Chapter 3

Quadratic Functions and Equations;
Inequalities

Exercise Set 3.1

B

© ® X o oA~ W

10.
11.

12.

13.

14.

15.

16.
17.

18.

V=3=v-1-3=-1-V3=iV3, or V3i

V=21 = /—=1-21 =4v/21, or v/21i
V=25=y—1-25=+/—1-v/25=4i-5=5i
V=100 = +/—1-100 =i - 10 = 10i
—V/=33=—y/~1-33=—/~1-33 = —i/33, or —/33i
—V/=59 = —/—1-59 = —i/59, or —/59i
—/=8l=—y/=1-81=—y/-1-V/8l=—i-9=—9i
—V=9=—V/-T-9=—V=T-V/9=—i-3=-3i
V=98 =y=1-98==1-/98=iV49-2=
i-7V2=Tiv2, or TV2i

V=28 = /128 =iv/28 = iv/4- T = 2i\/7, or 2/Ti

(=54 3i) + (7 + 81)
= (=54 7)+ (3¢t + 8i) Collecting the real parts

and the imaginary parts
=2+ (348)i
=2+ 11
(=6 —5i) +(9+2i) = (—6+9) + (—5i +2i) =3 —3i

(4 —9i) + (1 — 3i)
(44 1) + (—9¢ — 3i) Collecting the real parts

and the imaginary parts
=54(-9-3)i
=5—-12¢
(7T—20)+(4—-5)=(T+4)+ (-2t —5i)) =11 -Ti

(12 + 3i) 4 (—8 + 5i)
= (12— 8) + (3i + 5i)
=4+8i

(=11 + 4d) + (6 4 8i) = (—11 4 6) + (4i + 8i)=—5 + 12i

(=1 —i)+ (=3 —1)
(—1=3)+(—i—1)
=—4-2

(=5—i)+(64+2)=(-H4+6)+(—i+2i)=1+1

19.

20.

21.

22.

23.

24.

25.

26

28.

29.

30.

31.

(34 +v/—=16) + (2 ++/—25) = (3 +44) + (2 + 5i)
= (3+2)+ (4 + 5i)
=5+9i

(7—v/=36)+ (2+v/=9) = (7 —6i) + (2 + 3i) =

(T4+2)+ (—6i+3i) =9— 3

(10 + 74) — (5 + 34)

= (10 —5) + (7i — 3i) The 5 and the 3i are

both being subtracted.
=5+4i
(=3—4i) —(8—1)=(-3—-8)+[-4i—(—i)] =
—11 -3¢
(134 97) — (8 + 2i)

= (13—8) + (99 —2i) The 8 and the 2i are

both being subtracted.

=5+Ti
(=74 12i) — (3 —6i) = (=7 — 3) + [12i — (—6i)]
—10 + 18i

(6 —4i) — (=5 +1)
=1[6—(=5)] + (—4i—1)
=(64+5)+ (—4i—1)
=11—"5

(=5 +2i) — (—4 — 3i)
=[5~ (—4)] + [20 — (=34)]
= (=5 +4) + (2i + 30)
= —1+5i
(=6 4+ 7i)— (=5 — 2i) =[—6 — (=5)] + [7i—(—27)]
149

(4 —9i) — (24 30)
= (4—2)+ (=9 — 3i)
=212
(10 — 43) — (8 + 24) = (10 — 8) + (—4i — 2i) =
2 — 6i
7i(2 — 5i)
147 — 35i2
= 14i + 35
=35+ 14¢

Using the distributive law
2=—1

Writing in the form a + bi

32. 3i(6 4 44) = 18i +12i%2 = 18 — 12 = —12 4+ 18i
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150 Chapter 3: Quadratic Functions and Equations; Inequalities

33. —2i(—8 + 3i) 47. (3 +2i)(3 — 20)
= 167 — 642 Using the distributive law =9 — 6i + 6i — 442
= 16i+6 2 =—1 =9-6i+6i+4 2=-1
= 6+ 16¢ Writing in the form a + bi =13

34. —6i(—5+1i) = 30i — 6i2 = 30i + 6 = 6 + 30 48. (8+i)(8—1i)=64—8i+8i—i’=

64 —8i+8 +1=065
35. (1+ 3i)(1 — 44)
—1-4i+3i—122  Using FOIL 49. (7-50)(7T+50)
o 4i3io12(o1) 2= 1 = 49 + 35i — 35i — 252
C_ii1o = 494351 —35i+25 i2=-—1
=13—i =
36. (1-20)(1+30) =143 —2—62=1+i+6= 50. (6-80)(6+81) = 36+ 487 — 481 - 647 =
y 36 + 48i — 48i + 64 = 100
51. (4 + 21)?

37 (2+3)(2+50) —164+2-4-2i + (20)> Recall (A+ B)2 =
=4 +10i + 6i + 15i>  Using FOIL A2 4 2AB + B?
=4+10i+6i—15 2 =—1 = 16 + 16i + 442
= —11+416i =16+ 16i — 4 2 =—1

38. (3 —50)(8 — 2i) = 24 — 6i — 40i + 10 = =12+16:

24 — 6i — 405 — 10 = 14 — 463 52. (5—4i)? =25—40i + 16i2 = 25 — 40i — 16 =

39. (—4 +1)(3 — 2i) 940
— _1248i43i—22 Using FOIL 53. (=247
= 12+ 8 +3i+2 2=_1 = (—=2)2 +2(=2)(7i) + (7i)®> Recall (A+B)? =
— 104+ 114 A?+2AB + B?

=4 — 28i + 4942
40. (5—2i)(=1+41i)=—5+5i+2i — 2% = — 4 — 98 — 49 2= _1
54+ 5i+2+2=-3+7Ti 45— 98
41 (8-30)(=2-50) 54 (34202 =912 +42 =912 —4="5—12i
e e 5. (1-37
_ =12-2-1-(3i) + (3i)2
R =1 i + 932
42. (7 —4i)(—3 —3i) = —21 — 213 + 12 + 12i% = 1_6i_9 2
—21 —21i+12i — 12 = —33 — 9 — _8_6i

43. (3+v/~16)(2 + v/~25) 56. (2—5i)2 =4—20i+ 25 =4 —20i — 25 =
= (3 +4i)(2 + 5i) —21 — 20
= 6+ 150 + 8i + 2042 57, (—1—i)?
=6+ 15¢+ 8 — 20 i2=-1 = (=1)2 = 2(=1)(d) + 2
= —14+23i 14242

44. (7T—+/=16)(2+ v=9) = (T — 49)(2 + 3i) = =1+2i—1 i?=—1

144210 — 8 — 122 =144+ 21i — 8i + 12 = =2
26 4 13i 58. (—4—2i)2 =16+ 16i+ 4i> = 16+ 16i — 4 =
45. (5 — 4i)(5 + 4i) = 5% — (4i)? 12 4 160
= 25 — 1642 59. (3 + 4i)?
=25+16 i?=-1 =9+42-3-4i+ (4i)?
=41 = 9+ 24i + 1642
46. (54 9i)(5 — 9i) = 25 — 81i% = 25 + 81 = 106 =9+24i - 16 #=-1
= 7+ 24i
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60.

61.

62.

63.

(6 4+ 54)% = 36 + 607 + 25i% = 36 + 60i — 25 = 65.
11 4 602
3
5— 11z
=< 73112, . gi ﬂz 5—114 is_ the conjugate
of 5+ 11i.
B 3(5 + 117)
(5= 114)(5 + 114)
_ 15+33i
T 25 — 121542
_ 15433 2_
25+ 121
15+ 33¢
T 146 .
= % + %z Writing in the form a + bi
i 2—1
240 241 2—i
_ 2i — i2
42
241
C4+1
1 9 67.
- g + gZ
5
2+ 3
= 253@' . Z:Z 2—3i is_ the conjugate
of 2 4 3i.
. 5(2 — 3i)
(24 30)(2 - 3i)
10— 150
4942
10 — 152 .
R #=-1
10 — 152
ST
= % — gz Writing in the form a + bi o8-
-3 =3 4+5i
4—5i 4-5i 4+5i
—12 — 154
~ 16 — 2512
12 15i
16425
12 15,
T

4+
—-3—-2
4+ -3+ 2
= 73_51% "3 i 2; —3+ 2i is the conjugate

of the divisor.
o (A+0)(-3+20)
(=3 —2i)(—3 +2i)

_ 124504277
- 9 — 442
—12+5i -2 |
:794_4 2=-1
—14 + 5i
BEE)
:f%+%i Writing in the form a + bi
5-i  5—i —T-2
742 —T+2 —T—2
=35 —3i+ 22
49— 442
_ —35-3i—2
T 49+4
37 3
~ 53 53
5—3i
44 3i
= Z;gij:gz 4 — 31 is‘the conjugate
of 4 + 3i.
_(5—3i)(4—3i)
T (4+30)(4 - 36)
20 — 27i + 9i2
T 16— 922
_20-27i -9 PR
1649
_11-27i
25
= ;—é—z—;z Writing in the form a + bi
6+5i 6+5i 3+4i
3—4i 3—4i 3+4i
18+ 39i + 202
9-162
18 +39i — 20
T 9416
2 39,
= o5 T ag
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152 Chapter 3: Quadratic Functions and Equations; Inequalities
0.  2tV3 7, 170 100
5—4i (1T+4)?  142i+4
) i 4i 1—1
+ \/‘3,’2 . 5t Z 5+ 4i is the conjugate = 1+2i-1
S5—4i 5+4i of the divisor. .
(2 + V/30) (5 + 4) _ 1
(5 — 44)(5 + 49) 2
. . .2 1—i —2
10 + 8i + 5V/3i + 4V/3i =y
25 — 16i2 N,
—21+ 2
048 +5V3i-4vV3 =2
25 + 16 Cgi o
10 — 4v/3 + (8 4+ 5V/3)i =T
a1 _ 1L
10 — 4 T2 2
0 v + 8+ 5\/31' Writing in the 22
41 41 form a + bi 3 4—2 2-5i
o, VB3I VB3 14 61+7’, L+
T T T1-d 1+ - 1;,’ Adding
i
VB +V5i+3i+ 32 1
n 1—42 = — - - 1 — i is the conjugate
1+4 1—1 of 1+1.
V5 +V5i+3i — 3 . :
— 1 _(6—72)(1—2)
o (1+9)(1—1)
_ Vo3 Vh 3, 6 13i 4 72
2 2 R
- L4 6-13i -7 2 _ 4
(1—14)2 i e - _
144 —1—13i
1—2i+ =5
1+ 2_ 4 113,
1-2i—-1 =57 3¢
L 342  6+2 944
—9 74. - — = -
1—14 1—1 1—4
1ai % . )
—;l . 2—Z 21 is the conjugate _ 9+4di 1+
e S of 24 =i 1+
(1+1)(20) 9+ 13i + 4i
(—21)(21) - —
. ‘2 77/
2i + 2 94134
—4i T+
2 — 2 ) 5 13
i2=_1 _ 5 13
4 BEREE
2 2, 11 _ 10 215 5
_Z+ZZ 75. ittt =1 i=0G")Pi=(-1)i=-1-i=—i
1 76. i =% i=(i®)3.i=(-1)3i=-1-i=—i
77. i == (2= (D) i =1 i = i
78. ,L'24 — (22)12 — (_1)12 1
79. % = (*)¥ = (-1)* =1
80. ,L'42 _ (2'2)21 — (71)21 _ 1
8l. (—)"' =(~1-9)"=(-1)" i =—70.j=
(i) = (1) i= —(~1)i=1
82. (=)0 =i =(?)® =(-1)3=-1

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley



Exercise Set 3.2

153

83. (5i)* = 5% i* = 625(i%)?
84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

= 625(—1)2 =625-1=625

(21)° = 324° = 32-i*-i =
324

32(i2)2i = 32(-1)2-i = 32-1i =

The sum of two imaginary numbers is not always an imag-
inary number. For example, (24 i) + (3 — i) = 5, a real
number.

The product of two imaginary numbers is not always an
imaginary number. For example, i -4 = i2 = —1, a real
number.

First find the slope of the given line.

3v—6y =7
—6y = —3x+7
1 7
y=3575

1
The slope is 3 The slope of the desired line is the oppo-

1
site of the reciprocal of —, or —2. Write a slope-intercept

equation of the line containing (3, —5) with slope —2.

y—(=5) = —2(z-3)
y+5=-2x+6
y=—-2x+1

The domain of f is the set of all real numbers as is the

domain of g. Then the domain of (f — g)(x) is the set of

all real numbers, or (—o0, 00).

The domain of f is the set of all real numbers as is the
5

domain of g. When z = —3 g(xz) = 0, so the domain of

i (-o-3) o~ ox)

(f—9)(x) = flx)—g(x) =2*+4—(Bz+5) =2 -3z -1
F2)  22+4  4+4 8
Nl = =
F9@ =05 =3 355 635 1
fl@+h) - f(@)
h
_(@+h)?=3@@+h)+4— (2 -3z +4)
N h
2?4+ 2zxh+h? -3z —3h+4—2?+ 3z —4
B h
 2zh+h?—3h
n h
_ h(2x+h—-3)
B h
=2x+h-3
(a+bi)+(a—bi) = 2a, a real number. Thus, the statement
is true.
(a+bi)+(c+di) = (a+c)+ (b+d)i. The conjugate of this

sum is (a+c)—(b+d)i = a+c—bi—di = (a—bi)+(c—di), the
sum of the conjugates of the individual complex numbers.
Thus, the statement is true.

95.

96.

97.
98.

99.

(a+ bi)(c+ di) = (ac — bd) + (ad + bc)i.
the product is (ac — bd) — (ad + be)i =
(a — bi)(c — di), the product of the conjugates of the indi-
vidual complex numbers. Thus, the statement is true.

1 1

The conjugate of

G‘*bi, a n —-b .
7a2+b2 a2+bQZ

2Z = (a+ bi)(a — bi) = a® — b%i? = a? + b?

zia+bi'

a—bi

z24+6z2="7
a+bi+6(a—0bi)=7
a+ bi+6a —6bi =7
Ta —5bi =7
Then 7a = 7,80 a = 1, and —5b = 0, so b = 0.
z=1.

Thus,

[z — (3 + 41)][x — (3 — 44)]

= [z — 3 — 4i][z — 3 + 44]

=[(z - 3) 4il[(z = 3) + 4]
— (2= 3) — (4i)

=22 — 6z +9— 1642
=22 —6x+9+16
=22 —-6z+25

i2=-1

Exercise Set 3.2

1. (22 -3)(32—-2)=0

2r—3=0 or 3x—2=0 Using the principle
of zero products

20 =3 or 3r =2
T = 3 or T = 2
2 3
. 3 2
The solutions are — and —.
2 3
. (br—-2)(2x+3)=0
J— 2 e P 3
T = 5 or = 5
. 2 3
The solutions are — and ——.
5 2
22 -8 —-20=0
(x—10)(z+2)=0 Factoring
z—10=0 or x4+2=0 Using the principle
of zero products
x =10 or r= -2

The solutions are 10 and —2.

2% +62+8=0
(x+2)(x+4)=0
r=-2 or x=—4

The solutions are —2 and —4.
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10.

11.

12.

322 +2x-2=0
Bz —2)(z+1)=0
3xr—2=0 or x+1=0

Factoring

T = or r=-—1

2
3
. 2
The solutions are 3 and —1.

1022 — 162 +6 =0
2(bz—3)(z—1)=0

3
r=—- or =1

3
The solutions are — and 1.
5

422 -12=0
42?2 =12
x2 =3

z =3 or z =—/3 Using the principle

of square roots

The solutions are v/3 and —+/3.

622 = 36
22 =6
z=+vV6orz=—-6
The solutions are /6 and —+/6.
322 =21
22 =7

z = /7 or & = —/7 Using the principle
of square roots

The solutions are v/7 and —/7.

222 -20=0
222 =20
22 =10

x:\/mor:r:f\/lo
The solutions are /10 and —+/10.

502 +10=0
5x2 = —10
2?2 = -2

xr = \/§z or x = f\/ii
The solutions are v/2i and —v/2i.

422 +12 =0
422 = —12
2?2 = -3

xr = \/gz or r = —\/gi
The solutions are v/3i and —+/3i.

Using the principle
of zero products

13. 22 +16 = 62

2 = —16
xr=+-—16 or x = —v/—16
r =4 or v = —41i

The solutions are 47 and —41.

14. z2425=0
22 = —25
r=>5 or x=-—5

The solutions are 5i and —5i.

15. 222 = 62
222 — 62 =0
2x(x —3) =0
20 =0 or z—3=0
=0 or =3

The solutions are 0 and 3.

16. 18z +9z? =0
9z(2+xz) =0
z=0 or x=-2

The solutions are —2 and 0.

17. 33 —5y2 =2y =0
y(3y* — 5y —2) =0
yBy+1)(y—2)=0
y=0 or 3y+1=0

1
y=——- or

=0
y or 3

The solutions are -3 0 and 2.

18. 3t3 + 2t = 5¢2
33 —5t2+2t =0
tt—1)Bt—2)=0

2
t=0or t=1 or t= 2
3
. 2
The solutions are 0, 3’ and 1.

19. 722+ 22 —Tr—1=0
22(Tz+1)— (Tz+1) =0

(@2 -1)(Tz+1) =0
(z+1)(z—1)(Tz+1)=0
rx+1=0

r=-—1 or r=1 or

1
The solutions are —1, — and 1.

20. 38+ 22— 122 -4=0
22(Br+1)—4(Bz+1) =0

Bz +1)(z2-4)=0
Bz+1)(z+2)(z—2)=0

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley
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e 9 or w9 30. 2% =22+ 10z
3 . 22— 10z = 22
The solutions are —2, —3 and 2. 22— 102425 =22425 (4(~10) = —5 and
21. a) The graph crosses the z-axis at (—4,0) and at (2, 0). (—5)* = 25)
These are the x-intercepts. (x —5)2 =47
b) The zeros of the function are the first coordinates of & —5 = +47

the z-intercepts of the graph. They are —4 and 2.
22. a‘) (_170)7 (270)

r =5++/47
The solutions are 5 — V47 and 5 + v/47, or 5 + V/47.

b) —1,2
2 _
23. a) The graph crosses the z-axis at (—1,0) and at (3,0). 31. 2" +8x+25=0
These are the z-intercepts. 22 + 8z = —25 Subtracting 25
b) The zeros of the function are the first coordinates of 22 +8x+16 = =25+ 16 Completing the
the z-intercepts of the graph. They are —1 and 3. square:
24. a) (—3,0), (1,0) 3-8=4and 4> = 16
b) =3, 1 (x+4)2 = -9 Factoring
25. a) The graph crosses the z-axis at (—2,0) and at (2,0). T+4==L3i Using the principle

These are the z-intercepts. of square roots

b) The zeros of the function are the first coordinates of ) v=—dE3i ) . _
the a-intercepts of the graph. They are —2 and 2. The solutions are —4 — 3i and —4 + 3i, or —4 & 3i.
26. a) (—1,0), (1,0) 32, 22462+13=0
b) —1,1 224+ 6x = —13
27. 22 +6x =7 2> +6x+9=-13+9 (5-6=3and3*=9)
224+62+9=7+9 Completing the square: )
1. 6=3and3>=9 (z+3)" = —4
(x+3)2=16 Factoring r+3==x2%
z+3==4 Using the principle rT=-3x2
of square roots The solution are —3 — 27 and —3 + 24, or —3 + 2i.
r=-3%4

2 — =
r=-3-4 or z=-34+4 33. 3z +5x—-2=0

2 _ .
P or 7 —1 3z +55m—22 Adding 2
The solutions are —7 and 1. 2+ gac =3 Dividing by 3
28. 2?4+ 8x = —15 , b 25 2 95 a et .
22 +87+16 = —15+16 (1.8 =4 and 42 = 16) VRT3 T3 gg Completing the
square:
(z+4)* =1 1.5_5 5Y2 _ 25
T4 =+l , 25— and ()7 =5
5 49
r=—4+1 T+ 2y =2 Factoring and
6 36 R
r=—-4-1o0or z=-4+1 simplifying
T =-5 or r =-3 T+ g = ig Using the principle
The solutions are —5 and —3. 5 7 of square roots
29, 22 =8x—-9 “:_Eié
22 -8z = -9 Subtracting 8x = 5 7 or =241
22 -8z +16 = =9+ 16 Completing the square: 6 6 6 6
12 2
3(—8) =—4 and (—4)* =16 = or =g
(x—4)2 =7 Factoring r=—2 or r = é
T—4==+V7 Using the principle 1
of square roots The solutions are —2 and 3
z=4+7

The solutions are 4 — /7 and 4 + \/7, or 4++/7.
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34. 222 -52-3=0 39. 322 +6 = 10z
202 —5r =3 322 —10x+6 =0
9 3 We use the quadratic formula. Here a = 3, b = —10, and
v 75‘%:5 c=6.
9 b 25 3 25, 5 5 m_—bi\/b2—4ac
x —§x+E—§+l—6 (3(=3)=—7 and T R
-3°=%) —(—10)%+/(—10)2—4-3-6
5\2 49 ‘ 10 = ( ) 2( 3 ) Substituting
r——-| =—
( 4) 16 10428 10+£2V7
5 7 = =
T = ° °
5 - C26£VT)  5EVT
v=gtg 23 3
— +
5 7 5 7 Thesolutionsare5 ﬁand5+\ﬁ70r5 ﬁ
TTiT1 T Iry 3 3 3
1 40. 3t +8t+3=0
z=-3 or © =3 t,_Si 82-4-3-3
The soluti Lond 3 B 23
e solutions are —= and 3.
2 _ —8£V28  —842V7
35. r? -2z =15 B 6 B 6
2 =22 —-15=0 C2(—4EVT) -4+ VT
(x —=5)(x +3) =0 Factoring 2-3 3
—4 — —4
r—5=0or z+3=0 The solutions are 3 V7 and _g\ﬁ, or
r =15 or r=-3 4T
The solutions are 5 and —3. 3 ’
36. 2?+4x =5 41 22 +2+2=0
2244z —5=0 We ;se the quadratic formula. Here a = 1, b = 1, and
c=2.
(z+5)(xz—1)=0 b 2
—b+ /b2 —
v b? — 4dac
z+5=0 or x—1=0 2%
r=-5 or r=1 —1+v12—-4-1-2 s
The solutions are —5 and 1. = 2.1 Substituting
37. 5m2 +3m =2 _ -1+ /-7
5m? +3m—2 =0 2
(5m —2)(m + 1) = 0 Factoring _ —1£ Vi __1 + \/—71
2 2 2
5m—2=0 or m+1=0 . 1 VT v
2 The solutions are —— — —i and —= + —1, or
m= - or m=—1 2 2 2 2
R 1 VT
The solutions are : and —1. 27 27
42. 22 +l=2x
38 27 -3y-2=0 P —r+1=0
2y+1(y—-2)=0 e G E RV S T S R
2041=0 or y—2=0 r= 2.1
1 .
y=-5 or y=2 C1+y-3  1+V3i
. 1 2 2
The solutions are —5 and 2. 1 V3
=—-+—3
2 2
1 V3 1 V3
The solutions - — —1 —+ —1
e solutions are 5 5 i and 2—0— 5 b or
1
1, V3,
2 2
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43. 5t> — 8t = 3 . 5-1/33 5+ /33
The solutions are and , or
512 -8t —3=0 4 4
5++33
We use the quadratic formula. Here a = 5, b = —8, and 1
c=—3.
2 _
7—bim 47. 2 —8x+5=0
t= 2% We use the quadratic formula. Here a = 1, b = —8, and
c=>5.
—(-8 —8)2 —4-5(—3
_ —(=8)+V(=8) (=3) b4 T e
2-5 R T
8+ +v124 84231
= = —(=8) £ +/(—8)2—-4-1-5
10 10 = 5 1
2(4+ /31 4431
= (25 ) _ 5\/_ _8EV44  8£2V11
2 2
4—+/31 4431
The solutions are 5 and +5 , or 2(4 + V/11)
= —=4+V11
4+ /31 2
5 ’ The solutions are 4 — v/11 and 4 + /11, or 4 &+ /11.
2 _
44. 52 +2=u 48. 22 - 62 +3=0
502 —x+2=0 —(—6) (—6)2—4-1-3
xr =
() x/(-1)2-4-5-2 2-1
2-5 _6+£v24  6£2V6
C1£V=39 14/390 S22
N 0 10 923 +
_2BEV0) 4
_ L + —\/@z 2
10 10 The solutions are 3 — v/6 and 3 + \/67 or 3+ /6.
1 V39 1 V39
i L — 4+ Y2 49. 3224+ =5
The solutions are 0 10 7 and 0 + 0 i, Or T+ x
1i\/@' 322+ —-5=0
10 10 " We use the quadratic formula. We have a = 3, b =1, and
45. 322 +4 = 5z c=-5.
32% —bz+4=0 g oEVY —dac VQbL‘laC
We use the quadratic formula. Here a = 3, b = —5, and “
c=4. _ —1+/12-4.3.(-5)
—b =+ /b2 — 4ac 2-3
N 2a _ —1£v6l
(=5 £ /(-5)2—-4-3-4 6
- . —-1-+61 -1 61
2-3 The solutions are G\ﬁ and +6\ﬁ7 or
_5EV-23 5+ V23 14 el
6 6 5
_ 2, V2, 50. 522 + 3z = 1
6 6
522 +3z—1=0
. 5 V23, 5 V23,
The solutions are 6 TZ and 5 + ——1, or e —3+,/32-4.5-(-1)
5 " \/23Z, 2-5
6 6 _ —3+v29
46. 212 -5t =1 - 10
2_5t—1= -3 —-v29 -3 29
200 =5t -1=0 The solutions are 10\/_ and 1—0\/—, or
t = _(_5)j: (_5)2_4'2(_1) —34++/29
22 0
_ 5+v33
==

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley



158 Chapter 3: Quadratic Functions and Equations; Inequalities

51. 222 +1 = 5z
202 -5x+1=0
We use the quadratic formula. We have a = 2, b = —5,

and ¢ = 1.
. —b+ Vb2 — 4ac
o 2a
(B E V(52 —4-2-1 51T
N 2.2 T4
, 517 5+V17T  5+4/17
The solutions are and , or .
4 4 4
52. 422 +3 ==z
422 —x+3=0
B —(-1)£+(-1)2—-4-4-3
B 2-4
14+V—47 1447 1i\/47‘
= = = — 7
8 8 8 8
1 V4 1 4 1 V4
The solutions are — — —72 and — + ﬁi, or — + —71
8 8 8 8 8
53. 522 + 27 = —2

522422 4+2=0

We use the quadratic formula. We have a = 5, b = 2, and
c=2.

o —b+ Vb? — 4ac
a 2a
2422 -4-5-2
N 2.5
_ —2+/-36  —246i
N 10 10
C2(—=143i)  —1+3i
2.5 5
1
= ——i§i
5 5
1 1
The solutions are —— — §z and —— + §i, or 1 + §z
5 5 5 5 5 5
54. 312 +3z = -4
322 +3x+4=0
_ —3++v32-4-3-4
v 2.3
. —34+/=39  —3+/39
N 6 B 6
1 V4
= —7:t—39i
2 6
1 v 1
The solutions are —= — ﬂz and —= + £7 or
2 6 2 6
1 V4
—7:t—39i.
2 6

55.

56.

57.

58.

59.

60.

61.

402 =8z +5

422 - 82 —-5=0

a=4,b=-8, c=-5

b — 4ac = (—8)2 — 4 - 4(—5) = 144
Since b? — 4ac > 0, there are two different real-number
solutions.

422 —1224+9=0

b —dac=(-12)2—4-4-9=0
There is one real-number solution.

22 +3z+4=0

a=1,b=3,c=4

b —dac=32—-4-1-4=-7
Since b?> — 4ac < 0, there are two different imaginary-
number solutions.

2222 +4=0

b? —4ac=(-2)2—4-1-4=-12<0
There are two different imaginary-number solutions.

512 — Tt =0

a=5b=-7¢=0

b —dac=(-7)2-4-5-0=49
Since b2 — 4ac > 0, there are two different real-number
solutions.

5t2 — 4t = 11

5t2 —4t—11=0

b — dac = (—4)? —4-5(-11) =236 > 0

There are two different real-number solutions.

Graph y = 22 — 82 + 12 and use the Zero feature twice.

NS
Cabi
=z ]
W
Caki
H=h ]

The solutions are 2 and 6.
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62. Graph y = 522 4+ 42z + 16 and use the Zero feature twice.

L
cxki
=-8 =0
Y N
caki
==Y =0

The solutions are —8 and —0.4.

63. Graph y = 722 — 43z + 6 and use the Zero feature twice.

Zxkar

n=14zBEFLY ¥=0
&

Zxkar

n=g L =i

One solution is approximately 0.143 and the other is 6.

64. Graph y = 1022 — 23z 4 12 and use the Zero feature twice.

ZeFo

n=.8 =i
W

ZeF0

n=1t =i

The solutions are 0.8 and 1.5.

feature twice.

/

¥=.09167 08

¥

/.

¥=10.808z:7

The solutions are approximately —0.151 and 1.651.

feature twice.

V==

V==

The solutions are approximately —2.135 and 0.468.

= ]
=-.6374EBA

L]

e
H=x137458EA

=i

The zeros are approximately —0.637 and 3.137.
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. A2 9 ice. . —4 —+/10
68. Graph y = 42* — 3z — 2 and use the Zero feature twice The zeros of the function are and
—4++10 o 1 V10
3 ’ 3 '
73. 22 -5z +1=0
UIII. a=1,b=-5c=1
Zako —b+ vb? — dac
W= 42RzE0L Iv=0 T = —F""
2a
~_ —(-5) (=5)2—-4-1-1
B 2-1
_5+v25-4
B 2
UI;I" 5+ v21
§55°1?53505 =i - 2
— - Th f the functi PV g 2V
The zeros are approximately —0.425 and 1.175. © zeros of the function are 2 a 2 » o
5421
69. 224+6x+5=0 Setting f(z) =0 —q
(x+5)(x+1)=0 Factoring T4, 22— 30— T—0
z+5=0 or z+1=0 7—(—3)1\/(—3)2—4-1(—7)
xr = -5 or r=—1 = 51
The zeros of the function are —5 and —1. B 3+ /37
2
70. 22—rx—-2=0
3— V37 3 37
(r+1)(z—-2)=0 The zeros of the function are 2\/_ and +2\/_, or
z+1=0 or z—2=0 3+ V37
r=—1 or r=2 2
The zeros of the function are —1 and 2. 75. 22 +2r —5=0
71. 2% — 32 -3 =0 ea=1b=2c=-5
b4+ /P2 —
a:17b:7376:73 r:w
a
—b+ Vb2 — 4ac
g= oV TR 24 /22 —4-1-(-b)
20 - 21
—(=3) £ +/(=3)2—-4-1-(-3
=3 \/(2)1 =3  —2+4420  —2+V24
B 2 B 2
3+v9+12
= —F —24+2V6
2 = =-14 V6
3++21
= — The zeros of the function are —1 + v/6 and —1 — /6, or
2 1+ V6.
T1 f the f . 3—-v21 d3+\/21
1e zeros of the function are 5 an 5 , or 76. 22— 2 —4=0
3 V2T ()P ()
2 e 2.1
72. 322 +8x+2=0 117
—8+/82-4-3-2 2
xr =
. 14+ V17 1—+V17
23 The zeros of the function are + or \/_, or
—8++v40 —-8+2V10 2 2
= . = G 1+V17
—4++/10 2

3
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77. 222 —x+4=0 81. 522—-22—-1=0
a=2,b=-1,c=14 a=5 b=-2 c=-1
—b+ Vb2 — 4ac - —b+ Vb2 — dac
r=——— =Y
2a 2a
—(-D*++/(-1)2-4-2-4 _—(=2)+£ /(22 -4-5-(-1)
- 2.9 B 2-5
C1£V=31 1431 2424 2+2V6
B 4 T4 o100 10
1i\/3*1‘ 210+£+v6) 1£+6
= — — = =
4 4 2.5 5
1 1 1 31 1—-+6 1 6
The zeros of the function are i~ gz and 1 + gi, or The zeros of the function are 5\/_ and +5\/—, or
1 V31, 1+6
174" 5
78. 222 +3x4+2=0 82. 422 —4x—-5=0
x_—Si\/3274~2-2 () /(42 —-4-4-(-5)
- 2.2 = 2.4
-3+ V=T -3+Ti _4+V96  4+£4V6
B 4 B 4 8 8
__§i£i A1 EV6)  1+4V6
47 4 T 4.2 2
3 7 3 7 1-— 1
The zeros of the function are 1~ \/T_z and ~1 + %z} The zeros of the function are 2\/6 and +2\/6, or
or -3+ VT, 116
4 4 2
79. 322 —z—-1=0 83. 422+3z-3=0
a=3,b=-1, c=-1 a=4,b=3, c=-3
_ —bx Vb —dac  —b=£ Vb2 —4dac
- 2a 2a
(=) £ /(-1)2—-4-3-(-1)  —34/32-4-4.(=3)
- 2.3 2-4
_1+V13 —34+/57
6 B 8
1—-+13 1 13 -3 — 7 -3 57
The zeros of the function are G\ﬁ and + 6\/7, or The zeros of the function are 3 8\/5_ and +8\/_7
1+/13 -3 4+/57
76 . or 8 .
80. 322 +5x+1=0 84. 224+ 6x—3=0
x*_5i\/52_4'3.1  —6+,/62—4-1-(-3)
- 2.3 r= 2.1
_ —5+V13 _ —6+£V48 —6+4V3
B 6 B 2 B 2
-5 —4/13 -5 13
The zeros of the function are 6\/> and +6\/>’ _ 2(=3+ 2‘/5) —_3+2/3
2
-5+ v13
or 76\/_' The zeros of the function are —3 — 2v/3 and —3 + 2v/3, or

—3+2V3.
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85. Graph y = 322 + 22 — 4 and use the Zero feature twice. 88. Graph y = 1.2122 — 2.342 — 5.63 and use the Zero feature
twice.

] \u/
HW=-1.E3E18Y4 I¥=0

cabi
W= "L ZPE9EE 1Y=0
W

cRkio J
W=.BEBR1709 Iv=0d

cabi
HEFFZ0E0EF 1Y=0

The zeros are approximately —1.535 and 0.869.
The zeros are approximately —1.397 and 3.331.

86. Graph y = 922 — 82 — 7 and use the Zero feature twice. 89, 24— 322 420

Let u = z2.

u? —3u+2=0 Substituting v for x>
(u—1)(u—2)=0
u—1=0or u—2=0

u=1 or u =2

ZgFa L
W= ENELEET V=0

Now substitute 22 for u and solve for x.
22=1 or z2=2

=1 or x=+V2
The solutions are —1, 1, —v/2, and /2.

90. o4+ 3 = 422
2t —4224+3=0

Zeko LS
w=lyzeozle IV=1E-1i:z Let u = 22.
u? —4u+3 =0 Substituting u for 2
(u—1)(u—3)=0

u—1=0 or u—3=0

The zeros are approximately —0.543 and 1.432.

87. Graph y = 5.0222 —4.192 — 2.057 and use the Zero feature

twice.
u=1 or u=3
Substitute z2 for u and solve for z.
22=1 or 22=3
ﬂiln.-"-r rx==1 or x= :I:\/§
The solutions are —1, 1, —/3, and /3.
e )
H#=-3uEB187 [r=0 91. x* + 322 =10
24 +322-10=0
Let u = 22.
u?2 +3u—10 =0 Substituting u for z2
4 u+5)(u—2)=0
v (u+5)(u—2)
u+5=0 or u—2=0
ek _ _
¥=1.1814811 [v=0 u= =5 or u=2
) Now substitute z2 for u and solve for z.
The zeros are approximately —0.347 and 1.181. 2= _5 or 22 =9

T = j:\/gi or x = :i:\/i
The solutions are —\/31', \/57',, —\/5., and /2.
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92.

93.

94.

95.

zt—8x2 =9
=822 -9=0

Let u = 2.

u? —8u—9 =0 Substituting u for 22

(u—9)(u+1)=0
u—9=0 or u+1=0
u=9 or u=—1
Now substitute 22 for v and solve for z.
22=9 or z22=-1
r==23 or x =241
The solutions are —3, 3, i, and —i.
Yyt 4+ 42 -5=0
Let u = y2.
u? +4u—5=0 Substituting u for y?
(u+5)(u—-1)=0
u—1=0

u=1

u+5=0 or
u = -5 or
Now substitute 32 for u and solve for y.
y? = =5 or y? =1
y=+Vhi or y==1
The solutions are —v/57, v/5i, —1, and 1.
yt— 1592 —16 =0
Let u = g2
u? —15u — 16 = 0 Substituting u for 2
(u—16)(u+1)=0
u—16 =0

u =16 or

or u+1=0

u=—1

Now substitute y? for « and solve for y.
y? =16 or y? = -1
y==x4 or y==+i

The solutions are —4, 4, —i, and 3.

x—3Jr—4=0
Let u = /x.
u? —3u—4=0 Substituting u for /z
(u+1)(u—4)=0
u+1=0 or u—4=0
u=—1 or u=4
Now substitute /z for u and solve for x.
Vr=-1 or Jxz=4

No solution z =16

Note that y/r must be nonnegative, so /r = —1 has no
solution. The number 16 checks and is the solution. The
solution is 16.

96.

97.

98.

99.

20 —9/r+4=0
Let u = v/z.
2u? —9u+4 =0 Substituting u for \/z
2u—1)(u—4)=0
20—1=0 or u—4=0
1

u = - or

2
Substitute v/ for u and solve for w.

1
ﬁzi or xr =4
1

r = - or

4

u=4

r =16
. 1
Both numbers check. The solutions are 1 and 16.

m?/3 —2m1/? -8 =0
Let u = m!/3.

u? —2u—8 =0 Substituting u for m!/3
(u+2)(u—4)=0

u+2=0

u=-2 or

or u—4=0
u=4
Now substitute m!/3 for u and solve for m.
mi/3 = -2 or ml/3 =4
(ml/?’)3 =(-2)% or (ml/?’)3 = 43 Using the
principle of powers
m = 64

The solutions are —8 and 64.

m = —8 or

234113 —6=0

Let u = /3.
w+u—6=0
(u+3)(u—2)=0
u+3=0 or u—2=0
u=—3 or u =2
Substitute ¢1/3 for u and solve for t.
ti/3 =3 or tY/3 =2
t= =27 or t=28

The solutions are —27 and 8.

/2 — 34 1 2=0
Let u = x'/4,
u?—3u+2 =0 Substituting u for z/*
(u—1)(u—2)=0
u—1=0or u—2=0
u=1 or u =2
Now substitute z'/* for u and solve for .
24 =1 or /4 =2
(x1/4)4 =14 or ($1/4)4 — o4
z =16

The solutions are 1 and 16.

r=1 or
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100. 21/2 _gpl/4 — 3 2t—1=0 or t+1=0 or 2t4+3=0 ort—1=0
1
212 414 13 =90 t:5 or t=—1or t:fgor t=1
Let u = '/, ] 3
W —du+3=0 The solutions are 2 -1, —5 and 1.

101.

102.

103.

(u—1)(u—3)=0

u—1=0or u—3=0
u=1 or u =3

Substitute z'/* for u and solve for .

/A =1 or 24 =3

r =81

The solutions are 1 and 81.

r=1 or

(2x —3)2 -5(22-3)+6=0
Let uw =22 — 3.

u? —5u+6 =0 Substituting u for 2z — 3
(u—2)(u—3)=0
u—2=0or u—3=0

u=2 or u=3
Now substitute 2x — 3 for u and solve for x.
20 —-3=2 or 2x—3=3

2c =5 or 2x =6
5
== =3
T 207’ T

The solutions are g and 3.

Bz +2)2+7(32+2)—8=0
Let u = 3x + 2.
u?+7u—8 =0 Substituting u for 3z + 2
(u+8(u—1)=0
u+8 =0

u = —8 or

or u—1=0
u=1

Substitute 3z + 2 for v and solve for z.

3r+2=-8 or 3x+2=1
3x = —10 or 3r = —1
10 1
r=—— or rT=—=
3 3
The solutions are f? and f%.

(2t2+1)2 — 422 +t)+3=0
Let v = 2t + .
u? —4u+3 =0 Substituting u for 2t2 +¢
(u—1)(u—3)=0
u—1=0or u—3=0

u=1 or u =3
Now substitute 2¢> + ¢ for v and solve for ¢.
202+t =1 or 202+t =3
A2 4+t—1=0 or 202 +t-3=0

2t —1)(t+1)=0 or (2+3)(t—1)=0

104. 12 = (m? —5m)% + (m? — 5m)
0= (m? —5m)% + (m? — 5m) — 12
Let u = m? — 5m.
0=u*+u—12
0= (u+4)(u—-3)
u+4=0

u=—4 or

Substituting u for m? — 5m

or u—3=20
u =3
Substitute m? — 5m for v and solve for m.
m2—5m=—4 or m*~5m =3
m2—5m+4=0 or m>~5m—-3=0

(m—=1)(m—4)=0 or

(= 52 _4.1(—
I E RV e B )
2-1
54+ /37
m=1orm=4 or m:T
< 4
The solutions are 17470 2\/§7and0+2\/§,0r 1, 4, and
54+ /37
—

105. Familiarize and Translate. We will use the formula
s = 16t2, substituting 2120 for s.

2120 = 162

Carry out. We solve the equation.

2120 = 162
132.5 = t2
115~1t

Dividing by 16 on both sides
Taking the square root on

both sides

Check. When t = 11.5, s = 16(11.5)2 = 2116 ~ 2120.
The answer checks.

State. It would take an object about 11.5 sec to reach the
ground.
106. Solve: 2063 = 16t
t ~ 11.4 sec

107. Substitute 13 for w(z) and solve for x.
0.0422 — 0.12x + 10.16 = 13
0.042% — 0.122 — 2.84 = 0
a=004, b=—0.12, c = —2.84
Lo bE V% — dac
2a
| —(—0.12) + \/(—0.12)7 — 4(0.04)(—2.84)

2(0.04)

0.12 4+ 1/0.4688
0.08
r~—7o0orx=10
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108.

109.

110.

111.

Since we are looking for a year after 2000, we use the posi-
tive solution. There will be 13 million self-employed work-
ers in the United States about 10 years after 2000, or in
2010.

Solve: 0.0422 — 0.12z + 10.16 = 21

r~—15 or x~18

Since we are looking for a year after 2000, we use the posi-
tive solution. There will be 21 million self-employed work-
ers in the United States about 18 years after 2000, or in
2018.

Familiarize. Let w = the width of the rug. Then w+1 =
the length.
Translate. We use the Pythagorean equation.
w? + (w +1)% = 52
Carry out. We solve the equation.
w? + (w+1)2 =52
w+w? +2w+1=25
2w? +2w+1 =25
2w? + 2w —24 =0
2w+ 4)(w—-3)=0
w+4=0

w = —4 or

or w—3=0
w=3
Since the width cannot be negative, we consider only 3.
When w =3, w+1=3+1=4.

Check. The length, 4 ft, is 1 ft more than the width, 3 ft.
The length of a diagonal of a rectangle with width 3 ft and
length 4 ft is v/32 + 42 = /9 + 16 = /25 = 5. The answer
checks.

State. The length is 4 ft, and the width is 3 ft.

Let = the length of the longer leg.
Solve: 2% + (z — 7)? = 132
r=-5orx=12

Only 12 has meaning in the original problem. The length
of one leg is 12 cm, and the length of the other leg is 12—7,
or 5 cm.

Familiarize. Let n = the smaller number. Then n + 5 =
the larger number.

Translate.
The product of the numbers is 36.
! ol
n(n +5) = 36
Carry out.
n(n+5) = 36
n?45n = 36

n2+5n—-36=0
(n+9)(n—-4)=0
n+9=0 or n—4=0

n=-9 or n=4

112.

113.

114.

Ifn=-9,thenn+5=-9+5= —4. If n = 4, then
n+5=44+5=09.

Check. The number —4 is 5 more than —9 and
(—=4)(—9) = 36, so the pair —9 and —4 check. The number
9 is 5 more than 4 and 9 - 4 = 36, so the pair 4 and 9 also
check.

State. The numbers are —9 and —4 or 4 and 9.

Let n = the larger number.

Solve: n(n — 6) = 72

n=-—6orn=12

When n = —6, then n — 6 = —6 — 6 = —12, so one pair

of numbers is —6 and —12. When n = 12, then n — 6 =
12 — 6 = 6, so the other pair of numbers is 6 and 12.

Familiarize. We add labels to the drawing in the text.

We let = represent the length of a side of the square in
each corner. Then the length and width of the resulting
base are represented by 20 — 2z and 10 — 2z, respectively.
Recall that for a rectangle, Area = length x width.

T x
x T
10 cm 10 — 2z
T 20 — 2z T
T x
20 cm
Translate.
The area of the base is 96 cm?.
(20 —22)(10 —2z) = 96

Carry out. We solve the equation.
200 — 60x + 422 = 96
42?2 — 60z +104 =0
22— 152 +26 =0
(x—13)(z—2)=0
z—13=0
r =13 or

Check. When x = 13, both 20 — 2z and 10 — 2z are
negative numbers, so we only consider x = 2. When x = 2,
then 20 -2z =20—-2-2=16 and 10— 2z =10—2-2 = 6,
and the area of the base is 16 - 6, or 96 cm?. The answer
checks.

State. The length of the sides of the squares is 2 cm.

or x—2=0

r=2

We have 170 = 2] + 2w, so w = 85 — [.
Solve: 1(85 —1) = 1750
l=350rl=50

Choosing the larger number to be the length, we find that
the length of the petting area is 50 m, and the width is
35 m.
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115. Familiarize. We have P = 2] + 2w, or 28 = 2[ + 2w. 122. f(z)=2—-2z -2 =—a?—2+2
Solving for w, we have The function can be written in the form f(z) = ax?+bx+c,
28 =21+ 2w a # 0, so it is a quadratic function.
14 =1+w Dividing by 2 123. No; consider the quadratic formula
M-l=w b+ Vb? — dac 5 -b
Then we have [ = the length of the rug and 14 — [ = the T = % - If b* — 4ac = 0, then = = 2 %°
width, in feet. Recall that the area of a rectangle is the there is one real zero. If b2 — 4ac > 0, then Vb2 — 4ac is a
product of the length and the width. real number and there are two real zeros. If b — 4ac < 0,
Translate. then v/b2 — 4ac is an imaginary number and there are two
The area is 48 ft2. imaginary zeros. Thus, a quadratic function cannot have
— Y one real zero and one imaginary zero.
(14-1) = 48 124. Use the discriminant. If b> — 4ac < 0, there are no z-
Carry out. We solve the equation. intercepts. If b — 4ac = 0, there is one z-intercept. If
2 _ _-
114 — 1) = 48 b° — 4ac > 0, there are two z-intercepts.
14] — 12 = 48 125. 1998 — 1980 = 18, so we substitute 18 for x.
0= 12— 141 + 48 a(18) = 9096(18) + 387,725 = 551,453 associate’s degrees
0=(-6)(—-238) 126. 2010 — 1980 = 30
I—-6=0 or |—8=0 a(30) = 9096(30) + 387,725 = 660, 605 associate’s degrees
=6 or =38 127. Test for symmetry with respect to the x-axis:
Ifl=6,then 14—1=14—-6 =8. 322 +4y%? =5 Original equation
Ifl=8,then 14 -1 =14 -8 =6. 322 + 4(7y)2 =5 Replacing y by —y
In either case, the dimensions are 8 ft by 6 ft. Since we 3x2 + 4y2 =5 Simplifying
usulallyscg)nildir tlhe le}ngthdtg Pe _griaterlzh?n the width, The last equation is equivalent to the original equation, so
we let 8 It = the length an t = the width. the graph is symmetric with respect to the z-axis.
Check. The perimeter is 2-8 ft+2-6 ft =16 ft +12ft = Test for symmetry with respect to the y-axis:
28 ft. The answer checks. ) o ]
) ) ) 322 +4y?> =5 Original equation
State. The length of the rug is 8 ft, and the width is 6 ft. ) ) .
3(—x)* +4y* =5 Replacing x by —x
116. Let w = the width of the frame. 322 + 4y =5 Simplifying
Solve: (32 —2w)(28 — 2w) = 192 The last equation is equivalent to the original equation, so
w=8 or w=22 the equation is symmetric with respect to the y-axis.
Only 8 has meaning in the original problem. The width of Test for symmetry with respect to the origin:
the frame is 8 cm. 322 + 4y? = 5 Original equation
117. f(x) =4 -5z = -5z +4 3(—x)? +4(-y)? =5 Replacing x by —=
. . . . and y by —y
The function can be written in the form y = ma + b, so it 9 5 o el
. . . 3z° 4+ 4y® = 5 Simplifying
is a linear function.
The last equation is equivalent to the original equation, so
118. f(x) =4-53%= 522 +4 the equation is symmetric with respect to the origin.
. . . . _ 2
The funCt}OI,l can be ert,t en tk}e form f(z) = az*+ba+c, 128. Test for symmetry with respect to the x-axis:
a # 0, so it is a quadratic function.
y® = 622 Original equation
_ 72
119. f(z) =Tz (—y)? = 622 Replacing y by —y
fl’}%e function i§ in the‘form f(x) =az?+br+c,a#0,s0 —y3 =6z Simplifying
it is a quadratic function. L ; . .
The last equation is not equivalent to the original equation,
120. f(z)=23z+6 so the graph is not symmetric with respect to the z-axis.

121.

The function is in the form f(z) = max +b, so it is a linear
function.

f(z) = 1.2z — (3.6)2

The function is in the form f(z) = mx + b, so it is a linear
function.

Test for symmetry with respect to the y-axis:

Y3 = 622 Original equation
y3 = 6(—x)?> Replacing » by —z
y? = 622 Simplifying

The last equation is equivalent to the original equation, so
the equation is symmetric with respect to the y-axis.
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Test for symmetry with respect to the origin:

Y3 = 622 Original equation
(—y)® = 6(—x)? Replacing = by —z
y by —y
—y% = 622 Simplifying

The last equation is not equivalent to the original equation,
so the graph is not symmetric with respect to the origin.

129.  f(z)=22% -2

)
)
)
)

130.  f(z) = 422 + 22 — 3
)
)= —42® -2z +3
)
)

Thus f(z) = 422 + 2x — 3 is neither even nor odd.

131. a) ka? =17z +33 =0
k(3)2 —17(3) + 33 = 0 Substituting 3 for x
9k —51+33=0
9k = 18
k=2
b) 222 -172+33=0 Substituting 2 for k
2z —11)(z—=3) =0

20— 11=0 or z—3=0
11
xz; or =3

11
The other solution is CR

132. a) k2?2 =22 +k=0
k(=3)2—2(=3)+k =0 Substituting —3
for
9%k +6+k=0
10k = —6
k=2
5
b) —§x2 — 2z — 3 =0 Substituting 3 for k
5 5 5

322 + 10z +3 =0 Multiplying by —5
Bx+1)(xz+3)=0

3xr+1=0 or +3=0
3x = -1 or r= -3

1
T=-—g or T =-3

1
The other solution is ——.

167
133. a) (1+i)2—k(1+4)+2=0 Substituting
144 for x
1+2i—1—-k—-ki+2=0
242i=k+ ki
2(1+1) = k(1 +14)
2=k
b) 22 -2zx+2=0 Substituting 2 for k
N e ne
2-1
2+ /=1
=——
:222’:1i¢

The other solution is 1 — 3.

134. a) 22— (6+3i)z+k=0
32— (6+3i)-3+k =0 Substituting 3 for =
9-18—-9i4+k=0
k=9+9
b) 22 — (6 +3i)x +9+9i =0

~ —[=(6+30)] £ /[ (6+30)]2—4(1)(9+9)

2-1
x_6+3i:|:\/36+36i—9—36—36i
N 2
x76+3ii\/—976+3ii3i
- 2 B 2
6+ 3i+ 3 6+ 3i— 3¢
r=——"—o r=——7 -——
2 2
$76+6i R §
) 2
=34+ 3% or x =3
The other solution is 3 + 3i.
135. (x—2)3=2%-2

22— 622+ 122 -8 =23 — 2
0=6z>2—122+6
0=6(z2-2x+1)
0=06(z—1)(z—1)

r—1=0or x—1=0

r=1 or r=1
The solution is 1.
136. (x+1)3=(x-1)>+26
22 4+322+32+1=2%-322 +3z-1+26
22+ 302 +32+1=2% 322432 +25

622 —24 =0

6(x2—4) =0

6(x+2)(z—-2)=0
z+2=0 or z—2=0

r=—-2 or =2

The solutions are —2 and 2.
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137. (623 + 722 —32)(2®2 —-7) =0
(622 + T2 —3)(22 —=7) =0
2(3z —1)(2z +3)(22 = 7) =0

z=0o0r 3z —1=0 or 2¢+3=0 orz?—-7=0

1 3
=0 or a::§ or a::—§ or x =7 or
r=—7
. 3 1
The exact solutions are —v/7, 3 0, 3 and /7.

o ()l

1 1 142.
_Z 22— ) =
(r=5)(=5) 0
1 1
(e=5)@fe+5)(=-3) =0
1 _ 1
9375 or x=-—, or ¥=7
The solutions are 71, 1, and 1
4’5 4
139. 22 +2—-v2=0 143.
_ —b£ Vb —4dac
B 2a
LRI -4 1(V2) 141442
B 2.1 B 2
—1+V1+4v2
The solutions are %—
140. 22 + 52 —/3=0
Use the quadratic formula. Here ¢ = 1, b = /5, and
= 3,
. —b 4 Vb?% — 4ac
N 2a
144.
VB (VB — 4 1(—VB)
B 2-1
VB EV5+4V3
i E—
, 5+ V5+4V3
The solutions are —
141. 2% 4 (t — 4)? = 5t(t — 4) + 24

2t +t2 — 8t + 16 = 5t — 20t + 24
0=2t2—-12t +8

0=1t>—6t+4  Dividing by 2

Use the quadratic formula.
_ —b£ Vb2 —dac
- 2a
_ —(=6) (—6)2—4-1-4
B 2-1
6+v20 6+£2V5
2 2
2(3+
2B V5 5 VO gy V5
The solutions are 3 & /5.

t

Ot(t +2) — 3t(t —2) = 2(t +4)(t +6)

9t2 + 18t — 3t% + 6t = 2t2 + 20t + 48
442 + 4t —48 =0
4(t+4)(t—-3)=0

t+4=0 or t—3=0
t=—-4 or t=3

The solutions are —4 and 3.

Ver—3-Vx—3=2

Substitute u for /z — 3.
w—u—-2=0
(u—2)(u+1)=0
u—2=0or u+1=0
u=2 or u=—1
Substitute /= — 3 for u and solve for x.
Vr—-3=2 or Yz-3=1
r—3=16 No solution
z =19
The value checks. The solution is 19.
a0 —282% +27 =0
Substitute u for 3.
u? —28u+27 =0
(u—27T)(u—-1)=0

u=27 or u=1
Substitute 23 for u and solve for z.
% =27 or =1
22 —-27=0 or 22 —-1=0

(x=3)(22+32+9) =0 or (z—1)(2*+2+1) =0
Using the principle of zero products and, where neces-
sary, the quadratic formula, we find that the solutions are

3, 3V3 1 V3.
3,—5 + TL,l, and —éi 7&.
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2\? 6
y y

2\° 2
(y+—) +3(y+—)—4:0

Yy Yy

. 2

Substitute u for y + —.

Y

w?4+3u—-4=0
(u+4)(u—1)=0

u=-4 or u=1

2
Substitute y + — for v and solve for y.
Y

2 2
y+—=-4 or y+-=1
Yy Y
2 +2=—4y or y¥+2=y

Y2 +4y+2=0 or Y —y+2=0

—44+/42-4-1-2
y=——""""—"—o0r

21
_ —)EVED24T2

Y

2.1

448 14+/=7

Yy=—— ory=-———
2 2

—4E2V2 1T
T oY=

1 7

y=—-24+v2 oryzizl:%i

VT

1
The solutions are —2 + v/2 and 3 + —1.

2
146. 2 +3x+1—-va2+3x+1=238
224+3z4+1—-V224+3z+1-8=0
w—-—u—8=0

1++/33 1-+/33

YTy T Ty

1+
\/3:2+3a:+1:+T330r
14/
\/z2+3x+1:733

2
34 4+ 2+/33
x2+3m+1:%or
4 — 24/
x2+3x+1:u
4
—15—+v33
x2+3x+#=007‘
—15+ v33
x2+3m+7—; -0

. -3+ /39 +2v33 or
T 2
oo —3+/39-2v33
B 2

—3++/39+ 233

2

Only checks. The solutions are

147.

-3+ 39+ 233
5 )

1
5at+vgt+x0:0

1
Use the quadratic formula. Here a = 5(1, b = vy, and

¢ = xp.
—vg x4/ (vg)2 —4- %a - Zo
- 2~1a
2
‘ —vg * v% — 2axg

a

Exercise Set 3.3

1.

a) The minimum function value occurs at the vertex,

th tex i 1 9
so the vertex is [ — =, —= .
27 4

b) The axis of symmetry is a vertical line through the

vertex. It is ¢ = —35

9
¢) The minimum value of the function is T

(o1
. a 54
1
b) Axis of symmetry: x = —3

2
¢) Maximum: T

flx) =22 -8z +12 16 completes the

square for 2 — 8x.
=22 -8 +16—-16+12 Adding 16—16
on the right side

= (2? — 8z + 16) — 16 + 12
=(r—4)?%2-4 Factoring and
simplifying
= (x —4)? + (—4) Writing in the form

fx)=alx —h)2+k

a) Vertex: (4,—4)
b) Axis of symmetry: z =4
¢) Minimum value: —4

d) We plot the vertex and find several points on either

side of it. Then we plot these points and connect
them with a smooth curve.

x| f(x) ,
4| —4 ;
4
21 0 LR
Lp5 =2 4 8 x
5] -3 2\/
,4 o B
6l o R

f(x) =x2—8x+ 12
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4. gx)=2>+Tr -8
2 o 49 49

Il
L — |
53
|
TN
|
[NCRIEN|
~
| S
V]
+
VR
|
[o's}
| R
N~~~

7 81
a) Vertex: (— 5,—1)

7
b) Axis of symmetry: z = —3

81
¢) Minimum value: -7

g(x) =x24+7x -8

4
5. f(x) =22 -Tx+12 19 completes the

square for 22 — 7.

49 49
=22 -7+ —— —+12 Adding
4 4
49 49 . .
T 1 on the right side
49 49
2
= — — |- —+12
<x Tr + 4) 1 +

7\ 1
(33 — 5) —1 Factoring and
simplifying

’ i + L Writi in the
= xr — = —_ — riting im
T3 1 &

form f(z) = a(x — h)? +k

7T 1
Vertex: (=, —-
a) Vertex (2, 4>

7
b) Axis of symmetry: x = 3

1
¢) Minimum value: ~1

d) We plot the vertex and find several points on either
side of it. Then we plot these points and connect
them with a smooth curve.

x| f() ,
7 1
2 4
41 0
5 2
3 0 — >
1 6
flx) =x>—7x + 12

5 1
Vertex: |2, —-
a) Vertex (2, 4)

5
b) Axis of symmetry: = = 3

1
¢) Minimum value: ~1

7. f(x)=2%2+4x+5 4 completes the
square for z2 + 4z
=22 +4r+4—-4+5 Adding4—4
on the right side
= (r+2)?2+1 Factoring and simplifying
=[z—(-2)]2+1 Writing in the form
flx)=alz —h)2 +k
a) Vertex: (—2,1)
b) Axis of symmetry: x = —2

¢) Minimum value: 1
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d) We plot the vertex and find several points on either z | g(z) y
side of it. Then we plot these points and connect : :
them with a smooth curve. —4| =2 ' ' '8/‘ .
v | f(2) R -2/ 0 : ﬁ/ﬁﬁﬁ
92| 1 ‘ [ P 0 6 8 \4 438 *
—4
0 5 8| 6
— x?
3] 2 642 20 X glx) = 5 +dxto
—4| 5 5
) S Gt 10. g(z) = = —22+1
3
8. fla)=a2+22+6 :é(xtﬁx)ﬂ
1
— 2 _ Z.9=— 2 1
=(x+1)2+5 1 1
2
=[r— (-1 +5 :5(.7: —6m+9)—§-9+1
. 1
a) Vertex: (—1,5) g
b) Axis of symmetry: x = —1 i’
¢) Minimum value: 5 = g(m —-3)+(-2)
d) a) Vertex: (3,-2)
b) Axis of symmetry: = =3
¢) Minimum value: —2
d)
x
9
1,4 .1 _x?
= 5(10 +8z)+6 Factoring 3 out of the g)=F -2 +1
first two terms
1 = 22
= 5(@?+82+16-16)+6 Adding 16— 16 inside 1. g(w) =2z 2+ br+8 .
the parentheses =2(z*+3z)+8 Factoring 2 out of
1 1 the first two terms
= §(z2+8x+16)—§~16+6 Removing —16 from ) 9 9 .
within the parentheses - 2(33 +3z+ 4 Z) +8  Adding
1 . T
= 5(ac +4)2 -2  Factoring and simplifying g _ % inside the parentheses
1 2
- g —(— — 9 9
72[95 (P +(=2) :2<2+3x+1>—2~1+8Rem0ving
a) Vertex: (—4,-2) —= from within the parentheses
b) Axis of symmetry: x = —4 4 )
¢) Minimum value: —2 = Q(x + g) + ; Factoring and
d) We plot the vertex and find several points on either simplifying
side of it. Then we plot these points and connect
them with a smooth curve. 3\12 7
=2l (5)] 43
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3
b) Axis of symmetry: x = —5

7
¢) Minimum value: 3

d) We plot the vertex and find several points on either
side of it. Then we plot these points and connect
them with a smooth curve.

v | f@) ,

31T

21 2

—-1| 4

0 8

-2 4 S I N N
-3 8

glx) =2x>+6x+8

12. f(z) = 222 — 10z + 14
= 2(2? — bx) + 14

:2(m275m+§7§)+14

4 4
25 25
=2(22-5 —2. 2414
(m 76+4) 4+

5
b) Axis of symmetry: x = 3

3
¢) Minimum value: 3

13. f(x) = —2%>—-62+3

= —(2? +6x) +3 9 completes the square
for 22 + 6.

=—(22+6x+9-9)+3

= —(x+3)? - (-9)+3 Removing —9 from
the parentheses
=—(x+3)?2+9+3

= o (-3 +12
a) Vertex: (—3,12)
b) Axis of symmetry: x = —3

¢) Maximum value: 12

d) We plot the vertex and find several points on either
side of it. Then we plot these points and connect
them with a smooth curve.

x| f(z) '

-3| 12

0] 3

1 _4 4.8 X
6| 3 8
~7| —4

14. f(r) = —2?—-8x+5
= —(2>+8z)+5
= —(z2+8x+16—16) +5
1
(5-8=1and 4> = 16)

= —(2?+8x+16) — (—16) +5
= — (22 + 8z +16) + 21
= —[z—(-4)]*+21

a) Vertex: (—4,21)

b) Axis of symmetry: x = —4

¢) Maximum value: 21
4

fx)y=-x*—8 +5

15. g(z) = —222+22+1
= —2(2?2 —x)+1 Factoring —2 out of the

first two terms

1 1 1 1
2<:r —r4- — —)+1 Adding - — -

4 4 4 4
inside the parentheses

= -2 —I—l -2 ! +1
= 22—z 2 1
. 1 1
Removing 1 from within the parentheses
1\* 3
= 2z—= 2
(m 2) T3
13
Vertex: | =, =
a) Vertex (2,2)

1
b) Axis of symmetry: x = 3

¢) Maximum value: ;
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16.

17.

18.

19.

20.

21.

22.

d) We plot the vertex and find several points on either
side of it. Then we plot these points and connect
them with a smooth curve.

v | fla) ,
1 3 :
2 2 4
1] 1 :Zf\ii
) 2 4 x
2| =3 A
0 1 4
-1 -3
glx) = —2x24+2x + 1
flx) = =322 =3z +1
= -3 +2)+1
1 1
= —3( 2? - — = 1
<9c +x+4 4)+
1 1
:_3<x2+$+1>—3(—1>+1
1\> 7
=3 - -
<x+2) +4
2
1 7
= 3lz—( -2 z
(o))
17
a) Vertex: ( 5,1)

1
b) Axis of symmetry: x = ~3

¢) Maximum value: Z

fx) = =32 =3x +1

The graph of y = (x + 3)2 has vertex (—3,0) and opens
up. It is graph (f).
The graph of y = —(z —4)2 + 3 has vertex (4, 3) and opens
down. It is graph (e).
The graph of y = 2(x — 4)? — 1 has vertex (4,—1) and
opens up. It is graph (b).
The graph of y = 22 — 3 has vertex (0, —3) and opens up.
It is graph (g).

1
The graph of y = 75(‘% +3)? + 4 has vertex (—3,4) and
opens down. It is graph (h).

The graph of y = (x — 3)? has vertex (3,0) and opens up.
It is graph (a).

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

The graph of y = —(z + 3)? + 4 has vertex (—3,4) and
opens down. It is graph (c).

The graph of y = 2(x — 1)2 — 4 has vertex (1,—4) and
opens up. It is graph (d).

The function f(z) = —322 + 22 + 5 is of the form
f(z) = az?® + bz + ¢ with a < 0, so it is true that it has a
maximum value.

b
The statement is false. While —— is the first coordinate

b b
of the vertex, the vertex is the point [ — —, f| — — ] |.
2a 2a

The statement is false. The graph of h(x) = (x + 2)? can
be obtained by translating the graph of h(z) = z? two
units to the left.

The statement is false. The vertex of the graph of the
function g(x) = 2(z — 4)2 — 1 is (4,—1).

The function f(z) = —(z + 2)? — 4 can be written as
f(z) = —[z — (=2)]? — 4, so it is true that the axis of
symmetry is z = —2.

The function f(z) = 3(z — 1)? + 5 is of the form

f(z) = a(z — h)?> + k with a > 0, so it is true that the
function has a minimum value and that value is k, or 5.
fz)=22—-6x+5

a) The z-coordinate of the vertex is

Since f(3) = 32—6-3+5 = —4, the vertex is (3, —4).

b) Since a = 1 > 0, the graph opens up so the second
coordinate of the vertex, —4, is the minimum value
of the function.

¢) The range is [—4,00).

d) Since the graph opens up, function values decrease
to the left of the vertex and increase to the right of
the vertex. Thus, f(z) is increasing on (3,00) and
decreasing on (—o0, 3).

F(-2) = (-2 +4(~2) - 5= -9
The vertex is (—2, —9).

b) Since a =1 > 0, the graph opens up. The minimum
value of f(x)is —9.

¢) Range: [—9,00)
d) Increasing: (—2,00); decreasing: (—oc, —2)
f(z) =22% + 42— 16

a) The z-coordinate of the vertex is

Since f(—1) = 2(—1)2 + 4(~1) — 16 = —18, the
vertex is (—1, —18).
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b) Since a = 2 > 0, the graph opens up so the second
coordinate of the vertex, —18, is the minimum value
of the function.

¢) The range is [~18,00).

d) Since the graph opens up, function values decrease
to the left of the vertex and increase to the right of
the vertex. Thus, f(x) is increasing on (—1, c0) and
decreasing on (—oo, —1).

1 5
34. f(x):§x2—3x+§
a) —22:_;31:3
a 9.2
2
1 5
3)=--32-3.3+-=-2
13 =3 +5

The vertex is (3, —2).

1
b) Since a = B > 0, the graph opens up. The minimum
value of f(z) is —2.
¢) Range: [—2,00)

d) Increasing: (3,00); decreasing: (—oo,3)

1
35. f(z) = —5952 +5r—8

a) The z-coordinate of the vertex is

b 5
—— =————— =25,
2a

(-3)

1 9
Since f(5) = -5 52 45.5-8= 5 the vertex is

9
(5, 5) |
b) Since a = 5 < 0, the graph opens down so the sec-

. 9 . .
ond coordinate of the vertex, o I8 the maximum

value of the function.

9
¢) The range is ( — 00, 5} .

d) Since the graph opens down, function values in-
crease to the left of the vertex and decrease to the
right of the vertex. Thus, f(z) is increasing on
(—00,5) and decreasing on (5, 00).

36. f(r) = —2x2 — 24z — 64
b —24
RS
f(=6) = —2(—6)%2 —24(—6) — 64 = 8
The vertex is (—6, 8).
b) Since a = —2 < 0, the graph opens down. The

maximum value of f(z) is 8.
¢) Range: (—oc,8§]

d) Increasing: (—oo,—6); decreasing: (—6,00)

37. f(z) =322 +62+5
a) The z-coordinate of the vertex is

b6y
2a 2-3
Since f(—1) = 3(=1)2 +6(—1) + 5 = 2, the vertex
is (—1,2).

b) Since a = 3 > 0, the graph opens up so the second
coordinate of the vertex, 2, is the minimum value of
the function.

¢) The range is [2, 00).

d) Since the graph opens up, function values decrease
to the left of the vertex and increase to the right of
the vertex. Thus, f(z) is increasing on (—1, 00) and
decreasing on (—oo, —1).

38. f(z) = —322 + 24z — 49

b 24

A La—

2a 2(-3)
f4)=-3-42424-4-49= -1
The vertex is (4,—1).

b) Since a = —3 < 0, the graph opens down. The
maximum value of f(z) is —1.

¢) Range: (—o0,—1]
d) Increasing: (—oc,4); decreasing: (4,00)
39. g(x) = —42? — 122+ 9
)

The z-coordinate of the vertex is

a
b3
20 2(—4) 2
Since g<f g) =74<f g>2712<7 g) +9=18,
the vertex is ( - %, 18).

b) Since a = —4 < 0, the graph opens down so the
second coordinate of the vertex, 18, is the maximum
value of the function.

¢) The range is (—oo, 18].
d) Since the graph opens down, function values in-

crease to the left of the vertex and decrease to the
right of the vertex. Thus, g(z) is increasing on

( — 00, —;) and decreasing on ( — g, oo).

40. g(r) =222 — 62 +5
b —6 3

o(3) =) ()=

31
The vertexis [ =, = |.
2°2
b) Since a = 2 > 0, the graph opens up. The minimum

value of g(z) is 3
1
¢) Range: {5700)

3 3
d) Increasing: <§, oo); decreasing: (f o0, 5)
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41.

42.

43.

44.

Familiarize and Translate. The function
s(t) = —16t2 + 20t + 6 is given in the statement of the
problem.

Carry out. The function s(¢) is quadratic and the coef-
ficient of 2 is negative, so s(t) has a maximum value. It
occurs at the vertex of the graph of the function. We find
the first coordinate of the vertex. This is the time at which
the ball reaches its maximum height.

b 20

t= = =0.625
2(—16)

2

The second coordinate of the vertex gives the maximum
height.

5(0.625) = —16(0.625)% + 20(0.625) + 6 = 12.25

Check. Completing the square, we write the function in
the form s(t) = —16(¢t — 0.625)% + 12.25. We see that the
coordinates of the vertex are (0.625,12.25), so the answer
checks.

State. The ball reaches its maximum height after
0.625 seconds. The maximum height is 12.25 ft.

Find the first coordinate of the vertex:
60
t=— =1.875
2(—16)
Then s(1.875) = —16(1.875)% + 60(1.875) + 30 = 86.25.
Thus the maximum height is reached after 1.875 sec. The

maximum height is 86.25 ft.

Familiarize and Translate. The function
s(t) = —16t? + 120t + 80 is given in the statement of the
problem.

Carry out. The function s(t) is quadratic and the coef-
ficient of #? is negative, so s(t) has a maximum value. It
occurs at the vertex of the graph of the function. We find
the first coordinate of the vertex. This is the time at which
the rocket reaches its maximum height.

b 120
t=——=———=-=3.75
2a  2(—16)
The second coordinate of the vertex gives the maximum
height.

$(3.75) = —16(3.75)2 + 120(3.75) + 80 = 305

Check. Completing the square, we write the function in
the form s(t) = —16(t — 3.75)2 + 305. We see that the
coordinates of the vertex are (3.75,305), so the answer
checks.

State. The rocket reaches its maximum height after
3.75 seconds. The maximum height is 305 ft.

Find the first coordinate of the vertex:
150
t=— = 4.687
2(—16) 0875
Then s(4.6875) = —16(4.6875)2 + 150(4.6875) + 40 =
391.5625. Thus the maximum height is reached after
4.6875 sec. The maximum height is 391.5625 ft.

45.

46.

47.

Familiarize. Using the label in the text, we let x = the
height of the file. Then the length = 10 and the width =
18 — 2x.

Translate. Since the volume of a rectangular solid is
length x width x height we have

V(z) = 10(18 — 2z)x, or —2022 + 180z.
Carry out. Since V(z) is a quadratic function with a =
—20 < 0, the maximum function value occurs at the vertex
of the graph of the function. The first coordinate of the

vertex is

b 180

- = =4.5.

2a 2(—20)
Check. When = = 4.5, then 18 — 2z = 9 and V(x) =
10-9(4.5), or 405. As a partial check, we can find V(z) for
a value of x less than 4.5 and for a value of = greater than
4.5. For instance, V(4.4) = 404.8 and V(4.6) = 404.8.
Since both of these values are less than 405, our result
appears to be correct.

State. The file should be 4.5 in. tall in order to maximize
the volume.

Let w = the width of the garden. Then the length =
32 — 2w and the area is given by A(w) = (32 — 2w)w, or
—2w? + 32w. The maximum function value occurs at the
vertex of the graph of A(w). The first coordinate of the
vertex is

b 32

—— =———<=8.

2a  2(-2)
When w = 8, then 32 — 2w = 16 and the area is 16 - 8, or
128 ft2. A garden with dimensions 8 ft by 16 ft yields this

area.

Familiarize. Let b = the length of the base of the triangle.
Then the height = 20 — b.

1
Translate. Since the area of a triangle is 3 x basexheight,

we have
1 1
A(b) = 5b(20 —b), or —§b2 + 10b.

Carry out. Since A(b) is a quadratic function with

a = —= <0, the maximum function value occurs at the

vertex of the graph of the function. The first coordinate
of the vertex is

1
b_ 10,

2 1
of — =
(-2)
When b = 10, then 20 — b = 20 — 10 = 10, and the area is

;10-10: 50 cm?.

Check. As a partial check, we can find A(b) for a value
of b less than 10 and for a value of b greater than 10. For
instance, V(9.9) = 49.995 and V(10.1) = 49.995. Since
both of these values are less than 50, our result appears to
be correct.

State. The area is a maximum when the base and the
height are both 10 cm.
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48.

49.

50.

51.

52.

Let b = the length of the base. Then 69 — b = the height
and A(b) = b(69—b), or —b*+69b. The maximum function
value occurs at the vertex of the graph of A(b). The first
coordinate of the vertex is

b 69

—— =———" =34.5.

2a  2(—1)
When b = 34.5, then 69—b = 34.5. The area is a maximum
when the base and height are both 34.5 cm.

C(r) =0.12%2 — 0.7x + 1.625

Since C(z) is a quadratic function with a = 0.1 > 0, a
minimum function value occurs at the vertex of the graph
of C(z). The first coordinate of the vertex is

b -0.7

2a  2(0.1)
Thus, 3.5 hundred, or 350 chairs should be built to mini-
mize the average cost per chair.

P(z) = R(z) — C(z)
P(z) = 5z — (0.00122 + 1.22 + 60)
P(z) = —0.001z% + 3.8z — 60

Since P(z) is a quadratic function with a =
—0.001 < 0, a maximum function value occurs at the ver-
tex of the graph of the function. The first coordinate of
the vertex is

b 3.8

=S —1900.
2a  2(—0.001)

P(1900) = —0.001(1900)2 + 3.8(1900) — 60 = 3550

Thus, the maximum profit is $3550. It occurs when 1900
units are sold.

P(z) = R(z) — C(x)
P(z) = (50 — 0.522) — (10x + 3)
P(z) = —0.52% + 40z — 3

Since P(z) is a quadratic function with a =
—0.5 < 0, a maximum function value occurs at the vertex
of the graph of the function. The first coordinate of the
vertex is

b 4

- = __40 = 40.

2a 2(—0.5)

P(40) = —0.5(40)2 +40 - 40 — 3 = 797

Thus, the maximum profit is $797. It occurs when 40 units
are sold.

P(z) = R(z) — C(x)

P(z) = 20z — 0.122% — (4 + 2)

P(z) = —0.12% + 16z — 2
Since P(z) is a quadratic function with ¢ =
—0.1 < 0, a maximum function value occurs at the vertex
of the graph of the function. The first coordinate of the
vertex is

b 16
20 2(-01) 80-

P(80) = —0.1(80)2 4 16(80) — 2 = 638

Thus, the maximum profit is $638. It occurs when 80 units
are sold.

53.

54.

55.

Familiarize. Using the labels on the drawing in the text,
we let x = the width of each corral and 240 — 3x = the
total length of the corrals.

Translate. Since the area of a rectangle is length x width,
we have

A(z) = (240 — 3z)a = —322 + 240z.

Carry out. Since A(x) is a quadratic function with a =
—3 < 0, the maximum function value occurs at the vertex
of the graph of A(z). The first coordinate of the vertex is

b 240
2a 2(-3)
A(40) = —3(40)% + 240(40) = 4800
Check. As a partial check we can find A(x) for a value
of x less than 40 and for a value of x greater than 40. For
instance, A(39.9) = 4799.97 and A(40.1) = 4799.97. Since
both of these values are less than 4800, our result appears
to be correct.

State. The largest total area that can be enclosed is
4800 yd?2.

= 40.

1
§~27T:c+2x+2y:24, soy:12—7r—2x—x.

1
Az) = 3 ~7rx2+23:<1277r—2x fx>

7T.’L'2

Az) = N + 24z — w2 — 227

2
A(z) = 242 — % — 222, or 24z — (g + 2)x2
Since A(zx) is a quadratic function with

m . .
a=— 5 + 2] <0, the maximum function value occurs

at the vertex of the graph of A(z). The first coordinate of
the vertex is

-b 24 24
2a 2[_(f+2)} m+4
2
24 24
When © = ——, then y= ——. Thus, the maxi-
m+4 T+ 4

mum amount of light will enter when the dimensions
of the rectangular part of the window are 2z by y, or

24
) ft by ) ft, or approximately 6.72 ft by 3.36 ft.
Familiarize. We let s = the height of the elevator shaft,
t1 = the time it takes the screwdriver to reach the bottom
of the shaft, and ¢35 = the time it takes the sound to reach
the top of the shaft.

Translate. We know that t; +t2 = 5. Using the informa-
tion in Example 7 we also know that

s=16t3, or t; = % and
s
s = 1100ty, or ty = 100"
NG s
Then ~— =
T 100
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56.

57.

58.

59.

60.

61.

Carry out. We solve the last equation above.

NG s

1 100
275/5 + s = 5500 Multiplying by 1100
s+ 2754/s — 5500 = 0
Let u = /s and substitute.
u? + 275u — 5500 = 0

—b+ Vb2 — 4ac
2a

5

We only want the
positive solution.

=275+ /275% — 4 - 1(—5500)

2.1
= % V97,625 ~ 18.795
Since u & 18.725, we have /s = 18.725, so s = 350.6.
Check. If s ~ 350.6, then t; = % = 320'6 ~
s 350.6
4.68 ¢ = = —— ~0. S = 4.
68 and to 1100 1100 0.32, so t1 + to 4.68 +

0.32 = 5.

The result checks.
State. The elevator shaft is about 350.6 ft tall.
Let s = the height of the cliff, ¢; = the time it takes the

balloon to hit the ground, and t; = the time it takes for
the sound to reach the top of the cliff. Then we have

t +to = 3,

s = 162, or t1 = ?, and
s = 1100ty, or t -5 SO
- 2y 2 — 11007
Vi s
T 100 T

Solving the last equation, we find that s ~ 132.7 ft.

Answers will vary. The problem could be similar to Ex-
amples 5 and 6 or Exercises 41 through 56.

Completing the square was used in Section 3.2 to solve
quadratic equations. It was used again in this section to
write quadratic functions in the form f(x) = a(x —h)% +k.

The z-intercepts of g(z) are also (z1,0) and (z2,0). This is
true because f(z) and g(z) have the same zeros. Consider
g(z) = 0, or —az? — bz — ¢ = 0. Multiplying by —1 on
both sides, we get an equivalent equation az?+bx+c = 0,
or f(z) =0.

flz+h)—flz) 3@+h)—7—0Bz=7)

h h
3z +3h—T-3xc+7
- h
3h
= 7_3

flx) =222 —x 44

flx+h)=2@x+h)?—(z+h)+4
=2(2®+2zh +h?) — (x+h) +4
=222+ 4dah+2h2 —2 —h—4

fz+h) = fz)

h
_ 22?+dzh+2h* —x—h—4— (22 —x+4)
B h
_ 202 +4zh+2h? —x —h—4—-222+2 —4
N h
_ dazh+2h? —h _ h(4x+2h —1)
h B h
=4x+2h -1
62. y
[ 8(x) = f(2x)
(-15,2) [, 2)
(—2.5,0) { 5(2.5,0)
—4 =2 [ 4 5
s, -2

63. The graph of f(z) is stretched vertically and reflected

across the z-axis.

y
LG9
(=500 f
4 =2
-2
(=3,—-4)
g(x) = —2f(x)

64. f(r) = —dz?+bx+3
The z-coordinate of the vertex of f(x) is —2(—64)7
b
Now we find b such that f(g) = 50.

b\? b
—4(—) +b g +3 =50

8
b2 b2
—E+§+3_50
b2
— =47
16
b2 = 16 - 47
b= +16-47
b = +4/47

65. f(r) = —0.222 -3z +c

b
The z-coordinate of the vertex of f(z) is 5 =
*2(__732) = —7.5. Now we find ¢ such that f(—7.5) =
—225.
—0.2(=7.5)2 = 3(=7.5) +c = —225
—11.25+22.5+c¢c = —225

c = —236.25

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley



178 Chapter 3: Quadratic Functions and Equations; Inequalities

66. f(z)=a(z—h)>+k Check:
) 6 11 1
1=a(-3—-4) 75,soa:E.Then 1+5—;
6 9 [
J@) = =47 =5, Lol, 1
4 5 20
67. 9
flx) = (x| —5)>—3 5 4 9
Z 4= 1=
y 20 20 20
F 9 9
L — | = TRUE
2 50 | 20 RU
1
Al The solution is —
\7\8 L 1/ Il w\s Il > 1 5 1 ‘
78: 2. g - 6 = ;7 LCD is 6z
20 —bxr =6 Multiplying by 6z
68. First we find the radius r of a circle with circumference x: —3r =26
2rr = = _9
x
r= . —2 checks. The solution is —2.
Then we find the length s of a side of a square with perime- r+2 z-—1 .
ter 24 — x: 3. 5 15, LCD is 20
4s =24 —=x
2 -1
24—z 20("”1 ~I o) =215
s =
4
5 2) —4(x — 1) = 300
Then S = area of circle 4+ area of square (z+2) (z )
) , 52 410 — 4z +4 = 300
S = r + S
9 9 x+ 14 = 300
S) = 7= A — 286
- 2 1 e
1 1 The solution is 286.
S(x)y=(-—+ —)L2 — 3z + 36
4 16 t+1 t—-1 .
. . . . . 4. — - ——=1, LCDis6
Since S(z) is a quadratic function with 3 2
1 1 .
a= + — > 0, the minimum function value occurs at 2t+2-3t+3 =06 Multiplying by 6
T
the vertex of the graph of S(z). The first coordinate of —t=1
the vertex is t=—1
7; = _ 173 = 4247r ) The solution is —1.
a + 7
2 (— + —)
1 2 1
4 16 5. _+_:—+§,LCD186.75
24 2z 3 =z
Then the string should be cut so that one piece is g in., 1 9 1 3
™
24 63:(—+—) :61‘(—+—>
or about 10.56 in. The other piece will be 24 — 1 il , Or 2 3z
3x+12 =22+ 18
in., or about 13.44 in.
447 3xr —2x =18 — 12
. z =06
Exercise Set 3.4 Check:
1 1 1 1 2 1 3
1. ~+4+ - =-, LCD is 20t — 4+ - =4 —
175 ¢ s 57z 3%
L L e v
1 1 1 1 2 1 3
20t(;+2) =20t 1.2,1.3
15 ¢ 276376
1 1 1
20t -~ 4+ 20t - — = 20t - — 111 1
b e
4 5 t 3 + 3|3 + 2 RUE
St+4t =20 The solution is 6.
9t = 20
. 20
9
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1 1 1 .
6. ¥+%+§=5, LCD is 6t
643+ 2 =30t Multiplying by 6t
11 = 30t
n_,
30

11 11
30 checks. The solution is 30"

5 3
7. = —, LCDis 2 2
T2 2 CD is 2z(3z + 2)
2z(3z +2) > = 22(3z + 2) 3
3r+2 2z
225 = 3(3z + 2)
10x =92+ 6
r=06

6 checks, so the solution is 6.

2 3
8. = i _
o x+27LCDls(w 1)(z +2)
2(x+2) =3(z—1)
2r+4 =3z -3
T=x

The answer checks. The solution is 7.

9. x+§:57LCDisaz
x
6
x(z—l—f) =x-5
x
2246 = 5z
22 -5 +6=0

(x—=2)(x—-3)=0
r—2=0o0or x—3=0
=2 or =3

Both numbers check. The solutions are 2 and 3.

12
10. r—— =1 LCDisx
x

22 —-12==x
22—z -12=0
(x—4)(z+3)=0
r=4 or x=-3

Both numbers check. The solutions are 4 and —3.

11. 6 2 _by-3
y+3 y  y*-9
6 2 b5y-3
y+3 vy (y+3)y-3)
LCD is y(y+3)(y—3)
6 2 5y—3
W+ 3)0-3) (L35 +2) = st -3) s

6y(y—3)+2(y+3)(y—3) = y(5y — 3)
6y% — 18y +2(y% — 9) = 5y% — 3y
6y% — 18y + 2y% — 18 = 5y% — 3y

8y? — 18y — 18 = 5y* — 3y
3y2 — 15y —18 =0
y?—5y—6=0
(y—=6)(y+1)=0
y—6=0 or y+1=0
y==6 or y=—1

Both numbers check. The solutions are 6 and —1.

12. 3 +3:47n74
m+2 m m?—4
3 2 dm —4
m+2 m  (m+2)(m—2)’

LCD is m(m + 2)(m — 2)
3m? — 6m +2m? — 8 = 4m? — 4m
Multiplying by m(m + 2)(m — 2)
m2—2m—-8=0
(m—4)(m+2)=0
m=4 or m=-2
Only 4 checks. The solution is 4.

2z ) .
o il ¥ LCD is (z — 1)(xz — 3)

2 (p—1)@—3) ——

(a:fl)(zf3)~x_l pr
2z(x —3) =5(x — 1)
222 — 6z = 5z — 5
202 — 11z +5=0
2z —1)(z—5)=0

20 —1=0 or x—5=0

13.

2c =1 or r=25
1
== =5
T 20r x

1
Both numbers check. The solutions are 3 and 5.
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14. fo7 = %_’_1, LCDis (z+ 7)(z+1)
2z(x +1) =5(x+7)
22% 4 2z = bz + 35
202 —32—-35=0
2z +7)(x—5)=0
x:—i or =5

Both numbers check. The solutions are f% and 5.

2 1 16
15. =
x+5+:c—5 22— 25
2 1 16
r+5 z-5 (z+5)(z—5)

LCD is (z 4 5)(z — 5)
2 1 16
wroe=5) (5 75) = 9 iy
2x—-5)+z+5=16
20 —10+2+5=16

3r—5=16
3r =21
r=7

7 checks, so the solution is 7.

16. 2 .8 __3
22-9 -3 x+3
5 3

G133 -3 13 LPsE+IE=3)

24+5(x+3)=3(x—3)

24+5z+15=3x—-9

S5r4+17=3x -9
2x = —26
r=-13

The answer checks. The solution is —13.

17. 3z 4 § = —12
r+2 © 2242
3z 6 12
—+—=——, LCD is 2
x+2  z  x(z+2)’ is o(@+2)
3z 6 12
2 ( 7) - 9y. &
2@ +2) x+2+a: 2@ +2) z(x +2)

3z-z+6(x+2) =12
322 +6x+12 =12

322+ 6x =0

3z(z+2)=0
3x =0 or 24+2=0
=0 or T =-2

Neither 0 nor —2 checks, so the equation has no solution.

18. 3y+5+y+4:y+1
y2+5y y+5 y
3y +5 y+4 y+1
y(y+5) y+5

3y+5+y?+4y

, LCDisy(y+5)

y? + 6y +5
Multiplying by y(y + 5)

y=20
0 does not check. There is no solution.
19. 1 B 1 _ 3
5x+20 22-16 x—4
1 1 3
5(rx+4) (z+4)(z—4) z—4
LCD is 5(z + 4)(z — 4)
1 1 3
Sa+d) () (5(x+4) - (x+4)(:rf4)) = S
r—4—-5=15(x+4)
z —9 = 152 + 60
—14z — 9 = 60
—14xz = 69
69
IV
—% checks, so the solution is —%.
20. 1 1 _ 5
4r+12 22-9 x-3
1 1 5
4r+3) (x+3)(z—-3) -3
LCD is 4(z + 3)(z — 3)
r—3—4=20x+ 60
—19x = 67
67
19
—% checks. The solution is —%.
21. 2 3 _ 4
bxr+5 22-1 x-1
2 3 4

T@+)@-1 z-1U
LCD is 5(z + 1)(z — 1)
5(a+1) (2—1) (5 (; - (m—i—l)g(x—l)) _ 5(x+1)(x—1)‘%
2z —1)—5-3=20(x+1)
2¢x — 2 — 15 = 20z + 20
2x — 17 = 20z + 20

5(x +1)

—182 — 17 =20
—18z = 37

37

T8

37 R 4
T checks, so the solution is TS
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1 1 3

22. TS = 5 Neither 4 nor —4 checks, so the equation has no solution.
x x? — T —
[ 1 _ .3 26, —~ 1 _ 22
3x+2) (@+2)(z-2) z-2 r—1 o+l a?-1
LCD is 3(z + 2)(z — 2) z 1 2 7
x—2-3=9z+18 c—1 z+1 (z+D)@-1)
v 5—0r4+18 LCDis (z+ 1)(z —1)
_8z — 93 Prr—z+1=2
23 2?2 =1
TR x =+l
_ﬁ checks. The solution is _§ Neither 1 nor —1 checks. There is no solution.
8 . 8 1 1 6
27. _ =
23. 8 =% 4 ,24 , r—6 1z 2%2-6x
2 —-2xr+4 x+2 23+8 1 1 6
LCD i 2)(z? -2 4 ——=—— LCDi —6
C lsé$+ )z x+4) =6 7 20 is z(z—6)
242)(2® —2z4+4) - ——— = 1 1
( I ) x2—2x+4 x(x_(;)(_ — _) = z(z—6) - _6
" 2 x—6 z(z—6)
2) (2%~ 22 +4) | — =+ o —6) —
(z+2)(z"= 22+ )<x+2+(x+2)(x2—2m+4)) - (z-6)=6
8(z +2) = a(z?—2z+4)+24 z-z+6=6
87 + 16 = 2° — 22 +4z+24 6=06
: We get an equation that is true for all real numbers.
0= a3 222 —4x+8 g d
x2 v T Note, however, that when x = 6 or x = 0, division
0=2%(x—2) —4(z-2) by 0 occurs in the original equation. Thus, the solution
0= (z—2)(z2—4) set is {x|x is a real number and x # 6 and x # 0}, or
r—2=0or 24+2=0 or x—2=0 28. 1 _l: 15
=2 or T =—2 or =2 z—15 @z o?-1lbs
1 1 15 .
Only 2 checks. The solution is 2. TR m, LCD is z(x — 15)
04 18 @ sl z—(z—15) =15
22—-3x+9 x+3 23427 z—x+15=15
LCD is (z + 3)(2% — 3z + 9) 15 = 15
182454 —1° 432> — 9z = 81 Mulgiplying by We get an equation that is true for all real numbers.
5 ) (x+3)(z* =3 +9) Note, however, that when z = 0 or x = 15, division
—2° 432" +92-27=0 by 0 occurs in the original equation. Thus, the solution
—22(x—3)+9z—3)=0 set is {x|z is a real number and = # 0 and z # 15}, or
(z—=3)34+2)3—2)=0 29. V3r—4=1
r=3 or x=-3 (V3z—4)2 =12
Only 3 checks. The solution is 3. 3r—4=1
3r =5
25. r 4 _ 32 ’
r—4 x+4 22-16 =2
x4 32 Check 3
r—4 x+4  (z+4)(z—4) e
LCD is (z+4)(z—4) iz —4=1
S
T 4 32
4 (___> = ) — 5
(@)@~ g) = G e 3g-4v1
x(x+4)—4(x—4) =32
2% +4x — 42+ 16 = 32
2416 =32 vi
v - 1|1 TRUE
22 =16 5
T = 44 The solution is 3"
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30. iz +1=3 Check:
dr+1=9 \/1*2$73
dr =8 1-2(—4) 73
T =2 VI+38
The answer checks. The solution is 2. V9
31, w52 (818 TRUR
(VIT =) = 22 The solution is —4.
2c —5 =4 36. V2—-Tr=2
2 =9 2—-Tr=4
v 9 —Tx =2
2 2
Check: = 7
Var—5=2 The answer checks. The solution is f%
1/2.8_572 37. b —2=-3
i (V5= = (-3
V95 by —2 = =27
va br = —25
2 | 2 TRUE R
The solution is g Check:
3/ —
32. V3r12-=6 L
3z +2 = 36 V5(=5)-27 -3
3z = 34 V=25 -2
34 v —27
=g -3 | =3 TRUE

The answer checks. The solution is %4

33. Vi—z=2
(VT=D? = 2
7T—x=4
—xr = -3
=3
Check:
Vi—z=2
VT—=3172
V4
2 | 2 TRUE

The solution is 3.

34. Jh—zx =

The answer checks. The solution is 4.

35. V1—2x =3
(VI—22)2 = 32
1-2x=9

—2x =8

x=—4

38.

39.

The solution is —5.

V2r+1=-5
20 +1 = —125
2x = —126

r = —63

The answer checks. The solution is —63.

V2 —1=1
(Va2 —1)* =14
2-1=1
22 =2
r=+V2
Check

Vv2—-1
Vi
1|1 TRUE
The solutions are ++/2.
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40.

41.

42,

43.

44.

V3z+4=2
3x+4 =32
3x = 28

28

r=—

3

The answer checks. The solution is ?

Vy—144=20
y—1= -4

The principal square root is never negative. Thus, there is
no solution.

If we do not observe the above fact, we can continue and
reach the same answer.

(Vy=1)% = (-4)
y—1=16
y =17
Check:
Vy—1+4=0
VIT—1+4 ‘I? 0
V16 +4

4+4
8 | 0 FALSE

Since 17 does not check, there is no solution.

Vm+1-5=38
Vm+1=13
m+1 =169

m = 168

The answer checks. The solution is 168.

Vb+3-2=1
Vb+3=3

(Vo+3) =3
b+3=9

b=6

Check:

Vb+3-2=1

V6+3-271
V-2
3-2

111 TRUE

The solution is 6.

Vr—4+1=5
Ve—4=4
r—4 =16

=20

The answer checks. The solution is 20.

45. Vz+2+43=4
Vzr2=1
(Vz+2)2 =12
z+2=1
z=-1
Check:
Vz+2+3=4
\/T+2+3’}4
V143
143
414 TRUE
The solution is —1.
46. Jy—-5-2=3
Vy—-5=5
y—5H=25
y = 30
The answer checks. The solution is 30.
47. 2z +1-3=3
V2r+1=6
(V2z +1)* = 6
2x+1 =36
2¢ = 35
L5
2
Check:
V2r+1-3=3
|
2~3§+1—3?3
m—:s‘
V36 -3
6—3
3 13 TRUE
The solution is %
48. 3xr—14+2=7
V3r—1=5
3r—1=25
3x = 26
26
v=3

The answer checks. The solution is %

49. V2-—z-4=6
V2—2 =10

(V2 —x)? =102
2—z =100

—x = 98
r = —98
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Check: For 5:
V2—xr—-4=6 ve+4+2==x
\
V2= (—98)—4 76 Vi+4+275
V100 — 4 V9 +2
10—-4 3+2

6|6 TRUE
The solution is —98.

50. Vb—z+2=38
VE—z=6

5—x =236

—z =31

z = —31

The answer checks. The solution is —31.

51. /6xr+9+8=5
V6r+9=-3
(V6 +9)* = (-3)°
6xr+9 = -27
62 = —36

r=—6

Check:
v6r+9+8=5
\
/6(—6)+9+8 25

V—27+8

-3+8
5|5 TRUE

The solution is —6.

52. V2 -3-1=1

V2x—3=2
2r —3 =32
2x = 35

35

= —

2

The answer checks. The solution is %

53. Ve+4+2=2
\/m:x—Z

(Vo +4)? = (z-2)°
z+4=2%-4x+4

0 =225z

0==xz(z—5)

z=0 or z—5=0

z=0 or T =25

Check:

For 0:

Vr+d+2==x

VO+4+270
2+2

4| 0 FALSE

54.

55.

56.

5|5 TRUE

The number 5 checks but 0 does not. The solution is 5.

Vzt+li+l=x
Ve+l=2-1
r+1l=2-220+1
0=2%—-3x
0=2x(x—3)

z=0 or x=3
Only 3 checks. The solution is 3.

The number 7 checks but 4 does not. The solution is 7.

Vr—-3+5=2z
Vr—3=z2-5
(Va=3)% = (¢ - 5)2
x—3=u22-10z+25
0=2x22—11z+28
0=(x—4(x-"1)
r—4=0o0or x—7=0
x=4 or =7
Check:
For 4:
Ver=3+5=z
VA—=3+57 4
V1+5
145
6 | 4 FALSE
For 7:
Vr—3+5==x
VTi=3+5717
VA+5
2+5
7|7 TRUE
Vr+3—-1=zx
Ve+3=z+1
r+3=22+22+1
0=22+x-2
0=(z+2)(z—-1)
r=-2 or z=1

Only 1 checks. The solution is 1.
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57. Ve+T=z+1 60. 2r+5=a2-5
Vz+T7)?2 = (z+1)? 2745 =22 — 10z + 25
r+7=22+20+1 0=22—-122+20
0=22+2-6 0= (z—2)(z —10)
0= (x+3)(z—-2) z=2 or z=10
24+3=0 or z—-2=0 Only 10 checks. The solution is 10.
r=-3 or r =2 61. Vir+tl=a—1
Check: (Voz +1)% = (z—1)2
For —3: Se41=a?—22+1
\/m—HT z+1 0=2%—Tx
V-34+T7T7 =3+1 0=uz(x—7)
Vi -2 =0 o0or 2—7=0
2 -2 FALSE =0 or r=T7
For 2: Check:
ﬂTI_H For 0:
V24T 7 2+1 Vor+1=xz—1
YCRIE VEOTT? 01
3 3 TRUE Vi _1
The number 2 checks but —3 does not. The solution is 2. 1 1 FALSE
58. 6z +7=2x+2 For 7:

6 +7=2+4x4+4 V5m+17x—1
0=22-20-3 VET+1?27-1
0=(z—3)(z+1) V36 | 6

r=3 or x=-—1 6 6 TRUE
Both values check. The solutions are 3 and —1. The number 7 checks but 0 does not. The solution is 7.
59. V3zF3=x+1 62. Jiz+d=2+2
(V3z+3)2 = (z+1)2 Tx+4=2z2+4x+4
3r+3=a24+2rv+1 0=22-3z
0=22-2-2 0=2a(zx—3)
0=(z-2)(z+1) =0 or x=3
2—2=0or t4+1=0 Both numbers check. The solutions are 0 and 3.
z=2 or x=—1 63. Vz—3+vVr+2=5
Check: T+2=5—-+z—3
For 2: (Vo +2)2 = (5—+x—3)2

\/3x+37—$+1 x+2=25-10V2 =3+ (x —3)

V32437241 r4+2=22-10y/r -3+
Vo | 3 10v/2 -3 =20
3 3 TRUE Vr—3=2

For —1: (VT —3)2 =22
\/WT z+1 r—3 =4
V3(-1)+3 7 —1+1 =7
Vo 0
0 0 TRUE

Both numbers check. The solutions are 2 and —1.
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Check:
Ve—-3+Vr+2=5
m+m%5
VA+/9
243
515 TRUE
The solution is 7.

64. Jr—z-5=1
r=+vVr—5+1
r=x—-5+2yr—5+1
4=2/x—5
2=z -5
4=x-5
9=z

The answer checks. The solution is 9.

65. V3r—-5++v2x+3+1=0
V3r—=5++2x+3=—-1

The principal square root is never negative. Thus the sum
of two principal square roots cannot equal —1. There is no
solution.

66. Ve2m—3=yvm+7-2
2m—3=m+7—4/m+7+4
m—14 = —-4ym+7

m? — 28m 4 196 = 16m + 112
m? —44m + 84 = 0
(m—2)(m—42) =0

m=2 or m=42

Only 2 checks. The solution is 2.

67. Ji-\Br—-3=1
VZ=+3x—-3+1
(Va)? = (V3z =3 +1)°
r=0Br-3)+2/3z—-3+1

2—2x =23x—3
l—xz=+3x-3

(1-2)? = (V37— 3)?
1—-224+22=3x-3
22 -5 +4=0
(z—4)(z—-1)=0
r=4 or x=1

The number 4 does not check, but 1 does. The solution is
1.

68. Vor+1—yz=1

V2r+1=z+1
2r+l=x+2/z+1
x =2\
2% = 4z
22 —42 =0
z(r—4)=0

=0 or x=4

Both values check. The solutions are 0 and 4.

69. V2y—-5-—y—-3=1
V2y—-5=y—-3+1
(V2y=5)° = (Vy—3+1)
2y—5=(y—-3)+2y/y—3+1
y—3=2/y—3
(y—3)° = (2vy —3)?
y? —6y+9=4(y - 3)
y?—6y+9 =4y —12
y>—10y+21=0
(y=7(y—=3) =0
y="7 or y=3

Both numbers check. The solutions are 7 and 3.

70. Vip+5++p+5=3
VPS5 =3 pt5
dp+5=9-6yp+5+p+5

3p-9=—6UpF5
p—3=-2/p+5

p?—6p+9=4p+20
p? —10p—11 =0
(p-11)(p+1) =0
p=11 or p=-1
Only —1 checks. The solution is —1.

L Jytd-—y—1=1
Vy+d=vy—T1+1
WVy+4)?=Wy—-1+1)
y+d=y—1+2/y—1+1

4=2/y—1

2=4y—-1 Dividing by 2
22 = (Vy—1)

4=9y-1

5=y

The answer checks. The solution is 5.
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72. Jy+T7+Vy+16=9 79.
VY+7=9-+y+16
y+7=81-18/y+16+y+ 16
—90 = —18y/y + 16
5 =+y+16
25 =y+16
80.
9=y

The answer checks. The solution is 9.

73. Vr+5++Vxr+2=3
vVe+b=3—-+vVxr+2
(VZ¥5)2 = (3- Vo F2)2

z+5=9—-6Vz+2+x+2 81.
—6=—6yx+2
1=z +2 Dividing by —6
12 = (Vo +2)?
l=x+2
—1l==x

The answer checks. The solution is —1.

74. V6z +6 =5+ 21 —4x
6 +6 = 25+ 1021 — 4z 4+ 21 — 4z

10x — 40 = 10v/21 — 4z 82.
r—4 =21 —4x

22 —8x +16 = 21 — 4z
22 —4r—-5=0
(x=5)(z+1)=0

r=5 or x=-1 83.

Only 5 checks. The solution is 5.

75. xl/g = -2
@) = (-2

Tz = -8

The value checks. The solution is —8.

(219 = )

76. t1/5 =2
t =232
The value checks. The solution is 32.
7. /4 =3
(t1/4)4 =34
t =381
The value checks. The solution is 81.
78. ml/2 =7

The principal square root is never negative. There is no
solution.

(t1/4 _ %) 84.

PV RV,
T, Ty
PViTy = P,VoTy Multiplying by T175 on
both sides
P T:
LAE S Dividing by P,V on
PaVa both sides
111
F  m p
mp = Fp+ Fm
mp = F(p+m)
mp
p+m B
1
W =\/—
LC
T\ 2
2 _ s . .
W= = ( LC) Squaring both sides
1
wW?=_—
LC
1
CW? = 7 Multiplying by C'
C = L Dividing by W2
= 2 ividing by
A
s=1/2=
6
A
2 _ 4
s 6
652 = A
1_1.1
R R Ry

1 1 1
RR{Ry - R RR1 Ry (R_1+R_2)

Multiplying by RR1 Ry on both sides
R1Ry; = RRy + RR,y

Ri1Rs — RRy = RR; Subtracting RRs on
both sides

Ry(R; — R) = RRy  Factoring
RR
Ry = 7 —1R Dividing by
R; — R on both sides
1 1 n 1
t a b
ab = bt +at  Multiplying by abt
ab = t(b+a)
ab
b+a
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85.

87.

88.

89.

90.

[A
I=4/=-1
P
[A
I+1= Iz Adding 1
a1\ 2
I+1)?%= —
a+v7=(\/3)
A
IP4+2I+1=>=
+ 21+ Iz
P(I?42I4+1) = A Multplying by P
A . . . 2
= m Dlvldlng by I +2]+1
A
We could also express this result as P = T+
1
T =274/ -
g
T2 = 4r2.
g
gT? = 4n?
472
g = T2
1 1 +1
F  m p
1 1 1 .
Fmp-— = Fmp(— + 7> Multiplying by
F m

F'mp on both sides

mp = Fp+ Fm
mp—Fp=Fm Subtracting Fp on

both sides
p(m—F)=Fm Factoring
F
p= am Dividing by m — F on
m—F
both sides
V2 2
R?  R+h

V2(R+h) = 2gR?  Multiplying by R?(R + h)
V2R + V2h = 2gR?
V2h = 2gR% — V2R

2 2 1/2

o WV
29R?
v 1t

When both sides of an equation are multiplied by the LCD,
the resulting equation might not be equivalent to the orig-
inal equation. Omne or more of the possible solutions of
the resulting equation might make a denominator of the
original equation 0.

When both sides of an equation are raised to an even
power, the resulting equation might not be equivalent to
the original equation. For example, the solution set of
x = —2is {—2}, but the solution set of 22 = (—2)2, or
22 =4, is {-2,2}.

91.

92.

93.

94.

95.

15—-22=0 Setting f(z) =0
15 = 2z
15
5 =@ or
75 =x

The zero of the function is ?, or 7.5.

—3x+9=0
-3z = -9
r =3

The zero of the function is 3.

Familiarize. Let p = the number of prescriptions for
sleeping pills filled in 2000, in millions. Then the number
of prescriptions filled in 2005 was p + 60% - p, or p + 0.6p,
or 1.6p.

Translate.

Number of prescriptions
filled in 2005

l l |

was 42 million.
—_——

1.6p = 42
Carry out. We solve the equation.
1.6p = 42
p = 26.25

Check. 60% of 26.25 is 0.6(26.25), or 15.75, and
26.25 + 15.75 = 42. The answer checks.

State. 26.25 million prescriptions for sleeping pills were
filled in 2000.

Let d = the number of acres Disneyland occupies.

Solve: (d+11) +d =181

d = 85, so Disneyland occupies 85 acres and the Mall of
America occupies 85 + 11, or 96 acres.

(x—3)%3 =2
[(w—3)%%) = 2°
(x—3)2=38

22 —6z+9=8
22 -6z +1=0
a=1,b=—-6,c=1
—b+ Vb2 — dac
2a
—(=6)

€r =

—~

—6)2—4-1-1

o N

1
6+132 6+4/2

2 2
_ 23£2v2) i;ﬂ) =3+£2V2

Both values check. The solutions are 3 + 2v/2.
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x+37x+4 _x+5 7x+6
x+2 z+3 x+4 2x+5’

LCD is (z 4+ 2)(z + 3)(z + 4)(z + 5)
2% + 1523 + 8322 + 201z + 180 — z* — 1523 —
8222 — 192z — 160 = z* 4 1523 + 8122 + 1852+
150 — z* — 1523 — 8022 — 180z — 144

22 4+92+20=224+52+6

96.

dr = —14
c=_1
2

The number fg checks. The solution is ,Z_

97. \/x—+5+1=\/%, LCD is Vz + 5
T+5+Vr+5=6 Multiplying by vz + 5
Vr+bs=1—-=z
r+5=1-2z+z>
0=2a%—3zx—4
0=(x—-4)(z+1)
r=4 or xr=-1

Only —1 checks. The solution set is —1.

98. V154+ /22 +80 =5

2
(\/15 TVt 80)
15+ 22 + 80 = 25

52

V2z +80 = 10
(v2x + 80)% = 102
2z + 80 = 100

2x = 20

z =10

This number checks. The solution is 10.
99.  2/3 _ 4

(;E2/3)3 = 23

2 _ .3

x x
0=z%— 2
0=2a%(xz—1)

22=0o0or 2—-1=0

=0 or r=1

Both numbers check. The solutions are 0 and 1.

Exercise Set 3.5

1. |z| =7

The solutions are those numbers whose distance from 0 on

a number line is 7. They are —7 and 7. That is,
r=-T7or x=1.

The solutions are —7 and 7.

10.

11.

12.

. Jz] =45

r=—-45 or r=4.5

The solutions are —4.5 and 4.5.

. z] =0

The distance of 0 from 0 on a number line is 0. That is,
z=0.

The solution is 0.

ol =2
)
3
r=—= or x=—
2 2
. 3 3
The solutions are —— and —.
2 2
o =2
6
5 5
r=—— or x=-—
6 6
. 5 5
The solutions are —— and —.
6 6
af = -2
s

The absolute value of a number is nonnegative. Thus,
there is no solution.

. Jz| = —10.7

The absolute value of a number is nonnegative. Thus, the
equation has no solution.

.z =12

r=—-12 or x =12

The solutions are —12 and 12.

8zl =1
3r=-1 or 3z =1
1 1
r=—= or T=-—
3 3
. 1 1
The solutions are —— and —.
3 3
|5z| =4
5x = —4 or 5xr =4
4 4
r=—— or T=-—
5 5
4 4
The solutions are —— and —.
5 5
|8z| =24
8r = —24 or 8x =24
r=-3 or x=3

The solutions are —3 and 3.

|6z] =0
6x =0
r=0

The solution is 0.
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13. [z -1 =4 21. |z—1]+3=6
z—1=—-4or z—-1=4 -1 =3
r= -3 or r=25 r—1=-3 or z—1=3
The solutions are —3 and 5. Tz = -2 or =4

The solutions are —2 and 4.

14. |z —T7|=5
r—7=-5 or x—7=5 22, |z +2/-5=9
r=2 or z =12 |z +2] =14
The solutions are 2 and 12. 24+2=—14 or z4+2=14
15. [z 4+2| =6 r =—16 or r =12
r+2=—-6 or t+2=6 The solutions are —16 and 12.
T =—8 or r =4 23. [z+3|—-2=38
The solutions are —8 and 4. |z + 3| = 10
16. [z 45| =1 z+3=-10 or z4+3=10
r+5=—-1or z4+5=1 r=-—13 or r=7
r=—6 or r=—4 The solutions are —13 and 7.
The solutions are —6 and —4. 24. |z —4/+3=9
17. |3z +2| =1 |lx—4| =6
3x+2=-1or 3z+2=1 r—4=—-6 or t—4=6
3z = -3 or 3r = —1 r= -2 or x =10
2= —1 or T = 7% The solutions are —2 and 10.
1 25. [3x4+1]—4=-1
The solutions are —1 and ——.
3 Bx+1] =3
18. |7z — 4| =38 3xr+1=-3 or 3x+1=3
Tx—4=-8 or Tx —4=28 3xr = -4 or 3x =2
Tx=—4 or T =12 4 2
r=——= or r=-
T 4 or T 12 3 3
=75 =7 4 2
7 7 The solutions are —— and —.
. 4 12 3 3
The solutions are —— and —.
7 7 26. [2z—1/—-5=-3
1 — 1 =
19. (—:L-—5‘ =17 22 —1] =2
21 . 2—1=-2 or 20—1=2
5z75:717 or §x75=17 22 = —1 or 2r =3
1 1 1 3
—x=—12 or —x =22 r=Ty o =3
2 1 3
r=—-24 or r =44 The solutions are ) and 3
The solutions are —24 and 44. 27. Mz—3+1=7
1
20. ‘gx—él‘:l?) 4z - 3] =6
1 1 4r—3=—-6 or 4o0—-3=6
51—4:—13 or gx—4:13 Az — -3 or Ay — 9
L 9 L =17 r——§ or x—g
g[l? = — or gw = Xr = 1 = 1
_ _ 3 9
r = =27 or r =5l The solutions are 1 and 7

The solutions are —27 and 51.
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28. bz +4[+2=5

|5z + 4] =3
S5c+4=-3 or bx+4=3
S5x = —7 or br = —1
7 1
r=—= or r=—=
5 5
. 7 1
The solutions are % and 5

29. 12— |z46/=5

—lz+6]=-7

|x +6| =7 Multiplying by —1
r+6=-7 or x4+6=17

z=—13 or z=1

The solutions are —13 and 1.
30. 9—|z—2|=7
2=z —2|
rT—2=-2o0or v—2=2
=0 or =4

The solutions are 0 and 4.

31. 7T—2z—1/=6

22 -1 = -1
|22 — 1] =1 Multiplying by —1
20 —1=—-1 or 20 —1=1
20 =0 or 20 =2
z=0 or z=1

The solutions are 0 and 1.

32. 5—|dz+3| =2

—|dx +3| = -3
|4z + 3] = 3
dr+3=-3 or da+3=3
dr = —6 or dr =0
3
x:—§ or z=0

The solutions are —§ and 0.

33. |z| <7

To solve we look for all numbers z whose distance from 0
is less than 7. These are the numbers between —7 and 7.
That is, —7 < x < 7. The solution set and its graph are

as follows:
(_77 7)
| (\ T \\ |
T \\ LI B B B B \/ T
-7 0 7
34. |z| <45
—4.5<x <45

The solution set is [—4.5,4.5].

35.

36.

37.

38.

39.

40.

41.

lz| <2
—2<x<2

The solution set is [—2,2]. The graph is shown below.

|z] <3
-3<zr<3
The solution set is (=3, 3).

|z| > 4.5

To solve we look for all numbers x whose distance from 0 is
greater than or equal to 4.5. That is, x < —4.5 or x > 4.5.
The solution set and its graph are as follows.

{z|z < —4.5 or z > 4.5}, or (—oo, —4.5] U [4.5, 00)

|z| > 7
r<—-Torzxz>T
The solution set is (—oo, —7) U (7, 00).

=7 0 7

|x| >3
r< -3 or >3

The solution set is (—oo, —3) U (3, 00). The graph is shown
below.

|z > 2
r< -2 or r>2
The solution set is (—oo, —2] U [2, c0).

1 [
T R
-2 0 2
[3z| <1
-1<3z<1
1< <1 Dividing by 3
——<r< - ividin
3 3 g by

11
The solution set is ( 3 g) The graph is shown below.

R s R R

_101
3 3
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42.

43.

44.

45.

46.

47.

48.

|5x| < 4

W~
IN

Sr <4

|
Ot >
IA

x <

(S gy

4 4
The solution set is | — =, = |.
e solution se 15{ 5 5}

Dl
.
ol

|2z] > 6
20 < —6 or 2x > 6
r< -3 or >3

The solution set is (—oo0, —3]U[3, 00). The graph is shown
below.

|4z| > 20
4r < =20 or 4x > 20
r< -5 or x>5H

The solution set is (—oo, —5) U (5, 00).

=5 0 5

lz+8] <9
-9<zr+8<9
-17<zx<1 Subtracting 8

The solution set is (—17,1). The graph is shown below.

N

|z + 6] < 10
-10<2z+6<10
—-16<zx<4

The solution set is [—16,4].

|z +8]>9
r+8< -9 or x+8>9
z < —17 or x > 1 Subtracting 8

The solution set is (—oo, —17]U[1, c0). The graph is shown
below.

<R

-17 01

|z + 6] > 10
r+6 < —10 or x4+6 > 10
xr < —16 or x> 4

The solution set is (—oo, —16) U (4, c0).

1 1
49. | — 1' < 3
1 1 1
—i<x<z Addingi
. . 13 .
The solution set is ( -7 1) The graph is shown below.

PRIN 32

50. |z —0.5<0.2
-02<z2-05<0.2
03<2<07

The solution set is [0.3,0.7].

03 0.7

“~—t——t—t—r

0

51. |22+ 3| <9
—-9<2x+3<9
—12<2x<6 Subtracting 3
—-6<x<3 Dividing by 2
The solution set is [—6, 3]. The graph is shown below.

52. [3z 44| < 13
~13<3r+4<13

—17 <3z <9
17

—-—— <z <3
3 x

The solution set is ( — %7, 3).

53. |z — 5| >0.1
r—5<—01 or x—5>0.1
r<49 or xz>51 Adding 5

The solution set is (—o00,4.9) U (5.1, 00).
shown below.

54. |t -7 >04
r—7<-04 or x—72>04
<66 or r>74

The solution set is (—oo, 6.6] U [7.4, 00).
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55. |6 — 4z > 8 59. 2x+1'>5
6-dz<-8 or 6—4z>8 3
—4x < —14 or —4x > 2  Subtracting 6 2z+1 < =5 or 235; ! >5
14 2
T > i x < ~1 Dividing by —4 and 2z +1 < =15 or 2z +1 > 15 Multiplying by 3
reversing the inequality symbols 22 < —16 or 2z > 14 Subtracting 1
7 1 z < =8 or x > 7 Dividing by 2
x> = or x < —— Simplifying vicime by
2 2 The solution set is {z|z < —8 or > T}, or
1 7 (—00,—8) U (7,00). The graph is shown below.
The solution set is (— 00, —5] U {i,oo) The graph is
shown below. S
-8 0 7
1 7 9 1 5
2 2 —
—— =i 60. |-~ > —
0 3 6
56. 15— 2 10 2z —1 5 2v—1 _ b
. |5= - or hd
15— 2] > 3 = 6 3 °6
5—2x < =10 or 5—2z > 10 5 5
—2r < 15 or —2z>5 2r—ls—gor 2z—-127
15 5 3 7
x> — or < —= 2 < —2 or 2 > =
2 2 2 2
The solution set is 00 5 u 15 00 < _é or 2 Z
’ 9 92 - 4 — 4
. . 3 7
St e The solution set is [ — oo, —=| U |-, 00 |.
5 0 15 4 4
2 2
21 5 ———t—H—
57. |z + 5' S g *% 0 %
.
_§§I+§§§ 61. |20 — 4| < 5
7 9 Since |2z — 4| > 0 for all z, there is no z such that |2z — 4|
—3 <zx<l1 Subtracting — would be less than —5. There is no solution.
7 62. [3z+5/ <0
The solution set is {— =, 1} . The graph is shown below. 32 |
3 |3z + 5| > 0 for all z, so there is no solution.
— 63. Absolute value is nonnegative.
701
’ 64. |z| > 0 > p for any real number x.
1
58. |z —I—§ < - 65. y-intercept
4 4
1 3 1 66. distance formula
_Z < x+ 1 < -
) 67. relation
“l<z< D) 68. function
1 69. horizontal lines
The solution set is | — 1, -3
70. parallel
D e 71. decreasing

72. symmetric with respect to the y-axis
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73.

74.

75.

132 — 1] > 52 — 2
3x—1<—0bBx—2) or 3z —1> 5z —2

3r—1< —-5x+2 or 1> 2x
1
8xr < 3 or §>x
<3 1>
< - or - >z
8 2

The solution set is ( — 00, §) U ( — 00, 7>. This is equiv-

(-=3)
alent to | — o0, = |.
2

|z +2] < |z — 5]
Divide the set of real numbers into three intervals:
(_007 _2)7 [_27 5)a and [57 0, )

Find the solution set of |z + 2| < |z — 5| in each interval.
Then find the union of the three solution sets.

If £ < =2, then |z +2| = —(z+2) and |z — 5| = —(z — 5).
Solve: z < =2 and —(z+2) < —(z—5)
—r—2<-—-x+5

-2<5

< =2 and
< =2 and
The solution set for this interval is (—oo, —2).
If -2 <z <5, then [z+2| =z+2and |z — 5| = —(z—5).
Solve: =2 <z <5 and z+2 < —(z—5)
—2<zr<b and 2+2< —2+5
—2<x<b5 and 2 < 3

N
o

—2<zx<b5 and r <

The solution set for this interval is {f 2, g} .

If > 5, then |z +2| =2+ 2 and |z — 5| =z — 5.
Solve:x >5 and x+2<x -5
r>5 and 2< -5
The solution set for this interval is .
The union of the above three solution set is

3
— 00, 5} . This is the solution set of |z + 2| < |z — 5.

lp—4[+p+4/ <8
Ifp<—4,then [p—4|=—(p—4) and [p+ 4| = —(p+4).
Solve: —(p—4)+[-(p+4)] <8
—-p+4—p—-4<8
—2p < 8
p>—4
Since this is false for all values of p in the interval (—oo, —4)
there is no solution in this interval.

If p> —4, then |[p+4| =p+4.
Solve: [p—4|+p+4 <8
lp—4[ <4-p

76.

7.

p—4>—4—p) and p—4<4—p
p—4>p—4 2p < 8
—4> -4 p<4
Since —4 > —4 is false for all values of p, there is no
solution in the interval [—4, c0).

and

and

Thus, |p — 4] + |p + 4| < 8 has no solution.

|| + |z + 1] < 10
If x < —1, then |z| = —z and |z + 1| = —(z + 1) and we
have:

z< -1 and —z+[—(x+1)] <10
z < —1 and —r—x—1<10
r < —1 and —2r—1<10
< —1 and —2z <11
z < —1 and a:>—%

The solution set for this interval is ( — %, 71).

If -1 <z <0, then |z| = —z and |z + 1| = 2 + 1 and we
have:

—1<z and —z+x+1<10

-1 <z and 1 <10

The solution set for this interval is [—1,0].
If x > 0, then |z| = z and |z + 1| =  + 1 and we have:
x>0 and z+z+1<10

x>0 and 2x+1 < 10
x>0 and 2r < 9
x>0 and a:<§

The solution set for this interval is {O, g)

The union of the three solution sets above is
11 9
272
|z| + |z + 1] < 10.

. This is the solution set of

|z — 3|+ |22 +5]>6

Divide the set of real numbers into three intervals:

(7007,;)’ {7;3>,and 13, 00).

Find the solution set of |z — 3| + |2z + 5| > 6 in each
interval. Then find the union of the three solution sets.

5
Ifz < —3 then |z—3| = —(z—3) and |2z+5| = —(22+5).

Solve: x < fg and —(x —3)+[—(2z+5)] >6

x<fg and —x+3—2x—5>6
5

x<—§ and —3xr > 8
5 8

:c<—§ and x<—§

8
The solution set in this interval is ( — 00, f§>
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5
Iffi <z < 3, then |z—3| = —(z—3) and |2z+5| = 2z+5.

5
Solve: ~3 <z<3and —(x—3)+2x+5>6
5
5 <z<3and —-xz+34+2x+5>6
5
f§§x<3and r > —2

The solution set in this interval is (-2, 3).
If z > 3, then |z — 3| =z — 3 and |2z + 5| = 2z + 5.
Solve: z >3 and x—3+2x+5>6
x> 3 and 3r >4

4
z >3 and 1>§

The solution set in this interval is [3, 00).

The union of the above solution sets is

— 00, 72) U (=2, 00). This is the solution set of

|z — 3|+ |2z + 5] > 6.

Chapter 3 Review Exercises

1.
2.
3.

The statement is true. See page 249 in the text.

The statement is true. See page 262 in the text.

The statement is false. For example, 32 = (—=3)2, but
3£ -3
. The statement is false. See Exercise 17, for example.

. 2u+5By—1)=0

2y+5=0
2y =—-5 or

or 3y—1=0
Jy=1

y=—= or

2 Y=3

3
. 5 1
The solutions are —— and —.
2 3
2244z —-5=0
(z+5)(xz—1)=0
r=-5or z=1
322 +2x =38
322 +2x-8=0
(x+2)3z—4)=0
zr+2=0 or 3xr—4=0

r=—2 or 3r =4
4

xr = -

3

xr= -2 or

The solutions are —2 and 3"

8.

9.

10.

11.

12.

13.

14.

195

522 = 15
22 =3
r=—V3 or x:\/§
224+10=0

2?2 = —10
r=—+—10 or x =+v/—10
r=—v10i or x =10

The solutions are —+/107 and /10s.

22 -22+1=0

(x—1)2=0
r—1=0
r=1

2242 —-15=0
(x+5)(x—3)=0
z+5=0

r = -5 or

or t—3=0

r=3

The zeros of the function are —5 and 3.
22— —-5=0

()P =42 (5

2.2

x
C1+V4l
- =

322 +2x+3=0
a=3,b=2,c=3

e —b+ Vb2 — dac
2a
Y —24+122-4-3-3
2-3
2432 241602 —244iV2
2-3 2-3 2-3
C2(—142iv2)  —1+2iV2
2-3 3
The zeros of the function are ﬂ
5 1 LeDis 20 +3)(@—6)
2c0+3 x—6

5(x—6)+2x+3=0
52 —30+2x+3=0

Tx—27=0
Te =27
27
i

This number checks.
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15. 3 + 8 =1 20. |5z| > 15
8r+1 2x+5
LCD is (82+1)(22+45) 5z < —15 or 5z 215
3 8 < -3 >3
(8x+1)(2x+5)(—+ ) = (82+1)(2z+5) 1 = o r=
8r+1 2x+5 The solution set is (—oo, —3]U[3,00). The graph is shown
3(2z+5) + 88z +1) = (8z+1)(2z+5) below.
6z + 15 + 64z + 8 = 1622 + 422 + 5 T
702 +23 = 1622 + 422 + 5 S0
0 = 2(82"~14z-9) ~10<3x+4<10
0 =2(2z+1)(4z-9) 14 < 3x <6
2c4+1=0  or 42—-9=0 14
—— <z<2
2z = -1 or dr =9 3
1 9 . . 14 .
v=—3 or T = The solution set is | — 3 2 ]. The graph is shown below.
. 1 9
Both numbers check. The solutions are 5 and 1 He
_14 0o 2
16. VErFI1—1= 13z ’
5e+1-2V5r+1+1=3z 22. |62 — 1] <5
o0/hr+1=—-22—2 —5<br—1<5
Vi T—a+1 —4 <62 <6
S5r+1=z2+2z+1 72<1’<1
9 3
0=2°—-3z 9
0=z(x—3) (_gvl)
r=0 or x=3
Both numbers check. : B ;( 0 2
3
17 Ve—1—-Vr—4=
. >
V1= i1 28. o +4) 22
< — >
(WVo=T)? = (Vo —d+1)? z+4< -2 or z+42>2
< - >
r—1l=ax—-442yx—4+1 :c_.6.07" vz -2
o l—x_3+2/7 1 The solution is (—oco, —6] U [—2, 00).
2 =2/ -4 <t
-6 =2 0
1l=vax—4 Dividing by 2
12 = (Vz — 4)? 24. i+l:l
l— g4 M N P
5 NP+ MP =MN Multiplying by MNP
-7 P(N + M) = MN
This number checks. The solution is 5. MN
18. |z —4|=3 TN+ M
r—4=-3 or x—-4=3 25. —/—40 = —/—1-/4-/10 = —2/10i
z=1 or =7

The solutions are 1 and 7.

19. 2y+7]=9
2047T=-9 or 2y4+7=9
2y = —16 or 2y =2
y=-8 or y=1

The solutions are —8 and 1.

26. /—12-/—20= v=1-VA-\3-v=1-Vi-\/5

= 2iv/3-2iV5

=4i%/3-5

= —4v15
V=49 T 7

27.

—v/—64 -8 8
28.  (6+2i) + (—4 — 3i) = (6 — 4) + (2i — 3i)
-2
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29. (3—5i)—(2—1)

30.  (6+ 2i)(—4 — 3i)

= (B -2)+[-5i — (=]
=14

= —24 — 18i — 8 — 6i?

= 24— 26i+6
= —18 — 26i
31. 2-3i  2-3i 143
1-3 1-3i 1+3
2430 9i°
T 1-9¢2
24349
149
1143
10
113
“ 1010

32. B =) i=(-)"i=-1-i=—i

33. 2?2 -3z =18

9 /(1 3 3\* 9
171 G“”’§WW}Q*Q

AN
2/ T 4

39
242
Ty 2

3 9
=247

TT9T9

_3_9 23,9
TT9Ty Mt To Ty
xr = -3 or t =206

The solutions are —3 and 6.

34. 322 -120—-6=0
32— 122 =6

22 —dr =2

22 —dx+4=2+4 <%(74):f2 and (—2)% = 4>

(r—2)2=6
z—2==2V6
r=2+6
35. 3z% 4+ 10z = 8
322 +10r -8 =10
(x+4)83z—2)=0
x+4=0 or 3x—2=0
x = —4 or 3z =2
2
z=—4 or Jc:§
2

The solutions are —4 and —.

3

36. 2 —2r+10=0
—(-2) (—2)2-4-1-10
- 2.1
24+/=36 2+6i
2 )
=1+3i

37. 2?2 =104 3z
22-32-10=0
(z4+2)(x—5)=0
r+2=0 or z—5=0

x= -2 or T =05

The solutions are —2 and 5.

38. =271
r—2y/x+1=0
Let u = v/z.
w2 —2u+1=0
(u—12=0
u—1=0
u =1
Substitute /7 for u and solve for x.
V=1
z=1
39. y* —32+1=0
Let u = 2.
u? —3u+1=0
—(-3) (=32—-4-1-1 3445

2-1 2
Substitute y? for u and solve for y.
s  3+V5H
2
+

y==+ 345

2

3+£V5

The solutions are +

2
40. (22 -1)2—-(22-1)-2=0

Let u=2%—1.

w2 —u—2=0
(u+1)(u—2)=0
u+1=0 or u—2=0

u=—1 or U =2
Substitute z2 — 1 for « and solve for x.
22—1=—-1or 22—-1=2

22=0 or 2?2 =3

m:i\/§

r=0 or
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41. (p—3)Bp+2)(p+2)=0

—3=0o0or 3p+2=0 or p+2=0
p=3 or 3p=-2 or p=-2
p=3 or p=—= or p=-2

3

2
The solutions are —2, —3 and 3.

42. 22 4522 — 42 —20 =0
2?(x+5)—4(z+5)=0
(x+5)(22—4) =0
(x+5)(x+2)(z—2)=0
z+5=0

xr = -5 or r=-2 or

43. f(z) = —422+3z -1

Il
|
B
7 N
8
(V)
|
W
8
~_
|
—

I
|
W~

3
b) Axis of symmetry: z = 3

¢) Maximum value: ——

16
d) Range: | — oo _r
ge: T
e)
Yy
4
2
) 7 4 x

flx) = —4x? +3x — 1

44. f(z) =522 - 10x +3
5(2% —2x) +3
=5@?-2x+1-1)+3
5(m272x+ 1)—5-1+3
=5(x—1)% -
a) Vertex: (1,—2)
b) Axis of symmetry: z =1

T

or x+2=0 or x—2=0

=2

45.

46.

47.

48.

49.

50.

51.

¢) Minimum value: —2
d) Range: [—2,0)
e)

-4 -2 \/2 4 x
-2

f(x) =5x*—10x + 3

The graph of y = (z — 2)2 has vertex (2,0) and opens up.
It is graph (d).

The graph of y = (x + 3)2 — 4 has vertex (—3,—4) and
opens up. It is graph (c).

The graph of y = —2(z + 3)? + 4 has vertex (—3,4) and
opens down. It is graph (b).

The graph of y = f%(:r —2)2 +5 has vertex (2,5) and
opens down. It is graph (a).
Familiarize. Using the labels in the textbook, the legs of
the right triangle are represented by x and x + 10.
Translate. We use the Pythagorean theorem.
22+ (z + 10)2 = 502
Carry out. We solve the equation.
22 + (z +10)? = 502
2% + 22 4+ 202 + 100 = 2500
227 + 20z — 2400 = 0
2(x? + 10z — 1200) = 0
2(z 4+ 40)(z —30) =0
z+40=0 or x—30=0
r=—40 or x =30

Check. Since the length cannot be negative, we need to
check only 30. If z = 30, then z+10 = 30+ 10 = 40. Since
302 + 402 = 900 + 1600 = 2500 = 502, the answer checks.

State. The lengths of the legs are 30 ft and 40 ft.

Let » = the speed of the boat in still water.

8 8
Solve: =3
olve r72+r+2
r=-gzor r==6

Only 6 has meaning in the original problem. The speed of
the boat in still water is 6 mph.

Familiarize. Let r = the speed of the second train, in
km/h. After 1 hr the first train has traveled 60 km, and
the second train has traveled r km, and they are 100 km
apart. We make a drawing.
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52.

53.

r 100 km

H

60 km
Translate. We use the Pythagorean theorem.
602 + r? = 1002
Carry out. We solve the equation.
602 + r? = 1002
3600 + r2 = 10,000
r? = 6400
r = £80

Check. Since the speed cannot be negative, we need to
check only 80. We see that 60% + 802 = 3600 + 6400 =
10,000 = 1002, so the answer checks.

State. The second train is traveling 80 km/h.

Let w = the width of the sidewalk.
2
Solve: (80 — 2w)(60 — 2w) = 3 80 - 60

w=35+533

If w = 354+ 5v/33 ~ 64, both the new length, 80 — 2w, and
the new width, 60 — 2w, would be negative, so 35 + 51/33
cannot be a solution.

The other number, 35 — 5v/33 ft ~ 6.3 ft, checks in the

original problem.

Familiarize. Let | = the length of the toy corral, in ft.
24 — 2

Then the width is l, or 12 — [. The height of the

corral is 2 ft.

Translate. We use the formula for the volume of a
rectangular solid, V' = [wh.

V() =112 - 1)(2)

= 24] — 2
= 212 + 241
Carry out. Since V(I) is a quadratic function with
a = —2 < 0, the maximum function value occurs at the

vertex of the graph of the function. The first coordinate
of the vertex is
b 24
L —__ __5
2 2(—2)
When [ = 6, then 12 —-1=12—-6 =6.

Check. The volume of a corral with length 6 ft, width
6 ft, and height 2 ft is 6 - 6 - 2, or 72 ft3. As a partial
check, we can find V(1) for a value of [ less than 6 and for
a value of [ greater than 6. For instance, V' (5.9) = 71.98
and V(6.1) = 71.98. Since both of these values are less
than 72, our result appears to be correct.

54.

55.

56.

57.

58.

59.

State. The dimensions of the corral should be 6 ft by 6 ft.

Using the labels in the textbook, let = the length of the
sides of the squares, in cm.

Solve: (20 — 2z)(10 — 2z) =90

15+ V115
T
1 v11
Ifx= y ~ 12.9, both the length of the base,

20 — 2z, and the width 10 — 2z, would be negative, so

154+ v115 .
— cannot be a solution.

15 — /115
2

The other number, cm ~ 2.1 cm, checks in the

original problem.
222 -5z +1=0
a=2,b=-5c=1

—b+ Vb? — dac
=
—(=5)£+/(-5)2—-4-2-1 5+/25-38
- 2.2 - 1
_5+V17
4

Answer B is correct.

Viz F1+V2z =1
Viz+1=1-V2z
(VAz +1)? = (1 - V22)?

dr+1=1-2y2x+2

2r = —2V/2x
T = —V2
C52:(_\/5)2
2?2 =22
22 -2 =0
z(z—2)=0

z=0 or =2

Only 0 checks, so answer B is correct.

The graph of f(z) = (x —2)? — 3 has vertex (2, —3). Thus
the correct graph is A.

Write an equation with nonreal solutions. Any equation of

the form ax? 4+ bz +c = 0, where the discriminant, b> —4ac,
is negative will do.

You can conclude that |ai| = |az| since these constants
determine how wide the parabolas are. Nothing can be
concluded about the h’s and the £’s.
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60. Ve =2
2

( W_E) =2
NN

(VVa)" =42

VT =16

(Va)? = 162

x = 256

The answer checks. The solution is 256.
61.  (t—4)5=3
[(t -9 =3

(t —4)* = 243
t—4=+243
t =4+ /243

The exact solutions are 4 + /243 and 4 — v/243. The
approximate solutions are 7.948 and 0.052.

62. (v—1)2/3 =14

(x —1)2 =43
r—1=+/64
rz—1=48

r—1=-8 or z—1=28
r=—7 or z=9

Both numbers check.

63. 2y—22+y—-1=5
42 - 8y+4+y—1=5

42 -Ty+3=5

4 -Ty—-2=0
(y+1)(y—2)=0

4y+1=0 or y—2=0
4y = -1 or y =2

1
y:—z or y=2

1
The solutions are ~1 and 2.

64. Ve +2+Vr+2-2=0
Let u= vz +2,50 u? = (Vx +2)? = V2 + 2.

wt+u—2=0
(u+2)(u—1)=0
u=-2 or u=1
Substitute /z + 2 for u and solve for x.
Vr+2=-2 or vVr+2=1
No real solution r+2=1
r=—1

This number checks.

65. Familiarize. When principal P is deposited in an account
at interest rate r, compounded annually, the amount A to
which it grows in ¢ years is given by A = P(1 + r)!. In
2 years the $3500 deposit had grown to $3500(1 + r)2. In
one year the $4000 deposit had grown to $4000(1 + r).
Translate. The amount in the account at the end of
2 years was $8518.35, so we have

3500(1 + 7)2 + 4000(1 + r) = 8518.35.
Carry out. We solve the equation. Let u =14 1.
3500u2 + 4000u = 8518.35
3500u? 4 4000u — 8518.35 = 0

Using the quadratic formula, we find that v = 1.09 or
u ~ —2.23. Substitute 1 4 r for u and solve for r.

1+r=109 or 14+r=-223

r=0.09 or r=—-3.23

Check. Since the interest rate cannot be negative, we need
to check only 0.09. At 9%, the $3500 deposit would grow
to $3500(1 +0.09)%, or $4158.35. The $4000 deposit would
grow to $4000(1+40.09), or $4360. Since $4158.354+3$4360 =
$8518.35, the answer checks.

State. The interest rate was 9%.

66. The maximum value occurs at the vertex. The first coordi-

nate of the vertex is 94 = —m =% and f 6= 2.
b\’ b
-3 = bl-)—-1=

(5) =)
b2 b2

AT J
12+6

2 +20°—-12=24

b? = 36

b= 46

Chapter 3 Test

1. 2z —1)(z+5)=0
20 —1=0 or x+5=0

20 =1 or r= -5
! 5

r == or r=—
2

1
The solutions are 3 and —5.

2. 622-36=0
62 = 36
22 =6
z=—V6 or t=+6
The solutions are —v/6 and /6.
3. 22+4=0
2?2 =—4
r = +/—4
T=—-20 or x =21

The solutions are —27 and 2.
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4. 22 —20-3=0 z+1=0 or 62—-13=0
(z+1)(z—-3)=0 z=—1 or 6x =13
z+1=0 or z—3=0 z=—1 or x:%

z=-1 or r=3

13
The solutions are —1 and 3. Both numbers check. The solutions are —1 and —.

5. 22— 5z +3=0 9. Vet+d-2=1
a=1b=-5c=3 vet+d=3
_ —b+Vb? —4ac (Ve +4)? =32
B 2a r+4=9
(=5 £ /(52 _4-1-3 =5
:r:
2-1 This number checks. The solution is 5.
:5i\/ﬁ 10. Ve+4d—Vx—4=2
2
Fd=\Vo—4+2
. 5++13 5—+13 \/? v
The solutions are 5 and 5 (WVz+4)? = (Vo —4+2)?
+4=x—4+4yJxr—4+4
6. 2023t +4=0 rrdsesdtdvroas
4 =4\/x—4
a=2b=—3 c—4 \/L
1=vz—4
—b =+ Vb2 — 4ac ) v )
= 1?7 = (Vo —4)
—(-3)£/(3)2-4-2-4 l=z-d
= 2.2 S=w
B 31\/——237 3+iv23 This number checks. The solution is 5.
- 4 T4 11. |z +4|=7
*§:I:\/%i z4+4=-7 or x+4=17
4 4 r=—11 or r=3
V2 V2 . ESRS .
The solutions are 3 + —43i and Z — —432'. The solutions are —11 and 3.

12. [dy — 3| =
7. 245z —36=0 [y = 3] =5

4y —3 = —5H 4y —3 =5
Let u = +/z. Y o or 4y 5

dy = —2 Ay = 8
u? +5u—36=0 4 or Y

1
(u+9)(u—4)=0 y=-—5 or y =2
= —4 = 1
uh9=0 oru—4=0 The solutions are —— and 2.
u=-9 or u=4 2
Substitute y/x for u and solve for z. 13. |z +3]<4
Vr=-9 or \Jr=4 —-4<zx+3<4
No solution r =16 —-7<z<1
The number 16 checks. It is the solution. The solution set is [—7,1].
3 2 . L
8. 3I+4+E:2,LCDls(3x+4)(x71) H
3 2
(3x+4)(m71)(ﬁ+—1> = Bz+4)(z—1)(2) 14. 2z -1[ <5
; 1x+23m_4 p(a . 5<2-1<5
(x—1)4+2(3x +4) =2(3z% + x — 4) A —9m et
3z —3+6x+8=06zx>+2zx—8
—2<z<3

9r +5 =622 +2x—8
0=622—"Tzx—13
0= (x+1)(6x —13) ngllll)sll

The solution set is (—2, 3).
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15. |z + 5[ >2
r+5< -2 or z+5>2
x < —7 or x> -3
The solution set is (—oo, —7) U (=3, 00).
DA S e
16. |3z —5|>7
3r—=5< =7 or 3z—-52>7
3xr < =2 or 3x > 12
Jr<—g or x >4
S 3 >

1 1 1
17. 1.1
ATB~¢C
1 1 1
ABC<Z+§) — apC

BC+ AC = AB
AC = AB - BC

AC =B(A-0C)
ac 21.
A-C 22.
18. R =./3np 23
R? = (\/3np)*
R? =3np
R2 24.
T
19. 22 44r =1
1
2 +dz+4=1+4 <§(4) =2 and 2? =4)
(x+2)2=5
r+2=+V5
r=-2+5
The solutions are —2 + /5 and —2 — /5.
20. Familiarize. Let ¢ = the speed of the current, in km/h.
The boat travels downstream at a speed of 12 + ¢ and
upstream at a speed of 12 — ¢. Using the formula d = rt in
the form t = —, we see that the travel time downstream is
45
and the time upstream is .
124c¢ 12-c¢ 26
Translate. )
Total travel time is 8 hr.
| L
45 45 _ 3
124+c¢ 12—c¢

Carry out. We solve the equation. First we multiply
both sides by the LCD, (12 + ¢)(12 — ¢).

45 45 5
124¢ 12—¢
45 45

45(12 — ¢) + 45(12 + ¢) = 8(144 — ¢?)
540 — 45¢ + 540 + 45¢ = 1152 — 8¢
1080 = 1152 — 8¢2

0=72— 8
0=28(9—c?
0=8B+¢)(3—¢)
34¢c=0 or 3—c=0
c=—3 or 3=c

Check. Since the speed of the current cannot be negative,
we need to check only 3. If the speed of the current is
3 km/h, then the boat’s speed downstream is 12 + 3, or
15 km/h, and the speed upstream is 12 — 3, or 9 km/h.

45
At 15 km/h, it takes the boat 5 or 3 hr, to travel 45 km

45
downstream. At 9 km/h, it takes the boat —, or 5 hr, to

travel 45 km upstream. The total travel time is 3 hr + 5 hr,
or 8 hr, so the answer checks.

State. The speed of the current is 3 km/h.
V=43 = /=143 = i\/43, or V43i
—V/=25 = —/=1-V25 = —5i

(5—2i) — (2+3i) = (5—2) + (—2i — 3i)
=3-5i
(34 4i)(2— i) = 6 — 3i + 8i — 4i*
=6+5+4 (i2=-1)
=10 + 5i
1—i  1—i 6—2
6+2 6+20 6-2
6 — 2i — 6i + 232
T 36— 42
6—8i—2
T U36+4
4- 8
T 40
4 8.
T 40 40
11
10 5
¥ =)0 = (-1 i=1-i=1

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley



Chapter 3 Test

203

27.

28.

29.

30.

4z - 11z -3 =0

dz+1)(z—-3)=0
dr+1=0 or z—-3=0
dr = —1 or z=3
1
:r:—i or =3

1
The zeros of the functions are 1 and 3.

22—z —-7=0
a=2,b=-1,c=—-7
—b £+ Vb2 — 4ac

2a

e E SV L S )
T 2.2
e
4
1 1-—
The solutions are +4\/ﬁ and 4\/?

flx) = —22+22+8

= —(2? - 2x) +8

=—(z?-2x+1-1)+8

=—(a—25+1)—(-1)+38
(x2—2x+1)+1+8
—(

=—(z—-1)2+
a) Vertex: (1,9)
b) Axis of symmetry: z =1
¢) Maximum value: 9
d) Range: (—o00,9]
)

@

4 f L2 1 x
flx) = —x2+2x +8
Familiarize. We make a drawing, letting w = the width

of the rectangle, in ft. This leaves 80 —w —w, or 80 — 2w ft
of fencing for the length.

House

80 — 2w

Translating. The area of a rectangle is given by length
times width.
A(w) = (80 — 2w)w

= 80w — 2w?, or — 2w? + 80w

31.

32.

Carry out. This is a quadratic function with a < 0, so
it has a maximum value that occurs at the vertex of the
graph of the function. The first coordinate of the vertex is
b 80
=——=———>==20.
YT T T ()

If w = 20, then 80 — 2w = 80 — 2 - 20 = 40.

Check. The area of a rectangle with length 40 ft and
width 20 ft is 40 - 20, or 800 ft2. As a partial check, we
can find A(w) for a value of w less than 20 and for a value
of w greater than 20. For instance, A(19.9) = 799.98 and
A(20.1) = 799.98. Since both of these values are less than
800, the result appears to be correct.

State. The dimensions for which the area is a maximum
are 20 ft by 40 ft.
flx) =22 —-22-1
=(@?—-22+1-1)—1 Completing the square
=(@z*-2x+1)—-1-1
=(@x-1)2%-2
The graph of this function opens up and has vertex (1, —2).
Thus the correct graph is C.
The maximum value occburs at the vertex. The ﬁrth coordi-
— and f(—) =12.
a

nate of the vertex is —— = —
2a 2a

Then we have:

() )

4
NERE FPRp
a a
4 8
-——+3=12
a a
4
——+3=12
74—
o=
—4 = 9a
4
——=a
9
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