
ME565, HW 2

Problem 1

Part a)
Let' s pick a function for the spectrum such that g(omega)=0 for |w|>w0
In this case w0=1 (cut-off frequency). 

For sake of simplicity, let's select an even function so that the inverse FT will give a 
real function (if the spectrum is odd then the inverse FT will give a pure imaginary 
function) 

In[36]:= gomega = Piecewise@881 − ω, 0 <= ω < 1<, 81 + ω, −1 < ω < 0<<D

Out[36]=
1 − ω 0 ≤ ω < 1

1 + ω −1 < ω < 0

In[37]:= Plot@gomega, 8ω, −2, 2<D

Out[37]=
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Part b)
ω0 = 1

1



Let' s apply the Inverse Fourier Transform to the spectrum g (omega) to find f(t)
Note: we could also apply a cosine FT for 0<w<w0)

foft@t_D = Integrate@gomega ∗ Exp@I ∗ t ∗ ωD, 8ω, −ω0, ω0<D
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This is equivalent to :

ft@t_D =
2 − 2 ∗ Cos@tD

t2

2 − 2 Cos@tD
t2

plot1 = Plot@ft@tD, 8t, −13, 13<, PlotStyle → 8Red, AbsoluteThickness@3D<D
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Part c)
To apply Shannon' s theorem select a sampling frequency fs = w0/Pi

fs = ω0 êPi

1

π

dt = 1ê fs H∗ this is T, the period ∗L

π
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samples = Table@foft@n ∗ dtD, 8n, −5, 5<D

Power::infy : Infinite expression
1

02
encountered. à

¶::indet : Indeterminate expression 0 ComplexInfinity encountered. à
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Since the result for the function at zero is Indeterminate, let' s calculate it by hand and
substitute it back in the samples :

� Note :
2 − 2 Cos@tD

t2
 at zero =

Sin@tD
t

 at zero = Cos@0D = 1
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ListPlot@samplesD
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Part d)
Shannon' s sampling theorem says that f(t) can be uniquely reconstructed from the
samples f(nT)  where T=1/fs, and fs=w0/Pi, i.e. from the samples f(n*Pi/w0):

fSum@t_D := Sum@foft@n ∗ dtD∗ Sinc@n ∗ Pi + ω0 ∗ tD, 8n, −5, −1<D +

Sum@foft@n ∗ dtD∗ Sinc@n ∗ Pi + ω0 ∗ tD, 8n, 1, 5<D + 1 ∗ Sinc@0 ∗ Pi + ω0 ∗ tD
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plot2 = Plot@fSum@tD, 8t, −13, 13<, PlotStyle → AbsoluteThickness@2DD
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As it is shown here, the signal f (t) is recontructed completely by sampling at f (nT)

Show@plot1, plot2, Axes → True, AxesLabel → 8"t", "fHtL"<D
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