Question 1: (25 Points) For a certain species of trees, the diameter (D) and usable height (H) of each tree
was measured (in feet). The following probability distribution is estimated.
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Slnce a tree trunk is roughly a cylinder, the volume V of usable wood that it contains is given

approximately by:
V= 0.4D*H

a) Are diameter and helght independent? Do not make use of Covariance to answer this problem.
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b) Calculate the average volume of a tree E(V).
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c) Write an expression for(H — 5D) in terms of expestations-of H, D and the covariance of Hand D.

Do not calculate.
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d) Calculate P(D=1. 25|H—20)
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Question 2: (30 Points)
a) Findthe pdf of W = VY if ¥ has the pdf fy(y) = 2y for0 <y < 1.
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b) LetY,,...,Ys be a random sample from the exponential density fy(y) = 2™,y > 0.
Approximate P(Y; + - + Y4g < 25/4). (Hint: E(Y) = 1/A and V(Y) =1/2%)
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c) LetY;,...Yn

Y, be a random sample from the pdf fy (¥) = y ,0 <y <6.Findan unbiased estimator
for 6. (Hint: Consider 8 = ¥) _ @.
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Question 3: (25 Points) A “planet transit” is a rare event in which a planet appears to cross in front of'its
star as seen from Earth. Assume that the number of planet transits discovered for every 3,000 stars follows a

Poisson distribution with A = 5 as announced by NASA.

a) What is the probability that more than 10 planet transits will be seen, in the next 3,000 stars
monitored by NASA? Use Normal approximation to Poisson to answer this question.
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b) Itis also reported by NASA that 20% of the stars that the astrophysicists observe are from our
galaxy Milky Way. Among the 3,000 stars monitored, what is the approximate probability that at

least 550 stars are from Milky Way?
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¢) The time it takes to observe 3,000 stars is normally distributed with mean 1 year (=365days). If the
probability that the next mission of NASA to observe 3,000 stars takes more than 400 days is
0.0764, find the standard deviation of the distribution.
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Question 4: (30 Points) Consider the geometric distribution with parameter p.

a) Derive the maximum likelihood estimator for p.
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b) Suppose the following observations come from a geometric distribution: 3, 2, 2, 1, 4. Estimate the
parameter p using the MLE you found in part a).
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c)r Find the sample variance s? using the data in part b).
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d) In a problem of estimating the mean x from a large sample, the investigators believe that the

standard deviation is around 5.6 and they wish to estimate p with an error margin of at most 0.7
and 98% confidence. What should the smallest sample size n be?
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