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1 Two small smooth spheresandB have equal radii and have massesandkm respectively. They
are moving in a straight line in the same diien on a smooth horizontal table. The speediaé
u and the speed @ is %u. SphereA collides directly with spher®. The coefficient of restitution

between the spheresgs

2
(i) Show that the speed df after the collision isb%. [5]

(i) Given that the magnitude of the impulse experienced® lojuring the collision i%mu, find the
value ofk. [2]

2  AparticleP of massn kg moves on an arc of a circle with centveand radiug: metres. Attimg =0
the particle is at the point. Attimer seconds, anglBOA = sir? 2. Show that the radial component
of the acceleration aP at timer seconds has magnituciéu sin? 4r) ms 2. [2]

Find
() the value of when the transverse component of the acceleratighisfiirst equal to zero, [2]

(ii) the magnitude of the resultant force actingfowhent = %zn [2]

3 A particle P of massm is attached to one end of a light inextensible string of lengtiThe other
end of the string is attached to a fixed paiht When the particle is hanging in equilibrium, with the
string vertical, it is given dorizontal impulse of magnitudé When the string makes an andle
with the downward vertical aP, the tension ig".

2
(i) Show thatT = % —mg(2 - 3cosh). [5]
(ii) Itis given that/ = m+/(kga), wherek is a positive constant. Justihg your answers, describe
the motion ofP in each of the following cases:
(@ k=1,

(b) k=6.
[4]
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A uniform rodAB has mas#&: and length 2. The rod rests in equilibrium on a smooth p@gwith
the endA resting on a rough horizoaltplane. The distanc&C is 2a and the angle betweetB and
the horizontal isx, where cos = g A particle of mas%m is attached to the rod &t (see diagram).
Find the normal reaction @t and deduce that < %E’a. [6]
The coefficient of friction between the rod and the plane iShow tha > 50— 6d" [4]
5
A 8a B
6a
D C

A uniform rectangular lamin& BCD, in whichAB = 8a and BC = 6a, has mas®/. A uniform
circular lamina of radiuga has mas%M. The two laminas are fixed together in the same plane

with their centres coinciding at the poiét(see diagram). A particl® of mas&%M is attached a€.
The system is free to rotate about a fixed smooth horizontal axis thbagid perpendicular to the

planeABCD. Show that the moment of inertaf the system about this axis#822Ma”, [8]

The system is released from rest with’ horizontal andD belowAC. Find, in the forrrk\/(g), the
greatest angular speed in the supgnt motion, giving the value @fcorrect to 3 decimal places.

[4]
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6 Employees at a particular company have beerkimg seven hours each day, from 9am to 4pm. To
try to reduce absence, the company decides toduice ‘flexi-time’ and allow employees to work
their seven hours each day at any time between 7 am and 9 pm. For a random sample of 10 employees
the numbers of hours of absence in the year bedokthe year after the introduction of flexi-time
are given in the following table.

Employee| A B C D E G H 1
Before 42 | 35| 96| 74 | 20| 5 | 78 | 45 | 146
After 34 | 32 |100| 72 | 31| 2 | 61 | 35 | 140

Use a paired sampletest to test, at the 10% significanceés whether the population mean number
of hours of absence has decreased, follgathe introduction of flexi-time.

[7]

7 James throws a discus repeatedlan attempt to achieve a successful throw. A throw is counted as
successful if the distance achieved is over 40 metres. For each throw, the probability that James is

successful i%, independently of all other throws. Find the probability that James takes

(i) exactly 5 throws to achieve the first successful throw,

(ii) more than 8 throws to achieve the first successful throw.

[1]
[2]

In order to qualify for a competition, a discus-thrower must throw over 40 metres within at most six
attempts. When a successful throw is achieved, no further throws are taken. Find the probability that
James qualifies for the competition.

(2]

Colin is another discus-thrower. For each throle probability that he will achieve a throw over
40 metres i%, independently of all other throws. Find the probability that exactly one of James and

Colin qualifies for the competition.

(3]

8 Arandom sample of 200 is taken from the adult papioin of a town and classified by age-group and
preferred type of car. The resultseagiven in the following table.
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Hatchback Estate Convertible
Under 25 years 32 11 17
Between 25 and 50 years 45 24 6
Over 50 years 31 16 18
Test, at the 5% significance level, whetherfpread type of car is indepelent of age-group. [8]

The continuous random variab¥ehas distribution function F given by

0 xX<2,
F(x) = %x—% 2<x<10,
1 x> 10.
Find the value ok for which RX > k) = 0.6. [3]
The random variabl® is defined byY = 2InX. Find the distribution function of. [3]
Find the probability density function df and sketch its graph. [4]
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10 The lengths of a random sample of eight fish of daiarspecies are measured, in cm, as follows.
17.3 158 182 156 16.0 188 153 150
Assuming that lengths amormally distributed,

(i) test, at the 10% significance level, whethez population mean length of fish of this species is
greater than 15.8 cm, [7]

(ii) calculate a 95% confidence interval for ghe@pulation mean length of fish of this species. [4]
11 Answer onlyone of the following two alternatives.

EITHER

A particle P of massm is suspended from a fixed point by ghit elastic string of natural length
and hangs in equilibrium. The particle is pulled vertically down to a position where the length of the
string isl—731. The particle is released from rest inghposition and reaches its greatest height when
the length of the string i&}.

() Show that the modulus of elasticity of the string%img. [2]

(if) Show thatP moves in simple harmonic motion about the equilibrium position and state the
period of the motion. [4]

(iii) Find the time after release when the speef & first equal to half of its maximum value. [6]

OR

For a random sample of 12 obsations of pairs of valuegy, y), the equation of the regression line
of y onx and the equation of the regression linexan y are

y=bx+45 and x=ay+c

respectively, wherea, b andc are constants. The product momentrelation coefficient for the
sample is 0.6.

(i) Test, at the 5% significance level, whether there is evidence of positive correlation between the

variables. [4]
(i) Giventhath —a = 0.5, find the values ai andb. [3]

(iii) Given that the sum of the-values in the sample data is 66, find the value ahd sketch the
two regression lines on the same diagram. [3]

For each of the 12 pairs of values @©f, y) in the sample, another variakdds considered, where
z = 5y.

(iv) State the coefficient of in the equation of the regression linezobn x and find the value of the
product moment correlation coefficient betweesndz, justifying your answer. [2]

© UCLES 2014 9231/23/M/J/14



6

BLANK PAGE

© UCLES 2014 9231/23/M/J/14



7

BLANK PAGE

© UCLES 2014 9231/23/M/J/14



8

BLANK PAGE

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable
effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will
be pleased to make amends at the earliest possible opportunity.

Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local
Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

© UCLES 2014 9231/23/M1J/14



