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Problem Set #6 Solutions

e Textbook: Ch. 6: 53, 57, 61 (a), (b), 66, 71, 79.

E;E_ﬁ{a] i

E[X(t)] = BE[Acoswt + B sinwt]
= E[A]coswt + E[B]sinwt =0

Cx(t1,f2) = E[(Acoswt; + Bsin wity ) (A coswiy + Bsin wty)]
= E[A% coswt; cos wis + E[B?] sinwt; sin wi,
+E[A] E[B] coswt, sin wty + E[A4] E[B) sin wt; cos wt,
= E[AE] cos wiy cos wiz + E[B?]sin wt; sin wi, .
Since E[A?] = E[B?],
Cx(tita) =  BE[A% cosw(ty — t5),
and thus, X (f) is WSS.

(b) -
E[X3(t)] = E[(Acoswt + Bsinwt)?]

= E[A%cos® wt + 3428 cos® wt sin wt + 3AB? cos wi sin? wt + B sin® t]
= E[4%] cos® wt + E[B?] siFE wi
= E[A%)(cos® wt + sin® wt)

Therefore the moment of X (£) depends on time and X (t) is not stationary. [m'ﬁig Elﬁ'*?-};




6.57(a)
Z(t) = aX(t) + bY(t)

E[Z(t)) = «E[X (&) + bE[Y ()] = 0
Cz(t1,t2) = B[Z(t)Z(t2)) = E[(aX (t,) + bY (1)) (aX (t2) + bY (2))]

= a’E[X (t;) X (t2)] + abE[X ()Y (t2)] + abB[X (t)Y (3,)] + V2B (1,)Y (t2)]
— ({I? + bg] C}f(fg - f-l} 1 since E[X{ﬁl}}r{tg}] = E[X[tg}?[flﬂ =0. Th'LlE, z[ﬂ is WSS.
(b) Since X () and Y (¢) are independent Gaussian RV’s, Z(t) is 2 Gaussian RV with mean 0
and variance (a® 4 b%) Cx (0):
=" [2(a? + 5°)Cx (0)
V2r(a® + %) Cx (0)

fzylz) =

6.61 The sequence U, and the sequences X, Y., ant'iﬁ,._ are related as éjlﬂWn below: -

U Uy Uy U U Uz Uy Us Us
Yo 24 Xo Yo Zo X1 Y 21 X

o) ' - -
If the sequence U, is shifted by = multiple of 3, say be 3k, then the subsequences X, ¥},

-and Z, are shifted by k. If the subsequences are stationary, then the shifted U, has the
same joint distributionsand thus Uy is cyclostationary. .

On the other hand, if the shift of U, is not a multiple of 3 then the ;]mnt distributions are
not the same, and thus U, is not stationary.

b) Simiflar To park (o).

: 2nt
6.66 mx(t) = E[A]cos -%L
ﬂﬂrt
E[Xs(t)] = T.[ E[A] cos —dt =

Rx(t,t+7) = E!AcmﬂﬂﬂcmM‘

T
. 21( 2xT dmt + 2rT
= B4 (cos 2 +m——f—)
1 T
Ry r) = = f Ry(t,t+ 7)dt
= 1,;052“'_’"5[,42]
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6.71 Fix(r) = 0% ™", Ry(ty,1;) = o2 el
a) Yes since Rx (1) is continuous af T.*:u{ﬁuq{g ).

b) Yes,since Rx(7) has derivatives of all orders at 7 = 0.

[

j{xa{‘r} = dTERI{T]

2a0%e™" (1 — 2ar?)

Il

SIBIX(O)) =0, because BIX(1)] = constent

¢) Yes since R;;{T] is M.S. -::untmuﬂus
Consider ¥ (1) = f A(t)dt.

E[Y()] = fﬂ CE[X(8)dt = myt
f : _[ % P ey il
_'_l_l. J ] RK{H.-UJJ.U\J\.U ¥
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Qﬂ fhﬁfj“ﬁ variablhs t=l 2 T=u-v, te r:r’-:ﬁum

Tt
QV&"W j JEKUI"J drdt .
t=e T—T—T&

Il
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d) The fact that the autm:nnalatmn has the Eha.pe of a Ga,ussmn pdf does not imply
that thf: process 1s Gaussian.

6.7T9R.(7) = A(1—|r|), |r] €1. We have

‘ 2T 2T
VAR[< X(8) >1] = o f_w (1 ~ %) Celu) du < o -ET( ';;!) Re(u) du

< it ETR u]dﬂ —f Al —uldes 2 g T>1/2
5T = = 5T OT '

Therefore VAR[< X {t} >r] = 0as T — oo, and X (¢} is mean-ergodic.




