
-4 T
} :\/: —f——]
-20 20 <10 0 10 20
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145. x2 > 12 — 4x. We graph the equations y; = xZ and 146. x3 — 4x2 — 5x > 2. We graph the equations
y2 =12 — 4x in the viewing rectangle [—8, 4] by [0, 40]. y1 =x3 —4x? — 5x and y; = 2 in the viewing rectangle
Using a zoom or trace function, we find the points of [—10, 10] by [—5, 5]. We find that the point of intersection
intersection are at x = —6 and x = 2. Since we want

is at x &~ 5.07. Since we want x> — 4x2 — 5x > 2, the
¥2>12- 4x, the solution is the union of intervals

(=00, —6) U (2, 00).

solution is the interval (5.07, 00).

147. x* —4x? < %x — 1. We graph the equations 148. ‘xz - 16‘ — 10 > 0. We graph the equation

— 4 2 _ 1 : -
y1=x"—4x"and y; = 7x — | in the viewing rectangle y= ’x2 - 16’ — 10 in the viewing rectangle [—10, 10] by
[—5, 5] by [—5, 5]. We find the points of intersection are
atx ~ —1.85, x & —0.60, x ~ 0.45, and x = 2.00. Since

we want x4 — 4x2 < %x — 1, the solution is

(—1.85, —0.60) U (0.45, 2.00).

[—10, 10]. Using a zoom or trace function, we find that the

x-intercepts are x &~ +5.10 and x &~ £2.45. Since we

want 'xz - 16' — 10 > 0, the solution is approximately

(=00, —5.10] U [—2.45, 2.45] U [5.10, 00).
10

10 - 10
-10

149. Here the center is at (0, 0), and the circle passes through the point (=5, 12), so the radius is

ro= \/(—5 —0)2+(12-0)2 = /25 + 144 = /169 = 13. The equation of the circle is xZ + y2 = 13? &
X2+ y2 = 169. The line shown is the tangent that passes through the point (—5, 12), so it is perpendicular to the line

12-0 12
through the points (0, 0) and (-5, 12). This line has slope m| = o= 3 The slope of the line we seek is
my = —L = —L = 2 Thus, an equation of the tangent line is y — 12 = >+ SYey-12= Sx+B o
mi —12/5 1207 12 R

= Sx+ 18 & 50— 12y +169 = 0.

150. 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 is at

(5, 5) and the radius is 5. Thus an equation is (x — 5)2 + (- 5)2 =52 (x— 5)2 + (- 5)2 = 25. The slope of
-1 4

5
the line passing through the points (8, 1) and (5,5) ism = e

4
3 = Y = —3 so an equation of the line we seek is

y—l=-3@-8) o4 +3y-35=0.

151. Since M varies directly as z we have M = kz. Substituting M = 120 when z = 15, we find 120 = k (15) © k£ = 8.
Therefore, M = 8z.
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k k
152. Since z is inversely proportional to y, we have z = —. Substituting z = 12 when y = 16, we find 12 = 16 =k =192.
y

192
Therefore z = i

y

153. (a) The intensity / varies inversely as the square of the distance d, so I = —..

d?
k
(b) Substituting 7 = 1000 when d = 8, we get 1000 = W < k= 64,000.
64,000 64,000
(c) From parts (a) and (b), we have I = 212 . Substituting d = 20, we get [ = (2’0)2 = 160 candles.

154. Let f be the frequency of the string and / be the length of the string. Since the frequency is inversely proportional to the
k k 5280
length, we have f = 7 Substituting / = 12 when £ = 440, we find 440 = 0 < k = 5280. Therefore f = - For

5280
f = 660, we must have 660 = — ol= % = 8. So the string needs to be shortened to 8 centimeters.

155. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

Let v be the terminal velocity of the parachutist in km/h and w be their weight in kilograms. Since the terminal velocity is
directly proportional to the square root of the weight, we have v = k. /w. Substituting v = 14 when w = 70, we solve

for k. This gives 14 = kv/70 © k = ~ 1.673. Thus v = 1.673,/w. When w = 105, the terminal velocity is

3=
= ~

v = 1.6734/105 &~ 17 km/h.

156. Let r be the maximum range of the baseball and v be the velocity of the baseball. Since the maximum range is directly
proportional to the square of the velocity, we have » = [v2. Substituting v = 96 and r = 74, we find 74 = k (96)* <
k =~ 0.00803. If v = 112, then we have a maximum range of » = 0.00803 (1 12)2 = 100.7 meters.

k
157. The speed v is inversely proportional to the square root of the density d, so v = ﬁ In fresh water with density
k
dp =1 g/cm3, the speed is 01 = 1480 m/s, so 1480 = ﬁ < k = 1480. Thus, in seawater with density 1.0273 g/cm3, we
1480
have v = ——— ~ 1460 m/s.
+/1.0273 /

A
158. (a) Because 0 = 1.225, for fixed D the angular distance 0 is directly proportional to the wavelength A. Thus, the angular

distance is smaller for shorter wavelengths.

A
(b) For fixed A, if we substitute D; = 2D in the formula 8 = 1.225 then the angular distance becomes

A A 1 A 1
0 =122— =122— = = | 1.22— ) = =6. Thus, for a fixed wavelength, if the diameter of the mirror is doubled,
Dy 2D 2 D) 2

the angular distance is halved.
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159. We solve the first equation for v: 1 +z = /C+D = (1422 = cte S e—-0)1+22? =c+ov=
c—v c—v

C(1+Z)2_U(1+Z)2=c+vz>u[(1+z)2+1]=C[(l+z)2—1]=>v=M.

(1+2)2+1
3 x 10° [(1+2)2—1] g
Substituting z = 2 and ¢ = 3 x 10°, we find v = 5 =3x10° (—) =2.4 x 10° km/s.
(1+2)*+1 10
By Hubble’s Law, v = HyD = D = HL’ so substituting v from above and Hy ~ 20.8 Mly/km/s, we have
0
2.4 x 10
~ 2:)<—8 ~ 11,538 megalight-years.

160. (a) y = 2|x| — 3 is the graph of the absolute value function y = |x|, stretched vertically by a factor of 2 and shifted
downward 3 units. It has graph III
b)2y-3x=-2y= %x — 1 represents a line with slope %, x-intercept %, and y-intercept —1. It has graph V.
(¢) y=x%has y (0) = 0and y > 0 elsewhere. It is an even function, and has graph II.
@) (x + D2+ (y + 1)? = 9 is the equation of a circle with center (—1, —1) and radius 3. It has graph IV.
(e 6y+x=3y= —%x + % represents a line with slope —l, x-intercept 3, and y-intercept % It has graph 1.

6x

7 is an odd function with y (0) = 0 and horizontal asymptote the x-axis. It has graph VII.
x

® y=

(g x = 3 is an odd function whose graph contains the points (1, 1) and (—1, —1). It has graph VIIL
(h) x2 —2x —{—y2 —4dy+1=0(x — )2+ - 2)2 = —1 4 1 +4 = 4 is the equation of a circle with center (1, 2) and
radius 2. It has graph VL.

CHAPTER 1 TEST
L. (a) > >
-5 3 2
(-5,3] (2, 00)
b)x<3oxe(-003;-1<x<d4oxel[-1,4) (¢) Distance = |—7 — 9| = |—16] = 16
1
2. (a) (=3)* =381 b) —3% = =31 ©3 4= 7= &
3P 5em a3 AN 34 _ (4t 31
@ 375 =3 =3>=27 (e)(g) =5 =7 (16 —(2) =27 =3

3. (a) 186,000,000,000 = 1.86 x 1011
(b) 0.0000003965 = 3.965 x 10~/

4. (a) V200 — V32 = 10v/2 — 42 = 6/2
2
(b) (3a3b3) (4ab2) = 34303 - 4242b% = 4845p7

o (=2 (=Y ()2
xy’ N Nai T\ 4x8 o 2xt

5.(@) z(4z—3)+2z(3—22) =422 —3z+ 62 —4z2 =3z
®) (x+3)(4x —5)=4x2 —5x+12x = 15=4x2 + Tx — 15
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© (Va+v8) (va-B) = (a)’ = (vB) =a—b
@ Cx+3)2=02x)24+202x)B)+ (B2 =4x2 +12x +9
© @+23=@>+3@?2@Q+3@) 2%+ @ =x>+6x2 +12x +8
6. (@) 4x2 —25=(2x —5)(2x +5)
M) 2x2 +5x — 12 = (2x —3) (x + 4)
© x3—3x2—4x+12=x2(x—3)—4(x—3):(x—3)(x2—4) —(r=3)(x—2)(x +2)

(@ x4+27x:x(x3 +27) :x(x+3)(x2—3x+9)
(€) 2x3/2 4 8x1/2 _ 10x—1/2 = 25172 (x2 dx — 5) =u 245 (= 1)
) x*y? —9x2y? = x2)? (xz — 9) =x2y2 (x = 3) (x +3)

w+4w+3  (WH3)w+1)  w+3

T e 3T w=hH it w3
) x2 _x—|—1= x2 _x—|—1= x2 —x+1DH(x=-2)
x2—4 x4+2 xE-2)x+2) x+2 x-2)x+2) x=2)(x+2)
xz—(xz—x—2) x+2 1

G-2)(x+2) (-2)(x+2) x-2
y

Y
X

==

X
y o _pox o004 —e-)eEn
Xy X =Yy X =y xX—y

©37=3
y

1
X

= | =

¥
o V2 _ ﬁ(4+ﬁ) _ 4342 _ 1422

=V ) (e 7

9. (a)x+5:14—%x<:>2x+10:28—x<:>3x:18<:>x:6

(b) 2x :2x—1
x+1

©x2—x—12=0=(x -4 (x+3)=0.Sox =4orx =—3.

—4+£ /42 -42)(1) —-4+£/16—-8 —4+/8 —4+£2/2 212

S2)X=-DE+Dx#£-Lx#£02x?=22%+x-10=x—locx=1

22 +4x+1=0=>x =

2(2) 4 4 4 2
€ V3i—Vx+5=2=3—-/x+5=4 —1=.x+5. (Note that this is impossible, so there can be no solution.)
Squaring both sides again, we get 1 = x 4+ 5 < x = —4. But this does not satisfy the original equation, so there is no

solution. (You must always check your final answers if you have squared both sides when solving an equation, since

extraneous answers may be introduced, as here.)

® x4—3x2+2:O<:>(x2—1)( 2—2) —0.S0x2—1=0ex=+lorx2—2=0¢x = ++/2. Thus the

solutionsare x = —1, x = 1, x = —+/2, and x = /2.
@3—4-10=03r—4=10x-4=Ccr-4=20cr=4x 0 Sox=4-0 =20
X =4—}—13—0 = %.Thusthesolutionsarex =%andx = %

10. (1) B —2i)+ (4 +3i)=3+4+ (—2i +3i) =T +i
() B=2i)— (4+3i) =3 —4)+ (=2 —3i) = —1—5i
(© B=20)(@4+3))=3-4+3-3i—2i-4—2i-3i=12+9 —8i — 612 =12+i —6(—1) =18+
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3-2i 3-2i 4-3i 12—-17i4+6i* 12-17i—6 6 17.
= . = = = —_-—— ]
44+3i 4430 4-3i 16 — 9i2 1649 25 25

(&) i*8 = (i2)24 = (=¥ =1

® (V2-v=2) (VB+V=2) = V2 8+ V20D - VDB~ (V=2) =4 +2i —4i = (-2) =6 -2

@

11. Using the Quadratic Formula, 22 44x+3=0x =

-4+ /42 -42)(3) —4j:\/—_8__1j:£i
2(2) - 4 - 2"

12. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

Let ¢ be the time (in hours) it took the trucker to drive from Amity to Belleville. Then 4.4 — ¢ is the time it took the trucker to
drive from Belleville to Amity. Since the distance from Amity to Belleville equals the distance from Belleville to Amity, we
have 80r = 96 (4.4 — ) & 80t = 422.4 — 96t & 176t = 422.4 & t = 2.4 hours. Thus the distance is 80 (2.4) = 192 km.

13. Let w be the width of the parcel of land. Then w + 70 is the length of the parcel of land. Then w? + (v + 70)2 =130’ =

w2 4+ w? + 140w + 4900 = 16,900 < 2w? + 140w — 12,000 = 0 < w2 + 70w — 6000 = 0 < (w — 50) (w + 120) = 0.
So w = 50 or w = —120. Since w > 0, the width is w = 50 m and the length is w + 70 = 120 m.

14. @) -4 <5-3x <17 -9 < -3x <123 > x > —4. Expressing in standard form we have: —4 < x < 3.

Interval: [—4, 3). Graph:
3

(b) x (x — 1) (x +2) > 0. The expression on the left of the inequality changes sign whenx = 0, x = 1, and x = —2. Thus
we must check the intervals in the following table.

Interval (=00,=2) | (=2,0) | (0,1) | (1,00)
Sign of x - - + +
Signof x — 1 - - - +
Sign of x 4+ 2 — + + +
Signofx (x — 1) (x —2) — + - +
From the table, the solution set is {x | =2 <x <0Oor1 < x}. Interval: (=2, 0) U (1, c0).

Graph:
P -2 0 1

(¢) |x —4| <3isequivalentto —3 <x —4 <3 & 1 <x < 7. Interval: (1, 7). Graph:
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(G)) do <xox-— 32—_2xx >0 x;2_—xx) - 32__2; >0 —Zx—xzz_—x3+2x >0
x ; ix;— 3 = & —xl)_(xz =3) > 0. The expression on the left of the inequality changes signatx = 1, x = 2, and
x = 3. Thus we must check the intervals in the following table.
Interval (=oo, ) | (1,2) | (2,3) | 3,0)
Signofx — 1 — + + +
Sign of x — 3 - - - +
Signof x — 2 - - + +
Sign of W - + - +

Intervals: (1,2) U (3, 00)  Graph: —T—g—g—)

15. 5 < g (F-32) <109 < F—-32< 1841 < F < 50. Thus the medicine is to be stored at a temperature between
41° F and 50° F.

16. 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 (=00,0) | (0,6) | (6,00)
Sign of x - + +
Sign of 6 — x + + -
Sign of x (6 — x) — + -

From the table, we see that v/ 6x — x2 is defined when 0 < x < 6.

17. (a) y There are several ways to determine the coordinates of S. The diagonals of a
5 square have equal length and are perpendicular. The diagonal PR is horizontal
P X and has length is 6 units, so the diagonal QS is vertical and also has length 6.
. Thus, the coordinates of S are (3, 6).
o
(b) The length of PQ is \/(0 —3)2 + (3 — 0)2 = V18 = 34/2. So the area of
2
PORS is (3&) —18.
18. (a) Y (b) The x-intercepts occur when y = 0,s00 =4 — x2 & x2=4= x ==+2. The

y-intercept occurs when x = 0, s0 y = 4.

(¢) x-axis symmetry: (—y) = 4 — x2 & y = x2 — 4, which is not the same as the

1 original equation, so the graph is not symmetric with respect to the x-axis.

1 X y-axis symmetry: y = 4 — (—x)2 = 4 — x2, which is the same as the original
equation, so the graph is symmetric with respect to the y-axis.

Origin symmetry: (—y) = 4 — (—x)2 < y = —4 — x2, which is not the same

as the original equation, so the graph is not symmetric with respect to the origin.
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19. (a) y (b) The distance between P and Q is
% d(P,0)=/(-3=52 +(1-6) = JEAT 2 = /.

-3+5 1+6
(¢) The midpoint is ( 2+ , L) = (1, %)

2

i > (d) The center of the circle is the midpoint, (1, %), and the length of the radius is

%«/ 89 . Thus the equation of the circle whose diameter is P Q is

R e A R R

20. (a) x2+y2 =5hascenter (0,0)and (b) (x + )2+ (y—3)2=4=22has ()x2+)2—10x+16=0<
radius /5. center (—1, 3) and radius 2. (x =5)2 4+ y% = =16+ 25 = 9 has
y y center (5, 0) and radius 3.

y

(1
NS5

s
.

21. 2x -3y =15 -3y = —2x + 15 & y = $x — 5. The slope is 3 y
and the y-intercept is —5.

Bt

22. (a) The line through (6, 7) and (1, —3) has slope =2,s0anequationisy —7=2(x —6)y=2x -5

2x —y—5=0.
(b) 3x+y —10 = 0 & y = —3x + 10, so the slope of the line we seek is —3. Using the point-slope form,
y—(—6)=-3x-3)=oy+6=-3x+9=3x+y—-3=0.

(¢) Using the intercept form we get % + % =12x4+3y=122x+3y—-12=0.

Precalculus Mathematics for Calculus International Metric Edition 8th edition Stewart Solutions Manual


https://testbank.online/books/9798214031811-solutions

CHAPTERT  Test 137

23. (a) When x = 100 we have 7' = 0.08 (100) —4 = 8 —4 =4, so the (b) T
temperature at one meter is 4° C.
(c¢) The slope represents the raise in temperature as the depth increase. 5
The T -intercept is the surface temperature of the soil and the
x-intercept represents the depth of the “frost line”, where the soil
below is not frozen. 20 497 60 80 100 120 x
-5
24. (a) x> — 9x — 1 = 0. We graph the equation () x2 —1 < |x + 1|. We graph the equations
y= x3 —9x — 1 inthe viewing rectangle [—5, 5] vy = xZ —1and y2 = |x + 1] in the viewing
by [—12, 12]. We find that the points of rectangle [—5, 5] by [—5, 10]. We find that the
intersection occur at x ~ —2.94, —0.11, 3.05. points of intersection occur at x = —1 and x = 2.

Since we want x2 — 1 < |x + 1], the solution is
the interval [—1, 2].

25. | Note: In the first printing of the text, the answers given for parts (b) and (c) of this exercise are incorrect.

wh?
M =k—
(@) 7
10) (152
(b) Substituting w = 10, # = 15, L = 30, and M = 21,000, we have 21,000 = k%(o) < k= 280. Thus
h2
M =280
L

(7.5) 25%)

s = 52,500. So the beam can support 52,500 newtons.

(¢) Now if L =25, w =7.5,and h = 25, then M = 280
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FOCUS ON MODELING Fitting Lines to Data

1. (a) Using a graphing calculator, we obtain the regression (b) Using x = 58 in the equation y = 1.8807x + 82.65,
line y = 1.8807x + 82.65. we get y = 1.8807 (58) + 82.65 ~ 191.7 cm.
y
180
e
2
= 160+
=
[
jan
140 4
T :
40 50 X
Femur length (cm)
2. (a) Using a graphing calculator, we obtain the regression (b) For a per capita GDP of $80,000, the model predicts
line y = 0.17565x + 1.8265. carbon emissions of
y = 0.17565 (80) + 1.8265 =~ 15.9 tons per capita.
y

For $32,000, it predicts

y = 0.17565 (32) + 1.8265 = 7.4 tons per capita.
(¢) A linear model is reasonable for these data. One

limitation is that there are no data points beyond

per-capita income above $51,000, so the model

cannot reliably make predictions for GDPs much

larger than $51,000.

CO, emissions (tons per capita)

0 10 20 30 40 50 60 x
GDP per capita ($000)

3. | Note: In the first printing of the text, the answer given for part (a) of this exercise is incorrect.

(a) Using a graphing calculator, we obtain the regression (b) Using x = 45 in the equation y = 2.579x — 0.1783,
line y = 2.579x — 0.1783. we get y = 2.579 (45) — 0.1783 = 116 years.
y
100+
80 .
£ 601
b L)
< 404
204
o " 0 20 30 40 50 x

Diameter (cm)
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4. (a) Using a graphing calculator, we obtain the regression (b) Using x = 38° C in the equation
line y = 8.278x — 53.93. y = 8.278x — 53.93, we get y & 261 chirps per
v minute.

=

=

B 2004

£

=

2

]

s 3

o 1004

R .

£

=

@)

0 —1 T T T T T T
0 15 20 25 30 35 «x
Temperature (°C)
5. (a) Using a graphing calculator, we obtain the regression (b) Using x = 25 in the regression line equation, we get

line y = —0.13198x +7.2514 y = —0.13198 (25) + 7.2514 ~ 3.95 million km?.

y This is roughly 10% less than the actual figure of

4.4 million km?.

(¢) Despite fluctuations over brief periods, the model

seems fairly accurate. If external circumstances

change (reduced or increased CO; emissions, for
ok example), it may become less reliable. It is unlikely

to be accurate far into the future.

Sea ice extent (million km?)

Ovvvvyvvvvyvvvv

10 20
Years since 1994
6. (a) Using a graphing calculator, we obtain the regression (b) Using the regression line equation
line y = —0.168x + 19.89. y = —0.168x + 19.89, we get y &~ 8.13% when
y x = 70%.

Mosquito positive rate (%)

20 40 60 80 100
Flow rate (%)
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7. (a) Using a graphing calculator, we obtain (b) The correlation coefficient is » = —0.98, so linear
y = —3.9018x +419.7. model is appropriate for x between 80 dB and
y 104 dB.
100 4 (¢) Substituting x = 94 into the regression equation, we

S get y = —3.9018 (94) + 419.7 ~ 53. So the
g intelligibility is about 53%.
Q
£ 50
=

0 —1 T T T T

80 90 100 1o
Noise level (dB)

8. Students should find a fairly strong correlation between shoe size and height.

9. Results will depend on student surveys in each class.
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1 ERRATA in Exercises and Answers in First Printing

2
Page 123 1.11.56 Displayed equation should read y = ,/2.4x + ( 1(:0 0)

Page 123 1.11.56  (a) Graph the equation for 0 < x < 160.
Page A2 1.5.129 (Answer) =~ 4.24s

Page A2 1.5.137 (Answer) 344, 000 km

Page A3 1.7.21 (Answer) 220 km

Page A3 1.7.39 (Answer) 31.6 mby 158 m

Page A3 1.7.77 (Answer) 1.6 m from the fulcrum

Page A4 1.8.119 (Answer) More than 100 km

Page A4 1.8.127 (Answer) (a) Acceleration greater than 8.04 m/ g2

Page A7 1.10.93 (Answer) (a)t = %n +6 (b)25°C

Page A7 1.10.95 (Answer) (a) P = 9.97d + 103, where P is () *
pressure in kPa and d is depth in meters
(c) The slope represents an increase of 9.97 kPa in pressure
for each one meter increase in depth, and the d-intercept is

the air pressure at the surface. (d) =~ 59 m

100

0] 10 X
Page A7 1.12.39 (Answer) = 69 km/h
Page A7 1.12.41 (Answer) = 9.03 km/h
Page A7 1.12.49 (Answer) (b) 1, 928,234,931
Page A8 1.Review.155 (Answer) 17 km/h
Page A9 1.Test.12 (Answer) 192 km
Page A9 1.Test.25 (Answer) (b) 280 (c¢) 52,500 N
Page A10 1.Focus.3 (Answer) (a) y =2.579x —0.1783 10’(')
80 .
% 60|
b L)
< 404
20
of " 0 T 2 30 40 50

Diameter (cm)
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1

FUNDAMENTALS

1.1

REAL NUMBERS

. (a) The natural numbers are {1, 2, 3, ...}.

(b) The numbers {..., —3,

(¢) Any irreducible fraction P ith q # 1 is rational but is not an integer. Examples: %, -
q

—2, —1, 0} are integers but not natural numbers.

5 17

12> 23 -

K=

(d) Any number which cannot be expressed as a ratio P ot two integers is irrational. Examples are /2, /3, 7, and e.
q

. (a) In set-builder notation: {x | =3 <x < 5}

(b) In interval notation: (=3, 5)

(c) As a graph:

-3 5

5. The distance between a and b on the real line is d (a, b) = |b — a|. So the distance between —5 and 2 is |2 — (—=5)| = 7.

11.
15.
19.
23.

27.

31.

35.

39.

Precalculus Mathematics for Calculus International Metric Edition 8th edition Stewart Solutions Manual

. (@) No:a—b=—(b—a)# b —aingeneral.

(b) No; by the Distributive Property, —2 (¢ — 5) = —2a + =2 (—5) = —2a 4+ 10 # —2a — 10.

. (a) Natural number: 100

(b) Integers: 0, 100, —8

(¢) Rational numbers: —1.5, 0, %, 2.71, 3.14, 100, —8
(d) Irrational numbers: V1, —m

Commutative Property of addition

Distributive Property

x+3=34+x

—2(x+y)=—-2x-2y

—3 @x —4y) =—3 @x) + 3 (4y) = —5x + 10y

(a) False

(b) True

(x>0 (b)r <4
©@a>m @-5<x<4%
@PB-pl<s

13. Associative Property of addition

17. Commutative Property of multiplication
21.4(4+ B) =44+ 4B

25.52xy) =(5-2)xy = 10xy

V@i+i=H+3=%

33.(@)2-3=6and2-J =753 <]
(b) -3> -7
(©35=1

37. (a) True
(b) False

41.(a) AUB =1{1,2,3,4,5,6,7,8}

(b) ANB=1{2,4,6}


https://testbank.online/books/9798214031811-solutions

2

43.

47.

51.

55.

59.

63.

67.

71.

75.

77.

79.
83.
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(@ AUC=1{1,2,3,4,5,6,7,8,9, 10}
(b) ANC = {7}

(=3,0) ={x | -3 <x <0}

-3 0

[2,00) ={x | x = 2}

Y

—2<x<loexe(=2,1]

—2 1

(@ [-3,5] (b) (=3,5] (©) (=3, 00)

[—4,6] N[0, 8) =[O0, 6]

0 6
(a) [50] = 50
(b) 13| =13
@) 1(=2) - 6] = |-12] = 12

) [(-4) =19 =151 =5
(@) [17—2] =15
() 21 — (=3)| =121+ 3| =|24| =24

©|-3 U] =|-2_ss|_|_e7| _ e
10 8|7 | 40 40| — | 40| 40

(@) Letx =0.777.... S0 10x =7.7777... & x =0.7777... & 9x = 7. Thus, x = L
(b) Letx = 0.2888.... So 100x = 28.8888... & 10x = 2.8888... & 90x = 26. Thus, x =
(¢) Letx = 0.575757.... So 100x = 57.5757... & x = 0.5757... = 99x = 57. Thus, x =

>3, s0|m—=3=m—-3.

(a) —a is negative because a is positive.

45.(a) BUC = {x | x < 5}
b BNC={x|—1<x<4)

49.12,8) ={x|2<x <8}

53.x <l x e (—oo, 1]

57.x > -1 x e (—1,0)

Y

—1

61.(=2,0)U (=1, 1) = (=2, 1)

-2 1
65. (—oo, —4) U (4, 00)

—_—————————————————— O
—4 4

69. (a) [1=6] — |4l = 16 — 4] = 2 = 2
® =r=F=-1

73.0(=2) = 3| =|-5| =5

g.
26 _ 13
90 — 45
57 _ 19
99 — 33

8l.a <b,sola—bl=—(@—-b)=b—a.

(b) bc is positive because the product of two negative numbers is positive.

(¢) a — b = a + (—b) is positive because it is the sum of two positive numbers.

(d) 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.
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85. Distributive Property

m m ) m m miny +mon
87. Let x = — and y = 22 be rational numbers. Then x +y = =L + =2 2T
ni ny ni nj ninz
m m miny — myn mp m mym . .
xX—y= i M, andx -y = ZL 72 _ P12 This shows that the sum, difference, and product
ni np ninj ny  np ninz

of two rational numbers are again rational numbers. However the product of two irrational numbers is not necessarily

irrational; for example, /2 - +/2 = 2, which is rational. Also, the sum of two irrational numbers is not necessarily irrational;

for example, +/2 + (—ﬁ) = 0 which is rational.

89.

X 1]2 10 | 100 | 1000
Ll L] L 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| 1]05 0.1 0.01 0.001
i1 L=2| L=10] & =100 | ~4 = 1000
X 0.5 0.1 0.01 0.001

As x gets small, the fraction 1/x gets large. Mathematically, we say that 1/x goes to infinity.
at+b+la—-bl a+b+a->

91. (a) Suppose thata > b, so max (a,b) = a and |a — b| = a — b. Then

2
On the other hand, if » > a, then max (a¢,b) = b and |a —b| = —(a —b) = b — a. In this case,
atb+tla—bl a+b+b-a —
2 N 2 -

If a = b, then |a — b| = 0 and the result is trivial.
a+b—la—-bl a+b—(b—a)
= =a
2 2

(b) Ifa < b, then min (a, b) = a and |a — b| = b — a. In this case

Similarly, if b < a, then w = b; and if @ = b, the result is trivial.
93. (a) Subtraction is not commutative. For example, 5 — 1 # 1 — 5.
(b) 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.
(d) Putting on your hat and putting on your coat are commutative. They can be done in either order, with the same result.

(e) Washing laundry and drying it are not commutative.

1.2 EXPONENTS AND RADICALS

1. (a) Using exponential notation we can write the product 5-5-5-5-5-5 as 5.

(b) In the expression 34, the number 3 is called the base and the number 4 is called the exponent.
3. To move a number raised to a power from numerator to denominator or from denominator to numerator change the sign of
, 11 , a1 6a?

a
the exponent. Soa ™2 = —, — =b?, — = —— and — = 6a2h>.
P a2’ b2 B2 o362 b3

5. (41/2)3 =23 =3 (43)1/2 —641/2 =38

7.51/3.523 =51 =5
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9. (a) —26 = — (26) = —64 11. (a) (
M) (=2)° =64 2

s_ (=3 7
(©) ( ) (=3 = 52 _25 (©) z)_2 = (5)2 = 2
3 2 4

13. (@) 53 -5 =531 =625 15. (a) 3916 =38 -2 =382 =62
(b) 54572 =542 =25 (b)m: B_[2_4v2
2\3 23 81 1 9 3
© (22) =22 =64 o [T 33 _JT3 3
V4 2 Va2
17. (@) V3V15=45=+9-5 =33 19. (@) 522 = (542 = (7
m 48 32 2 32 3.2 6
b) — = —=m=4 (b) 4z =44z = 16z = 16z
)" V3 (=) =#(2)
_ 345 _ 2
(©) V24Y18= Y24 18 =63 -2 =632 ©x7x% =x x
1 9 -2
21. (a) X_S -X3 :x_5+3 = x_2 = —2 23. (a) aa — a9—2—1 — a6
X

) w 2w’ = w2 =~ = — (b)

16
(© T =x10710 = 6 ©

25. (a)

2.—-1
27 (@) T =29y = E

5 3
2 3b2 19b
29. (a) (%) (ac3 ) — 25335423 ,-33 ac9
(

2
u_lvz) 010
(b) ~— L = ~12-33,22-(-23 _ Y _
u3v—2)3 w1
8a3h~* 3 4a8 y -3 125
—— =43 = ) S5l (D=3 -3
31. (a) P =4a b =3 (b)(Sx—Z) =5 x~ (D3 = %
33. (a) Va% = x| (b) V16x8 = V2058 — 2,2

35. (a) I/8x%y7 = /23 (x3) y3 =23y
(b) y8x6y2\4/2x2y2 = \4/8)«:6y2 S2x2y2 = \‘y16x8y4 =24 (x2)4y4 =2x2 vl
37. @) V32 + V18 =16 -2+ 9 2= V1642 + V92 =42 432 =72
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(b) V75 4+ V48 =253+ /16-3 = V253 + /163 =53 +4/3 =93
39. (a) V943 + Ja=Wa? a+ Ja=3aJa+Ja=QBa+1)a
(b) «/ﬁ+«/§=«/ﬁﬁ+mﬁ:(x2+4)ﬁ

41 () V36:2 13657 = J6222 (1 4+x2) = 6x/1 + 22 () VB #8137 = /92 (x2 + ) = 937 132
43. /10 = 10!/ 45.73/5 — (73)1/5 _YB

47. % = 51% =512 49y~ 15 = =32 = ﬁ

51. (a) 16!/4 = Y16 =2 (b) —81/3 = Y= = 2 (©9-1/2 = % _ %

55. (a) 52/3.51/3 = 52/3)+1/3) =51 =5
3 G-/ 315 _ s
(b) TR = 3 =315=33
3 3
© (3/1) - (41/3) —4(/3)3 4l _4
57. (a) x3/4x5/4 — x3/4+5/4 — x2

®) y2/3y4/3 :y2/3+4/3 — yZ

43, 23
59. (a) % = w¥/3+2/3=1/3 — ,5/3 61. (a) (8a6b3/2)2/ 3 §2/346(2/3)(3/DQ2/3) — 444
w
1/2.1/3\8 _ 26.(1/2)6 ,(1/3)6 _ 26 3.2 4.6\ _ 43/2,—4(3/2) 1632 6,0 _ 8b°
(b)(3x ¥ )=3x v — 36 — 7203y (b)(4a—b) = 43/2q=46/Dp00/D) = g=6p9 = 20
a

& @ 3174\ -1\ "2 U210/ 2,12 g
: I’ 4 V2 A072) 22 e

3w~1/3 )_4 (211)1/3 )2 374 (13D 22 (/32 43 4923 4@/ +C/3) 4uw?

®) z—1 z1/2 z—1(=4) z(1/2)2 - 81z4 z 8125 T 8125
65. (a) Vo3 = (x3)1/2 —301/2) _ 32 67. (a) I35 Y57 = /6. 213 — S/6+2/3 _ 32
by ¥4 = (x6) 1 6019 — 103 ) (59) (24) = 5262414 = 10,712
69. (a) Vs V5312 = 41/251/243/6,3/242/6 — 211/6 71, (@) Yy /5 = (y1+1/2)1/3 — ,3/20/3) _ 172
4
(b) ;/)7 — x7/4—3/4 =x (b) 181451) . % . 3_1,{
Vx3 s V2 T
o L L VB o L L VF
V6 V6 J6 o 6 V5x 5x /5x x
3 32 V6 X x [5  5x
®V3=Vai=7 o5 =535
© =2 234 9B ST 1 x5 U2
T 24 34 2 © 3 Y35 2T Ty
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6 CHAPTER 1 Fundamentals
1,1 1 1
77. 4_4_: 4_:_
@ \/;V64 Va.483 " 4
(b)ﬁ_/s_\/T_ /2_ﬁ
Va0 V40 V8 Vie 4
79. (@) SV =y =y

1/2
() (81(‘/w8z8) 12 §11/2,(8/4)1/2),8/4)(1/2) Z 9 1] |2]. Since w > 0 and z < 0, this is equivalent to —9uz.

81. (a) 69,300,000 = 6.93 x 107 83. (a) 3.19 x 105 = 319,000
(b) 7,200,000,000,000 = 7.2 x 10!2 (b) 2.721 x 108 = 272,100,000
(¢) 0.000028 536 = 2.8536 x 103 (¢) 2.670 x 10~8 = 0.000 000 026 70
(d) 0.0001213 = 1.213 x 104 (d) 9.999 x 10~ = 0.000 000 009 999

85. (a) 9,460,000,000,000 km = 9.5 x 10'2 km
(b) 0.000 0000000004 cm =4 x 10713 cm
(¢) 33 billion billion molecules = 33 x 10% x 10% = 3.3 x 10!° molecules

87. (7.2 x 10—9) (1.806 x 10—12) —72%1.806x 1079 x 10712~ 13.0 x 10721 = 1.3 x 10~20

1.295643 x 10° 1.295643

89. = x 1091176 ~ 0.1429 x 1019 = 1.429 x 101?
(3.610 x 10~17) (2.511 x 10%)  3.610 x 2.511
-5 -2
gy (0:0000162)(0.01582) (1~62 x 10 ) (1582 x 10 ) _ 62X LS8 s o ka0 s 1012
T (594,621,000) (0.0058) (594621 x 108) (5.8 x 1073)  5.94621 x 5.8 -
=74x 10714

93. (a) b is negative since a negative number raised to an odd power is negative.

®) b1%is positive since a negative number raised to an even power is positive.

(¢) ab®c3 we have (positive) (negative)? (negative)® = (positive) (positive) (negative) which is negative.

(d) Since b — a is negative, (b — a)3 = (negative)3 which is negative.

(e) Since b — a is negative, (b — a)4 = (negative)4 which is positive.

a3 _ (positive)3 (negative)3 __ (positive) (negative)  negative

bOc®  (negative)® (negative)®  (positive) (positive)  positive
95. Since one light year is 9.5 x 1012 km, Centauri is about 4.3 x 9.5 x 10!2 ~ 4.06 x 10!3 km, or 40,600,000,000,000 kilometers

away.

®

which is negative.

103 liters

97. Volume = (Average depth) (Area) = (3.7 x 103 m) (3.6 x 1014 mz) ( 3
m

)~ 1.33 x 10?! liters

99. First, we estimate the total mass of the stars in the observable universe:

Number of stars

Total star mass =~ (Number of galaxies) ( ) (Mass of typical star) = (1.5-2 - 1.77) (1012 1011 1030)

Galaxy
~ 531 x 107 kg

Thus, the number of hydrogen atoms in the observable universe is

Total star mass _ 531x 1053

~ ~3.18 x 108
Mass of a single hydrogen atom  1.67 x 10—27 x
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101. (a) Using f = 0.4 and substituting d = 65, we obtain s = /30 /d = /30 x 0.4 x 65 ~ 28 km/h.
(b) Using f = 0.5 and substituting s = 50, we find d. This gives s = /30 fd < 50 = \/30-(0.5)d & 50 = V15d &
2500 = 15d & d = 3% ~ 167 m.

103. Since 10% = 10% - 103 it would take 1000 days &2 2.74 years to spend the million dollars.
Since 107 = 103 - 10 it would take 10° = 1,000,000 days = 2739.72 years to spend the billion dollars.

183 18)°
105. —=(=) =2°=32
@ o (9)

() 20°-(0.5)° = (20 - 0.5)° = 10° = 1,000,000

107.

a\—n 1 1 b" a " 1/a" 1 b
o () BRI

T /by " anpt T an ® = =1 = an

1.3 ALGEBRAIC EXPRESSIONS

1. The greatest common factor in the expression 18x3 + 30x is 6x, and the expression factors as 6x (sz + 5).

3. To factor the trinomial x2 + 8x + 12 we look for two integers whose product is 12 and whose sum is 8. These integers are 6
and 2, so the trinomial factors as (x + 6) (x + 2).

5. The Special Product Formula for the “product of the sum and difference of terms” is (4 + B) (4 — B) = A% — B2. So
(6+x)(6—x)=6%—x2=36-—x2.

7. The Special Factoring Formula for a “perfect square” is A2 +24B + B = 4+ B)z. SoxZ + 10x +25 = (x+ 5)2.
9. Type: binomial. Terms: 5x3 and 6. Degree: 3.

11. Type: monomial. Term: —8. Degree: 0.

13. Type: four-term polynomial. Terms: x, —x2,x3, and —x*. Degree: 4.

15. (12x =)= (5x—12)=12x =7 —=5x+12=7x +5

17. (—2x2—3x+1)+(3x2+5x—4)=—2x2—3x+1+3x2+5x—4=x2+2x—3

19. (5x3+4x2—3x)—(x2+7x+2) =53 a2 —3x—x2 —Tx—2=5x3 +3x2 — 10x —2
21. 8(2x +5) — 7 (x — 9) = 16x + 40 — Tx + 63 = 9x + 103

23, x3 (x2 + 3x) —2x (x4 - 3x2) = x5 —|—3x4 -2 + 6x3 = —x° + 3x?4 —i—6x3
25. 4x (x —2)—2(x2 —4x) £2x2 (x = 1) = 4x2 — 8x — 2x2 4 8x + 2x3 — 2x2 = 243

27. Bt —2) (7t —4) =212 — 12t — 146 +8 =212 =26t +8 29.(3x +5)2x — 1) =6x2 + 10x —3x =5 =6x2+7x — 5

31. (x +3p) @x — y) = 2x2 4 5xy — 3y2 33. (4x +3)2 = 16x2 4+ 24x +9
35. (y = 3x)% = 2 — 6xy + 9?2 37. 2x +3y)? = 4x2 + 12xy + 92
39. w+7)(w—7) =w?—49 41. Gx —4) Bx +4) = B3x)2 —42 =92 — 16
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43, (Vx+2)(Vx—2)=x—4

45. (y +2)3 =y3+3y2(2)+3y(22)+23 =13 46y2 + 12y +8

47. (x+2)(x2+2x+3) =322 43 422 4 A+ 6 =23 +4x2 4 Tx + 6

49. (2x—5)(x2—x+1)=2x3—2x2+2x—5x2+5x—5=2x3—7x2+7x—5

51. X (x — VX) = XX — (ﬁ)Z — i r —x 53.y1/3 (yz/3 +y5/3) = p13+2/3 L 13453 — )2 4,
55. (xl/z _y1/2)2 =x-2/xy+y 57. (xz —az) (x2 +a2) =x*-a*

59. (Va—b) (Va+b) =a—b?
2
61. ((x — 1)+x2) ((x — 1)—x2) =@x-1)%- (xz) =x2—2x+1l—-x=—x*+x2-2x+1
63. 2x+y—3)2x+y+3)=Qx+»)? =32 =4x2 +4xy+12 -9
65. 4x* — x2 = x2 (4x2 - 1) =22 +1)2x = 1)
67. y(y—6)+9(y—6)=(—6)(y+9)
69. 4x3y2 - 6xy3 + 8x2y4 = 2xy2 (2x2 -3y +4xy2)
L (43P x+2)2—(x+3)*x+23 = +3)* x +2)2 [(x +3) — (x +2)] = (x +3)* (x +2)2
73.22-11z418=(z—9) (z —2)
75. 10x2 — 19x + 6 = (5x —2) (2x —3)
77.3x2 —16x +5=Gx — 1) (x = 5)
79. 3x +2)2 +8(3x +2) + 12 = [(B3x +2) + 2] [Bx 4+ 2) + 6] = (3x +4) 3x + 8)
81. 36a% — 49 = (6a + 7) (6a — 7)
83. 2733 + 3 = B3x)> + 3 = Gx +) [(3x)2+3xy+y2] = Gx+) (9x2 —3xy+y2)
85. 853 — 1253 = (25)3 — (51)% = (25 — 51) [(2s)2 + (25) (50) + (5:)2] — (25 — 51) (4s2 + 105t +25z2)
87. x2 4+ 12x 436 = x2 + 2 (6x) + 62 = (x + 6)?
89. x3+4x2+x+4=x2(x+4)+1(x+4)=(x+4)(x2+1)

91. 5x3+x2+5x+1=x2(5x+1)+(5x+1)=(x2+1)(5x+1)

93. x3+x2+x+1=x2(x+1)+1(x+1)=(x+1)(x2+1)
95. Start by factoring out the power of x with the smallest exponent, that is, x2/3.
Thus, x2/3 +3x3/3 = x2/3 (1 + 3x)

97. Start by factoring out the power of x with the smallest exponent, that is, x73/2,

Thus,x_3/2 —x12 4 x1/2 = x=3/2 (1 —X +x2) =x"3/2 (x2 —x 4+ 1)
-12
99. Start by factoring out the power of x2 + 1 with the smallest exponent, that is, (x2 + 1) .

thus, (x2+1) 42 (2 1) 2 (200) P24 0) #2] = (241) P (2 43) = _++31
X

101. 2x + 1223 = 2x (1 n 6x2) 103.52 —2x —8 = (x — 4) (x +2)

105. 2x2 +5x +3 = 2x +3) (x + 1) 107.9x2—36x—45=9(x2—4x—5)=9(x—5)(x+1)
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109. 49 — 4y% = (7 —2y) (7 + 2y) 1.2 — 61 +9 = (1 —3)?
113. 2 — 10yz + 2522 = (y — 52)2
115. (a + b)> — (a — b)> =[(a + b) — (@ — b)] [(a + b) + (a — b)] = (2b) (2a) = 4ab
117. x2 (x2—1) —9(x —1) - (x —1) (x2—9) —r =)@+ =3)(+3)
119. 8x3 — 125 = (2x)3 — 53 = 2x — 5) [(2x)2 + (20 65) + 52] 2x —5) (4x2 4 10x + 25)
121 X3 +2x2 4 x =x (x2+2x+ 1) =x(x+1)32
123. x43 — 295 = 32,3 (x2 - yz) =x2y> (x 4+ ) (x —y)
125. 3x3 —x2 — 12x + 4 = 3x (x2—4) - ( 2—4) —GBx—1) (x2—4) —Bx—1)(x+2)(x —2)
127. Start by factoring out the power of x with the smallest exponent, that is, x73/2.So
1 2
32 4 =12 4 g 1/2 = 32 (1 4 ox +x2) —x 321 4x)2 = ( ng)
x3/2
12 =D +22 =G -1)2Gx4+2)=G-DE+2)[x+2)—Gx-D]=3x—-1)(x+2)
131. Start by factoring y% — 7y + 10, and then substitute a2 + 1 for y. This gives

133.

135.

137.

139.

141.

(a2+1)2—7(a2+1)+10: [(a2+1) —z] [(a2+l) —5] - (az— 1) (a2—4) —@—1)(@+1)(@=2)@+2)
(x2 + 3)2 1P @+ 12 (=13 =@ —1) [(xz + 3)2 —(dx+ 1)2]
— (1) [(xz + 3) + (x4 1)%[@2 + 3) —(dx+ 1)] —(x—1) (xz Fax 4 4) (x2 x4 2)
= —1)3 (x +2)? (x2 —4x +2
5 (x2 + 4)4 @x) (x —2)* + (xZ +4)5 @ —-2>3=2 (x2 + 4)4 (x —2)3 [(5) (@) (x —2) + (x2 +4) (2)]
—2 (xz +4)4 (x —2)3 (5x2 —10x +2x2 + 8) =2 (x2 +4)4 (x —2)3 (7x2 —10x + 8)
(243) 7 3 (2 43) 2 (2 03) (2 43) - 3] = (2 43) Y (12 43) = (zjij)jﬁ
@ 1 [(a +h)2— (a2 + bZ)] ! [a +2ab+ b2 —a? — b2] 1 (2ab) = ab.
) (2 +57) = (a2 = 82)" =[ (2 +52) = (2 = 52) ] [ (a2 + £2) + (a2~ 22)]
= (> + 02 —a? +0?) (a2 + 67 +a? = b?) = (20%) (24) = 4a?p?
4a2c? = (2 =2 + az)2 = ac)? = (2 = b? + a?)
_ [(Zac) - (c2 —p+ az)] [(Zac) + (c2 P+ a2)] (difference of squares)
= (2ae—£ +b2—a ) (2ac+c2—b2+a2)
[b2 (c —2ac+a )] [(02 + 2ac + a2) - b2] (regrouping)
[b2 (- a)2] [(c ta)?— b2] (perfect squares)
=[b—(c—a)][b+ (c — )] [(c + a) — b] [(c + a) + b] (each factor is a difference of squares)
—(b—c+a)(b+c—a)(c+a—b)(c+a+b)

=(a+b—-c)(—a+b+c)(a—b+c)(a+b+c)
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143. The volume of the shell is the difference between the volumes of the outside cylinder (with radius R) and the inside cylinder
R
(with radius r). Thus V' = R —mrlh = (R2 —r2) h=nw(R—-r)(R+r)h =27 % -h-(R—r). The

R
tr and 27 - tr

R
average radius is is the average circumference (length of the rectangular box), /4 is the height, and

R
R —r is the thickness of the rectangular box. Thus V' = wR2h — wrth =27 - % -h-(R —r) =2 - (average radius) -

(height) - (thickness)

‘b length J‘

| /

S N-ooooooooomoooooos — thickness

/

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

(b) The degree of a sum is at most the largest of the degrees — it could be smaller than either. For example, the degree of

(x3) + (—x3 +x) =xis .

147. (a) A4+ 1 A2+ 441 A+ A2+ 441
X A -1 X A—1 X A—-1
-4 -1 A2 — 4 -1 A3 — 42— 41
A2 + 4 A+ 42+ 4 AY 4+ 43+ 4% + 4
42 -1 43 -1 A4 -1

(b) Based on the pattern in part (a), we suspect that A —1=(4- 1) (A4 + B+ A24+ 4+ 1). Check:
A+ B+ A2+ 441
X 4 -1
A - B - 42— 41
LA B+ A4+ 4
A3 -1

The general pattern is A7 — 1= (4 — 1) (A”_1 44" 2 AP A 1), where 7 is a positive integer.

1.4 RATIONAL EXPRESSIONS

P (x)

1. A rational expression has the form m, where P and Q are polynomials.
X

3x
@ 5=

Vx4 1
2x +3
numerator of the expression is +/x + 1, which is not a polynomial.

()x(xz—l) x3—x . tional .
c = is a rational expression.
x+3 x+3 P

I is a rational expression.

(b)

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

3. To multiply two rational expressions we multiply their numerators together and multiply their denominators together. So

2 x . 2-x 2x
. is the same as = .
x+1 x43 (x+1)-x+3) x24+4x4+3
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x(x+1) x
x+12  x+1

() No; (x +5)2 = x2 +10x +25 £ x2 + 25,50 x +5 = v/x2 + 10x + 25 # /x2 + 25.

5. (a) Yes. Cancelling x + 1, we have

7. The domain of 4x2 — 10x + 3 is all real numbers. 9. Since x — 3 # 0 we have x # 3. Domain: {x | x # 3}

11. Since x +3 > 0, x > —3. Domain; {x | x > —3} 13.x2—x—2:(x+1)(x—2) #0&x # —1or2,sothe

domain is {x | x # —1,2}.

-2
x+ 3 is defined for {x | x > 2, x # —3}, so its domain is {x | x > 2}.
x=35x+5 G-=5&+5
17. = =5 5 19.
2x — 10 2(x—5) 2 +5)
X2—Tx—8 (-8 +1) x+1

¥2—10x+16 (-8 @x—=2) x-=2
y+y oy +1D y

V-1 (-Do+D y-1

15.

x—2_ x =2 _ 1
2-47 x-)(x+2) x+2

21.

23.

- 2x3—x2—6x:x(2x2_x_6):x(2x+3)(x—2):x(2x+3)
2x2 —Tx +6 2x-3)(x—-2) 2x—-3)(x—-2) 2x — 3
4x x+2 4x x+2 1
2—4 16x (—-2)(x+2) 16x 4(x-2
x24+2x —15 x=5 @+5x-3)(x-5 x-3
x2—-25 x42 (+5Gx-5G+2) x+2
2A+3 2u-3 (2 +3H-3) 1
2+9 42-9 (249 Qr+3)2—3) 1249

27.

29.

31.

B —8x 2242 —24 x(+DG-HE-Hx+6) x—4

¥2+8x+12  x3—16x  (x+6)C+Dx(x+4)(x—4) x+4

x+3 x2+7x + 12 _ x+3 2x2+7x—15_ x+3 (x+50@2x-3) x+5

429 T 224 7x =15 4x2—9 x247x+12  (2x—=3)Qx+3) x+3H@E+4)  QCx+3)x+4
x3

17 x+1 _ x3 .x2+2x+1:x3(x+1)(x+l):

) X x+1 x x+Dx

x24+2x +1

33.

35.

x2(x+1)

39.

1 1 4
41 1+ _x+3 _x
x+3 x+3 x+3 x+3

1 n 2 x=3 2(x+5  x—=342x+10 3x +7
x+5 x=3 @+5x-=-3) x+55Ex-3) @+5)Ex-=3)  @x+5x-=-3)

45 3 _ I 3(x+2 _ Ix+1)  3x+6—-x—-1 2x +5
x4+l x427 x4+DE42) G+DE+2) G+HDE+2) +DE+2)

5 3 50x-3) 3 1x—15-3 10x—18 2(5x—9)

=3 @ —32 @ -3% @-32 (x-3? (x-32 (x-3)?
u  w+D@@+1 u WH2u+l+u  ur+3u+1

u+1 u+1 u+l u+1 N u+1
51 1+ | 1+ 1 x4+ n X . 2x+1
Tx2 0 x24x X2 x@+D T 2@+D 2@+ x2(x+1)

43.

47.

49. u+1+
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53 2 1 _ 2 1 _ 2(x+4) -1
Tx43 xX24+7x+12 x4+3 @4+DE+DH @G+H)E+D) G+ A+
2 48—1 247
SN E+HY) )+
55, 1 n 1 _ 1 n 1 _ x—3 N 1 _ x =2
x+3 x2-9 x+3 @®=-3)E@+3) *-3)E+3) G*-3HE+3) «-3)HE+3)
57'%+ 3 _ 4 :z 3 _ 4 :2(x—1) 3x -4 :2x—2+3x—4: 5x — 6
x x—1 x2—x x x—-1 x(x=1) x(x-=-1) x(x=1) xkx-=1 x(x—=1) x(x—1)
1 1 1 x(x+1) x 1 X242 +1
P e T e TP Per ) Per B Ber)e
Gc+D? 1

_x3(x+1)2 X3

o 1+%_x(1+%)_ x+1
. xl_z—x(%_z)_l—Zx

1 1
(1 4+ ——
63 1+x—|—2 _(x-{— )( +x+2) _+2)+1 x+3

1 x+2)—1 x+1

L L (x—l)(x+3)(#+L)
65. X—=1 x+3 _ x—1 x+3) _ x+3)+x-1 _ 2(x+1)

x+1 x=DE+3Hx+1) x—-DEx4+DE+3) E—-DEx+DE+3)

2
T G-D@E+3)

X X

67.x_;=xy( _;)zxzy_xz_xz(y_l)

y—Z xy(y—%) xy?=y2 2 =1

xZ _ y2
Xy xXc—y x2y? Xy . . .
= = = = —xy. An alternative method is to multiply the

Y
X
69. . =
1 - 242 Xy 2—x2 1
32

x2y2

numerator and denominator by the common denominator of both the numerator and denominator, in this case x2y2:

2 2 22
; > Uk .xzyz_x3y_xy3_xy(x —J/)__x
1T T 1\ BT o2 V2 —x2 Y
X2 )2 252
1 1 y2 x2
S S S A 2 G 5 A et N SR kY e RS ek
. — -1 1~ X T 22 - 2.2 -
x4y - - AT X<y y+x x“yc (y +x) xy
x oy Xy Xy
E-5)
R et 2 2) XA P -xr -0+ y-x
Alternatively, = . = = = .
x7hgy~t l+l x2y2 xy? +x2y xy (y +x) Xy
X oy
1 -1 - 1
Bole——=1——— =1 T
1 x—1 x—1 1—x
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1 1
g5, Ltx+h 1+x _(A4+0)-(dx+h) !
h h(l+x)(1+x+h) A+x)A+x+h)
_r 1 2 (2 )
- (x+h)2 x2:x2_(x+h)2:x —(X +2xh+h):_ 2x +h
h hx2 (x + h)? hx2 (x + h)? x2 (x 4 h)?

\/I_X2+ 2 T
1—x2  1—=x2 V1—x2  /_2

2060=3) G +5° -3 +52 (=32 x-3)E+)?RE+5H-30x-3)] x-3)19-x)

81.

(x +5)° (x +5)° (x +5)4
% 20402 —x(0+0)712  (0+x)7 V220 +x)—x]  x+2
) 1+x - 14+x _(1+x)3/2
- 31+ —x(1+0)723  (0+0)2BBA+x)—x]  2x+3
' (1+x)2/3 - (1+x)2/3 (1 +x)43
P 3-V10 _3—m_m_3
34+4/10 (3+m)(3_m) 9-10
5 2(V5+3) 2(V5+3)
89. = =—= =v/5+3
= (=) (V549 -
9, —2 -2 .‘[_ﬁ:y(ﬁ_ﬁ):yﬁ_yﬁ
VB+y o B VB3- 3-y 3-y
0 2_ﬁ_(2—ﬁ)(2+ﬁ)_ 4-5 -1
5 5(2+5) s(2+v3)  5(2+45)
o5, YI+V2 _Vr+V2 -2 r-2
5 5 NN 5(ﬁ—ﬁ)
2 1— 2 1 2 1 — 2 1
97. *xz—}—l—x:\/x + x.\/x + +x:x + X _
1 V24 1+x VxZ+1+x VxZ+1+4x
1 1 RiR R R
99. (a) R = - Bl )
L+L L+L RiRy Ry+ R
Ry Ry R R
10) (20 200
(b) Substituting Ry = 10 ohms and Ry = 20 ohms givestﬁ((l)o) =W%6.7 ohms.
101.
x 2.80 | 2.90 | 2.95 | 2.99 | 2.999 | 3 | 3.001 | 3.01 | 3.05 | 3.10 | 3.20
2
-9
al T | 580 590 | 595|599 | 5999 | ? | 6.001 | 601 | 6.05 | 6.10 | 6.20
T

2
.oXx
From the table, we see that the expression
X

3 approaches 6 as x approaches 3. We simplify the expression:

2—9 (x=3)(x+3)
x=3 x—3
table.

= x + 3, x # 3. Clearly as x approaches 3, x + 3 approaches 6. This explains the result in the
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14 CHAPTER 1 Fundamentals

103. Answers will vary.

Algebraic Error Counterexample
1 " 1 ” 1 1 n 1 ” 1
a b’ a+b 227 242

(@a+b)?%#a2+b% | 1+3)2£12+32

Va2 +b2#a+b | V52412245412

b 2+6
a—+ £b L £6
a 2
a 1 1
— — £
a+b 7 b I1+1 7
a” m/n 3° 5/2
a7 27’
105. (a)
X 1 3 1 9 99 999 9999
2 10 100 1000 10,000

1
x+—=121]3333|25] 20
X

—_

1 | 2.0001 { 2.000001 | 2.00000001

1
It appears that the smallest possible value of x + — is 2.
X

1 1
(b) Because x > 0, we can multiply both sides by x and preserve the inequality: x + — > 2 & x (x + —) > s
x X

Prl>exl-2x+1>0 (x — 1)2 > 0. The last statement is true for all x > 0, and because each step is

1
reversible, we have shown that x + — > 2 for all x > 0.
X

1.5 EQUATIONS

1. (@) Yes. Ifa = b, then a + x = b + x, and vice versa.
(b) Yes. If a = b, then ma = mb for m # 0, and vice versa.
(¢) No. For example, —5 # 5, but (—5)2 =52 =25,

3. (a) To solve the equation x2—6x—16=0 by factoring, we write x2—6x—16=(x — 8) (x+2)=0ifx =8orx = —-2.
(b) To solve by completing the square, we write 2—bx—l6=0xl-6x=16cx2—-6x+9=164+9<
(x=3)2=25cx—3=45<x=80rx =—2.

—(—6) /(=62 —4(1) (=16) 6+ ./T00

=3+5x=8
2(1) 2

(¢) To solve using the Quadratic Formula, we write x =

orx = —2.
5. (a) Isolating the radical in /2x 4+ x = 0, we obtain /2x = —x.

2
(b) Now square both sides: («/Zx) = (—x)2 = 2x = x2.

2

(¢) Solving the resulting quadratic equation, we find 2x = x* = 2 —2x=x(x— 2) = 0, so the solutions are x = 0 and

x=2.
(d) We substitute these possible solutions into the original equation: ~/2 -0+ 0 = 0, so x = 0 is a solution, but
V2242 =43%0,s0x =2 isnot a solution. The only real solution is x = 0.
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SECTION 1.5  Equations 15

- . . .3 5 . . .
. To eliminate the denominators in the equation — + Pyl 2, multiply each side by the lowest common denominator
x

x +
x (x + 2) to get the equivalent equation 3 (x 4+ 2) 4+ 5x = 2x (x + 2).

. (a) Whenx = —2, LHS =4 (—2) +7 = -8+ 7= —1 and RHS = 9 (—=2) — 3 = —18 — 3 = —21. Since LHS # RHS,

x = —2 is not a solution.
(b) Whenx =2,LHS =4(-2)+7=8+7=15andRHS =9(2) —3 =18 —3 = 15. Since LHS =RHS,x =2isa
solution.
(a)Whenx:Z,LHS:l—;=l—i=l—|—l=1andRHS=1.SinceLHS:RHS,x=2isasolution.
2 2—-4 2 =2 2 2

1
(b) When x = 4 the expression ! is not defined, so x = 4 is not a solution.

A +13=58=5-138x=-8x=-1
Ix—8=leir=9ex=18

—x+3=4x<:>—x+3+x=4x+x<:>3=5x<:>x=%

5 5
-2 5x+7<:>3(§—2)=3(§x+7)<:>x—6=5x+21<:>—27=4x<:m=—%
2

1=x)=3(04+2x)+52-2x=34+6x+52-2x=84+bx=—-6=8xx =—

IN[

x —4x = Ix = 5=0e 6x — 2x — 3x — 30 = 0 (multiply both sides by the LCD, 6) < x = 30

2x —1
al =tis5-D=4(0+)elx-S=r+8ctbr=Bcx=1
x+2
1 4
—=3—+1:>3=4—|—3x(multiplybothsidesbytheLCD,3x)(:)—1=3x(:)x=—%
X X
2F
E:%muz:mzv—2
P -2
P=2l+2w<:>2w=P—21<:>w=—2
b 2d — b
ax =2ax+b=2(x+d)oax+b=2cx+2d sax -2cx =2d—-bs(a—2c)x =2d-box =
cx +d a—2c
a2x+(a—1):(a+1)x<:>a2x—(a+1)x:—(a—1)<:>(a2—(a+l))x:—a+1<:>(a2—a—l)x:—a+1
—a+1
X = —
a2 —a—1

3V [3V
1 2 2
V=3nmr‘her = h=>r_:|: ;

a2+b2:cz<:>b2:cz—a2=>b::|: 2 —q2
x2+x=12<:>x2+x—12=0<:>(x—3)(x—|—4)=0<:>x—3=00rx+4=0.Thus,x=30rx=—4.
x2—|—13x—30=0<:>(x+15)(x—2)=0<:>x+15=00rx—2=0. Thus, x = —150rx = 2.

42 —4x - 15=0 Qx +3)2x =5 =0 2x +3=00r2x — 5= 0. Thus,x = —3 orx = 3.

2l =8oxl=4ox =12

(2x—5)2:81<:>2x—5::|:9<:>2x:—40r2x:14<:>x:—20rx:7
Sr+5)2=l6o(x+52=2cxr+5=+2x=-5+2

2410 +2=0=x2+10x = 2 x2+10x+25= 2425 (x+5)2 =28 ox+5=4/2B o x = -5+/23
—bx—ll=0oxl-6x=11lcx2-6x+9=11+9 (x-32=20=>x-3=42/5<x =3+2/5

s2 410 =1e5(P ) =1es(P+atl)=1+5ea+D =foxti=%/fer=—1+0

42 —x=0ox@r—-1)=0sx=00rx = §.
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16 CHAPTER 1 Fundamentals

61. x2—2x—15=0<:>(x+3)(x—5)=0<:>x+3=00rx—5=0.Thus,x=—30rx=5.
63. 2x2+x—3:O<:>(x—1)(2x+3):0<:>x—1:00r2x+3:0. Ifx —1=0,thenx = 1;if 2x + 3 = 0, then

- _3
x=-3.

—bE Vb2 —4ac  —6+62—4(3)(=5) -6+ —3+2/6
2a B 2(3) B 6 a 3
67. 92 +12x +4=0(Gx +2)> =0 x = -3

65.3x2+6x—5=0x =

69. 4x? +16x =9 = 4> +16x —9=0 2x — 1) 2x +9) =0 2x — 1 =0o0r2x +9 = 0. [f2x — 1 =0, thenx = 1;

if 2x +9 = 0, then x = —3.

bV —dac _ —(DEY(2? 4D @) _2+A-T12

M. 7x2=2x -4 7x2—2x+4=0x =

2a 2(7) —4 ’
there is no real solution.

73. D =b% —4ac = (—6)2 —4(1) (1) = 32. Since D is positive, this equation has two real solutions.
75. D = b% — dac = (2.20)2 — 4 (1) (1.21) = 4.84 — 4.84 = 0. Since D = 0, this equation has one real solution.

77. D =b% — 4ac = (5)2 —-44) (%) =25 —26 = —1. Since D is negative, this equation has no real solution.

2
79.ﬁ=50:>x2=50(x+100)=50x+5000<:>x2—50x—5000=0<:>(x—100)(x+50)=0<:>x—100=0
X
orx + 50 = 0. Thus x = 100 or x = —50. The solutions are 100 and —50.
+1 2
81. = =—<:>(y+1)(y+2)=(y2+1)(2)<:>y2+3y+2=2y2+2<:>y2—3y=0<:>y(y—3)=0<:>
y2+1  y+2
y=0or3.
83. —— 4 ! = 2 o4x-DE+2) 1! = 4( 1)(+2)(5)<:>
Tx—1 x+2 4 x * x—1 x+2) = * x 4

A+ +4Gx =D =50c-DEx+2) o dr+8+4x—4=5x24+5x—-1005x?-3x-14=0
Gx+7(x—=2)=0. If5x+7=0,thenx=—%;ifx—2=0,thenx=2. The solutions are —% and 2.

85. 5=Axr —3= 5= (VI —3) @25 =dr -3 =28cx=7

87. V2x —1=/3x—-52x—-1=3x-5<x=4

89. Vit l+l=xovVatl=x—12x+l=G-12c2+1=x2-2x+ 1 0=x2—4x =x (x — 4).
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: /2 (0) +1 + 1 2 0) &
V141 2 0 is false. Checkingx =4: V2(4) +1+1 2 4),v/9+1 2 4,341 2y is true. Thus, the only solution is x = 4.

2

91. Let w = x2. Then x* — 13x2 + 40 = (xz) — 13x2 4 40 = 0 becomes w? — 13w +40 = 0 & (w — 5) (w — 8) = 0.
Sow—-5=0sw=5andw—-8=0w=_8. Whenw:S,Wehavex2=5:>x=:i:\/§. When w = 8, we have
x2 =8 = x = ++/8 = £2/2. The solutions are £+/5 and +2+/2.

9. (x +2* —5(:+22+4=0c [(x+2)2—4] [(x+2)2— 1] — 0. If(x+2)%—4=0,then (x +2)% = 4 &
x+2=42ox=0o0r—4. If (x +2)2 —1 =0, then (x +2)2 = 1 & x +2 = 1 & x = —1 or —3. Thus, the solutions
arex = —4, =3, —1, and 0.

9s. Letu:x2/3.ThenO:x4/3—5x2/3+6becomesu2—5u+6:0<:>(u—3)(u—2):0(:>u—3:00ru—2:0. If
u—3=0,thenx?? -3=0x*3=3=2x==4332fu-2=0,thenx?? -2=0x?3 =2= x = £23/2,
The solutions are £33/2 and :|:23/2; that is, x = £2+/2 and x = +34/3.

Precalculus Mathematics for Calculus International Metric Edition 8th edition Stewart Solutions Manual


https://testbank.online/books/9798214031811-solutions

97. x

99.
101.

103.

105.

107.

109.

111.

113.
115.
117.

119.

121.

123.

125.

SECTION 1.5  Equations 17

V2 43x= 12 210032 @0 =x1/2 4+ 3x7 12 —10x3/2 = x73/2 (x2 +3x — 10) =x73/2(x =2) (x + 5). Now

x73/2 never equals 0, and no solution can be negative, because we cannot take the square root of a negative number. Thus 2

is the only solution.
|3x+5|:1.So3x+5:1<:>3x:—4<:>x:—%or3x+5:—1<:>3x:—6<:>x:—2.
|x —4] =0.01. Sox —4=00l < x =40lorx —4=-0.01 &x =3.99.
pti=fx-3e4(xti)=4(r-3)est2=x-Ren=-ldox=-2

4 —
3 az:a<:>4—a:a(3a—2)<:>4—a:3a2—2a<:>3a2—a—4:0<:>(a+1)(3a—4):O.Thus,a:—lor
a4 —

4
a=§.
3Hy+lo-3) —%@8y+6(y—3)_3(y+1)4:)8y+6y—18_3y+3<:)14y 18=3y+3 e 11y =21
er=1
x=-3x = 0ex = H-x=x? =9-xer?+3k -9 =0

b+ Vb2 —dac  3+V32-4()(-9) -3+/9+36 —3+3V5 —-3-3.5 .
= = = = . However, ———— isnot a

2a 2(1) 2 2 2
-3-3 -3 —-34/5
solution because T\/_ - 19-3 (Tf) is the sum of two negative nonzero numbers and hence is nonzero.
-3 4345

Thus, the only solution is x = +f

Letu = &x. Then0 = /x =3¢ x —4=u? -3u—4=u—-4Hu+1). Sou—4={x—4=00 =4
x =44 =256 0ru+1=4x+1=0¢ ¥ = —1. However, ¥x is the positive fourth root, so this cannot equal —1.
The only solution is 256.

3x — 10| =29 3x —10=290r3x —10=—29 = 3xr =39 or3x = —19 & x = 13orx = -2

=12 —8c=1)+15=0[c=1)=5][c=1)=3]=0 (-6 (—4)=0cz=40r6
’3x2—1’—4=7<:>‘3x2—1‘=11<:>3x2—1=110r3x2—1=—10<:>3x2=12<:>x=:|:2(since3x2—l=—10

has no real solution).

1 4 4 2 2 1 PO 1
S+t5+- =0el+dx+4x* =02 (1+2x) =0 1+2x =0 2x = -1 & x = —5. The solution is —5.
X x X

/X + 5+ x = 5. Squaring both sides, we get +/x + 5+ x =25 & +/x +5 = 25 — x. Squaring both sides again, we
getx +5=(025—x)2 ©x+5=625—50x +x2 < 0=x2 —5lx 4+ 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: v/+/20+ 5420 = 5 © V425420 = 5 & +/5+ 20 = 5, which is true, and hence x = 20 is a

solution.

Checking x = 31: v//(B1) +5+31 =5 < V436431 =5 & /37 = 5, which is false, and hence x = 31 is not a

solution. The only real solution is x = 20.
2 3=(+332=0=x2/x 13 (x+3)3/2<:>0—«/x+3[( )—(x+3)] 0= (x _x —3)

If(x—{—3)1/2 =0,thenx +3=0&x = —3. Ifx2 —x —3 =0, then by the Quadratic Formula, x = 1+ 2 The

ﬁ

solutions are —3 and %

0=x*—5ax2 4+ 442 = (a — x2) (4a — xz). Since a is positive, a — P=0oxl=aox= Ja. Again, since a is

positive, 4a — x2 = 0 < x2 = 4a & x = +2,/a. Thus the four solutions are +./z and +2./a.
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127. /x ¥ a + /x —a = +/2+/x + 6. Squaring both sides, we have
x+a+2(Vxta) (Vx—a)+x—a=2(x+6) o2 +2(Vx+a) (Vx—a) =2x+ 122 (Vx +a) (Vx —a) =12
& (VX +a) (v — a) = 6. Squaring both sides again we have (x +a) (x —a) = 36 & x? — a? = 36 & x> = a” + 36
ex = :I:\/m. Checking these answers, we see that x = —\/m is not a solution (for example, try substituting
a=2_8),butx = \/m is a solution.

129. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

Using ho = 88, we solve 0 = —4.8¢2 + 88, fort > 0. S0 0 = —4.8% + 88 < 4.81> = 88 < 12 ~ 18.33 &t ~ +4.28.
Thus it takes 4.28 seconds for the ball the hit the ground.

131. We are given that vg = 12 m/s.
(a) Setting h = 7.2, we have 7.2 = —4.8/2 + 12t & 482 - 12t +72 = 0 & 2.4 (2:2 — 5t + 3) =0

242t -3)t—-1)=0et=1lort = 1%.Theref0re, the ball reaches 7.2 meters in 1 second (ascending) and again
after 1% seconds (descending).
(b) Setting & = 14.4, we have 14.4 = —4.8/2 + 12 < 4.8t2 — 12t + 14.4 = 2.4 (2t2 —5¢ +6) = 0=

. 5+4/25-48 5+£./-23
- 4 - 4
never reaches a height of 14.4 meters.

. However, since the discriminant D < 0, there is no real solution, and hence the ball

(¢) The greatest height / is reached only once. So & = —4.8¢2 + 12¢ < 4.8/2 — 12¢ + h = 0 has only one solution. Thus
D=(-12)2-4(4258) (h) =0 144 -19.2h = 0 & h =7.5. So the greatest height reached by the ball is 7.5 meters.

(d) Setting # = 7.5, we have 7.5 = —4.8:2 + 12¢ <> 4.8/ — 12t + 7.5 = 0 & ¢ = 14. Thus the ball reaches the highest
point of its path after 1 % seconds.

(€) Setting 4 = 0 (ground level), we have 0 = —4.8:2 + 12t < 21> =5t =0 & ¢ (2t — 5) = 0 & ¢ = 0 (start) or £ = 2.
So the ball hits the ground in 2% S.

.032(2 - 2. —2.
0.032 250) > _ 8 > = 0.00055. So the beam shrinks

133. (a) The shrinkage factor when w = 250 is S =

10,000 = 10,000
0.00055 x 12.025 ~ 0.007 m, so when it dries it will be 12.025 — 0.007 = 12.018 m long.
L 0.032w — 2.5
(b) Substituting S = 0.00050 we get 0.00050 = 10000 &5 =0032w—-25<175=0032w <

7.5
W= A~ 234.375. So the water content should be 234.375 kg/m?.

135. (a) C = % (1000) (22) + 1000 (9.81) (1) 4 200,000 = 211,810
(b) %pv2+pgh+P=C<:>P:C—%pvz—pgh.
If the height increases to 5 m, then P = 211,810 — % (1000) (22) — 1000 (9.81) (5) = 160,760 Pa.

Ifh =1mando = 4 m/s, then P = 211,810 — } (1000) (42) — 1000 (9.81) (1) = 194,000 Pa.
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137. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

Let x be the distance from the center of the earth to the dead spot (in thousands of kilometers). Now setting F' = 0, we have
K 0.012K K 0.012K

=t e T 52 = -
X (382 —x) X (382 —x)

0.988x2 — 764x + 145,924 = 0. Using the Quadratic Formula, we obtain

o K (382 — x)2 = 0.012Kx? & 145,924 — 764x + x2 = 0.012x2 &

(=76 = \/ (=764)> —4(0.988) (145.924) 764 + /583,696 — 576,691.648
- 2(0.988) - 1.976

64 £+ +/7004.352 64 £ 83.692
= l / ~ i 0 ~ 386.64 +42.35
1.976 1.976

So either x & 386.64 + 42.35 ~ 429 or x &~ 386.64 — 42.35 ~ 344. Since 429,000 is greater than the distance from the
earth to the moon, we reject the first root; thus x & 344,000 kilometers.
139. @) 3(0)+k—5=k(0)—k+1lok-5=-k+12k=6=k=3
O3 +k=-5=k()—k+1e3+k-5=k—k+1lok-2=1k=3
©3Q+k—-5=kQ)—k+16+k—-5=2k—k+1<k+1=k+ 1. Since both sides of this equation are equal,
x = 2 is a solution for every value of k. That is, x = 2 is a solution to every member of this family of equations.

141. (a) -9 +20=0 (x—4)(x —5) =0 x =4 orx =5. The product of the solutions is 4 - 5 = 20, the constant
term in the original equation; and their sum is 4 4+ 5 = 9, the negative of the coefficient of x in the original equation.

bt VB —de . —b— b —dc
2 - 2

(b) In general, the equation x2 4+ bx + ¢ = 0 has solutions r = dry

_ /h2 _ —h—JH2 _ 2
Thus, riry = —2F zb de b 2” de _ % [(—b)2 —( b2 —4c) } =1 (bz —b2+4c) — cand
—b+Vb2—4c —b—/b2—4c —2b
ry+ry= 5 + ) = =—b.

143. (a) Method I: Letu = \/x,sou® = x. Thus x — /x —2 =0becomes u? —u —2 =0 u—2)(u+1)=0.Sou =2
oru=—1.1fu=2,then \/x =2 = x =4. Ifu = —1, then /x = —1 = x = 1. So the possible solutions are 4 and
1. Checking x =4 we have 4 — /4 —2 =4 —2—2 = 0. Checkingx = 1 wehave ] —+/1—=2=1—1—2 0. The
only solution is 4.
Method2: x — Jx —2=0=x-2=/r=>x? —4dx+4=xx2-5x+4=0& (x —4) (x — 1) = 0. So the
possible solutions are 4 and 1. Checking will result in the same solution.

1 10
(b) Method I: Letu = ——, so u® = 5. Thus 5+
x-3 x-3) (-3?2 x-3

—10£4/102=-4(12)(1) _ —10£4/52 _ —1042/13 _ —=5+:/13 Ifu = =5=¥13 pen
2(12) == T 2 T~ 1 Mu=—1m

+ 1 = 0 becomes 1242 + 10u + 1 = 0. Using

the quadratic formula, we have u =

1 -5-v13 2 —seyi _ 2(-5+VD) 3 3
T3 B <:>x—3__5_m-_5+m_ 5 =-5++V13.Sox = -2+ 13.
_ _54JD3 L _ =S+ o syn_ R2YE) L o
Ifu = =7 ,thenx_S_ D ox 3_—5+\/ﬁ Sy 7 =-=5 13. So
x=-2—-4/13.

The solutions are —2 =4 +/13.

12 10
Method 2: Multiplying by the LCD, (x — 3)2, we get (x — 3)2 ( +—5+ 1) =0 -x=-3)?eo

(x_3)2 x —
24+10x=3)+(x—32 =012+ 10x —30 +x2 — 6x + 9 = 0 & x2 + 4x — 9 = 0. Using the Quadratic

Formula, we have u = 4+ 422_4(1)(_9) = _4352\/5_2 = _43322 13 _ _2 4 /T3. The solutions are —2 & +/13.
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1.6 COMPLEX NUMBERS

1. The imaginary number i has the property that i2 = —1.
3. (a) The complex conjugate of 3 +4i is 3 +4i = 3 — 4i.
(b) 3+4i)(3+4i)=32+4>=25

5. Yes, every real number « is a complex number of the form a + 0i.

7. 3 — 8i: real part 3, imaginary part —8. 9. = —% - %i: real part -2, imaginary part —%.

11. 3: real part 3, imaginary part 0. 13. —%i: real part 0, imaginary part —%.

15. /3 + /=4 = /3 + 2i: real part /3, imaginary part 2.  17. 342 +5i =3+ Q2 +5)i =3+ 7i

19. 5-30)+(-4-7)=GB -4+ (-3-T)i=1-10i 21.(=6+6i))+ O —i)=(—6+9) +(6—1)i=3+5i
1. 3. 1 3\ . .

B (1-4) - (5+3) =0-9+ (-1 -3)i=2-2i

25. (—1248i)— (T+4)=—1248i —T—4i=(—12=7)+ 8 —4)i=—19+4i

27. 4(=142i) = —4+8i

29. (3 —4i) 2 +5i) =64 15i —8i —20i> =6+7i —20(—1) =26+7i

31. (64 5i) 2 —3i) =12 — 18i 4+ 10i — 15i> = (124 15) 4+ (=18 + 10)i =27 —8i

33. 3-2)(3+2)=32—-Qi)?* =13

35. 3—2)2=9—12i+4(—1)=5—12i
1 1 i i i

37. - =— - = — = — = —|
T et

g0, 1230 _ (=300 =20 s+4si_
1+2i (1421 —2i) 5

a0 10i..1+21::10i+20i2:—20+10i:5(—4+2i):_4+2i
1—2i 1—-2i 142 1 —4i? 1+4 5

4460 A+6i 3 12i4+18% —18412i —18 12

43. = = = —i=2-%;

3i 3 3§ 9;2 -9 o T o' 3!

1 1 1 1—i 1 l4i 1—i 14i 1—i —1-i
4, — - — .t Tl - - =i

147 1—i 14+i 1—i 1—i 1+4i 1—i2 1-—ij2 2 2

2
47. 3 =% = —i 49. 3i)5 =35 (iz) i =243 (=1)%i =243
250

51. i1000=(i4) — 1250 — 53. /=25 = \/25/=1 = 5i

55. /—4/=9 = (2i) 3i) = =6
57 2+ V=T) (3= v=3) =6-2V3i +3i = 3= 6+ 3+ (3-2V3)i
2+¢78_2+2ﬁi_2(1+~/§i)
+V=2 14+V2i 1+

6l. x2+25=0=x? =25 x =+5i

6+ /36 —-4(13)
2

59.

63. x2—6x+13=0x = =3+ 3/-16=3+2i

Or:x?—6x+13=0x2-6x+9=—-1349(x—-3)2=-dox—3==+2iox=3=+2
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2+ /A=40Q) ) 2++-36 )
2 _ _ _ _ 1 3
65. 2x“ —2x+5=0=>x = 70 = 2 —jﬂ:zl
—(MHEJD?*=4MAD) 1+ T=F —14+/3 1453
67. 2 +x+1=0=>x= ) ) ) ): = = «/—l:—%igi
2(1) 2 2 2
4+\/(-4* -4 @) 4+.~128
2 = - _ _2.4/2;
09. 9x“ —4x+4=0x = 10 = 18 _ﬁiTl

7. 6x2+12x+7=0=

_ D)2 4O _ 124 /TH-T68 _ ~124J=7 _ —1242J6i _ =12 | 2J6i _ _| 4 +5;
= 7 = W) =— N =—1n —1m*Thm = 5!

T3. 240 =3—-4+5+2=34+4+5-2 =8+2i
75. 2. 7= (3 —4i)(3+4i)=3>+4>=25
7. LHS =z+w=(a+bi)+ (c+di)=a—-bi+c—di=(@a+c)+(-b—-d)i=(a+c)— (b+d)i.
RHS=z+w=(a+bi)+(c+di)=(@+c)+b+d)i=(@a+c)—(b+d)i.
Since LHS = RHS, this proves the statement.

79. LHS = 2)2 = ((@ T b0))° = (a — bi)? = a® — 2abi + b2i% = (a2 _ b2) — Dabi.

=

N

RHS =22 = (@ +bi)? = ® + 2abi + 0% = (a? = 7) + 2abi = (a® = b?) = 2abi.
Since LHS = RHS, this proves the statement.
81. z+Z = (a+ bi) + (a + bi) = a + bi +a — bi = 2a, which is a real number.
83. z-Z=(a+bi)-(a+bi) = (a+bi)- (a — bi) = a® — b*i? = a® + b2, which is a real number.

—b+ /b2 -4
85. Using the Quadratic Formula, the solutions to the equation are x = 2—(16. Since both solutions are nonreal, we
a
—b /4ac — b2
have b? — dac < 0 < dac — b? > 0, so the solutions are x = 2 + % i, where v/4ac — b2 is a real number.
a a

Thus the solutions are complex conjugates of each other.

1.7 MODELING WITH EQUATIONS

1. 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.

3. (a) A square of side x has area 4 = x2.

(b) A rectangle of length / and width w has area 4 = [w.

(c) A circle of radius r has area 4 = 2.

5. A painter paints a wall in x hours, so the fraction of the wall she paints in one hour is ! wall = l
x hours  x

7. 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+ 1)+ (n +2) =3n + 3.

9. 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 +2) + (n +4) = 3n + 6.

11. 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
784+82+s 160 +s
3 3

13. If x dollars are invested at 2%% simple interest, then the first year you will receive 0.025x dollars in interest.
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15. Since w is the width of the rectangle, the length is four times the width, or 4w. Then

area = length x width = 4w x w = 4w? m2.

. . . L . . ) distance d
17. If d is the given distance, in kilometers, and distance = rate x time, we have time = =

rate 55
19. If x is the quantity of pure water added, the mixture will contain 750 g of salt and 3 + x liters of water. Thus the
.. 750
concentration 18 .
x

21. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

If d is the number of days and m the number of kilometers, then the cost of a rental is C = 65d + 0.40m. In this case, d = 3

38
and C = 283, so we solve for m: 283 =65-3 +0.40m <283 =195+ 040m < 04m =88 & m = 04= 220. Thus,

the truck was driven 220 kilometers.

23. If x is the student’s score on their final exam, then because the final counts twice as much as each midterm, the average
82 +75+71+2 228 +2 114 114
score is Rl = + = X . For the average to be 80%, we must have +x
3(100) + 200 500 250

114 + x = 250 (0.8) = 200 < x = 86. So the student scored 86% on their final exam.

25. Let m be the amount invested at 2%%. Then 12,000 — m is the amount invested at 3%.
Since the total interest is equal to the interest earned at 2.5% plus the interest earned at 3%, we have

=80% =08«

42
318 = 0.025m + 0.03 (12,000 — m) < 318 = 0.025m + 360 — 0.03m < 0.005m =42 & m = 0005 = 8400. Thus,

$8400 is invested at 2%% and 12,000 — 8400 = $3600 is invested at 3%.

262.5
27. Using the formula / = Prt and solving for 7, we get 262.50 = 3500 - r - 1 & r = 3500 = 0.075 or 7.5%.
29. Let x be the monthly salary. Since annual salary = 12 x (monthly salary) + (Christmas bonus), we have
180,100 = 12x + 7300 < 172,800 = 12x < x & 14,400. The monthly salary is $14,400.

31. Let x be the overtime hours worked. Since gross pay = regular salary + overtime pay, we obtain the equation
166.50

814 = 18.50-35418.50 - 1.5 - x < 814 = 647.50 + 27.75x < 166.50 = 27.75x & x = 775

= 6. Thus, the lab

technician worked 6 hours of overtime.

33. 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. So4 (y +7) =11y + 74y +28 =11y + 7<= 21 = 7y & y = 3. Thus, today the movie star is
11 (3) + 7 = 40 years old.

35. Let n be the number of nickels. Then there are also n dimes and n quarters. The total value of the coins in the purse is the
sum of the values of nickels, dimes, and quarters, so 2.80 = 0.057 4+ 0.10n + 0.25n 2.8 =04p & p = % = 7. So the
purse contains 7 nickels, 7 dimes, and 7 quarters.

37. Let ! be the length of the garden. Since area = width - length, we obtain the equation 1125 =25/ & [ = % =45m. So

the garden is 45 meters long.

39. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

Let w be the width of the building lot. Then the length of the building lot is Sw. Since a half-hectare is % - 10,000 = 5000

and area is length times width, we have 5000 = v (Sw) = 5w? < w? = 1000 = w = +31.6. Thus the width of the
building lot is 31.6 meters and the length of the building lot is 5 (31.6) = 158 meters.

41. Let w be the width of the garden in meters. Then the length is w + 10. Thus 875 = w (w + 10) & w? 4+ 10w — 875 =0
< (w+35) (w —25) =0. If w4+ 35 =0, then w = —35, which is impossible. Therefore w — 25 = 0, and so w = 25.
The garden is 25 meters wide and 35 meters long.
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43. Let w be the width of the garden in meters. 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 = 2w + 2/ < 2/ = 200 — 2w &
I = 100 — w. Using the formula for area, we have 2400 = w (100 — w) = 100w — w? < w? — 100w + 2400 = 0 &
(w—40)(w—60)=0.Sow —40 =0 w =40,0or w —60 =0 = w = 60. If w = 40, then / = 100 — 40 = 60. And if
w = 60, then/ = 100 — 60 = 40. So the length is 60 meters and the width is 40 meters.

45. Let/ be the length of the lot in meters. Then the length of the diagonal is / + 10. /
We apply the Pythagorean Theorem with the hypotenuse as the diagonal. So
2 +50% = (I + 10)? & I? + 2500 = 12 + 20/ + 100 & 20/ = 2400 & [ = 120.
Thus the length of the lot is 120 meters.

30 [+10

47. (a) First we write a formula for the area of the figure in terms of x. Region A4 has X

dimensions 10 cm and x cm and region B has dimensions 6 cm and x cm. So the

shaded region has area (10 - x) 4 (6 - x) = 16x cm?. We are given that this is equal 10em| A 6 cm

to 144 cm?, 50 144 = 16x & x = M =9 em,

(b) First we write a formula for the area of the figure in terms of x. Region A4 has

dimensions 14 cm and x cm and region B has dimensions (13 + x) cm and x cm. A l4em

So the area of the figure is (14 - x) + [(13 + x) x] = 14x 4+ 13x +x2 =x2 4 27x.

13 cm

We are given that this is equal to 160 em?, 50 160 = x2 +27x & B x

x24+27x —160 = 0 & (x +32) (x — 5) & x = =32 or x = 5. x must be

positive, so x = 5 cm.

49. Let x be the width of the strip. Then the length of the mat is 50 4+ 2x, and the width of the mat is 38 + 2x. Now the
perimeter is twice the length plus twice the width, so 256 = 2 (50 4+ 2x) +2 (38 4+ 2x) & 256 = 100 4 4x + 76 + 4x &
256 =176 + 8x < 80 = 8x < x = 10. Thus the strip of mat is 10 centimeters wide.

51. Let & be the height the ladder reaches (in meters). Using the Pythagorean Theorem we have (2.3)2 +h?r = (6?2 =
h? = (6)2 — (2.3)2 =36 —5.29 ~ 30.71. So h = +/30.71 ~ 5.54 meters.

0+x

1
53. Let x be the length of the person’s shadow, in meters. Using similar triangles, = % 204+ 2x =6x & 4x =20

& x = 5. Thus the person’s shadow is 5 meters long.

55. 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) 0.60 0.30 0.50
Value 0.60x 0.30(300 —x) | 0.50(300)

60
Thus the total amount of pure acid used is 0.60x + 0.30 (300 — x) = 0.50 (300) < 0.3x +90 =150 & x = 03 = 200.
So 200 mL of 60% acid solution must be mixed with 100 mL of 30% solution to get 300 mL of 50% acid solution.
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57. Let x be the number of grams of silver added. The weight of the rings is 5 x 18 g =90 g.
5 rings Pure silver Mixture
Grams 90 X 90 4 x
Rate (% gold) 0.90 0.75
Value 0.90 (90) Ox 0.75 (90 + x)
S00.90 (90) + 0x = 0.75(90+x) © 81 = 67.54+0.75x © 0.75x = 13.5 = x = (1)3—72 = 18. Thus 18 grams of silver
must be added to get the required mixture.
59. Let x be the number of liters of coolant removed and replaced by water.
60% antifreeze | 60% antifreeze (removed) | Water | Mixture
Liters 3.6 X 3.6
Rate (% antifreeze) 0.60 0.60 0.50
Value 0.60 (3.6) —0.60x Ox 0.50 (3.6)
—0.36
S0 0.60 (3.6) — 0.60x + 0x = 0.50 (3.6) & 2.16 — 0.6x = 1.8 & —0.6x = 036 & x = o6 = 0.6. Thus 0.6 liters
must be removed and replaced by water.
61. Let c be the concentration of fruit juice in the cheaper brand. The new mixture consists of 650 mL of the original fruit punch
and 100 mL of the cheaper fruit punch.
Original Fruit Punch | Cheaper Fruit Punch | Mixture
mL 650 100 750
Concentration 0.50 c 0.48
Juice 0.50 - 650 100c¢ 0.48 - 750
S0 0.50 - 650 + 100c = 0.48 - 750 & 325 4 100¢ = 360 < 100c = 35 < ¢ = 0.35. Thus the cheaper brand is only
35% fruit juice.
63. Let ¢ be the time in minutes it would take to wash the car if the friends worked together. Friend 1 washes % of the car per
minute, while Friend 2 washes % of the car per minute. The sum of these fractions is equal to the fraction of the job they
1 1 1 875t 875t 875t
can do working together, so we have T=5% 13 = =35 T35 875 =35t+25t =60t &t = 86L05 =
t = 14% minutes, or 14 minutes 35 seconds
65. Let ¢ be the number of hours it would take your friend to paint a house alone. Then working together, it takes %t hours.
3
11 1 14 14t 14 5 (14¢
Because it takes you 7 hours, we have 7 + " =5 -+t =5 = & S22+ 14=21t= % Thus, it
=t =t
3 3

would take your friend 3.5 h to paint a house alone.
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67. Let ¢ be the time in hours that it takes you to wash all the windows. Then it takes your roommate ¢ + % hours to

wash all the windows, and the sum of the fractions of the job you can do individually per hour equals the fraction

1 1 1
of the job you can do together. Since 1 hour 48 minutes = 1 + % =1+ % = %, we have n +— =5
t+7. 3
1 2 s
T R

= 92t +3)+2(9%) =5t (2t +3) & 18 + 27 + 18t = 1062 + 15t & 102 =21t — 27 = 0

oo 22D \/(—21)2 —400 (=27 _ 214£441+1080 _ 21439 21-39 9
- 2(10) - 20 20 20 10
21439 . . . . . .
ort = 0 = 3. Since ¢ < 0 is impossible, you can wash the windows alone in 3 hours, and it takes your roommate

34+ % = 4% hours.

69. Let ¢ be the time in hours that the commuter spent on the train. Then % — ¢t is the time in hours that commuter spent on the

bus. We construct a table:

Rate Time Distance
By train | 64 t 64¢

11 11
By bus 96 5 —t] 9 (7 — t)

The total distance traveled is the sum of the distances traveled by bus and by train, so 480 = 64t + 96 (12—1 — t) =

480 =64t + 528 — 96t & —48 = 32t &t = :—g’g = 1.5 hours. So the time spent on the train is 5.5 — 1.5 = 4 hours.

71. Let r be the speed of the plane from Montreal to Los Angeles. Then » + 0.20r = 1.20r is the speed of the plane from Los
Angeles to Montreal.

Rate | Time | Distance
4000
Montreal to L.A. r 4000
r
4000
L.A. to Montreal | 1.2r 4000
1.2r
4000 4000 55 4000 4000
The total time is the sum of the times each way, so 9% = + S — = +
r 1.2r 6 r 1.2r

55-1.2r = 4000 - 6 - 1.2+ 4000 - 6 < 66r = 28,800 + 24,000 < 661 = 52,800 < r = 22890 — 800, Thus the plane flew
at a speed of 800 km/h on the trip from Montreal to Los Angeles.
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73. Let x be the rate, in km/h, at which the salesperson drove between Ajax and Barrington.

Cities Distance Rate Time
. . 192
Ajax — Barrington 192 x —
X
240
Barrington — Collins 240 x+16
x+16
. distance . . . .
We have used the equation time = to fill in the “Time” column of the table. Since the second part of the trip
. 1 . .19 1 240
took 6 minutes (or 1 hour) more than the first, we can use the time column to get the equation — + 0= Tr6 =
x X

192 (10) (x + 16) + x (x + 16) = 240 (10x) < 1920x + 30,720 + x2 + 16x = 2400x <> x2 — 464x + 30,720 = 0 &

—(—464)%,/ (—464)*—4(1)(30,720 /215296 -122.880 /92,416
‘= ) \/ 2) ) ) _ 464+ 215,%96 122,880 _ 464+ 292,416 = 4645304 _ 73) + 152, Hence, the

salesman drove either 80 km/h or 384 km/h between Ajax and Barrington. (The former seems likelier.)

75. Let r be the rowing rate in km/h of the crew in still water. Then their rate upstream was » — 3 km/h, and their rate
downstream was » + 3 km/h.

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 = % hour, we get the equation

6 6 8
T3 = §<:>6(3)(r~|—3)~|—6(3)(r—3)=8(r—3)(r+3)<:)18r+54+18r—54=8r2—72(:)
r — r

0=82_36r—72=4 (2r2 —or 18) —4(2r +3) (- — 6). Since 2r +3 = 0 &> r = —3 is impossible, the solution is

r —6 =0 < r = 6. So the rate of the rowing crew in still water is 6 km/h.

77. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

Let x be the distance from the fulcrum to where the 56-kg friend sits. Then substituting the known values into the formula
given, we have 45 (2) = 56x & 90 = 56x < x = 1.6. So the 56-kg friend should sit 1.6 meters from the fulcrum.

79. The volume is 180 m>, s0 x (x —4) (x +9) = 180 & x> + 5x2 — 36x = 180 < x> + 5x2 — 36x — 180 = 0 &
2 +5—36x+5) :O<:>(x+5)(x2—36) — 0 (x+5(x+6)(x—6) = 0= x = 6is the only positive

solution. So the box is 2 meters by 6 meters by 15 meters.

81. Let x be the length of one side of the cardboard, so we start with a piece of cardboard x by x. When 4 centimeters are
removed from each side, the base of the box is x — 8 by x — 8. Since the volume is 100 cm>, we get 4 (x — 8)% = 100 <
x2—16x +64=25x2 —16x +39 =0 (x —3) (x —13) = 0.Sox = 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 centimeters by 13 centimeters.

83. Let r be the radius of the tank, in meters. The volume of the spherical tank is ‘3—“11'1’3 and is also 2840 x 0.001 = 2.84. So

$7mr3 =2.84 &3 = 0.678 & r = 0.88 meters.
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85. Let x be the length, in kilometers, 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 1/ 102 + (40 — x)2 kilometers, by the Pythagorean Theorem. Since the cost of

the road is cost per kilometer x number of kilometers, we have 100,000x + 200,000v/x2 — 80x + 1700 = 6,800,000

& 2/x2 —80x + 1700 = 68 — x.Squaring both sides, we get 4x2 — 320x + 6800 = 4624 — 136x + x2 <

/33856—26112 . .
3x2 = 184x 4+ 2176 = 0 < x = 184E 33256 26112 _ 1842:88 X = % orx = 16. Since 45% is longer than the

existing road, 16 kilometers of the abandoned road should be used. A completely new road would have length /102 + 402
(let x = 0) and would cost /1700 x 200,000 =~ 8.3 million dollars. So no, it would not be cheaper.

87. Let x be the height of the pile in meters. Then the diameter is 3x and the radius is %x meters. Since the volume of the cone

3x\? 3x3 112 112
is28m3, wehave = (X)) x =282 25 — 28 13 = == o x = J == ~ 2.28 meters.
3 2 4 37 37

89. Let 4 be the height in meters of the structure. The structure is composed of a right cylinder with radius 3 and height %h and
a cone with base radius 3 and height %h Using the formulas for the volume of a cylinder and that of a cone, we obtain
the equation 407 = 7 (3)? (%h) +1im(3)2 (%h) & 407 = 67h + h < 40 = Th < h ~ 5.7. Thus the height of the
structure is 5.7 meters.

91. Let & be the height of the break, in meters. Then the portion of the bamboo above
the break is 10 — &. Applying the Pythagorean Theorem, we obtain

10—/
B2 432 = (10 — )2 & h% +9 = 100 — 20/ + h% & —91 = —20h h '
h= g_(l) = 4.55. Thus the break is 4.55 m above the ground.

3

93. 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 :60(x—l)-30x-1—;2 =Pxa-De30=x’-xox’-x-30=0& (x—6)(x+5)=0.Sox =6or
x = —5. Since x must be positive, the original length of the reed is 6 cubits.

1.8 INEQUALITIES

1. (a) Ifx <5,thenx -3 <5-3=>x-3<2.
(b) Ifx < 5,then3-x <3.5=3x < 15.
(¢) Ifx >2,then —3-x < -3-2= —3x < —6.
(d) Ifx < -2, then —x > 2.

3. (a) The solution of the inequality |x| < 3 is the interval [—3, 3]. Any number

that lies inside this interval satisfies the inequality. -3 3

(b) The solution of the inequality |x| > 3 is the union of intervals

(—00, —3] U [3, 00). Any number that lie inside one of these intervals -3 3

satisfies the inequality.

5. (a) No. For example, if x = =2, thenx (x + 1) = —2(—1) =2 > 0, butx < 0.
(b) No. For example, ifx =2,thenx (x +1) =23) =6 > 5,butx < 5.
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7. 9.
x| -2+3x>1 x| l<2x-4<7
-5|-17> 1ino -5 | 1<-14<7no
—1 —52%;110 —1 1 <—6<7;no0
0 —2 > 0;no 0 1 <—4<7;n0
% Oz%mo % 1<—%§7;no
% %2%;yes % 1<—%§7;no
1 12%;yes 1 1 <—-2<7;n0

> x;yes <047 <7;no

V5| 472 4y V3| 1<047<7
3 72%;yes 3 1 <2<7;yes
51 13> 4 yes 5 1 <6<7;yes

The elements 3 and 5 satisfy the inequality.

11.

1<
T S

1 1.
-3 < 5;yes

1.

-1 < 53

yes

% is undefined; no
1.

< 7,10

Lin

— WOy NIW
IA

IN

0
L. o
0.4 (S

W
IN

INA

yes

(.
mw&lhtoxlu.wh\)o__ulk

75
35
1.
75y S
1.
27
1.
22

n— W—
IN

yes

The elements —5, —1, /5, 3, and 5 satisfy the inequality.

13. 2x <7 x < %.Interval: (—oo,%:l 15.2x —5>32x>8sx >4

Interval: (4, 00). Graph:

Y

Graph: 7
2

19.2x+1 <02x < -1 x < —4

17. 7T—x>5 —x>-2x <2 3

Interval: (—o0,2]. Graph:

2 Interval: (—oo, —%) Graph:

=

1 3

2. 4x —7 <84+ o —-5x <15 x > 3. 23.x—%>%x@7x>7@x>3

Interval: (=3, 00). Graph:

Y

\ 4

Interval: (3, c0). Graph:

B brt2<lr-lelr<-3ex<-18 27.4-3x < —(1+8x) ©4—3x < —1 —8x & 5x < =5

Interval: ex < -1

(—o0, —18). Graph: Interval: (—oo, —1].  Graph:
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29.2<x+5<4e-3<x<-1 3Ml. -1 <2x=5<724<2x<122<x <6

Interval: [—3, —1). Graph: Interval: (2, 6). Graph: S 4
-3 -1
9 1 2x—-13 2 .
B.2<8=U<-1le-10<-2<-95>x>3 35.€< 5 5§@2<2x—13§8(multlplyeach
= % <x <5

expression by 12) & 15 < 2x <21 & % <x < %

Interval: [% s 5) . Graph:

5 Interval: (1—25, %] Graph: 15 21
2

9
2

37. (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 (=00,=2) | (=2,3) | B,00) {x | =2 < x < 3}. Interval: (-2, 3).
Sign of x 4+ 2 — + +
Signof x — 3 — - + Graph: Y 3
Sign of (x 4+ 2) (x — 3) + - +
39. x 2x + 7) > 0. The expression on the left of the inequality changes sign where x = 0 and where x = —%. Thus we must

check the intervals in the following table.

From the table, the solution set is

—00, =1 -1
Interval ( o 2) ( 2’0) 0, %0) {x |x<—for0< x},
Sign of x - - +
Sign of 2x + 7 — + + Interval: (—oo, —%] U [0, 00).
Sign of x 2x + 7) + — +

\ 4

Graph: " 0
2

41. 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 (=00, =3) | (=3,6) | (6,00) {x | =3 < x < 6}. Interval: [-3, 6].
Sign of x + 3 - + +
Sign of x — 6 — - + Graph: 3 p
Sign of (x 4+ 3) (x — 6) + - +

43.3x2+5x > 232 +5x—2> 0 (x + 2) 3x — 1) > 0. The expression on the left of the inequality changes sign

where x = —2 and where x = % Thus we must check the intervals in the following table.
- - From the table, the solution set is
Interval (—o0, =2) (—2, 3) (3, oo) [x Ix < 2orx s %}
Sign of x + 2 — + +
Sign of 3x — 1 — — + Interval: (—oo, —2]U [%, oo).
Sign of (x +2) Bx — 1) + - +

\ 4

Graph:
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45, 3x2 —3x < 22 +4ox2 —3x —4 < 0 (x + 1) (x —4) < 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.
From the table, the solution set is
Interval (=00, =) | (=1,4) | (4,00 {x | =1 < x < 4}. Interval: (—1, 4).
Sign of x 4 1 — + +
: _ _ _ Graph:
Sign ofx — 4 + e 4
Signof (x +1) (x — 4) + - +

47. x2 > 3(x+6) @ x2 —3x — 18 > 0 & (x 4+ 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 (=00, =3) | (=3,6) | (6,00) {x|x <—=30r6 <x}.
Sign of x 43 - + + Interval: (—oo, —3) U (6, 00).
Sign of x — 6 — - +
- Graph —o0————— o0——>
Sign of (x +3) (x — 6) + — + A 8

49. x2 <4 x?2 -4 <0 (x +2) (x —2) < 0. 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 (=00,-2) | (=2,2) | 2,0) {x | =2 < x < 2}. Interval: (=2, 2).
Sign of x 42 — + +
i — — _ Graph:
Sign of x — 2 + Yy 5
Sign of (x +2) (x —2) + - +

51. (x +2)(x — 1) (x — 3) < 0. 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 (—00,=2) | (=2, | (1,3) | (3,00)
Sign of x 4+ 2 - + + +
Sign of x — 1 - - + +
Signofx — 3 — — - +
Signof (x +2) (x — 1) (x — 3) - + - +
From the table, the solution set is {x | x < —2or1 < x < 3}. Interval: (—o0,—2] U [I1,3].

Graph: —e
-2 1 3

53. (x —4) (x +2)? < 0. Note that (x + 2)% > 0 forall 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 (=00,=2) | (=2,4) | (4,0) {x | x #—2and x < 4}. We exclude the
Signof x — 4 - - + endpoint —2 since the original expression cannot
Sign of (x + 2)2 + + + be 0. Interval: (—oo, —2) U (=2, 4).
Sign of (x — 4) (x + 2)2 - - +
Graph:
-2 4
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55. (x +3)% (x — 2) (x +5) > 0. The left-hand side is 0 when x = —5, —3, or 2. We check the intervals in the following table.

Interval (=00, =5) | (=5,-3) | (-3,2) | (2,0)
Sign of (x + 3)2 + + + +
Sign of x 4+ 5 - + + +
Sign of x — 2 - - - +
Signof (x =2)2 (x =3) (x + 1) + - - +
When x = -3, the left-hand side is equal to 0 and the inequality is satisfied. Thus, the solution set is

{x | x < -=5x=-3,0orx > 2}. Interval: (—oo, —5]U {—3} U[2, 00). Graph: —e——
-5 3 2

57.x3 —4x >0 x (x2 - 4) > 0 x (x +2) (x —2) > 0. The expression on the left of the inequality changes sign where

x = 0,x = —2 and where x = 4. Thus we must check the intervals in the following table.
Interval (=00, =2) | (=2,0) | (0,2) | (2,00)
Sign of x — - + +
Sign of x 4+ 2 - + + +
Signofx — 2 — - - +
Sign of x (x +2) (x — 2) — + - +

From the table, the solution setis {x | =2 < x < 0 or x > 2}. Interval: (=2, 0)U(2, c0). Graph: —o——o0——o0—>
-2 0 2

59. x* > 2 oxt —x2 > 0?2 (x2 - 1) >0ex?(x— 1) (x + 1) > 0. The expression on the left of the inequality

changes sign where x = 0, where x = 1, and where x = —1. Thus we must check the intervals in the following table.
Interval (—oo,—=1) | (=1,0) | (0,1) | (1,00)
Sign of x2 + + + +
Sign of x — 1 - - - +
Signof x + 1 - + + +
Signof x2(x = 1) (x + 1) + - - +
From the table, the solution setis {x | x < —1 or 1 < x}. Interval: (—oo, —1)U(1, c0). Graph: >
= 1
-3
61. al 1 > 0. The expression on the left of the inequality changes sign where x = —1 and where x = 3. Thus we must check
X

the intervals in the following table.

From the table, the solution set is

Interval (=00, —1) | (=1,3) | (3,00) {x | x < —1orx < 3}. Since the denominator
Sign of x + 1 - + + cannot equal 0 we must have x # —1.
Sign of x — 3 - - + Interval: (—oo, —1) U [3, 00).
Sign of X3 + - +
x+1 Graph: >
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5(x -2 —4 10 —2x+5
>S5 -5>0& o x )>0<:) alus >0(:)X—+>O,Theexpressionontheleft
x =2 x =2 x—2 x =2 x =2 x =2

63.

of the inequality changes sign when x = 2 and x = % Thus we must check the intervals in the following table.

From the table, the solution set is

Interval —00, 2 2, 2 é,oo
( ) ( 2) (2 ) {x |2 <x < %} Interval: (2, %)

Sign of —2x + 5 + + —

Sign of x — 2 — + +

: % I3 Graph: 4; 5

Sign of ———— — + - 5

x—2
2 1 2 1 2 I 3(x-5 - 16
65. = + <3s T+l 3<0e L M <0e —x+lo < 0. The expression on the left of the inequality

x =5 x—=5 x—=5 x =5 x—5

changes sign where x = 16 and where x = 5. Thus we must check the intervals in the following table.

From the table, the solution set is
Interval (=00,5) | (5, 16) | (16,00) {x | x <5orx > 16}. Since the denominator
Sign of —x + 16 + + - cannot equal 0, we must have x # 5.
Signofx — 5 - + + Interval: (—oo, 5) U[16, 00).
— 16
Sign of —* 0 - + -
x—=5 Graph: >
5 16
4 4 4 . 4 — x2 2-x)(2
67.—<x<:>——x<0<:>——u <0 al <0<:>( X @+x) < 0. The expression on the left of the
X X x X X X
inequality changes sign where x = 0, where x = —2, and where x = 2. Thus we must check the intervals in the following
table.
Interval (—00,-2) | (=2,0) | (0,2) | (2,00)
Sign of 2 + x — + + +
Sign of x — — + +
Sign of 2 — x + + + -
2—x)(2
Sign Of M + — + —
X
From the table, the solution setis {x | =2 < x < 0 or2 < x}. Interval: (=2, 0)U(2, c0). Graph: —o——o0———o0—>
-2 0 2
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2 2 x(x+1) 2x 20+ 1) X4 x+2x—2x=2
69. 1 + < -1+ — =< — < <0&
x+1 7" x x+1 x xx+1) x(x4+1) x@x+1 x(x+1)
2
-2 2)(x—1
rAx-s < M < 0. The expression on the left of the inequality changes sign where x = —2, where
x(x+1) x(x+1)
x = —1, where x = 0, and where x = 1. Thus we must check the intervals in the following table.
Interval (=00,=2) | (=2,-1) | (—=1,0) | (0,1) | (1,00)
Sign of x 42 - + + + +
Signofx — 1 - - - - +
Sign of x - - - + +
Sign of x + 1 - — + + +
. x+2)(x—1)
S f——m—= — —
1gn o FICES + + +
Since x = —1 and x = 0 yield undefined expressions, we cannot include them in the solution. From the table, the solution
setis{x | =2 <x < —1lor0 <x < 1}. Interval: [-2, —1) U (0, 1]. Graph:
— - 0 1
2 -1 2 -1 2)(x—2 -1 3
71.x+ <2 @x+ - < @(x+ ) (x )_(x )(x+)<0@
x+3 x-=2 x+3 x-=2 x+3)x—-2) x—=-2)(x+3)
2 2
x“—4—-x"—-2x+3 —2x —1 .
<0& ———— < 0. The expression on the left of the inequalit
G +3)(x—2) x+3)(x—2) P quatty
changes sign where x = —%, where x = —3, and where x = 2. Thus we must check the intervals in the following table.
Interval (—00, —3) (—3, —%) (—%, 2) @, 00)
Sign of —2x — 1 + + - -
Signofx + 3 - + + +
Sign of x — 2 — - - +
Si ¢ —2x —1 N n
ignof ———— - —
BTG -2
From the table, the solution set is [x | -3 <x < —% or2 < x]. Interval: (—3, —%) U (2, ).
Graph: l
_ -3 2
73. |5x] <20 © |x| <4 & —4 < x < 4. Interval: (—4, 4). 75. |2x| > 7 is equivalent to 2x > 7 < x > %; or2x <7¢&
7
Graph: —o T
—4 4 . 1 7
Interval: (—oo, —7) U (7, oo)

-_—
Graph: 7
2

[SIEN]

Precalculus Mathematics for Calculus International Metric Edition 8th edition Stewart Solutions Manual


https://testbank.online/books/9798214031811-solutions

34 CHAPTER 1 Fundamentals

77. x =3 <10 -10<x-3<10-7<x <13. 79.3x+2| <4 -4<3x+2<4-6<3x<2&

Interval: [—7, 13]. -2 <x< %

Graph: o o Interval: (—2, %)

=7 13
Graph: —° 2 >
2155 ‘ 2.5 x—2 x-2

8L Pr -2 2 5o |r— 3|2 J.socitherx—3 23 83 <2e-2< 2o —6<x-2<6e

xz%orx—%ﬁ—%@xﬁ—l- —4 <x <8

7 Interval: (—4, 8).
Interval: (—oo, —1]U [g, oo)

Graph:
Graph: 7 - a 8
71 L
3
85. |x + 6] < 0.001 & —0.001 <x +6 <0.001 7.8 —2x -1 >6e—-|2x -1 > 2o |2x -1 <2
—6.001 < x < —5.999. —252)6—152(:}—152)653@—%5)65%

Interval: (—6.001, —5.999).
Interval: [—%, %]

Graph:
—6.001 —5.999
Graph: | 3
2 2
89.0<5-2x o2 <5&x <3
Interval: (—oo, %) Graph: 5

2

91. l6x < 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 (—oco,—4) | (—4,0) | (0,4) | (4,00)
Sign of x 4+ 4 - + + +
Sign of x - - + +
Signof x — 4 — - - +
Sign of x (x +4) (x — 4) - + - +

From the table, the solution setis {x | —4 < x < 0 or 4 < x}. Interval: [—4, 0]U[4, c0). Graph:

\ 4

—4 0 4

93. x2 4+ 5x+6 > 0 (x +3)(x +2) > 0. The expression on the left of the inequality changes sign when x = —3 and

x = —2. Thus we must check the intervals in the following table.
From the table, the solution set is
Interval (—00,=3) | (-3,-2) | (—2,00) (x|x <—=3or —2 <x).
Signofx +3 - + + Interval: (—oo, —3) U (=2, 00).
Sign of x + 2 - - +
Sign of (x +3) (x + 2) + - + Graph: —o ——————>
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95. (x +3)2 (x 4+ 1) > 0. Note that (x + 3)2 > 0 forall 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 set is {x | x > —1}.
Interval (=00,-3) | (=3, =1 | (=1,%9) | (The endpoint —3 is already excluded.)
Sign of (x +3)? + + + Interval: (—1, 00).
Sign of x + 1 - - +
Sign of (x +3)2 (x + 1) _ _ n Graph: “ >
97.1>3-2x > -5 -2>-2x > -8 1 <x <4. Interval: [1,4]. Graph: >
1 4
99. |x] <3 101. |x = 7| =5 103. [x| <2 105. |x| > 3 107. |x — 1] <3
109. For v/x2 — 9 to be defined as a real number we must have x2 — 9 > 0 (x +3) (x —3) > 0. The expression in the
inequality changes sign at x = —3 and x = 3.
Interval (—00,=3) [ (=3,3) | (3,0)
Sign of x 4+ 3 - + +
Signofx — 3 — — +
Sign of (x 4+ 3) (x — 3) + - +
Thusx < —3 orx > 3.
1 1/2
111. For (ﬁ) to be defined as a real number we must have x2 —3x — 10 > 0 & (x +2) (x — 5) > 0. The
x* —3x —
expression in the last inequality changes signatx = —2 and x = 5.
Interval (=00, =2) [ (=2,5) | (5,00)
Sign of x +2 - + +
Sign of x — 5 - - +
Sign of (x +2) (x —5) + - +
Thus x < —2 or x > 5, and the solution set is (—oo, —2) U (5, 00).
b b 1 /b
113. a (bx — ¢) > bc (wherea, b,c > 0) @ bx —c > —c<:>bx > —c+c<:>x > — —C+c = E+£<:>x > E+£<:>
a a b\ a a b a b
cb+ca (a+b)c
X > = .
- ab ab
4a —d 4a —d 4a —d
115. a |bx —c| +d > 4a, where a, b,c > 0 & |bx —c¢| > ¢ & —(bx—c¢) > a or bx —c > 4 =
a
4a —d 4a —d ac—4a+d ac+4a —d
—bx > —corbx > +ceox< —morx > —m8M8 .,
ab ab
117. Inserting the relationship C = %(F —32),wehave 20 < C <30 =20 < %(F -32)<3036<F-32<54o
68 < F < 86.

119. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

Let x be the average number of kilometers driven per day. Each day the cost of Plan A is 95 4 0.40x, and the cost of Plan B
is 135. Plan B saves money when 135 < 95 4+ 0.40x < 40 < 0.4x < 100 < x. So Plan B saves money when you average
more than 100 kilometers a day.

121. 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.
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123. (a) Let x be the number of $3 increases. Then the number of seats sold is 120 — x. So P = 200 + 3x
&3x =P -200x = % (P —200). Substituting for x we have that the number of seats sold is
120 —x = 120 — £ (P —200) = 1 P + 30,

(b) 90 < —%P—i-Sg;O <115270 <360 — P4+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.

4,000,000
d?
0.0004d> < 4,000,000 < 0.0142. Solving each pair, we have 0.0004d> < 4,000,000 < d° < 10,000,000,000
= d < 100,000 (recall that d represents distance, so it is always nonnegative). Solving 4,000,000 < 0.01d%> &

400,000,000 < d’ = 20,000 < d. Putting these together, we have 20,000 < d < 100,000.

125. 0.0004 < < 0.01. Since d?> > 0 and d # 0, we can multiply each expression by d? to obtain

127. | Note: In the first printing of the text, the answer given for part (a) of this exercise is incorrect.
(a) We substitute d = 402 m and ¢ = 10 s into the given formula and find the value of a that results in a quarter-mile time

of exactly 10 s: 402 = %a (10)2 <402 =500 ©a = 45L02 = 8.04 m/sz. Thus, the quarter-mile time will be less than
10sifa > 8.04 m/s2.

2 (402
(b) We substitute a = g = 9.8 m /s* and solve for ¢: 402 = % 9.8) Por?= %

. Taking the positive root, we find

q . , Lo [2402)
that the quarter-mile time for a (downward) quarter-mile under Earth’s gravity is Wl ~9.1s.

2
129. 70 > v + 13)—5 = %02 +0-70<0& (3—151) - 1) (v 4+ 70) < 0. The expression in the inequality changes sign at v = 35

and v = —70. However, since v represents the speed, we must have v > 0.
Interval (0,35) | (35,0)
Sign of 2o — 1 — +
Sign of v + 70 + +
Sign of (%1) - 1) (v +70) - +

So you must drive between 0 and 35 km/h.

131. Let x be the length of the garden and w its width. Using the fact that the perimeter is 120 m, we must have 2x + 2w = 120

& w = 60 — x. Now since the area must be at least 800 m2, we have 800 < x (60 — x) < 800 < 60x — x2

S
x2 = 60x + 800 < 0 & (x — 20) (x —40) < 0. The expression in the inequality changes sign at x = 20 and x = 40.

However, since x represents length, we must have x > 0.

Interval (0,20) | (20,40) | (40, 0)
Sign of x — 20 — + +
Sign of x — 40 — - +
Sign of (x — 20) (x — 40) + - +

The length of the garden should be between 20 and 40 meters.

h —170.5 h —170.5
o5 <2e-2< a5 <2& —-145<h—170.5 < 145 < 156 < h < 185. Thus 95% of the adult males

are between 156 cm and 185 cm.

133.
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135. The rule we want to apply here is “a < b = ac < bcifc > 0anda < b = ac > bc 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 < —, we must consider two cases.
x

Case I: 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 solutions are 0 < x < 3.

137. a < b,soby Rule 1, a + ¢ < b+ c. Using Rule 1 again, b + ¢ < b + d, and so by transitivity, a + ¢ < b + d.

2

139. (a) Because x is nonnegative, x < y < x“ < xy, and because y is nonnegative, x < y < xy < y2. Thus, by transitivity,

x2 <y

xX+y (x +»)?

(b) By part (a), /Xy < 5 Sxy < — Expanding, this becomes 4xy < (x —i—y)2 =x24 y2 + 2xy &

x2 4+ y2 —2xy>0(x — y)2 > 0. This is true for any x and y, so the original inequality is true for all nonnegative x

and y.

1.9 THE COORDINATE PLANE; GRAPHS OF EQUATIONS; CIRCLES

1. (a) The point that is 3 units to the right of the y-axis and 5 units below the x-axis has coordinates (3, —5).
(b) The point (2, 7) is 2 units to the right of the y-axis and 7 units above the x-axis, so it is closer to the y-axis.

a+c b+d
2 7 2

3. The point midway between (a, b) and (c, d) is (

1 2410 8 12
i,_"_ =(2,=)=@50).
2 2 2°2

5. (a) 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

). So the point midway between (1, 2) and (7, 10) is

& x = —1, so the x-intercept of 2y = x + 1 is —1.
(b) To find the y-intercept(s) of the graph of an equation we set x equal to 0 in the equation and solve for y: 2y =0+ 1 <
y= %, so the y-intercept of 2y = x + 1 is %
7. (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.
(¢) If a graph is symmetric about the origin and (a, b) is on the graph, then (—a, —b) is also on the graph.
9. Yes. If (a, b) is on the graph, then by symmetry about the x-axis, the point (a, —b) is on the graph. Then by symmetry
about the y-axis, the point (—a, —b) is on the graph. Thus, the graph is symmetric with respect to the origin.
11. The points have coordinates 4 (5, 1), B (1,2), C (=2, 6), D (—6,2), E (—4, —1), F (=2,0), G (-1, =3),and H (2, —2).

13. YA
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15. (a) y (b) ¥y
5 5
0] 5 x 0 5 X
17. (a) y (b) ’
5 5
0] 5 X 0] 5 X
19. (a) 4 (b) Y
5 5
\mm
1T
1T
1T
I 0 | 5 X 0 5 X
T
T
1T
| I
| I

21. The two points are (0, 2) and (3, 0).
@d=\G-02+0-(-2)?=v32+22=054=13

oo (340 042 s
(b) midpoint: (T’ T) = (7, 1)

23. The two points are (—3, 3) and (5, —3).
@ d=/(=3-52+ G- (=3)) = /(-8)> + 6> = V6A+ 36 = V/I00 = 10

(b) midpoint: (_32+ 5, 3 +§_3)) =(1,0)
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25. (a) y 27. (a) y
(=4.5) ’
6,16)@
¢(0,8) 0 5 X
.
(3.2
2
1 X
®) d =/(0—67 + (8 — 16)? ) d = /(=3 = (=4) + (=2 = 5)?
=,/(=6)? + (—8)2 = /100 = 10 =7+ (=7?=/49F49 = /8 =72
0+6 8+16 —4+43 5=-2
(¢) Midpoint: (% +T) =(3,12) (¢) Midpoint: ( 2+ T) = (—%, %)
29. (a) y 31.d (4, B) :\/(1 —5)24+(3-3)2 :\/(—4)2 =4.
d(4,C) = \/(1 -2+ G- (-3)2=,/(6)2=6.%0
—6,2) the areais 4 - 6 = 24.
L
1 y
1 X
6,-2),
A B
1
1 x
) d = /(6= (—6)7 + (=2 =2 = /122 + (—4)?
C D
= /144 ¥ 16 = /160 = 410
6—6 —2+42
(¢) Midpoint: (—, + ) =(0,0)
2 2
33. From the graph, the quadrilateral 4 BC D has a pair of parallel sides, so ABCD is y
by +b
a trapezoid. The area is (%) h. From the graph we see that
D C
by =d (4, B) = /(1 =572 +(0— 07 = V& =4 1N
A B
by =d(C,D) = \/ (4 —2)2 + (3 —3)2 =22 = 2; and  is the difference in !
. . N
y-coordinates is |3 — 0| = 3. Thus the area of the trapezoid is 5 3=0.

35. d (0, 4) = /(6= 0)> + (7= 012 = V&2 + 72 = \/36 £ 49 = /5.

d(0,B) =/ (=5 =072 + (8 —0)> = /(=5 + 82 = VI T 64 = /0.
Thus point A4 (6, 7) is closer to the origin.
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3. d(P,R) = /(=1 =37 + (=1 — 1)? =/ (—4) + (=2) = VT6 4 = V20 = 25,

(0, R) = /(=1 = (=1))> + (=1 =32 = /0 + (=4)% = /T6 = 4. Thus point O (—1, 3) is closer to point R.

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

d(4,B) = \/(—3 —0)2+(-1-2?= \/(—3)2 + (=32 =99 =18 =32
d(C,B)= \/(—3 — (-4 +(-1-3)?%= \/12 + (4?2 =VT+16=17.

d(4,C) = J0— (—4))2 + 2 = 3)> = /4 + (—1)? = VI6 T T = y/T7. So sides AC and CB have the same length,

41. (a) Here we have 4 = (2,2), B = (3, —1),and C = (-3, —3). So
d(4,B)=\/G-22+(—1-2% = /12 4+ (=3)? = T = VIO,
d(C.B) =~ (=3)2 + (=1 = (=3)? =& + 22 = V36 + 4 = /30 = 210,

d(4,0) = J(=3=2)2 + (=3 -2 = /(=5)> + (=52 = V5T 25 = /50 = 5\/2.
Since [d (4, B)]2 +[d(C, B)*> =[d (4, C)]Z, we conclude that the triangle is a right triangle.
(b) The area of the triangle is % -d(C,B)-d(4,B) = % /10 - 24/10 = 10.

43. We show that all sides are the same length (its a rhombus) and then show that the diagonals are equal. Here we have
A=(-2,9),B=(4,6),C=(1,0),and D = (-5, 3). So

d(4,B)= /(4= (=2)? + (6~ 92 = /&2 + (=3 = V361 9 = Va5;

d(B,C) = /(1 =92 + (0 - 6) = \/(=3)? + (=6)> = VOF 36 = V45;

d(C.D)= /(=5 =12+ (=02 = /(=6 + (=37 = V36 7 9 = /35:

d(D, 4) = /(=2 = (=5)% + (0 = 3)2 = /32 + 62 = /TF 36 = /4. So the points form a
thombus. Also d (4, C) = /(1 — (=2))> + (0 = 9) = /32 + (—9) = YT F 81 = /30 = 310,

and d (B, D) = /(=5 = 4)> + (3 — 6)> = |/ (=9)? + (=3)? = VBT 79 = +/30 = 3,/10. Since the diagonals are equal,

the rhombus is a square.

45. Let P = (0, y) be such a point. Setting the distances equal we get

JO=52 46— =92 =J0- D+ (-1
V25432 410y +25=/1+32 =2y + 1= y2 4+ 10y + 50 = y2 — 2y + 2 < 12y = —48 & y = —4. Thus, the point
is P = (0, —4). Check:

JO—92 1 (c4— (=52 = /(=52 + 12 = VBT 1= V2,
JO=12 4+ (4= 17 = (<172 + (=57 = V35 1= V5.
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47. As indicated by Example 3, we must find a point S (x1, y1) such that the midpoints y
of PR and of QS are the same. Thus

(4+(—1) 2+(—4))=(x1+1 y+1

2 T 2 2 2
44 (=1 I
+2( )=x12+ ©4—1=x +1 e x =2Setting the ,
1 ' X

24+ (—4 1 /
y-coordinates equal, we get +2( ) = yl;_ S2-4=y+1ey =-3. / ¢

). Setting the x-coordinates equal,

we get

Thus S = (2, —3). P

247 —1+7
(b) The midpoint of AC is ( 2+ s 2+ ) = (%, 3), the midpoint

C(4+1 2+4 5
D 2Ty (2
OfBDlS( IR ) (2,3).

49. (a) y

/ B (¢) Since the they have the same midpoint, we conclude that the
7

I % diagonals bisect each other.

51. (0,5):3(0) —5+5=0e0—5+5=0. Yes.
2, 1):32) —1+5206—145=0. No.

(=2,—1):3(=2) = (=1) + 5% 0 -6+ 1+ 5= 0. Yes.
So (0, 5) and (—2, —1) are points on the graph of this equation.

53. (0, =2): (0)2 4 (0) (=2) + (=2)2 2 4 = 0+ 0 + 4 = 4. Yes.
(1,-2): (12 + (1) (=2) + (=22 241 -2 +4 24 No.

2,-2): (22 +2) (=) + (=22 244 — 44424 Yes.
So (0, —2) and (2, —2) are points on the graph of this equation.

55. 4x +5y =40y =8 — 3x 57.y=x2-3

y y

6.4 —

3.2 1
2
3

o N B~ DN O

1.6

10| o o s N

12 | —-1.6
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59. y=Ix| -1
Ay
x |y
5| 4 >
-3
-1 0
0| -1 N 5 x
1 0 T
3
50 4

61. (a) Solvefory:2x —y =6y =2x — 6.

y=0=0=2x — 6 & x =3, so the x-intercept is 3, and y
¥ Y x=0= y=2(0) — 6 = —6, so the y-intercept is —6.
-2 ] 10 x-axis symmetry: 2x + y = 6, which is not the same as 1
-1] -8 2x — y = 6, so the graph is not symmetric with respect to the o 1 x
0 —6 X-axis.
1 4 y-axis symmetry: —2x — y = 6, which is not the same as
2 ) 2x — y = 6, so the graph is not symmetric with respect to the
3 y-axis.
4 Origin symmetry: —2x + y = 6, which is not the same as
2x — y = 6, so the graph is not symmetric with respect to the
origin.
b y=2(-17>
y=0:>0=2(x—1)2:>x= 1, so the x-intercept is 1, y
x 4 andx =0=y=2(0-— 1)2 = 2, so the y-intercept is 2.
—2| 18 x-axis symmetry: —y =2 (x — 1)2, which is not the same as
(1) i y=2(x— 1)2, so the graph is not symmetric with respect to
the x-axis.
! 0 y-axis symmetry: y =2 (—x — 1)2, which is not the same as
§ z y=2(x— 1)2, so the graph is not symmetric with respect to 1
the y-axis. 1 *

Origin symmetry: —y =2 (—x — 1)2 oSy=-2x+ 1)2,
which is not the same as y = 2 (x — 1)2, so the graph is not

symmetric with respect to the origin.
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SECTION 1.9 The Coordinate Plane; Graphs of Equations; Circles 43

63. (a) vy = VX 42
y =0= 0= ./x +2, so there is no x-intercept, and x = 0 Y

= y = /042 = 2, so the y-intercept is 2.

x-axis symmetry: —y = ,/x + 2, which is not the same as
¥ = /X + 2, so the graph is not symmetric with respect to

1+2
1+43

the x-axis.
y-axis symmetry: y = /—x + 2, which is not the same as
¥y = /X + 2, so the graph is not symmetric with respect to 1

1+6

the y-axis.
Origin symmetry: —y = /—x +2 &y = —/—x — 2,
which is not the same as y = /x + 2, so the graph is not

© O A W N = O|x

symmetric with respect to the origin.

) y=—Ix|

y=0= —|x| =0 = x =0, so the x-intercept is 0, and y

* Y x =0= y = —0] =0, so the y-intercept is 0.

=5 -5 x-axis symmetry: —y = — |x| & y = |x|, which is not the
=31 -3 same as y = — |x|, so the graph is not symmetric with

-1 respect to the x-axis. 0

0 y-axis symmetry: y = — |—x| = — |x], so the graph is

-3 Origin symmetry: —y = — |—x| <& y = |x|, which is not the

1
0
1| =1 symmetric with respect to the y-axis.
3
5

—5 same as y = — |x|, so the graph is not symmetric with

respect to the origin.

65. (a) y = V4 —x2

y=0= V4 —x2 =0 x = +£2, so the x-intercepts are y
+2,and x = 0= y = /4 — 02 =2, so the y-intercept is 2.

x-axis symmetry: —y = v/4 — x2, which is not the same as

vy = v/4 — x2, so the graph is not symmetric with respect to

the x-axis.

|
o&w&lo%

y-axis symmetry: y = /4 — (=x)? = v/4 — x2, so the graph

is symmetric with respect to the y-axis.

Origin symmetry: —y = /4 — (—x)2 =J4-xls
y = —v/4 — x2, which is not the same as y = v/4 — x2, so

the graph is not symmetric with respect to the origin.
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(b) y =x3 —dx
y=0:>0=x3—4x=x(x2—4)=x(x+2)(x—2),s0 J

4 * the x-intercepts are 0 and £2, and x =0 =

:z 1(5) y =03 —4(0) =0, so the y-intercept is 0. "

_1 3 x-axis symmetry: (—y) = Bt o y= —x3 + 4x, which i
0 0 is not the same as y = x3 —4x, so the graph is not symmetric 0 .
1 3 with respect to the x-axis.
2 0 y-axis symmetry: y = (—x)3 — 4 (—x) = —x3 + 4x, which
3| 15 is not the same as x = x3 — 4x, so the graph is not symmetric

with respect to the y-axis.
Origin symmetry: —y = (—x)3 —4(x)ey= x3 —4x, s0

the graph is symmetric with respect to the origin.

67. (a) 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 4+ 6 = 6, so the y-intercept is 6.
(b) To find x-intercepts, set y = 0. This gives 0 = 2 —5ox?2=5ox=+45,s0the x-intercepts are ++/5. To find
y-intercepts, set x = 0. This gives y = 02 — 5= —5, 50 the y-intercept is —5.

69. (a) To find x-intercepts, set y = 0. This gives 9x2 — 4 (0)2 = 36 < 9x2 = 36 < x2 = 4 & x = £2, so the x-intercepts
are 2. To find y-intercepts, set x = 0. This gives 9 (0)2 - 4y2 =36 & y2 = —9, so there is no y-intercept.
(b) To find x-intercepts, set y = 0. This gives0 —2x (0) +4x = 1l & x = %, so the x-intercept is % To find y-intercepts,
set x = 0. This gives y — 2 (0) y + 4 (0) = 1, so the y-intercept is 1.

71. To find x-intercepts, set y = 0. This gives 0 = 4x — 2o 0=x4—x)=0=xorx =4, so the x-intercepts are 0 and

4. To find y-intercepts, set x = 0. This gives y = 4 (0) — 0? & y = 0, so the y-intercept is 0.

73. To find x-intercepts, set y = 0. This gives 402 —x(0) =16 x* =16 = x = +2. So the x-intercepts are —2 and 2.
To find y-intercepts, set x = 0. This gives 0* + y2 —-0)yy=16< y2 = 16 & y = £4. So the y-intercepts are —4 and 4.

75. x2 + y2 = 9 has center (0, 0) and radius 3. 77. (x — 2)2 + y2 = 9 has center (2, 0) and radius 3.

y ra

i
NEZEEE °z
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81.
83.

8s.

87.

89.

91.

93.

9s.

97.

99.

SECTION 1.9 The Coordinate Plane; Graphs of Equations; Circles 45

(x+3)%2+ - 4)2 = 25 has center (—3, 4) and radius 5.

y

Usingh = =3, k=1,andr =2, weget(x — (-3)) 2+ (y - 12 =2 o (x+3)2 +(y— )2 =4
The equation of a circle centered at the origin is X2+ y2 =rZ. Using the point (4, 7) we solve for 2. This gives
@2 + (1) =r2 = 16 +49 = 65 = r2. Thus, the equation of the circle is x2 + y% = 65.

—14+5 149

The center is at the midpoint of the line segment, which is ( 7 T) = (2,5). The radius is one half the

diameter, so r = %\/(—1 52 4+(1-92% = % 36 +64 = % 100 = 5. Thus, the equation of the circle is
(x=224+@G-=5%2=520r(x —2)2+ (y = 5)2 =25.

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.
That is, » = |—3 — 0] = 3. So the equation of the circle is (x — 7)2 + - (—3))2 =32, whichis (x — 7)2 + v+ 3)2 =09.
From the figure, the center of the circle is at (—2, 2). The radius is the change in the y-coordinates, so » = |2 — 0| = 2.
Thus the equation of the circle is (x — (—2))2 + (v — 2)2 = 22, which is (x 4+ 2)% + (y — 2)? = 4.

2 2 2 2
Completing the square gives x? —|—y2 +4x —6y+12=0 o x2+4x + (%) +y2 —6y+ (g) =—12+ (%) + (%)

ox2+4x+4+)y2—6y+9=—-12+44+9 < (x +2)2 + (y — 3)> = 1. Thus, the circle has center (—2, 3) and radius 1.
2 2 2 2
Completing the square givesxz—i—yz—%x—l—%y = % (:)xz—%)wl—(_—ég) ~|—y2+%y+(lzﬁ) = %—i—(_—éﬁ) ~|—(lzﬁ)

2 1 _2

2 2
o x —%x—}—%—l—yz—i—%y—{—16=%+%+16=§=%@(x—%) +(y+%) =%.Thus,thecirclehascenter

(%, —%) and radius %
2
Completing the square gives 2x2 4 2y2 — 3x = 0 & x2 + 2 — %x =0 (x — Z) +y% = (%

Thus, the circle has center (%, 0) and radius %

4 — x2, which is not the same as y= x* + x2, so the graph is not symmetric

x-axis symmetry: (—y) = x* 4 x2 Sy=—x
with respect to the x-axis.

y-axis symmetry: y = (—x)* + (—x)2 =x* +x2, so the graph is symmetric with respect to the y-axis.

Origin symmetry: (—y) = (—x)* 4+ (—=x)? & —y = x* + x2, which is not the same as y = x* + x2, so the graph is not
symmetric with respect to the origin.

x-axis symmetry: x2 (—y)4 +x4 (—y)2 =2 x2y4 + )c4y2 = 2, so the graph is symmetric with respect to the x-axis.
y-axis symmetry: (—x)2 y4 + (—x)4 y2 =2 & x? y4 +x* y2 = 2, so the graph is symmetric with respect to the y-axis.
Origin symmetry: (—x)2 (—)* + (—x)* (—)? = 2 @ x2y* + x*y2 = 2, so the graph is symmetric with respect to the
origin.

(Note that if a graph is symmetric with respect to each coordinate axis, it is symmetric with respect to the origin. The

converse is not true, as shown in the next exercise.)
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101. x-axis symmetry: (—y) = x> + 10x & y = —x3 — 10x, which is not the same as y = x3 + 10x, so the graph is not
symmetric with respect to the x-axis.
y-axis symmetry: y = (—x)3 + 10 (—x) & y = —x3 — 10x, which is not the same as y = x3 + 10x, so the graph is not
symmetric with respect to the y-axis.
Origin symmetry: (—y) = (—x)3 4+ 10 (—=x) & —y = —x3 — 10x < y = x3 + 10x, so the graph is symmetric with respect
to the origin.

103. Symmetric with respect to the y-axis. 105. Symmetric with respect to the origin.
y y
0 X

107. [(x, ) x2 432 < 1]. This is the set of points inside 109. Completing the square gives x2 + y2 —4y — 12 =0

(and on) the circle 242 =1 5 ) —4\2 —4\2
y : e x4y -4y 4+ - =12+ ) e
y

x4+ (y— 2)2 = 16. Thus, the center is (0, 2), and the

radius is 4. So the circle x2 4 y2 = 4, with center (0, 0)

and radius 2, sits completely inside the larger circle. Thus,

the area is w42 — w22 = 16m — 47 = 127,

111. (a) The point (5, 3) is shifted to (5 + 3,3 +2) = (8, 5).
(b) The point (a, b) is shifted to (¢ + 3, b + 2).
(c¢) Let (x, y) be the point that is shifted to (3, 4). Then (x + 3, y + 2) = (3, 4). Setting the x-coordinates equal, we get
x 4+ 3 =3 & x =0. Setting the y-coordinates equal, we get y + 2 = 4 & y = 2.So the point is (0, 2).
d 4= (=5-1),s04" =(=5+3,-1+2)=(=2,1); B=(-3,2),50 B’ = (=3+3,2+2)=(0,4);and C = (2, 1),
soC'=2+3,14+2) =(5,3).

113. (a) Symmetric about the x-axis: (b) Symmetric about the y-axis: (¢) Symmetric about the origin:

y y
1 1
X X

115. (a) d (4, B) = V32 + 42 = /25 = 5.
(b) We want the distances from C = (4,2) to D = (11, 26). The walking distance is
[4 — 11] 4|2 — 26] = 7 + 24 = 31 blocks. Straight-line distance is

J@ =112 + 2 =26 = /72 + 247 = /625 = 25 blocks.
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(¢) The two points are on the same avenue or the same street.

2 b\ 2 2 b\ 2
117. Completing the square gives x2 ~|—y2 +ax+by+c=0< x2tax+ (%) +y2 +by + (—) =—c+ (f) + (—)

2 2 2
2 b 2 2 b2 2 b2
=S (x + %) + (y + 5) =—c+ a4 : . This equation represents a circle only when —c¢ + o+ > 0. This
a? + b? a? + b?

< 0.

equation represents a point when —c + = 0, and this equation represents the empty set when —c +

. . . a b L. a? + b? 1 /3 5
When the equation represents a circle, the center is —3 75 and the radius is /| —c + ) = 5va*+b>—4ac.

1.10  LINES

1. We find the “steepness” or slope of a line passing through two points by dividing the difference in the y-coordinates of these

points by the difference in the x-coordinates. So the line passing through the points (0, 1) and (2, 5) has slope 70" 2.
3. The point-slope form of the equation of the line with slope 3 passing through the point (1,2)isy —2 =3 (x — 1).
5. The slope of a horizontal line is 0. The equation of the horizontal line passing through (2, 3) is y = 3.
7. (a) Yes, the graph of y = —3 is a horizontal line 3 units below the x-axis.
(b) Yes, the graph of x = —3 is a vertical line 3 units to the left of the y-axis.
(¢) No, aline perpendicular to a horizontal line is vertical and has undefined slope.
(d) Yes, a line perpendicular to a vertical line is horizontal and has slope 0.
— 0-2 -2 — -3-2 5
o 227N _ Tt _ 5 Wom=2270 __2
xp—x; 0—=(=1) 1 xp—x1 3—-(=3) 6
— 4—4 - 5-3 2
Bom=22"1_27"_ Bom=22"20_27°_ - _
X2 — X1 0-5 Xy — X1 6—-8 2
— 2-0
17. For ¢, we find two points, (—1, 2) and (0, 0) that lie on the line. Thus the slope of {1 ism = 270 0= =2.
xy—x; —1-

mw=y1 _3-=-2

For ¢, we find two points (0, 2) and (2, 3). Thus, the slope of £, is m = = —
Xy — X1 2—-0

= % For ¢3 we find the points

_n=-n_1-2

(2, —2) and (3, 1). Thus, the slope of £3 is m = = 3. For {4, we find the points (—2, —1) and

Xy — X1 3-2
— —2—(-1 -1 1
(2, —2). Thus, the slope of {4 ism = j:; _i: =5= ((_2)) =7 =7
0—-4
19. First we find two points (0, 4) and (4, 0) that lie on the line. So the slope is m = 1—0- —1. Since the y-intercept is 4,
the equation of the lineis y =mx +b=—1x+4.Soy = —x +4,orx +y—4=0.
0—(-3
21. We choose the two intercepts as points, (0, —3) and (2, 0). So the slope is m = # = % Since the y-intercept is —3,

the equation of the line is y = mx + b = %x —3,0r3x —2y—6=0.

23. Using y = mx + b, wehave y =3x + (—=2)or3x —y —2=0.

25. Using the equation y — y; =m (x —x7),wegety—1=3(x—-4) oy—1=3x—-123x—-y—-11=0.

27. Using the equation y — y; = m (x —x1), wegety —7 = %(x—l)@3y—21 =x-2-2xx+3y=19<
2x =3y +19=0.

- 6—1 5
TN 2T 2 —5. Substituting into y — y1 = m (x — x1), we get
Xy — X1 1-2 -1
y—6=-5x-DNooy—-6=-5x+55x+y—-11=0.

29. First we find the slope, which is m =
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- 1—(-5 6
31. We are given two points, (2, —5) and (5, 1). Thus, the slope is m = 270h 3 ( 3 ) =3= 2. Substituting into
X2 — X1 -

y—yr=mx—xy),wegety — (-5 =2x—-2)oy=2x—-90r2x —y—9=0.

— -3-0 -3
33. We are given two points, (1, 0) and (0, —3). Thus, the slope is m = 270 o_1-_1° 3. Using the y-intercept,
X — X1 — —

wehave y =3x + (-3) o y=3x—-30r3x —y—-3=0.
35. Since the equation of a line with slope 0 passing through (a, b) is y = b, the equation of this line is y = 3.
37. Since the equation of a line with undefined slope passing through (a, b) is x = a, the equation of this line is x = 2.

39. Any line parallel to y = 2x+8 has slope 2. The desired line passes through (—1, 4), so substituting into y—y; = m (x — x1),
wegety —4=2[x—(-1)]ey=2x+6o0r2x —y+6=0.

41. Since the equation of a horizontal line passing through (a, b) is y = b, the equation of the horizontal line passing through
4,5 isy =5.

43. Since3x +2y =42y =-3x+4y = —%x + 2, the slope of this line is —%. Thus, the line we seek is given by
y=(H=-3G-Neryti=-r-Joy=-xr-T o3+ +17=0.

45. Any line parallel to x = 5 has undefined slope and an equation of the form x = a. Thus, an equation of the line is x = —1.

47. First find the slope of 3x +4y +7=0=4y =-3x -T oy = —%x - % Thus, the slope of any line perpendicular

to3x+4y+7=0ism = _# = % Since it passes through (-2, 1), the equation of the line we seek is

y-1=3G6—(-2)e3y-3=4r+84x -3y +11=0.

1-5 —4
49. First find the slope of the line passing through (2, 5) and (=2, 1). This gives m = = 2= 1, and so the equation
ofthelineweseekisy—7=1(x—-1)=x—y+6=0.
51. (a) y 53. b=-1 ;
bh=-3 \8\
b=—6 ]
ENVAR N2\ 4
i % 44 b=6
b=3
-8 b=1
‘bzo
y=—-2x4+b,b=0, %1, £3, 6. They have the same

I th llel.
b y-1=3G-(-2))ey-2=30+2)c siope, so Hhey ate paratie

2y =2=3x4+63x-2y+8=0.
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57.y = x — 4. So the slope is 1 and the y-intercept is —4.

YA

i

y=m(x-—-3),m=0, i%, i%, :I:%. Each of the lines

contains the point (3, 0) because the point (3, 0) satisfies

each equation y = m (x — 3). Since (3, 0) is on the x-axis,

we could also say that they all have the same x-intercept.

59. —2x +y =7 y = 2x + 7. So the slope is 2 and the 61.4x+5y=10(:)5y=—4x+104:)y=—%x+2. So

y-intercept is 7. the slope is —% and the y-intercept is 2.

y

=

63. y = 4 can also be expressed as y = Ox + 4. So the slope is  65. x = 3 cannot be expressed in the form y = mx + b. So the
0 and the y-intercept is 4. slope is undefined, and there is no y-intercept. This is a

y vertical line.
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67. 3x —2y — 6 = 0. To find x-intercepts, we set y = 0and  69. %x - %y + 1 = 0. To find x-intercepts, we set y = 0 and
solve forx:3x —2(0) —6=0=3x =6 =x =2,s0

solve forx: 3x =L () +1=0r=-1ox=-2,
the x-intercept is 2.

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

30)-2y—6=02y=—-6y=-3,s0the
y-intercept is —3.

To find y-intercepts, we set x = 0 and solve for y:
JO)-dy+1=0e1y=1ey=3s0the

y-intercept is 3.

=V

71. y = 6x + 4. To find x-intercepts, we set y = 0 and solve

forx:O=6x+4(:)6x=—4(:)x=—%,sothe

. .2
x-1ntercept 1S — 3 1

To find y-intercepts, we set x = 0 and solve for y:
y = 6(0) + 4 = 4, so the y-intercept is 4.

73. 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 equation2y —4x —5=02y =4x+5 y=2x + % also has slope 2, and so the lines are parallel.

75. To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 2x — 5y = 8§ &
5y =2x —8 y = 2x — § has slope 2. The line with equation 10x +4y = 1 &4y = —10x + 1 & y = —3x +  has

5 1 : :
slope —5 = ~2/5> and so the lines are perpendicular.

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

IJy=Tx-2y= %x —%has slope % The line with equation 9y +2lx =l © 9y = 2lx — 1 oy = —% — % has

slope —% #* —%/3, and so the lines are neither parallel nor perpendicular.

79. We first plot the points to find the pairs of points that determine each side. Next we y
4-1 3 1
find the slopes of opposite sides. The slope of 4B is 1= and the C
10-7 31
slope of DC is 5—(1) =5~ 5 Since these slope are equal, these two sides D< //\
. 7—-1 6 .
are parallel. The slope of 4D is —1-5= —3, and the slope of BC is /\B
10-4 6 , : : \/
ST -5 —3. Since these slope are equal, these two sides are parallel. A
- - 1 x
Hence ABCD is a parallelogram.
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81. We first plot the points to find the pairs of points that determine each side. Next we y

3-1 2 1
find the slopes of opposite sides. The slope of 4B is T-1-T0-3 and the C
6-8 -2 1 b

slope of DC is —10-"10-53 Since these slope are equal, these two sides

6—1 5
are parallel. Slope of AD is 01— 1= —35, and the slope of BC is B
- - 1
3-8 -5 1 X

T 0= 1 = —5. Since these slope are equal, these two sides are parallel.

Since (slope of AB) x (slope of AD) = % x (=5) = —1, the first two sides are

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

1+7 4-2
83. We need the slope and the midpoint of the line 4B. The midpoint of 4B is (%, T) = (4, 1), and the slope of
) -2—-4 -6 . . . -1 -1 :
ABism = 1 = ¢ = —1. The slope of the perpendicular bisector will have slope — = o= 1. Using the
_ m _

point-slope form, the equation of the perpendicular bisectorisy — 1 =1(x —4)orx —y —3=0.

85. (a) We start with the two points (a, 0) and (0, b). The slope of the line that contains them is

b
= ——. So the equation
a

b
of the line containing them is y = ——x + b (using the slope-intercept form). Dividing by b (since b # 0) gives
a

y_ x Xy

Lo Tireisdon

b a+ a+b
(b)Settinga:6andb:—8,weget%+L8:1<:>4x—3y:24<:>4x—3y—24:0.

87. Using the diagram provided, we calculate the coordinates of the midpoints: m has coordinates

0 0+b 0+b
( ta L) = (%a, %b) and m has coordinates (C;a, L) = (% (a+o), %b)

2 2 2
1 1
7b—5b
a

The line joining the midpoints thus has slope T
7(@+e)—za

= 0, and so it is parallel to the third side (a segment of the

X-axis).

L o | LT (1, 1)\ _ /1 1 :
The line joining the midpoints has length [7 (@a+c)— ja] + (7b - 7b) =,/ 7¢~ = 3¢, half the length of the third
side of the triangle; and so we have verified both conclusions of the theorem.

89. (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.
(b) Whena =0,c =8.34(0+ 1) = 8.34 mg.

91. (a) y (b) The slope is the cost per toaster oven, $6. The y-intercept, $3000, is
the monthly fixed cost—the cost that is incurred no matter how many
10,000 toaster ovens are produced.
5000
500 1000]
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93. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

t) —t 27 21 6 1
(a) Using n in place of x and ¢ in place of y, we find that the slope is nz — nll =1 _120 -3 -3 So the linear

equationist —27 = § (n — 168) &1 —27 = gn —21 &t = gn +6.

(b) When n = 150, the temperature is approximately given by ¢ = % (150) + 6 = 24.75° C ~ 25° C.

95. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

. change in pressure 29.9 .
(a) We are given - = —— =9.97. Using P for (b) Y
3-meter change in depth 3 1200
pressure and d for depth, and using the point P = 103 whend = 0,
we have P — 103 = 9.97 (d — 0) & P = 9.97d + 103. 1000
800
(¢) The slope represents the increase in pressure per meter of descent.
The y-intercept represents the pressure at the surface. 600
400
(d) When P = 690, we have 690 = 9.97d + 103 < 9.97d = 587 <
d = 58.9 m. Thus the pressure is 690 kPa at a depth of approximately 200
59 m. 20| 40 | 60 | 80 | 100 120 x

97. We label the three points 4, B, and C. If the slope of the line segment 4B is equal to the slope of the line segment BC,
then the points 4, B, and C are collinear. Using the distance formula, we find the distance between 4 and B, between B
and C, and between 4 and C. If the sum of the two smaller distances equals the largest distance, the points 4, B, and C are
collinear.

Another method: Find an equation for the line through 4 and B. Then check if C satisfies the equation. If so, the points are
collinear.

1.17  SOLVING EQUATIONS AND INEQUALITIES GRAPHICALLY

1. The solutions of the equation x2 —2x =3 =0are the x-intercepts of the graph of y = x2—2x —3.

3. (a) From the graph, it appears that the graph of y = x* — 3x3 — x2 4 3x has x-intercepts —1, 0, 1, and 3, so the solutions
to the equationx4 —3x3—x243x=0arex=—-1,x=0,x = 1,and x = 3.
(b) From the graph, we see that where —1 < x < 0 or 1 < x < 3, the graph lies below the x-axis. Thus, the inequality

x4 = 3x3 —x2 4+ 3x < Oissatisfied for {x | =1 <x <0orl <x <3} =[=1,0]U[L,3].

5. (a) (b) x-intercepts 0, 1; y-intercept 0. y = W -x2=x2(x - 1),s0y=0=
x=0orx=1landx =0y =0.

(¢) The graph is not symmetric with respect to either axis or the origin.

1+

y=x>—x%[-2,2]by [~1,1]
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7. (a) (b) No x-intercept; y-intercept —2. y = 0 has no solution; x = 0 =
1 —_
1 2
=——-=-2
YT
(¢) The graph is symmetric with respect to the y-axis:
2 _ 2
1 (—x)?+1 X241
3+
2
y=—>77:[=55]by[-3,1]
X 1
9. Although the graphs of y = —3x2 4 6x — % and 11. The graphs of y = 6 — 4x — x2 and y = 3x + 18 appear to
have two points of intersection in the viewing rectangle
y=,/7— %xz appear to intersect in the viewing P . & &
[—6, 2] by [—5, 20]. You can verify that x = —4 and
rectangle [—4, 4] by [—1, 3], there is no point of ¥ = —3 are exact solutions.

intersection. You can verify this by zooming in.

2 1 2 1
13. Algebraically: 3x +2=5x —4 =6 =2x ©x =3. 15. Algebraically: — + = 7 < 2x (— + 2—) =2x(7)
x X X X

Graphically: We graph the two equations y; = 3x + 2 and 5
. .. Sd4+l=l4x ox =43
yp = 5x — 4 in the viewing rectangle [1, 4] by [—1, 13].

. . 2 1
Zooming in, we see that the solution is x = 3. Graphically: We graph the two equations y; = - + T
and yp = 7 in the viewing rectangle [—2, 2] by [—2, 8].
10 Zooming in, we see that the solution is x = 0.36.
41
5
51
-1 1 2 3 4
—— f {
-1 12
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17. Algebraically: 4x2 —8 =0 & x% =2 = x = +2.
Graphically: We graph the equation y; = 4x2 — 8 and
determine where this curve intersects the x-axis. We use
the viewing rectangle [—2, 2] by [—4, 4]. Zooming in, we
see that solutions are x &~ 1.41 and x &~ —1.41.

\
AEA

21. Algebraically: 81x* =256 & x* = 26 = v = +3.

Graphically: We graph the two equations y; = 81x* and
yp = 256 in the viewing rectangle [—2, 2] by [250, 260].

Zooming in, we see that solutions are x &~ £1.33.

260 T

255 T

25. We graph y = x2 — 11x + 30 in the viewing rectangle
[2, 8] by [—0.1, 0.1]. The solutions appear to be exactly
x = 5and x = 6. [In fact

x2—1lx +30 = (x — 5) (x —6).]

19. Algebraically: x2 49 =0 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].

30 7

20

23. Algebraically: (x —5)* =80 =0 (x —5)* =80 =
x—5=2V80=+25x =5+£2J5
Graphically: We graph the equation y; = (x — 5)* — 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.

27. We graph y = x3 —6x2 + 11x — 6 in the viewing
rectangle [—1, 4] by [—0.1, 0.1]. The solutions are
x =1.00, x =2.00,and x = 3.00.

RIRER

Precalculus Mathematics for Calculus International Metric Edition 8th edition Stewart Solutions Manual


https://testbank.online/books/9798214031811-solutions

SECTION 1.11 Solving Equations and Inequalities Graphically 55

29. We first graph y = x — 4/x + 1 in the viewing rectangle 31. We graph y = x!/3 — x in the viewing rectangle [—3, 3]

[—1,5] by [—0.1, 0.1] and find that the solution is near by [—1, 1]. The solutionsare x = —1,x = 0,and x = 1,
1.6. Zooming in, we see that solutions is x ~ 1.62. as can be verified by substitution.
0.1

33. We graph y = +/2x — l and y = +/3x — 5 in the viewing rectangle [0, 9] by [0, 5]
and see that the only solution to the equation o/2x — 1 = 4/3x — 5 is x = 4, which

can be verified by substitution.

35. We graph y = +/2x + 1 + 1 and y = x in the viewing rectangle [—1, 6] by [0, 6]

6
and see that the only solution to the equation /2x + 1 4+ 1 = x is x = 4, which can
be verified by substitution. 4
2
! F—+— {
0 2 4 6
37. x3 —2x2 — x — 1 =0, so we start by graphing
100 1
the function y = x3 —2x2 —x — linthe viewing
rectangle [—10, 10] by [—100, 100]. There . . . .
appear to be two solutions, one near x = 0 and _1'0 ' _'5 ' é 1'0 - 1 213 4 5
another one between x = 2 and x = 3. We then
use the viewing rectangle [—1, 5] by [—1, 1] and 100 -

zoom in on the only solution, x &~ 2.55.

0. xx—DE+2)=txe

10

xx—1Dx+2)— %x = 0. We start by graphing

the function y = x (x — 1) (x +2) — Lx in the

viewing rectangle [—5, 5] by [—10, 10]. There

appear to be three solutions. We then use the

viewing rectangle [—2.5, 2.5] by [—1, 1] and
zoom into the solutions at x &~ —2.05, x = 0.00,
and x ~ 1.05.
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41. We graph y = xZ and y = 3x + 10 in the viewing 43.Since x> + 1lx < 6x2 + 6= x3 —6x2 +11x —6 < 0,
rectangle [—4, 7] by [—5, 30]. The solution to the we graph y = x3 — 6x2 + 11x — 6 in the viewing
inequality is [-2, 5]. rectangle [0, 5] by [—5, 5]. The solution set is

(=00, 1.00] U [2.00, 3.00].
4
0
2 4
2
4

45. Since x!13 < x ox!B3 —x <0, wegraphy =x1/3 —x 47.Since(x+ 12 <(x -2 o x+1)2-x-12<0,
in the viewing rectangle [—3, 3] by [—1, 1]. From this, we we graph y = (x + 1)2 — (x — 1)? in the viewing
find that the solution set is (—1, 0) U (1, 00). rectangle [—2, 2] by [—5, 5]. The solution set is (—oo, 0).

Another Method: As in Example 7, we graph y; = x!/ 3

and yp = x in the same viewing rectangle, and see that

x!/3 <xfor—1 <x <0Oandforl < x.

49. We graph the equations y = 3x2 — 3x and y= 2x2 + 4 in the viewing rectangle
[—2, 6] by [—10, 50]. We see that the two curves intersect at x = —1 and at x = 4, 40 T
and that the first curve is lower than the second for —1 < x < 4. Thus, we see that T
20 T
the inequality 3x2 — 3x < 2x2 + 4 has solution set (—1, 4). E |
-2 2 4 6

51. We graph the equation y = (x + 3)2 (x — 2) (x + 5) in the viewing rectangle
[—7,3] by [—120, 20] and see that the inequality (x + 3)% (x — 2) (x + 5) > 0 has
the solution set (—oo, —5] U {—3} U [2, 00).
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53. To solve 5 — 3x = 8x — 20 by drawing the graph of a single equation, we isolate

all terms on the left-hand side: 5 — 3x = 8x — 20 &

5—3x—8x+20=8x—-20—-8x+20= —11lx+25=0o0r1lx —25=0.
We graph y = 11x — 25, and see that the solution is x ~ 2.27, as in Example 2.

55. (a) We graph the equation
y = 10x + 0.5x2 — 0.001x3 — 5000 in the viewing
rectangle [0, 450] by [—5000, 200001].

20000

10000

100 200 300 400

(b) From the graph it appears that

0 < 10x 4 0.05x2 — 0.001x> — 5000 for
100 < x < 500, and so 101 cooktops must be produced

to begin to make a profit.

57. Answers will vary.

1.12 MODELING VARIATION

SECTION 1.12  Modeling Variation

(c) We graph the equations y = 15,000 and
y = 10x + 0.5x2 — 0.001x> — 5000 in the viewing

57

rectangle [250, 450] by [11000, 17000]. We use a zoom

or trace function on a graphing calculator, and find that

the company’s profits are greater than $15,000 for

279 < x < 400.

16000

N

14000

12000

1. If the quantities x and y are related by the equation y = 5x then we say that y is directly proportional to x, and the constant

of proportionality is 5.

3. If the quantities x, y, and z are related by the equation z = 5 2 then we say that z is directly proportional to x and inversely
y

proportional to y.
5. (a) In the equation y = 3x, y is directly proportional to x.
(b) In the equation y = 3x + 1, y is not proportional to x.

7. T = kx, where k is constant.

k
11. y = TS, where k is constant.

15. V = klwh, where k is constant.

19. Since y is directly proportional to x, y = kx. Since y = 32 whenx = 8, wehave 32 =k (8) © k = 4. So y = 4x.

kPt
17.R = ——

2.2

PE where & is

k .
9. v = —, where k is constant.
z

13. z = k,/y, where k is constant.

constant.

k k 75
21. A varies inversely as 7, so 4 = —. Since 4 = 15 whenr = 5, we have 15 = 3 <k=75.S04=—.
r r

k
23. Since A4 is directly proportional to x and inversely proportional to ¢, 4 = TX Since 4 = 42 whenx = 7 and ¢t = 3, we

have 42 = @ < k = 18. Therefore, 4 = g
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k k
25. Since W is inversely proportional to the square of », W = - Since W = 24 when r = 3, we have 24 = @ ok =216.
r

216
So W = —2
r
27. Since C is jointly proportional to /, w, and 4, we have C = klwh. Since C = 128 when/ = w = h = 2, we have

128 = k (2) (2) (2) & 128 = 8k < k = 16. Therefore, C = 16]wh.

27.
29. R = i Since R =2.5whenx = 121,2.5 = —k = i <k =27.5. Thus, R = —7 5.
Jx J121 11 Jx

3
3. (@) z =k
y

30 27 X3
(b) If we replace x with 3x and y with 2y, then z = k( x)2 = al
@y 4

kﬁ)’ so z changes by a factor of %
33. (@) z = kx3)?
(b) If we replace x with 3x and y with 2y, thenz =k (3)()3 (2y)5 = 864kx3y5, so z changes by a factor of 864.
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 =k (9 — 5) & k = 7.5 N/cm.
(¢) From part (b), we have F' = 7.5x. Substituting x = 11 — 5 = 6 into F' = 7.5x gives F = 7.5(6) = 45 N.
37. (a) P =ks3.
(b) Since P = 96 when s = 20, we get 96 = k - 203 < k = 0.012. So P = 0.012s3.
(c) Substituting x = 30, we get P = 0.012 - 303 = 324 watts.

39. ‘ Note: In the first printing of the text, the answer given for this exercise is incorrect. |

D = ks?. Since D = 45 when s = 60, we have 45 = k (60)2, so k = 0.0125. Thus, D = 0.0125s2. If D = 60, then
60 = 0.0125s2 < s2 = 4800, so s &~ 69 km/h (for safety reasons we round down).

41. ‘ Note: In the first printing of the text, the answer given for this exercise is incorrect. |

F = kAs?. Since F = 980 when 4 = 4 and s = 8, we can solve for k: 980 = k “) (8)2 < 980 = 256k & k = 3.83. Now
when 4 = 2.5 and F = 780 we get 780 = 3.83 (2.5) 5% < 81.4621 = 52, 505 = +/81.4621 & 9.03 km/h.

43. (a) P = K
. =5
o k (400) ..
(b) Substituting P = 33.2, T = 400, and V' = 100, we get 33.2 = 100 & k = 8.3. Thus k = 8.3 and the equation is
83T
P=——.
14
. 8.3 (500) .
(¢) Substituting 7 = 500 and V' = 80, we have P = =0 = 51.875 kPa. Hence the pressure of the sample of gas is

about 51.9 kPa.

k
45. (a) The loudness L is inversely proportional to the square of the distance d, so L = ik

k
(b) Substituting d = 10 and L = 70, we have 70 = T2 & k= 7000.

k 1 [k

(c) Substituting 2d for d, we have L = —— = — | — |, so the loudness is changed by a factor of L
¥) d)2 4\ 42 4

k

()

(d) Substituting %d for d, we have L =

k
=4 (ﬁ)’ so the loudness is changed by a factor of 4.

N—
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4 R= kL
7. (a) = ﬁ

. k(1.2) 7 _

(b) Since R = 140 when L = 1.2 and d = 0.005, we get 140 = Sk = 5755 = 0.002916.

(0.005)2 2400
7 3 4375
(¢) Substituting L = 3 and d = 0.008, we have R = 2200 (0.008)2 = ~ 137 ohms.
k@BL) 3kL

(d) If we substitute 2d for d and 3L for L, then R =

S AL . . é
) =37 so the resistance is changed by a factor of .

49. | Note: In the first printing of the text, the answer given for part (b) of this exercise is incorrect. |

Es  k6000* 4
(a) For the sun, Eg = k6000* and for earth, Ep = k300%. Thus —> = - (%) — 20% = 160,000. So the sun
Eg  k300*

produces 160,000 times the radiation energy per unit area than the Earth.
(b) The surface area of the sun is 47 (696,000)2 and the surface area of the Earth is 47 (6340)2. So the sun has
47t (696,000)2 B (696,000

4 (6340)° 6340

2
) times the surface area of the Earth. Thus the total radiation emitted by the sun is

696,000
6340

2
160,000 x ( ) = 1,928,234,931 times the total radiation emitted by the Earth.

k
51. (a) Since f is inversely proportional to L, we have f = I where £ is a positive constant.

k k
(b) If we replace L by 2L we have 5L = % T = % . So the frequency of the vibration is cut in half.

0.2
53. We substitute e = 0.2 kWh/km and v = 100 km/h into the second given equation: 0.2 = k (100)2 & k = o2 = 2x1073.

Now, because the range is R = 500 km for these values of e and v, we can use the first equation to calculate the value of C:

C
500 = 02 < C = 100, so a full charge for this vehicle is 100 kWh.

S . . . c
Substituting e = kv? into the first given equation, we have R = ol
v

100 100
——————— =~ 296 km; and at 80 km/h, its range is R ¥ —— X ~
2 x 1075 (130)2 2 x 1073 (80)2

2.5 x 1026
(2.4 x 1019)?

So at 130 km/h, its range is R ~ 781 km.

L
55. Using B = kﬁ with k = 0.080, L = 2.5 x 102, and d = 2.4 x 102, we have B = 0.080 ~ 347 x 10714,

The star’s apparent brightness is about 3.47 x 10~14 w/m?.

57. Examples include radioactive decay and exponential growth in biology.

CHAPTER 1 REVIEW

1. Commutative Property for addition. 3. Distributive Property.
5.[-2,6)={x| -2<x <6} 7.x >5&x €[5 ,00)
9. [1—|—4||=[1-4=|-3]=3 11212812 = /2. /8= /16 =4
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CHAPTER 1 Fundamentals

1 1 V242
-1/3 = - =1 iy (L 7 Y =
216 =365 ~ hig b 15. 5 VTS 121 =11

@) (az)‘3 (a3b)2 (b3)4 — 46 62 . P12 — g—6+6p2+12 _ pl4
(b) (3xy2)3 (%x_ly)z = 27)c3y6 . %x_2y2 =27- 3353_2)/6"'2 = 12xy8

@ (x3)7p* = Ix652 = Y050 = x2)2
) Vw8210 = Vo8 . /210 = |23
78,250,000,000 = 7.825 x 1010

ab _ (0.00000293) (1.582 x 10—14)

—6 —14
(293 x1070) (1582 x 10714) 5031559 1061412

¢ 2.8064 x 1012 B 2.8064 x 1012 T 2.8064
~ 1.65 x 10732

245x—l4=0x+7)(x—-2)
x4—2x2+1:(x2—1)2:[(x—1)(x+1)]2:(x—1)2(x+1)2
16—412=4(4—t2) =4Q-0)Q+0)=—-4@—-2)(+2)
x6—1:(x3—1) (x3+1):(x—1)(x2+x+1)(x+1)(x2—x+1)
—3x 712 22 45302 = x 712 (523 4202 = 3x) =x T2 (S = 3) (e + 1)
5x3+15x2—x—3=5x2(x+3)—(x+3)=(5x2—1)(x+3)

(@a+b)?%=3@+b)—10=(a+b—5)(a+b+2)
Qy=7Qy+7) =4y —49
xz(x—2)+x(x—2)2=x3—2x2+x(x2—4x+4) =x3 =202 433 —4x? 4 4x =2x3 —6x? + 4x

x2—4x—5 x2412x+36  (x—5@+1) c+6)2  x+1 x+6 x+6
x2 =25 2+Tx+6 G+ -=5 G+6E+1D) x+5 x+1 x4+5
2 1 3 26=22 x(x=2) 3x

P + 2= 2 i 2

x x=2 (x-=2) x(x—=2) x(x—2) x(x—=2)

2 2
2(x —4x+4)+x —2H3r 02 gy 48402 —2x4+3x  3xE—Tx+8

x(xr—2)2 x (xr —2)2  ox(x—2)2
1 1 2 X
Y 2 2% 2 2-x 1 —1@x-2 1 -l
x—2 x—=2  2x x-=2 2x "x—2  2x
VEi-2 =2 -2 x+4-4)k

2
Jit+2 42 -2 x—4
1

5(1—~/5) 5542
AT

Ix—6=4x+93x=15x=5

x+6 3
x; :%@(3x+6)(x+1):3x(x+3)<:>3x2+9x+6:3x2+9x<:>6:O. This is false, so there is no
X X

solution to the original equation.
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59. x2—9x+14=0<:>(x—7)(x—2)=0<:>x=70rx=2.
6L. 2x> +x =122 +x—1=02x— 1) (x +1)=0. Socither2x — 1 =0 @ 2r =l &x = f;orx +1 =0

x =-1.
63. 0=4x3—25x=x(4x2—25) = x(2x—5)(2x +5) = 0. Socitherx = 0;0r2x =S =0 2x = 5 x = 3; or

X+5=02x=-5cx=—

[\e1[V)

65. 332 +4x —1=0=
b~ @O HAOC) | _an 1T —anym _ —asnys _ 22T | oa
=2 = =— =% —T =% -~ 6 — T = =731 -

X

2(-3)
1
67. —— + = Sx(x+)+x—-2)=8x2+2x+xr—2=8x243x—10=0=(x —-2)(x+5) =0
x—2 x+2 x2-4
< x = 2orx = —5. However, since x = 2 makes the expression undefined, we reject this solution. Hence the only
solution is x = —5.

69. (x —3)2 -3(x-3)—4=0[(x—-3)—-4][x-3)+1]=0(x—-TN(Ex—-2)=0x=20rx =7.
M. |x—-7=4ex—-T=t4x=TL4sox=11orx =3.
7. (@) Q=3)+(1+4)=Q+ 1)+ (=3+4)i=3+i
b Q+i)B3-2)=6—4i+3i —2>=6—-i+2=8—1i
442 442 24i 848427 848 -2 6+8i
2—i  2—i 24i  4—-§2 441 5
) (1-vV=D)(1+v/=D)=0-i)(Q+i)=1+i—-i—i’=1+1=2
77. x2 416 =0 x2 = —16 = x = +4i

—btVb>—4ac  —6£62—4(1)(10) —6+36—40
= = 5 =

2a 2(1)

75. (a) i

wloo

_6
_§—|-

79. 2 +6x+10=0x = —34+i

81. x4—256:O<:)(x2—16) (x2+16) — 0 x =+dorx = +4i

83. Let x be the number of kilograms of raisins. Then the number of kilograms of nuts is 50 — x.

Raisins Nuts Mixture
Weight X 50 —x 50
Cost per kilogram 3.20 2.40 2.72

So 3.20x +2.40 (50 — x) = 2.72(50) & 3.20x + 120 — 2.40x = 136 < 0.8x = 16 & x = 20. Thus the mixture uses
20 kilograms of raisins and 50 — 20 = 30 kilograms of nuts.

85. Let r be the athlete’s running speed, in mi/h. Then they cycle at » + 8 km/h.

Rate Time | Distance
Cycl + 8 4 4
cle | r
4 r+38

2.5

Run r — 2.5
r

. . . 2.5 o
Since the total time of the workout is 1 hour, we have T3 + — = 1. Multiplying by 27 (r + 8), we
r r

get 4(2r) +25Q2) ¢ +8) = 2r(r+8) © 8 + 5 +40 = 272 + 16r & 0 = 22 +3r — 40 =

_ 3G’ 3457330 _ —3+4309
r= 20 = 4 -4

speed is r = _3+T V329 ~ 3.78 km/h.

. Since r > 0, we reject the negative value. The athlete’s running
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87. Let ¢ be the time it would take the interior decorator to paint a living room if they work alone. It would take the assistant

1
2t hours alone, and it would take the apprentice 3¢ hours alone. Thus, the decorator does 7 of the job per hour, the assistant

1 1 1 1 1
does > of the job per hour, and the apprentice does 3 of the job per hour. So 7 + > + 3= 1l©6+3+2=0<

6t=11t= %1 Thus, it would take the decorator 1 hour 50 minutes to paint the living room alone.

89.3x—2>—-lle3x > -9<x > 3.
Interval: (=3, 00).

Graph:

\

9. x2—7x—8>0& (x —8) (x + 1) > 0. The expression on the left of the inequality changes sign where x = 8 and where

x = —1. Thus we must check the intervals in the following table.
Interval: (—oo, —1) U (8, 00).
Interval (=00, —1) | (-1,8) | (8,00)
Sign of x — 8 — — + Graph: Al o >
Sign of x 4 1 — + +
Signof (x —8) (x + 1) + - +
x—4 x—4 . . . .
93. <0 < 0. The expression on the left of the inequality changes sign where x = —2, where x = 2,
24 (x=2)(x+2)
and where x = 4. Thus we must check the intervals in the following table.
Interval (—00,-2) | (=2,2) | 2,4) | (4, 0)
Sign of x — 4 — — — +
Sign of x — 2 — - + +
Sign of x 42 - + + +
x—4
Sign of ————— — + - +
CEDCE )

Since the expression is not defined when x = £2,we exclude these values and the solution is (—oo, —2) U (2, 4].

Graph: —o
-2

95. [x =5 <3 -3<x-5<3s2<x<8
Interval: [2, 8]

Graph:
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97. (a) Y
Q.
! P
1 T x
12—-0
(d) The line has slope m = s = —%, and has
equation y — 0 = —% x-2)e

y=-2x+Z s12x+7y-24=0.

y
0

99. {(x,y) |x >4ory > 2}

y

—5+2 1240 3
(¢) The midpoint is ( + —+) = (——, 6)-

CHAPTERT  Review
(b) The distance from P to Q is

d(P,0) = /(=5 = 2)* + (12— 0)?
BT = V5

2 72 2

(e) The radius of this circle was found in part (b). It is

r =d (P, Q) = +/193. So an equation is
2
=22+ —0)2= («/193) & (x—2)% 4+ % =193,

y
0

el

(38
=

101. d (4,C) = \/(4—(—1))2+(4—(—3))2 = \/(4+1)2+(4+3)2 = /74 and

d(B,C) = /5= (1)) + G = (=3)? = /5 + 1)> + (3 +3)? = /72. Therefore, B is closer to C.

103. The center is C = (-5, —1), and the point P = (0,0) is on the circle. The radius of the circle is

r=d(P,C) = \/ (0 —(=5)2+(0— (—1))2:\/ (04 5)2 + (0 + 1)2 = +/26. Thus, the equation of the circle is

(x+52%+ @+ D? =26

63
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105. (@) 2+ 12 —8x+2y + 13 =0 (xz - 8x) + (y2 + 2y) - Beo (b) The circle has center (4, —1) and

(x2—8x+16)+(y2+2y+1) — 1341641 radius 2.

(x —4)2 4 (y + 1)? = 4, an equation of a circle.

107. (a) x2+y2+72=12x<:>(x2—12x)+y2=—72<:>(xZ—12x+36)+y2=—72+36<:>(x—6)2+y2=—36.

Since the left side of this equation must be greater than or equal to zero, this equation has no graph.

109. y =2 — 3x 111,y = 16 — x2
Yy y
x |y x |y
2|8 3| 7
012 -1 15
2o i\ 0] 16
: 1|15
2
30 7 / . \ -
13.x = /5
y
x|y
00
1|1
2| 4 1
3 9 1 X

115. x = 16 — 2
(a) x-axis symmetry: replacing y by —y gives x = 16 — (—y)2 =16— yz, which is the same as the original equation, so
the graph is symmetric about the x-axis.
y-axis symmetry: replacing x by —x gives —x = 16 — y2 Sx = y2 — 16, which is not the same as 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 = 16 — (—y)? & x = —16 — 2, which is not the same as
the original equation, so the graph is not symmetric about the origin.
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(b) To find x-intercepts, we set y = 0 and solve forx: x = 16 — 02 = 16, so the x-intercept is 16.
To find y-intercepts, we set x = 0 and solve for y: 0 = 16 — y2 < y = 34, so the y-intercept are 4 and —4.

117. x2 -9y =9
(a) x-axis symmetry: replacing y by —y gives x2 — 9 (—y) = 9 < x2 4+ 9y = 9, so the graph is not symmetric about the
X-axis.
y-axis symmetry: replacing x by —x gives (—x)% —9y = 9 & x2 — 9y = 9, so the graph is symmetric about the y-axis.
Origin symmetry: replacing x by —x and y by —y gives (—x)2 -9(—y) =9 x2 4 9y =9, so the graph is not
symmetric about the origin.
(b) To find x-intercepts, we set y = 0 and solve for x: xZ — 9 (0) = 9 & x = +3, so the x-intercepts are 3 and —3.

To find y-intercepts, we set x = 0 and solve for y: 02 — 9y =9 < y = —1, so the y-intercept is —1.

119, x2 +4xy+12 =1
(a) x-axis symmetry: replacing y by —y gives x> + 4x (—y) + (—y)* = 1, which is different from the original equation, so
the graph is not symmetric about the x-axis.
y-axis symmetry: replacing x by —x gives (—x)% + 4 (—x) y 4+ y2 = 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 +4(—x) (—y)+ (—y)2 =lex?+ 4xy + y2 =1,s0
the graph is symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: x2 + 4x ) + 02=1ox2=1ox==l,so0the x-intercepts are

—land 1.

To find y-intercepts, we set x = 0 and solve for y: 02 +4(0) v+ y2 =l y2 =1 & y = %1, so the y-intercepts are

—land 1.
121. (a) We graph y = x2 — 6x in the viewing rectangle 123. (a) We graph y = x3 —4x2 — 5x in the viewing

[—-10, 10] by [—10, 10]. rectangle [—4, 8] by [—30, 20].

1
-10 -5 M 10
-10
(b) From the graph, we see that the x-intercepts are 0 (b) From the graph, we see that the x-intercepts are —1,

and 6 and the y-intercept is 0. 0, and 5 and the y-intercept is 0.
125. (a) The line that has slope 2 and y-intercept 6 has the slope-intercept equation  (c) YA

y=2x+6.

(b) An equation of the line in general form is 2x —y + 6 = 0.
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127. (a) The line that passes through the points (—3, —2) and (1, 4) has slope (c) 4

4—(-2) 3 ) . .
m = 1—(3) = > s0, using the second point for convenience, an

equation of the lineis y — 4 = % x-Dey= %x + %

b)y=3x+3e2y=3x+53x -2y +5=0.

=V

129. (a) The vertical line that passes through the point (3, —2) has equation x = 3.  (c) VA

b)x=3x—-3=0.

[N

131. (a) The line containing (2, 4) and (4, —4) has slope (c) yA
—4-4 -8
m=—— == —4, and the line passing through the origin with

this slope has equation y = —4x.

um

b)y=—4x<4x+y=0.

133. (a) The slope, 0.3, represents the increase in length of the spring for each unit increase in weight w. The s-intercept is the
resting or natural length of the spring.
(b) Whenw = 5,5 =0.3(5) +2.5=1.542.5 = 4.0 centimeters.

135. 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 equation x% — 4x = x + 6.

137. From the graph, we see that the graph of y = x% — 4x lies below the graph of y = x + 6 for —1 < x < 6, so the inequality

x2 —4x < x + 6 is satisfied on the interval [—1,6].

139. 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

x2 — 4x > 0 s satisfied on the intervals (=00, 0] and [4, 0).
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141. x2 — 4x = 2x + 7. We graph the equations y; = x2—4x 143.x*—9x2 =x—-9. We graph the equations y; = x4 —9x2

and yp = 2x + 7 in the viewing rectangle [—10, 10] by and yp = x — 9 in the viewing rectangle [—5, 5] by
[—5, 25]. Using a zoom or trace function, we get the [—25, 10]. Using a zoom or trace function, we get the
solutions x = —1 and x = 7. solutions x ~ —2.72, x ~ —1.15, x = 1.00, and x ~ 2.87.
0 10
1 -4
-10 510 -20
145. x2 > 12 — 4x. We graph the equations y| = x2 and 147. x% — 4x2 < %x — 1. We graph the equations

yp = 12 — 4x in the viewing rectangle [—8, 4] by [0, 40]. y = 4 _ 4x2 and yy = %x — 1 in the viewing rectangle
i t ti find th ints of . . .
Using a zoom or trace function, we find the points o [=5, 5] by [—5, 5]. We find the points of intersection are

atx ~ —1.85,x ~ —0.60, x ~ 0.45, and x = 2.00. Since

we want x4 — 4x2 < %x — 1, the solution is

(—1.85,—0.60) U (0.45, 2.00).

intersection are at x = —6 and x = 2. Since we want

x2 > 12 — 4x, the solution is the union of intervals
(=00, —6) U (2, 00).

149. Here the center is at (0, 0), and the circle passes through the point (=5, 12), so the radius is
ro= \/(—5 —0)2 +(12-0)2 = /25 + 144 = /169 = 13. The equation of the circle is xZ + y2 = 13? &

x2+ y2 = 169. The line shown is the tangent that passes through the point (—5, 12), so it is perpendicular to the line
12—-0 12

through the points (0, 0) and (-5, 12). This line has slope m| = s—o0- 3 The slope of the line we seek is
my = —L = —# = i Thus, an equation of the tangent line is y — 12 = 2+ SYey-12= Sr+B o
m —-12/5 12 12 127
5 169

y=tx+35 ©5x—12y +169 =0.
151. Since M varies directly as z we have M = kz. Substituting M = 120 when z = 15, we find 120 = k (15) & k = 8.
Therefore, M = 8z.

153. (a) The intensity / varies inversely as the square of the distance d, so I = ik

k
(b) Substituting / = 1000 when d = 8, we get 1000 = W < k= 64,000.

64,000
’ = 160 candles.

64,000 L
(¢) From parts (a) and (b), we have I = Substituting d = 20, we get [ = 202 =

daz
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155. | Note: In the first printing of the text, the answer given for this exercise is incorrect.

Let v be the terminal velocity of the parachutist in km/h and w be their weight in kilograms. Since the terminal velocity is
directly proportional to the square root of the weight, we have v = k./w. Substituting v = 14 when w = 70, we solve

14
for k. This gives 14 = kv/70 & k = — =~ 1.673. Thus v = 1.673,/w. When w = 105, the terminal velocity is

V70
v = 1.6734/105 ~ 17 km/h.

k
157. The speed v is inversely proportional to the square root of the density d, so v = ﬁ In fresh water with density
k
d =1 g/cm3, the speed is v = 1480 m/s, so 1480 = ﬁ < k = 1480. Thus, in seawater with density 1.0273 g/cm3, we
hi 1480 1460 m/
avenr = ——= ~ m/s.
~/1.0273

159. We solve the first equation for v: 1 4+ z = /C+U = (1+z)2 = cto N (c—v)(1+z)2 =cH+ov=>
c—v c—v

7)? —
C(1+z)2—u(l+z)2:c+D:D|:(1+z)2+l]:C[(1+Z)2_1]:D:%'

3 x 109 [(1 +2)% - 1]
Substituting z =2 and ¢ = 3 x 10°, we find v =

8
=3x10° (E) =2.4 x 10° km/s.

1+2)2+1
By Hubble’s Law, v = HyD = D = HL’ so substituting v from above and Hy =~ 20.8 Mly/km/s, we have
0
2.4 x 10 :
¥ s 11,538 megalight-years.
1. (a) > >
=5 3 2
(_5’ 3] (2’ OO)
b)x<3oxe(—00,3;-1<x<d4dexe[-1,4) (¢) Distance = |-7 — 9| = |—16| = 16

3. (a) 186,000,000,000 = 1.86 x 101!
(b) 0.0000003965 =3.965 x 10~/
5.(@) z(4z—3)4+22(3—22)=4z2 =32+ 6z —4z2 =3z
B) x+3)(4x —5)=4x2 —5x + 12x — 15=4x2 + 7x — 15

© (va+ve) (I—ﬁ)=(ﬁ)2—(ﬁ)2=a—b

@ x+3)72=02x)24+202x)3)+ (B2 =4x2 + 12x +9

© G+2 =P +30)2Q+30) 22 +23 =x3 +6x2+12x +8
w+4dw+3  WHNw+D)  w+3

T e 3 T W=t w3
(b) x2 _x+1_ x2 _x+1_ x2 —x+1DH(x-2)
¥2—4 x4+2 (x=-2)E+2) x4+2 x=-2E+2) (x-=2)x+2)
xz—(xz—x—Z) x+2 1

G-2)x+2) (-2(x+2) x-2
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CHAPTER1  Test 69

y X y X
I - 2 2
x x x —Xx —Xx +x —(x — +x

© yo_x_ y xy_y _0=00+x) _ NOHD _ iy
T 1 1wy x-y x—y x—y
y X y X

9.(a)x—|—5=14—%x<:>2x+10=28—x<:>3x=18<:>x=6

2x 2x — 1 2 2

(b) +l= S22 =2x-DHEx+DHEx#-Lx#0)o2x =2x"+x—-10=x—-1ox=1
x

() xz—x—12=0<:>(x—4)(x+3)=0. Sox =4orx =-3.

44+ /2 _42)(1) —-4+/16—8 —44+/8 —4+2/2 242
d2x2+4x+1=0=>x= @M _ T = */_z ‘/_z ‘/_,

2(2) 4 4 2
@ V3i—Vx+5=2=3—-/x+5=4 —1=+/x+5. (Note that this is impossible, so there can be no solution.)
Squaring both sides again, we get | = x + 5 <& x = —4. But this does not satisfy the original equation, so there is no

solution. (You must always check your final answers if you have squared both sides when solving an equation, since
extraneous answers may be introduced, as here.)

(f)x4—3x2+2=0<:>(x2—1)( 2—2):0. Sox?—1=0x ==+lorx?>—2 =0 x = £/2. Thus the

solutionsare x = —1, x = 1, x = —+/2, and x = +/2.
@3x—4-10=03r-4=10ex—4=Lcr-d4=2Dcr=42L sox=4-0 =20
X :4—}—13—0 = %.Thusthesolutionsarex :%andx = %

—44+/42-412)(3) —-4+.-8 L4 V2
= =—1+ %%,
2(2) 4 2
13. Let w be the width of the parcel of land. Then w + 70 is the length of the parcel of land. Then w? + (w + 70)? = 1302 &
w? + w? 4 140w + 4900 = 16,900 < 2w? + 140w — 12,000 = 0 < w? + 70w — 6000 = 0 < (w — 50) (w + 120) = 0.
So w = 50 or w = —120. Since w > 0, the width is w = 50 m and the length is w + 70 = 120 m.

11. Using the Quadratic Formula, 2x2 + 4x +3 =0 & x =

15. 5 < g (F-32) <109 < F—-32< 1841 < F < 50. Thus the medicine is to be stored at a temperature between
41° F and 50° F.

17. (a) y There are several ways to determine the coordinates of S. The diagonals of a
S square have equal length and are perpendicular. The diagonal PR is horizontal
P R and has length is 6 units, so the diagonal QS is vertical and also has length 6.

Thus, the coordinates of S are (3, 6).

1 0 X
(b) The length of PQ is \/ (0 —3)2 + (3 — 0)2 = /18 = 34/2. So the area of
2
PORSis (3&) —18.
19. (a) y (b) The distance between P and Q is

* d(P,Q):\/(—3—5)2+(1—6)2:m:«/@.

—3+5 146
(¢) The midpoint is( 2+ ,L) = (1 Z)_

2 > 2

i > (d) The center of the circle is the midpoint, (1, %), and the length of the radius is

%\/ 89 . Thus the equation of the circle whose diameter is P Q is

a0 (= 3) = (1) e (- 3) =
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70  FOCUS ON MODELING

21. 2x — 3y = 15 -3y = —2x + 15 & y = 3x — 5. The slope is % y
and the y-intercept is —5.

23. (a) When x = 100 we have 7' = 0.08 (100) — 4 = 8 — 4 = 4, so the (b) T
temperature at one meter is 4° C.

(c¢) The slope represents the raise in temperature as the depth increase. 5
The T -intercept is the surface temperature of the soil and the

x-intercept represents the depth of the “frost line”, where the soil

below is not frozen. y 60 80 100 120 x

=5

25. | Note: In the first printing of the text, the answers given for parts (b) and (c) of this exercise are incorrect.

wh?
M =k—
(@) 7
o (10) (15%)
(b) Substituting w = 10, # = 15, L = 30, and M = 21,000, we have 21,000 = kT < k= 280. Thus
2
M = 28027
L
. (7.5) 25%)
(¢) Nowif L =25, w ="7.5,and h = 25, then M = 280T = 52,500. So the beam can support 52,500 newtons.

FOCUS ON MODELING  Fitting Lines to Data

1. (a) Using a graphing calculator, we obtain the regression (b) Using x = 58 in the equation y = 1.8807x + 82.65,
line y = 1.8807x + 82.65. we get y = 1.8807 (58) + 82.65 ~ 191.7 cm.

y

180 4
—
g
2
= 160+
20
[
T
140

40 50 x

Femur length (cm)
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Fitting Lines to Data n

3. | Note: In the first printing of the text, the answer given for part (a) of this exercise is incorrect.

(a) Using a graphing calculator, we obtain the regression (b) Using x = 45 in the equation y = 2.579x — 0.1783,
line y = 2.579x — 0.1783. we get y = 2.579 (45) — 0.1783 =~ 116 years.
y
100
o .
80 .
§ 60
b L)
P .
< 401
204
o T lo T 2 30 40 50

Diameter (cm)

5. (a) Using a graphing calculator, we obtain the regression (b) Using x = 25 in the regression line equation, we get
line y = —0.13198x 4 7.2514 y = —0.13198 (25) 4 7.2514 ~ 3.95 million km?.
y This is roughly 10% less than the actual figure of

4.4 million km?.

(¢) Despite fluctuations over brief periods, the model

seems fairly accurate. If external circumstances

change (reduced or increased CO, emissions, for
21 example), it may become less reliable. It is unlikely

to be accurate far into the future.

Sea ice extent (million km?)

Ovvvvyvvvvyvvvv

10 20 .
Years since 1994
7. (a) Using a graphing calculator, we obtain (b) The correlation coefficient is » = —0.98, so linear
y = —3.9018x + 419.7. model is appropriate for x between 80 dB and
y 104 dB.
100 4 (¢) Substituting x = 94 into the regression equation, we
X get y = —3.9018 (94) + 419.7 =~ 53. So the
2 intelligibility is about 53%.
Q
£ so-
=
—1 T T T T
0 80 90 100 1o~

Noise level (dB)

9. Results will depend on student surveys in each class.
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72 Errata in Exercises and Answers in First Printing

1 ERRATA in Exercises and Answers in First Printing

2
Page 123 1.11.56 Displayed equation should read y = ,/2.4x + ( 1(:0 0)

Page 123 1.11.56  (a) Graph the equation for 0 < x < 160.

Page A2 1.5.129 (Answer) =~ 4.24s

Page A2 1.5.137 (Answer) 344, 000 km

Page A3 1.7.21 (Answer) 220 km

Page A3 1.7.39 (Answer) 31.6 mby 158 m

Page A3 1.7.77 (Answer) 1.6 m from the fulcrum

Page A4 1.8.119 (Answer) More than 100 km

Page A4 1.8.127 (Answer) (a) Acceleration greater than 8.04 m/ g2

Page A7 1.10.93 (Answer) (a)¢ = %n +6 (b)25°C

Page A7 1.10.95 (Answer) (a) P = 9.97d + 103, where P is () *
pressure in kPa and d is depth in meters
(c) The slope represents an increase of 9.97 kPa in pressure

for each one meter increase in depth, and the d-intercept is

the air pressure at the surface. (d) =~ 59 m

100

0] 10 X
Page A7 1.12.39 (Answer) = 69 km/h
Page A7 1.12.41 (Answer) = 9.03 km/h
Page A7 1.12.49 (Answer) (b) 1, 928,234,931
Page A8 1.Review.155 (Answer) 17 km/h
Page A9 1.Test.12 (Answer) 192 km
Page A9 1.Test.25 (Answer) (b) 280 (c¢) 52,500 N
Page A10 1.Focus.3 (Answer) (a) y =2.579x —0.1783 10’(')
80 .
% 60|
b L)
< 404
20
of " 0 T 2 30 40 50

Diameter (cm)
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