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“Perfectly Elastic Collision”
 From where does this come?
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Should be 

“Totally Inelastic”

Phet Interactive

Elasticity:

• actually the Coefficient of Restitution

• =
𝒓𝒆𝒍𝒂𝒕𝒊𝒗𝒆 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 𝒐𝒇 𝒔𝒆𝒑𝒂𝒓𝒂𝒕𝒊𝒐𝒏

𝒓𝒆𝒍𝒂𝒕𝒊𝒗𝒆 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 𝒐𝒇 𝒂𝒑𝒑𝒓𝒐𝒂𝒄𝒉

 

This is NOT

percentage of elastic collision

 



@BrighterPhysics

HyperPhysics:  
“Perfectly Elastic Collision”

                 From where does this come?

Here elastic and inelastic are 
defined properly. 

But the choice of wording is 
unfortunate:

• “perfectly” = “nearly”

• both used as 
adjectives

• not part of name
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Paul Hewett - Conceptual Physics:
Inelastic Collisions

Momentum conservation holds true even when the colliding objects 
become distorted and generate heat during the collision. Whenever 
colliding objects become tangled or couple together, a totally 
inelastic collision occurs.

Elastic Collisions

When a moving billiard ball collides head-on with a ball at rest, the 
first ball comes to rest and the second ball moves away with a 
velocity equal to the initial velocity of the first ball. We see that 
momentum is transferred from the first ball to the second ball. When 
objects collide without being permanently deformed and without 
generating heat, the collision is said to be an elastic collision.

Colliding objects bounce perfectly in perfectly elastic collisions.

“Perfectly Elastic Collision”
                 From where does this come?
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Physics Classroom:

Until recently:

• Binary choice

o Elastic 

no energy loss

o Totally Inelastic  

labeled simply “Inelastic”

Only recently added

Collision Mania Sim from Martin Kirby

Properly identifies:

• Elastic

• Inelastic

• Totally Inelastic

• And specifies Coefficient of Restitution



Collisions:
The Standard Definitions

• An elastic collision is a collision in which the total 
momentum is conserved, and the total kinetic energy 
of the system after the collision is the same as the total 
kinetic energy before the collision.

• An inelastic collision is a collision in which the total 
momentum is conserved, and the total kinetic energy 
of the system before the collision differs from the total 
kinetic energy after the collision.

• A totally inelastic collision is a special case of an 
inelastic collision where the colliding masses fuse into 
one object as a result of the collision. 

❖ Perfectly elastic collision is not a thing!
@BrighterPhysics



Physics is easy if we are consistent
in how we approach a physical situation:

[Draw a Free-Body Diagram] and [Apply Appropriate Physical Law]

If റ𝐹𝑛𝑒𝑡 = 0, then momentum of the system is conserved

@BrighterPhysics

m1

F2on1
m2 + റ𝐹𝑛𝑒𝑡∆𝑡ǂ = ∆ റ𝑝F1on2

F2,external

F1,external

ǂ 𝒅𝒖𝒓𝒊𝒏𝒈 𝒕𝒉𝒆 𝒕𝒊𝒎𝒆 𝒊𝒏𝒕𝒆𝒓𝒗𝒂𝒍 ∆𝒕

The Free Body Diagram defines: 
• the boundary of the system of two masses 
• the external forces cutting through the boundary acting on each mass 
• the internal forces within the boundary acting between the masses



Physics is easy if we are consistent
in how we approach a physical situation:

[Draw a Free-Body Diagram] and [Apply Appropriate Physical Law]

If no non-conservative forces act during ∆𝑡, then ∆𝐾𝐸𝑡𝑜𝑡 = 0

– Elastic Collision

@BrighterPhysics

If non-conservative forces act during ∆𝑡, then ∆𝐾𝐸𝑡𝑜𝑡 ≠ 0

– Inelastic Collision

If 𝐾𝐸𝑓𝑖𝑛𝑎𝑙 = 0 in the center-of-mass reference frame:

– Totally Inelastic Collision

m1

F2on1
m2 + 𝑊𝑛𝑒𝑡 = ∆𝐾𝐸ǂ

F1on2

F2,external

F1,external

ǂ 𝒄𝒐𝒎𝒑𝒂𝒓𝒊𝒏𝒈 𝒃𝒆𝒇𝒐𝒓𝒆 𝒂𝒏𝒅 𝒂𝒇𝒕𝒆𝒓 
𝒕𝒉𝒆 𝒄𝒐𝒍𝒍𝒊𝒔𝒊𝒐𝒏
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What if the action-reaction force is long ranged?

If no non-conservative forces act, then the sum of integrals is simply  −∆𝑃𝐸 .

 Thus ∆𝑴𝑬𝒕𝒐𝒕 = 𝟎 for the entire time. 

– Elastic Collision

Thus, suppose there are two carts on a frictionless surface. 

An ideal spring is attached to one of the carts. 

• During the collision, while the spring is compressing and then 
decompressing, the total kinetic energy is changing, but so is the 
potential energy.

• The total mechanical energy is the same, before, during, and after the 
collision. 

• The collision is elastic.

m1

F2on1
m2 + ෍

𝑎𝑙𝑙 𝑓𝑜𝑟𝑐𝑒𝑠
𝑜𝑛 1 𝑎𝑛𝑑 2

න
𝑡𝑖

𝑡𝑓

റ𝐹 ∙ 𝑑 റ𝑥  = ∆𝐾𝐸𝑖→𝑓F1on2

F2,external

F1,external
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Rutherford Scattering
Elastic

Schematic diagram of experiment Nucleus
Atomic orbits are 100000 time larger larger

Assuming elastic collisions between the alpha particle and the gold 
nucleus, the experimental distribution of scattered alpha particles 
matches the calculated distribution pattern of scattered alpha 
particles if the nucleus is modeled as a sphere having the size of what 
we now know is the nuclear size of the gold nucleus.

The 𝑲𝑬 of the alpha particles in the original experiment was such that the alpha 
particles did not get very close to the nucleus because of the electrostatic repulsion.
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Rutherford Scattering
Inelastic

Schematic diagram of experiment Nucleus
Atomic orbits are 100000 time larger larger

Imagine increasing the 𝑲𝑬 of the alpha particles so that they can get 
much closer to the nucleus, or even overcome the Coulomb Barrier.

In this case, individual nucleons within the gold nucleus may then be 
excited to a higher energy level. In order to match the experimental 
alpha particle distribution, this energy loss must be accounted for.

In essence, we now must assume inelastic collisions between the 
alpha particles and the gold nuclei.
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Idealization vs New Physics

In high school and introductory college Physics, the emphasis is on the ideal at first, 
and then an introduction of some real-life complexity – but even that is often an 
idealized complexity. The assumption of speed independent sliding friction for 
instance.

If done well, students will then have the tools – the ideal – to allow them to 
investigate deviations from the ideal in a consistent and incremental way.

That is how real Physics is done. It is the deviation from established Physics that 
gives rise to “new” Physics that can then be investigated leading to a better 
understanding of the physical universe.

Physics is a set of well established laws and principles that are consistent with the 
definitions that we use. 

At the center is the specification of the system under study. Given this system, we 
then consistently apply the appropriate laws. From this we then have a consistent 
set of definitions that we can all use without ambiguity.

Perfectly Elastic Collisions – it ain’t a thing!
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“Perfectly Elastic Collision”
 From where does this come?
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Phet Interactive

Elasticity:

• actually the Coefficient of Restitution

• =
𝒓𝒆𝒍𝒂𝒕𝒊𝒗𝒆 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 𝒐𝒇 𝒔𝒆𝒑𝒂𝒓𝒂𝒕𝒊𝒐𝒏

𝒓𝒆𝒍𝒂𝒕𝒊𝒗𝒆 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 𝒐𝒇 𝒂𝒑𝒑𝒓𝒐𝒂𝒄𝒉

 

Should be 

“Totally Inelastic”

 

This is NOT the

percentage of elastic collision
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