Department of Electrical and Computer Engineering
ECE 673 - Random Signal Analysis I

Reading

Shanmugan & Breipohl, Chapter 5.1, 5.5, 5.4.

Homework 6

1. Problem 4.20

Given
S(t) = Asin2nfct+0©), O ~ unif[—m7, 7|
X(t) = SO+N@®, Sv(f) =13
1
HD = 155075
Y(#) = X(t)@h(t)
a. Find Syy(f)
Rss(t) = E[St)S(t+71)] =E[Asin(2nf.t+©) - Asin(2nf.(t+ 7) + O)]

- ATQE[COS(wacT) —cos(2m fe(2t + 7) + 20)]

= 7COS(27TfCT)
Sss(f) = FlRss(r) = (607 - 1)+ 87 + 1)
Sxx(f) = Sss(f) +Snn(f)
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b. Find Signal-to-Noise Ratio.
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c. What fy will maximize SNR?
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_ + ¢ = 0 = = Je
8f0[f0 [l fol Jo= T

. Problem 5.56
a. Given Z(t) = Acos(2mf.t)+ N(t) and N(t) is zero-mean Gaussian random process centered around
fe, we can write (as in example 5.10)
Z(t) = Acos2mfct)+ N(t)
Acos(2m fet) + Ne(t) cos(2m fot) + Ng(t) sin(2m fot)

= VAT NP+ [No(0) - cos {W ot tan™ <%)]

Thus,

{R(t) = V[A+ N()]?

_l’_
O(t) = tan~! (Afj\;t) )

[Ns(1)]? - {Nc(t) = R(t) cos[O(0)] — A
c(t)

2 2
Since fn,,N. (N, ns) = 527 exp (— "gj;ls ), we can apply the Jacobian method

or  or
one ong ’ 1

J(ne,ns) = det
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fro(m0) = =50 ST
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fr(r) = | fre(r,0)do
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c. R and O are not independent.




3. Problem 5.57
Define X (t) = Acos(2nf.t + ©), then Y (t) = X (¢) + N(t), where X (¢) and N(¢) are independent.

Rxx(t,t+71) = E[XO)X(t+7)] = A%E[cos(2mf.t + O)cos(2nf.(t +T) + O)]
= A;E[COS(QFJCCT) + cos(4r f.t + 2 for + O))
A2
= 5 cos(2m f.1)

Then

Ryy(t,t+7) = E[YO)Y({t+7)]=E[(X({t)+Nt)(X({t+7)+N({t+71))
EX®)X(t+71)]+EN#N({t+7)]=Rxx(t,t+7)+ Ryn(t,t+7)
Syy(f) = Sxx(f)+ Snn(f)



