Quilcom SIM-RHYTHMICON
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About the Rhythmicon
Recently I got interested in what is often referred to as “the first drum machine ever made”. Intrigued by this I started to investigate the Rhythmicon. In my view the term “drum machine” is not really appropriate. What happened is that the composer Henry Cowell was fascinated by the idea of the harmonic series being associated with rhythm such that the fundamental would play once per measure, the second harmonic would play twice per measure and so on up to the 16th harmonic would sound 16 times per measure. Such an instrument would mean you could play any combination or sequence of notes to give pitched polyrhythms which would be near impossible for a musician or group to achieve. He wanted to know what it would sound like.
He discussed his idea with Leon Theremin in the late 1920s who was inspired by the principle, and Cowell commissioned him to make such an instrument. By 1931 Theremin had succeeded in what I think was a truly remarkable solution. He used 2 spinning disks with holes in them and a phototube to pick up light that passed through them and this was used as an audio source for subsequent amplification. The Rhythm wheel rotated slowly and the holes were arranged so the inner ring had 1 hole per rotation and the outer ring of holes had 16. The rotation speed determined the tempo of the rhythm, giving one full rotation per measure.
The other wheel, the Pitch wheel, rotated very much faster and was perforated in such a way as to supply pulses of light which determined the pitch and ascended from the centre to the edge to give the harmonic series. The central circle for the fundamental F1 had 6 holes, the next circle had 12 holes for F2 and so on up to the outer circles which had 96 holes and provided F16.
The keyboard turned lamps on when keys were pressed so the lowest key turned on the lamp for F1 at 1 beat per measure, the next key turned on the lamp for the next circle of holes and so on. This meant the Rhythmicon was polyphonic, since there was 1 lamp per key for each circle of holes. Each wheel had its own motor and the speed could be varied independently using rheostats, thus giving rhythm and pitch independent control.
After doing as much research as I could I compiled the following notes which may be of interest:
Notes
Leon Theremin made 3 Rhythmicons based on an idea and request from the composer Henry Cowell. The first was eventually scrapped; the second one now resides in the Smithsonian Institute and doesn’t work. The third was made by Theremin in 1960 from “spare parts”. The second one had a nice cabinet and was a finished instrument. It had 2 wheels, one for the rhythm and one for pitch. The pitch wheel span much faster than the rhythm wheel, to give audio frequencies in an ascending integer harmonic series. The separate motors’ speeds could be controlled from 2 foot pedals which contained rheostats to regulate the BPM (rpm) and the pitch range (also the pitch wheel’s rpm).
The third one was very different and was a kind of “lash up”, but it still works and can be seen on a few YouTube videos. The wheels were about 12 inches in diameter as against the other one which had wheels about 20 inches diameter. The third one had 15 rhythms but the second one had 16 (larger wheels!). The second one used a base of 6 pitch holes, so the F1 fundamental had 6, F2 had 12, F3 had 18 and so on. The third one used a base of 2 holes, so the sequence was 2 holes, 4 holes, 6 holes and so on. To get the pitches in a useful range it must have had to spin 3 times faster than the “finished” instrument.
The third one used part of a regular keyboard, possibly salvaged from a piano. The second one had an unusual arrangement of alternating black and white keys, not arranged like a conventional piano.
On the third (lash up) one there were no rheostats for speed regulation. Theremin added a lever at the front to supply friction to the rhythm wheel, to slow it down to reduce the BPM! On this version the base pitch was about 83Hz deduced by measuring the frequency on a YouTube video of F4 and dividing by 4 to get the fundamental (base) pitch.

Optics
There’s no photo or info about the optics in the second finished instrument, but I suspect the hardware was similar to the lash-up one. With some assumptions made, I calculated the theoretical length of the impulse envelopes. However, the measured envelopes from YouTube were considerably longer and I eventually realised that I’d assumed that you only got sound when the rhythm wheel holes were exactly aligned with the optics. Of course that’s not the case because the system used incandescent lamps for illumination when a key was pressed and so there would have been a signal as the hole approached and left full alignment. By calculation I determined that the effective beam width was about 12mm to give the envelope lengths I had recorded and measured. My plugin allows this value to be adjusted to give longer or shorter pulses of sound (actually these could be called grains!). I believe the earlier finished one had larger holes so on the plugin you can adjust the effective beam size.
Scaling
The rhythm wheel holes are all the same diameter and travel at a higher velocity at the edge. This means that the envelope times will reduce as the rhythm played goes from F1 to F16. I calculated the ratio was about 1:0.3 (for the third version) so F16’s envelope was about a third the length of the F1 rhythm. This “tracking” is calculated in the plugin, which also takes into account the rpm value’s effect on the envelope time. That means if you double the rhythm wheel’s rpm the envelope times halve for example. This calculated scaling sounds very similar to the YouTube videos (expect the one where Andrei Smirnov uses a laptop synth for the grains!).
Waveforms
The envelope is based on those I saw on YouTube recordings and they are a bit like the top half of a sinewave but more compressed at the top and curving up and down at the edges. This is possibly close to a Gaussian window which incidentally is popular in granular synthesis.
The audio waveform is richer in harmonics than I expected. I suspect this is due to the wider beam size which may pick up adjacent holes. Also the recordings were taken from an open speaker which inevitably added its own harmonic contributions. I recreated a suitable similar waveform in my Quilcom Wavemaker and the plugin’s SPEAKER control can adjust the timbre. Since the amplifier used valves (tubes) there was likely some unsymmetrical saturation and probably distortion at higher volume settings and this can be adjusted with the AMP knob on the plugin.
The 17th key?
I’ve not found any seemingly valid explanation of the 17th key, the one at the top of the keyboard (E5 on the plugin). The literature often refers to it as a “syncopation” key and a few sources say it plays a note every half bar (rotation). However, there’s no such hole on either type of rhythm wheel illustrations I found. Syncopation would mean time-shifting of a note and/or its duration and there’s no way that could be achieved on these pre-drilled wheels and, in any case, the electronics consisted of just a pre-amp and power amp. If the second instrument actually made use of this key I suspect it was used to increase amplification for accenting or to mute it, so the player would have had to play the key in step with the rhythm. I’ve queried this in a few places but had no response so far. On the plugin E5 is pressed to give an accent and F5 to mute.
Starting on-beat
One big criticism of the finished instrument was that it couldn’t be played in an orchestral context. This was because the rhythm wheel is constantly rotating, so you could start playing anywhere in a cycle and no conductor would have accepted that. The plugin gets around this by resetting to the start when the first note is played. This is an option and it deviates from the simulation of the original mechanics, but makes the plugin more fun to play (I hope). The plugin features other anachronisms which increase the possibilities at the expense of authenticity.

Playing
Middle C (C4) plays the fundamental pitch at 1 pulse per measure and the ascending semitones play successive harmonic pitches and measure divisions up to Eb5 which plays the 16th. E5 can be used to manually create an accented beat and F5 can be used to manually mute the sound. It’s possible to use the MIDI keyboard to control the pitch and this is discussed later in the ANACHRONISMS section.
What follows is a detailed description of all the controls on the plugin…
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The central wheel is a graphical representation of the rhythm wheel and it rotates at the adjusted speed. At the top is an indicator which flashes once per rotation and coincides with the base beat of 1 per measure.
The DEFAULT switch resets all the controls back to the “authentic” settings which are based on the 3rd version made, and were derived from YouTube videos.

[image: ]
This panel is where you control the rotation of the rhythm wheel to give the tempo.
The SPEED knob sets the rotation speed in revolutions per minute (RPM). The BPM readout shows the BPM of quarter notes (played on Eb4), so may be more meaningful.
The ACCEL knob controls the simulated acceleration or deceleration of the motor-wheel system when the SPEED is changed. Theremin’s simpler final unit used a turntable motor which was geared down via a worm-drive and there was no rheostat, but the earlier finished instrument may have had a different drive system which may have had more “lag” in its speed response. I simply don’t know, but you can set the time it takes to reach the changed RPM. The BPM can also be synced to the DAW (see ANACHRONISMS later).
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This panel controls the PITCH WHEEL speed and hence the pitch of the notes played. A faster rpm set on the SPEED knob will give a higher pitch. The Hz readout relates to the fundamental frequency played on the middle C key.
The ACCEL knob sets the acceleration or deceleration of the pitch wheel in the same was as on the rhythm wheel. The pitch can also be controlled via the MIDI keyboard (see ANACHRONISMS later).
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2 parameters for simulation of the optical system are provided here. As mentioned in my notes above, the effective envelope time would be affected by the working width of the lamp’s beam and mirror system, so a wider beam will give a sound pulse that lasts longer. The BEAM knob adjusts the effect of the beam diameter, so a larger beam will give a longer envelope.
I have no information about the lamps used but filament lamps don’t come on instantly. The FILAMENT knob sets the rise time of the simulated lamps. At longer times this introduces the sound more slowly when a key is first pressed and the corresponding lamp initially illuminates. For playing it may be best to turn this to minimum so the sound comes instantly.
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The finished instrument used a Victor 245 amplifier and the 3rd one a much simpler arrangement (no details found). Of course both used valves (tubes) so I would expect typical warm saturation and clipping at high volumes. The AMP knob is a macro which controls volume, saturation and asymmetrical distortion at high levels. The asymmetrical aspect comes into play at higher levels and the readout turns red. Of course it goes up to 11!
Loudspeakers in the 1930s were rather poorer quality than what we expect today. The SPEAKER knob is a macro designed to simulate different sizes of old speakers and several parameters are controlled. I don’t know what size speaker was in the finished one but the 3rd one looks like it was about 8 inches diameter (200mm). The knob affects the timbre produced. This panel can be turned off (see ANACHRONISMS later).
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It was tempting to give a range of more modern options, so I did! This panel gives various options, the default being AUTHENTIC as shown above.
SYNC MODE: The AUTHENTIC mode has the wheel constantly rotating. You can choose SYNC ON FIRST to reset the wheel to zero when you press the first key (any key). This enables more accurate playing in time and accurate repeat of phrases. This option greatly enhances the expressive aspect.
OSC TYPE: The AUTHENTIC waveform was created in my Quilcom Wavemaker to give a spectrum close to the YouTube demos. The selector also allows you to choose between several standard waveforms and noise colours.
HOLE ENV: The AUTHENTIC envelope shape is based on round holes and derived from YouTube demos. You can choose between PERCUSSIVE, REVERSE, SQUARE and ROUGH.
TEMPO: The AUTHENTIC mode is when you set the rotation speed manually (or via automation) with the SPEED knob for the RHYTHM WHEEL. If you change the mode to FROM DAW the quarter note value is taken from the DAW. In this case the SPEED knob is dimmed and the BPM displays the DAW’s tempo for quarter notes.
TUNING: The AUTHENTIC mode sets the base pitch purely from the PITCH WHEEL’s SPEED knob and can be set to any value rather than standard tuning. When you change it to MIDI the knob adjusts in accurate semitone steps. On the keyboard you can use the keys below middle C to reduce the set pitch accurately to allow the plugin to play melodies. Notes from middle C and up are based on the knob’s setting and you reduce the pitch with the lower keys. When no MIDI tuning keys are pressed the base pitch returns. 
AUDIO: The AUTHENTIC setting utilises the AMP and SPEAKER settings. You can change this to DIRECT and the AUDIO panel is bypassed which allows you to use your own FX plugins for timbre (like a guitar amp sim for example).
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The reverb uses the lovely MVERB 7B engine created by Martin Vicanek. If you wish to use your own favourite, just turn it off with the orange LED switch.
PRE-DLY sets a pre-delay time to simulate closeness in a reverberant space.
TAIL is the length of the decaying reverb tail and the time is T60 (the time taken to drop to -60dB).
DAMP simulates the damping of the higher frequencies to simulate a large but more absorbent space. When fully down there is no damping.
WIDTH sets the width of the stereo field created by the reverb.
DRY-WET sets the balance between the incoming (dry) sound and the reverb effect (wet).
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The master output VOLUME knob has 2 vertical bar graphs which indicate the average peak level left and right. If the signal goes even briefly above 0dBFS the inner ring turns red for 1 second to indicate clipping.
The RECORDER enables you to record and save wav files from what you play on the synth. The TIME can be set up to 60 seconds. Click on ARM and the recording will start when you play a note. The progress is indicated on a horizontal bar. Click on SAVE to store the wav file (stereo 44100 Hz 16 bit).
If you wish to cancel the recording click on the X button and the recording will be reset and cleared.
After saving a wav file please wait for several seconds before opening it because the creation and writing of the file isn’t instant.
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I’ve provided some presets to demo some possibilities for the plugin.
On the left side of the preset manager is the small section where you select the preset by clicking on the preset name or paging though them using the arrow buttons.
The MENU selector is where you operate on presets and banks. You can save, load, copy or paste presets, or save and load a bank from this menu.
All changes made to any settings will be stored with the DAW song file unless the switch UNLOCKED is changed to LOCKED. This locking feature is to avoid losing settings if you just want to mess with editing but want to keep the original default parameters. 
The RENAME button allows you to name or rename a preset providing the preset manager is UNLOCKED. Otherwise the RENAME button is dimmed.
On the right side is a free text area for adding comments to the preset. These comments are saved with the song, and the preset if saved, providing the preset manager is UNLOCKED. Please be aware that you shouldn’t use a carriage return (Enter) in this text because the system won’t store any text after that. Also please be aware that when you RENAME a preset this text will clear, so if you want to keep it and just rename the preset, highlight the text, copy it then paste back in after you’ve renamed.
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