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1) Define: : -

a) (4 points) Event

'b) (4 pts.) Random variables X and Y are independent.

2) (5 pts.) What properties must a real-valued function F on the real line possess in
order to be a cumulative distnbution function?




3) (10 pts.) Let Xy, ... , X, be independent random van'ables each with mean g and

variance o2 Let §* = Z X; - XY fn-1). Provethat E(S)= o’

=l @

4) (10 pts.) Two dice are tossed 400 times. Find an approximation for the probability
that the number of tosses with a total of exactly 8 exceeds 60.

5) (10 pts.) Let A, B, C be independent events, with P(A) = 0.9, P(B) = 0.8, P(C)=0.7.
FindP(AUB|BUC). ‘

6) Let X have density fix) =x for0 <x < 1 and f(x) =12for1<x<2.LetY=1/X.
Find
a) (6 pts.) Var(Y)

b) (7 pts.) The density of Y.

7) a) (5 pts.) Two 6-sided dice are thrown 108 times. Give an approx1mat10n for the
probability that the number of times both are 6 is at least two.

b) (6 pts.) How many t:lmes must the 2 dice be thrown in order to have probab1hty at
least 0.90 that 6-6 occurs at least once?

8) Two salesmen each visit different customers independently until each has made one
sale. For each customer the first salesman has probability 0.1 of making a sale. The
second salesman has probability 0.2 of making a sale to any one customer. Find the
probability that : '

a) (7 pts.) Both make their first sale before they have visited 10 customers.




b) (8 pts.) The first salesman visits exactly one more customer than the second
salesman. ’

©) (10 pts.) Suppose these two salesmen each visit 200 customers. Find an
approximation for the probability that they make sales to a total of at least 50
customers.

9) Let X and Y be independent, each with the uniform distribution on [0, 1]. Let

W=XY.
a) (8 pts.) Find the cumulative distribution function for W.

b) (10 pts.) Let Wy, ... , Wy, be independent, each with the distribution of W. Let W =
(W1 + ...+ Wy)/n. Find an approximation for P(W <0.20) (Hint: You do not need to -
Know the cdf or density of W.)

- ¢} (6 pts.) Find the correlation of W and X,

10) (8 pts.) A random sample of n people is to be chosen from the population of all
Michigan voters in order to estimate the proportion p who favor a new law. How large
must n be in order to have probability at least 0.90 that the sample proportion is
within 0.02 of p?




Statistics
11) Company XXX has 200 employees. In order to estimate the number of
automobiles owned by these employees the company takes a simple random sample

of 80 of them, and determines that 22 have no auto, 40 have one auto, 14 have two
auntos, and 4 have 3 autos. . o

a) (5 pts.) What is meant by “simple random sample”?

b) (8 pts.) Find the sample mean X and sample variance S? for the numbers of autos
owned by the 80 employees sampled.

¢) (5 pts.) Estimate Var(X).

d) (6 pts.) Find an approximate 95% confidence interval on the population total T of
all autos owned by the 200 employees. _ '

/A




€) (6 pts.) Explain what is meant by “95% cenfidence interval” so your friend would
understand. Your friend understands the meanings of “population and sample means”,
and of “sample variances,” but has never heard of “confidence intervals.”

12, Let (X1, X, ... , X25) be the ;falues observed when a random sainple of 25 is taken
from N( p, &%), with a* =100 known.

a) (8 pts.) Give the uniformly most powerful o.= .05 test of Hp: 2 = 40 versus.
Hj: 2> 40. Just give the test. You need not prove that it is uniformly most powerful.

b) (8 pts.) Give the power of the test for p = 45.

¢) (5 pts.) Suppose that ¢ was not known, that X was observed to be 43.0 and §2 (the
sample variance) was 81.0. Find a 99% confidence inferval on p.

13. LetX:, X5, ..., Xp be arandom sample from the distribﬁtion with density
f(x;0)=0x""forx>1,0>1

a) (7 pts.) Find the method of moments estimator 8 of 6.

. . ' R
b) FS pts.} What does it mean to say that a sequence { 8, }of estimator of a parameter
6 is a consistent sequence of estimators of 07

. A
- ©) {5 pts.) Is the sequence { 0, } you obtained in a) consistent for 67 Why?

d) (10 pts.) Find the maximum likelihood estimator of 9,




14. Suppose that X, and X, are mdependent Wlth the same probability mass function
fo or f, where f; and fj are as follows

Kk o0 1 2
£ 06 03 01
609 01 02 07

a) (8 pts.) Use the table below to determine the likelihood ratio A(x;, x2) for all
possible samples. You can use the cells of the table to do the necessary
- computations.

X2
0 1 2
0
X1 1
2

b) (6 pts.) Of all possible tests of size o= 0.09, which is most powerful?

c) ( 5 pts.) What is the power of the most powerful test of size o= 0.097




15. Consider the standard normal _theory; regression model with regression function
E(Y|x)=p8,+px+p,x" and the data -

r

X -1 -1 0

—
L

v 1 3 13

- @) (10 pts.) Find the least squares estimates of the parameters By, £, and f,.. (If you
know how to invert a 2 by 2 matrix, you should be able to invert the 3 by 3 matrix to
beused in this case.)

b) (5 pts.) Determine SSE. (Brror Sum of Squares)

@) (6 pts.) Estimate the variance of §,. = .

d) (5 pts.) Give a 95% CI estimate on By

16. (12 pts.) A crop scientist had 5 plots of land available for experimentation. In
order to determine which of two seed, A or B, would produce the greatest yield of
corn, he divided each plot into two parts, and randomly assigned the A to one part, B
to the other. The plots and yields in kilograms of corn were:

Plot: 1 2 3 4 5
A 9 12 6 12 g
‘B 7 9 4 7 5

‘The scientist wishes to decide whether the new seed A is better than the old seed B.
His plan is to continue to use B unless there is strong evidence that A is better. State a
model, state null and altemative hypotheses, and then carry out an appropriate one-
sided test. Use oo = 0.05. ,
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