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The Production of Music with Pyrotechnic Whistles 
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ABSTRACT 

The techniques used by the Western Penn-
sylvania Skylighters to produce music with py-
rotechnic whistles are described. Whistle tubes 
of various diameters and lengths are used to 
produce individual notes. The tubes, containing 
small amounts of compressed whistle composi-
tion, are fired electrically. Construction details 
are given for producing very reproducible notes 
over five musical octaves. This music was dem-
onstrated at the Pyrotechnics Guild Interna-
tional (PGI) Convention in 1994 (“Stars and 
Stripes Forever”) and at the 1997 PGI Conven-
tion (Circus medley music accompanying set 
pieces) utilizing a computer controlled firing 
system. Simpler tunes have also been performed 
using hand-firing techniques such as a “nail 
board” firing system. Our experience in im-
proving the tonal quality of the music produced, 
as well as suggested areas for further improve-
ment, is discussed. 

Keywords:  pyrotechnic, whistle, music,  
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Introduction 

Pyrotechnists are quite familiar with whis-
tling fireworks. When a tube, open at one end, 
is partially filled with whistle composition, a 
shrill whistling sound is emitted from the tube 
when the composition is ignited. The pitch of 
the sound is high at first and descends as the 
composition burns, with a change in pitch that 
can vary over many musical octaves. Although 
many papers have been written concerning the 
theory of the production of sound by whistle 
compositions, for our purposes, it is adequate to 
acknowledge that they are capable of producing 
a wide audio spectral range of frequencies. If 
the whistle composition is placed at the bottom 

of a tube open at one end, this frequency distribu-
tion is modified by the resonant modes of a cy-
lindrical cavity open at one end. This may most 
easily be understood by considering the effect 
of the reflected resonant sound waves in the 
tube. The total set of resonant frequencies in the 
tube is[1] 
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where N is the mode number, V is the velocity 
of sound, L is the length of the tube from the 
open top to the closed bottom, and D is the inside 
diameter of the tube. Only the odd frequencies in 
this series will be strongly excited by the whis-
tle composition as they correspond to resonant 
standing waves in the tube that have pressure 
maxima at the bottom of the tube and therefore 
have the strongest effect on the burning rate of 
the whistle composition. 

If only a small amount (i.e., a thin layer) of 
whistle composition is placed in the bottom of 
the tube, the frequencies produced will vary 
little for the duration of the note. Since the entire 
set of odd frequency terms are excited, the note 
will never be pure but will consist of the sum of 
the N = 1, N = 3, N = 5, etc. terms. Unfortu-
nately these terms are not simple harmonics of 
each other so that, if all are excited equally, a 
screech will result instead of a note that can be 
used to play music. We will consider only the 
first three terms in the series, N = 1, N = 3, and 
N = 5, as the higher terms will in general occur 
at frequencies beyond the range of human hear-
ing. The trick in achieving a note pure enough to 
produce music is to construct the whistle-
tube/whistle-composition system so that the 
term N = 3 is strongest and to minimize produc-
tion of the term N = 5. The term N = 1 will al-
ways be produced, but with typical whistle com-
positions it is much weaker than the term N = 3. 
In this paper we will describe how to obtain 
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selective production of the N = 3 frequency 
term. Since there will always be some N = 1 
frequency present (as well as some N = 5), the 
notes sound somewhat like the notes produced 
by a Calliope, rather than pure notes. In the for-
mula given, the longer the tube is, the lower the 
frequency of the note. That is only true if one 
continues to produce the same relative intensity 
of the N = 3 frequency. Unfortunately, as the 
tube is made longer and longer at constant inter-
nal diameter, the back pressure on the whistle 
composition will at some length cause it to start 
producing the N = 5 frequency stronger than 
the N = 3. Thus making the tube longer and 
longer at constant inside diameter will lead 
eventually to the production of a higher, rather 
than a lower, frequency note. The stability limits 
are given for tube lengths and inside diameters 
with a particular whistle composition for the se-
lective enhanced production of the N = 3 fre-
quency. 

Experimental Details 

All of the whistle notes that we use are con-
structed from either 3/4" or 1-1/4" inside diame-
ter Schedule 40 PVC tubing of the type used in 
water systems. The maximum length for 3/4" 
tubing is about 10" and for 1-1/4" tubing about 
40" before the stable production of N = 3 is 
lost, and the note jumps to the much higher 
N = 5 frequency. These maximum lengths vary 
somewhat on the type of whistle composition 
used and are representative for the composition 
and ramming pressure that we employ. The re-
sult is that the lowest note produced using a 1-
1/4" tube is around a middle C note on the piano 
(261.6 Hz). Lower notes can be produced using 
larger inside diameter tubing, but we have not 
established the stability range for such tubing. 

The note assemblies consist of an appropri-
ate length of PVC pipe inserted into a modified 
PVC end cap. A completed note is shown in 
Figure 1. A 1/2" long section of pipe (the pipe 
collar) is pressed into the end cap. Epoxy is 
used to fill the bottom of the end cap and is then 
machined to produce a flat bottom. A hole is 
drilled through the side of the end cap for an elec-
tric match, which is inserted from the inside of 
the cap to the outside. The whistle composition 
is pressed under very high pressure into the end 

cap, as described later, and the PVC pipe is in-
serted into the end cap. Since the PVC pipe col-
lar in the end cap keeps the tube from coming 
closer than 0.46" from the bottom of the assem-
bly, the lengths of the tubes, as calculated by the 
previous formula, must be shortened by 0.46" to 
obtain the desired note. This style of construc-
tion allows the whistle composition to be easily 
pressed into the end cap, independent of the 
length of the tube. 

We used a whistle composition consisting of  

Ingredient Parts by Weight 
Potassium perchlorate 64 
Sodium salicylate 32 
Red iron oxide (Fe2O3) 1 
Vaseline 6 

 

This composition was described by C. Ville-
neuve[2] and is a modification of compositions 
first described by S. Öztap.[3] The method of mix-
ing the composition follows reference 2 with one 
exception. The red iron oxide is added to the po-
tassium perchlorate, which is then milled in a 
ceramic ball mill for two hours. This allows in-
timate mixing of the oxidizer and the oxidation 
catalyst. Particle sizes are not known, but I esti-
mate that the potassium perchlorate has a final 
size of around 25 microns. I use the finest pig-
ment-grade red iron oxide that can be obtained. 
I estimate that the particle size of the red iron 
oxide was below 10 microns. The sodium salicy-
late was used as supplied, described as a “fine 
powder”, probably with a particle size between 
50 and 100 microns. It is imperative that this 
composition contain a lubricant (Vaseline), or 
predictable and reliable note production will not 
be achieved. We spent countless hours produc-
ing notes with dry whistle compositions without 
being able to achieve the high degree of reliable 
note production required in playing music. The 
level of reliability required for producing music 
is much higher than that required for conven-
tional fireworks. When you play music, everyone 
knows what note should come next and will no-
tice an error. The whistle composition is pressed 
into the base assembly by a hydraulic press with 
a pressure of 3000 psi. The total force being ex-
erted on the 3/4" end plugs is about 1500 lb, and 
4000 lb on the 1-1/4" end caps. The amount of 
composition used depends on the desired dura-
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tion of the note. For the 3/4" end caps the quan-
tity used and note duration are listed in Table 1. 

The thickness of the compressed whistle 
composition will of course cause some change 
in frequency of the note over its duration. The 
shortest 3/4" tube resonator length that we used 

has an effective empty length of 1.5" so that 
some caution must be used in selecting long 
note durations for the highest notes. The longest 
3/4" resonator length used is 9" so that the per-
centage change in frequency during burning of 

 
Figure 1.  Construction details of a whistle note assembly. 
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the whistle composition is much less, so longer 
duration notes can be used. 

The whistle composition is not weighed for 
each tube during charging but rather is added to 
the end caps using custom made scoops. 

Table 1.  Note Duration vs. Quantity of 
Whistle Composition for 3/4" Tube. 

Weight of 
Whistle 

Comp. (g) 

Compressed 
Thickness 

(in.) 

Approx. Note
Duration  

(s)* 
0.35 0.025 <0.1 
0.7 0.045 0.2 
1.4 0.09 0.4 
2.1 0.12 1.0 

* Estimated. 
 

So far we have used only one weight of whis-
tle composition for the 1-1/4" tubes, 1.4 grams, 
which yields a compressed thickness of about 
0.03" with a note duration of about 0.2 second. 
Much longer durations could be used without 
appreciable change in frequency during the 1-
1/4" notes as their tube lengths are longer than 
the 3/4" tubes. 

The whistle composition is spread evenly 
over the bottom of the end cap before pressing 
and of course a barricade is utilized to prevent 
injury in the event of ignition during the pressing 
process. Due to the thinness of the pressed 
whistle composition layers, the bottom, ma-
chined-epoxy surface of the end caps must be 
flat, so that the note will start and end uniformly. 
The epoxy used should be a high strength type 
with low viscosity, aluminum filling, and a long 
hardening time. We used epoxy manufactured 
by CIBA-GEIGY, Type RP 3269-1 (two-part, 
resin and hardener). 

Drawings for producing the end caps and the 
fixturing for the machining operations are shown 
in Figures 2 and 3. 

The end caps are machined in a drill press 
using the end cutters. The 3/4" caps can use a 
stock, outside-dimension 13/16" Forstner wood 
bit, available from woodworker supply houses. 
A slight tip on the front of the bit must be 
ground away with a hand grinder and a stop 
must be machined to slip over the shaft of the 
bit to stop the cut at 0.46" depth. When filling 
the end cap with epoxy, a slight excess of ep-
oxy should be used to allow for the machining 
step. The Forstner bit for the 1-1/4" tubing must 
be modified as shown in Figure 3 by reducing 
the outside diameter. This was done with a tool-
post grinder on a lathe. The end cutters thus 
produced are self centering on the end caps dur-
ing the machining procedure. 

The electric matches are first dipped into ni-
trocellulose lacquer and then into fine 7F fire-
works-grade Black Powder. This enhances the 
ability of the match to ignite the entire surface 
of the whistle composition at the same time. 
When dry, the wires of the match are inserted 
from the inside of the end cap to the outside. 
The match head is placed in the center of the 
cap about 1/8" above the surface of the whistle 
composition. A thick “party” toothpick is in-
serted from the outside and jammed into the 
match hole, then broken off. While crude, this 
fastening technique is quick and remarkably 
strong. 

The tubes can be washed after use with a 
brush and used repeatedly. The end caps can be 
re-used at least 50 times before erosion be-
comes too severe. 
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Construction Details of 3/4" End Cap 

0.46"

3/16"

3/16"

3/8"

1" 2 Holes
Tap 8-32

Steel

3/8"

Remove Tip
Cutting Face

Standard 13/16" Forstner
Wood Bit

Adj. Lock Set Screws

Depth Stop

1.045"
 

3/4" Cutter Details 

 
Round 3/4" Tamper Details 

Figure 2.  Construction details of 3/4" end cap. 
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Construction Details of 1-1/4” End Cap 

0.46"

Remove Tip

Modified 1-3/8" Forstner
Wood Bit

Depth Stop

1/2"

1-1/4"

Adj. Lock Set
Screws 8-32

1.655"

1.350"

1/2"

1.340"

1-3/8" Forstner Wood Bit
Ground down to 1.340" OD

Steel

1/4"

1/4"

1/2"

 
1-1/4” Cutter Details 

 
Round 1-1/4” Tamper Details 

Figure 3.  Construction details of 1-1/4” end cap. 
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Table 2 lists the tube lengths for the 1-1/4" 
tubes corresponding to the frequencies they are 
capable of producing. Table 3 lists the corre-
sponding lengths and frequencies for the 3/4" 
tubes. 

Table 2.  Lengths for 1-1/4" Tubes and  
Corresponding Frequencies. 

 
N = 3 Note 

Frequency 
(Hz) 

Tube Length 
[L (in.) – 0.46 in.] 

C4 261.63 36.3 
#C4 277.18 34.21 

D4 293.66 32.25 
#D4 311.13 30.39 

E4 329.63 28.63 
F4 349.23 26.98 

#F4 369.99 25.42 
G4 392.00 23.94 

#G4 415.30 22.55 
A4 440 21.24 

#A4 466.16 20.0 
B4 493.88 18.83 
C5 523.25 17.72 

#C5 554.37 16.68 
D5 587.33 15.7 

#D5 622.25 14.77 
E5 659.29 13.89 
F5 698.46 13.06 

#F5 739.99 12.28 
G5 783.99 11.54 

#G5 830.61 10.85 
A5 880 10.19 

#A5 932.33 9.57 
B5 987.77 8.99 

Actual ID = 1-5/16". 

Formula converted to inches: 

 ( ) 97203 .
0.39375

N Freq
L

= =
+

 

∴ 
9720( .) 0.39375( .)

.
L in in

Freq
= −  

Note: The desired tube lengths listed are more pre-
cise than actually required. A ± ½% deviation from 
these numbers does not result in very serious detun-
ing. 
 

Table 3.  Lengths for 3/4" Tubes and  
Corresponding Frequencies. 

 
N = 3 Note

Frequency 
(Hz) 

Tube Length 
[L (in.) – 0.46 in.] 

C6 1046.5 8.58 
#C6 1108.7 8.06 

D6 1174.7 7.57 
#D6 1244.5 7.11 

E6 1318.5 6.67 
F6 1396.9 6.25 

#F6 1480 5.86 
G6 1568 5.50 

#G6 1661.2 5.15 
A6 1760 4.82 

#A6 1864.7 4.51 
B6 1975.5 4.22 
C7 2093 3.94 

#C7 2217.5 3.68 
D7 2349.3 3.43 

#D7 2489 3.20 
E7 2637 2.98 
F7 2793.8 2.78 

#F7 2960 2.58 
G7 3136 2.40 

#G7 3322 2.22 
A7 3520 2.06 

#A7 3729.3 1.90 
B7 3951.1 1.76 
C8 4186 1.62 

#C8 4435 1.49 
D8 4698.6 1.365 

#D8 4978 1.25 
E8 5274 1.139 
F8 5587.7 1.036 

Actual ID = 13/16" 

Formula converted to inches: 

 ( ) 97203 .
0.24375

N Freq
L

= =
+

 

∴ 
9720( .) 0.24375( .)

.
L in in

Freq
= −  
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Experimental Results 

In our demonstration of “Stars and Stripes 
Forever” at the 1994 PGI Convention, we used 
over 900 notes, about half of which were low 
notes made from 1-1/4" tubing and half high 
notes were made from 3/4" tubing. The notes 
were played by ignition of the electric matches 
with a computer firing system and were cho-
reographed together with appropriate aerial 
comets and shells. The notes covered five musi-
cal octaves, and many chords were played con-
taining up to five notes each. This was a tre-
mendous escalation in scale from the simple 
melodies we had previously played. As a result, 
some things were learned after hearing the final 
result. From this experience the following sug-
gestions were made: 

1. Chords with a large number of individual 
notes do not sound very good. Apparently the 
tonal impurity of the individual notes, particu-
larly the lower notes, has an additive effect 
when a chord is constructed and its musical 
quality is poor. Do not try to construct complex 
chords; use single notes or simple chords. 

2. Do not use the same duration notes for all 
the notes (as we did at the 1994 Convention). 
To make the caps interchangeable we used the 
same amount of whistle composition in all of 
the 3/4" end caps and in all of the 1-1/4" end 
caps. That was a mistake. We have since con-
structed music using four different note durations 
that correspond more closely to the music as 
written, and it sounds much better. 

3. Where possible, use only the 3/4" tubes to 
produce higher notes. The 1-1/4" notes do not 
sound as pure. That is because, as the lower fre-
quency notes are produced, the residual N = 5 
frequency component, even though suppressed, 
occurs at frequencies to which the human ear is 
most sensitive. Those lower notes thereby sound 
less pure. Even the higher frequency notes pro-
duced by the 3/4" tubes improve in perceived 
purity at the higher frequencies. This is because 
the N = 5 residual component now occurs at fre-
quencies beyond the range of human hearing 
response. 

Our demonstration at the 1997 PGI Conven-
tion incorporated all of these suggestions and 
sounded better musically than the “Stars and 

Stripes” presentation. A primary goal for the 
1997 Convention was to play the notes faster. 
Our display consisted of a series of animated set 
pieces. A clown would march from one set 
piece to another accompanied by the “Entrance 
of the Gladiators”. To sound right, this compo-
sition cannot be played slowly. Notes of the 
duration used for “Stars and Stripes Forever” 
were too long and overlapped too much. Ac-
cordingly, we developed notes that were less 
than 1/10 second in duration. Only a few chords 
were used, and those consisted of only two notes 
separated by one or two musical octaves. The 
results sounded significantly better than in 1994. 

Generating a Musical 
Score for Whistles 

There are many ways to translate a musical 
score into a time sequence of commands from 
the computer to the appropriate firing position 
for the note to be played. Existing software can 
create this time sequence and even play back the 
score to test the accuracy of the music. There 
are also many computer-controlled firing sys-
tems, each with its own firing control software. 
The approach that we use is somewhat archaic 
and probably reflects the “old school” approach. 
Our computer firing system has a software clock 
with 225 counts per second. The program can 
accept firing and firing position commands at 
that rate. The music sequence must therefore be 
broken into intervals of duration 225 per second 
or fraction thereof. The musical score on a sheet 
of music is a flow of notes versus time. It is 
therefore necessary to convert the time per note 
and between notes (the time for one measure or 
fraction thereof) into software clock counts. 
Since 225 counts per second does not divide 
evenly, we rounded it to 224 counts per second. 

One first obtains a sheet music copy of the 
composition to be played (or works from mem-
ory). Several alterations must then be done. The 
music must first be simplified, perhaps reducing 
it to only single notes (the melody). We used a 
bare sheet of music manuscript paper to write 
the altered version of the music. In addition to 
simplifying the score, we shifted the key in 
which the composition was written to the key 
used for all of our music. That allows us to use 
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the same whistle tubes over and over with a 
minimal need to cut new tube lengths for new 
music. We then decide how fast the music 
should be played. For example, the time per 
measure might turn out to be 1-1/2 seconds. 
That means that the number of software counts 
per measure will be 224 × 1.5 = 336 counts per 
measure. One-half of a measure would be 168 
counts, l/4 measure would be 84 counts, and 1/8 
measure would be 42 counts. At this time one 
must decide on the note duration for each note so 
that the proper amount of whistle composition 
will be pressed into its end cap. In the example 
mentioned, let’s say that the desired note dura-
tion is 1/8 of a measure, or 42 counts. That 
would be a time duration of 42 ÷ 224 = 0.1875 
seconds duration. Referring to Table 1, the clos-
est 3/4" end cap to that time is 0.7 grams with a 
burning time of 0.2 seconds. On the musical 
score we then indicate the proper end cap to be 
used with that note. From that modified musical 
score we then create a time flow of commands 
to the computer, starting at time zero (zero 
counts), and adding the count total as the music 
progresses from note to note. This series of com-
mands also contains instructions to tell the firing 
system which position to fire at that command. 
Our whistles are contained in racks that can 
hold 30, 1-1/4" tubes and 30, 3/4" tubes (a total 
of 60 tubes per rack) and are wired to handle up 
to 30 electrical firing events. There are a total 
of 16 racks so that information must be given to 
the firing system as to which rack and which 
position in that rack the firing current should be 
addressed. A corresponding chart is also created 
with the note and note duration that should be 
positioned in a particular rack and rack position 
for assembly purposes. So far these lists of time 
sequences of commands and note events at the 
command have been done on paper by hand and 
the accuracy checked mentally before entering 
the list into the computer software. A spread-
sheet program would make more sense as errors 
could be corrected much easier. 

A computer firing system is only necessary 
if a very large number of firing events are re-
quired. We have played many simple tunes us-
ing only a “nail board” firing system. The per-
son using the “nail board” needs only to know 
the music and to have a sense of rhythm. 

Suggested Future Improvements 

The PVC tubing that we have been using 
contains a white pigment additive making them 
almost opaque. In spite of this, at night each 
whistle tube clearly lights up during firing, add-
ing charm to the display. Clear PVC tubing 
without the pigment is commercially available 
and would enhance this effect. 

Experiments should be conducted to design 
resonators for the low notes. An obvious choice 
would be a cylindrical resonator closed at both 
ends, with an aperture on the side to allow the 
note to exit. Much purer notes might be possible 
with such a resonator. 

Even shorter notes can be constructed, par-
ticularly for the highest notes. For a 3/4" tube a 
charge of less than 0.2 grams and compressed 
to about 0.010" should yield a note of shorter 
duration than 1/20 of a second, where fast notes 
are required. Such fast notes are, however, im-
practical for the very low notes due to the tran-
sit time of sound from end to end of the resona-
tor and the long wavelengths of the notes. 
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Photo 1.  Western Pennsylvania Skylighters assembling whistle note racks. 


