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(Total 100 Points.) There are 6 Problems in this exam. Show intermediate steps and

Jormulas for partial credit. You must explain how you compute your results or answers for
Jull credit.

1. (10 points) Consider a system of components in which there are 6 independent components,
each of which possesses an operational probability of 0.9. The system does have a
redundancy built in such that it does not fail if 4 out of the 6 components are operational.
What is the probability that the total system is operational?

2. (20 points) Consider the random variables X and Y that represent the number of vehicles
that arrive at two separate street corners during a certain 2-minute period. These street
corners are fairly close together so it is important that traffic engineers deal with them
jointly if necessary. The joint distribution of X and Y is known to be

9 1
f(xﬂy):1_6-><4(x+y) ,forx=0,1,2,...,andy=0,1,2,....

(a) Are the two random variables X and Y independent? Explain why or why not. (10 points)
(b)What is the probability that during the time period in question less than 4 vehicles
arrive at the two street corners? (10 points)

3. (20 points) Random variables X and Y are independent, having the following probability
distributions:

6x(1-x), O<x<l,
0, elsewhere.

f(X)={

2 0 1
f(y)={y’ =R

Find the probability distribution for the new random variable Z = X?Y.

0, elsewhere.

4. (20 points) A scientist takes data (zi, Y;), ¢ =1,...,n, where Z; is the size of an area
and Y; is the number of a specific plant in the area. Assuming that he model the data by
Y; ~ Poisson(0z;), Yis independent.
(a) Find the least squares estimator &. (5 points)
(b) Find the MLE of &. (5 points)
(c) Find the best unbiased estimator of & and show that its variance attains the Cramer-
Rao Lower Bound. (10 points)

5. (15 points) Two different hardening processes are used on samples of a particular type of
metal alloy. The results are shown in table below. Assume that hardness is normally
distributed.
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Process One Process Two
95 120
100 110
90 95
90 100
80 100
85 105
95 90
100 80
85
80
90

(a) Test the hypothesis that the mean hardness for the metal alloy produced by different
processes are equal. Use o= 0.05 and assume equal variance. (10 points)

(b) Construct a 90% confidence interval on the ratio 07/03. Does this assumption made
in (a) of equal variance seem reasonable? (5 points)

6. (15 points) Consider the partial printout for a regression analysis of the relationship
between monthly salary (in thousands) and two independent variables age and gender of
sample workers in some company. As gender can only be male or female, this variable is
coded as

1 male
gender =
{ 0 female

Predictor Coef SE T P
Constant 4 2 2 0.059
Age 2 0.1 20 0.000
Gender 15 5 3 0.007
agexgender ~0.5 0.2 2.5 0.021

s =3 R-sq=2952% R-sq(adj) = 94.5%

Source SS df  MS F P
Regression 3600 3 1200 133.3 0.000
Residual 180 20 9

Total 3780 23

(a) Plot the least squares prediction equation associated with male and female workers.
(5 points)

(b) Test the overall utility of the model (Please cleai‘ly state the null, the alternative
hypothesis, and the test statistic, and use &= 0.05). (5 points)

(c) Please explain what the “extra sum of squares test” is, and how to use it in multiple
regression analysis. (5 points)
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