complex numbers

complex number zeC we need complex numbers to be able to solve
! i 2 complex plane . :
algebraic equations such as x"+1=0 Imz  imaginary axis
which has no solution in real numbers
S . Lo any point in a plane
standard form where i is imaginary unit with property with coordinates (a,b) z=a+ib
z=a+ib i’=-1 and a and b are real numbers a,b ER ::g;%?;t?imggr a+ib
Rez=a real part of z polar coordinates (r0)
of the point (a,b)
Imz=b imaginary part of z can be used for
representation of
exponential (polar) form _ SEMEIITEE — Rez
z=a+ib=re” 0 2 real axis
trigonometric form 2= a+ib=r{cos0 + ising) absolute value or S s s s .
= = modulus of z r= |Z| . r‘=a’+b a =rcos
amplitude or - q
vector form argument of z 6= argz tano = 2 b =rsin®
zZ= (a,b) a
; ; ; ; ]
Euler's formula trigonometric functions . “ie™ o 0 _g®
i .. i = SInB =
e = cosO +isin® in complex form 2 2i

algebra of complex numbers

z,=a,+ib, = e

z,=a,+ib, =r,e™

equalit quotent .
quality z, | (a@,+bb,)+iba,-ab,)
- 2 2
b,=b, a,+b,
a,=a, r_|ei(w—uz;
rZ
r. ..
h="r =—[cos(6,-6,)+isin(6,-6,)]
r2
91 = 92
multiplication conjugate zZ =a-ib
by a scalar
Koo _
= kre" = {cos 0-isin6)
= kr(cos 6+isin0) - (a-b)
0 . o = (ka kb) 27 =a% +b? r=|z=zz
sum
=(a +a,)+ilb,+b . .
(8, +2,)+ib, +b,) Z" =r'e™ =r"(cosnO+isinno)
_ ne“" + rzeioz
(0]
=(a|+az'b|+bz) ‘
product roots 1 oken
=re
= (a1a2 _b|b2 )+i(a1bz + b|a2)
L 0 k2x) . . (6 K2z
=r"|COS| —+——|+ISIN| —+——
n n n n
X2
_ rrzei((“‘*(‘g) k =0,1,2,..,n -1
XS
e 2" can be treated as the solutions
= I"I’Z[COS(B‘ +92)+ iSin(B‘ +92)] of algebraic equation x'=z
which has exactly n roots
X, ® all roots are evenly distributed
= (a|az _b|bz'a|bz +b|az) x on the circle with radius r'""
7 e if zis a real number, then
X complex roots appear in
5 X conjugate pairs




