
Review4          Fourier Series





Published with MATLAB® R2019a



MATLAB_Fourier_SquareWave ON Course Website

https://sce.uhcl.edu/harman/CENG3315_DSP_Spring2020/MATLAB_2020/FourierSeriesSqWave.pdf
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Trig Form

Note:  
𝑎_0

2

Average over
Period 

2xAverage over a Period
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Importance in signal processing:

A Fourier transform of a signal tells you what frequencies 
are present in your signal and in what proportions.
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Harmonic Signal->Periodic
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Sums of Harmonic 
complex exponentials 
are Periodic signals

PERIOD/FREQUENCY of COMPLEX EXPONENTIAL:

Complex form – Note Limits
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Compute   a_k

Work with the Fourier Series Integral

ANALYSIS via Fourier Series

For PERIODIC signals:    x(t+T0) = x(t)

Draw spectrum from the Fourier Series coeffs
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00 /1  

 Freq.lFundamenta

TF =

Fourier Series Integral

real is )( when* txaa kk =−

▪ THIS IS THE AVERAGE!

NOTE:   a_0 here is the Average of x(t) over a Period
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Full-Wave Rectified Sine

12
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01  is Period)/2sin()( TTTttx == 

Absolute value flips the
negative lobes of a sine wave

▪ Frequency 

▪ Doubles
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Full-Wave Rectified Sine   {ak}
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Full-Wave Rectified Sine
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Full-Wave Rectified Sine   {ak}



Fourier Coefficients:  ak

ak is a function of k

Complex Amplitude for k-th Harmonic

NOTE: 
1

𝑘2
𝑓𝑜𝑟 𝑙𝑎𝑟𝑔𝑒 𝑘

Does not depend on the period, T0

DC value is 
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Spectrum from Fourier Series

Plot a   for Full-Wave Rectified Sinusoid
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In an electric power system, a harmonic of a distorted 

(non-sinusoidal) periodic voltage or current is a 

sinusoidal voltage or current whose frequency is an 

integer multiple of the fundamental frequency of the 

distorted voltage or current, which is usually the 

fundamental frequency of the system, produced by the 

action of non-linear loads such as rectifiers, discharge 

lighting, or saturated magnetic devices. 

Harmonic frequencies in the power grid are a frequent 

cause of power quality problems. Harmonics in power 

systems result in increased heating in the equipment 

and conductors, misfiring in variable speed drives, and 

torque pulsations in motors and generators.

https://en.wikipedia.org/wiki/Electric_power_system
https://en.wikipedia.org/wiki/Power_quality
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Reconstruct From Finite Number of 

Harmonic Components

Full-Wave Rectified Sinusoid
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Reconstruct From Finite Number of 

Spectrum Components

Full-Wave Rectified Sinusoid )/sin()( 0Tttx =
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