3.6 Fourier Analysis MATLAB Laboratory Experiment

Purpose: This experimendemonstrateapproximationof periodicsignalsby truncated
Fourier seriesas definedin formula (3.4). Using MATLAB studentswill plot the actual
approximatesignalsand observe for large valuesof N, the Gibbs phenomenorat the
jump discontinuity points. In addition, studentswill use MATLAB to plot the system
frequencyspectraandto find the systemresponsedueto periodicinputs.

Part 1. Find the trigonometricform of the Fourier seriesfor the periodic signal
presentedn Figure 3.18. Take £ = 1, T = 1 and use MATLAB to calculatethe
coeficientsof the Fourierseriesfor n = 0,1,2, ..., N. Plotthe approximations: () as
definedin (3.4) for N = 5, 10,20, 30,40, 50. Observethe Gibbs phenomenorand for
N = 50 estimatethe relative magnitudeof ripplesat the jump discontinuitypoints.
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FIGURE 3.18: A squarewave signal

Part 2. Use MATLAB to plot the amplitudeand phaseline spectraof the periodic
signal from Part 1.

Part 3. Plotthe magnitudeand phasespectraof the systemdefinedin Example3.19
by usingthe MATLAB function f r eqs( num den) , wherethe vectorsnumandden
containthe coeficientsof thetransferfunction numeratomanddenominatoin descending
order.

Part 4. For the systemdefined in Example3.19, and z x(¢) determinedin Part1
with £ = 5, wp = 1rad/s, calculatethe Fourier seriescoeficients of the outputsignal
for n = 0,1, 3,5. Print the valuesfor the magnitudesof the Fourier seriescoeficients
of the output signal. Plot the approximationsz v (¢) and observethe convegenceof
the output signalas N increases.Take N = 1,3,5 and¢ € [0, 4x]. Commenton the
frequencyof the output signaland checkits value from the plot obtained.

Submitall plots and commenton the resultsobtained.

SUPPLEMENT:
1 N
ey (t) = 5ao + Z [ay, cos (nwot) + by, sin (nwot)] (3.4)
n=1
The systemin Example3.19 is definedby
d’y(t) |, dy(t)




