
Written test for the examination\Probability and Sto
hasti
 Pro
esses", 2005-01-14, 14:00 - 18:00, house V.Le
turer and on duty: Rossitza Dodunekova, 772 3534.Allowed material: Cal
ulators with empty memories, the handbook Beta.There are 30 total points in the examination. One needs 14 points for grade 3 (to pass), 18points for grade 4, and 24 points for grade 5.Problem 1. A binary 
ommuni
ation 
hannel with "i � 1=2 is shown in the �gure below. Letthe input probability of 1 be p, where 0 < p < 1.(a) Assume �rst that p = 1=2 and "i < 1=2. Given that the output is 1, whi
h input is moreprobable? (1.5)(b) Let p be any number in (0; 1) and the 
hannel be symmetri
, i.e., "1 = "2 = " � 1=2: Findthe value of " for whi
h input and output are independent. Is su
h a 
hannel appropriatefor information transmission? (1.5)Input Output0 1� "1 0"1"21 1� "2 1Problem 2. Messages arrive in a multiplexer a

ording to a Poisson pro
ess of rate 10 messagesper se
ond. Use the CLT to estimate the probability that more then 600 messages arrive inone minute. (3)Problem 3. X and Y are independent random variables uniformly distributed in (0,1).(a) Compute E[(X � Y )2℄ (2)(b) Let Z = X + Y . Find the pdf of Z. (2)(
) Compute E[ZjZ > 1℄. (2)Problem 4. N(t) is the Poisson pro
ess with parameter �.(a) Find the joint pmf of N(1) and N(4). (2)(b) Compute PfN(1) > 1; N(4) < 4g: (2)(
) Compute the 
ovarian
e fun
tion of the pro
ess X(t) = e�tN(e2t). (3)
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Problem 5. X is a WSS random pro
ess with auto
orrelation fun
tionRX(�) = 16e�5j� j 
os 2�� + 8 
os 10��:Compute the power spe
tral density of X. What are the average power at zero frequen
y andthe average power of X? (4)Problem 6. A linear system has an impulse response of the formh(t) = � 5Æ(t) + 3; if 0 � t � 10 otherwise:The input to this system is a random sample fun
tion of the formX(t) = 2
os(2�t+ �); �1 < t <1;where � is a random variable uniformly distributed in (0; 2�).(a) Find an expression for the output sample fun
tion Y (t). (2)(b) Find mY and V ar(Y (t)). (2)Problem 7. X is WSS with auto
orrelation fun
tionRX(k) = 9(1=3)jkj; k = 0;�1;�2; ::::(a) Find the optimum linear �lter for estimating Xn from the observationsXn�2 and Xn+1. (2)(b) Compute the mean-square estimation error in (a). (1)
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