
Comnlex Variable

Considerthenumberoftheform z=x*ly where x isrealpartof z and y is

imaginary part of z. then z is called complex number

i is imaginary unit , t' - -t

Notes:-

l- Two complex numbers a * ib and c + td are said to be equal if and offie

real and imaginary part of the first are equal to the real and imaginary paMruW

E x a m p l e : -  I f  ( x + y  + 2 )  + ( * '  + y ) i ' = 0 ,  t h e n  x + y + Z * = k d W ' +
.&. m.y
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z *V = (x * tY) + (x - tY) : 2x = }Re(z)

z -V - (x + iY) - (x - tY) - ZiY : Ztlm (z)

z1*  z2  =  2 r  lVz

f f i :  I t i ,
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Re(z) =+

tm(z) =T

-- & w

!=0 ns $ru"
fromthesepairof simultaneousequations x2 - x-2= 0 ru 

(x W)(x * 1) = g

t h e n  x = 2 ,  a n d  Y =  - 4  o r  x = - !  )  W { d  ! =  - 1

2- The conjugate of a complex number z is 2

3-  i .2  = -L

i . 3 = t 2 ' i = - i

t a = i . 2 ' i 2 = t

t s = i . a ' i . = t

1
: :  - L

Addition , Subtraction

(a + tb)3$* + c ) + ( b + d ) t

Multiplicatio

( a + t b ) ( c + t - (ac -bd) + (bc + ad)t

where

4-

5 -

lz l '

9-

10-

1 l -

12-

where zm;r - ty

(Rez)z + (lmz)z
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13-  (?)  =  ?
\22'l 22

From the tris

Simi
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L = 0

PROBLMES

1- Verify that z = (! + trlS)/z satisfies the equation zz - z I

2-  What is  Re(23 -22)? What is  lm(23 -22)

3- Reduce the following expression to the form a * ib

i(2 + 3i)4

The Graphical Representation of Comnlex Number

Let z = x * iy is a complex number then the vector OP re

plane

, = Jx' + y, = lzl = Absolute or modulus value of z

0 = tan-ti: Argu* entof z (written asargz) ffit
and from the figure we see that # *ry'

z = x + i y - r c o s 0 * i r s i n 0  # W
or z =r(cosg * i  sin0) + polarorggff i . icformofz
now, if we have two complex 

"r@g;ry
z1 = r1(cos 0r + i sin 01) ru Y, - r2(cos ez + i.sin 02)

then *w mres
ZLzz = [4r2(gfu1 i siffi(co s 02 * r sin gr)] =

rg2f(cosd1 cos e, -tin B&grl +
r (sin 91 cos 02 * cos 0, sin 0r)]

Re

zrz2 = rrr2fcos(fu * 0r) * i sin(O, + e)l

p :  : :
z 1 z 2 z 3 . . . Z n =  r 1 r 2 r s . . . a l c o s ( O t l 0 z  +  A 3  +  . . . t 0 )  *  i s i n ( 0 ,  +  e z +  0 2 t . . . + e ) ]

if all these z's are the same, then:

and if lzl = t

z n : c o s n ? * i s i n n ?

- - - - - - - - - - - - r  P
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z n : r n ( c o s n ?  * i  s i n n O )

Demoiver's theorem
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i f  n =  - L

z - !  = 1  =  1 ( c o s g  -  i  s i n g )
z  r '

The quotient of two complex numbet can be written

zr  -  r r (cosOr+is inOr)  -  t (cos91+is in01)  . rz(cos9z- is in0")
i) 

- 
r2@os02+isin0r) r2(cos02+isin02) r2(cos02-isin02)

z1 -  a (cos01 cosO2+sin01 s in92)+i (s ind1 cosd2-cos01 s in92)  
N

Z 1  _  f 1  ( C O S U 1 C O S U 2 + S l n O 1 s r l r 9 2 / T r \ ) r r r u 1 L U J u 2 - u v J v l J t u v Z /  
. &

z. r. cos2g+sin2e g. &$

" t : " l e n c ( F ) - - p ^ ) * i s i n ( 6 . - 9 " ) l l  e r u W
7=7 [cos (9, - or) * r sin(0. - or)]

From Demoiver's theorem letn -- 4

24 -  (cosg + rs in  0)^  = cos40 *  t

remember that

k (k - t)  (k - 2).. .  (k -m+ t) xk +  . . .
k l

l": =" lcos (9, - or) + r sin(e. - gz)] 
I fuffi

Example:- Using Demoiver's theorem and Binomial expansion , ffi .Wffit sin 49

interms of powers of cos I and sin g SK , 
*

wn
Solution /

now,let k = 4

)n = cos*e (r + r#)-

in the Binomial series

(cosao - 6cos20 sinz0 + sin40) + t(4 cos3g sing -

o = cosao - 6cos2o sin2g + sin49 s in49  =  4  cos39  s in0  -

Equation zn = rn (cos ng * I sin nO) can be extended to find the roots of integral orders

4Si

4 sin3g cos 0
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Let n -th roots of z = r(cos g * r sind) isdefined bynumber w = R(cos @ *
r sin 0)

then, wn : z or 
1

Rn (cos n@ + i sinn@) = r (cos g * r sing)

comparing the two sides of this equation Rn = r + R - yt/n

n @ = 0 * Z k n A e+zkrt
W = - Wnere

n

w = 27/n -  Tt/n (rort* 'uo + i  s in 
9+2ktt  \

\ " ; )

Example:- Find the four fourth roots of

Solution

-8 t

Then

z :

Q - -

f t =

0 - 8 t  l z l = J 0 2 + ( -

270" =+ ":ffi
Bt/q -de %

arz+(coswl

K%'ffi#isinf,)*'ru('o'f,+isinf,)
w, - [t/+ (.orff+ i sinff)

w -

k = 0

k = L

k = 2

% = srl+ (cos T* ,sinT)

pdwers and roots defined, the general rational power of complex number can be

,o/e - (zt/a1o = frtra (ror@* i sin ry)l'
- yp/e 

[."r ?(0 + zkn) * fsin f Ce + zrn)]

Example:- Find all the distinct values of (-t - i1+ts

Solution
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