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Question 1 

a) A single card is drawn at random from a well-shuffled deck of ~laying cards. Find the 

probability of drawing an ace. Also find the probability ofdrawfng a face card . 
. , . (6 Marks) 

b) 	 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? 
(6 Marks) 

(ii) 	 What is the probability that a randomly selected cable is longer than 1990 millimeters? 

(8 Marks) 

Question 2 

a) How many arrangements are there of the word PROBABILITY? 
(8 Marks) 

b) Let C and D be two events with P(C) =0.25, P(D)= 0.45, and P(C n D) = O.l. 
What is P(C nD)? 

(6 Marks) 
c) 	 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 

a) 	 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 fer) === 2e-2ron [0,(0). 
Find the pdf ofthe waiting time per signal T = lIR 

(5 Marks) 
b) 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 Ii. 

I. What is the expectation of X? 
n. What is the variance of X? 

iii. 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) = In? Let Y = X3. 

a) Find k and the cumulative distribution function of X. 
(4 Marks) 

b) Find the 30th percentile of X. 
(3 Marks) 

c) 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 probability that you have 

to wait for additional five minutes or more. 
(12 Marks) 

Question 6 

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

(8 Marks) 
b) Suppose datax!, ... ,xn are i.i.d. and drawn from N().t, (l), where).t and 0' are unknown. 

Suppose a data set is taken and we have n = 49, sample mean i = 92 and sample standard 
deviation s = 0.75. Find a 90% confidence interval for).t. 

(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: 

Ho: the data is drawn from N( 4,0'2), where 0' is unknown. HA : the data is drawn from N().t, 0'2) 
where ).t = 4. Test for significance at the a =0.05 level using t-test and z-test. 

(20 Marks) 
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Table C-1. Cumulative Probabilities of the Standard Normal Distribution. 
,. ( f 

Entry is area 1\ under the standard no["mal cW'Vc fr<rm -ao to z(A) 

.00 .01 .al­ .03 .04 .as .06 .07 .(l~ .09 

.~ .5040 .SOSO .~n20 .5160 .SHl9 .5239 .s2~ .5319 .53551 

.5398 .S438 .5418 .SSl7 5S57 .55% ;5636 .5675 .5714 .57'3 
519) .5832 .:5871 .5910 .3948 .:5987 .6026 .6064 .6103 .614f 
.6119 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480 .6517 
.6S54 .6$91 .6628 .6664 .6700 .6136 .6772 .61108 .~M4 .68751 

.6915 .6950 .698S .7019 .7054 .1088 .7.23 .11l7 .'1190 .7224 

.1251 .7291 .7324 .13$' .7389 .7422 .7454 .7486 .7S17 .7549 

.15SO .1611 .7642 .1673 .1104 .7734 .7764 .7~ .7823 .7351 
.7881 .7910 .7934) .1967 :7995 .8023 .flOS) .8Q18 .8106 .ID3 
.8159 .8186 .82l2 .82lB .3264 .8239 .8JU .8340 .81M .8389 

.Hll J!438 .8461 .8485 .8508 .8Sl1 .S$j4 .8j77 .8S9'} .8611 
.8643 .8665 .8686 .8108 .8729 .8149 .8110 .8790, .8310 .8830 
.8849 .~9 .8888 .8907 .3925 .8944 .8%1 .8980 .8997 .tJOU 
.9032 .9049 .906<) .908'2 .9099 .9115 .9131 .9147 .9162 .9117 
.9in .9201 .9222 .9236 .!)lSI .9265 .9279 .9292 .9J(16 .93]9 

.9332 

.9452 

.9SH 

.9345 
.94;63 
.9.564­

.9357 

.9474 

.9573 

.9310 

.9484 

.9532 

.!U82 

.949$ 

.959 • 

.9394 
.950.1 
.9S99 

.9401'> 

.9jlj 

.%03 

.9418 

.",2:S 

.9616 

.9429 

.9.Sl:S 

.9625 

.944] 
.9.54' 
.9631 

.9641 .9649 .9656 .9664­ .9611 .96'S .%86 .9693 .9699 .9706 

.97l3 .9719 .9726 .9732­ .9738 .9144 .9150 .9156 .9761 .9767 

.'Yln .9178 .978·3 .9788 .9793 .9793 .9803 .9808 .9IHZ .9817 

.982. .9l$16 .9830 .9.834 .9838 .9842 .9846 .98SO .9854 .9aS} 

.9861 .9864­ .9868 .9S7t .9875 .9878 ,9mlJ ,9884 .9887 .9890 
,9893 .9896 .'~$ .9901 .9904 .9906 .9909 .99U .99U .9916 
.9918 .9920 .MlIl .992$ .9921 .9929 .99)1 .9932 .9934 .9936 

.9938 .9940 .9941 9)4J .9945 .9946 .~ .9949 .9951 .99S2 
.99S] .99SS .9956 .9957 .99S9 .9960 .9%1 .9962 .9963 .9964­
.9965 .9966 .9961 .9968 .9969 .991f) .991J .9972 .9973 .9974 
.9974 ~991S .Ml16 .9971 .gf)77 .991l!1 .9979 :9979 .9980 .9981 
.99111 .9982 .9982 .9983 .9984 .9984­ .998~ .998$ .9986 .99116 

.99117 .9981 .998' .9988 .9988 .998'9 .9989 .9989 .9990 .9990 

.9990 .999] .999. .99'1] .9992 .9992 .9992 .9992­ .9993 .9993 

.9993 .9993 .9994­ .9994 .9994 .9994 .9994 .9995 .ms .999S 

.999$ .9995 .9995 .9996 .9996 .9996 .9996 .99% .9996 .'9991 

.99!)7 .9997 .9991 .~ .9991 .99lT1 .9997 .9991 .9991 .9998 
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Chi-Square Distribution 

Table C-2. PercentUes of the l Distributi91l . 

A 

.005 .()lO .025 .OSO .100 .900 .9SO .97S .990 .995 

r O.O"'l9J O.OlH1 0.OJ982 O.fJz193 0.01S8 l.U 3.84 S.0'2 6.53 1." 
:2 ().OIOO 0.0201 0.0506 0.10) O.ZIt 4.~l U9 US 9.21 10.60 
1 0.012 0.1 a 0.216 0.351 O.S84 6.25 1.31 $I.3S 1U4 12.84 
4 0.2.07 0.297 0.484 0.111 1.064 1.78 9.49 11.14 13.213 IU6 

5 0.411 O..sS4 (Ull 1.145 1.61 9.24 U.C7 12.83 JS.OO 16.7S 
6 0."6 un U4 L64 1.20 U1.64 tU9 [4AS lUl t8.5S 
1 O.9t!9 1.24 1.69 2.11' 2.83 IZ.02 1...01 l6JH 18.48 20.28 
g U4 1.65 2.III Z.73 3.49 13.J6 IS.51 1153 20.09 2:1.)16 
9 1.73 2.09 2.'0 3.33 4.17 14.68 16.92 19.02 21.67 23.S!l 

10 2.16 256 3.Zj 3.?4 4.57 IS." 18.l1 20..43 n.2l 2:i.l'9 
II 2.00 l.OS U2 4.)1 5.:58 11.28 19.68 21.92 24.13 16.16 
11 1.4:11 3.S1 4.M> 5.2:3- 6.3<l UUS 21.()J 23.34 26.22 28.30 
13 l.S1 4.n 5.()I ~.89 1.04 1<J.Il 22.36 24.14 27.69 29.&2 
14 4.0i 4.66- S.63 657 ;.19 21.1)6 :23.63 26.12 29.14 lU2 

IS 4.ro S.ll 6.26 1.26 8.55 22.31 25.00 21.49 30. ~8 32..110 
16 s.t4 S.81 6.91 1.% 9.3' 2U4 26.1O 2US 32.00 301.21 
17 S.70 6.41 1.56 8.61 1(109 24.11 27.~ 30.19 31.41 1~.12 

HJ 6.26 7.0t 11.2) 9.19 IO.1l6 25,99 28.87 31.53 34.81 !1.16 
19 6.84 1.63 fUJI 10.12 11.6S 27.20 30.14 32.8.5 *.19 38.S8 

20 7.4l 8.26 '.59 IUS 12.44 2.1.~1 31.41 34.\7 31.S1 40.00 
21 8.m 8.90 ICI.211 J1.59 IJ.24 29.62 1.2.67 3S.44 JB.,}3 41.40 
22 8..64 !I.S4 1,0.93 12.34 14.04 30.81 31.92 36.78 41U!I 42.110 
2J 9.16 10.W' 11.69- 13.09 14.8$ 32.0t 3S.n 38.08 41.M 44.18 
24 !til9 II>.SIS 12•• U.85 U.66 33.20- 36.42 39.36 4BIj 45.56 

25 IO.:S2 n.s! 13.11 14.~ 16.47 34.38 37.6S 40.6$ 4Ul 46.~3 
26 11.16 12.2() 13.84 U.38 11.29 3~.56 lUll! 41.92 4~.64 4i.29 
21 n.~l \1.8& 14-.$1 I~JS li.U ~.14 46.1\ 43.1' 46.96 44lJi4 
28 \1246 13..56 /S,Jl r6.93 18'.94 nll2 4'.14 44.46 48.28 5O.9t 
29 IU.12 14.16 16.0:5 17.11 1'.71 39.09 42.~ 45.72 49.59 .S2.34 

30 14.9$ 16.19 llUg, 20.60 4O.11 43.11 Mi.9lI 50.89 53.61 
40 12.16 24.43 26.!il 24).05 sun $5.76 S9•.l4 63.69 66.11 
~ 29.71 lB6 34.76 31.69 63.11 61.50 11.42 76.JS 79.49 
60 17.48 40.4& 43.19 46.46 7<4.40 19.08. l.!l.JO 88.]8 91.9' 

70 4.SA4 48.76 ".74 55..;1) 8'.'3 ~.,.) 9.5.01 fOO.4 104.2 
110 53.54 51.15 00.39 64.28 96.S8 ]01.9 t06.6 111.l 116.3 
90 61.75- 65.6S 69.13 13.29- lO7.6 11l.1 Wl.I 124.1 128.3 

100 10.06 14.22 11.93 82..36 lIIL1 124.3 119.6 IJS.8 140.2 
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Student's Distribution (tDistribution) 

Table C-4 Percentil~s of the. t Distribution, , 

Entry is ,(A; v) where p{t(lI') S I(A~ v)J - A 

teA; v) 

A 

iii" .60 .70 . flO .85 .tlO .9S .915 

I 
2 
3 
4 
5 

0.325 
0.289 
G:In 
0:17\ 
0.267 

o.n1 
0.6t1 
0.584 
O.S69 
0.559 

t.l16 
~,06l 

0.9711 
0.941 
0.920 

UHi3 
1.386 
1.250 
1.190 
1.&56 

3.078 
1.886 
l.638 
1.533 
1."'6 

6.314 
2.920 
2.353 
2.ll2 
2.01.5 

12.106 
4.303 
3.'82 
2."6 
2.511 

6 
1 
8 
9 

(0 

0.26) 
0.263 
0.262 
0.2.61 
0.2«» 

0.553 
0.549 
0.546 
O.~41 
0.542 

0.906 , 
0.896 
0.889 
0.883 
0.819 

l.134 
1.119 
1.108 
)"100 
1.093 

••.....a 
1.41' 
1.391 
t.3S~ 
I.312 

1.943 
1.89:5 
1.860 
1.83:> 
1.812 

2.441 
2.34\' 
2.306 
l,26l 
2.221 

11 
12 
U 
14 
IS 

0.260 
0.259 
0.259 
0.258 
0.258 

0.540 
0.539 
0.5)1 
0.531 
0.536 

0.S76 
0.873 
0.870 
0.868 
0.866 

•.088 
1.083 
1.019 
1.07C) 
1.074 

1.363 
1.3S6 
1.3:sQ 
1.34$ 
L:J41 

l.i'96 
1.782 
1.711 
, .161 
1.7S3 

2.'20l 
2.179 
l.l60 
2.145 
2.13. 

16. 
17 
18 
19 
20 

0.258 
0.251 
0.251 
0.2S1 
0.257 

O.S35 
0.534 
0.534 
0.533 
0.533 

0.865 
0.863 
0.862 
0.161 
0.860 

unl 
1.069 
1.067 
1.066 
1.064 

1.337 
1.333 
1.330 
'.32:8 
••:325 

1.746 
1.740 
1.734 
J.7l!> 
I.ns 

2.120 
2.110 
2.101 
2.093 
2.086 

21 
22 
23 
24 
25 

0.257 
0.2:56 
0.2S6 
o.~ 
0.2.56 

0.'32 
O.S3Z 
0.532 
0.531 
0.531 

0.8~ 

0.858 
0.~8 
0.8.57 
0.856 

1.063 
1.06' 
Ul60 
1.0:S9 
1.058 

1.:323 
•.:321 
1.319 
1.318 
J.316 

1.12) 
'.117 
1.714 
1.711 
1.70s 

2.080 
2.07" 
2.069 
2.064
i.oro 

26 
Z7 
23 
29 
30 

(l.1S6 
0.256 
O.2S6 
0.256 
0.256 

0.531 
0.531 
0.330 
0.530 
0.530 

~. 

0.856 
0.855 
O.ass 
0.8S4 
0.854 

I.05a 
1.057 
1.()56 
'.05S 
,-OSS 

1.315 
1.314 
1.313 
1.3.1 
1.310 

1.106 
1.703 
L7(U 
1.699 
1.M7 

2.0$6 
l.052 
2.048 
2.045 
2.042 

40 
fiO 

120 
00 

0.255 
0.254 
0.254 
0,253 

0.529 
O.S21 
O.S26 
0.524 

0.851 
0.848 
0.845 
0.842 

1.050 
'.04.5 
1.041 
1.036 

1.303 
1.296 
1.289 
1.282 

L684­
1.671 
1.658 
l.64S 

2.021 
2.000 
1.910 
1.960 
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Table C-4 (Continued) Percentiles of the t Distribution 

, , 

1/ 

A 

.98 .985 .99 .9925 .995 .9975 .999.5 

1 15.895 21.205 31.821 42.434 63.651 121.322 636.590 
2 4.349 5.643 6.96S 8..073 9.925 14.089 31.598 
3 3.4t2 3.896 4.541 5.047 5.&41 1.4S3 12.924 

'" 2.999 3.m 3.747 4Jl&8 4.604 s.m 8.MO 
S i.7~ :UI03 3.365 3.634­ 4.032 4.713 6.869 

6 2.612 2.829 3.),43 3.312 3.1CJ'I 4.311 5.959 
7 2.517 2.115 2.998­ 3.203 3.499 4.029 5.40& 
8 2.449 2.634 2.896 3.0&5 3.355 .3.833 5.041 
9 2.398 2.574 Z.82t 2".998 3.250 3.690 4. 7 ill 

lQ 2.359 2.527 2.1M 2.932 3.169 3.581 4.587 

JI 2.328 2.491 2.118 2.819 3.[06 3.497 4.431 
12 2.303 2.46 ( 2.681 202136 3.05"5 3.4~ 4.J(8 
13 1.282 2.436 2.650 2.tIO} 3.012 3.1n 4.221 
14 2.2M 2.415 2.624 2.711 2.977 3.326 4.140 
IS 2.249 2.391 2.602 2.746 1.947 3.286 4.073 

J6 2.235 2.3S2 2.583 2.124 2.92' 3.252 4.0&5 
17 2.224 2.36& 2.567 2,106 2.898 3.222 3.965 
18 2.214 2.356 2.552 2.~ 2.818 3.197 3.922 
19 2.205 2.346 2.539 2.674 2.861 3.114 3.883 
20 2.197 2.336 2.528 2.(i61 2.845 3.\53 3.849 

2} 2.189 2.328 2..5t8 2.649 2.831 j.l35 3.819 
22 2.183 2.320 2.508 2.639 2.819 3.U9 3.192 
23 2.171 2.3\3 2..500 2.629 2.801 3.104 3.768 
24 2.112 2..307 2.492 2.620­ 1.797 3.091 3.145 
25 2.161 2.30) 2.4&5 2.6J2 2..787 3.078 3.725 

26 2.162 2.296 2.479 2.600 2."9 3.1)67 3.707 
1:1 2.158 2.291 2.473 2.593 2.711 3.0S7 3.690 
28 2.154 2.286 2..4'7 2.592 2.163 3.047 3.674 
29 2.150 2.282 2.462 2.586 2.156 3.031 3,659 
30 2.147 2.218 ~.4S7 2.581 2.750 3.030 3.646 

40 2.123 2.250 2.423 2 . .542 2.704 2.971 3.551 
60 2J)99 2.223 2.390 2.504 2.660 2.91S 3.460 

120 2.076 2.196 2.3511 2.468 2..617 2.860 3.373 
00 2.0S4 2.110 2.326 

----­

2.432 2.516 2.801 3.291 
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