
PHYS 301 FALL 2013 HWA5 Due Nov 13 at the PS hour.

Problems involving collision of particles.
So far we have not much discussed collision of particles in detail. In this

hw set you will solve related problems. The issue is actually very simple: If
the colliding particles is seen as a system and if the net force acting on that
system vanishes the total momentum of the system is conserved. Now if the
mutual interacting forces among the particles -which of course cancel each other
via the 3rd law if we do the sum- are conservative forces then we also have
the conservation of the total energy of the system. Collisions involve short
range forces -contact type- and are not like the gravitational pull which acts
at a distance. Thus when the particles separate they are free and w have the
conservation of total kinetic energy. If this is the case the collision is called
elastic if not it is called inelastic.

1. Consider two masses, M and m. M is stationary on a frictionless and
the mass m approaches it on the table with velocity vo. Find the final velocities
of the particles after the collision assuming the collision is elastic. First assume
m < M and explain your answers, also discuss the limit m << M which is
equivalent to hitting to a building say. Second assume m > M and explain
your answers, also consider the limit m >> M . Digress on the meanings of the
results in daily life terms.

2. Solve problems 15,22,23,24,25,26,27,29 and 30 from chapter 4.

3. Consider a spherical mass of uniform density ρ and of radius R which
is kept stationary by hand. Assume a small test particle of mass m located
at a distance r > R from the center of the sphere. Show that the potential
energy is −GMm/r for r > R where M is the total mass of the sphere. This
example is well documented but I would like you to do it yourselves. Hint:
First place the test particle on the z axis so that its position is rk̂. Now since
the equations are linear the total potential is the addition of small volumes of
mass inside the sphere. The mass of a small part of the sphere at a location
x, y, z will be ρdxdydz, and the distance to the location of the test particle is√
x2 + y2 + (z − r)2. We thus have to perform the following

−Gρm
∫
inside the sphere

dxdydz
1√

x2 + y2 + (z − r)2

where inside the sphere simply means that x2 + y2 + z2 ≤ R2.
The moral of the story is that the effect of the sphere on the point particle

of mass m outside is as if the sphere itself if a point particle of mas M .
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