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1 Particles of masses), andm, lie at rest on a smooth horizontal plane. Each particle ismyia
horizontal impulse of magnitudk towards the other particle so that the particles collidedatly.

Given that the collision is perfectly elastic, find the speetithe particles after the collision. [6]
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Two uniform rodsAB and BC, each of length & and masan, are rigidly joined atB so that
angleABC= 60" (see diagram). The system is free to rotate in a verticalgddoout a horizontal axis
thoughA. Show that the moment of inertia of the system about thisiaxi#ma’. [3]
The system is released from rest wilB horizontal andC aboveAB. Find the angular speed when
BC is first vertical. [4]
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The diagram shows a pair of stepladders modelled by two tmifods,AB of length & and weight
2W and CD of length 4 and weightW, smoothly hinged a€. The stepladders rest on a rough
horizontal floor withA fixed so that it cannot slide. The angl€&\D andCDA are both equal ta:.

By taking moments about for the system, find the normal contact forceébat [3]

Show that the frictional force & is gw coto. [3]

Given that the coefficient of friction betwed&D and the floor is 0.7, find the set of valuesmfor
which slipping will not take place dD. [3]
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Two identical snooker balls are at rest at the poiktndB of a snooker table, whe®B=1m. The
line AB is parallel to a smooth side of the table and at a distance @rdm that side. The ball at
A is projected along the table with speed 2th® hit the side of the table &. It rebounds and
subsequently hits the ball Bt The angles thaAC andCB make with the side of the table ameandf
respectively (see diagram). The coefficient of restitubetween the side and a balliis Resistances
may be ignored and the balls may be considered to be particles

(i) Show that cotx + cotf = 2.5 and that tan = 2. [5]
(ii) Show that the direction of motion of the ball turns through 80 impact atC. [2]
(iii) Find the speed of the ball after the impacCat [2]

5 A small ring R of massm is threaded onto a smooth straight wire fixed at an angle bft@@he
horizontal. A light elastic string of natural lendthas one end attached to a fixed pddf the wire.
The other end of the string is attachedRoln the equilibrium positiorR is below the level 0O and
OR= %I. Find the modulus of elasticity of the string. [2]

The ring is moved to the position whe@R = |, with R below the level ofO. It is projected away
from O along the wire with speed(gl). At a general position in the subsequent mot@R = %I + X.
Show that, while the string is taut, and neglecting air tasise,

X = -$x. 3]

Show that the maximum speed of the rin@ ig(2gl), and find the time after projection at which the
maximum speed first occurs. [7]

6 Levels of mercury in fish are monitored regularly. The levals random sample of five sea bass
caught in a certain area were measured with the followingltsn parts per million.

0.093 0.102 0.171 0.124 0.274

Assuming that mercury level has a normal distribution, alalie a 95% confidence interval for the
mean mercury level in sea bass caught in that area. [6]
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7 Laboratory measurements were made of the speed of snnmnls‘l, in air at 9 different controlled
temperatures) °C. The results are given in the following table.

0| -10| -5 0 5 10 15 20 | 25 | 30
v |324]3.29|331|3.34|3.38| 3.41| 3.44| 3.47| 3.51

[Z6 = 90, £62 = 2400, Tv = 30.39, ZV° = 102.6805,26V = 313.65.]

Determine whether a linear model is appropriate for the.data [3]
Obtain the equation of a suitable regression line. [3]

Estimate the temperature of the air when the speed of sodnchiss * and comment on the reliability
of this estimate. [2]

8 On average 1 in 8 people in a particular community is leftemahand the rest are right-handed. A
sample of people is chosen at random, one by one, until déeftted person is obtained. Find the
probability that the number of people in the sample is leas 2. [3]

Another sample is chosen at random, one by one, until at mastleft-handed and at least one
right-handed person have been obtained. The number of paofhis sample is denoted By, so
that the sample consists of
either : (N - 1) left-handed people followed by one right-handed person
or: (N -1) right-handed people followed by one left-handed person.
Obtain RN =r), forr > 2, and show that @) = 8%. [5]

9 Partof astudy carried out on professional Sumo wrestlemdved measurement of body fat. Random
samples of Sekitori and Makushita wrestlers were selecatddltae body fat indexx, of each wrestler
was measured. The results are summarised in the followilg.ta

Sekitori | Makushita

Sample size 7 12
% 28.6 22.2
& 26.01 29.16

In the table,X denotes the sample mean asfdthe unbiased estimate of the relevant population
variance. Assuming that these samples are from normaikdisons with equal variances, test at the
1% significance level whether the mean body fat index of ®ekitrestlers,u,, exceeds the mean
body fat index of Makushita wrestlerg,, . [7]

Find the greatest value affor which it could be claimed at the 5% significance level finaéxceeds
,, by more thara. [3]

10 The continuous random variab¥ehas probability density function given by

0 X< 3,

T09 = { 260 x>3
Obtain the distribution function of, whereY = &~. [6]
Find the probability density function of and hence find the value of £Y). [5]
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11 Answer onlyone of the following two alternatives.

EITHER

A uniform disc has centr®, radiusa and mass . It is free to rotate in a vertical plane about a
horizontal axis througl®. A particle P of massmis placed on the highest point of the rough edge
of the disc and the system is slightly disturbed so Rtbegins to rotate with the particle in contact
with the edge. In the subsequent motfoR makes an angleé with the upward vertical (see dlagram)
For the motion while the particle remains in contact withdisx without slipping, finch6 andad? in
terms ofg andé. [6]

Show that if the particle remains in contact with the disaithidegins to slip when
4u cosb —sind = 2u,
wherey is the coefficient of friction between the particle and thgeadf the disc. [5]

Show that, however large the valueigfthe particle cannot lose contact with the disc before rtsta
to slip. [3]

OR

A large population consists of four speciés B, C andD, which are claimed to be in the proportions
4

P,. P,, P; andp, respectively, wheri p, = 1. In order to test this claim a random sample of size
i=1
is selected and the numbers of each species are foundddde andd respectively. Show that the
xz statistic for a goodness of fit test simplifies to
2 2 2 2
a b C d
12:—+—+—+——n. [4]
np, np, np, np,

It is given thatp, = p,, p; = p, and the values o&, b, c andd are 15, 25, 39 and 21 respectively.
Denoting the common value pf andp, by p, show that

» 85 19.62
=— —100. 2
D + 05-p 00 [2]
Determine the valup, of p for which this value obcz is a minimum. [3]
Carry out the goodness of fit test at the 5% significance leviéd, p = p,. [4]
State, giving your reason, the conclusion of the test faneslofp other thamp,,. [1]
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