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P92070/Jan07/MM2B

5 Tom is on a fairground ride.

Tom’s position vector, r metres, at time t seconds is given by

r ¼ 2 cos t iþ 2 sin t jþ ð10$ 0:4tÞk

The perpendicular unit vectors i and j are in the horizontal plane and the unit vector k is
directed vertically upwards.

(a) (i) Find Tom’s position vector when t ¼ 0 . (1 mark)

(ii) Find Tom’s position vector when t ¼ 2p . (1 mark)

(iii) Write down the first two values of t for which Tom is directly below his starting
point. (2 marks)

(b) Find an expression for Tom’s velocity at time t . (3 marks)

(c) Tom has mass 25 kg.

Show that the resultant force acting on Tom during the motion has constant magnitude.
State the magnitude of the resultant force. (5 marks)

Turn over for the next question

Turn over
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P92070/Jan07/MM2B

5 Tom is on a fairground ride.

Tom’s position vector, r metres, at time t seconds is given by

r ¼ 2 cos t iþ 2 sin t jþ ð10$ 0:4tÞk

The perpendicular unit vectors i and j are in the horizontal plane and the unit vector k is
directed vertically upwards.

(a) (i) Find Tom’s position vector when t ¼ 0 . (1 mark)

(ii) Find Tom’s position vector when t ¼ 2p . (1 mark)

(iii) Write down the first two values of t for which Tom is directly below his starting
point. (2 marks)

(b) Find an expression for Tom’s velocity at time t . (3 marks)

(c) Tom has mass 25 kg.

Show that the resultant force acting on Tom during the motion has constant magnitude.
State the magnitude of the resultant force. (5 marks)

Turn over for the next question

Turn over
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3 A particle has mass 800 kg. A single force of (2400 i! 4800t j) newtons acts on the particle
at time t seconds. No other forces act on the particle.

(a) Find the acceleration of the particle at time t. (2 marks)

(b) At time t ¼ 0, the velocity of the particle is (6iþ 30j) m s!1. The velocity of the
particle at time t is vms!1.

Show that

v ¼ ð6þ 3tÞ iþ ð30! 3t2Þ j (4 marks)

(c) Initially, the particle is at the point with position vector (2iþ 5j) m.

Find the position vector, r metres, of the particle at time t. (5 marks)

4 A uniform plank is 10m long and has mass 15 kg. It is placed on horizontal ground at the
edge of a vertical river bank, so that 2m of the plank is projecting over the edge, as shown
in the diagram below.

(a) A woman of mass 50 kg stands on the part of the plank which projects over the river.

Find the greatest distance from the river bank at which she can safely stand. (3 marks)

(b) The woman wishes to stand safely at the end of the plank which projects over the river.

Find the minimum mass which she should place on the other end of the plank so that
she can do this. (4 marks)

(c) State how you have used the fact that the plank is uniform in your solution. (1 mark)

(d) State one other modelling assumption which you have made. (1 mark)

10m

2m

Turn over
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P1370/Jan08/MM2B

Answer all questions.

1 A ball is thrown vertically upwards from ground level with an initial speed of 15m s!1. The
ball has a mass of 0.6 kg. Assume that the only force acting on the ball after it is thrown is
its weight.

(a) Calculate the initial kinetic energy of the ball. (2 marks)

(b) By using conservation of energy, find the maximum height above ground level reached
by the ball. (3 marks)

(c) By using conservation of energy, find the kinetic energy and the speed of the ball when
it is at a height of 3m above ground level. (4 marks)

(d) State one modelling assumption which has been made. (1 mark)

2 A particle moves in a straight line and at time t it has velocity v, where

v ¼ 3t2 ! 2 sin 3t þ 6

(a) (i) Find an expression for the acceleration of the particle at time t. (2 marks)

(ii) When t ¼ p
3
, show that the acceleration of the particle is 2p þ 6 . (2 marks)

(b) When t ¼ 0 , the particle is at the origin.

Find an expression for the displacement of the particle from the origin at time t.
(4 marks)
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P1370/Jan08/MM2B

3 A uniform ladder of length 4 metres and mass 20 kg rests in equilibrium with its foot, A, on a
rough horizontal floor and its top leaning against a smooth vertical wall. The vertical plane
containing the ladder is perpendicular to the wall and the angle between the ladder and the
floor is 60!.

A man of mass 80 kg is standing at point C on the ladder. With the man in this position, the
ladder is on the point of slipping. The coefficient of friction between the ladder and the floor
is 0.4 . The man may be modelled as a particle at C.

(a) Draw a diagram to show the forces acting on the ladder. (2 marks)

(b) Show that the magnitude of the frictional force between the ladder and the ground
is 392N. (3 marks)

(c) Find the distance AC . (6 marks)

4 A particle moves in a horizontal plane under the action of a single force, F newtons. The
unit vectors i and j are directed east and north respectively. At time t seconds, the position
vector, r metres, of the particle is given by

r ¼ ðt3 # 3t2 þ 4Þiþ ð4t þ t2Þj

(a) Find an expression for the velocity of the particle at time t. (2 marks)

(b) The mass of the particle is 3 kg.

(i) Find an expression for F at time t. (3 marks)

(ii) Find the magnitude of F when t ¼ 3 . (2 marks)

(c) Find the value of t when F acts due north. (2 marks)

C

60!
A

Turn over
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P6214/Jun08/MM2B

Answer all questions.

1 A particle moves in a straight line and at time t seconds has velocity vms!1 , where

v ¼ 6t2 þ 4t ! 7, t5 0

(a) Find an expression for the acceleration of the particle at time t. (2 marks)

(b) The mass of the particle is 3 kg.

Find the resultant force on the particle when t ¼ 4 . (2 marks)

(c) When t ¼ 0 , the displacement of the particle from the origin is 5 metres.

Find an expression for the displacement of the particle from the origin at time t.
(4 marks)

2 A uniform plank, of length 6 metres, has mass 40 kg. The plank is held in equilibrium in a
horizontal position by two vertical ropes attached to the plank at A and B, as shown in the
diagram.

(a) Draw a diagram to show the forces acting on the plank. (1 mark)

(b) Show that the tension in the rope attached to the plank at B is 21g N. (3 marks)

(c) Find the tension in the rope that is attached to the plank at A. (2 marks)

(d) State where in your solution you have used the fact that the plank is uniform.
(1 mark)

0.9m 4m 1.1m

A B
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P10617/Jan09/MM2B

Answer all questions.

1 A particle moves along a straight line. At time t, it has velocity v, where

v ¼ 4t3 " 8 sin 2t þ 5

When t ¼ 0 , the particle is at the origin.

Find an expression for the displacement of the particle from the origin at time t. (4 marks)

2 A stone, of mass 6 kg, is thrown vertically upwards with a speed of 12m s"1 from a point at
a height of 4 metres above ground level.

(a) Calculate the initial kinetic energy of the stone. (2 marks)

(b) (i) Show that the kinetic energy of the stone when it hits the ground is 667 J, correct
to three significant figures. (2 marks)

(ii) Hence find the speed of the stone when it hits the ground. (3 marks)

(iii) State two modelling assumptions that you have made. (2 marks)

3 A particle moves on a horizontal plane, in which the unit vectors i and j are directed east and
north respectively.

At time t seconds, the position vector of the particle is r metres, where

r ¼ 2e
1
2t " 8t þ 5

! "
iþ ðt2 " 6tÞj

(a) Find an expression for the velocity of the particle at time t. (3 marks)

(b) (i) Find the speed of the particle when t ¼ 3 . (2 marks)

(ii) State the direction in which the particle is travelling when t ¼ 3 . (1 mark)

(c) Find the acceleration of the particle when t ¼ 3 . (3 marks)

(d) The mass of the particle is 7 kg.

Find the magnitude of the resultant force on the particle when t ¼ 3 . (3 marks)

PMT
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P10617/Jan09/MM2B

Answer all questions.

1 A particle moves along a straight line. At time t, it has velocity v, where

v ¼ 4t3 " 8 sin 2t þ 5

When t ¼ 0 , the particle is at the origin.

Find an expression for the displacement of the particle from the origin at time t. (4 marks)

2 A stone, of mass 6 kg, is thrown vertically upwards with a speed of 12m s"1 from a point at
a height of 4 metres above ground level.

(a) Calculate the initial kinetic energy of the stone. (2 marks)

(b) (i) Show that the kinetic energy of the stone when it hits the ground is 667 J, correct
to three significant figures. (2 marks)

(ii) Hence find the speed of the stone when it hits the ground. (3 marks)

(iii) State two modelling assumptions that you have made. (2 marks)

3 A particle moves on a horizontal plane, in which the unit vectors i and j are directed east and
north respectively.

At time t seconds, the position vector of the particle is r metres, where

r ¼ 2e
1
2t " 8t þ 5

! "
iþ ðt2 " 6tÞj

(a) Find an expression for the velocity of the particle at time t. (3 marks)

(b) (i) Find the speed of the particle when t ¼ 3 . (2 marks)

(ii) State the direction in which the particle is travelling when t ¼ 3 . (1 mark)

(c) Find the acceleration of the particle when t ¼ 3 . (3 marks)

(d) The mass of the particle is 7 kg.

Find the magnitude of the resultant force on the particle when t ¼ 3 . (3 marks)
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P15959/Jun09/MM2B

Answer all questions.

1 A particle moves under the action of a force, F newtons. At time t seconds, the velocity,
vms!1 , of the particle is given by

v ¼ ðt3 ! 15t ! 5Þiþ ð6t ! t2Þj

(a) Find an expression for the acceleration of the particle at time t. (3 marks)

(b) The mass of the particle is 4 kg.

(i) Show that, at time t,

F ¼ ð12t2 ! 60Þiþ ð24! 8tÞj (2 marks)

(ii) Find the magnitude of F when t ¼ 2 . (4 marks)

2 A slide at a water park may be modelled as a smooth plane of length 20 metres inclined at
30! to the vertical. Anne, who has a mass of 55 kg, slides down the slide. At the top of the
slide, she has an initial velocity of 3m s!1 down the slide.

(a) Calculate Anne’s initial kinetic energy. (2 marks)

(b) By using conservation of energy, find the kinetic energy and the speed of Anne after
she has travelled the 20 metres. (6 marks)

(c) State one modelling assumption which you have made. (1 mark)
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P22790/Jan10/MM2B

3 A uniform plank, of length 8 metres, has mass 30 kg. The plank is supported in equilibrium
in a horizontal position by two smooth supports at the points A and B, as shown in the
diagram. A block, of mass 20 kg, is placed on the plank at point A.

(a) Draw a diagram to show the forces acting on the plank. (2 marks)

(b) Show that the magnitude of the force exerted on the plank by the support at B is
19.2g newtons. (3 marks)

(c) Find the magnitude of the force exerted on the plank by the support at A. (2 marks)

(d) Explain how you have used the fact that the plank is uniform in your solution.
(1 mark)

4 A particle moves so that at time t seconds its velocity vms!1 is given by

v ¼ ð4t3 ! 12t þ 3Þiþ 5jþ 8tk

(a) When t ¼ 0 , the position vector of the particle is ð!5iþ 6kÞ metres.

Find the position vector of the particle at time t. (4 marks)

(b) Find the acceleration of the particle at time t. (2 marks)

(c) Find the magnitude of the acceleration of the particle at time t. Do not simplify your
answer. (2 marks)

(d) Hence find the time at which the magnitude of the acceleration is a minimum.
(2 marks)

(e) The particle is moving under the action of a single variable force F newtons. The mass
of the particle is 7 kg.

Find the minimum magnitude of F. (2 marks)

0.8m
5m 2.2m

A B

Turn over
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Answer all questions in the spaces provided.

1 A particle moves along a straight line through the origin. At time t, the
displacement, s, of the particle from the origin is given by

s ¼ 5t2 þ 3 cos 4t

Find the velocity of the particle at time t. (3 marks)
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4 A particle has mass 200 kg and moves on a smooth horizontal plane. A single

horizontal force, 400 cos
p
2
t

! "
iþ 600t2 j

! "
newtons, acts on the particle at time

t seconds.

The unit vectors i and j are directed east and north respectively.

(a) Find the acceleration of the particle at time t. (2 marks)

(b) When t ¼ 4 , the velocity of the particle is ð$3iþ 56jÞms$1 .

Find the velocity of the particle at time t. (5 marks)

(c) Find t when the particle is moving due west. (3 marks)

(d) Find the speed of the particle when it is moving due west. (2 marks)
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Answer all questions in the spaces provided.

1 The velocity of a particle at time t seconds is vms!1 , where

v ¼ ð4þ 3t2Þiþ ð12! 8tÞj

(a) When t ¼ 0 , the particle is at the point with position vector ð5i! 7jÞm.

Find the position vector, r metres, of the particle at time t. (4 marks)

(b) Find the acceleration of the particle at time t. (2 marks)

(c) The particle has mass 2 kg.

Find the magnitude of the force acting on the particle when t ¼ 1 . (4 marks)
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3 A particle moves in a horizontal plane under the action of a single force, F newtons.
The unit vectors i and j are directed east and north respectively. At time t seconds,
the velocity of the particle, vms!1, is given by

v ¼ 4e!2t iþ ð6t ! 3t2Þj

(a) Find an expression for the acceleration of the particle at time t. (3 marks)

(b) The mass of the particle is 5 kg.

(i) Find an expression for the force F acting on the particle at time t. (2 marks)

(ii) Find the magnitude of F when t ¼ 0 . (2 marks)

(c) Find the value of t when F acts due west. (2 marks)

(d) When t ¼ 0 , the particle is at the point with position vector ð6iþ 5jÞm.

Find the position vector, r metres, of the particle at time t. (5 marks)

4 Ken is trying to cross a river of width 4m. He has a uniform plank, AB, of length
8m and mass 17 kg. The ground on both edges of the river bank is horizontal. The
plank rests at two points, C and D, on fixed supports which are on opposite sides of
the river. The plank is at right angles to both river banks and is horizontal. The
distance AC is 1m, and the point C is at a horizontal distance of 0.6m from the
river bank. Ken, who has mass 65 kg, stands on the plank directly above the middle
of the river, as shown in the diagram.

(a) Draw a diagram to show the forces acting on the plank. (2 marks)

(b) Given that the reaction on the plank at the point D is 44gN, find the horizontal
distance of the point D from the nearest river bank. (4 marks)

(c) State how you have used the fact that the plank is uniform in your solution. (1 mark)

P38673/Jun11/MM2B

8m

A B
C D

1m 2.4m0.6m
4m

River
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1 A plane is dropping packets of aid as it flies over a flooded village. The speed of a
packet when it leaves the plane is 60m s!1 . The packet has mass 25 kg.

The packet falls a vertical distance of 34 metres to reach the ground.

(a) Calculate the kinetic energy of the packet when it leaves the plane. (2 marks)

(b) Calculate the potential energy lost by the packet as it falls to the ground. (2 marks)

(c) Assume that the effect of air resistance on the packet as it falls can be neglected.

(i) Find the kinetic energy of the packet when it reaches the ground. (2 marks)

(ii) Hence find the speed of the packet when it reaches the ground. (2 marks)

2 A particle, of mass 50 kg, moves on a smooth horizontal plane. A single horizontal
force

½ð300t ! 60t2Þ iþ 100e!2t j& newtons

acts on the particle at time t seconds.

The vectors i and j are perpendicular unit vectors.

(a) Find the acceleration of the particle at time t. (2 marks)

(b) When t ¼ 0 , the velocity of the particle is ð7i! 4jÞms!1 .

Find the velocity of the particle at time t. (4 marks)

(c) Calculate the speed of the particle when t ¼ 1 . (4 marks)

P47647/Jan12/MM2B
(02)

PMT

(Q2, Jan 2012)

16

PhysicsAndMathsTutor.com



2

1 Alan, of mass 76 kg, performed a ski jump. He took off at the point A at the end of
the ski run with a speed of 28m s!1 and landed at the point B.

The level of the point B is 31 metres vertically below the level of the point A, as
shown in the diagram.

Assume that his weight is the only force that acted on Alan during the jump.

(a) Calculate the kinetic energy of Alan when he was at the point A. (2 marks)

(b) Calculate the potential energy lost by Alan during the jump as he moved from the
point A to the point B. (2 marks)

(c) (i) Find the kinetic energy of Alan when he reached the point B. (2 marks)

(ii) Hence find the speed of Alan when he reached the point B. (2 marks)

2 A particle moves in a straight line. At time t seconds, it has velocity vms!1 , where

v ¼ 6t2 ! 2e!4t þ 8

and t5 0 .

(a) (i) Find an expression for the acceleration of the particle at time t. (2 marks)

(ii) Find the acceleration of the particle when t ¼ 0:5 . (2 marks)

(b) The particle has mass 4 kg.

Find the magnitude of the force acting on the particle when t ¼ 0:5 . (1 mark)

(c) When t ¼ 0 , the particle is at the origin.

Find an expression for the displacement of the particle from the origin at time t.
(4 marks)

P50433/Jun12/MM2B

A
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B
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3 A uniform rectangular lamina ABCD, of mass 1.6 kg, has side AB of length 12 cm
and side BC of length 8 cm.

To create a logo, a uniform circular lamina, of mass 0.4 kg, is attached. The centre
of the circular lamina is at the point C, as shown in the diagram.

(a) Find the distance of the centre of mass of the logo:

(i) from the line AB; (3 marks)

(ii) from the line AD. (3 marks)

(b) The logo is suspended in equilibrium, with AB horizontal, by two vertical strings.
One string is attached at the point A and the other string is attached at the point B.

Find the tension in each of the two strings. (5 marks)

4 A particle moves on a horizontal plane, in which the unit vectors i and j are
perpendicular.

At time t, the particle’s position vector, r , is given by

r ¼ 4 cos 3t i" 4 sin 3t j

(a) Prove that the particle is moving on a circle, which has its centre at the origin.
(2 marks)

(b) Find an expression for the velocity of the particle at time t. (2 marks)

(c) Find an expression for the acceleration of the particle at time t. (2 marks)
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(d) The acceleration of the particle can be written as

a ¼ kr

where k is a constant.

Find the value of k. (2 marks)

(e) State the direction of the acceleration of the particle. (1 mark)

5 Two particles, A and B, are connected by a light inextensible string which passes
through a hole in a smooth horizontal table. The edges of the hole are also smooth.
Particle A, of mass 1.4 kg, moves, on the table, with constant speed in a circle of
radius 0.3m around the hole. Particle B, of mass 2.1 kg, hangs in equilibrium under
the table, as shown in the diagram.

(a) Find the angular speed of particle A. (4 marks)

(b) Find the speed of particle A. (2 marks)

(c) Find the time taken for particle A to complete one full circle around the hole.
(2 marks)
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1 Tim is playing cricket. He hits a ball at a point A. The speed of the ball
immediately after being hit is 11m s!1.

The ball strikes a tree at a point B. The height of B is 5 metres above the height of A.

The ball is to be modelled as a particle of mass 0.16 kg being acted upon only by
gravity.

(a) Calculate the initial kinetic energy of the ball. (2 marks)

(b) Calculate the potential energy gained by the ball as it moves from the point A to the
point B. (2 marks)

(c) (i) Find the kinetic energy of the ball immediately before it strikes the tree. (2 marks)

(ii) Hence find the speed of the ball immediately before it strikes the tree. (2 marks)

2 A particle moves in a horizontal plane. The vectors i and j are perpendicular unit
vectors in the horizontal plane. At time t seconds, the velocity of the particle,
vms!1, is given by

v ¼ 12 cos
p
3
t

! "
i! 9t2j

(a) Find an expression for the acceleration of the particle at time t. (2 marks)

(b) The particle, which has mass 4 kg, moves under the action of a single force,
F newtons.

(i) Find an expression for the force F in terms of t. (2 marks)

(ii) Find the magnitude of F when t ¼ 3 . (2 marks)

(c) When t ¼ 3 , the particle is at the point with position vector ð4i! 2jÞm.

Find the position vector, r metres, of the particle at time t. (5 marks)

3 A van, of mass 1500 kg, travels at a constant speed of 22m s!1 up a slope inclined at

an angle y to the horizontal, where sin y ¼ 1
25

.

The van experiences a resistance force of 8 000N.

Find the power output of the van’s engine, giving your answer in kilowatts.
(5 marks)
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1 A particle, of mass 3 kg, moves along a straight line. At time t seconds, the
displacement, s metres, of the particle from the origin is given by

s ¼ 8t3 þ 15

(a) Find the velocity of the particle at time t. (2 marks)

(b) Find the magnitude of the resultant force acting on the particle when t ¼ 2 . (4 marks)

2 Carol, a circus performer, is on a swing. She jumps off the swing and lands in a
safety net. When Carol leaves the swing, she has a speed of 7m s#1 and she is at a
height of 8 metres above the safety net.

Carol is to be modelled as a particle of mass 52 kg being acted upon only by gravity.

(a) Find the kinetic energy of Carol when she leaves the swing. (2 marks)

(b) Show that the kinetic energy of Carol when she hits the net is 5350 J, correct to three
significant figures. (3 marks)

(c) Find the speed of Carol when she hits the net. (3 marks)

3 A particle, of mass 10 kg, moves on a smooth horizontal plane. At time t seconds,
the acceleration of the particle is given by

fð40t þ 3t2Þ iþ 20e#4t jgms#2

where the vectors i and j are perpendicular unit vectors.

(a) At time t ¼ 1 , the velocity of the particle is ð6i# 5e#4jÞms#1 .

Find the velocity of the particle at time t. (5 marks)

(b) Calculate the initial speed of the particle. (3 marks)

4 A uniform plank AB, of length 6m, has mass 25 kg. It is supported in equilibrium in
a horizontal position by two vertical inextensible ropes. One of the ropes is attached
to the plank at the point P and the other rope is attached to the plank at the point Q,
where AP ¼ 1m and QB ¼ 0:8m, as shown in the diagram.

(a) (i) Find the tension in each rope. (5 marks)

(ii) State how you have used the fact that the plank is uniform in your solution. (1 mark)
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1 A particle, of mass 3 kg, moves along a straight line. At time t seconds, the
displacement, s metres, of the particle from the origin is given by

s ¼ 8t3 þ 15

(a) Find the velocity of the particle at time t. (2 marks)

(b) Find the magnitude of the resultant force acting on the particle when t ¼ 2 . (4 marks)

2 Carol, a circus performer, is on a swing. She jumps off the swing and lands in a
safety net. When Carol leaves the swing, she has a speed of 7m s#1 and she is at a
height of 8 metres above the safety net.

Carol is to be modelled as a particle of mass 52 kg being acted upon only by gravity.

(a) Find the kinetic energy of Carol when she leaves the swing. (2 marks)

(b) Show that the kinetic energy of Carol when she hits the net is 5350 J, correct to three
significant figures. (3 marks)

(c) Find the speed of Carol when she hits the net. (3 marks)

3 A particle, of mass 10 kg, moves on a smooth horizontal plane. At time t seconds,
the acceleration of the particle is given by

fð40t þ 3t2Þ iþ 20e#4t jgms#2

where the vectors i and j are perpendicular unit vectors.

(a) At time t ¼ 1 , the velocity of the particle is ð6i# 5e#4jÞms#1 .

Find the velocity of the particle at time t. (5 marks)

(b) Calculate the initial speed of the particle. (3 marks)

4 A uniform plank AB, of length 6m, has mass 25 kg. It is supported in equilibrium in
a horizontal position by two vertical inextensible ropes. One of the ropes is attached
to the plank at the point P and the other rope is attached to the plank at the point Q,
where AP ¼ 1m and QB ¼ 0:8m, as shown in the diagram.

(a) (i) Find the tension in each rope. (5 marks)

(ii) State how you have used the fact that the plank is uniform in your solution. (1 mark)
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