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1. (20%) Toss a fair die 4 times, Let X; be the number that appears at the i-th toss.

(a) (10%) Calculate P{ X; <min( Xz, X3,X4) }
(b) (10%) Calculate P{ X7 <X, <X3<X; }

2. (20%) Two numbers X and Y are randomly selected from the interval [0, 1]. Define two
events: A ={X*+Y?*>1},and B={ X>Y}

(a) (8%) Find P(4)
(b) (7%) Find P(A | B)
(c) (5%) Determine whether events 4 and B are independent.

3. (20%) Consider a set of n independent and identically distributed (i. i. d.) random variables
Xi,X,..., X, , each uniformly distributed over [0, 1]. Let ¥ =max { X}, X5,..., X, }.

(a) (14%) Find the probability density function (pdf) of Y.
(b) (6%) Calculate the expected value of Y.

4. (20%) Let X, Y, and Z be independent zero-mean, normally distributed random variables.
Assume their standard deviations are oy = 1, oy =2, and oz = 3, respectively.

(a) (10%) Calculate P(X+Y+Z<6)
(b) (10%) Calculate P(3X -2<2Y+Z)
{ You may express the answers in terms of the distribution function of X, Fx(x).}

5. (20%) Assume the joint density function of X and Y is

2e77e”, 0Ssy<x<w

fX,F (x’y) ={

0, elsewhere

(a) (10%) Find the marginal density function, f£,(y), of Y.
(b) (10%) Compute E[Y] and Var[7Y].
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A random signal is defined as follows.
V()= Acos(2x i )
where 4 and f, are known constants and ® is uniformly distributed between

0 and 2.
10% (A) Calculate E[V(t)] and autocorrelation function R, (t,t,)

10% (B) Is V(t) wide sense stationary(WSS)? What'’s its power spectral density?
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For the AWGN channel with a white noise having power spectral density of N,
consider the peak-signal-to-rms noise ratio at the output of a matched filter for
' the two pulses:

gt = aH[t }t"
_ 2z(t—t,) t—1t,
gz(t)-bcosl: = ][[[ 7 ]

and

where

0, otherwise

H(t)={ L 1<

15%(A) Relate a and b such that both pulses provide the same signal-to-noise ratio at the
matched filter output.
15%(B) For a white noise with power spectral density of N, and the relation of 2 and b in
(A), please find the average error probability in terms of Q-function:
@ 12

o) = j—‘fE_dr
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s(t) = 4, cos[27f ¢ + k m(?)]
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I(t) = A, sin[27f, +6(2)]
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From the experience of Fourier series expansion (or Fourier Transform), we learned
that we can view the non-random time functions as the weighted sum of the integral of
the sinusoidal functions. The rate at which a non-random time function varies is related to
the weighting functions (spectrum, so called) of the Fourier series or transform. How about

the stationary random signals?(Explain how we can measure its average rate of change of
the ensemble of those sample functions?)




