
 

 Two 'particles' are tied together with a loose, massless, inextensible, string. 

 One particle is twice the mass of the other and they move on a frictionless, flat surface. 

 The heavier particle is given a push and starts moving with speed u 

 After a short while, the string because taut, and the two particles begin to move together at a new 

common speed, v 

How does the kinetic energy change when the string becomes taut? 

Faced with this kind of question, students will recognise that they need to use either the principle of 

conservation of either momentum or energy. But which principle to apply? Let’s follow each one and see 

where we end up. 

Conservation of momentum 
Initial momentum: 2𝑀 × 𝑢 + 𝑀 × 0 = 2𝑀𝑢 

Final momentum: 2𝑀 × 𝑣 + 𝑀 × 𝑣 = 3𝑀𝑣 

If momentum is conserved, then these two quantities will be equal: 3𝑀𝑣 = 2 𝑀𝑢 : from which we can 

deduce that 𝑣 =
2

3
𝑢. In other words the final speed is two thirds the initial speed. 

We can then ask about the initial and final energy.  

 Initially the heavier particle is moving and so has kinetic energy = 
1

2
(2𝑀)𝑢2= 𝑀𝑢2 

 Finally two particles are moving and so have kinetic energy = 
1

2
(2𝑀)𝑣2 +  

1

2
(𝑀)𝑣2 =

3

2
𝑀𝑣2  

We worked out previously that 𝑣 =
2

3
𝑢 so we can re-write the final energy as  

Final energy = 
3

2
𝑀 [

2

3
𝑢]

2
 which simplifies to 

2

3
𝑀𝑢2 

i.e. one third of the energy appears to have disappeared despite there being no mechanism that could 

possibly dissipate energy. 

How can that happen? Where does the energy go? Since the string is inextensible, no energy can be stored 

in it and so we have the apparent disappearance of energy. Clearly, the situation described doesn’t 

correspond to reality in some way. 



Conservation of Energy 
Let’s now apply the principle of  conservation of energy. 

Initially the kinetic energy is  
1

2
(2𝑀)𝑢2= 𝑀𝑢2 

When both particles are moving at the speed v the kinetic energy is   
1

2
(2𝑀)𝑣2 +  

1

2
(𝑀)𝑣2 =

1

2
(3𝑀)𝑣2  

If we equate these two quantities we find 𝑀𝑢2 =
1

2
(3𝑀)𝑣2 which implies that 𝑣2 =

2

3
𝑢2 or that  

𝑣 = [√
2

3
] 𝑢 

This is a different answer to what happened when we applied the principle of conservation of momentum. 

Then we worked out that 𝑣 =
2

3
𝑢, so clearly these two results differ. But which one is correct?  

Reality i.e. Physics 
In reality we find that this is a problem with the problem, which doesn’t correspond to reality. 

 Some elements of reality do correspond to friction-free motion of particles. 

 However no elements of reality correspond to an ‘inextensible’ string. In reality strings are much 

more like very tight ‘springs’.  

What actually happens is this: 

 When the string is pulled taught by the first moving mass, a wave travels along the string/spring until it 

reaches the stationary particle. 

 Slowly, the particle accelerates and the string/spring stretches. 

 As the string/spring stretches, energy is ‘stolen’ from the kinetic energy of the particles and stored as 

‘stretching energy’ in the string/spring.  

 If it takes K newtons to stretch the string/spring by 1 metre then stored energy is 
1

2
𝐾𝑥2 where x is the 

extension of the string/spring. 

 So the error is in the question which doesn’t correspond to reality i.e. physics. The ‘correct’ model to 

use is one in which one applies the principle of conservation of momentum to the particles and which 

then models the energy lost from the kinetic energy of motion of the particles as stored as energy of 

tension in the string. This is impossible if the string/spring is ‘inextensible’ 

Although the question as set is 

completely unphysical, if one 

replaces the string by a spring, the 

question is quite a close analogy 

to a real physical situation in 

which energy of molecular motion 

is shifted back and for the 

between one ‘degree of freedom’ 

to another i.e. between the 

collective kinetic energy of the 

molecule to the vibrational energy 

of the inter-atomic bonds within 

the molecule.  

 


