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1 A particle P is moving in a fixed circle of radius 0.5 m. At time 7s its speed is (2 —2¢+#*)ms~'. Find
the magnitude of each of the radial and transverse components of the acceleration of P when ¢ = 3.

[3]

2 Three uniform small smooth spheres A, B and C, of equal radii and of masses 4m, Am and m
respectively, are at rest in a straight line on a smooth horizontal plane, with B between A and C.
Sphere A is projected directly towards B with speed u. The coefficient of restitution between A and

[4]

6
B, and between B and C, is % Show that the speed of B after it is struck by A is 7 +u4.

Given that the speed of C after it is struck by B is u, find the value of A. [5]

3 A particle P of mass m is attached to one end of a light inextensible string of length a. The other end
of the string is attached to a fixed point O. The path of the particle is a complete vertical circle with
centre O. When P is at its lowest point, its speed is . When P is at the point A, the tension in the
string is 7" and the string makes an angle 6 with the downward vertical, where cos 6 = % When P is
at the point B, above the level of O, the tension in the string is %T and angle BOA = 90°. Find u in
terms of a and g. [9]

4 A particle P of mass m 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 point O. The particle rests in equilibrium at the point £,
vertically below O, where OF = 5a. The particle is pulled down a vertical distance %a from E and
released from rest. Show that the motion of P is simple harmonic and state the period of the motion.

[6]

Find the two possible values of the distance OP when the speed of P is equal to one half of its
maximum speed. [4]
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Two parallel vertical smooth walls EF and CD meet a horizontal plane at £ and C respectively. A
uniform smooth rod AB, of weight 2W and length 3a, is freely hinged to the horizontal plane at the
point A, between E and C. The end B rests against CD. A uniform smooth circular disc of weight W
is in contact with the wall EF at the point P and with the rod at the point Q. It is given that angle BAC
is 60° and that AQ = 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 at P is v3 W, [3]

7V3
(ii) the magnitude of the reaction at B is % W. (4]

Find, in the form kW, the magnitude of the reaction on AB at A, giving the value of k correct to
3 significant figures. [5]

6 The random variable 7 is the time, in suitable units, between two successive arrivals in a hospital
casualty department. The probability density function of 7 is f, where

.2 -0.2t 2
(1) = {0 e t>0,
0 otherwise.

State the expected value of 7. [1]

Write down the distribution function of 7" and find P(T > 10). [4]

7  Two independent random variables X and Y have distributions with the same variance ¢>. Random
samples of n observations of X and 2n observations of Y are taken and the results are summarised by

Yx = 10.0, rx? =25.0, Yy =15.0, ry? =435,

Given that the pooled estimate of o is 2, find the value of n. [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 | O 1 2 3 4 5
Number of samples 11 | 43 | 35 8 2 1

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 variable X gave the following
summarised data.

Yx =945 Y x* =993.6

Test, at the 5% significance level, whether the population mean of X 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.

Yx=750 Ix*=473 Xy=38.6 Ly*=12484  Lxy=2425

Find the value of the product moment correlation coefficient for this sample. [3]
Obtain an estimate for the mass of a baby, born last year at the hospital, whose length is 0.64 m. [4]

Test, at the 2% significance level, whether there is non-zero correlation between the two variables.

[4]
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11 Answer only one of the following two alternatives.

EITHER

6a

A rigid body consists of a thin uniform rod AB, of mass 4m and length 6a, joined at B to a point on
the circumference of a uniform circular disc, with centre O, mass 8m and radius 2a. The point C on
the circumference of the disc is such that BC is a diameter and ABC is a straight line (see diagram).
The body rotates about a smooth fixed horizontal axis through C, perpendicular to the plane of the
disc. The angle between CA and the downward vertical at time 7 is denoted by 6.

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

period of these oscillations is approximately 167 \/ ( %) . [9]

(if) Given instead that the body is released from rest in the position given by cos 6 = 0.6, find the
maximum speed of A. [5]

OR

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

(x — 20)?
f(x) =9 24000
0 otherwise.

0<x<60,

The random variable T is the time that the tourist has to wait for the next tour to begin. Show that the
distribution function G of 7 is given by

0 t <0,
8 (40-1)°
G(t)=¢ — —
D=15""2000 0<r<C0
1 t > 60. [5]
Find the median and the mean of 7. [9]
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