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1 Three small spheres,A, B andC, of massesm, km and 6m respectively, have the same radius. They
are at rest on a smooth horizontal surface, in a straight line withB betweenA andC. The coefficient
of restitution betweenA andB is 1

2 and the coefficient of restitution betweenB andC is e. SphereA is
projected towardsB with speedu and is brought to rest by the subsequent collision. Show thatk = 2.

[3]

Given that there are no further collisions afterB has collided withC, show thate ≤ 1
3. [5]
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A uniform circular disc with centreA has massM and radius 3a. A second uniform circular disc with
centreB has mass19M and radiusa. The two discs are rigidly joined together so that they lie in the
same plane with their circumferences touching. The line of centres meets the circumference of the
larger disc atP and the circumference of the smaller disc atO. A particle of mass13M is attached atP
(see diagram). Show that the moment of inertia of the system about an axis throughO, perpendicular
to the plane of the discs, is 51Ma2. [6]

The system is free to rotate about a fixed horizontal axis throughO, perpendicular to the plane of the
discs. The system is held withOP horizontal and is then released from rest. Given thata = 0.5 m, find
the greatest speed ofP in the subsequent motion, giving your answer correct to 2 significant figures.

[5]
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The diagram shows two uniform rodsBA andAC, smoothly hinged atA. The rodBA has length 8a
and weightW; the rodAC has length 6a and weight 2W. The rods are in equilibrium in a vertical
plane withB andC resting on a rough horizontal floor and angleCAB equal to 90◦. Show that the
normal contact force atB is 26

25W. [4]

The coefficient of friction between each rod and the floor isµ. Find the least possible value ofµ. [8]
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4 A particleP of massm is suspended from a fixed pointO by a light inextensible string of lengtha.
When hanging at rest under gravity,P is given a horizontal velocity of magnitude

√
(3ag) and

subsequently moves freely in a vertical circle. Show that the tensionT in the string whenOP makes
an angleθ with the downward vertical is given by

T = mg(1+ 3 cosθ). [4]

When the string is horizontal, it comes into contact with a small smooth pegQ which is at the same
horizontal level asO and at a distancex from O, wherex < a. Given thatP completes a vertical circle
aboutQ, find the least possible value ofx. [8]

5 The continuous random variableX has probability density function f given by

f(x) = { 0.01e−0.01x x ≥ 0,

0 x < 0.

(i) State the value of E(X). [1]

(ii) Find the median value ofX. [3]

(iii) Find the probability thatX lies between the median and the mean. [2]

6 The independent random variablesX andY have distributions with the same varianceσ2. Random
samples of 5 observations ofX andn observations ofY are made and the results are summarised by

Σ x = 5.5, Σ x2 = 15.05, Σy = 8.0, Σy2 = 36.4.

Given that the pooled estimate ofσ2 is 3, find the value ofn. [7]

7 A fair die is thrown until a 6 appears for the first time. Assuming that the throws are independent, find

(i) the probability that exactly 5 throws are needed, [3]

(ii) the probability that fewer than 8 throws are needed, [2]

(iii) the least integern such that the probability of obtaining a 6 before thenth throw is at least 0.99.
[3]

8 A company decides that its employees should follow an exercise programme for 30 minutes each
day, with the aim that they lose weight and increase productivity. The weights, in kg, of a random
sample of 8 employees at the start of the programme and after following the programme for 6 weeks
are shown in the table.

Employee A B C D E F G H

Weight before (kg) 98.6 87.3 90.4 85.2 100.5 92.4 89.9 91.3

Weight after (kg) 93.5 85.2 88.2 84.6 95.4 89.3 86.0 87.6

Assuming that loss in weight is normally distributed, find a 95% confidence interval for the mean loss
in weight of the company’s employees. [6]

Test at the 5% significance level whether, after the exercise programme, there is a reduction of more
than 2.5 kg in the population mean weight. [5]
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9 The marks achieved by a random sample of 15 college students in a Physics examination (x) and in a
General Studies examination (y) are summarised as follows.

Σ x = 752 Σ x2 = 38 814 Σy = 773 Σy2 = 45 351 Σ xy = 40 236

(i) Find the mean values,x andy. [1]

(ii) Another college student achieved a mark of 56 in the General Studies examination, but was
unable to take the Physics examination. Use the equation of a suitable regression line to estimate
the mark that the student would have obtained in the Physics examination. [4]

(iii) Find the product moment correlation coefficient for the given data. [2]

(iv) Stating your hypotheses, test at the 5% level of significance whether there is a non-zero product
moment correlation coefficient between examination marks in Physics and in General Studies
achieved by college students. [4]
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10 Answer onlyone of the following two alternatives.

EITHER

One end of a light elastic string is attached to a fixed pointO. A particle of massm is attached to
the other end of the string and hangs freely under gravity. In the equilibrium position, the extension
of the string isd. Show that the period of small vertical oscillations about the equilibrium position

is 2π

√(d
g

). [5]

The particle is now pulled down and released from rest at a distance 2d below the equilibrium position.
Given that the particle does not reachO in the subsequent motion, show that the time taken until the

particle first comes to instantaneous rest is(√3+ 2
3π)√(d

g
). [9]

OR

A family was asked to record the number of letters delivered to their house on each of 200 randomly
chosen weekdays. The results are summarised in the following table.

Number of letters 0 1 2 3 4 5 ≥6

Number of days 57 60 53 25 4 1 0

It is suggested that the number of letters delivered each weekday has a Poisson distribution. By
finding the mean and variance for this sample, comment on the appropriateness of this suggestion.

[3]

The following table includes some of the expected values, correct to 3 decimal places, using a Poisson
distribution with mean equal to the sample mean for the above data.

Number of letters 0 1 2 3 4 5 ≥6

Expected number of days53.964 70.693 p q 6.622 1.735 0.463

(i) Show thatp = 46.304, correct to 3 decimal places, and findq. [2]

(ii) Carry out a goodness of fit test at the 10% significance level. [9]
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