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Operations with Complex Numbers
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Real axis

Graphing complex numbers is like graphing real numbers. The real axis corresponds to the
x-axis and the imaginary axis corresponds to the y-axis.

To find the absolute value of a complex number, use |a + bi| = Va® + b®.

) . ,
|7l| Think: |3 I| Think:
=V(0)% + (7)? 7i=0+ 7i =V@)%+ (-1)? 3-—i=3—1i
—\/49 Zo_a; 0 and - Vo 11 ls)o_a_=13 and
=7 : =10 :
Graph and label each complex number on the complex plane.
1. 1 + I Imagi:;ryaxis
2. 4i ‘
3. -2+ 0i 2 )
4.2 — ‘
1 [0
5. -1 -3ij 2
Find each absolute value. 5
6. | —8il 7. 12 + 8. |3|
|0 — 8i |2 + 1i |3 + 0i
V(0)2 + (-8)2
9. |5 - 2i| 10. | 9il 1. | -4 + 3|
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Name Date Class

Reteach
‘u'M Operations with Complex Numbers (continued)

To add or subtract complex numbers, add the real parts and then add the
imaginary parts.

(3 —2i) + (4 +5i) ,
_ _ First, group to add the real parts
@ +4) + (=2i+ 50) and the imaginary parts. This is
7 + 3j similar to adding like terms.
(4 =10 — (=2 +60) Remember to distribute when
4—-0)+2—6i subtracting. Then group to add the
_ _  | real parts and the imaginary parts.
4+2)+ (—i— 60
6 —7i
Use the Distributive Property to multiply complex numbers.
Remember that i* = —1.
3i(2 — 1)
6i — 3i° Distribute.
6i — 3(—1) Use i? = —1.
3+ 6i Write in the form a + bi.

(4 +2N(5 - i)

20 + 10i — 4i — 2/ Multiply.
20 + 6/ —2(—1) Combine imaginary parts and use i> = —1.
22 + 6i Combine real parts.

Add, subtract, or multiply. Write the result in the form a + bi.

12. (6 + i) + (3 — 2)) 13. 9 —-3)) — 2+ 1 14. (3 + ) (2 + 2i)
6+3)+ (i—2) 9 —3i)+(=2—1) 6+ 2i+ 6/ + 2%

15. (2 — 4i) + (1 — 4) 16. 1 — 7)) — (1 — 5i) 17. 5i(4 + 3i)

18. (6 — 5i) + (—=5i — 6) 19. (2 — N(Bi+ 2) 20. (2 + 4)?
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Practice A

Practice B

5.9

Graph each complex number.

Operations with Complex Numbers

Operations with Complex Numbers

Imaginary axis Graph each complex number. Imaginary axis
1. 2i sy 1. -6 0}
8 6: %3
2. —4i 2+3i 2. 4i 6 e
3.3+ @ 3.6+7i N
. i 55 . . i — i %
4. -3-2i . 4. -8 -5i 05 6420 5 15 50 3
X 5 ) 5 T X e e 3
5.2+ 3i & 5. —3i T T Y
L TN
6.4 — 4i Y .
AT Find each absolute value. 8
10
Find each absolute value. . 6. |4 + 2i 7. 15— | 8. | -3
7. 16 + 2i| 8. |3+ 9. |3 — 4il
2V5 V26 3
2V10 all 5
Add or subtract. Write the result in the form a + bi.
Add or subtract. Write the result in the form a + bi. 9. (=1 +2)+ (690 10. B -3 — 4+ 7D 11. (=5 +2i) + (=2 + 8i)
10. 6i + 4i 1. —i—3i 12. (4i) + (2 + 8) . . .
5—17i =1 -10j =7+ 10i
10/ —4i 2 +12i
Multiply. Write the result in the form a + bi.
13. (1 +20) + (B + 4i) 14. 2 -7 - (5 -3 15. (7 -4+ 3 -1 y . . . i i
12. 3i(2 - 3i) 13. (4 + 502+ ) 14. (-1 + 6 (3 — 2i)
4+ 6i -3-—-4i 10 — 5i . . .
9+ 6i 3 +14i 9 + 20i
Multiply. Write the result in the form a + bi.
uitiply. i uit! ! Simplify.
16. 2(3i) 17. —4(50) 18. 2(6 + 8/) 044 342
et 4l i A1
. . . 15. 3 16. y 17. 2i
6/ —20i 12 + 16i
4_2. 14, 5; _2i
19. 2i(3 + 5i) 20. 3+ (1 —4i) 21. (1 + 2)(2 + 50) 33 17 717’ !
=10 + 6i 7-11i -8 +9i Solve.
18. In electronics, the total resistance to the flow of electricity in a circuit is called
Simplify. the impedance, Z. Impedance is represented by a complex number. The total
2. 7 23, 2.+ 5i 2q, 8+ 2i impedance in a series circuit is the sum of individual impedances. The
) T 1 -3i impedance in one part of a circuit is Z, = 3 + 4i. In another part of a circuit,
. . . the impedance is Z; = 5 — 2i. What is the total impedance of the circuit?
_ 5_2; 1,13
3 3 5 5 8+2i
Gopyrion by Hol, Rinehart and Winston 67 Holt Algebra 2 | Gompantc by Hor. Rinenart ans winstn. 68 Holt Algebra 2
Practice C [ Esson | Reteach
[ZN Operations with Complex Numbers tx:M Operations with Complex Numbers
Find each absolute value. Graphing complex numbers is like graphing real numbers. The real axis corresponds to the
1. |-12 + 6i] 2. |-7 - 4i| 3. % + %r‘ x-axis and the imaginary axis corresponds to the y-axis.
Imaginary axis
65 V&5 V2 >
Add or subtract. Write the result in the form a + bi. 2
4, 8—1i) — (=5 —4) 5. (2 —11) — (10 + 6/) 6. %
I arerea) Gl
. . &
13 + 3i —8 —17i
2-3i
Find each sum by graphing on the complex plane. "“ag"‘i’y axis s
. . 10
7. (=6 -0+ (1+3) To find the absolute value of a complex number, use |a + bi| = Va® + b°.
-5+2i ; i
7l =" B-il —= Think:
8. (-2 -2)+ (8-6i) T =1/ o =V(0)2 + (7)? 7i=0+7i =V@3)2+ (-2 3-i=3-1i;
6 —8i e W3 N soa=0and VT T so0 a = 3and
.4 b=17. b=-1.
=7 =Vio
Graph and label each | ber on the lex plane.
Multiply or divide. Write the result in the form a + bi. o i \maginary axis
-3+7i 4o . 54 . g
118 10. (=4 — 9/)(8 + 2i) 11. > 2. 4i
. . 3. -2+0i
53 31i —14 — 80i 9.1 :
65 ' 65 55 4.2-i : ; 73
5. -1 -3i
Simplify.
12, 24— 13 4 12 13, —4i® 14. 6 — 4"® Find each absolute value. 5
6. | -8i| 7. 12+ 1| 8. |3|
2—i —4i 10
|o - 8i |2 +1i| |3 + oil
Solve. 3
V)2 + (-8)?
15. In a circuit, the voltage, V, is given by the formula V = /1Z, where /is the
current and Zis the impedance. Both the current and impedance are 8 \/g 3
represented by complex numbers. Find the voltage if the current is 3 + 2i
and the impedance is 4 — i. 9. |5 — 2i 10. |9i| 1. [—4 + 3i|
14 + 5i
V29 9 5
Gopyight © by Hol. Rinshart and Winston 69 Holt Algebra 2 GopYERLC by Hot, inharand Wison 70 Holt Algebra 2
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Reteach

Challenge

LBl Operations with Complex Numbers (continued)

To add or subtract complex numbers, add the real parts and then add the
imaginary parts.
(8 —2i) + (4 + 50)
@B+ 4) + (=2i+ 5i)
7+ 3i

First, group to add the real parts
and the imaginary parts. This is
similar to adding like terms.

4 —-0D-(-2+6N
@4-D+2-6i
4 +2)+ (=i—6i)
6—7i

Use the Distributive Property to multiply complex numbers.
Remember that i = —1.

Remember to distribute when
subtracting. Then group to add the
real parts and the imaginary parts.

3i(2 =1

6i — 3/ Distribute.

6i— 3(—1) Use i® = —1.

3+ 6/ Write in the form a + bi.

4 +2)(5 -1

20 +10i — 4i — 22 Multiply.

20 + 6i—2(—1) Combine imaginary parts and use i = —1.
22 + 6/ Combine real parts.

Add, subtract, or multiply. Write the result in the form a + bi.
12. (6 + )+ (3—20) 13. 9-3D) - @2+
®+3)+ (i—2) Q-3+ (=2-10

14. 3+ )2+ 2)
6 + 2i + 6i + 2i°

XN Order of Operations with Complex Numbers
The real number system is a subset of the complex number system and
both systems share many properties. However, there are properties of one
system that may not apply in the other system.

Exercises 1-3 are performed in the set of real numbers.

1. In the expression va - Vb there are square root operations
and multiplication. Which operation should be done first
according to the order of operations?

Square roots should
be simplified first.

2. Evaluate V3 - V12 and V3 - 12 6; 6

3. What do you notice about the two answers? Will this result always happen?

What does that say about the order of operations?
The answers are the same. Yes; this will always be true in the system of
real numbers. The order of operations can be reversed in this case.

For nonnegative real numbers aand b, va - Vb = Va- b.
Is the equation true when a and b are imaginary numbers?

about

Answer the following qt

4. Evaluate V=3 - V=12 and V(-3) -

(=12).
V3i-V12i=V3 -V12 - i* =V36i*°=6-—-1=—6;V36 =6

5. What do you notice about your two answers? Is this the same as Exercise 3?

The answers are different. The order of operations cannot be changed in
this case.

6. Write a general rule for the product of radicals when using complex numbers.

Possible answer: When multiplying radicals that have negative radicands, first
simplify the radical using the imaginary number j, and then find the product.

Evaluate and simplify.

@The imaginary part becomes zero.

5. Aoki takes Hannah'’s new formula, 6. Hannah reverts to
— 2 o
leaves ¢ = 1, and sets Z; =« Zy 1= (Z,)" + c.She sets Z, = iand
- 1T+2 ¢ = i. Which statement is NOT true?
What is the value of Z;?
. A Z, flip-flops between (=1 + i)
®z, = -1 - 160 and (—i).
BZ,=2+2i B The coefficient of i never reaches 2.
C Z; =048 - 0.16 @The imaginary part becomes zero.
D Z, = 147.4 + i D On a graph Z, — Z, create a triangle.
CopyighL by o, Rnehar and Winsion 73 Holt Algebra 2

9— i 7—4i 4+ 8i 7. V-8 -V-128 8. V=3-V-2-V-6-V-4
15. (2 - 4i) + (1 — 4i) 16. (1 = 70) = (1 - 5i) 17. 5i(4 + 30) —32 12
3-8i —2i —15 + 20i 9. (V-5)* 10. V=2-V-90 - V-5
18. (6 — 5i) + (=5 — 6) 19. (2 — D@Bi+2) 20. (2 + 402 -5 —30i
10§ 71+8i —12 + 16i 1. V=3 -Vi2 12. (V=2)°
6i 4ivV2
Goorint© by Ho, Finehart and Winsion 71 Holt Algebra 2 | Goeyiort© by Hot. Rinehartand Winsion 72 Holt Algebra 2
Problem Solving o] Reading Strategy
(XN Operations with Complex Numbers (XN Use a Model
Hannah and Aoki are designing fractals. Aoki recalls that many
fractals are based on the Julia Set, whose formula is Complex numbers can be graphed on a complex plane. Use the
Z,..1+ = (Z,)? + ¢, where cis a constant. Hannah suggests they make coordinate plane as a model. In a complex plane, the horizontal axis
their own fractal pattern using this formula, where ¢ = 1 and represents real numbers, and the vertical axis represents imaginary
Z,=1+2i numbers.
1. Complete the table to show values of nand Z,. The ordered pairs of numbers The complex numbers —2j, —3 —i,
(0, =2), (=3, —1), (0, 4), 4i, and 3 + 2i can be graphed on
n Zoi1 = (Zn)2 + ¢ z, and (3, 2) can be graphed on the  the complex plane.
1| z,=1+2i Z,=1+2i coordinate grid.
2] Z = +202+1 z,- —2 + 4j , B ey
3 23:(—2"-41) i1 23:—11—15l ;4 i
A 4 (=M =160, | 7, - —134 + 352i o
’ (-3.-1) ’ : 3 : &
2. Four points are shown on the complex plane. Which point is not part of s s
the fractal pattern they have created? Explain.
(=13, —35/); possible answer: this point cannot be generated using the | Answer each question.
given formula. 1. Identify the location of each point on the complex plane below.
Choose the letter for the best answer. a A —3i Imaginary axis
. y
3. Aoki creates a second pattern by 4. Hannah changes the formula to b. B 3—4i :
changing the value of c to 3. What 9 . _ B N b £
happens to Z, as n increases? Znia = Z.)? + ¢ Leaving ¢ = 1 and c.C —1-i -
A The imaginary part is always twice Z; =1+ 2i, what s the value of Z,? d. D —3+4i Cl . x 3
; EEEEN ]
the real part. A 0.48 — 0.16/ e E 3i s &
B The rleal and imaginary parts become 0A88 —0.16i tF 2+ i A .
equal. —_—
C12-04i 9G —4 o
C The real part becomes zero. A ——
D 22— 04i

N

. Describe the location of the complex number 5 + V=4 in the complex plane.
5+ V-4 =5 + 2i; located 5 units to the right and two units up

How far from the origin is —1 + i? Explain how you know.

V2; the point (—1 + i) is one vertex of a right triangle with vertices at
the origin and (—1 + 0/). Each Jeg ot the lrlangle equals1 _Using the
Pythagorean Theorem, ¥ + 1° = ¢, ¢°= 2, c = \V2.

Explain why the complex numbers 2 + 3jand 2 — 3i are the same distance from the origin.
The real value is the same for both, and 3/ and —3i are the same distance
from the real number axis. So the distances to the origin are correspond-
ing sides on congruent triangles.

L4

»
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