S-38.211 Signal Processing in Communications Stefan Werner
Solutions to Exercise 1, October 8, 1997 phone: 451 2437 room: §G224

Solution E 1-1

a) According to the Nyquist criterion the following must hoJ%a‘: Z H(f -m/T)=1
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Let us do this graphically! Take the original spectrum and scale it Wigh 1/
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b) When solving for the time-domain waveform it is nice to have a good transformation table that
covers most of the Fourier transforms. However, if you are not so familiar with Fourier transforms, here
are some different solutions. Let us first study the rectangular spectrum given by the figure below.
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Its time-domain waveform is given by
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We can now easily calculate the pulse wavefbfit) by first recognizing that the spectrum is a sum
of two rectangular spectra and use the result above. We get
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The second waveform is given by the inverse of the “triangular” spectrum. There exists several ways tc
reach the solution, some faster than the others.

1) Use the standard integral (this is rather straightforward but requires some calculations)
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i) Use the convolution property. The triangular spectrum giverdbff) can be obtained by
convoluting two “rectangular” spectra both with a bandwidtBofMWe can now use the
convolution property (convolution in frequency-domain corresponds to multiplication in time-
domain). The figure below illustrates the idea.
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iii) We can also use the property of differentiating in frequency domain.
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Solution E 1-2

This type of problem is in general easier to solve in frequency domain by first transforming the time-
domain pulse into frequency-domain and then split the spectrum between the transmitter and the
receiver (see lecture notes). However, here we can use the results obtained in exercise 1-1 b. We kno
that a “triangle” shape is obtained by convoluting two rectangular pulses so the answer follows directly
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We now only need to find the amplitudan terms ofK. This can be found by evaluating the
convolution integral when the pulses overlap.
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In order to get a causal system we need also to insert a delay (see lecture notes).



