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1.4 Elastic & Inelastic Collisions
What is the difference between an elastic collision and an inelastic collision?
(AO1a/ A02a)
What is conserved in a perfectly elastic collision? (AO1a)
How can collisions be used to work out precise bullet velocities? (A01a)
Basic Challenge
E-D
Medium Challenge
D-B
Harder Challenge
B-A*

Be able to… define in words the idea of elastic and inelastic
collisions.
Be able to… define in words and apply using formulae the idea of
elastic and inelastic collisions
Be able to… Extend the ideas into expressions to analyse
situations such as a ballistic pendulum.
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Thinking point dropping a ball....
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Elastic Collisions
A simple way to look at this concept is to think of the
model of atoms which uses round spheres. The
collisions of atoms are elastic collisions.
An elastic collision is a collision in which the total
kinetic energy of the colliding bodies after collision is
equal to their total kinetic energy before collision.
Elastic collisions occur only if there is no net conversion
of kinetic energy into other forms.
During the collision kinetic energy is first converted to
potential energy associated with a repulsive force
between the particles then this potential energy is
converted back to kinetic energy when the particles
move apart.

This concept is one of
the assumptions which
underpins the ideal gas
law theories.
NB: for objects which are
rotating things get more
complex i.e. molecules
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Example Elastic
For a head-on collision with a stationary object of equal mass, the projectile will
come to rest and the target will move off with equal velocity, like a head-on shot
with the cue ball on a pool table. This may be generalised to say that for a headon elastic collision of equal masses, the velocities will always exchange.
For a non-head-on elastic collision between equal masses, the angle between
the velocities after the collision will always be 90 degrees. The spot on a pool
table is placed so that a collision with a ball on the spot which sends it to a
corner pocket will send the cue ball to the other corner pocket.
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Inelastic Collisions
An inelastic collision is a collision in which kinetic energy is not conserved.
In collisions of macroscopic bodies, some kinetic energy is turned into vibrational
energy of the atoms, causing a heating effect, and the bodies are deformed.
The molecules of a gas or liquid rarely experience perfectly elastic collisions
because kinetic energy is exchanged between the molecules' translational motion
and their internal degrees of freedom with each collision. However, averaged across
an entire sample, molecular collisions are elastic.

Inelastic collisions may not conserve kinetic energy, but they do obey conservation
of momentum. They can be partial (items move apart) or perfect (stick together)

This concept is also one of the
flaws in ideal gas law theories.
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Example Inelastic
Most collisions between objects involve the loss of some kinetic energy and are said to be
inelastic. In the general case, the final velocities are not determinable from just the initial
velocities. If you know the velocity of one object after the collision, you can determine the
other . A completely inelastic collision is one in which objects stick together after the
collision, and this case may be analysed in general terms…..

m1u1  m2u2  m1u1  0

m1  m2 v3
m1u1  m1  m2 v3

P before

p after

p before = p after

1
1
1
2
2
2
m1u1  m2u2  m1u1  0
2
2
2
1
m1  m2 u32 KE after
2

NB: the difference
between the two KE
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Example Inelastic
The diagram shows two cars at a fairground,
before and after bumping into each other.
One car and driver has a total mass of 500
kg, while the other car and driver has a total
mass of 400 kg. What is;
1. the total kinetic energy before the
collision
2. the total kinetic energy after the
collision.
3. the total loss in kinetic energy.
Kinetic Energy = 1/2 mv2
Kinetic Energy of blue car = 1/2 x 500 kg x (5 m/s)2 = 6250 J
Kinetic Energy of yellow car = 1/2 x 400 kg x (2 m/s)2 = 800 J
Total energy = 6250 J + 800 J = 7050 J
Kinetic Energy = 1/2 mv2
Kinetic Energy of blue car = 1/2 x 500 kg x (3 m/s)2 = 2250 J
Kinetic Energy of yellow car = 1/2 x 400 kg x (4.5 m/s)2
Total loss = 7050 J - 6300 J = 750 J
= 4050 J
Total energy = 2250 J + 4050 J = 6300 J
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Inelastic…
The extreme or perfectly inelastic collision is one in which the colliding objects stick together
after the collision, and this case may be analysed in general terms:
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Perfect elastic - collide & transfer all velocity – momentum & KE cons
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Perfect inelastic - collide &move together – momentum cons / KE not cons
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Ballistic Pendulum Example... (Perfectly inelastic)
In the back courtyard of the
munitions factory hung an old,
scarred block of wood. As
quality control for the cartridges
coming off the assembly line,
someone would regularly take a
gun to the courtyard and fire a
bullet into the block.
Measuring the height of the
swing revealed the speed of the
bullet, but since the block was
increasing in mass with the
added bullets, the mass of the
block had to be checked as well
as the mass of the bullet being
fired.

Look at this example and see if you can get
the general idea of what this means, then
look at the example which follows….

http://hyperphysics.phy-astr.gsu.edu/hbase/balpen.html#c1
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Ballistic Pendulum Alternative.....
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Perfectly Inelastic Question….
bullet of mass 45 g is travelling horizontally at 400 m/s when it strikes a
wooden block of mass 16 kg suspended on a string so that it can swing freely.
The bullet is embedded in the block. Calculate:
1. The velocity at which the block begins to swing.
2. The height to which the block rises above its initial position.
3. How much of the bullet’s kinetic energy is converted to internal energy.
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Perfectly Inelastic
bullet of mass 45 g is travelling horizontally at 400 m/s when it strikes a wooden
block of mass 16 kg suspended on a string so that it can swing freely. The bullet is
embedded in the block. Calculate:
1. The velocity at which the block begins to swing.
Momentum before = momentum after
Momentum before = m1u1 + 0
Momentum before = (0.045 kg x 400 m/s) + (0)
Momentum before = 18 kg m/s
Momentum after = total mass of bullet and wood x speed
Momentum after = (16.000 kg + 0.045 kg) x v m/s
Momentum after = 16.045 v kg m/s

Therefore:
16.045 v kg m/s = 18 kg m/s
v = 18 kg m/s ÷ 16.045 = 1.12 m/s
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Perfectly Inelastic
bullet of mass 45 g is travelling horizontally at 400 m/s when it strikes a wooden
block of mass 16 kg suspended on a string so that it can swing freely. The bullet is
embedded in the block. Calculate:
2) height to which the block rises above its initial position.
We use the conservation of energy principle:
Kinetic energy = potential energy
1/2 mv2 = mg h
m's cancel out.
Rearranging:
h=

v2
2g

= 1.122 ÷ (2 x 9.81 ms2) = 0.064 m
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Perfectly Inelastic
bullet of mass 45 g is travelling horizontally at 400 m/s when it strikes a wooden
block of mass 16 kg suspended on a string so that it can swing freely. The bullet is
embedded in the block. Calculate:
3) How much of the bullet’s kinetic energy is converted to internal energy.
We need to know the kinetic energy of the bullet:
Ek = 1/2 mv2 = 1/2 x 0.045 kg x (400 m/s)2 = 3600 J
Now we need to know the kinetic energy of the block and bullet:
Ek = 1/2 x 16.045 kg x (1.12 m/s)2 = 10.1 J
Kinetic energy lost = 3600 J - 10.1 J = 3590 J
This energy is not destroyed, but converted into internal energy.
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Newton's Cradle...
What is happening?
Momentum?
Kinetic Energy?
Potential Energy?
Shockwave propagation?
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Swinging Balls...
A popular demonstration of conservation of momentum and conservation of
energy features several polished steel balls hung in a straight line in contact
with each other. If one is pulled back and allowed to strike the line, one ball
flies out the other end. If two balls are sent in, two come out, and so forth.

Mr Powell 2008

Index

Mr Powell 2008

Index

-

Mr Powell 2008

Index

