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Question 1: (25 Points)  Consider the following joint probability density function for random variables X
and Y.

J(x,y) = 6x 0<x<1l, 0fy=sl-x

a) Find the marginal pdf of X.
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b) Calculate E(XY).
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c¢) (4 points) Find Cov(X, Y), that is, the covariance of X and Y.

__Hint: You can use the following mformatlon E(X) = 0. 5 and E¥)=025. . B
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Quéstion 2: (20 Poinis)

a) (15 points) Among the most famous of all meteor showers are the so-called Perseids, which occur each
year in early August. In some areas, the frequency of visible Perseids can be as high as forty per hour,
Assume that the number of Perseids observed in any given time interval has Poisson distribution.
Calculate the probability that an observer sees at least 3 Perseids in 4 minutes, in early August.
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b) (5 points) Define M = max(X, Y) where X~Exp(0.7) and Y~Exp(1.2) are independent from each .

other. Derive the distribution of M.

Hmt For an exponentnal random variable with parameterzl the cdf is glven by F(r) =1—e™*, x>0,
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Question 3: (20 Poinis) Sir Francis Galton (1822-1911) is known for his groundbreaking waork in using
fingerprints for identification purposes, in addition to all his contributions in genetics. The number of ridge

crossings, called the ridge count (simply the number of lines that appear in a finger print) in males can be
approximated by a normal distribution with mean 146 and standard deviation 52.

a) (6 points) What is the probability that a randomly selected male has a ridge count between 70 and
1707

[LQ,'I Y ) be r'dg@_ counl
r R

P04 Y L) = f(éé;ﬁ‘_:,-&é L Y-Mb 4 yos.,

/
e
o

N

b) Ifasample of 50 males are to be selected randomly from the population, what is the approximate
probability that their average ridge count will be larger than 1307
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¢) Suppose a random sample of size 50 is actually drawn and it is found that the sample mean of ridge
counts is 152, Construct a 95% confidence interval for the mean ridge count based on your sample.
Does your interval include the population mean?
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Quesiion 4: (25 Points) a) (10 points) Derive the maximum likelihood estimator for the parameter of

Poisson distribution. Is it unbiased? If not, suggest an unbiased estimator.
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b) (8 points) Derive the method of moments estimator for @ in the pdf
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(7 points) What is the smallest sample size of a random sample from a Bernoulli distribution with
parameter p, if the margin of error for estimating p should not exceed 3% at the 90% confidence
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Ouestion 5: (20 Points) Let a random variable ¥ be equal to 1 if a chemical substance is radioactive, and 0
if not. On the other hand, its physical strength can be classified as weak, moderate, strong, and quantified
with -1, 0, 1, respectively, and denoted by random variable X. Consider the joint probability distribution
for radioactivity and strength of the substances found in a certain geographical region of the world.
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a) (6 points) Let W = XY. Find the probability function of W,
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b) (6 points) Find conditional probability P(Y = 1|X = 2).
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c) (8 points) If 120 different substances are chosen at random from the subgroup of strong
ones, what is the approximate probability that at most 45 of them are radioactive?
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