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2.2 Air compressor

The air compressor is a Porter Cable 150psi 6 gallon model.
We regulated it down to about 30psi to work with the valves
and tubing. In early prototypes, the disks were press-fit
onto the motor shafts, but the disks would move up the shaft
of the motor after continuous exposure to the pressurized
air. Thus, we threaded both the shaft and the disk for a
more secure fit.

We used a three-way brass splitter to supply air to our
three organs with just one compressor. The stream is con-
trolled by a “master” ball valve on the left side of each con-
troller. Therefore, the air pressure can be limited differently
for each controller. We had fun reaching over and turning
each other up and (more often) down during performance.

2.3 Controller

Controller 1 (Fig. 4) was fashioned out of wood, plastic tub-
ing, barbs, and 5 ball valves, plus the electronics. Controller
2 (Fig. 5) is similar to Controller 1, substituting 2 blowgun
valves for 2 ball valves. The third controller (Fig. 6) is
a custom set of lathe-turned buttons and a manifold of
airways machined on a mill, all designed in SolidWorks.
Each controller has a birch faceplate featuring holes and
etchings made by a laser cutter.

Figure 4: Controller 1 with faceplate.

Figure 5: The exposed interior of Controller 2,
housing two blow guns and two ball valves.

The inside of Controllers 1 & 2 supports the heavy blow
guns and ball valves, and leaves space for the network of
(unforgiving) plastic tubing. Barbs were fully inserted into
the tubing to stand up to the strong air pressure.

Four holes and a power jack adorn the front of each
controller, providing the output air flow and connection
to the power supply. The power switch is in the top left
corner of the faceplate. On the left, an Arduino Nano is
glued to the interior of the controller. This connects the
potentiometer to the voltage supplied to the rotating motor.
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Figure 6: SolidWorks diagram of Controller 3.

2.4 Siren disk and motor

The controllers are each connected by more plastic tubing
to a dedicated, acrylic siren disk (Fig. 7). The siren disk
is mounted to a triangular stand that houses the rotating
motor and also serves to route the plastic tubing. The back
of the stand has holders for the four air streams, directed
to four rings of holes in a column configuration. The disks
are 6” in diameter.

Figure 7: The siren disk is comprised of four
concentric rings. Each ring has a series of evenly-
spaced holes that create a fundamental frequency.

The inside of the siren disk stand (Fig. 8) routes four
plastic tubes to each of the four rings. A threaded hole in
the middle of the disk secures it to the shaft of the motor,
also inside the stand.

Figure 8: The inside and back of the siren disk
stand.

The integer ratios between the number of holes in each
ring create natural harmonic relationships: rings with twice
as many holes as other rings have an octave relationship, a
3:2 ratio creates a perfect fifth, and so on.? By varying the

2The exact ratios used were 10:12:15:18 (Disk 1, a minor 7th
chord), 6:9:14:16 (Disk 2, a P5, m3, and P4), and 8:10:12:16
(Disk 3, a major chord). Disk 2 had holes of modulating
radii (e.g., small-med-large-med-small and so on).
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size of the evenly-spaced holes, we can create harmonics [4]:
the inner ring, for example, has 6 holes, three with a smaller
radius than the others. By alternating between these two
holes, we can create an octave below the fundamental.

Our motors are rated to spin at up to 19850rpm (~331Hz).

The weight of the disk lowers this to about 200Hz (see
seconds 10-17 in Fig. 9). The rotating motor produced
significant sound, but we found that the cylinder could be
pinched on either side to greatly reduce the sound. Its 2.1A
maximum current rating informed our choice of a 12VDC
12.5A switching power supply. To control its speed, we used
an Arduino to output a pulse-width modulated (PWM)
signal amplified by a MOSFET. In early prototyping phases,
we blew at least one motor due to heat. Therefore, we added
a heat sink to these MOSFETSs. We also upgraded to higher
quality wiring from our power supply, as occasionally the
thinner wires would melt after extended use. Doing this let
us play the siren organ for 2 hours continuously without any
of the electronics getting too hot.

The ability to change the motor speed provided not only
“sirenness” but also transposition to other keys. Hence, we
did not worry about the intonation of our siren disks.

3. PERFORMANCE & EVALUATION

In our limited time performing with the siren organ, we dis-
covered many different modes of producing sound. Begin-
ners of the instrument will tend to play with sharp attack,
but a bit of practice enables quite legato tones. When the
motors are spinning at full speed, it is harder to play softly.
Opening more than one valve redirects some of the air flow
into other open valves, probably due to their proximity
and the strength of the air flow. Thus, the siren organ is
clearest in pitch when only one voice is sounding. Because
the airflow is shared by three performers, the pressure di-
vides during polyphony; however, the amount of airflow one
controller gets is limited by its master valve.

We placed the air compressor outside of the performance
space because it is very noisy during refill. We began the
performance with the tank full, and it did not need refilling
for our 5-minute performance.

We experimented with the sounds of the components in
isolation—i.e., just the sound of the spinning motor-siren
disk pairs with no applied air flow, or the sound of pressur-
ized air against a static disk. The humming motors and hiss-
ing valves provided contrasting sections in our performance
that showed the siren organ could perform unaccompanied.
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Figure 9: Spectrogram of three distinct sections
of our performance: the air against the stationary
disks (0-10s), the motors starting up (10-17s), and
the crescendo with both the air blowing into the
spinning disks (17s onwards). The recorder was
about 30 feet from the instrument.
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The dynamic range of the siren organ has not been care-
fully measured, but from a recording with an audience of
about 50 people, the difference between lightly and fully
pressing the valves is about 30dB (compare seconds 4-5 to
seconds 40-41 in Fig. 9). In an empty room, the volume can
reach a level of discomfort, especially when standing in the
direction of airflow. The range of both air raid sirens and
ambulance sirens are much smaller (~3dB), because they
are not meant to be played at low sound pressure levels.

The motor spins the disk up to about 200rpm, and the
weight of the disk, tightness of fit to the motor, and power
rating of the motor all dictate how quickly the motor re-
sponds to the fader. We saw a latency of about 10 seconds
when moving the fader large distances, and the frequency of
the fundamental changes linearly, having a logarithmic af-
fect on pitch. The fundamental frequencies of our disks with
the motor at maximum speed ranged from 1200-3600Hz,
and the glissando can sweep over more than 8 octaves. The
second, third, fifth, and sixth partials all overpower the fun-
damental when high pressure is applied, “overblowing” the
siren organ (see seconds 20-30 in Figure 9). The harmonic
characteristics of overblowing are also present in classical
sirens.

4. FUTURE WORK & CONCLUSION

We have many ideas for how the siren organ could be im-
proved. The tubes could be able to be quickly plugged
in and out; as is, only the “master valve” can be easily
detached, by unscrewing it. More mobile tubes could enable
many siren disks at once and give the siren organ a “patch
cord” kind of character, like a modular synthesizer.

An enclosure for the disks would change the acoustics of
the instrument and potentially would require a stator. We
vetoed making an enclosure because we were worried that
it would make our organ even louder. On that note, a siren
organ that does not require a noisy air compressor (at least
during performance) is another area of improvement.

In conclusion, we believe that our reinterpretation is jus-
tified for manifesting the siren as a musical instrument.
Our siren organ is more automated, has more control over
dynamic range, and offers different modes of sound produc-
tion.
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