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1 a) X is the 3-dimensional Gaussian random \ector with expected value px = [4
and covariance
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Calculate

i) The correlation matrix, Rx
ii) The PDF of the first two components ol X, fxl,x? (11/ x2)

iii) The probability that Xl > 8

b) Given the Gaussian random vector X in question 1 (a) above9 Y = AX + b/ wherep 12

(C03
P02)

JIIFL = [ 1 ]1/ F2 i / : I

and b = [–4 –4]’

Calculate

i) The expected value, By
ii) The covariance, Cv
iii) The correlation, Rv
iv) The probability that –1 S Y2 $ 1

2 a) Deer ticks can carry both Lyme disease and human granulocytic ehrlichiosis (H(JE). In a
study of ticks in the Midwest, it was found that 16% carried Lyme disease. 10% had
HGE, and that 10% of the ticks that had either Lyme disease or HGE carried both
diseases

1. Find the probability P[LH] that a tick carries both Lyme disease (L) and H(JE(H)
ii. Find the conditional probability that a tick has H(JE given that it has Lyme

disease
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b) Monitor a phone call where classify the call as a voice call (V) if someone is speakingp or
a data call (D) if the call is carrying a modem or fax signal. Classify the call as long (L) if
the call lasts for more than three minutes; otherwise classify the call as brief (B). Based
on data collected by the telephone company. we use the following probability model:
P[V]= 0.7, P[L]= 0.6. P[VL]= 0,35. Find the following probabilities:
I. P [DLl, ii P [D U L],
In. P [VB 1, i\-. P [V U L],

v. P [V U D], vr. P [LB]
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C) In a cellular phone system. a mobile phone must be paged to receive a, ph(.)ng, call
However, paging attempts do not always succeed because the mobile phone may not
rFceive the paging signal clearly. Consequently> the system will page a phone up to thee
tlmes before giving UP. If a single paging attempt succeeds with probability 0.8, sketch a
probability tree for this experiment and fInd the probability P[F] that the phI)ne is found.

3. a) A radlo station gives a pair of concert tickets to sixth caller who knows the birthday of
the performer. For each person who calls. the probability is 0.75 of blowing the
performer’s birthday. All calls are independent . - -
i. FInd the PMF of L, the number of calls necessary to find the winner
ii. Find the probability of finding the winner on the tenth call
iii. Find the probability that the station will need nine or more calls to find a winner,
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b) X is a continuous uniform (–5, 5) randorr varIable. 12
(C02
P02)i) Find PDF fx Lx)

ii) Find CDF Fx(x)
iii) Find E[X]
iv) Find E [Xsl
v) Find E[ex]

4. a) FInd joint probability mass function and mdrginal probability. For a constant a > 0
random variables X and Y have joint PDF
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fx ,Y (x, y) 1/a2
0

(I $ x $ a, 0 S y S a1
otherwise .

Find the CDF and PDF of random variable

W = max (t , I)

b) Random variables X and Y have joint PDF 12
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A 1 r ( x x y ) = { :
–] $ x $ 1, 0 S y $ 12/

otherwise
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IV.

V,

Find E[X] and Var[X]
Find E [Y] and Var[Y]
Find Cov[X, Y] .
Find E[X + Y] .
Find Var[X + Y] .

5 a) J and K are independent random variables with probability mass functions 13

(C03
P02)J = 1,

j = 2,
1 = 3,

otherwise , ) I K ( k ) = { 0i5

k = –1,
k = 1,

otherwise

Find the MGF of M = 1 + K. Also find E[M3]. £[M4] and PM (m)



/ b) IF a production line for 1000 Q resistors, the actual resistance in ohms of each resistor is
a uniform (950, 1050) random variable R. The resistances of different resistors are

independent. The resistor company has an order for 1% resistors with a resistance
between 990 Q and 1010 Q. An automatic tester takes one resistor per second and
measures its exact resistance. (This test takes one second). The random process Nd)
denotes the number of 1?', resistors found in t seconds. The random variable T, seconds

is the elapsed time at which r 1% resistors are found
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IV
V.

Find p, the probability that any single resistor is a 1% resistor
Find the PMF of Nd)
Find E[TI] seconds, the expected tIme to hnd the frrst 1% resistor
Find the probability that the first ] Q/, resistor is found in exactly 5 seconds.

If the automatic tester hnds the hrst 10,a resistor in 10 seconds, Find E[T2jTl=10],
the conditional expected value of the time of finding the second 1% resistor?

6. a) Consider an experiment that produces a Bernoulli random variable with probability of
success g. In order to estimate q, we perform the experiment that produces this random
variable n. In this experiment. q is a sample value of a random variable, e, with PDF
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h(q) = {:q(] – q Ool:r=ite

In Appendix A, we can identif} e as a beta (/ = 2, J = 2) random variable. To estimate a
we perform n independent trials of the Bernoulli experiment. The number of successes in
the n trials is a random variable K. Giver: an observation K = k, evaluate the following

estimates of Q:
i. The blind estimate qB ,
ii. The maximum likelihood estimate gMI ( k),
iii. The maximum a posteriori probabilit} estimate q MAP (k) .

b) A telemetry voltage V, transmitted from a posItion sensor on a ship’s rudder, is a random
variable with PDF
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f,(v) = {ljL2
–6 S v $ 6,
otherwise.

A receiver in the ship’s control room receives R = F + X, The random variable X is a
Gaussian (0, a) noise voltage that is independent of V. The receiver uses R to calculate

a linear estimate of the telemetry voltage

P = aR + b

Find

i. the expected received voltage E[R],
ii. the variance Var[R] of the received voltage.
iii. the covariance Cov[V, R] of the transmitted and received voltages,
iv. a+ and b+, the optimum coefficients in che linear estimate,
v. e+, the minimum mean square error of the estimate.



en,diX A

A.2 Continuous Random Variables

Beta (i , })
For positive integers ! and J, the beta function is defined as

BO’ J) = )

For a PCi, J) random variable X,

A k) = { £(i' j)xi– (1 – X)J–1 :t=e==I

rEx] =
i + y

Var[X 1 = (1' + J)2(f + J + 1)
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Appendix B

Table for The standard normal CDF
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The standard normal CDF O(y)


