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P92070/Jan07/MM2B

7 A motorcycle has a maximum power of 72 kilowatts. The motorcycle and its rider are
travelling along a straight horizontal road. When they are moving at a speed of V ms!1 ,
they experience a total resistance force of magnitude kV newtons, where k is a constant.

(a) The maximum speed of the motorcycle and its rider is 60m s!1 .

Show that k ¼ 20 . (3 marks)

(b) When the motorcycle is travelling at 20m s!1 , the rider allows the motorcycle to
freewheel so that the only horizontal force acting is the resistance force. When the
motorcycle has been freewheeling for t seconds, its speed is vms!1 and the magnitude
of the resistance force is 20v newtons.

The mass of the motorcycle and its rider is 500 kg.

(i) Show that
dv

dt
¼ ! v

25
. (2 marks)

(ii) Hence find the time that it takes for the speed of the motorcycle to reduce from
20m s!1 to 10m s!1 . (6 marks)

Turn over for the next question

Turn over
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P94380/Jun07/MM2B

7 A stone of mass m is moving along the smooth horizontal floor of a tank which is filled with
a viscous liquid. At time t, the stone has speed v. As the stone moves, it experiences a
resistance force of magnitude lmv, where l is a constant.

(a) Show that

dv

dt
¼ "lv (2 marks)

(b) The initial speed of the stone is U.

Show that

v ¼ Ue"lt (4 marks)

8 A particle, P, of mass 3 kg is attached to one end of a light inextensible string. The string
passes through a smooth fixed ring, O, and a second particle, Q, of mass 5 kg is attached to
the other end of the string. The particle Q hangs at rest vertically below the ring and the
particle P moves with speed 4m s"1 in a horizontal circle, as shown in the diagram.

The angle between OP and the vertical is y.

(a) Explain why the tension in the string is 49N. (2 marks)

(b) Find y. (3 marks)

(c) Find the radius of the horizontal circle. (4 marks)

END OF QUESTIONS

O

y
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P1370/Jan08/MM2B

7 A light inextensible string, of length a, has one end attached to a fixed point O. A particle,
of mass m, is attached to the other end. The particle is moving in a vertical circle, centre O.
When the particle is at B, vertically above O, the string is taut and the particle is moving
with speed 3

ffiffiffiffiffip
ag .

(a) Find, in terms of g and a, the speed of the particle at the lowest point, A, of its path.
(4 marks)

(b) Find, in terms of g and m, the tension in the string when the particle is at A. (4 marks)

8 A car of mass 600 kg is driven along a straight horizontal road. The resistance to motion of
the car is kv2 newtons, where vms!1 is the velocity of the car at time t seconds and k is
a constant.

(a) When the engine of the car has power 8 kW, show that the equation of motion of the
car is

600
dv

dt
! 8000

v
þ kv2 ¼ 0 (4 marks)

(b) When the velocity of the car is 20m s!1, the engine is turned off.

(i) Show that the equation of motion of the car now becomes

600
dv

dt
¼ !kv2 (1 mark)

(ii) Find, in terms of k, the time taken for the velocity of the car to drop to 10m s!1.
(5 marks)

END OF QUESTIONS

B

a
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P6214/Jun08/MM2B

5 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 particle’s position vector, r metres, is given by

r ¼ 8
!
cos

1
4
t
"
i" 8

!
sin

1
4
t
"
j

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

(b) Show that the speed of the particle is a constant. (3 marks)

(c) Prove that the particle is moving in a circle. (2 marks)

(d) Find the angular speed of the particle. (2 marks)

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

(f) State the magnitude of the acceleration of the particle. (1 mark)

6 A car, of mass m, is moving along a straight smooth horizontal road. At time t, the car has
speed v. As the car moves, it experiences a resistance force of magnitude 0.05mv . No other
horizontal force acts on the car.

(a) Show that

dv

dt
¼ "0:05v (1 mark)

(b) When t ¼ 0 , the speed of the car is 20m s"1 .

Show that v ¼ 20e"0:05t . (4 marks)

(c) Find the time taken for the speed of the car to reduce to 10m s"1 . (3 marks)

PMT
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P10617/Jan09/MM2B

7 A hollow cylinder, of internal radius 4m, is fixed so that its axis is horizontal. The point O
is on this axis. A particle, of mass 6 kg, is set in motion so that it moves on the smooth
inner surface of the cylinder in a vertical circle about O. Its speed at the point A, which is
vertically below O, is 8m s!1 .

When the particle is at the point B, at a height of 2m above A, find:

(a) its speed; (3 marks)

(b) the normal reaction between the cylinder and the particle. (4 marks)

8 A stone, of mass 0.05 kg, is moving along the smooth horizontal floor of a tank, which is
filled with oil. At time t, the stone has speed v. As the stone moves, it experiences a
resistance force of magnitude 0.08v2 .

(a) Show that

dv

dt
¼ !1:6v2 (2 marks)

(b) The initial speed of the stone is 3m s!1 .

Show that

v ¼ 15

5þ 24t
(5 marks)

O

4m

A

2m

8m s!1

B
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P15959/Jun09/MM2B

8 A stone, of mass m, is moving in a straight line along smooth horizontal ground.

At time t, the stone has speed v. As the stone moves, it experiences a total resistance force

of magnitude lmv
3
2 , where l is a constant. No other horizontal force acts on the stone.

(a) Show that

dv

dt
¼ "lv

3
2 (2 marks)

(b) The initial speed of the stone is 9m s"1 .

Show that

v ¼ 36

ð2þ 3ltÞ2
(7 marks)

(c) Find, in terms of l , the time taken for the speed of the stone to drop to 4m s"1 .
(3 marks)

END OF QUESTIONS
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P22790/Jan10/MM2B

5 A golf ball, of mass m kg, is moving in a straight line across smooth horizontal ground. At

time t seconds, the golf ball has speed vms!1. As the golf ball moves, it experiences a

resistance force of magnitude 0.2mv
1
2 newtons until it comes to rest. No other horizontal

force acts on the golf ball.

Model the golf ball as a particle.

(a) Show that

dv

dt
¼ !0:2v

1
2 (1 mark)

(b) When t ¼ 0 , the speed of the golf ball is 16m s!1.

Show that v ¼ ð4! 0:1tÞ2 . (5 marks)

(c) Find the value of t when v ¼ 1 . (3 marks)

(d) Find the distance travelled by the golf ball as its speed decreases from 16m s!1 to
1m s!1. (4 marks)

6 A particle, of mass 4 kg, is attached to one end of a light inextensible string of length
1.2 metres. The other end of the string is attached to a fixed point O. The particle moves in
a horizontal circle at a constant speed. The angle between the string and the vertical is y.

(a) Find the radius of the horizontal circle in terms of y . (1 mark)

(b) The angular speed of the particle is 5 radians per second. Find y . (6 marks)

O

y
1.2m

PMT

(Q5, Jan 2010)

9

PhysicsAndMathsTutor.com



10

5 A particle is moving along a straight line. At time t, the velocity of the particle is v.

The acceleration of the particle throughout the motion is ! l

v
1
4

, where l is a positive

constant. The velocity of the particle is u when t ¼ 0 .

Find v in terms of u, l and t. (7 marks)
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8 Vicky has mass 65 kg and is skydiving. She steps out of a helicopter and falls
vertically. She then waits a short period of time before opening her parachute. The
parachute opens at time t ¼ 0 when her speed is 19.6m s"1, and she then
experiences an air resistance force of magnitude 260v newtons, where vms"1 is her
speed at time t seconds.

(a) When t > 0 :

(i) show that the resultant downward force acting on Vicky is

65ð9:8" 4vÞ newtons (1 mark)

(ii) show that
dv

dt
¼ "4ðv" 2:45Þ . (2 marks)

(b) By showing that

ð
1

v" 2:45
dv ¼ "

ð
4 dt , find v in terms of t. (5 marks)
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5 A train consists of an engine and five carriages. A constant resistance force of
3000N acts on the engine, and a constant resistance force of 400N acts on each of
the five carriages.

The maximum speed of the train on a horizontal track is 90 kmh!1 .

(a) Show that this speed is 25m s!1. (1 mark)

(b) Hence find the maximum power output of the engine. Give your answer in kilowatts.
(3 marks)

6 A car, of mass m kg , is moving along a straight horizontal road. At time t seconds,
the car has speed vms!1 . As the car moves, it experiences a resistance force of

magnitude 2mv
5
4 newtons. No other horizontal force acts on the car.

(a) Show that

dv

dt
¼ !2v

5
4 (1 mark)

(b) The initial speed of the car is 16m s!1.

Show that

v ¼ 2

t þ 1

! "4

(5 marks)

P38673/Jun11/MM2B
(04)
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5 A parcel is placed on a flat rough horizontal surface in a van. The van is travelling
along a horizontal road. It travels around a bend of radius 34m at a constant speed.
The coefficient of friction between the parcel and the horizontal surface in the van
is 0.85 .

Model the parcel as a particle travelling around part of a circle of radius 34m and
centre O, as shown in the diagram.

Find the greatest speed at which the van can travel around the bend without causing
the parcel to slide. (6 marks)

6 Alice places a toy, of mass 0.4 kg, on a slope. The toy is set in motion with an
initial velocity of 1m s!1 down the slope. The resultant force acting on the toy is
ð2! 4vÞ newtons, where vms!1 is the toy’s velocity at time t seconds after it is set
in motion.

(a) Show that
dv

dt
¼ !10 ðv! 0:5Þ . (2 marks)

(b) By using

ð
1

v! 0:5
dv ¼ !

ð
10 dt , find v in terms of t. (5 marks)

(c) Find the time taken for the toy’s velocity to reduce to 0.55m s!1 . (3 marks)

P47647/Jan12/MM2B

34m

O

(04)
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6 Simon, a small child of mass 22 kg, is on a swing. He is swinging freely through an
angle of 18! on both sides of the vertical. Model Simon as a particle, P, of mass
22 kg, attached to a fixed point, Q, by a light inextensible rope of length 2.4m.

(a) Find Simon’s maximum speed as he swings. (4 marks)

(b) Calculate the tension in the rope when Simon’s speed is a maximum. (3 marks)

7 A stone, of mass 5 kg, is projected vertically downwards, in a viscous liquid, with an
initial speed of 7m s!1.

At time t seconds after it is projected, the stone has speed vms!1 and it experiences
a resistance force of magnitude 9.8v newtons.

(a) When t5 0 , show that

dv

dt
¼ !1:96ðv! 5Þ (2 marks)

(b) Find v in terms of t. (5 marks)

P50433/Jun12/MM2B

18!

2.4m

Q

P
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5 A particle, of mass 12 kg, is moving along a straight horizontal line. At time
t seconds, the particle has speed vms!1. As the particle moves, it experiences a

resistance force of magnitude 4v
1
3 . No other horizontal force acts on the particle.

The initial speed of the particle is 8m s!1.

(a) Show that

v ¼ 4! 2

9
t

! "3
2

(6 marks)

(b) Find the value of t when the particle comes to rest. (1 mark)

6 A light inextensible string has one end attached to a particle, P, of mass 2 kg. The
other end of the string is attached to the fixed point A. The point A is vertically
above the point B. The particle moves at a constant speed in a horizontal circle of
radius 0.8m and centre B. The tension in the string is 34N.

The string is inclined at an angle y to the vertical, as shown in the diagram.

(a) Find the angle y . (3 marks)

(b) Find the speed of the particle. (3 marks)

(c) Find the time taken for the particle to make one complete revolution. (2 marks)

P58719/Jan13/MM2B

A

y

P B

(04)
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(b) A particle of mass m kg is attached to the plank at point B, and the tension in each
rope is now the same.

Find m. (6 marks)

5 Tom is travelling on a train which is moving at a constant speed of 15m s!1 on a
horizontal track. Tom has placed his mobile phone on a rough horizontal table. The
coefficient of friction between the phone and the table is 0.2 .

The train moves round a bend of constant radius. The phone does not slide as the
train travels round the bend.

Model the phone as a particle moving round part of a circle, with centre O and
radius r metres.

Find the least possible value of r. (4 marks)

6 A car accelerates from rest along a straight horizontal road.

The car’s engine produces a constant horizontal force of magnitude 4000N.

At time t seconds, the speed of the car is vms!1, and a resistance force of
magnitude 40v newtons acts upon the car.

The mass of the car is 1600 kg.

(a) Show that
dv

dt
¼ 100! v

40
. (2 marks)

(b) Find the velocity of the car at time t. (6 marks)

7 A train, of mass 22 tonnes, moves along a straight horizontal track. A constant
resistance force of 5000N acts on the train. The power output of the engine of the
train is 240 kW.

Find the acceleration of the train when its speed is 20m s!1 . (6 marks)

P61143/Jun13/MM2B
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