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Three identical uniform rod#AB, BC andCD, each of mas#1 and length 2, are rigidly joined to
form three sides of a square. A uniform circular disc, of n’%ﬂsand radiusa, has the opposite ends
of one of its diameters attached Aoand D respectively. The disc and the rods all lie in the same
plane (see diagram). Find the moment of inertia of the sysileout the axi?\D. [6]

2 The pointOis on the fixed lind. The pointA onl is such thaDA = 3 m. A particleP oscillates orl
in simple harmonic motion with centf@ and periodr seconds. WheR is atA its speed is 12 nTs.

Find the speed dP when it is at the poinB on |, whereOB = 6 m andB is on the same side @
asA. [4]

Find, correct to 2 decimal places, the time, in secondsntéieP to travel directly fromAto B. [4]

m 4Kkg

A uniform disc, of mass 2 kg and radius 0.2 m, is free to rotata vertical plane about a smooth
horizontal axis through its centre. One end of a light inegtiele string is attached to a point on the
rim of the disc and the string is wound round the rim. The otiredt of the string is attached to a
small block of mass 4 kg, which hangs freely (see diagramé shistem is released from rest. During
the subsequent motion, the block experiences a constastiamse to its motion, of magnitudeN.

Given that the angular speed of the disc after it has turnexit/h 2 radians is 5rad’s find R and
the tension in the string. [9]
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A uniform circular disc, with centr® and weightW, rests in equilibrium on a horizontal floor and
against a vertical wall. The plane of the disc is vertical pagbendicular to the wall. The disc is in
contact with the floor afA and with the wall aB. A force of magnitudd® acts tangentially on the
disc at the poinC on the edge of the disc, where the rad@& makes an anglé with the upward
vertical, and tam® = % (see diagram). The coefficient of friction between the disd @ne floor and
between the disc and the wallgs Show that the sum of the magnitudes of the frictional foles
andB is equal toP. [2]

Given that the equilibrium is limiting at both andB,
(i) show thatP = 3w, [6]

(if) find the ratio of the magnitude of the normal reactioA & the magnitude of the normal reaction
atB. [2]

5 Two uniform small smooth spher@dsandB, of equal radii, have massemandmrespectively. They
lie at rest on a smooth horizontal plane. Sph&ie projected directly towards with speed.. After
the collisionB goes on to collide directly with a fixed smooth vertical barrbefore colliding with
A again. The coefficient of restitution betweArandB is % and the coefficient of restitution between
B and the barrier i®. After the second collision betweé&handB, the speed 0B is five times the
speed ofA. Find the two possible values of [11]

6 Afairdieisthrown untila5 or a 6 is obtained. The number @btis taken is denoted by the random
variableX. State the mean value & [1]
Find the probability that obtaining a 5 or a 6 takes more th&mw@ws. [2]
Find the least integer such that the probability of obtaining a 5 or a 6 in fewer thahrows is more

than 0.99. [3]

7  Arandom sample of 10 observations of a normally distribusgaiom variableX gave the following
summarised data, wheradenotes the sample mean.

rx=70.4 X (Xx-X)*=8.48

Test, at the 10% significance level, whether the populatieamofX is less than 7.5. [7]
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8 The lifetime, in years, of an electrical component is thedman variableT, with probability density
function f given by

—At
f(t):{Ae t>0, |
0 otherwise,

whereA andA are positive constants.

(i) Show thatA = A. [2]
It is known that out of 100 randomly chosen components, 16dawithin the first year.

(i) Find an estimate for the value #f and hence find an estimate for the median valu€.of [6]

9 For arandom sample of 10 observations of pairs of valyeg), the equations of the regression lines
of yonxand ofxony are

y=4.21x-0.862 and x=0.043/+6.36,

respectively.
(i) Find the value of the product moment correlation coefficfenthe sample. [3]

(i) Test, at the 10% significance level, whether there is eviel@ficon-zero correlation between

the variables. [4]
(iii) Find the mean values afandy for this sample. [2]
(iv) Estimate the value of wheny = 2.3 and comment on the reliability of your answer. [2]

10 Customers were asked which of three brands of cofeB,andC, they prefer. For a random sample
of 80 male customers and 60 female customers, the numbdesrprg each brand are shown in the
following table.

A B C
Male 32 36 12
Female 18 30 12

Test, at the 5% significance level, whether there is a diffezebetween coffee preferences of male
and female customers. [8]

A larger random sample is now taken. It consists af &tale customers and @emale customers,
wheren is a positive integer. It is found that the proportions chiwgsach brand are identical to
those in the smaller sample. Find the least value thiat would lead to a different conclusion for the
5% significance level hypothesis test. [4]
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11 Answer onlyone of the following two alternatives.

EITHER

A smooth sphere, with centf@ and radiusa, is fixed on a smooth horizontal plahe A particle P
of massmis projected horizontally from the highest point of the sheith speed/(Zga). While
P remains in contact with the sphere, the angle betwe@léand the upward vertical is denoted &y
Show thatP loses contact with the sphere when ﬁosj—s‘. [6]

Subsequently the particle collides with the pldiie The coefficient of restitution betwedhandIl
is S. Find the vertical height oP abovell when the vertical component of the velocity Bffirst
becomes zero. [6]

OR

A factory produces bottles of spring water. The managerd#scio assess the performance of the
two machines that are used to fill the bottles with water. Hec$g® a random sample of 60 bottles
filled by the first machin& and a random sample of 80 bottles filled by the second madhifiéne
volumes of waterx andy, measured in appropriate units, are summarised as follows.

rx=582 Ix*=858 ry=976 Xry*=188.6

A test at thex% significance level shows that the mean volume of water itidsofilled by machine
Xis less than the mean volume of water in bottles filled by mae¥i Find the set of possible values
of a. [12]
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