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Problem 6.14
a. E[X%(t)] = R(0) = 12 W, E2 [X ()] = lim, 0o R(7) = 9 W;
ok =E[X2(t)] - EB2[X ()] =12-9=3 W.
b. DC power = E2[X ()] = 9 W.
¢. Total power = £ [X2 ()] =12 W.
d. S(f) = 96(f) + 15sinc? (5f).

Problem 6.15

a. The autocorrelation function is

Bx (1) = E[Y(@®)Y(t+1))
= E{X(@)+X(t-TWX({t+7)+X({t+7-T)}
= EBX@O)X({t+7)]+BX (@)X (t+7+7)]
HEX(t=T)X(t+7)]+E[X(t~T)X (t+7—T)]
= 211’.){(7’)‘{'Rx(’r——T)-FRx(T-f-T)

b. Application of the time delay theorem of Fourier transforms gives

Sy (f) = 28x(f)+ Sx (f) lexp (—j2nfT) + exp (j2n fT)]
= 285x(f)+2Sx (f)cos 2n fT)
= 4S8x (f)cos? (xfT)

¢. Use the transform pair
Rx (1) =8A (r) —— Sx (f) =&sinc? (f)

and the result of (b) to get
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Problem 6.23

a. E[Y (¢)] = 0 because the mean of the input is zero.

b. The frequency response function of the filter is

¢. Use the transform pair exp (—|7|/70) e

d.

1
H(f):10+j21rf

The output power spectrum is

%(f) = Sr(f)IH(f)lz

1
= 1K 100 + (27 f)?
B 0.01 _ . 2/10
T o1+ @rf10)2 T 1+ (2nf/10)°

which is obtained applying (6.89).

Yﬁ%—r ta find the power spectrum as
0!

Ry (1) = 0.05¢ ~10i7!

Since the input is Gaussian, so is the output. Also, E [Y] = 0 aud var[Y] = Ry (0) =
0.05, so

exp (—y2/2a§,)

fry) =
‘/271'0'%,

where 0¥, = 0.05.

.

Use (5.189) with

I:yl=Y(ij1),y:y2=Y(t2),mz=m.y20, anda§=cr§=0.05

Also Ry (7)
— Y\ -0
p xT) Ry (0) €

Set 7= 0.03 to get p(0.03) = 0.741. Put these values into (5.189).

Problem 6.29

a.

Choosing fy = fi moves —fi right to f = 0 and Ji left to f = 0. The lowpass
filtered version of the superposition of these two spectra is the power spectrum of
ne(t) or ng(¢). It is a v-shaped specirum centered at f = 0 given by Spp (f) =

%i\rg “ - A (#7;)?

. Choosing fy = f moves — f, right to f = 0 and f3 left to f = 0. Thus, the baseband

spectrumm can be written as Syp (f) = § VA (75-’:71) .

. For this case both triangles (left and right) are centered around the origin and they

add to give Spp (f) = %NGH (fz—ﬁ '

They are not uncorrelated for any case for an arbitrary delay. However, all cases give
quadrature components that are uncorrelated at the same instant.
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