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A uniform rod AB, of massm and length 4, rests with the end on rough horizontal ground. The
point C on AB is such thatAC = 3a. A light inextensible string has one end attached to thetpoin
P which is at a distanceabvertically aboveA, and the other end attached®@ The rod and the
string are in the same vertical plane and the system is idiedquim with angle ACP equal to 90
(see diagram). The coefficient of friction between the rod e ground ig.. Show that the least
possible value ofi is 23. [8]

2  Three uniform small smooth spherds, B andC, have equal radii. Their masses arg,£2m and
m respectively. They lie in a straight line on a smooth hortabaurface withB betweenA andC.
Initially A is moving toward$3 with speedl, B is at rest andC is moving in the same direction &s
with speed%u. The coefficient of restitution between any two of the sphése. The first collision
is betweerA andB. In this collision spheré\ loses three-quarters of its kinetic energy. Show that
e=1 [6]

Find the speed dB after its collision withC and deduce that there are no further collisions between
the spheres. [5]

3 A particle P of massm is attached to one end of a light inextensible string of leragt The other
end of the string is attached to a fixed patit WhenP is hanging vertically belovD, it is given a
horizontal speed. In the subsequent motio®, moves in a complete circle. WhedP makes an
angle6 with the downward vertical, the tension in the stringisShow that

2
T= m?u+mg(3cose—2). (5]

Given that the ratio of the maximum value Bto the minimum value oT is 3 : 1, findu in terms of
aandg. [4]

Assuming this value ofl, find the value of co8 when the tension is half of its maximum value. [3]
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The endA of a uniform rodAB, of mass #nand length 3, is rigidly attached to a point on a uniform
spherical shell, of masam and radius 8. The endB of the rod is rigidly attached to a point on a
uniform ring. The ring has centi®, mass #n and radiu%a. The ring and the rod are in the same
vertical plane. The lin©BA, extended, passes through the centre of the spherical 3B€lis a
diameter of the ring (see diagram). Show that the momentestianof this system, about a fixed
horizontal axis througkC perpendicular to the plane of the ring(80+ 551)ma?. [6]

Given that the system performs small oscillations of peﬁmq/(%a) about this axis, find the value
of A. [6]

5 For a random sample of 12 observations of pairs of va(uey), the product moment correlation
coefficient is—0.456. Test, at the 5% significance level, whether there ideece of negative
correlation between the variables. [4]

6 The random variablX has distribution function F given by

F(X) _ {1 _ e—O.@( X > O,
otherwise.
Identify the distribution ofX and state its mean. [2]
Find
(i) P(X > 4), [2]
(i) the median oi. [3]
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7 Arandom sample of 80 observations of the continuous randcammatie X was taken and the values
are summarised in the following table.

Interval 2<X<3|3<X<4|4<X<h5|5<x<6
Observed frequency 36 29 9 6

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

32 2<X<6,
f(x) =4 X
0 otherwise.
Show that the expected frequency for the interval@< 3 is 40 and calculate the remaining expected
frequencies. [4]
Carry out a goodness of fit test, at the 10% significance level. [5]

8 The continuous random variab¥has probability density function f given by

X 2<x<4,
f(x) =

0 otherwise.

The random variabl¥ is defined byY = X3. Show thatY has probability density function g given by

1y3  8<y<64,
g(y)={18y Y

0 otherwise. [6]

Find EY). [3]

9 A gardenerP claims that a new type of fruit tree produces a higher annwdsnof fruit than the
type that he has previously grown. The old type of tree predut2 kg of fruit per tree, on average.
A random sample of 10 trees of the new type is chosen. The maskg, of fruit produced are
summarised as follows.

YX=61.0 XIx*=384.0

Test, at the 5% significance level, whether gardddsrclaim is justified, assuming a normal
distribution. [6]

Another gardene® has his own type of fruit tree. The massgkg, of fruit produced by a random
sample of 10 trees grown by gardefigare summarised as follows.

Yy=70.0 Xy?=500.6

Test, at the 5% significance level, whether the mean massibfpiroduced by gardendp’s trees
is greater than the mean mass of fruit produced by gard@sdrees. You may assume that both
distributions are normal and you should state any additiassumption. [8]
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10 Answer onlyone of the following two alternatives.

EITHER

A light elastic string has modulus of elasticigyng and natural lengtla. A particle of massn s
attached to one end of the string. The other end of the staragtached to a fixed poit. The
particle is released from restAt Show that when the particle has fallen a distakee&om A, where
k > 1, its kinetic energy is

2mga(10k — 3 - 3k?). [3]

Show that the patrticle first comes to instantaneous rest @itimtB which is at a distancegBvertically
belowA. [3]

Show that the time taken by the particle to travel frArto B is
2a 2z |(2a
— —ll=- 8
\/(g)+3\/(3g) L8]

OR

The regression line of on X, obtained from a random sample of five pairs of valuex ahdy, has
equation

y=Xx+k,

wherek is a constant. The following table shows the data.

2 | 3| 3|4 | p

Find the two possible values pf [8]

For the smaller of these two valuesmffind
(i) the product moment correlation coefficient, [3]

(ii) the equation of the regression line>obny. [3]
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