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1. Alight elastic string AB has natural length 11a and modulus of elasticity 6mg

A particle of mass 4m is attached to the point C on the string where AC = 8a and a
particle of mass 2m is attached to the end B

A

P (4m)
Q @ (2m)
Figure 1
The end A of the string is attached to a fixed point and the string hangs vertically below

A with the particle of mass 4m in equilibrium at the point P and the particle of mass 2m
in equilibrium at the point Q, as shown in Figure 1.

(a) Find the length AP

(b) Find the length PQ

(3)

(3)
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Figure 2

A particle P of mass m is attached to one end of a light inextensible string of length a.
The other end of the string is attached to a point A which lies above a smooth horizontal
table. The particle P moves in a horizontal circle on the table with the string taut.

The centre of the circle is the point O on the table, where AO is vertical and the string
makes a constant angle 6° with AO, as shown in Figure 2.

Given that P moves with constant angular speed 28 , find the range of possible
a

values of @

(7)
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Question 2 continued
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Question 2 continued
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3. Anparticle P is moving along the x-axis. At time t seconds, where t > 0, P is x metres

from the origin O and is moving with speed vms™!

. . 2 -
The acceleration of P has magnitude ———= ms™ and is directed towards O

(2x+1)

When t = 0, P passes through O in the positive x direction with speed 1ms™

(@) Find v in terms of x

(4)
1
(b) Show that x = 5( (at+1)-1)
(4)

.
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Question 3 continued
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Question 3 continued
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Question 3 continued
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(Total for Question 3 is 8 marks)
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4. A uniform solid hemisphere H has radius r and centre O

. 3r
(@) Show that the centre of mass of H is ry from O

273

You may assume that the volume of H is 3

A uniform solid S, shown below in Figure 3, is formed by attaching a uniform solid
right circular cylinder of height h and radius r to H, so that one end of the cylinder
coincides with the plane face of H.

The point A is the point on H such that OA = r and OA is perpendicular to the plane face
of H

A

Figure 3
(b) Show that the distance of the centre of mass of S from A is

5r2 + 12rh + 6h?
8r+12h

The solid S can rest in equilibrium on a horizontal plane with any point of the curved
surface of the hemisphere in contact with the plane.

(c) Find r in terms of h.

(4)

(5)

(2)

12
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Question 4 continued
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Question 4 continued
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Question 4 continued
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(Total for Question 4 is 11 marks)
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Figure 4

A particle P of mass m is attached to one end of a light inextensible string of length a.
The other end of the string is attached to a fixed point O. The particle P is held at rest
vertically below O, with the string taut, as shown in Figure 4.

The particle is then projected horizontally with speed u, where u > /2ag
Air resistance is modelled as being negligible.

At the instant when the string makes an angle 6 with the upward vertical through O, the
speed of P is v and the string goes slack.

(@) Show that 3v2 = u? - 2ag

From the instant when the string goes slack to the instant when OP is next horizontal,
P moves as a projectile.

The time from the instant when the string goes slack to the instant when OP is next
horizontal is T

Given that 0 = 30°

2v
(b) show that T = g

(c) Hence, show that the string goes taut again when it is next horizontal.

(7)

(4)

(2)
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Question 5 continued
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Question 5 continued
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(Total for Question 5 is 13 marks)
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PMT!

g \id
6. A particle P of mass m is attached to one end of a light elastic spring of natural
length 2I. The other end of the spring is attached to a fixed point A. The particle P hangs
in equilibrium vertically below A, at the point E where AE = 6l. The particle P is then
raised a vertical distance 2| and released from rest.
Air resistance is modelled as being negligible.
(@) Show that P moves with simple harmonic motion of period T where
[
T=dr |—
g
(8)
(b) Find, in terms of m, | and g, the kinetic energy of P as it passes through E
®3)
(c) Find, in terms of T, the exact time from the instant when P is released to the instant
when P has moved a distance 3l.
(4)
. J
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Question 6 continued
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Question 6 continued
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(Total for Question 6 is 15 marks)
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Figure 5

A particle P of mass m is attached to one end of a light elastic string of natural length a
and modulus of elasticity 2mg. The other end of the string is attached to a fixed point O
on a rough plane which is inclined to the horizontal at an angle «

The string lies along a line of greatest slope of the plane.

The particle P is held at rest on the plane at the point A, where OA = a, as shown in
Figure 5.

The particle P is released from A and slides down the plane, coming to rest at the
point B. The coefficient of friction between P and the plane is «, where u < tana

Air resistance is modelled as being negligible.

(@) Show that AB = a(sina — ucosa).

. 3 1
Given that tana = 7 and u = >

(b) find, in terms of a and g, the maximum speed of P as it moves from A to B

(c) Describe the motion of P after it reaches B, justifying your answer.

(5)

(7)

(3)
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Question 7 continued
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Question 7 continued

(Total for Question 7 is 15 marks)

TOTAL FOR PAPER IS 75 MARKS
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