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(a) Two small objects, P of mass m kg and Q of mass km kg, slide on a smooth horizontal plane.
Initially, P and Q are moving in the same straight line towards one another, each with speed
u m s−1 .

After a direct collision with P, the direction of motion of Q is reversed and it now has a speed of
1
u m s−1 . The velocity of P is now v m s−1 , where the positive direction is the original direction
3
of motion of P.
(i) Draw a diagram showing the velocities of P and Q before and after the impact.

[1]

(ii) By considering the linear momentum of the objects before and after the collision, show that
v = 1 − 43 ku.
[3]
(iii) Hence ﬁnd the condition on k for the direction of motion of P to be reversed.

[2]

The coefﬁcient of restitution in the collision is 0.5.
(iv) Show that v = − 23 u and calculate the value of k.

[5]

3
(b) Particle A has a mass of 5 kg and velocity   m s−1 . Particle B has mass 3 kg and is initially
2
1
at rest. A force   N acts for 9 seconds on B and subsequently (in the absence of the force),
−2
A and B collide and stick together to form an object C that moves off with a velocity V m s−1 .
(i) Show that V = 

3
.
−1

[4]

0
The object C now collides with a smooth barrier which lies in the direction  . The coefﬁcient
1
of restitution in the collision is 0.5.
(ii) Calculate the velocity of C after the impact.
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(a) A small block of mass 25 kg is on a long, horizontal table. Each side of the block is connected to
a small sphere by means of a light inextensible string passing over a smooth pulley. Fig. 2 shows
this situation. Sphere A has mass 5 kg and sphere B has mass 20 kg. Each of the spheres hangs
freely.

25 kg

20 kg

A

B

5 kg
Fig. 2

Initially the block moves on a smooth part of the table. With the block at a point O, the system
is released from rest with both strings taut.
(i) (A) Is mechanical energy conserved in the subsequent motion? Give a brief reason for your
[1]
answer.

(B) Why is no work done by the block against the reaction of the table on it?

[1]

The block reaches a speed of 1.5 m s−1 at point P.
(ii) Use an energy method to calculate the distance OP.

[5]

The block continues moving beyond P, at which point the table becomes rough. After travelling
two metres beyond P, the block passes through point Q. The block does 180 J of work against
resistances to its motion from P to Q.
(iii) Use an energy method to calculate the speed of the block at Q.

[5]

(b) A tree trunk of mass 450 kg is being pulled up a slope inclined at 20◦ to the horizontal.

Calculate the power required to pull the trunk at a steady speed of 2.5 m s−1 against a frictional
[5]
force of 2000 N.
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A non-uniform beam AB has weight 85 N. The length of the beam is 5 m and its centre of mass is 3 m
from A. In this question all the forces act in the same vertical plane.
Fig. 3.1 shows the beam in horizontal equilibrium, supported at its ends.
3m

A

2m

B

85 N
Fig. 3.1
(i) Calculate the reactions of the supports on the beam.

[4]

Using a smooth hinge, the beam is now attached at A to a vertical wall. The beam is held in equilibrium
at an angle α to the horizontal by means of a horizontal force of magnitude 27.2 N acting at B. This
situation is shown in Fig. 3.2.

A

A

2.5 m
3m

34 N
0.5 m

2m

85 N

a

85 N
B

27.2 N

Fig. 3.2
(ii) Show that tan α =

2m

a

B

Fig. 3.3

15
.
8

[4]

The hinge and 27.2 N force are removed. The beam now rests with B on a rough horizontal ﬂoor and
A on a smooth vertical wall, as shown in Fig. 3.3. It is at the same angle α to the horizontal. There is
now a force of 34 N acting at right angles to the beam at its centre in the direction shown. The beam
is in equilibrium and on the point of slipping.
(iii) Draw a diagram showing the forces acting on the beam.

Show that the frictional force acting on the beam is 7.4 N.
Calculate the value of the coefﬁcient of friction between the beam and the ﬂoor.
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In this question you may use the following facts: as illustrated in Fig. 4.1, the centre of mass, G, of a
uniform thin open hemispherical shell is at the mid-point of OA on its axis of symmetry; the surface
area of this shell is 2π r2 , where r is the distance OA.

O
G
OG = GA

A
Fig. 4.1

A perspective view and a cross-section of a dog bowl are shown in Fig. 4.2. The bowl is made
throughout from thin uniform material. An open hemispherical shell of radius 8 cm is ﬁtted inside an
open circular cylinder of radius 8 cm so that they have a common axis of symmetry and the rim of the
hemisphere is at one end of the cylinder. The height of the cylinder is k cm. The point O is on the axis
of symmetry and at the end of the cylinder.

8 cm

O

8 cm

8 cm

O

8 cm

O
k cm

12 cm

end
cross-section

perspective view

cross-section

Fig. 4.2

Fig. 4.3

(i) Show that the centre of mass of the bowl is a distance

64 + k2
cm from O.
16 + 2k

[6]

A version of the bowl for the ‘senior dog’ has k = 12 and an end to the cylinder, as shown in Fig. 4.3.
The end is made from the same material as the original bowl.
(ii) Show that the centre of mass of this bowl is a distance 6 13 cm from O.

[5]

This bowl is placed on a rough slope inclined at θ to the horizontal.
(iii) Assume that the bowl is prevented from sliding and is on the point of toppling.

Draw a diagram indicating the position of the centre of mass of the bowl with relevant lengths
marked.
Calculate the value of θ .

[5]

(iv) If the bowl is not prevented from sliding, determine whether it will slide when placed on the
[3]
slope when there is a coefﬁcient of friction between the bowl and the slope of 1.5.
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