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1. Figure 1

 J

     O    P

A uniform circular disc lies at rest with its centre O on a smooth horizontal plane. A horizontal
impulse J is applied to the disc at a point P on the edge of the disc, in a direction which is
tangential to the disc, as shown in Fig. 1.

Show that, immediately after the impulse, the speed of O is one third of the speed of P.
(6)

2. A smooth wire is in the shape of a parabola with equation y = 8
3 x2. The wire is fixed in a vertical

plane with the positive y-axis vertically upwards. A small bead P of mass m is threaded on the
wire and is released from rest at the point (2, 2

3 ). The radius of curvature of the parabola at the

point A(1, 8
3 ) is 48

125 .

Find the magnitude of the force exerted on P by the wire as P passes A.
(10)

3. A particle P moves in a plane and at time t seconds the polar coordinates of P are (r, θ), where r

metres is the distance of P from the pole. It is given that 
t
r

d
d  = 4 cos θ and 

td
dθ  = 3 − 2 sin θ)2,

and when t = 0, P has polar coordinates ( 3
2 , 0). Find

(a) the polar equation of the curve on which P moves,
(7)

(b) the magnitude of the radial component of the acceleration of P when t = 0.
(5)
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4. A uniform cylindrical tube of mass M has internal radius a and external radius b.

(a) Show that the moment of inertia of the tube about its axis is 2
1 M(a2 + b2).

 (4)

A gas pipe rolls without slipping, with its axis horizontal, down a rough slope which is inclined
at an angle α to the horizontal. By modelling the pipe as the tube in part (a),

(b) show that T, the time taken for the pipe to roll a distance d down the slope from rest, is
given by

gT 
2 sin α = d �

�
�

�
�
�
�

�
+ 2

2
3

b
a .

(9)

5. A plane is inclined at an angle of 30° to the horizontal. The point O is above the plane and at a
perpendicular distance d√3 from the plane. The foot of the perpendicular from O to the plane
is N. A particle is projected from O with speed 2√(gd) at an angle of 60° above the horizontal, in
a vertical plane through a line of greatest slope of the inclined plane. The particle strikes the
plane at the point M, further up the plane than N.

(a) Show that MN = 3d.
 (9)

Given that the coefficient of restitution between the particle and the plane is 1,

(b) show that the particle returns to O.
(5)
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6. Two particles P and Q, each of mass m, are attached to the ends of a light inextensible
string. The string passes through a small smooth ring fixed at O, on a smooth horizontal table.
The particles are at rest on the table, with the string straight and taut.  Particle P is given a
horizontal velocity V, perpendicular to the string, along the table. At time t, the polar coordinates
of P, relative to O as pole and the initial line of the string, are (r, θ ). When t = 0 the polar
coordinates of P are (a, 0).

For the motion before Q reaches O,

(a) show that r2 
td

dθ  = aV,

(3)

(b) by considering P and Q separately, show that  2 2

2

d
d

t
r  = a2

3

2

r
V ,

(6)

(c) show that 
2

d
d

�
�

�
�
�

�

t
r  = 2

2

2r
V (r2 − a2).

(5)

When t = T, OP = 2a and Q has not reached O.

(d) Find T, in terms of a and V.
(6)

END
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