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Question 1 [6+8+4+2 marks]

A study of the effects of smoking on sleep patterns is conducted. The measure observed is the time, in

minutes, that it takes to fall asleep. These data are obtained:

Smokers: 69.3 56.0 22.1 47.6

53.2 48.1 52.7 34.4
60.2 43.8 23.2 13.8

Nonsmokers: 28.6 25.1 26.4 34.°9

S

~

29.8 28.4 38.5 30.2
30.6 31.8 41.6 21.1
36.0 37.9 13.9

Find the sample mean for each group.
Find the sample standard deviation for each group.
Make a dot plot of the data sets A (Smokers) and B (Nonsmokers) on the same line.

Comment on what kind of impact smoking appears to have on the time required to fall asleep.
Question 2 [2+2+3+2+5+3+3 marks]

State the additive law of probability.

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 small cable is just as likely to be defective {not meeting
specifications) as large 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 large?

ii. What is the probability that a randomly selected cable is larger than 1990 millimeters?

State (without proof) the law of total probability.

State and prove the Bayes rule

In a certain assembly plant, three machines, B, B,, and Bs, make 30%, 45%, and 25%, respectively,
of the products. It is known from past experience that 2%, 3%, and 2% of the products made by each
machine, respectively, are defective. Now, suppose that a finished product is randomly selected. What is
the probability that it is defective?

With reference to (e) , if a product was chosen randomly and found to be defective, what is the probability




b.

that it was made by machine B3?
Question 3 [3+3+2+2+43+3+4 marks]

The probability that a patient recovers from a rare blood disease is 0.4. If 15 people are known to have
contracted this disease, what is the probability that (i) at least 10 survive, (i) from 3 to & survive, and
(iii) exactly 5 survive?

Let ¥ be a random variable with p(y) given in the table below. Find E(Y), E(1/Y), E(Y?—1) and
V(Y).

y |1 2 3 4
ply) |04 03 02 0.

Question 4 [3+3+4+3+443 marks]
Suppose that ¥ has density function

ky(l—y), 0<y<1
fy) = y(1—y) Y

0, elsewhere,

i. Find the value of k that makes f{y) a probability density function.

ii, Find P(0.4 €Y < 1)

i, Find P(Y <04y <04)
The loaves of rye bread distributed to local stores by a certain bakery have an average length of 30
centimeters and a standard deviation of 2 centimeters. Assuming that the lengths are normally distributed,
what percentage of the loaves are

i. longer than 31.7 centimeters?

ii. between 29.3 and 33.5 centimeters in length?

iil. shorter than 25.5 centimeters?

Question 5 [5 + /2 + 3 marks]

The grades of a class of 9 students on a midterm report (x) and on the final examination (y) are as follows:

P

o

77 50 71 72 81 94 96 99 &7
82 66 78 34 47 85 99 99 68

Construct a scatter diagram for these data.

_ Estimate the linear regression line, include the regression line on the scatter diagram in (a).



c. Estimate the final examination grade of a student who received a grade of 85 on the midterm reporL.
Question 6 [4 + 10+ 6 miarks]

On a factory production line it is important that the time taken to assemble a component is within cerfain

limits. Assembly times (in minutes) for a single component are recorded for a random sample of twelve

factory workers and the values are as follows.

117 12.8 99 10.6 11.6 10.6 13.1 11.2 11.6 11.9 109 12.7

(a) Calculate the mean and standard deviation of these observed times.

(b) Assuming that the underlying distribution of assembly times is Normal, calculate 95% confidence
intervals for the mean and for the standard deviation of the assembly times.

(c) In order to facilitate smooth operation of the entire production process, the assembly times must satisfy
certain conditions. Test at the 5% significance level the hypothesis that the mean assembly time in the

factory is 11 minutes against the hypothesis that it is greater than 11 minutes.




APPENDIX 3

M

Tables

Table 1 Binomial Probabilities

o
Tabulated valaes are (Y <a) = 3 o). (Compuiations are rounded at third decimal place.)
{(Wyn=>3 yesl)

I
a 001 0.05 0.10 020~ 030 040 050 060 070 0380 090 055 0589 «a

0 951 774 590 328 .168 078 031 010 002 000 000 000 000 O

| 9o 977 919 737, .528 337 .i88 087 031 007 000 000 000 I

5 1000 999 991 o4z 837 683 500 317 163 058 009 001 000 2

31000 1000 1000 993 969 913 812 663 472 263 081 023 001 3

41000 1000 1000 1000 998 990 969 922 832 672 410 226 049 4
()n =10

a 00 0.05 010 020 030 040 050 060 070 0.80 090 095 09% a

904 599 34¢ W 028 006 001 000 000 GO0 .000 000 000
996 9S4 136 376 149 046 011 002 000 000 000 000 000
1.ooo 988 930 678 383 467 055 012 002 000 000 000 000
$.000 999 587 879 650 382 172 055 011 000 000 .00 000
1.000  1.000 998 967 850  .633 377 166 047 006 000 000 000
(000 1000 1.000 994 953 34 623 367 150 033 002 000 000
1000 1000 1000 999 989 945 828 618 350 .21 013 .O0OH 000
1,000 1.000  1.000  1.000 908 988 945 833 617 322 070 012 000
LO00 1000 1000 OO0 1.000 998 b8 054 851 624 264 086 004
1000 1.000  1.000 1000 1000 L.OOO 999 994 972 893 651 401 .09

N LN - N VR SR -}
N IO I LY, R - VOO SR )
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840 Appendix 3 Tables
Table 1 (Coenfinued)
{n=15
P
a 0.01 0.05 0.10 0.20 0.30 0.40 0.50 060 070 080 090 095 099 «a
0 860 463 206 035 005 000 000 000 000 000 000 000 000 O
1 990 820 549 167 035 005 000 000 000 000 000 .000 000 t
2 L.6O0 964 816 398 127 027 004 000 000 000 000 000 000 2
31000 995 544 048 297 091 018 002 000 000 000 00D 000 3
4 1,000 999 987 836 515 217 059 009 001 000 000 000 00D 4
5 1.000 1000 998 939 722 403 451 034 004 000 .000 000 000 5
6 1000 1.000 1000 982 .869 B10 304 095 015 001 000 000 000 6
7 L0060 1000 1.000 9906 950 787 500 213050 004 000 000 000 7
8 1000 1000 1000 999 985 905 696 390 .131 018 000 000 000 3
9 [.000  1.00G  L.00C  1.000 996 866 .849 597 27% 060 002 000 000 9
¢ 1.000 1.000 1000 1000 999 591 941 733 485 .164 .03 001 000 10
1t L0000 L000 1000 1.000 L.000 998 982 009 703 352 056 Q05 000 L
12 1000 1000 1.000 1.000 1000 1000 996 973 873 602 184 036 000 12
13 1000 (000 EOOD  LODOD 1000 100D £.000 905 065 833 451 171 010 13
f4 1000 1.00C  1.006  1.000 1000 L0001 000 1000 995 965 794 537 140 14
(d)n =20
»
a 0.01 0.05 0.10 0.20 0.30 0.40 050 060 070 0.80 050 095 099 «a
0 818 358 122 02 001 000 000 000 000 000 000 000 000 0
1 983 736 392 069 008 0017 .000 000 000 000 000 000 000 |
2 999 925 677 206 035 004 000 000 000 000 000 000 000 2
31,000 984 867 411 107 016 00 000 .00 000 000 000 00D 3
4 1.000 997 957 630 238 051 006 000 000 000 000 000 000 4
5 1000 1.000 989 804 416 426 021 002 000 000 000 0G0 000 5
6 1000 1.000 998 913 608 250 058 006 00D 000 000 000 .000 6
7 1000 L.000  1.000 068 372 416 432 021001 000 000 000 000 7
g 1000 1.000 1.000 990 887 596 252 057 005 000 000 000 000 3
9 1,000 1.000 1000 997 952 755 412 A28 017 001 000 000 000G 9
10 1.000 1,000 1.000 999 083 872 588 245 048 003 000 000 000 10
{1 1000 1000 LO0C  1.000 995 943 748 404 113 0100 000 000 000 LK
12 1000 §.000 1000 1.000 899 979 868 584 208 032 000 000 000 i2
(3 (000 1.000  LOOO 1000 1000 994 942 750 392 087 Q002 000 000 13
14 1.000  LOOO  LODO  LOOO0  1.000 998 979 Q74 584 196 DIV 00D 00O 14
15 1000 LOOO  1.000 1000  1.000  LOOO .994 049 762 370 043 003 000 15
16 1000 1000 1000 1000 1000 1 .000 999 0984 893 58¢  .133  .0i6 000 6
17 1000 1000 1.000 1000 1000 LOGO 1 000 996 965 794 323 075 00F 17
(8 LO00  1.000 100D 1000 1000 1.000 1,000 099 992 931 G608 264 017 18
19 1000  LOGO  1.000 1000 1000 1000 1.000  1.000 999 988 878 642 182 19
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Table 4 -Normal Curve Areas
Standard normal probability in righl-hand {ail

{for negative values of z, areas are found hy symmetry)

Arca

1
0 z

Second decimal place of z

Z 00 01 .02 03 04 05 06 07 08 09
0.0 5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
0.2 4207 4168 4129 4000 4052 4013 3974 3936 3897 3859
03 3820 3783 3745 3707 3669 3632 3594 3557 3520 3483
0.4 3446 3400 3372 3336 3300 3264 3228 3192 3156 Jl2l
0.5 3085 3050 3015 2981 2046 2912 2877 2843 2810 2776
0.6 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
07 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
0.8 2119 2090 2060 2033 2005 1977 1949 1922 18%4 . 1867
09 1841 1814 .1788 1762 1736 1710 1685 1660 1635 161l
10 1587 1562 1539 L5015 1492 1460 1446 1423 1401 1379
L1 1357 1335 1314 L1292 1271 1250 1230 1210 1190 1170
1.2 .LISU 1131 1112 1993 1075 1036 1038 1020 1003 0985
1.3 0968 0951 .0934 0918 0901 0885 0869 0853 0838 .0823
14 0808 0793 0778 0764 0749 0735 0722 0708 0694 0681
15 0668 0655 0643 0630 0618 30606 0594 0582 0571 0559
1.6 0548 0537 0526 05E6 0505 0495 0485 0475 0465 0455
1.7 0446 0436 0427 0418 0409 0400 0392 0384 0375 0367
1.8 0350 0352 0344 0336 0329 0322 .0314 0307 0301 .0294
1.0 0287 0281 0274 0268 0262 0236 0250 0244 02300233
20 0228 0222 0217 0212 0207 0202 0197 0192 .OM 88 0183
21 0179 0174 0170 0166 0i62 0158 0154 0150 0146 0143
29 0139 0136 0132 0120 0125 0122 0119 .0l16 Q013 6110
23 0107 0104 0102 0099 0096 0094 0091 .008Y 0087 .0084
24 0082 0080 0078 0075 0073 0071 0069 .00GE 0066 0064
2.5 0062 0060 0059 0057 0055 0054 0052 0051 0049 0048
26 0047 0045 0044 0043 0041 0040 0039 0038 0037 .0036
27 0035 0034 0033 0032 0031 0030 0029 0028 0027 .0026
28 0026 0025 0024 0023 0023 0022 0021 0021 0020 .0019
29 0019 0018 0017 0017 0016 .0OL6 .00L5 .00IS 0014 0014
3.0 .00135
3.5 .000233
40 0000317
4.5 000003 40
5.0 000000287

From R. E. Walpole, Inroduction to Stasistics (New York: Macmillan, 1963),




Table 5 Percentage Points of the t Distributions

[24

!ﬂ

Lo {050 {025 {010 1005 df
3.078 6314 12.706 31.821 63.657 |
1.886 2.920 4,303 6.9635 9925 2
1.638 2.353 3182 4,541 5.841 3
1.533 2.132 2776 3747 4.604 4
1.476 2.015 2.571 3.365 4032 5
L. 440 1.943 2.447 3.143 3.707 6
1.415 1.895 2.365 2.998 3.499 7
1.397 1.860 2.306 2.896 3.355 8
1.383 1.833 2.262 2828 3,250 9
1.372 1.812 2.228 2,164 3,169 10
1.363 1.796 2.201 2718 3.106 1
1.350 1.782 21479 2.681 3.055 12
1.350 1.771 2.160 2.650 3.012 13
1.345 1.761 2.145 2.6724 2977 i4
£.341 1.753 2,134 2.602 2.947 [5
1.337 {.746 2.120 2.583 2.921 16
1.333 1,740 2.110 2.567 2.898 L7
1.330 1.734 2.101 2.552 2.878 18
§.328 1.729 2.093 2.539 2.861 {9
1.325 1.725 2.086 2.528 2.843 20
1.323 1.721 2.080 2518 2.831 21
1.321 1.717 2.074 2.508 2.819 22
1.319 1.714 2.069 2.500 2.807 23
1.318 1.711 2.064 2.492 2,791 24
1.316 1.708 2.060 2.485 2787 25
1.315 1.706 2.056 2.479 2,779 26
1.314 1,703 2.052 2.473 2171 27
1.313 17701 2.048 2.467 2.763 28
£.311 1.699 2.045 2462 2.756 29
1.282 1.645 1,960 2326 2.376 inf.

From “Table of Percentage Points of the {-Digtribution.” Computed by
Maxine Merrington, Biometrika, Vol. 32 {1941), p. 300.

Tables
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