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

Full marks may be obtained for answers to ALL questions.

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

Advice to Candidates

You must ensure that your answers to parts of questions are clearly labelled.

You must show sufficient working to make your methods clear to the Examiner. Answers

without working may gain no credit.

Suggested grade boundaries for this paper:

	A*
	A
	B
	C
	D
	E

	73
	68
	61
	54
	47
	41


1.
A bag contains a large number of counters of which 15% are coloured red. A random sample of 30 counters is selected and the number of red counters is recorded.

(a) 
Find the probability of no more than 6 red counters in this sample.

(2)

A second random sample of 30 counters is selected and the number of red counters is recorded.

(b) 
Using a Poisson approximation, estimate the probability that the total number of red counters in the combined sample of size 60 is less than 13.

(3)

2.
Bhim and Joe play each other at badminton and for each game, independently of all others, the probability that Bhim loses is 0.2.

Find the probability that, in 9 games, Bhim loses

(a) 
exactly 3 of the games,

(3)

(b) 
fewer than half of the games.

(2)

Bhim attends coaching sessions for 2 months. After completing the coaching, the probability that he loses each game, independently of all others, is 0.05. 

Bhim and Joe agree to play a further 60 games.

(c) 
Calculate the mean and variance for the number of these 60 games that Bhim loses.

(2)

(d) 
Using a suitable approximation calculate the probability that Bhim loses more than 4 games.

(3)

3. 
The random variable X has a continuous uniform distribution on [a, b] where a and b are positive numbers.

Given that E(X) = 23 and Var(X) = 75,

(a)
find the value of a and the value of b.

(6)

Given that P(X > c) = 0.32,

(b)
find P(23 < X < c).

(2)



4.
The continuous random variable Y has cumulative distribution function F(y) given by

F(y) = 
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(a)
Show that k = 
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(2)

(b)
Find P(Y > 1.5).

(2)

(c)
Specify fully the probability density function f(y).

(3)


5.
The probability of an electrical component being defective is 0.075. 


The component is supplied in boxes of 120.

(a) 
Using a suitable approximation, estimate the probability that there are more than 3 defective components in a box.

(5)

A retailer buys 2 boxes of components.

(b) 
Estimate the probability that there are at least 4 defective components in each box.

(2)

6.
The three independent random variables A, B and C each has a continuous uniform distribution over the interval [0, 5].

(a) 
Find P(A > 3).

(1)

(b) 
Find the probability that A, B and C are all greater than 3.

(2)

The random variable Y represents the maximum value of A, B and C.

The cumulative distribution function of Y is

F(y) = 
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(c) 
Find the probability density function of Y.

(2)

(d) 
Sketch the probability density function of Y.

(2)

(e) 
Write down the mode of Y.

(1)

(f) 
Find E(Y).

(3)

(g) 
Find P(Y > 3).

(2)
___________________________________________________________________________

7.
(a)
(i)
Write down two conditions for X ~ Bin(n, p) to be approximated by a normal distribution Y ~ N ((, (  2).

(2)

(ii)
Write down the mean and variance of this normal approximation in terms of n and p.

(2)

A factory manufactures 2000 DVDs every day. It is known that 3% of DVDs are faulty.

(b)
Using a normal approximation, estimate the probability that at least 40 faulty DVDs are produced in one day.

(5)

The quality control system in the factory identifies and destroys every faulty DVD at the end of the manufacturing process. It costs £0.70 to manufacture a DVD and the factory sells non-faulty DVDs for £11.

(c)
Find the expected profit made by the factory per day.

(3)

___________________________________________________________________________

8.
The continuous random variable X has probability density function f(x) given by

f(x) = 
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(a)
Sketch f(x) for all values of x.

(3)

(b)
Write down the mode of X.

(1)

Find

(c)
E(X),

(3)

(d)
the median of X.

(4)

(e)
Comment on the skewness of this distribution. Give a reason for your answer.

(2)

________________________________________________________________________________


TOTAL FOR PAPER: 75 MARKS
END
	Question Number
	Scheme
	Marks

	1.       (a)

(b)
	
[image: image5.wmf][

]

~B(30,0.15)          

X


P(X 
[image: image6.wmf]£

 6) , = 0.8474                                                                                    awrt 0.847


[image: image7.wmf]~B(60,0.15)       

Y

»

Po(9)                                                                   for using Po(9)

                P(Y < 12), = 0.8758                                                                   awrt 0.876


	M1, A1  (2)

B1

M1, A1  (3)

(5 marks)




	2.

(a)


	Let X be the random variable the number of games Bhim loses.

X ~B(9, 0.2)
	B1

	
	P(X 
[image: image8.wmf]£

 3) - P(X 
[image: image9.wmf]£

 2) = 0.9144 – 0.7382       or      
[image: image10.wmf](

)

(

)

36

9!

0.20.8

3!6!

                          
	M1

	
	                                 = 0.1762                                = 0.1762                           awrt 0.176
	A1        (3)

	
	
	

	(b)
	P(X 
[image: image11.wmf]£

 4) =  0.9804                                                                                          awrt 0.98                                                                       


	M1A1    (2)



	(c)
	Mean = 3     variance  = 2.85, 
[image: image12.wmf]20

57


	B1  B1  (2)



	(d)
	Po(3)                                                                                                                poisson             


	M1



	
	P(X > 4) = 1 – P (X < 4)


	M1

	
	              = 1 – 0.8153
	

	
	              = 0.1847
	A1        (3)

	
	
	[10]


	Question Number
	Scheme
	Marks

	3.
	
	

	(a)
	
[image: image13.wmf](

)

(

)

2

11

23   and   75

212

abba

+=-=


	B1B1

	
	
[image: image14.wmf](

)

46   and   127530

abba

+=-=´=


	M1

	
	Adding gives         2b = 76
	M1

	
	                                b = 38    and   a = 8


	A1  A1

(6)

	(b)
	P( 23 < X < c ) = 0.5 – 0.32                          or 
[image: image15.wmf]28.4

c

=

 and 
[image: image16.wmf]5.4

prob

30

=

 
	M1

	
	                                              = 0.18
	A1

	
	
	(2)

	
	
	[8]


	Question Number
	Scheme
	Marks

	4.
	
	

	(a)
	K(24 + 22 – 2) = 1
	M1

	
	K = 
[image: image17.wmf]1

18


	A1 

	
	
	(2)

	(b)
	1 – F(1.5) = 1 – 
[image: image18.wmf]1

18

 (1.54 + 1.52 – 2)
	M1

	
	               = 0.705 or 
[image: image19.wmf]203

288


	A1
(2)

	(c)
	
	M1 A1

	
	             f(y)      
[image: image20.wmf]3

1

(2)         12

9

yyy

                         otherwise

+££


	B1

	
	
	(3)


	Question Number
	Scheme
	Marks

	5. (a)
	X ~ B(120,0.075)
	B1

	
	Approximated by Po(9)
	M1A1

	
	
[image: image21.wmf]P(3)1P(3)

XX

>=-£


	M1

	
	
[image: image22.wmf]10.0212

=-


	

	
	
[image: image23.wmf]0.9788

=

                                                                                          awrt 0.979
	A1         (5)

	(b)
	P(At least 4 defective components in each box)


[image: image24.wmf]=P(>3)P(>3)

XX

´


	M1

	
	
[image: image25.wmf]2

0.9788

=


	

	
	
[image: image26.wmf]0.95804944

=


                                                                                                 awrt 0.958
	A1         (2)

	
	
	(7 marks)


	Question Number
	Scheme
	Marks

	6.       (a)

(b)

(c)

(d)

(e)

(f)

(g)
	P(A >3) = 
[image: image27.wmf]2

5

 = 0.4


[image: image28.wmf](

)

3

0.4

   ,= 0.064 or 
[image: image29.wmf]125

8


    f(y) = 
[image: image30.wmf]ï

ï

î

ï

ï

í

ì

£

£

=

otherwise

y

y

y

0

5

0

125

3

)

(

F

(

dy

d

2


[image: image31.emf]5

x

y


                                                             5

 Mode = 5

E(Y) = 
[image: image32.wmf]5

5

34

0

0

3315

 d   =    =   

1255004

yy

y

æöéù

ç÷

êú

ç÷

èøëû

ò

 or 3.75


[image: image33.wmf]5

2

3

125

3

 d

2798

P(3)1

125125

or 1F(3)

y

y

Y

ì

ï

>==-=

í

ï

-

î

ò

 = 0.784
	B1          (1)

M1, A1  (2)

M1 A1   (2)

B1

B1          (2)

B1          (1)

M1 M1 A1

             (3)

M1 A1   (2)

(13 marks)


	Question Number
	Scheme
	Marks

	7(a) i

      ii 
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(c) 
	If X ~ B(n,p) and 

                           n is large or n > 10 or np > 5 or nq >5

                           p is close to 0.5       or   nq >5  and np >5

then X can be approximated by N(np,np(1- p))

mean = np
variance = np(1 – p)                                                                                must be in terms of p    

X ~ N (60, 58.2)    or         X ~ N (60, 7.632)                                                 60, 58.2

P(X > 40)  = P(X > 39.5)                                                                   using 39.5 or 40.5

                  = 1 – P
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Examiner reports
Question 1

The majority of candidates achieved full marks on this question with the most common errors caused by difficulties in identifying, interpreting and/or working with the inequalities. In part (b) whilst a few candidates wrote down P(X≤13) they were unable to find this probability correctly.  The most common error was to use 1 - P(X≤12)
Question 2

This question was well answered by the majority of candidates with many scoring full marks. There were, of course, candidates who failed to score full marks. This was usually the result of inaccurate details, rather than lack of knowledge. In particular, manipulation of inequalities requires concentration and attention to detail. In part (a) the most common error seen was using
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Parts (b) and (c) were usually correct. The most common error was to find P(X ( 3) rather than P(X ( 4) in part (b). A minority of candidates used the Normal as their approximation in part (d). The simple rule “n is large, p is small: use Poisson” clearly applies in this case.

Question 3

Part (a) frequently involved complicated quadratics and substitution without realising that the quadratic could easily be eliminated immediately from the variance equation as b-a>0. Even those that managed to set up two correct linear equations continued with a substitution rather than simply adding the two equations.
Part (b) was done well and most candidates took the route of calculating a value for c and then calculating the required probability. Some candidates made arithmetic errors and some correctly calculated c = 28.4 but then failed to do anything with it. Others forgot that 23 was the mean and so P(X < 23) = 0.5 had to be worked out.

Although the majority of candidates succeeded in finding the correct answers here, few achieved neat and mathematically fluent solutions. 

Question 4

The majority of candidates were able to attempt this question with a high degree of success 
(a) Many candidates had a number of attempts at this part before getting a solution. In some cases, responses showed a lack of understanding between the p.d.f. and the c.d.f. This occurred when the candidate differentiated the given function then proceeded to integrate it. The most common error was to interpret the given function as the p.d.f., integrate it and put the answer equal to 1. A small number of candidates took the value of k =1/18 and used it to work backwards.  

(b) The most common errors were to find F(1.5) or integrate the given function.  

(c) There were many correct solutions with a minority of candidates being unsuccessful.  Marks were mainly lost through, having differentiated correctly to find the function, not specifying the p.d.f. fully. A few candidates tried integrating to find the p.d.f.  

Question 5

In part (a) a significant minority of candidates used a Normal approximation to the Binomial, despite the fact that the Binomial parameters, 120 and 0.075, can only be described as large and small respectively. Those candidates who made their method clear were able to score some marks but those who simply wrote their answers down gained few marks if any. However, a large number of scripts were awarded full marks. 

There were some interesting features to the overall response to part (b). Some candidates used an elaborate method that consisted of defining a new Binomial distribution, B(2, 0.9788), and then using the formula for Binomial probability to complete their solution. This was almost always successful, but contrasts (in the amount of work involved) with those candidates who used the multiplication rule for independent events and therefore simply wrote 
0.9788 × 0.9788 or 0.978822.

The most curious aspect of part (b) was the frequency with which candidates retraced their steps by repeating their work for part (a), before proceeding with part (b). Intriguingly, it was not uncommon for candidates to have been incorrect in part (a), but to go on and write a different solution to part (a), correct this time, as part of (b). Unfortunately, correct answers only earn marks when they occur in the parts to which they relate. If only these candidates had reflected on the discrepancy between their two attempts they could have corrected part (a) and earned full marks.

Question 6

Many candidates attained full or nearly full marks for this question. 

In part (a) many candidates were unable to correctly state P(A > 3) =
[image: image43.wmf]5
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In part (b) some candidates multiplied their answer to (a) by 3 rather than finding (a) cubed.
Part (c) was well done and apart from those who made errors in the differentiation candidates gained full marks for this part.

The most common error in question 6 was drawing the sketch graph incorrectly in part (d). A straight line was often seen, either sloping from 0 to 5 or parallel to the x-axis.   

In part (e) a few candidates attempted to calculate the mode rather than reading it straight from the graph.  Not only did this waste time the result was usually incorrect.

In part (f) candidates confused f(x) with F(x) and/or used the formula for E(Y) incorrectly.  Errors in the simple integration were often seen.

In part (g) few candidates chose to use P(X > 3) = 1- F(3) and instead used the method involving integration where too often the  incorrect limits were used.

Question 7

The quality of answers to this question was better than to similar questions in previous years. Most used the discriminant to answer part (a) and, apart from occasional slips with signs, were able to establish the inequality correctly. A few realised that the discriminant had to be used but tried to apply it to k 2 − 4k −12 . In part (b) the majority were able to find the critical values of – 2 and 6 but many then failed to find the correct inequalities with x > – 2 and x > 6 being a common incorrect answer. Some candidates still thought that the correct regions could be written as 6 < k < – 2 but there were many fully correct solutions seen often accompanied by correct sketches.
Question 8
The majority of candidates attempted this question. 
(a) Most sketches were clearly labelled with a few omitting the value on the y-axis. Candidates should draw their sketch in the space in the question book, not on graph paper.

(b) A few gave the mode as 2 or 1.  

(c) Most were able to find E(X) with only occasional errors in using xf(x) = 2x – 4 or in substituting the limits.  

(d) Finding the median proved challenging for a sizeable minority.  Although most wrote that F(m) = 0.5, finding F(m) proved difficult.  There were many exemplary solutions but those candidates who struggled got x2-4x, but then failed to use the limits correctly or made arithmetic mistakes.  It was common for those who had no real understanding to put 
2x – 4 = 0.5 and solve to get x = 2.25. 

(e) In many cases the answers to this part reflected confusion in understanding the concept of skewness.  In many cases where responses were incorrect there was little or no evidence of using the results found, or positive skewness was stated but the reason related to negative skewness.  
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