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Fourier Analysis Techniques

We will learn:

 Express periodic signals in term of Fourier Series. 

 Use Fourier Series to analyse system driven by 

continuous periodic signals.

 Apply Parseval’s theorem to compute the power or 

energy contained in a signal.

 Study Fourier Series’ examples, and properties,

 Look at Discrete Time Fourier Series.



Discrete Time Fourier Series (DTFS)

Fourier Series expansions of discrete-time periodic signals;

But, DTFS is finite in length (has a finite number of terms).

Computation of its expansion coefficients requires summations rather than 

integrals. The response of an LTI system to a discrete-time periodic signal can be 

determined by applying the superposition principle. The process entails the 

following steps:

Step 1: Compute the DTFS of the input signal.

Step 2: Compute the output response to each DTFS term using the system’s 

frequency response                , as defined by                               .

Step 3: Sum the results to obtain the total output signal.



Discrete vs. Cont. Time: Fourier Series

Discrete Time: Continuous Time:

Periodic:

Fourier 

Series:

Computing

Coefficient:

# Terms: Infinity, in general



A few notes:



Orthogonality property 



Example1: DTFS Computation



The period of x[n] is 4. So           

Plugging into                      gives 

=    (24 – 8 +12 – 16) = 3.

Example1: DTFS Computation



DTFS Example, Continued

The DTFS expansions of the given periodic signal x[n] is then

Magnitude and phase line spectra of x[n] on next slide.



DTFS Line Spectra for Example



Spectral Symmetry

• In Example 1, were we to use                                     to compute xk for negative 

values of k, the outcome would have been

which means that the magnitude line spectrum is an even function and the phase     

line spectrum is an odd function. This is consistent with CTFS.

• Were we to compute xk for values of k greater than 3, we would discover that 

the line spectra repeats periodically at a period of four lines. This is very 

different from the spectra of periodic continuous-time signals.

So we notice that:



DTFS: Parseval’s Theorem

Average power is the same

In time or frequency domain

For the previous example, we have:

Time Domain:

Frequency Domain:






