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1 A small smooth spher of mass Pnis at rest on a smooth horizontal surface. A horizontal ire@ul
of magnitude 8w is given toP. Subsequentli? collides directly with a fixed smooth vertical barrier
at right angles td”’s direction of motion. Given that the coefficient of restitun betweerP and the
barrier is 0.75, find the speed Bfafter the collision. [2]

2 The pointOis on the fixed lind. PointsA andB onl are such thabA = 0.5m andOB = 0.75 m, with
A betweerO andB. A particleP of massmnoscillates orl in simple harmonic motion with centf@.
The ratio of the kinetic energy & when it is atA to its kinetic energy when itis&is 12 :11. Find
the amplitude of the motion. [3]

Given that the greatest speedis 0.6 m s?, find the time taken b¥ to travel directly fromA to B.
[5]

3  Three small smooth spherAsB andC have equal radii and have massg9m andkmrespectively.
They are at rest on a smooth horizontal table and lie in aghtréine with B betweernA andC. The
coefficient of restitution between any pair of the spheres iSphereA is projected directly towards
B with speedu. Given that half of the total kinetic energy is lost as resiilihe collision betwee
andB, find the value ok. [7]

After B andC collide they move in the same direction and the spee@ &f twice the speed dB.
Find the value ok. [3]

A smooth wire is in the form of an amB of a circle, of radius, that subtends an obtuse angle 6
at the centréD of the circle. It is given that sifi = }1. The wire is fixed in a vertical plane, withO
horizontal and below the level ofO (see diagram). A small bead of masss threaded on the wire
and projected vertically downwards frofwith speed/(2ga).

(i) Find the reaction between the bead and the wire when the beadtically belowO. [3]
(i) Find the speed of the bead as it leaves the wilg at [3]
(itli) Show that the greatest height reached by the beéai above the level 00O. [4]
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5 Auniform rectangular thin sheet of gla88CD, in whichAB = 8a andBC = 6a, has maséM. Each
of the edge#\B, BC, CD andDA has a thin strip of metal attached to it, as a border to thesglise
strips alongAB and CD each have madsl, and the strips alonC and DA each have mas?\/l.
Show that the moment of inertia of the whole object (glassraathl strips) about an axis through
perpendicular to the plane of the object is LRS- [8]

The objectis free to rotate about this axis, which is fixedsmdoth. The object hangs in equilibrium
with C vertically belowA. It is displaced through a small angle and released from &fsbtw that it
will move in approximate simple harmonic motion and stateghriod of the motion. [5]

6 A pair of coins is thrown repeatedly until a pair of heads isagted. The number of throws taken is
denoted by the random variabfe State the expected value Xf [1]

Find the probability that
(i) exactly 4 throws are required to obtain a pair of heads, [2]

(i) fewer than 6 throws are required to obtain a pair of heads. [2]

7 The random variablg is the lifetime, in hours, of a randomly chosen decoratigatlibulb of a
particular type. It is given thak has a negative exponential distribution with mean 1000 $iour

(i) Write down the probability density function af. [1]

(i) Find the probability that a randomly chosen bulb of this tyy@s a lifetime of more than
2000 hours. [3]

A display uses 10 randomly chosen bulbs of this type, and déineyall switched on simultaneously.
Find the greatest value bsuch that the probability that they are all alight at tinmeurs is at least 0.9.

[4]

8 Weekly expenses claimed by employees at two different lnas& andB, of a large company are
being compared. Expenses claimed by an employee at bAaanld by an employee at branBrare
denoted by $and ¥ respectively. A random sample of 60 employees from brakeahd a random
sample of 50 employees from branBlgive the following summarised data.

TX=6060 IxX2=626220 Iry=4750 Xy?=464500

Using a 2% significance level, test whether, on average,@®rapbk from branch claim the same as
employees from brandi. [9]

© UCLES 2014 9231/22/M13/14 [Turn over



10

4

A random sample of 200 observations of the continuous rangoiableX was taken and the values
are summarised in the following table.

Interval 1<X<2|2<X<3|3<X<4[4<X<5[5<X<B|6KX<T|7<X<8
Observed frequengy 63 45 32 25 22 7 6

It is required to test the goodness of fit of the distributiathyprobability density function f given by

1

1<x<8,

0 otherwise.

The relevant expected frequencies, correct to 2 decimaéplaare given in the following table.

Interval 1<X<2]2<X<3[3<X<4]4<X<5[5<X<B[6KX<T|[7<X<8

Expected frequengy 66.67 p 27.67 q 17.54 14.83 12.84
Show thatp = 39.00, correct to 2 decimal places, and find the valug of [4]
Carry out a goodness of fit test at the 5% significance level. ] [6

Samples of rock from a number of geological sites were apdlysr the quantities of two typeX
andY, of rare minerals. The results, in milligrams, for 10 randéppohosen samples, each of 10 kg,
are summarised as follows.

YXx=866 Ix*=121276 Yy=639 Xy*=55991 XIxy=73527

Find the product moment correlation coefficient. [4]

Stating your hypotheses, test at the 5% significance levetlven there is non-zero correlation between
guantities of the two rare minerals. [4]

Find the equation of the regression linexadny in the formx = py + ¢, wherep andq are constants
to be determined. [3]
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11 Answer onlyone of the following two alternatives.
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The pointsC andD are at a distancg2+y/3)a apart on a horizontal surface. A rough pees fixed at a
vertical distance & aboveC and a smooth peB is fixed at a vertical distanceadboveD. A uniform
rectangular fram®QRS, with PQ = 3a andQR = 6a, is made of rigid thin wire and has weigi\.
It rests in equilibrium in a vertical plane witAS on A andSR on B, and with angleSAC = 30° (see

diagram).

(i) Show thatAB = 4a and that angl&AB = 30°. [4]
(i) Show that the normal reaction Atis %W. [3]
(iii) Find the frictional force a\. [7]
OR

The time taken for a randomly chosen student at CollRede complete a particular puzzle has a
normal distribution with meap minutes. The timesg minutes, are recorded for a random sample of
8 students chosen from the college. The results are sumedassfollows.

YXx=42.8 Ix*=236.0

Find a 95% confidence interval far [4]

A test is carried out on this sample data, at the 10% signifiedevel. The test supports the claim
thatu > k. Find the greatest possible valuekof [3]

A random sample, of size 12, is taken from the students ae@efD. Their times to complete the
puzzle give a sample mean of 4.60 minutes and an unbiasethearéstimate of 1.962 minutesJse
a 2-sample test at the 10% significance level to test whetigemiean time for students at ColleQe
to complete the puzzle is less than the mean time for studer@sllegeP to complete the puzzle.
You should state any assumptions necessary for the testvalide [7]
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