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Candidates may use any calculator permitted by Pearson regulations.

Calculators must not have the facility for algebraic manipulation,

differentiation and integration, or have retrievable mathematical

formulae stored in them.

Instructions 

• 
Use black ink or ball-point pen. 

• 
If pencil is used for diagrams/sketches/graphs it must be dark (HB or B). 

• 
Fill in the boxes at the top of this page with your name, centre number and candidate number. 

• 
Answer all questions and ensure that your answers to parts of questions are clearly labelled. 

• 
You should show sufficient working to make your methods clear.

• 
Answers without working may not gain full credit. 
• 
Values from statistical tables should be quoted in full. If a calculator is used instead of the tables the value should be given to an equivalent degree of accuracy.
• 
Answers should be given to three significant figures unless otherwise stated.

Information 

• 
A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.

• 
There are 8 questions in this question paper. The total mark for this paper is 75. 

• 
The marks for each question are shown in brackets

      – use this as a guide as to how much time to spend on each question.

Advice 

• 
Read each question carefully before you start to answer it. 

• 
Try to answer every question. 

• 
Check your answers if you have time at the end.

1. 
The random variable X has probability distribution X ~ B (120, 0.1).
Show that use of the Poisson approximation to estimate P (X < 10) gives an error of 0.0138 to 3 significant figures.

(Total for Question 1 is 4 marks)

___________________________________________________________________________

2. 
The discrete random variable X has probability generating function

GX (t) = 
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((1 + t) 2 + 2t 4).
(a) 
Find the value of the constant k.

(2)

(b) 
Showing your working, find P(4 ( X ( 6.6).
(5)

Given that X1 and X2 are independent observations of the random variable X,
(c) 
write down the probability generating function of the random variable W = X1 + X2.
(1)
(Total for Question 2 is 8 marks)

___________________________________________________________________________

3. 
Jack and Gill have an argument about which one of them is best at bringing back buckets of water from the well at the top of the hill. Jack claims that he can successfully bring back more buckets of water from the well in one hour than Gill can.
Jack consistently makes 3 journeys to the well and back each hour and the journeys are independent of each other. On each journey the probability that he is unsuccessful in bringing back a bucket of water is 0.4, because he falls over and loses the water.

The number of successful journeys that Gill can make in one hour, Y, is modelled by a Poisson distribution with mean 2.1.
The number of successful journeys that Jack makes is independent of the number of successful journeys that Gill makes.

Showing your working, calculate the probability that in one hour,

(a) 
Jack and Gill each successfully bring back 3 buckets of water from the well,

(3)

(b) 
Jack successfully brings back more buckets of water from the well than Gill.

(4)

(c) 
Explain why the Poisson distribution may not be a reasonable model for the number of successful journeys that Gill can make in one hour.

(1)
(Total for Question 3 is 8 marks)

___________________________________________________________________________

4. 
Bob’s hobby is using his metal detector to look for objects in the ground. The local farmer, Diane, lets him look in a large field. When the metal detector signals a find to Bob he digs it up and classifies it as either interesting or rubbish. Only 10% of finds are classified as interesting.

Bob looks for objects in the large field every day for 5 consecutive days. He decides that he will keep going each day until he has found one interesting object and then he will stop.
(a) 
State an assumption Bob must make to model the number of objects he digs up in a day with a geometric distribution.

(1)

Using this assumption, calculate the probability that

(b) 
he digs up 7 objects on the first day,

(3)

(c) 
he digs up more than 7 objects on the first day,

(3)

(d) 
he digs up fewer than 7 objects each day on 3 out of the 5 days.

(3)

Over the summer Bob looks for objects in the large field for a total of 80 days.

(e) 
Estimate the probability that the mean number of objects which Bob digs up each day is fewer than 9.
(4)
(Total for Question 4 is 14 marks)

___________________________________________________________________________

5. 
A robot is programmed to perform a random walk along a number line. In each minute it moves either +1 along the number line with probability 
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, or –1 along the number line with probability 
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, each move being independent of all previous moves.

Given that the robot starts at position 0 and that the random variable Y represents its position after 3 moves,

(a) 
show that P(Y = 1) = 
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.

(2)

(b) 
showing each stage of your working, calculate the variance of Y.
(6)

If the random variable D represents its distance from position 0 after 3 moves,

(c) 
explain whether Var(D) is the same, greater than or less than Var(Y).

(3)
(Total for Question 5 is 11 marks)

___________________________________________________________________________

6. 
At a seaside town, one tourist attraction is a whale watching boat trip. The owner claims that on afternoon trips, which each have a duration of four hours, there have been an average of 2.4 whale sightings per trip.

A rival business doubts this claim and sends some employees to monitor whale sightings on 60 afternoon trips. The results are shown in the table below.

	Number of sightings
	0
	1
	2
	3
	4
	5
	6 or more

	Number of trips
	4
	18
	20
	8
	6
	3
	1


The number of whale sightings per trip is modelled by a Poisson distribution.

(a)
Test the owner’s claim at the 10% significance level. Show your working, including the expected frequencies, the test statistic and the critical value, and state your hypotheses clearly.

(9)

During one of the trips the only sighting was a single group of 8 whales.

(b)
With reference to the model, state giving a reason, how this sighting should have been recorded.

(2)
(Total for Question 6 is 11 marks)

___________________________________________________________________________

7. 
The random variable X ~ Geo(p).
A test is to be carried out using the hypotheses
H0: p = 0.4

 H1: p < 0.4

Given that the probability of a Type I error is to be as close as possible to 5%,
(a) 
find the critical region for the test. Show your working clearly.

(6)

Given that actually p = β and that the probability of a Type II error for this test is 0.5,
(b) 
find the value of β giving your answer to 3 significant figures.

(4)
(Total for Question 7 is 10 marks)

___________________________________________________________________________

8. 
Jo and Keith are carrying out an experiment. A bag contains a large number of counters, some of which are green. Keith randomly draws a counter from the bag, records its colour and then replaces it before drawing the next counter. He continues until he has drawn two green counters.

The random variable X represents the number of draws up to and including the second green counter.

The random variable Y represents the number of draws up to and including the first green counter.

On each occasion Jo records the value of x and the value of y. They repeat this process a large number of times.

(a) 
State an appropriate distribution to model the random variable Y.
(1)

Looking at the data, Jo suggests that the variance of X might be equal to the square of the mean of X.
(b) 
Given that X may be modelled by the negative binomial distribution, explain why Jo’s suggestion cannot be true for the underlying distribution.

(3)

Jo uses the data and estimates that the variance of Y is 20.
(c) 
Calculate an estimate of the proportion of green counters in the bag.

(3)

In a different bag 40% of the counters are green and the rest are red.

(d) 
For this bag, calculate the probability that the second green counter occurs on the 5th draw, given that the first green counter occurred on the 2nd draw.

(2)

 (Total for Question 8 is 9 marks)
___________________________________________________________________________
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