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(Total 100 Points.) There are 7 problems in this ezam. Show intermediate steps and Jormu-

las for partial credit. You must explain how you compute your results or answers for SJull
credit.

1. (20 points) There are 300 passengers in an international flight. We know that 150, 100, and 50
passengers in this flight are from countries A, B, and C, respectively. Each passenger may carry
COVID-19 virus with a certain probability independently. These probabilities for the passengers
from countries A, B, and C are 3%, 4%, and 5%, respectively.

(a) If5 passengers are selected at random from country C passengers, find the probability that there
is exactly 1 passenger carrying COVID-19 virus. (5 points)

(b) If a passenger is selected at random from the flight, find the probability that this passenger is
carrying COVID-19 virus. (5 points)

(c) If 5 passengers are selected at random from the flight, find the probability that there is exactly
1 passenger carrying COVID-19 virus. (5 points)

(d) Suppose that a passenger is selected at random from the flight and is found to carry COVID-19
virus. Find the probability that the passenger is from country C. (5 points)

2. (20 points) Three balls are drawn without replacement from 12 balls (4 white, 4 black, and 4 red).
Let X be the number of white balls selected and Y be the number of black balls selected.
(a) Find the joint probability distribution of X and Y. (5 points)
(b) Find the probability P{Y =1}. (5 points)
(c) Find the conditional distribution of X, given that Y = 1. (5 points)
(d) Find the probability P{X +Y > 2}. (5 points)

3. (10 points) If the joint density function of two random variables X and Y is given by f(z,y) = 2 for
0<z<y<1 Whatis the correlation coefficient of X and Y?

4. (15 points) A company that is looking at the time to failure of the parts (days) it uses decides to look

at an alternative supplier of the product. The data for the current supplier and for the new supplier
are shown here.

1 2 3 4 ) 6 7 8 9
Current Supplier 130 100 110 100 70 100 90
Alternative Supplier | 120 100 120 140 100 140 110 130 120

Assume that the data are normally distributed.

(a) Please test whether the variances of the time to failure of the parts produced by different

suppliers are equal. (Please clearly state the null, the alternative hypothesis, and the test
statistic, and use o = 0.10) (5 points)

(b) The company has decided that if the mean time to failure for the new suppliers is significantly
longer than it is for the current supplier, it will switch suppliers. Should the company switch
suppliers? (Please clearly state the null, the alternative hypothesis, and the test statistic, and
use a = 0.05) (10 points)
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5. (15 points) Three different machines are being considered for use in manufacturing rubber seals. The
machines are being compared with respect to tensile strength of the product. A random sample
of five seals from each machine is used to determine whether the mean tensile strength varies from

machine to machine. The company want to know whether or not the mean tensile strength is the
same for all three machines.

Machine
A B C
20 17 22
22 19 20
20 19 20
18 20 21
20 20 22

(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 real estate economist collects data on two similar neighborhoods, one bordering a MRT
station, and one that is a neighborhood about 3 kilometers from the MRT station. She records
50 observations of real estate values, where house prices are given in ten thousand NT$ (i.e., NT$
10000), and size is the number of square meter of living area.

Consider the partial printout for a regression analysis of the relationship between prices (in ten
thousands) and two independent variables Size and MRT. As a house can only be near the MRT
station or not, the MRT variable is coded as

MRT — { 1 near the MRT station
0 otherwise
Predictor Coef SE T P
Constant 150 50 3 0.0043
Size 10 1 10 0.0000
MRT 60 25 2.4 0.0205
Size*MRT 5 2 2.5 0.0160
Source SS df MS F P
Regression 72000 3 24000 15 <0.0001
Residual 73600 46 1600
Total 145600 49

(a) Plot the least squares prediction equation associated with two different neighborhoods, and
discuss your findings. (5 points)

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

7. (10 points) Let X1, Xs,..., X, denote a random sample from a distribution that is N(6,1), where
the mean 6 is unknown. Please show that there is no uniformly most powerful (UMP) test of the

simple hypothesis Hp : 6 = 6y, where 6y be a specified value of 6, against the alternative hypothesis
H 1: 0 ;é 90.
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Table A.4 Student t-Distribution Probability Table 737 738 Appendiz A Statistical Tables and Proofs
Table A.4 (continued) Critical Values of the ¢-Distribution
o
v 0.02 0.015 0.01 0.0075  0.005 0.0025 0.0005
Table A.4 Critical Values of the ¢-Distribution ] 1 15894  21.205  31.821 42433 63.656 127.321 636.578
a 2 4849 5.643  6.965 8.073 9.925 14.089 31.600
@ 040 030  0.20 015 010 005 0.0%5 3 3482 3.896  4.541 5.047 5.841 7.453 12.924
1 032 0727 1376 1963 3078 6314  12.706 a o el v B s oo
2 0289 0617 1061 138 1886  2.920 4.303 . : : . : . :
3 0277 0584 0978  1.250 1638  2.353 3.182 6 2.612 2829  3.143 3.372 3.707 4.317 5.959
4 0.271 0.569 0.941 1.190 1.533 2.132 2.776 7 2.517 2.715 2.998 3.203 3.499 4.029 5.408
5 0267 0559 0920 1156 1476 2015 2.571 8 2449 2634 2.896 3.085 3.355 3.833 5.041
9 2398 2574  2.821 2.998 3.250 3.690 4.781
7 Doss usw ose B o = B 10 235 2527 2764 2932 3.169 3.581 4.587
8 0262 0546 0889 1108 1397 1860 2.306 11 2328 2491 2718 2.879 3.106 3.497 4.437
9 0.261 0.543 0.883 1.100 1.383 1.833 2.962 12 2.303 2.461 2.681 2.836 3.055 3.428 4.318
10 0260 0542 0879  1.093 1372 1812 2.228 13 2282 2.436 2.650 2.801 3.012 8.372 4.221
14 2264 2415  2.624 2.771 2.977 3.326 4.140
ww W.WMM M.MMW W.mww w.mww wwmw wwmm wmww 15 2249 2397 2.602 2.746 2.947 3.286 4.073
13 0259 0538 0870 1079 1350 L1771 2.160 16 2235 2382 2.583 2724 2.921 3.252 4.015
14 0258 0537 0868 1076 1345 1761 2145 17 2224 2368 2.567 2.706 2.898 3.222 3.965
15 0258 0536  0.866 1074 1341  1.753 2.131 18 2214 2356 2.552 2.689 2.878 3.197 3.922
19 2.205 2346 2.539 2.674 2.861 3.174 3.883
o B T . e e 20 2197 233 2528 2,661 2.845 3.153 3.850
18 0257 0534 0862 1067 1330 1734 2.101 21 2.189 2328 2.518 2.649 2.831 8.135 3.819
19 0.257 0.533 0.861 1.066 1.328 1.729 2.093 22 2.183 2.320 2.508 2.639 2.819 3.119 3.792
20 0257 0533  0.860 1064 1325 1725 2.086 23 2.177 2313 2.500 2.629 2.807 3.104 3.768
24 2172 2307 2.492 2.620 2.797 3.001 3.745
ww M.WMM. Wwww m.mwm #.me Wwww w..mw w.wwm 25 2167 2301  2.485 2.612 2.787 3.078 3.725
23 0256 0532 0858 1060 1319 1714  2.069 26 2162 2206 2479 2605 2779 3.067 3.707
24 0256 0531 0857 1059 1318 1711 2.064 27 2158 2291 2473 2.598 oy 3.057 3.689
25 0256  0.531 0856  1.058 1316  1.708 2.060 28 2154 2286 2.467 2.592 2.763 3.047 3.674
29 2150 2282 2.462 2.586 2.756 3.038 3.660
ww m.wwm Mwww W.mwm w.mmw wwm N.wmm W.WMM 30 2147 2278 2.457 2.581 2.750 3.030 3.646
28 0256 0530 0855 1056 1313 1701 2.048 40 2123 2250  2.423 2542 Coul 2.971 3.551
29 0.256 0.530 0.854 1.055 1.311 1.699 2.045 60 2.099 2.223 2.390 2.504 2.660 2.915 3.460
30 0.256 0.530 0.854 1.055 1.310 1.697 2.042 120 2.076 2.196 2.358 2.468 2.617 2.860 3.373
40 025 0529 0851 1050 1803 L84 2021 oo 2.054 2170 2.326 2.432 2.576 2.807 3.290
60 0254 0527  0.848  1.045 1296  L.671 2.000
120 0254 0526  0.845 1041  1.289 1658 1.980
co 0253 0524 0842 1036 1282 1645 1.960

(#5375 100 43)
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Table A.6 F-Distribution Probability Table 741 742 Appendiz A Statistical Tables and Proofs
Table A.6 (continued) Critical Values of the F-Distribution
Table A.6 Critical Values of the F-Distribution ] = fo.05 M.ef va)
1
fo.o5(v1, v3) v2 10 12 15 20 24 30 40 60 120 oo
U1 1 241.88 24391 24595 24801 249.05 250.10 251.14 25220 25325 254.31
v2 1 2 3 4 5 6 7 8 9 2 1940 1941 1943 1945 1945 1946 1947 1948 1949  19.50
1 16145 19950 21571  224.58  230.16  233.99  236.77  238.88  240.54 3 879 874 87 866 864 862 859 857 855 853
2 1851 1900 1916 1925 1930 1933 1935  19.37  19.38 4 59 591 58 58 577 575 572 569 566 563
3 1013 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 5 474 468 462 456 453 450 446 443 440 436
4 o gt 6.59 6.39 6.26 G210 VALY . 000 6 406 400 394 38 384 38 377 374 370  3.67
5 6.61 5.79 5.41 5.19 5.05 4.95 485 62 it 7 364 357 351 344 341 338 334 330 327  3.23
6 5.99 5.14 4.76 4.53 4.39 4.28 421 415 410 8 335 328 32 315 312 308 304 301 297 293
7 5.59 474 435 412 3.97 3.87 3.79 3.73 3.68 9 314 307 301 294 290 28 283 279 27 271
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 10 298 291 28 277 274 270 266 262 258 254
9 T =20 el 3.63 3.48 il o2 s gl 11 28 279 272 265 261 257 253 249 245 240
10 4.96 410 3.7 3.48 3.33 3.22 8.14 3.07 3.02 12 275 260 262 254 251 247 243 238 234 230
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 18 267 260 253 246 242 238 234 230 225 221
12 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80 14 260 253 246 239 235 231 227 222 218 213
13 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71 15 254 248 240 233 229 225 220 216 211 207
14 4.60 8.74 8.34 3.1 2.96 2.85 2.76 2.70 L 16 249 242 235 228 224 219 215 211 206 201
15 4.54 3.68 329 3.06 2.90 2.79 27 2.64 &5 17 245 238 231 223 219 215 210 206 201  1.96
16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.5 2.54 18 241 234 227 219 215 211 206 202 197 192
17 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49 19 238 231 223 216 211 207 203 198 193 188
18 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 20 235 228 220 212 208 204 199 195 190  1.84
4 el e BaLs 2.90 24 2.63 e 2.48 2.42 21 232 225 218 210 205 201 196 192 18 181
20 o 3.49 3.10 280 21 260 251 i a0 22 230 223 215 207 203 198 194 180 184 178
21 432 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.37 23 227 220 213 205 201 196 191 1.8 181 176
22 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34 24 225 218 211 203 198 194 189 18 179 173
23 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.32 25 224 216 209 201 196 192 18 1.8 177 171
= ey 3.40 3.01 s s 2.51 == 246 e 26 222 215 207 199 195 190 1.8 180 175  1.69
= = 3.39 2.99 2.76 2360 &t 20 2sid — 27 220 213 206 197 193 188 18 179  L73 167
26 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27 28 219 212 204 19 191 187 18 177 171 165
27 4.21 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25 29 218 210 203 194 190 185 181 175  L70 164
28 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 3 216 209 201 193 180 184 179 174 168 162
2 4.18 3.33 293 270 255 2.43 2.35 g2 bR 40 208 200 192 1.8 179 174 169 164 158 151
80 417 332 2.92 2.69 2.58 242 2.33 2.21 221 60 199 192 18 175 170 165 159 153 147  1.39
40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12 120 191 183 175 166 161 155 150 143 135  1.25
60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 co 183 175 167 157 152 146 139 132 122 100
120 3.92 3.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96
oo 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88
Reproduced from Table 18 of Biometrika Tables for Statisticians, Vol. 1, by permission of E.S.
Pearson and the Biometrika Trustees.
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