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Question 1     (**) 

 

 

 

 

 

 

Two particles A  and B  of respective masses 5 kg  and 9 kg  are each attached to the 

two ends of a light inextensible string which passes over a smooth pulley P . 

The two particles are both held at rest, 1.75 m  above a horizontal floor with the 

portions of the strings, not in contact with the pulley, vertical. 

The system is then released from rest. 

When in motion, each particle is subject to a constant air resistance of 3.5 N . 

In the resulting motion B  reaches the floor before A  reaches P . 

a) Calculate the tension in the string, for the period before B  reaches the floor.  

b) Determine the speed with which B  strikes the floor. 

MMS-K , 64 NT = , 12.84 msv −≈  

 

P

BA
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Question 2     (**+) 

 

 

 

 

 

 

 

Two blocks A  and B  of respective masses 4 kg  and 6 kg  lie on a smooth horizontal 

surface and are connected by a light inextensible string. 

Two collinear forces, of magnitudes F N  and 30 N , act on each of the blocks, and in 

opposite directions, as shown in the figure above. 

The system has constant acceleration of magnitude 2 2ms− . 

Determine the possible values of F , and in each case the corresponding value of the 

tension in the string. 

MMS-R , 10 N, 18 NF T= = , 50 N, 42 NF T= =  
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Question 3     (***) 

 

 

 

 

 

 

 

 

Two particles A  and B  of respective masses 3 kg  and m kg  are each attached to the 

two ends of a light inextensible string which passes over a smooth pulley P . The two 

particles are held at rest, both at a height of 1.28 m  above a horizontal floor with the 

portions of the strings not in contact with the pulley vertical. 

The system of the two particles is then released from rest with B  accelerating towards 

the floor at 1.96 2ms− , while A  never reaches P . 

a) For the period before B  reaches the floor, calculate the tension in the string. 

b) Determine the value of m . 

c) Calculate the speed with which B  strikes the floor. 

When B  reaches the floor it remains at rest. 

d) Determine the greatest height above the floor reached by A . 

MMS-H , 35.28 NT = , 4.5m = , 12.24 msv −= , max 2.816 mh =  

 

 

[solution overleaf] 
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Question 4     (***) 

 

 

 

 

 

 

 

Two particles A  and B , of mass 2 kg  and 5 kg  respectively, are attached to each of 

the ends of a light inextensible string. The string passes over a smooth pulley P , at 

the top of a fixed rough plane, inclined at 30°  to the horizontal. 

Particle A  is placed at rest on the incline plane while B  is hanging freely at the end 

of the incline plane vertically below P , as shown in the figure above. The two 

particles, the pulley and the string lie in a vertical plane parallel to the line of greatest 

slope of the incline plane. 

The particles are released from rest with the string taut. Particle A  begins to move up 

the incline plane, where the coefficient between A  and the plane is 1 3
2

. 

Ignoring air resistance, calculate the tension in the string immediately after the 

particles are released. 

MMS-G , 31.5 NT =  
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Question 5     (***) 

 

 

 

 

 

 

 

A particle A  and a small box B  , with respective masses of 3 kg  and 7 kg , are 

attached to the ends of a light inextensible string.  

B  is held at rest on a rough plane inclined at θ  to the horizontal, where 3tan
4

θ = . 

The coefficient of friction between the box and the plane is 0.6 . 

The string lies along the plane and passes over a small smooth pulley P  which is 

fixed at the bottom end of the plane.  

A  is hanging vertically below the end of the plane. The string lies in the vertical 

plane which contains the pulley and a line of greatest slope of the inclined plane, as 

shown in the figure above. B  is released from rest with the string taut. 

After release, determine the acceleration of the system and the tension in the string. 

MMS-I , 23.7632 msa −= , 18.1104 NT =  

 

A

θ P
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Question 6     (***) 

A car of mass 1500 kg  is towing a trailer of mass 1000 kg  by means of a light 

inextensible rope. The car is experiencing a constant air resistance of 200 N , while 

the corresponding constant air resistance on the trailer is 300 N . 

The car and trailer are modelled as particles, with the tow rope remaining taut and 

horizontal throughout the motion. 

a) Given that the driving force acting on the car is 750 N , determine … 

i. … the acceleration of the system. 

ii. … the tension in the tow rope. 

Later in the journey, the car and the trailer are ascending on a road which inclined at 

5°  to the horizontal. The air resistance on the car and trailer are unchanged. 

b) Assuming that the system now moves with constant speed, calculate … 

i. … a new figure for the tension in the tow rope. 

ii. … a new figure for the driving force of the car. 

MMS-F , 20.1 msa −= , 400 NT = , 1154 NT ≈ , 2635 ND ≈  
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Question 7     (***) 

A car of mass 1500 kg  is towing a trailer of mass 500 kg  by means of a light rigid 

horizontal towbar. The car is experiencing a constant air resistance of 300 N , while 

the corresponding constant air resistance on the trailer is 100 N . 

The car and trailer are modelled as particles. 

a) Given the tension in the towbar is 200 N ,  calculate … 

i. … the acceleration of the system. 

ii. … the driving force of the car. 

Later in the journey, the car’s driving force is removed and the car’s brakes are 

applied, providing a constant breaking force of 400 N , on the car only. 

The air resistance on the car and trailer are unchanged. 

b) Determine … 

i. … the deceleration of the system. 

ii. … the thrust in the towbar. 

MMS-Β , 20.2msa −= , 800 ND = , 20.4 msa
−= , 100 NT =  
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Question 8      (***) 

 

 

 

 

 

A recovery truck of mass 2800 kg  is towing a car of mass 1200 kg  along a straight 

horizontal road. The tow cable is inclined at an angle θ  to the horizontal, where 

cos 0.75θ = , as shown in the figure above. The tow cable is modelled a light 

inextensible string and the two vehicles as particles. 

The two vehicles were travelling at constant speed 12 1ms−  with the tow cable taut as 

they were travelling in an urban area. On leaving this urban area, the truck begins to 

accelerate uniformly bringing their speed to 27 1ms−  over a distance of 2.34 km . 

a) Calculate the acceleration of the truck and the car. 

There is a constant resistance to the motion of the truck of 600 N , and a constant 

resistance to the motion of the car of 270 N . 

b) For the part of the journey during which the two vehicles accelerate, 

determine … 

i. … the force in the tow cable. 

ii. … the driving force of the truck 

20.125 msa −= , 560 NT = , 1370 ND =  

 

θ
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Question 9     (***+) 

 

 

 

 

 

 

 

A trailer of mass 600 kg  is connected to a car of mass 1500 kg   by means of a light 

rigid tow bar. The car is moving up a line of greatest slope of a plane inclined at θ  to 

the horizontal, where 7sin
25

θ = , as shown in the figure above. 

A constant resistance of magnitude 400 N  acts on the car, and a constant resistance 

of  magnitude 300 N  acts on the trailer. The engine of the car produces a constant 

forward driving force of  8400 N . 

Determine the acceleration of the car and the tension in the tow bar. 

20.923 msa −≈ , 2500 NT =  
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Question 10     (***+) 

 

 

 

 

 

 

Two particles A  and B  of respective masses 2 kg  and 5 kg  are attached to the ends 

of a light inextensible string which passes over a smooth pulley P . The two particles 

are held at rest, at the same level above a horizontal floor with the portions of the 

strings not in contact with the pulley vertical. The system is then released from rest. 

a) For the period before B  reaches the floor, calculate … 

i. … the acceleration of the system. 

ii. … the tension in the string. 

Eventually B  reaches the floor 0.5 s  after release and does not rebound. In the 

ensuing motion A  does not reach P . 

b) Determine the greatest height of A  above the floor. 

MMS-L , 24.2msa −= , 28NT = , max 1.275 mh =  

 

P

BA
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Question 11     (***+)   

 

 

 

 

 

 

 

Two particles A  and B  have masses 0.5 kg  and 0.2 kg , respectively. The particles 

are attached to the ends of a light inextensible string. Particle B  is held at rest on a 

rough horizontal table. The string lies along the table and passes over a small smooth 

pulley P  which is fixed to the edge of the table. Particle A  is at rest on a smooth 

plane which is inclined to the horizontal at an angle α , where tan 0.75α = . The 

string lies in the vertical plane which contains the pulley and a line of greatest slope of 

the inclined plane, as shown in the figure above. 

Particle B  is released from rest with the string taut. 

During the first 1.5 s  of the motion B  does not reach the pulley and A  moves 

2.25 m  down the plane. 

a) Find the tension in the string during the first 1.5 s  of the motion. 

b) Calculate the coefficient of friction between B  and the table. 

MMS-W , 1.94 NT = , 11 0.786
14

µ = ≈  
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Question 12     (***+) 

 

 

 

 

In a fun fair ride, a miniature electric train for small children consists of an engine 

with two carriages. The engine has mass 500 kg  towing a larger carriage of mass 

300 kg  , which in turn tows a smaller carriage of mass 200 kg . The above masses 

include the driver and the children. 

The engine and the carriages are modelled as particles and the couplings between the 

engine and the carriages are modelled as light rigid rods. When in motion, the engine 

and each of the carriages experiences a constant resistance of 100 N . 

Given the engine provides a maximum driving force of 425 N ,  calculate … 

a) … the maximum acceleration of the system. 

b) … the tension in the coupling between the engine and the first carriage when 

the train has maximum acceleration. 

c) … the tension in the coupling between the first carriage and the second 

carriage when the train has maximum acceleration. 

20.125 msa −= , 1 262.5 NT = , 2 125 NT =  
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Question 13     (***+) 

 

 

 

 

 

 

 

A particle A  and a small box B  , with respective masses of 2 kg  and 5 kg , are 

attached to the ends of a light inextensible string.  

B  is held at rest on a rough plane inclined at 30°  to the horizontal. The string lies 

along the plane and passes over a small smooth pulley P  which is fixed at the bottom 

end of the plane. The coefficient of friction between the box and the plane is 0.8 . 

A  is hanging vertically below the end of the plane. The string lies in the vertical 

plane which contains the pulley and a line of greatest slope of the inclined plane, as 

shown in the figure above. 

B  is released from rest with the string taut. 

a) Determine the acceleration of B  immediately after B  is released. 

b) Calculate the magnitude and direction of force exerted on the pulley by the 

string immediately after B  is released. 

21.45 msa −≈ , 16.7 N, 60 to the verticalT ≈ °  

 

A

30° P

B
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Question 14     (***+) 

A car of mass 1400 kg  is towing a caravan of mass 600 kg  by means of a light rigid 

horizontal towbar. The car is experiencing a constant air resistance of 200 N , while 

the corresponding constant air resistance on the trailer is 300 N . 

The car and caravan are modelled as particles. 

a) Given that the driving force of the car  is 2000 N ,  determine … 

i. … the acceleration of the system. 

ii. … the tension in the tow bar. 

Later in the journey, the car descends a hill which is declined at 10°  to the horizontal. 

For this part of the journey the car’s driving force is removed and the brakes are 

applied, providing a constant breaking force of B N , on the car only. The air 

resistance on the car and caravan are unchanged. 

b) Given further that the deceleration of the system is 0.1 2ms− , calculate … 

i. … the value of B . 

ii. … the thrust in the towbar. 

20.75msa −= , 750 NT = , 781.05... NT ≈ , 3103.5... NB ≈  
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Question 15     (***+) 

 

 

 

 

 

 

 

 

 

 

A block C , of mass 4 kg , is placed on a rough horizontal table, where the coefficient 

of friction between the table and C  is 0.65 . 

C  is connected by two light inextensible strings to two more blocks, A  and B , of 

respective masses 3 kg  and 7 kg . 

Each of the strings passes over two smooth pulleys, each of the pulleys located at the 

edge of the table, with  A  and B  hanging freely at each of the two ends of the table, 

as shown in the figure above.  

The system is released from rest with the strings taut. 

By modelling the three blocks as particles, determine in any order the acceleration of 

the system and the tension in each of the two strings. 

MMS-O , 20.98 msa −= , 32.34 NAT = , 61.74 NBT =  

 

 

 

A B

C
Pulley Pulley



Created by T. Madas 
 

Created by T. Madas 
 

Question 16     (***+) 

Two particles A  and B  have masses m kg  and 4 kg , respectively.  

The two particles are connected by a light inextensible string which passes over a 

smooth light fixed pulley. The two particles are held at rest with the string taut and the 

hanging parts of the string vertical. 

The system is released from rest and A  moves upwards. 

a) Determine the acceleration of the system in terms of m  and g . 

b) Show that the tension in the string, while A  ascends, is 
8

4

mg

m +
. 

At the instant when A  is 0.7 m  above its original position, it has not yet reached the 

pulley and is travelling at 1.4 1ms− . 

c) Find the value of m . 

MMS-A , 
4

4

m
a g

m

−
=

+
, 3m =  
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Question 17     (****) 

 

 

 

 

 

 

Two particles A  and B  of respective masses 5 kg  and 2 kg  are each attached to the 

two ends of a light inextensible string which passes over a smooth pulley P . The two 

particles are both held at rest, 1.54 m  above a horizontal floor with the portions of the 

strings, not in contact with the pulley, vertical. The system is then released from rest. 

When in motion, each particle is subject to a constant air resistance of 7 N . 

In the resulting motion A  reaches the floor before B  reaches P . 

a) Find the acceleration of the system. 

b) Calculate the tension in the string, for the period before A  reaches the floor.  

c) Determine the greatest height B  reaches above the floor. 

22.2msa −= , 31NT = , 3.33 mh ≈  

 

P

B A
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Question 18     (****) 

 

 

 

 

 

 

Two particles A  and B , of mass 3 kg  and 4 kg  respectively, are attached to each of 

the ends of a light inextensible string. The string passes over a smooth pulley P , at 

the top of a fixed rough plane, inclined at α  to the horizontal, where tan 0.75α = . 

Particle A  is placed at rest on the incline plane while B  is hanging freely at the end 

of the incline plane vertically below P , as shown in the figure above. 

The two particles, the pulley and the string lie in a vertical plane parallel to the line of 

greatest slope of the incline plane. 

The particles are released from rest with the string taut. 

Particle A  begins to move up the incline plane, where the constant ground friction 

between A  and the plane has magnitude 10.5 N . 

Ignoring air resistance, calculate ... 

a) ... the acceleration of the system immediately after the particles are released. 

b)  ... the magnitude and direction of the force exerted by the string on P . 

2 s  after release, while both particles are moving, the string breaks. 

c) Calculate the total distance A  moves up the plane from the instant since the 

particles were released, assuming that A  does not reach the pulley. 

MMS-C , 21.58 msa −= , 58.8 NF ≈ , 26.6 to the plane° , 3.69 md ≈  

 

[solution overleaf] 
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Question 19     (****) 

 

 

 

 

 

 

 

Two particles A  and B  of respective masses 0.5 kg  and 0.9 kg  are attached to the 

ends of a light inextensible string which passes over a smooth pulley P . The two 

particles are held at rest, at the same level, 1.4 m  above a horizontal floor. The 

portions of the strings not in contact with the pulley are vertical. The system is then 

released from rest and the particles begin to move without air resistance. 

a) For the period before B  reaches the floor, calculate … 

i. … the acceleration of the system. 

ii. … the tension in the string. 

The string suddenly breaks 0.5 s  after the particles were released. 

b) Assuming A  does not meet any obstacles in its consequent motion, calculate 

the additional time it takes A  until it reaches the floor. 

22.8 msa −= , 6.3NT = , ( )1 2 74 0.757 s
2

t = + ≈  

 

 

P
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Question 20     (****) 

Two particles A  and B  of respective masses 3 kg and m kg are connected by a light 

inextensible string which passes over a smooth pulley P . 

The two particles are held at rest, at the same level above a horizontal floor, with the 

portions of the strings not in contact with the pulley vertical. 

The system is released and B  begins to decelerate at 1
4

g
2ms− . 

a) Find the tension in the string for the period before B  reaches the ground. 

The particle B  hits the ground 6
7

s  after release and does not rebound. 

b) Calculate the magnitude of the impulse exerted by the floor onto B . 

c) Determine the greatest height of A  above the ground in the subsequent motion. 

36.75NT = , 10.5 NsI = , max 2.025 mh =  
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Question 21     (****)      

 

 

 

 

 

A particle A  of mass 2 kg  is connected to small box B  of mass 3 kg  by a light 

inextensible string. The string passes over a light smooth pulley P , which is located 

at the end of a horizontal house roof. The box is held on the roof with the particle 

hanging vertically at the end of the roof, as shown in the figure above. 

The system is released from rest with the string taut, so that the distance BP  is 4 m . 

On release, the motion of B  takes place over a smooth section of the roof. 

After B  has moved for 2.5 m  the roof becomes rough and the coefficient of friction 

between B  and the roof is 0.75 . 

Calculate the speed with which B  hits P . 

MMS-M , 14.26 msv −≈  

 

 

A

PB
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Question 22     (****) 

A train consists of a locomotive of mass 40000 kg , pulling 20  identical carriages of 

mass 10000 kg  each. When in motion the locomotive experiences a resistance of 

4R N  while each carriage experiences a resistance of R N  . 

When the driving force of the locomotive is 51000 N  the trains accelerates uniformly 

reaching its maximum speed of 40 1ms−  from rest, over a distance of 16 km . 

The locomotive and carriages are modelled as particles. 

a) Show that 1625R = . 

b) While the train is accelerating, calculate the tension in the couplings between 

i. … the last two carriages. 

ii. … the locomotive and the first carriage. 

Later in the journey, the train maintains its maximum speed of 40 1ms− . 

The resistances to motion remain unchanged. 

c) Find an amended figure for the driving force of the locomotive. 

d) Determine an amended figure for the tension in the couplings between … 

i. … the last two carriages. 

ii. … the locomotive and the first carriage. 

20 2125 NT = , 1 42500 NT = , 39000 ND = , 20 1625 NT = , 1 32500 NT =  
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Question 23     (****) 

 

 

 

A particle A  of mass 5 kg  is connected to small box B  of mass 7.5 kg  by a light 

inextensible string. The string passes over a light smooth pulley P , which is located 

at the end of a rough horizontal house roof. The box is held on the roof with the 

particle hanging vertically at the end of the roof, as shown in the figure above. 

The system is released from rest with the string taut.  

The string, A , P  and B  lie in a vertical plane at right angles to the end of the roof. 

a) Given that the coefficient of friction between B  and the roof is 0.2 , find in 

any order… 

i. … the acceleration of the system. 

ii. … the tension in the string. 

On release B  is at a distance d m  from P . When A  has moved a distance of 2.8 m  

the string breaks. In the subsequent motion B  comes to rest as it reaches P . 

b) Calculate the value of d . 

MMS-D , 22.744 msa −= , 35.28 NT = , 6.72 md =  

 

 

 

A
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Question 24     (****) 

A light rigid rod AB , where A  is vertically above B , has a particle of mass  0.2 kg  

attached to it at A  and a particle of mass 0.3 kg  attached to it at B . 

The loaded rod is accelerated vertically upwards by a vertical force of magnitude 

6 N , applied to B . 

Find the thrust in the rod. 

MMS-E , 2.4 NT =  
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Question 25     (****+)   

 

 

 

 

 

Two particles A  and B  have masses 2 kg  and 3 kg , respectively. The particles are 

attached to the ends of a light inextensible string. Particle A  is held at rest on a rough 

horizontal table. The coefficient of friction between the particle A  and the table is 1
7

. 

The string lies along the table and passes over a small smooth pulley P  which is fixed 

to the edge of the table. Particle B  is at rest on a rough plane which is inclined to the 

horizontal at an angle θ , where tan 0.75θ = . 

The coefficient of friction between the particle B  and the plane is also 1
7

. 

A constant force F , of magnitude 30 N , is applied to particle A , in the direction PA , 

while the string between the two particles is taut. The string lies in the vertical plane 

which contains the pulley and a line of greatest slope of the inclined plane, as shown 

in the figure above. 

a) Find the tension in the string while the system is in motion. 

The string suddenly breaks after 1.5 s . 

b) Given that B  never reaches P , determine the total distance that B  travels up 

the plane. 

MMS-V , 24.72 NT = , 1.64 md ≈  

 

A

B

θ

P
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Question 26     (****+) 

 

 

 

 

 

 

 

Two particles A  and B , of mass 4.5 kg  and 0.4 kg  respectively, are attached to 

each of the ends of a light inextensible string. The string passes over a smooth pulley 

P , at the top of a fixed rough plane, inclined at θ  to the horizontal, where 

tan 0.75θ = . Particle A  is placed at rest on the incline plane while B  is hanging 

freely at the end of the incline plane vertically below P , as shown in the figure above. 

The two particles, the pulley and the string lie in a vertical plane parallel to the line of 

greatest slope of the incline plane. The particles are released from rest with the string 

taut. Particle A  begins to move down plane. 

Given that the coefficient of friction between A  and the plane is 0.5 , determine the 

force exerted by the string on the pulley while the system is in motion. 

Only the motion before A  reaches the end of the plane and before B  reaches P  is to 

be considered.  

7.73 NF ≈  

 

 

A

B

θ

P

4.5 kg 0.4 kg
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Question 27      (****+) 

 

 

 

 

 

 

Two particles A  and B  of respective masses m kg  and 1 kg  are attached to the ends 

of a light inextensible string which passes over a smooth pulley P . The particle B  is 

attached to a third particle C of mass 9 kg  by another light inextensible string. The 

three particles are held at rest, with A  in contact with a horizontal floor, and the 

portions of the strings not in contact with the pulley vertical. The system is released 

from rest and C  begins to accelerate towards the floor with the tension in the string 

BC  being 50.4 N . 

a) For the period before C  reaches the floor, calculate … 

i. … the acceleration of the system. 

ii. … the tension in the string that connects A  and B . 

iii. … the value of m . 

C  reaches the floor 1.5 s  after release and does not rebound. In the ensuing motion 

A  does not reach P  and B  does not reach the floor. 

b) Determine the greatest height of A  above the floor. 

24.2 msa −= , 56 NT = , 4 kgm = , max 8.1 mh =  

 

P

C

B

A
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Question 28     (*****) 

Two particles A  and B  have masses 4 kg  and 1 kg , respectively.  

A small, smooth light fixed pulley P , is located  1.6 m  above a horizontal floor. 

The two particles are connected by a light inextensible string, of length L m , which 

passes over P . 

The particles are held at rest, with B  level with the floor and A  hanging above the 

floor, with the string taut and the hanging parts of the string vertical. 

The system is released from rest and A  hits the floor, from which it does not rebound. 

B continues moving upwards and comes to instantaneous rest as it reaches P . 

Determine the value of  L . 

MMS-S , 2.2L =  
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Question 29      (*****)   

 

 

 

 

 

 

Two particles A  and B  have masses 2 kg  and 5 kg , respectively. The particles are 

attached to the ends of a light inextensible string. The string passes over a small 

smooth pulley P  which is fixed at the top of the cross section of a triangular prism 

RPQ , where 30PRQ PQR= = °� � . The string lies in the vertical plane which 

contains the pulley and lines of greatest slope of the inclined planes, PR  and PQ , as 

shown in the figure above. When A  is held at R  with the string taut, B  is at P , on 

the line of greatest slope  PQ . 

The point M , lies on PQ  so that : 1 : 3PM MQ = . 

The lines of greatest slope of the inclined planes, PR  and PM , are smooth but the 

line of greatest slope MQ  is rough. 

The system is released from rest with the string taut, when A  is at R  and B  is at P , 

on the line of greatest slope PQ . The system initially accelerates but due to the rough 

section MQ , B  comes to rest as it reaches Q . 

Assuming that the string remains taut throughout the motion, show that the coefficient 

of friction between the B  and MQ  is 3k , where k  is a constant to be found. 

MMS-Z , 4
15

k =  

 

A

B

R

P

Q
30° 30°

M
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Question 30     (*****) 

 

 

 

 

 

 

 

A rough plate P , of mass 1 kg , is placed on a fixed rough plane, inclined at an angle 

α  to the horizontal, where tan 0.75θ = . 

A particle A , of mass 7 kg , is placed on the top surface of P  and is connected to 

another particle B , of mass 8 kg , by a light inextensible string, which passes over a 

smooth pulley that is located at the top the plane. 

B  is hanging freely at the end of the incline plane vertically below the pulley, as 

shown in the figure above. The two particles, the plate, the pulley and the string lie in 

a vertical plane parallel to the line of greatest slope of the incline plane.  

When the system is released from rest with the string taut, B  begins accelerate 

downwards at 2 2ms− . 

Given that P  is in equilibrium, while A  is accelerating on its top surface, determine 

the range of possible values of the coefficient of friction between P  and the plane. 

MMS-T , 3.69 md ≈  
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