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(Total 100 points.) There are 5 problems in this exam. Show intermediate steps and formulas for partial
credit. You must explain how you compute your results or answers for full credit. (F1HEZE/NEEREE 41)

1. (25 points)
Let X and Y be two discrete random variables with the following relationship.
¥ _ 1\ 2 .
Pr(X =xY <y)=Y Pr(X =xY=k) SEDTHY 103 =123
k=1 ¢
(2) (5 points) Determine the appropriate value of c.
(b) (5 points) Compute the value of E(X | ¥ =1).
(c) (7 points) What is the statistical relationship (positive correlation, negative correlation, or
others) between X and Y ? Explain your answer.
(d) (8 points) Find the distribution of Z = (X —2)7.

2. (25 points) .
Let X and Y be two independent random variables from the same exponential distribution with
probability density function f(w)= Be™®,w>0.
(a) (5 points) Determine the value of Pr(kX > V) for k>0.
(b) (7 points) Compute the moment generating function M, (¢) = E(¢”) with Z=X-7Y.
(c) (5 points) What is the reasonable range for the value ¢ in (b)?
X

(d) (8 points) Derive the distribution of ¥V = .
X+Y

3. (10 points)
. . [Ho:tyg =
Suppose we are testing the hypothesis 0 A =H2 yhere 0-12 and o'% are known. Resources
Hyim # 1
are limited, and consequently the total sample size n, +»n, = N. How should we allocate the N
observations between the two populations to obtain the most powerful test?

4. (20 points)
' Consider a normal population with variance o?=256. A random sample of size n=100 is taken to
Hy: u <400
Hy:p>400°
(a) (10 points) If the decision rule is if ¥ >403.2 thenreject H,, what is the type I error?
(b) (10 points) If the true population mean is # = 404, what are the type II error and the power of
the above test?

test the hypothesis {

5. (20 points)
A sample of size 8 was'drawn from a production process and found that the sample mean was 14.4
and the sample variance was 6.14. After hiring an industrial engineer, another sample of size 5 was

drawn and found that the sample mean was 17.9 and the sample variance was 2.71.

(a) (10 points) Does the process variance remain the same after hiring the industrial engineer?
(a=0.05)

(b) (10 points) Does the process mean increase after hiring the industrial engineer?( o =0.05)
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CUMULATIVE PROBABILITIES FOR THE STANDARD NORMAL
DISTRIBUTION

probability

Cumulative

Entries in the table
give the area under the
curvs to the lefi of the

z value, For example, for

=

1.25 the cumulative
probability is .8944.

t DISTRIBUTION

Ares or
probability

Enries In the tabla give ¢ values for an
area or probability in the upper tail of
the 1 diatribution. For example, with
10 degrees of freedom and a .05 area

Area or

probabllily

0 Fa
Entries in the table give F, values. where @ is Lhe area or probability in the upper tail of the F distribution. For ple, with 12 degress of [reedom,
15 denominator degrees of freedom, and a .05 area in the upper tail, F g = 2.48,
Table of F ,, Values
Denominator Numerator Degrees of Freedom
Degrees
of Freedom 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 b
1 1614 1995 2i57° 2246 2302 2340 2368 2389 2405 2419 2439 2459 2480 249.1 2500 2511 2522 2533 2543
2 1851 19.00 19.16 1925 1930 1933 1935 1937 1938 1940 1941 1943 1945 1945 1946 1947 1948 19.49 19.50
3 10.13 955 928 942 901 894 889 835 881 879 874 8.70 8.66 8.64 862 8.59 8.57 8.55 8.53
4 771 6% 65%Y 639 628 618 609 604 600 596 591 586 S5B0O 577 575 572 569 566 563
5 6.61 5719 541 5.19 5.0 4.95 438 482 477 474 468 462 4.56 453 450 446 443 440 436
6 599 5.4 476 453 439 428 421 4.5 4.10 406 4.00 394 387 3.84 a8t wmn 374 370 167
7 559 474 435 412 397 187 i n 368 364 357 351 344 4 338 334 330 327 33
8 532 446 407 384 369 3.58 350 344 339 338 328 322 15 312 3.08 3.04 301 297 293
9 512 426 386 3.6) 348 337 329 323 38 314 307 301 294 2950 28 283 279 275 271
10 496 410 271 148 333 312 e 307 302 298 291 2385 277 274 270 266 262 258 254
1 48 398 359 336 320 309 301 295 290 285 279 272 265 261 257 233 249 245 240
12 475 389 349 326 1) 300 29 285 280 275 269 262 2.54 251 2.47 243 238 234 230
13 467 I8 14 3.18 303 292 218y 17 271 267 260 253 2.46 242 238 2M 230 235 2221
14 460 334 334 301 296 2835 276 270 265 260 253 146 227 222 2% 213

. Y A In the upper twil, 1,, = 1.812,
Area in Upper Tail
D
: 00 0 02 03 04 05 06 0T B B e 1o 03 025 ot 003
0 5000 .5040 5080 .5i20 5160 5199 5239 5279 539 519 ; 33;: ;;;3 ‘};g: 3:‘-52' 63.657
E . . 965 9.925
5398 5438 5478 5517 5557 5596 5636 5675 .S7l4 S H 1638 1353 Pyt e o
.27 5793 5832 5871 5910 5948 5987 6026 6064 6103 Ml 4 1.533 2132 2776 1747 4604
3 6179 6217 6255 6293 6331 6368 6406 6443 648D g8 s 1476 2015 257 2365 w02
4 6554 659! 6628 6664 6700 6736 6772 6808 6844 & 6 1.440 1.943 2.447 3.143 3.707
5 6915 6950 6985 7019 7054 7088 7123 7IS? 1% : 1413 |89 235 2998 3.499
6 7257 7291 7324 7357 7389 74;2 7454 1486 517 5 5 e Beo 2.306 2896 388
77580 7611 7642 7673 7304 T34 T4 7794 783 MR o : ;:Z : :?i :f:: ;:' 3a%0
P B .2 . 764 1169
& 7RR1 7910 7939 7967 .7995 8023 %051  .BO78 8105 8 " 1363 V70s e ftiod e
9 8159 BI86 8212 8238 8364 8289 8315 8340 8365 8N 12 1356 17782 2179 2.681 3.085
L0 8413 3438 .B4s) 8485 8508 8531 8554 8577 8509 13 1.350 LI 2.160 2650 3012
LI 8643 8665 8686 8708 8729 8749 8770 8790 8810 &M 14 1.343 1761 2145 2.624 2977
12 8849 8369 .B888  .8907 .8925. 8944 8962  §9R0 .R997 IS Is 1.341 1.753 2131 2.602 2.947
139102 9049 9066 9082 9099 915 .913) 9147 962 9 b4 ot o b s 2o
14 9192 9207 9222 9236 9251 9265 9279 9292 96 I . 1330 1734 2101 2552 2878
LS 9332 9345 9357 9370 9382 9394 9406 94I8 9419 ul 19 1328 1729 2.093 233 2861
1.6 9452 9463 9474  94B4 9495 9505 9515 9525 9535 5% 20 1.328 1.725 2.086 2528 2.845
1.7 9554 9564 9573 9582 9591 9599 9608 9616 .9625 %} n 1.323 1721 2.080 2518 .8M
1.8 9641 9649 9656 9664 9671 9678 9686 9693 969 9N ;: ::} ; :; :Z :g;; :igg 3-:59
& . - 8 .. 2807
19 9713 9719 9726 9732 9738 9744 9750 .97%6 9761 I 4 1318 h 2064 2493 s
20 9772 9778 9783 9788 9793 9798 9803  980R 9812 Q1 2 Late 1708 2060 pans 2787
2.1 9821 9826 9830 9834 9838 9842 .9B46 9850 9RM g9 2% 1318 1708 2058 2479 2779
22 9861 9864 9868 .9R71 9875 9878 988} 9884 9887 SIW 27 L334 1.703 2052 2.473 2.7
23 9893 9896 9898 9901 9904 9906 9909 .99} 9913 WM 1: 1313 1701 2.048 2467 2763
24 9918 9920 9922 9925 9927 9929 9971 9932 9934 W% = ran 1699 2.045 2462 2756
25 9938 9940 9941 9943 9945 9946 9948 9949 995 %% - :;(')g :»6:7 2.042 2457 2750
26 9953 9955 9956 9957 9959 9960 9961 9962 993 Wb o V298 jpang ey e bbed
2.7 9965 9966 9967 9968 9969 9970 9971 9972 9913 W 120 12289 1.658 1.980 2388 2617
28 9974 9975 9976 9977 9977 9978 9979 9979 9980 S - 1282 L5435 1560 2228 2.576
29 9981 9982 9982 9983 9984  .9984 9985 .998S 996 W prr— P ST I vey—
30 9986 9987 9987 9988 9982 9989 9980  O9HO 9900 I mexPuiosofives Enstioumon o 5.5 Pueon minr O Mot e e r Trusecs o Table (2. Prcent.
F DISTRIBUTION
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F DISTRIBUTION (Continned)

Table of F , Values

Denominalor

Numerator Degrees of Freedom

Degrees _
of Freedom 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 vo
15 454" 368 329 306 290 2719 271 2.64 259 254 248 240 233 229 225 2.20 2.16 2.11 207
16 449 163 324 101 285 274 166 259 254 249 242 235 2R 2.24 219 215 PA) 206 201
17 445 359 320 296 2.8 270 261 255 249 245 238 23 223 2.19 215 210 206 20t +.96
I8 4.4 358 e 29 271 266 258 251 246 241 234 277 2.19 215 2.1 2.06 2.02 1.97 1.92
19 438 152 3 250 274 263 254 248 242 218 23 223 216 FAS 207 203 1.98 +.93 1.88
20 438 349 310 287 271 260 251 245 23% 235 228 220 212 2.08 2.04 1.99 1.95 1.90 1.84
2 4.32 347 307 284 268 257" 249 242 237 232 225 218 210 205 2.01 196 1.92 1.87 1.81
2 4.30 3.44 3.05 282 266 255 246 240 234 230 223 2215 207 2,03 1.98 1.94 1.89 1.84 1.78
23 4.28 342 303 280 2564 253 2.4 237 232 2271 220 213 205 201 1.96 191 1.86 1.81 176
24 4.26 3.40 3.0 278 262 251 2427 236 230 235 208 2l .03 1.98 1.94 1.89 1.84 179 1.7
25 424 339 299 276 260 249 240 234 228 224 216 209 200 1.96 192 187 182 177 17t
26 4.23 337 298 2.74 259 247 239 232 227 222 215 207 1.99 195 1.90 185 1.80 175 1.69
27 421 335 296 273 257 246 237 23) 225 220 21} 206 197 1.93 1.88 1.84 179 1N 167
28 420 334 295 2T 256 245 236 229 224 219 202 204 1.96 191 1.87 1.82 177 L 165
29 418 33 293 270 255 243 235 228 222 218 210 203 1.94 1.90 1.85 1.81 1.75 1.70 1.64
30 417 332 292 269 253 242 23 27 22t 216 209 201 193 189 184 L9 .74 168 1.62
40 4.08 323 284 2.61 245 234 225 218 212 208 200 1.92 1.84 i.79 1.74 .69 1.64 1.58 1.51
80 400 315 276 253 237 235 247 230 204 199 192 184 175 1.70 1.65 1.59 1.53 1.47 1.39
120 392 307 268 245 229 217 209 202 196 191 1.83 1.75 1.66 1.61 1.55 1.50 143 135 1.25
o 38 300 260 237 220 216 201 1.94 188 183 L75 167 157 1.52 146 1.39 132 12 1.00
Table of Fqy5 Values
Numerator Degrees of Freedom
Degrees
of Freedom ! 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 =
1 647.80 799.5G R64.20 899.60 921.80 937.10 948.20 95670 96330 968.60 97670 984.90 993.10 997.20 1,00t 1006 1010 1014 1018
2 3850 39.00 3947 3925 3930 3933 3936 39.37 3939 3940 13941 3943 3945 3946 39.46 3947 3948 3949 19.50
3 17.44 1604 1544 1510 14.88 1473 1462 1454 1447 {442 (434 1425 {417 1412 14.08 14.04 1399 1195 1390
4 1222 10.65 9.98 9.60 936 920 9.07 8.98 890 884 8.75 8.66 8.56 851 846 841 836 BRIl B.26
5 0.0 8.43 7.76 2.39 7.5 6.98 6.85 6.76 6.68 6.62 652 6.43 633. 628 623 618 612 607 6.02
6 8.81 7.26 6.60 6.23 5.99 582 5.70 5.60 552 546 5.37 527 547 502 507 500 496 490 4385
7 8.07 6.54 5.89 5.52 x20 5.2 4.99 4.90 4.82 4.76 4.67 4.57 447 442 436 431 425 420 414
8 157 6.06 5.42 5.05 4.82 4.65 4.53 443 436 430 4.20 4.10 4.00 395 IR9 384 378 373 367
9 7.2 5 5.08 4.72 448 432 4.20 4.10 4.03 3.96 3.87 an 367 360 356 351 345 339 333
10 694 546 483 447 4.24 4.07 3.95 3.85 31 3N 362 352 142 137 33 326 320 34 308
1 6.72 5.26 4.63 4.28 404 3.88 3.76 3.66 359 353 343 313 i 317 312 306 300 294 288
12 6.55 5.10 4.47 4.12 3.89 i 3.61 3.5t 344 337 3.28 3.8 3.07 302 296 291 285 279 272
n 6.41 4.97 4.35 4.00 n 360 348 339 kR 325 315 308 295 2.89 284 298 272 2.66 260
14 6.30 486 424 3.89 3.66 350 3138 329 121 315 305 295 2.84 279 173 267 261 255 249
15 6.20 4.1 4.15 380 358 344 329 320 312 306 296 286 276 270 264 259 252 246 240
6 6.{2 4.69 408 173 250 334 322 An 305 299 289 279 268 263 257 251 245 238 232
” 6.04 4.62 4.01 3.66 144 328 36 306 298 292 2.82 272 262 256 250 244 238 232 225
18 5.08 4.56 395 - 361 138 32 3.10 3ot 293 2.87 277 267 2.56 250 244 238 232 226 219
19 592 4.51 3.90 3.56 333 317 3.05 296 288 282 wm 2.62 2.51 245 239 233 227 220 213
20 5.87 4.46 3.86 3.51 329 33 301 291 284 wm 268 2.57 246 241 235 229 222 216 209
21 583 4.42 182 348 325 309 297 2.87 280 273 2.64 2.53 242 237 23y 225 218 211 204
22 579 4.38 ) 344 322 J0s 293 284 216 270 260 250 239 233 227 221 214 208 200
23 575 4.5 375 341 3.8 3 2.90 2.81 27 267 257 247 236 230 224 218 2.4t 204 197
24 572 4.32 37 338 315 2.99 287 278 270 264 2.54 2.44 233 227 221 215 208 201 194
25 5.69 4.39 .69 335 313 297 2.85 215 268 261 2.51 241 230 224 218 242 205 198 191
2% 5.66 427 3.67 333 3.10 2.04 2.82 273 265 2.59 2.49 239 228 222 216 209 203 195 .88
k2] 563 424 165 331 308 292 2.80 27 2.63 257 247 236 2.25 219 243 207 200 193 185
28 5.61 4.22 363 1.29 3.06 2,90 2.8 2.69 2.61 2.55 245 234 223 0207 241 2058 198 191 183
29 5.59 420 3.61 327 3.04 288 2.6 2.67 259 253 243 2.32 2.2t 215 209 203 196 189 1R8I
30 557 4.18 3.59 325 3ol 2.87 275 2.65 2.57 2.5 241 2.3) 220 214 207 201 194 187 L79
40 542 4.05 3.46 ERE] 2.90 274 2.62 253 245 239 229 2.18 207 201 194 188 180 L2 164
60 529 393 334 3.0 279 263 2.5 241 233 227 2.17 2.06 .94 188 182 174 167 158 148
t26 518 380 323 2.89 2.67 252 239 230 P 216 205 1.94 1.82 176 169 161 153 143 131
e 501 3.69 12 279 2.57 241 229 219 2.1 2.05 1.94 1.83 mm 164 157 148 139 (27 100




