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1. An automotive component has been designed to withstand certain stressed. It is
known from the past experience that, because of variation in loading, the stress on
the component is normally distributed with a mean of 30000 kPa and a standard
deviation of 3000 kPa. The strength of the component is also random because of

variation in the material characteristics and the dimensional tolerances. It has been

found that the strength is normally distributed with a mean of 40000 kPa and a
standard deviation of 4000 kPa. Determine the reliability of the component. (15%)

2. In humans there is a blood group, the MN group, that is composed of individuals
having one of the three blood types M, MN, and N. Type is determined by two
alleles, and there is no dominance, so the three possible genotypes give rise to
three phenotypes. A population consisting of individuals in the MN group is in
equilibrium if P(M)=pl=6’ P(MN)=p2= 2001-60) P(N)=p3=(1-6)* for
some . Suppose a sample from such population yields the results shown as

Type M MN N
Observed | 125 225 150 | N=500

(a) Find the MLE for & (10%)

(b) Do the data provide the sufficient evidence that the population is in equilibrium
status? a=0.05. (10%)

3. Nine weeks were randomly selected and the absentee rate (percentage of workers
absent) determined for each day (Monday through Friday) of the workweek. The
data are reproduced in the table. Conduct a test to compare the distributions of
absentee rates for the 5 days of the workweek at 0=0.05. (15%)

Week Monday Tuesday Wednesday  Thursday Friday

1 5.3 0.6 1.9 1.3 1.6

2 12.9 9.4 26 0.4 0.5

3 0.8 0.8 5.7 0.4 1.4 PR
4 2.6 0.0 4.5 102 45 //5'4;‘-'
5 23.5 9.6 113 13.6 14.1 E9Y
6 9.1 4.5 7.5 2.1 9.3 —ze
7 1.1 4.2 4.1 42 - 4.1

8 9.5 7.1 4.5 9.1 12.9 -

9 4.8 5.2 10.0 6.9 9.0 9
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4. For each event E of the sample space Q, define probability, P(E), to satisfy the
following three axioms:

MHOo<PEL]

(2) P(Q) =1

(3) for any sequence of events E,, E,, ... that are mutually exclusive, that is,
events for which E,n E; = ¢ when i #/,

P(UE)= L.P(E)
i=l

=1

Show that P(EUF) = P(E) + P(F) — P(ENF), and P(OE) < 3. P(E). (10%)
=1 =1

5. By the method of least squares, fit the cubic y = fy + fix + B x* + B %’ to the 10
observations of (x, ¥): (10%)

(0’ 0)’ (0’ 1): (O: 2)> (_1’ —2)5 ('—1’ _3)>
(1, 1), (1, 3), (-2,-8), (2, 9), (2, 10).

6. Let Y be the sum of # observations of a random sample from a Poisson distribution

with mean 8. Let the prior p.d.f. of 8 be a gamma distribution with parameters a
and S.

(a). Given Y =y, find the posterior p.d.f. of 8. (10%)

(b). If the loss function is [é\ — )2, find the Bayesian point estimate é\ (10%)

(c). Show that this 5 is a weighted average of the maximum likelihood estimate

% and the prior mean «f, with respective weights of —Ll“ and
nt+ o
1
——il—. (10%)
n+ ﬂ—
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The Chi-Square Distribution
STANDARD NORMAL DISTRIBUTION
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Entries in the table give the area under
Area or the curve between the mean and z stan- ’
probability dard deviations above the mean. For 10 w s o s 20
example, for z = 1.25 the area under . Xa ()
the curve between the mean and z is P(X = x) % OV w212 gy
: r
.3944, ?
P(X = x}
z 0.010 0.025 0.050 0.100 0.900 0.950 0.975 0.9%0
r »Mo‘uws \«w 975(r) »\wbuﬂl »Lo.oo?v »\M.EC.V »\w,ouc‘v .Xm.cu%l XWSA&
b4 .00 01 02 .03 .04 .05 .06 .07 .08 09
1 0.000 0.001 0.004 0.016 2.706 3.841 5.024 6.635
0 0000 0040 0080 0120 0160 0199 0239 0279 0319 0359 )OS0y Pk lm o2l S el I 9210
1 0398 0438 0478 0517 0557 0596 0636 0675 0714 0753 S 0711 1 064 7779 0488 1114 13.28
2 0793 0832 .0871 .0910 .0948 0987 1026 1064 1103 114} 5 0.554 0.831 1.145 1.610 9.236 11.07 12.83 15.09
3 1179 1217 9255 1293 1337 1368 1406  .1443 1480 1517 6 | o0sm 1937 1 635 2904 10.64 12.59 14.45 16.81
4 1554 1591 (1628 1664 1700 1736 1772 .1808 1844 1879 7 1.239 1.690 2.167 2.833 12.02 14.07 16.01 18.48
1.646 .180 2.7 3.490 .36 1s. 17.54 20.09
5 1915 1950 1985 2009 2054 2088 2123 2157 2190 2224 5 | 2oes a0 sms oy npe Bl 1M 00
6 2257 2291 2324 2357 2389 2422 2454 2486 2518 2549 10 2558 3247 3940 4865 1509 18 31 20.48 239
] 2580 2612 2642 2673 2704 2734 2764 2794 2823 2852 11| 3053 3816 4575 5578 1728 1968 21.92 2272
8 2881 2010 2939 2967 2995 3023 3051 3078 3106 . 3133 2 3591 4404 5226 6304 18.55 21.03 2324 % 22
.9 3159 3186 3212 3238 3264 3289 3315 3340 3365 .3389 13 4.107 5.009 5.892 7.042 19.81 22.36 24774 - 27.69
14- 4.660 5.629 6.571 7.790 21.06 23.68 26.12 - 29.14
1.0 3413 3438 3461 3485 3508 3531 3554 3577 3599  .362) 15 1 5229 & 262 2261 8547 2231 %00 27 49 0.8
1.1 .3643 3665 3686 .3708 3729 3749 3770 3790 3810 .3830
16 5.812 6.908 7.962 9312 23.54 26.30 28.84 32.00
12 3849 3869 3888 3907 3925 3944 3962 3980 3997 4015 17 | ea0s 766 86 1008 a7 759 3019 341
13 4032 4049 4066 4082 4099 4115 4131 4147 4162 4177 18 7.015 8.231 9.390 10.86 25.99 28.87 31.53 34.80
1.4 4192 4207 4222 4236 4251 4265 4279 4292 4306 4319 19 7.633 8.907 10.12 11.65 27.20 30.14 32.85 36.19
4 4370 438 4394 4 4420 4441 20 8.260 9.5%91 10.85 12.44 28.41 31.41 34.17 37.57
L5 4332 4345 .Mwwa ;awwa .u»w.m .am0m #MOM .Amwm ,Amum .Am»m 21 8.897 10.28 11.59 13.24 29.62 32.67 35.48 38.93
1.6 44524463 44 : : : 451 4525 . : 22 | 9542 1098 12.34 1404 30.81 33.92 36.78 40.29
1.7 4554 4564 4573 4582 4501 4509 4608 4616 4625 4633 2 | 1620 1169 1300 1485 3201 3517 38 08 4.6
1.8 4641 4649 4656 4664 4671 4678 4686 4693 4699 4706 24 10.86 12.40 13.85 15.66 33.20 36.42 39.36 42.98
1.9 4713 4719 4726 4732 4738 4744 4750 4756 4761 4767 25 11.52 13.12 14.61 16.47 34.38 37.65 40.65 44,31
26 12.20 13.84 15.38 17.29 35.56 38.88 41.92 45.64
2.0 4772 4778 4783 4788 4793 4798 .4803 4808 4812 4817 27 12.88 14.57 1615 1811 36.74 2011 4319 46,96
2.1 4821 4826 4830 4834 4838 4842 4846 4850  .4854 4857 2 | 1556 1531 16.93 1894 17es 4134 a st 1528
2.2 4861 4864 4868 4871 4875 4878 4881 4884 4887 4890 29 14.26 16.05 17.71 19.77 39.09 42.56 45.72 49.59
23 4893 4896 4898 4901 4904 4906 4909 4911 4913 4916 30 14.95 16.79 18.49 20.60 40.26 43.77 46.98 50.89
24 4918 4920 4922 4925 4927 4929 .4931 4932 4034 4936 40 22.16 24 .43 26.51 29.05 51.80 55.76 59.34 63.69
50 29.71 32.36 34,76 37.69 63.17 67.50 71.42 76.15
2.5 4938 4940 4941 4943 4945 4946 4048 4949 4951 4952 60 | 3743 1048 319 4646 7440 2908 £330 88 38
2.6 .4953 4955 4956 4957 4959 4960 4961 4962 4963 4964 70 45.44 48.76 51.74 55.33 85.53 90.53 §5.02 100.4
27 4965 4966 4967 4968 4969 .4970 4971 4972 4973 4974 80 53.34 57.15 60.39 64.28 96.58 101.9 106.6 1123
2.8 4974 4975 4976 4977 4977 4978 4979 4979 4980 4981
29 4981 4982 4982 4983 4984 4984 4985 4985 4986 4986 This table is abridged and adapted from Table Il in Biometrika Tables for Statisticians, edited by E. S.
Pearson and H. O. Hartley. It is published here with the kind permission of the Biometrika Trustees.
3.0 4986 .4987 4987 4988 4988 4989 .4989 4989 4990 4990




