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1) (7 Marks) Pfove the Parseval’s Theorem which states that for any two complex-valued

signals () and y(1)

/ () y () dt = / X f)df

where X(f) and Y (f) are the Fourier transforms of «(t) and y(t) respectively,
and * denotes complex conjugation. (Hint: Consider a LTI system whose impulse
response is y*(—7) and whose input is (7). Derive expression for the output z(¢) at
time ¢ = 0 in two different ways, one using the convolution integral and another by

taking the inverse Fourier transform of Z( [))
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2) (6 Marks) Let x(t) be a real-valued band-limited passband signal whose complex
[ a?(t)dt

TP T You can assume

envelope is denoted by (7). Find the value of '

o

that X(f) = 0.|f + f.| > W and that f. > W. Hint: Use the relation
x(t) = Real(j-(f) ,.,/'zn,/‘,,/)
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3) (7 Marks) Find the complex envelope of the passband signal
o(t) = A1+ km(t)) cos(2mf.t + @)

where A > 0.k € R.¢ € (—n.7| are constants. m(l) is a real-valued baseband

signal band-limited to [ 11" W[ Assume fo>W.
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4) (7 Marks) Consider a channel whose input .r(#) and output y() are related by

1
y(t) = x(t) — 3.1'(1‘ — 1)

P

where / is a constant. Assuming the real-valued input (/) to be a band-limited
passband signal (i.e., X(f)=0.|f + f.| > W), find the expression for a base band

signal /(1) (band-limited to [~ 1" 117]) such that
y(t)y = / hy(T)r(t — 1) dT.

Here, y(7) and r(7) are the complex envelopes of y(/) and .r(1) respectively.
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5) (3 Marks) Let a real-valued wide sense stationary random process .\ (/) be such that

its autocorrelation function is periodic. i.e.,

Rx(r) £ E[X()X(t - 7)]
= Rx(t+T)
for some finite 7" > 0.
Prove that the random process X (#) is also periodic with the same period T, i.e.,
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