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Question 1

A single card is drawn at random from a well-shuffled deck of playing cards. Find the
probability of drawing an ace. Also find the probability of drawing a face card.

: , - (6 Marks)
Suppose the manufacturer’s specifications for the length of a certain type of computer cable
are 2000 + 10 millimeters. In this industry, it is known that short cable is just as likely to be
defective (not meeting specifications) as long cable. That is, the probability of randomly
producing a cable with length exceeding 2010 millimeters is equal to the probability of
producing a cable with length smaller than 1990 millimeters. The probability that the
production procedure meets specifications is known to be 0.99.

(i)  What is the probability that a cable selected randomly is too long?

(i)

. (6 Marks)
What is the probability that a randomly selected cable is longer than 1990 millimeters?
(8 Marks)
Question 2
How many arrangements are there of the word PROBABILITY?
(8 Marks)
Let C and D be two events with P(C) =0.25, P(D )= 0.45, and P(C N D) =0.1.
What is P(C° N D)?
' (6 Marks)

b)

i.
ii.
iii.

A multiple choice exam has 4 choices for each question. A student has studied enough so that
the probability they will know the answer to a question is 0.5, the probability that they will
be able to eliminate one choice is 0.25, otherwise all 4 choices seem equally plausible. If they
know the answer they will get the question right. If not they have to guess from the 3 or 4
choices. As the teacher you want the test to measure what the student knows. If the student

answers a question correctly what’s the probability they knew the answer?
(6 Marks)

+

Question 3

Let R be the rate at which the Electroencephalography (EEG) signal messages are stored in a
message queue. Suppose that R is a random variable with pdf  f(r) = 2e¢~%* on [0,c0).
Find the pdf of the waiting time per signal T = 1/R.

(5 Marks)
Suppose that X is a random variable that takes on values 0, 2 and 3 with probabilities 0.3,
0.1, 0.6 respectively. Let Y = 3(X — 1)°.

What is the expectation of X?
What is the variance of X?
What is the expectation of Y?
(5 + 5 + 5 Marks)
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Question 4
Let X have range [0, 3] and density f(x)= kx*. Let Y = X°.
a) Find & and the cumulative distribution function of X. +
’ (4 Marks)

b) Find the 30th percentile of X.

. (3 Marks)
¢) Use moment generating functions to compute E(Y ) and Var(Y).

(5+4+4 Marks)

Question 5

Suppose that buses arrive are scheduled to arrive at a bus stop at noon but are always X minutes
late, Suppose that you arrive at the bus stop precisely at noon.

a) Compute the probability that you have to wait for more than five minutes for the bus to
arrive.

(8 Marks)
b) Suppose that you have already waited for 10 minutes. Compute the probablhty that you have
to wait for additional five minutes or more.
(12 Marks)

Question 6

a) The volume in a set of wine bottles is known to follow a N(p, 25) distribution. As a quality
assurance expert, you take a sample of the bottles and measure their volumes. How many
bottles do you have to sample to have a 95% confidence interval for p with width 1?

(8 Marks)

b) Suppose data x;,....x, are i.i.d. and drawn from N(u, 6°), where  and o are unknown.
Suppose a data set is taken and we have n = 49, sample mean ¥ = 92 and sample standard
deviation s = 0.75. Find a 90% confidence interval for p.

(12 Marks)

Question 7

Suppose we have 49 data points with sample mean 6.25 and sample variance 36. We want to test
the following hypotheses:

Hg: the data is drawn from N(4,6°), where o is unknown. Hy: the data is drawn from N(y, 6°)

where p = 4. Test for significance at the o =0.05 level using t-test and z-test.
(20 Marks)
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Normal Distribution
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Table C-1. Cumulative Probabilities of the Standard Normal Distribution.

Eﬁtry 15 area A under the standard normal curve fram — o to 2(A)

07

z 00 02 03 04 05 06 L8 09
L1 %000 5040 5080 S120 L5160 5199 5239 5279 SH1% 5359
J ] 5398 5438 (5478 5517 5557 S5B6 (SA36 5675 .SH4 5753
21 5193 SBI2 5871 5910 5948 5987 6026 6064 G103 G4l
L3 6179 L6217 6255 L6291 63N L6368 L6406 6443 BARD L6517
4 6554 6591  .GE2B 6664 6700 6736 6772 6808 o844 GBT9
51 6915 6950 G5B 7015 7054  UFOBR  TM23 TE5T7 . .M90 724
B 7257 L7291 T34 TAST O UI3BR L7422 7454 (7486 (7517 .TS49
g1 1580 F6I1 F64A2 LI6TY O TIO4 7T 7T64 7T 1833 7AS2
K1 7881 7910 7939 7967 (7995 8023 EDS51 208 .BI06 . B133
91 .BiS?  BI86  B212  B23R 3264 B289 8315 8340 .§345 83§V
1.0 L8412 B438 Ba6 8485 8508 8531 .BSs4  .B577  .85%% 862
1.1 86543 B66GS B&B6 B708 8729 B4 8370 8790 HR10  _83%
.2 | B840  #869  REER 8907 4925 K944 8962 8980 8997 .90US
3| 9032 9049 9066 9082 9099 B1I5 9131 9147 9162 9177
4| 9192 9207 9FXX  .9236 93§ 9265 L9279 9292 9306 .9319
t.s | 9332 9345 9357 9370 9382 9394 9406 S418 9429 .944]
1.6 | 9452 9463 9474 9484 9495 9505 9515 9525 93315 9s4S
L7 | 9554 9564 9573 .9SE2 9§91 9599 9608 9616 9625 9633
L8] 9641 9649 9656 5664  96TT 9678 9686 9693 9699 9706
L9 | 9TIZ 99 9726 9732 9738 9144 9750 9756 9I6l 9767
20| 9772 91/R BTIRY 97B8 9793 9798 NHD3  9BO8  .98l12 9817
Z1 | 9821 9826 9830 9834 9838 9342 9846 9850 .9854 9857
22| 9861 9864 9868 ORTt 9875 9878 98] 9884 9887 9890
23§ 9893 98% 989K  .9901 9904 9906 9909 991  9%I3  .991%
24 1 9918 9920 9922 9025 9927 992G 9931 9932 9934 9936
2.5 7 9938 9940 9941 993 9945 9946 9948 9949 99S) 9952
26 1 9953 9935 9956 9957 9953 9960 9961 D62 9963 9964
2.7 B985 L9966 8967  DO6E 99 9V 9N H972 99713 9914
2.8 | 9974 9978 9976 9977 8977 907 9979 S9TS 998G 99K
29 | 9981 9982 9982 (9983 9984 ,9UB4 9985 9985 9986 .99E6
30| 9987 99RT 9987 9988 9988 9989 9080 998Y 5990 9990
31} 9990 9991 9991 9991 L9992 9992 9992 9992 9093  .995)
32| 9993 9993 9% 9994 2994 9994 9904 D095 9995 9995
i3 S995 9995 9995 9996 9996 9996 9996 999G 9996 5997
3.4 | 9997 9997 9997 9997 9O¥7 9097 9997 9997 8998
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ChiSquare Distribution

Table C-2. Percentiles of the xz Distribution

Entry is YA v) where P (v} = x4 vl = A

4
v | 005 00 025 050 100 900 9% 575 990 995
o - g 2
I | 0.0%193 0.0%57 0.0°082 00%393 0.0I58 LT 38 502 663 188
2 | 00100 00201 00506 0103 0211 461 S99 738 921 10.60
3 ]0072 0118 026 0352 0S8 &3S 7RI 935 1134 1284
4 10207 0297 0484 ONMI 1068 778 945 1144 1328 1436
s {0412 055 0831 1445 L6l 924 1107 I1ZE3 1509 1675
6 10676 0812 124 164 220 1064 1250 (445 1681 1RSS
7 10989 124 169 237 28 202 1407 1601 1543 2028
£ [ Li6 165 218 273 349 1336 IS5l 175} 2008 21.96
9 | 173 200 270 333 447 1468 1652 1902 2067 2359
10 |206 256 325 394  4F7 1599 183 2048 2321 2519
11 |260 305 382 457 558 1728 1968 2192 2473 2676
12 307 357 440 $23 630 1RSS5S 2103 2334 2622 28.30
13 [ 357 441 SO 58 704 198t 2236 2474 2769 2982
14 | 407 466 561 657 11 2106 2368 2612 2914 3.3
15 |460 523 626 126 ASS 23 2500 2749 3038 3280
16 | S14  S81 691 196  0m 1384 2630 2885 3200 ML
17 |50 641 7Ts6 287 1009 2477 2759 3019 3341 3.2
18 1626 701  B23 939 10.86 2539 2887 3151 481 16
19 | 684 763  BOI 1042 ILES 2720 3014 3285 3619 3858
20 | 743 B26 959 1085 1244 2841 314l M7 3757 4000
2t {803 890 1028 1159 ILM 2962 1267 3548 893 dl40
22 {864 954 1098 1234 1404 308 3392 3678 4029 42.80
23 926 1020 1169 1209 1485 3201 3507 3808 4164 4418
24 | 989 1086 1240 JABS 1566 3320 1842 3936 4298 45.56
25 (1052 1152 138 1461 1647 3438 37.65 4065 4431 4693
26 [IL16 1220 1384 1538 1729 3556 IREY 4192 4564 48.29
27 1181 1288 1457 1615 1840 36 4011 4310 4696 4364
28 (1246 1356 1S3 1693 1854 3192 4134 4446 4828 5099
29 4312 1426 1605 1771 1977 3909 4256 45T 4959 SLM
30 #3T9 1495 1679 1849 2060 4026 4377 4698 S089 5147
40 horl 206 2443 2651 205 5181 5576 934 68 677
S0 2799 297 3236 3476 3169 6317 6150 7142 7615 7949
60 (1553 1748 4048 4319 4646 7440 T9.08 8330 ES38 9195
0 {328 4544 4876 5174 5533 §353 9035 9S00 1004 104.2
8¢ PLI7 5354 STES 6039 6429 9658 1019 1066 TIL3 1163
90 {5920 6175 6565 €9.03 I 1076 1131 N8 124) 1283
100 K733 7008 7422 7793 BL3 185 1243 1296 1358 1402

Volume 11, Appendix C: page 3


http:61.75-65.6S
http:33.20-36.42
http:11.69-13.09
http:4.66-S.63

Table C4 Percentiles of the ¢ Distribution, ,

Student’s Distribution (f Distribution)

Entry is 1{A; 3) where Pitisy = (A, ¥)} = A

0.842

A

v 60 70 80 85 80
| 0.325 0.727 £.376 1.963 3.07%
2 0.289 0.617 5061 1.386 1.886
3 0.277 0.584 0.978 1.250 1.638
4 0.2n 0.569 0.941 1.190 1.533
5 0.267 0.559 0.920 1.136 1.476
6 0.265 0.553 0906 1134 1.440
7 0.263 0.549 0.896 1.139 1.415
8 0.262 0.546 0.§89 1108 1.397
9 0.261 0.543 0.883 1,100 1.383
6.260 0.542 0.879 1.093 1.372
0.260 0.540 0.876 1.088 1.363
0.259 0.539 0.873 ‘ 1.356
0.259 0.537 0.870 1.079 1.3%0
0.258 0.53 0.868 1.076 1.388

0.258 0.536 0.866 1.074 1.341
0.238 0.535 0.865 5071 1.337
0.257 0.534 0.863 1.069 1.333
0.257 0.534 0.862 1.067 1.330
0.257 0.533 0.861 1.066 1.328
0.257 0.533 0.860 1.068 1.325
0.257 0.532 0.859 1.063 1.323

22 0.256 0.532 0.858 1.061 1324
23 0.256 0.532 0.858 1.060 1.319
24 0.256 0.531 0.857 1.059 1313
25 0.256 0.531 0.856 1.058 1.316
26 0.255 0.531 0.856 1.05% 1.315
27 0.256 0.531 0.855 1.057 1.314
28 0.256 0.530 0.855 1.056 1.313
29 0.256 0.530 0.854 1.055 1.311
30 0.256 0.530 0.854 £.055 1.310
40 0.255 0.529 0.851 1.050 1.303
0 0.254 0.527 0.848 1.045 1.296
120 0.254 0.526 0.845 1.041 1.289

en 0.253 0.524 1.036

1.282

e ——
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Table C4 (Continued) Percentiles of the t Distribution
»
A
¥ .98 985 99 9925 995 9975 9905

1 15.895 21.205 3582t 42.434 63.657 121.322 636.590
2 4.849 5.643 6,965 8473 9.925 14.089 31.598
3 3.482 3.896 4.541 5.047 5.841 7.453 i2.924
4 2.999 3298 3.747 4.088 4.604 5.598 8.610
5 2,757 3.003 3.365 3.634 4.032 4.7713 6.569
6 2.612 2.829 3.143 33mn 3.707 4.317 5.959
7 2.517 2.5 2.99% 3.203 3.499 4.029 5.408
8 2.449 2.634 2.89% 3.085 3.355 3.833 5.044
9 2,398 2.574 282t 2.998 3.250 3.690 4.781
10 2.359 2.527 2.764 2.932 3.169 3.581 4.587
1 2.328 2491 2718 2.879 3.106 3.497 4.437
12 2.303 2461 2.681 2.836 3.055 3428 4,318
13 2.282 2.4% 2.650 2.80) 3.012 3.372 4.221
4 2.264 2.415 2.624 2m 2971 3.326 4.140
15 2.249 2.391 2,602 2.746 2.947 3.286 4073
16 2.235 2.382 2.583 2324 2.92( 3252 4015
1?7 2.224 2.368 2.567 2,706 2.898 3 22 3.965
18 2214 2.356 2582 2.689 2878 3497 3.922
19 2.205 2.346 1.539 2.674 2.361 3.174 3.883
20 2.9 2.336 2528 2.661 2.845 3.153 3.849
4] 2.189 2.328 2518 2.649 2.831 3.135 3.819
22 2.183 2.320 2.508 2.639 2.819 3.119 3.792
3 2.1 .33 2500 2.629 2307 3 3.768
24 2172 2.307 2.492 2.620 2.797 3.091 3.745
25 2.167 2.301 2.485 2.612 2.787 3078 3.725
26 2162 2.296 2.419 2.605 21719 3.067 3507
27 2.158 2.291 2.473 2.5%8 m 3.057 3.690
28 2.154 2.286 2467 2.592 2.763 3.047 1.674
29 2150 2,282 2.462 2.586 2,756 3 3.659
30 2147 2.378 2457 2.581 2.750 3.030 3.646
40 2.123 2250 2423 2.542 2.704 1971 3551
&0 2.099 2.223 2.390 2.504 2.660 2.915 3.460
120 2.076 2.196 2358 2,468 2.617 2.860 3.373
o 2.054 2,432 3.291

2.326

2.5

2.807
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