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Question 1   (**) 

A particle of mass m  is attached to one end of a light inelastic string A  of length l , 

and the other end of the string is attached to a fixed point O . The particle rests in 

equilibrium when it receives an impulse perpendicular to OA . Let θ  be the angle that 

OA  makes with the downward vertical. 

a) Show that for small values of θ , the motion of the particle is approximately 

simple harmonic, stating its period in terms of l  and g . 

b) Given further that 2.45 ml = , calculate the frequency of the motion 

11
0.318 sν

π

−
= ≈  
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Question 2    (**+) 

A simple pendulum consists of a heavy particle suspended from a fixed point by a 

light inextensible string of length 0.5 m .  

We consider this pendulum performing small amplitude oscillations in the absence of 

any external forces, except its weight. 

The pendulum is taken to a place where it performs in a day, 200  less small 

amplitude oscillations than to a place where 9.81g =
2ms− .  

Determine the value of g  in this place. 

M456-I , 29.75 msg −
′ ≈  
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Question 3     (***) 

A simple pendulum consists of a heavy particle suspended from a fixed point O  by a 

light inextensible string of length 1.8 m .  

We consider this pendulum performing small amplitude oscillations in the absence of 

any external forces, except its weight. 

The pendulum is released from rest with the string taut. On release the taut string 

forms an angle of  
30

π
  radians with the downward vertical through O . 

Calculate the time, from the instant of release, that the pendulum moves through an 

angle of 
20

π
 radians. 

M456-E , 2 0.898s
7

t π= ≈  
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Question 4     (***+) 

A simple pendulum consists of a heavy particle suspended from a fixed point O  by a 

light inextensible string of length 0.8 m .  

We consider this pendulum performing small amplitude oscillations in the absence of 

any external forces, except its weight. 

The pendulum is released from rest with the string taut. On release the taut string 

forms an angle of  
20

π
  radians with the downward vertical through O . 

When the speed of the particle is 0.4 1ms−  the taut string forms an angle of  θ   

radians with the downward vertical through O . 

Calculate the value of θ . 

M456-K , c0.0653θ ≈  
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Question 5     (***+)      

A simple pendulum is modelled as a point mass attached at the end of a light 

inextensible string of length l .  

a) Show that the period of the pendulum of small oscillations about its 

equilibrium position is given by 

2
l

g
π , 

 stating clearly any approximations used. 

A simple pendulum consists of a small heavy bob attached at the end of a light 

inextensible string of length 1.2 m . 

The other end of the string is attached to a fixed point O  so that the bob is hanging in 

equilibrium vertically below O . 

A small peg P  is located at a distance of 0.4 m , vertically below O . 

The bob is then displaced, so that the taut string makes a small angle with the 

downward vertical through O , and released from rest from the point A . 

When in a vertical position, the string meets the peg and continues its small angle 

oscillations first coming to rest at the point B . 

b) Show that the particle takes approximately 1 second to move from A  to B . 

M456-G , proof  
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Question 6     (***+)      

A simple pendulum consists of a small heavy bob attached at the end of a light 

inextensible string of length 24.5 cm . The other end of the string is attached to a 

fixed point O  so that the bob is hanging in equilibrium vertically below O . 

The bob is then displaced, so that the taut string makes an angle of  
9

π
 with the 

downward vertical through O , and released from rest. 

In the subsequent motion, the angle the taut string makes with the downward vertical 

through O , is denoted by θ . 

Calculate the time it takes for the pendulum to travel from 
18

π
θ =  to 

36

π
θ = . 

M456-D , 0.0428 st ≈  
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