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A rigid body consists of two uniform circular discs, each of masend radius, the centres of which
are rigidly attached to the endsandB of a uniform rod of massr® and length 18. The discs and
the rod are in the same plane aids the point on the rod such thAD = 4a (see diagram). Show
that the moment of inertia of the body about an axis throDgterpendicular to the plane of the discs
is 81ma?. [5]

2

® 15kg

A uniform disc of radius 0.4 m is free to rotate without friction in a vertical plane about a horizontal
axis through its centre. The moment of inertia of the disc about the axis is 0.2 k@me end of

a light inextensible string is attached to a point on the rim of the disc and the string is wound round
the rim. The other end of the string is attached to a particle of mass 1.5 kg which hangs freely (see
diagram). The system is released from rest. Find

(i) the angular acceleration of the disc, [4]

(ii) the speed of the particle when the disc has turned through an ar@te of [3]

3 A particleP of masamis attached to one end of a light inextensible string of lergtihhe other end
of the string is attached to a fixed poidt The particle is held with the string taut and horizontal and
is then released. When the string is vertical, it comes into contact with a small smoofwiggh
is vertically belowO and at a distance (< a) from O. In the subseguent motion, wh& makes an
angle6 with the downward vertical, the tension in the strind@isShow that

T:mg(3cose+%(). [7]

Given thatP completes a vertical circle aboAt find the least possible value éf. [2]
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4 A particle P of mass Pn, moving on a smooth horizontal plane with speedtrikes a fixed smooth
vertical barrier. Immediately before the collision the angle between the direction of moti®arad
the barrier is 60 The coefficient of restitution betwedhand the barrier i%. Show thatP loses
two-thirds of its kinetic energy in the collision. [5]

Subsequentlf? collides directly with a particl€ of massasmwhich is moving on the plane with speed
towardsP. The magnitude of the impulse acting on each particle in the coIIisiémwl +/3).

() Show that the speed &f after this collision i%u. [2]

(i) Find the exact value of the coefficient of restitution betwPeandQ. [4]

5 A particle P of massmlies on a smooth horizontal surfacA.andB are fixed points on the surface,
whereAB = 10a. A light elastic string, of natural lengthe2and modulus of elasticityrég, joins P
to A. Another light elastic string, of natural lengtla 4nd modulus of elasticity 1fg, joins P to B.
Show that wher is in equilibrium,AP = 4a. [3]

The particle is held at rest at the poldbetweerA andB on the lineAB whereAC = 3a. The particle
is now released.

(i) Show that the subsequent motionkis simple harmonic with period\/(z%). [6]

(i) Find the maximum speed & [2]

6 Inaskiing resort, for each day during the winter season, the probability that snow will fall on that day
is 0.2, independently of any other day. The first day of the winter season is 1 December. Find, for the
winter season,

(i) the probability that the first snow falls on 20 December, [2]
(i) the probability that the first snow falls before 5 December, [2]

(iii) the earliest date in December such that the probability that the first snow falls on or before that
date is at least 0.95. [3]

7  The continuous random variab¥ehas probability density function f given by

2
=X 1<x<4,
fu)={15
0 otherwise.

The random variabl¥ is defined byy = X3. Show that the distribution function G dfis given by

0 y<1,
G(y)=!%5(y%—1) 1<y<64,
1 y > 64. [4]
Find
(i) the median value oY, [3]
(i) E(Y). [4]
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8 The yield of a particular crop on a farm is thought to depend principally on the amount of sunshine
during the growing season. For a random sample of 8 years, the averagg iikldrams per square
metre, and the average amount of sunshine pendayirs, are recorded. The results are given in the
following table.

12.2 | 104 | 52 | 63 | 11.8 | 10.0 | 142 | 2.3
y | 15 9 10 7 8 11 | 12 6

[Ex=72.4,2x*=769.9,2y =78, 2y? =820, Zxy = 761.3]

(i) Find the equation of the regression lineyadn Xx. [4]
(i) Find the product moment correlation coefficient. [3]

(iii) Test, at the 5% significance level, whether there is positive correlation between the average yield
and the average amount of sunshine per day. [4]

9 The leaves from oak trees growing in two different arAadB are being measured. The lengths,
in cm, of a random sample of 7 oak leaves from akeae

6.2, 8.3, 7.8, 93, 10.2, 84, 7.2.

Assuming that the distribution is normal, find a 95% confidence interval for the mean length of oak
leaves from ared. [5]

The lengths, in cm, of a random sample of 5 oak leaves fromBera
59, 7.4, 6.8, 8.2, 8.7.

Making suitable assumptions, which should be stated, test, at the 5% significance level, whether the
mean length of oak leaves from ar&#s greater than the mean length of oak leaves from Bre§]

© UCLES 2012 9231/22/0/N/12



5

10 Answer onlyone of the following two alternatives.

EITHER

Two identical uniform rough spherésandB, each of weighW and radiusa, are at rest on a rough
horizontal plane, and are not in contact with each other. A third identical sghessts onA and

B with its centre in the same vertical plane as the centres afidB. The line joining the centres
of A andC and the line joining the centres BfandC are each inclined at an angdeto the vertical
(see diagram). The coefficient of friction between each sphere and the pjan&hg coefficient of
friction betweernC andA, and betweel andB, is u’. The system remains in equilibrium. Show that

OR

S sin@
= 3(1+ cosh)

singd
~ 1+cosO’

[14]

A continuous random variabl€ is believed to have the probability density function f given by

0

2<X<4,

otherwise.

A random sample of 60 observations was taken and these values are summarised in the following
grouped frequency table.

Interval

2<X<24

24<x<2.8

2.8<x<3.2

3.2< X< 3.6

3.6<x<4

Observed frequenc

y

19

17

16

8

0

The estimated mean, based on the grouped data in the table above, is 2.69, correct to 2 decimal
places. It is decided that a goodness of fit test will only be conducted if the mean predicted from
the probability density function is within 10% of the estimated mean. Show that this condition is

satisfied.

The relevant expected frequencies are as follows.

[5]

Interval

2<X<?24

24<Xx<2.8

2.8<x<3.2

3.2< X< 3.6

3.6<x<4

y

Expected frequency

15.456

16.032

14.304

10.272

3.936

Show how the expected frequency for the interval8X< 3.6 is obtained.

Carry out the goodness of fit test at the 10% significance level.
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