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Complex numbers and their analytic functions are one of the main areas of 

mathematics and are widely used in many fields such as physics, engineering, 

and others. Let me provide a detailed explanation about complex numbers and 

their analytic functions. Complex numbers are actually a combination of two real 

numbers. Every complex number is written in the following form: 

                                                          z=x+yi 

 

Here: 

• x is the real part, 

• y is the imaginary part, 

• i is the imaginary unit, defined as i² = −1. 
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Complex numbers have a real part and an imaginary part, often denoted as xx 

and yy, respectively. Complex functions are functions that accept real variables 

and convert them into complex numbers. The general form of a complex function 

can be written as: 

f(z)=u(x,y)+iv(x,y)f(z) = u(x, y) + iv(x, y) 

In the theory of complex numbers, an analytic function (or holomorphic 

function) is a function that is differentiable with respect to a complex variable, 

and it satisfies the following conditions: 

1. The function must be continuous and differentiable. 

2. The Cauchy-Riemann equations must be fully satisfied. 

For a complex function to be analytic, the Cauchy-Riemann equations must 

hold, and they are expressed as: 

If f(z)=u(x,y)+iv(x,y)f(z) = u(x, y) + iv(x, y), where u(x,y)u(x, y) and 

v(x,y)v(x, y) are the real and imaginary parts, respectively, then the Cauchy-

Riemann equations are: 

                                               
These equations link the changes in u and v, and only when these conditions 

are satisfied does the function become analytic. If a complex function is analytic, 

its derivative also exists and is continuous. This is different from real functions, 

where the derivative may only exist at certain points, but for complex functions, 

analyticity means the derivative exists at every point. 

Complex numbers and analytic functions are widely used in various fields 

such as electromagnetic waves, quantum mechanics, mathematical physics, and 

signal processing. They play a crucial role in modeling system dynamics and 

solving linear differential equations. Complex functions also have significant 

importance in tools like integral transforms, Laplace transforms, Fourier 

transforms, and others. These tools can be applied more efficiently using analytic 

functions. 
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In general, complex numbers and their analytic functions are of great 

importance not only in mathematics but also in the application of science and 

technology. 
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