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Page 2 of 4 


Question 1 


(a) A machine operation produces bearings whose diameters are normally distributed with mean and 
standard deviations of 0.498 and 0.002 respectively. If specifications require that the bearing 
diameter equal 0.500 inch ±0.004 inch, what fraction of the production will be unacceptable? 

(b) The daily sales total of a small restaurant has a probability distribution that is approximately 
normal, with a mean ofE1230 per day and a standard deviation of E120. The restaurant must have 
at least E 1 000 in sales per day to break even. What is the probability on a given day, the restaurant 
will not break even? . 

(5 + 5 marks) 

Question 2 

A publisher has discovered that the numbers of words contained in new manuscripts are normally 
distributed with a mean of 20,000 words in excess of that specified by the authors' contracts and a 
standard deviation of 10,000 words. If the publisher wants to be almost certain (say with a probability of 
0.95) that the manuscripts will have less than 100,000 words, what number of words should the publisher 

. specify in the contracts? 

Question 3 

tn"a region where cars have to be tested for emission of pollutants, 25 per cent of the cars emit excessive 
amounts of pollutants. When tested, 99 percent of cars that emit excessive pollutants will fail, but 17 
percent of the cars that do not emit excessive pollutants will also fail. What is the probability that a car 
that fails the test actually emits excessive amounts of pollutants? 	 (lOmarks) 

Question 4 

Among the 120 applicants for ajob, only 80 are actually qualified. Iffive of the applicants are randomly 
selected for an in~depth interview, find: 

(a) Find the probability that only two of the five will be qualified for the job. 
(b) Use the binomial distribution as an approximation with p 	 80/120. 

(5 + 5 marks) 

2 




Question 5 Page 3 of 4 

In a study to test whether or not there are significant differences between average heights of adult females 
in two different locations, random samples of nl = 120 and n2 150 yielded mean heights of 62.7 inches 
for the first group and 61.8 inches for the second group. Exclusive studies of similar kind have shown that 
it is reasonable to let 01 = 2.5 inches and 02 2.62 inches. Test at 0.05 level of significance whether there 
are significant differences in the average heights of these two groups. (10 marks) 

Question 6 

A study is made to determine the proportion of voters in a sizeable community who favour the 
construction of a nuclear power plant. If 140 of 400 voters selected at random favour the project. What 
can we say with 99 % confidence about the maximum error? (10 marks) 

SECTIONB 

Question 7 

A private agency claims that the crash course it offers significantly increases the writing speed of 
secretaries. The following table gives the scores of eight secretaries before and after they attended this 
~otIrse. 

Before 81 75 89 91 65 70 90 64 

After 97 72 93 110 78 69 115 72 


(a) Construct a 90 % confidence interval for the mean )l{l for the population of paired differences, 
where a paired difference is equal to the score before minus score after attending the course. 

(b) Using 5% significance level, can you conclude that attending this course increases the writing 
speed of secretaries? (10 + 10 marks) 
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Question 8 Page 4 of4 

A salesperson makes four calls per day. A sample of 100 days gives the following frequencies of sales 
volumes: 

Number of sales Number of Days (Observed frequency) 
o 30 

1 32 

2 25 

3 10 

4 3 

Total 100 


Records show that sales are made to 30% of all sales calls. Assuming sales calls are independent and the 
number of sales per day follow a binomial distribution. (Assume that the population has a binomial 
distribution with n = 4, P = 0.30 and x = 0, 1,2,3, and 4) 

(a) Compute the expected frequencies for x = 0, 1,2,3, and 4 using the binomial probability function. 
(b) Use the goodness of fit test to determine whether the hypothesis of the binomial distribution 

should be rejected. Use a = 0.05 (5 + 15 marks) 

Question 9 

.;;. study on educational levels of voters and their political party affiliations yielded the following results: . ,: 

Educational level Party Affiliation 
I 

IDemocrat 
! 

Re~ublican 1 Independent 
42 l 15 Ir--- Did not com.Qlete high school 63 

Completed high school 58 61 I 31 I 
14 47 29 ]College degree 

Use a = 0.01 to determine whether party affiliation is independent of educational level of voters. 
(20 marks) 

END OF EXAM!! 
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.00 .01 .02 .03 .04 .05 .06 .07 .08 .09z 

0.0 .0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 .0319 .0359 
0.1 .0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753 
0.2 .0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 .1103 .1141 

0.3 .1179 .1217 .1255 .1293 .1331 .1368 .1406 .1443 .1480 .1517 

0.4 .1554 .1591 .1628 .1664 .1700 .1736 .1772 .1808 .1844 .1879 


0.5 .1915 .1950 .1985 .2019 .2054 .2088 .2123 .2157 .2190 .2224 


0.6 .2257 .2291 .2324 .2357 .2389 .2422 .2454 .2486 .2517 .2549 

.2580 .2611 ..2642 .2673 .2704 .2734 .2764 .2794 .2823 .2852
0.7 

0.8 .2881 .2910 .2939 .2967 .2995 .3023 .3051 .3078 .3106 .3133 

0.9 .3159 .3186 .3212 .3238 .3264 .3289 .3315 .3340 .3365 .3389 


.3413 .3438 .3461 .3485 .3508 .3531 .3554 .3577 .3599 .3621
1.0 

1.1 .3643 .3665 .3686 .3708 .3729 .3749 .3770 .3790 .3810 ..38~0 
1.2 .3849 .3869 .3888 .3907 .3925 .3944 .3962 .3980 .3997 .4015 


.4032 .4049 .4066 .4082 .4099 .4115 .4131 . .4147 .4162 .4177 .
1.3 
1.4 .4192 .4207 .4222 .4236 .4251 .4265 ,. .4279 .4292 .4306 .4319 


.4332 .4345 .4357 .4370 .4382 .4394 .4406 .4418 .4429 .4441
1.5 
1.6 .4452 .4463 .4474 .4484 .4495 .4505 .4515 .4525 .4535 .4545 

1.7 .4554 .4564 .4573 .4582 .4591 .4599 .4608 .4616 .4625 .4633 

1.8 .4641 .4649 .4656 .4664 .4671 .4678 .4686 .4693 .4699 .4706 


\d.9 .4713 .4719 .4726 .4732 .4738 .4744 .4750 .4756 .4761 .4767 


2.0 .4772 .4778 .4783 .4788 .4793 .4798 .4803 .4808 .4812 .4817 

2.1 .4821 .4826 .4830 .4834 .4838 .4842 .4846 .4850 .4854 .4857 

2.2 .4861 .4864 .4868 .4871 .4875 .4878 .4881 .4884 .4887 .4890 

2.3 .4893 .4896 .4898 . .4901 .4904 .4906 .4909 .4911 .4913 .4916 

2.4 .4918 .4920 .4922 .4925 .4927 .4929 .4931 .4932 .4934 .4936 


2.5 .4938 .4940 .4941 .4943 .4945 .4946 .4948 .4949 .4951 .4952 

2.6 .4953 .4955 .4956 .4957 .4959 .4960 .4961 .4962 .4963 .4964 

2.7 .4965 .4966 .4967 • .4968 .4969 .4970 .4971 .4972 .4973 .4974 

2.8 .4974 .4975 .4976 .4977 .4977 .4978 .4979 .4979 .4980 .4981 

2.9 .4981 .4982 .4982 .4983 .4984 .4984 .4985 .4985 .4986 .4986 


3.0 .4987 .4987 .4987 .4988 .4988 .4989 .4989 .4989 .4990 .4990 


Note: Use 0.4999 for z values above 3.09. 


Source: Frederick Mosteller and Robert E. K. Rourke, Sturdy Statistics, Table A-I (Reading, Mass.: Addison-Wesley, 1973). Reprinted with 

permiss~Qn of the copyright owners. 
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Tabre VIII The t Distribution Tabret 

The entries in the table give the critical values 
of t for the specified number of degrees 

of freedom and areas in the right tail. ~ 
0 

Area in the Right Tail under the t Distribution CUn>e 

df .10 .05 .025 .01 .005 .001 

1 3.078 6.314 12.706 31.821 63.657 318.309 
2 1.886 2.920 4.303 6.965 9.925 22.327 
3 1.638 2.353 3.182 4.541 5.841 10.215 
4 1.533 2.132 2.776 3.747 ,. 4.604 7.173 
5 1.476 2.015 2.571 3.365 4.032 5.893 

6 1.440 1.943 2.447 3.143 3.707 5.208 
7 1.415 1.895 2.365 2.998 3.499 4.785 
8 1.397 1.860 2.306 2.896 3.355 4.501 
9 1.383 1.833 2.262 2.821 3.250 4.297 

lD 1.372 1.812 2.228 2.764 3.169 4.144 

11 1.363 1.796 2.201 2.718 3.106 4.025 
12 1.356 1.782 2.179 2.681 3.055 3.930 
13 1.350 1.771 2.160 2.650 3.012 3.852 
14 1.345 1.761 2.145 2.624 2.977 3.787 
15 1.341 1.753 2.131 2.602 2.947 3.733 

16 1.337 1.746 2.120 2.583 2.921 3.686 
17 1.333 1.740 2.110 2.567 2.898 3.646 
18 1.330 1.734 2.101 2.552 2.,878 3.610 
19 1.328 1.729 2..093 2.539 2.861 3.579 
20 1.325 1.725 2.086 2.528 2.845 3.552 

21 1.323 . 1.721 2.080 2.518 2.831 3.527 
22 1.321 . 1.717 2.074 2.508 2.819 3.505 
23 1.319 1.714 2.069 2.500 2.807 3.485 
24 1.318 I.7I1 2.064 2.492 2.797 3.467 

-25 1.316 1.708 2.060 2.485 2.787 3.450 

26 1.315 1.706 2.Q56 2.479 2.779 3.435 
27 1.314 1.703 2..052 2.473 2.771 3.421 
28 1.313 1.701 2.048 2.467 2.763 3.408 
29 1.311 1.699 2.045 2.462 2.756 3.396 
30 1.310 1.697 2.042 2.457 2.750 3.385 

31 1.309 1.696 2.040 2.453 2.744 3.375 
32 1.309 1.694 2.037 2.449 2.738 3.365 
33 1.308 1.692 2.035 2.445 2.733 3.356 
34 1.307 1.691 2.032 2.441 2.728 3.348 
35 1.306 1.690 ~ 4.438 2.724 3.340 

36 1306 1.688 2.028 2.434 2.719 3.333 
37 1.305 I,687 2.026 2.431 2.715 3.326 
38 1.304 1.686 2.024 2.429 2.712 3.319 
39 1304 1.685 2.023 2.426 2.708 3.313 
4{) 1.303 1.684 ,2..021 2.423 2.704 3.307 
00 1.282 1.645 1.960 2.326 2.576 3.090 

table is an abbreviated version of Table vm that appears in Appendix C. This table goes up to 40 degrees of 
freedom. For degrees of freedom from 41 to 70, use Table vm of Appendix C. 



TABLEA.'* 

Critical Values of the Chi-Square DistributioD 


II 


0.05 0.0250.950.975 0.01 0.005v 
 0.990.995 

,6.6350.02393 3.841 5.0240.QJ982 7.879 

2 


0.0-393 0.0'1571 

7.3780.103 5.991 9.210 10.S97 


3 

0.0201 0.05060.0100 

0.352 7.815 9.348 11.345 12.838 

4 


0.2160.0717 O.lIS 
9.488 11.143 13.2770.711 14.860 


5 

0.297 0.4840.207 

12.83211.070 15.086 16.7501.1450.8310.412 0.554 

14.449 16.8121.635 12.592 18.548 

7 


1.2376 
 0.676 0.872 
14.1)672.167 16.013 18.475 20.278 


8 

1.239 1.6900.989 

17.535 20.0902.733 15.507 21.!l55 

9 


2.1801.6461.344 
19.021 21.6663.325 16.919 23.589 


10 

2.088 ]..700
1.735 

20.483 23.2093.940 18.307 25.1882.558 3.2472.156 

21.920 24.72519.675 26.757 

12 


3.816 4.5753.05311 
 2.603 
23.337 26.217 28.300 


13 

5.226 21.0264.4043.074 3.571 

24.736 27.6885.892 22.362 29.819 

14 


4.107 5.0093.565 
26.119 29.14123.6856.571 31.319 

IS 
5.6294.6604.075 

24.996 27.488 30.5786.2624.601 5.i29 3~j7~1 

28.845 32.000 34.267 

17 


7.962 26.2966.9085.81216 
 5.142 
'27.587 30.191 35.718 


18 

8.672 33.4097.5646.4085.697 

3l.S26 34.805 37.156 

19 


9.390 28.8698.2316.265 7.015 
32.852 36.191 38.582 


20 

10.117 30.1448.9077.6336.844 

34.170 37.566 39.99731.41010.8519.5918.2607.434 

41.401 

22 


38.93232.671 35.47911.59110.28321 
 8.8978.034 
40.289 42.796 


23 

36.78133.92412.33810.9828.643 9.542 

41.638 44.IBr 

24 


38.07635.17210.196 . 13.09111.6899.260 
42.980 45.558 


25 

36.415 39.36413.84810.856 12.4019.886 

46.92844.31437.652 40.64613.12011.52410.520 If·611 

48.290 

27 


45.64241.92338.88515.37913.84426 
 12.19811.160 
49.645 


28 

46.96343.19440.113J6.15114.57311.808 12.879 

50.993 
52.336, 

48.27844.46141.33716.92813.565 15.30812.461 
49.58845.72242.55717.70816.04729 
 13.121 14.256 

53.67250.89246.97943.77318.49316.79114.95330 
 13.787 

-Abridged from Table 8 of Biometrika Tables for Stalistician.s, Vol. I, by permissiOll .. 
of E. S. Peanon and.the Biometrika Trustees. 



TABLE A.7· 

Critical Values of the F Distribution 


1'1 

41 2 S3 6 71'2 8 ~ 

161.4 199.5 21S.7 224.6 230.2.1 234.0 236.8 238.9 240.5 
19.16 19.3018.51 19.00 19.2S i9.332 19.3S 19.37 19.38 

3 9.SS 9.28 9.12 9.0110.13 8.94 ,. 8.89 8.8S 8.81 
4 6.59 6.39 6.26 6.167.71 6.94 6.09 6.04 6.00 

S.41 .5.19 S.OSS 6.61 .5.79 4.9S 4.88 4.82 4.77 
4.76 4 . .53 4.39 4.216 S.99 SJ4 4.28 4.1.5 4.10 

4.74 4.12> 3.977 S.S9 3.87 3.79,4.3S 3.73 3.68 
3.693.848 .5.32 4.46 4.07 3.58 3.50 3.44 3.39 
3.483.63 3.379 S.12 4.26 3.86 3.~ 3.23 3.18 

10 4.10 3.48 3.33 3.224.96 3.71 3.14 3.07 3.02. 
3.59 3.20 3.0911 4.84 3.9S­ 3.36 3.01 :2.9S 2.90 

·4.7.5 3.11 3.0012 3.89 3.49 2.91 2.8S 2.80~.~~ 
3.18 3.03 2.9213 4.67 3.41 2.833.81 2.77 2.71 
3.11 2.96 2.8S14 3.74 3.344.60 2.70 2.6S;~6 

3.06 2.90IS 3.68 3.29 2.79 2.714.54 2.64 2..59 
3.(11 2.85 1.14Hi 3.24 1.664.49 3.63 1..59 1.54 

2.702.96 2.81 2.6117 3.S9 3.204.45 2..55 2.49 
3.16 . 2.9318 2.'77 2.664.41 3 • .55 2.S8 2.51 2.46 

2.74 2.633.13 2.90 2.5419 3 • .524.38 2.48 2.42 
-

2.,602.71 2.5120 3.49 3.10 2.87.4.3S 2.4S 2.39 
2.S72.84 2.68 2.4921 3.074.32 3.47 2.42 2.37 

2.82 2.66 20SS22 3.05 2.464.30 3.44 2.40 2.34 
1 2.80 2.64 2.S323 3.42. 3.03 2.44 2.374.28 2.32 

2.622.78 2.51 2.4224 3,40 3.01 2.36. 4.26 2.30-. 
2.60 2.49 2.402S 2.99 2.344.24 3.39 .' 2.76 2.28 

2.472.S926 3.37 2.98 2.74 2.39 2.324.23 2.27 
2 • .57 2.462.96 2.73 2.3727 2.314.21 3.3S 2.1.5 

2.71 2.56 2.45 2.362.9S .2.2928 4.20 3.34 2.24 
2.432.10 2.SS 2.3S3.33 2.93 2.2829 4.18 2.22 

\ 
2.422.69 2.S3 2.33 2.2730 2.924.17 3.32 2.21 

2.45 2.)4 2.2.52.6140 3.23 2.84 2.18 2.124.08 
2.37 2.25 2.172.S3 2.10 2.044.00 3.IS 2.7660 

2.172.45 2.29 2.09 2.02 1.962.68120 3.92 ' 3.rn 
2.21 2.10 2.01 1.942.37 1.882.603.84 3.00 . ~ 

"Reproduced froj!l Table 18 of lliometrilrJz Tables/or Stalisticirms, Vol. I. by permission 
of E. S:- Pearson IIl1d the Biometrika Trustees. 
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484 Appendix 

1, TABLE A.7 (conlinlleti) 

Critical Values of the F Distribution 
fo.O!J(v,. v.)

j 
III 

;.... 

IX)12030 40 6020 2410 IS12II.

j 2S1.1 2S2.2 2S3.3248.0 249.1 250.1 254.3241.9 243.9 24S.9I : 
19.48 19.49 19.5019.4719.4S 19.4619.43 19.4S2 19.4119.40 

. 8.S9 8.S7 B.SS8.74­ 8.64 8.62 

] 
B.S3 

4 
8.70 8.668.793 

S.69S.77 S.7S S.72 . S.66 S.63S.80S.91 S.B6S.96 

4.S3· 4.46 4.43 4.404.50 4.36 
6 

4.68. 4.62 4.564.74S 
3.74 3.70 3.67 

7 
3.B7 3.B4 3.BI 3.773.944.06 4.00 

3.273.30 3.23 
8 

3.38 3.343.SI 3.44 3.413.S7'3.64

J 3.04 3.01 2.97 2.933.12 3.083.1S3.28 3.223.3S 
2.712.83 2.79 2.7S2.90 2.862.943.07 3.01.9 3.14 

2.62 2.S82.66 2.542.77 2.74 2.70·10 2.98 2.91 2.8S 

I 
2.4S 2.40 

12 
2.S1 2.S3 2.492.6S 2.612.722.8S 2.79II 

2.342.47' 2.38 2.302.SI 2.432.62 2.542.7S 2.69 
2.30 2.2S 2.21 

14 
2.46 2.42 2.38 2.342.S32.67 2.6013 

2.22 2.18 2.132.31 2.272.39 2.3S2.60 2.462.S3 

I· 2.07 
16 

2.25 2.20 2.16 2.112.292.40 2.33IS 2.54 2.48 
2.062.19 2.IS 2.11 2.012.242.3S 2.282.422.49 

2.06 2.012.10 1.96 
18 

2.23 2.19 2.IS2.3117 2.4S 2.38 
2.022.11 2.06 1.97 

I 
1.92 

19 
2.1S2.27 2.192.41 2.34 

1.982.07 2.03 1.93 1.882.16 2.112.232.38 2.31 

2.04 1.9S1.99 1.90 1.84 
21 

2.12 2.082.28 2.2020 2.3S\. 
1:922.0S 2.01 1.96 1.87 1.81 

22 
2.102.25 2.182.32 

1.94 1.89 1.84 1.78 
23 

2.07 i 2.032.23 2.IS .1.982.30 
1.76 

24 
1.96 1.91 1.86 1.812.13 2.0S 2.012.27 2.20 

1.89 1.84 1.79 1.732.03 1.98 1.942.112.2S 2.18 

1.871.92 1.82 1.77 1.71 
26 

1.962.16 2.09 2.012S 2.24 
1.90 I.8S 1.80 1.7S 1.69 

27 
1.9S2.07 1.992.22 2.1S 

1.791.93 1.88 1.84 1.73 1.672.06 1.97·2.20 2.13 
1.87 1.82 1.77 -1.71 1.6S28 1.96 1.912.19 2.12 2.04 

1.81 1.7S 1.70I.8S 1.6429 2.03 1.94 1.902.18 2.10 

1.79 1.741.84 1.681.89 1.6230 2.16 2.09 2.01 1.93 
1.74 1.69 1.641.79 U840 2.00 1.92 1.84 I.SI2.08 
1.6S I.S9 I.S3 1.471.7S 1,70 1.3960 1.921.99 1.84 

1;61 I.S0US 1.43 1.3S1.66 I.2S120 1.7S1.91 1.83 
IX) 1.46 1.39 1.32I.S7 U2 1.22 1.001.671.83 1.7S 
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954 STATISTiCS FOR BUSiNESS AI'-Iu ECCr~ONdCS 

TABLE 9 TL VALUES FOR THE MANN-WHITNEY-Wn..COXON TEST 
Reject the hypothesis of identical populations if the sum of the ranks for the nl items is less 
than the value TL shown in the following table or if the sum of the ranks for the n1 items is 
greater than the value Tu where 

IlZ 

a = .10 2 3 4 5 6 7 8 9 10 

3 3 3 4 4 4 5 5 52 
. 3 6 7 7 8 9 9 10 11 11 

10 11 12 13 14 15 16 17 184 
16 17 18 20 21 22 24 25 275 
22 24 25 27 29 30 32 34 36III 6 
29 31 33 35 37 40 42 44 467 
38 40 42 45 47 50 52 55 578 
47 50 52 55 58 61 64 67 709. 
57 60 63 67 70 73 76 80 8310 I 

a=.05 

n2 

2 3 4 5 6. 7 8 9 i 

2 
3 
4 
5 

n1 6 
7 
8 
9 

10 

3 
6 

10 
15 
21 
28 
37 
46 
56 

3 
6 

10 
16 
23 
30 
39 
48 
59 

3 
6 

11 
17 
24 
32 
41 
50 
61 

3 
7 

12 
18 
25 
34 
43 
53 
64 

3 
8 

13 
19 
27 
35 
45 
56 
67 

3 
8 

14 
21 
28 
37 
47 
58 
70 

4 
9 

15 
22 
30 
39 
50 
61 
73 

4 
9 

15 
23 
32 
41 
52 
63 
76 

4 
10 
16 
24 
33 
43 
54 
66 
79 

-­


