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3.4
Centre Of Mass
3.4.1 Definition

Particles of masses m1, m2, …


With position vectors r1, r1, …

Then the centre of mass is given by:

3.4.1.1
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e.g.
        2kg

  (-5,2)

                                   4kg

                                    (3,-1)

Then xcm = 
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Then ycm = 
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3.4.2 Centre Of Mass Of Momentum
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Where M is the total mass
3.4.2.1
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Section 1.2.6 States that the internal forces between particles and external forces are forces from other things.

3.4.2.2
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 Assuming mass is constant.
i.e.

3.4.2.3 The Centre of Masses moves as if the total masses were concentrated in one place and the external force acts on that.
e.g. A ball been thrown:

Every atom in the ball experiences gravity (an external force) and forces from other atoms internal forces.



Centre Of Mass moves like particle of mass Mball under gravity.

3.4.2.3 Leads to:

3.4.2.4
If Fext = 0 then vcm = Constant 
[image: image7.wmf]
3.4.3 Centre Of Mass Frame

A frame moving with a centre of mass.

3.1.1.3 
[image: image8.wmf]®


v’ = Velocity in centre of mass frame 



v’ = v - vcm
When v’cm = 0 3.4.2.1 
[image: image9.wmf]®

 

3.4.3.1
p’tot = Total Momentum In Centre Of Mass Frame = 0
e.g. 

When there are 2 particles:
p’a = -p’b                         p’a


                           p’b
Hence 
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 and v’a is in the opposite direction to v’b
e.g.

When there are more then 2 particles there are many possibilities.


      p’c               p’b
p’a >> p’b
p’a is perpendicular p’b 

             p’a
                         p’b

 p’c
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p’a is angled to p’b 
                   p’a

3.4.4
Collisions

If Fext = 0 then vcm is unchanged in collisions:
In the lab frame before:

                                ua
       ub



Trajectory of centre of mass

In the lab frame after: 


                                                  ua

                ub 

                                             Trajectory of centre of mass

In the centre of mass frame before:


                        u’a
                     .   Centre Of Mass


                       u’b
In the centre of mass frame after:


      u’a



                                      u’b
And the angle depends on the details.

p’a before 
= ma u’a


= ma (ua - vcm)


= 
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[image: image15.wmf]m

= Reduced mass, can be used for 2+ particles.

U = Relative velocity before collision in any frame.
Sum of p’a after = 
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Where v = va - vb
3.4.3.1
p’b before = -p’a before = -
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p’b after = -p’a after = -
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