METU, Ankara
Fall 2011-12

EE 503 ) Dr. Gagatay CANUAN
Midterm #1 /SO ;‘0" S) 0DTU EEMB

(Duration: 110 minutes) v

1. (10 pts.) In the fair coin experiment. we define the process x(t) as follows:

() = sin(7t). if heads show
=1 2 if tails show
4 (a) Find E{z(t)}.

3 (b) Find the first order distribution of z(t) for t = 1.

(l_ (¢} Find the joint distribution of z(t) for t=1/2 and t = 1.

2. (15 pts.) A real valued random process y[n] is defined as follows
y[n] = z[n] - zin~ 1]
Here z[n] is i.i.d. and takes the values of {1,0} with probability p and (1 — p), respectively.
(a) Find the first order distribution of yln]-
(b) Is the process y[n] stationary?

%

3

3 (c) Are the processes y[n] and z[n] jointly stationary?

é (d) What is the correlation between the samples. L.e. E{ynlyln — &|} 7

3. (15 pts.) A real valued random process z[n| has the power spectrum density of S,(e/*) = 3+ 2cos{w). This
process is filtered with H(z) =1~ 1:-2.
(a) Is the output process stationary in any sense?
(b) What is the output autocorrelation?
(c) Is the process z[n| = (z[n))? stationary in any sense ?
(d) B

onus (5 pts.): Find the first order density of z[n] = (z[n])? when z[n] is a Gaussian process.
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4. (20 pts.) The random variables z1 and 29 arc defined as follows:
I = u+r-uw
T3 = u—-v-uw

Here u and v arc zero mean Gaussian random variables with zero mean and variance of 1 and 2 respectively.

The correlation coefficient of v and v is 1/v/2. The random veriable w is Gaussian distributed with zero
mean and variance of 2. The random variable w is independent from v and v.

'5 (a) Write the joint pdf of z, and zs.
fj; (b) Find a linear transformation A, i.c.

wl_alnm
v | N
such that y; and y, are uncorrelated.
g (c) Find a linear transformation of zy and T2, le. = ;7] + @z, such that z is independent from u.
5. (25 pts.) A real valued random process z([n] is defined as follows:

zn] =pzln-1+wn. n>0

where |p| < 1 and w(n] is white noise with zcro mean and variance of oZ. The initial condition at n = —1
is given as zero, Le. z[~1] = 0.
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Q_(a) Caleulate the u,[n] = E{z[n]}.

C'} (b) Calculate var{z(0]}. var{z([1]} explicitly and generalize to var{z[n]}. Is the process z[n] stationary for
n>07

% (c) Calculate the autocorrelation of z[n], i.e. Rylky. k] = E{z[kyi|z(ks]} and check the consistency of the
result with part (b). Is the process stationary?

(d) Assume that the initial condition of z[-1] is also a random variable. The sample z[—1] has zero mean
and variance l%p—r Repeat part (b) for the random initilization. Comment on vour results.

6. (15 pts.) The process 2(¢) is zero mean WSS process.
Show that, if

N

s = %Zx(kT)

k=1
then

sin®(NwT'/2)

A 1 = A
Bs') = o /_m Sa(w) sin(wT/2)
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