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2

Answer all questions.

Answer each question in the space provided for that question.

1 In a survey of the tideline along a beach, plastic bottles were found at a constant

average rate of 280 per kilometre, and drinks cans were found at a constant average

rate of 220 per kilometre. It may be assumed that these objects were distributed

randomly and independently.

Calculate the probability that:

(a) a 10m length of tideline along this beach contains no more than 5 plastic bottles;

[2 marks]

(b) a 20m length of tideline along this beach contains exactly 2 drinks cans;

[3 marks]

(c) a 30m length of tideline along this beach contains a total of at least 12 but fewer than

18 of these two types of object.

[4 marks]
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2 The continuous random variable X has probability density function defined by

fðxÞ ¼
1

k
a4 x4 b

0 otherwise

8<
:

(a) Write down, in terms of a and b, the value of k.
[1 mark]

(b) (i) Given that EðX Þ ¼ 1 and VarðX Þ ¼ 3 , find the values of a and b.
[4 marks]

(ii) Four independent values of X are taken. Find the probability that exactly one of these

four values is negative.

[3 marks]
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3 A machine fills bags with frozen peas. Measurements taken over several weeks have

shown that the standard deviation of the weights of the filled bags of peas has been

2.2 grams.

Following maintenance on the machine, a quality control inspector selected 8 bags of

peas. The weights, in grams, of the bags were

910.4 908.7 907.2 913.2 905.6 911.1 909.5 907.9

It may be assumed that the bags constitute a random sample from a normal

distribution.

(a) Giving the limits to four significant figures, calculate a 95% confidence interval for the

mean weight of a bag of frozen peas filled by the machine following the maintenance:

(i) assuming that the standard deviation of the weights of the bags of peas is known to

be 2.2 grams;

[4 marks]

(ii) assuming that the standard deviation of the weights of the bags of peas may no

longer be 2.2 grams.

[4 marks]

(b) The weight printed on the bags of peas is 907 grams. One of the inspector’s

concerns is that bags should not be underweight.

Make two comments about this concern with regard to the data and your calculated

confidence intervals.

[2 marks]
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4 Wellgrove village has a main road running through it that has a 40mph speed limit.

The villagers were concerned that many vehicles travelled too fast through the village,

and so they set up a device for measuring the speed of vehicles on this main road.

This device indicated that the mean speed of vehicles travelling through Wellgrove

was 44.1mph.

In an attempt to reduce the mean speed of vehicles travelling through Wellgrove,

life-size photographs of a police officer were erected next to the road on the

approaches to the village. The speed, X mph, of a sample of 100 vehicles was then

measured and the following data obtained.

X
x ¼ 4327:0

X
ðx� xÞ2 ¼ 925:71

(a) State an assumption that must be made about the sample in order to carry out a

hypothesis test to investigate whether the desired reduction in mean speed had

occurred.

[1 mark]

(b) Given that the assumption that you stated in part (a) is valid, carry out such a test,

using the 1% level of significance.

[8 marks]

(c) Explain, in the context of this question, the meaning of:

(i) a Type I error;

(ii) a Type II error.
[2 marks]
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5 In a particular town, a survey was conducted on a sample of 200 residents aged

41 years to 50 years. The survey questioned these residents to discover the age at

which they had left full-time education and the greatest rate of income tax that they

were paying at the time of the survey.

The summarised data obtained from the survey are shown in the table.

Greatest rate of
income tax paid

Age when leaving education (years)

16 or less 17 or 18 19 or more Total

Zero 32 3 4 39

Basic 102 12 17 131

Higher 17 5 8 30

Total 151 20 29 200

(a) Use a w2-test, at the 5% level of significance, to investigate whether there is an

association between age when leaving education and greatest rate of income tax

paid.

[9 marks]

(b) It is believed that residents of this town who had left education at a later age were

more likely to be paying the higher rate of income tax. Comment on this belief.

[1 mark]
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6 The continuous random variable X has the cumulative distribution function

FðxÞ ¼

0 x < 0

1
2
x� 1

16
x2 04 x4 4

1 x > 4

8>>>><
>>>>:

(a) Find the probability that X lies between 0.4 and 0.8 .

[2 marks]

(b) Show that the probability density function, fðxÞ , of X is given by

fðxÞ ¼
1
2
� 1

8
x 04 x4 4

0 otherwise

8><
>:

[1 mark]

(c) (i) Find the value of EðX Þ .
[3 marks]

(ii) Show that VarðX Þ ¼ 8

9
.

[4 marks]

(d) The continuous random variable Y is defined by

Y ¼ 3X � 2

Find the values of EðY Þ and VarðYÞ .
[2 marks]
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7 Each week, a newsagent stocks 5 copies of the magazine Statistics Weekly. A

regular customer always buys one copy. The demand for additional copies may be

modelled by a Poisson distribution with mean 2.

The number of copies sold in a week, X , has the probability distribution shown in the

table, where probabilities are stated correct to three decimal places.

x 1 2 3 4 5

P(X = x) 0.135 0.271 0.271 a b

(a) Show that, correct to three decimal places, the values of a and b are 0.180 and 0.143
respectively.

[3 marks]

(b) Find the values of EðX Þ and EðX 2Þ , showing the calculations needed to obtain these

values, and hence calculate the standard deviation of X .

[5 marks]

(c) The newsagent makes a profit of £1 on each copy of Statistics Weekly that is sold

and loses 50 p on each copy that is not sold. Find the mean weekly profit for the

newsagent from sales of this magazine.

[2 marks]

(d) Assuming that the weekly demand remains the same, show that the mean weekly

profit from sales of Statistics Weekly will be greater if the newsagent stocks only

4 copies.

[5 marks]
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