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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. (20 points) Random variable X has the following probability density function:
2x7, x>1,
J(x)= {

(a) Verify that f{x) is a density function. (5 points)
(b)Find the mean of random variable X. (5 points)
(¢) Find the median of random variable X. (5 points)
(d)Find the variance of random variable X. (5 points)

0, otherwise.

2. (15 points) A manufacturing process inspects 10 items in lots of 50 periodically as sampling
plans. It’s usually assumed that the proportion defective is very small and the company
believes that the lots containing defectives is a rare event. Hence, if none are defective from
10 samples, the lot is accepted.

(a) Suppose in a lot chosen at random, 2 out of 50 are defective. What is the probability
that at least 1 in the sample of 10 from the lot is defective? (5 points)

(b)From your answer to part (a), comment on the quality of this sample plan. (5 points)

(c) What is the mean number of defects found out of 10 items sampled from part (a)?
(5 points)

3. (15 points) Let X and ¥ be random variables. a and b are constants.
(a) Show that E(aX + b) = aE(X) + b. (5 points)
(b) Show that Cov(aX, bY) = ab Cov(X, Y). (5 points)
(¢) If X and Y are independent, show that E(XY) = E(X)E(Y). (5 points)
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4. (25 points) Let X;, Xs, ..

£lalo) = 5

., Xn be independent and identically distributed (iid) with pdf

0<z<0,60>0

(a) Find the method of moments estimator of 6, and calculate the mean and variance of the

estimator. (10 points)

(b) Find the MLE estimator of 6, and calculate the mean and variance of this MLE estimator.

(10 points)

(c) Which estimator is preferred? Please justify your choice. (5 points)

5. (15 points) The data in the following table represent the number of hours of relief provided by
four different brands of headache tablets administered to 20 subjects experiencing fevers of 38 °C
or more. The researcher want to know whether or not the mean number of hours of relief provided

by the tablets is the same for all four brands.

Tablet
A B C D
9 12 10 9
11 14 8 9
9 10 10 12
8 11 12 7
8 13 10 8

(a) Please construct the ANOVA table. (10 points)

(b) Please state the null and alternative hypothesis, perform the test, and state your conclusion

using 0.05 level of significance. (5 points)

6. (10 points) A large corporation is interested in determining whether a relationship exist between
the commuting time of its employees and the level of stress-related problems observed in the job.

A study of 400 workers reveal the following:

Commuting Time

Stress Level

High Moderate Low None

Under 20 minutes 30
20 — 60 minutes 40
Over 60 minutes 80

20 30 20
20 20 20
60 50 10

At the 0.01 level of significance, is there evidence of a significant relationship between commuting
time and stress level? (Please state the null and alternative hypothesis, perform the test, and

state your conclusion.)
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Percentile Values X2 for the
- Chi-Square Distribution
with v Degrees of Freedom

v X%os X1 Xoas X% Xio X5s X550 X3s X0 Xbs X5 X9 X905 X9
1 .0000 | .0002 | .0010 | .0039 | .0158 | .102 455 1.32 2.71 3.84 5.02 6.63 7.88 10.8
2 .0100 | .0201 | .0506 | .103 211 575 1.39 2.77 4.61 5.99 7.38 9.21 10.6 13.8
3 0717 | .115 216 352 584 1.21 2.37 4.11 6.25 7.81 9.35 11.3 12.8 16.3
4 207 297 484 11 1.06 1.92 3.36 5.39 7.78 9.49 11.1 13.3 14.9 18.5
5 412 554 831 1.15 1.61 2.67 4.35 6.63 9.24 11.1 123 15.1 16.7 20.5
6 676 872 1.24 1.64 2.20 345 5.35 7.84 10.6 12.6 144 16.8 18.5 22.5
7 989 1.24 1.69 2.17 2.83 4.25 6.35 9.04 12.0 14.1 16.0 18.5 20.3 243
8 1.34 1.65 2.18 2.73 3.49 5.07 7.34 10.2 134 15.5 17.5 20.1 22.0 26.1
9 1.73 2.09 2.70 3.33 4.17 5.90 8.34 11.4 14.7 16.9 19.0 21.7 23.6 27.9

10 2.16 2.56 3.25 3.94 4.87 6.74 9.34 12.5 16.0 18.3 20.5 232 25.2 29.6

11 2.60 3.05 3.82 4.57 5.58 7.58 10.3 13.7 17.3 19.7 21.9 24.7 26.8 31.3

12 3.07 3.57 4.40 5.23 6.30 8.44 11.3 14.8 18.5 21.0 23.3 26.2 28.3 329

13 3.57 4.11 5.01 5.89 7.04 9.30 12.3 16.0 19.8 224 24.7 27.7 29.8 34.5

14 4.07 4,66 5.63 6.57 7.79 10.2 13.3 17.1 21.1 23.7 26.1 29.1 313 36.1

15 4.60 523 6.26 7.26 8.55 11.0 143 18.2 22.3 25.0 275 30.6 32.8 37.7

16 5.14 5.81 691 7.96 9.31 11.9 15.3 194 23.5 26.3 28.8 32.0 343 39.3

17 5.70 6.41 7.56 8.67 10.1 12.8 16.3 20.5 24.8 27.6 30.2 334 35.7 40.8

18 | 6.26 7.01 8.23 9.39 10.9 13.7 17.3 21.6 26.0 28.9 31.5 34.8 37.2 423

19 6.84 7.63 8.91 10.1 11.7 14.6 18.3 22.7 27.2 30.1 32.9 36.2 38.6 43.8

20 7.43 8.26 9.59 10.9 124 15.5 19.3 23.8 28.4 314 342 37.6 40.0 453
21 8.03 8.90 10.3 11.6 132 16.3 20.3 24.9 29.6 327 35.5 38.9 414 46.8
22 8.64 9.54 11.0 12.3 14.0 17.2 213 26.0 30.8 33.9 36.8 40.3 42.8 48.3
23 9.26 10.2 11.7 13.1 14.8 18.1 22.3 27.1 32.0 35.2 38.1 41.6 442 49.7
24 9.89 10.9 12.4 13.8 15.7 19.0 233 28.2 33.2 36.4 394 43.0 45.6 51.2
25 10.5 11.5 13.1 14.6 16.5 19.9 243 29.3 34.4 37.7 |.40.6 443 46.9 52.6
26 11.2 12.2 13.8 15.4 17.3 20.8 253 304 35.6 38.9 41.9 45.6 48.3 54.1

27 11.8 12.9 14.6 16.2 18.1 21.7 26.3 31.5 36.7 40.1 43.2 47.0 49.6 55.5

28 12.5 13.6 15.3 16.9 18.9 22.7 27.3 32.6 379 41.3 445 48.3 51.0 56.9

29 13.1 14.3 16.0 17.7 19.8 23.6 28.3 33.7 39.1 42.6 45.7 49.6 523 58.3

30 13.8 15.0 16.8 18.5 20.6 24.5 29.3 34.8 40.3 43.8 47.0 50.9 53.7 59.7

40 20.7 222 24.4 26.5 29.1 33 39.3 45.6 51.8 55.8 59.3 63.7 66.8 73.4

50 28.0 29.7 324 34.8 37.7 429 49.3 56.3 63.2 67.5 714 76.2 79.5 86.7

60 35.5 375 40.5 43.2 46.5 52.3 59.3 67.0 74.4 79.1 83.3 88.4 92.0 99.6

70 433 454 48.8 51.7 55.3 61.7 69.3 77.6 85.5 90.5 95.0 100 104 112

80 51.2 53.5 57.2 60.4 64.3 71.1 79.3 88.1 96.6 102 107 112 116 125

90 59.2 61.8 65.6 69.1 73.3 80.6 89.3 98.6 108 113 118 124 128 137

100 67.3 70.1 742 71.9 82.4 90.1 99.3 109 118 124 130 136 140 149

Source: E.S. Pearson and H. O. Hartley, Biometrika Tubles Jfor Statisticians, Vol. 1 (1966), Table 8, pages 137 and 138, by permission.
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95th Percentile Values (0.05 Levels),
F, 95, for the F Distribution

v, degrees of freedom in numerator
Foos v, degrees of freedom in denominator

"~

1 2 3 4 5 6 7 8 9 10 | 12 | 15 | 20 | 24 | 30 | 40 | 60 | 120 | o

N

161 | 200 | 216 | 225 | 230 | 234 | 237 | 239 | 241 | 242 | 244 | 246 | 248 | 249 | 250 | 251 | 252 | 253 | 254
185)19.0 1192192 | 193 | 193 | 19.4 | 19.4 | 19.4 | 19.4 | 194 | 19.4 | 19.4 | 19.5 | 19.5 | 19.5| 19.5 | 195 | 195
10.1]9.559.28 | 9.12 | 9.01 | 8.94 | 8.89 | 8.85 | 8.81 | 8.79 | 8.74 | 8.70 | 8.66 | 8.64 | 8.62 | 8.59 | 8.57 | 8.55 | 8.53
7.71 1 6.94 1 6.59 | 6.39 | 6.26 | 6.16 | 6.09 | 6.04 | 6.00 | 5.96 | 5.91 | 5.86 | 5.80 | 5.77 [ 5.75 | 5.72 | 5.69 | 5.66 | 5.63
6.61 [ 5.79 | 541 |5.19 | 5.05 | 4.95 | 4.88 | 4.82 | 4.77 | 4.74 | 4.68 | 4.62 | 4.56 | 4.53 | 4.50 | 4.46 | 4.43 | 4.40 | 4.37
599 |5.14 | 476 | 4.53 | 439 | 428 | 4.21 | 4.15 | 4.10 | 4.06 | 4.00 | 3.94 | 3.87 | 3.84 | 3.81 [ 3.77 | 3.74 | 3.70 | 3.67
559 | 4.74 | 435 | 4.12 | 3.97 | 3.87 | 3.79 | 3.73 | 3.68 | 3.64 | 3.57 | 3.51 | 3.44 | 3.41 | 3.38 | 3.34 | 3.30 | 3.27 | 3.23
532|446 |4.07|3.84|3.69|358|3.50|3.44|339|335|3.28|3.22]3.15]|3.12(3.08|3.04{3.01 297|293
512 | 4.26 | 3.86 | 3.63 | 3.48 | 3.37 | 3.29 | 3.23 | 3.18 | 3.14 | 3.07 | 3.01 | 2.94 | 2.90 | 2.86 | 2.83 | 2.79 | 2.75 | 2.71
4.96 14.10 [ 3.71 | 3.48 | 3.33 | 3.22 | 3.14 | 3.07 | 3.02 | 2.98 | 2.91 | 2.85 | 2.77 | 2.74 | 2.70 | 2.66 | 2.62 | 2.58 | 2.54
4.8413.98 | 3.59 | 3.36 | 3.20 | 3.09 | 3.01 | 2.95 [ 2.90 | 2.85 | 2.79 | 2.72 | 2.65 | 2.61 | 2.57 | 2.53 | 2.49 | 2.45 | 2.40
4775 |3.89 (349 |3.26 | 3.11 | 3.00 | 2.91 | 2.85 | 2.80 | 2.75 | 2.69 | 2.62 | 2.54 | 2.51 | 2.47 | 2.43 | 2.38 | 2.34 | 2.30
4.67 | 3.81 |3.41|3.18 3.03 292|283 |2.77 |2.71 | 2.67 |2.60|2.53|246|242|2.38|234 230225221
4.60 [ 3.74 | 3.34 | 3.11 | 2.96 | 2.85 | 2.76 | 2.70 | 2.65 | 2.60 | 2.53 | 2.46 | 2.39 | 2.35 | 2.31 | 2.27 | 2.22 | 2.18 | 2.13
4.54 (3.68  3.29 | 3.06 | 2.90 | 2.79 | 2.71 | 2.64 | 2.59 | 2.54 | 2.48 | 2.40 | 2.33 | 2.29 | 2.25 | 2.20 | 2.16 | 2.11 | 2.07
449 13.63 |3.24 | 3.01 | 2.85 | 2.74 | 2.66 | 2.59 | 2.54 | 2.49 | 2.42 | 2.35 | 2.28 | 2.24 | 2.19 | 2.15 | 2.11 | 2.06 | 2.01
4.4513.59 (320 |2.96 | 2.81 270 |2.61 |2.55|249 |245|238|231(223|2.19|2.15/2.10|2.06|201]1.96
4.4113.55(3.16 293|277 | 2.66 | 2.58 | 2.51 [ 2.46 | 2.41 | 2.34 | 2.27 | 2.19 | 2.15 | 2.11 | 2.06 | 2.02 | 1.97 | 1.92
4381352 |3.13 290|274 |2.63|254|248 |242|238|231|223|2.16|2.11|2.07|2.03|1.98]|1.93]|1.88
435|349 (3.10 | 2.87 | 271 | 2.60 | 2.51 | 2.45 | 2.39 | 2.35 | 2.28 | 2.20 | 2.12 | 2.08 | 2.04 | 1.99 | 1.95 | 1.90 | 1.84
432|347 (3.07 | 2.84 | 2.68 | 2.57 | 2.49 | 2.42 | 2.37 | 2.32 | 2.25 | 2.18 | 2.10 | 2.05 | 2.01 | 1.96 | 1.92 | 1.87 | 1.81
430|344 |3.05 | 2.82.| 2.66 | 2.55 | 2.46 | 2.40 | 2.34 | 2.30 | 2.23 | 2.15|2.07 [ 2.03 | 1.98 | 1.94 | 1.89 | 1.84 | 1.78
428 (342 (3.03 | 2.80 | 2.64 | 2.53 | 2.44 | 2.37 | 2.32 | 2.27 | 2.20 | 2.13 | 2.05 | 2.01 | 1.96 | 1.91 | 1.86 | 1.81 | 1.76
4.26 | 3.40 | 3.01 [ 2.78 | 2.62 | 2.51 | 2.42 | 2.36 | 2.30 | 2.25 | 2.18 | 2.11 | 2.03 | 1.98 | 1.94 | 1.89 | 1.84 | 1.79 | 1.73
4.24 1339 (299|276 260|249 | 240|234 |2.28|224|2.16|2.09|201|1.96|1.92]|1.87|1.82]|1.77| 1.71
4231337 (298|274 (259|247 | 239|232 (227(222(2.15(2.07{1.99|1.95|1.90|1.85|1.80] 1.75 | 1.69
421 1335|296 273|257 (246|237 |231(225(220|2.13[2.06|1.97|1.93|1.88|1.84|1.79]| 1.73 | 1.67
4.20 {334 1 2.95 | 2.71 | 2.56 | 2.45 | 2.36 | 2.29 | 2.24 [ 2.19 | 2.12 | 2.04 | 1.96 | 1.91 | 1.87 | 1.82 | 1.77 | 1.71 | 1.65
41813331293 270|255 243235228 |222(2.18|2.10(2.03|1.94(1.90|1.85(1.81|1.75]|1.70 | 1.64
4.17 | 3321 2.92 | 2.69 | 2.53 | 242 {233 | 2.27 | 2.21 | 2.16 { 2.09 | 2.01 [ 1.93 | 1.89 | 1.84 | 1.79 | 1.74 | 1.68 | 1.62
4.08 |3.23 (284 |2.6]1 | 245|234 |225|2.18|2.122.08(2.00|192|1.84| 179 1.74 | 1.69 | 1.64 | 1.58 | 1.51
4.00 [ 3.15 (276|253 |237|225|2.17]2.10|2.04|199|192|1.84| 175|170 1.65 | 1.59 | 1.53 | 1.47 | 1.39
120 |3.92(3.07|2.68 245|229 |2.18|2.09|2.02|1.96|1.91|1.83|1.75|1.66 | 1.61 | 1.55|1.50 | 1.43 | 1.35 | 1.25
© |3.84(3.00 260|237 |221|210|2.01|1.94|1.88|1.83|1.75|1.67|1.57|1.52|1.46| 139|132 1.221.00
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Source:  E.S. Pearson and H. O. Hartley, Biometrika Tables for Statisticians, Vol. 2 (1972), Table S, page 178, by permission.




