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The General Aim

The general aim of studying complex analysis is to explore the properties of
functions of a complex variable and apply their powerful theoretical and practical
tools to solve problems in mathematics, physics, and engineering.

The Behavioral objectives

By the end of the lecture, the student will be able to:

v" Define a complex number and state its general form.

v" Explain the meaning of the real part and imaginary part of a complex
number.

v" Perform addition and subtraction of complex numbers correctly.

v" Determine the conjugate of a given complex number.

v" Divide two complex numbers using the conjugate method.
v" Distinguish between the different operations on complex numbers and
analyze their results.
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I. Complex analysis importance

Complex analysis has not only transformed the world of mathematics, but
surprisingly, we find its application in many areas of physics and
engineering.

For example, we can use complex numbers to describe the behavior of the
electromagnetic field.

In atomic systems, which are described by quantum mechanics, complex
numbers and complex functions play a central role.

II. Whatis a Complex Number?

It’s a solution of the equation:

So we see that i> = -1, and we can solve equations like x>+ 1 = 0.

[II. The Algebra of Complex Numbers

More general complex numbers can be written down. In fact, using real
numbers X and Y we can form a complex number:

Z=x+1iy

We call X the real part of the complex number Z and refer to Y as the
imaginary part of Z.

A. Addition of Complex number
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If you have two complex numbersfirst Stage 2

Zy=x+1iy and Z,=x+1iy
where x is the real part, and y is the imaginary part.
then their sum is:

Zy+Zy = (x1 +x3) + (1 + y2)i
Example:
It Z,=3+2i ,Z,=5+7i Find the addition.
Sol//
Z1+Z,=@B+5)+@2+7)i
Z1+27Z,=8+09i

Activity//
Find the Sum of: Z; = 4(2 + 3i), Z, = 5(6 + 3i)

B.Subtraction of Complex number
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Zi =Xy + iy, afelseed, = x, + iy,
where x is the real part, and y is the imaginary part.
then their sub is:

Zy—Zy = (x1+x2) — (1 +y2)i
Example:
It Zy=3-2i , Z,=5-—7i Find the Sub.
Sol//
Z,—Z,=0B-5)—-(-2-7)i
Z1—27Z,=-2+5i
C.Multiplication of Complex number

If you have two complex numbers:

Zi=x1+1iy; and Z,=x,+1y,
where x 1s the real part, and y is the imaginary part.
then their multiplication is:

ZyxZy = (xq + iy1) * (xz + iy;)
Expanding using distributive law:
=X1X2 + X1Vl + X211 — V12
=(X1X2 = Y1¥2) + (X1Y2 + X2¥1)i

Example:

It Z,=2+3i , Z, =4+ 5i Find the Multiplication.

Sol//
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ZixZo = (245349 * (4 + 5i)

=(2*442=+5i+3i*4+ 3i*5i)
= (8 + 10i + 12i — 15)
= =7+ 22i

D. Division of Complex number
If you have two complex numbers:
Zi=a+ib and Z,=m+in
where x 1s the real part, and y is the imaginary part.

then their division is:

¢ a+ib

kK m+in
a+ib (m—in)

m+in(m-=in)

am +ibm—ian + bn

m?* +n?
am+bn _bm—an
— > ] > ] +, > ] 3
m-+n° m-+n-

Example:
Ift Z,=1+3i , Z, =2 — 6i Find the Division.
Sol//
1430 (1430 (246i) 2460467+ 182 —16+12: -2 3

5 6, (76002 L 6i) 92 1 G2 - 5 " 19°
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[V. Complex Conjugate
For a complex number:
Z=x+1y

where x 1s the real part and y 1s the imaginary part,
its complex conjugate is:

Z =x—yi

The conjugate keeps the real part the same but changes the sign of the
imaginary part.

Note that: I=7=Xx—1y=x+1iy

V. Graphical Representation of Complex Number
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The complex plane. showing z = x + iy and its complex conjugate
as vectors.

VI. The Polar Representation
Let z = x + 1y is the Cartesian representation of a complex number.

To write down the polar representation, we begin with the definition of the

polar coordinates (r,0):

X =1rcos6 , Yy =rsin6

r= Jx T2
We can write Z as:
Z=x+iy=rcosf +rsinf
=71(cosf +isinfh)
Very important complex transformation:

plf 4 o0 | plf _ p—if
cos O = , sinf = —
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Note that r > 0 and that we have

tan=z
X

as a means to convert between polar and Cartesian representations.

The value of 0 for a given complex number is called the argument of z or
arg 7.

TASK:

+ In Group, Calculate in the form x + iy , the following complex
numbers:

1.(1 +3i) + (2 — 6i)
2.(1+3i)— (2 - 6i)
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