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1

A uniform solid cone has vertical height 20 cm and base radius r cm. It is placed with its axis vertical
on a rough horizontal plane. The plane is slowly tilted until the cone topples when the angle of
inclination is 24◦ (see diagram).

(i) Find r, correct to 1 decimal place. [4]

A uniform solid cone of vertical height 20 cm and base radius 2.5 cm is placed on the plane which is
inclined at an angle of 24◦.
(ii) State, with justification, whether this cone will topple. [1]

2 A particle is projected horizontally with a speed of 6 m s−1 from a point 10 m above horizontal ground.
The particle moves freely under gravity. Calculate the speed and direction of motion of the particle at
the instant it hits the ground. [6]

3

One end of a light inextensible string of length 1.6 m is attached to a point P. The other end is attached
to the point Q, vertically below P, where PQ = 0.8 m. A small smooth bead B, of mass 0.01 kg, is
threaded on the string and moves in a horizontal circle, with centre Q and radius 0.6 m. QB rotates
with constant angular speed rad s−1 (see diagram).

(i) Show that the tension in the string is 0.1225 N. [3]

(ii) Find . [3]

(iii) Calculate the kinetic energy of the bead. [2]
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A rectangular frame consists of four uniform metal rods. AB and CD are vertical and each is 40 cm
long and has mass 0.2 kg. AD and BC are horizontal and each is 60 cm long. AD has mass 0.7 kg
and BC has mass 0.5 kg. The frame is freely hinged at E and F, where E is 10 cm above A, and F is
10 cm below B (see diagram).

(i) Sketch a diagram showing the directions of the horizontal components of the forces acting on the
frame at E and F. [2]

(ii) Calculate the magnitude of the horizontal component of the force acting on the frame at E. [3]

(iii) Calculate the distance from AD of the centre of mass of the frame. [3]

5 Three smooth spheres A, B and C, of equal radius and of masses 3m kg, 2m kg and m kg respectively,
are free to move in a straight line on a smooth horizontal table. Spheres B and C are stationary.
Sphere A is moving with speed 2 m s−1 when it collides directly with sphere B. The collision is
perfectly elastic.

(i) Find the velocities of A and B after the collision. [6]

(ii) Find, in terms of m, the magnitude of the impulse that A exerts on B, and state the direction of
this impulse. [2]

Sphere B continues its motion and hits C. After the collision, B continues in the same direction with
speed 1.0 m s−1 and C moves with speed 2.8 m s−1.

(iii) Find the coefficient of restitution between B and C. [2]

6 A stone is projected horizontally with speed 7 m s−1 from a point O on the edge of a vertical cliff. The
horizontal and upward vertical displacements of the stone from O at any subsequent time, t seconds,
are x m and y m respectively. Assume that there is no air resistance.

(i) Express x and y in terms of t, and hence show that y = − 1
10x

2. [4]

The stone hits the sea at a point which is 20 m below the level of O.

(ii) Find the distance between the foot of the cliff and the point where the stone hits the sea. [2]

(iii) Find the speed and direction of motion of the stone immediately before it hits the sea. [6]
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A rectangular frame consists of four uniform metal rods. AB and CD are vertical and each is 40 cm
long and has mass 0.2 kg. AD and BC are horizontal and each is 60 cm long. AD has mass 0.7 kg
and BC has mass 0.5 kg. The frame is freely hinged at E and F, where E is 10 cm above A, and F is
10 cm below B (see diagram).

(i) Sketch a diagram showing the directions of the horizontal components of the forces acting on the
frame at E and F. [2]

(ii) Calculate the magnitude of the horizontal component of the force acting on the frame at E. [3]

(iii) Calculate the distance from AD of the centre of mass of the frame. [3]

5 Three smooth spheres A, B and C, of equal radius and of masses 3m kg, 2m kg and m kg respectively,
are free to move in a straight line on a smooth horizontal table. Spheres B and C are stationary.
Sphere A is moving with speed 2 m s−1 when it collides directly with sphere B. The collision is
perfectly elastic.

(i) Find the velocities of A and B after the collision. [6]

(ii) Find, in terms of m, the magnitude of the impulse that A exerts on B, and state the direction of
this impulse. [2]

Sphere B continues its motion and hits C. After the collision, B continues in the same direction with
speed 1.0 m s−1 and C moves with speed 2.8 m s−1.

(iii) Find the coefficient of restitution between B and C. [2]

6 A stone is projected horizontally with speed 7 m s−1 from a point O on the edge of a vertical cliff. The
horizontal and upward vertical displacements of the stone from O at any subsequent time, t seconds,
are x m and y m respectively. Assume that there is no air resistance.

(i) Express x and y in terms of t, and hence show that y = − 1
10x

2. [4]

The stone hits the sea at a point which is 20 m below the level of O.

(ii) Find the distance between the foot of the cliff and the point where the stone hits the sea. [2]

(iii) Find the speed and direction of motion of the stone immediately before it hits the sea. [6]
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1 A child of mass 35 kg runs up a flight of stairs in 10 seconds. The vertical distance climbed is 4 m.
Assuming that the child’s speed is constant, calculate the power output. [4]

2 A small sphere of mass 0.3 kg is dropped from rest at a height of 2 m above horizontal ground. It falls
vertically, hits the ground and rebounds vertically upwards, coming to instantaneous rest at a height
of 1.4 m above the ground. Ignoring air resistance, calculate the magnitude of the impulse which the
ground exerts on the sphere when it rebounds. [5]

3

A uniform solid hemisphere of weight 12 N and radius 6 cm is suspended by two vertical strings. One
string is attached to the point O, the centre of the plane face, and the other string is attached to the
point A on the rim of the plane face. The hemisphere hangs in equilibrium and OA makes an angle of
60◦ with the vertical (see diagram).

(i) Find the horizontal distance from the centre of mass of the hemisphere to the vertical through O.
[2]

(ii) Calculate the tensions in the strings. [5]
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4 A car of mass 900 kg is travelling at a constant speed of 30 m s−1 on a level road. The total resistance
to motion is 450 N.

(i) Calculate the power output of the car’s engine. [1]

A roof box of mass 50 kg is mounted on the roof of the car. The total resistance to motion of the
vehicle increases to 500 N.

(ii) The car’s engine continues to work at the same rate. Calculate the maximum speed of the car on
the level road. [2]

The power output of the car’s engine increases to 15 000 W. The resistance to motion of the car, with
roof box, remains 500 N.

(iii) Calculate the instantaneous acceleration of the car on the level road when its speed is 25 m s−1.
[3]

(iv) The car climbs a hill which is at an angle of 5◦ to the horizontal. Calculate the instantaneous
retardation of the car when its speed is 26 m s−1. [3]

5

A uniform lamina ABCDE consists of a square and an isosceles triangle. The square has sides of
18 cm and BC = CD = 15 cm (see diagram).

(i) Taking x- and y-axes along AE and AB respectively, find the coordinates of the centre of mass of
the lamina. [7]

(ii) The lamina is freely suspended from B. Calculate the angle that BD makes with the vertical.
[2]
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1 A uniform solid cylinder has height 20 cm and diameter 12 cm. It is placed with its axis vertical
on a rough horizontal plane. The plane is slowly tilted until the cylinder topples when the angle of
inclination is α. Find α. [3]

2 Two smooth spheres A and B, of equal radius and of masses 0.2 kg and 0.1 kg respectively, are free to
move on a smooth horizontal table. A is moving with speed 4 m s−1 when it collides directly with B,
which is stationary. The collision is perfectly elastic. Calculate the speed of A after the impact. [4]

3 A small sphere of mass 0.2 kg is projected vertically downwards with speed 21 m s−1 from a point at a
height of 40 m above horizontal ground. It hits the ground and rebounds vertically upwards, coming
to instantaneous rest at its initial point of projection. Ignoring air resistance, calculate

(i) the coefficient of restitution between the sphere and the ground, [6]

(ii) the magnitude of the impulse which the ground exerts on the sphere. [2]

4 A skier of mass 80 kg is pulled up a slope which makes an angle of 20◦ with the horizontal. The
skier is subject to a constant frictional force of magnitude 70 N. The speed of the skier increases from
2 m s−1 at the point A to 5 m s−1 at the point B, and the distance AB is 25 m.

(i) By modelling the skier as a small object, calculate the work done by the pulling force as the skier
moves from A to B. [5]

(ii)

It is given that the pulling force has constant magnitude P N, and that it acts at a constant angle
of 30◦ above the slope (see diagram). Calculate P. [3]
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5 A model train has mass 100 kg. When the train is moving with speed v m s−1 the resistance to its

motion is 3v2 N and the power output of the train is
3000

v W.

(i) Show that the driving force acting on the train is 120 N at an instant when the train is moving
with speed 5 m s−1. [2]

(ii) Find the acceleration of the train at an instant when it is moving horizontally with speed 5 m s−1.
[2]

The train moves with constant speed up a straight hill inclined at an angle α to the horizontal, where
sin α = 1

98.

(iii) Calculate the speed of the train. [5]

6

A uniform lamina ABCDE of weight 30 N consists of a rectangle and a right-angled triangle. The
dimensions are as shown in the diagram.

(i) Taking x- and y-axes along AE and AB respectively, find the coordinates of the centre of mass of
the lamina. [8]

The lamina is freely suspended from a hinge at B.

(ii) Calculate the angle that AB makes with the vertical. [2]

The lamina is now held in a position such that BD is horizontal. This is achieved by means of a string
attached to D and to a fixed point 15 cm directly above the hinge at B.

(iii) Calculate the tension in the string. [3]

[Questions 7 and 8 are printed overleaf.]
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An object consists of a uniform solid hemisphere of weight 40 N and a uniform solid cylinder of
weight 5 N. The cylinder has height h m. The solids have the same base radius 0.8 m and are joined so
that the hemisphere’s plane face coincides with one of the cylinder’s faces. The centre of the common
face is the point O (see Fig. 1). The centre of mass of the object lies inside the hemisphere and is at a
distance of 0.2 m from O.

(i) Show that h = 1.2. [6]

One end of a light inextensible string is attached to a point on the circumference of the upper face of
the cylinder. The string is horizontal and its other end is tied to a fixed point on a rough plane. The
object rests in equilibrium on the plane with its axis of symmetry vertical. The plane makes an angle
of 30◦ with the horizontal (see Fig. 2). The tension in the string is T N and the frictional force acting
on the object is F N.

(ii) By taking moments about O, express F in terms of T . [4]

(iii) Find another equation connecting T and F. Hence calculate the tension and the frictional force.
[6]
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8 (i) A uniform semicircular lamina has radius 4 cm. Show that the distance from its centre to its
centre of mass is 1.70 cm, correct to 3 significant figures. [2]

(ii)

B C

A E

F

G DO

20 cm

8 cm

12 cm

4 cm

Fig. 1

A model bridge is made from a uniform rectangular board, ABCD, with a semicircular section,
EFG, removed. O is the mid-point of EG. AB = 8 cm, BC = 20 cm, AO = 12 cm and the radius
of the semicircle is 4 cm (see Fig. 1).

(a) Show that the distance from AB to the centre of mass of the model is 9.63 cm, correct to
3 significant figures. [5]

(b) Calculate the distance from AD to the centre of mass of the model. [4]

(iii)

B

C

A

D

Fig. 2

10°

The model bridge is smoothly pivoted at A and is supported in equilibrium by a vertical wire
attached to D. The weight of the model is 15 N and AD makes an angle of 10◦ with the horizontal
(see Fig. 2). Calculate the tension in the wire. [5]
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3 cm

10 cm

0.01 kg

0.02 kg

0.5 kg

Fig. 1

A toy is constructed by attaching a small ball of mass 0.01 kg to one end of a uniform rod of length
10 cm whose other end is attached to the centre of the plane face of a uniform solid hemisphere with
radius 3 cm. The rod has mass 0.02 kg, the hemisphere has mass 0.5 kg and the rod is perpendicular
to the plane face of the hemisphere (see Fig. 1).

(i) Show that the distance from the ball to the centre of mass of the toy is 10.7 cm, correct to 1 decimal
place. [4]

(ii)

Fig. 2

The toy lies on horizontal ground in a position such that the ball is touching the ground (see
Fig. 2). Determine whether the toy is lying in equilibrium or whether it will move to a position
where the rod is vertical. [4]
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1 A stone is projected from a point on level ground with speed 20 m s−1 at an angle of elevation of θ◦
above the horizontal. When the stone is at its greatest height it just passes over the top of a tree that is
17 m high. Calculate θ . [4]

2

A
B

C

9�cm

12�cm

15�cm

30°

A uniform right-angled triangular lamina ABC with sides AB = 12 cm, BC = 9 cm and AC = 15 cm
is freely suspended from a hinge at its vertex A. The lamina has mass 2 kg and is held in equilibrium
with AB horizontal by means of a string attached to B. The string is at an angle of 30◦ to the horizontal
(see diagram). Calculate the tension in the string. [4]

3

A E

D

C

B

G

F

80�cm

200�cm

80�cm

30�cm

140�cm

30�cm

A door is modelled as a lamina ABCDE consisting of a uniform rectangular section ABDE of weight
60 N and a uniform semicircular section BCD of weight 10 N and radius 40 cm. AB is 200 cm and
AE is 80 cm. The door is freely hinged at F and G, where G is 30 cm below B and F is 30 cm above
A (see diagram).

(i) Find the magnitudes and directions of the horizontal components of the forces on the door at
each of F and G. [4]

(ii) Calculate the distance from AE to the centre of mass of the door. [6]
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A

B C

D

8 cm

17 cm

6 cm

Fig. 1

A uniform lamina ABCD is in the form of a right-angled trapezium. AB = 6 cm, BC = 8 cm and
AD = 17 cm (see Fig. 1). Taking x- and y-axes along AD and AB respectively, find the coordinates
of the centre of mass of the lamina. [8]

(ii)

A

B

C

D

Fig. 2

30°

7 cm

The lamina is smoothly pivoted at A and it rests in a vertical plane in equilibrium against a fixed
smooth block of height 7 cm. The mass of the lamina is 3 kg. AD makes an angle of 30◦ with
the horizontal (see Fig. 2). Calculate the magnitude of the force which the block exerts on the
lamina. [5]
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1 A stone is projected from a point on level ground with speed 20 m s−1 at an angle of elevation of θ◦
above the horizontal. When the stone is at its greatest height it just passes over the top of a tree that is
17 m high. Calculate θ . [4]

2

A
B

C

9�cm

12�cm

15�cm

30°

A uniform right-angled triangular lamina ABC with sides AB = 12 cm, BC = 9 cm and AC = 15 cm
is freely suspended from a hinge at its vertex A. The lamina has mass 2 kg and is held in equilibrium
with AB horizontal by means of a string attached to B. The string is at an angle of 30◦ to the horizontal
(see diagram). Calculate the tension in the string. [4]

3

A E

D

C

B

G

F

80�cm

200�cm

80�cm

30�cm

140�cm

30�cm

A door is modelled as a lamina ABCDE consisting of a uniform rectangular section ABDE of weight
60 N and a uniform semicircular section BCD of weight 10 N and radius 40 cm. AB is 200 cm and
AE is 80 cm. The door is freely hinged at F and G, where G is 30 cm below B and F is 30 cm above
A (see diagram).

(i) Find the magnitudes and directions of the horizontal components of the forces on the door at
each of F and G. [4]

(ii) Calculate the distance from AE to the centre of mass of the door. [6]
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5 (i)

B D

C

6�cm

Fig.�1

Fig. 1 shows a uniform lamina BCD in the shape of a quarter circle of radius 6 cm. Show that the
distance of the centre of mass of the lamina from B is 3.60 cm, correct to 3 significant figures.

[2]

A uniform rectangular lamina ABDE has dimensions AB = 12 cm and AE = 6 cm. A single plane
object is formed by attaching the rectangular lamina to the lamina BCD along BD (see Fig. 2). The
mass of ABDE is 3 kg and the mass of BCD is 2 kg.

B D

C

6�cm

6�cm

12�cm

Fig.�2

A E

(ii) Taking x- and y-axes along AE and AB respectively, find the coordinates of the centre of mass of
the object. [7]

The object is freely suspended at C and rests in equilibrium.

(iii) Calculate the angle that AC makes with the vertical. [2]
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1 Find the average power exerted by a climber of mass 75 kg when climbing a vertical distance of 40 m
in 2 minutes. [3]

2 A small sphere of mass 0.2 kg is dropped from rest at a height of 3 m above horizontal ground. It falls
vertically, hits the ground and rebounds vertically upwards, coming to instantaneous rest at a height
of 1.8 m above the ground.

(i) Calculate the magnitude of the impulse which the ground exerts on the sphere. [5]

(ii) Calculate the coefficient of restitution between the sphere and the ground. [2]

3

0.8�m

0.7�m0.3�m

0.3�kg0.2�kg

Fig.�1

A uniform conical shell has mass 0.2 kg, height 0.3 m and base diameter 0.8 m. A uniform hollow
cylinder has mass 0.3 kg, length 0.7 m and diameter 0.8 m. The conical shell is attached to the cylinder,
with the circumference of its base coinciding with one end of the cylinder (see Fig. 1).

(i) Show that the distance of the centre of mass of the combined object from the vertex of the conical
shell is 0.47 m. [4]

Fig.�2

80°

The combined object is freely suspended from its vertex and is held with its axis horizontal. This is
achieved by means of a wire attached to a point on the circumference of the base of the conical shell.
The wire makes an angle of 80◦ with the slant edge of the conical shell (see Fig. 2).

(ii) Calculate the tension in the wire. [4]
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1 A particle is projected horizontally with a speed of 7 m s−1 from a point 10 m above horizontal ground.
The particle moves freely under gravity. Calculate the speed and direction of motion of the particle
at the instant it hits the ground. [6]

2 (i)
6�cmA O C

B

Fig.�1

A uniform piece of wire, ABC, forms a semicircular arc of radius 6 cm. O is the mid-point of
AC (see Fig. 1). Show that the distance from O to the centre of mass of the wire is 3.82 cm,
correct to 3 significant figures. [2]

(ii)
A

C

B

D

Fig.�2

5�grams

3�grams

Two semicircular pieces of wire, ABC and ADC, are joined together at their ends to form a
circular hoop of radius 6 cm. The mass of ABC is 3 grams and the mass of ADC is 5 grams. The
hoop is freely suspended from A (see Fig. 2). Calculate the angle which the diameter AC makes
with the vertical, giving your answer correct to the nearest degree. [5]

3 The maximum power produced by the engine of a small aeroplane of mass 2 tonnes is 128 kW. Air
resistance opposes the motion directly and the lift force is perpendicular to the direction of motion.
The magnitude of the air resistance is proportional to the square of the speed and the maximum steady
speed in level flight is 80 m s−1.

(i) Calculate the magnitude of the air resistance when the speed is 60 m s−1. [5]

The aeroplane is climbing at a constant angle of 2◦ to the horizontal.

(ii) Find the maximum acceleration at an instant when the speed of the aeroplane is 60 m s−1. [4]
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1 A particle is projected horizontally with a speed of 7 m s−1 from a point 10 m above horizontal ground.
The particle moves freely under gravity. Calculate the speed and direction of motion of the particle
at the instant it hits the ground. [6]

2 (i)
6�cmA O C

B

Fig.�1

A uniform piece of wire, ABC, forms a semicircular arc of radius 6 cm. O is the mid-point of
AC (see Fig. 1). Show that the distance from O to the centre of mass of the wire is 3.82 cm,
correct to 3 significant figures. [2]

(ii)
A

C

B

D

Fig.�2

5�grams

3�grams

Two semicircular pieces of wire, ABC and ADC, are joined together at their ends to form a
circular hoop of radius 6 cm. The mass of ABC is 3 grams and the mass of ADC is 5 grams. The
hoop is freely suspended from A (see Fig. 2). Calculate the angle which the diameter AC makes
with the vertical, giving your answer correct to the nearest degree. [5]

3 The maximum power produced by the engine of a small aeroplane of mass 2 tonnes is 128 kW. Air
resistance opposes the motion directly and the lift force is perpendicular to the direction of motion.
The magnitude of the air resistance is proportional to the square of the speed and the maximum steady
speed in level flight is 80 m s−1.

(i) Calculate the magnitude of the air resistance when the speed is 60 m s−1. [5]

The aeroplane is climbing at a constant angle of 2◦ to the horizontal.

(ii) Find the maximum acceleration at an instant when the speed of the aeroplane is 60 m s−1. [4]
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1
A B

CD

0.6�m

A uniform square frame ABCD has sides of length 0.6 m. The side AD is removed from the frame,
and the open frame ABCD is attached at A to a fixed point (see diagram).

(i) Calculate the distance of the centre of mass of the open frame from A. [5]

The open frame rotates about A in the plane ABCD with angular speed 3 rad s−1.

(ii) Calculate the speed of the centre of mass of the open frame. [2]

2 The resistance to the motion of a car is kv
3
2 N, where v m s−1 is the car’s speed and k is a constant.

The power exerted by the car’s engine is 15 000 W, and the car has constant speed 25 m s−1 along a
horizontal road.

(i) Show that k = 4.8. [3]

With the engine operating at a much lower power, the car descends a hill of inclination α, where
sin α = 1

15. At an instant when the speed of the car is 16 m s−1, its acceleration is 0.3 m s−2.

(ii) Given that the mass of the car is 700 kg, calculate the power of the engine. [5]

3

0.5�m

30°

60°

A

B

P

A particle P of mass 0.4 kg is attached to one end of each of two light inextensible strings which are
both taut. The other end of the longer string is attached to a fixed point A, and the other end of the
shorter string is attached to a fixed point B, which is vertically below A. The string AP makes an angle
of 30◦ with the vertical and is 0.5 m long. The string BP makes an angle of 60◦ with the vertical. P
moves with constant angular speed in a horizontal circle with centre vertically below B (see diagram).
The tension in the string AP is twice the tension in the string BP. Calculate

(i) the tension in each string, [4]

(ii) the angular speed of P. [4]
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4 A block of mass 25 kg is dragged 30 m up a slope inclined at 5◦ to the horizontal by a rope inclined
at 20◦ to the slope. The tension in the rope is 100 N and the resistance to the motion of the block is
70 N. The block is initially at rest. Calculate

(i) the work done by the tension in the rope, [2]

(ii) the change in the potential energy of the block, [2]

(iii) the speed of the block after it has moved 30 m up the slope. [4]

5 A uniform solid is made of a hemisphere with centre O and radius 0.6 m, and a cylinder of radius
0.6 m and height 0.6 m. The plane face of the hemisphere and a plane face of the cylinder coincide.
(The formula for the volume of a sphere is 4

3πr3.)

(i) Show that the distance of the centre of mass of the solid from O is 0.09 m. [5]

(ii)

0.6�m

0.6�m

45°

2�N

O

The solid is placed with the curved surface of the hemisphere on a rough horizontal surface
and the axis inclined at 45◦ to the horizontal. The equilibrium of the solid is maintained by a
horizontal force of 2 N applied to the highest point on the circumference of its plane face (see
diagram). Calculate

(a) the mass of the solid, [4]

(b) the set of possible values of the coefficient of friction between the surface and the solid.
[3]

[Questions 6 and 7 are printed overleaf.]
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1

A sledge with its load has mass 70 kg. It moves down a slope and the resistance to the motion of the
sledge is 90 N. The speed of the sledge is controlled by the constant tension in a light rope, which is
attached to the sledge and parallel to the slope (see diagram). While travelling 20 m down the slope,
the speed of the sledge decreases from 2.1 m s−1 to 1.4 m s−1 and it descends a vertical distance of 3 m.

(i) Calculate the change in energy of the sledge and its load. [4]

(ii) Calculate the tension in the rope. [3]

2 A car of mass 1250 kg travels along a straight road inclined at 2◦ to the horizontal. The resistance to
the motion of the car is kv N, where v m s−1 is the speed of the car and k is a constant. The car travels
at a constant speed of 25 m s−1 up the slope and the engine of the car works at a constant rate of 21 kW.

(i) Calculate the value of k. [4]

(ii) Calculate the constant speed of the car on a horizontal road. [3]

3 A uniform lamina ABCDE consists of a square ACDE and an equilateral triangle ABC which are
joined along their common edge AC to form a pentagon whose sides are each 8 cm in length.

(i) Calculate the distance of the centre of mass of the lamina from AC. [5]

(ii) The lamina is freely suspended from A and hangs in equilibrium. Calculate the angle that AC
makes with the vertical. [2]

4 Two small spheres A and B are moving towards each other along a straight line on a smooth horizontal
surface. A has speed 3 m s−1 and B has speed 1.5 m s−1 before they collide directly. The direction of
motion of B is reversed in the collision. The speeds of A and B after the collision are 2 m s−1 and
2.9 m s−1 respectively.

(i) (a) Show that the direction of motion of A is unchanged by the collision. [2]

(b) Calculate the coefficient of restitution between A and B. [2]

The mass of B is 0.2 kg.

(ii) Find the mass of A. [3]

B continues to move at 2.9 m s−1 and strikes a vertical wall at right angles. The wall exerts an impulse
of magnitude 0.68 N s on B.

(iii) Calculate the coefficient of restitution between B and the wall. [4]

© OCR 2011 4729 Jun11
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1 A particle P is projected with speed 40 m s−1 at an angle of 35° above the horizontal from a point O. For the 
instant 3 s after projection, calculate the magnitude and direction of the velocity of P. [5]

2

r cm
_ _

Fig. 1

 A child’s toy is a uniform solid consisting of a hemisphere of radius r cm joined to a cone of base radius 
r cm. The curved surface of the cone makes an angle α with its base. The two shapes are joined at the plane 
faces with their circumferences coinciding (see Fig. 1). The distance of the centre of mass of the toy above 
the common circular plane face is x cm.

 [The volume of a sphere is 4
3πr3 and the volume of a cone is 1

3πr2h.]

 (i) Show that   x = 
r (tan2 α − 3)
8 + 4 tan α  . [4]

 The toy is placed on a horizontal surface with the hemisphere in contact with the surface. The toy is released 
from rest from the position in which the common plane circular face is vertical (see Fig. 2).

Fig. 2

 (ii) Find the set of values of α such that the toy moves to the upright position. [3]
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7

5 cm

5 cm

(a + 5) cmD C

BA

 The diagram shows the cross-section through the centre of mass of a uniform solid prism. The cross-section 
is a trapezium ABCD with AB and CD perpendicular to AD. The lengths of AB and AD are each 5 cm and the 
length of CD is (a + 5) cm.

 (i) Show the distance of the centre of mass of the prism from AD is

    a2 + 15a + 75
3(a + 10)

 cm. [5]

 The prism is placed with the face containing AB in contact with a horizontal surface.

 (ii) Find the greatest value of a for which the prism does not topple. [3]

 The prism is now placed on an inclined plane which makes an angle θ° with the horizontal. AB lies along a 
line of greatest slope with B higher than A.

 (iii) Using the value for a found in part (ii), and assuming the prism does not slip down the plane, find the 
greatest value of θ for which the prism does not topple. [6]
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1	 A block is being pushed in a straight line along horizontal ground by a force of 18 N inclined at 15° below 
the horizontal. The block moves a distance of 6 m in 5 s with constant speed. Find

	 (i)	 the work done by the force, [3]

	 (ii)	 the power with which the force is working. [2]

2	 A car of mass 1500 kg travels along a straight horizontal road. The resistance to the motion of the car is
	 kv 2

1

 N, where v m s–1 is the speed of the car and k is a constant. At the instant when the engine produces a 
power of 15 000 W, the car has speed 15 m s–1 and is accelerating at 0.4 m s–2.

	 (i)	 Find the value of k. [4]

	 It is given that the greatest steady speed of the car on this road is 30 m s–1.

	 (ii)	 Find the greatest power that the engine can produce. [3]

3	 A particle A is released from rest from the top of a smooth plane, which makes an angle of 30° with the 
horizontal. The particle A collides 2 s later with a particle B, which is moving up a line of greatest slope of 
the plane. The coefficient of restitution between the particles is 0.4 and the speed of B immediately before 
the collision is 2 m s–1. B has velocity 1 m s–1 down the plane immediately after the collision. Find

	 (i)	 the speed of A immediately after the collision, [4]

	 (ii)	 the distance A moves up the plane after the collision. [2]

	 The masses of A and B are 0.5 kg and m kg, respectively.

	 (iii)	 Find the value of m. [3]

4
D C

A B

6 cm

6 cm

	 A uniform square lamina ABCD of side 6 cm has a semicircular piece, with AB as diameter, removed (see 
diagram).

	 (i)	 Find the distance of the centre of mass of the remaining shape from CD. [6]

	 The remaining shape is suspended from a fixed point by a string attached at C and hangs in equilibrium.

	 (ii)	 Find the angle between CD and the vertical. [2]
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4	 A solid uniform cone has height 8 cm, base radius 5 cm and mass 4 kg. A uniform conical shell has height 
10 cm, base radius 5 cm and mass 0.4 kg. The two shapes are joined together so that the circumferences of 
their circular bases coincide.

	 (i)	 Find the distance of the centre of mass of the shape from the common circular base. [4]

 cm  cm

	 The object is suspended with a string attached to the vertex of the cone and another string attached to the 
vertex of the conical shell. The object is in equilibrium with the strings vertical and the axis of symmetry of 
the object horizontal (see diagram).

	 (ii)	 Find the tension in each string. [4]
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