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Section A (40)

Answer all questions in this section

A particle of mass 0,5 kg rests on a rough horizontal surface. A force
of 3 N acts on the particle at an angle of 60° to the horizontal.

10-343
—

(i) Show that R, the normal reaction is

(ii)  Given that the particle is in limiting equilibrium, find /7
the coefficient of friction between the surface and the particle
to one decimal place.
A particle of mass 4 kg resting on a rough horizontal table is acted on by
two horizontal forces of magnitudes 20 N and 30 N. The angle between the
two forces is 120°. The coefficient of friction between the particle and the

table is i
Find the acceleration of the particle.

A body of mass 3 kg is on a plane inclined at 45° to the horizontal.
A force F N acts up the plane such that the body is in limiting equilibrium.

Calculate F if the surface is,
Q) smooth,
(i) rough and the coefficient of friction between the particle and

the plane is l.
3

A force of 1 N acts on a particle of mass 2 kg which is initially at rest
on a smooth horizontal surface.

Find the,
Q) acceleration,
(i) velocity of the particle after 5 seconds,

(iii)  distance travelled in the first 5 seconds.
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The diagram shows a block of mass 2 kg resting on a horizontal table where
the coefficient of friction is 0,3. The block is attached to a light, inextensible
string which passes over a smooth pulley and a mass of 1 kg is hanging freely.

()

(b)

(©)
(d)

2kg

(
1k

g

Calculate the tension in the string and the acceleration of the system when
it is released from rest. [4]

Calculate the time taken for the 2 kg mass to reach the pulley that is
2,5 m away given that the 1 kg mass does not reach the ground. [3]

Calculate the loss in potential energy in the system during this time. [2]

Calculate the kinetic energy of the 2 kg particle immediately before it
reaches the pulley. [3]
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Section B (80)

Answer any five questions from this section.
Each question carries 16 marks.

6 (@) Four coplanar forces 50 N, 10 N, P N and 30 N act on a body as shown
in the diagram.

30N

305
SO0N=

OC

10N

Given that the forces are in equilibrium, find the values of angle 6
and force P. [6]

(b) p C

30°

A

A uniform lamina of mass 6 kg is in the form of an equilateral triangle ABC
of side 0.5 m. It is held vertically with side AB inclined at 30° to the horizontal
by a horizontal force, P, applied at point C (see diagram).

By taking moments at A or otherwise, calculate the magnitude of force P. [10]
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8 (a)

A particle of mass 10 kg is pulled up a rough plane by a force parallel to

the plane. The angle of inclination of the plane to the horizontal is sin'lggg.
]

The work done by the force in moving the particle a distance of 5 m at a
constant speed is 600 joules.

(a) Find the
(i) normal reaction on the particle by the plane,
(i) work done against gravity,
(iii)  coefficient of friction between the particle and the plane.

(b) (i) If it takes 2 seconds to cover the 5 m distance, find the power
of the pulling force.

(ii)  Hence or otherwise, find the constant speed.

A particle of mass 0.02 kg is fired vertically upwards with an initial velocity
of 4ms™. It passes through the resisting medium where the resistance to
motion is proportional to its velocity, ¥’ ms at a time, ¢ seconds.

@) Show tha % = -(g+50kV) where g is acceleration due to
t

gravity and k, a positive constant.

(i)  Express Vinterms of t, g and k.

(iii)  Hence, show that as t increases, V = __gk
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(b)
The diagram shows a particle, P, of mass 1 kg which is attached to fixed points
A and B by means of two light inextensible strings. AP = AB = a metres. PB
makes an angle of 30° with the vertical AB. The system rotates with a speed of V' ms™
about AB with both strings taut.
(@) Express length PB in terms of a. [2]
(ii) Find the tensions in the two strings in terms of a, g and V. [5]

9 A particle is travelling in a straight line with simple harmonic motion. The

greatest speed of the particle is 4 ms™! and the period of motion of the particle
1s 2 seconds.

(a)  Find the

(i  amplitude, (3]
(ii) speed of the particle when it is gm from the centre of the
D
path, [4]
(iii) maximum acceleration.
[3]
(b)  Att =0, the particle is passing through the centre of the path.
Find the least positive value of # when x = 0.3 m. [4]
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A block of mass 3 kg is suspended by an elastic string of modulus of elasticity
40 N. In the equilibrium position, the length of the string is 9 m.

(a) Find the natural length of the string, giving your answer to 2 decimal
places.

(b)  The 3 kg mass is pulled vertically down from the equilibrium position
until the length of the string is 15 m and then released.

Find the velocity of the block when the string first becomes slack.

A particle is projected from a point O which is 5 m above the horizontal
ground. The initial velocity of the particle is 30 ms™ at an angle of elevation

£30
arctang—+.
49
(>i) Calculate the speed of the particle 4 seconds after
projection.
(ii)  Find the direction of the particle as it passes a point that is 5 m
above the ground.

(i) The particle hits the ground at point T.

Find the displacement OT.

(a8  Atrain of mass 300 tonnes is moving up an inclined plane of angle 6

to the horizontal, where Sin 6 = Elo The resistance to motion is

3 000 N and the train is accelerating at 0,2 m/s?.
Find,
(1 the driving force of the engine,

(i) the power exerted by the engine when the speed is 10 m/s.

(b)  Atrolley is pulled horizontally through 5 m by a force of 70 N at an
angle of 60° to the horizontal. Calculate the work done, if the surface
is smooth.
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