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Answer all the gquestions in the paper provided, and show your work. This exam is
worth 100 points. Points are shown at the beginning of each gquestion. The
various distribution tables are anached to the end of the exam. Pace yourself
carefully.

1. [20 points] Suppose that X and Y are continuous random variables with the joint
probability density function

k1-x)2-y) for0<x<1, 0<y<2
0 otherwise

f(x,y)={

(a) Find £.
(b) Find the expected values of X and ¥, i.e., E(X) and E(Y).

2. {20 points] Two independent random variables X; and X, are both normally
distributed with same mean but different variance. In particular, they are

distributed as X, ~ N(u,07), X, ~N(u,02).

X‘+X2. Is this an

(@) The following estimator for u is proposed, i =

unbiased estimator of 7 What is the variance of this estimator?

(b) Another estimator for u is also proposed, g, =~;TX1+-§»X2. Which

estimator would you prefer? Why?

3. [20 points] Let X and ¥ be random variables, let uy and 2 be the mean and

variance of X, let o, be the covariance between X and ¥, let p,, be the
correlation coefficient between X and ¥ (and so forth for the other variables), and
let @ and b be constants. Use the definitions of the mean, variance and/or
correlation to answer the following questions:

(a) Show thatvar(aX +bY) = a’c? +2abo,, +bc2.
XY ¥

) Showthat E(¥Y*)=0?+ u.
r T Hy
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(c) Use the result in part (a) to prove the correlation inequality; that is, |
| Py IS1.

[20 points] Suppose that a light bulb manufacturing plant produces bulbs with a
mean life of 2000 hours and a standard deviation of 200 hours. An inventor
claims to have developed an improved process that produces bulbs with a longer
mean life and the same standard deviation. The plant manager randomly selects
100 bulbs produced by the process. She says that she will believe the
inventor’s claim if the sample mean life of the bulbs is greater that 2100 hours,
otherwise she will conclude that the new process 1s no better than the old process.
Let u denote the mean of the new process. Consider the null and alternative
hypothesis Hy: 4 = 2000 vs. H;: u > 2000.

(a) Suppose that the new process is in fact better and has a mean bulb life of
2150 hours. What is the power of the plant manager’s testing procedure?

(b) What testing procedure should the plant manager use if she wants the size
of her test to be 5%?

[20 points] To investigate possible gender discrimination in a firm, a sample of
100 men and 64 women with similar job descriptions are selected at random. A
summary of the resulting monthly salaries are:

Average Salary (¥)  Standard Deviation (sy) n
Men $3100 $200 100
Women $2960 $320 64

" (a) What do these data suggest about wage differences in the firm? Do they
represent statistically significant evidence that wages of men and women are
different?

(b) Do these data suggest that the firm is guilty of gender discrimination in its

compensation policies? Explain concisely.
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1 AreaUnder the Stand&d:,ﬂermﬂ.@isﬁiﬁnﬁqni

00 00l 0@ 0B 0% 005 006 00 008 0

0.0359
00753
3 il
Q15
0184 0.0879
2807 6%
2517 92549
0.2852
3106 - 03133
3365 03389
1 03599 0361
4700 03810 03830
4162 04M
425 04441
AS3S 04545 -
459 DAI06
0ATRY  QAT6T
AS0R 04812 04817
4887 0480
04913 04316 |
DM 04936
04931 04957
4953 04955 U956 DA9S) 0490 0494 04961 04962 04963 04964
T. 04965 04966 DA96T 0498 04969 04970 04971 04972 04973 D.49M
08 DAY4 04975 04976 04977 04977 04978 04979 04979 04980 04981
29 DA9BL 04982 (4983 04983 04984 04984 04985 04985 04986 04986
30 04987 04987 04987 04988 04988 04980 04980 04583 0499 D490

Souce: This bl was gecrted wing the SAS® fucton PROBNORM.
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Table 2 R.;ght-TaiI Crmcal Values for the t-dumbutmn

BF = .40

u=,05

oa= .625

a= (11:

1.638

1.476

1.397.

ST e SRR R R o S L

110 1.289

120 1280

o 1.282

3078
1886

1533 -

1.440
Sy

G 13BE e
ABFL o
o 1363
S 1348
6. ¢ 1337 R
B - F - B
SRS S b | SN &
s

6314
2920

2015
1.943

- 1R95

1.860

1R8]
AR
LA

| .vaz, B

1276 .

1 987

e84

1.982
1980 "
1960

31821
6965

314
2.998
2:8%6

. 4541 L E
Sl
1365

LI
L 2'65'0 y

Source; This table was generatcd using the SAS@ function TINV.






