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Complex Numbers. الاعداد المركبة 

The transition from “real calculus” to “complex calculus” starts with a discussion of 

complex numbers and their geometric representation in the complex plane 

َثذأ الاَتقال يٍ "حساب انتفاضم وانتكايم انحقُقٍ" إنً "حساب انتفاضم وانتكايم انًركة" تًُاقشح الأعذاد 

 .انًركثح وتًثُهها انهُذسٍ فٍ انًستىي انًركة

Complex analysis has many applications in heat conduction, fluid flow, electrostatics, 

and in other areas.  

 .، وفٍ يجالاخ أخريوتذفق انسىائم، والإنكتروستاتُك نهتحهُم انًركة تطثُقاخ عذَذج فٍ تىصُم انحرارج،

It is important for three main reasons: 

1. Two-dimensional potential problems can be solved by analytic functions 

because satisfy Laplace’s equation in two real variables. 

 .ًَكٍ حم يسائم انجهذ ثُائُح الأتعاد تىاسطح انذوال انتحهُهُح لأَها تحقق يعادنح لاتلاس فٍ يتغُرٍَ حقُقٍُُ

 

2. Many difficult integrals can be solved  by complex integration. 

    .ٍ طرَق انتكايم انًعقذًَكٍ حم انعذَذ يٍ انتكايلاخ انصعثح ع

3. Most functions in engineering mathematics are analytic functions, and their 

study as functions of a complex variable leads to a deeper understanding of their 

properties and to interrelations in complex 

ُذسُح هٍ دوال تحهُهُح، ودراستها كذوال نًتغُر يركة تؤدٌ إنً فهى أعًق يعظى انذوال فٍ انرَاضُاخ انه

 نخصائصها ونهعلاقاخ انًتثادنح فٍ الأعذاد انًركثح

 

Equations without real solutions, such as: 

x
2
= – 1    or  x

2
-10x+40=0 

Complex number z is a pair of real numbers x and y, written as : 

Z=(x,y) 

x =real part      and y =imaginary part of z, written:   x =Re z, y = Im z 
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If Two complex numbers have:  

If :  equal real parts  

      equal imaginary parts 

 

(0, 1) is called the imaginary unit and is denoted by i, 

i (0, 1) 

Addition:  of two complex numbers z1(x1,y1) and z2(x2,y2) is defined by 

 

Multiplication : is defined by: 

 

These imply that: ًوَشُراٌ ان 

 

 

And complex number is:       such as  z=17+4i 

Note : 

Proof:  

 

i=(0,1)   ,   يٍ تعرَف انضرب i
2
=i*i=(0,1)(0,1)= (0*0-1*1, 0*1+0*1)=-1 

 

 

Two complex numbers are equal 
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 :انجًع وانضرب تصُغح انًعادنح

 

 

Example 1: find  z1+z2  and z1*z2  if    z1=8+3i  ,  and z2=9-2i 

Solution :    z1+z2=(8+9)+(3-2)i=17+i 

z1*z2=(8*9-3*(-2))+ (8*-2+9*3)i=(72+6)+(-16+27)i=78+11i  

Example 2:  find  z1+z2  and z1*z2  if    z1=4+5i,  and z2=2−3i 

Solution : z1+z2=(4+2)+(5i+(−3i))=6+2i 

z1z2=(4+5i)(2−3i)= =8−12i+10i−15i
2
= =8−2i−15(−1)= =23−2i 

Subtraction 

 

Example 3: if z1=8+3i   and  z2=9-2i   , find z1-z2 

Solution :  

 

Division:    = 

  

                                           تـاو ضرب انثسظ وانًق       
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Example 4:   if z1=8+3i   and  z2=9-2i   , find z1/z2 

Solution :  

 

Polar Form of Complex Numbers 

In complex plane: 

The horizontal x-axis, called     →  real axis  

The vertical y-axis, called        →  imaginary axis. 

 

 

 

 

          The complex plane                        The number 4-3i in the complex plane 

 

In polar coordinates r,θ defined by 

                         

 

r  is called the absolute value or modulus of z and is denoted by |z|  Hence: 

 

θ  is called the argument of z and is denoted by Arg. z 
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Example 5:  if z=1+i  , find absolute value and Arg. z (or θ)  

Solution : (1) absolute value= |z|  =r=√     =√     =√   

(2) Arg. z ,      tan θ=
 

 
 

 

 
      →  Arg. z= θ=tan

-1
(1)=45 = 

 

 
 

 

Example 6:  if z=3+3√ i  , find absolute value and Arg. z (or θ)  

Solution :    

(1) absolute value= |z|  =r=√     √   =√    =√      

(2) Arg. z ,      tan θ=
 √ 

 
 √     →  Arg. z= θ=tan

-1
√ =60 = 

 

 
 

Powers  

 

Roots 

    ,    

 

Complex variables تغيرات المركبة الم   

f is Real function  ,   S = set of real numbers (usually an interval)  

Every x (real number) in S,  f(x) called the value of f at x.  

Now in complex:        S = set of complex numbers.  

Every z  in S complex number, w called the value of f at z:  

          z= complex variable 

Domainالمجال   of   f = S                                  Rangeالمدى  of f = Values of a function f  
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  u  ,  vانًطهىب هى حساب  

u=f(x,y)  and v(x,y) 

w=f(z)    ,   and  w=u+vi     ,   z= x+yi    

ارا  u, v هٍ اَضا دانح نـ  wوطانًا اٌ  انذانح   x , yدانح نـ  wفتصثح  انذانح   wفٍ انذانح  z   تعىَض  انذانح 

  x,yدانح نـ  vوانـ  ,     x,yدانح نـ   uَستخرج    wًقارَح  تٍُ انذانتٍُ نـ تان

Example 7: if w=f(z)=z
2
+3z  , calculate u ,v and value of f(z) at z=1+3i 

Solution :  

Z=x+iy     ,  w=(x+iy)
2
+3(x+iy) 

                                                                 w=(x
2
+2iy+i

2
y

2
)+3x+3iy 

                                                                 w=(x
2
+2ixy+(-1)y

2
)+ 3x+3iy 

                                                                 w= x
2
-y

2
+2ixy+ 3x+3iy= x

2
-y

2
+2ixy+3x+3iy 

                                                     but       w=u+iv   then  u= x
2
-y

2
+3x  and v=2xy+3y 

value of f(z) at z=1+3i ?   from equation : x=1  and y=3 

 then  w=f(z)=(1)
2
-(3)

2
+3 (1)+2(1)(3)i + 3(3) i =1-9+3+6i+9i=-5+15i 

HW 

1. Find  z1+z2  , z1-z2  , 
  

  
 and z1*z2  if  z1=7−i  , z2=3+6i 

2. Find  z1+z2  , z1-z2  , 
  

  
  and z1*z2  if  z1=5+2i , z2=5−2i 

3. if z=2+2√ i, find absolute value and Arg. z (or θ) 

4. if z=3√ +3i, find absolute value and Arg. z (or θ) 
5. If w=f(z)=z

2
+3z , calculate u ,v and value of f(z) at z=2+i 

6. If w=f(z)=z
2
+3z , calculate u ,v and value of f(z) at z=1−2i 


