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Here are the important rules from our formula
packet:

De Moivre’s theorem [r(cos# +isin@)]" =" (cosné +isinnd) = r"e™ =" cisné

So that is all you have to use on the actual exam.
However, there are a ton of rules for this topic, in
other words, you need to make sure that you have
a working knowledge of these rules. At least until
May 9t

There are two, count them two, chapters in our
textbook devoted to complex numbers.

Some basics:

Any number of the form a+bi, a,be R, and

i =~/—1 is called a complex number in Cartesian



form. [Remember that there are two other forms —
polar and Euler]

a+bi and a—bi are called complex conjugates

If z=a+ bi, then its conjugate is written as

*=a—>bi

Rules to cherish:

We can add, subtract, multiply and divide complex
numbers in the same way that we perform these
operations with radical expression — after all, i is a
radical expression.

Pe\z Im %
(a+bi)+(e+di) =(ate)+ (b+ d)i addition
(a+bi)—(e+di) =(a—cec)+(b—d)i subtraction
(a+ bi)(e+ di) = ac+ adi + bci + bdi®  multiplication

a+ bi a+ b ¢ —di ac — adi + bei — bdi?®
e+di \e+di N 2+ d?
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Division is the tough operation.

division

c— di



Here is a division example from our textbook:

. . z 3+ 2i
If =3+2 d w=4-— - =
z ) + 2¢ an U i ” T *
find — in the form (a + bi \ . - . —_
] ! 3+ 2 1+ 14
w
where a and b are real. _(rl—i)(‘l+i)<~ we

12 + 3i + 8i + 242
16 — i2
10+ 114
17

Using those complex conjugates in simple algebraic

ways
Note: e

Theorem:

Quadratics with real coefficients are called real quadratics. This does not
necessarily mean that its zeros are real.

If a quadratic equation has rational coefficients and an irrational root of
the form ¢+ dy/n, then ¢ — d\/n is also a root. These roots are radical
conjugates.

If a real quadratic equation has A < (0 and c+di isacomplex root then
¢ —di is also a root. These roots are complex conjugates.

If ¢+di and ¢ —di are roots of a quadratic equation, then the quadratic
equation is a(x? — 2ex + (e +d?)) =0 for some constant a # 0.

These are from the online textbook



Solve for x: a T*+9=0 b *+2x =0
a r249=0 STt —9% =0 sooz(@t+2)=0
b 2%+ 9 =0 (z+3i)(z—3i) =0 oo z(x?-2%) =0

z=%3i z(z+iv2)(z-iv2)=0
=10 or ;-éw.,-“T]

44 /16 —4(1)(13
Solve for z: P —4r4+13=0 . =z= v : (1)(13)

2
22 -4z +13=10
4+ /736
&I = —
2
4+ Gi
g =

Solve for x: “e

zd+z% =6 S T —-6=0
S (22 43)(z%-2)=0

(x +iv3)(z —iv3)(z + v2)(z —v2) =0
T = 3t 1,'.-“’:? or ;xﬁ

dyr2=6

Find exact values of @ and b if 2 +i isarootof z?2+azx+b=0, a, beR.

Since a and b are real, the quadratic has real coefficients
V2 —i is also a root
sum of roots = /2+i++/2 —i=22
product of roots = (2 +i)(v2—i)=2+1=3
Thus a=—-2v2 and b=3.

There is a proof in your textbook



Unless you have an eidetic memory, you should
have written this example down.

Let’s look at our Complex Numbers Operations
handout

On your own, do numbers 1, 2, 3,4, and 5

Z o+ Mo
Z 5 /oza

A (G
5—:0K“(a;
- & 5
55 A  —



We’'ll do the rest of the problems later

Let’s take a closer look at complex conjugates and
their various and numerous properties

. (

- ‘:I‘
o (214 23) zZ" + 2z and (z; — )" =2 — 2"

u *
Z1 &
o (z329)* =2z* x z,' and (—) _%, 20 #£ 0
2o 32

a
*



o (2™)* =(z*)" forintegersn = 1,2 and 3

¢ :z+z* and zz* are real

Show that (z; + 2z3)" = z,* +z;," for all complex numbers z; and z,.

Let z;,=a+bi and z; =c+di J.oz=a—bi and zJ =c—di

Now zi+zm=(a+e)+(b+di .. (n+z=m)*=(at+e)—(b+d)i
=a+ec—bi —di
=a—bi+e—di
_zli_i_zgi

e If z is any complex number then 2+ z* is real and zz* is real.
. IfZ tj * = =z

e If z; and z2 are any complex numbers then

(s +z) =2+ (21— 29)" =" — 2
" *
[ Zy2a " = 2" 2" > — = —
(12) 1 <2 (Zg) P

o (2")" = (z*)" for all positive integers n
(21 +2za+ 23+ .. F20)" =2+ 2" + 23" + .+ 2,0

and (z12223....2n)" = 2" 2" 25" ... 2,

| have tons of powerpoints

Modulus or magnitude of a complex number is just
the length of the vector representation of the
complex on the Argand diagram.

The argument is the angle that the vector
representation makes with the x-axis.



Converting to polar coordinates or rcos@ +isiné

form. [This is usually written as rcis@]

r is the modulus of the complex number and @ is
the argument of the complex number

Some people like to draw the Argand diagram to
find r and 8. Some people just use the following
formulas:

a+ib | orthe modulus = Va* +b*
| |

arg(a+ib)=tan™ (éj

a

%
Pla, B

Properties of argument
arg(zw)=argz +argw
arg(z”)z nargz

arg(%): argz —argw [Hmm, these look familiar]



More useful shortcuts:

7, B]x[s,®]|=]rs, 6+ D]

r,0)<[s, ®]=—, 9-®

Some problems to ponder:

Find the modulus and argument of the complex
331
10+3;

number

It might be easier if we get thisinto a+ib form



—1+1

1+i+/3

We just need to do the same procedure as the

Write inthe forma+ib

previous problem.

(b) Express —1+i and 1+i~/3 in polar form, and

hence the division in (a) in polar form as well.






