Navigating Between the Time and Frequency Domain
The following diagram illustrates the options available to allow navigation between the time and frequency domains:


Note that also a multiplication in the time domain becomes a convolution in the frequency domain and visa-versa.

The fourier series is used to sift out the harmonics present in a given signal waveform. The series looks like this;
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There is also a Fourier Transform. This an integral equation which looks like this:
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The inverse form to get back to the time domain is:
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basically it is a mathematical tool for identifying the frequencies in a signal. Also one useful feature of fourier is that the fourier transform of an exponential function (such as ejx yields something known as a Delta function. Delta functions are very useful in comms because they allow us to reposition functions at different frequencies (modulation or translation) which we demonstrate later. However it would be convenient to point out at this stage that a cos function can equate to a function of two exponentials from the use of Eulers rules, which means that the fourier transform of a Cos yields two delta functions!
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From Euler’s rules

So bearing in mind that the Fourier transform of an exponential yields a delta function then the fourier transform of the above gives:
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This means that we have created a delta function at f-fo and one at f + fo as shown below:




The benefits of this will become clearer later when we apply this concept to frequency translation.

Delta functions are very special and often called ‘sifting’ functions because when a function is convolved with the delta function it re-centres that function around itself:

[image: image6.wmf]ò

-

=

-

=

a

a

t

t

t

d

t

)

(

)

(

)

(

)

(

v

d

t

v

t

y


The above is the convolution integral and this becomes a convolution:
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Spectrally this looks like:










So the function v(t) has been re-positioned where the delta function existed at to therefore we can use this feature for shifting functions.
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