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1) (10 pts) Expiain the functions of the pmemphms and deemphasis filters used m a frequency
moduiation (FM) system, -.r‘__ |

2} (10 pis) Describe the central-imit-theorem (CLT) and Chebyshev's inequality i vour
prabability class. —_ ——I !

3) (10 pts) Explain the sampling }hr:mcqr fO].‘ﬁﬁWpilss signals of bandwidth iV

4) (10 pts) Deseribe what the W(cnrrL.hmchme theorem states regarding an auw-correlaton

function.
5} (10 pts) Explam Nyquist's pulse-shaping ¢riterion for a band-limited channel with intersymbol-
interference (IS1).
&) (20 pis) Consider the binary erasure: -channel, which is shown in the Fig. |. Thi¢ binary
—— ==
Vo - - o
e — —
B SN
— e Y

|+-—’-f“

I -.m—-____ﬂ.._._-.. i

Fig: 1. Binaey srasirs chonsel

ernsure channe! has rwo (npuis & = 0, 1 and thrc-e outputs o =10, 1 ¢ 'Morsover, assume
that the snputs are squally h]oe.!v wa supponse
1 [_g=t=1)" 7"
Priul |8} = ==t |
Varg: | i = 257

That is, the received random va.nabi ¥, has Gailussian distibution ¥{—1.571 when the

] s=0,1,-oo< <, |I

mput 15 U and ¥ has Gaussian &stri tion ¥{1, o) when the input is |. Assume that the

cosl i3 given by -

I L d=ls=Uord=0s=1:
Clds)=4 0, ifd=0s=0ad=le=1;
lr fd=g |

Given ' = . the optimal Bﬂ}’ﬁ-&tﬁi1mﬂ-ﬂl]ﬁ-’nﬂlm.‘ies the decision: with smallest g ‘
posteriari cost gven by — .
Ctatyr) TE‘C'M-T!-FIS.. 114,

ﬂ_

That is, choose d = 4 if. (dly) = unn{ﬂlﬁ’yl O, Cley)
tay (L0 pis) Find the nptmtal Bn}'es decision rule if ¢ = 0.5,
(by (10} pts) Find the optimal Bayes decision rule if - < 0.5
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7y (15 ptsy We consider the problemn of estimating & parameter 3 observed in addative noise,

The observations are given by
2=V i=1.,, N

We assume that the V] are independent, identically distributcd (Gaussian random vanables
with zero mean and variance 7. We also a.s'sumcﬁjfm 7 is Gauvssian, <ero mean, and with
varignes o3, What is the MAP (mmmum*a-posm mn probability) estimate Su ap for #
8% The probability density function {pdf) :}f-a-l:sau%slau rq.mium variable X 15 given by
'| Id‘h-J
1964 G
Consider another random varable d::fmcd as

V=&t

{a} (5 pis) Find the pdf for ¥', —— =

(b) (5 ps) Find the mean, mﬁlmp_._;_mhfan_giga___bf Y . Exammne the mean and median
for ¥ and find ow which or1le-!5 laFser J

(g} (3 pist Define the Lomplemcf:tarv Tcumulative distribution function for zero mean

and unn vanance Gaussian mandom vnnnb]mas
g

a)= o Ty

al

Express £[¥ > y| using (/) function for y > 0.




