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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 particle P of mass 0.1 kg is moving with constant angular speed ω rad s−1 in a horizontal circle on
the smooth inner surface of a cone which is fixed with its axis vertical and its vertex A at its lowest
point. The semi-vertical angle of the cone is 60◦ and the distance AP is 0.8 m (see Fig. 1).

(i) Calculate the magnitude of the force exerted by the cone on the particle. [3]

(ii) Calculate ω . [4]

The particle P is now attached to one end of a light inextensible string which passes through a small
smooth hole at A. The lower end of the string is attached to a particle Q of mass 0.2 kg. Q is in
equilibrium with the string taut and AP = 0.8 m. P moves in a horizontal circle with constant speed
v m s−1 (see Fig. 2).

(iii) State the tension in the string. [1]

(iv) Find v. [6]
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A light inextensible string of length 1 m passes through a small smooth hole A in a fixed smooth
horizontal plane. One end of the string is attached to a particle P, of mass 0.5 kg, which hangs in
equilibrium below the plane. The other end of the string is attached to a particle Q, of mass 0.3 kg,
which rotates with constant angular speed in a circle of radius 0.2 m on the surface of the plane (see
Fig. 1).

(i) Calculate the tension in the string and hence find the angular speed of Q. [4]

The particle Q on the plane is now fixed to a point 0.2 m from the hole at A and the particle P rotates
in a horizontal circle of radius 0.2 m (see Fig. 2).

(ii) Calculate the tension in the string. [4]

(iii) Calculate the speed of P. [3]
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One end of a light inextensible string of length 0.8 m is attached to a fixed point A which lies above a
smooth horizontal table. The other end of the string is attached to a particle P, of mass 0.3 kg, which
moves in a horizontal circle on the table with constant angular speed 2 rad s−1. AP makes an angle of
30◦ with the vertical (see diagram).

(i) Calculate the tension in the string. [4]

(ii) Calculate the normal contact force between the particle and the table. [3]

The particle now moves with constant speed v m s−1 and is on the point of leaving the surface of the
table.

(iii) Calculate v. [6]

8 A missile is projected with initial speed 42 m s−1 at an angle of 30◦ above the horizontal. Ignoring air
resistance, calculate

(i) the maximum height of the missile above the level of the point of projection, [3]

(ii) the distance of the missile from the point of projection at the instant when it is moving downwards
at an angle of 10◦ to the horizontal. [11]
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A particle P of mass 0.3 kg is attached to one end of each of two light inextensible strings. 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. AP makes an angle of 30◦ with the vertical and is
0.4 m long. PB makes an angle of 60◦ with the vertical. The particle moves in a horizontal circle with
constant angular speed and with both strings taut (see diagram). The tension in the string AP is 5 N.

Calculate

(i) the tension in the string PB, [3]

(ii) the angular speed of P, [3]

(iii) the kinetic energy of P. [3]

7 Two small spheres A and B, with masses 0.3 kg and m kg respectively, lie at rest on a smooth horizontal
surface. A is projected directly towards B with speed 6 m s−1 and hits B. The direction of motion
of A is reversed in the collision. The speeds of A and B after the collision are 1 m s−1 and 3 m s−1

respectively. The coefficient of restitution between A and B is e.

(i) Show that m = 0.7. [2]

(ii) Find e. [2]

B continues to move at 3 m s−1 and strikes a vertical wall at right angles. The coefficient of restitution
between B and the wall is f .

(iii) Find the range of values of f for which there will be a second collision between A and B. [2]

(iv) Find, in terms of f , the magnitude of the impulse that the wall exerts on B. [3]

(v) Given that f = 3
4, calculate the final speeds of A and B, correct to 1 decimal place. [7]

[Question 8 is printed overleaf.]
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Q

P

B

0.3 kg

1.96 m

1.96 m

Fig. 1

One end of a light inextensible string is attached to a point P. The other end is attached to a
point Q, 1.96 m vertically below P. A small smooth bead B, of mass 0.3 kg, is threaded on the
string and moves in a horizontal circle with centre Q and radius 1.96 m. B rotates about Q with
constant angular speed ω rad s−1 (see Fig. 1).

(a) Show that the tension in the string is 4.16 N, correct to 3 significant figures. [2]

(b) Calculate ω . [3]

(ii)

R

P

B

0.3 kg

Fig. 2

30°

60°

1.5 m

The lower part of the string is now attached to a point R, vertically below P. PB makes an angle
30◦ with the vertical and RB makes an angle 60◦ with the vertical. The bead B now moves in a
horizontal circle of radius 1.5 m with constant speed v m s−1 (see Fig. 2).

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

(b) Calculate v. [3]

7 A missile is projected from a point O on horizontal ground with speed 175 m s−1 at an angle of
elevation θ. The horizontal lower surface of a cloud is 650 m above the ground.

(i) Find the value of θ for which the missile just reaches the cloud. [3]

It is given that θ = 55◦.
(ii) Find the length of time for which the missile is above the lower surface of the cloud. [5]

(iii) Find the speed of the missile at the instant it enters the cloud. [4]
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A

B

P

0.5 kg

60°

60°

0.4 m

A particle P of mass 0.5 kg is attached to points A and B on a fixed vertical axis by two light inextensible
strings of equal length. Both strings are taut and each is inclined at 60◦ to the vertical (see diagram).
The particle moves with constant speed 3 m s−1 in a horizontal circle of radius 0.4 m.

(i) Calculate the tensions in the two strings. [7]

The particle now moves with constant angular speed ω rad s−1 and the string BP is on the point of
becoming slack.

(ii) Calculate ω . [5]

7
A B

2 kg 3 kg

4 m

Two small spheres A and B of masses 2 kg and 3 kg respectively lie at rest on a smooth horizontal
platform which is fixed at a height of 4 m above horizontal ground (see diagram). Sphere A is given
an impulse of 6 N s towards B, and A then strikes B directly. The coefficient of restitution between A
and B is 2

3.

(i) Show that the speed of B after it has been hit by A is 2 m s−1. [6]

Sphere B leaves the platform and follows the path of a projectile.

(ii) Calculate the speed and direction of motion of B at the instant when it hits the ground. [7]
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4 A car of mass 800 kg experiences a resistance of magnitude kv2 N, where k is a constant and v m s−1

is the car’s speed. The car’s engine is working at a constant rate of P W. At an instant when the car is
travelling on a horizontal road with speed 20 m s−1 its acceleration is 0.75 m s−2. At an instant when
the car is ascending a hill of constant slope 12◦ to the horizontal with speed 10 m s−1 its acceleration
is 0.25 m s−2.

(i) Show that k = 0.900, correct to 3 decimal places, and find P. [7]

The power is increased to 1.5P W.

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

5

P

A

B

0.4�m

0.3�m

0.2�kg

8�rad�s–1

0.24�m

A particle P of mass 0.2 kg is attached to one end of each of two light inextensible strings, one of
length 0.4 m and one of length 0.3 m. 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 particle moves in a horizontal circle of radius 0.24 m at a constant angular speed of 8 rad s−1 (see
diagram). Both strings are taut, the tension in AP is S N and the tension in BP is T N.

(i) By resolving vertically, show that 4S = 3T + 9.8. [4]

(ii) Find another equation connecting S and T and hence calculate the tensions, correct to 1 decimal
place. [8]

[Questions 6 and 7 are printed overleaf.]
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4 A car of mass 800 kg experiences a resistance of magnitude kv2 N, where k is a constant and v m s−1

is the car’s speed. The car’s engine is working at a constant rate of P W. At an instant when the car is
travelling on a horizontal road with speed 20 m s−1 its acceleration is 0.75 m s−2. At an instant when
the car is ascending a hill of constant slope 12◦ to the horizontal with speed 10 m s−1 its acceleration
is 0.25 m s−2.

(i) Show that k = 0.900, correct to 3 decimal places, and find P. [7]

The power is increased to 1.5P W.

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

5

P

A

B

0.4�m

0.3�m

0.2�kg

8�rad�s–1

0.24�m

A particle P of mass 0.2 kg is attached to one end of each of two light inextensible strings, one of
length 0.4 m and one of length 0.3 m. 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 particle moves in a horizontal circle of radius 0.24 m at a constant angular speed of 8 rad s−1 (see
diagram). Both strings are taut, the tension in AP is S N and the tension in BP is T N.

(i) By resolving vertically, show that 4S = 3T + 9.8. [4]

(ii) Find another equation connecting S and T and hence calculate the tensions, correct to 1 decimal
place. [8]

[Questions 6 and 7 are printed overleaf.]
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1 A boy on a sledge slides down a straight track of length 180 m which descends a vertical distance
of 40 m. The combined mass of the boy and the sledge is 75 kg. The initial speed is 3 m s−1 and the
final speed is 12 m s−1. The magnitude, R N, of the resistance to motion is constant. By considering
the change in energy, calculate R. [5]

2 A car of mass 1100 kg has maximum power of 44 000 W. The resistive forces have constant magnitude
1400 N.

(i) Calculate the maximum steady speed of the car on the level. [2]

The car is moving on a hill of constant inclination α to the horizontal, where sin α = 0.05.

(ii) Calculate the maximum steady speed of the car when ascending the hill. [3]

(iii) Calculate the acceleration of the car when it is descending the hill at a speed of 10 m s−1 working
at half the maximum power. [3]

3

A

D

C B

50�N
1.3�m

0.5�m

2.8�m

A uniform beam AB has weight 70 N and length 2.8 m. The beam is freely hinged to a wall at A and
is supported in a horizontal position by a strut CD of length 1.3 m. One end of the strut is attached to
the beam at C, 0.5 m from A, and the other end is attached to the wall at D, vertically below A. The
strut exerts a force on the beam in the direction DC. The beam carries a load of weight 50 N at its
end B (see diagram).

(i) Calculate the magnitude of the force exerted by the strut on the beam. [4]

(ii) Calculate the magnitude of the force acting on the beam at A. [6]

4 A light inextensible string of length 0.6 m has one end fixed to a point A on a smooth horizontal plane.
The other end of the string is attached to a particle B, of mass 0.4 kg, which rotates about A with
constant angular speed 2 rad s−1 on the surface of the plane.

(i) Calculate the tension in the string. [2]

A particle P of mass 0.1 kg is attached to the mid-point of the string. The line APB is straight and
rotation continues at 2 rad s−1.

(ii) Calculate the tension in the section of the string AP. [4]

(iii) Calculate the total kinetic energy of the system. [5]
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7
5�m

3�m

P

O

0.2�kg

!

Fig.�1

A particle P of mass 0.2 kg is moving on the smooth inner surface of a fixed hollow hemisphere which
has centre O and radius 5 m. P moves with constant angular speed ω in a horizontal circle at a vertical
distance of 3 m below the level of O (see Fig. 1).

(i) Calculate the magnitude of the force exerted by the hemisphere on P. [3]

(ii) Calculate ω. [4]

5�m

3�m

P

O

0.1�kg

Fig.�2

A light inextensible string is now attached to P. The string passes through a small smooth hole at the
lowest point of the hemisphere and a particle of mass 0.1 kg hangs in equilibrium at the end of the
string. P moves in the same horizontal circle as before (see Fig. 2).

(iii) Calculate the new angular speed of P. [8]

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations, is given to all schools that receive assessment material and is freely available to download from our public
website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.

OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a department
of the University of Cambridge.

© OCR 2010 4729 Jan10

physicsandmathstutor.com

10

cont on next page

PhysicsAndMathsTutor.com



4

7
5�m

3�m

P

O

0.2�kg

!

Fig.�1

A particle P of mass 0.2 kg is moving on the smooth inner surface of a fixed hollow hemisphere which
has centre O and radius 5 m. P moves with constant angular speed ω in a horizontal circle at a vertical
distance of 3 m below the level of O (see Fig. 1).

(i) Calculate the magnitude of the force exerted by the hemisphere on P. [3]

(ii) Calculate ω. [4]

5�m

3�m

P

O

0.1�kg

Fig.�2

A light inextensible string is now attached to P. The string passes through a small smooth hole at the
lowest point of the hemisphere and a particle of mass 0.1 kg hangs in equilibrium at the end of the
string. P moves in the same horizontal circle as before (see Fig. 2).

(iii) Calculate the new angular speed of P. [8]
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4

20°

T

A B
G

2.5�m 1.5�m

A non-uniform beam AB of length 4 m and mass 5 kg has its centre of mass at the point G of the beam
where AG = 2.5 m. The beam is freely suspended from its end A and is held in a horizontal position
by means of a wire attached to the end B. The wire makes an angle of 20◦ with the vertical and the
tension is T N (see diagram).

(i) Calculate T . [3]

(ii) Calculate the magnitude and the direction of the force acting on the beam at A. [7]

5

m

l

!

45°

One end of a light inextensible string of length l is attached to the vertex of a smooth cone of semi-
vertical angle 45◦. The cone is fixed to the ground with its axis vertical. The other end of the string is
attached to a particle of mass m which rotates in a horizontal circle in contact with the outer surface
of the cone. The angular speed of the particle is ω (see diagram). The tension in the string is T and
the contact force between the cone and the particle is R.

(i) By resolving horizontally and vertically, find two equations involving T and R and hence show
that T = 1

2m(√2g + lω2). [6]

(ii) When the string has length 0.8 m, calculate the greatest value of ω for which the particle remains
in contact with the cone. [4]

[Questions 6 and 7 are printed overleaf.]
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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]

© OCR 2011 4729 Jan11

physicsandmathstutor.com

(Q1, Jan 2011)

12

PhysicsAndMathsTutor.com



2

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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3

5 A particle is projected with speed 7 m s−1 at an angle of elevation of 30◦ from a point O and moves
freely under gravity. The horizontal and vertically upwards displacements of the particle from O at
any subsequent time t s are x m and y m respectively.

(i) Express x and y in terms of t and hence find the equation of the trajectory of the particle. [4]

(ii) Calculate the values of x when y = 0.6. [4]

(iii) Find the direction of motion of the particle when y = 0.6 and the particle is rising. [4]

6

30°

P

Q
0.2�m

0.12�m

Fig.�1

A container is constructed from a hollow cylindrical shell and a hollow cone which are joined along
their circumferences. The cylindrical shell has radius 0.2 m, and the cone has semi-vertical angle 30◦.
Two identical small spheres P and Q move independently in horizontal circles on the smooth inner
surface of the container (see Fig. 1). Each sphere has mass 0.3 kg.

(i) P moves in a circle of radius 0.12 m and is in contact with only the conical part of the container.
Calculate the angular speed of P. [5]

(ii)

Fig.�2

Q

Q moves with speed 2.1 m s−1 and is in contact with both the cylindrical and conical surfaces of
the container (see Fig. 2). Calculate the magnitude of the force which the cylindrical shell exerts
on the sphere. [4]

(iii) Calculate the difference between the mechanical energy of P and of Q. [5]

[Question 7 is printed overleaf.]
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5 A particle is projected with speed 7 m s−1 at an angle of elevation of 30◦ from a point O and moves
freely under gravity. The horizontal and vertically upwards displacements of the particle from O at
any subsequent time t s are x m and y m respectively.

(i) Express x and y in terms of t and hence find the equation of the trajectory of the particle. [4]

(ii) Calculate the values of x when y = 0.6. [4]

(iii) Find the direction of motion of the particle when y = 0.6 and the particle is rising. [4]

6

30°

P

Q
0.2�m

0.12�m

Fig.�1

A container is constructed from a hollow cylindrical shell and a hollow cone which are joined along
their circumferences. The cylindrical shell has radius 0.2 m, and the cone has semi-vertical angle 30◦.
Two identical small spheres P and Q move independently in horizontal circles on the smooth inner
surface of the container (see Fig. 1). Each sphere has mass 0.3 kg.

(i) P moves in a circle of radius 0.12 m and is in contact with only the conical part of the container.
Calculate the angular speed of P. [5]

(ii)

Fig.�2

Q

Q moves with speed 2.1 m s−1 and is in contact with both the cylindrical and conical surfaces of
the container (see Fig. 2). Calculate the magnitude of the force which the cylindrical shell exerts
on the sphere. [4]

(iii) Calculate the difference between the mechanical energy of P and of Q. [5]

[Question 7 is printed overleaf.]
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60°

1.6 m

P

B

A

 A uniform rod AB of mass 10 kg and length 2.4 m rests with A on rough horizontal ground. The rod makes 
an angle of 60° with the horizontal and is supported by a fixed smooth peg P. The distance AP is 1.6 m (see 
diagram).

 (i) Calculate the magnitude of the force exerted by the peg on the rod. [3]

 (ii) Find the least value of the coefficient of friction between the rod and the ground needed to maintain 
equilibrium. [5]

4 A particle P of mass 0.2 kg is attached to one end of a light inextensible string of length 1.2 m. The other end 
of the string is fixed at a point A which is 0.6 m above a smooth horizontal table. P moves on the table in a 
circular path whose centre O is vertically below A.

 (i) Given that the angular speed of P is 2.5 rad s−1, find

  (a) the tension in the string, [4]

  (b) the normal reaction between the particle and the table. [3]

 (ii) Find the greatest possible speed of P, given that the particle remains in contact with the table. [5]

5 A car of mass 1500 kg travels up a line of greatest slope of a straight road inclined at 5° to the horizontal. 
The power of the car’s engine is constant and equal to 25 kW and the resistance to the motion of the car is 
constant and equal to 750 N. The car passes through point A with speed 10 m s−1.

 (i) Find the acceleration of the car at A. [5]

 The car later passes through a point B with speed 20 m s−1. The car takes 28 s to travel from A to B.

 (ii) Find the distance AB. [7]

[Questions 6 and 7 are printed overleaf.]
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4 A boy throws a small ball at a vertical wall. The ball is thrown horizontally, from a point O, at a speed of 
14.4 m s−1 and it hits the wall at a point which is 0.2 m below the level of O.

 (i) Find the horizontal distance from O to the wall. [4]

 The boy now moves so that he is 6 m from the wall. He throws the ball at an angle of 15° above the 
horizontal. The ball again hits the wall at a point which is 0.2 m below the level from which it was thrown.

 (ii) Find the speed at which the ball was thrown. [6]

5 A particle P, of mass 2 kg, is attached to fixed points A and B by light inextensible strings, each of length 
2 m. A and B are 3.2 m apart with A vertically above B. The particle P moves in a horizontal circle with 
centre at the mid-point of AB.

 (i) Find the tension in each string when the angular speed of P is 4 rad s−1. [7]

 (ii) Find the least possible speed of P. [6]

6 Three particles A, B and C are in a straight line on a smooth horizontal surface. The particles have masses 
0.2 kg, 0.4 kg and 0.6 kg respectively. B is at rest. A is projected towards B with a speed of 1.8 m s−1 and 
collides with B. The coefficient of restitution between A and B is 1

3.

 (i) Show that the speed of B after the collision is 0.8 m s−1 and find the speed of A after the collision. [6]

 C is moving with speed 0.2 m s−1 in the same direction as B. Particle B subsequently collides with C. The 
coefficient of restitution between B and C is e.

 (ii) Find the set of values for e such that B does not collide again with A. [7]

[Question 7 is printed overleaf.]
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7	 A particle is projected with speed u m s–1 at an angle of i  above the horizontal from a point O. At time t s 
after projection, the horizontal and vertically upwards displacements of the particle from O are x m and y m 
respectively.

	 (i)	 Express x and y in terms of t and i  and hence obtain the equation of trajectory

tan
secy x
u

gx
2
2

2 2

i
i

= - .
	 [4]

	 In a shot put competition, a shot is thrown from a height of 2.1 m above horizontal ground. It has initial 
velocity of 14 m s–1 at an angle of i  above the horizontal. The shot travels a horizontal distance of 22 m 
before hitting the ground.

	 (ii)	 Show that 12.1 22 10 0tan tan
2i i- + = , and find the value of i . [5]

	 (iii)	 Find the time of flight of the shot. [2]

8

6 m

4 m

8 m

V

	 A conical shell has radius 6 m and height 8 m. The shell, with its vertex V downwards, is rotating about its 
vertical axis. A particle, of mass 0.4 kg, is in contact with the rough inner surface of the shell. The particle is 
4 m above the level of V (see diagram). The particle and shell rotate with the same constant angular speed. 
The coefficient of friction between the particle and the shell is n .

	 (i)	 The frictional force on the particle is F N, and the normal force of the shell on the particle is R N. It is 
given that the speed of the particle is 4.5 m s–1, which is the smallest possible speed for the particle not 
to slip.

	  (a) By resolving vertically, show that .F R4 3 19 6+ = . [2]

	  (b)  By finding another equation connecting F and R, find the values of F and R and show that 
0.336n = , correct to 3 significant figures. [6]

	 (ii)	 Find the largest possible angular speed of the shell for which the particle does not slip. [6]
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5	 A vertical hollow cylinder of radius 0.4 m is rotating about its axis. A particle P is in contact with the 
rough inner surface of the cylinder. The cylinder and P rotate with the same constant angular speed. The 
coefficient of friction between P and the cylinder is n .

	 (i)	 Given that the angular speed of the cylinder is 7 rad s−1 and P is on the point of moving downwards, 
find the value of n . [5]

	 The particle is now attached to one end of a light inextensible string of length 0.5 m. The other end is fixed 
to a point A on the axis of the cylinder (see diagram).

4 m

 m

A

P

	 (ii)	 Find the angular speed for which the contact force between P and the cylinder becomes zero. [5]

6

A

4 m s 1

0.2 kg m kg

u m s 1

B

	 The masses of two particles A and B are 0.2 kg and m kg respectively. The particles are moving with constant 
speeds 4 m s−1 and u m s−1 in the same horizontal line and in the same direction (see diagram). The two 
particles collide and the coefficient of restitution between the particles is e. After the collision, A and B 
continue in the same direction with speeds 4(1 )e e2- +  m s−1 and 4 m s−1 respectively.

	 (i)	 Find u and m in terms of e. [6]

	 (ii)	 Find the value of e for which the speed of A after the collision is least and find, in this case, the total 
loss in kinetic energy due to the collision. [5]

	 (iii)	 Find the possible values of e for which the magnitude of the impulse that B exerts on A is 0.192 N s.
 [4]
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5	 A vertical hollow cylinder of radius 0.4 m is rotating about its axis. A particle P is in contact with the 
rough inner surface of the cylinder. The cylinder and P rotate with the same constant angular speed. The 
coefficient of friction between P and the cylinder is n .

	 (i)	 Given that the angular speed of the cylinder is 7 rad s−1 and P is on the point of moving downwards, 
find the value of n . [5]

	 The particle is now attached to one end of a light inextensible string of length 0.5 m. The other end is fixed 
to a point A on the axis of the cylinder (see diagram).

4 m

 m

A

P

	 (ii)	 Find the angular speed for which the contact force between P and the cylinder becomes zero. [5]

6

A

4 m s 1

0.2 kg m kg

u m s 1

B

	 The masses of two particles A and B are 0.2 kg and m kg respectively. The particles are moving with constant 
speeds 4 m s−1 and u m s−1 in the same horizontal line and in the same direction (see diagram). The two 
particles collide and the coefficient of restitution between the particles is e. After the collision, A and B 
continue in the same direction with speeds 4(1 )e e2- +  m s−1 and 4 m s−1 respectively.

	 (i)	 Find u and m in terms of e. [6]

	 (ii)	 Find the value of e for which the speed of A after the collision is least and find, in this case, the total 
loss in kinetic energy due to the collision. [5]

	 (iii)	 Find the possible values of e for which the magnitude of the impulse that B exerts on A is 0.192 N s.
 [4]
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