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1

A turntable is rotating at 3rads™1. The turntable is then
accelerated so that after 4 revolutions it is rotating at
12.4rads™'. Assuming that the angular acceleration of the
turntable is constant,

(i) find the angular acceleration, [3]

(ii) find the time taken to increase its angular speed from
3rads™1 to 12.4rads™". [2]

The region bounded by the x-axis, the lines x=1 and x = 2,
and the curve y = kx?, where k is a positive constant, is
occupied by a uniform lamina.

(i) Find the exact x-coordinate of the centre of mass of the
lamina. [6]

(ii) Given that the x- and y-coordinates of the centre of mass
of the lamina are equal, find the exact value of k. [4]

Two planes, 4 and B, flying at the same altitude, are
participating in an air show. Initially the planes are 400 m
apart and plane B is on a bearing of 130° from plane 4. Plane
A is moving due south with a constant speed of 75ms™".
Plane B is moving at a constant speed of 40ms~" and has set
a course to get as close as possible to A.

(i) Find the bearing of the course set by B and the shortest
distance between the two planes in the subsequent
motion. [5]

(ii) Find the total distance travelled by 4 and B from the
instant when they are initially 400 m apart to the point of
their closest approach. [6]



4 (i) Write down the moment of inertia of a uniform circular
disc of mass m and radius 24 about a diameter. [1]

A uniform solid cylinder has mass M, radius 2r and height A.
(ii) Show by integration, and using the result from part (i),

that the moment of inertia of the cylinder about a diameter
of an end face is

M<r2 + %h2>

and hence find the moment of inertia of the cylinder about
a diameter through the centre of the cylinder. [8]



5 A smooth circular wire hoop, with centre O and radius r, is
fixed in a vertical plane. The highest point on the wire is H. A
small bead B of mass m is free to move along the wire. A light
inextensible string of length 4, where a > 2r, has one end
attached to the bead. The other end of the string passes over
a small smooth pulley at H and carries at its end a particle P
of mass Am, where A is a positive constant. The part of the

string HP is vertical and the part of the string BH makes an

angle O radians with the downward vertical where 0 < 0 < %ﬂ

(see diagram below). You may assume that P remains above
the lowest point of the wire.

H

(i) Taking H as the reference level for gravitational potential
energy, show that the total potential energy V of the
system is given by

V =mg(2Arcos 0 — 2rcos?0 — Aa). [5]

(ii) Find the set of possible values of A so that there is more
than one position of equilibrium. [4]

(iii) For the case A = %, determine whether each equilibrium
position is stable or unstable. [6]

6



6 A pendulum consists of a uniform rod 4B of length 24 and
mass 2m and a particle of mass m that is attached to the
end B. The pendulum can rotate in a vertical plane about a
smooth fixed horizontal axis passing through A.

(i) Show that the moment of inertia of this pendulum about
20 2

the axis of rotation is 3 ma”. [3]
The pendulum is initially held with B vertically above 4
(see Fig. 1 below) and it is slightly disturbed from this
position. When the angle between the pendulum and the
upward vertical is O radians the pendulum has angular speed
wrads™ (see Fig. 2 below).

FIG. 1 FIG. 2
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(ii) Show that



(iii) Find the angular acceleration of the pendulum in terms of

g,a and 0. [2]
At an instant when O = %71’, the force acting on the pendulum

at 4 has magnitude F.
(iv) Find F in terms of m and g. [7]
It is given that ¢« = 0.735m.

(v) Show that the time taken for the pendulum to move from

the position 0 = %ﬂ to the position O = %ﬂ is given by

37 1
k ﬁ cosec<§6>d6,

377,'
stating the value of the constant k. Hence find the time
taken for the pendulum to rotate between these two
points. (You may quote an appropriate result given in the
List of Formulae (MF1).) [6]
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