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READ THESE INSTRUCTIONS FIRST

Do not open this booklet until you are told to do so.

Write your name, civics group and index number in the spaces at the top of this page.

Write your name and class on all the work you hand in.

Write in dark blue or black pen on both sides of the paper.
You may use a soft pencil for any diagrams or graphs.
Do not use staples, paper clips, highlighters, glue or correction fluid.

Answer all the questions.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case of angles in degrees, unless a different level of accuracy is specified in the question.
You are expected to use a graphic calculator.

Where unsupported answers from a graphic calculator are not allowed in a question, you are required to present the mathematical steps using mathematical notations and not calculator commands.

You are reminded of the need for clear presentation in your answers.

At the end of the examination, fasten all your work securely together. 

The number of marks is given in brackets [ ] at the end of each question or part question. 


This document consists of 6 printed pages.
Section A: Pure Mathematics [40 marks]
1 Solve the inequality 
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[4]
2 On a single Argand diagram, sketch the following loci
(i)
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(ii)
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Hence, or otherwise, find the exact value of z satisfying both equations in parts (i) and (ii).
[3]
3 Given that
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[3]
By repeated differentiation of this result, or otherwise, find the series expansion of y in ascending powers of x up to and including the term in 
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4 The line l has equation 
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 has equation 
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(i) Show that the line l lies in the plane 
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(ii) Find the acute angle between the line AB and the plane 
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(iii) The plane 
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 is perpendicular to the plane 
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 and parallel to the line l, and contains the point B. Find the equation of 
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(iv) The plane 
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 has equation 
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. Give a geometrical relationship between the 3 planes 
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5 (a)
Find the general solution of the differential equation 
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(b) In established forest fires, the proportion of the total area of the forest which has been destroyed is denoted by x, and the rate of change of x with respect to time, t hours, is called the destruction rate. Investigations show that the destruction rate is directly proportional to the product of x and 
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. A particular fire is initially noticed when one half of the forest is destroyed, and it is found that the destruction rate at this time is such that, if it remained constant thereafter, the forest would be destroyed completely in a further 24 hours. 

Show that 
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Deduce that approximately 73% of the forest is destroyed 12 hours after it is first noticed.
[6]



Section B: Statistics [60 marks]
6 (a)
Find the number of different arrangements of the nine letters in the 
word CELEBRATE in which the two letters A and T are next to each
other.
[2]
(b) Find the number of 3-letter code-words that can be formed from the letters of the word CELEBRATE.
[3]
7 A certain game is played with two packs of cards and two unbiased dice. The first pack of cards contains the usual 52 cards. The second pack of cards contains only 36 cards, all the Aces, Kings, Queens and Jacks having been removed.

A card is drawn from the first pack. If the card drawn is an Ace, King, Queen or Jack, a card is drawn from the second pack. The number on the card drawn from the second pack is the player’s score (i.e. two scores 2 points, three scores 3, and so on).
If any other card is drawn from the first pack, the two unbiased dice are thrown. The sum of the scores on the dice is the player’s score.

Events X and Y are defined as follows:
X:  the 2 unbiased dice are thrown,
Y:  the player’s score is less than 5.


Find the probabilities

(i)
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(ii)
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8 A manufacturer tests the quality of the jars of kaya he produces by taking a sample of 20 jars from a consignment consisting of 500 jars. Describe how he could use systematic random sampling.
       [2]
Each jar is labelled as containing m grams of kaya. A random sample of 20 jars is examined and the mass, x grams, of the contents of each jar is determined. It is found that
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The manufacturer assumed that the mass is normally distributed and used the above data to carry out a test at the 6% level of significance. The result led him to conclude that he had overstated the mean mass of kaya in a jar. Find the range of possible values of m.


[6]


9 The random variable X has the binomial distribution, B(n,p), where 
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(a)
Given that Var(X)
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(b)
Given that 
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 and 
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, the random variable S is the sum of 60 independent observations of X. Find the approximate value of 
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10
An athlete’s best times for various distances are shown in the following set of data.

	Distance  (x metres)
	100
	200
	400
	800
	1500
	10 000

	Best time (t seconds)
	11.2
	21.8
	51.5
	110.3
	220.3
	1775


It is suspected that x and t are related according to the formula 
[image: image34.wmf]b
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, where a and b are constants. 
(i) Show that the relation between 
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 is linear.  By considering the line of regression of 
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[4]

(ii) Find the product moment correlation coefficient between 
[image: image39.wmf]lg
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 and 
[image: image40.wmf]lg
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, giving your answer to four decimal places. Comment on this value.
[2]

(iii) Estimate the athlete’s time for a 42.2 km Marathon and comment on the reliability of your answer.
[3]

11
A garage has 2 vans and 3 cars, which can be hired out for a day at a time. Requests for the hire of a van follow a Poisson distribution with a mean of 1.5 requests per day and requests for the hire of a car follow an independent Poisson distribution with a mean of  4 requests per day.
(i) Find the probability that not all requests for the hire of a van can be met on any particular day.
[2]
(ii) Find the least number of vans that the garage should have so that, on any particular day, the probability that a request for the hire of a van for that day has to be refused is less than 0.1.
[2]
(iii) Find the probability that, on any particular day, there is at least one request for a van and at least two requests for a car, given that there are a total of 4 requests on that day.
[3]
(iv) Using a suitable approximation, find the probability that the total number of requests for vans and cars in a randomly chosen five-day period exceeds 25.
[4]
12 A child is playing with a large set of wooden and plastic cubes. The random variable W denotes the length, in cm, of the edge of a wooden cube which is normally distributed with mean 7 and standard deviation 
[image: image41.wmf]s

. The length, in cm, of the edge of a plastic cube is an independent normal variable with mean 8 and standard deviation 0.1.
Given that 
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, giving your answer correct to 3 significant figures.
[3]
(i) The child picks two wooden cubes and one plastic cube at random and places them on top of each other in a box with a hinged lid. Find, correct to 2 decimal places, the smallest depth of the box for there to be a 95% probability that the lid will close fully. 
[4]
(ii)
Find the probability the sum of the length of the edges of three randomly chosen wooden cubes exceeds twice the length of the edge of one randomly chosen plastic cube by at least 6.2 cm.
[3]
(iii)
200 plastic cubes are chosen at random. Using a suitable approximation, find the probability that at most 10 of them are longer than 8.2 cm.
[3]
End Of Paper
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                                            (Solutions)
Question 1:Inequalities [4 Marks]
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	Alternative Method
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Question 2: Complex Numbers (Loci) [6 Marks]
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Question 3: Maclaurin’s Expansion [7 Marks]
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Question 4: Vectors [10 Marks]

	(i)
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Therefore the line l  lie on 
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Hence angle between line AB and plane 
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	Alternative method using sin 

Let 
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 be the acute angle between the line and the plane 


[image: image74.wmf]1

1

222222

sin

01

42

13

041123

11

238

dn

dn

AB

AB

q

·

·

=

æöæö

ç÷ç÷

ç÷ç÷

ç÷ç÷

èøèø

=

++++

=



[image: image75.wmf]1

11

sin45.5

238

q

-°

\==



	(iii)
	Normal of plane 
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Equation of plane 
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(Accept parametric form)



	(iv)
	The 3 planes do not have a common point of intersection

OR common line of intersection.


Question 5: Differential Equation [13 Marks]
	(a)
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	(b)
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Using separable variables,
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When t = 12,


[image: image94.wmf]ln1

1

1

0.73173%(Shown)

1

x

x

x

e

x

xeex

e

x

e

=

-

=

-

=-

==

+

;


Therefore approximately 73% destroyed.





Question 6:  P&C [5 Marks]
	(a)
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      8 items

Number of ways = 
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Alternatively, combining Case 3 and Case 4:

All letters are different: 
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Total number of ways = 1 + 18 + 90 + 120 = 229


Question 7: Probability [6 Marks]

	(i)
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	(ii)
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Q8: Sampling + Hypothesis Testing  [8 Marks]
	
	The jars of kaya are labeled from 1 to 500.

1 jar is randomly chosen from the first 25 jars, thereafter every 25th jar is chosen.

Alternatively

Write down the explicit sequence of labeled jars eg 3rd, 8th, 13th, … … to fulfill the requirement for 2nd B1.

	
	Let 
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 be the random variable “mass of kaya in each jar.”

Unbiased estimate for population mean
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	To test 
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Perform a 1-tail test at 6 % level of significance.
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Q9: Binomial Distribution  [8 Marks]
	(a)
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	(b)
	
[image: image124.wmf]1

3

~B(8,)

X



[image: image125.wmf]8

3

()

EX

=

 and 
[image: image126.wmf]16

9

()

VarX

=


By CLT, 
[image: image127.wmf]816

39

~(60,60)

SN

´´



[image: image128.wmf]320

3

~(160,)

SN



[image: image129.wmf](162)0.423

PS

>=

 (3 s.f)


Question 10 Correlation & Regression [9 Marks]
	
	(i)   
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Hence, the relation between 
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(ii)  Using G.C., the product moment correlation coefficient between 
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There is a high positive linear correlation between 
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(iii)   When x = 42 200,
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The answer is not reliable as the value x = 42 200 is outside the data range for x where the linear relation between 
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Question 11: Poisson Distribution [11 Marks]
	(i)
	Let V be the r.v. “number of vans for hire in 1 day.”
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Let C be the r.v. “number of cars for hire in 1 day.”
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	(ii)
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	(iv)
	Let V5 be the r.v. “number of vans for hire in 5 days.”
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Let C5 be the r.v. “number of cars for hire in 5 days.”


[image: image166.wmf]5

~(20)

CPo



[image: image167.wmf]55

~(27.5)

VCPo

+


Since 
[image: image168.wmf]27.510

l

=>



[image: image169.wmf]55

~(27.5,27.5)

VCN

+

 approx


[image: image170.wmf].

5555

(25)(25.5)

cc

PVCPVC

+>¾¾®+>




          
[image: image171.wmf]0.6485411

=




          
[image: image172.wmf]0.649

=

  (3 s.f.)



Question 12:Normal Distribution [13 Marks]

	

	Let W be the r.v. denoting “ the length of a wooden cube.”
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	(i)
	Let P be the r.v. denoting “length of the edge of a plastic cube.”
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Let X be r.v. denoting “number of plastic cubes, out of 200, that are longer than 8.20 cm.”
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