Solutions to Chapter 11 Exercises

Problem 11.15

Y(t) =
E[Y(t)] = aE[S*(t)] +aE[N?
= a(o? +0%).

Ryy(r) = a®E[(S*(t) + N*(t) +25(t)]
)

(S? (T+T)—I- N3(t+7

a(S2(t) + N*(t )+‘>S( )N (t))
(t)] + 2aE[S(t)N(t)]

S(T +T)\(I‘ +17))]

= a’B[S(t)S%(t + 7)) + a*E[N?(t)N*(t + 7)]

+ 4QEIS@)S(t+T)N@EN(t +7)] + a®B[S*(1)N2(t +7)
+ 202E[S%(t)S(t + T)N(t + 7)] + a2E[N2(t)S%(t + 7)]

+ 202 E[N*(t)N(t +7)S(t +7)] + 20°E[S()S(t + T)N (1)
+ 2a°E[S()N(t)N?(t +7

= a’[R%s(0) + 2RI~Z—;_5<;—> + Ry v (0) + 2R3 n(7)

+ 4Rss(T)Ryv(7) + Rss(0)Ry,n (0) + Ryn (0)Rs,s(0)]
= a*[(Rs.s(0) + Ry n(0))* + 2(Rs 5(7) + Ry n(7))?]

= a®[(0%+ 0%)? + 2(Rss(7) + Ry (7))?].

In above Calculation we used the following information:

For two Gaussian random process X(t) and Y(t) :

Ry [0]R, [0]+2R}, [x ]

=E[X()]E[Y ()Y (+7)]

E[X*(t)Y*(t+1)] =
E[X ()Y ()Y (t+7)]
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If X and Y are correlated

If X and Y are not correlated
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Problem 11.16

For the given PSD’s,

A% » A?
RS.S(T) — F_l[SS,S(f)] — T(G—szrfcv' + e]Zﬂ'ch) — ? COS(QTFfCT)
N,B . : o
R_,\.'I_,\r(T) = F_I[S_‘\r‘_‘\r(f)] = QBSIHC'(BT)(P_JZﬂ'fCT —+ GJZMch)

= N,Bsinc(BT1)cos(2m f.7)

From these we determine that

. A‘Z
O:Z;“ = RQQ(O) = ?,
oy = Ryn(0)=N,B.

The autocorrelation of Y'(t) is then

Ryy(r) = a’[(0&+0%)" +2(Rss(7) + Ry (7))?]

2

A2 ? A? :
= a <T + NOB> +2 (T + A”oBsinc(Br)) cos?(2m f.7)

[ [ A2 2
e

2
+ 2 (AT + A?N,_Bsinc(BT) + (NOB)25111(~2(BT)> (1+ c:os(47rfcr))]

Taking F'T’s, the PSD of Y(t) is then

A2

2 .
Syy(f) = azl (— + NOB> o(f) +2 (ATZO(f) + A%N rect(f/B) + Nthri(f/B))

2
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1 1
(5( £)+50(f = 2fe) + 58(F + 2fc)) ]
= (47 + A’N,B + (NOB)Q) 3(f) + A*Norect(f/B) + N; Btri(f/B)

* %w(f—QfC)+5(f+‘2fc))+‘42..\-’0 (rec-t <f —va> +l.e(.t<f +‘2fc>>

B B
4 A‘YEB (tl] <f _-Bzf;’) + tri (f _'-_Bch>> ‘

Problem 11.9

Y — Q. . 2 _ a B2 | ror f_fc . f+fc
o) = S DT = e lled(fz—fl) “e‘t(f-z—fl)]‘

where f. = (f1 + f2)/2. Assuming f; — f; << f,, the input PSD will be

approximately constant over the passband of the filter. In that case, the
output PSD will be well approximated by

~ G- 2 _ ab? oot f—f. A+
)= ST = 5777y l‘“t (fz - f1> e (f-z = f)]
2ab*(f2 — f1)

Wsmc((fz — f1)7) cos(w,T).

=

Problem 11.34

h(t)=s(to-t). In this case, s(to-t)=s(t) so the impulse response of the matched filter is the same
as the signal itself.
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