Solutions Homework #1
Introduction to Communication Systems — E3701
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Since S(f)= J.S (e *™dt by definition, we obtain 5(0) by evaluating the previous

expression in =0, which yields:

S(0)= J;s(r)dr
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Since s(t)= J.S(f )e’*™ df by definition, we obtain s(0) by evaluating the previous

expression in t=0, which yields:
s)= [S(Ndf
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StH= J‘S (H)e™*™ dt by definition thus taking the complex conjugate on both sides we
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obtain:
S'(f)= J.s * (e’ dt = J.S(f)eﬂﬂﬁdf, since when s(7) is real, s(f) =s (7).
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#+% Note: we here use the notation s (f)to express the complex conjugate of s(7)

Now if we define u=-t in the previous equality, and given that when s(7) 1s even, then
s(t)=s(-t); we obtain:

S U= Jse T du = [saoe T du=s()

So S(f)=S ' (/), which means that S¢f) 1s real.

A function s(t) 1s odd if 5(7)=-s(-1).
Reasoning in the same way as done with the even functions, we can conclude that when
s(t) 1s real and odd, then

S(f)=-=S8"(f).which means that S(f) is imaginary.
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S(hH= j s(e > dt
since s(t) is a real function and the complex conjugate of e ™ can be obtained by

substituting —f for f, we can conclude that the Fourier transform of a real function for
the negative frequencies is the complex conjugate of itself for the positive
frequencies.



Problem 2:
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Problem 4:

W(t=)s(t)cos(2nfst)
According to problem 1.b:
Ts(cos2afit)= 2 (S + )+ (/= £,)

Which means that if s(z)= 2W sinc(2zW?t), then Y(f) is half of S(f) shifted and centered at
f. plus S(p) shifted and centered at -f, , as can be seen in the following figure:
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The new bandwidth is twice the bandwidth of the original, s(t).

Problem 5:

YH=HHX()= H(f) Tx(r)ejz’?f’df = Tx(r)H(f)ejZ’“zﬁdr
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But according to Probleml.a: = H(f)e /*" = Hh(t-1))= J'h(t —7)e*"dt , so:

Y=H{HX()= Tx(r)jfh(t—r)ejz’?ﬁdt.dr :T{Tx(r)h(t—r)dr}e‘jz’ﬂdr:
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But by definition, Y(f)= & (y(¢)), which means that
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y(W)= [ x(@)h(t—7)dz =h(1)*x()
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