Solutions to Chapter 11 Exercises (Part 2)

Problem 11.1

(a) The impulse response of the integrator is h(t) = LeLt(%—) Hence the
transfer function is
H(f) = t,sinc(ft,)e 72"/t

The PSD of the output is
N 42

Nt 25inc?( ft,).

-

Sy () = Sxx(HIH(I =
(b) Taking the inverse transforms of the above result

Ryy(r) = F7'[Svx(f)]

N, T
= F='t.sinc?( ft,)]
"\'T‘Jt"t i(t/t
= = ri(t/t,).
The total power in the output is:
*?\':—oto
Py = Ryy (0) = 5

(¢)The noise equivalent bandwidth, B,.,, will satisfy

4.?\:,01‘-2 *?\I.-Otﬂ
£.2B,.., = B =
2 4 YT
1
= Bﬂe — .
4 ot

Problem 11.5

The given function is not a valid autocorrelation since |Ry x[k]| is not less
than Rx x[0] for all k.

Problem 11.12
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From example 10.5, the PSD of the random telegraph process is

A A C

Sxx(f) = Jzti(f) + I NEENETIES

The output PSD is given by
Syy (f) = Sxx(HIH()P.

For the filter given,
h(t) = be™™u(t) « H(f) =

Therefore, the output PSD is
A A c b
s - (= =
o) = ($0+5 mrtr7) (@ @)

4q?

Problem 11.14

Sr(f) = Sxx(DEDF = 7 {t (J{:JJ‘;) et (;ifcﬂ |

where f. = (fi + f2)/2. Assuming f> — fi << 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

. _ 2 ab? e f—f. . f+r
Syy(f) = SXX(chH(fN = —1 n (fcjafg)z {I_.C.t (fz — fl) + rect (f; — fl)]

2(1()2(f2 — fl)
L+ (fe/fo)?

1

sine((fy — fi)7) cos(w,T).

Problem 11.17
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Ry, v,(7) = EYi(t)Ya(t+7)]
= /hl u)N(t —u du/hz + 7 —v)dv]
- //hl Wha(0)E[N(t — )N (t + 7 —v)]dudy
= f / hy(u)ho(v) Ry n (T — v 4 u)dudv
- / / he (W)ha(0)8(r — v + u)dude
= f hi(u)ha(u+ 7)du
= hy(=7) % ho(7).

(b)
Sviv(f) = Flha(=7) = hao(7)] = H{ (f)Ha2(f).

(¢) The two processes are independent at the same sampling times if Ry, y,(0) =
0. From the results of part (a), this constraint is expressed in the time domain
as

Ry, 1,(0) = 0 = f ha () ha(t)dt = 0.

In words, the impulse responses of the filters must be orthogonal. Trans-
forming this to the frequency domain, the constraint becomes

[ Svn(f)df =0= [ Hi(f)Ha(f)df =0

Hence the transfer functions must be orthogonal.
(d) The two processes are independent at arbitrary sampling times if Ry, y,(7) =
0 for all 7. This leads to

/ ha(t)ha(t + 7)dt = 0.
In the frequency domain, we must have Sy, y,(f) = 0 for all f. This leads to

Hi(f)H:(f) = 0.

In this case, the transfer functions must be non-overlapping in frequency.

Problem 11.20
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4

= _ 4,.—10t,
10+ jmf h(t) = de™ T u(?).

H(f)

The noise equivalent BW is found as follows:

| EDPG = 5 [ IHOPE =5 [ R
= S/Omf?_z')fdfzg
2 _ 2
HOP = -

. _ - 200 _ 2
= Bus = TeE ), HOPE =3
The 3dB BW occurs when
. 1 .
|H(f3)]> = §|H(0)|2 = f3=

The ratio is then

B, 5/2 =«
f3 5{;’71' 2
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