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1 A particle oscillates in simple harmonic motion with centreO. When its distance fromO is 3 m its
speed is 16 m s−1, and when its distance fromO is 4 m its speed is 12 m s−1. Find the period and
amplitude of the motion. [5]

2 A particle of massm is attached to the mid-point of a light elastic string. The string is stretched
between two pointsA andB on a smooth horizontal surface, whereAB = 2a. The string has modulus
of elasticityλ and natural length 2l, wherel < a. The particle is in motion on the surface along a line
passing through the mid-point ofAB and perpendicular toAB. When the displacement of the particle
from AB is x, the tension in the string isT. Given thatx is small enough forx2 to be neglected, show
that

T = λ

l
(a − l). [3]

The particle is slightly disturbed from its equilibrium position. Show that it will perform approximate
simple harmonic motion and find the period of the motion. [4]

3
Pa a

a

A uniform solid hemisphere, of radiusa and massM, is placed with its curved surface in contact with
a rough plane that is inclined at an angleα to the horizontal. A particleP of massm is attached to the
rim of the hemisphere. The system rests in equilibrium with the rim of the hemisphere horizontal and
P at the point on the rim that is closest to the inclined plane (see diagram). Given that the coefficient
of friction between the plane and the hemisphere is1

2, show that

(i) tanα ≤ 1
2, [4]

(ii) m ≤ M(1+
√

5)
4

. [5]

4 Two uniform spheresA andB, of equal radius, are at rest on a smooth horizontal table. SphereA
has mass 3m and sphereB has massm. SphereA is projected directly towardsB, with speedu. The
coefficient of restitution between the spheres is 0.6. Find the speeds ofA andB after they collide.

[5]

SphereB now strikes a wall that is perpendicular to its path, rebounds and collides withA again. The
coefficient of restitution betweenB and the wall ise. Given that the second collision betweenA and
B bringsA to rest, finde. [5]
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5 A particleP of massm is placed at the pointQ on the outer surface of a fixed smooth sphere with
centreO and radiusa. The acute angle betweenOQ and the upward vertical isα, where cosα = 9

10.
The particle is released from rest and begins to move in a vertical circle on the surface of the sphere.
Show thatP loses contact with the sphere whenOP makes an angleθ with the upward vertical, where
cosθ = 3

5, and find the speed ofP at this instant. [6]

Show that, in the subsequent motion, whenP is at a distance75a from the vertical diameter through

O, its distance below the horizontal throughO is 31
30a. [6]

6 A random sample of residents in a town took part in a survey. They were asked whether they would
prefer the local council to spend money on improving the local bus service or on improving the quality
of road surfaces. The responses are shown in the following table, classified according to the area of
the town in which the residents live.

Area 1 Area 2 Area 3

Local bus service 73 36 30

Road surfaces 47 44 20

Using a 5% significance level, test whether there is an association between the area lived in and
preference for improving the local bus service or improving the quality of road surfaces. [7]

7 A greengrocer claims that his cabbages have a mean mass of more than 1.2 kg. In order to check his
claim, he weighs 10 cabbages, chosen at random from his stock. The masses, in kg, are as follows.

1.26 1.24 1.17 1.23 1.18 1.25 1.19 1.20 1.21 1.18

Stating any assumption that you make, test at the 10% significance level whether the greengrocer’s
claim is supported by this evidence. [8]

8 In a crossword competition the times,x minutes, taken by a random sample of 6 entrants to complete
a crossword are summarised as follows.

Σ x = 210.9 Σ(x − x)2 = 151.2

The time to complete a crossword has a normal distribution with meanµ minutes. Calculate a 95%
confidence interval forµ. [5]

Assume now that the standard deviation of the population is known to be 5.6 minutes. Find the
smallest sample size that would lead to a 95% confidence interval forµ of width at most 5 minutes.

[4]

9 Mr Lee asserts that boys are slower than girls at completing a particular mathematical puzzle. In
order to test his assertion, a random sample of 40 boys and a random sample of 60 girls are selected
from a large group of students who attempted the puzzle. The times taken by the boys,b minutes,
and the times taken by the girls,g minutes, are summarised as follows.

Σb = 92.0 Σb2 = 216.5 Σg = 129.8 Σg2 = 288.8

Test at the 2.5% significance level whether this evidence supports Mr Lee’s assertion. [9]

© UCLES 2011 9231/21/M/J/11 [Turn over



4

10 The mid-day temperature,x ◦C, and the amount of sunshine,y hours, were recorded at a winter holiday
resort on each of 12 days, chosen at random during the winter season. The results are summarised as
follows.

Σ x = 18.7 Σ x2 = 106.43 Σy = 34.7 Σy2 = 133.43 Σ xy = 92.01

(i) Find the product moment correlation coefficient for the data. [3]

(ii) Stating your hypotheses, test at the 1% significance level whether there is a non-zero correlation
between mid-day temperature and amount of sunshine. [4]

(iii) Use the equation of a suitable regression line to estimate the number of hours of sunshine on a
day when the mid-day temperature is 2◦C. [3]
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11 Answer onlyone of the following two alternatives.

EITHER

A

B

C

DO
a

a

A rigid body is made from uniform wire of negligible thickness and is in the form of a squareABCD
of massM enclosed within a circular ring of radiusa and mass 2M. The centres of the square and
the circle coincide atO and the corners of the square are joined to the circle (see diagram). Show that
the moment of inertia of the body about an axis throughO, perpendicular to the plane of the body,
is 8

3Ma2. [6]

Hence find the moment of inertia of the body about an axisl, throughA, in the plane of the body and
tangential to the circle. [2]

A particleP of massM is now attached to the body atC. The system is able to rotate freely about the
fixed axisl, which is horizontal. The system is released from rest withAC making an angle of 60◦

with the upward vertical. Find, in terms ofa andg, the greatest speed ofP in the subsequent motion.
[6]

OR

0 1 3
0

k

x

f( )x

The continuous random variableX takes values in the interval 0≤ x ≤ 3 only. For 0≤ x ≤ 3 the graph
of its probability density function f consists of two straight line segments meeting at the point(1, k),
as shown in the diagram. Findk and hence show that the distribution function F is given by

F(x) =




0 x ≤ 0,
1
3x2 0 < x ≤ 1,

x − 1
2 − 1

6x2 1 < x ≤ 3,

1 x > 3. [6]

The random variableY is given byY = X2. Find

(i) the probability density function ofY , [4]

(ii) the median value ofY. [4]
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