Solutions Homework #7
Introduction to Communication Systems — E3701

Problem 1

We are told that one of the two spectra 1s the 1deal rectangular spectrum, shown below.
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By examining the given spectrum, S(f), we see that 1t start and ends at —(1+1)W and
(141)W, respectively. Thus, we know the end points of our second spectrum must be
+1W. After some experimentation we can find that the required spectrum 1s a cosine
function for frequencies between these two points.
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If we convolve these two functions in the frequency domain we can check that we obtain
the correct spectrum. Please note that 0 <1< 1.
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If we consider first the case when the cosine fonds entirely inside of the rectangle
during convolution we can use the following intdgra
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As we expect, this area remains constant as lofigsas the range:

f+W>W n f-W<-rw
f>-W(@a-r) n f<wW(@-r)
~W(-r)< f <W(-r)
0<|fl<wW(l-r)

It is also obvious that if the rectangle and cosioaot overlap at all the convolution
integral is zero. This occurs for f in the range:

f>W+r) O f<-W(i+r)
[T >W(i+r)

The final case to examine is when only part ofréangle overlaps the cosine function.
Since this area will change with frequency, we exper integral to result in a function

of f.
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As we expect, this convolution is a function ofguency, f. Note also that this integral
was only calculated for the lagging edge of théamrgle function, f-W. However, since
the cosine function is odd symmetric we can usesémee function for the leading edge

of the rectangle function by cleverly defining finequency range. The frequency range
for the lagging edge is:



-TW<f-W<rw
W(-r)< f <W(1+r)

Due to the cosine symmetry we can use the sameob@d/formula above with the same
frequency range by simply taking the absolute valiue
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The final step is to notice that we need to noregatiur equations bm, as our
r

spectrum has a maximum height of unity. Our spectequation is thus:

1 , 0<|f|<wW(i-r)

H(f)= %{1—&{%\/\;\/\/)}} , W(L-r)<|f|<wW(L+r)

0 , | f] >W(L+r)

The final step is to transform this to the time éam We have a rectangle function
convolved with a frequency limited cosine functiofhe limited cosine function can be
created by multiplying the full cosine with an agpriate rectangle function, shown
below, remembering to add in our normalizing factor
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Our transform now consists of one multiplicatioml @me convolution. The remaining
steps are as follows.
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We thus arrive at the final time domain solution.

h(t) = Z\NShC(Z\Nt){ codar Wt)}
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Problem 2

Part a

Ofs(t)-slt-21)} =

S(f)
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Part b

S(f) = rec{ﬁj - st)= 2wsholaw)

o= o) awnd nf -3 )

s(t - 2T) = 2Wsnc(2wt - 2)

Prauo(t) = S{t) = s{t = 2T) = 2w[sinc(2wt) - sinc{2wit - 2)]
=W sin(2wst) _ sin(2wst - 271)
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The modified duobinary signal has two times morergy than the perfect Nyquist
signal.



