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1 A certain industrial process requires a supply of water. It has been found that, for best results, the mean
water pressure in suitable units should be 7.8. The water pressure is monitored by taking measurements at
regular intervals. On a particular day, a random sample of the measurements is as follows.

7.50 7.64 7.68 7.51 7770 7.85 734 772 7.74
These data are to be used to carry out a hypothesis test concerning the mean water pressure.
(i) Why is a test based on the Normal distribution not appropriate in this case? 2]

(ii) What distributional assumption is needed for a test based on the ¢ distribution? 1]

(iii) Carry out a ¢ test, with a 2% level of significance, to see whether it is reasonable to assume that the

mean pressure is 7.8. 9]
(iv) Explain what is meant by a 95% confidence interval. [2]
(v) Find a 95% confidence interval for the actual mean water pressure. 4]

2 A particular species of reed that grows up to 2 metres in length is used for thatching. The lengths in metres
of the reeds when harvested are modelled by the random variable X which has the following probability
density function, f(x).

o) = 2 (r—x)  for0<x<2
0 elsewhere
(i) Sketch f(x). 131
(ii) Show that E(X) = % and find the standard deviation of the lengths of the harvested reeds. (8]
(iii) Find the standard error of the mean length for a random sample of 100 reeds. 2]

Once the harvested reeds have been collected, any that are shorter than 1 metre are discarded.
(iv) Find the proportion of reeds that should be discarded according to the model. [2]

(v) Reeds are harvested from a large area which is divided into several reed beds. A sample of the harvested
reeds is required for quality control. How might the method of cluster sampling be used to obtain it?

[3]
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3 In the manufacture of child car seats, a resin made up of three ingredients is used. The ingredients are two
polymers and an impact modifier. The resin is prepared in batches. Each ingredient is supplied by a separate
feeder and the amount supplied to each batch, in kg, is assumed to be Normally distributed with mean and
standard deviation as shown in the table below. The three feeders are also assumed to operate independently
of each other.

Mean Standard deviation
Polymer 1 2025 44.6
Polymer 2 1565 21.8
Impact modifier 1410 33.8

(i) Find the probability that, in a randomly chosen batch of resin, there is no more than 2100kg of
polymer 1. [3]

(i) Find the probability that, in a randomly chosen batch of resin, the amount of polymer 1 exceeds the
amount of polymer 2 by at least 400kg. 4]

(iii) Find the value of b such that the total amount of the ingredients in a randomly chosen batch exceeds
b kg 95% of the time. (4]

(iv) Polymer 1 costs £1.20 per kg, polymer 2 costs £1.30 per kg and the impact modifier costs £0.80 per kg.
Find the mean and variance of the total cost of a batch of resin. [3]

(v) Each batch of resin is used to make a large number of car seats from which a random sample of 50
seats is selected in order that the tensile strength (in suitable units) of the resin can be measured. From

one such sample, the 99% confidence interval for the true mean tensile strength of the resin in that
batch was calculated as (123.72, 127.38). Find the mean and standard deviation of the sample. 4]

[Question 4 is printed overleaf.]
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4 (a) Ata college, two examiners are responsible for marking, independently, the students’ projects. Each
examiner awards a mark out of 100 to each project. There is some concern that the examiners’ marks
do not agree, on average. Consequently a random sample of 12 projects is selected and the marks
awarded to them are compared.

(i) Describe how a random sample of projects should be chosen. [2]

(ii) The marks given for the projects in the sample are as follows.

Project 1 2 3 4 5 6 7 8 9 10 | 11 12
Examiner A 58 | 37 | 72 | 718 | 67 | 77 | 62 | 41 | 80 | 60 | 65 | 70
Examiner B 73 1 47 | 74 | 71 | 78 | 96 | 54 | 27 | 97 | 73 | 60 | 66

Carry out a test at the 10% level of significance of the hypotheses HO: m=0, Hi:m# 0, where m 1is the
population median difference. (8]

(b) A calculator has a built-in random number function which can be used to generate a list of random
digits. If it functions correctly then each digit is equally likely to be generated. When it was used to
generate 100 random digits, the frequencies of the digits were as follows.

Digit 0 1 2 3 4 5 6 7 8 9
Frequency 6 8 11 14 | 12 9 15 5 14 6

Use a goodness of fit test, with a significance level of 10%, to investigate whether the random number
function is generating digits with equal probability. [8]
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