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Auniformwire, of length 24 and mass, is bentinto the form of a triangBC with angleABC = 90°,
AB = 6a andBC = 8a (see diagram). Find the moment of inertia of the wire abowxas throughA
perpendicular to the plane of the wire. [5]

2 A small beadB of massmis threaded on a smooth wire fixed in a vertical plane. The fomnas a
circle of radiusa and centré€. The highest point of the circle 5. The bead is slightly displaced from
rest atA. When angleAOB = 6, wheref < cos‘l(é), the force exerted on the bead by the wire has
magnitudeR,. When angleAOB =« + 6, the force exerted on the bead by the wire has magnfyde
Show thatR, - R, = 4mg. [8]

. 2

A uniform disc, of massn and radiusa, is free to rotate without resistance in a vertical planeuabo
a horizontal axis through its centre. A light inextensibiieng) has one end fixed to the rim of the
disc, and is wrapped round the rim. A block of magsig attached to the other end of the string (see
diagram). The system is released from rest with the blockimgnvertically. While the block moves

it experiences a constant resistance to motion of magn%pdg. Find the angular acceleration of the
disc, and find also the angular speed of the disc when it haeduhrough one complete revolution.

[9]
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4  Two smooth sphereé and B, of equal radii, have masses 0.1kg amdkg respectively. They
are moving towards each other in a straight line on a smootizdrdal table and collide directly.
Immediately before collision the speedAdfs 5ms! and the speed @ is 2ms?.

(i) Assume thatin the collisioA does not change direction. The speed& ahdB after the collision
arevAms‘1 andems‘1 respectively. Expressin terms ofv, andyg, and hence show that
m< 0.25. [4]

(i) Assume instead thah = 0.2 and that the coefficient of restitution between the sqsfhen% Find
the magnitude of the impulse acting Arin the collision. [6]

5 A particle of massn moves in a straight linAB of length Z2. When the particle is at a general point

P there are two forces acting, one in the direci®hwith magnitudem(%a\) “ and the other in the

. : . PB\ ... .
directionPB with magnltude’ng(?) ?. Attimet = 0the particle is released from rest at the p@nt
whereAC = 1.04a. At timet the distanc@P is a+ x. Show that the particle moves in approximate
simple harmonic motion. [4]

Using the approximate simple harmonic motion, find the sppé&dvhen it first reaches the mid-point
of AB and the time taken fdP to first reach half of this speed. [7]

6 The independent random variabl¥sand Y have normal distributions with the same variancde
Samples of 5 observations ¥fand 10 observations &f are made, and the results are summarised by
¥x=15,2x% = 128,52y = 36 andx y? = 980. Find a pooled estimate of. [3]

7 The pulse rate of each member of a random sample of 25 adult blKsmvho exercise for a given
period each week is measured in beats per minute. A 98% canédaterval for the mean pulse
rate, u beats per minute, for all such UK males was calculated asl&d 2 < 64.39, based on a
t-distribution.

(i) Calculate the sample mean pulse rate and the standardidewiaed in the calculation. [5]
(i) State an assumption necessary for the validity of the camfelenterval. [1]
(iii) The mean pulse rate for all UK males is 72 beats per minutée Sj&ving a reason, if it can be

concluded that, on average, UK males who exercise have aeddhulse rate. [2]

8 The equations of the regression lines for a random sampl& phits of datgx, y) from a bivariate
population are

yonx: y=1.28-0.42%,
xony: X=1.05-0.516y.

(i) Find the sample meangandy. [3]
(ii) Find the product moment correlation coefficient for the skemp [2]
(iii) Test at the 5% significance level whether the populationetation coefficient differs from zero.

[4]
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9 A sample of 100 observations of the continuous random viailwas obtained and the values are
summarised in the following table.

Interval 1<t<15|15<t<2|2<t<25]25<t<3
Frequency, 64 17 16 3

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

9
S <
f(t):!4t3 tst<s,

lo otherwise.

The relevant expected values are as follows.

Interval 1<t<15|15<t<2|2<t<25|25<t<3
Expected frequency 62.5 21.875 10.125 55

Show how the expected value 10.125 is obtained. [3]

Carry out the test, at the 10% significance level. [7]

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

0 X< 0,
f(x):{ a
o x =0,

wherea is a positive constant. By expressingi@ the form & wherek is a constant, show that
has a negative exponential distribution, and find the vafuse o [4]

State the value of &X). [1]

The variableY is related toX by Y = 2%. Find the distribution function o and hence find its
probability density function. [8]
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11 Answer onlyone of the following two alternatives.

EITHER

S5a

Sa

C A 3a F

The diagram shows a central cross-sec@EF of a uniform solid cube of weightwW with edges of
length 4a. The cube rests on a rough horizontal floor. One of the véftcas of the cube is parallel
to a smooth vertical wall and at a distanaeffom it. A uniform ladder, of length 1®and weightWV,

is represented bAB. The ladder rests in equilibrium with in contact with the rough top surface of
the cube an® in contact with the wall. The distan@C is a and the vertical plane containid is
perpendicular to the wall. The coefficients of friction beem the ladder and the cube, and between
the cube and the floor, are both equalitoA small dog of Weight}lW climbs the ladder and reaches
the top without the ladder sliding or the cube turning abbatddge through. Show thaj > g . 7]

Show that the cube does not slide whatever the valle of [4]
Find the smallest possible valuelofor which equilibrium is not broken. [3]
OR

A perfume manufacturer had one bottle-filling machine, betduse of increased sales a second
machine was obtained. In order to compare the performante ¢fvo machines, a random sample of
50 bottles filled by the first machine and a random sample ofddds filled by the second machine
were checked. The volumes of the contents from the first machi ml, and from the second
machinex, ml, are summarised by

2 2
Tx, = 1492.0, X =44529.52, Ix,=1803.6, L)X =54220.84.

The volumes have distributions with meapsml and p, ml for the first and second machines
respectively. Test, at the 2% significance level, whethas greater thamp, . [10]

Find the set of values aoft for which there would be evidence at tlé6 significance level that
M, — iy >0.1. [4]
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