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Abstract
A classical force exchange refers to two ob-
jects that exchange a massive particle at con-
stant speed. When the particle is “thrown” or
“caught” by each object, it exerts an impulse on
the object. As a result of this exchange, the ob-
jects accelerate away from each other with an ap-
parent repulsive force. A simulation of the sys-
tem was developed using Easy Java Simulations
(EJS) in order to determine the distance depen-
dence of this force as well as its dependence on
other system variables. In this poster, the repul-
sive force, potential energy, kinetic energy, and
total energy of the system will be presented.
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For each “collision” of the ball and person, mo-
mentum is conserved.

~pi,sys = ~pf,sys

Since the speed of the ball is constant, the final
velocity of the ball after the collision is

~vfball = −~viball

The change in momentum of the person as a re-
sult of the collision is

∆px = M∆vx = 2mvi,ball

The change in kinetic energy of the person as a
result of the collision is

∆K = Kf −Ki
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Simulation
Easy Java Simulations was used to simulate the mo-
tion of two people throwing a ball back and forth
at constant speed.

The position vs. time graph for the ball shows that
its speed is constant between collisions.

The x-velocity vs. time graph for a person shows
that the person’s velocity is constant between col-
lisions. When colliding with the ball, the person
receives an impulse.

It is clear from viewing the slope of a smooth func-
tion through the graph that the acceleration of the
person is a maximum at t = 0 and decreases with
time.

Force vs. Distance
The two people were modeled as if they exert a re-
pulsive force on one another. The force on a person
is

Fx = M
dvx

dt

Data for the x-velocity of the person just after each
impulse was used to calculate the force on the per-
son. The force was graphed as a function of dis-
tance r from the other person.

The force was found to vary as 1/r.

F =
A

r

Potential Energy The potential energy was
derived using:

F = −dU

dr
∆U = −

∫
Frdr

∆U = −
∫ A

r
dr

U(r) = −A ln r

Kinetic Energy The kinetic energy of the
people (i.e. the system, not including the ball):
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The potential energy and kinetic energy are
graphed below.

Total Energy The total mechanical energy
of the people is the sum of their kinetic energy
and potential energy.

Results
The mass of the ball was changed, and the force
constant was determined for each mass. A graph
of the force constant vs the mass of the ball is
shown below.

It was found that the force constant is linearly
proportional to the mass of the ball.
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