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Jointly WSS Process:

Let {X(t)} and {Y (t)}be two random processes. Then the function of

(t) and (¢t) is said to be JWSS process if

(DE[X(t)] = constant
(IE[Y(t)] = constant

(ii)R(ty, t2 )is a function of r

Problems under Joint Wide Sense Stationary:

1.1f X(t) =5 cos(10t + 6) and Y(t) = 20 sin (10t + 8), where 0 is

uniformly distributed over (0, 2m). Prove {(t)} and {(t)} are JWSS.

Solution:

Given (t) = 5cos(10t + ), Y(t) = 20sin (10t + ), where 0 is a RV

uniform distributed over (0, 21)
1
f@)=—,0<0<2m
2T

To prove {(t)} and {(t)} is a JWSS process.
(DE[X(t)] = constant

(INE[Y(t)] = constant
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(iii)Rxy(t, t + r )is a function of r
(HX(®)] = [5 cos(10t + )]

= 5 [cos(10t + 6)]

—5 JOZ” cos(10t + 6) - do

21

= > " os(10t + 6)d

2do

= [sin(10t + )"
= [sin(10t + 27) — sin(10¢)]
= [sin 10t — sin 10 ¢] = 0
[X(t)] = 0 is a constant
(i)[Y(t)] = [20 sin(10t + 8)]

= 20 [sin(10t + 0)]

= 2012” sin (10t + 6) ide
0 21

=2 "gin (10t + 0)

2Jo
10

== c(10t + O)]>
- 0

= E[— cos(10t + 2m) + cos(10t)]

s



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

= E[— cos 10t + cos 10t] = 0

s

[Y(t)] = 0is a constant
(iRxy(r) = E[X(@®)Y (¢t + 1)]
= [5 cos(10t + 8)20 sin(10(t + r) + 6)]

= [5 cos(10t + 6)20 sin(10t + 107 + )]

= 0 [sin(10t + 8 + 10t + 107 + ) — sin(10t + 6 — 10t — 10r — 0)]

2
= 50[sin(20t + 107 + 20) — sin(—107)]

= 50[sin(20t + 107 + 26) + sin(107)]

= 50sin 107 + >° “"sin (20t + 107 + 26)
ano

- 21
= 50sin10r + f [ COS(20t+1Oc+20)]

T 2 0

. 25
= 50sin 10r +g [— cos(20t + 107 + 4m) + cos(20t + 107)]

25
= 50 sin 107 + 7 [— cos(20t + 107) + cos(20t + 107)]
s

= 50 sin 107

Ryx(t,t + r)is a function of r
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Since the conditions (i), (ii) and (iii) for JWSS are satisfied, {(t)} and {(t)}

are JWSS processes.

2. Two random processes are obtained by X(t) = A cosmgt +

Bsinmgt and Y(t) = B cosmyt — Asinmgt. Show that X(t) and Y(t) are
JWSS if A and B are uncorrelated random variables with zero mean and
same variances and mg is a constant.

Solution:

Given (t) = A coswot + Bsinwgt and (t) = B coswot — Asinwyt
Where A and B are random variables with mean zero.
~E(A)=E(B)=0.......(2)
Also given A and B have same variances
(i.e) Var(A) = Var(B)
~EA)=E([B?)=0.......(2)
Also given A and B are uncorrelated
E(AB)=E(A)E(B) =0.....cc.ccuon... (3)
To Prove {X(t)} and {Y(t)} is a JWSS process.

(DE[X(t)] = constant

(IE[Y(t)] = constant
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(iii)R(tq, t2 )is a function of r

(i) [(D)] = E[A coswot + Bsinwot]
= [A] coswot + [B]sinwot]
=0 (by1)
[X(t)] = 0 is a constant

(i)  [(t)] = E[B coswot — Asinwyt]
= E[B] coswot — E[A]sinwyt]
=0 (by1)

[Y(t)] = 0 is a constant

(i) R(ty, t2) = E[X(t0)Y (t2)]
= [(A4 coswgty + Bsinwyt,)(B coswot; — Asinwyt;)
= [AB coswyty coswoty; —A? coswotSinwoty + B? sinwgt;  coswoty —
ABsinwgytq sinwyt;]
= [AB] coswgt1 coswoty —[A?] coswotiSinwot, +
[B?] sinwgt;  coswoty — [AB]sinwgty sinwyt;]

= 0 — [A?] coswotiSinwoty; + [B?] sinwptq coswoty; — 0

—[A?] coswotSinwot, + E[B?] sinwytq coswoty
= [A?](sinwot1  coSwot, — coswotiSinwoty)

= [A?]inwo(t1 — t2)
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= [A?]inwgr, Which is a function of r

~ R(ty, t2)is a function of r

sin Acos B —cosAsin B = sin(4A — B)

Since the conditions (1), (2) and (3) for JWSS are satisfied , X(t)and Y (t)are

Is JWSS process.
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