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15.1: Introduction to Collision Theory

Despite my resistance to hyperbole, the LHC [Large Hadron Collider] belongs to a world that can only be described with
superlatives. It is not merely large: the LHC is the biggest machine ever built. It is not merely cold: the 1.9 kelvin (1.9
degrees Celsius above absolute zero) temperature necessary for the LHC’s supercomputing magnets to operate is the coldest
extended region that we know of in the universe—even colder than outer space. The magnetic field is not merely big: the
superconducting dipole magnets generating a magnetic field more than 100,000 times stronger than the Earth’s are the
strongest magnets in industrial production ever made.

And the extremes don’t end there. The vacuum inside the proton-containing tubes, a 10 trillionth of an atmosphere, is the
most complete vacuum over the largest region ever produced. The energy of the collisions are the highest ever generated on
Earth, allowing us to study the interactions that occurred in the early universe the furthest back in time.

-Lisa Randall

When discussing conservation of momentum, we considered examples in which two objects collide and stick together, and either
there are no external forces acting in some direction (or the collision was nearly instantaneous) so the component of the momentum
of the system along that direction is constant. We shall now study collisions between objects in more detail. In particular we shall
consider cases in which the objects do not stick together. The momentum along a certain direction may still be constant but the
mechanical energy of the system may change. We will begin our analysis by considering two-particle collision. We introduce the
concept of the relative velocity between two particles and show that it is independent of the choice of reference frame. We then
show that the change in kinetic energy only depends on the change of the square of the relative velocity and therefore is also
independent of the choice of reference frame. We will then study one- and two-dimensional collisions with zero change in potential
energy. In particular we will characterize the types of collisions by the change in kinetic energy and analyze the possible outcomes
of the collisions.
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