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Problem 1. Multiple Choice.
Consider the experiment of rolling two six-sided dices, dice 1 and dice 2. Let X
="the total number of dots facing up” and ¥ ="the number of dots for dice 1 facing
up”. (3 points each)
(a) The expression of “Y 237 is .

(1) a random variable (2) a constant (3) an event {4) undefined
(b) E[X] is

(1) a random variable (2) a constant (3) an event (4) undefined
() P(X) is

(1) a random variable (2) a constant (3) an event (4) undefined
(d) E[X = 3] is . '

(1) arandom variable (2) a constant (3) an event 4 undeﬁn,ei
(e) E[X|Y] is

{1} a random variable (2} a constant (3) an event (4) undefined

Problem 2. Consider the continuous random vector (Xq,X;) with the following
density:

f(x1, %) = 4e™20atxad 5 50 5, > 0

Suppose we are interested in the distribution of Y = X, /X, .

(a) Let y = :—‘ and choose z = x,. Determine the density of Y. (10 points)
2

(b) There are many special techniques for deriving distribution. Instead of
determining the density function, a conceptually straightforward way is to
determine the CDF of Y directly.

®  Determine the marginal density of X,, f(x,), and the conditional density of
Xy given X; =x,, f(x1]%2). (10 points)
® Determine P(Y < y) from P(Y < ylX; = x;,). (15 points)

Problem 3. Two machines are used for filling plastic bottles with a net volume of 16.0
ounces. The filling processes can be assumed to be normal, with standard deviations

of o1 =0.015 and ¢, = 0.018. The quality engineering department suspects that both

;-’-3‘ machines fill to the same net volume, whether or not this volume is 16.0 ounces. An
iy e experiment is performed by taking a random sample from the output of each machine.
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Machine 1 Machine 2
16.03 16.01 16.02 16.03
16.04 15.96 15.97 16.04
16.05 15.98 15.96 16.02
16.05 16.02 16.01 16.01
16.02 15.99 15.99 16.00

equal, (10 points)

{a) State the hypotheses that should be tested in this experiment, (2 points)

(b) Test these hypotheses using o = 0.05. What are your conclusions? (6 points)

(¢} Find the p-value for this test. (2 points)

(d) Find a 95 percent confidence interval on the difference in mean fill volume for
the two machines, (4 points)

Problem 4. Reconsider the bottle filling experiment described in the previous problem.
Rework the problem assuming that the two population variances are unknown but

Problem 5. Consider the data from Problem 3. If the mean fill volumes of the two
machines differ by as much as 0.25 ounces, what is the power of the test used in
Problem 3. What sample size would result in a power of at least 0.9 if the actual
difference in mean fill volume is 0.25 ounces? (10 points)

Problem 6. A regional opera company has tried three approaches to solicit donations
from 24 potential sponsors. The 24 potential sponsors were randomly divided into
three groups of eight, and one approach was used for each group. The dollar amounts
of the resulting contributions are shown in the following table.

*ﬁﬁﬂﬁ@%iQi)Wﬁ%

Approach Contributions (in $)
i 1000 | 1500 | 1200 | 1800 ! 1600 | 1100 | 1000 | 1250
2 1500 | 1850 | 2000 | 1200 | 2000 | 1700 | 1800 | 1900
3 900 | 1000 | 1200 | 1500 | 1200 | 1550 { 1000 | 1100
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(a) Do the data indicate that there is a difference in results obtained from the three
different approaches? Use & = 0.05. (8 points)
(b) If it is appropriate to do so, make comparisons between the pairs of means.
What conclusions can you draw? (8 points)
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Area or
probability
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Entries in the table give the area under
the curve between the mean and Zstan-
dard deviations above the mean, For
example, for z = 1.25 the area under
the curve between the mean and zis
3944,

~

RLH 01 02 .03 04

05 06 07 08 09

Lo uwoin Bilao

0000 L0040 0080 0120 0160
0398 .0438 0478 0517 0557
0793 .0832 0871 0910 0948
179 1217 1255 .1293 1331
1554 1591 1628 .1664 1700

1915 1950 .1985 2019 2054
2257, 2291 2324 2357 .2389
2580 2612 2642 2673 2704
.2881 2910 2938 2967 .2995
159 3186 J2)2 3238 3264

3413 3438 3461 .3485 3508
3643 3665- 3686 .3708 3729
3849 3869 3888 3907 3925
4032 4040 4066 4082 4099
4192 4207 4222 4236 4251

4332 4345 4357 4370 4382
4452 4463 4474 4484 4495
4554 4564 4573 4582 4591
4641 4649 4656 4664 A48T
4713 4719 4726 4732 4738

4772 4778 4783 4788 4793
4821 4826 4830 4334 4838
4861 48BG4 4868 4871 4875
4893 4896 4898 4901 4904
4918 4920 4922 4325 4927

4938 4940 494} 4943 L4945
4953 4955 4956 4957 4959
4965 4966 4967  .4968 4969
4974 4975 4976 4977 4977
4981 4982 4982 4983 4584

A986 4087 4987 4988 4983

0199 0239 027% 0319 0359
0396 0636 0675 0714 0753
0987 1026 1064 1103 A4t
1368 1406 -1443 1480 1517
1736 A7 .1808 1844 1879

.2088 2123 2157 2190 224
.2422 2454 .2486 2518 2549
2734 2764 2794 2823 2852
.3023 .3051 3078 3106 3133
3289 3315 .3340 3365 3389

3531 3554 3577 3599 3621
3749 A7 3790 3810 3830
3944 3962 3980 3997 4015
4115 4131 4147 4162 4177
4265 4279 4292 4306 4319

4394 4406 4418 4429 .444)
4505 4515 4525 4535 4545
4593 4508 4616 4625 4633
4678 4686 4693 4699 4706
A4 4750 4756 4T76] 4767

4798 .4803 4808 4812 4817
4842 4846 4850 4854 4857
4878 4881 4884 4887 4890
A%06 4509 481t 4913 4916
4929 4931 4932 4934 4936

4946 4948 4949 4951 4952
4960 4961 4562 4963 4964
4970 497 4972 A973 4974
4978 4979 4979 4980 4981
4984 4985 4985 4986 4986

4989 4989 4989 4990 4990

AN

i G R




B 3L *%K%gg'ﬁ#ﬁ{%ﬁ ﬂfﬂf’g—ﬂ)\’f’%’éﬁ,ﬁﬁﬁ

fpr s

THREBANHALE Fa(—fk) HE mi® % S 7 oy ®

Z 4 '—ﬂ’y’:il

{ DISTRIBUTION

C AREREERE (4) AKE
YEHARTEAYES B - i T4

Entries in the table give ¢ values for an

area or probability in the upper tail of

Areaor the ¢ distribution. For example, with 10

probability degrees of freedom and a .05 area in the
upper tail, 1, = .82,

0 t
Area in Upper Tait
Degrees

of Freedom 19 05 025 (i} 003
1 3.078 6314 12.706 RIR:F]| 63.657
2 1.886 2.920 430 6.965 9.925
3 1.638 2353 3.182 4.541 5.841
4 1.533 21 2776 31.747 4,604
5 1.476 2.015 2.571 3.365 4032
[} 1440 1.943 2.‘_147 3143 3767
7 1415 1.895 2365 2.998 3499
8 1.397 L.E860 2.306 .89 3.335
9 1.383 1.833 2,262 2821 3.250
10 1.372 t.812 228 2.764 3.169
L 1.363 L.796 2.201 2718 3.106
12 1.356 1.782 2179 2.681 3.055
13 1.350 L7771 2,160 2.650 3012
14 1.345 L761 2.145 2,624 2977
i5 1.341 1.753 2131 2.602 2.947
16 1.337 £.746 120 2.583 2921
17 1,333 1.740 2110 2.567 2.898
13 (330 1.734 2,401 2.552 2.878
i9 1.328 1739 2093 2339 2,861
20 1.325 1.725 2085 2.528 2.845
2t 1323 1721 2.080 2518 2831
22 L34 1.217 2.074 2.508 2819
23 1319 L.714 2069 2.500 2.807
24 1318 1711 2.064 2.492 2.797
25 1316 1.708 2.060 2.485 2787
6 1.315 1.706 2.056 2479 27719
27 L34 1.703 2.052 2473 2
28 1313 L3701 2.048 2.467 2,363
29 L 1.699 2.045 2462 2.756
30 L1310 1.697 2.042 2.457 2.150
40 1,303 1.684 2.021 2.423 2.704
60 1.296 1.671 2.000 2390 2.660
120 1.289 1.658 1.980 2.358 2617
Ba 1.282 1.645 1.950 1.326 2.576
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Arenor
probability
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Entries in the table give F, values, where a is the area or probability in the upper tail of the F distribution. For example, with 12 numerntor degress of
freedom, 13 denaminator degees of fresdom, and a .05 area in the upper Wil, Fpy = 248,

Tublo of F g, Values

Denvminutor Numeraior Degrees of Frecdom
Degrees °

of Freedom [ 1 k] 4 5 ] 7 8 L 10 12 15 20 4 k4 a0 60 1m -

1614 1995 2157 2246 2302 2340 2368 2389 2405 2419 2439 2459 7480 2690 250.1 2511 2522 2333 2543
1851 1900 19.15 1925 1930 1933 1935 1937 (933 1940 1941 1943 1945 (945 19.46 1947 1948 1949 19.50
1003 855 938 942 9.0l §34 889 §85 B3l 87 B76 870 866 B4 B62 8350 EST 855 853

T 694 659 639 626 616 609 604 600 596 581 536 S5.B0 ST 375 571 349 566 547

1

3

3

4

5 GGl 579 341 519 505 495 488 432 477 474 468 462 456 453 450 446 441 44D 436
] 599 514 476 453 439 428 420 415 410 406 400 394 387 134 381 37T 374 370 147
7 559 474 435 412 397 387 379 313 368 364 357 351 246 341 33 3 330 327 310
L3 332 446 407 384 369 358 350 344 339 335 128 322 305 342 308 304 301 297 2@
¢ 5.2 426 386 1363 348 33T 329 31 NI 334 307 30 294 290 236 2283 2719 275 271

¢ 49 410 371 348 333 322 306 30T 202 298 291 285 277 274 270 166 262 2358 254
1] 4B4 3198 359 336 320 309 30 295 1290 285 1 272 268 281 257 153 249 245 240

12 415 383 349 326 LIl 300 291 285 230 275 269 262 254 251 247 243 238 234 230
13 467 381 341 308 303 282 281 27 2T 167 260 153 246 242 238 234 230 225 291
14 460 174 334 311 296 285 276 270 265 260 153 246 239 235 231 127 222 213 219
15 434 368 329 306 290 279 271 264 259 1S4 245 240 233 229 225 220 L6 FNTI 1

6 449 363 324 301 285 274 266 139 254 249 247 235 228 4 219 215 200 206 A
7 445 359 320 296 281 270 26F 2355 249 245 23231 223 219 245 200 206 a1 196

18 441335 306 293 277 266 153 151 246 241 234 227 U9 215 200 206 200 197 |92
19 433352 313 290 274 263 254 248 24T 238 230 223 246 201 207 203 198 193 148
20 433 349 X100 287 21 260 251 245 239 23S 228 220 212 208 204 199 195 150 1.84
U 432347 307 284 268 257 249 242 D 230 225 218 210 205 200 196 1w 187 18]

2 430 344 305 282 266 155 246 240 234 230 223 215 207 203 198 194 189 184 .78
3 428 342 303 280 264 253 244 2 232 27 220 23 208 201 19 191 186 1B L
4 426 340 301 278 262 251 242 236 230 225 218 L1 203 198 194 ¥ s 179 173

23 424 339 299 276 260 249 240 234 228 224 116 209 2001 186 192 LAY 1E2Z L7 LT
26 423 337 298 2174 259 247 139 232 227 n; 15207 LS9 195 190 185 180 175 169
br) 421 335 296 273 257 246 237 231 235 LW 213 206 19T 193 18% 1B LTR 173 167

8 420 334 295 271 256 245 236 229 224 219 2.2 204 196 191 187 182 177 171 165
9 418 323 293 230 2355 243 235 .U 11 214 210 203 194 150 185 181 115 L0 164

0 417 332 292 269 253 242 233 227 220 116 209 00 193 189 184 179 1794 168 1.62
40 408 323 234 261 245 236 225 U8 212 208 200 192 184 179 174 169 164 158 151
G 400 L5 276 233 23T 23S 217 200 204 199 192 .84 175 L7 165 159 153 147 139
20 392 307 268 245 220 207 200 207 196 151 133 L75 166 L6l 155 150 143 135 138
L] 364 300 260 237 221 210 201 LO4 IBB 183 LI5S 167 137 152 146 139 32 13z o0




