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358 | CHAPTER 8 Complex Numbers, Polar Equations, and Parametric Equations

Find each product. Write the answer in standard form. See Example 7.

63. (2 +i)(3 — 2i) 64. (=2 + 3i)(4 — 2i) 65. (2 +4i)(—1 + 3i)
66. (1+30)(2-5i)  67. (3—2i)? 68. (2 + i)’
69. 3+i)(3—1) 70. (5 +i)(5 — i) 71 (=2 = 3i)(~2 + 3i)
' 72. (6 — 4i)(6 + 4i) 3. (Ve+i)(Ve—i) 14 (V2-4)(V2+ 4i)
75 i(3-4i)(3+4i) 76, i(2+7i)(2 - 7i) 77. 3i(2 — i)?
78. —5i(4 — 3i)? 79. (2+i)(2~i)(4+ 3i)  80. (3—i)(3 +i)(2 - 6i)

Find each quotient. Write the answer in standard Jorm a + bi. See Example 8.

¢ 6+ 2i 14 + 5§ 2=14
. 2. ——— 3. ——
o 1+ 24 i 3+ 20 8 2+
4-3i 1 —i3i —3+4
84. 85. s
4+ 3 1+ 86 2—1i
-5 -6 8
87. — 88. — 89. —
i i —i
12 2 5
90. — 91. — 92, —
=7 3i 9i

Simplify each power of i. See Example 9.

93. i 94. i 95. ;2
96. i% 97. i 98. ;77
99, ;32 100. ;40 101. ;1
1 1
102. i+ 103, — 104, —
l |

@ 105. Suppose that your friend, Kathy Strautz, tells you that she has discovered a method
of simplifying a positive power of 7. “Just divide the exponent by 2. Your answer is
then the simplified form of ;2 raised to the quotient times { raised to the remainder.”
Explain why her method works.

@ 106. Explain why the following method of simplifying i ™ works.

i~ = ! = ! = L ==l
22 (-2
107. Show that %E + %i is a square root of /.

\/_

108. Show that 73 + %i is a cube root of ;.
109. Show that —2 + 7 is a solution of the equation x? + 4x + 5 = (.

110. Show that —3 + 4i is a solution of the equation x? + 6x + 25 = 0.

(Modeling) Alternating Current Complex numbers are used to describe current, I, volt-
age, E, and impedance, Z (the opposition to current). These three quantities are related
by the equation E = IZ. Thus, if any two of these quantities are known, the third can be
found. In each exercise, solve the equation E = IZ for the missing variable.

111. I=8+6i, Z=6+3i 112. /1=10+6i, Z=8+5;
113. I=7+5i, E=28+ 54i 114. E=35+55i, Z=6+4i
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z2—1=(1 +§2—1
=(1+2i+#)—1

=—1+2i

CHAPTER 8 Complex Numbers, Polar Equations, and Parametric Equations

| (b) For z =1 + 1i, we have the following.

Substitute forz; 1 + 1i=1 + i.

Square the binomial;
(x +y)2 =2 + 22y + 2.

2= -1

The absolute value is

i

VTR =5

Since V/5 is greater than 2, the number 1 + 17 is not in the Julia set and
(1, 1) is not part of the graph.

¥’ Now Try Exercise 63.

I:g Exercises

1. Concept Check The absolute value (or modulus) of a complex number represents
the of the vector representing it in the complex plane.

2. Concept Check What is the geometric interpretation of the argument of a complex
number?

Graph each complex number. See Example 1.

4. 6—5i 5. V24 V2

8. 3i 9. —8

6. 2=2\3

10. 2

3, =3+2i
7. —4i

Concept Check Give the rectangular form of the complex number shown.

1: Imaginary 12. Imaginary

|$olll
el
@
(=}

-4

et

-4 i

Find the sum of each pair of complex numbers. In Exercises 13—16, graph both complex
numbers and their resultant. See Example 1.

13. 4 =30, -1+ 2i

25. 2(cos 45° + i sin 45°)

2. 10(cos 90° + isin,@

29. 4(cos 240° + i sin 240°)

31. 3cis 150°

14. 2 +3i, -4 —i

15. 5 —6i, =5 + 3i

f 16, 7 = 55, =4 43 17. -3, 3i 18. 6, —2i
19. —5—-38i, -1 20. 4 —-2i,5 21. 7 + 6i, 3i
1 2.2 1 1 2.3 3
22, 2 + 6i, —2i 23, —+ =i, —+ —i 24, ——+ =i, = — =i
2 + 6i, —2i 32 31, 21 5 71,7 41

Write each complex number in rectangular form. See Example 2.

26. 4(cos 60° + i sin 60°)
28. 8(cos 270° + i sin 270°)
30. 2(cos 330° + i sin 330°)
32. 2cis 30°
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Find each quotient and write it in rectangular form. In Exercises 19-24, first convert the
numeratorand the denominator to trigonometric form. See Example 2.

i 4(cos 150° + i sin 150°) 24(cos 150° + i sin 150°)
" 2(cos 120° + i sin 120°) 2(cos 30° + i sin 30°)

10(cos 50° + 7sin 50°) 1 12(cos 23° + i sin 23°)
" 5(cos 230° + i sin 230°) " 6(cos 293° + i sin 293°)
‘ 3 cis 305° 16 cis 310°
* 9cis 65° © 8cis 70°
g o »
19 Bl i bR

V34 ]~ e Tl
| 2V6 — 2iV2 5% —3V2 +3iV6

2=

'2-a NVa-ie Ter V2

Pl Use a calculator to perform the indicated operations. Give answers in rectangular form,
expressing real and imaginary parts to four decimal places. See Example 3.

25. [2.5(cos 35° + i sin 35°)][3.0(cos 50° + i sin 50°)]

26. [4.6(cos 12° + i sin 12°)][2.0(cos 13° + i sin 13°)]

27. (12 cis 18.5°)(3 cis 12.5°) 28. (4 cis 19.25°)(7 cis 41.75°)
2 45(cos Z +isin ) 30(cos Z + isin )
22.5(cos 3Z + i sin 3 ) 10(cos T +isin %)
57 |? 7 12
31 {2 cis —7"} 32. [24.3 cis _7—}
9 12

Relating Concepts

For individual or collaborative investigation (Exercises 33—39)
Consider the following complex numbers, and work Exercises 33—-39 in order.
w=-1+1i and z= =1

33. Multiply w and z using their rectangular forms and the FOIL method from
Section 8.1. Leave the product in rectangular form.

34. Find the trigonometric forms of w and z.

35. Multiply w and z using their trigonometric forms and the method described in
this section.

36. Use the result of Exercise 35 to find the rectangular form of wz. How does this
compare to your result in Exercise 33?

37. Find the quotient % using their rectangular forms and multiplying both the nu-
merator and the denominator by the conjugate of the denominator. Leave the
quotient in rectangular form.

38. Use the trigonometric forms of w and z, found in Exercise 34, to divide w by z
using the method described in this section.

39. Use the result of Exercise 38 to find the rectangular form of 7. How does this
compare to your result in Exercise 37?
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