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Answer all questions.

Answer each question in the space provided for that question.

1 The continuous random variable T has probability density function fðtÞ , where

fðtÞ ¼
5e�5t t5 0

0 otherwise

(

(a) Derive the cumulative distribution function of T .
[4 marks]

(b) Find the probability that T > EðTÞ .
[1 mark]

(c) Find the value of the constant c such that PðT > cÞ ¼ 0:05 .
[2 marks]
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.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

.............................................................................................................................................................

Do not write
outside the

box

P71760/Jun14/MS04

Turn over

s

(03)

QUESTION

PART

REFERENCE



4

2 Victoria cycles to work every morning. She records the times taken, in minutes, to

complete her journey for a random sample of 10 mornings. Her times are as follows.

22.6 20.9 25.8 24.3 26.3 21.9 23.2 22.7 21.3 22.8

(a) State a necessary assumption in order to construct a confidence interval for s2, the

variance of Victoria’s journey times.

[1 mark]

(b) Making the necessary assumption, construct a 98% confidence interval for s2 .

[6 marks]
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3 The broadband speed, X Mbps, in rural villages may be assumed to be normally

distributed with variance sX
2. The broadband speed, Y Mbps, in small towns may be

assumed to be normally distributed with variance sY
2.

The broadband speeds, xMbps, in a random sample of 12 rural villages were as

follows.

1.9 2.6 1.8 3.4 2.2 3.0 2.7 3.7 2.7 1.9 3.4 3.1

The broadband speeds, yMbps, in a random sample of 9 small towns were as follows.

7.8 7.7 7.5 7.7 8.0 7.3 7.7 7.4 7.8

(a) Determine a 99% confidence interval for the variance ratio
sX

2

sY
2
.

[7 marks]

(b) Hence comment on the suggestion that the broadband speed in rural villages is more

variable than that in small towns.

[2 marks]
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4 An ergonomist is investigating the effect of training on the speed with which workers

in a factory can assemble a particular product. The ergonomist selects a random

sample of 8 workers who have not received the training and a random sample of

6 workers who have received the training. The ergonomist records the time taken, in

minutes, for each of these selected workers to assemble the product. The results are

shown in the table below.

Untrained 10.4 8.9 10.1 9.0 9.4 9.6 10.0 10.2

Trained 9.0 8.3 9.5 8.0 9.2 8.2

(a) State two necessary assumptions in order to test the hypothesis that the mean time

taken by the untrained workers is the same as the mean time taken by the trained

workers.

[2 marks]

(b) Given that all the necessary assumptions are valid, test the hypothesis in part (a)
using the 2% level of significance.

[10 marks]
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5 Coloured plastic clips are sold in packets of 12 clips. It is suggested that the number

of blue clips in a packet can be modelled by a binomial distribution.

In order to investigate this suggestion, 100 packets of clips are randomly chosen. The

number of blue clips in each packet is counted with the following summarised results.

Number of blue clips 0 1 2 3 4 5 6 57

Number of packets 0 6 14 28 27 16 9 0

(a) Show that an estimate of p, the probability that a randomly chosen clip is blue, is 0.3 .
[2 marks]

(b) Test, at the 10% level of significance, whether a binomial distribution is an appropriate

model for the number of blue clips in a packet.

[10 marks]
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6 Two independent random samples of observations, of sizes n1 and n2, are made of a

random variable X , which has mean m and variance s2. The sample means are

denoted by X1 and X2 respectively.

(a) Show that T ¼ kX1 þ ð1� kÞX2 is an unbiased estimator of m.
[2 marks]

(b) Show that V , the variance of T , is given by

V ¼ k 2
s2

n1
þ ð1� kÞ2 s

2

n2
[2 marks]

(c) Find the value of k for which
dV

dk
¼ 0 .

[3 marks]

(d) For the value of k found in part (c):

(i) find an expression for T ;

[2 marks]

(ii) interpret the expression found in part (d)(i);
[1 mark]

(iii) find
d2V

dk 2
and hence comment on what you can deduce about V .

[2 marks]
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7 (a) The random variable X has a geometric distribution with parameter p.

(i) Prove, from first principles, that EðX 2Þ ¼ 1

p
þ 2ð1� pÞ

p2
.

[4 marks]

(ii) Hence, given that EðX Þ ¼ 1

p
, deduce that VarðX Þ ¼ ð1� pÞ

p2
.

[1 mark]

(iii) Given that p ¼ 1

2
, calculate PðX > VarðX ÞÞ .

[3 marks]

(b) As part of their archery practice, Robin and William are playing a game consisting of a

number of rounds. For each round of the game, they each shoot one arrow at the

gold inner circle of a target. The probability that Robin hits the gold with any one

arrow is
1

5
, independently of all previous shots. The probability that William hits the

gold with any one arrow is
1

6
, independently of all previous shots. In each round,

Robin shoots first.

If, in a round, they both hit the gold, then the game is drawn.

If, in a round, Robin hits the gold and then William misses the gold, then Robin wins

the game.

If, in a round, Robin misses the gold and then William hits the gold, then William wins

the game.

If, in a round, they both miss the gold, then the game continues to the next round.

Find the probability that:

(i) the game is drawn after no more than three rounds have been completed;

[3 marks]

(ii) the game is drawn;

[2 marks]

(iii) Robin wins the game.

[3 marks]
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