


The linear momentum of a particle of mass m and velocity v is 

defined as 

vmp



The linear momentum is a vector quantity. 

It‟s direction is along v.  
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The components of the momentum of a particle:

Linear Momentum and Collisions



We begin with a few definitions...

A collision in which the total kinetic energy is 

conserved is called an elastic collision.

Elastic and Inelastic Collision

What this means is Kf = K0.

A collision in which the total kinetic energy is 

not conserved is called an inelastic collision.

What this means is Kf  K0.

Usually this means is Kf < K0.

A collision in which the colliding objects stick 

together is called a totally inelastic 

collision.

What this means is that the final velocities 

are identical.



- Huygens’ two types of collisions:

1. Elastic Collisions

2. Inelastic Collisions

*



Elastic collisions

Suppose we have a perfectly elastic 1D collision 

between two equal masses, as shown:

1 2

Mass 2 is originally stationary, and mass 1 is 

originally moving at 5 m/s.

After the collision mass 2 is now moving to the 

right at 5 m/s, and mass 1 is stops.



Elastic Collisions

 After collision:

◦ Two objects

 Remain separate.

 Remain same shape after collision.

◦ Both momentum and KE remain the same



Lab system 

& 

Centre of Mass system



 In the lab frame, the situation looks like:

m2 is initially at rest

 In the CM frame,

the situation looks like:

 Looks like this 

to an observer

moving with the

Center of Mass.



 In the lab frame:     

m2 initially at rest. Connection 

between θ & Θ obtained by 

looking at detailed transform 

between lab & CM coordinates

In the CM frame: 
In the CM frame, the total 

linear momentum of the 2 

particles = 0. Before

scattering, the particles move 

directly towards each other. 

Afterwards, they move off as 

shown.CM frame scattering angle Θ=

same as scattering angle of either 

particle.



Elastic Collision

Suppose we have a perfectly elastic 1D collision 

between two very unequal masses, as shown:

m M

The masses could be an elephant and a fly.  The 

important thing here is that M >> m.

M >> m means that M “is very much greater than” m.

Since M >> m we can simplify the following:
M - m = M

m - M = -M

m + M = M m / M = 0

M + m = M
Thus:

2m2v2i +(m1-m2)v1i
m1 + m2

v1f =
2Mv2i +(m-M)v1i

m + M
=

2Mv2i + -Mv1i

M
=

vmf = 2vMi + -vmi

2m1v1i +(m2-m1)v2i
m2 + m1

v2f =
2mv1i +(M-m)v2i

M + m
= =   v1i + v2i

M

M

2m

M

vMf = vMi



Elastic collision of two particles
(Particles bounce off each other without loss of energy)  
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Energy is conserved:  

Momentum is conserved:



 KE is conserved in an elastic collision.

 If purely elastic both p and KE remain 

constant before, during, and after the 

collision.



Inelastic Collision

An inelastic collision is a collision 

where energy is lost.  

For example, suppose we drop a 

billiard ball, as shown.

Note that potential energy never 

regains its previous level.

Each bounce loses a little more energy.

If instead of a billiard ball we drop 

a piece of clay, the clay will stick.

We say that the collisions are 

inelastic.

We say that the collision is 

completely inelastic.

We define as completely inelastic any 

collision where the particles stick 

together.

The kinetic 

energy of the system is not conserved.



Example of perfectly inelastic collision



Perfectly inelastic collision of two particles

(Particles stick together)
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 Notice that p and v are 

vectors and, thus have a 

direction (+/-)
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Summary table of collisions



Some useful information

 Most collisions are neither elastic nor 

perfectly inelastic.

◦ Most objects in an inelastic collision do not 

stick.

◦ In near elastic collisions, objects lose energy 

to internal energy and sound.



Cross-section

The cross section of elastic scattering may be defined as the 

effective target area presented by the target to the incident beam 

of the particles during elastic scattering.

σsc (Nsc/I)

Where   Nsc represents the number of particles scattered 

per target particle per second and „I‟ represents the number 

of particles incident per unit area per second.

Unit: barn



Impact parameter of an incident 
particle is defined as the 
perpendicular distance of the 
velocity vector of the particle from 
the centre of force.

There‟s a relationship between 
the impact parameter b and 
the scattering angle .

Impact parameter

When b is small, r is small.

the Coulomb force is large.

θ can be large and the particle can be 

repelled backward.

2

02
1 vmK where

cot





Differential Cross Section of elastic  

scattering

σ()d  (Ns/I)

I = incident intensity

Ns = # particles/time 

scattered into angle d

 In general, the solid angle  depends on the spherical angles Θ, Φ.
However, for central forces, there must be symmetry 
about the axis of the incident beam

 σ() ( σ(Θ)) is independent of azimuthal angle Φ
 d  2π sinΘdΘ ,  σ()d  2π sinΘdΘ, 

Θ  Angle between incident & scattered beams, as in the figure.

σ  “cross section”. It has units of area
Also called the differential cross section. 



Differential cross-section in terms of 

impact parameter

 From these equations for  we see that different values for the impact parameter 

correspond to different angles of scattering. Thus we can make a one-to-one 

correspondence between the scattering angle and b. In particular, we see that if 

particles approaching the target pass through an annulus of radius b and width db 

these will all emerge at an angle (b). This annulus area is the correct differential 

cross section for the angle of observation. We can invert the relationship to get b 

= b(), then db = |(db/d)d|. Consider the area of the section of the annulus 

shown.

b

db

ds() =bdfdb

df
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The Rutherford Scattering

σ(Θ) = (¼)[(ZZ’e2)/(4π εoE)]2 (1/sin4(½Θ) )

Eqn shows that no. of particles scattered

in scattering is:

1) Directly proportional

to the square of the nuclear

charge Ze.

2) Inversely prop to sin4(½Θ)

3) Inversely prop to square of the

initial kinetic   energy E.

Focus of 

Hyperbola 


