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Question 1     (**) 

A parcel is placed on a rough flat horizontal surface at the back of a delivery van. 

The van travels around a circular bend of radius 25 m at constant speed and the parcel 

does not slide. The coefficient of friction between the parcel and surface at the back of 

the van particle is 0.8 .  

Calculate the greatest speed of the van around this bend. 

1
max 14 msV −=  
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Question 2    (**) 

 

 

 

 

 

 

A rough turntable is rotating in a horizontal plane about a vertical axis L  passing 

through its centre O , with constant angular speed of 24  revolutions per minute. 

A particle P  is located 0.5 m  from O  and it is at the point of slipping. 

Calculate the value of the coefficient of friction between P  and the turntable. 

0.322µ ≈  
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Question 3     (***) 

A light rod AB , of length a , has particles of masses 2m  and 3m  attached at A  and 

B , respectively. The rod is made to rotate with constant angular velocity about the 

point C  on the rod, so that the tensions in the sections AC  and CB  are equal. 

Show clearly that 3
5

AC a= . 

proof  
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Question 4     (***) 

A rough circular plate rotates horizontally with constant angular velocity ω 1rads− , 

about s smooth vertical axis through its centre. 

A particle of mass 0.5 kg  lies at a point on the plate at a distance of  0.75 m  from the 

centre of the plate. 

The particle is connected to the axis through the centre of the plate by an elastic string 

of natural length 0.6 m , and modulus of elasticity 15 N . 

If the coefficient of friction between the plate and the particle is 0.45 , calculate the 

minimum and the maximum value of ω . 

FM2-Q , min 2.03ω ≈ , max 3.98ω ≈  
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Question 45   (***+) 

A particle of mass 3m  is attached at the point A  of light rigid rod OA ,  of length 7L . 

A second particle of mass 4m  is attached at the point B  on the rod, where 2OB L= . 

The rod is made to rotate with constant angular velocity about O . 

Determine the ratio of the tensions in the sections OB  and BA . 

29 : 21  
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Question 6     (****) 

A rough disc rotates in a horizontal plane with constant angular velocity ω  about a 

fixed vertical axis. A particle of mass m  is connected to the axis by a light elastic 

string of natural length a  and modulus of elasticity of 2mg . 

As the disc rotates the particle lies at rest on the disc at a distance of 3
2

a  from the axis. 

Given that the coefficient of friction between the disc and the particle is 1
2

, find the 

range of 2ω , in terms of a  and g . 

2

3

g g

a a
ω≤ ≤  
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Question 7  (*****) 

A satellite is moving in a circular orbit above the Earth's equator. 

The orbit is described as geostationary, which means that angular velocity of the 

satellite is identical to that of Earth's rotation, so it appears in a fixed position relative 

to an observer on the Earth. 

The radius of the orbit, measured from the centre of the Earth, is r . 

a) Show that  

2

3
24

GMT
r

π
= , 

 where M  is the mass of the earth, T  is the period of the motion and G  is the 

 universal gravitation constant. 

b) Determine the value of r , and hence find the minimum number of satellites 

needed to view all the points on the earth's equator. 

 You may assume  

•••• earth's mass, 245.97 10M = × kg  

•••• earth's radius, 66.37 10R = × m  

•••• universal gravitation constant, 116.67 10G
−= × 3 1 2m  kg  s− −  

FM2-S , 3  
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Question 1   (**) 

 

 

 

 

 

 

The figure above shows two particles P  and Q  of respective masses of 3m  and m  

attached to the ends of a light inextensible string of length 7l . The string is threaded 

through a fixed smooth ring R . 

When Q  is moving in a horizontal circle with constant angular velocity ω , P  

remains in equilibrium at a vertical distance l  below R . The centre of the circle that 

Q  describes has its centre at O , where O  is vertically below P , and the angle RQ  

makes with the vertical is denoted by θ . 

Show clearly that … 

a) … 1cos
3

θ = . 

b) … 
2

g

l
ω = . 

proof  
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Question 2   (**) 

A light inextensible string of length 2.6 m   has one end attached to a fixed point A  

and the other end attached to a particle P  of mass 0.5 kg . 

P  is moving with constant speed in a horizontal circle with radius 2.4 m  and centre 

at the point O , which is vertically below A . 

a) Determine the tension in the string. 

b) Calculate the time it takes P  to make one complete revolution. 

12.74 NT = , 2.01 st ≈  
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Question 3   (***) 

 

 

 

 

 

 

The figure above shows a particle B  of mass 6 kg  attached to one end of a light 

inextensible string. The other end of the string is attached to a fixed point A .  

The particle moves with constant angular speed 12
3

rad 1s−  in a horizontal circle with 

centre O , where O  is vertically below Q . The angle AOB  is denoted by θ . 

The tension in the string is 78.4 N . 

a) Show clearly that θ  is approximately 41.4° . 

b) Calculate the length of the string. 

2.4 mL =  
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Question 4   (***)      

 

 

 

 

 

 

 

A particle, of mass 2 kg ,  is attached to one end, P , of a light inextensible string. 

The other end of the string, Q , is attached to a fixed point.  

Another light inextensible string PO , has its end P  also attached to the same particle 

and its other end , O , attached to another fixed point, so that O  is vertically below  

Q  such that 30OQP = °� . 

The particle moves with constant speed v  in a horizontal circle of radius 0.25 m  

centred at O , as shown in the figure above, 

Given that the tensions in both strings are equal, find the value of v . 

FM2-N , 12.91 msv −≈  
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Question 5   (***+) 

 

 

 

 

 

 

The figure above shows a particle P  of mass m  attached to one end of a light elastic 

string of natural length a  and modulus of elasticity 3mg . 

The other end of the string is attached to a fixed point Q . The particle moves with 

constant angular speed ω  in a horizontal circle with centre O , where O  is vertically 

below  Q  such that 30OQP = °� . 

a) Show that 5
3

PQ a= . 

b) Find 2ω  in terms of a  and g . 

2 2 3

5

g

a
ω =  

 

 

Q

30°

O P



Created by T. Madas 
 

Created by T. Madas 
 

Question 6   (***+) 

A particle P  of mass 2.5 kg  attached to one end of a light inextensible string of 

length 1 m . The other end of the string is attached to a fixed point Q  which is 0.5 m  

above a smooth horizontal surface. The particle moves with constant angular speed 

1.6 1s−  in a horizontal circle whose centre O  lies vertically below Q . 

a) Determine … 

i. … the tension in the string. 

ii. … the normal reaction between P  and the table. 

b) Calculate the greatest angular speed of P , so that P  remains in contact with 

the horizontal surface. 

6.4 NT = , 21.3 NR = , 1 17 10 s 4.43 s
5

ω − −= ≈  
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Question 7   (***+) 

 

 

 

 

 

 

One of the two ends of each of the light rigid rods AP  and BP , are attached to a 

particle P of mass 0.4 kg . 

The particle is made to rotate with constant speed of 9 1ms−  in a horizontal circle 

with centre at C , so that A , B  C  and P  lie in the same vertical plane, with B  

vertically above C  and A  vertically above B , as shown in the figure above. 

The distance of AB , BC  and CP  are 1.5 m , 0.42 m  and 1.44 m , respectively. 

Determine the magnitude and direction of the force acting along each of the two rods, 

AP  and BP . 

26.08 N,  tensionBPF = , 4.228 N,  thrustAPF =  
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Question 8   (***+) 

 

 

 

 

 

 

 

 

 

A particle P  of mass m  is attached at the end of two light inextensible strings AP  

and BP , of equal lengths. The points A , P  and B  lie in the same vertical plane with 

A  located at a distance of 4a  vertically above B , as shown in the figure above. 

The particle rotates in a horizontal circle with constant angular speed ω , with both 

strings taut and both inclined at 30°  to the vertical.  

Given that tension in the string AP  is twice as large as the tension in the string BP  , 

show that 
3

2

g

a
ω = . 

proof  

 

 

4a
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Question 9   (***+) 

The points A  and B  are 2 m  apart, with A  vertically above B . A particle P  of 

mass 0.2 kg  is attached by two identical light inextensible strings, each of length 

1.25 m  to A  and B . 

The particle moves with constants speed V 1ms−  in a horizontal circle whose centre is 

at the midpoint of AB . 

a) Given that 9V = , determine the tension in each of the two strings. 

b) Given instead that V  can vary, calculate the least value of  V , for which the 

motion described is possible. 

22.9 NAT = , 13.1 NBT = , 1 1
min

21 5 ms 2.35 ms
20

V
− −= ≈  
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Question 10    (****+) 

 

 

 

 

 

 

The figure above shows a right circular cone of semi-vertical angle 60°  is fixed with 

its axis vertical and vertex upwards.  

A particle of mass 5 kg  is attached to one end of a light inextensible string of length 

8 3
15

m , and the other end of the string is attached to a fixed point vertically above 

the vertex of the cone. 

The particle moves in a horizontal circle on the smooth outer surface of the cone with 

constant angular speed ω 1rads− , with the string making a constant angle of 60°  with 

the horizontal. 

a) Show that the tension in the string is ( )23 49 4
3

ω+ . 

b) Given that the particle remains on the surface of the cone, show further that 

the time for the particle to make one complete revolution is at least 
4

7

π
. 

proof  

 

60°

60°
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Question 11    (****+) 

 

 

 

 

 

 

 

 

 

A particle P  of mass m  is attached at the end of two light inextensible strings AP  

and BP , of respective lengths 2.56 m  and 1.92 m . The points A , P  and B  lie in the 

same vertical plane with A  located at a distance of 3.2 m  vertically above B , as 

shown in the figure above. 

The particle rotates in a horizontal circle with constant angular speed ω , with both 

strings taut.  

Show that the time for the particle to make a complete revolution is at most 32
35

π . 

FM2-Q , proof  
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Question 12   (****+) 

 

 

 

 

 

 

The figure above shows a particle P  of mass m  attached to one end of a light elastic 

string of natural length a  and modulus of elasticity 4mg . 

The other end of the string is attached to a fixed point Q . The particle moves with 

constant speed v  in a horizontal circle with centre O , where O  is vertically below  

Q  such that OQ a= . 

a) Show that the extension in the string is 1
3

a . 

b) Find 2
v  in terms of a  and g . 

2 7
9

v ag=  

 

Q

a

O P
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Question 13    (****+) 

 

 

 

 

 

 

 

Three small spheres B , C   and D , of respective masses m , 2m  and m , are 

smoothly hinged to four identical light rigid rods, each of length a . The rods form a 

rhombus ABCD . The sphere C  is in contact with a smooth horizontal surface. 

The system S , of the three spheres and the four rods, always lie in the same vertical 

plane with A  vertically above C , as shown in the figure above. 

S  is rotating with constant angular velocity ω , about a vertical axis AC .  

a) Given 120ABC = °� , find the tension in BC , in terms of m , g , a  and ω . 

When the angular velocity is increased to Ω , sphere C  is at the point of losing 

contact with the surface. 

b) Show clearly that 2 2 3g

a
Ω = . 

21 3 2 3
6

T m a gω = −
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Question 1   (**) 

A car is travelling round a bend which is banked at an angle θ  to the horizontal. The 

car is modelled as a particle moving around a horizontal circle of radius 250 m . 

When the car reaches a speed of 20 1ms−  the car experiences no sideways frictional 

force. 

Determine the value of θ . 

9.27θ ≈ °  
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Question 2   (**+) 

A thin hollow hemispherical bowl, of radius a , is fixed on a table with its curved 

surface in contact with the table and the open plane face parallel to the table. 

A small marble of mass m  is moving in a horizontal circle round the inside smooth 

surface of the bowl. The centre of the circle is at a distance of 1
2

a  above the level of 

the table. 

Determine … 

a) … the contact force between the marble and the bowl, in terms of m  and g . 

b) … the constant speed of the marble, in terms of a  and g . 

2R mg= , 3
2

v ag=  
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Question 3   (**+) 

 

 

 

 

 

 

 

 

The figure above shows a particle moving on the smooth inner surface of a hollow 

inverted right circular cone. 

The cone has radius a  and height h  and the particle is moving in a horizontal circle 

of radius 1
2

a  with constant speed v . 

Show clearly that 1
2

v gh= . 

proof  

 

 

 

 

1
2

a

a

h



Created by T. Madas 
 

Created by T. Madas 
 

Question 4   (***) 

 

 

 

 

 

 

 

 

 

 

The figure above shows a thin hemispherical bowl of radius 6a , which is fixed with 

its circular rim in a horizontal plane.  

The centre of the circular rim is at the point O  and the point A  is on the inner surface 

of the bowl, vertically below O . 

A particle P  moves in a horizontal circle with centre C , where C  lies on OA , on the 

smooth inner surface of the bowl. 

Given that P  moves with constant angular speed 
4

g

a
,  determine the distance OC , 

in terms of a . 

4OC a=  

 

 

 

6a

P
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C
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Question 5   (***) 

 

 

 

 

 

 

 

 

The figure above shows a particle of mass 3 kg , moving on the smooth inner surface 

of a hollow inverted right circular cone. 

The cone has radius 2.1 m  and height 2.8 m  and the particle is moving in a 

horizontal circle with constant speed  14 30
15

1ms− . 

a) Find the magnitude of the constant reaction between the particle and the cone. 

b) Calculate the height of the horizontal circle, in which the particle is moving, 

above the vertex of the cone. 

49 NR = , 8 2.67 m
3

h = ≈  

 

 

 

0.6 m

0.8 m
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Question 6   (***+) 

A sports car of mass 1000 kg  is moving with constant speed v
1ms− , in horizontal 

circle with centre O  and radius 50 m  on a road which is banked at 3arctan
4

 to the 

horizontal.  

 

 

 

 

 

 

The figure above shows the weight of the car W N , the normal reaction R N  and the 

frictional force between the road and the car F N . 

a) Given that 0F =  determine the value of v . 

Given instead that 30v = 1ms−  … 

b) … find value of F  and the value of R . 

c) … calculate the least value of the coefficient of friction between the road and 

iiii the car. 

119.17 msv −≈ , 18640R = , 8520F = , 0.457µ ≈  

 

 

50 m

NR

NF

3arctan
4

O

1msv
−

NW
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Question 7      (***+)   

A car is driven at constant speed v  1ms− round a bend of a race track. The track, 

round the bend is banked at 3arctan
4

  to the horizontal and the coefficient of friction 

between the car tyres and the track is 0.625 . 

The car is modelled as a particle whose path round the bend is a horizontal circle of 

radius 25 m . 

If the car tyres do not slip sideways as the car goes round the bend, determine the 

greatest value of v , correct to 2  decimal places. 

FM2-M , 128.18 msv
−≈  
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Question 8   (***+) 

 

 

 

 

 

 

 

 

The figure above shows a particle on the rough inner surface of a hollow inverted 

right circular cone of radius 6 m  and height 8 m , whose axis of symmetry is vertical . 

When the cone rotates about its axis of symmetry with constant angular velocity the 

particle moves with constant speed 4.2 1ms−  in a horizontal circle of radius 3 m . 

The cone rotates sufficiently fast for the particle to stay in contact with the cone. 

Determine the smallest possible value of the coefficient of friction between the cone 

and the particle. 

FM2-R , 11
27

µ =  

 

3

6

8
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Question 9   (***+) 

A car is moving, with constant speed v , in a circular bend banked at an angle θ  to the 

horizontal, so that the car is at the point of slipping down the banked road. 

The motion of the car takes place in horizontal circle with centre O  and radius r . 

The coefficient of friction between the road and the car is µ . 

Show with detail method that 

( )2 tan

1 tan

rg
v

θ µ

µ θ

−
=

+
. 

FM2-O , proof  
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Question 10   (****) 

 

 

 

 

 

 

 

 

One of the two ends of a light inextensible string of length l  is attached to the vertex  

of a right circular cone. A particle of mass m  is attached to the other end of the string. 

The particle is made to rotate on the curved surface of the cone with constant angular 

velocity ω  with the string taut. 

A line of greatest slope on the surface of the cone forms an angle θ  with the axis of 

symmetry of the cone, such that 3tan
4

θ = , as shown in the above figure. 

Show that the tension in the string is 

( )21 20 9
25

v m g lω= + . 

proof  

 

 

m

θ
l
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Question 11   (*****) 

 

 

 

 

 

 

 

The figure above shows a car moving with constant speed v , in a horizontal circle, 

with centre O  and radius r , on a road which is banked at an angle θ  to the horizontal.  

The car has width 2AB d=  , as shown in the figure and its centre of mass G  is 

located at the midpoint of AB  and at a height h  above the ground. 

Assuming that the car is at the point of toppling about G , in an "up the bend" 

direction, show that 

( )2 tan

tan

rg d h
v

h d

θ

θ

+
=

−
. 

FM2-T , proof  
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Question 1   (**) 

 

 

 

 

 

 

A hollow right circular cylinder is fixed with its axis horizontal. The inner surface of 

the cylinder is smooth and has radius 1.25 m . A particle P  of mass 0.5 kg  is 

projected horizontally with speed 6 1ms−  from a point A , which is the lowest point 

of a vertical cross section of the cylinder, which is perpendicular to the axis of the 

cylinder. While P  is in contact with the cylinder, its speed is v
1ms−  and the contact 

force exerted by the cylinder onto P  is R N . The angle AOP  is θ , where O  is the 

vertical cross section, as shown in the figure. 

a) Show clearly that … 

i. … 2 11.5 24.5cosv θ= + . 

ii. … 4.6 14.7cosR θ= + . 

b) Determine the speed of P  at the instant when it leaves the surface. 

11.96 ms−≈  

 

A

O

P

1.25m
θ

16 ms−

1.25m



Created by T. Madas 
 

Created by T. Madas 
 

Question 2   (**) 

A light inextensible string of length 4 m   has one end attached to a fixed point O  and 

the other end attached to a particle P  of mass 0.5 kg . 

P  is moving in a vertical circle with centre O  and radius 4 m . When P  is at the 

highest point of the circle it has speed 8 1ms− . 

Determine the tension in the string when the speed of P  is 12 1ms− . 

18.1 NT =  
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Question 3   (**+) 

A particle is attached to one end of a light rigid rod of length a  and the other end of 

the rod is freely hinged to a fixed point O . 

The particle is originally at rest, vertically below O , when it is projected horizontally 

with speed u . 

 The particle moves in a complete vertical circle. 

a) Show clearly that 4u ag≥  

The particle is then attached to one end of a light inextensible string of length a  and 

the other end of the string is attached to a fixed point O . 

The particle is hanging freely at rest, with the string vertical, when it is projected 

horizontally with speed u . 

The particle moves in a complete vertical circle. 

b) Show further that 5u ag≥  

proof  
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Question 4   (***) 

 

 

 

 

 

A particle P  of mass M  attached to one end of a light inextensible string of length a . 

The other end of the string is attached to a fixed point O . The particle is held at a 

point A  with the string taut and OA  is horizontal. The particle is projected 

downwards with speed 6ag  from A . 

When the string makes an angle θ  with the downward vertical through O  the string it 

still taut, the tension denoted by T , as shown in the figure above. 

a) Assuming that air resistance can be ignored, show that  

( )3 2 cosT Mg θ= + . 

b) State, with justification, whether P  performs a full circle in the subsequent 

motion. 

When 5T Mg=  the speed  of P  is 5.6 1ms− . 

c) Determine the value of a . 

0.6 ma =  

 

AO

P
a

θ

6ag
a
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Question 5   (***+) 

A particle P  is projected horizontally with speed u  from the highest point of a fixed 

smooth sphere of radius a  and centre O . In the subsequent motion P  slides down the 

sphere and loses contact with the sphere when OP  makes an angle θ  with the 

upward vertical. 

a) Show clearly that  

2 2
cos

3

u ag

ag
θ

+
= . 

b) Determine the minimum value of u  in terms of a  and g , for which P  leaves 

the surface of the sphere the instant it is projected. 

minu ag=  
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Question 6    (***+) 

A light rigid rod OP  of length a  has a particle of mass m  attached at P . The rod is 

rotating in a vertical plane about a fixed smooth horizontal axis through O .  

Given that the greatest force acting along the rod is 5mg , find, in terms of mg , the 

magnitude of the force acting along the rod when the speed of the particle is ag . 

1
2

F mg=  
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Question 7     (***+)     

A machine component consists of a particle P , of mass 2 kg , attached to one end of 

a light rigid rod OP , of length 0.1 m . 

The particle is made to rotate at 750  revolutions per minute in a vertical circle with 

centre at O . 

Determine the least and the greatest magnitude of tension experienced by the rod. 

FM2-N , min 1214 NT ≈ , max 1253 NT ≈  
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Question 8    (***+) 

A heavy body is swinging on the end of a light inextensible string of length 3 m , 

whose other end is attached to a fixed point O , 4 m  above level horizontal ground. 

The body moves in a vertical plane through O , so that in the extreme positions of its 

motion the string makes an angle of 60°  through the downward vertical through O . 

At an instant when the string makes an angle of 30°  with the downward vertical 

through O , and the body is moving upwards the body breaks free from the string. 

Calculate the horizontal displacement of the body from O , at the point where it hits 

the ground. 

4.80 md =  
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Question 9     (***+) 

A particle P  is attached to one end of a light inextensible string of length 5a . 

The other end of the string is attached to a fixed point O  and P  is hanging in 

equilibrium vertically below O . 

P  is then projected horizontally with speed u . 

When OP  is horizontal, the string meets a small smooth peg at Q , where 4OQ a= . 

Given that P  describes a complete circle around Q , show that 

13u ag> . 

proof  
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Question 10   (****) 

 

 

 

 

 

A bowl is formed by removing part of a hollow hemisphere with centre at O  and 

radius a  so that so that B  is a point on the rim of the bowl and A  is the lowest point 

on the bowl as shown in the figure above. The angle AOB  is 60° . 

The bowl is then secured on a horizontal table, with point A  in contact with the table. 

A particle P  of mass m  is placed at A  and projected horizontally with speed 5ag . 

The surface of the bowl is assumed to be smooth and air resistance is negligible. 

a) Find, in terms of m  and g , the force exerted by the bowl on the particle, as it 

reaches B . 

After leaving the bowl at B  the particle travels freely under gravity first striking the 

horizontal table at C . 

b) Given that 5
12

a = , determine the distance AC . 

9
2

R mg= , 1.92 mAC ≈  

 

 

A

O

B

60°

5ag

a
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Question 11   (****) 

 

 

 

 

A particle of mass 5  kg  is attached to one end of a light inextensible string of length 

2.5 m  and the other end of the string is attached to a fixed point O . The particle is at 

rest at a point A  which lies vertically below O . The particle is then projected 

horizontally with speed u
1ms− . 

In the subsequent motion when the particle is at a general point P , its speed is  

v
1ms− , the tension in the string is T N  and the angle AOP  is θ . The particle comes 

to instantaneous rest when 3arccos
4

θ = . 

a) Find the value of u . 

b) Show that ( )73.5 2cos 1T θ= − . 

c) Find the minimum and the maximum value of T , during the described motion. 

13.5 msu −= , min 36.75 NT = , max 73.5 NT =  

 

A

O

P

2.5 m
θ
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Question 12     (****)    

 

 

 

 

 

 

 

One end of a light rigid rod, of length a , is freely jointed to a fixed point O  and the 

other end is attached to a particle of mass m .  

The particle is projected with speed u  from a point A  , where OA  makes an angle α  

with the upward vertical, as shown in the figure above. The particle moves in a 

complete full vertical circle with centre O , so that the greatest tension in the rod is 10  

times as large as the minimum tension. 

Given that 1arccos
3

α = , show that 2 3u ag= . 

FM2-P , proof  

 

 

 

 

m

O

A

a
α

u
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Question 13   (****) 

 

 

 

 

 

The figure above shows a particle of mass m  attached to one end of a light 

inextensible string of length a . 

The other end of the string is attached to a fixed point O . The particle is held at a 

point A  with the string taut and OA  is horizontal. The particle is projected 

downwards with speed u  from A . The string becomes slack for the first time at a 

point B  such that 150AOB = °� . 

a) Assuming that air resistance can be ignored, show that 2 3
2

u ag= . 

After the string becomes slack the particle in its consequent motion crosses the 

diameter through A  at the point C . The direction of the motion of the particle as it 

passes through C , makes an angle θ  with the horizontal. 

b) Show further that tan 11θ = . 

proof  

 

 

A
O

B

a
150°

u
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Question 14     (****)     

One end of a light rigid rod is freely jointed to a fixed point O  and the other end is 

attached to a point mass. The loaded rod is describing full vertical circles so that the 

greatest speed of the point mass is three times its least speed. 

Determine the cosine of the angle which the rod makes to the downward vertical 

through O , when the tension in the rod is zero. 

FM2-O , ( ) ( )5 5arccos arccos
6 6

θ π= − = −  
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Question 15   (****) 

 

 

 

 

 

 

A particle of mass m  attached to one end of a light inextensible string of length a . 

The other end of the string is attached to a fixed point O . The point A  is at a distance 

a  vertically below O , and the point B  is at a distance a  vertically above O . 

The particle is held at a point A  with the string taut. The particle then is projected 

horizontally with speed u  and passes through B  with speed v . 

Air resistance is ignored, throughout the motion. 

The tension in the string at A  and B  is denoted by AT  and BT , respectively. 

Given that the ratio : 2 :1u v = , show that  

 : 19 :1A BT T = . 

proof  

 

 

A

O

B

a

a

u

v



Created by T. Madas 
 

Created by T. Madas 
 

Question 16   (****) 

 

 

 

 

 

 

A particle of mass m  attached to one end of a light inextensible string of length a . 

The other end of the string is attached to a fixed point O . The point A  is at a distance 

of a  vertically below O , and the point B  is at a distance of a  vertically above O . 

The particle is held at a point A  with the string taut. The particle then is projected 

horizontally with speed u and passes through B . Air resistance is ignored, throughout 

the motion. 

The tension in the string at A  and B  is denoted by AT  and BT , respectively. 

Given that the ratio : 4 :1A BT T = , show clearly that  

 2 7u ag= . 

proof  
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Question 17    (****) 

One end of a light inextensible string is attached to a fixed point O , and the other end 

is attached to a particle. Initially the particle is hanging in equilibrium vertically 

below O , with the string taut. 

An impulse sets the particle in motion with a horizontal speed of 8.4 1ms− , which 

consequently traces part of a vertical circle with centre at O . 

The string becomes slack when the speed of the particle is 3.5 1ms− . 

a) Determine the length of the string. 

b) Calculate the vertical displacement of the particle from its initial position 

when the string becomes slack. 

FM2-R , 1.725 ml = , 2.975 mh =  
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Question 18   (****) 

A bowl is made from a hollow smooth sphere of radius a  by cutting away the part of 

the sphere which is more than 1
2

a  above a horizontal plane through the centre of the 

sphere. 

A particle is projected with speed u  from the lowest point inside the bowl. 

Show that in the subsequent motion, the particle will leave the bowl and not fall back 

in, if 2 5u ag> . 

proof  
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Question 19     (****+)    

A small bead, of mass m , is threaded on a smooth circular wire, with centre O  and 

radius a , which is fixed in a vertical plane. You may further assume that the bead can 

freely access all parts of the vertically fixed wire. 

A light inextensible string has one of its ends attached to the bead, passes through a 

smooth ring at O , and has its other end attached to a particle of mass M , which is 

hanging freely vertically below O . 

The bead is projected from the lowest part of the wire with speed u  and makes 

complete revolutions passing through the highest part of the wire with speed 12ag . 

Determine an expression for 2
u  , in terms of a  and g , and show that 

11 17m M m≤ ≤ . 

FM2-M , 2 4u ag=  
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Question 20     (****+) 

A particle P  of mass 3m  is attached to one end of a light inextensible string of 

length a  and the other end of the string is attached to a fixed point O . 

P  is initially is at the point A , where OA a=  and OA  makes an angle of 60°  with 

the downward vertical.  

P is projected downwards from A  with speed u , in a direction perpendicular to the 

string. 

The point B  is vertically below O  and OB a= . As P  passes through B ,  it strikes 

and adheres to another particle Q , of mass 2m  which is at rest at B . 

In the subsequent motion the combined particle moves in a complete circle. 

Show clearly that 

29 116u ag≥ . 

proof  
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Question 21   (****+) 

 

 

 

 

 

 

 

The figure above shows a hemisphere of radius a , with its plane face fixed on a 

horizontal surface. 

A particle is projected from the highest point of the hemisphere with horizontal 

velocity U  and begins to move on the outer smooth surface of the hemisphere. The 

particle leaves the surface of the hemisphere with speed V . 

a) Given that 1 10
5

U ag= , show that 2
V

U
= . 

The point P  lies on the rim of the plane face of the hemisphere. The path of the 

particle is at a vertical height H  above P , before the particle lands on the horizontal 

surface. 

b) Show further that 11
32

H a= . 

proof  

 

 

V

P

a

U

H
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Question 22   (****+) 

 

 

 

 

 

 

A rough cylinder of radius a  is fixed with its axis horizontal. Two particles P  and Q , 

of respective masses 2m  and 3m , are attached to the two end of a light inextensible 

string. The length of the string is such so that when the string is taut it allows P  and 

Q  to be held at rest diametrically opposite each other and the same horizontal level 

and in the same vertical plane, as shown in Figure 1 

The particles are then released from rest. The coefficient of friction between P  and  

the cylinder is sufficiently small for the particles to move. When P  has rotated on the 

surface of the cylinder by an angle θ , P  is still in contact with the cylinder, as shown 

in Figure 2 . 

Show that the contact force between P  and the cylinder is 

( )2 9sin 6 4 sin
5

mg θ θ µθ θ− + , 

where µ  is the coefficient of friction between P  and  the cylinder. 

proof  

 

Qa
θ

P a

Q

P

Figure 1 Figure 2
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Question 23   (****+) 

 

 

 

 

 

The figure above shows part of a fixed smooth sphere with centre O  and radius a . 

One end of light elastic string is attached at the highest point of the sphere A  and a 

particle P of mass m   is attached to the other end. The particle is resting in 

equilibrium at the point E  so that AOE θ=� . 

The natural length of the string is 1
2

a  and its modulus of elasticity is 1
2

mg . 

a) Show clearly that 

( )2 sin 1θ θ− = . 

b) Verify that 1.4973θ ≈ . 

The particle with the string still attached to A  is placed at A  and is slightly disturbed. 

c) Determine whether P  is still in contact with the sphere when AOP θ=� . 

proof  

 

E

O

A

a

θ
a


