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 ّالعلوبء ..

بفبئق الشكس ّالاحترام ّالتقدٗس الى أتقدم لم ّلي أًسٔ 
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هٌر بداٗت هسيرتٖ العلو٘ت ّلغبٗت الاى  ّّقفْا بجبًبٌب
 كل خير...ّجصاُن الله عٌٖ 

 ًتقدم بشكسًب ّتقدٗسًب الى كل هي أسـدٓ لٌـبكوب 
هعسّفب  اّ تْجَ٘ فـٖ انجـبش ُـرا البحـث ّجـصاُن 

 خير الجصاء ب الله تعبلى عٌ
 بىالببحث

 د 
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Introduction:  

Fourier series introduced in 1807 by Jean-Baptiste 

Joseph Fourier (1768-1830) (after work by Euler and Daniel 

Bernoulli) was one of the most important developments in 

applied mathematics. It is very useful in the study of heat 

conduction, mechanics, concentrations of cheŵicals aŶd 

pollutaŶts, electrostatics, acoustics areas heard of such as 

computing and CAT scan(Computer Assisted Tomography). 

Fourier series is an infinite series representation of periodic 

function in terms of the trigonometric sine and cosine 

functions. Fourier series is very powerful method to solve 

ordinary and partial differential equations particularly with 

periodic functions appearing as non While TaǇlor’s series 

eǆpaŶsioŶ is ǀalid for functions are continuous and 

differentiable, Fourier series is possible not only for 

continuous functions but for periodic functions, functions 

discontinuous in their values and derivatives. Further, 

because of the periodic nature, Fourier series constructed for 

one period is valid for all values. 

Fourier series, in mathematics, an infinite series used to 

solve special types of differential equations. It consists of an 

infinite sum of sines and cosines, and because it is periodic 

(i.e., its values repeat over fixed intervals), it is a useful tool 

in analyzing periodic functions. 
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A Fourier series can be defined as an expansion of a 

periodic function f(x) in terms of an infinite sum of sine 

functions and cosine functions. The fourier Series makes use 

of the orthogonality relationships of the sine functions and 

cosine functions. 

The Fourier Transform is a tool that breaks a waveform 

(a function or signal) into an alternate representation, 

characterized by sine and cosines. The Fourier Transform 

shows that any waveform can be re-written as the sum of 

sinusoidal functions. 

Fourier series is just a means to represent a periodic 

signal as an infinite sum of sine wave components. A 

periodic signal is just a signal that repeats its pattern at some 

period. The primary reason that we use Fourier series is that 

we can better analyze a signal in another domain rather in the 

original domain. 

What is the function of a Fourier series? 

A Fourier series is a way of representing a periodic 

function as a (possibly infinite) sum of sine and cosine 

functions. It is analogous to a Taylor series, which represents 

functions as possibly infinite sums of monomial terms. For 

functions that are not periodic, the Fourier series is replaced 

by the Fourier transform. 
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Fourier series make use of the orthogonality 

relationships of the sine and cosine functions. The 

computation and study of Fourier series is known as 

harmonic analysis and is extremely useful as a way to break 

up an arbitrary periodic function into a set of simple terms 

that can be plugged in, solved individually,… 

A Fourier series is a way to represent complex waves, 

such as sound, as a series of simple sine waves. The series 

breaks down a wave into a sum of sines and cosines. This 

means that elements of a wave can be isolated from each 

other. 
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Chapter One 

Fourier Series 

1.1 Fourier Series  

A non-sinusoidal periodic function into a fundamental 

and its harmonies. A series of sines and cosines of an angle 

and its multiples of the form. 

  

 
                                         

                                         

  

 
 ∑              ∑              

Is called the Fourier Series, where 

                            are contrasts   

1.2 Properties of Fourier series 

The following integrals are useful Fourier series   
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1.3 Determination of Fourier coefficients (Euler's 

Formulae)  
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(ii) To find   : Multiply each side of (1) by cos nx and 

integrate from x = 0 to x = 2  
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By taking n = 1 , 2 … we can find the values of           

(iii) To find bn: Multiply each side of (1) by sin nx and 

integrate from x = 0 to x =    

∫  ( )
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Note: To get similar formula     
     

 
 has been written with 

   in Fourier series. 
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Example 1.1.1: Find the Fourier series representing  

 ( )                                

and sketch its graph from                

Solution. Let  
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Example 1.1.2: Given that  ( )                

   find the Fourier expression of  ( ) 

Deduce that 
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Substituting the values of          in (1) we get 
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Put       in ( )       
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Adding (3) and (4) 
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Chapter Two 

2.1 Function Defined Two or more Sub-Ranges  

Example 2.1.1: Find the Fourier series of the function  

 ( )  

{
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Solution. Let   ( )  
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Putting the values of          in (1) we get  ( )  
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        +  Ans. 

Example 2.1.2. Find the Fourier series for the periodic 

function 

 ( )  *
        
       

  

 (    )   ( ) 

Solution 

 Let 
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2.2 Discontinuous Functions  

At a point of discontinuity, Fourier series gives the value of 

 ( ) as the arithmetic mean of left and right limits. 

At the point of discontinuity,     
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Example 2.2.1.  

Find the Fourier series for  ( ), if 

 ( )  *
         
       

 Deduce that 
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Example 2.1.2: 

Find the Fourier series expansion of the periodic function 

of period   -, defined by 

 ( )  {
  if  
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Solution: 

Let  
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Substituting the values of                  we get  
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Example 2.1.3: 

Find the Fourier series of the function defined as 

 ( )  ,
    fo        
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Solution.  
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Fourier series is  
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Chapter Three 

3.1 Even Function 

A function f (x) is said to be even (or symmetric) function 

if,  

f ( – x) = f(x) 

The graph of such a function is symmetric with respect to 

y-axis [f(x) axis]. Here y-axis is a 

mirror for the reflection of the curve. 

 

The area under such a curve from –   to   is double the 

area from 0 to . 

 
A function  ( ) is called odd (or skew symmetric) function 

if 

 (  )    ( ) 

Here the area under the curve from    to   is zero. 
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∫  
 

  

 ( )     

Expansion of an even function: 

   
 

 
∫  

 

  

  ( )   
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  ( )         

As  ( ) and        are both even functions. 

  The product of  ( )         is also an even function.  
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 ( )           

As        is an odd function so  ( )         is also an odd 

function. We need not to calculate   . It saves our labour a 

lot. 

The series of the even function will contain only cosine 

terms. 

Expansion of an odd function : 
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[f(x). sin nx is even function.] 

The series of the odd function will contain only sine terms. 

 

The function shown below is neither odd nor even so it 

contains both sine and cosine terms 

Example 8 

Find the Fourier series expansion of the periodic function of 

period 2 

 ( )            

Hence, find the sum of the series 
 

   
 

   
 

   
 

     

Solution. 

 ( )            

This is an even function.        
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Fourier series is 
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Example 3.1.1: 

Obtain a Fourier expression for 

 ( )      fo           

Solution.  ( )     is an odd function. 
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 الخاتمة
لقد وصلنا لنهاية هذا البحث، وفي النهاية لا يسعنني سعوأ  أ  رعمرمل  لعن حسعأ 

 متابنتمل لهذا البحث، و نا قد  رضت بهذا البحث رائي المتواضع ببرمة الله تنعال 

 هعععععععذا الموضعععععععو ومرمعععععععق وتوفيقعععععععة، وقعععععععد  مرمنعععععععي الله بععععععع أ  دلعععععععوا بعععععععدلو  ت عععععععا  

(Fourier Series ولنعععع  الله تنععععالن قععععد وفقنععععي فععععي هععععذا البحععععث فععععي هععععذا )

الموضععو ، ولنعع  قلمععي وفععي فععي تقععديل مععا يععدور بالععد ، وفععي نهايععة ا مععر فعع نني 

ننععي  تو ععق  لععن الله بالععد اع  لععن تععوفيقي فععي تقععديل هععذا  برععر  صععيخ و اوععن، وات

ونرعععمر لمعععل سعععنة صعععدرمل  البحعععث و لعععن حسعععأ قعععراعتمل ومتعععابنتمل لهعععذا البحعععث،

 .هدانا  لن هذا ونر و  أ ينا  البحث    ابمل، والحمد لله الذ 

 

 

 

 

 

 

 

 

 



25 
 

References: 

1. M. Adams and V. Guillemin, Measure Theory and 

Probability, Birkhäuser, Boston, 1996.  

2. L. Ahlfors, Compler Analysis. McGraw-Hill, New York, 

1966.  

3. V. I. Arnold and A. Avez, Ergodic Problems of Classical 

Mechanics, Addison Wesley, Redwood City, Ca. 1989.  

4. K. Chandrasekharan. Introduction to analytic 

number theory, Springer Verlag, Berlin, 1968.  

5. R. Courant and F. John, Introduction to Calculus and 

Analysis, Springer Verlag, New York, 1999. 

6. J. Mardsen, Elementary Classical Analysis, Freeman, 

New York, 1974.  

7. M. Spivak, Calculus, Publish or Perish, 1994.  

8. A. van der Poorten. A proof that Euler missed.. Apéry's 

proof of the irrationality of S(3), Math. Intelligencer 1 

(1978/79), 195-203. 

 

 


