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Note that x(t) is not provided directly.
Only its Fourier transform X(f) is plotted.

= x(-2(t-2))

By the time-scaling property of Fourtier
transform,

Next, recall that time-shifting does not change the
magnitude of the Fourier transform.
Hence, |Y(f)| = |G(f)|.

Hence,
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Solution



The main purpose of this problem is to see the spectrum of cosine pulse.

aka. RF pulse,
time-limited sinusoid,
finite duration sinusoid. [C&C p. 59-60]

In general, consider the pulse of the form

Writing it in this form makes it clear that we may view p(t) as a modulated signal where r(t)
is the message.

Now we apply what we know about modulation:

Here is a plot from MATLAB.
Of course, the instruction says to
sketch, so, your answer should
be hand-written. However, it
should be similar to this.

Here is a plot from MATLAB.
Of course, the instruction says to
sketch, so, your answer should
be hand-written. However, it
should be similar to this.



Again, as in part a.ii, the main task here is to find R(f).
Let's try to derive a general formula...







One requirement for a system to be linear is that
"proportional changes in the input should give the same proportional changes in the output"

We assume that the delay is
caused by the propagation time of
the signal.

The amount of time delay can be calculated from

Because the cosine function is periodic,
the calculation above gives only one of the many possible distance values.

See the discussion in the next part for the proof that 3.57 is the minimum distance.

So, in part (a), we should have considered

This "c" is a subscript to
emphasize that this is the
wavelength of the carrier

By periodicity of cosine,

The greater the value of k, the smaller corresponding distance value. Here, "0" is
the largest value for k. Therefore, the minimum distance can be found by
plugging-in k = 0. The resulting distance is the same as what we (naively) found in
part (a).



From the Fourier transform properties reviewed in lecture, we have seen several interesting integrations.
In particular,

In this question, we use them to evaluate integrals involving sinc functions. Note that direct integration of a sinc
function is difficult. However, its Fourier transform is a simple rectangular function which is easy to evaluate or
integrate.

First note that

The function is real-valued. Therefore, we can freely add the
conjugate operator.

The function is real-valued.
Therefore, we can freely remove
the conjugate operator.

Note that although "x" is used as the name of the variable
here, we can easily change it to "t" or "f".

The two functions are
multiplied before we
integrate.

Interestingly, this is the same answer as




