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2.5
Collisions And Rockets
2.5.1 Types Of Collisions
We tend to think of point particles colliding to be modelled on miniature billiard balls.

Stage 1:
The balls approach each other


[image: image1]
Stage 2:
Both balls become elastically deformed
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During  the co llision each exerts a n  impulsive force on each  other .  ( Reference  1.3.6 )  

Stage 3:
The balls separate

Usually the force acting during the collision >> Fext
Hence, ignoring Fext,
ptot = Constant (Reference 1.2.6.1)
2.5.1.1 In elastic collisions total kinetic energy is conserved.
2.4.1.2 In inelastic collisions some kinetic energy is lost and objects are permanently deformed.
In 1D collisions the objects move along the x-axis before and after the collision. 

(3D Collisions are covered in 3.4.4)
2.5.2 Elastic Collisions

Consider 2 particles colliding with 

Masses:



ma and mb
Velocities before the collision:
ua and ub
Velocities after the collision:

va and vb
As collision is elastic momentum is conserved:

maua + mbua = mava +mbvb
Hence

2.5.2.1 ma (ua - va) = mb (vb - vu)
As collision is elastic kinetic energy is conserved:
½maua2 + ½mbub2 = ½mava2 + ½mbvb2    

ma (ua2 – va2) = mb (vb2 – ub2)

ma (ua – va)(ua + va) = mb (vb – ub)(ub +vb)

Dividing by 2.5.2.1 gives

ua + va = ub + vb
2.5.2.2
vb – va = -(ub – ua)
Relatives velocities change signs
For elastic collisions in 1D

2.5.2.3
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Special Cases
1) ma = mb = m1
ua = u

ub = 0

Before The Collision


      u                            v=0    

      m                             m      

Using 2.5.2.3 
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After The Collision



      v=0                         u

       m                           m

2) ma  >> mb, ua = u*, ub = -u 
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            u*                                  u 

This seems to show there more energy after the collision, however we can such that this is just “mathematically trickery”
The difference in momentum is:
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 Hence it looks as if momentum is not been conserved.

Similarly
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When a piston is compressed, gas molecules collide more often, hence they gain more kinetic energy and the temperature rises. This is adiabatic heating. 

2.5.3 Rockets
Assume no external forces (i.e. in space) Fext = 0. Hence momentum is constant.



 Burnt fuel expelled backwards

Rocket gets equal and opposite
at ve > 0 relative to rocket this is

p forward
exhaust velocity.

Before





After



   Mass m                 v                           -dm  : (v – ve)     (m + dm)              v + dv

dm 
= Change in mass of rocket and un-burnt fuel.


= New mass – Old Mass

i.e. dm<0

dp 
= Change in total momentum


= (m+dm)(v+dv) + (-dm)(v-ve) – mv


= mv + vdm + mdv+ dmdv – vdm + vedm – mv

But dp=0

2.5.3.1
mdv = -vedm





















Using 2.5.2.3 with mb=0





� EMBED Equation.3  ���











Deformation recovers, stored energy returns to kinetic energy.
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