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ABSTRACT

A totally inelastic collision occurs when two
moving bodies in an isolated system stick together
in a collision and preserve net linear momentum,
but lose kinetic energy. Using software, we have
plotted relative kinetic energy loss in three
dimensions against combinations of dimensionless
parameters that compare the mass, velocity, and
momentum of the two objects. In order to achieve
insight into the energy loss mechanism and
develop an intuitive connection between three-
dimensional contour plots and two-dimensional
families of curves, multiple parametric
combinations and scales are used to determine the
relationships between the critical and inflection
points of the 2-D graphs and the topography of the
contours. Further, all limiting cases are analyzed,
yielding a compact view of an infinite set of
problems.

INELASTIC COLLISIONS

Linear momentum,  𝑝 = 𝑚  𝑣, is conserved in a one-
dimensional collision, regardless of elasticity.
However, a totally inelastic collision occurs when
the bodies have a common final velocity after the
collision. This study has been designed to analyze
the patterns of kinetic energy loss when ratios of
mass, velocity, and momentum are compared
against each other in a three-dimensional plot. We
model initial (𝐾𝑖) and final (𝐾𝑓) kinetic energies in

the following way:
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Relative kinetic energy loss (𝐿) shall be defined as:

𝐿 ≝
𝐾𝑖 − 𝐾𝑓
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Where 𝐿 can only take the values between 0 and 1.

DEFINING VARIABLES

We shall define three dimensionless ratio
parameters which we can use to describe 𝐿 in three
dimensions.
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Using these variables, we can rewrite 𝐿 as a
combination of a and b, and make appropriate
substitutions when necessary for c.
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We can now plot L against any combination of a, b,
and c in a three dimensional space. The aim is to
create a more intuitive visual representation of how
energy is lost in relation to momentum, mass, and
velocity.
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Total energy loss occurs at 𝑎 = −1. This
makes sense, because the initial
momenta are equal and opposite before
the collision

Zero energy loss occurs at 𝑐 = 1. Since c
is the ratio of velocities, this implies two
bodies moving at the same velocity.
These will never collide!

FUTURE WORK

We now have three graphs describing energy loss
against combinations of momentum, mass, and
velocity. Future work is planned to analyze how
these graphs evolve when logarithmic scales are
used, and see if this will give rise to any interesting
shapes in the L-contour space.
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Energy loss for momentum vs. velocity is
physically meaningful only in quadrants I
and III. II and IV imply a negative mass!


