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Figure 1

A particle of weight W is attached at C to two light inextensible strings AC and BC. The
other ends of the strings are attached to fixed points A and B on a horizontal ceiling. The
particle hangs in equilibrium with the strings in a vertical plane and with AC and BC
inclined to the horizontal at 30° and 45° respectively, as shown in Figure 1.

Find, in terms of W,
(i) the tension in AC,

(ii) the tension in BC.
(Total 7 marks)
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Figure 2

A particle P of weight 40 N lies at rest in equilibrium on a fixed rough horizontal surface.
A force of magnitude 20 N is applied to P. The force acts at angle O to the horizontal, as
shown in Figure 2. The coefficient of friction between P and the surface is p.

Given that the particle remains at rest, show that
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(Total 6 marks)
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A package of mass 6 kg is held at rest at a fixed point A on a rough plane.
The plane is inclined at 30° to the horizontal. The package is released from rest and
slides down a line of greatest slope of the plane. The coefficient of friction between

1
the package and the plane is 2 The package is modelled as a particle.

(a) Find the magnitude of the acceleration of the package.

(6)
As it slides down the slope the package passes through the point B, where AB = 10 m.
(b) Find the speed of the package as it passes through B.
()
(Total 8 marks)

A cyclist is travelling along a straight horizontal road. The cyclist starts from rest at point
A on the road and accelerates uniformly at 0.6 m s for 20 seconds. He then moves at
constant speed for 4T seconds, where T < 20. He then decelerates uniformly at 0.3 m s
and after T seconds passes through point B on the road. The distance from A to B is 705 m.

(a) Sketch a speed-time graph for the motion of the cyclist between points A and B.

()
(b) Find the value of T.

(7)
The cyclist continues his journey, still decelerating uniformly at 0.3 m s, until he comes
to rest at point C on the road.
(c) Find the total time taken by the cyclist to travel from A to C.

3)

(Total 12 marks)
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[In this question i and j are perpendicular horizontal unit vectors.]
A particle P of mass 2 kg moves under the action of two forces, (2i + 3j) N and (4i — 5j) N.

(a) Find the magnitude of the acceleration of P.

4
At time t = 0, P has velocity (-ui + uj) m s™, where u is a positive constant.
At time t = T seconds, P has velocity (10i + 2j) ms™".
(b) Find
(i) the value of T,
(i) the value of u.
()

(Total 9 marks)
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Figure3

A non-uniform rod AB has length 6 m and mass 8 kg. The rod rests in equilibrium, in a
horizontal position, on two smooth supports at C and at D, where AC=1m and DB =1 m,
as shown in Figure 3. The magnitude of the reaction between the rod and the support at

D is twice the magnitude of the reaction between the rod and the support at C. The centre
of mass of the rod is at G, where AG = x m.

[
—t

(a) Show that x =

|

(6)
The support at C is moved to the point F on the rod, where AF = 2 m. A particle of
mass 3 kg is placed on the rod at A. The rod remains horizontal and in equilibrium.
The magnitude of the reaction between the rod and the support at D is k times the
magnitude of the reaction between the rod and the support at F.
(b) Find the value of k.
(6)

(Total 12 marks)
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Figure 4

One end of a light inextensible string is attached to a block A of mass 3 kg. Block A is
held at rest on a smooth fixed plane. The plane is inclined at 40° to the horizontal ground.
The string lies along a line of greatest slope of the plane and passes over a small smooth
pulley which is fixed at the top of the plane. The other end of the string is attached

to a block B of mass 5 kg. Block B hangs freely at rest below the pulley, as shown in
Figure 4. The system is released from rest with the string taut.

By modelling the two blocks as particles,

(a) find the tension in the string as B descends.

(6)
After falling for 1.5 s, block B hits the ground and is immediately brought to rest. In its
subsequent motion, A does not reach the pulley.
(b) Find the speed of B at the instant it hits the ground.

3)

(c) Find the total distance moved up the plane by A before it comes to instantaneous rest.
()
(Total 14 marks)

A particle P moves in a straight line. At time t = 0, P passes through a point O on the line.
At time t seconds, the velocity of P is v m s where

v=Qt-1)(1-1)

1
(a) Find the acceleration of P when t = 5

3)

(b) Find the distance travelled by P in the interval 0 € t < 1
(6)
(Total 9 marks)
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Figure 5

A uniform rod, of weight W and length 16b, has one end freely hinged to a fixed point A.
The rod rests against a smooth circular cylinder, of radius 5b, fixed with its axis horizontal
and at the same horizontal level as A. The distance of A from the axis of the cylinder is
13b, as shown in Figure 5. The rod rests in a vertical plane which is perpendicular to the
axis of the cylinder.

(a) Find, in terms of W, the magnitude of the reaction on the rod at its point of contact
with the cylinder.

4
(b) Show that the resultant force acting on the rod at A is inclined to the vertical at an

|
angle a where tan a = 4

£ J

(6)
(Total 10 marks)
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10.

A particle is projected from a point O with speed U at an angle of elevation « to the
horizontal and moves freely under gravity. When the particle has moved a horizontal
distance x, its height above O is y.

(a) Show that

gx’(1+tan” )

=Xtana -
Y 2U°

()

d

Figure 6

A small stone is projected horizontally with speed U from a point C at the top of a vertical
cliff AC so as to hit a fixed target B on the horizontal ground. The point C is a height h
above the ground, as shown in Figure 6. The time of flight of the stone from C to B is T,
and the stone is modelled as a particle moving freely under gravity.

(b) Find, in terms of U, g and T, the speed of the stone as it hits the target at B.
4

It is found that, using the same initial speed U, the target can also be hit by projecting the
stone from C at an angle o above the horizontal. The stone is again modelled as a particle
moving freely under gravity and the distance AB = d.

(c) Using the result in part (a), or otherwise, show that

d:—lgthana

(6)
(Total 17 marks)
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