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1.1 Introduction: 

 

One of the crowning glories of nineteenth 

century mathematics was the discovery of 

the infinite series 
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Fourier series arose as a formal solution to the classic wave equation. Later on, it 

was used to describe physical processes in which events recur in a regular pattern. 

It is not only one of the most beautiful results of modern analysis, but may be said 

to furnish an indispensable instrument of nearly every recondite question in 

modern physics.  

 

1.2 Periodic functions: 

A function f(x) is called periodic if it is defined for all real x and if there is some 

positive number p such that 

 
xallforxfpxf )1()()(    

 

This number p is called a period of f(x). 

 

From Eq. (1) we have 
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and for any Integer n 
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Hence 2p, 3p, 4p….. are also periods of f(x). 

 

Furthermore if f(x) and g(x) have period p, then the function  
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1.3 Trigonometric series: 

 

The sin and cos functions  

have the period of 2  

 

 

 

 

 

Which will result in 

the following expansion 
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Such a series is called a trigonometric series 
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Where an , bn are called the coefficients of the series. 

 

 

 

 

 

 

If for all values of x in a given interval, f(x) is never greater than some fixed 

number m, the number m is called the upper bound for f(x). If f(x) never less than 

some number m, then m is called the lower bound of the function. 

If the function has upper and lower bound then the function is said to be bounded. 
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1.4 Bounds of a Function:  
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If  f(c) exists then, 
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If f(x) is a periodic function with a period (2 L) and if f(x) can be 

represented by a trigonometric series, then 
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Where an , bn , ao are Euler's coefficients. And n = 1 , 2 , 3…… 

 

 

If f(x) is a bounded periodic function of period (2 L) which in any 

one period has at most a finite number of max and min and finite number of points 

of discontinuity then the Fourier series of f(x) converges to f(x) at all points of 

where f(x) is continuous also the series converges to the average value of the right 

and left hand limits of f(x) at each points where f(x) is discontinuous. 
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1.5 Continuity of a Function  

1.6 Fourier Series  

Theorem 1  

Theorem 2  

  
c a b  c +2 L 

 c +2 L 

 

  



Chapter 4                                                                                                            Fourier series 
___________________________________________________________________________  

 83 

Note: In Fourier series we will need certain integrals such us: 
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Example: find Fourier series of the following periodic function f(x)? 
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Example:  Obtain the Fourier series of the periodic function defined by: 
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Example: What is the Fourier expansion of the periodic function whose definition 
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f(x) is said to be Even if f(-x) = f(x) where the function is symmetric                 

w.r.t the Y-axis. 

 

 

 

For Even functions: 
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f(x) is said to be Odd if f(-x) = -f(x) where the function is symmetric                 

w.r.t the point of origin. 

 

 

 

 

For Odd functions: 
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1.6.1 Even and Odd Functions 
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Example: Obtain the Fourier series of the function?   xxxf )(  

 

Solution: Odd function symmetric about the point of origin. 
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Example: find the Fourier expansion for the function? 
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In some problems we are concerned with interval (0,L) instead of the usual interval 

of length (2L), furthermore, the conditions of the problems my require us to 

expand the given function in a series of sin or cos only: 
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1.6.2 Half Range Expansion 
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Example: Expand the function  xxxf 0:)(    in Fourier sin only             

and cos only? 

 

Solution:  
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(2) Expansion by cos: 
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Example: Find the Max moment and Max deflection of the simply supported 

beam shown below? 

 

Solution: 

 

Usually we use the sin series to reduce the  

solution procedures and minimize the coefficients. 
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and by integration: 
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1.6.3 Applications: 
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