NM317/318 Exam Paper 10/11
Three Questions for the Statistical Part

Three questions in this part are compulsory and each carries 25 marks. Battery-powered
pocket calculators may be used. However, answers without any working are not acceptable,
so full marks will not be awarded, even if the answer is correct, unless an outline of the
calculations carried out is clearly shown.

L.(a) Four parts of a machine are manufactured independently. They have probabilities P1,
P2, ps and py respectively of failing. Find the probability that (i) at least one part
fails, (ii) exactly three parts fail.

(8 marks)

(b) In an effort to control cost, a quality-control inspector is interested in whether the
mean weight of sauce dispensed by bottle-filling machines differs from lkg. From
the bottling process, the inspector collects the following measurements (in kg):

098 099 101 103 099 104 1.00 1.01 1.01 1.03

Assume that the weight of sauce is normally distributed. Test at o = 0.05 whether
the bottle-filling machines need adjusting.

(9 marks)

(c) Assume that a random variable X has the probability density function

0 Hz=0:
flz)=¢ ex f0<z<4;
0 ifz >4,

where c is a constant. Find the value of ¢, and then find the mean and variance of X
(8 marks)

2.(a) A marketing resarch survey shows that 80% of the car owners indicated that their
next car purchase would be either a compact or an economy car. Assume the 80%
figure is correct, and five prospective buyers are interviewed. (i) Find the probability
that all five indicate that their next car purchase would be either a compact or an
economy car. (ii) Find the probability that at most one indicates that his/her next car
purchase would be either a compact or an economy car.

(7 marks)

(b) The following data represent the measurements on a controlled variable z and its
dependent variable y:




Find the linear regression equation of y on z. Calculate the correlation coefficient
and show if it is significantly different from zero at o = 0.05 level of significance.

(8 marks)

(c) The lengths of bolts produced in a certain factory may be taken to be normally dis-
tributed. The bolts are checked on two ‘go-no go’ gauges so that those shorter than
1.98 cm or longer than 2.02 cm are rejected as ‘too-short’ or ‘too-long’ respectively.
A sample of N = 600 bolts is checked. If for this sample we find 15 ‘too-short’
bolts and 15 ‘too-long’ bolts, find estimates for the mean and standard deviation of
the length of these bolts.

(10 marks)

3.(a) A portion of the ANOVA table for a completely randomised design is shown below:

Source of variation Sum of squares d.f. Mean square F'-ratio

Treatments 3
Error 112
Total variation 36.6 19

Fill in the blanks in the ANOVA table (you need to show clearly how you work them
out). How many treatments are used in this design? Do the data present sufficient
evidence to indicate differences among the treatment means? Test using o = 0.05.

(9 marks)

(b) Assume that the random variable X obeys the Rayleigh distribution with the proba-
bility density function

—z2/2 ‘
f(a:):{ ze iftx =20

0 ifz <O0.

Find (i) P(X < 1), (ii) P(1 < X < 4), (iii) P(X > 4).
(7 marks)

(c) Test, using @ = 0.05, the hypothesis that the following set of 200 numbers are
'random digits’, that is, each number is equally likely to be 0,1, 2, - - -, 9.
Number 0 1 2 3 4 5 6 7 8 9
Frequency 22 16 15 18 16 25 23 17 24 24

(9 marks)
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