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Section A: Pure Mathematics [40 marks]

1 Without using a calculator, solve the inequality

3 X [5]
4x+3 x+1
Hence, or otherwise, solve the inequality
X
s ., & 2]

4e* +3 X +1

2 Analysts estimate that when a viral video is posted online, the video attracts comments
in such a way that at the end of every hour, the number of comments added for the video
is thrice the number of comments at the start of that hour.

In a particular instance, a viral video was posted online and there was one comment
immediately after the video was posted. Using the above model proposed by analysts,
there will be 3 additional comments by the end of the first hour, 12 additional comments
by the end of the second hour, and so on.

(i) Find the number of complete hours for the total number of comments posted online
to exceed 200 000. [3]

When the number of these comments posted online reaches 200 000 exactly, Software X
is immediately activated to remove the comments. Software X works in such a way that
it removes x comments at the start of each day. Once Software X is activated, it is also
known that the number of comments at the end of the day is 2% more than the number of
comments at the start of the day.

(i)  Show that the number of comments at the end of day n is
1.02" (200 000) - 51x(1.02" - 1),
where day 1 is the day that the number of comments is exactly 200 000. [3]

(iii)  Hence find the range of values of x such that all comments are removed by the end
of day 30. Leave your answer to the nearest integer. [2]

Software Y is able to remove comments at the following rate.
e Day 1: 15 000 comments removed
e Subsequent Day: 90% of the number of comments removed on the preceding
day

Without using Software X, explain whether Software Y alone is able to remove all
200 000 comments eventually. [2]
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3 A team of naturalists is studying the change in population of wild boars on an island. It
is suggested that the population of wild boars, x hundred, at time t years, can be modelled
by the differential equation

dx 1

—=—X(5-X).

dt 10 ( )
(i) Find an expression for x in terms of t, given that x=1 when t=0. [7]
(i) Find the exact time taken for the population of wild boars to reach 200. [2]

(iii)  Explain in simple terms what will eventually happen to the population of wild
boars on the island using this model. [1]

4 The line | has equation x_—21 =y :z+47, and the plane p has equation x—z=2.

(i) Find the acute angle between | and p. [3]
(i)  Find the coordinates of the point at which | intersects p. [3]
(iii)  The perpendicular to p from the point with coordinates (1,0,—7) meets p at the
point N. Find the position vector of N. [4]

(iv)  Find a vector equation of the line which is a reflection of | in p. [3]

Section B: Statistics [60 marks]

5 A company wants to find out the transportation habits of their employees. On one
particular workday, the interviewer selects a sample of employees to interview from those
walking into the company building by

e standing at the entrance of building and choosing at random one of the first 10
employees who walks into the building,
e then choosing every 10th employee after the first employee is chosen.

(i) What is this type of sampling method called? [1]
(i)  State, in this context, a disadvantage of the sampling method stated in part (i). [1]

(i) Explain briefly how the interviewer could select a sample of 30 employees using
quota sampling. [2]

6 Historical data shows that the number of goals scored per match at European Football
Championships has a mean of 1.93 and a variance of 1.4. A large random sample of n
matches is taken. Find the least value of n such that the probability that the average
number of goals scored per match exceeds 2 goals is less than 0.24. [5]
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A class of twenty four pupils consists of 11 girls and 13 boys. To form the class
committee, four of the pupils are chosen at random as “Chairperson”, “Vice Chairperson”,
“Treasurer” and “Secretary”.

(i) Find the probability that the committee will consist of at least one girl and at least
one boy. [3]

(i) Find the probability that the “Treasurer” and “Secretary” are both girls. [3]

Under normal continuous use, the average battery life of a P1-99 calculator is claimed to
be k hours . A random sample of 13 calculators were obtained, and the battery
life, x hours, of each calculator was measured. The results are summarised by

> x=573.39 and Y (x-X) =42.22.
(i) Find unbiased estimates of the population mean and variance. [2]

A test is to be carried out at the 5% level of significance to determine if the claim made
is valid.

(i)  State a necessary assumption to carry out the test. [1]

(iii)  State the appropriate hypotheses for the test, defining any symbols that
you use. [2]

(iv) Find the set of values of k for which the result of the test would be that the null
hypothesis is not rejected. Leave all numerical answers in 2 decimal places.  [3]

A roller-coaster ride has two separate safety systems to detect faults on the track and on
the roller-coaster train itself. Over a long period of time, it is found that the average
number of faults detected per day by the systems are 0.25 for the track and 0.15 for the
train. Assume that the faults detected on the track are independent of those detected on
the train.

(i) State, in this context, a condition that must be met for a Poisson distribution to be
a suitable model for the number of faults occurring on a randomly chosen day. [1]

(i)  Find the probability that a total of at most 4 faults is detected by the two systems
in a period of 10 days. [2]

(ii1)  Find the smallest number of days for which the probability that no fault is detected
by the two systems is less than 0.05. [2]

(iv)  Find the probability that, in a randomly chosen period of 10 days, there are at least
3 faults detected on the track, given that there are a total of at most 4 faults detected
by the two systems. [3]
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Alex and Ben play with each other a set of ten games at table tennis and for each game,
the probability that Ben loses is 0.7.

(i) State, in this context, an assumption needed to use a binomial distribution to model
the number of games that Ben loses. [1]

Assume that the assumption made in part (i) holds.

(i)  Find the probability that Ben loses more than half of the games. [2]

In order to improve his skills at table tennis, Ben attends an intensive training programme.
After completing the training, Ben decides to play another set of n games with Alex.
Assume that the number of games Ben loses, out of these n games, has the distribution
B(n,0.3).

(i) Find the greatest value of n such that the probability that Ben loses more than 8
games is at most 0.01. [3]

(iv) Given that n=50, use a suitable approximation to find the probability that the
number of games Ben loses is between 10 and 20 inclusive. State the parameters
of the distribution that you use. [3]

Research is being carried out into how the concentration of a drug in the bloodstream
varies with time, measured from when the drug is given. Observations at successive times
give the data shown in the following table.

Time (t minutes) 20 | 40 | 70 | 100 | 130 | 190 | 250

Concentration (m micrograms per litre) | 85 | 62 | 51 | 33 | 29 | 14 | 6

(i) Draw a scatter diagram of these values, labelling the axes. Explain how you know
from your diagram that the relationship between m and t should not be modelled
by an equation of the form m=a+Dbt. [2]

It is thought that the concentration of the drug in the bloodstream at different times can
be modelled by one of the formulae

m=ct’+d or m=elnt+f
where ¢, d, e and f are constants.

(i)  Find, correct to 4 decimal places, the product moment correlation coefficient

between
@ t2 and m,
(b) Intand m. [2]

(iii) Explain which of m=ct?+d or m=elnt+f is the better model and find the
equation of a suitable regression line for this model. [3]
(iv)  Use the equation of your regression line to estimate the concentration of the drug

in the bloodstream when t =150, correct to 2 decimal places. Comment on the
reliability of the estimate obtained. [2]
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Min Ho has just learnt how to use two different methods to mow a piece of lawn in his
house garden.

Method A: This is a two-stage process that involves cutting the grass with a strimmer
and then collecting the grass by raking it up. The time, X minutes, taken to cut the grass

has the distribution N(30,4.8%). Once the grass is cut, the time, Y minutes, taken to
collect the grass has the distribution N(20,3.1%) .

Method B: This method uses a mower with a rechargeable battery that will cut and
collect the grass at the same time. The time, S minutes, taken to do this has the distribution

N(38,2.6%). In addition to this, the battery has to be recharged once before the cut, and
this time is fixed at 15 minutes.

(i)  Find the probability that Min Ho takes more than 45 minutes to mow the lawn using
Method A. [3]

(i)  Find the probability that using Method A to mow the lawn is faster than using
Method B by more than 5 minutes. [4]

Assume that Min Ho mows the piece of lawn in his house garden on a weekly basis. Over
a particular period of ten consecutive weeks, Min Ho uses Method A for the first four
weeks and Method B for the next six weeks. Find the probability the average time taken
to mow the lawn in a week is greater than 50 minutes. [4]
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