5.4 PROBLEMS ON AUTOCORRELATION FUNCTION OF INPUT AND

OUTPUT

1. A random process {X(t)} is applied to a network with response h(t) =
te~Ptu(t), where b > 0 is a constant. The cross function of X(t) with the
output Y (¢) is known to have the same i.e ACF - Ryy(t) = e ?*u(tr). Find

the ACF of the output {Y (¢)}.
Sol: i) To find (w) :

h(t) = te P*u(t)H(w) = F[h(t)]

=j h(t)e ‘“tdt =f te Ptu(t)e iwtdt
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Also H ((1)) = m
i) To find Syy () :

The cross power spectrum of {X(t)} and [Y (t)] is given by



Sxy(@) = F[Ryy(D)] = [, Rxy(D)e™%dr
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1) To find Ryy (7) :

We know that,

Syy(@) = H"(w0)Sxy(w)
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The ACF of the output Y (t) is given by
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2. Assume a random process {X(t)} is given to a system with for system

1 for |w| < w,

transfer function H(w) = { 0 else

If the ACF of input is % 6(7), find the ACF of output.

Sol: 1) Tofind Syy(w):

Given the ACF of the input is

Ny
Ryx(7) = o 6(7)

The PSD of the input is given by

Sex(@) = j Ry (D)e"9%dr
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Given H(w) = {0 else

I1) To find Ryy (7): The relation between the PSD’s of input and output is given by
Syy(@) = [H(w)|*Sxx(w)
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The ACF of the output is given by
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3. An LTI system has an impulse response h(t) = e #tu(t). Find the output

auto correlation Ryy(t) corresponding to an input X(t)

Sol: 1) To find (w) :



Given h(t) = e~Ptu(t)
H(w) = F[h(t)]

= f e Ptu(t)e iwtdt
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i) To find Ryy (7) :

The relation between the PSD’s of input and output is given by

Syy(w) = |H(w)|*Sxx(w)
BZ SXX(w)
Ryy(r) =F~ [SYY (w)] [~ Sxx (w) not known]
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4. The relation between input{X(t) }and output {Y(t)} of the diode is
expressed as Y(t) = X3(t). Let {X(t)} be a zero mean stationary Gaussian
random process with ACF Rxx(t) = e~**l; & > 0. Find the output auto
correlation Ryy(t) of the input.

Sol: Given Y(t) =X?(t), where X(t) is the zero mean stationary Gaussian random

process.
Rvv(t) = E[Y(t2) Y(t2)] = E[X*(t) X*(t2)]
=E[(X(t)X (t2))°]
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The PSD of output is given by
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5.Find the auto correlation of the band limited white noise {N(t)} with PSD
given by Snn(®) =%; |lw — wy| < wp;

Sol: SNN((D):%} lw — wy| < wg;

lw — wy| < wg => —wg <w—wy <wg <wW < wy + wg
The ACF of {N(t)} is given by
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Since ACF is real, equating the real part, we get
R(1) = - ;
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