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Answer Sheet
Classification

1) Consider the random process, X (t) = Acos(2zt), where A is a random variable:
Let the mean and variance of A are u, and o respectively.
Mean = u, (t) = E(Acos(27t))

=E(A)E(cos(2rt))
= E(A)cos(2rt)
= 1, COS(2nt)
Variance = o2 (t)= E(X, — E(X,))?
= E(Acos(2xzt) — E(A)cos2rt))?
= E(cos@rt)(A-E(A))’
= E(cos’ (27 t))E(A-E(A))®
=cos’(2xt) ol
Autocorrektion = R, (t,,t,) = E(Acos(2zt,)Acos(2rt,))
= E(A%*)cos(2rt,)cos2rt,)
Autocovariance = R, (t,,t,) — 2, (t;) 2 (t,)

= E(A?)cos(2rt,)cos(2rt,) — E(A)cos(2rt,)E(A)cos(2rt,)
= (E(A%) - (E(A))*)cos(2rt,)cosrt,)
= o2 cos(2rt,)cos@2rt,)

2) Consider the random process Y, =2X,—1, where X, is a Bernoulli process with the

probability of success and failure respectively givenby P(X, =1)=p and P(X, =0)=1-p.
The possible outcomes for Y,

1,;X,=1
Y, =
-1;X,=0
Mean = 4, (n) = E(Y,)
=E(2X,-1)
=2E(X,)-1
=2p-1
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Variance = ¢ = E(Y, — E(Y,))?
=E(2X, -1-E(2X, -1)*
=E(@2X,-1-2E(X,)+1)?
=E(2X, - 2E(X,))?
=4E(X, —E(Xn))2
=4p1-p)
Autocorreltion =R, (n,m) = E(Y,Y,,)
= E(2X, -D(2X,, - 1))
=E(4X X,-2X,-2X_ +1)
=4E(X X ,)-2E(X,)-2E(X,)+1
=4p° -4p+1=(2p-1)°

3) The random process Y, =2X, —1, where X, is a Bernoulli process with the probability of
success and failure respectively given by P(X,=1)=p and P(X,=0)=1-p. N ow
consider the one dimensional random work, Z =Y, +Y, +..+Y,;n=123,...

Mean = u,(n) =E(Z,) = E(Zn:Yi)

- Y EM)
=n(2p-1)

Variance = o2 = E((Z,)?) - (E(Z,)?)
=E((Z,)")-n*(2p-1)*

Consider;
E(Z)) =B YY) =} SY)= S EMY)
=3 S ECY )+ D EE))

i#]

_ ZZ E(Yi)E(Yj)+il

=(n*-n)2p-1%+n
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Note that: P(Y, =1) = p and P(Y, =-1)=1-p as P(X, =1)=p and P(X, =0)=1-p
Then, E(Y,")=("p+(-D)*(-p)) =1
E(Y,Y;) = E()E(Y,) = 4 =(2p-1)°

Variance = > = E((Z,)?)-n*(2p-1)*
=(n*-n)2p-D*+n-n?(2p-1)°*
=n—4np* +4np—n
=4np(1- p)

Autocorrebtion =R, (n,m)=E(Z,Z,,)

= E(Zn(zn + iYJ)

j=n+1

=E(Z?)+E(Z, ivj)

j=n+1

—E@)+EQY, DY)

i=1 j=n+1

—E@2)+ Y Y EYY,)

i=1 j=n+1

= E(Z§)+Zl:_zlE(Yi)E(Yj)

i jom
=E(Z2)+n(m-n)(2p—1)?;Suppose that m > n
=E(Z2)+m(n-m)(2p—1); Suppose that m < n
=(n*-n)2p-1)% +n+n(m-n)(2p-1)*;Suppose that m > n
=(m?*-m)(2p-1)° +m(n—m)(2p —1)%; Suppose that m < n
=nm(2p —1)° +min(n,m)(L— (2p —1)?); the genaralized equation

4) Let X, be arandom process with mean function g, (t). Suppose that X, is applied to a linear
time-invariant (LTI) system with impulse response h(t).

Y, = [h(t-6)X,do

Now consider,
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wy (t) = E(Y,)

:Eﬁh(t—e)xgdﬁ}

~ E{Z h(t-6,)X, A@i} : Note that the integalion by writing the integral as a Rieman sum

= Eht-6)x,46]

=ZI:E[h(t—9i)X€i]A9i

~ TE[h(t—H)Xg}:iH

Th(t—H)E([Xg])dG;

Since h(t — @) isa non - random variable and can be pulled out of the expectation

= [h(t-0)uy (000
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