EEL 711/ELL 711  Major Test  Semester I 2015-2016

Answer all questions (Marks: Q.1: 30, Q.2: 50) Full Marks: 80
X
i o X+ Kot Xy
LLet X=1| : |,L>2beaN(Q.x, L,)random vector, and X = 7 :
XL
Y,
The random vector Y = | : | isgiven by ¥; & X; — 8X, i=1,...,L, where Bis a
YL

deterministic real constant. We can express Y as Y = BX, where B is a deterministic

T >
L x L matrix. Let V = \/XLK and U = LLK.

(a) Find the two values of 8 for which V and U have the same distribution. 4]
(b) For the value of 8 for which both V and U are Nakagami distributed with second
moment 1:

1) Find the c.f. of V2. [4]
/) Using the central limit theorem (CLT), find (in terms of L), the approximate c.f.
of ¥? for large L. (4]
1i) Find the c.d.f. of V2 for L = 6. [2]
#v) Calculate the probability Pr{V e %} for L = 6 and for L = 30 (use the
Q-function approximation wherever applicable). (2+2]

(¢c) Fr L=2,=1and L=2,8=2:
;;(fyl”ind the joint p.d.f. fy, v,(%1,%2) and the c.f. of Y2 + Y2. [1+1+1+1]
1) Find the p.d.f. of |Y; + Y. [2+2]

(d) Let the p.df. of [Y; +Yy| for L = 2,8 = 1 be denoted by the function g(-). Let
Sy, 82, S3, 54 be i.i.d. random variables, with p.d.f.

fs.(x) =04g(z — 1)+ 069(z—2), i=1,2,3,4

Calculate the probability Pr{(5'1 + 82+ 83+ 84)? < 40}. (4]

2. A WSS complex-valued circular Gaussian random process Z(t) is expressed as
Z(t) = X(t) + Y (1),

where 7 = v/—1 and X(¢) and Y(t) are real-valued jointly WSS Gaussian random pro-
cesses. The random process Z(t) has mean pz = px + juy, with px = Re(uz) > 0,
iy = Im(uz) > 0, autocorrelation function

Relts ) = B(2(0)2" ()] = { 256) 1 cos st - )} +

2
P'JZ! )
and pseudo-autocorrelation function

Ra(ti,ts) = B[Z(1)2(6)] =2+ (2V3) .
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(a) Fipd the following:
J/lh(‘ mean fiy,

\90 the cross-covariance function

Kxv(t,ta) = B[(X(4y) = px) (Y (12) = )l

\/((;1) the autocovariance function

Kx(ti,ta) = E((X(t) — px ) (X (L2) = px)) )

\(/’({thc auntocorrelation function

Ry(l,],/g) = E[V(l,))’(ll)] ,

(b) Let 1
1
V=V, + Vs = 2(0) + 22 (Z) +37 (2) ,
where V; = Re(V), V, = Im(V). ,
(i) Find the joint p.d.f, Jvi v (01, 09). (6]
(ii) Find the .f. of V2 — 31,2, 4]

(iil) Using Tchebychefl’s Inequality, find an upper bound on the probability

Pr{|V - B(V)| 2 5}

and also calculate the exact value of this probahility. [34-3)
\(}{Let W(t) = X(t) — aY(t) be a zero-mean WSS random process, IFind a, the p.s.d.
Sw(/f) of W(t), and the power of W (1). [24-6+2]

(d) Define a random vector W as
X (%) -aY (%)
t3k
1
X (3)-av (3)
where a is as in (c). Let B be a 2 x 2 matrix such that BW has the p.d.f.

1 1, T,

fow(uw) = g-e™3*, ue R’ (1)

where 72 is the set of real numbers.

(i) Find a lower triangular matrix B that satisfics (1) and has positive diagonal cle-
ments. [()]

(i) Calculate B (W, W3], E [W" BW], and B [\/ (M"li"‘ﬂ.m)”]. (242+4]
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