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1 A particleP is moving in a fixed circle of radius 0.5 m. At timet s its speed is�2− 2t + t2�m s−1. Find
the magnitude of each of the radial and transverse components of the acceleration ofP whent = 3.

[3]

2 Three uniform small smooth spheresA, B and C, of equal radii and of masses 4m, ,m and m
respectively, are at rest in a straight line on a smooth horizontal plane, withB betweenA andC.
SphereA is projected directly towardsB with speedu. The coefficient of restitution betweenA and

B, and betweenB andC, is 1
2. Show that the speed ofB after it is struck byA is

6u
, + 4

. [4]

Given that the speed ofC after it is struck byB is u, find the value of,. [5]

3 A particleP of massm is attached to one end of a light inextensible string of length a. The other end
of the string is attached to a fixed pointO. The path of the particle is a complete vertical circle with
centreO. WhenP is at its lowest point, its speed isu. WhenP is at the pointA, the tension in the
string isT and the string makes an angle1 with the downward vertical, where cos1 = 3

5. WhenP is

at the pointB, above the level ofO, the tension in the string is18T and angleBOA = 90Å. Find u in
terms ofa andg. [9]

4 A particle P of massm is attached to one end of a light elastic string of natural length 4a. The
other end of the string is attached to a fixed pointO. The particle rests in equilibrium at the pointE,
vertically belowO, whereOE = 5a. The particle is pulled down a vertical distance1

2a from E and
released from rest. Show that the motion ofP is simple harmonic and state the period of the motion.

[6]

Find the two possible values of the distanceOP when the speed ofP is equal to one half of its
maximum speed. [4]
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Two parallel vertical smooth wallsEF andCD meet a horizontal plane atE andC respectively. A
uniform smooth rodAB, of weight 2W and length 3a, is freely hinged to the horizontal plane at the
pointA, betweenE andC. The endB rests againstCD. A uniform smooth circular disc of weightW
is in contact with the wallEF at the pointP and with the rod at the pointQ. It is given that angleBAC
is 60Å and thatAQ = a (see diagram). The rod and the disc are in equilibrium in the same vertical
plane, which is perpendicular to both walls. Show that

(i) the magnitude of the reaction atP is ï3W, [3]

(ii) the magnitude of the reaction atB is
7ï3
9

W. [4]

Find, in the formkW, the magnitude of the reaction onAB at A, giving the value ofk correct to
3 significant figures. [5]

6 The random variableT is the time, in suitable units, between two successive arrivals in a hospital
casualty department. The probability density function ofT is f, where

f�t� =
T

0.2e−0.2t t ≥ 0,

0 otherwise.

State the expected value ofT. [1]

Write down the distribution function ofT and find P�T > 10�. [4]

7 Two independent random variablesX andY have distributions with the same variance32. Random
samples ofn observations ofX and 2n observations ofY are taken and the results are summarised by

Σ x = 10.0, Σ x2 = 25.0, Σ y = 15.0, Σ y2 = 43.5.

Given that the pooled estimate of32 is 2, find the value ofn. [7]
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8 A factory produces china mugs. Random samples of size 6 are selected at regular intervals, and
the mugs are inspected for defects. During one week, 100 samples are selected and the numbers of
defective mugs found are summarised in the following table.

Number of defective mugs 0 1 2 3 4 5 6

Number of samples 11 43 35 8 2 1 0

Fit a binomial distribution to the data and carry out a goodness of fit test at the 5% significance level.
[10]

9 A random sample of 9 observations of a normally distributed random variableX gave the following
summarised data.

Σ x = 94.5 Σ x2 = 993.6

Test, at the 5% significance level, whether the population mean ofX is 10.2. [7]

Calculate a 90% confidence interval for the population mean of X. [3]

10 The lengths,x m, and masses,y kg, of 12 randomly chosen babies born at a particular hospital last
year are summarised as follows.

Σ x = 7.50 Σ x2 = 4.73 Σ y = 38.6 Σ y2 = 124.84 Σ xy = 24.25

Find the value of the product moment correlation coefficientfor this sample. [3]

Obtain an estimate for the mass of a baby, born last year at thehospital, whose length is 0.64 m. [4]

Test, at the 2% significance level, whether there is non-zerocorrelation between the two variables.
[4]
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11 Answer onlyone of the following two alternatives.

EITHER

A
6a 2a

B O
C

A rigid body consists of a thin uniform rodAB, of mass 4m and length 6a, joined atB to a point on
the circumference of a uniform circular disc, with centreO, mass 8m and radius 2a. The pointC on
the circumference of the disc is such thatBC is a diameter andABC is a straight line (see diagram).
The body rotates about a smooth fixed horizontal axis throughC, perpendicular to the plane of the
disc. The angle betweenCA and the downward vertical at timet is denoted by1.

(i) Given that the body is performing small oscillations about the downward vertical, show that the

period of these oscillations is approximately 160

O@ a
11g

A
. [9]

(ii) Given instead that the body is released from rest in the position given by cos1 = 0.6, find the
maximum speed ofA. [5]

OR

Guided tours of a museum begin every 60 minutes. A randomly chosen tourist arrivesX minutes after
the start of a tour. The continuous random variableX has probability density function f given by

f�x� =

t
�x − 20�2

24 000
0 < x < 60,

0 otherwise.

The random variableT is the time that the tourist has to wait for the next tour to begin. Show that the
distribution function G ofT is given by

G�t� =

�
0 t ≤ 0,

8
9
−
�40− t�3

72 000
0 < t < 60,

1 t ≥ 60. [5]

Find the median and the mean ofT. [9]
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