Imaginary and Complex Numbers

Going beyond “all reals”
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e The quadratic formula
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often produces the square root of a negative number.
These can be thought of as imaginary roots.

e [t order to find the real roots of a higher order polynomial, one must also
find and remove all the imaginary roots,

e In differential equations these imaginary roots correspond to real solu-
tions. .
e = cos(z) + isin(z)

e An entire branch of calculus was developed using line integrals in the
complex plane.
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Definitions

¢ = +/—1 is the imaginary unit.

V=a=vlva=iva

Any imaginary number can be expressed as a real number multiplied by 4.
S={ai: a e R}

Complex numbers have both real and imaginary parts and can be simplified
to the form

a+bi VYa,beR



Complex Plane

1 Imaginary

- 1-=Ti




Powers of 7

i° 1

it = i=v—-1
2 = —1

B o= —i

it = —i?=1
i° 1
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Complex Addition

Real and imaginary terms are added separately:

(a+bi)+ (c+di)=(a+c)+ (b+d)i

Examples:
(1+28)+ (2+4i) =3+ 61

(B+3)—(2+4)=1—1¢
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Complex Multiplication

Multiply complex numbers like binomials:

(a+bi)(c+di) = ac+ adi+ bei + bdi®
= (ac—bd) + (ad + bc)i
since 12 = —1.
Examples:
(14+2i)(3+4i) = 3+ 4i+ 67+ 82

3+10: — 8
=5+ 10¢

(4—2))(1+5i) = 4+ 20i—2i—10i
14 4 18i
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Complex Conjugates

Changing the sign of the imaginary component gives the complex conjugate.

(a+bi)" =a—0b

Most useful property:
(a+bi)(a —bi) = a®— abi+ abi — bi>
= a®+ 0
Complex Absolute Value:
|z| = vz

Distance to origin of complex plane.
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Complex Division

c+di c+di \c—di
(a+ bi)(c — di)
C2+d2

a+ bi a+ bi (c—di)

Examples:

142 (1+2)(3—4) 11+2i
3+4i 9+ 16 925

344 B+4)(1-2) 11-2

142 1+4 5

11+2i\ /11— 2 _121+4_1
25 5 125




Complex Numbers on the Calculator

Under the [MODE] menu you will find the [a+bi] option.

The [MATH][CPX] menu includes functions specific to complex numbers.
The [2nd][.] key produces i = v/—1.
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But that takes all the fun out of it!



