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We begin by introducing a new object
g

i with the property
i2 I I

Since XE 1 has no solution in IR

ie IR

Definition
A complex number 2 is defined as

E at i b a b EIR

The set of all complex numbers is

known as the complex plane
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Each complex number E atib is

identified with the point a b EIR

Im

Ib E a't ib

i
ta the

B A is called the real part of Z and b
is called the imaginary part of Z

Rez _a Im E b
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Rectangular and polar representation
Im 0J

Ib z atib f
JO l 0 0

a R
radians

E O O not
r O defined
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A rcoso b rsino

Rectangular E atib

Polar 2 rcosotirsino E atib
with
6 0

Definition Z atib rcosotirsi.no 2 ER

Modulus 1Zl r Ia2tb IHeart

argument argt O arctanlh.la
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Euler Formula

eiO cosotisino OER
eiOl I I

E atib rcosotirsino rccosotisi.no
g
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Examplei

Express the following numbers in polar

form
Ca 2 i3 b 2 53 Cc 2 5 d 1 i3

a r ft2 2
fz 147 513

D arctan
3
2 44

jg

or so

222102098TH

2 i3 eilarctanktIT
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Example Represent the following numbers
in the complex plane and express them

in rectangular form
a Lei T3 b 4 e

i3144
e 2 ie 2 d ze3ITiCe2ei4lTff ze

i4T

a zeit 3 2 cos Tbtisin 13

2142 ti 15 2

It if

b 4 e
4
4 cost3144 tis in f 3

4hr42 irk 1
252 i 252

The vest are exercises 3411217 3114817 541
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Conjugate of a complex number
Im

ib Z

i
ta R
l

i b I a its

Definition
The complex conjugate of a number
E atib is the number E a its

Polar E re
IO

n
B 2 I ati b a i b a'tBE r 2 1212

a2 s iab t ib
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it I a't b l 2 I E
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Example For Zee 2e and gie'Tb

find a 2Zi Zz b
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Exampled For 21 3 14 and Zz 2ti3

determine Zzzz and ZHE

Zi 3ti4 2 3ti4 2 i3

Zz 2 1 i3 2 i3 41 9

atib
reio
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ri n is even

n n i

if n is odd then n l is even so n2 n is

even

if n is even then the result is always
even

if n is a perfect square then the

remember proof 1.9 b
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If n is not a perfect square then at least
one of its factors is not a square So we

can write A Er where r does not contain

any square factors

Now we argue by contradiction Suppose that
n is not a perfect square and ME

Then we can write rn plot P g EN

where p and g have no common factors
plot is in its simplest form
Then n p4q2 Er or equivalently
r pI But this is imposible because

ofK
r does not contain square factors Hence FHQ
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Roots of complex numbers
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