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Lecture (3)
Fourier Transform: periodic, aperiodic signals
and Special Function
3.1. The Fourier Transform is a mathematical technique that transforms a function of time, f(t), to a function of frequency, f(ω). It is closely related to the Fourier Series. The Fourier transform can be used to find the base frequencies that a wave is made of. The output of a Fourier transform is sometimes called a frequency spectrum or distribution because it displays a distribution of possible frequencies of the input.
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3.2. Difference between Fourier Series and Fourier Transform
Fourier series is an expansion of periodic signal as a linear combination of sines and cosines while Fourier transform is the process or function used to convert signals from time domain in to frequency domain. Fourier series is defined for periodic signals and the Fourier transform can be applied to aperiodic (occurring without periodicity) signals. As mentioned above, the study of Fourier series actually provides motivation for the fourier transform.


3.3. Periodic and Aperiodic Signals
3.3.1. Periodic Signal

Definition: A signal is considered to be periodic signal when it is repeated over cycle of time or regular interval of time. This means periodic signal repeats its pattern over a period. The function f(t) can be periodic if it satisfies following equation:
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The frequency is rate of change with respect to time. The frequency and period are inverse of each other. Hence following can be implied.

   (linear frequency) and
ω=2πf          (angular frequency) and     ω=2π/T



The units such as seconds(s), milliseconds(ms), microseconds(μs), and nanoseconds (ns) are used for time period while units such as Hz, KHz, MHz, and GHz are used for frequency.

3.3.1.1. Waveform of Periodic signal
There are four types (waveform) of periodic signal such as:
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For sine waveform T=2π-0= 2π sec. , ω= 2π/2π=1 rad./sec.
For triangular waveform T= 3-(-1)= 4 sec. , ω= 2π/4= π/2 rad./sec.
For square waveform T= 2-0= 2 sec. , ω= 2π/2= π rad./sec.
For saw tooth waveform T= 3-0= 3 sec. , ω= 2π/3 rad./sec.




3.3.2. Aperiodic Signal (Non-periodic Signal)
Definition: A signal is considered to be non-periodic or aperiodic signal when it does not repeat its pattern over a period (i.e. interval of time).
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Example 1. Determine whether the signal is periodic or non- periodic?
Sol. 
We replace t    t + T
 ,  ωT=2π



the result is equal to f(t) the function is periodic




3.4. Fourier Transform Cases

1) The function is not even and not odd.


2) The function is even (Fourier cosine transform).


3) The function is odd (Fourier sine transform).
	


Example 2. Find Fourier transform for    for t
Sol:
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