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Abstract:

A ping-pong ball “cannon” was built and tested, first
with the usual air, and then with single composition
gases, such as helium and argon. A plastic tube (the
canon) containing a ping pong ball snugly fitted inside
the tube is sealed with tape on both ends and
evacuated with a mechanical pump to a pressure of
about 100 mTorr. A pin is used to prick the tape
nearest the ball causing the outside air to rush in,
accelerating the ball forward and out the other end
of the tube at speeds approaching the speed of
sound. Light switches were used along the length of
the tube to measure the acceleration and speed of
the ping pong ball. The number and placement of the
light switches were adjusted to get the best possible
measurements of the movement of the ball.
Experiments with different gases with very different
speeds of sound were performed to study the balls’
performances.

Setup:
To hold the “cannon,” a wooden structure suspended the PVC pipe
horizontally so that gravitational effects would be minimized.
Multiple pairs of phototransistors and diodes were drilled and glued
into the sides of the pipe. Without any intrusions, the Scope read a
steady voltage. This reading would only change if something (the
ping-pong ball) came in between the diode and the phototransistor,
where little to no potential difference could be found. Thus, by
tracking the time difference between the peaks on the scope and
using the separation between the transistors, the velocity of the ball
could be found.
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Air Cannon Physics: 
Approaching the Sound Barrier 

Below: The circuit diagram of the
phototransistor-diode pair. When the
phototransistor receives light from the infrared
diode, its base can register about 700 mV
depending on the angle between its photo base
and the diode’s surface vector. In the bottom
corner, an oscilloscope can read the difference
between these potentials.

Velocity Peaks (Oscilloscope)

Testing Casualties:

Analysis:
Using the difference in peaks on the

oscilloscope, and the speed measured through
high-speed camara, our speed looked to be
around 80 m/s in pure air. The speed can be
seen to increase along the tube as the peaks
become narrower. ( Analysis of more gas
samples to come for the Physics Seminar talk
on 4/27/22).

While this speed still beats any car that
can be found near Sewanee, it did not make it
to our ideal sound speed (343 m/s). This
difference is mostly due to the poor sealing on
pipe ends due to plastic connections. Some
other sources of error include small variations
in the path of the ball due to slight protrusion
by a few diodes, and the poor sealing on the
ends as the tape became bent. Overall, it can
be concluded that our pressure wave did not
propel the ball fast enough to break the sound
barrier.


