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Question 1

a) A small engineering company has 200 thousand emalangeni that must be invested
among 4 possible opportunities. Each investment must be integral in units of 1 thousand
emalangeni, and there are minimal ihvestments that need to be made if one is to invest
in these opportunities. The minimal investments are 20, 20, 30, and 40 thousand
emalangeni, How many different investment strategies are available if

i, aninvestment must be made in each opportunity?

ii. investments must be made in at least 3 of the 4 opportunities?
(5 +5 Marks)

b) A system is comprised of 5 components, each of which is either working or failed.
Consider an experiment that consists of observing the status of each component, and let

the outcome of the experiment be given by the vector (X3, Xz X3, X4 X5}, where x;is equal
to 1 if component i is working and is equal to 0 if component i is failed.

i. How many outcomes are in the sample spaceof this experiment?
ii. Suppose that the system will work if components 1 and 2 are both working, or if
~ components 3 and 4 are both working, or if components 1, 3, and 5 are all working,
Let W be the event that the system will work. Specily all the outcomes in W.
iii. Let A be the event that components 4 and 5 are both failed. How many outcomes are
contained in the event A?

iv. Write out all the outcomes in the event AW,
(2+3+2+3 Marks)

Question 2

a) A system composed of n separate components is said to be a parallel system if it
functions when at least one of the components functions.

A e / preomemneenes

For such a system, if component i, which is independent of the other components,
functions with probability pi, i = 1, . . ., n, what is the probability that the system




functions?

b) A plane is lost, and it is assumed that it was equally likely to have gone down in any of 3
possible regions. Let 1 - ;, 1 = 1, 2, 3, denote the probability that the plane will be found

- upon a search of the ith region when the plane is, in fact, in that region. (The constants {3;
are called overlook probabilities, because they represent the probability of overlooking
the plane; they are generally attributable to the geographical and environmental
conditions of the regions.) What is the conditional probability that the plane is in the ith

region given that a search of region 1 is unsuccessful?
(8 +12 Marks}

Question 3

a) Each item produced by a certain manufacturer is, independently, of acceptable quality
with probability 0.95. Find the probability that at most 10 of the next 150 items
produced are unacceptable.

b) The lifetimes of interactive computer chips produced by a certain semiconductor
manufacturer are generated by a probability distribution with parameters E(X} = 1.4 x
106 hours and S.D(X) = 3 x 105 hours. What is the probability that a batch of 100 chips

will contain at least 20 whose lifetimes are less than1.8 x 1067
{10 +10 Marks)

Question 4

a) Take a particular random variable X whose probability density function f{x} is:
' X

f(x)z-z—, ifOSPCSZ
Suppose the transformation function y is :
—1 4 — x?
Y= 2

What is the pdfof Y = g(X)?
b) Take a random variable X whose probability density function f{x] is Uniform (0,1) and
suppose that the transformation function y is:

1
y = w—iln(x) A>0)
What is the pdfof ¥ = g(X)?

(10+10 Marks)
Question 5
a) Show that the MGF of the negative exponential distribution with probability density
function

fO) =A™ x=0;2>0

i.  Find the MGF of the random variable X.
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A22 Appendix Il Tables

TABLE 5 Areas of a Standard Normal Distribution

{a) Table of Areas to the Left of z
z 00 O .02 03 04 .05 .06 07 08 .09

—-3.4 0003 .0003 ,0003 .0003 .0003 .0003 ,0003 0003 0003 0002
—~3.3 0005 0005 L0005 0004 .0004 .0004 0004 .0004 .0004 .0003
—~3.2 0007 0007 .0006 0006 .000G .0006 .0006 .0005 .0005 .0005
—-3.1 0010 0009 .000¢ .0009 .0008 .0008 .0008 .0008 .0007 .0007
-30 0013 0013 0013 0012 .0012 .0011 .0011 .0011 .0D10 .0G10
The table entry for z is the —-2.9 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
area to the left of z. —2.8 0026 .0025 .0024 .0023 .0023 .0022 .0021 0021 0020 .0019
-2.7 0035 .0034 .0033 ,0032 .0037 .0030 .0029 .0028 .0027 .0026
--2.6 0047 0045 0044 0043 .004% 0040 0039 0038 .0037 0036
~25 0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
—~24 0082 L0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-23 0107 0104 .0%02 0099 .0096 .0094 .0091 .0089 .0087 .0084
-2.2 0139 0136 .0132 .0129 .0125 .0122 .0119 .0116 .0113 .¢110
—21 0179 0174 0170 0166 .0162 .0158 .0154 .0150 .0146 .0143
=20 .,0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
~1.9 0287 L0281 0274 0268 .0262 .0256 .0250 .0244 0239 .0233
—1.8 02359 .0351 .0344 0336 .0329 .0322 .0314 0307 .0301 .0294
—1.7 0446 .0436 .0427 0418 .0409 .0401 .0392 0384 0375 .0367
—1.6 0548 0537 .0526 .0516 .0505 .0495 ,0485 0475 .0465 .0455
-1.5 0668 0655 .0643 0630 .0618 0606 .0594 0582 .0571 .055%
—~1.4 0808 .0793 0778 .0764 0749 0735 .0721 .0708 .0694 .068]
—1.3 .0938 .0951 0934 0918 .0901 .0885 .0BG69 .0853 .0838 .0B23
—1.2 .1951 1131 1112 .1093 1075 .1056 1038 .1020 .1003 .0985
—1.1 1357 1335 1314 1292 1271 .125% 1230 1210 1190 .1170
—1.0 .1587 1562 .1539 .1515 1492 1469 .1446 1423 .1401 .1379
-0.9 .1841 .1814 1788 .1762 .1736 .1711 .1685 .i660 .1635 .1611
~0.8 2119 2090 .2061 .2033 .2005 .1977 .194% .1922 ,1894 1857
—0.7 2420 .2389 2358 .2327 2296 .2266 .2236 .2206 2177 .2148
—0.6 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-0.5 .3085 3050 .3015 .2981 .2946 .2912 .2877 .2843 2810 2776
—~0.4 3446 3402 3372 .3336 .3300 3264 .3228 .3192 .3156 .3121
=03 3821 3783 3745 .3707 .3669 3632 .3594 3557 .3520 .3483
~0,2 4207 A168 4129 4000 4052 4013 .3974 .3936 .3897 .3859
~0.1 4602 4562 4522 A483 4443 4404 4364 4325 4286 4247
—0.0 5000 .4960 4920 4880 4840 .4B01 .4761 4721 4681 4641

For values of z less then —3.49, use 0.000 to approximate the area,
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TABLE & Critical Values for Student’s ¢ Distribution
¢is a confidence level

one-tail area | 0.25¢ 0,125 0,100 0.075 0.050 0,025 ¢.010 Q.005 0.0005
two-tall area | 0.500 0250 0200 0.150 0300 0050 4.020 0.010  0.00%0

d'.f.\ c 0.560 0,75¢ 0800 0850 0.900 0950 0980 0.990 0.99%
1 1,000 2.214 3.078 4,165 6.314 12,706 31.821 63.657 636.619
2 0,816 1604 1.886 2282 2920 4303 6955 9.925 31.599
3 0.765 1.423 1.638 1924 2353 3.182 4.541 5.841 12.924
4 0,741 344 1533 1778 232 2776 3747 4604 8.610
5 0727 L3001 1476 1699 2.015 2,571 3365 4,032 65.869
6 0.718 1273 1.440 1650 1.943 2,447 3.143 3.707 5,859
7 0711  1.254 1.415 1617 1.895 2365 2998 3.499 5.408

One-tail area 8 0.706 1.240 1,397 1592 1.860 2306 2.896 3.355 5.041
9 0703 1.23¢ 1,383 1,574 1.833 2,262 2.821 3.250 4,781
10 0760 1221 1372 1559 1,812 2228 2764 3.169 4,587
! 0.697 +.2t4 1,363 1548 1.796 2201 2718 3.106 4,437
?r'g:t'la“ 12 0.695 1209 1356 1538 1782 2179 2.681 3055  A.318

13 0,694 +.204 1,350 1,530 1.771 2.t60 2.650 3,012 4,21
} 4 0.692 1,200 1,345 1523 1,761 2.145 2.624 2977 4,140
0 t 15 0,691 t.197 1.341 1517 1753 2,131 2602 2947 4.073
H3 0699 5,194 1,337 1512 1,746 2.120 2583 2,927 4.015
7 0,689 1.191 1333 1.508 1.746‘\ 2.410 2,567 2.898 3.965
8 0.688 E18% 1,330 1.504 1,734 2,101 2552 2878 3,922
%9 0.688 1,187 1328 1500 1.72% 2.093 2.539 2,861 3.883
Left-tail 20 D687 1185 1,325 1,497 1.725" 2086 2528 2.845 3.850
arega 21 0.686 f£.183 1.323 1494 1.72% 2.080 2518 283 3.81%
L . 22 0.686 1,182 1329 1492 1.7%7 2074 2508 2819 3.792
—t (I) 23 0,685 t.180 1319 1489 1.714 2.069 2500 2.807 3.768
24 0685 1.17% 1.318 1487 1.7%1 2,064 2492 2.797 3.745
25 0.684 t1.198 1,316 1.485 1,708 2,060 2.485 2,787 3,725
25 0.684 1,177 1,315 1483 1,706 2,056 2479 2779 3.707
27 0684 1176 1314 1482 1,703 2.052 2473 2N 3.690
Two-tall area 28 0,683 £175 1313 1480 1.70t 2,048 2467 2.763 3.674
29 0.683 174 1.31% 1,479 1,699 2.045° 2462 2,756 3.659
30 0.683 1173 1310 1477 1.697 2.042 2457 2750 3.646

35 0.682 1,170 1306 1.472 1.690 2.030 2438 2,724 3.591

40 0,681 f.167 1.303 1468 1.684 2.021 2423 2704 3.551
a5 0.680 %165 1301 1465 1.67%9 2.014 2412 2,690 3.520
50 0,679 1164 1299 1462 1,676 2,009 2403 2678 3.49%6
60 0.679 1,162 1.296 1.458 1671 2.060 2,390 2,660 3.460
70 0678 1.160 1.294 1456 1.667 1.994 2,381 2.648 3.435
80 0,678 1.15% 1.292 1453 1t.664 1,980 2,374 2.639 3.416
100 0.677 1,457 1,290 1451 1660 1984 2364 2,626 3.390
500 0.675 1,152 1283 1.442 1648 1965 2,334 2,586 3.310
1000 0,675 1.15% 1282 1441 1646 1962 2,330 2.581 3.300

o« 0.674 1,150 1.282 1.440 1.645 1.960 2.326 2.576 3.2M

For degrees of freedom o.f. not ia the table, use the closest o.7. that is smaller.

¢




307030~app2-Brase-HMC 10/24/04 14:56 Page A25 $ EQA
Appendix I Tables A25
TABLE 7 The ¥* Distribution
Right-tall Right-tail Area
area af. 995 990 575 950 900 100 050 025 010 .005
Xz 1 00393 0.0%157 0.07982 0.0%393 00158 271 384 502 6.63 7.8
For df = 3 2 0.0100 00201 0.0506 0.103  021% 461 599 738 921 1060
3 0072 0115 0216 0352 0584 625 7.81 935 1134 1284
4 0.207 0297 0484 0711 1064 778  9.49 1114 1328 1486
5 0412 0554 0831 145 161 924 1107 1283 1509 1675
6 0676 0872  1.24 164 220 1064 1259 1445 16.81 1855
) 7 0989 124 1.69 217 283 1202 1407 16,01 1848 20.28
Right-tai 8 | 136 165 218 273 349 1336 1551 1753 2009 219
; 9 1.73 2.09 2.70 333 417 1468 1692 19.02 21.67 2359
¥e 0 2.16 2.56 3.25 394 487 15.9% 1831 2048 2321 25.19
For df =1 0r2 11 2.60 3.05 3.82 457 558 1728 19.68 2192 2472 26.76
12 3.7 357 4.40 523 630 1855 2103 23.34 2622 2830
13 3.57 a1 5.M 589  7.04 1981 2236 2474 2769 29.82
14 4.07 4.66 5.63 6.57 7.79 2106 2368 2612 2944 3132
15 4.60 5.23 6.26 726 B.55 2231 25.00 2749 30.58 32.80
16 5.14 5.81 6,91 7.96 9.3t 2354 2630 2885 32.00 3427
-~ 17 5.70 6.41 7.56 867  10.09 2477 2759 3G:19 33.41 3572
18 6.26 7.01 823 939 10.86 2599 28.87 3153 3481 3716
19 6.84 7.63 891 1012 1165 27.20 30.14 3285 36.i9 38.58
20 7.43 B.26 859 1085 1244 2843 3141 3417 3057 4000
21 8.03 890 1028 11.59 1324 2962 3267 3548 3893 41.40
22 8.64 954 1098 1234 1404 30.81 3392 3678 4029 42.80
23 926 1020 1169  13.08 1485 3201 3517 3808 41.64 44.18
24 939 1086 1240  $3.85 1566 3320 3642 39.36 42.98 45.56
25 | 1052 1152 1342 1461 1647 3438 3T65 40.65 4431 4693
26 | 1106 1220 13.84 1538 17.29 3556 38.89 41.92 4564 4329
27 [ 1181 1288 1457 1645 1891 3674 4011 4319 4696 49.64
28 ] 1246 1356 1531 1693 1894 37.92 4134 44.46 48.28 50.99
29 | i321 3426 1605 1771 1977 39,09 4256 4572 48,59 52.34
30 [ 1379 1495 1678 1849 2060 40.26 4377 46.98 50.89 53.67
40 | 2071 2246 2443 265% 2905 5180 5576 59.34 63.69 66.77
50 | 2799 2971 3236 3476  37.69 63.17 67.50 71.42 76.15 79.49
60 | 3553 3748 4048 4319 4646 7440 79.08 8330 8838 91,95
70 | 4328 4544  4B76  51.74 5533 B5.53 9053 9502 1004 1042
80 | 5117 5354 5715 6039 6428 9658 10L.9 1066 1123 1163
90 | 59.20 6175 6565 6943 7329 1076 1130 1181 1241 1283
100 | 6733 7006 7422 7793 8236 1185 1243 1295 1358 1402

Source: From H. L. Herter, Biomelrika, June 1964, Printed by permission of the fiometrika frustees.




