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1.

Answer ALL questions. Write your answers in the spaces provided.

A particle P of mass 0.5kg is moving along the positive x-axis under the action of a single
force, directed towards the origin O. When OP = x metres, the force has magnitude

— newtons, where & is a constant, and the speed of P is vms™.
X

When P is 2m from O, the speed of P is 5Sms™" and P is moving in the positive x direction.
When P is 5m from O, the speed of P is 4ms™" and P is moving in the positive x direction.

Find v? in terms of x.
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Question 1 continued
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Question 1 continued

(Total 8 marks)
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One end of a light elastic spring, of natural length / and modulus of elasticity 2mg, is
attached to a particle of mass m. The other end of the spring is attached to a fixed point 4
on a rough horizontal plane. The particle is held at a point B on the plane, where
AB=1.25/, and released from rest. The particle first comes to instantaneous rest at the
point C on the plane, where AC = 0.9/.

Find the coefficient of friction between the particle and the plane. ©
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A cone is removed from a uniform solid right circular cylinder of mass M to form the solid
with a conical hole shown shaded in Figure 1. A container is made by fixing a uniform

conical shell of mass %M in the hole. The cylinder has radius 2» and height 24, the

conical hole has base radius » and height /# and the conical shell has base radius 6 and
height 64. The vertex of the shell coincides with the vertex of the hole. The axis of the
shell, the axis of the hole and the axis of the cylinder are all vertical and coincide. The
centre of the plane circular base of the container is O, as shown in Figure 1.

Find, in terms of A, the distance of the centre of mass of the container from O.
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Question 3 continued
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Question 3 continued

(Total 6 marks)
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8a
Figure 2

One end of a light inextensible string of length 5a is attached to a point 4 on the
circumference of a circular disc of radius 5a and centre O. The other end of the string is
attached to a particle P of mass m. A second light inextensible string has length 8a. This
string has one end attached to the point B vertically below O, where OB = 4a, and the
other end attached to P, as shown in Figure 2. The disc rotates in a horizontal plane with
constant angular speed. The particle P moves in a horizontal circle centre B with the same
constant angular speed as the disc. Both strings are taut and are in a vertical plane through
O throughout the motion.

5
Given that string PB will break if the tension in it exceeds 2 mg, find the greatest possible

angular speed of P.
(10)
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Question 4 continued
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Question 4 continued

(Total 10 marks)
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Figure 3
The region R, shown shaded in Figure 3, is bounded by part of the curve with equation
T
y=sinx, the line with equation x = 1 and the x-axis. A uniform solid S is formed by
rotating R through 27 radians about the x-axis.
(a) Use calculus to show that the volume of S is %(n -2).
“4)
(b) Use calculus to find, to 3 significant figures, the x coordinate of the centre of mass
of S.
®
The point A4 lies on the circumference of the circular plane face of S. The solid S is freely
suspended from A and hangs in equilibrium.
(c) Find, to the nearest degree, the size of the angle between OA and the vertical.
(C))
16
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Question 5 continued
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Question 5 continued

(Total 16 marks)
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A particle P moves in a vertical circle, with centre O and radius 7, on the smooth inner
surface of a fixed hollow spherical shell. The point 4 lies on the inner surface of the shell
and the line OA4 is at 30° below the horizontal. Initially P is projected downwards from A4

with speed u in a direction perpendicular to OA4. The particle first loses contact with the %
shell at the point B where the line OB is at 30° above the horizontal. %
(a) Show that the speed of P at B is / % >

C))

(b) Hence find u in terms of 7 and g.

C))

I

After P has lost contact with the shell, P moves freely under gravity.
The lowest point of the inner surface of the shell is C.

(c) Find the greatest height reached by P above the level of C.
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Question 6 continued
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Figure 4

A particle P of mass m is attached to one end of a light elastic string, of natural length /
and modulus of elasticity 4. The other end of the string is attached to a fixed point 4 on a
3 .
3 The particle
rests in equilibrium on the plane at the point B with the string lying along a line of greatest
slope of the plane, as shown in Figure 4.

smooth plane which is inclined to the horizontal at angle o, where sina =

Given that AB = % /

(a) show that A = %mg
3)

D . . 4
The particle is now pulled down the line of greatest slope to the point C, where BC = 3 l,
and released from rest.

(b) (1) Show that, while the string remains taut, P moves with simple harmonic motion
with centre B.

(i) Explain briefly why the centre of the motion is at B.

)
(¢) Find the time taken by P to travel directly from C to B.

2
The particle comes to instantaneous rest for the first time at the point D.
(d) Find, in terms of / and g, the time taken by P to travel directly from C to D.

(6)
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Question 7 continued
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Question 7 continued

(Total 16 marks)
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