Chapter 2

Complex Numbers

2.2 Polar form of a complex number:

Zz=a-+bi

r=+/a’+b?

a=rcosd

b=rsing
a+bi=r(cosf+isind)

r = the absolute value of a complex number.
6 = the capacity of a complex number.

a-+bi=r[cos(@+27k)+isin(@+27k)]

where K is any integer number.

Example: convert -3+3 i into its polar form?

r=+a?+b? =/(-3)* + (3) =18 =32
—3+3i=r (cosd +ising)
=32 (c0s135 + i sin135)

Proofe :
-3+3i= 3\/_(\/_ \/_j
—-3+3i=3(-1+1)=-3+3i

Multiplication Using Polar Form:

z, =1, (cosé, +ising)

z,=r, (C0s@, +ising,)

z,.2,=(r, (cos@, +isin@) xr, (cosé, +isinb,))
=[r, r, ((cos @, cosé,

z,.2,=1, 1, [cos (6, +6,) +isin(6,+6,)]

\Im(z)  (ab)
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—siné, sing,) +i (cosd, sin @, +sin g, cos,))]

The absolute value of multiplying two complex numbers =
the 1% absolute value x the 2" absolute value = r;X r..

The capacity of the resulting complex number =
the sum of the first and second capacities = 6; + 6, .
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Example: z =3(cos120+isin120) , z,=2(cos60+i sin60)

z,x 2, =3x 2[c0s(120 + 60) + i sin(120 + 60)| = 6 [-1+ 0] = -6
Proofe :

z, =3(c0s120 +i sin120) = =3 ) ﬁ
! 2 2

z, = 2 (cos60 +i sin60) = (1, /3)
s :(_g_gj (3\/5_3&]:—12:_6

2 2 2

Division Using Polar Form:

z, =1, (cosé +ising)
z,=r, (Cos@, +ising,)

L % [cos(6, - 6,) +i sin(6, - 6,)]

2 2

Power of complex numbers:

Demoivre's Theorem:

z=r(cos@+isind)
2% =r? (cos 26 +i sin 26)
z"=r"(cosn@+isin no)

Example: If z=1—-i find z°? 1

A

z=1-i = +/2(cos315+i sin 315) 0=315
2° =8 (cos 6x 315 +sin 6x315)
z° =8 (cos 1890 + sin 1890)

H/«>
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The N Root of g (cos ¢+ising) :

Assume that p (cos 6+ising) is the N™ root.

[p (cos @ +isind)] =q (cos ¢ +isin ¢)

p"(cosn@ +isinnd) =q (cos ¢ +isin @)

p"cosné = q cos ¢

p"sinn@=qsin ¢ by taking the second power and adding the two equation

q° (sin® ¢ + cos® ¢) = p*"(cos® n& +sin’ n6)
q2 — p2n
q=p"

p=4/q
no=g¢+2rk
_¢p+2rk
=

0 k=0 < oneroot

k=01 < two roots
k=012 <« threeroots
k=01..,(n-1) <« forn roots

Example: find 3/27(cos60+isin60 ?

Z=q (cos ¢ +isin ¢)
z =27 (cos60 +isin60)
z,=p(cos@+isinb)

p=327=3
0_¢+2ﬂk

3
k=0 = 0=m;0=m
kel = g=09+360 49
k=2 = 9=207720_,59
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Example: find the cubic root of 1 ?

z=1(cos¢+ising)
z,=p(cos@+isind)

9=¢+2ﬂk
3

k=0 = 9=2%9_¢

kel = =930 _159

k=2 = =270 _o4

z,=1(cos@+ising) =1

z, =1(cos120 +i sin120) :_?1+§i
-1 3.

z,=1(cos240+isin240) = ———1i
’ 2 2

Check :
-1,43,) (143, _(m}
2 2 2 2 ) \4 4



