292 Chapter 5 Radicals and Complex Numbers

L 99. 30.02 = 50 — /0.8x — 1)
97. 15=2m,/%
JOBx — 1) = 19.98
2 2
(?) - ( "2> (V/08x — 1)) = (19.98)2
a
0.8(x — 1) = 399.2004
225 _ L
4n? 3D 0.8x — 0.8 = 399.2004
0.8x = 400.0004
223) = L
4 X = 500.0005
1.82feet = L =~ 500 units
101. (a) Keystrokes: (b) 2

y, (Y=]133.5(+) 9.3X1.0] (+) 18/])

260

o [H=E. =FBANFY Y=ezE . 2POET |,
120

=~ 5yearsfrom 1990 = 1995

1/10
007 = (25,000) 1
P
1/10
107 = (25,000)
P
107 = 10/ 25,000
P
10
10710 — ( 10, 25’00())
P
10710 — 25000
_ 25,000
1.07%©
P =~ $12,708.73
105. No. It is not an operation that necessarily yields an 107. (\/i + Jé)z # (\/;()2 + (\/5)2

equivalent equation. There may be extraneous solutions. (\& n \/5)2 must be multiplied by FOIL

Section 5.5 Complex Numbers

1. J=4=J-1-4 3. - /1= JIdh -1 5. 2= Va1
=J/-1-J/4 =—-J144.- /-1 4
=2 = —12i BV
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7. /=009 = /009 - —1 9. /8= /4-2--1 1. J/=-27=J-1-9-3
= /009 /-1 =JV4-/2- /-1 =/-1-/9-/3
= 0.3i =2iJ2 =33

— J12_J/4-3--1 -20_ /-2
13. /-7=J7--1 15.\/773 — 17. 7 7
=7 V-1 VA3 /71 _ /75
=iV7 3- /-1 _ /5. /-1
=Va=2 NG
or
—12_ JZ12_ L
=TV I e
19. \/_ﬁ}t\/_l&g'z 21. /=16 + /—36 = 4i + 6i
3 = (4 + 6)i
ZE‘@ = 10i

23. /=50 J/-8=5i/2-2.2
= (5v2 - 22)i
= 3.2

25. J/—-48+ /12— /-27=/16-3 - -1+ J4-3--1-/9-3- -1
=4i/3+2/3-3J3

= (4i +2i — 3i)V/3
=3i./3
27. /=8/-2=(21/2)(iv2) 29. /-18./-3 = (3iv/2)(iV3)
=2-2-i2 =3.6-i2
—4-1)=-4 = -3/6
31. /—0.16./—121 = (0.4i)(1.1i) = 0.44i2 = —0.44 33. /=3(/-3+ V/—4) =i/3(i/3 + 2i)
= (iV3)° + 2432
=-3-2.3
35. V/—5(/~16 — /—10) = i/5(4i — i./10) 37. /=23~ /-8) =i/2(3 - 2/2)
= i24./5 - i2/50 =32 — 2i2(2)
=-4/5+5/2 =3/2i +4
=5/2-4.5
39. (V=16)" = (4i)2 41. (V=2)° = (22 43.3 — 4i = a+ bi
= 16i2 = 83 a=3 b=-4

=-16 = -8



294  Chapter 5 Radicals and Complex Numbers

45.5—4i = (a+ 3) + (b — 1)i
a+3=5 b-1=-4
a=2 b=-3

49. @+5 +(b-1i=7-3i
a+5=7 b-1=-3
a=2 b=-2

53. (=4 — 7i) + (=10 — 33i) = (=4 — 10) + (=7 — 39)i
= —14 — 40

57.(30 —i) — (18 + 6i) +3i2=30—i — 18 -6l — 3
=9-7i

6L (G +3) + B+3) =6+ + G+

65.8— (5~ /—63) + (4—5)=8-5+3i./7+4-5i
=7+ (3,7 - 5)i

67. (3i)(12i) = 36i2
= -36

71. (—6i)(—i)(6i) = 36i° = —36i

75. (—30)2 = 9i2
=9(-1)
- -9

79. 4i(—3 — 5i) = —12i — 20i2 = 20 — 12i

83. V/—20(6 + 2./5i) = 2i/5(6 + 2./5i)
= 12i /5 + 4i(5)
—20 + 12i/5

47.

51.

55.

59.

63.

69.

73.

77.

81.

85.

—4—-J/-8=a+hi

—4-2/2=a+hi
—4=a —2i/2=hi
-2J2=b

4-3)+6+7)=(4+6)+ (-3 +7)i
=10 + 4i

13i — (14 — 7i) = (- 14) + (13 + )i
= —14 + 20i

6-3—-4)+2i=6-3+4i+2
=3+ 6i

151 — (3 — 25i) + /—81 =15 — 3 + 25i + 9i
-3+ (15+ 25+ 9)i
—3 + 49i

— 242
= —24(-1)
=24

(3i)(—8i)

(—=3i)2 = —27i% = 27i

—5(13 + 2i) = —65 — 10i

(9 - 2)(V/=4) = (9 - 2)(2)
= 18i — 4i2
=18 + 4
=4+ 18i
(4 + 3i)(=7 + 4i) = —28 + 16i — 21i + 12i2
= —-28—-12 -5
= —40 -5
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87. (—7 + 7i)(4 — 2i) = —28 + 14i + 28 — 14i2
—28 + 42i + 14
—14 + 42i

89. (-2 + /=5)(-2— /=5) = (-2 +i/B)(-2 - i/B)
=4+ 25— 2i./5 - 52

=4+5
=9
91. (3 — 4i)2 = 3 — 2(3)(4i) + (4i)? 93. (2 + 5i)2 = 22 + 2(2)(5i) + (5i)?
=9 — 24 + 16i? =4+ 20i + 25i?
=9 — 16 — 24i =4 — 25+ 20i
=—7-24i = —21 + 20i
95. 2+ iPBP=2+D2+D2+1) 97. 2 + i, conjugate= 2 — i
=4+ 22)i+id)2+i) product= (2 + i)(2 — i)
=@4+4-1@2+i) =22-
=3+ 4i)2+1) =4+1
=6+ 3i + 8 + 42 =5
—6+3i+8 -4
=2+ 11
99. —2 — 8i, conjugate= —2 + 8i 101. 5 — /6i, conjugate= 5 + /6i
product= (=2 — 8i)(~2 + 8i) product= (5 — /6i)(5 + V/6i)
= (~27 - @) — 5 (V6
=4 —64i°=4+ 64 = 68 =25-6°=25+6=231

103. 10i, conjugate= —10i
product= (10i)(— 10i)

—(10i)?

= —100i?

100

105.1+ /=3 =1+ i/3, conjugate= 1 — i3
product= (1 + i/3)(1 - i./3)

~ - (V3P
=1- 3
=1+3

-4
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107. 1.5 + /—0.25, conjugate= 1.5 — /—0.25 100. 22? = 1i0- :: = 7i0'
product= (1.5 + 0.5i)(1.5 — 0.5i) — 0 — 10i
= 152 — (0.5))?
=225+ 0.25
=25
4 4 1+i 41+1) -12  —12 2-7 _—12(2 - 7i)
111'1—i_1—i 1+ 1+1 113'2+7i_2+7i 2—-7i 4+ 49
_4a+ _Te-T)
2 53
=21+1i) =24+ 84
—242 53
53 53
115 4 4 1+3_ 4i(d+3) 1172+3i_2+3i'1—2i_2—4i+3i—6i2
"1-3 1-3 1+3 1+9 "1+2 1+2 1-2 1+4
4+ 122 _2+6—i
10 5
_—12+4i_A=3+1) _8—i
10 10 5
_2(-3+4i)  -6+2 _8_1
- 5 -5 5 5
- 5,3
5
119 1 4 1 1+ 2 4 1-2i

‘1-21 1+2 1-201+2 "1+2 1-2
142 4-8 1+2 48

T 1+4 1+4 5 5
_(1+49+(2-8)i 5-—6i
5 5
6.
—1—5|
121, i 5 i _4+3| 5 _2—|

4-3 2+1 4-3 4+3 2+i 2—i
4 +32 10-5 -3+4 10-5 5

T 164+9 4+1 25 5 5
_—3+4 50-25 _(~3-50) +(4+ 25)i
25 25 25
_ —53+29 53 29i
25 25 25
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123. (@) x= —1 + 2i
(—1+2i)2+2(—1+2i)+530
1—4i+42—-2+4i+520
1-4-2+520

0 = 0 Solution

125. (@) x = —4
?
(=43 +4(—4)2+9(-4) +36=0
2
—64+64—-36+36=<0

() x=—-1-2i
(—1— 22+ 2(—

?
1+4i +42—-2—-4i+5=0

i 2
1-2)+5=0
2

1-4-2+5=0
0 = 0 Solution

() x = —3i
2
(—3i)° + 4(—3i)2 + 9(—3) + 36 =0
2?2
—27i% + 362 — 27i + 36 = 0

0 = 0 Solution 27i—36—27i+3620
0 = 0 Solution
5+ 5/3i
1m4m< ) <2 )G—+ Jﬁ
(23 BorF 4
25 25 75
- (% -5 F5 +5va)
_ (=0 _ 2B -5
-2 -3 )
-25 25 _\(-5 5
-(F-5va) 7+ v
=15 g 1 5 - e
_125 375
-4 4
500
=T=125
(b) use same method as part (a)
-1+ /3 —1- J3i
129. (a) 1, 5 5
(b) 2’_2%2\/@:_1+\/§i,_2+2‘/§i:_1_\f3i
(q4f4+;Jj——2+2J1 —4- 4Jj - 2 2/3

131.(a+ bi) + (a—bi) = (a+ a) + (b — b)i

=2a+ 0

135.i= -1

133.(a+ bi) —(a—bi) =(a—a) + (b + b)i
=0+ 2bi

Complex Numbers 297
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137. /-3/-3= J/(-3)(-3) = /9=3 139. 3 — 2i, conjugate= 3 + 2i

The product rule for radicals does not hold if both
radicands are negative.

V-3/-3=i/3-i/3=i33) = -3

Review Exercises for Chapter 5

1.

13.

17.

23.

27.

33.

37.

41.

45.

V49 = 7 because - 7 = 49

. J—8= —2because-2- —2- —2= -8

. V(1.2)? = 1.2 (inverse property of powers and roots)

J —(%)3 = —% (inverse property of powers and roots)
492 = 7 19. J216 =6

— (5232 = —(/25)° = —5% = —125

4 >(3 X3/4 1
- = x3/4=2 = y3/4-8/4 — y~5/4 —
\/F x4/2 X5/4

4/\/)’( = 412 = (X214 = x1/8 = &/x

75-%/4 = 0.0392377 ~ 0.04

Keystrokes:
3F]2 GRAPH

10

/,_,—-"'

-10

Domain= (—oo, o)

20, x3/4 . x—1/6 = y3/4+(-1/6)
= x9/12+(-2)/12

= x7/12

product= (3 — 2i)(3 + 2i)
=3 - (2)?
=9+4
=13

3. — /81 = —9becaus® - 9 = 81
7. — 364 = —4becausel - 4 - 4 =64
11. \/@ = % (inverse property of powers and roots)
15. /-22 =2
21. 213 = (¥27)' = 3* = 81

1 1 _1_1
—4/3 — & _ - = - =
25. 8 67~ (35 216

31. 2372 =12z-23

— A+2/3

= /3
35. Y2 = ad?

(3x + 223 _ (3x + 2)%/3

Ix+2 (Bx+23
= (3« + 223173

= (3x + 23

- ¥ T2

39.

43. /13% — 4(2)(7) = 10.630146 =~ 10.63

47. Keystrokes:
4 .75(GRAPH

100

-10

Domain = [0, co)



