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1 Two smooth spheresandB, of equal radii and massestandmrespectively, lie at rest on a smooth
horizontal table. The spherésandB are projected directly towards each other with speedant
3u respectively. The coefficient of restitution between thieesps ie. Find the set of values @&for

which the direction of motion oA\ is reversed in the collision. [5]
2
4ms?
P
o
A small smooth balP is moving on a smooth horizontal plane with speed 4k strikes a smooth
vertical barrier at an angle (see diagram). The coefficient of restitution betw&eand the barrier
is 0.4. Given that the speed Bfis halved as a result of the collision, find the valuexof [5]
3

A smooth cylinder of radiua is fixed with its axis horizontal. The poi@ is the centre of a circular
cross-section of the cylinder. The lidéB is a diameter of this circular cross-section and the radius
OA makes an angle with the upward vertical (see diagram). It is given thataz@sg. A particleP

of massm moves on the inner surface of the cylinder in the plane of tbeszsection. The particle
passes throughA with speedu along the surface in the downwards direction. The magniaidbe
reaction betweeR and the inner surface of the spher&jswhenP is atA, and isR; whenP is atB.

Itis given thatR; = 10R,. Show that’® = ag. [6]

The particle loses contact with the surface of the cylindeemOP makes an anglé with the upward
vertical. Find the value of cas [4]
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A uniform rod AB, of lengthl and massn, rests in equilibrium with its lower ené on a rough
horizontal floor and the en against a smooth vertical wall. The rod is inclined to thezwnrtal at
an anglex, where tam = ;3’1, and is in a vertical plane perpendicular to the wall. Theisalpported
by a light springCD which is in compression in a vertical line with its lower eDdfixed on the
floor. The upper en€ is attached to the rod at a distar&iefrom B (see diagram). The coefficient

of friction at A between the rod and the roor%sand the system is in limiting equilibrium.

(i) Show that the normal reaction of the floorAatas magnitud%mg and find the force in the
spring. [7]

(i) Given that the modulus of elasticity of the spring i@, find the natural length of the spring.
[4]

The pointsA andB are on a smooth horizontal table at a distana@Bart. A particleP of massm
lies on the table on the lin&B, betweerA andB. The patrticle is attached #by a light elastic string
of natural length @ and modulus of elasticityrég, and toB by a light elastic string of natural length
2a and modulus of elasticitgng. In equilibrium,P is at the pointO on AB.

(i) Show thatAO = 3.6a. [4]
The particle is released from rest at the pdndn AB, betweerA andB, whereAC = 3.4a.

(if) Show thatP® moves in simple harmonic motion and state the period. [6]
(il) Find the greatest speed Bf [2]
A random sample of 50 observations of a random variXtded a random sample of 60 observations

of a random variabléy are taken. The results for the sample meanandy, and the unbiased
estimates for the population variancs{sandsﬁ, respectively, are as follows.

x=254 y=236 =232 =278

A test, at thex% significance level, of the null hypothesis that the popoifatmeans oX andY are
equal against the alternative hypothesis that they are quulds carried out. Given that the null
hypothesis is not rejected, find the set of possible values of [5]
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7 The time, T seconds, between successive cars passing a particuldpolrecon a wide road has
probability density function f given by

1 -0.01t
H(t) = {100e t>0,
0 otherwise.
(i) State the expected value 6f [1]
(i) Find the median value oF. [3]

Sally wishes to cross the road at this checkpoint and shesredeconds to complete the crossing.
She decides to start out immediately after a car passes. tiénprobability that she will complete
the crossing before the next car passes. [2]

8 The numbers of a particular type of laptop computer sold byoeeson each of 100 consecutive
Saturdays are summarised in the following table.

Number sold 1 2 3 4 5 6 7 =8

20 39 16 14 2 1 1 0

0
7

Number of Saturday

UJ

Fit a Poisson distribution to the data and carry out a goaloEfit test at the 2.5% significance level.

[9]

9 Arandom sample of 10 pairs of values»oandy is given in the following table.

6 6 8 2 7 12 | 14 | 9 5
2 4 6 8 6 10 9 8 6 5

(i) Find the equation of the regression lineyadn X. [4]
(i) Find the product moment correlation coefficient for the skemp [2]
(iii) Find the estimated value gfwhenx = 10, and comment on the reliability of this estimate. [2]
(iv) Another sample ol pairs of data from the same population has the same productemo
correlation coefficient as the first sample given. A teshatldo significance level, on this second

sample indicates that there is sufficient evidence to caolectbat there is positive correlation.
Find the set of possible values Nt [3]

10 The continuous random varialb¥ehas probability density function f given by

1 1<x<3,
f(x) = { 2
0 otherwise.

The random variabl¥ is defined byY = X3. Find the distribution function oY. [5]
Sketch the graph of the probability density functionyof [3]
Find the probability thaY lies between its median value and its mean value. [4]
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11 Answer onlyone of the following two alternatives.

EITHER

A uniform plane object consists of three identical circuiags, X, Y andZ, enclosed in a larger
circular ringW. Each of the inner rings has massand radiug. The outer ring has massand
radiusR. The centres of the inner rings lie at the vertices of an atpral triangle of sider2 The
outer ring touches each of the inner rings and the rings grdlyijoined together. The fixed axis
AB is the diameter ofV that passes through the centreXoand the point of contact of andZ (see
diagram). Itis given thalR= (1+ 2v3)r.

(i) Show that the moment of inertia of the object ab&Btis (7 + 2v3)mr2. [8]

The lineCD is the diameter o¥V that is perpendicular tAB. A particle of mass Shis attached t®.
The object is now held with its plane horizontal. It is relecidrom rest and rotates freely about the
fixed horizontal axiAB.

(i) Find, in terms ofg andr, the angular speed of the object when it has rotated throQgh 6[6]

OR

Fish of a certain species live in two separate lakeandB. A zoologist claims that the mean length
of fish in Ais greater than the mean length of fisHBnTo test his claim, he catches a random sample
of 8 fish fromA and a random sample of 6 fish frd8n The lengths of the 8 fish frow, in appropriate
units, are as follows.

153 12.0 151 112 144 138 124 11.8

Assuming a normal distribution, find a 95% confidence inteiMathe mean length of fish iA.  [5]

The lengths of the 6 fish fro, in the same units, are as follows.
15.0 10.7 13.6 124 11.6 12.6

Stating any assumptions that you make, test at the 5% signdéelevel whether the mean length of
fish in Ais greater than the mean length of fistBn [7]

Calculate a 95% confidence interval for the difference imtiean lengths of fish frorA and fromB.

[2]
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