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1

A uniform rigid plank has mass 10 kg and length 4 m. The plank has 0.9 m of its length in contact with
a horizontal platform. A man M of mass 75 kg stands on the end of the plank which is in contact with
the platform. A child C of mass 25 kg walks on to the overhanging part of the plank (see diagram).
Find the distance between the man and the child when the plank is on the point of tilting. [4]

2

A uniform lamina ABCDE consists of a rectangular part with sides 5 cm and 10 cm, and a part in the
form of a quarter of a circle of radius 5 cm, as shown in the diagram.

(i) Show that the distance of the centre of mass of the part CDE of the lamina is
20
3π

cm from CE.

[2]

(ii) Find the distance of the centre of mass of the lamina ABCDE from the edge AB. [4]

3

A particle P of mass 0.6 kg moves in a straight line on a smooth horizontal surface. A force of

magnitude
3

x3
newtons acts on the particle in the direction from P to O, where O is a fixed point of

the surface and x m is the distance OP (see diagram). The particle P is released from rest at the point
where x = 10. Find the speed of P when x = 2.5. [7]
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4

A uniform beam has length 2.4 m and weight 68 N. The beam is hinged at a fixed point of a vertical
wall, and held in a horizontal position by a light rod of length 2.5 m. One end of the rod is attached to
the beam at a point 0.7 m from the wall, and the other end of the rod is attached to the wall at a point
vertically below the hinge. The beam carries a load of 750 N at its end (see diagram).

(i) Find the force in the rod. [4]

The components of the force exerted by the hinge on the beam are X N horizontally towards the wall
and Y N vertically downwards.

(ii) Find the values of X and Y . [3]

5

One end of a light elastic string of natural length 4 m and modulus of elasticity 200 N is attached to a
fixed point A. The other end is attached to the end C of a uniform rod CD of mass 10 kg. One end of
another light elastic string, which is identical to the first, is attached to a fixed point B and the other
end is attached to D, as shown in the diagram. The distance AB is equal to the length of the rod, and
AB is horizontal. The rod is released from rest with C at A and D at B. While the strings are taut, the
speed of the rod is v m s−1 when the rod is at a distance of (4 + x)m below AB.

(i) Show that v2 = 10(8 + 2x − x2). [5]

(ii) Hence find the value of x when the rod is at its lowest point. [2]
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6 A particle is projected from a point O on horizontal ground. The velocity of projection has magnitude
V m s−1 and direction upwards at 35◦ to the horizontal. The particle passes through the point M at
time T seconds after the instant of projection. The point M is 2 m above the ground and at a horizontal
distance of 25 m from O.

(i) Find the values of V and T . [5]

(ii) Find the speed of the particle as it passes through M and determine whether it is moving upwards
or downwards. [4]

7 One end of a light inextensible string of length 0.15 m is attached to a fixed point which is above a
smooth horizontal surface. A particle of mass 0.5 kg is attached to the other end of the string. The
particle moves with constant speed v m s−1 in a horizontal circle, with the string taut and making an
angle of θ◦ with the downward vertical.

(i) Given that θ = 60 and that the particle is not in contact with the surface, find v. [5]

(ii) Given instead that θ = 45 and v = 0.9, and that the particle is in contact with the surface, find

(a) the tension in the string, [2]

(b) the force exerted by the surface on the particle. [3]
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